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ABSTRACT

One of the purposes of the International Energy Agency, established in
1974, was to promote Tong-term cooperative efforts in energy R & D.
Solar energy was identified as one appropriate energy technology area
for international cooperation, and the Program to Develop and Test
Solar Heating and Cooling Systems was created with the objective of
pooling efforts and experience in order to reduce overall costs of
solar energy systems and accelerate the large scale introduction of
this technology in the participating countries. One of the five
cooperative projects which comprise this multilateral program is
"Coordination of R & D on Solar Heating and Cooling Components.” An
element of this project is the exchange of information on ongoing
component R&D projects. Participating countries have submitted
descriptive summaries of R & D projects, using a special format. This
report is a compilation of 198 project summaries and provides a useful
overview of component R & D work underway in eleven countries.

NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Department of Energy, nor any of their employees, makes any
warranty, express or implied, or assumes any legal Hability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, mark, manufacturer, or otherwise, dces not necessarily
canstitute or imply its endersemant, recommendation, or favoring by
~ the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or
retlect those of the United States Government or any agency thereof.
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INTRODUCTION

Frederick H. Morse
Chairman, Executive Committee
IEA Solar Heating and Cooling Program

IEA Background

The oil embargo of 1973 and the almost simultaneous increase in world
0il prices severely disrupted the economies of most oil-importing
nations and strained their political, strategic, and economic re-
lationships. The United States and certain other members of the
Organization for Economic Cooperation and Development (OECD), based on
the need demonstrated by that siperience, have undertaken to achieve a
coordinated approach to decrease their dependence on foreign oil, and
to reduce the strategic and economic vulnerability such dependence can
cause.

As part of this effort, these OECD members agreed in September 1974 to
develop an International Energy Program which included cooperation on
energy research and development programs. The International Energy
Agency (IEA) was established as an autonomous institution within the
OECD to administer, monitor, and execute this International Energy
Program.

In addition to the United States, the other OECD members who are
participating in the IEA are: Austria, Belgium, Canada, Denmark,
Federal Republic of Germany, Great Britain, Greece, Ireland, Italy,
Japan, Luxembourg, the Netherlands, Spain, Sweden, Switzerland, and
Turkey. Subsequently, New Zealand became a participating member and
Norway became an observer. Under special arrangement the Commission
of the European Communities also participates. ‘

IEA Solar Heating and Cooling Program

The IEA Committee on Energy R&D established expert groups in a number
of technology areas to develop.cooperative programs. One of these
expert groups was in the area of solar energy, reflecting the at-
tention which has been directed in recent years to solar energy as an
alternative to fossil fuels. Based on several meetings and con-
siderable correspondence, the Solar Energy Expert group developed five
cooperative projects in the areas of solar heating and cooling of
buildings and solar radiation measurement and analysis, which comprise
the Program to Develop and Test Solar Heating and Cooling Systems.
With heating and cooling of buildings accounting for a significant
percentage of the energy consumption in many countries, even a partial
replacement of conventional fuels by solar energy would have an
important impact on the energy situation. The IEA Solar Heating and .
Cooling Program addresses some of the remaining technological and ec-
onomic problems in order to accelerate the wide-scale implementation
of this technology in the member countries.




As with all IEA cooperative programs, the details of the solar heating
and cooling R&D projects as well as the administrative and management
procedure, responsibility of the signatories, and special financial
and legal conditions, are contained in an Implementing Agreement. By
signing this agreement, the contracting parties (governments or
organizations designated by governments) agree to actively participate
in one or more of the five project areas, called Tasks.

A Tead country, called the Operating Agent, was selected for each
project and is responsible for maintaining the schedule and
coordinating the work as required to meet the objectives of the
project. The five tasks and the respective Operating Agents are:

I. Investigation of the Performance of Solar Heating and
Cooling Systems - Denmark ,

II. Coordination of R&D on Solar Heating and Cooling
Components - Japan

III. Performance Testing of Solar Collectors - Germany

IV. Development of an Insolation Handbook and Instrumen-
tation Package - United States

V. Use of Existing Meteorological Information for Solar
Energy Application - Sweden

These five Tasks have been summarized in a paper presented at the 1978
International Solar Energy Society Congress in New Delhi.* Qnly Task
II will be described in this report.

Task II Objective

The objective of this Task is to increase the effectiveness of the
- participants’ national R&D programs related to the development of
cost-effective components for solar heating, cooling and hot water
supply systems, including the following key components of the sys-
tems: : ‘

a. solar collectors

b. solar thermal energy storage

C. solar air conditioning and cooling units

d. other substantial components, as appropriate.

Task II Approach

Coordination of component R & D is carried out by establishing a
framework for the exchange of information and exchange of research
personnel, equipment and materials. The following subtasks have been
undertaken in order to accomplish the objective:

*Morse, F.H. and Blum, S., “Status of the IEA and CCMS Solar Heating
and cooling Cooperative Programs,” presented at the International
Solar Energy Society Congress, Jan. 16-21, 19/8, New Delhi.




A. Survey of Component R & D Projects

The participants in this Task are exchanging information on the de-
tails and results of component R & D projects which are funded in
whole or part by the governments of the participating countries. A
special two-page format was adopted to facilitate the reporting of
information under this exchange. The first page requests descriptive
information on the project ard the second calls for technical details
of the component under investigation. Project summaries are submitted
to the Operating Agent who is responsible for their compilation. The
compilations are distributed to the participating countries who, in
turn, further disseminate the reports to interested parties within
their countries; hence the preparation and distribution of this report
for the United States.

This survey includes those project summaries submitted by April 1978.
The compilation will be updated annually by providing 1nformat1on on
new or revised projects.

On the basis of the contributed information, the Operating Agent
prepared comments on the key features and research areas emphasized in
the reported component R & D projects. Those observations are also
contained in this report.

B. Survey and Review of Component R & D Plans

The participating countries in this Task have submitted summaries of
their national R & D plans for solar heating and cooling components.
The Operating Agent has reviewed the summaries and prepared a brief
report on the principal features of these plans. Both the report and
compiled plans have been distributed to the participants. This survey
will be updated annually.

C. Exchange of Solar Energy Research Personnel, Equipment and
Materials

Exchange of solar energy researchers, equipment and materials between
the participating countries, especially for the component areas listed
above, is being encouraged.* While the initiation of exchanges will
be left to the interested experts in the participating countries, the
Operating Agent is developing a plan to accelerate and implement such
undertakings.

*One of the purposes of this report.is.to inform United States re-
searchers of R&D projects underway in other countries. The reader, if
interested, is encouraged to contact the designated researcher re-
garding the possibilities for the exchange of research personnel,
equipment and/or materials.




Task II Duration

This Task began in ﬁecember 1876 and will conclude in December 1879.

Participants

The
The
The
The
The
The
The
The
The
The
The
The

Republic of Austria

Government of Belgium ,

Ministry of Trade and Industry, Denmark

Kernforschungsanlage Julich, Germany

Consiglio Nazionale delle Ricerche, Italy

Government of Japan - OPERATING AGENT

Stichting Energieonderzcoek Centrum Nederland

Department of Scientific and Industrial Research, New Zealand
Ministerio de Industria {Centro de Estudios de 1a Energia), Spain
Swedish Council for Building Research

Of fice Federal de 1'Economie Energetique, Switzerland

United States Department of Energy




COMMENTS ON o
SOLAR HEATING AND COOLING COMPONENT R & D PROJECT SURVEY

T. Sunami
Task Il Operating Agent

Introduction

An important element of Task II is the exchange of information on
solar component R & D projects in the participating countries. A
format for reporting component projects was adopted at the Task 11
Experts Meeting in October 1976.

The first "Survey of Component R & D for Solar Heating, Cooling and
Hot Water Supply Systems" was compiled in September 13977 by the Oper-
ating Agent for Task II (Japan) and included project summaries sub-
mitted by eight of the twelve Participants. The present, updated
survey contains summary reports submitted as of April 1978. The
number of countries contributing to this latest compilation has
increased to eleven.

One hundred seventy-nine summary reports on one hundred ninety-eight
projects have been submitted by the Participants. (Some of the re-
ports 1ist more than one R & D project.) The distribution of these
projects by the four major areas of component research--solar col-
lectors, thermal energy storage, air conditioning units, and other
substantial units-~-is found in table 1.

The compilation of component R & D projects will be updated annually
with revised or additional project summaries submitted by the
Participants.

Solar Collectors

One hundred and eight collector R & D projects from eleven countries
were reported. The project summaries cover both air and liquid col-
lectors and include research on the following types of collectors for
solar heating, cooling and hot water supply systems: flat plate col-
lectors, with and without selective absorbers; concentrating col-
lectors (with and without tracking mechanisms); vacuum tubular col-
lectors; honeycomb collectors; and V-corrugated collectors.

In general, the majority of the R& efforts on solar collectors are
concerned with: .

1. Feasibility studies and economic analysis related to
systems.

2. Heat transfer analysis, and suppression of natural convection
by the use of honeycomb structures, etc.

3. Studies on selective surfaces.




4.  Mass production technology of solar collectors.

5. Testing and evaluation of performance, durability, and
reliability of solar collectors.

R & D on solar collector materials and components has been accelerated
in recent years, particularly since the oil crisis in 1974, as it is
the key component in solar heating and cooling systems. It is noted
that emphasis is presently placed upon testing and evaluation, ec-
onomic analysis and mass production technology for market pene-
tration. While the development of selective surfaces has Ted to a
major improvement in the performance of collectors, especially at
higher temperatures, the cost of collectors is still, in general, too
high. A partial solution to the cost-effectiveness problem might be
found in the optimization of the solar collector subsystem in con-
junction with the specific solar heating and cooling system.

Thermal Energy Storage

A total of forty-five projects on solar thermal energy storage from
ten countries are included in this compilation. The heat storage
component is essential for the utilization of solar energy, since
solar insolation is intermittent in nature. Heat storage is generally
divided into sensible heat storage and latent heat storage techniques.
Both types of storage subsystems and their optimization are included
in the projects surveyed. The former has a relatively long history
and is represented by water storage units or rock bed storage units.

While latent heat storage using phase change has also been
investigated for years, heat transfer problems related to
super-cooling, phase separation, etc., of the storage material have
impeded the practical application of this method of storage in solar
heating and cooling systems. Encapsulation seems to be a common
approach to the solution of those major problems.

The application of chemical reaction and photochemical processes for
heat storage is also being studied, although their development is
still in its early stages. Long term, low cost solar energy storage,
seasonal storage, and other related techniques using
naturally-occurring media such as ground and lakes are also reported
in the R & D survey.

R & D on solar heat storage has been given less attention and is less
advanced than solar collector R & D. Because of the importance of
thermal energy storage to the performance of solar heating and cooling
systems, such R & D efforts should be accelerated and international
information exchange and cooperation encouraged.

Air Conditioning Units

Thirty-two air conditioning projects from five countries are included
in this compilation. Most of the R&D efforts on air conditioning

units reported by the participants involve absorption and Rankine cy-
cle units. Other projects include heat pumps and desiccant units, as




well as novel techniques such as the Nitinol engine. Cost reduction
is a major objective of many of the projects. Significant results

~ from the R&D on solar air conditioning are anticipated within the next
several years.

Other Substantial Units

Thirteen projects are reported in the category of other substantial
units for solar heating and cooling. These include controls, heat
exchangers, and heat pumps.
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LIST OF PROJECTS BY COMPONENT







SOLAR COLLECTORS

~ AUSTRIA

DOMESTIC WATER HEATING AND SPACE HEATING WITH SOLAR ENERGY
Development and testing of economic domestic water heating
systems

Prof. Dr. P. V. Gi11i, Arbeitsgemeinshaft Sonnenenergie
Obere Techstrasse 21/1, A-8010 Graz

SOLAR ENERGY TEST STATIONS IN AUSTRIA
Studies on system energy balance and safety, 1ife-time and
economic efficiency of solar collectors
Austrian Solar and Space Agency, ASSA Garnisongasse 7,
A-1090 Vienna

DEVELOPMENT OF A PROTOTYPE OF A SEMI-CONCENTRATING COLLECTOR
Construction and testing of a flat-plate collector with
concentrating elements

Ing. Walter Jager, Fa. Ing. W. Jager, Yillacherstrasse
32 A-9300 St. VYeit/Glan

MULTI-COMPONENT SYSTEM FOR DOMESTIC WATER HEATING AND SPACE
HEATING AT THE "INSTITUT FUR MOLEKULARBIOLOGIE" QF THE "OSTER-
REICHISCHE AKADAMIE DER WISSENSCHAFTEN" IN -SALZBURG
Study on a combined solar energy and heat pump system
Prof. Dr. F. Viehbbck, Institut flir Allgemeine
Physik University of Technology, Karlsplatz 13, A-1040
V¥ienna
]
DEVELOPMENT OF A LOW TEMPERATURE SOLAR COLLECTOR
Collector research utilizing mathematical simulation and
comparative outdoor collector test methods
Prof. Dr. F. Viehbock, Institut fur Allgemeine Physik

COMPACT SOLAR SYSTEM FOR DOMESTIC WATER HEATING
Development of solar systewm for domestic water heating for a
single family house
Dr. Georg Turnheim, Vereinigte Metallwerke Ranshofen-
Berndorf, Postfach 35, A-2560 Berndorf

INSTALLATION OF A SOLAR ENERGY STATION IN MALTA
The thermal performance, life-time and safety study of solar
collectors and solar systems for domestic water heating
Dr. George Turnheim, Vereinigte Metallwerke Ranshofen-
Berndorf

BELGIUM

FLAT PLATE COLLECTOR DEVELOPMENT
Evaluation of performance, architectural integration in roof
structures and design of a solar heatéd house
Prof. A. Pilatte, Faculte Polytechnique de Mons, rue de
Houdain, B - 7000 Mons

11




DENMARK

DEVELOPMENT AND TESTING OF COMPONENTS FOR SOLAR HEATING SYSTEMS

Measurement of thermal performance and evaluation of the
durability of solar collectors

Messrs. P.E. Kristensen and 0. Paulsen, Technological

Institute, Gregersensvej, DK-2630 Tastrup and Thermal
Insulation Laboratory, Bldg. 118, Technical University
of Denmark, DK-2800 Lyngby

EVALUATION OF SOLAR COLLECTORS

To establish an outdoor facility for measuring the thermal

performance of solar collectors and to evaluate the long term
durability of collectors

Messrs. C. Nielsen and 0. Paulsen, Thermal Institute
Laboratory and Technological Institute

GERMANY

HOT WATER PREPARATION WITH SOLAR ENERGY

Research, construction, and testing of solar absorbers
Dipl. Phys. Birnbreier, Brown, Boveri+Cie AG,
Postfach 101332, D-6900 Heidelberg 1

PRODUCTION OF A SOLAR COLLECTOR INSTALLATION FOR HEATING AN
OPEN-AIR SWIMMING POOL

Design and construction of solar-heated swimming pool

Pr. F. Weil,,Brown, Boveri + Cie. AG, Postfach 351
D-6800 Mannheim

DEVELOPMENT OF SELECTIVE SOLAR ABSORBERS ON THE ALUMINUM ROLL-BOND
HEAT EXCHANGER BASIS

Development of a long-term stability se19ct1ve coating for
aluminum solar absorbers

Dipl. Phys. W. Scherber, Dornier-System GmbH, Postfach
1360, D-7790 Friedrichshafen

HEAT PIPE SOLAR ABSORBER

Development of heat pipe solar collector for solar sea water
desalination

Br. Ing. Gehrke, Dornier System GmbH, Postfach 1360
D-7990 Fr1edr1chshafen

DEVELOPMENT OF HIGH TEMPERATURE RESISTANCE SOLAR ABSORBER AREAS

Investigation of properties and 1imits of use of various
coatings for solar absorbers

Dipl. Phys. Scherber, Dornier-System GmbH, Postfach 1360
D-7990 Friedrichshafen

12




HOT WATER PREPARATION WITH SOLAR ENERGY USING SYNTHETIC SOLAR
COLLECTORS
Development and testing of reasonably-priced synthetic
solar collectors
Dr. Ing. H. Kleinwachter, Entwicklungs- und Forschungs
l1abor, Industriestrasze 8, D-7850 Lorrach-Haagen

DEVELCPMENT OF AN INDUSTRIAL PROCESS FOR PRODUCTION OF InyOy
COATINGS FOR IMPROVEMENT OF THE k VALUE OF INSULATING GLASS PANES
Development of a process for large-scale industrial
production of high efficiency transparent coatings
Dr. H.J. Glaser, Infrastop-Labor, Flachglas AG Delog-
Detag Postfach 669, D-4650 Gelsenkirchen

DEVELOPMENT OF LARGE-SCALE INDUSTRIAL PRODUCTION METHODS FOR
COMPONENTS OF SOLAR HEATING SYSTEM
Development of flat solar collectors for large-scale
industrial production
Dr. E. Huszmann, Jenaer Glaswek Schott+Gen.,
Hattenbergstr., 10, D-6500 Mainz

FLAT-PLATE SOLAR ENERGY COLLECTOR
Development of various flat plate collectors of high
efficiency ' '
Dr. E. Huszmann, Jenaer Glaswerk Schott+ Gen.,
Hattenbergstr. 10, D-6500 Mainz

SOLAR COLLECTORS FOR FLAT ROOFS
Analysis of various alternatives for economical and techni-
cally feasible integration and installation of solar collec-
tors in flat roofs
- Prof. Dr. Ing. W. Dalhoff, Klaus Esser KG, Postfach 2309
D-4000 Dusseldorf 1

SERYICE WATER HEATING BY SOLAR ENERGY
Investigation of influence of solar system installation on
annual oil consumption
Dipl. Ing. F. Reinmuth, Kraftanlagen AG, Im Breitspiel 7
D-6900 Heidelberg 1

DEVELOPMENT OF ECONOMICAL SOLAR HEATING SYSTEMS WITH REASONABLY
PRICED COLLECTORS
Development and construction of simple flat coilectors
Mr. J. Lorenz, M.A.N. - Neue Technologie
Maschinenfabrik, Augsburg-Nurnberg AG, Dachauer Str.
667, D-8000 Munchen 50

MODULAR SOLAR HOUSE HEATING SYSTEM - PHASE 1
Investigation, development and design work on collectors
and related system analysis
Dipl. Ing. H. Grallert, Messerschmitt-Bolkow-81ohm GmbH,
Postfach 801169, 8000 Munchen 80

13




MODULAR SOLAR DOMESTIC HEATING SYSTEM - PHASE 2
Development of collectors for high operating temperatures
Dipl. Ing. Grallert, Messerschmitt-Bolkow-Blohm GmbH,
Postfach 801169, D-8000 Munchen

DEVELOPMENT COF LARGE-SCALE INDUSTRIAL PRODUCTION METHODS FOR.
COMPONENTS OF SOLAR HEATING SYSTEMS
Development of airtight solar collector housing
Dr. Feasel and Dr. Ing. Moller, Meta]]gese11schaft AG,
Postfach 3724, D-6000 Frankfurt/M 1

DEYELOPMENT OF LARGE-SCALE INDUSTRIAL PRODUCTION METHODS FOR
COMPONENTS OF SOLAR HEATING SYSTEMS
Development of production methods for components of solar
heating systems, in particular high efficiency solar
collectors
Dr. Ing. Moller, Metallgesellschaft AG, Postfach 3724
D-6000 Frankfurt/M 1

DEVELOPMENT OF LARGE-SCALE INDUSTRIAL PRODUCTION METHODS FOR
COMPONENTS OF SOLAR HEATING SYSTEM
Development of solar collectors with selective absorbers on
aluminum Rol1-Bond heat exchangers
Dr. Ing. Moller, Metallgesellschaft AG, Postfach 3724,
D-6000 Frankfurt/M 1

DEVELOPMENT OF LARGE-SCALE INDUSTRIAL PRODUCTION METHODS FOR
COMPONENTS OF SOLAR. HEATING SYSTEMS
- Further development of aluminum Rol1-Bond Absorbers
Dr. Ing. Moller, Metallgesellschaft AG, Postfach 3724,
D-6000 Frankfurt/M 1

RATIONAL USE OF ENERGY AND UTILIZATION OF SOLAR ENERGY IN BUILDING
Development of high efficiency solar collectors
Dr. H. Horster, Forschungslaboratorium, Philips GmbH,
Aachen, Postfach 1980, D-5100 Aschen

SOLAR HEATING SYSTEM FOR UNTERENSINGEN GYMNASIUM (HIGH SCHOOL)
Development of energy saving sanitary installation for a
gymnasium using solar hot water supply system

Messrs. Staub and Mayor, Fa. Solarheiztechnik GmbH,
Unterensingen, Kelterstr. 43, D-7441 Unterensingen

14




ITALY

EVALUATION AND TEST PROCZDURES FOR SOLAR COLLECTOR
Construction of outdoor-indoor test facilities for solar
collector testing
dott, ing. Gino Cherubini, CRAIES, Lungadige Galtarossa,
8 37100 Verona

FLAT-PLATE SOLAR ENERGY COLLECTOR
Development of flat-plate solar energy collector with rubber
absorber ' '
Ing. Attilio Angioletti, Ing. Edoardo Robecchi,
Industrie Pirelli S.p.A., P. za Duca d'Aosta, 3 20100
Milan

EFFECT OF PHYSICAL AND OPERATIVE PARAMETERS ON SOLAR COLLECTORS
HEAT TRANSFER COEFFICIENTS
Study and evaluation of solar collectors relating to their
heat transfer phenomena
S. Salvigni, Instituto di Fisica Technica, Facolta' di
Ingegneria, Viale Risorgimento No. 2, 43136 Bologna

DESIGN OF NON-FOCUSING COLLECTORS: TEMPERATURE RANGE: 90-130°C
Study and design of simple non-focusing solar collectors for
retrofit systems and to supply heat to absorption cooling
machines

Prof. Ing. Giorgio Beccali, Instituto di Fisica
Technica, Facolta' di Ingegneria, Yiale delle Scienze,
90128 Palermo

RADIATIVE EXCHANGE COMPONENTS
Development and economic study of selective surfaces
Prof. Ing. Claudio Pisoni, Fisica Technica e. Impianti
Termotecnici, Facolta' Ingegneria-Universita-Genova Via
all'Opera Pia, 11 , I 16145 Genova

15




JAPAN
RESEARCH AND .DEVELOPMENT OF SOLAR COLLECTORS FOR SOLAR HEATING,
COOLING AND HOT WATER SUPPLY SYSTEMS IN MULTI-FAMILY RESIDENCE
Development of solar collector for driving a solar heat
actuated air conditioner (Rankine cycle engine)
Mr. T. Fukunaga, Ishikawajima-Harima Heavy Industries
Co. Ltd. 2-16 3 Toyosu, Koto-ku, Tokyo 135-91

SOLAR HEATING, COOLING AND HOT WATER SUPPLY SYSTEM FOR LARGE
BUILDING
Development of new and economic solar collectors for solar
heating, cooling and hot water supply system in large
building
Mr. K. Shimokawa, Kawasaki Heavy Industries, Ltd., 2-14,
Higashi Kawasakicho, Ikuta-ku, Kobe

DEVELOPMENT OF TUBULAR EVACUATED SOLAR COLLECTOR
Development of high efficiency tubular evacuated solar
collector

Mr. K. Kobayashi, Mitsubishi Electric Corp., 2-3
Marunouchi Z2-chome, Chiyoda-ku Tokyo

GLASS HONEYCOMB COLLECTOR
Development of glass honeycomb collectaors for solar heating,
cooling and hot water supply systems
Mr. K. Watanabe, Nippon Sheet Glass Co., Ltd., 4-8
Dosho-machi, Higashi-ku, Osaka

DEVELOPMENT OF TUBULAR EVACUATED SOLAR COLLECTOR
Development of high efficiency solar collectors for solar
heating, cooling and hot water supply systems
Mr. K. Hinotani, Research Center, Sanyo Electric Co.,
1-18-13, Hashiridani, Hirakata, Osaka

RESEARCH AND DEVELOPMENT OF SOLAR ENERGY STACE HEATING, COOLING
AND HOT WATER SUPPLY SYSTEM
Development of solar collectors and collector materials
on aluminum Rol1-Bond absorbers, as well as large-scale
production technologies -
Mr. Y Asano, Showa Aluminum K.K., 480 Inuzuka, Oyama
Tochigi 323

RESEARCH AND DEVELOPMENT OF PLASTIC MATERIALS FOR SOLAR COLLECTOR
Development of selective transparent plastic film, plastic
honeycomb and selectively absorbing coating materials

Mr. M. Inoue, Toray Industries, Inc., 2-2 Nihonbashi-
Marunouchi, Chuo-ku, Tokyo

16




NETHERLANDS

DEVELOPMENT OF AN AIR-COOLED COLLECTOR
Development and tésting of a simplified, easy to install air-
cooled collector
Ing. J.M. van Heel, Bouwcentrum, Binnemilieutechniek,
Weena 700-Postbus 299, Rotterdam

DEVELOPMENT OF AN INTEGRATED COLLECTOR HEAT-STORAGE SYSTEM FOR
LOW-COST HOUSING PROJECTS
Development of an inexpensive and durable air-cooled
collector combined with heat storage
Ing. J. M. van Heel, Bouwcentrum

DEVELOPMENT OF AN INTEGRATED SOLAR BOILER SYSTEM
Fabrication studies of solar collectors with durable
selective coatings
Mr. J.B. Mulder, Calcol B.V., Binnenhoek 34, P.0. Box 7/
Tiel

NATURAL CONVECTION IN FLAT PLATE SOLAR COLLECTORS
Investigation of free convective heat loss across parallel
plates in solar collectors
Ir. W.M.M. Schinkel, Heat Transfer Group, Applied
Physics, Delft University of Technology, P.0. Box 5046
2600 GA-Delft, Lorentzwegqg 1, Delft

FLAT PLATE SOLAR COLLECTOR WITH HALOGINATED CARBONS AS THE
HEAT TRANSFER MEDIUM
Development of liquid heating collectors with fluoro-
. carbons as heat medium
Ir. M.F.G. van der Jagt., Delft University of
Technology. Laboratory for Refrigerating Engineering,
Mekelweg 2 Delft

SPECTRAL SELECTIVE LAYERS FOR PHOTOTHERMAL CONYERSION OF SOLAR
ENERGY
Investigation on improvement of selectivity and durability
of some spectral selective surfaces for low and high temp-
erature application
Dr. M. van der Leij, Heat Transfer Group, Applied
Physics, Delft University of*Technology, P.0. Box 5046,
2600 GA-Delft, Lorentzweg 1, Delft

HEAT TRANSFER IN FINNED AIR COLLECTORS
Analysis of heat transfer to inclined finned plates of air
heating collector and its design _
Mr. J. J. Feijen, Lab. Heat Technology, Eindhoven Uni-
versity of Technology, Postbox 513, Eindhoven

DEVELOPMENT OF ECONOMICAL SOLAR DOMESTIC WATER HEATING AND SPACE
HEATING SYSTEMS, IN PARTICULAR SOLAR COLLECTORS
Development of low, medium and high temperature liquid flat
plate collectors
Mr. M. Baardman, Energie Besparende Systemen E.B.S.,
5360 AB Post Office Box 95, Grave

17




HEAT PIPE COLLECTOR FOR LOW TEMPERATURES
Application of the heat pipe principle to design a Tow
temperature solar collector
Prof. Dr..Ir. J. C. Francken, Technical Physics Labora-
tory, University of Groningen, Zernikelaan, Nijenborgh
18, 9747 AG Groningen )

INVESTIGATION OF THE PHYSICAL PROPERTIES OF SPECTRAL SELECTIVE
LAYERS '
Studies on optimal selective absorption layers for use in
different types of solar collectors _
Ir. M. Sikkens, Technical Physics Laboratory, University
of Groningen, Zernikelaan, Nijenborgh 18, 9747 AG
Groningen

DEVELOPMENT OF DURABLE SELECTIVE COATINGS OF HIGH PERFORMANCE
COLLECTORS : : '
Development of flat plate solar collectors with glass lined
absorber plate with high efficiency and durability
Ir. C. den Ouden, Institute of Applied Physics TNO-TH,
P.0. Box 155 Delft

PRODUCTION AND DEVELOPMENT OF FLAT PLATE ALUMINUM AND STAINLESS
STEEL SOLAR COLLECTORS :
Development of high efficiency, durable, easily installed
and low-cost collectors
Ir. J.Th. Rutgers, Nijs & Vale B.V., Nijverheidsweg 19,
P.0. Box 95, Nijmegen

RESEARCH AND DEVELOPMENT ON SOLAR-THERMAL COMPONENTS
Research and development of flat plate collectors, heat
pipe configurated tubular collector, and line concentrating
Fresnel strip mirror collector with sun tracking mechanism
Dr. Ir. S.H.A. Begemann, N.V. Philips
Gloeilampenfabrieken, Energy System Department,
Building TAM-3, Eindhoven

SOLAR WATER HEATING SYSTEMS
Research and development of water heating solar collectors
Mr. C. J. Taylor, Van Leer South Africa (Oty) Ltd.,
Amsterdamseweg 206, P.0. Box 25, Amstelveen

DEVELOPMENT OF A LOW~COST FLAT PLATE COLLECTOR
R & D of a high temperature-resistant 1iquid collector for
heating, cooling and hot water supply systems
Ir. J. A. Ouwejan/H.P. Sombroek Zaandam B.Y., Aris van
Broekweg 9, P.0. Box 180, 1500 ED Zaandam

RESEARCH AND DEVELOPMENT ON FLAT PLATE AND CONCENTRATING SOLAR
COLLECTORS .
Research and development of solar collectors with optimal
cost performance properties
Mr. G. Brouwer, Raadgevens Technies Buro, Van Heugten
B.V. St. Annastraat 145, P.0. Box 305 Nijmegen
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NEW ZEALAND

DEVELOP LOW COST SOLAR COLLECTOR
Development of Tow cost solar collector for mass production
Dr. R.F. Benseman, Physics & Engineering Lab., DSIR -
Private Bag, Gracefield, Lower Hutt

DEVELOP PACKAGED SOLAR WATER HEATER
Production of a packaged ground-mounted solar collector/
tank for use in schools
Dr. R. F. Benseman, PEL, DSIR

INTEGRATED SOLAR WATER HEATING SYSTEM
Materials study, evaluation and design of solar collector
Mr. K. Jones, L.J. Fisher & Co., Box 2183, Auckland

DEVELOP SOLAR WATER HEATER FOR DOMESTIC USE
Development of solar water heater for domestic use
Mr. John Fogarty, John Fogarty Ltd., 89 Crinan St.,
Ivercargill

PRECOMMERCIAL DEVELOPMENT OF DSIR SOLAR WATER HEATING PANELS
Tooling and design for factory production of solar heating
panels

Mr. K. Kibblewhite, Morrison Industries Ltd., Private
Bag, Hastings

DEVELOP ECONOMIC DOMESTIC SOLAR WATER HEATER

Study on cost reduction of. solar equipment
0.M. Kendon, Zip Holdings Ltd., Box 30-669, Lower Hutt

SWEDEN

RESEARCH AND DEVELOPMENT OF SEMICONCENTRATING COLLECTORS FOR
APPLICATION IN EXISTING BUILDINGS
Development and testing of a semiconcentrating solar
collector for tap hot water production in existing
buildings
Messrs. R. Roseen, H. Zinko, AB Atomenergi, Fack,
611 01 Nykoping

SOLAR ENERGY AND BUILDINGS - THERMAL EMISSIVITY OF SURFACES
Studies on emissivity measurement of selective surface
materials

Messrs. B. Carisson, H. Stymne and G. Wettermark,
Division of Physical Chemistry, Royal Institute of
Technology Fack, S-100 44 Stockholm 70

AMPLITERM
Development of energy saving system for residential houses
with air-Tiquid solar collector
Mr. G. Jansson, AB Svenska Flaktfabriken, Equipment
Division, Fack, 551 84 Jonkoping
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SWITZERLAND

DEVELOPMENT OF A SOLAR COLLECTOR USING GLASS TILES
Development of aesthetic solar collector by the use of
transparent tiles

Battelle, Geneva Research Center, 7 Route de Drize
1227 Geneva

STUDY OF PASSIVE SOLAR COLLECTOR SYSTEMS
Material and structural research for passive walls and
comparison of their solar gain
Messrs. A. Faist and J.B. Gay, Ecole Polytechnique
Federale Lausanne, Groupe Energie Solaire, 14,
Avenue de 1'Eglise Anglaise, CH 1006 Lausanne

THE SEMI-TRANSPARENT SOLAR WALL COLLECTOR CONCEPT
Development of semi-transparent solar wall air collector
Messrs. A. Faist and J.B. Gay, Ecole Polytechnique
Federale de Lausanne, 14, Av. Eglise-Anglaise, 1001
Lausanne

U.S.A. |

NONIMAGING COLLECTOR DEVELOPMENT
Development and demonstration of improved performance
stationary concentrating collectors capable of operating
at 300-3500F at greater than 40% efficiency

Mr. K. A. Reed, Argonne National Laboratory, Argonne,
IM1inois 60439

DEVELOPMENT OF IMPROVED COVER PLATE FOR SOLAR ENERGY COLLECTORS
Development of honeycomb core cover plates with plastic or
thin glass skins for material and collector evaluation,
fabrication development and technology transfer

Mr. T. D. Chikalla, Battelle, Pacific Northwest
Laboratories, Battelle Blvd., Richland, Wash. 99352

DEVELOPMENT OF LOW TEMPERATURE BLACK LIQUID SOLAR COLLECTOR

Development of an efficient, cost-effective, and reliable Tow

temperature, non-concentrating, black-1iquid collector
Dr. Karl Landstrom, Battelle Columbus Labs, 505 King
Avenue, Columbus, OH 43201 '

TRANSPARENT GLASS HONEYCOMB STRUCTURES FOR ENERGY LOSS CONTROL
Development of glass honeycombs for suppressing natural
convection and radiation Tosses within flat plate collec-
tors

Mr. H. Buchberg, University of California, School of
Engineering and-Applied Sciences, Los Angeles, Cali-
fornia 90024 - .

VISCOSITY STABILIZED SOLAR PONDS (PHASE 1)
Investigation of the use of various thickeners to increase
the viscosity of water. in salt gradient solar ponds
Mr. L.H. Shaffer, Center for the Environment and Man
Inc., 275 Windsor St., Hartford, Conn. 06120

20




RESEARCH ON EVACUATED TUBULAR SOLAR COLLECTORS UTILIZING A HEAT
PIPE
Solar collector design on heat pipe tubular absorber with
selective coating and anti-reflecting film in vacuum
encapsulation
Mr. U. Ortabasi, Corning Glass Co., Lighting Products
Division, Corning, New York 14380

DOUBLE-EXPOSURE COLLECTOR SYSTEM
Design of double-exposure collector system and comparison
with conventional flat-plate collectors
Drexel Un1vers1ty, 32nd and Chestnut, Philadelphia, PA
19104

RESEARCH ON FLAT PLATE SOLAR COLLECTORS EMPLOYING THE HEAT PIPE
PRINCIPLE FOR HEATING AND COOLING OF BUILDINGS
Investigation of modular flat plate collectors with heat
pipes
Mr. W. Bienert, Dynatherm Corp., 1 Industry Lane,
Cockeysville, Md. 21030 _

DEVELOPMENT OF SOLAR HEAT SUPPLY SYSTEM WITH FIXED MIRROR CON-
CENTRATORS
Design of an efficient receptor/heat exchanger in fixed
mirror strip system
Dr. R.J. Williams, Georgia Institute of Technology,
College of Engineering, Atlanta, GA 30332

STUDY OF CORROSION AND ITS CONTROL IN ALUMINUM SOLAR COLLECTORS
Investigation of corrosion mechanism of aluminum and
aluminum alloys used in solar collectors and its control

Mr. Jd. Giner, Giner Inc., 14 Spring St., Waltham, Mass.
02154

LOW COST SOLAR AIR HEATERS
Improvement of thermal performance of flat plate air heating
collectors by jet air impingement ‘
Mr. D.R. Rask, Honeywell, Inc., 2600 Ridgeway,
Minneapolis, Minn. 55413

OPTIMIZATION OF COATINGS FOR FLAT PLATE SOLAR COLLECTORS
Investigation and development of ab'sorber coatings and
antireflection coatings for flat plate collectors

- Mr. R.J.H. Lin, Honeywell Inc., 2600 Ridgeway,
Minneapolis, Minn. 55413

ANALYSIS, DESIGN, FABRICATION, AND TESTING OF MODERATELY CON-
CENTRATING SOLAR ENERGY COLLECTORS
Development of V-trough moderately concentrated solar
collector capable of driving refrigeration machines
Messrs. J.R. Howell and R.B. Banerot, University of
Houston, Dept. of Mechanical Engineering, 3801 Cullen
Blvd., Houston, Texas 77004
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EXPOSURE TESTING AND EVALUATION OF SOLAR COLLECTOR MATERIALS
Establishment of comprehensive objective criteria for test
and evaluation of materials which are candidates for solar
collectors

Mr. Jd. Gilligan, IIT Research Institute, 10 West 35th
St., Chicago, I1l1inois 60616

FIXED TILT SOLAR COLLECTOR EMPLOYING REVERSIBLE YEE-TROUGH
REFLECTORS AND VACUUM TUBE RECEIVERS
Development of a solar collector with vacuum receiver and
a twice-a-year reversible vee reflector
Dr. M. Selcuk, Jet Propulsion Lab., 277/202, Pasadena,
CA 91103

INFLATED CYLINDRICAL CONCENTRATORS FOR INDUSTRIAL PROCESS HEAT
Development of a cost effective non-tracking concentrating
collector capable of producing industrial process steam at
1709C using thin fiber plastics

Mr. William C. Dickinson, Lawrence Livermore Laboratory,
P.0. Box 808, Livermore, CA 94550

LOW COST SOLAR COLLECTORS OF PACKED BED DESIGN
Investigation of naturally occurring black materials for Tow
cost solar collector absorbers
Mr. D.R. Simpson, Lehigh University, Dept. of Geological
Sciences, Bethlehem, PA 18015

OPTIMIZATION OF THIN-FILM TRANSPARENT PLASTIC HONEYCOMB COVERED
FLAT PLATE SOLAR COLLECTOR
Design for efficient high temperature flat plate collector
with cellular structure
Mr. R. K. Wedel, Lockheed Research Laboratory, 3215
Hanover Street, Palo Alto, CA 94303

INTEGRATED SOLAR COLLECTOR ROOF STRUCTURES
Continuous operational study of integrated solar collectors
with selective surfaces
Dr. J.D. Balcomb, Los Alamos Scientific Laboratory, P.D.
Box 1663, Los Alamos, N.M. 87545

INTEGRATED ZEOLITE COLLECTORS
Development of an integrated collector utilizing the absorp-
tion and desorption of water from molecular sieve zeolites
Dr. D.I. Tchernev, Massachusetts Institute of
Technology, Cambridge, MA 02139

- PERFORMANCE CHARACTERISTICS OF THERMIC DIODE SOLAR PANELS
Development of thermic diode solar panel as passive solar
collection and storage device
Mr. S. Buckley, Massachusetts Inst1tute of Technology,
Cambridge, MA 02139
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ADDITION OF SOLAR AIR-HEATERS TO PRE-ENGINEERED METAL BUILDINGS
Modification of an existing solar heated building which
utilizes the metal skin of the building as the major
component of the collector

Dr. R.E. Forbes and Dr. R. McClendon, Mississippi State
University, Drawer ME, Mechanical Engineering,
Mississippi State, MS 39762

MEDIUM TEMPERATURE AIR HEATERS BASED ON DURABLE TRANSPARENT FILMS
Design, construction and performance testing of a low-cost,
non-concentrating flat plate collector

Mr. G.C. Ball, Monsanto Research Corp., Dayton
Laboratory, Dayton, OH 45407

DEVELOPMENT OF METHODS FOR EVALUATION AND TEST PROCEDURES FOR
SOLAR COLLECTORS AND THERMAL STORAGE DEVICES
To develop standard test methods for determining the thermal
performance of solar collectors and thermal storage devices
for solar heating, cooling and hot water supply systems
Dr. J. E. Hill, National Bureau of Standards,
Gaithersburg, Maryland 20767

A DEMONSTRATION SALT GRADIENT SOLAR POND
Establishment of the operational parameters of a salt
gradient solar pond
Dr. H.C. Bryant, University of New Mexico, Department
of Physics and Astronomy, Albuquerque, NM 87131

DEVELOPMENT OF A DRAINABLE EVACUATED, TUBULAR, SELECTIVITY COATED,
LIQUID COOLED SOLAR COLLECTOR ARRAY
Development of a method to drain the SUNPAK evacuated tubular
liquid cooled collector to avoid problems of freezing,
boiling, and nighttime heat loss
Messrs. Y.K. Pei and D.C. Beekley, Owens-I1linois, P.O.
Box 1035, Toledo, OH 43666 '

EVALUATION OF AN ALL-GLASS, EVACUATED, TUBULAR, NON-FOCUSING,
NON-TRACKING SOLAR COLLECTOR ARRAY
Evaluation of an advanced evacuated tubular collector for
air heating
Mr. K. Moan, Owens-Il1linois, P.O. Box 1035, Toledo,
Ohio 43666

- DEVELOPMENT OF VERY LOW COST, NON-CONCENTRATING COLLECTORS
Development of concrete air heating collectors which are also
used to construct south-facing walls
PiR.lPayne, Payne, Inc., 1933 Linco'n Dr., Annapolis, MD
2140

DEVELOPMENT OF A FREEZE-TOLERANT SOLAR WATER HEATER USING
CROSS-LINKED POLYETHYLENE
Material research and testing on freeze-tolerant solar
collector absorbers
Mr. J. M. Bradley, Polyset Inc., 7 Summer St.,
Manchester, Mass. 01944
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IMAGE COLLAPSING CONCENTRATORS
Development of wide angular Fresnel lenses and cylindrical
rod geometries with subreflecting mirrors to improve
concentration ratios and optical aperture efficiencies
C. J. Sletten, Solar Energy Technology, Inc., Civil
Terminai Building, L.G. Hanscom Field, Bedford, MA 01720

IMPROVEMENT OF SOLAR AIR HEATERS
Improvement of thermal performance of air heating collectors
Mr. B. E. Cole-Appel, Solaron Corp., 4850 Olive St.,
Commerce City, Colo. 80022

HIGH TEMPERATURE LIQUID HEATERS (170-230°F) FOR SOLAR HEATING AND
COOLING APPLICATIONS
Design of a low-cost, light-weight, flat plate collector with
high performance over wide range of temperature levels and
insolation values
R.A. Newton, Solation Products, Inc., 111 West Road,
Cortland, NY 13045 °

DOUBLE ABSORBER PLATE SOLAR AIR HEATERS
Cost reduction and reliability studies on the Sun Systems Air
Heater
Dr. E1Tiot Berman, Sun Systems, Inc., 170 Granite
Avenue, Dorchester, MA 02124

STRUCTURAL INTEGRITY OF SOLAR COLLECTORS
Analytical and design studies of collectors and support
structures, to define wind load requirements and increase
structural efficiency
Mr. Howard L. Chevalier, Texas A&M Research Foundation,
F.E. Box H, Coliege Station, TX 77843

ENGINEERING ANALYSIS AND TESTING OF WATER-TRICKLE COLLECTORS
Evaluation and testing of water-trickle collectors
Mr. J. T. Beard, University of Virginia, School of
Engineering, Charlottesville, Virginia 22901

METHODS FOR REDUCING HEAT LOSSES FROM FLAT PLATE COLLECTORS
Investigation of convection suppression in honeycomb
and corrugated absorbers :
Mr. K.G.T. Hollands, University of Waterloo, Department
of Mechanical Engineering, Toronto, Canada M551A4

GROOVED FOAMGLAS SOLAR AIR HEATER
Optimization and testing of a cost-effective hybrid air to
water solar collector system ,
Mr. J.L. Loth, Dept. of Aerospace Engineering, West
Virginia University, Morgantown, WV 26506

AN INTERFEROMETRIC STUDY OF NATURAL CONVECTION CHARACTERISTIC
OF FLAT PLATE AND VEE-CORRUGATED SOLAR COLLECTORS
Investigation of heat transfer relationship for natural
convection between solar collector absorber plates and
transparent cover
Messrs. J. Mitchell and M.M, E1-Wakil, University of
Wisconsin, Solar Energy Laboratory, 1500 Johnson Drive
Madison, Wisconsin 53706
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THERMAL ENERGY STORAGE

AUSTRIA

DOMESTIC WATER HEATING AND SPACE HEATING WITH SOLAR ENERGY
Development and testing of economic domestic water heating
systems

Prof. P.V. Gilli, Arbeitsgemeinschaft Sonnenergie, Obere
Techstrasse 21/1, A-8010 Graz

SOLAR ENERGY TEST STATIONS IN AUSTRIA
Studies on systems for space heating, domestic hot water
heating, and swimming pool heating
Austrian Solar and Space Agency, Garnisongasse 7, A-1090
Yienna

DEVELOPMENT OF A PROTOTYPE OF AN INEXPENSIVE PLASTIC STORAGE
SYSTEM
Development of a lTow temperature storage system with high
economic efficiency, long 1ife-time and good insolation
Prof. Dr. Erich Panzhauser, Institut fur Hochbau und
Entwerfen 1, University of Technology, Karlsplatz 13
A-1040. Vienna '

COMPACT SOLAR SYSTEM FOR DOMESTIC WATER HEATING
Development of solar system for domestic hot water heating
for a single-family house
Dr. George Turnheim, Yereinigte Metallwerke
Ranshaofen-Berndorf, Postfach 35, A-2560 Berndorf

BELGIUM

SOLAR ENERGY AND LOW LEVEL CYCLIC ENERGY FLOW (20 to 1000C)
STORAGE AS CHEMICAL BOND ENERGY OF COMPOUNDS UNDERGOING THERMAL
DECOMPOSITION
Research on materials used for reversible reaction by means
of solar heat or Tow level heat. .
Prof. J. Bougard and Mr. R. Jadot, Faculte Polytechnique
de Mons, rue de Houdain, 7000 Mons

DENMARK

HEAT STORAGE IN A SOLAR HEATING SYSTEM USING SALT HYDRATES
Development of an energy storage sub-system using sodium
sulfate as a storage medium, with new techniques

Mr. S. Furbo, Thermal Insulation Laboratory, Bldg. 118
Technical University of Denmark, DK-2800 Lyngby
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GERMANY

LONG TERM ACCUMULATOR FOR DWELLING PREMISES AND SOLAR HOUSE
ARCHITECTURE
Development of long term accumulator for low temperature heat
with water as storage medium
Dr. Ing. B. Dietrich, Energietechnik GmbH, Freihofstr.
31, D-4307 Kettwig

MODULAR SOLAR DOMESTIC HEATING SYSTEM - PHASE 1
Investigation, development and design of storage media and
storage container
Dipl. Ing. Grallert, Messerschmitt-Bolkow-Blohm GmbH,
Postfach 801169 D-8000 Munchen 80

MODULAR SOLAR DOMESTIC HEATING SYSTEM - PHASE 2
Demonstration and optimization of water accumulator
Dipl. Ing. Grallert, Messerschmitt-Bolkow-Blohm GmbH,
Postfach 801169 D-8000 Munchen 80

RATIONAL USE OF ENERGY AND UTILIZATION OF SOLAR ENERGY IN
BUILDINGS
Design, testing and evaluation of energy storage sub-system
Dr. H. Horster, Philips GmbH, Forschungslaboratorium,
Aachen, Postfach 1980, D-5100 Aachen

JAPAN

RESEARCH AND DEVELOPMENT OF HEAT STORAGE FOR SOLAR HEATING,
COOLING AND HOT WATER SUPPLY SYSTEMS IN MULTI-FAMILY RESI-
DENCE
Development and evaluation of thermal storage phase change
media and system integration
T. Fukunaga, Ishikawajima-Harima Heavy Industries Co.
Ltd., 2-16, 3 Toyosu, Koto-ku, Tokyo 135-91

SOLAR HEAT STORAGE
Development of heat storage system utilizing latent heat from
the collector which is supplied to a Rankine cycle engine
Mr. J. Kai, Mitsubishi Electric Corc., 2-3 Marunouchi
2-chome, Chiyoda-ku, Tokyo

SOLAR HEATING, COOLING AND HOT WATER SUPPL? SYSTEM FOR LARGE
BUILDINGS

Development of economical and innovative heat storage
equipment
Yasuo Tanaka, Toyo Netsu Kogyo Kaisha, Ltd., 2-5-12
Kyobashi, Chuoku, Tokyo
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NETHERLANDS

DEVELOPMENT OF A CONCRETE HEAT STORAGE SYSTEM
Development of a Tow-cost, durable, concrete heat storage
system
Ing. J. M. van Heel, Bouwcentrum, B1nnenm11e1utechn1ek
Weena 700-Postbus 299, Rotterdam

DEVELOPMENT OF AN INTEGRATED COLLECTOR HEAT-STORAGE SYSTEM FOR LOW
COST HOUSING PROJECTS
Development of an air cooled collector combined with heat
storage _
Ing. J.M. van Heel, Bouwcentrum

SOLAR BOILERS FOR DOMESTIC HOT WATER SUPPLY AND SOLAR HEATING
INSTALLATIONS FOR SWIMMING POOLS
Improvement and integration of hot water storage tanks
Ir. P.G.S. Rutten, Bronswerk B.V. Heating and Aircondi-
tioning Dept., Brabantsestraaat 10, P.0. Box 28
Amersfoort

DEVELOPMENT OF AN INTEGRATED SOLAR BOILER SYSTEM
Fabrication of storage boiler
Mr. J.B. Mulder, Calcol B.V. Binnenhoek 34 P.0. Box 7,
Tiel

USE OF SOIL AS A STORAGE MEDIUM FOR SEASONAL STORAGE OF SOLAR
ENERGY IN RELATION WITH THE SOIL COMPOSITION AND THE BOUNDARY
CONDITIONS
Investigation of various soil conditions and solar heating
systems to achieve long term heat storage to provide 100%
solar heating to a group of houses
Ir. W.J. Heijnen, Delft Soil Mechanics Laboratory,
Stieltjesweg 2, P.0. Box 69, Delft

HEAT STORAGE IN PHASE CHANGE MATERIALS
Design, construction and testing of a thermal energy storage
system based on phase change materials
Ir. H. van Ooijen, Heat Transfer Group, Applied Physics
Delft University of Technology, P.0. Box 5046, 2600 GA-
Delft Lorentzweg 1, Delft

INTEGRATION OF WATERTANK STORAGE, HOT WATER BOILER AND AUXILIARY
HEATER
Development of an integrated storage-heater unit of cost-
effective design
Mr. J.P. Simon Thomas, Eindhoven University of
Technology, Laboratory of Heat Technology, P.0. Box
513 Eindhoven

SEASONAL STORAGE OF SOLAR HEAT IN THE GROUND
Development of economically viable and practicablie methods
for the seasonal storage of solar heat in the ground
Mr. L.S. Fischer, Eindhoven University-of Technology,
Laboratory of Heat Technology P.0. Box 513 Eindhoven
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RESEARCH AND DEVELOPMENT ON SOLAR-THERMAL COMPONENTS
Reversible chemical reaction for long term energy storage
(100 - 4000C)
Dr. Ir. S.H.A. Begemann, N.V. Philips
Gloeilampenfabriken, Energy System Department, Building
TAM-3, Eindhoven

INVESTIGATION ABOUT USING THE SOIL AS A NATURAL HEAT SOURCE FOR
HEAT - PUMPS
Research, simulation, and calculations related to use of soil
as media for heat storage and extraction of heat for use in
heat pumps
Ir. P.G,M. Nievergeld, TNO, Central Technical Institute,
Laan van Westenenk 501, P.0. Box 342, Apeldoorn-Zuid

COMPUTER SIMULATION OF A HEATING SYSTEM CONSISTING OF A HEAT PUMP
IN COMBINATION WITH SOLAR COLLECTORS
Evaluation of heat storage system with heat pump system
Ir. H. van der Ree, Central Technical Institute, TNO,
Laa van Westenenk 501, P.0. Box 342, Apeldoorn-Zuid

DEVELOPMENT OF A THERMAL STORAGE SYSTEM BASED ON ENCAPSULATED
P.C.M MATERIALS
Development of a short term storage system with encapsulated
phase change materials
Ir. C. den Ouden, Institute of Applied Physics TNO-TH,
P.0. Box 155, Delft

DEVELOPMENT OF A REACTION VESSEL OF A THERMAL STORAGE SYSTEM USING
THE HEAT OF ADHESION
Design of a reaction vessel or room which uses the heat of
adhesion for short or long term storage
Ir. C. den Ouden, TNO, Institute of Applied Physics,
P.0. Box 155 Delft

PHOTOCHEMICAL STORAGE OF SOLAR ENERGY FOR HEATING OF HOUSES AND
BUILDINGS
Development of photochemical storage of solar energy in orga-
nic model system at low temperature
Dr. A, Mackor, Institute for Organic Chemistry TNO,
P.0. Box 5009 3502 JA Utrecht

SOLAR ENERGY AS A COMPLEMENTARY SOURCE OF ENERGY FOR DOMESTIC
HEATING AND HOT WATER SUPPLY
Analysis and design of solar heat storage system for domes-
tic heating and hot water supply
Ir. A.C. Koelewijn, VEG-Gasinstituut n.v., Wilmersdorf
50, -P.0. Box 137, Apeldoorn
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NEW ZEALAND

SOLAR SPACE HEATING OF HOUSES IN NEW ZEALAND
Design of solar energy storage in the floor and wall
Prof. H. Marshall, School of Agriculture, University of
Auckland, Private Bag, Auckland

DEVELOP PACKAGED SOLAR WATER HEATER
Production of packaged ground-mounted solar collector/
tank system for school

3 Dr. R.F. Benseman, PEL, DSIR, PEL

SWEDEN

ENERGY STORAGE BY MODIFIED USE OF SALT HYDRATES
Study of the prevention of phase separation in latent heat
energy storage materials
Mr. H. Hedman, AB Atomenerg1, Studsyik, Fack $-611 01
Nykoping

SOLAR ENERGY AND BUILDINGS--STORAGE OF LOW TEMPERATURE HEAT IN
SALT HYDRATE MELTS
Investigation of salt hydrates for use as latent heat storage
material
Messrs. B. Carlsson, H. Stymne and G. Wettermark,
Division of Physical Chemistry, Royal Institute of
Technology Fack, S-100 44 Stockholm 40

SWITZERLAND

HYBRID FLUID HEAT STORAGE UNIT
Evaluation of the performance of a hybrid heat storage using
air as heat charging f1u1d and water as heat discharging
fluid
Mr. A. Faist, Ecole Polytechnique Federale de Lausanne
14, Av, de 1'Eglise Anglaise 1001 Lausanne

THERMAL ENERGY STORAGE BY LATENT HEAT OF FUSION
Deve]opment of energy storage units using the Tatent heat of
fusion in hot water preparation
Prof. Ph. Javet, Ecole Polytechnique Federale, Institut
de Genie Chimique, 140, rue de Centre, CH 1025
St-Sulpice

U.S.A.

EXPERIMENTAL AND COMPUTER STUDIES OF THERMAL STRATIFICATION IN
WATER STORAGE TANK
Study of thermal stratification in storage tank and computer
simulation and verification of liquid storage tank
performance
The University of Alabama, P.0. Box 1247, Huntsville, AL
35807
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INVESTIGATION OF METHODS TO TRANSFER HEAT FROM SOLAR LIQUID
HEATING COLLECTORS TO HEAT STORAGE TANKS
Development of optimized criteria for cost-effective methods
of transferring heat from solar collector to winter storage
system '
Mr. F. deWinter, Altas Corp. 2060, Walsh Ave.! Santa
Clara, CA 95050

HYBRID THERMAL STORAGE WITH WATER
Studies of the engineering and cost data related to design of
hybrid thermal storage systems ’
Mr. M, Moriarity, Atomics International, 8900 DeSoto
Avenue, Canoga Park, CA 91304

DEVYELOPING AND UPGRADING OF SOLAR SYSTEM THERMAL ENERGY STORAGE
SIMULATION MODELS
Standardization, upgrading, and validation of existing
thermal energy storage models
Mr. R.T. Haelsig, Boeing Computer Services Company, P.0.
Box 24346, Seattle, WA 98124 '

SOLID PHASE ABSORBENT AIR CONDITIONING STUDIES
Design, construction, and testing of a solar air conditioner
using a solid phase inorganic salt as the absorbent, and
water as the refrigerant, with dehydrated inorganic salts
providing energy storage, as well
Mr. P.0'D. Offenhartz, EIC Corporation, Newton, MA 02158

THERMAL ENERGY "STORAGE BY MEANS OF SATURATED AQUEOUS SOLUTIONS
Investigation of sensible heat storage systems using
saturated aqueous solutions and design of engineering
prototype for off-peak air conditioning application and solar
space heating/cooling

Mr. K.W. Kauffman, Franklin Institute Research Labs,
20th and Race Streets, Philadelphia, PA 19103

SELF-CONTROLLING, SELF-PUMPING HEAT CIRCULATION SYSTEM STUDY
Evaluation of self-pumping methods and devices will be
studied and selected schemes recommended for development

G.P. Wachtell, Franklin Institute Research Laboratories,
20th and Race Streets, Philadelphia, PA 19103

TWO-COMPONENT THERMAL STORAGE MATERIAL STUDY-PHASE 11
Development of a storage medium consisting of
micro-encapsulated phase change material in a packed bed
with a water heat transfer medium
Mr. A.T. Tweedie and Mr. E.M. Mehalick, General Electric
Co., Advanced Energy Programs, P.0. Box 8555,
Philadelphia, PA 19101
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DEVELOPMENT OF METHODS OF EVALUATIONS AND TEST PROCEDURES FOR
SOLAR COLLECTORS AND THERMAL STORAGE DEVICES
Development of standard test methods for determining thermal
performance of solar collectors and thermal storage devices
for heating and cooling of buildings
Dr. J. E. Hill, National Bureau of Standards, Gaithers-
burg, Maryland

RESEARCH ON SOLAR ENERGY STORAGE SUBSYSTEM UTILIZING THE LATENT
HEAT OF PHASE CHANGE OF CERTAIN ORGANIC MATERIALS
Development of heat storage subsystem utilizing latent heat
of melting and solidification of organic waxes
Messrs. J.A., Bailey and J.C. Mulligan, North Carolina
University, Dept. of Mech. & Aerospace Engineering,
Raleigh, NC 27607

ANNUAL COLLECTION AND STORAGE OF SOLAR-HEATED WATER FOR THE
HEATING OF BUILDINGS
Evaluation of a lTow cost system for annual collection,
storage and utilization of solar heater water
Mr. J.T. Beard, University of Virginia, Dept. of Mech.
Engineering, Charlottesville, Virginia 22901
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AIR-CONDITIONING

DENMARK

SOLAR-POWERED REFRIGERATION BY A SOLID-ABSORPTION SYSTEM
Development of solar-powered, solid-absorption system
for production of block ice, cold storage and air-
conditioning
Mr. P. Worsoe-Schmidt, Refrigeration Laboratory, The
Technical University of Denmark, Bldg. 402, DK-2800
Lyngby

GERMANY

MODULAR SOLAR HOUSE HEATING SYSTEM - PHASE 1
Theoretical and experimental investigation on the develop-
ment of modular solar house system with refrigeration sub-
system for air conditioning
Dipl. Ing. H. Grallert, Messerschmitt-Bolkow-B1ohm GmbH
Postfach 801169, 8000 Munchen 80

MODULAR SOLAR DOMESTIC HEATING SYSTEM - PHASE 2
Preparation of two complete research installations for demon-
stration of equipment
Bipl. Ing. Grallert, Messerschmitt-Bolkow-Blohm GmbH
Postfach 801169, 8000 Munchen 80

RATIONAL USE OF ENERGY AND UTILIZATION OF SOLAR ENERGY IN BUILDING
Theoretical and experimental investigations in integrated
energy systems with a heat pump subsystem

Dr. H. Horster, Philips GmbH, Forschungslaboratorium
Aschen, Postfach 1980, D-5100 Aschen

JAPAN

R & D OF SOLAR HEAT ACTUATED AIRCONDITIONER FOR SOLAR HEATING,
COOLING AND HOT WATER SUPPLY SYSTEM IN MULTI-FAMILY RESIDENCE
R & D on solar heat actuated Rankine cycle air-conditoner
Mr. Shinya Kameda, Ishikawajima-Harima Heavy Ind. Co.
Ltd.,

DEVELOPMENT OF A LLARGE SCALE ABSORPTION MACHINE OPERATED IN
SINGLE EFFECT BY SOLAR ENERGY AND IN DOUBLE EFFECT BY AUXILIARY
HEAT SOURCE
Development of LiBr-water absorption machine with the
combination of single and double effect for solar cooling
Messrs. T. Ozono and K. Ooka, Kawasaki Heavy Industries,
Ltd., Osaka Works, 1-35, 4-chome Shimaya, Konohana-ku
Osaka

DEVELOPMENT OF AN AIR CONDITIONING UNIT DRIVEN BY A SOLAR POWERED

RANKINE-CYCLE ENGINE
Development of an air conditioning unit driven by a solar

powered Rankine cycle engine
Mr. E. Nishiyama, Mitsubishi Electric Corp., 2-21
Marunouchi, Chiyoda-ku, Tokyo
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NETHERLANDS

_ SOLAR POWERED ABSORPTION REFRIGERATING SYSTEMS
Research and development of solar powered absorption cooling
systems for air conditioning and food storage
Ir. C. Keizer, Delft University of Technology,

Laboratory for Refrigerating Engineering, Mekelweg 2,
Delft

RESEARCH AND DEVELOPMENT ON SOLAR-THERMAL COMPONENTS
Research and development of solar powered air-conditioning
unit with absorption machine and Stirling cycle
Dr. Ir. S.H.A. Begemann, N.V. Philips
Gloeilampenfabrieken, Energy Systems Dept., Building
TAM-3, Eindhoven

U.S.A.

DEVELOPMENT OF A SOLAR DESICCANT DEHUMIDIFIER
Development of solar desiccant dehumidifier featuring a
rotary bed of granular silica gel and a rotary regenerator
AirResearch Manufacturing Co. of California, 2525 W.
190th Street, Torrance, CA 90509

SOLAR HEATING AND COOLING SYSTEMS DESIGN AND DEVELOPMENT
Design, development, and delivery of prototype heating and
cooling systems for single family, multi-family and
commercial applications. Cooling subsystems of 3, 25, and 75
ton Rankine cycle machines are to be developed.
Mr. James Clark, AirResearch Manufacturing Co. of
California, 2525 W. 190th Street, Torrance, CA 90509

UNITARY SOLAR HEATING/COOLING SYSTEM PACKAGE DEVELOPMENT

Development of residential 3-ton unitary absorption system
and 25-ton commercial absorption chiller

Mr. R.H. Merrick, Arkla Industries, Inc., P.0. Box 534,
Evansville, IN 47704

ENGINEERING, DESIGN, CONSTRUCTION AND TESTING OF A SALT WATER
ABSORPTION COOLING UNIT FOR USE WITH A SOLAR COLLECTOR HEAT SOURCE
Development and testing of a 3 ton evaporatively cooled

absorption chiller

Mr. R. Merrick, ARKLA Industries, Inc., 950 E, Virginia
Street, P.O. Box 534, EvanSV111e, IN 47704

SINGLE FAMILY ABSORPTION CHILLER
Investigation of optimal chemical system for absorption
chiller and design and construction of prototype chiller
Mr. W.J. Biermann, Carrier Corp., Energy Systems
Division, P.0. Box 4800, Syracuse, NY 13221
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PROTOTYPE ENERGY RECOVERY AND SOLAR SYSTEM
Design and construction of 15 ton absorption chiller and
testing of machine in experimental house
Mr. W.J. Biermann, Carrier Corp.

HIGH TEMPERATURE SOLAR POWERED WATER CHILLER DEVELOPMENT
Development of a high temperature solar powered air cooled
water chiller using high speed Rankine turbine

Mr. R.A. English, Carrier Corp.

SOLAR DESICCANT AIR CONDITIONING WITH SILICA GEL
Design, construction, testing, and demonstration of a realis-
tic desiccant air conditioning system for use with low
temperature solar collectors
Mr. P. Lunde, Center for the Environment and Man Inc.,
275 Windsor St., Hartford, CT 06120

SOLID -PHASE ABSORBENT AIR CONDITIONING STUDIES
Design, construction, and testing of a solar air conditioner
using a solid phase inorganic salt as the absorbent, and
water as the refrigerant.
Mr. P. 0'D. Offenhartz, EIC Corporation, Newton, MA
02158

DEMONSTRATION OF A SOLAR STEAM ENGINE FOR HEATING AND COOLING
Construction of a solar-Rankine air-conditioner with a
heat rate of 14,000 Btu/hr-ton when operated in conjunc-
tion with 300°F solar collectors .

Mr. C. G. Martin, Energy Technology, Inc., Cleveland,
Ohio 44128

SOLAR HEATING AND COOLING SYSTEMS DESIGN AND DEVELOPMENT
Development of 3 and 10 ton Rankine cycle chillers as part of
design and development of single family and commercial solar
heating and cooling systems :

General Electric Co., Space Systems Div., Valley
Forge, PA

ASSESSMENT OF SOLAR POWERED COOLING OF BUILDINGS
Comparative review and evaluation of solar powered cooling
subsystems
Mr. H. Curran, Hittman Associates, Inc., 9190 Red Branch
Road, Columbia, Maryland 21045

SOLAR HEATING AND COOLING SYSTEMS DESIGN AND DEVELOPMENT
Development of 3, 25 and 75 ton Rankine cycle cooling units
for single-family, multi-family and commercial applications
as part of development of prototype heating and cooling
systems

Honeywell, Inc., Energy Resources Center, 2600 Ridgway
Parkway, Minneapolis, MN
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DEVELOPMENT OF A SOLAR DESICCANT DEHUMIDIFIER
Design, construction, and testing of a desiccant air
conditioning system that can be operated with flat plate
solar collectors
Messrs. A. Lavan and D. Gidaspow, I11inois Institute of
Technology, 3110 S. State Street, Chicago, IL 60616

SOLAR DESICCANT AIR-CONDITIONER (SOLAR-MEC) DEVELOPMENT
Design optimization and hardware performance improvements of
solar desiccant air conditioning system _
Mr. R.A. Macriss, Institute of Gas Technology, 3424
South State Street, Chicago, IL 60616

DEVELOPMENT OF NEW FLUIDS FOR SOLAR ABSORPTION COOLING
Identification and evaluation of new candidate fluid systems
for solar absorption cooling

Mr. R.A. Macriss, Institute of Gas Technology, 3424
South State Street, Chicago, IL 60616

DEVELOPMENT OF SOLAR-DRIVEN ABSORPTION AIR-CONDITIONING AND
HEAT-PUMPS
Design, fabrication and testing of absorption chillers in
operating regimes that are particularly suitable for solar
energy applications
Kim Dao, Lawrence Berkeley Laboratory, University of
California, Berkeley, CA 94720

NITINOL ENGINE PROJECT
Design and fabrication of heat engine based on the thermo-
elastic shape memory capable of operating at temperatures
obtainable from flat plate collectors
Messrs. M. Walig and R. Banks, Lawrence Berkeley
Lab., University of California, Berkeley, CA 94720

DESIGN OF A SOLAR RANKINE COOLING UNIT
Design, construction, and testing of 77 ton solar powered
Rankine cycle/vapor compression cycle cooler
Dr. J. Balcomb, Los Alamos Scientific Lab., Los Alamos,
N.M. 87545

SOLAR COOLING COMPONENT MOOELING AND OPTIMIZATION
Detajled analysis on system performance of absorption cycle
with solar components
Dr. R. Allen, University of Maryland, Mechanical
Engineering Dept., College Park, Maryland 20742

INTEGRATED ZEOLITE COLLECTORS
To develop an integrated collector for solar heating and
cooling systems utilizing the absorption and desorption of
water from molecular sieve zeolite
br. D.I. Tchernev, M.I.T. Lincoln Laboratory, P.0. Box
73, Lexington, MA 02173
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AIR CONDITIONING USING A REGENERATIVE GAS CYCLE
Demonstration of the applicability of regenerative gas
expansion cycle (Vuilleumier cycle} to provide air condi-
tioning
Mr. M. 5. Crouthamel, RCA, Gov't & Comm. Sys., Front and
Cooper 5t., Camden, N.J. 08102

TEST AND EVALUATION OF SOLAR POWERED TURBO COMPRESSOR RANKINE
CYCLE FOR BUILDING AIR CONDITIONING
Demonstration of Rankine cycle turbo compressor air condi-
tioning system at flat plate collector temperatures
Mr. F. Biancardi, United Technologies Research CTR.,
400 Main St., East Hartford, CT 06018
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OTHER SUBSTANTIAL UNITS

AUSTRIA

DEVELOPMENT OF A MEASUREMENT AND CONTROL SYSTEM FOR SOLAR
ENERGY SYSTEMS
Study of technical and economic parameters influencing the
operation of solar systems
Prof. Dr. Roland Stickler, Institut fur Physikalische
Chemie, University of Vienna, Wdhrigerstrasse 42,
A-1090 Vienna

GERMANY

PROBUCTION OF SOLAR COLLECTION INSTALLATION FOR HEATING AND OPEN
AIR SWIMMING POOL
Use of heat pump with solar collectors for swimming pool
heating
Dipl. Phys. Birnbreier, Brown, Boveri & Cie AG,
Postfach 101332, D-6900 Heidelberg

DEVELOPMENT OF CONTROL SYSTEMS FOR SOLAR HEATING SYSTEMS IN
SERVICE WATER AND HEATING INSTALLATIONS
Development of control systems for extraction of heat from
solar collectors and use of the heat for service water
preparation, building heating, swimming water heating
Ing. Meyer, Klockner + co., Abt. Warmetechnik, Werk
Heckingen, Postfach 100105, D-4100 Duisburg

RATIONAL USE OF ENERGY AND UTILIZATION OF SOLAR ENERGY IN
BUILDINGS
Design, testing, and evaluation of heat pump system for heat
recovery and air conditioning in an experimental house
Dr. H. Horster, Philips GmbH, Postfach 1980, D-5100
Aachen

NETHERLANDS

RESEARCH AND DEVELOPMENT ON OTHER SUBSTANTIAL SOLAR ENERGY
COMPONENTS
Research on system control, thermal performance and optimi-
zation of the solar system components
Mr. G. Brouwer, Raadgevens Technies Buro, van Heugten
B.Y. St. Annastraat 145, P.0. Box 305 Nijmegen

NEW ZEALAND

DEVELOP LOW COST SOLAR COLLECTOR
Development of a solar operated heat pump and a control
system to optimize savings
Mr. 0.M. Kendon, Zip Holdings Ltd., Box 30-669, Lower
Hutt .
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SWEDEN

AMPLITERM
Development of an energy saving system based on a combina-
tion of solar collectors and heat pump for heating of resi-
dential houses
Mr. G. Jansson, AB Svenska Flaktfabriken, equipment
Division Fack 551 84 Jonkoping '

PLASTIC CONVECTORS
Design and construction of prototypes of plastic convectors
in Tow temperature solar heating system’
Mr. A. Johansson, AB Atomenergi, Fack S-611 01 Nykoping

U.S.A.

DEVELOPMENT OF SOLAR POWERED HEAT PUMP UTILIZING PIVOTING TIP
VANE ROTATING EQUIPMENT
Development of pivoting tip vane rotating expander/compressor
for use in a residential solar Rankine heat pump
Dr. J. Eibling, Battelle Memor1a1 Institute, Columbus
Ohio 43201

DIRECT CONTACT LIQUID-LIQUID HEAT EXCHANGERS FOR SOLAR HEATED
AND COOLED BUILDINGS
Studies on the direct contact liquid-liquid heat exchangers
in solar heating and cooling systems
Mr. J. Ward, Colorado State University, Ft. Collins,
Colorado 80523

DEVELOPMENT OF. ELECTRONIC CONTROLLER AND EVALUATION OF CONTROL
ALGORITHMS FOR SOLAR HEATING AND COOLING SYSTEMS
Development of relatively inexpensive electronic controller
capable of operating a solar heating and cooling system in
a near-optimized manner
‘Dr. M. Wahlig, Lawrence Berkeley Laboratory, University
of California, Berkeley, CA 94720

ADAPTIVE CONTROL FOR ENERGY CONSERVATION
Simulation studies of adaptive control techniques in energy
conservation strategies for the operation of building and
HVAC systems
Mr. B. R. Farris, Los Alamos Scientific Lab., Los Alamos
N.M. 87545

DEVELOPMENT OF SOLAR DRIVEN HEAT PISTON DUAL LOQP HEAT PUMP
Design, development, modeling, and testing of components
for a free piston expander-compressor suited for Rankine
cycle driven vapor compression cycles in solar heating/
cooling systems driven by low temperature flat plate
collectors

Dr. S. Shelton, Scientific-Atlanta, Inc., Atlanta, GA
30340
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COMMERCIAL BUILDING UNITARY HEAT PUMP SYSTEM WITH SOLAR HEATING
Parametric studies of heat pump model for 2 building types
in three geographic areas

Mr. E. Drucker, Syracuse University, Syracuse, N.Y.
13210
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESCARCH
SOLAR COLLECTOR MATERIAL RESEARCH
THERMAL ENERGY STORAGE . COMPONENT DEVELOPMENT

(] AIR CONDITIONING UNIT
I ) OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Arbeitsgemeinschaft Sonnenenergie Obere Techstrasse 21/1
A-2010 Graz

NAME OF PRINCIPAL RESEARCHER Austria

Prof. Dipl.ing. Dr. P.V. Gilli

TITLE OF PROJECT

Domestic Water Heating and Space Peatine Mith Solar Energy

OBJECTIVE AND NATURE OF THE PROGRAM:

Develonment and testing of a system for economic domestic water heatinn with
solar energy. For o2 Li-person household with a daily,hot water consumption of
about 250 1 at 45°C a collegtor surface of 6 to & m° was found most economic;
storage volume 0.4 to 0.6 m

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :
The final report on this study contains important data for an economic use
of solar energy for domestic water heating in Austria.

PERIOD OF PROJECT :
1876 - 1977 (2 years)

FUNDINSU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 52.900.--

IMPORTANT REPORTS OR PUBLICATIONS:

ARGE Sonnencnergie (Prof. Dr. P.V. Gilli e.a.) "Wirmeversoraung von VWohnbauten
mit Sonnencnergie'
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH

SOLAR COLLECTOR MATERIAL RESEARCH
THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT
[ ] atr conpiTionitg unit

[] oTHER sUBSTANTIAL COMPOMENTS

NAME OF ORGANIZATION ADDRESS!
Austrian Solar and Space Agency, ASSA Garnisongasse 7

A-1090 Vienna

Austria

NAME OF PRINCIPAL RESEARCHER
various

TITLE OF PROJECT
Solar Energy Test Stations in Austria

OBJECTIVE AND NATURE OF THE PROGRAN}:

At present there are nine solar enerqy test stations in Austria, two collector
test station, two systems for space heatina, three systems for domestic water
heating and two systems for swimming-pool heatina. V\/ithin the framework of this
project eneray balance of the systems, their safety in operation,lifetime and
economic efficiency are studied.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
The systems have bcen in operation since June/July 1976; data and measurements are

being evaluated.

PERIOD OF PROJECT :
1976 - (open)

FUND INSU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 375.000,--

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
) i
[<]) soLAR cotLecTOR [[)mMaTERIAL RESEARCH
[J HermaL ENERGY STORAGE k COMPONENT DEVELOPMENT

[} AR conpiTioning uniT
[J otHer sussTanTIAL componenTs

NAME OF ORGANIZATION ADDRESS:
Fa. Ing. W. Jiger Villacherstrasse 32

NAME OF PRINCIPAL RESEARCHER A-9300 St. Veit/Glan
Ing. Walter J3ger Austria

TITLE OF PROJECT :
. Development of a Prototyne of a Semi-Concentrating Collector

OBJECTIVE AND NATURE OF THE PROGRAM:

In order to make better use of solar radiation when the sun's position is low,

a flat-plate collector with a number of concentratina eltements, which are to
quarantec a high absorption capacity of the collector even when the sun's position
is low, was constructed.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :

The results of this study showed that this flat-plate collector with concentrating
elements and without tracking does not have a better average thermal efficiency

than a normal flat-plate collector.
PERIOD OF PROJECT:

1 year (1976)

FUND IN SU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 10.000.--

IMPORTANT REPORTS OR PUBLICATIONS:




COUNTRY:

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR [x ) MATERIAL RESEARCH
[) tHERMAL ENERGY STORAGE COMPONENT DEVELOPMENT
[ J AIR conDITIONING UNIT x SYSTEM ANALYS!S
[X] OTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADDRESS:
~Institut fir Allgemeine Physik
Hn]unrc.|fv41F Tprhnn]nnu Karlsplatz 13
 NAME OF PRINCIPAL RESEARCHER A-1040 Vienna
Prof.Dr.F.Viehbdck Austria

TITLE OF PROJECT Multi-Component System for Domestic Water Heating and
Space Heating at the''lnstitut fir Molekularbiologie' of
the "Usterreichische Akadamie der Wissenschaften'" in Salzburg.

OBJECTIVE AND NATURE OF THE PROGRAM:
In order to study the combination of Solar Energy and Heat Pump Systems as well
as the comb|nat|on of Solar Heating with conventional stand-by heaters during
cold spells and/or cloudy periods a Solar Energy Installation was designed for
the Institute of molecular biology in Satzburg. This installation servecs as
a demonstration plant for the utilization of Solar Energy under specific climatic
conditions. The main purposes of this demonstation plant are:

- long term test of solar collector performance and corrosion behaviour

- gaining experience on the joint operation of solar collector and heat
pump systems

- extensive data collection and evaluation for providing technical and
economical bases for further evaluation of solar heating and eventual

cooling of buildings in Austria.

PRESENT STATUS OR SUNMMARY OF SIGNIFICANT ACCOMPLISHMENT ¢
The system has been operating since January 1978; the measurements are being

evaluated.

PERIOD OF PROJECT :
1975

FUND IN SU.S. CURRENT YEAR
- - 7-500.""
TOTAL FOR THE PERIOD (Part of the project:'Solar Encray Test
Stations in Austria')

INPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY::

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR E MATERIAL RESEARCH
[[]) THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT
[J atr conoimioning urit x SYSTEM ANALYSIS
D OTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADDRESS:
Institut fiir Allgemeine Physik
Iln?unrqityJF Tprhnn]ng\lf Karlsplatz 13
NAME OF PRINCIPAL RESEARCHER A-1040 Vienna
Prof.Dr.F.Vichbdck Austria

TITLE QFPROJECT Mul ti-Component System for Domestic Water Heating and

Space Heating at the''Institut fiir Molekularbioclogie" of
the "Osterreichische Akadamie der Wissenschaften' in Salzburg.

OBJECTIVE AND NATURE OF THE PROGRAM:
in order to study the combination of Solar Energy and Heat Pump Systems as well
as the combination of Solar Heating with conventional stand-by heaters during
cold spells and/or cloudy periods a Solar Energy Installation was designed for
the Institute of molecular biology in Salzburg. This installation serves as
a demonstration plant for the utilization of Solar Energy under specific climatic
conditions. The main purposes of this demonstation plant are:

- long term test of solar collector performance and corrosion behaviour

- gaining experience on the joint operation of solar collector and heat
pump systems

- extensive data collection and evaluation for providing technical and
economical bases for further evaluation of solar heating and eventual
cooling of buildings in Austria.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT-ACCOMPLISHMENT:
The system has been operating since January 1978; the measurements are being
evaluated. -

PERIOD OF PROJECT : |
1975

FUNDIN S U.S. CURRENT YEAR

7.500.--
(Part of the project:'Solar Eneroy Test
: Stations in Austria')

TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR [ ] MATERIAL RESEARCH
[[] THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[ ] atr conpiTIONING UNIT
[7] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ’ ADDRESS:

Institut fiir Allgemeine Physik Karlsnlatz 13
Ua-bvaroity—of Techaology A-1040 Vienna

NAME OF PRINCIPAL RESEARCHER ' Austria

Prof. Dr. F., V!IEHBGCK

TITLE OF PROJECT
: Development of a Low Temperature Solar Cotlector

OBJECTIVE AND NATURE OF THE PROGRAM:

Research was done in the field of solar energy conversion as well as in the
field of collector construction by means of mathematical simulation methods
and comparative outdoor colliector test methods. Moreover, the performance of
collectors in complex systems consisting of collector batteries, storage and
conventional auxiliary heating systems was studied.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :

Within the framework of this study resuits were obtained which are of
significant importance for the development of an "Austrian'' collector.

PERIOD OF PROJECT :
1975 - 1976

FUND {N S U.S5. CURRENT YEAR

TOTAL FOR THE PERIOD 20.000.--

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR [ ] MATERIAL RESEARCH
THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT
{ ] atr conDITIONING UNIT x SYSTEM DEVELOPHENT
[[] oTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADDRESS:
Vereinigte Metallwerke Ranshofen-Berndor|f Postfach 35
A-2560 Berndorf
NAME OF PRINCIPAL RESEARCHER Austria
Dr. Georg Turnheim

TITLE OF PROJECT
Compact Solar System for Domestic \later Heating

~

OBJECTIVE AND NATURE OF THE PROGRAM:

Development of a solar system for domestic water heating in a stngle family house
consisting of 4.12 gm of flat-plate collectors with selective coatina {a/e~4)

a vacuum-enameled annular water jacket boiler with a capacity of 250 | and a
cartridge heater of 1.2 kW.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :
With this plant 70 - 90% (in summer) and 10 - 20% (in winter) of the total enerqgy

requirements of a h-person household can be covered by sclar enerqgy under the
climatic conditions .in Austria.

PERIOD OF PROJECT :
10.5.1977 - 30.11.1977

FUND IN S U.S. CURRENT YEAR

TOTAL FOR THE PERIOD 15.500,.--

IMPORTANT REPORTS OR PUBLICATIONS:
ASSA-Information Service 4/1977.
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR MATERIAL RESEARCH
[[] THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[ Ar conpimioning unit
[[] ovHER suesTANTIAL coMPONENTS

NAME OF ORGANIZATION ADDRESS:

Vereinigte Metallwerke Ranshofen-Berndorf Postfach 35
A-2560 Berndorf

NAME OF PRINCIPAL RESEARCHER Austria

Dr. Georg Turnheim

TITLE OF PROJECT
fnstallation of a Solar Energy Station in Malta

OBJECTIVE AND NATURE OF THE PROGRAM:

Within the framework of this project thermal performance, life-time and safety in
operation of solar collectors and solar systems for domestic water heating are
studied under mediterranean climatic conditions and essential meteoroloqical
parameters such as global radiation, wind velocity and humidity are measured.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOP»‘!PLISHMENT :

PERIOD OF PROJECT :
5.7.1977 - 1.5.1978

FUND INSU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 7.600.~~

IMPORTANT REPORTS OR PUBLICATIONS:
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Country : BELGIUM

Components Type of research

Solar collector Material research
Heat storage Component develop-
Air conditionning and ment
cooling
Other substantial com-
ponents

Organization : Address:

FACULTE POLYTECHNIQUE DE MONS rue de Houdain,

Researcher : Prof. A. PILATTE

B 7000 MONS

Title of project : Flat plate collector development.

Evaluation of performances.
Architectural integration in roof structures.

Design of a solar heated house.

Objective : As part of a national R & D program on energy, the

research on water solar collectors is aimed to the
determination of an optimum design (technical and

economical) for solar collectors in Belgium.

- Working program

a)

b)

c)

d)

e)
)

Field tests on differents types of flat plate solar collectors
in order to determine their dynamic and static characteristics.

Improvment and development of solar energy collectors for hot
water and air systems.

Formulation of mathematical models describing the behavior of
collectors in order to achieve system optimization.

Integration of sclar collectors in a roof structure.

Design and construction of an experimental house.

Rational use of solar radiation data for sglar heating purposes.
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Present status

The following collectors have been studied so far

a)

b)
a)
d)

e)

£

g)
h)

Type :
1) flat plate water collectors (natural and fored circulation);
2) flat plate air collectors.
: .68 5§ at ¢ .86
€ FpUp € 8 W/m? K (20 - 70 °C)
2 § C ¢ 9 Wh/em2°K

water, water + ethylene.glycoi, air.

i. absorber : 0,9 £ a £0,95
0,15 € ¢ € 0,95
ii. Cover_plates : 2 glass cover
or | .76 £ T £ ,91
1 glass cover

i1ii. Insulation : glass wool or urethane foam.

live time : uriknown.

Cost : %a € Price < 250 U.S. B/m2.

Period and funding

The research program started at the end of 1975 and will last

3 years.

The amount of money engaged in the described research is of the

order of 200000 # US. These are goverment funds and do not include

the additional money and efforts spent by the universities and

private companies.

50




COUNTRY : DENMARK

COMPONENTS TYPE OF RESEAKCI
SOLAR COLLECTOR

[ ] THERMAL ENERGY STORAGE
{T] AIR CONDITIONING UNIT [X] COMPONENT DEVELOPMENT
[(] OTHER SUBSTANYIAL COMPONENTS

[[] MATERIAL RESEARCH

NAME-OF ORGANIZATION ADDRESS : . o .
Technological Institute and Technological Institute
Gregersensve]

Technical University of Denmark.} DK-2630 Tastrup.

Thermal Insulation Laboratory
NAME OF PRINCIPAL RESEARCHER Bldg. 118

. I Technical University of Denmark
P.E. Kristensen and O. Paulsen DK-2800 Lyngby

Development and test of components for solar
TITLE OF PROJECT heating systems

"QBJECTIVE AND NATURE OF THE PROGRAM:
This project is a part of a project on developing and demonstrating

solar heating systems in Denmark. The objettive pf this project
.is to measure the thermal performance and to evaluate the
durability of solar collectors on the Danish market, as well as
assisting companies in developing new collectors.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT

Measurements of solar collectors thermal- performance has been
started.

P
ERIOD OF PROJECT 1/4-77 - 1/1-80.

IN S, F THE
FUND $ U TOTAL FOR THE PERIOD 110.000

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY : DIENMARK i

COMPONENTS TYPE OF RESEAKC:,

SOLAR COLLECTOR

[ ] THERMAL ENERGY STORAGE
{ ] AIR CONDITIONING UNIT [X] COMPONENT DEVELOPMENT
[} OTHER SUBSTANTIAL COMPONENTS

[ ] MATERIAL RESEARCH

NAME OF ORGANIZATi10ON ADDRIZSS :

Thermal Insulation Laboratory g??;mailénsulatlon Laboratory

and Technological Institute Technical Univ..sity of Denmark
DK-2800 Lyngby. |

. Technological'Institute
NAME OF PRINCIPAL RESLARCHER Gregersensvej

C. Nielsen, O. Paulsen DK-2630 Tastrup.

TITLE OF PROJECT: Evaluation of s.iar collectors

OBJECTIVE AND NATURE OF THE PROGRAM:
The objective of this project is to establish an outdoor
facility for measuring the thermal performance of solar
collectors and to evalvate the long term durability of solar

collectors.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The test facility for outdoors measurements of five collectors
has been constructed. Long term measurements on solar collectors
especially with respect to durability have been started.

PERICD OF PROJECT
1/9-76 - 1/9-79

3 N .5, THE sR1
FUND IN % U.S TOTAL FOR PERIOD 112.000

IMPORTANT REPORTS OR PUBLICATIONS:
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Country : Federal Republic of Germany

Components Type of Research

X Solar Collector - (0 Materials Research
0 Heat Storage X Component Development
[J Air Conditioning and d

Cooling Unit 0
O
O
Name of Organisation: Address:
Brown, Boveri + Cie AG Postfach 101332

D-6300 Heidelberg 1

Name of Principal
Researcher
Dipl.Phys. Birnbreier

Title of the PrOJect: Hot water preparation with solar

sierdgy

Objective and Nature of the Project, Present Status

1. Aim

Experimental checking and extension of the results of a
study on the possibilities of utilization of solar energy

in central Europe which was prepared in advance by BBC.

2. Schedule

a) Execution of basic investigations on solar absorbers.

b) Design and construction of solar absorbers for
calorimetric measurement.

¢) Construction and testing of solar absorbers.

Continuation coverleaf /

Period of the Project: 15.3.74 - 31.12.75

" Fund in 2 US:236,000,- Government Contribution: 503

Inmportant Reports or Publications:
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Tit

le of the Project: Hot water preparation with solar eneryy

Objective and Nature of the Pfoject, Present Status:

- Continuation .......

d)

e)
f)

3.

Development of selectively absorbing coatings.

Development and trial of hot water preparation systems

with solar absorbers.

Carrying out measurement and evaluation of results.

Relationship with other projects

These projects will supply results for the system study

commenced under ET 4045 for industrial utilization of'

solar energy.

4

Progress

The project was completed at the end of 1975. A report was
sent to the BMFT. ‘

A methematical analysis of the efficiency'of solar
collectors was carried out which included the effect of
design variables as well as operating influences such as
wind velocity, sky temperature, air temperature, etc. The
concept of a system for hot water preparation with solar
collectors was systematiéally analysed.

Solar collectors with single and double glass coverings
and an absorber area of 1.5 m2 were designed; 26 units
were constructed. The experimental investigation covered
determination of the efficiency under stationery conditions
and under open air conditions. A simple reproduceable
method of testing solar collectors was proposed.
Investigations.on selective coatings covered methematical
analyses as well as testing of chromium oxide and tin
oxide coatings in collectors. The development of silicon
coatings was terminated as it was not possible to find

any economical producticon method.
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Title of the Project:

Hot water preparation with solar energy

Objective and Nature of the Project, Present Status:

- Continuation .......

~ Seven test installations were constructed at various
points in Germany and Austria. The results show that
in the "non-heating period" approximately 80% of the
energy requirement for hot water preparation in households
can. be provided by solar energy. Recommendations on the

layout of solar installations are given.

55




Country : Federal Republic of Germany

Components . Type of Research

B Solar Collector [J Materials Research
[0 Heat Storage B Component Development
[J Air conditioning and 'E Systems Development

Cooling Unit X Production Research
K] Heat Pump
O
Name of Organisation: Address:
Brown, Boveri + Cie. AG Postfach 351

D-6800 Mannheim

Name of Principal
Researcher
Dr. F. Weil

Title of the Project: Procduction of a solar collector

installation for heating an openair swimming pool

Objective and Nature of the Project, Present Status

1. Aim
Planning, design and erection of a sclar collector installation

for heating an openair swimming pool.

2. Schedule

a) Erection of a solar collector installation for endurance
tests and demonstration purposes, consisting of 1100

collectors.
b) Development of production methods for solar collectors

in mass production.

Continuation overleaf /

Period of the Project: 19.12.74 - 31.12.76

Fund in 8 US: 716,000,- Government Contribution: 100%

Important Reports or Publications:
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Title of the Project: Production of a solar collector
installation for heating an openair

swimming pool

Objective and Nature of the Project, Present Status:

- Continuation .......

3. Relationship with other projects

The project is based on initial test series of ET 4025.

Tests on the solar collector installation will be carried

ocut within the framework of project ET 4124 A.

4. Progress

Planning, erection and commissioning of the solar collector

battery have been completed.
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Count 1'.y Fedoral

Republic of Germany

Components

Type of Research

B4 Solur Collector
(3 Heat Storage

0™ Air Cconditioning and
Cooling Unit

O
O

Materials Rescarch

D2y
W Component Development
3
O

Name of Organisation:

Dornier-System GmbH

Name of Principal
Researcher
Dipl. Phys. W.

Scherber

Address:

Postfach 1360
D-7790 Friedrichshafen

Title of the Project: pevelopment of selective solar absorbers

on the aluminium roll bond heat exchanger basis

Objective and Nature of the Project, Present Status

1. Aim

Development of a long-term stability selective coating for

aluminium solar absorbers which is suitable for reasonably

priced large—-scale industrial production.

2. Schedule,

a) Summary of known and new absorber coatings for aluminium

backing material.

b) Uniform endurance tests under simulated and actual

operating conditions.

¢) Investigation of degradation and optimization of coating

properties.

d) Development of rational and production compatible

manufacturing methods.

Continuation overleaf /

Period of the.Project:

15.11.75 - 31 12,77

Fund in & US: 204,646,—

Government Contribution:

Important Reports or Publications:
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Title of Lhe Project: bDevelopment of selective solar absorbwers on the
T aluminium roll bond heat exchanger basis.

UbieCLiVU“ﬁﬂd Nature of the Project, Present Status:

- Continuation .......

e} Production of prototypes of selective collectors and

comparative functional tests in the field.

3. Relationship with other projects

This project forms the second sub-programme of the overall
project of Metallgesellschaft AG: "Development of large-scale
industrial production methods for components of solar heat-

ing systems, in particular solar collectors™.

4. Progress

Two new selective coatings for aluminium absorbers have been
developed and their properties compared with the known
coatings such as copper oxide, copper manganese oxide (Taborj,
black nickel and black chromium. One of the new coatings
makes a particularly favourable impression. It is a special
anodic coating which can however be produced with conventional
materials. The alpha/epsilon values are 0.94/0.15, the
production costs-correspond to those of a normal anodic
coating (approx. 10O DM/mz) and corrosion resistance is very
much better than is the case with the other selective
aluminium coatings.

Laboratory work is completed apart from the long—-time tests.
Prototype production of original rollbond sheet will be
commencing shortly. In a second phase the coating will

be transferred to a new aluminijium material with improved

high temperature stability developed by Meicallgesellschaft.
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Country : Federal Republic of Germany

Components Type of Research
I Solar Collector 1 Materials Research
(] Heat Storage ® Component Development
O air Conditioning and (]
Cooling Unit
|
O
O
Name of Organisation: Address:
Dornier System GmbH Postfach 1360

D-7990 Friedrichshafen

Name of Principal
Researcher

Dr.Ing. Gehrke

Title of the Project: Heat pipe solar absorber

Objective and Nature of the Project, Present Status

1. Aim
Adaptation of the heat pipe solar absorbers which have been
develeoped for installations for solar sea water desalination

to the requirements of a domestic heating system.” A
prototype installation has been erected and tested at least

over 1 full heating period.

2. Schedule

a) Examination of the scolar energy equipment range and

energy reguirement.
b) Layout of the complete system and of the components.

c) Design and construction of the prototype installation.

Continuation overleaf /

Period of the Project: 15.10.74 - 31.12.77

Fund in & US: 256,285.60 Government Contribution: 84%

Important Reports or Publications:
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Title of the Project:

Heat pipe solar absorber

Objective and Nature of the Project, Present Status:
- Continuation .......

d} Adaptation of the absorbers to the roof structure.
e) Test installation and fitment of a data collection

system.

i) Test operation execution and evaluation of the data.

3. Relationship with other projects

The work supplies part of the basic data for system study
Et 4045.

4. Progress

The installation of about 70 m? heat pipe collectors in
an inhabited test house in Essen has taken place. The
solar energy is transported by means of a water primary
circuit to a central water accumulator of all together
7.2 m3 installed in the cellar. A water-water heat pump
boosts the efficiency during low sun radiation in the
winter months. In the summer the four families in the
house are supplied with hot service water, in the winter
the solar system operates the floor heating of the 210 m2
flat of the landlord.

In the meantime a fully automatic CAMAC data acguisition
system has been installed for monitoring the energy
budget.
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Country : Federal Republic of Germany

Components Type of Research

P Soclar Collector i Materials Research
O Heat Storage (0 Component Development -
0 Air Conditioning and O

Cooling Unit ]
® collector Coatings
O
Name of Organisation: Address:
Dornier—System GmbH ‘ Postfach 1360

D-7990 Friedriéhshafen

Name of Principal
Researcher .

Dipl.Phys. Scherber

Title of the Project: pgyelopment of high temperature

resistance sclar absorber areas

Objective and Nature of the Project, Present Status

1. Aim

The properties and limits of use of various coatings for
solar absorbers are being investigated. On the basis Qf

the results it is intended to determine the econcmically

justifiable field of use.

2. Schedule

a) Representation of known and new absorber coatings

(interference filters, semi-conducter filters, structure-

filters). 7 _
O ——
b) Uniform endurance tests at 400 and 600~C cn the under

takings own and commercial coatings.

Continuation overleaf /

Period of the Project: 1.10.74 - 31.12.77

Fund in $ US: 419,995.60 Governmen*t Contribution:100%

Important Reports or Publications:
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.

Title of the Project: Development of high temperature
resistance solar absorber areas

Objective and Nature of the Project, Present Status:

- Continuation .......

c) lDegradation investigations and optimization of coating
properties. | '

d} Development of rational production methods.

e) System related comparison of thé_processes with regard
to the economic rational use in solar collectors and

solar power stations.

3. Relationship with other projects

This project supplies part of the basic data for the system
sEudy on industrial utilization of solar energy under
identification ET 4045.

4. Progress

A large number of test specimens for the various absorber
types were produced and investigated. Here it has been
found that the main pfoblem lies in the longterm stability
at operating temperatures (300 - GOOOC). Almost all
coatings used evidenced in the 1000 hour test at 400°¢c
considerable degradation of the alpha/epsilon valye and
even the interference filters are not sufficiently stable
at 600°C.

In view of these difficulties it was necessary to develop
completely new coating systems. Two of these new concepts

appear particdlarl& interesting at present:

- Stabilized semi-conductor filters for the lower temperature
range up to 400°C max. Simple production by galvanic

methods.
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Title of the Project:
Development of high temperature resistance solar absorber areas

Objective and Nature of the Project, Present Status:

-~ Continuation ..... .

- Btructure filters with ceramic protéctive coating with
perfect longterm stability up to 600°C. As the production
process is still somewhat costly, it is being endeavoured
at present to change over to simple techniques such as

spraying, rolling, galvanizing.
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Country : Federal Republic of Germany

Components Type of Research

M Solar Collector (] Materials Research
0 Heat Storage ¢ Component Development
(3 Air Conditioning and O .

Cooling Unit 0]
O
0
Name of Organisaticn: Address:

Entwicklungs- und Forschungsg IndustriestralBle 8

labor
D- 7850 Loérrach-Haagen

Name of Principal
Researcher

Dr.Ing. Hans Kleinwéchter

Title of the Project: Hot water preparation with solar energy

using synthetic solar collectors

Objective and Nature of the Project, Present Status

l. Aim

Development and test of reasonable priced synthetic solar
collectors. Basic element extendable in modular fashion.
Fields of application: from the special instance of swimming

pool heating to any orientatable roof collector.

2. Schedule

a) ©System layout, on the basis of a synthetic flexible
tube which is transparent on top and dark and absorbent
underneath as basic element.

b) Production of a prototype I, suitable only for horizontal

level surfaces; measurements.

Continuation overleaf /

Period of the Project: 1.7.75 - 30.6.77

Fund in g US: 266,640, Government Contribution: 100%

Important Reports or Publications:
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Hot water preparation with solar energy

Title 9f the Project: using synthetic solar collectors

Objective and Nature of the Project, Present Status:

- Continuation .......

c) 'Production of several prototypes II with chamber type
partitioning of the flexible tube. Also suitable for
use on inclined surfaces; measurements.

d) System study of frame type mounted ogtionally orientatable
collectors. Opfimization of system parameters. Select-
ive coatings. ’ |

e) Production of a prototype III. Optionally orientatable

light synthetic collector; measurements; final report.

4. Progress

The various potential manufacturers of extruded tubular
film have been contacted. Ideal would be a "transparent
window film", a film produced in an extrusion process,

dark on the bottom, but transparent on the surface. In
principle it is possible, but conditional on tool costs
(special extrusién die) of approx. DM 80,000.-- and would
only be profitable with large quantities. Chosen first of
all was a special PE-PA composite film backed on the base
side with a dark coating from Messrs. Sengewald in Kinsebeck/
Westf. This composite film subsequently had to be replaced
by a 20 mu thick pure U.V. stabillized PE film as the PA

was found not to be U.V. stable. As insulation materials
were chosen a combination of foamed PE flexible tube with
inserted bubble film (Messrs. Alkor, Munich). As infra-red
reflector a metalized polyester film is used.

Various laboratory models were made up. As inlet and outlet
connections modified plastic fittings were used and these
were adapted to the collector. Various alternatives for
welding and bonding of the tube ends were tried out. The
fact that longterm strength cénhot be obtained by welding
the tube ends lead to development of mechanical clamping
strips. For level regulation of the water in the collectors

a special level vessel has been developed.

66




Title of the Project: Hot water preparation with solar enerqy
using synthetic solar collectors

Objective and Nature of ths Project, Present Status:

= Continuation ...+...

An electronic system with differential temperature sensors

and facility for setting of desired temperature values has

been constructed.

The flexible pipe type basic module collector was sub-
divided ductwise in various ways with the aim of being able

to install it in an inclined position as well. Meandershaped
weld seams and mechanical bracing were provided.

Various multi-tube collectors of synthetic rubber and
PVC were constructed and are at present being tested.
Special water connections for these collectors have been

designed.

A measurement system which provides chart recordings of
the overall radiation, of different collector temperatures
and of the air temperature has been constructed. 1In order
in the winter months as well to be able to carry out
comparative measurements on different variant and-film
combinations, a reasonably priced sun simulator is in
preparation. With it, it will also be possible to carry
out accelerated U.v. aging of the films. During the
further progress of the project specially U.V. stable and
selectively transparent films should be used for con-

struction of the various collectors.
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Country : Federal Republic of Germany

Components Type of Research

K Solar Collector [ Materials Research
[0 Heat Storage (J Component Development
0 air conditioning and O

Cocling Unit 0O
O
O
Name of Organisation: Address:
Infrastop-Labor Postfach 669
Flachglas AG Delog-Detag D-4650 Gelsenkirchen
Name of Principal
Researcher
Dr. H.J. Glaser

Title of the Project: Development.of anrlndustrlallprocess
for production of In O3 coatings for
improvement of the k value of insulating gl3s% panes

Objective and Nature of the Project, Present Status

1. Aim

Development of a process for large-scale industrial production
of high efficiency transparent coatings on an In203 base

for energy conserving insulating glazing.

2. Schedule

Stage I
From the findings already obtained through laboratory

investigations a semi-industrial process should be developed

for In203 coating for pane sizes up to 1 x 1 m2. The

installation for metal coating necessary for this work is

Continuation overleaf /

Period of the Project: 1.11.75 - 30.6.77

Fund in ¢ US: 266,320,- Government Contribution: 5og

Important Reports or Publications:
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, . . Development of an industrial
Title of the Project: producglon of Iny05 coatings ?5?C?§Sr£3§

ment of the k value of insulating glass panes

Objective and Nature of the Project, Present Status:

- Continuation .......

available. For subsequent oxidation of the metal coating
it is necessary to install a suitable oxidation and forming
furnace with which tests for semi-industrial production of
In,0, coated glass panes can be carried out,

273
Stage II

Subsequent thereto work is intended for application of the
method to a large~-scale industrial plant for pane sizes

up to 1.5 x 2.5 m2. Here as well the coating plants for
metal coating are already available. The oxidation and
forming furnace must be degigned on the basis of the

experience from the semi-industrial plant.

3. Progress

Stage I of the project is nearing conclusion.

It has been possible to apply the coating of a sub-oxidic
In/Sn alloy developed on laboratory scale to the semi-
industrial spraying plant for pane sizes up to 1 x 1 m.

For this purpose it was necessary to find a suitable process
for the preparation of extended cathodes as well as the
coating parameters, in particular matching the composition
of the spray atmosphere. The coatings produced with the
semi-industrial plant have the same specifications (coating
thickness, transmission behaviour, specific electrical
resistance and IR reflection) as those developed on laboratory
scale. At present an endeavour is being made to increase
the spray rate by a factor of 2 to double the number of
cathodes. The coating tools for this purpose have in the

meantime been made available and are being commissioned.
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. . Development of an industrial process for
Title of the Project: production of In,03 coatings ?or improve
ment of the k value of insulating glass panes

Objective and Nature of the Project, Present Status:

- Lontinuation .......

A furnace for the forming of the coated panes with the
dimensions of 1 x 1 m has been designed and commissioned.

Gas supply during the forming process has been optimized

sc that it is possible today to produce ‘panes with dimensions
of 1 x 1 m with the specifications which were achieved on
laboratory scale. Still open are k value measurements on
panes with dimensions of 77 x 77 cm as well as aging and
abrasion tests of the coating. These'operations should be
concluded by February 1977.

It is intended after carrying out these operations to
decide by means of profitability calculation in comparison

with alternative developments whether it is advisable to

embark on stage II of the project.
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Country : Federal Republic of Germany

Cuomponenls Type of Roescarch
B sSolar Collector P Materials Research
[0 Heat Storage K Component pevelopment
O Air Conditioninyg and O
Cooling Unit
0 O
J
Name of Organisation: Address:
Jenaer Glaswek Hattenbergstr. 10
Schott + Gen. D-6500 Mainz

Name of Principal
Researcher

Dr Eckart Hnlmann

Development of large-scale industrial

production methods for components of

28]g£theating systems. Third sub-programme of Metallgegall-

Title of the Project:

Objective and Nature of the Project, Present Status

1. Aim

Transparent glass covering for large-scale industrially
produced flat solar collectors with suitable mechanical,
thermal and corrosion resistant properties together with

their attachment to the collector system.

2. Schedule

a) Definition of load instances.
b) Calculation of thermal and mechanical load capacity.
c) Experimental investigation of load instances.

d} Optimization of covering and connectioun to case.

Continuation overleaf /

Period of the Project: 1.1.76 - 30.6.7§

Fund in & US: 53,120,- Government Contribution: 5gog

Important Reports or Publications:
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Development of large-scale industrial

: -—= _production methods for components of
solar heating syslems. 3rd sub-programme of Metallgesellschaft.

Objecetive and Nature of the Project, Present Status:

- Continuation .......

3. Progress

The load instances mentioned under a) are:

1. Snow locad.

2, Wind locad.

3. Hail.

4. Thermal strains and

5. Mechanical stresses.

Load instances 1, 2 and 3 could be obtained from the
literature on the subject and defined.

The thermal strains are being determined experimentally
and by calculation.

The mechanical stresses resulting from pressure increase
With sealed case from temperature rise have been determined
experimentally and by calculatibn.

Test collectors have been constructed to investigate the
tightness of the joint of the cover with the case.

(Co—operation with Metallgesellschaft).
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Country : Federal Republic of Germany

Components Type of Research
®{ Solar Collector [J Materials Research
{1 Heat Storage & Component Development
O air Conditioning and O

Cooling Unit 0
[
[
Name of Organisatioﬁ: Address:

Jenaer Glaswerk Schott+ Gen. Hattenbergstr. 10
D-6500 Mainz

Name of Principal
Researcher
Dr. E. HuBmann

Title of the Project: plat-plate solar energy collector

Objective and Nature of the Project, Present Status

1. Aim

It is intended to develop various flat-plate solar
collectors with particularly high efficiency to permit
improved utilization of the high percentage of diffused

radiation present in our climate.

2. Schedule

a) Development of IR reflecting glass covers and of non-
reflective coatings.

b) Development of alpha/epsilon coating systems

c¢) Development of honeycomb structures to reduce radiation

output and convection losses.

Continuation overleaf /

Period of the Project: 15,11.75 - 15.11.78

Fund in 2 US: 578,960, - Government Contributior: 30y

Important Reports or Publications:
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Title of the Project:

Flat-plate solar energy collector

Objective and Nature of the Project, Present Status:

- Continuation .......

d) Development of glass hollow fibre absorber panels with
very efficient heat dissipation.
e) Development of an evacuated all glass flat-plat collector

based on glass hollow fibre absorber panels.

3. Progress

A field test installation with automatic data collection
system for evaluation on a computer as well as appropriate
detailed simulation programmes have been prepared and tried
out.

A solar simulation test stand is under construction.

Thus the conditions have been provided for testing the
developments stated in the schedule above.

It has been possible to apply IR reflecting — transparent

to solar radiation - coatings on different types of glass
and to render these non-reflective. Prototypes with
covering systems of this type have been constructed and
tested. The high no-load temperatures occurring with such
collectors involve material problems whose solution is heing
worked on at present.

In technical literature contradictory opinions have been
expressed on the effectiveness of honeycomb structures

for suppression of convection. A number of tests on different
honeycomb. structures have shown that under suitable conditions
the convection can be suppressed to a large extent. More
recent publications confirm our own investigations. Test
collectors with honeycomb structures evidenced the
properties expected.

Glass hollow fibre absorber panels have been produced and
tested. They can be regarded as good abscrbers. The
technical problems with series production of such absorber

panels have not yet been solved.
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Country : Federal Republic of Germany

Components Type of Research
¥ Solar Collector ] Materials Research
[0 Heat Storage @ Component Development -
O Air conditioning and O 4
Cooling Unit 0
0
O
Name of Organisation: Address:
Klaus Esser KG ‘Postfach 2909

D-4000 Diisseldorf 1

Name of Principal
Researcher

Prof.Dr.Ing. W. Dalhoff

Title of the Project: splar collectors for flat roofs

Objective and Nature of the Project, Present Status

l. Aim

The first sub-aim is to prepare a systematic summary in
which the various alternatives for economical and technically
favourable integration of solar collectors in flat roofs

aré examined.

In the second step it is intended that work be commenced

on combining the solar collectors with the domestic

installiation.

2. Schedule

a) Preparation of a flat roof analysis sub-divided into

gradient, roof type and construction.

Continuation overleaf /

Period of the Project: 1.1.76 - 30.9.77

Fund in & US: 241,811.20 Government Contribution: 50%

Important Reports or Publications:
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Title of the Project:

Solar collectors for flat roofs

Objective and Nature of the Project, Present Status:

- Continuation .......

b) Analysis of the percentage distribution of the various
roof types and construction.

¢) Analysis of the solar collectors suitable for flat rocfs

d) Investigations on fixing standard solar cecllectors onto
the various flat roof types and constructions.

e) Development and investigation of solar collectors with
integrated mounting and its fixing to flat roofs.

f) 1Investigation of the econocmical and technically feasible
connection of the flat roof solar collectors to the

domestic installation.

3. Relationship with other projects

This project provides results on the economical and
technically feasible integration of solar collectors in
flat roofs and thus indirectly contributes to the projects
in progress under the following code numbers

- ET 5052 Solar domestic heating

- ET 4066 A Modular solar house heating system

- ET 4148 A Heat pipe solar absorber

4, Progress

The flat roof analysis broken down into flat roof, flat
inclined roof, roof types and constructions has been
prepared. The analysis of the percentage distribution of
the various roof types and constructions shows ﬁhat the

flat roof enjoys market shares in West Germany of over

75% especially in some building groups, e.g. school
buildings, office buildings, industrial buildings, this
figure being approximately 45% in the case of 1 and 2 family
‘houses. Solution estimates for integration of solar
collectors in flat roofs have been prepared and are at

present being tested on prototypes.
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Country : Federal Republic of Germany

Components Type of Research
M Solar Collector (0 Materials Research
[l Heat Storage X Component Development
O Aair Conditioning and X Systems Analysis

" Coecling Unit O
X Service Water Heating
3
Name of Organisation: Address:
Kraftanlagen AG Im Breitspiel 7
D-6900 Heidelberg 1

Name of Principal
Researcher
Dipl.Ing. F. Reinmuth

Title of the PrOject:Service water heating by solar energy

Objective and Nature of the Project, Present Status

1. Aim

During thé course of enlarging a dwellinghouse a solar system
has been installed. By means of a measurement programme it
is intended to investigate what influence the installation

of the solar system has on the annual oil consumption of

the whele building.

2. Schedule

At various points of the system heat meters are being
installed. The service hot water and heating water circuit
will be monitored. The incident solar energy and

the outside temperature will be recorded. A comparison

Continuation overleaf /

Period of the Project: 26.7.76 - 30.6.78

Fund in § US: 13,860,- Government Contribution: 100%

Important Reports or Publications:
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Pitle of the Project:

Service water heating by solar heating

= > v et Ty = = T

Ohrjective and Nature of the Project, Fresent Status:

Continuation .......

will ke made with measurements of the German meteorological

~

ic

[l
th
@

-

g

this way it will ke possible to compare the results of
the test year with the avefage values of the meteorological

office. By this means it will be possible to provide a
rational statement on the influence of the solar system

on the fuel oil consumption.

o) T
3 Prograess

The sclar system has not yet been completed. The measuring
e~ necessary for the test programme have been ordered.

ic
Installation will be carried out by approximately 1.3.77.

T STTE T T N TR T RoL. 78 E b =Tl v

DT T




Country : PFederal Republic of Germany

Comnponenls Type of Research

B solar Collector [J] Materials Rescarch
[J Heat storayge K Compconent Development
J Air conditioning and ad

Cooling Unit 0
'l
'l
Name of Organisation: Address:
M.A.N. - Neue Technologie Dachauer Str.667
Maschinenfabrik D-8000 Miinchen 50

Augsburg-Nlirnberg AG

Name of Principal -
Researcher

J. Lorenz

Title of the Project: pevelopment of economical solar heating

systems with reasonably priced collectors

Objective and Nature of the Project, Present Status
1. Aim
Development and construction of simple flat collectors con—
sisting of as few as possible, series produceable parts

and trial in an optimized system as regards efficiency,

operating behaviour and reliability.

2. &Schedule

a) Layout and construction of prototype collectors which
are suitable for series production.

b) Trial of prototype collectors as regards efficiency,
operating behaviour and reliability in an optimum
syétem.

c) Series production tests with selected collector types.

Continuation overleaf

Period of the Project: 1,1.77 - 31.12.78

Fund in @ US: 180,800, Government Contribution: 50%

Important Reports or Publications:
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Development of economical solar heating systems

Title of the Projecls g reascnably priced collectors.

Vbjective and Nalure of the Project, Present Status:

- Continuation .......

ad) Construction of collectors which can also be used as

roof cladding.

3. Prcgress

The preliminary work started as from 1.1.1977.
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Country-: Federal Republic of Germany -

Components Type of Research
Bd Solar Collector [0 Materials Research
® Heat Storage B Component Development
Xl Air Conditioning and ® Systems Development

Cooling Unit O

O
O
Name of Organisation: Address:

Messerschmitt-Bdlkow-Blohm
GmbH Postfach 801169

8000 Miinchen 80
Name of Principal

Researcher
Dipl.Ing. H. Grallert

Title of the Project:

Phase T

Modular solar house heating system -

Objective and Nature of the Project, Present Status

l. Aim

Theoretical and experimental investigations on the develop-

ment of a modular solar house system which can be marketed

in collaboration with other companies and in particular

is suitable for use in temperate zones. A variant of the

system is to be applied in combination with refrigeration

systems for air conditioning.

2. Schedule

a) Investigation, development and design work on collectors,

storage media, storage containers, heat exchangers as

well as measurement and control units.

b) System layout from technical and economic points of

view.

Continuation overleaf /

Period of the Project: 15.11.74 - 30.12.76

Fund in § US: 478,500,- Government Contribution:

80%

Important Reports or Publications:
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Title.of the Project: Modular solar house heating system -

Phase I

Objective and Nature of the Project, Present Status:

- Continuation .......

3. Progress

In the first development phase the emphasis was on carrying
out thorough technical and economic system analyses which
were the starting point for the necessary component
development. These analyses include estimation of the
weather effects, a design study, investigation of all
collector design parameters, the regulation system, heat
requirement and consumption characterization, system cost
estimation and optimization, complete simulation of the
solar thermal and of the conventional heating system as
well as thermal and mechanical computation of all compon-
ents. As essential result it was established inter alia
that the use of selective absorber coatings and that of

IR effective cover glass coatings is at present still
uneconomical in comparison with simple two-plate collectors
(flat construcﬁion) and that only the small heat accumulator
adapted to the heat requirement over approximately 1 week
is suitable as cubic hot water tank for use in 1 and 2
family houses. Taking into account the cost increase
which is expected to rise still further in the case of the
fossil fuels it was possible with the aid of static
meteorological data to démonstrate profitable use of the
solar thermal heating system, in particular for hot service
water preparation even in central European latitudes.

From the investigations of construction for the critical
individual components two collector generators with 3 or

7 test modules of two-plate flat construction were derived
and satisfactorily tried out as regards heat transfer and
longterm durability on the openair test rig constructed

for the purpose. For the version accepted in Autumn 1975
as regards performance production investigations were

carried out with plastic‘and metal frames from the point
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Title of the Project:

Modular solar house heating system - Phase I

Objective and Nature of the Project, Present Status:
- Continuation .......

of view of series production. Here it was found that
, production costs were considerably lower for the metal
frame construction particularly in comparison with PU
rigid foam frames. In addition, when using load supporting
plastic components additional thermal expansion processes
occur. Both constructions were followed through as far

as the prototype and used in complete tests.
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Cuou

nLry @ Federal Republic of Germany

Components Type of Research
&K Ssolar Collector (0 Materials Resecarch
M Heat Storage | O component Development
B Air Conditioning and ® Jystems Analysis
Cooling Unit
O
L3
L
Name of Organisation: Address: .
Messerschmitt-B&lkow-Blohm Postfach 801169
GmbH
D-8000 Miinchen 80
Name of Principal
Researcher
Dipl.-Ing. Grallert

Title of the Project:

Mod

ular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status

1, Aim

Continuation of the work commenced in Project ET 4066 A

(first development phase) with the aim of applicational

execution and optimization of solar heating systems for

preferred use in the domestic field. Aim otherwise as in

Phase 1.
2. Schedule
a) Further development of collector for higher operating

b)

temperatures.
Optimization of system layout.
Preparation of two complete research installations for

demonstratien -of- subsequent equipment and original

Continuation overleat

/

Period of the Project: 1.1.76 - 30.6.77

Fund in % US: 562,300, - Government Contribution: gqgq

Important Reports or Publications:
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Title of the Project: Modular solar domestic heating system -

Phase 2

Objective and Nature of the Project, Present Status:

- Continuation .......

equipment with a solar domestic heating system.
d} Investigation of the installation parameters and of

the standardization of solar heating systems.
e) Basic operations for going ower to series production.

3. Progress

The emphasis of the second development phase is the
installation and operation of systemwise balanced solar
heating systems in two typical applications.

In an existing inhabited single family terraced house in
Hohenkirchen near Munich a combined solar heating system
was installed for room heating and water heating with

35 m2 effective collector area and 4 m3

water accumulator.
With the installation commissioned in June 1976 important
results were collected for simplification of the system
technology and the installation outlay.

The use of solar energy resulted by the end of the year

in a saving of more than 900 litres of fuel oil.

On the basis of ‘the practical experience already gathered
the development trend is towards pre-installed system
sections, reduced equipment outlay and carefully insulated

housing sections.

Although strict economy with combined systems is not yet
attainable today, the monovalent solar heating system with
electrical emergency heating seems to be an interesting
solution for the future.

To examine selectively effective coatings 8 additional test
collectors were tried out. Production problems in the
reproduction of SnO2 or black chromium coatings in some

cases produced worse results than expected. Attention should

be paid to condensate corrosion in the case of black chromium

85




Title 0of the Project:

Modular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status:

- Continuation .......

coatings on aluminium. With selective coatings of this
type no—load temperatures over 200°C are reached. If the
cost of the coating can be reduced by more than half, use

in one and two plate collectors appears attractive.
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Country : Federal Republic of Germany -

Components Type of Research
@ Solar Collector {] Materials Research
0 Heat Storage ™ Component Development
J Air conditioning and O '

Cooling Unit 0O
O
O
Name of Organisation: Address:
Metallgesellschaft AG Postfach 3724
D-6000 Frankfurt/M 1

Name of Principal
Researcher :
Dr. Feasel, Dr.Ing. MOller

. . .Development of large-scale industrial
Title of the ProjeCt‘peruction methods_for components of
solar heating systems, in particular solar collectors. Devel-
opment of airtight solar collector housindgs.

Objective and Nature of the Project, Present Status

1. Aim

Development of an airtight solar collector housing which
protects the selectively ccated abscorber from condensate
corrosion and aﬁmospheric corrosion. Development of the

roof .fixing in system suited to the collector housing.

2. Schedule.

a) Material selecticon for the housing
- Geometrical layout of the housing
- Development of roof fixing in systems
— Development of installation and assembly aids

— Mechanical and thermal stability tests.

Continuation overleaf /

Period of the Project: 1.1.76 - 30.6.79

Fund in @ US: 365,840,- Government Contribution: 50%

Important Reports or Publications:
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e _— Development of large-scale industrial
ritle of the Project: production methodsgfor components of

solar heating tems, 1in riticular solar collectors. Develop

S5V S a }
meni of ‘3]!”1‘1ﬂﬁ¥ anlar r*nlll:)pr-i-nr QsSinac
- =4

Objective and Nature of the Project, Present Status:

- Continuation .......

b) Sealing and insulation system

- Selection of suitable glass qualities (see ET 4051 F)
= Development and trial of permanently elastic sealing

systems for the special application conditions (no-
load temperatures)

- Optimum design of siccatives

— Development of sealing systems for absorber outlet
sockets.

c) Trial of the complete housing system.

3. Relationship with other projects

Development is taking place in collaboration with the JENAer
Glaswerke Schott & Gen. (ET 4051 F).

4. Progress

As housing materials titanium zinc, aluminium and PU integral
foam have been chosen. Housings of these materials are at
present being checked for their thermal and mechanical
stability. Systematic analysis of the gutter dimensions

has been commenced and based thereon initial sample roof

fixings of titanium zinc have been produced.

The thermal and mechanical loading of the glass cover
under a wide variety of collector operating conditions has
been determined in a computer programme. Tests to confirm

these results have been commenced (see ET 4051 F).

The initial tests on the adhesive strength of sealing
compounds on the selected housing materials have been

commenced ,

Specimen housings with selected sealing systems are at

vresent being tried out undexr simulated climatic conditions.

88




Country : Federal Republic of Germany

Components Type of Research

Y Solar Collector [} Materials Research
[ Heat Storage K Component Development -
[J air conditioning and a

Cooling Unit 0O
[
]
Name of Organisation: Address:
Metallgesellschaft AG Postfach 3724

D-6000 Frankfurt/M 1

Name of Principal
Researcher
Dr. Ing. Miéller

£l £ the P act s Development of large-~scale industrial
Title of the Project: production methods for components of

solar heating systems, in particular solar collectors. Project
nanagement

Objective and Nature of the Project, Present Status

1. Aim

Making up a working party for development of production
methods for components of solar heating systems, in
particular high efficiency solar collectors for the medium
temperature range up to lOOOC, in co-operation with industrial
and small-scale companies together with technical colleges.

Co-ordination of the overall project.

2. Schedule

a) Development of selective solar absorbers on the basis

of aluminium rollbond heat exchangers.

Continuation overleaf /

Period of the Project: 15.11.75 - 30.6.79

Fund in & US: 240,000,- Government Contribution: ggq

Important Reports or Publications:
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. . . Development of large-~scale industrial
Title of the Project: production methods for components of

solar hég;ing systems, in particular solar collectors. Project

e Tafatlinfay
-

Objective and Nature of the Project, Present Status:

- Continuation .......

b) Development of solar collector housings.

c) Development of components for the solar heating system.
d) System and component trial. _

e) Preparation of production for tested'prototypes.

f) Trial production of the developed systems.

3. Relationship with other projects

Developments are taking place in collaboration witih Messrs.
Dornier System GmbH, JENAer Glaswerke Schott & Gen., Mainz
and Kl&ckner & Co., Abt. Wdrmetechnik, Hechingen as well
as the divisions of Metallgesellschaft AG, mentioned in

detail in the individual projects.

4. Progress

The companies mentioned under 3 have been obtained for
co—operation in the working party.

Dornier System GmbH is responsible for the development of
high efficiency selective coatings on aluminium and
aluminium alloy absorbers. The airtight collector housing
is being developed in collaboration with JENAer Glaswerke
Schott & Gen., the processing division of Rheinische
Zinkwalzwerke and the chemical division of Metallgesellschaft
AG. . |
JENAer Glaswerke Schott & Gen. are responsible for selection
of the glass qualities and the glazing processes. The
development of permanently elastic, temperature resistant
adhesive sealing systems for airtight incapsulation of

the collector hqusing is being carried out by the chemical
division of Metallgesellschaft AG. The metal collector
housing together with the roof fixing in systems is being

developed by Rheinische Zinkwalzwerke.
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, . Development of large-scale industrial
Title of the Project: production methods for components of

solar heating systems, in particular solar collectors. Project
managenant

Objecﬁive and Nature of the Project, Present Status:

~ Continuation .......

Messrs. Klockner & Co. Widrmetechnik is responsible for
development of the heater side components of the solar

heating system and their trial.
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Country : Federal Republic of Germany

Components Type of Research g

X Solar Collector [J Materials Research
[J Heat Storage @ Component Development
O air Conditicning and .

Cooling Unit O]
U
J
Name of Organisation: Address:
Metallgesellschaft AG Postfach 3724

- P=-6000C Frankfurt/M 1

Name of Principal
Researcher
Dr. Ing. Mdller

Development of large-scale industrial

Title of the Project:production methods: for components_of solay
‘h%afiﬁq‘ﬁysfems in gartlcular solar collectors. Development
nhﬁekggglve Foiar absorbers on the basis of aluminium roll-

exchancgsy
=4

Objective and Nature of the Project, Present Status

1. Aim

Development of an effective and market compatible absorber
system on the basis of selectively coated aluminium rollbond

heat exchangers.

2. Schedule

(is restricted to the work share of Metallgesellschaft AG)

a) Absorber material selection.

b) Optimization of abscorber channel system.

c) Construction of a pilot coating installation and
application of the coating process developed by the

_Dornier system on laboratory scale to this installation.

Continuation overleaf /

Period of the Project: 15.11.75 -~ 30.6.78

Fund in $ US: 80,024,- Government Contribution: 50%

Important Reports or Publications:
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Title of the Project: production methods for ¢
_ . { omponents of
sctar*?eat{hg—sggf%mf‘ in particular
ent of seledtitve £oTar abgorbers on ?ﬁéaﬁagﬁélg?tgfﬁmiﬁfﬁﬁlop_

Development of large-scale industrial

r% lbond heat

ha s .
jeccive anéﬁﬁ%%d¥gng? the Project, Present Status:

Continuation ,......

d) Selective coating of absorbers and testing of coatings.
e) Layout of an installation for large-scale industrial

coating of aluminium absorbers with selective coatings.

3. Relationship with other projects

Development is being carried out in collaboration with
Dornier System GmbH, Friedrichshafen (ET 4051 G).

4. Progress

Material selection has been completed. For pressureless
cperating systems pure aluminium absorbers can be used,

for pressure carrying systems there is an aluminium material
with an AlMn 1.5 base.

Thermally and flow optimized absorber channel systems are
available.

Dornier System GmbH have developed a sﬁitable selective
coating (see report ET 4051 G).

The pilot installation for selective coating of rollbond
absorbers using the process developed by Dornier System
is under construction. Coating tests will be commencing

in the first quarter of 1977.
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Country @ Federal Republic of Germany

Componenits ' Type of Rescarch
¥ Solar Collector [J Materials Research
[J Heat Storage @ Component Development
O air Conditioning and O

Cooling Unit

g 0
O
O
Name of Organisation: Address:
Metallgesellschaft AG Postfach 3724
D-6000 Frankfurt/M 1

Name of Principal
Researcher
Ny Tna MOller

) . Development of large-scale industrial
Title of the Project: production methods for components of
solar heating systems, in particular solar collectors. Develop
pent of components for the solar heating svstem,

Objective and Nature of the Project, Present Status
1. Aim

Further development of aluminium rollbond absorbers from
refrigeration engineering for the requirements of a solar
heating system and adaptation of the system components to
the rollbond absorber with regard to its electro-chemical

behaviour.

2. Schedule

a) Material selection with regard to the thermal and
mechanical loads of the absorber to be expected in the
solar system.

b) Mechanical and corrosion testing of the material.

Continuation overleaf /

Period of the Project: 1.3.76 - 31.12.78

Fund in $ US: 223,040, - Government Contribution: gpg

Important Reports or Publications:
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Development of large-scale industrial

Title of the Project:s proguction methods for components of
solar heating systems, 1n particular solar collectors. Develop-
ment of camponent s for the golar ho:l{-inzj SEVIEED S
Ubjective and Nature ot the Project, Presenl Status:
- dontinuation .......

c) Determination of the rolling and heat treatment con-

ditions for the cladding of the material selected.

d} Transfer of these results to large~scale industrial
production.

e) Reolling tests for production of rollbond test specimens
from materials in accordance with a).

f) Further development and trial of electro-chemical neutral
rollbond parting agents.

g) Selection and trial of aqueous and non-agueocus heat
carrier media.

h) Establishment of thermal characteristic data for various

absorber types.

3. Relationship with other projects

Development is being carried out in co-operation with Kl&ckner

& Co. Abt. Wiarmetechnik (ET 4051 E).

4. Progress

a) Material selection has been concluded {(see programme
section ET 4051 B).

b) The mechanical and technical tests on 2199.3 and AlMn 1.5
have to a large extent been completed. Initial results
from the creep-rupture tests with AlMn 1.5 at temperatures
up to iSOOC and up to 10 bar internal pressure are
available, Chemical corrosion tests have been commenced.

c¢) Determination of the rolling and heat treatment conditions
on industrial scale has been concluded.

d) A start has been made on application of the results from
c) to large-scale industrial production.

e) Solar systems for selection and trial of agueous and

non—agueous heat carrier media -are under construction.
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Country Federal Republic of Germany
Components Type of Research

] Solar Collector (0O Materials Research
@ Heat Storage B Component Development
X] Air conditioning and [ '

Cooling Unit 0O
B Heat Pump
O
Name of Organisation: Address:

Philips GmbH

Forschungslaboratorium
Aachen

Name of Principal
Researcher
Dr. . HO&rster

Postfach 1980
D-5100 Aachen

Title of the Project:

af solar eneraov in buildinas

Rational use of energy and utilization

Objective and Nature of the Project, Present Status

1. Aim

Analysis and
rational use
in buildings

experimental

as regards econcomical use.

evaluation of a wide variety of methods of

of'energy and utilization of solar energy

Theoretical and

investigations in integrated energy systems

in a test house with considerably modified building

structure.
meteorolcecgical data.

high efficiency.

Development of analysis method based on hourly

Development of soclar collectors of

Continuation overleaf /

Period of the Project:

18.6.74 -

31.12.77

Fund in % US: 3935,882,-

Government Cbntribution: 50%

Important Reports or Publications:
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Title of the Project: Rational use of energy and utilization
of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......

2. Schedule

a) System analysis: investigation of various methods for
optimization of solar and energy systems. Collation
and investigation of meteorclogical data.

L) Development of high efficiency collectors. Investigation
on selectively reflecting and absorbing coatings.

c) Designing an energy experimental house with considerably
reduced enerdgy requirement.

d) Designing the technical equipment of the experimental
house consisting inter alia of heat pump system (for
heat recovery, energy utilization from the ground, air
conditioning), solar system (for hot water preparation,
heating), controlled ventilation with heat recovery
and a complete data collection systemn.

e} Test procedure and evaluation.

3. Relationship with other projects

Programme execution will take place in conjunction with
RWE Essen and will make a contribution to the system study
on industrial utilization of solar energy under reference

ET 4045.

4, Progress

Hourly meteorological data from various meteorological
stations were recorded on tape and evaluated. Solar data
such as diffused, direct radiation for various orientation,
intensity energy dependence on monthly and annual average
were determined. The method of thermal analysis for
optimization of energy systems was investigated. Several
methods which describe the thermal behaviour .of solar

systems over the year were compared with one another. A
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Title of the Project: Rational use of energy and utilization
of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......

method of data compression was developed. Investigation

of solar collectors was continued. Several configurations
of cylindrical evacuated collectors were analysed and
measured. Selectively absorbing coatings were investigated.
Development and test of a specially effective selective
absorber with alpha greater than equal .95 and epsilon
less than equal 0.l were commenced.

The energy experimental house was measured by means ¢f
automatic data collection. The specific energy requirement
of the 75/76 heating season as well as the performance data

of the individual energy systems of ventilation, heat pump
and solar collector were established.
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Country : Federal Republic of Germany

Components Type of Research
[ Solar Collector 1] Materials Research
[0 Heat Storage O cCcomponent Development
{J Air conditioning and @ Systems Analysis
Cooling Unit
O
O
O
Name of Organisation: Address:
Fa. Solarheiztechnik GmbH Kelterstr. 43
Unterensingen

D-7441 Unterensingen

Name of Principal
Researcher

Staub, Mayor

Title of the Project:

Solar heating system for Unterensingen gymnasium (high school).

Objective and Nature of the Project, Present Status

1. Aim

It is the intention to develop an energy saving sanitary
installation for a gymnasium which will be supplied all the
year round by using solar energy and electrical energy. For
this purpose it will above all be necessary to integrate
solar components in the service water treatment system

supplied with electrical auxiliary energy and to carry out

suitable trials.

2. Schedule
Using solar collectors an insulated low pressure accumulator

with a capacity of approximately 1 m3 will be heated and
used to supply hot water to the showers and wash basins of

Continuation overleaf /

Period of the Project: 20.1.76 - 31.12.76

Fund in $ US: 14,640.~ Government Contribution: 100%

Important Reports or Publications:

L
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Title of the Project: Solar heating system for Untersingen Gymnasium
(high school).

Objective and Nature of the Project, Present Status:

= Continuation .......

the gymnasium. Where no solar heat can be extracted from
the low pressure accumulator, the service water accumulator
will be heated with an electrical flow-type heater. The
service water accumulator is set to a constant shower

water temperature (approximately 400C). Measurement will

be carried out by the municipal authorities of the shower
water consumed and the current consumption for the flow-type

heater,

By means of these measurements it is intended to establish
to what extent a combination of solar energy with

electrical energy is possible and economical.

3. Progress

The installation was commissioned a short time ago.
Measurement results are not yet available. Possibly further
measurement of the energy loss occurring as a result of
heat exchangers etc. would be advisable. For this purpose,
however, additional calorimeters would have to be installed.
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Country: ITALY

Components Type of Rescarch
X Solar Collector Material Research
Heat Storage X Component Development
Air Conditioning and /

Cooling Unit

Collector Coatings

Name of Organisation: CRAIES Adress: I.;ungadige Gallarossa, 8
37100 - Verona

Name of Principal Researcher:
dott. ing. Gino Cherubini

Title of the Project: Evaluation and test procedures for solar collectors

Objective and Nature of the Project

The objective of this projeet is to construct outdoor-indoor facilities, to'meg_
sure the thermal performances and to evaluale the Jong term durability of
solar collectors.,

Present Status

The test facilities for outdoor and indoor measurenients have been construc
ted; instantaneous efficiency, thermal performances and long term measure
ments onsolar cellectors have been started,

Period of ithe Project: 1.7,1977 - 31,.12,1980

Fund in $ US: - Current Year (1977) 53,000 - Government Contribution: 13%
- Total for the Period : unknown
Important Reports or Publications: New Contract - no report available,
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counTrY: Italy

COMPOHKIT TYDE OF RESKARCH
SOLAR COLIECTOR
[ HFAT HTORAGE [} MATERIALS RESEARCH
[J AIR CONDITIOULNG UNIT COMPONENT DEVELOI’MENT
] ot SUBSTANTIAL COMPOHENTE
NAME OF ORGANIZATION: ADDRESS:
INDUSTRIE PIRFLLY S.p.A. P.za Duca d'Aosta, 3

20100 MITAI

NAME OF PRINCIVAI RESEARCHER:
Ing. Attilio AUGIOLETTI
Ing. Edoardo ROBECCHI

TITLE OF PROJECT: Flat-plate solar energy collector

OBJECTIVE AND HATURE OF THE PROGRAM:

Devclopment of a flat-plate solar cnergy collector with absorber
mate of rubber. Advantages: modularity, no corrosion, expccted
lover cost, ecasicr installation.

PREDBENT STATUS:

First semple on tcst.

PERTON OF THE PROJECT: C.U.R. - Progetti Finalizzati Energetica

1976 + 1979

FULD 11 ¢ U.S. 32.000 dcecember 1976 - november 1977
for year 1978 to be defined

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY: ITALY

COMPONENTS . TYPLE OF RESEARCH

Egj SOLAR COLLECTORS
[:] THERMAL ENERGY STORAGE [:] MATERTAL RESEARCH

[:j AIR CONDITIONING UNIT Egﬂ COMPONENT DEVELOPMENT
[:j OTHER SUBSTANTIAIL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

yyr ISTITUTO DI F1SICA TECNICA
ISTITUTO D ‘ECRIC
D FISICA TECRICA FACOLTA' DI IKGEGNERTA

Viale Risorgimento n” 2

NAME OF PRINCIPAL RESFARCHER 40136 — BOL OGN A

S. Salvigni

TITLE OF PROJECT: Effect of phisical and operative parameterc on solar collectors
heat transfer cocfficients

OBJECTIVE AND NATURE OF THE PROGRAM:

Aims of this project are: a - to get a deeper knowledge of heat transfer plienomena
in solar collectors; b - to give an evaluation of the influence of heat transfer
cocefficients on solar collectors efficiency.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMERT:

An analysis of current literature has been made and the most used formulas for
calculation of internal heat transfer coefficients in solar collectors have been
compared.

None of available relations is able to account for the various phenomena taking
place inside solar collectors.

A test facility for direct measurement of heat transfer coefficients has been
therefore set in construction.

PERIOD OF PROJECT: 1/7/1977 - 31/12/1977

FUND 10 ¢ U.S. ¢ 9.000

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY : ITATY

COMPONFENTS TYPL, OF RESEARCH

[x] soLar COL],ECTORS
[ ] THEnuarn ENERGY STORAGE

[ IMATERIAL RESEARCH

[ a1r counrrontne unir [x] coMPONENT DIVELOPHENT
[] OTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADRISS:

Istituto di Fisica Tecnica Istituto di P'isica Tecnica
Facoltd .di Ingegneria - Palermo Facoltd di Ingegnoria

NAME OF PRINCIPAL RESEARCHER

Prof. Ing. Giorgio Bececali

viale delle Scilenze

90128 PALERMO - ITALIA

TITLE OF PROJECT Design of non-focusing collectors.
Temperature range : S0°-130°C

CBJECTLIVE AND NATURE OF THE PROGRAM:

The mean objective .of this project is to studvy and desien very simple

non-focusing solar collectors for retrofit use in existing heating

systems and to supply heat to air conditioning absorbing units.

The collectors will he designed with plane mirrors and polygonal

¢cross-scction.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT

Developmont of prototypes

IOD OF PROJECT
PERIOD OF PROJ 1/1/77 - 31/12/77

‘UND In U.s. TOTAL TOR THE PERIOD
3 A OTAL TOR T} 11.000

IMPORTAIT RUPORTS OR PUBIICATIONS:
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P'ORMAT O SURVEY ON COMPONENTS FOR SOLAR HEATING,

COOLING AND HOT WATER SUPPLY SYSTEMS

Country: ITALY
Components Type 0f Research
¥ Sclar Collector Kl Materials Research
Heat Storage Component Development

Air Conditioning and Cooling Unit

Other Substancial Components

Name of Organisation: ISTITUTO DI } Address:  Via all'Opera Pia, 11

FISICA TECNICA E IMPIANTI TERMOTECNICI I 16145 - GENOVA (Italy)
Facolta Ingegneria- Universita -Genova

Name of Principal researcher:
prof.ing. Claudio PISONI ‘

Title of DProject: Radiative excharge compenents.,

Objective and Nature of thc Program: As part of a national R.e D. program on solar

energy, the research is aimed to the develop-
ment of selective solar surfaces,after a survey of the existing procedures to obtain
selective coatings. It is intended to employ an electroplating technique to obtain
new absorber coatings, and determine the economic feasibility of their use.

Present Status: A survey of the “state of the art" of selective surfaces for solar
absorbers has been accomplished and will be published by the Hational

Council of Research. An electroplating technique has been set up to obtain coating

of various material. Few test specimens have been produced to be investigated on

the basis of their radiative properties.

Period of the Project: 1.7.1877 + .31.12.1981.

Fund in ¢ U.S. : for the current year: 14.000 .

Government Contribution: 100% .
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Country: JAPAN March 1978

Check the mark X in Components Type of Research
the head of line,

corresponding to the B Solar Collector (X} Materials Research
respective components O Heat Storage ’ i Component

and type of OAir Conditioning and Cooling Unit Development

research: U other Substantial Components

?ag?k°f OTQaHEZﬂFiOHL Ind . Addresst 2-16, 3 Toyogu, Koto-Ku
shikawajima-Harima Heavy Industries ’ _

Co,, Ltd. Tokyo, JAPAN 135-91

Name of Principal researcher:
Shinya Kameda

Title of Project!
R & D of eolar collector for solar heating, cooling and hot
water supply system in multi-family residence,

Objective

The primary objective is to develop a solar collector for driving a solar heat
actuated airconditioner at the middle temperature-level.

Summary -
a) Type:
i) Flat plate collector (F.P.C)

ii) Compound Flat Mirror Collector (C.F.C)

b) T 3
oz = 0.9 x 0.876 x 0.876 = 0,691 for F.P.C.
x.T= 0.95 x 0.8762 = 0.729 for C.F.C.

c) Overall heat loss coefficient: U W/m2K

U; = 60 (temp. range, 70°C to 110°C) for F.P.C.
Uy = 45 ~ 55 (temp. range, 60°C to 120°C) for C.F.C.

d) Heat capacity (fluid included): €  W/m°K

c .3 for F.P.C.
C = 5.0

8
5. for C.F.C.
e) Hent transfer fluid: Water
f) Material:

1) Absorber:

ﬂﬂ 0.9, E, [ 3 0.,1 for F.P.C'
A = 0u95| E_- 0.1 for C.F.C.
i1) Cover plate:
2 ~ pane glass, - = 0.876 for F.P.C.
1 - pane glass, T = 0.876 for C.F.C.
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iii) Insulation:
The bottom of the flat plate collector is insulated with 50 mm glass
wool and 50 mm of urethane foam batts forming an outer layer of

insulation,

g) Expected life time: 20 years

C.F.C. F.P.C.
h) Estimated cost: Now r 270 5/m2 170 s/m2
Future 1 130 $/m? 90 $/m?

Period of the projectr 1974-1%80

Fund in US$: Current year (1978):1 37,900 $.

Up to date total t 273,400 $.
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Formal ol Survey on Componends for Soltar flealing
Cooling and llot Water Supply Svsloms

Country: Japan

Type of

. . Resoare
corresponding fo the {7 Itea . Storapce arch

respective components |[TAir Conditioning and Cooling Unitl[f] Componant.
Novelop—

and type of yescarch: | [ Other Substantial Components

Check 1he mark x in Companents
. L — Resoarch
the head of line, ! Solar Colleclor [T Halorials

men i
Name ol Orpanization: Address:
Kawasaki Heavy Indusiries, Lid. 2-14, Higashi Kawasalicho,

JTkuta-Ku, Kobe, Japan

Name of Principal rescarcher:
Kenji SHIMORAWA

Tille of TProject:
Solar Healing, Cooling and llol Water Supply System
for Large Building

- Objeelive and Nature of the Procram:

The objective of our program is 1o develop componenls of
innovalive bul cconomical solav collector for healing,
cooling and domestie hol waler supply sysiem {or larvge

building.

— Presenl Stafius or Summary ol Significapl Accomplishment:

Fourty Jlarge Tlat-plate solar collectors (2m x 7.5m) have
been installed on the experimenlal building of Depariment
of Fnerpgy Engincering, 0ila University in 1977.

The Iixperiment will be made from April, 1978 for a couple
of years.

a) lype:  PFlal plate

b) AT 0.85

o) over all heat loss cocefficient u,: 3.8\{/:112]\'
Temperature Range 55°C 1o &5°C
d)  heatl eopacity (Fluid inelnded) c: 1.94 \\‘]I;’lrlgl\
e) heat Lranzfer medium: waler
) materinl:
i) absorber e = 0.96 £ 0.92
Pipe on Sheel Copper wilh black paint
ii) cover plate 2 panc “T = 0.83
iii) inrull:!f-i‘.\(?ll glass wool (50™ polycihylene Torm

~ = m
108 (2577)




i) expecled Tile Lime: 20 yeonrs

h) ecslimated cost: 125 Sllh'/mz
- Yeriod of the Projeet: 1974 - 1980

= Fund in SUS! - Curreent Year: 200,000, -

- Tolal for Llhe Period! nol available

~ Imporiant NReport or Tublications: nonce
)
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Format of Survey on Components for Solar Heating

Cooling and Hot Water Supply Systems

Country: Japan

Check the mark X in Components ‘ ; Type of Research
the head of line, ESolar Collector DHaterials Research
corresponding to the Dl-leat Storage [E]Components Development

respective components I:IAir Conditioning and.Cooling Unit
and type of research: DOther Substantial Components

Name of Organization: Address:
Name of Principal researcher: Chiyoda-ku, Tokyo

Keiji Kobayashi

Title of Project:
Development of tubular Evacuated Solar Collector

- Objective and Nature of the Program:

The object of this program is to develop a high efficiency solar
collector. A high efficiency solar collector was made in 1977 and
the type of solar collector was tubular evacuated solar collector.

The object of this solar cgllector is as follows.
a) Efficiency: 7=0.5~0.6 (at 0.086 mZ.h.°C/W)
b) Overall heat loss coefficient: F'Uj, = 1.7~2.1 (m2.h.°C/W)}

- Present Status or Summary of Significant Accomplishment:

Three Solar Collector were made for performance test and 11 tubes,
Mounted in a panel.
a) Type: Tubular evacuated. Collector tube size
' dia. : 70 mm
length: 1200 mm
b) Overall heat loss coefficient: F'U;=2.6 (m2.h.°C/W)
c) Efficiency: 7 =0.45 (at 0.086 mZ.h.°C/W)
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d) Materials

1) Selective surface:

2) Cover:
3) Reflector:

e) Heat transfer medium:

f) Expected life time:

- Perjod of the Project:

- Fund in $ US:

Black Nickel a =0,88
Glass

Al R=0.85~0.90
Water

15 years

1975 - 1980

4,700 (FY 1977)

Important Reports or Publication: None

€=0.13
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Country: Japan

Check the mark X in Conponents Type of Rescarch
the head of lire, .x Solar Collector Materials research
correspondinre to the Heat Storage x Component Development
respective components Air corditioning and Cooling Unit
aﬁd type of res-cach: Other Substzntial Components
Xame_of Orespi-ation: Address:

NIPPON SHEFET GLASS CO. LTD., 4-8, Dosho-machi Higashiku

Osaka, Japan

XYase of prineinal  researchor.

K. Watanabe

Title of Project:

Glass Honeycomb Collector

Djeciive Nature of the program:

The use of transpareni glass honevcomb stiruclures placed between the top cover
and the absorber plate is expected Lo be an effective mcans of supressing convection
losses, and also of decreasing radiation losses, As to the collector models desigred
*o utilize th2 glass honevcomb effectively, simulation sivdies on ihe thermal
efficiencies are performed, and some vrroto-type collectors are constructed, Their
practical performances are measured by out door test. Ai a stage in which the

erformances of a certain proto-twps collectosr reaches the feasible level to

I‘J

realize the final gozl, studiecs on the manufecturing and fabricating technologies
will be undertaken.

The final goal of the project is to develop the collectors for the space heating,
ccoling and hot water supplring systems, whose cost~performances may cempete with
trat of traditional epergy sources. The temporary goal {o be reaches in 1977 I'Y

is to make sure the feeaible level of the thermal performance of the glesss honeycoml -

collector and it's design know-how. )
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Present Status or Suwmarv of Signifieant Accomplishment:
Sollector efficiency of proto- type No.5(1000 x 2007mn), measured by out
door test. was 631 at the following conditions
solar incident : 800w/M
anbient temp. : 30°¢
absorber temp, : 90°¢
Outlines of the proto-type No.5 are as follows,
a) type and configuration:
Flat plate collector with glass honevcomb structure (cylindrical cellular
structure) placed between non-selective abcorber and single glass cover

(with anti-reflrection treatment )

b) 0T
g Qo 20° 40° 600
T 0,83 0.82 0.79 0.62

£ =incident angle

e) overall heat loss coefficient:2,44w/rk

(ambient temn:30% absorber tems:90ce)
d) heat capacity C : not measured
e) heat transfer medium:water

f) materials
i) absorber :¢ = £ =0,95, black paint coating
ii) cover : =0.21, sirzgle sheet zlass with anti-refleclion freatment
11i) glass honeycomt : tubler arrargement type
thickhess =0.25mn
diameter of tube =13mm

espect ratio :5

g) expected life time : 15 years
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h) estimated cost: 1503/m?

Period of the Project
1974 19718 FY

Furd in $U3 :
Current Year :10,000% in 1977 FY

Total for the period : not settled

Important Reports or Putlications : none
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Format of Survey on Components for Solar Heating

Cooling and Hot water Supply Systems

Country: Japan

Check the mark x in

the head of line, Components Type of Research
corresponding to the |K Solar Collecter DMaterials Research
respective components [[J Heat Storage & Component Development

and type of research: |[J Air Conditioning and Cooling Unit
U Other Substantial Components

Name of Organization: Address:
Research Center, Sanvo Electric Co. 1-18-13, Hashiridani, Hirakata, Osaka

iName of Principal Researcher:
K. Hinotani

Title of Project:

Development of Tubular Evacuated Solar Collector

Objective and Nature of the Program:

Two hundred eighty two evacuated tubular solar collectors have been mcunted
on the solat test house built in the March of 1977 for continuous operational
study. The measurements will be made to evalliate the performance of the
collectors in conjunction with the cocling, heating and hot water supply
system employed in the solar test house. While the measurements is carried
out, the development of the collectors will be continued in this year to
improve the cost effectiveness, mass producibility and efficiency, by
replacing the absorber plate by different types of absorber plates.

Present Status or Summary of Significant Accomplishment:

The 282 evacuated tubular solar collectors were manufactured and installed
on the solar test house.

a) Type and configuration: Tubular and evacuated, the size of the collector
tube is 100 mm dia. and 2000 mm long.

b) at: 0.79

c) Overall:heat loss coefficient: U = 0.6 (W/m2K) ( at 90 C)
d) Heat capacity (fluid included): C = 7.1 (W/m?K)

e) Heat transfer medium: water

f) Material 1) absorber; o« = 0.9; € = 0.1

2) cover plate: one pane (glass tube), 1 =0.88
3) insulation: evacuated
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g) Expected life time: 15 years

h) Estimated cost: §110/m2

Period of the Project: 1974 - 1980

Fund in § US: 1977 FY - $59,000

Important Reports or Publication: none
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Country: Japan

Check the mark X in Components Type of Research

the head of line, ' X Solar Collector X Materials Research
corresponding to the Heat Storage X Component Development
respective components Alr Conditioning

and Cooling Unit

and type of resesarch:
‘ Cther Substantial

Components
Name of Organization: Address: .
SHOWA ALUMINIUM X.K. h80 Inuzuka, Oyama
Oyama Plant Tochigi 323 JAPAN

‘Name of Prineipal Researcher:
Yuichiro Asano

Title of Project:

Research and development of solar energy space heating, cooling and
hot water supply system. (Research and development of metallic
materials)

-~ Objective and Nature of the Program:
Aim of Research

Research and development of technologies, solar energy collectors and
materials listed below necessary to supply of such solar energy
collectors made of aluminum or other metals and used in ‘the solar
energy space heating, cooling and hot water supply systems that may
be economically feasible from the point of costs in comparison with
the conventional fossil fuels or petrified fuels,

(1)} Development of solar energy collectors and collector materials
principally made of metals and used in heating, cooling and hot
water supply systems which are inexpensive, durable and efficient
in energy collecting.

(2) Development of mass production technologies for the solar energy
collectors and collector materials mentioned above.

Scope of Studies:

In relation with the materials for use in aluminum or other metal:
collector panels, the conventional msterials with not only be evaluated
and reviewed but also new alloy materials will be studied and developed
for the purpose of the prevention of aqueous corrosion.

Further, plating, anodizing and chemical treating processes will be
studies to develop economical treating processes for selective coatings.
In addition, a variety of collectors including the type of collectors
which can be used themselves an independent roofing will be developed
and subjected to the long-term field testing to evaluate the economical
feasibility and durability.

Mass production technologies will also be studied and established for
type of collectors used in various applications.
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-Present Status or Summary of Significant Accomplishment

Solar Collector

Type
item A B
a) type flat plate, extruded aluminum | flat plate, extruded aluminum
flame, black painted absorber | flame, selective absorber
b) dT For=0.838 (1 glass cover) F 0r=0.801 (1 glass cover)

¢) overall heat loss
coefficient

Ul[W/m2K]

d) heat capacity C
[Wh/mQKJ

e) heat transfer
medium

£) material

1) absorber

2} cover plate
3) insulation

g) expected life time

h) estimated cost
[$/m2]

B 0,73 (2 glass covers)

R =0,720 (2 glass covers)

FRU1-7.29 (1 glass cover)
=6,77 (2 glass covers)

FRU1=hu88 (1 glass cover)
=3.94 (2 glass covers)

not measured

water or other liquids

black paint a=£=0,95
aluminum Roll Bond plate

selective anodizing coating
=0,93, =0.10

coprer tube in extruded

alyminum fin-tube:

1 or 2 3mmt glass cover, T=0.876

S0mm fiber

glass

20 years (requires inhibitor)

20 vears

80 (1 glass cover)

100.(2 glass covers)

-Period of the Project:

-Fund in $ US:

1980

Current Year (FY.1977) 89,000

Total for the Period

~Important Report or Publication:

unknown

none
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I'ormat of Survey on Compunents for Solar Heatina,

Cooling and Hot water Supply Systems

Country: Japan

Components Type of Research
Solar Collector Materials Research
[] Heat Storage ' Component Development

[J Air Conditioning and Cooling Unit
[J Other Substantial Components

Name of Organization: Address

Toray Industries, Inc. 2-2 Nihonbashi-muromachi

Name of Principal researcher: Chuo-lu, Tokyo

M. Inoue

Title of Project:

Research and development of plastic materials for

splar collectors

- Objective and Nature of the Program:

The objective of this program is to develop plastic mate-
rials for solar collectors, such as selectively transparent
plastic films for covering, transparent thermal insulator
including plastic honeycombs or tubings, and selectively
absorbing coating materials. This program also includes
evaluation of their performances in solar ccllectors of prac-
tical size.

Temporary goal in 1977 is to improve durability of these
materials, and final goal is to develop low-cost and long-life
solar collectors containing several plastic materials, and

alsce to establish mass production technologies.

- Present Status or Summary of Significant Accomplishment:

Materials for solar collector
1) absorber: selectively absorbing paint {containing dis-
persed metal oxide particles)
@ = 0.90, &€ = 0,20
2) cuver : selectively transparent polyester film
(with In,0, layer)
T = 0.78, garr = 0.20
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3) transparent thermal insulator: evaluation is in proygress.
= Period ol the Project: from 1974 to 1980

-~ Fund in $ US: - Current Year $ 66,300
- Total for the Pericd

- Important Reports or Publications: none
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Country :

THE NETHERLANDS

Components :

Type of Research :

B Solar Collector

{7 Heat Storage

0 Air Conditioning and Cooling Unit
D Other Substantial Components

Material Research
&] Component Davelopment

Name of Organisation :

BOUWCENTRUM

Address :

Name of Principal Researcher :

Ing. J.M. van Heel

BOUWCENTRUM
BINNEMILTIEUTECHNIEK
Weena 700-Postbus 299

ROTTERDAM-Holland
tel. 010-116181 ext. 260]

Title of Project +

DEVELOPMENT OF AN ATR-COOLED COLLECTOR

Objective and nature of the program

- Present status

OPECTRAL SELECTIVE CoRTiNeG

The most important difficulties concerning liquid-cooled collectors are:
corrosion, freezing and over heating of the liquid (water). When we use an air-
cooled collector these problems do not occur. The purpose of this study is to
examine an air-cooled collector which is not difficult to make and easy to install
in all kinds of constructions.
This collector consists of a number of square metal ducts closely attached to each-
other and placed in a plastic casing. Bottom and sides of the ducts are insulated.
The top is covered with a single glass pane. The surface of the ducts is provided
with a selective coating.

A prototype of this collector has been built and has been tested for several months.
A computer model has been made. We have made some progress in making this collector
suitable for mass-production. The study is being carried out in conmection with an
E.E.C. assignment. The final report, which can be expected in March 1978, will con-
tain more details. The study is being carried out with the assistance of the Tn-
stitute of Applied Physics in Delft (Holland).

<
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Country : THE NETHERLANDS

Components ! Type of Research :
Solar Collector k) Material Research
& Heat Storage &J Component Development

1 Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Qrganisation : Address :

BOUWCENTRUM
BOUWCENTRUM BINNENMILIEUTECHNIEK
Weena 700-Postbus 299

ROTTERDAM-Holland
tel, 010-11618]1 ext. 2601

Name of Principal Researcher :

Ing. J.M. van Heel

Title of Project :
DEVELOPMENT OF AN INTEGRATED COLLECTOR HEAT-STORAGE SYSTEM

FOR LOW-COST HOUSING PROJECTS

- Qbjective and nature of the program

The aim of this study is to develop a type of collector which is not expensive to
make, is durable and requires hardly any naintenance. We, therefore, chose an air-
cooled collector combined with heatstorage.

The collector consists of a concrete slab with metal ducts incorporated in the sur-
face of the slab. The air to be heated flows through the metal ducts. The slab can
be covered with prefabricated double glass or evacuated tubes with a selective
coating on the inside of the tubes. Another possibility is to use a movable insula-
tion screen between the glass panes. Back and sides are insulated. This type of
collector can be combined with an air-heating system for heating the house. For hot-—
water supply this collector can be comnected with an air-heated boiler.

- Present status

This collector is being studied at the moment in connection with an EEC assigmment.
A prototype has been built and has been tested for several months. A computer model
has been made. The final report concerning this study, can be expected in March '78.
This study is being carried out in co-operation with the Institute of Applied
Physics in Delft (Holland).
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continuation 1: BOUWCENTRUM
: Title: Development of an integrated collector heat-storage
system for low-cost housing projects.
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Country : ‘ THE NETHERLANDS

Components : Type of Research :
& Solar Collector & Material Research
(& Heat Storage Kl Component Development

O Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisation : Address ;

CALCOL B.V. Binnenhoek 34,
P.Q0. Box 7

Name of Principal Researcher :
TIEL

Mr. J.B. Mulder tel. 03430-5244

Title of Project :
DEVELOPMENT OF AN INTEGRATED SOLAR BOILER SYSTEM

- Remarks

Calcol B.V. is a joint~venture started in 1977 of the following three Dutch firms:

I. DRU, Koninklijke Fabrieken Diepenbrock & Reigers B.V.,Hutteweg 24, Ulft.
(Fabrication of the solar. collectors).

2. Koninklijke Metaalwarenfabrieken Daaldrop B.V.,Binnenhoek 34, Tiel.
(Fabrication of the storage boilers).

3. Van Swaay Installaties B.V., Bredewater 24, Zoetermeer (P.0. Box 220)
(System design and automatic control)

General contact person for the overall Solar Boiler System design is:

Mr. W.H. Wijckerheld Bisdom of Van Swaay Installaties B.V., tel. 079-219363.

~ Objective and nature of the program

Development of integrated Solar Boiler Systems with different capacities for hot
tap water supply.

— Present status

Because this cooperation has just started in 1977, these complete Solar Boiler
Systems are not yet ready for delivery in large quantities, However, the flat
plate solar collectors to be used, are already produced by DRU-Ulft in hundreds
for space heating projects in The Netherlands. The Institute of Applied Physics
TNO-TH-Delft has done the necessary research and development of durable selective
coatings of high performance for the DRU-collectors. For more detailed information
?f t?ese collectors is referred to the "format" and the "attached sheet" of this
lnstitute.
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Country :
| =

THE NETHERLANDS

Components :

Type of Research :

Kl Solar Collector
! Heat Storage

0 Air Conditioning and Cooling Unit
£ Other Substantial Components.

[ Material Research
& Component Development

Name of Crganisation :

Heat Transfer Group, Applied Physics
DELFT UNIVERSITY OF TECHNOLOGY

Name of Principal Researcher :

Ir. W.M.M. Schinkel

Address :

Lorentzweg 1
P.0. Box 5046. 2600 GA-DELFT

tel. 015-783222

Title of Project :

NATURAL CONVECTION IN FLAT PLATE SOLAR COLLECTORS

- Objective and nature of the program

- Present status

ning equations are solved.
measurements.

- Period of the project: 3 years

- Fund in $ US: - Current year

-~ Important reports or publications:

Transfer Conference, 1978).

The objective of this study is to find a set of accurate equations for predicting
free convective heat loss across parallel plates
need both accurate measurements of the local heat transfer coefficient as theore-
tical knowledge of the fluid flow in fluid layers.

With a model consisting of two differently heated isothermal plates and adiabatic
side walls the local heat transfer coefficient is measured using a2 holographic in-
terferometer. Parameters are: temperature differences between the plates, aspect
ratio and angle of inclination. The emphasis is on end side effects. Furthermore
the effect of the use of honeycombs on the heat transfer is studied. With a model
consisting of a constant heat flux hot plate, an isothermal cold plate and adia-
batic side walls flow vizualisation experiments are performed.

The governing equations are solved using a finite difference technique.

This is done both for laminar flow and turbulent flow.

in solar collectors. Therefore we

A first set of measurements of the local heat transfer have been performed,

The results of these measurements show that heat transfer measurements using a )

holographic interferometer are accurate and reproducible. Furthermore these mea-

surements show that the end side regions have a considerable contribution to the

mean heat transfer coefficient. For the vertical case and laminar flow the pover-—

The results are in good agreement with results known from literature and own

: $ 24,000
— Total for the period: $ 90,000

"Free convection in inclined air filled enclosures" (offered for 6th Int. Heat
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Country : THE NETHERLANDS

Components : Type of Research :
Solar Collector ] Material Research
[J Heat Storage &l Component Development

0 Air Conditioning and Cooling Unit
0] Other Substantial Components

Name of Organisation.: Address :
Laboratory for refrigerating engineering Mekelweg 2
DELFT UNIVERSITY OF TECHNOLOGY DELFT
Name of Principat Researcher : tel. 015-786912 or 786667

Ir. M.F.G. van der Jagt

Title of Project : .
FLAT PLATE SOLAR COLLECTOR WITH HALOGINATED CARBONS AS THE HEAT TRANSFER MEDIUM

- Objective and nature of the program

In the majority of flat plate solar collectors water is functionating as the heat
transfer medium, because of its many advantages compared with other media.
Fluoro carbons, however, have some important advantages compared with water,
such as:
- no freezing problems
- increased efficiency by automatic adaption to the available solar load
- a possible increased efficiency because of
. a better heat transfer
. a lower collector temperature by use of a medium evaporating at a constant
temperature. : '

It is very important to choose the right fluoro carbon with pressure-losses as low
as possible. In general an evaporating medium should satisfy the following re-
quirements:

- acceptable pressure (< 5 bar)

- large heat of wvaporization

= low specific volume in the gasphase

- not expensive

- not dangerous (poisonous, explosive).

The first experiments will be carried out to compare two heating systems
which are filled with RIl and water, respectively.
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Country : THE NETHERLANDS

r
Components : Type of Research : '

k& Solar Coliector ‘ Material Research
[ Heat Storage O Component Development
O Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisation : Address :

Heat Transfer Group, Applied Physics Lorentzweg |

DELFT UNIVERSITY OF TECHNOLOGY P.0. Box 53046. 2600 GA-DELFT

Name of Principal Researcher :

Drs. M. van der Leij tel. 015-783248

Title of Project :
SPECTRAL SELECTIVE LAYERS FOR PHOTOTHERMAI, CONVERSION OF SOLAR ENERGY

— Objective and nature of the program

The aim of this project is to improve the radiation efficiency and durability of
some spectral selective surfaces for low temperature and for high temperature
application. The first spectral selective surfaces studied are: iron oxide on steel
37, chromate conversion coating on zinc and zinc plated steel, zinc oxide on zinc
and zinc plated steel, tungsten oxide on nickel and stainless steel and lead sul-
phide powder in a Silicon resin layer on aluminium.

Iron oxide and chromate conversion coating were produced by chemical immersion, -
black zinc oxide by anodic treatment, tungsten oxide by reactive sputtering and the
last one by spraying like paint. .

In the second phase intensive investigation is now going on concerning cobalt oxide
on nickel plated steel and heavily -doped tinoxide on glass or ceramic base. These
oxides are known as very durable and stable.

Cobalt is first dep051ted electrochemically on the nickel substrate and then
oxidized in air of 400°C during a few hours, An alternative and cheaper method of
oxldlzlng will be tried out. Also the effect of doping iron or nickel im the cobalt
oxide, is being studied.

To optimize these oxides, knowledge about physical propertles of semiconductors is
necessary: the effect of temperature on charge carrier demsity and mobility, the
effect of the change carrier density and the effect of the stoichiomerry on the
optical properties and so on.

- Present status or summary of significant accomplishment:

If iron oxide was covered with a very thin layer (100 nm) of Silicom resin (for
example Dow 805), the solar normal total absorptivity imcreased from 0.83 to 0.93.
The thermal hemispherical total emissivity could be kept low (about 0.10) if the
steel substrate was polished very well. Additionally the thin Silicon resin coating
will also protect the iron oxide surface against humidity and other possible chemi-
cal or mechanical attacks. With such a protective coating iron oxide seems to be
the best among the cheapest spectral selective surfaces up till now. No change in the
spectral selectivity was found after heating in air at 1809C, for two weeks at a
stretch. The chromate conversion coating.and the black zinc oxide on zinc plated
steel show good spectral selectivity (solar absorptivity: 0.93 - 0.96 and
emissivity: 0.10 - 0.14), but are not stable after air heating at 180°C. However,
after heating at 80°C for two weeks, no degradation was found.

To determine the radiation and optical quantitites of our spectral selective
surfaces different experimental equipment were built. The following measurements
can be done in our group: 127

see continuation 1




continuation 1 — SPECTRAL SELECTIVE LAYERS FOR PHOTOTHERMAL CONVERSION OF
: SOLAR ENERGY

a. the directional hemispherical spectral reflectivity (wavelength region:
0.3 - 12 micron), at temperatures to 350°C with an integrating sphere
reflectometer coupled to a spectrophotometer; the solar total absoptivity
can be calculated, )

b. thg specular spectral reflectivity between 2.5 and 40 micron at angle of
207, with a Beckman Acculab VI spectrophotometer,

c. the directional total emissivity (400°C and to 75° from the normal) with
a radiometer; the hemispherical total emissivity can be calculated,

d. the solar normal total absorptivity by calorimetric method; a small solar
simulater source, type ELH from General Electric, is available,

e. the hemispherical total emissivity to 150°C by electric heating of the
sample.

At the end of 1977 an ellipsometer will be add, to measure the spectral re-
fractive index and the absorption coefficient.

= Period of the Project: 4 years

~ Fund in $ US: =~ Current Year $ 60,000,--
- Total for the Period $ 250,000.--

= Publications: Paper presented at the Dutch I.S.E.S. meeting of 13th of April
1977, Paper accepted by Solar Energy 1977. Paper offered to

J. Electrochem. Soc. 1977. Paper offered to ISES conf. 1977

in Delhi.
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Country : THE NETHERLANDS

Components : Type of Research :
& Solar Collector _ 3 Material Research
[T Heat Storage &l Component Development

O Air Conditioning and Cooling Unit
01 Other Substantial Components

Name of Organisation : Address :
Lab. Heat Technology Postbox 513
ELNDHOVEN UNIVERSITY OF TECHNOLOGY EINDHOVEN

N f Principal :
ame of Principal Researcher tel. 040~472136

J.J. Feijen

Title of Project ;
HEAT TRANSFER IN FINNED AIR COLLECTORS

- Objective and nature of the program

Establishing the physical laws governing the heat transfer to inclined finned
plates, and applying this knowledge to the design of air collectors.

= Fundamental: Velocity and temperature profiles and heat transfer in laminar and
turbulent flow along fins on inclined plates, entrance phenomena;
transition from laminar to turbulent flow.

- Technical : Engineering correlations; optimal design.

Short_range goal (December 1978):

Experimental verification of the calculations for laminar flow conditions;
determination of the point of transition to turbulent flow; measurement of the heat
transfer in turbulent flow. : '

Computations have been performed on the heat transfer and velocity field for in-
clined finned plates in laminar flow. Numerical instabilities appear to occur at
heat fluxes well below the fluxes that occur in actual practice. Nevertheless a
definite tendency to thermal stratification between the fins could be established.
The stratification reduces the heat transfer coefficient and probably delays the
transition to turbulent flow.

Period_of the project:

The project is scheduled for the year 1976-1978, with an average effort of | man,
technical assistance included. The findings proceed from the autonomous means of
the EUT, and correspond to roughly $ 30,000 per year, overhead included.

Only preliminary internal reports are available so far.
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Country : THE NETHERLANDS

Compaonents : Type of Research :
&l Solar Coilector O Material Research
(] Heat Storage Component Development

0 Air Conditioning and Cooling Unit
Other Substantial Components

Name of Organisation : Address: A, van Gelderweg 111
ENERGIE BESPARENDE SYSTEMEN E.B.S. 5361 CV GRAVE

(Energy Saving Systems) 5360 AB Post Office Box 95

Name of Principal Researcher : Tel.: 08860 — 3992
Mr. M. Baardman :

Title of Project : DEVELOPMENT OF ECONOMICAL SOLAR DOMESTIC WATER HEATING AND SPACE
HEATING SYSTEMS, IN PARTICULAR SOLAR COLLECTORS

- Objective and nature of the program

Development of effective and reasonably priced flat plate collectors in the following
ranges: !

low temperatures 20 - 60°C o (RENORg - LP)
medium temperatures 68 - 100°C (RENOR.e - MP)
high temperatures 100°C and higher (RENOR - HP)

Development of effective and reasongbly priced solar energy systems For hotwater
supply and space heating (ST-system ).

Schedule

- Development of high absorptance, low emittance coatings on stainless steel absor-
bers.

~ Development of solar absorbers on the basis of several materials.

- Cover material selection.

- Collectors easy to build in roofs. o

- Development of a "solar transformation™ system (ST-system ), in particular domestic
water heating, with automaticcally filling and draining with respect to freezing,
boiling and failure. '

Research

Research has been carried out by Raadgevend Technisch Bureau Van Heugten B.V. té Nij-
megen. :

~ Present Status or Summary of Significant Accomplishment:

- A number of domestic heaBing and space heating systems has been installed.

- Testing of the ST-system has been carried out by T.N.0. the Netherlands,

The follawing types of solat collectors are produced:

RENOR-LP~ flat plate, stainless steel black painted absorber, optional: single
glass,,single polycarbonate, double coverplate.

RENOR-MP "~ flat plate, stainless steel spectral selective absorber, optional: single|
glass, single polycarbonate double coverplate. '

The absorber material can be:

Steel : type NSP Copper : type CP

Stainless Steel: type SSP Plastic: type NP

The first three types can be coated with a spectral selective coating.

Period of the Project: ‘
- Funds : about § US 400.000,-- 130 see attached sheet




ATTACHED SHEET

ENERGIE BESPARENDE SYSTEMEN E.B.S.

Title: Development of economical solar domestic water heating and space heating
systems, in particular solar collectors

I. Solar collector

b)

c)

d)

e)

£)

g}

h)

Type : RENOR-LP, flat plate, stainless steel
black painted absorber.

Q. T : 0,82

Overall heat loss coefficiént %/mzK:

(T-ambient=20"C, T absorber= 60 C) : 7,5

Heat capacity, Wh/m?K : 2,0

Heat transfer medium : water

Material absorber
cover plate

Expected life time

Estimated cost ($ US/m?)

2. Solar_collector

a)

b)

c)

d)
'

)

g}

h)

Type

aq.T

stainless steel a= ¢ = 0,97
single polycarbonate

: min. 15 years

: 100

RENOR-MP, flat plate, stainless steel,
selective absorber.

..

: 0,77

Overall heat loss coéfficient W/m?K;

(T-ambient=20°C, T absorber= 90°C)

Heat capacity, Wh/m?K
Heat transfer medium

Material absorber
cover plate

Expected life time

Estimated cost ($ US/m?)

4,7

‘e

3 2,0
! water

: stainless steel g= 0,92 e= 0,24
: single polycarbonate

¢ min. .15 years

: 100
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Country : THE NETHERLANDS

-
Compaonents : Type of Research :

Solar Collector [J Material Research
[J Heat Storage . & Component Development
O Air Conditioning and Caaling Unit
[ Other Substantial Compoenents

Name of Organisation : Address :

Technical Physics Laboratory, Zernikelaan

UNIVERSITY OF GRONINGEN Nijenborgh 18

9747 AG GRONINGEN

Name of Principal Researcher :
Prof. Dr. Ir. J.C. Francken Tel.: 050 - 115950

Title of Project :
HEAT PIPE COLLECTOR FOR LOW TEMPERATURES

— Objective and Nature of the frogram:

design of a low temperature solar collector, featuring:
- high overall efficiency

- low weight (fast respomse)

- manufactured using mass production techniques, and

- made of cheap materials.

Short range goal: Manufacture of a prototype collector according to the following

elements, cooled by a common heat exchanger. Each element is composed of two sepa-
rate parts, made of thin metal sheet and joined by some suitable technique. At
present, mainly for experimental reasons, aluminium sheet is used. The parts are
bonded using a glueing technique, as customary in the airplane industry. A cross-
section of a heat pipe element is shown in figure 1. The inner side of the upper
(flat) part is provided with a capillary coating. The heat pipe being oriented at 2
rather large angle with the horizontal (angles around 450), most fluid is collec~
ted in the crevice at the bottom and is drawn by the capillary forces into the
evaporating structure.
By operating the pipe with its long axis at a small slant, the back flow of the
fluid in the crevice is gravity aided.
A front view of the collector and another cross—section, are given in figure 2.
The heat from the condensor parts of the heat pipes is removed with the aid of amn
exterior heat exchanger, operated with turbulent flow in order to cope with the
concentrated heat flux delivered by the heat pipe array.
From measurements on heat pipe elements the expected properties of the completed
collector, composed of 16 elements, have been calculated. Using the following
data (cf. figures 1 and.2).,
L=20.60m b=20.07 m
h=10.10m w=0,025m
and a thickness of | mm of the evaporator fluid, it has been computed that the
collector efficiency will be F' = 0.956 with a smooth condensor surface. Using a
grooved condensor surface, a value of F' = 0.966 can be expected.
These collector efficiencies are in the range of good conventional collectors.
However, the main advantages of the heat pipe collector are:
- small dependence of its properties on the metal employed, enabling the use of
thin steel sheet as a construction material.

Re = 6000 (Reynolds number)

32 . .
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Continuation | = Title: HEAT PIPE COLLECTOR FOR LOW TEMPERATURES
(University of Groningen)

- small heat capacity, resulting from both the light construction and the small
amount of fluid needed.
— the "diode effect" of the heat pipe, reducing losses at low plate temperatures.

- Present Status: -
The prototype has been constructed and will be tested in an experimental outside
test stand.

- Period of the Project:
Start 1974. Completion prototype 1978,
Cutside funds 1976 - 1977 U,S. $ 8000,~.

- Reports:
J.C. Francken - The Heat Pipe Fin - A Novel Design of a Planar Collector. (Pu-
blished Report: 1975).

D.A.M, Jaspers Focks - Measurements on a Heat Pipe Fin (in Dutch) (Internal
report Nr. 16, 1976);

S.J.A. Boelema - The Application of the Heat Pipe Principle on a Solar Collector
(in Dutch) (Internal Report Nr. 22, 1976).

— Papers: .
J.C. Francken - The Heat Pipe Fin, A Novel Design of a Planar Collector. (1975

Int. Seolar Energy Congress, ISES 75, abstract nr. 34/8).

J.C. Francken - A Heat Pipe Collector for Low Temperatures. (Proceedings Int.
Solar Energy Congress, Isec 77, paper 0249, 1978).

Figure |
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Country : THE NETHERLANDS

Components : Type of Research :
Solar Collector Material Research
(J Heat Storage {0 Component Development

O Air Conditioning and Cooling Unit
O Other Substantiai Components

Name of Organisation : Address :
Technical Physics Laboratory
UNIVERSITY OF GRONINGEN

Zernikelaan
Nijenborgh 18
9747 AG GRONINGEN

Name of Principal Researcher : THE NETHERLANDS
Ir. M., Sikkens tel.: 050-115709.

Title of Project: INVESTIGATION OF THE PHYSICAL PROPERTIES OF SPECTRAL SELECTIVE
LAYERS.

Objective: The preparation of optimal selective absorption layers for use
in different types of solar collectors.

Description: Selective absorption and reflection at the surface of solids can be
achieved in several ways. Up till now the most promising approach is the combination
of a thin layer of a metal oxide on top of a highly reflective substrate.

The physical mechanism responsible for the selectlve properties of such layers is
ualltatlvely known, in some cases,

It is the aim of the project to gain better insight in this matter and, also, to
extend the investigations to layers of metal carbides on reflective substrates.

In order to obtain reproducible and interpretable results, the layers will be made
by reactive sputtering in a suitable gas atmosphere. This atmosphere has to be free
from contaminating gases. The sputtered layer will then be transferred, in vacuim,
to another part of the processing chamber, where the optical properties will be
analysed with the aid of an ellipsometer.

This analyses will give the so called "complexe index of refraction":

¥ = n + ik, as a function of the wavelength. From these results, both the absorption
factor (for sunlight) and the emission factor (for thermal radiation)} can be computed
for different values of layer thickness.

Apart from these experiments under strictly contrelled conditions, measurements

are being made on techmical layers, using a calorimetric method (ref. 1). Further
equipment is being developed in order to extend these measurements to higher
temperatures.

Present Status: preliminary equipment tested; ultimate set-up in construction.

Period of Project: Start 1975; Completion phase I: end 1979,

Qutside funds: 1976-1977: U.S. $§ 20,000,
Reports )

M. Sikkens =~ Apparaﬁus for determining the coémplex index of refraction of selective
absorbing materials with the aid of ellipsometry. (in Dutch) (Internal Report
nr. 58, 1975).

M. Sikkens - Investigation of the optical properties of materials to be used in
solar collectors (in Dutch) (Internal Report nr. 58a/1975-'74).
Paper

J.L. Verster, M. Sikkens, F, Bosscher - A calorimetric method for determining the
absorptance for visible and near infrared radiation of surfaces. (Internal Report
nr. 19/1977; submitted for publication in Br. J. of Physics E: Scientific Instruments}
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Country : THE NETHERLANDS
Components : Type of Research :
&) Solar Collector B Material Research
O Heat Storage & Component Development
O Air Conditioning and Cooling Unit
[0 Other Substantial Companents

Name of Organisation : Address :
INSTITUTE OF APPLIED PHYSICS TNO-TH P.0. Box 155
DELFT

Name of Principal Researcher :

Ir. €. den Ouden tel. 015-569300

[

Title of Project ¢

DEVELOPMENT OF DURABLE SELECTIVE COATINGS FOR HIGH PERFORMANCE COLLECTORS

— Objective and nature of the program

The objective of the research program is to develop flat plate solar collectors
with a high efficiency and high durability, and which can be used for a variety

of applications. In this program a glass lined absorber plate (steel based} is
developed.

For the glass lining an enamel with a high solar absorption is used. This enamel
layer is coated with a thin tinoxide layer by spraying an organic tin solution
against the heat enamel after the firing procedure. On the efficiency of the pro-
cedure the composition of the enamel is of large influence. The selective surfaces
prepaired along this line has an absorptivity of at least 0.9 and an emmissivity
less than 0.2.

- Present status

For several demonstration-projects in The Netherlands a few hundred of solor
collectors with this selective surface are already made and installed. For the
specifications of these collectors, if mounted in a case and covered with | cover-
plate, see attached sheet, -
The product-development of high performace collectors with this absorber (steel-

. Blass~enamelled~tinoxide layer) is continued. This development is carried out
in cooperation with Dutch industries.

-"Period of the project: 1975 — 1978

~ Fund in $ US: - 1977: = 30,000

- Total for the period: = 150,000

~ Important reports or publications

Dutch patent no. 75.04277
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ATTACHED SHEET

INSTITUTE OF APPLIED PHYSICS TNO-TH-DELFT

Title: Development of durable selective coatings of high performance collectors

Solar collector

a) Type flat plate. Dimensions 1650 x 800 x 94 mm’
b) at == 0.78

¢) Overall heat loss coeéfficient U1 [W/m?2.K] (temp. range [°c])
4-5 (30-70°C).

d) Heat capacity (fluid included) € =~ 3.8 Wh/m?.K
e) Heat transfer medium (water/glycol)
f) Material
1 ) absorber: two 0.8 mm steel sheets, seam welded, and pressure

expanded covered with a coating of black glass enamel with a
doped tinoxide layer. a = 0.92; ¢ < 0.2

ii ) cover plate: glass, single 4 mm t = 0.85

i1ii) insulation: glasswoll, 5 cm
g) Expected life time: 20 years

h) Estimated cost ($US/m2?): $US 100/m?
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Country : 7 THE NETHERLANDS

Components : Type of Research :
& Solar Collector (3 Material Research
0 Heat Storage Bd Component Development

[J Air-Conditioning and Cooling Unit
1 Other Substantial Components

Name of Organisation : Address :

NIJS & VALE B.V. Nijverheidsweg 19
P.0. Box 95

Name of Principal Researcher ; NIJMEGEN

Ir. J.Th. Rutgers tel. 080-772146

Title of Project :
PRODUCTION AND DEVELOPMENT OF FLAT PLATE ALUMINIUM

AND STAINLESS STEEL SOLAR COLLECTORS

Objective and nature of the program

Development of a high efficient, durable, easy built-in and cheap collector

Present status or summary of significant accomplishments

Since the beginning of the project (in 1975) Nijs & Vale B.V. has produced about
3000 m? of sun collectors.

Period of the project: Start in 1975,

Fund in $US: - In 1975 and 1976 about $US 50,000 (total)

- Current year about $US [0,000

Important reports or publications: No.
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ATTACHED SHEET

NIJS & VALE B.V.

Title: Production and development of flat plate aluminium and stainless
steel solar collectors

1. Solar collector

a) Type : Flat plate, aluminium Roll-Bond
absorber sheet, single glass.
Dimensions: 1650 x 800 x 94 om

b) a.1 : 0.79

¢) Overall heat loss coefficient : 8 W/m2K

1.75 Wh/m?K
Water + glycol

d) Heat capacity

-

e) Heat transfer medium

f) Material - absorber, blackened by electro—
chemical way @ = € = 0.95

- cover plate, single glass (float)
thickness 4 mm, v = 0.83

- insulation: 5 cm glasswool
g) Expected life time : : 15 8 20 years
h) Cost $ 80/m?

2. Solar collector

a) Type ¢ Flat plate, aluminium Roll-Bond
absorber sheet, single glass.
Dimensions: 1650 x 800 x 94 mm

b) a.1 : 0.75

c) Overall heat loss coefficient : 4.6 W/m2K

d) Heat capacity : 1.75 Wh/m?K

Water + glycol

e) Heat transfer medium

f) Material : - absorber, selective black
a=0.9, ¢ = 0.1
- cover plate, single glass (float)
thickness &4 mm, t = 0.83
- insulation: 5 cm glasswool

15 3 20 years
$ 90/m?

g) Expected life time
h) Cost

3. Solar_collector

a) Type : Flat plate, stainless steel
Dimensions: 1845 x 1175 x 68 mm
b) a.t : 0.81
c) Overall heat loss coefficient : 8 WK
d) Heat capacity : 3.8 Wh/m?K
: water

e) Heat transfer medium

f) Material - absorber, matt black ¢ = 0,92
- cover plate: fiber glass T = 0.88

insulation: 3 cm glasswool

g) Expected life time
h) Cost 138

over 20 years
$ 100/m?
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Country : THE NETHERLANDS

Components : Type of Research :
[ Solar Collector Material Research
fd Heat Storage (@ Component Development

4 Air Conditioning and Cooling Unit
[0 Other Substantiai Components

Name of Organisation : ) Address :
N.V. PHILIPS GLOEILAMPEN FABRIEKEN Commercial Dept. Light - Solar Collectors
Building EK-p

EINDHOVEN

Name of Principal Researcher : (Contact Person)
' tel. 040- 756716

Dr. Ir. S.H.A. Begemann

Title of Project :
R&D ON SOLAR-THERMAL COMPONENTS

= Solar Collectors

Improved top-insulation through application of layer of evecuated tubes.
. Absorber - steel (copper or aluminium optional)

. Cover ~ glass
+ Insulation -~ polyisocyanurate
glasswool

evacuated glass tubes
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: at = + 70%

K =+ 2.2 Wu?°C at it = 40°%
. Other info proprietary.

Tubular collector (Achen-Germany)

Absorber & heat exchanger inside vacuum. Heat pipe configuration
. Material - glass
. Insulation - vacuum
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: at = t 80%
K=t 1.7 W/m2°c at at = 80°%
. Other info proprietary. ‘

Concentrating collectors (Eindhoven)

Line concentrating fresnell strip mirror with solar powered automatic tracking.
. Temperature max. 300°C

. Material - glass

. Life time - 10-20 years

. Other info proprietary

~ Heat Storage. (A&hen-Germany)

a. Reversible chemical reactions for long term energy storage (100-4000C)
b.-Latent heat storage for low grade (roomtemp.) heat.

. Other info proprietary

139 see continuation !




Continuation 1 R&D ON SOLAR-THERMAL COMPONENTS
(N.V. PHILIPS GLOEILAMPEN FABRIEKEN)

— Air conditioning & Cooling (Eindhoven)

a. Absorption - COP 1.5
b. Stirling cycle - COPOI,S independent of temp. difference at
4007 C source temperature.

Capacity - < 20 kW
Other info proprietary,
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Country : THE NETHERLANDS

Components : Type of Rasearch :
£ Solar Collector Material Research
O Heat Storage Component Development

0 Air Conditioning and Cooling Unit
(O Other Substantial Components

Name of Organisation : Address :

ROYAL PACKAGING INDUSTRIES VAN LEER B.V., | Amsterdamseweg 206
P.0. Box 25, AMSTELVEEN

For the attention of:

N t Principal R her :
ame ot Principal Researcher Mr. R.R. Alker

Richard A. Roberts
R.P.I. Van Leer B.V., Passfield (UK) tel, 020-5402556

Title of Project :
SOLAR WATER HEATING SYSTEMS

—_Objective and nature of the program

Continuous research and development of materials, components, solar heating systems
as well as production processes which serve the purpose to supply solar collectors
suitable for various climatic conditions and applications, in first instance water
heating, and by which proprietary is achieved.

R&D activities should always be geared to economic criteria, such as the relation-
ship: final costprice per square meter and salability, since RPI Van Leer B.V. is
an operating company for which R&D is a mean and not an objective.

- Present status

For three years collectors are manufactured and sold in South Africa as well as
abroad. Feed back from the market is evaluated and taken into account for further
R&D, if considered to be worthwhile. The present execution has been tested by
TPD/TNO-Delft in the Netherlands.

See attached leaflet and documentation material,

- Publications

Only promotion material and public relationm issues available.
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Attached sheet (Royal Packaging Industries Van Leer B.V.)

Solar collector

a. Type: Flat plate, envelope type, circumferentially resistant welded,
and spot welded with regular intervals.
Overall dimensions: 1812 x 1167 x 55 mm
2m? collector surface.

b. a.T = 0.785

c. Overall heat loss coéfficient Uj:
Measurements outdoors:

U; = 5 W/m?K (Average value at AT

1= 0 at different speeds)

Meacsurements indoors:

At wind speed of 1 m/sec: Uy = 4,82 + 0.022 x ATy
(AT = temperature difference
wl .
water in collector,
amblent temperature)

At wind speed of 3 m/sec: U; =6.06 + 0.026 x ATy
At wind speed of 5 m/sec: Uy = 6.45 + 0.031 x AT,

From the observations the following overall formula could be derived:

.1
U = (4.82 + 0.022 AT 1) = Vging
if: 5 ¢ AT ;s 80%c and
0.5 g Vwind £ 10 m/sec

d. Heat capacity: 3.8 Wh/m2K

e. Heat transfeg medium is water. Collector has successfully past
tests at —-15°C

f. Material

i) Stainless steel absorber plate with matt black epoxy coating
a =0.9 and € = 0.9 '

ii) Coverplate made of Tedlar coated fibre glass
One piece; fibre oriented sheet 1.2 kg/m?
T for fibre glass = 877 reducing ‘to 80% with time.

Insulation by 23 mm thick rigid polyurethane foam with a
density of 15 kg/m3.
Thermal conductivity in s.i. units is 0.03 W/m2K.

[
e
(5N
L

g. The expected life-time is "unknowmn".

| h. Estimated cost are US$ 70/m?. _




Country : THE NETHERLANDS

Components : Type of Research :
Solar Collector O Material Research
[ Heat Storage X Component Development

O Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisatjon ; Address :

SOMBROEK ZAANDAM B.V, Aris van Broekweg 9
P.0. Box 180

N f Principal R :
ame of Principal Researcher 1500 ED Z DAM

Ir. J.A. Ouwejan/H.P. Sombroek : tel, 075-172851

Title of Project :
DEVELOPMENT OF A LOW-COST FLAT PLATE COLLECTOR

~ Objective and nature of the program

a. Research and development of a high temperature~resistant collector, used in
heating, cooling and hot water supply systems.

b. Integration of this collector with heatpumps and absorption cooling units
to obtain a wider field of applications.

¢. Development of a complete sclar boiler system including controlunit and stain-
less steel boiler.

d, Other research activities:
1. Integration in a roofstructure
2. Optimum and economic design and construction
3. Measurements of the thermal performance and durability
4. Foaming of a high temperature-resistant insulation
5. Measurements of low-cost spectral selective surfaces.

~ Present status or summary of significant accomplishments

Collector has been evaluated by the Institute of Applied Physics TNO-TH.
Collector and complete solar beiler system is being tested.

- Period of project

The Zoner project started in 1976

- Fund in US$

In 1976 and 1977 about $ 50,000 (total)-
In 1978 about $ 35.000.
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ATTACHED SHEET

SOMBROEK ZAANDAM B.V.

Title: Development of a low-cost flat plate collector

a. Type: Flat plate, aluminium Roll Bond absorber
sheet, double covered, with glass and foil.
Dimensions: 2100 x 900 x 60 mm.

b, a.T = 0,72

¢. Overall heat loss coefficient
Ut = 2,8 + 0,016 . AT (wind speed V = 5 m/s)

d. Heat capacity
€ = 1,75 Wh/m?K

e. Heat transfer medium
Water

f. Material

I Aluminium absorber plate
Selective black coated
a = 0,9
£ 0,52

II Coverplates
- polyethyleenterephthalaat foil 7
- floatglass : T

0,90, thickness 100 pm
0,85, thickness 5,0 mm

([}

IIT Insulation by 50 mm thick phenol formadehyde foam with a
density of 60 kg/m3
Thermal conductivity: = 0,03 W/m?K

g. Expected life-time
15 = 20 years

h, Estimated cost
US$ 70/m?
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Country :

THE NETHERLANDS

Components :

Type of Research :

Solar Collector

[ Heat Storage

O Air Conditioning and Cooting Unit
{2 Other Substantial Companents

(] Material Research
EJ Compaonent Development

Name of Qrganisation :
Raadgevend Technies
VAN HEUGTEN B.V.

Address :
Buro

Name of Principai Researcher :
Mr., G. Brouwer

Raadgevend Technies Buro
VAN HEUGTEN B.V.

St. Annastraat 145,

P.O. Box 305

NIJMEGEN - THE NETHERLANDS

tel. 080-228317

Title of Project :

R&D ON FLAT PLATE- AND CONCENTRATING SOLAR COLLECTORS

- Objective and Nature of the Program:

applications.

We distinguish:

- low temperature
-~ medium "

- high "

= coverplates

= absorber

20 - 60°
60 - 100°¢
100°C and higher.

T TR

- transmittance

Research and development in the field of sclar collectors with
optimal costperformance properties, dependant on the specific

The research activities cover the following items:

- for flat plate collectors and for concentratihg collectors:

- coating for infrared reflection
- anti-reflection coating
- number and thickness of plates

- material

- absorptance

- spectral selective surface

~ finefficiency,

- heat transfer
- heatcapacity,
- pressuredrop

collectorefficiency
fluid
fluid included

- material, thickness

- geometries
- connections

= insulation edge and bottom.

- only for plate plate collector:

performance
- dynamics

- convection suppresion

- dimensions
- esthetics

- facade and roofintegration
- draining aspects
- universal connections

- temperatures
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continuation 1 R & D FLAT PLATE- AND CONCENTRATING SOLAR COLLECTORS
(VAN HEUGTEN B.V.)

- partial shading influences
i.e. shed construction

- implementation of the control

- costs

- only for concentrating collector:
= performance
- concentrating ratio
- fixed, rotation about north-south axis
with continuous adjustment
- parabolic mirror, fresnel cover.

With meteorological data (reference year) optimization studies of
collector constructions resulted in extensive cakulationprocedures
(computer programs).

In order to gain more experience with reference to solar collectors
practical investigations, research and study results were added.

The implementation of solar collectors in different kinds of in-

stallations has been worked out, i.e.:

- domestic hotwater supply, households etc.

- heating of water at different temperature levels, agriculture,
industry etc. )

- swimming pool heating

- heating

= cooling

- solar collectors added to heatpump heating.

Testing procedures with the instantaneous results of calculations
and measurements in practice have been carried out for a lot of
different solar collectors.

Present status or summary of significant accomplishment

- In November 1975 tkre research and development lead to the first
commercial Dutch solar collector introduced to the market.

=~ A great number of solar collectors has been tested in a testing
configuration.

- A number of domestic heating systems has been installed.

- Computerprograms have been developed and used in performance
calculations for flat plate and focussing solar collectors.

- Several solar energysystems of different applications are worked
out and have been realized.

Period of the project:

= Funds: about $ US: 60.000 a year.

Publications:

1. "Het gebruik van zonnewarmte voor verwarmingsdoeleinden"
G. Brouwer (Verwarming en Ventilatie, november 1975).

2. "Warmwatervoorziening in woningen en andere projekten door
middel van zonnewarmte kollektoren" .
P.H.H. Leijendeckers (Postakademiale kursus "De zon als ver-
warmingsbron", T.H. Delft, maart/april 1976).

3. Nota "Doelmatig energiegebruik™”
P.H:H. Leijendeckers, E.H. Lysen, a.o. (Vereniging Milieu-
defensie, november 1975).

4. "Zonnewarmte installatiesg®
G. Brouwer (Verwarming en Ventilatie. juni 1977) 146
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continuation 2 R & D FLAT PLATE- AND CONCENTRATING SOLAR COLLECTORS
(VAN HEUGTEN B.V.)

Attached sheet:

ad. aj : Many solar collectors of flat plate and concentrating
type are being developed.

ad. b} ~f) : Properties depend on temperature and type of collector.
ad. q) : Minimal 20 years.
ad. h) : Estimated cost: 70 US $/m2 - 40 US $/m2.
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INTERMATIOMAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEIS

COUNTRY: NEW ZEALAND

COMPONENTS TYPE OF RESEARCH
- |
K] SsOLAR COLLECTOR [X) MATERIAL RESEARCH
] THERMAL ENERGY STORAGE [CJ coMPONENT DEVELOPMENT

[JAIR CONDITIONING UNIT
[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS

Physics & Engineering Lab., Physics and Engineering Lub,
. nsiR DSIR, Private BDag,
NAME OF PRINCIPAL RESEARCHER Gracefield, Lower Hutt, N.Z,

R.F. Benseman

TITLLE OF PROJECT

Develop low cost solar collector.

OBJECTIVE AND NATURE OF THE PROGRAMME:

To develop collector that is:

a) Made principally of steel

b) Proof against frost and overnight freezing

¢) Designed for quantity production

d) Incorporates the heat exchanger in the collector panel
(e) Operates in thermosyphon mode.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Panel now manufactured in New Zealand by Morrison Ipdustries Ltd,

PERIOD OF PROJECT: 3 vears {1974=77)

FUND IN $ NZ N.A.

IMPORTANT REPORTS OR PUBLICATIONS:
Patented: NZ Application No., 177715
US Application No. S54ly, 797
British Application No. 3015/7%
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INTERMATIONAL ENERGY AGENCY
SURVEY OF COMPOMNENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: HNEW ZEALAND

COMPONENTS

TYPE OF RESEARCH

SOLAR COLLECTOR

[X) THERMAL ENERGY STORAGE
[CJAIR CONDITIONING UNIT

[J OTHER SUBSTANTIAL COMPONENTS

|
[JMATERIAL RESEARCH
x] COMPONENT DEVELOPMENT

NAME OF ORGANIZATION

P—

PEL, DSIR

NAME OF PRINCIPAL RESEARCHER

R.¥F. Benseman

ADDRESS
PEL

TITLE OF PROJECT

Develop packaged solar water heater

OBJECTIVE AND NATURE OF THE PROGRAMME:

To produce a packaged :ground-mounted solar collector/tank that
will temper water for hand washing. Unit to be constructed
of steel, yet compatible with copper plumbing  systems.

Intended for use in schools.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Six units constructed and now on field test.

for evaluation.

PERIOD OF PROJECT: 1976-77

FUND IN $ Nz N.A.

IMPORTANT REPORTS OR PUBLICATIONS:
Patents being applied for.
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INTERNATIONAL EMERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: NEW ZECALAND

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR [X} MATERIAL RESEARCH
[] THERMAL ENERGY STORAGE ‘ [X] COMPONENT DEVELOPMENT

[JAIR CONDITIONING UNIT
[[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS
L.J. FISHER & coO, Box 2183,
‘ Auckland, New Zealand

MAME OF PRIMCIPAL RESEARCHER

K. Jones

TITLE OF PROJECT

Integrated solar waler heating system.

OBJECTIVE AND NATURE OF THE PROGRAMME:

(a) To examine alternative materials for solar collector
construction,

-(b) To test and evaluate components — collbctors, pumps,
contrellers, etc.

(c) To design an aesthetically acceptable roof line collector.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Investigations complete

PERIOD OF PROJECT: 1975-77
FUND IN $ NZ 30,000

'IHPORTANT REPORTS OR PUBLICATIONS:

Report to N.Z. Energy Research and Development Committee
Contract No. 3029
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY:  NEW ZEALAND

COMPONENTS

TYPE OF RESEARCH

SOLAR COLLECTOR

[] THERMAL ENERGY STORAGE
[JAIR CONDITIONING UNIT

[] OTHER SUBSTANTIAL COMPONENTS

[(IMATERIAL RESEARCH
COMPONENT DEVELOPMENT

NAME OF ORGANIZATION
John Fogarty Ltd.

NAME OF PRINCIPAL RESEARCHER
John Fogarty

ADDRESS

89 Crinan St.,
Invercargill, NEW ZEALAND

TITLE OF PROJECT

Develop - solar waler heater for domestic use.

OBJECTIVE AND NATURE OF THE PROGRAMME:

Develop a solar water'heater, for domestic use. System to
use steel panels, heat exchanges, aud pump for circulation.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototype built and tested. Advanced prototype being constructed.

PERIOD OF PROJECT: 1977-78
FUND IN $ NZ 4000

IMPORTANT REPORTS OR PUBLICAT]ONS:
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INTERNATIONAL EMERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: NEW ZEALAND

COMPONENTS TYPE OF RESEARCH

K] SOLAR COLLECTOR [X] MATERIAL RESEARCH

[C] THERMAL ENERGY STORAGE _ [X] COMPONENT DEVELOPMENT
[JAIR CONDITIONING UNIT

[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS

Morrison Industries Ltd. Morrison Industries Ltd.,

Private Bag, Hastings,
New Zecaland.

NAME OF PRINCIPAL RESEARCHER
K. Kibblewhi tc.

TITLE OF PROJECT

Precommercial developﬁent of DSIR solal* water heating panels.

OBJECTIVE AND NATURE OF THE PROGRAMME:

Tooling and design for factory production of solar heating

panel developed by the New Zealand Department of Scientific
and Industrial Research.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Commercial units have just gone on tc New Zealand market.

PERIOD OF PROJECT: 3 Years

FUND IN $ NZ 10,000

IMPORTANT REPORTS CR PUBLICATIONMS:
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INTERNATIONAL EMERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: HEW ZEALAND

COMPONENTS TYPE OF RESEARCH

X] SOLAR COLLECTOR [JMATERIAL RESEARCH

[J THERMAL ENERGY STORAGE [X] COMPONENT DEVELOPMENT
[JAIR CONDITIONING UNIT

[Xl OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS
Zip Holdings Ltd. Box 30-606Y

Lower Hutt, N.Z.

NAME OF PRINCIPAL RESEARCHER
0.M. Kendon '

TITLE OF PROJECT

Develop economic domestic solar water heater

OBJECTIVE AND NATURE OF THE PROGRAMME:

Object was to reduce overall cost of solar auxillary
equipment, including installation costs. Speciflically
a) to develop a solar operated pump
.(b) simplify design and manufacture of collectors
c) produce a control system to optimise savings.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
a) Temporarily shalved ‘
b) and (c) units produced and tested in prototype - factory
production planned,. '

PERIOD OF PROJECT:
FUND IN $ NZ 3,000

EMPGRTANT REPORTS OR PUBLICATIOHNS:
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Country: “Sweden

Creck the mark X in Components Type of Rosear-h
the head of line, 430lar Collector {Jdaterials Research
corresconding to the |Diieat Storage Bl Comzonent Develop —ons

respective components |[JAir Conditioning and Cooling Unit

and typeé of research: |[10ther Substantial Components

Name of Orgarization: Address:

AB Atomenergi -Fack

Name of Principal researchex: glldOI NYROPING
R Roseen, H Zinko weden

Title of Project:
Research and development on semiconcentrating collectors for applications
in existing buildings,

The aim of the project is to develop and test a semi concentrating solar collector
tap hot water production imn existing bulldlngq. This type of collector is
applicable to about 50 7 of. all houses in Sweden.

Design : .

The sclar ccllector operates with a concentratien factor of 1.5 — 2. The lead
carrying parts and insulation are designed to allow simple production in foamed
plastic. The absorbators and reflectors are made of aluminium.

Test program

The test of the first gereraticn prototypes started in August 1977, The rest

program includes test in an artificial sun in France and test at normal cor.diti-ne
at Studsvik., The test program follows the ASTM Draft F-21.10.

Period of the project

The p*“Ject started 1977-07-01 and it will be finished 1978-06- 30 The tota’

funds 1s %4 000 & CS.

Puhlication

There are no results or publications available as yer,
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el wyrd ot roorah:
" Division of Phyélcal Chemlstry
Royal Institute of Technology

,,.:A.'.‘,_ L.

oo ot Fack
| "Bo T CArlsson”
Hans Stymne Sweden

Gunnar Wettermark

Titic of Projorsi:

"Solar Energy and Buildings®

Thermal emissivity of surfaces

sy b de 3 e pme e e eimen o dem T P L TS S T U N
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3

I
I
| 's-100 44
!
b

Steockholm

A device for high prec151on determination of the thermal emissivity of

various surfaces (e.
(see figure).

selective black coatings)
The sample to be tested is attached to both sides of a
circular probe having a small heat cavacity.

has been constructed

The probe consists of

two brass discs between which a manganine heating coil and a Ni-NiCr

thermoelement is situated. The probe is

suspended into a high vacuum

chamber - supported by manganine threads connected to the heating

coil.
The current through the heating coil is
state temperature of the probe. The EMF
mined in a compensated measuring bridge
changes can be displayed on a high gain
sample edges and the supporting threads

The chamber is coocled to koiling liquid nitrogen temperature.

regulated to maintain a steady
of the thermoelement is deter-
so that very small temperature
recorder. Heat losses from the
as well as the heat dissipa-

tion in the supporting threads are compensated for.

—y
1
i

o s e

Y,

cryopump

Ao ion pump
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Country: Sweden
Check the mark x in Components Type of Reszarch
the head of line, K Solar Collector O Materiols Resecurch
corresponding to the [ Heat Storage Component Develop-
respective componentsiq Ajir Conditioning and Cooling ment
dt f h:| Unit
ané type of researc m Other Substantial Components
Name of Organization: Address:
AB Svenska Fldktfabriken
Name of Principal researcher: Equipment Division
Fack.
Gosta Jansson 551 84 JONKOPING SWEDEN

Title of Project:

AMPLITERM

AMPLITERM is an energy saving system, based on a combination of solar
collectors and heat pump. It is mainly intended for heating of private

houses.

Liquid is used as an absorbing medium. It circulates through collectors
of a special type, absorbing heat from direct and indirect solar
radiation and/or from outdoor air, which is made to flow across the

panel. Three different ways of operating can be separated:

1. High solar intensity. The air flow through the collectors is shut

off, and the liquid absorbs solar energy. The temperature of the
iiquid after the collectors is high enough for use, and the liquid is

pumped directly to the storage tank.

2. Low solar intensity. Outdoor air is streaming through the

collectors. The liquid is absorbing enmergy from both solar radiation
and air. The temperature of the liquid after the collectors is higher
than it should have been without support from solar energy, but not
high enough to be used for heating. Therefor, the liquid is pumped to
the heat pump, where the temperature level is increased with a good COP.
In another liquid circuit the high temperature energy is transfered to

the storage tank.

3. No solar radiation. Outdoor air is streaming through the collectorsd.

The liquid is absorbing low temperature energy from the air, and the

temperuture level is increased by means of the heat pump.
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Yormal ol Survey on 1 Compementis for Solar Meating,

-COOJJQg and 1ot watoer qﬂpp]y y tems

Country: Switzerland

Componenls Type ol Research

Check the mark - X in
the head of linc, - |KWsolar Collector CIMaterials Rescarch
corresponding to the |[[[1Neat Storage ’ {0 Component Development

respective components {[[TAir Conditioning and Cooling Unit

and type of research: [TOLher Substantial Components

Mame ol Organization:

, boneva Research Center

Address:

Name of Principal rescarcher:

7, route de Drize

1227 - GENEVA
Smitzerlénd

Title of Project:

pevelopment of a solar collector using glasstiles.

- Objcctive and Halture of the Proagram:
-— b ——— e " ey s

The objective is to develop a solar collector which can be easily integrated
into a traditional roof without distrubing the building's aesthetics.

The project includes the design and testing of transparent tiles havine ade-

quate optical and thermal properties. These tiles cover a flat plate absorber
which transmits the collected heat to a water circulating system riethods for
giving an appropriate apparent colour to the complete collector while keeping.

a good efficiency are also studied.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPOMENTS "FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTENMS

COUNTRY SWITZERLMID

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR MATERIAL RESEARCH
THERMAL ENERGY STORAGE [Ea COMPOMENT DEVELOPMENT

AIR CONDITIONING UNIT

HRERNEE

OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS

Ecole Polytechnique Fédérale Lausanne Groupe Energie Solaire

14, hvenue de l'hglise Angialse

NAME OF PRINCIPAL RESEARCHER

B 1006 - IME
h. FAIST and J.-B. GAY Cit 1006 LAUSINME

TITLE OF PROJECT

Study of passive solar collector systems.

OBJECTIVE AND NATURE OF THE PROGRAM

The goal cof this research is to compare the solar gains of different
passive walls. The study involves material, as well as structurdl research.

Orcder, as well as proper choice of the physical properties of the
different layers are investigated. Systems or subsystems which may be applied

to new or existing buildings are considered.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT

started in may 1977

PERIOD OF PROJECT ! 1 year renewable

FUND IN SFR. 1 CURRENT YEAR ]_5'000,-—-. {Swiss Francs)
TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLICATIONS : -
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPOMENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY
COMPONENTS TYPE OF RESEARCH
[ SOLAR COLLECTOR M MATERIAL RESEARCH
] THERMAL ENERGY STORAGE | &j COMPONENT DEVELOPMENT

) AIR CONDITIONING UNIT

[j OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION Ecole Poly- ADDRESS :
technique Fédérale de Lausanne 14, Av. Eglise-Anglaise

AN
NAME OF PRINCIPAL RESEARCHER 1001 LAUSANNE

A. Faist and J.-B. Gay

TITLE OF PROJECT :

The semi-transparent Solar Wall Collector Concept

OBJECTIVE AND NATURE OF THE PROGRAM

The aim of this research is to develop a new type of a semi-trans-
varent solar wall air collector.

The collector consist of three sheets of glass with proper transmit-
tance properties. Air is blown between the two inner glasses and
collects between 17 and 20% of the solar eneray, in addition the
amount of solar radiation.transmitted through the wall collector is

23% of the total incident enerdgv.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :

The termal properties of the svstem have been optimised and analysed
with the aid of a computer model. A full seale model has been built and tested.

The prediction of the model are in verv good agreement with measurements.
PERIOD OF PROJECT :

June 1976 - December 1978
FUND IN SFR, !  CURRENT YEAR  120'000.-- /an.
~ TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLICATIONS :

— Etude d'un capteur semi-transparent & air - Rapport interne EPF-L,
J.-B. GAY

=~ The semi-transparent solar wall collector concept.
A. Faist & J.-B. Gay - International Solar Building Technology
Conference - London ({(July 1977).
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR (O mMATERIAL RESEARCH
[J THERMAL ENERGY STORAGE K] COMPONENT DEVELOPMENT

7 AR conpiTiONING UNIT
[ oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Argonne National Laboratory _ Argonne National Laboratory
NAME OF PRINCIPAL RESEARCHER 9700 South Cass Avenus
Kent A. Reed Argonne, Illinois 60439

TITLE OF PROJECT

Nonimaging Collector Development

OBJECTIVE AND NATURE OF THE PROGRAM:

Develop and demonstrate improved performance statiomary concentrating
collectors capable of operating at 300-350°F at greater than 40%
efficiency.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototypes demonstrated that meet the objective, larger collectors presently
being built.
~ ANL-SOL-77-01, "Status Report for Non~
PERIOD OF PROJECT: imaging Collectors (Compound Parabolic
July 1976 - October 1978 Concentrators)”, W.Schertz; "Performance
; of a Stationary Concentrating Collector
for Heating, Cooling, and Process Heat

Applications", W.Schertz, "Conceptual

ND N u.s. . ? ’

FU $us Design of a 5x CPC for Solar Total
FY-1977  $250,000 - Energy System'"#, R.Cole; "Perfeormance
FY-1978  §$307,000 and Testing of a Stationary Concentrating]

Collector™*, R.Cole; '"CPC Thermal Collect
IMPORTANT REPORTS OR PUBLICATIONS: Togt Plan"#, Kent A. Reed; "Dependence

of the Solar Absorptance of Sélective Absorber Coatlngs on the Angle o Inci ence
Eent A. Reed; "Long-Term Average Performance Predictions for Compound Parabolic
Concentrator Solar Collectors! ;s R.Cole. - #*All four -papers presented at.the Concen

trating Solar Collectdor Conféerence Exhibit/Workshop, Atlanta, GA, 9/26-28/77.

*

is0




Argonne National Laboratory_(Data Sheet)

a)

b)

c)

e}

f)

gl

h)

Solar Collector

type {flat plate, tuﬁular, concentrated, ....., evacuated,

nonevacuated, ...) and configuration

Stationary Concentrating Collector

A tubular evacuated receiver located at the base of a cusp
shaped reflector, designed to be stationary all year.

KK Optical efficiency 60%.

2 o]
overall heat loss coefficient U, (W/m X) (temp. range 8 { C})

£
' _ _ W
Heat loss coefficient = U2 = .75 v

Temperature range, T 5 150°C above ambient

2
heat capacity (fluid included) C (Wh/m K)
Heat capacity = 1.12 Wh/m2/K (with water)

heat transfer medium (water, air, ...)

Water or ethylene glycol

material i) absorber (G, €e) a = .85, £ = .03-.04
ii) cover plate {(number, T, ...) cover T. = .92, glass tube
iii) insulation (thickness, ...) Ta

iv) mirror reflectivity p = .85.

expected life time t

20 year goal.

estimated cost ($ US/m2) ‘
$70-110/m2 161

vacuum, about 10”7 torr




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
X] soLAR coLLECTOR X1 mATERIAL RESEARCH
[(J THERMAL ENERGY STORAGE [J COMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT
[ OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZAT_ION_ ADDRESS:

Battelle Pacific Northwest Laboratories
Battelle Blvd.

NAME OF PRINCIPAL RESEARCHER Richland, WA 99352

T. D. Chikalla/N. R. Gordon

TITLE OF PROJECT

Development of Improved Cover Plates for Solar Energy Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

The objectives of this program are to develop honeycomb core cover
plates with plastic or thin glass skins. The properties aimed for
are (i) high transmission of solar energy (ii) reflection of
internal thermal radiation (iii) high thermal insulation (iv) high
structural integrity (v) light weight (vi) low initial cost and
(vii) low maintenance.

The planned tasks for this project are (1) materials properties
evaluation and selection (ii) fabrication development (iii) solar
collector evaluation and (iv) technology transfer.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Processes have been developed for fabricating efficient cover
plates using plastic skins with transparent honeycomb cores.

PERIOD OF PROJECT: 28 months (starting date: 5/18/76)

FUND IN $ U.S. current year = $80’000
Total for the period = $208,000

IMPORTANT REPORTS OR PUBLICATIONS: _
"An Improved Solar Cover Plate Incorporating A Honeycomb Core
Between Plastic Skins" by N. R. Gordon (in preparation)
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Battelle (Data Sheet)

a)

b)

c)

d)

e)

£)

g}

h)

Solar Collector

type (flat plate, tubular, concentrated, ....., evacuated,

nonevacuated, ...) and configuration

Not applicable

atT = 0,78 to 0.91

2
overall heat loss coefficient Ul (W/m X) (temp. range 6 (OC))

Not applicable

2
"heat capacity (fluid included) ¢ (Wh/m K)
Not applicable

heat transfer medium (water, air, ...)
Not applicable

material i) absorber (a, €) Not applicable

ii) cover plate {(number, T, ...) *

iii) insulation (thickness, ...} Not applicable
*Two plastic skins bonded to a transparent honeycomb core.

expected life time t = 20-50 years

[ 2 )
estimated cost ($ US/m) = $14,85-519,84 (preliminary estimates)
(Cost for cover plate only)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
@ SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE @COMPONENT DEVELOPMENT

[ AIR CONDITIONING UNIT
[] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORG{\NIZATION ADDRESS: 505 King Avenue
Battelle Memorial ;nstltute Columbus, Ohio 43201
Columbus Laboratories

NAME OF PRINCIPAL RESEARCHER
D, Karl Landstrom

TITLE OF PROJECT

Development of Low Temperature Black Liquid Solar Collector

OBJECTIVE AND NATURE OF THE PROGRAM: The program objective is to develop
an efficient, cost effective, and reliable low temperature, non-concentrating,
black-liquid collector suitable for use as a thermal energy source for heat
pumps or other low temperature applications., The proposed system incorporates
a black-liquid to absorb solar emergy directly in the heat transfer medium. This
type of collector has the potential of significantly lower costs than a conven-
tional flat-plate collector, while offering comparable performance in the
temperature range suitable for heat pump operation. System analysis using a
mathematical model of the black-liquid collector and associated conventional
systems will be utilized in the research effort. One or more full-scale test
models of a black-liquid collector will be built and subjected to standardized
testing,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Mathematical models of black-liquid systems completed and tested, Small scale
models built and tested. Several candidate black-liquids tested. One full-
scale collector under construction.

PERIOD OF PROJECT:
September 1977 -~ October 1978

FUND IN $ U.S,
$123,000

IVMPORTANT REPORTS OR PUBLICATIONS:

Publication planned 2nd half 1978
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Solar Collector

a) type (flat plate, tubular, concentrated, ..... ; evacuated,
nonevacuated, ...} and configuration

An unglazed, black-liquid flat plate collector. Solar absorbing
liquid (black-liquid) is circulated through a transparent plastic
collector,

b) o7 = 0.82 (Estimated from mathematical model)

c) overall heat loss coefficient U (W/mzK) (temp. range B (OC))

1

U; = 10.8 W/m’K

2
da) heat capacity (fluid included) C (Wh/m K)

C = 12 Wh/m2K
e) heat transfer medium (water, air, ...)

Water base, approximately 57 absorbing material

£) material i) absorber {a,e) a=e = 1.0

ii)  cover plate (number, r, ...) N0 cover plate per se

iii) insulation (thickness, ...) 1" Styrofoam
R = 1 m?K/W

g) expected life time t mipimum of 10 years

h) estimated cost ($ US/mz) $54=75/m2
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COCLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
k] soLarR coLLEcTOR [ MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT

[J AR conoITiONING UNIT ,
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

University of California School of Engineering & Applied Science
Los Angeles, CA 90024

NAME OF PRINCIPAL RESEARCHER

H. Buchberg

TITLE OF PRQJECT
Transparent Glass Honeycomb Structures for Energy Loss Control

. 1
OBJECTIVE AND NATURE OF THE PRCGRAM:
The objective of this study is to develop glass honeycomb for suppressing natural
convection and radiation losses within flat plate solar collectors. The study
consists of four main tasks: (i) Studies of honeycomb arrays made up of
corrugated and plain thin glass sheets, (ii} further studies with honeycomb
arrays of thin walled glass cylinders, including prototype collector performance
under hazy and cloudy conditions, (iii) Scaled-up collector experiments and studieb
of possible methods for large~scale manufacture of glass honeycombs, including
measurement of outdoor performance of a 3ft. x 6ft. collector using the optimum
honeycomb design, (iv) design application studies, including the use of a
liquid~heating honeycomb collector to run air absorption refrigeration cycle.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Prototype collector design and preliminary testing completed.

PERIOD OF PRQJECT:
24 months, (starting date: 9/1/74)

FUND IN $ U.S.

Current year $110,000
Total for the period

IMPORTANT REPORTS OR PUBLICATIONS:
Transparent Glass Honeycomb Structures for Energy Loss Control, Final Report,
Report No: SAN/1084-75/1
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[x} soLaR COLLECTOR O maTeRIAL RESEARCH

[J THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT
[ AIR CONDITIONING UNIT '
[J] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Center for the Environment and Man,

275 Windsor Street
Inc,

NAME OF PRINCIPAL RESEARCHER

Hartford, Conn. 06120
L. H. Shaffer

TITLE OF PROJECT

Viscosity Stabilized Solar Ponds (Phase I)

OBJECTIVE AND NATURE OF THE PROGRAM: The overall objective of the project

is to investigate the use of various thickeners to increase the viscosity of
water so that it will not convect when heated from the bottom. This will
make possible an alternate approach to the salt gradient solar pond. The

first phase of the study.is an investigation of various natural, semi-syntheti¢

and synthetic polymeric materials which might be useable for this purpose.

One or two of the most promising materials will also be maintained at 75°C.
Samples will be tested for viscosity and light-transmission at periodic in-
tervals. The result of Phase I will be a listing of several thickeners
showing the most promise, their specific properties, and recommendations as to
the feasibility of proceeding to Phase II: building and testing a prototype
viscosity stabilized pond.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Test formulations prepared and aging exper:i:ments are initiated.

PERIOD OF PROJECT: 6 months, (starting date: 5/1/76)

FUND IN $ U.S. Current year §$37,718

Total for the peried

IMPORTANT REPORTS OR PUBLICATIONS:

New Contract =-— No Report Available,
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS ' TYPE OF RESEARCH
&I soLAaR coLLEcTOR [ mATERIAL RESEARCH

[J THERMAL ENERGY STORAGE ] COMPONENT DEVELOPMENT
[J air conpDITIONING UNIT :
[0 oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Corning Glass Company Lighting Products Division

Corning, New York 14830
NAME OF PRINCIPAL RESEARCHER
U. Ortabasi

TITLE OF PROJECT
Research on Evacuated Tubular Solar Collectors Utlilizing a Heat Pipe

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of this project is

to conduct an integrated program of solar collector research and to develop

a tubular thermal collector having significantly better performance
characteristics and cost benefits than existing flat-place collectors.

The first phase of the project includes the design, building, testing, and
costing of a tubular evacuated collector constructed from mass producible
glass components. The principle feature of the solar collector is a strong,
clear glass tube incorporating an integral cusp reflector and vacuum
encapsulating a tubular absorber in its focal area in addition, both flow-
through and heat-pipe tubular absorbers, vacuum insclation, selective absorber
coatings, and anti-reflecting films will be examined.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT_ACCOMPLISHMENT:
Prototype testing has been completed.

PERIOD OF PRQJECT: 17 months (starting date: 5/1/75)

FUND IN $ U.S. Current year

Total for the period: $371,843

IMPORTANT REPORTS OR PUBLICATIONS:

Evacuated Tubular Solar Collector Amalysis, Technical Paper; ISES Meeting
1975.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
- &I soLar coLLecTor [J MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE k] COMPONENT DEVELOPMENT-

[J AIR CONDITIONING UNIT
{ ] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Drexel University 32nd and cChestnut

: Philadelphia, PA 19104
NAME OF PRINCIPAL RESEARCHER cipiia

- TITLE OF PROJECT
Double-Exposure Collector System

OBJECTIVE AND NATURE OF THE PROGRAM:

The program objectives are (1) to evaluate the performance of double-
exposure collectors (DEC's) mounted in mirrored enclosures in comparison
with conventional flat-plate collectors, (2) to study alternative fixed-
mirror and adjustable-mirror designs for both winter and year-round solar
energy applications and (3) to perform a detailed DRC system design.

I"hESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Initial testing of DEC's has shown excellent performance relative to con-
ventional cellectors.

PERIOD OF PROQJECT:
30 September 1977 to 29 September 1978

FUND IN $ U.S.
$50,436

IMPORTANT REPORTS OR PUBLICATIONS:

Proceedings of the International Solar Energy Congress-77, Mew Delhi, India,
January 16-21, 1978. .
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a)

b)

c)

d)

e)

£)

g)

h}

Solar.Collector

type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...} and confiquration

Roll-bond copper panel (3x8 ft) with selective coating and

single glazing on each side is mounted vertically on long side

in glass-mirrored enclosure. Morizontal front mirror and vertical
rear mirror are adjustable.

aT

= (0,88

overzll heat loss coefficient U (W/mzK) {(temp. range © (OC))

Ul =6 WIIIIZK

1

) 2
heat capacity (fluid included) € {(Wh/m K)

‘unknown

heat transfer medium (water, air, ...)

water-propylene glycol with additives

material i) absorber (&, ) = 0.98, = 0.3

ii) cover plate {number, T, ...) = 0.9
iii) insulation (thickness, ...) none

expected life time t
20 years for collector, unknown for glass mirrors

estimated cost ($ Us/mz)

$200 /o 170




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
E] SOLAR COLLECTOR . D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE m COMPONENT DEVELOPMENT

[J AR conDITIONING UNIT
[JJ OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION : ADDRESS:
Dynatherm Corporation 1l Industry Lane

Cockeyville, MD 21030
NAME OF PRINCIPAL RESEARCHER
W. Beinert

TITLE OF PROJECT

Research on flat plate solar collectors employing the Heat Pipe principle for
heating and cooling of buildings.

OBJECTIVE AND NATURE OF THE PROGRAM:

This project will study the feasibility of modular flat plate collectors employing
the heat pipe principle to extract heat from the solar absorber surface and
transport this heat to a primary fluid loop (either liquid or gas). The project
will concentrate on the heat pipe collector surface and its interface with other
module and system components.

A submodule-size heat pipe solar collector will be designed, constructed and
tested to determine the overall thermal impedence of a heat pipe solar collector.
For this study, solar input will be simulated by electrical resistence strip
heaters attached to the collector surface. A part of the submodule studies will
be to identify possible failure mechanisms and conduct tests in which the pro-
cesses leading to failure are accelerated. Based on the preceding studies, a
full scale module will be designed and fabricated and then tested under actual
solar radiation. Parametric performance studies and economic analysis will be

conducted as part of this program.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Modified Roll-Bond Panel was found to be suitable for the heat pipe absorber.

The thermal performance of the heat pipe collector is about equal to similar
conventional collectors.
PERIOD OF PROJECT:

8 months, (starting date: 5/3/76)

FUND IN $ U.S.
Current year $54,000
Total for the period

IMPORTANT REPORTS OR PUBLICATIONS:

Heat Pipes Applied to Flat-Plate Solar Collectors, Final Report, Report No:
Cco0/2604-76/1
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INTERNATIONAL ENERGY AGENCY
‘SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
EaSOLAR COLLECTOR ' E] MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE m COMPONENT DEVELOPMENT

CJ AIR CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Georgia Institute of Technology College of Engineering
- Georgia Institute of Technology
NAME OF PRINCIPAL RESEARCHER Atlanta, GA 30332

J. R. Williams

TITLE OF PROJECT
Development of Solar Heat Supply System with Fixed-Mirror Concentrator

OBJECTIVE AND NATURE OF THE PROGRAM:

Design, develcpment, and small-scale demonstration of a solar heat supply
system using a fixed-aperture moving-receiver collector. The system utilizes
the faceted fixed-mirror concentrator concept. The program has resulted in
a collector design incorporating economical materials and design geometry
adaptable to mass-production techniques.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Engineering drawings for new economical design complete. Testing was hampered
by the instrumentation and operational difficulties. New mirrors to be installed.

PERIOD OF PROJECT:
7/1/75 to 1/31/77

FUND IN $ U.S.
$160,922.00

IMPORTANT REPORTS OR PUBLICATIONS:
Williams and Hutchins, IECEC Record, 1975, pp. 195-201.
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Georgia Institute of Technology (Data Sheet)

a)

b)

c)

d)

f)

g)

Selar Collectar

type:

Faceted fixed mirror concentrating collector. Sun tracking receiver
currently equiped with Corning CORTEC-FL collectors for experimental

evdluation of concentrator. Simple non-evacuated collector proposed
for comaercialization.

et
For commercial design (at)(py) estimated at 0.67 by manufacturer,
Scientific-Atlanta, Inc., (S/A).

overall heat loss coefficient:

For CORTEC-fL collector, from manufacturers data: Agly  estimated as
05 H/' €e at AT = 127¢C° —'-—F-‘-(—:-

For commercial receiver, from analytical projections by S/A:

aT{°C} AR UL/Ac

150°C .30
300°C .32
400°C .35

heat capacity:
unknosn

heat transfer medium:
comrercial heat-transfer 0i1: Thermionol 66 [Monsanto)

material:
absorber:
copper with black chrome coating a%0.8 rz0.]
i1) cover plate:
borosilicate glass (Pyrex) t1=0.9 one cover
i1i) insulation:
hard vacuum {<10-% Torr)

expected Tife time:
30 years

estimated cost:

concentrater including cormercial collector < $161.00/ft2 depends on
quantities,
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
B SOLAR COLLECTOR MATERIAL RESEARCH
DTHERMAL EMERGY STORAGE DCOMPONENT DEVELOPMENT

[C] AlR CONDITIONING UNIT
(] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Giner, Inc. 14 Spring Street

Waltham, MA 02154
NAME OF PRINCIPAL RESEARCHER
José Giner, Ph.D.

TITLE OF PRQJECT
Study of corrosion and its control in aluminum solar collectors.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of the program is to develop both corrosion control and
corrosion monitoring methods applicable to aluminum solar collectors using
water-glycol mixtures as-the heat transfer fluids. An intermediate objective
is to ascertain the extent of the corrosion problems under various conditions
directly relevant to the actual operation of an existing solar heat collector
system,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Baseline corrosion characteristics of aluminum alloys in ethylene glycol
and porpylene glycol solutions have been obtained under relevant conditions.
Corrosion problems do exist for such systems. Investigations on corrosion
PERIOD OF PROJECT: innipition and corrosion monitoring are in progress.

24 months, (starting date: 6/1/76)

FUND IN $ U.S.

Current year: $104,296.71
Total for 24 months: $203,277.00

IMPORTANT REPORTS OR PUBLICATIONS:

Four quarterly progress reports and one annual report have been submitted to
date. A semi-annual report (September 1, 1977 - February 28, 1978) will be

submitted shortly. 174




GINER, Inc. (Data Sheet)

a)

b)

c)

d)

a)

£)

h)

Solar Collector

type {(flat plate, tubular, concentrated, ..... ., evacuated,

nonevacuated, ...) and configuration

Any type of collector made of aluminum using fluid as

‘heat transfer medium.

aT

overall heat loss coefficient Ul (W/mZK) {temp. range & (OC))

2
heat capacity (fluid included) C (Wh/m K)

heat transfer medium (water, air, ...)

Water or glycol based antifreeze.

material i) absorber (o, £€)
ii) cover plate (number, T, ...)

iii) insulation (thickness, ...)
expected life time t

estimated cost ($ US/mz)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR D MATERIAL RESEARCH
D THERMAL ENERGY STORAGE @ COMPONENT DEVELOPMENT

DAIR CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Hconeywell, Inc. ' 2600 Ridgway Parkway
NAME OF PRINCIPAL RESEARCHER Minneapolis, MN 55413

MN17-T103

D. R. Rask

TITLE OF PROJECT

Low Cost Solar Air Heaters

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this program was to improve the thermal performance
of a flat plate air heating collector by increasing the heat transfer coeffi-
cient between the absorber plate and the moving air stream. The method
for achieving increased heat transfer is through jet impingement. The
entering air stream passes through a perforated plate, thus forming

a large number of air jets which impinge on the back side of the absorber
plate,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The final report draft was mailed 10/77, but the final report has not been
printed yet. The jet impingement concept improved the Y ~intercept effi-
PERIOD OF PROJECT: ciency by 13 percent over that of the baseline parallel plate

llector,
12 months: 6/29/76 to 6/29/77 collector
No cost extension to 10/15/77

FUND IN $ U.S.
Total $112, 791

IMPORTANT REPORTS OR PUBLICAT!ONS:

D. R. Rask, "Jet Impingement Solar Air Heater', Flat Plate Solar
Collector Conference, February 28 - March 2, 1977; Orlando, Florida.
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Honeywell, Inc. (Data Sheet)

a)

b)

c)

d)

e)

£)

q)

h)

Solar Ceollector

type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...} and configuration

Flat Plate

atT = 0.81

' . 2
overall heat loss coefficient U, (W/m K} (temp. range 8 (OC))
t, -t
o]

in amb _ 2 _
) : U1 =5,36 W/m K

1

n=,75 - 4.94

2
heat capacity (fluid included) € (Wh/m K} . ;Not Tested

heat transfer medium (water, air, ...)
Air
material i) absorber (¢, €) Black chrome @=,93; €= 06

ii)  cover plate (number, T, ...) 2 glass; 7= .93 (each)

iii) insulation (thickness, ...) 2 inches fiberglass on
back, 1 inch on sides

expected life time t > 20 years

estimated cost (S US/mz) 68. 48 (manufacturers cost)
To date, only prototypes have been
fabricated.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
{x] soLAR coLLECTOR MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [ coMPONENT DEVELOPMENT

[J AIR cCONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Honeywell Inc. 2600 Ridgway Parkway

Minneapolis, MN 55413
NAME OF PRINCIPAL RESEARCHER

R.J.H, Lin

TITLE OF PROJECT

Optimization of Coatings for Flat Plate Solar Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

The broad objective was to investigate and develop coatings which
would enhance the performance and economic feasibility of flat
plate solar collectors.

The primary coatings of interest were electro-chemical and paint typ4
absorber coatings and chemically etched and organic antireflection
(AR) coatings.

AL

The specific objectives were to improve and optimize the optical
performance, durability and cost of the best coatings identified in
the previous program (NSF—C—927). '

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: 1) Selective

paint on aluminum provided @ = 0,92 and € = 0.10. 2) Dipped Teflon
AR coating on glass increased solar transmission by 4.9%, 3) Cost of
blagk chrome was reduced by " 30%. 4) Single layer and double layer
tched AR coatings on glass increased solar transmission by 6% and
PERIOD OF PROJECT: 7.2%, respectively. 5) Black nickel

12 months (6/28/76 - 6/27/77) Zn=n3°§§laﬁéa:ef gugﬁtrate provides
FUND IN $ U.S.
$153,827

IMPORTANT REPORTS OR PUBLICATIONS:

Optimization of Coatings for Flat Plate Solar Collectors, Final
Report, Report No. C00-2930-12. :
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
K3 soLar coiLecToR [J MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE K] COMPONENT DEVELOPMENT

[J AiR cONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

University of Houston Dept. of Mechanical Engineering-
3801 Cullen Blvd.

NAME OF PRINCIPAL RESEARCHER Houston, TX 77004

J. R. Howell/R. B. Bannerot

TITLE OF PROJECT

Analysis, design, fabrication, and testing of moderately concentrating solar
energy collectors.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this two-year study is to continue development of the V~-trough
moderately concentrating solar collector to optimize its design for thermal
performance and mass production manufacturability. The emphasis of the project
will be divided between the two general areas of thermal performance improvement
and manufacturing studies.

The expected end product of this study is a design for a cost-effective, mass-
producable moderately concentrating collector capable of driving an abscrption
or Rankine-cycle refrigeration machine at acceptable overall efficiency.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototypes constructed and testing in progress

PERIOD OF PROJECT:

27 months, (starting Date: 3/18/76

FUND IN $ U.S.
Current year $25,000 1l Oct 77 - 30 June 78
Total for the period $94,532

IMPORTANT REPORTS OR PUBLICATIONS: .
Bannerot, R. B. and Howell Jr., "Analysis, Design, Fabrication and Testing of

Moderately Concentrating Solar Energy Collector,”™ Six-Month Progress Report:
December 1976=May 1977; ORD/5100-77/2, June, 1977, University of Houston.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
(3 soLar coLLECTOR A MATERIAL RESEARCH
{TJ THERMAL ENERGY STORAGE [T] COMPONENT DEVELOPMENT

£J air conpiTiONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
IIT RESEARCH INSTITUTE 10 W. 35th Street

NAME OF PRINCIPAL RESEARCHER Chicago, Illinois 60616
John E. Gilligan

TITLE OF PROJECT
Exposure Testing and Evaluation of Solar Utilization Materials

OBJECTIVE AND NATURE OF THE PROGRAM: The optical and physical properties
of materials which are currently being used or are potentially useful in solar
energy applications are being determined prior to and following outdoor weather
exposure conditions. Exposures durations are 1 (accelerated only), 3, 6, 12, 24,
48 and 72 months at each of three sites. The objectives of the current program
include maintaining a current awareness of Solar Utilization (8U) materials
obtaining these materials and characterizing them optically and mechanically,
developing models of degradation and from these useful lifetime prediction
methods/techniques, developing and improving test devices and evaluation pro- -
cedures, and, ultimately, to publish the results of this program in order to
provide appropriate data for the selection of cost—effective materials.

The materials involved include cover plates and films, absorber coatings
and surfaces, reflective materials, and miscellaneous specialty surfaces.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: All
mechanical measurements on all samples exposed up to one year have heen completed.
Optical measurements are approximately 75-80% complete. Correlations of proper-
ties vs. exposure have been attempted for a large number of materials and have

PERIOD OF PROJECT: {Continued on next page)

37 months (1/15/75 - 2/28/78)

FUND IN $ U.S.

Current year . . . . . $295,000
Total for the period $466,500

IMPORTANT REPORTS OR PUBLICATIONS: IITRI Report No. C6342-1 (Semi Annual),
"Exposure Testing and Evaluation of Solar Utilization Materials".

"Outdoor Testing of Solar Energy Utilization Materials", J.E. Gilligan and

(Continued on next page)
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Continuation of PRESENT STATUS OR SUMMARY OF SIGNIFLICANT ACCOMPLISHMENT:

been very successful in many instances. New exposure devices have been
devised. Nearly 500 solar-related companies have been contacted and
more than 40 different materials have been added to the original 88.

Continuation of IMPORTANT REPORTS OR PUBLICATIONS:

J. Brzuskiewicz, Presented to 22nd Annual Technical Meeting, Institute
of Environmental Sciences, Environmental Technology'76, Philadelphia,
Penn., April 26-28, 1976; pp. 303-307 in IES 1976 Proceedings.

"The Weatherability of Solar Energy Utilization Materials: Preliminary
Discussions,”" J.E. Gilligan and J. Brzuskiewicz Presented to Conference
on Sharing the Sun '76, Winnipeg, Manitoba, Canada, August 15-20, 1976,

"An Extended Test Program for Solar Collector Optical Materials",
(Invited), J.E. Gilligan, J. Brzuskiewicz and J.E. Brzuskiewicz,
Presented to Flate Plate Solar Collector Conference, Orlando, Fla.
Feb. 28-March 2, 1977.

"Weather Testing of Solar Utilization Materials", (Invited); J.E. Gilligan,

J. Brzuskiewicz, and S.J. Gaumer, Presented to ERDA Concentrating Collector
Conference, Georgia Tech., Atlanta, Ga., September 26-28, 1977.

181




- INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS ; TYPE OF RESEARCH
X soLAr coLLECTOR ] MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [ COMPONENT DEVELOPMENT

{J AIR CONDITIONING UNIT
{J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Jet Propulsion Laboratory 4800 Dak Grove Drive
NAME OF PRINCIPAL RESEARCHER Bldg. 277, Room 202

Pasadena, California 91103

M. K. Selcuk

TITLE OF PROJECT
Fixed Tilt Solar Collector Employing Reversible Vee-Trough Reflectors and
Yacuum Tube Receivers.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective is to develop a solar collector concept using a vacuum tube
receiver and a twice a year reversible vee reflector. A series of experiments
are being conducted on a test bed collector and an analytical thermal mode] is
developed for optimization studies. A prototype will be constructed using the
optimized configuration. Optimization studies include generation of an economic
analysis model, verification of thermal analytical model using test data, pre-
liminary analysis of energy cost and analysis of results of an economic model

to the optimized design.

The second phase of the project aims to collect test data for one year starting
October 1977. .

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The first phase of the project is completed. Early test results and mathe-
matical analyses including optimization studies are completed.

PERIOD OF PROJECT:

First phase is 12 months plus 4 month extension.
Second phase is 12 months.

FUND iN $ U.S.

First Phase $183,000
Second Phase $ 50,000

IMPORTANT REPORTS OR PUBLICATIONS:
The final report is completed. Additional papers are presented at ASME 1976
Winter Annual Meeting, U. of Miami - ERDA Forum 1976, ERDA Concentrating
Collector Conference, ASME 1977 WAM (see listing).
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Jet "Propulsion Laboratory (Data Sheet)

a)

b)

c)

d)

e)

£)

g)

h)

Sclar Collector

type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...) and configuration

Evacuated tubular with asymmetric vee-trough concentrators

atT
L = 0.855 normal incidence
T =10.89 including the effects of wall curvature
and variation of the direction of the
incoming beam
A =0.,93

overall heat loss coefficient Ul (W/mZK) {temp. range & (oc))
@ 52°% U = 1.48 w/m%
@ 126°C  U_ = 2.75 W/m2%
@ 232°C U = 2.73 W/m20k

]

2
heat capacity (fluid included) C (Wh/m X)

NegTigibly Small

heat transfer medium (water, air, ...)

Therminol 44

material i) absorber {(a,e) A = 0.93; ’Caver- = 0.89
ii}  cover plate (number, T, ...) single tube wall
iii) insulation (thickness, ...) vacuum
expected life time t + 20 years

estimated cost ($ US/mz) US $100/m? aperture area basis
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LIST OF PUBLISHED PAPERS AND PRESENTATIONS

Selguk, M. K., "A Fixed Collector Employing Reversible' Yee-Trough
Concentrator and a Vacuum Tube for High Temperature Solar Energy
Systems," Proceedings 11th Intersociety Energy Conversion Engineering
Conference, 1976, State Line, Nevada, Paper No. 769222.

Selguk, M. K., "Fixed Flat Plate Collector with a Reversible Vee-Trough
Concentrator," ASME Paper No. 76-WA/HT-12, MNew York, NY, December 1976.
Selguk, M. K., "A Vacuum Tube Vee-Trough Collector for Solar Heating
and Air Conditioning Applications," ERDA University of Miami Forum,
Miami Beach, Florida, December 1976.

Selguk, M. K., "The Vee~Trough/Vacuum Tube Solar Collector: Analysis
and Performance Evaluation," ISES 1977, Orlando, Florida (Presentation
only).

Selguk, M. K., "Experimental Evaluation of a Fixed Collector Employing
Vee-Trough Concentrator and Vacuum Tube Receivers," ASME Winter Annual
Meeting, November 27-December 2, 1977, Atlanta, Georgia.

Selguk, M. K., "A Fixed, Moderately Concentrating Collector with Rever-
sible Asymmetric Vee-Trough and Vacuum Tube Receiver," ERDA Concentrating
Collector Conference, Atlanta, Georgia, September 26-28, 1977.

Selguk, M. K., "A Fixed Tilt Solar Collector Employing Reversible
Vee-Trough Reflectors and Vacuum Tube Receiver," Final Report, DOE/

JPL-1024-77/1, December 1977.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

DAIR CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Lawrence Livermore Laboratory P.0. Box 808
NAME OF PRINCIPAL RESEARCHER Livermore, CA 94550

William C. Dickinson

TITLE OF PROJECT

Inflated Cylindrical Concentrator for Industrial Process Heat

OBJECTIVE AND NATURE OF THE PROGRAM:

The program objective is to develop a cost effective concentrating
collector capable of producing industrial process steam at 170°C. This
unique collector uses a non-tracking design and weatherable thin film
plastics to achieve the Tow cost per unit area.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Analytical modeis of the optical and thermal characteristics have been

developed. The first collectors are being tested.
PERIOD OF PRQJECT:

October 1977 - September 1978

FUND IN $ U.S.
$125,000.00

IMPORTANT REPORTS OR PUBLICATIONS:

An Inflated Cylindrical Solar Concentrator for Producing Industrial Process Heat,
Jd.W. Gerich, Lawrence Livermore Laboratory, UCID-17612 Rev. 1, December 19, 1977.
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Lawrence Livermore Laboratory (Data Sheet)

a)

b)

c)

d)

e)

f)

g)

h)

‘Selar Collector

type (flat plate, tubular, concentrated, ....., evacuated,

nonevacuated, ...) and configuration

Tabor type concentrating collector, formed by inflating a
horizontal thin film plastic cylinder which is clear on the
upper portion and metalized as a reflector on the lower por-
tion. The receiver tube also has an inflated thin film

plastic jacket surrounding it for heat transfer suppression.

aT

a = 0.79

overall heat loss coefficient Ul (W/mzK) (temp. range © (OC))

2
heat capacity (fluid included) C (Wh/m K)

For the receiver tube (per meter of length)
c =15 Hoh
heat transfer medlum (water, air, ...)

Water

material i) absorber (a, £) a = 0.95, ¢ = 0.15
ii) cover plate (number, T, ...) Ty = 0.83, 15 = 0.95

iii} insulation (thickness, ...) Nope

expected life time t

Three to five years for plastic cylinder (easily replaceable).
Twenty years for receiver tube and other components.
estimated cost ($ US/mz)

$75/m2 186




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS | TYPE OF RESEARCH
[ soLar coLLecTor [ MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [x] cOMPONENT DEVELOPMENT

[J AlIR CONDITIONING UNIT
[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Lehigh University " | Dept. of Geological Sciences

Bethlehem, PA 18015
NAME OF PRINCIPAL RESEARCHER
D. R. Simpson

TITLE OF PROJECT
Low Cost solar collector of packed bed design.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this study is to investigate experimentally the use of naturally
occurring black materials for solar collector absorbers. Primary candidates

are coke and black volcanic scoria, which offer the potential of lower absorber
cost than conventional metallic materials. :

The research will involve the construction and testing of several air-and-water
heating collectors to determine thermal efficiency and pressure drop, as a
function of particle size, for the different matarials.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Collector design and prototype fabrication completed:

PERIOD OF PROJECT: 12 months, - (starting date: 5/16/76)

FUND IN $ U.S. Current year $34,180
Total for the period

IMPORTANT REPORTS OR PUBLICATIONS:

New Contract - No report available 1
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Lehigh University (Data Sheet)

a)

b)

c)

d)

e)

f)

q)

h)

Solar Collector

type (flat plate, tubular, concentrated, ..... . evacuated,
nonevacuated, ...) and configuration

Pebble Bed

at Not Measured

overall heat loss coefficient U (W/mzx) (temp. range 9 (OC))

1
Not Calculated

2
heat capacity (fluid included) ¢ (Wh/m K)

Not Measured

heat transfer medium {(water, air, ...)

absorber (a, £) Pebble Bed Coke or Scoria
5

material i)
ii) cover plate {(number, T, ...)

iii) insulation (thickness, ...) 4" Fiberglas

expected life time t Unknown - It was a test mode 1

. 2
estimated cost ($ US/m”) Not Caleulated
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
B SOLAR COLLECTOR E{] MATERIAL RESEARCH
E]THERMAL ENERGY STORAGE E]COMPONENT DEVELOPMENT

[0 alr conpiTIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Lockheed Research Labs. 3251 Hanover Street
Palo Alto, CA 94304

NAME OF PRINCIPAL RESEARCHER Dept. 52-32, Bldg. 205

R.K. Wedel

TITLE OF PROJECT

Optimization of Thin-Film Transparent Plastic Honeycomb Covered Flat-Plate
Solar Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective is to develop an optimized plastic honeycomb. Teflon was
investigated as a high temperature plastic. Various methods to fabricate

low temperature plastic honeycombs were investigated. Various honeycomb/cover
combinations were tested. Analytical optimization studies were performed.
Thermal protection methods for low temperature honeycombs were studied.
Performance of warious honeycomb collectors were measured.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Final Report written: Lexan honeycomb is optimum plastic honeycomb based on
cost and performance.

PERIOD OF PROJECT:

May 1976 - August 1977

FUND IN $ U.S. 4151 go0

‘IMPORTANT REPORTS OR PUBLICATIONS:

SAN/1256-76/1 189




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
EaSOLAR COLLECTOR [] MATERIAL RESEARCH
E]THERMAL ENERGY STORAGE EaCOMPONENT DEVELOPMENT

[J Alr CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Los Alamos Scientific Laboratory P.O. Box 1663

Los Alamos, NM 87545
NAME OF PRINCIPAL RESEARCHER

J.Pb. Balcomb

TITLE OF PROJECT
Integrated Solar Collector Roof Structures

OBJECTIVE AND NATURE OF THE PROGRAM:

Forty LASL-3 Liquid Collectors have been rack mounted for continuocus operational
study. Several seal materials, desiccant techniques, condensation controls, and
coolants will be studied in these forty collectors. BAir-cooled collectors have
been built and will be placed in operation with a rock-filled storage tank.
Excellent selective surfaces were obtained (&= 0.9,€= 0.1} by thin deposits

of black chrome oxide on bright nickel on 6-in. square samples of mild steel
substrate. The first attempts to plate an entire collector produced an uneven
appearance but quite good operation. The second fully plated collector shows
excellent thermal behavior characterized by an average®’= 0.92 and average € -0.15
The study of this collector is continuing with high priority. Materials tests
will be performed on coolants such as paraffinic oils, sealants, foam insulators,
and other potentially inexpensive selective surfaces.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Performance testing of the 40-panel array using two viscocity Paraffinic 0Oils
and industrial coordination on optimizing black chrome surfaces for 415
collectors completed.

PERIOD OF PROJECT:
24 months, (Starting date: 7/1/74)

FUND IN $ U.S.
Current vyear $225,000

Total for the period

IMPORTANT REPORTS OR PUBLICATIONS:

0 Integrated Solar Energy Collector, Final Summary Report, Report No: UC-62
0 Research on Integrated Solar Collector Roof Structures, Technical Paper

No: LA-UR-75-1335.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
X soLar coLLecTor ] MATERIAL RESEARCH
[] THERMAL ENERGY STORAGE [ cOMPONENT DEVELOPMENT

@AIR CONDITIONING UNIT
E] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
M.I.T. Lincoln Laboratory P, O. Box 73

NAME OF PRINCIPAL RESEARCHER Lexington, MA 02173
Dr. D. I. Tchernev

TITLE OF PROJECT

INTEGRATED ZEOLITE COLLECTORS

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of the program is
to develop an integrated collector for solar heating and cooling systems
utilizing the adsorption and desorption of water from molecular sieve zeolites.
The specific tasks are to design, construct, and test a prototype of such a
collector, capable of providing hot water during the day and chilled water at
night, which will act as one-for-one replacement for existing hot water solar
collectors.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Non-integrated zeolite collectors for solar heating and cooling have been
developed under a previous project. Integration of the evaporator and
condenser with the collector will be the goal of the present project.

PERIOD OF PROJECT:
(Proposed) November 1977 - Oc_*.tober 1978

N L S.
FUND IN $ U.S (Proposed) $150, 000

IMPORTANT REPORTS OR PUBLICATIONS: Proceedings of ''Zeolite 76!’
Conference (to be published).

Final Report NSF/RA-770017. 191




M.I.T. Lincoln Laboratory (Data Sheet)

a)

b)

c)

d)

e}

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, ...)

Solar heating and cooling

type of refrigerator (absorption, ...; working medium,

adsorption; zeolite and water vapor

capacity of refrigerator (tons)

~ 0.05 per collector ( 15-20 sq. feet)

o
temp. range 0 { C)

cooling, 5-10°C; heating, 40-50°C

C.0.P.

0.4 (total including collector)

heat exchanger

liquid to vapor

auxiliary heat source

none
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[ soLAR coLLECTOR [ MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE (] COMPONENT DEVELOPMENT

[ AIR CONDITIONING UNIT
] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Massachusetts Institute of Technology Rm. 3-457, M.I.T.

Cambridge, Mass. 02139
NAME OF PRINCIPAL RESEARCHER
Shawn Buckley

TITLE OF PROJECT
PERFORMANCE CHARACTERISTICS OF THERMIC DIODE SOLAR PANELS

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this program is to develoep a design procedure for
Thermic Diode Solar Panels. The procedure will be similar to "F-Chart"
methods of active solar systems; it will allow thermic diodes to be quickly
sized for different building heat loads and different climates. Hardware
testing of thermic diodes will verify that the computer codes match
experimental results.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Computer codes have been verified against experimental results;
beginning of comparison with F-chart is completed. Thermic diodes
show about the same heat delivered as an active system.

PERIOD OF PROJECT:
12 months (Starting Date: 7/1/77)

FUND IN $ U.S.
‘ $53,170

IMPORTANT REPORTS OR PUBLICATIONS:
"Thermic Diode Solar Panels For Space Heating', S. Buckley
Solar Energy, to be published, Spring 1978.

193




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
E SOLAR COLLECTOR D MATERIAL RESEARCH
[]THEHMAL ENERGY STORAGE EHCOMPONENT DEVELOPMENT

[(J AR conpITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION | ADDRESS:
Mississippi State University, Mechanicall, Drawer ME

’Wﬂ%@f@&m Mechanical Engineering
AME OF PRINCIPAL RESEARCHER

N Mississippi State, MS 139762
Dr. Richard E. Forbes & Dr. Ronald McClePdon

TITLE OF PROJECT

Addition of Solar Air-Heaters to Pre~Engineered Metal Buildings

OBJECTIVE AND NATURE OF THE PROGRAM:

The work will consist of the modification of an existing solar heated building
from "once through" heating to a recirculation model of heating. The air
heaters utilize the metal skin of the building as the major component of the
collector. Corrugated fiberglass is used for glazing. The building was
previously used in the solar livestock shelter program. A rock bed is

used for heat storage and electrical supplemental heat is used.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

All modifications were completed during Feburary 1978 and testing has been
performed during the winter months of 77-78.

PERIOD OF PROJECT:
25 September 1977 - 24 September 1978

FUND IN $ U.S.
$36,385
IMPORTANT REPOﬁTS OR PUBLICATIONS:

None yet. 194




a)

b)

c)

d)

e}

£)

g)

h)

Solar Collector

type (flat plate, tubular, concentrated, ..... . evacuated,

nonevacuated, ...) and confiquration

Flat plate air-heater using metal skin of building for absorber
plate. Corrugated fiberglass glazing. Caldwell relective

black paint. Horizontal air flows through the channels (collector
length is 24 feet) by induced draft fan. Flow rate is approximately
2 CFM per square foot. ~Materisl cost of cocllector was less than
$1.00 per square foot.

T

R A g

= .8 (estimated)
~ .9
¢ = .72

2 [o}
overall heat loss coefficient U1 (W/m X) (temp. range B { C))

Unknown

2
heat capacity (fluid included} C (Wh/m K)

Unknown

heat transfer medium (water, air, ...)
air

material i) absorber (a, €) @ =.90, €= .,60

ii) cover plate (number, T, ...} T, = .8

iii} insulation (thickness, ...} 3.5 inches urea
formaldehyde (also serves as building insulation)
R = 25

expected life time t

limited by fiberglass glazing only ( =10 years plus)

. 2
estimated cost ($ US/m )

collector only estimated at $3.00 - $4.00 per square foot.
$32.29 - $43.05 Per square meter
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
m SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE mCOMPONENT DEVELOPMENT

[J AR CONDITIONING UNIT
[[] OTHER SUBSTANTIAL COMPONENTS

Monsanto Research Corporation Dayten, Qhio 45407

NAME OF PRINCIPAL RESEARCHER
George L. Ball

TITLE OF PROJECT

MEDIUM TEMPERATURE AIR HEATERS BASED ON
DURABLE TRANSPARENT FILMS

OBJECTIVE AND NATURE OF THE PROGRAM:

To design, build and performance test a new potentially Tow-cost,
non-concentrating flat plate solar air heater for the medium
(120-179°F) temperature range. These objectives are to be realized
through use of low-cost, reinforced, specially outdoor stabilized
polyvinylchloride (PVC) film for both the glazing and absorber.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The preferred fiim composition for use over the expected temperature range has
been selected and film will be made in the second quarter of 1978.

PERIOD OF PROQJECT:
October 1, 1977 to October 31, 1978

FUND IN $ U.S.
106,657

IMPORTANT REPORTS OR PUBLICATIONS:

None
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a)

b)

c)

a)

e)

)

9)

h)

Solar Collector

type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...) and configuration

Flat plate wherein the glazing and absorber are respectively
clear and black scrim reinforced PVC.

QT

To be determined

overall heat loss coefficient Ul (W/mZK) (temp. range 8 (OC))

To be determined

2
heat capacity (fluid included) C (Wh/m K)
To be determined

heat transfer medium (water, air, ...}

Air
aterial i absorber (o, € .
materia ) (e, e) To be determined
ii) cover plate {number, T, ...) in design studies
iii) insulation {thickness, ...)

expected life time t

5 to 10 years for films
20 years for other components
estimated cost ($ US/mz)

197
$15/m?




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
m SOLAR COLLECTOR D MATERIAL RESEARCH
DTHEHMAL ENERGY STORAGE [EI COMPONENT DEVELOPMENT

DA!H CONDITIONING UNIT
D OTHER SUBSTANTIALL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

National Bureau of Standards Gaithersburg, Maryland
NAME OF PRINCIPAL RESEARCHER '

J. E. Hill

TITLE OF PROJECT

Developnent of Methods of Evaluation and Test Procedures for Solar Collectors
and Thermal Storage Devices

OBJECTIVE AND NATURE OF THE PROGRAM:

The objectives of this program are to develop standard test methods for deter—
mining the thermal performance of solar collectors and thermal storage devices
that are used in systems for heating, cooling, and the heating of hot water in
buildings. Also to experimentally verify the proposed test procedures utilizing
test facilities at NBS as well as at other selected locations.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

® Adoption of ASHRAE Standard 93-77, Collector Test Procedure
¢ Experimental Verification of the Standard for Selected Air and Water—Cooled
Collectors at NBS

PERIOD OF PROJECT: January, 1974 - September, 1978

FUND IN $ U.S. CURRENT YEAR $100,000

TOTAL FOR THE PERIOD  $795,000

IMPORTANT REPORTS OR PUBLICATIONS:

"Development of Proposed Standards for Testing Solar Collectors and Thermal
Storage Devices", NBS Technical Note 899, February, 1976.
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Present Status or Summary of Significant Accomplishment (continued):

¢ Completion of Round-Robin Collector Test Program

Important Reports or Publications (continued):

"A Method of Testing for Rating Solar Collectors Based on Thermal
Performance”, Solar Energy, Vol. 18, pp. 421-429, 1976,
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR [] MATERIAL RESEARCH
[.] THERMAL ENERGY STORAGE ] COMPONENT DEVELOPMENT

[J AlR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: | ‘s

. N Mexi . epartment o ¥S51CSs an stronomy
gnlmigr51Fy of New .exlcq, Alb. NM 200 Yale Blvd. N.E.
NAME OF PRINCIPAL RESEARCHER Albuquerque, New Mexice 87131

Dr. Howard C. Bryant

TITLE OF PROJECT

A Demonstration Salt Gradient Solar Pond

OBJECTIVE AND NATURE OF THE PROGRAM:

The research has been geared towards establishing the operational parameters
of a salt gradient solar pond. This is a solar energy collector and storage
system which meets the three basic requirements of long term storage, low cost,
efficiency, to provide low temperature heat (not above 100°C). We are primarily
interested in space heating, which varies seasonally, and industrial process
heating, which poses a constant heating demand. Other applications of solar pond
include crop drying, water desalination and space cooling. The solar pond at
UNM has been designed to supply the total heating requirement of a 2000 sq. ft.
house in Albuquerque, N.M.

L]

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
The maximum convective layer temperature obtained to date has been 93°C in

August 1977; at this time the solar pond contained 4x1010 Joules of usable heat.
Heat extraction from the solar pond began in November 1977 and has been matched
I}EB?BB hSEtJ'P%j-E&%rements of a 2000 ft2 residence in Albuquerque. 'Ié};ie};?at

Project EG-77-5-04-3577 has been funded for one year, beginning April 1, 1977,

FUND IN $ U.S.
$ 55, 952.00

IMPORTANT REPORTS OR PUBLICATIONS:
F. Zangrando, H.C. Bryant "Heat Extraction from a Salt Gradient Solar Pond,"
International Conference on Alternative Energy Sources, Miami Beach, Fla.,

Dec. 5-7, 1977. Also edited version on April 1978 issue of Solar Age.
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PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: (cont.)
extraction has been sucessful and the entire heating requirement for the winter

1977-78 has been matched, Minimum convective layer temperature was 29°C in
January 1978. Present temperature is 46°C, with heat extraction still in progress,
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University of New Mexico (Data Sheet)

PLEASE NOT: THAT ThESE QUESTIONs ARt INAPPROPRIATE TU SALT GRADIENT
SOLAR PONUS,

Solar Collector

a) type (flat plate, tubular, concentrated, ..... . evacuated,

nonevacuated, ...) and configuration

The solar pond is a non-concentrating solar system which includes both
collector and storage into one. The upper region in the pond is main-
tained non-convective by the addition of salt, in increasing amounts as
one goes deeper into the pond. This upper region behaves as an insulator.
Below this region, a convective layer at high salinity constitutes the
storage reservoir. Dimensions of the pond are: top diameter, 15m;

depth, 2.5m; insulating layer thickness, ~lm; storage volume, 130m§.

b) aT

Maximum transmission through the insulating layer is 0,35 of the incident
radiation on a horizontal surface, with (.27 absorbed within the first
centimeter of water (surface).

2 e}
c) overall heat loss coefficient Ul (W/m K} {(temp. range 8 ( C))

Heat loss from the convective (storage) layer is all by conduction.
The overall heat loss coefficient is:~ 0.1 W/m= °C

d) heat capacity. (fluid included) C (Wh/mzx)

The heat capacity of the brine varies from 0.78 to 1.08 cal/gm°C due to
changes in temperature and salinity. In the convective layer, the '"heat
capacity" per unit area is from 1.7x103 to 2.3x103 Wh/m2°C {(excludes so0il and
e) heat transfer medium (water, air, ...) non-convecting layer).

Brine

i i ber (¢, € .
£) material i) absorber (o, €) See item a).
ii) cover plate {number, I, ...)

iii) insulation {(thickness, ...)

g) expected life time t

The lifetime of the liner is guaranteed by manufacturers for 20 years under
'normal weathering'".

2
h) estimated cost ($ Us/m”) 202

A maximum of $54/m2 tor a pond ot this size




- INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
E SOLAR COLLECTOR D MATERIAL RESEARCH
D THERMAL ENERGY STORAGE ECOMPONENT DEVELOPMENT

[C] AIR CONDITIONING UNIT
[[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Owens-IT1inois, Inc. P. 0. Box 1035

Toledo, Ohio 43666
NAME OF PRINCIPAL RESEARCHER

Y. K. Pei; D. C. Beekley

TITLE OF PROJECT

Development of a drainable evacuated, tubular, selectively coated, liquid
cooled solar collector array.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this pro%ram 1s to establish a practical, cost-effective
method for draining the SUNPAKTM evacuated tubular liquid cooled collector so as
to avoid the problems associated with freeze-up, boil out and night time heat
lToss and to provide supporting data and analysis which show the overall impact
on system performance and cost effectiveness.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Feasibility studies have been completed and two bank arrays are being in-
stalled for system fluid flow studies and thermal performance analysis.

PERIOD OF PROQJECT: :
October, 1977 - September, 1978.

FUND IN $ U.S.
$150,000

IMPORTANT REPORTS OR PUBLICATIONS:
No publications issued to date.
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Solar Collector

a) type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...) and configuration

Spaced evacuated tubular collector with diffuse radiation backing
screen for enhancement of radiation reaching absorber surface.

b) at
at = 0.78. Note: Collector intercept affected by Frs incident
angle modifier and radiation enhancement from backing screen. Based
on a daily basis:

n. = .59
c) overall heat loss coefficient Ul (W/mzK) {temp. range © (OC))
Up = .79 W
e

2
d) heat capacity (f£fluid included) C (Wh/m K)

C=5.25 Wnh-
;?K
e) heat transfer medium {(water, air, ...)
Water
£) material i} abscrber (o, ) o = .85, & = .055
ii) cover plate (number, T, ...) T = .92
iii) insulation (thickness, ...) Hard Vacuum

g) expected life time t = 20 years

h) estimated cost (§ Us/mz)
Current = $216.00/M2 204




INTERNATIONAL ENERGY AGENCY _
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
El SOLAR COLLECTOR I:] MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

[J Alr conDITIONING UNIT
[T] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Owens-Illinois P.0. Box 1035

Toledo, QH 43666
NAME OF PRINCIPAL RESEARCHER

K. Moan

TITLE OF PROJECT

Evaluation of an All-Glass, Evacuated, Tubular, Non-Focusing, Non-Tracking
Solar Collector Array.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this program is the evaluation of an advanced evacuated solar
energy collector using air as the heat transfer fluid. The performance goal
is an air exit temperature of 250°F at a collection efficiency of 40%. an
advanced liguid-heating collector has been fabricated and is being marketed
by Owens Illinois. This collector demonstrates the feasibility of the
evacuated, all-glass, tubular design. This program will modify this successful
design to utilize air as the collector fluid. The major program emphasis will
be on the installation and testing of a multitubular collector array and the
evaluation of its air flow characteristics in terms of flow distribution and
pressure drop, and its thermal performance in comparison with the ligquid
collector design.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Collector evaluation system defined and collector test initiated.

PERIOD OF PROJECT:
8 Months, (Starting date: 7/1/77)
Extended 14 months

FUND IN $ U.S.
Current year $111,232

Total for the period
IMPORTANT REPORTS OR PUBLICATIONS:

Evaluation of an All—Glass: Evacuated, Tubular, Non-Focusing, Non-Tracking
Solar Collector Array, Task 1 Report, Aug. 10, 1976.
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Owens-Illinois (Data Sheet)

a)

b)

c)

d)

e)

£)

g)

h)

Solar Collector

type (flat plate, tubular, concentrated, ..... ;, evacuated,

nonevacuated, ...) and configuration

Spaced evacuated tubular collector with diffuse radiation backing
screen for enhancement of radiation reaching the absorber surface.

aT

at =0.78
Note: Collector intercept affected by FR, incident angle modifier
and radiation enhancement from backing screen.

ng = -58

overall heat loss cqefficient Ul (W/mzx) (temp. range 6 (OC))
U = 0.82 Watts/m?K

Note: The slope of the efficiency curve is slope= -1.05 watts/n?K.

heat capacity (fluid included) C (Wh/mZK)
C = 1.62 Watts /m2K

heat transfer medium (water, air, ...)
Air

material i) absorber (a,e) a = .85,¢ = .07

ii) cover plate (number, T, ..l), T = .92

iii) insulation (thickness, ...} hard vacuum
expected life time t = 20 years

estimated cost ($ US/mz) Current = $216.00/m?
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
(X} soLar coLLecTOR [J MATERIAL RESEARCH
[} THERMAL ENERGY STORAGE [X] cOMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Payne, Inc. 1933 Lincoln Drive

Annapolis, Maryland 21401
NAME OF PRINCIPAL RESEARCHER

Peter R. Payne

TITLE OF PROJECT

Development of Very Low Cost, Non-Concentrating Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

Development of low cost concrete air heating collectors which are also
Structural elements, so that they can be used to construct south-facing walls.
Also, to investigate the effectiveness of glazing existing concrete block

and cavity masonry walls, so that air ducted through the cavities can be
heated. Applicable directly to space heating, and, with a heat exchanger,

to providing hot water. |

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Three walls currently under test and mathematical models well established.
An "open face' block, 8"x8"x16", which can be made on a concrete block making
machine shows promise. Currently under therm}z(tl ;est by Payne Inc. andhstr};c-
e 2 NCAMA. A new concrete block thermal storage system has been
PERFBB&]O? ﬁq(BXEE‘F’ developed as part of the test set-up.

e

October 1977 - September 1978
FUND IN $ U.S.

£129,261

IMPORTANT REPORTS OR PUBLICATIONS:
"Equilibrium temperatures for a collector having high thermal resistance."

Payne Inc. Working Paper No. 220-3.

"Transfer of heat from a vertical Plate to convective ai "
Inc. Working Paper No. 220-2. T Hlow. Fayne

”Integratin_g concrete and other low-cost solar collectors into present day
manufacturing and building practices." Payne Inc. Working Paper No. 220-4.
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Solar Collector

a} type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...) and configuration

Quasi-flat plate. 16"x8"x8" masonry block configured as a
collector, with provision for single or double
glazing.

Also, conventional cavity walls with external glazing.

b} aT
Not finally determined.

c¢) overall heat loss coefficient U, (W/mzK) (temp. range 9 (°C))

Not finally determined.

2
d) heat capacity (fluid included) C (Wh/m K)

Not finally determined

e) heat transfer medium (water, air, ...)
Air
£} material i) absorber (@, £€) Black concrete

ii) cover plate (numberx, T, ...) acrylic (.08) + teflon (5ml)

iiji) insulation (thickness, ...) variable with application

g} expected life time t
Not determined

h) estimated cost (% US/mz)
$6.00/m2 for block

$7.25/m2 for glazing (plus cost of laying and manifolding)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING )
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE QF RESEARCH
k] soLar coLLecTor ' fx] MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [J coMPONENT DEVELOPMENT

LJ AR conpiTIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Polyset, Inc. 7 Summer Street

ter, MA 01944
NAME OF PRINCIPAL RESEARCHER Manchester
J. M. Bradley

TITLE OF PROJECT

Development of a Freeze-Tolerant Solar Water Heatexr using Crosslinked
Polyethylene.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this study is to examine the feasibility of using carbon-
black-impregnated crosslinked polyethylene (XLPE) as a material for

solar collector absorbers. This material has the potential for low cost,
long service life and ability to withstand repeated freezing of water within
the absorber. The initial phase of the study has five tasks.,

Extrusion of 2000 ft. of 5/16" OD tubing; freeze-thaw testing of 10 ft. coils
of tubing filled with water at pressure between 30 and 240 psi; fahrication
of two simple water heating collectors out of coiled tubing; collector
performance testing at Los Alamos Scientific Laboratory; reporting.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

All work but the reporting has been completed, and indicates that it is
indeed very feasible to build a freeze~tolerant absorber out of carbon-black-
reenforced XLPE.

PERIOD OF PROQJECT:
16% months~starting date May 1, 1976 - October 15, 1977

FUND IN $ U.S.
Current year -~ $53,512
Received to date~—-$40,134

IMPORTANT REPORTS OR PUBLICATIONS: (7 Progress Reports sent to ERDA} .
6/30/76 8/31/76 10/31/76 1/5/77 3/15/77 5/3/71 7/1/77
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Polyset, Inc. (Data Sheet)

Solar Collector

a) type (flat plate, tubular, concentrated, ..... , evacuated,

nonevacuated, ...} and configuration

Although the absorber surfaces of the collectors built under the present
contract are made from the tubes fabricated into the shape of a flat spJ.ral
coil, these collectors are really of the ''flat-plate' type.

b}y art
The absorptivity of the absorber surface is approximately 0. 95.

The transm1ssw1ty of the 1/4" thick untempered glass glazing is
75 £ 11 3% according to the manufacturer, Libby Owens Ford.

c) overall heat loss coefficient U (W/mzK) (temp. range © (OC))
When the ambient temperature is 26, 7°C and no wind is blowing, and
the absorber plate is at 71.10C the overall heat loss coefficient is
about 8.4 w/m2K

2 .
d) heat capacity (fluid included) C (Wh/m K) Glazing 3.6 VVh/nnzK
Absorber 2.0
Collector Fluid 4.0
Insulation 3.1
e) heat transfer medium (water, air, ...} “Housing 6.1
18.8 Wh/m?%K
Water
f) material i)  absorber (a, €)Absorptivity & emissivity = .95 approx.
ii) cover plate (number, T, ...)One glazing . L
) transm1351v1ty = 751 15%
114} insulation (thickness, ...} 0.089 meters

g} expected life time t 25 years

. 2
h)  estimated cost ($ US/m") The absorber can potentially be cheaper than
any other capable of handling domestic hot water. The other components
of the collector are conventional.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA '\.,xl:«h.

COMPONENTS TYPE OF RESEARCH
COTNCE T o= 0TS -
k] soLAr coldEoroRs [C] MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE 3 COMPONENT DEVELOPMENT

DA!H CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Civil Termiral Zullding

Solar irerzy Technology, 1Inc
) : &7 * L. -.» hanscom Field

NAME Of PRINCIPAL RESEARCHER . ~edford, irass. 01720
Carlyle J. Sletten

TITLE OF PROJECT _
Imagre Collapsinz Concentrators

OBJECTIVE AND NATURE OF THE PROGRAM:
Jevelopment of wide anzular coverare lenses

of stepped (Fresnel) and cylindrical rod reometries with sutreflect-
in. mirrors to 1lmprove concentration ratios andé ovptical aperture
efficiencies. Synthesis of lens and sutreflector varametars is
accomplished for solar incidence in toth elevation and azimuth vplane
Tne nature of 327, Inc. research to date has teenrn mainly anzlytic
with novel lens desizns and contour shapin: of profiles and sub-
reflectors empnasized using vector formulations and computer metrnods
for opntimizins solid anzular coverages orn non-trackin: lens-subrefle
gystems. Ltjiectives include recduclin: concentrator weiznt, cost of
Tavrication, and cptical or neat loss mechanisms wnile at the same
time collectin all of the sun's radlation daily and annually.,

>tor

RESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
A c511narlcal rresnel lens compeosed of 7lat

isrc focussinz very well over a £0” elesvation ax_le gsector nas te
si

[

by

or
de
Y

4] = ectrlc oG lernses nave heen synthesized. .
BERTSH B PROIEET een Syt ec.

Zctover 1677 to April 167¢

FUND IN $ U.S.
£57,033

IMPORTANT REPORTS OR PUBLICATIONS:
..ong as worx is us®t Te innin..
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Concentrators
Sclar Gollector:

a) type {(flat plate, tubular, concentrated, ....., evacuated,
, ———— 1 qnevacua < and configuration_ ' .
stepned cylincfi cgf by _ﬁ_%i“m. rrovotyoe desi. o nas:
29 sterg, )O ck % 3C cm Deruure area, two-point optically corrscted
at + ;5 for 20 elevation covera:e, sier shadowin- lcss less than
1 decitel, index oA rcTrac+1ou 1, 5273 \aCf,llCJ, avera;e Zocal lernitn
approx. 25 cms. Lal., Lonceniration aati annrox 5 without sutrefl
ima.2 collapsin: sulreflectors for prism lenns to reduce effasctive
i and to se _ment for fad. tal, Con. Zztio of arprox, 10.
also Ima_e collapsin: Zusraflectors “cr small dlelectric rod lenses
w1lth aberration correction vrovidin +uo steradiang 21 ular covera =
Items > throu:nh { not apnlicable Lecausse a.goriers and receivers ar

b} ot nov included in the L2 irant nrovisions.
-lack circular tubes carryin thermal oils ars anvigioned Zcr atzor
lecatad in focal re.lons cf subreflectors.

. 2 o
c} overall heat loss coefficient Ul (W/m"X) {temp. range 8 ( C})
. Lo 2

d) heat capacity (fluid included} C (Wh/m K)

e) heat transfer medium (water, air, ...}

£) material i) absorber (a, €)

ii} cover plate (number, T, ...}
iii) insulation ({(thickness, ...}

q) expected life time t
rrofiiction models of lemses or dislasctric rods can B2 mads ¢f  lass
or weatser resisiant plastics, Life times of 5 years or nore éntic'

h) estimated cost ($ US/m )

Leng aperture area costs of «50 zer mn“ are masonable.




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS - TYPE OF RESEARCH
|__X] SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE mCOMPONE-NT DEVELOPMENT

D AIR CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
720 So. Colorado Bivd.

SOLARON CORPORATION Suite 300

NAME OF PRINCIPAL RESEARCHER Denver, Colorado 80222

Bruce E. Cole-Appel

TITLE OF PROJECT
Improvement of Solar Air-Heating Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

The goal of this investigation is to increase the rate of heat
transfer between the absorber and the air stream. This must be
accomplished in a cost-effective manner, i.e., the increase in
performance must be greater that the associated increase in
collector cost.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The absorber design found to be the most cost-effective improvement has been
built and is presently undergoing further evaluation.

PERIOD OF PROJECT:
May 31, 1976 to December 15, 1977.

FUND IN $§ U.S.
$99,495.00

IMPORTANT REPORTS OR PUBLICATIONS: .
"Flat Plate Air-Heater Improvements", Cole-Appel, B.E., Lof,G.0.G., Shaw, L.E.,
Proceedings American Section, ISES, Annual meeting, June, 1977, Orlando, Floridj

The final report which includes (a) engineering analysis (b) description of
absorbers and {(c) the test results will be available approximately June, 1978.
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Solaron Corporation (Data Sheet)

a)

b)

c)

d)
e)

£)

g}

h)

Solar Collector

type (flat plate, tubular, concentrated, ..... . evacuated,

nonevacuated, ...) and configquration

Flat plate - air flow beneath absorber plate

aT 0.78

overall heat loss coefficient Ul (w/m2K) (temp. range B (OC))

0.226 W/M2K 20C to 120C

2
heat capacity (fluid included) C (Wh/m’ X)

gh25 WL
m2K
heat transfer medium (water, air, ...)
air
material i) absorber (o, €) o = 0.95 € - 0.89

iiy cover plate (number, T, ...) 2, 0.82

iii) insulation (thickhess, cee) 10.2 em batt and
2.5 em rigid

expected life time ¢t greater than 40 years

estimated cost ($ US/mz) $156.00/M2 - customer price
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

harch 16,

1978

COUNTRY:

USA

COMPONENTS

TYPE OF RESEARCH

K] soLar coLLecTor

[ ] THERMAL ENERGY STORAGE

[J AI1R CONDITIONING UNIT

] OTHER SUBSTANTIAL COMPONENTS

[0 MATERIAL RESEARCH
¥ coMPONENT DEVELOPMENT

NAME OF ORGANIZATION
Solation Products, Inc.

NAME OF PRINCIPAL RESEARCHER
Robert A. Newton

ADDRESS: 111 West Rd.

Cortland, NY 13045

TITLE OF PROQJECT
High temperature liguid heaters,
cooling applications.,

170-230°F, for solar heating and

OBJECTIVE AND NATURE OF THE PROGRAM:

To design and develop a Flat plate collector which has excellent
performance over all wuswval temperature levels and insolatian N
values, and yet has a lower cost and lighter weight than most

contemporary designs.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

All desion and mechanical drawings have been completed., The first
two prototypes are currently being constructed.

PERIOD OF PROJECT:
Octaber 1977 - September 1978

FUND IN $ U.S.
$§98,899,00

IMPORTANT REPORTS OR PUBLICATIONS:

None to dats.
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ajl

b)

c)

d)

e)

g)

h)

Sclar Ccllector

type (flat plate, tubular, concentrated, ..... , evacuated,
nonevacuated, ...) and configuration
Flat plate concentrating, non-tracking, non«evacuated

Height 2486 mm, Width 1216 mm, Depth 120.7 mm
Gross area 3.02 mz, Aperture 2.75 me

et 0.82

overall heat loss coefficient U (W/mZK) {temp. range 8 °cy)

1l
To be determined by test scheduled in early May

heat capacity (fluid included) C (Wh/mzK)

3.73 w/m2 K (estimated)

heat transfer mediuvum {(water, air, ...)

vater, water-giycol, usual heat transfer fluids, Freon refrigerants

material i} absorber {(a, €) 0.93 under 0.10
ii} cover plate (number, T, ...) 1, 5 mm thick

iii) insulation (thickness, ...) 50 mm thinest point
100 mm thickest point

expected life time t over 15 yrs.

. 2
estimated cost ($ US/m") $86.00 to distributor
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
k] soLar colLecToR [J MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [X] coMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT
[] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Sun Systems, Inc. 170 Granite Avenue

NAME OF PRINCIPAL RESEARCHER Dorchester, Mass. 02124
Dr. Elliot Berman

TITLE OF PROJECT

Double Absorber Plate Solar Air Heater

OBJECTIVE AND NATURE OF THE PROGRAM:

To verify properties of the Sun Systems Air Heater. To carry our
engineering and test work ‘to reduce cost and improve reliability.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

A giazing and "half black' absorber plate have been found which
yield a collector of superior properties.

PERIOD OF PROJECT:
October 1, 1977 - June 30, 1978
FUND IN § U.S.

$73,010

IMPORTANT REPORTS OR PUBLICATIONS:
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a)

b)

c)

d)

e)

)

g)

h)

Sclar Collector

type (flat plate, tubular, concentrated, ..... ; evacuated,
nonevacuated, ...) and configuration
Flat Plate

Double Glazing
Two Absorber Plates

aT

2
overall heat loss coefficient Ul (W/m K} (temp. range @ (OC))

2
heat capacity (fluid included) C (Wh/m K)

heat transfer medium (water, air, ...)
Air
material i) absorber (4, €)

ii) cover plate (number, T, ...}

iii} insulation (thickness, ...)

expected life time t

Twenty Years

estimated cost ($ Us/mz)

$77/m?
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH

QSOLAR COLLECTOR . B MATERIAL RESEARCH
D THERMAL ENERGY STORAGE D COMPONENT DEVELOPMENT
0 air conoiTioning uNIT xx Loads and Structural Research
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Texas A&M Research Foundation F.E. Box H

NAME OF PRINCIPAL RESEARCHER College Station, Texas 77843
Howard L. Chevalier

TITLE OF PROJECT

Structural Integrity of Solar Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:
~ To develop analytical design and analysis techniques for solar collector
structures and support structures and to develop definition of wind load require-
ments to obtain an increase in structural efficiency and a resulting saving in
cost. Tasks:

1. Conduct theoretical and experimental studies of wind loads.

2. Develop analytical approaches to structural design.

3. Develop wind load design criteria.

4. Conduct on-site measurements.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Wind tunnel tests are being conducted using full-scale collectors and small—
scale models of collector installations, computer programs are being developed for
design and instrumentation is being installed at an on-site installation.

PERIOD OF PROJECT: '
January 1, 1977 through June 30, 1978
FUND IN $ U.S.

$44,544

IMPORTANT REPORTS OR PUBLICATIONS:

"Structural Integrity of Solar Collectors" — progress report
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[x] soLAR COLLECTOR ] MATERIAL RESEARCH

[J THERMAL ENERGY STORAGE ] coMPONENT DEVELOPMENT
[J AR CONDITIONING UNIT :
[ oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
University of Virginia School of Engineering
NAME OF PRINCIPAL RESEARCHER Charlottesville, VA 22901
J. T. Beard '

TITLE OF PROJECT

Engineering Analysis and Testing of Water-Trickle Collectors

OBJECTIVE AND NATURE OF THE PROGRAM:

This project used the solar collector test procedure developed by the Natiomal
Bureau of Standards to evaluate the type of solar water trickel solar collector
used in the Thomason Solaris System. Additional tests will also be made to
determine the influence of design modifications such as the use of a second
cover glazing and various distances of the glazings from the collector surface.
In addition, an analytical simulation model will be developed for the water
trickle collector which will include provisions for energy transference by
evaporation and condensation as well as the customary provisions for radiation,
convection, and conduction. The analytical model will be checked against the
results of rhe experimental test program, In addition, thermal performance

testing has been conducted on an open fluid film (silicon o0il) collector.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Research completed

PERIOD OF PROJECT:
24 months (starting date: 6/21/75)

FUND IN $ U.S.

Current year - None
Total for the period - $107,399

IMPORTANT REPORTS OR PUBLICATIONS:
"See Attached
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List of technical reports and papers prepared under Prime Contract Number E(40-1)-4927

Beard, J.T., Iachetta, F.A., Lilleleht, L.U., May, R.B., and
Huckstep, F.L., "Solar Energy Testirg and Analysis." Presented
to Conference on Solar Energy for Virginia, August 20, 19753,
Science Museum of Virginia, Richmond, Virginia.

Beard, J.T., "Engineering Analysis and Testing of Water-Trickle
Solar Collector."™ ORO-4927-76/1, Division of Solar Energy,
Energy Research and Development Administration, March, 1976.

Beard, J.7., Huckstep, F.L., May, W.B., Iachetta, F.A., and
Lilleleht, L.U., "Thermal Performance of a Water-Trickle Solar
Collector," Proceedings of the Twelfth Southeastern Seminar on
~hermal Sciences, University cf Virginia (Charlottesvilie,
Virginia, June 6-8, 1976), pp. 55-60.

Seard, J.T., Huckstep, F.L., May, W.B., Jr., Iachetta, F.A., and
Lilleleht, L.Y., "Performance of a Water-Trickle Solar
Collector,” Proceedings of Conference: Solar Energy in Cold
Climates (University of Detroit, June 7-8, 1976).

Beard, J.T., "Zngineering Analysis and Testing of Water-Trickle
Solar Collector, Report No. 2," Division of Solar Energy
Research, Energy Research and Development Administration,
GRO/4927-76/2 (June 1978).

seard, J.T., Huckstep, F.L., May, W. B., Jr., Ilachetta, F.A. and
Lilleleht, L.U., "Performance and Analysis of 'Solaris' Water-
Trickle Solar Collector," Proceedings of the 1976 Joint Solar
Energy Conference: Sharing the Sun, Solar Technologies in the
Seventies (Winnipeg, Canada, August 15-20, 1976)

Zeard, J.T., Huckstep, F.L., May, W.B., Jr., Iachetta, F.A., and
Lilleleiht, L.U., "Analysis of Thermal Performance of 'Solaris’
water-Trickle Solar Collector," Paper No. 76-WA/Sol-21, Winter
Annual dNeeting of ASME, Decumber 5-12, 1976, New York, Hew York

deard, J.T7., "Engineering Analvsis and Testing of Water-Trickle

Solar Collector, Report Ho. 3," ORO-4927-77-1, pivision of
Sclar knergy, Lncrgy Research snd Development Administraticn

(January 1977)
221




Beard, J.T., Messer, R.F., Huckstep, F.L., May, W.B., Jr., and
Iachetta, F.A., "Thermal Perfcrmance of an Open Fluid-Film
Solar Collector," Proceedings 1877 Flat-F.ate Solar Collector
Confercnce, Flerida Solar Lnergy Center {Orlando, Florida,
February 1977), vp. 67-73.

May, W.B., Jr., “"Theoretical Model of the 'Solaris' f%pen Water
Flow Solar Collector," MS thesir, University of Virginia,
Schocl of Engincering and Applied Science, Charlottesville,
Virginia, April 1977.

Huckstep, F.L., "Performance Parameters for the Water-Trickle Solar
Collector,” MS thesis, University of Virginia, School of
Engineering and Applied Science, Charlottesville, Virginia,
May 1977.

Beard, J.T., Iachetta, F.A., Messer, R.F., iiuckstep, F.L., and
May, W.B., Jr., "Performance and Analysis of Open Fluid-Film
Solar Collectors," Proceedings of the 1977 Annual Meeting,
Mmerican Section, ISES, (Orlando, Florida, .June 6-10, 1977},
pp. 1-26 to 1-29.

Beard, J.7., Huckstep, F.L., Mav, W.B., Jr., Iachetta, F.A., and
Lilleleht, L.U., "Design and Operational Influences on Thermal
Performance of 'Solaris’' Sclar Collectors," Paper No.
77-WA/Sol-2 (Atlanta,’ Georgia, November 1977). Accepted for

publication in ASME Transactions, Journal of Engineering for
Power.

» J.T., Huckstep, F.L., May, W.B., Jr., Dirhan, L.A., Iachetta,
F. A., and Lilleleht, L.U., "Engineering Influences on the
Thermal Performance of Open-Flow Liquid Solar Collectors,"
Proceedings of the Miami International Conference on Alternative
Enerzy Sources (Miaml Beach, Florida, December 1977).

Beard, J.T.,"Enginecripnsy Analysis and Tes'ting of Water-Trickle Solar Cecllector,
Final Report,' ORD/4927-78/1, Division of Solar Energy, Encrgy Research
and Development Administration (January 1978).
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
(9 soLar coiLecToR A [ MATERIAL RESEARCH
{] THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION . ADDRESS:
Dept. of Mechanical Engineering

Undi
niversity of Waterloo University of Waterloo

NAME OF PRINCIPAL RESEARCHER Waterloo, Ontario, Canada
N2L 3Gl
K.G.T. Hollands

TITLE OF PROJECT

"Methods of Reducing Heat Losses from Flat Plate Collectors ~ Phase 3"

OBJECTIVE AND NATURE OF THE PROGRAM:

The effect of absorber plate emissivity on the performance of honeycomb solar
collectors 1s being examined. Ordinarily, in the honeycomb solar collector the
absorber plate is painted black giving it a high emissivity (v.9). However, it
may be desirable, for improved performance, to combine the beneficial effects
of - a honeycomb with that of a selective surface on the absorber plate. In this
instance the plate emissivity will be quite low (v.l1). This study will attempt
to establish whether such a combination does in fact give improved importance.
Studied will be the effect of the plate emissivity on (i} the ability of the
honeycomb to suppress free convection; and (ii) the radiative and conductive heat
transfer taking place across the honeycomb when free convection is suppressed.
Methods used will be both experimental and analytical.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: Experigental

methods of obtaining different plate emissivities have been established; ten
honeycombs of different geometries have been obtained for testing; four have
been tested. Computer programs modeling the radiant-conductive exchange have been

PERIOD OF PROJECT: written.
July 1, 1977 to October 31, 1978 (16 month)

FUND IN $ U.S.
$59,495.00

IMPORTANT REPORTS OR PUBLICATIONS: "Studies on Methods of Reducing Heat
Losses from Flat Plate Solar Collectors - Phase 1, Final Report", Report No.
€00-2597-2, Contract No. E(11-1) - 2597, July-1976; Studies on Methods of Re—
ducing Heat Losses from Flat Plate Solar Collectors-Phase 2, Yearly Progress Re-

‘port™, Rep. No. C00-2597-3; Contract No. EY-76-C-02-2597.% 000, January 1977.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
SOLAR COLLECTOR ) [:] MATERIAL RESEARCH
[:]THERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

J AIR CONDITIONING. UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

West Virginia University Department of Aerospace Engineering
NAME OF PRINCIPAL RESEARCHER College of Engineering
. West Virginia University

John L, Loth Morgantown, WV 26506

TITLE OF PROJECT

Grooved Foamglas Solar Air Heater

OBJECTIVE AND NATURE OF THE PROGRAM:

The proesram objective is to optimize and test a cost effective hybrid air
to water solar collector system. The flat plate collector is capable of pro-
ducing hot air up to 70°C. The light weight collector uses one single material,
such as natural black Foamglas insulation to function as: solar radiation
absorber, finned heat transfer surface and thermal insulation. The hot air can
be used directly for space heating or when forced thru an indoor ducted finned
heat exchanger it can transfer its heat to a domestic hot water tank. The

hybrid system efficient loss may be offset by the advantage of lower collector
cost and elimination of freeze up problems.,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Four different collector configurations have been constructed; some use a
steel frame, some a wooden frame and some form an integral part of the 400 sqft

A" frame roof cove
PERIOD OF PHOJECT

Nctober 1977 - September 1978
FUND IN $ US.

$106,578

IMPORTANT REPORTS OR PUBLICATIONS:
"A Grooved Foamglas Flat Plate Solar Collector,” Proceedings of the Flat—Plate

Solar Collector Conference, Feb. 28 - March 2, 1977, Orlando Florida. Sponsored
by the ERDA Division of Solar Energy. " Hyvbrid air to water solar collector per-
formance.paper to be presented at the Enerpgy Conversion Conference, Aup. 20-25'78

San Diepo, California. 224




a)

b)

c)

d)

‘e)

£)

g)

h)

Solar Collector

type {flat plate, tubulé;,:concentrated, ««.-=, evacuated,
nonevacuated, ...) and confiquration

Grooved Foamglas flat plate golar air heater uses 1-1/2'thick
Foamglas insulation backed by 1" polyurethame. Various framing
techniques are used and the collector is typically covered by a
double glazing of Dupont Tedlar on the inside and Sun-Lite fiber-

glas on the outside

aT,

aT -_.76

overall heat loss coefficient U1 {W/mzx) (temp. range 6 (OC))
S
mzk

U1 = 5,0

2
heat capacity (fluid included) C. (Wh/m K)
C=6.5 E%—' includes 1" insulation but not the casing
m k :

heat transfer medium (water, air, ...)
air
material i) absorber (o, €) a=.95  e=.95

ii) cover plate (number, T, ...) T, = 91 T,

iii) insulation (thickness, ...) 1" polyurethane

expected life time t

. fifteen.to twenty years

. 2
estimated cost ($ US/m")
Estimated cost: materials only, using steel casing: $30/m?
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[d soLar coLLECcTOR [ mATERIAL RESEARCH
(] THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT

(] AIR CONDITIONING UNIT
[] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANiIZATION ADDRESS:
University of Wisconsin Solar Energy Laboratory
1500 Johnson Drive
NAME OF PRINCIPAL RESEARCHER Madison, Wisconsin 53706

J. Mitchell - M.M. El-Wakil

TITLE OF PROJECT

An Interferometric Study of Natural Convection characteristic of Flat
Plate and Vee-Corrugated Solar Collectors

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of the study is to
obtain heat transfer relationships for natural convection between solar col-
lector absorber plates and the collector transparent cover., The absorber
plates will be both flat and of the Vee-corrugated design, a shape particularly
favorable for solar air heaters. Mach-Zender interferometers and associated
equipment will be used to obtain accurate and detailed values of local and
overall heat transfer parameters, Task 1, Experimental Investigation,
involves completing the present testing of flat plates; the design, construc-
tion and testing of Vee-groove geometrics; and testing of a honeycomb geometry.
Task 2, Analytical Studies, consists of solving the governing equations of
energy ‘and fluid motion using various finite difference techniques, Task 3,
Development of Correlations, will provide heat transfer data in a generalized
form, based on the results of Tasks 1 & 2.

PRESENT STATUS OR SUMMARY OF S.IGNIFICANT ACCOMPLISHMENT:

Nusselt and Grashaft number correlations for natural convection heat
transfer for flat plate collector model is completed.

PERIOD OF PROJECT: 12 months, (starting date: 5/1/76)

FUND IN $ US. Current year: 70,360
Total for the Period

IMPORTANT REPORTS OR PUBLICATIONS:
New Contract - No Report Available.
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
{
SOLAR COLLECTOR MATERIAL RESEARCH
THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[] AIR conpimioning uniT
I ) OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: :

Arbeitsgemeinschaft Sonnenenergie Obere Techstrasse 21/1
A-2010 Graz

NAME OF PRINCIPAL RESEARCHER Austria

Prof. Dipl.Ing. Dr. P.V. Gilli

TITLE OF PROJECT

Domestic Water Heating and Snace Heatine Yith Solar Energy

OBJECTIVE AND NATURE OF THE PROGRAM:

Development and testing of a system for economic domestic water heatinn with
solar energy. For_a b-person household with a daily hot water consumption of
about 250 1 at 45°C a collegtor surface of 6 to & m“ was found most economic;
storage volume 0.4 to 0.6 m”. '

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The final report on this study contains important data for an economic use
of solar energy for domestic water heating in Austria.

PERIOD OF PROJECT :
1976 - 1977 (2 years)

FUND INSU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 52,000.~~

IMPORTANT REPORTS OR PUBLICATIONS:

ARGE Sonnencnergie (Prof. Dr. P.V. Gilli e.a.) "Wirmeversorgunq von Wohnbauten
mit Sonnencnergie' ‘
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COUNTRY: AUSTRIA

COMPONENTS ' TYPE OF RESEARCH
]
SOLAR COLLECTOR MATERIAL RESEARCH
THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT

[ a1R conoitioning unir
] oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Austrian Solar and Space Agency, ASSA Garnisongasse 7

NAME OF PRINCIPAL RESEARCHER A=1030 Vienna

various Austria

TITLE OF PROJECT
Solar Energy Test Stations in Austria

OBJECTIVE AND NATURE OF THE PROGRAM: .

At present there are nine solar enerqy test stations in Austria, two collector
test station, two systems for space heating, three systems for domestic water
heating and two systems for swimming-pool heating. \/ithin the framework of this
project energy balance of the systems, their safety in operation,iifetime and
economic efficicncy are studied.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
The systems have. becen in operation since June/July 1976; data and measurements are
being evaluated.

PERIOD OF PROJECT :
1976 - (open)

FUND INSU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 375.000,--

IMPORTANT REPORTS OR PURLICATIONS:
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
[()soLar coLLecTOR MATERIAL RESEARCH
THERMAL EMERGY STORAGE COMPONENT DEVELOPMENT

) At conpiTioninG uNIT
[ oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

institut fir Hochbau und Entwerfen |, Karlsplatz 13
lniversity of Technnlogy A-10h0 Vienna
NAME OF PRINCIPAL RESEARCHER Austria

Prof. Dr. Erich Panzhauser '

TITLE OF PROJECT
Development of a Prototype of an Unexpensive Plastic

Storage System

‘OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this project was to develop a low temnerature storane system for
application in solar systems with a high economic efficiency, long Tife-time and
good ins@lation. Moreover the storage system was to be easily integrated in
already existing solar systems.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :

PERIOD OF PROJECT :
1977 -

FUND IN SU.S. CURRENT YEAR

TOTAL FOR THE PERIOD 2.000.-~

IMPORTANT REPORTS OR PUBLICATIONS:
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
[x] soLAR coLLECTOR [_] MATERIAL RESEARCH
THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT
[ AR conpiTIONING UNIT x SYSTEM DEVELOPMENT
() oTHeR sussTANTIAL coMPONENTS
NAME OF ORGANIZATION ADDRESS:
Vereinigte Metallwerke Ranshofen-Berndorlf Postfach 35
A-2560 Berndorf
NAME OF PRINCIPAL RESEARCHER Austria
Dr. Georg Turnheim

TITLE OF PROJECT

Compact Solar System for Domestic \later Heating

‘OBJECTIVE AND NATURE OF THE PROGRAM:

Development of a solar system for domestic water heating in a single family house
consisting of 4.12' qm of flat-plate collectors with selective coating (

a vacuum-cnameled annular water jacket boiler with a capacity of 250 |
cartridge heater of 1.2 kw.

a/e~l),
and a

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :
Vith this plant 70 - 90% (in summer) and 10 - 20% {in winter)

requirements of a 4-person household can be covered by solar e
climatic conditions in Austria.

PERIOD OF PROJECT :

of the total energy
nerqy under the

10.5.1977 - 30.11.1977 |

FUND IN S U.S. CURRENT YEAR | .l
TOTAL FOR THE PERIOD 15,500, --

IMPORTANT REPORTS OR PURLICATIONS:
ASSA-Information Service 4/1977.
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Country : BELGIUM.

Components Type of research
Solar collector Materials research
Heat storage Component develop-

ponents

Air conditioning and
cooling unit

Other substantial cém-

ment

Name or organization
FACULTE POLYTECHNIQUE DE MONS3

Name of Principal researcher
Prof. J. BOUGARD & R. JADOT

Address

Faculté Polytechnique de Mons,
rue de Houdain,
7000 MONS - BELGIUM.

Title of project : Sclar energy

and low level cyclic energy flow

(20 to 100 °C) storage as chemical bond energy

of compounds

undergoing thermal decomposition.

Objective and nature of the program

The aim of the research is double.

1. Presently, the various processes enable the storage of only

0,05 to Q0,1 Gecal for each m3
aim of the proposed research
higher capacity.

of “support material"™. The first
is to find storage methods with

2. In the most of the storage processes, it is necessary to

achieve an effective thermal
high installation cost.’

In the proposed research, we
stored separately at ambient
which involves an exothermal
energy.

The reverse reaction and the

insulation which results in a

aim to get products which can be
temperature,. and the mixing of
reaction which returns the stored

separation of the products will

be achieved by means of solar heat or low level heat.

1. Searching for products undergoing thermal decomposition yiel-
ding storage capacity greater than or equal to O,u Geal/m3.

Some systems or compounds which exhibit a highly exothermal
heat of formation and could possibly be used were already
selected by a preliminary study. These are
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- amine aqueous solutions;

- inorganic compounds hydrates;

- organic compounds which produce reversible reactions.
. 2. Measurement of the storage capacity and physico-chemical

properties (boiling temperature, vapor pressure, viscosity,
stability, ...) of the various selected compounds and systems.

3. Study of the storage decomposition
a) Influence of temperature;
b) Mutual solubility of the reagents;
¢) Study of the separation methods (theory, pilot installatidn).

4. Study of the possible impairing of the products and of the
process reversibility with the time.

5. Test on a pilot installation involving a complete cycle.
Long term economical estimate.

6. Conclusions.

Phase 1 1977 (6 months) : Bibliographical study and theoreti-
cal analysis.

1978 : Experimental phase. Study of the reversing of
the exothermal reaction (Thermodynamics).

1979 : Experimental study of the separation methods

Phase 2 (Thermodynamics). Test on pilot installation.
Development of energy balances (Chemical
Engineering).

1980 (6 months) : Test on pilot installation. Long
term economical estimate (Chemi-
cal Engineering). Conclusions.

Period of the projecf : 3 years

-~ Fund in & U.S. for the total period.
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Heat storage.

a)
b)
c)
d)
)

g)

Type : storage of energy in chemical bond.

Storage capacity 120 Wh/m3

Storage temperature : ambiant temperature.

Delivered heat temperature : 80 - 90 °C.

Insulaticn : NO.

Expected 1ife time : =
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COUNTRY @ DIENMARK

COMPONENTS TYPE OF RESEAKCH

[ ] SOLAR COLLECTOR

[ X] TUERMAL ENERGY STORAGE
{ ] AIR CONDITIONING UNI' [X] COMPONENT DEVELOPMENT
| ] OPHER SUBSTANTLAL COMPGHENTS

[] MATERIAL RESEARCH

NAME OF ORGANIZATION ADDRESS :

Thermal Insulation Laboratory Bldg. 118
Technical University of Denmark
DK-2800 Lynghy

NAME OF PRIN. :PAL RESEARCHER:
S. Furbo

Heat storage in a solar huvating system using
TITLE OF PROJECT salt hydrates.

OBJECTIVE AND NATURE OF THE PROGRAM: The object of the research is
to develop an energy storage making use of, for example, sodium
sulfate as a storage medium, without having to use small tanks and
without getting separation problems. .

The new technique consists in adding extra water to the mixturc and
keeping it in soft stirring. By using big tanks the costs will be
reduced considerably.

The project includes the following work: A study of relevant lite-
rature for the subject is carried out.

On the basis of the above-mentioned literature study some of the
most promising storage systems will be selected. It will be a que-
stion of different salt hydrates and different solutions to the
problems: supercooling, separation and heat transfer to and from
the storage.

The sclected systems will be examined carefully. By means of catcu-
lation and experiments the thermal performance, durability and
approximate construction and working expenses of the storage sy-
stem will be determined.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT

The project is finished successfully

PERIOD OF PROJECT 1/11-76 - 1/8-77

FUND IN u.s. -TOTAL FOR THE PERIOD
. y ' 75.000

IMPORTANT REPORTS OR PUBLICATIONS:
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Country : Federal Republic of Germany

Components Type of Research

[J Solar Collector [J Materials Research
@ Heat Storage ® Component Development
O Air conditioning and O

quling Unit 0
O
D :
Name of Organisation: Address:
Energietechnik GmbH Freihofstr. 31

D-4307 Kettwig

Name of Principal

Researcher
Dr.Ing. B. Dietrich

Title of the Project: Longterm accumulator for dwelling

premises and solar house architecture

Objective and Nature of the Project, Present Status

1. Aim

It is intended that suitable longterm accumulators should

be developed for low temperature heat with water as storage
medium, that tﬁere should be tried out and optimized from
applicational and economic aspects. In addition, investigaticns
are envisaged on the architectural design of future solar
dwellinghouses with fegard to the requirements of solar

energy utilization.

2. Schedule

a) Development of various accumulator designs.

b) Structural realisation of various accumulator designs.

Continuation overleaf /

Period of the Project: 1.6.75 - 30.6.78

Fund in § US: 162,000,- Government Contribution: 50%

-Important Reports or Publications:
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Title of the Proiject: Longterm accumulator for dwelling
premises and solar house architecture

Objective and Nature of the Project, Present Status:

- Continuation .......

c) Construction of an installation for carrying out charge
and discharge tests.

d} Practical trial of the accumulators.

e) Optimization of charge changeover systems.-
f) Evaluation of experience with a view to cost optimization

of accumulators.

3. Relationship with other proijects

The investigations as under 2 e) will be carried out in
collaboration with the nuclear research installation Jilich
in conjunction with the "Large area hot water accumulator"
project (ET 5200 A).

4. Progress

Investigations have been concentrated until now on the

following accumulator variants:

a) Steel containers foam embedded and welded on site in
cellars.

b} Cellar lined with pressure resistant thermal imsulating
material and waterproof films.

c¢) Underground steel container lined with pressure resistant
thermal insulating material and waterproof films.

d) Undergrcound accumulator of reinforced insulating material
and film.

e) Underground accumulator of double walled steel container

with intermediate thermal insulation.
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Title of the Project: Long?erm accumulator tor uwulfi
premises and solar house architecture

Objective and Nature of the Project, Present Status:

- Continuation .......

After preliminary investigations on the suitability of
thermal insulating materials and films, three different
accumulators have been prepared until now and have been put
into use. For execution of controlled charge changeover
tests a test station has been constructed with which charge
and discharge can be varied within wide ranges. On one 40 m3
accumulator charge changeover tests have been commenced for
measurement of the temperature strata and for optimization

of the charge and discharge devices.

Investigations on the sub-project of solar house architecture

have essentially already been concluded and published.
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Country : Federal Republic of Germany

Components Type of Research
¥ Solar Collector [J Materials Research
X Heat Storage & Component Development
X air conditioning and ® Ssystems Development

Cooling Unit
O

0
O
Name of Organisation: Address:

Messerschmitt-Bdlkow-Blohm
GmbH Postfach 801169

8000 Miinchen 80
Name of Principal

Researcher
Dipl.Ing. H. Grallert

Title of the Project:

Modular solar house heating system -
Phase 1

Objective and Nature of the Project, Present Status

l. Aim

Theoretical and experimental investigations on the develop-
ment of a modular solar house system which can be marketed
in collaboration with other companies and in particular

is suitable for use in temperate zones. A variant of the
system is to be applied in combination with refrigeration

systems for air conditioning.

2. Schedule

a) Investigation, development and design work on collectors,
storage media, storage containers, heat exchangers as
well as measurement and control units. '

b) System layout from technical and economic points of

view. L .
Continuation overleaf /

Period of the Project: 15.11.74 - 30.12.76

Fund in § US: 478,500,- Government Contribution: 80%

Important Reports or Publications:
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Title of the Project: Modular solar house heating system -
Phase I

Objective and Nature of the Project, Present Status:

- Continuation .......

3. Progress

In the first development phase the emphasis was on carrying
out tharough technical and economic system analyses which
were the starting point for the necessary component
development. These analyses include estimation of the
weather effects, a design study, investigatibn of all
collector design parameters, the regulation system, heat
requirement and consumption characterization, system cost
estimation and optimization, complete simulation of the
solar thermal and of the conventional heating system as
well as thermal and mechanical computation of all compon-
ents. As essential result it was established inter alia
that the use of selective absorber coatings and that of

IR effective cover glass coatings is at present still
uneconomical in comparison with simple two-plate collectors
(flat construction) and that only the small heat accumulator
adapted to the heat requirement over approximately 1 week
is suitable as cubic hot water tank for use in 1 and 2
family houses. Taking into account the cost increase
which is expected to rise still further in the case of the
fosgil fuels it was possible with the aid of static
meteorological data to demonstrate profitable use of the
solar thermal heating system, in particular for hot service
water preparation even in central European latitudes.

From the investigations of construction for the critical
individual components two collector generators with 3 or

7 test modules of two-plate flat construction were derived
and satisfactorily tried out as regards heat transfer and
longterm durability on the openair test rig constructed

for the purpose. For the version accepted in Autumn 1975
as regards performance production investigations were

carried out with plastic'and metal frames from the point
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Title of the Project:

Modular solar house heating system - Phase I

Objective and Nature of the Project, Present Status:
- Continuation ..

L )

of view of series production. Here it was found that
. production costs were considerably lower for the metal
frame construction particularly in comparison with PU
rigid foam frames. In addition, when using load suppofting
plastic components additional thermal expansion processes
occur. Both constructions were followed through as far

as the prototype and used in complete tests.
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Country : Federal Republic of "Germany

Components Type of Hescarch
K Solar Collector (0 Materials Rescarch
Bd Heat storage O Component Development
& Air conditioning and B Jystems Analysis

Cooling Unit
0

O
OJ
Name of Organisation: Address:

Messerschmitt-B&lkow-Blohm Postfach B0l11l69

GmbH
D-8000 Miinchen 80

Name of Principal
Researcher

Dipl.-Ing. Grallert

Title of the Project:
Modular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status

1. Aim
Continuation of the work commenced in Project ET 4066 A
(first development phase) with the aim of applicational

execution and coptimization of solar heating systems for

preferred use in the domestic field.. Aim otherwise as in

Phase 1.

2. &chedule

a} Further development of collector for higher operating

temperatures.
b} Optimization of system layout.

c) Preparation of two complete research installations for

demonstration of subsequent equipment and original

Continuation overleaf /

Period of the Project: 1.1.76 - 30.6.77

. Fund in g US: 562,300,- Government Contribution:

50%

Important Reports or Publications:

242




Title of the Project: Modular solar domestic heating system -

Phase 2

Objective and Nature of the Project, Presenl Status:

= Conlinuation .......

equipment with a solar domestic heating system.
d} Investigation of the installation parameters and of

the standardizat;on of solar heating systems.
e} Basic operations for going over to series production.

3. Progress

The emphasis of the second development phase is the
installation and operation of systemwise balanced solar
heating systems in two typical applications.

In an existing inhabited single family terraced house in
Hohenkirchen near Munich a combined solar heating system
was installed for room heating and water heating with

35 m2 effective collector area and 4 rn3 water accumulator.
With the installation commissioned in June 1976 important
results were collected for simplification of the system
technology and the installation outlay.

The use of solar energy resulted by the end of the year

in a saving of more than 900 litres of fuel oil.

On the basis of the practical experience already gathered
the development trend is towards pre-installed system
sectiohs, reduced equipment outlay and carefully insulated

housing sections.

Although strict economy with combined systems is not yet
attainable today, the monovalent solar heating system with
electrical emergency héating seems to be an interesting
solution for the future.

To examine selectively effective coatings 8 additional test
collectors were tried out. Production problems in the
reproduction of SnO2 or black chromium coatings in some

cases produced worse results than expected. Attention should

be paid to condensate corrosion in the case of black chromium
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Title of the Project:

Modular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status:

-~ Continuation .......

coatings on aluminium. With selective coatings of this
type no—-lcad temperatures aover 200°C are reached. If the
cost of the coating can be reduced by more than half,,use

in one and two plate collectors appears attractive.
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Country : Federal Republic of Germahy'

Components

Type of Research

Sclar Collector

Heat Storage

Air Conditioning and
Cooling Unit

Heat Pump

DX HXX

Materials Research

O
® Component Development -
l
O

Name of Organisation:

Philips GmbH

Forschungslaboratorium
Aachen

Name of Principal
‘Researcher
Dr. H. HOrster

Address:
Postfach 1980
D-5100 Aachen

Title of the Project:

Rational use of energy and utilization

of solar energy in buildinas

Objective and Nature of the Project, Present Status

l. Aim

Analysis and evaluation of a wide variety of methods of

raticonal use of-energy and utilization of solar energy

in buildings as regards economical use. Theoretical and

experimental investigations in integrated energy systems

in a test house with considerably modified building

structure. Development of analysis method based on hourly

meteorological data. Development of solar collectors of

high efficiency.

Continuation overleaf /

Period of the Project:

18.6.74 - 31.12.77

Fund in $ US: 3935,882,-

Government Contribution: 50%

Important Reports or Publications:
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Title of the Project: Rational usé of €nergy and utilization
of solar enexgy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......

2. Schedule

a) System analysis: investigation of various methods for
optimization of solar and energy systems. Ccllation
and investigation of metecrological data.

b) Development of high efficiency collectors. Investigation
on selectively reflecting and absorbihg coatings.

c} Designing an energy experimental house with considefably
reduced energy requirement. '

d) Designing the technical equipment of the experimental
house consisting inter alia of heat pump system {for
heat recovery, energy utilization from the ground, air
conditioning), solar system (for hot water preparation,
heating), contfolled ventilation with heat recovery
and a complete data collection system.

e) Test procedure and evaluation.

3. Relationship with other projects

Programme execution will. take place in conjunction with
RWE Essen and will make a contribution to the sygtem study
on industrial utilization of solar energy under reference

ET 4045.

4. Progress

Hourly meteorological data from various meteorological
stations were recorded on tape and evaluated. Solar data
such as diffused, direct radiation for various orientation,
intensity energy dependence on monthly and annual average
were determined. The method of thermal analysis for
optimization of energy systems was investigated. Several
methods which describe the thermal behaviour of solar

systems over the year were compared with one another. A
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Title of the Project: Rational use of energy and utilization
of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......
method of data ¢ompressioh was developed. Investigation
of solar collectors was continued. Several configurations

of cylindrical evacuated collectors were analysed and
measured. Selectively absorbing coatings were investigated.
Development and test of a specially effective selective
absorber with alpha greater than equal 0.95 and epsilon
less than equal 0.! were commenced.

The energy experimental house was measured by means cf
automatic data collection. The specific energy requirement
of the 75/76 heating season as well as the performance data

of the individual energy systems of ventilation, heat pump
and solar collector were established.
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Country; JAPAN March 1978

Check the mark X in Components TIype of Research
the head of line,

corresponding to the (0 Solar Collector X Materials Research
respective components B Heat Storage & Component

and type of ! O Air Conditioning and Cooling Unit Development
researcht O Other Substantial Components

Neme of Organization: Address: 2-16, 3 Toyosu, Koto-Ku,

Ishikawajima-Harima Heavy : -
Industries Co,, Ltd, Tokye, JAPA& 135-91

Name of Principal researchert
Shinya Kameda

Title of Project:
R & D of heat storage for solar heating, cooling and
hot water supply system in multi-family residence.

Objective

The objective of this task is to evaluate and develop potential thermal storage
media and its system arrangement for utilization of solar energy.

Summarz
a) Type:

The prototype of phase change heat storage, based on heat of fusion or
storage media, such as salt hydrates and paraffin hydrocarbon.

b) Heat capacity:

C ; 87 kWh/m> (temp. range, 110°%¢ to 120°C, salt hydrates)
55 kWh/m3 (temp. range, 90°C to 105°C, paraffin hydrocarbon)

c) Latent heat1

h 3 74 kWh/m3 (melting point 110°C to 130°¢C, salt hydrates)
46 kWh/m3 (melting point 90°C to 105°C, paraffin hydrocarbon)

d) Heat exchanger:

The heat exchanger to transfer the heat from the pressurised water (and oil

for experiment only) to the storage media is a shell-tube type with finsg
and fillers insulated with 100 mm insulation materials.

e) Expected life time: 15 to 20 years

Period of the project: 1974-1980

Fund in US$:r Current year (1978)}: 55,300 8.
Up to date total : 57,800 %
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Check the mark y in Componentsg ! Type of Research
the hend or line, T e [t S ST
: ‘{Materiails Research
corresponding to the [:] Solar Collector [E]b1t9r1al
X [%] Heat Storage [x] Component Development
respective Componctg ' . e
CAir Conditioning and Cooling Unjt
and type of research:
yp esearch Other Substantial Componentg

Eﬁﬂ? or“9£gqﬂi§ggiqq: Address: '
Mitsubishi Flectrje Corporation 2-3 Marunouch; Z-chome

Name of Principal researcher: Chi)%)de—ku, Tokyo
.____T_____H__hi_hu_iﬁnu___i
Junjire Kai

_.__——_._____ _— ___.____.___.,,_____.,_‘_,_ __*—-—_‘_ﬁ___,__-____.._____—__-.—._———_.__._—‘—

Title of Project .
_
Solar lleat Storage

— T —— —

T ee—— L -_—_._‘_L__.__-._———._._--__ e eV

Object e _and Nature of the Program:

The object of this Program is the development of heat storape

utjlizing latent heat of fusion to Storc heat from the collector

and sSupply it to the Renkin~Cycle cngine.

- The thermay Padrameteors required are gs follows,
1) heat Capacity: 12 kxwh
2) heat rates

. \\\
Inpur: 12 kw
Output . 9.3 ki

3) Operating tomporature Tange:

imuyt: 100 - gpoc
MRt e L e,
The researep PTO0an

Consists or two iftems:
1) heat storage mtoria]s and thejr application technology
) structure of heg Storage wijth high therma cfficiency

- - Ly, . -
Heat Storape of tOTng model jg now under construction.

. e C
Final goaj of this hpram is the doVo]opmont of the heat S'?fcﬁ*%
which satisfies roqnlr°d5ermal Parametersg, ff

— — e e ’,
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rl Present Status or Summary of Si

e e e e e

gnificant Accomplishment:

Heat storage to test the hcat exchanger and the nuclcating

system has been constructed.

a) typece: latent heat storagc with storagc medium

of ammonium alum

h) hecat capacity ¢: 9.7 kwh/m> (solid, 04 -80°C)
c) latent heat h: 107 kWh/m2 (ligquid, 94°C)

d) heat exchanger: YES, plate fin type
heat transfer fluid:

e¢) heat ratc: input: .1 kW
output: 7.0 kW

water and refrigerant
R114

f) insulation: rock wool, 80 mm thick

g) expected life
time t: under inspection

Thermal paramctcers of the plate fin type heat cexchanger was

ohtained, and the nucleating system tested was found cffective.

Corrosion tests for several matcerials to construct hcat storage

were done.

Period of the Project: 1974 - 1980

Fund in § US: - Current Ycar 21,700 (FY 1077)

Important Reports oOT publications: Nonc




Format of Survey on Zomponents for Solar Heatlins,

Cooling and Hot Water Supply Systems

Country: JAPAN

Check the mark X in .
the head of line,

corresponding to the
respective components

and type of research:

f
Components Type of Research

{J Solar Collector ) EE EQEE;I;IE_éésearEE o
Heat Storage 2 Component Levelopment

=
C Alr Condlitioning and Cooiing Unit
o Other Substantial Components

Hame of Organization:

Addressy

Toyo Netsu Kozgyo Kalsha,Ltd. 2-5-12 Kyobashi, Chuoku, Tokyo, Japan

- Name of Principal Regearcher:

Yasuo Tanaka

Title of Project:

Solar Heating, Cooling and lot Water Supply System for Large Bulldings

L

- Objective and Nature of the Program:
The objectlve of our program is to develop lnnovative and economical heat

storage equipment for solar héating. cooling and hot water supply system for

large buildings.

We make use of sensible heat of water for the main system of heat storage.

In evaluatling the efficlency of heat storage water tank, we found that the

performance of this type heat storage equlpment was influenced by the flow

pattern and that

the storage efficlency of the piston flow type water tank

was better than that of the mixed flow type water tank concerning the

effectiveness of

energy storing.

Moreover, to reduce the cost of this type of heat storage system, research

will be made on the methods of using such spaces as basements between footings

of the bullding structure and on the improvement of the performance of this

type of heat storage tank.

- Present Status or Summary of Significant Accomplishment:
To evaluate the actual performance of the heat storage water tank in a
practlcal system, two 45 m3 Piston flow type water tanks, which will be able

to store a large amount of heat on Sundays or Holldays, have been constructed

251

e,




wlithin the experimentai building in the compound of Ci‘a University, Thig
experiment will be made bezinning April, 1978 for some vears,
Characteristics of these heat siorige Wwater tanks are as follows,
a). Type and Conflruration
Storage medlum 1s water., These tanks made of steel can store chilled water
durlng the sunmer season or warm water during the winter Seascn only whaen
the sysiem operates with solar snersy. Conflzuration of the tank i3 4,5 n
in length, 2.5 m in width and 4.8 m in helzht.
b). Heat capaclity
Heat capaclity is about 5.8 x 103 'n’h/m3 and temperature rarze is 19-1%5 ¢
in summer and 40-45 C in winter.
c). Latent heat
Fhase change materlals are not used.
d). Heat exchanger
There are not any hea! exchanzers within these taniks.
e). Heat rate
~ Same as abtove.
f). Insulatinn
| Insulation arcund these tanks conslsts of 100 ma rizld urethane foarn.
£). Expected 1ife tine

Expected 1ife time is about 20 years,

This project started in July 1974 and will end in Marsh 1950,
- Fund in 3 Us:
- Current year **»+¥»+x»xxxx $4,05 000

- Total for the period *** figure not available at present siage

- Important Reports or Fublicatlons:
Hothing 1n English
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Country : THE NETHERLANDS

Components ; Type of Research ;
[J Solar Collector Material Research : .
Heat Storage Component Development

O Air Conditioning and Cooling Unit
0J Other Substantial Components

Name of Organisation : Address : BOUWCENTRUM
BOUWCENTRUM BINNENMILIEUTECHNIEK
Weena 700-Postbus 299
Name of Principal Researcher : ROTTERDAM-Holland
IHS-_J-M- van Heel tel. 010~116181 ext. 2601

Title of Project :
DEVELQPMENT OF A CONCRETE HEATSTORAGE SYSTEM

Objective and nature of the program

The sun does not shine very often in Holland and therefore we have to develop solar-
energy systems based on low-running cost. To achieve this it is necessary to de-
velop durable systems which are not expensive to make and require hardly any main-
tenance. In this context we have designed a concrete heatstorage system, which has
the shape of a square column placed in the centre of the house. To prevent over-—
heating of the house the column is insulated. Inside the column there are tubes
through which the air to be heated flows. The measurements of the column are:

about | m square and 6 m high. For hot-water supply a spiral tube through which
water flows is placed inside the column.

Present status

A preliminary study has been carried out from which we learned that the heatstorage
capacity of the concrete column is approx. the same as half that of a water storage
system based on the same input data. A simple computer model has been made and this
will be developed in the following study.

worm air to house

-3

warm air from collector

J,:oohd air to collector

\L \L mooldlirl‘romhmn
0

N

|

concrets storege mystem(principle scheme) 2573




Country : THE NETHERLANDS

Components : Type of Research :
.83 Solar Collector &) Material Research
&d Heat Storage k) Component Development

O Air Conditioning and Cooling Unit
00 Other Substantial Components

Name of Organisation : Address :
* BOUWCENTRUM

BOUWCENTRUM BINNENMILIEUTECHNIEK

Weena 700-Postbus 299

ROTTERDAM-Holland
tel. 010-11618] ext. 2601

Name of Principal Researcher :

Ing. J.M. van Heel

Title of Project :
DEVELOPMENT OF AN INTEGRATED COLLECTOR HEAT-STORAGE SYSTEM

FOR LOW-COST HOUSING PROJECTS

- Objective and nature of the program

The aim of this study is to develop a type of collector which is not expensive to
make, is durable and requires hardly any naintenance. We, therefore, chose an air-
cooled collector combined with heatstorage.

The collector consists of a concrete slab with metal ducts incorporated in the sur-
face of the slab. The air to be heated flows through the metal ducts. The slab can
be covered with prefabricated double glass or evacuated tubes with a selective
coating on the inside of the tubes. Another possibility is to use a movable insula-
tion screen between the glass panes. Back and sides are insulated. This type of
collector can be combined with an air-heating system for heating the house. For hot-
water supply this collector can be connected with an air-heated boiler.

~ Present status

This collector is being studied at the moment in connection with an EEC assignment.
A prototype has been built and has been tested for several months. A computer model
has been made. The final report concerning this study, can be expected in March '78.
This study is being carried out in co-operation with the Institute of Applied
Physics in Delft (Holland).
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continuation !: BOUWCENTRUM -18-
Title: Development of an integrated collector heat-sgtorage
system for low—cost housing projects.
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Country : THE NETHERLANDS

Components : Type of Research :

1 Solar Collector O Material Research
& Heat Storage O Component Development

O Air Conditioning and Cooling Unit
] Other Substantial Components

Name of Organisation : Address :

BRON§WERK B:V' ... Brabantsestraat 10
Heating & Airconditioning Dept. P.0. Box 28

Name of Principa! Researcher : AMERSFOORT

Ir. P.G.S. Rutten tel. 033-39313

Title of Project :
SOLAR BOILERS FOR DOMESTIC HOT WATER SUPPLY AND SOLAR HEATING

INSTALLATIONS FOR SWIMMINGPOOLS

- Objective and nature of the program

Bronswerk delivers complete solar boiler packages for the '"do it yourself" market,
consisting out of three collectors of 1.2 m? each, a 160 liter storage tank, all
necessary accessories and assembling instructions. _
However, assembling by Bronswerk is also possible. A conventional fired boiler for
additional heating is not included in the prices of the standard packages, being:
Sollektor i, natural circulation, price zbout $ 600,— + V,A.T.

Sollektor 2, pump circulation, price about § 700,-- + V.A.T.

Solar heated swimmingpool installations are also installed by Bronswerk

R&D done by Bronswerk is limited only to the improvement of the hot water storage
tanks and integration of storage and additional heating.

The solar collectors with aluminium Roll-bond absorbers (from the USA) are developed
by cooperation between the firms Nijs & Vale and Van Heugten. For further data of
these collectors see attached sheet of Nijs & Vale.
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Country : THE NEYTHERLANDS

Components ; Type ot Research :
@ Solar Collector @ Material Research
{8 Heat Storage © Component Development

0 Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisation : Address :

CALCOL B.V. Binnenhoek 34,
P.0. Box 7

Name of Principal Researcher :
TIEL

Mr. J.B. Mulder tel. 03430-5244

Title of Project :
DEVELOPMENT OF AN INTEGRATED SOLAR BOILER SYSTEM

{— Remarks

. Calcol B.V. is a joint-venture started in 1977 of the following three Dutch firms:

1. DRU, Koninklijke Fabrieken Diepenbrock & Reigers B.V.,Hutteweg 24, Ulft.
(Fabrication of the solar collectors).

2. Koninklijke Metaalwarenfabrieken Daaldrop B.V.,Binnenhoek 34, Tiel.
(Fabrication of the storage boilers).

3. Van Swaay Installaties B.V., Bredewater 24, Zoetermeer (P.0. Box 220)
(System design and automatic control)

General contact person for the overall Solar Beiler System design is:

Mr. W.H. Wijckerheld Bisdom of Van Swaay Installaties B.V., tel. 079-219363.

Objective and nature of the program

Development of integrated Solar Boiler Systems with different capacities for hot
tap water supply.

Present status

-Because this cooperation has just started in 1977, these complete Solar Boiler
Systems are not yet ready for delivery in large quantities. However, the flat
blate solar collectors to be used, are already produced by DRU-Ulft in hundreds
for space heating projects in The Netherlands. The Institute of Applied Physics
TNO-TH-Delft has done the necessary research and development of durable selective
coatings of high performance for the DRU-collectors. For more detailed information
?f t?ese collectors is referred to the "format" and the "attached sheet™ of this
institute.
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Country : THE NETHERLANDS

Components : Type of Research :
O Solar Collector [J Material Research
X Heat Storage ‘ Companent Development

O Air Conditioning and Cooling Unit
O Other Substantial Components

Nume of Organisation : Address: Stieltjesweg 2, P.O. Box 69
Delft Soil Mechanics Laboratory Delft

tel. 015-569223
Name of Principal Researcher :

ir, W.J. Heijnen

Title of Project: The use of soil as a storage-medium for seasonal storage of solar
.energy in relation with the scil composition and the boundary conditions.

The program will be carried ocut by three orginisations.
Besides the D.S.M.L. the names cf the other organisations are:
Institute of Applied Physics TNO-TH-Delft.

Philips Energy Systems - Eindhoven, |

Objective and nature of the program:

The objective of the project is to investigate whether the use of soil as seasonal
storage for solar energy can be used to make groups of houses 100% solar heated
(except electric power for pumping).

Different soil conditions and solar heating systems, with and without heat pumps,
will be investigated.

The program consists of:

1. Inventarisation of thermal properties of soils, modeltests and development of
calculation medel.

2. Comparison between the measured data of the Veldhoven proj°Ct (Philips) and
the calculated data.

3. Investigation of other solutions, for seasonal storage of solar energy in
the soil, compared to the used one in Velhoven.

4, Final design of one project consisting of a group of solar houses coupled
with a joined seasconal storage system.
Economic evaluation of different solutions for the seasonal storage system.

Period of project
january 1, 1978 - september 30,-1979

Fund: Fl1 719,975 (amount in national currency).
(Approx. rate in January 1978: 1 US$ = 2,25 Dfl.)
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Country : THE NETHERLANDS

Tf

Components : Type of Research :
[J Solar Collector [J Material Research
&) Heat Starage  Component Development

O Air Conditioning and Cooling Unit
3 Other Substantial Components

Narne of Organisation : ‘ Address :
DELFT UNIVERSITY OF TECHNOLOGY

Heat Transfer Group, Applied Physiscs Lorentzweg 1,

P.0. Box 5046
2600 GA DELFT
Ir. H. van Ooijen tel. 015-786037

Name of Principal Researcher :

Title of Project :
HEAT STORAGE IN PHASE CHANGE MATERIALS

— Objective and nature of the program

The aim of the project is to design, construct and test a thermal energy storage
system based on phase change materials, that can be used in combination with solar
heat collectors. Because both the amount of heat gained by the collector system and
the amount of heat required by the user fluctuate with time, storage systems will
be studied with a heat storage capacity between a few hours and a few days.

The required temperature level of the system depends on the application. For this
pProject the range between 30° and 150°C has been chosen.

Two application items will be studied:; the case of space heating and the case of
heat storage to drive a solar-powered absorption refrigerator. A fundamental study
on the heat transfer to the phase change material, the melting and solidification
behavior of the phase change material and the segregation will be performed.
Prototype units will be built and tested. Transient response, heat losses and aging
of the systems will be studied.

Emphasis will be on the study of encapsulated materials.

~ Present status: The project will start in August 1977.

— Period of the project: August 1977 to August 1980.

~Fund in $US: - Current year $US 12,000.
- Total for the period $US 100,000.
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Country : THE NETHERLANDS

Components ; Type of Research :
[ Sofar Coilector (] Material Research
&) Heat Storage &! Component Development

O Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisation : Address :
EINDHOVEN UNIVERSITY OF TECHNOLOGY
P.0. Box 513

LAB. HEAT TECHNOLOGY
EINDHOVEN

Name of Principal Researcher ;

J.P. Simon Thomas tel. 040-472125

Title of Project :

INTEGRATION OF WATERTANK STORAGE, HOT WATER BOILER AND AUXILIARY HEATER

Objective and nature of the project

Objective
- The basic development of an integrated storage—heater unit of cost-effective design.

Aspects_to be studied

— The coinciding functions of the watertank storage, the hot water boiler and the
auxiliary heater,

- The possible ways of combining the coinciding functions,

- The performance of the preferred combination(s),

— Such practical aspects as safety, control, corrosion, noise production, etc.

Establishment of the main features of the integrated design and definition of the
problems requiring further investigations in order to optimise the unit.

Present status of knowledge

The separate incorporation of a thermally stratified watertank storage and an
auxiliary heater in a solar heating system causes unnecessary investments, due both
to the cost of the components and the mounting. Moreover the storing capacity of the
watertank coincides with the main function of a conventional hot water boiler.

A simple combination of the three units mentioned above has been devised, and intro-
ductory experiments have shown the performance to be beyond expectations. Further
investigations are being executed to confirm and refine the experimental results.

Period of the project

The project is scheduled for the years 1976-1979, with an average effort of 1,5 man,
technical assistance included. The fundings proceed from the autonomous means of the
EUT, and correspond to roughly $ 20,000 per year, overhead included.

An internal report is due to appear within a few months.
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Country : THE NETHERLANDS

Components : Type of Research :
] Solar Collector O3 Material Research
8 Heat Storage Component Developmens

O Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Qrganisation : Address :
EINDHOVEN UNIVERSITY OF TECHNOLOGY P.0. Box 513
LAB. HEAT TECHNOLOGY e

EINDHOVEN
Name of Principal Researcher : e —
L.S. Fischer tel. 040-472115

Title of Project :

SEASONAL STORAGE OF SOLAR HEAT IN THE GROUND

Objective and nature of the program

Objective
The development of economically viable and practicable methods for the seasonal
storage of solar heat in the ground.

Aspects_to_be studied

- Fundamental: Heat transfer by conduction, natural convection and vapor transport
in the ground; typically for instationary conditions.

- Technical : a) Lay-out, design and manufacture of heat exchanging surfaces and

thermal insulation

b) Control strategies for the loading and unloading of the storage.

- Economical : Cost optimization between heat demand, collector area and storage
capacity.

Short range goal (Dec. 1978)

Exploratory calculations have proved the physical feasibility of seasonal storage in

the ground for storage capacities beyond 10° kWh. As unsurmountable technical pro-

blems have not been detected and the economical prospects appear to be fair, the

following short range goals (Dec. 1978) have heen set:

- consolidation of the theoretical results,

- experimental verification of the calculations, particularly as regards any natural

" convection and vapor flow,

- checking the technical practicability by execution of an experiment on semi-
technical scale.

The réquired capacity of a seasonal ground storage for solar heat is typically 10*
kWh for the average Dutch dwelling. The half-life of such a storage has been calcu-
lated to be about 2} months. Consequently the half-life of a storage with a capacity
of 10° kWh amounts to 8 months, which is sufficient for seasonal storage.
‘The volume of such a storage is about 5000 m3, the maximum temperature of the ground
being restricted to 80°C in order to avoid axcessive water vapor pressure.

Both economical and technical considerations plead for a slice-like lay-out of the
storage, with a thickness of at least 5 meters, a very good thermal insulation on
the top of the slice and a projected area according to the capacity. The loading and
unloading of the storage may be effected by steel or plastic tubes at a mutual
lateral distance of, say, about | m. The tubes may be horizontal, vertical or in-
clined. Heat at high temperatures should be stored in the upper layers of the slice

and heat of moderate temperatures in the lower ones.
: 261 see continuation |




continuaticn 1

SEASONAL STORAGE OF SOLAR HEAT IN THE GROUND (Eindhoven University of Technology)

Period of the project

The prOJect is scheduled for the years 1976-1980, with an average effort of I
senior research officer. The fundings proceed from the autoncmous means of
the EUT and correspond to roughly $ 50,000 per year, overhead included.

A paper on the most significant accomplishments will be presented at the ISES
meeting 1977 in New Delhi.
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Country : THE NETHERLANDS

Components : Type of Research :
(4 Solar Collector (& Material Research
&3 Heat Storage @ Component Development

Bd Air Conditioning and Caoling Unit
O Other Substantial Companents

Name of Qrganisation : Address :
N.V. PRILIPS GLOEILAMPEN FABRIEKEN Commercial Dept. Light - Solar Collectors
Building EK-p

EINDHOVEN
tel. 040- 756716

Name of‘Principal Researcher : (Contact Person)

Dr. Ir. S.H.A. Begemann

Title of Project :
R&D ON SOLAR-THERMAL COMPONENTS

- Solar Collectors

Flat plate collectors (Eindhoven)

Improved top-insulation through application of layer of evecuated tubes.
+ Absorber - steel (copper or aluminium optional)

. Cover - glass -
+ Insulation ~ polyisocyanurate
glasswool

evacuated glass tubes
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: at = + 70%

K=+ 2.2 Wn2% at At = 40°C
. Other info proprietary.

Tubular collector {Achen-Germany)

Absorber & heat exchanger inside vacuum. Heat pipe configuration
. Material - glass
. Insulation - vacuum
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: atr = * 80%
K=z 1.7 Wn2% at ar = 80°C
. Other info proprietary.

Concentrating collectors (Eindhoven)

Line concentrating fresnell strip mirror with solar powered automatic tracking.
. Temperature max. 300°C

. Material - glass

. Life time -~ 10-20 years

. Other info proprietary

~ Heat Storage (Aéhen—Germany)

a. Reversible chemical reactions for long term energy storage (100-400°C)
b, Latent heat storage for low grade (roomtemp.) heat,

. Other info proprietary
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Continuation ! R&D ON SOLAR-THERMAL COMPONENTS
{N.V. PHILIPS GLOEILAMPEN FABRIEKEN)

=~ Air conditioning & Cooling (Eindhoven)

a. Absorption - COP 1.5
b. Stirling cycle - COPol.B independent of temp. difference at
400°C source temperature.

Capacity — < 20 kW
Other info proprietary,
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Country : THE NETHERLANDS

Compaonents : Type of Research :
[1 Solar Collector [J Material Research
&} Heat Storage , Heat pump 2 Component Development

O Air Conditioning and Cooling Unit
[ Other Substantial Components

® Computer simulation

Name of Organisation : Address :

CENTRAL TECHNICAL INSTITUTE TNO Laan van Westenenk 501,
P.0. Box 342

APELDOORN-ZUID
tel. 055773344

Name of Principal Researcher :

Ir. H. van der Ree

Tileof Project - ¢oMPUTER SIMULATION OF A HEATING SYSTEM CONSISTING OF
A HEAT PUMP IN COMBINATION WITH SOLAR COLLECTORS

- Objective and nature of the program

One of the possible heat sources for the heat pump is direct solar radiation. The
"cold side" of the heat pump is then connected to the solar collector. This has an
important advantage: the temperature of the solar collector is lowered artificially
which results in an increase in its heat gain. For this gain in heat a price has to
be paid, namely the energy consumption of the heat pump. The ratio of these two
amounts of energy largely determines whether there is sense in application of a heat
pump or not. In this study a computer simulation is made of a heating system con-
sisting of a house with solar collectors, heat pump, heat storage on both sides of
the heat pump, and auxiliary heating.

Conclusions.

If the energy consumption of the electrical heat pump and auxiliary heating is ex-—
pressed in terms of primary energy and this system is compared with a solar heating
systemwithout -heat pump, then no saving of fossil fuel is achieved. The energy
cost of solar heating systems with heat pump are higher than those of the same
systems without heat pump. These conclusions are valid only for the system des-—
cribed. To allow more general conclusions to be made it is necessary to optimise
the solar heating systems before a comparison can be made.

— Period of the project
= Fund in $ US: - Total for the period 1975-1976 $US. 20,000.--

— Important publications

H. van der Ree
De warmtepomp in verwarmingsinstallaties met zonne—energie;
Tekst van een voordracht gehouden voor de TNG/TVVL-dag nr. 5, oktober 1975.

H. van der Ree

De mogelijkheden voor de toepassing van de warmtepomp in combinatie met
zonnecollectoren.

Tekst van een voordracht gehouden voor de Stichting Post Doctoraal Onderwijs in
het bouwen op 31-3-1976.

Intern verslag ref.no. 76-01605 d.d., 9-2-1976, dossier nr. 02-5-50370
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Country : THE NETHERLANDS

F
Components : Type of Research :

O Solar Collector : [0 Material Research
£ Heat Storage &l Component Development
O Air Conditioning and Cooling Unit
[0 Other Substantial Components

Name of Organisation : Address :

CENTRAL TECHNICAL INSTITUTE TNO Laan van Westenenk 501,

P.0. Box 342
Name of Principal Researcher : APELDOORN-ZUILD
Ir. P.G.M. Nievergeld tel. 055-773344

Title of Project ;
INVESTIGATION ABQUT USING THE SOIL AS A NATURAL HEAT SQURCE FOR HEAT PUMPS

- Objective and nature of the program

The aim of the project is evaluating the soil as a natural heat source for heat pumps
for the heating of houses. Among the points to be investigated are how much heat can
be stored in and extracted from the soil during an average summer and winter.

The program will be executed as follows:

1. Study of literature of simultaneous heat and moisture transfer in the soil caused
by temperature gradients of the moisture content. Collecting basic data with
respect to thermal properties of Dutch soil, the level and stream of ground water,
the meteorological conditions and the temperature of the undisturbed soil.

2. Developing a mathematical model for the heat transfer in the soil to and from the
buried heat exchanger. The possibility of using a computer program developed by
this institute for calculating heat transfer by means of the finite element
method will be investigated.

3. Optimising the heat exchanger buried in the soil. In case this is made up of tubes
the problem is to ascertain the required tube diameter, the distance between ad-
jacent tubes and the depth at which the tubes have to be buried. It will also
be gone into whether preference has to be given to a vertically or horizontally
buried heat exchanger.

4, Calculating heat transfer in the soil to and from the buried heat exchanger and
with the aid of this ascertaining the amount -of heat which can be withdrawn from
and stored in the soil for heating purposes. -

5. Calculating the thermal behaviours of a heat pump system using heat from the soil,
serving the purpose of heating a normal, well-insulated house over an average
Dutch winter season.

6. Technical and economical evaluation of the merits of the heat pump system con-
sidered. Recommendations for further research.

— Period of the project

Final reporting about half 1978

= Fund: $US 60,000.-—— 266




Country : THE NETHERLANDS

Components : Type of Research :
[J Solar Collector 1 & Material Research
B2 Heat Storage Component Development

O Air Conditioning and Cooling Unit
[J Other Substantial Components

Name of Organisation : Address ;

Institute of Applied Physiscs TNO-TH P.0. Box 155, Delft

The Netherlands
(tel. 015-569300)

Name of Principal Researcher :
Ir. C. den Ouden

Title of Project :
' ! Development of a thermal storage system based on encapsulated

p.c.m.-materials

Objective and Nature of the Program

Development of a short term storage system, based on a phase change material
encapsulated in a polymer, capable of storing a few days surplus of solar heat
200 kWh = 700 MJ) at a temperature tevel of 35-600C.

Present Status or Summary of Significant Accomplishment

A fev promising p.c.m.-materials are encapsulated, that show little supercooling
and promising thermal properties;

Durability tests 6f several encapsulated samples show that the thermal praperties
after more than 100 cycles do not change.

A first prototype is made, and will be tested in the beginning of 1978.

Period of the project: 1977 - 1979,

Fund in § US: - Current Year 110 Q00 § *
~ Total for the Period 350 000 $

This research is carried out in cooperation with Mayhall Chemical AG, CH;
507 of the expenditure for 1977 is made available by the Commission of the

"European Communities.

Portant Reports of Publicationg: -
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Country : THE NETHERLANDS

Components : : Type of Research :
O Solar Collector _ &] Material Research
[X Heat Storage &) Compaonent Development

D Air Conditioning and Cooling Unit
O Other Substantial Components

Name of Organisation : Address ;

Institute of Applied Physics TNO P.0. Box 155, Delft
The Netherlands
(tel. 015-569300)

Name of Principal Researcher :

ir. C. den Ouden

Title of Project : Development of a reaction vessel of a thermal storage system

using the heat of adhesion.

Objective and Nature of the Program

- To design a reaction vessel or reaction room, for short term or long term heat
storage systems, using the heat of adhesion.
- A broadening of the knowledge on the heat production by the absorption of water

in different poreous products.

Present Status

- The project will start in januari 1978.

Period of the Project: 1.1,1978 - 1.7.1979.

Fund in § US: Total for the period $ 200.000%

®557 of the expenditure is made available by the Dutch Solar Energy Program,

and 457 by the Commission of the European Communities.
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Country : THE NETHERLANDS

Components : Type of Research :
CC Solar Collecter Material Research
[ Heat Storage &) Component Development

[J Air Conditioning and Cooling Unit
(3 Other Substantial Components

Name of Organisation: INSTITUTE FOR ORGANIC Address :
CHEMISTRY TNO (INO = Organization for P.0. Box 5009
Applied Scientific Research in the Neth.) 3502 JA - UTRECHT

Name of Principai Researcher : Tel. 030 ~ 882721
Dr. A. Mackor

Title of Project :
PHOTOCHEMICAL STORAGE OF SOLAR ENERGY FOR HEATING OF HOUSES AND BUILDINCS

L]

~ Objective and Nature of the Program

As discussed at the First International Conference on the Photochemical Conversion
and Storage of Solar Energy (London, Ontario, August 1976), the state of the art in
various disciplines now allow a successful approach to the problem of photochemical
storage of solar energy in an organic model system. We have chosen for the reversible
norbornadiene/quadricyclane system in which solar energy can be stored at room tem-
perature for indefinite periods and regained as low-caloric heat,.

light
+
sensitizer
, ; Energy storage
catalyst 110 kJ/mol C7H8
NBD - heat QC

Our research mainly consists of three phases, overlapping in the time-scale, each
lasting about two years.

1. Development of new and more effective photosensitizers for the forward reaction
and furthermore immobilization of these sensitizers chemically onto organic polymers.
2. Optimalization of a transition metal catalyst (e.g. rhodium complexes), in colla-
boration with Prof. H. Hogeveen (State University of Croningen) and Prof. W. Drenth
(State University of Utrecht), using phosphine or otherwise substituted organic po-
lymers for binding the metal catalyst.

3. Building a working and cyclic model system in glass apparatus and testing its
long-term performance. From this point the technological development may be started.
In principle such a photochemical solar heating (or cooling) system is feasible as
shown by a Battelle study {Solar Energy, 17 (1975) 367]. See attached drawing. This
program will be carried out in collaboration with the Institute for Physical Chemis-
try TNO and the Institute of Applied Physics TNO/TH.

—~ Present Status

We have progressed in phase ! to the point that we have synthetized acridone-type
sensitizers, which absorb visible light (Apax “400 nm) and which can store this ener-
gy by effective rearrangement of NBD and derivatives to give QC. This research is
considered to be a "bottlenmeck" in the progress of our work and of other groups
working in this field (e.g. Drs. C. Kutal and R.R. Hautala at the University of
Georgia and Dr, W.H.F. Sasse of CSIRO-Australia).
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Continuation 1: INSTITUTE FOR ORGANIC CHEMISTRY TNO

Title: Photochemical storage of solar energy for heating of houses and buildings

— Period of the Project 1977 - 1980

Level of funding in 1977 US$ 100.000,-
1978 US$ 110.000,-
1979  US$ 120.000,-
1980 Us$ 130.000,-

N\sensitizer on
polymeric support

catalyst on pump

- ) polymeric .support
storage :
vessel
heat exchapger
/E AAAAAAANAANAANNNAA q\
> \_/ \ S —
valve valve
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}ngmny: THE NETHERLANDS

Components : Type of Research :

{J Solar Collector
K3t Heat Storage

0 Air Conditioning and Cooling Unit
[ Other Substantial Components

[J Material Research
kkCompaonent Development

Name of Organisation :

VEG~-GASINSTITUUT n.v.

Address: VEG-GASINSTITUUT n.v.,
Wilmersdorf 50, P.0O.Box 137,
APELDOORN.

Name of Principal Researcher :

ir. A.C. Koelewijn.

tel. 055-230808,

Title of Project :

Solar Energy as a Complementary Source of Energy for Domestic Heating and Hot Water

Supply

Objective and Nature of the Program:

a. the technical feasibility;

The object of this test project is to determine:
1. the contribution of these installations to the total energy consumption of dwelling
2, the general applicability in dwellings as regards:

b. the economy of the tested systems:
3. the optimal design of gas appliances as a source of heat to complement the
greatly variable supply of solar energy.

Present Status or Summary of Significant Accomplishment:

Apeldoorn.
Purpose

Primary cooling
Summer protection

Winter protection

Separation primary/secundary

Tap water system

Secundary heating system

Further energy conserving provisions

Integration

= Important Reports or Publications:

-

(GAS, januari 1978).

Technical characteristics of the solar energy installation in the test project

: water/glycol with pump circulation

- Period of the Project: System analysis during 3 years.

- Fund in $ US: - Current Year $ 100,000
- Total for the Period $ 150,000

1. Report "Zonne-energie in Apeldoorn®, VEG-GASINSTITUUT n.v., november 1977. -

2. "Experimentele zonne-energiewoningen in Apeldoorn', J.H.M. Heimeriks, P.Th.J.
Overman, A.A.J. Thomassen (GAS, december 1977).

3. "De accumulatie van zonnewarmte in de vlceren van' een woning" A.A.J.Thomassen

space heating and hot water supply

discharge of heat through convectors on the

roof (control), through pressure and temperatur

operated cut-off switches on storage vessel.

water/glycol mixture

through separating heat exchanges

auxiliary heat supply in combined water heated

indirect air heating installation

insulation according to current standard +

double panes

complete integration of the three components:

1. accumulator in the floor construction of
the dwelling;

2. DRU-collectors and

3. convectors in the roof construction
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Attached Sheet (VEG-GASINSTITUUT n.v.)

Solar Collector

These collectors are fabricated by DRU- ULFT according to the design of the
Institute of Applied Physics TNO - TH - DELFT.

Mmoo e

g.
h.

type flat plate.
=T = 0.78,

Dimensions 1650x800xS4mm.

overall heat loss coefficient U [ﬁ/mz.é] étemp. range 8 [?é]) 4-5 (30-700C).
heat capacity (fluid included) é:=3.8 Wh/m"™ .K.
heat transfer medium (water/glycol).

material i)

ii)
iii)

expected life time 20y
estimated cost ($ US/m”) $ 100/m

Heat storage

‘A.
b.
c.
d.
e.
f.

-~

g.

type

heat capacity
latent heat
heat exchanger
heat rate
insulation

absorber: two 0.8 mm steel sheets, seam welded, and pressure,
expanded covered with a coating of black glass enamel with a
doped tinoxide layer. w==0.92; £ < 0.2.

cover plate: glass, single 4 mm T = (.85,

insulation: glasswool, 5 om.

2

in floor mass 05 ground fleoor and. first storey.
90 x 0,2 = 18 m™ of concrete {total)

not applicable

spiralling pipes in floors

E U TR T Y TR TR 1Y

below ground flcor

expected life time : 50 years
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INTERNATIONAL ENERGY AGLENCY
SURVEY OF COMPOMEMTS FOR SOLAR HEATIHMG
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: HEY ZEALAMD

COMPONENTS TYPE OE RESEARCH
i
SOLAR COLLECTOR [(JMATERIAL RESEARCH
[X] THERMAL ENERGY STORAGE [X] COMPONENT DEVELOPMENT

[JAIR CONDITIONING UNIT
{ ] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS
PEL, DSIR PEL

NAME OF PRINCIPAL RESEARCHER

R.F. Benseman

TITLE OF PROJECT

Develop packaged solar water heater

OBJECTIVE AND NATURE OF THE PROGRAMME:

To produce a packaged ground-mounted solar collector/tank that
will temper water for hand washing. Unit ‘to be constructed
of steel, yet compatible with copper plumbing systems.
Intended for use in schools,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Six units constructed and now on field test. One unit to Fiji
fer evaluation.

PERIOD OF PROJECT: 1976-77
FUND IN $ Nz  N.A.

IMPORTANT REPORTS OR PUBLICAT[ONS:
Patents being applied for.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONEMTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: HEY ZEALAMND

COMPONENTS : TYPE OF RESEARCH
[ sOLAR COLLECTOR [] MATERIAL RESEARCH
K] THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT

[JAIR CONDITIONING UNIT
(] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATIOM ADDRESS
School of Architecture, University of Auckland,
o Iniversity of Aueplland Private Bag, Auckland, N.,Z.

MAME OF PRINCIPAL RESEARCHER
Prof. H. Marshall

TITLE OF PROJECT

Solar space “heating of houses in New Zealand.

OBJECTIVE AND NATURE OF THE PROGRAMME:

In this project, a low technology house was designed using
fairly conventional architecture and building methods,

The design team of students attempted to minimise space
heating requirements by using solar energy stored in the
floor and walls,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Design is complete

PERIOD OF PROJECT: 1976

FUND IN $ Nz 3500

IMPORTAMT REPORTS OR PUBLICATIONS:
Draft report in bands of New Zealant Energy Rescarch and
Development Committee Contract No. 3081
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e e e e

Country: Sweden

e e :

Check the mark X in Components Type of Reseoirch
the head of line, O Solar Collector fggriaterials Research
corresponding to the |[&:iieat Storage &) Component Development

respective components |[J Air Cohditioning and Cooling Unit

and typé of research: |[Z Cther Substantial Components

Name of Organization: Address:
AB Atomenergi Studsvik
' Fack
Name of Principal researcher: S - 611 01 Nykdping
H Hedman Sweden

Title of Project:

Energy Storage by Modified Use of Salt Hydrates.

Objective

The principal aim was to study the possibility of overcoming the well-known phase
separation effects experienced particularly with Glauber's salt (sodium sulphate
10-hydrate) when used as a latent heat energy storage material. Glauber's salt
Eorage medium on account of its high heat of fusion,

is attractive as a solar heat s
ca 250 kJ/kg (approx. 100 kWh/m”) and rather low melting point (32.5°C)*),
Firstly, this was performed by thermal balance studies using simulated micro-
capsules of salt hydrate. Simulation was accomplished by use of a wide range of
porous materials, e.g. epoxy and polyester foam plastics, which were impregnated
with salt hydrate. Simulated microencapsulation was necessary since no supplier
of suitable microcaps was available on schedule for the research program.**)

Secondly, model studies or simulations of microcaps were also realized through

the use of spheres of molten Glauber's salt which covered a wide size range.
These were suspended in an immiscible and hot heavy liquid which was agitated.
Parallel with the above work some basic studies of the phase separation mechanism
were carried out. Glawber's salt was introduced into glass tubes of different
diameters down to capillary size and observed during thermal cycling.

-Other salt hydrates suffering from similar separation effects were also planned
to be included in the program if the encapsulation studies would prove successful,

Limited investigations were also made of the possibilities of influencing phase
separation by ordinary mechanical agitation, ultrasound, and magnetic fields.

Glauber's salt is estimated at 175 - 200 kJ/kg or 70 - 80 kWh/m3 as
latent heat, and 250 - 300 kJ/kg or 100 - 120 kWh/m3 as latent and
sensible heat for the temperature range 30°-60°C.

+) Total storage capability between 30°-60°C: approx. 350 klJ/kg or
140 kWh/m3 (inclusive of sensible heat). i
%) The thermal storage capability of packed beds of microcaps filled with ;
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Results summary and present status

The experiments with simutated microcaps of Glauber's salt in carrier mite-
rials showed that storage capabilicy decllned rathvr quickly upen thermatl
cycling above and below the melting point (13 -50° C) This 1s In accordance
to the actions of the material when thermally cyeled in bulk. The loss was
as nmuch as ca 70 Z after 10 cycles and about 40 % already after the first
cycle as compared with the theoretical value. Different pore sizes corre-
sponding to varying diameters of microcaps or changes of cycling mode {(tem-
perature and time) did not alter this situation appreciably.

Observations of the melting and freezing process verified that separation
occurs independently of particle size. This was shown excellently clearlyv
in the model simulation experiments with suspended spheres, since the
process was visually observable in detatl.

The quantities of the three phases formed upon melting of Glauber's salt
were also determined. The precipitated anhydrous phase (Vaqu ), for in-
stance, increased by ca 40 Z after 10 complete cycles.

Other means-for influencing the sedimentation process, e.i. mechanical ag-
itation or use of magnetic or ultrasonic fields with the aim to preventing
precipitation of hard solid phase, were studied tentatively, but proved
unsuccessful. In any case, the specific energy demand for any of these alter-
natives would be intolerably large in compafiébn with the stored thermal
energy per unit volume of salt hydrate, e.g. from a solar collector system.

The canclusion is that Glauber's salt has a very limited technical and eco-
nomical life time as a heat storage material, irrespective of its treatment,
whether encapsulated vr agitated by different means. No further work is there-
fore motivated with Glauber's salct.

The present program [s chiefly directed towards the constructien uf a so-

called combined hear storage, comprising the use of macre—encapsulated salt
hydrates, e.g. calcium chloride.

Project period

1976=-U4~01 -- 1977-09-30. Further work pendinp new funding.

Fundine

Current year: $ US 22,000
Total : 5§ US 485.000

Publication

No official reports or publications are available as ver.
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7 e e e e e

C.:')r:ntry; . Sweden

Check {he marx %4 in Compononty Ty of Rosenreh
the head of line, IUJSolar Callector CIHaterials Research
corresponding to tha [ Heat Storage ElComponent Developnent

respective components [[JAlr Conditioning aud Cooling Unit

and type of research: |IJOlther Substantial Components

Division of Physical Chemistry | Addross:

ROYAL INSTITUTE OF TECHNOLOGY | __ .~
Fack

Bo Carlsson
" Hans Stymne 5-100 44
Gunnar Wettermark

Stockholm: 40
Sweden

Title of Project: "Solar Energy and Buildings"

- Storage of Low Temperature Heat in Salt Hydrate Melts

Objective of the program:

Experimental investigation of salt hydrates for use as latent heat
storage material.

Construction of prototype storage units for short term storage of
solar energy for heating of buildings.

The main candidate CaCl,-6H_O has been investigated in detail (see the
2 2
attached sheet).

Fund in $ US 74 444 current year
$ US 208 888 1974-78

Reports: GStorage of low temperature heat in salt hydrate melts:
Report of work carried out on the svstem CaClp-6H20.

(Swedish Council for Building Research, Dec. 1977) .
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STORAGE OF LOW TEMPERATURE HEAT IN SALT HYDRATE MELTS

Storage of heat in salt hydrate melts provides a basis for
constructing solar heating system differing from those now
generally used. They may give the advantage of low tempera-
ture of the solar collector in combination with high energy
storage capacity in é small temperature interval closely

above room temperature.

Low cost salt hydrates have been evaluated as phase change
materials for thermal storage. The most promising candidate
so far haé shown to be calciumchloride hexahydrate. It has

a melting point of 30°C and a heat of crystallisation of

170 J/g (71 kWh/m3 melt) . Particular attention has been paid

to problems concerning:

1. Phase separation

2 Supercooling

3 Heat transfer of melting and solidification
4. Encapsulation

5 Integration with the building structure.

According to the phase diagram a tetrahydrate appears between
29.5°%C and 32°C in Caclz-water mixture with the composition
of the hexahydrate. The appearance of the tetrahydrate phase
brings about a continuously diminishing storage capacity on
repeated cycling. Methods are worked out for the prevention

Or elimination of this formation of a tetrahydrate phase.

The kinetics of the melting process is limited by the heat
transfer through the melt. Thus, the melting rate can be

raised appreciable by proper design of the geometry of the
storage unit thereby maximizing the heat exchange through

convection.

The kinetics of the crystallisation process is primarily
limited by the heat transfer through the solid {~ 1 W, m_l,
K_l). As the temperature difference between the salt hydrate
and the heat transfer medium (e.g. air) necessarily has to be

low, the heat transfer surfaces must be extremely large.
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Encapsulétion of the salt in plastic tubes - with outside heat

exchange to air is preferred.

A 200 kg heat storage and air convector prototype has been
built and is now to be tested. The prototype consists of stan-
ding polyethylene tubes g 0.1 m. The tubes are arranged in a
hexagonal array. Plastic pipes (# 0.01 m) inside the tubes .
provide for heat transfer into the salt hydrate. Heat is
extracted from the salt by forced air convection on the out-
side of the tubes.

Prototype data:

Capacity: 18 kwh (200 kg CaC12‘6H20)
Heat output: 200 - 400 W (28-23°C)
Heat input: 2 kW (45°%)

Expected life time: unlimited
Air flow: 0-100 1l/sec.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPOMENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY ! SWITERLAND

COMPONENTS TYPE OF RESEARCH

] SOLAR COLLECTOR | ] MATERIAL RESEARCH’

[X] THERMAL ENERGY STORAGE [] COMPONENT DEVELOPMENT
] AIR CONDITIONING UNIT

[] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION Ecole Poly- ADDRESS

technique Fédérale de Lausanne 14, Av. de 1'Eglise Anglaise
NAME OF PRINCIPAL RESEARCHER 1001 LAUSANNE

A. FAIST

TITLE OF PROJECT _
Hybrid £fluid heat storage unit.

OBJECTIVE AND NATURE OF THE PROGRAM :

Evaluation of £he verformances of an hvbrid heat storage using air
as heat charging fluid and water as heat discharging fluid. Deter-
mination of the most-promising spatial configurations and choice-of
the heat storage medium. Computer modeling of the system and expe-

rimental verification on a small sized unit.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT !

PERIOD OF PROJECT : 6 months (starting date : oct. 1977)

FUND IN SFR. ¢ CURRENT YEAR : 12'500.-- (material)
TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLiCATIONS
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Formal of Survey on Conmponents for Solar Heating,

Cooling and Hot water Supply Systeoms

Country:Switzerland

Check the mark- X in

Components

Type of Rescarch

the head of line, {ZJ solar Cco

corresponding to the [igileak Sto

respective components |[TAix Conditioning and Cooling Unit

and type of rescarch: [[JOther Substantial Components

llcctor

rage

[JMaterials Resecarch

£ Component Development

Name of Organizatien:
Beole Rlytechnique Fédérale

Name of Principal rescavcheor:

Prol. Ph. JTewvek

Mddress:

Institut de Génie chimique
140, rue du Centre
CH 1025 St-Sulpice

Title of Project:

Thermal energy storage by latent heat of fusion
)

= Objective and Nature of the Pr

QgYam:

Developnent of energy“atoruge units using the later!t heat of fusion in
temperature fanges allow1ng hot water prepar&tlon Realization of these
units and measurements in a solar circuit. Obrentlon of reliable data for
the dlmen51on1ng and realization of such units .and for compariscn purposes
between latent and sensible heat storage.

Present status.:

Pilot runs done, and evaluation of these in progress {PCM: paraffin).

First unit in startlng—on phase

Evaluation of cther PCM, in progress ‘
Period of the project: 2 years, starting 1.1.1977

(possibly 3 more years)

Fund in $ US -~ current year :

v 56000 $

~ total for the period: " 110000 $
Importanl, Reports or publication:

Keller-davet: "Comment aborder le problime du stockage de 1'énergie solaire"
Bulletin technique de la Suisse Romande, 15, 255-262 (22.7.76)

Keller~Javet: "Etude comparative et critique des différentes possiblités de
stockage de 1'énergie solaire et thermique"
for: Office Fédéral de 1l'Economie Energétique, Berne
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS

TYPE OF RESEARCH

[ soLar coLLECTOR

[zl THERMAL ENERGY STORAGE

[J Air CONDITIONING UNIT

(] OTHER SUBSTANTIAL COMPONENTS

] MATERIAL RESEARCH
COMPOMENT DEVELOPMENT

NAME OF ORGANIZATION

The Univ. of Alabama in Huntsville

ADDRESS: p, 0, Box 1247
Huntsville, AL 35807

NAME OF PRINCIPAL RESEARCHER

TITLE OF PROJECT

Experimental and Computer Studies of Thermal Stratification in Water

Storage Tank

OBJECTIVE AND NATURE OF THE PROGRAM:

To understand thermal stratification inside liquid storage tank on the
total solar energy system performance. To develop mathematical models
for liquid storage tank and verification of math models by extensive

experimentation.

PRESENT STATUS OR SUMMARY'OF SIGNIFICANT ACCOMPLISHMENT:

Importance of stratification has been studied. A one-dimensional viscous-
" entrainment storage tank model is developed. Two-dimensional (quasi-3D) tank
temperature measurement is being developed.

PERIOD OF PROJECT:

September 1, 1977 - August 1978

FUND IN & U.S.

FY - 1977 $65,035.00
FY - 1978 5

S. M. Hanand S.T. Wu, "The Effects of
Thermal Stratification in Water Storage
Tank for the Performance of a Solar Hot
Water System," to appear in Proceedings of
14th Southeastern Seminar on Thermal
Science, Apr. 6-7, 1978, N.C. State Univ.,
Raleigh, N.C.

S. M. Han and S. T. Wu, "Computer

IMPORTANT REPORTS OR PUBLICATIONS: Simulation of a Solar Energy System with
a Viscous-Entrainment Liquid Storage Tank Model," to appear in Application of

Solar Energy - 1978 (Eds. S. T. Wu, D. Christensen, M. Nash and R. Humphries),

UAH Press, Huntsville, Alabama.
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a)

c)

d)

e)

£)

9)

Heat Storage

type (storage medium, phase change etc.) and configuration

Concrete rectangular tank with removable cover
Medium is water

heat capacity C (Wh/ma) (temp. range 6 (°C))
1200 gal/water, 70°C - 90°C

latent heat h (Wh/ma) (temp. © °c))

heat exchanger  YES/NO (heat transfer fluid)

AN

No
Water \\\\

N

heat rate

Not available

insulation

3" outside, 1" inside polyurethane foam
expected life time t

10-15 years
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
ETHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

DAIR CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
ALTAS CORPORATICN

500 Chestnut Street

NAME OF PRINCIPAL RESEARCHER Santa Cruz, CA 95060

F. de Winter

TITLE OF PROJECT

Investigation of Methods to Transfer Heat from Solar Liquid Heating Collectors
to Heat Storage Tanks

OBJECTIVE AND NATURE OF THE PROGRAM:

This project is aimed at the identification and development of the most cost-
effective methods of transferring heat from the solar collector to a water
storage system, methods in which the problems of freezing and corrosion are
-either minimized or eliminated. The program will develop optimized criteria
for components and identify suitable and unsuitable fluids.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Choice of components for draining system has been completed. A compendium of
fluid properties has been prepared. Criteria for optimization of single locp
antifreeze circuits have been developed.

PERIOD OF PROJECT:
15 months, (starting date: 3/15/76)

FUND IN $ U.S. Current Year $64,314
Total for the Period

IMPORTANT REPORTS OR PUBLICATIONS:
-Completed Contract - The final report is in preparation. Papers will he sub-
mitted shortly to the Solar Energy Journal.

284




Altas Corporation {(Data Sheet)

a)

b)

c)

d)

a)

)

g)

Heat Storage

type (storage medium, phase change etc.) and configuration

Water tank storage systems often’ used to be heated by an antifreeze
solar collection loop. The tank must be heated by a coil or by an ex-
ternal heat exchanger with a pumped water loop. System optimization
criteria were developed, and fluid properties were organized in a
compendium. Different concepts for automatic draining systems were
presented. & new design concept has been developed for a "buffered"
heat exchanger, in which leakage from a poisonous antifreeze loop to
a potable water loop is impossible. The development of hardware pro=-
totypes of these exchapngers is planned in the near future.

heat capacity C (Wh/m~) (temp. range 8 (OC))

latent heat h (Wh/mB) (temp. © (OC))

heat exchanger YES/NO {heat transfer fluid)

heat rate

insulation

expected life time t
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[J soLar coLLecToR ] MATERIAL RESEARCH
B<J THERMAL ENERGY STORAGE ] COMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT

[J oTHER SUBSTANTIAL COMPONENTS Lomputer Code Development

NAME OF ORGANIZATION ADDRESS: Atomics International
Atomics International Division 8900 De Soto Avenue
of Rockwell Internatianal Canoga Park, Calif. 91304

NAME OF PRINCIPAL RESEARCHER
Michael P. Moriarty

TITLE OF PROJECT
Hybrid Thermal Storage with Water (Contract EG-77-C-02-4480)

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this study is to evaluate the potential benefits and to
provide engineering and cost data to allow effective design of hybrid thermal
storage systems.

Successful solar heating systems require some form of heat storage for night
time or cloudy weather heating. Sensible heat stored in tanks of water is geney-
ally considered both practical and relatively inexpensive. However, tank cost is
a significant cost item, particularly as storage volume increases. Cost reduc-
tions may be possible for a hybrid system--by combining a water storage tank with
an inexpensive material such as a rock--that would increase the thermal storage
capacity of the system and at the same time effectively insulate the water tank.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Computer codes have been written to simulate -hybrid storage and to simulate
solar heating systems.

PERIOD OF PRQJECT:
September 1, 1977 through August 31, 1978

FUND IN $ U.S.
FY 1977 $3,200 .
FY 1978 $105,627 (includes $67,327 expected to be authorized)

IMPORTANT REPORTS OR PUBLICATIONS:

Atomics Internationa] Internal Report “N001TI320005, Thermal Analyzer Program
(TAP) Subroutine Package," January 12, 1978.
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a)

b)

c)

d)

e)

f)

g)

- tanks, etc.).

Heat Stofage

type (storage medium, phase change etc.) and configuration

Hybrid Thermal Storage with Water

Sensible heat using water and solids (i.e., rocks, concrete

Conceptual study only, remaining questions do not apbly (DNA).
heat capacity C (Wh/m3) (temp. range 0 (°C))
DNA

latent heat h (Wh/m>) (temp. 8 (°C))

DNA

heat exchangex  YES/NO (heat transfer fluid)

DNA

heat rate

DNA

insulation

DNA

expected life time €

DNA
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR F D MATERIAL RESEARCH
BTHEHMAL ENERGY STORAGE m COMPONENT DEVELOPMENT

[] AIR CONDITIONING UNIT
[C] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Boeing Computer Services Company E?eavggggmgzgzg S;;g;cgiogoggfgg

NAME OF PRINCIPAL RESEARCHER Seattle, Washington 098124
R. T. Haelsig

TITLE OF PROJECT

Developing and Upgrading of Solar System Thermal Energy Storage
Simulation Models

OBJECTIVE AND NATURE OF THE PROGRAM: C0llect, standardize, upgrade and
1ink existing thermal energy storage (TES) models to permit simulation of a wide
variety of solar heating and cooling system configurations. Validate and cor-
relate these models with available operating system test data. Develop and vali-
date streamlined versions of these models for overall system simulation purposes.
An extensive set of TES models and solar system simulation techniques have been
developed, in part, under AEC, NSF and ERDA sponsorship. The level of detail,
mathematical formulation, experimental validation status, and solution methodology
of these models differ widely. A consistent level of detail and solution tech-
nique will be achieved by standardization and upgrade actions, then linked via an
existing general-purpose simulation program (SIMWEST) developed specifically for
energy storage modeling. Validation and the development of computationally ef-
ficient streamlined models will be conducted within the environment of the
SIMWEST simulation technique.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
The more important TES models have been acquired and are in detail
evaluation. Validation sources are being identified.

PERIOD OF PROJECT:
September 1977 to August 1980

FUND IN $ U.S.
$476,973

IMPORTANT REPORTS OR PUBLICAT!ONS:
None, as of this date
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a)

b)

c)

d)

a)

£)

q)

Heat Storage

type (storage medium, phase change etc.) and configuration

Study contract pertains to all forms of thermal energy storage
applicable to solar energy utilization. (The result will be val-
idated mathematical models, not hardware end items; consequently,
most of the items listed below are not applicable.}

heat capacity C (Wh/m3) (temp. range 8 (°cy)
N/A

latent heat h (Wh/ma) (temp. & (OC))
N/A

heat exchanger YES/NO theat transfer fluid)

Will include heat exchanger models

¢

heat rate

N/A

insulation

N/A

expected life time t

N/A
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INTERNATIONAL ENERGY AGENCY .
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HUT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS ' TYPE OF RESEARCH
[ soLAr coLLECTOR [x] MATERIAL RESEARCH
(3 THERMAL ENERGY STORAGE [x] COMPONENT DEVELOPMENT

(3 air conDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ~ ADDRESS:
EIC Corporation 55 Chapel Street

NAME OF PRINCIPAL RESEARCHER Newton, Massachusetts 02158
Peter 0'D. Offenhartz

TITLE OF PROJECT

Solid Phase Absorbent Air Conditioning Studies

OBJECTIVE AND NATURE OF THE PROGRAM:

To design, construct, and test a solar air conditioner using a solid
phase inorganic salt as the absorbent, and water as the refrigerant.
Dehydrated inorganic salts can provide energy storage as well as refrigera-~
tion; hence, a system based on such salts will not requlre separate cold-
side and hot-side energy storage. ‘

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

New Project

PERIOD OF PROJECT: September 20, 1977-September 30, 1978 (Phase I)

FUND IN § U.S. $160,000

IMPORTANT REPORTS OR PUBLICATIONS: Nome to date.
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EIC Corporation (Data Sheet)

a)

b)

<)

d)

a}

£)

g}

Air Conditioning and Cooling

type (heat pump, solar heating/ccoling, ...)

Solar air conditioner, with integrated storage, u51ng a
solid-phase absorbent.

type of-refrigerator (absorption, ...; working medium, ...)

Solid-phase absorption.
capacity of refrigerator (tons)

Ca. 3 tons.

temp. range 0 (OC)

Not yet accurately known.

C.0.P.

0.6 (projected)

heat exchanger

Not yet designed.

auxiliary heat source

Any source of forced hot air.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[J soLak ¢OLLECTOR KX mareriAL RESEARCH
&3 THERMAL ENERGY STORAGE (] cCOMPONENT DEVELOPMENT

(1 AR CONDITIONING UNiT
[} OTHER SUBSTANTIAL COMPON.NTS

NAME OF ORGANIZATION ADDRESS:
Franklin Institute Research Laboratoriegd 20th and Race Streets

Philadelphia, PA 19103

NAME OF PRINCIPAL RESEARCHER
Kenneth W. Kauffman

TITLE OF PROJECT

Thermal Energy Storage by Means of Saturated Aqueous Solutions

OBJECTIVE AND NATURE OF THE PROGRAM:

The project combines the heat transfer and installation cost advantages of
sensible heat storage systems using pumped fluids and the small volumes and
small operating temperature swings characteristic of latent heat storage de~
vices. The method uses saturated aquecus solutions of solutes which dissolve
endothermically and have large coefficients of solubility with temperature.

The design of engineering prototpyes for application to off-peak air condition-
ing and solar space heating or cooling are the final objectives.

>,

PHESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Final report has been issued; engineering prototype design was completed for off-
peak air conditioning. Substantial energy savings is achieveable {up to 40%)
compared to the use of ice, and 1/5 the-volume requirement compared to the use of

PERIOD OF PROJECT: chilled water. Mechanical complexity indicates its
use for large commercial as opposed to residential
application.

July 1976-November 1977

FUND IN $ U.S.

107,061

IMPORTANT REPORTS COR PUBLICATIONS:

Final Report: .

1. Kauffman, K.W., and Lorsch, H.G., "Thermal Energy Storage with Saturated
Aqueous Solutions,'" Task A Technical Report, QP-C4463-Franklin Institute
Research Laboratories .

2. Kauffman, X.L., Kyllonen, D.M., and Lorsch, H.G., '"Thermal Energy Stc;fage by
Mo msnsm nF Qateemwnbrnd Aannnne Qaluarinne. " Tinal Renort 000—5158—2. NOYQMber i977.
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(Coolness)
Heat Storage

a) type (storage medium, phase change clc.) and configuratien

We use the melting change in trimethylamine decahydrate over a
range of temperature 4.4°C to 15.6°C), .and 10% extra water to prevent
complete freezing. Aobut 80% of the phase change occurs between 4.4°C
and 6.1°C. For configuration please see attachment.

3
b) heat capacity € (Wh/m”) (temp. range @ (OC))
11.1 kWh/m3 over the temperature range‘4.4°C to 15.6°C

c) latent heat h (Wh/m3) (temp. © (°cy)

62.8 kWh/m3 over the temperature range 4.4°C to 15.6°C

4} heat exchanger YES/®HEX (heat transfer fluid)

The fluid ig¢ Dowtherm J (paraffinic 0il), 20 gallons for a
device to store 58.6 kWh . The heat exchanger requires an oil pump
with 1/4 h.p. motor, a mechanical separator, and oil sparger.
Effectiveness estimated to be 90%.

e) heat rate
10.25 kW
£) insulation

71 ft2 of 5-1/4" fiberglass batt for a device to store 200,00 Btu
diurnally (58.6 kWh)

g) expected life time t

20 years
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
ETHEHMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[3J AIR CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Franklin Institute Research 20th and Race Streets
Laboratories Philadelphia, PA 19103

NAME OF PRINCIPAL RESEARCHER
George Peter Wachtell '

TITLE OF PROJECT
Self-Controlling, Self-Pumping Heat Circulation System Study

OBJECTIVE AND NATURE OF THE PROGRAM:

Schemes will be evaluated for expected performance and practicality. Ineffi-—
cient self-pumping devices lead to a substantial performance penalty even though
all pumping energy is ultimately delivered to the useful heat load or storage,
because the dT between solar collector and load is proportional to the rate of en-
tropy production. Schemes and underlying principles will be collected by a com-
puterized literature search and by personal contacts wilth workers in the field.
Air, liquid, or multi-phase systems using a thermodynamic cycle to drive a circu~
lator, capillary or osmotic pumping, percolators, heat pipes, and thermosyphoning
in which density effectively increases with temperature are examples of self-pump-
ing schemes. Thermal diodes are examples of self-controlling devices. Selected
schemes will be recommended for development.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Preliminary evaluations have been made of several schemes for moving liquid
or air, or for condensate return in latent heat transport schemes.

PERIOD OF PROJECT:

August 1, 1977 to July 31, 1978

FUND IN $§ U.S. 103,155

IMPORTANT REPORTS OR PUBLICATIONS: _
Wachtell, G.P., "Self Pumping by Means of Power Cycles," Second National
Passive Solar Conference, Philadelphia, PA, March 15-19, 1978
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HGT WATER SUPPLY SYSTEMS

COUNTRY:

USA

COMPONENTS’

TYPE OF RESEARCH

O soLar coLLecTOR

[£] THERMAL ENERGY STORAGE

[J AR conDITIONING UNIT

[J oTHER SUBSTANTIAL COMPONENTS

[x] MATERIAL RESEARCH
[J comPONENT DEVELOPMENT

NAME OF ORGANIZATION

General Electric Company

NAME OF PRINCIPAL RESEARCHER
A.' T, Tweedie/E. M. Mehalick

ADDRESS:

Advanced Energy Programs
PO Box 8555
Philadelphia, PA 19101

TITLE OF PROJECT

Two-Component Thermal Storage Material Study - Phase II

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of the current program is the development of a storage medium
consisting of microencapsulated phase change material in a packed bed with

a water heat transfer medium.

The long-terxm reliability of the capsules

to sustain the volume change effects of the phase change material and the

packed bed enviromment will be verified.

The study will also include an

economic evaluation of the storage concept,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Identified capsules with long-term wall durability.

a packed bed system are continuing.

PERIOD OF PROJECT:
6/76 -~ 2/78

FUND IN $ U.S.
$105 K

IMPORTANT REPORTS OR PUBLICATIONS:

NSF/RANN/SE/AER 74-09186 Nov., 1975

Laboratory scale tests of

Final report of the Two-Component Thermal Energy Storage Material Program -

Phase I
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General Electric Company (Data Sheet)

a)

b)

<)

d)

e)

)

q)

Heat Storage

type {(storage medium, phase change etc.) and configuration

Combined phase change/sensible heat storage. Microencapsulated
Sunoco Pll6 wax and water in a packed bed.

heat capacity C (Wh/m3) (temp. range 8 (OC))
Heat capacity C = 40,000 Wh/m> (Combined latent and sensible

heat assuming 30% water by volume)
Temperature range 0_= 11°C

latent heat h (Wh/m™) (temp. 8 (OC))

(Included in b)
heat exchanger YES/NO {heat transfer fluid)

Water heat transfer fluid with no internal heat exchanger.

heat rate

Not specified.

insulation

Not specified.
expectedliifé time t

To be determined at the end of the current program.
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INTERNATIONAL ‘ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COCLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[} soLar colLecTor [ mATERIAL RESEARCH
(3 THERMAL ENERGY STORAGE [(X] cOMPONENT DEVELOPMENT

{J AIR CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

National Bureau of Standards Gaithersburg,_ Maryland
NAME OF PRINCIPAL RESEARCHER

J. E. Hill

TITLE OF PROJECT

Development of Methods of Evaluation and Test Procedures for Solar Collectors
and Thermal Storage Devices

OBJECTIVE AND NATURE OF THE PROGRAM:

The objectives of this program are to develop standard test methods for deter-—
mizing thermal performance of solar collectors and thermal storage devices that
are used in systems for heating and cooling of buildings. Also to experimentally
verify the proposed test procedure utilizing test facilities at NBS as well as
at other selected locations.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

® Adoption of ASHRAE Standard 94-77, Storage Test Procedure
® Experimental Verification of the Standard for a Water Tank and Pebble Bed,
Both Sized for Typical Residential Applications

PERIOD OF PROJECT:

FUND IN § U.S. CURRENT YEAR $100,000

TOTAL FOR THE PERIOD $795,000

IMPORTANT REPORTS OR PUBLICATIONS:

""Development of Proposed Standards for Testing Solar Collectors and Thermal
Storage Devices", NBS Technical Note 899, February, 1976.

"A Method of Testing for Rating Thermal Storage Devices Based on Thermal
Performance", Solar Energy, accepted for publication, 1977, -
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[ soLar coLLECTOR [X] MATERIAL RESEARCH
[x] THERMAL ENERGY STORAGE ] COMPONENT DEVELOPMENT

_DAIH CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

North Carolina University Department of Mech. & Aero. Engr.

North Carolina University
NAME OF PRINCIPAL RESEARCHER Raleigh, NC 27607
 J.A. Bailey & J.C. Mulligan

TITLE OF PROJECT

Research on Solar Energy Storage subsystem utilizing the Latent Heat of
Phase change of certain organic materials.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this one year continuation study is the further development
of a heat storage subsystem (thermal Capacitor) which utilizes the latent
heat of melting and solidification of organic waxzes, i.e., mixtures of
paraffins of varying molecular weights. . A second objective is to ascertain
the relative merits of alternative, commercially available encapsulating
structures. The primary goal will be to determine both analytically and
experimentally the effect of the finite melting temperature range (due to
the mixture of hydrocarbons with different melting temperatures) on thermal
storage performance.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Contract terminated 31 August, 1977. See attachment for significant
accomplishments.

PERIOD OF PROJECT:
12 months (starting date: 3/18/76)

FUND IN $ U.S.
Current year: $94,408
Total for the Period .

IMPORTANT REPORTS OR PUBLICATIONS: Research on Solar Energf,r Storage
Subsystems Utilizing the Latent Heat of Phase Change of Paraffin Hydrocarbons
for the Heating and Cooling of Buildings, Final Report No: NSF/RANN/GI44381/75.

Research on Solar Energy Storage Subsystems Utilizing the Latent Heat of Phase

Change of Certain Organic Materials Semi-Annual Report ERDA Contract E(40=13=510f.
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Significant Accomplishments

Selected thermzl property data has been generated for ten inexpensive

waxes of potential value for phase change thermal storage units.

Laboratory size phase change thermal storage units have been designed

using three novel intra-structure configurations.

The two dimensional transient heat conduction problem with a change of
phase and with sensible heating in the premelting and post melting regimes
has been solved numerically, using an enthalpy method. The analysis hag
been used to predict the performance of the storage units. Performance
was interpreted in terms of the effects of inlet temperature and mass

flow rate of the thermal fluid on exit temperature, rate of heat stored

and cummulative heat stored as a function of time.

Experimental data has been generated for each storage unit-showing the
effects of inlet temperature and mass flow rate of the thermal fluid on
exit temperature, rate of heat stored and cummulative heat stored as a
function of time. Sunoco wax 3420 and Eicosane were used as the phase

change materials.

Comparisons were made betweéen analytical and experimental data and good

agreement was found.
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iINTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
[E] THERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

[C] AIR CONDITIONING UNIT
[C] OTHER SUBSTANTIAL COMPONENTS

"‘NAME OF ORGANIZATION :  ADDRESS:
University of Virginia School of Engineering and
Applied Sciences
NAME CF PRINCIPAL RESEARCHER Charlottesville, VA 22901

Dr. J. Taylor Beard

TITLE OF PROJECT

Annual Collection and Storage of Solar-Heated Water for the
Heating of Buildings

OBJECTIVE AND NATURE OF THE PROGRAM:

The overall objective of this two-year study is to evaluate

a particular system for the annual (yearround) cocllection,
storage, and utilization of solar heated water for the heating

of buildings. The research invqQlves the design, construction

and testing of the system, with simulation studies to determine
the influence of design modifications. The system will be
operated in both the collection mode and the heating mode,

with energy being delivered to a simulated building heat load
through a direct and a solar assisted heat pump mode of operation.

PRESENT STATUS OR SUMMARY OF SIGNiFICANT ACCOMPLISHMENT:

Construction and testing during a collection mode have been
completad. Operation in a heating mode is to begin in the
near future. Model simulation studies are fairly well developed.

PERIOD OF PROJECT.

May 1976~ June 1978.7

FUND IN & U.S.

first year: $78,181
second year: § 87,485

IMPORTANT REPCGRTS OR PUBLICATIONS:
"Annual Collection and Storage of Solar Energy for the Heating
of Buildings, Report No. 2", OR0/5136-77/2, Division of Solar

E ERDA (July 1877
nergy, (July ) 300




a)

b)

c)

d)

e)

)

g)

Heat Storage

type (storage medium, phase change etc.) and configuration

sensible heat stored below grade in water tank,
with solar collector as cover

heat capacity C (Wh/m3) (temp. range 6 (°C))

60,000 wh/m>
latent heat h (Wh/m3) {temp. & (OC)}

not applicable

heat exchanger YES/NO (heat transfer fluid)

yes; water to air

heat rate

variable to simulate building heat load (with direct heating
or heat pump augmentation)

insulation

earth at the base of pool (also acts as heat sink),

earth berm with some styrafoam insulation at edges,

solar collector with 0.3 m styrafoam bead insulation on top
expected life time t of water surface

unknown
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AIR CONDITIONING
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COUNTRY : DENMARK

COMPONENTS TYPE OF RESEAK
[ ] SOLAR COLLECTOR _
[ ] MATERIAL RESEARCH
[ ] THERMAT, ENERGY STORAGE
[x] AIR CONDITIONING UNIT [ x] COMPONENT DEVELOPMENT

[:]OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS :
Refrigeration Laboratory Bldg. 402

The Technical Univ. of Denmark DK-2800 Lyngby, Denmark

NAME OF PRINCIPAL RESEARCHER

P. Worsge-Schmidt

_ Fed refri . ey T 5 A e o 1t o
TITLE OF PROJECT Solar-powered refrigeration by a solid-absorption nystem

OBJECTIVE AND NATURE OF THE PROGRAM

Development of a solar-powered, solid-absorption system to be used whoro

solar
radiation is abundant, but other energy sources are either not available or
teo expensive. Primary applications are: production of block ice, cold storaye,
and air conditioning.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT

An experimcntal investigation of the processes of absorption and generation
of ammonia in calcium chloride and strontium chloride is completed. A
demonstration plant has been built and tested.

e

PERTIOD OF PROJECT

small

September 1975 -~

FUND IN & U.S. TOTAL FOR THE PERIOD 25000

IMPORTANT REPORTS OR PURLICATIONS:

P. Bechtoft Nielsen & P. Worsge-Schmidt, Development of a sclar-powered

solid-absorption refrigeration system. Part I: Experimental investigation
of the generation and absorption brouvi-sses. Rept. F30-77.01, Refign. Lub.
The Technical Universitv of Denmark, August 1977
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Country : Federal Republic of Germany -

Components Type of Research
Bd Solar Collector [ Materials Research
Heat Storage B Component Development
® Air conditioning and B Systems Development

Cooling. Unit
O

O
O
Name of Organisation: Address:

Messerschmitt-Bélkow-Blohm
GmbH - ' Postfach 801169

8000 Miinchen 80
Name of Principal

Researcher
Dipl.Ing. H. Grallert

Title of the Project:

Modular solar house heating system -
Phase 1 .

Objective and Nature of the Project, Present Status

1. Aim

Theoretical and experimental investigations on the develop-
ment of a modular solar house system which can be marketed
in collaboration with other companies and in particular

is suitable for use in temperate zones. A variant of the
system is to be applied in combination with refrigeration

systems for air conditioning.

2. Schedule

a) Investigation, development and design work on collectors,
storage media, storage contalners, heat exchangers as.
well as measurement and control units.

b) System layout from technical and economic points of

view. . .
Continuation overleaf /

Period of the Project: 15.11.74 - 30.12.76

Fund in & US: 478,500,- Government Contribution: g80%

Important Reports or Publications:
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Title of the Project: Modular solar house heating system -
Phase I

Objective and Nature of the Project, Present Status:

= Continuation .......

3. Progress

In the first development phase the emphasis was on carrying
out tharough technical and economic system analyses which
were the starting point for the necessary component
.development. These analyses include estimation of the
weather effects, a design study, investigation of all
collector design parameters, the regulation system, heat
requirement and consumption characterization, system cost
estimation and optimization, complete simulation of the
solar thermal and of the conventional heating system as
well as thermal and mechanical computation of all compon-
ents. As essential result it was established inter alia
that the use of selective absorber coatings and that of

IR effective cover glass coatings is at present still
uneconomical in comparison with simple twd—plate collectors
(flat construction) and that only the small heat accumulator
adapted to the heat requirement over approximately 1 week
is suitable as cubic hot water tank for use in 1 and 2
family houses. Taking into account the cost increase -
which is expected to rise still further in the case of the
fossil fuels it was possible with the aid of static
meteorological data to demonstrate profitable use of the
solar thermal heating system, in particular for hot service
water preparation even in central European latitudes.,

From the investigations of construction for the critical
individual components two collector generators with 3 or

7 test modules of two-plate flat construction were derived
and satisfacforily tried out as regards heat transfer and
longterm durability on the openair test rig constructed

for the purpose. For the version accepted in Autumn 1975
as regards performance production investigations were
carried out with plastic and metal frames from the point
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Title of the Project:

Modular solar house heating system - Phase I

Objective and Nature of the Project, Present Status:
= Continuation

LR ]

of view of series production. Here it was found that
, broduction costs were considerably lower for the metal
frame construction particularly in comparison with PU
rigid foam frames. In addition, when using load supporting
plastic components additional thermal expansion processes
occur. Both constructions were followed through as far

as the prototype and used in complete tests.
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Country : Federal Republic of ‘Germany

Components Type of Research
K Solar Collector [J Materials Rescarch
d Heat storage 0 Component Development
® Air conditioning and K Jystems Analysis

Cooling Unit 0l

O .
0
Name of Organisation: Address:

Messerschmitt-BSlkow-Blohm Postfach 801169

GmbH

Name of Principal
Researcher

Dipl.-Ing. Grallert

D-80C00 Minchen 80

Title of the Project:

Modular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status

l. Aim

Continuation of the work commenced in Project ET 4066 A
(first development phase) with the aim of applicational

execution and optimization of solar heating systems for

preferred use in the domestic field.

Phase 1.

2. Schedule

a) Further development of collector

temperatures,
b) Optimization‘of system layout.

Aim otherwise as in

for higher operating

Preparation of two complete research installations for

demonstration of subsequent equipment and original

Continuation overleaf /

Period of the Project: 1.1.76 - 30.6.77

Fund in § US: 562, 300,- Government Contribution: gnq

Important Reports or Publications:
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Title of the Project: Modular solar domestic heating system -

Phase 2

]

Objeclive and Nature of the Project, Present Status:

- Continuation .......

equipment with a solar domestic heating system.
d) Investigation of the installation parameters and of

the standardization of solar heating systems.
e) Basic operations for going over to series production.

3. Progress

The emphasis of the second development phase is the
installation and operation of systemwise balanced solar
heating systems in two typical applications.

In an existing inhabited single family terraced house in
Hohenkirchen near Munich a combined solar heating system
was installed for room heating and water heating with

3 water accumulator.

35 m2 effective collector area and 4 m
With the installation commissioned in June 1976 important
results were collected for simplification of the system
technology and the installation outlay.

The use of solar energy resulted by the end of the year

in a saving of more than 900 litres of fuel oil.

On the basis of -the practical experience already gathered
the development trend is towards pre~installed system
sections, reduced equipment outlay and carefully insulated

housing sections.

Although strict economy with combined systems is not yet
attainable today, the monovalent solar heating system with
electrical emergency heating seems to be an interesting
solution for the future.

To examine selectively effective coatings 8 additional test

collectors were tried out. Production problems in the
reproduction of Sno2 or black chromium coatings in some

cases produced worse results than expected. Attention should
be paid to condensate corrosion in the case of black chromium

|
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Title of the Project:

Modular solar domestic heating system - Phase 2

Objective and Nature of the Project, Present Status:

- Continuation .......

coatings on aluminium. With selective coatings of this
type no—load temperatures over 200°C are reached. If the
cost of the coating can be reduced by more than half, use

in one and two plate collectors appears attractive.
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Country : Federal Republic of Germany -

Components Type cf Research

@ Solar Collector [ Materials Research
@ Heat Storage B Component Development
Air Conditioning and ]

Cooling Unit 0
OJ Heat Pump
O
Name of Organisation: Address:
Philips GmbH Postfach 1980
Forschungslaboratorium D-5100 Aachen
Aachen

Name of Principal
Researcher
Dr. H. HOrster

Title of the Project:

Rational use of energy and utilization

anf _spolar eneray in buildinas

Objective and Nature of the Project, Present Status

l. Aim

Analysis and evaluation of a wide variety of methods of
rational use of.energy and utilization of solar energy

in buildings as regards economical use. Theoretical and
experimental investigations in integrated energy systems
in a test house with considerably modified building
structure. Development of analysis method based on hourly
meteorclogical data. Development of solar collectors of

high efficiency.

Continuation overleaf /

Period of the Project: 18.6.74 ~ 31.12.77

Fund in $ US: 3935,882,- Government Contribution: 50%

Important Reports ©or Publications:
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Title of the Project: Rational use of €nergy and utilization
of solar energy in buildings

Objective and Nature of the Project, Present Status:

= Continuvation .......

2. Schedule

a) System analysis: inhestigation of various methods for
optimization of solar and energy systems. Collation
and investigation of meteorological data.

b) Development of high efficiency collectors. Investigation
on selectively reflecting and absorbing coatings. -

c) Designing an energy ekperimentaluhouse'ﬁith considerably
reduced energy requirement.

d) Designing the technical equipment of the experimental
house consisting inter alia of heat pump system (for
heat recovery, energy utilization from the ground, air
conditioning), solar system (for hot water preparation,
heating), controlled ventilation with heat recovery
and a complete data collection system.

e) Test procedure and evaluation.

3. Relationship with other projects

Programme execution will take place in conjunction with
RWE Essen and will make a contribution to the system study

on industrial utilization of solar energy under reference

ET 4045.

4. Progress

Hourly meteorological data from varioﬁs metecrological
stations were recorded on tape and evaluated. Solar data
such as diffused, direct radiation for various orientation,
intensity energy dependence on monthly and annual average
were determined. The method of thermal analvsis for
optimization of energy systems was investigated. Several
methods which describe the thermal behaviour of solar

systems over the year were compared with one ancther. A
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Title of the Project: Rational use of energy and utilization
- of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......

method of data compression was developed. Investigation

of solar collectors ﬁas continued. Several configurations
of cylindrical evacuated collectors were analysed and
measured. Selectively absorbing coatings were investigated.
Development and test of a specially effective selective
absorber with alpha greater than equal 0.95 and epsilon
less than equal 0.l were commenced.

The energy éxperimental house was measured by means of
automatic data collection. The specific energy requirement
of the 75/76 heating season as well as the performance data

of the individual energy systems of ventilation, heat pump
and solar collector were established.
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Country: JAPAN March 1978

Check the mark X in Components Type of Ressarch
the head of line, .

corresponding to the OSolar Collector O Materials Research
respective components DHeat Storage R Component Develop-
and type of ®Air Conditioning and Cooling Unit ment

research: O other Substantial Components

Name of Organization

Address: 2-16, 3 Toyosu, Koto-Ku,

Ishikawajima-Harima
Heavy Industries Co., Ltd. Tokyo, JAPAN 135-91

Name of Principal researcher:
Shinya Kameda

Title of Project!
R & D of solar heat actuated airconditioner for solar heating,
cooling and hot water supply system in multi-family residence.

Objective

The primary objective is to explore an energy conservative solar heat actuated

airconditioner which is economically competitive with a conventional fossil fuel

fired or electrically driven airconditioner.

Summarr
a) Type:

Solar heat actuated Rankine Cycle Airconditioner

b) Type of refrigerators

Yapour compressing type driven by a solar heat fired Rankine Cycle Engine

c) Capacity of refrigeratort
20 tons of refrigerator
d) Temp. ranget

Rankine Cycle input temp. ?OOC to IOSOC

Condensing temp. 35°g to Asgc
Evaporating temp. 2.5C to 8°¢C
e) C.0.P.:

The target coefficient of performance (COP) of the Rankine Cycle
airconditioner, defined as the ratio of the actual cooling output to
solar heat input to the power loop, is approximately 0.6.

f} Heat exchanger:
i} Freon boiler;
The heat exchanger to transfer the heat from the water to the
Freon R-11 working fluid for the expander consists of 6-pass,

shell and U-tubes having 20 m® of heat transfer area insulated
with 50 mm insulation materials.
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ii} Condenser;
The heat exchanger for cooling loop to transfer the heat from
the Freon working fluid to the cooling water conaists of 4-pass,
shell and tubes having 42 m? of heat transfer area.
g} Auxiliary heat source:

Electricity

Period of the projectt 19?&—1980

Fund in US$: Current year (1978}: 31,200 &.
Up to date total t 248,000 §.
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Country: Japan

Check the mar x in Camponents Type of Research
the head of line, [ Solar Collector | Materials Research
corresponding to the D Heat Storage X'Camonent Development
Tespective camponents | & air conditioning and Cooling
and type of research: Unit

' [1 Other Substantial Corponents
Name of Organization: Address: Osaka Works of Kawasaki Heavy
KAPSARL HEAVY INDUSTRIES, LD I{{Igg?tzizgnéfghmya, Konohana-ku
Name of Principal Researcher: " Osalka
Dr, Toshiro Ozono, Mr. Kenji Ocka

Title of Project: Development of large scale ébsorption machine which is
operated in single effect by solar energy and in double

effect by auxiliary heat source.

Objective and Nature of the Program:

We have investigated various types of refrigeration cvcle along with the
temperature of hot water fram solar energy as e parameter, and then fourdd ont
that the coefficiency of performance (QOP} of H,o - LiBr absorption chiller is
most suitable for the solar cooling system.

The single effect type absorption chiller currontly used for large buildings
requires high temperature hot water or steam of 128°¢ - 130°C enough to regenerate
the refrigerant. However, the efficiency of collection of solar heat decreases
when it is operated at such a high temperature.

When the solar heat is practically collected at 85°C to 90°C and the conven-
tional absorption chiller is used, the size of the ciller must be much larger
and the tenperature of the chilled water for cooling must he increased. Tor
resolving the problem mentioned above, the regenerator, which will be able to
separate the absorption liquid without any crystalization and slso has a higher
heat transfer efficiency at the considerably small temperature difference between
hot water and liquid must be developed.

In 1974, a proto-type of regenerator itself with licuid film heat transfer
(LFHT) system was manufactured and igh performance was obtained in the testing,
According to the testing result, we manufactured a 2.5 USRT experimental model
usuing LFHT and tested it in 1975. The test results appeared to be good for
solar cooling. ' _ :

The double effect type absorption chillers having high (0P are widely used
for air-conditioning in Japan. In this case, high temperature steam or hot water
at 180°C to 190°C are usually supplied to the chiller. The single effect type
can be used for hamessing the solar enerqy and other awiliary heat sources, but
when the solar energy is dilute or on a rainy day the enerqy consumption of the
single effect type will increase more than.the double affect typa,

On the other hand, if the double effect type is adopted, a high perfrrmance
solar collector will be recuired for getting the high temperature heat scurce of
180°C to 190°C. To resolve this problem we developed the new svstem machine com-
bined with the single effect operation by the solar energy and the double effect
operation by the auxiliary heat source.

This system can hamess the solar energy and the auxiliary heat separately
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and simultaneously. Relatively low temperature hot water heated by solar energy
during poor solar radiation period can be used in the preheating system of double
effect absorption machine.

vhen the solar collector by which the hot water of about 130°C is supplied
with high efficiency, the double effect type absorption chiller could be operated
by harnessing the solar energy.

Present Status of Summary of Significant Accomplishment:

a) type: Solar cooling
b) type of refrigerator:
Vie have investigated the COP of various kind of refrigerating cycle such
aslllo 4 LiBr absorption chiller, NH3 - Hjo sbsorption chiller,
Rankine cycle, steam-ejector system, IGT (Institute of Gas Technology}
system, dehydration system and so on at the temperature range 70°C to
120°C, we found out that the COP of H;0 -~ LiBr absorption chiller is best
among those units.
c) Capacity:
A 2.5 USRT single effect absorption chiller
tested at KHI's laboratory ‘
A 2.5 USRT single effect and double effect combined type unit
tested at KHI's laboratory
A 30 USRT single effect and double effect cambined type unit
being designed. '
d) temp. range:

Bingle effect single - double doube effect
effect corbination
chilled water 13 - 8 13 -8 14 - 9
cooling 31 - 38 single 31 - 38
water 7 double 31 - 36.5 31 - 36
heat source 85 - 77.5 single 85 - 77.52
doublé 2.0 kg/cm 130 - 123
(steam)
e) C.0.P.: single effect type unit - 0.65
double effect type wnit = 1.00
single effect double effect type unit -—————— 0.65 ~ 1.00

(The operation conditions of each unit are refered to d)

f} heat exchanger: ‘
When the solar energy is collected by water as heat transfer medium,
there are no heat exchangers. Vhen the other types of heat fransfer
medivm are used for collecting the solar energy, heat exchangers are
required. '

g) awxiliary heat source: 2
low pressure steam boiler {2 - 3 kg/cm’)

- Period of the Project:  for 7 years (1974 -~ 1980)

- Fund in $US: Current yeat (1976) - $60,000

- Important Repbrts or Publications: none
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Format of Survey on Componcnis for Solar Heatin
¥ 9.

.Cooling and Hot water Supply Systems.

Country: JAPAﬁ

Chéck the mark X in Components Type of Research
the head of line, dsolar Collector [JMaterials Research
Eorresponding to the |{jHeat Storage R Component- Development

respective components [¥fAir Conditioning and Cooling Unit

and type of research: [[TOther Substantial Components

Name of Organization: Address:
Mitsubishi Electric Corporation

2-12, Marunouchi, Chiyoda-ku

Name of Principal researcher: Tokyo

R T RANR ERY

Title of Project:

Development of the air conditioning unit driven by a solar powered
Rankine-cycle engine. )

-~ QObjective and Nature of the Program:

Objective of the program is to develop a air conditioning unit driven by
a solar powered Rankine cycle engine which has following features,

a) CcoP : 0.5 - 0.6
b) Cooling capacity : 1 - 5 ton
c) Boiler temperature 90 - 100 °C
d) Condenser: temperature: 35 - 40 °C
e) Chiller temperature : 5 - 10 °C

- Present Status or Summary of Significant Accompiishment

a) Type : Solar heating/cooling

b) Type of refrigerator : Vapour compression refrigerator driven by
a solar powered Rankine cycle engine.

¢) Capacity of refrigeration: 1 ton

d) Temp range

boiler temp : 90 °¢C
condenser temp : 38 °C
evdporator temp : 5°C
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e) COP : 0.38

£) Heat exchanger

boiler : shell and coil type
condenser {for Rankine cycle): shell and tube type
condenser {(for chiller) : double tube type
evaporator {for chiller) : double tube type

g) Auxiliary heat source
- oil for heating

- electricity (motor) for cooling

Type of components and working fluid under development

a) Expander : sliding vane type
. b) Compressor : rolling piston type
¢) Feed pump : rotary type
d) Condenser : shell and tube type
e) Working fluid: R114 (for Rankine cycle)
: R22 (for refrigeration cycle)

~ Period of the Project

This project is a 7-year Solar Energy Research Program supported by
MITI, from 1974 to 1980.

- Fund in $§ US: Current Year

$30,000 (FY 1977)

- Important Reports or Publications:

None
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Country : - THE NETHERLANDS

Components : Type of Research :
0] Solar Collector {1 Material Research
[} Heat Storage Component Development

Air Conditioning and Cooling Unit
3 Other Substantial Components

Name of Organisation : Address :
DELFT UNIVERSITY OF TECHNOLOGY Mekelweg 2,

Laboratory for Refrigerating Engineering | DELFT

Name of Principal Researcher : Tel. 015 - 785040 or 786667
{Ir. C. Keizer

Title of Project : ‘
SOLAR POWERED ABSORPTION REFRIGERATING SYSTEMS

— Objective and Nature of the Program:
The research of the Delft University of Technology in the field of solar powered ab-
sorption cooling systems can be divided according to the following criteria:

1. evaporator temperature
2. place, where the refrigerator will be used.

ad 1: evaporator temperature.

a) an evaporating temperature > 5%,
In this range refrigeration is mainly used for cooling purposes in air conditioning
systems;

b) an evaporating temperature between -5°C and ~10°¢.

In this range refrigeration is meant for short term storage of e.g. food;

c) an evaporating temperature of -25°C.

At this temperature freezing and thus long term storage of food is possible,

Jad 2: place, where the refrigerator will be used.

Except the research which is done by checking the possibilities for solar cooling in
The Netherlands, research has been done on the possibilities for solar cooling in
countries with more sun, in particular in developing countries. In the last mentioned
countries the requirements to the cooling system will be totally different. Produc-
tion and operation of these systems should be very simple. Above all, these systems
should be very reliable.

For countries with a lack of conventional energy, but with abundant solar energy

{as in most developing countries), the absorption systems have an advantage, because
they can operate with very few, or even without mechanical energy.

HOn behalf of these two criteria the research program is built and now exists of re-
search for solar cooling for: :

I. air conditioning in The Netherlands

II.  air conditioning in developing countries

IITI. short term storage of food etc. in developing countries

Iv, long term storage of food etc. in developing countries

Later on this program might be extended to research on solar cooling for:
V. short term storage of food in The Netherlands
VI. long term storage of food in The Netherlands.

ad I; An experiment has been started to check the possibilities under the ruling
circumstances of solar cooling of an office building. 319
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Continuation 1 - SOLAR POWERED ABSORPTION REFRIGERATING SYSTEMS
Delft University of Technology

ad I1: A design has been made for a periodically working LiBr-H,0 system with a coo-
lin; capacity, large enough to compensate the cooling load generated by the sun. It
will be a window unit which can be placed in the wall of a house.

ad III: A pilot unit has been built which is working satisfactory now. It is a pe-
riodically working H,0-NH, absorption refrigerating system, which can make ice.

At this moment it is " possible to produce some 4 or 5 kg ice a day under tropical
conditions. The area of the collector is 2 m2. However, further research and develop-
ment has to be done on the following issues:

DAY

)

—_— = ABSORDER?
- GENERATOR

EVAPORATOR/
CONDENSOR

T

———— DAY NIGHT

SOLAR ICE MAKER

~ condensor cooling at day time

Up till now the condensor is cooled by streaming water. In most cases there will
be no cooling water available.

The condensor could either be air cooled or cooled by means of a cooling tower.

- returning the water which is transported from the generator to the evaporator
during day time. :

- automation of operating the system. -

In the existing pilot unit valves have to be opened and to be closed for changing
day and night phase, in which generation of reftigerant (NH3) and evaporation (thus
refrigeration) takeplace, respectively. _ ‘
Experiments with non-return valves and with liquid shots have been carried out,

but were not succesful yet.

- in general: increasing the efficiency of the whole system. A comparison will

be made of 2 systems: a system with an integrated collector (the NH_~H,0 mixture
is the working fluid of the collector) will be compared with a non-integrated sys-—
tem (the collector has its own circuit with a different working medium, e.g. wa-
ter under atmospheric conditions or under pressure).

ad IV: The activities on this subject are still in a theoreticgl phase.

It is not possible to realize an evaporator temperature of -25°C with flat plate
collector and a periodically working or a continuwously working one staged absorp-
tion system,

Research is done on multistaged systems.

ad V: In future the possibilities of solar cooling for domestic use in The Nether-

landswill be checked.
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Continuation 2 -~ SOLAR POWERED ABSCRPTION REFRIGERATING SYSTEMS
Delft University of Technology

- Period of the project: The project has been started in 1976 and will be conti-
nued until 1981,

Continuation after this period will depend on the results, but should not be eli-
minated.

~- Fund in $ US: For each year about $ 25,000.-.
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Country : THE NETHERLANDS

Components : Type of Research :
X Sotar Collector Materia! Research
i Heat Storage (@ Component Development

B Air Conditioning and Cooling Unit
(J Other Substantial Components

Name of Organisation : Address :
N.V. PHILIPS GLOEILAMPEN FAERIEKEN Commercial Dept. Light - Solar Collectors
Building EK-p

EINDHOVEN

Name of Principal Researcher : (Contact Person)
' tel. 040~ 756716

Dr. Ir. S.H.A. Begemann

Title of Project :
R&D ON SOLAR-THERMAIL COMPONENTS

= Solar Collectors

Flat plate collectors (Eindhoven)

Improved top-insulation through application of layer of evecuated tubes.
. Absorber - steel (copper or aluminium optional)

» Cover ~ glass
. Insulation - polyisocyanurate
glasswool

evacuated glass tubes
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: atr = £ 70%
K =% 2,2 Wn2°C at At = 40°C
. Other info proprietary.

Tubular collector (Achen-Germany)

Absorber & heat exchanger inside vacuum. Heat pipe configuration
. Material - glass
. Insulation - vacuum
. Maintenance free first 10 years
. Life time dependent on maintenance after 10 years
. Performance: at = * 80%
K=z 1.7 Wm2%C at a7 = 80°C
. Other info proprietary.

Concentrating collectors (Eindhoven)

Line concentrating fresnell strip mirror with solar powered automatic tracking.
. Temperature max. 300°C

. Material - glass

. Life time = 10-20 years

. Other info proprietary

~ Heat Storage (Adhen—Germany)

a. Reversible chemical reactions for long term energy storage (100-400°c)
b. Latent heat storage for low grade (roomtemp.) heat,
+ Other info proprietary 399

see continuation |




Continuation 1 R&D ON SOLAR-THERMAL COMPONENTS
(N.V. PHILIPS GLOEILAMPEN FABRIEKEN)

— Air conditioning & Cooling (Eindhoven)

a. Absorption - COP 1.5 _
b. Stirling cycle ~ COP 1.8 independent of temp. difference at
400°C source temperature.

Capacity - < 20 kW
Other info proprietary,
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[J soLAR coLLECTOR [J mATERIAL RESEARCH
[C] THERMAL ENERGY STORAGE [X] cOMPONENT DEVELOPMENT

A AIR CONDITIONING UNIT
[J OTHER SUBSTANT!AL COMPONENTS

NAME OF OHGANfIZAT[QN . ADDRESS:
AirResearch Manufacturing Co. of Calif. 2525 W. 190th Street

Torrance, CA 90509
NAME OF PRINCIPAL RESEARCHER

TITLE OF PROJECT

Development of a Solar Desiccant Dehumidifier

OBJECTIVE AND NATURE OF THE PROGRAM:

The program is aimed at the development of a solar desiccant dehumidifier
featuring a rotary bed of granular silica gel and a rotary regenerator. This
dehumidifier can be used for air conditioning through adialsatic saturation of
the process air stream.

The program comprises three phases. Phase I covers the conceptual design of the
system. Detailed design of the system will be performed in Phase II. TFabrica-

tion testing and evaluation in a simulated solar system is planned for Phase III.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

+ First semi-annual technical progress report in preparation. This report
summarizes the preliminary design of the dehumidifier package.

PERIOD OF PROJECT: geptember 30, 1977 through September 29, 1980

FUND IN $ U.S. $681,694

IMPORTANT REPORTS OR PUBLICATIONS:
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Air Conditioning and Cooling

type (heat pump, sclar heating/cooling,
solar cooling

type of refrigerator (absorption, ...;
desiccant

capacity of refrigerator (tons)
3 tons

temp. range 0 (OC)
100% - 12%

C.0.P.
0.52

heat exchanger

working medium,..

Rotary regenerator for energy recovery

Fixed boundary finned tube heat exchanger for solar energy

transfer
auxiliary heat source

fossil fuel (gas or fueld cil)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

‘COMPONENTS

TYPE OF RESEARCH

[J soLAR coLLECTOR

X] THERMAL ENERGY STORAGE

&l AlIrR conDiTIONING UNIT

OTHER SUBSTANTIAL COMPONENTS

[] mATERIAL RESEARCH
] cOMPONENT DEVELOPMENT

NAME OF ORGANIZATION

NAME OF PRINCIPAL RESEARCHER

AiResearch Manufacturing Corp. of Cal|

Mr. James Clark, NASA-MSFC, Tech. Mﬁr.

ADDRESS:

2525 West 190th Street
Torrance, California 90509

TITLE OF PROJECT

Contract NAS8-32091

Solar Heating and Cooling Systems Design and Development

motors.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objectives of this program are to design, develop and delivery
prototype solar heating and hot water, and heating, hot water and cooling
systems for single family, multi~family, light commercial, and commercial
applications. Cooling subsystems to be develm ed are discrete 3, 25 and
735 ton Rankine cycle turbocompressor augmented by variable speed auxiliary

PERIOD OF PROJECT:
July 1976 through September 1979

FUND IN 8 U.S. $4.800K

IMPORTANT REPORTS OR PUBLICATIONS:
: None

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: Designs on the
single family and light commercial heating and hot water systems have been
‘completed and are being prepared for installation into their respective OTS,

3 and 25 ton chillers breadboards in test to confirm expected thermmal performange,
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a)

b)

c)

d)

e)

£)

g)

Air Conditioning and Cecoling

type (heat pump, solar heating/cooling, ...)

Rankine cycle turbo compressor heat pump solar heating and ceooling
system augmented with a variable speed motor drive.

type of refrigerator (absorption, ...; working medium, ...)
Turbo compressor vaing R-11 working fluid.

capacity of refrigerator (tons)

3 tons (single family)
25 tons (light commercial)
75 tons (commercial)

temp. range 0 (°c)

150°F (65.5°C) to 195°F (90.6°C)

C.0.P. Rankine cycle

3 ton system: 0.55 to .80
25 ton system: 0.63 to 0.98
75 ton system: (.63 to 0.98

heat exchanger

Hydronic to air

auxiliary heat source
Gas or oil (heating)

Electric (cooling)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS

TYPE OF RESEARCH

[0 soLar coLLECTOR

[] THERMAL ENERGY STORAGE

(3 AR CONDITIONING UNIT

(] OTHER SUBSTANTIAL COMPONENTS

[ MATERIAL RESEARCH
[J COMPONENT DEVELOPMENT

E SYSTEM DEVELOPMENT

NAME OF ORGANIZATION
ARKLA INDUSTRIES INC.

ADDRESS:
B19 East Franmklin Street
P. 0. Box 534

NAME OF PRINCIPAL RESEARCHER
Richard H. Merrick

Evansville, Indiana 47704

TITLE OF PROJECT

Unitary Solar Heating/Cooling System
' Package Development

OBJECTIVE AND NATURE OF THE PROGRAM:

1. Develop residential 3 ton unitary solar heating/cooling (absorption)

system package.

2, Develop related application and installation software.

3. Develop commercial 25 ton system approach involving Arkla 25 ton

WFB300 absorption chiller.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

A 3 tonsystem has been developed and commercialized using the

Arkla WF36 absorption chiller.
PERIOD OF PROJECT:

June 1, 1977 to October 1, 1978

FUND IN $ U.S.
$924,988

IMPORTANT REPORTS OR PUBLICATIONS:
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a)

b)

c)

e)

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, ...}

Solar Heating/Cooling Unitary System

type of refrigerator (absorption, ...; working medium, ...)

Absorption

capacity of refrigerator (tons)

Residential = 3 Tons

Commercial - 25 Tons

temp. range 0 (°C)

Rated Cooling Capacity at 90.5°C Hot Water,
25.5°C Ambient WB and.7.2°C Chilled Water

.72 at Rated Cooling Capacity.

heat exchanger

Fired by Hot Water,
Heating and Cooling delivered by
hot or chilled water.

auxiliary heat source

~Bas or oil fired boiler
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

[ AIR CONDITIONING UNIT
] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
ARKIA Industries, Inc. 819 East Franklin Street
: P.O. Box 534
NAME OF PRINCIPAL RESEARCHER Evansville, Tndiana 47704

Richard H. Merrick

TITLE OF PROJECT

Engineering, Design, Construction and Testing of Salt Water Abscorption
Cooling Unit for use with-a Sclar Collector Heat Source.

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this effort is to develop a 3 ton evaporatively cooled
absorption chiller which would fire on 195°F hot water and produce 45°F
chilled water. .Three, 3-ton chiller units will be field tested. After field
test experience, the design of the chiller will be refined with a view to
production by ARKLA for ayailability for demonstration activity during the
summer of 1979.

3

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Field test units under construction. A lab unit has demonstrated target
performance. :

PERIOD OF PROJECT: 20 months (starting date: 7/1/76)

FUND IN $ U.S. 54, 720

IMPORTANT REPORTS OR PUBLICATIONS:
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ARKIA Industries, Inc. (Data Sheet)

a)

b)

c)

d)

e)

£)

g}

Air Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

Evaporatively Cooled Chiller

type of refrigerator (absorption, ...; working medium, ...)

Absorption

capacity of refrigerator (tons)

Three (3}

(o]
temp. range 0 ( C)
Rated capacity at 90.5°C hot water,
25.5°C ambient WB and 7.2°C chilled water

C.0.P.
-72 at Rated Capacity

heat exchanger

Fired from hot fluid
Cooling delivered via chilled water

auxiliary heat source

Any type boiler
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

& AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Energy Systems Division

Carrier Corporation P. 0. Box 4800
NAME OF PRINCIPAL RESEARCHER Syracuse, NY 13221

Wendell J. Biermang
TITLE OF PROJECT

Single Family Absorption Chiller

OBJECTIVE AND NATURE OF THE PROGRAM:

To select best chemical system for air cooled, single family absorption
chiller, collect necessary design data and prepare design. Construct
Prototype chiller and operate under specified laboratory conditions simulating
a range of anticipated conditions.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Chemical system selected, design data being accumulated and design in
progress

PERIOD OF PROJECT:

Oct. '78 to April'sl

FUND IN $ U.S.
approx. $900,000

IMPORTANT REPORTS OR PUBLICATIONS:

Reviewed at Solar Cooling Workship, San Francisco, Feb. 1978
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a)

b)

c)

a)

a)

£)

q)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

Solar cooling

type of refrigerator (absorption, ...: working medium, ...)

absorption, air cooled. Lithium bromide and anti-crystallization
additive.

capacity of refrigerator (tons)

10 KXW

temp. range O (°c)

110°C solar fluid, 35°C ambient, 7°C chilled water
is design goal.

C.0.P. -

estimated about 0.68

heat exchanger

Plate fin absorber and condenser

auxiliary heat source

hot water
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INTERNATIONAL ENERGY AGENCY |
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[0 sorLar coLLECTOR {J mATERIAL RESEARCH

[J THERMAL ENERGY STORAGE ] coMPONENT DEVELOPMENT
B4 AlIR CONDITIONING UNIT :
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Energy Systems Division P. 0. Box 4800
iCarrier Corporation  Syracuse, NY 13221

NAME OF PRINCIPAL RESEARCHER
Wendell J. Biermann

TITLE OF PROJECT

Prototype Energy Recovery and Solar System

OBJECTIVE AND NATURE OF THE PROGRAM:

To design and comstruct an absorption chiller with a 15-ton rating and .74 COP
at 180° firing water, 85° cooling water and 45-55°F chilled water. Useful

Lab test and install at Ross Control House, Bomnneville Power Administration,
Vancouver, Washington and operate for ome cooling season with instrumentation.

cooling should be available to 165°F firing water or lower at above conditions.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototype lab tested and installed, awaiting cooling season.

PERIOD OF PROJECT:
to November 1978.

FUND IN $ U.S.

approx. $900, 0000

AMPORTANT REPORTS OR PUBLICATIONS:
Reported at Solar Cooling Workshop, San Francisce Fehruary 1978
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a)

b)

c)

d)

e)

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

solar cooling

type of refrigerator (absorption, ...; working medium, ...)

lithium bromide absorption

capacity of refrigerator (tons)

15 tons, at 180°F design temperature

temp. range 0O (°c)

70 - 110°C

C.0.P.

.74 at design pt.

heat exchanger

-Tube in shell, all heat exchangers

auxiliary heat source

hot water
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
O soLar coLLECTOR [] MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

@AIH CONDITIONING UNIT
D OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

CARRIER CORPORATION CARRIER TOWER

NAME OF PRINCIPAL RESEARCHER
RICHARD A. ENGLISH

P.0. BOX 4800
SYRACUSE, NEW YORK 13221

TITLE OF PROJECT

HIGH TEMPERATURE SOLAR POWEkED WATER CHILLER DEVELOPMENT

OBJECTIVE AND NATURE OF THE PROGRAM:

This is a program to develop a high temperature solar powered air ccoled
water chiller for commercial or multi-family air conditioning applications.
It includes a conceptual design phase, a prototype design phase and a
build and test phase. The objective is to develop a machine which will

be cost effective in a selected solar system. The heat engine concept

is a high speed Rankine turbine driving a centrifugal vapor compressor in
a dual loop, single refrigerant, common condenser system.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPL{ISHMENT:
Phase I, Conceptual Design, is approximately 2/3 completed.

PERIOD OF PROJECT:

October 1977-0October 1980

FUND IN $ U.S.

$1,398,239
IMPORTANT REPORTS OR PUBLICATIONS:

None 336




a)

b)

c)

d)

e)

£}

gl

Rir Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

Air conditiomer.

type of refrigerator (absorption, ...; working medium, ...)

Rankine driven vapor compression, dual loop, halocarbon
refrigerant as working fluid,
capacity of refrigerator (tons)

25 tons at 300°F solar water

temp. range 0 °c)
250°F-300°F

C.QO.P.

>0.70

- heat exchanger

Air cooled finned tube condenser.
Shell and tube boiler and cooler.
Finned tube regenerator and precooler.

auxiliary heat source

Electric Power.

337




INTERNATIONAL EN
SURVEY OF COMPONENTS

ERGY AGENCY
FOR SOLAR HEATING

COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY:

USA

COMPONENTS -

TYPE OF RESEARCH

[J soLar coLLecTOR

[J THERMAL ENERGY STORAGE

E] AR CONDITIONING UNIT

[J oTHER SUBSTANTIAL COMPONENTS

[J MATERIAL RESEARCH
COMPONENT DEVELOPMENT

NAME OFf ORGANIZATION
Center for the Environment and Man, Inc.

NAME OF PRINCIPAL RESEARCHER
P. Lunde

ADDRESS:

275 Windsor Street
Hartford, CT 06120

TITLE OF PROJECT

Solar Desiccant Air Conditioning with Silica Gel.

OBJECTIVE AND NATURE OF THE PROGRAM:

. The objective of this program is to design

system for use with low temperature solar collectors.

struction and test of 1/4 capacity in real
demonstrate feasibility of a full size res
with conventional flat plate collectors.
modeling, component design, 1/4 capacity b
I3 tasks, includes full size A/C demonstra
heat exchange and desiccant research.

a reallstlc desiccant air conditioning
Phase I goal is the con-
istic configuration. Phase II will
idential desiccant cooling system used
Phase I tasks will include computer

ed design and test installation. Phase
tion, dehumidifier demonstration, and

PRESENT STATUS OR SUMMARY OF SIGNiFICANT ACCOMPLISHMENT:

1/4 capacity bed test has been initiated and full scale system preliminary

design completed.

PERIOD OF PROJECT: 08-01-76 to 11-30-77

FUND IN $ U.S. CURRENT YEAR $103,000

TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLICATIONS:

FY77

$143,155

Solar Pcwered Desiccant Air Conditioning System, Final Report, Report No:

NSF/RANN/SE/GI 44062/FR/75/1. Preliminary
Ajr Conditioning System using Silica Gel:
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a)

b)

c)

d)

3)

£)

q)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, ...)
Pesiccant

type of refrigerator (absorption, ...; working médium,

adsorption (silica gel)

capacity of refrigerator (tons)

two
o
temp. range 0 (C)

21-38

1.6 (thermal)

heat exchanger

auxiliary heat source

thermal, as desired
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR E MATERIAL RESEARCH
ETHEHMAL ENERGY STORAGE COMPONENT OEVELOPMENT

EAIH CONDITIONING UNIT
D OTHER SUBSTANT!AL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

EIC Corporation 55 Chapel Street

NAME OF PRINCIPAL RESEARCHER Newton, Massachusetts 02158
Peter 0'D. Offenhartz

TITLE OF PROJECT

Solid Phase Absorbent Air Conditioning Studies

OBJECTIVE AND NATURE OF THE PROGRAM:

To design, construct, and test a solar air conditioner using a solid
phase inorganic salt as the absorbent, and water as the refrigerant.
Dehydrated inorganic salts can provide energy storage as well as refrigera-
tion; hence, a system based on such salts will not require separate cold-
side and hot-side energy storage.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

New Project
PERIOD OF PROJECT: September 20, 1977-September 30, 1978 (Phase I)

FUND IN $ U.S. $160,000

IMPORTANT REPORTS OR PUBLICATIONS: ¥None to date.
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EIC Corporation (Data Sheet)

a)

b)

c)

d)

e)

£}

g)

Air Conditioning and Cooling

type (heat pump, sclar heating/cooling, ...)

Solar air conditioner, with integrated storage, using a
solid-phase abscrbent.

type of refrigerator (absorption, ...; working medium,

Solid-phase abscrpiion.
capacity of refrigerator (tons)

Ca. 3 tons.

temp. range 0 (°C)

Not yet accurately known.

C.0.P.

0.6 (projected)

heat exchanger

Not yet designed,

auxiliary heat source

Any source of forced hot air.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[ soLAR coLLECTOR [J MATERIAL RESEARCH
] THERMAL ENERGY STORAGE [X] COMPONENT DEVELOPMENT

[x] AIR CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Energy Technology Incorporated 4814 East 154th Street
NAME OF PRINCIPAL RESEARCHER Cleveland, Chio 44128

Cecil G. Martin

TITLE OF PROJECT

Demonstration of a Sclar Steam Engine for Heating and Cooling

OBJECTIVE ANIj NATURE OF THE PROGRAM:

The turbine technology to be developed under this contract, in conjunction
with a hybrid Rankine cycle, will make possible the constructlon of a solar-~
Rankine air-conditioner with a heat rate of 8000 BTU/HR-TCN. This is accom-
plished by superheating the output of a 300%F solar collector field either
through the cambustion of fossil fuel or with the output of a small parabkolic
dish collector (U.S. Patent 3,950,949).

The system can be operated such that the annual energy required to superheat
the collector field output is less than 5 percent of the total annual energy
consumption.

ETI's turbine alsc delivers good part load performance, which is important
in & Heating and cooling systeam since most of the operating hours are spent at
off-desion conditions,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Cammencing design work on solar steam engine
PERIOD OF PROJECT:

September, 1977 To Jamwary, 1979

FUND IN $ U.S.
$279,552
IMMPORTANT REPORTS OR PUBLICATIONS:

None to date
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Energy Technology Incorporated , 4914 East 154 St. , Cleveland,Chio
(bata Sheet)

Air Conditioning and Cooling

a) type (heat pump, solar heating/cooling,. ...)

Solar Steam Rankine Driven Air-Conditioner

b) type of refrigerator (absorption, ...; working medium, ...)

Vapor campression refrigeration unit
c) capacity of refrigerator (tons)

20 tons ( demonstration unit )

d) temp. range 0 (°c)
300°F ( 149°%C ) and wp

e) C.0.P.

0.86 w/ 300°F solar collectors
1.20 w/ 400°F solar collectors

£)  heat exchanger

Refrigerant-to-air

g) auxiliary heat source

Electricity or fossil fuel
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
E SOLAR COLLECTOR D MATERIAL RESEARCH
ETHERMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

K] AIR CONDITIONING UNIT
B OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
General Electric Co. Space Systems Division
NAME OF PRINCIPAL RESEARCHER Valley Forge, Pennsylvania

William L., Moore, NASA-MSEC Tech, [Mgr.

TITLE OF PROJECT

Contract NAS8-32092 -
Solar Heating and Cooling Systems Design and Development

OBJECTIVE AND NATURE OF THE PROGRAM:

This project is for the development of solar heating and combined solar heating
hnd cooling systems and. involves the complete design and development of market
able systems for single family and commercial applications and the delivery,
installation, and monitoring of the prototype systems. The development of the
two types of systems is proceeding in parallel with maximum commonality of
system elements. The present project approach is to develop a solar driven
Rankine engine to operate a vapor compression heat pump, utilizing a single work-
ing fluid at @ maximum fluid temperature of 300°F (148,.8°C). The program is to
deliver 8 prototype heating and heot water, and heating, hot water and cooling
systems to Operational Test- Sites for data, analysis, and verification of systems
performance and retiability, Chiller development.ds for hoth 3 and 10 fon cooling

capacities,
) RESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Heating systems are presently being prepared for installation into Operational
1Test Sites., Cooling systems are presently being redesigned for improved

manufacturability and commercialization.
PERIOD OF PROJECT:

July 1976 thru September 1979

*

FUND IN $ U.S.
$5.628M

IMPORTANT REPORTS OR PUBLICATIONS:
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a)

b)

c)

a)

e)

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, ...)

Heating and cooling heat pump system employing a hermetically
sealed expander-compressor-motor unit

type of refrigerator (absorption, ...; working medium, ...)

R-114 working fluid
Hermetically sealed expander-compressor

capacity of refrigerator (tons)

3 and 10 ton units

temp. range O (°c)
Just under 300°F. (148, 8°C)

C.0.P.

= 1.0 predicted

heat exchanger

Hydroniec to Air

auxiliary heat source

Gas or Electrie
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INTERNATIONAL ENERGY AGENCY
SURVEY GOF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: UsA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
D THERMAL ENERGY STORAGE [}—{] COMPONENT DEVELOPMENT

£ AIR CONDITIONING UNIT
[0 oTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Hittman Associates, Inc. 9190 Red Branch Road

Columbia, Maryland 21045
NAME OF PRINCIPAL RESEARCHER
Dr. H. M. Curran

TITLE OF PROJECT

Assessment of Solar Powered Cooling of Buildings

OBJECTIVE AND NATURE OF THE PROGRAM:

The objectives of this continuation project are: (1) to provide technical
and economic review and evaluation of solar cooling projects supported by
the Energy Research and Development Administration and the Department of
Energy, and (2) to develop a National Program Plan for Solar Cooling of
Buildings. The Program Plan objective is to provide assistance to industry
for the development and early commercialization of economically competitive
solar cooling systems, in order eventually to meet a significant fraction
of the national energy resource requirements for cooling.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Completed tasks include assessments of solar Rankine, solar/fossil Rankine,
and solar absorption cooling; assessment of effects of reduced cooling

loads by structural mocéification; review and evaluation of 20 R&D projects;
d t L i 1P P i ildi
Pg\ﬁﬁbﬁm&t} I;jﬁ'och%frc of National Program Plan for Solar Cooling of Buildings.

33 months (starting date: 15 June 1975)

FUND IN $§ U.S.

Current year: $108,124

IMPORTANT REPORTS OR PUBLICATIONS:

Assessment of Solar Powered Cooling of Buildings, Final Report, Report
No. NSF-RANN-75-012, 1975.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

I

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
& soLar coLLEcToR [J MATERIAL RESEARCH
THERMAL ENERGY STORAGE | K] cOMPONENT DEVELOPMENT

EAIR CONDITIONING UNIT
E OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Honeywell , Incorporated. Energy Resources Center

2600 Ridgeway Parkway

NAME OF PRINCIPAL RESEARCHER Minneapolis, Minnesota

TITLE OF PROJECT Contract NAS8-32093

Solar Heating and Cooling Systems_ Design and Development

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of this program is to
develop and deliver 2 prototype heating and domestic hot water systems for
single family residences and 6 prototype heating, cooling and hot water
systems for single family, multi-family, light commercial and commercial

buildings. Cooling capacities shall be 3 tons for single family residences,
25 ton for multi~family or light commercial applications, and 75 ton (25 ton
multiples) for commercial buildings. The above instrumented systems will be
installed in OTS to provide test data for analyses and verification of system
performance, reliability, and operational economics, Cooling units are solar
driven Rankine cycle turbines coupled to either rotary vane or piston A/C
COmpressors,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: The two

heating systems are being prepared for OTS installation. Installation is
expected to be completed by December 1977. Component testing is underway
on the 25 ton coqQlina svstems. The 3 ton system is undergoing redesign for

PERIOD OF PROJECT: manufacturing,

July 1976 through September 1980

FUND iIN $ U.S.

$3.9360 K

IMPORTANT REPORTS OR PUBLICATIONS:

None to date

347




Air Conditioning and Cooling

a) type (heat pump, solar heating/cooling, aes)

Solar heating and cooling systems employing a low temperature
Rankine cycle turbine gear coupled to a rotary vane compressor
via a motor-generator auxiliary unit.

b) type of refrigerator (absorption, ...; working medium, ...)

Rankine tumbine fluid: R-113
Compressor {rotorary vane) fluid: R=22

o) ciprectdrve fronyturhine te.fompressor

3 ton

da) temp. range 0 (OC)

Design potential: 1959F (90,6°C)
Minimum design point: 155°F (68.3°C)
e) Cc.0.P.

0.6 to 0.8 {Rankine cycle)
5.82 (refiigeration)

f) heat exchanger

Freon to air

g) auxiliary heat souxce

Gas, oil or electric (heating) :
Electric {Cooling)
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a)

b)

c)

d)

e)

£)

g}

Air Conditioning and Cooling

type {heat pump, solar heating/cooling, ...)

Solar assisted heating and coeoling, and hot water system for multi=-family,
light commercial, and commercial applications utilizing a hydronic to warm-
air heating system, a Rankine cycle driving a 25 ton or 75 ton water chiller
which operates at a constant speed, and a domestic hot water system.

type of refrigerator {(absorption, ...; working medium, ...)
Rankine cycle fluid: R-113
Compressor fluid: R-12
Dri . a - .
cap%gftlyjeo er%l% rtjgé'g%ggogm?tggg}pressor via over-running clutch

25 tons or 3 each 25 ton multiples

o]
temp. range 0 {"C) Control Range: =-65.6°C to 93.3°C
Design point: =-1900F (87 .80C})

C.0.P.

0.6 to 0.8 (Rankine cycle}
6.0 (refrigeration)

heat exchanger

Freon to air

auxiliary heat source

Gas, oil or electric (heating)
Electric (Cooling)
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[ sotar coLLecTor _ [X] MATERIAL RESEARCH
) THERMAL ENERGY STORAGE [X] COMPONENT DEVELOPMENT

(K] AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: | .

Illinois Institute of Technology Il1linois Institute of Technology
3110 South State Street

NAME OF PRINCIPAL RESEARCHER (S) Chicago, Illinois 60616

Zalpan Lavan and Dimitri Gidaspow

TITLE OF PROJECT
DEVELOPMENT OF A SOLAR DESICCANT DEHUMIDIFIER

OBJECTIVE AND NATURE OF THE PROGRAM:

The program is both analytical and experimental. The objective is to design,
build, and test a desiccant air conditioning system that could be operated with
'flat plate solar collectors. .

A sheet-like material made of micron size silica gel bound by a Teflon grid
serves as the desiccant. This material is incorporated into a cross flow heat
‘'exchanger. The process stream flows in channels made of the desiccant material
‘and a cooling stream of air flows in perpendicular channels. Adsorption will
then take place at near iso-thermal conditions, maximizing the performance.
[Also the pressure drop, hence pumping power, will be low. A prototype of the
[cross flow desiccant heat exchanger will be incorporated intoc a complete solar
cooling system that will be tested.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

PERIOD OF PROJECT:
(3 years) September 1977 thru September 1980

FUND IN $ U.S.
$590,350.00

IMPORTANT REPORTS OR PUBLICATIONS:
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a)

b)

c)

d)

e)

)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

Air-conditicner

type of refrigerator (absorption, ...; working medium, ...)

Adsorption, air

capacity of refrigerator (tons)

2- 3 tons

temp. range 0 (°C)

€.0.P.

heat exchanger

Cross flow desicecant dehumidifier

auxiliary heat source

Gas or electricity
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
O soLAR COLLECTOR [0 MATERIAL RESEARCH
[] THERMAL ENERGY STORAGE COMPONENT DEVELOPMENT

[x] AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Institute of Gas Technology 3424 South State Street

Chicago, Illinois 60616
NAME OF PRINCIPAL RESEARCHER

Robert A. Macriss

TITLE OF PROJECT

Solar Desiccant Air-Conditioner (Solar-MEC™) Development

OBJECTIVE AND NATURE OF THE PROGRAM:

This is an experimental and analytical project with emphasis on process modeling
for design optimization (for which little previous data exists), and on hard-
ware performance improvements (identified as necessary -during an earlier phase
of development). The test and evaluation pregram encompasses the desiccant and
heat exchanger wheel, the desiccant support matrix material, air-seals, and the
process as a whole.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Desiccant wheel performance measurements have-been completed and process modeling
for optimization is underway. Air-leakage tests and necessary improvements have
been implemented. Heat exchanger testing is underway.

PERIOD OF PROJECT:

September 1977 - September 1978 (and continuing)

FUND IN $ U.S.
$254,000

IMPORTANT REPORTS OR PUBLICATIONS:

Institute of Gas Technology Report: NSF-8969 Final
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Institute of Gas Technology (Data Sheet)

a)

b)

c)

d)

e)

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, ...)

Solar heating/cooling

type of refrigerator {absorption, ...; working medium, ...)

Open-cycle desiccant system

capacity of refrigerator (tons)

2.5 - 75 tons

temp. range O (°c)
Collector delivered temperatures from 160° - 270°F (70° - 130°C)

C.Q.P.

0.8

heat exchanger

Rotary regenerative

auxiliary heat source

Natural gas burner
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: UsA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR E MATERIAL RESEARCH
DTHERMAL ENERGY STOBAGE D COMPONENT DEVELOPMENT

AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: 3,5, couth State Street
Institute of Gas Technology Chicago, Illinois 60616

NAME OF PRINCIPAL RESEARCHER
Robert A. Macriss

TITLE OF PROJECT

Development of New Fluids for Solar Absorption Cooling

OBJECTIVE AND NATURE OF THE PROGRAM:
This is primarily an experimental and analytical project, dealing with the
identification, basic data developmental, and evaluation of new candidate
fluid systems for solar absorption cooling. The emphasis is placed on systems
that would result in increased COP when operating with air-cooled condenser and
absrober and suitable solar input temperatures. The effort to date has focused
on refrigerant-absorbent solutions that deviate positively from Raoult's law
ideal behavior.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

The identification of many potential systems has been completed and the
data development and evaluation of candidate pairs is under way.

PERIOD OF PROJECT: _
Septemher 1977 -~ September 1978

FUND IN $ U.S.
$96,500

IMPORTANT REPORTS OR PUBLICATIONS:
"Selecting Refrigerant-Absorbent Fluid Systems for Solar Energy Utilization,"
R.A. Macriss. Paper presented at the ASHRAE Semiannual Meeting, Dallas,
February 15, 1976. 354




a)

b)

c}

d}

e)

£}

9)

Institute of Gas Technology (Data Sheet)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling,....)

Solar cooling

type of refrigerator (absorption, ...; working medium, ...)

Absorption

capacity of refrigerator (tons)
2.5 —15 tons

temp. range O °c)
75 — 150°C

C.0.P.

0.6 (minimum)

heat exchanger

Air-cooled finned tube for condenser and absorber

auxiliary heat source

Natural gas burner
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS " TYPE OF RESEARCH
[ soLAR coLLECTOR [J MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE X} cOMPONENT DEVELOPMENT

[A AIR CONDITIONING UNIT
[J oTHER SUBSTANTIAL COMPONENTS

NAME OF CRGANIZATION ADDRESS:, . .
Lawrence Berkeley Laboratory University of California

Berkeley, California 94720

NAME OF PRINCIPAL RESEARCHER
Kim Dao

TITLE OF PROJECT
Development of Solar-Driven Absorption Air-Conditioners and Heat-Pumps

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this project is the development of absorption air conditioners
for solar cooling applications. The approaches being investigated are those that
avoid the necessity for water cooling towers (and instead use air-cooled condensers
and absorbers) and those leading to COP's (Coefficient of Performance) that increas
as the input temperature increases. This is primarily an experimental project,
with the emphasis on designing, fabricating and testing absorption chillers in
operating regimes that are particularly suited for solar energy applications, and
for which no previous experimental data exist. All of the effort to date has
involved the use of ammonia-water absorption cycles. Commercialization opportuni-
ties are being explored with the assistance of industrial firms.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

First experimental chiller was fabricated and tested, and the results were
‘| published. Second prototype of single-effect chiller has been designed and all
components have now been fabricated. Assembly and testing will follow.

PERIOD OF PROJECT:
Qct. 1977 .- Sept. 1978 (and continuing)

FUND IN $ U.S.

$180,000

IMPORTANT REPORTS OR PUBLICATIONS:

Lawrence Berkeley Laboratory Reports: LBL-3293, LBL-5224, LBL-5911, and LBL-5982.
356

LL"J




a)

b)

c)

d)

e)

£}

g)

Air Conditioning and Cocling

type (heat pump, solar heating/cooling,....)

Alr-conditioner

type of refrigerator (absorptiocn, ...; working medium, ...)

Absorption, single-effect, ammonia-water

capacity of refrigerator (tons)

3 tons at 1009C
5 tons at 125°%

temp.. range 0 (OC)

Generator: 77-150°C
Condensar-Absorber: 35-53°C

Evaporator: 1-10°C
C.0.P.

.65

heat exchanger

Air-cooléd finned tubes for condenser and absorber
Tube-in~tube, coaxial and triaxial for other components

auxiliary heat source

Gas
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPOMNENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH

D SOLAR COLLECTOR D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE m COMPONENT DEVELOPMENT

El AR conDITIONING UNIT
[JOTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:

Lawrence Berkeley Laboratory University of California
Berkeley, CA. 94720

NAME OF PRINCIPAL RESEARCHER
Michael Wahlig - Ridgway Banks

TITLE OF PROJECT

Nitinol Engine Project

OBJECTIVE AND NATURE OF THE PROGRAM:

The objective of this project is to determine the feasibility of applying
the share-memory effect in certain intermetallic compounds {particularly "55-
Nitinol"} to the conversion of heat energy o work by means of solid-state heat
engines. A primary milestone is the development of a prototype Nitinol engine
on a scale suitable for powering a moderate-sized residential air é¢onditioner
with solar heated hot water. Other promising applications include the use of
these engines for irrigation pumping, ocean thermal energy conversion, and
utilization of waste heat.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

An experimental cycle simulator that will be used to determine work output
and conversion efficiency of sin?1e Nitinol wires has been designed and

fabricated. R1§orous theoretical and empirical materials studies are continuing.
PERIOD OF PRQJECT:

Oct. 1977 - Sept. 1978 (and continuing)

FUND IN § U.S.
$190,000

IMPORTANT REPORTS OR PUBLICATIONS: Banks, R., "Nitinol Heat Engines,"” from
Shape Memory Effects in Alioys, J. Perkins, ed.; Plenum PubTishing Corp., 1976.
Mohamed, H.A., Washburn, J., "Deformation Behavior and Shape Memory Effect of Near
Equi-Atomic NiTi Alloy," Journal of Materials Science 12, 1977, 469-480.

Banks, R., Wahlig, M. "Nitinol Engine Development," LBL Report LBL-5293. 1976.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
J soLAR coLLECTOR [] MATERIAL RESEARCH
[J THERMAL ENERGY STORAGE K] COMPONENT DEVELOPMENT

[x] AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Los Alamos Scientific Lab. Los Alamcs, NM 87545

NAME OF PRINCIPAL RESEARCHER
J. Balcomb

TITLE OF PROJECT
Design of a Solar Rankine Cooling Unit

OBJECTIVE AND NATURE OF THE PROGRAM:

The principal objectives of this work are to design, procure and test a 77-ton
solar powered Rankine-cycle/vapor-compression cycle cooler. The design will be
compatible with flat plate collector performance. The Unit will be installed
in the National Security and Resources Study Center at LASL. Its performance
will be recorded and evaluated in a side-by-side comparison with a solar-
powered lithium bromide absorption chiller under various design and off-design
conditions. The reliability and maintenance costs of both coolers will be com-
_pared.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Design report has bsen released angd detalled drawings and specifications
issued.

PERIOD OF PROJECT: 24 months, {starting date: 1/4/75)

FUND IN $ U.S. Current Year $207,000

Total for the Period

-IMPORTANT REPORTS OR PUBLICATIONS:
Design of A 77 Ton Solar Rankine Cycle Air Condltlonlng Unit for the Natiocnal
Security and Resources Study Center at Los Alamos, New Mexico. ¢ July 1975
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
(3 soLar coLLEcTOR [0 mATERIAL RESEARCH
[] THERMAL ENERGY STORAGE [7] coMPONENT DEVELOPMENT
[x] AIR CONDITIONING UNIT x COMPUTER MODELING OF COMPONENTS
[J OTHER SUBSTANTIAL COMPONENTS AND SYSTEMS
NAME OF ORGANIZATION ADDRESS:
University of Maryland Mechanical Engineering Department
University of Maryland
NAME OF PRINCIPAL RESEARCHER College Park, MD 20742

Dr. R.W. Allen and Dr. B.K. Anand

TITLE OF PROJECT

Solar Cooling Component Modeling and Optimization

OBJECTIVE AND NATURE OF THE PROGRAM:
Objectives of the research are:

1. Development of detailed cooling component models

2. Validation of cooling component models via manufacturers: performance
data.

3. Development of a simplified program for cooling component model

performance.

Optimization studies of complete solar cooling systems.

Study of control strategies.

o
.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Simplified program for absorption cooling machine performance has been completed.

PERIOD OF PROJECT:
7/1/77 - 6/30/79

FUND IN $ U.S.
15t year - $111,000
- 2nd year - $118,000

IMPORTANT REPORTS OR PUBLICATIONS:
"Simulation of a Lithium Bromide-Water Absorption Refrigeration System,” Jan. 1978
"Solar Powered Rankine Cycle/Vapor Compression Cycle Modeling and Performance

Prediction," November 1977.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
@ SOLAR COLLECTOR & maTeriaL RESEARCH
DTHEFIMAL ENERGY STORAGE BCOMPONENT DEVELOPMENT

X AR conNDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
M.I.T. Lincoln Laboratory P, O. Box 73

NAME OF PRINCIPAL RESEARCHER Lexington, MA 02173
Dr. D. I. Tchernev

TITLE OF PROJECT

INTEGRATED ZEOLITE COLLECTORS

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of the prograrmi is
to develop an integrated collector for solar heating and cooling systems
utilizing the adsorption and desorption of water from molecular sieve zeolites.
The specific tasks are to design, construct, and test a prototype of such a
collector, capable of providing hot water during the day and chilled water at
night, which will act as one~for-one replacement for existing hot water solar
collectors. '

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
Non-integrated zeolite collectors for solar heating and cooling have been
developed under a previous project. Integration of the evaporator and
condenser with the collector will be the goal of the present project.

PERIOD OF PROJECT:
(Proposed) November 1977 - October 1978

IMPORTANT REPORTS OR PUBLICATIONS: Proceedings of '"Zeolite 76''
Conference (to be published). '

Final Report NSF/RA-770017.
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M.I.T. Lincoln Laboratory (Data Sheet)

Air Conditioning and Cooling

a) type (heat pump, sclar heating/cooling, ...)

Solar heating and cooling

b) type of refrigerator (absorption, ...; working medium, ...)

adsorption; zeolite and water vapor

c) capacity of refrigerator (fons)

~ 0.05 per collector ( 15-20 sq. feet)

d) temp. range O o))
cooling, 5-10°C; heating, 40-50°C

-

e) C.0.P.

0. 4 (total including collector)

£) heat exchanger

liquid to vapor

qg) auxiliary heat source

none
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY .SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[J soLAr coLLecTOR [ MATERIAL RESEARCH
[} THERMAL ENERGY STORAGE k] COMPONENT DEVELOPMENT

x] AIR conpITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: Delaware & Cooper Streets
RCA Corp., Gov't, & Comm, Systems Camden, N. J. 08102

NAME OF PRINCIPAL RESEARCHER
M. 5. Crouthamel

TITLE OF PROJECT
Air Conditioning using a Regenerative Gas Cycle

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of this PTOgram was
to demonstrate the applicability of a regenerative gas expansion cycle
(Vuilleumier cycle) to provide air conditioning. The key elements required
for practicability of this cycle are high performance thermal regenerators
and working fluid/water heat exchangers, These components are required to
have low flow friction, low void volume and highly uniform gas flow spaces

to be effective. Prototype versions of these components were fabricated and
integrated into a 1/16 ton unit but funding limitations stopped the program.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototype 1/4 ton unit fabricated but not debugged or thermodynamically tested.
Work terminated due to lack of funds.

PERIOD OF PROJECT:
Terminated.

FUND IN $ U.S. Total for the program -~ $260,000

IMPORTANT REPORTS OR PUBLICATIONS: Solar Driven Air Conditioning System,
Semiannual Status Report, Report No, C00/2938-77/1
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RCA Corp., Gov't & Comm. Systems (Data Sheet)

a)

b)

c)

d)

e)

£)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, . ...)
Heat pump/air conditioner

type of refrigerator (absorption, ...; working medium, ...)

Regenerative gas cycle using hydrogen or helium.

capacity of refrigerator (tons)

1/4 ton

temp. range 0O (OC)

Hot water in = 225°F, Ambient water in = 100°F,
Cold water in = 40°F.
C.0.P.

C.0.P. = .3 (cooling at 40°F/heat at 225°F)

heat exchanger

Conventional water to alr heat exchangers.

auxiliary heat source

Not used.

364




INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
[0 soLar coLLEcTOR [J mATERIAL RESEARCH
E]THEHMAL ENERGY STORAGE E]COMPONENT DEVELOPMENT

(] AIR CONDITIONING UNIT
[J OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
United Technologies Research Center 400 Mein Street

NAME OF PRINCIPAL RESEARCHER East Hartford, CT 06108

¥, Biancardi

TITLE OF PROJECT

Test and Evaluation of Solar Powered Turbocompressor Rankine Cycle for Building
Air Conditioning '

OBJECTIVE AND NATURE OF THE PROGRAM: The objective of this program is
to demonstrate laboratory operation and performance of Rankine cycle turbocompres
air conditioning system at flat plate solar collector temperatures. The effort
will include: (1) characterization tests at water—cooled and air-cooled con-—
denser temperature levels over a selected range at turbine inlet conditions; (2)
turbine design for high capacity operation at temperature levels below those
achievable with present day absorption equipment; and {3) evaluation and further
modification of turbocompressor to permit operation at turbine inlet temperatures
consistent with medium c'oncentra.ting coliectors.

L]

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT: Feasibility

demonstration test has been conducted with all system performance goals met.

System performance was verified and low (160F) and high (240F) temperature operat

demonstrated. Substantial improvements in system performance were demonstrated w

PERIOD OF PROJECT: minor component modifications. More than TOO hr of
"operation achieved.

13 months, (starting date: 1 /15/76)
FUND IN $ U.S.

CURRENT YEAR $219,388
TOTAL FOR THE PERIOD

IMPORTANT REPORTS OR PUBLICATIONS: Feasibility Demonstration of Solar-Powered
Turbocompressor Air Conditioning and Heating System, Final Report, Report No:
C0054-C903/75/1 Test end Evaluation of Solar Fowered Turbocompressor Rankine C3

for Building Air Conditioning. Mareh 1977, CO0-282L4-1

Lon
fth

|

fele
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United Technologies Research Center {Data Sheet)

a)

b)

c)

d)

e)

f)

g)

Air Conditioning and Cooling

type (heat pump, solar heating/cooling, dee)

Air conditioning, heat pump potential identified )

N

type of refrigerator (absorption, ...; working medium, ...)

Rankine cycle double loop system — R11l working fluid in both loops

capacity of refrigerator (tons)

Three-to-five tons, depending upon operating temperatures of wvapor
generator, and condenser

temp. range O °o)

160 to 240 F in vapor generator, 90 F to 120 F in condenser
C.0.P.

Yaries from 0.35 to O.SS

heat exchanger in Rankine cycle (power and coocling loop) vapor generator

‘condenser(s) and evaporator, none envisioned for storage/collector inter-

face.

auxiliary heat source, used steam to simulate solar thermal input in
fully developed system could use oil- or gas—fired furnace, or electric
motor/generator system.
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OTHER SUBSTANTIAL UNITS
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COUNTRY: AUSTRIA

COMPONENTS TYPE OF RESEARCH
]
[ ] soLar coLLecTOR { ] MATERIAL RESEARCH
[L] THERMAL ENERGY STORAGE [] COMPONENT DEVELOPMENT
[ AlR CONDITIONING UNIT x SYSTEM AHALYSIS
OTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADDRESS:
Institut fiir Physikalische Chemie Wihringerstrasse 42
University of Vienna A-1090 Vienna
NAME OF PRINCIPAL RESEARCHER Austria
Prof. Dr. Rofand Stickler

TITLE OF PROJECT
Development of a Measurement and Control System
for Solar Energy Systems

OBJECTIVE AND NATURE OF THE PROGRAM:

The technical and economic parameters influencing the operation of solar systems
for the production-of low temperature heat were studied and analysed. On the
basis of this study guidelines were worked out for the installation of solar
systems in new buildings as well as for retrofittina in old buildinas.

Moreover, the importance of solar energy for the energy situation in Austria
was studied,

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT :

The results of this study, which are being evaluated, are of importance for
the installation of solar systems, in particular for the inteqration of solar
systems in conventional heating systems.

PERIOD OF PROJECT :
i 23.9.1975 - 1.10.1977

FUND IN S U.S5. CURRENT YEAR

TOTAL FOR THE PERIOD 18.000.--

IMPORTANT REPORTS OR PUBLICATIONS:
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Country : Federal Republic of Germany

Components Type of Research
@ Solar Collector {1 Materials Research
[J Heat Storage R cComponent Development -
0O nair Conditioning and '® Systems Development
Ccooling Unit 4 Production Research
X Heat Pump
O
Name of Organisation: Address:
Brown, Boveri + Cie. AG Postfach 351

D-6800 Mannheim

Name of Principal
Researcher
Dr. F. Weil

Title of the Project: Production of a solar collector

installation for heating an openair swimming pool

Objective and Nature of the Project, Present Status

1. Aim
Planning, design and erection of a solar collector installation

for heating an openair swimming pool.

2. Schedule

a) Erection of a solar collector installation for endurance
tests and demonstration purposes, consisting of 1100

collectors.
b) Development of production methods for solar collectors

in mass production.

Continuation overleaf /

Period of the Project: 19.12.74 - 31.12.76

Fund in g US:'716,000,— Government Contribution: jp0g

Important Reports or Publications:
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Title of the Projéct: Production of a solar collector
installation for heating an openair

swimming pool

Objective and Nature of the Project, Present Status:

- Continuation .......

3. Relationship with other projects

The project is based on initial test series of ET 4025.
Tests on the solar collector installation will be carried

out within the framework of project ET 4124 A.

4. Progress

Planning, erection and commissioning of the solar collector

battery have been completed.
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Country : PFederal Republic of Germany

components Type of Resecarch
0 solar Collector M Materials Research
O Heat Storage M Component Development
U Air Conditioning and O .
Cooling Unit
S O
X Contrel Systems
X Heat Carrier
Name of Organisation: Address:

Kléckner + Co., Abt. Kldckner + Co.

Warmetechnik Postfach 100165, D-4100 Puisburg

Werk Heckingen

Name of Principal
Researcher

Incy [gra_ﬂ ) MFYPT‘

. . Development of control systems for solar
0 t: .
1*t1§ of‘the Projec heating systems in service water and
heating installations. Selection of a heat carrier. Trial.

Objective and Nature of the Project, Present Status

1., Aim

Development of control systems for extraction of heat from
solar collectors and use of the heat for service water
preparation, building heating, swimming pool watér heating.
Selection of a heat carrier. Development of prefabricated

assemblies for solar heating systems.

2. Schedule

a) Summary of common service water and heating systems.
b) Selection of suitable systems for solar auxiliary

heating.

Continuation overleaf /

Period of the Project: 1.4.76 - 31.12.79

Fund in ¢ uUs: 380,280,- Government Contribution: 50%

Important Reports or Publications:
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11422 of the Project; De&velooment cf control systems for sclar heating

- . ) systems in service water and heating
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Ob*wctive and Nature of the Project, Present Status:

-~ Continuvation .......

c) Preparation of installation diagrams for b).

d) Selaction and trial of suitable materials for pipes,
valves, pumps, heat exchangers and insulation materials
when using synthetic heat carriers.

e) Selection, trial and development of regulation and

- control equipment.

s

trial and co—ordination with construction authority
regulations,

3. Relationship with other projects

Develecpment is taking place in collaboration with Metall-—
gesellschaft AG for the rollbond process solar collectors
to be developed (ET 4051/4).

4. Progress

The standardized service water preparation systems in

accordance with DIN 1988 with the service water preparation

~units in accordance with DIN 4800 to 4804, the building

heating systems which are only standardized as regards
calculation {DIN 4701) and components and the swimming pool

heating systems have been combined and from this suitable

"layouts have been provisionally selected for the solar

Lheating systems. For this purpose installation diagrams
have been prepared concentrating initially on service water
hzating, including the temperature control system. Commerc-—
ially available instruments, fittings, pumps, heat carriers
etc, have been checked for their use as regards stability
(thermal, chemical) and selected for tests. A test
installation has been erected in which the behaviour of the
materials, of the heat carrier, of the control gear at
various temperatures and rates of flow is being determined.

These investigations with three aluminium collectors pro-

Structural preparation of assemblies ready for connection,

T
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T.xle of the Project: systems in service water and heating

installations. Selecticn of a heat carrier. Trial,

Developmont of centrol systems for solar heating

Objective and Nature of the Project, Present Status:

~ Continuation ..... ..

duced by the rollbond method commenced at the end of August
1876 and will also be continued in 1977.

The tests with mixed materials in the test installation, such
a7z iren hot galvanised, cold galvanised, aluminium, brass,
‘gunmetal, malleable cast iron and plastics when using a

synthetic heat carrier will provide information on corrosion
behaviour in 1977. Initial findings on the switching

behaviour cof the temperature control system have led
to meaification af the equipment which is being carried

out at present. One control unit for service water pre-—

. paration unit is now in the design stage and should be

testes in 1977. A suitable accumulator designed for bivalent

heating has been selected and is being examined
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Country : Federal Republic of Germany

Components Type of Research

X Solar Collector {1 Materials Research
X Heat Storage ' B0 Component Development
X Air Conditioning and O

Cooling Unit 0O
@ Heat Pump
3
Name of Organisation: Address:
Philips GmbH Postfach 1980
Forschungslaboratorium D-5100 Aachen
Aachen

Name of Principal
Researcher
Dr. H. Hbrster

Title of the Project: Rational use of energy and utilization

of solar enerov in buildings

Objective and Nature of the Project, Present Status

l. Aim

Analysis and evaluation of a wide variety of methods of
rational use of.energy and utilization of solar energy

in buildings as regards economical use. Theoretical and
experimental investigations in integrated energy systems
in a test house with considerably modified building
structure. Development of analysis method based on hourly
meteorological data. Development of solar collectors of

high efficiency.

Continuation overleaf /

Period of the Project: 18.6.74 - 31.12.77

Fund in $ US: 3935,882,- Government Contribution: 50%

Important Reports or Publications:
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Title of the Project: Rational use of energy and utilization
of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuaticen .......

2. Schedule

a) System analysis: investigation of various methods for
optimization of solar and energy systems. Collation
and investigation of meteorological data.

b) Development'of high efficiency collectors. Investigation
on selectively reflecting and absorbing coatings.

c) Designing an energy experimental house with considerably
reduced enerdgy requirement.

d) Designing the technical equipment of the experimental
house consisting inter alia of heat pump system (for
heat recovery, energy utilization from the ground, air
conditioning}, solar system {(for hot water preparation,
heating), controlled ventilation with heat recovery
and a complete data collection system.

e} Test procedure and evaluation.

3. Relationship with other projects

Programme execution will take place in conjunction with
RWE Essen and will make a contribution to the sygtem study
on industrial utilization of solar energy under reference

ET 4045.

4. Progress

Hourly meteorological data from various meteorological
stations were recorded on tape and evaluated. Solar data
such as diffused, direct radiation for various orientation,
intensity energy dependence on monthly and annual average
were determined. The method of thermal analysis for
oﬁtimization of energy systems was investigated. Several
methods which describe the thermal behaviour of solar

systems over the year were compared with one another. A
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Title of the Project: Rational use of energy and utilization
- of solar energy in buildings

Objective and Nature of the Project, Present Status:

- Continuation .......

method of data compression was developed. Investigation

of solar collectors was continued. Several configurations
of cylindrical evacuated collectors were analysed and
measured. Selectively absorbing coatings were investigated.
Development and test of a specially effective selective
absorber with alpha greater than equal ©0.95 and epsilon
less than equal 0.l were commenced.

The energy experiﬁental house was measured by means cf
automatic data collection. The specific energy requirement
of the 75/76 heating season as well as the performance data

of the individual energy systems of ventilation, heat pump
and solar collector were established,
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Country : THE NETHERLANDS

Components : Type of Research :
O Solar Collector . O Material Research
O Heat Storage &) Component Development

O Air Conditioning and Cooling Unit
&4 Other Substantial Components

Ra

Mr

VAN HEUGTEN B.V.

Name of Principal Researcher :

Name of Organisation : Address :

adgevend Technies Buro St. Annastraat 145,
P.0. Box 305
NIJMEGEN

. G. Brouwer ) tel. 080-228317

Title of Project :

R&D ON OTHER SUBSTANTIAL SOLAR ENERGY COMPONENTS

— Objective and nature of the program

*

Research on the system control, reliability and safety

* Research on the performance and the optimalisation of the capacity of solar

system components.

- Present status or summary of significant accomplishments

Several solar energy systems of different applications are worked out and realised.

- Publications

2.

4,

"Het gebruik van zonnewarmte voor verwarmingsdoeleinden"
G. Brouwer (Verwarming en Ventilatie, november 1975).

"Warmwatervoorziening in woningen en andere projekten door middel van zonne-
warmte kollektoren". &

P.H.H. Leijendeckers (Postakademiale kursus "De zon als verwarmingsbron",
T.H. Delft, maart/april 1975).

Nota "Doelmatig energieverbruik"
P.H.H. Leijendeckers, E.H. Lysen, a.o. (Vereniging Milieudefensie,
november 1976)

"Zonnewarmte installaties"
G. Brouwer (Verwarming en Ventilatie, juni 1977).

377




INTERMATIONAL EMERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: NEW ZEALAND

COMPONENTS TYPE OF RESEARCH
iX] SOLAR COLLECTOR [JMATERIAL RESEARCH
[J THERMAL ENERGY STORAGE [X] COMPONENT DEVELOPMENT

[JAIR CONDITIONING UNIT
Xl OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS
Zip Holdings Ltd. Box 30-606Y
Lower tiutt, N.Z.

NAME OF PRINCIPAL RESEARCHER
0.M. Kendon

TITLE OF PROJECT

Develop economic domestic solar water heater

OBJECTIVE AND NATURE OF THE PROGRAMME:
Object was to reduce overall cost of solar auxillary
equipment, including installation costs. Specifically
a) to develop a solar operated pump
b) simplify design and manufacture of collectors
c) produce a control system to optimise savings.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:
a) Temporarily shalved
b) and (¢) wunits produced and tested in prototype - factory

production planned.

PERIOD OF PROJECT:
FUND IN $ NZ 13,000

IMPORTANT REPORTS OR PUBLICATIOMNS:
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Country: Sweden
Check the mork x in Companents Type of Ressarch
the head of line, B Solar Collector O Moteriols Research
corresponding to the | Heat Storage & Companent Develop;
respective componentsim Air Conditioning and Cooling ment
d f : - Unit
anc type of research /g Other Substantial Components
Name of Organizotion: Address:
AB Svenska Flidktfabriken
Name of Principol researcher: Equipment Division
Fack
Gosta Jansson ‘ 551 84 JONKOPING SWEDEN

Title of Project:

AMPLITERM

1. High solar intensity. The air flow through the collectors is shut

‘liquid after the collectors is high enough for use, and the liquid is

AMPLITERM is an energy saving system, based on a combination of solar
collectors ond heat pump. It is mainly intended for heuting of private

houses.

Liquid is used as an absorbing medium. It circulates through collectors
of a special type, absorbing heat from direct and indirect solar
radiation and/or from outdoor air, which is made to flow ocross the

panel. Three different ways of operating can be separated:

off, and the liquid obsorbs solar energy. The temperature of the

pumped directly to the storage tank.

2. Low solar intensity. Outdoor air is streaming through the

collectors. The liquid is absorbing energy from both solar radiatian
and air. The temperature of the liquid after the collectors is higher
than it should have been without support from solar energy, but not
high enough to be used for heating. Therefor, the liguid is pumped to
the heat pump, where the temperature level is increased with g good COP.
In another liquid circuit the high temperature energy is transfered to

the storage tank.

3. No solor rodiation. Outdoor eir is streaming -through the collectorsd.

The liquid is absorbing low temperature energy from the air, and the

temperature level is increased by means of the heat pump.
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Country: Sweden

Check the mark X in Componunts Type of Resexr:h
the head of line, s collector {JMaterials Roscardh
corresponding to the |Ciiieat Storage M Ccomponant Development

respective components |G Air Conditioning and Cooling Unit

and type of research: |[KCther Substantial Components

Name of Qrganization: Address:
AB Atcmenergi Fack
"s-611 01 NYKBPING
Name of Principal researcher: Sweden
A Johansson '

Title of Project:

Plastic Convectors

In low temperature solar heating systems the heat flux is low ip the heating com-
ponents, for example in heat convectors. Corsequently, the thermal prcperties of
the heat conductlng paterials are less important and cheaper materials can be used.
Plastic pipes can be used for temperatures below 80°¢C.

Design

The convectors consist of plastic pipes with different lengths (30 — 60 metres) and
with a front plate made of steel or reinforced polyester,

Program of the project

Prototypes of plastic convectors have been made and simple tests have been dore

in a stendardized room of measurements. Experiences from different applications are
evalued and efforts are made for gettlng the plastic convectors accepted with
respect to fire characteristics.,

Test results

Heat transfer coefficients of 6 - 11 W/mzK have beer measured. The coefficients
depend strongly or the length of the chimney.

Putlication

No publication is available.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
DTHEHMAL ENERGY STORAGE E COMPONENT DEVELOPMENT

[J AR cONDITIONING UNIT
k] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Battelle's Columbus Laboratories 505 King Avenue

Columbus, Ohio 43201
NAME OF PRINCIPAL RESEARCHERS

R. D. Fischer/J. A. Eibling

TITLE OF PROJECT

Development of Solar Powered Heat Pump Utilizing Pivoting-Tip-Vane
Rotating Equipment

OBJECTIVE AND NATURE OF THE PROGRAM:

Develop pivoting-tip-vane rotary compressor/expander for use in an advanced
concept of a novel Rankine-cycle~powered heat-pump system for solar heating and
cooling of buildings. Layout design drawings and sketches have been prepared
for the experimental compressor and hardware to be fabricated in the next-phase
program. Results from a one-year performance simulation of the solar heat pump
in a residential application in Columbus, Ohio, were encouraging. Stable
operation of the pivoting-tip gas bearings has been predicted for dynamic con-
ditions expected in the rotary-vane compressor and expander application.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Phase 0, feasibility study has been completed {report dated September 29, 1975).
Phase 1, hardware design study has been completed {(report dated July 29, 1977).
PERIOD OF PROJECT:

Phase 0: 14 months (starting date: July 1, 1974).

Phase 1: 10 months (starting date: August 14, 1976).

FUND IN $ U.S.

Current year - $-0-

Total for Phase 0 - $81,000

Tota; for Phase 1 - $64,000

IMPORTANT REPORTS OR PUBLICATIONS: )

"A Solar-Powered Heat Pump Utilizing Pivoting~Tip Rotating Equipment -- Phase 1",
by Robert D. Fischer, Christopher P. Crall, John H. Beck, and James A. Eibling,

July 29, 1977.
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INTERNATIONAL ENERGY AGENCY
SURVEY OF COMPONENTS FOR SOLAR HEATING
- COOLING AND HOT WATER SUPPLY SYSTEMS

COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
O soLar coLLecToR [J MATERIAL RESEARCH
] THERMAL ENERGY STORAGE (X COMPONENT DEVELOPMENT

] air conpITIONING UNIT
X] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS:
Colorado State University Solar Energy Applications Laboratory
Fort Collins, Colorado 80523
NAME OF PRINCIPAL RESEARCHER
John C. Ward

TITLE OF PROJECT pipect Contact Liquid-Liquid Heat Exchangers for Solar
Heated and Cooled Buildings

OBJECTIVE AND NATURE OF THE PROGRAM:

By using a liquid in the solar collector loop that is immiscible with
water, it is possible to transfer the collected heat directly in the hot water
storage tank, provided that the liquid has a density either greater than or less
than water. The principal objectives of this project are: (1) to develop a
device which will make this form of heat transfer possible; (2) demonstrate the
device on a full-scale basis with existing solar heating and cooling systems;
and (3) evaluate and report the results of the full scale operation.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:  fy17 scale
direct contact 1iquid-liquid heat exchanger under test.

PERIOD OF PROJECT: 27 months, (starting date: 2-1-76)

FUND IN $ U.S. Current year $85,819
Total for the Period $173,285

IMPORTANT REPORTS OR PUBLICATIONS: (1) Toxicological Evaluation of Liquids
Proposed for Use in Direct Contact Liquid-Liquid Heat Exchangers for Solar Heated
and Cooled Buiidings. (2) Direct Contact Liquid-Liquid Heat Exchanger for Solar

Heated and Cooled Buildings: Pilot Plant Results 9-26-77
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COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
D SOLAR COLLECTOR D MATERIAL RESEARCH
DTHEHMAL ENERGY STORAGE m COMPONENT DEVELOPMENT

[ At conDITIONING UNIT
OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION _ ADDRESS:
Lawrence Berkeley Laboratory University of California
Berkeley, California 94720

NAME OF PRINCIPAL RESEARCHER
Michael Wahlig

TITLE OF PROJECT

Development of Electronic Controller and Evaluation of Control Algorithms for
Solar Heating and Cooling Systems

OBJECTIVE AND NATURE OF THE PROGRAM:

- A relatively-inexpensive electronic controller has been developed that will
be capable of operating a solar heating and cooling system in a near-optimized
manner. An experimental solar heating and cooling system has been constructed
and will be used as a test facility to compare experimentally the value of
alternative control algorithms, first using the LBL-developed controller, and
then using other controllers that are commercially available. To achieve repro-
ducible experimental running conditions necessary for accurate comparisons of
alternative control algorithms, the test facility will include an input solar
simulator and an output load simulator.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Prototype controller and experimental solar heating and cooling system, includ-
ing input solar simulator, have been fabricated, instrumented, and tested. The
output load simulator is being synthesized. Computer modeling is underway.
PERIOD OF PROJECT:

October 1977 - September 1978 (and continuing)
FUND IN $ U.S.

$130,000

IMPORTANT REPORTS OR PUBLICATIONS: -
Lawrence Berkeley Laboratory Reports: LBL-4436, LBL-5982
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COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
E]SOLAH COLLECTOR E] MATERIAL RESEARCH
E]THERMAL ENERGY STORAGE E]COMPONENT DEVELOPMENT

[] AR CONDITIONING UNIT
[x] OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: Group E~4, MS-429
Los Alamos Scientific Laboratory (LASL) P. 0. Box 1663

. Los Alamos, NM 87545
NAME OQF PRINCIPAL RESEARCHER

Donald R. Farris -

TITLE OF PROQJECT
[Adaptive Control for Emergy Conservation

OBJECTIVE AMD NATURE OF THE PROGRAM: )
The objective of this program is to investigate the use of adaptive optimal contrg
techniques in the control of heating, ventilating, and air-conditioning (HVAC)
systems in large solar heated and cooled buildings in orxrder to minimize auxiliary
energy consumption while maintaining a comfortable envirconment in the building.

A computer simulation model of a large solar heated and cocled building is used
to test adaptive optimal control approaches and compare simulation results of
auxiliary energy consumption with corresponding simulation results from the use
of conventional control strategies. The computer simulation model of the build-
ing is largely taken from the WNational Security and Resources Study Center at
LASL. Briefly, the adaptive optimal control approach identifies a linear mathe-
matical model of the building; and that model is used to compute a control based
on the linear regulator theory. The model is updated periodically and the con-
trol is recomputed to provide .the optimal control for the new model.

[

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHAMENT:

For the heating model study, the adaptive controller has demonstrated a savings
over the conventional controller of 28.87%7 in the use of auxiliary energy. For
the cooling model, preliminary results indicate an auxiliary energy savings of 18.[3%.

PER!OD OF PROJECT:
July 1976 - present continuing

FUND IN § U.S.
$75,000 for FY 78

IMPORTANT REPORTS Oft PUBLICATIONS: "Adaptive Control for Energy Conservation,|"
August 1, 1976-February 15, 1977, D. R. Farris, H. S. Murray, T. E. Springer, T. H
McDonald, J. L. Melsa, R. V. Monopoli, Report LA-6753-SR, Los Alamos Scientific

Laboratory, Mar. 1977. "Energy Conservation by Adaptive Control for a Solar Heated

Building,” D. R. Farris, J. L. Melsa, H. S. Murray, T. E. McDonald, T. E. Springey,

Proceedings, 1977 International Conference on Cybernetics and SOClEeLy, oept. 19/7-
_pp- 329-335. \
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COUNTRY: USA

COMPONENTS TYPE OF RESEARCH

() soLAR COLLECTOR ] MATERIAL RESEARCH
[CJ THERMAL ENERGY STORAGE Kl cOMPONENT DEVELOPMENT

[J AIR CONDITIONING UNIT

X} OTHER SUBSTANTIAL COMPONENTS
NAME OF ORGANIZATION ADDRESS:
Scientific-Atlanta, Inc. 3845 Pleasantdale Road
NAME OF PRINCIPAL RESEARCHER Atlanta, Georgia 30340
Dr., Sam V. Shelton

TITLE OF PROJECT

Development of Solar Driven Heat Piston Dual Loop Heat Pump

OBJECTIVE AND NATURE OF THE PROGRAM:

Design, development, modeling, and testing of components

for a free piston expander-~compressor suited for Rankine
cycle driven vapor compression cycles in solar heating /cooling
systems driven by low temperature flat plate collectors.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Analytica.l modeling of device has been completed with operating
limits, friction effects, and valve losses evaluated.

PERIOD OF PROJECT:
Sept. 1, 1977 - Aug. 30, 1978
FUND IN $ U.S.
$169, 000
IMPORTANT REPORTS OR PUBLICATIONS:

None )
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COUNTRY: USA

COMPONENTS TYPE OF RESEARCH
DSOLAH COLLECTOR . D MATERIAL RESEARCH
DTHERMAL ENERGY STORAGE [E COMPONENT DEVELOPMENT

[ AIR CONDITIONING UNIT
OTHER SUBSTANTIAL COMPONENTS

NAME OF ORGANIZATION ADDRESS: ]
Syracuse University Syracuse, NY 13210

NAME OF PRINCIPAL RESEARCHER
E. E. Drucker

TITLE OF PROJECT
Commercial Building Unitary Heat Pump System with Solar Heating

OBJECTIVE AND NATURE OF THE PROGRAM:

Parametric studies have been made for 2 building types in each of 13 geographic
areas.

This program will extend the parametric studies to another building type and pre-
pare the resulting information in convenient form for architects, engineers and
contractors to use. TImprovements and refinements in the simulation will be
made. These will include a more realistic temperature control deadband, use of
desiccant systems with solar regeneration, and the effects of internal load
variations.

PRESENT STATUS OR SUMMARY OF SIGNIFICANT ACCOMPLISHMENT:

Development of weather and insolation data for new cities has been completed.

PERIOD OF PROJECT: 12 months (starting date: 6/15/76 with no
cost time extention to 10/31/77).

FUND IN $ U.S. " Current Year 566,184

Total for the Period $132,368

IMPORTANT REPORTS OR PUBLICATIONS: Commercial Building Unitary Heat Pump
System with solar Heating, Final Report, Report #NSF/RANN/SE/GI-43895/FR/75/3.
Solar Building Energy Use Analysis, American Section ISES Mtg, June 1977. Effi-
cient Use of Energy in a Solar Bldg, Int. Conf. on Energy Use Mgmt., Oct 24-28,
1877. {continued)
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Importént Reports or PUblications: {continued)

Generalized Weather Functions for Computer Analysis of Solar-Assisted HVAC
Systems, ASME publication 76-WA/Sol-20. Thermal Simulation of a Building
with Solar Assisted Closed Loop Unita@ry Heat Pumps, ASME publication

76/WA/S01-23.
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TASK II:

Country

AUSTRIA

BELGIUM

DENMARK

GERMANY

ITALY

JAPAN

NETHERLANDS

NEW ZEALAND

SPAIN

APPENDIX

NATIONAL REPRESENTATIVES

COORDINATION OF R & D ON SOLAR HEATING AND COOLING

COMPONENTS

Institution

Austrian Solar and Space Agency
Garnisongasse 7
A-1090 Vienna

Faculte Polytechnique de Mons
31, Boulevard Dolez
7000 Mons

Thermal Insulation Laboratory
Building 118

Technical University of Denmark
DK-2800 Lyngby

Kernforschungsanlage Julich GmbH

Programmgruppe Systemforschung
und Technologische Entwicklung

Postfach 1913

D-5170 Julich

Instituto di Fisica Tecnica
Piazzale Tecchio

Universita di Napoli

Napoli

Sunshine Project Headquarters

Agency of Industrial Science
and Technology

MITI

1-3 Kasumigaseki, Chiyoda-Ku

lokyo -

Netherlands Energy Research
Foundation

Westerduinweg 3

Petten N.H.

Physics and Engineering Labora-
tory

Dept. of Scientific & Ind. Research

Private Bag
Lower Hutt

Instituto Nacional de Tecnica
Aerospacial

Torrejon de Ardoz

Madrid

389

Responsible Person

Prof. Gerhard
Faninger

Prof. Andre Pilatte

Mr. Ove Jorgensen

Dipl. Ing. Michael
Meliss

Prof.

Raffaele Yanoli

Mr. Taira Sunami

ir. W.F. Heshuysen

Dr. R.F. Benseman

Dr. Ing. Luis Nadal




Country
SWEDEN

SWITZERLAND

U.S.A.

Institution

AB Svenska Flaktfabriken
S5-551 84 Jonkoping

Ecole Polytechnique Federale
de Lausanne

Dept. de Physique

33 Av. de Cour

CH-1007 Lausanne

U.S. Department of Energy

Division of Conservation
and Solar Applications

Washington, D.C. 20545
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Responsible Person

Mr. Qve Strindehag

Dr. Andre Faist

Dr. Frederick H. -
Morse




