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PREFACE

INTERNATICNAL ENERGY AGENCY

In order to strenghten cooperation in the vital area of energy
policy, an Agreement con an International Energy Program was for-
mulated among a number of industrialized countries in November
1974, The International Energy Agency (IEA) was established as
an autonomous body within the Organization for Economic Coopera-
tion and Development (OECD) to administer that agreement.
Twenty countries are currently members of the IEA, with the Com-
mission of the European Communities participating under a spe-
cial agreement.

As one element of the International Energy Program, the Partici-
pants undertake cooperative activities in energy research,
development, and demonstration., A number of hew and improved
energy technologies which have potential for making significant
contributions to our éngrgy needs were identified for collabora-
tive efforts. The IEA Committee on Energy Research and Develop-
ment (CRD), assisted by a small Secretariat, coordinates the

energy research, development, and demonstrations program.

SOLAR HEATING AND COOLING PROGRAM

Solar Heating and Cooling was one of the technologies selected
by the IEA for a collaborative effort. The objective was to
undertake cooperative research, development, demonstrations and
exchanges of information in order to advance the activities of
all Participants in the field of solar heating and cocoling sys-
tems. BSeveral tasks were developed in key areas of solar heat-
ing and cooling. ‘A formal Implementing Agreement for this Pro-
gram, covering the contributions, obligations and rights of the
Participants, as well as the scope of each task was prepared and
signed by 15 countries and the Commission of the European Commu-
nities. The overall program is managed by an Bxecutive Commit-
tee, while the management of the subprojects is the responsibil-
ity of Operating Agents who act on behalf of the other

Participants.




The tasks of the IEA Solar Heating and Cooling Program and their

respective Operating Agents are:

I,

IT.

III.

Iv.

vi.

VII.

Investigation of the Performance of Solar Heating and Cool~
ing Systems -

Technical University of Denmark.

Coordination of R&D on Solar Heating and Cooling Components

Agency of Industrial Science and Technology, Japan

Per formance Testing of Solar Collectors -
Kernforschungsanlage Jilich, Federal Republic of Germany

Development of an Insulation Handbook and Instrumentation

Package =
United States Department of Enerqy (finished)

Use of Existing Meteorological Information for Solar Energy
Application -
Swedish Meteorological and Hydrological Institute

Per formance of Solar Heating, Cooling and Hot Water Systems
Using Evacuated Collectors -
United States Department of Energy

Central Solar Heating with Seasonal Storage -
Swedish Council for Building Research

. Collaboration in additional areas is likely to be considered as

projects are completed or fruitful topics for cooperation iden-

tified. At the moment a new task, "Passive and Hybrid Low

Energy Buildings", is under consideration for initiation.




TASK III - PERFORMANCE TESTING OF SOLAR COLLECTORS

A wide variety of collector designs with a broad range of quali-
tative differences exists. Since the collector is the key com-
ponent in an active solar system, performance testing is a vital
task. The objective of Task III is to develop internationally
accepted test procedures for determining the thermal performance
as well as the reliability and durability of collectors. This
project is also experimenting with the use of solar simulators

to allow year-round testing of collectors.
The subtasks of this project are:

A, Development and Application of Standard Test Procedures for
Determining Thermal Performance

B. Development of Reliability and Durability Test Procedures

C. Investigation of the Potential of Solar Simulators

The following countries are Participants in Task III:

Austria, Belgium, Canada, Denmark, Federal Republic of Germany,
Greece, Italy, dJapan, The Netherlands, New Zealand, Spain,
Sweden, Switzerland, United Kingdom, U.S.A., and the Commission

of the European Communities.

This report documents work carried out under subtask B of Task
111,
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SUMMARY

In appendix A of this report you will find a compilation of
solar collector inspection reports from the Participants of IEA,
Task III. There are contributions from United XKingdom, Sweden,
New Zealand, Denmark, U.5.A., Germany, Holland, Austria and
Japan,“‘In all there are 25 inspection reports, and no country
is represented with more than 4 reports. With U.S.A. and New
Zealand as exceptions, all inspections are made in more or less
rainy climates, and with frost and snow during the winter. The
influence on solar collector reliability and .durability from
this kind of climate is, of courée, very different from the
influence you will find in, for example, New Mexico in U.S.A.
Therefore the demands to construction methode and materials used
for solar collectors are véry much dependent on the climate they

will be exposed to in operation.

It is important to stress that the results of the inspections
presented in this report do not give any precise picture of the
reliability and ddrability of solar collectors in the IEA-parti-
cipating countries. The number of inspected collectors is too
small for that, and it is probable that many collectors have
been chosen for inspection because they were known to have
experienced problems. The aim was to inspect collectors in
operation in order to get information and to investigate typical

failure modes of solar collectors.

In chapter 1 there is a short discussion of the inspection
reports,

Chapter 2 is a catalogue of observed problems, changes and fai-
lures o©of the inspected solar collectors. A division is made
with respect to:

1. The different parts of the collector.

2. Problem areas of the collector with respect to construction,
materials used, production and installation.




3. The influences from climate and surroundings on the collec-

tor.

In chapter 3 the  inspected collectors are listed together with
an indication of observed problems. This chapter also includes
a short evaluation of the most common problems, and comments on
a new inspection format which has been developed on the basis of
recent experience with system inspections. The new inspection
format is enclosed as appendix C.

An important task with respect to optaining more durable and
reliable solar collectors is to develop recommendations for col-
lector construction in different climates., In appendix D are

two examples showing how this is done in Denmark.




INTRODUCTION

A working programme to develop reliability and durability test
procedures for sclar collectors has been initiated. At present
the programme has three different parts:

l. Information on reliability and durability of solar collec—
tors in solar energy systems.

2. Assessment and modification of available standards for test-

ing materials used in solar collectors.

3. Assessment and modification of procedures for testing the
reliability and durability of complete solar collectors.

For part 1 it was decided that the first objective should be a
collection of inspection reports on reliability and durability
of solar collectors in operation in the participating countries.

An inspection format for this purpose was developed and later
revised at the IEA-Task III meeting in Bor&s, June 1980.

Here it was also decided that the Participants should use the
format and report the reliability and durability of solar col-
lectors in at least three different solar energy systems in each
country. Reports on the inspected collectors were compiled and
evaluated by the Danish Participant, and were presented in a
first draft of this report at the Task III experts meeting in
Vienna, February 1981.







INSPECTION OF SOLAR COLLECTORS -~ THE OBJECTIVE

The most important part of the inspection reports in appen-
dix A is the description of the inspected solar collectors
and the listing and discussion of the problems, changes and
failures observed. Most of the Participants have not made
many remarks on observed collector problems. Of course,
this item is not very important if you want to make only a
statistical evaluation on which kind of collector problems
are the most common. But if you want also to analyse the
problems more deeply, it 1is important that all observed
problems are discussed and that ways to get rid of them or
ways to repair failures are evaluated.

If you also want to make practical use of the reported
experience on durability and reliability of the inspected
solar collector, for example, to make recommendations for
collector construction, then a very detailed description of
the inspected collectors is essential, and pictures and fig-

ures as documentation are necessary.

Inspection of solar collectors in operation is a part of the
agreed upon working programme within the IEA, Task III, sub-
task b. The goal of the programme is to develop procedures
for testing the reliability and durability of solar collec-
tors. Here it is necessary to know the problems, failures
and changes that occur with solar collectors in practical
operation, and to compare the results of the different test
procedures with this experience. To obtain this goal a sim-

ple list of collector problems might be sufficient.

However, if you consider that a vital part of collector
testing is to evaluate the collectors and give recommenda-
tions for a better collector construction, for example to
help the manufacturers in improving them, then you have to
go deeper into the observed collector problems. A simple
list will not be enough.
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DURABILITY AND RELIABILITY OF SOLAR COLLECTORS - PROBLEMS

OBSERVED IN PRACTICE

In this chapter we will present a list of solar collector
problems, failures or changes which have been observed in
existing solar heating systems, Most of the problems men-
tioned are taken from the inspection reports in appendix A,
others are mentioned in (1), (4), (6) and (7}.
It is suitable to refer the problems, failures or changes in
solar collectors to the differet parts of the collector or
the solar heating system in which it is working, that is:

l. cover

2. cover/enclosure assembly, gaskets and sealants

3. absorber

4. insulation in the sides and the back

5. enclosure

- 6. attachment, mounting of collector

7. flashing of the collector

8. connections and piping

9. the solar system

10. maintenance and repair of the collector

Problems or changes observed in solar collectors can always
be related to the parameters of the solar collector, for
example, the collector construction or the design of the
solar system in which the collectors are working. The most

common reasons for failures, problems or changes are the
following:
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1. the solar collector construction or design
2. the solar collector materials used
3. the preoduction or treatment of the solar collector

4. the installation, assembly or piping of the solar
collector

5. maintenance of the solar collector

6. the design or the operation of the solar heating
system

The above mentioned characteristics of solar collectors will
sometimes be the only reasons for problems, failures or
changes, which sooner or later will be observed. But usu-
ally it will be a combination of these things together with
the influence from the climate conditions that will have the
most severe influence on solar collector reliability and
durability.

The influence of the climate and the surroundings which the

solar collectors are exposed to, can be divided into:

1. influence of stagnation and high temperatures

2, influence of introduction of moisture or water into
the solar collector

3. influence of other climate parameters such as wind,
insolation from the sun, ice, snow, dust, dirt and
pollution

4. repair or maintenance of the collector

Often the combined influence, for example, from temperature
and humidity is more severe than one of the above mentioned
influences alone.

With the above mentioned in mind, a list of problems, fai-
lures and changes of solar collectors, observed at collector
inspections, are made.
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The notations used refer to "The different parts of the col-

lector", "Category of problens,

failures and changes" and

"The influence on the collector of climate and surround-

ings". A survey of this is shown below.

Different parts
of the collector
and the solar
system

1 cover

2 cover/enclosure
assembly, sea-
lants, gaskets

3 absorber

4 insulation

5 enclosure

6 attachment and
mounting of
collector

7 flashing of
collector

8 connections and
piping

9 the solar system

10 maintenance

11 comments on
efficiency

The category
of problems,
failures and
changes

1 collector
construction

2 collector
materials

used

3 guality of
production

4 installatiocn

5 maintenance

6 operation

"7 the climate

alone

Influence of
surroundings
and climate
parameters

1 stagnation, high
temperatures

2 moisture and
water in the
collector
or piping

3 other climate
parameters, such
as wind, sun
and dirt

4 repair and
maintenance

5 the collector
or the system
alone

If problems cannot be detected in reliability and short-time
durability tests, then the symbol (L) will refer to this. L

means long time effect.

effect, but here it will not be used.

(S) could be used for a short-term
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PROBLEMS, FAILURES AND CHANGES OBSERVED FOR SOLAR COLLECTORS IN

1.

OCPERATION

The cover

Broken cover. Often because of a temperature gradient in
the cover resulting from cooling of the cover edge.

Collapsed cover. Often seen with plastic covers. These
covers have a low heat transmission factor resulting in
big differences between temperatures on the two sides of
the cover and therefore differences in thermal expansion.
The cover might touch parts of the absorber making it
brown or destroying it.

Deposits from outgassing of materials are often seen on
the inside of the cover. This might dissolve the cover
material and reduce the transmission. Common outgassing
products are from: insulation binder, sealant, paint,

resin, rubber, gaskets (neoprene) and foam insulation.

Heavy condensation on the inside of the cover due to
insufficient ventilation of the collector, or collector
leakage resulting in a collector which is always, or very
often, wet inside.

Climatic reasons for condensation include radiation from

the cover to the sky, snow on the cover and rain.

Sealant might dissolve, resulting in a sticky cover which
might collect a lot of dirt. (L).

Ageing of plastic covers, because of UV-insolation is
often observed. (L).

It is difficult to avoid sagging of plastic foil covers.
The attachment of the cover to the collector enclosure is

sometimes not durable. The cover might slip after some
time. (L).




1.4.3

2,1.2
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A problem often seen is that the collector is difficult
to reach and repair after installation. Breakage of
glass covers for a solar collector is always a signifi-
cant risk, so unless a collector can be easily removed
from its mounting and dismantled, this can lead to large

expenses.

Dirt on collector covers is very common, especially in
polluted areas, or if. the collector is placed near a
chimney. If a solar collector is situated near the sea,
deposits of salt and sand on the cover can be very heavy

and very often difficult to remove. (L).

Cover/enclosure assembly

Gaskets and sealant, used for the cover/enclosure assem-
bly, sometimes work their way out because of thermal
expansion. Either the cover or the enclosure may cause

the cover to loosen.

An unsatisfactory cover/enclosure assembly, with respect
to construction and material, might lead to breakage of

the collector.

Shrinkage of rubber gaskets might lead to leakage in the
corner of the cover/enclosure assembly.

Because of wind pressure and influence from temperatures
the cover must be able to. move horizontally and verti-
cally. It is important that gaskets and sealants ensure
that the cover does not loosen.

Silicone adhesive may be used to.seal the cover/enclosure
assembly. If degreasing 1is not done properly, leakage

may occur.




3.3.5

3.4.5
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The absorber

Warpage or bulging of the absorber can be the result of

construction failures.

Proper functioning of the absorber over a long period of
time is the most important aspect of solar collector dur-
ability. It is especially the combined effect of mois-
ture in the collector and high temperatures which result
in degradation of the absorber, sometimes also combined
with polluted air. It is important to minimize these
effects, for example by ensuring that it is impossible
for water to enter or to be formed in the collector.

Condensation might drip onto the absorber surface leading

to corrosion (usually in lines and spots). (L).

White-rust on the absorber surface is a severe problem

. which might change o and ¢ of the surface and lead to

corrosion and leakage of therabsorber. (L) .

Some absorbers are leaking. Especially in the manifolds
and connections this can be a problem.

Peeling of the absorber surface might occur if degreasing
of the absorber material is not done properly before it
is painted. (L).

If a wrong collector fluid is used, internal corrosion of

the absorber might occur. (L).

Using drainage to protect against freezing is often not
sufficient, because of failures in design. (L).

Dust and sand deposits on the absorber surface can be a
problem. They can be introduced into the collector
through ventilation holes or other places where the col-
lector is not airtight. (L).




4.1.2

4.3.1

5.1.2

5.1.2
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Insulation

Plastic foams used as insulation in solar collectors can
fail at high temperatures. They may exhibit bulging,
burning, brown discoloration and cracking.

The side insulation in solar cocllectors is often visible
and discoloured. Sometimes it outgasses a deposit onto

the glass cover.

Water in a solar collector is often absorbed in porous

material such as insulation material. Once the water is

- there, it can be a problem to remove it.

If plastic foam is not made the proper way it is very
sensitive to temperatures. It might degrade, or expan-
sion might result in distortion of the enclosure.

Often the side insulation is not fastened sufficiently.
After a period it might loosen. (L).

Enclosure

The primary objective of the solar collector enclosure is
to protect the absorber against the climate.

Water being a result of rain, condensation or snow might
be observed in the collector if the enclosure is not
tight.

The enclosure might begin to corrode after a period if
the surface treatment is not good enough.

The fillet at the bottom of the collector glass may
gather water at the edge, or prevent snow from sliding
off. This might lead to leakage even when a good sili-
cone sealant has been used. An internal flashing in the
collector might solve this problem. (L). Leakage is




6.4.2
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often seen at the places where connections from the

absorber pass through the enclosure.

Very often the enclosure is not protected against leakage

at the corners.

When certain material combinations are used galvanic cor-

rosion might occur. (L).

Attachment, mounting of collector

Collectors might loosen from attachments because of ther-
mal expansion of the pipes, or influence from wind pres-
sure. (L),

Formation of ice between collector and roof might lead to
destruction of the collector.

When collectors are attached to a roof it is very impor-
tant to avoid leaks in the roof,

Sometimes it is found that collectors are not mounted

properly, the reason being that the instructions have not
been followed as they should.

Flashing of the collector

The flashing of solar collectors built into the roof is
difficult to make satisfactory. TIf leaking occurs water
might enter into the house.

A simple construction or design of the flashing is very
important when repair of the collector is necessary.




8.1.1

8.4.5
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Connections and piping

When metal is used for the connections between collec-
tors, thermal expansion of the piping system might des~-
troy the collectors or the connections, leading to leak-
age. This type of connection needs a first class design
but only very little maintenance and might have a long
life time.

Collector connections are often made from flexible hoses
of organic material. There are often problems with this
type of connection with regatd to leakage and airleakage
into the piping system.

If the insulation of the piping system and connections is
not protected it might get wet and destroyed, leading to
corrosion.

Sometimes the insulation of the piping system from col-
lector to storage is completely missing.

When copper pipes are used there are often problems with
the soldering. Often the soldered joints are not cleaned
well enough.

Often the flow distribution to solar collectors is not
very good. A good flow distribution is best obtained
when the drop of pressure in the collectors is above a
certain level.

The solar system

If the collector area is over-dimensioned compared to the
storage, boiling in the collector might occur, and the
safety valve might let fluid out of the system. (L}.




10.

10.1.5
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Maintenance and repair of the collector

When collector failures occur, repair of these failures
is often very expensive. Often collectors are not
designed for easy maintenance and repair. When a guaran-
tee against failures is made it is important to insert a
timelimit in the contract. (L).




11.

11.1.1

11.1.5

11.2,1
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Comments on efficiency

Condensation and deposits from outgassing might decrease

the transmission.

Collapse of the cover will of course also increase the
front heat loss.

Often the collector design is not very well optimized,
for example:

- a high iron content in glass covers reduces tran-
smission

- if the cover/enclosure assembly is not insulated,
the cover edges are cooled.

- the thickness of side and back insulation is often
not satisfactory.

- a too small cover/cover or cover/absorber spacing
increases front losses,

- an uneven flow distribution between collectors
influences their efficiency.

~ if insulation of connections and the piping system
is missing it has a considerable influence on effi-
ciency.
If the insulation material is not durable at high temper-
atures, degrading, expansion, bulging, burning or crack-
ing might occur. This has a considerable influence on
efficiency.

11.2.2 Moisture or water in the insulation will also reduce

efficiency.

Changes of o and £ of the absorber surface can decrease
efficiency.




Fig.
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EVALUATION OF OBSERVED PRCBLEMS, FAILURES AND CHANGES

Procedure for and the results of the evaluation

The solar collectors from the inspection reports in appendix
A are evaluated by using the same method as used for the
solar collector problems list., A code employing three num-
bers is used to indicate (a) the different part of the col-
lector, (b) the categofy of observed problems, failures or
changes, and (c) the influences from climate and surround-
ings which have been reported, (see fig.l).

Different parts The category Influence of
of the collector of problems, surroundings
and the solar failures and and climate
systen changes parameters
1 cover 1 ccllector 1 stagnation, high
construction temperatures
2 cover/enclosure 2 collector 2 moisture and
assenmbly, sea- materials water in the
lants, gaskets used collector
or piping
3 absorber 3 quality of 3 ather climate
production parameters, such
as wind, sun
and dirt
4 insulation 4 installation 4 repair and
~maintenance
5 enclosure 5 maintenance % the collector
or the system
alone

6 attachment znd 6 operation
mounting of

callector
7 flashing of 7 the climate
collector alone

8 connections and
piping

9 the solar system

10 maintenance

11 comments on
efficiency

1 Problems, failures and changes of solar collectors are

evaluated using a code containing three numbers.
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(L) is wused to indicate if observed problems, failures or
changes are a result of a long term effect on the collector,
so reliability and short-term collector tests could not be
used to investigate this kind of problem.

The collectors are referred to by the letters A - Z:

Collector

United Kingdom A-B-C-7Z
Sweden D-E-F-G
Denmark H-I-J-K
New Zealand L-M-N
Holland O0-P-0-R
United States 8
Germany T1-T2-0U
Austria V- ¥~Y

In the following pages there are pictures of the collectors
with problems indicated as explained. eg: 1-1-1 means that
a failure or change has been observed on the cover and the
reason for this is connected to the collector construction.
Also that it was the influence of stagnation and high temp-
eratures which was a part of the reason for the observed
problem, failure or change. If a cover breaks at stagnation
because of the construction of the collector, then it will
be referred to as 1-1-1.

In appendix B are diagrams for 7 vital parts of the solar
collector. Here is shown which collectors had the same com-
binations of design characteristics and influence from cli-
mate parameters and surroundings. Short comments on the
different parts are also given.
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COMMON PRCBLEMS, FAILURES AND CHANGES IN THE INSPECTED SOLAR
COLLECTORS ARE THE FOLLOWING:

1.

10.

Condensation, outgassing and dirt on covers

Breakage or collapse of covers

Ageing of plastic covers

Rain leakage into the solar collector because of
cover/enclosure assembly leaking, or leaking through
the enclosure, either at connection holes, corners or
the lower glass fillet

Corrosion and white/rust on the absorber surface
Insufficient absorber surface treatment

Dirt and dust on absorber

Degradation and expansion of plastic foam insulation

Leaking of piping system or connections

Bad quality of work at collector installation, espe~

cially with insulation of piping system
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3.2 The inspected solar collectors

The following pages show cross sections of the solar
collectors from the inspection reports. Observed changes,
failures or problems are indicated.

COLLECTOR CROSS SECTION

Abserber piate

{Cover
~ N

NS OSSO S S feater
) " N

Galv. case Insulation

a8

Collector Ar 1-1-2 Condensation

1-2-1 Slight sag in cover
1-7-3(L) Dirt on cover
2-1-1(L) Seal damaged

8~3-5 Pipework, insulation missing

COLLECTOR CROSS SECTION

Cover

_ﬂﬁr Ei%ﬂxfer\\. | \\\\
SN LRSS \\\\ﬁ*

~Back coveﬁ , Insu*atlon

100

Collector B: 5-1-2(L) Galvanic corrosion of enclosure

5-1-2 Moisture in collector
T=7=4 Glass breakage of one panel
2-1-2 Cover glass seal not water tight

3-2~2 Absorber corroded




CROSS SECTION THROUGH SOLAR COLLECTOR

Absorber plate

Cover dglass

N

e Y

1-1-1
3-2-2 (L)
5-1-2 (L}
8-4-5 (L)}
8-4-2

Collector C:

Insulation//

Glass breakage

Absorber cocating discoloured

Steel supports and screws corroded
Connections of pipes degraded
Manifold insulation broken in places

aluminium roll-bond absorber

expanded neoprene

6mm glass glazing bar

glass fibre
Collector %: l-1-2
1-1-1
1-7=3 (L)
2-1-1 (L}
3-1-2 (1)
7-1-2 (L)

poly-isocyanurate foam

Condensation

Glass cracked

Cover dirty

Neoprene gasket shrunk,sealant rope rotten
Absorber coating dirty and corroded
Flashing in poor condition




Collector D: 1-1-1

1-1-2
1-2-3
2-1-2
3~1-3
3-3-2

(L)
(L)
(L)
(L)
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Urethane Insulation
'Copper tubes
Copper sheat with selective surface

Yellow outgassing
Condensation

Cover ageing

Textile tape destroved
Dust on absorber

Corrosion at absorber edges

=

COVER

SNLNIESS

Collector E: 1-1-2
1-2-1
1-2-3
1-3-5
4-1-5
4-1-5
5-1-5

(L)

Condensation

Cover bulging

Ageing of cover

Cover brown in places
Visible insulation

Side insulation loosened
Cover support has loosgened
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Collector F: 1-7-3 (L) Dust on covers

3-1-2 (L) Moisture in collector
white rust on absorbers

3-1-1 Absorbers bulged and
almost touched cover

COVER

\ INSULATION

Collector G: 3-1-2 (L) Absorber corroded in places
3-3~5 Primer on absorber visible
5-2-2 AL battens unstuck

5=-1-2 Traces of water on absorber




- 28 -

rofile of Steel

Gasket

Cover._

- ———

rhsorber

insulation —— = )

Vmudncu:ticn1~hm_~mh__“ j)

—

Collector H:
1-1-1 Brcoken inner glasscover )
1-1-2 Condensation s
1-2-1 Outgassing on cover Aﬁ

1-7-3 (L) Dirt on cover

8-3-2 (L) Corrosion of piping

850

|
P
OGS GO R TGO UUGUUT

—100~1—100—| ~~2d ~75~ b~
1:5

N

GLASS FILLET SILICONE SEALANT

T ;ZE%ZZZE j7r4 mm_GLASS COVER o
T RUBBER GASKET pd
oL 7
] ALUMINIUM FOIL
79 20 mm INSULATIOM | l ABSORBER

14
>

L T
JOUROOO0UL

Y30 mm MINERAL WOOL Y ALUMINIUM FOIL

OLLECTOR FRAME

Collector I: Condensation
I:) Dirt on Covers

{
(L) Some silicone sealant dissolved.

Cover spacing and insulation thickness too little
(L) Glassfillet causes rain leakage
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Description of collector:

5 mm reflexfree Albarino glass
1

(see also fig, 2) 4 mm glass
aluminium absorber with black
angle-iron frame /4: paiat
/.~ moulding pressed aluminium
9?0/ i —— i N 16/1
;s - 3
— -_1{.{-““--------_---_-. steel tubes
L e TS S~ [ S UR + p
TN CN SN b
ke bttt A i ; \\;.‘C‘- --w‘-—'-----:-—— %,2
‘ N
) 1/6" asbestos cement
75 mm mineral wool
galvanized steel plate
yra - |

—_ - 3460
LR

,.,..?*\’“4%;/\/\/ AAVi

i
g
7
|

1
ZSxSDmm'

Collector J: 1-7-3 (L) Dirt on covers

1-1-2 Condensation

1-2-1 (L) White deposit on covers

1-2-1 ‘Outgassing on cover
3-2-1 Deposits on absorber
7-1-2 Flashing causes leakage

7-1-4 Repairing flashing is difficult




flash band

absorher

4 mn glass

shutter boards
aluminium

cover\\\\\

aluminium vapor barrier
{with holes in it)

120 mm Rockwool

reinforced plestic

vapor barrier :
{vap ] aluminium cover

50 mm 4 mm glass
Rockwool
/—"
Et::ﬁﬁﬁkx rubber gasket

aluminium profile

ridge
putty

rafter

et rafter

Fig. 1. CRDSS'SECTION OF THE SITE-BUILT SOLAR COLLECTOR

IN VALBY.
Collector K: 1-7-3 (L) Dirt on cover
| | 1-1-2 Condensation
1=1=5 The cover curved and once a cover slipped
1-3-5 (L} Outgassing on absorber
3-1-1 (L) Dust on absorber




Single glass

100 mm}

[e——— 600 mm ——»

Zﬂ21m1Cq$er
247%* Copper
Al. foil insulation
Fibreglass insulation

Aluminum case

Collector L: 1-6-1 (L) Glass discolouration {oversized)

5-1-3 (L) Sand accumulation (through ventholes)
5-3-2 (L) 1Interior case corrosion

8-4-2 (L) One junction of copper piping corrodes

"Colleéfor M: No failures (same'construction as L)




Collector N:

1-1-2 Condensation
2-1-1 Seal separated from enclosure because of:
5-2-1 Enclosure expanded

3-2-2{L) Absorber corroded




absorber : spectral selective
coating

sealznt insulation.__ cover

l.'ob“ 3
0 ‘QQ(JO' .. ( 2 ao .OOoé-Oot,OCp' O°

St Xe
= o?
AR ﬂOnOar‘\ [ DY PP s AN P oo Oor’\',—ea nDC?nOanooa,.ﬁ

Collector O: 1l=-1-2 Condensation

1-7-3 (L) Dirt on covers
2-2-2 One collector leaked

3-3-5{(L} One absorber leaked because of
bad spot welding

[ necprane rubber

I

plywood insulation

insulation

Collector P:

1-1-2 Condensation

4-2~1 Glass-wool insulation
bagged out (not pressed)

3-2-5 (L) Coating of corners of absorber
cracked, leads to corrosion

3-2-2 (L) Sensor corroded
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Description of
collector:

finned tube
#na trubber hose absorbers

o
d with glycol greenhouse

profiles

Collector Q:

cover

3-2-5 Water/glycol dif-
fusion through
silicone hose

> ::a ; insulatiqn
8-6-1 hoseclips leaked @glf
S &
11-7~UL)Dirt resulted in 3% de- AN battea
crease of v in 4 vyears. o f aste
52
/(./" !
Description of collector:
e plywood
f ——————1insulation absorber

—————absorber
|

Collector R:

8-2~2 Filling sensor corrode

8-2-3 Connections a proble
several solutions
leaked

8-6-3 Drain down 7/
caused freezingggi,:,
problems

3-2-2(L)Corrosion of
absorber

~ f
/
/ /
/ mum

/ profiles

!

insulation




Collector S:

SOLAR COLLECIO# BETAILS

COVER CLASS
ARLOBOLR SURFACL

{IRE THARE
IHSULATION

CETRIED
SILASTIC SCAL

Cooling
Tomers

STHDY CISTIR FLOOK

Tens=ey
ALY LIBRARY b IKR
Lisitar

ru Lallers

LQUIIENT HOoH

{“$0LAR LABORATORF™")

REFORT LYARRHY FLOOR T

LRO5S SECTION, NSH SIUDY CENTER, LS ALAHNS SCAENTIFEL LABORALORY

1-1-1 Condensation

1-7-3 (L)Dirt on
covers

3-1-3{(L)Dirt on
absorber

7-3-5 Paint flaking
of flashing

7-1-2 Leakage
through flas-
hing

8-3-2 Leakage of

piping system




Collector T1: 1-1-2 Condensation
1-7-3(I.) Dirt,salt and sand on covers
2-1-1 Sealant failed
4-2-1 Warpage of sideinsulation
5-1-1 Enclesure warpage

MBB P 43 C

1) : stainless steel casing
2): cellular plastic material
3): aluminium rollibond

4): 2 glass panes

Collector T2:

(replacing the T1 collectors)

1-7-3(L)
3-3-5
8-4~-2(L)

Dirt on covers {salt and sand)
Leakage of attachments

Corrosion of connections




CROSS SECTION

Aperture area: 1.1 m?

Class cover-\\\\

Roll-band absorber ~

—

i S
Zehale Al. frame

Gasket
> L Aluminum casing

Polyurethane
Al, foil
X

Collector U: 1-1-2
3-2-2(L)
3-1-5
3-2-5(L)
KG 3

Condensation (all collectors)
Corrosion of absorber
Temperature senser lcoosened

Carbonic deposition in heat exchanger

ekt T

3\

R * L X

1046

Collector V: 1-1-2
1=-7=-3(L)
1=-2-3 (L}
3~1=2(L)

Condensation

Dirt on ocvers

Cover degraded by insolation from sun
Absorbexr with grey - white patches
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3.3 Development of a new inspection format and objectives for

a new inspection round

The first draft of the present report was presented at
the IEA Task III experts meeting in Vienna, February 1981.
At the meeting it was agreed that the Danish participant,
together with the English participant, should develop a
new inspection format which should ensure that inspection
reports could be made with a better description of the
inspected solar collectors, and also make it possible

to report good design features of solar cecllectors.

This new solar collector inspection format is enclosed
with this ieport, in appendix C. To improve inspection of
problems and failures of solar collectors,a checklist,
based on the experience and the analysis from the above
mentioned first draft report, is included in the new format.
For different problem- and failure modes one is here sup-
posed to indicate if they are observed, not observed or
not possible to inspect, and the freguency of them. A de-
tailed description and evaluation of both failures and
good designs should be given in a separate page of the
format. The new inspection format also includes a special
checklist to investigate design features of the inspected

solar collectors.

From a new inspection round it is the aim to be able to
establish a catalogue covering common collector problems
and failures, and explanations and reasons for the failures.
Also a report on good design features should be the result

of inspections made according to the new format.
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Appendix A

THE FOLLOWING PERSONS AND GROUPS HAVE CONTRIBUTED
WITH INSPECTION REPORIS FOR THIS REPORT:

Manfred Bruck

Austrian Sclar and Space Agency, Vienna, Austria

Peder Vejsig Pedersen
Thermal Insulation Laboratory, Lyngby, Denmark

K. Massmeyer

Solar Energy Branch, Kernforschungsanlage, Jllich, Germany

D. E. Brethouwer
Technisch Physische Dienst=-THO, Delft, Netherlands

R. F. Benseman

Physics and Engineering Lab., Lower Hutt, New Zealand

Hans E. B. Andersson

National Testing Institute, Boras, Sweden

W. B. Gillett
Solar Energy Unit, University College, Cardiff, England

Elmer Streed
National Bureau of Standards, Washington, U.S.A,

Sakae Tanemura
Solar Research Lab., Nagoya, Japan




INSPECTION REPORTS OF SOLAR COLLECTORS IN SOLAR ENERGY SYSTEMS

Collector Country Author Number
Spencer Solarise Ltd. United Kingdom Keith Hayward A
Don Engineering - - - B
Consumer Power Ltd. - - - C
Multyflex Ltd. - - W.B. Gillett Z
AB Svenska Fliktfabr. Sweden K.0. Lagerkvist & D
John & Co. - ' H. Wennerholm E
AB Ustgdtabyggen - - F
Tekno Term Systems - - G
Thermal insulationlab. Denmark P. Kjaerboe H
Eversol - P. Vejsig Pedersen I
Danish Solar Heating K/S - - J
- - - K
Colt V & H Ltd. New Zealand R.F. Benseman L
- - - M
Physics & Eng, Lab. - - N
DRU B.V. Holland D.E. Brethouwer O
- - - P
LIPS, Drunen - - - 0
- - - R
LASL-Collector Design U.S.A. S.W., Moore s

Messerschmitt Germany Heinz Riemer T1,T2
BBC - Brown Boveri - H.D. Talarek U
Hugeo Thalhammer - Manfred F. Bruck v

Sanyo Electric Co.[Ltd. Japan K. Hinotani X *

* This collector is a highly effective evacuated collector.
It was not relevant for evaluating flat-plate collectors,
but it is included in the appendix.
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FLAT PLATE SOLAR COLLECTORS
- RELIABILITY AND DURABSILITY
DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
' COLLECTOR, DISCOVERED QURING EXAMINATION.
lastitute: Solar Energy Unit
University College, Cardiff.
Auther of report: Keith Hayward
Date ond hour for inspectian: 13-10-80 1000 hrs  Sunny
Location of sysrem: - 21 Llandough St., Cathays, Cardiff.
Menufacturer of collector: Spencer Solarise Ltd., Andover, Hampshire.
lastallation centractar:  Spencer Solarise Ltd. -
Data of insallation: June 1977
Type of system: [pdirect
Total number aor collecror panels inspected: Three
Heat transfer medium: 011 (Shell 011 R 1890)
Safety sysiem: Expansion tank
DESCRIPTION QF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTo:-’éI
The solar water heating system consists of three single cover solar
- panels fitted in a south east facing direction on the roof a terraced
house. The three panels are coupled to 120 Titre indirect storage
tank via a circulating pump. Also included in the system are an
expansion tank and differential system controller.
011 is used as the heat transfer fluid.
APPROX. DIMENSIONS OF SOLAR PANEL
L 150 L
1 | 1
-i
o
o
v
N




A-4

-r_

FLAT PLATE SOLAR COLLECTAORS 2
RELIABILITY AND DURABILITY

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR,
Coliectors

Expanéion tank

L A S

—

Pump Cold feed

1=

Indirect tank

_Hot water

DESCRIPTION OF COLLECTOR,

Spencer Solarise - SS'100' Panel.

Aluminium roll bond absorber plate fitted inside a m11d steel galvanised
casing~- see cross section.

1.2 mm Polyester GRP cover is fitted to the sides of the casdng with a
silicone rubber sealing strip and anodised aluminium trim.

The absorber plate is suspended between 50 mm Rockwool (lined with foil)
and a further 30 mm Rockwool around the inside edge of the case.

Four nuts are fitted at the corners of the case for fixing purposes.

The absorber plate is painted matt black.

CGLECTOR CROSS SECTION

a8

Cover

Abserber plate

i

e L e

) et \
Galy, case Insulation




FLAT PLATE SOLAR COLLECTORS %)

RELIABILITY AND DURABILITY

COMPONENT DESCRIPTION (materials and manufacture procedure ) :

Cover: 1.2 mm Polyester GRP with protective coating (u-v resist)

Absorber coating:  Matt black paint

Absarber- ROIT bond aluminium

Insulation back: 50 mm Rockwool with foil

lasulation sides: 20 mm Rockwool

Callecter enclosure
back and edges:  Mild steel {galvanised)

Gaskets ond sealants: Silicone rubber glazing strip
EPDM header grommets
Flashing:

Attachments: Support brackets

Qther datails: None

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

T. Slight dirt on bottom edge of each panel

2. Severe condensation on inside of cover for two panels.
Stight condensation on inside of cover for the remaining panel.

3. Slight sag in cover for each c011ect0r,
4. Seal damaged in places, °

5. No insulation on external pipework (probably removed by birds)







FLAT PLATE SOQLAR COULLECTORS
- RELIABILITY AND DURABILITY

1

~\

CESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOYERED DURING EXAMINATION,

lastitute: Golar Energy Unit
University College, Cardiff

Author of report: Keith Hayward

Data and haur for inspection: 10-9-80 1100 hrs Rain showers

Locatien of system: 112 North Rd., Cardiff, UK
Monufacturer of collector: DON Engineering (South West) Ltd.

Installatien contractor: W.J.Creemer Ltd., Cardiff
Data of insallation: February 1976

Type of system: rndirect pressurised system
Total number ar cellector panels inspected: My

Heat transfer medium: Water/antifreeze

Safety system: Pressure relief valve

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF CO!_LECTO;‘?Z

The solar water heating system is a separate indirect
consisting of two sclar panels, damestic hot water cylinder fitted

with an indirect coil (heat exchanger), circulating pump, differential

system. controller, expansion vessel and pressure relief valve.

Simple instrumentation to indicate system pressure, hot tank temperature

and arbient air temperature.

APPROX. DIMENSIONS OF SOLAR PANEL

L : 1800 L
T A
o]
v
~
L L




[ FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND OURABILITY

2 )

DESCRIPTION QF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR,

A

Cold feed

Panel No. 1

Panel No. 2.

Check valve -

) . Hot water
e () | |

Pressure o
Fill valve relief valve

.

_,Té' )

Expansion vessel Hot water tank

DESCRIPTION OF COLLECTQR,
DCON_Engineering — MAJOR INDTRECT Panel

Mild steel radiator type absorber plats fitted inside a stainless
steel case with a plastic back ~ see cross section..

4 mm glass cover in three sections to cover complete panel

Glass to case seal:- Necprene and expanded polyurethane foam.
Back insulation:- Material unknown.

COLLECTOR CROSS SECTION

Absorber Cover

N -
SILINNLULNNURRRLRS

~Back c:over

00

[/
1
.

Insulat.:.on




FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

COMPONENT DESCRIPTION (marerials end manufacture procedure ) ;

Cover;: 4 mm glass (one panel changed to PERSPEX as a result of glass
breakage due to vandalism)

Absorber coating: Matt black paint

Absorber: Mild steel

Insulation back: Material not known - probably glassfibre

Insulation sides: Not applicable

Callector enclosure

beek and edges: Stainless steel sides, plastic (polyurethane) back

Gaskets and sealants: Neoprene and expanded polyurethane foam

Flashing: Not applicable

Attechments: Mild steel support brackets attached to case

Other details: None

NUMBER THE FAILURES FQUND DURING THE INSPECTION:
1. Slight dirt on outer surface at bhottan edge of each panel.

2. Glass breakage on one panel as a result of damage by vandals.
Replaced by PERSPEX Acrylic sheet.

~
3. I nside of each collector not water tight due to poor cover glass
seal.

4, Abscrber coating severely corrcded in places - especially severs
at bottom corners of each panel.

5. Inside of collector case c<overed in moss between case sides and
the bottom edge of the absorber plate. This is a result of the
poor weather seal.

6. Mild steel supports attached to stainless steel case severely
corroded.

7. Panel fluid connections severly corroded - miid steel not adequately
protected.
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FLAT PLATE SOLAR COLLECTORS
- RELIABILITY AND DURABILITY

1 My

C

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION,

lastitute:  golar Energy Unit
University College, Cardiff

Authar of report: Kaith Hayward

Date and hour for inspection: 19-9-80 1430 hrs Rain showers

Location of system: Mountains Motel, Brecon Beacons Naticnal Park, UK
Manufacturer of collector: Consumer Power TLtd.

Installation contractor: Vandex Ltd., Barry, S. Glam.

Date of insallation: Octchber 1977
Type of system: Indirect

Totel aumber ar callectar penels inspectad: Forty
Heet transfer medium: Water/antifreeze

Safsty system;

DESCRIPTION OF SYSTEM, FLOW CIAGRAM, PICTURE OF COLLECTO:-?.’

A large 40 m? system installed as three banks of solar collector in
a south facing direction on the roof of the Mountains Motel, Brecon.
The panel array is coupled to two indirect storage tanks via a
circulating pump and insulated mild steel pipework. A differential
system controller operates the system.

APPROX. DIMENSICNS OF SOTAR PANEL
L 900
[ ]

675




CA-12

FLAT PLATE SOLAR COLLECTORS
RELIASILITY AND DURABILITY

2

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR,

Panel array (40) _ I _J——— Coid feed

Headexr tank

' ‘ ‘ Indirect storage tanks

TR
A

Punn

—=— Hot water

% Cold feed

CESCRIPTION OQF COLLECTOR,
Consumer Power Litd. — THERMOSOL Panel

Mild steel radiator type abscrber plate fitted inside an extruded
aluminium case with a sheet aluminium back - see cross section.
Glass cover in three sections to cover camplete panel

Glass to case seal:— neoprene.

Back insulation:— Rockwool

CROSS SECTION THROUGH SQLAR COLIECTOR

" Cover glass

Absorber plate

S
S S S S Y

Insulation /

1S
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABSILITY

COMPONENT CESCRIPTION {materials and manufacture procedure ) :

Cever: Glass 4 mm cast

Absarber coating:  papt black paint

Absorber: Mild steel
Insulation baek: Rock wool
Insulation sides; Not applicabRle

Callector enclasure ,
back and edges: Extruded aluminium sides, sheet aluminium back

Gaskets and sealents: Necprene
Fleshing: Not applicable
Attachments: Mild steel support brackets attached to back of collector

Other details: None

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

1. Glass breakage on eight panels. Other panéls damaged but since repaired.
Damage caused by poor collector design.

2. TInside of damaged collectors not water tight.

3. Absorber coating discoloured in places. Severe corrosion in collectors
with broken cover glass.

4, Mild steel supports attached to back of case corroded,

5. Mild steel screws used to join collector sides together severely
corroded.

6. Panel fluid connections severely degraded. Pipe screw clips corroded.

7. Manifold insulaticn broken in places.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY

‘Description: of system, construction and failure of the solar

collector discovered during examination.

Institutes: Solar Energy Unit, University College, Cardiff, U.K.
Author of report:s W, B. Gillett

Date and hour for inspection: 12 Noon, 24 February, 1980

- Location of systemsz National Centre for Alternative Technology Cottage,

_ Manufacturer of collector: Machynlleth.
. Multyflex Ltd.(Now ceased trading), Absorber from Marston Iberica (Spain)

_ Installation contractors (local Labour)
Date of installations March/April 1975

Type of system: Indirect Water Heating ‘ '
Heat fransfer media:Water & Ethylene Glycol Antifreeze (9 litres/min)

Safety systems Open vent, antifreeze.

Description of system, flow diagrams
‘ VALVES A & B ALTERED

l I ] Summer - both tanks
Winter - top tank only
— HOODSTOVE
: Summer -~ evenings only
11 panels Winter - continuous.
10 m®
I 1 vol.130 L.
o—"
=
1‘ i | voLgol
I\
pump
4L8W @%
- wood

 stove

Dirsccasas S0k Siiwiad o i€ sueet is attacned at the back.
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Component description (materials and manufaturer procedure):
Cover: Glass, dmm, Half Hammered (Dimples)

Absorber coating: Black Paint (Enamel)
Absorber: Roll-Bond Aluminium

Insulation back Poly lsocyanurate foam, sprayed directly onto absorber.
Thickness ~ 2 cm + Giass fibre thickness 5 cnm.

Insulation sides: Glass fibre overlaps the sides.

1

- Collectar enclosure Patent glazing built into roof between roof trusses

£ tres. left .
back and edges: at 600 mm centres. large gap left at bottom

Gaskets and sealants:Absorber spaced from glass by 1 cm gasket of
expanded neaprene foam (self adhesive-to absorber)

Flashing: Reinforced bitumen felt (repaired with recent patches)
Attachments: ppsorber fixed to roof trusses by 4 ‘angle brackets.

Other detailss:

- Description of cgllectors

aluminium roll-bond absorber
expanded neoprene

gasket 6mm glass glazing bar
e
S5 5 gty 5f 6,1,

glass fibre poly-isocyanurate foam
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1.
2.

Remarks

Number (see checklist)

Descriptions:

Potential cause:

Paossible remedy to avoid failure'durinq'production
and to mend it on the operating collector:

Condensation present on all collectors, mainily near top.

Covers dirty, but not seriously affected.

-

Absorber coating dirty, borroded from drips of condénsation -
Grey in colour with white patches. '

Flashing in very poor condition, partially repaired by patches.

One glass cracked from 2/3 distance across base to 0.5 m
up one side. May be caused by ladder or possibly a thermal crack.

Expanded neoprene gasket shrunk, warped and in many places missing
altogether. Will require replacement or another. means of isolating
absorber from the roof timbers. :

sealant rope in glazing bars rotten. Requirgs replacement. Could
later cause glass failure. '

glass crack
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Annex 1. A-10

FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY B

—

Description of system, construction and-failure of the solar

collector discovered during examination.

Institute: National Institute for Testing
: P.O. Box 857, 501 15 Bords, Sweden

huthor of report: K.O0. Lagerkvist
H. Wennerholm

Date and hour for 1nspection:1980~o3nll, all day long

Location of éystem: Tdby, Stockholm
Manufacturer of collector: AB Svenska Fliktfabriken
Instsllation contractor: Sven Tyrén AB , Stockholm
Date of installation: Spring 1978

Type of system: a Space and water heating
Heat fransfer media: Water and glycol

Safety system: Antifreeze

Description of system, flow diagram:

Directions for filling in the sheet is attached at the back.
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System 44

® Solar collector, approx. 24 m?

s Heat pump (air/water) for the
hot air unit and the pre-heating
of domestic hot water

* Heat storage, approx. 10 m*
e Electric hot water heater
® Hot air unit

* Muchunical fresh air and exhaust
air system with heat 1ecovery

* Controls for the reduction of the
lemperature of rooms and the
simultaneous reduction of the
fresh air and exhaust au Tlow
rates, )

In this case solar heating, the heat
pump, heat recovery and the control
systems work together, The total
theoretical saving 1s 13000 kWh
which is divided somewhat com
plexedly between the different SYs-
tems.

A
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Solar collector,

Mot
water

Cold
water

Hea:
pump

Air irom collector
when heat pump
in gperation a

Hot air
unit

Exhaust air

s
1

Mechanical ventilation
Heat recovery

i

Re-circulaied
air

Exhzust air;f}).

Conrtrol equipment

Heat storage

— ouTPUT

Measutes

+—

INPUT —

Measuses

ouTPUT

INPUT
E;}E Miscellankous @Solm radhiation
2 Warm waste <%} People

=<1 {100 W/pe:son)

Elfectricilv

i Heat foss thiough Eiecinicity theat} f.
il windows, Hloors,  [25 hot water heater
witlls and roaf P

225 waten

l E xhaust air

ol

Heal (o space
heating system
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System 42

e Solar collector, approx. 24 m?,
for detached houses 20 m?

e Heat storage, approx. 10 m?, for
terrace houses approx. 3m?, used
for the hot air unit and the pre-
heating of domestic hot water

e Electric hot water heater
» Hot air unit

® Mechaanical exhaust air and fresh
air system with heat recovery

#* Conuol equipment for the re-
duction of the 1emperature of
rooms and the simultaneocus re-
duction of fresh air and exhaust
air flow rates.

Solar heat for domestic hot water
covers half of the demand. Saving
2500 kWh. Solar heat to the hot air
sysiem varies for the detached houses
and terrace houses. We have esti-
mated that it is approx. 2000 kWh
The heat exchanger and the control
system works in a complicated man-
ner when several systems are brought
together. The total saving for the
detached houses is approx. 10000
kWh and for the 1errace houses

7 BOOO kWh.

Solar collector

Hot
water

Cold
water

A-22

Hot,
water
heater

!

E xhaust air

|'_"f

N

Mechanical ventilation
Heat recovery

Hot
air

__FJL_,

Supp:

Re-circulated
air

Exhausi air I:>

4

Control equipment

Heat storage

¥~ OUTPUT

+— INPUT

()

_}

Measures

]
e |

Al WA

OUTPUT

% Miscellaneous

—nod Warm waste
== water

] I E xhaus: air

F Heat loss through
i“!lf- windows, floors,

walls and rnnd

Peaple
=} 1100 W/person)

Elecuicny

Eleciricity [heat) fo
hot warer heater

3 Heat 1o space
2T hedaling system
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® Eiectric radiators
N
® Solar collector, approx. 8 m*

e Heal storage approx. 3 m? ior
the heating of dormestic hot
water

e Electric hot water heater
e M. chanical exhaust air system

o Cuntrols for the reduction of the
temperature of rooms and the e
duction of the exhaust air flow
rates. Manuazi or timer-controlled.

The additional heat provided by the

sun is not that great, perhaps 2500

RWh. Some leakage of heat from the

Tank 2150 oucins. At a guess 1000
Wh heat feaks into the hogse.,

Soiar collectlor

Hot
waler

<

Electric
radiator

Hot
walter
heater

Storage tank

71
:L\i'

E xhaust air

Mechanical ventilztion

E
9

% {

E xhaust air

Exhaust air l:>

Control equipment

~  QUTPUT 4
Lty

= Muasures

-

INPUT

Meuasuies

@_

QUTPUT
%ﬂ Miscellaneous

5 Warm waste
waler

E xhaust arr

:;1: Heat loss through
"", windows, Hao:s,
wuils and 1ooi

@Solav fadiation
| People
<1100 W/person)

[}' Eleciricity

EE=Elecincity Iheai) tor
J:_.:‘ghm water heaten
Heat 10 space
heating system




Component description {materials and manufaturer procedure):

Covers: : Single, glass fiber reinforced
kbsorber coating: Cu,0

Absorber: : ' Copper

Insulation back Polyurethane

Insulation sides: -

Collector enclosure

back and edges: Black painted galvanized steel
Gaskets and sealants:

Flashing:
Integral mounting within the roof

constructi
httachments: on

ther details:

Description of collector:

s Ramverk FRAME

Uretanisolering URETHANE TNEULATIN
¢ L W Kopparror ¢opRER 7USES
S Y ﬁf-ﬁé,; i_j Specialbehandlad COPPER SHEET

SRR kopparplit WITH SELECT VE SuRFRCE
Fiberglas F/3RE GLiss
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Remarks .
Number ({see checklist)
Description: '

Potential cause; 7
‘Poesible remedy to avoid failure during production
2nd to mend it on the operating collector:

1. Condensation was observed on the inside, down in the
lower part of most covers.

2. 14 out of 36 covers dirfy on the outside
3. 6 covers out of 36 are faint yellow because of aging.

4. Beginning corrosion down in the lower edge on 9
absorbers out of 36.

5. Battens of galvanized steel are rusty on 11 collectors
out of 3s.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY EE-

Description of system, construction and. failure of the solar

collector discovered during examination.

Institute: ) National Institute for Testing,
Sweden
kuthor of report: K.C. Lagerkvist
H. Wennerholm
Date and hour for inspection: August 23, 1979 pm
Location of system: Bramhult, Borés
Manufacturer of collector: John & Co, Germany
Installation centractor: UVS~R3r AB, Boras
Date of dnstellaticn: November, December 1978
Type of system: : Residential and domestic hot

water heating

Heat fransfer media: Water and propylenegliycol

Safety system:

Description of system, flow diagram:

Directions for filling in the sheet is attached at the back.




A-28

Component description {(materials and manufaturer procedure):
Cover: GRP

Absorber coating: Selective
Absorber: A Aluminum
Insulation back Polyurethane
In=zulation sides: Polyurethane
Collector enclosure Black painted
back and edges: galvanized steel
Gaskets and sealants: Rubber

Flashing: ~ Aluminum
Attachments:

Other details:

Description of collector:

COVER

O~ ABSORBER
:? INSULATION
—
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Remarks
Number (see checklist)
Description:

Potential cause:

‘Possible remedy to avoid failure during production
and to mend it on the operating collector:

1. No condensation was observed at the time for inspection,
but have been observed earlier from time to time.

2. Some soot, grime and paint drops outside the cover
3. Faint yellowish because of aging

4. A few supporting ers'inside the cover have partly
come unstuck.

5. The covers bulge when the sun is shining because the
collectors are rather airtight
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FLAT PLATE SOLAR COLLECTDRS, RELIABILITY AND DURABILITY

F

Description of system, construction and-failure of the solar

collector discovered during examination.

Institute:

Author of report:

Date and hour for

inspection:

National Institute for Testing

P.O. Box 857, S5-501 15 BORAS,Sweden

K.O. Lagerkvist
H. Wennerholm

1980-03-05

Location of system:

Manufacturer of collector:

Installation contractor:
Date of instellation:
Type of system:

Heat fransfer media:

Safety system:

Link&ping, Sweden

AB Ustgbtabyggen, Linkdping

AB Ostgdtabyggen

Summer 1975

Space and water heating
Water

Evacuation,
corrosion

nitrogen gas against

Description of system, fiow diagram:

N
/
7 \
e = N
A N
/ //}, F‘;{?"‘ ! l Solar eoitector
. @ nw l Expardion winssl
| = \r
- VT
| il - EE
_J-.AL AN /w" N—

Fig Solar heating system

Directions

for £11ling i- “he sheet is attached at the back.
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Component description

Cover:

Absorber coating:
Absorber:
Iinsvlation back

Insulation sides:

Collector enclosure

back and edges:
Gaskets and sealants:
Flashing:
Attachments:

Other details:

(materials and manufaturer procedure):
Two layer glass, 5 + 5 mm
Black chrome

Galvanized steel

15 cm mineral wool

Plywood

Silicone

Integral mounting within the
roof construction

Description of collector:
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Remarks

Rumber (see checklist)
Description:

Potential cause:

‘Possible remedy to avold failure during production
and to mend it on the operating collector:

Since the system is located near a road with heavy
traffic, there were scot and dust outside the covers.

The galvanized absorbers were to a large extent covered
with white rust, which had destroyed the selective coating.

3 out of 20 absorbers bulged, so they almost touched the

‘inner glass cover.

Cne absorber curved in.

The original tightening material between collectors
consisted of aluminum battens which were fastened with
screws and silicone. After some time leakages were
detected. Then aluminum foil with bitumen adhesive was
adhered to the battens. But as the aluminum foil to a
large extent was destroyed by snow loads there are still
leakings present.
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Annex 1. A=30

FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURRBILITY . (5|

Description of system, construction and.failure of the solar
collector discovered during examination.

Institute: National Institute for Testing,
Sweden

ruthor of report: K.O0. Lagerkvist
H. Wennerholm

bDate and hour for inspections 1979-08-15

Location of system: Hérnefors, northern Sweden

Manufacturer of collector: Tekno Term Systems

Installation contractor:

Date of dnstallation: 1578

Type of system: Simmingpool

Heat fransfer media: Water + élycol
Safety system: Drainage, antifreeze

Description of system, flow diagram:

Directions for filling in the sheet is attached at the back.
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Component description

Cover:
Absorber coating:
Absorber:

Insulation back

(materials and manufaturer procedure):
Glass, 6 mm
matt black paint
steel

mineral wool

Description of collec

Insulation sides: none
Collector enclosure
back and edges: aluminum
Caskets and sealants: polyacrylic
Flashing: aluminum
éttachments:
Qiher detailis:

tor:

ABSORBER

N\ INSULATION
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Remarks
Number (see checklist)
Description: '

Potential cause:
"Possible remedy to avoid failure during production
and to mend it on the operating collector: '

l. ©No condensation was observed at the time for inspection.
Traces of water that had drained away was observed on
some absorbers,.

2. The absorbers are black painted, but here and there the
primer show through.

3. Some correosion in patches

4, Most aluminum battens at the short sides had come unstuck,
because the glue used is not weather-proof.




+§9¥09in. 30u 303 DN puw 81qeTTAdr 30U 6F YN VSIATIEY OU 07 4N UT TITd ‘BINTTUJ Z0F EXTRUDTT IDAURN, "

g17¥3ap
butuysway

wypau
IajBuURI3 3IE9H

g3UsWYoe] 3y

gjueTess

38X9ed

butyseTtd

aansoToug

UOT3RTNSUT

Iaqosqy

buyywoo
Iaqxosqy

8I3A0D

uotaex
eduabap
43430

abw
-¥walg

ehe pbed

buty

~YEST| ~IBM

LY OBID

busy
~yeTd

Buys
~58b3no

uots
~013I0)

uoy3el
-~OTODETP

ajyrsodap
10 31%d

uoTy
~esusp
~uaod

TFe3ad
aantred

+8I0308TT0D XBTO08 BUTUTWEXB U3YM Pasn ag 03 3STIN29YD

1 S52IpY

ALTTIEVHAA ANV ALITIAVITR ‘YOLOATION ¥WIO0S dIVId LVILHT7 ,u/esie 10309[100 1R3IOL
LW/B0XE I0303TICO

SIOFODTTOD JO Iaqumi

I

0Te




A-44




Annex 1. - A A-45

FLAT PLATE SOLAR COLLECYORS, RELIAUILITY AND DURABILITY H_

Description of system, construction and failure of the solar

collector discovered during examination.

Institute: Thermal Insulation Laboratory, Technical University
of Denmark, DTH, Byg. 118, 2800 Lyngby
Author of report: Peter Kjaerboe

Date and hour for inspection: April 3, 1979 at 9 a.m.

Location of system: 'Zero-Energy House" Lyngby, Denmark, Lat.

N 55,60, 12 km north of Copenh .
Manufacturer of collectdor: ' pennagen

Thermal Insulation Laboratory
Installation contractor: The same
Date of installation: March 1975
Type of system: Residental and domestic hot water heating
Heat transfer media: Water, ELEMENTIN (prevent corrosion).
Safety system: The collectors are drained when o
difference temp. negative. If storage temp. over
96°C the circulation pump works cont. |

Description of system, flow diagram:

|

Solar collectbrsﬁ__%h‘5lﬁ 40 m
: =

AN
N\

rain pipe

D
e

Pump 2 circulation

Pump 1 1lift

Directions for filling in thé sheet is attached at the back.
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Componcent description (materials and manufaturer procedure):

Cover: Two layer glass (Thermopane); 5+5mm thick.
Absorber coating:plsck paint

Absorher: Electrogalvanized steel
Insulation back Mineral wool, 250 mm
Insulation sides:Mineral wool, 100 mm

Collector enclosure Plywood 12mm
back and edges:

Gaskets and sealants: Silicone "Rhodosit®

Flashing: Integrated in an atrium

Attachments: Integrated in an atrium

Other details: (Reflector) Plastic sheet 0,09 nm thick, white.

Description of collector:

Profile of Steel =

Gasket

Cover____h____hh__ﬁﬁqﬁ-" C:i
AbsOrber‘aﬁ‘h‘“‘“=~‘h‘~h‘h f

Insulation— . =

Connection‘“_ﬁq___‘___hhh

~

i

(% ]

]

LN all ol

u‘duu

(UUT

m




A-47

Remarks

Number (see checklist)

Description:

Potential cause:

Possible remedy to avoid failure during production

and to mend it on the operating collector:

Condensation, dirt and leakage.

Water had condensated on the inside of the outer pane while
the outer pane has the lowest temperature. Condensate was
only found on the panes which were cracked causing leakage
on 20 percent of the area, condensate was visible. Dirt was
found as a very thin layer outside the pane on half:'of the
area, probably because the collectors are vertically mounted,

rain will not wash effectively.

Outgassing.

Probably some component from insulation or from sealants has
condensated on a very small area, 0.3%. Fig. 2. This could
not be called a failure but if it were, one has to choose

materials carefully.

Cracking and breakage.

Four out of 32 panes were broken, and pieces had fallen down
inside. Another five were only cracked, onlv inner panes.
Fig. 3 and 4. The solar collector was exposed to stagnation
at high temperatures during the installation period which
was very sunny. The thermopanes used were designed in diffe-
rent ways with respect to ventilation of the airspace. It was
strange to see that it was only the ones with modifications
which cracked. The reason for cracking of the inner panes 1is
the temperature difference between the middle and the edge
of the pane. The edges of the inner pane function here as

a "heat bridge".

Corrosion and flaking on attachments. Soldered joinings,

not carefully cleaned from éolder water, were beginning to

corrode and absorber coating was flaking. Fig. 5. Could be

repaired while cleaning and repainting.

Reflector flaking and cracking.
The reflector has been degraded due to normal weather condi-

tions but the exact reason is unknown.




. A—-48

Fig. 1. Cracked glass and some condensate between
panes. Reflector on roof, in front of picture,

is broken.

Fig. 2 Outgassing from insulation

or from sealant.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION.

Thermal Insulation Laboratory, building 118
Technical University of Denmark
2800 Lyngby, Denmark
Peder Vejsig Pedersen

Institute:

Author of report:

14.00 Cloudy weather

Date and hour for inspection: 15/8, h.

Greve near Copenhagen

Location of system:
Eversol

Manufacturer of collector:
The solar

Installation contractor: Private firm
Date of insallation: January 1978
Combined heating and domestic hot water system.

Type of system:
Heat transfer medium: Water/etyleneglycol + additives, 1 liter/m2 minute.
If higher temgeratures than_85 °c
it 1s cooled during the following night.
used to prevent freezing.

Sofety system:

is built as a demonstration project and was monitored for two ye

Total number or collector panels inspected: 30 wollectors of — 1.68 m2.
are reached in the storage_ tank

trs.

syste

30% ethylene glycol is

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR:

fé; STORAGE TANK, 5450 1 !
] : }
SOLAR , e wiE I AE.
COLLECTOR @] ol -
50.3 m2 i SN ;
- i
“.“ """ f I E@ E : :'
1Y P2 H
F : H ﬁ [T :l
i / RADIATORS
i e e ! T
i1 f# i i
PREHEAT | . S [ [ oot £
TANK | | i@ 1|
130 1 1 S0 E il :“
7 P ;>4Tf7¢<A
I @ “\ # ""—‘LZ_-"" &
,’r _._'_.l
- AUXTLIARY HEATTNG

\
Directions faor filling in the sheet is attached at the back.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

2

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR.

50.3 m2 effective collector area on a standard house in Greve.

Tilt 38° and orientation 30° to west from south.

DESCRIPTION OF COLLECTOR,

|[ 450
= ] E i ::#::::::ﬂ:::::::h f : =g
UG
100100 —b~75~ 0~
1:5

GLASS FILLET o 1ICONE SEALANT

_~4 mm_GLASS COVER
/

BE5] RUBBER GASKET

g N

AR LAY
N

YA
) ALUMINTUM FOIL

.

|

N

[=}]
[
oy

14

N

S

Ksz 7 SSW\

RN

JUToE000

i 1 N\

| ABSORBER

30 mm MINERAL WOOL

CLLECTOR FRAME
1:1

~ ALUMINIUM FOIL
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

COMPONENT DESCRIPTION (materials and manufacture procedure ) :

Cover: Two layers of glass, 4 mm, the spacing between the layers is 5 mm.

Absorber coating: Matt black paint

Absorber: Two steel plates with integrated fluid channels. See Previous page,
Insulation back: 30 mm mineralwool with aluminium foil glued on the backside.

Insulation sides: 20 mm polystyrol covered .with an aluminium foil.

Collector enclosure .
back and edges: Glass fillet and collector sides are made of steel. No enclosurd

at the back, because the collector is meant to be built inte the
roof.
Gaskets and sealants: Butyl rubber gasket and silicone sealant.

Flashing: Zinc flashing of each collector.

Attachments: Angle ixon mounted to rafters.

Other deiails;

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

1. Condensation and dirt on the outer glass cover.
2. Breakage of cover.

3. Insufficient insulation at the back of the collectors and a
very small spacing between the two glass covers mean low
thermal efficiency during winter operation.

4. The edges of the steel 'enclésure at the bottom of the col-
lectors have been causing rain leakage and prevent snow from
sliding off the collectors.

5. The visible part of the silicone sealant is more or less dis-
solved, and parts of it are seen on the collector covers.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

4)

REMARKS ON THE FAILLURES,

Numbers refer 1o the list on page 3.

Description:
Potential couse:
How severe is the failure:

Possible remedy to avoid failures during production
ond to mend if on the operating collecior:

1. Condensation and dirt on the outer glass cover of the collec-

tors

Condensation on the inside of the outer glass was seen in
some of the collectors. It was limited to a narrow band at

the bottom of the covers.

The outer glass cover of the collectors was very dirty (see
fig. 1), especially at the bottom of the cover near the steel
edge of the glass fillet. The dirt might come from the
chimney. Aand a sticky cover-surface because of dissolved

sealant seems to be accumulating it.

Fig. 1. There was a lot of dirt, especially at the lower

part of the collectors.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

4 )

REMARKS ON THE FAILLURES.

Numbers refer to the list on page 3.

Description:
Potential cause:
How severe is the failure:

Possible remedy to oveid failures during production
and to mend it on the operating collector:

2. Breakage of glass cover

One of the covers broke during the repair of the collector

leakage mentioned in item 4. (see fig. 2)

Fig. 2. One of the outer glass covers was broken in the

corner.,

The inner glass cover of two collectors once broke during

stagnation because of pump defect. This is now repaired.

3. Insufficient insulation at the back of the collectors and a

very small spacing between the two glass covers mean low

thermal efficiency during winter operation.

There is only an insulation at the back of the collectors of

30 mm mineral wool which is covered with an aluminium foil.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

REMARKS ON THE FAILLURES.

Numbers refer to the list on page 3.

Description:
Potential couse:
How severe is the failyre:

Possible remedy to aveid failures during production
and to mend i1 on the operating collector:

" COVER

ABSORBER

ZINC
FLASHING

COVER

ZINC o~
FLASHING
N

Fig. 3.

At first rain entered
the collectors through
the silicene sealant
between the glass and
the steel glass fillet
at the bottom of the
collectors.

Fig. 4.

This problem was solved
by removing the butyl
rubber gasket and intro-
ducing an extra zinc
flashing into the bottom
of the collectors.




FLAT PLATE SOLAR COLLECTORS 4

RELIABILITY AND DURABILITY

REMARKS ON THE FAILURES,

Numbers refer to the list on page 3.

Description:

FPotential cauvse:

How severe is the failure:

Possible remedy to ovoid failures during production

nd to mend it on the operating collector:

and

The collectors are integrated in the roof and the backside

of the collectors is exposed to the climate conditions of an

uninsulated ceiling with ambient temperatures. It is possible

to get a finger in from behind the collectors to touch the
edges of the absorber. The spacing between the two glass
covers of the collectors is only 5 mm {(recent calculations
show that it should not be less than 10 mm for efficiency
reasons). The combination of insufficient backside insulation
and spacing between the glass covers is expected to give a
very low efficiency of the collectors at high values of AT =

(temperature of absorber minus temperature of ambient).

This combined with the fact that the storage tank is placed
in a room with temperatures near ambient means that even
sunny winterdays will often not be able to produce tank tem—

peratures high enough to be used fdr heating.

The edges of the steel enclosure at the bottom of the collec-

tors have been causing rain leakage and prevent snow from

sliding off the collector.

The silicone sealant between the glass cover and the edge of
the steel glass fillet at the bottom of the collectors was
found not to be raintight after a period of operation, as
shown in fig. 3., This was the reason for rain leakage into
the collectors and from the collectors into the house when it
was raining. The best solution to this problém could be a
different collector construction where the upper glass cover
would have no steel frame at the bottom of the collector so
that water could run off the collector. In Greve the collec-
tors were repaired by introducing an extra zinc flashing into

the collector, as shown in fig. 3 and 4. Thisg seems to be

J
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

REMARKS ON THE FAI.URES.

Numbers refer to the list on page 3.

Description:
Fotential couse:
How sovere is the failure:

Possible remedy to avaid failures during production
and to mend it on the operating collector:

Fig. 5. Some of the silicone sealant are dissolved and parts

of it are seen on different places of the glass cover.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

REMARKS ON THE FAILURES.

Numbers refer to the list en poge 3.

Description:
Potential cause:
How severe is the failure:

Possible remedy to aveid failures during production
and to mend it on the operating collector:

a good and raintight solution.

A minoxr leak in the collector flashing has also been observed
at heavy rain, This leak has not been repaired since the exact
position of it has not been found. It is a general problem
with this collector construction that all 30 prefabricated
elements are enclosed in separate flashings. This means a lot
of work when installing the collectors and many possibilities

for leaks.

The collectors were guaranteed for five years, but because of
some doubt of who was to take the initiative to repair the
collectors from rain leakage, it took 4 months before this was
done. This problem could be prevented by introducing a time

linit for the manufacturer to repair defects.

The edges of the steel glass fillet at the bottom of the collec-
tors were also found to be a problem during winter. They often
prevented snow from sliding off the collectors even on sunny

days.

solved and parts of it axe seen on the collector covers.

As shown in fig., 5 some of the visible parts of the silicone
sealant are more or less dissolved. Parts of it are seen in
different spots of the glass covers. This could be the reason

for the sticky cover surface mentioned in item 1.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY

Description of system, construction and failure of the solar

collector discovered during examination. ‘J

Institute:; Lpermal Insulation Laboratory, Building 118
Technical University of Denmark, 2800 Lyngby, Denmark

Author of report: Peder Vejsia Pedersen

March 4, 1980, 11.00 a.m.
Date and hour for inspection: clear sky

Location of system: Gentofte (see fig. 1)

Manufacturer of collector: panish Solar Heating K/S

Installation contractor: Private firm, Erik Pectersen

Date of installation: January - May 1978 (collector in April)

Type of system: combined heating and domestic hot water system
Hleat fransfer media:water/ethylenc glucol (30%)
Safety system: Pump in prim. circuit is automatically operated

for coolingoduring night if storace temnerature
exceeds 85 “C.

Description of system, flow diagram:

28 m” collector.

molar
3
collecror /
N AT

space
heating

&t —)p
1 1
ox ] * T ; Ba—r Lo
|
Alr sto:age n], : g
tan
AN j 1
——3 I S
DIAGRAM OF ® pump Pl manual three-way valve
HEATING SYSTEM
GRNTLFTE <l  manual valve [:::] electronics
<] counterflev valve ===- temporature [2eler
(] flowmoter

Directions for filling in the shect is attached at the back.
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Component description (materials and manufaturer procedure):

Cover: two layers of glass, 4 and 5 mm.
Absorber coating: black paint (alkyd)
Absorber: aluminium plate, steel tubes 16/13
Insulation back mineral wool, 75 mm

Insulation sides: none, except frame of wecod

Collector enclosure

back and edges: compregnated wood frame, galvanized angle iron
frame on top, asbestos cement at the back (see
below

Gaskets and sealants: rubber packing gasket with silicone
Flashing: steel nlate - and lead flashing
Attachments: angle iron mounted to rafters

Other details:

Description of collector:
(see also fig. 2) 4 mm glass

aluminium absorber with black
angle~iron frame /4: paint
o mouldlng oressed aluminium

//

{ — 970 /_// et . -;l .

16/13

[, H . N L Y

8 x 120 s —7

- 5
1/8" asbestos cement
75 mm mineral wool

qalvanized steel plate

== __,,,-,._., e ',_ PR E‘_'V;-l 125 mm
1 ‘/ \| /— \-_/ :’151

ﬁ' :

Mok 50 0m ten

\—25x50mm

> mm reflexfree Albarino glass

steel tubes
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Nemarks

Nunbeor (sec checklist)
Description:

Potential cause:

Possible remedy to avoid failure during production
and to mend it on the operating ceollector:

i, 2, Condensation, white deposit and outgassing on the
3 outer glass cover

Nearly all of the solar collectors had condensation on
the inside of the outer glass cover. About half of the
collector area was with condensation. Big drops which
could drip at the lower glass cover were seen (see

fig. 3 and 4).

There was also a lot of corny white deposit on large
areas of the outer glass cover (see fig. 5).

The problem with the white deposit was also seen at
collectors of the same type, which had been placed
outside at the Thermal Insulation Laboratory test area.

The problem with the white deposit in the collector at
the test area did not arise in the summer, but only in
the wintertime, most of it came late in December.

We thought that the reason. for such deposit could be
that a wood frame was part of the collector enclosure.
(This is the main difference of this collector compared
to the rest of the collectors at the test area which
had not had problems with white deposit). We made a
chemical analysis of the white deposit, which proved to
be resin from the wood frame. Perhaps it has been
disolved in the air humidity and was brought to the
glass by condensation. This would also be an explana-
tion of why there is no such deposit at the inner glass
cover. The wood frame had also become at bit green
looking and seemed to be wet.

There are also outgassing products on the inside of

the outer glass cover (a clear film), which we think is
coming from the binding agent of the mineral wool, The
flashing of the inner glass cover to the collector
frame is not airtight, so this will not be able to .
stop the outgassing products.

4 ‘Dirt at the outside of the glass cover

There was a lot of dirt on the outside of the glass
cover. There is a chimney on the top of the roof, near
the solar collector, so thisg might be where the dirt
comes from, Horizontally there are many edges of 5 mm
on the collector of the galvanized steel plate flashing
where a lot of dirt is collected.




Remarks

Number (see checklist)

Description:

Potential cause:

Possible remedy to avoid failure during production
and to mend it on the Ooperating collector:

5 Deposit on the absorber plate

A few brown sticky looking smal deposits were observed
on the absorber plate, which we also think was resin
from the wood frame (see fig. 6). It was observed
during the summerperiod that resin fluid was produced
in the wood when there were high temperatures in the
collector,

6 Rain leakage

There have been some minor rain leakages in the collec-
tor construction. The problem has been localized to the
galvanized steel plate flashing. 1In fig. 7 you can see
what we think might be the reason. The steel flashing
rests on some screw heads of the collector. The
installaticn contractor has now tried to improve the
tflashing, so now it should be rain tight.

7 Maintenance of the collectors

Three of the outer cover glasses were broken because of
careless treatment of the collectors. The last time
was when the contractor tried to solve the leakage
problem through the flashing. It was very costly to
repair the collectors because you have to remove all
the collector flashing and lift the collector modules
up just to change one glass cover. This is a good
example of bad maintenance facilities of solar collec-
tors.




Fig. 1.

Fig. 2.

Solar heating and domestic hot water
system in Gentofte.

The collector is built from collector
modules, 28 m2 in all.




Fig. 3. Condensation in a collector of the same

type which is used in Gentofte.

Fig. 4. Solar collectors with condensation.




Fig, 5. Example of white deposit on the inside
of the outer glass cover.

Fig, 6. Brown deposit on the absorber surface,

and example of the outer glass cover which

broke and was very expensive to change.
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Fig. 7. Here you can see the galvanized steel plate
flashing which rests on screw heads of the

collector.
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FLAT PLATE SOLAR COLLECTORS 1
RELIABILITY AND DURABILITY K

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION.,

Institute: Thermal Insulation Laboratory, building 118
Technical University of Denmark
2800 Lyngby, Denmark

Author of repori:

Peder Vejsig Pedersen

26/11-80, 1422 clear sky, frost, it had been
Date and hour for inspection: snowing earlier

Location of system: Valby near Copenhagen
Manufacturer of collector: Dansk Solvarme

Installation contractor: Site built by inhabitants
Date of insallotion: September 1977

Type of system: bDomestic hot water system

Total number or collector panels inspected: 5 absorber plates with greenhouse
cover, there are 14 m2 of efficient collector area
Water/ethyleneglycol + additives

Safety system: Ethyleneglycol is used to prevent freezing

Hecat transfer medium:

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR!

Solar heating system for domestic hot water in Valby

Directians far filling in the sheet is ottached at the back.




FLAT PLATE SOLAR COLLECTORS  2)
RELIABILITY AND DURABILITY

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR.

SOLAR HEATING SYSTEM IN VALBY FOR DOMESTIC HOT WATER HEATING

solar collector

2 storage
14 m F © 1200 1
———>—— BV hot water
%D
i —3}- BK celd water

For 4-5 months in the summer time, the solar system alone takes
* care of the domestic hot water need. The rest of the year it
preheats the domestic hot water. From August 1979 to August 1980

a calorimeter measured 2100 kWh of delivered solar energy from
the system.

DESCRIPTION OF COLLECTOR.

WELL pipe
3/4 " blackpipes tap
i //I ] \_
/ 1/2 " blackpipes =
T 7 17 — I (A i
- ﬂ_ ‘}f_L____“_kAA__;:liﬁ_ ‘T{
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pluy

i

Plug

1/2" brasgs
angle

5
DIAGRAM OF SITE-~BUILT COLLECTOR




FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

COMPONENT DESCRIPTION (materials and manufacture procedure ) :

4 mm glass. The collector cover is built in the same way
Cover: as 1s known from greenhouses. The glass is placed in alumi-
niumprofiles and have a 50 mm overlap. See fig. 1.

Absorber coating: pblack paint (alkyd)

Absorber: TWo aluminium plates which are spotwelded around steel
pipes.

Insulation back: 170 mm mineral wool, with a plastic vapour barrier in
the middle.

Insulation sides: None, except a masonite plate and flashband flashing
the three sides, and ridge putty at the bottom betweern

Collector enclos fel 288 and absorber, 50 mm.

The collector is built into the roof -

back and edges: A ; -
site built., B8See fig. 1.

Gaskets and sealants: THEre is no sealant bgtween glqsses, which they
overlap. 1In the aluminiumprofiles there is a
_ rubber gasket. :
Flashing: The two sides and the top of the collector is flashed with
flashbands, while at the bottom the spacing between the
Attachmentgglass cover and the absorber is filled with ridge putty
(Ceny R-kit}. The glass is lenathened with 50 mm at the
Oﬁmrdeungpttom s0 that water can run off the collector.

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

. Condensation on the inside of the glass cover,

The collector is curved in the horizontal plane.

Outgassing products at the inside of the glass cover.

= W N -
.

The lowest glass cover to the left once slipped a few centi-
meters. ;

Dust on the absorber surface,
The putty between glass and absorber has become very brown.

The flashband flashing was leaking in the beginning.

O ~1 & Wn
-

A satisfatory humidity was measured in the 50 mm backside
insulation.

9. An evaluation of the collector after 3 years of operation.




Fig.

Fig.

2.

3'

A-~72

The top of the collector.

The cover is made in the same way
which is used in greenhouses. The

glasses overlap each other.
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DESCRIPTION OF COLLECTOR

flash band

shutter boards
aluminium L. ' .
cover aluminium vapor barrier
{(with heoles in it)

120 mm Rockwool

reinforced plastic

or barri s
(vap rier) aluminium cover

;éiie A8 foi gt 50 mm 4 mm glass
Y I LAY Rockwool
aluminium

rubber gasket

. aluminium profile
jE \\I S

rafter

profile\\\\ff{

rafter

rig. 1. tROSS'SECTION OF THE SITE-BUILT SOLAR COLLECTOR
IN VALBY.

The drawing is made by one of the constructors of
the solar collector after memory, note that spacing

between glass and absorber is not correct in the
figure
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

REMARKS ON THE FAILURES.

Numbers refer to the list on poge 3.

Description:
Potential cause:
How severe is the failure:

Possible remedy to avoid failures during production
and to mend it on the operating collector:

1. Condensation on the inside of the glass cover

Especially at the top of the collector a ‘lot of condensation
was observed, see fig. 2 and 3. In one place a drop had run
down on the cover. 1In the middle and at the bottom of the
collector there was no condensation.

Condensation is very often seen in collectors at this time of
the year. Even collectors with a very good ventilation often
have difficulties in preventing heavy condensation. Under
some circumstances heavy condensation can form drops which
might drip down on the absorber. This might lead to corrosion
of the absorber surface if this one has not got a durable
surface treatment. In this case there was not observed any
corrosion of the absorber surface, even though the collector
was more than three vears old. '

Fig. 4. The collector curved in the horizontal plane.
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FLAT PLATE SOLAR COLLECTORS 4=
RELIABILITY AND DURABILITY

The collector curved in the horizontal plane

This is seen in fig, 4. The problem is only aesthetic, and
the reason is a measurement error when the collector was con-
structed.

Outgassing products at the inside of the glass cover

The outgassing might come from the binder of the mineral wool,
or from the ridge putty mentioned in item 6.

The lowest glass cover to the left once slipped a few centi-
meters.

This was because the two aluminium covers over the "greenhouse"
aluminiumprofiles had loosened. The reason was that the slot
in the aluminiumprofile was unsatisfactory, perhaps because
wrong screws were used. It was very difficult to repair the
collector. At last this was done by using a rope around the
chimney. This is another example of maintance problems of
solar collectors.

Dust on the absorber surface

The flashing of the collector is not air tight at all. Dust
must be ventilated into the collector from outside, som of it
might come from the chimney.

The putty between the glass and the absorber has turned brown

According to Danish circumstances this solar collector is
quite an old construction. Ridge putty was recommended by the
manufacturer for sealing in the bottom of the collector
between absorber and glazing. There is no sign that the putty
has been a bad sealing, but it has changed colour into dark ,
brown and is certainly exposed to higher temperatures than it
is supposed to be. At the present moment, it is difficult to
say for how many vears it will function gsatisfactorily.

Fig. 5. The ridge putty product
used in the bottom of
the collector.
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FLAT PLATE SOLAR COLLECTORS 4 b
RELIABILITY AND DURABILITY

7.

The flashband flashing was leaking in the beginning

Flashband (a product to make valleys with) was chosen as
flashing because it was cheaper than lead flashing. Lead
flashing is generally recommended for this kind of collector
constructions. In the beginning the collector was leaking
rainwater into the house because of the flashband. The leaks
were repaired with more flasband and a sealing material. At
last it was raintight, and since then there have not been any
problems.

Fig. 6. The flashing of the collector sides.

A satisfactory humidity was measured in the backside insulation
of the collector ‘ s

The loftrocm behind the collector is used as a living room
and we were therefore afraid that there might be moisture in
the insulation material of the collector. A humidity sensor
was inserted in a drilled hole in the wall, and the hole was
taped. After a while a humidity of 30% RF was measured.
Compared to the humidity in the living room, 38% RF, this

shows that there is not any moisture in the insulation material
which is closest to the room. :
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FLAT PLATE SOLAR COLLECTORS 4°c
RELIABILITY AND DURABILITY

. An evaluation of the collector after 3 vears of operation

The collector has been reliable for a long time now, after a
short period in the beginning with leakage problems. It also
seems to have a good dQurability, and the problems mentioned
in the previous items should not affect this conclusion. The
reason for the good durability could be that a good cover
solution is used, which has been known from greenhouses for
many years.,

The efficiency of the collector and the rest of the solar
system is also quite good. The solar heating production of the
system was measured from August 1979 to August 1980, it was
2100 kWh or 150 kWh per m2. In the same period a mean of

260 litres of hot water was used a day. The optimal size of a
domestic hot water solar system for this consumption is in
Denmark considered to be a 8-10 m2 system.
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Fig. 7. Temperatures in storage tank, morning and evening
from March to June 1979.

Fig. 7 shows storage temperatures from March to June 1979,
From the middle of May the furnace was switched off. With the

exception of a week with no sun, the storage has temperatures
higher than 45 ©C after this time

In the spring we see that the solar system is good for pre-
heating., It is the experience that during the winter time the
storage has low temperatures, and there are only very few
sunny days. The storage seldom exceeds 30° C in the winter.




FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

In fig., 7 you can see that the lowest difference between

the storage temperatures from evening to morning is about 2 °c.
With no domestic hot water consumption that day this is an
exXpression for the heat loss from the storage tank.

It is also seen that on sunny days in May or June the collector
can raise the storage temperature from, for instance, 44 ©C
to 68 ©C. If stratification is not taken into account, this
is equal to 19.5 kWh or 1.4 kWh/m2 delivered to the storage
from the collector. In the summer on the most sunny days in
Denmark, the insolation from the sun will be about 5.0 kWh/mZ,
this means a system efficiency on those days of 28%. It must
be noted that a calculation as the above mentioned must be
taken with all kinds of reservations. The figures are not
accurate, but can perhaps be used to tell you something of
how the collector is operating.







A-81

FLAT PLATE SOLAR COLLECTORSs . 1)
- RELIABILITY AND DURABILITY L

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION,

Institute;: Department of Scientific and Industrial Research,

Physics and Engineering Laboratory, Private Bag,
Wellington, New Zealand ’

Author of repori: R.F. Bensemnan

Date and haur for in5pe;:fion: 28.10.80 1300 hours -

Location of system: Ministry of Works & bevelopnment, Wellington
Hanufocturer of collectar: Colt ""entilatioh & Héating (NZ) Ltd.
Instcllation contractor: ' ’

Date of insallation: April 1977

Type of system: Hot water supply tc cafeteria and washrooms
Total number or collector panels inspected; 64

Heat transfer medium: Yiater. Flow (design) rate 80 litres/min

Safety system: Against freezing: pump circulates water

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO}?I

See Puaeto ATrAcHED 1A 1B

32, PANELS 32 Pawcts

.____7 RE‘T&R»\/ 7% 50,_,.\/@ LArX

-

-~ : 74 .1.
FLow rrot Sotar 1A (

/Dy;/p C//egauzf/@vj! 4&7/_://97»5_/3 BY SENSORS

LN

D:'rr.:clr'ons for filling in the sheet js attached ot the bock.’
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FLAT PLATE SOLAR COLLECTORS  2)
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DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR.

Photo 1A. General viev.
obscured.

Rear battery of Panels nearly

Photo 1B. Rear panels and mounting frame.

DESCRIPTION OF COLLECTOR.

//—Singlé glass
100 mmll__

f——— 600 mn ——— /
: 12 mm Copper
/ 247 Copper
o ' Al,
F

foil insulation
ibreglass insulation

Aluminum case
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FLAT PLATE SOLAR COLLECTORS
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COMPONENT DESCRIPTION (materiols and maonufacture procedure } :

Cover: Single glass 32rm

Absorber coating: Selective: Copper oxidé
Absorber: Copper.

Insulation buck: Fibregiass/Aluminium foil

. - n "
Insvlation sides:

Collector enclosure Al uminium alloy
back ond edges: : :

Gaskets and sealents: Not known
Flashing: Aluminium
Attachments:

Other detoils: PhOtO 1c )

NUMBER THE FAILURES FOUND DURING THE INSPECTION-

1. Corrosion at one junction of copver Piping
2. Interior case corrosion (one place only)
3. Sand accumulation

4, Glass discolouration
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

4)

REMARKS ON THE FAILURES.

Numbers refer to the list on page 3,

Description:
Potential cause:
How severe is the failure:

Possible remedy to avoid failures during production
gnd to mend it on the operating collector:

1.

Corrosion on copper pipe

See Photo 1D

Corrosion products visible. Occurred only at this
ocne joint. Probably due to poor cleaning after
welding. ‘

Interior corrosion of case

See Photo 1E
Corrosion products visible. Occurred only at this one

location. Site is windswept and less than 1 km from sea -
probably salt intrusion. Not vet serious. '

Sand and dust accumulation

See Photo.lF

In about 4 collectors (back frame, top row, east end),
small quantities of sand had accumulated in one corner.
This is windy site and has had new buildings constructed
nearby over last 2-3 years. Appears that wind has forced
material through vent holes in casing, accumulating in
same area of each collector. HNot serious problem.

Glass Discolouration

See Photo 1¢

This system is oversized for summer use, and on sunny
days the water in the collectors boils and is released
through the pressure relief valves shown in the photo.
Boiling water rains down on the collectors nearby and has
(over 3 years) produced a brown coating on the glass.
Other collectors are clean (rain). Glass can probably

be cleaned by scouring. Only 8 collectors affected.
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FLAT PLATE SOLAR COLLECTORS
 RELIABILITY AND DURABILITY

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION.,

Institute: Department of Scientific & Industrial Research,

Physics and Engineering Laboratory, Private Bag,
Wellington, New Zealand

Author of report: R.F. Benseman

Date ond hour for inspection: 28.10.80 1500 hours

Location of system: Wellington East Post Office
Menvfacturer of collector: Colt Ventilation & }ieating (NZ) Ltad.

Installation controctor:

Dote of insollation: 1977

Type of system: Hot water supply to cafeteria and washrooms
Total number or collectar panels inspected: 24

Heat tronsfer medium: Water. Design flow 30 litres/min

Safety system: Against freezing: Pump circulates water

DESCRIPTION OF SYSTEM, FLOW DIAGRAHM, PICTURE OF COLLECTO-RI

System is essentially the same as that reported for
Ministry of Works and Develcpment,

a single battery of panels.

except that there is only

Dircctions for filling in the sheet is attoched at the bock.
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DESCRIPTION OF COLLECTOR,

See previous report
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FLAT PLATE SOLAR COLLECTORS
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COMPONENT DESCRIPTION {moteriols and menufacture procedure ) :

Cover: Single glass 3mm

Absorber coating: Selective: Copper oxide
Absorber: C Copper

Insulation back: Fibreglass/Aluminium foil

lnsvlation sides: u . "

Collector enclosure

back ond edges: Aluminium alloy

Gaskels and sealonis: Not kncwn
" Flashing: Aluminium

Attachments;

Other details: See Photo 1C

"NUMBER THE FAILURES FOUND DURING THE INSPECTION:

No failures found. All components in good condition.
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ELAT PLATE SOLAR COLLECTORS !
RELIABILITY AND DURABILITY N

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE GF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION,

Institure. ~Department of Scientific and Industrial Reseaxch,

Physics and Engineering Laboratory, Private Bag,.
Wellington, New. Zealand '

Author of report: R.F. Benseman

Date ond hour for inspection: 20.10.80 1600 hours

Locotion of system: ~ Wellington, New Zealand

Mapufacturer of collector:

Installation cantractor:

Date of insollation: September 1978

Type of system: Domestic hot water supply
Total number or collector ponels inspected: 6

Heal tronsfer medium: Water

Safety system: None

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO;R’Z

SoLAR TANK
135 lLitve

Dircctions for Filling in the sheet is otteched at the bhack.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

9 )

DESCRIPTION OF SYSTEH, FLOW DIAGRAM, PICTURE OF COLLECTOR.

Photo 3A

DESCRIPTION OF COLLECTOR..
Dimensions: 1200mm x .600mm x 75mm
" Collector: Steel sandwich, water filled, built-in heat

exchanger to transfer heat to external copper
circuitry.
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FLAT PLATE SOLAR COLLECTORS
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COMPONENT DESCRIPTION (materials ond manvfocture procedire) :

Cover: Slngle glass 3mm

Absorber coating: Black paint

Absorber: Steel

Insulation bock: Foamed polyurefhane {foamed~in-place)

Insulation sides: w S " "

Collector enclosure Galvanised steel
back ond edges:

Gaskets ond seolonts: Glass fits intoc pressed recess in case

and is held and sealed with silicone rubbexr
Flashing:

Attachmenis:

Other detoils: Water in collector is sealed in for Iife.

Heat exchanger in panel transfers heat to
conventional flow and return pioves.

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

1. Distortion of collector enclosure caused glass to

separate from case. Subsequent leakage caused

corrosion and .condensation.
(Photo







PO
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FLAT PLATE SQLAR COLLECTORS, RELIABILITY AND DURABILITY

O]

Description cf system, construction and failure of the sclar

collectnr discovered during examination.

»

Institute: Institute of Applied Physics TNO-TH
P.0. Box 155, 2600 AD DELFT, The Netherlands

Author of repcrt: D.E. Brethouwer

Date and hour for inspection: 1980-10-28 17.00 hrs,

Locati . feoms House 1,2,4 of the 4 solar houses in Zoetermeer,
cation or sYSTem: soo8' latitude, 10 km east of ‘The Hague.

Manufacturer of collector: DRU B.V., ULFT, Holland

Installation contractor; Installatie Techniek ‘Bredero B.V.‘
Date ©f installation: March 1977 .
Type of system: Space heating and domestic hot water heating
2: Water-glycol (33%) 1200 1l/h

[E8

Heat fransfer med

Saisty system: Overload heat exchanger

solar
collectors
(35 w?)

storage tank 2 m3

L]
T

overload
heatexchanger

Directions for £illing in the sheet is attached at the back.
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Component descripticon (materials and manufaturer procedure) :

Cover: Single glass (4 mm)
Absorber ¢oatings: Tinoxide selective coating.

Ahsorber: Black enamelled steel |
Insulation back: Glass-wool, 50 mm
Insulaticon sides: --

Collector enclosure
back and edges: Aluminium

Gaskets and sealants: Gaskets: Hemp.
Sealants: Silicone-rubber
compressable rubber strip

Flashing:
The enclosures are integrated in the roof.

The absorbers are positicned by means of the fittings.

Attac '*:nents :

Qther detailig; --

absorber : spectral selective

sealant insulation.___ __

coating

0 -o. O'co il € 1 dol:o.‘ . D
"O‘: oy T Onaoﬂoor':'?s’nqua.ofun—.ﬁgapo 0'." 'Oo .

ren S it e T
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Remarks

Number (sse checklist)

Description:

Potential cause:

‘'Possible remedy to avoid failure during production
and to mend it on the operating collector:

I. In the early morning condensation may occur on the inside of the glass
cover, due to the low temperature of this pane and because it is
ventilated with ambient air.

This condensation caused a slight weathering of the inside surface of

the pane.

2. During the three years' peried the panes have not been cleaned. It seems
that there is a stabilisation of dirt after a few months, only near the

corners and the edges some extra dirt is observed.

3. In one of the 90 collectors there has been.a leakage of rain. This
was caused by a bad sealing between the cover and the enclosure.

Remedy: more attention to the fitting of the sealants.

On SOme corners near the conmections was .cracked, followed by corrosion.

-

5. In ome collector a small lezkage was gbgerved, probably caused by a

bad spot in the weld (see picture 1),

6. After three years the mixture of water and’ glycol had to be changed, as
indicated by the supplier of the glycol. '

The new glycol was of a non-poisonous type.

4. Due to uncareful handling during transport and mountlng, the coat of enamel
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY P

Description of system, construction and failure cf the solar
collector discovered during examination.

Institute: Institute of Applied Physics TNO-TH
P.0. Box 155, 2600 AD DELFT, The Netherlands

Author of report: D.E. Brethouwer

Date and hour for inspection: 1980-11~I3 11.00 hrs.

Location of system: ENSCHEDE, 52°5' latitude, Holland
Manufacturer of collector: DRU B.V., ULFT, Holland

Instzllation contractor: Design: Adviesburo Wiecherink, Enschede

. , jon: W d
Date of installation: &Z?iﬁrlfs%on olter & Dros, EHSChe ©

Type of system: Domestic hot water heating for a Food Inspection Service

Heat fransfer media: Water

Safety system: Automatic drain down system, using nitrogen as a cushion gas.

Descripticn of system, flow diagram:

Solar collectors\\
(400 m2)

-~ ~
- i - |
# )
|  ZUSENN | B
LTI | _&vzzvz | =
I (-i\\ e
17 H
L_. . f

] o

drain tank

nitrogen o
cylinder

storage tank (31 m3)

Directions for filling in the sheet is attached at the back.
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.

Component descriotion (materials and manufaturer procedure) ;
Cover: Single glass (4 mm)

Absorber coating: Tinoxide selective coating

Absorber: Black enamelled steel’
Insulation back: 8 - 10 cm glass-wool
Insulaticn sideg; —

Collector enclosure

back and edges: Aluminium, enclosed in the roof.
Gaskets and sealants: Gaskit

Flashing: The 4 mm single glazing is attached in neoprene rubber, covered
with aluminium profiles, used in the coastruction of greenhouses,

Attachments: The absorbers are positioned by thei

r connections and a metal
strip at the top.

Other details:

Descriprion of collector:

absorbe ff_“_““"‘ necprene rubber
cover
h
N

water/gly \ :
P / /‘\ absorber

85

A

2277
plywoed mn

?,"-7

G:'C.,
74

cover

insulation




Remarks

Number (see checklist)

Description:

Potential cause:

‘Possible remedy to avoid failure during production
and to mend it on the cperating collector:

I Condensatlon appeared when the outdoor temperature was lower than 7-8 C
When theglasscover was heated due to absorption of solar radiation, this

condensation disappeared very fast,

2. Due to uncareful handling during transport and mounting the coat of
enamel on Some corners near the connections was cracked, followed by

CO]’.‘IOS ion.

3. The glass~wool behind the absorbers was not Pressed and bagged out, causing
contact between the absorber and the glass—cover and/or the enclosure.

Remedy: usage of pressed lnsolatlon material,

4. The sensors of the filling system corroded.
This caused a high pressura in the absorbers because the filled situation

was not sensed.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY G—

Description of system, construction and failure of the solar
collector discovered during examination.

Institute: Inscitute of Applied Physiecs TNO-TH
P.0. Box 155, 2600 AD DELFT, The Netherlands

Author of report: D.E. Brethouwer

Date and hour for inspection: 1980-11-12 09.00 hrs.

Location of System: Eindhoven, 51%3g" latitude, Holland
Manufacturer of collector: LIPS, Drunen, Holland

Installation contractor:Eindhoven University of Technology

installation: November 1976

o)
fu
Tt
n
0
I

7e of system: Space heating and domestic hot water heating °
Heat Iransfer media: Water

SaZety system: Mono-ethylene glycol filled expansion tubes in the collector
and an overload heat exchanger in the ground. :

S

[ Description of svstem, flow diagram:

storage tank (4.1 m3)

/ 7t
solar ) s
collactors ,-’/
(50 m2) -
floating
inlet
Y,
el : |
FaN J
' @_ overload heat exchanger
puinp in the ground

I e Ay 2 : .
Pirections for £illing in the sheet is attached at the back.
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Component description (materials and manufaturer procedure)

Cover: Single glass (4 mm)
Absorber coating: Black chrome

Absorber: Aluminium finned tubes

Insulation back: 4 cm glass-wool + 8 cm polyurethane foam

Insulation sides: 4 cm glass~wool

Collector enclosure

back and edges: The enclosure is integrated in the building construction of
the roof. ) :

Gaskets and sealants: Connection to the absorber-heads of silicome rubber
hoses with hose clips. ' :

Flashing: The 4 mm single glazing is attached in neoprene rubber, covered
by aluminium profiles used in the comstruction of greemhouses.

Attachments: Lhe absorbers are positioned by their conmections.

Cther detzails: Under the absorbers aluminium plates have been placed like
roofriles.

Daescription of
collector:

finned tube

silicone rubber hose absorbers
filled with: glycol
< greenhouse
~ profiles
cover
insulation

batten
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Remarks

%]

(5]

=

Number (see checklist)

Description:

Potential cause:

‘'Possible remedy to avoid failure during production
and to mend it on the operating collector:

. ) [»]
Condensation appeared when the outdoor temperature was lower than 7-8 C.
Wher the glass cover was heated due to the absorption of solar radiation

this condensation disappeared very fast.

The glass cover was not cleaned in the four years after the installation.
It seems that there is a stabilisation of dirt on the covers after two
months. . .

There are two pyranometers in inclined position. One is placed.behind the
same glazing used as cover for the collectors. The transmission of this
glass became about 37 lower in these four years, probably due to dirt
on the glazing.

Special attention has to be paid during the sealing of the glass cover,
When some silicone rubber comes on the glass and this is wiped off;
there may be some rubber left. On this place the dirt has a much higher

concentration,

The connecticn of the absorber to the absorber heads has leaked once, when
there was a pressure of circa 2% ato, dus to no-flow conditions by

intense radiation. Remedy: other type of connectiom without hoseclips.

Thers has been some diffusion of water into glycol and of glycol into

water in the primary loop, because the silicone rubber hose is not vapour-

tight.
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FLAT PLATE SOLAR COLLECTORS, RELIZBILITY AND DURABILITY n

Description of system, construction and failure of the solar
collector discovered during examination.

Institute: Institute of Applied Physics TNO-TH
P.0. Box 135, 2600 AD DELFT, The Netherlands

Author of report: D.E. Brethouwer

Date and hour for Iinspection: 1980-1i-13 11.00 hrs.

- ) ) .
Location of system: ENSCHEDE, 52 5' latitude, Holland,
Manufacturer ¢f collector; LIPS, Drunen, Holland

Installation contractor; Design: Ac;lvi»esburo Wiecherink, Enschede
Construction: Wolter & Dros, Enschede

Date of ingtallation: March 1978
Type of system:Domestic hot water heating for a Food Inspection Service
Heat fransfer media: Water

Safety system: sutomaric drain down system, using nitrogen as a cushion gas.|

Description of systenm, flow dizgram:

solar collectors
(400 m2)

nitrogen —
cylinder S

storage tank {31 m~)
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Component description (materials and manufaturer procedure):

Cover: Single glass (4 mm)
Absorber coating: Chromium oxide (black chrome)

Absorber: Aluminium finned tubes
Insulation back: 8 - 10 em glass~wool
Insulation sides: --

Collector enclosure _
back and edges: Aluminium enclosed in the roof.

Gaskets and sealants: Gaskit (see checklist)

Flashing: The 4 mm single glazing is attached in neoprene rubber, covered
with aluminium profiles, used in the construction of greenhouses.

Attachments: The absorbers are positioned by their connections and a metal
" strip at the top.

Cther detailg:

Description of collector:

T insulation absorber

P , absorber
|

| [——-‘— cover
|

Vv,

i plywood

//

a2luginium

glazing

insulation
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Remzarks

‘Possible remedy to avold failure during production

Number (see checklist)
Description:
Potential cause:

and to mend it on the operating cocllector:

el
Condensation appeared when the outdoor temperature was lower than 7-8 C.
When the glass—cover was heated due to absorption of solar radiation, this

condensation disappeared very fast.

It seemed that the absorber coating had turned a little greyer. There are
no measured values. There is an indication that some salt has come on the

absorber before mounting.

Due to the problems 4 aud 8 the absorber coating flaked and the 2luminium

abscrber corroded.

Draining the system, sometimes some water stayad in the tubes. When this

water was frozen the tubes cracked, causing leakage afterwards.
Leakage due to the problems 4 and 8.

The glass-wool behind the absorbers was not pressed and bagged out, causing
coutact between the absorber and the glass cover and/or the enclosure.

Remedy: usage oI prassad insulation matdriai.

Due to problem 8 the enclosure had to be opened very oftan and was not
mountad well afterwards,

A storm blew away some pieces of the enclosure (see photographs). -

The connection of the absorber to supply and returnpipes caused big

problems;'Thé foiléwing solutions were tried successively:

- silicone rubber tube: leakage due to cracking and notching

- tefleon coupl}ng with thread fitted in-the aluminium tubes: leakage due
to big differences in the coefficient of expansion.

- brass.couping with teflon: leakage

- conical thread, fitted with Loctite: lasted for one year, then leakage

again

At that time so many tubes were corroded that it was decided to stop this ...

part of the primary loop.

The sensors of the filling system corroded. This caused a high pressure in

the absorbers becazused the filled situarion was not sensed.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY AND DURABILITY =i

e

Description of system, construction and failure of the solar
collector discovered during examination.

Institute:Los Alamos Scientific Lab.
"National Security and Resources Study Center"
Author of report: S.W. Moore

Date and hour for inspection: Jan. 2.4, 1980 at 1400 hours
Weather-clear, Previous precipitation 5 days ago.

Location of system: Los Alamos, N.M.,

Manufacturer of collector: IASL~Collector Design. Turbo Refrigerating
Co. - Collector fabrication and foaming. K-T Corp - Collector Ass., and glass
retention strip fabrication Southwest Glass & Glazing Inc.

Installation contractor:

Date of installation: September, 1976

Type of system: Liquid - Flat Plate Collector - Heating & Cooling
Heat fransfer media: Shell Thermia 33 paraffin base oil

Safety system:None - System protected from over pressure by P.R.V.

Description of system, flow diagram:

COOLING
TOWER

AR WASHER

COOLING

EXHAUST

wervenr Dy aapies HEAT
5 REGOVERY
3 UNIT
RANKINE OR  [-% 5 I FRESH AIR o v
ABSQRPTION [fard
CHILLER tre
K N L EXHAUSTSS o

i I
i [+ HEAT Ex: S -
]
E

i g
HE
3=
5
=

.
TERIQR =™ PERIMETER
ONE ZONE

!

T bb

Y 9 U —— S Y .

1
[
L---------Q-----.---------.---l

NATIONAL SECURITY AND RESOQURCES STUDY CENTER
MECHANICAL SYSTEM SCHEMATIC

L L LT T

Directions for filling in the sheet is attached at the back.
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Component description (materials and manufaturer procedure) :
Cover: ASG, Pattern 76 Water White Glass, 1/8". Tempered single glazed
Absorber coating: Black Chrame on %. mil nickel (min)

Absorber :Mild steel - Resistance seam welded and pressure expanded.

Insulation back: Urethane foam - C02 blown special formulation by the
Bendix Corp. Fire barrier on underside

Insulation sides: None - Collectors butt together at sides

Collector enclosure: Structurally integrated — Mild steel nickel plated

back and edges: o1T OVer during Bl.Cr. process

(Same)

Gaskets and sealants: Extruded silastic (Baked at 400°F for 2 hrs) primary
seal, Liquit silastic DC 132 secondary seal.

Flashing: Central portion of array-Mild Steel Bl. Cr.Coated. Perimeter of
array-Galvenized flashing rainted

Attachments Bolted to structural purlins - Rigid bolting of bottom, sliding
at top—four point bolting ‘

Other details: Collectors make up the roof of the equipment room

Degcription of collector;:

SOLAR COLLECTOR DETAILS
/\ COVER GLASS
ABSORBER SURFACE

Coaling
Towers

YAIN LIBRARY FLOOR

Tisstor

Gallery

URETHAKE ‘/‘K\f

msumm/ Tl
FIRE BARRIER  §

2FT

EQUIPMENT RNOH

["SOLAR LABGRATORY™)

SEFORT {1BRARY FLOOR T

EXTRUDED
CROSS SECTION, NSH STUDY CEMTER, LOS ALAGS SCIENTIFIC LABORATORY SILASTIC SEAL

17
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Remarks
Number ([see checklist)

Description:

Potential cause:
Possible remedy to avoid failure during production

and to mend it on the operating collector:

IM - Cover (Condensation)

At the time of inspection no water vapor condensation was present on
the cover glass. After periods of rain, water condensate will be prasent
on many collecters. This normally "burns off" in a few hours of clear
conditions. .

Permarent condensed deposits are apparent on many collectors at the
lower corners. Much of this occurred during construction when the venting
flow path was cut off due to a change in building construction. This was
later rectified; however, the effect was not reversible.

At the time of inspection the exterior dirt deposits wers so great it

prevented seeing these permanent condensibles.

2M - Cover (Dirt or Deposits) ' -

During this inspection much dirt was present on the outer surface of
the cover glass. This occurs when conditions provide a wet cover glass

outer surface, i.e., dew, frost, light rain, etc., accompanied by winds

which deposit dust. This condition élears up after a moderate rain or

srnowfall.

M - Absorber Coating (Dirt or Deposits)

Some dirt accumulation has taken place at the lower corners, vent
areas, of the lower row of collectors. Much of this occurred when heavy
equipment operated at the base of the array during initial construction.
This problem occurs as a result of the fine balance needed between
filtering and sufficient venting to prevent condensates.

4M - Flashing (Flaking)

Some paint flaking has occurred on the perimeter flashing for the
array. This was a building contractor supplied component and is a typical
example of paint flaking from a galvanized part.
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Remarks

Number (s=e checklist)

Description:

Potential cause:

Possible remedy to avoid failure during production
ané to mend it on the operating collector:

5M - Flashing or Sealants (lLeakage)
Some rain leakage occurs at a few points during periods of heavy rain.
They have occurred during initial construction and have never been

investiated or a repair attempted.

6M - Attachments (Leakage)
There are approximately 12 points where minor leakage of the paraffinic

0il leaks from piping system which attaches the collectors to the header
system. Each collector, 404 total, has 16 joints of potential leakage
which attaches it to the header. The maximum leakagé is approximately 1/2
teaspoon/day from any of the leaks. This is not felt to be severe enough
to warrant repair. All of these leaks appear to be coming from pipe
fitting joints. All othér leaks detected during initial leak tests or
initiel shakedown consisting of split elbows, cross threaded ferrules,
joints not adequately tightened, etc., have been stopped.

One collector which had the internal piping damaged during installation
was isolated from the system by the two shut-off valves and left in place.

Photos shcﬁing the collector array's external conditions are attached.
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FLAT PLATE SOLAR COLLLECTORS
ReULIABILITY AND DURABILITY

T1

DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE S0LAR
COLLECTOR, DISCOVERED DURING EXAMINATION.

tnstitote: Kernforschungsanlage Julich, IKP-SOL,
Postfach 1913, D-5170 Julich

Author of report: Heinz Riemer
Kernforschungsanlage diilich, STE

Date and hour far inspeetion: 12.10.1979, 10.00 a.m.

Location of system: Borkum {island in the North Sea)

cavfocturer of collectar: Masserschmitt-Bo1kow-Blohm GmbH
Postfach 801169, 8000 Miinchen 80
tastallation contracior: Gebp, Sulzer, Bellevue, 2000 Hamburg

Dute of insaliation: may/june 1979; startup = December 1979

T, pe of system: hot water supply system
" Taotal number or collector panels inspected: total = 124
Heat ironsfermedivm: ANTIfrogen N (8Q %) water (20%), mass flow = 100 1 (h-col-
Safery system: Treeze protection: -40° C o tector)
heat transfer medium drain off at 95~ C
DESCRIFTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO;R’.'
____________ m - Tt T T rT T
: BORKUM - REEDE |
130 m2 | l —
| SEEMANNSCHAF TSLEHRGRUPPE ‘I
0¥ I |
|
b | AN
" | |
M| Il_. ________________ ~
[ B t
¢ |
\ : N l
\ ' | N
N I. 6 x 1ooo Y 2 x 1000 -
I Ltr I Ltr
!
|
e | | WW=FL
'fi. | A A <
= ==
I >
! i
T !
', A ! ~ KW-FL
| — {0 <
I
KOLLEKTORKRE IS ! SPEICHERKRE 1S } VERBRAUCHERKRE IS



CLAT BPLATE SOLAR COLLECTORS 2
SELOABILITY AND DURAGILITY

,\

SCE:ETION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR,

2]}

MBB P 43 B~

1. stainless steel casing

2. cetlular plastic material
3. aluminium roilbond

4. 2 glass panes

= ; /522
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

3 )

COLPONENT DESCRIPTION (materials and manufacture procedure )

Caver: 2 glass panes
Abscrher cogring: matt black
Absorher: aluminium rollbond

Insulation back: )
} cellular plastic material
) i .

Insuletion sides:

Collectcr enclosure  Stainless steel casing
baca and edges:

Gashets ond sealcnrs: NOT identified
Flcshing: not identified
Attachments: integrated installation

Ortiicr doteils:

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

. condensation of covers
dirt or deposite of covers
cracking of insulation
warpage of insulation

. warpage of enciosure
leakage of enclosure
leakage of sealants

=IOY O W PO
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FLAT PLATE SOLAR COLLECTORS
RELIARILITY AND DURABILITY

REMARKS ON THE FAILURES.
Mumrbers refer 1o the list on poge 3,

Du:;cr;phon:
Forential couse:
How severe s the failure:

Possible remedy o avaid failures during production
end to mend it on the operating collector:

1. condensation: inherent design failure, insufficient sealing, non-vented
cover system.

Z. system is sited near coast line (island offshore in the North Sea); salt
and sand is deposited permanently; natural cleaning by rain is not effective

3. + 4. insulation stripes between absorber and cover were not properly
attached. Warpage is caused by operational temperature load.

5. + 6. warpage of enclosure caused leakage

7. type of failed sealants could not be identified

Remedy: ' )

It was decided to replace the whole collector area by new collector modules.

In contrast to the above inspected collectors, the new ones should have
insulation stripes which are preheated before assembling the module.
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FLAT PLATE SOLAR COLLECTORS
RELIASILITY AND DURABILITY

] ™

T2

DESCRIPTION OF SYSTEH, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION,

Insnirure: Kernforschungsanlage Jiilich, IKP-SOL
Postfach 1913, D-5170 Jlilich

Auviher of repost: Klaus MaPmeyer, Heinz Riemer
Kernforschungsanlage Jiilich, STE

Date ond hour for inspection: 2,12,1980, 10.00 a.m. (II inspection report)

Location of system: Borkum (island in the North Sea)

Manufacivrer of collector: Messerschmitt-Bolkow-Blohm GmbH,
Postfach 801169, 8000 Miinchen 80
Installation contracter: Gebr, Sulzer, Belleyue, 2000 Hamburg

Date of insallation: May/June 1979; startup = December 1979
Type of system: hot water supply system

" Tatal aumber or callecior ponels inspected: total = 124; inspected = 5

Heot rransfer medium: - Antifrogen N (80 %) water (20 %) mass €1ow {1100 1)
h-collector

Scfety system: Treeze protection: -40
heat transfer medium dra1n off at 95%

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO.R’I

______________ M S
: BORKUM - REEDE i
130 m2 [ 1___
: SEEMANNSCHAFTSLEHRGRUPPE I
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— | ) | WW-FL
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KOLLEKTORKRE1S | SPEICHERKRE 15 % VERBRAUCHERKRE 13
______________ R SN
Dicectians fur Filling in the shee® is rehed o o hae
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FLAT RPLATE SOLAR COLLECTORS
HRELIABILITY AND DURABILITY

QESCRIPTICH OF SYSTEM, FLOW DIAGRAM, PICTURE OF CGLLECTOR,

DESCRIPTION OF COLLE
wn i L CTOR. MBB P 43 D

1) stainless steel casing

2) cellular plastic material
3) aluminium rol1bond

4) 2 glass panes

; /A 777

12 3 &
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURASILITY

COMPONENT DESCRIPTION (materials ond manufacture procedure ) :

Cover: 2 glass panes
Absarber ¢oating: matt black
Abzorker: aluminium rollbond

Insulation bock: ) . .

)} cellular plastic material
lasulation sides: %
Collectar enclosure stainless steel casihg
bzcx and edges:
Gaske:s ond sealants: Not identified

Flcshing: not identified

Attachments: integrated installation

Cilier details:

NUMZBER THE FAILURES FOUND DURING THE INSPECTION:

1. dirt and deposit of covers
2. corrosion of connections
3. leakage of attachments




FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

REMARKS ON THE FAILURES.
Humbers refer to the list en poge 3,

Descriptian:

FPoteatial causze:

How severe is the failure:

Posstble remedy to avoid failures during production

and to ruend it on the cpersting collector: )

1. System is sited near coast 1ine (island ‘offshore in the North Sea);

salt and sand is deposited permanently; natural cleaning by rain is
not effective.

2. Corrosion of the connections at collector inlet and outlet. This does
not affect the normal operation.

3. Two of the attachments were not leak tight. The respective collectors
were by-passed and are subjected to stagnation conditions. Nearly the
whole collector field has been replaced during September/November 1980.

Remedy: To counteract the severe condensation inside of the cover surface,
two holes were placed near the inlet and outlet attachments to enforce a
stronger natural venting between cover and absorber plate.
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

—

DESCRIPTICN OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, DISCOVERED DURING EXAMINATION,

Institere: Institut flr Kernphysik, KFA-JUELICH

Auvthar of report; H. D. Talarek

Date ond iiovr for inspection: repeatediy during 1980

Locotion of system:  JUELICH, Fed. Rep. of Germany

Monufacturer of collectar:  BBC-Brown Boveri; Siiddeutsche Metallwerke
D-6909 Walldorf
Installation contrectar:  KFA-SERVICE

Dote of insallation: Nov. 1977
Type of system: Hot-Water-System (BBC-SOLARWATT)

Total aumber or colliector panels inspected:
Heat transfer medium: BBC-SOLAQUID

Sofety system: Safety valve (threshold = 2.5 bar)
freeze protection

5 panels

DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO;‘?:
—PGD-'.((\'_(_ f(.}ﬁ)

b

t b 4 1

s e —

Y
i
]
f

FZC‘-’;;/ }:a7rc;.,cr,

Directions for filting in the sheet is a!mched_sr the bock.
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FLAT PLATE SOLAR COLLECTORS 3)

RELIABILITY AND DURABILITY

COMFPONENT DESCRIPTION (moterials and manufacture procedure ) :

Cover: single glass

Abscrber coating: Black paint

Abzorhar: aluminium (ro]]-bond)
lnsuiction back: polyurethan-foam (5 cm)
Insulaticn sides: =

Collector enclosure
bock and edges:

aluminium
Goskets and seolants: rubber
Flosking: .

Attackments: -

O:hcre deterls: 1.5 m X 0.88 m

NUMZER THE FAILURES FOUND DURING THE INSPECTION:
1. Condensation on covers (all collectors).
The collector situated in the middle of the array showed always a
maximum of condensation.
2. Corrosion of the absorber plate (inner corrosion).
3. The outlet temperature sensor has loosened (bad thermal contact).

4. Heavy carbonic deposits were found around the heat-exchanger (tap water
side). ‘
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REMARKS ON THE FAILURES.
HNyrsbers refler 1o the list on pege 3,

Cescription:

FPotential cousc:

How severe is the failure:

Fassible remedy to oveid failures during production

cnd to mend it un the operating collector:

. The cellectar array constantly shows condensation of water. The conden-

sation pattern changes with the temperature gradient, Apparently this is
caused by exchange of air with the environment.

This failure is considered to be of minor importance.

. During the summer of 1980 a leaking absorber plate was detected, located

in the central collector of the array and in the middle of the panel.

It was possible to tighten the plate by a mechanical attachment. Potential
cause for inner corrosion of the aluminium absorber plate could be a tempo-
rary ingress of air over an extended period of time at the occasion of the
exchange of the heat transfer fluid.

Remedy
Recommendation: Protect permanently the primary loop system.

+ 4. The failures are thought to be typical for hot water systems.They are
mentioned to complete the report.
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FLAT PLATE SOLAR COLLECTORS !
RELIABILITY AND DURABILITY \
DESCRIPTION OF SYSTEM, CONSTRUCTION AND FAILURE OF THE SOLAR
COLLECTOR, D!SCOVERED DURING EXAMINATION,
Institure: AUSTRIAN SOLAR AND SPACE AGENCY (ASSA)
Author of report: MANFRED F. BRUCK
Date and hour for inspection: 19830 11 27 11.00" a.m.
Locotion of system: VIENNA, A-1130 GunoldstraBe 1k
Manufacturer of collector: HUGD THALHAMMER KG. A-3020 Graz, _Griespla‘tz 19-20
Installation controctor: - -
Date of insollotion: NOVEMBER 1978
Type of system: DOMESTIC HOT WATER SYSTEM
Total number or collector panels inspected: 39
Heat transfer medium: YATER /ETHYLENE GLYCOL (30%)
Scfety system: QPEN VENT, ANT{FREEZEL
DESCRIPTION OF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTO:‘?I
‘HOT WATER SUPPLY
T1
M4 AUXIL1ARY
PYRANOMETER 1 , (Fa) S G S
. f/ T2 T10 HEATER
COLLECTOR AREA §
60 rn2 :
! M3
i T3 "TsToRAGE TANK 1
i T8 -
i T4
I -2 T S, 4 _ )
M1 T S STORAGE TANK 1
} CONTROL-ELECTRON[CS
L. vt 3
i
| S— TS5
: CIRCULATION PUNP Q-Q et
+ 7 M2 COLD WATER IHLET
\ L..-.J.
EXPANSION CUP ’
y/ SOLARIMETER: STERNPYRANGMETER; Schenk 8101,
@ FLOW METER: Schinzel ws-t-h-iv, MASS FLOW RATE..... M
T TEMPERATURE SENSOR pt 100, Jume 100 x 7 mm r 1729,
Temperature....T.
L.
v

Direcctivns for filling in the sheet is otrached ot the bock,
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

2

DESCRIPTION QF SYSTEM, FLOW DIAGRAM, PICTURE OF COLLECTOR.

KO3

gz

l : ’ 60 B SR —

1030

DESCRIPTION OF COLLECTOR,

APERTURE-AREA 1,88 m’
MASS .16 ke
HEAT TRANSFER MEDIUM 0,9 1

(Water Glycol)

MAX . PRESSURE 10 bar
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FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

3)

COMPONENT DESCRIPTION (matericls and manufacture procedure } :

Cover: Po]yEarbonat UV-stabilized, one layer
Absorber coating: black paint
Absorber: Copper

{nsufation back: PU Foam &0 mm

.Insufofion sides: PU Foam

Collector enclosure

. bock ond edges: A Ha 3.

Goskets end seolsnts: i) icone, Rubber packing ga-sket -
Flashing: [ead

Attachments: Angle irons etc.

Other details:

NUMBER THE FAILURES FOUND DURING THE INSPECTION:

1. Condenszation on nine collectors

(mainly near the top).

2. Because of a nearby chimney there was a lot of dirt at the
outside of the transparent covers.
The comparison of experimental results shows a reduction

of efficiency in the range of 7 - 10%.

3. Grey-white patches on the absorber coating caused by drips

of condensation.

4. Microcracks (Uv-degradation)-on most of the transparent covers.
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FLAT PLATE SOLAR COLLECTORS 4
RELIABILITY AND DURABILITY

REMARKS ON THE FAILURES.

Numbers refer to the list on page 3.

Description:
Poteatial cause:
How severe is the failure:

Possible remedy to aveid failures during production
ond to mend it on the operoting collector:

ad 1: In the particular case the eifect of natural washing
by rain and snow is not sufficient to prevent con-
siderable transmission losses. {(Probably because
of electrostatic forces that contribute to the adhesion
of particular dirt to the cover). Periodical washing
of the panels (four to six times a year) is thereforé

necessary.
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FLAT PLATE SOLAR COLLECTORS, RELIABILITY anp ourAsiriTy X

Description of system, construction and failure of the solar

collector discovered during examination.

Institute: Research Center, Sanyo Electric Co. Ltd
author of repport: K, Hinotani

Date and hour for inspection: 1, May 1980, at solar noon.

Location of system: Hirakata-shi, Osaka, Japan
Manufacturer of collector: Sanye Electric Co. Ltd.

Installation contractor: Agency of Industrial Science and Technology,
Date of installation: Marcw:,[TIIQW

Tvpe of system: Cooling, Heating and DHW supply,
Heat ttansfer media: Water

Safety system: Freeze protection: Pump in collector loop is automatically
: operated for freeze protection when water temperature in
collector becomes below zero degree C.

Cescription of system, flow diagram:

& Circulation pump
Heating loop
wes Cooling loop

Cooling tower

Y
!

(T 0T Q0!

Cooling season ; 857

i ~ 77 Solar Heating & hot water
A -1 : collector | sypplying season ; Heated or
Iy 40.6 m9 50 ~60°C /%% cooled air
: | Jff  to building
d
| — PO ot
b | Ax 77 | Absor- e ()
i SmP‘ h.e;ter -ptlon 2
19 chiller = 2nd HO—— o0 |Fan coil unit
T | storage 1
1 o -

: : (0% ] >4 - tank | Cooling season 10T

1 .

: . 1st storage Heating season 45C
I

k ;

S .. U 31

L . 50.0 .';“_
_________ e e City water = Dotestic

Domestic hot water hot water

storage tank

Directions for £illing in the sheet is attached at the back.
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Component description (materials and manufaturer procedure):

Cover: . ' Glass Tube

Absorber coating: Black Chrome

Absorber: Copper plate, copper tube
Insulation bask Evacuated

Insulation sides:

Collector enclosure

back and edges:

Gaskets and sealants: Frit glass for sealant.
! -

Flashing:

Attachments: Joint hoxes

Other details: Collector tubes connected by U-shaped copper tubes with
soldering.

Description of collector:

#1072, 5=

Outer 1:a™
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Remarks

Number (see checklist)

Description:

Potential cause:

Possible remedy to avoid failure during production

and to mend it on the operating collector:

1. Dirt at the outside of the glass tube
Dirt is slightly accumulated on the outside of glass tube
since there are tennis courts on the west side of the solar house. But

the dirt is washed out when rain falls.

2. Slow leak.

Slow leak occurred on the brototype of 1977 due to the way of
sealing between the stem and copper tube(Fig. 2). Elongation in
collector tube may be repeated and leak from the soldering part was
found. The sealing portion is redesigned to prevent leak as shown

in Fig. 3.

r‘!‘f"
f’-f‘.l'l -‘-'-J b

I [ ;
i A L
KN S AT _;; \ é !'
 P— —
)-,:'thi'irua ii B ,? .
) kgL
Fig. 2 =

3. Collector tube connection
Seven collector tubes were connected with U-shaped rubber tube to

make a module of the prototype in 1977. Due to pressure rise in the
collector tube when boiling happened to occur, leak from the connection
was found. For the perfect leak protection, U-shaped copper tube in-

stead of rubber tube were used for the connection to make the module.

4., Installation
The collector modules were installed with slope of 1/100 but

stagnation of flow was observed in some of the modules. To prevent
stagnation, the collector modules are now installed with 5 degree

inclination facing south{ Fig. 1)
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Appendix B

Investigation of common problems, failures and changes

in the collectors

Diagrams for 7 vital parts of the inspected solar col-
lectors are presented., Here is shown which collectors
had the same combination of catagory of problems,
failures and changes of the collector, and influence

from climate parameters and surroundings.




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

THE COVER

In-

fluen
ce fro

SUrxourn-
dings and
climate

The solar
collec—
torx

Collector
construc—
ticn

Collecty
materiald
used

Quality {Installa-

cof pro-
duction

ien pi-
ing sy-
tem

Mainte-
nance

Opera-
tion

nfluence
From cli-
mate along

o

2

3

4

7

Stagna-
tion,
high

tenp.

AE,H,
J,J(L),

L(L)

Moistu-+
re,

water
in col-
lectoeor

ion)

Otherx
clima-
te

meters

para- 3

(L) ,E(D)
V(D

I(L}
J(L)
F{L)
V(L)

"0 (L)
H(L)
A{L)
K(L)

Repair,
mainte-

nance 4

Tl (L)T2~
S(L} Z({L)
_}dirt)

Influ-
ence
from

lector
alone

the col- 5

E,K(L)

Comments

Condensation, dirt and outgassing on covers are very often seen.
Other problems are bulging of covers, ageing of cover and pro-
duction guality.

Table 3.1

Observed problems, failures and changes are
listed for different parts of the solar collec-

tor.
ved precblems,

From the table it is seen how often obser-
failures or changes are a result

of respectively the solar collector and/or dif-
(L} indicates long

ferent climate parameters.

term effects.




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

COVER/ENCLOSURE ASSEMBLY AWD CASKETS AND SEALANTS.

The solar
collec-
tor

in-
Eluen
ce £ro
surroun-—
dings and
climate

Collector
construc-
tien

Collectqy
materiald
used

Quality
of pro-
ductiocn

tnstalla-
tion pi-

D10ng Sy-

stem

Mainte-
nance

Opera-
tion

Influence
from cli-
mate along

2

3

4

7

Stagna-
tion,
high 1
temp.

A(L), N
Tl, 2(L)

Moistu-
re,
water
in cQl-
lector

D{L), B

Other
clima-—
te
para-
meters

I{L)

Repair,
mainte-
nance

Influ-
ence
from
the col-
legtor

alone

Comments

Leakage through the cover/enclosure assembly is an important pro-
blem, The reason might be thermal stresses, ageing, bad quality
or wrong materials for sealants and gaskets. There are consequen=-
ces for other parts of collector resulting from this problem.

Table 3.2

Obsexrved problems, failures and changes are
listed for different parts of the solar collec-
From the table it is seen how often obser-

tor.
ved problems,

failures or changes are a result

of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

-

(L) indicates long




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

THE ABSORBER

Th 1 Collectox| Collectay Quality [Installa-|{Mainte- Opera— {nfluence
n Zoiiezr construc-) materiald of pro- jtion pi- |nance tion from cli-
- - . . oing sy-
Fluen for tion used ducticn e mate along
ce fro
surroun-
dings and ] 2 3 4 5 6 7
climate ’
Stagna- F I
tion,
high 1
temp.
Moistu F(L) G(L) c(L) (L)
Fer V(L) Z(L)}B(L) P(L)B(L) N(L)
jareril 2 N(L) U(L)R(L) P(L)
lectox R(L) U (L)
Other S (L} K(L)
clima- D{L}
para- | 3 |3ty
p dirt)
meters
Repair, U
mainte-
nance 11
Influ~
ence Q,P{L) G,T2,;
from 0o(L)
the col- 5
lector
alone
_ Warpage and corrosion is a serious problem for the absorber, Fai-
Comments lures in construction and choice of material for othér parts of
the collector are often the reason for degradation of the absor-
ber. The quality of the absorber surface is therefore important.
Table 3.3 Cbserved problems, failures and changes are

listed for different parts of the solar collec-
From the table it is seen how often obser-

tor.
ved problems,

failures or changes are a result

of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

(L) indicates long




OBSERVED PROBLEMS,

FATLURES

AND CHANGES OF SOLAR COLLECTORS

INSULATION OF TEE COLLECTOR

The sclar
collec—
tor

In-

fluen
ce fro

surrocun-
dirigs and

climate

Collector
construc=
tion

Collector
materialg
used

Quality
of pro-
duction

Installa-

tion pi-
ping sy-
stem

Mainte-
nance

Opera-
tion

fnfluence
From cli-
mate alond

2

3

4

7

Stagna-
ticn,
high ]
temp.

N, P
T1

Moistu
re,
water
in col4 2
lector

Other
clima-
te

para- 3
meters

Repair,
mainte+
nance 4

Influ-
ence
from
the col-
lector 5

alone

E, E

Comments

Insulation is difficult to report in inspection reportsd

because often you can't see it.

times 1lo

csens.

high temperatures.

Side insulation some--
Polymer foam.often expands and burns at

Table 3.4

.Observed problems, failures and changes are

listed for different parts of the solar collec-
tor. From the table it is seen how often obser-
ved problems, failures or changes are a result
of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

(L) indicates long




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

THE ENCLOSURE

In-

fluen
ce fro

surroun-
dirigs and
climate

The solar
collec-
tor

Collector
construc-
tion

Collector
materialg
used

Cuality
of pro-
duction

Installa-~
Cion pi-
DIng sy-
stem

Mainte-
nance

Cpera-
tion

nfluence
From cli-
mate alond

2

3

4

7

Stagna-
tion,

temp.

nigh 1

T1

Moistu-
re,

in c0l4
lector

water
2

B(L),B(L)
C (L) ,F(L)
(L)

L{%)

Othex
clima-
te

meters

para- 3

L(L)

Repair;
mainted

nance 11

Influ—
ence
from

lector
alone

the col- 5

Comments

Expansion of enclosure might be a result of the influ
temperatures on insulation, absorber or cover.
can be a problem. The glass fillet in the bottom of the collector
and the pipeholes in the enclosure often lead to leakage,

Galvanic corrosion

Table 3.5

ence of high

Observed problems, failures and changes are
listed for different parts of the solar collec-
tor. From the table it is seen how often obser-
failures or changes are a result
of respectively the solar collector and/or dif-
ferent climate parameters. (L) indicates long
term effects. ' '

ved problems,




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

CONNECTIONS AND PIPING

In-
fiuen
ce fro
surroun-
dings and
climate

The solar
collec—
tor

Collector
construc-
tion

Collectay
materials
used

Quality
of pro-
duction

Installa-
tion pi-
ping sy-
lstem

Mainte-—
nance

Opera-
tion

Influence
From cli-
mate along

2

3

4

4

Stagna-
tion,
high 1
temp.

Moistu
re,

in c9l-
lectorx

water
2

C (L) ,L(L)
1 (L)
T2 (L)

Other
clima-
te

meters

para- 3

R{L)

Repair,
mainte-

nance 4

Influ=
ence
from
lector
alone

the col- 5

Comments

Bad quality of piping and insulation of piping is often a Pro-

blem. It often results in corrosion,
collectors are often difficult to make durable.

The connections between

Table 3.6

Observed problems, failures and changes are

listed for different parts of the solar collec-
tor. From the table it is seen how often obser-
ved problems, failures or changes are a result
of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

(L} indicates long




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

THE FLASHING

The sclar
cellec-
tor

In-
fluen
ce fro

SUYrroun-
dings and
climate

Collector
construc-
tion

Collecto
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used

Quality
cf pro-
duction
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tion pi-
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nance

Opera-—
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Influence
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2

3

4

7
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lector

Other
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Repair,
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nance

Influ-~
ence
from
the col-
lector

alone

Z{L)

Comments

The flashing is supposed to make the collector construction
raintight. This is often a problem because of chosen materials,
failures in construction or failures at the installation.

Table

3.7

Observed problems,

- tor.
ved problems,

failures and changes are
listed for different parts of the solar collec-
From the table it is seen how often obser-

failures or changes are a result

of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

(L) indicates long




OBSERVED PROBLEMS, FAILURES AND CHANGES OF SOLAR COLLECTORS

COMMENTS ON EFFICIENCY

The solar
collec-
tor

In-
fluen
ce fro
surroun-
dirigs and
climate

Ceollector
construc-
tion

Collect
materials
used

Quality
of pro-
duction
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tion pi-
D1ng Sy-—
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Mainte-
nance

Opera-—
tion

nfluence
From cli-
mate aloneg

2

3

4

7

Stagna-
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Other
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te

para- 3
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R(L)

Repair,
mainte
nance

Influ-
ence
from

the col-
lector 5

alone

J3,J

Efficiency is very often influenced by changes of collector
durability, but it can be difficult to measure. Here is reported

Comments . A ; .
changes of T because of dirt, and too thin insulation and too
small cover spacing which has influence on efficiency.
‘Table 3.8 Observed problems, failures and changes are

listed for different parts of the solar collec-

tor.
ved problems,

From the table it is seen how often obser-
failures or changes are a result

of respectively the solar collector and/or dif-
ferent climate parameters.
term effects.

(L) indicates long
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FLAT PLATE SOLAR COLLECTORS

RELIABILITY AND DURABILITY

HOW TO USE THIS INSPECTION FORMAT

This inspection format is designed to allow useful information to be gathered
on good design features of solar collectors, and their problems and failures
in operating solar heating systems.

The format includes several pages requesting general information of the
inspected collector and the solar system in which it is working. It is
important to give detailed information of the collector construction, the
materials used, and the installation. Information on surface treatment,
sealing materials and gaskets is of special interest in order to help identify
good design features. ‘

Small drawings and photographs of items such as the cover and the enclosure
assembly, the flashing system, the pipework & connections, etc. would also
be of help in evaluating collector construction. A blank sheet is included
on the last page, which may be photocopied and used for extending particular
sections of the inspection report.

Before the inspection it may be helpful to study the checklists on pages 5, 6
& 8. These have been drawn up from previous collector inspection experience
and analysis, and most previous problems and failures have been included.

The guestions on page 4 should also be studied before the inspection.

Problems and failures observed at the inspection should be referred to using
the notation shown in the checklist on pages 5 & 6. More than one inspection
of a solar collector installation should be made by using page 5 to 9 several
times. Only changes from the first inspection should be reported at later
inspections and should be jdentified by using the new inspection date, which
is also supposed to be written on page 1.

Following the inspection, pages 7 & 9 should be used to more fully describe
the problems, failures and good design features.

Here one should also try to identify potential causes and possible remedies
in production and installation.

It is important to record any part of the collector where no problems or
failures were observed. A description of the successful details, and an
explanation of why there were no problems, would be helpful and provide
information for subsequent recommendations and design & installation guides.

These inspection reports will be ultimately used to produce reports on
collector reliability and durability, and provide information on the positive
aspects of collector design, manufacture and installation.

This format has been jointly designed by the I.E.A. and the C.E.C., and may
therefore be used when reporting to either or both groups. The appropriate
group cover should be used for identification.
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Name & address of 1nsta11ation:

Author of report:

Institute:
Date & time of inspection:

DESCRIPTION OF THE SOLAR SYSTEM
Description of location:
(e.g. rural area, heavy industrial area,
near a sea coast, near chemical works, etc.).
Type of system:
(water heating,
space heating, etc.)
Collector type used:
(modules on roof, integrated modules
or site-built collector)

Maﬁﬂfacturer of collector:
Instailation contractor:
Date of installation:

Is there a guarantee for the
reliability of the collector ?:

Total panel area & number of collectors:
Orientation & tilt of collectors:
Heat transfer medium, additives, flow rate:

Safety system:
(including freezing & boiling protection)

Maximum pressure allowed in collector:
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DESCRIPTION OF THE SYSTEM

SYSTEM FLOW DIAGRAM:

SHORT EXPLANATION OF SYSTEM OPERATING MODES:
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DESCRIPTION OF THE SOLAR (COLLECTOR

DIAGRAM OF COLLECTOR (including cross sectional view & dimensions})

PHOTOGRAPHS OF COLLECTOR ARRAY

T M '
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Materials and manufacturing processes used for the collector
Cover,material & thickness:

Cover, method of sealing,
sealants and gaskets used:

Absorber, materials and dimensions of
plate & tubes, fabrication method:

Absorber Coating:
(details if possible)

Insulation back, materials & thickness:
Insulation sides, material & thickness:

Collector enclosure,materials:
of back and edges:

Collector enclosure, method of
assembly and sealants used;

Installation of the collector
Method of collector attachment to roof:

Method of sealing {flashing)
collector into roof, material used:

Method of sealing (flashing)
between collectors, materials used:

Pipework between collectors,
materials, connections, insulation used:

Pipework to storage, materials,
connections, insulation used:

Operation of the system

Have there been any problems with the
system controller?, f.i. placing of sensors ?:

Have there been any
problems with the pump ?:

Has the system suffered from air locks ?:

If there have been any interruptions
in the operating of the system, have
these affected the collectors ?:

Was the collector stagnation protected
during construction ?:

Have the collectors ever been repaired

and is there any plans for modification
or repair in the near future ?:
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CHECKLIST
PROBLEMS & FAILURES FOUND DURING THE COLLECTOR INSPECTION

To investigate this please use the following checklist. Problems & failures
known from experience and previous collector inspections have been listed as
a guide.

OBSERVED, NOT OBSERVED and NOT POSSIBLE TO INSPECT should be refered to by V ,!
X and [/ , respectively. The number of collectors in the array which suffer
from any given problem or failure should be indicated in the freguency column
of the checklist,

Observed:
. Not 1

Reference ProbTems & Failures of the collector |observed: X | Freguency

number Not |
inspected: /

1. Cover

1.1 Condensation on the inside of the cover

1.2 Oﬁtgassing, deposits inside the cover

1.3 Dirt on éover surface

1.4 Ageing {discolouration, cracking, etc.)

1.5 Breakage or collapse of cover

1.6 Sagging of cover

1.7 Others (specify) .....

2, Absorber

2.1 Dirt or dust on absorber

2.2 Corrosion on absorber surface

2.3 Peeling & flaking of absorber surface

2.4 Leakage of absorber

2.5 Deformation of absorber

2.6 Deposits or condensation drops on abs.

2.7 etc. Others {specify) .....

3 Cover enclosure assembly (sealants &

gaskets)

3.1 Cover loose or slipped from enclosure

3.2 Assembly is leaking

3.3 Degradation of sealants

3.4 etc. - Others (specify) .....

e —
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Dbhserved: V
Hot

ﬁg;ggﬁnce Problems & Failures of the collector observed: ‘X | Frequency
?izpected: /

4. | The Insulation

4.1 Degradatian or expansion of insulation

4.2 Water in the insulation

4.3 etc, Others (specify) .....

5. Enclosure

5.1 Rain leakage other than through cover
seals

5.2 Corrosion of the enclosure & fastenings

5.3 etc. Others (specify) .....

6. Mounting of collector

6.1 Leaks into house

6.2 Rotten timber

6.3 Failure of collector mountings

6.4 Leakage of flashing

6.5 etc, Others (specify) .....

7 Connections and piping

7.1 Leaking pipes or pipe connections

7.2 Poor pipe insulation

7.3 Problems with thermal expansion

7.4 Bad soldering or welding

7.5 Problems with flow distribution (airlocks,
etc.)

7.6 etc, Others (specify)

8. Qther components

8.1 etc.

When problems or failures are observed at the inspection, a detailed
description and evaluation should be given . on page 7.

When no problems or failures are observed for particular components, then a
detailed description & evaluation of the good design features should be given
| on page 9. . '

_J
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Comments on the problems and failures of the collector

Discuss causes & severity of each problem or failure using the Reference Number
from the checklist. Suggest how such problems & failures might be avoided in
future and how the existing collectors might be repaired,

Please indicate if you think that any of the failures might have been predicted
by using either (a) materials tests, or (b) durability tests of a collector
module, '




FLAT PLATE SOLAR COLLECTORS
RELIABILITY AND DURABILITY

8

CHECKLIST OF DESIGN FEATURES

YES/NO
A. Condensation and Ventilation

Does the collector have ventilation holes 7:
Has condensation been prevented by suitable ventilation ?:
Does the collector enclosure have drain holes ? :

B. Weather protection

Does the cover & enclosure allow rain & snow to run off easily ?7:

Does the cover satisfactorily withstand high wind loads, hail, rain, etc. ?:
Are the mountings adequate to withstand high wind Toads ?:

Are all components protected adequately against weather & corrosion ?:

C. Internal protection

Does the absorber have a durable absorber surface 7:
Are the cover & absorber protected from insulation outgassing 2:

Will the insulation materials be able to withstand the expected
stagnation temperatures ?:

Does the system employ internal corrosion protection ?:
Are special provisions made for air venting ?:

D. General construction

Does the design include provision for thermal expansion ?:
Has the collector been generally well designed & constructed ?:

Has the collector been properly installed and is it easy to
maintain and repair ?:

Are all materials and components suitable ?:

E. Performance

Is the collector operating satisfactorily ?:

Is the system reliable ?:

[s the collector performance affected by observed problems and failures ?:
Is a satisfactory service life expected ?:

Expected 1ifetime from the date of instailation {please indicate below):
Less than 3 years: [:] 10 - 15 years: [:j

3 - b years: [:] 15 - 20 years
5 - 10 years: [ ] More than 20 years: [ ]

Detailed description and evaluation of good design features should be aiven
on page 9,

P T g
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Detailed description and evaluation of the good design features

Please discuss and describe all good design features in conjunction with the
Checklists on pages 5, 6 & 8,
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Appendix D

Examples of recommendations for solar collector construction

Fig. 1 and fig. 2 are examples of recommendations for
respectively cover/enclosure assembly for solar collectors
and installation of solar collectors, either as modules

built into the roof or as site-built solar collectors.

You can find these figures in a report on longtime
durability of solar collectors, which has been made under
the Danish Solar Heating Programme, (in Danish). In this
report experts in different areas have contributed with
articles giving recommendations for solar collector
construction based on known experiences at that time.
Surface treatment of absorbers is also covered in this

report.




Min. 5-7 mm.
' ' glass fillet
neoprene rubber

sealant

[Min:3-4 mm.
glass
neoprene rubber

collector enclosure

glass fillet
butyl rubber

glass
massive rubber

collector enclosure

glass fillet

neoprene rubber

sealant

glass
butyl rubber

collector enclosure

- recommended solution

Fig. 1. Recommendations for cover/enclosure assembly -

three sclutions.
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uppetr zinc flashing

selar collector

lower lead flashing

\0 roofing

\\‘ rafter

Solar collector built into the roof

roofing

upper zinc flashing

zinc/lead
lead flashing

greenhouse glass

absorber
. /////// \\\
b

ar cap

silicone
sealant

< greenhouse profile

////:::;: lead flashing

rafter

the glasses
overlap
each other

AN ,

Site-built solar collector with a greenhous‘e type of glass cover

Fig. 2. Recommendations for installation of solar collectors.
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Task III Members Performance Testing of Solar Collectors

OPERATING AGENT

GERMANY Dr. H. D. Talarek Tel. 02461/61-4640
Solar Enerqy Branch / IKP Telex: 833 556 kfa d

Kernforschungsanlage Jiilich
Postfach 1913
D-5170 Jiilich/ Germany

RESPONSIBLE RESEARCHERS

AUSTRALTA D. Proctor
CSIRO
Division of Mechanical Engineering
P.0.B. 26
Highett, Victoria 3190
Australia

AUSTRIA Dr. Manfred Bruck Tel. 0222/438177
- Austrian Solar and Space Agency Telex: 76560 assa a

Garnisongasse 7
A-1090 Vienna/Austria

BELGIUM Prof. André Pilatte. Tel. 065/338191

Faculté Polytechnique de Mons
31, Blvd. Dolez
B-7000 Mons/Belgium

DENMARK Mr. Svend Svendsen Tel. 02/883511
Thermal Insulation Lab. Telex: 37529 dthdia dk

Building 118
Technical University of Denmark
DK-2800 Lyngby/Denmark

Mr. Peder Vejsig Pedersen Tel. 02/883511
Thermal Insulation Lab. Telex: 37529 dthdia_dk

Building 118
Technical University of Denmark
DK-2800 Lyngby/Denmark

Mr. Pauli Andersen
Technological Institute
Department of Surface Treatment
DK-2630 Tastrup/Denmark

CANADA Mr. S. J. Harrison Tel. 613 993-1421

National Research Council Canada
Division of Building Research
Energy & Services Section
Ottawa/Ontario

K1A OR6

Canada




EUROPEAN COM-
MISSION

GERMANY

GREECE

ITALY

JAPAN

Dr. E. Aranovitch

European Commission

Joint Research Centre Euratom
1-21020 Ispra/Italy

Mr. H. J. Daum
Industrieanlagen-Betriebs-~
gesellschaft mbH
Einsteinstr.

D-8012 Ottobrunn/Germany

Dr. Boxhammer

W.C. Heraeus GmbH
Postfach 1553

D-6450 Hanau/Germany

W. Scholkopf

Sektion Physik
Universitdt Miinchen
Amalienstr. 54/IV

D-8000 Miinchen 40/Germany

Dr. H. J. Stein

Solar Energy Branch / IKP
Kernforschungsanlage Jiilich GmbH
Postfach 1813

D-5170 Jiilich/Germany

Mr. H. Wenzel

TOV Bayern e.V.
Direktionsbereich 2
Ridesheimer Str. 21
Postfach 410 420

D-8000 Miinchen 21/Germany

Prof. P. Yianoulis
Faculty of Physics II
University of Patras
Patras/Greece

Prof. Nunzio Antonio Mancini
Instituto di Fisica
Universita di Catania

Corso Italija 57
Catania/ltaly

Dr. Sakae Tanemura

Sotlar Research Laboratory
The Government Industrial
Research Institute, Nagoya
1, Chome, Hiratemachi
Kita-Ku

Nagoya 462/Japan

Tel. 780131 (0332)
Telex: 38042 euratom

Tel. 089/60081
Telex: 0524001

Tel. 06181/360409

Telex: 415 202 16 hud/~-12

Tel. 0839/2180-3443

Tel. 02461-616067
Telex: 833 556 kfa d

Tel. 089/5791-330

Tel. 061/429712-13

Tel. 0081-(052) 911-2111
Ext. 432
Telex: J22916 (eidmiti)




NETHERLANDS

NEW ZEALAND

SPAIN

SWEDEN

SWITZERLAND

UNITED KINGDOM

Ir. C. den Ouden

Technisch Physische Dienst
TNO-TH

P.0.Box 155
Delft/Netherlands

Mr. A, J. T. M. Wijsman
Technisch Physische Dienst
TNO-TH

P.0.Box 155
Delft/Netherlands

Br. R. F. Benseman

Physics and Engineering Lab.
Dept. of Scientific and
Industrial Research

Private Bag

Lower Hutt/New Zealand

Dr. Ing. Eduardo Mezquida
Instituto Nacional de Tecnica
Aerospecial

Torejon de Ardoz

Madrid/Spain

Dr. Hans E. B. Andersson
Statens Provningsanstalt
Box 857

5-50115 Boras/Sweden

Mr. H. Wennerholm
Statens Provningsanstalt
Box 857

$-50115 Boras/Sweden

Dr. P. Ambrosetti
Eidg.Inst.f.Reaktorforschung
CH-5303 Wiirenlingen/Switzerland

H. U, Frei

HTL Rapperswil
Ingenieurschule
CH- Rapperswil

Dr. J. Keller
Eidg.Inst.f.Reaktorforschung
CH-5303 Wiirenlingen/SwitzerTand

Dr. J. M. Suter
Eidg.Inst.f .Reaktorforschung
CH-5303 Wiirenlingen/Switzerland

Dr. W. B. Gillett

Solar Energy Unit

University College

Newport Road

Cardiff CF2 ITA/UNITED KINGDOM

Tel. 015/569 300
Tetex: 31615 ni

Tel. 015/569 300
Telex: 31615 nl

Tel. 301/921-2640
Telex: 3814 physics nz

Tel. 6750700

Tel. 033/102000/228
Telex: 36252

Tel. 033/102000/228
Telex: 36252

Tel. 056/981741
Telex: 53714 eir ch

Tel. 056/981741
Telex: 53714 eir ch

Tel. 056/981741
Telex: 53714 eir ch

Tel. 0044-211-7041
Telex: 49635




U.S.A.

Mr. B. Dokos

DSET Laboratories, Inc.

Box 1850, Black Canyon Stage
Phoenix, Arizona 85029 .
usa

Dr. Kent Reed

National Bureau of Standards
Building 226

Room B104

Washington D.C. 20234/U.5.A.

Tel. 602-465-7356
Telex: 910-950-468]1 dset
phx

Tel. 301/921-3637



This report contains a compilation and evaluation of
25 inspection reports on reliability and durability
of solar collectors in existing solar energy systems.
The reports are made by participants of the IEA Solar
Heafing and Cooling Programme, Task III, according to

a format developed for this purpose.

Different kinds of problems, changes and failures have

been observed for all the inspected solar collectors.

A presentation of the above with respect to collector
part, problem area and influence from climate and sur-

roundings is made.

This report is part of the work of the
IEA Program to Develop and Test
Solar Heating and Cooling Systems

Task III: Performance Testing of Solar
Collectors

Subtask b: Development of Test Procedures for
Reliability and Durability

Distribution: Unrestricted
Additional Copies can be ordered from:
Thermal Insulation Laboratory
Technical University of Denmark

Building 118
DK-2800 Lyngby, Denmark

Price: 60 Dkr.
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