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Abstract

Two flat-plate collectors were subjected a round robin testing. Three pro-
cedures were applied to determine thermal performance. A total of 16 Tabora-
tories were engaged in the test. The testing facilities were situated in

12 different countries distributed over the northern hemisphere. The me-
teorological test conditions and systematic errors of the test facilities
can fully account for the spread of round robin efficiency data.

The most pronounced contribution to systematic deviation is caused by the
pyranometer. None of the procedures proved to be superior with respect to
the data scatter.

The results from the applied procedures do compare very well.
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PREFACE

INTERNATIONAL ENERGY AGENCY

In order to strengthen cooperation in the vital area of energy policy, an
Agreement on an International Energy Program was formulated 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 Cooperation and Development (OECD) to administer that agree-
ment. Twenty countries are currently members of the IEA, with the Commis-
sion of the European Communities participating under a special agreement.

As one element of the International Energy Program, the participants under-
take cooperative activities in energy research, development, and demonstra-
tion. A number of new and improved energy technologies which have the po-
tential of making significant contributions to our energy needs were iden-
tified for collaborative efforts. The IEA Committee on Energy Research and
Development (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

1IEA 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 cooling systems. Several tasks were developed in key areas of solar
heating and cooling. A formal Implementing Agreement for this Program,
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 Communities. The overall program is
managed by an Executive Committee, while the management of the sub-pro-
jects is the responsibility of Operating Agents who act on behalf of the
gther Pérticipants.







The tasks of the IEA Solar Heating and Cooling Program and their respective
Operating Agents are:

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

I1I. Coordination of R & D on Solar Heating and Cocling Components -
Agency of Industrial Science and Technology, Japan

III. Performance Testing of Solar Collectors -
Kernforschungsanlage Jiilich, Federal Republic of Germany

IV. Development of an Insmlation Handbook and Instrumentation Package -
United States Department of Energy

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

VI. Performance of Solar Heating, Cooling and Hot Water Systems Using
Evacuated Collectors -
United States Department of Energy

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

Coliaboration in additional areas is likely to be considered as projects
are completad or fruitful topics for cooperation identified.

TASK III - PERFORMANCE TESTING OF SOLAR COLLECTORS

A wide variety of collector designs with a broad range of gqualitative
differences exists. Since the collector is the key componeht in an active
solar system, performance testing is a vital task. The objective of Task III
is to develop internationaily accepted testprocedures for determining the
thermal performance as well as the reliability and durability of collectors.
This projéct 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 Determin-
ing 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 IIIL:

- Austria, Belgium, Canada, Denmark, Federal Republic of Germany, Greece,
Italy, Japan, The Netherlands, New Zealand, Spain, Sweden, Switzerland,
United Kingdom, USA, and the Commission of the European Communities.

This report documents work carried out under subtask A of this task. The -
cooperative work and resulting report is described in the following section.




1. Introduction

The promotion of solar technology in recent years has made evident the
need for standardized methods for use in rating solar collectors. Efforts
in several countries have resulted in the development of procedures to de-
termine the efficiency of the collector over a range of operating tempera-
tures. While it is well recognized that collector performance is also de-
pendent upon system characteristics, it is necessary to make thermal per-
formance and durability/reliability data available at an intermediate stage
for comparison of collectors and for system design.

Since the methods of testing collectors should be generally applicable,
practical and provide guidance for precise and accurate measurements, one
had to resort to compromise. This resulted in a situation where the proce-
dure itself - meeting a number of contradicting requirements - became the
object of both analytical and experimental investigations.

A round robin test program in the US /1/ was already under way when the
IEA program was defined. Moreover, the IEA round robin test - being inter-
national in scope - provided the unique chance of an adoption of test
procedures by many countries based on common experience. The program ini-
tiated was not confined to a particular procedure but the NBS-method published
in 1974 /2/ formed a basis to start with. A second procedure, the BSE-me-
thed /3/, came into being in the course of the program. These procedures
subjected to amendments and supplemented by additional tests were applied
to two coilectors. Although the test program was initiated in 1977, some
collector procurement problems resulted in delaying the tests by some par-
ticipants until the summer of 1978. '

A total of 16 laboratories were engaged in the test. The testing facilities
were situated in 12 different countries distributed over the northern hemi-
sphere.

The recommendations given, the conclusions drawn and the success of the
round robin testing are the outcome of the contributions which were made
readily available by all the experts in the working group.

This report is based on this excellent spirit of collaboration and the
willingness to share experiences.




2. Collector performance

The performance of flat-plate collectors is investigated under conditions
where essentially no heat is either released or stored by the structure
and by the heat transfer medium in it (equilibrium conditions).

Effects of geometry can be neglected and the thermal conditions of the col-
lector system ca be described by averaged temperatures /4/. The rate of
energy extracted from the collector balances, the rate of radiative eneragy
aBsorbed and of heat lost to a uniform envirohment. This state may be ex-

pressed as:

%

x =6 - (ta)e -y (Tp - Ta) (1)
Qu = rate of useful energy extracted (W)
A = aperture area of collector (mz)
G = solar irradiance, in the plane of the collector per unit area (W/mz)
(m)e = effective transmittance - absortance product of the coverabsorber

system

UL = heat transfer loss coefficient for the collector (W/m2 0C)
T = average temperature of the absorber surface of the c¢ollector (OC)
Ta = ambient air temperature (OC)

Since the plate temperature is difficult to access by measurements, at
lTeast by non-destructive test-emthods, it is convenient to relate the per-
formance to the temperature of the fluid. It was shown by Duffie and Beck-
mann /5/ that either the inlet temperature or a mean temperature can be
an appropriate reference temperature. This results in two equations:

Q
u ' 1 —_—
x =F -G (ra)e - F' . UL . (Tm - Ta) (2)
%
T = FR -G . (Ta)e - FR - U (Ti - Ta) (3)
F! = collector efficiency factor
FR = collector heat removal factor
Tm = average temperature of fluid in the collector (arithmetric mean of

inlet and outlet temperature for example)




-
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inlet temperature of the fluid

-
il

outlet temperature of the fluid
Equation (3) is now a feature of the ASHRAE-method /6/, while equation (2)
was specified in the NBS and BSE methods and was the agreed-on reference

equation for the tests reported in the IEA program

These two equations are correlated by /5/:

l_e-X UL'FI‘A
FR = F? ( ~ ) X = m—f'cp— (4)
me = mass flow rate of the fluid (kag/s)
C, = specific heat of transfer fluid (3/kg-°C)

The collector efficiency is defined as the ratio of the useful energy ex-
tracted to the incident solar energy as follows:

Qu . , (Tp = Ta)
n=gg=F - (w)e - F' . UL""‘T?"___ {5)
(T = Ta)
n=ng - Uy —p— (6)
n = F' {ta) _ , efficiency for 7T_=T
0 e m a 2 o
UO = F! U » global heat transfer coefficient (W/m~ “C) i

If values of n are plotted versus corresponding values of (Tm - Ta)/G this
will result in a curve with a negative slope Uy and intercept o

Equation (6) forms the basis of the test procedures.

3. Collector Test Procedures

In the round robin test there were actually ftwo procedure applied: the NBS
method and the BSE method. A third procedure, the EIR method (Switzerland)
was used by only one participant. It uses statistical Tong time measure-
ments and is described in detail in Appendix A.




Common to all these test methods is the determination of the steady state
efficiency of the collector. Due to inherently given changes in solar irra-
+ diance - even for clear sky conditions - it is rather a quasi-steady state

that is investigated. To exclude time-dependencies, integration and averag-
ing over the period of measurements is required.

This results in a straight forward definition of the efficiency n:

’Fz
} . . -
b e - Cy - (Ty = Ty) dt
n = (7)
t
A-f eat
t

Although the procedures are applicable for collectors which use either a
liquid or air as the transfer fluid, the IEA round robin test was confined
to Tiquid heating collectors.

During the time of the round robin test, procedures were supplemented and
changed. Additional tests were added: The NBS-method was modified with a
procedure to determine the time constant of the collector and the influence
of varying angles of incidence of radiation on the collector's surface. With
these amendments - preserving the essence of the NBS method the procedure
has been adopted as Standard 93-77 /6/ by the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE). A similar develop-
ment was recorded for the BSE procedure,

It should be noted that it was not necessary for laboratories to perform
all parts of the test procedures but it was expected that the essential
efficiency measurements would be made.

The NBS procedure is conducted with the collector exposed to solar radiation
at all times (specifications for the use of a solar simulator are incorporat-
ed in ASHRAE 93-77) requiring-a minimum irradiance of 630 N/m2 and quasi-
steady state conditions. This implies not too many suitable days of test-

ing for places with Tess favourable weather conditions. Since collector
efficiency is influenced by a number of environmental parameters, reproduc-
ibility of measurements is only given within a Tlimited band.




The requirements concerning the mounting and the location, the test conduct,
the accuracy and calibration of instrumentation are all specified in the pro-
cedure. The aim is to conduct the test under exposure conditions which will
minimize the scatter.

During the test, a variety of steady-state conditions are monitored. The
fluid inlet temperature is selected at four values over the range of inter-
est. The average fluid temperature, the ambient temperature and solar irra-
diance are monitored, the efficiency is calculated at each temperature
according to (7) resulting in a fitted efficiency curve. Ordinary flat-plate
collectors show a performance that is close to linear with a slight ten-
dency to quadratic curve.

The BSE procedure is a combined indoor-outdoor test thought to avoid the
constraints mentioned above. While the efficiency at an operating tempera-
ture. near ambient is measured outdoors, the heat losses of the collectors
are determined indoors. From these data an efficiency curve is constructed.
Regqriting (5) and (6) we obtain:

Qu
e on G- Uy - (T Ty (8)

and it becomes obvious that the expression q =V, - (Tm - T,) can be in-
terpreted as a heat loss rate.

Two separate measurements are required:

Ny determination

The collector is run in a steady-state at a mean fluid temperature that
is close to the ambient air temperature: the heat loss rate q tends to be-
come zero and n, can be determined.

o "B A (9)

Since it is not easy to meet the requirement Tm = Ta exactly the BSE pro-
cedure provides for deviations up to 10 °C - with respective corrections:
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gL—determination

The collector is run indoor in a number of steady states (G = 0). The global
heat transfer coefficient is determined as a function of the difference
temperature Tm - Ta:

ARLIUERS) )

A linear least square fit is obtained as a function of (Tm - Ta). The co-
efficients Uys U2 are determined.

Uy =Up + Uy« (T =T

0 Ta) (11)

For any value of the parameter G the efticiency curve can be constructed:

(T, - T.) (T -T |
nEng U e Uy (12)

Special care is taken that a forced convection for air over the collector
cover is maintained. The procedure requires the mounting of a fan.

Obviously the BSE procedure may be objectionable because a "laboratory
efficiency" is determined with the collector not exposed to solar radia-
tion, and it must be related to actual outdoor conditions.

4, ‘Collectars in the Test

Two commercially available flat-plate 1iquid-heating collectors were cho-
sen for the tests. A Tist of collector characteristics is given in Table 1,
page 25. The types of collectors were agreed on to be single glass select-
ive and double glass black paint. It was felt advantageous to copy the
choices taken for the US /1/ and the CEC /10/ round robin tests.

The collector coded in this report as the IEA-1 collector had one tempered
glass cover of high transmittance t = 0.90, the absorber nlate was made
from steel and was coated with a selective surface (a = 0.95; ¢ = 0.12).
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V7 — <+— TEMPERED GLASS
ot

«+—— 19mm AIR SPACE

+— STEEL ABSORBER

«— 76mm GLASS-FIBER INSULATION

+— GALVANIZED STEEL BOX

SCHEMATIC OF FLAT-PLATE COLLECTOR IEA-1

- Figure 1

<+—— Lmm FLOAT GLASS
<+—— 1Bmm AR SPACE
«—— 4mm FLOAT GLASS

+—— 2imm AIR SPACE

<+—— COPPER SOLAR ABSOREER

<+—— G3mm POLYURETHANE FCAM

a——= ALUMINIUM CASING

SCHEMATIC OF FLAT-PLATE COLLECTOR IEA-2

Figure 2
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Thermal insulation is provided by the mounting block and layers of glass-
fiber in the back. The collector box was roll formed and consisted of gal-
vanized steel.

The collector coded in this report as the IEA-2 collector had two float
glass covers of a single glass transmittance t = 0.84. The absorbek foil
and the tubes were made from copper. The absorber foil was wrapped around
the tube covering 75 % of the tube area. The surface was coated with matt
black polymerized paint (expected values: o = 0.95; ¢ = 0.92). The absorber
was backed by rigid foam polyurethane insulation. The whole system was
housed in an aluminium casing.

A cross-sectional view of the two collectors is given in Figure 1 and 2.

It should be noted that it proved to be difficult to obtain a consistent
set. of collector parameters for one of the collectors. Even letters to the
manufacturers could not clarify the situation. Quantities describing the
collectors have, therefore, to be considered as the best choice.

5. Results and Analysis of Data

In conduct of the round robin test programs with the CEC and the IEA the
need for a standard reporting format became obvious. A proposal on per-
formance tests format sheets /8/ found general support and was jointly de-
veloped as a useful tool of round robin testing. The latest version of the
format sheets are given in Appendix B.

The results for this round robin test were exclusively reported on this
standard format. This eased the data handling a great deal. In correspond-
ence with the number of collectors and procedures involved, there are

four groups of data:

1, IEA-1 Collector, NBS-ASHRAE Procedure {Data given in Appendix C) -
2. IEA-2 Collector, NBS-ASHRAE Procedure (Data given in Appendix D)
3. IEA-1 Collector, BSE Procedure (Data given in Appendix E)
4. IEA-2 Collector, BSE Procedure (Data given in Appendix F)

The results from one participant who used the EIR method sorted best with
the BSE Procedure.
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In a first step the data were subjected to a least square fitting to re-
assure a correct interpretation of the author's results. The format sheet
required a fit according to

n=ng - ag - T - aye(T9)F | (13)

U normatizing coefficient = 10 w/m2 o¢

Since the reference area (aperture area) determined and reported by the

participants showed remarkable scatter. A1l data points were based to a
' . _ 2, _ 2

common value: Ajpa ¢ = 1.79 m73 Arpp-p = 2.29 mo.

It was Teft to the author to choose a linear, a square fit or both. This
analysis skipped a square fit when it seemed not appropriate. The single
glass collector IEA-1 tends to require a higher order fit while a linear
fit is adequate for the IEA-Z collector.

This analysis yielded the intercepts, slopes or coefficients of the effi-
ciency curves as listed in Table 3 to Table 6.

One participant reported values that showed a remarkable scatter, it was
admitted that quasi-steady conditions were possibly not maintained, and the
intercepts and slopes were regarded as “"outlyers" and not used. The data
from 10 facilities are shown in Figure 3 for the IEA-1 collectors, from

11 facilities in Figure 4 for the IEA-Z2 collectors.

It should be noted that the testing conditions with regard to type of
fluid and mass flow rate selected by the participants were not as uniform
as required by the standards.

The efficiency data for both collectors show a substantial scatter.While a
certain amount of scatter is inherent in the procedures due to differences
in environmental conditions as well as measurement errors, the question
prevails whether the amount of scatter shown can be considered as represen-
tative for the procedure.
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figure 4: Efficiency data according to NBS
11 facilities, IEA-2 collector
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Pursuing this question a very rigid approach would be to correct each data
point for deviation from an arbitrarily defined reference set of weather '
conditions based on a theoretical thermal performance collector model. The
remaining scatter could be attributed to measurement errors; yielding at the
- same time the relative weights of both contributions /1/.

This kind of approach was considered as not feasible because the data base
reported by the participants was not as complete as required for such an
analysis, therefore an alternative approach was applied.

Step I: The efficiency data reported by the participants were evaluated
to yield mean values of the intercepts and slopes for the effi-
ciency curves of both collectors (Tables 3 to 6).

Step II: A theoretical collector model /7,15/ was applied to compute
optical and thermal performance of the IEA-1 and IEA-2 collec-
tors. This modelling is based on coilector design parameters
and an adjustment of edge and back loss coefficients resulting
in verification of the mean values according to Table 3 and
Table 4. '

Modelling of the "optical efficiency™

As the collectors in the tests are of the flat-plate type, it is straigth
forward to analyse the "optical efficiency” by theoretical models.

This was done in two ways:
I. A simple approximate method, Reference /5/,
II. The more involved net radiation methed, Reference /7/.

The results according to both methods are compared in Table 2. It is con-
cluded that the simple approximation method is adequate. If the computed
effective absortance-transmittance product (w)e is compared with the mean
n.-values for both collectors, the collector efficiency factors F' can be

0
determined:




EFFICIENCY ETA

EFFICIENCY ETA
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T~ U(Ty-Ta)/ G

Figure 5: Data enclosed by extremes of collector performance
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Figure 6: Data enclosed by extremes of co]]eétor performance




IEA-1 collector: F' = U;EZ = 0.99

IEA-2 collector: F' = U;7FI= 0.75
These efficiency factors were used for thermal performance modeiling of the
collectors. In addition, these factors are exceptionally indicative of the
collector's heat transfer properties.
It shouid be noted that the (Ta)e product was evaluated for a set of para-
meters which are close to the true values. The solar absorptance and re-

flectance of the absorber plate was modelled as being isotropic.

Modelling of the thermal performance

The theoretical model given in reference /5/ was used to determine the front-
loss coefficient for varying environmental conditions which are encountered
during collector testing. Looking at the requirements of the ASHRAE-proce-
dure two sets of environmental parameters can be identified which result

into extremes of collector performance. These two sets which result either

in high or in low collector efficiency are given by:

Low Efficiency High Efficiency
T. =35 % T. =5 0¢
a 2 a 2
G = 1100 W/m G = 630 W/m
9 =30° 8 =09
v, = 4.5 m/s v, = 0.0 m/s
Gy = 0.5 Gy = 0.0 {diffuse fraction)

Collector performance data enclosed by the two theoretical efficiency curves
resulting from meteorological extremes allowed by ASHRAE standard 93-77 is
shown in Figure 5 and Figure 6.

Step III:
Errors in measurements are another cause for the scatter of data shown in
Figure 3 and 4. There are two kinds of measurement errors:

Random errors are shown to be rather small as can be seen from the small

scatter found in the data for each facility. Participants are apparently
able to obtain consistent measurements. Random errors are not addressed in
this analysis.
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extremes and measurement uncertainty
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Systematic errors are peculier to testing facilities and are either posi-

tive or negative in sign. Systematic errors are determined by the require-
ments of the test procedures for the accuracy of instruments and calibra-
tions.

While the results from a particular facility are biased by systematic errors,
and are correctible in principle, the option for the analysis of round ro-
bin test results is confined to the assumption that the systematic errors

of different test facilities are associated with a random uncertainty,

Based on the accuracy of the instrumentation as specified in the ASHRAE
and BSE standards the following inaccuracies of measurements were assumed
for the analysis:

T =3 % solar irradiance

%?.- +1 % mass flow rate
A(aT) = + 0.1 % difference temperature
A(T) = £ 0.5 °C absolute temperature

The inaccuracies of measurements were assumed to propagate into an uncer-
tainty + An and =+ AT® of the efficiency curves according to the root-

- mean-square error propagation. This kind of analysis yields an error band
which is essentially parallel to the efficiency curve.

Figure 7 and Figure 8 show the data for both collectors bracketed by calcu-
lated efficiency curves for extreme environmental effects, and with the
measurement uncertainty of systematic errors.

The essence of the analytical approach could be termed as follows:

1) The combined effect of environmental conditions and systematic errors
on efficiency measurements could in principle explain the data scatter
observed in round robin testing.
Since the extreme meteorological conditions are by no means represent-
ative for the actual test conditions met by the participants, one should
expect a very prominent grouping of data points around the mean values.
This is shown to some extent for the IEA-1 co11ector, but not apparent
for the IEA-2 collector.
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2) The computed efficiency curves verify that the environmental impact
tends to be small for small temperature differences (Tm - Ta). The
slope of the curves is predominantly effected by the wind speed re-
sulting in a considerable spread at higher operating temperatures
for the collectors.

This has to be seen in connection with the important result from the error
analysis that the finite instruments' accuracies which cause a systematic
error in measurement have a negligible effect on the slope of the efficiency
curve. This is true as Tong as the dominant uncertainty is associated with
the inaccuracy of the irradiance measurement. The data scatter found near
the N,
systematic errors of the different test facilities.

-intercept can therefore be taken as a quantitative measure for

Since the data scatter found for the IEA-2 collector is insufficiently co-
vered by the analytical efficiency curves, the effect of fabrication induced
scatter cannot be excluded. This is consistent with indications from a num-
ber of participants that the thermal contact between tube and absorber sheet
for collector IEA-2 could not inherently guarantee stable thermal proper-
ties for different specimens.

The results derived from application of the BSE-procedure were expected to
be less affected from an environmental impact on the slope and to show on-
ly small scatter. This is contrary to the experimental evidence: the scatter
is not less than for the outdoor measurement.

It is probable that systematic errors do account for the scatter. The heat
loss coefficient proved to be a rather sensitive parameter as can be seen
from the scatter reported by individual participants. Constructing the effi-
ciency curve, the uncertainties are smoothed out partly because of a kind
of integration process. Indoor measurements have their own "environment

and are difficult to control when natural convection is applied.

The BSE procedure requires a wind speed of 5 m/s over the collector for
those data points that are used for the construction of the efficiency
curve, Since not ail of the participants followed this rule, the statis-
tics for mean values is not very complete.

It is of some interest to compare efficiency curves derived from both of




22

the two procedures. The mean efficiency curves according to NBS/ASHRAE and
BSE are compared in Figure 9 and Figure 10. The measurements for both pro-

cedures are not independent with regard to the intercept Nge Although this
comparison is of limited relevance as far as the physics of an indoor and

outdoor correlation are concerned, the emperical result shows a remarkable
agreement for the efficiency curves of both collectors.

6. Conclusions and Recommendations

The scatter of data of the efficiency curves is in the "traditional” range
obtained from round robin tests. '

The analysis has given an indication that systematic test uncertainties of
the testing facilities are a key reason for the scatter of measured collec-
tor efficiencies.

Apart from the analysis conducted, participants have expressed their con-
cern about the uncertainty associated with the accuracy of the pyranometers.
The Participants had difficulties to ascertain the nominal accuracy of

+ 3 % for their pyranometers.

Both procedures have been shown to be applicable and useful for determin-
ing collector thermal performance. Neither of the two procedures proved to
be superior with respect to small data scatter. The mean curves according
to both procedures do compare well. Moreover, physically more meaningful,
the curves for both procedures taken at a particular facility do compare
very well.

The recommendations given are supported not only by the conclusions derived
from the formal analysis but also by participants' views and experience
.gained independently from round robin testing.

Experimentalists should give great care to the calibrations of their test-
ing facility.

The experimentalists should employ a comprehensive in-situ calibration of
the testing facility. A calorimetric calibration is recommended.
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International pyranometer standards and calibration methods are needed to
provide the individual test facilities with an instrument of known accura-
cy and precision for collector test purposes.

The calibration procedure for pyranometers should include performance under
tilted positions. ’

The indoor environmént and the stepwise procedure of taking data according
to the BSE standard over a range of temperatures should be observed care-
fully.

Application of forced convection by a fan system during outdoor testing
could help to reproduce testing condition wth respect to wind speed.

The standard procedures evaluated in this round robin test are intended to
be generally applicable. However, the results derived from flat-plate col-
lector testing have to be considered as selective. It is felt that further
comparative testing is required to validate the usefulness of the proce-
dures for other types of collectors.

1t is felt necessary that the procedure should provide efficiency data
supplemeted by confidence limits.

This is not'apparent from the data. It is possible that wind effects over

the top surface of the collector may differ from these measured adjacent
to the collector and that wind screens and fans may be desirable to.provide
reproducible testing conditions outdoors.
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Collector characteristics and parameters

(from manufacturer's literature and from [i] )

Characteristiecs

Collector IEA-I

Collector IEA-2

Manufacturer

Gross dimensions (m)
Aperture dimensions (m)
Aperture Area (m2)

Cover plate assembly

Number of glass plates
Thickness (mm)
Material

Solar transmittance
I. R. emittance

Absorber plate

Material

Plate construction
Tube gpacing (m)
Coating

Solar absorptance
Solar emittance

Air Spaces (mm)

Between covers
Between cover and absorber

Insulation

Material
Density (kg/m3)

" Thickness (mm)
Thermal conductivity
(W/m - OK)

Chamberlain Mfg. Co

Elmhurst, Illinois
UsA

2.14 x 0.92
2.08 x 0.86
1.79

1

3.2

low-iron tempered
glass

0.90

0.88

Mild steel
Stich welded

Black Chrome
0.95
.12

19.0

glass—fiber
80.

76.2
0.03

Commercial Solar Energy
Nottingham, England

2.00 x 1.22
1.94 x 1.18
2.29

2
4.0
float glass

0.84 (each)
0.84

Copper

10 parallel tubes
0.112

Matt black paint
0.95

0.92

N —
[24]
.

1.0

Polyurethane
50.

50.

0.024
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Optical Properties

FLAT-PLATE COLLECTCR

Index of Refraction

Thickness of pane |
Thickness of pane il

Extinctions Coefficient

Sofar absorptance o
L.R. emittance ¢

IEA 1

1.51

3.2 mm

O1 omr

0.94
0.14

1

IEA 2

1.526

4 mm
4 mm

0.125 e

0.95
0.95

1

Assumptions:
diffuse adsorber
diffuse light is isotropically

Theorectical model

A: Net radiation method [5]

B: Approximate method [8]

distributed
- A B A B

Cover system
Transmittance 0.892 0.891 0.765 0.766
Reflectance 0.077 0.079 0.140 0.139
Absorption 0.031 0.030 0.095 0.095

(normal incidence)

Cover system 60°appr. 60 appr.
Transmittance 0.818 0.814 0.678 0.672
Reflectance 0.147 0.148 0.218 0.219
Adsarption .0.035 0.038 0.106 0.109

(100 % diffuse light)

Cover system + absorber
Reflectance 0.121 - 0.162 -
Absorption (panes) - 0.033 - 0.099 -
Absorptance 0.846 0.845 0.735 0.736

(normal incidence)

. Cover system + absorber
Reflectance 0.188 - 0.241 -
Adsorption (panes) 0.037 - 0.109 -
Absorptance 0.775 0.771 0.650 0.645

(100 % diffuse light)

{15 % diffuse) T = 0.835 0.834 0.722 0.722

{15 % diffuse) fta), = 0.839 0.838 0.754 0.757
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APPENDIX A

The EIR method for collector testing
(Text by P. Kesselring, J.M. Suter)
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The EIR method for collector testing

Testing hot water collectors under Swiss meteoroiogical conditions is a
hard- job, as the clear sky required e.g. by ASHRAE or NBS procedures exists
only on a few days a year. Therefore, from the very beginning we tried at
EIR to aim at a method suitable for outdoor testing of collectors under

covered sky conditions. The method described in the following fulfills

this requirement and is able to provide the same parameters as the NBS or
BSE procedures. -

The evaluation principle

The evaluation principle has some similarity with the BSE (former ASE) pro-
cedure: N, is also determined around solar noon under clear sky condition
and T* = 0 by extrapolation of measured points to T* = 0. The difference
lies in the determination of thermal losses. These are measured outdoor
under 100 % diffuse radiation condition.

T e e e B o o e ) B e et e S B A8 B ik S o e .

The situation of stable 100 % diffuse radiation - e.g. covered sky, fog

or early morning hours - is often characterized by slowly varying ambient
temperature and Ilow absolute values of radiation (100 - 300 W/mz). We then
have a case, where the thermal Tosses of a collector are very nearly sta-
tionary. At the same time, the incident radiation may change by an order of

magnitude in intensity, although the angular distribution remains constant -
e.g. isotropic. Under these conditions T* may easily vary by a factor of 10
with a corresponding change in the efficiencies. If the mean collector
temperature Ties only slightly above ambient temperature, then n-values from
e.g. -1 (radiation losses = irradiated energy) to nearly n, may occur. As
the thermal Tosses are very early constant, the n vs. T¥* plot is very near-
1y linear, its slope giving the Tow temperature heat loss factor ay. The
n-axis intercept gives a value of the optical efficiency for diffuse radia-
tion. We call it oD,

Increasing the mean collector temperature, the same procedure gives values
for the high temperature loss factor. As the values are lying in the high
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T*-value range - n being usually always negative - no reliable extrapola-
tion to T* = 0 can be made. This means that although the siope values are
quite satisfactory, the n-axis intercept are of no value in this case.

no-Determination
In measuring o another difficulty arises. We remember that here the radia-
should be of normal incidence to the collectors. However, in our climate

it often happens, that under clear sky conditions the amount of diffuse
light is up to 30 %. Because of the modified angular distribution of the
incident Tight the measured no—va1ues will be systematically low, since
they should be determined at 100 % direct insalation.

Ysing the values NoD? determined under completely diffuse radiation condi-
tions, we can calculate an upper limit for u We assume that the diffuse
part d of the radiation may be used with efficiency "oD> the percentage
(1-d) with efficiency ng to give then the measured efficiency oG for the
actual global radiation.

(0) anD + (l—d)no = Nog
(1) . Ngg " dngp
”o“'_('chl')_

This value will be systematically high, as the actual diffuse radiation
under ciear sky conditions is mostly circumsolar, whereas the Nop Was de-
termined at rather isotropic radiation conditions.

et e B e ey o g it Bt T Y B v v e S e

The IEA form of the stationary collector equation is
(2) n=n, - agT* - azT*2 (see page 13, eq. 13)

As mentioned above the T, value is a clear sky value determined in a BSE
1ike way. From measurements as described we get a thermal loss factor func-

tion K = K (Tm, Ta) which can be approximated




(3) K=a+g (T -T,)

where o is the Tow temperature loss factor. Comparing this with (2) and
eq. 13 (page 13), we have

w

(4) a; = a/U, (5) 2, = ﬁé%

Remains the question, what value of G in equation (5) should be used. As
the NBS rules to determine (2) require high irradiation conditions, it
is clear that e.g. a value of G = 900 W/m° is appropriate.

-Test performed on the IEA collectors

e ey ek L ey . A b= B . A .t v e by ok

Tests are conducted on the automatic test facility of the Swiss Federal In-
stitute for Reactor Research (EIR). About 40 runs similar to that document-
ed on pages A 62,A 77 for August 14, 1979, have been performed for both

IEA collectors. Taking a statistical mean of the collector parameters leads
to the value given below.

In checking the data set in page A 61, A 62 it should be noted that a mass-
flow correction of + 6 % has been applied in computing the ETA values. This
takes into account the results of manual calibrating (bucket and watch me-

thod) of the computer operated flow meter, which is the source of the values

in the tables. The correction factor is checked every few days.

The data given on page A 61,A 76 contain the results of a clear day ex-
periment on July 30, 1978. The same flow value correction as above applies
also in this case.

In comparing the oG values with the mean values below, it is important
to remember the definitions for the different parameters oD’ "oG? and

n, given by eq. (0) (page A3).

The mean values for n, below result from experiments on 17 different days. |
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Mean values of collector parameters

Results of parameter measurements with diffuse radiation scatter around
mean values because meteorclegical "boundary conditions" vary in a manner,
very difficult to identify. However, statistical mean values over many ex-
periments are reproducible to less than 2 %. The following table gives the
collector parameters as computed from the above mentioned data set.

Collector oD 2, o nO(O.Z)
IEA 1 0.73 0.01 0.33 0.01 0.89 0.86
IEA 2 0.50 0.01 0.34 0.01 0.58 0.56

The errors given are standard deviations from the noD’-al values measured
in the above mentioned set of experiments.

The experience of the last two years shows that e.g. the standard devia-
tion Son of the Nop mean values as a fuction of the numbers of experiments
m, conducted on different days, follows quite well the law o, = 0.06/v/m.

So far no 2, values for the IEA collectors have been measured.

With n{0.02) we denote the n, vaiues for 20 % diffuse radiation. It is

this n{0.20) value that should be compared to ASHRAE or BSE values. By the
way, the ratio ”o/noD % 1.17 is about as expected theoretically on the basis
of purely direct and completely isotropic radiation.
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APPENDIX B
IEA/CEC Round Robin Testing Format Sheets
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IEA SOLAR COLLECTOR TESTING PROGRAMME
FORMAT SHEET

TESTS PERFORMED BY @ iiiiciiiiiniiiniimesin i iisesisinis et essest sanas s ansea eaarssas s sae b e e s ereesshea s be s et bt e b e s esbasnaasarsrssbannsnnen

1. Description of Solar Collector

1.1 NAME OF COLLECTOR AND MANUFACTURER & .ocrrnieni st ieiss e veesiessans s sms e s s shnessss s s e saasn

1.2 TRANSPARENT COVERS
— NUMDEF iiiiiiiiiireevrerrrrmresr e eeaens THICKNESS  vereceeee s eseeeeeee. M
— Material

o APBITUNE EMBNSIONS  1iiiverriererimrieeeeesteaseseeeseereeesetssssstrasstes nrassssssnsssssssrssensarssnsnerstnnssnnennatotissstesrensssossnsstnrnnraras

1.3 ABSORBER PLATE

Y=Y T T OO RPN

Surface treatment

Manufacturing process

Weight empPLy viveeen e vvneeresennrerenns &8 Water content .....ococcreveiireeneiiiane Kg

Dimensions

1.4 THERMAL INSULATIONS AND CASING

Thermal insulation: THICKNESS ...oeereeeeeeeereeeceienens cm

PIBTEITA]  cver e ee e eetet et e e e e ee e aseeseeesseeeeebabastn bbb s s rs ah s hess seasa s e s e e s beeae e s e aeneRs B R e O T AaNRE i ranEmenrEnr e e s £mr s s nn s

1

Casing: IVIBTEIIA] .o et e e et s a e e eae s s et s e s tr e s et et e e v e A ba s e aeteata s aa nERraretene s aratearresnesaareretere

Total weight of collector with water ....c.c.ooivivieiiiiiinnrninees Kg

(GIOBS IMEBISIONS  1euvuvatessieaeerrersreessereesesrtnsestssetassanmsssssnsssinssensessnseseseesesnsnssnsnsnssnsassssnssnsnsnsnsnsnntbnsnssnnnsnssssesesssrsins




1.5 LIMITATIONS
— Maximum TemMPErature 0F OPETALION oo Ceee et ete e see e e e e e ee st eesaeaeesssesnmseess e e e e st oot e e s
= MEXIMUIT PIBSSUTE  oevviiiiiaies ittt itrte e emneeeam e eeae s vessseasnseereansseesassesssenssssmmneesns

— Acceptable Neat Transfar fIUIAS ... et e vt et et et e et et e e e eer st ses st n et ee e

1.6 SCHEMA OF SOLAR CCLLECTOR



2.

Instantaneous Efficiency Test

2.1

METHOD v seeeeeeeeresereeesseseeseeseesesenesseseseen e eeveseeeene s reerts 2o eseeeenere e saneeeeeeeeeeeeseeeee et eseet et e et es et smeeresrenmreeeen

2.2 SCHEMA OF TEST INSTALLATION

23"

INSTRUMENTATION

INCIAENT FBUITION eterereeinrrrnnrireesaesseararermsesas e sresmntes s eere sanenss sere et sbdeond et s s e e ohse oAb boaed ek b me bt sab Rt 44 ab e bbebeaebebbsbsmte
B L= = e 111 o O U
— Fluid mass flow

o AMDIEAT TEMIDEIATUIE  oooeeieiiieieeeteeeeeeseereessataeasamanantaesestsesetabatsbmbbbbbeona s bataba b e b s b b sa sr ks bbsbbee dsstenestsbssnsesisrntanattns
— Fluid absolute TBMPBIATUIE .o v e e e nr s s e rsss s se s s s s e st neassesensarasararesesasassnnsrbnnensetessassesnnrensonsarnsens
— Differential fluid TEMPEIEILIE  iiiviiirereirrrirererrrrertrmrersrararrerrrsrasrassterarrnerrresssteremaneeresasenntassessssnrnrsssssressrnssseerannee
el A LLA T AV o o3 3OO U
— Data recording

— - Pressure drop transducers
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Instantaneous Efficiency Curve

It

THE INSTANTANEQUS EFFICIENCY 7 ISDEFINEDBY : 1

a, = useful power extracted {w)
[ 1 incident radiation {W/m?)
A refersnce area {m?)

Specify reference area used for curve [ gross area of collector
I aperture area
O absorber area

C—INSTANTANEOUS: EEEICIENCY:Zi=

==K — . :

RECOMMENDED EQUATION : 5 = mg — a; T* — a, {T*)?

’Y]:
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5. Heat Losses

indoor {1
5.1 GLOBAL THERMAL LOSSES outdoor {J

The heat |osses qp are expressed as a function of the temperature difference (Tm — Ta)Q

5.2 GLOBAL HEAT TRANSFER COEFFICIENT
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6. Pressure Drop

= ' =
= MASS FEOW(G/S)=

The pressure drop AP across the collector is measured with water at ambient temperature

7. Other Methods or Special Remarks

{Give a short description of methods and essential results)

17



7. Other Methods or Special Remarks (continued)

18




8. Nomenclature

Gross area of collector
Agerture area

Absorber plate area

Specific heat

Date — [ day - month - year ]
Local time

Incident radiation

Diffuse incident radiation

Mass flow

Heat osses

Useful Power

Ambient ternperature

Coilector inlet temperature
Average temperature of fluid in collector
SKY temperature

Reduced temperature
Temperature difference between outlet and inlet
Global heat transfer coefficient
Normalized coefficient

Wind velocity

Efficiency when T*=0

Pressure drop

{m?)

{m?)

{m?)

{Jig - °C)

{W/m?)
(W/m?}
(gfs)
(W)

(W)
(°c)
°c)
(°C)
(°C)
dimensiconless
{°Q)

(W/m? - °C)

Up = 10 W/m? °C
m/s
dimensionless
(Pa)

19
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APPENDIX C

Data: IEA-I1 Collector

NBS Procedure




A 29

I sty - "l = o)

aw.— L N"_._ s um.n . am.a . vw.o L cq.a L «m.c i ‘._u.e . c_u.:.u
r
~_ 8 (ZeWyUISLIE0S - HULSLEG01'0  OFGTO=HII
L |
. o c - ‘D=
. R 2 HYLSLNbLE FEL0-Y13
/f/m”wam// - . . LT4 FWuNos 15977
0™ 5Lgo 2
L T iy e mmmmmmomne e
o T~ = (Zew¥YISLIEPZ 0  ¥HISIwLOE'O 008 O-41)
" o ¥yISle 0°0 0°0-Y13
)
- El4 B1HD ONIHOTTDA 3HL RIALD SHI HOUIMY 31
= o
100 10°Z 1 19°0 1 EP'O | FES I G | 0°0 1 OB6L 1 £°18 1 0°C 10°01001PF'2E 10279 "BL1 ¥1 1 2
100 101 193°0+28°0 1 8°9, | 2E 10°0 |05EZ | 87¥8 | 0°C 10°2E0LIFI"EL I61°9 "GL) EL 1 2 |
100 1 9°1 1980 F IS0 I BEL | DE 00 | OFEZ ) 0SB E 00 10°¥LE 108721 16179 "BL1 21 1 2
{00 100 LEZ0YERO I 96 | E'E 10D [ 0D9EZ ) LED N 00 I0°LSE 100°2) IGF'S "ALI U1 ) 2
10°C 4071 108°0¢t ¥p°0 | L°E9 | Z'E ¢ 00 1 08°ZZ ) 028 1 0°0 J0TOEG 151711 I161°9 "841 01 1 2
f0'0 102 1EI°GLSE'01B6r t EE 100 fOZ6I 1 1°081 0°010°SL8 tISE1 (61°9 "BL1 6 12 !
100 10°2 1£8°010E°0FB¢r 1 B°€ 10°0 10681 | 108 1 0°010°9L6 $S#'Z1 1v1°9 'BLI B 1 Z !
'00 10°Z 129°0182°0 181y 1 L€ 100 108°L1 1 1°08 1 0°0 10°¥L6 160721 119 "BL1 L 1 2 )
100 10°Z 16561620162k 1 62 100 ) 0p Ll 1 L7401 00 10°198 160°F1 IEI'S "8L1 9 1 Z )
'o'0C 1 0°Z 1| ¥S°0 1 JED F &Lk | B°Z 100D 109781 1 8°94 1 0°0 10°ZEB 10Z'EL IE1°G "ALL § 12 ]
1 0°0 10°Z 1 9¥0 1820196 | SZ 100 107§t | 281 00 10°1€@ 1py ZL 1ELG CBLL Y 1 2 )
100 102 VELOIEE'® 1 28 | L2 100 10222 18901 0°0 107158 1527%1 121°9 'BLIE 1 2 |
| 0'0 10°Z 108°0 1620 ) 6°GF | Z°E 100 (OPIZ 1 BLL I DD 10O°FSE 10¥°EL 12179 "BL1 3 1 2 !
100 10°Z 169°0 1020 ) 96E | 9E 100 ¢O0E'IZ | 8°SL | 0°010°¥68 126°21 121°9 "aLr 1 12 |
100 100 (69°0152°01E12 ( @6 100 108°2 27221 0°0I0°BEL 1882 161°Z1°LL1 21 1 1 |
P00 10F t¥SOIELDI [°ZZ t+ E'6 100 1000k 1 B°0Z1 0°CID°6ZA 121721 1027 1"LLr 11T 1)
10°0 101 1S9°0( ¥2°01£°82 t S'L 100 409°5L tS0Z T 00 I0°L5S IL¥EL HILIITLLI DL F 1
Y 0'8 102 16E'0 Y VLD I LES 1 8°1 1 4°0 1 00°BE ) L7951 0°0 I0DTLES (IS'EL 11Z°01LLL 6 1]
P00 10'Z | G¥0YEBD!GEL | 82 1 0°0 |0L°LY FEES ) 0'0 '0°698 IZE'EL 10Z'05'LL) B 11
YO0 |81 1£8°01 820 I"SE I €'E 10°0 | DE'LL 1 ¥¥S ) 00 10°L2Z9 IESTEL IGLTOMLLL LoV Lt
}o'8 |81 ) OB'012Z04 P'EE | 0°B 00 tOL8 ) ETEE ) D0 HOTRLL HLGTEY I61N0iCLe) 9 L1
P00 1 0'Z )EY0 199014028 ) I'E 1 G0 tOEEl | P62 1 0°0 108K LIETKL 1B1°01TLLL S 1L
PO'p 181 1960 188010739 1 39 f0°0 0961 1 BUZ I 070 JOTESL 1LOSLABITOLLLN b 1L
P00 1680 |0¥O <301 I'EL | &3 1 D0 {08°BI | EEZ1 0°010°088 1€0°21 1BY"O1"LLV E | L
§ 00 181 16880 . 8F e | I'EF ( 27k 10°0 1 0Z°L} P LTIE T 070 10°¥93 1407k 1L1T01TLLE 2 b ]
F0°0 (80 1 BU'D I wB I8 1E 1 1°6 10°0 | O¥EL 1| 9°GE 3+ 070 10°L28 0S°EL 1pT70L7LLL 1 0 !

1 AASL I OMIM 1 Y13 1 w1 HI I 15 G 1 L I R Hi (s Lo F O i | B | 1 ¥nDH 1 JiHO | ON

9Z = GINIDJ UIUM 0 YIAUDN t = 1271 = ASE/3IUYHSY) S030044- 1531 1 dJd31 3LAL 4017337702 o} = LIS

334730 Lb/HE 340715 T ONTIMH :OINT4 tEweld GRLTL cHIAY JONIYIIIM

v

HIMLSNY: 311G ¢ JHEHSU/SON ¢+ HEN03I08d OF11S3L * E-d3] :3dal ¥OL2377073



A 30

vE

nm.. | 1 N um.n s u_w.c N [N ] N =.-.___ 260 . 210 a_._._.._.u
N ! %
"] ' L3
%aﬁf
B T o
Ilan_:qﬂﬁJJu I m
et 3
oy
<
am | 0Z'vZ
2 o1 Ov'EZ
CREY B T R T TTer T T s TSt ra—e— % we | Q¥ 22
100 1G'F 1BFO1GL°C 1 BB | S'E | 9°L8 | OE'81
Y00 V9E 1 IS01B9°C 1 EBB 1 E'E I 9°(8 | 02°82
t00 122 16RO 1SS0 vB I ¥E ) PER | DEFI
PO B IE 10501 0L°0 ) BT¥B 1 FE 1 Z'ER | UB'EL
100 1 1E 12501 2L°0 1 L'PBE 1 S'E I ET2a 1 vgtel
1 0'C ) 1E 1 95°0 1 68°0C ) SkL 1 9E I L°Z2L 1 08°6I
10 1 V'E 195800 19'0 1 S'KL 1 9'E 1 L°ZL | DE'EI
100 122 109°01 #¥5°0 1 @'k 1 E'F 1 9°ZL 1 OpEl
100 1 L2 1LS'018S'01 6P | BE ) EZL 1 0B°LL
102 1EL 16016001 B'SE | 1'9 1 B'OE 1 0B'IlE
10°¢ 1 2°2Z 1 6L°0 1 1101 BBE I 1°'9 | B'9E | 09762
400 1 2°2 1001 SO0 FPE I 0'9 1 ¥IE | OE'OE
100 18°% 1 1B'O I EDO ) ZHE 1 D9 1 ZIE | DEIE
100 1 B 1 ER'0D I vr'0 1 29 1 Sp 1 BEF I OFI-
10'0 1 6% 1EI°01SYv0O I B'Sr I FF & L'EF I O0'2-
10°0 1 1°E 1 ¥5'01€E9°01 B@EL | L€ I B'IL ) 09'S
Lo'0 1 1€ 1ES'0O 1 vO'0 1 SEL | 9°E P LIL ) QL'E
1'0°0 1 1°E 1 25°0199°0 ) L'EL | PE Y D'ZL)OEZ
10°0 122 189°G1EE'R I B'SZ | B'F¥ | ¥'EZ ! O8°O-
100 LE'Y VESQ! IL'D ) P'EL | B'E f P IL I OL°E-
10°0 1 22 1ZL'0 1 BZ'C 1092 | 'S {6221t 02°'s-
1gg 1E'L L EL'01 22001 17E2 1 0°9 | 1'BL t OL°D-
100 181 L LLotsl’0 L p22 1 E'D | Z°BL I 098
100 !B ) LR LITO L LEZ 1 99 | 861t 01°8
100 18t 19L°016I°C1 L'EZ 1 #'9 1 66l 1 OLE
10D 1 £°2 1 DL'Q L EZ'0 1 L'82 1V 09 | L'22 1 09" ¥
10D 10°r 1 89°0 1 2E'01 242 | 6'S 1 E¥ | 0K DI-
100 196 169°C I BZ'C I B¥Z | 09 | BLZ I OLL-
100 1E'L 1 ZL'0¢t92°018622 1| €9 | £°61 1 01°9-
10°0 1 £°2 VELO ! V20 1Bl 1 O°4 | 9°S1 | 00" L-
100 122 ) L8901 6GE'0 1 F'PE | 5SS | 9IE | OF°B-
||||||||| e i e e o A e e . — — — — — — —————— —— e ———————
| ANS1 ¢ ONIH | HI3 1 wl 1 UL ! IHLI7300 1L ¢ Wl
= SINID4 ulH0 4D ¥3EUNN I = 1271 = 358/36¥HSY) 3YR03I0MJ-153L

0

33¥030 03/0¢ 134078 I0IAFI/0ZHOINTS tZamll BLT L

UQENYD 3118

! IHYHSH/SAN

[2ZundHLS11850° -

| 2w=yH1S1 1850 ~

HHISLImL 1Y - IEB 0:413

HUISL=BObr "~ GER"0-YL3
L4 JuenN0s 15430
HHLSLmBLY " - IEB O=HL3

YuiSies 070 0°0-d13

114 B1H0 9NTHOTIO4 3HL NIATT SHH HOHLINY 3HL

9°¢S 1 0170 107158 11Z2°E1 19179 "8L1 9L 1 2 f
L°¥S | BD°0 107588 100°EL 1919 "6L1 51 1 2 1
9°¢S | 0170 1Q7IEG 18072V 191°9 8Lt k1 )1 2 |
1°55 | ¢°0 10°S6 190721 I151°9 "BL1V E1 1 2
6°8S | BIi°0 10°Z68 1BZ° 11 121°9 "BLY 21 1 2 |
Z2°LS 1 00 107826 100721 101°9 ‘BLI @1 1 2 |
L°LS 1 Z1°0 10'L26 [DZ°Z) 16 "9 "BL) 01 t 2 |
L'LS 1 110 107606 IDE*Y) 16 "9 "BLI B | 2 |
S'09 1 11'0C 10°EZ6 191°2L 19 "9 ‘gL @ 1 2 |
S°a9 1 It'0 10°ZI6 IBE"LIL 19 "8 '@ALt £ 1 T I
019 1 L2°0 10°9E0VIZL°21 ¢ "9 "BL1 9 1 2 |
0°29 1 81°0 10°9@6 1ZE"21 IE "9 "BL1 § ¢ 2 1
Z2'vS )1 92°0 10°698 120721 10E°S "ALyv + 1 2
0°95 ! ¥1°0 10°IZ6 lEE"IT I6GZ'S "BLI E 1 2 |
€°8S I BI°0 107068 D021 192°S "6L1 2 | 2 !
I°6S | B1°0 107668 1L0D°2Y 1LZ2°S "6Lr L 1 2 )
Q7L L 1170 107ZR0LICOTEN 12 CF CRLI BL 11 o
1L L 1170 10°0RDLIQETLN 12 "y "BLY L1 L1
L°0L 1 S1°0 1071801100721 1RE'E "BLI BL 1 ¥
7L ) E1T0 ICTEOL1I00%2Y 10E'E "8L) ST 1 1
POLL ) BV I0T2A01IS2ZC L I0ETE "L v 1 L
1°89 | B1°0 10°800110F° 0L 1OZ°E “BLI EV 1 1 1
E'E9 1 pV°0 10°9LOVICF LL HLY'E "BLL 21 1 L ]
¥°¢9 1| E1'D 10°SBOII00°Z) I19L°€E 840 11 1 0 F
0°09 1 EZ2°0 10°8L6 IGF 0L ILI°E "@LL OF t b T
719 1 L1°0 10°200LIGD°E] IOV'E "BLL & 11
149 1 91°0 10°BS0I100°2Y IELE "BLY B 1 1 |
919 1 9t°0 10°SEOLIBL LY $01°E "Bl £ 1 @}
8°29 ) 2170 10°k11LIO0°ZL 18 '8 "800 9 11 1
S'E9 I 2270 M0°LEONISETLL IS "E ‘gL S 1 1 |
1'¥9 + 8170 TO°PELLIOO"Z) 1F "E "BLE B 1 1 1
L°29 I ¥1'0 TO'ECLIEIO0°2T 1L "E 'BLT E 0V
S'BS I 51'0 107860170721 18272 'BL1 £ & 1
9°E9 | 9170 10°0801I00°2E IEL'Z "BLY L 1 1}
HOAA b or/al 0 | 8NOH | 3140 F ON + dl 1

b -H31 FdAL ¥OLI3ITI0D

JMNCGAJ0Ed ONLIS3IL !

NWJ = 3118

tH3¥Y JINIHILIY

1-W3T :AdAl 01337701



A 31

T /14 - wim = g

[:FA] 20 %0 ogn g ara 0 an oo,
E A 1 ] L L b 1 3 ] 1 ] 1l 1 1 n o
8
i
g B
~—
g : |Zew¥HISL19Z1 - HUISI®GSE -  b0E 0=H13
PN o
//_w, o NUIGIwLLE = 128°0=Y13
: - it
~ -
S Py 100000 1 - YUk 114 3¥N0S 15631
T~ z 03000000 - KIH-A
.= [300021°0 = Xi-x
o m £I000NGT T * HAK-X T T T T e 1
2 o T (Zmm¥UISLIDEL -  HHIGIw0UE’'~  OD@'0=H13
‘ o BWISIx 070 0'0=H13
HOTT3INC* 329030 Sk :34075 ¢ BILUM s0INTd f2awd 6L°1 :UINY IINIWISIE 114 ¥1HO SNIROTI04 3HL N3ATS SUH HOULNY WL

ANBMHIO:3LTS ¢ 3UMNSB/SON 3 3¥N03I08J ONI1SIE ¢ 1-43L :3dAL HOLIITI0D

100 180 129°01 @01 1°29 1 2°% 1 8BS { OS'EZ .1 0°1r | 6270 10°6B08 (02°91 16" '8L1 9L 1 | |
ro°0 180 | BL'OJSOD ) #6Z | E'B | E'SZ 1 02°%¥2 1 9°GE 1 BZ'0 {0°SBE 100°#1 161°'9 "6L1 S1 1 L
'0'0 10l I BLTOLISO0Y 62 I ER 1 0°SZ ) 02%¥Z 1 S'GE | ZE'C 107886 10ETET 16179 "BLI ¥l 1 1 |
100 10°F | £L°01B0O'0Ot9°0E | #'8 | ¢°92 109782 1 1°BE | 62°0 I0°SL6 105°01 I61°9 8Ly € 1 1
10°0 180 | L£70 1 01°01EQOE { 9¢& Y5921 01°1Z 1 8°6E | 1E'0 [0°BI6 151°01 18179 841 21 1 4 A
100 B0 | LL°O 1 11'0 ) 2°0E ¢+ S°f{ | G°92 t 00°0Z ! Z°GE 1 ZE0 10°¢68 10¢°6 16179 "BLY 11 1 1 1
yO0'O FO'L 11901 SPG 1 1°Z9 1 B°Z 1 S65 1 08°LZ | BTLE 1 BE'D 10°LBO 102°E1 191°9 "BLI 01 1 1
100 10°Z ISE'0O 1 ¥6'0 |1 296 1 L2 18°v6 1 0FEZ | ¥'EF 1 GE°0 10°LLL 10E'E 12 "9 "BLLE 1 1 |
10°C 10! ISE'D! B0 08 | 9°Z t0°¥6 | 02°EZ 1 vEV 1 LE'D 107254 100°6 12 "9 CeLt @ 1t o)
1 0°0 101 155019801 v'ER | 1°S | 6081 0vGZ 1 9Ev | ¥E'O0 10°LS6 1GE"F] 11 "2 "BLYV L 1 1 ]
10'G 12°Y 1 BS'0FtEZS010EL | 09 100L 1 0SSZ 1 1°6E + EZ'0 10°%06 151704 1Y "9 '8L0 3 1V 1
1 0°'0 10t 1850 ¢t ES01 L2, | #'S 10°0L105€E2Z 1 1"8E 1 52°0 107998 182°6 Il "9 "6L1 8 11 1
P00 112 106701 DETD 1 LTSS | S°L ) PT1§ 1 0S92 1 9°LE 1 92°0D 10°2v6 IDICEN IIE'S "BLL ¥ P11
P00 | 0°Z 18900V IET0OLIG'TS | ('L 1 k1S ) 0B'GZ 1 L°LE | £LZ2°0 10°S26 ISE"Z1 1IE'S "841 E U |
10°'0 181 ) #L°01 9L°0§B'SE 1 L't | QZEIOE2Z ) S'9E 1 82°0 I0°9EB ISE"6 VIE'S "BLL 2 (1 |
100 FZ°0 1 PO L LYD) LTSE | S°L 1 O°ZE ) ObT1Z { ¥TBE | 92°0C 107958 1016 JIETS ‘BLr b 1T |
I AASL 1 ONER 1 HL3 1 o=l 0 1L LIS AR E S I 14 K I Y A H) I HOOS © b/l oo I ¥NO0W 5 3160 | ON ) G111
91 = SINIO4 YIUd 40 43IBUNN I = 1271 = 3508/3U8HSH ) J¥NA3008d-153L I ~H31 3AdA1 401237703 0 = 3LIS

NI TINC*3IY030 5S¢ +AJ0TS ¢ ILWN (AINTS tZweld BLT1 :UILH TINIHIIIY

d

ANHUYZT: 9035 ¢ THMUGH/RON @ MO0 oMK L-HI #3441 ¥0L3IET0D



A 32

62

OCO==—0DQo00O0CCcCOoONINLVLWNRWAWNIY

CoOCO000DO0O0OCREOAINRO000DO00DC
CoOCC00OoOUOO0ORLOLOOooOOoOO0o0QCox
CEEOMMOOCO00OMAMAQO0000CROC2AC

I
1
|
I
I
I
1
|
1
1
1
1
1
t
k
I
1
1
1
1
1
1
I
I
I
|
|
|

=)
o

I A¥S1 | ONIH

= SINIDG H140 40 ¥3quUNM

08°0
6L0
t8'o
1870
08'0
6L°10
og g
08°0
aL o

H13

wi

= bZ/0 = 3507 UMHEHL

d

t

2'LE
6'1€

FTBE

ur !

THARTICT IN

mm'.._ N m.-_._._ . n,

" 1Zew¥HIS1I0F 0 ¥UISIvOER -  B68°0=H13
s HUISIAYEE - bR 0<HL3
L4 A84n0S 1Sud
o |1 Zmx¥ylS1) g0 Y4181 070 a'p-uLl
B m HHISIwZZP " - 9EA OrMLY
o o 114 Uid0 SNIHOTI04 3HL H3ATD SHH HOHLINH IHL

8z

L Q

e

o -
- et e ke T PPt = B e e e
2 u fwvw +ws 82 TOZEL OCGI10°0IGE I G0 00 O CBZHL A
'8 1 0°0 100°9Z 1 F'BE ) O°C 1GEOG 1 0°G 10 "0 "0 182 1 1 1
€'9 (00 1 O1'SZ 1 68E 1 00 10°LIL 1 OO0 10 0 D121 ) |
*L |1 00 | 0E'SZ 1 8'E¥ 1 00 10°¢0B 1 ©6°0 10 "0 'O 1 92 1 L 1
0'0! ) 00 1 BB'PZ { 1°1EY OO I0'GBE L O'O 10 'C O P SZ2 1 1L
00\ 00 1 PA'EZ Y CG'IEY Q'Q I0°¥GB | OO0 10 'C O L ¥2 1 1 )
G'6 100 1 00'F¥2 (B'0ET QOID'¥E 1 0’0 10 °0 "0 1EZL T
E'6 1 0°0 | OI'EZ 1 171IEF 0D IQ'EZE 1 Q'0 10 '0 "0 2211V 1
8’6 1 0'0D 1 03'€Z ' E'ZE ) QB ID'LIE T Q'O 1000 Q1 1211 1
S'6 1 00D | 0OE'EZ 1 0Q0°ZEL OQDIODWE 1 TG 100010211 1
g8 {00 1 0B3'8Z 1 #'9E1 O'QI0'EOE 1 O°0 (00 0O 1 GV I 1 |
E'S 1 0°C 10882 1 EBBE! 00 I10°LIL 1 O'C 10°0 G181 1 1
'L 10D 1OP'BZ 1 B'EF 1 00 ID'29B 1 0'Q 1070 O Ll b
0'6 1 00 1t OB'LL U B'SE 1 Q°Q I0TLKOLI O°O 10 "O COH Y0 O
v*L 100 1 0OZ'EL 1 9'SE | Q0 (0O°¥F¥OL) O'0 1O CO O SEOLL
L2 L 00 1 02'2L 1 9'SE |l O°Ci0°EEE ! DD 1D O O 4 WL ML
2’9 100 1 0Z'IL 1 B'SE| QO IDtoe ) OD 100G OCELTL L 1
2L L DD 1 Q1’2 VE'2EQl OO i0OOBBE t OO 10 O O 2L LA
1’8 t 00 JOD'DZ 1 Z2'ZEl O'QC°'EGHE [T 00 10O "0 'O 1 1L 1 L 1
0°B 100D 10L°DZ ) I'ZE | 00 10°EFE 1 0°0 10 0 O H DI L L )
83 100 102'al 1 2'2E! QCIOGEE 1 OO0 10O DYE L1}
0oL 100 1O06'9F PEIME L 00I0°L06 100 10D rE 11}
9Ty P00 1 O9°LL 1 Z2'IELl 00 I0°BEL 1 Q'O {0 O Ot L 110
19 t 00 IDE'BL | L''E | 0°0C I0'SE@ | 00 10 "0 019 11 |
9°t 100 (1 RB'LL VE'IEl D'DIOOZE I 0O°O 10 "0 0! S i 1
gL 1 D0 1 BB'Y9I IE'IEI QOID'9B 1L OO0 107001 ¥ 1V |
g*g +o0'D ) OLLL VETIEN] O'D10°956 1 070 10 "0 'O 1 E | [
o' 1 0'0 | OF'SL 1 9'IE | DO IDTISE 1 OD 16 001 & 11 )
Z's 100 ' OE'SL L E'IE |l 0'010°9GB 1 60 16 0 01 L 01 |
IMET3OF 1L 1 HL O L HOTS L [/O0 0 1 1 BNOW 1 3LHO 1 ON T Q1 1

3¥NE3IJ044-1531 | -H31 34A1 ¥01337703 ¢] = IS
*FUNIH0 & +3IOIS 0 HALYA :QINT4 tgweu L1 UMY IINIYILIN

ANBHYIN:ILTS * FHYHSU/GON ¢ ANNO0II0AL ONTLSTL ¢ 1-u31 «3dAL ADLITT0I



A 33

I /Ul - Wl = =

ma-t LA} 670 0s'0n ran firn Ze - o
ST M S AL PR A S P S S Wi

no‘e™

o ftmmmmmm— e mmmmmmm e — g T

I Z=myyES1 120170 UH1S1=t05" - 4r8°0-~H13

si-

YUISiwEZR " - BES 0=H13I

|0

114 3¥ynns 15437

//7/

° fagrzaaa . |ZewddlBl] D'0  ¥HISLm 0°0 0" 0=u13
Jaygzyhﬁzw & m WHLISIMPZF -~ BEB 0=H13
a
////f// - L03 B140 ONIHOTIO4 SHL NIAIT SHH NODHLNW 34
@ .m m
"&#" 3
-
n..u L)
“ M|II||E!J|I |||||||||||||||||| L - 2 ———
L ®.gz 5 L'OE | 92°0 1G°198 165°Z1 Iv "9 ‘BLl Ot | |
t00 100 | $8°01€E0°01 Q0 | Z'B i00 ! GEBZ FE9E | 920 1Z°0E IEQZL I¥ "9 "8LI GZ 1 | )
10°0 1 0'0 tGB'O! 200t S0E | 26 100 1 SE'BZ ) BSE I 92°0 16°EEB Ik L1 1P "9 'BLI BT | [ |
Y0°0 100 | 20°0 1 S0°0 ) E'GE | S°f 1 0°0 | ¥L°9Z ! @°9E | 92°0 1E'ESL 125701 I¥ "9 8L1 LZ b 1
100 100 108°C 1 B0 ¥B2 | 59 | 0'0 1ELGZ 1| L°OE | LZ°0 12°E6S 1SO°04 I¥ "9 "BLI SZ 1 4 1
1 0°0 10°C {1S8°'C ) 20001962 | 8°89 100 | 86CZ | E'SE | 02°0 11°958 IE" L1 IE ‘9 '8L) 62 1 1 |
L 0°0 10°C {1€8°D 1 10°0 1062 1 E£°L 100 | 8¥'8Z | E9GE | E2°0 15°86L 102°03 IE 'O "BLI b2 1 1 |
1 0°0 1 0°0 1 €EG°0 1 850152 ¢ %9 |09 1892 | EZE! IED 11°008 120°¥1 12 *9 "BLI EZ | 1 )
100 tO0°C | ¥2°0 1 B0 1 9°69 | kL 1 0°Q 1 bL°BZ 1 E'LE | BZ'D 1#°Z¥B 1IS°Z1 12 "9 "BLI 22 1 1 1
1 0°C ) D0 | G3°C S0 1683 | L'L |00 !6BO°LZ I LTEE | £2°0 1Z°898 160°Z1 1Z "9 ‘6Ll 121 |
P00 100 | P90 1 GED ! GBS | 1°L 1 00  £9°LZ 1 9TOE t BZ°0 I¥T¥EL 1G0L1 12 "9 ‘8L OZ 1 1 )
t0°0C 100 | ¥9°0 | EE'O | ¥°BF | ©°G | G°0 1 Z¢'9Z 1 9°9E | IE'O 1¥'899 IE0°OY 12 "9 "6LI 61 1 | )
16°0 106°C 15501 1L°0 1 €8 | 28 100 11592 1 E9E t 52°0 127118 1I0°E} 11 "9 'BLl 81 4 1 |
Y 0°0 100 | G501 83°0 1 G'vg | S°C 1 0°0 | 0CSZ ! Z°LE ) ¥2°0 127998 100°21 11 ‘9 "BL) L1 1 1 )
10°C 10°0 [ 280 1 6L°0 1 8°b8 | "¢ § G°0 | ¥B'¥Z 1 B°LE ) EE'O I18°29L 112701 11 "9 "8BL) 91 4 & |
100 10°0 1 SH0 I 960G ) 22 ! S€E€ 100 | BbEZ 1 BHE P OET0 19°¥lL ILETOL 11 "9 "BLI 8L 11 )
1 0°C 1) 00 109°0 165G 1 259 1 9y 100 | £L°92 1§ 0°BE I §2°0 117189 128"l (1E'S "BLI ¥1 1 &
100 100 | ¥3°0 1 25°0 1 899 1 GG 10°0 | 11°¥2 | B°LE | EZ'0 IG°6I8 IPP'EL I1E°S "BLI E1 1 I
1 0°0C 100 189°01 6r'0 1 B'S3 | 59 10°0 | EE'EZ | 8°LE | 12'0 12°660 191°21 IIE'Q "BLY 21 1 1 )
1 0°0 1D°0D 1920 1SS0 1 1°29 1 &% 100 | Se iz ) E'BE 1 BZ'G ILEEL IEL°OY 1IE'S “BLI (1 1 1 )
1 0°C 10'0 169°0F6ro 1 S8 I 9°0 (0°0 | 15k | L°¢E ) 12°0 10°S66 ICI"EL I0E'S "BLY G1 1 1 !
b 00 10°0 | ¥9°0 ) B0 T EPD 1 £°Q 1 Q°0 t BZ°¥Z | LLE | 0Z'0 IEELE 148701 I0E'S 'BLI 6 | 1 |
1 6'0 16°0 | 29°0 1 ¥5°0 16823 1 1°6 10°0 ! I9'€Z | 6°9E | 62°0 1L7B1L 101°00 I10E'S "BLI B ) |
100 10°0 1850 1B501E29 | %% (00 #92°%2 | ¥'OE I $2°0 IB°8¥D 12¢°6 I10E°S “BLT L 1 | |
100 10°C t$3°01050 ) £°€9 | ES 100 tB.°2Z2 | E'Zv | OE°0 IS°0IS 168°0L 162°5 "8L1 9 |1 1
10°0 1) 00 198001 29°Q1 229 | L°E 100 10022 | 0°Zk | 1€°0 10°Z59 1Lk°6 162°8 'BLI S 1 L |
100 10°C | #8°0 1 €0 1 E'BS | 1°9 1 0°0 19i°12 | 99 | 62°0 1¥°02@ 1¥8°01 182°9 "8BLI b [ L |
100 10°0 1 ¥9°0 1 LEO 1 B'SE | 9°S 1 Q'0 | ¥6°0Z | B°SE | 92°0 IETL¥L IG1°0L 1BZ'S "BLV E I [ |
1 0°C 100 1 S9°0 ) EPO 295 | B°G | 00 | 3Bl f SSE 1 92°0 19°£88 185701 1£2°S BLL 2 1 L |
100 100 1 BSD L BRSOl ¥ ES f ZB 1 D°C L 1B°Bl | YRE t £Z2°0 19°88L IEEOL 1L2°C CBLI 1 1 | |
1 ANSL 1 ONIHM 1| w13 |} ] I Wl 1 141730! Il | ul P MO 1 1700 | I ¥NOH JiHG 1 ON Y Ol !
OF = SINTOJ HINO 40 H3IBUON L = 12/1 = 350/.0¥HSY1 JWA0I0¥L-1531 | -43| 34AL ¥01337103 g - 3us

CL111S 330030 ST0F I40715 ' HILHM QINTd fZemi GALTY HIUH FINIMIAIN

a

ANHUYITD:IL1S 1 FUMHSW/SON = JUN03D0Y4 ONILSIL ¢ L-U31 13dAL ¥OL3IT03




A 34

or

HULS1wBES "~

1Z=wULSLd 0°0

£10°0ruia

114 3WUNDS 154337

YHESL=

HUAS L=

o' q

0°0

0°0-u13

0°0-413

134 YIYO ONTHONT0d IHE NIATD SUN HOHLNY 30l

10'9 tRE'OCLBLO N 9LE 1 kY 160 1LO17KZ ) 9ZE N IETO 107080 ISE°Z1 0ETE CLLY 87 1 2

109 1 OFD GO LB 1 9% 100 1 O¥OZ ) 9ZE | IETQ 107288 1O0TE1 TOETA CLLE LT 1 2
1 109 1 GO L0 98 1 6y 10°0 10602 | Z°ZE | BZ'0 107106 IS¢’ 10 1OE"D "LLE 92 ) 2
) 10°9 1GE0O Y LL'O 1 FLB | 9'F 1 0°0C 10802 ) Z°ZE1 82°0 10°vGB tOE"11 1OE'D "LLE S2 v 2
1 102 1050 +99°0 ) £°8L 1 6°S 100G 1 O6°LL 1 G°¥E 1 D20 10°296 10E"2F 1ZZ°8@ “LLl ¥2 1 2
1 1 0'Z 1+ IS'D1S3°0 1 8°6L 1 $'9 100 10060 1 0°9E 1020 10°8BL6 ISI7ZL 1Z2'8 "LL1 EZ 1 Z
| 102 10501 589°0 ) L8t 1 6'S 10°Q¢ 106°L1 1 Z°SE 1 BI'0 10186 100720 122°8 "LL) 22 1 2
| 10°2 10504+ S9°0 188, 1 09 100 1.08°L) 1 E'SE 1 12°0 10°S86 ISk 1L 122°80 "LL1 12 1 2
| t0°Z 1601 S59°0LB'BL | B8'S 10°0C 109°L1 ) E'S5E 1 61°0 10°066 I0E"LL 122°8 "LLY 02 )V
I 1 0°2 190 4 99°0 1 9°LL ) 'S 1 0°C ) ortl  8'GE | BL'0 10°¥LG 1SV7LD 12E°8 "LLY B 1 2
| 10t 183°0¢t 501 E69 1 1°L 100 101°ZZ (E'ZE Y ¥Z°0 10°LEG IS1°2Z1 14178 “LLy a1 2z
! 10 195001 250 LESS 1 Z°L 10°0 1 0G'IZ tEZE 1 EZD 107286 100721 14078 “LLd LI ) 2
1 10°1 1650+ ¥5°0 1 E'RE 1 E'L 10°0C 109712 1 EZE N S2°0 10°¥k6 IS¥ 1L ILL°G "LLE 9L 1 3
| 101 1250 §60U9'01 Z°KRE 1 8BS 100 10E'LZ ¢ E'ZE L LE'O 107ISA 10E ML t41°B "LLt SE 1 2
| 109 1 L9001 *E'O L BLF |1 Ef 10°0 109°81 Y 9'LE L G'0 I0°656 10E"21 191°9 "LL1 ¥l ¥ 2
i 10'°9 1 L9°0 t ¥E'O I GTLY 1 ¥'L 1 0°0 1 0981 1 BTLE Y OG°0 10°S96 ISI°2Z1 1SE°B CLLl EL b 2
t 10°9 1 L9308 vE'O L GLF | ¥'L 1 0°0 1 0E'BL t9°(EV 0°0 IOELGE 100°21 191°8 “(2) 21 1 2
t 1 0'9 199°0 1 SE'0OYELF I L 1CG0 100°01 1Y LET 070 (0°GLE ISY 1L 10178 "¢Lt 1L 0 2
t 1 0'9 ¢ 99°0 1 SE'DYGLF 1 E'L |00 1 GL°ED 1 8°LE N O°0 10°v95 IDE'IY 191780 “LL1 OV 1 £
l 1 0'9 1 99°C 1 SE'D ¢ Ler 0 2TL OO0 1 GLCLY t BTLE 1 OTD I0TLSE ISIUEE 19178 "Ll 6} 2
| 102 1 1L°0 162Dy L'EF 1 B°L 1 OO0 Y OUO'BL 1 L'LE ) Z2°0 10°206 ISY 2L 1p2°@ "LLLE © 2
1 1 9°2 3 1L°0 1 62°0 )V GEY I 6L 1 0°0 10501 1 L£°¢E ) 127G I0°ED6 IDE"2 1r2°8 "LLV L+
t 1 0°Z 1 W00 B2 01 Q€Y | B'L | G0 10881 1 L°tE 1 2270 107805 1S1°21 1k2°0 "LL1 B | 2
1 1 D2 1001 DED N B'Zr & L°L 100 1 09°L1 1 L°LE ) ¥2°0 107L96 100721 19278 "LL1 5 1 2
| t o 1 YLDV BZ'0 1T OEF I 08 100 0 OLTEY N LTEE N L2°0 107856 ISETTL 1vZTR CLLL Y ) 2
1 P02 1 LSO L YETD N ETZF | #TY 1 DO 1 OSTLE I LTLE 1 BZ'0 J10TOED M0ETLL (%270 TLLVE 1 2
1 10°2 1 B0 2601 672y 1 Z2°L 1 00 % OpLY 0 LTLE N BZTD IDTELR G171 1¥E°E LAY 2 4 2
t0°C 1 0°2 QL7011 2E°C ) DTEY t ¥°L 1 0°0 1O0E'LY | L7LE 1 G9Z2°0 !OCOES I0Q°LE I¥PZ°B "LLI 1 1 2
100 109 £S9°C190016Z ' 1°6 100 10L712 1 L°SE 1 Or'D 10°988 10E°2L 4S5 '8 "LLy 2y 1 1
10°0 109 ! PE'O ) 900! 6°C2 1 #'6 1 0°0 109712 1 Z'SE P LE'Q I0°HI6 ISLT21 45 "B "LLr b1
1’0 10’9 t2O°Q 1 LOQ LB’ YV 2°6 100 YOS'1& ) Z2'SEt SE'D ID°8Y6 100°21 IS "8 "LLY GV ) |
1 0°0 V0% 1 v8°0 ) LO'ONBZZ 1 Z°B 1 0'0 10512 ) 2°SE [ SE'O 107868 ISk°I1 1S "B “LLv 6 (|
1o'0 109 1 #8'0 1 LO°DYE°Z2 1 EGE |1 00 1 09°%Z 1 Z2°SE | EE'Q I0°LO6 10E"1Y 15 "8 “Ler @ ||
100 1 0°9 1 ¥B'0O ) LOO T BT 9 2°6 100 tOE"IZ ¢ Z2°SE | EETD 107068 ISI1°EE 1§ "6 "LL1 L 1)
10’0 10°9 V»EB'QD I EO'QLG'SEL ¢ BOL 1 Q0 (02°%22 tE'CE | F2'0 107006 IOEZY 12 "9 "LLr 8 1 1
10’0 Y0'9 1 ¥3'0 | EQD Y B'SET ! B°OL ) O'D %Y OE"2Z F L°Z2E | EZ'0 VG ¥AG IS1°Z1 12 "0 "LL1 S |}
1 D°0 t0°8 1EB'DIECDtESHL 1 900100 t00°22  L°ZE | Z2°0 VO'9L6 100°Z1 12 @ “LL)V ¥ 1 0
1t oG 10°9 1 ¥@°0 1 #¥Q°Q 0BG 1 ETQOL )OO0 tO09°1Z ¢ QEE | EZ'0 YO'PKE ISK LI 12 "8 "LLYE 1}
1 0°0 1 0'9 1 ¥B'0 1 PO'ODTB'SL 1 E'DE 100 N OLTIZ P EEE | EZ'0 07156 106711 12 "8 "Ler 2 1 |
T 90 1 0°9 1 S0°0 1 pe'0 0 BB 1T ¥ 0L 1 OO0 1 Op U2 T LTEE ) ZZ2T0 107196 15710 12 g “Lev b0}
EOANSL 4 ONIM ) HIZ ) =) 1 WL LI A e = (o L S R | u1 L Lol F ST (D I B | Lyngu t o 3i6q ¢+ ON 1Ol

SENIOG BiU0 40 ¥30unn L= 1271 = 3S873URHSHI IHIUIT0NA-1531 I -831 FdAl ¥0L33703 Ag = 3118

Zuu::zumou.mumuma GF3d07TS ¢ HIEWA (01014 'Zesl BL0 1 UINY JINDHIIIE

Ad

ANBURIO: 3L I AWNSY/SEN T+ IN0I0NS ONFISAL * 1-H31 12dAL 801331707



A 35

COLLECTOR TYPE: [EA=! : TVESTING PROCEDURE : NBS/ASHRAE :SITE:DENHARK
REFERENCE AREA: 1.7§ Mm=2; FLUID: WATER : SLOPE:45 DEGREE.COPENHRGEN
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COLLECTOR TYPE: [ER-1 : TESTING PROCEDURE : NBS/ASHRAE :S1TE:G.BRITAIN
REFEREMCE AREA: 1.785 HMww2; FLUID: WATER : SLOPE:45 DEGREE. CAROIFF
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APPENDIX E

Data: IEA-~1 Collector
BSE Procedure
EIR Procedure
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APPENDIX F

Data: IEA-2 Collector
BSE Procedure
EIR Procedure
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