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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 f;ergy Program was
formulated among a number of industrialized countries in Novem-
ber 1974. The International Energy Agency (IEA) was established
as an autoncmous body within the Orgaﬁization for Economic Co-
operation and Development (OECD) to administer that agreement.
Nineteen countries are currently members of the IEA, with the
Commission of the European Communities particiﬁating under a

special artrangement.

As one element of the Intermational Energy Program, the partici-
pants undertake cooperative activities in energy research, de-
velopment, and demonstration. A number of new and improved ener-
gy technologies which have the potential of making significant
contributions to our energy mneeds were identified for-collabo-
rative efforts. The IEA Committee on Energy Research and Deve-
lopment (CRD), assisted by a small Secretariat, coordinates the

energy research, development, and demonstration program.




SOLAR HEATING AND COQLING PROGRAM

Solar Heating and Cooling was one of the technologies selected

by the IEA for a collaborative effort. The objective was to under-
take cooperative research, development, demonstrations and ex-
changes of information in order to advance the activities of all
Participants in the field of solar heating and cooling systems.
Several sub-projects or "tasks" were developed in key areas for
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 overéll program is managed by an Execu-
tive Committee, while the management of the sub-projects is the
responsibility of the 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. Investigation of the Performance of Solar Heating and
Cooling Systems -
Technical University of Denmark
II, Coordination of R & D on Solar Heating and Cooling
Components -
Agency of Industrial Science and Technology, Japan
I1II. Performance Testing of Solar Collectors -
Kernforschungsanlage J{ilich, Federal Republic of Germanj
IV. Development of an Insolation Handbook and Instrumenta-
tion Package -
United States Department of Energy
V. Use of Existing Meteorological Information for Solar
Energy Application -
Swedish Meteorological and Hydrological Institute,
Collaboration in additiomal areas is likely to be considered
as projects are completed or fruitful topics for cooperation

identified,
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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 compo-
nent in an active solar system, performance testing is a wvital
task. The objective of Task III is to develop iﬁternatioﬁélly
accepted test procedures for rating the thermal performance as
well as the reliability and durability of collectors. This pro-
ject is also experimenting with the use of solar simulators to

allow year-round testing of collectors.

The subtasks of this projecﬁ are:

A. Development and Application of Standard Test Proce-
dures for Determining Thermal Performance

B. Development of Reliability and Durability Test Pro-
cedures

C. Investigation of the Potential of Sclar Simulators

The following countries are participants in Task III: Austria,
Belgium, Canada, Denmark, 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 ¢ of this

Task, The cooperative work and resulting report is described in

the following section.,




SUMMARY

The International Energy Agency {IEA) in cooperation with a
number of participating countries investigates and evaluates
standard solar collector test methods for the determination of
the thermal performance of flat-plate solar collectors on an
international basis. The thermal efficiency of two water heating
flat-plate solar collectors (Chamberlain and Commercial Solar

Energy) was obtained indoors using solar simulators.

Solar simulators show good promise to potentially provide test
results fhat are both reproducible and corrélate well to outdoor
performance. The use of a solar simulator is particularly attrac-
tive for testing a collector because each parameter may be varied
independently to determine the full range of performance charac-

teristics,

However, future work has to be focussed on the identification of
the performance features of solar simulators, because the diffe-
rences found in the initial results of IEA round robin tests seem
to be strongly associated with the functiomal characteristics of
the solar cimulators which were not sufficiently evaluated at

this interim phase of the program. : |
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1. INTRQDUCTIQN

The promotion of solar technology in recent years has made evi-
dent the need for standardized procedures allowing for rating
selar collectors. The efforts at most places have focussed on
the ‘development of a procedure to determine the efficiency of
the collector over a range of operating temperatures. While it
is well understood that collector array performance is dependent
upon system type and operation, it is considered necessary to
provide thermal performance data for individual collector panels
nfor comparison of collectors and for systém design, The methods
of testing collectors should be generally applicable, practical
and provide guidance for precise and accurate measurements. The

evaluation of the procedure became the object of the program.

A round robin test program in the U.8. [3] was already under

way when the. IEA-program was defined. Moreover, the IEA round
robin test - being international in scope - provided the unique
chance of an evaluation of standard procedures by many countries
based on common experience. The program initiated was not con-
fined to a particular procedure but the NBS-method published

in 1974 [1] (used as the basis for ASHRAE-Standard 93-77 [4])
formed a basis to start with. A second ptocedure, the BSE-method
[2], came into being in the course of the program. These proce-
dures subjected to amendments and supplemented by additional tests
were applied to two collectors, in both outdoor and indoor test
facilities. Due to varying climatie conditions outdoor tests of
solar collectors can, however, be very timeconsuming. Use of
solar simulators for testing is attractive to the European nations
due to the lack of clear test days in northern European climates
and on the assumption that simulators will provide more repro-

ducible results than outdoor tests.

Thermal performance measurements were conducted by some Partici-
pants with an indoor solar collector test facility using a solar
simulator. Reproducible measureﬁents with a solar simulator un-
der standard test conditions for solar irradiance, solar spec~-
tral distribution, flow rate, fluid inlet temperature, ambient
temperature and wind speed allow a comparison of the performance

between the two solar collector types.




During the course of the IEA program new solar simulators have
been designed and comissioned. Most of the new simulators are
considered by their laboratories to be in a stage of development,
and the results reported must therefore be studied with caution.
It must be expected that further developments will take place in
the field of solar simulator testing in the near future, and
these developments are likely to result in modificatioms to
existing facilities, test procedures and instrumentation. New

solar simulators are also known to be under construction.

A comparative evaluation of the outdoor and indoor {(with a solar

simulator) thermal performance measurements was conducted.




2, DESCRIPTION OF FACILITIES

A summary of solar simulator characteristics is given in table 1
showing the status of the solar simulators which have been used

in this program.

In the following a short description of installed solar simula-

tors is given.
1. Solar Research Laboratory
Government Industrial Research Institute Nagoya

Nagoya/Japan

S. Tanemura

The Solar Research Laboratory has no solar simulator available.
The solar simulator used for the IEA Round Robin Tests is in~
stalled at the Oyama plant of Showa Aluminium Co. Ltd. which is

located 300 km away from their laboratory.

The test installation set up in'Showa Aluminium Co., Oyama plant,

Japan,was used for the indoor testing. The installation schema-
tic is shown in Figures 1 and 2. The solar simulator is similar
to one formerly at the NASA Lewis Center. The radiation source
consists 6f 187 tungsten-halogen lamps (GE-2/H-300W) with di-
chroic coated reflectors. Each lamp has a graded acrylic resin
fresnel lens (Cryton Optics Co.) to collimate its output.

The lamps and lenses are air-cooled by circulation of air in
the lamp system as shown in Figure 3, The distance from the
lamp systeém to the test plane is 4.6 m. The dimensions of the
test plane are 1.2 m (W) x 1.8 m (L). The uniformity of the
irradiance of the solar simulator is less than * 5 % in the
test plane. The collimation is such that 95 Z of the energy
output is within a subtended angle of less than 9° in arc. The
air mass 2 spectral distribution is obtained on the test plane

with a lamp voltage of about 105 V-AC for an irradiance of

1757 W/m2 as shown in Figure 4. The inlet fluid temperature is

controlled at a specified value within an accuracy of £ 0.4° ¢
during the testing period by electric heater, magnetic valve

and heat exchanger.




A six junction Cu-~Constantan thermopile is used for the fluid
temperature measurement. The length of the pipe between the
device and collector inlet/outlet is about 20 cm. Both the de-

vice and the pipe are insulated by glass wool.

The wind load on the collector surface, simulated by“tﬁgwair blo-
wers can be adjusted in the range from O to 5 m/sec.

For further technical details see Tables 1 and 2.
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2 Solar Energy Unit
University College
Cardiff/United Kingdom
W.B., Gillett

The SRC solar simulator at Cardiff, which was the first to use
-the Thorn Compact Source Iodide lamp, was designed in 1975.

It has 19 €,8.1I, lamps (I kW each) which produce a close match

to the A.M.2 solar spectrum. The maximum irradiance is 900 W/mz,
for a test area of 2.25 m in diameter., The wind velocity across
the collector can be varied from O to 10 m/s. The simulator has
not only a variable collector tilt angle, but also the altitude
of the lamp array can be varied through a full 90 degrees of arc.

(see Figures 5 and 6).

For further technical details 6f the sclar simulator see Tables

1 and 2.
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3 Statens Provningsanstalt .

Boras/Sweden

H., E. B. Andersson

The aim was to build a cheap simulator which was easy to handle
for routine tests of collectors. Therefore a commercially avai-
lable lamp was looked for which would include the necessary
optics and have a spectrum which could be used without filtering.
Besides, effort has been put into the development of an efficient
data acquisition system, so that collected data can be trazns-

ferred automatically to a test report.

A 1 kW sealed beam compatct sourcs mercury iodide lamp is used. The
lamp, CSI 1000, is made dy Thornm Lighting Ltd, London. Measured

data for the lamp axre. given below.

The spectral distribution was measured for several directions, po-
sitions and levels of mains power. Comparisons were made between
the solar spectrum airmass 2 and the lamp spectrum. The diagram

curves were normalized to egual integrated values.

Fig. 7a shows the relative spectral radiant intensity measured on
the symmetry line of the lamp when the beam is horizontal.
Measurement values were taken with 25 nm half value bandwidth,
which is much larger than that of the spectral lines. The real
peak values of these lines are much higher than shown in the dia-
gram. Nevertheless the overall distribution of the spectral irra-

diation is rather close to the requirements given by ASHRAE.

Spectral distribution

A (om) C5I-1000(%) ASHRAE(Z)
300 - 400 1,7 2 - 3
400 - 700 49 35 - 53
700 -1000 A 21 26 - 32

1000 -2500 28 14 - 34

Fig 7 shows the simulator. The lamp frame can be tilted and moved
up and down. It can be moved along the room, which has dimensions

12 x 8 m2 and 6 m in height.




Fig. 7b shows a block diagram of the system. The central unit in
the system is an HP 9825 desk computer. It is equipped with a scan-
ner and a home made control unit containing power regulator for

the lamps and measuring instrumeqts for the pyranometers, the ther-

mometers and the flow meter.

Nine pyranometers, Lambda LI-200S, mounted on a ramp, are used to
measure the irradiance. The detector ramp is moved stepwise by a
step motor across the test surface. Each detector is connected to

a voltage/frequency converter.

The calibration is performed using the solar simulator and an Epp-

ley PSP pyranometer.

For further techmnical details see Tables 1 and 2,
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4 Deutsche Forschungs— und Versuchsanstalt
fiir Luft- und Raumfahrt, DFVLR
Kéln-Porz/Germany
W. Ley

Technical data of the DFVLR solar simulator

- Optical system ON-AXIS, divergent radiation
maximum 9°
10 xenon lamps (6.5 kW each}

Life time of lamps ! 600 h

Divergence half angle

Radiation source

Spectral distribution : adaptation to the AMO spectrum or to
. the AM2 spectrum-by the use of addi-
tional filters
Diameter of reference .
area ' : 1.6 m : :
Irradiance : 100-1700 W/m2
| 1 SC = 1370 W/m>

Irradiance uniformity ¢ <z 5 7%

The solar simulator can be operated up to 600 hours before the
lamps have to be exchanged which requires a readjustment of the

optical unit.

The automatic control of the irradiance is capable of maintain-
ing the required irradiance during the total test period to
+ 0.5 %.

The spectral distribution of the solar radiation can be varied
from extraterrestrial (AMO-spectrum) to terrestrial AM2 spectrum
by the use of additional filters. The spectral distribution in
the test area 1is measured with a spectral photometer. The solar
simulator and indoor test facility is shown in Figures 8,9,10,11,
and 12,

'For further technical details see Tables 1 and 2.
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Figure 3 Solar Simulator
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5 Technical University of Denmark
Thermal Insulation Lab.

Lyngby/ Denmark

S. Svendsen

The solar simulator at the Technical Uniﬁersity of Denmark has
36 compact source iodide lamps (! kW each). The spectrum_of.the
solar simulator is matched to the AM2Z spectrum. The maximum_ir--
radiance is 1200 W/m2 for a test area of 1.2 m x 2.4 m. The wind
velocity across the collector can be varied from O to IO.m/é.
The solar simulator is shown in Figures 13 and 14. For fg;ther

technical details see Tables | and 2.
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6 National Bureau of Standards
Washington/USA
E. Streed

Honeywell Research Facility
Minneapolis/Minnesota

J. D. Kopecky

The solar simulator at the Honeywell Research Facility incorpo-
Vrates 200 Tungsteﬁ-Halogen Lamps (300 W each). The spectrum of
the solar simulator is matched to the AM2 spéctrum. The maxi-
mum irradiance is 1460 W/m2 for a test area of 1.6 m2. This fa-
cility is identical to one built at NASA Lewis Research Center.
A similar solar simulator equipped with 405 lamps to provide a
test area of 3.1 m2 is currently in operation at the NASA Mar-
shall Space Flight Center, Huntsville, Alabama. The typical col~
lector set up for the simulator facility is shown in Figures 15

and 16, For further technical details see Table 1.
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7 National Bureau of Standards
Washington/USA
E. R. Streed

Boeing Aerospace Co.
Seattle/Washington
A. R.Lundy

The solar simulator at Boeing Aerospace Co. has 7 Xenon short
arc lamps (20 kW each). The spectrum of the solar simulator is
matched to the AMO spectrum and can be filtered to the AM2 spec®
trum. The maximum irradiance 1s 2950 W/m2 for a test area of
7.0 mz. The solar simulator and the collector test loop are

shown in_Figures 17 and 18, For further technical details see
Tables 1 and 2.
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Figure 17 Boeing Aerospace Co. A-7oo0o0 Solar Simulator
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3. DISCUSSION OF SIMULATOR CHARACTERISTICS !

Three primary types of simulator were used in the IEA program.

" 0f the seven simulators, two utilize Tungsten-Halogen, two Xenon
and three Compact Source Iodine (CSI) lamp sources. Partiéipants

4 and 7 employed Xenon arc simulators primarily designed for AM O
simulation in space; participant 4 modified the spectrum for .

AM 2 terrestrial simulation. Participants | and 6 useduTungsteﬁ
Halogen lamps with simulators modelled on the design used at

NASA Lewis [7]. Participants 2, 3 and 5 used simulators employing
the Compact Source Iodide lamp. With the exXception, in some cases,
of the number of lamps used the overall simulator designs are si-

milar for those using the 'same lamp.

The design or selection of a simulator for . use in solar gollectdr
testing is naturally influenced by the availability of existing
facilities, the availability of suitable lamps, and by costs.
Simulator specifications have been proposed in both ASHRAE 93 - 77
[4] and AFNOR 77511 [10}, (see Appendices | and 2) but not all the
simulators used in the IEA program were able to meet these speci~
fications. A description of simulation and test requirements for
materials testing is published as an international standard but

- apparently has not been applied to testing:solar collectors [Ii].

Some of the main design features are therefore discussed below.

SPECTRUM

Each of the facilities reported a nominal AM 2 spectrum, but con~-
formity ﬁith this spectrum throughout the lifetime of the lamps
has not been confirmed for the CSI and Tungsten Halogen lamps.
Emission of infra-red radiation from the lamps and lamp housings

may be an important characteristic of solar simulators.

BEAM DIVERGENCE

Only Participant 7 was able to meet the ASHRAE 93 - 77 specifica-
tion (a subtended angle of less than 12 degrees for 95 7 of the
energy output). Most of the participants reported a half angle of .-
approximately 9° for 90 Z of the energy ouﬁput, but Participant 6
reported a half angle of 12°.
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UNIFORMITY

All of the Participants were able to meet the ASHRAE 93-77 spe-
cification of * 1o Z of the average intensity, except Participant
2 who reported * 20 7. Naturally the uniformity is related to the
size of the test area used with a given number of lamps, and in
general it can be seen from section 12 that the uniformity is
best in the simulators with a small test area. The uﬁiformity in
simulators with many 1émps may vary as lamps reach tlhe end of
their lives and the output of ﬁew lamps may also be expected to

vary from one lamp to another.

VARIATION OF AZIMUTH ANGLE

Particiﬁants 5, 6 and 7 have fixed azimuth, Partiecipants 2, 3
and 4 can vary the azimuth as much as they desire by rotating
their collector mounting, and Participant 1 can vary the azimuth
by * 6o degrees. No results at other than normal incidence have

yet been reported.

VARIATION OF COLLECTOR TILT

All Participants were able to test at a tilt of 450, except Parti-
cipant 5 who has a fixed tilt of 22.5% and Participant 7 who tests
with a horizontal collector. Participant 6 has a fixed tilt of

45°, but all others can vary their tilt angle.

CLIMATIC CHAMBER

Only Participants 4 and 7 used a climatic chamber,

ATR FLOW ACROSS THE COLLECTOR

All Participants were able to produce an air flow except Parti-
cipants 6 and 7. Only Participant 2 was unable to achieve the mi-

nimum air speed of 3.5 m/s specified by ASHRAE 93-77.

DIFFUSE RADIATION

None of the solar simulators can provide diffuse solar radiation.
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4. COLLECTOR TEST PROCEDURE

All Participants having a solar simulator attempted to use the
ASHRAE 93 - 77 testing procedure to determine the thermal effi-
ciency of the solar collectors. An appropriate test loop was
built indoors where the collectors could be irradiated using
a solar simulator. However, not all the simulators used were
able to meet the ASHRAE specifications, particularly with regard

to spectrum, uniformity, parallelism and artifical wind.

An important difference between the simulators is the instru-
mentation each employ for measuring incident radiation. In that
the instrumentation varies it is anticipated that the method or
procedure each follows may also vary. Since detailed descriptions
of the irradiance measurement procedures were not available pos-

sible measurement errors could not be accessed in this report.

24




5. DESCRIPTION OF IEA - ROUND ROBIN COLLECTORS

Two commercially available flat-plate liquid-heating collectors
were chosen for the tests. It was agreed that oﬁe collector
should be single glass covered with a selective coated absorber,
and the other double glass covered with a flat black painted
absorber. The collectors selected for testing were the same as
those measured in the outdoor thermal performance and indoor

heat loss tests to permit comparison of data taken by the several

methods.

The collector coded in this report as the IEA-1 collector had

one témpered glass cover of high transmittance, T = 0,90, the
absorber plate was made from steel and was coated with a selec-
tive surface {(ax = 0.94; ¢ = 0.12). Thermal insulation was provid--~
ed by the mounting block and layers of glass-fibre on the back.
The collector box was roll formed and comnsisted of galvanized
steel. A schematic drawing of the collector is shown in Figure
19. A list of collector characteristics and parameters is given

in Table 3.

The collector coded in this report as the IEA-2 collector had
two float glass'coﬁé¥g'of a single glass transmittance T = 0.88:
The absorber foil and the tubes were made from copper. The ab-
sorber foil was wrapped around the tube covering 75 7 of the
tube area. The surface was coated with matt black polimerized
paint (expected values: o = 0,95; & = 0.92). The absorber was
packed by rigid foam polyurethane insulation. The whole system
was housed in an aluminium casing. A plan view and cross section

view of the collector is shown in Figure 20. A list of collector

characteristics and parameters is given in Table 3.

Since it is apparent that replicates of each collector were
tested, the question of product variation arises. The collectors
used apparently had not been previously tested, therefore no
base reference data exists to determine how much variation there

may have been from collector to collector.
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Figure 19 SCHEMATIC OF FLAT-PLATE COLLECTOR IEA-1
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Figure 20 SCHEMATIC OF FLAT-PLATE COLLECTOR IEA-2
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6. COLLECTOR PERFORMANCE

The pérformance of flatQplate 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.
Effects of geometry can be meglected and the thermal conditiouns
of the collector system can be described by averaged tempera-
tures. The rate of energy extracted from the collector balances
the rate of radiative energy absorbed and of heat lost to a
uniform environment.,

This state may be expressed as:

EE = G (tat) - U (T - T ) (1)
Aa ) e L P a '
éu = useful power extracted from the collector (W)
a = aperture area of collector (mz)
G = golar irradiance, in the plane of the cocllector per
unit area (W . m_z)
(Ta)é = effective transmittance - absorptance product of the
cover—absorber system
UL = heat transfer loss coefficient for the collector
W .m 2. %
Tp = average temperature of the absorber surface of the
, collector (°¢C)
Ta = ambient air temperature (OC)

Since the plate temperature is difficult to access by measure-
ments, at least by non-destructive test—methods, it is conve-
nient to relate the performance to the temperature of the fluid
It was shown by Duffie and Beckmann [6] that either the inlet
temperature ©r a4 mean temperature can be an appropriate refe-

rence temperature, This results in two equations:

Q. .

—; = F . G (Ta)e - F° . UL . (Tm - Ta) (2)
Q,

_Aa = FR . G (Ta)e - FR UL (T. - T (3)
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F° = collector efficiency factor

FR = collector heat removal factor
Tm = mean temperature of the heat transfer fluid
in the collector (arithmetic mean of inlet and
outlet temperature for example)
;= collector inlet temperature
o = collector outlet temperature

Equation (3) is now a feature of the ASHRAE-method, while equa-

tion -(2) was peculiar to the NBS-method.

" The quotient of two energy rates is the collector efficiency n:

QU. - - (Tm - Ta)
n = m = F~ . (TOi)e - F, UL ___—'—"G"—'— (4)
(T - T_)
= - o a :
n=n, -0 T (5)
n, = F-. (Ta)e, Efficiency for Tm f Ta
Um = F~, UL global heat transfer coefficient (w.m—2_00~!)

If values of n are plotted versus corresponding values of
(T - Ta)/G this will result in a curve with a negative slope

and int .
Um 1 ercept no

This equation forms the basis of the test procedures.
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7. RESULTS AND ANALYSIS OF DATA

A round robin teét program using solar simulators was conducted
by the International Energy Agency (IEA) with 7 laboratories

from different countries (Denmark, Germany, Japan, Sweden,

United Kingdom, USA [2x] using the NBS~proposed procedure.

Whilst conducting the round robin test programs with the CEC

and the IEA, the need for a standard reporting format became
obvious. A proposal for a performance test format sheet [9]

found general support and was jointly developed to a versatile
tool of round robin testing. The results of this round robin

test were exclusively reported on this standard format for better

data handling.

As a first step the data were subjected to least square fitting
to confirm a correct interpretation of the author's results,

The format sheets required a fit according to

2
- - ¥ _ #*
no=ng ay - T a2 . (T™) . (6)

(¢ ~T_ )

* m a

T* = Uy, =

Up= normalizing coefficient

1o (W . w2 .%h

The reference area (Aperture area Aa) determined and reported by
the Participants showed mo remarkable scatter for both collec-
tors. Due to a maximum test diameter of 1.6 m both collectors
were shortened by Participant 4 to an area of approximately |1 m2.
A comparison of thermal efficiency data between the different
indoor tests using a solar simulator has been done to determine
to what extent the results differed or were comparable., The ini-
tial comparison made was for tests on two types of liquid-heat-
ing flat-plate collectors, with different optical and heat trans-
fer properties. A description of the IEA round robim collectors
and a scheme of the two solar collectors tested was given in

para 5.
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A plot of the collector efficiency versus T¥ = [UO (Tm - Ta)/G]
along with the testing conditions for each of the data points

was reported by 7 participants for IEA-collector I (see Figures
25 - 31) and by 5 participants for IEA-collector II (see Figures
32 - 36), The factors for the two collectors, the ordinate inter~
cept and the parameters ai and 2, of the efficiency curve were
determined either by the participant or by the author. No attempt
was made to.correct the data for the difference in test condi-
tions depending partly on the various constructions of the solar
simulators and the differences in wind conditions, incident
angles or tilt angles and irradiance levels. All indoor solar

simulator measurements were performed under 0 Z of diffuse

radiation,
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TEA - Colleéctor I

The indoor instantanedus efficiency curves of IEA collector I
derived from lst or 2nd order least square fits to Participants'
test results are shown in Figure 21. The curves are only presen-
ted for tests using solar simulators. Data points should be de-
termined over the full range of the collector operating condi-
tions because the distribution of the test data points influencels

the least squares fit of the curve.

Discussion of Results

The relatively large deviation of ng ~ values for collector T
can only be reduced by eliminating the data of Participant |
(nO = 0.985). A possible reason for the large deviation of Par-
ticipant 1 might be the difference between the spectral distri-
bution of the solar simulator and the solar irradiance, Parti-
cipant I has no precise instrument available to measure the

spectral distribution of the irradiated energy.

The other 6 Participants obtained no—'values between 0,833 and
0.878 or - 2.6% and + 2,7%. The conversion factors n, obtained
from the test results of each Participant are presented in Figure
22 for iEA-collector I. The average value (exciuding Participant
1} of the conversion factor n, 