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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

This document defines procedures for testing fluid heating solar collectors for thermal performance,
reliability, durability and safety under well-defined and repeatable conditions. It contains performance
test methods for conducting tests outdoors under natural solar irradiance and natural and simulated
wind and for conducting tests indoors under simulated solar irradiance and wind. Outdoor tests can be
performed either steady-state or as all-day measurements, under changing weather conditions.

Collectors tested according to this document represent a wide range of applications, e.g. glazed flat
plate collectors and evacuated tube collectors for domestic water and space heating, collectors for

heati

g swimming pools or for other low temperature systems or tracking concentratij

g collectors

for thermal power generation and process heat applications. This document is applicable

using|

normpl operation and/or safety purposes (overheating protection, environmental hazards

as hyl

liquids, as well as air as heat transfer fluid. Similarly, collectors using externalpowe

brid devices generating thermal power and electrical power are also considered.

to collectors
r sources for
etc.), as well

© IS0 2017 - All rights reserved
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Solar energy — Solar thermal collectors — Test methods

1 Scope

This document specifies test methods for assessing the durability, reliability, safety and thermal
performance of fluid heating solar collectors. The test methods are applicable for laboratory testing

and for in situ testing.

This

hybri
exter
asped

Hocument is applicable to all types of fluid heating solar collectors, air heating,sal
l solar collectors co-generating heat and electric power, as well as to soldrcol
hal power sources for normal operation and/or safety purposes. It does not cover ele
ts or other specific properties directly related to electric power generatiof:

ar collectors,
ectors using
Ctrical safety

This dlocument is not applicable to those devices in which a thermal storage unit is an integral part to

such
colled

2 N

The f
const
undat

ISO9
and d

[SO9

3 T
For th

[SOa

]

q

[

31
longi

in extent that the collection process cannot be separated from thestorage process fo
tor thermal performance measurements.

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For datedeferences, only the edition cited
ed references, the latest edition of the referenced.document (including any amendmg

D60, Solar energy — Specification and classifi€ation of instruments for measuring hemis,
rect solar radiation

188, Solar energy — Vocabulary

erms and definitions
e purposes of this document, the terms and definitions given in ISO 9488 and the fol
1d IEC maintain teyminological databases for use in standardization at the following

C Electropediaravailable at http: //www.electropedia.org/

$0 Online browsing platform: available at https://www.iso.org/obp

fudinal plane

plane

défined by the normal to the plane of the collector and the concentrator axis, o

r making the

their content
applies. For
ents) applies.

bherical solar

owing apply.

addresses:

ir the largest

symmetry line for flat biaxial geometries

3.2

maximum operating temperature

maximum temperature allowed during collector or system normal operation specified by the
manufacturer

3.3

outgassing

process in which any material releases gases when it is exposed to elevated temperatures and/or
reduced pressure

© IS0 2017 - All rights reserved
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3.4
reflector
surface intended for reflecting radiant energy

3.5

transversal plane

plane defined by the normal to the plane of the collector and the line orthogonal to the concentrator
axis, or the shortest symmetry line for flat biaxial geometries

3.6

trigger temperature

temperature value at which the safety controls are activated for fail-safe operating condition

4 Symbols

Ag Gross area of collector as defined in the ISO 9488 m?2

ai Heat loss coefficient W/(m2K)
ay Temperature dependence of the heat loss coefficient W/(m2K2
as Wind speed dependence of the heat loss coefficient J/(m3K)
as Sky temperature dependence of the heat loss coefficient —

as Effective thermal capacity J/(m2K)
ag Wind speed dependence of the zero loss efficiency s/m
az Wind speed dependence of IR radiatian exchange W/(m2-K4]
as Radiation losses W/(m?2-K4]
by Collector efficiency coefficient (wind dependence) s/m

C Effective thermal capacity of collector J/K

Cr Geometric concentration ratio —

ct Specific heat-cdpacity of heat transfer fluid ]/ (kgK)
Cfi Specific heat capacity of heat transfer fluid at the collector inlet J/(kgK)
Cfe Specific heat capacity of heat transfer fluid at the collector outlet J/(kgK)
Cfa Specific heat capacity of the ambient air J/(kgK)
EL, Longwave irradiance (A > 3 pm) W/m?2
Ghem Hemispherical solar irradiance W/m?2
Gs Hemispherical solar irradiance for the calculation for the standard W/m?2

stagnation temperature

Gm Average measured hemispherical solar irradiance W/m?2
G" Net irradiance W/m2
Gp Direct solar irradiance (beam irradiance) W/m?2

2 © IS0 2017 - All rights reserved
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Gq Diffuse solar irradiance W/m?2
H Irradiation on collector plane for exposure test M]/m?2
Khem(0L,0T) Incidence angle modifier for hemispherical solar radiation —
Ky (6L,6T) Incidence angle modifier for direct solar irradiance —
KoL, Incidence angle modifier in the longitudinal plane —
Kot Incidence angle modifier in the transversal plane —
Kq Incidence angle modifier for diffuse solar radiation —
m Mass flow rate of heat transfer fluid kg/s
Myyin Minimum mass flow by the performance test kg/h
Moy Maximum mass flow by the performance test kg/h
m, Downstream air mass flow rate kg/s
m; Upstream air mass flow rate kg/s
m, Leakage air mass flow rate kg/s
Dfe Static pressure of the heat transfer fluid (air) at the Pa
outlet of the solar collector
Pfi Static pressure of the heat transfer fluid (air) at the Pa
inlet of the solar collector
Dabs Absolute pressure of the’ambient air Pa
Q Useful power extracted from collector
QPeak gea_k power. Power _output of the collector fo_r normal incidence,
b =850W/m?2, Gq = 150 W/m2 and 9, - 9= 0K
Rp Gas constant for water vapour 4614 ]/(kgK)
Ry, Gas constant for air 2871 J/(kgK)
T Absolute temperature K
t Time S
u Surrounding air speed m/s
u' Reduced surrounding air speed u'=u -3 m/s m/s
U Measured overall heat loss coefficient of collector W/(m2K)
with reference to (Om - 9a)/Ghem
Ve Fluid capacity of the collector m3
14 Volumetric flow m3/s

© IS0 2017 - All rights reserved 3
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Ve Volumetric flow at the outlet of the solar collector m3/s
Vi Volumetric flow at the inlet of the solar collector m3/s
Vl Volumetric leakage flow rate m3/s
Xw,a Water content of the ambient air kg H20/kg dry air
Xwe Water content of the air at the exit of the solar collector kg H20/kg dry air
Xwi Water contentof theairat the et of thesotar cottector kg H7yO7kgdry air
Ap Pressure difference between fluid inlet and outlet Pa
At Time interval S
AT Temperature difference between fluid outlet and inlet (e - 9in) K
Y Solar azimuth angle °
b Collector efficiency based on beam irradiance Gp —
Nhem Collector efficiency based on hemispherical irradianceGhem —
1n0,b Peak collector efficiency (np at Im — 93 = 0 K) based on beam irra- —
diance Gy
10,hem Peak collector efficiency (170,hem at 9m — 9450 K) based on hemi- —

spherical irradiance Ghem

Mhem,m; Collector efficiency, with referengeto mass flow m; —
0 Angle of incidence °
oL Longitudinal angle of incidence: angle between the normal to the °

plane of the collector@nd incident sunbeam projected into the
longitudinal plane

or Transversal angle of incidence: angle between the normal to the °
plane of the'egllector and incident sunbeam projected into the
transversal plane

Ja Ambient air temperature °C
Yam Measured ambient air temperature °C
Yas Ambient air temperature for the standard stagnation temperature °C
Je Collector outlet temperature °C
Y Collector inlet temperature °C
Im Mean temperature of heat transfer fluid °C
Umax_op Maximum operating temperature °C
Ustg Standard stagnation temperature °C
Usky Atmospheric or sky temperature °C

4 © IS0 2017 - All rights reserved
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19trigger
‘9m,th
19mp,e

19mp,i
Usm

A

Trigger temperature for safety activation

Volume flow weighted mean temperature

Fluid temperate at the downstream air mass flow meter
Fluid temperate at the upstream air mass flow meter
Average measured absorber temperature

Wavelength

IS0 9806:2017(E)

°C
°C
°C
°C
°C

um

p
Pl

Tc

(ta)

5 (eneral

Density of heat transfer fluid
Density of air
Stefan-Boltzmann constant
Collector time constant
Transmittance

Effective transmittance-absorptance product

5.1 |Test overview — Sequence of the tests

W/ (m2K4)

A full test sequence for solar thermal collecteis including durability test and thermal performance
measfirements is proposed in Table 1. This €St sequence may be modified or only single [tests may be
perfofmed as required. For some tests, however, a certain preconditioning or a half-expogure test (see
Clausk 10) is mandatory. For all test sequences and single tests, the final inspection (see [Clause 17) is
recommended as concluding test for the'proper identification and description of the test sample, as well
as to ldentify problems or deficienties.

Table 1 — Test list

Clause Test

Clayse7 Air leakage rate testf
Cldtse 8 Rupture or collapse testf
Clause 9 Standard stagnation temperature
Clause 10 Exposure testb
Clause 11 External thermal shock testb
Clause 1Z Internal thermal ShOCK testoe
Clause 13 Rain penetration testf
Clause 14 Freeze resistance testc.f
Clause 6 Internal pressure test for fluid channelsa.d.e
Clause 15 Mechanical load testf
Clause 16 Impact resistance tests
Clause 17 Final inspection

© IS0 2017 - All rights reserved
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Table 1 (continued)

Clause Test
Clause 19 to 26 Thermal performance testh
Clause 27 Pressure drop measurement

a For polymeric absorbers, the standard stagnation temperature is needed.

b The external and internal thermal shock tests may be combined with the expo-
sure test.

¢ For collectors claimed to be freeze resistant and collectors containing heat pipes.

d_Applicable only for liquid heating collectors. Last test of a test sequence, but be-

fore final inspection.

e Half-exposure is required before the test for fluid channels containing polymeric
materials (including sealing).

f Half-exposure is required before the test. In case the heat transfer medium is<in
direct contact with polymeric materials, this test shall be performed at standaxd
stagnation temperature.

Half-exposure is required before the test if polymer cover.

Exposure is required before the performance testing of heat pipe ¢ollectors.

5.2 Testin

5.2.1 Geng

The general
collector cor
Collectors m
considered 4

5.2.2 Coll¢
for normal (

5.2.2.1 Ge

These colleg
conditions a
arise in stan
equipment o
specified by
and shall spe

NOTE Ex

g of collectors with specific attributes

bral

Lest procedures described in this document cgver most current standard products.
structions with additional specific attributés shall be tested as indicated in this ¢

5 applicable for the tested collector.

bctors using external power sources and collectors with active or passive measuj
peration and self-protection

neral

tors shall be tested to demonstrate suitable performance under normal ope
nd/or the abilityto protect themselves from major failures due to conditions thg
dard operatioh./All tests shall be performed using the intended original manufact
Fthe collector (tracking devices, pumps, sensors, etc.) and using external power sour
he manafacturer. The manufacturer shall clearly define the equipment protection feg
cify whether the equipment requires an external energy source to operate.

Some
lause.

hy have one or several attributes. Attributés not mentioned in the test report shall ot be

[es

rating
t can
urer’s
ces as
tures

Fernal equipment such as solar pumps or fans providing fluid flow for normal operation of th

b solar

thermal fluid

oop are not considered as part of the collector.

5.2.2.2 Collectors using external power sources for normal operation

The total power consumption for the normal operation mode of the collector shall be assessed and
indicated in an appropriate manner in the test report.

5.2.2.3 Collectors using any active or passive measures for self-protection

The protection systems can be active (such as actuators, motors and other equipment) or passive (such
as materials reacting to heat or other designs). Usually, such self-protection systems are activated at a
certain threshold value (temperature, pressure, mechanical load, etc.). The manufacturer shall submit
to the laboratories the control set points and parameters. All the durability tests shall be performed as
described in this document, however at conditions closest to these thresholds without activating the

6
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self-protection measures. If necessary, the collector is operated using appropriate fluids and flow rates.
These test conditions take precedence over the test conditions given in the following chapters.

In a supplementary test, the functioning of each of the self-protection measures shall be checked at
least two times by passing over the thresholds to the test conditions as defined in this document.

For all devices using external power sources for self-protection, it is assumed that power is available at
the required level for normal operation and for 5 min after a self-protection threshold has been passed.
It shall be checked whether the systems is able to protect the collector in time and whether it remains
protected after that, even in case of a successive complete power failure of at least one hour.

If these methods are not applicable, an alternative test sequence shall be defined to verify suitable
operdtion of all the active and passive mechanisms during normal operating conditions-arld in the case
where self-protection measures have to be activated.

5.2.2[4 Reporting

Parti¢ular aspects of collectors using external power sources and active-or passive measures for
normpl operation and self-protection shall be described and reported in'the corresponding subclause
of Anhex A. Specifications shall be given for flow rate, fluid temperature;-and duration of flow if a fluid
flow yvas applied in the test.

5.2.3| Collectors co-generating thermal and electrical power

5.2.3{1 General

Thesg collectors shall be tested as any other solan thermal collector with respect to dfirability and
thernpal performance. All thermal performance tests shall be made under maximum eleg¢trical power
generjation conditions. For all durability tests, the electrical power generator shall not be fonnected to
any ldad (open circuit) to prevent from coolingthe collector and to simulate worst operating conditions.

5.2.3]2 Reporting

The electrical power generator shall be described in detail in the test report. The electrigal operating
mode|shall be reported for all tests.

5.2.4| Wind and/or infrared sensitive collectors (WISC)

5.2.4]1 General

Differlent types of collectors are considered as sensitive to wind and/or thermal radiatipn. For these
colledtors, usudlly the absorber or the heat transfer fluid is in close contact with amhient. Typical
examplesare polymeric collectors without cover, some PVT collectors or some air-heating|collectors.

5.2.5 Facade collectors

5.2.5.1 General

Collectors that, according to the manufacturer specification, can be operational at inclinations above
75° shall be considered as facade collectors.
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5.2.6 Air and liquid heating collectors

5.2.6.1 General

Collectors intended for operation as liquid heating and air heating may be tested with both functions
active with clear definition of collector working conditions in both functions or as either liquid heating
collectors or air heating collectors.

These collectors shall be tested as any other solar thermal collector with respect to durability and
thermal performance. For thermal performance tests, the function not being tested shall be operated in

the conditions indicated below.

5.2.6.2 Co
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hditions for thermal performance testing as liquid heating collectors
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hditions for thermal performance testing as air heating collectors

b the collector as an air heating collector, the part to be working as liquid heating col
ated with the working flow rate indicated by the manufactuner and with inlet temper
ent temperature.

Al pressure tests for fluid channels

tive

htended to assess the capability of a collector to withstand the maximum pressure
s as specified by the manufacturer.

rthannels made of non-polymeric materials

s consists of a hydraulic or pneumatic pressure source, a safety valve, an air-bleed
re gauge with atstandard uncertainty better than 5 %. The air-bleed valve shall bg
fluid channels,of air before pressurization. The fluid channels shall be filled with

been rdised to the test pressure, the fluid channels shall be isolated from the pre
ans of an'isolating valve. The fluid channels shall remain isolated from the pressure s
st period, and the pressure within the fluid channels shall be observed.

all be
bse to

ector
ature

n the

valve
used
fluid
fluid
ssure
ource

6.2.2 Test

conditions

The fluid channels shall be pressure-tested at ambient temperature in the range 20 °C * 15 °C, shielded
from light. The test pressure shall remain stable within +5 % of 1,5 times the maximum collector
operating pressure specified by the manufacturer before isolating the collector from the pressure
source. The test pressure shall be maintained for at least 15 min.

6.3 Fluid channels made of polymeric materials

6.3.1 Apparatus and procedure

The fluid channels shall be tested at standard stagnation temperature because the pressure resistance
of polymeric fluid channels can be affected as its temperature is increased. The apparatus consists of
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either a hydraulic or a pneumatic pressure source and a means of heating the fluid channels to the
required test temperature. The fluid channels shall be maintained at the test temperature for at least

30 mi

n prior to the test and for the full duration of the test.

The test pressure shall be maintained stable within £5 %.

One o

a)

f the following methods shall be chosen.

inked water as test medium.

b) C

onnecting to a temperature and pressure controlled liquid circuit.

Submerging the fluid channels in a temperature controlled water bath and using compressed air or

)

6.3.2

The t
the st
press
temp
press
The t

6.4

eating the collector in a solar irradiance simulator or under natural solar irradianc

;—Lid as test medium.

Test conditions

bst temperature shall be the maximum operation temperature specified by the mar
andard stagnation temperature, whichever is greater. For systems)that experience
ure and intended to drain while under stagnation conditions, as tested per 5.2.

ure shall be 1,5 times the maximum collector operating pfessure specified by the nj
st pressure shall be maintained for at least 1 h.

Results and reporting

If visible, the fluid channels shall be inspected for leakage, swelling and distortion. For n

fluid
is grd

channels, leakage is assumed for a pressurelass Ap > 5 % of the test pressure or 17 kH
ater and/or if any leaking fluid droplets are observed. For polymeric fluid channe

assumed if any droplets or loss of air is observed. The results of this inspection shall be repoi

7 Air leakage rate test (air heating collectors only)
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urement and better than +10 Pa for the differential pressure measurement.

of polymeric fluid channels thejtest shall be performed at the maximum ope
specified by the manufacturer.

[s and reporting

hall be reported asrequired in A.5.

8 Rupture or collapse test (air heating collectors only)

8.1 Objec

This testisi

tive

htended to determine the ability of air heating collectors to withstand the pressure

ections except for one shall be sealed. The remainingpipe connection shall be conn
"ic airflow measurement device and a variable speed‘fan. The pressure difference bet
1g pipe connection and the ambient shall be.nreasured using a differential pre

ists of two parts: a positive and a negative dir'leakage rate test. The test shall be perfa
and negative pressure. The standard ungertainty shall be better than +2 % for volur

fors

ected
ween
ssure

rmed
hetric

rating

levels

expected in the air duct systems with which they will be incorporated.

8.2 Apparatus and procedure

8.2.1 General

The test setup shall be similar to that used for the leakage test of air collectors and the measurement
accuracy shall fulfil the same requirements (see 7.2). Ensure that the variable speed fan is able to apply
the appropriate positive or negative pressure.

10
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The test shall be conducted at ambient temperature. In case the heat transfer medium is in direct
contact with polymeric materials, this test shall be performed at standard stagnation temperature. The
collector shall be heated using one of the following methods.

a) Connecting a heater in the fluid circuit and circulating hot air through the collector before the
collector outlet is sealed.

b) Heating the whole collector in a solar irradiance simulator.

c) Heating the whole collector outdoors under natural solar irradiance.

8.2.2 __Closed-loop collectors
The pirocedure shall be as follows.

a) Skgal the pressure gauge into the collector outlet port and connect the inlet port through the flow
eter and pressure regulator to the air supply.

b) Ensure that the air supply is suitable for applying the appropriate positive or negative gauge
pressure.

c) Sptthe pressure regulator to the ambient pressure and note the pressure gauge zero reading.

d) [f the test is conducted at a temperature other than ambient'temperature, then the cpllector shall
b heated by one of the methods given in 8.2.1.

e) Activate the air supply and open the regulator valve until a gauge pressure of 15 times the
aximum (positive and/or negative) collector operating pressure specified by the mapufacturer is
reached and maintain it for 10 min.

f) Imspect the collector and record any evidence of structural damage.

8.2.3| Open to ambient collectors
The pirocedure shall be as follows.
a) With no airflow through thie collector, note the pressure gauge zero reading.

b) Activate the air supply)and increase it until 1,5 times the maximum flow rate spefified by the
anufacturer is reached over a period of not less than 15 s. The collector will be fested in the
nprmal use configuration, with air at atmospheric pressure being drawn into the collgctor.

c) The airflowshall be maintained for not less than 10 min. At the end of 10 min, whilel maintaining
ajrflow rate)inspect the collector and record any evidence of distortion or collapse.

8.3 |Results and reporting

The results shall be reported as required in A.6.

9 Standard stagnation temperature

9.1 Objective

This clause provides two methods (9.3 and 9.4) for determining the standard stagnation temperature
of a collector, i.e. the temperature of the collector during periods of no useful heat removal from the
collector with high solar radiation and ambient temperatures. The standard stagnation temperature,
Ustg, is determined for a solar irradiance Gs =1 000 W/m2 and an ambient temperature 9,5 = 30 °C. The
standard stagnation temperature is used in the following tests:

— internal pressure testing of collectors with polymeric absorbers (see 6.3);
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— air leakage rate test of air heating collectors with polymeric fluid channels (see Clause 7);

— rupture

or collapse test of air heating collectors with polymeric materials (see Clause 8);

exposure test (see Clause 10).

9.2 Testing under stagnation conditions

The term testing under stagnation conditions is defined as follows: the collector shall be mounted
outdoors or in a solar simulator. Liquid heating collectors shall not be filled with fluid. All fluid pipes
except for one shall be sealed to prevent cooling by natural c1rculat10n of air. Ifa temperature sensor is

required, it s
heat transfer
is provided ¥
paste to ens
direct flow ¢
half the absd

on a conden$

the standard
heat losses t
suitable loca

Collectors w
produce max

Self-protecti
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thout backside insulation shall be mounted on a dark non-metallic surface (a > 80
imum temperatures consistent with worst-case conditiorns.

hg collectors shall be operated as specified in 5.2.23,at a temperature between 0,959

9.3 Measyrement and extrapolation of standard stagnation temperature
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I stagnation temperature of the collector is defined as the average value of Jstg ov
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t+ 100 W/m?2 if the measured ambient temperature 9, is always within 30 °C £ 10 °C,.
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9.4 Determining standard stagnation temperature using efficiency parameters

Based on the definition that under stagnation no useful heat removal is possible, the stagnation
temperature is defined as absorber temperature Y,ns where the measured thermal performance

12
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equals zero. The standard stagnation temperature Yt for the irradiance Gs = 1 000 W/m?2 and ambient
temperature 9,5 = 30 °C is then calculated using Formula (2):

2
—a; +\/01 +470 hem2Gs

ﬁstg =1,2:| Uy + 2a
2

(2)

The factor of 1,2 is introduced to compensate for the wind speed of 2 m/s - 4 m/s during the performance
measurements which is higher than in stagnation conditions. For quasi-dynamic measurements,
(70,hem1 000 W/m?2) is replaced by {no,b[Kb(0,0)-850 W/m2+K4-150 W/mZ2]}.

This approach is based on extrapolating the collector efficiency formula to the stagnation condition,
i.e. where the thermal output is zero. To ensure that the efficiency formula is still valid| some of the
measfired collector efficiency data shall have been measured with parameters 9y, $as'and G resulting
in a power output Q < Q'peak/Z with the additional condition that G > 800 W/m2. If this is|not the case,
the mlethod is not applicable.

Stagnfation temperatures for other climatic conditions G's and 9’3, shallbe calculat¢d using the
standard stagnation temperature given in Formula (3):

4

19stg (G,S Y am ) =% am ﬁstg _30) (3)

N G_S(
1000
9.5 |Results and reporting

The sfandard stagnation temperature is reported in an-iip-rounded 10 °C resolution (see A.7).

10 Exposure and half-exposure test

10.1|Objective

The gxposure test provides a simple-reliability test sequence, indicating (or simulating) operating
condifions that are likely to occur during real service and allows the collector to settle, such that
subsgquent qualification tests @ne more likely to give repeatable results. For the purposg of allowing
the collector to settle before performing certain tests, a half-exposure sequence test is|defined. The
expodure test always includes the half-exposure test.

One of the climate classes as defined in Table 2 has to be selected for testing. Climate class|C is intended
for S(Iecial purposés/and can be defined as required. Three different procedures are|available to
perform the tests.{The results of the three procedures are deemed comparable. Every gxposure and
half-gxposurectest is started with an initial outdoor exposure under stagnation conditiops (see 10.2)
followed by €ither one of the three test methods.

10.2 Unitial outdoor exposure

The collector shall be mounted outdoors under any climatic conditions for testing under stagnation
conditions (see Clause 9) for at least 30 days (or 15 days for half-exposure). The inclination angle
shall be in the range of 30° to 60° if within the specification of the manufacturer. If not, then use the
manufacturers' specification closest to this range. For facade collectors, 50 % of the initial outdoor
exposure shall be made with the collector vertically installed. At least once a week, the collector shall
be subject to a visual inspection and any signs of damage as specified in Clause 17 shall be registered
and reported with the test results.
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10.3 Method 1

The ambient air temperature shall be recorded to a standard uncertainty of 1 K and the hemispherical
irradiance on the plane of the collector recorded using a pyranometer of class I or better, in accordance
with ISO 9060. [rradiation and mean ambient temperature values shall be recorded at least every 5 min.

The collector shall be further exposed until the minimum irradiation H shown in Table 2 is reached. The
initial outdoor exposure time can be included if ambient air temperature and hemispherical irradiance
are measured accordingly.

The collector shall also be exposed for at least 32 h (16 h for half-exposure) at irradiance and ambient
air temperature greater than the value shown in Table 2. Conditions resulting in the same collector
temperature|according to Clause 9 are acceptable. These hours shall be made up of periods ofiat least
30 min. The jnitial outdoor exposure can be included if the mentioned data are measured aceordingly.

Indoor expogure using a solar simulator may be used to reach the 32 h or 16 h and/or ¢he"irradjation
once the 30 ¢r 15 outdoor days have been reached. It shall consist of cycles of maximum 8 h. If al cycle
takes more than 8 h, just 8 h are counted. A minimum of 4 h shall be passed in betwéen each cyjcle to
cool down the collector to close to ambient temperature. The characteristics.of the solar irradiance
simulator to |be used shall be as in 19.2.2. For non-WISC collectors, only the irradiance spectrum fin the
short wavelength range has to be considered.

At least oncq a week, the collector shall be subject to a visual inspection' and any signs of damadge as
specified in (lause 17 shall be registered and reported with the test results.

10.4 Method 2

After the inifial outdoor exposure, the collector is connected to a pumped heat transfer loop uging a
suitable heat transfer liquid, with the collector formingpart of the loop. A suitable heat transfer fluid
is one that will remain in its liquid state at the stagnation temperature and the maximum opefating
pressure of the collector. The collector is operatedat a fluid temperature 9, = 19'stg(G's,19'am) +|10 °C
using the highest possible flow rate, where 9'st¢(G;'s,9'am) shall be calculated as stagnation temperjature
for the selected climate class following Clause 9. Run the system at this flow rate and temperatufre for
maximum 8 h and then turn the pump off for at least 4 h. Continue these cycles until the values fpr the
selected climate class are reached.

Visually insplect the collector daily and note any changes in its appearance.

This method|is not applicable for’heat pipe collectors.

10.5 Method 3

After the initial outdoor exposure, the collector is installed for testing under stagnation condjitions
(see 9.2) in § temiperature-controlled solar simulator. The solar simulator output is adjusted s¢ that
the average [radiation measured at six unlformly dlstrlbuted points on the collector is greater than
indicated forlth e a : han : rture.
The ambient temperature shall be hlgher than 1nd1cated for the selected chmate class Run the system
under these conditions with the simulator being operated maximum 8 h on and at least 4 h off. Continue
this cycle of operation until the values for the selected climate class are reached.

Visually inspect the collector daily and note any changes in its appearance.

10.6 Test conditions

The set of reference conditions given in Table 2 shall be used. Values given are minimum values for
testing. The climate class is selected by the collector manufacturer.
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Table 2 — Climate reference conditions for exposure test and thermal shock

Value for climate class
Climate condition Class C Class B Class A Class A+
. . Very Extremely
Individual Sunny
Sunny Sunny

Minimum hemispherical solar irradi-
ance Ghem on collector plane during Gy 900 W/m2 1000 W/m2 | 1100 W/m2
minimum 32 h (or 16 h in case of . . .
half-exposure) at minimum ambient Ja,x 15°C 20°C 40°C
temperature 9,.2
Irradfation H on coltector ptane for €x- > > 2
posute test during minimum 30 days- Hx 540 Mj/m 600 MJ/m 700 Mj/m
Irradjation H on collector plane for
half-gxposure sequence during mini- Hy/2 270 MJ/m?2 300 Mj/nm2 350 MJ/m?2
mum|15 days.
a Forf thermal shock tests, the values can be understood as 1 h average values.
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Test conditions

The collector shall be exposed to the selected climatic conditions as described in Table 2 or conditions
resulting in the same collector temperature according to Clause 9 for a period of 1 h before it is sprayed
with water for at least 5 min.

Collectors with overheating self-protection mechanisms shall be operated close to the self-protection
trigger temperature for a period of 1 h before being sprayed with water for at least 15 min.

The water spray shall have a temperature always between 10 °C and 25 °C and provide a spraying rate

of mo

re than 0,03 kg/s per square meter of collector gross area.
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11.4 Results and reporting

The results shall be reported as required in A.9.

12 Internal thermal shock test (Liquid heating collectors only)

12.1 Objective

Collectors can, from time to time, be exposed to a sudden intake of cold heat transfer fluid on hot sunny
days, causing an 1nterna1 thermal shock for example after a perlod of shutdown when the 1nstallat10n
is brought baek e e e ended
to assess the|capability ofa collector to Wlthstand such thermal shocks w1thout fallure

12.2 Apparatus and procedure

The collectop shall be mounted either outdoors or in a solar irradiance simulator: Liquid h¢ating
collectors shpll not be filled with fluid. All fluid channels shall be sealed except forijone that is left open
to permit frge expansion of air in the absorber. One of the sealed fluid pipes.shall be connected via a
shutoff valve to a heat transfer fluid source.

The collector shall be subject to two internal thermal shocks.

This test is npt applicable to those parts of the collector that are factery sealed.

12.3 Test cpnditions

The collectof shall be exposed to the selected climatic conditions as described in Table 2 or condjitions
resulting in fhe same collector temperature according-to'Clause 9 for a period of 1 h before it is flfished
with cold hedt transfer fluid for at least 5 min. For all'collectors, it has to be ensured that the colle¢tor is
completely filled with fluid.

Collectors wjth overheating self-protection mechanisms shall be operated close to the self-prot¢ction
trigger tempprature for a period of 1 h before being flushed with cold fluid for at least 5 min.

The cold heaf transfer fluid shall haye a‘temperature of less than 25 °C. The fluid flow rate shall lpe the
maximum flgw rate of the thermakpéerformance test or at least 0,02 kg/s per square meter of collector
gross area (Unless otherwise spéeified by the manufacturer).

12.4 Resulfs and reporting

The results ghall be réported as required in A.10.

13 Rain penetration test

13.1 Objective

This test is intended to assess the capability of a collector to withstand free-falling rain or driving
rain without damage and without ingression of water to such an extent that a significant reduction of
performance or lifetime is to be expected.

13.2 Apparatus and procedure

The collector shall be installed on an open frame and at the shallowest installation angle specified by
the manufacturer. Collectors designed to be installed exclusively into a roof structure shall be mounted
in a simulated roof and have their underside protected. The positioning of the collector and the spray
nozzles is defined in Figure 2.
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If this test setup is not applicable or deemed inadequate, a comparable configuration shall be set-up
where all exposed points of the collector construction potentially susceptible to damage or ingress of
rain (for example, the motor of a tracking parabolic trough collector) shall be sprayed using additional
spraying nozzles.

During the whole test procedure, the collector shall be shaded from light (G < 200 W/m2) and shall
be kept warm by circulating a hot fluid at 55 °C (5 K) through the absorber. Air heating collectors
shall be left at ambient temperature without forced airflow. All collectors shall stabilize under these
conditions for at least 1 h. The collector is then sprayed for 4 h. After the spraying, the collector shall
remain shaded until final inspection.

The penetration of water into the collector shall be determined by final inspection (see Clause 17) within

72 h after spraying, thus allowing for the impact resistance and mechanical load tests,
shall remain shaded from direct light but not being kept warm anymore until the.fina
The dollector shall be stored in such a way that the results are not influenced, and
transportation shall be avoided.

13.3|Test conditions

The spray nozzles required are specified as follows:

If appllicable, the positioning of the spray heads shall be such that:

the collector the angleof 30° is not requlred |

:llll cone spraying;
ass flow of 2 kg/min (x0,5 kg/min) per nozzle;

%)

bray angle of 60° £ 5°;

d{Op size >150 um, according to technical information from spray nozzle manufacture

(=

e water pressure at every nozzle shall be.mdintained at 300 kPa (+50 kPa).

o8]

[ least every corner and every side,of the casing is sprayed directly as shown in Figu

o8]

F least every area shown in Eigure 3 (flat plate collectors with middle bars) is spraye

QO

[ least every area shown in Figure 4 (evacuated tube collectors) is sprayed directly;

the spray nozzles aré-directed at an angle of 30° (+5°) onto the plane of the collector;

the spray headsare at a distance of 250 mm (50 mm) from the collector;

the maximunidistance between two spraying nozzles is 150 cm. Additional spraying h
installedifithis is not possible.

The collector

| inspection.
unnecessary

e 2;

d directly;

eads shall be

sible shall be
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Key Q
Y

L1 Ly 250 mnp

A 30° anglle of spray nozzle with respect to the collector surface \\
y smalles}t tilt angle to the horizontal recommended by the manuf&éﬁ}en if this angle is not specified, uge 30°
)
Figure 2 — Positioning of collector and spraﬁozzles for rain penetration test

4\

Fig{@ — Spraying areas of flat plate collectors (including middle bar)

)

Figure 4 — Spraying areas of evacuated tube collectors
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13.4 Results and reporting

The results shall be reported as required in A.11.

14 Freeze resistance test

14.1 Objective

This test is intended to assess the capability of a collector to withstand freezing conditions without
damage. This test is only applicable for collectors claimed to be freeze resistant and collectors
contajiing-heatpipes—TFor-sef-protectingcotectors : tes—CoHectorsusingadditional liquids

with the risk of freezing, e.g. in heat pipes, shall be tested for their freeze resistance.

Depending on the collector, one or both of the following methods shall be used.
14.2 [Freeze resistant collectors

14.2.1 General

The cpllector shall be mounted in a cold chamber. The collector shdll be fitted correctly, shiit completely
and inclined at the smallest tilt angle to the horizontal recomménded by the manufacturer

14.2.1.1 Collectors with drain-down freeze protection

Prior(to every test cycle, the collector shall be filled with water for 10 min and then draiged for 5 min
using|the device installed by the manufacturer. A temperature sensor shall be attached at the lowest
point|of the collector piping to monitor the temperdture of any remaining water.

14.2.1.2 Freeze-resistant collectors

The cpllector shall be filled with water at the operating pressure. At the end of each cycle,[the collector
shall pe refilled with water at operating pressure. The temperature of the water shall he monitored
throughout the test.

14.2.2 Test conditions

The t¢st temperature shall be set such that the temperature sensor indicates a temperature|of maximum
=20 °C (or as specified by the manufacturer) for at least 1 h per cycle. The collector is then thawed to
at leajst +10 °C sensor temperature and kept warm for at least 1 h per cycle. This test dycle shall be
repeadted thre€ times.

14.3 [Heatpipe collectors

14.3.1 General

This test shall be performed on all heat pipe collectors. A minimum of six heat pipes shall be selected
to undergo a freeze resistance test. These heat pipes shall have undergone at least a half exposure as
part of a full collector before testing. At least one heat pipe shall be retained as a control sample for
comparison with the tested samples. It may be necessary to destroy part of the collector (evacuated
tubes, collector housing, etc.) to extract the heat pipes. The test shall be performed in a suitable
controllable climate chamber for the duration of a set number of freeze and thaw cycles. Alternatively,
a low temperature fluid loop may be used for freezing. The test shall then be performed on a complete
assembled collector.
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14.3.2 Test conditions

A detailed ini

tial inspection of all of the heat pipes shall document the following:

— the shape (round, oval, cylindrical, conical, etc.) and outside dimensions of all parts of the heat pipe;

— photographic record of all test samples.

At least one heat pipe shall have a temperature sensor attached to ensure an accurate and average
temperature is measured. The temperature sensor shall be attached mechanically and thermally to the
lower end of a heat pipe near the fluid level when all of the fluid inside the heat pipe is condensed and
the heat pipe is held at the tilt to be used in this test. The temperature indicated by this sensor will be

assumed to

Heat pipes t;l
be in place. On one additional sample, the condenser shall be opened by drilling a h

evacuated tu
that a tempd
fluid rests.

The heatpip{
set such tha
by the man

temperature

A detailed fipal inspection including a photographic record shall beimade for all samples.

14.3.3 Resy

The results §

15 Mecha

15.1 Objec

The mechan
points are al

forces causedl by wind. The mounting hardware is not evaluated.

15.2 Appat

15.2.1 Mounting

The collectoq]
is attached t

epresent the temperature of the fluid inside the heat pipe.

s shall be tested at the highest recommended tilt angle. The test-témperature sh

hall be reported as required in A.12.

hical load test with positive or, négative pressure

at cannot be separated from the evacuated tube without damage may be testéd wi

rature sensor can be inserted and run to the location where the heatpipe-heat trg

the temperature sensor indicates a temperature of maximum -20° C (or as spe
acturer) for at least 1 h per cycle. The collector is then thawed to at least +10°C g
and kept warm for at least 1 h per cycle. This test cycle shallbe repeated ten times.

Its and reporting

Live

ble to resist positive priessure load due to wind or snow and negative pressure or

atus and proeedure

shallbe installed using the manufacturers’ original equipment for mounting. The col
b the'mounting hardware at the collector attachment points (see Figure 5). The moy

oo ad +0 +ha +act iy MTho +act i chaoll ha i d Dloo o laitc +hot

hardware is
integral part
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of the collector shall be included in the test.

th the
ple so
insfer

all be
cified
ensor

cal load tests are intended\to assess the extent to which the collector and its attachment

uplift

ector
nting
re an
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15.2.2 Methods for thecapplication of the loads

Differlent methodologies may be used to apply evenly distributed positive and negativg
collegtor such as fetlows.
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i\x T

¥
e

tachment points (relevant for the test result)

llector

(@]

o8]

=

%]

fand (not tested)
of hooks (not tested)

—

Figure 5 — Definition of mounting hardware and attachment points

Fpil and ‘gravel, sand or water: The collector is placed horizontally covered by a fl
sprrounding frame high enough to contain the required amount of gravel, sand or wz
ojer. the collector. The gravel, sand or water shall be distributed evenly in the fi
e

rerywhere the same loadiscreated until the desired heightisreached.

ounting hardware to be used for testing (attached to the test rig, but not relevant for the test rgsult)

b load to the

exible foil. A
iter is placed
ame so that

Suction cups: Mechanically actuated suction cups are distributed evenly on the collector surface.
The suction cups shall not hinder the movement of the collector cover caused by the mechanical load.

Air pressure: The collector is installed in a test rig where a positive or negative air pressure can be
applied from the front or rear side, for example, by using air cushions or by other methods.

Depending on the collector type, other methods may be more appropriate as well, as long as they
provide a homogeneous pressure distribution over the whole collector gross area. The test method
shall be described in the test report.
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15.2.3 Particular specifications for tracking collectors or other specific collector types

If the methods described are not applicable (for example, for tracking parabolic trough collectors), the
laboratory shall design specific and suitable procedures to test the resistance against mechanical load
in accordance with 5.2. When, according to the manufacturer’s instructions, controls are present to
protect the collectors against wind or snow load, these control functions shall be checked accordingly.
The test setup and procedure shall be clearly described together with the test results.

15.3 Test conditions

The pressures shall be increased in steps of maximum 500 Pa. The reference area to be used is the
gross area of tire coltector Eachr toad step shatt-be Tmaimtaimed for a i of 5 i A perimanent
deformation|shall be assigned to a load value, while it is completely relieved after every load incr¢ment
and the distdrtion is measured compared to the beginning of the test sequence.

15.4 Resulfs and reporting

The results ghall be reported as required in A.13.

16 Impact resistance test

16.1 Objective

This test is Intended to assess the extent to which a collector,can withstand the effects of infpacts
caused by hafilstones.

16.2 Test procedure
Two test metfhods are available either using ice balls*or steel balls.

The test pro¢edure consists in a succession of shot series on the collector. Each shot series consists in
four shots of the same impact strength. For ice balls, the impact strength of a shot is determinfed by
the ball dianpeter and velocity according-to Table 3. For steel balls, the impact strength of the shot is
determined by the height of drop accerding to 16.5.

Balls of increasing impact strength shall be used in the successive shot series. For the first seyjies of
shots, the smiallest ice ball diameter specified by the manufacturer or the lowest height of drop specified
by the manufacturer for the-steel ball shall be used.

Impact locatjons shall berselected according to 16.3.

For evacuated tuhetcollectors, the following rule applies: If one tube breaks, the test shall be repeated
with an addifion@ltube. If this tube also breaks, the test is considered as failed.

If the fluid comtaimingabsorbercam be hitdirectly by hailstones; the cottectorshattbe fitted witira fluid
at atmospheric pressure.

16.3 Impact location

a) Glazed flat plate collectors: The points of impact shall be located inside a radius of 75 mm from
the visible glass corner. For each series of shots of one specific ice ball diameter or test height, a
different corner shall be chosen.

b) Evacuated tube collectors: For each ice ball diameter or height of drop, four randomly chosen tubes
of the collector shall be tested. Two tubes shall be tested at the upper end and two tubes at the
lower end. The points of impact shall be located at a maximum of 75 mm from the upper visible end
and from the lower visible end and impact the tube in the centre where the tube surface is normal
to the impact. The shot direction shall be normal to the tube axis.
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c) Collectors that cannot be clearly classified into the category a) or b): Four representative impact
locations shall be defined by the testing laboratory. The coordinates of the points of impact shall be
defined before the shots.

16.4 Method 1: Impact resistance test using ice balls
16.4.1 Apparatus

16.4.1.1 Storage container, for storing the ice balls at a temperature of less than -4 °C.

16.4.1.2 Arigid frame, for supporting the collector, with the impact surface perpendicular fo the path of
the pfojected ice ball; the support shall be stiff enough so that there is negligible distortion|or deflection
at theltime of impact.

16.4.1.3 Balance, to determine the mass of an ice ball to a standard uncertaingyyof +2 %.
16.4.1.4 Launcher, capable of propelling an ice ball as defined in 16.4.2(

16.4.1.5 Instrument for measuring the velocity of the ice ball to a'standard uncertainty of +1 m/s.
The djistance of the velocity sensor to the collector surface shallbe)at maximum 1 m.

16.4.2 Ice balls

The i¢e balls shall be made of water without any additive. They shall consist in clear ice|entirely free
of air|bubbles and shall not have any crack visible.to an unaided eye. The ball diameter sitall be one of
those|listed in Table 3. The ice balls used for the shéts shall have a temperature of less than -4 °C.

Table 3 — Ice ball masses and test velocities

Nominal diaméter Mass Test velocity
(mm) (g+5%) (m/s £ 5 %)
15 1,63 17,8
25 7,53 23,0
35 20,7 27,2
45 43,9 30,7

16.4.3 Specificiaspects of the test procedure using ice balls
a) Place theballs in the storage container and leave them there for at least 1 h before use}

b) Epnsure that all surfaces of the launcher likely to be in contact with the ice balls arje near room

temperature:

c) Install the collector at room temperature on the rigid frame.

d) The time between the removal of the ice ball from the container and its impact on the collector
shall not exceed 60 s.

e) Fire the shot series on the collector as required. Inspect the collector at the points of impact and
take notice of any sign of damage and visible effect of the shots.

16.5 Method 2: Impact resistance test using steel balls

The collector shall be mounted either vertically or horizontally on a support. The support shall be stiff
enough so that there is negligible distortion or deflection at the time of impact.
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Steel balls shall be used to simulate a hail impact. If the collector is mounted horizontally, then the steel
balls are dropped vertically or if it is mounted vertically, then the impacts are directed horizontally
by means of a pendulum. In both cases, the height of drop is the vertical distance between the point of
release and the horizontal plane containing the point of impact.

If the test is conducted according to this method, the steel ball shall have a mass of 150 g + 10 g and
the following heights of drop shall be considered: 0,4 m, 0,6 m, 0,8 m, 1,0 m, 1,2m, 1,4 m, 1,6 m, 1,8 m
and 2,0 m.

16.6 Results and reporting

1 ARER| h | - h Al
The results gtrattbe TCPOT (€U a5 TequiITed IIT A L.

17 Final inspection

17.1 Objec

The final ins
condition of
Material effi

Live

bection is intended to record the structure and materials of the collector and to asse
he collector after completion of testing if it is not going to be uséd for other tests any
fiency aspects according to Annex F may be gathered duringthefinal inspection.

17.2 Test procedure

The collector shall be dismantled and inspected completely under laboratory conditions, i.e. in z
operating co
as a destructlive test method and shall therefore be the con¢luding test.

hdition, shaded from light and at room temperature. Final inspection shall be consi

The collector shall be described as required in A.2. The\information given shall be verified again|
manufacturdr’s information.

Following thie list in A.15, but not limited to, allFdefects and abnormalities shall be documente
rated where

24

npplicable according to the following key.

0 No problem:

Perform

hnce, durability, safety-and visual appearance are considered as not affected b

precedirlg tests and are deemed remaining stable over the expected lifetime.

No outgdssing glazing diseoloration visible.

1 Mino

I problem:

Mainly vVisual. appearance aspects, aesthetical defects. Durability and safety are consider

remaini

g stable over the expected lifetime. Slight outgassing glazing discoloration visible.

5s the
more.

| non-
dered

st the

d and

y the

ed as

Permanent condensation and continuously progressing dericiencies shall be rated as

problem

S.

2 Major failure:

major

Severe premature failure concerning performance, durability, safety or visual appearance is found
or is to be expected. Significant outgassing glazing discoloration visible.

All findings rated as minor problem or as major failure shall be documented by photographs.

A “major failure” rating is mandatory (if applicable) in case of (but not limited to):

— breaking or permanent deformation of the cover or the cover fixing;

— liquid channel leakage;
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— any deformation such that permanent contact between absorber and cover is established;
— breaking or severe deformation of collector fixing points or of the collector box;

— vacuum loss, loss of gas filling;

— dissolution of absorber coating;

— accumulation of humidity in form of permanent condensate on the inside of the transparent
cover or permanent local retention of water excessing 25 ml anywhere in the collector.

17.3 Results and reporting

The rgsults shall be reported as required in A.2 and A.15.

18 Test report

The fprmat sheets given in Annex A shall be completed for each test, together with the [introductory
form3t sheet A.3 reporting a summary of main results, including the testniethods.

19 Thermal performance testing

19.1|General

Thermal performance testing of solar collectors include at least the assessment of thg heat power
delivgred by the collector under various operating conditions (see Clause 23), the measuiement of the
dependence of the thermal performance on the incidence angle of the irradiation onto the ¢ollector (see
Clause 26) and the determination of the collector heat capacity (see Clause 25). These three sets of
pararheters are required for the calculation‘of-the collector heat output.

This document also provides methods:to determine additional important parameters|such as the
presspired drop and the time constant:

If the|collector is supplied in fixed units of gross area smaller than 1 m2, then a sufficient number of
modules shall be linked together‘to give a test collector with a gross area of at least 1 m2.

Two 1nethods are available-for thermal performance testing: the steady-state method amnd the quasi-
dynainic test method-Both methods are deemed to provide equivalent test results and|methods for
mutupl converting the parameters sets are available.

Thermal performance testing is possible on outdoor test facilities, as well as on indoor tesft rigs using a
solar simulator

19.2 [Performance test using a solar irradiance simulator

19.2.1 General

The performance of collectors is affected by the amount of direct and diffuse solar radiation. Therefore,
only solar simulators can be used for performance testing where a near-normal incidence beam of
simulated solar radiation can be directed at the collector.

In practice, it is difficult to produce a uniform beam of simulated solar radiation and a mean irradiance
level has therefore to be measured over the collector gross area.

19.2.2 Solar irradiance simulator for performance testing

Simulators for performance testing shall have the following characteristics.
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The lamps shall be capable of producing a mean irradiance over the collector gross area of at least
700 W/m2. All measurements shall start only after reaching stable working conditions.

At any time, the irradiance at any point on the collector gross area shall not differ from the mean
irradiance over the gross area by more than +15 %. The collimation of the simulator shall be such that
the angles of incidence of at least 80 % of the simulated solar irradiance lie in the range in which the
incident angle modifier of the collector varies by no more than +2 % from its value at normal incidence.
For typical flat plate collectors, this condition usually will be satisfied if at least 80 % of the simulated
solar radiation received at any point on the collector under test shall have emanated from a region of
the solar irradiance simulator contained within a subtended angle of 60° or less when viewed from
any point. Additional requirements concerning collimation apply to measurements of the incident angle
modifier (seg3923%

The measurdd irradiance G shall be presented in the test report as a table for a grid spacing ofmaxjmum
150 mm ovef the whole collector gross area. The irradiance Ghemy shall be measured in thé plane jof the
absorber.

The spectral distribution of the simulated solar radiation shall be approximately-equivalent tp that
of the solar g$pectrum at optical air mass 1,5. Measurement of the solar simulatar's spectral qualities
shall be made in the plane of the collector over the wavelength range of 0,3 wm to 3 pm and shall be
determined in bandwidths of 0,1 um or smaller. The thermal irradiance at the'collector shall not ejxceed
that of a blackbody cavity at ambient air temperature by more than 5 %.6fhemispherical irradiarce.

The initial spectral determination shall be performed after the lamps have completed their [burn-
in period. The amount of infrared thermal energy at the collector plane shall be suitably measured
(measuremehts in the wavelength range above about 2,5 pm if possible, but starting not beyond 4 um).

A check shal| be made to establish the effect of the differencé in spectrum on the (ra) product fpr the
collector. If §he effective values of (ta) under the simulator and under the optical air mass 1,5| solar
radiation spgctrum differ by more than +1 %, then a correction shall be applied to the test resulty.

3um
[ z(M)e(2)6(2)r
(Ta)eff 7 2 3um 2
[ G(a)n
0,3um
A correction| shall be applied _to’the zero heat loss efficiency measured in the simulator as shown in

Formula (5):

(Ta)eff;G:AMl,S
o)

(5)

10, hem =[10, hem,measured (
eff;G=Simulator

Alternatively, the'peak efficiency g can be determined in an outdoor measurement. If this value differs

b th 1 0/ £ +1a H laot £ 4l 43 Laolll £ |
y more al — 1 70 ITUILIL U1IU SIHTUIdtUL IIITASUI TIIITIIL, LIITIT d CUTTUTULIVUIT S1idll UT PCI TUT 11T,

The major difference between indoor and outdoor testing of WISC collectors is the long wave thermal
irradiance. The long wave radiation in a simulator shall not be higher than 50 W/m2 (typically
-100 W/m2 for outdoor conditions).

The fluctuation of irradiance shall be less than +1 % over the test period.

19.2.3 Solar irradiance simulator for the measurement of incidence angle modifiers

For the measurement of the incidence angle modifier, only solar irradiance simulators fulfilling at least
all requirements of 19.2.2 shall be used. The collimation shall be such that at least 90 % of the simulated
solar irradiance at any point on the collector under test has emanated from a region of the solar
irradiance simulator contained within a subtended angle of 20° or less when viewed from the point.
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The measured irradiance data and the measured collimation shall be measured with a grid spacing of
maximum 150 mm over the whole collector gross area.

20 Collector mounting and location

20.1 General

The collector shall be mounted as specified by the manufacturer. Unless otherwise specified, an open
mounting structure shall be used which allows air to circulate freely around the front, back and sides
of the collector.

nufacturers’
cture where

Colleqtors specified for roof/wall integration only, shall be installed according to the T4
instryction and using the original parts (e.g. flashing kits) on a simulated roof/wall stry
the rdar side of the collector is protected from wind, but without additional insulatian.

Colleq

swim
quoti

uppet

tors specified to be installed on an insulated structure (some wall¢collector d
Iming pool collectors, WISC collectors, etc.) shall be mounted on an insulated ba
bnt of the materials thermal conductivity to its thickness of 1 W/Am2K) + 0,3 W/(n

surface painted matt white and ventilated at the back. The mse of such insulati

Psigns, some
rking with a
n2K) and the
bn has to be

descrjbed clearly in the test report together with a statement that the measured perfornpance results
are ppssible only when using an additional back insulation with-the thermal conductivity as used for
the test.

NOTE Example material suited for the insulated backing is.30 mm of polystyrene foam.

For site-built collectors not supplied in a pre-specifiéd size, it shall be checked that a realistic flow
pattern and flow velocity is used during the perforniance tests.

The cpllector shall be mounted such that the lower edge is not less than 0,5 m above the [local ground
surfage. Currents of warm air, such as those<that rise up the walls of a building, shall not e allowed to
pass pver the collector. Where collectors-are tested on the roof of a building, they shall pe located at
least P m away from the roof edge.

20.2 [Collector orientation outdoors

The gzimuthal deviation of ‘the collector from equatorial facing shall be taken into afcount when
calculating the angle of/incidence of solar radiation onto the collector area. Larger deyiations from
equatorial facing may-be-acceptable, but will lead to a non-symmetrical angular distribution of beam
radiation.

20.3 [Shading from direct solar irradiance

The lpcation of the test stand shall be such that no shadow is cast on the collector and the irradiance
measfitrement instruments during the test.

20.4 Diffuse and reflected solar irradiance

For the purposes of analysis of outdoor test results, solar irradiance not coming directly from the sun's
discis assumed coming isotropic from the hemispherical field of view of the collector. The collector shall
be located where there is no significant solar radiation from surrounding buildings or surfaces reflected
onto it, and where there are no significant obstructions in the field of view. Surfaces to be avoided in the
collector's field of view include large expanses of glass, metal or water. It is also important to minimize
reflections to the rear side of the collector, especially for evacuated tube collectors. The reflectance
of most rough surfaces such as grass, weathered concrete or chippings is usually low enough so no
problem is caused during collector testing.
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In solar simulators, the simulated beam approximates direct solar irradiance only and it is necessary
to minimize reflected irradiance. This can be achieved by painting all surfaces in the test chamber with
dark low reflectance paint.

The solar reflectance of the background used during the performance test of collectors being non-
opaque from the back shall not exceed 20 %.

20.5 Thermal irradiance

The thermal performance of some collectors is particularly sensitive to the levels of thermal irradiance.
The temperature of surfaces adjacent to the collector shall be as close as possible to that of the ambient
air in order foTriTTITITE ' TatioT: ; ' jew of
the collectoi| shall not include chimneys, cooling towers or hot exhausts. For indoor and simulator
testing, the ¢ollector shall be shielded from hot surfaces such as radiators, air-conditioning ducts and
machinery, and from cold surfaces such as windows and external walls. Shielding is important bpth in
front of and behind the collector.

20.6 Surrounding air speed

re the
er the

The thermal
reproducibil
aperture, ba

performance of many collectors is sensitive to surrounding ajt\speeds. To maximi}
ty of the measurements, collectors shall be mounted such that air can freely pass ov
'k and sides of the collector.

Collectors dgsigned for integration into a building envelope may have their backs protected from the

wind; if so, this shall be reported with the test results.

front

The average
side shall co|
conditions ca

21 Instrumentation

21.1 Solar
21.1.1 Pyra

21.1.1.1 Ge

Class I or be
solar radiati
equipped wi
used to meas

surrounding air speed at a distance of 50 mm“above and parallel to the collector
per the range specified in 23.3.3.2 subject to*the tolerance specified in Table 6. If
nnot be achieved under natural conditions) then an artificial wind generator shall be

radiation measurement
nometer

neral

ter, as specified in ISO 9060, pyranometer(s) shall be used to measure the hemisph
bn following the recommendation given in ISO/TR 9901. Class I or better pyranome
th a shading ring or alternatively a pyrheliometer, together with a pyranometer, sh
urethe diffuse short-wave radiation.

these
used.

erical
ter(s)
all be

s 43 11 4 (cCn
UIICTIILL aLllls CUIICLC UL O l_\Jl\

For highly c cking
device, a pyrheliometer of Class I or better, as specified in ISO 9060, shall be used to measure the direct
normal irradiance (DNI). The pyrheliometer shall be mounted on a separate solar tracking device.
The pyrheliometer field of vision shall be no more than 6° of arc. The tracking errors associated to the
mounting on the tracker shall not exceed +0,5°.

21 o £l P 1 £, 4 2 1 s
J) IITUUIILCU UlIl UIIT Ul lslllal Iidirfuigactturcl 5 SUldl U1

Beam and diffuse irradiance shall be calculated by Gy = DNI-cos(8) and Gq = Ghem - Gb.

21.1.1.2 Mounting of the pyranometer

The pyranometer shall be installed such as to receive the same levels of direct, diffuse and reflected
solar radiation as are received by the collector. The pyranometer shall be mounted such that its sensor
is coplanar, within a tolerance of <1° with the collector plane. It shall not cast a shadow onto the
collector area at any time during the test period. Care shall also be taken to prevent energy reflected
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from the solar collector onto the pyranometer. The body of the pyranometer and the emerging leads of
the connector shall be shielded to minimize solar heating of the electrical connections.

21.1.1.3 Measurement of the angle of incidence of direct solar radiation

Incidence angles shall be determined by calculation or with sun position sensors with accuracy equal
or higher than +1°. In case of non-imaging stationary collectors as CPCs, they shall be mounted so that
the beam radiation from the sun falls within the angular acceptance range of the design.

21.2 Thermal radiation measurement

21.2.1 General

If reqpired, the long wave irradiance, E1, shall be measured using a pyrgeometer mounted in the plane
of the collector. The thermal irradiance shall be determined to a standard uncertainty of 10 W/m?2.

21.2.2 Measurement of thermal irradiance outdoors

The pyrgeometer shall be mounted to one side at mid-height of the collector.

21.2.3 Measurement of thermal irradiance indoors

Pyrgdometer shall be well ventilated to minimize the influence of solar or simulated solgr irradiance.
The influence of short wave solar heating effects shall be minimized.

21.3 |Temperature measurements

21.3.1 General

Threg temperature sensors are required.for thermal performance measurements. These|are the fluid
tempe¢rature at the collector inlet, the fluid temperature at the collector outlet, and thq ambient air
temperature. The required accuracy and the environment for these measurements differ, gnd hence the
sensor for temperature measurement and associated equipment may be different.

21.3.2 Heat transfer fluid-temperatures (Liquid heating collectors)

21.3.2.1 Required accCuracy

The difference between the collector outlet and inlet temperatures (AT) shall be detgrmined to a
standard uncertainty of <0,05 K and to an accuracy of better than 1 %.

21.3.2.2"‘Mounting of sensors

The sensor for temperature measurement of the heat transfer liquid shall be mounted at no more than
200 mm from the collector inlet and outlet, and insulation shall be placed around the pipe work both
upstream and downstream of the sensor. If it is necessary to position the sensor more than 200 mm
away from the collector, then a test shall be made to verify that the measurement of fluid temperature
is not affected. To ensure mixing of the fluid at the position of temperature measurement, a bend in the
pipe work, an orifice or a fluid-mixing device shall be placed upstream of the sensor. The sensor probe
shall point upstream and in a pipe where the flow is rising (to prevent air from being trapped near the
sensor).
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21.3.3 Volu

017(E)

me flow weighted mean temperature 9, 1, (Air heating collectors)

21.3.3.1 General

The volume flow weighted mean temperature describes the volume flow, heat capacity and density
weighted temperature defining the mean temperature in an air duct.

If an airflow with 9 > 9, is flowing through a ventilation channel, a certain temperature distribution is
created and, consequently, a density and heat capacity distribution due to heat losses of the ventilation
channel and the given flow velocity distribution in the ventilation channel. The weighted mean
temperatures 9 th,in and Im th,out are the representative temperatures for the caloric balance of an air

heating coll

[ —

4o
LUI.

jﬁ‘(x,y)v(x,y)p(x,y)c(x,y)dxdy

19m,th =

Due to the sn

ﬂm,th = ;

The flow di
temperature
the channel

Hv(x,y)p (x,y)c(x,y)dxdy

hall influence of density and heat capacity, this can be reduced to Formula (7):

li_m”ﬁ(x'y)"(xf,\’)dxdy

measurement shall be designed in a way that temperature gradients are balanced
'ross-section. For example, the flow distribution cancbe homogenized by introducing

mesh nets i the ventilation channel. Using an averaging, evenly distributed (Archimedean s

temperature

21.3.3.2 Re
The tempers

uncertainty
of the tempe

21.3.3.3 Md

sensor in the channel, the thermal average temperature can be determined.

quired accuracy

ture of the heat transfer fluid at the“collector inlet shall be measured to a sta
pf 0,2 K. In order to check that the.femperature is not drifting over time, higher reso
rature signal of £0,04 K is required.

unting of sensors

The sensor f

r temperature measurement shall be mounted at no more than 200 mm from the col

inlet/outlet and insulation shall-be placed around the ducts both upstream and downstream
sensor. If it i$ necessary to pésition the sensor more than 200 mm away from the collector, then
shall be madg to verify thatthe measurement of the fluid temperature is not affected; this can be
by a recalculption of theinlet and outlet temperature difference.

NOTE

An[example-of a possible sensor configuration is given in Annex E.

stribution shall be homogenized constructively overthe channel cross-section|

(6)

(7)

The
| over
r fine-
piral)

hdard
ution

ector
bf the
a test
done

21.3.3.4 Determination of heat transfer fluid temperature difference (AT)

The difference between the collector outlet and inlet temperature (AT) shall be determined to
a standard uncertainty of <0,2 K. Delta-T sensors shall be calibrated in the relevant flow range and

temperature

range.

21.3.4 Measurement of ambient air temperature

21.3.4.1 Required accuracy

The ambient

30

air temperature shall be measured to a standard uncertainty of <0,5 K.
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21.3.4.2 Mounting of sensors

For outdoor measurements, the sensor shall be shaded from direct and reflected solar radiation by
means of a white-painted, well-ventilated shelter, preferably with forced ventilation. The shelter itself
shall be shaded and placed at the mid-height of the collector but at least 1 m above the local ground
surface to ensure that it is removed from the influence of ground heating. The shelter shall be positioned
not more than 10 m distance to the collector.

If air is forced over the collector by a wind generator, the air temperature shall be measured in the
outlet of the wind generator and checks made to ensure that this temperature does not deviate from
the ambient air temperature by more than +2 K.

21.4 |Flow rate measurement

21.4.1 Measurement of mass flow rate (liquid)

The sfrandard uncertainty of the mass flow rate measurement shall be within’+1 % of the measured
value| The flow meter shall be calibrated over the range of fluid flow rates(and temperaturgs to be used
durinjg collector testing.

21.4.2 Measurement of collector fluid flow rate (Air heating collectors)

The sfrandard uncertainty of the mass flow rate measurement shall be within +2 % of the measured
value| Through the determination of pressure and temperature, the volumetric flow|rate can be
convdrted to mass flow rate, as given in Formula (8)

m=V-p, 8)

Wherte the density p;is calculated as in Formila (9):

_ (1000+Xy)  (PanskPf)
| (1000-R, + Xy -Rp) (9mp +273,15)

Thesg parameters shall be measured to a standard uncertainty better than given in Table

9

>

=

Table 4 — Maximum allowed measurement uncertainties

Parameter. Measurement value Standard uncertainty
174 Volumetric flow 1%
Temperature of airflow at the volumetric flow 1K
U, rate measurement unit -
Pabs Absolute pressure of the ambient air +50 Pa
m Mass flow rate 2%

To determine the flow rate, measurement methods using the differential pressure method (orifice
plates, venturi tubes or laminar-flow-elements) or mechanical methods (turbine gas meter) shall be
used. Thermal measurement methods are not applicable due to large measurement errors caused by
the water content in the air.

21.5 Measurement of air speed over the collector

21.5.1 General

The relationship between the meteorological wind speed and the air speed over the collector depends
on the location of the test facility, so that meteorological wind speed is not a useful parameter for
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collector testing. By using the air speed measured over the collector, it is possible to define clearly the
conditions in which the tests were performed. The air speed shall be monitored during the test at a
convenient point that has been calibrated relative to the mean air speed over the collector.

21.5.2 Required accuracy

The speed of the surrounding air over the front surface of the collector shall be measured to a standard
uncertainty of <0,5 m/s. It shall be taken into consideration that most anemometers have starting limits
which lies between 0,5 m/s and 1 m/s. The surrounding air speed is usually not constant under outdoor
conditions. The measurement of an average air speed is therefore required, either by an arithmetic

average of sampled values or by a time integration over the test period.

21.5.2.1 Mg

21.5.2.1.1 @

Surrounding

unting of sensors for the measurement of air velocity over the collector

eneral

wind or artificial wind generators may be used to provide the required wind

parallel to thle collector surface for testing. The uniformity of air speed in the field-of collector arez

be checked 3
measuremern
of the collect
be determin
air speed sh{
the mean air
shielded fror

For collectoq
surface, the ¢
speed on the

21.6 Elapsg¢

Elapsed time

21.7 Humi

When air is
of the specifi
water/kg dry

s the air speed may vary from one end of the collector to the othet. A series of air

ts shall be taken using a hand-held anemometer at a distance 0of 50 mm in front of the
or, at equally spaced positions over the whole collector area’ An average value shal
ed. The turbulence level shall always be in the range of ¥5'% to 40 %. During the tes
11 then be monitored continuously at a convenient point:that has been calibrated relat

h the wind and it shall not cast a shadow on the collector during the test periods.

speed
shall
speed
plane
| then
t, the
ive to

speed over the collector, considering also surrounding air speed. The sensor shall not be

s without back insulation and for collectorstthat are not mounted on a simulat

front and back surface shall be used in the data correlation.

pd time measurement

shall be measured to a standard uncertainty of <0,2 %.

lity measurement (Air collectors)

sed as the heat transfer fluid, its moisture content is needed for the correct determir
C heat capacity ofair. The humidity ratio Xw shall be measured to an accuracy of +0,0
r air) at 25 °GAluid temperature.

21.8 Colledtor dimensions

The collect

e
lir speed shall be adjusted and measured oyér the front and back surfaces. The averaTge air

roof

1ation
1 (kg

Area

dimension shall be measured to a standard uncertainty better than 0,3 %.
measuremewmwmw_m"atmg

pressure if the absorber is made of polymeric material. If the resulting collector area is within 1 % of
the manufacturer’s specification, then the manufacturer’s specification may be reported and used for
efficiency calculation. If not, the measured collector area shall be used.

22 Test installation
22.1 Liquid heating collectors

22.1.1 General

An example of schematic test configurations for liquid heating collectors is shown in Figure 6.

32 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

19
5 Y
18
17@
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15 ——4 7

13 10

9
Key
1 ambient temperature sensor 12 flow control valve
2 t¢mperature sensor (9¢) 13 filter (200 um)
3 ajrvent 14 sight glass
4  insulated pipe 15 flow meter
5  s¢lar collector 16 secondary temperature regulator
6  hpater/cooler for primary temperature control 17 artificial wind generator
7  pfessure gauge 18 temperature sensor (Ji)
8  safety valve 19 pyrgeometer
9  expansion tank 20 pyranometer
10 ppmp 21 anemometer
11 bypass valve

Figure 6 — Example of a closed test loop

22.1.2 Heat transfer fluid

The heat transfer fluid used for collector testing may be water or a fluid accepted by the collector
manufacturer. The specific heat capacity and density of the fluid used shall be known to within +1 %
over the range of fluid temperatures used during the tests. Values for water are given in Annex C.

22.1.3 Pipe work and fittings

Pipe work shall be insulated such that the temperature gains or losses between the temperature
sensing points and the collector inlet and outlet are reduced as much as possible under test conditions.

The collector pipe work shall be vented of trapped air and any contaminants shall be removed.
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22.1.4 Pump and flow control devices

The fluid pump shall be located in the collector test loop such that the heat that is dissipated in the fluid
does not affect either the control of the collector inlet temperature or the measurements of the fluid
temperatures. The pump and flow controller shall be capable of maintaining the mass or volume flow
rate through the collector stable to within 1 % despite temperature variations, at any inlet temperature
chosen within the operating range.

22.2 Air heating collectors

22.2.1 General

Different types of air heating collectors are distinguished.

— Air heating collectors working in a closed air circuit (closed loop).

— Air heatiing collectors sucking ambient air. Transpired collectors where ambiént air is spcked

through|the absorber material, or through the perforated glazed collector coyer.

— Open to pmbient air heating collectors where ambient air is sucked in at defined inlet openings.

22.2.2 Closgd loop test circuit

Closed loop ¢ollectors shall be measured in a test loop as outlineduin Figure 7. Two flow meterq shall
be used, onelat the inlet and one at outlet. The collector shall be‘measured at ambient pressure, Which
is realized by using two fans. Between the two fans, an areawhere the air can be conditioned dan be

installed.

—d

O
1

g I

1%

6ﬁ"l7
=1

3
¥)
N

o

T10

L 12 U13 \J) 14

Key

1 fan 8 flow meter

2 flow metgr 9 fan

3 electric air heater 10 ambient temperature sensor (9,)

4  temperature sensor (J;n) 11 pressure gauge for surrounding air (paps)
5 solar air heater 12 pressure gauge (pf;)

6  pyranometer (G) 13 differential pressure (Ap = pfi - pte)

7  temperature sensor (Je) 14 pressure gauge (pfe)
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Figure 7 — Example of a closed test loop

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

22.2.3 Open to ambient test circuit
The mass flow for open to ambient air heating collectors can only be determined at the collector

outlet. The collector inlet temperature corresponds to the ambient temperature. An example of a test
configuration for testing open to ambient air heating collectors is shown in Figure 8.

6 4

AN ! O @

Key

QO

nbient temperature sensor (J9,)

Fessure gauge for surrounding air (paps)

=l

Fessure gauge (pre)

o

dmperature sensor (Je)
lar air heater

%2}

yranometer (G)

bw meter I:rhe :f(Ve,ﬂmp_e,rHe.Pe ):I

8 f4dn

N O U1 W
o] o

jomz]

Figure 8 — Example of an open to ambient test setup

22.2.4 Heat transferfluid

To determine the-specific heat capacity of the air at each measurement point, the temjperature and
humigity areieeded. This can be calculated with the fluid temperature as given in 21.3.3| The density
shall pe calculated as described in 21.4.2.

22.2.58 Test ducts

The air ducts upstream and downstream of the collector shall be of the same cross-sectional dimension
as the collector inlet and outlet, respectively. The airflow pattern inside the collector is very important
for a correct assessment of the performance. The airflow pattern inside the collector (especially the
partition close to the inlet) mainly depends on the connection between ducting system and collector. In
standardized tests, only a single collector module is tested, which might not comply with the mode of
installation in practise.

To reach an even air flow pattern throughout the collector, regular distribution ducts provided by the
manufacturer at the inlet and outlet shall be used for each collector tested. By means of boxes with
perforated metal sheets at inlet and outlet, a well distributed air flow can be achieved, which means
that an even air flow from the centre-line of the collector to the edges from entrance to outlet exists.
The section between the inlet and outlet temperature sensor unit and the collector inlet and outlet shall
be insulated to limit the heat losses to 0,2 W/K. Filters shall be placed upstream of the flow measuring
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device and the fan in accordance with normal practice (a nominal filter size of 200 um is usually
adequate).

Care shall be taken to ensure that air leakage from the measurement system does not affect the
accuracy of the measured collector thermal performance. Before the performance measurement, the
inlet and outlet test ductwork shall be tested for leaks. The same method shall be used as described in

Clause 7. No component shall have a higher leakage rate than 2 m3/h at 250 Pa.

22.2.6 Fan and flow control devices

The fan shal
dissipated in
temperature
mass flow r3
inlet temper

22.2.7 Airy

The air prec
entering the
Since the rat
the fluid inl
rates of ener
temperature

22.2.8 Hum

When airis t|
the test fluid|

NOTE Iti
important to ¢

23 Therm
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For collecto
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described in

@l performance test procedures
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hat the he

ollector test loop in such a position t at from it, wh

rise through the collector. The fan and flow controller shall be capable of maintaini
te through the collector stable to within #1,5 % despite temperature variations, 4
hture chosen within the operating range.

reconditioning apparatus

onditioning apparatus shall control the dry bulb temperature.6f)the transfer mg
solar collector to within #1,0 K of the desired test value at all times during the test p
e of energy collection in the collector is deduced by measuring instantaneous val
bt and outlet temperatures, small variations in inlet temipgrature lead to errors

oy collection deduced. It is particularly important to aveid any drift in the collectol

lidity ratio

he transfer fluid and the test panel is operated at a negative pressure, the humidity r4
shall be equal to the humidity ratio of theair surrounding the test panel.

5 important to measure and control thethumidity at the different measuring points. It is esp
void that condensation occurs within'the testing loop.

al
performance .of the solar collectors shall be tested according to one of the me

the followingsubclauses.
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the‘réport.
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In case of cor
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treated as WISC collectors;

treated as any other glazed collector;

depende

ncy can be neglected;

the concentration ratio Cg;
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concentrating collectors without transparent cover and a concentration ration of Cr < 10 shall be

concentrating collectors with transparent cover and with a concentration ratio of Cr < 3 shall be

for concentrating collectors with a transparent cover and a concentration ratio of Cr > 3, wind speed

for evacuated concentrating collectors, wind speed dependency can be neglected independent of
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— the thermal performance of highly concentrating tracking collectors is usually tested according the
quasi-dynamic test method. The steady-state method may be used if a distinction between beam
and diffuse irradiance is taken into account. The requirements and parameters as described in
24.1.3 for quasi-dynamic testing shall be followed.

23.2 Preconditioning of the collector

The collector shall be preconditioned under stagnation conditions (see 9.2) for at least 5 h at the level
irradiation higher than 700 W/m2 and ambient temperature higher than 10 °C. Half-exposure or
exposure test is sufficient to satisfy this preconditioning. 5.2.2 applies if the collector is equipped with

means to prevent from stagnation.

The c
meas
circul

preconditioning is carried out, then it shall be reported with the test results.

bllector cover, reflectors and tubes shall always be thoroughly cleaned for all thermal
irements. If moisture is formed on the collector components, the heat tradsfer
ated at elevated temperatures for as long as is necessary to dry out collector:again. I

performance
luid may be
f this form of

23.3 [Test conditions

23.3.1 General

The Heat transfer flow pattern shall be selected as recommended by the manufacturer|and shall be
descrjbed in the test report.

23.3.2 Flow rates

If therecommended fluid flow rate is close to the transition region between laminar and turbulent flow,
this chn cause instability of the internal heat traisfer coefficient and variations in the meapurements of
the cgllector efficiency. To characterize such@)collector, it may be necessary to use a higher flow rate,
but tHis shall be clearly stated with the test résults.

The flow rate shall be held stable accdrding to Table 6 (steady-state) or to within #2 % (qupsi-dynamic)
of the set value during each test period and shall not vary by more than +5 % of the set vdlue from one
test period to another.

23.3.2.1 Flow rate for liquid heating collectors

The f
this is

be selected.

23.3.
The f

uid flow rate shall‘be set at approximately 0,02 kg/s per square meter of collector
not within the manufacturers’ specification, a reasonable flow rate within the speci

2.2 Elow rate for air heating collectors

bross area. If

fication shall

medium flow

uid)flow rate shall be set as close as possible to the maximum, the minimum and the

rate as specified by the manufacturer.

In case of a standalone collector (e.g. integrated PV for power supply for the fan and implicitly used as flow
rate controller), the generated volumetric flow range dependence on the irradiance level shall be given.

23.3.3 Steady-state method

23.3.3.1 General

The angle of incidence of direct solar radiation at the plane of the collector shall be in the range in
which the incident angle modifier for the collector varies by no more than 2 % from its value at normal
incidence. The collector shall be tested at diffuse irradiance levels of always less than 30 %.
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At the time of the test, the hemispherical solar irradiance at the plane of the collector shall always be
greater than 700 W/m?2.

23.3.3.2 Air speed parallel to the collector plane

For glazed collectors, the average value of air speed parallel to the plane of the collector, taking into
account spatial variations over the collector and temporal variations during the test period, shall be
3m/s+1m/s.

For WISC collectors, measurements shall be made at three average air speed ranges parallel to the
surface of the collector: <1 m/s, 1,5+ 0,5 m/s and 3 £ 0,5 m/s.

23.3.3.3 Air heating collectors

inlet
tsible,
bf the

Data points
temperature
one inlet ten
ambient air t

shall satisfy the requirements given below and be obtained for at least four’fluid
5 evenly spaced over the specified operating temperature range of the collector. If po
hperature shall be selected such that the mean inlet temperature is within +3 K

emperature, in order to obtain an accurate determination of 19 hem.

For open to ambient collectors, all data points are measured for inlet temperatures equal to the ambient
temperature

The air heat
minimize the

ng collector shall be measured at ambient pressure [i.e)(pi*pe)/2 = pabs and m;
volumetric leakage flow rate.

fe] to

23.3.4 Quasi dynamic test

The average

value of the surrounding air speed, taking inte'account spatial variations over the col

and temporal variations during the test period, shall be\less than 4 m/s.

For glazed c
variations oy
WISC collect

bllectors, the air speed parallel to the'plane of the collector, taking into account s
er the collector and temporal variations during the test period, shall be 3 m/s + 1 m
pbrs, measurements shall be made over the whole range of wind speeds between 0 m

ector

patial
s. For
s and

4 m/s. Wind generators may be used if necessary to achieve sufficient wind speeds.

23.4 Test procedure

23.4.1 Geng¢ral

The collectgr shall be tésted over the whole range of operating temperatures specified b
manufacturdr. The inletitemperature shall always be kept above the dew point so that condensat
water on the|absorbenis avoided. If possible, one inlet temperature shall be selected such that the
collector tenmperature is within +3 K of the ambient air temperature.

y the
ion of
mean

During a test, the measurements shall be made as specified in 23.5.

23.4.2 Steady-state testing of liquid heating collector

Data sets shall be measured for at least four fluid inlet temperatures spaced evenly over the operating
temperature range of the collector. At least four independent data points shall be obtained for each
fluid inlet temperature. When testing in a solar simulator, at least two independent data points shall be
obtained for each fluid inlet temperature

23.4.3 Steady-state testing of air heating collectors

The collector shall be tested over its operating temperature range and over the specified range of mass
flow rates.
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Data sets shall be measured for at least three fluid inlet temperatures spaced evenly over the operating
temperature range. At least four independent data points shall be obtained for each data set (inlet
temperature and wind speed) to give 36 data points. When testing on a solar simulator, at least two
independent data points shall be obtained for each fluid inlet temperature to give a total number of 18
data points.

23.4.5 Quasi dynamic testing

Data points satisfying the requirements given below shall be obtained for at least four fluid inlet

temp

Weat
third
space]

The d
recor
shall

23.5

23.5.

Measurements

I General

de | 1 =l dnn d de Ll 1l de
LLALUTICS SPdLCU TVIILYy UVET LIIT UPTILAUITE LTHIPTT AUl T 1 dllgt UL LIIT CUIITCLUL.

her conditions shall be as described in 23.6.2, sequence day types 1 through 4. Th
inlet temperature shall be selected so that the mean fluid temperature in the|eolled
d between the lowest and the highest operating range of the collector.

hange in inlet temperature shall be done after each test sequence_hds been con
ded during this “step-change” period shall not be included in the test-data. The inlet
be kept stable within + 1 K during each test sequence.

Depending on the chosen test method, the quantities jmTable 5 shall be measured.

Table 5 — Measured. quantities during testing

b second a

nd

tor is evenly

pleted. Data
temperature

WIS( collectors
Steady-state Steady-state and
liquid heating |solar air heating| Quasi dynamic
testing
Hemippherical solar irradiance at the\plane of the X X X
colledtor
Diffuge solar irradiance at the plane of the collec-
X X X
tor (only outdoors)
Angld of incidence of directsolar radiation (only
outddors) (alternatively, this angle may be deter- X X X
mine(l by calculatiomn)
Air speed parallel'to the plane of the collector X X X
Templerature of the ambient air X X X
Templerature of the heat transfer fluid at the col-
; X X X
lectortinlet and outlet
Flow rate of the heat transfer fluid X — X
Dew point temperature of the surrounding air — X —
(Relative) humidity of the fluid at the collector — X —
inlet and outlet
The mass flow rate of the heat transfer fluid at the — X —
collector inlet (only closed loop)
The mass flow rate of the heat transfer fluid at the — X —
collector outlet
© IS0 2017 - All rights reserved 39


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

Table 5 (continued)

WISC collectors

Steady-state Steady-state and
liquid heating | solar air heating| Quasi dynamic
testing
Static pressure of the heat transfer fluid at the — X —
inlet and outlet of the solar collector
Absolute pressure of the ambient air — X —

Long wave thermal irradiance in the collector plane

X (WISC only)

23.5.2 Add

23.5.2.1 Mg

The distribuf
spacing 150

23.5.2.2 Me

The thermal
outdoors. It S

The mean tH
made in the
collector test

23.5.2.3 Ambient air temperature in simulators

The ambient
necessary. S¢
of the wind g

23.5.3 Data

Data shall be

or less. For outdoor measuremeénts each data record shall contain a unique time stamp to calcula

angle of incic

23.6 Test pleriod

tional measurements during tests in solar irradiance simulators

asurement of simulated solar irradiance

ion of irradiance over the plane of the collector shall be measured using agrid of max

asurement of thermal irradiance in simulators

irradiance in a solar simulator is likely to be higher than(that which typically d
hall therefore be measured to ensure that it does not exceed the limit given in 19.2.2

ermal irradiance in the collector test plane shall bedetermined whenever changg
kimulator, which could affect the thermal irradianee. The mean thermal irradiance
plane and shall be reported with collector test results.

air temperature 9, in simulators shall be measured, taking the mean of several val
nsors shall be shielded to minimizé.radiation exchange. The air temperature in the
enerator shall be used for the calculations of the collector performance.

acquisition requirements

measured at intervals,of 10 s or less. Average values shall be recorded at intervals g

ence of the solafradiation onto the collector.

mm. The spatial mean deduced by simple averaging shall be used for,the-data analysis.

imum

ccurs

bS are
n the

ues, if
butlet

f30s
[te the

23.6.1 Steafly-state testing
A collector is‘eehsidered-te-have beenoperatinginsteady-state-conditions-overagivenperiedifnone of
the experimental parameters deviates from its mean value by more than the limits given in Table 6. The

measurement period is at least four times the time constant of the collector (if known), or not less than
15 min for liquid heating collectors (if time constant is not known).

For air-heating collectors, the measurement period shall be more than 20 min.

40
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Table 6 — Permitted deviation of measured parameters during a measurement period

Permitted deviation from the mean value
Parameter
Liquid heating collector | Air heating collector

Hemispherical solar irradiance +50 W/m?

Thermal irradiance (WISC only) +20 W/m?2

Ambient air temperature +1,5K

Fluid mass flow rate 1% +2 %

Fluid temperature at the collector inlet +0,1 K +1,5K

Fluid temperature at the collector outlet +04 K +1,5K
Surrounding air speed +1,0 m/s deviation from set value

23.6.2 Quasi dynamic testing

23.6.2.1 General

The t¢st period consists of four to five sequences (days). The number of ddys is dependent onp the weather
conditions on the test site. The data record shall contain data equiyalent to all the important normal
operdting conditions (enough variability and dynamic range), to<give decoupled collector| parameters.
This is done by varying the inlet temperature to the collector within its design range. If syfficient data
has bgen recorded after four to five days, this data shall be evaluated following the guidelfnes outlined
in 24.1.3.

23.6.2.2 Description of test sequences

The mpinimum length of a test sequence shall be\3%. The 3 h do not need to be consecutive and the test
sequgnce can consist of several non-consecutive parts with a minimum length of 30 min.

he test sequence under 7¢ - conditions shall be conducted under mostly clear sky ¢onditions. It
shall include values of the in¢ident angle from larger than 60° down to values where the difference
of the incident angle modifier of the beam irradiance differs not more than 2 % fron] the value at

least one testsequence shall be conducted under partly cloudy conditions, inclyding broken
cloud, as welllas clear sky conditions. This can be a test sequence under elevated operating

itions.

Day type 4

Measurements under high operating temperature conditions including clear sky conditions.

Day type 1 and day type 2 may be adapted for collectors with a concentration ratio Cr > 20. These
modifications of the procedure have to be described and explained in the test report.

23.6.2.3 Evaluation of test data

To ensure that the initial state of the collector does not influence the result of the parameter
identification, a period of at least four times the time constant of the collector (if known) or 15 min (if
time constant is not known) with the correct fluid temperature at the inlet and with the correct wind
speed across the collector (WISC only) shall not be included in the analysis. For clarity, the requirements
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are given in the form of idealized diagrams, showing important relationships between different test
data, including the dynamic ranges that shall be in the data to achieve reliable and de-coupled collector
parameters. These diagrams shall be plotted for the evaluation of the goodness of the test data used for
parameter identification.

Figure 9 shows 9, — 9, versus Gphem to check if sufficient data has been taken under ng - conditions and
at higher inlet temperatures. This data will give all necessary information for the identification of ng 1
and the collector heat losses.

9m — Ya

Ghem

Figure 9 — 9y, — 9, versus Ghem

Gy

O west 0 east 8

Figure 10 — Gp versus 0

Figure 10 and Figure 11 show if the data include enough data at high and low incident angle of the beam
irradiance to identify K(6y,0t), and if enough data at high diffuse radiation levels was taken to identify
Kq4. Measurement data with higher Gp-values (upper curve), will give Ky(6L,6t). The lower values will
give Kg.
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For WISC collectors, Figure 12 showing the ideal distribution of windspeed versus Ghem
show|ng the ideal distribution of sky temperatures versus Ghep-SHall be included. The wi

Figure 11 — Gq versus Ghem

descrjbed in 23.3.4 shall be considered.

u

Ghem

Figure 12 — Wind speed versus Ghem

Ghem

© IS0 2017 - All rights reserved

aI:d Figure 13

d speeds as

43


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

193 - 19skv

X XN X X X X X

® X K X A

Ghem

Figure 13 — 9, - Jsky versus Ghem

For all collecfors tested under natural wind, Figure 14 shall be included shewing the ideal distribution
of 9 — 94 vefpsus wind speed u.

Um — U,

Figure 14 — 9y, — 9, versus u

24 Computation of the collector parameters

24.1 Liquid heating collectors
24.1.1 General
The useful power extracted Q is measured as given in Formula (10):

Q=m-c;AT (10)

A value of cf corresponding to the mean fluid temperature shall be used. If m is obtained from

volumetric flow rate measurement, then the density shall be determined for the temperature of the
fluid in the flow meter.
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The extracted power Q is modelled as described in 24.1.2 and 24.1.3. If these models are not applicable,
tables of measurements of the collector performance shall be used.

The required surrounding wind speeds during the performance measurements (see 23.3.3 and 23.3.4)
are taken into account by using the reduced wind speed u' = u - 3 m/s for modelling the extracted power.

24.1.2 Steady-state test method for liquid heating collectors

The extracted power Q is modelled as Formula (11):

pal [.Q Q [.Q Q \2 1/{.Qq Q -l
. "TohemYhem ~ Y1 (Um ~ Vg )7 U2\Uy U )] U3 (Uy — U3 )T
Q=4 (11)

G 4 4 4
ay (EL —-oT, )—a6u'Ghem —a7u'(EL —-oT, )—ag (O —,)
wher¢
E E

ah =10 hem E and ag :no,hembu and ay :nO,hembu E (12)

If the value for (¢/a) is known from other measurements, it can be usedfor the modelling of the extracted
powel. A corresponding reference shall be given in the test report. Formula (12) allowp linking the
current parameters to the performance parameters defined in previous versions of this standard.

24.1.8 Quasi dynamic test method for liquid heating collectors

The ektracted power Q is modelled as Formula (13):

2 , ]
. NopKp (01,07 )Gy +MopK qGq — a1 (O =0, ) —az (O, =0, )" —azt’ (B, -8, ) +
Q=A4g A . . (13)
a4_ (EL _GTa )—615 (dﬂm /dt)*a6u'6_a7u'(EL _GTa )_ag ('l?m _ﬁa)

For c¢llectors with a concentration ration Cr < 20, the use of non, Ko(61, 01.), K4, and the cqefficients aj,
ap, anld as are mandatory and they'shall be identified. The parameter ag maybe set to 0.

For co¢llectors with a concentration ratio Cr > 20, the parameters ay, as, a4, ag, a7 and Kq may be set to
zero, fis is mandatory and §hall be identified.

For cpvered collectors-tested with artificial wind source at a speed between 2 m/s and 4 m/s, the
coefficients as, as,dps.dnd a7 are set to 0.

For WISC collectors or collectors with a concentration ratio, the parameter ag may be set tp 0.

24.1.4 Data analysis

The required performance parameters shall be deduced by statistical least square curve fitting of
the measured data points. If one of these parameters is deduced with a negative value or if it has no
statistical significance [i.e. the T ratio (parameter value/standard deviation of parameter value) < 3],
this parameter shall be set to 0 in Formulae (11) or (13), and the parameter identification shall be
repeated again. In the result sheets (Annex A), this parameter shall then be indicated with a value of 0.
Under no circumstances it is admissible to set parameters to 0 without repeating the data analysis and
without re-fitting the other parameters.

If the parameter a5 is deduced with a negative value, it shall be replaced by the heat capacity as
determined according to 25.3 divided by the gross area Ag.
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24.2 Air he

ating collectors

24.2.1 General

The useful power extracted Q is measured as given in Formula (14)

Q= (e -egeDe )= (i e 0y )= (e =riy)-cga -0, |

(14)

A value of cfe corresponding to the inlet and outlet fluid temperature and the ambient temperature
shall be used. If m is obtained from volumetric flow rate measurement, then the density shall be

determined
Where neceg

NOTE Fol
exact temperd
of the volume
collector.

24.2.2 Stea

Closed loop ¢
24.2.3 Stea
The extracte]

QZAGGﬂ

The collecto
indicated at

24.2.4 Stea

OT The temperature of the f1uid in the 11ow meter.
sary, tables of measurements of the collector performance are admitted.

mula 14 has an uncertainty if the measurement is done under positive gauge pressure becay
ture of the volumetric leakage flow rate is not known. Under positive pressufg;the tempe
[ric leakage flow rate differs depending on whether it occurs at the beginning-or at the end

ly-state test method for closed loop air heating collectors

ir heating collectors shall be modelled as liquid heating eglléctors (see 24.1).
ly-state test method for open to ambient air heating collectors

d power Q is modelled as Formula (15):

hem

- efficiency Ny, 5 1S dependent.on the mass flow rate m; and shall be measure
L

minimum, mean and maximum flew rate as specified by the manufacturer.

ly-state test method for‘open to ambient air heating WISC collectors

se the
rature
of the

(15)

d and

The solar emergy intercepted on-the collector is AgG and the extracted power Q is modelled as

Formula (16]:

Q:AGP

The collecto
indicated at 1

+§(EL —GTa4 )}(nhem,rhi _bu;’hi u)

" efficiency parameters are dependent on the mass flow rates and shall be measure
minjimum, mean and maximum flow rate as specified by the manufacturer.

(16)

d and

24.3 Standard reporting conditions (SRC)

The collector output (table and graphical presentation) shall be reported in a comparable form
independent of the test method and for the same climatic standard reporting conditions (SRC) defined

in Table 7. Fo

46

r all calculations, the model used for the analysis of the measurements shall be used.
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Table 7 — Standard Reporting Conditions (SRC)

Climatic conditions Blue sky Hazy sky Grey sky
Gy 850 W/m?2 440 W/m2 0 W/m2
Gq 150 W/m?2 260 W/m?2 400 W/m?2
Ya 20°C 20°C 20°C
El-0-942 -100 W/m2 | -50 W/m2 0 W/m?2
ua 1,3m/s 1,3m/s 1,3m/s
d9dp,/dtb 0K/s 0K/s 0K/s
a__ For WISC collectors only.
b For quasi dynamic tested collectors only.

NOTE (EL-0-92%) normally has a negative value as the effective sky radiation temperature is lower than the
ambignt air temperature. A net long wave irradiance of -100 W/m2 corresponds to aboat a clear|sky condition
when P, = 20 °C and Jsky = 0 °C.

For full compatibility, the parameters Kq and 1o} shall be determined,)if not available, using the
formylae given in Annex B.

Presentation of performance results shall be given up to the maximum temperature differgnce between
mean|fluid and ambient for which the collector was tested plus a8 maximum of 30 K. Result§ down to the
measpired minimum temperature difference minus 10 K may<be indicated. It shall be stated that the
measfired collector parameters are applicable only for calculations in this range.

For all collectors, the Peak Power Wpeak shall be calewlated and reported as the power output per
modulle operated under blue sky SRC at a temperaturedifference 9, — 9, = 0 and an incident angle of 0°.

24.4 |Standard uncertainties

The sfandard uncertainties of the measured collector parameters may be derived as outliied Annex D.

24.5 |Reference area conversion

If, in hddition to the standard tepresentation, thermal performance parameters have to|be indicated
with reference to other areas'than the gross area, the conversion rules given in Annex G shall be used.

25 Determinatieicof the effective thermal capacity and the time constant

25.1|General

The ¢ffective thermal capacity and the time constant are important parameters dgscribing the
colledtors™transient performance. A collector can be considered as a combination of masses, probably
at dlf Cl Cllt tCllllJCl atu1 S, ‘VAVYIIUII d L«UllULtUl ib Uptl atiug, Cdbll LUIIULtUl LUllllJUllCllt I capuuuS dlfferently
to a change in operating conditions, so it is useful to consider an effective thermal capacity for the
whole collector.

It is evident that the effective thermal capacity and the overall time constant may depend on the
operating conditions and are not always simple collector parameters with a unique value. For this
reason, one of the following methods including the indicated reference conditions shall be chosen. The
measurement of the heat capacity and the time constant shall be performed using a flow rate similar to
that for collector efficiency testing.

25.2 Measurement of the effective thermal capacity with irradiance

The collector is installed and operated as defined in 23.4. The collector area is shielded from the solar
radiation (natural or simulated) by means of a solar reflecting cover. The inlet fluid temperature
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is set to ambient temperature Jj, & 9, until steady-state conditions are reached (Jex = Jin)- The inlet
temperature is being kept stable at J,. The cover is removed quickly and data are measured until the
outlet temperature of the fluid varies by less than 0,5 K per minute, i.e. until steady-state conditions are
achieved again.

The transient behaviour of the collector between the two steady-states 1 and 2 is described by

Formula (17):
dv

Cd—:‘:A-nO'hem-G—rh-cf-AT—AG-U-(ﬁm—ﬁa) (17)
Integrating qverthe-period-between-thetwo-steady-states-givesthefollowingformulaforthe-celector
thermal capdcity:

t ) t t t
Ag Mohem |, Gdt—r-cg | * ATde -4 UU 2 (94, 0, )de+ 2 [ ATdt}
t1 t1 t1 2Jy
C= (18)
(19m2 _ﬁml )
25.3 Measyrement of the effective thermal capacity using the quasi dynamic method
The effectived thermal capacitance, modelled as as and equal to C/4, is ahdandatory part of the collector
model and is|identified simultaneously together with all other collector‘parameters.
The test dafa shall include periods with high variability in¢solar radiation so that the thermal
capacitance [effects are significant. The required condition that d9p/dt shall exceed 0,005 K/s is
usually met furing partly cloudy days, type 2. If this is not:the case, additional type 2 test dayg with
partly cloudy conditions shall be added to the data set used-for parameter identification.
25.4 Calculation method for the determination of the effective thermal capacity
The effectivd thermal capacity of the collector.Cfis calculated as the sum of the total thermal capdcities
mic; of the copstituent collector elements (gldss, absorber, liquid contained, and insulation) weighted by
a generic factor p;:
i
The weighting factor p; (betweén 0 and 1) allows for the fact that certain elements are only paftially
involved in cpllector thermal\inertia. The values of p; are given in Table 8.
Table 8 — Values of weighting factors
Elements Pi
Absorber 1
Insulation 0,5
Heat transfer fluid 1
External glazing 0,01-a1
Second glazing 0,2-a1

All parts of the collector which are in direct contact with the heat transfer fluid (liquid or air) shall be
weighted by p; = 1.

25.5 Determination of collector time constant

The measurements made under 25.1 shall be used for the determination of the time constant.
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The measured difference between the temperature of the fluid at the collector outlet and of the ambient
air (Je — 9,) are plotted against time, beginning with the initial steady-state condition until the second
steady-state has been achieved (see Figure 15).

Y
"
4.
2
3 X
Key
1 (l;e - 193)2
2 (I)E - 193)0
3 T
4 0]632 [(9e - 9a)2 — (9 - Ja)o]
X  time
Y Oh-9;

Figurie 15 — Collector time constant

The tjme constant 7. of the collector is then defined as the elapsed time between the rgmoval of the
cover|and the point where the collector outlet temperature crosses 0,632 of the total increase from
(19e - 93)0 to (l9e - 193)2

Alterpatively, the timeZoonstant can be determined during a cool down period rather, i.e.|by reversing
the W:Easurements described in 25.1. The time constant of the collector is then the elapsed tfime between

turnipg off the ifradiance and the point where the collector outlet temperature rise drops|by 63,2 % of
its initial steady*state value.

26 Détermination of the incident angle modifier (IAM)

26.1 General

The thermal efficiency parameters are determined for the collector at normal incidence conditions. A
separate measurement shall be conducted to determine the incidence angle modifier to calculate the
performance of the collector under any incidence angle.
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26.2 Modelling

The incidence angle modifier is defined as the ratio of the peak efficiency at a given angle of incidence
and the peak efficiency at normal incidence according to Formula (20) and (21), respectively.

o, ,0
Kb(GLﬁT)Z—nO'b( 61 (20)
Mob
o, ,0
Khem (61,67 _Moem (61.61) 21
rlO,hem

incidence, other angles than normal incidence may be defined as reference angle. Such deviating njodels
have to be described very clearly in the test report to prevent from miscalculations whénusing any
simulation tqols.

For certain Eollector types where the thermal performance cannot be determined under/nprmal

The longitudinal plane (index L) runs parallel to the optical axis of the collector and the transyersal
plane (index|T) is perpendicular to the optical axis. The angles 6, and Ot are the projections pf the
incidence anjgles 6; (given in a spherical coordinate system) onto the longittdinal and transyersal
planes, respdctively, see Figure 16.

sun position
transversal plane

longitudinal plane

1

2

3

4 collector normal
5  collector plane
6

example vacuum tube

Figure 16 — Symmetry planes and angles relevant for the determination of the IAM

50 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

For the correlation between 6, 61, and 0T, the Formulae (22) and (23) hold:

61, (0,7)=tan"" [%ﬁ;m] (22)
61 (6,y)=tan"" [%?;n)(y)] (23)

are the projected incidence angles onto the two symmetry planes, thus:

an2 0 — 2 2
tan A =tan 9L+fnn ﬁl (24)

For most collectors, the incident angle modifier can be approximated by the product of fwo separate
incident angle modifiers in the perpendicular collector symmetry planes as definéd-in Figiire 16:

hem (OL 'HT):Khem (QL '0)'Khem (O'OT) (25)

=

Thes¢ two incidence angle modifier functions shall be determined. Forthose collectors for which the
incidgnce angle effects are deemed symmetrical with direction of iricidence, it is sufficient to measure
the ir]'cident angle effects for one direction only to fully characteriZe the incident angle modifier.

Depending on the collector type, several standard functions.describing the incidence anglelmodifier are
availgble such as the Ambrosetti function shown in Formulax26):

K(e):1—tan’<(%J (26)

For nfany collector constructions however, simple functions are not suitable to describe the incidence
angle|modifier. In these cases, lists of individual values, tabulated in steps of 10°, shall be iised. Smaller
stepsjthan 10° may be added if deemed.nécessary.

0 0 10 20 30 40 50 60 70 80 90
K(6) | K(0) | K(10) |(K(20) | K(30) | K(40) | K(50) | K(60) | K(70) | K(80) | K(90)

The incidence angle modifier for any incidence angle 8 may then be interpolated using the|lookup table
and the linearized apprgximation shown in Formula (27):

N E R )

where the epen brackets denote rounded to next lower integer.

=

For most collectors, K(0°) = 1 and K(90°) = 0; however, for some specific designs, oth|er fix points
are possible. In case of asymmetric collectors, such table representation shall be extended to cover
incidence angle from 6 = -90° to 6 = +90°.

26.2.1 Steady-state

For steady-state measurements, Formula (11) is modified with the incidence angle modifier
Khem(0L, 6T) in Formula (28):

2 1
. nO,hemGhemKhem (eL 'eT )_al (ﬁm _19a )—(12 (0m _ﬁa) —asu (19m _ﬁa )+
Q=4g . . 4 (28)
ay (EL -oT, )—a6u'G—a7u'(EL -oT, )—ag (O —9,)
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26.2.2 Quasi dynamic

The collector incidence angle modifiers, modelled as Ky (6L,0T) for direct radiation and Ky for diffuse
radiation are mandatory parts of the collector model. K4 is modelled as a collector constant. These
parameters are identified simultaneously together with all other collector parameters.

26.3 Test procedures

26.3.1 Stea

dy-state liquid heating collectors

The collector shall be operated using similar conditions as for the thermal performance measurei

(flow rate,
closely as p

be determingd in accordance with 23.4.2. The collector shall be tested at diffuse irradiance ley
always less than 30 %. During each test period, the orientation of the collector shall be such th

collector is

While measu
incidence an
not differ by

Care shall be
tilt angles. S

small deviations induce considerable measuring errors.

The measurég
collectors wi
at more than|

One of the fo

26.3.1.2 Me¢

This method
in 19.2.3 or ¢
arbitrarily a

The collecto
required to 1

26.3.1.3 Md

This method
orientation c

tjusted with respectto the direction of the incident solar radiation.

ind speed, etc.). The mean temperature of the heat transfer fluid shall be control
sible (preferably within *1 K) to the ambient air temperature. The efficiedey valug

aintained within +2° of the angle of incidence for which the test iscbeing conducted.

ring the incidence angle modifier in one plane of an optical unsymmetrical collectq
ble within the other plane shall be kept to a value where the‘incidence angle modifie}
more than 2 % from the one at normal incidence.

taken that the measurement of the incident angle medifier is not affected by inappro
pecial care shall be taken that the pyranometer isplaced exactly in the collector plz

ments shall be made at least at two differgnt incidence angles between 20° and 7(
[th unusual optical performance characteristics, it is advisable to make these measurel
two angles.

lowing two methods shall be used:for the determination of the [AM.

thod 1

is applicable for testing.indoors using a solar simulator with the characteristics spe
utdoors using a twotaxis movable test rack so that the orientation of the collector d

shall be opgrdated under stable conditions at different fixed angles for time pg
each stableiinstantaneous efficiencies.

thod:2

ments
ed as
shall
els of
nt the

r, the
" does

briate
ne as

°. For
nents

cified
an be

briods

iS/applicable for testing outdoors using a stationary test rack on which the col

ector

annot be arbitrarily adjusted except for the inclination angle.

The efficiency value shall be determined in such a way that one value of efficiency is taken before solar
noon and a second value after solar noon. The average incidence angle between the collector and the
solar beam for both data points is the same. The efficiency of the collector for the specific incidence
angle shall be considered equal to the average of the two values.

26.3.2 Air collectors

The incidence angle modifier of air collectors can be measured as with liquid heating collectors. One of
the three flow rates used for the efficiency measurement shall be used in this measurement.
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26.4 Calculation of the collector incidence angle modifier

Regardless of which experimental method is used, values for the thermal efficiency of the collector shall
be determined for each of the measured values of incidence angles. The measured performance nhem(6L,
Ot) shall be recalculated using Formula (11) to match the 1g hem conditions and to give ng,hem(6L, 6T).
The incidence angle modifier is then deduced by dividing by the thermal efficiency for normal incidence.

o, ,0
Ktem (OL'QT):M (29)

nO,hem

26.5 Reporting

The result shall always be presented as a table indicating the incidence angle modifier i1l steps of 10°
(smaller steps than 10° may be added if deemed necessary) in longitudinal and transversal direction.
The data that were not measured shall be calculated using the mathematicdlbmodel jused for the
determination (see 26.2):

(7] 0 10 20 30 40 50 60 70 80 D0
Ky(0)
Kt(0)

The mathematical model used for the calculation shall be deseribed in the test report. The orientation
oflorxltitudinal and transversal axes shall be described to prevent misunderstandings.

For steady-state measurements, the diffuse incidence angle modifier constant K4 shall b¢ determined
as degcribed in Formula (B.3) and indicated in the testreport.

27 Determination of the pressure drep

27.1|General

The pressure drop across a collector is an important parameter for designers of solar colle¢tor systems.
Any fluid can be used for the measurement but it has to be specified together with the test results. The
standlard test temperature of the fluid shall be (20 + 2) °C. Other temperatures are possible but have to
be indicated together with'the test results.

The heat transfer fluid-shall flow as specified by the manufacturer. Particular attention ghall be paid
to the selection of.appropriate pipefittings at the collector entry and exit ports to prevent inducing
unwanted additienfal pressure drop. The collector shall be shielded from radiation during the whole test.

The pressure-drop shall be determined for different flow rates, which span the range likelly to be used
in redl operation. At least five measurements shall be made at values equally spaced over fthe flow rate
rangg. At,each operation point, the pressure shall reach steady-state conditions for at least 5 min.

27.2 Liquid heating collectors

27.2.1 Apparatus and procedure

The collector shall be coupled to a test loop conforming broadly to Clause 22, although less
instrumentation is required than for collector efficiency testing.

The following data shall be measured in accordance with Clause 22:
a) fluid temperature at the collector inlet;
b) fluid flow rate;

c) heattransfer fluid pressure drop between the collector inlet and outlet connections.
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The heat transfer fluid pressure drop across the collector shall be measured with a device having a

standard uncertainty of 5 % of the measured value or +10 Pa, whichever is higher.

27.2.2 Pressure drop caused by fittings

The fittings used to measure the fluid pressure may themselves cause a drop in pressure. A zero

check

on the pressure drop shall be made by removing the collector from the fluid loop and repeating the
tests with the pressure-measuring fittings directly connected together. The pressure drop caused by

the test equipment shall be used to correct the measured pressure drop of the collector.

27.2.3 Test conditions

The test sha]l be carried out at a constant pressure corresponding to the intended operatingjpre
The fluid floy rate shall be held constant to within +1 % of the nominal value during test measuren

27.3 Air hdating collectors

27.3.1 Apparatus and procedure

Measuring devices shall be positioned upstream and downstream of the collector as illustraf
Figure 17. A Zero check on the pressure drop shall be made by removingthe collector from the flui
and repeatinig the tests with the pressure-measuring fittings directlyconnected together. The pre
drop caused |y the fittings shall be used to correct the measured pressure drop of the collector.

For open to gmbient collectors, the inlet pressure is always the @mbient pressure.

Pressure-measuring points shall have four external manifeld pressure taps, as shown in Figure 1
pressure in fhe test circuit and the pressure drop of the'Solar collector shall be measured using
pressure tap|holes and either a manometer or a differential-pressure transducer. The edges of the
on the insidq surface of the duct shall be free of burss. The hole diameter shall not exceed 40 %
wall thickness or 1,6 mm. Provision shall be made,for determining the absolute pressure of the en
transfer fluid.

The static pressure drop of an air-heating\collector and static pressure upstream or downstream
collector shalll be determined with instriiments that have an accuracy of +10 Pa.

ssure.
hents.

ed in
1 loop
ssure

/. The
static
holes
of the
ering

of the
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1 2
Key
1 ajrinlet test duct
2 s¢lar collector
3 djfferential pressure measuring device
4 afr outlet test duct
Figure 17 — Measurement of pressure drop of air heating collectors

27.4(Calculation and presentation of results
The gressure drop shall be presented as table and graphically as a function of the fluid
each ¢f the tests performed, using the format sheets given in A.16.9.
For mjost collectors, thé\pressure drop can be approximated by a second order polynomig
given|in Formula (30):

Ap = aVv +bi?
The parameters a and b shall be derived by least square curve fitting of the measured pr
at different flows. If this this simple model is not applicable, a list of measured pressure d

flow rate for

I function as

(30)

essure drops

op data shall

be presented in the test report.
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Annex A
(normative)

Test reports

A.1 General

Test reports| may be issued on single tests or complete test sequences. Any deviations fI‘O]In the
procedures s defined in this document shall be described including the technical reasofis forf such
deviations.

A.2 Colleg¢tor description

A.2.1 General

For the identification of the solar collector, the description shall be as-¢cémplete as possible and shall
include at lefast the characteristics listed below, if applicable. Numbers shall be indicated with the
indicated precision. Additional information may be important depending on the test sample. In cafe the
information |s given by the manufacturer, this must be clearly stated. Manufacturer information has to
be checked fpr plausibility by the test laboratory.

A.2.2 General Information for sample identification

Name of mahufacturer

Brand Name

Serial No

Collector Type
(Flat-plate, ETC, PVT, Tracked, Evacuated, etc.)

Drawing(s) PocumentNo
(if available]

Collector mounting possibilities
(On-roof, In-roof, Fagade, On Stand, etc.)

For collectors with integrated electrical components (ventilator, pumps, PV-panel...),
they shall be described together with their technical data:
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Protection mechanisms

Self-protecting collector (5.2.2.3)

(Yes,

No)

If yes, a full description of the self-protection mechanism(s) together with their protection thresholds
and set points, together with the modified test procedures and test results shall be given in the rele-
vant result sheets of this annex.

- 1 Al
FreegeresistanteceHector{34-23

(Yes,

No)

If yes

ance|shall be given in the relevant result sheets of this annex.

, a full description of the mechanism(s) and/or collector properties guarantéeing fre

pze resist-

Freeze resistant heat pipes (14.3)

(Yes,

No)

If yes
ance

, a full description of the mechanism(s) and/or heat-pipe ‘properties guaranteeing freg
shall be given in the relevant result sheets of this annéx.

eze resist-

A.2.4

Minipnum and maximum operation temperature

Operational range

Maximum operation pressure H

(At

aximum temperature of operation)

Mini
(meal

mum and maximum installation inclination
sured from horizontal)

Reco

mmended heattransfer fluids

Mini

mum, recommended, maximum flow rate kg

/h

Othe

 limitations

© IS0 2017 - All rights reserved

57


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

A.2.5 Dimensions and general information

Gross length, width, height mm
(length from bottom to top, width from left to right, when oriented as tested)

Gross area, Ag m2
(as defined in 21.8, 2 digits precision)

Aperture area, App m?2
1 11 1SN0 0499 2 digitc nracician)
(as defined iptS0-94-88,2-digitspreeision’

Absorber arpa, Aaps m?2
(as defined in ISO 9488, 2 digits precision)

Weight empty kg

Fluid content 1

A.2.6 Frame, enclosure, casing

Enclosure mjaterial(s)

Joining method(s)
(pop rivets, gcrews, glued, etc.)

A.2.7 Abso¢rber

Material(s)

Number of apsorber elements
(fins, tubes, jetc.)

Absorber el¢ment ledgth, width mm
Absorber totaldength, total width mm
Absorber thickness mm
(1 digit precision)

Solar absorptance a %
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Hemispherical emittance %

Absorber Coating
(type, brand name)

Bond between riser and fin/plate
(mechanical, soldering, ultrasonic welding, laser welding, etc.)

A.2.8§ Hydraulic System

Flow|pattern as tested
(cleaf description and/or drawing)

Number of risers

Riself material

Risetf length nmm
Riserf outer/inner diameter mm
Distgqnce between risers mm

Maniffold material

Manilfold length nmm
Maniffold outer/inner diameter mm
Collector hydratilic connector type/size mm

A.2.9 CAir collectors

Absorber surface m?2

Type of absorber
(overflow/ underflow/ flow through, etc.)

Absorber “heat exchanger” surface
(substitution of “Fin width” and “Fin thickness” for air heating collectors)

Air filtration (air collectors only)
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A.2.10 Glazing/transparent cover

Material

Glass type
(tempered, toughened, safety glass, etc.)

Thickness mm

Inner/outer [diameter mm
(for tube collectors)

Solar transmittance %

Glazing surfpce characteristics
(clear, textured, coated, etc.)

A.2.11 Insullation(s)

Material
Thickness mm
Thermal conjductivity W/m2K

A.2.12 Heat Pipes

Material

External diameter of pip&/anid condenser mm
Liquid type

Liquid mass g
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A.2.13 Reflector(s)

Type of reflector
(CPC, Flat, etc.)

Material

Length, width mm
Refldctance (hemispherical) Yo
Refldctance (diffuse) Yo

A.2.14 Additional Information

Photpgraph(s) of the collector

Cominents on the collector design

Schematic diagram of collector mounting

A.3 [Test sequence and summary-of main results

See Table A.1 for a result summary table. Full details shall be given in the individual test r¢sult sheets.

Table A.1 — Result summary table

Test Date/Start-End Summary of main testjresults

Delivery of test sample /Tnitial visual
inspejction

Air lepkage rate test

Ruptyre or collapse test

Standard stagnation temperature

Exposure or half-exposure

External thermal FIrst
shock Second
First
Internal thermal shock
Second
Rain penetration
Freeze resistance
Internal pressure
. Positive
Mechanical load -
Negative

Impact resistance

© IS0 2017 - All rights reserved 61


https://standardsiso.com/api/?name=5d40e486d92d6a703341bdf8ab9c2623

IS0 9806:2017(E)

Table A.1 (continued)

Test

Date/Start-End

Summary of main test results

inspection

Delivery of test sample / Initial visual

Air leakage rate test

Rupture or collapse test

Standard stagnation temperature

Exposure or half-exposure

Thermal performance

Pressure drop measurement

Final inspect

on

A.4 Internal pressure test for fluid channels

A.4.1 Test

Test method

condition

Test fluid

Ambient temperature

°C

Test duratiopn

A.4.2 Test

Maximum td

results

st pressure

min

Any evident
(description|

problems, damages-and failures according to Clause 17

and photos)

Other obser

7ations and'remarks

A.5 Air leakage rate test for closed loop air heating collectors

A.5.1 Test

Test method

condition

Volumetric flow

kg/m3

Ambient temperature

°C
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Fluid temperature °C
Intermediate pressure Pa
Test duration at each pressure S

A.5.2 Testresults

Maximum test pressure

Any ¢vident problems, damages and failures according to Clause 17

(Des¢ription and photos)

Othel observations and remarks

The results shall be presented as a table of values (Table A.2)and as a graph (Figure A.1

least the specified operating range of the collector.

Table A.2 — Values of the volumetricpressure and leakage flow

) covering at

Collector pressure over ambient pressure Leakage volumetric flow rate (VL)
(Pa) (m3/s)

YI

20

15

10

5

0

-400  -300 -100 100 200 300 400 Y

-5

-10

-15

=ZU

Key
X collector pressure (Pa)

Y leakage volumetric flow rate (m3/h)

Figure A.1 — Leakage rate curve of an air heating collector
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A.6 Rupture or collapse test
A.6.1 Test condition

Ambient temperature

°C

Fluid temperature

°C

Test pressure

Pa

Test irradianpce (if applicable)

W/ni2

Test duratiopn

A.6.2 Test|results

Any evident|problems, damages and failures according to Clause 17
(description/and photos)

Observations and remarks

A.7 Determination of standard stagnation temperature
A.7.1 Test|condition

Test location
(indoor/outdloor)

Collector ing¢lination

Average ambient tempeftature

°C

Average henllispherical irradiance

W/m?2

Location for temperature sensor

Fluid specifications, flow rate, fluid temperature
(if a fluid was circulated)

Method used to determine the standard stagnation temperature
(measurement/ calculation)
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Standard stagnation temperature at 1 000 W/m2 and 30 °C
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Any evident problems, damages and failures according to Clause 17
(description and photos)

Obse

rvations and remarks

A.8

Exposure test

A.8.1 Initial outdoor exposure

Loca
(add1

[ion for initial outdoor exposure
ess/coordinates)

Colle]
(mea|

ctor tilt angle during initial outdoor exposure
sured from horizontal)

Colle
(meal

ctor azimuth angle during initial outdoor exposure
sured from due south)

Test
(star

Hate
[/end)

DD/MM/YYYY

Colle]
(Y/N

ctor tested as facade collector

Loca
(desd

A.8.2

In Tal

[ion of temperaturemeasurement
ription/photos, if-applicable)

Test conditions for Method 1

inclu

pleSYA'3 and A.4, full details shall be given of the climatic conditions for all days dufring the test,
ing the initial outdoor exposure ifirradiance and ambient temperature was measure¢d.

Table A.3 — Climatic conditions for all days during the test

Date H 9, Location
DD/MM/YYYY M]/m?2 °C indoor/outdoor
Total days of outdoor exposure: ____days
Total hemispherical irradiation on collector: _____ M]J/m?2
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Table A.4 — Data record of fulfilled exposure test requirements

. G Ya Time periods Location
Date/Time W/m?2 °C min indoor/outdoor
Summary
Total time t=____h with irradiation G > _____ W/m?2 and ambient temperature 9, >____°C
A.8.3 Test|conditions for Method 2
Fluid used
Flow rate
kg/h
Fluid tempefature oc
Test date
(start/end) DD/MM/YKYY
Description of self-protection mechanism and description.of ddapted test
procedure (for self-protecting collectors only, 5.2.2.3)
Location of femperature measurement
(descriptionl/photos, if applicable)
A.8.4 Test|conditions for Methed-3
Average radjation on collector; plane
W/m?2
Average ambient temperature oc
Test date
(start/end) DD/MM/YYYY

Location of temperature measurement
(description/photos, if applicable)
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Test results

Climate class tested
(A+, A, B, C, indicate G and Y, for Class C)
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Any evident problems, damages and failures according to Clause 17

(desc

ription and photos)

Other observations and remarks

A9

External thermal shock test

A.9.1 Test conditions

Test
(indd

method
or simulator, outdoor, etc.)

Colle
(meal

ctor tilt angle
sured from horizontal)

Average irradiance during test W/m?2
Minimum irradiance during test W/m?2
Averjge ambient air temperature °C
Minijnum ambient air temperature °C

A.9.2

Clim
(A+, 4

Test results

hite class tested
\, B, C,.ihdicate G and I, for Class C)

Any

bvident problems, damages and failures according to Clause 17

(description and photos)

Other observations and remarks
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A.10Internal thermal shock test

A.10.1 Test

conditions

Test method
(indoor simulator, outdoor, etc.)

Collector tilt angle
(measured from horizontal)

Average irrddiance during test W/m?
Minimum irfadiance during test W/m?2
Average ambient air temperature °C
Minimum ambient air temperature °C

A.10.2 Test

Climate clas
(A+, A, Bor

results

5 tested
[, indicate G and 9, for Class C)

Any evident
(description|

and photos)

problems, damages and failures according to Clause 17

Other obser

A.11Rain
A.11.1 Test

Description
(in-roof, on-

yations and remarks

benetrationtest
conditiens

of colléctor mounting
dof, open frame, etc.)

Collector tilt angle
(measured from horizontal)

Number and description of position(s) of spray nozzles
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A.11.2 Test results

Any evident problems, damages and failures according to Clause 17
(description and photos)

Other observations and remarks

A.12 Freeze resistance test

A.12]1 Test conditions

Collector type
(freege-resistant when filled with water/drain down/heat pipe collector)

Colleftor tilt angle
(meajsured from horizontal) °

A.12|2 Test results

Any ¢vident problems, damages and failures accordingto Clause 17
(desdription and photos)

Othel observations and remarks

A.13|Mechanical load test

A.13]1 Positive pressure.test of the collector and the fixings

A.13.[l.1 Test conditions

Description of the-collector mounting kit used in the test

Test method used to apply positive pressure
(watgrySuction cups, gravel, air pressure, etc.)

A.13.1.2 Test results

Maximum test load without damage P
a

Any evident problems, damages and failures according to Clause 17
(description and photos)

Other observations and remarks
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A.13.2 Negative pressure test of the collector and fixings

A.13.2.1 Test conditions

Description

of the collector mounting kit used in the test

Test method
(suction cup

used to apply negative pressure
s, air pressure, etc.)

A.13.2.2 Teq

Maximum n

t results

boative test load without damage

Pa

Any evident
(description|

problems, damages and failures according to Clause 17
and photos)

Other obser

A.14Impa
A.14.1 Test

Test method
(ice ball test

yations and remarks

ct resistance test

conditions

steel ball test)

Impact dire
(vertical, ho

tion
Fizontal)

List of all pojints of impact

(description

if possible illustrated by photos)

Description
procedure

of self-profection mechanism and description of adapted test
for selfsprotecting collectors only, 5.2.2.3)

Maximum ice ball diameter without damage (if applicable)
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A.14.2 Test results

Maximum ball diameter without damage (if ice ball testing) mm
Maximum drop height (1 digit precision) without damage (if steel ball testing) m

Any evident problems, damages and failures according to Clause 17

(description and photos)

Othef observations and remarks

A.15/Final inspection

Evalujate and rate each potential problem as described in Clause 17.

Table A.5 — Final inspection record
Collector component Potential problem Evaluation

a) Cqllector box/fasteners

Cracking/warping/corrosiony/rain penetration/perma-
nent deformation/Accumulation of humidity/etc.

b) Mpuntings/structure

Strength/safety/loosehing/fatiguing/etc.

c) Seals/gaskets

Cracking/loss of adhesion/elasticity/brittleness/etc.

d) Cever

Cracking/breaking/crazing/buckling/delamination/per-
manent warping and deformation/outgassing/etc.

e) Absorber asawhole

Deformatien/corrosion/buckling/etc.

f) Absorber coating

Cracking/crazing/blistering/discolouration/peeling/
flaking/etc.

g) Reflectors

Deformation/cracking/crazing/blistering/discolourtion/
buckling/peeling/flaking/etc.

h) Absorber tubes and headexs/
Flow passages/hoses inside-the
colledtor

Deformation/corrosion/leakage/loss of bonding/
irreversible swelling/etc.

i) AHsorber mountings

Permanent deformation/corrosion/rupture/etc.

j) Insulation

Water retention/outgassing/swelling/degradation/
scorching/singeing/any other detrimental changes that
could adversely affect collector performance/fouling/etc.

k) C¢rrosion and other deterio-

ration caused by chemical action.

Corrosion shall be considered severe if it impairs the
function of the collector or if there is evidence that it will

Anywhere in the collector

progress

1) Retention of water. Anywhere
in the collector

Excessive retention of water anywhere in the collector

m) Heat pipes

Loss of fluid/loss of pressure/severe deformation/etc.

n) Self-protection systems

Any problem

o) Other components

Any other abnormality resulting in a reduction of thermal
performance or service life time
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