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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
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

To effectively select, use and maintain a material in a given application, its degradation under service
conditions must be predicted prior to use. Preferably, the durability of the material should be expressed
quantitatively in terms of an expected service life. Durability in this case is the ability of a material
to withstand deterioration caused by external factors in the environment, which may influence the
performance of the material under service conditions. Service life is defined as the period of time after
installation during which specific material properties important for the performance of the material
meet or exceed minimum acceptable values.

The
alsa

service life of a material is, thus, not solely dependent on its physical and chemical properties, but
on its performance requirement in the application considered, and on the external environmental

factors, which influence performance under service conditions. In design work, the impertant question
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present recommended qualification procedure for solar absorber surface durability is b
duct of a series of short-term durability tests. During a test the eptical performance of th
face tested is determined by measuring its solar absorptance afd thermal emittance. Fr
ptical performance of the absorber surface, its failure time<dn the test performed is as
pared with the shortest acceptable failure time set by the@design service life of the absor
Fice life, performance requirement defining failure titne in terms of loss in optical pe
sification of type and levels of environmental stress‘aré set under the assumption, that th
face tested will be installed in a vented flat plate solar collector for use in domestic hot wat
combisystems or under similar operating conditions.

recommended qualification procedure may-favourably be used in the development and

hbsorber surface tested may meet the requirement for an acceptable service life also
recommended durability testing procedure has proved to give results in fairly good
h qualitatively and quantitatively, with what has actually been observed on absorber surf]
onger time periods in solar ¢ollectors working under conditions corresponding to that
estic solar hot water system or combisystem. Nevertheless, if the tested absorber cg

still lead to a qualifieation.

present procedure consists of three parts to test the absorber with respect to its stabi
temperaturefagdinst high humidity and condensation and against corrosion caused by af
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ISO 22975-3:2014(E)

Solar energy — Collector components and materials —

Part 3:
Absorber surface durability

1 [Scope

Thip part of ISO 22975 is applicable to the determination of the long term behaviourand fervice life
of delective solar absorbers for use in vented flat plate solar collectors working, under |conditions
corfesponding to that in a typical solar domestic hot water system or combisystény.

Thip part of ISO 22975 specifies a failure criterion of a solar absorber based on changeg in optical
performance of the absorber. The optical properties of interest are solarabsorptance apd thermal
emittance.

Thip partof SO 22975 specifies durability testing procedures focusedon resistance to high ternperatures
and| condensation of water on the absorber surface as well as high humidity in the presenge of sulfur
dioxide.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
ind{spensable for its application. For dated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced‘document (including any amendments) appligs.
1SO|4624, Paints and varnishes — Pull-off.test for adhesion

1S0|8407, Corrosion of metals and alloys — Removal of corrosion products from corrosion test §pecimens
ISO[9050, Glass in building — Determination of light transmittance, solar direct transmittance) total solar
enefgy transmittance, ultrayiolet transmittance and related glazing factors

[SO|10062, Corrosion tests.in artificial atmosphere at very low concentrations of polluting gas(¢s)

3 |Terms and definitions

For|the purposes of this document, the following terms and definitions apply.

3.1

desigmservice life
Ilﬁ_fﬁ—d't_frrﬂ_ﬁ_h_h_m_b_b_ea Sorbe

time period of exposure under service conditions after installation during wnic

exp

3.2

ected to meet the performance requirement

failure time
time period of exposure in the test at which the performance requirement limit is reached

3.3

solar absorptance, a5
fraction of solar radiation energy absorbed by an absorber surface

© IS0 2014 - All rights reserved
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3.4

thermal emittance, ¢

ratiobetween the energy per unitarearadiated by asurface ata given temperature and the corresponding
energy radiated by a perfect black body at the same temperature

3.5

performance criterion function

PC

change in performance of an absorber surface in terms of changes in solar absorptance and thermal
emittance

4 Requjrements and classification
4.1 For dassification of the durability of the absorber surface, the following performance, requirenjent
shall apply|

PC=-Aag+0,50Ae <0,05 (@8]
where
Aas is the dhange in the solar absorptance defined as

Aas=dst - ds i (2)
with as t equal to the value of the solar absorptance at the actual time of the test or at service, and
with as i edual to the initial value of solar absorptance
where
Ag is the cHange in the thermal emittance

Ag =&t € (3)
with € equal to the value of the thermal emittance at the actual time of the test or at service and
with €; equfal to the initial value\of thermal emittance.
NOTE1  This performancecfiterion function is primarily based on location averaged values of the performgnce
of typical splar domestic-hot water systems and combisystems.[4] But, in the IEA Task 10 testing procedlure
referred to,[a slightly différent definition of PC is used, namely PC = -Aas - 0,25 x Ae. Investigations made byf the
IEA MSTC gfoup, however, showed that a weighting factor of 0,5 for the thermal emittance is more appropriafe.[<]
NOTE 2  Higherwalues for the PC function may be used if considered more appropriate. PC < 0,10 should njean
that the opfical performance of absorber surface, and thus also the performance of solar domestic hot wjater
system and leetabi emrssaHowedto-bereducedtoatevelegqual-te-90-4 Hs-erigin e-durtrs-the-design

service life time period.[4]
4.2 Before durability testing of an absorber surface, all test specimens, sampled and prepared as
specified in 5.1, shall be characterized with respect to their value for solar absorptance, determined as
specified in 5.2, and their value for thermal emittance, determined as specified in 5.3.

To be qualified for testing, the set of test specimens shall have a standard deviation in the determined
values for solar absorptance of less than 0,01 and for the determined values of thermal emittance a
standard deviation less than 0,04.

© ISO 2014 - All rights reserved
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4.3 For coated absorber surfaces, three extra test specimens shall be prepared and the adhesion of
coating on those test specimens shall be assessed, as specified in 5.5.

For the absorber to be qualified for testing, the adhesion of coating shall be > 0,15 MPa for all test
specimens (ISO 4624).

NOTE If considered accurate enough, the adhesion of the coating may be assessed by a more simple method.
The method of ISO 2409[1] may be used and the requirement for satisfactory adhesion be set at the degree of 1.
Alternatively, some suitable method in ISO 2819[2] may be used.

4.4 For an absorber surface to be qualified with respect to its thermal stability, the procedure of
durpbility testing as specified in Clause 6 shall be applied.

An hbsorber surface with sufficient thermal stability shall meet the requirement forytest rgsults as is
spetified in 6.4.

4.5 Foran absorber surface to be qualified with respect to its resistance to condensed water|when used
in alnon-airtight solar collector with more or less uncontrolled ventilation ofjair in the solar cgllector, the
profedure of durability testing as specified in Clause 7 shall be applied.

An gbsorber surface with sufficient resistance to condensed water shall meet the requirements for test
restilts as are specified in 7.4.

4.6| If an absorber surface should be qualified with respectto its resistance to degradatior} caused by
sulfur dioxide as an airborne pollutant, the procedure of dirrability testing as specified in Clduse 8 shall
be dpplied (optionally).

An [absorber surface may be qualified for use .in“two classes of solar collectors; the two classes
replesenting different severity classes as regards atmospheric corrosivity.

Solar collector of type A: Airtight solar collector or solar collector with controlled ventilation of air in
the[space between the absorber surface.and the cover plate. At the top and at the bottom of the frame
of the solar collector, it should be equipped with ventilation holes. The atmospheric corrosjvity at the
botfom part of the solar collector under service conditions may typically correspond to a corfrosion rate
of zjnc of 0,1 g/m? per year.

Solar collector of type B: Non-airtight solar collector with more or less uncontrolled ventilation of air
in the solar collector. The-atmospheric corrosivity at the bottom part of the solar collector unfder service
confitions corresponds+0 a corrosion rate of zinc of 0,3 g/m2 per year.

An absorber surfacewith sufficient resistance to degradation caused by sulfur dioxide in high humidity
air, jeither regarding only a type A solar collector or regarding both type A and type B solar]collectors,
sha|l meet the\fequirements for test results as are specified in 8.6.

5 |Test methods for assessing material properties as measure of absorbelr perfor-
mance

5.1 Sampling and preparation of test specimens

For durability testing, test samples with an absorber surface area of preferably (50 x 50) mm shall be
prepared. Sampling from larger pieces of absorber plate shall be made in such a way that variation in
the optical properties between the different test specimens is minimized. Three extra test samples are
also required for the assessment of the adhesion of the coating of un-aged test samples. For execution
of the complete programme of durability tests of this recommended procedure, a minimum of 18 test
samples are required.

© ISO 2014 - All rights reserved 3
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5.2 Sample conditioning

Determine the mean of solar absorptance and the mean of thermal emittance of three samples. Determine
the possible maximum absorber temperature for a collector covered with anti-reflection (AR) coating
according Table B.1. Temper all 18 samples at this maximum absorber temperature for at least 5 h with
an apparatus similar to that described in 6.2. Test three test samples for adhesion according to 5.5 and
proceed with the other 15 test samples if they pass the test.

5.3 Sola
Determine

measurem
standard d

5.4 The

Determine
For the con
emittance.

5.5 Adh

Determine
for testing

proceed as

6 Tests

r absorptance

ents as specified in A.1. For the complete set of test samples calculate also the mean value
eviation of solar absorptance.

'mal emittance

also the value for the thermal emittance for each of the 15 test samples ds is specified in
plete set of test samples calculate also the mean value and the standard deviation of ther

psion

the adhesion of the absorber coating either according tQ)ISO 4624 (use the general met]

gnce

and

A.2.
mal

hod

both rigid and deformable substrates when selecting.test assembly and use test cylinders
with a diafneter of 20 mm) or by means of a simpler method for-assessment of adhesion (see 4.3)

specified in the relevant standard.

for assessing the thermal stability-of absorber surfaces

6.1 Principle

6.1.1 Hig
of thermal
to an incre:
particles, a

6.1.2 WHh

h-temperature ageingis frequently used in many technical application areas for the asses

snjent
stability of materials. A high:temperature accelerates all kinds of processes, normally lef}ing

ised rate of degradation efumaterials. For a selective absorber coating composed of small
high temperature enhanees oxidation of metal decreasing mainly the absorptance of coat

en installed in a-single-glazed flat plate solar collector, an absorber surface is expose

a temperatiure which may vary greatly; in the extreme case from -20 °C up to more than 200 °C. /
measure of the level of.thermal load, the effective mean temperature, Teff, during one year of service

an absorb

surfacels used here. It is defined by the following expression:

Tm ax

and

etal
ng.

1 to
\s a
for

Tt = [ exp[-Er7t |p(ryar

€

(4)

exp[— nT
n

where

AT)

Tmax

Tmin

ff
T U )

min

is yearly based frequency function for service temperature of absorber surface in solar col-

lector, meaning the time fraction of a year when service temperature is in the interval T to
T+dT:

is the maximal service temperature of absorber surface in the solar collector in kelvin (K);

is the minimal service temperature of absorber surface in the solar collector in kelvin (K);
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ET is the Arrhenius activation energy expressing the temperature dependence of a thermal
degradation reaction of absorber surface;
R is the ideal gas law constant equal to 8,314 ]J/(mol-K).

6.1.3 The yearly based frequency function f{T) is determined by the external climatic load acting on the
solar collector and the optical properties of the solar absorber surface and the glazing.

In this recommended procedure it is assumed that the solar collector is under operating conditions for
11 months ofa year and then producmg tap water durlng daytlme when the solar collector temperature

a thermal ageing point of view 1t is only durlng the sunny days when the solar collec
gnation that the temperature load on the solar absorber surface will result in significa

the[absorber surface and so does the maximum solar absorber surface temperature during
confditions. The maximum solar absorber surface temperature is ‘in‘this recommended
det¢rmined from the solar absorptance and the thermal emittanee by use of interrelation
Tabje B.1. The reference thermal load in terms of an effective mean temperature is thereafter
as d function of the activation energy for thermal degradation‘by making use of the maximui
surface temperature.

NOTE If found more appropriate, another temperaturefrequency function may be used to repre
conglitions. The new effective mean temperature corresponding to a specific activation energy may b

onditions.
or is under

t thermal
presenting
5 when the

operties of
stagnation
procedure
5 shown in
calculated
n absorber

sent service
e calculated

by use of Formula (4).
6.1/4 To assess the thermal stability of the'absorber surface, short-term tests, enhancipg thermal
degradation of the absorber surface at_a ‘constant high temperature, are used. To convert|the design
seryice life of 25 years into a shortest aceeptable failure time, tg, for a constant temperaturg test to be
exefuted at the temperature TR, the following time-transformation function is used:
Eq

£ =25x%8760 exp —7(Teff ST ) (5)

whére

Tefr is the effective mean temperature, in Kelvin (K), of absorber surface defined by Fory

The

acce¢ptablefailure time for a specific constant temperature test.

[

hula (4).

effective mean temperature will vary with the activation energy and so will also the shortest

Toconcludawhatharan sbhecarbhar cefarnic o lifind oot tho roculic fraon At laact
S-coRErHae-Wetr o} ¥ 1 P+

6.1

&40 different

=4 U DT Tt T ot et oo e oo ootIre ettt UT TCToT

constant temperature tests are needed unless the optical performance of solar absorber surface tested is
unaffected during the first test. The qualification scheme and the conditions for the temperature tests are

given in Figures B.2 to B.4 and Table B.2, respectively.

6.2 Apparatus

6.2.1 Testing chamber to be used for assessing the thermal stability of the absorber surface shall be

constructed so that:

a) Constant temperature tests can be executed up to a temperature of at least 380 °C.
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b)

NOTE1 Testing chambers with circulating air heating are recommended in favour of those based on
radiative heating, because the temperature difference between the sensor and the test samples will be less
because of more uniform temperature condition in testing chambers of the former type.

NOTE 2  When radiative furnaces are used, the temperature of the test samples and the temperature of
the temperature sensor strongly depend on the radiation exchange with the heater and therefore also on
their optical properties. It is in this case preferable to measure the temperature of the test sample for heating
control.

The temperature is maintained at level of +1 °C after stabilized conditions have been reached after
start of test.

NOTE 1
temper

The te
tested

d) During

shall b,
the tes
beenr

6.2.2 Ins
requiremel

6.2.3 Tey
with 1SO 4
equipment

6.3 Proc

6.3.1 Sel
and qualifi

6.3.2 Ing
has been r¢

6.3.3 Keq

6.3.4 Aft
degradatio
rate should
testing ten]

Even a symmetrical variation around the set temperature results in a higher effective\n
ture with respect to thermal degradation.

mperature in the chamber is so uniform that the variation between absorber,specim
simultaneously is within the range of +1 °C; see NOTE 1 and 2.

cooling down of chamber after high temperature exposure, the rate of temperature decrg
e at least 10 °C/min (from 200 °C to 100 °C). If the chamber does not.meet this requirem|
t samples shall be taken out of the chamber immediately after the specified testing time
bached; see 6.3.4.

truments for measuring of optical properties of absorbeft surfaces complying with
Its as are specified in Annex A.

sile tester and test cylinders for measurement of adhesion of absorber coating in accordd
24 as specified in 5.5. If a simpler method for,aSsessment of adhesion is used, see 4.3,
complying with the requirements given in thetelevant standard for assessment of adhesi

edure for execution of high temperature tests

ect three test samples of absorber surface with known solar absorptance and thermal emittd
bd for testing according to 4.2.

rease the temperature of thetesting chamber to the specified level of test. After this tempera
ached, place the test samples of room temperature in the testing chamber.

bp the test sampl€s at this temperature level for the specified time period of test.

ean

ens

ase
ent,
has

the

nce

use

nce

ure

h, decrease the temperature of the testing chamber down to room temperature. The co
| be atleast —-10 K/min until the temperature has dropped to 40 °C or to 100 K below
pefature, whichever is met first.

br the specified time period of test or of interruption for measurement of the exter(:lf

of
ing
the

If the testing chamber does not meet the requirement for minimum rate of cooling down as specified
above, the test samples shall be taken out of the testing chamber immediately after the specified time
period of test has been reached. The hot test samples shall after they have been taken out of the testing
chamber be placed on a thermally insulating material to minimize damages, which may result from the

thermal sh

ock the test samples are exposed to during cooling down.

6.3.5 Determine the solar absorptance and the thermal emittance of test samples as specified in

Annex A.

6.3.6 Calculate from the change in solar absorptance and thermal emittance of test samples, the value
of the PC function for each panel tested by use of Formula (1). Calculate also the mean value of the PC
function for the different test samples.
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7

If the test was interrupted only for measurement of extent of degradation, reintroduce the test

samples after measurement into the climatic chamber after stabilized test conditions at the specified
levels have been confirmed.

6.4

Qualification procedure

6.4.1 Determine from the mean values of the solar absorptance and the thermal emittance of the
solar absorber surface to be tested the expected maximum absorber surface temperature Tpyax by use of
Table B.1 for the case of anti-reflection (AR) coating (line 1 of Table B.1); see also Figure B.2.

6.4
Tab)

6.4
the
test
intr

6.4
req
witl

6.4
as s
the
the

Wit

2 Determine from the Tpax value the temperature T1 of the first test to be performed me
le B.2.

3 With a set of three test samples perform a test, as specified in 6.3, at T1 and/nréasure as

ing the solar absorber surface is not qualified with respect to its thermal $tability. In all ¢
obduce the time t1, which is the last testing/measuring time with PC <,0,05.

4
lirements as specified in 5.5. If the requirement on adhesion/is met the absorber surface
)\ respect to its thermal stability.

5 Ift;=300handPC> 0,015, check whether the absorber surface meets the adhesion r¢
pecified in 5.5. If the requirement on adhesion is met proceed as follows: Use Table B.2 tg

testing time t3 which corresponds to the previeusly determined ¢t value; see also Figure H

h a new set of three test specimens, perform a test at T3 for a time period of t3 and meast

to determine PC.

If P

6.4
pre
tot

Wit

C (T3, t3) = PC (T4, t1) the absorbeirsurface is qualified with respect to its thermal stabilit

6 If t1 < 150 h proceed by using Table B.2 to determine the T value which corresp
Viously determined Tax-Value. Determine also from Table B.2 the testing time ¢ which ¢
he previously determined-t; value; see also Figure B.4.

h a new set of threetest specimens perform a test at T for a time period of t; and measy

to determine PC.

IfP
in 5
the

[ (T2, t2) <RE{T1, t1) checkwhether the absorber surface meets the adhesion requirement 4
5. If the'requirement on adhesion is met the solar absorber surface is qualified with re
'mal stability.

king use of

and ¢ after

testing times of 18, 36, 75, 150, 300 and 600 h or until PC = 0,05 is reached:If PC > 0,05 affter 18 h of

ther cases,

If PC < 0,015 after 600 h of testing, check whether the absorber surface meets thie adhesion

is qualified

quirement
determine

T3 value which corresponds to the previously determined Ty ax value. Determine also from Table B.2

.3.
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7

7.1

I'ests Ior determining the resistance to condensed water ol absorber s

Principle

urfaces

7.1.1 High humidity and the effect of moisture and condensed water on materials may initiate many
kinds of degradation reactions. Selective absorber coatings composed of inorganic oxides may sometimes
undergo hydratization reactions increasing the thermal emittance of coating. High humidity must prevail
for electrochemical corrosion to occur causing oxidation of metal and as a result the optical performance
of the coating may decrease.

7.1.2 As the casing of a flat plate solar collector is usually ventilated, this means that the absorber
surface is in contact with the ambient air. Humid air from the ambient therefore enters the solar collector
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and sometimes the temperature of the solar collector inside is so low related to the humidity level that
condensation of water takes place. Some solar collectors are not raintight, this means, an absorber surface
has to resist periods of exposure in very humid atmospheres during its service life. An absorber surface
should therefore to be qualified according to this procedure resist a humidity load representative for a
non-airtight solar collector with more or less uncontrolled ventilation of air in the solar collector.

The yearly time fraction, when the relative air humidity in the gap between absorber and cover plate
exceeds 99 %, is used as a measure of the severity of the humidity at service conditions. The severity
depends, however, also on the effective mean temperature during such time periods of high humidity.
The effective mean temperature during high humidity conditions is defined as in Formula (4). In this
case Formula (?) will nr‘r‘nrding]v contain the parameters given below with the fn]]m/ving meaning:

fu(T) is the yearly based frequency function for service temperature of absorber surface in the splar
collector when the relative humidity level exceeds 99 %, meaning the time fraction of a §ear when
service terIperature is in the interval T to T + dT and the relative humidity level exceeds 99-%.

TH,max is tlhe maximal service temperature, in kelvin (K), of the absorber surface in the solar colleqtor,
when the rglative humidity level exceeds 99 %.

TH,min is equal to 273,15 K, as below this temperature ice is formed on the supface of absorber.

e

Eyxristhe Arrheniusactivation energy expressingthe temperature dependenge fora possible degradag
reaction offlabsorber surface caused by the action of condensed water.

on

In Figure (.1, the function fy(7T) of this recommended procedure is‘shown.

NOTE If found more appropriate other humidity/ temperature~data may be used to represent serjvice
conditions. [The new effective mean temperatures for specific activation energy values may be calculated byl use
of Formula (3).

7.1.3 To [assess the resistance to condensed waterof absorber surface, short-term tests at different
temperatufes of absorber surface are performed. Tg.obtain constant condensation of water on the surface
of absorbef during testing, the surrounding aii\is kept at a temperature 5 K above the temperature of
absorber syirface and at a relative humidity of 95 %. To convert the design service life, set at 25 years, [nto
a shortest gcceptable failure time for a short-term test, Formula (4), is also here applied.

In Figure (.2, the shortest acceptablefailure time, as function of activation energy, is shown for a sefries
of constan{ condensation tests.

7.1.4 To ronclude whetheranh-absorber surface is qualified or not, the results from at least two diffefent
constant cqndensation tests performed at two different temperatures are needed. For this recommen(ded
procedure the conduct 0ftests at absorber surface temperatures of 40 °C and 30 °C or at 40 °C and 6p °C
are contairled.

7.2 Apphpratus

7.2.1 Climatic chamber to be used shall be constructed so that:

a) climatic conditions ranging from room temperature and 50 % RH up to at least 65 °C and 95 % RH
can be obtained, controlled and monitored during test;

b) the temperature can be maintained at a level of £1°C and the relative humidity at a level of +3 % RH
relative to the specified climatic conditions during test.

7.2.2 Cooled sample holder for temperature control of test samples in climatic chamber is to be
constructed so that:

a) the test samples can be fixed to it so that the test samples will be electrically insulated from each
other and the sample holder;
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b) the test samples will be in good thermal contact with the sample holder, which is used for cooling

A

and control of the temperature of the test sample;

the test samples will be positioned at an angle of 45° relative to the horizontal plane;

d) the temperature of sample holder can be measured for control of test temperature. This can

e)
A's

preferably be made by use of Pt 100 polyamide foil sensor which adheres to the surface of
holder and which is additionally protected by means of a self-adhesive PTFE -film;

a temperature constancy over time for the sample holder of 0,5 °C is provided.

the sample

his test is

spe

NOT
the

with a foil for distance control, made of e.g. PTFE, can preferably be used to guarantee,good thermal

arrdg

7.2
req

7.2

witl
con

7.3

7.3
and|

7.3

temperature for test samples and sét the relative humidity level of climatic chamber at 95 %

alsd

climatic chamber will reach thespecified test temperature.

7.3
test

7.3
deg
con

ibalal lo bLold | £ 21 I 2| Liclk 1 d_£, AN £
A oTC SatTpPTC TTOTUCT IITaa T UT aTuTiiT o arra v I CalT e oSt 10T e puT poUST—OT

rified in Annex D.

E The crucial point in ensuring a high reproducibility of the condensation tests is the'careful
est samples on the sample holder. A thin layer of an electrically insulating heat sink compound in

ngement made means that bimetallic corrosion will be prevented too.

3 Instruments for measuring of optical properties of absorber surfaces complyin
lirements as are specified in Annex A.

4 Tensile tester and test cylinders for measurement of adhiesion of absorber coating in
 [SO 4624, see 5.5. If a simpler method for assessment pf'adhesion is used, see 4.3, use
plying with the requirements given in the relevant standard for assessment of adhesion.

Procedure for execution of constant condensation tests

1 Select three test samples of absorber sutface with known solar absorptance, thermal,
qualified for testing according to 4.2.

2 Adjust the temperature of the(climatic chamber at a level of 5,0 K above the sp

the temperature of the thermostatic bath so that the temperature of the sample holder p

3 After stabilized ¢onditions have been obtained, fix the test samples to the sample
ing time period starts when condensation of water is first observed on the surface of the te

radation,take out the test samples from the climatic chamber and remove gently th
densed water on the surface of the test samples by a clean water absorbing paper.

mounting of
ombination
fontact. The

b with the

P

hccordance
equipment

emittance,

beified test
RH. Adjust
aced in the

holder. The
st samples.

4 After thé’specified time period of the test or of interruption for measurement of extent of

b excess of

Determine

7.3

5~ Condition the test samples under normal laboratory climatic conditions for atleast 2 h

the

solar absorptance and the thermal emittance oI the test samples as speciiied 1In Annex A.

7.3.6 Calculate from the change in solar absorptance and thermal emittance of the test samples, the
value of the PC function for each panel tested by use of Formula (1). Calculate also the mean value of the
PC function for the different test samples.

7.3.

7

If the test was interrupted only for measurement of extent of degradation, reintroduce the test

samples after measurement into the climatic chamber after stabilized test conditions at the specified
levels have been confirmed.
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7.4 Qualification procedure

7.4.1 With a set of three test samples perform test, as specified in 7.3, at T1 = 40 °C and measure as and
¢ after the testing times 18, 36, 75, 150, 300, and 600 h or till PC = 0,05 is reached. If PC > 0.05 after 18
h of testing the solar absorber surface is not qualified with respect to its resistance to condensed water.
In all other cases introduce the time t1, which is the last testing/measuring time with PC < 0,05; see also

Figure C.2.

7.4.2 If PC < 0,015 after 600 h of testing check whether the absorber surface meets the adhesion
requirements as specified in 5.5. If the requirement on adhesion is met the absorber surface is qualified
with respe¢t to its resistance to condensed water.

7.4.3 Ifty =300 handPC> 0,01 and if the absorber substrate is not made of aluminium check-whether
the absorbgr surface meets the adhesion requirement as specified in 5.5. If the requirement en adhegion
is met proreed as follows: Use Table C.2 to determine the testing time t3 which cofresponds to|the
previously [determined t; value; see also Figure C.3.

With a new set of three test specimens perform a test at T3 = 60°C (see Table C.2))for a time period ¢f t3
and measufre a5 and € to determine PC.

If PC (T3, t3) =2 PC (T4, t1) the absorber surface is qualified with respectto its thermal stability.

7.4.4 If gy < 150 h or if the absorber substrate is made of aluminium proceed by using Table C.B to
determine [the testing time t; which corresponds to the previously determined t; value for the second
testing tenfperature T = 30 °C; see also Figure C.4.

With a new set of three test specimens perform a test at T2 for a time period of ¢t and measure asfnd
€ to deterrhine PC. If PC (T, t2) < PC (T4, t1) check whether the absorber surface meets the adhegion
requiremeft as specified in 5.5. If the requirement-on adhesion is met the solar absorber surfade is
qualified with respect to its resistance to condensed water.

8 Test for determining absorber surface corrosion resistance to high humidity
air contdining sulfur dioxide

8.1 Principle

8.1.1 Mapny airborne pollutants, such as sulfur dioxide present in air as a trace substance, accelefate
highly, as well known, eleetrochemical corrosion of most metallic materials at high humidity As a splar
collector exchanges ais-with the ambient, this means also that airborne pollutants will be transpofted
from the ambient into 'the solar collector and the absorber surface. Airborne pollutants may, therefore,
influence tlEe long-term optical performance of an absorber by promoting corrosion attacks on the metallic

substrate. Airborne pollutants may also cause loss in the optical performance of selective absofber
coatings pigmeénted with small metallic particles, due to oxidation/corrosion of the metal particles.

8.1.2 Due to the complex nature of degradation caused by air pollutants, atmospheric corrosivity,
as defined from exposure of standard panels of metals as specified in ISO 9226[3], is used here. More
precisely, the corrosion rate of zinc is taken as a measure for severity of environmental stress on absorber
surface in solar collectors and sulfur dioxide is considered the dominating airborne pollutant as regards
degradation of absorber surface. As specified in 4.6, two severity classes are used here related to two
kinds of solar collectors for which corrosion rates for zinc are defined.

NOTE If found more appropriate other levels of atmospheric corrosivity may be used to represent service
conditions. The new levels of atmospheric corrosivity may be expressed also in terms of corrosion rates of other
metal than zinc, if found more appropriate.
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8.1.3 Toassess the atmospheric corrosion resistance of the absorber surface, exposure in high-humidity
air containing small concentrations of sulfur dioxide (10-6) is adopted. To convert the design service life of
25 years into shortest acceptable failure times relevant for the two severity classes defined, the principle
of comparative testing is applied. This means that the time transformation function for degradation of
optical performance of absorber surface is assumed to be the same as the one for the corrosion of zinc.

NOTE In the study of nickel pigmented anodized aluminium absorber coatings as specified in reference [4],
it was roughly assumed that the time transformation function for degradation of the nickel-pigmented anodized
aluminium coatings was the same as for the corrosion of zinc. The reasonableness of this assumption was
supported by results from measurements of deposited amounts of sulfur dioxide on this kind of coatings both
during laboratory tests, involving exposure in high humidity air containing sulfur dioxide, and during in-service
testp of absorbers in solar collector.lZ]

8.1
exp
frad

4 To conclude whether an absorber surface is qualified or not, the results from one tes
psure in circulating air of a relative humidity of 95 % RH, temperature of 20 °C>and wit
tion of sulfur dioxide of 10-6, are needed. The test is essentially performed as specified in

t, involving
h a volume
[SO 10062.

8.2| Apparatus

8.2
ISO

1 Climatic cabinet with inner chamber and gas flow system, shalkcomply with the requirements of

10062. An example of a suitable design is shown in Annex D.

Thg equipment used for testing shall be constructed so that:;

the inner chamber and gas flow system consist of¢iriert materials, e.g. PTFE or glass, fo avoid or

minimize adsorption of sulfur dioxide on surfaces-gther than of that of the test samples;
b) [the air flow and sulfur dioxide injection system are designed to ensure uniform test conditions in
the inner chamber or working space of the ¢abinet;

NOTE1 In the most common design wf test equipment, the test atmosphere in the working space is

obtained by continuously introducing thie.necessary quantity of sulfur dioxide into a damp air fl
the required concentration. Sulfur dioxide and conditioned air are mixed outside the cabinet. The

w to obtain
conditioned

air is taken from the outer chamber/of the climatic cabinet. The air flow after injection of sul
then mixed with a flow of recirculated test atmosphere and the resulting gas flow admitted i

may be recirculated.

To ensure uniform test/conditions in the working space, the test atmosphere is normally sup
working space from the bottom and the outlet is placed at the top. Perforated plates are placed i1
openings to ensure/uniform air flow through the working space.

uniformity-of temperature in the working space shall be better than £1 °C and uniformity
humidity better than 3 %. In terms of corrosivity, as expressed in terms of corrosi
standard metals, the uniformity shall be not less than 5 %j;

NOTE 2

The uniformity of the test conditions in the working space may be checked regularly b

fur dioxide is
r}o the inner

chamber or working space ofithe cabinet. Half of the flow of the test atmosphere through the injer chamber

plied to the
front of the

r of relative
bn rates of

y exposing a

TTUINDET Of COPPEr COUPOITS, praced at aifferent positions T the WOoTRITTE Space during sutfur atoxXite exposure.

The differences in weight change of the metal coupons indicate if the uniformity of test conditions is within

specified range.

d) the damp air flow shall be within the tolerance for the specified temperature +1 °C and relative

humidity +3 % and the linear flow rate of air shall be in the range of 1 mm/s to 5 mm/s.

air flow shall be free of water droplets or aerosols;

NOTE 3
cabinet after filtration and purification by activated charcoal and a particulate filter. The sulfur

The damp

In the most common design of test equipment, the air is introduced to the outer chamber of the

dioxide gas

may be taken from a pressurized cylinder filled with high-purity sulfur dioxide gas at a volume fraction of

10-3 in high-purity nitrogen gas.

© IS0 2014 - All rights reserved
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e) for exposure of test samples in the working space, a specimen holder shall be used so the test
samples do not shield one another or disturb the uniformity of the flow of air across the chamber;

f) the temperature, relative humidity, and concentration of sulfur dioxide in the air flow at the outlet
of the working space are monitored so that they reflect the true test conditions for the test samples.

8.2.2 Instruments for measuring of optical properties of absorber surfaces complying with the

requirements as are specified in Annex A.

8.2.3 Tensile tester and test cylinders for measurement of adhesion of absorber coating in accordance

with ISO 4
complying

8.3 Refd

For measu
be used.

The test sample of zinc may preferably has a dimension of 50 mm x 100 mm x.3-mm, and shall hav

impurity le

Before test
all marks
determina

After testi
the mass Id
fraction of
room temp
in mg/m2.

8.4 Proc
dioxide

8.4.1 Sel
and qualifi

8.4.2 Prg
95% RH a

with the requirements given in the relevant standard for assessment of adhesion.

rence test specimen

‘ement of corrosivity in the working space during testing, standard test samples of zinc s

vel at or lower than 0,5 %.

ing, the test samples shall carefully be cleaned with a hydrocarbon solvent in order to rem
f dirt, oil, or other foreign matter capable of influencing;the result from the corrosion
ion. After drying the panel, it shall be possible to weigh to the nearest 0,1 mg.

g, the corrosion products on the zinc panel shall be*'removed as specified in ISO 8407

5 % of acetic acid in distilled water. During chémical removal of corrosion products, wor
erature with cleaning cycles with a length ofaround 2 min. Express mass loss of metallic

edure for execution of corrosion test in high humidity air containing sulfur

ect three test samples of dbsorber surface with known solar absorptance, thermal emitta
bd for testing according t0/4.2.

pare the climatic_cabinet for test by firstly adjusting temperature to 20 °C, air humidit
nd air flow rate ata selected value between 1 mm/s and 5 mm/s. After stable conditions |

24, SEE H.o. IT a 51mpler Metnod 10T aSSeSSMENT of adnesion 1S Used, See 4.3, USe equipm

ent

hall

P dn

ove
rate

and

ss of the metal be determined. Use for removal«of €orrosion products a solution with a njass

k at
yinc

[nce,

y to
ave

been reachled, adjust the sulfur dioxide gas flow to the specified level so that the sulfur dioxide vol§ime

fraction in

8.4.3 Wh
place the t

the inlet airflow to the working space will be at a level of 10-6.

en/Stabilized conditions have been reached also after this step, open the door to cabinet

and

bst’and reference panels quickly in the working space. After a testing time period not

ore

than5 %o

the specified time period of test, the concentration of sulfur dioxide in the outlet air flow from

the working space shall not be less than 90 % of that in the inlet flow of air. If the concentration of sulfur
dioxide in the outlet air flow is lower, this probably means the total area of the test samples in the cabinet
is too large. During the test, check the exposure conditions regularly and, if necessary, make adjustments
to the specified levels.

8.4.4 After the specified time period of test or interruption for measuring the extent of degradation in
optical performance of the test samples, take out the test samples from the working space of the cabinet
and place them in a desiccator over silica gel for at least 2 h. Determine the solar absorptance and the
thermal emittance of the test samples as specified in Annex A.
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8.4.5 Calculate from the change in solar absorptance and thermal emittance of the test samples, the
value of the PC function for each panel tested by use of Formula (1). Calculate also the mean value of the
PC function for the different test samples.

8.4.6 If the test was interrupted only for measurement of extent of degradation, reintroduce the test
samples after the measurement into the working space after stabilized test conditions at the specified

levels have been confirmed.

8.5 Determination of shortest acceptable failure times in test by use of reference test

Sp

cimens

8.5
exp

8.5
kno
cab
cau

8.5
leas

I'zn

8.5

in hjours of the test according to 8.4 as follows.

a)
b)

8.6

8.6
tot

ttB
only

8.6

on 4

If th
resj

1 Ifthe corrosion rate of zinc, under the test conditions specified in 8.4, is not known fro
bsures in the test equipment used, proceed as follows.

2 Perform a corrosion test as specified in 8.4 with three pairs of referencetest samples
wn initial mass, see 8.3. Make interruptions of the test after 90 h, 180 h,and 360 h and tal
net at each interruption of test one pair of zinc panels for determinatien '6f mass loss in
ced by corrosion during test, see 8.3.

3 Assume the mass loss in metallic zinc versus the testing/time period is linear and de
t square fitting, the mean corrosion rate of zinc, rz,, during the test conditions specified in §
n mg/m2/h.

4 Use the mean corrosion rate of zinc and determine the following shortest acceptable fz

For a type A solar collector, see Clause 4: SHortest acceptable failure time, tfa = 2,5/rzn

For a type B solar collector, see Clause<47Shortest acceptable failure time tfg = 7,5/rzn
Qualification procedure

1 The qualification scheme*for testing the corrosion resistance of solar absorber surfa
he schemes of Figures B2 ;and C.2 can be found in [2]. Perform a corrosion test as specifie

m previous

f zinc with
xe out from
etallic zinc

termine by
.4. Express

ilure times

Ces, similar
d in 8.4 for

h, including also one nterruption of the test for measurement of extent of degradation after t¢a h. If

r qualification for the)type A solar collector severity class is required, complete the test aft]

2 Ifacoated.absorber surface is tested, measure, as specified in 5.5, also the adhesion of
1l the panels-after the test.

le requirement on adhesion as specified in 4.3 is not met the absorber surface is not qud
pect\to long-term performance.

er tea h.

the coating

lified with

8.6.3 Dependent on the PC mean value obtained after the two testing times of 8.6.1, the following shall
be concluded regarding corrosion resistance of absorber surface:

a) Ifaftertrahoftest, PC< 0,05, the absorber surface is qualified for the type A solar collector severity
class if, when coated, it also fulfils the requirement of 8.6.2.
b) Ifafter trgh of test, PC < 0,05 too, the absorber surface is qualified also for the type B solar collector

severity class if, when coated, it also fulfils the requirement of 8.6.2.

© IS0 2014 - All rights reserved
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9 Testreport

The test report shall give the following information:

a) reference to this part of [SO 22975;

b) the type and designation of the tested product of absorber surface;
c) any deviations from the prescribed testing method;

d) method for assessing adhesion if appropriate and used requirement for acceptable adhesion;

e) testrepults;
f) selectdd or defined maximum stagnation temperature;
g) testing laboratory;

h) dates flor start and completion of tests.
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Annex A
(normative)

Procedure for determination of solar absorption and thermal

emittance of absorber surfaces

A.]I Assessment of solar absorptance

A1

Thi
nor
int

from spectral (near-normal) directional/hemispherical reflectance g4}’ values measured

Sanj

A1

Spe

phatometric integration by use of a spectrophotometer*equipped with an integrating spher

of s
inte

Thd
det

Thd
and|

Wh
por
the

For
refq

A1
Sol:

.1 Scope

5 procedure specifies a method for determination of the directional solar@absorptance a
al incidence, i. e. 8° to 10° to the surface normal, from spectral directiphal absorptance
he spectral range 0,30 pm - 2,5 pm. The spectral directional absorptance@(A) values are ¢

ples of solar absorber surfaces at room temperature.

.2 Apparatus

ctral (near-normal) directional/hemispherical reflegtance p(A) values shall be dete

phere shall be coated with a highly and diffusely-¥eflecting coating, e.g. BaSO4 In the p
gration the specular component of reflected radiation has to be included.

sphere shall be designed so that the sample is part of sphere wall during the measur
ector shall be positioned so that it is shielded against radiation received directly from thg

geometry of the sphere shall preferably be so that the comparison method can be used,
reference are simultaneously part'of the sphere wall.

bn using the substitution method, i.e. sample and reference are alternately covering the
L, the sphere error must be gorrected for by measuring the respectively corresponding b
sphere wall.

calibration purposes a diffusely reflecting white standard (e.g. provided by NIST) shall
rence.

.3 Measurement of reflectance values

r abserptance shall be assessed by use of the weighted ordinates method; see A.1.5.

s, for near-
(x(A) values
etermined
on opaque

rmined by
e. The wall
hotometric

ement. The
sample.

i.e. sample

measuring
ightness of

be used as

Thd

reflectance shall be measured at al least 40 wavelengths in the range 0,30 um to 2,50 pip.

A1l

.4 Evaluation of spectral absorptance values

Calculate the near normal/hemispherical spectral reflectance of sample, p(A), by use of the following
expression:

where

Rs (A) isthe recorded reflectance value of sample;
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Rr (A) isthe recorded reflectance value of reference;

pr(A)  isthe near-normal/hemispherical reflectance of reference.

The spectral directional absorptance a(A) values are calculated as:

a(l)=1-p(1) (A.2)

A.1.5 Evaluation of solar absorptance

The solar gbsorptance, as, is calculated from the following expression:

S (4 S 5-A%:)

aS = =1 n (A§3)
2(5 2i D)
i=1
where
the set of A} are the selected measuring wavelengths;
AA;is the respective wavelength interval.
The values|of a(A;) shall be determined by interpolation for the selected wavelengths of ISO 9050:2(03,
Table 2.
A.1.6 Crucial factors in the assessment of solar absorptance
When assefssing the solar absorptance of absorber surface according to this procedure, attention shall
be paid to[possible anisotropy of the samples, i.e{the samples shall be marked to allow mounting of
the samplgs at the measuring port using the ‘same orientation and ensuring that the same areafs of
samples arje re-measured. When establishing\degradation-over-time relationships in a durability fest,
measuremgents of extent of degradation at different testing times should be performed on one and|the
same samp]le.
A.2 Assessment of thermal -emittance
A.2.1 Scope
This proceflure specifies methods for determination of:

a) Totald

This q

irectional’ emittance &, (T) for near-normal incidence;

hantity is elaborated from measurements of total hemispherical /directional reflectance g(T)
T Thatatral

f th IR T2 Y SR PV st Fr o L1 1oL radiagkaw ot £l o b oo oot
or Crrar T atTatroT ICTaCTITIT OTIT o DOTAC DOty T atTatoT at crrcterptratur C 1~

for near-normal incidence is given by

£0(1)=1-p(7)

b) Spectral near-normal directional emittance € (A).

ikt
He-totareimtctance

(A4)

16

To determine this quantity spectral directional/hemispherical reflectance p(A) is firstly measured
yielding the directional spectral emittance as ey(A) = 1 — p(A). By weighted integration with a
Planck-distribution for a black body radiator at a chosen temperature, T, finely, £,(T) is obtained as
specified in A.2.3.

Whenever the reflection method is used, transmittance has to be zero within spectral range
measured.
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The relevant spectral range is 2,0 pm to 50,0 pm. The angle of incidence or emission is restricted to
near-normal, i. e. 8° to 10° to the surface normal. The temperature of sample is room temperature.

NOTE MostIR-spectrometers are limited to smaller wavelength ranges. Then an extrapolation procedure
to higher wavelengths has to be employed; See A.2.3.

A.2.2 Apparatus

For determination of emittance quantities from spectral measurements, a spectrophotometer equipped
with diffusely reflecting gold coating as sphere wall shall be used for photometric integration. In
photometric integration the specular component of reflected radiation shall be included.

Theg requirements on sphere design are the same specified in A.1.2.

Forfalibration purposes, highly specularreflectingreferences (e.g. gold or aluminium) aré recqmmended:

A.2l.3 Assessment of thermal emittance

For|assessment of ,(T) based on spectral measurements in the wavelength range 2,0 um fo 50,0 pum,
the [following procedure should be used.

Calqulate the near normal/hemispherical spectral reflectance of sample p(A), by use of the¢ following
expression:

p(1)= gy P (A5)

where
Rs(A)  is the recorded reflectance value of sample;
Rr(A)  istherecorded reflectance value of reference;

pr(A)  isthe near-normal/hemispherical reflectance of reference.

Asno correction of possible distertion of the measured result when a specular component of the reflected
radjation exists, the spectral directional emittance, £(4) is calculated as:

e(A)=1-p(2) (A.6)

The total emittafice’from spectral measurements, £(T) is convoluted with the Planck functidn P(T) for
a blpck-body radiator with temperature of T, as:

if(/li) Py (T)-AA;
e r)=11 - (A7)
> Pu(T)-AL,

i=1

where
the set of A; are the selected measuring wavelengths.
A2jis the respective wavelength interval.

Pi(T) is the value of the Planck function for black body radiation at the selected wavelengths and
temperature.

NOTE 1  Values for the Planck function can be found for example in most handbooks in physics.

© ISO 2014 - All rights reserved 17
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The temperature T shall be 100 °C if not otherwise specified.

NOTE 2  If data for £(A) are only available for wavelengths up to a limit of e.g. 25 um, £(A) may be considered
constant and equal to that at this limit up to 50 pm and £(T) be calculated from Formula A.7.

A.2.4 Crucial factors in the assessment of thermal emittance from spectral measure-
ment

When assessing the thermal emittance of absorber surface from spectral measurements, attention shall
be paid to the same factors as specified in A.1.

18 © ISO 2014 - All rights reserved
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Temperature and failure time characteristics in assessment of

thermal stability of absorber surface
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a) Measured solar absorber surface temperatures b).€orresponding temperature frequency|function

at stagnation condition during one day of clear sky . for 30 days with clear sky conditions
conflitions
Key] Key
X time in hours X Taps in °C
y Thpsin °C y fin hours
Fjgure B.1 — Reference(thermal load for assessment of thermal stability of absorber surface
The temperature prefil€ of the selective absorber surface (as = 0,94 and € = 0,06) was megsured in a
con|

The profile was‘recorded 25th of August 1997 with a maximum global radiation of about
megsured inthe solar collector plane. The maximum stagnation temperature was 184 °C.

Thd
the
sha

relation between optical properties of a solar absorber surface and Tyax. The line entit
1 hé used

maximum possible solar absorber temperature, Tiyax shall be chosen according to Table B

mercial flat plate-Solar collector installed in Freiburg/Germany, facing south with a tilt ajngle of 45°.

030 W/m?2,

1, showing
ed “a(AR)”
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Test conditions for the different accelerated temperature tests used in the qualification of solar absorber
surface are shown in Table B.2.

Table B.2 — Test conditions for the different accelerated temperature tests used in the

qualification of solar absorber surface

Tmax T | T2 t2 t2 t2 t2 T3 t3 t3
(°C) Q) | Q) (h) (h) (h) (h) 0 (h) (h)
(t1=18h) | (1=36h) | (t1=75h) | (t1=150h) (t1=300h) | (t1 = 600 h)

<90 137 | 107 361 493 689 953 167 83 221
91-100 149 | 119 321 443 627 877 179 88 233
101-110 160 | 130 283 397 570 808 190 93 244
111-120 172 | 142 251 356 519 746 202 98 256
121-130 184 | 154 222 320 474 690 214 103 267
131-140 196 | 166 198 289 434 641 226 108 278
141-150 208 | 178 177 262 400 598 238 114 289
151-155 215 | 185 168 250 384 578 245 116 294
156-160 221 | 191 159 239 369 559 251 119 299
161-165 227 | 197 151 229 355 542 257 121 304
166-170 233 | 203 144 219 342 525 263 124 309
171-175 240 | 210 137 210 330 510 270 127 314
176-180 246 | 216 131 201 319 495 276 129 319
181-185 252 | 222 125 193 308 481 282 132 323
186-190 259 | 229 120 186 298 468 289 134 328
191-195 265 | 235 114 179 289 456 295 136 333
196-200 272 | 242 110 173 280 444 302 139 337
201-205 278 | 248 105 166 272 433 308 141 342
206-210 285 | 255 101 161 264 423 315 144 346
211-215 291 | 261 97 155 256 413 321 146 350
216-220 298 | 268 94 150 249 403 328 148 355
221-225 304 | 274 90 146 243 394 334 151 359
226-230 311 | 281 87 141 236 386 341 153 363
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Measure ag and € and determine T ., from Table B.1

Use Table B.2 to determine the T, value which corresponds

to the determined T ., value

o

Perfformatestat Fand-meastre—ozandeafterthe-testing
times of 18, 36, 75, 150, 300 and 600 h or until

PC = 0.05 is reached. If PC > 0,05 after 18 h of testing the Q

solar absorber surface is not qualified.

ok

(2)
If after 600 h PC £ 0,015
and if the adhesion
requirements are met the

In all other cases introduce the time t, which is the last testiqgrj
time with PC < 0,05, then A
)
q/v
O
(b) ) |

If t; 2300 hand PC > 6\
0,015 and if the adhesi

requirements are
perform additionalQe ts

(c)
If t; £ 150 h perfom
additional tests accqrding

. : to Figure B4
absorber surface is according to Fég@e B3
qualified \S\\Q
R\
Fipure B.2 — Qualification scheme fon@sting the thermal stability of solar absorber|surfaces

O
PANN
Use Table B.2 ohfetermine the T, value which corresponds

to the previo determined T .., value. Determine also from
Table B@ he testing time t; which corresponds to the

\%O previously determined t, value
Ca
OJ
&
O
§ Perform a test at T; for a time period of t; and measure ag
\

é\ and ¢ to determine PC

If PC (T3, t3) 2 PC (T1, t1) the absorber surface is qualified

Figure B.3 — Continuation of the qualification scheme in Figure B.2 for the (b) option
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Use Table B.2 to determine the T, value which corresponds
to the previously determined T ., value. Determine also from
Table B.2 the testing time t; which corresponds to the
previously determined t; value

Perform a test at T, for a time period of t;, and measure ag
and ¢ to determine PC
A

If PC (T2, 12) < PC (T1, t1) and if the adhesion requirementso’
are met the absorber surface is qualified 07
oV

\2
Figure B.4 — Continuation of the qualification scheme in Figgr@.z for the (c) option
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