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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 180, Solar energy.

ISO 22975 consists of the following parts, under the general title Solar energy — Collector components
and materials:

— Part 3: Absorber surface durability
The following parts are under preparation:
— Part 1: Evacuated tubes — Durability and performance

— Part 2: Heat-pipe for solar thermal application — Durability and performance
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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 service life of a material is, thus, not solely dependent on its physical and chemical properties, but
also on its performance requirement in the application considered, and on the external environmental
factors, which influence performance under service conditions. In design work, the important question
is if a specific material can be expected to have a service life longer than a certain value, the so-called
design service life; the latter dictated by life cost considerations taking into account the total system.
Service life assessment may be based on feed-back data from practice or on results from so-called
qualification or acceptance durability tests.

The present recommended qualification procedure for solar absorber surface durability is based on the
conduct of a series of short-term durability tests. During a test the optical performance of the absorber
surface tested is determined by measuring its solar absorptance and thermal emittance. From the loss
in optical performance of the absorber surface, its failure time in the test performed is assessed and
compared with the shortest acceptable failure time set by the design service life of the absorber. Design
service life, performance requirement defining failure time in terms of loss in optical performance,
classification of type and levels of environmental stress are set under the assumption, that the absorber
surface tested will be installed in a vented flat plate solar collector for use in domestic hot water systems
and combisystems or under similar operating conditions.

The recommended qualification procedure may favourably be used in the development and validation
of new kinds of absorber surfaces. From the results of tests, it can be concluded whether it is likely that
an absorber surface tested may meet the requirement for an acceptable service life also in practice.
The recommended durability testing procedure has proved to give results in fairly good agreement,
both qualitatively and quantitatively, with what has actually been observed on absorber surfaces tested
for longer time periods in solar collectors working under conditions corresponding to that in a typical
domestic solar hot water system or combisystem. Nevertheless, if the tested absorber could not be
qualified by present procedure, a more comprehensive investigation on durability is recommended and
can still lead to a qualification.

The present procedure consists of three parts to test the absorber with respect to its stability against
high temperature, against high humidity and condensation and against corrosion caused by atmospheric
sulfur dioxide. The three parts are independent and can be assessed individually.
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Solar energy — Collector components and materials —

Part 3:
Absorber surface durability

1 Scope

This part of ISO 22975 is applicable to the determination of the long term behaviour and service life
of selective solar absorbers for use in vented flat plate solar collectors working under conditions
corresponding to that in a typical solar domestic hot water system or combisystem.

This part of ISO 22975 specifies a failure criterion of a solar absorber based on changes in optical
performance of the absorber. The optical properties of interest are solar absorptance and thermal
emittance.

This partof SO 22975 specifies durability testing procedures focused on resistance to high temperatures
and condensation of water on the absorber surface as well as high humidity in the presence of sulfur
dioxide.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 4624, Paints and varnishes — Pull-off test for adhesion
IS0 8407, Corrosion of metals and alloys — Removal of corrosion products from corrosion test specimens

ISO 9050, Glass in building — Determination of light transmittance, solar direct transmittance, total solar
energy transmittance, ultraviolet transmittance and related glazing factors

ISO 10062, Corrosion tests in artificial atmosphere at very low concentrations of polluting gas(es)

3 Terms and definitions

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

31

design service life

time period of exposure under service conditions after installation during which the absorber surface is
expected to meet the performance requirement

3.2
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

© ISO 2014 - All rights reserved 1
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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 Requirements and classification

4.1 For classification of the durability of the absorber surface, the following performance requirement
shall apply:

PC=—Aat, +0,50A€ < 0,05 1)

where
Aas is the change in the solar absorptance defined as

Aas = as,t - as,i (2)

with as ¢ equal to the value of the solar absorptance at the actual time of the test or at service, and
with as i equal to the initial value of solar absorptance

where

Ag is the change in the thermal emittance

As =& — € (3)

with &t equal to the value of the thermal emittance at the actual time of the test or at service and
with €; equal to the initial value of thermal emittance.

NOTE1  This performance criterion function is primarily based on location averaged values of the performance
of typical solar domestic hot water systems and combisystems.[4] But, in the IEA Task 10 testing procedure
referred to, a slightly different definition of PC is used, namely PC = -Aas - 0,25 x Ae. Investigations made by the
IEA MSTC group, however, showed that a weighting factor of 0,5 for the thermal emittance is more appropriate.[9]

NOTE 2  Higher values for the PC function may be used if considered more appropriate. PC < 0,10 should mean
that the optical performance of absorber surface, and thus also the performance of solar domestic hot water
system and combisystems, is allowed to be reduced to a level equal to 90 % of its original value during 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.
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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
durability testing as specified in Clause 6 shall be applied.

An absorber surface with sufficient thermal stability shall meet the requirement for test results as is
specified in 6.4.

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

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

4.6 If an absorber surface should be qualified with respect to its resistance to degradation caused by
sulfur dioxide as an airborne pollutant, the procedure of durability testing as specified in Clause 8 shall
be applied (optionally).

An absorber surface may be qualified for use in two classes of solar collectors; the two classes
representing 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 corrosivity at the
bottom part of the solar collector under service conditions may typically correspond to a corrosion rate
of zinc 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 under service
conditions corresponds to a corrosion rate of zinc of 0,3 g/m2 per year.

An absorber surface with sufficient resistance to degradation caused by sulfur dioxide in high humidity
air, either regarding only a type A solar collector or regarding both type A and type B solar collectors,
shall meet the requirements for test results as are specified in 8.6.

5 Test methods for assessing material properties as measure of absorber 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.
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