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Guide to the standard ISO 9806:20%
1 Purpose and Scope

The purpose of this guide is toprovide guidance about the application and use ofthe ISO 9806:2017 standard
concerning the testing of solar thermal collectas. It is intended to support theinterpretation and application of the
standard. The guide has been developed with three different target groups ahobjectives in mind.

1. A guide directed to established and new test laboratories  for collector testing. The main purpose here i<
to give a quick introduction to the standard for new laboratories and in general to contribute to a uniform
interpretation of the standard and presentation of results.

2. A guide directed to manufacturers and importers of collectors . Here, the purpose is to give a very light
introduction to the standard and to explain how it is used for type testing as well as for innovation anc
development support.

3. A guide directed to certification bodies . Theintention here is to provide access toeasy evaluation ofthe
presented results.

How to use the present guide

The present gude is divided into single FacSheets, usually one per chaptenf ISO 9806:2017.

Fact Sheet 1
givesvery general information about the guide and the single fact sheets as well as the target group description.

Fact Sheet 2
givesvery general information about the normative reference.

Fact Sheet 3
givesinformation about certification issuesn alignment with ISO 9806:2017

Fact Sheet 4
describes the different solar thermal collector types.

Fact Sheet 5.1
gives a scheduldor the test sequence.

Fact Sheet 5.2
givesinformation for testing collectors with specific attributes.

Fact Sheets 6 to 27
are the most important Each of these FacBheetconciselygives:
- anintroduction to the test procedure inthe form of a flow chart (where possible)
- an information box about the main boundary conditions for testingwithout repeating all conditions from ISO
9806:2017;
- someBipsand T i c k s Btesting, mainly addressed to new and stablished testing laboratories
- a BManuf act ur eosBiing & weny hight iniroductiorBto the standard and to explain how it is
used for type testing as well as for inovation and development support
t he BE x eesufidb am one haRd represens typical results for standard collectorsand on the other hand
provides an ideafor presentaton of the results in the report
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Guide to the standard ISO 9806:207
2 Normative References

The following standards are referred to in the text of ISO 9802017 in such a way that some or all of theircontent
constitutes requirementof this standard. For dated references only the edition cited applies. For undated reference
the latest edition of the referenced document (including any amendments) applies.

ISO 9060, Solar energyp Specification and classification of instruments fomeasuring hemispherical solar and direc
solar radiation

ISO 9488, Solar energy Vocabulary

A Rough Comparison with other Solar Thermal Collectort&dards

Beside 1ISO 980017 there are a couple of other established testing standards. Ehfollowing table shows a rough
comparison regarding the scope as well as the necessary tests and measurements of different collector 1
standards.

Tablel1: Comparison ofscope, thermal performance and tests required by different standards

CSAF 378.1,2,

Standard EN 12975-1:2006 ISO 9806:2017 2011

Scope

SLHC (Solar Liquid Heating Collectors)
SAHC (Solar Air Heating Collectors)

WISC (Wind and Irradiance Sensitive Collectors)
ICS (Integrated Collector Storage)

CSC (Concentrating Solar Collectof)

P\LT (Photovoltaic Thermal Collectot)
Thermal Performance

Efficiency measurement on SLHC

Efficiency measurement on SAHC
Determination of the thermal capacity
Determination of the leakage flow rate?
Collector time constant

Durability and Reliability Tests

Internal Pressure Test

Rupture and Collapse Test

Exposure Test

External Thermal Shock Test

Internal Thermal Shock Test
RainPenetration Test

Mechanical Load Test

Determination of the Stagnation Temperature
Determination of the max. Start Temperaturé
Determination of Pressure Drop

Impact Resistance Test

Freeze Resistance Test

Final Inspection

X X X X X U
U U x U U T
X X X X U T

X X U x T
U U U U T
T x X U T

UV U X X X U T TVTTUVTUVTTUx T

W U T TUTUTTUTTUTUVTTUTTUTT
U X X UXx x U x x U UTVTTDO

1Could be SLKC or SAHC
20nly for SAHC
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Guide to the standard ISO 9806:20Y

3 Certification (Solar KeymarkIAPMOand SRCC)

This Fact Sheet gives a slight overview on the basic operation
certification. As an example, a rough comparison between the testing
requirements for solar Keymark, IAPMO and SRCC is used.

Figure1: Solar Keymark, IAPMG@nd SRCC

Involved Rrties andtheir Responsibilitywith the Example of Solar Keymark €¥tification

Accreditation bodies

accredit certification bodies,
inspectors and test labs

Certification bodies
certify conformity and issue licences
(using test labs & inspectors)

< 5 Inspectors
inspect production lines

Test labs ¢ 5
test products

Certificate / Licence

allows the manufacturer to mark his
preducts (includes datasheet)

Manufacturers
produce and mark products
Products
L E > Users
- buy and use quality products
Figure2: Involved parties Figure3: Certification flowchart with all parties involved(Source: Solar Heat Europe)

(©Fraunhofer ISE)

Certification Procedure withthe Example of Solar Keymark Certification

The flow chart shows the

general certification process of Scy';f:;'l‘syg;‘;;%‘:g :ﬁger‘;‘:;/e
SolarKeymark Certification. Due according to EN12975/76 and if |
to legal requirements a Solar youg ma:ufactm_rt\gbrlneéhoii_iy ——— z

e are Dased on a suitabte Qual est Institute conducts type
_Keymark Certificate (_:an only be Management System (QMS) testing to EN12975/76 and
issued on the basis of tests inspection of manufacturing site

| NO
(QMS) and quality system

according to a European
standard. For this reason, the
European collector test standard

; YES

EN 12975 is mentioned within NO Improve your

. product and
this chart. Nevertreless the tests company
and measurements mus be procedures

. YES
performed according to ISO

; ; ; Contact certification body
9805, which defines thg testing S ol for o SOl etk YES
requirements and is the and agree on a Test Institute it

reference in EN 12975
Figure4: Solar Keymark certification procedur¢Source: Solar Hat Europe)
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Guide to the standard ISO 9806:20Y

Solar Keymark certificates are issued by different empoweretkrtification bodies (CBs), while in the US both the
Solar Rating and Certification Corporation (SRCC) and the International Association of Plumbing and Mechani
Officials (IAPMO) provide certification to a number of solarelated standards, including SBC Standard 100, which is
based largely on ISO 9806. In all cases tests and measurements are performed by accepted laboratories, which
the test results to the CB. Laboratories must be accredited in accordance with ISO/IEC 17025 (General requiremt
for the competence of testing and calibration laboratories), including accreditation to perform tests according to 1S
9806:2017. CBs must be accredited in accordance with ISO/IEC 17065 (Requirements for bodies certifying produ
processes and servicesand inspection bodies must be accredited in accordance with ISO 17020 (Requirements 1
the operation of various types of bodies performing inspection).

Solar Keymark requires that testing laboratories be recognized by one or more CB, while in the US mguition by
other CBs is not a requirement. CBs may impose additional requirements on testing laboratories, such as surveilla
of the quality system and the test equipment. The following chart shows a comparison of the specific tests requirec
scope and ertification schemesfor Solar Keymark IAPMO and SRCC

Table1: Comparison of certification requirements

S —
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Global Solar Certification Network (GSCN)

It @"‘5 Global Solar Certification Network
11- it i A global network of certification hodies, inspectors, test [abs and solar thermal industry representatives

Figure5: Global Solar Certification Network (GSCN$ource GSCN

The aimof BGI obal SoNarw&ECrekBbi f GSE@N) o Rberdet teading éocmahufattaearseandc
other suppliers of solar thermal products; its objective is to minimize the need for #iesting and re-certification in
everynew country where products are to be marketed andsoldT he concept of BGI obal
implemented for solar thermal collectors and is based on the test procedures givey ISO 9806:2017.

The BGI obal Sol ar C ecooperation beteen csolar déntificatian rbédies/schemes around the
world. When a product has been certified by one of the participating certification bodies/schemes, the product ca
obtain certification from other participating certification schemes withoutre-testing of the product and without re-
inspection of production facilities. (Source http://www.gscn.solar)
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Guide to the standard ISO 9806:20Y

4 Solar Collector Vpes

The ISO 98062017 standard covers performance, durability and reliability testing of almost all collector type
available in the market. The standard is applicable to liquid heating collectors, air heating collectors, hybrid so
collectors coegenerating heat and electricpower, as well as to solar collectors using external power sources fc
normal operation and/or safety purposes (e.g. tracking concentrating collectors). Within the following table the mos
common types of solar collectors are described, including their ehacteristics and their typical field of applications.

Collector Types

Collector type Characteristics Typical applications

- High performance at low

ki temperatures and highly
§ - dependent on wind speed and -
5 1 thermal irradiance T ST [EEl
R - Can often withstand freezing Bvaporators for heat pumps
O 8 - Sometimes designed for working
2 under dew-point of ambient air
= (Picture source: RISE) (heat pumps)
S
3 Good performance at higher - Domestic hot water systems
= temperatures (typical temperatures -  Combi- systems
% for domestic hot water) - District heating
o
IS
[ (Picture source: QAIST
IEE/08/593/S12.529236)
g
§ . - Domestic hot water and
e} [l Good performance at higher bi
o A \ \ temperatures (typicatemperatures Combi-systems
B g /1 l | HELERERL P ) P P - District heating
= ] l \r for domestic hot water and above) . .
c Hm i Solar assisted cooling
= - Process heat
¢>% (Picture source: RISE)
S
o - Domestic hot water and
% 3 Good performance at high Combi-systems
S 2 temperatures - District heating
% :é - Solar assisted cooling
§ - Process heat
S  (Picture source: RISE)
(&]
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Guide to the standard ISO 9806:20Y

Can be of LinearFresnel, parabolic -  Solar assistedooling
trough or dish type - Process heat
- Power plants

(Picture source: QAIST
IEE/08/593/S12.529236)

Collector with external
power source

T
=
g %) Can be of closed or open loop type, -  Drying of crops
5 9 WISC or nonrWISC - Pre-heating of air for building
% 2 ventilation
Q@
'5: (Picture source: QAIST
IEE/08/593/S12.529236)
% Broad variation of subtypes:
=
5 - WISQnon-WISC
£ - Liquid/Air heating
3 - Concentrating/non-
= ; _ concentrating
T (Picturesource QAIST-
IEE/08/593/S12.529236)
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Guide to the standard ISO 9806:207
5.1 Test Overview

During the collectorsb | if et i coeditiossowilebe meat vtdsrrequiredl thattlaet
collectors do not suffer major failures under these conditions. The reliability and durability tests were designed
reproduce the most probable extreme conditions that a collector would be subjected to. F&ach test, the standard
describes in a very simple way the conditions that are intended to be simulated.

Table 1 clarifies the test list taken from 1SO 9806:2017 summarizing all tests covered in the standard along with tl
preconditions or commentsrelated to each test.

Tablel: Test list based on ISO 9806:2017

s £ 8
O =

®) ()

I O £

& < 2

@ » a
b P b r Clause 7 Air Leakage Rte Determination
b r r r Clause 8 Rupture and Collapse &st
r r r r Clause 9 Standard Stagnation Emperature Determination
P P P P Clause 10 Exposure €st
Pt Pt Pt pt Clause 11 External Thermal Shocké&st
P b b P Clause 12 Internal Thermal Shock &@st
P P P P Clause 13 Rain Penetration €st
p2 b b p? Clause 14 Freeze Resistances§t
P b b r Clause 6 Internal Pressure Test for Fluid iannels
P) P) P) P) Clause 15 Mechanical Load €st
P) P) P) P) Clause 16 Impact Resistance dst
P P P P Clause 17 Final hspection
P P P P Clause 19- 26 Thermal Performance @st
P P P P Clause 27 Pressure Drop Masurement

P mandatory, P! only for collectors without toughened glass,P? only for collectors claimed to be freeze resistan
and collectors containing heatpipe, P) mandatory but the manufacturer can define the maximum load to be zero,
Pnot mandatory or not possible,r mandatory and under SSC (&ndard Sagnation Conditions; clause 9.

SLHC Solar Liquid Heating Collector

SAHC CL  Solar Air Heating Collector with Closed Loop operation

SAHC OTA Solar Air Heating Collector withOpen ToAmbient operation

Polymerics collectors in which organic materials are used for fluid channels thereby being exposed to hig
temperatures and pressures respectively
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Guide to the standard 1SO 9806:20%
5.2 Testing of Collectors with Specific Attributes

The ISO 9806:2017 covers the most current standard products. Some of those collector technologieguire special
considerations in testing which are described here.

Test Procedure Boundary Conditions

Due to special collector attributes the testprocedures Collectors may have one or several attributes.
for functional as well as efficiency testing might be Attributes not mentioned in the test report shall not be
customized in accordance to the certain attribute. considered as applicable for the tsted collector.

Collector Types with Specific Aributes

Specific Explanation Examples

Attribute

External power Collector types that need an external power source for normal SAHC with integrated
sources operation. fans, trackingand

concentrating collectors
Active or passive  In order to prevent damages caused by operating conditions like  Tracking and

measures for stagnation, pump-malfunction and others some collector concentrating collectors
normal operation  technologies are equipped with active and/or passive protection

and self devices. Examples for active protection devices are:

protection - UPSSystems, ensuring that poweinterrupts do not negatively

influence normal operation of the product.
- MSRTechnolog to avoid damages caused by system
malfunctions, sudden changes of surrounding conditions, etc.

Co-generating Collectors producing thermal energyand electricity P\AT Collectors

thermal and simultaneously

electrical power

Wind and/or Wind sensitive means that the surrounding wind velocities SAHC where the heat

infrared sensitive  significantly influence the thermal behavioi(convective losses)f transfer fluid is in direct

collectors (WISC) the collector. This is always given if the heat conducting contact with the
components of a collector are directly exposed to the surrounding transparent cover.
air. Formerly those collectors
Infrared sensitive meanshatthe ¢ o | | eeffitiemay s s wer e oft &Nan- ¢

significantly influenced by infrared irradiation. This is alwe given  covered collector® like
if there is no transparent cover in between the absorber and the  swimming pool heaters,
radiation sourcésink or if the transparent cover is in direct contact PWT Collectors,

with the absorber. Transpired

wn

Facade collectors Collectors that, according to thema n u f a c gpecificatioris,scan Those products are often
be operational at inclination angles above 75° shall be considered highly integrated in the
as facade collectors. function of a buildings

envelope. Testing has to
be customized.

Air and liquid Collectors which are constructed to operate with liquid heat This combination often

heating transfer fluids as well as air as heat transfer fluid. appears in the context of
solar thermal combined
with heat pump

technology.
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Guide to the standard ISO 9806:20Y

Special Testing Gnsiderationsfor:

Collectors using external power sources and/or active or passive measures for normal operation and self protectio
If the collector which is using external power sources and/or active or passive for norin@peration and self

protection is installed at the testing side of the testing laboratory, it is recommended that the manufacture
is present during the installation to avoid installation errors, errors in commissioningnd errors in system
settings;

- External parts of collectors likecabinets, sensors, etc. shall be weatherproof. Components which are a
integral part of the collector (e.g. actuators, motors, cabinets, etc.) for which water penetration can be
expectedshall be a pat of the rain penetration test;

- The function of a USPSystem (undisturbed power supply)can easily be checked by interruption of main
power supply.

Tracking and concentrating collectors€SC
- To be tested ustiackiggsysttre suppl i er bs
- Specific aspects related to durability testing, e.g. actierotection;
- The procedure for the determination of the incident angle modifier as given within 1ISO 9806:2017 migh
not be applicable in case of unsymmetrical collector constructionsithout further adaptions;
- In-Situ testing might be necessary in case oatge concentrating collectors
- Testing shall beclose to realoperation conditions (e.g. pressure, temperature).

Collectors cogenerating heat and electrical poweP\:T
- All thermal performance tests shall be made under maximum electrical poweoint conditions (MPPMode);
- For all durability tess, the electrical power shall not be connected to any load (open circuit) to preven
cooling and to simulate worst case operating conditions
- Electical safety is not included irthe test procedureof ISO 9806:2017.

Wind and Infrared Sensitive Solar Collector WISC
- Long wave irradiance and wind speed are important variables during performance testing and spec
considerations for measurements apply
- Condensation effects on the performance are not ecounted in the thermal performance test method

Evacuated Tubular Solar Collector ETC
- Btaxial incidence angle modifier (IAM) measurement required
- Heat pipes and heatconduction paste, if present, need special attention
- Heat pipe collectors must undergo dull exposure test before efficiency testing is started

Facade collectors
- 50% of the initial outdoor exposure shall be made with the collector vertically installed.

Solar Air Heating Collectors SAHC
- The procedure forthe determination of the incident angle modifier as given within ISO 9806:2017 might
not be applicable. Mostly IAM is determined by an estimation on the basis of the collector design;
- The inflow conditions can significantly influence the collector efficigcy.

On-Side build collectors customized collector
- In-situ or in-field testing maybe reasonable for collectors that are design for a specific costumer.

Copyrighted by: Supported by:

—-—

Z Fraunhofer Eftis\"_“’f_fff"“}“_'f‘_
ISE

Tf"“ 7)) 15 sm

L0 HESING & COOLIG FOREARE
PUTTHATION AL PRV AGTHEY



Guide to the standard 1ISO 9806:20%
6 Internal Pressure T eSiuid heating collectors only)

The obijective of the test is to determine if the absorber can withstanghressures whichmight occur during normal
operation. The apparatus and procedures for an internal pressure test are strongly dependent on the type

material that the absorber is compised of.

Test Procedure

Manufacturer’s ) :
definition Maximum operating
pressure
\ 4
Mounting:

- place the collector in suitable conditions
- install pressure gauge and air bleed valve

Polymeric fluid
channels?

Test at 20 °C + 15 °C

Figure 1:Internal pressure test of a polymeric collector at the indoor
solar simulator of the TestLab Solar Thermal Systems, Fraunhofer. IS

no
¢ yes
\ 4
Test at Test at
Tinax OF Taag Tinex
\ 4 \ 4 \ 4

Hold the pressure
for 15 minutes

Hold the pressure for
1 hour

Repeat the test
once
no no
\—b Quialified 4—‘
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Duration

Temperature

Pressure
source
Pressure

Pre

conditioning

Requirement

16

Boundary Conditions

Tablel: Differences between pressuréests for Polymeric and Nor

Non-Polymeric
fluid channels
> 15 min

Polymeric fluid
channels

> 60 min
Maximum
operating
temperature or
stagnation
temperature

20 +15°C

Hydraulic or pneumatic

1.5 x maximum operating pressure

Half-exposure is
- required before
start of the test

5% or 17 kPa
(whichever is
greater)

Droplets or loss
of air

Supported by:

The Solar Keymark
CEN Keymark Scheme

SHC
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Guide to the standard ISO 9806:20Y

- Note

abkosbeb B n c |

udes

b oplate astwkl as the fiusdd @antaieing tubes;

- This st is only applicable for liquid heatig collectors;

- This test is the last test of the test sequence beforinal inspection;

- Pay attention to avoid overpressure during pressurizing the collector

- Beaware that there is a significant safety riskf the collector does not pass;

- The collector must be completely filled with fluid.Use an air bleed valve to ensure thatmair remairs;

- For fluid channels made of polymeric materiaJoone of the following methods can be used

Table2: Summary of the heating procedures for internal pressure tests using hydraulic pressure source.

Stagnation

temperature/ Test

Pressure

source

Heating procedure

Precautions during test

temperature
<90°C

>90°C

>90°C

Hydraulic

Hydraulic  Oll

Pneumatic Air

Water

Submerge the absorber in a
heated water bath.

Connect the collector to a
hot oil circuit.
Connect the collector to an

oil circuit / heat the collector
using a solar simulator
Connect the collector to an
oil circuit / heat the collector
using natural solar
irradiance.

Heat the collector using a
solar simulator

Heat the collector using
natural solar irradiance

For safety reasons, the collector sha
be encased in a transparent box to
protect personnel in the event of
explosive failure during this test.

Take safety measures to protect
personnel from hot oil in the event
of explosive failure during test.

For safety reasons, the collector shal
be encased in a transparent box to
protect personnel in the event of
explosivefailure during this test

Manufacturers Information Box

- The manufacturer shall define themaximum operating pressure;

- Preliminary In-housetesting is recommencd to check whether the collector withstands those requirements
(especially in case of polymeric fluid channels).

Exemplary Results

- Absorber leakage or such deformation thaforms permanent contact between absorber and cover

- As deformation of fluid channels cannot berecognized until the collector has been opened, ti is strongly
recommendedto check the fluid channels during the final inspection

Copyrighted by:
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Guide to the standard 1ISO 9806:20%
V4 Leakage Rate TeStiosed loop operation only)

The objective of the test is to quantify he volumetric leakage flow rate of solar air heaing collectors with
dependence onthe operation pressure.

Test Procedure

Manufacturer's 3 -
definition Maximum operating
pressure

A4

Mounting:
- seal outlet
- connect fan, volumetric flow meter at inlet

" Polymeric -

::\\ material? //\’
rI’ \\\\ ,/’/ yjs
Measure under Figurgl: Test setup including a fan, avolumetric flow meter and an
Measure under standard electrical pressure gauge at TestLab Solar Thermal System:
ambient conditions stagnation Fraunhofer ISE.
conditions

| Boundary Conditions
" M For collectors with polymeric materials in direct contac

easure: . . . P .
e o e with the working fluid, it is necessary to determine the
- inlet temperature in collector circuit leakage rate under stagnationconditions.
- volumetric flow rate (see chapter 9)

A4

For all other collector desigs, it is recommended to
Start measuring from ambient determine the leakage rate at ambient temperature

to th i . . .
N oositive and negative) and without irradiance.

Note: There is no range defined for measuring the
BEEEER leakage rate. It is recommended to set the range limits
p / for maximum positive and maximum negative pressure

at 1.5 times the maximum operating pressurespecified
by the manufacturer.

"Tips and Tricks"

- Preliminary quantified leakage rates resulting from testing facilitigself shall besubtracted from the collector test
results;

- Realizing at least four positive and four negative pressure values to identify the correct curadten it can be
fitted with a 3" order function;

- Hold each pressure level for at least 10 minutes.
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Guide to the standard ISO 9806:20Y

- For collectors withpolymeric materials in direct contact with the working fluid, the test will be conducted under
standard stagnation conditions (see Fact 8kt 9);

- Thehigher the leakage rate the lower the power output of the collector;
- The leakage rateshould be reducedas far as possible.

Exemplary Results

12 -

Leakage rate [ni/h]

I T T T A\

-320 -240 -160 -80

o

80 160 240 320

-4 - Pressure [Pa]

12 -

-16 -

Figure2: Typical leakage rate curve fitted with a 3 order polynomial on the basis of flow measurement points for positive and negative
pressures
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Guide to the standard 1ISO 9806:20%
8 Rupture and COIIapse @St (solarair heating collectors only)

The objective of the test is to assess the ability of SAHC to withstand the pressure levekpected in the air duct
system with which the collector is incorporated This test is analogous to the internal pressure test for liquid heatin
collectors.

Test Procedure

Operation -

mode [ Opento ambient \ ‘x/ Closed loop \‘\‘
‘\\\7 (OTA) ) /‘ ‘\\\7 (eB)] ) /‘
Manufacturer(s
definition v v
Maximum volumetric Maximum operating
flow rate pressure
L Mounting:
Mounting: - seal outlet
- connect fan
] - connect fan
- volumetric flow meter }
- volumetric flow meter
on outlet .
on inlet
I I
¢ Figure 1: Test setup including a fan, aolumetric flow meter and an
I f‘I‘ d electrical pressure gauge at TestLab Solar Thermal System:
~ Polymericfluid Fraunhofer ISE.
- channels?
no ~_ yis
Measure under Boundary Conditions
Measure under
ambient SEAE]
conditions ?gg‘ﬁ'fr’g There are different test methods for open to ambient
and closed loop collectors as well as for collectors witt
¢ polymeric materials
I o Closed loopOperation:
- pressure in collector circuit p f 15 ti h . -
B - Pressure of 1.5 times the maximum (positive o
- volume flow rate negative) collectoroperating pressure as specifiec
| by the manufacturer
- Maintain this pressure for 10 mirutes
v v - At ambient temperature
OTA cL _ _
Sart measuring up to 1.5 Start measuring from ambient Open to ambient Operation
times the maximum volumetric pressure up to 1.5 timesthe - Raise air supply to 1.5 times the maximum flow
flow rate maximum operating pressure ifi h ) f in h c
(positive and negative) (positive and negative) rate Speci ied by the manufacturer in less than 1t
| seconds
l - To betested in normal use configuration
- Maintain air flow rate for at least 10 minutes
Report any rupture or collapse
and the related pressure Collectors with polymeric_materials in_direct contact
with the working fluid:
~ - Shall be tested at maximum operation temperature
([ BD /? by using a heater, a solar irradiancesimulator or
AN . .
I outdoors under natural solar irradiance
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Guide to the standard ISO 9806:20Y

Caution: Protect personnein the event of rupture failure.

In case of polymericmaterials which are in direct contact to the hot heat transfer fluid, the test at maximum
operating temperature is required by bapter 8 of ISO 9806:2017 for testing. Deviating from this standard
stagnation conditions are required bychapter 9 of ISO 9806:2017. Therefore t is recommendedto perform the
test under from stagnation temperature;

In case of open to ambient collectors with polymeric materials in direct contact with the working fluid, the
maximum operating temperature is reduced because of testing with 1.5 times the maximum flow rate, if nc
artificial heater is used;

For closed loopS A H Cliedesttsetup can be identical tothat of the leakagerate test (see Fact Sheef) or to
the test setup ofthe performance test 6ee Fact Sheel9);

With proper planning, this test could be performedconsecutive to theleakagerate test to reducethe mounting
effort;

Make sure that the connection from the air ducts to the collector istight and fastened.

Manufacturers Information Box

Closed loop collectors are testedwith 1.5 times the maximum operating pressure (positive and negatiye
specified by the manufacturer;

Open to ambient collectors are tested with 1.5 timesthe maximum mass flowrate specified by the
manufacturer;

Collectors with polymeric materials in direct contact with the working fluid are tested at elevatedemperatures;

In-house testing is recommended.

Exemplary Results

On the collector.

Distortion, deformation, loss of bonding, leakages

The following test results will be deemed as major failures:

Unintended contact between absorber and transparent cover
Collapsing of structure

Permanent displacement of (internal) collector components
Structural damage

Permanent deformation

Major failures shall be reported with photos in the test report.
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9 Standard Stagnation Temperature

The purpose of this test is to determine the collectors” maximum temperature with no heat removal under high sol
radiation and high ambient temperature. This temperature is used forthe right choice of insuation and piping
material.

Test Procedure

Manufacturer’s .
/Sagnation temperature

definition )

|
\_ onthetypeplate /

//Determination of the\\
| sandard Sagnation |
\ Temperature

\ 4 A 4

By measurement and By using efficiency
extrapolation parameters
Figure 1: Test setup at TestLab Solar Thermal Systems, Fraunho
ISE.
v v

Boundary Conditions

Mount the collector for
worst case condition and
attach a temperature sensor

Performance measurement
isneeded in advance

Standard Stagnation Conditions (SSC) are defined as:

l . v Irradiation; 1000 W/m2 + 100 W/m?2
Measure stagnation
temperature after 1.5 h Determine the efficiency Ambient temperature: 30°C + 10 °C
under standard stagnation parameters . . ) . »
i Surrounding air speed: <1 m/s
l l The standard stagnation temperature is furthermore
Use Equation (1) of the Use Equation (2) of the needed for the following tests:
standard standard

- Internal pressure test, for collectors with polymeric
| | parts in direct contact with the working fluid

A—; - Air leakage rate test, for air heatingcollectors with

/" Standard Sagnation \‘ polymeric parts in direct contact with the working

\\\; Temperature ) / fluid

- Rapture or collapse testfor air heating collectors
with polymeric materials

- Exposure test

"Tips and Tricks"

Sensor installation:

- Theinstallation of the temperature sensor (position andconnection to the absorber) has a significant influence
on the measuredtemperature and affects the stagnation temperature. There are solutiongor taping, clamping
or riveting.

- For flat plate collectors,h e Bhott est poi ntafartheatawayfrem &l the edges. if thel tilting
angle at the exposure is significant, the hottest pointd in the upper third rather than in the middle.

- For Heat pipe ollectors, often a single tube is exposed with the temperature sensor on the condenser in a ye|
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Guide to the standard ISO 9806:20Y

well isolated and rain protected mounting.
Method1:

- This approximation is acceptable only if the irradiance level (& used during testng is within 10% of the
irradiance specified for the stagnation conditions (@.

Method 2:

- To have a goodapproximation the thermal performance test shall include test data with ", approaching
T m, stagnation. I all efficiency data have values of T, less than halfof T m stagnation, Method 1 above shall be used.

- Measurements of performance data is done ad much higher wind speed than in stagnation conditionsvhich is
compensated bya factor of 1.2 in equation 2 of ISO 9806:2017.

Manufacturers Information Box

This test provides informaton on the design temperature for all materials used in the collector. Manufacturers
should pay attention to the standard stagnation temperature valuewhen designing the colector or choosng
materials, recommending inslation materials downstream and selecting the heat transfer fluid.

In-house testing is recommended to check whether the collector withstands those requirements

Exemplary Results

The following chart shows exemplary temperature ranges of reachable standard stagnation temperatures depend
on the collector technology.

700
600 —
500
400
300 I
.
100 - - -
° WIsC PV-'II'WISC SAH(I,WISC SLHCIZ FPC | VTC (HeatIVTC (Direk'; CsP (e.g.l
Pipe) Flow) Fresnell)*

Figure2: Attainable range of standard stagnation temperatures for different collector technologie{Source: Fraunhofer ISE)
* Stagnation s avoided by defocusing for CSPhecause temperatures can be too high
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Guide to the standard ISO 9806:20Y

10 Exposure and HaHexposure Test

Exposure and haHexposure are short term ageing tests with the objective to give an indication of the ageing effect
which are likely to occur during a longer period of natural ageingParticularlyadverse situations including cycles o
high and low temperature, high and low irradiance petween solar noon and night) and humidity variation are taken
into account.

Test Procedure

Manufacturer’s
definition Climate Class

\ 4

Mount the collector outdoor

!

Initial outdoor exposure:
- 30 days under any climatic condition
- 15 days for half exposure

Figure 1:Outdoor exposure at the testing facility of Fraunhofer ISE

Boundary Conditions

) 4
Weekly visual inspection
- report any signs of damage

The collector shall be exposed until the minimum
irradiation H and the minimum hours at certain
irradiation and temperature levels as defined in Table :
of 1ISO 98062017 are reached. This can be done by
either a single initial outdoor exposure or the
combination of the initial outdoor exposure with one

Method
selection

\ 4 \ 4

Method 1: Method 2: Method 3: . o
outdoor and mn?peg i Indoor of the following three additional methods.
indoor transfer loop exposgs% under Choosing method 1 means to finalize the exposure tes’
SRS outdoors under same conditionsas the initial outdoor
| | exposure.
v Choosing method 2 requires that a heat transfer
g medium is pumped through the collector at the

[ Achieve the values for selected climate cla$> . :
highest possible mass flow rate. The temperature o

the heat transfer medium shall be 10°C higher than
the standard stagnation temperature.

Choosing method 3 means to fulfil the requirements
given in Table 2 of ISO 9806017 by using a solar
simulator.

Particularboundary conditions for all of thesemethods
are givenin chapter 10 of ISO 98062017.

"Tips and Tricks"

- ltisabsolutelyi mport ant t o c happelrantehtéastoode h week. Ibis farimerecommended to
document this check by photographs;

- The test duration can significantly be shortened by the usage of tracking devices

- Method 2 (pumped heat transfer loop) leads obviously not to an equal aging process of the whole collector ¢
no degradaton caused by UVRadiation occurs.
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Guide to the standard ISO 9806:20Y

The standard now offers the opportunity for the manufacturers to choose the climate reference class for th
exposure test (also valid for external and internal thermal shock tests).

Thereference conditions given in Table 1 of ISO 9808017 are correlated to the annual global horizontal irradiation
values as given within the following table and figure. Threshold values for the different classes were defined bas
on the irradiation map. Values for an actual location can be taken from this map or other similar sources.

Tablel: Annual Global Horizontal Irradiation valuesor different climate classes

Property C B A A+
Annual Irradiation (H) [kKWh/ni] Hft 1000 1000<Hf 1¢1600<Hf 2 H>2000
>2800 kW /m2 =

2701 - 2800
2601 - 27700
2501 - 2600
2401 - 2'500
2301 - 2400
2201 -2'300
2101 - 2200
2001 - 2100
1'901 - 2'000
1'801 - 1'900
1701 - 1800
1'601 - 1700
1'501 - 1600
1401 - 1500
1301 - 1400
1201 - 1'300
1101 - 1200
1'001 - 1100
901 - 1'000
801-900
<800

Figure 2: Yearly sum of Global Horizontal Irradiation (GH)Source Metenorm 7.0 (vww.meteonorm.com); uncertainty 8%; Period 198602004,
grid cell size: 0.25°

Test Evaluation and Typicalaures

The evaluation of the exposure test and classifying of potential problems as minor probleor major failure shall be
done based on visual observation of the collector at the end of the testA mlaj or  famibe definedbas a
problem that may have a strong impact either on the thermal performance of the collector or on the durability o
the collector. This classification is dependent on theufigment of the test laboratory. Table 1gives guidance on the
criterion for classificationof major failure after the exposure test.

Table2: Remmmendations for classificatiorof a potential problem asmajor failure after exposure test

Collector component/s Potential problem Evaluation
Consider as major failure if:
Collector box/fasteners Cracking Large areas are affected resulting in future rain
Warping penetration problems
Corrosion
Rain penetration If exceeding the limits of rain penetration test
Seals/gaskets Cracking Large areas are (potentiallyaffected resulting in future
Adhesion rain penetration problem; also smaller failures that can
Elasticity be expected to progress during longer exposure
Cover/reflector Cracking Areas affected will result in decrease of thermal
Crazing performance.
Buckling
Delamination Fastincrease of the problem during the test period
Absorber coating Cracking Areas affected will result in decrease of thermal
Crazing performance.
Blistering Fast increase of the problem during test period
Insulation Outgassing Will result in decrease of thermal performance

"This criterion will onlybe possible to evaluate if thedboratory makes a daily register of observations of the collector
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Guide to the standard ISO 9806:207
11 External Thermal Shock Test

The objective of thetest is to assess the capability of a collector to withstand a severe thermal shock that can res
from a sudden rainstorm on a hot sunny day.

Test Procedure

Manufacturer’s <

definition Climate reference conditions as
given in Table 2 of ISO 9806:2017

Toughened
glass? 7=

v '

Expose the collector to Connect thé collector to
climatic conditions as a fluid loop as described Figure 1:External Thermal Shock Test; Fraunhofer ISE
given in Table 2 of ISO in method 2 of Fact
9806:2017 Sheet 10 e
no N Boundary Conditions
» 1lh <«

Liquid heating collectors shall either be operated unde
standard stagnation conditions(SSC)

Sagnation
Temperature is
reached?

An array of water jets shall provide a uniform
distribution of water spraying over the front of the

collector.
yes )
v The collector shall be exposed for 1 hour prior tdhe
Spray water for at least 15 min: test with the selected climate reference conditions as
e e 0 given in Table 2 of ISO 98062017,

The collector shall be sprayed with water at a
temperature between 10°CbB25°C at the spraying rate

Glass no of 0.03 kg/m?s for at least 15 minutes.

e breakage?
This test shall be pgformed twice on the collector.

Collectors with overheating protection shall be
operated close to the seHprotection trigger
temperature.

"Tips and Tricks"

- Take careof the water spraying temperature. On hot sunny daysthe water can be heated up within the inlet
tube;

- Make sure that the spray covers thevhole collector front or if it is a very large collector, at least two complete

glass panes.
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Guide to the standard ISO 9806:20Y

Manufacturers Information Box

- Climate reference conditions as given in table 2 of ISO 98@8017 must be chosen by the manufacturer;

- In-house testing isrecommended to check whether thecollector withstands those requirements (also in case o
toughened glass)

Exemplary Results

- Cracking or breakage of collector coverand rain penetration are problems that could be detected within this
test;

- Fogging i.e. condensation of gases on the inside of the coversuallyoccurs when it is cooled by water. However
this often looks much worsewhen observeddirectly after the shockcompared to some time after. The result
therefore may need to be reevaluated after the temperature of the collector cover is close tihe ambient

temperature.
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Guide to the standard ISO 9806:20
12 Internal Thermal Shock TeStguid heating collectors only)

The obijective of this testis to assess the capability of a collector to withstand a seveiiaternal thermal shock that
can result from the intake of a cold fluid on a hot sunny day. This is likely to occur during system installation whel
the collector loop is filled or after a periodof shutdown, when the installation is brought back into operation.

Test Procedure

Manufacturer’s . -
definition Climate reference conditions as
given in Table 2 of ISO 9806

»
1
A

4

Expose the collector to
climatic conditions as given in
Table 2 of 1SO 9806

Figure 1: Internal thermal shock test; Fraunhofer ISE

Boundary Conditions

yes - The collector shall be mounted either outdoors or

Sagnation
Temperature is
reached?

v

Hush with heat transfer fluid:
- fluid temperature < 25°C
- fluid flow rate 0.02 kg/m?s

in a solar simulator and operatedunder standard
stagnation conditions(SSC)

The collectors shall not be filled with fluid.

One of the fluid pipes shall be connected via a shui

of valve to a heat transfer fluid source.
- The collector shall be exposed for 1 hour prior to
the test with the selected climate reference

— e Any no conditions as given in Table 2 of ISO 9808017.
damages? - The collector is flushed with cold heat transfer fluid
B \ 4 R B \ 4 R (<25°C) at a fluid flow rate of 0.02 kg/m2s for at
& h & h least 5 minutes.

[ Test failed [ Test passed . )
NS /! NS /! - This test shall be performed twice on the collector.

- Collectors with overheating protection shall be
operated close to the selfprotection trigger
temperature.

"Tips and Tricks"

- The test is usually performed in association with the exposure test. To perform the test, keep the collector in c
stagnation on a sunny day and, after solar noon, flush cold water (mains water) in the collectéor 5 minutes.
The fluid flow rate should be similar to the flow rate recommended for the collector in normal operation;

- Pay attentionto the blowout of water vapor;

- Direct flown vacuum tube collectors are often highly sensible to internal shocks. Pay attention to the gla
breakage at the lowertube end.
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Guide to the standard ISO 9806:20Y

Manufacturers Information Box

- Climate reference conditions as given in table 2 of ISO 98@8017 must be chosen by the manufacturer;

- In house testing is recommended to check whether the collector withstands the requirements (eEially incase
of direct flow vacuum tube collectors).

Exemplary Results

- Loss of vacuum or breakage of the tubes in evacuated tubular collectors, loss of bonding between tubes a
absorber plate or permanent deformation of the absorber plate in flat platecollectors are the most common
problems that can be detected with this test;

- Glass breakage most ofteroccur while testing direct flow vacuum tube collectors The following pictures show
typical signs of glass breakage.

Figure2: Damaged collectorsafter testing; Fraunhofer ISE
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Guide to the standard ISO 9806:207
13 Rain Penetration Test

The objective of the test is to assess if collectors are substantiatBsistant to rain penetration. Collectors may be
equipped with ventilation and/or drain holes but theseshall not permit the entry of drifting rain.

Test Procedure

Manufacturer’s
definition:

Shallowest installation
angle

__Passthrough half-

no
exposure?
Half-exposure yes
v

Mount the collector:

- shade from light if mounted outdoor

- collectors which are installed exclusivly
into a roofstructure shall be mounted in a
simulated roof with their back protected

RS
N

= air heating

“Collector type\ collector

Leave at ambient
temperature

|

liquid heating
collector

Keep warm
by circulating a
hot fluid

Determine:
- number of nozzles

- position of the spray
nozzles

‘ Mount and adjust the nozzles

v

‘ Spray for four hours ‘

v

Collector should not be
exposed to sun or warm
conditions until final
inspection

v

Within 72 hours:
final inspection

!

[ BEND

Copyrighted by:
~ Fraunhofer
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Key
LiLlz 250 mm
A 307 angle of spray nozzle with respect to the collector surface

¥ smallest tilt angle to the horizontal ded by the if this angle is not specified, use 30°

Figure 1: Positioning of collector and sprg nozzles for rain
penetration test; Source: ISO 9806:2017

Boundary Conditions

Even for ETC rain is spread on header and bottor
support including caps respectively because water
accumulation at that part would lead to freezing
damage.

Original mounting shall be used especially if the
collector is sold with an inroof solution.

The detailed test conditions including information
about the required spray nozzles, mass flow rate, spra
angle, and drop size ae given in capter 13.3 of
1S098026:2017.

Please not that it is not possible to give the exac
positioning of the spray nozzlesfor each type of
collectors. It is in the responsibility of the testing
laboratory to identify all critical points (areas) where
water penetration could occur.

The number and description of positions of spray
nozzles shall be reported.

Supported by:
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Guide to the standard ISO 9806:20Y

In case of SAHC, sometimes rain can enter the collector casing quite easily, which maybe not be problem:
issue if the collector is drying out intime according to the standard;

Water penetration shall be determined by the final inspection within 72 hours after the rain penetratiotest. But
in-between rain penetration and final inspection tests, the collector has to undergo internal pressure tes
mechanical load tes and impact resistance test;

If the internal pressure test needs to be done at elevated temperatures, it is not admissible to perform both tes
on the samecollector;

If the above mentionedthree tests are performed on the same collector as the rain penetration test, the collectc
shall behandled in such a way thatthe result of the rain penetration testis not negatively influenced,;

If the collector doesnot pass one ofthesethree precedng tests no evaluation of the rain penetration test shall
be given within the report. The reportshall only state that the test has taken place without valid evaluation;

It is strongly recommended to use a further collector to avoid the aforementionectircumstances;

Problems are more likely to occur if the collector is mounted with a low tilt angle.

Manufacturers Information Box

The manufacturer can recommend the shallowestollector tilt angle at which the collector can be used in order to
avoid rain penetration problems. If this angle is not indicated the test is parmed with a 30° tilt.

Exemplary Results

Examples of problems that are likely to occur if water penetrates and stays in tredllector are corrosion of the
collector casing and absorber surface, reduced thermal performance due to persistent condensation on the inr
side of the glass or reduced insulation properties when the insulation is wet.
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Guide to the standard ISO 9806:207
14 Freeze Resistanceest

The objective of the testis to assess if a collector which is claimed to be freeze resistant can withstand freezing ar
freeze/thaw cycling.

Test Procedure

Collector
type Claimed to be freeze resistant Containing heat pipes
A4

Manufacturer’s
definition A 4

Smallest tilt angle to the hoizontal
and lowest temperature

Highest tilt angle and lowest
temperature

- Mount in a cold chamber at
smallest tilt angle
- Install a temperature sensor

Half-exposure?

yes

Collector type? Heat pipes

removable?

yes no
drain down freeze resistant v
freeze protection collector Select minimum six
heat pipes estjthelviicle Figure1: Climate chambersof the TestLab P\Modules, Frauhofer
Filled with Filled with (one heat pipe as collector ISE
water for 10 water at control sample)
min, operating ¢
drained for 5 pressure at ong
min each cycle Mount in a cold Mount in a low BOU nda ond|t|0ns
chamber at temperature fluid
highest loop at highest
recommended tilt recommended tilt
angle angle Two test procedures are recommended, one for
collectors which are claimed to be freeze resistan
when filled with water or are claimed to resist freezing
apetabedioilal after being drained, and the other for collectors
n lon Ot .. .
Sheatpipes containing heat pipes.
Install one For collectors claimed to be freeze resistant, the
temperature sensor .
on aheat pipe at collector shall be mounted in a cold chamber. The
retonerend collector shall be fitted correctly, shut completely, and
l inclined at the smallest tilt angle to the horizontal
o e recommended by the manu_fact_urer. Water in he
1ot tempereture collector absorber shall be maintained at 20 + 2°C for
[ |emperauresensor e " at least 30 minutes during the freezing part and raised
indicate the required ° d . h h . | D . f
e temperature e to above 10°C during the t awing cycle. uration o
=dheEk =Gl thaw cycle shall be at least 30 minutes. The collecto
-1hwarm -1hwarm |
shall be subjected to three freee-thaw cycles and then

inspected for failures.

For collectors containing heat pipes the test can also b
performed in a low temperature fluid loop. The
difference for heat pipe collectors is the tilt angle. Here
the highest recommended tilt angle isconsidered. The
freeze resistance test consists of ten cycles for this typ
of collectors.
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Guide to the standard ISO 9806:20Y

Freeze resistant collectors:

Collector shall be filled with water at operating presste and cold chamber temperature, and shall be cycledit the
end of each cycle the collector shall be refilled withwater to operating pressure. Water temperature shall be
monitored during the whole test.

Collectors with drain-down protection:
Collector shall be filled with water and kept at operatingpressure for 10 mirutes and then drained using the device
installed by the manufacturer.

Collectors containing heat pipes:

The documentation of the shape (round, oval, etc.) and the outside dimensions of all parts of the heat pipes durir
the initial inspection as well as the final inspectionshall be done by photographs on a graph paper (millimete:
paper), in order to have a direct comparison.

Manufacturers Information Box

Collectorsclaimed to be freeze resistant
The test laboratory needs thdowest tilt angle and also the lowest temperature. The test shall be a0 °C or as
specified by the manufacturer.

Collectors containing heat pipes:
The test is mandatory for all heat pipe collectors. The test laboratory needs the highest tilt angle aalt$o the lowest
temperature. The test shall be at20 °C or as specified by the manufacturer.

Exemplary Results

Typical results of freezeesistance tests are cracking and/dsreaking of fluid channels. The following picturesshows
typical results of a freeze resistance test on heat pipes, done within the project HPQUALInvestigation of freeze
resistance testing of heat pipes. Both shown results, cracking as well as the deformation shall be deemed as mz
failure.

Figure 2: Heat pipe beforefreeze resistance tesSource: HPQUAL Investigation of freeze resistance testing of heat pipes; Fraunhofer ISE)

Figure 3: Heat pipes after freeze resistance te€Source: HPQUAL Investigation of freeze resistance testmof heat pipes; Fraunhofer ISE
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