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Test methods for solar collectors —

Part |2:
Qualification test procedures

1 Scope

1.1 This part of ISO 9806 establishes test methods for determinidg the ability of a solar collector
influencgs of degrading agents.

1.2 Thip part of ISO 9806 applies to all types of solar collegtors, including integral collector storagel
excepting tracking concentrating collectors.

1.3 This part of ISO 9806 defines procedures fortesting collectors under well-defined and repeatab
but does|not include pass/fail criteria for the testresults.

2 Normative references

The follopving standards contaip-provisions which, through reference in this text, constitute provisior
of ISO 9806. At the time of publication, the editions indicated were valid. All standards are subject to
parties tq agreements based\on this part of ISO 9806 are encouraged to investigate the possibility o
most redent editions of{th& standards indicated below. Members of IEC and ISO maintain register
rnational Standards.

to resist the

systems but

e conditions,

s of this part
revision, and
applying the
5 of currently

bherical solar

ISO 94594399 —S018 PSPV m VNP fais,
indoor test methods.

cedure using

ISO 9459-2:1995, Solar heating — Domestic water heating systems — Part 2: Outdoor test methods for system

performance characterization and yearly performance prediction of solar-only systems.

ISO 9806-1:1994, Test methods for solar collectors — Part 1: Thermal performance of glazed liquid heating col-

lectors including pressure drop.

ISO 9806-3:—", Test methods for solar collectors — Part 3: Thermal performance of unglazed liquid heating col-

lectors (sensible heat transfer only) including pressure drop.

1) To be published.
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3 Definitions
For the purposes of this part of ISO 9806, the definitions given in ISO 9806-1 and the following definitions apply.

3.1 collector, evacuated: Collector in which the space between the absorber and the cover is evacuated to a
pressure < 3 kPa.

3.2 integral collector storage system: Solar heating system in which the solar collector also functions as a heat
(water) storage tank.

3.3 irradiation: Incident energy per unit area of surface, found by the integration of irradiance over a specified
time interval.

It is normally gxpressed in megajoules per square metre.
NOTE 1 The lime interval specified is often an hour or a day.

3.4 stagnatipn conditions (in solar energy systems): Conditions of temperature and pressure existing when the
system has attained a quasi-steady state after the flow of the heat transfer fluid has stopped, but the gbsorber
continues to re¢ceive significant solar radiation.

3.5 steady-state: Status of a solar collector when the heat removal rate (including losses) is equal to the solar
energy input rate.

4 General

The tests in this part of ISO 9806 shall be carried out in the séguence shown in table 1, using three colle¢tors (A,
B and C) of arly given type.

Tests may be|omitted from the sequence upon agreement of all parties involved or at the discretion of [the test
laboratory. Ch@inges in the test sequence shall be reported with the test results and the reasons for deviatlon shall
be given.

For some qualjfication tests, a part of the cellector may have to be tampered with in some way, for example a hole
may have to be drilled in the back of the(collector to attach a temperature sensor to the absorber. In thege cases
care should bé taken to ensure that any’damage caused does not affect the results of subsequent qualification
tests, for example by allowing water to enter into a previously raintight collector.

NOTE 2  This|sequence has been.determined with a view to minimizing test costs while ensuring that the possible effects

of each degradiphg influence aré)likely to be evaluated in a later test. (For example, rain penetration may result if a cqllector is
distorted by exgosure to highstemperatures.)

5 Internal|pressure tests for absorbers

5.1 Metallic absorbers for liquid heating collectors

5.1.1 Objective

The absorber is pressure-tested to assess the extent to which it can withstand the pressures which it might meet
in service.

5.1.2 Apparatus and procedure

The apparatus, shown in figure 1, consists of a hydraulic pressure source (electrical pump or hand pump), a safety
valve, an air-bleed valve and a pressure gauge with an accuracy of 5 % of the actual reading. The air-bleed valve
shall be used to empty the absorber of air before pressurization.
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The metallic absorber is filled with water at room temperature and pressurized to the test pressure for the test
period. This pressure is maintained while the absorber is inspected for swelling, distortion or ruptures.

Table 1 — Test sequence

Sequence Clause Test Collector

1 5 Internal pressure A

2 6 High-temperature resistance A

3 7 Exposure #;B and C

4 8 External thermal shock2) A

5 9 Internal thermal shock A

6 10 Rain penetration A

7 1 Freeze resistance A

8 5 Internal pressure (retest) A

9 Thermal performance3) A

10 12 Impact resistance (optional) AorB

11 13 Final inspection A BandC
1) For ¢prganic absorbers, the high-temperature resistance test shall be performed first in order to determine|the collector
stagnatipn temperature needed for the internal pressure test,
2) The |external thermal shock test may be combined with the exposure test.
3) The thermal performance test shall be carried qut inraccordance with the procedures given in ISO 9806-1 of ISO 9806-3
for glazgd or unglazed liquid heating collectors and ISO 9459-1 or ISO 9459-2 for integral collector storage sygtems.

Air-bleed
valve
/N
Fluid pipe sealed
=
Pressure Safety
gauge valve
Collector with N\
metfallic absorber,
Hydraulic
pressure
source

m

/

N
N

Figure 1 — Schematic for internal pressure test of metallic absorbers for liquid heating collectors
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5.1.3 Test conditions

5.1.3.1 Temperature

Metallic absorbers are pressure-tested at ambient temperature within the range 5 °C to 30 °C.

5.1.3.2 Pressure

© ISO

The test pressure is either the manufacturer's stated maximum test pressure or 1,5 times the maximum collector
operating pressure specified by the manufacturer, whichever is lower.

The test press

5.1.4 Resuity

The collector s
together with t
was less than
reported.

5.2 Liquid |

5.2.1 Objective

The absorber i
in service whil

the pressure rgsistance of an organic absorber may be adversely affected as its temperature is increased.

5.2.2 Apparatus and procedure

The apparatus
to the required

The characteris
efficiency testi

The test condi
of the test.

The pressure i
distortion or ry
spected.

For safety reag

Te s mamTtamedfor- o

hall be inspected for leakage, swelling and distortion. The results of this inspection’shall be r
he values of pressure and temperature used and the duration of the test. If the'applied test p
1,5 times the maximum collector operating pressure specified by the manufacturer, this

eating absorbers made of organic materials (plastics or elastomers)

5 operating at elevated temperature. The tests are-carried out at elevated temperatures, H

consists of either a hydraulic or a pneumatic pressure source, and a means of heating the a
test temperature.

tics of a solar irradiance simulator shall be the same as those of the simulator used for steagq
ng of liquid heating solar(callectors (see 1ISO 9806-1).

ions specified in 5.2:3-shall be maintained for at least 30 min prior to test and for the full g

" the absorbér-is raised in stages as specified in 5.2.3, and the absorber is inspected for s
pture after €ach increase in pressure. The pressure is maintained while the absorber is b

ons»the collector shall be encased in a transparent box to protect personnel in the even

bported
ressure
hall be

pressure-tested to assess the extent to which it candwithstand the pressures which it might meet

ecause

bsorber

ly-state

uration

velling,
Eing in-

b of ex-

plosive failure

'iuring this tegt

5.2.2.1 Organic absorbers for use in unglazed collectors (test temperature < 90 °C)

Where the maximum test temperature is below 90 °C, absorbers may be submerged in a heated water bath and
pressure-tested. The pressurized fluid supply to the absorber shall be fitted with a safety valve, air-bleed valve (if
required) and pressure gauge having an accuracy of 5 % of the actual reading. Apparatus is shown in figure 2.

5.2.2.2 Organic absorbers for use with oil-based fluids (test temperature > 90 °C)

When the test temperature exceeds 90 °C, the absorber may be connected to a hot oil circuit. The absorber and
hot oil circuit are then pressurized. The hot oil circuit shall be fitted with a safety valve, air-bleed valve and pressure
gauge having an accuracy of 5 % of the actual reading.
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The absorber may be heated by any of the following methods:
a) connecting a heater in the oil circuit (figure 3);
b) heating the whole collector in a solar irradiance simulator (figure 4);

c) heating the whole collector outdoors under natural solar irradiance (figure 4).

Safety measures should be taken to protect personnel from hot oil in the event of explosive failure during this test.

5.2.2.3 Organic absorbers — high-temperature pneumatic pressure test

The absgrber may be pressure-tested using compressed air, when heated by either of the following methods:
a) heating the whole collector in a solar irradiance simulator (figure 5);

b) heating the whole collector outdoors under natural solar irradiance (figure 5).

The compressed air supply to the absorber shall be fitted with a safety valve and apressure gauge|having an ac-
curacy of 5 % of the actual reading.

Safety Pressure
valve gauge

Air-bleed valve
(for hydrautic

Hydraulic or testing only)

pneumatic

pressure sourece T
[\
\Z

/ .
Temperature sensor I Organic absorber

;
/

Figure 2 — Schematic for internal pressure test of organic absorbers for use in unglazed collectors

Heated water bath
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Figure 3 — Schematic for internal pressure test of organic absorbers for use with oil-based fluids [hot oil

source)
Air-bleed
valve Natural or simulated
solar radiation
RIS /P
Ambient
temperature
sensor
=
0Oil
Pressure Safety source
N gauge valve
Pyranpmefer on Collector with
collecjorplane organic absorber @
Circulating
pump
Fluid pipe sealed
E /

Hydraulic

pressure

source

_@

Figure 4 — Schematic for internal pressure test of organic absorbers for use with oil-based fluids (test
under solar irradiance)
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Natural or simulated
solar radiation
< L& /F
| Ambient
temperature
Pressure Safety sensor
- guuge valve
Pyranometer on Collector wnn
collector olane
i Pneumatic
pressure
source
Fluid pipe sealed
E o
Figyre 5 — Schematic for internal pressure test of organic absorbers {pneumatic test unider solar
irradiance)
5.2.3 Test conditions
5.2.3.1 |Temperature
For absqrbers made of organic materials, the test temperature is the maximum temperature whicH the absorber
will reach under stagnation conditions.
One of the alternative sets of reference conditions given in table 2 shall be used to determine the tes{ temperature,
depending on the climate in which the collector will be used.
The calcllations employed to determiing' the test temperature are included in annex B and shall either:
— use fneasured collector performance characteristics, or
— extrapolate from average-values, measured in the high-temperature resistance test (6.3), of the global solar
irradipnce (natural orsimulated) on the collector plane, the surrounding air temperature and the gbsorber tem-
perature.
The test|temperature for integral collector storage systems shall be 85 °C for class A and class B clinjate reference
conditiops and>100 °C for class C.

Table 2 — Climate reference conditions to determine test temperatures for internal pressure test of

organic absorbers

Value for climate class
Climate parameter
Class A Class B Class C
Temperate Sunny Very sunny
Global solar irradiance on collector plane, G (W/mz) 1 000 1100 >1 200
Surrounding air temperature, 2, (°C) 30 40 > 40
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5.2.3.2 Pressure

The test pressure shall be 1,5 times the maximum collector operating pressure specified by the manufacturer.

For absorbers made of organic materials, the pressure shall be raised to the test pressure in equal stages of
0,2 bar? (approximately) and maintained at each intermediate pressure for 5 min. The test pressure shall then be
maintained for at least 1 h.

5.2.4 Results

The collector shall be inspected for leakage, swelling and distortion. The results of the inspection shall be reported.

Full details of {
shall be report

5.3 Air heatf
5.3.1 Objecti
The collector i

in service, incly
the fan.

5.3.2 Apparatus and procedure

The apparatus
specified valug
meter having &
curacy of 5 %

Figure 6

he test procedure used, including the temperature, intermediate pressures and test period
bd with the test results.

ing collectors with metallic absorbers

ve

ding pressures which may arise when the airflow is blocked on thetother side of the collect

shown in figure 6, consists of a controllable air sourc¢e”or suction fan, capable of supply
s of positive or negative pressure at the maximum allewable collector leakage flowrate. An
n accuracy of 5 % is installed to measure the rate“of leakage, and a pressure gauge having
pf the actual reading is installed to measure the;pressure in the absorber.

PreSsure

Air heating gauge

collector with
metallic absorbery

Air source or
suction fan

L]

Leakage
airflow meter

=
-/

S used,

pressure-tested to assess the extent to which it can withstand the ptéssures which it might meet

or from

ing the
airflow
an ac-

— Schematic for internal pressure test of air heating collectors with metallic absorbers

The air source or suction fan, airflow meter and pressure gauge are connected to the collector, and other pipe

connections to

the collector are sealed.

The collector is brought to the test pressure with air at ambient temperature, for the specified test period.

The collector is maintained at the test pressure while it is inspected for swelling, distortion or ruptures.

For safety reasons, the collector shall be encased in a transparent box to protect personnel in the event of ex-
plosive failure during this test.

2) 1 bar

100 kPa.
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5.3.3 Test conditions

5.3.3.1

Air heat

5.3.3.2

Temperature
ing collectors with metallic absorbers are pressure-tested at ambient temperature.

Pressure

The test pressure is 1,2 times the maximum collector operating pressure difference above or below atmospheric
pressure, as specified by the manufacturer.

The tes

5.3.4 Results

The coll
togethe
test.

5.4 Ajr heating absorbers made of organic materials (plastics or.elastomers)

5.41 (

The coll
in servig
the fan.
be signi

5.4.2 Apparatus and procedure

The app
values

leakage
an accu

pressure Is maintained 1or 1u Trim.

ector shall be inspected for swelling, distortion or ruptures. The results of the imspection sh
- with the rate of air leakage, and the values of pressure and temperature and\the test perig

Dbjective

bctor is pressure-tested to assess the extent to which it can‘withstand the pressures which
e, including pressures which may arise when the airflow is blocked on the other side of the
Because the pressure resistance of collectors with @psorbers made of organic materials

ficantly reduced at higher temperatures, a pressuretest at an elevated temperature shall bg

aratus (see figure 7) consists of a controllable air source or suction fan, capable of supplying
f positive or negative pressure at-thie required temperature, and at the maximum allow
flowrate. A flowmeter having an(agcuracy of 5 % to measure the leakage and a pressure
racy of 5 % of the readings taken.during the test are also required.

Air heater Circulating fan Leakage Air source or
Temperature (l) airflow meter suction fan

sensor 7\ p\
9, -y L]

bl be reported
d used for the

it might meet
collector from

s expected to
used.

the specified
able collector
gauge having

—7 /

Pressure

Air heating gauge

collector with
organic absorber,

Figure 7 — Schematic for internal pressure test of air heating collectors with organic absorbers
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The collector is connected to an air-heating loop in such a way that air flows downwards into the collector. The
pressure gauge is connected to the collector either in a separate opening of the collector or in the heating loop
close to the outlet of the collector. While circulating air through the collector, the air is heated to the test tem-
perature and maintained there for the test period. The collector and the heating loop are pressurized or depress-
urized in stages to the test pressure, which is then maintained for the test period.

After the test period, the temperature and pressure are maintained while the collector is inspected for swelling,
distortion or ruptures. The collector is also inspected for swelling, distortion or ruptures after each rise in pressure.

For safety reasons, the collector shall be encased in a transparent box to protect personnel in the event of ex-
plosive failure during this test.

5.4.3 Test col'\ditions

5.43.1 Temperature

For absorbers made of organic materials, the test temperature is the maximum temperature~which the alpsorber
will reach undelr stagnation conditions.

One of the altefnative sets of reference conditions given in table 2 shall be used to determine the test tempgrature,
depending on the climate in which the collector will be used.

The test tempdrature shall be determined from measurements made during the high-temperature resistance test
specified in clalise 6, using the expression included in annex B.

5.4.3.2 Presslre

The test pressjre shall be 1,2 times the maximum collector opérating pressure difference above or befow at-
mospheric pregsure, as specified by the manufacturer.

For absorbers made of organic materials, the pressure shall be raised to the test pressure in equal stgges of
0,2 bar (approximately) and maintained at each intermediate pressure for 5 min. The test pressure shall fhen be
maintained for fat least 1 h.

5.4.4 Result
The collector shall be inspected for leakage, swelling and distortion. The results of the inspection shall be regported.

Full details of the test procedure used, including the temperature, intermediate pressures and test periods selec-
ted, shall be reported with the test-results.

6 High-temperature resistance test

6.1 Objectiye

This test is intehded to assess rapidly whether a collector can withstand high irradiance levels without failurgs such
as glass breakagg, collapse of plastic cover, melting of plastic absorber, or significant deposits on the cpllector
cover from outgassing of collector material.

6.2 Apparatus and procedure

The collector shall be tested outdoors, or in a solar irradiance simulator, or in a hot fluid loop of the type described
in 5.2.2.2. A schematic for testing outdoors or in a simulator is shown in figure 8.

The characteristics of the solar irradiance simulator to be used for the high-temperature resistance test shall be
those of the solar irradiance simulator used for steady-state efficiency testing of liquid heating solar collectors in
accordance with 1ISO 9806-1.

10
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If a hot

inlet temperature, using a flowrate similar to that defined for collector efficiency testing (see ISO 9

NOTE 3
stresses|

The col
sealed
air in th

A temp
position
ensure

NOTES

4 Whe
tempera
should b

Natural or simulated N
solar radiation ’6
@ @ @ Ambient
temperature
Fluid pipe sensor
Lleft open g
Temperature sensor
s attached to absorber
SEEEEETE —{ N\
Pyranometer on
collector plane
= =] Fluid pipe sealed

Figure 8 — Schematic for high-temperature resistance test (outdoors or in simulg

Fluid loop is used, the hot fluid shall be circulated from the bottom to the top of the collector

It is recognized that the thermal stresses.induced by the hot fluid loop test may not be equivalen
induced by heating externally using natural(or simulated solar irradiance.

ector is mounted outdoors or in‘a solar simulator, and it is not filled with fluid. All of its
o prevent cooling by natural girculation of air except one, which is left open to permit fre
e absorber.

brature sensor is attached*to the absorber to monitor its temperature during the test. The 5
ed at two-thirds of the-absorber height and half the absorber width. It shall be fixed firmly
good thermal contast with the absorber. The sensor shall be shielded from solar radiation.

N testing.collectors, such as evacuated tubular collectors, for which it is not appropriate to measur
fure at.the absorber, the temperature sensor should be placed at a suitable location in the collector,
e cléarly described with the test results.

tor)

vith a constant
806-1).

t to the thermal

fluid pipes are
e expansion of

ensor shall be
n a position to

b the stagnation
bnd this location

5 Inso

€ CasSes, SUCh as evacCuated absorpers, 1T may be anTicult 10 attach a thermocouple 10 tThe absorbe

. In such cases,

instead of attaching a thermocouple to the absorber, the testing laboratory may partially fill the absorber with a special fluid,
seal the absorber and measure the pressure in the absorber. The relationship between the internal pressure in the absorber
and its temperature should be known from the standard vapour pressure/temperature relationship for the fluid.

The test is performed for a minimum of 1 h after steady-state conditions have been established, and the collector
is subsequently inspected for signs of damage as specified in 6.5.

1"
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6.3 Test conditions for testing outdoors or in a solar irradiance simulator

© ISO

One of the alternative sets of reference conditions given in table 3 shall be used, depending on the climate in
which the collector will be used.

Table 3 — Climate reference conditions for high-temperature resistance test

Value for climate class
Climate parameter
Class A €lassB C-I-ass-lT
Temperate Sunny Very sufny
Global solar irrafiance on collector plane, G (W/mz) 950 - 1 049 1050-1 200 > 1200
Surrounding air [temperature, ¢, (°C) 25,0 - 29,9 30 -40 > 40
Surrounding air [speed (m/s) <1 <1 <1

6.4 Test cor

If a hot fluid lo
the collector w

One of the alte
depending on t

The calculation
— use measur

— extrapolate
temperaturg
(outdoors, o

The fluid test temperature for integral)collector storage systems shall be 85 °C for class A and class B

reference cond

6.5 Results

The collector shall besinspected for degradation, shrinkage, outgassing and distortion.

ditions for testing in a hot fluid loop

bp is used, then the fluid temperature to be used in the test is the maximum temperature
Il reach under stagnation conditions.

native sets of reference conditions given in table 2°shall be used to determine the test temps
he climate in which the collector will be used.

5 employed to determine the test temperature are included in annex B and shall either:
ed collector performance characteristics, or
from average values of solar irradiance (natural or simulated) on the collector plane, surroun

and absorber temperature,smeasured by exposing the collector to available climate cor
r in a solar simulator) under_stagnation conditions for at least 1 h.

tions and 100 °C for-elass C.

For tests outdo

which

rature,

Hing air
ditions

Climate

ors’or in a solar irradiance simulator, the results of the inspection shall be recorded togeth

Br with

the average values of solar irradiance (natural or simulated) on the collector plane, surrounding air temperature and
speed, and absorber temperature (and the pressure of the special fluid in the absorber, if that method is used)
recorded during the test.

For testsinah

ot fluid loop, the results of the inspection shall be recorded together with the

temperature) measured under the available climate conditions;

12

calculated test (stagnation) temperature determined for the climate reference conditions of table 2;

average value of the temperature, measured during the test, of the fluid entering the collector.

average values of the stagnation parameters (irradiance, surrounding air temperature and speed, and absorber
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7 Exposure test

7.1 Objective

The exposure test provides a low-cost indication of the ageing effects which are likely to occur during a longer
period of natural ageing. In addition, it also allows the collector to “settle”, such that subsequent qualification tests
are more likely to give repeatable results.

7.2 Apparatus and procedure

The collpetorts—mounted-outdoors{see ﬁgnrn 9)but-is-not-filledwith - fluid—All-of itsfluid pipne are sealed to pre-

vent copling by natural circulation of air except one, which is left open to permit free expansiofn-of air in the ab-
sorber.

The air temperature is recorded to an accuracy of 1 K and the global irradiance on the plane of the collector re-
corded psing a pyranometer of class | in accordance with ISO 9060. Irradiation and mean air tempgerature values
shall be|recorded every 30 min and rainfall shall be recorded daily. The collector is exposed until the fest conditions
have been met.

At the gnd of the exposure, a visual inspection shall be made for signs of damage as specified in 7.4.

N
Solar radiation ’A

'& @ @' Ambient

temperature
Fluid pipe sensor
Left open

Collector

N
Pyranometer on
collector plane
= =] Fluid pipe sealed

Figure 9 — Schematic for exposure test

7.3 Test conditions

One of [the/alternative sets of reference conditions given in table4 shall be used. depending on lthe climate in
which the collector will be used.

For each class of reference conditions, the collector is exposed until at least 30 days (which need not be consec-
utive) have passed with the minimum irradiation H shown in table4. The irradiation is determined by recording
irradiance measurements using a pyranometer.

The collector shall also be exposed (for the appropriate class of reference conditions) for at least 30 h to the
minimum irradiance level G given in table 4, as recorded by a pyranometer, when the surrounding air temperature
is greater than the value shown in table 4. These hours shall be made up of periods of at least 30 min.

NOTE 6 In regions where these conditions cannot be met during certain periods of the year, the 30-h exposure to high

irradiance levels (table 4) can be conducted in a solar irradiance simulator having characteristics identical to those of a simulator
used for steady-state efficiency testing of liquid heating solar collectors (ISO 9806-1). The 30-h exposure test is conducted after

13
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the collector has completed at least 10 days, but no more than 15 days, of the exposure to the minimum irradiation level
(table 4).

If the external thermal shock test is combined with the exposure test, the first external shock shall be caused
during the first 10 of the 30 h defined above, and the second during the last 10 of the 30 h.

Table 4 — Climate reference conditions for exposure test as well as for external and internal thermal
shock tests

Value for climate class
[ Climate parameter Class A Class B Class-(
Temperate Sunny Vety,sunny
Global solar irragliance on collector plane, G (W/mz) 850 950 1050
Global daily irradiation on collector plane, H (MJ/mz) 14 18 20
Surrounding air femperature, ¢, (°C) 10 15 20
NOTE — Valueq given are minimum values for testing.

7.4 Results

The collector shall be inspected for damage or degradation. The resultstof)the inspection shall be reported tqgether
with a record of the climatic conditions during the test, including daily;irradiation, ambient temperature and| rain.

8 External thermal shock test

8.1 Objective

Collectors may [from time to time be exposed\to sudden rainstorms on hot sunny days, causing a severe external
thermal shock.|This test is intended to_dsséss the capability of a collector to withstand such thermal shocks
without a failur

A1

8.2 Apparatus and procedure

The collector is|mounted_either outdoors or in a solar irradiance simulator, but is not filled with fluid. All of its fluid
pipes are sealed to prévent cooling by natural circulation of air except one, which is left open to permit ffee ex-
pansion of air in thé absorber (see figure 10).

A temperature Sensor IS attached 10 the abSorber 1o Monitor 15 temperature durng the testThe sensor shall be
positioned at two-thirds of the absorber height and half the absorber width. It shall be fixed firmly in a position to
ensure good thermal contact with the absorber. The sensor shall be shielded from solar radiation.

NOTES

7 When testing collectors such as evacuated tubular collectors for which it is not appropriate to measure the stagnation
temperature at the absorber, the temperature sensor should be placed at a suitable location in the collector, and this location
should be clearly described in the test report.

8 In some cases, such as evacuated absorbers, it may be difficult to attach a thermocouple to the absorber. In such cases,
instead of attaching a thermocouple to the absorber, the testing laboratory may partially fill the absorber with a special fluid,
seal the absorber and measure the pressure in the absorber. The relationship between the internal pressure in the absorber
and its temperature should be known from the standard vapour pressure/temperature relationship for the fluid.

14
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An array of water jets is arranged to provide a uniform spray of water over the collector.

The collector is maintained in steady-state operating conditions under a high level of solar irradiance for a period
of 1 h before the water spray is turned on. It is then cooled by the water spray for 15 min before being inspected.

The collector is subjected to two external thermal shocks.

WATER SPRAY ON ALL SIDES

Nafural or simutared i
solar radiation

@ {} @ Ambient

temperature
Fluid pipe . Jhionl
left open
Temperature sensor
Collector attached to absorber

Pyranometer on
collector plane
=] Fluid pipe sealed

Figure 10 — Schematic for external thermal shock test

8.3 Test conditions

One of|the alternative sets of referenece conditions given in table4 shall be used, depending on|the climate in
which the collector will be used,

For each class of reference _conditions, the specified steady-state operating conditions are:
— solaf (or simulated sofar) irradiance G greater than the values shown in table 4;
— surrpunding air temperature ¢, greater than the values shown in table 4.

The walter spray*shall have a temperature of less than 25 °C and a flowrate in the range 0,03 I/s|to 0,05 |/s per
square mettefof collector aperture.

If the temperatureof-the—water-which—firstcoots—the—cottectorstikety tobeatatemperaturegreater than 25 °C
(for example if the water has been sitting in a pipe in the sun for some time), then the water shall be diverted until
it has reached a temperature of less than 25 °C before being directed over the collector.

8.4 Results
The collector shall be inspected for any cracking, distortion, condensation or water penetration. The results of the

inspection shall be reported. The measured values of solar irradiance, surrounding air temperature, absorber tem-
perature, water temperature and water flowrate shall also be reported.

15
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9

Internal thermal shock test for liquid-heating collectors

9.1 Objective

© ISO

Collectors may from time to time be exposed to a sudden intake of cold heat transfer fluid on hot sunny days,
causing a severe internal thermal shock, for example, after a period of shutdown, when the installation is brought
back into operation while the collector is at its stagnation temperature. This test is intended to assess the capability

of a collector to

withstand such thermal shocks without failure.

9.2 Apparatus and procedure

The collector is
fluid. One of it
(diagonally acro
permit the heat

A temperature
positioned at tw

mounted either outdoors or in a solar irradiance simulator (see figure 11), but it is not fille
5 fluid pipes is connected via a shutoff valve to the heat transfer fluid source and:the
ks the collector) is left open initially to permit the free expansion of air in the absorber and
transfer fluid to leave the absorber (and be collected).

bensor is attached to the absorber to monitor its temperature during the test:<Fhe sensor s
o-thirds of the absorber height and half the absorber width. It shall be fixedfirmly in a posi

ensure good th¢rmal contact with the absorber. The sensor shall be shielded from sqlar-radiation.

NOTES

9 When testing
temperature at th
should be clearly

10 In some cas
instead of attachi
seal the absorbe
and its temperaty

The collector is
it is cooled by S

collectors, such as evacuated tubular collectors, for which it is nef appropriate to measure the sta
e absorber, the temperature sensor should be placed at a suitable/docation in the collector, and this |
described in the test report.

bs, such as evacuated absorbers, it may be difficult to atta¢hya thermocouple to the absorber. In such
hg a thermocouple to the absorber, the testing laboratory may partially fill the absorber with a speci
and measure the pressure in the absorber. The relationship between the internal pressure in the a
re should be known from the standard vapour préssure/temperature relationship for the fluid.

aintained under a high level of solar irradiance in steady-state conditions for a period of 1 h
upplying it with heat transfer fluid for-atleast 5 min.

Ndtural or simulated
solar radiation

L
& {} {} Ambient
temperature

sensor

N

Pyranometer on
collector plane

H with
other
hlso to

nhall be
tion to

Jnation

bcation

cases,
Bl fluid,
bsorber

before

F7

Temperature sensor

attached to absorber

Flowmeter

=N
\—/

Heat transfer
fluid source

Collector
Fluid pipe sealed [= /

DR

Figure 11 — Schematic for internal thermal shock test for liquid heating collectors
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9.3 Test conditions

One of the alternative sets of reference conditions given in table 4 shall be used, depending on the climate in
which the collector will be used.

For each class of reference conditions, the specified steady-state operating conditions are:
— solar (or simulated solar) irradiance G greater than the values shown in table 4;

— surrounding air temperature ¢, greater than the values shown in table 4.

The hepttransferftoidshatttaveatemperatureoftess—tham25~C—Fherecommerdedftuid—ftowrate is at least
0,02 kd/s per square metre of collector aperture (unless otherwise specified by the manufacturet).

9.4 Results

The collector shall be inspected for any cracking, distortion or deformation. The resuits of the insgection shall be
reported. The measured values of solar irradiance, surrounding air temperatufe)-absorber tenperature, heat
transfef fluid temperature and heat transfer fluid flowrate shall also be reported.

10 Rain penetration test

10.1 Objective

This te$t is intended to assess the extent to which collectors*are substantially resistant to rain pepetration. They
shall ngrmally not permit the entry of either free-falling rain‘or driving rain. Collectors may have ventilation holes
and drdin holes, but these shall not permit the entry of driving rain.

10.2 |Apparatus and procedure

The collector shall have its fluid inlet and outlet pipes sealed (see figure 12), and be placed in a|test rig at the
shallowest angle to the horizontal recommiended by the manufacturer. If this angle is not specified, then the col-
lector ghall be placed at a tilt of 45° to ‘the horizontal or less. Collectors designed to be integrated into a roof
structufe shall be mounted in a simulated roof and have their underside protected. Other collgctors shall be
mounted in a conventional manner on an open frame.

The collector shall be sprayedon all sides using spray nozzles or showers for a test period of 4 h.

WATER SPRAY ON ALL SIBES
Fluid pipe sealed / 7
with cap nut
Collector underside to be protected
for collectors which are designed
to be integrated into roof structure
Collector

Tilt angle

=] FlLuid pipe sealed

Figure 12 — Schematic for rain penetration test

17
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10.2.1 Collectors which can be readily weighed

The collector shall be weighed before the test. After the test, external surfaces of the collector shall be wiped dry
and the collector reweighed. During the wiping, transport and placement on the weighing machine, the angle of
inclination of the collector shall not be changed appreciably. If the collector has drain holes, then it shall be weighed
(after testing) after water has finished dripping from the drain holes.

The scales used to weigh the collector shall have an accuracy of at least 20 g.

A visual inspection of the collector shall be made after the test has been completed.

10.2.2 Collectprs-which-cannot-bereadily weighed

all be mounted and sprayed as explained in 10.2, but the penetration of water into theJcdllector

ned only by visual inspection.

The collector sH
shall be determ

NOTE 11 Rain penetration is more easily visible if it is made to form condensation on the cover glass. Thi§can be don¢ either
by circulating hot [water at about 50 °C through the absorber or by exposing the collector to solar radiation.

10.3 Test conditions

The collector shall be at approximately the same temperature as the surrounding air.

The water spray shall have a temperature of less than 25 °C and a flowrate\in the range 0,03 I/s to 0,05 |/s per
square metre of collector aperture.

10.4 Results|

The collector sHall be inspected for water penetration. The results of the inspection, i.e. the places where|water
penetrated and |the approximate amount of water penetrating (either the mass of water or an estimate thereof)
shall be reporte. Where applicable, the mass of the collector before and after the test shall also be reportgd.

11 Freezing test

11.1 Objectiyve

nded to asses$ the extent to which water-heating collectors which are claimed to be fre¢ze re-
stand freezing, and freeze/thaw cycling. This test is not intended for use with collectors which are
beze fluids:

This test is intg
sistant can with
filled with antifr,

Two test proceglures‘aré recommended:

tare wwhich arg ~laimad ta ho froezo-resistant when filled wwith wwater and
tOFSWHRHER—aY laHRea+toPbe—HeeZ .

— one for coll

— one for collectors which are claimed to resist freezing after being drained.

11.2 Apparatus and procedure

11.2.1 Freeze-resistant collectors

For collectors which are claimed to be able to withstand freezing, the collector is mounted in a cold chamber (see
figure 13). The collector shall be inclined at the shallowest angle to the horizontal recommended by the manufac-
turer. If no angle is specified by the manufacturer, then the collector shall be inclined at angle of 30° to the hori-
zontal. Unglazed collectors shall be tested in a horizontal position unless this is excluded by the manufacturer.
Next, the collector is filled with water at the operating pressure.

18
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The cold-chamber temperature is cycled, and at the end of each cycle the collector is refilled with water at oper-
ating pressure.

The temperature of the water is monitored throughout the test.

11.2.2

Collectors with drain-down protection

For collectors which employ a drain-down system to protect them from freezing damage, the collector is mounted
in a cold chamber (see figure 13). The collector is then inclined at the shallowest angle to the horizontal recom-
mended by the manufacturer. If no angle is specified by the manufacturer, then the collector shall be inclined at
an angle of 30° to the horizontal. Unglazed collectors shall be tested in a horizontal position unless this is excluded

by the
using t

The co
The ter

After th

e device installed by the manufacturer.
d-chamber temperature is cycled.
nperature is measured inside the absorber close to the inlet.

e last cycle the collector is refilled with water at operating pressure.

Manutacturer. 1he coltector 1S Next fiited with Water, Rébt at operating pressure for 10 min, af

Air-bleed

valve
/\

=] FLuid pipe sealed
Pressure

gauge

Collector

Tilt angle

Temperature

Sensor — ﬁ/ O =)

Temperature
cycling chamber

Drain line
(for drain-down
systems only)
Water
source

Figure 13 — Schematic for freezing test

d then drained
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11.3 Test conditions

© ISO

The contents of the absorber are maintained at ( — 20 + 2) °C for at least 30 min during the freezing part of the
cycle, and are raised to above 10 °C during the thawing part of the cycle. The duration of the thawing part of the
cycle shall be at least 30 min.

The collector shall be subjected to three freeze—thaw cycles.

11.4 Results

The number of

tortion and defo
cles and the timjes spent by the collector at the test temperatures. The tilt angle used for the test shall-a

reported.

12 Impact resistance test (optional)

12.1 Objectiye

This test is inte

as those caused

by hailstones.

12.2 Appara

The collector is
enough so that

Steel balls shall

are dropped vettically, or if it is mounted vertically then.thie impacts are directed horizontally by means of

dulum. In both

plane containing the point of impact.

The point of impact shall be no more than 5 cm from the edge of the collector cover, and no more than 10 cn
b collector cover, but it shallkbe moved by several millimetres each time the steel ball is dropped.

the corner of th

20

cycles carried out shall be reported. The collector shall be inspected for leakage, breakages, dis-

Fmation. These shall be reported together with the absorper temperatures reached Guring 1

hded to assess the extent to which a collector can withstand the effects of heavy impacts|
by petty vandalism or those likely to occur during installation. HeaVy impacts may also be g

tus and procedure

mounted either vertically or horizontally on a suppoft (see figure 14). The support shall b
there is negligible distortion or deflection at the time of impact.

be used to simulate a heavy impact. If the ¢ollector is mounted horizontally then the steg

ases, the height of the fall is the vertical distance between the point of release and the hor|

Rigid frame
Pendulum \X

Steel Steel
ball ball

Collector
| \

1 1
’ I Collector /

Rigid frame
Method A Method B
Steel ball dropped vertically Pendulum

Figure 14 — Schematic for impact resistance test
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A steel ball shall be dropped onto the collector 10 times from the first test height, then 10 times from the second
test height etc. until the maximum test height is reached. The test is to be stopped when the collector sustains
some damage or when the collector has survived the impact of 10 steel balls at the maximum test height.

12.3 Test conditions

The steel ball shall have a mass of 150 g + 10 g.

The following series of test heights shall be used: 0,4 m, 0,6 m, 0,8 m, 1,0m, 1,2 m, 1,4 m, 1,6 m, 1,8 m and

2,0 m.

124

The co
height

13 H

When
abnorm

14 T

The for
(A1) gi

Results

lector shall be inspected for damage. The results of the inspection shall be reported; tog
rom which the steel ball was dropped and the number of impacts which caused the dama

inal inspection

the full test sequence has been completed, all three collectors shéalhbe dismantled and
alities shall be reported and accompanied by a photograph.

est report

at sheets given in annex A shall be completed for each\test, together with the introducto
Ving details of the collector.

ether with the
je.

inspected. All

y format sheet
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Test Report

© I1SO

Accredited lab

pratory: O Yes O No

Date of issue:

A1 Solar collector description and test sequence

A.1.1 Solai

collector description

A.1.1.1 Nam
Coll
and

A.1.1.2 Collector

Type
Gros

APEBIIUIE ArEA: ... e

Abso
Num
Cove
Cove
Num
Tube
Tube

Oof MaANUFACTUIEr .......oooovveiieeeeeeeeee o N e
BOr MOAED ..o
Al UMD Y < o o e e

O Flat plate O Evacuated tube O Other (specCify): vviiiiiieiiiieiiiiin

D BT BIBA: oo oottt e
DO OF GO IS, i 8 ettt e e e e e e et
I B 18IS, ... N T oottt et et e e et
L KN S S s et e ettt e
er Of TUDES OF ChaNNEIS: .. o e
diameter or channel diMENSIONS: ......iiiiiii e

OF BNANNE] PIICN: oot e e e e

A.1.1.3 Heat
Type:

transfer medium
0O Water O Oil O Air O Other (specify): ................ SO

Specifications (AAAItIVES E1C.)1 ....uiiiiiiiiiie e

Alternative acceptable heat transfer flUidS: . ... e
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A.1.1.4 Absorber

VIEETIAL: oottt e e et e e e e e e e et e e e et e e e et e e e e e e e
SUMACE TTBALMIENT. ..ottt e e et e e e
CONSTIUCTION TYPE: ittt ettt e e e et e e et e e e e eat e e e e et e e e et e e e e e e e et neeeeees
Fluid CONteNt: o litres
WEIGNT EMIPLY: .ottt e eneee e gt e kg

A.1.1.5 Thermal insulation and casing

Thermal insulation thickness: .........ccoooveiiiiiiiiiiieee e mm
INSUIALtION MAtEIIAl: ..ooiiiiieiiiieieee e Tt
Casing Material: ......oooeoiiie e st e
Total mass of collector without fluid: ..........coocoiiiiiiii e N e kg
GroSSs AiMENSIONS: ....eeiiieiiiiiieiie ittt ne e e oposerr e e e ereeneeereeneeeneeseneeees e mm
Aperture diMENSIONS: ......oiiiiiiiiiiiiiiiiiee e T g ettt e e i mm
SEaliNG MALETIAL: ..veiieiie e e ettt ettt eaee b

A.1.1.6 Limitations

Maximum operating temperature: ...............ait i °C
Maximum 0perating PreSSUIE: .....ceiiieee e 5 eiiiiieeie e e e s ee e e e e e e ee e eenere e e e e e e e erraaeeeeeeeeee e e kPa®
MAXIMUM PIrESSUIE. ...eiievieieeiirieees e M Teeetteeeeeesataaeeesstbeeeestseeeeesssseeesessseseeesnneeesesnneeeeseeen|urens kPa®
Other IMItations: .......ooovoeeeee e e

A.1.1.7 Climate reference conditions

ClIMETE ClaSS: oot e el e

A.1.1.8 Schematic diagram of solar collector (attach separate page if necessary)

A.1.1.9 Photograph of the collector (attach separate page if necessary)

A.1.1.10 Comments on collector design (attach separate page if necessary)

3) 1 bar = 100 kPa.
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Collector reference No.: ..........

A.1.2 Record of test sequence and summary of main results

© ISO

All significant damage to the collector, including rain penetration, should be summarized in table A.1.

Coll dataila ahall ke aiv
ruil aetaiis snaii be giv

Aanm e

Ccrii i

tha A A
uic imiaiviuau

Al +act rac::

1+ ~ Lk
al test result orlli

ante

celo.

Table A.1

Test

Start

Date

End

Summary of main test.results

Internal pressure

High-temperatufe resistance

Exposure

First

External thermgl shock

Second

Internal thermal shock

Rain penetration

Freezing

Internal pressurg (retest)

Thermal performance

Impact resistance (optional)

Final inspection
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A.2

A.2.1

A2,

A2,

A.2.2

A2.2

A.23

Internal pressure test for metallic absorbers
NOTE 12  See A.3 for internal pressure test for absorbers made of organic materials.

Technical details of collector

Collector type:
O Liquid heating
O Air heating

O Glazed

O Unglazed

Maximum collector operating pressure specified by manufacturer: .........................

Test conditions

TEST tEMPEIATUIE. ...eiieeie e eie e ser et e eee et B e sttt et e e te e sir e et a b st e ateeenee ]
TEST PIrESSUIE. ..ooiiiiiiiiiee e et eeiiree e e e eereeee e e s eeenne e o Pip s e e s bttt e e e ettt e e e e e e e ebb e e e eneee e e eneeeees
L= e (V- 1 (o] OO PP UPPPRRE

For air heating collectors only
Rate of air leakage at teSt PreSSUME) .o . i e

Test results
Give details of any observed or measured leakage, swelling or distortion:
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Collector reference NO.: ...oocevevnnnan.
A3 Internal pressure test for absorbers made of organic materials

NOTE 13  See A.2 for internal pressure test for absorbers made of metallic materials.
A3.1 Technical details of collector
A3.1.1 ColILctor type:

O Ljquid heating

O Air heating

O (glazed

O Unglazed
A.3.1.2 Maximum collector operating pressure specified by manufacturer:5................................. . kPa
A.3.1.3 Calgulated collector stagnation temperature: ...................... 0N .. °C

Caldulation based on:

O Annex B, approach 1
O] Annex B, approach 2

Proyide details of calculation, showing input data ysed (attach separate page if necessary)
A.3.2 Test conditions
A.3.2.1 Fluid used to pressurize absorber:

o il

0 Air

O Dther (SPECITY): oo ettt ettt see e e
A.3.2.2 Method used to heat’absorber:

O Water bath

O Heater influid loop

O Naturalbsolar irradiance

O Simulated solar irradiance
A.3.2.3 Measured absorber test temperature: ........................cooiiiii i °C
A.3.2.4 FiNAl 1EST Pr@SSUI: .........ooi ittt et e ettt et e et kPa
A.3.2.5 Duration of test at final teSt PresSSuUre: ...................oooviiiiiiiiiie e min
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A.3.2.6

Duration of test at each
intermediate pressure

kPa A

Intermediate test pressures

A.3.2]7 For absorbers tested under irradiance

Collector tilt angle (degrees from ROMNZONTAN): oot f e °
Average irradiance during teSt- i i W/m?
Average ambient temperature during test: ........cocciiiiiiiiiiiiii °C
Average wind speed dUrig TEST: ...oiiiiiiiiiieiiiei e m/s

A.3.28 For air heating collectors only
Rate of air leakagé at final teSt PreSSUre: .......ccooveiiieiiieieee e e kals

A3.3 Test results

Give'details of any observed or measured leakage, swelling or distortion and the test pregsure at which
it ‘Oecurred:
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Collector reference No.: ...............

A4 High-temperature resistance test

A.41 Method used to heat collectors:
O Outdoor testing
O In solar simulator
O Hpt oil loop

A.42 Condlitions for testing outdoors or in a solar irradiance simulator
Collgctor tilt angle (degrees from horizontal): .............c.ocoooioveoeeieoeee O L °
Averiage irradiance during tESE: ....oouiiiire it YD WV/m?
Average surrounding air teMPerature: .........ccoocoooeeeooeioieeeeeeeeeeeeeeeeeee o e .. °C
Average surrounding air SPEEA: ....o.iiiiiiiieii et N T . m/s
Average absorber tEMPErature: ............ocooiviiioiii e e .. °C
DUIEHION OF TEST: 1eiiiii e e . min

A.4.2.1 Addjtional information required if an evacuated tubular¢ollector was tested
The temperature of the collector was measured at the location shown below:

A.4.2.2 Additional information required’if the absorber temperature was measured using a special|fluid
(as described in 6.2, note.5)
The @bsorber was partiallyfilled with ..................... and the average pressure was .................... bars,
which corresponds to(the average absorber temperature shown above.

A.43 Conditions for testing in hot fluid loop

A.4.3.1 Stagnation values under available climate conditions
Testipg: 0O outdoors O in solar irradiance simulator
Collector tilt angle (degrees from horizontal): ..............cc.o.ooiiiieeeeee e °
AVETage IMATIBNCE. ...t W/m?
Average surrounding air teMPErature: ...............coooiiovououeeeeeeeeeeees oo oo °C
Average surrounding air SPEEA: ...........c.ooeuiiiiiiiieiiieee e m/s
Average absorber teMPErature: .............ccocooiioiioiiioi oo °C
DUFAtIoN OF TS ...iii e min
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A.4.3.2 Hot fluid loop testing

Calculation based on:
O Annex B, approach 1

O Annex B, approach 2
Provide details of calculation, showing input data used (attach separate page if necessary)

A44

Average fluid inlet temperature: ..........ccccviiiiiiiiiiiiie e e [ °C
DUration OF tEST: .ovviiiiiiiiec e P e min

Test results
Give details of any observed or measured degradation, distortion, shrinkage or outgassir{g:
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Collector reference No.: ................
A5 Exposure test
A5.1 Test conditions
Collector tilt angle (degrees from horizontal): ... ..o e °
In tables A.2 and A.3 full details shall be given of the climatic conditions for all days during the test,
inclfiding:
. . . 2
— daily global irradiation, H (MJ/m*);
— geriods when the global irradiance G and the surrounding air temperature ¢, have values grepter
than those specified for class A, class B or class C climate reference conditions oftable 4;
— qurrounding air temperature, ¢, (°C);
— rgin (mm).
A.5.2 Test results
Insgection should be conducted according to A.5.5. A full descriptiof and evaluation shall be giJen of
any|problems or failures observed, together with appropriate photegraphs.

32


https://standardsiso.com/api/?name=d4542dca2d732a465939b0e90c124cac

© |SO

ISO 9806-2:1995(E)

Ab53 Climatic conditions for all days during the test
Table A.2
Date H L Rain Date H 3 Rain
MJ/m? °C mm MJ/m? °C mm
Total: ................... days in which H> ... MJ/m?
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Ab.4

34
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Time periods in which irradiance and surrounding air temperature have values greater than
............... climate reference conditions

those specified for class

Table A.3

Date

W/m?

Time periods
min

Total:
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Ab5.5

a)
b)
c)
d)

e)

f)

Inspection results

Evaluate each potential problem according to the following scale:

0 — No problem
1 — Minor problem
2 — Severe problem

ISO 9806-2:1995(E)

* — Inspection to establish the condition was not possible

Collector component
Collector box/fasteners
Mountings/structure
Seals/gaskets
Cover/reflector

Absorber coating

Absorber tubes and headers
Absorber mountings
Insulation

Potential problem
Cracking/warping/corrosion/rain penetration
Strength/safety
Cracking/adhesion/elasticity

Cracking/crazing/buckling/delamination/warping/
outgassing

Cracking/crazing/blistering
Deformation/corrosionfleakage/loss of bonding
Deformation/corrosion

Water retention/outgassing/degradation

Evaluation
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A.6

A.6.1

A.6.1.1

A.6.1.2

A.6.2

36

External thermal shock test: First shock

Test conditions

Test performed:

O Outdoors O In solar irradiance simulator

© ISO

Tes
O Y

Collector tilt angle (degrees from horizontal): ..........ccccoooiiiiioieieieeeeeeeeeeeeeee o S

Average irradiance during tESt: .....oiiiiiieieee e O

Min
Avel
Min
Peri

Floy

Tenperature Of Water SPray: ......cccoiiiieiiieeie ettt et I

Dur
Abs

Additional information required if an evacuated tubular collector was tested

The

combined with short-term exposure test:
es O No

mum irradiance during teST: ....oiiiiiiii e SN T

od during which steady-state conditions were maintained prior €@ external thermal shock:

Vrate OFf Water SPray: ...ooooiiiiiii e et I/

temperature of the collector was measured at the location shown below:

rage surrounding air tEMPErature: .........cooceiiiiiiiiiiiiiieeiee e e,
mum surrounding air teMPErature: ..........ccocceiiviiiiiieeeieceeee e S e

BHION OF WaATET SPTAY: ..eiiiiiiiiiie e e, )
orber temperature immediately prior t0 Water SPEAY: .....c.oooovvieeeee oo

min
s-mz)
°C
min
°C

Additional information required if the absorber temperature was measured using a special fluid

(as

The
whi

described in-6.2, note 5)

absorberwas partially filled with ..................... and the average pressure wWas ....................
Lh cofresponds to the absorber temperature given in A.6.1.

bars,

Tes

results

Give details of any cracking, distortion, condensation or water penetration found when examining the
collector after the test.
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A7

A7.1

External thermal shock test: Second shock

Test conditions
Test performed:

O Qutdoors O In solar irradiance simulator

A.7.1.1

A.7.1.2

Test combined with short-term exposure test:

O Yes O No

Collector tilt angle (degrees from horizontal): ..........cooovii et
Average irradiance during teSt: ......c.coouiiiiiiiieiiiiieniie e e T e
Minimum irradiance during teSt: ....oooviiiiiiie e S e,
Average surrounding air teMPETAtUIE: ...........uveiiiiieeieiiiiiiiieieeeee e oo
Minimum surrounding air temperature: ..........ccoccceceeiiniieeniieeee S
Period during which steady-state conditions were maintained. prior to external thermal sH

Flowrate Of Water SPray: ......oveiiiiiiiiiie i et e e e e e e e e e e
Temperature Of Water SPraY: ...cc.coooiiieiiieeiiie et ese N ettt e et e ettt eaee e eaae e e aee e aaee e
Duration of Water SPray: ....cc.veeoiieieieieee e BN e
Absorber temperature immediately prior to water Spray: ......ccccccvvvveiiveeiiiiiieeee

Additional information required if an-evacuated tubular collector was tested
The temperature of the collector was measured at the location shown below:

Additional-information required if the absorber temperature was measured using a
(as described in 6.2, note 5)

The . absorber was partially filled with and the average pressure was
whieh corresponds to the absorber temperature given in A.7.1.

special fluid

A.7.2

lest results

Give details of any cracking, distortion, condensation or water penetration found when examining the

collector after the test.
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Collector reference No.: ................

A8 Internal thermal shock test for liquid heating collectors

A.8.1 Test conditions
Test performed:
O Outdoors O In solar irradiance simulator
Collelector tilt angle (degrees from horizontal): .........cccccoviiiiiiiii e °
Avetage irradiance dUMNG TS w..v.oviiee oo B V/m?
Minimum irradiance during teSt: ...ooovviiiiiie e S \/m?
Avefage surrounding air temperature during test: .........cc.occcoiiiiiiiii e L SN .. °C
Minimum surrounding air teMPETatUrE: ..........ccovviiiiieiiiieeeee e S .. °C
Peripd during which steady-state conditions were maintained prior to integnakthermal shock:
.......................................................................................................................................................... . min
Flowrate of heat transfer fluid: ... e, ($-m?)
Temfperature of heat transfer fluid: ... BN e ... °C
Durgtion of heat transfer fluid FlOw: ... e, . min
Absorber temperature immediately prior to heat transfer fluid flow: ........c.cccoieiiiiiiiiii S .. °C

A.8.1.1 Additional information required if an evacuated tubular collector was tested
The [temperature of the collector was measured-at'the location shown below:

A.8.1.2 Addjtional information required if the absorber temperature was measured using a special fluid
(as described in6:2, note 5)
The pbsorberdwas partially filled with .................... and the average pressure was ..................... bars,
whidh corrésponds to the absorber temperature given in A.8.1.

A82 Tes ults

38

Give details of any cracking, distortion, condensation or water penetration found when examining the

collector after the test.
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Collector reference No.: ................
A9 Rain penetration test
A9.1 Test conditions
A.9.1.1 Collector mounting
Collector mounted on:
O Open frame
O Simulated roof
Collector tilt angle (degrees from horizontal): .........ccooveiiiveiiiiiiiieiieeeemiCh
A.9.1.2 Water spray
Water spray flowrate: ..o N e
Duration of water Spray: .......ccccoevvviieriiiiiiieee e bt
A9.2 Test results
A.9.2.1 Collector mass
Collector mass before spraying: .......ooooooriiiiiiii oS, K+ i,
Collector mass after spraying: .......cccccceeeeeon@teeiiiiee e KO 4 e
A.9.2.2 Give details of water penetration observed after the test
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Collector reference No.; .oooovennnn...

A.10 Freezing test

A.10.1 Collector type:
O Freeze-resistant when filled with water
O Drain-down

A.10.2 Teslt conditions

A.10.2.1 Tilt

A.10.2.2 Det

A.10.2.3 Ratp of chamber COOlING: ..o e .
A.10.2.4 Rate of chamber heating: (. 5 . ... e .

A.10.3 Test results
Giveg details of leakage, breakages, distortion or deformation.

490

angle of collector during test (degrees from horizontal): ......coooeeeooeeicoee Gl

apils of freeze-thaw cycles

© SO

No. of freeze-thaw cycles Freeze conditions Thaw conditions
Test temperature Duration Test temperature?) Duration
°C min °C min

1)

For frgeze-resistant collectors, this is the temperatdre of the contents of the collector, e.g. water, ice. For
drain-down| collectors, this is the temperature measured inside the absorber close to the inlet.

K/h

K/h
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