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Foreword

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

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

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

Collectors tested according to this International Standard represent a wide range of applications, e.g.
tracking concentrating collectors for thermal power generation and process heat, glazed flat plate
collectors and evacuated tube collectors for domestic water and space heating, unglazed collectors
for hgating swimming pools or other low temperature applications. Air heating collectofs have been
included in the scope of this International Standard. Similarly, collectors using external ppwer sources
for nqrmal operation and/or safety purposes (overheating protection, environmentalhazdrds, etc.) are
also donsidered.

© 1S0 2013 - All rights reserved vii
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Solar energy — Solar thermal collectors — Test methods

1 Scope

This International Standard specifies test methods for assessing the durability, reliability and safety for
fluid heating collectors.

This
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indispensable for its application. For dated‘references, only the edition cited applies.

referg
1SO/I1

ISO9
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[SO9

ASTM
and C

EN 77

EN 1
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lltCl uatiuua} Staudcud Cl}DU iu\,}udca tCDt lllCt}lUdD fUl t}lc t}lCl llla} pPtl fUl IIIdIICT L}lcl
d heating collectors, namely steady-state and quasi-dynamic thermal performance
zed liquid heating solar collectors and steady-state thermal performance of glazed 4
ating solar collectors (open to ambient as well as closed loop).

nternational Standard is also applicable to hybrid collectors generating-heat and el
veritdoes not cover electrical safety or other specific properties relatedto€lectric powg

nternational Standard is also applicable to collectors using extérnal power sourcs
tion and/or safety purposes.

nternational Standard is not applicable to those collectors\in which the thermal stor
ral part of the collector to such an extent that the collegtion process cannot be separa
pe process for the purpose of making measurements.efithese two processes.

ormative references

bllowing documents, in whole or in part;-are normatively referenced in this docur

nces, the latest edition of the referenced document (including any amendments) app
C 17025, General requirements for' the competence of testing and calibration laboraton

D60, Solar energy — Specifiedtion and classification of instruments for measuring hemis
rect solar radiation

188, Solar energy —Vocabulary

E330-02, Standard Test method for Structural performance of Exterior Windows, Do
Lirtain Walls©y-Uniform Static Air Pressure Difference

9, Particulate air filters for general ventilation - Determination of the filtration perform

B142, Ventilation for buildings - Components/products for residential ventilation - |

acterization
bf glazed and
ind unglazed

pctric power.
r generation.

s for normal

hge unit is an
ted from the

nent and are
For undated
ies.

ies

bherical solar

prs, Skylights

ance

Required and

hal performance characteristics

EN 13779, Ventilation for non-residential buildings - Performance requirements for ventilation and room-
conditioning systems

VDI 4

670, Thermodynamic properties of humid air and combustion gases

3 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 9488 and the following apply.
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31

longitudinal angle of incidence

angle between the normal to the plane of the collector and incident sun beam projected into the
longitudinal plane

Note 1 to entry: Not applicable to point-focus collectors and central receivers.

3.2

longitudinal plane

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

3.3

maximum olperating temperature
maximum tgmperature reached during collector or system normal operation, usually stated hy the
manufacturdr

Note 1 to entrfy: Concentrating collector.

3.4
module
smallest uniff that would function as a solar energy collection device

3.5
no-flow congdition
condition that occurs when the heat transfer fluid does not flow-through the collector array, due to
shut-down of malfunction, and the collector is exposed to the‘same solar irradiance as under nprmal
operating copditions

3.6
optical axis
symmetry lihe orthogonal to focal line and the plane“of the collector in line-focus collectors

3.7

outgassing
process in which a solid material releases'gases when it is exposed to elevated temperatures ajnd/or
reduced predsure

3.8
peak efficiency
efficiency ofthe collector at-a-temperature difference (9, - 95 = 0) based on normal incidence off solar
radiation and either hemispherical or beam irradiance

3.9

peak power
power outpuf of the collector at a temperature difference (9, - 95 = 0) based on normal incidence o
radiation and_ei i i ifi inati i i i

Fsolar

3.10
passive
operating condition where no human or mechanical intervention is required for operation as intended

Note 1 to entry: Concentrating collector.

3.11
reflector or reflective surface
surface intended for the primary function of reflecting radiant energy

Note 1 to entry: Concentrating collector.

Note 2 to entry: It includes also the optional reconcentrator.

2 © IS0 2013 - All rights reserved
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3.12
Simulated Roof
construction using materials of a quality typical to that used in roofs, from roof structure to roof coverings

3.13

transversal angle of incidence

angle between collector the normal to the plane of the collector and incident sun beam projected into
the transversal plane

Note 1 to entry: Not applicable to point-focus collectors and central receivers.

3.14

trangversal plane
plane|defined by the normal to the plane of the collector and the line orthogonal to the concé¢ntrator axis,
or thg shortest symmetry line for flat biaxial geometries

3.15
trigger or safety activation temperature
tempegrature value at which the safety controls are activated for fail safe dperating conditipn

Note 1 to entry: Concentrating collector.

4 Symbols and abbreviated terms

Ag gross area of collector m?2
AM optical air mass -

a1 heat loss coefficient at (9m - 9a) = 0 W/(m2K)
az temperature.dependence of the heat W/(m2-K?2]

loss coeffieient

B “earth position” around the sun dur- degrees
ingthe year 0-360 deg

by collector efficiency coefficient (wind s/m
dependence)
bo constant for the calculation of the

incident angle modifier

b1 heat loss coefficient at (9m - 9a) = 0 W/(m2K)

by wind dependence of the heat loss Ws/ (m3-K
coefficient

C effective thermmatcapacity of cottet= 7
tor

Cr Concentration ration

c1 heat loss coefficient at (9m - 9a) = 0 W/(m2K)

) temperature dependence of the heat W/(m?2-K2)

loss coefficient

c3 wind speed dependence of the heat J/(m3K)
loss coefficient

c4 sky temperature dependence of the -
heat loss coefficient

© IS0 2013 - All rights reserved 3


https://standardsiso.com/api/?name=749a80b8351c449fabe1a8c34bdbed90

IS0 9806:2013(E)

cs

Ce6

Cf

Ce 1

Ey,

EB

Es

hy,

Khem(eL,eT)

Kv(61.,6T)

KoL, coll

effective thermal capacity J/(m2K)
wind dependence in the zero loss s/m
efficiency

specific heat capacity of heat trans- ]/ (kg-K)
fer fluid

specific heat capacity of heat trans- J/(kg'K)
fer fluid at the collector inlet

specific heat capacity of heat trans- J/(kg'K)
fer Tlurd at the collector outlet

specific heat capacity of the ambient J/(kg'K)
air

date YYMMDD
formula of time correcting for the minutes of the earth around thg sun.
eccentric path

long wave irradiance (A > 3 um) W/m?
long wave irradiance on an inclined W/m?2
surface outdoors

long wave irradiance W/m?
radiation view factor

collector efficiency factor

hemispherical solar irradiance W/m?
net irradiance W/m?2
direetsolar irradiance (beam irradi- W/m?2
ance)

diffuse solar irradiance W/m?
hemispherical irradiation on the col- M]/m?2
lector plane

enthalpy of the air-water vapor mix- 1/kg
ture of the ambient air

enthalpy of the air-water vapor mix- ]/kg
ture at the outlet of the air collector

enthalpy of the air-water vapor mix- 1/kg
ture at the inlet of the air collector

enthalpy of the leaking air-water ]/kg

vapor mixture
incidence angle modifier

incidence angle modifier for direct
radiation

incidence Angle Modifier along the
coll. tubes or reflectors

© ISO 2013 - All rights reserved
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Kot coll incidence Angle Modifier perpendic- -
ular to collector tubes or reflectors
Kq incidence angle modifier for diffuse -
radiation
m thermally active mass of the collec- kg
tor
. mass flow rate of heat transfer fluid kg/s
m
. minimum mass flow by the pertfor- kg/h
Mmin mance test
. maximum mass flow by the perfor- kg/h
Mmax mance test
. downstream air mass flow rate kg/s
. upstream air mass flow rate kg/s
mpi
. leakage air mass flow rate kg/s
mpl
Pfe static pressure of the heat transfer Pa
fluid (air) at the outlet to the solar
collector
pfi static pressure of the heat transfer Pa
fluid (air) at the inlet to the solar
collector
Paps absolute pressure of the ambient air Pa
Q useful power extracted from collec- w
tor
. power output of the solar collec- W
Q peak tor module for normal incidence,
G=1000 W/m2and 9,-9,=0K
. mean power output during one time w
Q; step
Q /Aq specific useful energy extracted W/m?2
from the collector
Qmodule useful energy extracted from the col- kWh per module
lector, annual energy gain
. power loss of collector w
)
Rp gas constant for water vapor 461,4 ]/(kgK)
rHamp (relative)humidity of the ambient air %

© IS0 2013 - All rights reserved
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rHe (relative)humidity of the fluid (air) at %
the outlet of the solar collector
rH; relative)humidity of the fluid (air) at %
y
the inlet of the solar collector
Ry, gas constant for air 287,1]/(kgK)
T absolute temperature K
T*m reduced temperature difference m2K/W
(= (Om - Ya)/G)
Im,max maximum operating temperature as
stated by the manufacturer
Ts atmospheric or equivalent sky radia- K
tion temperature
t time S
U measured overall heat loss coef- W/(m2K)
ficient of collector with reference to
T*m
Uy, overall heat loss coefficient of a W/(m2K)
collector with uniform absorber
temperature 9y,
u surrounding air speed m/s
Ve fluid capacity of the collector m3
Vp volumetric flow m3/s
Vp . volumetric flow at the outlet of the m3/s
’ solar-eolector
1% ; volumetric flow at the inlet of the m3/s
b solar collector
VP.L volumetric leakage flow rate m3/s
Xwa water content of the ambient air kg H,0/kg dry air
Xwe water content at the exit of the solar kg H20/kg dry air
collector
Xwi water content at the inlet of the solar kg H20/kg dry air
collector
a solar absorptance %
s solar altitude angle degrees
B tilt angle of a plane with respect to degrees
horizontal
Y collector azimuth angle (0 = south, degrees
east negative)
6 © IS0 2013 - All rights reserved
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Ys solar azimuth angle (0 = south, east degrees
negative)

Ap pressure difference between fluid Pa
inlet and outlet

At time interval S

AT temperature difference between K
fluid outlet and inlet (9¢ - Jin)

1) solar declination degrees

€ hemispherical emittance %

n collector efficiency, with reference -
to T*m

np collector efficiency, with reference to -
T*m, based on beam irradiance Gy

Nhem collector efficiency, with reference to -
T*m, based on hemispherical irradi-
ance G

No,b peak collector efficiency (np.at -
T*m = 0), reference to T*m,based on
beam irradiance Gb

N0,hem peak collector efficiency (Mhem at -
T*m = 0), referenee to T*m, based on
hemispherical irradiance G

Nmaxm/s maximumcollector efficiency (at -

’ 0 m/s‘and one fixed mass flow rate)

Nm collector efficiency, with reference to -
Nmax, 0 m/s

0 angle of incidence degrees

0T def reference angle in T-direction for degrees
determination of [AM. Normally = 0

OL,def reference angle in L-direction for degrees
determination of IAM. Normally = 0

07 solar zenith angle (=90 - 6H) degrees

Oy or G, longitudinal angle of incidence degrees

6, orfr transversal angle of incidence degrees

9, ambient or surrounding air tempera- °C
ture

Ydp atmospheric dew point temperature °C

Oe collector outlet (exit) temperature °C

Yin collector inlet temperature °C

© IS0 2013 - All rights reserved
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9m mean temperature of heat transfer °C
fluid

Omax_op maximum operating temperature °C

s atmospheric or sky temperature °C

Ostg standard stagnation temperature °C

trigger trigger temperature for safety acti- °C
vation

Om,th volume flow weighted mean tem- T
perature

Omax,start maximum starting temperature °C

Imp,e fluid temperate at the downstream \l'5

air mass flow meter

Omp,i fluid temperate at the upstream air °C
mass flow meter

A wavelength pum

p density of heat transfer fluid kg/m3

pI density of air kg/m3

o Stefan-Boltzmann constant W/(m2K4)

Tc collector time constant S

T transmittance

(ta) effective transmittance-absorptance -
product

0] latitude of collector and climate data degrees
location

W solar hour angle degrees

NOTE1 In the field of selarvenergy the symbol G is used to denote solar irradiance, rather than the generic
symbol E for ifradiance,

NOTE 2  Ci$ often denoted (mC)e in basic literature (see also Clause 26)

NOTE3  Fof mere information about thermal performance coefficients (parameters) c1 to cg, see B.1

NOTE 4  Collectors not intended for the generation of steam or super-heated water have maximum operating
temperature 9m max < 110 °C.

5 General

5.1 Testoverview - Sequence of the tests

For some qualification tests (Table 1), a part of the collector may have to be manipulated 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 these cases care should be 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 rain
tight collector.

8 © IS0 2013 - All rights reserved
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Table 1 — Test list

Subclause Test

6 Internal pressure test for fluid channels f. g
7 Leakage testh

8 Rupture and collapse testh

9 High-temperature resistance a b
11 Expostre-testh

12 External thermal shock test ¢

13 Internal thermal shock test ¢

14 Rain penetration test d, h

15 Freeze resistance test e h

16 Mechanical load testh

17 Impact resistance test i

20 Thermal performance testJ

28 Pressure drop measurefent b1
18 Final inspection k

a For organic absorbers, the high-temperature resistance test shall be performed before
internal pressure test in order to determine the collector standard stagnation temperature
needed for the internal pressure test.

b The high temperature and exposure test shall' be carried out on the same collector.

¢ The external and internal thermal shockitests may be combined with the exposure test or
the high-temperature resistance test.

d The rain penetration test shall be;carried out only for glazed collectors.

e The freeze resistance test(shall be carried out only for collectors claimed to be freeze
resistant.

f Applicable only for liquid heating collectors.

g For fluid channels made of organic materials, a full exposure is required before the test,
see Clause 11.

h Pre-exposure/or full exposure is required before the test, see Clause 11.

i Pre-exposure or full exposure is required before the test if polymer cover, see Clause 11.
j Full.éxposure is required before the performance testing of heat pipe collectors.

Kk\Every collector tested needs to undergo the final inspection.

I Mandatory only for air heating collectors.

Farticular aspects o1 collectors using external power sources and active o

measures for normal operation and self-protection

)I passive

Collectors shall be tested in such a way that they shall be able to demonstrate suitable performance and
ability to protect themselves from common failures due to conditions that can arise in standard operation.

The collector shall be assembled (if it is necessary) and its components shall operate according
to manufacturer’s specifications. If the collector has active mechanisms which are intended to be
functional during normal operation, those mechanisms shall be operational during testing. A tracking
device, if it is present, shall be supplied by the collector manufacturer and shall be used during the tests.
Concentrating collector designs which include a factory sealed container charged with refrigerant or
other fluid used in the collection of heat shall be tested without the removal of this element.

© IS0 2013 - All rights reserved
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The protection systems can be active, such as actuators, motors and other equipment, or passive, such as
materials reacting to heat or other designs. The manufacturer shall clearly define the equipment protection
features and shall specify whether or not the equipment requires an external energy source to operate.

The collector can present a combination of active and passive controls, and in that case the test
sequence shall be selected to verify suitable operation of active and passive mechanisms during
normal operating conditions.

6 Internal pressure tests for fluid channels

6.1

- £l L | 1 1
IIIOl'g nrerara cianness

6.1.1 Objeftive

The fluid chinnels shall be pressure-tested to assess the extent to which they can withstand the

pressures which they might meet in service.

6.1.2 Appgdratus and procedure

The apparatys consists of a hydraulic pressure source (electrical pump orhand pump), a safety val
air-bleed valye and a pressure gauge with a standard uncertainty better)than 5 %. The air-bleed
shall be used to empty the fluid channels of air before pressurization. The inorganic fluid channel;
be filled witl water at room temperature and pressurized to the tést pressure for the test period
pressure shall be maintained while the fluid channels are inspegted for swelling, distortion or rup

ve, an
valve

shall
. This
fures.

6.1.3 Testconditions

Inorganic fl
shielded fro
specified by

6.2 Fluid

6.2.1 Obje

The fluid ch3
which it mig
at elevated t¢
affected as it

6.3 Appaj

id channels shall be pressure-tested at ambient temperature within the range 5 °C to
light. The test pressure shall be 1,5‘times the maximum collector operating pre
fhe manufacturer. The test pressurg shall be maintained (5 %) for 15 min.

rhannels made of organic.materials (plastics or elastomers)

ctive

nnels shall be pressiire-tested to assess the extent to which it can withstand the pres
ht meet in service&while operating at elevated temperature. The tests shall be carrig
bmperaturesybecause the pressure resistance of an organic fluid channel may be adv
s temperature is increased.

atusiand procedure

10 °C,
ssure

sures
d out
brsely

6.3.1 General

The apparatus consists of either a hydraulic or a pneumatic pressure source and a means of heating the
fluid channels to the required test temperature.

The test conditions specified in 6.3.4 shall be maintained for at least 30 min prior to the test and for the

full duration

of the test.

The pressure in the fluid channels shall be raised in stages as specified in 6.3.4. If possible the pressure
should be maintained while the fluid channels are being inspected.

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

One of the methods described in 6.3.2 and 6.3.3 shall be chosen.

10
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Organic fluid channels - high temperature hydraulic pressure test

The fluid channels may be connected to a hot fluid circuit. The fluid channels and hot fluid circuit are
then pressurized. Fluid channels may be heated by any of the following methods:

a) submerging the fluid channels 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 a standard uncertainty better than 5 %.

b) connecting a heater in the liquid circuit (fluid needs to be in liquid phase);

c) heating the whole collector in a solar irradiance simulator;

d) hLating the whole collector outdoors under natural solar irradiance.

Safety measures should be taken to protect personnel from hot fluid in the event of explosive failure

durinig this test.

6.3.3| Organic fluid channels - high temperature pneumatic pressuretest

The fluid channels may be pressure-tested using compressed aif;, when heated by ¢ither of the

following methods:

a) h[ating the whole collector in a solar irradiance simulator;

b) hpating the whole collector outdoors under natural selar'irradiance.

The cpmpressed air supply to the fluid channels shall.Be-fitted with a safety valve and a pressure gauge

havinlg a standard uncertainty better than 5 %.

6.3.4

The t4
stand
the m
orgarn
maint

6.4

The d
press
shall ]

Test conditions

st temperature shall be the maximun» operation temperature specified by the manufa
ard stagnation temperature whichever is greater, see Clause 10. The test pressure shal
aximum collector operating pressure specified by the manufacturer. For fluid cha

ic materials, the pressure shall'be raised to the test pressure in equal steps (approximg
ained at each intermediatepressure for 5 min. The test pressure shall be maintained fi

Results

ollector shallbg inspected for leakagel), swelling and distortion. Leakage can b
lire loss AP.>'5"% of the test pressure or 17 kPa, whichever is greater. The results of th
pe reportedtogether with the values of pressure and temperature used and the durati

7 [1eakage test (closed loop air heating collectors only)

cturer or the
be 1,5 times
els made of
tely five) and
ratleast1h.

b assumed if
is inspection
bn of the test.

7.1

Objective

The test is intended to quantify the leakage volumetric flow rate of air heating collectors. In some cases
of collector designs the leakage test is not applicable, e.g. collectors open to ambient.

7.2 Apparatus and procedure

The Leakage test can be realized with a volumetric flow meter, e.g. as shown in Figure 1 — Schematic of
apparatus used for measuring air leakage in air collectors. Leakages resulting from other sources other
than the test object shall be quantified and deducted from the collector test results.

1) Incase of an air heating collector leakage is not defined as a problem. The leakage volumetric flow rate shall be
determined according to Clause 7.
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Key

1 Solar airlheater

2 Pressurelgauge

3 Flow mdter

4  Temperdture sensor
5 Fan

Figure 1 — Schematic of apparatus used for measuring air leakage in air collectors.

The collectof shall be mounted with the air outlet sealed and the\inlet connected to a volumetfic air
flow measurpment as well as a variable speed fan. The pressure, difference between inlet and anpbient
shall be meajsured with a differential pressure measurement.device. The test consists of two pdrts, a
positive and|a negative leakage test. The test shall be performed with positive and negative prefsure.
The standargl uncertainty shall be better than * 2 % forévolumetric air flow measurement and better
than + 10 Paffor the differential pressure measurement.

7.3 Test cpnditions

The test shal| be done at ambient temperature without irradiance. Ambient temperature should nof vary
more than + pK during the test. At leastfour positive and four negative pressure values shall be redlized.
The maximujm internal pressure shall'be 1,5 times the maximum operating pressure specified by the
manufacturdr. The pressure shall be raised to the maximum test pressure in equal steps (approximately
five). The test period for each stép-shall not be less than 10 min.

In the case pf organic fluidychannels it is recommended to repeat the test at maximum operation
temperature|specified byxthe manufacturer or standard stagnation temperature whichever is gregter.

7.4 Results

The results ghall be reported as in A.4.

8 Rupture or collapse test (air heating collectors only)

8.1 Objective

This test is intended to determine the ability of air heating solar collectors to withstand the pressure
levels expected in the air duct systems with which they will be incorporated.
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Apparatus and Procedure

General

The apparatus shall consist of a pneumatic pressure source, a means of measuring the pressure and a
means of measuring the rate of air flow out of the collector. For collectors with organic materials (plastics or
elastomers) in direct contact with the working fluid the tests shall be carried out at elevated temperatures
and for this a means of heating the absorber to the required test temperature is also required.

The whole collector should then be heated using one of the following methods:

a)

8.2.2

The ¢
apert

r before the

ppriate safety measures shall be taken to protect personnel in the)event of explosive failure

ing this test.

asic apparatus can be similar or identical to that used for the-air collector leakage
irement accuracy shall fulfil the same requirements (see 72):

Closed-loop collectors

pollector shall be mounted the same as for the air\collector leakage tests (see 7.2). ]
ure introduced for the purpose of the uniform,Joad tests shall be sealed.

The pirocedure shall be as follows:

a) S

pal the pressure gauge into the collector outlet port and connect the inlet port thro

npeter and pressure regulator to the.air supply.

nsure thatthe air supplyis suitable for applying the appropriate positive or negative ga
et the pressure regulator tolthe ambient pressure and note the pressure gauge zero 1

the testis conducted at a temperature other than ambient temperature, then the coll
ated by one of the methods stated in 8.2.1.

ctivate the ajssupply and open the regulator valve until a gauge pressure of 1,5 times t
positive and,/or negative) collector operating pressure specified by the manufactur
hd maintain it for 10 min.

spéct’the collector and record any evidence of structural damage.

test and the

'he side wall

ugh the flow

ige pressure.
eading.

bctor shall be

he maximum
er is reached

b) E
c S
d) If

h
e)

(

a
f) 1
g) l‘]‘

el o €] £ £ LI I £
UTCTITCTTIO VW T AtTTITCTCT TITUTCAatUT.,

h) Allow the pressure to return to ambient.

i) Note the final reading of the pressure gauge.

8.2.3
The p

Open to ambient collectors

rocedure shall be as follows:

a) Connectthe outlet port of the collector to a suitable air extraction system. Provide a pressure tap at the
outlet port of the collector to measure pressure at the collector outlet relative to atmospheric pressure.
The outlet pressure tap shall be located as shown in Figure 8 Example of an open test loop of 23.2.3.

b) E

nsure that the air supply is suitable for applying the required test flow rate.
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c) Ifthetestis conducted at atemperature other than ambient temperature, then the collector shall be
heated by one of the methods stated in 8.2.1.

d) With no air flow through the collector, note the pressure gauge zero reading.

e) Activate the air supply and increase it until 1,5 times the maximum flow rate specified by the
manufacturer is reached over a period of notless than 15 s. The collector will be tested in the normal
use configuration, with air at atmospheric pressure being drawn into the collector.

f) The air flow shall be maintained for no less than 10 min. At the end of 10 min, while maintaining air
flow rate, inspect the collector and record any evidence of distortion or collapse.

g) Allow thgair flow to return to Zero.
h) Note the|final reading of the pressure gauge.

i) Inspectthe collectorfor collapse,distortion,and permanentdisplacementofthe colleetdrcomponents.
8.3 Test cpnditions

8.3.1 Temperature

Collectors with organic materials (plastics or elastomers) in direct contact with the working fluid shall
be tested at fthe maximum temperature that the absorber reaches undeér the following conditions:

a) the solai collector manufacturer’s recommended minimum airflow rate;
b) 1000 Wfm2; and
c) 30 °C antbient air temperature.

All other air heating solar collectors shall be tested ‘at’ambient temperature.

8.4 Resulfs and reporting

The results ghall be reported as requirediin A.5.

9 High-t¢mperature resistance test

9.1 Objective

This test is intended tg assess rapidly whether a collector can withstand high temperature and irradiance
levels withoyt failures'such as glass breakage, collapse of plastic cover, melting of plastic absorher, or
significant d¢posits on the collector cover from outgassing of collector material or any other effeqt that
possibly couldlead to reduced performance, lifetime, safety or distorted visual appearance of the collector.

Direct heating solar air collectors should respect the requirements concerning components for
ventilation in EN 13779 and EN 13142.

9.2 Apparatus and procedure
The collector shall be tested outdoors, or in a solar irradiance simulator.

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 efficiency testing of fluid heating solar collectors.

The collector shall be mounted outdoors or in a solar simulator. Liquid heating collectors shall not be
filled with fluid. In case of liquid heating collectors all of the fluid pipes except for one shall be sealed to
prevent cooling by natural circulation of air.
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A temperature sensor shall be attached to the absorber to monitor its temperature during the test. The
sensor shall be positioned in the hottest region of the absorber. The location shall be reported with
the results. In case of liquid flat plate collectors the hottest region can be assumed 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.

In case of collectors using external power sources and active or passive measures for normal operation
and self-protection, high temperature resistance test shall be carried out during the exposure test. If
controls are present to manage both a no-flow and high temperature condition, the collector shall be
filled with heat transfer fluid according to the procedure described in 28.3 and operated as intended.
If the functlon is ok it should not be able to reach stagnatlon condltlons In that case the controls shall

3 efined by the
ons must be

man facturer (below control system trlgger temperature) In the test report spec1flcat

given|for the flow rate, fluid temperature, and duration of flow.

e to measure
b placed at a
L results.

Wher] testing collectors, such as evacuated tubular collectors, for which it is notappropriat
the standard stagnation temperature at the absorber, the temperature sensor should b
suitaIe location in the collector, and this location should be clearly described-with the tes
In so

absor

e cases, such as evacuated collectors, it may be difficult to attach’a temperature $ensor to the
ber. In such cases, instead of attaching a temperature sensor to the absorber, the testing laboratory

may g

fluid

in thd
relati
reaso|

Itisr

the high-temperature resistance test.

artially fill the absorber with a suitable fluid, seal the absorbér and measure the tempg
lirectly or measure the pressure in the absorber. The relationship between the inter
absorber and its temperature should be known from.the standard vapor pressure
bnship for the fluid. Alternatively the absorber temperature of a heat pipe tubular ¢

ecommended to perform the determination of the standard stagnation temperature t

erature of the
nal pressure
temperature
ollector may

hably be measured by affixing a temperature sensor to the condenser during assembly.

ogether with

In cade of a solar air heating collector, the mass'flow rate for the measurement of the maximum starting
temperature shall be same as the smallest'one applied in the collector thermal efficiency test.

The test shall be performed for a minimum of 1 h after steady-state conditions have been established
(steady-state conditions can be asSumed for absorber temperatures changes of less than (5 K), and the
colledtor shall be subsequently@nspected for signs of damage as specified in Clause 18.

9.3 |Test conditions

The spt of reference-conditions given in Table 2 or conditions resulting in the same or higher collector
temperature thanstandard stagnation temperature according to Clause 10 shall be used fpr all climate
classgs (see Table4 ).

Table 2 — Climate reference conditions for high-temperature resistance te¢st

Climate parameter Value for all climate classes

Hemispherical solar irradiance on collector plane, G in W/m?2 >1000
Surrounding air temperature, 9a in °C 20-40
Surrounding air speed in m/s <1

When testing unglazed collectors without backside insulation, the collector shall be mounted onto a
dark surface (a > 80 %) to rise maximum temperatures as worst case condition.

9.4 Results
The collector shall be inspected for degradation, shrinkage, outgassing and distortion.

The results of the inspection shall be recorded as in A.6 together with the average values of solar
irradiance (natural or simulated) on the collector plane, surrounding air temperature and speed, and
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absorber temperature (and the pressure of the suitable fluid in the absorber, if that method is used)
recorded during the test. Control functions which have been verified shall be described and reported
with the test results.

For solar air heating collectors, the maximum start temperature at the collector outlet shall be measured
and reported.

10 Standard stagnation temperature of liquid heating collectors

10.1 General

This Clause provides methods for determining the standard stagnation temperature of a collé¢tpr, i.e.
the temperafure of the collector during periods of no useful heat removal from the collectorwith high
solar radiatign and ambient surrounding temperatures. These methods are used to check, that standard
stagnation tgmperature at collector label and in installer instruction manual is higher than determined
standard stagnation temperature.

Standard stagnation temperature given by the manufacturer should be given in an up-reunded 10° resofution

The standarfl stagnation temperature should be determined for a selectedysolar irradiance Gs fand a
selected amHient temperature Jas.

The determined standard stagnation temperature is used in the following tests:
- internaljpressure testing of collectors with organic absorbers\(see 6.2);
- high-temperature resistance test using a hot fluid loop (see 9.2).

For different|kind of collectors different methods for determination of standard stagnation tempeijature
are appropripte. Table 3 gives an overview:

T4ble 3 — Guide to standard stagnation temperature determination method

Collector type 10.2 10.3
Inofganic absorber X X
Flat plate collector -
Organic absorber X X
Evacuated tube cok“"|Heat pipe X X
lector Direct flow X X

For collectorgwith organicabsorberstheinternal pressuretestis doneatstandard stagnationtemperpture.

10.2 Measurement and extrapolation of standard stagnation temperature

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

The standard-stagnation-temperatureYyryfor-the-selected-vatues-of solar-irradianceGs-and-ambient

temperature 945, is calculated by extrapolating from measured steady-state values of:

- solarirradiance G, (natural or simulated) on the collector plane;
- surrounding air temperature 9gm;
- absorber temperature 9gp,.

while the collector is exposed to the available solar irradiance and ambient temperature (outdoors, or in
a solar irradiance simulator) under steady-state conditions without heat extraction from the collector
(stagnation conditions).
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The expression for determining the standard stagnation temperature for the selected parameters
(GS and 'aas) IS

1

stg

G
=0, + =%
as G

m

(0.9"1 0{1"1]

)

It is based on the approximation that the ratio (9sm - 9am)/Gm remains constant under steady-state
collector stagnation conditions.

This approximation is acceptable only if the irradiance level (G;;) used during the test is within 10 % of
the irradiance specified for the stagnation conditions (Gs).

For fl
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wher

This 4

ht plate collectors the temperature sensor shall be positioned at two-thirds of the ah{
h1f the absorber width. It shall be fixed firmly in a position to ensure good thermal con
ber. The sensor shall be shielded from solar radiation.

racuated tubular collectors the temperature sensor should be placed at@suitable 1g
tor i.e. where the highest temperature relevant to the heat transfer fluidis to be four

Determining standard stagnation temperature using efficiency paramete

hermal performance of the liquid heating collector is uséd in order to calculate
ation temperature. If the thermal performance of the collectar is not known, it shall b
ting the collector accordingly.

pcond-order formula for the instantaneous thermal efficiency of the collector shoul
mining the standard stagnation temperature:

12
=g —a; Ty —az G (Ty)
uld be noted that the reduced temperature difference T;,* is defined by the mean te

bat transfer fluid (t,). The instantaneous efficiency is based the gross area A. Two dif]
ants 7179, a; and az may be available to express the instantaneous efficiency of the coll

tandard stagnation temperature for the selected irradiance Gs and ambient tempe
ated by the following forrhula:

—ay +(a%+4n0 a, Gs)%

2612

+ 20°C

e any ayailable set of constants 1y, a; and ay can be used.

ppreach involves extrapolating the collector efficiency formula to the stagnation con

itise

orber height
tact with the

cation in the
d.

rs

its standard
b determined

1 be used for

(2)

mperature of
ferent sets of
bctor.

rature 9q5 is

3

dition. Hence

sential that the efficiency formula is valid up to 5 approximately 0. To ensure this

the collector

efficiency formula evaluation should include test data at Tim* values approaching T, *stagnation- If all the
efficiency test data were evaluated at Tp,* values less than Ty, * stagnation/2, then 10.2 should be used to
determine J¢g.

NOTE
added

10.4

Measurements of performance are done at higher wind speed than in stagnation conditions. 20 °C are

to compensate the higher wind speed.

Results

The results of the stagnation measurement shall be reported as required in A.6.4.
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11 Exposure and pre-exposure test

11.1 Objective

The exposure test provides a low-cost reliability test sequence, indicating (or simulating) operating
conditions which are likely to occur during real service and also allows the collector to “settle”, such that
subsequent qualification tests are more likely to give repeatable results. For the latter purpose a pre-
exposure test sequence with approximately half the duration of the full exposure test is defined. Which of
these two sequences that shall or can be applied prior to a specific qualification test is explained in Table 1.

11.2 Apparnhlc and prnrndnrn

The collecto
unless contr
manufacturg
such control
with refriger
flowing thro
collectors all
solar air hea
the absorbel
described in
the collector
during the e3

The ambient

" shall be mounted outdoors, but not filled with fluid (in case of liquid heating-collg
pls are used to manage both a no-flow and high temperature condition accénding
’'s instructions. In that case, collectors shall be filled with the heat transfer flui
5 shall be verified. Collector designs which include a factory sealed ¢omntainer ch
ants or other fluid used in the collection of heat shall be tested without®heat transfej
igh them unless controls are used for over temperature protection/n-ease of liquid he
of the fluid pipes shall be sealed to prevent cooling by natural cireulation of air. In c
Fers all fluid pipes shall be sealed. One shall be left open to permit free expansion of
. All components and subsystems, as they have been desigred by the manufacture
the operation manual, shall be validated to be functional*during the exposure per
includes active systems to protect itself, these protections shall be active and opera
(posure test.

air temperature shall be recorded to a standard uncertainty of 1 K and the

irradiance o
with [SO 90%0. Irradiation and mean air temperature valftes shall be recorded at least every 5 mil

collector sha|

Atleastonce
in 11.4 or cha

When testin
dark surface

11.3 Testc

The set of reference conditions’given in Table 4 shall be used. The class according to which the col

is to be teste

The collecto
the minimun
irradiance m

the plane of the collector recorded using a pyranometer of class I or better in accor

1 be exposed until the test conditions have been met.

h week, collectors shall be subjected toVvisual inspection and any signs of damage as spe
nge in the physical appearance shall be registered and reported with the test results.

b unglazed collectors witheut backside insulation, the collector shall be mounted ¢
(o >80 %) in order to risé maximum temperatures as during worst case conditions.

pnditions

d is defined by-the collector manufacturer.

" shall_bée.exposed until at least 30 days (or 15 days for pre-exposure) have passe
h irradiation H shown in Table 4 is reached. The irradiation is determined by reca
easurements using a pyranometer.

ctor),
o the
d and
arged
" fluid
pating
ase of
air in
r and
od. If
tional

lobal
Hance
. The

cified

nto a

ector

d and
rding

The collector shall also be exposed for at least 30 h (15 h for pre-exposure) to the minimum irradiance
level G given in Table 4 , as recorded by a pyranometer, when the ambient air temperature is greater
than the value shown in Table 4 or conditions resulting in the same collector temperature according to
Clause 10. These hours shall be made up of periods of at least 30 min.

18
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Table 4 — Climate reference conditions for exposure test as well as for external and internal

thermal shock tests

Climate condition Value for climate class
Class C Class B Class A
Temperate Sunny Very Sunny
Hemispherical solar irradiance on collector plane during mini-
mum 30 hours (or 15 hours in case of pre-exposure), G in W/ 800/10 900/15 1000/20
m2/minimum ambient temperature, 9a in °C
Irradla:c\lo‘n on 'c'qlle_c"E()lr Qlane for exposure test during mini- 420 540 600
mum pUTays, 11 T V1) / TIT=
Frrad ation on collector p_lane for pre-exposure sequence dur- 210 270 300
ing mlinimum 15 days, H in M]/m?2
Valueg given are minimum values for testing. The same class shall be applied for irradiance-ahd for irrgdiation values
respegtively.

Indoqg
once
cycle
to coq

11.3.

The 1
prote
subm|

operdtion during normal working conditions in which events as over temperature, wind, €

the cd

The 14
which
Their
cycle
prese

In thd
fluid

11.4
Ther

r exposure using a solar simulator may be applied to reach the 30 or, 15 hours and/or th
he 30 or 15 outdoor days have been reached. It should not consist-ef cycles of more
takes more than 8 h, just 8 h are counted. A minimum of 4 h shall*‘be passed in betwe
1 down the collector to close to ambient temperature.

L Additional test conditions for active and passive controls

hanufacturer shall identify all active and passive €ontrols which are present in the
ction purposes such as controls, motors, actuaters or other elements. The manuf
it to the laboratories their control set pointS*and parameters in order to verify t

llector lifetime and its performance.

boratory shall establish a test cyclednwhich all active and/or passive controls (if they
are necessary to keep the colleCtor in working order can be verified during the exp
operation shall be validated to be functional, in such a way that any failure can be dete
Khall include as events, the loss of electrical supply and the blockage of tracking mech
ht). The laboratory shall eheck the collector response and its ability to overcome (or not

low is applied inthe‘test.

Results

bsultsefthe inspection shall be reported as required in A.7.

12 B

12.1

xternal thermal shock test

Objective

eirradiation
than 8 h. If a

en each cycle

collector for
hcturer shall
heir suitable
tc. can affect

are present)
bsure period.
cted. The test
anism (if it is
such events.

test report specifications must be given for flow rate, fluid temperature, and duratign of flow if a

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 assess the capability of a collector to withstand such
thermal shocks without a failure.

12.2

Apparatus and procedure

The collector shall be mounted either outdoors or in a solar irradiance simulator. Liquid heating
collectors shall not be filled with fluid. In case of liquid heating collectors all of the fluid pipes shall be
sealed to prevent cooling by natural circulation of air. In case of solar air heaters all fluid pipes shall be
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sealed. One shall be left open to permit free expansion of air in the absorber. In case of an air heating
collector the inlet and outlet shall resist water penetration.

An array of water jets shall be arranged to provide a uniform spray of water over the front of the collector.

The collector shall be exposed to climatic conditions as described in Table 4 (class specified by the
manufacturer) for a period of 1 h before the water spray. It is then cooled by the water spray for 15 min
before being inspected.

The collector shall be subjected to two external thermal shocks.

12.3 Test cponditions

The set of reference conditions given in Table 4 shall be used. The specified operating conditions'shpll be:

- solar (or|simulated solar) irradiance G greater than the value shown in Table 4 .

- surroungling air temperature 9a greater than the value shown in Table 4 .

Or conditionf resulting in the same collector temperature according to Clause 10

The water spray shall have a temperature of less than 25 °C and a flow rate in the range 0,03 kg/s to
0,05 kg/s per square meter of collector gross area.

If the tempefature of the water which first cools the collector is.likely to be greater than 25 °C (for
example if the water has been sitting in a pipe in the sun for somestime), then the water shall be diyerted
until it has r¢ached a temperature of less than 25 °C before being directed over the collector.

12.4 Results

The results ghall be reported as required in A.8.

13 Internal thermal shock test

13.1 Objective

Collectors may from time to time\be exposed to a sudden intake of cold heat transfer fluid dn hot
sunny days, ¢ausing a severe inteynal thermal shock, for example, after a period of shutdown, whén the
installation is brought back ifite*operation while the collector is at its stagnation temperature. Th{s test
is intended tp assess the capability of a collector to withstand such thermal shocks without failurg.

13.2 Apparatus and/procedure

The collectof shall be mounted either outdoors or in a solar irradiance simulator. Liquid h¢ating
collectors shhllidot be filled with fluid. One of its fluid pipes shall be connected via a shutoff valve ko the
heat transfer fluid source and the other shall be left open initially to permit the free expansion of air in
the absorber and also to permit the heat transfer fluid to leave the absorber (and be collected). If the
collector has more than two fluid pipes, the remaining openings shall be sealed in a way that ensures the
designed flow pattern within the collector.

The collector shall be exposed to climatic conditions as described in Table 4 (class specified by the
manufacturer) for a period of 1 h before it is cooled by supplying it with heat transfer fluid for atleast 5 min.

The collector shall be subjected to two internal thermal shocks.

This test is not applicable to those parts of the collector which are factory sealed. It is not applicable to
those collectors in which heat transfer fluid is continuously flowing for protection purposes. In that case
control(s) used to manage a no-flow condition shall be validated to be functional in such a way that any
failure can be detected.
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Test conditions

Table 4 shall be used.

The specified operating conditions shall be:

temperature 9, greater than the value shown in Table 4 .

or conditions resulting in the same collector temperature according to Clause 10.

solar (or simulated solar) irradiance G greater than the value shown in Table 4 - ambient air

In case of a liquid heating collector the heat transfer fluid shall have a temperature of less than 25 °C.

The f
per sd

air heg
be thd

13.4
Ther

14 R

14.1

This {
colled
either

uid flow rate shattbe the maximmum flow rate of the thermmat performmamnce testat te
juare meter of collector gross area (unless otherwise specified by the manufacturer)
ating collector the heat transfer fluid shall be at ambient temperature or less.-The fl
e maximum recommended flow rate specified by the manufacturer.

Results

psults shall be reported as required in A.9.

[ain penetration test

Objective

est is applicable only for glazed collectors and:is‘intended to assess the extent to
tors are substantially resistant to rain penetration. They shall normally not permit
free-falling rain or driving rain. Collectors'may have ventilation holes and drain ho

ast 0,02 kg/s
In case of an
pw rate shall

which glazed
the entry of
es, but these

shall hot permit the entry of drifting rain.

Wher] testing a concentrating collector a procedure comparable to this should be followed

14.2 (Apparatus and procedure

The dollector shall be installed_in a test rig at the shallowest angle to the horizontal r¢commended

by the¢ manufacturer. If this angle is not specified, then the collector shall be placed at aftilt of 30° to
the hprizontal (see Figure.2 — Positioning of collector and spray nozzles for rain peneftration test).

Colled
their
oras

oof and have
h open frame

tors designed to-beintegrated into a roof structure shall be mounted in a simulated 1
inderside protécted. Other collectors shall be mounted in a conventional manner on a
mulated roof:

Thec
proce
done

bllector'shall be sprayed with water ata temperature lower than 30 °C. The duration of
ss shall'be at least 4 h. During the spraying process the absorber shall be kept warm.
by-circulating hot fluid at 55 °C (£5 K) through the absorber.

the spraying
This shall be

If the detection of ingress of water by final inspection is chosen (Clause 18), the collector shall be left at
the test rig for rain penetration for at least 4 h after the end of spraying, without heating the absorber.
After thatthe collector shall be stored in such a way that the results are not influenced until the detection
of ingress of water has been carried out. The detection of ingress of water by final inspection shall be
done within at least 4 h and at most 48 h after the end of spraying. If the weighing method is chosen, the
collector shall be weighted between 4 - 5 h after the spraying process. Unnecessary transportation of
the collector should be avoided.

In case of rain penetration test outdoor the collector should be shaded to keep temperature of absorber
at about 55 °C.

The penetration of water into the collector shall be determined by final inspection or by weighing
the collector.
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If the weighing method results in failure judgment, the final inspection shall be done for final assessment
of the result.

If the weighing method is chosen, the collector shall be put on the scale before the start of the test on
three consecutive occasions. The three weights shall not vary by more than + 5 g/m? collector gross
area. After the spraying process the collector shall be weighted again on three consecutive occasions.
Again the three weights shall not vary by more than + 5 g/m?2 collector gross area. The determined
water quantity shall be less than 30 g/m?2 collector gross area. The standard uncertainty of the scale
shall be better than 5 g/m?2 collector gross area.

During final inspection (according to Clause 18) the collector shall be inspected with focus on the
following criteria:

- Water injside the casing
- Wetinsylation (more than 10 ml coming out by squeezing insulation)
- Visible trace of water drops running down (cover, absorber, casing)

When testing evacuated tubular collectors the fixing devices of evacuated tubes-should be checked if
they are designed for draining of water.

For the weighing method it is essential to dry and clean the outside of thé«<ollector before and aftpr the
spraying process. If a compressor is used this should be done in a wayynet to move water into or put of
collector cas|ng.

14.3 Test cpnditions

The water pfessure shall be maintained at 300 kPa (x50-kPa). The spray heads required are specified
as followed:

- full congspray nozzles

- mass flow of 2 kg/min (20,5 kg/min) pennozzle,

- spray angle of 60° + 5°.

If drop size i$ defined in data sheets(ofjspray nozzle it should be at least 150 um.

The positionjng of the spray nozzles shall be done according to Figure 2 — Positioning of collectgr and
spray nozzlep for rain penetration test, i.e.:

—-every corner of the tasing shall be sprayed directly

— every area showmnMn Figure 3 — Spraying areas of flat plate collectors (including middle bar) and
Figure 4|— Spraying areas of evacuated tube collectors and should be sprayed.

— spray hdads shall also be positioned at the side of the collector if the corner nozzles are further
apart than the maximum distance of 150 cm.

— the spray nozzles shall be directed at an angle of 30° (+5°) onto the plane of the collector

— the spray heads shall be located at a distance of 250 mm (*50 mm) from the corners and 250 -
400 mm from the sides of the collector (see Figure 2 — Positioning of collector and spray nozzles
for rain penetration test).

— the maximum distance between two spraying nozzles shall be 150 cm

Middle bars should be sprayed from spraying heads above with a distance of 400 to 600 mm, the angle
of 30° is not required.
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=/

wa

L; 2p0-400 mm
L, 2p0 mm
3p° angle of spray nozzle with respect to the'collector surface

y spallest tilt angle to the horizontal recomimended by the manufacturer, if this angle i not speci-
fied use 30°

Figure 2 — Positioning of collector and spray nozzles for rain penetration test

Figure 3 — Spraying areas of flat plate collectors (including middle bar)
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Figure 4 — Spraying areas of evacuated tube collectors

14.4 Results

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

15 Freeze|resistance test

15.1 Objective

This test is n|
may only be
to prevent w

ot applicable to collectors for which it is.clearly stated in the installation manual tha
used with an antifreeze fluid or air,"Neither is it to be used where special means ar¢
hter in a permanently filled colleetorloop from freezing e.g. by antifreeze algorithm

L they

used
Inless

additional liquids with the risk of freezing are-tised as e.g. in many heat pipes.

Two test profedures are recommended:

one for d

ollectors which are clainmed to be freeze-resistant when filled with water, and

one for d

ollectors which are.claimed to resist freezing after being drained.

15.2 Apparatus and procedure

15.2.1 Gengral

The collectorf shall be mounted in a cold chamber. The collector shall be fitted correctly, shut completely
and inclined at the smallest tilt angle to the horizontal recommended by the manufacturer. If no angle
is specified by the manufacturer, 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 manufacturer.

15.2.2 Freeze-resistant collectors

The collector shall be filled with water at the operating pressure. The cold-chamber temperature shall
be cycled, and at the end of each cycle the collector shall be refilled with water at operating pressure.
The temperature of the water shall be monitored throughout the test.

15.2.3 Collectors with drain-down protection

The collector shall be filled with water, kept at operating pressure for 10 min and then drained using
the device installed by the manufacturer. If, 5 min after the start of the drain process, the amount of
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drained water from the collector corresponds to approximately 95 % of the total water which filled that
collector, no test in cold chamber is required. The temperature shall be measured inside the absorber
close to the inlet. After the last cycle the collector shall be refilled with water at operating pressure.

15.3 Test conditions

The water contents of the absorber or the heat pipe shall be maintained at (=20 + 2) °C for atleast 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.

15.4 |Results

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

16 Mechanical load test with positive or negative pressure

16.1|0bjectives

The njechanical load test with positive pressure is intended to assess the extent to which thg
cover|of the collector, the collector box and the fixings are able to resist the positive press
to thq effect of wind and snow.

transparent
ure load due

the extent to
tor mounting

The npechanical load test with negative pressure is intended to assess the deformation and
whichj the collector box and the fixings between the colltector cover, collector box and collec
are able to resist uplift forces caused by the wind;

16.2 |Apparatus and procedure

16.2.1 Mechanical load test with positive pressure

For the mechanical load test with:positive pressure the collector shall be fixed on a stiff
using| the manufacturers origindl equipment for mounting. Different methodologies ma

even ground
[y be used to

apply|

NOTE
frame

load to the collector, fweight of material is used the collector shall be placed horizo

The collectormounting comprises the equipment to connect the collector fixings with t
work (e.g. roof @anchor, roof hook). The collector fixing comprises the equipment to connec

htally.

he supporting
[ the collector

box/ftame with the{gellector mounting equipment (e.g. clamps, bolts).

U

sing a feil and gravel or water:

On thg celléctor a foil shall be laid and on the collector frame a wooden or metallic frame shiall be placed,
high ¢nongh to contain the required amount of gravel or similar material. The gravel, pr¢ferably type
2-32 mm, shall be weighed in portions and distributed in the frame so that everywhere the same load is
created (pay attention to the bending of the glass), until the desired height is reached.

Using suction cups:

The test can also be carried out using suction cups. The suction cups shall be distributed as even as
possible on the collectors surface. The suction cups shall not hinder the movement of the collector cover
caused by the mechanical load.

Using air pressure on the collector cover:

If sealing towards the ambient is necessary, the sealing shall not hinder the movement induced by the
load in any way.
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16.2.2 Mechanical load test with negative pressure

For the mechanical load test with negative pressure the collector can be placed horizontally and the
manufacturers’ original equipment for mounting shall be used. Different methodologies may be used to

apply load to

the collector.

A lifting force which is equivalent to the specified negative pressure load shall be applied evenly over
the cover or the tubes. If the cover has not been loosened, or any other failure which could be defined as
major, at the final pressure, then the pressure may be stepped up until failure occurs. The time between
each pressure step shall be the time needed for the pressure to stabilize.

Method (a): The load may be applied to the collector cover by means of a uniformly distributed set

of suctio

Method
be used
into the
connectg
by press
box to pi

Method
distribut

Method
using aij

Where flash

they should Ipe included in the test.

16.2.3 Parti

As concentrd
procedures t
out shall be ¢
controls are
be checked,

collector ope

16.3 Testc

The test pre
reference ars

A permanent

i cups.

b): For collectors which have an almost airtight collector box, the following procedur
to create a negative pressure on the cover. Two holes are made through the-collectc
hir gap between the collector cover and absorber, and an air source and psessure gau
d to the collector air gap through these holes. A negative pressure on the'cover is cr
urizing the collector box. For safety reasons the collector shall be encased in a transp
otect personnel in the event of failure during this test.

(c): For evacuated tubular collectors ropes, belts or other ‘appropriate equipmg
e the forces along the tubes can be used.

[d): For evacuated tubular and flat plate collectors the method according to ASTM E3
pressure can be applied.

ngs or sealing kits that are an integral part of the collector provide any uplift resis

cular specifications for concentrating collectors

o test resistance against mechanical load. This circumstance and the procedure c§
learly described with the testresults. When according to the manufacturer’s instrug
present to protect the collectors against wind or snow load, the control functions
f it is possible, and they shall demonstrate resistance to failures associated with n
ration.

pnditions

ssure shallthe 2400 Pa (positive and negative) or as specified by the manufacture
a to beused is the gross area of the collector.

deformation should be assigned to a load value, while it is completely relieved after

e may
r box
be are
eated
arent

nt to

30-02

fance,

ting collectors have different geometries, the laboratory may design specific and sujfitable

irried
tions,

shall
brmal

. The

every

load incremd

ntand the distortion is measured compared to the beginning of the test sequence.

16.4 Results

The results s

hall be reported as required in A.12.

17 Impact resistance test

17.1 Objective

This testis intended to assess the extent to which a collector can withstand the effects of impacts caused
by hailstones.
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17.2 Test procedure

Two test methods are available. The first one uses ice balls, the second one steel balls. The test method
to be applied shall be chosen by the manufacturer.

The test procedure consists in a succession of shot series on the collector. Each shot series consists in 4
shots of the same impact strength. For ice balls the impact strength of a shot is determined by the ball
diameter and velocity according to Table 5. For steel balls the impact strength of the shot is determined

by the height of drop according to 17.5.

Balls of increasing impact strength shall be used in the successive shot series.

For th
of drd

The 1(
by th¢
be pe

Impa
be mg
norm
For e
with
17.3
a) G

The g
absor]
corne

e first shot series the smallestice ball diameter specified by the manutfacturer or the
p specified by the manufacturer for the steel ball shall be used.

ist shot series shall be the one with the ice ball diameter or the steel ball height of d
b manufacturer, unless the collector has to be considered as destroyed befgre this sho
Fformed.

't locations shall be selected according to 17.3. For each impact location the point of]
ved by a few millimetres from all previous points of impact, while'maintaining the s
b1 to the collector surface at this location.

Facuated tube collectors the following rule applies: If one tube breaks the test shall
h second tube. If also this tube breaks the test is considered as failed.

Impact location

lazed flat plate collectors:

ber surface, as appropriate. For each.shot of one specific ice ball diameter or test heig
r shall be chosen.

b) Unglazed flat plate collectors:

For th
colled

c) E

For e
The p
the ty

d) C

e selection of the points ofimpact the same rules as for glazed flat plate collectors appl
tors shall be filled with'afluid at atmospheric pressure.

vacuated tube collectors:

ich ice ball diameter or height of drop, one randomly chosen tube of the collector sh
oints of impact shall be located at 75 mm from each end and the shot direction shall
be axis.The tube shall be hit twice at the upper end and twice at the lower end.

pllectors that cannot be clearly classified into the category a), b) or ¢):

owest height

rop specified
[ series could

impact shall
hot direction

be repeated

oints of impact shall be located 75 mmfrom each of two intersecting edges of thle glazing, or

ht a different

jes. Unglazed

all be tested.
be normal to

Two r

bt H i | b 1 111 o 1 4] b b 1.1 b R ol -
CPITSTIILALIVE TTITPALL TUOLAUTULLS SIIdIT DT UTTIIICU Uy UIT LESLIE IdUUTdLULY. DULIT 1111

act locations

shall be shot twice. The coordinates of the points of impact shall be defined before the shots.

17.4

Method 1: Impact resistance test using ice balls

17.4.1 Apparatus

a) Astorage container for storing the ice balls at a temperature of -4 °C £ 2 °C.

b) Arigid frame for supporting the collector, with the impact surface perpendicular to the path of the
projected ice ball; the support shall be stiff enough so that there is negligible distortion or deflection
at the time of impact.

c) Abalance to determine the mass of an ice ball to a standard uncertainty of * 2 %.
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d) Alauncher capable of propelling an ice ball as defined in 17.4.2.

e) An instrument for measuring the velocity of the ice ball to a standard uncertainty of + 2 m/s. The
distance of the velocity sensor to the collector surface shall be at maximum 1 m.

17.4.2 Ice balls

The ice balls shall be made of demineralized water without any additive. They shall consist in clear ice
entirely free of air bubbles and shall not have any crack visible to an unaided eye. The ball diameter shall
be one of those listed in Table 5. The ice balls used for the shots shall have a temperature of -4 °C * 2 °C.

Iable 5> — Ice ball masses and test velocities

Diameter Mass Test velocity
[mm * 5 %] [g+5 %] [m/s 5 %)]
15 1,63 17,8

25 7,53 23,0

35 20,7 27,2

45 439 30,7

17.4.3 Specffic aspects of the test procedure using ice balls
a) Place thg balls in the storage container and leave them there for at least 1 h before use.
b) Ensurethatallsurfacesofthelauncherlikelytobein contactwiththeiceballsarenearroomtemperpture.

c) Fire a nymber of trial shots at a simulated target in~accordance with step e) below and adjufst the
launchei| until the velocity of the ice ball, as measured with the velocity sensor in the presdribed
position/is within = 5 % of the relevant hailstoné test velocity given in Table 5 .

d) Install the collector at room temperaturé on the rigid frame.

e) Thetimg between the removal of the.ice ball from the container and its impact on the collector shall
not excegd 60 s.

f) Fire the|shot series on the cadllector as required. Inspect the collector at the points of impag¢t and
take notjce of any sign of damage and visible effect of the shots.

17.5 Method 2: Impactresistance test using steel balls

The collectoy shall be.mounted either vertically or horizontally on a support. The support shall b stiff
enough so that thépe'is negligible distortion or deflection at the time of impact.

Steel balls shallhe used to simulate a hail impact. If the collector is mounted horizontally then thé steel
balls are dropped vertically, or if it is mounted vertically then the impacts are directed horizontally
by means of a pendulum. In both cases, the height of drop is the vertical distance between the point of
release and the horizontal plane containing the point of impact.

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

17.6 Results

The results shall be reported as required in A.13.
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18 Final inspection (related to Clauses 5 to 17)

When the tests have been completed, and the same collector is not going to be used for the performance
test, the collector used for the test shall be dismantled and inspected. All abnormalities shall be

documented and accompanied by photographs. The collector and all of its components shall be described
and should be photographed (glazing, absorber, absorber coating, insulation, housing, inlet and outlet
ports, glazing supports and retainers, seals, gaskets, back sheet, etc.).

Specific assessment criteria for each of the tests listed in Table 1 of 5.1 are listed in the respective test
paragraphs. The term “no major failure”, denotes that none of the following occurs:

- Fluid channelleakage (in case ofliquid heating collectors only) or such deformation that permanent
cpntact between absorber and cover is established;

- eaking or permanent deformation of cover or cover fixing;

- eaking or permanent deformation of collector fixing points or collector boX;

- Vpcuum loss, such that vacuum or sub atmospheric collectors shall be\classified according to the
;Tfinition in ISO 9488 (only applicable for vacuum and sub atmosphenic collectors);

ccumulation of humidity in form of condensate on the inside of the transparent|cover of the
bllector exceeding 10 % of the visible transparent cover ared. In case of an open loop air heating
bllector for limited periods of time this criterion maybe exceeded.

a0

- Any other abnormality resulting in a significant redu¢tion of performance or service ljfe time.

The efaluation of accumulation of humidity for application of the pass criteria should be applied only on
the following test:

- Eiternal Thermal Shock

- Rlain Penetration Test

19 Test report (related to Clauses 5 to 18)

The fprmat sheets given in Annex A shall be completed for each test, together with the fintroductory
formgt sheet A.2 reporting-a sSUmmary of main results, including the test methods.

20 Berformancetesting of fluid heating collectors

20.1|General

Perfofmancetesting includes the assessment of the heat power delivered by the collector ynder various
operating conditions as well as the assessment of additional collector parameters (pressure drop, incident
angle modifier, heat capacity, time constant) required for the calculation of the collector heat output.

For hybrid collectors generating heat and electric power, the operation mode of the electricity generator
(MPP tracked, open or short circuit) could have a major influence on the thermal performance and
need to be mentioned within the report. If the absorber of the hybrid collector is close connected to the
electricity generator and if there is no extra glazing in front, this collector shall be treated as unglazed.
During thermal performance testing, the electricity generator shall be maintained within 15 % of the
module’s maximum power point (MPP) if operated in MPP mode.
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20.2 Steady-state efficiency test using a solar irradiance simulator

20.2.1 General

The performance of most collectors is better in direct solar radiation than in diffuse and at present
there is little experience with diffuse solar simulation. This test method is therefore designed for use
only in simulators where a near-normal incidence beam of simulated solar radiation can be directed at
the collector.

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

20.2.2 The solar irradiance simulator for steady-state efficiency testing
A simulator for steady-state efficiency testing shall have the following characteristics:

The lamps shall be capable of producing a mean irradiance over the collector gress’area of af| least
700 W/m2. Vhlues in the range 300 W/m?2 to 1000 W/mZ2 may also be used for specialized tests, prgvided
that the accyracy requirements given in Table 9 can be achieved and the irradiance values are nofed in
the test repoft.

At any time the irradiance at a point on the collector gross area shall notdiffer from the mean irradiance
over the grogs area by more than + 15 %. The spectral distribution ofthe-simulated solar radiation shall
be approximptely equivalent to that of the solar spectrum at opticalair mass 1,5.

Where colledtors contain spectrally selective absorbers or covers, a check shall be made to establish the
effect of the difference in spectrum on the (ta) product for the collector. If the effective values df (ta)
under the simulator and under the optical air mass 1,5 sélar radiation spectrum differ by morg than
+ 1 %, then g correction shall be applied to the test results.

3um
7(A)e(A)G(A)dA

0,3,um3ﬂm (4)
j G(1)dA

0,3um
Alternatively the peak efficiency-ng¢’can be determined in an outdoor measurement. If this value differs
more than # {1 % then a correction shall be performed.

Effective(ra) =

Measurement of the solat’simulator’s spectral qualities shall be in the plane of the collector over the
wavelength fange of 0,3\{im to 3 um and shall be determined in bandwidths of 0,1 pm or smaller.

For certain lqmp types, i.e. metal halide designs, itis recommended that the initial spectral determination
be performef after the lamps have completed their burn-in period. The amount of infrared thermal
energy at thd cellector plane shall b hbove
about 2,5 um if possible, but starting not beyond 4 pm) and reported (see 22.2).

The thermal irradiance at the collector shall not exceed that of a blackbody cavity at ambient air
temperature by more than 5 % of hemispherical irradiance.

The collimation of the simulator shall be such that the angles of incidence of at least 80 % of the simulated
solar irradiance lie in the range in which the incident angle modifier of the collector varies by no more
than + 2 % from its value at normal incidence. For typical flat plate collectors, this condition usually will
be satisfied if at least 80 % of the simulated solar radiation received at any point on the collector under
test shall have emanated from a region of the solar irradiance simulator contained within a subtended
angle of 60° or less when viewed from any point.

NOTE1 Additional requirements concerning collimation apply to measurement of the incident angle modifier
(see 27.1.2)
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The method used for measuring the irradiance during the test period shall produce values of mean
irradiance which agree with those determined by spatial integration to within + 1 %.

NOTE 2  The spectral distribution of the lamps (indoors) and of the sky (outdoors) can and do lead to very wide
discrepancies in spectrally selective absorbers or covers.

20.2.3 Solar irradiance simulator for the measurement of incidence angle modifiers

For the measurement of the incidence angle modifier, only solar irradiance simulators with the following
collimation specification shall be used. The collimation shall be such that at least 90 % of the simulated
solarirradiance atany point on the collector under testhas emanated from aregion of the solar irradiance

simul
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21 (ollector mounting and location

21.1

The
Colleq

Track

21.2

21.2.

The ¢
frame
side i
arrayy
and b
above
shall
shall

21.2.

21.2.

Colled
asim
a smd

General

vay in which a collector is mounted will influence the results ©f thermal perfor
tors to be tested shall therefore be mounted in accordance withi21.2 to 21.8.

ing concentrating collectors shall be tested using the tracking'device specified by the n
Collector frame

I General

pllector shall be mounted in the manner spécified by the manufacturer. The collect
shall in no way obstruct irradiance on the'collector, and shall not significantly affec
hsulation. Unless otherwise specified (for'example, when the collector is part of an in

ek of the collector. The collector-shall be mounted such that the lower edge is not le

the local ground surface. Currents of warm air, such as those which rise up the walls
hot be allowed to pass over the collector. Where collectors are tested on the roof of a b
be located at least 2 m away from the roof edge.

P Air heating collecters/unglazed collectors

.1 General

tors designed to be mounted directly on standard roofing or wall material may be n
hlated roof or wall section. In case of building envelope integrated collectors, a model
11 scale collector placed on an artificial roof/ wall should be prepared for the purposs

mance tests.

lanufacturer.

or mounting
t the back or
fegrated roof

, an open mounting structure shall-be used which allows air to circulate freely arofyind the front

ts than 0,5 m
of a building,
uilding, they

hounted over
consisting of
e of the tests.

If mo
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acking with

a quotient of the materials thermal conductivity to its thickness of 1 W/(m2:K) + 0,3 W/(m2-K) and the
upper surface painted matt white and ventilated at the back.

NOTE

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

The performance of some forms of solar air heating collectors and unglazed collectors is a function of
module size. If the collector is supplied in fixed units of area smaller than 1 m2 then a sufficient number
of modules should be linked together to give a test system gross area of at least 3 m2. The biggest possible
test sample size should be chosen.

21.2.2.2 Unglazed collectors

Collector arrays constructed from pipe or strip components shall be mounted with the pipes (or strips)
spaced 10 mm or one diameter (width of strip) apart, whichever is the smaller. If a different pipe or strip
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spacing is specified in the manufacturers’ installation instructions then the recommended spacing shall
be used. If the collector is delivered with mounting spacers or any device fixing the spacing of the pipes (or
strips) then the collector shall be tested as delivered and its geometry shall be reported in the test report.

NOTE1 In general the collectors are put together on-site, connecting absorber strips with manifolds. Real
absorber areas are mostly between 10 to one hundred square meters.

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

NOTE 2  For linear tracking collectors like parabolic trough collectors this can be easily achieved with an east-
west orientation which enables testing of the incidence angle modifier for all angles within one day.

21.3 Tilt algle

The collector
by no more t
recommendsg
tested at tilt

normal incidence.

NOTE 1 Fo
direct solar rg

Before decid
prior to com

NOTE2 Fo

shall be tested at tilt angles such that the incidence angle modifier for the ¢pllector ¥
han 2 % from its value at normal incidence. Air collectors may be tested:at tilt ang
d by manufacturers or specified for actual installations. Otherwise the)collector sh

raries
es, as
all be

angles such that the incidence angle modifier varies by less than 2 % from its vallue at

single glazed flat plate collectors, this condition will usually be satisfied if the angle of incidg
diation at the collector area is less than 20°.

ng on a tilt angle it may be necessary to check the in¢idence angle modifier at two ¢
mnencing the tests.

many collectors, the influence of tilt angle is small, buitit can be an important variable for speci

nce of

ngles

alized

collectors such as those incorporating heat pipes.

lector
uld be

NOTE3 Fo
efficiency is s
taken to avoid

most unglazed collectors, the influence of tilt angle and radiation incidence angle on co
mall and unglazed collectors are commonly-installed at low inclinations. However care sho
air locks at low inclinations.

21.4 Colledtor orientation outdoors

in the
satile
rking.
up to

The collectof may be mounted outdoers/in a fixed position facing the equator, but this will result
time available for testing being restrieted by the acceptance range of incidence angles. A more ver
approach is fo move the collector-to follow the sun in azimuth, using manual or automatic tra
Tracking corlcentrating colleetors shall be mounted in a way that enables performance testing
incidence angles of 60°.

count
from
jation
ictual

: ! ) , aging
stationary collectors as CPCs they should be mounted SO that the beam rad1atlon from the sun falls
within the angular acceptance range of the design.

The azimuthf
when calcul
south may b

1 deviation™of collector (or pyranometer) from due south, should be taken into acg
ting the\angle of incidence of solar radiation onto the collector area. Larger deviations
acceptable but will lead to a non- symmetrical angular distribution of beam rad

The thermal performance could be influenced by the tilt angle. This should be taken into account
during testing.

21.5 Shading from direct solar irradiance

The location of the test stand shall be such that no shadow is cast on the collector during the test.
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21.6 Diffuse and reflected solar irradiance

For the purposes of analysis of outdoor test results, solar irradiance not coming directly from the sun’s
disc is assumed to come isotropically from the hemispherical field of view of the collector. In order to
minimize the errors resulting from this approximation, the collector shall be located where there will be
no significant solar radiation reflected onto it from surrounding buildings or surfaces during the tests,
and where there will be no significant obstructions in the field of view. With some collector types, such
as evacuated tubular collectors, it may be equally important to minimize reflections on both the back
and the front fields of view. Not more than 5 % of the collector’s field of view shall be obstructed, and it
is particularly important to avoid buildings or large obstructions subtending an angle of greater than
approximately 15° to the horizontal in front of the collectors. The reflectance of most rough surfaces
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tor testing.

colar simulators the simulated beam approximates direct solar irradiance only. In ord
easurement of simulated irradiance, it is necessary to minimize reflectedirradiance
red by painting all surfacesin the testchamber with dark (low reflectanee) paint. The sold
background used during the performance test of collectors being fienopaque from
ceed 20 %. The solar reflectance of the background used shall beireported in the test 1

Thermal irradiance

erformance of some collectors is particularly sensjtive to the levels of thermal iry
brature of surfaces adjacent to the collector shall be as close as possible to that of th

tor shall not include chimneys, cooling towers\ot hot exhausts. For indoor and simu
llector shall be shielded from hot surfaces sueh'as radiators, air-conditioning ducts an
om cold surfaces such as windows and external walls. Shielding is important both i
d the collector.

ance. The relative long wave radiation in a simulator shall not be higher than 50 W/
W/m? for outdoor conditions)

Surrounding air speed

I General

erformance‘ef-many collectors is sensitive to surrounding air speeds. In order to 1
ducibility-of results, collectors shall be mounted such that air can freely pass over {

mits specified in 24.4. Where necessary, artificial wind generators shall be used to ¢
e€ds. Collectors designed for integration into a building envelope may have their bag

nused during

Ces to be avoided in the collector’s field of view include large expanses of glass,imetall or water. In

br to simplify
. This can be
irreflectance
he back shall
eport.

adiance. The
b ambient air

ler to minimize the influence of thermal radiatien:’For example, the outdoor field df view of the

lator testing,
d machinery,
1 front of and

vave thermal
m2 (typically

haximize the
he aperture,

hind sides.of the collector. The mean air speed, parallel to the collector front side, shalll be between

chieve these
ks protected

from

tewind;if so, thisshattbereported with the testresults:

21.8.2 Air heating collector

In cases where the heat transfer fluid is in contact with the transparent cover sheet variable surrounding

air sp

eed shall be used for testing. Orientation can be taken from 24.5.4, Table 7.

21.8.3 Unglazed collectors

The average surrounding air speed at a distance of 100 mm above and parallel to the collector front side
shall cover the range 0 m/s to 3,5 m/s subject to the tolerance specified in Table 7. If these conditions
cannot be achieved under natural conditions then an artificial wind generator shall be used. If a wind
generator is used the turbulence level shall be in the range of 20 % to 40 % to simulate natural wind
conditions. The turbulence level shall be checked at the leading edge of the collector 100 mm above the
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collector surface. The turbulence level shall be monitored using a linearized hot wire anemometer or
other appropriate equipment having a frequency response of at least 100 Hz. The turbulence level is
defined as the standard deviation of air velocity divided by the average air velocity.

If the absorber is not mounted directly on a roof or a sheet of backing material, the air speed shall be
controlled and monitored on the front and back of the absorber.

If a wind generator is used the performance of an unglazed collector should be cross checked with
artificial generated wind and with natural wind. This cross check shall be done whenever changes are
made related to the wind generator. The use of artificial generated wind shall be reported with the
collector test results.

22 Instrullnentation

22.1 Solar radiation measurement

22.1.1 Pyrapometer

22.1.1.1 General

Class I or be
solar radiati

ter, as specified in ISO 9060, pyranometer(s) shall be useéd to measure the hemisphlerical
bn. The recommended practice for use given in ISO/TR'9901 should be observed. Before

each test the
cleaned if ne
pyrheliomets

In case of c
pyrheliomets

Gp = DNI

Gg=G-

NOTE Th
radiation deli

pyranometer(s) should be checked for dust, soiling et¢;'on the outer dome and it shoy
cessary. Class I or better pyranometer(s) equipped,with a shading ring or alternati
br together with a pyranometer shall be used tosheasure the diffuse short-wave radi

pncentrating collectors the direct normaldrradiance (DNI) shall be measured v
br on its own tracking system. Beam and diffuse irradiance shall be calculated by:

cos 6

b

e method of using the combination of pyrheliometer and pyranometer to determine the ¢
Fers more precise results)

22.1.1.2 Precautions for effects of temperature gradient

The pyranoy

neter usediduring the test(s) shall be placed in a typical test position and allow

equilibrate for at least.30 min before data-taking commences.

22.1.1.3 Prg¢

cautions for effects of humidity and moisture

h1d be
vely a
hition.

ith a

iffuse

ed to

The pyranometer shall be provided with a means of preventing accumulation of moisture that may
condense on surfaces within the instrument and affect its reading. An instrument with a desiccator that
can be inspected is required. The condition of the desiccator shall be observed on a regular basis.

22.1.1.4 Precautions for infrared radiation effects on pyranometer accuracy

Pyranometers used to measure the irradiance of the solar irradiance simulator shall be mounted in such
away as to minimize the effects on its readings of the infrared radiation of wavelength above 3 um from
the simulator light source.
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© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=749a80b8351c449fabe1a8c34bdbed90

ISO 9806:2013(E)

22.1.1.5 Mounting of pyranometers outdoors

The pyranometers shall be mounted such that its sensor is coplanar, within a tolerance of 1° with the
collector plane. It shall not cast a shadow onto the collector area at any time during the test period.

The pyranometers shall be mounted so as to receive the same levels of direct, diffuse and reflected solar

radiation as are received by the collector.
NOTE Forangles ofincidence of 50°,adeviation of + 1°leads toan error of 2 % when measuring the solarirradiance.

The body of the pyranometers and the emerging leads of the connector shall be shielded to minimize
solar heating of the electrical connections. Care shall also be taken to minimize energy reflected and

reradfated from the solar collector onto the pyranometers.

22.1.1.6 Use of pyranometers in solar irradiance simulators

Pyrarjometers may be used to measure the distribution of simulated solar irradian¢e.over the c
and the variation in simulated irradiance with time. Alternatively, other types 6fradiation def
used, provided that they have been evaluated and calibrated for simulated sélar radiation in ¢

The pyranometer shall be mounted such that its sensor is coplanar, within a tolerance of
plane|of the collector. It shall not cast a shadow onto the collector area-at any time during th
The pyranometer(s) shall be mounted so as to receive the same levels of direct, diffuse and r¢
radiation as are received by the collector. The method and equipment used to measure an}
simulpted irradiance with time during the test period shall be'well proven to give the requi

NOTE For the most commonly used type of solar simulator, using an electrical arc in a sealed b
reflector as the light source, the mounting of a pyranometér in a typical test position at the mid
collector as described for outdoor testing, will not be~adequate. This is particularly the case W
array [is powered from unstabilized mains power supply from 3 different phases. For solar sim
kind rjot equipped with stabilized power supply, integration of power supply voltage during each
recommended. Solar simulators equipped with stabilized power supply, capable of stabilizing the

ple device for méasuring the angle of incidence of direct solar radiation can be
ing a pointer giormal to a flat plate on which graduated concentric rings are marked.
the shadow cast by/the pointer may be measured using the concentric rings and used to d
angle|of incidence. The device shall be positioned in the collector plane and to one side of t

22.2 |Thermal radiation measurement

bllector plane
ector may be
juestion.

t 1° with the
E test period.
pflected solar
y variation in
red accuracy.

eam parabolic
height of the
hen the lamp
hlators of this
test period is
power supply
st period. For
Imulated solar
ses, sufficient

produced by
The length of
etermine the
he collector.

22.2.1 Measurement of thermal irradiance outdoors

The variations of thermal irradiance outdoors are not normally taken into account for collector testing.
However, a pyrgeometer may be mounted in the plane of the collector and to one side at midheight, to

determine the thermal irradiance at the plane of the collector.
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22.2.2 Calculation of thermal irradiance from dew point temperature

If instrumentation is not available for measuring long wave irradiance E, the following clear sky long
wave model may be used to determine sky emittance £ from measured dew point temperature 9qp.

2
) V.
£,=0,711+0,56 22 0,73 —2 (5)
100 100

Where the dew point temperature 94p shall be measured to a standard uncertainty of < 0,5 K. The long
wave irradiance is calculated by the expression:

Es=g,- Ty (6)

a

If the collectpr is inclined there will be thermal radiation exchange with both the sky and groung. The
relative long|wave irradiance Ef3 on a collector inclined at an angle S is given by:

Eﬁ:gs.,.T;MHg.(,.T;ﬂ )

The ground femperature will have little influence on long wave radiation ofi’a collector inclined 3t less
than 45° singe the view factor between a collector and the ground is onl§.0,15 for § = 45°. In thiq case,
Formula 7 cgn be written as:

1+
)-.T;*Lsﬁ (8)

EﬁZES' >

Thus, in Forrpula 23 the long wave irradiance EY, in the collector plane is equal to Eg when the collector
is located oufdoors
NOTE Positive E, values are a downward oriented irradiance onto a surface with a temperature of 0 K

When calculating Es Formula 6 should be used.

22.2.3 Calculation of long wave irradiance from sky temperature

For tests using an artificial sky (in.solat irradiance simulators) the long wave radiation can be calciylated
from the emjttance £ of the artificial sky and the mean sky temperature Ts determined by a|set of

contact sensprs on the surfaCe,facing the collector of the artificial sky. The sensors shall be radjation
shielded and|thermally insfilated. The formula is analogous to Formula 9 (= 0° as the collector is facing
the artificial[sky):

g T 9)

Thus in Forr uln 22 tha lanagwavairradianeca Foin tha callactar nlanaic aanal +0
1] oo = O—e IO oV e tro e e e Cor e et o prantt o et o

22.2.4 Determination of thermal irradiance indoors

22.2.4.1 Measurement

The thermal irradiance may be measured using a pyrgeometer as indicated in 22.2.1 for outdoor
measurements. Pyrgeometer shall be well ventilated in order to minimize the influence of solar or
simulated solar irradiance. For indoor testing, the thermal irradiance shall be determined to a standard
uncertainty of 10 W/mz2.

The global hemispherical long wave radiation may be measured using a pyrgeometer mounted in the
plane of the collector. The pyrgeometer used during the tests shall be placed in the same plane as the
collector absorber and allowed to equilibrate for at least 30 min before measuring. The pyrgeometer
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shall be provided with a means of preventing accumulation of moisture that may condense on surfaces
within the instrument and affect its reading. An instrument with a desiccator that can be inspected is
required. The condition of the desiccator shall be observed prior to and following each daily measurement
sequence. The influence of short wave solar heating effects should be minimized.

22.2.4.2 Calculation

Provided that all sources and sinks of thermal radiation in the field of view of the collector can be
identified, the thermal irradiance at the plane of the collector may be calculated using temperature
measurements, surface emittance measurements and radiation view factors. The thermal irradiance Ej,
incident on a collector surface (designated 1), from a hotter surface (designated 2) is given by:

E} =0-£5-F,- Ty (10)

Or, mpre usefully, the additional thermal irradiance (compared with that whichowould pe present if
surfage 2 had been a perfect black body at ambient temperature) is given by:

E4=0'~F12~£2(T24—Tf) (11)

Radiation view factors are given in textbooks on radiation heat transfer. The thermal irradiance at the
planelof the collector may also be calculated from a series of measurements made for smalﬂ solid angles
in thq field of view. Such measurements can be made using.a pyrheliometer with and without a glass
filter fo identify the thermal component of the global irradiarce.

For upglazed collector a device shall be used to determine the global hemispherical long wave radiation
in thg plane of the collector.

22.3 |Temperature measurements

22.3.1 General

Thre¢ temperature measurements -are required for solar collector testing. These dre the fluid
temperature at the collector inlet, the fluid temperature at the collector outlet, and thq ambient air
tempegrature. The required accyracy and the environment for these measurements differ, gnd hence the
sensor for temperature measurement and associated equipment may be different.

22.3.2 Measurementof heat transfer fluid (liquid) inlet temperature (9i,)

22.3.2.1 Required accuracy

The température of the heat transfer fluid at the collector inlet shall be measured t¢ a standard
uncerjtainty of 0,1 K, but in order to check that the temperature is not drifting with time,|a very much

bette F resolution of the temnerature sionaltag + 0 02 Kis reaquired
¥ +—ae-telp HIRH+H0-=U KIS Teq

This resolution is needed for all temperatures used for collector testing (i.e. over the range 0 °C to 100 °C)
which is a particularly demanding accuracy for recording by data logger, as it requires a resolution of
one partin 4.000 or a 12-bit digital system.

22.3.2.2 Mounting of sensors

The sensor for temperature measurement shall be mounted at no more than 200 mm from the collector
inlet and outlet, and insulation shall be placed around the pipe work both upstream and downstream
of the sensor. If it is necessary to position the sensor more than 200 mm away from the collector, then a
test shall be made to verify that the measurement of fluid temperature is not affected. To ensure mixing
of the fluid at the position of temperature measurement, a bend in the pipe work, an orifice or a fluid-
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mixing device shall be placed upstream of the sensor, and the sensor probe shall point upstream and in

a pipe where

the flow is rising (to prevent air from being trapped near the sensor).

22.3.2.3 Determination of heat transfer fluid temperature difference (AT)

The difference between the collector outlet and inlet temperatures (AT) shall be determined to a
standard uncertainty of < 0,05 K. Delta-T sensors shall be calibrated in the relevant temperature range.

22.3.3 Obje

22.3.3.1 Ge

ctive Velocity weighted mean temperature (Air heating collectors)

neral

The velocity
temperature

If an air flow
created and,

iveighted mean temperature describes the volume flow, heat capacity and density wéi
which represents the real mean temperature in an air duct.

with 9 > 9, is flowing through a ventilation channel, a certain temperature’distribut
consequently, a density and heat capacity distribution due to heat losses)of the venti

hted

ion is
lation

channel and the given flow velocity distribution in the ventilation channel, JThe thermal jmean
temperaturef 9m,th,in and 9m th,out are the representative temperatures for the:caloric balance of g4 solar
air heating collector.
[[oCx e, yIpx,y)etx, y)dxdy
ﬁm,th = (12)
[Jvexy)pCe y)etx, y)dxay
Due to the sthall influence of density and heat capacity, Formula“12 can be reduced
1
Omen =~ — | [ 000, yIv(x,y)dxdy (13)
A'Vm

Since the floy distribution is not known, it shall be_homogenized constructively over the channel ¢ross-
section. The temperature measurementshallbedesignedinawaythattemperaturegradientsarebalpnced
over the chapnel cross-section. For example'the flow distribution can be homogenized by introducing
fine-mesh ndts in the ventilation channeltUsing an averaging, evenly distributed (Archimedean gpiral)
temperature|sensor in the channel, thethermal average temperature can be determined.
22.3.3.2 Required accuracy
The temperdture of the heat’transfer fluid at the collector inlet shall be measured to a stahdard
uncertainty ¢f + 0,2 K. In order to check that the temperature is not drifting over time, higher resojution
of the temperature signalof + 0,04 K is required.
22.3.3.3 Mounting-of sensors
The thermal mean temperature shall be determined taking into account the factors described in 22.3.3.

The sensor for temperature measurement shall be mounted at no more than 200 mm from the collector
inlet/outlet, and insulation shall be placed around the ducts both upstream and downstream of the
sensor. If it is necessary to position the sensor more than 200 mm away from the collector, then a test
shall be made to verify that the measurement of fluid temperature is not affected; this can be done by a
recalculation of the inlet and outlet temperature difference.

NOTE An

38

example of a possible sensor configuration is given in Annex E.
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22.3.3.4 Determination of heat transfer fluid temperature difference (AT)

The difference between the collector outlet and inlet temperature (AT) shall be determined to a standard

uncertainty of < 0,1 K. Delta-T sensors shall be calibrated in the relevant flow range and
range, using air.

NOTE
differences of 5 K with a reasonable accuracy.

22.3.4 Measurement of surrounding air temperature (9;)

temperature

Achieving this standard uncertainty it is possible to measure heat transfer fluid temperature

22.3.4 1T Required accuracy

The ambient or surrounding air temperature shall be measured to a standard uncertainty

22.3.4.2 Mounting of sensors

For oyitdoor measurements the sensor shall be shaded from direct and reflected solar radiat]
of a white-painted, well-ventilated shelter, preferably with forced ventilation. The shelter

shaddd and placed at the mid height of the collector but at least 1 m above the local grou
ensuile that it is removed from the influence of ground heating.

elter shall be positioned to one side of the collector and“not more than 10 m fro
over the collector by a wind generator, the air tempertature shall be measured in the
generator and checks made to ensure that this température does not deviate from th

of < 0,5 K.

ion by means
tself shall be
hd surface to

m it. If air is
outlet of the
e ambient air

temperature by more than + 1 K.

22.4 (Flow rate measurement

22.4.1 Measurement of collector fluid (liquid) flow rate

Mass|flow rates may be measured directly or, alternatively, if the density is known, they may be
determined from measurements of volumetric flow rate and temperature. The standard uncertainty
of thgliquid flow rate measurement shall be within + 1 % of the measured value, in mass per unit time.
The flow meter shall be calibrated over the range of fluid flow rates and temperatures to be¢ used during
collegtor testing.

The tpmperature of thé\fluid in volumetric flow meters should be known with sufficient accuracy to

ensuile that mass flow; rates can be determined with the accuracy given above.

22.4.2 Measurement of collector fluid flow rate (air heating collectors)

The standavduncertainty of the mass flow rate measurement shall be within + 2 % of the me

in mgss_per unit time. Through the determination of pressure and temperature, the vol

hsured value,
lhmetric flow

t L. wriad £+ £1 4 C4 H ixlas o ls it £l whkaoints £osa
rate catroe-ttonverteatomassowtatce: Otay TiTgvv TCT Cre T S OT e aIrC e oA S TUT

pressure and volume flow rate given in

Table 6 — Maximum allowed measurement uncertainties

temperature,

Formula Measurement Value Measurement Uncertainty
Vp Volumetric flow +1%
Temperature of airflow at the volumet-
Imp . . +1K
ric flow rate measurement unit
Pabs Absolute pressure of the ambient air +50Pa
my, Mass flow rate +2%

Each of the sensors should be calibrated in the full range of application.
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The mass flow rate can be determined by the formula:

mp :Vp'pl

The determination of the density shall be calculated following [84]:

+XW

1000 d

a

(Pabs +1y)

pPr=

R, +

To determin

(8, +27315

Xw ‘Rp ( mp

1000 )
e the flow rate, measurement methods using the differential pressure method (o

plates, venty
used. Therm
water conter

22.5 Surro

22.5.1 Gene

The heat loss
of air speed
used for coll
over the co
useful para
to define clez

22.5.2 Requ

The speed of]
uncertainty

ri tubes or laminar-flow-elements) or mechanical methods (turbine gas meter) sh
h] measurement methods are not applicable due to large measurement errors caused |
tin the air.

unding air speed measurement

ral

es from a collector increase with increasing air speed over the“collector, but the infl

ector testing. The relationship between the meteorological wind speed and the air
ctor depends on the location of the test facility, so ineteorological wind speed is

1
r:reter for collector testing. By using the air speed measured over the collector, it is po

irly the conditions in which the tests were performed.

ired accuracy

the surrounding air over the front surface of the collector shall be measured to a sta
pf < 0,5 m/s (0,25 m/s unglazed collectors) for both indoor and outdoor testing.

outdoor condlitions the surrounding air speed,is seldom constant, and gusting frequently occur

measuremern
either by an

It should be {
and 1 m/s. T

t of an average air speed is therefore required during the test period. This may be obt
hirithmetic average of sampled'walues or by a time integration over the test period.

aken into consideration.that anemometers have starting limits which lie between 0,
herefore, considerable errors may occur for air velocities less than 1 m/s.

22.5.2.1 Mounting of sensors for the measurement of air velocity over the collector

22.5.21.1 G

During indoq
speed meas
collector, at

eneral

r testing, the air speed may vary from one end of the collector to the other. A series
réments shall therefore be taken ata dlstance of 10 mm to 50 mm in front ofthe plane

direction is not well understood. Measurements of air speed direction are therefor

(14)

(15)

rifice
all be
by the

lience
e not
speed
not a
ssible

ndard
nder
5. The
ained

5 m/s

of air
of the
mined.

Air speed measurements indoors in stable conditions shall be made before and after performance test
points to avoid obscuring the collector area.

When testing outdoors in locations where the mean wind speed is below 2 m/s, an artificial wind
generator shall be used, and anemometer measurements shall be fitted for the continuous measurement
of air velocity.

Permanently installed anemometer(s) shall be placed at the edge of the collector in order to supervise
the operation of the wind generator. These anemometers shall be mounted on a board so that there
is a continuous surface pointing towards the wind generator from the collector to 0.3 m behind the
anemometer. If the wind generator is mounted along the short edge of the collector, two anemometers
shall be used. The anemometers shall be mounted one at 1/3 of one side of the collector, the other one at
2/3 of the other side of the height of the collector. If the wind generator is mounted along the long edge of
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the collector, at least one anemometer shall be used. The anemometer(s) shall be mounted in the air flow
of the wind generator either at the end(s) of the collector, at 1/2 the width of the collector or along the
edge of the collector on the side opposite the wind generator at 1/3 and 2/3 of the length of the collector.
If the wind generator is located away from the collector, an anemometer shall be mounted to measure
the wind speed across the face of the collector. The uniformity of air speed in the field of collector area
shall be checked as the air speed may vary from one end of the collector to the other. The wind speed
shall be measured while adjusting the wind generator, using a hand-held anemometer in a height of
10 mm to 50 mm above the plane of the collector.

In windy locations, wind speed measurement shall be made near to the collector at the mid height of the
collector. The sensor shall not be shielded from the wind and it shall not cast a shadow on the collector
during-the-testperiods:

NOTE

The recorded value of the wind speed is different than the air speed above the planeof

In cade of concentrating collectors the following rules apply:

a) Cpncentrating collectors without transparent cover and a concentration@ation of Cg <
treated as unglazed collectors.

b) Copncentrating collectors with transparent cover and with a concéntration ratio of Cr
treated as non-concentrating collectors.

c) Fpr concentrating collectors with a transparent cover and@concentration ratio of Cg >
dependency can be neglected.

d) Fpr evacuated concentrating collectors wind speed’dependency can be neglected in
the concentration ratio Cr.

22.5.2.1.2 Unglazed collectors

Two germanently installed anemometers shall be placed at the sides of the collector in ordej

the o

peration of the wind generator. These anemometers shall be mounted on a board

is a cpntinuous surface pointing towards the wind generator from the collector to 0,3 1
anempmeter. The anemometers should be mounted one at 1/3 of one side of the collector,

at2/3

A ser

of the other side of the height of the collector.

es of measurements,shall be taken at nine equally spaced positions over the colle

aver;aEe value shall them:be’ determined. For a collector that does not have back insulat

mou
The a

ed on a simulatedyoof surface, the air speed shall be measured over the front and b

the ailr speed shallbe monitored at a convenient point that has been calibrated relative to

speed

Ifaw

over thecollector.

nd generator is used a series of measurements of the turbulence level shall be taken at

spaced¢ositions over the collector area. The turbulence level shall be in the range of 20 %

he collector.

10 should be

3 should be

B wind speed

Hependent of

to supervise
o that there
n behind the

he other one

'tor area. An
ion or is not
ck surfaces.

verage air spe€d)on the front and back surface shall be used in the data correlation. Dyiring the test

the mean air

nine equally
to 40 %.

During the test the turbulence level shall be checked as written in 22.5.2.1

22.6 Elapsed time measurement

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

22.7 Pressure measurement

The pressure measurement is used for determining different information about the collector:

Pressure drop

Pressure level during efficiency test
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- Leakage

rate (caused by pressure difference)

The equipment is described in Clause 7.

The inlet pressure to the collector and the pressure drop across the collector shall be measured with a
device having an error of < 5 % of the measured value or + 10 Pa. If the collector is supplied in modules
the pressure drop shall be specified per module. For strip absorbers the pressure shall be specified per

meter run of

strip.

22.8 Humidity measurement

When air is
of the specifi
to an accura

heat capacit of i he umiity ti shll b measured
y of £ 0,001 (kg water/kg dry air) at 25 °C fluid temperature.

22.9 Colledtor gross area

The collecto
shall take pl:
is made of on

22.10 Collg
The fluid cap

mination
Fistire 6)

(se gu 5 n

- gross area shall be measured to a standard uncertainty of 0,3 % Area measurements
ice at a collector temperature of (20 = 10) °C and under operating pressure if the abgorber

ganic material.

rctor fluid capacity

acity of the collector shall be measured to a standard urcertainty of no more than 10 %.

Measureme

fluid, or by fillling and emptying the collector to determine the'mass of fluid which it will contain.

The temperafure of the fluid shall be kept within + 2 K.ofthe ambient temperature.

As an altern
can be given

23 Testin

ts may be made either by weighing the collectorwhen empty and again when filled with

stallation

23.1 Liquiq heating collectors

23.1.1 Gend

Examples of
are shown in

ral

htive, a determination by calculation, which is based on the geometrical circumstgnces,

test configurations for testing solar collectors employing liquid as the heat transfey fluid
Figure 5.and Figure 6. These are schematic only, and are not drawn to scale.
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Key
1 Ambient temperature sensor 12 Flow control valve
2 Temperature sensor (9e) 13 Filter (200 um)
3 Airvent 14 Sight glass
4 Ipsulated pipe 15 Flow meter
5 Splar collector 16 Secondary temperature regulator
6 Heater/cooler for primary temperature control17 Artificial wind generator
7  Pressure gauge 18 Temperature sensor (9ip)
8 Spfety valve 19 Pyrgeometer
9  HExpansiomtank 20 Pyranometer
10 Pump 21 Anemometer
11 Bypass valve

Figure 5 — Example of a closed test loop
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@1 2 ﬁ@ 22

17
o
16 (4 9 —l><l—‘
15 9 ;
14 10
H—M
13 6
Key
1  Ambienf temperature sensor 12, Flow control valve
2 Temperdture sensor (9e) 13 Filter (200 um)
3 Airvent 14 Sight glass
4 Insulated pipe 15 Flow meter
5 Solar collector 16 Secondary temperature regulator
6 Heater/qooler for primary temperature control17 Artificial wind generator
7  Pressure|gauge 18 Temperature sensor (dip)
8 Reservolr 19 Pyrgeometer
9  Weighinjg vessel 20 Pyranometer
10 Pump 21 Anemometer
11 Balance 22 Constant head tank

rigure o — Example of an open test 100p

23.1.2 Heat transfer fluid

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

Some fluids may need to be changed periodically to ensure that their properties remain well defined.

The mass flow rate of the heat transfer fluid shall be the same (+ 10 %) throughout the test sequence
used to determine the power curve, time constant and incident angle modifiers for a given collector.
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23.1.3 Pipe work and fittings

If non-aqueous fluids are used, then compatibility with system materials shall be confirmed. Pipe
lengths shall generally be kept short. In particular, the length of piping between the outlet of the fluid
temperature regulator and the inlet to the collector shall be minimized, to reduce the effects of the
environment on the inlet temperature of the fluid. This section of pipe shall be insulated to ensure a rate
of heat loss of less than 0,2 W/K, and shall be protected by a reflective weather proof coating. Pipe work
between the temperature sensing points and the collector (inlet and outlet) shall be protected with
insulation and reflective (for outdoor measurements also weather proof) covers to beyond the positions
of the temperature sensors, such that the calculated temperature gain or loss along either pipe portion
does not exceed * 0,01 K under test conditions. Flow mixing devices such as pipe bends are required

varia
indicd
and a

Filter
norm

23.1.

The f
is dis
meas
bypa
an ap

inants will be observed if present. The transparent tube should be placed close to
but should not influence the fluid inlet temperature control or temperatiire meas
ble area flow meter is convenient for this purpose, as it simultaneously givesan indep¢
ition of the flow rate. An air separator and air vent should be placed-at the outlet of
[ other points in the system where air can accumulate.

5 should be placed upstream of the flow measuring device and the pump, in accc
h] practice (a nominal filter size of 200 pm is usually adequateé).

i Pump and flow control devices

uid pump shall be located in the collector test loofin such a position that the heat f
sipated in the fluid does not affect either the ontrol of the collector inlet temper
irements of the fluid temperature rise through the collector. With some types of py
s loop and manually controlled needle valvesmay provide adequate flow control. Whe
bropriate flow control device may be added to stabilize the mass flow rate.

The pump and flow controller shall be capable of maintaining the mass or volume flow ratg

colled

tor stable to within 1 % despité temperature variations, at any inlet temperature c

the operating range

23.1.

The d
temp
is ded
small
parti

Test
Figur

b Temperature regulation of the heat transfer fluid

ollector test loop shall be capable of maintaining a constant collector inlet temper
brature level choSen within the operating range. Since the rate of energy collection in
uced by measfiring instantaneous values of the fluid inlet and outlet temperatures, i
variationsdndinlet temperature could lead to errors in the rates of energy collection
ularly imiportant to avoid any drift in the collector inlet temperature.

oops\may contain two stages of fluid inlet temperature control, as shown in H
P 6+, The primary temperature controller should be placed upstream of the flow me

nd any other
the collector
urements. A
endent visual
the collector

rdance with

rom it which
ature or the
mp, a simple
e necessary,

t through the
hosen within

ature at any
the collector
F follows that
Heduced. It is

igure 5 and
ter and flow

contr

: o
olferAsecondary temperature regulatorshould beusedtoadjust the ftuid-temperata

e just before

the collector inlet. This secondary regulator should normally not be used to adjust the fluid temperature
by more than + 2 K.

A secondary temperature controller close to the collector inlet is useful, provided that it does not
introduce problems with measuring the “mean cup” inlet temperature. On the other hand, bypasses
should also remain allowed as a means to reduce the influence of heat loss and to improve the control
characteristics of the heating circuits. A constant and high flow rate through the heaters will allow PID
controlling with fast I and D action, while any flow rate through the collector can be chosen.
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23.2 Air heating collectors

23.2.1 General

There are basically two types of air collectors.

A) Solar air heating collectors working in a closed air circuit (closed loop)

B) Solar air heating collectors sucking ambient air (open to ambient)

NOTE Type b) can be sub-divided into two different technological versions:

1) Oplen loop collectors, called transpired collectors. These are collectors, where the ambient air is Jucked

through the absorber material, or through the perforated glazed collector cover.

2) Opjen loop collectors. There are collectors where the ambient air is sucked in at a defined!inlet duct or

through the pprforated glazed collector cover.

23.2.2 Closed loop

If collectors are measured in a closed air circulation with a speed controlled (RPM regulated) fan, a flow
meter shall He used at the inlet and outlet. This type of collector shall be measured at ambient pregsure,
which can bgrealized by using two fans. Between the two fans, an area where the air can be conditiioned

can be installed. Figure 7 — Example of a closed test loop

CER e

/1
3
&

|
of

\JJ14

Key
1 Fan 9 Fan
2 Flow mdter (i, = FWViBp i TH i, P)) 10 Ambient temperature sensor (9,)
3 Electric pirheater 11 Pressure gauge for surrounding air (Paps)
4  Temperature Sensor (9ip) 12 Pressure gauge (Pr;)
5 Solar air heater 13 Differential pressure (AP = Pg;i-Pge)
6 Pyranometer (G) 14 Pressure gauge (Pre)
7  Temperature Sensor (9¢)
8 Flow meter (i, = f(V,,0ppe.rHe,P.))
Figure 7 — Example of a closed test loop
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23.2.3 Open test circuit for open to ambient solar air heating collectors

Whenopentoambientsolarairheatingcollectorsshallbe measured, the massflow canonlybe determined
at the collector outlet. The collector inlet temperature corresponds to the ambient temperature.

An example of a test configuration for testing open to ambient solar air heating collectors is shown in
Figure 8 Example of an open test loop

67 4
/( CX)A/')?

Y

Key
Ambient temperature sensor (9,)
Prressure gauge for surrounding air (Pgbs)
Pressure gauge (Pre)
Temperature sensor (9e)
Splar air heater
Plyranometer (G)

F

F

N Y U s W N -

low meter (1, = f(VgyOmp e "He o Pe))

A1

Figure 8 — Example of an open test loop

23.2.4 "Heat transfer fluid

The heat transfer fluid for air heating collectors is air. To determine the specific heat capacity of the air
at each measurement point, the temperature and humidity are needed. This can be calculated with the
fluid temperature as given in 25.2. The density shall be calculated as described in 22.4.2.

23.2.5 Test ducts

The air ducts upstream and downstream of the collector, shall be of the same cross-sectional dimension
as the collector inlet and outlet, respectively. The air flow pattern inside the collector is very important
for a correct assessment of the performance. The air flow pattern inside the collector (especially the
partition close to the inlet) mainly depends on the connection between ducting system and collector. In
standardized tests only a single collector module is tested, which might not comply with the mode of
installation in practise.
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To reach an even air flow pattern throughout the collector, regular distribution ducts provided by the
manufacturer at the inlet and outlet should be used for each collector tested. By means of boxes with
perforated metal sheets at inlet and outlet, a well distributed air flow can be achieved, which means
thatan even air flow from the centre-line of the collector to the edges from entrance to outlet exists. The
section between the inlet and outlet temperature sensor unit and the collector inlet and outlet shall be
insulated to limit the heat losses to + 0,2 W/K. For outdoor tests, the insulation shall be protected by a
weather proof coating.

Filters should be placed upstream of the flow measuring device and the fan in accordance with normal

practice (a nominal filter size of 200 pm is usually adequate).

Every single
method shal
2m3/hat25
be tested for

23.2.6 Fan

The fan sha
dissipated in
temperature
mass flow ra
temperature

23.2.7 Air P

The air preq
entering the
Since the rat
the fluid inle

pipe, duct connection, and measurement instrument shall be tested for leakage, The

same

be used, as described in Clause 7. No component should have a higher leakage ratg
D Pa. Before the performance measurement the collector outlet and the collectorinle
leaks and the leakage rate shall be mentioned in the test report.

]nd flow control devices
I

be located in the collector test loop in such a position, that the-héat from it wh
the fluid does not affect either the inlet temperature or the measurements of the

Fe through the collector stable to within + 1,5 % despite température variations, at an}
chosen within the operating range.

reconditioning apparatus

onditioning apparatus shall control the dry bulb temperature of the transfer mg
solar collector to within + 1,0 K of the desired test value at all times during the test p
e of energy collection in the collector is-deduced by measuring instantaneous val
t and outlet temperatures, it follows that small variations in inlet temperature coul

to errors in fhe rates of energy collection deduced:-It is particularly important to avoid any drift

collector inle

Its heating a
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test conditio

t temperature.

hd cooling capacity shall be selected so that the dry-bulb temperature of the air en
[fioned apparatus may be raised or lowered to the required amount to meet the appl
hs in 24.5.3.

23.2.8 Humidity Ratio

When airis t|
the test fluid|

NOTE Iti
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he transfer fluid’and the test panel is operated at a negative pressure, the humidity rz
shall be equal to the humidity ratio of the air surrounding the test panel.
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24 Performance test procedures

24.1 General

The thermal performance of the solar collectors preferably should be tested according to one of the
methods described in the following. For PVT collectors, the operation mode of the PV-module (MPP
tracked, open or short circuit) could have a major influence on the thermal performance and it needs to
be mentioned within the report. If the absorber of PVT’s is close connected to the PV-Module and if there
is no extra cover in front of the PV-Module, these PVT’s will be treated as unglazed.

The thermal performance of concentrating collectors shall be tested according the quasi-dynamic test
method.
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The steady-state method may be used if a distinction between beam and diffuse irradiance is taken
into account. However, in this case the requirements for quasi-dynamic testing related to concentrating

collectors (including Formula 27) shall be followed.

24.2 Test installation

The heattransfer fluid (e.g. flow pattern, mass flow rate) shall flow as recommended by the manufacturer.

24.3 Preconditioning of the collector

The collector shall be exposed to irradiation for 5 h at the level of more than 700 W/m?2. If

the collector

is equipped with means to prevent stagnation, the collector must pass a preconditioning
at thq level of more than 700 W/m?2 while operating with an inlet temperature equal tot
operdting temperature defined by the manufacturer minus 10 K.

The dollector shall be visually inspected and any damage recorded. The collector area c
thoropghly cleaned. If moisture is formed on the collector components, then théheat transfer
circulated atapproximately 80 °C for aslong asis necessary to dry out the insulation and collec

If thi

phase of 5 h
e maximum

pver shall be
fluid shall be
tor enclosure.

The collector

form of preconditioning is carried out, then it shall be reported With the test results.
ork shall be vented of trapped air by means of an air valve opby-Circulating the fluid
s necessary. The fluid shall be inspected for entrained air af'particles, by means of the
uilt into the fluid loop pipe work. Any contaminants shdll be removed.

it a high flow
transparent

pipe
rate,
tube

In ca conditioning

is no

e the collector has been subject to the pre-exposutre or exposure test before, pre
needed.

24.4 |Test conditions

24.4.1 General

wveen laminar
cevariations
reproducible

test results.
Its.

In sorpe collectors the recommended fltid flow rate may be close to the transition region bety
and tyrbulent flow. This may cause instability of the internal heat transfer coefficient and hen
in mdasurements of collector efficiency. In order to characterize such a collector in a

way, it may be necessary to use.a higher flow rate, but this shall be clearly stated with the
Measyirements of negative fluid'temperature difference shall not be included in the test resy

In thg
point

transition regime,-the flow rate should first be set high (turbulent) and then reduded to the set
value. This willyprevent transition from laminar to turbulent during the measuremeits.

24.4.2 Steady-state

24.4.2.14General

The angle of incidence of direct solar radiation at the plane of the collector shall be in the range in which
the incident angle modifier for the collector varies by no more than * 2 % from its value at normal
incidence. For single glazed flat plate collectors, this condition will usually be satisfied if the angle of
incidence of direct solar radiation at the plane of the collector is less than 20°. However, much lower
angles may be required for particular designs. In order to characterize collector performance at other
angles, an incident angle modifier may be determined (see Clause 27).

Where diffuse solar irradiance is less than 30 %, its influence may be neglected. The collector shall not
be tested at diffuse irradiance levels of greater than 30 %.

24.4.2.2 Liquid heating collectors glazed
At the time of the test, the hemispherical solar irradiance at the plane of the collector shall be greater
than 700 W/m?2.
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If the manufacturer has limitations on operation with respect to maximum irradiance but not less than
800 W/m?2, this can be requested with the test. That maximum value should be clearly reported.

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

Unless otherwise specified, the fluid flow rate shall be set at approximately 0,02 kg/s per square meter
of collector gross area. It shall be held stable to within * 2 % of the set value during each test period, and
shall not vary by more than = 10 % of the set value from one test period to another.

24.4.2.3 Air heating collectors

At the time of test, the total solar irradiance at the plane of the collector shall be greater than 650-§V/m?2.

In the case df glazed air-heating collectors, the average value of air speed parallel to the/plane pf the
collector, taling into account spatial variations over the collector and temporal variations during the
test period, $hall be 3 m/s + 1 m/s. In the case of unglazed air-heating collectors, surtounding|wind
speed parallgl to the plan of the collector shall be in accordance with 24.5.4, Table 7.

If the fluid inlet temperature range is specified by the manufacturer, data.pdints shall satisfy the
requirementp given below and be obtained for at least four fluid inlet temperatures evenly spaced over
the operating temperature range of the collector. If possible, one inlet temperature shall be selected
such that thd mean inlet temperature is within + 3 K of the ambient aif\temperature, in order to gbtain
an accurate dletermination of ng nrem.

NOTE In the case of open to ambient collector only one operation point need to be measured. This opgration
point is equal jto the ambient temperature.

Unless the range of fluid flow rate is specified by the manufacturer, the fluid flow rate should be set
to three valyes equally distributed between 30 to 300\kg/(h-m2) gross area. If the manufactur¢r has
guidelines fdr the airflow, the fluid flow rate should be set at the maximum, the minimum and pat the
medium flow rate.

Fluid flow rate shall be held stable to within £ 2 % of the set value during each test period, and shall not
vary by mor¢ than + 5 % of the set value from one test period to another.

In case of a standalone collector (e. g. integrated PV for power supply for the fan and implicitly used af flow
rate controll¢r) the generated volumetric flow range dependence on the irradiance level shall be giyen.

The solar ai1 heating collector'should be measured under ambient pressure (|inlet pressure| = |putlet
pressure|, inlet mass flow zoutlet mass flow) to minimize the volumetric leakage flow rate.

24.4.2.4 Liquid heating collectors unglazed

At the time of the test, the net irradiance at the plane of the collector shall be greater than 650 W/m?2.

If the manuf b than
800 W/m?Z, this can be requested with the test. That maximum value should be clearly stated in the report.

The average value of the surrounding air speed, taking into account spatial variations over the collector
and temporal variations during the test period, shall lie in the range defined in 21.8.3.

Unless otherwise specified, the fluid flow rate shall be set at approximately 0,02 kg/s per square meter
of collector gross area. It shall be held stable to within * 2 % of the set value during each test period, and
shall not vary by more than = 10 % of the set value from one test period to another.
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24.4.3 Quasi dynamic test

The average value of the surrounding air speed, taking into account spatial variations over the collector
and temporal variations during the test period, shall be greater than 1 m/s and less than 4 m/s. Wind
generators may be used if necessary to achieve sufficient wind speeds.

NOTE For concentrating collectors, follow rules as given in 22.5.1.

Unless otherwise specified, the fluid flow rate shall be set at approximately 0,02 kg/s per square meter
of collector gross area (4g). It shall be held stable to within + 1 % of the set value during each test period,
and shall not vary by more than * 10 % of the set value from one test period to another. Testing at other

flow rates can be accommodated by adhering to manufacturer’s specification.
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Test procedure

I General

ollector should be tested up to the temperature specified by theynianufacturer
ine its performance characteristic. If possible, one inlet temperatuge shall be selec
ean inlet temperature is within + 3 K of the ambient air temperature, in order to obtai
ination of ny.

Kible the collector should be tested over the complete range of operating temperature

he absorber designs local boiling may occur as a resultof uneven flow distribution when
5t temperature level. If this is anticipated, the highest temperature should be limited to

let temperature shall be kept above the dewpoint, so that condensation of water on

g a test, measurements shall be maderas specified in 24.6.

testing collectors using heat pipes, performance testing shall be done after the ¢
ing to Clause 11.

P Steady-state glazed liquid heating collector

in order to
ted such that
Nl anaccurate

given by the
testing atthe

a safe level.

the absorber

Xposure test

boints, which satisfy/the requirements given below, shall be obtained for at least four fluid inlet

eratures spaced-evenly over the operating temperature range of the collector.

st four independent data points shall be obtained for each fluid inlet temperature (tv
g), to give A total of 16 data points. If test conditions permit, an equal number of dat
ken befere and after solar noon for each fluid inlet temperature. The latter is not r¢
torS.are moved to follow the sun in azimuth and altitude using automatic tracking.

vo for indoor
W points shall
quired if the

24.5.3 Air heating collectors

The collector shall be tested over its operating temperature range and over a range of mass flow rates
as specified below.

24.5.4 Unglazed collectors

Data points which satisfy the requirements given below shall be obtained according to Table 7.

Under consideration that the fluid inlet temperature shall be higher than the dew point temperature of
the surrounding air, the inlet temperature should be chosen such that 9m = 9a + 3 K applies. However,
the inlet temperature should in no case be lower than the dew point temperature.
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Table 7 — Range of thermal performance test conditions

Test point Netirradiance Tm (mean temperature) ﬁi;til;eed parallel to Col-
W/m?2 K m/s

1 >650 9m=92%3K <1

2 >650 Im=9,+3K 1,5+0,5

3 >650 Im=9.23K 3+0,5

4 >650 9m=92+0,5 (ATmax) + 3K <1

5 >650 9m=92+0,5 (ATmay) = 3K 1,5+0,5

6 >650 9m=92+0,5 (ATmay) *+ 3 K 3+0,5

7 >650 9 = 9a+ATmax * 3 K <1

8 >650 Om = 9a+ATmax £ 3 K 1,5+0,5

9 >650 Om = 92+ATmax 2 3K 30,5

ATmax is th¢ expected maximum temperature difference between absorber miean temperature and

ambient temperature in real operation.

NOTE For typical swimming pool applications this ATyax will usually be limited to about 10 K or less.

Atleast two independent data points shall be obtained for each fluid ihlet temperature. If test cond

permit, an e
temperature
altitude usin|

24.5.5 Quas

Data points
temperature

Weather conditions shall be as described in 24.7.2, sequence type 1 and 2. The second and third

temperature
between the
unglazed col

The latter is not required if the collectors are moved to follow the sun in azimut
p automatic tracking.

i dynamic testing

5 spaced evenly over the operating temperature range of the collector.

shall be selected so that the. mean fluid temperature in the collector is evenly s
lowest and highest operating range of the collector, as measured at about solar noo|

jual number of data points shall be taken before and-after solar noon for each fluig

which satisfy the requirements givenibelow shall be obtained for at least 4 fluid

ectors only 3 fluid inlet'‘temperatures are requested. The second shall then be choser

litions
inlet
h and

inlet

inlet
paced
h. For
to be

close to the middle of the operating range of the collector. Weather conditions shall be as descrilped in

24.7.2, seque

The change
recorded du
shall be kept

hce type 3.

n inlet temperature should be done after each test sequence has been completed
ing this “step-change” period shall not be included in the test data. The inlet temper]
stable wiithin + 1 K during each test sequence.

If comparis

n with steady-state parameters is to be done, at least 4 data points with the reg

duration, shquldbe obtained for each fluid inlet temperature. If test conditions permit, an equal ny

Data
ature

uired
mber

of data points should be taken before and after solar noon for each fTuid inlet temperature.

As the collector model used here, more accurately describes the collector performance, the importance
of 4 measuring points as well as independent data points within these is reduced or eliminated. In a
later revision of this method, only 3 measuring points should be considered. The more complete
characterization of the collector also leads to fewer restrictions on the collector designs and a wider
range of collectors will be covered by this test method.

24.6 Measurements

24.6.1 General

Depending on the test method chosen the quantities in Table 8 should be measured.
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Table 8 — Measured quantities during testing

Steady state Steady state |Unglazed col- |Quasidynamic
liquid heating |air heating lectors testing
gross collector area Ag X X X X
fluid capacity X X X
hemispherical solar irradiance at the plane of the col-
X X X X
lector
diffuse solar irradiance at the plane of the collector
X X X X
(only outdoors)
angle of incidence of directsolarradiation fonlz out
doors] (alternatively, this angle may be determined by |X X X X
calculption)
air sp¢ed parallel to the plane of the collector X X X X
tempgrature of the heat transfer fluid at the collector
. X X X X
inlet
tempgrature of the heat transfer fluid at the collector
X X X X
outlet
flow rpte of the heat transfer fluid X - X X
the dejw point temperature of the surrounding air - X - -
(relative) Humidity of the fluid at the collector inlet % |- X - -
(relative) Humidity of the fluid at the collector outlet % |- X - -
the mass flow rate of the heat transfer fluid at the col-
: X - -
lectorlinlet (only closed loop)
the mass flow rate of the heat transfer fluid at the col- | X ) )
lector|outlet
static pressure of the heat transfer fluid at the outlet of')| X ) )
the solar collector
static pressure of the heat transfer fluid at theinlet of | X ) )
the solar collector
absolyte pressure of the ambient air - X - -
long wave thermal irradiance in the.¢ollector plane (or
. - X -
dew ppint temperature tdp.)
azimufh and tilt angle of the plan-of the collector ) ) ) A
(standard uncertainty bettéx than + 1°)
24.6.2 Additionalmeasurements during tests in solar irradiance simulators
24.6.2.1 Measurement of simulated solar irradiance
Pyrandmeters may be used to measure the irradiance of simulated solar radiation in accordance with

22.1. ATternatively, other types of radiation detectors may be used, provided they have been calibrated
for simulated solar radiation. Details of the instruments and the methods used to calibrate them shall
be reported with the test results. The distribution of irradiance over the plane of the collector shall be
measured using a grid of maximum spacing 150 mm, and the spatial mean deduced by simple averaging.

NOTE Simulated solar irradiance usually varies spatially over the plane of the collector as well as varying
with time during a test. It is therefore essential to employ a procedure for integrating the irradiance over the
plane of the collector. Time variations in irradiance are usually caused by fluctuations in the electricity supply
and changes in lamp output with temperature and running time. Some lamps take more than 30 min to reach a
stable working condition when warming up from cold.
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24.6.2.2 Measurement of thermal irradiance in simulators

The thermal irradiance in a solar simulator is likely to be higher than that which typically occurs
outdoors. It shall therefore be measured to ensure that it does not exceed the limit given in 22.2.4.

The mean thermal irradiance in the collector test plane shall be determined whenever changes are made
in the simulator which could affect the thermal irradiance, and at least annually. The mean thermal
irradiance in the collector test plane and the date when it was last measured shall be reported with
collector test results.

24.6.2.3 Ambient air temperature in simulators

The ambient{air temperature 9, in simulators shall be measured, taking the mean of several Values if
necessary. Sgnsors shall be shielded in order to minimize radiation exchange. The air temperature|in the
outlet of the wind generator shall be used for the calculations of collector performance.

24.6.3 Datalacquisition requirements for quasi dynamic testing

Sampling rate: 1 s to 10 s. In case the data are averaged, the time of average shall-be given in the report.
Each data lige (record) shall contain a unique time label (standard uncertainty better than * 1|min),
giving the possibility to calculate the angle of incidence of solar radiation onte’the collector for eacl such
data line (tinpe period).

The following on line calculations should be performed and included.in the measurement database:
- useful ofitput power of the collector or Q
- timeder]vative of 9, in the collector, i.e. d9y,/dt as (O, new - 9y, old) / (sampling interval for 9i, apnd 9¢)

The calculatjon of time derivative d9,/dt should be performed online as it has a big impact dn the
final results

Sampling rate and averaging interval as for measured values.
NOTE If the measurement system allows for on line calculation of collector model output with expected

collector pardmeters, this will be a very useful tool to detect any measurement error or problem. If not pnd in
general, it is recommended to plot a diagram of measured output versus modelled output after each test dgy.

24.7 Test pleriod
24.7.1 Steagly-state

24.7.1.1 General

A collector i§ eonsidered to have been operating in steady-state conditions over a given measur¢ment
period if norte-6fthe-experimental parameters-deviatefromtheirmeanvaluesover-the-meastrément
period by more than the limits given in Table 9. To establish that a steady-state exists, average values of
each parameter taken over successive periods of 30 s shall be compared with the mean value over the
measurement period.

The more stable environment of an indoor test facility may allow steady-state conditions to be
maintained more easily than outdoors, but adequate time shall still be allowed to ensure proper steady-
state operation of the collector as specified in this Clause.
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Table 9 — Permitted deviation of measured parameters during a measurement period

24.7.

24.7.

The t
colled
conta
range
colled
evalu

NOTE

Permitted deviation from the mean value

Parameter Sjtzoerd col- ?(ifllefégng Unglazed collector
(Global)Test solar irradiance +50W/m2 [+50W/m2 [+50W/m2
Total short wave solar irradiance - - +50 W/m2
Thermal irradiance - - +20 W/m2
Surrounding air temperature +1,5K +1,5K +1,5K
Fluid mass flow rate +1% +2% +1%
Fluid temperature at the collector inlet +0,1K +1,5K +0,1K
Fluid temperature at the collector outlet +0,5K +1.5K +0,5K

+ 0,5 m/shut
Surrounding air speed - iolé;l r;lf/tshfg:nlg;;?

urement period

P Quasi dynamic testing

.1 General

st period consists of 4-5 sequences (days). The number of actual days will, as fo

in data equivalent to all important normal operating conditions (enough variability
), to give decoupled collector parameters. This is done by varying the inlet tempe
tor within its design range. If sufficient data’has been recorded after 4-5 days, this
hted for each test day, following the guidelines outlined below in 24.7.2.4.

Enough variability is usually givep'if the standard deviation of the parameter is smalle

the parameter.

24.7.

p.2 Description of test sequences

The miinimum length of a test.sequence according to the requirements of 24.4.3 shall be 3

not n¢
D

The t
sky ¢
the di
value

bed to be consecutive.(the test sequence can consist out of several non-consecutive p

ay type 1

pst sequenceunder 1 - conditions as specified in 24.5.5 should be conducted under

fference of the incident angle modifier of the beam irradiance differs not more than
at normal incidence.

r all outdoor

tor testing, be dependent on the actual weather conditions on the test site. The datd record shall

and dynamic
fature to the
data shall be

I than 10 % of

h. The 3 h do
Arts).

mostly clear

nditiong, It shall include values of the incident angle from larger than 60° down to yalues where

D % from the

ay type 2

At least one test sequence shall be conducted under partly cloudy conditions, including broken cloud as
well as clear sky conditions. This can be a test sequence under elevated operating temperature or under
Mo - conditions as specified in 24.5.5.

Day type 3 (1 or 2 days)

Measurements under mean operating temperature conditions as specified in 24.5.5, including broken

cloud

as well as clear sky conditions.

Day type 4

Measurements under high operating temperature conditions as specified in 24.5.5, including broken

cloud

as well as clear sky conditions.
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The relative order of the different test sequences is not critical, but may be adjusted to the actual weather
on the test site.

24.7.2.3 Optional test: Dependence of tilt angle

If dependence of tilt angle shall be evaluated, one extra test day shall be added. During this day, the
collector shall be tested at the other requested tilt angle and at the high operating temperature (Day
type 4). This additional test database may be evaluated with extended MLR, together with and at the
same time as all other collector parameters to determine the dependency of the heat loss parameter c;

on the tilt angle.
NOTE EX _Clldcd P"’ILR, oCC llUtC 2 uudcl 25 1.4.1
24.7.2.4 Evaluation of test data

In the follow
that when ey

19out"9in
iy, stabl

Flow rat]
sequenc

During evalu
or not less th
shall be skip
result of the
excluded fro

For clearness
relationships
achieve relia
of the goodng

Figure 9 —
Mo - conditio

identification of no , and the collector heat losses.

aluating the suitability of test data the following criteria should be satisfied:
> 0 K
e within + 1 K

e stable within + 2 % of the set value during test day or tést sequence and 10 % fro
e to another

an 15 min (if time constant is not known), with:the correct fluid temperature at thg
ped to ensure that the initial state of the collegtors fades away and does not influen

n the data set.

reasons, mostrequirements are given-in the form of idealized diagrams, showing impq
between different test conditionsyiticluding the dynamic ranges that shall be in the d
ble and de-coupled collector parameters. These diagrams shall be plotted for the evaly
bss of the test data used for parameter identification and shall be included in the testr

9,-94 versus G shows 9,3 = 9, versus G to check if sufficient data has been taken
hs and at higher inlet temperatures. This data will give all necessary information fi

ng, guidelines for evaluating the suitability of the data recorded are outlinéd, It is remfinded

n one

ation of the test data a period of atleast 4 times the time constant of the collector (if known),

 inlet
ce the

parameter identification. It is also noted tha®outliers that cannot be explained shall not be

rtant
ata to
jation
bport.

inder
br the
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Gy

Figure 9 — 9,,-9, versus.G

6 west 0 east 6

e 9 and Figure 10 shows if the data includes enough data‘at high and low incident angle of the beam
ance to identify K6p(0) and if enough data at high diffuse radiation levels was taken tp identify Kj.

NOTE

Measurement data with higher Gb-values (upper curve), will give K6y(0).

The lower values will give Kj.
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%
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X
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X X ¥ X

Figure 11 — Gq versus G

If wind speedl dependence of the collector was considered Figure 11 shall be included. Figure 12 shows
the ideal distribution of the relationship of wind speed versus G. The wind speeds as described in £4.4.3

should be considered.

u
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Figure 12 — Wind speed versus G
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Presentation of results

24.8.1 General

Presentation of the results shall only be given up to the max. temperature difference between mean
fluid and ambient plus a maximum of 30 K for which the collector was tested.

24.8.2 Steady-state

The measurements shall be collated to produce a set of data points which meet the required test
conditions (see 24.4.2), including those for steady-state operation. These shall be presented using the

data format sheets given in A.16.

24.8.

The t
the td
collat]
suffic

B Quasi dynamic testing

bst results shall be presented in a report using the data format sheets,given in A.1
xt and content adjusted in accordance with what is given by 24.7.2.4, The measurem
ed to produce a set of data points, which meet the requirements of the test conditiong
ient information in the test data.

6.7 and with
ents shall be
and provide

In addlition to what is given by A.16.7 the measurement data used{or collector parameter identification

shall
5, sha
Diagn
incidg
Typic

In adgq
perfo

25 (omputation of the collector:parameters

25.1

25.1.

The aftual useful power'éxtracted Q is calculated from:

Q

A val
volu

fluid Inthe flow meter.

be presented in four diagrams, 1 to 4 as described under 24.7.2.4, Figure 9 to Figure 1|
wing measured collector output versus modelled output;ishall also be included in th
am 5 shall include all test data used for collector parsameter identification in one
nce angle modifier (IAM), Kgp(0), shall be presented'in a diagram 6 as indicated in
bl incidence angle modifiers or Figure 15 — Typi¢al incidence angle modifier.

lition to the collector performance coefficientsas requested by A.16.7, the full set of q
Fmance coefficients as identified by Formula 27, should be included in the test report

Liquid heating collectors

I General

=meAT

e ofCr corresponding to the mean fluid temperature shall be used. If m is oh
etfic flow rate measurement, then the density shall be determined for the tempe

2. A diagram
e test report.
diagram The

Figure 14 —

lasi dynamic

(16)

tained from
rature of the
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The solar energy intercepted is Ag-G. “Ag” represents the gross area of the collector. Introducing the
collector efficiency nnhem, the actual useful power extracted Q can also be written as:

Q=A¢ -G Npem (17)

When the mean temperature of the heat transfer fluid 9y, is used,
AT

By =0, +7 (18)
where the reduced temperature difference is calculated as:

T, =ttt (19)
Where necegsary, tables of measurements of the collector performance are admitted.
For some colllector types it has been shown that a separation between direct and diffuse irradiajnce is
needed in thg collector model in order to accurately predict their performance-As steady-state t¢sting
does not offefr this feature a method has been developed to estimate ng p and-K8 4 based on steadyfstate
test data, bapically 1o hem and Knem(6L, 071). This “Steady state to QDT conversion” shall be appljed to
steady-state|parameters from Formula 20 or Formula 24, and from Férmula 44 and Formula 4%. The
calculations pre described in B.2.
25.1.2 Steagly-state glazed liquid heating collectors
25.1.2.1 MT‘ielling of instantaneous efficiency
The instantapeous efficiency npem shall be calculated-by statistical curve fitting, using the least squares
method, to optain an instantaneous efficiency curye*of the form:

By —0 B~

Nhem =M hem — 91 = a_aZ'G( mG a] (20)
Normally a s¢cond-order curve shall bejused which can be achieved by least squares regression. A sgcond-
order fit shall not be used if the value deduced for a; is negative or has no statistical significance|(i.e. if
T-ratio (paradmeter value/standard deviation of parameter value) is greater than 3. The test condjitions
shall be recofded on the dataformat sheets given in A.16.3
25.1.2.2 MTelling of collector output
Using Formulla 17 anid Formula 20 the collector output per module can be written as:

- e oo

Q:AG‘G'Lno,hem_al mG a—az'GL mG aJ J (21)

Where the area Ag is the collector gross area. The collector output per module shall be presented
graphically as a function of the temperature difference between mean fluid and ambient temperature

(Om - 94) using G = 1000 W/m2. The product Ag-G-1no,hem shall be referred to as peak power, Qpeak .
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25.1.3 Steady-state unglazed liquid heating collectors

25.1.3.1 Modelling of instantaneous efficiency

The solar energy intercepted is A-G” and so in this case

— 22
nhem AG . GH ( )
G” is the net irradiance determined by the formula:
Gl'=G+=(E,-oT, 23
o \FL=0Ta) (23)

The value (¢/a) shall be taken 0,85 unless the manufacturer can supply ameasured value/E} is the measured
long wave irradiance in the collector plane. Specification given in 25.1.1 applies, b¥ veplacing|G by G”.

The test data shall be correlated by curve fitting using the least squares method to obtain|an efficiency
functfon of the form:

_ﬁa

13,
Mhem =n0,hem(1_buu)_(b1+b2u)mGT (24)

1n0,henp, bu, b1, and by are coefficients to be determined by cugyve fitting.

The tg¢st conditions shall be recorded on the data formatisheet given in A.16.4

25.1.8.2 Modelling of the collector output

Using Formula 22 and Formula 24 the collector output per collector unit can be written as

Q:AG'G"(no,hem(]_buu)_(bl +b2“)%] (25)

25.1.4 Quasi dynamic liquid heating collectors

25.1.4.1 Collector parameter identification tool

Multiple Linear Regression (MLR) is a non-iterative very fast matrix method that is available in most
standard prograny-packages with statistical functions, such as spread sheets or mor¢ specialized
statisfrical programs like MINITAB or SISS. Linear, in this instance means that the model i written as a
sum gf terms-with the parameters pn as a multiplier in front of the terms. For example:

Yout =p0 + pl- f(x1,x2) + p2- g(x1, x3,x4 ) + p3- h(x2, x5) (26)

The sub models f(x..), g(x..) and h(x..) in each term can be highly nonlinear. The MLR method allows for fully
free selection of data from the test database, according to any test specification before applying the MLR
parameter identification. This selection can be made afterwards from measurements during a few days.

NOTE1 To give an example, this means e.g. that test data with ¢ > 700 W/m?2, d9y,/dt < 0,002 K/s,u>2 m/s and
92-95 > 10 K could be selected for the MLR parameter identification, if those test requirements are considered.
Even for an extensive database, the parameter identification will need only a few seconds of computer time,
making MLR very versatile also in development and research.

Other nonlinear methods, provided that they are minimizing the error in the output power of the
collector as in the MLR method, can be used as parameter identification tool as beside the MLR method.
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25.1.4.2 Mo

delling of instantaneous collector output

This model is basically the same as the steady-state model, but with some extra correction terms. Here
the dependence of direct and diffuse radiation, wind speed, sky temperature, incidence angle effects

and effective

Ag
_C3 .

where the ar,

thermal capacitance are modelled. For more information see Annex B.

2
Nop Kp(01,07) Gp+MNop-Kg-Gg—cg-u-G—cy- (8, =0,)—cp- (9, =)

dd,
S

3 AG isthe grossarea ofthe collector (cnn Al6 7)

u-(ﬂm—ﬂa)+c4-(EL—0'-T;)

(27)

NOTE Ke
used, see Clau

25.1.4.3 Usq

The collector
except ICS c
collector des
types of collg
should be idg
significance
the paramet

NOTE Fo
should theref
should be use

If the coeffic
(parameter Y
should be gr
(enough vari

identification should be repeated with theradjusted collector model.

For concentr]
artificial win
right from th

25.1.4.4 Gra

To conform

vin degrees are used for convenience in the radiation term. At all other places Celsius,degre
Se 4.,

e of the Collector Model for different collector types

model as described in 25.1.4.2, should cover most collector designs,available on the m
bllectors. If the full collector model should be applied for a certain type of collect
ign) or not, will in general be given by the result of the parameter identification, but
ctors, the use of ng p, Ko(01, 61), K4, and the coefficients c1, cz,-and cs are mandatory an
ntified. In the exceptional case that coefficient c; comes-out negative or has no stat
(i.e. if T-ratio (parameter value/standard deviation of.\parameter value) is smaller tl
b1 identification should be repeated without cp included in the model.

sun tracking, high concentrating collectors the incliision of Kz may not always be significa
re be determined by the T-ratio of the parameteridentification as given below. If not used,
 in Formula 27 and the parameter identificationi’should be repeated.

ents c3, c4, and cg shall be included in thecollector model, can be determined by the T|
ralue / standard deviation of parameter value) of the parameter identification. The 7|
pater than 3 for those parameters'presented in the test results. If the T-ratio is less t
hbility in the input data are assumed), the coefficient shall be set to zero and the para

nting collectors (taking(@into consideration 22.5.2.1.1) and for glazed collectors testec
d source at a speed hetween 2 m/s and 4 m/s the coefficients c3, c4 and cg can be neg
e beginning. For unglazed collectors, the use of the full collector model is mandatoryj

phical preséntation of test results

thetestresu
between me
Formula 27,

Kn fluid and ambient temperature (9, - 9q). It shall be calculated from the power fun

vith the.presentation of test results, when testing in accordance with steady-state mg
sshall'be presented in the form of a power curve as a function of the temperature diffe

es are

arket,
br (or
for all
] they
stical
han 3,

nt and
Kg=0

-ratio
-ratio
han 3,
meter

| with
ected

rthod,
rence
ction,
.. The

sing the value of ¢ = 1000 W/m2 and a diffuse fraction of 15 %, i.e. G4 = 150 W/m

parameter d9,,/dt is set to zero (d9,,/dt = 0).

0 is set to 0° for all collector types.

K, (0) isset

to 1 for all collector types.

If wind speed dependence of the heat losses and the zero loss efficiency are used in the collector model
for glazed collectors (c3 > 0 and cg > 0) as outlined in 25.1.4.3, the wind speed u = 3 m/s should be used
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in the formula. If sky temperature dependence of the heat loss coefficient is used in the collector model
(ca > 0), then (EL-0-Ta4) = - 100 W/m2 should be used in the formula.

0=A¢ (G(no’b K (6)-0.85+10 K 4-0.15-c4(3m/s))—c1 (0 —04) — 2 (O —190)2
(28)
—c3(3m/s)(0y—0,)+cy -(—100 W/mz))

The product (Ag-G)(Mo,b -Kb(0)-0,85 + no b -Kq4 -0,15) shall be referred to as peak power, Qpeak .
NOTE (EL-0-Ta#) has normally a negative value as the effective sky radiation temperature is lower than the

ambiept-airtemperature—A-petlopaswave—ra dianca o Fominyc 100 AI/in?2 vunll coreacnan d+te-abaqut a clear sk
CpreoTT \.\allll.l\/L TtuUre: 11 1rfov l\lllb TTOave Irroauigiice uUrT IIrriruayg. rtov "/ TIT VvV ITL UUAA\;UP\I‘A\A TU oY y

condifion when 9, = 20 °C and 95 = 0 °C.

25.2|Steady-state air heating collectors

25.2.1 General

the rdtio of the actual useful extracted power to the solar energy intercepted by the collectgr. The actual

The i{stantaneous efficiency of a solar collector, operating under steady=state conditions,|is defined as
usefu

power extracted, Q, is calculated from:
Q — (mpécf,e 'ﬁe)_(mpi Cri 'ﬂi)_((mpe _mpi)'cf,amb 'ﬂa) (29)

A valtie of cf corresponding to the inlet and outlet fluid temperature and the ambient templerature shall
be used. If m is obtained from volumetric flow rate measurement, then the density shall b¢ determined
for the temperature of the fluid in the flow meter.

NOTE Formula 29 has an uncertainty if the measurement is done under positive gauge pressure because the
exact femperature of the volumetric leakage flow rate is not known. Under positive pressure the temjperature of the
volumetric leakage flow rate differs depending,on whether it occurs at the beginning or at the end of the collector.

Provided that the angle of incidence.istess than 20°, the use of an incident angle modifier,|as described
in Clajuse 27 is not required for single glazed flat plate collectors.

The s¢lar energy intercepted is AG where Ag is the gross area of the collector, and the collector efficiency is:

0 (e T D)= (yey0i)=((pe =1ipi) -0 0a)

Mhem = = (30)
" A6 A;-G
Wher] the meamtemperature of the heat transfer fluid 9,, is used, where:
O =05+ % (31)
The instantaneous efficiency npem shall be calculated according to 25.1.2.1.
Open to ambient collectors having a measurable wind speed dependency can be modelled with:
Q—m”:nmaXOm/s_bu'u (32)
Aq-G ’

Collector efficiency shall be represented graphically as a function of wind speed (at constant mass flow rate).

25.2.2 Modelling of the collector output

The collector output per module shall be calculated according to 25.1.2.2.
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26 Determination of the effective thermal capacity and the time constant of a col-
lector

26.1 Measurement of the effective thermal capacity (separate measurement)

26.1.1 Testinstallation

The collector is mounted in accordance with the recommendations of Clause 21 and coupled to a test
loop for thermal capacity measurement.

Effective thermal capacity measurements may be carried ontindoors where only heatlossis measured.
They may al§o be made outdoors in steady-state clear sky conditions.

26.1.2 Indopr test procedure

26.1.2.1 General

The heat trapsfer fluid is circulated from the top to the bottom of the collecter with a constant inlet
temperaturef using a flow rate similar to that defined for collector efficiency'testing, until steadyfstate
conditions afe reached.

The inlet tenjperature of the fluid is raised rapidly by about 10 K, and fnedsurements made continyously
until steady-ftate conditions are achieved again. This process is performed four times and an arithjmetic
mean value of the effective thermal capacity calculated.

26.1.2.2 Mepsurements

The following quantities are measured:

a) heat trapsfer fluid mass flow rate;

b) temperafure of the heat transfer fluid atthe collector inlet;
c) temperafure of the heat transfer fluid\at the collector outlet;
d) surroungling air temperature.

NOTE When testing collectorshaving alow thermal capacity, the sampling frequency selected for meaguring

the fluid temperatures may neéd’to be greater than the usually used for collector efficiency testing, in order to
adequately follow the transientbehaviour of the collector.

26.1.2.3 Calculation of the effective thermal capacity

The transienk behaviour of the collector between the two indoor steady-states 1 and 2 is represented by
the following formula:

dv .
cd—tm:—m-cf.AT—AG.U(ﬂm—ﬁa) (33)
Where
AT = (9, -9, )(negative) (34)

and Yi, and Y are the heat transfer fluid temperatures at the collector inlet and outlet (exit), respectively,
under the new flow direction of the heat transfer fluid.
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Integrating the formula over the period between the two steady-states gives:

t2 t2
C(Op — O ) = jmcf-ATdt—AGUj(ﬂm—ﬂa)dt (35)
tl tl
Since
9, :19in+A2_T (36)

we may express (Oy-9,) as:

AT
19n—19a:(19i,,—z9a)+7 (37)

ComHining the above formulae, and rearranging, gives the following foypmula for the collector
thernpal capacity.

t2 t2 t2
. 1
~cy [ ATdt—Ag-U I(ﬁin—ﬁa)dt+§jATdt
ﬁmZ _ﬂml

26.1.2.4 Determination of effective thermal capacity from experimental data

From|the test results, (9jy-94) and AT are plotted asa function of time. The areas undef the curves,
betwe¢en the two steady-states, are

t2 t2

[(#1n—0a)dt and [ aTde

t1] t1
respegctively.

The heat transfer coefficient U af the collector may already have been determined during indoor collector
heat Ipss measurement. Howeéver, AU may be obtained directly from two steady-states sincg in a steady-
state we have:

O:—m-cf-AT—AGU(z?m—z?a) (39)
and hence
ALyt —L (40)
(ﬂm_ﬂa)

A-U is evaluated for both steady-states, and arithmetic mean value taken.

Avalue of the effective thermal capacity is determined by inserting these experimental values in Formula 38.

26.1.3 Outdoor or solar irradiance simulator test procedure

The fluid is circulated with a constant temperature, using a flow rate similar to that defined for collector
efficiency testing, until steady-state conditions are reached. The collector area should be shielded from
the solar radiation (natural or simulated) by means of a solar reflecting cover.

The cover is removed and measurements are made continuously until steady-state conditions are
achieved again. This process is performed four times and an arithmetic mean value of the effective
thermal capacity deduced.
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The measurementsindicatedin 26.1.2.2 are made. In addition, the solar irradiance (natural or simulated)

G is measure

d.

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

following for

mula

Cdj;":A'no,hem'G_m'cf'AT_AG'U(ﬁm—ﬁa) (41)
where, as in 26.1.2.3,
AT = (9¢-9in) (positive)
Integrating Formula 41 over the period between the two steady-states gives the following formijla for
the collector|thermal capacity:

t2 t2 t2 1 t2
AMolem | Gt —tie [ ATdE—4g-U| [ (8;,-3,) dt+EJATdt
C= t1 t1 t1 t1 42)
ﬁmZ _ﬁml

From the tegt records, (9in-92), AT and G are plotted as a function of times The areas under the ctirves,
between the[two steady-states, are:

t2 t2 t2

J(ﬁin—ﬁa)dt, j ATdt and _[ Gt

t1 t1 t1
respectively.
The y intercdpt 170 hem and the slope U of the linear form of the instantaneous efficiency npem are known

from testing
values in For

A value for the effective thermal capacity is determined by inserting these experinjental

mula 42.

26.2 Measyrement of the effective thermal capacity (quasi dynamic method)

The effective
model, Form

[t is essentig
capacitance

enough varia
partly cloudy
day, type 2, g

thermal capacitance, modelled as c5 and equal to C/4, is a mandatory part of the col
1la 27, and is identifiéd)simultaneously together with all other collector parameters.

| to have large énpugh variability in solar radiation during the test so that the th
bffects will be'significant. In all empirical data so far, partly cloudy conditions will i

ector

ermal
hduce

bility in d9yYdt for the determination of cs. d9y,/dt should exceed + 0,005 K/s during the

' day. If the 'unlikely case happens that this is not met during the test period, an extr
s described under 24.7.2 with partly cloudy conditions, shall be added to the data us

a test
ed for

identificatio:ll.

26.3 Calculation method

26.3.1 General

The effective thermal capacity and the time constant of a collector are important parameters, which
determine its transient performance.

A collector can usually be considered as a combination of masses, each at a different temperature.
When a collector is operating, each collector component responds differently to a change in operating
conditions, so it is useful to consider an effective thermal capacity for the whole collector.

Unfortunately, the effective thermal capacity depends on the operating conditions and is not a collector
parameter with a unique value. Several different test methods have been used to measure or calculate
the effective thermal capacity of collectors and it has been shown that similar results can be obtained by

66 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=749a80b8351c449fabe1a8c34bdbed90

ISO 9806:2013(E)

using quite different methods. Just as there is no unique value of effective thermal capacity, there is no
unique overall time constant for a collector. For most collectors, the dominant influence on the response
time is the fluid transit time, and hence the first-order response varies with the fluid flow rate. Other
collector components respond with different times to give an effective overall time constant, which
depends on the operating conditions.

26.3.2 Determination of effective thermal capacity

The effective thermal capacity of the collector C (expressed as Joules per Kelvin) is calculated as the
sum, for each constituent element of the collector (glass, absorber, liquid contained, insulation), of the
product of its mass mi (expressed in kilograms), its specific heat ci (expressed as joules per kilogram
Kelvifijand a weighting factor pr.

C:zlji.mi.ci (43)
i

The weighting factor p; (between 0 and 1) allows for the fact that certain eléments are dnly partially
involyed in collector thermal inertia. The values of pj are given in Table 10.

Table 10 — Values of weighting factors

Elements pi
Absorber 1
Insulation 0,5
Heat transfer liquid 1
External glazing 0,01
Second glazing 0,2
Third glazing 0,35
Perforated glazing.and glazing of front- 1
pass collector (if present)

Solid glazing onback-pass collector (if 0.2
present)

For dfrain-back and drain-dowirsystems, the capacity should be reported for the collectpr while it is
filled with water and whileit is empty.

26.3.83 Calculation for’solar air heating collectors

The cpllector fluidieapacity shall be calculated as described in VDI 4670. All parts of the collector which
are inf direct contact with the air flux shall be weighted by 1.

26.4|Determination of collector time constant (optional)

26.4.1 Test procedure for collector time constant

Testing shall be performed either outdoors or in a solar irradiance simulator. In either case, the solar
irradiance on the plane of the collector shall be greater than 700 W/m2. The heat transfer fluid shall be
circulated through the collector using the lowest flow rate used in the thermal efficiency tests.

The collector shall be shielded from the solar radiation by means of a solar-reflecting cover, and the
temperature of the heat transfer fluid at the collector inlet shall be set approximately equal to the ambient
air temperature. When a steady-state has been reached, the cover shall be removed and measurements
continued until steady-state conditions have been achieved again. For the purpose of this test, a steady-state
condition is assumed to exist when the outlet temperature of the fluid varies by less than 0,5 K per minute.

Alternatively a method that provides equivalent results in a solar simulator is to measure the time
constant during a cool down period rather than a heat up period. To accomplish this, first achieve
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steady-state conditions with a steady inlet temperature and irradiance, and then turn off the irradiance
while monitoring the quantities listed below. The time constant of the collector is then the elapsed time
between turning off the irradiance and the point where the collector temperature rise drops to 63,2 %
of its steady-state value, since the final steady-state value will be a temperature rise of zero.

The following quantities shall be measured in accordance with Clause 22:
— Collector fluid inlet temperature (9ip);
— Collector fluid outlet temperature (9¢);

— Surrounding air temperature (93,).

26.4.2 Cachllation of collector time constant

The differente between the temperature of the fluid at the collector outlet and that of thie strrounding
air (9e - 93) phall be plotted against time, beginning with the initial steady-state condition (9¢ |- 93)0
and continuipg until the second steady-state has been achieved at a higher temperature (9¢ - 93)p (see
Figure 13 —|Collector time constant).

Y
1_________
4‘\
2
3 X

Key

X Time

Y 9¢-9;

1 (Se - 9a)2

2 (9e - 9a)O

3 1.

4 0,632 ((9 - 92)2 - (9 - 92)0)

Figure 13 — Collector time constant

The time constant t. of the collector is defined as the elapsed time between the removal of the cover
and the point where the collector outlet temperature rises to 63,2 % of the total increase from (9¢ - 94)0
to (Oe - 9a4)2. If the response time of the temperature sensors is significant when compared with that
measured for the collector, then it shall be taken into account in calculating the test results.
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27 Determination of incident angle modifier

27.1

Modelling

27.1.1 General

The incidence angle modifier is defined as the ratio of the peak efficiency at a given angle of incidence
and the peak efficiency at a defined reference angle of incidence according to Formula 44 and Formula
45 respectively.

K (U g ) nn,b(OL.OT\ (44)
p \UL,0T )=
Mo,b (9L,def 07 def )
0,,0
M0,nem (GL,def 'eT,def)
Normjal incidence (equal to zero) is normally used as the defined angles(of, incidence 0y, jef and Ot def,

howe
deter

27.1.

Using

Figur
colled
not sy
more

The c
the sd

K|

The 1
plane
incidg
incide

For th

ver other values can be chosen if appropriate, e.g. in case the thermal performan
mined under normal incidence.

P Steady-state glazed collectors and air heating collectors

"

a

ﬂm _ﬂa
G

2
1emznO,hem'Khem(eL'eT)_al' —az‘G'( )
e 14 shows the variation of Kpem (0L, 67)with angle of incidence for two solar collectq
tors (e.g. evacuated tube collectors .and'CPC collectors) for which the incidence ang
rmmetrical with direction of incidefice, it is necessary to measure the incident angle
than one direction to fully characterize the incident angle modifier.

pmplex individual incident angle modifier can be estimated by considering it to be t}
parate incident angle medifiers, Kg1, and Kgr, for two perpendicular symmetry planeg

hem (01,07 ) = K pep (64.0)- K pem (0,67)

bngitudinal plane (index L) runs parallel to the optical axis of the collector, and th¢
(index T)issperpendicular to the optical axis. The angles 6 and 6t are the proje
nce angle 0 onto the longitudinal and transversal planes, respectively, see Figure
nce angle modifiers.

re cannot be

Formula 45 and Formula 20 the incidence angle modifier, Knem (61, 87), is introduced in Formula 46.

(46)

rs. For those
e effects are
effects from

e product of
, Formula 47.

(47)
b transversal

ctions of the
|4 — Typical

e‘eorrelation between 6, 61, and 07, the following formula holds:

tan? = tanZQL +tan297~
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Key
X Angle of incidence (degrees)

Y Incidende angle modifier Khem(01,01)
1  Transveise IAM

2 Longitudlinal IAM

Figure 14—--Typical incidence angle modifiers

The significdnce of the incidence’angle modifier to the test procedures outlined in this Internaftional
Standard is that the thermalefficiency values are determined for the collector at or near normal incidence
conditions. Therefore, theJ.iritercept n of the efficiency curve is equal to ng,rem, for a flat plate colle¢tor. A
separate megdsurement shall be conducted to determine the value of Kpem, (61, 67) so that the performance
of the collectpr can be'predicted under a wide range of conditions and/or time of day using Formulp 46.

27.1.3 Stea1iy-state unglazed liquid heating collector (optional)

For solar beam incidence which is not near normal, the efficiency 19 hem in Formula 25 may be replaced
by Knem (0L, 07) - 10,hem, where Kpem (61, 07) is the incidence angle modifier.

_0m _ﬁa

- (49)

Mhem :Khem(eLleT)'no,hem '(I_bu 'u)_(bl _bZ ~u)

Figure 15 — Typical incidence angle modifier shows the typical variation of Kpem (61, 1) with incidence
angle for an unglazed solar collector.

For those collectors for which the incidence angle effects are not symmetrical with direction of incidence
specifications given in 27.1.2 apply.
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Figure 15 — Typical incidence angle madifier

hirate measurementshall be conducted to determine the valde of Kpem (61, 07) so thatthe
collector can be predicted under a wide range of conditions and/or time of day using

i Quasi dynamic

ollector incidence angle modifiers (IAM), modelled as Kj (0, Or)for direct radiation
e radiation (see also 25.1.4.3, Note 1), arerxmiandatory parts of the collector model

are identified simultaneously togetherwith all other collector parameters. The ba
-dependence of flat plate collectors.shall be done with the formula

p

cribed in e.g. ASHRAE 93<77/For those collectors (e.g. evacuated tube collectorsand CPC
the incidence angle effects are not symmetrical with direction of incidence, it is necessai
cident angle effectsfrom more than one direction to fully characterize the incident anglg

1
cos@

b(eL'eT)zl_bO'(

pmplex individual'incident angle modifier can be estimated by considering it to be t}
parate incidentangle modifiers, Kg1, and KgT, for two perpendicular symmetry planeg

b (01,,07)=K},(6,,0)-K,(0,67)

The 1

performance
Formula 49.

and as Ky for
Formula 27.
bic modelling

(50)

rollectors) for
y to measure
b modifier.

e product of
, Formula 51.

(51)

pngitudinal plane (index L) runs parallel to the optical axis of the collector, and the

b transversal

plane (index T) is perpendicular to the optical axis. The angles 8, and 87 are the projections of the
incidence angle 8 onto the longitudinal and transversal planes, respectively.
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Key

1 Sun position

2 Transveqsal plane

3 Longitudlinal plane

4 Collectof normal

5 Collecto plane

6 Examplq vacuum tube

Figure 16 | Symmetry planes-and angles relevant for the determination of bi- or multi-axiaj IAM

For the corrglation between 6, 61, and 67, the following formula holds:

tan”6 =tan29L +tan29T

(52)

While measuring theincidentangte modifier i one ptame of am opticat unsymmetricat cottector the
incident angle within the other plane should be kept to a value where the incident angle modifier does
not differ more than 2 % from the one at normal incidence. For collectors with special [AM-dependence,
see also note under 25.1.4.1. K; shall be modelled as a collector constant. For general information, also

refer to 27.1.2.
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27.2 Test procedures
27.2.1 Steady-state liquid heating collectors

27.2.1.1 General

The testing of the solar collector to determine its incidence angle modifier may be done by one of
two methods. However, during each test period, the orientation of the collector shall be such that the
collector is maintained within * 2,5° of the angle of incidence for which the test is being conducted. The

solar irradiance on the plane of the collector shall be greater than 300 W/m2.

Care [should be taken that the measurement of the incident angle modifier is net
inappropriate tilt angles.

NOTE Forangles ofincidence of 50°,a deviation of + 1°leads to an error of 2 % when measuring the s

27.2.1.2 Method 1

This fethod is applicable for testing indoors using a solar simulator with’the characteris
in 20.R, or outdoors using a movable test rack (altazimuth collector maunt) so that the orie
colledtor can be arbitrarily adjusted with respect to the direction®f the incident solar radi

The d
colled

ollector shall be orientated so that the angle of incideriee between a normal to the
tor and the direct solar radiation for the test condition-is*50°. For conventional flat pla
gle will be sufficient. For some collectors with unusual optical performance charact

ean temperature of the heat transfer fluid shall be controlled as closely as possibl
+ 1 K) to the ambient air temperature. The efficiency value shall be determined i

27.2.1.3 Method 2

This method is applicable for testing outdoors using a stationary test rack on which
orienfation cannot be arbitrarilyyadjusted with respect to direction for incident solar radji
for adjustments in tilt).

The mean temperature 6fithe heat transfer fluid shall be controlled, if possible, to within
ambig¢nt air temperatupve. The efficiency value shall be determined in such a way that
effici¢gncy is taken-before solar noon and a second value after solar noon. The average ing
betwe¢en the collector and the solar beam for both data points is the same. The efficiency of]
for the specifi€ incidence angle shall be considered equal to the average of the two values.

affected by

larirradiance.

lics specified
htation of the
ation.

plane of the
te collectors,
eristics, or if

b (preferably
h accordance

the collector
ation (except

+ 1 K of the
one value of
idence angle
the collector

The efficiency value shall be determined in general in accordance with the method descrilped in 24.5.2.

As with-Method 1, data shall be collected for an angle of incidence of 50°. For some co

lectors with

unusual optical performarnce characteristics or 1f 1t Is required for system simulation, angles of 20°, 40°,

60° and others may be necessary.

NOTE
as tubular collectors.

27.2.2 Air collectors

More experience is required to confirm whether this method is applicable to special geometries, such

See 27.2.1, noting that one of the three flow rates used for the efficiency measurement shall be used also

in this measurement.

27.2.3 Steady-state unglazed liquid heating collectors

See 27.2.1, but the efficiency value shall be determined in accordance with 24.5.4.
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27.3 Calculation of collector incidence angle modifier

27.3.1 Steady-state glazed collector

Regardless of which experimental method in 27.2.1 is used, values for the thermal efficiency of the
collector shall be determined for each of the mentioned values of incidence angles. For conventional flat
plate collectors, only one angle of incidence is needed which is 50° (It is noted that a rating standard using
this test method may require that Kpem (61, 67)be measured for a different set of angles of incidence). The
mean fluid temperature is held very close to the ambient air temperature so that (9, - 95) approximately
0. The relationship between Kpem (61, 07)and the efficiency is:

O.,0
K pom (8,0 ) = — e LT (53)
10 hem (9L,def 0T def )
Since Npem (6 L def 0T def ) will have already been obtained as the y -axis intercept of the efficiency ¢urve,

values of Kpem (01, 67)can be computed for the different angles of incidence (see 27.2)Mf the mean fluid
temperature|{cannot be controlled to equal the ambient air temperature within + K, each value of Kpem
(61, 1) shalllbe computed as:

2
Nhem (61,07)+ay - ﬂm;ﬂa ta; 'G(ﬂm;ﬂa j

K hem (01,467 ) = (54)
. 10,hem (9L,def 07 def )

Due to more jexact results Formula 54 should be used generallyt

27.3.2 Air heating collectors

Regardless df which experimental method in 27.2.2vis used, values for the thermal efficiency pf the
collector shalll be determined for each of the stated values of angles of incidence. For conventiongpl flat
plate collectdrs, only one angle of incidence is needed which is 50° (Itis noted that a rating standardfusing
this test method may require that Kpenm, (61, 719be measured for a different set of angles of incidence). The
mean fluid temperature shall be close totthe ambient air temperature so that (9, - 93) approxinately
equals 0. Thg relationship between Kpgm (01, 07) and the efficiency is:

0,
Ky (6,07) = — 0o (91.01) (55)
T0,hem (eL,def 'GT,def)

Since 1no,hem (OL,defs O7,def) Wil have already been obtained as the y -axis intercept of the efficiency ¢urve,
values of Kpeln (61, 07) canbe computed for the different angles of incidence (see 27.2). If the mean fluid
temperature| cannot.be controlled to equal the ambient air temperature within + 1 K, each value of
Khem (01, O7)fhall be.computed as in Formula 54:

Due to more jekact results Formula 54 should be used generally.

Alternatively, each data point may be plotted on the same graph with the efficiency curve determined in
accordance with 24.5.3, and a curve drawn through each point parallel to the efficiency curve and made
to intersect the y- axis. The values of the y intercept are the efficiency values that would have resulted
if the mean temperature had been controlled to equal ambient air temperature. Therefore, these values
may be used in conjunction with Formula 54 to compute the different values of Kpem (61, 67).

27.3.3 Steady-state unglazed liquid heating collectors

Regardless of which experimental method in 27.1.3 is used, values for the thermal efficiency of the
collector shall be determined for each value of angle of incidence.

74 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=749a80b8351c449fabe1a8c34bdbed90

ISO 9806:2013(E)

For unglazed collectors, only one angle of incidence is needed which is 50°.

NOTE
of ang

A rating standard using this test method may require that Kpem (61, 67)be measured for
les of incidence.

a different set

The mean temperature of the fluid shall be held very close to the ambient air temperature so that (9, -
9,) approximately equals 0. The relationship between Kpem (01, €1)and the efficiency is:

K

10,hem (61,07 )
10,hem (9L,def 07 e )

hem (QL'GT ) =

(56)

Since ng will have already been obtained as the v-axis intercept of the efficiency curve, values of

Khem
temp

Khem

K|

Due t
plottg
draw

The vi
hadb
with

28 [

28.1

The p
fluid

(6L, O1)can be computed for the different angles of incidence (see 27.2.3). If thg
brature cannot be controlled to equal the ambient air temperature within +-1"K,
(607, 67)shall be computed as:

ﬁm

-

Nhem (01,07 )+ (b1 +b, “)( o

nO,hem (GL,def'BT,def ) : (1_bu 'u)

b more exact results Formula 57 should be used generally. Alternatively, each data
d on the same graph with the efficiency curve determined-ittaccordance with 24.5.4
h through each point parallel to the efficiency curve anddnade to intersect the y-axis

hhem (QL'GT ) =

hlues of the y intercept are the efficiency values that‘would have resulted if the mean

Formula 57 to compute the different values of Kpem (61, 07).

etermination of the pressure drop across a collector (Liquid) (optic

General

ressure drop across a collector may be of importance to designers of solar collector
1sed in the collector for the-test shall be water or a mixture water: glycol (60:40),

recommended by the manufacturer.

The t

28.2

The c
broad

bmperature of the fluid shall be (20 £ 2) °C.

Test installation

bllector shall be mounted in accordance with Clause 21 and coupled to a test loop wh
ly to Clatise 23, although less instrumentation is required for pressure drop detern

for c

The

leetor efficiency testing.

e mean fluid
the value of

(57)

boint may be
, and a curve

temperature

ben controlled to equal ambientair temperature. Therefore, these values may be used i conjunction

pnal)

systems. The
or a mixture

ich conforms
ination than

lar attention

shall be paid to the selection of appropriate pipe fittings at the collector entry and exit ports, as specified
in 23.1.3. In the case of unglazed collectors the direction of the fluid flow may be recommended by the
manufacturer.

28.3 Preconditioning of the collector

The fluid shall be inspected to ensure that it is clean. The collector shall be vented of air by means of an
air bleed valve or other suitable means, such as increasing the fluid flow rate for a short period to force
air from the collector.

28.4 Test procedure
a) Glazed solar collectors
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The pressure drop between the collector inlet and outlet connections shall be determined for flow
rates which span the range likely to be used in real operation. In the absence of specific flow rate
recommendations by the manufacturer, pressure drop measurements shall be made over the range
of flow rates from 0,005 kg/s to 0,03 kg/s per square meter of collector gross area. The origin of the
pressure drop diagram - the point (0,0) should be considered as well.

At least five measurements shall be made at values equally spaced over the flow rate range.
b) Unglazed solar collectors

The pressure drop between the collector inlet and outlet connections shall be determined with the
collector and its fluid close to ambient air temperature, and for flow rates, which span the range likely
to be used in|the application for which the collector is intended.

Because the prrangement of the strips and the manifolds used in the test usually differs fram typical

installations
may be achie
manifolds (a

The differen
between bot

the pressure drop of a strip and of the manifolds shall be determined separately
ved by two consecutive pressure drop measurements of one short absorber strip incl
least 3 m) and one long absorber strip including manifolds (e.g. Fifteed mj.

ce of both pressure drop curves may then be divided by the differénce of strip le
h absorbers. The resulting curve is the undisturbed pressure drop per meter strip.

The testshoulld be carried outataconstant pressure which corresponds tothe intended operating pre

In the absend
shall be made

At least five
level shall be

e of specific flow rate recommendations by the manufacturer, pressure drop measure
over the range of flow rates from 0,02 kg/s to 0,1 kg/s perr square meter of collector gros;

measurements shall be made at values equallys$paced over the flow rate range. Th¢
checked as well.

28.5 Measurements

The followin

b data shall be measured in accordance with Clause 22:

a) fluid tempperature at the collector inlet;

b) fluid flov

v rate;

c) heattra

fer fluid pressure drop between the collector inlet and outlet connections.

s
The heat tral[lsfer fluid pressure drop across the collector shall be measured with a device hay

standard un

28.6 Press

ertainty of 5% of the measured value or + 10 Pa whichever is higher.

ire drop.caused by fittings

The fittings

r}sed to measure the fluid pressure may themselves cause a drop in pressure. A zero

on the pressure’drop shall be made by removing the collector from the fluid loop and repeatir

This
uding

ngths
Ssure.

ments
area.

P Zero

ring a

check
1g the

tests with the pressure-measuring fittings directly connected together. The pressure drop caused by
the fittings shall be used to correct the measured pressure drop of the collector.

28.7 Test conditions

The fluid flow rate shall be held constant to within *+ 1 % of the nominal value during test measurements.

The inlet temperature of the heat transfer fluid shall be held constant to within + 5 K (+ 1 K for unglazed
collectors) during test measurements. The test shall be carried out with the collector at a temperature
which lies within + 10 K of that of the surrounding air. Pressure drop tests at other temperatures may
be important for oil-based heat transfer fluids.
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28.8 Calculation and presentation of results

The pressure drop shall be presented graphically as a function of the fluid flow rate for each of the tests
performed, using the format sheets given in A.16.8.

28.9 Pressure drop for air collectors

28.9.1 General

:>\

Key

1 ajrinlet test duct

2 s¢lar collector

3 djfferential pressure'measuring device
4  ajr outlet test duet

Figure 17= Schematic representation of the measurement of pressure drop of the solar air
heating collector

Measuring points shall be positioned upstream and downstream of the collector, as illustrated in
Figure 17 — Schematic representation of the measurement of pressure drop of the solar air heating
collector. For collectors tested under negative gauge pressure, the collector inlet gauge pressure shall be
below the atmospheric pressure.

28.9.2 Instruments and devices

Pressure-measuring points shall have four external manifold pressure taps, as shown in Figure 17 —
Schematic representation of the measurement of pressure drop of the solar air heating collector. The
pressure in the test circuit and the pressure drop of the solar collector shall be measured using static
pressure tap holes and either a manometer or a differential-pressure transducer. The edges of the holes
on the inside surface of the duct shall be free of burrs. The hole diameter shall not exceed 40 % of the
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wall thickness or 1,6 mm. Provision shall be made for determining the absolute pressure of the entering
transfer fluid.

The static pressure drop of an air heating collector and static pressure upstream or downstream of the
collector shall be determined with instruments that have an accuracy of + 10 Pa.

28.9.3 Boundary conditions and methodology

The measurement shall be done at ambient temperature * 5 K. At least five mass flow rates shall be
measured. These shall be distributed over the range of operation as defined by the manufacturer as
specified in 24.4.2.3. The maximum shall be 1,5 x mppax given by the manufacturer. At each operation

shall

point the pr
be given as s

Laoll | NP | ot it £ +£1 £10 3 Tl o
OOoUL T SIldIT ITCdlll DLCQU)’ SLAdLU CUIITUITIVUILIS TULI dUICdAOS U 1V I TIIC lJl coourt url UlJ curyv

hown in Figure 18 — Example of a pressure drop curve of an air heating collector,

28.9.4 Calculation and presentation of results

The pressur]
performance

Y

300 |

250 f

200 |

150 ¢

100 |

50 ¢

e drop measured during normal working conditions, as represented-by the th
test, shall be reported in A.16.8.

ermal

50 100 150 200 250 300 350 400

Key

X mass flow [kg/h]

Y pressure

drop [Pa]

Figure 18 — Example of a pressure drop curve of an air heating collector
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Annex A
(normative)

Test reports

Test reports shall be issued in accordance to ISO/IEC 17025. Test reports may be issued on single tests
or complete test sequences.

ple and shall
given by the

A.1 (Solar collector description

For '3e identification of the solar collector, the description shall be as complete(as possi
include at least the characteristics listed below if applicable. In case the infepmation is
manuffacturer this must be clearly stated.

Name|of manufacturer:.........nnnnnns

Brand Name:.......ccooevnenncnnicnninnnns Serial No..........

Collector Type:....c.coovverreranns Drawing Do¢ument No:

Year of Production.................

Test flow rate:.......c.cccverennene. kg/s

Standjrd stagnation temperature at 1000 W/m?2

and 30 °C ambient temperature:.................. °C

Collector mounting:.........ccceeererererereenn

Collegtor:

Type pame:.....ccocovrenereeenn

e.g. Flat plate/evacuated/subatmospheric, etc:................

Dimensions of colleetor unit

Lengthi.oooe S0, mm

Widthf.... 8 s mm

Height: . s mm Gross Area: m<

Weight empty:..............

Frame fastening methods (pop rivets, screws,

etc):..
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O yes

O no

If yes, please indicate the filter grade according to EN 77

Fin thickness:

Solar absorpt

Hemispherical emittance e:

Surface treatr

Bond betweer
der, weld-ultr

Number of ris
Riser diamete
Distance betw
Dimensions (1
Header diame
Flow pattern:

Absorber surf

flow/ flow thif

Absorber “hed
width” and “F

t exchanger” surface {substitution of “Fin
n thickness” fopsolar air heating collec-

m2

Solar Transm

Glazing surface characteristics (e.g. clear, textured,

coated):

Heat pipe:

80
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Dimensions:.....cccvvenerieenesiensenienneenns mm
Materiali.....ccommriiennrreeeeereeeas

Limitations:

Maximum operation temperature:.....c.cccoeerereecerennes °C
Maximum operation pressure at 45 °C:.......coeveenee Pa

Other[limitations:.....ccocervcnncnrierees
Photograph of the collector:........ccovvniciccnnnnne
Comnlents on collector design:.......c.cocerurueunnee
Schenjatic diagram of collector mounting:.................

Heat transfer medium:........ccooeovvcvcrnninnenes water / oil / other

If a vgntilator or other noise emitting component is integrated in the unit the acoustic enpission of the
uningtalled collector and the installed-€ellector (inside/outside of the building) shall be indicated by the
manufacturer according to EN 13142.

A.2 (Record of test sequence and summary of main results
All significant damage té-the collector, including rain penetration, should be summarized in Table A. 1.

Full details should be'given in the individual test result sheets.
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Table A.1 — Result summary table

Test Date Summary of main test results

Start End

Internal pressure

Leakage test

Rupture or collapse test

High-temperature resistance

Exposure or pre-exposure

Active and pac civo caontrolc toct

External thernpal shock First
Second

Internal thermfal shock First
Second

Rain penetratipn

Freeze resistafce

Mechanical load

Impact resistafhce (optional)

Final inspectio

=

Thermal perfofmance

Pressure dI‘Op measurement

Remarks:

A.3 Internal pressure tests for fluid channels

A.3.1 General

The test method chosen from Clause 6-and the heat the fluid used shall be reported together with the
maximum cdllector operating pressure specified by manufacturer.

A.3.2 Test|conditions

Test temperatjure: °C
Test pressure kPa
Test duration min

A.3.3 Testresults

Give details of any observed or measured leakage, swelling or distortion and any of the failures denoting
“major failure”, defined in Clause 18.

A.4 Leakage test for closed loop air heating collectors

A.4.1 General

Full details of the test procedure used, including the volumetric flow rate, ambient temperature,
intermediate pressure and test periods used, shall be reported with the test results.
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A.4.2 Test conditions

Test (ambient) temperature: °C
Test (fluid) temperature: °C
Test duration at each pressure: S

A.4.3 Testresults

Leakage flow measured at minimum four positive and four negative pressure values:

Y

20

15

10

-400 -300 -200 -100 100 200 300 400 X

-10

-15

-20

Key

=<

(ollector pressure [Pa]
Lfeakage volumetric flow rate [m3/h]

Figure A.1 —Leakage rate curve of an air heating collector

Table A.2 *— Values of the volumetric pressure and leakage flow

Collector Pressure over ambi- | Leakage volumetric flow
ent pressure rate (Vp.L)
[Pa] [m3/s]

A.5 Rupture or collapse test

A.5.1 General
The test report shall include full details of the test procedure, including test conditions such as air

pressure, temperature, and test period. Any evidence of collapse of the collector, permanent distortion
of the collector, or permanent displacement of collector components shall be reported.
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conditions

Test (ambient) temperature:

Test (fluid) temperature:

Test pressure:

Test irradianc

Test duration:

e (if applicable):

°C

°C

Pa

A.5.3 Test|

Any evidence
of collector ¢

A.6 High{temperature resistance test and determination of standard stagne

tion temp

results

omponents shall be reported.

prature

A.6.1 Method used to heat collectors

Outdoor

In solar

testing

imulator

of collapse of the collector, permanentdistortion of the collector, or permanentdisplacs

A.6.2 Method used for determination of standard;stagnation temperature

bment

Measurgment and extrapolation (Annex C2)

Calculatjon out of performance characteristics (Annex C3)
A.6.3 Test|conditions
A.6.3.1 Genheral
Collector tilt gqngle (degrees from Heyizontal): °
Average irradjance during test: W/m?2
Average surrdqunding ajrtemperature: °C
Average surrqundjng-air speed: m/s
Average absorbér‘temperature: °C
Duration of test: min

If a fluid was circulated during the high temperature tests specifications must be given for the flow rate,
fluid temperature, and duration of flow.

NOTE If standard stagnation temperature was not determined together with the high temperature resistance

test please give additional data on the test conditions valid for this determination within brackets.

A.6.3.2 Additional information required if an evacuated tubular collector was tested

The temperature of the collector was measured at the location shown or described below:
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A.6.3.2.1 Additional information required if the absorber temperature was measured using a
suitable fluid (as described in 9.2, note 2)

The absorber was partially filled with ................. and the average pressure was .............. Pa, which
corresponds to the average absorber temperature given in A.6.3.1.

A.6.4 Results from determination of standard stagnation temperature
Standard stagnation temperature at 1000 W/m?2 and 30 °C ambient temperature

Given by the manufacturer: °C

Determined by the laboratory: °C

O Sgandard stagnation temperature given by the manufacturer is found to he\adeduate for the
installer manual

O Standard stagnation temperature given by the manufacturer is found NOD to be adefuate for the
installer manual and the laboratory value shall be used

A.6.5 Results from high temperature resistance test

Inspefction should be conducted according to Clause 18. A full description and evaluation ghall be given
of any problems or failures observed, including any of the failurés denoting “major failurg”, defined in
Clausk 18, together with appropriate photographs.

A.7 |Exposure test

A.7.1 Test conditions
Collegtor tilt angle (degrees from horizontal):

In Taples A.2 and A.3 full details should be given of the climatic conditions for all days during the
test, including:

- dhily global irradiation, H-(M]/m?2);

- periods when the global irradiance G and the surrounding air temperature 9, have values greater
than those specifiedin Table 4 ;

%]

Iirrounding airtemperature, 9, (°C);

If a flpid was €isculated during the exposure test specifications must be given for the flgw rate, fluid
temperaturé;and duration of flow.

A.7.2 “Climatic conditions for all days during the test

Table A.3 — General exposure test data record

Date H 9,
M]/m2 °C
Total: ................. days in which H > ........... M]/m?2

A.7.3 Time periods in which irradiance and surrounding air temperature have values
greater than those specified in Table 4
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Table A.4 — Data record of fulfilled exposure test requirements

Date G Oa Time periods
W/m2 °C min
Total:
results

Inspection should be conducted according to Clause 18. A full description and evaluation should be given

of any problg
Clause 18, to

A.8 Exter]

A.8.1 Test

A.8.1.1 Gel
Test performg
Outdoors
Test combine
O Yes

Test combinec
O Yes
Collector tilt 3
Average irrad
Minimum irra
Average surrg
Minimum sur

Period during]

conditions

heral

d:

with exposure test:

ance during test:
diance during test:
unding air temperature:

rounding air temperature:

pether with appropriate photographs.

nal thermal shock test:

with high-temperature resistance test:

ngle (degrees from horizontal):

which thepequired operating conditions

were maintaimed prior. to external thermal shock:

Flow rate of W

atey spray:

In solar irradiance'simulator

W/m?2
W/m?2
°C
°C

min

kg/(s-m?2)

’

fmed in

Temperature of water spray:

Duration of water spray:

Absorber temperature immediately prior to water

spray:

A.8.1.2 Additional information required if an evacuated tubular collector was tested

°C

min

°C

The temperature of the collector was measured at the location shown below:
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A.8.1.3 Additional information required if the absorber temperature was measured using a
suitable fluid (as described in 12.2)

The absorber was partially filled with .............. and the average pressure was ......... Pa, which
corresponds to the absorber temperature given in A.8.1.1.

A.8.2 Testresults

Inspection should be conducted according to Clause 18. A full description and evaluation should be given
of any problems or failures observed, including any of the failures denoting “major failure”, defined in
Clause 18, together with appropriate photographs.

A.9 |Internal thermal shock test:

A.9.1 Test conditions

A.9.111 General

Test performed:

Outdoors In solar irradiatice simulator
Test cpmbined with exposure test:

O Yes O No

Test cpmbined with high-temperature resistance test:

O Yes O No

Collector tilt angle (degrees from horizontal):

Average irradiance during test: W/m?2
Mininjum irradiance during test: W/m?2
Average surrounding air temperature during test: °C
Mininjum surrounding airtémperature: °C

Perioq during which-the'required operating conditions min
were maintained prior to internal thermal shock:

Mass flow rate-of heat transfer fluid: kg/(s'm2)
Temp¢rature of heat transfer fluid: °C
Duration of heat transfer fluid flow: min

Absorber temperature immediately prior to heat trans- °C
fer fluid flow:

A.9.1.2 Additional information required if an evacuated tubular collector was tested

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

A.9.1.3 Additional information required if the absorber temperature was measured using a
suitable fluid (as described in 13.2, note 2)

The absorberwas partially filled with.............. andtheaverage pressure was.............. Pa, which corresponds
to the absorber temperature given in A.9.1.
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A.9.2 Testresults

Inspection should be conducted according to Clause 18. A full description and evaluation should be given
of any problems or failures observed, including any of the failures denoting “major failure”, defined in
Clause 18, together with appropriate photographs.

A.10Rain penetration test

A.10.1 Test conditions

A.10.1.1 Collector mounting
Collector mounted on:

Open frame
Simulated ropof

Collector tilt gngle (degrees from horizontal):

A.10.1.2 Water spray

Duration of whter spray: h

A.10.2 Test|results

Give details ¢f water penetration, reporting the places Where water penetrated and the time the sign of
rain penetration took to vanish.

Inspection should be conducted according to Elatise 18. A full description and evaluation should be|given
of any probl¢ms or failures observed, including any of the failures denoting “major failure”, defiped in
Clause 18, together with appropriate phetographs.

A.11FreeZe resistance test

A.11.1 Collector type
O Freeze-resistant whén-filled with water

O Drain-doyvn

A.11.1.1 Test conditions

A.11.1.2 Tilt angle of collector during test (degrees from horizontal):

A.11.1.3 Details of freeze-thaw cycles
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Table A.5 — Freeze test record

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

1

2

3

a  For freeze-resistant collectors, this is the temperature of the contents of the collector, e.g. water, ice.

Fordrain-dewncolle

A.11.1.4 Rate of chamber cooling:
K/h

A.11.]1.5 Rate of chamber heating:
K/h

A.11|2 Test results

Inspefction should be conducted according to Clause 18. A full deseription and evaluation shpuld be given
of any problems or failures observed, including any of the failures denoting “major failure”, defined in
Clausk 18, together with appropriate photographs.

A.12|Mechanical load test

A.12]1 Positive pressure test of the collector and the fixings

A.12,

.1 Method used to apply pressure:
Loading with gravel or similar material
Loading with water

Suctign cups

Othe

A.12.1.2 Testconditions

um pesitive pressure load applied in test:

A.12. 13 TestTesults
In case a deformation can be observed this shall be recorded.

Inspection should be conducted according to Clause 18. A full description and evaluation should be given
of any problems or failures observed, including any of the failures denoting “major failure”, defined in
Clause 18, together with appropriate photographs.

A failure can be the destruction of the cover or the permanent deformation of the collector box or the
fixings. The pressure at which any failure of the collector cover or the box or fixings occurs shall be
reported together with details of the failure according to A.12. If no failure occurs, then the maximum
pressure which the collector sustained shall be reported.

Control functions which have been verified shall be described and reported with the test results.
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A.12.2 Negative pressure test of the collector and fixings

A.12.2.1 Me

Suction cups

thod used to apply pressure:

Pressurization of collector box

Other

A.12.2.2 Test conditions

Maximum ne

A.12.2.3 Teq

In case ade

I
Inspection s
ms or failures observed, including any of the failures denoting¢‘'major failure”, defiped in

of any problg
Clause 18, to

A.13Impa

A.13.1 Test
Diameter of b
Mass of ball:

Maximum drg
Test performg
O Vertical im)

O Horizontal

A.13.2 Test|

Give details
in Clause 18

All points of]
with the ice

gative pressure load applied during test:

t results
rmation can be observed this shall be recorded.

ould be conducted according to Clause 18. A full description and evaltration should be

bether with appropriate photographs.

Ct resistance test using steel balls

conditions

hl1: mm
g

pping height m

d using:

pact (dropping ball)

impact (pendulum)

results

of any damage to the collector and any of the failures denoting “major failure”, de

impact shall be reported and illustrated by means of photos in the test report, tog

hallc’ diqmmatare artha hatghtc fram vhich +ha ctanl halle vazara dranmnad Tha raculec

given

fined

ether
f the

DO OO C T T 5 OT tHCTIC TS TIco T O vy T thrc— Sttt oo vy O T O O pp et cTToures

collector inspection shall be reported, together with the number of impacts and the impact locations.

The test report shall include notices and illustrations of both minor and major failures.

Minor failures are aesthetical defects (e.g. dents) neither affecting the function and durability nor the

power outpu

t of the collector.

Major failures are mechanical defects affecting negatively the durability of the collector or its power
output, or influencing negatively the safety of the product. They include, e.g. breaking of the glass, other
damages of the cover or of other collector parts, leakages, dissolution of coating, radiation scattering
through the cover, etc.
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A.14 Impact resistance test using ice balls

A.14.1 Test conditions

Diameter of ball: mm
Mass of ball: g
Velocity of ball: m/s

Number of impacts:

A.14{2 Test results

Give gletails of any damage to the collector and any of the failures denoting “major failjire”, defined

in Clguse 18.

A.15|Final inspection results

Evaluate each potential problem according to the following scale:

0 - No problem

1 - Requirement apart from testing not fulfilléd

2 - Requirements for testing not fulfilled

. - Inspection to establish the conditi@ih was not possible

Collector component Potential problem Evaluation

a) Collector box/fasteners Cracking/warping/corrosion/rain ........c.......
penetration

b) Mountings/structure Strength/safety

c) Seals/gaskets Cracking/adhesion/elasticity .

d) Cover/reflector Cracking/crazing/buckling/delami- ..................
nation/warping/outgassing

e) Absorbericoating Cracking/crazing/blistering .

Absotber tubes and headers Deformation/corrosion/leakage/loss .................
of bonding

Absorber mountings Deformation/corrosion L.

f) Insulation Water retention/outgassing/degrada-..................
tion

g) Any other abnormality result- ..
ing in a reduction of thermal
performance or service life time
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A.16 Performance test

A.16.1 Test method

The test method used shall be reported.

A.16.2 Location and orientation

Outdoor
Latitude:

Longitude:

indoor

mean solar irradiance:

Collector azimuth:

Collector tilt:

Orientation of

A.16.3 Test

Presentation

fluid and am

Peak Power

Table A.6 — Collector powertoutput record

type of the lamps:

shading of long wave radiation: yes O n6'1}

absorber tubes during testing (horizontal or vertical):

results for glazed liquid heating collectors under steady-state conditions

of the results shall only be given up to the max. temperature difference between jmean
pient plus a maximum of 30 K for which the collector was tested.

Irradiance
Om-92in K 400 W/m2 700 W/m2 1000 W/m?2
= 2
(G = 200 W/m2, (Gp =440 W/m2, | (" 850 W/m2,
= 2
Ga = 200W/m2) Ga=260W/m2) | ¢ _ 150 W/m2)
0
10
Max. tested
temperature
difference
+30K
NOTE~.>The reported values are for normal incidence.
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