INTERNATIONAL

ISO

STANDARD 9806-3

First edition
1995-12-15

Test methods for solar colle_ctors —_

Part 3:

Thermal performance of unglazed liqu
heating collectors (sensible heat trans]
including pressure drop

Méthodes d'essai des capteurs solaires —

Partie 3: Performance thermique des capteurs non vitrés a li
(transfert de chaleur appréciable seulement), chute de pressi

d
‘er only)

quide
bn incluse

== Refe

rence number

1SO 9806-3:1995(E)


https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

ISO 9806-3:1995(E)

Contents
Page

T U SCOPE oo 1
2  Normative referenCes ........ccooiiiiiieiiiiiiicie e 1
3 DefinitioNs i 2
4 Symbols[and UniTS oo 2
5 Collectol mounting and location ..o 2
6 Instrumgntation .. 4
7 Testinsthllation oo 8
8 Outdoor [steady-state efficiency test ..o 1
9 Steady-state efficiency test using a solar irradiance simulator 15
10 Determjnation of the effective thermal capacity and time constant

of @ COl[ECtor oo 16
11 Determjnation of the pressure drop across a collector  ........ 18
Annexes
A Format pheets for test data ... T 20
B Collectof incident angle modifier ..o b 31
C Unglazefd solar collector characteristics  “J..coooiiiiiiiiiiiei. 33
D Properties of water ..o e 35
E  Bibliogrdphy oo e 36
© ISO 1995

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization

Case Postale 56 « CH-1211 Geneve 20 ¢ Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

© ISO

Foreword

ISO (the International Organization for Standardization)~is
federation of national standards bodies (ISO member bodié
of preparing International Standards is normally_carried out
technical committees. Each member body iptérested in
which a technical committee has been estéblished has th
represented on that committee. International’organizations,
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collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnjeal standardization.

Draft International Standardsadopted by the technical co
circulated to the member badies for voting. Publication as ar
Standard requires approvalby at least 75 % of the member H
a vote.

International Standard~ISO 9806-3 was prepared by Technic
[SO/TC 180, Soldr energy, Subcommittee SC 5, Collecto
components.
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rs and other

ISO 9806, consists of the following parts, under the gengral title Test

methods for solar collectors:

<—)Part 1: Thermal performance of glazed liquid heating
cluding pressure drop

— Part 2: Qualification test procedures

— Part 3: Thermal performance of unglazed liquid heat
(sensible heat transfer only) including pressure drop

— Part 4: Thermal performance of air or gas heating collg

Annex A forms an integral part of this part of ISO 9806. Anr
and E are for information only.
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https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

This page intentionally left blank



https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

INTERNATIONAL STANDARD © ISO ISO 98

06-3:1995(E)

Test methods for solar collectors —

Part

Ther
(sen

1 Scope

1.1 TH
heating

1.2 Th
simulate

1.3 Th
of the (

measurg¢ments of these two processes.

1.4 TH
is it app

3:
mal performance of unglazed liquid heating collects
s5ible heat transfer only) including pressure drop

is part of ISO 9806 establishes methods for determining the thermal performance of
solar collectors.

is part of ISO 9806 contains methods for conducting tests outdoors under natural solar
d wind and for conducting tests indoors under’simulated solar irradiance and wind.

is part of ISO 9806 is not applicable te(those collectors in which a thermal storage unit is 3
ollector to such an extent that thescéllection process cannot be separated for the purp

is part of 1ISO 9806 is not‘applicable to collectors in which the heat transfer fluid can chan
icable to collectors affected by condensation of water vapour from the ambient air.

2 No

The follpwing standards contain provisions which, through reference in this text, constitute provisig
of 1ISO 9806. At.the time of publication, the editions indicated were valid. All standards are subject t
parties {o agreements based on this part of ISO 9806 are encouraged to investigate the possibility

most r

valid Interaational Standards.

mative referénces

ent.editions of the standards indicated below. Members of IEC and ISO maintain registe

DI'S

nglazed liquid

irradiance and

n integral part
se of making

ge phase, nor

ns of this part
b revision, and
f applying the
rs of currently

ISO 9060:1990, Solar energy — Specification and classification of instruments for measuring hemispherical solar
and direct solar radiation.

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

ISO 9845-1:1992, Solar energy — Reference solar spectral irradiance at the ground at different receiving conditions

— Part

1: Direct normal and hemispherical solar irradiance for air mass 1,5.

ISO 9846:1993, Solar energy — Calibration of a pyranometer using a pyrheliometer.

ISO 9847:1992, Solar energy — Calibration of field pyranometers by comparison to a reference pyranometer.
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ISO/TR 9901:1990, Solar energy — Field pyranometers — Recommended practice for use.

WMO, Guide to Meteorological Instruments and Methods of Observation, 5th ed., WMO-8, Secretariat to the
World Meteorological Organization, Geneva, 1983, Chapter 9.

3 Definitions

For the purposes of this part of ISO 9806, the definitions given in ISO 9806-1 and the following definitions apply.

3.1
interval, often

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

an oy Ay o Aoy
T oo oo ooy -

NOTES

1 Irradiation is| normally expressed in megajoules per square metre (MJ/mZ) over a specified time interval.

2 Solar irradiafion is often termed “radiant exposure” or “insolation”. The use of these terms is deprecated.

3.2 longway
from sources

e radiation; thermal radiation: Radiation at wavelengths greater that 8 um, typically or
bt terrestrial temperatures (e.g. ground and other terrestrial objects).

ginating

3.3 turbule

r]:
3.4 unglaze

4 Symbols and units

e level: Root mean square velocity fluctuation divided by the tmean velocity.

solar collector: Collector without a cover over the absorbér.

The symbols gnd their units used in this part of ISO 9806 are,given in annex A.

5 Collectdr mounting and location

5.1 General

Collectors tes
mounting arra

Full-size colled
losses of sma

ed in accordance with this_part of ISO 9806 shall be mounted in accordance with 5.2 to
hgement shall be reported-with the results in the format sheets.

I collectors may~significantly reduce their overall performance. A minimum collector gross

b.9. The

tor modules or collector arrays typical of full-size installations shall be tested, because tfe edge

area of

3 m? is recommended.

5.2 Collectpr mounting frame

The collector ghath be mounted in the manner specified by the manufacturer. The collector mounting frafne shall
in No way obs{ruct the aperture of the collector, and shall not signiticantly affect the back or side insulation, unless
otherwise specified (for example, when the collector is part of an integrated roof array). The collector shall be
mounted such that the lower edge is not less than 0,5 m above the local ground surface.

If mounting instructions are not specified, the collector shall be mounted on an insulated backing of conductance
(2 + 0,5) W/(m? K) and the upper surface painted matt white and ventilated at the back. Collectors designed to
be mounted directly on standard roofing material may be mounted over a simulated roof section.

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 smaller. If a different pipe or strip spacing is specified
in the manufacturer's 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.


https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

©1S0 1ISO 9806-3:1995(E)

Currents of warm air, such as those which rise up the walls of a building, shall not be allowed to pass over the
collector. Where collectors are tested on the roof of a building, they shall be located at least 2 m away from the
roof edge.

5.3 Collector test module size

The performance of some forms of unglazed solar collectors is a function of module size. If the collector is supplied
in fixed units of area greater than 1 m?, then sufficient of the modules shall be linked together (in series or in
parallel) to give a test system absorber surface of at least 3 mZ. If the collector is supplied in the form of strips,

the minimum built-up module area shall be 3 m? (gross area).

5.4 Tilt angle

The coll
radiation
than +

incident]

NOTE 3
small, an

bctor shall be tested at tilt angles such that, during the test period, the angle of(inCidence W
, 0, is less than 30° or at angles of tilt such that the incident angle modifier forthe collector
D % from its value at normal incidence. Before deciding on a tilt angle, it May be necessar
angle modifier at two angles prior to commencing the tests (see annex_B).

For most unglazed collectors the influence of tilt angle and radiation angle of incidence on colleg
d unglazed collectors are commonly installed at low inclinations. Howgyer, care must be taken to avq

sorbers made of separate parallel tubes may have an angle of incidence response that increases with angle of

ith direct solar
varies by less
y to check the

tor efficiency is
id air locks. Ab-
incidence.

5.5 Collector orientation outdoors

The collector may be mounted outdoors in a fixed position facing the equator, but this will res:rlt in the time
availablg for testing being restricted by the acceptable’;range of incidence angles (see 8.6). A more versatile ap-
proach is to move the collector to follow the sun in-azimuth, using manual or automatic tracking.

5.6 Shading from direct solar irradiance

The locgtion of the test stand shall betsuch that no shadow is cast on the collector during the test

5.7 Dijffuse and reflected solar irradiance

5.7.1 OQutdoors

For the|purposes~of analysis of outdoor test results, solar irradiance not coming directly from thg sun's disc is
assumefd to comeisotropically from the hemispherical field of view of the collector. In order to minifnize the errors

resulting fromythis approximation, the collector shall be located where there will be no significant

reflecte

i ©nto it from surrounding buildings or surfaces during the tests, and where there will be

solar radiation
no significant

obstruc

: M) O DN Y S Al ad ") 0/ £l 1 hoela £l L [T} [
TOT1S 1T UTE 111U U VIEVV. INUL TTIOTT Hall 9 /70 U UTE CUNTCULUT S TITIU UT VICVV STidil UE UUSU

cted, and it is

particularly important to avoid buildings or large obstructions subtending an angle of greater than 15° with the
horizontal in front of the collectors.

The reflectance of most rough surface such as grass, weathered concrete or chippings is not usually high enough
to cause problems during collector testing. Surfaces to be avoided in the collector's field of view include large
expanses of glass, metal or water.

5.7.2 Solar irradiance simulator

In most solar simulators the simulated beam approximates direct solar irradiance only. In order to simplify the
measurement of simulated irradiance, it is necessary to minimize reflected irradiance. This can be achieved by
painting all surfaces in the test chamber with a dark (low reflectance) paint.
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5.8 Longwave irradiance

5.8.1 Outdoors

The temperature of surfaces adjacent to the collector shall be as close as possible to that of the ambient air in
order to minimize the influence of longwave radiation from surrounding surfaces. For example, the outdoor field
of view of the collector should not include chimneys, cooling towers, hot roof surfaces or hot exhausts.

5.8.2 Solar irradiance simulator

H H + Ll + ball wldad £ | NS £ I~ ot N ol H ol
For indoor tes g the—ComeCto—Shamoe—SeiGea oot StrateS—SuthasS—TattatorsSTat~Cornatton g egcts and

machinery, angl from cold surfaces such as windows and external walls. Shielding is important both infrént of and
behind the collector. For unglazed collectors the major difference between outdoor and indoor caonrditionss is the
longwave therpnal irradiance. The longwave irradiance in a simulator shall not exceed the limits specified ih 9.2.

5.9 Surrounding air speed

The performance of unglazed collectors is sensitive to air speed adjacent to the collector! In order to maxirhize the
reproducibility jof results, collectors shall be mounted such that air can freely pass over'the aperture, exposed back
and sides of the collector. Collectors designed for integration into a roof may havg'their backs protected ffom the
wind; if so, this shall be reported with the test results.

The average sprrounding air speed at a distance of 100 mm above and.parallel to the collector aperture ghall be
within the range 1,5 m/s to 4 m/s, subject to the tolerance specified in.table 2 (see 8.5). An artificial wind ggnerator
shall be used fto provide a turbulence level in the range 20 % to 46, % to simulate natural wind conditigns. The
turbulence levgl shall be checked at the leading edge of the collector 100 mm above the collector surfdce. The
turbulence level shall be monitored using a linearized hot wire_ anemometer with a frequency response of|at least
100 Hz. If the pbsorber is not mounted directly on a roof or,@éheet of backing material, the surrounding afr speed
must be contrplled and monitored at the front and back of the absorber.

6 Instrumentation

6.1 Solar radiation measurement

6.1.1 Pyrangmeter

A class | (in acgordance with ISO“9060) pyranometer shall be used to measure the global shortwave radiatipn from
both the sun and the sky. Thesxrecommended practice for use given in ISO/TR 9901 shall be observed.

6.1.2 Precautions for effects of temperature gradient

The pyranometer’used during the tests shall be placed in a typical test position and allowed to equilibraqe for at
least 30 min before measurements commence

6.1.3 Precautions for effects of humidity and moisture

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 prior to and following each collector test.

6.1.4 Precautions for infrared radiation effects on pyranometer accuracy in simulator tests

Pyranometers used to measure the irradiance of a solar irradiance simulator shall be mounted in such a way 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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6.1.5 Mounting of pyranometer

The pyranometer shall be mounted such that its sensor is coplanar, within a tolerance of + 1°, with the plane of
the collector aperture. It shall not cast a shadow onto the collector aperture at any time during the test period. The
pyranometer shall be mounted so as to receive the same levels of direct, diffuse and reflected solar radiation as
are received by the collector.

For outdoor testing, the pyranometer shall be mounted at the midheight of the collector. The body of the
pyranometer and the emerging leads or the connector shall be shielded to minimize solar heating of the electrical
connections. Care shall also be taken to minimize energy reflected and reradiated from the solar collector onto the
pyranometer. Poles that can cast a shadow on the pyranometer shall be avoided.

For indo
collecto
as for o
calibratg

6.1.6 H

or testing, pyranometers may be used to measure the distribution of simulated solar irfad

aperture, using a grid of maximum spacing 150 mm. The pyranometers shall be modnted
itdoors testing. Alternatively, other types of radiation detector may be used, providedthat t
d for simulated solar radiation.

yranometer calibration interval

Pyranoneters shall be calibrated for solar response within 12 months preceding the collector test

of more

than 1 % over a 12-month period shall warrant the use of more freguent calibration or repla

ance over the
and protected
ney have been

5. Any change
cement of the

instrument. If the instrument is damaged in any significant manner, it shall-be recalibrated or repladed.

6.2 Lgngwave radiation measurement

6.2.1 Ryrgeometer

A pyrgepmeter mounted in the plane of the collector shalt be used to measure longwave irradiance.

6.2.2 Rrecautions for effects of temperature gradient

The pyrgeometer used during the tests shallibe placed in the same plane as the collector absorbgr and allowed
to equiliprate for at least 30 min before medsurements commence.

6.2.3 Hrecautions for effects of humidity and moisture

The pyrgeometer shall be provided with a means of preventing accumulation of moisture that may condense on
surfaceq within the instrundent and affect its reading. An instrument with a desiccator that can bg inspected is
required. The condition of-the desiccator shall be observed prior to and following each collector tes}.

6.2.4 Hrecautions for effects of solar heating

The dome of the pyrgeometer used to measure longwave irradiance shall be ventilated to minimizd the influence
of solar jheating effects.

6.2.5 Pyrgeometer calibration interval

The pyrgeometer shall be calibrated within 12 months preceding the tests. Any change of more than 5 % over a
12-month period shall warrant the use of more frequent calibration or replacement of the instrument. If the in-
strument is damaged in any significant manner, it shall be recalibrated or replaced.

6.3 Temperature measurements

The temperature measurements required for solar collector testing are the fluid temperature at the collector inlet,
the fluid temperature difference between the outlet and inlet of the collector, and the ambient air temperature.
The required accuracy and the environment for these measurements differ, and hence the transducer and
associated equipment may be different.
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6.3.1 Measu

rement of heat transfer fluid inlet temperature (7))

6.3.1.1 Required accuracy

© ISO

The temperature (t,) of the heat transfer fluid at the collector inlet shall be measured to an accuracy of + 0,1 °C,
but in order to verify that the temperature is not drifting with time, a very much better resolution of the tempera-
ture signal to + 0,02 °C is required.

6.3.1.2 Mounting of sensors

The transducer for temperature measurement shall be mounted at no more than 200 mm from the collector inlet

and insulation
transducer md
temperature i

To ensure mix
a fluid-mixing
a pipe where

shall be placed both upstream and downstream of the transducer. If it is necessary to pes
re than 200 mm from the collector, then a test shall be made to verify that the measurefden
not affected.

ing of the fluid at the position of temperature measurement, a bend in the pigework, an g
Hevice shall be placed upstream of the transducer, and the transducer probesshall point ups
he flow is rising (to prevent air from being trapped near the sensor), as sHown in figure 1.

6.3.2 Deter

6.3.2.1 Req:]:

The differencs
+ 0,1 K. Accu
hence it is po
perature differ

Tempe)
(tin, BT}

ination of heat transfer fluid temperature difference (AT)

red accuracy
between the collector outlet and inlet temperatures (AT)“shall be determined to an acc
acies approaching + 0,02 K can be achieved with modernwell-matched and calibrated tran

sible to measure temperature differences down to 1K 'with a reasonable accuracy. Howe
ences less than 2 K should be avoided in order towinimize errors.

Dimensions in n
l \ Pipework bend
<200

or mixing device

Temperature transducer
(te, AT)

<z 7200

Fature transducen

Solar collector

tion the
of fluid

rifice or
ream in

iracy of
ducers,
er tem-

illimetres

//\ Pipework bend

or mixing device

Figure 1 — Recommended transducer positions for measuring the heat transfer fluid inlet and outlet

temperatures
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6.3.3 Measurement of surrounding air temperature (z,)

6.3.3.1

Required accuracy

06-3:1995(E)

The ambient air temperature (z,) shall be measured to an accuracy of + 0,1 °C. The dew point temperature t4p Shall
be determined to an accuracy of + 0,5 °C.

6.3.3.2

Mounting of sensors

The transducer for measuring the ambient air temperature shall be mounted in the outlet of the artificial wind
generator. The transducer shall be shielded from direct and reflected solar radiation. One additional sensor should

be used
air temg

The ten
than +

64 C

Mass fl

volumefric flowrate and temperature.

to measure the ambient air temperature in the back of the collector, in order to ensureh
erature is uniform around the collector and to determine a representative average reading.

perature of the air flow out of the wind generator shall not deviate from the ambient air tem
°C.

bllector fluid flowrate measurements

bwrates may be measured directly or, alternatively, they may be determined from mea3

ht the ambient

perature more

surements of

The accluracy of the liquid flowrate measurement shall be equal to-orbetter than + 1 % of the mgasured value,
in mass|units per unit time.

The flowmeter shall be calibrated over the range of fluid flowrates and temperatures to be used during collector
testing.

NOTE 4| The temperature of the fluid in volumetric flowmeters must be known with sufficient accuracy to ehsure that mass
flowrateg can be determined within the limits specified above.

The dirdction of flow through the meter should:be horizontal or rising, in order to avoid air accumulption.

65 S

irrounding air speed

The hegt loss from a collector inereases with increasing air speed (u) over the collector. By contralling the wind
speed gver the collector with-an-artificial wind generator as specified in 5.9, it is possible to deflne clearly the
conditiohs under which the tests are performed.

6.5.1 Required accuracy

The spged of the surrounding air over the front surface of the collector shall be measured to dn accuracy of
+ 10 %

Under qutdoor conditions the surrounding air speed is seldom constant and gusting frequently occurs. The
measurémentof-an average it opccd ts—therefore lcqu;lcd dw;lly the-test pUI;Ud. Thts ray be-obtained either by

an arithmetic average of sampled values or by a time integration over the test period.

6.5.2 Mounting of sensors

To account for air speed variations from one end of the collector to the other, a series of measurements shall be
taken at a distance of 100 mm in front of the collector aperture, at nine positions equally spaced over the collector
area. An average value shall then be determined. For a collector that does not have back insulation or is not
mounted on a simulated roof surface, the air speed shall be measured over the front and back surfaces. The av-
erage air speed over the front and back surfaces shall be used in the data correlation.

During a test, the air speed shall be monitored at a convenient point that has been calibrated relative to the mean
air speed over the collector. The anemometer shall not cast a shadow on the collector during the tests.


https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

ISO 9806-3:1

995(E)

6.6 Pressure measurements

© SO

The heat transfer fluid pressure at the collector inlet and the pressure drop across the collector shall be measured
with a device having an accuracy of + 3,5 kPa. If the collector is supplied in modules, the pressure drop shall be
specified per module. For strip absorbers, the pressure shall be specified per running metre of strip.

6.7 Elapsed time

Elapsed time s

6.8 Instrum

In no case shd
accuracy. For
+ 0,2 °C.

Analog and dig
have a time cg

Digital techniq
ured value.

The input imp
whichever is h

The sampling |

6.9 Collector area

The collector 4

6.10 Collec

The fluid capa
shall be meast

Measurements
7 Test ins]

7.1 Genera

Examples of tq
in figures 2 an

hall be measured to an accuracy of + 0,2 %.

lentation/data-recorders

Il the smallest scale division of the instrument or instrument system exceed twice (thé s
example, if the specified accuracy is 4+ 0,1 °C, the smallest scale division shalk not

ital recorders shall have an accuracy equal to or better than + 0,5 % of th&*full-scale read
nstant of 1 s or less. The peak signal indication shall be between 50 % ,and-100 % of full s

bdance of recorders shall be greater than 1000 times the_ impedance of the sensors or
gher.

hterval shall be at most 30 s.

rea (gross or absorber) shall be measured t6-an accuracy of + 0,1%.

tor fluid capacity

Lity of the collector, expressed as an equivalent mass of the heat transfer fluid used for t
red to an accuracy of at least+ 10 %.

shall be made by weighing the collector when empty and again when filled with fluid.
fallation

consideration

st canfigurations for testing solar collectors employing liquid as the heat transfer fluid are
| 34T hese are schematic only, and are not drawn to scale.

becified
exceed

ing and
Cale.

les and electronic integrators shall have an accuracy equal to or betterthan + 1,0 % of thg¢ meas-

10 MQ,

he test,

shown

7.2 Heat transfer fluid

The heat transfer fluid used for collector testing may be water or a fluid recommended by the collector manufac-
turer. 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 D.

The mass flowrate of the heat transfer fluid shall be the same throughout the test sequence used to determine
the thermal efficiency curve, time constant and, if any, incident angle modifiers.
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Air vent
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Anemometer pipe

Temperature
sensor (i)

Artificial wind
generator

Secondary
temperature
regulator

Flowmeter

Sight glass

@,

Pyranometer

Pyrgeometer Solar collector

N
AN

Pressure
gauge

Heater/cooler for

primary temperature

control
Bypass valve
Flow control Pump Safety
,—A—| valve ‘G valve
Filter
(200 pm) Expansion
tank

Figure 2 — Example of a closed test loop
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Secondary

fe

7.3 Pipewo

The piping use

nperature
pulator

flowmeter

Sight glass

Pyranometer
Pyrgeometer

Solar collector

Pressure
gauge
NO
LN

Flow control
valve

Weighing vessel

O

Balance

-

l

Reservoir

Qs

rk and fittings

Filter '
(200 pm) control

| | M Heater/cooler for

primary temperature

Figure 3 — Example of an open test loop

d.n the loop shall be resistant to corrosion. If nonaqueous fluids are used, then compatibil

ty with

system materi

Pipe lengths shall generally be kept short. In particular, the length of piping between the outlet of the fluid tem-
perature 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 be protected by a reflective weatherproof cover.

Pipework between the temperature-sensing points and the collector (inlet and outlet) shall be protected with in-
sulation and reflective weatherproof covers extending 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 immediately upstream of temperature sensors (see 6.3).

A short length of transparent tube shall be installed in the fluid loop so that air bubbles and any other contaminants
will be observed if present. The transparent tube shall be placed close to the collector inlet but shall not influence

10
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the fluid inlet temperature control or temperature measurements. A variable area flowmeter is convenient for this
purpose, as it simultaneously gives an independent visual indication of the flowrate.

An air separator and air vent shall be placed at the outlet of the collector, and at other points in the system where
air can accumulate.

Filters shall be placed upstream of the flow-measuring device, the pump and elsewhere, in accordance with normal
practice (a nominal filter size of 200 pm is usually adequate).

7.4 P

The pu
does n
rise thr

With sd
control|

The pu
within 1

75 T

It is im
temper
by meg
temper|
drift in

Test lo
primanyf
peraturi
ulator s

8 Ou

8.1 T
The col

loop as
recomr

8.2 P

ump and flow control devices

t impair either the control of the collector inlet temperature or the measurements of thefly
bugh the collector.

me types of pump, a simple bypass loop and manually controlled needle valve may’/provide
Where necessary an appropriate flow control device may be added to stabilize,the mass fl

mp and flow controller shall be capable of maintaining the mass flowrate through the col
- 1 % despite temperature variations, at any inlet temperature choserwithin the operating

emperature regulation of the heat transfer fluid

pberative that a collector test loop be capable of maintainingla constant collector inlet tem
bture level chosen within the operating range. Since the rate of energy collection in the colle
suring instantaneous values of the fluid inlet and outlet temperatures it follows that small va
hture could lead to errors in the rates of energy caellection deduced. It is particularly importa
the collector inlet temperature. A drift of less than 0,1 K over each test period is required.

ps shall therefore contain two stages of fluid inlet temperature control, as shown in figurg
temperature controller shall be placed upstream of the flowmeter and flow controller. A s
b regulator shall be used to adjust the-fluid temperature just before the collector inlet. This
hould normally not be used to adjust the fluid temperature by more than + 2 K.

tdoor steady-state efficiency test

est installation
ector shall be mounted in accordance with the recommendations given in clause 5, and cg

described in{gladse 7. The heat transfer fluid shall flow from the bottom to the top of the
hended by-the manufacturer.

reconditioning of the collector

ted in the fluid
id temperature

adequate flow
owrate.

ector stable to
range.

berature at any
ctor is deduced
riations in inlet
nt to avoid any

s 2 and 3. The
econdary tem-
secondary reg-

upled to a test
collector, or as

The col

The col

ector shall be visually Inspected and any damage recorded.

lector absorber surface shall be thoroughly cleaned.

The collector pipework shall be vented of trapped air by means of an air valve or by circulating the fluid at a high
flowrate and high temperature, as necessary.

The fluid shall be inspected for entrained air or particles by means of the transparent tube built into the fluid loop

pipewo

83 T

rk. Any contaminants shall be removed.

est conditions

The net irradiance (G”) at the plane of the collector absorber shall be greater than 650 W/m?.

1
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The angle of incidence (6) of direct solar radiation at the collector aperture shall be in the range in which the inci-
dent angle modifier for the collector varies by no more than + 2 % from its value at normal incidence. In order to
characterize collector performance at other angles, an incident angle modifier shall be determined (see annex B).

Unless otherwise recommended, the fluid flowrate shall be set at approximately 0,04 kg/s per square metre of
collector aperture area. It shall be held stable to within + 1 % of the set value during each measurement period,
and shall not vary by more than + 10 % of the set value from one measurement period to another.

Measurements of fluid temperature difference of less than 1 K shall not be included with the test results because
of the associated problems of instrument accuracy.

8.4 Test procedure

The collector shall be tested over its operating temperature range under clear sky conditions in ordehio defermine
its efficiency characteristic. If a collector is to be tested with inlet temperature less than ambient ‘temperatlire, the
surface of the |absorber shall be inspected during the tests to ensure that condensation doe$dnot occur|on the
absorber (see 1.4).

The collector thermal performance shall be evaluated for the range of conditions specified in table 1.

At least four independent stable data points shall be obtained for each operating cendition, to give a minifhum of
32 data points/| If a fixed collector installation is used, an equal number of data points shall be taken bef¢re and
after solar noon for each operating condition.

During a test, measurements as specified in 8.5 shall be recorded. Theseumnay then be used to identify test periods
from which safjsfactory data points can be derived.

Table 1 — Minimum range of thermal;performance test conditions

Net irradiance Surrounding air .
Test point G” speed, u T —T)IG Efficiency
W/m? m/s m? K/W
1 > 650 2t03 < 0,002 o
2 > 650 2t03 0,87, to 0,67,
3 > 650 2to3 0,61, to 0,47,
4 >(650 2t03 < 0,47,
5 >"650 <15 < 0,002
6 > 650 <15 < 0,51,
7 > 650 3to4 < 0,002
8 > 650 3to4 < 0,57,

8.5 Measurements
The following measurements shall be obtained:

a) gross area Ag and absorber area Ap;

b) mass flowrate of heat transfer fluid, m;

c) global solar irradiance in the collector plane, G;

d) longwave irradiance in the collector plane E, or dew point temperature Ty,

e) surrounding air speed, u;

12
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rounding air temperature, t,;

g) temperature of the heat transfer fluid at the collector inlet, ¢,;

h) temperature of the heat transfer fluid at the collector outlet, ,.

8.6 Test period

The test period for a steady-state data point shall include a preconditioning period of at least 15 min with the de-
sired fluid inlet temperature and mass flowrate, followed by a steady-state measurement period of at least

the ratio of the
e collector (see

ement period if

bter taken over

[ conditions, in-

15 min
In all chses the length of the steady-state measurement period shall be greater than four tinies
thermd capacity C of the collector to the thermal capacity flowrate mc of the fluid through thd
clause |10).
A collector is considered to have been operating in steady-state conditions over-a(given measur
none of the experimental parameters deviate from their mean values over the jmeasurement period by more than
the limjits given in table 2. To establish that a steady state exists, average values of each param
succespive periods of 30 s shall be compared with the mean value over the“ymeasurement period.
Table 2 — Permitted deviation of measured parameters during a measurement pgriod
Parameter Symbol Permitted deviation from thp mean
value

Global solar irradiance G + 50 W/m2

Longwave irradiance E, + 20 W/m?

Surrounding air temperature t + 1K

Dew point temperature lyp +1K

Fluid mass flowrate m +1%

Fluid temperature at the collector inlet tn +0,1K

Surrounding air speed u +10%
8.7 Hresentation of results
The m¢asurements shall be collated to produce a set of data points which meet the required tes
cluding those forsteady-state operation. These shall be presented using the data format sheets given in
annex [A.
8.8 (alculation of collector efficiency

The test results shall be used to calculate collector efficiency 5 from the following equation:

}7:

where

Ap

Gn

0
T (M
AG
is either the gross collector area or the absorber area;
is the net irradiance, determined by the equation
G”=—-G+%(EL—UT:> (2

13
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in which E, is the measured longwave irradiance in the collector plane, and ¢/a = 1 unless otherwise
specified.

is th

e useful power output, calculated from:

)

0= ’hcf(te — lin

.3

Provided that the angle of incidence 0 less than 30°, the use of an incident angle modifier, as discussed
in annex B, is not required.

A value of ¢ appropriate to the mean fluid temperature shall be used.
If the fluid mass flowrate m is obtained from volumetric flowrate measurements, then the delisity shall
be determined for the fluid at the temperature in the flowmeter.
The test data afe correlated by curve-fitting using the least squares method to obtain an efficiency-functior] of the
form:
_ lin — Iy
n="ng— (b + bzu) G’ . (4)
where 1, by and b, are coefficients to be determined by curve-fitting.
NOTE 5 In acdordance with commercial practice for the most common applicatigns) of unglazed collectors, the cofrelating
variable in the efficiency equation is (z, — £,)/G". In ISO 9806-1, G replaces G” and ry{may also be used (instead of ) fof glazed
collectors.
8.9 Evaluatipn of longwave irradiance outdoors
If instrumentatipn is not available for measuring longwave irradiance E|, the following clear sky longwave|model
may be used tq determine sky emittance from measured dew point temperature l4p
t t 2
dp dp
=0,711 § 0,56 +0,73 .
% F %700 ( 700 ) ®
where the dew|point temperature fgyShall be measured with an accuracy specified in 6.3.3.1.
The longwave gky irradiance it\the horizontal plane is calculated by the expression:
Es = £0T, . (6)
If the collector |s inclifed there will be thermal radiation exchange with both the sky and ground.
The longwave ikadiance-Er-outdosrs-on-a-collocterinchined-atananglef-isgiverby:
1+cosp 1 —cos f
Eg= ssaT: — + agch:;1 5 -(7)

The ground temperature will have little influence on longwave radiation on a collector inclined at less than 45°,
since the view factor between a collector and the ground is only 0,15 for g = 45°. In this case, equation (7) can
be written as:

1
By — a7t 105 B

2 N (8)

Thus, in equation (2) the longwave irradiance E| in the collector plane is equal to E; when the collector is located
outdoors.

14
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9 Steady-state efficiency test using a solar irradiance simulator

9.1 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 th

9.2 'I{he solar irradiance simulator for steady-state efficiency testing

A simuy

The lan

The mean irradiance over the collector aperture shall not vary by more than +.50 W/m2 during a

any tim
erture

The sp
spectry
halide
pleted

The lorn
more t

9.3 Tlest installation

Clause

The co
tilt ang

A wind

The co
irradian
its val
80 % ¢
a regio
point.

e collector aperture.

ator for steady-state efficiency testing shall have the following characteristics:

nps shall be capable of producing a mean irradiance over the collector apertureof at least 4

e the irradiance at a point on the collector aperture shall not differ frem-the mean irradian
by more than + 15 %.

ectral distribution of the simulated solar radiation shall be approximately equivalent to th
m at air mass 1,5 (see ISO 9845-1:1992 or ISO 9806-1:1994annex C). For certain lamp t
lesigns, it is recommended that the initial spectral determination be performed after the la
their burn-in period.

gwave irradiance at the collector shall not exceedythat of a blackbody cavity at ambient air
han 50 W/mz. This condition may require speciakprecautions in some simulators.

5 describes collector mounting apdilocation requirements.

lector tilt angle shall be such as to receive a near-normal incidence beam of simulated sola
e shall be at or corrected t0~30°, or as recommended by the manufacturer.

generator shall be used with a solar simulator to produce an air flow in accordance with 5.

limation of the simulator shall be such that the angles of incidence of at least 80 % of the
ce lie in the range in which the incident angle modifier of the collector varies by no more tH
e at normalifcidence. For typical flat plate collectors, this condition usually will be sati
f the simulated solar radiation received at any point on the collector under test shall have
h of therselar irradiance simulator contained within a subtended angle of 60° or less when vi

50 W/m?2.

test period. At
ce over the ap-

at of the solar
pes, i.e. metal
mps have com-

temperature by

r radiation. The

0.

simulated solar
an + 2 % from
fied if at least
bmanated from
ewed from that

The irr

ol ool Lo WY ol ol + N 4 4 ol ool 4 L 4l Lo N o VARN | W 4l
Ulariv oriall T 1TTTOUTIHIUTTU UUTiiTy 1c 1ol aliiu oTialt TTUt valy Uy THUTGT tialt o 70 UUTITy Uic T

st period. 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 %.

9.4 Preconditioning of the collector

The procedure outlined in 8.2 shall be followed.

9.5 Test conditions

The test conditions described in 8.3 for outdoor testing shall be observed with the following addition. The
longwave irradiance in the plane of the collector aperture shall not exceed the limit specified in 9.2.
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9.6 Test period

The test period may be determined in the same way as for outdoor steady-state testing.

© ISO

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 col-
lector as discussed in 8.6.

9.7 Test procedure

The collector s
in 8.4.

During a test,
from which sa

9.8 Measur

Measurementg

9.8.1

NOTE 6  Simu
necessary to en
usually caused b
lamps take mord

Pyranometers
Alternatively, o
radiation. Detai

The distributio
150 mm, and

9.8.2 Measunement of longwave-irradiance in simulators

The longwave
therefore be m

The mean long
simulator whic

;Iinsfactory data points can be derived.

Measutlement of simulated solar irradiance

hall be tested over its operating temperature range in the same way as specified for outdapr

easurements shall be made as described in 9.8. These may then be used to ideftify test

ements during tests in solar irradiance simulators

shall be made as recommended in 8.5.

ated solar irradiance usually varies spatially over the collector, as well as with time during a test. It is t
ploy a procedure for integrating the irradiance over the{collector aperture. Time variations in irradig
v fluctuations in the electricity supply and changes inJamp output with temperature and running tim
than 30 min to reach a stable working condition when warming up from cold.

may be used to measure the irradianeg’of simulated solar radiation in accordance w
[her types of radiation detector may be‘used, provided they have been calibrated for simulatg
s of the instruments and the methods used to calibrate them shall be reported with the test

n of irradiance over the collgGtor aperture shall be measured using a grid of maximum
he spatial mean deduced by simple averaging.

rradiance in a-selar simulator is likely to be higher than that which typically occurs outdoors.
easured to ensure that it does not exceed the limit given in 9.2.

n colld affect the longwave irradiance, and at least annually. The mean longwave irradiancd

testing

periods

erefore
nce are
e, Some

th 6.1.
d solar
fesults.

pacing

[t shall

wave_ifradiance in the collector test plane shall be determined whenever changes are madg in the

in the

collector test p

dne and the date when it was last measured shall be reported with collector test results.

9.8.3 Ambient air temperature in solar irradiance simulators

Careful consideration shall be given to the measurement of ¢, in simulators. A mean of two measured values is
necessary (6.3.3.2). Transducers shall be shielded in order to minimize radiation exchange. The air temperature in

the outlet of th

e wind generator shall be used for the calculations of collector performance.

9.9 Computation and presentation of results

The analysis presented in 8.8 for outdoor testing is also applicable to solar simulator tests, and the results shall
be presented on the data format sheets shown in annex A.
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10 Determination of the effective thermal capacity and time constant of a collector

10.1 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 col-
lector is operating, each collector component responds differently to a change in operating conditions, so it is

useful t

o consider an effective thermal capacity for the whole collector.

Unforty
with a

collectdq
method

Just as
lector.

ponent
condlitig

10.2
The the

uent el
m; (exp

C:

10.3

Testing
case th

The heat transfer fluid shall be circulated through the collector at the same flowrate as that used

therma

The co
peratur

nately, the effective thermattapacity depends o the operating conaitions and s ot 3 oty
inique value. Several different test methods have been used to measure the effective ther
rs, and it has been shown that similar results can be obtained by using quite differént
below is recommended because of its simplicity.

there is no unique value of effective thermal capacity, there is no unique overall time con
For most collectors, the dominant influence on the response is the fluidflow rate. Other
5 respond with different times to give an effective overall time constant™which depends o
ns.

Determination of thermal capacity
rmal capacity of the collector C (expressed in joules per kelvin) is calculated as the sum, f

essed in kilograms per square metre) and its specificsheat ¢; (expressed as joules per kilog

E mc;

i

Test procedure for collector time/constant

e net irradiance G’ at the planie of the collector aperture shall be greater than 650 W/mz.

efficiency tests.

lector shall be shielded from the solar radiation by means of a solar-reflecting cover, and
b at the collectér)inlet set approximately equal to the ambient air temperature.

When

state cpnditionsshave been achieved again. For the purpose of this test, a steady-state condition

exist

The follawing quantities shall be measured in accordance with clause 6-

steady state has been reached, the cover shall be removed and measurements continue

en the-outlet temperature of the fluid varies by less than 0,05 K per minute.

ctor parameter
Mal capacity of
methods. The

stant for a col-
collector com-
\ the operating

r each constit-

ement of the collector (absorber, heat transfer fluid), of the product of its mass per square mgtre of collector

am kelvin):

shall be performed either under slear sky conditions outdoors or in a solar irradiance simlilator. In either

juring collector

the fluid tem-

d until steady-
is assumed to

a)

b) colle

c)

colle

ctor fluid inlet temperature (¢,);

ctor fluid outlet temperature [#, (or AT)];

surrounding air temperature (t,).

10.4 Calculation of collector time constant

The difference between the temperature of the fluid at the collector outlet and that of the surrounding air (ty — 1)
shall be plotted against time, beginning with the initial steady-state condition (1, — #,); and continuing until the

second

steady state has been achieved at a higher temperature (z, — 1,),.
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The time constant 1, of the collector is defined as the time taken for the collector outlet temperature to rise by
63,2 % of the total increase from (7, — 1)y to (¢, — t,),, following the step increase in solar irradiance at time zero.
If the response time of the temperature sensors is significant when compared with that measured for the collec-

tor, then it shall be taken into account in calculating the test results.

11 Determination of the pressure drop across a collector

11.1 General

The pressure drop across a collector may be of importance to designers of solar collector systems-THe fluid
normally used ih the collector shall be employed for the tests.

In order that a [representative range of pressure drops may be determined, a number of fluid-flowrates shall be
used.

11.2 Test installation

The collector shall be mounted in accordance with the recommendations of clause 5 and coupled to a tept loop
which conformg with the recommendations of clause 7 with only the instrumientation that is needed for thjs test.
The heat transfer fluid shall flow from the bottom to the top of the collecter Unless recommended otherwyise by
the manufacturer. Particular attention shall be paid to the selection of appropriate pipe fittings at the collectdr entry
and exit ports, ps discussed in 7.3. The collector shall be shaded from.'solar irradiation during the pressuile drop
test.

11.3 Test procedure

The pressure dfop between the collector inlet and outlet connections shall be determined with the collector and
its fluid at clos¢ to ambient air temperature, and-fotflowrates which span the range likely to be used in the ap-
plication for whiich the collector is intended.

In the absence [of specific flowrate recomméndations by the collector supplier, pressure drop measurements shall
be made over the range of flowrates fronw 0,02 kg/s to 0,1 kg/s per square metre of collector area.

At least five mgasurements shall he-made at values spaced equally over the flowrate range.

11.4 Test cgnditions

The fluid flowrgte shall\be held constant to within + 1 % of the nominal value during test measurements.

The fluid inlet temperature shall be held constant to within + 1 °C during test measurements. The test ghall be

carried out with the collector at a temperature which lies within + 10 °C of that of the surrounding air. Pressure

drop tests at ot

her temperatures may be important for oil-based heat transfer fluids.

11.5 Measurements

The following measurements shall be obtained in accordance with the recommendations given in clause 6:

a)
b)

c)

18

the fluid temperature at the collector inlet (¢,);
the fluid flowrate (m);

the heat transfer fluid pressure drop between the collector inlet and outlet connections (Ap).
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11.6 Pressure drop caused by fittings
The fittings used to measure the fluid pressure may themselves cause a drop in pressure. A zero check on the

pressure drop shall be made by removing the collector from the fluid loop and repeating the tests with the
pressure-measuring fittings directly connected together.

11.7 Calculation and presentation of results

The pressure drop shall be presented graphically as a function of the fluid flowrate for each of the tests performed,
using the format sheets given in annex A.

19
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Annex A
(normative)

Format sheets for test data

A.1 Symbols and units

Symbol Meaning Units
4, aperture area of collector m?
i absorber area of collector m?
g gross area of collector m?
D, collector efficiency coefficient, equation (4), subclause 8.8 W/(m2 K)
D, collector efficiency coefficient, equation (4), subclause 8.8 W s/(m3 K)
: specific heat capacity of heat transfer fluid JI(kg K)
C effective thermal capacity of collector J/K
E longwave irradiance (1 > 3 um ) W/m?
Eg longwave irradiance on an inclined surfaceroutdoors W/m?
Es longwave sky irradiance in a horizontapbplane W/m2
K collector heat removal factor dimensionless
G global solar irradiance W/m?
"/ net irradiance, equation (2)~subclause 8.8 W/m2
i convective heat loss coéfficient from the collector plate
to ambient W/(m2 K)
I, radiation heat loss_coefficient from the collector plate to
ambient W/(m2 K)
[T local time h:min
K, incident angle modifier dimensionless
71 mass-flowrate of heat transfer fluid kg/s
D useful power extracted from collector W
time S
5 ambient or surrounding air temperature °C
o atmospheric dew-point temperature °C
i collector outlet (exit) temperature °C
fy ground temperature °C
L collector inlet temperature °C

1) In the field of solar energy the symbol G is used to denote solar irradiance, rather than the
generic symbol E for irradiance.

20
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Symbol Meaning Units
T, ambient or surrounding air temperature K
T, ground temperature K
T, atmospheric or equivalent sky radiation temperature K
u surrounding air speed m/s
U, overall heat loss coefficient of a collector with uniform
absorber temperature ¢, W/(m2 K>
Ap pressure difference between fluid inlet and outlet Pa
AV Fermperataredifferencebetweenfiurdouttetand-irtet;
(te -1 ) K
hemispherical (solar) absorptance, shortwave dimension
inclination angle of a plane with respect to horizontal °
£ hemispherical emittance, longwave dimension
&g hemispherical emittance of ground, longwave dimension
& hemispherical sky emittance, longwave dimensior
y) wavelength mm
n collector thermal efficiency dimension
Mo collector thermal efficiency at ¢, =, dimension
0 angle of incidence between collectornormal and the solar
beam o
a Stefan-Boltzmann constant =567 x 10~ ° W/(K4 m?
g collector time constant S
Subscripts
A reference to absorber area
G reference to gross collector area

less

less
less
less

less
less

21
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A.2.1

A.2.2

A23

A.2.4
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Ungliazed solar collector description

Nameée of ManNUFACTUIEr ... e N T

and ¢

Colled

Type:

Gross
Absor
Numb
Tube
Tube

Heat
Type:

DIECtOr MOl ... oo e

tor
O Unglazed flat plate O Strip absorber
O Other (SPECITY): .o NN T e

DT AIBA. ..eeiieeeeeeeeeee et e et e e oA e e e ettt
er Of tUDES Or ChannEls: ..o T e
Hiameter or channel dimenSioNS: ... ulo e

DI CRhANNEl PITCN: oo e

transfer medium
O-Water-glycol mixture, concentration of glycol: .....................o.
T Other (SPECITY): v

Speclications (@AItIVES BIC.): .ooueiii i

Altern

htive acceptable heat transfer flUIdS: ...

Absornber

Mater

SUM AT I A M BN o e e e e

CON ST UG I O By P, e

FIUIA CON N e e

MV BIGNT B NIDEY . o

litres
kg
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A.2.5 Thermal insulation and casing
Thermal INSUIATION ThICKNESS: ..... ittt ee e e neee s mm
INSUIATION MATEIIAL: L o e ettt ettt e ettt e ettt e ettt e ettt
CASING METEIIALL ... ettt ettt ettt ettt e a e ettt ettt ettt e et

A.2.6 | Limitations

Maximum temperature Of OPEration: .......ccooiiiiiiii e e e e °C
MAXIMUM PIrESSUIE. ..iiiiiviiiiieeriieeeeeriitiee et aieeeeeeeniereeesineeeeeniineeeesnnnenneeessnnneeespmtladheeeeennnnnnnees|eeesnannas Pa
Other IMITATIONS: oo e e e ke

A.2.7 | Schematic diagram of unglazed solar collector (attach separatepage if necessary)

A.2.8 | Photograph of the collector\(attach separate page if necessary)

A.2.9 Comments on collector design (attach separate page if necessary)
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A.3 Instantaneous efficiency

A.3.1 Method

O Outdoor steady-state conditions [ Indoor steady-state conditions

A.3.2 Schematic diagram of the test loop (attach separate page if necessary)

A.3.3 Schematic diagram of collector mounting (attach separate page if necessary)

24


https://standardsiso.com/api/?name=cf34f4a01c7fbf5c624b55b8a848a534

© 1SO ISO 9806-3:1995(E)

A.3.4 Test results, measured and derived data

Gross area: .....cccceeeveveeecveeenns m? Absorber area: .........c..oeeiiin m?
Latitude: ... Longitude: ..........ccooii
Collector tilt: ..o degrees Collector azimuth: ............ccoooil
Heat fransfer fluid: o oviiireeiieceee. Local time at solar noon:

Table A.1 — Test results, measured data

Date LT G E t, typ u by ty — t}, m
YYMMDD h:min W/m? W/m? °C °C m/s °C K kg/s
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Table A.2 — Test results, derived data

© SO

Date

YYMMDD

LT

Glr

Ct

0

n— 1,
GII

A

n.min

2
v

IRT R

‘V‘V‘

2 lnay
T KV

nG
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Collector reference No.: ................

A35

NOTE 7

ISO 9806-3:1995(E)

Instantaneous efficiency curve based on gross collector area and temperature of heat transfer

fluid at collector inlet

The instantaneous efficiency is defined by: ng = AG—%,—
where
’" & .
G" =G + L (E_— oTy);
£ (typically 1,0)
Gross collector area used fOr CUNVE: ......veveeiiiiii e O e
Fluid flowrate used for the teStS: ..o e
Absorber area of the CoOllECTOr: ... e N e
100 |
80 |
S
<&
>
g cof
‘o
"
2
(o]
g 4ot
mn
=
mn
@
c
20 |
0 1 Il 1 l Il | 1
0 0,02 0,04 0,06 0,08 0.1 012 0,

(tin= ta)/G” (M2 K/W)

ng =Nog — (b1 + bzeu)( %G%[a)
QG = weerveeerveeeireeeineennnieniee e
Big = oo W/(m? K)
bog = oo W s/(m3 K)

Typical efficiency lines should be shown for surrounding air speed u =1, 2, 4 m/s (only valid for operating tem-
peratures above dew point temperature).
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A.3.6 Instantaneous efficiency curve based on absorber area and temperature of heat transfer fluid
at collector inlet

The instantaneous efficiency is defined by: 5 = L,
A\G
where

Gl =G + 4 (E_— oT,),

€

e (typically 1,0)

Absprber area of the collector used for CUNVE: ............oevvmeeeiiiiiiieeeeee e S m?
Fluid flowrate used for the tESIS: .....ooi il kg/s
GrO$S COIBCION BIEA: .o e, m?

100

60

4O

Instantaneous efficiency ng(%)

0 1 1 ! ] 1 I 1
0 0,02 0.04 0,06 0,08 0.1 0.12 0,14

(tin- t3)/G” (M2 K/W)

tin - ta
Na=Moa — (b1a + bzA”)( G’ )

Bia = oo W/(m? K)
bop = e W s/(m® K)

NOTE 8 Typical efficiency lines should be shown for surrounding air speed u =1, 2, 4 m/s (only valid for operating tem-
peratures above dew point temperature).
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A.4 Pressure drop

Pressure drop is referred to:

ISO 9806-3:1995(E)

O collector module
O per running metre of absorber

o TU e U U TR OO PP P PSPPSR

Tpmpnrnh re:

Pressure drop (Pa)

Mass flowrate (kg/s)

°C
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Collector reference No.:

A5 Time constant
T = ittt S
€
1

A.6 Effectjve thermal capacity((calculated)
C= .o JIK

Time (s)

© 1SO
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Annex B
(informative)

Collector incident angle modifier

B.1 Introduction

For sola
K, is the

r, =
Figure B

The sigr
values 4
the effig
perform
(B.1).

 beam incidence which is not near-normal, the efficiency 5, in equation (5) can be replaced tl)y K o where

incident angle modifier.
L, —t
erlo _ UL InG” a
.1 shows the typical variation in K, with angle of incidence for an unglazedsélar collector.
ificance of the incident angle modifier to the test procedures outlinedcherein is that the the
re determined for the collector at or near normal incidence conditions. Therefore, the y-ax

iency curve is equal to n,. A separate measurement is conducted to determine the value of

. (B.1)

mal efficiency
s intercept of
K, so that the

hnce of the collector can be predicted under a wide range of genditions and/or time of day lising equation

<
e 1
@
e
£
o
E 08}
w
=)
5
-— 0,6 -
c
[}
o
v}
S o4l
02}
0 1 1 1 |
0 20 40 60 80

Angle of incidence (degrees)

Figure B.1 — Typical incident angle modifiers

B.2 Experimental determination of collector incident angle modifier

Testing of a solar collector to determine its incident angle modifier can be done by one of two methods. During
each test period, the orientation of the collector shall be such that the collector is maintained within 4+ 2,5° of the
angle of incidence for which the test is being conducted.

B.2.1

Method 1

This method is applicable for testing indoors using a solar simulator, or outdoors using a movable test rack (alt-
azimuth collector mount) so that the orientation of the collector can be adjusted with respect to the direction of
the incident solar radiation.
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