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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 SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
{IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 9459-1 was prepared by Technical Committee
ISO/TC 180, Solar energy, Subcommittee SC 4, Systems — Thermal
performance, reliability and durability.

ISO 9453 consists of the following parts, under the general title Solar
heating — Domestic water heating systems:

— Part 1: Performance rating using indoor test methods
— Part 2. Performance test for solar only systems
— Part 3: Performance test for solar plus supplementary systems

— Part 4: System performance characterization by means of compo-
nent tests and computer simulation

— Part 5: System performance characterization by means of whole
system tests and computer simulation

Annexes A, B, C and D form an integral part of this part of ISO 9469. An-
nex E is for information only.
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Introduction

International Standard ISO 9459 has been developed to help facilitate the
international comparison of solar domestic water heating systems. Be-
cause a generalized performance model which is applicable to all systems
has not yet been developed, it has not been possible to obtain an inter-
national consensus for one test method and one standard set of test
conditions. It has therefore been decided to promulgate the currently
available simple methods while work continues to finalize the more
broadly applicable procedures. The advantage of this approach is that each
part can proceed on its own.

ISO 9459 is divided into five parts within three broad categories, as de
scribed below. :

Rating test

ISO 9459-1, Performance rating using indoor test methads, involves test-
ing for periods of one day for a standardized set of reference conditions.
The results, therefore, allow systems to be compared under identical so-
lar, ambient and load conditions.

Black box correlation procedures

ISO 9459-2 is applicable to solar-only systems and solar-preheat systems.
The performance test for solar-only systems is a “black box" procedure
which produces a family of “input-output” characteristics for a system.
The test results may be used directly with daily mean values of local solar
irradiation, ambient air temperature and cold water temperature data tc
predict annual system performance.

SO 94538-3 applies to solar plus supplementary systems. The performance
test is a “black box" procedure which produces coefficients in a corre-
lation equation that can be used with daily mean values of local solar
irradiation, ambient air temperature and cold water temperature data to
predict annual system performance. The test is limited to predicting annual
performance for one load pattern.

Testing and computer simulation

ISO 9453-4, a procedure for characterizing annual system performance,
uses measured component characteristics in the computer simulation
program “TRNSYS". Procedures for characterizing the performance of
system components other than collectors are also presented in this part
of ISO 9459. Procedures for characterizing the performance of collectors
are given in 1SO 9806-1, 1SO 9806-2 and ISO 9806-3.

ISO 8458-5 presents a procedure for dynamic testing of complete systems
to determine system parameters for use in a computer model. This model
may be used with hourly values of local solar irradiation, ambient air tem-
perature and cold water temperature data to predict annual system per-
formance.

Not for Resale
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The procedures defined in [SO 9459-2, ISO 9459-3, 1ISO 8459-4 and ISO
9459-5 for predicting yearly performance allow the output of a system to
be determined for a range of climatic conditions.

The results of tests performed in accordance with ISO 89459-1 provide a
rating for a standard day.

The results of tests performed in accordance with ISO 9459-2 permit
performance predictions for a range of system loads and operating con-
ditions, but only for an evening draw-off.

The results of tests performed in accordance with 1SO 94594 or ISO
9459-5 are directly comparable. These procedures permit performance
predictions for a range of system loads and operating conditions.

Cuctnm raliahilitie and cafatis wiill ha Aaalt wiith in a firtiira etandard
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Solar heating — Domestic water heating systems —

Part 1:

Performance rating procedure using indoor test methods

1 Scope

This part of ISO 9459 establishes a uniform indoor
test method for rating solar domestic water heating
systems for thermal performance, under benchmark
conditions.

It applies only to solar water heating systems de-
signed solely to heat potable water to be supplied for
domestic water usage.

The test procedures described in this part of ISO 9459
are applicable to systems of solar storage capacity of
0,6 m° or less. It includes procedures for testing solar
domestic hot water systems either with solar
irradiance simulators or thermal simulation (non-
irradiated) methods.

The test procedures in this part of ISO 9459 which
employ a non-irradiated solar collector array in series
with a conventional heat source do not apply to inte-
gral collector storage systems, nor to systems in
which thermosiphon flow occurs, nor to any system
employing a collector/heat transfer fluid combination
which cannot be tested in accordance with the col-
lector test.

The test procedures in this part of ISO 8459 do not
require the solar water heating system to be sub-
jected to freezing conditions. Consequently, the en-
ergy consumed or lost by a system while operating in
the freeze-protection mode is not determined.

This part of ISO 9458 is not generally applicable to

concentrating or evacuated tube systemns, unless the
collimation requirements of 6.3.1.3 are met.

1) To be published.
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It is not intended to be used for testing the individual
components of the system, nor is it intended to
abridge any safety or health requirements.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 9453, At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 9459 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 9059:1990, Solar energy — Calibration of field
pyrheliometers by comparison to a reference
pyrheliometer.

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

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

ISO 9845-1:1992, Solar energy — Reference solar
spectral irradiance at the ground at different receving
conditions — Part 1: Direct normal and hemispherical
solar irradiance for air mass 1,5.

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

Not for Resale
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World Meteorological Organization, Guide to
Meteorological Instruments and Methods of Obser-
vation, No. 8, 5th edition, WMO, Geneva, 1983,
Chapter 9 — World radiometric reference, known as
the WRR.

3 Definitions

For the purposes of this part of ISO 9459, the follow-
ing definitions apply.

3.1 absorber: That part of a collector that receives
radiant energy and transforms it into thermal energy.

3.2 accuracy: Ability of an instrument to indicate the
true value of the measured physical quantity.

3.3 ambient air: Air in the space (either indoors or
outdoors) surrounding the thermal energy storage
device or solar collectors, whichever is applicable.

3.4 angle of incidence (of direct solar radiation):
Angle between the solar radiation beam and the
outward-drawn normal from the plane considered.

3.5 aperture area: Of a solar thermal collector,
maximum projected area through which the uncon-
centrated solar radiation is admitted.

NOTE 1 For concentrating collectors, the gross aperture
area includes any area of the reflector or refractor shaded
by the receiver and its supports and including gaps between
reflector seaments within a collector module. Net aperture
area; sometimes called effective aperture area, excludes
any shaded area or gaps between reflector segments.

3.6 aperture plane: Plane at or above the solar col-
lector through which the unconcentrated solar radi-
ation is admitted.

3.7 area, gross collector: Maximum projected area
of a completed solar collector module, exclusive of
integral means of mounting and connecting fluid
conduits. For an array of collectors, including devices
such as evacuated tube or concentrating collectors,
gross area includes the entire area of the array.

3.8 auxiliary energy: Energy provided by an auxili-
ary thermal (heat) source.

3.9 auxiliary thermal (heat) source: Source of
thermal energy, other than solar, used to supplement
the output provided by the solar energy system; usu-
ally in the form of electrical resistance heat or thermal
energy derived from combustion of fossil fuels.

3.10 collector, solar; solar thermal collector: De-
vice designed to absorb radiant energy and to transfer

2
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the thermal energy so gained to a fluid passing
through it.

3.11 collector, concentrating: Solar collector that
uses reflectors, lenses or other optical elements to
redirect and concentrate the solar radiation passing
through the aperture onto an absorber of which the
surface area may be smaller than the aperture area.

3.12 collector, flat-plate: Non-concentrating solar
collector in which the absorbing surface is essentially
planar.

3.13 collector loop: Continuous path followed by
the primary heat transfer fluid in a solar energy sys-
tem.

3.14 collector loop heater: Heater installed within
the collector loop when testing the solar domestic
water heating system with a non-irradiated array.

3.15 collector tilt angle: Lower angle between the
aperture plane of a solar collector and the horizontal
plane.

3.16 control: Device for regulation of the solar
thermal system or component in normal operation;
can be manual or automatic.

3.17 direct irradiance: Irradiance produced by direct
radiation on a given plane.

3.18 direct solar radiation: Radiation received from
a small solid angle centred on the sun's disc, on a
given plane.

NOTE 2 In general direct solar radiation is measured by
instruments with field-of-view angles of up to 15°. Therefore
a part of the scattered radiation around the sun's disc
(circumsolar radiation) is included. More than 99 % of the
direct solar radiation on the earth's surface is contained
within the wavelength range from 0,3 um to 3,0 pm.

3.19 domestic: For use in residential and small
commercial buildings.

3.20 draw rate; water draw rate: Rate at which hot
water is withdrawn from a system at a specified time.

3.21 equivalent length: Length of a straight section
of pipe or duct causing the same pressure drop as
that which actually occurs within the system at the
same flowrate.

3.22 fluid transport: Transfer of air, water or other
fluid between components of the system.

Copyright International Organization for Standardization
Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



© SO

3.23 heat exchanger: Device specifically designed
to transfer heat between two physically separated
fluids. Heat exchangers may have either single or
double walls.

3.24 heat transfer fluid: Fluid that is used to trans-
fer thermal energy between components in a system.

3.25 irradiance: Power density of radiation incident
on a surface, i.e. the radiant flux incident on a surface
divided by the area of that surface, or the rate at
which radiant energy is incident on a surface per unit
area of that surface.

NOTE 3 Solar irradiance is often termed "incident solar
radiation intensity”, "instantaneous insolation”, or “incident
radiant flux density”; the use of these terms is deprecated.

3.26 load: Daily system hot water load defined as
the product of the mass, specific heat and tempera-
ture increase of the water as it passes through the
solar hot water system.

3.27 potable: Suitable for human consumption;
drinkable.

3.28 precision: Measurse of the closeness of agree-
ment among repeated measurements of the same
physical quantity.

3.29 preheating: See solar preheat system [5.1b)].

3.30 pyranometer: Radiometer for measuring the
irradiance on a plane receiver surface which results
from the radiant fluxes incident from the hemisphere
above within the wavelength range 0,3 pm to 3 um.

NOTE 4  The spectral range given represents roughly the
spectral range of solar radiation {(also called solar or short-
wave range) at the ground and is only nominal. Depending
on the material used for the domes which protect the re-
ceiver surface of a pyranometer, the spectral limits of its
responsivity approximate to the limits mentioned above.

3.31 pyrgeometer: Instrument for determining the
irradiance on a plane receiving surface which results
from the radiant fluxes incident from the hemisphere
above within the approximate wavelength range
4 um to 50 pm.

NQTE & The given spectral range is nearly identical with
that of so-called terrestrial radiation or long-wave radiation,
and is only nominal. Depending on the material used for the
domes which protect the receiving surface of a
pyrgeometer, the spectral limits of its responsivity approxi-
mate to the limits mentioned above.

3.32 pyrheliometer: Radiometer for measuring di-
rect (solar} irradiance which results from the radiant
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fluxes incident from a well-defined solid angle whose
axis is perpendicular to the plane receiver surface.

NOTE 6 According to this definition pyrheliometers are
applied to the measurement of direct solar irradiance at
normal incidence. The field-of-view angle of pyrheliometers
ranges typically from 5° to 10°.

3.33 solar energy: Energy emitted by the sun in the
form of electromagnetic radiation (primarily in the
wavelength range 0,3 um to 3 um), or any energy
made available by the reception and conversion of
solar radiation.

3.34 solar contribution: Ratio of the energy sup-
plied by the solar part of a system to the total load of
the system.

3.35 solar noon: Local time of day, for any given
location, when the sun is at its highest altitude for that
day, i.e. the time when the sun crosses the ob-
server's meridian.

3.36 solar radiation: Radiation emitted by the sun,
practically all of which is incident at the earth's sur-
face at wavelengths less than 3 um; often termed
“short-wave radiation”.

3.37 solar irradiance simulator: Artificial source of
radiant energy simulating solar radiation (usually an
electric lamp or an array of such lamps).

3.38 solar storage capacity: Quantity of sensible
heat that can be stored per unit volume of store for
every degree of temperature change.

3.39 solar hot water system: Complete assembly
of subsystems and components necessary to convert
solar energy into thermal energy for the heating of
water; may include an auxiliary heat source,

3.40 standard air: Air weighing 1,204 kg/m® which
approximates dry air at a temperature of 20 °C and a
barometric pressure of 101,325 kPa.

3.41 standard barometric pressure: Barometric
pressure of 101,325 kPa at 0 °C.

3.42 storage device (thermal): Container(s) plus all
contents of the container(s) used for storing thermal
energy.

NOTE 7 The transfer fluid and accessories such as heat
exchangers, flow switching devices, valves and baffles
which are firmly fixed to the thermal storage container(s) are
considered a part of the storage device.

3.43 storage tank volumetric capacity: Measured
volume of the fluid in the tank when full.
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3.44 temperature, ambient air: Temperature of the
air surrounding the thermal energy storage device or
solar collectors being tested.

3.45 time constant: Time required for a first-order
system to change output by 63,2 % of its final change
in output following a step change in input.

3.46 thermopile: Set of thermocouples wired con-
sistently in series or parallel to measure small or av-
erage temperature differences.

4 Symbols and units

A, collector module aperture area, in
square metres;

intercept of the collector efficiency
9 curve determined in accordance with
collector tests, dimensionless;

slope of the collector efficiency curve
4 determined in accordance with collector
tests, in kilojoules per hour square me-
tre degree Celsius [ka(h-m2-°C)];

Ag gross collector area, in square metres;

Coe specific heat of the transfer fluid used in
the collector during the collector tests,
in kilojoules per kilogram degree Celsius
[kJ/(kg-°C)T:

Eon specific heat of the transfer fluid used in
the collector during the solar hot water
system test, in kilojoules per kilogram
degree Celsius [kJ/{kg-°C)];

Cow specific heat of water, in kilojoules per

‘ kilogram degree Celsius [kJ/(kg-°C)];

D nozzle throat diameter, in metres;

F 3 collector absorber plate efficiency factor,
dimensionless;

Fr collector heat  removal factor,
dimensionless;

Gop beam irradiance from solar irradiance
measured in a plane parallel to the col-
lector aperture, in kilojoules per square
metre hour [kJ}(mz-h)];

Gy diffuse irradiance from solar irradiance

measured in a plane paraliel to the col-
lector aperture, in kilojoules per square
metre hour [kJi(mz-h)]:
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total (global} irradiance incident upon the
aperture plane of the collector, in
kilojoules per square metre hour
kJ/ (m?h)1;

incident angle modifier, dimensionless;

number of rows of collector modules in
parallel in the collector array,
dimensionless;

mass flowrate of the transfer fluid
through the collector during the collector
tests, in kilograms per second;

mass of the jth withdrawal of water, in
kilograms;

mass flowrate of the transfer fluid
through the collector array during the
solar hot water system test, in kilograms
per second;

number of collector modules in series in
each parallel row in the collector array,
dimensionless;

‘daily energy consumed for auxiliary

heating in the solar hot water system, in
kilojoules;

daily system hot water load defined as
the product of the mass, specific heat,
and temperature increase of the water
as it passes through the solar hot water
system for the case of no solar energy
input, in kilojoules;

thermal losses from solar system during
the test day, in kilojoules;

daily system hot water load defined as
the product of the mass, specific heat,
and temperature increase of the water
as it passes through the solar hot water
system for the case of solar energy in-
put, in kilojoules;

rate of energy output from the collector
loop heater in series with the non-
irradiated solar collector array (if used),
in kilojoules per hour;

daily energy consumed for parasitic
power by pumps, controls, solenoid
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QO UTPUT

Qs

Q,

lset

W

valves, etc. in the solar hot water sys-
tem, in kilojoules;

energy output from the collector loop
heater (if used} during the test, in
kilojoules;

daily net energy supplied by solar energy
for the system during the test day, in
kilojoules;

rate of useful heat output from the col-
lector, in kilojoules per hour;

rating number which is the ratio of the
auxiliary plus parasitic energies to the
daily system load during the solar day
[(Qaux + Qrar) /@], dimensionless;

fraction of hot water load supplied by
solar energy, dimensionless;

ambient air temperature, in degrees
Celsius;

ambient air temperature in the labora-
tory during the system test, in degrees
Celsius;

ambient air temperature specified for
the test solar day, in degrees Celsius;

temperature of the transfer fluid enter-
ing the collector, in degrees Celsius;

temperature of the transfer fluid leaving
the collector, in degrees Celsius;

mixed temperature of the water with-
drawn from the solar hot water system,
in degrees Celsius;

mean plate temperature of the collector
absorber, in degrees Celsius;

mean plate temperature of the collector
absorber under non-irradiated con-
ditions, in degrees Celsius;

ultimate desired hot water delivery tem-
perature after the addition of sup-
plemental energy, in degrees Celsius;

mixed temperature of the jth withdrawal
of water to the load, in degrees Celsius;
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mixed temperature of the jth withdrawal
of water from the solar tank, in degrees
Celsius;

temperature of the incoming cold water
supply to the solar hot water system, in
degrees Celsius;

collector heat transfer loss coefficient, in
kilojoules per hour square metre degree
Celsius [kJj(h-m?-<C)1;

total volume draw as determined from
no-solar-input test, in litres;

no solar energy input;

solar energy input;

Greek symbols

&

Py

n
j=1

absorptance of the collector absorber :
coating to the solar spectrum at normal
incidence, dimensionless; )

angle of incidence between the direct
solar beam and the normal to the col-
lector aperture, in degrees;

angle of incidence between the beam
irradiance from the solar irradiance
simulatar and the normal to the collector
aperture, in degrees;

specular reflectance of the cover plate
assembly at an incident angle of 60°,
dimensionless;

transmittance of the cover plate as-
sembly to the solar spectrum at normal
incidence, dimensionless;

effective transmittance—absorptance
product for the collector at normal inci-
dence, dimensionless;

summation over all water withdrawal
periods during a test day.

5 System classifications

Solar domestic hot water systems are classified by
seven attributes, each divided into two or three cat-
egories. The categories of each attributed are defined
as shown in table 1.
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Table 1 — Classification of solar domestic hot

water systems

Attri- Category
bute a b o
1 Solar only Solar preheat | Solar plus
supplemen-
tary
2 Direct Indirect
3 Open Vented Closed
4 Filled Drainback Draindown
5 Thermosiphon | Forced
6 Circulating Series-
connected
7 Remote stor- Close-coupled | Integral stor-
age storage age

5.1 Attribute 1

a)

Solar only — system designed to provide solar
heated domestic water without use of sup-
plementary energy other than that required for
fluid transport and control purposes.

b) Solar preheat — system not incorporating any

form of supplementary heating and installed to
preheat cold water prior to its entry into any other
type of household water heater.

c) Solar plus supplementary — system which util-

izes both solar and auxiliary energy sources in an
integrated way and is able to provide a specified
hot water service independently of solar energy
availability.

5.2 Attribute 2

a) Direct — system in which the heated water that
will ultimately be consumed passes through the
collector.

b) Indirect (heat exchange) — system in which a

heat transfer fluid other than the heated water ul-
timately consumed passes through the collector.

5.3 Attribute 3

a) Open — system in which the heat transfer fluid

6
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is in extensive contact with the atmosphere.

NOTE 8 In the USA the term “open system” en-
compasses both open and vented systems as herein
defined.
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Vented — system in which contact between the
heat transfer fluid and the atmosphere is re-
stricted either to the free surface of a feed and
expansion cistern or to an open vent pipe only.

Closed (sealed or unvented) — system in which
the heat transfer fluid is completely sealed from
the atmosphere.

5.4 Attribute 4

a)

b)

c)

Filled — system in which the collector remains
filled with the heat transfer fluid.

Drainback — system in which, as part of the
normal working cycle, the heat transfer fluid is
drained from the collector into a storage vessel for
subsequent reuse.

Draindown — system in which the heat transfer
fluid can be drained from the collector and run to
waste,

5.5 Attribute 5

a)

b)

Thermosiphon — systemm which utilizes only
density changes of the heat transfer fluid to
achieve circulation between collector and storage.

Forced — system in which heat transfer fluid is
forced through the collector either by mechanical
means or by externally generated pressure.

5.6 Attribute 6

a)

b)

Circulating — system in which heat transfer fluid
circulates between the collector and a storage
vessel or heat exchanger during operating peri-
ods.

Series-connected — system in which the water
to be heated passes directly from a supply point
through the collector to a storage vessel or to a
point of use.

5.7 Attribute 7

a)

b)

Remote storage — system in which the storage
vessel is separate from the collector and is lo-
cated at some distance from it.

Close-coupled storage — system in which the
storage vessel abuts the collector, and is mounted
on a common support frame.

Not for Resale
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c) Integral storage — systern in which the func-
tions of collection and storage of solar energy are
performed within the same device.

6 Requirements for indoor testing of
solar domestic hot water systems

6.1 System requirements

6.1.1 Test system configuration

The test configuration to be utilized is to be deter-
mined by the classification of the system as described
in clause 5.

A representative test configuration is shown in
figure 1 for the case of a non-irradiated collector array
and a collector loop heater downstream of the non-
irradiated collector array. The purpose of the bypass
loop is to circulate the transfer fluid through the col-
lector loop heater during those times when solar
irradiance occurs but the solar domestic hot water
system controller does not require the collector loop
pump to be on. The bypass loop pump should not
operate when the collector loop is on.

ISO 9459-1:1993(E)

For the case where a solar irradiance simulator is
used, the heater and bypass loop shown in the solar
collector loop of figure 1 shall not be used.

Figure 1 is a schematic only; all components shall be
installed according to manufacturer's instructions.

6.1.2 Test system installation

Tests shall be performed with the system com-
ponents installed in accordance with manufacturer's
installation instructions. In the absence of specific in-
structions from the manufacturer and if the collectors
are normally mounted remote from the storage, the
tests shall be performed with the total pipe length
connecting the storage tank and the collectors a
minimum of 16 m (7,5 m in the supply line and
7.5 m in the return line). In the case of an air collector
array, the total duct length shall be specified by the
manufacturer and the total of the duct and pipe
lengths shall be a minimum of 15 m. The connection
piping and ducting shall be insulated in accordance
with the manufacturer's installation instructions. The
collectors shall be mounted at the tilt angle specified
by the manufacturer. If the system is to be tested
using a non-irradiated solar collector array, a black
radiation shield shall be mounted approximately

Collector Lloop

r=——~Control volume

|
~~——1——0perating energy

heater

Store

etc.

mBypnss Loop pump
N,

Heat exchanger

|
|
|
|
|
] Hot water, /. 7,

Auxiliory controls |

=——t+——Cold water supply. fmein

Non-irradiated
collector array

|
|
|
|
| Heat Losses from store,

[ piping. collector array etc.
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Figure 1 — Schematic representation of experimental apparatus for indoor test with non-irradiated
collector array
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0,6 m above the collector array and shall extend ap-
proximately 0,6 m beyond the perimeter on all sides.
The shield shall consist of very low thermal
capacityfinsulative capacity material {e.g. poster
board}.

6.1.3 Liquid flow system

The water supply shall be capable of delivering water
at conditions as specified for the test.

The cold water inlet and hot water outlet piping to and
from the system being tested shall turn to a horizontal
position through the shortest possible vertical dis-
tance practical when the fittings are in a vertical plane.
The hot water outlet shall be provided with a quick-
acting valve located beyond the point of temperature
measurement and as close to the tank as possible.

Inlet and outlet connections and all piping to the point
of temperature measurement in the system being
tested shall be insulated with a material having a
thermal resistance, R, not less than 0,70 °C-m“/W
based on the outside area of pipe surface.

A flow control valve shall be installed to provide flow
as required for the test.

6.1.4 Storage tank mounting

When provided as a separate component, the storage
tank(s) shall be placed upon a 19 mm thick plywood
platform supported by 50 mm x 100 mm runners.
This mounting requirement is necessary for interlab-
oratory comparisons since heat losses from the bot-
tom of storage tanks can be significant.

6.1.5 Fossil-fuel-fired auxiliary energy sources

Natural draft auxiliary water heaters shall be equipped
with a vertical extension of flue pipe connected to the
draft hood outlet pipe as specified by the prevailing
building code. In the absence of a building code, use
the manufacturer's specifications.

6.2 Measurement requirements

6.2.1 Solar radiation

A pyranometer shall be used to measure the short-
wave radiation from the solar irradiance simulator. The
pyranometer shall be a first class pyranometer as
specified in ISO 9060, and shall be calibrated using a
standard pyrheliometer according to 1SO 80539 and
ISO 9846. Any change in responsivity of more than
+ 1 % over a one-year period shall warrant the use
of more frequent calibration, or replacement of the
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instrument if the instability is permanent. If an instru-
ment is damaged in any significant manner, it shall be
recalibrated to check the stability of the calibration
factor and the time constant. In case of replacement
of one of the domes, the cosine response shall also
be checked.

6.2.2 Temperature

6.2.2.1 Accuracy and precision

The accuracy and precision of the instrurments for
temperature measurement, including their associated
readout devices, shall be within the limits given in ta-
ble 2.

Table 2 — Accuracy and precision of instrument

for temperature measurement
Values in degrees Celsius

Instrument | Instrument

Parameter accuracy precision

Temperature + 05 + 0,2

Temperature difference
across collector (and loop + 0.1 + 0,1
heater if used)

Temperature difference
across hot water system
{entering cold water to
leaving hot water)

+ 05 £ 0.2

6.2.2.2 Ambient air temperatures

The average ambient air temperature surrounding the
collector array to be used in the test shall be specified
for the test solar day (see A.4).

For solar simulator testing, the allowable range of the
ambient temperature shall be between 15°C and
30 °C. During any test period, the ambient tempera-
ture shall not vary by more than + 2 °C.

The average ambient air temperature at the storage
tank and components during the test shall be
controlled to a value specified to within + 2 °C on a
continuous 24 h basis (see A.4). Significant tempera-
ture differences can occur over short distances,
therefore, in particular applications, the method of
measurement shall be specified.

The ambient air temperature shall be measured in an
aspirated enclosure using a sampling device shielded
from direct irradiance, approximately 1,2 m from the
floor and not closer than 1,5 m to the tank and system
components.
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NOTE 9 In most quasi-steady state test cases the time
response of the temperature sensors is of secondary con-
cern. Cases where the response time may be important are
during the transient time constant tests and the incidence
angle modifier tests at high incident angles using 6.3.2.6 b).
From experience, thermocouples and thermopiles with time
constants of less than 1 are preferred and resistance ther-
mometers with time constants of less than 10 s are ad-
equate.

6.2.2.3 Input water temperature

The temperature of the water supply to the system
shall be controlled to 1, as specified in annex A,
within + 2 °C.

6.2.3 Liquid flow

The accuracy of the liquid flowrate measurement, us-
ing the calibration if furnished, shall be > + 1,0 % of
the measured value in mass units per unit time.

6.2.4 Air flow

If the collector is an air heater and the test is being
conducted with a non-irradiated array, the air flow in
the collector loop shall be measured to an accuracy
of + 2 % or better.

6.2.5 Electrical energy

The electrical energy used shall be measured with an
instrument and associated readout devices that are
accurate to within £ 1 % of the reading or 15 W-h,
whichever is greater.

6.2.6 Fossil fuels

The quantity of fuel used for auxiliary energy by the
solar hot water system shall be measured with an in-
strument and associated readout device that is accu-
rate to within + 1 % of the reading. Where the
supplementary energy is provided from gas, the ac-
curacy of the calorific value of the gas fuel supplied
shall be given.

6.2.7 Mass

Mass measurements shall be made to an accuracy
of + 1 %.

6.2.8 Elapsed time

Elapsed time measurements shall be made to an ac-
curacy of + 0,20 %.
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6.2.9 Wind speed

Wind speed shall be measured with an instrument
and associated readout device that can determine the
integrated average wind speed for each test period to
an accuracy of + 0,5 m/s.

6.2.10 Data recorders

Analog and digital recorders used shall have an accu-
racy equal to or better than + 0,5 % of the full scale
reading and have a time constant < 1 s. The peak
signal indication shall be between 50 % and 100 %
of full scale.

Digital techniques and electronic integrators used
shall have an accuracy > 1,0 % of the measured
value.

The input impedance of data recorders shall be
greater than 1 000 times the impedance of the sen-
sors or 10 MQ, whichever is higher.

In no case should the smallest scale division of the
instrument or instrument system exceed two times
the specified precision. For example, if the specified
precision is + 0,1 °C, the smallest scale division shall
not exceed 0,2 °C.

6.3 Test method requirements

6.3.1 Solar irradiance simulator

A solar irradiance simulator may be used for indoor
testing, in lieu of a non-irradiated collector array in
series with a conventional heat source, to determine
the steady state thermal performance of a solar col-
lector under controlled conditions of wind and ambi-
ent temperature. Typical simulators used for testing
the thermal performance of solar collectors are de-
scribed in the bibliography {see annex E).

Solar simulators employed in the testing procedure
shall be used in accordance with the stated guidelines
and limitations, and shall have the following minimum
characteristics.

6.3.1.1 Spectral qualities

The simulator shall provide a spectral distribution of
irradiance which duplicates the standard global radi-
ation spectrum as given in ISO 9845-1 for air mass
1,5 for a 37° tilted surface and a total irradiance of
958,931 2 W/m?.

Measurement of the solar simulator's spectral qual-
ities shall be made in the plane of the collector over
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the wavelength range of 0,3 pm to 3 um and shall be
determined in 0,1 pm or smaller bandwidths.

The spectrum-weighted value of the transmit-
tance—absorptance product at normal incidence or any
other product of optical properties that characterizes
the collector under test, calculated using the meas-
ured solar simulator spectrum, shall not differ by more
than 3 % from the value of the transmittance-
absorptance product calculated using the standard
spectrum. The relevant spectral optical properties
shall be provided by the manufacturer of the collector
under test. Spectrum-weighted values of the optical
properties shall be reported for both the standard and
solar simulator spectrum. A method for calculating
spectrum-weighted values is presented in annex C.

Solar simulator spectral measurements shall be ob-
tained for each new set of lamps installed. With cer-
tain lamp types, such as filament lamps, the simulator
spectrum may change significantly during the lifetime
of the lamps. Measurements should be made as often
as necessary to ensure that the calculated spectrum-
weighted value of the transmittance-absorptance
product for the system under test does not differ by
more than 3 % from the value calculated using the
standard spectrum.

6.3.1.2 Irradiance and irradiance uniformity

The simulated solar irradiance shall be measured in
the test plane of the solar collector. The test plane
shall be taken as the front cover of a glazed flat col-
lector, the absorber plate of an unglazed flat plate
collector, or the aperture plane of a concentrating
collector. The collector array may be shaded during
this measurement provided the shaded area is less
than 3 % of the irradiated collector area during any
hourly simulation period.

Since simulated solar radiation usually varies some-
what in intensity over the collector aperture, the value
of irradiance over the test plane shall be represen-
tative of the average of measurements of irradiance
taken on a uniform rectangular grid of maximum
spacing of 15,0 cm. The instrument used to measure
the test plane irradiance shall be equivalent to that
specified for outdoor testing, or shall be calibrated in
the simulated solar radiation against such a device.
The uniformity of the irradiance shall be such that the
highest and lowest measured values of irradiance
shall not deviate from the average value by more than
+ 10 %.

Variations in irradiance may occur during the test in-
terval due to instability of the electrical supply and

10
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changes in the lamp output with temperature and age.
The average value of irradiance shall not vary by more
than + 2 % over the duration of the test interval. The
value of irradiance reported and used in the calculation
of thermal performance shall be representative of the
mean of the values experienced over the duration of
each test interval.

6.3.1.3 Collimation

For typical flat plate collectors, the collimation shall
be such that at least 90 % of the energy received at
any point in the collector test plane shall have ema-
nated from a region of the solar simulator contained
within a subtended angle of 20° or less, when viewed
from the point. This constraint limits the use of
simulators to concentrating collectors with concen-
tration ratios less than 3:1. However, it should be
noted that a higher degree of collimation may be re-
quired for certain concentrating collectors, particularly
those with the higher concentration ratios (near 3:1)
and for collectors composed of glass tubes, such as
evacuated tubular collectors. In these cases it shall
be demonstrated that there is sufficient collimation
relative to the collector. This might be demonstrated
by indoor and outdoor test correlations.

6.3.1.4 Air flow across collector(s)

Fans or other means shall be used to simulate a pre-
dominantly uniform air flow across the collector during
the pretest steadying and actual test periods. The
temperature of the flowing air shall be within
+ 1,0 °C of the ambient temperature measured as
specified in 6.2.2, The air flow direction shall originate
in a horizontal plane and be directed toward the col-
lector within 30° from the vertical plane containing the
centreline of the test collector (array). This simulated
wind shall be maintained at a mean speed of
4,0 m/s + 0,5 m/s and shall be measured before and
after each test period in a plane parallel to the collec-
tor aperture and between 50 mm and 150 mm from
the outer cover of the collectors. The air speed value
is to be an average value measured over at least the
central one-square-metre of the aperture, with a non-
uniformity of not more than + 0,6 m/s of the mean
value,

6.3.1.5 Tilt angle

The tilt angle of the collector during testing shall be
between 30° and 60° unless otherwise specified by
the manufacturer of the collector. The specified tilt
angle shall remain constant throughout the test.
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6.3.1.6 Solar irradiance simulator incident angles

During simulation, the incident angle shall not exceed
60°. The incident angle during test shall be within 5°
of the specified incident angle for a given hour of the
test day (see annex A, table A.1).

6.3.1.7 Solar irradiance simulator output

The daily total integrated irradiance shall be within
+ 5 % of the specified daily irradiation for the testing
day, see annexes A and D.

6.3.1.8 Long-wave radiation

The long-wave (thermal) irradiance between 4 um and
50 pm shall be measured in the plane of the collector
aperture by a pyrgeometer or other equivalent instru-
ment. The long-wave irradiance as measured during
the test in the plane of the collector aperture shall not
exceed that from a theoretical black body at ambient
temperature by more than 50 mez‘

6.;'3.2 Non-irradiated collector array in series with
a conventional heat source

A non-irradiated collector array in series with a con-
ventional heat source may be used to simulate an
irradiated solar collector array, in lieu of a solar
irradiance simulator as described in 6.3.1. The collec-
tor is tested separately to provide the information re-
guired in 6.3.2.5 and the array's thermal output in the
system test is obtained by using a combination of the
non-irradiated collector array and a heat source in se-
ries in the collector loop.

6.3.2.1 Collector controller temperature sensor

The temperature sensor, designed to be installed on
or in the vicinity of the solar collector array and con-
nected to the system controller for starting and
stopping the collector loop pump or blower, shall be
installed on the surface or inside of the pipe or duct
(under the insulation) downstream of the non-
irradiated array and collector loop heater but as close
to the exit of the second device as is practical.

6.3.2.2 Electric heaters

If an electrical heating element is used in the collector
loop heater, the heating element shall be immersed
in the fluid stream of the transfer fluid and the thermal
losses shall be less than 2 % of the input. Under
these conditions, the measured collector heater input
can be taken as the heater output, If the losses are
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more than 2 % of the input, a means of measuring
the energy delivered to the fluid by the heater shall
be provided.

6.3.2.3 Peak thermal output

The collector loop heater shall be sized to deliver the
peak rate of solar collector absorbed energy.

6.3.2.4 Pressure drop

The pressure drop across the collector loop heater
shall be less than the pressure drop in an equivalent
6 m length of pipe or duct in the collector loop.

6.3.25 Time constant

The time constant of the collector loop heater shall
be less than 2 min.

6.3.2.6 Separate test for solar collector

The solar collector shall have been previously tested
and the following data obtained:

a) a curve of collector efficiency as a function of
(4; —15)/G, with the collector operating at near-
normal incidence to the beam of the sun;

b) a curve of incident angle modifier as a function of
incident angle 6 or the parameter [(1/cos 8) —17;

c) the mass fiowrate and the specific heat of the
fluid used during the collector tests.

The collector heat transfer fluid used in the solar wa-
ter heating system shall be the same as that used in
the collector tests.

NOTE 10  See ISO 9806-1.

If a solar system is designed to be used with non-
freezing (anti-freezing inhibitor) fluids, the test pro-
cedures described in this part of 1SO 9453 must use
these fluids according to the manufacturer's in-
structions.

6.3.2.7 Control of collector loop heater

The thermal output of the collector loop heater is cal-
culated and regulated in accordance with the time in-
tervals (see annexes A and D) specified by the test
day, using the equations governing the thermal output
(see annex B) and the values of ¢, mg and ¢, ; that are
rmeasured (or calculated) prior to every change in input
energy.

1"
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The calculation procedure to determine the desired
thermal output of the collector loop heater is as fol-
lows:

a) the incident radiation on the collector surface, G,
shall be specified as a function of time for the test
solar day (see annex A);

b} the incident angle shall be specified or calculated
as a function of time throughout the test day (see
annex A);

c) using the results of step b) and the incident angle
modifier data, the incident angle modifier shall be
calculated as a function of time throughout the
day;

d} the value of Fg shall be calculated as a function
of time throughout the test day using equation
(B.24),

e) the quantity @y shall be calculated as a function
of time throughout the test day using equation
(B.15).

6.3.2.8 Collector loop thermal output

The collector loop thermal output, &, and g, shall all
be monitored as a function of time during the test.
After the test is completed, a calculation of total daily
collector array thermal output is required using the
known variations of G, and ¢, throughout the test solar
day, the measured values of «; and m,, and the col-
lector thermal performance characteristics deter-
mined from the collector tests. The measured value
of total daily collector loop thermal output from the
system test shall be within £ 5 % of this calculated
value.

7 Indoor test procedures

Procedures are described in this clause for testing the
performance of three categories of solar domestic hot
water systems: solar-only systems, solar-preheat
systems, and solar-plus-supplementary systems. The
test can be done by assembling the complete system
and irradiating the collector array by use of a solar
irradiance simulator as described in 6.3.1. Alterna-
tively, the collector array may be non-irradiated if a
controlled heating device {(collector loop heater) is
added in series with the collector array as described
in 6.3.2. For either case, the system shall be tested
for a test day with no solar input.
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7.1 Solar-only and solar-preheat systems

7.1.1 Purpose

The purpose of this test is to determine the perform-
ance of a solar-only hot water system or of a solar-
preheat hot water system. This test may also be used
to consider the “solar-only” performance capabilities
of a system that has supplementary heating.

7.1.2 Test procedure

The storage device(s) shall be filled with water at a
specified temperature, on the morning of the first day
(see annex A). The system shall be energized and
shall be allowed to operate in its normal mode during
the day and each successive day of the test. Any de-
vice which is intended to limit or control the operation
of the solar energy collection equipment shall be set
as recommended by the manufacturer. On each test
day, water shall be withdrawn from the system at
times, rates and duration as specified for the test day
(see annex A). The energy content of the water
withdrawn shall be determined by installed
flowmeters and temperature sensors. The delivery
temperature shall be measured and recorded at flow
intervals no greater than 4,5 kg throughout the with-
drawal period (see annex A).

The test shall be performed until the daily system
solar energy contribution [see equation (3)]is £ 3 %
of the value on the previous test day. If after the end
of the fourth test day this convergence criterion is not
met, data for day 5 shall be obtained. Then the test
shall be stopped and the data for days 3, 4 and 5 av-
eraged.

7.1.3 Measurements

During the test period, measurements of the daily
energy consumed by the circulation system (pumps,
controls, solenoid valves, etc.) shall be made, and
daily thermal energy output from the collector loop
heater (if used) shall be determined from measure-
ments. These shall be recorded at the end of each
test day. The energy consumed by the bypass loop
controls, pump, fan and valves, if applicable, shall be
obtained separately from the energy consumed by the
solar domestic hot water system components.

During the withdrawal period, the mixed temperature
of the incoming water and the mass and mixed tem-
perature of each withdrawal shall be measured. If the
collector loop heater is used, the thermal energy out-
put from the heater, the mass flowrate through the
collector array, and the entering fluid temperature to
and temperature increase across the collector loop,
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which consists of the non-irradiated solar collector ar-
ray and conventional heat source, shall all be deter-
mined for time intervals specified by the test day (see
annex A).

7.1.4 Calculations

The daily system hot water load shall be calculated
as!

n

& = ch.w(rset ~ Lgin}™; ()

=i

The daily net energy supplied by solar energy shall be
calculated as:

Qs = Zcp.w(fsJ - Ilrr'r\air'n)""'i_a" . (2)

Ji=1
The daily solar contribution is given as:
SC = Q.10 . o« {3)

All measurements used in this calculation shall be
those for the final test day when convergence ac-
cording to 7.1.2 is met. Otherwise average the data
for days 3, 4 and 5.

7.2 Solar-plus-supplementary systems

7.2.1 Purpose

The purpose of this test is to determine the perform-
ance of a solar hot water system with integral sup-
plemental heaters (solar-plus-supplementary system)
for both a test day with solar energy input and a test
day with no solar energy input.

7.2.2 Test procedure with solar energy input

The storage device(s) shall be filled with water at a
specified temperature (see annex A) on the marning
of the first day. The system, including integral heaters
and: controls, shall be energized and shall be allowed
to operate in its normal mode during the day and each
successive day of the test. The time for the beginning
of the first and subsequent 24 hour test days shall be
specified for the test day (see annex A).

Any device which is intended to limit or control the
operation of the solar energy collection equipment
shall be set as recommended by the manufacturer. If
the system is designed so that the temperature of the
delivered water is controlled by a thermostatic control
on the auxiliary energy delivery system, this thermo-
stat shall be set to deliver water at r,,. If the system
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is designed so that the temperature of the delivered
water is controlled by a mixing valve, the mixing valve
shall be set to deliver water at r,,, and the control of
the auxiliary heating system shall be set as rec-
ommended by the manufacturer. On each test day,
water shall be withdrawn from the system at times,
rates, duration and temperature z, as specified by the
test day (see annex A). If the outlet water tempera-
ture from the system is not maintained at ¢, an en-
ergy integrator may be used and the length of the
time of the draw adjusted so that the same total
amount of thermal energy output, measured above
tnaine 1S delivered. The energy content of the water
withdrawn shall be determined by the use of installed
flowmeters and temperature sensors. The delivery
temperature shall be measured and recorded at inter-
vals, throughout the withdrawal period, for which the
water mass removed is less than 4,5 kg. The solar
energy input (via 6.3.1 or 6.3.2) shall follow the
specifications given in table A.1, annex A.

The test shall be performed until the daily system
supplemental energy required (Quyx) is within 3 %
of the value on the previous test day. If after the end
of the fourth test day, this convergence criterion is not
met, data for day 5 shall be obtained. Then the test
shall be stopped and the data for days 3, 4 and 5 av-
eraged.

7.2.3 Test procedure with no solar energy input

All of the specifications in 7.2.2 shall be followed, ex-
cept that there shall be no solar energy input.

7.2.4 Measurements

All of the specifications in 7.1.3 shall be followed. In
addition, the energy consumed for auxiliary heating
shall be recorded and reported (see annex A).

7.2.5 Calculations

The daily system hot water load with and without so-
lar energy input shall be calculated respectively, as
follows.

a) With solar input:

Qs= Zcp,w(’w,j - "main)mj (4

i=1

b} Without solar input;

QL,NS = Zcp.w(le = i‘rr'nain)’:’ij S )

i=1
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A rating number R has been defined and is given by:
R = (Qauxs + Crars)/QLs ...(6)

The daily net energy supplied by solar energy can be
estimated by:

Os = Qs + Quos — Cauxs — Crars (D
where

OLos = (Qauxns + Crarns) — QLns .. (8)
NOTE 11 The actual Q o is a function of the temperature

distribution in the store(s), which may be quite different
when there is solar energy input. Hence, the solar contri-
bution is only a good estimate without knowing @, 55 during
a test day with solar input.

The pefforrnance of the solar energy system shall be
determined and reported using procedures in
annex A and the test data sheet in table 4.

7.3 Hot water — Continuous draw test —
Solar energy only

7.3.1 Purpose

The purpose of this test is to determine the capability
of the solar hot water system to deliver hot water
with no auxiliary energy source operating and during
a continous draw-down.
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7.3.2 Test procedure

The solar hot water system shall be installed, adjusted
and operated as described in 7.1.2 or 7.2.2. Ten min-
utes after the last draw on the final test day, a special
draw test shall be conducted. All auxiliary energy
source thermostats (if any) shall be disabled. The cold
water supply shall be adjusted to supply water at
tnain £ 1,0 °C. Water shall be withdrawn at a uniform
flow rate as specified for the test day (see annex A).

7.3.3 Measurements

The temperature of the water shall be measured at a
point as close to the storage tank(s) as possible and
recorded immediately at the start of the draw and at
not more than 4,6 kg intervals of water mass there-
after. The draw shall continue until the discharge
temperature equals the inlet temperature + 3,0 °C.

7.3.4 Calculations

A curve with outlet water temperature as the ordinate
and quantity of water withdrawn as the abscissa shall
be drawn using the test resuits.

8 Recording and reporting of data

Table 3 lists the measurements which shall be made
during the tests to determine the fraction of the daily
total hot water load supplied by solar energy. Table 4
specifies the data and information that shall be re-
ported in testing the solar domestic hot water system.

Table 3 — Necessary data for indoor testing of solar domestic hot water systems

Solar-only or Solar-plus-
ltem solar-preheat | supplementary
systems systems
Date X %
Observers X x
Equipment nameplate data for system components X %
Number of collectors in system x X
Collector aperture area (mz) X x
Collector gross area (mQ] x X
Storage tank outside dimensions (m) X X
Storage tank volumetric capacity (m°) X X
Number and location of integral heating elements @] X
Rating of integral heating elements O x
Y Mass flowrate through collector during the collector tests, m {kg/s) X x
1 Specific heat of heat transfer fluid used during the collector tests, ¢, . [kJ/(kg-"C)] X P
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Solar-only or Solar-plus-
ltem solar-preheat | supplementary
systems systems

1 Intercept of the collector efficiency curve determined in accordance with collector
tests, (A,/Ag)Fa(1a), . dimensionless X &

1 Siope of the collector efficiency curve determined in accordance with collector tests
determined at a va!u? of (t;er — 1,1)/G, at solar noon during the system test, X x
(AsfAg)FaU, [kJ](h-m*~C)]

11 Effective transmittance—absorptance product at normal incidence as specified in

r 5 X H
6.3.1 (and annex B}, (ta), . dimensionless

1 Collector heat removal factor as determined in annex B, Fg, dimensioniess X X

1 Collector ovzerall heat transfer coefficient as determined in annex B, . y
U [kJ/(h-m?°C)]

1 Collector efficiency factor as determined in annex B, F’, dimensionless X x

1 Mass flowrate of the transfer fluid through the solar collector array during the system
test (recorded at the specified time increments), my (kg/s) * =

1 Specific heat of the transfer fluid through the solar collector array during the system N N
test (determined at the specified time increments), ¢, o [kJ/(kg-°C)]

1 Temperature of the transfer fluid entering the solar collector array during the system N y
test (recorded at the specified time increments), #; (°C)

U Temperature difference across the solar collector loop during the system test (re- « »
corded at the specified time increments), 4, — &; {°C)

Ambient air temperature surrounding the system during the test (recorded at the N N
specified time increments), 4, (°C)

1 Energy output from the collector loop heater (if used) during the test {recorded at the " "
specified time increments), Ogueur (kJ)

Energy consumed for auxiliary heating (recorded at the specified time increments) o y
(kwh)

Inlet water temperature to the system during the test (recorded during every draw), = .
Irnain (“C)

Qutlet water temperature from the system during the test {recorded during every = G
draw), ¢, (°C)

Mass of water withdrawn from the system during the test (recorded during every 5 %
draw), m; (kg)

1 Daily energy output from the collector loop heater (if used), Qoyrpyr (kJ) x x
Daily energy consumed by the circulation and control apparatus (pumps, contrals, . N
solenoid valves, etc.), Opag (kJ)

Daily energy consumed for auxiliary heating, Qux (kJ) o x

2} Spectrum-weighted values of the transmittance-absorptance product for normal in- 8 “
cidence for the standard spectrum, dimensionless

2) Spectrum-weighted values of the transmittance—absorptance product for normal in- N .
cidence for the solar simulator spectrum, dimensionless

1) Only recorded if the collector loop heater is used.

2) Only recorded if the solar irradiance simulator is used.
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Table 4 — Sample test data sheet

General information
I AT T AT TEOTUTEIN orums nowaro ssms s om0 3 0 R T s A A P M T P A S
Solar domastic WOt WELETr SYSTEIM NOU iwwiiisseisiiumsssismimss i iomonmiss v i sivsimiis o v s 8 sy to i o s s i
Construction details of the system
Collector aperture dimensions (M} and @rea (M2} ... s sttt e sre e ens
Collectorgrossidirmensions imy-and-aread it ao i oimn m r y a
Number of collectors in system:
{AIANFr (1) o (FrOm COUBCION tOSIS): ... vocererrocrsssmsemssmrsrarsrsrsssaressnsssmystossrarassesasssastrass s sesrstasansnssss s sassnssspenssagsessesasen s

(A,/A)FrU, determined at a value of (1, —4,,)/G, at solar noon during the system test {from collector tests):

Storage tank dimensions including insulation thickness (m)}

DHEBLEE  .ovoscrosmnmmmmmsssie Height: ....cooocvieviieniiieiiceceenee. INSUlAtioN thickNESS: v,

Description of the solar domestic hot water system including insulation, valves, circulation, piping, controls, and control
set points:

Transfer fluid used and its thermal-physical properties

Specific heat: ........ccoooovveeiiiiiiiieen, Density: ....ccccoviviiiinininniesieensnnenns VISCOSIY! i

Description of the test apparatus, including configuration and instrumentation used in testing (include photographs). For a
thermosiphon system, include the piping size and elevation of the storage tank above the solar collector array:
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Tests
The solar contribution shall be determined and reported for the system under test.
At the beginning of the tests to determine solar contribution and thereafter in time increments specified in the test day, the

following shall be reported if the collector loop heater is used:

QOUTPUT T L T T D P PP PR R R P PR R TP P kJ

g A A s R L kg/s

For each withdrawal of water from the system during the tests to determine solar contribution, the following shall be re-
ported:

Dingin eeereeeseeeseeoseseeeseoneeseeseeeenehb e b e s e h s et s e be ettt ettt arbe s °C

On a daily basis during the test to determine solar contribution, the following shall be reported:
O.os R T B RS e R e S s isen.

R

SC

For the hot water supply rating tests, a curve of outlet water temperature as the ordinate versus quantity of water withdrawn
as the abscissa shall be reported, both with (if appropriate} and without the use of an auxiliary energy source.
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Annex A
(normative)

Test day specifications

This annex provides a standardized set of test conditions for comparing the performance of different domestic
water heating systems.

A.1 Energy load or energy content of hot water delivered by system

0, Solar-only = Zmc, w(lset — main)
Q, Solar-preheat = Zmcy, w(tset = fmain)
0, Solar-plus-supplementary = zmjcp,w{wa ~ tmain)

A.2 Eé‘nergy supplied by solar energy

Qg Solar-only = Emc, o (ts — tmain)

Qg Solar-preheat = Zmcy wltsj — tmain)
Qs Solar-plus-supplementary = Zmc;, (% — fmain)

A.3 Test period
The test period can be shortened by at least one day if the system is preheated with 45 °C water. Since the test
is carried out indoors, the time at which each 24 hour period is begun is arbitrary. However, in the rating day

specifications given below, the clock time for beginning the first and subsequent test days for energy calculations
is 1700 hours.

A.4 Test conditions

The test conditions shall be set as follows:

a) collector tilt angle: 45° from horizontal unless manufacturer specifies differently;

b} average ambient air temperature, t,: 20 °C + 2 °C;

¢) input water temperature, £, 15 °C + 2 °C;

d) set temperature for auxiliary tank, t.,: specified by manufacturer but not less than 49 °C,
e} water draw rate: 10 I/min £ 1 I/min;

f)  wind speed: see 6.3.1.4;
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g) water draw schedule: see table A.1. Five equal volume draws for a total draw of 100 |, 200 | or 300 | shall be
used. For solar-plus-supplementary systems, determine the draw volume during the no-solar-input test. In
performing this test, first establish equilibrium. Take first draw at the specified flowrate. Monitor delivery
temperature. Record the volume at which the temperature drops to 35 °C. Choose the daily draw volume to
be that which is immediately below the volume at which the temperature dropped to 35 °C.

For solar-only systems, the test volume shall be selected by the manufacturer from 100 I, 200 | or 300 |. The
laboratory shall test for the specified conditions and monitor the temperature during the draws. The solar en-

ergy contributed and the quantity of energy below and above 35 °C delivery temperature shall be recorded
with the results.

h) solar radiation schedule: see table A.1. Diffuse irradiance shall be constant at 160 W/m? throughout the solar

day.
Table A.1 — Conditions for thermal performance test of SDHW systems
Incident radiation
Time Hour angle, @ | Incident angle, § | Load, V
Non-solar day Solar day
(h) [ka(r‘nE-h)] G [kJ;(mz-h)] Gy [kJ/(m>n)] ©) ) {litres)

0800-0900 0 694 576 - 60 60 o2V
0900-1000 0 1224 576 — 45 45
1000-1100 0 1624 576 - 30 30
1100-1200 0 1884 576 -15 15
1200-1300 0 1964 578 0 0 02V
1300-1400 0 1 884 576 15 15
1400-1500 ] 1624 576 30 30
1500-1600 0 1224 576 45 45
1600-1700 0 694 576 60 60 02V
1700-1800 02V
1800-1900
1900-2000 02V
Total 0 12 816 5184 v
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Annex B
(normative)

Collector loop heater — Equations to be used in controlling thermal output

As outlined in clause 6 and clause 7 of this part of ISO 9459, the solar hot water system may be tested in the
laboratory using a non-irradiated solar collector array with a collector loop heater installed downstream of the array
and controlled to supply the collector absorbed energy to the flow loop. The purpose of this annex is to derive the
governing equations to be used in controlling the thermal output of the heater. The derivations are taken mainly
from references [11], [32] and [33] (see annex E).

B.1 Irradiated solar collector — Thermal performance

The thermal performance of an irradiated solar collector operating under quasi-steady-state conditions can be de-
scribed by either of the following equations:

4,

A~ [KFr(ta)enGy — [FRUL(f; — %)] w8y 1)
or

0,

T (Ko (1) e.0Gi] = [UL(‘D.m - 1)) s (B2}

Equating the two equations and solving for 1, !

K _G
tom = Falti — 1) + B a }E{T“)e_n (1=Fg) +1¢, ...(B.3)
L

If the collector were in the laboratory and not irradiated, equation (B.3) would reduce to:

Ib.m,non = Fﬁ(rf,i == a.l) + 1) ...(B.4)
The above equations can be used to derive the equations for the required net energy output of a collector lcop
heater that will result in the same performance as with the irradiated collector.

B.2 Collector loop heater downstream of non-irradiated collector array

In order for the net energy output of the collector loop to be the same when using a collector loop heater and
non-irradiated collector, compared to when using an irradiated collector, then:
0 _y =K, F, G B.5
A Lo mnon = 1 1) = KFr(1)e oGy — FRUL(j — %) .- (B.9)
a

The left side of equation (B.5) represents the net energy output from the collector loop in the laboratory when the
collector loop heater supplies energy to the loop and heat loss occurs from the non-irradiated collector. The right
side of the equation represents the net output that would occur from an irradiated collector. Note that the loss
coefficient for the collector, Uy, is assumed to be the same for both configurations. Since the collector loop heater
is downstream of the non-irradiated collector, the inlet temperature of the fluid to the non-irradiated collector is
identical to the inlet temperature of the fluid that would occur in the irradiated collector. Consequently, equation
(B.4) can be introduced into the left side of equation (B.5} and the resulting equation solved for Q:
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A A,
Onh=K. A_: Fa(ta) e nGiAg — s FRU Ayt — t50) ...(B.6)

Equation (B.6) is for a one-collector module array. The analysis is readily extended to a combination of M parallel
rows of N collectors connected in series. Consider the situation where there are M collectors connected in parallel
and no collectors connected in series (N = 1). Equation (B.6) becomes:

; A A
Qp =Ky -2 Fg (T“)e.nGtAg e FRULMAg(ra,I = 'fa,t) ... (B.7)
Ag Ag

Collector modules connected in series requires that the heat removal factor, Fg, in equation (B.7) be modified. For
a one-solar-collector module:

_ngy AFU.
Fp= UA, [1 —exD(— mc, ):\ ...(B.8)

Where two collector modules are connected in series, each module has the same mass flowrate; however, the
aperture area is doubled. With the assumption that the U s and Fs are equal for the two collectors, equation (B.8)
becomes:

FHZ=—L%11—exp(—iA;%” ...(B.D)
Algebraic manipulation of equations (B.8) and (B.9) yields:
FRZ=FR[‘I —%} .(B.10)
Thus for two collectors in series:
(FatU)2 = (E) [1 - %A—} @11
and
[Faleonl = [Fal2)e [1 - %] (812)
Generalizing to any number, N, of identical collectors in series:
N :
(FaUy = ;;" = [1 —%ﬂﬁ] .®13)
and
[Fr(za)e nlmic, (FRUL)A, "
[FR(T“}a.n]N=m 1= {1 —n-?—cp} ...(B.14)

Therefore, in the most general case where the heat source is located downstream of M rows of N collectors
connected in series:

Q-ﬁh = [Km% [FH(‘W) e,n]N G, MN Agl = { ::_: (FRUN MNAg(faJ = ra,t)] -+ (B.15)
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B.3 Collector loop heater upstream of non-irradiated collector array

Equating the net energy output from the collector loop for the two alternative test configurations (collector loop
heater plus non-irradiated collector and irradiated collector), as was done above:

Q. - U L]
IhAa : (fp,rn.non —ty)) = KFa(10)enGr — FRUL (5 — 1) .- (B.16)

where * indicates that ¢, ., .o, i different from the previous case because the collector loop heater is now upstream
of the irradiated collector. Equation (B.4) is still valid except the inlet temperature of the fluid to the nonirradiated
collector is also different from the previous case, due to the location of the collector loop heater:

t[;,m.nan = FRtfi — ta)) + by zx (BT

An energy balance on the collector loop heater results in the following expression for the exit temperature of the
fluid from the heater (inlet temperature of the fluid to the non-irradiated collector, ;) in terms of the inlet tem-
perature of the fluid to the heater (identical to the inlet temperature of the fluid to the non-irradiated collector in
the previous case, f):

On
I"’."scp,s

...(B.18)

Solving equations (B.16), (B.17) and (B.18) simultaneously:

oo KarlAalAg) Fr(ta)e,1Gilg — (AalAg) (FRUUAg(ts) — 1) -
Q"’ 1= [(AufAg) (FRUD Ag] [ (iscys) (819

Equation (B.19) is for a one-collector-module array. For the case where there are M collectors connected in parallel
and no collectors connected in series (N = 1), equation (B.19) becomes:

Ku-:(AaMg)FH(u‘)a,nGMAg s (Aa-'[Ag) FHULMAg(ra.J = ta.t)

- " ... (B.20)
" 1 = [(AalAg) (FRU)MAG | (rscy,s)
In the most general case of M rows of N collectors connected in series;
Ne K. [Aa!Ag)FH(m}a,nGIMNAg = (Aamg} (FHUL)MNAgfraJ & ra.t) (B.21)
!h _—— . oa e .

1 = [(As/Ag) (FRUWMNAG] [ (msc; )

Within the limits of the assumptions made in the above analysis, either configuration using the non-irradiated solar
collector array can be used, provided the appropriate equation is used to control the collector loop heater
[equation (B.15) or (B.21)]. However, locating the collector loop heater downstream of the collector array was
chosen due to the simpler expression for Qu-.- equation (B.15).

B.4 Flowrate correction techniques

It should be noted with reference to equations (B.1) and (B.15) that the value of Fg is dependent upon mass
flowrate and the specific heat of the transfer fluid. Therefore, if the flowrate of the transfer fluid through the col-
lector in the operation of the solar hot water system is different from the value used during the tests on the col-
lector, then the value of Fy used in equation (B.15) must be modified from that value obtained from the collector
tests. This can be done utilizing the following procedure:

a) Calculate (za),, for the solar collector. For an ordinary flat-plate collector:
T

soui{B22
sl T.—.}Pd { )

{Ta)e,n = T o {
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where
py = 0,16 for a one-cover glass system;
pg = 0,24 for a two-cover glass system;
pq = 0,29 for a three-cover glass system.

For concentrating or other types of collectors, the value of (za),, must be determined based on the geo-
metrical and optical properties of the collector.

b) Calculate the value of Fr from the collector tests by:

| N A—
(As/Ag) (1) e.n
where
¥ is the intercept of the efficiency curve;

(o), Is calculated from equation (B.22).

c) Calculate the value of the U, from the collector tests by:
_ (4A)FrU,
: [Aa!Ag}FH

where (4,/Ag)FRU, is the absolute value of the slope of the efficiency curve at a value of (tsey — ta4) /G, 8t sOlar
noon during the system test.

d) Calculate the collector efficiency factor, F' by:

— F,
prw e [y _ FrdalL ...(B.23)
AU, MeCh ¢

e} Once F is determined, F can be calculated for transfer fluid flowrate and specific heat of any system by using:

o = s [T (M}] 20

= MAU, MyCos

It should be noted that the ahove correction technique is based on the assumption that the collector absorber
plate efficiency factor, F’, is not a function of flowrate. However, when using air as the transfer fluid the as-
sumption is not valid. The correction technique should not be used under such conditions unless the flowrate
per unit collector area of air through the array during the system test differs from that used in the collector
tests by less than 25 %. Otherwise, the collector tests should be repeated using the collector flowrates per
unit area existing in the test system.
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Annex C
(normative)

Calculation of spectrum-weighted values of optical properties

The spectrum-weighted value of an optical property P can be computed as:

ZP (M)E; A%
P=i=1 (C1)

iELAl,-

i=1

where
E, is the spectral irradiance at the wavelength 2;
Al is the wavelength interval;

P(2) s the average value of the optical property in the wavelength interval,
n is the number of wavelengths for which each E, is known.

The wavelength intervals are given by:

Ml____’w_*;_lf;—;

except for the first and last intervals, which are given by:
Ady =1 — 4
and

&)'n‘:= ln_ln—1

Values of 4; and E; for the standard air mass 1,5 solar spectrum are tabulated in 1SO 9845-1. Values of E for the
simulator shall be measured in accordance with 6.3.1.1.

This spectrum-weighting procedure shall be applied to the relevant product of spectral optical properties (e.g. 1e,
pral.
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Annex D
(normative)

Calculation of equivalent irradiance

During thermal performance testing of SDHW systems, the effects of diffuse irradiance and the incident angle of
beam irradiance occurring throughout the day should be accounted for. Table A.1 of annex A gives values of dif-
fuse and beam incident solar radiation to be applied to the solar collector array and the corresponding incident
angles for beam irradiance. When testing with a solar simulator, it is often not practical or possible to produce
these conditions by varying the simulator lamp-to-collector orientation or the level of diffuse radiation in the
simulator enclosure. In these cases or when using a thermal simulator, it is necessary to use an “equivalent
irradiance"”. This is the power level (in the case of a thermal simulator) or radiation level that, when applied normal
to the plane of the collector by a solar irradiance simulator, represents the irradiance that would have resulted had

the conditions listed in table A.1 (annex A) actually occurred, including the effects of direct and diffuse irradiance
and incident angle.

The thermal performance of an irradiated solar collector operating under quasi-steady-state conditions can be de-
scribed using equation (B.1):

o (i) - iy~ )
or, letting 4 ,, = (rf,i i nf.e) 12:

2 = (Kl ()G — [FU (4~ )] .. @)

In both cases the value of K,G, can be approximated [26] as:
KG, = K,,Gy, + K4Gy wv DN

or for a particular incident angle 6,
K,.(6)G, = K,.(8) Gy, + K4Gy ...(D3)

where

K,.(6) is the value of the incident angle modifier at an angle 8 to a normal to the collector aperture plane;

Gpp and Gy are values of direct beam and diffuse solar irradiance incident on the aperture plane of the collec-
tor.

For most cases, values of Ky may be estimated from:

90°

Ks=|  Ka(6) sin(26)d6 ... (D.4)
4 =0

For collectors with essentially planar glazings and absorber surfaces, the value of K, can be approximated by the
value of K, (60°), i.e.:

Ky = K.0(60°) ... (O8)

For systems that use collectors in which the value of K, is not symmetrical, K, rmay vary depending on the axis
in which it is evaluated (e.g. horizontal versus vertical incidence angles). It may be necessary to complete a more
complex calculation of Ky. These effects may be most significant for tubular collectors or collectors employing
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trough structures, mirrors or lenses such that the geometries are characterized by biaxial symmetry. Cases of this
type are described in Appendix E of reference [34].

To estimate the “equivalent irradiance” it is necessary to know the variation of incident angle modifier, K, with
respect to the incident angle of beam irradiance, 8, for the solar collector array used in the SDHW system under
evaluation. Using these values, the “equivalent irradiance” may be calculated as described below, for each of the
following cases.

D.1 Case 1 — Using a solar simulator

When a solar irradiance simulator is used and the lamp-to-collector orientation is adjusted to a value 8, but the
irradiance is effectively all direct beam radiation, the effects of diffuse irradiance as specified in table A.1 should
be accounted for. In this case the “equivalent irradiance”, G, (measured in the aperture plane of the collector)

is given by:

GeKx(Om) = GopKoe(6) + GuKy ...(D.6)
or

Geq = [GopKun(8) + GoKy) [Ker(6) ... (D)

The “equivalent irradiance” can be related to the direct normal irradiance measured in & plane perpendicular to the
direction of beam irradiance coming from the solar simulator, Gpy ,,, according to:

Geq = Gpnom cos(6,,) ...(D.8)

D.2 Case 2 — Using a solar simulator

For the case in which the lamp-to-collector orientation is adjusted each hour of the test such that 8,, = 8, where
f represents the values given in table A.1 corresponding to the test hour, then:

Goq = Gop + [GoKylK,(6)] ...(D.9
where Gy, and G are specified in table A.1 for the corresponding value of 8 during the test hour of the test day.

D.3 Case 3 — Using a solar simulator

For the case in which the lamp-to-collector orientation is fixed such that the radiation coming from the solar
simulator is directly normal to the aperture plane of the solar collector, i.e. 8,, = 0°, then:

Geq = [GopKa(8) + G4Ky] K, (0°) ... (D.10)

which, since by definition K.(0°) = 1, gives:
Gaq=thKm(B)+Gde (D11)

D.4 Case 4 — Using a thermal simulator

When testing with a thermal simulator, the power output of the heater shall be determined by the method de-
scribed in annex B, accounting for the effects of diffuse irradiance and the incident angle of beam irradiance as
specified in table A.1. In this case the value of K,.G, used in the calculation of the thermal simulator output
(annex B) shall be given by:

Ky Gy = K, (8) Gyo + KoGy ...(D.12)

where the values of 8, Gy, and G are the values given in table A.1 corresponding to the hour of the test day.
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Annex E
(informative)
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