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Forewor

ISO (the Intefnational Organization for Standardization) is a worldwide
federation of |national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical conmpmittees. Each member body interested in a subject for
which a techpical committee has been established has the right to be
represented gn that committee. International organizations, governmental
and non-govefnmental, in liaison with ISO, also take part in the work. 1ISO
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he member bodies for voting. Publication as an International
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tandard ISO 9459-1 was prepared by Technical Committee
Solar energy, Subcommittee SC 4, Systems-5~ Thermal
reliability and durability.

sists of the following parts, under thexgéneral title Solar
mestic water heating systems:

Performance rating using indoor test methods
Performance test for solar only systems
Performance test for solar plus supplementary systems

bystem performance characterization by means of compo-
ts and computér simulation

bystem performance characterization by means of whole
tests and.eomputer simulation

Crand D form an integral part of this part of ISO 9459. An-

nex E is for in

formation only.
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———Introduetien

International Standard I1SO 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 o all systems
has not yet been developed, it has not been{ossible to optain an inter-
national consensus for one test method @and one standafd set of test
conditions. It has therefore been decided-to promulgate [the currently
available simple methods while work-eontinues to finallze the more
broadly applicable procedures. The advantage of this approagh is that each
part can proceed on its own.

ISO 9459 is divided into fiveparts within three broad cate
scribed below.

gories, as de-

Rating test

involves test-
ce conditions.
r identical so-

ISO 9459-1, Performance rating using indoor test methods,
ing for periods-of ‘one day for a standardized set of referen
The results, therefore, allow systems to be compared unde
lar, ambient, and load conditions.

Blackbox correlation procedures

ISO’9459-2 is applicable to solar-only systems and solar-pre
The performance test for solar-only systems is a “black b
which produces a family of “input-output” characteristics
The test results may be used directly with daily mean value
irradiation, ambient air temperature and cold water tempsg
predict annual system performance.

heat systems.
bx " procedure
for a system.
5 of local solar
rature data to

ISO 9459-3 applies to solar plus supplementary systems. Th
test is a “black box" procedure which produces coefficie
lation equation that can be used with daily mean values

e performance
hts in a corre-
of local solar

rature data to
pdicting annual

irradiation, ambient air temperature and cold water tempe
predict annual system performance. The test is limited to pr¢
performance for one load pattern.

Testing and computer simulation

ISO 9459-4, 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, ISO 9806-2 and 1SO 9806-3.

ISO 9459-5 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.
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The procedures defined in ISO 9459-2, ISO 9459-3, ISO 9459-4 and ISO
9459-6 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 9459-1 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 I1ISO 9459-4 or I1SO

9459_5 d'-hmrl\, cormparabl Thaa ar Ay aareait of
are 'vv\ly CUTTTVUTUVTG . LA~ E™> A ’JIU\JU\JUIUQ NUIIIIIL vUIIUIIIIGIl\/U

predictions forl a range of system loads and operating conditions.

System reliability and safety will be dealt with in a future standard.

vi
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Solar heating — Domestic water heating systems —

Part|1:

Perfarmance rating procedure using indoor test methodg

1 Scope

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

It appliep only to solar water heating systems de-
signed splely to heat potable water to be supplied for
domestig¢ water usage.

The test procedures described in this part of 1ISO~9459
are applitable to systems of solar storage(capacity of
0,6 m® of less. It includes procedures for'testing solar
domesti¢ hot water systems either with solar
irradiancg simulators or thermal \.simulation (non-
irradiated) methods.

The test| procedures in this\part of ISO 9459 which
employ & non-irradiated{sofar collector array in series
with a cpnventional heat source do not apply to inte-
gral collector storage systems, nor to systems in

It is not intended to be used for testing
components, of) the system, nor is it
abridge any\safety or health requiremen

2 ‘Normative references

The following standards contain prov
through reference in this text, constitu
of this part of ISO 9459. At the time of p
editions indicated were valid. All standar
to revision, and parties to agreements
part of ISO 9459 are encouraged to i
possibility of applying the most recent &
standards indicated below. Members of
maintain registers of currently valid
Standards.

ISO 9059:1990, Solar energy — Calib
pyrheliometers by comparison to
pyrheliometer.

ISO 9060:1990, Solar energy — Spe

S

the individual
intended to
[S.

sions which,
te provisions
Iblication, the
Is are subject
based on this
vestigate the
ditions of the
IEC and ISO
International

ation of field
a reference

cification and

which thHermosipfion flow occurs, nor to any system classification ~ of  instruments  forl measuring
employirlg a{collector/heat transfer fluid combination hemispherical solar and direct solar radigtion.
which carnnot be tested in accordance with the col-

[SO 9806-1.—", Test methods for solar collectors —

lector test.

The test procedures in this part of ISO 9459 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 9459 is not generally applicable to

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

1) To be published.

Part 1. Thermal performance of glazed
collectors including pressure drop.

ISO 9845-1:1992, Solar energy — Re

liquid heating

ference solar

spectral irradiance at the ground at different receiving

conditions — Part 1: Direct normal and
solar irradiance for air mass 1,5.

ISO 9846:—",

hemispherical

Solar energy — Calibration of a

pyranometer using a reference pyrheliometer.
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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.

© I1SO

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

3.1 absorbel: That part of a collector that receives
radiant energyl 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
outdoors) sur
device or sola

3.4 angle of
Angle betwed
outward-drawr

3.5 aperture
maximum pro
centrated sola

NOTE 1 For ¢
area includes ar
by the receiver 3
reflector segme
area, sometime|
any shaded ares

3.6 aperture
lector through
ation is admitt

3.7 area, grd
of a complete
integral mean
conduits. For 3
such as evacl

air: Air in the space (either indoors or
ounding the thermal energy storage
collectors, whichever is applicable.

incidence (of direct solar radiation):
n the solar radiation beam and the
normal from the plane considered.

area: Of a solar thermal collector,

ected area through which the uncon-

radiation is admitted.

oncentrating collectors, the gross aperture
y area of the reflector or refractor shaded
nd its supports and including gaps between

nts within a collector module. Net aperture
5 called effective aperture area\excludes

or gaps between reflector segments.

plane: Plane at or above the solar col-
which the unconcéntrated solar radi-

pd.

ss collector: Maximum projected area

d solar collector module, exclusive of
5 of /mounting and connecting fluid

n afray of collectors, including devices
atéd tube or concentrating collectors,

cottector T whichtheabsorbmg surface 75 e5sentially
planar.

3.13 collector loop: Continuous path follgwed by
the primary heat transfer fluid inCa/solar enelrgy sys-
tem.

3.14 collector loop heater: Heater installefl within
the collector loop when-testing the solar domestic
water heating systemywith a non-irradiated arfay.

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 ogeration;
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 didc, on a
given plane.

NOTE 2 In general direct solar radiation is meapured 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 %o of the
direct solar radiation on the earth's surface is contained
within the wavelength range from 0,3 um to 3,0 um.

3-19—demestier—For—use—r—residentia—antd small

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

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.
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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

1ISO 9459-1:1993(E)

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 pm), or any energy
made available by the reception and conversion of

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 flyx density"”; the use of these terms is deprecated.

3.26 lopd: 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 hof water system.

3.27 potable: Suitable for human consumption;
drinkablg.

3.28 pirecision: Measure of the closeness of agree-
ment arhong 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 thg radiant fluxes incident fromsthe hemisphere
above wlithin the wavelength range\0,3 um to 3 um.

NOTE 4 | The spectral range given' represents roughly the
spectral fange of solar radiation-{also called solar or short-
wave range) at the ground-ahd is only nominal. Depending
on the material used fortheé domes which protect the re-
ceiver surface of a pyranometer, the spectral limits of its
responsi\ity approxXimate to the limits mentioned above.

3.31 pyrgeometer: Instrument for determining the
irradiance0n a plane receiving surface which results

solar radiation.

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

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

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

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

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

3.39 solar hot water system: Comp|ete assembly
of subsystems and components necesgary to convert
solar energy into thermal energy for the heating of
water; may include an auxiliary heat soyrce.

3.40 standard air: Air weighing 1,204 kg/m3 which
approximates dry air at a temperature ¢f 20 °C and a
barometric-pressure of 101,325 kPa.

3.41 standard barometric pressure: Barometric

from the radiant fluxes incident from the hemisphere
above within the approximate wavelength range
4 um to 50 um.

NOTE 5 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

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.

ot

© |SO

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;

4 Symbols and units

dollector module aperture area, in
square metres;

tercept of the collector efficiency
rve determined in accordance with
llector tests, dimensionless;

ope of the collector efficiency curve
etermined in accordance with collector
tests, in kilojoules per hour square me-
tfe degree Celsius [kJ/(h-m2-°C)];

ross collector area, in square metres;

specific heat of the transfer fluid used in
the collector during the collector tests,
in kilojoules per kilogram degree Celsilis
[kJI(kg-°C)T;

ecific heat of the transfer fliid used in
the collector during the selar’hot water
stem test, in kilojoules:per kilogram
egree Celsius [kJ/(kg€)7;

ecific heat of¢water, in kilojoules per
logram degree-Celsius [kJ/(kg-°C)];

0zzle throat diameter, in metres;

llector absorber plate efficiency factor,
imensionless;

Oaux

OLns

Olos

Os

mass flowrate of the transfer fluid
through the collector duringthe ¢ollector
tests, in kilograms per second;

mass of the jth withdrawal of water, in
kilograms;

mass flowrate of the transfpr fluid
through~the collector array dufing the
solafhot water system test, in kijograms
per.second;

number of collector modules in $eries in
each parallel row in the collectdr array,
dimensionless;

daily energy consumed for puxiliary
heating in the solar hot water syptem, 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 h¢t water
system for the case of no solaf energy
input, in kilojoules;

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

daily system hot water load defined as
the product of the mass, specific heat,

collector heat removal factor,

dimensionless;

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

diffuse irradiance from solar irradiance
measured in a plane parallel to the col-
lector aperture, in kilojoules per square
metre hour [kJ/(mZ-h)];

O

Orar

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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Qoutput

Os

0,

lset

w.j

ISO 9459-1:1993(E)

valves, etc. in the solar hot water sys- I mixed temperature of the jth withdrawal

tem, in kilojoules; of water from the solar tank, in degrees
Celsius;

energy output from the collector loop

heater (if used) during the test, in fain temperature of the incoming cold water

kilojoules; supply to the solar hot water system, in
degrees Celsius;

daily net energy supplied by solar energy

for the system during the test day, in U collector heat transfer loss coefficient, in

kilojoules; kilojoules per hour square metre degree
Celsius [kJ/(h-m?-C)7;

rate of useful heat output from the col-

lector, in kilojoules per hour; 1% total volume draw asCdetprmined from
no-solar-input test, inlitres;

rating number which is the ratio of the .

auxiliary plus parasitic energies to the Subscripts

daily system load dqrmg the solafr day NS no solar €AWy input:

[(Qaux + Qrar)/Q.]. dimensionless;

i ) S solar€hergy input;

fraction of hot water load supplied by

solar energy, dimensionless; Greek symbols

ambient air temperature, in degrees O absorptance of the collector absorber

Celsius; coating to the solar spectfum at normal
incidence, dimensionless;

ambient air temperature in the labora- o i

tory during the system test, in degrees ] angle of incidence betwgen the direct

Celsius: solar beam and the normal to the col-
lector aperture, in degreeg;

ambient air temperature specified™“for .

the test solar day, in degrees Célsius; Om gnglg of incidence betwden ’ghe peam
irradiance from the solar irradiance

£ th for- fluid simulator and the normal tp the collector

temperature of the transfer fluid enter- aperture, in degrees:;

ing the collector, in degrees Celsius;

) ) Pd specular reflectance of tHe cover plate
temperature qf the) transfer ﬂund leaving assembly at an incident fangle of 60°,
the collector, in“degrees Celsius; dimensionless:
mixed temperature of the water with- T, transmittance of the coler plate as-
drawn \from the solar hot water system, sembly to the solar spectfum at normal
indegrees Celsius; incidence, dimensionless;
mean plate temperature of the collector (te) g n effective transmittancg-absorptance
gbsorber,mdegrees Cetsius; preduetfor—the—eeHeeter—at normal inci-

dence, dimensionless;
mean plate temperature of the collector ) _
absorber under non-irradiated con- n summation over all water withdrawal
ditions, in degrees Celsius; /; periods during a test day.

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;

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

© |SO

b) 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.

c) Closed (sealed or unvented) — system in which

the heat transfer fluid is completely sealed from
the atmosphere.

5.4 Attribute 4

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

5.1 Attribute 1

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

b) Solar prehpat — 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 s¢lar and auxiliary energy sadurces in an
integrated \ay and is able to provideJa specified
hot water gervice independently(of ‘solar energy
availability.

5.2 Attribute 2

a)

Direct — system in-which the heated water that
will ultimately Je{consumed passes through the
collector.

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

b) Drainback — system in whiCh! as part|of the
normal working cycle, the yheat 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

alz, Thermosiphon — system which utilizgs only
density changes of the heat transfer fluid to
achieve circulation between collector and sftorage.

b) Forced — system in which heat transfer [fluid is
forced through the collector either by medhanical
means or by externally generated pressure]

5.6 Attribute 6

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

b) Series-connected — system in which thg water
to be heated passes directly from a supplly point

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
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.

through the collector to a storage vessel or to a
point of use.

5.7 Attribute 7

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

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

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 accardance with manufacturer's

6.1.1 Test system configuration

The tesf configuration to be utilized is to be deter-
mined bl the classification of the system as described
in claus¢ b5.

A reprgsentative test configuration is shown in
figure 1 for the case of a non-irradiated collector array
and a cpllector loop heater downstream of the non-
irradiatef collector array. The purpose of the bypass
loop is {o circulate the transfer fluid through the col-
lector lpop heater during those times when solar
irradiande occurs but the solar domestic hot water
system |controller does not require the collector loop
pump t¢ be on. The bypass loop pump should not
operate [when the collector loop is on.

installation instructions. In the absence| of specific in-
structions from the manufacturer@nd ifl the collectors
are normally mounted remote from thg storage, the
tests shall be performed with~the tothl pipe length
connecting the storage ¢ank and th¢ collectors a
minimum of 15 m (75’m in the supply line and
7.5 m in the return Jine). In the case of an air collector
array, the total ddetlength shall be sdecified by the
manufacturer and the total of the duct and pipe
lengths shall be' a minimum of 15 m. Tlhe connection
piping and\ducting shall be insulated |in accordance
with tHe’ manufacturer's installation ingtructions. The
collectors shall be mounted at the tilt gngle specified
by the manufacturer. If the system ig to be tested
using a non-irradiated solar collector jarray, a black
radiation shield shall be mounted |approximately

Collector loop

r=——Control volume
|
-<—1-—————Operuf'|ng energy

heater

q\\eypuss Loop pump
%

Heat exchanger
Store

Auxiliary controls l
efc.

————=Hot water, t, ;. f,,;

Fe—————Cold water supply, fnqh

Non-irradiated

collactan Annay,
A AR Ry s

!
I
|
|
l

Heat losses from stord

7

piping, collector array etc.

U System pump

|
I
|
|
|
[
I
I
!

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
capacity/insulative capacity material

board).

6.1.3 Liquid

consist of very low thermal
(e.g. poster

flow system

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

© SO

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 cold wate
from the syste
position throd
tance practica
The hot wate
acting valve Ig
measurement

Inlet and outle

[ iniet and hot water outlet piping to and
m being tested shall turn to a horizontal
gh the shortest possible vertical dis-
when the fittings are in a vertical plane.
outlet shall be provided with a quick-
cated beyond the point of temperature
and as close to the tank as possible.

t connections and all piping to the point

of temperatutfe measurement in the system being

tested shall 4

e insulated with a material having a

thermal resisfance, R, not less than 0,70 °C-m*/W

based on the

A flow contro
as required fo

butside area of pipe surface.

valve shall be installed to provide flow
the test.

6.1.4 Storage tank mounting

When provide
tank(s) shall b
platform sup{
This mounting
oratory compg

i as a separate component, the storage
e placed upon a 19 mm thick plywood
orted by 50 mm x 100 mm rurners.
requirement is necessary for interlab-
risons since heat losses from\the bot-

tom of storagg tanks can be significant,

6.1.5 Fossil-

Natural draft a
with a vertical
draft hood ou
building code.
the manufactd

fuel-fired auxiliary @nergy sources

Lxiliary water heaters shall be equipped
extension of flue pipe connected to the
Hlet pipe@s 'specified by the prevailing
In the<absence of a building code, use
rer/§ Specifications.

The accuracy and precision of the instrumgnts for
temperature measurement, including their aspociated
readout devices, shall be within thejlimits givien in ta-
ble 2.

Table 2 — Accuracy and precision of instrument

for temperature’ measurement
Values in degrefs Celsius

Instrument | Instfument
Parameter . .
accuracy précision

Temperature + 0,5 4 0,2
Température difference
across collector (and loop + 0,1 4 0,1
heater if used)
Temperature difference
across hot water system +05 402
(entering cold water to
leaving hot water)

6.2.2.2 Ambient air temperatures

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

For solar simulator testing, the allowable rande of the
ambient temperature shall be between 19 °C and
30 °C. During any test period, the ambient fempera-
ture shall not vary by more than + 2 °C.

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 9059 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

The average ambient air [emperature 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 ana resistance ther-
mometers with time constants of less than 10 s are ad-
equate.

6.2.2.3 Input water temperature

ISO 9459-1:1993(E)

6.2.9 Wind speed

Wind speed shall be measured with
and associated readout device that can

an instrument
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
racy nqul to or better than 4+ 085 % o

have an accu-
the full scale

The tenpperature of the water supply to the system
shall be| controlled to t,,, as specified in annex A,
within 4 2 °C.

6.2.3 Uiquid flow

The accprracy of the liquid flowrate measurement, us-
ing the galibration if furnished, shall be > + 1,0 % of
the medsured 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 collg¢ctor loop shall be measured to an accuracy
of +£ 2 % or better.

6.2.5 Electrical energy

The elegtrical energy used shall be measured with an
instrumént and associated readout deyices that are
accuratg to within £ 1 % of the reading or 16 W-h,
whicheer is greater.

6.2.6 FKossil fuels

The qugntity 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|withif "+ 1 % of the reading. Where the
supplenjentary energy is provided from gas, the ac-

reading and have a time constant. <
signal indication shall be between\50
of full scale.

Digital techniques and elegtronic int
shall have an accuracyp= 1,0 % of
value.

The input impedance of data recor
greater than 17000 times the impedan
sors or 10.MQ, whichever is higher.

In nowcase should the smallest scale
instrument or instrument system exce
the specified precision. For example, i
precision is + 0,1 °C, the smallest scal
not exceed 0,2 °C.

6.3 Test method requirements

6.3.1 Solar irradiance simulator

A solar irradiance simulator may be u
testing, in lieu of a non-irradiated col
series with a conventional heat source
the steady state thermal performance
lector under controlled conditions of w
ent temperature. Typical simulators us
the thermal performance of solar coll
scribed in the bibliography (see annex

I s. The peak
o and 100 %

bgrators used
he measured

ders shall be
ce of the sen-

Hivision of the
ed two times
the specified
p division shall

sed for indoor
ector array in
to determine
of a solar col-
ind and ambi-
ed for testing
pctors are de-
).

Solar simulators employed in the tesfing procedure

shall be used in accordance with the sta

ted guidelines

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 %.

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 um to 3 um and shall be
determined in 0,1 um 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

© |SO

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

shall be provid
under test. Sp
properties shal
solar simulato
spectrum-weig

Solar simulato
tained for eacH
tain lamp types
spectrum may
of the lamps. N
as necessary t
weighted valy
product for the
more than 3 9
standard spect

6.3.1.2

The simulated
the test plane
shall be taken
lector, the absg
collector, or t
collector. The
this measuren
than 3 % of t
hourly simulati

Since simulate
what in intensi
of irradiance g

bd by the manufacturer of the collector

ectrum-weighted values of the optical
be reported for both the standard and
spectrum. A method for calculating

hted values is presented in annex C.

spectral measurements shall be ob-

new set of lamps installed. With cer-
, such as filament lamps, the simulator
change significantly during the lifetime
leasurements should be made as often
b ensure that the calculated spectrum-
e of the transmittance—absorptance
system under test does not differ by
b from the value calculated using the
Fum.

Irradiance and irradiance uniformity

solar irradiance shall be measurédin
of the solar collector. The test plane
as the front cover of a glazéd flat col-
orber plate of an unglazed/flat plate
ne aperture plane of,a concentrating
collector array maycbe“shaded during
ent provided the-shaded area is less
ne irradiated céllector area during any
bn period.

d solar—radiation usually varies some-
ly overthe collector aperture, the value
verythe test plane shall be represen-

For typical flat plate collectors, the collimatiin shall
be such that at least 90 % of the energy(recgived at
any point in the collector test plane shall haye ema-
nated from a region of the solar simulator cgntained
within a subtended angle of 20° pfless, when|viewed
from the point. This constraint-limits the |use of
simulators to concentrating collectors with ¢oncen-
tration ratios less than 3L/ 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 (ngar 3:1)
and for collectors’composed of glass tubes, guch as
evacuated tlbular collectors. In these cases|it shall
be demofstrated that there is sufficient collimation
relative o the collector. This might be demorpstrated
by indoor and outdoor test correlations.

6.3.1.4 Air flow across collector(s)

Fans or other means shall be used to simulatg a pre-
dominantly uniform air flow across the collectof during
the pretest steadying and actual test periogls. The
temperature of the flowing air shall be| within
+ 1,0 °C of the ambient temperature measfired as
specified in 6.2.2. The air flow direction shall driginate
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 sipnulated
wind shall be maintained at a mean speed of
4,0 m/s + 0,5 m/s and shall be measured befpre and
after each test period in a plane parallel to thg collec-
tor aperture and between 50 mm and 150 mm from
the outer cover of the collectors. The air spegd value

tative of the a

verage OT measurements OT Irradliance

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

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 + 0,5 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

1ISO 9459-1:1993(E)

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

Fae) L SN P N UHPS £ [ atino
+ 5 % ¢fthespecifreddatlytrradiation—tfor-the-testng

day, seg annexes A and D.

6.3.1.8 | Long-wave radiation

The long-wave (thermal) irradiance between 4 um and
50 um ghall be measured in the plane of the collector
aperturg 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 W/mz.

6.3.2 Non-irradiated collector array in series with
a conventional heat source

A non-ifradiated collector array in series with a cons
ventionpl heat source may be used to simulate, an
irradiateéd solar collector array, in lieu of a™solar
irradiante simulator as described in 6.3.1. The collec-
tor is tested separately to provide the information re-
quired in 6.3.2.5 and the array's thermal output in the
system| test is obtained by using a.cembination of the
non-irrddiated 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
stoppirlg-the ‘collector loop pump or blower, shall be
installeld_an the surface ar inside of the pipe or duct

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

6.3.2.5 Time constant

The time constantof the collector logp heater shall
be less than 2¢min.

6.3.2.6 -‘Separate test for solar collegtor

The.'solar collector shall have been preyviously tested
and the following data obtained:

a) a curve of collector efficiency as| a function of
(i —t5) /G, with the collector opefating at near-
normal incidence to the beam of the sun;

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

c) the mass flowrate and the specific heat of the
fluid used during the collector test

o

The collector heat transfer fluid used i
ter heating system shall be the same
the collector tests.

NOTE 10  See ISO 9806-1.

If a solar system is designed to be
freezing (anti-freezing inhibitor) fluids

h the solar wa-
as that used in

ised with non-
the test pro-

cedures described in this part of ISO 459 must use

(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

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 #;, ms and c, ; that are
measured (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);

© SO

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.

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

d) the value pf Fy shall be calculated as a function
of time tHroughout the test day using equation
(B.24);

e) the quantity Oy, shall be calculated as a function
of time thHroughout the test day using equation
(B.15).

6.3.2.8 Collector loop thermal output

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

7 Indoor test procedures

7-1.2—Testprocedure

The storage device(s) shall be filled with wdter at a
specified temperature, on the morning of the first day
(see annex A). The system shaltybe energized and
shall be allowed to operate in its_hormal modg 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 colliettion equipment shall be set
as recommended by-the manufacturer. On epch test
day, water shall e withdrawn from the syptem at
times, rates apd.duration as specified for the est day
(see annexs A\ The energy content of th¢ water
withdrawn.)y'shall  be determined by [nstalled
flowmeters and temperature sensors. The [delivery
tempeérature 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)] i§ + 3 %
of the value on the previous test day. If afterfthe end
of the fourth test day this convergence criterign is not
met, data for day 5 shall be obtained. Then fhe test
shall be stopped and the data for days 3, 4 ahd 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 npeasure-

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.

12

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:

ISO 9459-1:1993(E)

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 1, 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 1., as specified by the
test day (see annex A). If the outlet water tempera-
ture from the system is not maintained at t,, an en-
ergy integrator may be used and the length of the
time_of the draw adjusted so that the same total

QL T Zcp,w(tset - tmain)mj ()

j=1

The daily net energy supplied by solar energy shall be
calculate¢d as:

n

QS B Zcp,w(ts,j - tmain)mj .. (2

j=1
The daily solar contribution is given as:
SC = Q.10 N €))

All medqsurements used in this calculation shall be
those fpr 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 Splar-plus-supplementary systems

7.2.1 Purpose

The pufpose 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 energyZinput.

7.2.2 [Test procedure with solar energy input

The stgragedevice(s) shall be filled with water at a
specifigd_temperature (see annex A) on the morning
of the first/day. The system, including integral heaters

amount of thermal energy output, measured above
tmaine 1S delivered. The energy content of the water
withdrawn shall be determined by, the yse of installed
flowmeters and temperature “sensors| The delivery
temperature shall be measured and redorded at inter-
vals, throughout the withdrawal period) for which the
water mass removed 18 less than 4,9 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.$hall be performed until thg daily system
supplemental energy required (Qaux) |is within 3 %
of the.value on the previous test day. If after the end
of‘thé fourth test day, this convergence|criterion is not
fiet, 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 alixiliary heating
shall be recorded and reported (see annex A).

7.2.5 Calculations

The daily system hot water load with and without so-

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 t,. If the system

lar energy input shall be calculated respectively, as
follows.

a) With solar input:

QL.S = Zcp,w(tw,j - tmain)mj o4

j=1

b) Without solar input:

QL,NS = Zcp,w(tw,j - tmain) m; ...(®)

j=1

13
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A rating number R has been defined and is given by:
= (Qauxs + Qrars)/QLs ... (6)

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

Qs =0us+ 0los — Qauxs — Prars (D
where
Qi0s ® (Qauxns + Qrarns) — QLns ... (8)

© SO

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

~JT alljlloitld

toain = 1.0 °C. Water shall be wn‘chdrawn at a uniform
flow rate as specified for the test day (see annex A).

NOTE 11 The|actual Q s is a function of the temperature
distribution in the store(s), which may be quite different

when there is dolar energy input. Hence, the sclar contri-

bution is only a good estimate W|thout knowing Q, o5 during
a test day with golar input.

The performanice of the solar energy system shall be
determined gnd 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 Purposp

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

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

7.3.3 Measurements

The temperature of the water shall be ymeasufed
e

i + +h + + Lia) I~ |
pO%nt as close to the SiGrage 1anKispas possioi

recorded immediately at the startCof the draw a
not more than 4,5 kg intervalspdb water mass t

X
»J
after. The draw shall contindle until the disc

temperature equals the inlet)temperature + 3|0 °C.

7.3.4 Calculations

A curve with outlet ' water temperature as the ¢rdinate
and guantity.ofwater withdrawn as the abscigsa shall
be drawnusing the test results.

8 Recording and reporting of data

Table 3 lists the measurements which shall bp 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 $ystem.

Solar-only or Solar-plus-
Item solar-preheat | supplenjentary
systems systgms
Date X X
Observers x X
Equipment pameplate data for system components X X
Number of collectors in system X X
Collector aperture area (mz) x x
Collector gross area (mZ) X X
Storage tank outside dimensions (m) X X
Storage tank volumetric capacity (ma) x X
Number and location of integral heating elements O X
Rating of integral heating elements @) X
1 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, e [kJ/(kg-°C)] X X
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Solar-only or

Solar-plus-

cidence for the solar simulator spectrum, dimensionless

Item solar-preheat | supplementary
systems systems

1 Intercept of the collector efficiency curve determined in accordance with collector « “
tests, (A,/Ag)Fr(ta)e, dimensionless

1) Slope of the collector efficiency curve determined in accordance with collector tests
determined at a valu? of (fser — 121) /G, at solar noon during the system test, x x
(AulAg) FRU, [kJ](h-m*=C)]

1) Effective transmittance—absorptance product at normal incidence as specified in “ o
6.3.1 (and annex B), (1), dimensionless

1 Collgctor heat removal factor as determined in annex B, Fy, dimensionless x x

1 Collgctor ovzerall heat transfer coefficient as determined in annex B, » «
UL J/(h-m -°c)]

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

1 Mask flowrate of the transfer fluid through the solar collector array during the system « o
test [recorded at the specified time increments), mg (kg/s)

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

1 Temperature of the transfer fluid entering the solar collector array during the system » y
test[irecorded at the specified time increments), 4; (°C)

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

Amlient air temperature surrounding the system during the test’(recorded at the N N
spedified time increments), ¢,, (°C)

1 Eneflgy output from the collector loop heater (if used) durihg the test (recorded at the « o
spegified time increments), Qourpyt (KJ)

Enelgy consumed for auxiliary heating (recorded at the specified time increments) o “
(kWh)

Inle] water temperature to the system during the test (recorded during every draw), y 9
tmain (OC)

Outlet water temperature from the_system during the test (recorded during every N o
dravp), ¢, (°C)

Mags of water withdrawndreom the system during the test (recorded during every N «
dravy), m; (kg)

1 Daily energy outputfrom the collector loop heater (if used), Qoureyr (KJ) X X
Daily energy constimed by the circulation and control apparatus (pumps, controls, « «
solehoid valyesyetc.), Opar (kJ)

Daily enérgy consumed for auxiliary heating, Qayx (kJ) o x

2 Spegtrum-weighted values of the transmittance-absorptance product for normal in- y
cidence for the standard spectrum, dimensionless

2} Spectrum-weighted values of the transmittance-absorptance product for normal in- o o

1)
2)

Only recorded if the collector loop heater is used.
Only recorded if the solar irradiance simulator is used.
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Table 4 — Sample test data sheet

© |SO

Construction d

General information

NAMIE OF MNANUTACIUNET . e e

etails of the system

Collector aperture dimensions (M) @NA @A (M2): ... ...iiiiiiiiiioie ettt ettt e et e e et e e bt et e et e e st e ettt e eteeeeeeeeenees

Collector g
Number of
(Aa/Ag)FR(T

(Aa/Ag)FRU

set points:

Specific he

Description of
thermosiphon

Storage tapk dimensions including insulation thickness (m)
Diameter: ..o Height: ..o Insulationtthickness: .........ccccvviieennn.
Descriptior] of the solar domestic hot water system including insulation, valves, circulation, piping, controls, and

Foss dimensions (M) and @rea (M2): ... L
COlIBCIONS IN SY S B .ottt e e e e e eeee e e N e

) ¢ (fTOM COIBCTOr TESTS): ...t o

determined at a value of (t, — 1,,)/G, at solar noon during the system test (from golleCtor tests):

DENSItY S e ViSCOSItY: ooviiiiiiiiiciiiee

the test apparatus, including configuration and instrumentation used in testing (include photographs
system, include the piping size-and elevation of the storage tank above the solar collector array:

16
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Tests

The sol

On a ddlly basis during the test to determine solar contribution, the following shaltbe reported:

OUNE e e Y kJ
Ois| B kJ
OAUINS e O kJ
OAUNS et e kJ
OPAHNS  ceorerereeeie e T kJ
OPAHS  overerereseeeee e TR kJ
0100 e N kJ
Os | R kJ
R |

SO | AT

For the |hot water supply/rating tests, a curve of outlet water temperature as the ordinate versus quantity of wa

ar 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  «+reerrereememeet ettt et ettt h ettt eet et s ettt bttt ettt ettt kJ

PO OSSPSR PUPPRO °C

Py | e kg/s
For each withdrawal of water from the system during the tests to determine solar contribution, the, followirpg shall be re-
ported:

Ml | e kg

Buj | °C

Frain | e G

as the gbscissa shall Wereported, both with (if appropriate) and without the use of an auxiliary energy sourcsg.

ter withdrawn
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Annex A
(normative)

Test day specifications

© |SO

This annex provides a standardized set of test conditions for comparing the performance of different domestic

water heating Eystems.

A.1 Energy load or energy content of hot water delivered by system
Q, Solar-oply = ZmiCy w(tset = fmain)
Q, Solar-preheat = Zmic, v (tset = fmain)
O, Solar-pjus-supplementary = Zmy, ,(ty,; = tmain)

A.2 Energy supplied by solar energy
Qs Solar-oply = Zmic, (s = tmain)
Qs Solar-pfeheat = Zmcy w(ts; = tmain)
Qs Solar-plus-supplementary = Zmy, (£ ; = %din)

A.3 Test period

The test perio
is carried out
specifications
is 1700 hours.

A.4 Test donditions

The test conditiors_shall be set as follows:

a) collector ti

i can be shortened by.at least one day if the system is preheated with 45 °C water. Since
indoors, the time atowhich each 24 hour period is begun is arbitrary. However, in the ra
piven below, the clock time for beginning the first and subsequent test days for energy cald

the test
ing day
ulations

t angle: 45° from horizontal unless manufacturer specifies differently;

b) average ambient air temperature, z,: 20 °C + 2 °C;

c) input water temperature, t,,,: 15 °C + 2 °C;

d) set tempe

rature for auxiliary tank, z.,: 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;

18
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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 |, 200 | or 300 I. 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 SchedUeT See Tabie At Diffuse fadiance stat-beconstantat—+80-Wm>throughout the solar
day.
Table A.1 — Conditions for thermal performance test of SDHW systems
Incident radiation
Time| Hour angle, o ‘{0 Incident angle, Load, V
Non-solar day Solar day
(h) [kJ/(m*h)3 Gyo [kJ/(m*h)1 | Gy [kJ/(m*h)] (%) ) (litres)

0800-0900 0 694 576 - 060 60 02V
0900-1000 0 1224 576 — 45 45
1000-11j00 0 1624 576 -30 30
1100-1200 0 1884 576 -15 15
1200-1300 0 1964 576 0 0 02V
1300-1400 0 1884 576 15 15
1400-1900 0 1624 576 30 30
1500-1900 0 1224 576 45 45
1600-1700 0 694 576 60 60 02V
1700-1400 02V
1800-1900
1900-2400 02V
Total 0 12 816 5184 1
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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
Iahnra‘mr\/ using a non-irradiated solar collector array with a collector loop heater installed downstream of the array

e alos ush GG LTL SUIGT LUHT UL PG LUHT VLU WSGHT L LY

and controllec to supply the collector absorbed energy to the flow loop. The purpose of this annex is toydgrive the
governing equations to be used in controlling the thermal output of the heater. The derivations are-takeh mainly
from references [11], [32] and [33] (see annex E).

B.1 Irradiated solar collector — Thermal performance

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

% = [KazFR(Ta)e,nGt] - [FRUL(tf,i - ta)] .(B.D)
or

—Qu——[K (1) enGy) — [U(tym — ¢, B.2

A e e.nJt L\fp,m a)] ... (B.2)

Equating the fwo equations and solving for ¢, ,

K,.G
tom = Fr(fi — 1) +—t(§taﬂ(1 —Fg) +1t, ... (B.3)

If the collector were in the laboratory and not ‘irradiated, equation (B.3) would reduce to:
fomnon = Rt — fa)) + Loy ...(B.4)

The above equations can be used.to)derive the equations for the required net energy output of a collegtor loop
heater that w|il result in the same performance as with the irradiated collector.

B.2 Colle¢tor loop heater downstream of non-irradiated collector array

In order for the net.ehergy output of the collector loop to be the same when using a collector loop hdater and
non-irradiated|collector, compared to when using an irradiated collector, then:

On
A, - UL(tp,m,non — &, I) =K..Fr (Ta)e,nGt - FRUL(tf,i - ’a,t) ... (B.5)

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, U, 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 .
th = Ka FR (Ta)e,nGtAg - _A‘a'FRULAg(ta,I - ta,t) s (8'6)
g

—a
T Ag
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
FR<Ta>e’nGtAg -2 FRULMAg(ta,I - ta,t) N (87)
Ag

) = ~a
On=Ku A,

Collector modules connected in series requires that the heat removal factor, Fg, in equation (B.7) be modified. For
a one-solgr=cotiettor odute:

N ’th _ AaFIUL
Fg = A, [1 exp(— T ...(B.8)

p

Where tywo 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, g¢quation (B.8)
becomeq:

mc 2A F'U
Fro P {1—exp(—?—L)} ... (B.9)

Algebraid manipulation of equations (B.8) and (B.9) yields:

(AJA,)FRU A
Fgy ::FR|i1 ‘“%ﬁwp-‘*g" .(B.10)
Thus for two collectors in series:
(FRU A,
(FrU), = (FRUY |1 ——— (B.11)
2mcp
and
(FaU A
[FR(w)e,n]Z = [FR(Ta)e,n] [1 N\ —%:‘a“ . (8.12)
Generalizing to any number, N, of identical collectors in series:
N
RYUN = N, e,
and
N
F, y F,
[FR(m)en]N=.[._RM 1- 11 _iﬂf‘i .(B.14)
‘ (FRUL)AaN mc,

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

: A A
Op = {Ky, A—a [Fr(1a)e n]N G MN Ag} - { A—a (FRUL)N MNAy(t,, — ta,t)] ... (B.1B)
g9 g
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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.IL - UL -

A (tp,m,non — 1) = KpFg (1) nGy — FRUL (11 — 15) ... (B.16)
a

where * indicates that £, ,, non is 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 non-irradiated

collector is also different from the previous case, due to the location of the collector loop heater:

*

tp,m,non = FR(tf.,i - ta,l) t 1) 1. (B.17)

An energy balance on the collector loop heater results in the following expression for the exit temperatyre of the
fluid from thg heater (inlet temperature of the fluid to the non-irradiated collector, ) in tefms of the iplet tem-
perature of the fluid to the heater (identical to the inlet temperature of the fluid to the nen-irradiated cdllector in
the previous ¢ase, #;):

=1+ -th ]..(B.18)
mscp,s
Solving equatjons (B.16), (B.17) and (B.18) simultaneously:
. K, [AlJAg) Fr(ta)e nGA, — (A4JA,) (FRU A, (t, — ¢,
Q|;1= a/ g) R( )e,n tAg ( a/ g)( R L) g( a,l a,t) |..®.19

1- [(Aa/Ag) (FRUL)Ag]/(’hst,s)
Equation (B.1P) 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 (By19) becomes:

Ka‘z Aa/Ag)FR(Ta)e,nGIMAg - (Aa/Ag)FRULMAg(za,I - ta,t)

or = : |- (B.20)
1- [(Aa/Ag) (FRUL)MAQ]/(mscp,s)
In the most dgeneral case of M rows of N collectors connected in series:
c e Ka‘t Aa/Ag)FR(Ta)e,nGtMNAg - (Aa/Ag) (FRUL)MNAg(ta,I - ta,t) "
Onh= .(B.21)

1- [(Aa/Ag) (FRUL)NMNAQ]/(mst,s)

Within the linpits of the assumptions made in the above analysis, either configuration using the non-irradigted solar
collector arraly can be used, Jorovided the appropriate equation is used to control the collector logp heater
[equation (B.[15) or (B.21)]s However, locating the collector loop heater downstream of the collector grray was
chosen due tp the sinipler expression for Q,,,, 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 Fg 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 (1a),,, for the solar collector. For an ordinary flat-plate collector:

Tnltp

(1) en = T 0 —w)pg

...(B.22
1 _Tn)pd ( )
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