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Foreword

ISO (the International Organization for Standardization) is

a worldwide

federation of national standards bodies (ISO member bodig¢s). The work

of preparing International Standards is normallyJgarried out
technical committees. Each member body tinterested in

which a technical committee has been established has th
represented on that committee. International organizations,
and non-governmental, in liaison with.ISO, also take part in

collaborates closely with the Interhational Electrotechnical
(IEC) on all matters of electrotechnieal standardization.

Draft International Standards)adopted by the technical co
circulated to the memberbodies for voting. Publication as af
Standard requires approvalrby at least 75 % of the member &
a vote.

International Standard ISO 9459-2 was prepared by Technic
ISO/TC 180, .Solar energy, Subcommittee SC 4, Systems
performance,reliability and durability.

ISO 9459 consists of the following parts, under the gend
heating,— Domestic water heating systemes:

— Part 1: Performance rating procedure using indoor tes

— Part 2: Outdoor test methods for system performar
ization and yearly performance prediction of solar-only

— Part 3: Performance test for solar plus supplementary

— Part 4: System performance characterization by me
ponent tests and computer simulation

— Part 5: System performance characterization by mea4
system tests and computer simulation

through ISO
a subject for
e right to be
governmental
he work. ISO
Commission

Mmittees are
International
odies casting

hl Committee
b — Thermal

ral title Solar

t methods

ce character-
systems

systems

ans of com-

ns of whole-

Annex A forms an integral part of this part of ISQ 9459 _Ann

pxes B, C and

D are for information only.
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Part 1: Perfori
testing for pe
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test is a "bla
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irradiation, am

predict annual
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!

on
tandard ISO 9459 has been developed to help facilitate the
omparison of solar domestic water heating systems. Be-
alized performance model which is applicable to all systems
ben developed, it has not been possible to obtain an inter-
ensus for one test method and one standard set of test
has therefore been decided to promulgate the currently
le methods while work continues to finalize the more
ble procedures. The advantage of this approach is that each
ed on its own.

vided into five parts within three broad categories, as de-

93, Solar heating — Domestic water heating systems —
mance rating procedure using indoor test methods, involves
riods of one day for a standardized set of ‘réference con-
esults, therefore, allow systems to be compared under
ambient and load conditions.

relation procedures

applicable to solar-only systems-and solar-preheat systems.
hce test for solar-only systems is a “black box"” procedure
bs a family of “input-outp(t’ "characteristics for a system.
s may be used directly with daily mean values of local solar
bient air temperature{ and cold water temperature data to
system performance;

plies to solar plus)supplementary systems. The performance
k box" procedure which produces coefficients in a corre-
h that cam\be used with daily mean values of local solar
bient airstemperature and cold water temperature data to
systemn-performance. The test is limited to predicting annual
br-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 1ISO 9459. Procedures for characterizing the performance of collectors
are given in other International Standards.

ISO 9459-5 presents a procedure for dynamic testing of complete sys-
tems to determine system parameters for use in a computer model. This
model may be used with hourly values of local solar irradiation, ambient
air temperature and cold water temperature data to predict annual system
performance.
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The procedures defined in ISO 9459-2, 1SO 9459-3, ISO 9459-4 and
ISO 9459-5 for predicting yearly performance allow the ouput of a system
to be determined for a range of climatic conditions.

The results of tests performed in accordance with 1ISO 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 1ISO 9459-3 permit an-

nual system performance predictions for one daily load pattgrn.

The results of tests performed in accordance wuth” 150 9459-4 or
ISO 9459-5 are directly comparable. These procedures pgrmit perform-
ance predictions for a range of system loads and opérating fonditions.

System reliability and safety will be dealt With in ISO 11924.—, Solar
heating — Domestic water heating systems — Test methqds for the as-
sessment of reliability and safety.
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Solar heating — Domestic water heating systems —

Part
Qutd
chara
solar

1 Scope

This part
heating {
and oper
assumpt
systems

This part]
as an int
solar heg
ISO 9454

This part
supplied
applicabl

The test
freezing
protectio

This part

oor test methods for system performance
icterization and yearly performance prediction '0f

ating conditions, but only for an evening draw-off. A “black box” approach is adopted whig
ons about the type of system under test; the’procedures are therefore suitable for testin

egral part of the system, since the-operation of the auxiliary input may influence the perfor|

-3 is recommended.
b only to systems of-0,6 m?® of solar storage capacity or less.

h mode i§ hot determined.

2

only systems

of ISO 9459 establishes test procedures for characterizing the performance of solar do
ystems operated without auxiliary boosting, and fer\predicting annual performance in any

including forced circulation, thermosiphon, freéon-charged and integrated collector-storage §

mestic water
piven climatic
h involves no
g all types of
ystems.

of ISO 9459 is not intended to be used-for testing solar heating systems which have an alixiliary heater

ting system. To quantify the interaction between the energy inputs, the test procedure

of ISO 9459 applies to solar-only domestic water heating systems designed to heat potabl

Mance of the
described in

P water to be

for domestic water usage and is not intended to be applied to other systems. The test pfocedures are

procedures in‘this part of ISO 9459 do not require the solar water heating system to be
conditions. Censequently, the energy consumed or lost by a system while operating i

of JS@ 9459 is not generally applicable to concentrating systems.

subjected to
N the freeze-

Itis not i
safety or

tended-te-beused-fortesting-theindividuat-componentsof thesysten, Tor s itintended
health requirements.

2 Normative references

abridge any

The following standards contain provisions which, through reference in this text, constitute provisions of this part
of ISO 9459. 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.
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ISO 9060:1990, Solar energy — Specification and classification of instruments for measuring hemispherical solar
and direct solar radiation.

ISO 9459-3:—", Solar heating — Domestic water heating systems — Part 3: Performance test for solar plus
supplementary systems.

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

ISO 9847:1992, Solar energy — Calibration of field pyranometers by comparison to a reference pyranometer.

ISO/TR 9901:1

990, Solar energy — Field pyranometers — Recommended practice for use.

ISO 11924.—!
and safety.

World Meteorplogical Organization, Guide to Meteorological Instruments and Methods of Observation, N

edition, WMO

3 Definitions

As stated in th

some of the terms with their definitions given in this clause may also appear)in other part(s) of ISO 9459

For the purpos

3.1 absorber: Device within a solar collector for absorbing radiant*énergy and transferring this energy as |

a fluid.

3.2 accuracy

3.3 ambient
collector, or a

3.4 angie offincidence (of direct solar radiation): Angle between the solar radiation beam and the outwar|
normal from the plane considered.

NOTE 1 Angle of incidence is often-termed "“incidence angle” or “incident angle”. The use of these terms is depr
3.5 aperture area: Maximurm projected area through which the unconcentrated solar radiation enters a ¢

3.6 aperturel plane: Plafie at or above the solar collector through which the unconcentrated solar rad

admitted.

3.7 auxiliary|

Geneva, 1983, Chapter 9 — World Radiometric Reference, known as the WRR.

e Introduction, each part of ISO 9459 has been conceived as a&elf-contained document. Th

es of this International Standard, the following definitions.apply.

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

air: Air in the space (either indoors oroutdoors) surrounding a thermal energy storage device
y object being considered.

energy: See auxiliary (heat) source.

, Solar heating — Domestic water heating systems — Test methods for the assessment 6f :Ie/iabi/ity

. 8, bth

erefore,

eat into

, a solar

H-drawn

pcated.
pllector.

ation is

3.8 auxiliary (heat) source: Source of heat, other than solar, used to supplement the output provided by the
solar energy system.

3.9 collector: Device containing an absorber.

3.10 collector tilt angle: Angle between the aperture plane of a solar collector and the horizontal plane.

3.11 components: Parts of the solar hot water system including collectors, storage, pumps, heat exchanger,

controls, etc.

1) To be publis

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

3.13 differential temperature controller: Device that is able to detect a small temperature difference, and to
control pumps and other electrical devices in accordance with this temperature difference.

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

3.15 draw-off rate; water draw-off rate: Rate at which water is withdrawn from a water heating system.

3.16 dfaw-off temperature: Temperaiure of hot water withdrawn from the system.

3.17 evacuated tube [tubular] collector: Solar collector employing transparent tubing (usually glass) with an
evacuatéd space between the tube wall and the absorber.

The absprber may consist of an inner tube or another shape, with means for removaliof‘the thermal energy. The
pressurg in the evacuated space is usually less than 1 Pa.

3.18 flat plate collector: Non-concentrating solar collector in which the absérbing surface is esseptially planar.
3.19 flpid transport: Transfer of air, water, or other fluid between compoenents.

3.20 gross collector area: Maximum projected area of a complete/solar collector, excluding any iptegral means
of mounting and connecting fluid pipework.

For an drray or assembly of flat plate collectors, evacuated-tlbes or concentrating collectors, the |gross area in-
cludes the entire area of the array, i.e. also borders and frame.

3.21 heat exchanger: Device specifically designed to transfer heat between two physically separated fluids.

Heat ex¢ghangers can have either single or double*walls.
3.22 heat transfer fluid: Fluid that is uséd to transfer thermal energy between components in a dystem.

3.23 irfadiance: Power density of radiation incident on a surface, i.e. the quotient of the radiant fllix incident on
the surface and the area of that surface, or the rate at which radiant energy is incident on a surface| per unit area
of that qurface.

It is expfessed in watts persguare metre.

NOTE 2 | Solar irradianCe is often termed “incident solar radiation intensity”, “instantaneous insolation”, “ingolation” or “in-
cident ragliant flux density”; the use of these terms is deprecated.

3.24 irfadiation: Incident energy per unit area of a surface, found by integration of irradiance over a specified
time intTrvaI, often an hour or a day.

It is expressed In megajoules per square metre.

NOTE 3  Solar irradiation is often termed “radiant exposure” or “insolation”; the use of these terms is deprecated.
3.25 load: Heat supplied to the user, for example in the form of hot water.

NOTE 4 Because of heat losses in the distribution system, the location of the heat delivery must be specified.

3.26 long-wave radiation: Radiation at wavelengths greater than 3 pm, typically originating from sources at
terrestrial temperatures (e.g. ground and other terrestrial objects); sometimes called “thermal radiation”.

3.27 precision: Measure of the closeness of agreement among repeated measurements of the same physical
quantity.
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3.28 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 um and 3 pm.

3.29 pyrgeometer: Instrument for determining the irradiance on a piane receiving surface which results from the
radiant fluxes incident from the hemisphere above, within the wavelength range 3 pm to 50 pm.

NOTE 5

The given spectral range is similar to that of atmospheric 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 meet
more or less accurately the limits mentioned above.

3.30 pyrheliometer: Radiometer for measuring the irradiance which results from the solar radiant flux incident

£nnd calid Ao dar to tha Alama rﬁnf\nlr\r oprfana

from a well-dg

NOTE 6 Pyrh
pyrheliometers

3.31 radiant
3.32 radiant

3.33 radiatid

3.34 radiometer: Instrument for measuring radiant energy.

Its output can

3.35 solar (t
gained to a flu

NOTE 7 Som

3.36 solar e
length range @

3.37 solar contribution: Heat supplied by the solar part of a system.

3.38 solarn

NOTE 8

3.39 solar rgdiation: Radiatiariemitted by the sun, practically all of which is incident at the earth's su

wavelengths ¢
NOTE9 ltis

3.40 solar ir

For the solstices, solar noon(occurs when the sun is at its highest altitude for that day.

achn aarnand:
LELEASAS BESASALAS Buc 1B )S 1A~ WHROSE-8XSS pulpvnuluulul tO—thHCprartc—Tecerver SHrace-

Bliometers are used to measure direct solar irradiance at normal incidence. Typical field-of-view 3§

ange from 5° to 10°.
energy: Energy in the form of electromagnetic waves.
flux: Power emitted, transferred or received in the form of radiation.

n: Transfer of radiant energy in the form of electromagnetic waves,

be either irradiance or irradiation.

hermal) collector: Device designed to absorb solar radiation and to transfer the thermal e
id passing through it.
etimes called a solar “panel”

nergy: Energy emitted by the sun in thé form of electromagnetic radiation (primarily in th
f 0,3 um to 3 um) or any energy made;available by the reception and conversion of solar rg

bon: Local time of day at which the sun crosses the observer's meridian.

pss than 3 pn;

bften termed “short-wave radiation”. Use of the term “insolation” to mean solar radiation is deprecaf

radiance simulator: Artificial source of radiant energy simulating solar radiation, usually an

lamp or an arr.

ngles of

ergy so

. This term is deprecated to avoid potential confusion with photovoltaic panels.

e wave-
diation.

rface at

ed.

electric

by Of such lamps.

3.41 solar storage capacity: Quantity of sensible heat that can be stored per unit volume of store for every

degree of tem

perature change.

3.42 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.

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

NOTE 10

firmly fixed to the thermal storage container(s) are considered a part of the storage device.

3.44 surrounding air speed: Air speed measured in a specified location near a collector or system.

The transfer fluid and accessories such as heat exchangers, flow switching devices, valves and baffles which are
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3.45 tank capacity: Measured volume of the fluid in the tank when full.

3.46 temperature, ambient air: Temperature of the air surrounding the thermal energy storage device or solar
collectors being tested.

NOTE 11

cation the method of measurement should be specified.

Significant differences in ambient air temperature can occur over short distances; therefore, in a particular appli-

3.47 time constant: Time required for a system, whose performance can be approximated by a first-order dif-
ferential equation, to change output by 63,2 % of its final change in output, following a step change in input.

3.48 thermopile: Set of thermocouples connected in series which can measure small temperaty
s of enhancement of the voltage signal per unit temperature change.

by mea

4 Sy
The syn
a, ap, a
by, by, b
Cow
fv
8(v)

bols given in ISO 9459-1 and the following symbols apply.

coefficients used in equation (2) (system performance)

coefficients used in equation (3) (water temperaturedncrease)

specific heat capacity of water, in joules per kilagram kelvin [J/(kg-K)]

normalized draw-off temperature profile, diménsionless

normalized mixing draw-off temperature‘profile, dimensionless

daily solar irradiation (radiance exposure) in the collector aperture, in megajoules pe
daily diffuse solar irradiation inithe collector aperture, in megajoules per square me
monthly average daily solar irradiation on a horizontal plane, in megajoules per squ
monthly average dailysolar irradiation on a tilted plane, in megajoules per square r
useful energy.extracted from the system, in megajoules
energy contained in a volume of water V,, in megajoules
thermaldoss from the store, in megajoules

energy remaining in the store, in megajoules

ambient or surrounding air temperature, in degrees Celsius

re differences

square metre
tre
are metre

netre

ambient air tamnaratura ad
SHHS R —teRpeRatdre—aa

water temperature of load drawn off, in degrees Celsius

final water temperature [equation (1)], in degrees Celsius

required hot water temperature, in degrees Celsius

initial water temperature [equation (1)], in degrees Celsius

cold water supply temperature, in degrees Celsius

average ambient air temperature during the night, in degrees Celsius

average temperature of water in the store, in degrees Celsius
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Pw

Subscripts
(av)
(day)

(max)

5 System

Solar domesti
The categories

5.1 Attribu

surrounding air speed, in metres per second

storage tank heat loss coefficient, in watts per kelvin

volume of daily hot water consumption, in litres

volume of water drawn off, in cubic metres

fluid capacity of the store, in litres

time interval, in seconds

© 1SO

te 1

maximum value of parameter

classifications

L - L . 1l -
UcTlisity OF vwalctl, 1 Khoylaitis pel bublb metle

average (mean) value of parameter

average (mean) value of parameter during the period 6 h before solar noon(to-6 h after so

hot water systems are classified by seven attributes, each divided into two or three cat
of each attribute are defined as shown in table 1.

ar noon

Pgories.

a) Solar only — system designed to provide solartheated domestic water without use of supplementany| energy

other than

b) Solar preheat — system not incorporating any form of supplementary heating and installed to preh
to its entry into any othér type of household water heater.

water prio

that required for fluid transport and/control purposes.

pat cold

c) Solar plug supplementary —<system which utilizes both solar and auxiliary energy sources in an infegrated

way and is

able to provide d-specified hot water service independently of solar energy availability.

Table 1 — Classification of solar domestic hot water systems

Category
Attribute
a b c
1 Solar only Solar preheat Solar plus supplementary
2 Direct Indirect
3 Open Vented Closed
4 Filled Drainback Draindown
5 Thermosiphon Forced
6 Circulating Series-connected
7 Remote storage Close-coupled collector storage | Integral collector storage
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5.2 Attribute 2

a)

b)

ISO 9459-2:1995(E)

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

Indirect (heat exchange) — system in which a heat transfer fluid other than the heated water ultimately con-

sumed passes through the collector.

5.3 Attribute 3

a)

c)

5.4 Attribute 4

a)

b)

c)

5.5 Attribute 5

a)

b)

5.6 Attribute 6

a)

b)

5.7 Attribute 7

a)

b)

c)

Open — system in which the heat transfer fluid is in extensive contact with the atmosphere.

Vented — system in which contact between the heat transfer fluid and the atmosphere-is rg
to the free surface of a feed and expansion cistern or to an open vent pipe only.

Cloged (sealed or unvented) — system in which the heat transfer fluid is completély sealed frq
phefte.

Fillgd — 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 drg
collgctor into a storage vessel for subsequent reuse.

Drajndown — system in which the heat transfer fluid:¢an be drained from the collector and ru

Thefmosiphon — system which utilizes only~density changes of the heat transfer fluid to achi
between collector and storage.

Forg¢ed — system in which heat transfer fluid is forced through the collector either by mechar
by gxternally generated pressures

Circplating — systemih'which heat transfer fluid circulates between the collector and a storage
exchanger during opérating periods.

Series-connecteéd — system in which the water to be heated passes directly from a supply poi
collgctor to-asstorage vessel or to a point of use.

NOI 12 In the USA the term "open system” encompasses both open and vented systems as herein defined.

stricted either

m the atmos-

ined from the

N to waste.

pve circulation

ical means or

vessel or heat

nt through the

Remote storage — system in which the storage vessel is separate from the collector and is located at some

distance from it.

Close-coupled collector storage — system in which storage vessel abuts the collector, and is mounted on

a common support frame.

Integral collector storage — system in which the functions of collection and storage of solar energy are

performed within the same device.
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6 Requirements

6.1 System requirements

6.1.1 System type

Before applying the test procedure to a system with an auxiliary heater the following must be considered.

6.1.1.1 Systems with separate auxiliary heating

Only the solar par—-ofthe systemshall betested using-thetest procedure—Thesolarperformance—of-systems
which have an [auxiliary heater separated from the solar-heated storage tank will not be influenced by the guxiliary
heater. However, the load size will be influenced by the presence of the auxiliary heater. Therefore, if)the pystem
is to be tested |with both the solar preheater and separate auxiliary heater considered as part of the same dystem,
the test procedure described in ISO 9459-3 shall be used.

6.1.1.2 Systems with manual auxiliary heater control

Systems which have an auxiliary heater integrated in the solar-heated storage tank;Hand in which the guxiliary
heater is provifled only for irregular intermittent operation (manually operated switch), shall be tested With the

auxiliary heater

6.1.1.3 Syste

The test proced

in the solar-hedted storage tank. Such systems should be assessedusing the test procedure defined in ISO

or other suitab

6.1.2 Test sy

Tests shall be j
instructions. Arn
In the absence

The system sh
to the likelihoo
of wind gusts.

Whenever pos
mounting is prd
array), an open
collectors and 1
storage vessel.

ms with integrated auxiliary boosting

stem installation

switched off.

e International Standard.

erformed with the system components:installed in accordance with the manufacturer's inst
y controller included in the system shall be set in accordance with the manufacturer's instrd
of specific instructions from the manufacturer, the system shall be installed as follows.

b1l be mounted in a manne( such as to ensure safety to personnel. Due consideration shall
H of glass failure and thé.léakage of hot liquids. Mountings shall be able to withstand the

ible the system.shall be mounted on the mounting structure provided by the manufacture
vided then, unless otherwise specified (for example when the system is part of an integrat
mounting system shall be used. The system mounting shall in no way obstruct the aperturg
he mounting structure shall not significantly affect the back or side insulation of the colleg

ure does not apply to systems which have a continuous*or nighttime-use auxiliary heater int¢grated

9459-3

allation
ctions.

pbe paid
effects

r. If no
ed roof
of the
tors or

Except for syg

teéms where the storage vessel is fixed to the collectors in some way (for example

ntegral

collector-storage systems and close-coupled thermosiphon systems), the store shall be installed in the lowest
position allowed in the manufacturer's installation instructions.

For systems where the hot water store is separate from the collectors, the total length of the connecting pipes
between the collector and store (pumped circulation systems) shall be 15 m. The diameter and insulation of the

pipes shall be i

n accordance with the manufacturer's installation instructions.

6.1.3 Collector installation

The collector shall be mounted in a fixed position facing the equator to within + 10°.

The collector shall be located such that a shadow will not be cast onto the collector at any time during the test

period.
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The collector shall be located where there will be no significant solar radiation reflected onto it from surrounding
buildings or surfaces during the tests, and where there will be no significant obstructions in the field of view.

The performance of some collectors is sensitive to air speeds over the collector in the range 0-3 m/s. In order to
maximize the reproducibility of results, collectors that are sensitive to surrounding air speed shall be mounted such
that air with a mean speed of between 3 m/s and 5 m/s will freely pass over the aperture, back and sides of the
collector.

Warm currents of air, such as those which rise up the walls of buildings, shall not be allowed to pass over the
system. Systems tested on the roof of a building shall be located at least 2 m away from the edge of the roof.

Collecto

rs designed for integration into a roof may have their backs protected from the wind. though this shall be

reported with the test results.

6.1.4 liquid flow system

A test Iq
to the fl
short. I
the stor
water. T
by a refl

Pipewor
and refl

op of the type shown in figure 1 shall be used. The piping material used in the“loop shall

particular, the piping between the outlet of the cold water (inlet) tempetature controller a

ective weatherproof coating.

k between the temperature-sensing points and the store (inlet'and outlet) shall be protected
bctive weatherproof covers extending beyond the positions of the temperature sensors,

be appropriate

lid used in the system and suitable for operation at temperatures up to 95 2CoPipe lengths ghould be kept

hd the inlet to

hge vessel shall be minimized, to reduce the effects of the environment‘on the inlet temperature of the
his section of pipe shall be insulated to ensure a rate of heat loss of t€ss than 0,2 W/K and be protected

vith insulation
such that the

calculated temperature gain or loss along either pipe does not‘exceed 0,01 K under test conditiong. Flow mixing

devices

The flow
by temp

A draw-

such as pipe bends are required immediately upstream of temperature sensors.

controller and flow meter shall be installed on the cold water inlet pipe, so that readings ar
erature changes.

pff bleed pipe shall be installed on the cold’water pipe just before the store inlet.

Shaded ambient air
temperature sensor
(adjacent to collecfor)

:

Shaded Temperature Insulation

e not affected

pyranomefer V transducer
Hot wate
t -
Pyranome er‘V <<>* draw-off]
N
Anemomefler S
<
('0
Storage Tank -
DHW Temperature Mixing pump
system transducer
Fan
(if necessary) Flow
controller

Draw-off
bleed pipe

Three-way

valve Flow

meter

Inlet

Cold water
inlet

temperature

controlter

Figure 1 — Schematic representation of experimental apparatus for daily system performance test


https://standardsiso.com/api/?name=6b661590cc5c457f03d3ff5c1377c62c

ISO 9459-2:1

995(E)

© ISO

The solar domestic water heating system shall be installed with the collector tilted at the specified tilt angle, and
the tilt angle used for testing shall be reported with the test results. The specified tilt angle shall remain constant
throughout the test.

The heat transfer fluid used in the system during testing shall be the fluid recommended by the manufacturer.
When testing forced-circulation systems, the fluid flowrate recommended by the manufacturer shall be used. If
the solar collector loop is designed to be used with non-freezing fluids (antifreezing inhibitors), the test procedures
in this standard must be carried out with these fluids, according to the manufacturer's requirements.

6.2 Measurement requirements

6.2.1 Solar rLdiation

Pyranometers
shall be first ¢
ISO/TR 9901 s

The pyranome
erence pyrano

shall be used to measure the solar global irradiance and the solar diffuse irradiance. Pyrand
lass (or better) pyranometers as specified in ISO 9060. The recommended practice incl
hould be observed.

ers shall be calibrated using either a standard pyrheliometer in accordapee with ISO 9846
meter in accordance with ISO 9847. Any change in the responsivity_ef-more than + 1 %

one-year periodl shall warrant the use of more frequent calibration or replacement of the instrument if the in

is permanent.
of the calibrati
should also be

6.2.2 Tempe

f an instrument is damaged in any significant manner, it shall be fecalibrated to check the
bn factor and the time constant. In case of replacement of ope\of the domes, the cosine rg
verified.

rature

6.2.2.1 Accuracy, precision and response time

The accuracy

ind precision of the instruments for temperature measurement including their associated

devices, shall be within the limits given in table 2. The response time shall be less than 5 s.

6.2.2.2 Ambient temperature

The ambient 3
above the gro
10 m from the
of the ambient

exhausts.
NOTE 13  The|
ments.
6.2.2.3 Input

ir temperature shall be measured using a shaded aspirated sampling device approximat
Lind, not closer than 1,5m-to the collector and system components and not further aw|
system. The temperature of surfaces adjacent to the system should be as close as possiblg
air. For example, the-field-of-view of the system shall not include chimneys, cooling tower

use of radiatiefi~shields with forced ventilation is recommended during ambient air temperature

water temperature

meters
Lided in

br a ref-
over a
stability
stability
sponse

readout

ely 1T m
gy than
to that
5 or hot

neasure-

The temperatu

g of the Water supply 1o the system, 7

m

the test conditions.

Table 2 — Accuracy and precision of instruments for temperature measurement

tem

Parameter Instrument accuracy Instrument precision
Temperature, ambient air + 0,5°C +0,2°C
Temperature, cold water inlet +0,1°C + 0,1 °C
Temperature difference across hot water sys- +01K +01K

(cold water inlet to hot water draw-off)

10

2ine Shall be controlled 1o give the values specified in 7.2 for
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If an in-line temperature controller is used at the inlet to the storage vessel, then this will require a high power
due to the high flowrate used during the test. Alternatively, temperature regulation may be achieved by the
controlled mixing of water from a hot water reservoir and cold water reservoir, both held at constant temperatures.
The temperature controller or mixing valve shall be able to control the drift in temperature of the inlet fluid to within
0,2 K in the period between the start and the end of the draw-off when the flowrate is 600 I/h. Fluctuations in the
inlet fluid temperature of + 0,25 K are permitted if these are caused by the hysteresis in the temperature con-
troller, and provided that they do not result in additional drift.

6.2.3 Liquid flow

easured value

When testing systems with pumped circulation, a flow meter shall be installed in the collecter lopp to measure

6.2.4 ass

Mass npeasurement shall be made to an accuracy of £ 1 %.

6.2.5 Elapsed time

Elapsed time measurements shall be made to an accuracy of + 0,20'%.

6.2.6 SBurrounding air speed

The surfounding air speed shall be measured with an instriiment and associated readout device that|can determine
the integrated average surrounding air speed for each-test period to an accuracy of + 0,5 m/s.

6.2.7 Data recorders

Analog jand digital recorders used shall have.ah accuracy equal to or better than + 0,5 % of the fu|l scale reading
and hale a time constant of 1 s or less. The peak signal indication shall be between 50 % and 100 Pe of full scale.

Digital techniques and electronic jntegrators used shall have an accuracy equal to or better than 1,0 % of the
measurgd value.

The ingut impedance of recorders shall be greater than 1 000 times the impedance of the sensors or 10 MQ,
whicheyer is higher.

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

7 Teptprocedure

7.1 Principle

This test involves a series of one-day outdoor tests (see 7.6) on the complete system (at least six one-day tests),
together with a short test (see 7.7) to determine the degree of mixing in the storage tank during draw-off, and an
overnight heat loss test (see 7.8) to determine the heat loss coefficient of the storage tank. An optional test
(annex C) with a midday draw-off is included.

The test procedure consists of a number of one-day tests which are independent of each other. On each day of
the test, the system is allowed to operate outdoors and a single draw-off is applied at the end of day. At the start
of each day of the test, the system is preconditioned by flushing it with water at a known temperature. The input,
(i.e. the irradiation incident on the system), and the output, (i.e. the energy contained in the hot water draw-off),
are measured for each test day and plotted on an input/output diagram. The test days shall cover a range of

1
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irradiation values and values of (tyqgay) —

995(E)

ameters can be established.

7.2 Range of test conditions

Results shall b

e obtained for at least four different days with approxmately the same values of [t,gay) —

© SO

toain) SO that the dependence of the system performance on these par-

fmain] and

irradiation values evenly spread over the range 8 MJ/m to 25 MJ/m Results shall also be obtained for at least

two additional

for the first four days. The value of [£,q,y) —

days with values of [t,gay) — mam] at least 9 K above or below the values of [t,q4a) —

1 shall be in the range — 5 K to + 20 K for each test day.

maln

train] Obtained

7.3 Precomllitioning of the test system

Visually inspec

At the beginnir
the system by
that the whole

Where the co
ditioning temp
tails of the me
by being passq
the difference
1 K for a perio

When the sys{
systems) leavg

The values of |,
maintained at 1
beginning of th

t the system and record any damage. Thoroughly clean the collector aperture cover,

g of each test day, before the start of the test, shield the collector from direct'sun and prec
circulating cold water at temperature t,,;, through the system at a flowrate” of at least 60
system is brought to a uniform temperature.

lector loop employs forced circulation, use the pump to bring the collector loop to the

prature. Where a special means of preconditioning is needed, then-the test report shall incl
thods employed. Unless the system is one in which the hot{water delivered to the taps is
d through a heat exchanger, the system is assumed to have reached a uniform temperatur
in the temperature of water at the outlet of the systemyand the inlet of the system is le
j of at least 15 min.

em has reached a uniform temperature, stop the Circulation, but (in the case of forced cir
the pump of the solar collector loop running,

to be used for each test day are determined as in 7.2. The cold water temperature
| =in DY Means of a temperature controller as specified in 6.2.2.3. Stop the circulation just bef
e test period and isolate the bypassioop by means of a valve to inhibit natural circulation.

maln

7.4 Surrounding air speed

The average speed of the air flowing Over the collector shall lie between 3 m/s and 5 m/s when measure

plane of the ¢
aperture shall

bllector at a distance”of 50 mm from the surface of the cover, and at no point over the g
he speed deviate-from the mean by more than + 25 %. Artificial wind generators shall be

necessary to achieve these,wind speeds. The speed at any point over the collector aperture shall remain
and the tempefature of therair leaving the wind generator shall lie within + 1 °C of the ambient air tempe

7.5 Measurpments during test period

bndition
D I/h so

precon-
ude de-
heated
e when
5s than

culation

shall be
ore the

d in the
ollector
ised as
steady
fature.

The following measurements, made in accordance with the requirements given in clause 6, shall be recorded on
an hourly average basis during the test period, from 6 h before solar noon to 6 h after solar noon:

a)
b)
c)
d)

e)
etc.).

12

global solar irradiance on the collector aperture;
diffuse solar irradiance on the collector aperture;

ambient air temperature adjacent to the collectors;

surrounding air speed (if a ventilator is used, a single measurement may be used as the daily average value);

electric energy consumed by circulation and control apparatus of the system (pumps, controls, solenoid valves,
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7.6 Determination of daily system performance

The system shall be allowed to operate for 12 h, from 6 h before solar noon until 6 h after solar noon. At 6 h after
solar noon the collector shall be shielded, and water drawn off from the store at a constant flowrate of 600 I/h.
The cold make-up water shall be at the temperature ., defined during the preconditioning of the system.

A short time (10 min — 20 min) before water is drawn off from the system (at 6 h after solar noon) some cold inlet
water shall be discharged through the bleed-off pipe to ensure that the water in the pipework between the cold
water inlet temperature controller and the inlet to the store is at the desired temperature #.,,,. The flowrate from
re through the bleed pipe shall be zero.

the sto

A volun
the wa
draw-o

During
+ 0,25

The flg
draw-0
vessel

7.7 O

771

This te
to dete
water (
prehea

NOTE 1
with no

LE asuled d d every
is drawn off. The temperatures shall beyus
off temperature profile as shown in figure 2. Measurements of water temperature entering t

er drawn off from the storage tank shall be made in accordance with the requirements of

he of water equal to three times the tank volume shall be drawn off. If the temperature diffe
ter drawn off and the cold water entering the store is greater than 1 K after'three tank vol
f shall be continued until the temperature difference is less than 1 K.

the draw-off, the temperature of the cold water entering the storage tank shall not fluctuat
K and shall not drift by more than 0,2 K during the draw-off period.

wrate during the draw-off of hot water from the store is¢yery important, and can greatl
f temperature profile. The flow controller must thereforesmaintain a constant flowrate throd
At 600 I/h + 50 I/h.

etermination of the degree of mixing in the storage vessel during draw-off

General

rmine the amount of mixing between-hot water in the tank and cold water entering the tar
iraw-off. The “mixing” draw-off profile can be obtained by drawing off water from a tank
ed to a uniform high temperature.

4
draw-off, as necessary.

Temperature, 4

~

erage value re-
ed to construct
he storage tank
clause 6.

rence between
imes, then the

e by more than

influence the
gh the storage

5t shall be carried out in addition to the daily system performance tests specified in 7.6. The test is designed

k, during a hot
Vhich has been

This may be achieved by filling the storage tank with hot water, or by allowing it to heat up by operating the system

R ————

fmuin

I T T U N N U O 1 A O 0 O O A OO
v 2v 3v
Volume of water drawn off (V = Tank volume)

0

Figure 2 — Draw-off temperature profile

13
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7.7.2 Test method

The test may be performed with the system mounted indoors or outdoors. If the test is performed outdoors, then
the collector shall be shaded from the sun. The storage tank shall be preconditioned by being uniformly heated to
a temperature above 60 °C.

Before the start of test, mix the water in the storage tank by using a small pump to circulate the water from the
top to the bottom of the store. Circulate the water at a rate of at least five times the tank volume per hour. The
water in the store is assumed to be at a uniform temperature when the temperature of the water at the outlet
of the store varies by less than 1 K for a period of 15 min. Then stop the circulation and close the valves to the

pipework conta

ining the tank mixing pump.

Draw off wateq
constant tempeé
0,2 K during th
permit a curve
cord an averag
temperature of]
accordance wit

Draw off a volu
drawn off and
drawn off, then

7.8 Determi

7.8.1 General

This test shall

storage tank sh
that an appropr
for example, hg
of the long-tern

The test may |
radiative shield

nation of storage tank heat losses

from the store at a constant flowrate of 600 I/h. The cold water entering the store shall
rature of less than 30 °C, shall not fluctuate by more than + 0,25 K and shall not drift by,mo
e draw-off period. Measure the temperature of the water being drawn off frequently end
ike that shown in figure 3 to be constructed. Measure the temperature at least-every 15 s
E value at least every time a tenth of the tank volume is drawn off. The nieasurements

h the requirements of clause 6.

me of water equal to three times the tank volume. If the temperature difference between thg
the cold water entering the storage tank is greater than 1 K aftef.three tank volumes hav
the draw-off shall be continued until the temperature differencé is less than 1 K.

be carried out in addition to an overall systenmpperformance test. The heat loss coefficient
all be determined with the system installed and mounted as specified in clause 6. This is to
ate value for the heat losses is determined for use in system performance calculations, ing
at losses caused by reverse flow in the-collector loop. This coefficient shall be used for prg
n performance of the system.

e performed with the systemi.mounted indoors or outdoors. If the test is performed ind
at a temperature of 20 K helow ambient shall be placed in front of the collectors.

Temperaturg, t4

be at a
re than
ugh to
and re-
of the

water entering the storage tank and water drawn off from the storage tank should be npade in

e water
e been

of the
ensure
luding,
diction

pors, a
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4 2V 3v
Volume of water drawn off (V = Tank volume)

0

Figure 3 — Mixing draw-off profile
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If the test is performed outdoors, then it shall be performed at night, with the collectors exposed to clear sky.
Some early morning and late evening daylight hours may be used provided that the whole system is shielded from
solar irradiation during these periods.

The storage tank water shall be preconditioned by being uniformly heated to a temperature above 60 °C.

NOTE 15  This may be achieved by filling the storage tank with hot water, or by allowing it to heat up by operating the system
with no draw-off as necessary.

7.8.2 Test method

Before ;

pump tp circulate the water from the top to the bottom of the store. Circulate the water at a rate
times the tank volume per hour. The water in the store is assumed to be at a uniform tefMmpera
temperature of the water at the outlet of the store varies by less than 1 K for a period-of.15 mi
tempergture over these 15 min is to be taken as the initial temperature of the tank. Themstop the ci
the valjes to the pipework containing the tank mixing pump and leave the tank to,cool for a peri
12 hand 24 h.

fore by using a
of at least five
ture when the
. The average
rculation, close
bd of between

During the cooling period, air with a mean wind speed of between 3 m/s.@ad5 m/s shall pass
aperturg, back and sides of the collector and over the storage vessel if this is designed to be mou
followirlg the requirements of clause 6 and 7.4.

reely over the
hted outdoors,

Measure the ambient temperature in the locality of the storage tank’ évery hour during the test peffiod.

At the ¢nd of the test period, recirculate the water in the storfage tank so that it reaches a uniform temperature.

The temperature is assumed to be uniform when the température at the outlet of the tank varids by less than
1 K for|a period of 15 min. The average temperature dufing this 15-min period shall be taken as|the final tem-
peraturI of the tank.
Carry olit a second, identical test to determine the-heat loss coefficient of the storage tank with thg collector loop
disconniected (i.e. with no flow in the collectar,loep). Before performing this test, the system should be modified
as necgssary to ensure that there is no flow in the collector loop (i.e. also eliminating the possibjlity of reverse
flow).
7.8.3 Calculation of the heat loss coefficient of the storage tank
The hegt loss coefficient U, of the tank, in watts per kelvin, shall be calculated using the following [relationship:
pWCpWVS fr\Tas@av)
U, & n .(1

S At [ k= tas(av) ( )
where At is the duration of the cooling period (in seconds), taken as the time between the monjent when the
circulatipn of water through the tank is stopped and the moment when it is restarted, and other dymbols are as
defined|in clatse 4.
8 Analysis and presentation of results
8.1 Introduction

The experimental results from the system test shall be reported using the format sheets shown in annex A. The
input-output diagram, the temperature increase diagram and draw-off profiles described in 8.2 to 8.4 shall also be
represented.

The experimental results shall not be used to make statements about the performance of the system under test.
They are an intermediate stage in the test method and shall only be used as inputs to the calculation procedures
described in clause 9.

15
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The test results consist of the daily energy output of the system for various values of H and t,4,y) ~ tmain- 1he

performance of

Q=a1H+

a domestic solar-only water heater system can be represented by the equation:

a (ta(day) - tmain) + a3

-(2)

The coefficients a,, a, and a; for the system are determined from the test results using the least-squares fitting
method. Q refers to the net solar energy gained by the storage tank during the day. Q is taken as the energy
contained in the total volume of hot water drawn off according to the test procedure defined in 7.6.

In addition, test results consisting of the temperature increase (tymax — fmain) ©f the water for various values of H
and (tyqay) — Imain) Shall be represented by the following equation:

td(max) - tmai

The coefficients
method. fymay) |
8.2 Input-ou
The experimen
system perforn

plotted. If thes
characteristic lif

8.3 Temperature increase (I, —

The experiment
perature increa
values of (gay)

8.4 Draw-of

h = U1 117 U3 Uyday) — ‘main) T U3

by, b, and b; for the system are determined from the test results using the least-sgudares
h the equation refers to the maximum temperature of the water being drawn off.

tput diagram

al results shall be presented graphically as shown in figure 4. The experimental points a
ance characteristics predicted by equation (2) for (tgay) = fmain) = — 10K, 0 K, 10K, 20K s
P values of (fygay) — main) dO NOt cover the range of test values of\(tygay) — ). then ad
es shall be plotted.

Imain
Imain) diagram

al results shall be presented as shown in figure 5. Thie experimental points and the syster
se predicted by equation (3) for (fygay) — fmain) = — 10 K, 0 K, 10 K, 20 K shall be plotted. I
— Imain) O NOt cover the range of test values of (fygay) — fmain). then additional curves shall be g

f temperature profiles

8.4.1 Measured draw-off temperature profiles

For all systems

hot water draw-off profiles shall be presented for test day conditions (1) and (2), as sh

table 3. Draw-offf profiles for test day (3) conditions may also be presented if a midday draw-off is being cong

(see annex C).
8.4.2 Normal

By using the m
drawn off shall

Q= AVipya

zed draw-off temperature profiles f(V)

pasured values,\the energy Q; contained in any one-tenth of the tank volume AV; which ha
pbe calculated-as follows:

bw [tdi (Vt) - tmain]

.(3)

fitting

hd the
hall be
jitional

n tem-
these
lotted.

bwn in
idered

5 been

-4

water

where t4(V) is 1he average temperature of the volume of water AV, drawn off, and V; is the total volume of

drawn off.

Energy Q; shall be calculated for each AV; (one-tenth of the tank volume) for which a temperature was recorded
(either up to a draw-off volume of 3V or up to the volume at which (1y — #,,,i,) < 1 K. The total energy contained
in the hot water drawn off from the tank is the sum of all Q,, i.e.:

0=

i=1

16
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1 1 1 1 1
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Irradiation on plane of cotlector, H (MJ/m?)
= Inain = 20K
— tain= 10K
= tmain = 0K
— bain = — 10K

main

Figure 4 — Energy output Q of the 'system as a function of irradiation

Temperature increase

A

0 5 10 15 20 25 30
Irradiation on plane of collector, H (MJ/m?)

1 ta(day) ~ Imain = 20K

2 Iaday) — Imain = 10 K

3 ta(day) = Imain = 0K
4 ta(day) ~ Inain = — 10K

Figure 5 — Temperature increase (fy,,, — /main) Of the system as a function of irradiation
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Table 3 — Hot water draw-off temperature profiles

© ISO

. Solar irradiation Hot water draw-off .
Period ) Time
MJ/m volume
Test day (1) 8-16 3,0V, Solar noon + 6 h
Test day (2) 16 - 25 3,0V, Solar noon + 6 h
Test day (3) 16 - 25 0,5V Solar noon
Tgst day (3) 16 -25 1,5V, Solar noon + 6 h

The value F; of
rived from the
tracted Q, i.e.:

_ 9

Fi=5

1

Normalized dra
shall be include

the normalized draw-off temperature profile f(V), which is associated with each volume AV,
Fatio of the energy Q; extracted in each small volume of water drawn off to the-tétal ene

iv-off temperature profiles f(V) shall be derived for test days (1), (2)'and (3) (when applicab
d in the format sheets (values and diagrams).

8.4.3 Computed draw-off temperature profiles

The normalized

draw-off temperature profile f(V) (8.4.2) can be used.to determine the draw-off temperature

for any combingtion of:

— daily solar ir|
— average am

— cold water t

The solar energ

Ql — a] Hl
and the temper

tg; (Vi) = tma

Draw-off tempsg
table 4.

radiation at collector aperture H*;
ient temperature 4,

Emperature fyin-

y gained during such a day is:¢alculated by equation (2):

) (ta(day) - tmain) + a3

qture of the wateris-found from the following equation:

Q" F,
"oV,

Pwlpw

rature-profiles shall be computed and presented in the format sheets for the conditions sh

is de-
gy ex-

(6

e) and

profile

(7)

.(8)

bwn in

8.5 Mixing draw-off temperature profile

8.5.1 Measured mixing draw-off temperature profile

The mixing draw-off temperature profile, obtained as described in 7.7, shall be presented in the format sheets,
together with the temperature of the cold water entering the storage tank.

8.5.2 Normalized mixing draw-off temperature profile g(V)

The normalized mixing draw-off temperature profile shall be derived using the procedure outlined in 8.4.2 and shall

be included in t

18

he format sheets (values and diagrams).
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Table 4 — Conditions for computed draw-off temperature profiles

H ta(day) Imain ta(day) = Imain Comments
MJ/m? °C °C K

10 25 20 Sori d
rng or summer aa

20 25 20 5 pring v

10 10 10 0 Wint ng d
Inter or sprin a

20 10 10 0 pring day

9 Prediction of long-term performance

9.1 General

The regults of the test are given in the form of system performance characteristiésywhich are indgpendent of the
climati¢ conditions under which they were derived. The system characteristics are used to determipe the monthly
and annual solar energy output from the system for the required climatic conditions and load demand.

The mgthod is able to predict the long-term output of the system for yarious values of:
— solgr irradiation;

— ambient air temperature;

— maips cold water temperature;

— load volume;

— hot|water demand temperature.

The gopl of the method is to predict long-term system performance to an accuracy of about + 5 %.

9.2 Day-by-day calculation method

The pefformance of the system, is calculated for each day of the year based on climatic data for the ¢lay and volume
of hot yvater consumption forthe day, taking into account energy in the storage tank carried over frgm the previous
day. Enlergy may be carried over from one day to the next either because only a small volume of vater has been
drawn pff during the-day, or because mixing has taken place in the tank during the draw-off. Parf of this energy
will be [lost during thé night as a result of tank heat losses, but it is still likely to cause the system $torage to start
the next day wijth'an initial temperature above that of the mains cold water.

The only assumption made in the day-by-day calculation procedure is that if the water in the storage tank is at a
tempeﬁture higher than the cold water temperature at the beginning of the day (due to the Carﬂover of energy
from t i ; T ST start of the new day, so that the

storage tank is always at a uniform temperature at the start of each day.

The calculation procedure employs the data obtained from the system performance test described in clause 7,
hence the predictions apply only for a single draw-off at six hours after solar noon. The long-term performance of
the system is found by summing the performance of the system for each day over the period of days under
consideration.

9.3 Calculation procedure

The data required for the calculation procedure are listed in 9.4 and the steps involved in the calculations are pre-
sented in 9.5 and 9.6.
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The system output for any given period is the sum of the daily energy outputs calculated in 9.5 and 9.6.
0= Qc(]) + Qc(2) Tt + Qc(n) ... (9

The predicted long-term performance should be reported using the format sheets in annex A. A computer program
for performing the calculations is described in annex B.

In 9.4 to 9.6, the draw-off temperature profiles and the mixing draw-off temperature profile are represented by the
functions f(V) and g(V) respectively. This is used as a convenient form of notation only, and it is not necessary to
derive analytical expressions for the draw-off temperature profiles and the mixing draw-off temperature profile as
a function of volume. It is only necessary to know the value of f(V) and g(V) at regular intervals of every tenth of

VAN

a tank volume fseeAA4r-

9.4 Data required for the calculation

9.4.1 Test results
The following test data is necessary:

a) the total ehergy output characteristics of the system determined from~the test as a function of the daily
irradiation gnd the difference between the ambient temperature and thg ¢old water temperature:

Q =0 H + az[ta(day) - tmain] + a3 .. (1 0)

b) the draw-off temperature profile expressed as a function of volume, f(V), and normalized so that the area under
the draw-off profile is equal to 1 (see 8.4.2 and A.4.4).

[Of(V)dV=1 GE))

The value df f(V) is known at volume intervals_éf every tenth of a tank volume.

Two draw-pff temperature profiles shallibe determined for differing ranges of irradiance, e.g. 9 MJ/m? to
16 MJ/m? and 16 MJ/m? to 25 MJ/m*

¢) the mixing draw-off profile expréssed as a function of volume, g(V), and normalized so that the area unfer the
draw-off prpfile is equal to 1{see 8.5.2 and A.4.4).

j:g(V) 4y = 1 .(12)

The value df g(¥)'is known at volume intervals of every tenth of a tank volume.

d) the heat loss coefficient of the storage tank, U, in watts per kelvin {see 7.8.3 and A.4.4J.

9.4.2 Climatic data
The following climatic data is necessary:
a) the daily solar irradiation on the collector plane H, in megajoules per square metre;

b) the average ambient temperature over the period from 6 h before solar noon to 6 h after solar noon for each
day, tgay
+ ‘a(day)’

c) the average ambient temperature during the night for each night, ¢,
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9.4.3 System usage data
The following data on system use is necessary:

a) the volume of daily hot water consumption, V., or the minimum useful temperature limit for the hot water
consumption;

b) the cold water inlet temperature, for each day.

Lnains

9.5 Calculation steps for day 1

9.5.1 |Data input for day 1

The copditions for day 1 are:

— irragliation = H(1);

— dayfime average ambient temperature = t,4,(1);

— cold water temperature = t,,i,(1);

— drayv-off volume V(1) or temperature limit for draw-off = ,(1).
The system begins the day at the temperature of the mains cold'water, t,.;,(1). A draw-off of volume V(1) is made

at 6 h after solar noon.

9.5.2 (Step 1 — Energy available at 6 h after solar noon

The tofal energy contained in the system at-6 h after solar noon, Q(1), is calculated using eqiiation (2), with

tmain = fmaint 1) taday) = taay)(1) @and H = H(}J)\he.:

o) = a; H(1) + a; [tygayf(1) = tmain(N] + a3 .(13)

9.5.3 [Step 2 — Draw-off volume to meet minimum temperature limit

NOTE 16  This step is reguired only if the hot water demand is temperature-limited. For a hot water demand which is
volumef{limited, omit step 2°and continue with step 3.

The temperature-profile of the hot water drawn off, as a function of the volume, is calculated usifg equation (8),
which gives theunstantaneous energy balance during the hot water draw-off, i.e.:

oMm s
0 1VOD"CP"

(V)= frmain(1) + ... (14)

The volume consumed V(1) is calculated by determining the maximum volume at which #;, as calculated in
equation (14), remains higher than #(1).

9.5.4 Step 3 — Energy drawn off

The energy Q.(1) contained in a draw-off volume of V(1) (which may not equal the total energy contained in the
system) is calculated using the function f(V) integrated from V =0 to V = V,(1).

(1)
oM =00 fvav ..(15)

Ve
0
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95.5 Step 4 — Energy left in tank

The energy remaining in the tank, Qg, can be calculated.

Or(1) = 0(1) — @) ...(16)

9.5.6 Step 5 — Energy lost overnight

The energy lost overnight can be calculated using the tank heat loss coefficient. Hence the energy remaining in

+ oo ool o ™ dat o P I Adlbat oo b H o e | |
the tank the ne CTHUTHINTGg LAt VO UTTiuTTHmCU.  TU 1o dooUTTivUu thiat Uy G THiviThnrgy, i tCIlII\ "do IUtu|||Uu tU a fU”y

mixed state and the water is at a uniform temperature ¢,. This temperature ¢, can be calculated.

Or(1) — Oios
tank heat capacity

ts(z) = tmain(]) + . (17)

where Q, o5 is the loss from the store overnight.

The night tank Ipsses, Q| o5, Mmay be calculated as:

=V, f—t 1 Us & 18
Qlos = Vspy Cpw [« a(night)] —exp | — m .1.(18)

where £ is the gverage temperature of the tank at the beginning of the.night and #,pgny is the average ambient
temperature dufing the night. % can be calculated from the value of Qgtdetermined in equation (16).

_Og(1)
ti_"VSp—wcpv\_—*'tmain(n 4.(19)

9.6 Calculation steps for day 2 and subsequent days
9.6.1 Data input for day 2 and subsequent.days

The conditions for day 2 are:

— irradiation =|H(2);

— daytime avefage ambient témperature = t,4,,(2);

— cold water tgmperaturey= t,.i.{2);

— draw-off volyme(=(V_(2) or temperature limit for draw-off = #,(2).

tatha A, $ th topam oot oo o (D) [P ain o of A 1 ILa)Y N
The system starts—the—aay—at-tre—temperature i1z 8&S carcthatea——step—S—otaay—+ tS\zmay—e greater than

tnainl2). Volume V(2) is drawn off at 6 h after solar noon.

9.6.2 Step 1 — Energy available at 6 h after solar noon
One part of the energy available is that which would have been collected if the system had been refilled during

the hot water draw-off at 6 h after solar noon with water at the initial temperature #,(2). This energy is calculated
using equation (7), With . = £(2), tygay) = taay(2) and H = H(2).

0(2:part 1) = a H(2) + @3 [tyaay(2) — £(2)] + ag .. (20)
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The other part of the energy available is due to the fact that the system has been filled with water at ¢,,;,(2) which
is lower than #,(2). This energy is given by the product of the solar part of the tank volume and the difference be-
tween £,(2) and f,,in(2).

0(2:part 2) = Vopcpw [14(2) — tmain(2)] .21

Hence the total energy available is:

0(2) = Q(2:part 1) + Q(2:part 2) ...(22)

9.6.3 Step 2 — Draw-off volume to meet minimum temperature limit

NOTE 17 This step is required only if the hot water demand is temperature-limited. For a hot water~demand which is
volumedlimited, omit step 2 and continue with step 3.

The temperature profile of the hot water as a function of the volume is calculated using equation (23). In calculating
the temperature profile, it is necessary to consider the two energy contributions Q(2:past 1) and Q(2:part 2).

_ Q(2:part 1) - f(V) | Q(2:part 2) - g(V)
td( /) = tmain(z) + 0.1 VSpWCpW + 0.1 VSpWCpW

.. (23)

The vqlume consumed V,(2) is calculated by determining the maximum volume at which z; gs calculated in
equatign (23), remains higher than 4,(2).

9.6.4 |Step 3 — Energy drawn off
One p4qrt of the energy contained in a draw-off volume of V,(2), is the energy Q.(2:part 1) which wotild be delivered

if the system were refilled with water at the initial temperature #,(2). It is based on the available engrgy which was
determined in step 1 and is calculated using the function f(V) integrated from V=0 to V =V(2).

V{2)
0J2:part 1) = Q(2:part 1) jo Fv)av .28

The prpportion of the carried-over energy which is extracted in the volume consumed V(2) can be calculated by
using the mixing profile curve, g(V):

Vi2)
0J2:part 2) = Q(2:part 2) jo g(V) dv ...(25)

The tofal energy extractedn volume V,(2) is the sum of the two energies given above:
0d2) = O2:par21)y+ Q. (2:part 2) ...(26)
9.6.5 |Step 4=—"Energy left in tank

The tofalenergy left in the tank at the end of day 2 is [equations (22) and (26)]:
Or(2) = 0(2) — 0(2) ... (27

9.6.6 Step 5 — Energy lost overnight

The energy lost overnight can be calculated using the tank heat loss coefficient, and hence the energy remaining
in the tank the next morning is known. It is assumed that by the morning, the tank has returned to a fully mixed
state and the water is at a uniform temperature #,. This temperature ¢, can be calculated.

Or(2) - Qi 0s

5(3) = mainl2) + T heat capacity

...(28)
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The night tank losses, Q os, may be calculated as:

U, A
Olos = Vspwcpw (s - ta(night)] [1 — exp ( - Vs—t ):| ... (29

spwcpw

where ¢ is the average temperature of the tank at the beginning of the night and #,,igny is the average ambient
temperature during the night. ¢ can be calculated from the value of Qg calculated in equation (27):

Or(2)

VspsCow

+ tmain(z) NN (30)

9.6.7 Step 6 -- Subsequent days

The procedure fnay be continued by starting again at step 1 of day 2.
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Annex A
(normative)

Format sheets for test and annual performance prediction for solar domestic
water heating systems
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RECE g le T =l o] -1 (o] 4 VAU UPRR R RTRPRRRPPRIR

Accredited lab

bratory: O Yes O No

Date of issue:

A.1 Descr

iption of the solar domestic hot water system (complete as’applicable)

A.1.1 Manufacturer

Name

Address:

A.1.2 Model

Serial 1

A.1.3 Systen
thermo
direct I
open [
filled O
remote
integra
Other

Df MANUTBCIUIET: oo e e

h classification
siphon O forced.d
B indirect O
vented O closed O
drainback O draindown O
storage O close-coupled collector storage O
collector storage O
Yo T=TeT 11V U OO O RRRRRORRT

A.1.4 Heat tjansférfluid

Type:

O water/glycol mixture, concentration of glycol: ..., %

O oil

O chlorofluorocarbon
O air
OB (SPECITY ). e e

SPECIHTICAIONS. oot

Total fluId CONTENT: ..o ettt ettt e et e e aee e eae e e e kg

Alternative acceptable TIUI: ... e
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System reference: .......cccceceenn

A.15

A.1.6

A1.7

A1.8

Antifreeze
Antifreeze protection
Other:

Collector system

Number of collectors in the system:

Total COIECIOr QrOSS @rEa: ......ocoviiiiiiiieeiiee ettt svee e SN e

Collector design
Type:
O flat plate
OthET (SPECITY): oo SN ca e e et e e e e eaaeeas

O evacuated tube

GrOSS @TEA: ...vvviiieeiiiiiiee et ee et eesree e e e eerreeeeesetneeeessspe s e e ettt e e e st e e e e eetraeeeeeeeaaes
APEIIUIE @TA: ...ooiiiiiiiiiieieee e B e e ettt a e e e e e
P o1 ] g o1 =T (=Y U N USRS
NUMDBET OF COVEIS: ..uiiiiiiiiiiiiieie e sttt e e et e s b e e ennee e e nnneas
Cover material(S): ........oooviviiiiii e R
COVET thiCKNESSIES): ...viiviiiiiciieii ek ettt ettt et enee e
Insulation Material(S): .....cocveiiiiiiiii e e
INSUIAtION thICKNESS(ES): ..viiiiieiieiiiiee e S ettt
Casing MMl ....oiiiieeiei e ettt ettt
Weight of collector Without fIUidi..........ooiiiieiee e
GrOSS QIMEBNSIONS: ... i et et ete e ettt e et e et e et e e et e e sttt e e e ebae e s sateeeseaeeeseaeeeeaeeseeneeeeand

Absorber
LB EIIAIIS ). ettt e e e et
CONSITUCTION AYPE. ..o

SUMEEE TrEATMENT. . ..o e e e e e e e e e e ettt e e eeeereeeaesanees

NUMDEr Of tUDES OF CRANNEIS: ..o

Tube diameter or channel diIMENSIONS: .....oooeiee e et
Distance between tubes Or ChaNNEIS: ..........eeeeeeeeeee et

............ mm

............ mm
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System reference: ...l

A.1.9 Storage tank
V=TV £ 11 (V] (=] PR PPTPPR R

A.1.10

A.1.11 Contradller

A.1.12 Schematic diagram of the system -

28
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OUTSIAE LANK G B S ettt it eteeseeseeeesesseeeeeteseeeeeae st e e e et eeteseetetetteeseneseananes e saseesss m

OutsidJa TANK 1RGN e o)

m

INSUIATION MNEEETIAL: .o b

Insulati
Heat e

O sgiral pipe

O st

O dduble jacket

othe

Pump

changer type:

[aight pipe

N TR KNS S .o L mm

(5] 01T o113V T SRS

ANUTC U oo e e e e

Model:
Rating:
Speed:

Manufa
Model:

nin

(o1 40 | £ TSP PP PP PPPRPRN
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A.1.13 Connecting piping between the collector(s) and the tank

DIBMEBTET. .t et mm
BTG et e m
INSUIALION MATEIIALL ..o e e
INSUIALION ThICKNESS: ..o e MM

A.1.14 System data

Collector tilt @NGIE: ... ..o e degrees
Flowrate in Collector l0OP: .......cvecuieiiiieiece et SN I/s
Controller SEHNG: ....c.viieieiieieecceceeeeee e G e

A.1.16 Photograph of the system
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System reference: ...

A.2 System performance test

A.2.1 Schematic diagram of test loop

A.2.2 Photograph of the test rig
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System reference: .........................

A.2.3 System performance test results and derived data

Test results and derived data shall be presented in table A.1.

Test location latitude: ............c.cocoeeiiviiiiiiee, , longitude:

Collector azimuth: .....oeeeeee e,

Table A.1
Date During 12-h test Draw-off Output
YYMMbD S T fmain | (4) = (5] u Va - g’ 7| (100 -{(6) 0
MJ/m MJ/m °C °C K m/s | °C °C K MJ
(1) (2) 3) (4) (5) (6) 7 (8) (9) (10 (M (12)

NOTE — Symbols are defined in clause A.6.
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System reference: ..o,

A.2.4 System performance curves

© ISO

The measured data points shall be entered on a graph as in figure A.1, and fitted by least squares re-
gression to equation (A.1). Straight-line graphs shall be drawn for values of [tygay) = frain] = — 10 K,
0 K, 10 K, 20 K, using the derived coefficients a,, a, and a;, and labelled to indicate the values of

[taday) — fmain] mentioned.

70

60

50

40

30

Daily energy output, @ (MJ)
I

20

10

0 2 & 6 8 10 12 14 16 18

Figure A.1

Daily solar irradiation on plane of collector, H(MJ/m?2)

30

Linear fit to data of the daily energy output of the system:

0 =a; H+ ay [tygay) — tmain] + &

where
G = oo m?
) = e MJ/K
Qg = oo MJ
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System reference: ......................

A.25 System temperature increase [1y,,, — /man] CUrves

The measured data points shall be entered on a graph as in figure A.2, and fitted by least squares re-
gression to equation (A.2). Straight-line graphs shall be drawn for values of [taday) = fmain] = — 10 K,
0 K, 10K, 20 K, using the derived coefficients b,, b, and b;, and labelled to indicate the values of
[taday) — fmain] MenNtioned.

70
60
50
o |
w
g 40
(1)
[
v
=
< B
o
2
2 30
[
a
E
s -
R
20
10
0
0 2 4 6 8 10 12 1% 16 18 20 22 24 26 28 30
Daily solar irradiation on plane of collector, H(MJ/m?2)
Figure A.2
Linear fit to data of the temperature increase:
td(max) = main = b1 H + b2 [ta(day) - tmain] + b3 R (A~2)
where
By = e m? K/MJ
By = e
Dy = e K
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A.3 Storage tank heat loss coefficient
A.3.1 Collector loop connected
Test performed: O outdoors O indoors
Tank volUME (V): oot .
Initial Javerage temperature of water in tank (£): ..o ) . °C
Final gverage temperature of water in tank (f): ..o BT °C
Average ambient air temperature adjacent to store during test [fasandt coooeeeeeee b . °C
Average wind speed over COIBCION ........ooiiviiiiiiiieeee e SO T m/s
Averagie wind speed OVEN 18NK:  ...coooiiiiiiiii e S e m/s
NOTE 4— Wind speeds should lie between 3 m/s and 5 m/s.
Durati@n of 1eSt (Af): ..o e e s
Deduded value of mean storage heat loss coefficient (Ug): ......o0 oo W/K
41 80V t| - ta s(av)
U, + > In : |. (A3
N At ( = fa’s(av) ( )
The coefficient |U is used in equation (A.3) to determine the final tank water temperatures # in table A.2, ¢onsid-

ering the initial
in table A.2.

tank water temperatures ¢, and the average ambient air temperature fas@y) IN @ 12-h periog

Table A.2

Temperatures in degrees

given

Celsius

Initial wate

Final tank water temperature

I temperature Average ambient air temperature around the tank during 12 h

0 5 10 15

/0

b0.

40

30
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System reference: .........................

A.3.2 Collector loop disconnected

Test performed: O outdoors O indoors
TaNK VOIUME (V)1 oottt !
Initial average temperature of water in tank (£): ..o °C
Final average temperature of water in tank (§): ..............ccoooooeooiooieiieiieoeeeeeeeeeeoeeee °C
Average ambient air temperature adjacent to store during test [fas@ds oeeeeemi 8O °C
Average wind speed over COIIECION: .......coocieciieierieiicieiceeee e b e m/s
Average wind speed OVer tank: ...........ccccooviiviieeieiiieeeeieeeeee e S e L m/s
NOTE — Wind speeds should lie between 3 m/s and 5 m/s.
Duration of teSt (Af): ..cooiioiiiieeeee e e e s
Deduced value of mean storage heat loss coefficient (Ug): ....<{xu i o W/K
4180V, =t
Us — s In 1 a,s(av)
At U ta,s(av)

NOTE + During this test no reverse flow is allowed and the, storage tank heat loss coefficient is expected fto be equal (if

no reverse flow is present in the system) to or smaller (if reverse flow exists in the system) than that deterrhined with the
collectgr loop connected (see A.3.1).
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System reference: ...l

A.4 Draw-off temperature profiles

A.4.1 Draw-off temperature profile for test day with a daily irradiation 4 in the range 8 MJ/m2 to
15,99 MJ/m2

DIATE. .ttt
Draw-pff FIOWTate: ... e ./h
Tank MOIUME (Vo) oo e e |
Daily ifradiation on collector plane (H): .........ooooiiiiiiiiiiiiiieeeeieeeeeeeeeeeeeeeeeeeen S MJfm?
Ambignt air temMpPerature [fygayl: - o oo (T . °C
Cold vyater supply temperature (fain): - ooveoeveereeenieiieiiee e Sy e °C
Tempgrature difference [fygay) = fmainds +veeeererereremmseeie s e . K
A graph shall bg prepared as shown in figure A.3. The graph shall include the temperature of the water drdwn off
and the tempeifature of the cold water supply.
80
70
60
g 50
v
5
g{ |
@
T 40
s
E
®
2 30
&
20
10
0

0 02 04 06 08 1 12 14 16 1.8 2 22 24 26 28 3
Volume of water drawn of f (multiple of V)

Figure A.3
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System reference: .........ccccoeenii..

A.4.2 Draw-off temperature profile for test day with a daily irradiation # in the range 16 MJ/m2 to

25 MJ/m2

Draw-0ff FIOWIATE: ..o e
Tank VOIUME (Vo) ..o,

Dailly irradiation on collector plane (H): .........c..ovovuiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeee o
Ambient air teMPerature [ty gay)d: - oeeveeerreeiceiiee e o s

Temperature difference [fygay) = fmaind: «-veveeeeemememcmieneeeieieesessenee sl

Cold water supply teMPErature (figin): - vovevereerereeieriereeeeeeee et

............. I/h
................ |

A graph|shall be prepared as shown in figure A.4. The graph shall include the temperature of the water drawn off

and the temperature of the cold water supply.

80

70

60

50

40

30

Draw-off water temperature, t4 (°C)

20

10

0 02 04 06 0.8 1 12 14 16 18 2 22 24 26 28 3
Volume of water drawn of f (multiple of V)

Figure A.4
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System reference: .........................

A.43 Mixing draw-off temperature profile

DT . e et
Draw=-0ff FIOMWIALE! ..o e e I/h
TanK VOIUME (Vo): oot I
Cold water supply temperature (z.....): °C
A graph shall be prepared as shown in figure A.5. The graph shall include the temperature of the water/drdgwn off
and the tempefature of the cold water supply.
80
70
60
o n
S 50
g
2 40
g
g L
S 30
o
'D_ -
20
10
0

0 02 04 06 0,8 1 12 14 16 18 2 22 24 26 28 3
Volume of water drawn off (multiple of Vi)

Figure A.5
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A.4.4 Normalized temperature profiles (see table A.3 and figures A.6 and A.7)

ISO 9459-2:1995(E)

A.4.41 Values of normalized draw-off and mixing temperature profiles (V) and g(V), based on the test
data of A.4.1, A4.2 and A.4.3.

Table A.3
Multipl¢ of f g || Multiple of o V)
total tank % % total tank % %

volunje H < 16 MJ/m? H > 16 MJ/m? volume H < 16 MJ/m? H > 16 MJ/m

0-0, 15-16

0.1-02 1,6-17

02-03 1,7-18

03-0/4 1,899

04-0[5 1,9-2,0

0,5-0[6 2,0-2,1

0,6 -0[7 2,1-22

0.7-0[8 22-23

0.8-0[9 23-24

0,9-1|0 24-25

1,0-11 25-26

1,1-12 26-27

1,2-13 27-28

1,3-14 2,8-29

1,4-1,5 2,9-3,0

0-1,0 0-3,0 |
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A.4.4.2 Graphs of normalized draw-off temperature profiles f(V) (H < 16 MJ/m? and H > 16 MJ/m?)
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Profile F(V) (%)

o 02 04 06 08 1 12 1 16 18 2 22 24 26 28 3
Volume of water drawn of f (multiple of Vs)

Figure A.6
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A.4.43 Graph of normalized mixing draw-off temperature profiles g(V)
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Profile g (V) (%)

0 02 04 06 08 1 128 14 16 18 2 22 24 26 28 3
Volume of water drawn off (multiple of V)

Figure A.7
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A.45 Computed draw-off profiles (see figures A.8 to A.11)
NOTE — In figures A.8 to A.11 include graph for #.,i,.

A.45.1 Draw-off temperature profile for H = 20 MJ/m?, taday) = 25 °C and 4,5, = 20 °C
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20

Draw-off water temperature, 4 (°C)

10

0
0 02 04 06 08 1 12 14 1.6 18 2 22 24 26 28 3
Volume of water drawn©ff (multiple of V)

Figure A.8

A.45.2 Draw-off temperature profile for./ = 10 MJ/m?, taday) = 25 °C and 45, = 20 °C
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Figure A.9
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A.4523 Draw-off temperature profile for H =20 M )ym?, ¢, . =10 °C and Losin=10°C
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Draw-off water temperature, t4 {°C)
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Volume of water drawn of fi(multiple of V)

Figure \A:10

A.4.5.4| Draw-off temperature profile for H =10 MJ/m?, tadayy = 10 °C and #5, = 10 °C
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A.4.6 Direct comparison of draw-off (H > 16 MJ/m?) and mixing temperature profiles (see figure A.12)

NOTE — Do ng
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Draw-off water temperature, f4(°C)
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t include the graph of the cold water supply tempefature (fqin)-

Figure-A.12

1.6

1.8
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A.5 Annual performance prediction

A5.1 Climatic data assumed in annual prediction (fill in as applicable)
Reference for CliMatiC data: ..........oooiiiieee e

Locatipn 1: Name ..o Jatitude . , longitude

Month 1 2 3 4 5 6 7 8 9 10 1 12

H| (MJ/m?)

Hy, (MJ/m?)

main (oc)
Bday) C)

i (°C)

Locatipn 2: Name ..., Jatitude o , longitude

Month 1 2 3 4 5 6 7 8 9 10 1 12

H| (MJ/m?)

Hy (MJ/m?)

lnaln (OC)
Hday) (“C)

i (°C)

Locatipn 3: Name ... fi i, Jatitude .o , longitude

Vionth 1 2 3 4 5 6 7 8 9 10 11 12

H| (MJ/m?)

Hy (MJ/m?)

Imain (°C)

Iygay) (°C)

4 (°0)

NOTE — Symbols are defined in clause A.6.

45


https://standardsiso.com/api/?name=6b661590cc5c457f03d3ff5c1377c62c

ISO 9459-2:1995(E) © ISO
System reference: ...l
A.5.2 System usage data (fill in as applicable)
Location 1
Month 1 2 3 4 5 10 1 12
Ve ()
t (°C)
Location 2
Month 1 2 3 4 5 10 11 12
Ve ()
1, (°C)
Location 3
Month 1 2 3 4 5 10 1 12
Ve ()
t, (°C)
NOTE — Symbols are defined in clause A.6°
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System reference: ........................

A.5.3 Predicted solar energy output O (MJ) of system under the load conditions defined in A.5.2, as cal-
culated in clause 9

Month Consumed volume V, Minimum temperature limit s,

Location Location

1 2 3 1 2 3

T o © 0N O o R WN =

12

Yeal (total)
(M)

Y¢ar)
(Mp/m?)

1) Predicted annual energy output per square metre of collector aperture area.
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A.5.4 Predicted solar energy output Q, under standard usage conditions (V, = V,, 4 = 35 °C, 4, = 40 °C)
as calculated in clause 9

Month V=V, t,=35°C t,=40°C

23 © ©® N o NN -

12

Year (total)
(MJ)

Year?
(MJ/m?)

NOTE 1 — Prefiction based on climatic data‘\in¢luded in A.5.1.

1) Predicted gnnual energy output per square metre of collector aperture area.
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