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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been

established has the right to be represented on that committee. International organizations, governmental and

non-governn
International

International
The main tg

adopted by
International

the

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

sk of technical committees is to prepare International Standards. Draft International Standards
the technical committees are circulated to the member bodies for voting\»xPublication as an
Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is firawn to the possibility that some of the elements of this document¢may be the subject of patent

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9459-4

Systems — [Thermal performance, reliability and durability.

ISO 9459 cq
systems:

— Part 1:

— Part 2:
of solar-

— Part 4:

— Part 5:

was prepared by Technical Committee ISO/TC 180, Solar energy, Subcommittee $C 4,

nsists of the following parts, under the general title’,Solar heating — Domestic water heating

Performance rating procedure using indoor testimethods

Dutdoor test methods for system performance characterization and yearly performance prediction
only systems

Bystem performance characterization by means of component tests and computer simulation

bystem performance characterization by means of whole-system tests and computer simulation

© 1SO 2013 — All rights reserved
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Introduction

ISO 9459 has been developed to help facilitate the international comparison of solar domestic water heating
systems. Because a generalized performance model which is applicable to all systems has not yet been
developed, it has not been possible to obtain an international consensus for one test method and one
standard set of test conditions. It has therefore been decided to promulgate the currently available simple test
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pach is that each part can proceed on its own.
General
D459 is divided into four parts within three broad categories, as described below.
Rating test
D459-1, Solar heating — Domestic water heating systems — Part 1: Pefformance rating pro
Dr test methods, involves testing for periods of one day for a standafdized set of reference co
ts, therefore, allow systems to be compared under identical solar{ambient and load condition|
Black box correlation procedures
D459-2, Solar heating — Domestic water heating systems — Part 2: Outdoor test method.
rmance characterization and yearly performance prediction of solar-only systems, is applicg

systems and solar-preheat systems. The performance test for solar-only systems is a

tly with daily mean values of local solar irradiation, ambient air temperature and cold water
to predict annual system performance.

Testing and computer simulation
D459-4, Solar heating — <.Domestic water heating systems— Part4: System
hcterization by means of component tests and computer simulation, a procedure for characte

m performance, uses ‘measured component characteristics in a computer simulatig
pdures for characterizing the performance of system components other than collectors are als
is part of ISO 9459./Procedures for characterizing the performance of collectors are gi
hational Standards.

D459-5, Seolar heating— Domestic water heating systems— Partb: System
hcterization/by means of whole-system tests and computer simulation, presents a procedure

tes
Pro

cannot_be modified by the user. Implementation of the software requires training from a

t%g ofecomplete systems to determine system parameters for use in the “Dynamic Sys

am®, This software has been validated on a range of systems; however, it is a proprietary

cedure using
hditions. The
S.

5 for system
ble to solar-
“black box”

bdure which produces a family of “input-output’€haracteristics for a system. The test results may be used

temperature

performance
rizing annual
n program.
50 presented
en in other

performance
for dynamic
tem Testing
product and

test facility

experienced with the application of the product. 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.

The procedures defined in ISO 9459-2, 1ISO 9459-4 and ISO 9459-5 for predicting yearly performance allow
the output of a system to be determined for a range of climatic conditions.

The results of tests performed in accordance with ISO 9459-1 provide a rating for a standard day.

The results of tests performed in accordance with 1ISO 9459-2 permit performance predictions for a range of
system loads and operating conditions, but only for an evening draw-off.
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0.5

Introduction to ISO 9459-4

ISO 9549-4 presents a procedure predicting the annual performance of a solar thermal system using a
numerical simulation programme. The parameters of the characterisation of the thermal behaviour of the key
components such as solar collector, store and controller are derived from physical tests of the components.

Because testing of the complete system as a whole is especially expensive and time consuming for system
families, this approach offers the opportunity to determine the annual performance of a family of systems with

limited effort

NOTE
construction

system is simjlar (pipes, electrical pump, hydraulic connections, type

insulation con|

Procedures
case no sta
determine t

The intentio
it is assume
subjected to
the heat exc|

In order to ¢
complete sy

but not mandatorily size of the heat exchanger
ept is similar (material, thickness) and the collectors installed are from the same type.

xist for testing most solar thermal system components. Where they exist, they are \referencsq
dardised component test procedures are available appropriate procedures have to be usg
e thermal characteristics of the components.

of this International Standard is to determine the thermal performance-ofthe system. Therg
d that all key components (e.g., collectors, stores, heat exchangers, etc?) used in the systen
relevant durability tests (e.g., collector qualification tests, pressurization of the collector si
hanger, etc.) before they are tested for thermal performance.

nsure a proper operation of the entire system additional durability tests may be required g
stem to determine operation under extreme conditions sugh as freezing or overheating bass

correspondi

The performance evaluation procedure defined in this International Standard has been designed to prov
means of evpluating the annual task performance of heatedavater systems.

This Internafional Standard sets out a method of evaluating the annual energy performance of heated v
systems using a combination of test results for;component performance and a mathematical mod

determine
evaluating t
savings of
operated un

The perform
using a simy
wide range ¢

The procedd
develop con
system. The
These modg
complete so

g standards.

n annual load cycle task performance. This International Standard defines a procedur
e task performance of conventional electric and gas domestic water heaters so that the er
bolar and heat pump water.heaters can be evaluated relative to conventional water he
Jer the same annual task load.

ance evaluations are(based on modelling annual performance in a range of climatic condi
lation program. The chosen simulation program shall have flexibility and the capacity to modsg
f renewable energy water heaters used worldwide.

re for usingithis International Standard is illustrated in the figure below. The general concept|
hputer medels that describe the performance of every component of the solar water he
se models can be based on specific tests (listed herein and in EN 12977-2 and AS/NZS 4
Is are'then combined in a system simulation that can be used to estimate the performance @
ar’heating system under specified hot water usage and weather conditions. Information for

A system family is characterised by a series of hot water systems that are identical with regard to their

pf the

fore,
h are
e of

f the
d on

de a

vater
el to
e for

ergy
aters

tions
| the

is to
ating
P34).
f the
sers

of this Intern

Vi

ational Standard is presented in Annexes [ and J.
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Component Tests

- Solar collecting unit

o Active (forced circulation)

o Passive (thermosiphon, integral collector
storage)

Storage vessels

o Solar

o Backup water heater

Controller

Pump(s)

A

Solar Water Heating System Computer
Simulation Model

Weather

y
A

Hot Water Usage

Estimate of:

Energy output

Backup fuel consumption

Auxiliary energy consumption

Savings compared to conventional water heating system

It is|the intent of this part of ISO 9459 to be,compatible with EN 12977-2, “Thermal solar gystems and
components, Custom built systems, Test methods” such that tests conducted for use by certifidation bodies
can be done in accordance with either one(interchangeably.

The [terms “normative” and “informative” have been used in this International Standard tq define the
application of the annex to which-they apply. A “normative” annex is an integral part of an |[International
Standard, whereas an “informative” annex is only for information and guidance.

© ISO 2013 — Al rights reserved Vi
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INTERNATIONAL STANDARD
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So

lar heating — Domestic water heating systems —

Part 4:
System performance characterization by means of component
tests and computer simulation

1

This
heat
dete
is a
instal

Syst
anny
in thi

2

The
refer
docu

ISO
ISO
EN 1
EN 1

EN 1

Scope

International Standard specifies a method of evaluating the annual energy performance o
brs using a combination of test results for component performanceand a mathematic
mine an annual load cycle task performance under specified weather and load conditions. TH
bplicable to solar water heaters with integral backup or preheating into a conventiona
htaneous water heater and to integral collector storage water heaters.

bm operating requirements specified in this International Standard are for the purpose of de|

al performance rating for domestic water heaters. Therélare no product design or operation 1
s International Standard.

Normative references

ences, only the edition cited applies! For undated references, the latest edition of the
ment (including any amendments)\applies.

D488:1999, Solar energy —-Yocabulary
D806 (all parts), Test methods for solar collectors
2977 (all parts):2012;"Thermal solar systems and components — Custom built systems

2975 (all parts):2006, Thermal solar systems and components — Solar collectors

2976 (all.parts):2006, Thermal solar systems and components — Factory made systems

AS 1

056.1:1991, Storage water heaters — General requirements

following referenced documents areindispensable for the application of this document.

solar water
al model to
e procedure
storage or

termining an
equirements

For dated
referenced

AS/NZS 2712:2007, Solar and heat pump water heaters — Design and construction

AS/NZS 2535:2007, Test methods for solar collectors

3 Terms and definitions

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

There are two differences with ISO 9488-1999:

© 1SO 2013 — All rights reserved
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auxiliary energy is used here to represent energy consumed by pumps, fans, and controls in a solar

heating system
— backup energy refers to energy contributed by a source other than solar
31
tilt angle
angle between the absorbing surface of the collector and the horizontal
3.2
container
vessel incluffing Tittings, in which the heated water 1s stored; sometimes referred 10 as a store, Sid

container, cy

3.3
electricity s

3.31
continuous
continuously

3.3.2

linder, storage vessel, or tank

upply options

available electricity supply

limited time of supply

electric supp

3.3.21
night rate
electricity su

3.3.2.2

extended of
electricity su

3.4

ly available at limited times, as follows:

pply at restricted night hours (see Annexes A and:B for typical availability times)

f-peak
pply during extended hours (see Annexes A and B for typical availability times)

dual element tanks

tanks incorp
Note: Each el

3.5

heat pump
a system in
radiation, or

3.6
one-shot ba
operation of

brating dual electric elements’at different levels in the tank
bment may be connected-to a different electric supply or be operated under local control.
water heater{solar assisted

corporating. @ compressor (vapour compression), an evaporator exposed to ambient air or
both, a.condenser and a water container heated either directly or indirectly by the condenser

rage

solar

ckup
P

a backup heat source for one heating cycle

Note: The heater is returned to normal control after one heating cycle.

3.7

factory-made solar water heater
package systems are batch products, sold as complete and ready to install kits with fixed configurations

Note: System

s of this category are considered as a single product and assessed as a whole.
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reference water heater
a conventional water heater used to define annual purchased energy use for the purpose of computing energy
savings of other products

3.9
tank

nodes

horizontal sections of a storage tank

Note:

Used in the simulation program to model thermal stratification in the storage tank.

3.10
tank

3.10
fixed
fluid
the i

3.10

variable inlet positions

fluid
temp

3.1
com
TRN
com

modelling options

1
inlet positions

flows into the storage tank are considered to mix with the contents of the tank'node at the same level with

nlet fitting
2
flows into the storage tank are considered to rise or fall to the{level of the tank node with

erature to the inlet flow

uter simulation model
YS or equivalent computer program used to*simulate the performance of solar w
ponents and systems

the closest

bter heating

4 Symbols, units and nomenclature

Symbpol Units Meaning

a, b,|c [ correlation coefficients for solar collector efficiency

B [MJ/year] annual energy used by a conventional water heater

Be [Mdlyear] annual electrical energy used by water heater

By [MJ/year] annual gas energy used by water heater

Bs [MJ/year] annual backup energy for a solar or heat pump water heater

G [kJ/(kg C)] heat capacity

Crmod [-1 modified capacity ratio

DE [MJ] difference in energy content of a tank between the start and the end of
a heat loss or warm-up test

d [m] diameter

en [W] electrical power use during burner operation

esp [W] electrical power use during standby

E [%] thermal efficiency of gas water heater

© 1SO 2013 — All rights reserved
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IR

Gy
GL
Go
G,
Gs

Gr

Kiq
Kns, Kew

Ky

M drawn
M, rate

M sys

M, tank*Cp
n

AP

Pr

Qdel
Qinitial

Re

Timegecay

S

ated

[MJlyear] integrated energy added to tank from gas combustion

[-] purchased energy savings relative to a conventional water heater
(Bc-Bs)/Bc

[Wm™ beam irradiance on the collector aperture

[Wm™ net long wave irradiance (A>3pum) (Gs — oT,")

[Wm™ extraterrestrial solar irradiance

[-] Grashoff number

[Wm™ long wave thermal irradiance (A>3um)

[Wm‘z] hemispherical solar irradiance on the collector aperture

[W/m?K] heat loss coefficient

[-] solar collector angle modifier

[-] bi-axial incidence angle modifiers

[-] average clearness index for spegified test

[MJ/h] maintenance rate [standing>or stand-by heat loss rate from a hq
water tank]

[ka] mass withdrawn fromtthe storage vessel

[ka/s] mass flow rate

[ka/s] mass flow rate through a system

[kJ/K] capacitance

[-] Julian day of the year (1-365)N [-] number of events

[Pa] pressure drop

[-] Prandtl number

[ky] energy purged from the system after the wait or irradiance period

[Lj] initial charge energy of a tank or system when subjected t
instantaneous purge between two set temperatures

[MJ/h] determined gas consumption

[-] Reynolds number

[h:min:s] duration of test

[s] decay test duration

[°C] temperature

[°C] mean collector fluid temperature

© 1SO 2013 — All rights reserved
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T, [°C] ambient temperature

T, avg [°C] annual average ambient outdoor air temperatureTy, [K] thermostat dead
band

Teel [°C] temperature of the water delivered from the DHW system at the outlet
of the system

T; [°C] collector inlet fluid temperature

TW [°C] mean temperature of water in the storage tank

Tenv [°C] environment temperature (ie. temperature of air~surrpunding the
storage vessel)

Tenv 4ve [°C] average environment temperature

Thigh [°C] temperature of the water in a test system at the beginning of a
high-temperature test (typically 55 — 60:2C)

Tin [°C] temperature of the liquid enteringthe storage vessel

Tinitial [°C] temperature of the water in'the test system at the beginning of a test
(heat loss or warm-up)

Tow [°C] temperature of thepwater in a test system at the beginning of a
low-temperature test (preferably near ambient temperature

Tiank hve [°C] average tankfluid temperature

Tiank hve final [°C] final average tank fluid temperature after the decay or irradiation, period

Tiank hve ini [°C] initial average tank fluid temperature before the decay or irradiation
period

Tiank hve purge [°C] final average tank fluid temperature after the purge period. [This value is
usually estimated by averaging the tank inlet temperature ahd T,

At [s] change in time

Tset [E€] manufacturer's recommended thermostat setting

Ty [°C] sky temperature

u [ms'1] surrounding air speed over the solar collector (or evaporator)

U [W/m?K] heat loss coefficient

UA [WIK] heat loss coefficient x area product for the tank

UA isolated loss total

UA installed loss total

a

© 1SO 2013 — All rights reserved
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installed total UA loss of the storage tank from a decay test
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p [-] slope or tilt, the angle between the plane of the collector and the
horizontal

£ [-] unglazed collector hemispherical absorber emittance, long wave

Emod [-] modified effectiveness

n [-] solar collector efficiency

¢ [] latitude, the angular location north or south of the equator

e [rad] incidence angle relative to the collector aperture normal

¥ [-] orientation angle, the direction which a collector faces, expressed as

the azimuth angle of the horizontal projection of the surface normal

A [W/mK] thermal conductivity

5 Appligation
The procedyre in this International Standard uses a mathematical model{to assess annual energy|task
performancd; hence the application of the procedure is restricted conly by the availability of suifable
mathematical models. Weather data and typical modelling data files are specified in Annex G. The opergting
conditions apd product configurations to be used for evaluating the €nergy performance of a water heater are
specific to cTrtification or incentive programs and are not defined irvthis International Standard.

This Internafional Standard can be applied to solar water heaters with the following:

a) flat plat¢, concentrating or evacuated tubular solar collectors,

b) thermodiphon or forced fluid circulation through;the solar collectors,

c) collectof loop heat exchangers,

d) systemg for combined domestic hot.water preparation and space heating (combisystems),
e) integral(collector storage,

f)  horizonfal or vertical water-storage tanks,

g) storage|with one or'more electrical heating elements,

h) storageltanksiwith internal gas backup heaters,

i) solar pr bheat de’rpme in series with instantaneous water heaters,

j)  solar thermal systems combined with heat pumps (e.g., solar collectors acting as the refrigerant
evaporator).

Other water heater configurations incorporating the above components may also be modelled.

For limited time-of-supply electric storage water heaters, the temperature stratification in the storage tank is
evaluated throughout the day and used to quantify the variation of tank heat loss with time, due to cooling of
the bottom of the tank. Mixing during load draw off and conduction between the hot and cold layers in the tank
is also included. All storage tanks shall be rated for standing heat loss and maintenance rate. The operational
heat loss accounting for non-uniform insulation around the tank and thermal stratification in the tank is
determined by the annual load cycle performance model.

6 © 1SO 2013 — All rights reserved
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6 Test method

6.1 Introduction

This International Standard defines a means of evaluating the purchased energy use of water heaters
operating under specified weather and load conditions.

For solar water heaters, this standard can be used for any system type that can be reasonably modelled in a
computer simulation model. The performance of individual components is evaluated under ISO 9806, AS 4552,
AS/NZS 4692.1, AS 1056.1, EN 12975, EN 12976, and EN 12977. The performance of heat pump water
heat i i iation i i evaporator
evaltyiated under ISO 9806 and performance of the compressor is evaluated under ASHRAE Standlard 23-93.

The purchased energy use calculated is only representative of the product model described|in’ Anpex A.
6.2 | Component testing

6.2.1 Storage vessels
Therg are a wide variety of storage vessels available. They range from simple single-wall tanks tq double-wall

(marntle) vessels with multiple integral heat exchangers and backup ,energy input. As the complexity of the
vessgl increases, so does the complexity of the method necessary{oradequately characterizing the vessel.

6.2.1.1 Simple storage tanks

The standing heat loss of simple storage vessels withouf*a heat exchanger and/or backup energy input may
be eyaluated in accordance with Annex B or in accordance to 6.3.1.4.1 of EN 12977-3.

6.2.1.2 Complex storage vessels

6.2.1.21 Storage vessels with electric_ backup heating
The ptanding heat loss of complex storage vessels may be evaluated using EN 12977-3.

NOTE Electric backup heaters-in solar water heater storage tanks may be located above the bottom |of the tank to
sepafate the functions of solar and backup heating. Evaluation of the standing loss and rated delivery pf such tanks
requifes a test with a special ‘electric element fitted in the bottom of the tank to minimize thermal stratificatipn in the tank
during the standing heat losS.test.

6.2.1.2.2 Storage-vessels with gas backup

The following-performance factors may be evaluated using the test methods in AS 4552.

a) thermal efficiency (%),

b) determined gas consumption (MJ/h),
c) maintenance rate (MJ/h),
d) electric power usage during standby (W),

e) electric power usage during burner operation (W).

© 1SO 2013 — All rights reserved 7
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6.2.1.2.3

Storage vessels with raised level gas backup heating

Heat loss from storage tanks incorporating raised level gas backup heating from either an internal or external
burner shall be determined by direct measurement using a specially configured tank that is maintained at
uniform temperature during heat loss testing.

6.2.1.2.4

Instantaneous gas water heaters

The following performance factors may be evaluated using the test methods in AS 4552.

a) thermal efficiency (%),

b) output (kW),

c) pilot gag consumption (MJ/h),

d) start-up|heat capacity (MJ/event),

e) electric power usage during standby (W),

f)  electric power usage during burner operation (W).
6.2.1.2.5 Bolar assisted heat pump storage water heaters

The heat plmp compressor thermal capacity and power consumption shall be evaluated for evapo

refrigerant 1
temperature
The standin
AS/NZS 469

6.2.2 Flow

The flow rat
shall be the
absence of
conditions.

6.221 C

6.2.2.1.1

A system sk
way betwee
device spec

emperatures from -5°C to 30 °C (at least four ctemperatures) and condenser refrig
5 from 30 °C to 70 °C (at least four temperatures). using the test procedure in ASHRAE 2

2.1, EN 12977-3, or the procedure described incAnnex B.

rate in pumped collector-loops
b in forced circulation systems shall be determined using one of the following. The length of]

longest length allowed by the manufacturer's published installation instructions for the syste
such specifications, the tofal ‘pipe length should be set according to Annex G, Refer

pnstant speed pumps

Measurement

all be assembled with a specified length of pipe of the manufacturer's specified diameter
n the tank and the collector array. For systems with site specific flow adjustment, the flow cd
fied\by the manufacturer for this piping length shall be installed. Flow rate shall be meas

rator
erant
B3-93.

g heat loss of the storage vessel in a heatspump water heater shall be evaluated Uyising

pipe
M. In
ence

pach
ntrol
ured

under norma

|‘'eperating conditions.

6.2.2.1.2

Calculation

The flow rate may be calculated using analytical functions for the pressure drop of each fitting normally used
in the system, a specified length of pipe of the manufacturer's specified diameter each way between the tank
and the collector array, and the published head-flow characteristics of the pump.
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6.2.2.2 Variable speed pumps

6.2.2.2.1 Measurement

A system shall be assembled with a specified length of pipe of the manufacturer's specified diameter each
way between the tank and the collector array. For systems with site specific flow adjustment, the flow control
device specified by the manufacturer for this piping length shall be installed. Flow rate shall be measured
under normal operating conditions and characterized as a function of a control variable. This control variable
could be a temperature difference, solar radiation, or any other parameter specified in the system design.

6.2.2.2.2 Calculation

The flow rate may be calculated using analytical functions for the pressure drop of each fitting nprmally used
in the system, a specified length of pipe of the manufacturer's specified diameter each way betwgen the tank
and the collector array, and the characteristics of the pump speed controller. Flow rate ‘shall be calculated
undgr the rating conditions and characterized as a function of a control variable. Thjs‘¢ontrol varigble could be
a temperature difference, solar radiation, or any other parameter specified in the-system design. Refer to
Anngx E for a method to evaluate DC pumps powered by a photovoltaic module.

6.2.3 Solar collectors

6.2.3.1  Solar collector efficiency

The gfficiency of solar collectors shall be evaluated using ISO 9806.

6.2.3.2 Collector efficiency correction for shadowing-due to impact guard

If anlimpact guard is added to a collector after the. collector efficiency test then the collector efficigncy shall be
corrgcted for

a) pormal incidence shadowing due to the hail guard,

b) [ncidence angle modifier of hail guard as specified in Annex D.

6.2.3.3 Integral collector storage units and other designs not addressed above

The |efficiency of integral_storage units (including non-separable thermosiphon) and other |designs not
addressed above shall be_evaluated using EN 12976 or Annex C.

6.2.4 Heat Exchangers

All heat exchangers shall be tested in accordance with one of the methods given in Annex F of the system
parameteriidentification method included in the storage vessel test described in EN 12977-3, chagter 6.3.1.5.

6.2.5—Controllers

All controllers shall be tested in accordance with the method given in EN 12977-5.

6.3 Water heater configuration for modelling

The system configuration data listed in Annex A shall be used in the modelling; additional data may be
needed for some systems.

The solar collector tilt angle and azimuth shall be set according to Annex G, Reference conditions.
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One of the following backup supply and control options shall be specified in the performance model:

Single or dual electric elements with each element operated on different electric supply options.

ank backup heating.

Gas or electric storage water heater in series with solar or heat pump preheater.
Series instantaneous backup with the solar heater operating as a preheater.

In-tank heat exchanger connected to an external water heater.

a)

b) Gasin-t
c)

d)

e)

The timing
continuous |
in response

If the electriq
the effect of

User over-rige of backup heating shall not be included in the modelling.

7 Perfor

7.1 Annu
The mathemn
program suif

The annual
0.1 hours or
conditions.

For compon
model that W
when evalus
test data wit

fal task performance

of electrical backup heating may be set to night rate tariff times, extended off-peak -fi
ackup or set by a local controller. The backup heater controller may vary backup input to the
fo solar radiation conditions, stored energy level in the tank, load demand and other,condition|

supply utility allows user activation of one-shot backup heating in time limited‘electric tanks
this may be modelled as part of the annual performance evaluation.

mance evaluation

atical model to be used for the annual task performance evaluation shall be a validated simul
able for the product type being modelled. See Annex G for validation requirements.

oad cycle performance of water heaters shall be determined with a computational time stg
less to determine the annual backup energy needed for the specified load and environm

ents whose modelling parameters were derived from computer modelling, the same com
as used to derive the modelling parameters from the original component test data shall be
ting annual task performance. Note that modelling parameters can also be defined directly
nout computer modelling.

mes,
tank
S.

then

ation

ep of
ental

buter
used
from

7.2 Weather data

The weathef data used for the simulation shall include records for the locations specified in 7.14.| The

performancqg shall beased on hourly values for the following variables:

Table 1 — Hourly value variables
Variable Applicability

Ambient temperature All systems

Global irradiation Solar water heaters and solar-assisted heat pumps

Beam irradiation Solar water heaters and solar-assisted heat pumps

Wet bulb temperature Heat pumps only

Wind speed Solar-assisted heat pumps and solar water heaters incorporating
unglazed collectors

Cloud cover Solar-assisted heat pumps and solar water heaters incorporating
unglazed collectors

Infrared radiation or sky temperature (if available) Solar-assisted heat pumps and solar water heaters incorporating
unglazed collectors

10

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=9f638c202fc5b6c326e81017c34d7dd9

ISO 9459-4:2013(E)

7.3 Thermal energy loads

The peak daily thermal energy loads and seasonal and daily variations of load specified in Annex G shall be
used for the annual task performance evaluation. The load is distributed within each day using a daily load
pattern and the load is varied each month using a seasonal load pattern. The simulation input deck shall be
configured so that the load is specified in terms of energy withdrawn after the tempering valve in the manner

shown in the example simulation deck files.

7.4

7.4

For t
the |

7.4.2

The

Thermostat set temperature

— Storage-water-heaters

he purpose of determining annual performance rating, the model shall simulate heating of
pwest thermostat to the temperature specified in Annex G.

Instantaneous supplementary heaters

set temperature of instantaneous backup heaters in series with solar or-heat pump storag

water above

b preheaters

shall|be as specified in Annex G.

7.4.3 Minimum delivery temperature

The ystem shall be capable of satisfying a minimum delivery temperature of 45 °C under peak winter load
conditions for the specified no-solar operating conditions.

To quantify the backup heater capacity, the delivery temperature under no-solar conditions shalll be checked
by monitoring (recording) the delivery temperature calculated during each load draw-off for peak-winter load

cond
is ob
be a
If a

prov
ratin

7.5

The

7.6

If th¢ stored“petable water is pumped through the solar collector or an external heat exchan

circu
high

tained under the no-solar conditions specified\in Annex G. A minimum delivery temperature g
Chieved for every delivery.

system fails to meet the minimum_delivery temperature of 45 °C then it may be rated for

ded it can satisfy the minimum delivery temperature requirement for the lower load. The I
j shall be stated in the report.

Cold water inlet temperature

cold-water inlet temperature profile specified in Annex G shall be used.

Pump circulation control

ation\flow rate may have a significant effect on thermal stratification in the storage tank. Th
flow=rate may be particularly significant in single tank systems where a backup heater h

secti

itions. The no-solar simulation shall be continuedtover a period of ten or more days until stalple operation

f 45 °C shall

A lower load
bad used for

per then the
e effect of a
pats the top

on-0f the tank_ If the pnmppd Innp return level to the tank is helow the level of the in-tank b4

ckup heater

then disturbance of thermal stratification due to forced circulation through the storage tank can be minimized
by using a low flow rate.

7.6.1

Low-flow criteria

Under low-flow operation the collector flow into the tank may be considered to promote thermal stratification in
the tank. To satisfy the low-flow criteria, the pump control or pressure drop in the collector-loop shall be
adjusted to suit the collector array size and pipe lengths and fittings of each installation. Low-flow shall not be
included in the system model unless the system design includes specific flow control(s).

The criteria for modelling the potential for thermal stratification in a forced circulation solar water heater are

© 1SO 2013 — All rights reserved 11


https://standardsiso.com/api/?name=9f638c202fc5b6c326e81017c34d7dd9

ISO 9459-4:2013(E)

a) flow rate less than 0.75 I/(min m? aperture),

b)

collector

flow return level to the tank is below the level of the backup heater.

7.6.2 Controlled-flow pumped-circulation

Forced circulation solar water heaters that use collector loop flow rate control to set a flow rate less than
0,75 I/(min m? aperture) for each installation shall use the controlled-flow thermal stratification requirements in
7.7.1 for load cycle performance rating.

7.6.3 Uncantrolled-flow forced circulation

Forced circu
rate shall
performancs

7.6.4 Exte
Solar water

exchanger)
thermosipho

7.6.5 Pum

The simulati
rise or other

7.7 Simu
Thermal strg

collector or
mixed flow o

7711 C

Thermal strg

ation solar water heaters that do not have site specific adjustment or control of collector.]oop
se the uncontrolled-flow thermal stratification requirements in Clause 7.7.3 for oad
rating.

Fnal collector loop heat exchanger systems

heaters using a pumped collector loop working through an external heat-exchanger (sidearm

with a thermosiphon loop on the tank side of the heat exchanger\shall be modelled a
h systems or with natural convection loop routines.

p controllers

pn deck shall model the operation of pump controllers that sense flow rate, collector temper:
real-time variables in order to set the flow rate in the-Collector-loop or sidearm-loop.

ation deck setup for modelling thermal stratification in storage tanks
tification in a solar heated storage tank depends on the flow rate between the tank and the

collector loop heat exchanger. Thermal- stratification in the storage tank shall be modellg
r stratified flow using the following system classifications:

pntrolled flow-rate forced circulation

tification in the storage tank of products that satisfy the low-flow collector-loop criteria and

flow
cycle

heat
5 for

hture

solar
d as

have

collector-loop flow rate adjustment_for each installation shall be modelled using the following options in the

simulation model:

a) site spegific flow rateSpecified by the manufacturer or set by the controller,

b) variablelinlet position mixing option for the tank,

c) 20 or mpre'tank nodes in a fixed node tank model or an automatic node model or the Kleinbach!" mathod
of determining the number of nodes.

7.7.2 Thermosiphon circulation

Thermal stratification in the storage tank of thermosiphon collector loop or thermosiphon sidearm heat

exchanger p

a) variable
b)

the Klein
12

roducts shall be modelled using the following options in the simulation model:

inlet position mixing option for the tank,

bach!" method of determining the number of nodes.

20 or more tank nodes in a fixed node tank model or an automatic node thermosiphon system model or
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7.7.3 Uncontrolled flow-rate forced circulation

Mixing in a storage tank due to forced circulation from the solar collector array (either direct connection or
through a double pumped heat exchanger) shall be modelled using the following options in the simulation
model:

a) measured collector loop flow rate, flow rate calculated in accordance with 6.2.2.1.2 or 1.0 L/min per m? of

b)

c)

collector aperture area, whichever is larger,

fixed inlet position mixing option for the tank,

aXIMum of t0tank nodes M a fixed Node tank modetor an automatic fode simutation
Kleinbach!" method of determining the number of nodes.

7.7.4 Heat exchanger tanks

Thermal stratification in storage tanks with internal, wrap-around or mantle heat exchangers shall
using the following options in the simulation model:

a)

b)

7.8

The

variable inlet position mixing option for the tank,

PO or more tank nodes in a fixed node tank model or an automatic hode tank model or the
method of determining the number of nodes.

Piping configuration for solar water heaters

following piping configurations shall be used in the performance modelling.

7.8.1 Collector loop piping

The

ength of piping between the storage tank and solar collectors shall be determined by 7.8.1.1

7.8.1.1  Forced circulation system orvemote thermosiphon system

Pipe
publ

shed installation instructions for the system. In the absence of such specifications, the tota

shoyld be set according to Annex G, Reference conditions.

7.8.1.2 Close-coupled thermosiphon circulation system

The

manufacturer's pipe length and diameter specifications shall be used.

7.8.4 Collector loop piping insulation

Hea

loss from the piping shall be computed for

odel or the

be modelled

Kleinbach!™

br 7.8.1.2.

diameter and length shall"be"set to the diameter and longest length allowed by the manufacturer's

pipe length

a)
b)

c)

d)

manufacturers specified insulation jacket diameter,

thermal conductivity of specified insulation material,

external convective heat transfer coefficient (,) of 10 W/(m? K) or as calculated for the specific system's

insulation outside diameter,

internal convective heat transfer coefficient (4;) of 1 000 W/(m2 K), or as calculated for
system's pipe material and inside diameter.

© 1SO 2013 — All rights reserved
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The pipe heat loss coefficient (Upe) for an insulated pipe, based on the pipe diameter, is given by Equation 1:

1

Upipe™ — (WimK) (1)
—+—Mn(dy I dj)+——+
h 22 hy dy
where
d; is the pipe diameter
do is the-outer-diameterof-the-insulation-and

A is the thermal conductivity of the insulation material

For a metal pipe without insulation the pipe heat loss coefficient is given by Equation 2:

L
11
7_}_7
 h

1 o

Upipe = 1 =10 (W/m’K) (2)

7.8.3 Piping between primary storage tank and a series backup heater.

7.8.3.1  Feorced-circulation system

If a series qupplementary heater is not integral with the primary‘storage tank the piping between a fqrced
circulation solar preheat tank and a separate series connected\backup heater shall be modelled as

a) manufagturer's maximum length specification or 5 my-whichever is larger,
b) manufagturer's maximum pipe diameter specification,

c) manufagturer's specified insulation thickness and material.

7.8.3.2 Thermosiphon system

If the series|backup heater is natlintegral with the thermosiphon tank then the length of piping between the
thermosiphoh solar preheater and.a separate series backup heater shall be modelled as

a) pipe length: maximum.pipe length specified by the manufacturer in published installation instructior]s. In
the absgnce of this information, the pipe length is to be set according to Annex G, Reference conditions,

b) manufagtureris maximum pipe diameter specification,

c) manufagturer's specified insulation thickness and material.

7.9 Controllers

The simulation deck shall model the logic map of controllers used for collector flow rate control and backup
heating.

7.10 Energy consumed for freeze protection

7.10.1 Active pumped freeze protection

Energy removed from the tank and energy used by the pump for forced circulation freeze protection of solar
collectors in direct coupled systems shall be included in the task performance analysis. The night time
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effective air temperature shall be taken as the average of the ground level air temperature (T,) and the sky
temperature T, given in Equation 3 (reference 6)

w1t 2 |02
Tay = (0.711+0.0056T;, +0.73* 10773 ) " T,

a

where Ty, = dew point temperature (°C)

7.10.

2 Electric heater freeze protection

3)

Energy used by electric heaters in the collector loop circuit for freeze protection of the solar collectors shall be

inclu

7.10

Ener
shall

7.1

The

fed in the task performance analysis.

3 Freeze dump valve

gy removed when a freeze dump valve opens to flush water through the collector(s) in a d
be included in the task analysis.

Over-temperature control

annual task performance program shall model stagnation control devices with temperature s

to satisfy the no-load water dumping requirement of AS/NZS 2712.

7.11

Tem

7.11

Ener

7.12

The
follo

a)
b)
c)

d)

1 Hot water discharge due to over temperature

berature-pressure relief valve settings shall be modeli€d as 88 °C and 1 034 kPa.

2 Low pressure system energy dumping

gy loss due to boil-off in low pressure systems shall be modelled as energy dumping at 100 °

Modelling gas storage water heaters

efficiency and heat loss fromya conventional gas storage water heater shall be modellg
ving parameters determined.such as under AS 4552:

hermal efficiency E (%)
Hetermined gas/Conisumption R (MJ/h),
maintenance’gas consumption M (MJ/h),

blectrical power consumed during standby eg, (W),

irect system

ettings used

¢

d using the

e)

lectrical power consumed when the hurner is npnrnfing e (\I\I)

The factors required for annual task performance simulation shall be computed as follows:

Backup power input to tank

E

P= R— (MJ/h)
100

Tank heat loss coefficient * tank surface area (UA)

© 1SO 2013 — All rights reserved
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= MiL 1 W/K (5)
100 AT 0.0036

where AT is the temperature difference during maintenance rate measurement (= 45K in AS 4552
maintenance rate test)

The following energy output factors shall be computed:
Annual gas energy consumption

100 - b —
= Eg—+M_. x| 8760 - E — | (MJ 6
g E. adj L g E RJ( ) ()

Eg iqthe integrated energy added to tank from gas combustion (MJ/year)

M.q i the maintenance rate adjusted for operating temperature of stored water
100 1) . .
The term 876O—Eg?E is the standby time (h)

Annual electrical energy consumed:

Integral of electrical power used during burner operation and during’standby periods.

100 1 100 1
=e *Hg——+ey *| 8760-Eg—— | MJ 7
7.13 Modelling instantaneous gas water heaters

The efficiengy and heat loss from instantaneous gas water heaters shall be modelled using the follgwing
parameters ¢letermined under AS 4552

a) thermallefficiency E (%),

b) determined gas consumption R (MJ/h),
c) start-up|heat capacity<S (MJ/event),

d) pilot rat¢ P (MJh),

e) electrical pewer consumed during standby eg, (W),

f)  electrical power consumed when the burner is operating e,, (W).
The factors required for annual task performance simulation in simulation deck shall be computed as follows:

Heat input rate to water during burner operation
E
= R— (MJ/h 8
100 MM ®)

The performance of instantaneous gas water heaters is influenced by start-up capacity. The number of
start-up events (N) to be used each day for load cycle performance evaluation shall be according to Table 2:
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Table 2 — START-UP HEAT CAPACITY — NUMBER OF EVENTS

System type N
Small load system 13
Medium load system 19
Large load system 26

An instantaneous gas backup heater in series with a solar preheater tank that is fitted with a backup heater
byp ss valva controlled "'\\I the - nreheat tank temnerature will not hava start up loss-at-a-particularload event if
1 Lig 1

the greheat tank temperature is greater than the instantaneous backup heater set temperature.

The jnumber of start-up events to be included at each load event shall be N divided by.'the number of load
events each day as specified by Annex G, Reference conditions.

The following annual energy consumption factors shall be computed:

Gas fenergy consumption
= Eg@JrN xS+ Px| 8760 — Eg@l MJ (9)
E E R

wherle
g is the integrated energy added to tank from gasCembustion (MJ/year)

g is the number of start-up events, adjusted.for bypass valve operation
100 1) . )
The ferm | 8760 _EgFE is the standbyltime (h)

Electrical energy consumption

electrical energy used during burner operation and during standby

*Egﬂ—Jr 2o *| 8760 — Eg 1001 (10)
E R E R

7.14 Presentation of results

The [product characteristics and component test results shall be reported using the appropriate tables in
Anngx_A. Test reports for the solar collector efficiency, tank standing heat loss and pump flow fate shall be
availableformspection.—The annuat SyStenT performance shaltbe reported i the manner shown in the
following forms. Also see the section “Long-term performance prediction” in EN 12977-2.

7.14.1 Purchased energy savings relative to reference water heaters

The water heater purchased energy saving relative to a reference conventional water heater is:

(Bc—Bs

fo =
R Bc

(11)

where
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Bc is the annual purchased energy use of a reference conventional water heater specified in Annex G,
Reference conditions.

Bs is the annual purchased energy use (sum of all energy inputs) of the heater being rated.

The annual saved purchased energy (Bc-Bs) and the fractional energy savings (fz) shall be reported as shown
in Table 3.

Table 3 — PERFORMANCE RESULT SUMMARY

L= QT = T D Y S
MOdel NO: | e
Annual water Annual energy used by Annual-electrigal
Collectod tilt . heating load backup heater energy used By
angle/azirhuth Location PUmp and contyols
MJ/year MJ/year MJ/year
Electricity Gas
Select from the reference
locations in Table G.1
Table 4 — NO-SOLAR DELIVERY TEMPERATURE
ManUfaCIUrEr] oo e e e
Model NO: | oo A
Minimum delivery
Lpcation Peak winter load-applied Backup heating mode temperature under
no-solar conditjons
Continuous (C) or
MJ/day Night Rate (NR) or °C
Time Controlled (TC)
Select from the reference
locations in Tjable G.1
Table 5— PURCHASED ENERGY SAVINGS
L = QLU = Tt 0T =Y o P S
Model No: “——rrr—
Reference Backup energy Energy Em?rgy
. system energy - savings
Location use savings
use Bs Bc-Bs fr
Bc %
MJlyear MJ/year MJ/year
Select from the
reference locations in
Table G.1
18
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7.14.2 Documentation of simulation model inputs

The report of the simulation results shall include an electronic copy of the simulation deck file, output file and
any component data files (such as incidence angle modifier data) used in the simulation. Traceable
documentation for solar collector efficiency, storage tank standing heat loss, collector loop flow rate, flow
controller settings and backup heater characteristics and the appropriate data sheets in Annex A shall be
listed in the performance report.

7.15 Extension of simulation model for new products

Application of the annual task simulation rating to new products will be added to this International Standard in
later|revisions. Interim test procedures for these products may be accepted by certification bodies
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Annex A
(normative)

Water heater parameters
The system parameters required as inputs to the simulation deck are outlined below for thermosiphon, integral

collector storage, pumped solar water heaters and solar assisted heat pump water heaters. Some systems
may require ather parameters ta be specified

A.1 Thermosiphon water heaters

Company
Phone No

E-mail address

Company officer reporting system characteristics
Date

PARAMETER VALUE UNITS

Water heatgr model number

TANK

Tank mode

Tank inner giameter mm

Tank volumg (physical not defivery) L

Tank configpuration Vertical or horizontal
Tank wall tHickness mm

Tank wall naterial

Ratio of instlation thickness at top to bottom of
horizontal tank

Ratio of insulation thickness at the top of the tank to the
side of the tank for a vertical tank

Volume of water above collector flow input to tank
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Tank heat loss (electric)

Tank standing heat loss

kWhr/day for AT = 55K

Test laboratory

test report to be available
for auditing

Date of test

Test report number

Tank heat loss (gas storage)

Tank maintenance rate

MJ/hr

Temperature difference during maintenance rate testing

K

Test laboratory

test)report to Qe available
for auditing

Dat¢ of test

Test report number

BACKUP HEATING

Elegtric Backup

Volyme of water above the electric element L
Volyme of water above the thermostat L
Element heating capacity KW
Gasg backup (in primary tank)

Gag| burner capacity (gas input) MJ/h
Burner efficiency %
Pilof gas consumption MJ/h

Posijtion of gas burner in the tank

Provide sketch if not in
bottom of tank

© 1SO 2013 — All rights reserved
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Instantaneous gas backup heating

Determined gas capacity (maximum gas input) MJ/hr
Efficiency %
Electrical power consumption during standby w
Electrical power consumption during burner operation w
Start up heat capacity MJ

Test laboratory

Date of test

Test report to be availpble
for auditing

Test report humber

Backup engergy control

Backup supply time Night rate or continuous
Thermostat|set temperature (minimum of 50 °C) °C

Thermostat{dead band K

Pipe between solar preheat tank and gas backup heater

Inner diameter (ID) mm

Pipe length|(minimum 5 m) m

Pipe insulatjon material

Pipe insulatjon thickness mm

22
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Solar collector efficiency

Mod

el No

Type of collector

Flat plate or evacuated
tube or CPC or other

Collector efficiency parameters (ISO 9806), specify “a” or “b” coefficients

— — 2
Efficiency = a4 —ao (T GTa) —aj (T GTa)
a;= -
a,= W/(m?K)
as= W/(MPK?)
Collector efficiency parameters (AS/NZS 2535)
(7-1,) ((T+273)4 (1, +273)“j2
Efficiency = b1 - b, Y by G
b1 3 -
YE W/(m?K)
b3 4 W/(m?K*)
Collector area used by test laboratory to define efficiency. m?
Test laboratory test report to be available
for auditing
Datg of test
Test report number
Nun|1ber of collectors used in water heater
Nun|1ber of risers in each collector,
Risgr inner diameter mm
Risgr length m
Header length (onehegader only) m
Header inner diameter mm
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PLUMBING BETWEEN TANK AND COLLECTOR

Direct connection to tank or via mantle heat exchanger

Direct or heat exchanger

exchanger |

If collector loop heat exchanger then provide details of heat

ocation and construction

Provide diagram

Vertical separation between the centreline of the collector
upper header and the collector cold line out of the tank

Vertical separation between the hot collector return line into
the tank and the cold outlet line to the collector

Inlet pipe in

her diameter

mm

Inlet pipe le

hgth

Inlet pipe in

sulation thickness

mm

Inlet pipe in

Sulation material

Outlet pipe

nner diameter

mm

Outlet pipe

ength

Outlet pipe

nsulation thickness

mm

Outlet pipe

nsulation material

A.2 Force

bd circulation water heaters

Company

Address

Phone No

E-mail add

(eSS

Company ¢

fficer reporting system characteristics

Date

PARAMETER

VALUE

UNITS

Water heats

r model number:

TANK

Tank model

Tank inner diameter

mm

Tank volume (physical not delivery)

Tank wall thickness

mm

Tank wall material

Glass lining

thickness (if used)

mm

24

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=9f638c202fc5b6c326e81017c34d7dd9

ISO 9459-4:2013(E)

Tank heat loss (electric)

Tank standing heat loss

kWhr/day for AT = 55K

Test laboratory

Test report number and date

Tank heat loss (gas storage)

Tankmaintenance rate M.J/hr
Temperature difference during maintenance rate testing K
Test laboratory

BACKUP HEATING

Elegtric Backup

Volyme of water above the electric element L
Volyme of water above the thermostat L
Element heating capacity KW
Ga5| backup (in primary tank)

DetJarmined gas capacity (gas input) MJ/h

Thefmal efficiency

%

Test laboratory

Dat¢ of test test report to Qe available
for auditing
Pilof gas use MJ/h

Posiftion of gas burner ig-the tank

Provide sketch
bottom of tank

if not in

Series gas:tank

Tank maintenance gas rate

MJ/hr

Temperature difference during mainienance rate testing

Test laboratory

Date of test

test report to be available

for auditing

Series tank volume (physical volume)

L

© 1SO 2013 — All rights reserved
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Instantaneous gas backup heater

Determined gas capacity (maximum gas input) MJ/hr

Efficiency %

Electric power consumption during standby w

Electric power consumption during burner operation w

Start up heat capacity MJ

Thermostat set temperature °C

Test laborafory

Date of test Test report to be\ availpble
for auditing

Backup engergy control

Supplemen{ary supply time Night rate or continuous
Thermostat|set temperature (minimum of 50 °C) °C
Thermostat{dead band K

Pipe between solar preheat tank and gas backup heater

Inner diameter (ID) mm

Pipe length|(minimum 5 m) m

Pipe insulatjon material

Pipe insulatjon thickness mm
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SOLAR COLLECTOR

Model No

Type of collector

Flat plate or evacuated
tube or CPC or other

Collector efficiency parameters (ISO 9806) specify “a” or “b” coefficients

(T—Ta)_a (T—Ta)2

Efficiency = a4 —ao

G e
as = -
a = W/(m?K)
as = W/(M2K?)
Collector efficiency parameters (AS/NZS 2535)
(7-1,) ((T+273)4 (1, +273)“j2
Efficiency = b1 - b, Y by G
by = -
b, = W/(m?K)
by = WI(m*K*)
Collector area used by test laboratory to define efficiency. m?

Test laboratory

test report to be available
for auditing

Datg¢ of test

Test report number

Nun|1ber of collectors used in water heater

Nun|1ber of risers in each collector

sensor

Risgr inner diameter mm
Risgr length m
Healder length (onelheader only) m
Header inner diameter mm
PUIYIP AND COLLECTOR

Pump supplier and model number

Pump controller differential temperature settings K
(ON/OFF)

Volume of water above cold sensor in tank L
Maximum temperature in the tank at location of cold °C

© 1SO 2013 — All rights reserved
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PUMP FLOW RATE

UNCONTROLLED FLOW RATE SYSTEMS

For uncontrolled flow systems the collector loop flow rate and pump power shall be measured in a typical
installed system with the specified length of interconnecting piping in each of the flow and return lines
(minimum 10 m each way).

Flow rate L/hr

Pump power W

Test laborafory Test report to be available
for auditing

Date of test|report

CONTROLLED FLOW RATE SYSTEMS

For controlled flow rate systems (flow rate set for each installation or varied by contreller) the flow control|logic

shall be detgiled.

COLLECTOR LOOP HEAT EXCHANGER (if used)

In-tank coil heat exchanger

Inner diameter of coil tubing mm

Length of cgil inside the tank m

Wall thickngss of tubing mm

Wall materi@l of tubing

Thermal copductivity of tubing W/m-K

Volume of Water above top of heat exchanger L

Volume of Water above bottom of heat exchanger L

External cqllector loop heat.exchanger with pumped tank side circulation

Flow rate on tank side of heat exchanger L/hr

UA value of|heat exchanger at specified collector loop W/m?K

and tank logp flow rates

Test laborafory Test report to be availahjle

for auditing

Date of test

Mantle collector loop heat exchanger

Volume of water in tank above top of mantle L
Volume of water in tank above bottom of mantle L
Mantle gap mm

Circumferential width of mantle

28
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Direct connection to tank or via heat exchanger

Direct or heat exchanger

If heat exchanger is used
provide dimensions and

heat transfer characteristics

Volume of water above flow input to tank L
Collector supply (inlet) pipe inner diameter mm
Inlet_pipe length (default of 10 m for domestic system) m
Inle{ pipe insulation material

Inle{ pipe insulation thickness mm
Collector outlet pipe inner diameter mm
Outlet pipe length (default of 10 m for domestic system) m
Outlet pipe insulation material

Outlet pipe insulation thickness mm
LOAD FLOW HEAT EXCHANGER (if used)

Inngr diameter of heat exchanger tubing mm
Length of each heat exchanger flow path in the tank m
Number of parallel heat exchanger paths

Wal| thickness of heat exchanger tubing mm
Wal| material of heat exchanger tubing

Volyme of water above top of heat exchanger L
Volyme of water above bottom of \Reat exchanger L
A.3| Solar assisted’heat pump water heater

Company

Address

Phane'No

E-mail address

Company officer reporting system characteristics

Date

© 1SO 2013 — All rights reserved
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PARAMETER

VALUE

UNITS

Water heater model number

TANK

Tank mode

Tank inner giameter mm
Tank volumg (physical not delivery) L
Tank wall tHickness mm
Tank wall nfaterial

Glass lining|thickness (if used) mm

Tank heat loss

Tank standipg heat loss

KWhr/day for AT = 55 K|

Test laborafory

Test report humber and date

BACKUP HEATING

Electric Backup

Volume of Water above the electric element. L
Volume of Water above the thermostat. L
Element hegting capacity kW
Thermostat|set temperature °C
Thermostat|dead band K

Electric backup heatdimes

Night rate or continuous

30
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SOLAR COLLECTOR

Model No

Type of collector

Flat plate, evacuated
tube, concentrating or

be available fd

other
Collector efficiency parameters (ISO 9806)
(T_T)

Efficiency = ¢q —(cp + c:J)%
c =
c, = WHM*K)
c3 = W/(m*Km/s)
Collector area used by test laboratory to define efficiency m?
Test laboratory ISO 9806-3 test report to

r auditing

Datg¢ of test

Tes

report number

Nunber of collectors

CONDENSER — Wrap-around
Inngr diameter of coil tubing (m) m
Length of coil (m) m

Bongding between coil and tank

Heat

pump compressor

The heat pump ele¢tric power consumption and thermal capacity is required for at least four evaporator and
four pondenser temperatures.

R

Refrigerant evaporating temperature

frigerant condensing

© 1SO 2013 — All rights reserved

temperature -5 °C or lower Te2 Te3 30 °q or higher
Power | Capacity| Power |Capacity| Power | Capacity| Power | Capacity
30 °C or lower
Tc2
Tc3
70 °C or higher
NOTE 1 Te2, Te3, evaporating test temperatures at approximately 10 °C and 20 °C.
NOTE 2 Tc2, Tc3, condensing test temperatures at approximately 40 °C and 55 °C.
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A.4 Integral Collector Storage

Company

Address

Phone No

E-mail address

Company officer reporting system characteristics

Date

PARAMETER

VALUE

UNITS

Water heats

r model number

horizontal t4

nk

TANK

Tank mode

Tank inner giameter mm

Tank volumg (physical not delivery) L

Tank configuration Vertical or horizontal
Tank wall tHickness mm

Tank wall nfaterial

Ratio of instilation thickness at top to bottom-of

Ratio of ins
side of the {

Ulation thickness at the top of the tank to the
ank for a vertical tank

Tank heat loss (electric)

Tank standi

hg heat 10ss

kWhr/day for AT = 55 K

Test laborat

ory.

test report to be available
for auditing

Date of test

Test report number

32
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Tank heat loss (gas storage)

Tank maintenance rate

MJ/hr

Temperature difference during maintenance rate testing

K

Test laboratory

test report to be available

for auditing

Date of test

Test report number

BACKUP HEATING

Elegtric Backup

Volyme of water above the electric element L

Volyme of water above the thermostat L

Element heating capacity KW

Gas backup (in primary tank)

Gasg| burner capacity (gas input) MJ/h

Burner efficiency %

Pilof gas consumption MJ/h

Posiltion of gas burner in the tank Provide sketch if not in
bottom of tank

InstPntaneous gas backup heating

Det&rmined gas capacity (maximum gas input) MJ/hr

Effigiency %

Elegtrical power consumption during standby w

Elegtrical power consumption during burner operation w

Stant up heat«apacity MJ

Test laboratory

Datelz oftest Test report to bg available
for auditing

Test report number

Pipe between integral collector storage unit and backup heater

Inner diameter (ID) Mm

Pipe length (minimum 5 m) M

Pipe insulation material

Pipe insulation thickness Mm

© 1SO 2013 — All rights reserved
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Annex B
(normative)

Storage vessel performance

B.1 Tank charge

B.1.1 Fill method
a) The fill may occur at any rate up to the manufacturer's recommended maximum flow rate.

b) Heat and fully mix the tank to Tinitai, Where Tinitiat = Tiow OF Thigh.

0”|Tin—Tdel|

c) Charge|the tank until |Tin —Tdel|<0.2K or <0.05K for a 10-mindte period. Tank shgll be

maintaiped at this temperature for a minimum of the tank dwell (fill) time.

B.2 Tank|purge

B.2.1 Test/method

a) Purge the energy in the system by circulating water thraugh the system.

b) The purge shall occur at 0.125-0.189Ws (2-3 gpm) until |Tin—Tdel|<0.2°K (0.4°R) or
0”|Tin—rdel|
ot

<0.05°C (0.09°F) for a 10-mifute period.

c) Conduct real time measurement of Mérawn , Tin Tder @and Teny.

B.2.2 Analysis method

The analysid of all tank energy purges shall utilize the following:

Qdel = j Rho(t)* Cp(t) * Vrate I:Tdel(l‘) - Tmains(l‘)] dt

B.3 Capaeitance-and-draw-stratificationtest

B.3.1 Test method

This test is to be performed indoors, preferably in an environment with a nearly constant temperature. The unit
is to be installed in a manner consistent with the intended system design. Piping connections are to be made,
but isolated via valving. This test is typically performed before the loss tests (see B.4) so that a baseline tank
capacitance can be determined.

a) Charge tank to Tgn (s€€ B.1).

b) Measure environment temperature during the entire test period.

34 © 1SO 2013 — Al rights reserved
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c) Purge the energy in the tank (see B.2) with T, = Teny

d) Qinitial = Quel

The resulting capacitance energy calculation from this test is used as the basis for the initial tank energy value
in test B.4 when the construction characteristics of the tank make the analytical determination of this value

diffic

ult.

B.3.2 Analysis method

Dete

rmine the tank thermal capacitance from either Qi Or a theoretical calculation:

a)

b)

B.4

B.4.

This
prefe
grea

diffefence between the tank and environment temperatures, then the use of internal probes shal

Experimental Method (preferred)

Qinitial

Ttank ave ini — Ttank ave final

Vltank *CP (Thigh)=

Theoretical Method

Vltank *CP = le * Cpi (Thigh) |al| components

The mass and specific heat of all components (tanks shell, insulation, fluid, piping, etc.) shall

Heat loss test

1 Test method

is the standard decay method of determining heat loss rate. The test is to be perforn
rably in an environment with a nearly constant temperature. If the environmental temperatur
er than 10 % (approximately 3,5 K for-these conditions using a 22 °C environment) of th

be known.

hed indoors,
B variation is
e estimated
be used for
temperature

nvironmental

detefmining a run-time UA value. If significant stratification is anticipated, the use of internal tank
probg(s) is required.
a) [harge the tank (see B.1) until Tinital = Thigh.
b) Wait until:
Ttank ave ini — Famb/ave < (Ttank ave final — Tamb ave) < 2 * (Ttank ave ini — Tamb ave) -
3 3
This willbe estimated before the test is run using the known tank volume and estimated e
emperatures. Measure the environment temperature during the entire test period.
c) Purge the energy remaining in the tank (see B.2) with Tj, = Teny

B.4.2 Analysis method

Two methods are available. The first is used when internal tank temperature sensors are available.

a) A real time numerical loss calculation is to be used if the variation in the environment temperature

exceeds 10 % of the initial average tank to environment temperature difference during the

test or if the

tank is not fully mixed due to varying or large insulation levels. This requires the use of internal tank
temperature measurements and is the preferred calculation method when this instrumentation can be

installed.

© 1SO 2013 — All rights reserved
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1)

Quioss = Qunitial = Quel

2) Numerically solve for UA, Qloss = » UA*(Tank ave — Tamb) *At

assume an ideal exponential temperature decay, can be used.

1)

2) U4

Data from th
the TRNSY
be exerciseq

ICS where

determined

B.5 Night

Perform this|

tank and thdg

shall be sta
temperature

be conducts

temperature
the average

B.6 Requ

The minimu

ease of mod

such things
elevation, lo

36

Ttank ave final = Ttank ave purge

Dafa collection time (both local and solar) and date (YYYYdddhh.hhhhh = year, Julian day, de
hou

Inlg

QOdel
Mtank * Cp

If the variation in the environment temperature is below the 10 % level, the following calculations, which

_ Mtank* Cp ,, (Ttank ave ini— Tamb ave)

Timedecay

]

is test can be used to determine the UA instaiied 10ss total- Since the value of UAisoiatedoss” total 1S US
b tank model, UA instalied 10ss total IS iNput as the other UA in the TRNSYS tank models. Care sh
when specifying tank loss coefficients in all computer simulation models.-for systems sug

(Ttank ave final — Tamb ave)

etween the tank and environment temperatures. Note the availability of the experime
Dinitia Value in test B.3.

-time decay tank loss test

test on all systems that have a tank exposed to thesky without opaque insulation betwee
sky. Perform the heat loss test (see B.4) on installed system outdoors and uncovered. Thg
ted within 1 hour of dusk and completed within~1" hour of dawn. Constraints regarding con
and length of decay period are not considered-for this version of the test. However, one test
d when the average outdoor sky temperature is at least 10 °K below the average environ
The other test shall be conducted when the average outdoor sky temperature is within 2
ambient temperature.

ired experimental data

M real time data to bé tollected for the comprehensive tests shall consist of the following
elling, all data channgls shall be reported on a regular interval, even if not used. A log indic
as draw, purge,.and irradiation start and stop times shall be included. Other data including
hgitude, latitudeyand test sample orientation shall also be supplied.

rs)

his value is implicit in the overall re-normalization of the model, thistest’is not required.
calculated value is used instead of this test due to the variability of this value as a funetion of the temper:
difference b

ed in
ould
h as
A
hture
ntally

n the
test
stant
shall
ment
K of

For
ating
site

cimal

t temperature (T;,) [°C]

Outlet temperature (Tdel) [°C]
Environment temperature (Ten) [°C]

Liquid Flows (Mgrawn) [kg/hr]
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Annex C
(normative)

Integral collector storage unit test method

An implicit consideration in these protocols is that the units are sized on the order of 60-80 I/m® (1.5-2 gal/ft®)
of storage per collector area, which is typical of residential solar DHW systems. If a particular unit's design
falls autside of this range the test exposure times and temperature rises (see C 1 and C 2) shall be adjusted

with frespect to this ratio.

C.1| Qualification tests

Condluct the initial (measurements, pressure, etc.) and qualification (stagnation, shock, etc.) tests|as specified
by 190 9806.

C.2| Heat loss tests
Condluct a capacitance test (see B.3).

Condluct a heat loss test (see B.4). This test is not required if the integral storage vessel is syrrounded by
opadue insulation.

Condgluct a night-time decay loss test (see B.5) on whits where the integral storage vessel is exposed to the
sky, gither directly or through a glazing.

C.3|Warm-up tests

If thg unit contains a storage vesselwith an integral heater, an additional set of tests shall be pefformed. The
testg shall be identical to the set in"C.1, except that for the first hour of the warm up test, the heating element
shalllbe activated to allow for stratified operation due to the integral heater:

Test|C.2 does not need\to.be repeated because the same data is used for the fitting process. The¢se tests are
to be performed on dhe actual solar collection unit installed in a conventional manner (with added
instrimentation and“bypass loop(s) for preconditioning the fluid). The tests can be performed|outdoors or
undgr a solar simulator. If the unit is a one-tank system with an integral heating element, then the unit will be
testgd with and without the element in operation. In the test with the element, set Tt = 50 °C gnd energize
the glementfor the first hour of each test.

For ¢nits containing a forced circulation loop within the unit, an additional constraint is that the pmp shall be
activated during purges to extract any uncaptured energy within the hydronic system. This shall occur
normally in most cases. For units with a PV pump driven pump, the PV panel shall not be covered during the
purge period, so that all of the collected energy can be purged.

Because of the variability of these tests, it may be necessary to extract summary information from a previous
test in order to set the operating conditions of a succeeding test. This is necessary so that the minimum
temperature and/or radiation requirements are met. If the criteria are not met, it will be necessary to perform
additional test(s) in order to satisfy the diversity of data. In general, the Clear, Low Temperature tests (see
C.4) are designed to give the “high” performance when the system is run at “cool” temperatures (T,), and the
Cloudy, High Temperature tests (see C.5) are designed to give the “low” performance when the system is run
at “high” temperatures. In the low temperature tests, the initial temperature is typically near the ambient
temperature, while the high temperature test uses an elevated starting temperature (Thgs). In addition to
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meeting the specified solar radiation requirements, each individual test also shall have a minimum of 5K tank
temperature rise to minimize the effect of errors in the experimental data.

In tests utilizing an end of period purge, a cover shall be placed on the thermal collector at the beginning of
the purge process. The cover shall consist of 0.04 m thick insulation board, preferably with foil-covered
surfaces. The cover shall extend at least 0.1 m beyond the gross horizontal collector aperture and cover any
vertically exposed optical components. The exposed side of the cover shall be backed with any appropriate
material required for structural rigidity and exposure to the weather (e.g. plywood or plastic).

Before starting the warm up tests, pre-heat the entire unit to a uniform temperature. This is accomplished by
fully mixing all heat transfer fluid within the unit. In units utilizing a heat exchanger between the collector and
storage co - iti i = dto
perature. For units with integral forced circulation, the pump(s) shall be activated manually in
order to fullyy mix the heat transfer fluid(s).

The unit sh3ll be positioned and fixed facing the equator. The recommended tilt for the unit.is“such thgt the
collection pdrtion of the system be within 4° of normal to the sun at solar noon on the day(ef-the test, unless
this contradicts the manufacturer's recommended tilt limits. In these cases, useylthe manufactyrer's
recommendId tilt that is nearest the normal tilt value at solar noon. For units with integral forced circulation,
the operation of any controllers and pumps shall be automatic once the manual mixing-has been completed.

These procgdures assume that T,ns is relatively constant during the test, period(s) and close to ampient
temperature| With the exception of units containing tubular optics, warm-up. tests can be performed 1|to 2
times per dqy as meteorological and experimental conditions allow. Units\Containing tubular optics shgll be
tested such that solar noon occurs about the middle of the exposure period.

[1%
Q

To conduct the warm-up tests indoors under a solar simulator, thefollowing irradiance profiles shall be us
a) The cle@r day is a constant 800 W/m? for 4 hours.
b) The firs{ cloudy day is a constant 400 W/m?for 6 hours.

c) The se :(;nd cloudy day is 4 hours long consisting of alternating 30-minute periods of 200 W/m{ and
600 W/m~.

The warm-up tests are expected to yieldsa minimum of 4 data points (2 each Clear, Low Temperaturg and
2 each Cloydy, High Temperature). A\data point (test) is considered to meet the criteria if the radiation
condition is et and the minimum 5.K'tank temperature rise is achieved. The goal of the tests is to exposg the
collector to gpproximately 13 000 kd/m? of radiation in each test to equalize relative experimental errors apd to
equally weight the various conditions. Tintia shall be selected so that Trig, does not exceed the manufactyrer's
recommendéd maximum temperature. (Cloudy test length shall be adjusted to not exceed this value.)

The clearness index, K+.is used to classify clear versus cloudy test conditions:

I[rradianice measured in the plane of the collector
EXtraterrestial irradiance in the plane of the collector

KT:

where the extra-terrestrial irradiance is given by:
G, = (Io * [1+ 0.033 cos(D)] cos 6
where D = 27n / 365 radians

Measure insolation and infrared irradiance in the plane of the collector, and ambient temperature during the
test.
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Clear, Low Temperature

This test is to be performed on a minimum of 2 clear (K1>0.65) days. If testing indoors under a solar simulator,

only

one test needs to be performed.

a) Charge the system (see B.1) until Tisiial = Tiow-. Tiow N€€ds to be low enough that the Tyign requirement (see
C.2) can be met.

b) Expose the collector until the collector has been exposed to approximately 13,000 kJ/m* (12,322 Btu/ft’).

c) At the conclusion of the irradiation period, cover the collector (or turn off the simulator lamp) and purge

C5

This

b)

c)

C.6
The
in Sl
log i
inclu
a)

b)

c)

d)

see B.2) the gathered energy from the tank with T;, = Ty,

Cloudy, High Temperature

test is to be performed on a minimum of 2 cloudy (K1<0.65) days.
Charge the system (see B.1) until Tiiia = Thigh, where Thigh = Tiow+30 K|
Expose the collector until the collector has been exposed to approximately 13,000 kJ/m? (12,3

At the conclusion of the irradiation period, cover the collecter\(or turn off the simulator lamg
see B.2) the gathered energy from the tank with T, = Thiga:

Required Experimental Data

Mminimum real time data to be collected for the.comprehensive tests shall consist of the follow
units. For ease of modelling, all data channels shall be reported on a regular interval, even i
ndicating such things as draw, purge,.and irradiation start and stop times shall be included
ing site elevation, longitude, latitude, @nd test sample orientation shall also be supplied.
Data collection time (both local.anhd solar) and date (YYYYdddhh.hhhhh = year, julian day, de
nlet temperature (°C)

Dutlet temperature (°C)

Ambient temperature (i.e. “Outdoor”, if applicable) (°C)

Environmental temperature (i.e. “Indoor”, if applicable) (°C)

|iquid Flow Rate(s) (kg/hr)

22 Btu/ft?).

) and purge

ng (in order)
not used. A
. Other data

cimal hours)

h)

i)

Aird-velosity-(ris)

Backup energy usage (if applicable) (kwWh)
Radiation measurements (if applicable) (W/mz)
1) Total surface

2) Total horizontal

3) Horizontal diffuse

4) Horizontal infrared

© 1SO 2013 - All rights reserved
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C.7 Analysis

The analysis is implicit in the fitting process for the test data. This is accomplished by the means of a least
squares fit (using the simplex method) to a set of data based upon minimizing the residual difference between
the Qnet experimental and the Qnet modelled. The resulting fit shall reproduce the experimentally measured
Qnet within 10%. In this case, Qnet is defined as the sum of the draw, estimated tank losses during the draw
period, and the change in energy in the storage vessel that occurs during the test. As a default the following
weighting of data is used:

a) Two low temperature warm-up tests and two high temperature warm-up tests (Typical). Each test is
weighted equally. More tests can be used, but the weighting shall maintain an equal balance of low and
high temiperature tesfts.

b) For units with exposed integral storage vessel(s) only: two low temperature warm-up tests, twe\nightttime
decay tests, and two high temperature warm-up tests. Each test is weighted equally. More ‘tests cgn be

used, b

The results
given set of

40

t there shall be a 1/3 weighting of each type of test.

Hesign parameters.

of this analysis are the FR,, and FRy_ multipliers that are used for modellifig these units for a
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Annex D
(normative)

Corrections for effect of hail guards on solar collector efficiency

Warm-up test method if an impact guard is added to a collector after the collector efficiency test then the
collector efficiency shall be corrected for

a)

b)

DA

D.1

For §
shall

where

D.1.

For @& guard consisting of a flat transparent cover placed over the collector the optical efficiend

shall
cove

D.2
The

incid
trang

1 Cylindrical mesh guard

normal incidence shadowing due to the hail guard

ncidence angle modifier of hail guard

Normal incidence shadowing

n impact guard made of a square mesh of cylinders or wires with.pitch W the optical efficienc
be reduced by a factor Fy where

0, is the diameter of impact guard mesh

|V is the pitch of impact guard mesh

2 Flat cover guard

be reduced by a facter-equal to the normal incidence transmission of the cover. The transn
I shall be measureddo, the requirements given in AS/NZS 2712.

Incidence angle modifier correction

ence angle characteristic of the guard. The guard incidence angle correction shall be applie

y coefficient

(D.1)

y coefficient
ission of the

ncidence angle modifier of the collector determined without an impact guard shall be corr¢cted for the

j to both the

verse and longitudinal incidence angle modifier if a bi-axial modifier is used.

The incidence angle modifier for the collector with an impact guard shall be the product of the incidence angle
modifier without the hail guard times the guard incidence angle modifier. The product of the incidence angle

modi

fiers shall be evaluated at 10° increments of incidence angle from 0° to 90°.
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D.2.1 Cylindrical mesh guard - incidence angle modifier

For an impact guard made of a square mesh of wires of pitch W the guard incidence angle modifier factor in
both the transverse and longitudinal planes IAMg is given by

d

w

1_
IAM, = W_;os@ (D.2)
1= Sw
w

where 0 is theineidence allg:c ir-the appPropt tate p:cu e

D.2.2 Flat cover guard - incidence angle modifier

For a flat cgver guard the guard incidence angle modifier is equal to the angular dependentytfansmissipn of
the cover. [The angular transmission of the cover shall be measured to the requiféements givgn in
AS/NZS 2712.
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Annex E
(normative)

PV powered DC pumps in solar water heating systems

To model the performance of solar water heating system (SWHS) using photovoltaic PV driven pumps it is
necessary to characterlze the operatlon of the fluid C|rculat|on system Outllned below is a method to

up td
systd
inted
vary

E.1
The
indiv|

force
and

The

the g@quations representing the functions) varies with the specific components. Some can be ref

simp

Pum
varig

) d|scard any data that is not interpolated, so the data sets shall have ranges exceedlng
m operation. This method assumes the pump and PV module are directly connected.|If'any
rated into either component, the pair shall be tested together under varying levels obirradiang
ng pump heads.

Analysis method for evaluating the system
performance of a system comprised of multiple components can be predicted if the perforn

d-circulation system has three main components. These cemponents are the pump, the sy
he PV panel. The variables associated with each component are:

Pump — current (1), voltage (V), flow (F), and head (H)
System piping — flow (F) and head (H)
PV Panel — current (1), voltage (V), irradiance (G), PV panel temperature (T,)
berformance of each component can-be empirically described as functions of these variables

€ quadratics while others are more complex. The attached figures illustrate one specific exan

p performance can be measured directly under various conditions in a test stand (see E.2). A
bles can be measured-simultaneously. Surface fitting the data yields two functions:

1}

H as a functionof F and V:

Pump

dual components is known and there is no active conifol done by any component.

in a PV
e fits are set
the desired
controls are
e and under

hance of the
A PV
stem piping,

The form of
resented by
nple.

Il four pump

—

F

Figure E.1
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{22 H

as a function of F and I:

Pump

The system
commercial
fitting losses

{34 H

N
NN

Figure E.2

piping performance can be predicted using a pipe distribution analysis program”sl. However, most
programs are not well suited for laminar flow applications, because of the relative differences in

and the correlations used to predict them. Curve fitting the data yields one function:

as a function of F:

System

F

Figure E.3
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The PV panel parameters can be measured at various reference conditions (see E.3). A modelling program
can predict parameters under other conditions!"®. This yields one function:

{4} lasafunction of V, G, and Ty

AG PV Panel

Figure E.4

Notelthat Tpv is currently not being evaluated.

With|each component's curve fit known, the functions can_be combined to eliminate unnecessdry variables.
The pteps used in the analysis are outlined below.

Pump function {1} combined with system function {3peliminates H as a variable leaving:

F

© 1SO 2013 - All rights reserved
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{5} F as a function of V:

\Y

Figure E.5 b)

Pump functipn {2} combined with system function {3} eliminates H as a variable leaving:

F

Figure E.6 a)

{6}  Flas a function/of}:

1

Figure E.6 b)
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Pump/system function {5} combined with pump/system function {6} eliminates F as a variable leaving:

{7} las afunction of V:

ISO 9459-4:2013(E)

PV flinction {4} combined with pump/system function {7} eliminates\.as a variable leaving:

\

Figure E.7

Figure E.8 a)
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{8}  V as a function of G and Ty,

R

PV

PV

G

Figure E.8 b)

Pump/system function {5} combined with PV/pump/system function {8} changes: the dependent variable [from
voltage to flqw leaving:

{9}  F|as a function of G and T,

PV

G

Figure E.9

An empirical forrufa exists!® which relates Ty, to both T, and G. This formula together with above funiction
{9} describes the flow through the collector loop as a function of solar irradiance and ambient air tempergture,
although thishas not been implemented.

Combining {1} and {2} yields dynamic pump power:
{10} P as a function of F

An empirical formula exists which relates P as a function of F. This formula describes the power used by the
pump.

Integrating this curve fit into a computer simulation model requires the determination of several values from
the fit:
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The start-up radiation is usually read from the F versus G graph. Average flow (for stratification) is usually
taken from the F vs. G graph. A total of six parameters for the flow and power are input into the computer
simulation model from fits {9} and {10}. In some cases, the minimum pump current or voltage must be
manually adjusted for a specific system. The likely cause is that there are multiple solutions to the empirical
fits, one of which is not desired.

E.2 DC Pump Performance Map (Poump versus Hpump)

E.2.1 Test method

a) PBubject the pump to a series of system pressure drops by adjusting the throttle on theysystem loop
containing the pump.

b) For each throttle adjustment, subject the pump to varying voltages by using a variable power supply.

c) Measure the observed flow rate, pressure increase across the pump, pump voltage and current draw.

E.2.p Analysis method

a) [Generate empirical curve fits relating pump head to flow and voltage:
b) [Generate empirical curve fits relating pump head to flow and‘guttrent.
c) Petermine the system pressure drop curve based on the'certification program assumptions fgr plumbing.

d) [Generate an empirical curve fit relating pump flow.to-irradiance for the specified PV module apd DC pump
combination for the system.

e) |n order to model PV pumping, the plots of flow versus irradiance and power versus flow are used in the
computer simulation model, along with-the starting radiation and average pump flow rate.

E.3| Photovoltaic Panel Performance Map (I and V versus G curves and Ty)

E.3.1 Test method

The turrent analysis method does not integrate the panel temperature into the empirical curve fit.|Therefore, it
is required that the panel temperatures be maintained within the range of 35-45 °C (95-113 °F).

a) Expose the\panel to varying amounts of solar radiation between 100-1 000 W/m? (32-317 Btu/h-ftz) by
barying_the’ azimuth and tilt of the collector or the irradiance level if tested indoors. Obtain data at
rradiance levels no greater than 150 W/m? apart.

b) Earleach irradiance level, ramp the panel through a series of voltages from open circuit tol short circuit
using a controllable load.

c) Measure the observed current, voltage, irradiance, panel temperature, and ambient temperature for each
set of data.

E.3.2 Analysis Method

For each set of irradiance data, generate empirical curve fits relating current to voltage. (Note that the panel
temperature relationship is not currently fit).
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Annex F
(normative)

Heat exchanger test methods

These tests are to be performed with the heat transfer fluid(s) to be used in the actual installation. If multiple
fluids are to be used, multiple tests will be required. A minimum of 10 minutes shall be allowed for the

stabilization

of fluid flows and temperatures for each set of data points collected in the thermal perform

nce

tests. Data
preferred te
during the te
is not usual
exchanger

independent

F.1 Pressure integrity tests

If no test pre
stated maxin

As applicabl
a) Apress
b) The sup
c) Hydraul
reached.
d) Theinle
e) The fing
The result of

F.2 Pressure drop.test

These tests
adequately

during the thermal performance tests shall be reported in 30-second or less intervals,
5ting conditions are indoors, although outdoor tests may be performed if the system s coV
st. For systems that incorporate a collector-side heat exchanger, the explicit heat exchange
y required as these affects will be measured in the system testing. However, a load side
bhall be tested under a variety of temperatures and flows expected in, normal oper|
of the system testing.

ssure is specified by the manufacturer, a hydraulic pressure equal to 1.5 times the manufacty
hum individual working pressures should be applied.

b, both the supply and load sides of the heat exchanger‘shall be tested following this procedu
Lire gauge is attached to the exit port of the heat exéhanger and the outlet is sealed.
ply side is filled with unheated water.

c pressure is applied to the inlet port until the gauge indicates the test pressure has

t pressure port is then closed and the pressure is monitored for 15 minutes.
| pressure is recorded.

this test is “pass” if no-ebservable pressure change has occurred.

shall_be=conducted at 25 °C +/- 5 K. The flow rates used for testing the heat exchanger
represent the anticipated laminar, transition, and turbulent flow regimes experienced d

The
ered
[ test
heat
ation

rer's

re:

been

shall
Liring

operation. \|

Vhen testing a natural convection loop heat exchanger, the unit shall be oriented horizontally.

The temperatures and heat transfer fluids used in the heat exchanger shall represent what is expected during
actual system use. A minimum of three valid data points shall be collected for each specified temperature/fluid
combination. As applicable, both the supply and load sides of the heat exchanger shall be tested following this

procedure:
a)
b) Allow th

¢) Repeat

50

Heat the fluid to a specified operating temperature at the specified flow rate.

e pressure transducers to stabilize and measure the pressure drop.

steps 1 and 2 for each specified flow rate.
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Report all measurements in a consistent set of units. A second order pressure drop curve shall be generated
for both the supply side and load side coils. When a natural convection loop heat exchanger is tested, the flow

shall

F.3

be reported in mass units.

Performance tests

The flow rates used for testing the heat exchanger shall adequately represent the anticipated laminar,
transition, and turbulent flow regimes experienced during system operation.

The temperatures and heat transfer fluids used in the heat exchanger shall represent what is expected during

actugl system use. A minimum of ten minutes of data (30 minutes for natural convection loop

exchangers)

shall|be collected for each specified temperature/flow/fluid combination.
For heat exchangers tested under low flow operating conditions (natural convection),special dare shall be
taken to ensure the accuracy of flow and temperature measurements. The use of a thermopile if required for
measuring the temperature difference between inlet and outlet ports. The preferred.method is tq operate the
heat|exchanger with the natural convection loop in operation. In these cases,the flow rate wil] have to be
backied out of the energy balance of the “tank” and “collector” loops. No flow_meter shall be used in the natural
convection test loop in these cases. When the energy balance technique cannot be used to measure the flow,
use forced flow and a low-flow meter.

F.3.1 External doubly pumped heat exchangers

F.3.1.1 Test method

a) Ptabilize flows to within +/- 0,006 I/s and temperature*to +/- 0,1 K.

b) [Lommence data collection at 15-second intervals. The rate of data collection and/or stabjlization time
Shall be increased for any flows at or belew 0,031 5 I/s. The data will include the two inl¢t and outlet
emperatures, ambient temperature, and the two flow rates. Additional temperature measu%ments may
pe required because of the non-linear_nature of the heat transfer in long heat exchangers. If necessary,
his can be accomplished by using three surface probes (assumed to be on the outer surfgce) and two
nternal probes at the inlet and outlet ports.

c) Adjust the temperatures and/or flow rates and proceed to step a) above until the proper number of valid
Hata points have been collected.

F.3.1.2 Analysis method

a) Pnly data collected from the first portion of the test (approximately 1 hour) shall be selected| The goal is
o obtain data prior to the energy purge.

b) [Thecdata from each of the data point sets in the test will be used to calibrate the computér simulation
model using the UA parameter(s) in the selected heat exchanger model. A linear regression routine will
o uacd tU flt thc UbOUIVCd IICt Ullclyy dc“v0| ;CO tU thc UbOUIVCd datq }JU;IItO (UI < }JCI d ta pOInt). If
additional temperature probes are used, then the form of the curve fit from the three surface mounted
probes shall be used to interpolate the corresponding internal temperature from the inlet and outlet
temperature probes.

c) The UA parameter(s) shall be used for modelling the heat exchanger in the computer simulation model.
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F.3.2 External natural convection loop heat exchangers — Empirical parameter method

F.3.2.1 Test method

a)

b)

F.3.2.2 Analysis method

a)

b)

Connect heat exchanger, tank and piping together, allowing for the external control of tank and collector
temperatures.

Start data collection in 15-second intervals. The data will include the two inlet and outlet temperatures,
ambient temperature, the collector-side flow rate, and the flow rate through the tank (not between the tank
and the heat exchanger). Additional temperature measurements may be needed because of the non-
linear nature of the heat transfer in long heat exchangers. If necessary, this can be accomplished by
using three surface probes (assumed to be on the outer surface) and two internal probes at the-ngtural
convectjon loop inlet and outlet ports.

Maintain the tank at a constant temperature near the ambient temperature by using a measured flgw of
tempergd water.

Stabiliz¢ collector flow to within +/- 0,006 I/s and temperature to +/- 0,1 K of that specified.

Measurg all heat exchanger temperatures, heat exchanger hot side flow rate/ and energy required to
maintain the tank at a constant temperature.

Every 1b minutes, raise the heat exchanger inlet temperature by 15 °K._until it reaches 95 °C.
Stop flow to the tank.

Maintain heat exchanger inlet temperature at 95 °C.

Measureg all heat exchanger temperatures and collector=side flow rate.

Stop the¢ test when the tank is within 1 K of the temperature of the fluid entering the collector side gf the
heat ex¢ghanger. This may take up to 1 day.

The usdg of regression software is_necessary to analyze this data.

Use the|data from both portions/of the test along with material properties to generate a fit in the follgwing
form: UA = (P1)GrP?ReP3prP4

Where P1 through P4 are coefficients from the fit and Gr, Re, and Pr are calculated dimensionless valuesg. UA
is calculated using standard heat transfer forms for the geometry of the heat exchanger and its plunpbing
connections| The_thermosiphon flow rate is calculated from an energy balance on the system. (This|may

require that pther loSses be quantified first).

F.3.3 External natural convection loop heat exchangers — Modified effectiveness method

F.3.3.1 Test method

52

Connect the heat exchanger, tank and piping together, allowing for external control of tank and heat
exchanger hot side temperatures. The collector loop will be supplied with a controllable hot water loop.

Measure the heat loss coefficient of the heat exchanger.
Start data collection at 60-second intervals. The data will include the two heat exchanger inlet and outlet

temperatures, ambient temperature, the collector loop flow rate, tank inlet and outlet temperatures and
flow rate through the tank.

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=9f638c202fc5b6c326e81017c34d7dd9

d)

ISO 9459-4:2013(E)

Stabilize collector flow to within +/- 0,006 I/s and temperature to +/- 0,1 K of that specified.

e) Set the collector and tank loop temperatures for each of the following sample cases. Additional cases
may be required for different fluids, flow rates, etc. Collect data for the indicated periods.

Table F.1 — Collector and tank loop temperatures

Sample Case Collector Tank Length (hr)
1 80 15 2
2 65 40 2

F.3.3

a)

b)

.2 Analysis method
measured temperatures and collector flow rates. Allowances shall be made)for thermal los
heat exchanger. Plot thermosiphon flow versus time for the various tests.

Calculate the driving pressure using average tank and heat exchanger (NCL loop) tempera
vith the density of the fluids as a function of temperature. Fit the flow'to:

* C2
Mg =Cyq* 4P

Plot Mgy vs AP for the test period.

Generate plots and fits of heat exchanger perfarmance in terms of modified effectiveness ver
and modified capacity ratio. Calculations will be based upon Equations 2 and 4 of the
Analysis.

(Mtank *CPtank )*(Ttankout — Ttankin )
(Mcoll *CPCOII )*(Ttankin - Ttankout )

Equation 2: €04 =

Mrate-tank *Cptank

Equation 4: Crmod = "
Mrate-coll Cpcoll

sing these values;,calculate a fit for Crmod as in Equation 5:

Equation-5: €04 =C1* Crmod?+ C, *Crmod

Plot{e 04 as a function of Crmod for the test period.

Thermosiphon flow rates shall be calculated from an energy balance on the-heat exchanger, using

ses from the

tures, along

(F.1)

sus flow rate
Lin/Harrison

F.3.4 Immersed heat exchanger — Internal, Load Side

F.3.4.1

a)

Test method

the tank slightly above ambient and one with the tank near Thgn,

b)

c)

Stabilize heat exchanger flow to within +/- 0,006 I/s and temperature to +/- 0,1 K.

Charge the tank to the specified temperature T a (Se€ B.1). Two tests are typically conducted. One with

Start data collection at 15-second intervals. The rate of data collection and/or stabilization time shall be

increased for any flows at or below 0,0315 I/s. The data will include the inlet and outlet temperatures,
ambient temperature, and the flow rate.
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d) Run the test for approximately 15 minutes, so that there is only a small change in tank temperature.
e) Purge the energy in the tank with T, = Ti,iia (Se€ B.2).

f)  Repeat steps a through e for various flow rates (laminar, transition, and turbulent) and tank temperatures.
F.3.4.2 Analysis method
a) The data from each of the data point sets in the test will be used to calibrate the computer simulation

model using the UA value and exponent in the tank coil heat exchanger model. A fitting routine will be
used to fit the observed energy deliveries to the observed data points (one per data point).

b) The UA|parameter(s) shall be used for modelling the heat exchanger in computer simulation model.
F.3.5 Immersed heat exchanger — Internal, Supply Side

F.3.5.1 Test Method

a) Chargelthe tank to the specified temperature (Tia), typically above ambient (see B.1).

b) Stabilizg¢ heat exchanger flow to within +/- 0,006 I/s and temperature (Thgn) to' +/- 0,1K.

c) Commence data collection at 15-second intervals. The rate of data collection and/or stabilization|time
shall be|increased for any flows at or below 0,0315 I/s (0,5 gpm). The data will include the inlet and qutlet
tempergtures, ambient temperature, and the flow rate.

d) Run the test for approximately 60 minutes, so that there\is a significant change in tank tempergture.
Ideally, [the time period shall be set so that the amountiof input energy is the same for each tes{ and
enoughlenergy (2000 kJ minimum) is input to avoid experimental error.

e) Purge the energy in the tank with T;, = Tiuiial (S€€ B22).

f) Repeat|steps a) through e) for variolds) flow rates (laminar, transition, and turbulent) and |tank
tempergtures (Tinitial)-

F.3.5.2 Analysis method

a) The dafa from each of the @ata point sets in the test will be used to calibrate the computer simulation
model Using the UA value-and exponent in the tank coil heat exchanger model. A fitting routine wjll be
used to ffit the observed.energy input to the observed data points (one per data point)

o

b) The UA|parameter(s) shall be used for modelling the heat exchanger in the computer simulation mod

F.3.6 Immrrsed heat exchanger

F.3.6.1 Test method

This test procedure is based on a transient 2-sensor method using sensors at the inlet and outlet of the
thermal energy storage device. An abrupt and erratic temperature change is applied to the heat exchanger
under test. The measurement of the thermal energy storage temperature is based on the temperature of the
heat exchanger before the abrupt change of the fluid temperature. The heat transfer capacity rate of the heat
exchanger is determined just after the end of the transient phase.

The storage device shall be connected to the testing stand. Connections which enable a complete discharge
of the storage vessel shall be connected to the discharge circuit of the testing stand. In order to reach a
complete mixture and uniform storage vessel temperatures, the connection shall be carried out in such a way
that hot water is drawn from the top of the storage vessel and supplied to its bottom. The connections of the
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heat exchanger for which the heat transfer capacity rate is to be determined, shall be connected to the charge
circuit of the testing stand. The fluid shall flow through the heat exchanger as specified by the manufacturer.
The heat transfer fluid during the test shall be that specified by the manufacturer of the solar heating system. If

no heat transfer fluid is specified by the manufacturer, water shall be used.
The following test conditions apply.

The flow rate in the heat exchanger shall be as specified by the manufacturer. If no flow rate is

specified by

the manufacturer, the flow rate in the heat exchanger shall be 1,2 times the nominal flow rate specified by the

manufacturer. The heat transfer power applied to the heat exchanger during the test shall first be i

dentical with

the nomlnal one specmed by the manufacturer +/- 10 %. Additional measurements shall be performed with

half

Test phase 1: Initial conditioning

ted as a mixing device. The heating up of the storage vessel may.b& accomplished with

¢r and the corresponding temperature at the outlet of the charge circuit, T, 1 shall be note
reference (see F.3.6.1.2). For the monitoring of the conditioning, Tpy: shall be applied as tempe
storgdge vessel. In the final stage of conditioning, the heating/codling unit of the discharge circuit

used to adjust the storage vessel temperature more precisely t0.60 °C.
F.3.6.1.2 Test phase 2: Measurement of the heat transfer capacity rate of nominal heating
Chamge the charge circuit flow pattern to circulateZfluid through only the heat exchanger. Sto

discharge circuit to stop mixing in the storage vessel. Wait for steady-state conditions in the stg
defined (only for this purpose) as a difference between T¢; and T, of less than 0,05 K and T¢;
the last 5 minutes with an uncertainty not exceeding 0,1 K.

Ope
wait

ate the charge circuit in the bypass-mode at the temperature of T 1 determined under test
for steady state conditions in the charge circuit.

Perform the temperature change by steps in the heat exchanger as follows:

uickly change the charge circuit flow pattern to circulate fluid at T¢ 1 through the heat excha

After theend of the transient, the measured data may be recorded slower again.

NOTE A typical duration of the transient is approximately 3 min.

Assure that T¢; and Tg), are recorded with a time resolution of at least 1 s during the transient.

shall be the
f the storage
0 °C, 30 °C,

up the whole storage device to 60 °C by means of the charge circuit with the discharge loop being

any heating
d for further

rature of the
may also be

power

b flow in the
rage vessel,
constant for

phase 1 and

nger.

To get a second independent measurement result, perform a second temperature step under the same

conditions.

F.3.6.1.3
power

Test phase 3: Measurement of the heat transfer capacity rate at halved nominal

heating

Repeat the complete test phase 2 (two independent measurements) with a reduced temperature of the charge

circuit (instead of T¢ 1) in order to operate the heat exchanger at half nominal power.
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F.3.6.1.4

Test phase 4: Conditioning at the next storage vessel temperature

Discharge the storage device in order to reduce its temperature by 10 K. Mix the storage vessel thoroughly by

means of the discharge circuit.

F.3.6.1.5
temperature

Test phase 5: Measurement of the heat transfer capacity rate at the new storage vessel

Repeat test phases 2 and 3 (four independent measurements, two at nominal and two at half nominal power).

NOTE

determined by
in the charge
to a decrease|

F.3.6.1.6

Repeat test

F.3.6.2 Ar

Figure F.1 §
described in
transient, an

NOTE T
interval is les
defined accor
nominal pows
restricts the a

trial and error based on the values used at the previous measurement steps. The overtemperature.ng
circuit is increasing when the storage vessel temperature decreases, as the increasing water viscosity
of the heat transfer capacity rates.

Test phases 6 - 9: Completion of the entire measurement sequence

bhases 4 and 5 down to a storage vessel temperature of 10 °C.

alysis method
hows the temperature variations T¢; and T¢, observed beforg; during and after the tran
d t1, as soon as a quasi-steady state with slow increase of alltemperatures can be determine

pically, ti- t, is approximately 1,5 min and the temperature increase of the heated storage vessel in this
5 than 2% of the mean logarithmic temperature difference\The mean logarithmic temperature differer
ding to Equation (F.2). For the smallest storage devices ‘which are equipped with heat exchangers o
r, the temperature increase is greater than 2 % of“the mean logarithmic temperature difference
ccuracy of this test procedure.

TA
TC,i(t 1)
TC,O (t 1 ) L G e ;
Ts :
| >
to t, Time

The temperature of the charge circuit which is necessary for the transmission of the required power is

eded
eads

sient

test phase 2 (see F.3.6.1.2). Two characteristic times are\of importance: ty, just beforg the

.

time
ce is
high
ivhich

Figure F.1

— Temperatures Tc;(t) and Tc (t) observed before, during and after the transient described

in test phase 2

The storage vessel temperature near to the heat exchanger Ts is T¢i(ty). This temperature is also equal to

TC,o(tO)-

AT,

Tei(t1)=Tco (1)

m
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