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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 86, Refrigeration and air-¢onditioning,
Subcpmmittee SC 6, Testing and rating of air-¢gnditioners and heat pumps.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Heat pumps water heaters are, at present, selected and compared at a rated condition. This condition
does not represent the usual operating conditions of the equipment over a season. This operating
condition can be better assessed by comparing equipment at representative reduced capacities and
determining the Seasonal Coefficient of Performance.

This standard provides part load conditions and calculation methods for calculating the Seasonal
Coefficient of Performance (SCOP,,, and SCOP,,,) of such units when they are used to fulfil the heating

demands.

Other energ
those from
the calculat

Reference §
purpose of
considered

methods for

[y consumptions can occur when the unit is not used to fulfil the heating demands su
h crankcase heater or when the unit is on standby. These consumptions are consider
on methods for reference SCOP.

COP/SCOP,, /SCOP,,,, calculations may be based on calculated or tested)yalues. Fo
yCOP/SCOP,,,/SCOP,,,, three design conditions average (A), Colder (C) andswarmer (W]
hs well as three temperature applications. In case of tested values, this'Standard give
testing heat pumps water heater at part load conditions.

ch as
ed in

r the
) are
s the

Vi
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Heat pump water heater — Testing and rating at part
load conditions and calculation of seasonal coefficient of

performance for space heating

1 Scope

The document specifies test conditions for determining the seasonal performance characte
sourge heat pump water heaters for space heating with electrically driven compressors wit
supplementary heater. The purpose of this document is to rate performance of the|heat

heaters for space heating with no operation of any supplementary heater. In the case o
water heaters for space heating consisting of several parts with refrigerant orfyater conn|
docujment applies only to those designed and supplied as a complete package)

The j
regiy

easonal coefficient of performance depends, inter alia, on the climate’conditions and t

he of the space heating distribution network.
This{document defines:

hree design conditions, each of them being characterized by a design temperature whic
he lowest temperature that can occur in that designieondition;

hree water temperature distribution regimes, ndmely “temperature application” in th

The 1
of th

iser of this document is free to determine thie seasonal coefficient of performance for
e defined design conditions and for one or-more of the defined temperature applicatiof

This
asso

document also provides a full description of three heating seasons that can be us
Fiated design conditions.

2 ormative references

Therk are no normative references in this document.

3 Terms and definitions

For the purposesof this document, the following terms and definitions apply.

ISO gnd [ECmaintain terminological databases for use in standardization at the following z

ristics of air
h or without
bump water
I heat pump
ections, this

emperature

N represents

P text.

one or more
1S.

ed with the

ddresses:

SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

31

active mode

mode corresponding to the hours with a heating load of the building and whereby the heat
of the unit is activated

Note 1 to entry: This condition can involve on/off-cycling of the unit in order to reach or mainta
indoor air temperature.

© IS0 2021 - All rights reserved
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active mode seasonal coefficient of performance

scop,,

average coefficient of performance of the unit in active mode (3.1) for the designated design condition,
determined from the part load, supplementary heating capacity (where required) and bin-specific
coefficients of performance (3.7) and weighted by the bin hours (3.6) where the bin condition occurs

Note 1 to entry: For calculation of SCOP

on’

the energy consumption during thermostat-off mode (3.45), standby

mode (3.42), off mode (3.34) and crankcase heater mode (3.17) are excluded. The energy consumption of a
supplementary heater is added for the partload conditions where the declared capacity of the unit is lower than
the heating load, regardless whether this supplementary heater is included in the unit or not included in the unit.

Note 2 to ent

3.3

annual ene
Qug

energy cong
condition a
the active n
thermostat-

Note 1 to ent

3.4

annual hea
Qn

heating dem
of seasonal
heating and

Note 1 to ent

3.5

bin
outdoor tem
3.6

bin hours
hy

hours per hd

3.7
bin-specifig
COPbin (Tj)
coefficient g

Fy: Expressed in kWh/kWh.

rgy consumption for heating
umption required to meet the reference annual heating demand for a,designated d
nd set of bin hours and calculated as the reference annual heating, demand dividg

ode seasonal coefficient of performance (3.2) and the energy conSumiption of the un
pff-, standby-, off- and crankcase heater-mode during the heating season

Fy: Expressed in kWh/kWh.

fing demand
and for a designated design condition and set of'bint hours, to be used as basis for calcul

roefficient of performance (3.41) and calculated as the product of the design load (3.2]
the equivalent active mode hours for heating(3.27)

y: Expressed in kWh

perature interval of 1 K

bating season for-which an outdoor temperature occurs for each bin (3.5) j

- coefficient of performance

f performance specific for every bin (3.5) j with outdoor temperature T} in a heating sq

psign
d by
t for

htion
) for

ason

3.8

bin temperature

T.

j
outdoor air dry bulb temperature

Note 1 to entry: Expressed in °C.

Note 2 to entry: The relative humidity can be indicated by a corresponding wet bulb temperature.
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bivalent temperature

Tbiv

lowest outdoor temperature point at which the unit is declared to have a capacity able to meet 100 % of
the heating load without supplementary heater, whether it is integrated in the unit or not

Note 1 to entry: Below this point, the unit can still provide capacity, but additional supplementary heating is
necessary to fulfil the heating load.

3.10

capacity control

abili

ant

Note
the v

vaofthayunitta changaitc caonacito by chanaginagtha volimatric flowv rata oftha rofiriagg
y-o+te-tHhtto-endhge- S eapacity-By-endh SHREtHe Y erttHRetH e oW ate-or—+tnae-rerige

1 to entry: Units are indicated as ‘fixed’ if the unit cannot change its volumetric flow rate; '

flow rate is changed or varied in series of three or four steps or ‘variable' if the volumetrj¢flow rate
variefd in series of five or more steps to represent continuously variable capacity.

Note P to entry: Multi-stage capacity units are considered as variable capacity unitslin this docume
3.11

capdcity ratio

CR

heating part load or full load divided by the declared hedting capacity of the unit :

temp

3.12
coef
COP;
decld
temyp

Note

3.13
coef
COP))

appl
Note
degrs
temp

Note

3.14
com

erature conditions

ficient of performance at declared capacity

red heating capacity of the unit divided. By the effective power input of the uni
erature conditions, A, B, C, D, E, F and G, where applicable

1 to entry: Expressed in kW/kW.

[icient of performance at partload

in

coefﬂicient of performance af the declared capacity, corrected with the degradation coeffi

cable

1 to entry: Whern-the declared capacity of the unit is higher than the heating load, the
dation losses. Whén the declared capacity of the unit is lower than the heating load (i.e. beloy
brature (3.9) ¢endition), the COP of the declared capacity is used.

P to entry»Expressed in kW/kW.

bressor-off state

two-staged' if

blumetric flow rate is changed or varied in series of not more than two steps, 'multi-stage” if the volumetric

is changed or

nt.

1t the same

L at specific

rient, where

ICOP includes
v the bivalent

condition where the compressor is not running while the unit is operating in active mode (3.1)

Note

3.15
cran
Hey

1 to entry: This is the “off” phase in on/off cycling.

kcase heater mode operating hours

annual number of hours the unit is considered to be in crankcase heater mode, the value of which

depe
Note

Note

© ISO

nds on the designated design condition and set of bin hours
1 to entry: Three examples of crankcase heater mode hours are given in Annex C.

2 to entry: Expressed in h.
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crankcase heater mode power input

PCK

power input of the unit due to crankcase heater operation mode

Note 1 to entry: Expressed in W.

3.17

crankcase heater (operation) mode
condition where the unit has activated a heating device to avoid the refrigerant migrating to the

compressor

in order to limit the refrigerant concentration in oil at compressor start

3.18
declared c4
Pdh

heating cap
manufactur

Note 1 to ent
even if those

3.19
degradatio
cd

measure of

Note 1 to ent

3.20

pacity in heating

icity a unit can provide at any temperature condition A, B, C, D, E, F or G, as.declared b
b1

Fy: This is the capacity provided by the refrigerant cycle of the unit withoutsupplementary he
are integrated in the unit.

h coefficient

efficiency loss due to the cycling

Fy: If the Cd is not determined by measurement, the default degradation coefficient is 0,9.

design condlition

condition c}
bin hours

Note 1 to ent

3.21
design load

Pdesignh .
space heatiy

Note 1 to ent
Note 2 to ent

3.22
design tem

Tdesignh

laracterized by a design temperature condition and that is to be associated with a §

y: Three design conditions are definedin this document.

g load declared by theymanufacturer at design temperature (3.22)
y: Itis possible ta’calculate the SCOP/SCOP,,,/SCOP,,, of a unit for more than one Py, value

ry: Expressedin-kW.

perature

lowest outd

y the

hters,

et of

hor‘air temperature considered for each dpqign condition

3.23

effective power input during compressor-off state

Pc

off

total power input of the unit when the compressor is switched off in active mode (3.1), used for the

determinati

on of the degradation coefficient (3.19)

Note 1 to entry: Expressed in kW.

© ISO 2021 - All rights reserved
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3.24

effective power input with declared capacity

PCOI’I

total power input when the unit is operating at part load condition, used for the determination of the
degradation coefficient (3.19)

Note 1 to entry: Expressed in kW.

3.25
electric supplementary heater
real or assumed electric supplementary heater, with a COP of 1, considered in the calculation of SCOP

(3 4_1\ 2l eJalats) £2 I
LA O CUT U (2%

3.26
electric supplementary heater capacity
elbu(|T)
heating capacity of a real or assumed electric supplementary heater supplémenting the declared
capafity for heating when the capacity of the unit is lower than the heat load for a [specific bin
templerature (3.8) T;

Note [l to entry: Expressed in kW.

3.27
equiyalent active mode hours for heating
HHE . . . - -

assumed annual number of hours while the unit is assumed to operate at the design load for heating
(Pgeslgnp) in order to satisfy the reference annual heating'demand

Note |l to entry: Expressed in h.

3.28
fixed outlet
watefr(brine) outlet temperature that is used when the control of the unit has no means to ajitomatically
vary|the water(brine) outlet temperature with the outdoor temperature

3.29
heat|pump water heater for §pace heating
air squrce heat pump water heater with electrically driven compressor(s) with or without supplementary
heater for space heatingpurpose

Note |l to entry: This is'also referred to as heat pump in this document.

3.30
high|{temperature application
temperatureapplication where the indoor heat exchanger water(brine) outlet temperature of 55 °C is
met at désign temperature

3.31
low temperature application

temperature application where the indoor heat exchanger water(brine) outlet temperature of 35 °C is
met at design temperature

3.32

medium temperature application

temperature application where the indoor heat exchanger water(brine) outlet temperature of 45 °C is
met at design temperature

© IS0 2021 - All rights reserved 5
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net seasonal coefficient of performance

SCOP

net

seasonal efficiency of a unit in active heating mode without supplementary heaters which is determined
from selected conditions

Note 1 to entry: For calculation of SCOP

net’

the energy consumption during active mode (3.1) is used. This excludes

the energy consumption during thermostat-off mode (3.45), standby mode (3.42), off mode (3.34) or that of the
crankcase heater. For the part load conditions where the declared capacity of the unit is lower than the heating
load, the energy consumption of a supplementary heater is not included.

Note 2 to ent

rv: Expressed in kWh/kWh

3.34

off mode
mode wheré
signal or by

Note 1 to enti
any function
mode conditi

3.35
off mode ofj

Hopp

annual num
the designaf
Note 1 to ent
Note 2 to ent

3.36

in the unit is completely switched off and cannot be reactivated by control déwice, ext
a timer

y: Off mode means a condition in which the equipment is connected to the mains‘and is not proy

The following will also be considered as off mode: conditions providingonly an indication
pn; conditions providing only functionalities intended to ensure electromagnetic compatibilit}

Jerating hours

per of hours the unit is considered to be in off mode (8:34), the value of which depen
ed design condition and set of bin hours

y: Three examples of off mode operating hours arge given in Annex C.

"y: Expressed in h.

off mode pgwer input

Porr )
power input

Note 1 to ent

3.37
operation 1
TOL
outdoor ten

Note 1 to ent

3.38
part load fd

Py(T})

of the unit while in off mode(3.34)

y: Expressed in W.

jmit temperature

perature belowwhich the declared capacity is equal to zero

ry: Expressed in °C.

brnal

iding
of off
.

s on

r‘lieating

heating load at a specific bin temperature (3.8) T, calculated as the design load multiplied by the part

load ratio

Note 1 to entr

3.39

y: Expressed in kW.

part load ratio

pI(T)

bin temperat

ure (3.8) minus 16 °C divided by the design temperature minus 16 °C

© ISO 2021 - All rights reserved
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reactivation function
function facilitating the activation of other modes, including active mode (3.1), by remote switch
including remote control, internal sensor, timer to a condition providing additional functions, including
the main function, but excluding thermostats

3.41

seasonal coefficient of performance
SCop

overall coefficient of performance of the unit, representative for the designated design condition and
set of bin hours

Note
for hé

Note

3.42
stan
mod
remd

Note
only {
funct]

3.43
stan
Hgp

annu
on th

Note
Note

3.44
stan

PSB
pows
Note

3.45
ther

mod
of th

1 to entry: SCOP is calculated as the annual heating demand (3.4) divided by the annual energy
ating (3.3).

D to entry: Expressed in kWh/kWh.

dby mode
e wherein the unit is switched off partially and can be reactivated-by a control devig
te control), an external signal or a timer

1 to entry: The unit is connected to the mains, depends on signakinput to work as intended

he following functions, which may persist for an indefinite time*rweactivation function (3.40), o
ion and only an indication of enabled reactivation function,and/or information or status displ

dby mode operating hours

al number of hours the unit is considered toe in standby mode (3.42), the value of wh
e designated design condition and set of bin hours

1 to entry: Three examples of standby heurs are given in Annex C.

P to entry: Expressed in h.

dby mode power input

r input of the unit due’to standby mode (3.42) operation

1 to entry: Expressed in W.

mostat-off mode
e corriesponding to the hours with no heating demand of the building, whereby the heat]
e unit is switched on, but is not operational, as there is no heating demand

consumption

e (such as a

and provides
[ reactivation

ay.

ich depends

ing function

Note

3.46

1 to entry: Cycling on/off in active mode (3.1) is not considered as thermostat-off.

thermostat-off mode operating hours

Hrg

annual number of hours the unit is considered to be in thermostat-off mode (3.45), the value of which

depe
Note

Note

© ISO

nds on the designated design condition and set of bin hours
1 to entry: Three examples of standby hours are given in Annex C.

2 to entry: Expressed in h.

2021 - All rights reserved
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3.47

thermostat-off mode power input

Pro

power input of the unit due to thermostat-off mode (3.45) operation

Note 1 to entry: Expressed in W.

3.52
variable outlet

water(brine) outlet temperature that is used when the control of the unit has means to automatically

vary the water(brine) outlet temperature with the outdoor temperature

4 Symbols
Symbdl Definition Units

cd Degradation coefficient AN

cop Coefficient of performance kW/kW
COPy,;, Coefficient of performance at part load kW/kwW
COPy,;,(T)) Bin-specific coefficient of performance kW/kwW
cop, Coefficient of performance at the declared capacity kW/kW
CR Capacity ratio kW/kW
EEI Energy efficiency index of liquid pump —

h; Bin hours h

Hyg Equivalent active mode hours for heating h

Hep Crankcase heater mode operating hours h

Horp Off mode operating hours h

Hgp Standby mode operating hours h

Hpp Thermostat-off mode operatitig-iours h

Jj Bin number —

n Total number of bin —

Pcg Crankcase heater mode power input w

Pc g Effective powerinput during compressor-off state kW
Pc,, Effective power input with declared capacity kW

Pdh Declared capacity in heating kW
Piesignh Designdoad heating kW
Py(T) Rartload for heating kW
Pogr Off mode power input w

Pgp Standby mode power input w

Pro Thermostat-off mode power input W
pl(T) Part load ratio for bin temperature T; —

Qy Annual heating demand kWh
Qug Annual energy consumption for heating kWh
Scop Seasonal coefficient of performance kW/kW
SCOP,,,; Net seasonal coefficient of performance kW/kw
SCOP,, Active mode seasonal coefficient of performance kW/kW
Tyiv Bivalent temperature °C
Tdesignh Design temperature conditions for heating °C

T; Bin temperature (outdoor temperature) °C

T, Operation limit temperature °C

8 © IS0 2021 - All rights reserved
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Symbol Definition

Units

elbu(

kW

T) electric supplementary heater capacity

5 1

5.1

nstallation requirements

Test apparatus and uncertainties of measurement

The test apparatus shall be designed in such a way that all requirements for adjustment of set values,
stability criteria and uncertainties of measurement according to this document can be fulfilled.

Watg
ensu

The
and
inter

Duct]
influ

Whe
If, in
for a

Temperature and pressure measuring points shall be arganged in order to obtain mean signif

For f

1
1

— 1
9

Air t

For v
temp

The fincertainties ofméasurement shall not exceed the values specified in Table 1.

re that the measured results are not significantly influenced.

hs close as possible to the unit. The response time of the temperature sensor and t
val shall be chosen to maintain the uncertainties in Table 1.

ed air systems shall be sufficiently airtight to ensure that the measured results are not
enced by exchange of air with the surroundings.

h performing measurements, set the highest room temperature on the unit/system co

r systems or other heat transfer liquid systems shall be sufficiently free of entrain

nlet and outlet water temperatures of the heat pump shall be measured in,the cente

the instructions, the manufacturer indicates a value for thetemperature set on the co
given part load conditions, this value shall be used.

Fee air intake temperature measurements, it isswréquired either:

o have at least one sensor per square meter, with not less than four measuring pq
estricting to 20 the number of sensors.équally distributed on the free air surface; or

o use a sampling device that shall\be completed by four sensors for checking unifg
urface area is greater than 1 m4,

bmperature sensors shall b&placed at a maximum distance of 0,25 m from the free air

Pater and brine, the density and specific heat in Formulae (2), (3) and (4) shall be deter
erature conditionsimeasured near the volume flow measuring device.

Table 1 — Uncertainties of measurement

bd gas as to

of the flow

he sampling

bignificantly

ntrol device.

ntrol device

icant values.

ints and by

rmity if the

surface.

mined in the

© ISO

Measured quantity Unit Uncertainty
Liquid
Temperature “C 0,15 K
Temperature difference K +0,15K
Volume flow m3/s 1%
+1 kPa (<20 kPa)
Static pressure difference kPa
+5 % (>20 kPa)
Concentration (for brine) % 2%
Air
Dry bulb temperature °C +0,2 K
Wet bulb temperature °C +0,4 K
Volume flow m3/s +5%
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Table 1 (continued)

Additionally
uncertainty
measureme

maximu

5.2 Testli

The size of
outlet orific
short circuif
not exceed 1

Unless othe
1 m from th

Any direct hy

onto the tenpperature measuring points shall be-avoided.

5.3 Insta

The heat pump shall be installed and.connected for the test as recommended by the manufactur

the installat
switched of

Measured quantity Unit Uncertainty
+5Pa (AP <100 Pa)
Static pressure difference Pa
+59% (AP =100 Pa)
Electrical quantities
Electric power w 1%
Electrical energy kWh *1%
Voltage \% +0,5 %
curTemt A +0;5%%

, the heating capacity measured on the liquid side shall be determined within aimaxi
calculated according to Formula (1) independently of the individual uncentainti
hts including the uncertainties on the properties of the fluid.

m uncertainty =2+ x100 (%)

Partload ratio

‘oom for the airside and remote condenser

the test room shall be selected to avoid any resistanceto\air flow at the air inlet an|
es of the test object. The air flow through the room shall not be capable of initiating
between the two orifices, and therefore the velocityef air flow at these two locations
,5 m/s when the test object is switched off.

'wise stated by the manufacturer, the air inlet\and air outlet orifices shall not be less
e surfaces of the test room.

eat radiation (e.g. solar radiation) ontohieating units in the test room onto the heat pur

[lation and connection of .the heat pump

ion and operation manual. If a back-up heater is provided (as an option or not), it shd
for disconnected to-be‘excluded from the testing.

[lation of heat pumps consisting of several parts

of heat purps consisting of several refrigeration parts (split heat pumps), the follo
conditions shall be met for the tests:

mum
bs of

€y

d air
P any
shall

than

np or

er in
111 be

wing

frigerant line shall be installed in accordance with the manufacturer's instructiong

; the

1 h d& 11 Lol loolo o r 17
engt oreéacnre snarroe pnetweeiro nrana—7, o111,

5.4 Insta
In the case
installation
a) each re
b)
c)
d)

the lines shall be installed so that the difference in elevation does not exceed 2,5 m;

outdoor conditions with the rest of the lines exposed to the indoor conditions.

thermal insulation shall be applied to the lines in accordance with the manufacturer's instructions;

unless constrained by the design, at least half of the interconnecting lines shall be exposed to the

5.5 Environment conditions for indoor unit installation and electrical power supply
requirements

Temperature conditions of parts of the unit located in the indoor side shall be between 15 °C to 30 °C.
The dry bulb temperature shall be measured.

10
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For all units, electrical power voltage and frequency shall be given by the manufacturer.

6 Setting and part load test conditions

6.1

General

Set points for internal control equipment of the unit, i.e. thermostats, pressure switches or mixing
valves, shall be set to the values as stated in the installation and operating instructions.

If several set points or a range are stated, the manufacturer shall indicate the one to be used for the tests.

6.2

The
many
oper
the p

For {
for ¢
instr
with
be rd
instg

6.3

The
exch

and humidity conditions, it shall be considered as given for standard air conditions.

The
stan

The
resu

If thd
used

If the

and
to be

Setting for capacity ratio

capacity ratio to be tested shall be set according to the instructions of the,manuf
ifacturer shall provide laboratories with the necessary information on the setting of]
hting at the required capacity conditions upon request. The unit shall operate continu
art load test. The only discontinuity allowed is the defrost cycle of a unit:

ach part load condition. The manufacturer shall provide inythe documentation
uctions on how to obtain the necessary data to set the reduired frequencies. To set
staged or variable capacity control, skilled personnel with knowledge of control sd
quired. The manufacturer or his nominated agent is allowed to attend when the sys
lled and prepared for tests.

Setting the external static pressure differeénce for ducted units

hcturer. The
the unit for
busly during

taged or variable capacity units, the setting of the compressor ‘(stage, frequency) shall be done

information
Lp a system
ftware may
fem is being

volume flow and the pressure differencé“shall be related to standard air and with dry heat

hnger. If the air flow rate is given by the@anufacturer with no atmospheric pressure, {

air flow rate as stated in the (installation and operating instructions shall be cor
lard air conditions. The air flow-rate setting shall be made when the fan only is operat

rated air flow rate as stated in the installation and operating instructions shall be
ting external static pressure (ESP) measured.

ESP is lower than\30'Pa, the air flow rate is decreased to reach this minimum value. Th
for setting the-ESP shall be maintained in the same position during all the tests.

installation-and operating instructions state that the maximum allowable duct lengt
utlet together less than 2 m, the unit shall be tested with the ductlength and the ESP i
0.

6.4

emperature
wverted into
ing.

set and the

e apparatus

h is for inlet
b considered

ral nizrangc

tineofunits with

TOTr pPUtiTpgS

For units with integral water or brine pumps, the external static pressure shall be set at the same time

asth

e temperature difference.

When the liquid pump has one or several fixed speeds, the speed of the pump shall be set in order to
provide the minimum external static pressure.

In case of variable speed liquid pump, the manufacturer shall provide information to set the pump in
order to reach a maximal external static pressure of 10 kPa.

Deviations from set values shall not exceed values indicated in Table 2. Variations from specified

cond

© ISO

itions shall not exceed values indicated in Table 3.
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Table 2 — Permissible deviations from set values

Permissible deviation of the Permissible deviations of
Measured quantity arithmetic mean values individual measured
from set values values from set values
Liquid
— inlet temperature +0,2 K +0,5K
— outlet temperature +0,3K +0,6 K
— volume flow? +1 % +2,5%
— static pressure difference — +10 %
Air
— inlet temperature
— dry bulb +0,3K +1K
— wet bulb +0,4 K +1K
Voltage 4 % 4%

a  Frosting period excluded.

Table¢ 3 — Variations allowed for the test conditions when the heat pump is running

Variations of arithmetical mean
values from specified test condi-

Variation of individual readings
from specified test conditions

Readings tions
Interval Interval Interval Interval

Ha Db Ha Db
Air
— dry-bulbtemperature¢ +0,6 K +1,5K +1,0K +5,0K
— wet-bulbjtemperature +0,4 K +1,0K +0,6 K —
Liquid
— inlet temperature +0,2 K — +0,5K -5K
— outlet tethperature +0;5K — +1K +2 K

a  Interval |
cycle, and the

heat pump is

¢ For units
is doubled.

[ applies when the heat pumpis-in the heating mode, except for the first 10 min after termination of a dgfrost
first 10 min after a restapt.of the heat pump.

b Interval I) applies during a defrost cycle and during the first 10 min after the termination of a defrost cycle when the
perating in the heafing mode.

with outdoor heat€xchanger surfaces greater than 5 m?, the deviation on the air inlet dry bulb temperpture

6.5 Partl

For the part

oad test conditions

load tests, the appropriate test conditions shall be chosen from Tables 6 to 8 depending

on the selected design conditions and temperature applications. One or several design conditions and
temperature applications can be applied.

Three design conditions average (A), Colder (C) and warmer (W) are considered as well as three
temperature applications, low, medium and high, as given in Table 4 and Table 5, respectively.

12
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For gach temperature application, the heat pump can either operate with@ fixed or a va

Design Design conditions
temperature Average Warmer Colder
Tdesignh (A) (W) (C)
— Dry bulb -10°C 2°C -22°C
— Wetbulb -11°C 1°C —
Table 5 — Temperature applications
Temperature application
Low Medium High
Water(brine) outlet 35 oC 45 °C 55 oC
temperature

outldt temperature.

For qutdoor air dry bulb temperatures higher or equal to -10 °C théwet bulb temperatur
ulb temperature minus 1 K. For dry bulb temperatures below =10 °C, the wet bulb ter]

dry i

not defined.

If the

The part load ratios shall be based on the part load ratio formulae and not on the rounded

declared TOL is lower than T, then the outdoor dry bulb temperature is equal t
the partload condition E in Table 6, Table 7 and Table 8.

for each condition in Table 6 to 8.

riable water

e equals the
nperature is

D Tdesignh for

values given

© ISO
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Table 6 — Low temperature application — Part load conditions for air-to-water(brine) units

water (brine)
of 5 K for unit

b Variable

¢ Variable

Outdoor heat ex- Indoor heat exchanger
. changer
Partload ratio Inletd bulb | Fixed
Condition in % nlet dry (wet) bu 1xed out- Variable outletd
temperature let oC
°C °C
Formula A w C Outdoor air A/W/C A w C
(7 1./
A T 88 n/a | 61 -7(-8 a/35 a/34 n/a ay30
(Treaiann ~16) / (-8) / / /
B (+2-16)/ | 54 | 100 | 37 201) aj35 | 230 | a35°| 27
(Tdesiqnh _16)
C L7160 | 35 | 64 | 24 7(6) a;35 | a2y as31 | af2s
( designh — )
D (+12-16)/ | 45 | 29 | 11 12(11) a;35s  (3/24 | 2/26 | 224
(Tdesiqnh _16)
E (Tor = 16)/(Tgesignn ~ 16) Tor 4/35 a/b | a/b /P
F (Tbiv B 16) / (Tdesiqnh B 16) Tbiv a/35 a / ¢ a / ¢ a/C
-15-16) /
G ( n/a n/a | 82 -15 a/35 n/a n/a ay32
(Tdesiqnh _16) / / / / /
a2 With the vater flow rate as determined at the standard rating conditions;*eutdoor air +7 °C/+6 °C (dry bulb/wet bulb),

rate is used wjith the outlet temperature.

+30 °C/+35 °C (inlet/outlet water temperature) for units with’a fixed water flow rate, and with a fixed dg¢lta T
5 with a variable flow rate. If the resulting flow rate is belew the minimum flow rate, then this minimun flow

utlet shall be calculated by interpolation from T;.4-and the temperature which is closest to the T,

utlet shall be calculated by interpolation betweén the upper and lower temperatures which are closest fo the

bivalent tempjerature.

d If the varjiable outlet temperature is below the mitimum of the operation range of the unit, the minimum shoyld be
considered.
14 © IS0 2021 - All rights reserved
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Table 7 — Medium temperature application — Part load conditions for air-to-water(brine) units

Outdoor heat ex-

Indoor heat exchanger

. changer
Partload ratio Inletd bulb Fixed
Condition in % nlet dry (wet) bu 1xe Variable outletd
temperature outlet oC
°C °C
Formula A w C Outdoor air A/W/C A w C
L7 L Wawi
A L 88 n/a | 61 -7(-8 aj45 %] 1l/a a/38
(T tsian ~16) / (-8) / / /
B (+2-16)/ | 54 | 100 | 37 201) a/a5 | a/gy)| afas | a/33
(Tdesiqnh _16)
7-16)/
C (+ 35 64 24 7(6 a/45 a/33 | af39 | a/30
(Tdesiqnh _16) ( ) / /
D (+12-16)/ | 45 | 29 | 11 12(11) Gas | 228 | 2f31 | 226
(Tdesiqnh _16)
E (TOI - 16)/(Tdesiqnh _16) TOI 3/45 a/b a/b a/b
F (Tiy = 16)/(Tyesignn ~ 16) Thiy /45 /e A /e
G %—15 N 1_6% n/a | n/a | 82 -15 a/45 n/a n/a | 3/41
( designh )

a

b

C

d

wate
of 5 K
rate |

bival

ith the water flow rate as determined at the standard rating coenditions: outdoor air +7 °C/+6 °C (dry bjilb/wet bulb),
I (brine) +40 °C/+45 °C (inlet/outlet water temperature) for dnits with a fixed water flow rate, and with p fixed delta T

for units with a variable flow rate. If the resulting flow rate is below the minimum flow rate, then this thinimum flow
s used with the outlet temperature.

Variable outlet shall be calculated by interpolation frem T,;,,, and the temperature which is closest to the T,,.

Variable outlet shall be calculated by interpolatiérybetween the upper and lower temperatures which arg closest to the
bnt temperature.

If the variable outlet temperature is below.the minimum of the operation range of the unit, the minimum should be
considered.

© IS0 2021 - All rights reserved
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Table 8 — High temperature application — Part load conditions for air-to-water(brine) units

water (brine)

Outdoor heat Indoor heat exchanger
. exchanger
Con- Partload ratio nletd Fixed
di- in % nlet dry (wet) Ixed out- Variable outletd
. bulb temperature let o
tion o o C
C C
Formula A W C Outdoor air A/W/C A w C
-7—363f
A C 2 88 | n/a | 61 -7(-8 a/55 a/52 n/a a/44
Tk 16) 7 &) 7 7 7 /
B | (4710 | 54 | 100 | 37 201) a/s5 a/42 a/s5 a/37
[Tdes ignh _16)
¢ | BN-10 | 35 | s | 24 7(6) a/55 a/36 a6 a/42
[Tdes ignh _16)
p | G1¥-16)/ | 45 | 29 | 11 12(11) a/55 a/30 a/34 a/18
(Tdes ignh _16)
E (Tor = 16)/(Tgesignn ~16) Tor 2/55 ayb a/b /p
F (Tbiv B 16)/(Tdesiqnh B 16) Tbiv a/55 a/c a/c Wii
Hf [Tswitch _16)/(Tdesiqnh_16) Tswitch a/55 a/e a/e Wi
-1% - 16)/
G ( n/a | nfa | 82 -15 a/55 n/a n/a a/49
(Tdeaiqnh _16) / / / / /
a  With the vater flow rate as determined at the standard rating conditions: outdoor air +7 °C/+6 °C (dry bulb/wet bulb),

+47 °C/+55 °C (inlet/outlet water temperature) for units with a fixed water flow rate, and with a fixed d

plta T

of 8 K for unitp with a variable flow rate. If the resulting flow rate is.below the minimum flow rate, then this minimun flow
rate is used wjith the outlet temperature.
b Variable gutlet shall be calculated by interpolation Tyesiguh.and the temperature which is closest to the T,;.
¢ Variable qutlet shall be calculated by interpolation betiween the upper and lower temperatures which are closest o the
bivalent tempjerature.
d  If the varjiable outlet temperature is below the minimum of the operation range of the unit, the minimum shoyld be
considered.
7 Space heating test
7.1 Heating capacity test
The heating capacity.of’heat pumps shall be determined in accordance with the direct method 4t the
water or brine heat\éxchanger, by determination of the volume flow of the heat transfer medium, and
the inlet and outlettemperatures, taking into consideration the specific heating capacity and densjty of
the heat trapsfermedium.
For steady state operation, the heating capacity shall be determined using Formula (2):

Py =qxpxC, XAt (2)

16
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where

Py is the heating capacity, expressed in watts;

q isthe volume flow rate, expressed in cubic meters per second;

is the density, measured at the flow meter location, expressed in kilograms per cubic meter;

is the specific heat, measured at the flow meter location, at constant pressure, expressed in

NOTH

NOTH

7.2

7.2.%

The
pum

7.2.2

lordacnarkilaogram and Lalyin.
JotreSPpeoSfaahe%ervHy

\t is the difference between inlet and outlet temperatures, expressed in kelvin.

1  The mass flow rate can be determined directly instead of the term (gxp).

2 The enthalpy change AH can be directly measured instead of the item (Cp XAt) .
Heating capacity correction

General

capacity shall include the correction due to the heat autput of indoor and/or outdoor
bs, integrated into the unit or not as follows.

Capacity correction of fans for units without duct connection

In thie case of units which are not designed foriduct connection, i.e. which do not permit z

pres
prov

7.2.3

7.2.3

If thg
the f]
capa

7.2.3

If the
calcy

bure difference, and which are equipped\with an integral fan, no capacity correction
jde by the fan shall apply.

Capacity correction due to indoor fan for ducted units

.1  Units with integratéd)indoor fan

e fan at the indoor heat exchanger is an integral part of the unit, the power input c
an, as calculated with Formula (7) (see 7.2.5.3.1) shall be subtracted from the measy
City.

.2 Units with non-integrated indoor fan

fan atthe indoor heat exchanger is not an integral part of the unit, the power input ¢
lated with Formula (8) (see 7.2.5.3.2) shall be added to the measured heating capacity

fans and/or

Iny external
due to heat

orrection of
red heating

prrection as

7.2.4 Capacity correction due to indoor liquid pump

7.2.4.1 Units with integrated liquid pump

If the liquid pump is an integrated part of the unit, the capacity correction as defined in 7.2.4.3 or 7.2.4.4

shall

be subtracted from the measured heating capacity.

7.2.4.2 Units with non-integrated liquid pump

If the liquid pump is not an integrated part of the unit, the capacity correction as defined in 7.2.4.5 shall
be added to the measured heating capacity.

© ISO
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7.2.4.3 Capacity correction for integrated glandless circulators

If the unitis equipped with a glandless circulator, the capacity correction is calculated using Formula (3):

(qupe )x

where

n isth
Ap,ist
q ist
7244 (4

If the unit is

(gxAp,
where
n ist

Ap, is the measured available external static pressure difference, in pascals;

q
IE

7.2.4.5 (4

If the measuyred hydraulic power according to Annex B is <300 W, the liquid pump is considered

glandless ci
Lax(=

where

n ist

Ap,ist

Iﬁ_l_ﬁl_l.—l_rﬁ‘ﬁ_‘_l—e Mmeasured available external static pressure difference, in pascats,
e measured liquid flow rate, in cubic meters per second.

pacity correction for integrated dry motor pumps

1

is the measured liquid flow rate, in cubic metersiper second;

is the motor efficiency level.

)M

|

(1-n)

=

e global efficiency of the pump calculated according to Annex B;

equipped with a dry-motor pump, the capacity correction is calculated wsing Formulal

(15—77)}

n
e global efficiency of the pump calculated accordingto'Annex B;

pacity correction for non-integrated liquid pumps

culator. The capacity corkection is calculated using Formula (5):

(1—17)}

n
e globaletficiency of the pump calculated according to Annex B;

(3)

| (4):
(4)

as a

(5)

emeasured available external static pressure difference, in pascals;

q

is the measured liquid flow rate, in cubic meters per second.

If the measured hydraulic power according to Annex B is >300 W, the liquid pump is considered as a

dry-motor p

Lax(-Ap, )JX[

18

ump. The capacity correction is calculated using Formula (6):
(IE —n)}
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where

n isthe global efficiency of the pump calculated according to Annex B;
Ap, is the measured available external static pressure difference, in pascals;
q isthe measured liquid flow rate, in cubic meters per second;

IE is the motor efficiency level.

7.2.§ Effective power input

7.2.3.1 General

The ¢ffective power input shall include the correction due to power input of indoor and/or ¢utdoor fans
and/pr pumps, integrated or no to the unit as follows.

7.2.53.2 Power input correction of fans for units without duct connection

In thie case of units which are not designed for duct connection;\i.e. which do not permit any external
pressure differences, and which are equipped with an integralfan, the power absorbed by the fan shall
be included in the effective power absorbed by the unit.

7.2.3.3 Power input correction of fans for units with duct connection

7.2.3.3.1 Power input correction for integrated fans

If a fan is an integral part of the unit, only a fraction of the power input of the fan motor shall be included
in the effective power absorbed by the unit. The fraction that shall be excluded from the(total power
absofbed by the unit shall be calculatedwusing Formula (7):

n

(7)

wherte

is 0,3 by convention;

p. is the-méasured external static pressure difference, in pascals;

is\the nominal air flow rate, in cubic meters per second.

If no fan is provided with the unit, the proportional power input which is to be included in the effective
power absorbed by the unit shall be calculated using the Formula (8):

[ax(-Ap; )]
n

(8)

where
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n is 0,3 by convention;

Ap;

; is the measured internal static pressure difference, in pascals;

q isthe nominal air flow rate, in cubic meters per second.
7.2.5.4 Power input correction of liquid pumps

7.2.5.4.1 Power input correction for integrated liquid pumps

e liquid
rding

to the manulfacturer’s instructions and be then considered as an integral part of the unit.

For an integrated liquid pump, only a fraction of the input to the pump motor shallybe includgd in
the effectiv¢ power absorbed by the unit. The fraction which is to be excluded fropithe total ppwer
absorbed by the unit shall be calculated using Formula (9):

(ax4p )
n

(9)

where

n s the efficiency of the pump calculated according to Annex'B;
Ap, is the measured available external static pressure difference, in pascals;
q isthe measured liquid flow rate, in cubic meterssper second.

In case the |Jiquid pump is not able to provide any, €xternal static pressure difference, this corregtion
does not apply but the correction shall be made a¢écording to 7.2.5.3.2.

7.2.5.4.2 Power input correction for non=integrated liquid pumps

If no liquid pump is provided with theunit, the proportional power input which is to be included ip the
effective power absorbed by the unit shall be calculated using Formula (10):

[ax(-2m;)]
n

(10)

where

n isthe efficiency of the pump calculated according to Annex B;
Ap; ist i i i i ;

q isthe measured liquid flow rate, in cubic meters per second.

7.3 Test procedure

7.3.1 General

The test procedure consists of three periods: a preconditioning period, an equilibrium period and a
data collection period. The duration of the data collection period differs depending on whether the heat
pump's operation is steady-state or transient. The detail of heating capacity test procedure is specified
in Annex A.

20 © IS0 2021 - All rights reserved
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7.3.2 Preconditioning period

The test room reconditioning apparatus and the heat pump under test shall be operated until the test
tolerances specified in Table 2 are attained for at least 10 min. A defrost cycle may end a preconditioning
period. If a defrost cycle does end a preconditioning period, the heat pump shall operate in the heating
mode for at least 10 min after defrost termination prior to beginning the equilibrium period.

It is recommended that the preconditioning ends with an automatic or manually induced defrost cycle
when testing at any part load conditions for outdoor air stated in Table 6, Table 7 and Table 8.

7.3.3 Equilibrium period

A complete equilibrium period is 1 h in duration. Except as specified in transient test;th¢ heat pump
shalljoperate while meeting the test tolerances in Table 2.

7.3.4 Data collection period

The data collection period immediately follows the equilibrium period. Data shall be follected as
specified for the test method(s).

An injtegrating electrical power (watt-hour) meter or measuring system shall be used for mgasuring the
electrrical energy supplied to the equipment. During defrost cyclés and for the first 10 min following a
defrgst termination, the meter or measuring system shall have'a sampling rate of at least eyery 10 sec.

7.4 | Heating capacity calculation

7.4.1 Steady state capacity test

An ayerage heating capacity shall be determined from the set of heating capacities recorded over the
data|collection period or on the basis of average values of temperature and volume flow recorded over
the data collection period.

7.4.2 Transient capacity test

For equipment where one or more complete cycles occur during the data collection|period, the
following shall apply. The average heating capacity shall be determined using the integrated capacity
and the elapsed time corresponding to the total number of complete cycles that occurred gver the data
collegtion period. For equipment where no complete cycle occurs during the data collection period, the
following shall apply.. The average heating capacity shall be determined by using the integrzilied capacity
and the elapsed time’corresponding to the total data collection period.

7.5 | Effective power input calculation

7.5.1 ““Steady state test

An average electric power input shall be determined from the integrated electrical power over the same
data collection period than the one used for the heating capacity calculation.

7.5.2 Transient capacity test

An average electric power input shall be determined on the basis of the integrated electrical power and
the time corresponding to the total number of complete cycles during the same data collection period
as the one used for the heating capacity calculation.

For equipment where no complete cycle occurs during the data collection period, the following shall apply.
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An average electric power input shall be determined on the basis of the integrated electrical power
and the time corresponding to the same data collection period as the one used for the heating capacity

calculation.

7.6 Determination of degradation coefficient Cd

The degradation due to the pressure equalization effect when the unit restarts can be considered as

negligible.

The only effect that will impact the COP when cycling is the remaining power input when the compressor

is switching

off.

The electricpl power input during the compressor-off state of the unit is measured during 5 min
the compregsor has been switched off for 10 min after the end of the part load test for whioll the Cd
degradation| coefficient shall be determined. The compressor shall be switched off byslowerin
setpoint in eating mode

NOTE The change of the setpoint can be achieved by changing the heat curve or the]indoor temper
setpoint.
The degradation coefficient (Cd) is determined for each part load ratio by Férmula (11):
Ie
cd=1-10
D
Con
where
Peogr 19 the effective power input during compressor-off state;
P.,, i9the effective power input measured during the corresponding part load test.
In order to measure a power input that is consistent with the definition of the effective power i

if the liquid|
state, the ay
be correcte
as described
electric pow

is set to zerg.

If the liquid|
corrected fTj
static press
that is consi
operating tH
the liquid pt

pump or the fan is an integral-part of the unit and in operation during compressg
railable static pressure shall alse’be measured and the total compressor-off power

l from the power input of theliquid pump or fan to provide this available static pres|
| in Clause 6. In case the ¢oyrection obtains a larger value than the measured value fg
er input during compreéssor-off state, the electric power input during compressor off

pump or fan is‘moet an integral part of the unit, the compressor-off power input she
om the fraction,of the pump or fan power input that is necessary to overcome the int
ire difference as described in Clause 6, in order to measure a pump or fan power
stent with)the definition of effective power input. To determine if the liquid pump or f
e control signal shall be measured. If no control signal is available, it shall be assumed
imp or fan is operating.

after

b the

ature

(11)

nput,
r-off
nput
sure,
r the
State

11 be
brnal
nput
an is
that

If the degradatlon coefticient Cd 1s not measured, a default value of 0,9 shall be used.

7.7 Test methods for electric power input during thermostat-off mode, standby mode,

crankcase

7.7.1 Unc

heater mode and off mode

ertainties of measurement

The maximum uncertainty of the measurement of the power input for off, thermostat-off, standby and

crankcase h

3 % for

22

eater modes shall be as follows:

0,3Wuptol0W,

powers greater than 10 W.
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7.7.2 Measurement of electric power input during thermostat-off mode

After the unit has been running for 30 min in “D” test condition, the thermostat set point should be
decreased until the compressor stops. The time-averaged power input of the unit is measured over a
time period of 60 min starting 10 min after the compressor stops.

In case the unitis not controlled by anindoor sensor but by a heat curve related to the outdoor temperature,
an increase in the outdoor temperature shall be simulated. This can either be done by increasing the local
temperature around the outdoor sensor, e.g. putting it into a water bath, or by replacing it by a resistor.

The simulated outdoor temperature shall be increased until the compressor stops.

In orderto measure a power inpnf that is consistent with the definition of the effective

if the
mod
be c(
as de
elect
is sef

If th{
COIT¢
stati
the c
pum

7.7.3

Afte
deviq
assu
meas

In ca

e liquid pump or the fan is an integral part of the unit and in operation during, th
e, the available static pressure shall also be measured and the total thermostat-off

rrected from the power input of the liquid pump or fan to provide this available staf
scribed in Clause 6. In case the correction obtains a larger value than the méasured y
ric power input during thermostat-off mode, the electric power input during thermos
to zero.

power Input,

brmostat-off
bower input
ic pressure,
ralue for the
tat-off mode

e liquid pump or fan is not an integral part of the unit, the therfmostat-off power input shall be

bcted from the fraction of the pump or fan power input that is necessary to overcome
C pressure difference as described in Clause 6. To determine/if the liquid pump or fan
ontrol signal shall be measured. If no control signal is available, it shall be assumed th
h or fan is operating.

Measurement of electric power input during standby mode

the unit has been running for 30 min in “D”.test condition, the unit is stopped with

the internal
s operating,
at the liquid

the control

e. After 10 min, the residual energy consumption is measured during the next 10 minutes and

med to be the standby mode consumption. The standby mode power input is the
ured energy consumption and the duration of test.

se it is not possible to stop the aifiit'by any control device, the standby mode power

equal to the thermostat-off mode power input.

7.74

Aftel
devi

Measurement of electric power input during crankcase heater mode

the unit has been running for 30 min in “D” test condition the unit is stopped with
e, and the energy consumption of the unit shall be measured for 8 h starting 10 1

compressors stop. /Fhe power input in crankcase heater mode is the ratio of the meas

cons

The
heat(

imption andfhe’ duration of the test.

standbypower input is deducted from this measured power input to determine th
br opecation power input.

7.7.

ratio of the

input is set

the control
nin after all
ired energy

e crankcase

Measurement of electric power inpllf dllring off mode

Following the standby mode test, the unit shall be switched in off mode while remaining plugged. After
10 min, the residual power input is measured during the next 10 min and the average value during this
period is assumed to be the off mode power input.

In case no off mode switch is available on the unit (e.g. on the indoor unit(s) for split units), the off mode
power input is supposed to be equal to the standby mode power input. In case it is neither possible to
set the unit in off mode nor in standby mode, the off mode power input is assumed to be equal to the
thermostat-off mode power input.
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8 Calculation methods for seasonal coefficient of performance (SCOP)

8.1 General formula for calculation of SCOP

The SCOP is defined as the reference annual heating demand Q4 divided by the annual energy
consumption for heating Qp according to Formula (12):

SCOP=

Qy

QHE

where

(12)

Qy s the reference annual heating demand, expressed in kWh;

Qupist

Asetofbinh
Any other s¢

Annexes D
variable cap

8.2 Calcu
The annual

Qu =F
where

P designh

HHE

8.3 Calcu

The annual
during actiy
based on Fol

The energy|
determinati

e annual energy consumption for heating, expressed in kWh.

ours for each design condition is provided in Annex C and may be used foy SCOP calculat
bt of bin hours where available may be used.

and E are informative annexes providing examples of SCOP calculation for a fixed 4
acity unit, respectively.

lation of the reference annual heating demand, Qy,

heating demand Q@ is expressed in kWh and is calculated according to Formula (13):

efignh ><HHE

is the design heating load the unitissuitable for as declared by the manufacturer,
expressed in kW;

is the number of equivalentactive mode hours for heating. Hours for Hy provided in
Annex C or any other houks/may be used.

lation of the annual electricity consumption, Qg

energy consumption for heating Q, expressed in kWh, includes the energy consum
e mode, theximostat-off mode, standby mode, off mode and that of the crankcase h

'mula (14):

consumption during active mode is derived from the calculation of the SCOP,
prof SCOP,,, see 8.4.

ions.

nd a

(13)

btion
bater

; for

Qug =

24

SCoP,

on’
QH xP,

+Hypo XPrg +Hgp XPop +H iy XPry +Hppp X Py

(14)
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e

Qy is the annual heating demand, expressed in kWh;

Hypp, Hgp, Heyy Hopp  are the number of hours the unit is considered to work in thermostat-off mode,
standby mode, crankcase heater mode and off mode respectively, expressed in h;

Pro, Psg, Pcyy Popr are the power inputs during thermostat-off mode, standby mode, crankcase

heater mode and off mode respectively, expressed in kW;

fcop,, is the active mode seasonal coefficient of performance, see 8.4.
Hours for Hyp, Hgp, Heg, Hopp provided in Annex C or any other hours may be used.
8.4 | Calculation of SCOP,,, and SCOP,, .,
The $COP,,, and SCOP,,,, are determined according to Formula (15) and Férmula (16), respeftively.
For ynits with real or assumed electrical supplementary heater:
n
| AL
§Cop,, = (15)
n | B(T;)-elbu(T;)
Z ) hj +eru(Tj)
= COP,;, (T;)
n
, 2 ity [P (T )-etbu(T; )
§COP,,, = (16)
5 { 1) elbu(T,)]
=1 J
J CoP,,, (T))
where
T; is the bin temperature;
Ji is the bin(number;
1 is thetotal number of bins;
P (T. ) iSithe heating load of the building for the corresponding temperature T, expressed
h\%J in kW;
b is the number of bin hours occurring at the corresponding temperature T;

elbu(Tj)

COP,

isthe €OP vatue of the umit for the correspormding temperature 75
bin \ " j J

temperature Tj, expressed in kW.

Tjand h; given in Annex C may be used for the purpose of the calculation.

is the required capacity of an electric supplementary heater for the corresponding

The heating demand B, (T].) can be determined by multiplying the design heating load value (Pyes;g,p)

with the part load ratio for each corresponding bin. This part load ratio pI(Tj) is calculated according

to Formula (17):

pI(Tj ):(TJ _16)/(Tdesignh _16)
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is the bin number;

is the bin temperature;

Tesignn 1s the design temperature for heating.

The COPbm Values and capacity Values at each bin are determlned via 1nterpolat10n of the COPbm and

The COP,;,
values and d

itles are done between W1th the two closest part load condltlons (as mentloned in the t
of 6,7 and §)).

alues and capacity values for part load conditions above D are extrapolated from the (]
apacity values at part load conditions C and D.

If the capacity of the unit is lower than the value of P, ( ) correction needs to he'made for the mi

capacity wit

Below TOL (|
below TOL
supplement

8.5 Calcu
to G

8.5.1 Gen

In part load

if the dg
corresp,

if the dg
off. Thi
factor((
accordi

CR is the raf
conditions,

CR=pl(

h an electric supplementary heater with a COP of 1.

is 0 kW and correction needs to be made for the missing capacity with an elg
hry heater with a COP of 1.

lation procedure for determination of COP,g;, values at part load condition

eral
conditions A to G, where applicable, there are two possibilities:

clared capacity of a unit is matching with or lower than the required heating demang
pnding COP, value of the unitis to be used;

clared capacity of a unitis-higher than the required heating load, the unit has to cycl
b may occur with fixed ‘eapacity or staged or variable units. In such cases, a degrad
d) has to be used tocalculate the corresponding COP,,, value. The calculation has to be

g to Formula (19).

io of the heating load over the declared capacity (Pdh) of the unit at the same temper;
falculated-according to Formula (18):

%

R designh

i

pperation limit) the unit is not running. The capacity of the uhitat outside air temperat

P, bin
hbles

OP bin

5sing

ures
ctric

b

1, the

e on/
htion
done

iture

(18)

Pdh

where

Pjesignn 1s the design heating load of the building the unit is suitable for as declared by the manu-

pI(T)
Pdh

NOTE If

26

facturer, expressed in kW;

is the part load ratio as given in Formula (17);

is the declared capacity of the unit at the same temperature conditions as for part load

conditions A to G where applicable.

the value of CR is greater than 1, CR is equal to 1.
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8.5.2 Calculation procedure for fixed capacity units

In part load conditions A to G, where applicable, the COP,,, is calculated according to Formula (19):

whe

For

coef

CR

COP,. =COP,x
bin 47 CdxCR+(1-Cd)

re

(19)

COP; is the COP corresponding to the declared capacity (Pdh) of the unit at the same temperature

conditions as for part load conditions A to G, where applicable;

¢d isthe degradation coefficient;
CR  isthe capacity ratio.

ﬂletermination of the Cd value, see 7.6. If Cd is not determined by test, ‘the default
icient Cd shall be 0,9.

8.5.3 Calculation procedure for staged and variable capacity units

Detefmine the declared capacity and COP, at the closest step or iicrément of the capacity c

unit

If th

fo reach the required heating load.

areduired heating load of 9 kW), it is assumed that:

Ifth
and

e used as COPy;,,.

For temperatures below T;, the target, capacity is not achieved. The measured ¢
¢orresponding COP shall be considered as declared capacity and COP,,.

is step does not allow to reach thé sequired heating part load within £10 %, determine
the effective power input at the.defined part load temperatures for the steps on eithe

requjred heating load. The partiead power input at the required heating part load is then

by li

near interpolation between-the results obtained from these two steps. The COP, is then

by tHe required heating partload divided by the partload power input.

If th

¢ smallest control-step of the unit is more than 10 % higher than the required heating lo

at the required partload ratio is calculated using Formula (19) as for fixed capacity units.

9

9.1

L

[est results and test report

Data

degradation

bntrol of the

i's step allows to reach the required heating load within10 % (e.g. between 9,9 kW and 8,1 kW for

For temperatures above or equal to T}, the target capacity is achieved and the measured COP can

apacity and

the capacity
r side of the
determined
determined

ad, the COP,

The data that shall be recorded for each part load test are given in Table 9. The table identifies the
general information required but is not intended to limit the data to be obtained. These data shall be
the mean values taken over the data collection period, with the exception of time measurement.
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Table 9 — Data to be recorded

Measured quantity of result Unit Water enthalpy Water enthalpy
method - method - Ducted
Nonducted
Ambient conditions
Air temperature, dry bulb °C X
Atmospheric pressure kPa X X
Eledtrical quantities N
Voltpge \Y b'¢ X (\(*
Totgl current A X X n.‘],"
Totgl power input, Py w X x O
Effective power input, P w X ny):’.)
4

Thermodynamic quantities \c,)v
a) Water or brine B b\

inlet temperature °C X (\% X

dutlet temperature °C X, Q v X

volume flow m3/s k‘&\\ X

N

gressure difference kPa D x X

b) Ajir source heat exchanger ‘\\\‘
Ai . @“‘
iplet temperature, dry bulb iC(\* X X
inlet temperature, wet bulb \li(\f'v X X
Fof duct connection AN

external/internal static pressure - ’\J Pa X

difference )\

volume flow rate, q QV m3/s X
c) Compressor ~

rptational speed o e type min-1 X X

gower input of/q@; W X X
d) Dlefrost ,\VS-

defrost peried S X X

d pem&fg cycle with defrost min X X
Data ggll\ection period min X X
Heating capacities w X X

9.2 Testreport

The test report shall at least contain the following elements:
a) date;

b) testinstitute;

c) testlocation;

d) test method;
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e) testsupervisor;
f) testobject designation:
1) type;
2) serial number;
3) name of the manufacturer;

g) type of refrigerant;

h L e b
) Ildbb UI'TCITNIgCI 411,

i)

roperties of fluids.

10 Marking

Each|heat pump shall have a durable, permanently fixed marking that is easily readable w
is in [position for use, bearing at least the information required by safety-Standards. If the
cons|sts of several parts, the information shall be marked on each.of these parts toget}
modg¢l designation of the complementary parts.

hen the unit
e heat pump
rer with the
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Annex A
(normative)

Heating capacity test procedures given in 7.3

A.1 General

The test proj

regime due

The procedt

The test prg
explained in

1

ire is applicable to both the air enthalpy and the calorimeter room methods.

>

30

cedure shall identify whether the unit will operate in steady state conditions or in tyahfsient
Fo defrost cycles that can occur depending on the operating conditions.

cedure is described by the flowchart in Figure A.1. The different steps of the procedurg are
the following subclauses. The steps of the flowchart shall immediately follow each other.

v
X
4 5
v
3
v
X
4 5 7
v
X
4 6
v v
8B 8A

Figure A.1 — Flowchart of steps procedure
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A.2 Step 1: Preconditioning

The test room reconditioning apparatus and the heat pump water heater under test shall start and
operate until the test tolerances specified in Table 2 are attained for at least 10 min.

It is recommended that the preconditioning ends with an automatic or manually induced defrost cycle
when testing at any part load conditions for outdoor air stated in Table 6, Table 7 and Table 8.

For heat pump water heater units having defrost cycles at part load condition, the water flow rate shall
be set at the corresponding time averaged inlet/outlet water temperatures measured on a 5 min period
starting 20 min after the end of a defrost cycle, manually or automatically induced.

A.3 | Step 2: Forced defrost cycle

It is [recommended to terminate Step 1 with a manually or automatically indii¢ed defrgst cycle, so
that the procedure can continue with no or very small influence on the unit efithe way the operating
condjitions were achieved.

Step|2 checks whether the recommendation has been followed or notte’decide the next step of the
flow¢hart.

A.4 | Step 3: Equilibrium period

During an equilibrium period of 1 h, the heat pump water heater shall operate, while meefing the test
tolerpnces specified in Table 2, except if a defrost oceurs during this period in which dase the test
tolerpnces specified in Table 3 apply.

NOTH If a defrost occurs before the end of Step-3{it is not necessary to wait for the complete dyration of this
step.[The test can continue directly with the next step of the flowchart.
A.5 | Step 4: Defrost cycle

It is ¢hecked whether the unit operated a defrost cycle during the previous step (Step 3 or Step 5).

A.6 | Step 5: Data collection

Datalshall be sampled ‘at’equal intervals that span every 30 s or less, except during defrgst cycles as
specified below, forayduration of 70 min.

Duriphg defrost gycles, plus the first 10 min following defrost termination, data used in eviluating the
integrated heating capacity and the integrated power input of the heat pump water hegter shall be
sampled mere frequently, at equal intervals that span every 10 s or less.

Whep using the indoor air enthalpy method, these more frequently sampled data include the change in
indoor-side dry bulb temperature. When using the calorimeter method, these more frequently sampled
data include all measurements required to determine the indoor-side capacity.

For heat pump water heaters that automatically switch off the indoor fan during a defrost, the
contribution of the net heating delivered and/or the change in indoor-side dry bulb temperature shall
be assigned the value of zero when the indoor fan is off, if using the indoor air enthalpy method. If using
the calorimeter test method, the integration of capacity shall continue while the indoor fan is off.

The difference between the leaving and entering temperatures of the heat transfer medium at the
indoor heat exchanger shall be measured during the data collection period (Step 5). For each interval of
5 min during the data collection period, an average temperature difference shall be calculated, AT, (t).
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The average temperature difference for the first 5 min of the data collection period, AT, (¢=0), shall be
saved for the purpose of calculating Formula (A.1):

AT, (r=0)-AT; ()

%AT = Al

AT, (7=0) (A1)

Figure A.2 illustrates the temperature decrease during Step 5 and the calculation of %AT.
10 mm
5 mm 5 mm 5 mm 5 mm
1
e
Figure A.2 — Data colléction

NOTE Ifla defrost occurs before the end of Step 5, it is not necessary to wait for the complete duration gf this

step. The tes{ can continue directly with the next step aoftthe flowchart.

A.7 Step 6: Variation of %AT

If the quantiity %AT does not exceed 255 % and the test tolerances specified in Table 2 are satilsfied
during the data collection period (Step’/5), the heating capacity test shall be designated a steady-state
test (Step 7).

If at any tinfe during Step 5, the-quantity %AT exceeds 2,5 %, the test shall directly continue with the
next step of|the flowchart.
A.8 Step|7: Steady state operation

The test is fonsidered to be steady state and shall be terminated after the data collection (St¢p 5)
during whidh the test tolerances specified in Table 2 were fulfilled.

Periodic fluctuations of measured quantities caused by the operation of regulation and control devices
are permissible on condition the mean value of such fluctuations does not exceed the permissible
deviations listed in Table 2.

Data from the 70 min of the data collection is used for calculating the heating capacity of the unit.

A.9 Step 8: Transient operation

The test is considered to be a transient test and defrost cycles can occur.
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A defrost cycle starts when the operation of the unit is modified to manage the defrost of the outdoor

heat

NOTE 1

exchanger.

Examples of modified operation which define the start of a defrost cycle:

the 4-way valve signal indicates a change of state;
the water temperature difference is smaller than 0,2 K;

one or several compressor(s) stop(s).

A defrost cycle ends when the operation of the unit comes back to initial state.

NOTH

Asn
colle

Inten
heati

Alld

toler]
then
sepa

A.1QStep 8b

In St

completes three complete cycles during the period, whichever occurs first, as no data collec

occu
shall

Only]
calcy
over

If at

completed before ending the data recording. A complete cycle consists of a heating period a

perid

For 1

2 Examples of modified operation which define the end of a defrost cycle.
he 4-way valve signal indicates a change of state;
he water temperature difference is larger than 0,2 K;

ne or several compressor(s) start(s).

bted in Table 3, the test tolerances are specified for two sub-interfzals. Interval H con
rted during each heating interval, with the exception of the firstd10 min after defrost t

val D consists of data collected during each defrost cycle plas the first 10 min of the
ng interval.

hta collected during each interval, H or D, shall be used'to evaluate compliance with thg
nces. Data from two or more H intervals or two@r more D intervals shall not be cg
used in evaluating Table 3 compliance. Compliange is based on evaluating data from €
Fately.

ep 8b, the data shall be recordeduntil 3 h have elapsed or until the heat pump v

I'red after the latest equilibeium period (Step 3). In Step 8a, the test tolerances specifig
be achieved during the total duration.

the data from the completed cycles that occurred during the 3 h, are used for g
lation. If no complete cycle occurs during 3 h, the performance is calculated from the g
the 3 h.

hn elapsed ¢ime of 3 h, the heat pump water heater is conducting a defrost cycle, the ¢

d; from defrost termination to defrost termination.

sists of data
prmination.

subsequent

Table 3 test
mbined and
ach interval

yater heater
tion (Step 5)
bd in Table 3

erformance
jverage data

ycle shall be
nd a defrost

midtiple refrigerant circuit units, the data is recorded and calculated over a 3-hg

ur duration

whatever the state ot cycling or the diiferent reirigerant Clrcuits.
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Annex B
(normative)

Determination of the liquid pump efficiency

B.1 General

The method
the unit or i

B.2 Hydn

B.2.1 The

When the liq
defined as H

Prya=1
where
q ist
Ap,ist
B.2.2 The

When the li
in W is defiq

Pya=4

where

!

for calculating the efficiency of the liquid pump, whether the pump is an integral p4
ot, is based on the relationship between the efficiency of the pump and its hydraulic p

aulic power of the liquid pump

liquid pump is an integral part of the unit

juid pump is an integral part of the unit, the hydraulic power ofthe pump, expressed in

ormula (B.1):
Ap,

e

e measured liquid volume flow rate, in cubicmeters per second;

e measured available external static préssure difference, expressed in pascal.

liquid pump is not an integralpart of the unit

quid pump is not an integralpart of the unit, the hydraulic power of the pump, expré

ed as Formula (B.2):
<_Api)

q ist

Ap;

1

is the measured internal static pressure difference, expressed in pascal.

e measured liquid volume flow rate, in cubic meters per second;

irt of
bwer.

Wis

(B.1)

ssed

(B.2)

B.3 Efficiency of integrated pumps

B.3.1 Glandless circulators

For glandless circulators (Figure B.1), the calculation of the global efficiency n is based on the energy
efficiency index (EEI) and using Formula (B.3):

0,35844xP, 4 Cyp

Tl:
1,7

34

~03Fyq | EEI
By +17x(1-e7" e |

(B.3)
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where

Key
X
Y

B.3

For

Py is the hydraulic power of the pump, expressed in W;
C,o isascaling factor equal to 0,49;

EEI is the energy efficiency index equal to 0,23.

Y
0,45
o O=—=0~0

04 —f S e 39

0,35 —f------mmmmmmmm A

03

0,25 —f === mmm e QY
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Figure B.1 — Dependence of the efficiency of the glandless circulators on the hydratnlic power
.2 Drymotor pumps
{ry<motor pumps, the global efficiency, 1, shall be calculated using either Formpila (B.4) or
Formula (B.5) with respect of the hydraulic power of the pump.

a)

b)

When the hydraulic power of the liquid pump, calculated according to (B.1), is lower than or equal
to 500 W, the efficiency of the pump is determined using Formula (B.4):

0,318 3
n=0,0721P, " (B.4)

When the hydraulic power of the liquid pump, calculated according to (B.1), is greater than 500 W,
the global efficiency 1 of the pump is determined using Formula (B.5):

1=0,092Ln(P, ; }-0,0403 (B.5)

where Py, ; is the measured hydraulic power of the pump, expressed in W.
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For information, the graphs of the efficiency of the pump versus its hydraulic power are given in
Figure B.2.
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a) Efficiency of circulating pumps with a hydraulic powerlower than or equal to 500 W
(source: COSTIC)
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b) Efficiency of circulating pumps with a hydraulic power greater than 500 W
(extrapolation of COSTIC curve above 1 kW)

Key
X hydraulif power P4 (W)

Y efficiencyt9%)

Figure B.2 — Efficiency of the pump versus its hydraulic power graphs

B.4 Efficiency of non-integrated pumps

When the liquid pump is not an integral part of the unit, the calculation of the global efficiency to be
taken into account in the pump correction is as follows.

a) When the hydraulic power calculated according to B.2 is lower than or equal to 300 W, the efficiency
of the pump is determined using Formula (B.3).

36 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1bf44e73aee0f16fbe4e49ba3bd443cd

IS0 21978:2021(E)

b) When the hydraulic power calculated according to B.2 is greater than 300 W but lower than or
equal to 500 W, the efficiency of the pump is determined using Formula (B.4).

c) When the hydraulic power calculated according to B.2 is greater than 500 W, the efficiency of the
pump is determined using Formula (B.5).
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