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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 preeeds e s e s rer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this documient may inv
of (a] patent(s). ISO takes no position concerning the evidence, validity or applicability of
patent rights in respect thereof. As of the date of publication of this document, ISO had 1

notide of (a) patent(s) which may be required to implement this docunient. However, imple

blve the use
any claimed
hot received
menters are

cauti
datal
such

Any
cons

For
expr
the
WWV

oned that this may not represent the latest information, whichimay be obtained frorx
base available at www.iso.org/patents. ISO shall not be held’responsible for identifyij
patent rights.

[rade name used in this document is information given:for the convenience of users 4
[itute an endorsement.

in explanation of the voluntary nature of standards, the meaning of ISO specifig
bssions related to conformity assessment;-as well as information about ISO's a
World Trade Organization (WTO) principles in the Technical Barriers to Trade
.iso.org/iso/foreword.html.

This

document was prepared by Technical Committee ISO/TC 86, Refrigeration and air-

n the patent
g any or all

nd does not

terms and
lherence to
(TBT), see

ronditioning,

Subcpmmittee SC 6, Testing and rating of air-conditioners and heat pumps.

This
revis

second edition cancels andeplaces the first edition (ISO 21978:2021), which has been technically
ed.

The main changes are ag.follows:

values of uncertainties have been corrected;

descriptivesterms or names have been revised following ISO/IEC Directives;

¢rrors intAnnex A have been corrected;

tlypos have been corrected.

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

Air to water

heat pumps 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 bette
the seasonal

r assessed by comparing equipment at representative reduced capacities and determining
coefficient of performance.

This document provides part load conditions and calculation methods for calculating the seasonal

coefficient o
demands.

f performance (Scopon and Scopped) Of such units when they are used to fulfil the heating

Other energy consumptions can occur when the unit is not used to fulfil the heating demands®ufh as
those from a crankcase heater or when the unit is on standby. These consumptions are considergd in

the calculat

Reference S,

on methods for reference Sqqp.

op/Scop.on/Scopnet Calculations may be based on calculated or tested values)Foer the purpose

of Scop/Scoplon/Scopner three design conditions average (A), colder (C) and warmer W) are considgred,

as well as th

testing air tp water heat pumps at part load conditions.

ree temperature applications. In case of tested values, this documentgives the methods for

Vi
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Air to water heat pumps — Testing and rating at part
load conditions and calculation of seasonal coefficient of
performance for space heating

1 Scope

This
of ai
supp|

parts with refrigerant or water connections, this document applies only to thosedesigned ¢

as a

The 1

regimne of the space heating distribution network.

This

2 Normative references

Ther]

3
Fort
[SO 4
— 1
— 1
31

document specifies test conditions for determining the seasonal performance chg
I to water heat pumps for space heating with electrically driven compressors~with
[ementary heater. In the case of air to water heat pumps for space heating consistin

fomplete package.

easonal coefficient of performance depends, inter alia, on the climate-conditions and t

document specifies:

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

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

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

e are no normative references inthis document.

[erms and definitions
he purposes of this-decument, the following terms and definitions apply.
nd IEC maintain términology databases for use in standardization at the following adgd

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

EC Electropedia: available at https://www.electropedia.org/

iracteristics

or without
g of several
nd supplied

emperature

hrepresents

e text.

ed with the

Iresses:

o 1= i
35 °Capptication

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

3.2

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

3.3

55 °C application
temperature application where an indoor heat exchanger water(brine) outlet temperature of 55 °C is
met at design temperature

©ISO
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active mode
mode corresponding to the hours with a heating load of the building and whereby the heating function
of the unit is activated

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

3.5

active mode seasonal coefficient of performance

SCOP,on

average coe f}c{ent Cf pav{:nrmf\nnn nF f“\o llnﬂ- ln n/‘f'nrn mnr’n {ﬂ\ an i-]r\n r‘nolgnﬂi‘ar] r]acﬂgn Cend tlon'
determined|from the part load, supplementary heating capacity (where required) and bin‘specific
coefficients of performance (3.12) and weighted by the bin hours (3.11) where the bin conditiofnoccprs
Note 1 to entry: For calculation of S¢op ,,,, the energy consumption during thermostat-off mode(3:47), stqndby
mode (3.44),|off mode (3.36) and crankcase heater mode (3.22) are excluded. The energy(¢onsumption of a
supplementaly heater is added for the partload conditions where the declared capacity ofthe unit is lowei than
the heating lgad, regardless whether this supplementary heater is included in the unit ornotincluded in the unit.
Note 2 to entfy: Expressed in kWh/kWh.

3.6

air to water heat pump

heat pump [which consists of one or more factory-made assemblies which includes at space| side
refrigerant fo water heat exchanger (load side), electrically driven'compressor(s), and outdoor-sidg air-
to refrigerant heat exchanger(s) (source side), including means, to provide space heating and/or §pace
cooling fundtions.

Note 1 to entfy: It can include supplementary heater for spacé’heating.

Note 2 to entfy: This is also referred to as heat pump inthis document.

3.7

annual energy consumption for heating

QHE - . . . .
energy conjumption required to meet\the reference annual heating demand for a designated design
condition ahd set of bin hours and cdlculated as the reference annual heating demand dividgd by
the active mode seasonal coefficient of performance (3.5) and the energy consumption of the unjt for
thermostat-pff-, standby-, off- dad crankcase heater-mode during the heating season

Note 1 to entfy: Expressed in KWh.

3.8

annual heating demand

Qu

heating demand for a designated design condition and set of bin hours, to be used as basis for calculption
of seasonal cedfficient-of performance{343}and-—calenlated-asthe productof-thedesigntoad{3-26) for
heating and the equivalent active mode hours for heating (3.32)

Note 1 to entry: Expressed in kWh.

39

available external static pressure difference

Ap,

positive pressure difference measured between the air (or water) outlet section and the air (or water)
inlet section of the unit, which is available for overcoming the pressure drop of any additional ducted
air (or water) circuit

3.10
bin

outdoor temperature interval of 1 K

2
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bin hours

h.
hjour

3.12

s per heating season for which an outdoor temperature occurs for each bin (3.10) j

bin-specific coefficient of performance

Cpp,(T)j)
coefficient of performance specific for every bin (3.10) j with outdoor temperature 7;in a heating season

3.13
bin t
T;

outd
Note
Note

3.14
biva

Tbiv
lowe
the h

Note
neceg

3.15

capacity control

abilit

Note

£
lllPCl dlUur T

por air dry bulb temperature
1 to entry: Expressed in °C.

P to entry: The relative humidity can be indicated by a corresponding wet bulb,temperature.

lent temperature

5t outdoor temperature point at which the unit is declared tohave a capacity able to m
eating load without supplementary heater, whether it isdntegrated in the unit or not

1 to entry: Below this point, the unit can still provide ¢apacity, but additional supplementg
sary to fulfil the heating load.

y of the unit to change its capacity by changing the volumetric flow rate of the refrige

1 to entry: Units are indicated as ‘fixedif the unit cannot change its volumetric flow rate, '

cet 100 % of

ry heating is

ant
two-staged' if

is changed or

nt.

the vplumetric flow rate is changed or varied’in series of not more than two steps, 'multi-stage’ if the volumetric
flow rate is changed or varied in series ofthree or four steps or ‘variable’ if the volumetric flow rate

varief in series of five or more stepstto represent continuously variable capacity.

Note |2 to entry: Multi-stage capacity units are considered as variable capacity units in this docume

3.16

capdcity ratio

CR

heating part load~er full load divided by the declared heating capacity of the unit :

temy

3.17
coef

erature cenditions

ficient of performance at the declared capacity

Cpq

it the same

declared heating capacity of the unit divided by the effective power input of the unit at specific
temperature conditions, A, B, C, D, E, F and G, where applicable

Note

©ISO

1 to entry: Expressed in KW/kW.
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3.18

coefficient of performance at part load

Crp

coefficient of performance at the declared capacity (3.17), corrected with the degradation coefficient,
where applicable

Note 1 to entry: When the declared capacity of the unit is higher than the heating load, the coefficient of
performance- includes degradation losses. When the declared capacity of the unit is lower than the heating load
(i.e. below the bivalent temperature (3.14) condition), the coefficient of performance of the declared capacity is
used.

Note 2 to entry: Expressed in KW/kW.

3.19
compressor-off state
condition where the compressor is not running while the unit is operating in active mode{3:4)

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

3.20
crankcase heater mode operating hours
HCK . . . . -

annual number of hours the unit is considered to be in crankcase heater mode, the value of which
depends on the designated design condition and set of bin hours

Note 1 to enty: Three examples of crankcase heater mode hours are given'in Annex C.
Note 2 to enty: Expressed in h.

3.21
crankcase heater mode power input

Pcg
power input of the unit due to crankcase heater gperation mode

Note 1 to entfy: Expressed in W.

3.22
crankcase heater mode
condition where the unit has activated a heating device to avoid the refrigerant migrating t¢ the
compressor|in order to limit the refrigerant concentration in oil at compressor start

3.23
declared cdpacity in heating
Pan
heating capacity a unit can provide at any temperature condition A, B, C, D, E, F or G, as declared by the
manufacturger

Note 1 to entyy:.This is the capacity provided by the refrigerant cycle of the unit without supplementary hepters,
even if those are integrated in the unit.

3.24

degradation coefficient

Ca

measure of efficiency loss due to the cycling

Note 1 to entry: If the Cd is not determined by measurement, the default degradation coefficient is 0,9.

4 © IS0 2023 - All rights reserved
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design condition
condition characterized by a design temperature condition and that is to be associated with a set of bin

hour
Note

3.26

S

1 to entry: Three design conditions are defined in this document.

design load

Pain

space heating load declared by the manufacturer at design temperature (3.27)

Note
Note

3.27

design temperature

Ty
lowe

3.28
effeq

Peote
total

detel

Note

3.29
effe

PCon
total

degr
Note

3.30
elect
real

calcy

3.31
elect
(pesh,
heati

P to entry: Expressed in kW.

5t outdoor air temperature considered for each design condition

tive power input during compressor-off state

power input of the unit when the compressor is switched off in active mode (3.4),

1 to entry: Expressed in kW.

tive power input with declared capacity

power input when the unit is opérating at part load condition, used for the determir
idation coefficient (3.24) including corrections for fans and pumps where applicable.

1 to entry: Expressed in kKW

ric supplementary-heater
pr assumed electri¢'supplementary heater, with a coefficient of performance of 1, consi
lation of S¢p(343) and S¢pp ,, (3.5)

ric supplémentary heater capacity
(T.)
ng-capacity of a real or assumed electric supplementary heater supplementing t

1 to entry: It is possible to calculate the S¢op/Scopon/Scopnet Of @ unit for more than one @ value.

hised for the

‘mination of the degradation coefficient (3.24) including corrections for fans and p@imps where
applicable.

ation of the

dered in the

he declared

capa
temp

Note

3.32

city for heating—whern the capacity of the unit s towertham the heattoad—for—=

erature (3.13) T;

1 to entry: Expressed in kW.

equivalent active mode hours for heating

HHE

specific bin

assumed annual number of hours while the unit is assumed to operate at the design load for heating

(@ain

Note

©ISO

) in order to satisfy the reference annual heating demand

1 to entry: Expressed in h.
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fixed outlet
water(brine) outlet temperature that is used when the control of the unit has no means to automatically
vary the water(brine) outlet temperature with the outdoor temperature

3.34

internal static pressure difference

Ap;

negative pressure difference measured between the air (or water) outlet section and the air (or water)
inlet section of the unit, which corresponds to the total pressure drop of all components on the air (or
water) side of the unit”

3.35

net seasona

SCOP,net
seasonal eff]

from selectd

Note 1 to ent
the energy c
crankcase he
load, the enej

Note 2 to ent

3.36

off mode
mode wheré
signal or by

Note 1 to enti
any function
mode conditi

3.37
off mode ofj

Hopp

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

3.38

1 coefficient of performance

ciency of a unit in active heating mode without supplementary heaters which is'detern|
d conditions

[y: For calculation of S¢op o, the energy consumption during active mode (3.4) is used. This exq
nsumption during thermostat-off mode (3.47), standby mode (3.44), off4node (3.36) or that
ater. For the part load conditions where the declared capacity of the unit is lower than the he

gy consumption of a supplementary heater is not included.

Fy: Expressed in kWh/kWh.

in the unit is completely switched off and cannotbe reactivated by control device, 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 providing only 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 (3.36), the value of which depen
ed design condition and set of bin hours

y: Three examplés-of off mode operating hours are given in Annex C.

Fy: Expressediiirh.

off mode pgwer input

Pogr )
power input

lined

ludes
f the
ating

brnal

iding
of off
.

s on

ffAho unitwhiloin affmado (2 24
+—eRe-tewWiHeH-6

' Al
HREEE =67

T

Note 1 to entry: Expressed in W.

3.39
operation 1

TOL

imit temperature

outdoor temperature below which the declared capacity is equal to zero

Note 1 to entry: Expressed in °C.

© IS0 2023 - All rights reserved
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load for heating

Py, (T)j)
heating load at a specific bin temperature (3.13) T}, calculated as the design load multiplied by the part
load ratio

Note

3.41
part

14

1 to entry: Expressed in kW.

load ratio

bin t

Note

3.42
reac
funct

including remote control, internal sensor, timer to a condition providing ddditional functio1

the n

3.43
seas
Scop
over
seto

Note
for hg

Note

3.44
stan
mod
remd

Note
only {
funct

3.45
stan
Hgp

annu
on th

o Jd:..: 1. L | 1L 00
w U AV

£ [2 101 3 14 Lt 3 rs rs 3
TITPCTUTUr T (O Lo HIIITuS 1O TVIOCU Oy CIC e STEIT CCHTpCT atuT CITTa S 1O

1 toentry: (T; —16) /(T4 —16)

tivation function
ion facilitating the activation of other modes, including active mode ,(3.4), by re

hain function, but excluding thermostats

pnal coefficient of performance

i1l coefficient of performance of the unit, representative for the designated design cq
f bin hours

1 to entry: Scop is calculated as the annual heating,demand (3.8) divided by the annual energ)
ating (3.7).

P 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 signalor a timer

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

he following functions; which may persist for an indefinite time: reactivation function (3.42), o
ion and only an indic¢ation of enabled reactivation function, and/or information or status displ

dby mode operating hours

al number of hours the unit is considered to be in standby mode (3.44), the value of wh
e désignated design condition and set of bin hours

note switch
1s, including

ndition and

consumption

e (such as a

and provides
[ reactivation

ay.

ich depends

Note
Note

3.46

h] 1 c 1 1 . .
1 LOTIITY. Tlll CCEXAIIPITS O 5UdIIUDY TTOUTS dI'€ gIVEIT T Auucx C

2 to entry: Expressed in h.

standby mode power input

Pgp

power input of the unit due to standby mode (3.44) operation

Note

©ISO

1 to entry: Expressed in W.
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3.47
thermostat-off mode

mode corresponding to the hours with no heating demand of the building, whereby the heating function
of the unit is switched on, but is not operational, as there is no heating demand

Note 1 to entry: Cycling on/off in active mode (3.4) is not considered as thermostat-off.

3.48
thermostat-off mode operating hours
Hrg

annual number of hours the unit is considered to be in thermostat-off mode (3.47), the value of which

Lad 3 rad d 3 P2 FV | £ ol o 1
depends on g TCSTETTatC U O STEIT COTIUTCIUTT aTrtr ST T OT UTIT ITouT S

Note 1 to entfy: Three examples of thermostat-off mode operating hours are given in Annex C.

Note 2 to enty: Expressed in h.

3.49
thermostat-off mode power input

Prg
power input of the unit due to thermostat-off mode (3.47) operation

Note 1 to entfy: Expressed in W.

3.50
variable outlet

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

vary the wager(brine) outlet temperature with the outdoor témperature

4 Symbols
Symbd|l Definition Units
Cq Degradation coefficient —
Cp Coefficient of performance kW/kw
Cp Specific heat KJ/(kg-K)
Cpy, Coefficient of performance at part load kW/kW
Cpy, (T Bin-specific coefficient of performance kW/kwW
Cpq Coefficient-of performance at the declared capacity kW/kwW
Cr Capacity ratio kW/kW
Eg; Epergy efficiency index of liquid pump —
Hek €rankcase heater mode operating hours h
Hyg Equivalent active mode hours for heating h
Hygp Qff mode operating hours h
Hgp Standby mode operating hours h
Hqpg Thermostat-off mode operating hours h
h; Bin hours h
j Bin number —
n Total number of bin —
Pasy Annual power input with supplementary heat kW
Pcx Crankcase heater mode power input W
Peoss Effective power input during compressor-off state kW
Pcon Effective power input with declared capacity kw
Porpp Off mode power input w
8 © IS0 2023 - All rights reserved
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Symbol Definition Units

Pgp Standby mode power input w
Prg Thermostat-off mode power input w

D Part load ratio —

Py1j Part load ratio for bin temperature T; —

Qq Annual heating demand kWh
Que Annual energy consumption for heating kWh
Scop Seasonal coefficient of performance kW/kwW
P — Net seasonal coefficient of performance KW/KW

Scop,on Active mode seasonal coefficient of performance kW/KW

Tyiv Bivalent temperature €

Ty Design temperature conditions for heating $C

T; Bin temperature (outdoor temperature) °C
ToL Operation limit temperature °C
Upax Maximum uncertainty %

Pesn, (1) Electric supplementary heater capacity kw

Pan Declared capacity in heating kW

D Design load heating kw
@ (T)) Partload for heating kW
5 Installation requirements

5.1
The

Test apparatus and uncertainties oftneasurement

est apparatus shall be designed in siich a way that all requirements for adjustment g

f set values,

stability criteria and uncertainties of measurement according to this document can be fulfillled.

Watsd
ensu

The 1
unce

Duct]
influ

If, in
for a

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

re that the measured resultsiare not significantly influenced.

esponse time of the teniperature sensor and the sampling interval shall be chosen to 1

Irtainties in Table 1«

ed air systemseshall be sufficiently airtight to ensure that the measured results are not
enced by exehianige of air with the surroundings.

the instructions, the manufacturer indicates a value for the temperature set on the co

given-part load conditions, this value shall be used.

bd gas as to

naintain the

bignificantly

ntrol device

Temperature and pressure measuring points shall be arranged in order to obtain mean significant

values.

For free air intake temperature measurements, it is required either:

— to have at least one sensor per square metre, with not less than four measuring points and by
restricting to 20 the number of sensors equally distributed on the free air surface; or

— to use a sampling device that shall be completed by four sensors for checking uniformity if the
surface area is greater than 1 m2.

Air temperature sensors shall be placed at a maximum distance of 0,25 m from the free air surface.

For water and brine, the density and specific heat in Formulae (2), (3) and (4) shall be determined in the

temperature conditions measured near the volume flow measuring device.
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inties of measurement shall not exceed the values specified in Table 1.

Table 1 — Uncertainties of measurement

Additionally
uncertainty
calculated a
of measurer

umax =

5.2 Testli

The size of
outlet orific
short circuif
not exceed 1

Unless othe

Measured quantity Unit Uncertainty
Liquid
Temperature °C 0,15K
Temperature difference K 0,15K
Volume flow 1/min 1%
Static pressure difference kPa LiPa (<20 kPa)

5% (>20 kPa)

Concentration (for brine) % 2%
Air
Dry bulb temperature °C 0,2K
Wet bulb temperature °C 04K
Volume flow m3/h 5%
Static pressure difference Pa i 1;? ((ﬁgi 1188 52))
Electrical quantities
Electric power w 1%
Electrical energy kWh 1%
Voltage \Y 0,5%
Current A 0,5%

, the heating capacity measured on the liquid side shall be determined within a maxi
of 5 % at standard rating conditions‘for the determination of the water flowratsg

hents including the uncertainties-or the properties of the fluid.

|

‘oom for the airside

2+i

p

Lhe test room<shall be selected to avoid any resistance to 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 velocity of air flow at these two locations
,5 m/sswihien the test object is switched off.

rwise stated by the manufacturer, the air inlet and air outlet orifices shall not be less

mum
and

ccording to Formula (1) at partload conditions, independently of the individual uncertainties

M

d air
> any
shall

than

£ £l o 4 i
C ouUIriracttts UL LIIT tCTOU 1T UUILL.

1 m from th

Any direct heat radiation (e.g. solar radiation) onto heating units in the test room onto the heat pump or
onto the temperature measuring points shall be avoided.

5.3

Installation and connection of the heat pump

The heat pump shall be installed and connected for the test as recommended by the manufacturer in
the installation and operation manual. If a supplementry heater is provided (as an option or not), it shall

be switched

10

off or disconnected to be excluded from the testing.
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Installation of heat pumps consisting of several parts

In the case of heat pumps consisting of several refrigeration parts (split heat pumps), the following
installation conditions shall be met for the tests:

a) each refrigerant line shall be installed in accordance with the manufacturer's instructions; the

1

ength of each line shall be between 5 m and 7,5 m;

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

A

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

d):t

5.5
requ

Tem
The

For 4

N

6

6.1

Set 1
valve

If sey

tests|

6.2

The

man;
oper
the p

For {
for 4
instr
with

!

nless constrained by the design, at least half of the interconnecting lines shall be gx
utdoor conditions with the rest of the lines exposed to the indoor conditions.

Environment conditions for indoor unit installation and electricalipower
lirements

erature conditions of parts of the unit located in the indoor side shall be between 15
ry bulb temperature shall be measured.

11 units, electrical power voltage and frequency shall be given By the manufacturer.

betting and part load test conditions

General

oints for internal control equipment of the unit, i.e. thermostats, pressure switchg
s, shall be set to the values as stated in the\installation and operating instructions.

beral set points or a range are stated, the manufacturer shall indicate the one 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 requiredicapacity conditions upon request. The unit shall operate continu
art load test. The‘only discontinuity allowed is the defrost cycle of a unit.

bosed to the

supply

°C to 30 °C.

S or mixing

used for the

hcturer. The
the unit for
busly during

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

ach parf load condition. The manufacturer shall provide in the documentation
uctions;on how to obtain the necessary data to set the required frequencies. To set
staged or variable capacity control, skilled personnel with knowledge of control softy

information
Lp a system
vare may be

requ

red. The manufacturer or his nominated agent may be present when the system is be

ng installed

and prepared for tests.

6.3

Setting the external static pressure difference for ducted units

The volume flow and the pressure difference shall be related to standard air and with dry heat
exchanger. If the air flow rate is given by the manufacturer with no atmospheric pressure, temperature
and humidity conditions, it shall be considered as given for standard air conditions.

The air flow rate as stated in the installation and operating instructions shall be converted into
standard air conditions. The air flow rate setting shall be made when the fan only is operating.

The rated air flow rate as stated in the installation and operating instructions shall be set and the
resulting external static pressure (ESP) measured.
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If ESP is lower than 30 Pa, the fan speed shall be adjusted to reach this minimum value. If no fan speed
is available, the air flow rate shall be decreased.

If the installation and operating instructions state that the maximum allowable duct length is for inlet
and outlet together less than 2 m, the unit shall be tested with the duct length and the ESP is considered
to be 0.

6.4 Setting of units with integral pumps

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

In case of liquid pump with several fixed speeds or with variable speed, the manufacturer shall pr(LVide
information|on the settings of the pump (speed or external static pressure to achieve).

6.5 Partload test conditions

For the part load tests, the appropriate test conditions shall be chosen from Tables 4 to 6 depending
on the selected design conditions and temperature applications. One or several design condition$ and
temperatur¢ applications can be applied.

Three design conditions average (A), colder (C) and warmer (W) are’ considered as well as three
temperaturg applications, 35 °C, 45 °C and 55 °C, as given in Table 2 and/Table 3, respectively.

Table 2 — Design conditions

Design Design conditions
temperature Average Warmer Colder
Ty (A) (W) ©
Dry bulb -10°C 2°C -22°C
Wet bulb -11°C 1°C —

Table 3 — Temperature applications

Temperature application

Water (brine) outlet

35°C 45 °C 55°C
temperature

For each temperature application, the heat pump can either operate with a fixed or a variable Water
outlet tempe¢rature.

For outdoorfair dry~bulb temperatures higher or equal to -10 °C the wet bulb temperature equalls the
dry bulb temperature -1 K. For dry bulb temperatures below -10 °C, the wet bulb temperature is not
defined.

If the declared Ty is lower than Ty, then the outdoor dry bulb temperature is equal to Ty for the part
load condition E in Table 4, Table 5 and Table 6.

The part load ratios shall be based on the part load ratio formulae and not on the rounded values given
for each condition in Table 4 to 6.

12 © IS0 2023 - All rights reserved
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Table 4 — 35 °C application — Part load conditions for air-to-water(brine) units

Outdoor heat exchanger Indoor heat exchanger
Partload ratio
Condition in % Inletteﬂ:'g e&v;‘:;)rZUIb Fixed outlet | Variable outletd
OC oC
°C
Formula A|W]|C Outdoor air A/W/C A w C
A (E;d_—i?)/ 88 | n/a 61 ~7(-8) /35 | 3/34 | n/a | 2/30
B (+2-16)/ | 54 | 100 | 37 2(1) a/35 a/30 | a/35 | a/27
ta YY)
¢ (E;d_ﬁ?)/ 35 | 64 | 24 7(6) 2/35 a/277|2/31 | 2/25
D (+(17i:1166))/ 15 | 29 |11 12(11) a/35 224 ||a/26 | a/24
(To, - 16)/(T4 - 16) Tor, a/35 a/b [lasb | a/b
F (Tyiy —16) / (T4 - 16) Thiv 3/35 afe |[aje | ask
¢ (_(1753_-%8/ n/a|n/a |82 -15 /35 n/a || n/a | 2/32
d

bivalpnt temperature.
d
considered.

a  With the water flow rate as determined at the standard rating condition$wxoutdoor air +7 °C/+6 °C (dry bnlb/wet bulb),
watef (brine) +30 °C/+35 °C (inlet/outlet water temperature) for units with\a fixed water flow rate, and with p fixed delta T
of 5 § for units with a variable flow rate. If the resulting flow rate is below{the minimum flow rate, then this thinimum flow
rate is used with the outlet temperature.

b Variable outlet shall be calculated by interpolation from T, and the temperature which is closest to Tj,..

¢ Variable outlet shall be calculated by interpolation betweehthe upper and lower temperatures which arq closest to the

ff the variable outlet temperature is below the minimum of the operation range of the unit, the minimyum should be

© IS0 2023 - All rights reserved
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Table 5 — 45 °C application — Part load conditions for air-to-water(brine) units

Outdoor heat ex- Indoor heat exchanger
Part load ratio il ;hanger bulb Fixed
Condition in % nletdry (wet) bu 1xe Variable outletd
temperature outlet oC
°C °C
Formula A w C Outdoor air A/W/C A W C
A (E; ‘_12%/ 88 | n/a | 61 _7(-8) a/a5 | a/43 | nja | /38
d
(%) 168\ L
B e | 5% [ 100 [ 37 70 745 2/37 | 7745 |33
d
C (JE; ‘_12%/ 35 | 64 | 24 7(6) a5 | /33 | /39| aj30
d
D (+(17? ‘1166))/ 15 | 29 | 11 12(11) a5 | /2800 /31 | af26
-
(To, - 16)/(Ty -16) Toy, /45 afs a/b /P
F (T — 16)/(T4 - 16) Ty a/45 ajc ajc R /c
G ('(1T5 '_1166))/ n/a | nja | 82 15 249" | n/a | nja | a1
d

b Variable

¢ Variable
bivalent tempjerature.

considered.

a  With the vater flow rate as determined at the standard rating conditions: outdoor air +7 °C/+6 °C (dry bulb/wet bulb),
water (brine)[+40 °C/+45 °C (inlet/outlet water temperature) for units with a fixed‘water flow rate, and with a fixed dg¢lta T
of 5 K for unitp with a variable flow rate. If the resulting flow rate is below the miinhimum flow rate, then this minimun{ flow
rate is used wjith the outlet temperature.

utlet shall be calculated by interpolation from T, and thetémperature which is closest to T, .

utlet shall be calculated by interpolation between theaipper and lower temperatures which are closest fo the

d  If the varjiable outlet temperature is below the minimuniof the operation range of the unit, the minimum shoyld be

14
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Table 6 — 55 °C application — Part load conditions for air-to-water(brine) units

rate i
by

\
bival

C

Ogigﬁ:;g::t Indoor heat exchanger
Con- Part load ratio -
di- in % Inlet dry (wet) | Fixed out- Variable outletd
tion bulb temperature let oC
°C °C
Formula A w C Outdoor air A/W/C A w C
A (E;d‘_}g/ 88 | nja | 61 _7(-8) a/s5 a/52 n/a a/44
(2 161/
B L(}d —16J)I 54 100 37 2(1) a/55 aj42 a/55 a/37
C (E;d‘_i?)/ 35 | 64 | 24 7(6) a/s5 a/36 d6 a/32
D ("67? ‘1166))/ 15 | 29 | 11 12(11) a/55 a/30 a/34 a/28
=
E (Toy, - 16)/(T4 -16) ToL /55 a/b a/b a/e
F (T — 16)/(T4 - 16) Toiv a/55 aje ajfe aje
G (_(1,1?1 :1166))/ n/a | n/a | 82 -15 a/55 n/a n/a a/49
a  With the water flow rate as determined at the standard rating conditiens: outdoor air +7 °C/+6 °C (dry blilb/wet bulb),
watef (brine) +47 °C/+55 °C (inlet/outlet water temperature) for units with a fixed water flow rate, and with p fixed delta T
of 8 K 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.
[ariable outlet shall be calculated by interpolation T; and the'‘temperature which is closest to T, .

[ariable outlet shall be calculated by interpolation between the upper and lower temperatures which are
ent temperature.

d

I
consiI:iered.

the variable outlet temperature is below the minimum of the operation range of the unit, the minim

closest to the

um should be

For

(txed capacity unit with a variahle,;outlet temperature and for variable capacity units

at part load

condjfitions where their minimum heating capacity is higher than the heating load, the inlet and /or outlet

wate
(T.

out
cond

The
Forn
devid

J|

CR €3

r temperatures for testing shall be recalculated in order to obtain an average outlet {
) equal to the variable\outlet temperature as specified in the Tables 4, 5 and 6
itions, as applicable.

inlet and outlet.\water temperatures, T, .o and T, s respectively are detern
ula (2) in an iterative process until a convergence of less than or equal to the value of

ition of the méan value T, . defined in Table 7 is reached.

T

out,av —._Nnytest + (Tout,test - Tin,test) x CR

Iéulation is described in 8.5.1.

emperature
of part load

nined using
permissible

(2)

7 Space heating test

7.1

Heating capacity test

The heating capacity of heat pumps shall be determined in accordance with the direct method at the
water or brine heat exchanger, by determination of the volume flow of the heat transfer medium, and
the inlet and outlet temperatures, taking into consideration the specific heating capacity and density of
the heat transfer medium.

©ISO
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For steady state operation, the heating capacity shall be determined using Formula (3):

Oy =qxpxc, xXAT

where

is

is

the heating capacity, expressed in watts;

the volume flow rate, expressed in cubic metres per second;

AT

NOTE 1

NOTE 2
7.2 Heati

7.2.1 Gen

The capacit
the unit or 1

7.2.2 Cappacity correction due to indoor liquid pump

7.2.2.1 Units with integrated liquid pump

If the liquid
shall be sub

7.2.2.2 Units with non-integrated liquid pump

If the liquid
be added to

7.2.2.3 (g

The mass flow rate can be determined directly instead of the term (g X p:

The enthalpy change AH can be directly measured instead of the itefn (Cp X AT) .

y shall include the correction due to the heatoutput of indoor liquid pump, integrated

h

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

the specific heat, measured at the flow meter location, at constant pressure;éexpress
ules per kilogram and kelvin;

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

ng capacity correction

eral

ot as follows.

pump is an integrated parit of the unit, the capacity correction as defined in 7.2.2.3 or 7.

(3)

tre;

ed in

into

2.2.4

fracted from the measured heating capacity.

pump is notan-integrated part of the unit, the capacity correction as defined in 7.2.2.5
the measured heating capacity.

pacity correction for integrated glandless circulators

shall

If the unitis

(gxAp,
where
n st

)

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

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

q

16

is the measured liquid flow rate, in cubic metres per second.
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7.2.2.4 Capacity correction for integrated dry motor pumps

If the unit is equipped with a dry-motor pump, the capacity correction is calculated using Formula (5):

(IE —n)} )
n

(g% Ap, )X[
where

n  isthe global efficiency of the pump calculated according to Annex B;

is the measured liquid flow rate, in cubic metres per second;

E is the motor efficiency in I[EC 60034-30-1.

7.2..5 Capacity correction for non-integrated liquid pumps

If th¢ measured hydraulic power according to Annex B is <300 W, the liquid pump is congidered as a
glandlless circulator. The capacity correction is calculated using Formula (6):

Jox-ap) 1 = ©

wherte

is the global efficiency of the pump calciilated according to Annex B;
p; isthe measured internal static pressure difference, in pascals;
is the measured liquid flow rate;in cubic metres per second.

If th¢ measured hydraulic power according to Annex B is >300 W, the liquid pump is congidered as a
dry-fnotor pump. The capacity correction is calculated using Formula (7):

(IEn—U)}

qu<—Ap,->J><[ 7

wherte

is the\global efficiency of the pump calculated according to Annex B;

p; , \isithe measured internal static pressure difference, in pascals;

is the measured liquid flow rate, in cubic metres per second;

IE is equal to 0,88 (the average of the motor efficiency for IE3 efficiency in IEC 60034-30-1)
7.2.3 Effective power input

7.2.3.1 General

The effective power input shall include the correction due to the power input of indoor liquid pump and
outdoor fan (if applicable), integrated or not in the unit as follows.
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7.2.3.2 Power input correction of fans for units without duct connection

In the 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 integral fan, 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 afanis 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 totabppwer
absorbed by the unit shall be calculated using Formula (8):

(qxApe))
n

8)
where

n i4 0,3 by convention;

Ap. i9the measured available external static pressure differencé,in pascals;

q id the nominal air flow rate, in cubic metres per second.

7.2.3.3.2 Power input correction for non-integrated fans

If no fan is grovided with the unit, the proportional power‘input which is to be included in the effective
power absotbed by the unit shall be calculated using the Formula (9):

X(—Ap;
n
where
n i§ 0,3 by convention;
Ap; idthe measured internal static pressure difference, in pascals;

—n

q g the nominalairflow rate, in cubic metres per second.

7.2.3.4 Pgwer input correction of liquid pumps

7.2.3.4.1 Power input correction for integrated liquid pumps

When the liquid pump is integrated into the unit, it shall be connected for operation. When the liquid
pump is delivered by the manufacturer apart from the unit, it shall be connected for operation according
to the manufacturer’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 shall be included in
the effective power absorbed by the unit. The fraction which is to be excluded from the total power
absorbed by the unit shall be calculated using Formula (10):

(axAp,)
n

(10
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where
n is the efficiency of the pump calculated according to Annex B;
Ap. isthe measured available external static pressure difference, in pascals;
q is the measured liquid flow rate, in cubic metres per second.

In case the liquid pump is not able to provide any external static pressure difference, this correction
does not apply but the correction shall be made according to 7.2.3.4.2.

7.2.34.Z" Power input correction for non-integrated liquid pumps

If nofliquid pump is provided with the unit, the proportional power input which is to.be inqluded in the
effecttive power absorbed by the unit shall be calculated using Formula (11):

X(—Ap;
n
wherte
] is the efficiency of the pump calculated according to Anhex B;

Ap; isthe measured internal static pressure differenge, in pascals;

q is the measured liquid flow rate, in cubic metres 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
datalcollection period. The duration ofthe data collection period differs depending on whether the heat
pump's operation is steady-state or transient. The heating capacity test procedure shall belas specified
in Anjnex A.

7.3.2 Permissible deviations

Deviptions from set.values shall not exceed values indicated in Table 7. Variations frgm specified
condiitions shall not'exceed values indicated in Table 8.

Table 7 — Permissible deviations from set values for steady-state operatiorl

Permissible deviation of the Permissible deviatigns of indi-
Measured quantity arithmetic mean values from vidual measured values from set
set values values
Liquid
inlet temperature +0,2 K +0,5K
outlet temperature +0,3K +0,6 K
volume (mass) flow? 1% +2,5%
static pressure difference — +10 %
a  For units with outdoor heat exchanger surfaces greater than 5 m2, the permissible deviation is double. When testing
single duct units, the arithmetic mean value of the difference between the dry bulb temperature of the indoor compartment
and of the air introduced from the outdoor compartment should have a maximum permissible deviation of 0,3 K. This
requirement also applies to the wet bulb temperature difference.
b This variation applies to the set temperature difference. If equal to 1 K, the temperature difference is thus allowed to
vary between 0,7 Kand 1,3 K.

©1S0 2023 - All rights reserved 19


https://standardsiso.com/api/?name=bf16e24b81811fc947a5cce80e00e731

IS0 21978:2023(E)

Table 7 (continued)

Measured quantity

Permissible deviation of the
arithmetic mean values from

Permissible deviations of indi-
vidual measured values from set

set values values

Air

inlet temperature (dry bulb)2 +0,3K

inlet temperature (wet bulb)?2 +0,4 K +

(dry bulb - wet bulb) +0,3K —

temperature differenceb

— volume flow 5% +10 %

— static pressure difference — +10 %
Refrigerant

— liquid temperature +1K

— saturatef liquid/bubble point +0,5K + 1K
temperaturg
Voltage *4 % +4 %

vary between|0,7 Kand 1,3 K.

a  For unitsfwith outdoor heat exchanger surfaces greater than 5 m?2, the permissible dewiation is double. When td
single duct unfits, the arithmetic mean value of the difference between the dry bulb temperature of the indoor compartment
and of the aif introduced from the outdoor compartment should have a maximum permissible deviation of 0,3 K
requirement glso applies to the wet bulb temperature difference.

b This varigtion applies to the set temperature difference. If equal to 1 K, the\temperature difference is thus allow

sting

This

ed to

Table 8 — Permissible deviations from set.yalues for transient operation

Variations of arithmetical mean

Variation of individual readings

values from specified test condi- from specified test conditions
Readings tions
Interval Interval Interval Interval

Ha Db Ha Db
Air (entering outdoor-side)
dry-bulb tempperature 2 #0,6 K +1,5K +1,0K +5,0K
wet-bulb ten|1perature a +0,4 K +1,0K +1,0K —
temperaturg difference (dry +0,6 K — — —
bulb-wet bulb)d
Liquid
inlet temperpture +0,2Kc¢ — +0,5K¢ b
outlet tempgrature +0,5K — — —

a  For units with outdoor heat exchanger surfaces greater than 5 m2, the allowed deviation is doubled.

vary between 0,4 Kand 1,6 K.

b The variation shatt motexceed - 5,0 Kand +Z,U Korthe arithmetic mean value measured during the previous inter

¢ Only applies to units tested with a fixed temperature difference between water inlet and outlet temperatures.

al H.

d  This variation applies to the set temperature difference. If equal to 1 K, The temperature difference is thus allowed to

7.3.3 Preconditioning period

The test room reconditioning apparatus and the heat pump under test shall be operated until the
permissible deviations specified in Table 7 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.

20
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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 4, Table 5 and Table 6.

7.3.4 Equilibrium period

A complete equilibrium period is 1 h in duration. Except as specified in transient test, the heat pump
shall operate while meeting the permissible deviations in Table 7.

7.3.5 Data collection period

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

An injtegrating electrical power (watt-hour) meter or measuring system shall be usedyfor mgasuring the
electrical energy supplied to the equipment. During defrost cycles 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 s.

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 tetal number of complete cycles that occurred gver the data
collertion period.

For ¢quipment where no complete-cycle occurs during the data collection period, the follJowing shall
apply. The average heating capacity shall be determined by using the integrated capagity and the
elapded time corresponding to.the total data collection period.

7.5 | Effective power‘input calculation

7.5.1 Steady statetest

An ayerage eléctric power input shall be determined from the integrated electrical power oyer the same
datalcollection 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. 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 C,

The degradation due to the pressure equalization effect when the unit restarts can be considered as
negligible.
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The only effect that impacts the Cp when cycling is the remaining power input when the compressor is
switching off.

The electrical power input during the compressor-off state of the unit is measured during 5 min after
the compressor has been switched off for 10 min after the end of the part load test for which the Cy4
degradation coefficient shall be determined. The compressor shall be switched off by lowering the
setpoint in heating mode.

NOTE
setpoint.

The change of the setpoint can be achieved by changing the heat curve or the indoor temperature

The degradation coefficient (C4) is determined for each partload ratio by Formula (12):

Cy=1- I;CLff (12)
Con
where
Pcoe 19 the effective power input during compressor-off state;
Pc,, i9the effective power input measured during the corresponding part load test.
In order to fneasure a power input that is consistent with the definitien of the effective power ipput,

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

is set to zerg.

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

If the degraglation coefficient C4 issnot measured, a default value of 0,9 shall be used.

pump or the fan is an integral part of the unit and inoperation during compressq
railable static pressure shall also be measured and the. total compressor-off power
1 from the power input of the liquid pump or fan to*provide this available static pres

er input during compressor-off state, the electrie power input during compressor off

pump or fan is not an integral part ofrthe 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 Cladse 7, 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.

r-off
nput
sure,

| in Clause 7. In case the correction obtains a larger value than the measured value for the

state

11 be
brnal
nput
an is
that

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

crankcase

7.7.1 Und

The maxim

crankcase heater modes shall be as follows:

heater modeand off mode

ertainties’of measurement

m’uncertainty of the measurement of the power input for off, thermostat-off, standby

r and

3 9% for

0,3Wupto10W,

powers greater than 10 W.

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 unit is not controlled by an indoor 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
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replacing it by a resistor. The simulated outdoor temperature shall be increased until the compressor
stops.

In order to measure a power input that is consistent with the definition of the effective power input, if
the liquid pump is an integral part of the unit and in operation during thermostat-off mode, the available
static pressure shall also be measured and the total thermostat-off power input be corrected from the
power input of the liquid pump to provide this available static pressure, as described in Clause 7. In
case the correction obtains a larger value than the measured value for the electric power input during

thermostat-off mode, the electric power input during thermostat-off mode is set to zero.

If the li

fro w o 3 : Ty 6 errral-static pressure
diffefence as described in Clause 7. To determine if the liquid pump is operating, the contro| signal shall
be masured. If no control signal is available, it shall be assumed that the liquid pump(is‘6pgrating.

7.7.3

Afte
Afteq
mod
and 1

In ca
to th

7.7.4
Afteq

Measurement of electric power input during standby mode

the unit has been running for 30 min in “D” test condition, stop the unit with the co
10 min, measure the residual energy consumption during the next-10.min and assume
e consumption. The standby mode power input is the ratio of the.measured energy d
he duration of test.

Se it is not possible to stop the unit by any control device,set the standby mode power
b thermostat-off mode power input.

Measurement of electric power input duringierankcase heater mode

the unit has been running for 30 min in “D” test condition, stop the unit with the co

htrol device.
the standby
onsumption

input equal

ntrol device.

The energy consumption of the unit shall be measured for 8 h starting 10 min after all gompressors
stop|The power input in crankcase heater maode is the ratio of the measured energy consymption and
the duration of the test.

Dedyct the standby power input from this measured power input to determine the crankcase heater
operfation power input.

7.7.§ Measurement of electric power input during off mode

Following the standby mode test, the unit shall be switched in off mode while remaining plpgged. After

10

in, measure the residual power input during the next 10 min and assume the average 3

this period to be the off mode power input.

In cake no off made switch is available on the unit (e.g. on the indoor unit(s) for split units),
power inputiis/supposed to be equal to the standby mode power input. In case it is neit

tos

thetunit in off mode nor in standby mode, assume the off mode power input to be

theroestat-off mode power input.

yalue during

the off mode
her possible
equal to the

8 Calculation methods for seasonal coefficient of performance (S.qp)

8.1

General formula for calculation of S.p

The S¢op is defined as the reference annual heating demand @y divided by the annual energy
consumption for heating Qy according to Formula (13):

Qu
Scop=—"— (13)
QuE
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where

Qn
QHE

:2023(E)

is the reference annual heating demand, expressed in kWh;

is the annual energy consumption for heating, expressed in kWh.

A set of bin hours for each design condition is provided in Annex C and may be used for Sqqp calculations.
Any other set of bin hours where available may be used.

Annexes D and E are provide examples of S.qp calculation for a fixed and a variable capacity unit,

respectively.
8.2 Calculation of the reference annual heating demand, Qy
The annual heating demand @ is expressed in kWh and is calculated according to Formula (14):

Qn =Pgjn X Hyg (14)
where

Diin is the design heating load the unit is suitable for as declared by the manufacturer,

expressed in kW;
Hyg is the number of equivalent active mode hours for heating. Hours for Hy provided in Anhex C
or any other hours may be used.
8.3 Calculation of the annual energy consumption, Qg
The annual energy consumption for heating Qyg, expressed in kWh, includes the energy consumption
during actiye mode, thermostat-off mode, standby‘\mode, off mode and that of the crankcase hgater
based on Fofmula (15).
The energy| consumption during active mode is derived from the calculation of the Scop,; for
determinatipn of S¢op o, S€€ 8.4.
__|%
Qug =<t Hro X Pro + Hsg XPsp + Hcg XFeg + Hopp X Fopr (15)
S COP,on

where

Qq is the annual heating demand, expressed in kWh;

Hpo, Heg, Heyellopr — 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, Pcx» Popp~ are the power inputs during thermostat-off mode, standby mode, crankcase
heater mode and off mode respectively, expressed in kW;
Scopon is the active mode seasonal coefficient of performance, see 8.4.

Hours for Hyq, Hgg, Hek, Hopp provided in Annex C or any other hours may be used.

8.4 Calculation of S¢op,, and Scop et

The Scop on and S¢op e are determined according to Formula (16) and Formula (17), respectively.
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For units with real or assumed electrical supplementary heater:

Z?:lh] [d)h (Tf )]

S = 16
COPon S {@1 <Té )P (), r )] i
o (77)
SCOP,net = Zﬁ:lhj L2 ) P (7] (17)
R h;(qjh(Tf)—‘pesh(Tj)]
=1 ;) ]
wherre
”] is the bin temperature;
J is the bin number;
1 is the total number of bins;
Dy, (Tj ) is the heating load of the building for the corresponding temperature T}, expijessed in kW;
b is the number of bin hours occurring at the«€orresponding temperature T;
Cob (Tj) is the Cp value of the unit for the corresponding temperature T;;
Do (Tj) is the required capacity of an eleetric supplementary heater for the corresponding

temperature T}, expressed in KW.

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

The heating demand @y, (Tj ) is determiged by multiplying the design heating load value (®};,) with the

part(load ratio for each corresponding bin. This part load ratio p, (Tj) is calculated 4ccording to

Formula (18):

i (T;)=(T;-16)/ (T, -16) (18)
where

J isthe bin number;

"] is the bin temperature;

T4 is the design temperature for heating.

The Cp,, values and capacity values at each bin are determined via interpolation of the Cp, and capacity
values at part load conditions A, B, C, D, E, F and G where applicable. Interpolation of Cpy, and capacities
are done between the two closest part load conditions (as mentioned in Tables 4, 5 and 6).

The Cp,, values and capacity values for part load conditions above D are extrapolated from the Cp,, values
and capacity values at part load conditions C and D.

If the capacity of the unit is lower than the value of @) (Tj ), correction shall be made for the missing

capacity with an electric supplementary heater with a Cp of 1.

The unit does not run below Ty, (operation limit). The capacity of the unit at outside air temperatures
below Ty is 0 kW. Correction shall be made for the missing capacity with an electric supplementary
heater with a Cp of 1.
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8.5 Calculation procedure for determination of Cp}, values at part load conditions A to G

8.5.1 General
In partload conditions A to G, where applicable, there are two possibilities:

— if the declared capacity of a unit is matching with or lower than the required heating demand, the
corresponding Cp4 value of the unit is to be used;

— if the declared capacity of a unit is higher than the required heating load, the unit has to cycle on/
off. This may occur with fixed capacity or staged or variable units. In such cases, a degradation
factor((gJasto be USed o calcutate the corresponding Cp, vatue. T e catcutatton siatt bedone

according to Formula (20).

Cg is the ratjio of the heating load over the declared capacity (@g4;,) of the unit at the same temperature
conditions, ¢alculated according to Formula (19):

Dyin
Cr=p, Tj)xL (19)
Dy

where

D1 is the design heating load of the building the unit is sujtable for as declared by the njanu-
facturer, expressed in kW;

pi(T) is the partload ratio as given in Formula (18);

D41, is the declared capacity of the unit at the same temperature conditions as for partload
conditions A to G where applicable.

NOTE If the value of Cy is greater than 1, Cy is equal'to 1.

8.5.2 Calc¢ulation procedure for fixed capacity units

For part logqd conditions A to G in Table$.4 to 6, where applicable, the Cpy, is calculated accordipg to

Formula (20Q):

Cro =Crax xcRCfu—cd) 0)
where
Cpq s the Cpsorresponding to the declared capacity (@4;,) of the unit at the same temperature
conditions as for part load conditions A to G, where applicable;
Cy sthe degradation coefficient:
Cr is the capacity ratio.

For determination of the C4 value, see 7.6. If €4 is not determined by test, the default degradation
coefficient C4 shall be 0,9.

8.5.3 Calculation procedure for staged and variable capacity units

8.5.3.1 For temperatures above or equal to T},

The capacity, effective power input and Cp shall be determined at the closest step or increment of the
capacity control of the unit to reach the required heating load.
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If the resulting capacity is within #10 % of the required heating load (e.g. between 9,9 kW and 8,1 kW
for a required heating load of 9 kW), the required heating load is considered achieved. The resulting
capacity and Cp are considered as @, and Cpy. Cpq shall be used as Cp;, and no supplementary heat is to
be considered.

If the resulting capacity is deviating from the required heating load by more than £10 %, then another
capacity and effective power input shall be determined at the same part load conditions for the step
or increment of the capacity control on the opposite side of the required heating load. The part load
effective power input at the required heating load is determined by linear interpolation between the
two effective power input values obtained at these two steps. The Cpy, is determined by dividing the
required heating load and the interpolated part load effective power input. The declared capacity @, is

equal to the required heating load.

If thd
heati
shall

NOTH

e resulting capacity achieved with the smallest step of the capacity control excéeds t

apply. The resulting capacity is considered as @,

For temperatures above or equal to Ty;, the declared capacity @, canfpt be lower tha

required heating load.

8.5.3

The
capa

The 1

The
the c

NOTH

9

9.1

.2 For temperatures below Ty;,

rapacity, effective power input and Cp shall be determined at the closest step or incrg
City control of the unit to reach the required heating loads

equired heating load cannot be achieved by the heat'pump.

resulting capacity and Cp are considered as ®4;,'and Cpy. @g4;, shall be supplemented bj
alculation of the annual energy consumption;The declared Cpy shall be used as Cpy,.

[est results and test repont

Data

The dlata that shall be recprded for each part load test are given in Table 9. Table 9 identifies

infon
valug

mation required butjs not intended to limit the data to be recorded. These data shall
s taken over the“data collection period, with the exception of time measurement.

Table 9 — Data to be recorded

he required

ng load by more than 10 %, then the procedure for the determination of Cpy descriped in 8.5.2

n 90 % of the

bment of the

y (pesh(Tj) in

For temperatures below T, the declared capacity @4, cannot exceed the required heatipg load.

the general
be the mean

©ISO

Measured quantity of result Unit Water enthalpy Water enthalpy
method - method - Ducted
Nonducted
Ambient conditions
Air temperature, dry bulb °C X X
Atmospheric pressure kPa

Electrical quantities

Voltage \Y X X
Total current A X X
Total power input, P w X X
Effective power input, Py w X X
Thermodynamic quantities
a) Water or brine
inlet temperature | °C X X

2023 - All rights reserved
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Table 9 (continued)
Measured quantity of result Unit Water enthalpy Water enthalpy
method - method - Ducted
Nonducted
outlet temperature °C X X
volume flow I/min X X
pressure difference kPa X X
b) Air source heat exchanger
Air
inlet temperature, dry bulb °C
inlet temperature, wet bulb °C X X
Fof duct connection
elxternal/internal static pressure Pa X
difference
violume flow rate, q m3/s X
c) Compressor
rotational speed of open type r/min X X
power input of motor w X X
d) Defrost
defrost period S X X
Operating cycle with defrost min X X
Dath collection period min X X
Hea|ting 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;
e) testsupervisor;
f) testobject designation:
1) typg

2)

serial number;

3) name of the manufacturer;

g)
h) mass of
i) propert
28

type of refrigerant;

refrigerant;

ies of fluids.
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Marking provisions

10.1 General

National legislation for marking provisions of products within the scope of this document shall prevail.
If such legislation does not exist, the following requirements shall apply.

10.2 Nameplate requirements

Each air to water heat pump, whether composed of a single package or separate assemblies, shall have a

d lognarannlata £l oo ol A anc blizin o locti o oo ccibhla £
urapre T e pratCyTIT Ty accatrC o tatiSCparatCasSSCoTy it a 10tatroT atteSSTOTCTOT

|

o h canarata occara i

10.3 Nameplate information

The

nameplate shall provide the following minimum information in addition*to the

requjred by safety standards:

a) the manufacturer’s name or trademark;

b) distinctive type or model designation and serial number;

c) fated voltage(s);

d) fated frequency(ies);

e) fefrigerant designation.

NOTH The manufacturer is considered to be the firin identified on the nameplate.

rgading.

information
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Annex A
(normative)

Heating capacity test procedures given in 7.3

A.1 General

A.1.1 Prefronditioning period

The test ropm reconditioning apparatus and the heat pump under test shall be operated until the
permissible|deviations specified in Table 7 are attained for at least 10 min. A defrostcycle may ¢nd a
preconditiohing period. If a defrost cycle does end a preconditioning period, the heatpump shall opgrate
in the heatihg mode for at least 10 min after defrost termination prior to beginning the equilibrium
period.

A.1.2 Equilibrium period

A complete pquilibrium period is 1 h in duration. Except as specified in transient test, the heat pump
shall operate while meeting the permissible deviations in Table 7.

A.1.3 Datp collection period

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

An integrating electrical power (watt-hour) meter or measuring system shall be used for measurinig the
electrical energy supplied to the equipment. Diiving defrost cycles and for the first 10 min followjing a
defrost termination, the meter or measuring system shall have the sampling rate for data collectipn of
atleastevery 10 s.
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3
|
A : 5
v |
X X
A B
K% |V
7B 7A
Key
v yes 3 Step 3: Equilibrium period
x 1o 4  Step 4: Defrost cycle
A Did a defrost cycle occur? 5  Step 5: Data collection
B Did the quantity % AT exceed 2,5%? 6  Step 6: Steady-state operation
1  Step 1: Preconditioning 7A Step 7A: Transient operation
2 Step 2: End of defrost cycle 7B Step 7B: Transient operation
Figure A.1 — Flowchart of steps procedure
The test procédure shall identify whether the data collection will occur in steady-state opefation of the
unit pr willintegrate transient operation of the unit (due to defrost cycles that may occur depending on
the gperating conditions).
A dlmmmmmmﬁmkmm#the outdoor

heat exchanger.

NOTE1 The following are 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 between inlet and outlet 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 heating.

NOTE 2  The following are examples of modified operation which define the end of a defrost cycle:

— the 4-way valve signal indicates a change of state;
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— the water temperature difference between inlet and outlet is larger than 0,2 K;

— one or several compressor(s) start(s).

In transient regime, an interval H is defined as a heating period with the exception of the first 10 min
after defrost termination. An interval D consists of a defrost cycle plus the first 10 min of heating
operation after the termination of the defrost cycle (see Figure A.2).

Y
H D

10 \

Key
X  time, in min
Y  water tejnperature, in °C

Figure A.2 — Example of defrost cycle with intervals H and D

During intefvals H, data shall be sampled at equal intervals that span every 30 s or less.

During intefvals D, data used\in/evaluating the integrated heating capacity and the integrated ppwer
input of the heat pump shallbe sampled more frequently, at equal intervals that span every 10 s o] less.

The test procedure is applicable to both the air enthalpy and the calorimeter room methods.

The test prqceduresis described by the following flowchart (see Figure A.1). The steps of the flowghart
shall immediately<tollow each other.

AQ

3 + + ol | | h I +
The different STEPS Ol UITE PTOCEUUT T dI' € eXpIdaIet 1T A2 toAS:

For air-to-water units which are tested with a fixed temperature difference between inlet and outlet
temperatures, the setting of the water flowrate shall be done as follows.

a) The water flow rate is set during the preconditioning period (Step 1).

b) When and if the unit undergoes the first defrost cycle at any step of the procedure, it shall be
checked if the permissible deviations specified in Table 8 are fulfilled on a 5-min period starting
20 min after the end of this defrost cycle.

c) If the above requirement is not fulfilled, the water flowrate shall be adapted and the whole
procedure shall be restarted from Step 1 with this new water flowrate.
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Step 1: Preconditioning

The test room reconditioning apparatus and the heat pump under test shall start and operate until the
permissible deviations specified in Table 7 are attained for at least 10 min.

It is recommended that the preconditioning ends with an automatic or manually induced defrost cycle.

Question A : Did a defrost cycle occur ?

— If Step 1 ends with a defrost cycle, then go to Step 2.

— If Step 1 does not end with a defrost cycle, go to Step 3.

A3

Step 2: End of defrost cycle

As the previous Step terminates with a defrost cycle, wait 10 min after this defrost cydle before to

continue with Step 3.

Defrpst cycle of the previous step and these 10 min constitute an intérval D for which|permissible
devigtions specified in Table 8 apply.

A.4 | Step 3: Equilibrium period

During an equilibrium period of 60 min, the heat pump shall operate, while meeting the|permissible
devigtions specified in Table 7. If a defrost occurs duking this period, the permissibl¢ deviations
specified in Table 8 apply.

Quesgtion A: Did a defrost cycle occur?
— If Step 3 ends with a defrost cycle, then ge to next Step, either Step 2 or Step 7B.

— If Step 3 does not end with a defrost.cycle, go to Step 5.

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 5: Data collection
70 min
5min,5min, 5 min |5 min
1
T
AN
v‘/\‘\ A\
~ N
Key
1 %AT
Figure A.3 — Data collection

Data shall be collected for a duration of 70 min.

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

AT, (£=0) AT, (¢)

%AT = AT, (¢=0) (A1)
Question A: Did a defrost cycle occur?
— If Step Jdoes ot terminate with a defrost Cycie, Check QUestion B-
— If Step § does terminate with a defrost cycle, go to next Step, either Step 2 or Step 7A.
NOTE Ifp defrost occurs before the end of Step 5, it is not necessary to wait for the complete duration qf this

step. The test can continue directly with the next step of the flowchart.

Question B: Did the quantity %AT exceed 2,5 %?

— Ifthe qyantity %AT did not exceed 2,5 %, then go to Step 6.

— Ifthe qantity %AT did exceed 2,5 %, then go to next step, either Step 4 or Step 7A.

A.6 StepW: Defrost cycle
As the previous Step does not terminate with a defrost cycle;wait for a defrost cycle prior to confinue
with Step 2.
A.7 Step (6: Steady state operation

The test is fonsidered to be steady state and‘shall be terminated after the data collection (St¢p 5)
during whidh permissible deviations specified/in Table 7 were fulfilled.

Periodic flu¢tuations of measured quaritities caused by the operation of regulation and control deyices
are permisdible on condition the mean value of such fluctuations does not exceed the permigsible
deviations l{sted in Table 7.

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

A.8 Step|7: Transient operation

A.8.1 General

The test is cbnsidered to be a transient test and defrost cycles might occur.

As noted in Table 8, the permissible deviations are specified for the two sub-intervals H and D.

All data collected during each interval, H or D, shall be used to evaluate compliance with the Table 8
permissible deviations. Data from two or more H intervals or two or more D intervals shall not be
combined and then used in evaluating Table 8 compliance. Compliance is based on evaluating data from
each interval separately.

A.8.2 Step7A

The data collection, including the duration of previous Step 5, is extended until 3 hours have elapsed or
until the heat pump completes three complete cycles during the period, whichever occurs first. In Step
7A, the permissible deviations specified in Table 8 shall be achieved during the total duration.
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Only the data from the completed cycles that occurred during the 3 hours, are used for performance
calculation. If no complete cycle occurs during 3 hours, then the performance is calculated from the
average data over the 3 hours.

If at an elapsed time of 3 hours, the heat pump is conducting a defrost cycle, the cycle shall be completed
before ending the data recording. A complete cycle consists of a heating period and a defrost period;

from

defrost termination to defrost termination.

For a multiple refrigerant circuit unit, the data is recorded and calculated over a 3 hours duration
whatever the state of cycling of the different refrigerant circuits.

A.8.3—Step7B

In St
thred
aften
achie

Only
calcy
aver

If at {
befou
from|

For 4
what

ep 7B, the data shall be recorded until 3 hours have elapsed or until the heat'pum
e complete cycles during the period, whichever occurs first, as no data collection|{Step
the latest equilibrium period (Step 3). In Step 7B, the test tolerances specifiéd in Tab
ved during the total duration.

the data from the completed cycles that occurred during the 3 hours, are used for f
lation. If no complete cycle occurs during 3 hours, then the perfermance is calculat
hge data over the 3 hours.

in elapsed time of 3 hours, the heat pump is conducting a deftost cycle, the cycle shall b
e ending the data recording. A complete cycle consistségf a heating period and a def
defrost termination to defrost termination.

1 multiple refrigerant circuit unit, the data is re¢orded and calculated over a 3 hoy
ever the state of cycling of the different refrigerant circuits.

p completes
5) occurred
le 8 shall be

erformance
ed from the

e completed
rost period;

Irs duration
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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 Wh

When the liq
defined as H

s hyd =4
where

q i

Ap, i

B.2.2 Wh

When the li
in W is defiq

s hyd =4
where

q ist

Ap:

i 1st

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

en the 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

pbrmula (B.1):
X Ap,

the measured liquid volume flow rate, in cubi¢ metres per second;

the measured available external static pressure difference, expressed in pascal.

en the liquid pump is not an integral part of the unit

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

ed as Formula (B.2):
X (—Ap; )

he measuredliquid volume flow rate, in cubic metres per second;

he measured internal static pressure difference, expressed in pascal.

irt of
bwer.

Wis

(B.1)

ssed

(B.2)

B.3 Effici

ency of integrated pumps

B.3.1 Glandless circulators

For glandless circulators, the calculation of the global efficiency 7 is based on the energy efficiency

index (Ef;) and using Formula (B.3):

0,358 44x B 4 Cao

7”:

36

1,7%Pyyq +17><(1-e‘°'3x‘uhyd ) Egy

(B.3)
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where

Pyyq is the hydraulic power of the pump, expressed in W;
C,o isascaling factor equal to 0,49;
Eg;  is the energy efficiency index equal to 0,23.

For information, the graphs of efficiency of the pump versus its hydraulic power are given in Figure B.1.

Y

0,45 O——0=0

04 -

0,35 - NS

03 T

0,25 === T

02 - G

0,15 +--—-—-- OF T AN

0,1 - T I I
0 10 100 1000 10 000 X

Key
X hydraulic power P4 (W) [1 W< Ppy3<2 500 W]
Y ¢fficiency n(-) [0,125 0< 1 <0,447:4]

Figure B.1 — Dependence of the efficiency of the glandless circulators on the hydraulic power

B.3.2 Dry motorpumps

For firy motor \pumps, the global efficiency, n, shall be calculated using either Formula (B.4) or
Formula (B.5)with respect of the hydraulic power of the pump.

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

03183
n=0,072 1Ph};d (B.4)

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

1=0,092Ln(Py,q)-0,0403 (B.5)

where Py 4 is the measured hydraulic power of the pump, expressed in W.

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) Effi¢iency of circulating pumps with a hydraulic power lower 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)
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Y efficiency n (%)

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 Formula (B.2) is lower than or equal to 300 W,
determine the efficiency of the pump using Formula (B.3).

b) When the hydraulic power calculated according to Formula (B.2) is greater than 300 W but lower
than or equal to 500 W, determine the efficiency of the pump using Formula (B.4).
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c¢) When the hydraulic power calculated according to Formula (B.2) is greater than 500 W, determine
the efficiency of the pump using Formula (B.5).
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Annex C
(informative)

Examples of set of bin hours and hours for active mode,
thermostat-off mode, standby mode, off mode and crankcase
heater mode

The bins given in Table C.1 may be used for the calculations for determination of S¢op, Scop onr-SdoB het @S
areference.|lf different hours are available, they may be used.
Table {.1 — Bin number j, outdoor temperature T;in °C and number of hoursper bin h;
corresponding to the design conditions “warmer”, “average”, “colder”
. Warmer Average Colder
J T h, h, h
# oC JW JA jC
h h h
1to$ -30to -23 0 0 0
9 =22 0 0 1
10 =21 0 0 6
11 =20 0 0 13
12 -19 0 0 17
13 -18 0 0 19
14 -17 0 0 26
15 -16 0 0 39
16 -15 0 0 41
17 -14 0 0 35
18 -13 0 0 52
19 -12 0 0 37
20 -11 0 0 41
21 ~10 0 1 43
22 -9 0 25 54
23 -8 0 23 90
24 -7 0 24 125
25 -6 0 27 169
26 -5 0 68 198
27 -4 0 91 278
28 -3 0 89 306
29 -2 0 165 454
30 -1 0 173 385
31 0 0 240 490
32 1 0 280 533
33 2 3 320 380
34 3 22 357 228
35 4 63 356 261
36 5 63 303 279
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