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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 proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Air-cooled air conditioners and air-to-air heat

pumps — Testing and calculating methods for seasonal

performance factors —

Part 2:
H - ] ¢ ¢

1 [Scope

1.1 ThispartofISO 16358 specifies the testing and calculating methods for seasonal perform
of equipment covered by ISO 5151, ISO 13253 and ISO 15042. For the purposes of this part of]
it i assumed that any make-up heating will be provided by electric heaters running concur
the heat pump.

1.2| ThispartofISO 16358also specifies the seasonal performange test conditions and the cor
testiprocedures for determining the seasonal performance faCtor of equipment, as specified i
mandatory test conditions and is intended for use only in maiking, comparison, and certificatio

1.3| This part of ISO 16358 does not apply to the testing and rating of:

a) |water-source heat pumps or water-cooled. ait"conditioners;

b) [portable units having a condenser exhaust duct;

c) |individual assemblies not constituting a complete refrigeration system; or

d) |[equipment using the absorption refrigeration cycle.

2 |[Normative references

The following documénts, in whole or in part, are normatively referenced in this docume

ance factor
[SO 16358,
rently with

fesponding
1.1, under
N purposes.

nt and are

ind{spensable for its)application. For dated references, only the edition cited applies. F¢r undated

refgrences, the latest edition of the referenced document (including any amendments) applig
[SO|5151, Non*ducted air conditioners and heat pumps — Testing and rating for performance

ISO|13258, Ducted air-conditioners and air-to-air heat pumps — Testing and rating for perform

S.

ance

ISO U CAOA2 My ltinlocnlit cyvictong iy conditinnare and ady +0 Adrhoatngpanc Toctina andyrating foy
TS HHEPESPHH-5)'S H—CORGHHOREFS G O-GH H 1 4

rformance

1y =43 1T Ty ot 1= o A=) T T CO= T TTICOT ot poo TCOTTYg T OCIrigy

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5151, ISO 13253,
and the following apply.

31
defined heating load, Ly,
heat defined as heating demand for a given outdoor temperature

© IS0 2013 - All rights reserved
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3.2

make-up heating
electric heat required to cover the deficiency of the heating capacity delivered by the heat pump for
the heating load

3.3

heating seasonal total load

HSTL

total annual amount of heat, including make-up heat, which isadded to the indoor air when the equipment
is operated for heating in active mode

3.4
heating se
HSEC

total annuz
for heating

3.5
heating se
HSPF
ratio of th
indoor air
the equipny

3.6
part load f
PLF

asonal energy consumption

1] amount of energy consumed by the equipment, including make-up heat, when it js operz
in active mode

asonal performance factor
e total annual amount of heat that the equipment, including maké=up heat, can add to

ent during the same period

actor

ratio of the performance when the equipment is cyclically operated to the performance when

equipment

3.7
degradati
coefficient

3.8

is continuously operated, at the same temperature and humidity conditions

bn coefficient, Cp
that indicates efficiency loss caused by cyclic operation

fixed capdcity unit

equipment

which does not have pogsibility to change its capacity

Note 1 to enftry: to entry This definition applies to each cooling and heating operation individually.

39
two (2)-st
equipment

pge capacity-ninit
where thegdpacity is varied by two steps

Note 1 to enftry: This-definition applies to each cooling and heating operation individually.

3.10

multi-sta

o fanacityy it
T

equipment

CTCapPacTItTy uIrtc

where the capacity is varied by 3 or 4 steps

Note 1 to entry: This definition applies to each cooling and heating operation individually.

3.11

variable capacity unit
equipment where the capacity is varied by five or more steps to represent continuously variable capacity

Note 1 to entry: This definition applies to each cooling and heating operation individually.

ted

the

when operated for heating in active mode to the total annual amhount of energy consumed by

the
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2

heating full-load operation
operation with the equipment and controls configured for maximum continuous refrigeration capacity
at H1 condition

Note 1 to entry: Unless otherwise regulated by the automatic controls of the equipment, all indoor units and
compressors shall be functioning.

3.1

3

heating extended-load operation
operation of the equipment at maximum continuous refrigeration capacity at H2 condition

Not¢ 1 to entry: Unless otherwise regulated by the automatic controls of the equipment, all indo
compressors shall be functioning.

3.1

minimum-load operation
operation of the equipment and controls at minimum continuous refrigeratipn-¢apacity

Note 1 to entry: All indoor units shall be functioning

31

D

stapdard heating full capacity
heating capacity at H1 at full-load operating condition

3.1¢

()]

standard heating full power input
eledtric power input at H1 at full-load operating condition

3.1

T

standard heating half capacity
cappcity which is 50 % of heating full capacity at H1 condition with all indoor units function|

31

8

stapdard heating half power input
eledtric power input when operated™at 50 % of heating full capacity at H1 condition with
unifs functioning

31

9

standard heating minimum capacity
cappcity which is minimum heating capacity at H1 condition at the minimum-load operation

3.20

standard heating minimum power input
eledtric power'input when operated at minimum heating capacity at H1 condition at the

loa

3.2

r units and

ing

all indoor

minimum-

toperation

standard heating extended capacity
heating capacity when operated at H2 condition at the extended-load operation

3.22
standard heating extended power input
electric power input when operated at H2 condition at the extended-load operation

3.23

tot
TH

al heating seasonal performance factor
SPF

ratio of the total annual amount of heat that the equipment, including make-up heat, can add to the indoor
air to the total annual amount of energy consumed by the equipment, including the active, inactive and

dis

connected modes
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3.24

active mode

mode corresponding to the hours with a heating demand of the building and whereby the heating
function of the unit is switched on

3.25
inactive mode
mode corresponding to the hours when the unit is not operating to meet heating demand

Note 1 to entry: This mode may include the operation of a crankcase heater.

3.26
disconnected mode
mode corr¢gsponding to the hours when the unit is electrically disconnected from the main poweb supply

Note 1 to entry: Power consumption is zero.

4 Symbols
Symbgl Description Unjt
CHSE heating seasonal energy consumption (HSEC) Wh
Cop (t) heating coefficient of performance (COP) at continudugs outdoor tempera- W/W
turet
Cop (&) heating coefficient of performance (COP) at outdoor temperature t; W/ W
Cop, ext (tn] heating coefficient of performance (COP) when heating load is equal to non- | W/W

frosting range heating extended capacity.

Cop, ext, f (tf) heating coefficient of performance (COP) when heating load is equal to frost-| W/W
ing range heating extended capacity

Cop, fe (&) heating coefficient of performanee (COP) in non-frosting variable operation | W/W
between full and extended-Cdpacity at outdoor temperature t;

Cop, fe, f (tj) heating coefficient of performance (COP) in frosting variable operation w/Ww
between full and exteénded capacity at outdoor temperature t;

Cop, ful (ta) heating coefficient of performance (COP) when heating load is equal to non- | W/W
frosting range heating full capacity

Cop, ful, f (tg) heating coefficient of performance (COP) when heating load is equal to frost-| W/W
ing rangé heating full capacity

Cop, haf (td] heating-coefficient of performance (COP) when heating load is equal to non- | W/W
frosting range heating half capacity

Cop, haf, f (t}) heating coefficient of performance (COP) when heating load is equal to frost-| W/W
ing range heating half capacity

Cop, hf [tj) heating coefficient of performance (COF) in non-frosting variable operation W/W
between half and full capacity at outdoor temperature t;

Cop, nf, £ (8) heating coefficient of performance (COP) in frosting variable operation wW/W
between half and full capacity at outdoor temperature t;

Cop, mh (&) heating coefficient of performance (COP) in non-frosting variable operation | W/W
between minimum and half capacity at outdoor temperature t;

Cop, mhf () heating coefficient of performance (COP) in frosting variable operation wW/W

between minimum and half capacity at outdoor temperature ¢

Cop, min (£q) heating coefficient of performance (COP) when heating load is equal to non- | W/W
frosting range heating minimum capacity

4 © IS0 2013 - All rights reserved
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Symbol Description Unit
Cop, min,f (tr) heating coefficient of performance (COP) when heating load is equal to frost-| W/W
ing range heating minimum capacity
Fusp heating seasonal performance factor (HSPF) -
Fpy (&) part load factor (PLF) at outdoor temperature ¢; -
FrtHsp total heating seasonal performance factor (THSPF) -
LysT heating seasonal total load (HSTL) Wh
Lh(*j) defined hnnfing load at outdoor temperature I'J- W
n number of temperature bins -
nj bin hours h
P(¢ heating power input calculated by equation of P(tj) at continuous, outdoor W
temperature t
P(t)) heating power input applicable to any capacity at outdoor t€mperature w
Pext(£5) non-frosting range heating extended power input at outdoor temperature ¢ w
Pexk(-7) heating extended power input at outdoor temperature -7 °C w
Pexk(2) calculated heating extended power input at outdoor temperature 2 °C w
Pext, £(t5) frosting range heating extended power input at outdoor temperature t; W
Pext, £(2) heating extended power input at H2 temperature condition w
Pre(t;) heating power input in variable operation between full and extended capac w
ity at outdoor temperature 5]
Pryf(t)) non-frosting range heating fullpower input at outdoor temperature ¢; w
Pey(7) heating full power input at HT'temperature condition w
Pl (-7) heating full power inputiat outdoor temperature -7 °C w
Pry)(2) calculated heating full‘power input at outdoor temperature 2 °C w
Pry), £(t;) frosting range heating full power input at outdoor temperature ¢ w
Pryf, £(2) heating full power input at H2 temperature condition w
Prd(t) non-frosting range heating half power input at outdoor temperature ¢; w
Phélf(7) heatinghalf power input at H1 temperature condition w
Pth(—7) heating half power input at outdoor temperature -7 °C w
Pth(Z) calculated heating half power input at outdoor temperature 2 °C w
Pth, £(&) frosting range heating half power input at outdoor temperature ¢ w
Pth, £(2) heating half power input at H2 temperature condition w
thhlﬂ heating power input in variable operation between half and full capacity at w
outdoor temperature t;
Pe(t)) heating power input in second stage cyclic operation between minimum and w
full capacity at outdoor temperature ¢;
Pmn(t) heating power input in variable operation between minimum and half w
capacity at outdoor temperature t;
Prin(t5) non-frosting range heating minimum power input at outdoor temperature t; w
Pmin(7) heating minimum power input at H1 temperature condition w
Prin(-7) heating minimum power input at outdoor temperature -7 °C w
Pmin(2) calculated heating minimum power input at outdoor temperature 2 °C w

© IS0 2013 - All rights reserved 5
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Symbol Description Unit
Prin, £(85) frosting range heating minimum power input at outdoor temperature ¢; \W%
Pmin, £(2) heating minimum power input at H2 temperature condition w
Pry (t)) make-up heating energy at outdoor temperature t; Wh
t general continuous outdoor temperature °C
tj outdoor temperature corresponding to each temperature bin °C
ta outdoor temperature when heating load is equal to non-frosting range heat- °C

ing full r‘:\par‘ify
tq outdoor temperature when heating load is equal to non-frosting range heat- 2(
ing half capacity
te outdoor temperature when heating load is equal to frosting range heating °d
half capacity
tr outdoor temperature when heating load is equal to frosting range heating °d
extended capacity
tg outdoor temperature when heating load is equal to frosting faiige heating °d
full capacity
th outdoor temperature when heating load is equal to nofisfrosting range heat- °d
ing extended capacity
tq outdoor temperature when heating load is equalite non-frosting range heat- °d
ing minimum capacity
tr outdoor temperature when heating load is‘équal to frosting range heating °d
minimum capacity
X () ratio of load to capacity at outdoor temperature t; -
Xee (6) ratio of excess capacity over load«te capacity difference between full and B
fe 1% extended capacity at outdoor temperature t;
ratio of excess capacity ovepload to capacity difference between half and
Xnf (&) : . -
full capacity at outdoox temperature ¢
Xt () ratio of excess capacity over load to capacity difference between minimum B
mf U] and full capacity at outdoor temperature t;
Xt (&) ratio of excess.capacity over load to capacity difference between minimum _
mh 5] and half capacity at outdoor temperature ¢
"0 heating,capacity calculated by equation of ¢ (¢j) at continuous outdoor tem- W
perature t
¢ (&) heating capacity applicable to any capacity at outdoor temperature t; W
Pext(t;) non-frosting range heating extended capacity at outdoor temperature t; W
¢ext(‘7) hpafing extended capacity at outdoor temperature =7°C A
Pext(2) calculated heating extended capacity at outdoor temperature 2 °C w
Pext, £(t) frosting range heating extended capacity at outdoor temperature t; w
Pext, £(2) frosting range heating extended capacity at H2 temperature condition \W%
orul(ty) non-frosting range heating full capacity at outdoor temperature ¢ w
bru1(7) heating full capacity at H1 temperature condition w
brul(-7) heating full capacity at outdoor temperature -7 °C w
drul(2) calculated heating full capacity at outdoor temperature 2 °C w
orul, £(t5) frosting range heating full capacity at outdoor temperature ¢; w
drul, £(2) frosting range heating full capacity at H2 temperature condition w

6 © IS0 2013 - All rights reserved
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Symbol Description Unit
¢naf (&) non-frosting range heating half capacity at outdoor temperature t; w
bnar(7) heating half capacity at H1 temperature condition w
Gnat(=7) heating half capacity at outdoor temperature -7 °C w
¢dnar(2) calculated heating half capacity at outdoor temperature 2 °C w
®naf, £(t;) frosting range heating half capacity at outdoor temperature t; w
®naf, £(2) frosting range heating half capacity at H2 temperature condition w
Gmfnl(G) NION-1TOSTING range heating MiNimum capacity at Outdoor temperature g w
Gmin(7) heating minimum capacity at H1 temperature condition w
Gmin(-7) heating minimum capacity at outdoor temperature -7 °C w
dmin(2) calculated heating minimum capacity at outdoor temperature 2€ w
bmin, f (&) frosting range heating minimum capacity at outdoor temperature t; w
®min, £(2) frosting range heating minimum capacity at H2 temperature condition w
5 |Tests
5.1 General
Thdse tests are additional to those in ISO 5151, ISO 13253-and ISO 15042.

Theg accuracy of the instruments used for tests shall’conform to the test methods and uncertainties of
megsurements specified in ISO 5151, ISO 13253 and ISO 15042.

5.2| Test conditions

Tenmperature and humidity conditions.aswell as default values for calculation shall be as specifiefl in Table 1.
© IS0 2013 - All rights reserved 7
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Table 1 — Temperature and humidity conditions and default values for heating

Test Characteristics Fixed ;l‘t‘;r(g); l:ltl;lgtl' Variable | Defaultvalue
Standard heating Full capacity ¢rui(7) (W) . . . .
capacity Full power input Pgy1(7) (W)
Indoor DB 20°C Half capacity ¢naf(7) (W)
WB 15 °C Max. Half power input Ppa¢(7) (W) a - . .
Outdoor DB 7°C Minimum capacity ¢min(7) (W)
WB6°C Minimum power input Pyin(7) (W) — = - -
Extended capacity ¢ext,f(2) (W)
— — ma ma
Extended power input Pext f(2) (W)
Low tempergture Calculated extended capacity ¢ext(2) (W) B _ b b T12¢pext f(R)
heating cap{city Calcul'd extended power input Pext(2) (W) 1,06Pext £(2)
Indoor DB 20°C Full capacity ¢ru1r(2) (W) ¢rui(2)/1,1pd
WB 15°C Mak. - me | ome ) [ [Joe !
Full power input Pgy,¢(2) (W) Pry1(2)/1,06d
Outdoor DB p°C Half capacity ¢haf(2) (W) $nat(2)/1,1pd
WB 1°C Half power input Ppag¢(2) (W) a a o ” Phat(2)/1,0pd
Minimum capacity ¢min,f(2) (W) ¢min(2)/1,124d
Minimum power input Ppin ((2) (W) a > - a Pmin(2)/1,06¢
Extended capacity ¢ext(-7) (W) 0,734 ¢ext(R)
Extra-low tenpera- | Extended power input Pex(-7) (W) xC N ° ° 0,877Pext(P)
ture heating|capacity |y capacity ¢rul(-7) (W) 0,64¢ru(7)
Indoor DB ZI(OC Full power input Pgy1(-7) (W) ° ° ° ° 0,82Psy1(7]
WB 15°C Magk. Half capacity ¢har(~7) (W) 0,64¢nat(1)
Outdoor DB [|-7°C Half power input Ppag(-7) (W) a - ° ° 0,82Pnat(7%)
WB -8°C Minimum capacity ¢min(-7).(W) 0,64¢min(T)
Minimum power input Ryin(-7) (W) a N N a 0,82Pnin(7)
Cyclic heating Eull capacity o — — — 0,25
Indoor DB 2(°C Degradation Half capacity — — o — 0,25
WB 15°C Mak. coefficient
Outdoor DB f°C (o Minimum capacity — o o — 0,25
WB 6°C
B requiredtest.
O optional fest.
[] testreqyiired when there is not an extended mode.

a  When the equipment has an extended mode, low temperature extended capacity measurement is mandatory and low
temperature full capacity measurement is optional. When the equipment has not an extended mode, low temperature full
capacity measurement is mandatory.

b This value shall be calculated using default value.

¢ When this value is measured, ¢x(2) and/or Px(2) shall not be calculated from this value, but the equations in footnote d
shall be used instead.

d The following two equations apply to the full capacity, half capacity and minimum capacity data when ¢y ¢(2) and Px ¢(2)

are calculated:

¢,(7)-0,(-7) «(2-(-7)), P.(2)=P.(-7)+ P (7)-P,(=7) «(
7-(-7) 7-(-7)

NOTE Voltage(s) and frequency(ies) shall be as given in the three referenced standards.

$,(2)=0,(-7)+ 2-(-7)

8 © IS0 2013 - All rights reserved
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5.3 Test methods

5.3.1 Standard heating capacity tests

The standard heating capacity tests shall be conducted in accordance with Annex A of ISO 5151 and
Annex B of ISO 13253 and ISO 15042. The heating capacity and effective power input shall be measured
during the standard heating capacity tests.

The half capacity test shall be conducted at 50 % of full load operation. The test tolerance shall be £ 5 %
of full load capacity for continuously variable equipment. For multi-stage equipment, if 50 % capacity is

notpehicvable then the test shall be conductedatthe pextstepabove 50 04,

Thd
sted

minimum capacity test shall be conducted at the lowest capacity control setting ‘which allows
dy-state operation of the equipment at the given test conditions.

If th
inl
use

it specified
on shall be

e minimum capacity tests are conducted, but if the required uncertainty of iieasuremer
b0 5151, ISO 13253 and ISO 15042 cannot be achieved, the alternative methaod of calculat
. (Refer to 6.6.4 and 6.7.4.)

Theg manufacturer shall provide information on how to set the capacity if requested by the testing

labgratories.

5.3]2 Low temperature heating capacity test

The
Anr
inpy

Thd half capacity test shall be conducted at 50 %:6f full load operation. The test tolerance sh{
of fuill load capacity for continuously variable equipment. For multi-stage equipment, if 50 %
notfachievable, then the test shall be condueted at the next step above 50 %.

low temperature heating capacity test shall be conducted at H2 condition in accordlance with
ex A of ISO 5151 and Annex B of ISO 13253 and ISO T5042. The heating capacity and effeqtive power
it shall be measured during the low temperature tieating capacity test.

i1l be £ 5 %
capacity is

The
sted

minimum capacity test shall be.conducted at the lowest capacity control setting which allows
dy-state operation of the equipment at the given test conditions.

If th
inl
use

The

labgratories.

5.3

Thd
wit

e minimum capacity tests are.conducted, but if the required uncertainty of measuremer
b0 5151, ISO 13253 and ISO 15042 cannot be achieved, the alternative method of calculat
. (Refer to 6.6.4 and 6.24.)

manufacturer shallDprovide information on how to set the capacity if requested by

3 Extra-low temperature heating capacity test

extra-low temperature heating capacity test shall be conducted at H3 condition in
N Aninex A of ISO 5151 and Annex B of ISO 13253 and ISO 15042. The heating capacity a

t specified
on shall be

[he testing

hccordance
d effective

pow

erdnpuf shall he measured during the extra-low temperature hpnfing capacity test Ifth

p test is not

con

ducted, default values as given in Table 1 shall be used.

The half capacity test shall be conducted at 50 % of full load operation. The test tolerance shall be £ 5 %
of full load capacity for continuously variable equipment. For multi-stage equipment, if 50 % capacity is
not achievable, then the test shall be conducted at the next step above 50 %.

The manufacturer shall provide information on how to set the capacity if requested by the testing
laboratories.

5.3.4 Cyclic heating test

The cyclic heating test shall be conducted in accordance with Annex C. If the test is not conducted,
default values as given in Table 1 shall be used.

© IS0 2013 - All rights reserved
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6 Calculations

6.1 Heating seasonal performance factor (HSPF) and total heating seasonal perfor-
mance factor (THSPF)

Heating seasonal performance factor (HSPF), Fysp, of the equipment shall be calculated by Formula (1).

M

1ng

(2)

L
Fysp =~
Cusk
In case of dalculating the total heating seasonal pertormance tactor ( IHSPF J, Teler to ANnex B.
6.2 Defined heating load
The definef heating load shall be represented by a value and the assumption that it is linearly chang
depending|on the change in outdoor temperature.
Defined hepting load which shall be used is shown in Table 2.
Table 2 — Defined heating load
Parameter Load zero (0) Lioad 100 %
Heating load (W) 0 0,82 x ¢pry1(H1)
Temperature(°C) to t100

where t100|is the outdoor temperature at 100 % load and tgis the outdoor temperature at 0 % load.
Reference yalues of defined heating load to be used shall be as follows:

to=17/°Cand t109 =0 °C
In case of getting other heating load, refer to-the setting method as described in Annex D.
Defined heating load Lh(tj) at outdoor temperature tj, which is necessary to calculate heating seasgnal
performanice factor, shall be determinéd'by Formula (2).

Osu(t100)x(to —t;)
Lh (tj) ¥
(to—t100)

where ¢ru[t100) is the heating capacity at t1gg at full-load operating conditions.
Ratio of tHe heating\dperational capacity at 0 °C in non-frosting condition to the standard hea

capacity at

7 °C issaassumed to be 0,82.

[ing

6.3 Outdoor temperature bin distribution for heating

Value of outdoor temperature and bin hours differ from region to region. If bin hours is set to a certain value
for a certainregion, the integrated value of heatingload and electric energy consumption can be determined.

Table 3 shows the reference outdoor temperature bin distribution.

10
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Table 3 — Reference outdoor temperature bin distribution for heating

ISO 16358-2:2013(E)

Bin number j 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Outdoor tem- -10 9 8 -7 6 5 -4 -3 -2 -1 0 1 2 3
perature ¢ °C

Fractional bin 0 0 0 0 0 0 0 0 0 | 0,001 | 0005|0012 | 0,024 | 0,042
hours

Bin hours n; ni ny n3 ng ns ne ny ng ng nio nii ni2 ni3 ni4
Reference bin 0 0 0 0 0 0 0 0 0 4 15 33 68 119
hours (nj) h

Bin humber j 15 16 17 18 19 20 21 22 23 24 25 26 27 Total
Outdoor tem- 4 5 6 7 8 9 10 11 12 13 14 15 16

pergture tj °C

Fradtional bin | 0,059 | 0,070 | 0,082 | 0,087 | 0,091 | 0,092 | 0,091 | 0,085 | 0,075 | 0,067 | 0,053/ 0,038 | 0,027

houtrs

Bin hours nj nis nie ni7 nig ni9g n20 n1 nz2 nz3 n24 nzs n2e 127
Refdrencebin | 169 | 200 | 234 | 250 | 260 | 265 | 260 | 245 | 215 | (192 | 151 | 110 76 | 2866
houfts (nj) h

Binlhours of each outdoor temperature may be calculated by multiplying the fractional bin hpurs by the
totgl annual heating hours if the fractional bin hours are applieable.

In dase of setting other outdoor temperature bin distribution, refer to the setting method a§ described
in Annex D.

6.4 Heating seasonal characteristics of fixed capacity units

Op4grational performance at each test, which is\necessary to calculate the heating seasonal pgrformance

factjor, shall be in accordance with Table 1.

6.4/1 Capacity characteristics against outdoor temperature

Fropting occurs in a range of outdoor temperature from 5,5 °C to -7 °C. It is assumed that decfease rates

in heating capacity and electrig power input due to defrost operation are the biggest when ¢perated at

5,5 PC, then become smallef as outdoor temperature goes down, and reach zero (0) at -7 °C.

a) [In case that outdooér)temperature is in non-frosting temperature range (tj < -7°C or 5,5°¢ < tj):
Capacity ¢fylftj) (W) of the equipment when it is operated for heating at outdoor temperature t;
shall linearly.change depending on outdoor temperatures in the non-frosting temperatufge range, as
shown imFigure A.1 in Annex A, and be determined by Formula (3).

G5 (7) — 5 (=7)
05 () =P (-7)+ =R 2o (- (7)) (3)
7-(=7)

b) In case that outdoor temperature is in frosting temperature range (-7°C < tj < 5,5°C):

Capacity ¢rulf(tj) (W) of the equipment when it is operated for heating at outdoor temperature

tj shall linearly change depending on outdoor temperatures in the frosting temperatur
shown in Figure A.1 in Annex A, and be determined by Formula (4).

Drr £ (2)— Pgiy (=7) y
2—-(-7)

(£,-C7)

Prurf ()= (=7)+

6.4.2 Power input characteristics against outdoor temperature

©IS

02013 - All rights reserved

€ range, as

(4)
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a) Electric power input Pgy(t)) (W) of the equipment when it is operated for heating at outdoor
temperature tj shall linearly change depending on outdoor temperatures in the non-frosting
temperature range, as shown in Figure A.1 in Annex A, and be determined by Formula (5).

Py (7) = Pyy (=7)

Prui(£5) = Py (=7)+ LB 21— (7)) (5)

7-(=7)

b) Electric power input Py, £(tj) (W) of the equipment when it is operated for heating at outdoor
temperature tjshall linearly change depending on outdoor temperatures in the frosting temperature
range, as shown in Figure A.1 in Annex A, and be determined by Formula (6).

Pgy1,£(2) = Pyy (=7)

Pruy ¢ (¢]) =Py (~7)+ — x(tj-(=7)) ©)

2-(=7)

6.4.3 Calculation of heating seasonal total load (HSTL)

Heating seasonal total load (HSTL), LysT, shall be calculated by Formula (7).

n

Lyst =2Lh(tj)xnj (7)

j=1

6.4.4 Calculation of heating seasonal energy consumption (HSEC)

Heating sepsonal energy consumption (HSEC), Cusg, shall be determined using Formula (8) from|the

total sum qf heating energy consumption at each outdoor temperature t;.

nX(t)XP(t;)xn; &

Cusg =Z JF tJ J"'ZPRH(tj)X"j (8)
When load is rather large as compared to heating capacity, make-up heating by the electric heater
shall be adided.

Operation factor X(t;) shall be calculated by Formula (9).

Ly(t;)
X(t)) =+ €)
o(t;)

Partload factor (PLF), FpL(£)yshall be calculated by Formula (10) using degradation coefficient Cp.

For, (£ |=1-Cp (1=%(¢))) 10)
When Lh(tjl) > ¢ (tj), X (tj) = FpL(tj) =1.

Make-up heat’Pry(¢j) shall be calculated by Formula (11).

Pry(tj) =Ly (t;)—¢(t;) (11
a) Non-frosting temperature range (tj< -7 °Cor 5,5 °C < t;)

1) Cyclic operation (Ly(t) < ¢ ful(t;))

Pr

Ht) =0

¢ (&) = ¢ful(t;) in Formula (9)
P(t) = Prul(t;).
2) Full capacity operation (Ln(t;j) > ¢rui(tj))

12
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X)) =FpL(t) =1
¢ (&) = ¢ful(tj) in Formula (11)
P(;) = Prui(tj)-
b) Frosting temperature range (-7 °C < t;< 5,5 °C)
1) Cyclic operation (L (tj) < ¢rul, £(t5))
Pru(t) =0
¢ (t;) = pful, £(t) in Formula (9).
P(tj) = Prul, £(8))-

2) Full capacity operation (Lh(£) > ¢rul, £(t))

X(t) =Fpu(tj) = 1
¢ (&) = ¢rui(tj) in Formula (11).
P(tj) = Prui(j)-

6.5 Heating seasonal characteristics of two-stage capacity units

Coeffficients shown in Table 1 may be used for each characteristic.

6.5{1 Capacity characteristics against outdoor témperature

Caplacities ¢rui(tj) and ¢min(tj) (W) of the equipment when it is operated for heating pt outdoor
temperature tj shall be determined by Formutae (3) and (12), respectively.

¢min (7) - ¢min (—7) x
7—(=7)

Ormin (¢ )= Prmin (~7)+ (¢5-67) (12)

Cappacities ¢ryl£(t)) and Pmin, (G} (W) of the equipment when it is operated for heating fat outdoor
temperature tj shall be determinied by Formulae (4) and (13), respectively.

¢min,f (2) - ¢min (_7) %
2-(-7)

Ormin (€)= 0rmin (7 (¢;-C-7)) (13)

6.5]2 Power.input characteristics against outdoor temperature

Ele¢tric pewef input Pry)(tj) and Pmin(tj)) (W) of the equipment when it is operated for heating at outdoor
temperatyre tj shall be determined from Formulae (5) and (14), respectively.

Dmln (7) = Dmln (_7)
Prin)= Pra V42 =26 =07)) (14

Electric power input Pgy)£(tj) and Pminf(tj) (W) of the equipment when it is operated for heating at
outdoor temperature tj shall be determined from Formulae (6) and (15), respectively.

Pmin,f (2) - Pmin (_7) %

Pmin,f (tj):Pmin (-7)+ 2-(=7)

(£;--7) (15)

6.5.3 Calculation of heating seasonal total load (HSTL)

Heating seasonal total load (HSTL), LysT, shall be calculated by Formula (7).
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6.5.4 Calculation of heating seasonal energy consumption (HSEC)

Heating seasonal energy consumption (HSEC), Cxsg, shall be calculated by Formula (16).

nX(t)xP(t:)xn; & 1 1
_ j P70
Cusg = ]E:l Fou(t)) +j=§1 me(tj)an+j§:1 Py (t5)xn; + j§=l Py (t{)xn; (16)

The relation of heating capacity characteristics and energy consumption characteristics to heating load
at outdoor temperature ¢j is shown in Figure A.2 in Annex A.

a) Non-frasting temperature range [r}; <-7°Cor55°< t}-)

1) Firststage cyclic operation (Lh(£) < ¢min(tj))
Puj(tj) = Prui(tj) = Pru(¢j) = 0 in Formula (16).
@ () = $min(tj) in Formula (9).
P(§;) = Pmin(t))-
2) Serond stage cyclic operation (¢min(tj) < Lh(tj) < Prul(t;))
P(j) = Prui(t;) = Pru(t) = 0 in Formula (16).
X(f) =Feu() =1

(6 )= X g ()X Prgin (6 )+ (1= X g (6 )X Py (£) 17)

E“U

Pra(t5)—Ly(t;)
Pru1 (€ ) = Pmin (¢ )
3) Full capacity operation (Lh(t;j) > ¢rui(tj))
P(};) = Pmf(tj) = 0
X() = Fruty) = 1
o(5) = ¢ful(ty) in Formula (11).
P(};) = Pru(t))-

b) Frostipg temperaturé€ yahge (-7 °C < tj < 5,5 °C)

X 18)

=

1f(tj)=

1) Fiyst stage cyelic operation (Ly(t) < Pmin, £(;))
Puyf(t;) =Pfui(tj) = Pru(tj) = 0 in Formula (16).
(Y= Pmin, £(t}) in Formula (9).

P(t)) = Pmin, f(t))-

2) Second stage cyclic operation (Pmin, f(tj) < Ln(tj) < Prul£(tj))

P(tj) = Prul(t)) = Pru(t)) = 0 in Formula (16).
X(t) = Fpu(ty) = 1
me(tj):me(tj)xpmin,f(tj)+(1_me(tj))xpful,f(tj) (19)

Grur,f (£ ;)= Ly (2;)
Drurf (¢ ) = Prmin g (¢ )

me(tj): (20)
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3) Full capacity operation (Ln(£) > ¢rul, £(tj))
P(t;) = Pm(tj) = 0
X(&) =FpLt) =1
¢(t)) = ¢fu, £(t;) in Formula (11).
Pru1 (&) = Prul, £(&))

6.6 Heating seasonal characteristics of multi-stage capacity units

6.6{1 Capacity characteristics against outdoor temperature

acities Grul(tj), Pmin(ty), Pext(tj) and ¢nat(t)) (W) of the equipment when it is opérated foy
Hoor temperature tj shall be determined by Formulae (3), (12), (21) and (22), ¥espectivel)

¢ext (2) B ¢ext (_7) x
2-(=7)

Ohat (7) = Opar (=7) N
7-(=7)

Cap
out

Dt (£)= 9t (=7)+ (¢;-(=7))

Phat (¢ )= Opar (=7)+ (¢;-(-7)

acities ¢yl £(tj), dmin,f(Ej), Pext,(t)) and Pnatf(tj) (W) of the’equipment when it is operated
utdoor temperature tj shall be determined by Formulag)(4), (13), (23) and (24), respectiy

‘Pext,f (2) B ¢ext (_7) %
2-(=7)

Phatf(2) = Opar (=7) .
2-(=7)

Cap
ato

Pesct £ (£1)=Pext (~7)+ (¢;-(=7)

Phatf (L) = Pnar (=7) + (t;-(-7)

6.6{2 Power input characteristics.against outdoor temperature

Ele
hea

tric power input Pgyi(tj), Pmin(tj), Pext(tj) and Phaf(tj) (W) of the equipment when it is o
fingatoutdoor temperature’tjshallbe determined from Formulae (5), (14), (25) and (26), rq

Pext (2) B Pext (_7) %
2—(-7)

Phaf (7) - Phaf (_7) «
7-(=7)

Pext(tj):Pext(_7)+ (tj_(_7))

Phat (61 = Piat (-7)+ (£-(-=7)

Ele¢tri€ power input Pyl £(tj), Pmin,f(£j), Pext,f(tj) and Phat(t}) (W) of the equipment when it

heating at

~

(21)

(22)

for heating
ely.

(23)

(24)

berated for
spectively.

(25)

(26)

s operated

for [heating at outdoor temperature tj shall be determined from Formulae (6), (15), (27

and (28),

respectively.

Py £(2) = Poye (=7)
Pext £ (£7) = Pexe (=7)+ . 2_(_7)t X(tj —(—7))
Phagf (2) = Phag(=7)
Pha(6)= Prag (=7)+— ffz_(_;)f x(¢;-(=7)

6.6.3 Calculation of heating seasonal total load (HSTL)

Heating seasonal total load (HSTL), LysT, shall be calculated by Formula (7).

© IS0 2013 - All rights reserved
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6.6.4 Calculation of heating seasonal energy consumption (HSEC)

When the minimum capacity data are available, then the heating seasonal energy consumption (HSEC),
Cyusk, shall be calculated by Formula (29).

CHSE =

n X(tj)XP(tj)an n n n n n 29
) Fi(t-)-'—-; th(tj)xnj+_§ th(tj)xnj+_§ Pfe(tj)xnj+_§ Pext(tj)xnj+_§ PRy (t{)xn; (29)
j=1 PLYj j=1 j=1 j=1 j=1 j=1

When the minimum capacity data are not available, then the heating seasonal energy consumption
(HSEC), CysE, shall be calculated alternatively by Formula (30).

Chsg =

X IXP(E %N, &

j=1 =1 =1

n n 7
z F (t ) J +2th(tj)><nj+2Pfe(tj)><nj+ZPext(tj)><nj +2PRH(tJ)XHJ 30)
PLLYj =1

j=1

The relation of heating capacity characteristics and energy consumption characteristics to heating load

at outdoor

6.6.4.1
a) Non-frt

16

1y

2)

3)

4)

I

Fij
Py
b(
P(
Se
P(
X(

Pm

X

=

Th
1t
X(

temperature tj is shown in Figure A.3 in Annex A.

1 case of calculation using Formula (29)

psting temperature range (tj < -7 °Cor 5,5 °C < t;)

st stage cyclic operation (Lh(tj) < ¢min(tj))

h(tj) = Pnf(t)) = Pre(t;) = Pext(tj) = Pru(t;) = 0

i) = ®min(tj) in Formula (9).

) = Pmin(&)-

cond stage cyclic operation (¢min(tj) < Lh(t)@ ¢nat(tj))
i) = Phf(tj) = Pre(tj) = Pext(tj) = Pru(t)) >0

) = Frr(t) =1
h(fj):th(tj)xpmin(fj)+<1—th(tj))xphaf(fj)

Ppar () — Ly [L;)
Phar (t) — @i (¢ )
ird stage cyclic operation (¢naf(tj) < Ln(tj) < ¢rul(tj))
i) = Pmnlt)) & Pre(t)) = Pext(tj) = Pru(4) = 0
) = Fpr(t) = 1

1h(tj):

Py

(A=Y (WP (e (1Y% (£ VP (£

31)

32)

33)

Xye(t;)=

Fo

\."JJ “nr\."JJ ‘naI\"JJ i \"' “nIL"_]J/ ‘I'ul\"_].}
P (t;)—Lp(t;)
Orun () —Ppar (£5)

urth stage cyclic operation (¢rui(tj) < Lh(tj) < Pext(tj))

P(tj) = Pmh(tj) = Pnt(tj) = Pext(tj) = Pru(tj) = 0 in Formula (29).

X(t) = Fru(ty) = 1

Pre (£ )= X g (€ )X Py () + (1= X () ) X Py (£)

(34)

(35)
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Pexi (t;)— Ly (¢)

Pext () —Pru (t;)

For units not having the extended capacity operation,
P(t)) = Pmn(j) = Pf(tj) = Pext(tj) = 0

X(t;) = FpL(t) =1

@(t) = ¢ful(t;) in Formula (11).

Xfe(tj):

5)

Frosting temperature range (-7 °C < tj < 5,5 °C)

Pre(tj) = Prui(t))-

Extended capacity operation (Ln(tj) > ¢ext(tj))
P(t)) = Pmn(tj) = Pnf(tj) = Pre(tj) = 0

X(t) = FpL(t) =1

®(t) = Ppext(tj) in Formula (11)

For units not having the extended capacity operation, the calctilation is not necessal

1) First stage cyclic operation (Lh(tj) < ¢min, f(£;))
Pmn(t)) = Pnf(t)) = Pre(t)) = Pext(tj) = Pru(tj) = 0
@ () = Gmin, £(tj) in Formula (9).
P(&) = Pmin, (8))-
2) Second stage cyclic operation (@i, £(¢j) < Lu(tj) < ¢nar, £(tj))
P(t)) = Pnt(tj) = Pre(tj) = Pext(tj}= Pru(tj) = 0
X(t;) = FpL(t) =1
th(tj):th(tj)xpmin,f(tj)+(1_th(tj))xphaf,f(tj)
t:)—Ly(t:
Ko (£)= Oparr ()~ Ly(t;)
Phat, (€)= Omin ¢ (€ )
3) Third)stage cyclic operation (¢naf, £(tj) < Lh(tj) < bful, £(t5))
P(&)) = Pmn(t) = Pre(t}) = Pext(tj) = Pru(t) =0
X(’v]) = FPL(L]) =t
th(tj):th(tj)xphaf,f(tj)+(1_th(tj))xpful,f(tj)
Grur e (E5)— Ly ()
Xne(tj)= e ,
Prut,f ()~ Pnatf (¢ )
4) Fourth stage cyclic operation (¢psul, £(£j) < Lh(tj) < Pext, £(tj))

P(tj) = Pmnh(t)) = Pne(tj) = Pext(t)) = Pru(t) = 0
X(t) =Fpu(ty) = 1

© IS0 2013 - All rights reserved
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(37)

(38)

(39)

(40)
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6.6.4.2 I

a)

18

Pfe

Xfe(tj)=

(tj):Xfe(tj)XPful'f(tj)+(1—Xfe(tj))><Pext,f(tj)

Gextr (E5)— Ly (¢;)
Pext,f () —Prur e (£5)

For units not having the extended capacity operation,
P(§)) = Pmh(5) = Pne(t)) = Pext(tj) = 0
X("}\ = Fp; (f‘j) =1

(41)

(42)

ol
P

i) = pruy, £(tj) in Formula (11).

() = Prul, £(t;).

5) Extended capacity operation (Lh(tj) > ¢ext, f(£j))

P(
X(
ol
Py

For units not having the extended capacity operation, thecalculation is not necessary.

Non-fT|
1) Fil
Py
é(
P(
2) Se
P
X(
Py
X

) = Pmn(t)) = Phe(ty) = Pre(tj) = 0
) = Fpu(t) = 1
i) = Pext, £(¢j) in Formula (11).

1t;) = Prul, £(t)

h case of calculation using Formula (30)

psting temperature range (tj < -7 °C or 5,5 2¢% t;)

st stage cyclic operation (Lh(tj) < ¢haf(t))

£(t;) = Pre(tj) = Pext(tj) = Pru(t;) =0

i) = ¢naf(tj) in Formula (9).

i) = Phaf(t;).

cond stage cyclic operation (¢naf(tj) < Ln(tj) < ¢rui(tj))
) = Pre(tj) = Pes(t) = Pru() = 0

) = FpL(6) 51

f(tj) shaltbe calculated using Formula (33).

f(¢))shall be calculated using Formula (34).

3) Third stage cyclic operation (¢rul(tj) < Lh(tj) < dext(t;))

P(tj) = Pnf(tj) = Pext(tj) = Pru(tj) = 0 in Formula (30).

X(t) = Fputy) = 1

Pre(tj) shall be calculated using Formula (35).

Xfe(t;) shall be calculated using Formula (36).

Fo

r units not having the extended capacity operation,

P(tj) = th(t]') = Pext(tj) =0
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b)

4)

X(t) =Fputj) = 1

@(t;) = Pful(t) in Formula (11).

Pre(5) = Prul(ty)-

Extended capacity operation (Lh(£j) > ¢ext(tj))
P(t)) = Phe(t)) = Pre(t) = 0

X(t) = Fpu(ty) = 1

@ () = Pext(tj) in Formula (11).
P(tj) = Pext(tj)-

For units not having the extended capacity operation, the calculation is not necessal

Frosting temperature range (-7 °C <tj < 5,5 °C)

1y

2)

3)

First stage cyclic operation (Ln(tj) < ¢naf, £(tj))

Ph(tj) = Pre(tj) = Pext(tj) = Pru(t) = 0

@ () = ¢nat, £(t)) in Formula (9).

P(tj) = Pnatf(tj)-

Second stage cyclic operation (¢naf, £(tj) < Ln(tj) = Prul, £(£5))
P(tj) = Pre(tj) = Pext(tj) = Pru(t)) = 0

X(t) =Fputj) = 1

Ph¢(tj) shall be calculated using Formula (39).

Xn(tj) shall be calculated using Formula (40).

Third stage cyclic operation (¢rul, £(£5) < Lh(£j) < Pext, £(£5))
P(t)) = Pne(tj) = Pexd(t) = Pru(t)) = 0

X(t) = Fpu(tj). A4

Pre(tj) shall'be calculated using Formula (41).

Xfe(t) shall be calculated using Formula (42).

Eor units not having the extended capacity operation,

P(t}) = Phe(t) = Pext(t]) = 0

4)

X(t) =Fputj) = 1

@ (&) = ¢rul, £(t;) in Formula (11).

Pre(tj) = Prul, £(8)-

Extended capacity operation (Lh(£) > ¢ext, f(tj))
P(t;) = Pne(tj) = Pre(t;) = 0

X(t) =Fputj) = 1

@(t)) = dext, £(t;) in Formula (11).

© IS0 2013 - All rights reserved
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Prul (&) = Prul, £(8)

Fo

r units not having the extended capacity operation, the calculation is not necessary.

6.7 Heating seasonal characteristics of variable capacity units

Coefficient

s shown in Table 1 may be used for each characteristic.

6.7.1 Capacity characteristics against outdoor temperature

(£ and A (+) (AL

Capacities
outdoor te

Capacities
at outdoor

6.7.2 Po

Electric po
heatingatc

Electric po
for heating
respective

6.7.3 Cal

Heating se

6.7.4 Cal

1 oftha aaguinmant whan it ic anaratad for haqtd
J ot p et ey e e o O p ot oottt

e+ A () A
T Ce P O 7 P ex t e o S P maf T v

mperature tj shall be determined by Formulae (3), (12), (21) and (22), respectively.

temperature ¢j shall be determined by Formulae (4), (13), (23) and (24), respectiyely.

ver input characteristics against outdoor temperature

wer input Pgyi(tj), Pmin(tj), Pext(tj) and Phaf(tj) (W) of the equipment when it is operated
utdoor temperature tjshall be determined from Formulae (5), (14);(25) and (26), respectiy

wer input Pry) £(£j), Pmin,f(tj), Pext,f(tj) and Phatf(t;) (W) of the eqipment when it is operd
 at outdoor temperature tj shall be determined from Eommulae (6), (15), (27) and (
y.

culation of heating seasonal total load (HSTL)

hsonal total load (HSTL), Lyst, shall be calculated by Formula (7).

culation of heating seasonal energy consumption (HSEC)

The relation of heating capacity characteristics-and energy consumption characteristics to heating |

at outdoor

temperature ¢j is shown in Figure A:4 in Annex A.

When the

inimum capacity data are available, then the heating seasonal energy consumption (HS

Cusg, shall|be calculated by Formula((29).

When the

inimum capacity data are not available, then the heating seasonal energy consump

(HSEC), CHisg, shall be calculated alternatively by Formula (30).

6.7.4.1

In case of calculation using Formula (29)

a) Non-frpsting témperature range (tj < -7 °Cor 5,5 °C < t;)

1) C

lieoperation (Lh(tj) < Pmin(tj))

Hrul,£(E5), Pmin, £(E)), Pext,£(t)) and Pnatf(tj) (W) of the equipment when it is operated forheati

g at

—

ng

for
rely.

ted
08),

oad

L1]

0),

Fion

PRt ="Prt)="Prettp)="Pectt=PrAtt)="0
®(t;) = dmin() in Formula (9).
P(tj) = Pmin(t))-

2)

P(t)) = Pnf(tj) = Pre(tj) = Pext(tj) = Pru(f) = 0
X(t) =FpL(t) =1

Variable capacity operation between minimum and half capacity (¢min(tj) < Ln(tj) < ¢nat(tj))

Cop(t), Coefficient of Performance (COP) at outdoor temperature t, shall be determined by
the following:

20
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COP(t):%

(43)

It is assumed that COP linearly changes depending on outdoor temperature when the capacity

of equipment changes continuously.

0P, min (tq)~Cop, hat (tq)

c
Copmh(t])=Copnar(tq)+ X(tj—tq)

tq—ta

(44)

tqis outdoor temperature when heating load is equal to heating half capacity (refer to Annex E).

Cophaf(td) shall be calculated from Formula (43), where, ¢(t) = ¢naf(td) and P(t) 5 Piht(td)-
tq is outdoor temperature when heating load is equal to heating minimum’'dapacity (refer to
Annex E).
CopPmin(tq) shall be calculated from Formula (43), where, ¢(t) = ¢min(tg)-and P(t) = Pmin(tq)-
Pmn(t;) shall be calculated from Formula (45).
Ly (¢t
P(t]- _ h( l) (45)
Cor (£))

where Cop(tj) = Copmn(t;)-

3) Variable capacity operation between half and full’capacity (¢nat(tj) < Ln(tj) < prul(t;)
P(t;) = Pmn(t)) = Pre(tj) = Pext(t;) = Pru(tj) 3,0
X(t) =FpL(t) =1
Cop(t), Coefficient of Performance-(COP) at outdoor temperature t, shall be detdrmined by
Formula (43).
It is assumed that COP linearly changes depending on outdoor temperature when the capacity
of equipment changes eontinuously.

Cop, hat (t4)—Cop ful(ta)
Cop, ne(tj)=Cop fy(ta) +— S () (46)
tq—ty

t, is outdgortemperature when heating load is equal to heating full capacity (refer tp Annex E).
Cop, fui(ta) shall be calculated from Formula (43), where, ¢(t) = ¢rul(ta) and P(t) = Pry|(ta)-
tqisoutdoor temperature when heating load is equal to heating half capacity (refer tp Annex E).
Cop, haf(td) shall be calculated from Formula (43), where ¢(t) = ¢nat(td) and P(t) = Pnhs(td).
Pn¢(t;) shall be calculated from Formula (45), where Cop(tj) = Cop, hf(t;)-

4) Full capacity or variable capacity operation between full and extended capacity

(Pru1ty) < Ln(t) < Pext(t;))

For units not having the extended capacity operation,
P(8) = Pmn(tj) = Pnf(tj) = Pext(tj) = 0

X)) = Fru(t) = 1

@(t) = ¢ful(t;) in Formula (11).

Pre(tj) = Prui(t;)-

© IS0 2013 - All rights reserved
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b)

22

If there is an extended mode, P(tj) = Pmh(t;j) = Pht(tj) = Pext(tj) = Pru(tj) = 0.

X(t) = Fpu(tj) = 1

Cop, ful(ta)—Cop, ext (th)
Cop, fe(t)=Cop,ex(tn) +— " — ==t =tp) (47)
a ‘h

tnis outdoor temperature when heatingload is equal to heating extended capacity (refer to Annex E).

Cop, ext(tn) shall be calculated from Formula (43), where ¢(t) = ¢ext(tn) and P(t) = Pext(tn)-

t, [S outdoor temperature when heating load 1s equal to heating rull capacity (refer to Annex E).
Cofp.ful(ta) shall be calculated from Formula (43), where ¢(t) = ¢rui(ta) and P(t) = Pry1(td):
Pg4(tj) shall be calculated from Formula (45), where Cop(tj) = Cop, fe(t;)
5) Extended capacity operation (Lh(tj) > ¢ext(tj))
P(f;) = Pmn(t)) = Pne(t)) = Pre(t)) = 0
X() = Fruty) =1
@ () = Pext(tj) in Formula (11).
For units not having the extended capacity operation, the calculation is not necessary.
Frost:l[g temperature range (-7 °C < t;< 5,5 °C)
1) Cylic operation (Lh(£j) < ¢min, £(tj))
Pin(t;) = Pnf(ty) = Pre(t;) = Pext(tj) = Pru(t)) = Q
@ (i) = Pmin, £(t;) in Formula (9).
P(;) = Pmin, £())-
2) Variable capacity operation between minimum and half capacity (¢min, £(tj) < Ln(tj) < Pnaf, £[tj))
P(};) = Pue(tj) = Pre(tj) = Pext(t) = Pru(t;) = 0
X(H) =Frr(t) =1
Cop, mh,f(tj)=Coppae(te) + Cop, min (ttrr)__iop’ hatir(‘e) X(tj—te) 48)
tr1s outdeor'temperature when heating load is equal to heating minimum capacity with frosting
operatiof (refer to Annex E).
Coprmmt-shat-be-calewlated-fromEormta{43)-where- ¢ —bmmritard-PE——Pmmitr).
te is outdoor temperature when heating load is equal to heating half capacity with frosting
operation (refer to Annex E).
Cop, haf, f(te) shall be calculated from Formula (43), where ¢(t) = ¢nar, f(te) and P(t) = Phaf, f(te)-
Pmn(t) shall be calculated from Formula (45), where Cop(tj) = Cop, mh, f(£j)-
3) Variable capacity operation between half and full capacity (¢naf, £(tj) < Ln(tj) < Prul, £(£5))

P(tj) = Pmn(t)) = Pre(tj) = Pext(tj) = Pru(t)) =0
X(t) =Fru(tj) =1
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Cop(t), Coefficient of Performance (COP) at outdoor temperature t, shall be determined by
Formula (43).

It is assumed that COP linearly changes depending on outdoor temperature when the capacity
of equipment changes continuously.

Cop, hat, f(te)=Cop, ful, £ (tg)
te—tg

Cop, nf, £ (t)=Cop, ful £ (tg)+ X(tj—tg) (49)

tg is outdoor temperature when heating load is equal to heating full capacity with frosting
operation (refer to Annex E)

Cop, ful, f(tg) shall be calculated from Formula (43), where ¢(t) = ¢rul, £(tg) and PE)="Pru), £(tg).

te is outdoor temperature when heating load is equal to heating half capacity with frosting
operation (refer to Annex E).

Cop, hat, f(te) shall be calculated from Formula (43), where ¢(t) = ¢naff(te) and P(t) = Phar, £(te)-
Pt (tj) shall be calculated from Formula (45), where Cop(tj) = Cép,kf, £(tj)-

4) Full capacity or variable capacity operation betwéen' full and extended capacity

(Prurf(t)) < Ln(tj) < dexe (1))

For units not having the extended capacity operatioh)

P(t)) = Pmn(t)) = Pnf(6)) = Pext(tj) = 0

X)) =Fer(t) =1

@ () = ¢fu£(t) in Formula (11).

Pre(t}) = Prul,f(t)).

If there is an extended mode;P{fj) = Pmh(tj) = Phe(tj) = Pext(tj) = Pru(tj) = 0.
X(t) =Fputj) = 1

OP, fulf (tg ) - COP, extf (tf)
tg -l

C
Cop, fe,f(tj)=Cop, extelts) + x(tj—t¢) (50)

tris outdoortemperature when heating load is equal to heating extended capacity with frosting
operation(vefer to Annex E).
Copgext; f(tr) shall be calculated from Formula (43), where ¢(t) = ¢ext, f(tr) and P(t) = Pext, £(t).

tg-is outdoor temperature when heating load is equal to heating full capacity with frosting
operation (refer to Annex E).

Cop, ful, f(tg) shall be calculated from Formula (43), where ¢(t) = ¢rul, £(tg) and P(t) = Pru), £(tg).
Pre(tj) shall be calculated from Formula (45), where Cop(tj) = Cop, fe, f(£j)-
5) Extended capacity operation (Lh(tj) > ¢ext, £(t;))
P(tj) = Pmn()) = Pnt(5) = Pre(t5) = 0
X)) =Fru() =1
@(85) = Pext, £(tj) in Formula (11).
Prui(£5) = Pruy, £(£)
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For units not having the extended capacity operation, the calculation is not necessary.

6.7.4.2 In case of calculation using Formula (30)
a) Non-frosting temperature range (tj< -7 °Cor 5,5 °C < t;)
1) Cyclic operation (Ly(tj) < pnat(tj))
Ph(tj) = Pre(t) = Pext(tj) = Pru(t)) = 0
@ () = ¢nat(tj) in Formula (9).
P(j) = Phat(t)).

2) Variable capacity operation between half and full capacity (¢nat(tj) < Ln(£5) < ¢rul(t;))

6.7.4.1 a) 3) shall apply.

3) Full capacity or variable capacity operation between full and,'éxtended capafity

(Pful(t)) < Ln(t)) < dext(t)))
6.7.4.1 a) 4) shall apply.

4) Extended capacity operation (Ln(tj) > ¢ext(tj))
6.7.4.1 a) 5) shall apply.

b) Frostipg temperature range (-7°C < tj < 5,5°C)

1) Cylic operation (Ly(tj) < ¢naf, £(tj))
Prf(tj) = Pre(t;) = Pext(tj) = Pru(t)) = 0
@ () = bnar, £(t) in Formula (9).
P(§;) = Phat, £(5))-

2) Variable capacity operation between half and full capacity (¢naf, £(tj) < Ln(tj) < Prul, £(£5))
6.7.4.1 b) 3) shall apply.

=

3) Full capacity or variable capacity operation between full and extended -capafity

(PFuLf(t;) < Ln(t) < @ext(t)))
6.7.4.1 b) 4) shall-apply.

4) Extended Capacity operation (L (tj) > Pext, £(tj))
6.7.4.4b) 5) shall apply.

7 Testreport

The test report shall include:

a) the type of unit;

b) the list of mandatory test points performed, and the resulting capacity and COP values;
c) thelist of optional test points performed, and the resulting capacity and COP values;

d) the default values used;

e) for multi-split systems, a combination of indoor units and an outdoor unit.
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For variable capacity units, frequency settings for each performed test shall also be indicated.

The heating seasonal performance factor (HSPF) shall be declared with three significant digits,
with reference to the reference defined heating load and to the reference outdoor temperature bin

distribution used.

© IS0 2013 - All rights reserved 25


https://standardsiso.com/api/?name=67d674f320936737ef12f842ac1d1608

ISO 16358-2:2013(E)

Annex A
(informative)

Figures
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Y1 capicity or load
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Figure A.1— Heating capacity, power input and load for fixed capacity units
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Figure A:2-— Heating capacity, power input and load for two-stage capacity unlits
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Figpre A.3 — Heating capacity, power input and load for multi-stage capacity units
28 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=67d674f320936737ef12f842ac1d1608

ISO 16358-2:2013(E)

COP, min(tq) COP. mh(tj)
Cop, hat,(ta) N
Y3 COP, haf, f(te) C (t)
C()p, full, f(tg) COP . f(t]) OP; mh, fLY}
COP, ext, f(tf) COP, fe, f(t]) o P (t)
ext Y]
) /—//
(W) Pext, f(z) : = e — 1 | Pu t
P(7) | ‘ ——p (t) g /J/"/ ()
: ext,f) ) . —
\ P.(-7) ‘ L
D7) c — D[ t
z e 7 J TTul TCY ) TarCeyT
‘ Pra(7) ,,.,——-’;
Pra(-7) g — Prat (8) f Prin(t))
al, - e min\Yj
Pmin('7) e — Pmin, f(tj) / ¢ext(t]')
- //
W) Ly (1) P
(pful(7) < T - ‘ ¢ext, f(tj) — @ﬁﬂ(tj)
qsext, f(z) }( . — T
0,82 x Dy(7 L L
exftlg I P DT S R B Prar( )
Yl o) - Y]
Dr(-7) Pruflt) . — T =S Pnin(ty)
¢min(7) / i \) ’l minYj
Dhai(-7) Prardt) . —- 7N <
Qmin('7) qjmin, f(t])
\\i\\\i\\L%é\\\\i\%}\\\ [
-7 tn G 0 t2 tg ¢t 47 t. 10 17
t, 5,5
X t; (°C)
Key]
X outdoor temperature
Y1 capacity or load
Y2 power input
Y3 coefficient of performance (COP)
Figur'e A.4 — Heating capacity, power input, load and COP for variable capacity ynits
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Annex B
(informative)

Calculation of total heating seasonal performance factor (THSPF)

B.1 General

This anne>];pplies to heating only units and reversible units.

B.2 Meqg

The unit shall be electrically connected to the main power source after shut-downfor 6 h. Indoor

outdoor te
for one h

surement of the electric power consumption during the inactive mode

and

mperature of 20 °C condition shall be reached. The power consumption shall be measyred
ur after the temperature conditions are stabilized. The same test’is repeated with

the

temperatufe condition of 5 °C, 10 °C and then 15 °C with the stabilization period of 2 h between each fest.
ce case, each power consumption value shall be weighted by weighting factors in Tablel B.1

As a refer
and then i

inactive pg

NOTE IIf the results of the tests at 20 °C and 5 °C are within 5 %%r’1 W, then the tests at 15 °C and 10 °( are

bry. The average value of these results is used for the fotir considered temperature conditions.

not mandat

Table B.1

Inactive energy consumption (IAEC) shall be’calculated by Formula (B.1).

tegrated to obtain a weighted average inactive power consumption, Pj5. The calculatio
wer may also be undertaken for other climate condition§.aid operating schedules.

— Default weighting factors for determination of reference inactive energy consumpt

Temperature condition 5°C 10 °C

15°C

20°C

Weighting factor 0,05 0,13

0,27

0,55

C1AE = Hia % Pia
where
CiaE 1s the inactive energy consumption;
Hia s the numbBer'of hours of inactive mode as given in Table B.2;
Piz s theaweighted average power consumption.

B.3 Calculation of total heating seasonal performance factor (THSPF)

Total heating seasonal performance factor (THSPF), Frysp, shall be calculated by Formula (B.2).

Frysp =

h of

ion

B.1)

Lyst

Cusg +CiaE

Calculation of LysTt and Cysg is according to the main body of this part of ISO 16358.

Inactive energy consumption (IAEC), CiaE, shall be calculated by Formula (B.1).

30

(B.2)
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The default mode hours for the calculation of reference total heating seasonal performance factor are
shown in Table B.2. The calculation of total heating seasonal performance factor may also be undertaken
for other distributions of mode hours.

Table B.2 — Default hours by mode for the calculation of reference total heating seasonal
performance factor

. Active mode Inactive mode, Hj, Disconnected mode
Unit
h h h
Heating only unit 2866 4077 1817
2 866
Reversible unit 4077 0
(Cooling operation: 1 817)
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