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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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Ai

r-cooled air conditioners and air-to-air heat

pumps — Testing and calculating methods for seasonal
performance factors —

Part 1:

C

1

1.1
fact]

1.2
test

maidatory test conditions and is intended for use only in marking,comparison, and certificatio

For

joling seasonal perfornrance factor

Scope

This part of ISO 16358 specifies the testing and calculating methods for seasonal pg
pr of equipment covered by ISO 5151, ISO 13253 and ISO 1504 2.

This part of ISO 16358 also specifies the seasonal performance testconditions and the cor
procedures for determining the seasonal performance factor of(equipment, as specified iy

the purposes of this part of ISO 16358, the rating conditionsarethose specified under T1 in th

brformance

responding
1.1, under
N purposes.
ereference

starjdards in 1.1. The procedures in this part of ISO 16358 may be used for other temperature donditions.
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 documérits, in whole or in part, are normatively referenced in this documgnt 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) appligs.
[SO|5151, Non*ducted air conditioners and heat pumps — Testing and rating for performance

[SO|13258, Ducted air-conditioners and air-to-air heat pumps — Testing and rating for perfornance

[SO U504 2 Multiplesplit-systemair-conditionersandair-to-girheatpmps—Tlesting-andratingforperformance
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5151, ISO 13253, ISO 15042
and the following apply.

31

defined cooling load, L.
heat defined as cooling demand for a given outdoor temperature

© IS0 2013 - All rights reserved
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3.2

cooling seasonal total load

CSTL

total annual amount of heat that is removed from the indoor air when the equipment is operated for
cooling in active mode

3.3

cooling seasonal energy consumption

CSEC

total annual amount of energy consumed by the equipment when it is operated for cooling in active mode

34
cooling sepsonal performance factor
CSPF
ratio of thp total annual amount of heat that the equipment can remove from the indder air \IATen
operated for cooling in active mode to the total annual amount of energy consumed by the equipnjent
during the|same period

3.5
part load factor
PLF
ratio of the performance when the equipment is cyclically operated,td_the performance when|the
equipment|is continuously operated, at the same temperature and humidity conditions

3.6
degradatipn coefficient, Cp
coefficient|that indicates efficiency loss caused by cyclic operation

3.7
fixed capdcity unit
equipment|which does not have possibility to changeits capacity

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

3.8
two (2)-sthge capacity unit
equipment/where the capacity is vanied by two steps

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

39
multi-stage capacity unit
equipment/where the capacity is varied by three or four steps

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

3.10
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.

3.11

cooling full-load operation

operation with the equipment and controls configured for the maximum continuous refrigeration
capacity specified by the manufacturer and allowed by the unit controls

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

2 © IS0 2013 - All rights reserved
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3.12
minimum-load operation
operation of the equipment and controls at minimum continuous refrigeration capacity

Note 1 to entry: All indoor units shall be functioning during the minimum-load operation.

3.13
standard cooling full capacity
cooling capacity at T1 at full-load operating conditions

3.14

sta
eled

3.1
sta
cap

3.1¢6

sta
eled
uni

3.1]
sta
cap

3.14
sta
eled

3.1

TCS
rati

ama@unt of energy consumed by the equipment, including the active, inactive and disconnected

3.2
act

totIl cooling seasonal performance factor

ndard cooling full power input
tric power input at T1 at full-load operating conditions

D
hdard cooling half capacity
heity which is 50 % of cooling full capacity at T1 condition with all indoor ufrits functioni

D
hdard cooling half power input
tric power input when operated at 50 % of cooling full capacityZt T1 condition with
s functioning

y

hdard cooling minimum capacity
heity at T1 condition at the minimum-load operation

B
hdard cooling minimum power input
tric power input at T1 condition at the minimium-load operation

PF

D
ve mode

mo

fungtion of the unit is-switched on

3.2

inartive mode
modle corresponding to the hours when the unit is not operating to meet cooling demand

Notg¢ 1-to.entry: This mode may include the operation of a crankcase heater.

e corresponding to.the hours with a cooling demand of the building and whereby f{

ng

all indoor

b of the total annual amount of heat that the equipment can remove from the indoor air to the fotal annual

modes

he cooling

3.22
disconnected mode
mode corresponding to the hours when the unitis electrically disconnected from the main power supply

Note 1 to entry: Power consumption is zero.

4 Symbols

Symbol Description Unit
CcsE cooling seasonal energy consumption (CSEC) Wh
Egr(t) energy efficiency ratio (EER) at continuous outdoor temperature ¢ W/ W
© IS0 2013 - All rights reserved 3
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Symbol Description Unit
EEr(t;) energy efficiency ratio (EER) at outdoor temperature t; W/W
EER, ful(tp) |energy efficiency ratio (EER) when cooling load is equal to cooling full capacity | W/W
EER, haf(tc) |energy efficiency ratio (EER) when cooling load is equal to cooling half capacity | W/W
Etr, ne(t) ﬁr;e;”gg uetféioc(i)iriz}rfn ?gizt(frifi)j in variable operation between half and full capac- W/W
Egr, mh(t;) ggggﬁii};;gicéi?gz/;?tie(;rggrz)nilr;g;riable operation between minimum and half W/W
EggR, energy efficiency ratio (EER) when cooling load is equal to cooling minimum W/l
min(ts) ||capacity
Fcsp cooling seasonal performance factor (CSPF) -
FpL(t) part load factor (PLF) at outdoor temperature t; -
Frcsp total cooling seasonal performance factor (TCSPF) -
Lest cooling seasonal total load (CSTL) Wh
Le(t) defined cooling load at outdoor temperature ¢ W
nj bin hours h
k, p, n,m |[number of temperature bins -
PO cooling power input calculated by equation of P(t;j) atcontinuous outdoor tem- W

perature t
P(t) cooling power input applicable to any capacity atoutdoor temperature ¢ w
Pryi(t;) cooling full power input at outdoor temperature ¢ W
Pfu1(35) ||cooling full power input at T1 temperature condition W
P1(29) || cooling full power input at outdoor temiperature 29 °C w
Phat(tj) cooling half power input at outdeertemperature t; W
Pnrat(35) ||cooling half power input at T1 temperature condition w
Phaf(29) ||cooling half power inputatoutdoor temperature 29 °C w
Phe(t) gzg(lji:grpt(;vr;er input in.Variable operation between half and full capacity at W
peratutel;
Prnt(t}) (f:ooling power input in second stage cyclic operation between minimum and W
ull capacity atioutdoor temperature ¢
Prnn(t;) ;Sgﬂ?ﬁo%?«‘f:; input in Va.riable operation between minimum and half capacity W
perature t;
Phin(t;) coplinng minimum power input at outdoor temperature ¢; w
Pmin(35) ||[cOoling minimum power input at T1 temperature condition W
Pnin(29) |cooling minimum power input at outdoor temperature 29 °C w
t general continuous outdoor temperature °C
tj outdoor temperature corresponding to each temperature bin °C
ty outdoor temperature when cooling load is equal to cooling full capacity °C
te outdoor temperature when cooling load is equal to cooling half capacity °C
tp outdoor temperature when cooling load is equal to cooling minimum capacity °C
X(t) ratio of load to capacity at outdoor temperature ¢; -
Xne(6) Zztio (_)f excess capacity over load t_o capacity difference between half and full B
pacity at outdoor temperature t;
4 © IS0 2013 - All rights reserved
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Symbol Description Unit

Xmi(t)) ;‘atio of excess capacity over load to capacity difference between minimum and _
ull capacity at outdoor temperature ¢

Xmh () ;atio of excess capacity over load to capacity difference between minimum and B
alf capacity at outdoor temperature t;

() cooling capacity calculated by equation of ¢(t;) at continuous outdoor tempera- W

ture t

o(t5) cooling capacity applicable to any capacity at outdoor temperature ¢ w

o () cooling full capacity at outdoor temperature ; w

éru(35)  |cooling full capacity at T1 temperature condition w

¢rfi(29)  |cooling full capacity at outdoor temperature 29 °C w

¢nd(t;) cooling half capacity at outdoor temperature t; w

¢ndr(35) |cooling half capacity at T1 temperature condition w

¢ndr(29) |cooling half capacity at outdoor temperature 29 °C w

¢mjn(tj) |cooling minimum capacity at outdoor temperature t; w

¢mjn(35) |cooling minimum capacity at T1 temperature conditioh w

®min(29) |cooling minimum capacity at outdoor temperature 29 °C W

5 |Tests

5.1 General

Thdse tests are additional to those in ISO 5151, 1SO 13253 and ISO 15042.

The

accuracy of the instruments used for-tests shall conform to the test methods and unce

megasurements specified in ISO 5151, 1S0 13253 and ISO 15042.

Ftainties of

5.2 Test conditions
Temperature and humidity cenditions as well as default values for calculation shall be as specifiefl in Table 1.
Taple 1 — Temperature and humidity conditions and default values for cooling at T1 moderate
climate condition of ISO 5151, ISO 13253 and ISO 15042
Tesk Characteristics Fixed Two- Multi- Variable Defhult value
stage stage
Stapdard cooling Full capacity ¢s1(35) (W)
i ] ] ] ] —
cappaity Full power input Pgy)(35) (W)
Indoor DB 27°C Half capacity ¢naf(35) (W) $hat(29)/1,077
WB 19°C . - - °© u
Half power input Ppa(35) (W) Pnrat(29)/0,914
Outdoor DB 35°C Minimum capacity ¢min(35) (W) ¢min(29)/1,077
WB 24°C — . - © © ©
Minimum power input Ppin(35) (W) Pmin(29)/0,914
B required test.
O optional test.
NOTE 1 Ifthe minimum capacity test is measured, min(29) testis conducted first. Min(35) test may be measured or may be
calculated by using default value.
NOTE 2 Voltage(s) and frequency(ies) are as given in the three referenced standards.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Test Characteristics Fixed Two- Multi- Variable Default value
stage stage
Low temperature |Full capacity ¢1(29) (W) 1,077 x ¢rui(35)
i i ] ] ] —
cooling capacity I 11 oo ver input Pru(29) (W) 0,914 x Py (35)
Indoor DB 27°C Half capacity ¢na(29) (W) 1,077 % ¢nat(35)
o —_ — [ ] o)
WB 19°¢ Half power input Phaf(29) (W) 0,914 x Ppaf(35)
Outdoor DB 29°C Minimum capacity ¢min(29) (W)
WB 19°C — L ° ° —
MMM pOwWer INput Pmin(29) (W)
Low humidify and |Degradation Full capacity o — — — 0,25
cyclic cooling coefficient Cp Half capacity _ _ 5 _ 0,25
Indoor DB 27°C s .
Minimum capacity
WB 16°C or Jower
Outdoor DB p9°C o © © o 0,25
WB -

m requiredtest.
O optional fest.

NOTE 1 If the minimum capacity testis measured, min(29) testis conducted first. Mif(35) test may be measured or maly be
calculated by using default value.

NOTE 2 Volfage(s) and frequency(ies) are as given in the three referenced standards.

5.3 Testimethods

5.3.1 Standard cooling capacity tests

The standgrd cooling capacity tests shall be conducted in accordance with Annex A of ISO 5151 pnd
Annex B off[SO 13253 and ISO 15042. The cooling capacity and effective power input shall be measyred
during the|standard cooling 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
not achievable, then the tests shall'‘be conducted at the next step above 50 %.

The mininmjum capacity testsshall be conducted at the lowest capacity control setting which allpws
steady-state operation of tlie’equipment at the given test conditions.

If the minimum capacity tests are conducted, but if the required uncertainty of measurement specified
in ISO 5151, 1SO 13253'and ISO 15042 cannot be achieved, the alternative method of calculation shall be
used. (Refdr to 6.6.4 and 6.7.4.)

The manufaeturer shall provide information on how to set the capacity if requested by the tesfing
laboratories.

5.3.2 Low temperature cooling capacity tests

The low temperature cooling capacity test shall be conducted in accordance with Annex A of ISO 5151
and Annex B of [SO 13253 and ISO 15042. If the test is not conducted, 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 tests shall be conducted at the next step above 50 %.

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

6 © IS0 2013 - All rights reserved
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If the minimum capacity tests are conducted, but if the required uncertainty of measurement specified
in ISO 5151, ISO 13253 and ISO 15042 cannot be achieved, the alternative method of calculation shall be
used. (Refer to 6.6.4 and 6.7.4.)

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

5.3.3 Low humidity cooling test and cyclic cooling test

The low humidity cooling test and cyclic cooling test shall be conducted in accordance with Annex C. If
the testis not conducted default values as givpn in Table 1 shall he nsed

6 |[Calculations

6.1 Cooling seasonal performance factor (CSPF) and total cooling séasonal perffor-
mapnce factor (TCSPF)

Thecooling seasonal performance factor (CSPF), Fcsp, of the equipment sHall be calculated by Hormula (1).

Lest
Fosp =7 1
CSE

W

In cpse of calculating the total cooling seasonal performancedactor (TCSPF), refer to Annex

6.2| Defined cooling load

The defined cooling load shall be represented by.awvalue and the assumption that it is linearly changing
depending on the change in outdoor temperatire.

Deflned cooling load which shall be used is.shown in Table 2.

Table 2 — Defined cooling load

Parameter Load zero (0) Load 100 %
Cooling load (W) 0 $rul(t100)
Temperature (°C) to £100

wheére t100 is the outdoor temperature at 100 % load and ¢g is the outdoor temperature at 0 $ load.
Reference valugs-of defined cooling load to be used shall be as follows:
to = 20-2C"and t19g9 = 35 °C

In cpse.of setting other cooling load, refer to the setting method as described in Annex D.

Defined coolingload L(tj) at outdoor temperature tj, which is necessary to calculate the cooling seasonal
energy consumption, shall be determined by Formula (2).

i—to
Lc(tj)=¢fu1(t1oo)>< :
t100 —to

(2)
where ¢ryu1(t100) is the cooling capacity at t10¢ at full-load operating conditions.

6.3 Outdoor temperature bin distribution for cooling
Table 3 shows the reference outdoor temperature bin distribution.

Cooling seasonal performance factor (CSPF) shall be calculated at the reference climate condition in Table 3.

© IS0 2013 - All rights reserved 7
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The calculation of cooling seasonal performance factor may also be done for other climate conditions.

Table 3 — Reference outdoor temperature bin distribution

Bin numberj 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | Total

?u“rtfg?fctempera‘ 20 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | —

Fractional bin hours | 0,055 | 0,076 | 0,091 | 0,108 | 0,116 | 0,118 | 0,116 | 0,100 | 0,083 | 0,066 | 0,041 | 0,019 | 0,006 | 0,003 | 0,002

Bin hours nj ni np n3 na ns ne ny ng ng nio nii ni2 ni3 ni4 nis -

&?)fe;ence binhours | 1o | 439 | 462 | 106 | 290 | 295 | 290 1 497 | 150 | 420 | 75 35 11 5 4 11817
)

Bin hours g
total annud

f each outdoor temperature may be calculated by multiplying the fractional bin heurs by
11 cooling hours if the fractional bin hours are applicable.

the

In case of detting other outdoor temperature bin distribution, refer to the setting method as descriped
in Annex D
6.4 Cooling seasonal characteristics of fixed capacity units
Operationdl performance at each test, which is used for calculation of seasénal performance factor, shall
be in accordance with Table 1.
6.4.1 Capacity characteristics against outdoor temperature
Capacity ¢ful(tj) (W) of the equipment when it is operated for!Cooling at outdoor temperature tj lineprly
changes dgpending on outdoor temperatures as shown in Figure A.1 in Annex A, and it is determined by
Formula (3) from two characteristics, one at 35 °C and the other at 29 °C.
P11 (29) — P11 (35)
O (6D O (35) +14 B (35t ) (3)
35-29
6.4.2 Power input characteristics against outdoor temperature
Power inptyit Pgyi(t)) (W) of the equipmient when it is operated for cooling at outdoor temperatufe ¢
linearly chlanges depending on ottdoor temperatures as shown in Figure A.1 in Annex A, and |t is
determinegl by Formula (4) from two characteristics, one at 35 °C and the other at 29 °C.
P (29)— Pg,(35)
Pgu ()= Pry (35) + —4 e (35—t ; 4
ﬁll( _]) ful( ) 35_29 ( J) ( )
6.4.3 Calculatien.of cooling seasonal total load (CSTL)
Cooling seasonal total load (CSTL), Lcst, shall be determined using Formula (5) from the total sumn of
cooling load-#teach-cutdoortemperature-tmuttiphed-by-bin-hours+y:
m n
Lest = D Le(E)xni+ D gyt )xn; (5)
j=1 j=m+1

a) Intherange of L¢(tj) < ¢rui(tj) (j = 1 to m):

Lc(t;) shall be calculated by Formula (2).
b) Inthe range of L¢(t)) > ¢rui(ty) (j = m+1 to n):

¢rul(tj) shall be calculated by Formula (3).
8 © IS0 2013 - All rights reserved
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6.4.4 Calculation of cooling seasonal energy consumption (CSEC)

Cooling seasonal energy consumption (CSEC), Ccsg, shall be determined using Formula (6) from the total
sum of cooling energy consumption at each outdoor temperature t;.

n n.
Cese = Y X(t )X Py (£ )x— 6
csE ]21 X Prale (6)

Operation factor X(¢;) shall be calculated by Formula (7).

(G- 7)
()

In the case of L¢(t) > ¢(t5), X(t;) = 1.

Parf load factor (PLF), Fpy(tj), caused by the equipment when it is cyclically‘operated ft outdoor
temperature tj, shall be determined by Formula (8) using degradation coeffigient Cp.

FpL(t) =1 - Cp (1 - X())
(8)
a) [Cyclic operation (Lc(tj) < ¢rul(tj)):

In Formula (6), X(¢j) shall be calculated by Formula (7).
In Formula (7), () = ¢ru(t).

b) [Full capacity operation (L¢(tj) > ¢ful(tj)):

In Formula (6), X(t;) = FpL(t) = 1.

6.5| Cooling seasonal characteristies of two-stage capacity units

Coeffficients specified in Table 1 may-be used for each characteristic.

6.5{1 Capacity characteristics against outdoor temperature

Caplacity ¢fui(tj) (W) of the pquipment whenitis operated for cooling full capacity at outdoor tgmperature
tj shall be defined by Farmula (3).

Caplacity ¢min(tjy(W) of the equipment when it is operated for cooling minimum capacity|at outdoor
temperature tjshall be defined by Formula (9).

¢min (29) _¢min (35) .
3520 %x(35 tJ)

¢min (t_] ) = ¢min (35) + (9)

6.5.2 Power input characteristics against outdoor temperature

Power input Pgyi(tj) (W) of the equipment when it is operated for cooling full capacity at outdoor
temperature ¢j shall be defined by Formula (4).

Power input Ppin(tj) (W) of the equipment when it is operated for cooling minimum capacity at outdoor
temperature tj shall be defined by Formula (10).

Pmin (29)_Pmin (35)
35-29

Prnin ()= Prnin (35) + X(35-t;) (10)

© IS0 2013 - All rights reserved 9
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6.5.3 Calculation of cooling seasonal total load (CSTL)

Formula (5) in 6.4.3 shall be used.

6.5.4 Calculation of cooling seasonal energy consumption (CSEC)

Cooling seasonal energy consumption (CSEC), Ccsg, shall be calculated by Formula (11).

K X(tIXPy,(E)xn; &
Cosp =, — - m‘(“t )J L N P(t)xng+ Y Py (t)xn (11)
—1 PL\%j

i=k+1 =m+1

Relation off cooling capacity characteristics and power input characteristics to cooling load at gutdoor
temperatufe tjis shown in Figure A.2 in Annex A.

a) Firstsfage cyclic operation (Lc(tj) < ¢Pmin(Ej), j = 1 to k):

In ForI:ula (11), X(t;) shall be calculated by Formula (7).

ula (7), ¢(tj) = Pmin(t;)-
b) Second stage cyclic operation (¢min(tj) < Lc(5) < drul(tj), j = k+1 to m):

In For

me(t]: :me[tJ)XPmm(tJ)+(1—me(tj))><Pﬁll(tJ) 12)

Oty —Le(t))
¢ful(tj)_¢min (tJ)
c) Full capacity operation (L¢(tj) > ¢rfui(tj), j = m+1 to n):

13)

me(tj

Pry)(tj)|shall be calculated by Formula (4).
6.6 Cooling seasonal characteristics of multi-stage capacity units

6.6.1 Capacity characteristics against outdoor temperature

Capacities [¢rui(t]) and ¢min(t)) (W)~of the equipment when it is operated for cooling at outdoor
temperatufe tj are shown in Figure A.3 in Annex A and shall be determined by Formulae (3) and|(9),
respectively.

Formula (14) shows cooling half capacity characteristics at outdoor temperature t;.

Dpyaf (29) = Ppar (35)
35-29

Phar () = Phar (BR)+ X(35-t;) 14)

6.6.2 Powerinput characteristics against outdoor temperature

Power input Pfy)(£) and Pnin(t) (W) of the equipment when it is operated for cooling at outdoor
temperature tj shall be determined by Formulae (4) and (10), respectively.

Formula (15) shows cooling half power input at outdoor temperature t;.

Phaf (29)_Phaf (35)
35-29

Priaf ()= Ppag (35) + X(35-t;) (15)

6.6.3 Calculation of cooling seasonal total load (CSTL)

Formula (5) in 6.4.3 shall be used.

10 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=22f41174dc6ed6eec4cc9e43d62555e6

ISO 16358-1:2013(E)

6.6.4 Calculation of cooling seasonal energy consumption (CSEC)

When the minimum capacity data are available, then the cooling seasonal energy consumption (CSEC),
Ccsk, shall be calculated by Formula (16).

K X(t)xP . (t)xn: & m n
CCSE :2 ( ])F mu;( J) ) + 2 th(tj)xnj+ 2 th(tj)xn]-+ 2 Pﬁll(tj)xn] (16)
=1 pL(t)) j=k+1 j=p+1 j=m+1

Relation of cooling capacity and power input characteristics to cooling load at outdoor temperature t; is
shown in Figure A.3 in Annex A.

a) [Firststage cyclic operation (Lc(t) < ¢ min(tj),J = 1 to k):

In Formula (16), X(t;) shall be calculated by Formula (7).

In Formula (7), ¢(t) = ¢pmin(tj)-

b) |Second stage cyclic operation (¢ min(tj) < Lc(tj) < @ nhat(tj), j = k+1 to p):

Pt (€)= X gy (€)% Pagin (€ + (1= X g (6))X Prae (£) (17)

Phar (t)—Le(t5)

X = 18
mn(£5) Phar () = Pmin (¢ ) (18)
¢) |Third stage cyclic operation (¢naf(tj) < Lc(t5) < drul(t).y= p+1 to m):
Pae (€)= Xg (¢ )X Prar (6 )+ (1= Xy (£)) X Pra (£ (19)
t)-L.(t:
th(tj): ¢ful( J) ( _]) (20)

Orut (t5) — Ppar (£5)
d) [Full capacity operation (Lc(tj) >@;ril(tj), j = m+1 to n):
Pry1(t;) shall be calculated bytFormula (4).

When the minimum capacity data are not available, then the cooling seasonal energy consumption
(CSEQ), CcsE, shall be calculated alternatively by Formula (21).

P X(t:)XPy(t:)xn; mn 11
CCSE :Z ( ]) r haf( J) J + 2 th(tj)xn]-+ 2 Pful(tj)xn] (21)
=1 pL(t)) j=p+1 j=m+1

a) |Firststage cyclic operation (L¢(tj) < ¢naf(t;j), j = 1 to p):
InFormula (21), X(t;) shall be calculated by Formula (7).

Tn Formula (7), (&) = Phatlf)-
b) Second stage cyclic operation (¢nhaf(tj) < Lc(tj) < prul(tj), j = p+1 to m):

In Formula (21), Pnf(tj) and Xn¢(t;) shall be calculated by Formulae (19) and (20), respectively.
¢) Full capacity operation (Lc(tj) > ¢rul(tj), j = m+1 to n):

Pry(tj) shall be calculated by Formula (4).

6.7 Cooling seasonal characteristics of variable capacity units

Coefficients specified in Table 1 may be used for each characteristic.

© IS0 2013 - All rights reserved 11


https://standardsiso.com/api/?name=22f41174dc6ed6eec4cc9e43d62555e6

ISO 16358-1:2013(E)

6.7.1 Capacity characteristics against outdoor temperature

Capacities ¢fyi(tj), min(tj) and ¢pnat(tj) (W) of the equipment when it is operated for cooling at outdoor
temperature tjare shown in Figure A.4 in Annex A and shall be determined by Formulae (3), (9) and (14),
respectively.

6.7.2 Power input characteristics against outdoor temperature

Power input Pfy(£;), Pmin(tj) and Phat(tj) (W) of the equipment when it is operated for cooling at outdoor
temperature tj shall be determined by Formulae (4), (10) and (15), respectively.

6.7.3 Calculation of cooling seasonal total load (CSTL)

Formula (3) in 6.4.3 shall be used.

6.7.4 Calculation of cooling seasonal energy consumption (CSEC)

When the fninimum capacity data are available, then the cooling seasonal energy'consumption (CS
CcsE, shall pe calculated by Formula (16).

(1]

C),

When the minimum capacity data are not available, then the cooling seasonal energy consumption

(CSEC), CcgE, shall be calculated alternatively by Formula (21).

Relation of|cooling capacity, power input and EER characteristics to‘cooling load at outdoor temperature

tj is shown|in Figure A.4 in Annex A.

Calculatior) methods for each term of Formula (16) are as follaws:

a)

b)

<)

12

Cyclic pperation (Lc(tj) < ¢min(tj), j = 1 to k):

In ForI:ula (16), X(¢;) shall be calculated by Formtla (7).
ula (7), ¢(tj) = dmin(t;) -

Variable capacity operation between minitmum and half capacity (¢pmin(tj) < Lc(5) < phaf(tj), j = k+1 tp p):

In For

—n

tp is oytdoor temperature when eegling load is equal to cooling minimum capacity. (The calcula
methof for the crossing pointds déscribed in Annex E.)

on

EgR min(tp) shall be calculated from ¢, (¢,) and Py ().
tc is oytdoor temperature when cooling load is equal to cooling half capacity (refer to Annex E)
Egr ndr(t;) shallibe calculated from ¢y ¢ (t.) and Pp,e(t.)-

It is agsumed'that EER linearly changes depending on outdoor temperature when the capacitly of
equipment.changes continuously.

L ER, haf (L)L ER, min Lth
te —tp

EgR, mh (tj)=EER, min(tp)+ x(tj—t,) (22)

th(tj], power input between minimum and half capacity operation, shall be calculated from
L(t;)coolingload and Egg ., (t;) by Formula (23).

Lc(tj)

| 23
EgR, mn(t;) (23)

Pun(t;) =

Variable capacity operation between half and full capacity (¢naf(tj) < Lc(tj) < ¢rfui(tj), j = p+1 to m):

tc is outdoor temperature when cooling load is equal to cooling half capacity (refer to Annex E).
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EgR nat(tc) , Energy Efficiency Ratio (EER) at outdoor temperature ¢ at half capacity
shall be calculated from ¢, ¢(¢t.) and Py (t.) by Formula (24).

¢haf (tc)

EpR hat(tc)=
T Par ()

operation,

(24)

nex E).

tp is outdoor temperature when cooling load is equal to cooling full capacity (refer to An

Egr fu(ty) , Energy Efficiency Ratio (EER) at outdoor temperature ¢y, at full capacity
shall be calculated from ¢4, (t},) and Pg,(¢,,) by Formula (25).

operation,

d)

In d
Ccs

b)

P (typ)
Pgy(ty)

It is assumed that EER linearly changes depending on outdoor temperaturéwhen the
equipment changes continuously.

Egr fulty)=

EgRr, fui(ty)—Egr, haf(tc)x

EgRr ne(t;)=EER nar(tc)+
tb_tc

(tj _tc)

th(tj), power input between half and full capacity operation, shall be calculated fj
cooling load and Egg pr (tj) by Formula (27).

Lc(tj)
Egr ne(t;)

Full capacity operation ((pful(tj) < Lc(tj), j = ml to n):

Ppe(t;)=

Pry(t;) shall be calculated by Formula (4):

ase that the minimum capacity is net-measured, the cooling seasonal energy consumpt
:, shall be calculated by Formula (213

Cyclic operation (L¢(tj) < ¢nag(tj), j = 1 to p):

In this range, calculatipn.shall be made assuming that the air conditioner cyclically opg
the half operating capacity.

In Formula (21),-X(#) shall be calculated by Formula (7).
In Formula {7}y (£) = ¢nar(tj)-
Variabl€ capacity operation between half and full capacity (¢naf(tj) < Lc(tj) < ¢rui(tj), j = 4

This calculation shall be made by using Formulae (24) to (27).

(25)

capacity of

(26)

om L(t;)

(27)

on (CSEQ),

brates with

+1 to m):

7

I:“” eapaeiEjF SpEFa‘t‘ieﬂ ‘ $ [+ J_(+ 3 — n 1 +o o)
I—ulLbJJ ‘JCLD]J,J LEESLES STV ll)-
Pry(t;) shall be calculated by Formula (4).

Test report

The test report shall include:

a)
b)

c)

©IS

the type of unit;
the list of mandatory test points performed, and the resulting capacity and EER values;

the list of optional test points performed, and the resulting capacity and EER values;

02013 - All rights reserved
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d) the default values used;
e) for multi-split systems, a combination of indoor units and an outdoor unit.
For variable capacity units, frequency settings for each performed test shall also be indicated.

The cooling seasonal performance factor (CSPF) shall be declared with three significantdigits, with reference
to the reference defined cooling load and to the reference outdoor temperature bin distribution used.
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Annex A
(informative)

Figures

W)

Pfu1(35)

Pr(29) / Pu(t)
Y?

W) \
(Dful (2 9) \%
Dr(35)

Y1
\
30 35
m
t; (°C
X
Key
X outdoor temperature
Y1 capacity orload
Y2 power input

Figure A.1 — Cooling capacity, power input and cooling load for fixed capacity units
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W)
Pful(35)
Py (29) Pr()

Y2

Pmm(35) _

Pmin(zg) /’ Pmin(tj)

W) -

Pr(29) Dr(t)

djfu (35)
Y1 @,..4(29) € Dyin(8)

u(35) I

Lc(tj)
e |
20 25 29 35
ko k+1 m m|+1
t (°C)
Key
X outdoor temperature
Y1 capacity or load
Y2 power input
Figurg A.2 — Cooling capacity, power input and cooling load for two-stage capacity units
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W)

Pry(35) ¢
Pr(t; |
Pfu1(29) , fl( ]) :

Pi29) Pl
Y2| P.u(35) I—

PLin(29 >
( ) Pmin(tj)

W) T

(pful(zg)
djful(gs)

cDhaf(zg)
Y1 Dp4(35)

rn(29) e
Din(35)
| | | | | | | [ | |
20 ¢ t.
25 Kk ket®) pipe1 3
5 (°C) m| m+1
X

Key
X outdoor temperature
Y1 capacity or load
Y2 power input

Figure A.3 — Cooling capacity, power input and cooling load for multi-stage capacify units
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Exmin(,) ’M[\
‘ € E t
Y3 Egppar(tc) erne(5)
Egr ()
Pra(t
W) p.(35) (8
Pri(29
f IE’) :2 Phaf(t].) e

arto>J /
Phaf(zg)

Y2| | Po3®) ——

Pmin(ti)

Prin(29) / 4
(W) T

D,(29)
(pful(35)
haf
®pin(29) .~
¢min 35
(35) Din(t)
| | | | | | | | | | |
20 25 . fpk 2 ptc b+1 35
+ o t
5 (°C) rl;l m+1
X
Key
X outdoor temperature
Y1 capacity or load
Y2 power input
Y3 energy efficiency ratio (EER)

Figure A.4 — Cooling capacity, power input, cooling load and EER for variable capacity units

18 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=22f41174dc6ed6eec4cc9e43d62555e6

ISO 16358-1:2013(E)

Annex B
(informative)

Calculation of total cooling seasonal performance factor (TCSPF)

General
=enera:

Thi

B.2

The
out
one
con|
refe
and
ina

NOT
not

Tal

Ina

wh

5 Annex applies to cooling only units, cooling units with supplemental heat and reversibl

Measurement of the electric power consumption during theinactive

unit shall be electrically connected to the main power source after shutzdown for 6 h.
Hoor temperature of 20 °C condition shall be reached. The power consumption shall be m¢
hour after the temperature conditions are stabilized. The same testisrépeated with the td
dition of 5 °C, 10 °C and then 15 °C with the stabilization period of 2 h between each
rence case, each power consumption value shall be weighted by the weighting factors i
then integrated to obtain a weighted average inactive powér consumption, Pj;. The ca

Ciag is the ipactive energy consumption;
Hiy  is thenumber of hours of inactive mode as given in Table B.2;

Piy «.isthe weighted average power consumption.

tive power may also be undertaken for other climate conditions and operating schedules.

b units.

mode

[ndoor and
pasured for
mperature

test. As a
h Table B.1
culation of

hd 10 °C are
ions.

(B.1)

E If the results of the tests at 20 °C and 5 °C are within'5 % or 1 W, then the tests at 15 °C a

mandatory. The average value of these results is used fot;the four considered temperature condit

le B.1 — Default weighting factors for determination of reference inactive energy copsumption
Temperature condition 5% 10°C 15°C 20°C
Weighting factor 0,05 0,13 0,27 0,55

'tive energy consumption (IAEC)-shall be calculated by Formula (B.1).

ClAE = Hia % Pia

re

B.3 Calculation of total cooling seasonal performance factor (TCSPF)

Total cooling seasonal performance factor (TCSPF), Frcsp, shall be calculated by Formula (B.2).

Frcsp = Lest / (Cesk + ClAE)

Calculation of L¢st and Ccsg is according to the main body of this part of ISO 16358.

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

© IS0 2013 - All rights reserved
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The default mode hours for the calculation of reference total cooling seasonal performance factor are

shown in Table B.2. The calculation of total cooling 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 cooling seasonal
performance factor

. Active mode Inactive mode, Hj, Disconnected mode
Unit h h h
Cooling only unit 1817 4077 2 866
Cooling unilt with sup- 1817 4077 0
plemental Beat (Heating operation: 2 866)
1817
Reversible finit 4077 0

(Heating operation: 2 866)

20

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=22f41174dc6ed6eec4cc9e43d62555e6

ISO 16358-1:2013(E)
Annex C
(normative)

Testing and calculation method for degradation coefficient of
cyclic operation

C.1] Low humidity cooling test and cyclic cooling test

Thglow humidity cooling test and the cyclic cooling test shall be conducted in accondarice with Annex A
of I$0 5151 and Annex B of ISO 13253 and ISO 15042 as specified in C.2 of this annex.

Testing condition for cyclic cooling test is shown in Table C.1.

Table C.1 — Temperature and humidity conditions for.cyclic cooling test

Indoor temperature Outdoor temperature
Test °C °C
Dry-bulb Wet-bulb Dry-bulb Wet-bulb

A test:
Steady, dry 27 13,9 orless 29 —
coil
B test:

27 13,9%6ft less 29 —
Cyclic, dry coil

NOTE 1 The entering air to the unit must have a low enough moisture content so no
condensate forms on the indoorcoil. (Itis recommended thatan indoor wet-bulb temperature
of 13,9 °C or less be used.)

NOTE 2 Maintain the airflow nozzles static pressure difference or velocity pressure during
the ON period at the same pressure difference or velocity pressure as measured during the A
test.

Durjation of ON and OFE finterval of cyclic operation test is shown in Table C.2.

TableC.2 — Duration of ON and OFF interval of cyclic operation test

Interval (min)

Unit type Operation 1 Cycle (min

yp p oN OFF ycle (min)
Fixed capacity type Full capacity operation 6 24 30
Two-stage capacity type Minimum capacity operation 6 24 30

Minimum capacity operation
Multi-stage capacity type |or 6 24 30

Half capacity operation?2

Minimum capacity operation

Variable capacity typeb or 12 48 60

Half capacity operationa

a  If minimum capacity steady operation is not measured, then half capacity operation
cyclic test instead of minimum capacity operation cyclic test shall be done.

b For variable capacity units, the cyclic test is not needed. The above is for information
only.
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