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0. FOREWORD

0.1 This Pakistan Standard was adopted by the authority of the Board of Directors for Pakistan Standards
and Quality Control Authority after approval by the Technical Committee for “Non-Ducted Air
Conditioners and Heat Pumps Testing and Rating for Performance” had been approved and endorsed
by the Electrotechnical National Standards Committee on

0.2 This Pakistan Standard was adopted on the basis of 1SO: 5151(R) since IEC Standard have
been established in 2010, hence it is deemed necessary to adopt the Internationa standard to keep
abreast with the latest technology and as par with 1SO standard.

0.3 This Pekistan Standard is an adoption of 1SO: 5151(R) “Non-Ducted Air Conditioners and Heat
Pumps Testing and Rating for Performance” and its use hereby acknowledged with thanks.

0.4 The technica committee endorsed and recommended the proposa of Ministry of Climate Change and
urged manufacturers to write “CFC or HCFC free” mark to the name plate marking.

0.5 Energy Labelling criteriareferred in PS: 5294 “Minimum Energy Performance Standard (MEPS)
For Window Type & Split Air Conditioners With Cooling Capacity under: 14000 W (12000 — 48000
BTU/hr).

0.6 This standard is subject to periodical review in order to keep pace with the development in industry.
Any suggestions for improvement shall be recorded and placed before the revising committee in due
course.

0.7 This standard is intended chiefly to cover the technical provisions relating to this standard and it does
not include al the necessary provisions of a Contract.
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Non-ducted air conditioners and heat pumps — Testing
and rating for performance

1 Scope @

This document specifies performance testing, the standard conditions and the test for
determining the capacity and efficiency ratings of air-cooled air conditioners and air-to-aj pumps.

This document is applicable to the following equipment: \
— non-ducted air-cooled air conditioners and non-ducted air-to-air heat quQ

— ducted air conditioners and/or ducted heat pumps rated at less than 8 k d intended to operate

at an external static pressure of less than 25 Pa. g \

This document is limited to: TS

— residential, commercial and industrial single-package.a@t—sy al nditioners and
heat pumps; \
— factory-made, electrically driven and use mecha&iﬁ&ssion;@
ents; O—
— multiple split-system utilizing one or more r ationgsy
indoor units, controlled by a single thermosta®€ontrg
The requirements of testing and rating@ ined in this dd

assemblies. x N
This document is not applicable to ing an% g of the following:

— utilizing single, multiple and variable capacity comp

ument are based on the use of matched

a) water-source heat pump er codlegmi™onditioners;
b) multi-split-system ai tionerggand air-to-air heat pumps (follow ISO 15042 for the testing of
such equipmen

c) mobile (win{vrl‘z) unith; condenser exhaust duct;
d) indivigu blies n#constituting a complete refrigeration system;
e) equipdent using t @rption refrigeration cycle;

f \%d equipmeMyexcept for those specified in this clause (follow ISO 13253 for the testing of such
qpment).

js document does not cover the determination of seasonal efficiencies, which can be required in some
ountries because they provide a better indication of efficiency under actual operating conditions.

NOTE Throughout this document, the terms “equipment” and “systems” mean “air conditioners” and/or
“heat pumps”.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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ISO 817, Refrigerants — Designation and safety classification

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply. @

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 6
— IEC Electropedia: available at http://www.electropedia.org/

— IS0 Online browsing platform: available at http://www.iso.org/obp &Q

31

non-ducted air conditioner

encased assembly or assemblies, designed primarily to provide free delivery of ond oned to an
enclosed space, room or zZone

Note 1 to entry: It can be either single-package or split-system and comprises a* @ sourc geratlon
for cooling and dehumidification. It can also include means for heating other t at pump, aNgell as means
for circulating, cleaning, humidifying, ventilating or exhausting air. Such® nt ca ovidéd in more

than one assembly, the separated assemblies (split-systems) of which are Qogether.
Note 2 to entry: An enclosed space, room or zone is known as a co&&@ :

3.2

non-ducted heat pump

encased assembly or assemblies designed primarily to ide ery of conditioned air to an
enclosed space, room or zone and includes a prim?ce of refr tion for heating

Note 1 to entry: It can be constructed to remove
if cooling and dehumidification are desired fro %

the conditioned space and discharge it to a heat sink

e e u1 t‘{t can also include means for circulating,

uch equl can be provided in more than one assembly;
re 1nten € e used together.

cleaning, humidifying, ventilating or exhausti
the separated assemblies (split-systems) o@

Note 2 to entry: An enclosed space, ro ne is k a condltloned space.

3.3

standard air 1@
dry air at 20 °C and at a s\gndard ic pressure of 101,325 kPa, having a mass density of
1,204 kg/m3

3.4
indoor dlscha
rate of flow o alr m the fthe equipment into the conditioned space

Note 1 to (x e Figure 1

intake airflow
rat@e#Tlow of air into the equipment from the conditioned space

Note 1 to entry: See Figure 1.

3.6
ventilation airflow
rate of flow of air introduced to the conditioned space through the equipment

Note 1 to entry: See Figure 1.
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3.7
outdoor discharge airflow
discharge rate of flow of air from the equipment

Note 1 to entry: See Figure 1.

3.8

intake outdoor airflow

rate of flow of air into the equipment from the outdoor-side @
Note 1 to entry: See Figure 1. 6

3.9
exhaust airflow Q
rate of flow of air from the indoor-side through the equipment to the outdoor side &

Note 1 to entry: See Figure 1.

3.10
leakage airflow
rate of flow of air interchanged between the indoor-side and outdgo ment as a

result of its construction features and sealing techniques

Note 1 to entry: See Figure 1. v

Note 2 to entry: This is not applicable for split system produ s@

A QO

bypassed indoor airflow

rate of flow of conditioned air directly from %ﬂdoor- udlet to the indoor-side inlet of the
equipment Q

Note 1 to entry: See Figure 1.

3.12 _ \0 \Q 4

bypassed outdoor airflow
rate of flow of air directly from do%@let to the outdoor-side inlet of the equipment

Note 1 to entry: See Figure %

3.13
equalizer openm
rate of flow of air hro h the llzer opening in the partition wall of a calorimeter

Noteltoe tr ure 1

3.14

total cpolilg capa

a of sensible latent heat that the equipment can remove from the conditioned space in a
terval of tlme

e 1 to entry: Total cooling capacity is expressed in units of watts.

15

heating capacity

amount of heat that the equipment can add to the conditioned space (but not including supplementary
heat) in a defined interval of time

Note 1 to entry: Heating capacity is expressed in units of watts.
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3.16

latent cooling capacity

room dehumidifying capacity

amount of latent heat that the equipment can remove from the conditioned space in a defined
interval of time

Note 1 to entry: Latent cooling capacity and room dehumidifying capacity are expressed in units of watts.

3.17 @
sensible cooling capacity

amount of sensible heat that the equipment can remove from the conditioned space in a defj

interval of time

Note 1 to entry: Sensible cooling capacity is expressed in units of watts. &

3.18

sensible heat ratio

SHR

ratio of the sensible cooling capacity to the total cooling capacity Q \
3.19 Q G

rated voltage

voltage shown on the nameplate of the equipment Q
3.20 @.

rated frequency K

frequency shown on the nameplate of the equipment O_

3.21

energy efficiency ratio

EER Q
ratio of the total cooling capacity to the effectlc)wr input to

device at any given set of rating
conditions

Note 1 to entry: Where the EER is stated wit lndlca \ its, it is understood that it is derived from
watts/watt. @ %
3.22 6 %

coefficient of performance
CcoP
ratio of the heating capa eC .power input to the device at any given set of rating

conditions

Note 1 to entry: er@ Pis sta without an indication of units, it is understood that it is derived from
watts/watt.

3.23

total po

Pt

av, |e®trical power input to the equipment as measured during the test

N entry: Total power input is expressed in units of watts.

3.24

effective power input

Pg

average electrical power input to the equipment obtained from

— the power input from the compressor(s),

— the power input to electric heating devices used only for defrosting,
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— the power input to all control and safety devices of the equipment, and

— the power input for operation of all fans

Note 1 to entry: Effective power input is expressed in units of watts.

3.25
full-load operation

operation with the equipment and controls configured for the maximum continuous duty refriger
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 ind

compressors operate during full-load operations.

12

1\.

"\.

%,

I\-'\.. l‘\-\S

N N

W,

s and

~

K
tdQor-side
Qutdoor discharge
O exhaust
4  leakage
5 Dbypassed outdoor
6  outdoor intake

NOTE

equalizer opening
indoor intake
ventilation
bypassed indoor
indoor discharge
indoor-side

Airflow diagram illustrating the definitions given in 3.4 to 3.13

Figure 1 — Airflow diagram
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4 Symbols
Symbol Description Unit
A coefficient, heat leakage J/(s°K)
Ap area, nozzle m?2
Cq nozzle discharge coefficient a
Cpal |specific heat of moist air entering indoor-sideb J/(kgb-K)
Cpaz |specific heat of moist air leaving indoor-sideb J/(kgb-K)
Cpa3 |specific heat of moist air entering outdoor-sideb J/(kgb-K)
Cpas |specific heat of moist air leaving outdoor-sideb J/(kgb \¥
cpw |specific heat of water J/(
Dn nozzle throat diameter
D¢ outside diameter of refrigerant tube
ha1  |specific enthalpy of air entering indoor-side J/kgb
ha2  |specific enthalpy of air leaving indoor-side ﬁgb
ha3  |specific enthalpy of air entering outdoor-side . t kg )
has  |specific enthalpy of air leaving outdoor-side \ g.kgb
hfp specific enthalpy of refrigerant liquid entering expansion device ¢ - g
hg specific enthalpy of refrigerant liquid leaving condenser " J/kg
hg1  |specific enthalpy of refrigerant vapour entering compres ]/kg
hg2  |specific enthalpy of refrigerant vapour leaving compressvor ]/kg
hr1  |specific enthalpy of refrigerant entering indoor-sid ]/kg
hrp  |specific enthalpy of refrigerant leaving indoor-side% ]/kg
hw1 |specific enthalpy of water or steam supplied ¥gffn¥gor side tes J/kg
hwz |specific enthalpy of condensed moisture lsﬁl door side test chamber J/kg
hw3 |specific enthalpy of condensed moistureYga outgo (ieﬁast chamber J/kg
hws |specific enthalpy of the water suppliéd est chamber J/kg
hws |specific enthalpy of the condense 1 test condition) and the ]/kg
frost, respectively (in the casqQlgdy itions) in the test unit
K1 latent heat of vaporizatio 10ﬂkg at 15 °C) ]/kg
L length of refrigera @_ K m
Pa barometric pressure \/ kPa
Dc test chamber eg Pa
Pn absolute pfes Pa
Dv velocity g € m at or static pressure difference across nozzle Pa
P; power§input; indoor? w
Nput to compres®or W
ower input to equipment w
altr mass flow rate kg/s
refrigerant flow rate kg/s
qro |refrigerant and oil mixture flow rate kg/s
qv air volume flow rate m3/s
qvi air volume flow rate, indoor-side m3/s

a  Dimensionless value.

b It means the mass of dry air; the mass, kg, of denominator in this unit is based on dry air (or DA). For units practically
used in the air conditioning field, “kg (DA)” is very often used for denominator. Example: ]/kg(DA), m3/kg (DA), kg/kg (DA)

NOTE All parameters are in relation to the unit being tested unless specified otherwise.
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Symbol Description Unit
qvo air volume flow rate, outdoor-side m3/s
qw condenser water flow rate kg/s
qwc |rate at which water vapour is condensed by the equipment kg/s
qwo |water mass flow supplied to the outside test chamber for maintaining the test kg/s

conditions
Re Reynolds number a @.
T thickness of tubing insulation m%
ta temperature, ambient of compressor calorimeter m
ta1 temperature of air entering indoor-side, dry bulb \ 4
taz |temperature of air leaving indoor-side, dry bulb °C
ta3 temperature of air entering outdoor-side, dry bulb °C
ta4 |temperature of air leaving outdoor-side, dry bulb °C
te temperature of surface of condenser of the compressor calorimeter -~ C
te temperature of surface of evaporator of the compressor calorimeter \ °C
twi |temperature of water entering condenser of the compressor caleri Yoc
tw2 |temperature of water leaving condenser of the compressor;al@' °C
Va velocity of air, at nozzle v\ M m/s
Vn specific volume of dry air portion of mixture at nozzAleb A m3/kgb
v'h specific volume of air-water vapour mixture at n& m3/kg
W1  |mass of cylinder and bleeder assembly, empty g
W3  |mass of cylinder and bleeder assembly, wit%ﬂe g
Ws  |mass of cylinder and bleeder assembly, with oms e J g
Wi1 |specific humidity of air entering indo%b kg/kgb
Wiz kg/kgb
Wn kg/kgP
Wy kg/s
Xo a
Xr a
Y a
ay W/(m2-K)
A W/(m-K)
v kinemggWscosity digir m2/s
> Pic Ner input N door-side test chamber (e.g. illumination, electrical w
aN{ thermal po t to the compensating device, heat balance of the
hunMdificat e)
Eﬂum of all total Mower input to the outdoor-side test chamber, not including w
ower to the equipment under test
QC' heat removed by cooling coil in the outdoor-side test chamber w
Q ¢ci  |heat removed by cooling coil in the indoor side test chamber w
bd latent cooling capacity (dehumidifying) w
be heat input to evaporator of compressor calorimeter w
¢ni |heating capacity, indoor-side test chamber w

a  Dimensionless value.

b It means the mass of dry air; the mass, kg, of denominator in this unit is based on dry air (or DA). For units practically

used in the air conditioning field, “kg (DA)” is very often used for denominator. Example: ]/kg(DA), m3/kg (DA), kg/kg (DA)

NOTE All parameters are in relation to the unit being tested unless specified otherwise.
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Symbol Description Unit

¢no |heating capacity, outdoor-side test chamber w

$1i heat leakage into indoor side test chamber through walls, floor and ceiling w

¢10 |heatleakage out of outdoor side test chamber through walls, floor and ceiling w

¢1p |heatleakage into indoor-side test chamber through partition separating w

indoor-side from outdoor-side

¢L  |line heatloss in interconnecting tubing w @
¢sci | sensible cooling capacity, indoor side w %
¢tc  |refrigerating capacity of a refrigerant compressor w

¢tci | total cooling capacity, indoor-side e
¢tco | total cooling capacity, outdoor-side ‘Q

¢thi  |total heating capacity, indoor-side
¢tho |total heating capacity, outdoor-side

a  Dimensionless value.

b [t means the mass of dry air; the mass, kg, of denominator in this unit is based on dry air (or O um act1 ly
used in the air conditioning field, “kg (DA)” is very often used for denominator. Example: ]/k §o kg/

NOTE All parameters are in relation to the unit being tested unless specified otherw1se
5 Cooling tests @, c ;

5.1 Cooling capacity test & O_
5.1.1 General conditions %

5.1.1.1 All equipment within the scope of thi ent shall the cooling capacities and energy
efficiency ratios determined in accordance Wl e rov151o f this document and rated at the cooling
test conditions specified in Table 1. All te e c t in accordance with the requirements

of Annex A and the test methods specifie

S shall be conducted with the equipment
ctrlcal input values used for rating purposes

5.1.1.2 If the manufact
i o achieve it during a cooling capacity test, the equipment
er set to its minimum allowable temperature setting.

@mlpm@ ving a variable-speed compressor does not provide

5.1.2 Temper dltlo
5.1.2.1 Theg¢empPerature ons stated in Table 1 (columns T1, T2 and T3) shall be considered
standard a4l conditions foNthe determination of cooling capacity. For equipment intended for space

coolingQ all be conducted at one or more of the standard rating conditions specified in Table 1.

5. quipment manufactured only for use in a moderate climate similar to that specified in Table 1,
co®mal T1, shall have ratings determined by tests conducted at T1 conditions and shall be designated as
type T1 equipment.

5.1.2.3 Equipment manufactured only for use in a cool climate similar to that specified in Table 1,
column T2, shall have ratings determined by tests conducted at T2 conditions and shall be designated as
type T2 equipment.
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5.1.2.4 Equipment manufactured only for use in a hot climate similar to that specified in Table 1,
column T3, shall have ratings determined by tests conducted at T3 conditions and shall be designated as
type T3 equipment.

5.1.2.5 Equipment manufactured for use in more than one of the climates defined in Table 1 shall have
marked on the nameplate the designated type (T1, T2 and/or T3). The corresponding ratings shall be
determined by the standard rating conditions specified in Table 1.

5.1.3 Airflow conditions 66

5.1.3.1 Indoor-side air quantity — Air enthalpy test method

5.1.3.1.1 Tests shall be conducted at standard rating conditions (see Table 1) with atlc pressure
maintained at the air discharge of the equipment and with the refrigeration igfbperation. All air
quantities shall be expressed as cubic metre per second (m3/s) of standard ai efined in 3.3.

When the fan speed is adjustable, the difference of the mass airflow rat m the d air due to
low barometric pressure should be adjusted by the fan speed. < ’

5.1.3.1.2 Airflow measurements should be made in accord th 1ons specified in
Annex B, as appropriate, as well as the provisions estabhshég Sther a rlate annexes of this
document.
NOTE Additional guidance for making airflow meas&&can b 03966 and ISO 5167-1.
Table 1 — Cooling %-ity ratir@ ions
Parameter Q Q Standard rating conditions
T | T2 T3
Temperature of air entering indoor-side: 0
— dry-bulb \ \@ 27°C 21°C 29°C
— wet-bulb 19 °C 15°C 19 °C
Temperature of air entering ou %v
— dry-bulb @ 35°C 27°C 46 °C
— wet-bulba % 24°C 19°C 24°C
Test frequencyb Rated frequency
Test voltage See Table 2
NOTE Q
T1 Stand%h capa conditions for moderate climates.
T2 Stangard oling ca ing conditions for cool climates.
T3 d cooling capaci® rating conditions for hot climates.
f’“ v: -bulb temperature condition shall only be required when testing air-cooled condensers which evaporate the
ensate.
@ Equipment with dual-rated frequencies shall be tested at each frequency.
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Table 2 — Voltages for capacity and performance tests

Rated (nameplate) voltage2 Test voltageb
\% \%
90 to 109 100
110 to 127 115
180 to 207 200
208 to 253 230 @
254 to 341 265
342 to 420 400
421to 506 460
507 to 633 575

a  For equipment with dual-rated voltages, such as 115/230 and 220/440, the test voltages would be 1
first example, and 230 V and 460 V in the second example. For equipment with an extended voltage rang

120 Vor 220 V to 240 V, the test voltage would be 115 V or 230 V, respectively. Where the extende age range
or more of the rated voltage ranges, the mean of the rated voltages shall be used to determine the t ge fr i
EXAMPLE For equipment with an extended voltage range of 200 V to 220 V, the test volt 0 304,
mean voltage of 210 V.
the

5.1.3.2 Outdoor-side air quantity

b The voltages in this table are for capacity and performance tests other than th® m cool d aximum
heating performance tests. 2

fan control setting that is specified by the manufacture
be conducted at the outdoor-side air volume flo e iiMferent uipment when operated with
the following in place: all of the resistance elem ociated inlets, louvers and any ductwork
and attachments considered by the manufacfrery® normal installation practice. Once established,
the outdoor-side air circuit of the equipme remai nged throughout all tests prescribed
in this document, except to adjust for an e cause e attachment of the airflow measuring
device when using the outdoor air ent t meth% F.2.1).

5.1.4 Test conditions 6

5.1.4.1 Preconditions

If the outdoor airflow is adjustable, all tests shall be coﬁ;d at the,

5.1.4.1.1 Tests shal nducte nd the selected conditions with no changes made in fan speed or
system resistan t for V s from the standard barometric pressure (see 3.3).
51.4.1.2 Grj llemon er positions, fan speeds, etc. shall be set in accordance with the

al\be set to prov1de maximum cooling capacity. When tests are carried out at other settings,
shall be noted together with the cooling capacity ratings.

speeds
th éﬁg
5.@3 The test room reconditioning apparatus and the equipment under test shall be operated until

equilibrium conditions, as required by 7.3, are attained. Equilibrium conditions shall be maintained for
not less than 1 h before capacity test data are recorded.

manufac% instruction the absence of manufacturer’s instructions, the grilles, dampers, fan

5.1.4.2 Testing requirements

The test shall provide for the determination of the sensible, latent and total cooling capacities as
determined in the indoor-side test chamber.
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5.1.4.3 Duration of test

The data shall be recorded at equal intervals as required by 7.3.3. The recording of the data shall
continue for at least a 30-min period during which the tolerances specified in 7.3 shall be met.

5.2 Maximum cooling performance test

5.2.1 General conditions

The test shall be conducted with the equipment functioning at full-load operation, as defi 3 25
The test voltages in Table 3 shall be maintained at the specified percentages under runnin tlons
In addition, the test voltage shall be adjusted so that it is not less than 86 % of the oltage at
the moment of restarting the equipment after the shutdown required by 5.2.4.2. Th mination of

cooling capacity and electrical power input is not required for this performance tes

5.2.2 Temperature conditions

The conditions, which shall be used during the maximum cooling, are gl\/@mg

Table 3 — Maximum cooling performanceQ ndition

Stan ratlng C
Parameter
T3

Temperature of air entering indoor-side:
— dry-bulb 32 °C @E 32°C
— wet-bulb & 23°C

Temperature of air entering outdoor-side:

— dry-bulb 43 °C Q 35°C 52°C

— wet-bulba 26°C 24°C 31°C

Test frequencyb Woted f ‘ai’/.‘

Test voltage d a) 9 @N 10 % of rated voltage with a single nameplate
% %ﬂo of the lower rated voltage and 110 % of the higher

@ ted voltage for units with a dual or extended nameplate

voltage.

a  The wet-bulb tempe ly be required when testing air-cooled condensers that evaporate the

condensate.

b Equ1pment wij |- rated fr shall be tested at each frequency.

5.2.3 ow condi

T mum coolinperformance test shall be conducted with an indoor-side fan speed setting as

§ ed under 5.1.4.1.2.
O. 4 Test conditions

5.2.4.1 Preconditions

The controls of the equipment shall be set for maximum cooling and, if provided, all ventilating air
dampers and exhaust air dampers shall be closed.

5.2.4.2 Duration of test

The equipment shall be operated continuously for 1 h after the specified air temperatures in Table 3
have been established in accordance with the tolerances in Table 12. Thereafter, all power to the
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equipment shall be cut off for 3 min and then restored. The operation of the equipment may be restarted
either automatically or through the use of a remote controller or similar device. The test shall continue
for 60 min after the equipment restarts.

5.2.5 Performance requirements

5.2.5.1 Air conditioners and heat pumps shall meet the following requirements when operating at the
conditions specified in Table 3:

a) during one entire test, the equipment shall operate without any indication of damage; 6

b) the motors of the equipment shall operate continuously for the first hour of the test without
any protective device;

c) after the interruption of power, the equipment shall resume operation withi igdand run
continuously for 1 h, except as specified in 5.2.5.2 and 5.2.5.3.

o S L 8 \
J o OO

2 —
Y 2
1 power supply to equipment unit on Q
2 power supply to equipment off Q
3 official test period begins 0 N
4  power supply to equipment turned off K \@
5 power supply to equipment turned bac @
6  maximum time before equipmentr aontin@ tion
7  end of test, if equipment restart re-energizatiasfof power
8 end of test, if equipment 30 min otective device to reset
a 30 min, steady-state ope
b 60 min, continuous opfratio® running ¥reduced or increased supply voltage.

¢ 3 min, power off. Q
d  5min,in wh ctive ea trip.

e 30 min.

fg 60 m\ﬁcinuous opera¥pn after equipment restarts.
GQ Figure 2 — Maximum performance test operation

5.2.5.2 A protective device may trip only during the first 5 min of operation after the shutdown period
of 3 min. During the remainder of that 1 h test period, no protective device shall trip.

5.2.5.3 For those models so designed that resumption of operation does not occur after the initial trip
within the first 5 min, the equipment may remain out of operation for not longer than 30 min. It shall
then operate continuously for 1 h.
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5.3 Minimum cooling, freeze-up air blockage and freeze-up drip performance tests

5.3.1 General conditions

The test conditions specified in Table 4 shall be used when conducting the minimum cooling, freeze-up
air blockage and freeze-up drip performance tests. The tests shall be conducted with the equipment
functioning at full-load operation, as defined in 3.25, except as required in 5.3.3. The determination of
cooling capacity and electrical power input is not required for these performance tests. @

5.3.2 Temperature conditions 06

Tests shall be carried out under the temperature conditions established in Table 4. Q

5.3.3 Airflow conditions

The controls, fan speeds, dampers and grilles of the equipment shall be setQ\aximize the tendency

to produce frost or ice on the evaporator, provided such settings are not tot anufacturer’s
operating instructions. Q

5.3.4 Test conditions

5.3.4.1 Preconditions @ v
The equipment shall be started and operated until t}&&c g C(b‘ ave stabilized.

5.3.4.2 Duration of test %
After the operating conditions given in Tab e 4 e stq accordance with the tolerances in

Table 12, the equipment shall be operate eriod of The equipment shall be permitted to stop
and start under the control of an autom it device, if pr ided.
Table 4 — Minimum cooling, (T, -up an\ ge and freeze-up drip performance test
ons
) |
Standard test conditions
Para

K T1and T3 T2
Temperature of air e wdoor-s deO
— dry-bulb 21°C 21°C
— wet-bulb 15°C 15°C
Temperatu ( i
— dry-bu 21°C 10°C
— Wet\ulb — —

ncyél D Rated frequency
st }tage See Table 2

quipment with dual-rated frequencies shall be tested at each frequency.
5.3.5 Performance requirements
5.3.5.1 The equipment shall operate under the conditions specified without any indication of damage.

5.3.5.2 At the end of the 4-h test, any accumulation of frost or ice on the indoor coil shall not cover
more than 50 % of the indoor-side face area of the indoor coil or reduce the airflow rate by more than
25 % of the initial airflow rate. [If measuring indoor air volume rate using a test apparatus that includes
an exhaust fan (as in Figure B.1), the operating speed of the exhaust fan and/or the position of an in-line



PS: 1SO 5151

flow damper shall be controlled to maintain zero static pressure during the 4-h test.] If the equipment
and test apparatus do not allow for visual observation of the indoor coil and if the indoor air volume rate
is not measured, then the requirements of 5.3.5.3 shall be met.

5.3.5.3  During the 4-h test period, the midpoint temperature of every indoor coil circuit or the
refrigerant suction pressure shall be measured at equal intervals that span 1 min or less. The
measurement(s) carried out 10 min after beginning the 4-h test shall be defined as the initial value(s). If
the suction pressure is measured, it shall be used to calculate the saturated suction temperature.

a) Ifthe compressor(s) do(es) not cycle OFF on automatic controls during the test, and
— if coil circuit temperatures are measured, the temperatures shall not remain more than

the corresponding initial value for each circuit for more than 20 consecutive min, or

— if suction pressure is measured, the saturated suction temperature shall not rem an 2K
below the initial value for more than 20 consecutive min. Q

b) If the compressor(s) cycle(s) ON/OFF on automatic controls during the test, a

the beginning of any ON cycle during the test shall not be more than e ow the\co onding

— ifcoil circuit temperatures are measured, the individual circuit temperat @ e 10mfter
initial circuit temperature(s), or Q \\

— if suction pressure is measured, the saturated suction temp & me r%mm after the
beginning of any ON cycle during the test shall not be& @1 initial saturated

suction temperature.

5.4 Freeze-up drip performance test %_

5.4.1 General conditions Q

The freeze-up drip performance test shall be edla fter completion of the minimum cooling
and freeze-up air blockage performance te d at the n% specified in Table 4. The test shall be
conducted with the equipment functlon 1 load on, as defined in 3.25, except as required

in 5.4.3. The determination of capac1t % is not required for this performance test.

5.4.2 Temperature condltlo

The temperature conditio fre e performance test are given in Table 4.
5.4.3 Airflow condlt Q

achieve comple ockageof t orator by frost or ice.

5.4.3.1 \A-dltlons
@ent shall be started and operated until the operating conditions given in Table 4 have
in accordance with the tolerances in Table 12.

5.4.3.2 Duration of test

The air inlet to QI coi sh@e overed to completely block the passage of air, so as to attempt to
t p

After the operating conditions have stabilized, the equipment shall be operated for a period of 4 h.
The equipment shall be permitted to stop and start under the control of an automatic limit device, if
provided. At the end of the 4-h test, the equipment shall be stopped and the air inlet covering removed
until the accumulation of frost or ice has melted. The equipment shall then be turned on with the fan(s)
operating at the highest speed for 5 min.
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5.4.4 Performance requirements

During the test, no ice shall drip from the coil and no water shall drip or blow off the equipment on the
indoor-side.

5.5 Condensate control and enclosure sweat performance test

5.5.1 General conditions @

The conditions which shall be used during the condensate control and enclosure sweat test
Table 5. The test shall be conducted with the equipment functioning at full-load operation,
3.25, except as required in 5.5.3. The determination of cooling capacity and electrical p
required for this performance test.

5.5.2 Temperature conditions QQ
Ta

The temperature conditions which shall be used during this test are given j e 5

Table 5 — Condensate control and enclosure sweat pegf

Parameter dar t conditions |
Temperature of air entering indoor-side: ZV
— dry-bulb @ Q 27°C
— wet-bulb &K 24°C
Temperature of air entering outdoor-side: O‘

— dry-bulb % % 27°C
— wet-bulba ﬁ Q 24.°C

Test frequencyb Rated frequency
Test voltage N See Table 2
a  The wet-bulb temperature condition ly be re en testing air-cooled condensers that evaporate the
condensate.
b Equipment with dual-rated freque% all %@ch frequency.
5.5.3 Airflow con 't1
The controls, fans, fthe equipment shall be set to produce the maximum tendency
to sweat, prov1de<u settln e not contrary to the manufacturer’s operating instructions.
554 T i 1ons

cond%

blishment of the specified temperature conditions, the equipment shall be started with its
s te collection pan filled to the overflowing point and the equipment shall be run until the
densate flow has become uniform.

5.5.4.2 Duration of test

The equipment shall be operated for a period of 4 h.
5.5.5 Performance requirements

5.5.5.1 When operating under the test conditions specified in Table 5, no condensed water shall drip,
run or blow from the equipment.
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5.5.5.2 Equipment which rejects condensate to the condenser air shall dispose of all condensate
and there shall be no dripping or blowing-off of water from the equipment such that the building or
surroundings become wet.

6 Heating tests
6.1 Heating capacity tests @

6.1.1 General conditions 06

6.1.1.1 For all heating capacity tests, the requirements specified in Annex A shall apply. Testi 1 be
conducted using the method(s) and instrumentation that meet the requirements of 7.1 and

6.1.1.2 Selectable resistive elements used for heating indoor air shall be prevenQrom operating
during all heating capacity tests, except those used only during a defrost cycle.

6.1.1.3 The test set-up shall include instrumentation to allow measuremg e@ch nge
across the indoor coil. If using the indoor air enthalpy method, the same d 1 tempku Sensors
as used to measure capacity may be used. If using the calorimeter te;t , the e change
shall be determined using the sensors specified in Annex C.

6.1.1.4 Standard rating conditions for heating capacity test, re& aﬁe&
6.1.1.5 All Clause 6 heating capacity tests shall be co d with t p at full-load operation,
as defined in 3.25.

6.1.1.6 If the manufacturer of a heat pump@? Varlable-Zeed compressor does not provide
i

information on the full-load frequency and h eve i urlng heating capacity tests, then the heat
pump shall be operated with its thermo tro its maximum allowable temperature
setting.
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Table 6 — Heating capacity rating conditions

Standard rating condi-

Parameter .
tions

Temperature of air entering indoor-side:

— dry-bulb 20°C

— wet-bulb (maximum) 15°C
Temperature of air entering outdoor-side, H1: moderate cold condition @
— dry-bulb 7°C 6

— wet-bulb 6°C
Temperature of air entering outdoor-side, H2: cold condition

— dry-bulb

— wet-bulb

Temperature of air entering outdoor-side, H3: very cold condition
— dry-bulb
— wet-bulb

Test frequency?

Test voltage See T@g
NOTE If a defrosting cycle occurs during the H1, H2 or H3 heating c sts testln these conditions are

a
accomplished using either the calorimeter or the indoor air enthalpy met@ D). Refer to Clause 7.

a  Equipment with dual-rated frequencies is tested at each freq

[N}

ﬁ

6.1.2 Temperature conditions ?

6.1.2.1 Three different outdoor-side rature c ons, de31gnated as H1l-moderate cold
condition, H2-cold condition and H3-Very cOndition, ar ecified in Table 6.

6.1.2.2 The Table 6 temperature ons for @er‘l’cermg the indoor-side of the equipment shall
be used for all heating capacity tests.

6.1.2.3 All heat pumps sh ated ba% testing at the H1-moderate cold condition temperature
conditions. Heating ca a s shall conducted at the H2-cold condition and/or H3-very cold
condition tempera manu er rates the equipment for operation at one or both of these

temperature condit

6.1.2.4 If t 3 - t pump rate for operation at two frequencies or, in some cases, if the equipment

has a du v 0 tage re than one heating capacity test shall be conducted at each applicable
outdoor tempera d1t10n Table 6 (and Table 2) shall be used to determine if additional
heating capicity te quired.

irflow conditions

O 1.3.1 Heat pump set-up requirements

On the outdoor-side of the heat pump, all resistance elements associated with inlets, louvres and any
ductwork and attachments considered by the manufacturer as normal installation practice shall be
installed. On the indoor-side of the heat pump, grille positions, damper positions, fan speeds, etc. shall
be set in accordance with the manufacturer’s published installation instructions, which are normally
provided with the equipment. In the absence of such installation instructions, grille positions, damper
positions, fan speeds, etc. shall be set to provide the maximum heating capacity when testing at the
H1 temperature conditions. The heat pump set-up used for the H1 test shall be used during the H2
and/or H3 tests, if conducted. When tests are carried out at other settings, these settings shall be noted
together with the heating capacity ratings.
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6.1.3.2 Requirements when using the indoor air enthalpy method

Each heating capacity test shall be conducted with the external static pressure at each indoor unit
maintained at 0 Pa. For the heating capacity calculations described in Annex D, the indoor-side air
volume flow rate shall be expressed in units of cubic metres per second (m3/s) of the air-water vapour
mixture. For reporting purposes, the indoor-side air volume flow rate shall be expressed in units of
cubic metres per second of standard air.

NOTE1 Airflow measurements are carried out according to the specifications in Annex B, as appropriate, as @
well as the provisions established in other appropriate annexes of this document. 6

NOTE 2  Additional guidance for making airflow measurements can be found in ISO 3966 and ISO 5167-1.

6.1.4 Defrost operation &

6.1.4.1 Overriding of automatic defrost controls shall be prohibited. The co
overridden when manually initiating a defrost cycle during preconditioning.

6.1.4.2 If the heat pump turns the indoor fan off during the defrost cycle tmoor
coil shall cease.

6.1.5 Test procedure — General

6.1.5.1 The test procedure consists of three periods: a pre n& equlllbrlum period

and a data collection period. The duration of the data collectforNgertdd diff ending on whether the

heat pump’s operation is steady-state or transient. In thease of tfansi ion, in addition, the data

collection period specified when using the indoor air en%gmetho%ﬂ#ﬂ) is different from the
1.4af)

data collection period required if using the calorimeter m! d(

only be

conducting a heating capacity test.

6.1.5.2 Annex K pictorially represents most ;'fferent test s€quences which are possible when
\Q’) K
6.1.6 Preconditioning period ®®

6.1.6.1 The test room recondi ppara he heat pump under test shall be operated until

the test tolerances specifie attam r at least 10 min.

6.1.6.2 A defrost cycl ayend a p ditioning period. If a defrost cycle does end a preconditioning

period, the heat pum {ll oper heating mode for at least 10 min after defrost termination
1br1u ' d

prior to beginningpth
6.1.6.3 ltis e&’nend%@ preconditioning period end with an automatic or manually-initiated
e

defrost CK en testing at H2 and H3 temperature conditions.

6.@ ibrium period
6.1 A complete equilibrium period is 1 h in duration.

6.1.7.2 Except as specified in 6.1.11.3, the heat pump shall operate while meeting the 7.3 test
tolerances.

6.1.8 Data collection period

6.1.8.1 The data collection period immediately follows the equilibrium period.



PS: 1SO 5151

6.1.8.2 Data shall be collected as specified for the test method(s) chosen from 7.1. If using the
calorimeter method, heating capacity shall be calculated as specified in Annex C. If using the indoor air
enthalpy method, heating capacity shall be calculated as specified in Annex D. For cases where one of the
confirmative test methods from 7.1.3.1 is used, heating capacity shall be calculated as specified in the
appropriate annex.

6.1.8.3 An integrating electrical power (watt-hour) meter or measuring system shall be used for
measuring the electrical energy supplied to the equipment. During defrost cycles and for the first ]@Sn
following a defrost termination, the meter or measuring system shall have a sampling rate o% t
every 10 s.

6.1.8.4 Except as specified in 6.1.8.3 and 6.1.8.5, data shall be sampled at equal inter@a; span 30 s
or less.

6.1.8.5 During defrost cycles, plus the first 10 min following defrost termi ,Qﬂ‘tain data used in
evaluating the integrated heating capacity of the heat pump shall be sampled ¥Wore frequently, at equal
intervals that span 10 s or less. When using the indoor air enthalpy od, the e-frequently

sampled data include the change in indoor-side dry-bulb temperat n ufing ghe\calorimeter
method, these more-frequently sampled data include all measus @ qu( determine the

indoor-side capacity. Q
. ?
M frost, the contribution of
hture shall be assigned the

6.1.8.6 For heat pumps that automatically cycle off the ind% durg
od. If using the calorimeter

the net heating delivered and/or the change in indoorgi ulb td
value of zero when the indoor fan is off, if using the i& enthé
wh is off.

N
test method, the integration of capacity shall continue the j

6.1.8.7 For both the indoor air enthalpy and t%ﬁri t ethods, the difference between the
dry-bulb temperature of the air leaving a tering the or coil shall be measured. For each 5-min
interval during the data collection perio average tempeMature difference shall be calculated, At;(7).
The average temperature difference fog €he §ir'st 5 msyof the data collection period, At;(t = 0), shall be
saved for the purpose of calculating &1 ge, A\r@s d as a percentage, as given in Formula (1):

i)

i& > o
Dt (c—o) %
6.1.9 Test proced @ adef; &ycle (whether automatically or manually initiated) ends
the preconditio l@p g@
e

(Dti(ho)

%Dt =

\

6.1.9.1 Qg‘lantity %YM exc®eds 2,5 % during the first 35 min of the data collection period, the
a

heating city test sha signated as a transient test (see 6.1.11). Likewise, if the heat pump
initiates a efrost cyc g the equilibrium period or during the first 35 min of the data collection
period, the heating est shall be designated as a transient test.

d“during both the equilibrium period and the first 35 min of the data collection period, then the

6§\ If the conditions specified in 6.1.9.1 do not occur and the test tolerances given in 7.3 are

t

ting capacity test shall be designated as a steady-state test. Steady-state tests shall be terminated
fter 35 min of data collection.

6.1.10 Test procedure when a defrost cycle does not end the preconditioning period

6.1.10.1 If the heat pump initiates a defrost cycle during the equilibrium period or during the first
35 min of the data collection period, the heating capacity test shall be restarted as specified in 6.1.10.3.
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6.1.10.2 If the quantity %At exceeds 2,5 % any time during the first 35 min of the data collection period,
the heating capacity test shall be restarted as specified in 6.1.10.3. Prior to the restart, a defrost cycle
shall occur. This defrost cycle may be manually initiated or delayed until the heat pump initiates an
automatic defrost.

6.1.10.3 If either 6.1.10.1 or 6.1.10.2 applies, then the restart shall begin 10 min after the defrost cycle
terminates with a new, hour-long equilibrium period. This second attempt shall follow the requirements
of 6.1.7 and 6.1.8 and the test procedure of 6.1.9. @

6.1.10.4 If the conditions specified in 6.1.10.1 or 6.1.10.2 do not occur and the test tolerances givg
7.3 are satisfied during both the equilibrium period and the first 35 min of the data collection perig %
the heating capacity test shall be designated as a steady-state test. Steady-state tests shall be t ted
after 35 min of data collection.

6.1.11 Test procedure for transient tests Q

adjustments specified in 6.1.11.2 to 6.1.11.6 shall apply.

6.1.11.1 When, in accordance with 6.1.9.1, a heating capacity test is demgnateﬁtrant) the

6.1.11.2 In all cases, the normal outdoor-side airflow of the heag hall urbed If
applicable, the outdoor enthalpy test apparatus shall be disconnected trans atlng capacity
test shall be restarted from the beginning with a new 6.1.6 precondl

6.1.11.3 To constitute a valid transient heating capacity t@ s spec1f1ed in Table 7
shall be achieved during both the equilibrium period angdthe dat col 1od As noted in Table 7,

the test tolerances are specified for two sublntervals l H C f data collected during each
heating interval, with the exception of the first 10 nation. Interval D consists of
data collected during each defrost cycle plus the f1 in of th bsequent heating interval.

6.1.11.4 The test tolerance parameters in e all e Myined throughout the equilibrium and

or D, shall be used to evaluate compliance
ervals or two or more D intervals shall not
nce. Compliance is based on evaluating data

data collection periods. All data collected d{1}
with the Table 7 test tolerances. Data f or
be combined and then used in eva %‘able
from each interval separately.

6.1.11.5 If using the ind ntha y d, the data collection period shall be extended until
3 h have elapsed or until th eat pu tes three complete cycles during the period, whichever
occurs first. If at an ela ed time of 3 I\ghe heat pump is conducting a defrost cycle, the cycle shall be
completed before te ing the G t1 n of data. A complete cycle consists of a heating period and a

defrost period; Q stt rn@; to defrost termination.

6.1.11.6 If ugjng the caloriyetel method, the data collection period shall be extended until 6 h have
elapsed o the heat pump®completes six complete cycles during the period, whichever occurs first. If
atanel e of 6 h, the heat pump is conducting a defrost cycle, the cycle shall be completed before

tegamgdWing®the collection of data. A complete cycle consists of a heating period and a defrost period;
fr defrost termination to defrost termination.
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Table 7 — Variations allowed in heating capacity tests when using the transient (T) test

procedure
Variation of arithmetical Variation of individual
Readi mean values from specified | readings from specified
eading test conditions test conditions
Interval Ha Interval Db Interval Ha ’ Interval Db

Temperature of air entering indoor-side:

— dry-bulb +0,6 K +1,5K +1,0K iZ,%@

— wet-bulb — — — N
Temperature of air entering outdoor-side: V
— dry-bulb +0,6 K +1,5K +1,0K &QS,O K
— wet-bulb +0,3 K +1,0K +0,6 —
Voltage — — ‘ 2 2%

a  Applies when the heat pump is in the heating mode, except for the first 10 min after termina®gn of a defrost cycle.

b Applies during a defrost cycle and during the first 10 min after the termination of a d cycle w thégeat pump is
operating in the heating mode.

'o

6.1.12 Heating capacity test results

0
Average heating capacity and average electrical power 1n ted in accordance with
8.1.4. For transient tests, the quantities shall be calcula ata fr m t otal number of complete
cycles that are achieved within the data collection & the e a complete cycle does not
occur during the data collection period of a transient t8t, the e§g Jata collection period shall be

used for the calculations (see 8.1.4.2). %

6.2 Maximum heating performanc%

6.2.1 General conditions

The conditions given in Table 8 8 used d e maximum heating performance test. The test
shall be conducted with the t full-load operation, as defined in 3.25.

The test voltages in Tabl be mamtal at the specified percentages under running conditions.
The determinati and electrical power input is not required for this
performance test é

ons

6.2.2 Te re con
The tem ture con 1ven in Table 8 shall be used during these tests, unless the manufacturer
spec1f§h1 er te re conditions in the manufacturer’s equipment specification sheets.



PS: 1 SO

Table 8 — Maximum heating performance test conditions

Parameter Standard test conditions

Temperature of air entering indoor-side:
— dry-bulb 27 °C

Temperature of air entering outdoor-side:
— dry-bulb 24 °C

5151

— wet-bulb 18°C -~ @

Test frequency? Rated frequency
Test voltage a) 90 % and 110 % of rated voltage for equipment with

a single nameplate rating

b) 90 % of the lower rated voltage and 110 % of t &
lﬁl 5

higher rated voltage for equipment with
extended nameplate voltage

a  Equipment with dual-rated frequencies shall be tested at each frequency.

6.2.3 Airflow conditions g ‘ \’

.
The maximum heating performance test shall be conducted with an i & de fan s&dfetting as
determined in 5.1.4.1.2, except as required in 6.2.4.1. For heating—orﬁ\a ump indoOr-side fan

speed shall be set as specified in 6.1.3.1, except as required in 6.2.4Q C)
6.2.4 Test conditions &K O

6.2.4.1 Preconditions

The controls of the equipment shall be set for ma@heating.@entilating air dampers and exhaust

air dampers, if provided, shall be closed. C)
6.2.4.2 Duration of the test \

The equipment shall be operated for A&th i air temperatures have been attained from
Table 8 and Table 12. The equip 1l be % d to stop and start under the control of an
automatic limit device, if provid

4

6.2.5 Performance req ts O

The equipment shall o§ate und%ttl onditions specified in Table 8 and 6.2.4.2, without indication

of damage. The equi shall beMgermitted to stop and start under the control of an automatic limit
device, if provi thedn
30 min. Refer toYggure 2.

6.3 Mi@n heating performance test
&

eral conditions

ion of operation, the equipment shall resume operation within

: Q

Th ditions given in Table 9 shall be used for this test. The test shall be conducted with the equipment
functioning at full-load operation, as defined in 3.25. The voltage shall be maintained at the specified
value under running conditions. The determination of heating capacity and electrical power input is not
required for this performance test. This test is only applicable to units including a rating to region H3.

6.3.2 Temperature conditions

The temperature conditions of this test shall be as given in Table 9.
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6.3.3 Airflow conditions

The controls of the equipment shall be set for maximum heating. All ventilating air dampers and exhaust
air dampers, if provided, shall be closed.

6.3.4 Test condition

6.3.4.1 Preconditions

The equipment shall be operated for 1 h under the temperature conditions and voltage s d in
Table 9. 6

Table 9 — Minimum heating performance test conditions

Parameter Standard test

Temperature of air entering indoor-side:

— dry-bulb °C N

Temperature of air entering outdoor-side: \
— dry-bulb ‘\07 \

— wet-bulb . Q -
Test frequency? Rated fre \

Test voltageb See

a  Equipment with dual-rated frequencies shall be tested at e

b The test voltage of dual-rated equipment shall be the higher volta
6.3.4.2 Duration of test B

After the equipment has reached stable eEting conditioZ (Tables 9 and 12), these conditions shall
be maintained for 1 h. @ N
6.3.5 Performance require @ \

The heat pump shall operat@ hout thefey without a cutoff by any safety control.

6.4 Automatic garforlég test

6.4.1 General{ndi ions

This testj n@quired i &ision is made to ensure that cool air (less than 18 °C) is not blown into
the condygghed space defrost. The test shall be conducted with the equipment functioning at
full-logd oPgration ined in 3.25, except as required in 6.4.3. The conditions for test frequency
ar& voltage giveiNjn Table 6 shall be used during the automatic defrost test. The determination of
h

pacity and electrical power input is not required for this performance test.

OQ Temperature conditions

The temperature of air entering the indoor-side shall be set as specified in Table 6. The temperature of
air entering the outdoor-side shall be set as specified for the H2 test conditions in Table 6.

6.4.3 Airflow conditions

Unless prohibited by the manufacturer, the indoor-side fan is to be adjusted to the highest speed and
the unit outdoor-side fan to the lowest speed, if separately adjustable. All other parameters shall be set
as specified in 6.1.3.1.



PS: 1SO 5151

6.4.4 Test conditions

6.4.4.1 Duration of test

The equipment shall be operated until the temperatures specified for H2 conditions in Table 6 have
been stabilized.

The heat pump shall remain in operation for two complete defrosting periods or for 3 h, whichever @

is longer.

During the defrosting period, the temperature of the air from the indoor-side of the equ1pme@ not

6.4.5 Performance requirements

be lower than 18 °C for longer than 1 min.

7 Test methods and uncertainties of measurements Q

7.1 Test methods Qg < \,

7.1.1 General

Capacity tests shall be conducted in accordance with the testing eme sp&ified in Annex A,
using either the calorimeter test method (see Annex C) oor Q Ipy test method
(see Annex D), subject to the provision that the test resu& ithin of uncertainties of
measurements established in 7.2.

7.1.2 Calorimeter test method %‘ %

7.1.2.1 When using the calorimeter method@ing capacity*tests and for steady-state heating

capacity tests, two simultaneous methodsﬂ erminigey capacities shall be used. One method
other 1@5 the capacity on the outdoor-side. The

determines the capacity on the indoor-si
capacity determined using the outdoor a shall ithin 5 % of the value obtained using the

indoor-side data for the test to be valj

7.1.2.2 Steady-state conditi h1e hen the measured capacity at each 5-min time interval
does not vary by more tha. the av easured capacity over the previous 35 min.

7.1.3 Indoor air entlQ)y test et

7.1.3.1 For cgbli aci and steady-state heating capacity tests, a test of confirmation
is recommende Verl s obtained using the indoor air enthalpy test method. One of the
followmg test eth ds can Bgused for confirmative purposes:

door calorimeter confirmative test method (see Annex G);
d) outdoor calorimeter confirmative test (see Annex H;

e) balanced calorimeter confirmative test method (see Annex I).

NOTE Annex [ is not used as a confirmative test by testing laboratories (see 1.1.1).
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7.1.3.2 The results of the primary test shall agree with the results of the confirmative test to within
5 % to be valid.

Steady-state conditions are achieved when the measured capacity at each 5-min time interval does not
vary by more than 2,5 % from the average measured capacity over the previous 35 min.

7.1.4 Capacity tests

On the cooling cycle, it is recommended that the latent cooling capacity be determined using the c@g
condensate method (see Annex |) subject to the provision that the test results are within the{ly of
uncertainties of measurements established in 7.2.

7.2 Uncertainties of measurement &
10.

7.2.1 The uncertainties of measurement shall not exceed the values specifie

ble appraﬁ guidance.

NOTE Uncertainties of measurement can be estimated. ISO/TS 16491 is avai

Table 10 — Uncertainties of measugefe

Measured quantity ‘ U
Water:

R inty of mea\;e_menta
— temperature ®\ QiEC
— temperature difference &K 1 °C
— volume flow : 1%

— static pressure difference % 5%
air QJ

— dry-bulb temperature Q 0,2°C
— wet-bulb temperature greater than 0 ° 0 0,2°C
— wet-bulb temperature less than or % 0°Cb \@ A 0,3°C
— volume flow E@ 5%

%@ 5 Pa for pressure <100 Pa

5 % for pressure >100 Pa

— static pressure difference %Q

Electrical measurem 0,5 %

Time 0,2 %

Mass & 1,0 %
Speed e % 1,0 %

Refrigera shfle 2,0%

t comprises, in general, many components. Some of these components can be estimated,|
ibution of the results of series of measurements and can be characterized by experimental

avgild
aQﬁertainty of measurement is an estimate characterizing the range of values within which the true value of the
eXurement lies, based on a 95 % confidence interval (see ISO/IEC Guide 98-3).

This may be measured directly or indirectly.

7.2.2 The steady-state cooling and heating capacities determined using the calorimeter method shall be
determined with a maximum uncertainty of 5 %. This value is an expanded uncertainty of measurement
expressed at the level of confidence of 95 %.

7.2.3 Heating capacity determined during transient operation (defrost cycles) using the calorimeter
method shall be determined with a maximum uncertainty of 10 %. This value is an expanded uncertainty
of measurement expressed at the level of confidence of 95 %.



PS: 1SO 5151

7.2.4 The heating and cooling capacities measured on the air side using the air enthalpy method
shall be determined with a maximum uncertainty of 10 %. This value is an expanded uncertainty of
measurement expressed at a level of confidence of 95 %.

7.3 Test tolerances for steady-state cooling and heating tests

7.3.1 The maximum permissible variation of any individual observation from a specified test condition
during a steady-state cooling and heating capacity test is listed in column 3 of Table 11. If a test condition @
is not specified, the values in column 3 of Table 11 represent the greatest permissible difference betwe%
maximum and minimum instrument observations during the test. When expressed as a percentag

maximum allowable variation is the specified percentage of the arithmetical average of the obser

Table 11 — Variations allowed during steady-state cooling and heating capacit &s

Variation of arithmetical Maximuyg
Reading mean values from specified individual r 8
test conditions specifiedtes
Temperature of air entering indoor-side:
— dry-bulb +0,3 K

— wet-bulb +0,2 Ka

Temperature of air entering outdoor-side:

— dry-bulb 0,3 K @. cj
— wet-bulb +0,2 Kb && ,3 Kb

Voltage ‘ 1%

a  Notapplicable to heating tests. b
b Only applicable to cooling capacity tests if equipment rejec sate u r coil.

&age observatlons from the standard or specified

7.3.2 The maximum permissible variations
test conditions are shown in column 2 of Ta

7.3.3 For cooling capacity tests, th
indoor-side and outdoor-side shall led af tervals spanning 30 s or less throughout the
ods. T ied sampling of the wet-bulb temperature of the

preconditioning and data collec '
air entering the outdoor-s waived equipment that rejects condensate to a location other
than the outdoor coil. O

7.3.4 For steady-stat eating ¢ c1t ests, the dry-bulb temperature of the air entering the indoor-
side and the dry- c et bu eratures of the air entering the outdoor-side shall be sampled at
equal intervals gba hroughout the preconditioning and data collection periods.

*Hulb d ulb temperatures of the air entering the
%

intervals an 5 min or less during cooling capacity tests. Except as noted in 7.3.4, all applicable
param@ Table 11 shall be sampled at equal intervals spanning 30 s or less during heating
ca st

7.3.6  For the preconditioning period, equilibrium shall be defined as an interval of specified duration
where the applicable test tolerances in Table 12 are satisfied. When a defrost cycle occurs during the
preconditioning period of a heating capacity test, the parameters sampled between defrost initiation and
10 min after defrost termination shall be excluded when evaluating compliance to the test tolerances in
Table 12. As noted in 6.1.8.5, the sampling frequency of the indoor dry-bulb temperature is subject to
change during defrost cycles, if wusing the indoor air enthalpy test method.

735 E cg%s noted in .3, all applicable parameters from Table 11 shall be sampled at equal
S.
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7.3.7 For the data collection period used in determining the equipment’s measured space conditioning
capacity, compliance with the applicable Table 11 test tolerances shall be achieved.

7.4 Test tolerances for performance tests

The maximum allowable variation of any individual observation made during a performance test from
the specified test condition is shown in Table 12.

Table 12 — Test tolerances for performance tests @
Readin Maximum variation of individual re
g from specified test conditio

Air temperature: &
— dry-bulb £1,0K 0
— wet-bulb +0,
Water temperature +0,5 ~
Voltage \
3 The test tolerances do not apply when the equipment is stopped, when changifig Ss ced Jr flom defrost
initiation to 10 min after defrost termination. During these intervals, dry-bulb rature tol f #2,5 K on the
indoor-side and +5 K on the outside shall apply.

O
8 Testresults K@ Ov
8.1 Capacity results & O‘

8.1.1 General %

The results of a capacity test shall expr ntitatively th®effects produced on air by the equipment
tested. For given test conditions, th ity tes l&ts shall include the following quantities as
applicable to cooling or heating: \@

a) total cooling capacity, in W@ @
atts; %

b) sensible cooling capagif

d) heating capacity, s watts;
e) indoor-si &low rat /s of standard air;

c) latent cooling watts

f) effe wer i the equipment or individual power inputs to each of the electrical
i nt co s, in watts.

NO % For a), b) and d), standard ratings for capacities include the effects of the circulating fan heat.

For determination of latent cooling capacity, see Annex C if using the calorimeter test method and
nnex D if using the indoor air enthalpy test method.

8.1.2 Adjustments

8.1.2.1 Testresults shall be used to determine capacities without adjustment for permissible variations
in test conditions. Air enthalpies, specific volumes and isobaric specific heat capacities shall be based on
the measured barometric pressure.
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8.1.2.2 For calorimetric testing, variations from standard barometric pressure may have an impact on
the measured capacity. If capacity, adjusted for standard barometric pressure, is additionally reported an
explanation of the adjustment method should be included in the test report.

8.1.3 Cooling capacity calculations

8.1.3.1 An average cooling capacity shall be determined from the set of cooling capacities recorded
over the data collection period.

8.1.3.2 An average electrical power input shall be determined from the set of electrical power i
recorded over the data collection period or from the integrated electrical power for the same int
cases where an electrical energy meter is used.

8.1.4 Heating capacity calculations

8.1.4.1 Steady-state capacity tests

8.1.4.1.1 If the heating capacity test is conducted in accordance withet
6.1.10.4, heating capacity shall be calculated using data from each dat
Annex C, if using the calorimeter test method, or in accordance with

g 6\1
ll’lg m ac ance Wlth

n , if door air

enthalpy test method. @
8.1.4.1.2 An average heating capacity shall be determined&&e set @9 capacities recorded

over the 35 min data collection period.

8.1.4.1.3 An average electrical power input shall be d%ned et of electrical power inputs
recorded over the 35 min data collection interva m the in ted electrical power recorded over

the 35 min data collection period. 0

8.1.4.2 Transient capacity tests

\QJ”

8.1.4.2.1 If the heating capacity S ondu cordance with the provisions of 6.1.11, an
average heating capacity shall b rmined. s \verage heating capacity shall be calculated as
specified in Annex C, if usin eter t method and as specified in Annex D, if using the indoor

air enthalpy test method.

8.1.4.2.2 For equipmggt where one %ore complete cycles occur during the data collection period,
the following shall a e averajg heating capacity shall be determined using the integrated capacity
and the elapsed @ espon he total number of complete cycles that occurred over the data
collection perio e averag 1cal power input shall be determined using the integrated power
input and the lap d tim ponding to the total number of complete cycles during the same data
collectio iQd as the one ugd for the heating capacity.

NOTE Q mplete cycle consists of a heating period and a defrost period from defrost termination to defrost
te .

8.1.4.2.3 For equipment that does not conduct a complete cycle during the data collection period, the
following shall apply. The average heating capacity shall be determined using the integrated capacity and
the elapsed time corresponding to the total data collection period (3 h if using the indoor air enthalpy test
method; 6 h if using the calorimeter test method). The average electrical power input shall be determined
using the integrated power input and the elapsed time corresponding to the same data collection period
as the one used for the heating capacity.
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8.2 Data to be recorded

The data to be recorded for the capacity tests are given in Tables 13 and 14 for the calorimeter test
method and in Table 15 for the indoor air enthalpy test method. The tables identify the general
information required, but are not intended to limit the data to be obtained. Electrical input values used
for rating purposes shall be those measured during the capacity tests.

8.3 Testreport @

8.3.1 General information 6

As a minimum, the test report shall contain the following general information:

a reference to this document, i.e. ISO 5151; 0& 2

a)
b) date; Q
c) testinstitute; \
d) testlocation; . Q < ’
e) primary test and confirmative test methods; \
f) testsupervisor;
g) cooling climate type designations and heatlng raj 2 T3, H1, H2 and H3);
h) description of test set-up, including equlpme t locatl
i) nameplate information (see 9.2). g
Table 13 — Data to be rege or calorinfeter cooling capacity tests
No. %)
1 |Date
2 |Observers
3 Barometric pressure,
4 |Fan speed settig
5 |Applied voltag
6 |Frequency, jm Hz
7 |Total cu %put to ipm@nt, in A
8 T anut to ifwenta, in W
9 |[Set of vari ty compressor at full load

AL N\ D1y-bulb and wet-bulb temperature of air (outdoor-side calorimeter test chamber)b, in °C

y-bulb and w&bulb temperatures of air (indoor-side calorimeter test chamber)b, in °C

13 |Total power input to indoor-side and outdoor-side test chamber, in kW

2% Average air temperature outside the calorimeter, if calibrated (see Figure C.1), in °C

14 |Quantity of water evaporated in humidifier, in kg

15 |Temperature of humidifier water entering indoor-side and outdoor-side (if used) test chambers or in

humidifier tank, in °C

16 |Cooling water flow rate through outdoor-side test chamber heat-rejection coil, in 1/s

17 |Temperature of cooling water entering outdoor-side test chamber, for heat-rejection coil, in °C

a

record input to each connection separately.

b

Total power input to the equipment, except if more than one external power connection is provided on the equipment;

For equipment that evaporates condensate on the outdoor coil.
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Table 13 (continued)

No. Data

18 |Temperature of cooling water leaving outdoor-side test chamber, for heat-rejection coil, in °C

19 |Mass of water from equipment which is condensed in the reconditioning equipment¢, in kg

20 |Temperature of condensed water leaving outdoor-side test chamber, in °C

21 |Volume of airflow through measuring nozzle of the separating partition, in m3/s
22 |Air-static pressure difference across the separating partition of calorimeter test chambers, in Pa P @

23 |Refrigerant charge, added by the test house, in kg

24 |Factory charge, in kg

a  Total power input to the equipment, except if more than one external power connection is provided on the e mept;
record input to each connection separately.

b For equipment that evaporates condensate on the outdoor coil.
Table 14 — Data to be recorded for calorimeter heating capacity te

No.

1 Date - \

2 |Observers . Q\v \

3 Barometric pressure, in kPa

4 |Fan speed settings, indoor and outdoor ¢

5 |Applied voltage, in V

6 Frequency, in Hz -~ Q’

7 |Total current input to equipment, in A % M

8 |Total power input to equipmenta, in W N Q ~

9 |Setting of variable capacity compressor at full‘bﬁ

10 |Dry-bulb and wet-bulb temperatures of air g?oi-‘side ca%imgter test chamber), in °C

11 |Dry-bulb and wet-bulb temperature of door-sia‘ Thneter test chamber), in °C

12 |Average air temperature outside th %eter, if Med (see Figure C.1),in °C

13 |Total power input to indoor-sidWWdoor-ﬁmber, inW

14

oor-side and outdoor-side (if used) test chambers or in

Temperature of humig vw enteri
humidifier tank, in ° Yy 4
16 |Cooling water flow gate t®rough i -side test chamber heat-rejection coil, in1/s

[uny
€2}

Quantity of water evaporatehmidifier, F ng

17 Temperaturerf water tﬁn indoor-side test chamber, for heat-rejection coil, in °C
18 |Temperat e)ang watefTWhg indoor-side test chamber, for heat-rejection coil, in °C
19 |Mass ofyvat from equi ich is condensed in the outdoor-side test chamber, in kg

20 |Te
21 |V

aure of conden water leaving outdoor-side test chamber, in °C

irflow through measuring nozzle of the separating partition, in m3/s

sthtic pressure difference across the separating partition of calorimeter test chambers, in Pa

frigerant charge, added by the test house, in kg

24

a  Total power input to the equipment, except if more than one external power connection is provided on the equipment;
record input to each connection separately.

Factory charge, in kg




PS: 1SO 5151

Table 15 — Data to be recorded during the indoor air enthalpy capacity tests

No. Data
1 |Date
2 |Observers
3 Barometric pressure, in kPa
4 |Time of test
5 |Power input to equipment?, in W -~ 2’
6 |Energy input to equipmentb, in Wh
7 |Applied voltage(s), in V
8 Current, in A
9 |Frequency, in Hz
10 |External resistance to airflow, in Pa 0
11 |Fan speed settings, indoor and outdoor Q
12 |Setting of variable capacity compressor at full load g RN
12 | Dry-bulb temperature of air entering equipment, in °C \
13 |Wet-bulb temperature of air entering equipment, in °C '\ v
14 |Dry-bulb temperature of air leaving equipment, in °C QAQ‘ \
15 |Wet-bulb temperature of air leaving equipment, in °C \\ o~ v
16 |Outdoor dry-bulb and wet-bulb temperatures, in °C %
17 |Volume flow rate of air and all relevant measurem or %s calc ) 3/s
18 |Refrigerant charge added by the test house, inkg o~
19 |Factory charge, in kg
a  Total power input and, where required, input tQ.e g mecomp «@.
b Energy input to equipment is required only d %ost operation

8.3.2 Capacity tests @\ \® 4

The values reported shall be t no e@es taken over the data collection period and shall
be stated with an uncertai easu a confidence level of 95 % and in accordance with
ISO/IEC Guide 98-3. @

NOTE Uncertai measur @&be estimated. ISO/TS 16491 is available as appropriate guidance.
8.3.3 Perfornﬁce tests\'Q

repogt indicate whether the test passed or failed based upon recorded data.

8.3.3.1 %

For allfperformance$gsts relevant information shall be recorded to show the specific requirements for
ea has been meY. This shall be as a minimum the data requirements of Table 13, 14 or 15 (as
@ ri#te) recorded at least once every 5 min, and additionally, information listed in 8.3.3.2 to 8.3.3.7.

0.3.3.2 For maximum cooling performance tests (5.2):
— current recorded atleast once every 5 min, in A;
— time at which the power to the unit was interrupted;

— time(s) at which the unit automatically starts and/or stops operating.

8.3.3.3 For minimum cooling, freeze-up air blockage and freeze = up drip performance tests (5.3):

— coil circuit temperatures or the suction pressure recorded at least once every 1 min.
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8.3.3.4 For freeze-up drip performance test (5.4):

— pictures or sketches of the unit at the end of the test that clearly depict any areas of moisture outside
of the unit.

8.3.3.5 For condensate control and enclosure sweat performance test (5.5):

— pictures or sketches of the unit at the end of the test that clearly depict any areas of moisture outside @

of the unit.
8.3.3.6 For maximum heating performance test (6.2): O

— currentrecorded atleast every 5 min, in A; &

— time(s) at which the unit automatically starts and/or stops operating. Q

8.3.3.7 For automatic defrost performance test (6.4):

— temperature of the air leaving the indoor-side of the equipment reco Qleas@

1 min, in °C.

NOTE No additional data is required for minimum heating performance t@ v
9 Marking provisions & C)

9.1 Nameplate requirements
Each individual unit of the air conditioner and heat hsy@ e package and split-system

assembly, shall have a durable nameplate, flrmly edtoita a location accessible for reading.
9.2 Nameplate information \

The nameplate shall carry the follow1 m inf \on in addition to the information required
by International Standards on safety

a) manufacturer’s name or tra
b) any distinctive type mb r 1al number;

c) rated voltage (s)'

d) rated freque
e) cooling clmQ desigpati d heatlng rating conditions (i.e. T1, T2, T3, H1, H2 and H3, as

appllcab
f) refr¢ t¥lesignation in accordance with ISO 817;

National regulations could specify designations.

g)@ory refrigerant mass charge [listed on the unit containing the compressor(s)].

9.3 Split systems

The information in 9.2 a), b), c), d), and f) shall also be provided on each indoor element of a split system
and g) shall be provided on the outdoor unit.
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10 Publication of ratings
10.1 Standard ratings

10.1.1 Standard ratings shall be published for cooling capacities (sensible, latent and total), heating
capacity, EER and COP, for all systems produced in conformance to this document. These ratings shall
be based on data obtained at the established rating conditions in accordance with the provisions is
document. @

10.1.2 The values of the standard capacities shall be expressed in kilowatts or watts, roun@ three

significant figures. Q

10.1.3 The values of EER and COP shall be rounded to three significant figures.

10.1.4 Each capacity rating shall be followed by the corresponding test voltageYgee column 2 of Table 2)
and frequency rating. g \

10.2 Other ratings ’\Q &

Additional ratings may be published based on conditions otheﬂ‘@hose ified 3% standard rating

conditions. @
NOTE This could include ratings based on conditions&i& natll I@ations.

The data are determined by the methods specified in this ®ocu BV analytical methods which are
verifiable by the test methods specified in this nt. %
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Annex A
(normative)

Test requirements

<

A.1 General test room requirements 6

A.1.1 Ifanindoor condition test room is required, it shall be a room or space in which the KQ test
conditions can be maintained within the prescribed tolerances. It is recommended that air cittes in

the vicinity of the equipment under test not exceed 2,5 m/s. g
ent lum hall

A.1.2 If an outdoor condition test room or space is required, it shall be of suffig

circulate air in a manner such that it does not change the normal air circulating p @
49 1p ent
0N any oth surface

under test. It shall be of such dimensions that the distance from any rog
surface from which air is discharged is not less than 1,8 m and the distance

: ulred for
normal equipment installation. The room conditioning apparatus skd0 a rate not less
than the outdoor airflow rate, and preferably should take this air fLdny/®Re di i he equipment air
discharge and return it at the desired conditions uniformly a t{ :

A.1.3 If the calorimeter room method is used with cility havi an two rooms, then the
additional rooms shall also comply with the requireme%}i\nne ‘% air enthalpy method is used
with a facility having more than two rooms, the additjgna ms al$¥’comply with the requirements
of Annex D. %

. . . 4
A.2 Equipment installation %\ \@

A.2.1 The equipment to be tested insta @ordance with the manufacturer’s installation
instructions using recommend llatlon pr edlires and accessories. If the equipment can be
installed in multiple positi ests shallfbe conducted using the least favourable configuration
according to the manufa Comme n. In all cases, the manufacturer’s recommendations
with respect to distances fro¥g adjace ount of extensions through walls, etc. shall be followed.

A.2.2 Ducted equip ated at th n 8 kW and intended to operate at external static pressures of

less than 25 Pa Q sted at@ ivery of air.

A.2.3 No otjer alReration®go thie equipment shall be made except for the attachment of the required
test appa d instrument® in the prescribed manner.

necessary, the equipment shall be evacuated and charged with the type and amount of
' nt specified in the manufacturer’s instructions.

A.2.5 All standard ratings for equipment in which the condenser and the evaporator are two separate
assemblies shall be determined with 5 m to 7,5 m length of connecting refrigerant tubing on each
line. The lengths shall be actual lengths, not equivalent lengths, and no account shall be taken of the
resistance provided by bends, branches, connecting boxes or other fittings used in the installation for the
test piece. The length of the connecting tubing shall be measured from the enclosure of the indoor unit
to the enclosure of the outdoor unit. Such equipment in which the interconnecting tubing is furnished as
an integral part of the unit and not recommended for cutting to length shall be tested with the complete
length of tubing furnished. Not less than 40 % of the total length of the interconnecting tubing shall
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be exposed to the outdoor conditions with the rest of the tubing exposed to the indoor conditions. The
line diameters, insulation, details of installation, evacuation and charging shall be in accordance with the
manufacturer’s published recommendations.
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Annex B
(informative)

Airflow measurement

<

B.1 Airflow determination 6

B.1.1 Airflow should be measured using the apparatus and testing procedures given in this &

for rating purposes in volume flow rates, such ratings should state the conditions (preSglre, temperature

and humidity) at which the specific volume is determined. : \
B.2 Airflow and static pressure * Q C)
e to an cy of +0,2 %
rough the nozzle
dlus

B.1.2 Airflow quantities are determined as mass flow rates. If airflow quantities Qo expressed

The area of a nozzle, Ay, should be determined by measuring its d1
in four locations approximately 45° apart around the nozzle in e

throat, one at the outlet and the other in the straight sectlorK{

B.3 Nozzle apparatus q
B.3.1 Nozzle apparatus, consisting of a recei er a discharge chamber separated by a
partition in which one or more nozzles are locat Yigure B.1).Wir from the equipment under test is
conveyed via a duct to the receiving Chambe S€! he nozzle(s) and is then exhausted to the
test room or channelled back to the equip 1n et.

The nozzle apparatus and its connecti ee 1@ inlet should be sealed such that air leakage
does not exceed 1,0 % of the alrflo ing r%
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Key

B w N R

diffusion baffle \
Pitot tube (optional)
a Diffusion baffles should have e
b

Airflow. 6
Fi

discharge chamber 5 noQ
exhaust fan C) 6 receiviltg chamber
rf

dapter duct (see B.5.1)

&
i(@th approximately 40 % of free area

@mratus for differential pressure measurement

Q‘Q

QD— Airflow measuring apparatus

The cent —te dis between nozzles in use should not be less than 3 times the throat
diamete heTa
receiving Chgmber should not be less than 1,5 times its throat diameter.

N

rgergo nd the distance from the centre of any nozzle to the nearest discharge or

iffusers, installed in the receiving chamber (at a distance at least 1,5 times the largest nozzle

mes the largest nozzle throat diameter, D,,) downstream of the exit plane of the largest nozzle.

rowt diameter, D) upstream of the partition wall and in the discharge chamber (at a distance at least
< > ti

B.3.3 Exhaust fan, capable of providing the desired static pressure at the equipment’s outlet, installed
in one wall of the discharge chamber and provided with a means of varying its capacity.

B.3.4 Manometers, for measuring the static pressure drop across the nozzle(s). One end of the
manometer should be connected to a static pressure tap located flush with the inner wall of the receiving
chamber and the other end to a static pressure tap located flush with the inner wall of the discharge

chamber,

or preferably, several taps in each chamber should be connected to several manometers in

parallel or manifolded to a single manometer. Static pressure connections should be located so as not
to be affected by airflow. Alternatively, the velocity head of the air stream leaving the nozzle(s) may be
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measured by a Pitot tube as shown in Figure B.1, but when more than one nozzle is in use, the Pitot tube
reading should be determined for each nozzle.

B.3.5 Means of determining the air velocity at the nozzle throat.
B.3.5.1 The throat velocity of any nozzle in use should be not less than 15 m/s or more than 35 m/s.

B.3.5.2 Nozzles should be constructed in accordance with Figure B.2 and applied in accordance with @
the provisions of B.3.5.3 and B.3.5.4.

B.3.5.3 The nozzle discharge coefficient, Cq4, for the construction shown in Figure B.2, whi Qa
throat length to throat diameter ratio of 0,6, may be determined using Formula (B.1).

Cy =0,998 6 _7.006 , 1346 0\ (B.1)

\/R—e Re Q
for Reynolds numbers, Re, of 12 000 and above. Q\
The Reynolds number is defined as Formula (B.2). . Q \
Re= Yo N (82)
SO

where ® O
v, is the mean airflow velocity at the throat of the noz& %

Dy, is the diameter of the throat of the nozzle; %_ Q
v is the kinematic viscosity of air. Q
O \Z )

>0
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B.3.5.4 Nozzles may also be constructed in accordance with appropriate national standards, provided
they can be used in the apparatus described in Figure B.1 and result in equivalent accuracy.

1

\

-
o

0.6/,

%
e,

Key

1 axes of ellipse % %
2 throat section Q

3 elliptical approach c)Q

D, diameter of nozzle throat, in m K

“X
F&Z % measuring nozzle
B.4 Static pres%@asureb&ts
re

B.4.1 The pre ps sho®@ consist of (6,25 + 0,25) mm diameter nipples soldered to the outer
plenum surfa d centrad oveN1 mm diameter holes through the plenum. The edges of these holes
surface irregularities.

should EWQ urrs anb
B.4.2 4 Th plenuﬁ duct section should be sealed to prevent air leakage, particularly at the

C ns to the eq§jpment and the air measuring device, and should be insulated to prevent heat
| e Qetween the equipment outlet and the temperature measuring instruments.

Q.S Discharge airflow measurements

B.5.1 The outlet or outlets of the equipment under test should be connected to the receiving chamber
by adaptor ducting of negligible air resistance, as shown in Figure B.1.

B.5.2 To establish zero static pressure with respect to the test room at the discharge of the air
conditioner or heat pump in the receiving chamber, a manometer should have one side connected to one
or more static pressure connections located flush with the inner wall of the receiving chamber.
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B.6 Indoor-side airflow measurements

B.6.1 The following readings should be taken:
a) barometric pressure;

b) nozzle dry- and wet-bulb temperatures or dewpoint temperatures;

c) static pressure difference at the nozzle(s) or optionally, nozzle velocity pressure; @
B.6.2 Air mass flow rate, qp, through a single nozzle is determined using Formula (B.3). 6
2p
Qy =Y XCyx A, =Y QBE»)
" O
where A, is the area of the nozzle throat, in square metres (m2). Q

The expansion factor, Y, is obtained from Formula (B.4): g < \,
Y = 0,452 +0,5480 . Q \

The pressure ratio, a, is obtained from Formula (B.5): v

a=1-

n ‘b
Air volume flow rate, gy, through a single nozzle is detegggined usin la B.6).
q, =Y XCy xA_ /2pV %- (B.6)

where V'y is calculated using Formula (B. 7)2\
yro= @’ B.7
n 1+ Wn % [ )

and W, is the specific hum nozzle i
Air volume flow rate expres$gd in terQ dard air gs is calculated by Formula (B.8)

% = 20w, O\ O (B8)

B.6.3 Airflow tlgough muNjple nozzles may be calculated in accordance with B.6.2, except that the
total flow r@then the sum of the gy, or gy values for each nozzle used.

B lation, exhaust and leakage airflow measurements — Calorimeter
t thod

B.7.1 Ventilation, exhaust and leakage airflows should be measured using apparatus similar to that
illustrated in Figure B.3 with the refrigeration system in operation and after condensate equilibrium has
been obtained.

40 © IS0 2017 - All rights reserved
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B.7.2 With the equalizing device adjusted for a maximum static pressure differential between the
indoor-side and outdoor-side test chambers of 1 Pa, the following readings should be taken:

a) barometric pressure;
b) nozzle wet- and dry-bulb temperatures;

¢) nozzle velocity pressure.

/]

>1,5D,

e N

>3 5D

/\I

o
1 pressure manomete 4  damper
2

dlscharge cha 5 nozzle
3  exhaus 6  pick-up tube
pc testc er equahz ssure
pv nozgle veMcity pr
OQ Figure B.3 — Pressure-equalizing device

B.7.3 Airflow values should be calculated in accordance with B.6.2.
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Annex C
(normative)

Calorimeter test method

66
C.1 General O

C.1.1 The calorimeter provides a method for determining capacity simultaneously on both Q\oor—
side and the outdoor-side. In the cooling mode, the indoor-side capacity determination sho e Made
by balancing the cooling and dehumidifying effects with measured heat and water i . outdoor-
side capacity provides a confirmative test of the cooling and dehumidifying effects b ancing the heat

and water rejection on the condenser side with a measured amount of cooling.

C.1.2 The two calorimeter test chambers, indoor-side and outdoor-side qarg’s %ed nhated
partition having an opening into which the non-ducted, single-package jpment is\mothted. The
equipment should be installed in a manner similar to a normal installgfi

f shotd be made
to seal the internal construction of the equipment to prevent air lea m the c er side to the
evaporator side or vice versa. No connections or alterations sho adefto theyequipment which

might in any way alter its normal operation.

ided in the partition wall
balanced pressure between

C.1.3 A pressure-equalizing device, as illustrated in Figqre B.3, sho
between the indoor-side and the outdoor-side test ch‘a%to '
these test chambers and also to permit measuremegkof age,

consists of one or more nozzles of the type shown
exhaust fan and manometers for measuring tesi

Since the airflow from one test chambe otherx%e?n either direction, two such devices
mounted in opposite directions or a reyeags device@ used. The manometer pressure pickup
tubes should be located so as to be @ted by arged from the equipment or by the exhaust
from the pressure-equalizing devic e1an or b% which exhausts air from the discharge chamber,
should permit variation of its ai any sygtab eans, such as a variable speed drive or a damper
as shown in Figure B.3. T h from n or blower should be such that it does not affect the
inlet air to the equipment.

ul
so that the static pr differe between the indoor-side and outdoor-side test chambers is not

The pressure equalizing{device shs adjusted during calorimeter tests or airflow measurements
greater than 1,

openings quipment. Perforated plates or other suitable grilles should be provided at the discharge
openin reconditioning equipment to avoid face velocities exceeding 0,5 m/s. Sufficient space

s l allowed in front of any inlet or discharge grilles of the equipment to avoid interference with

C.14 The sﬁe of The calorfMgeter should be sufficient to avoid any restriction to the intake or discharge
t

the pw. Minimum distance from the equipment to side walls or ceiling of the test chamber(s) should
be , except for the back of console-type equipment, which should be in normal relation to the wall.
Ceiling-mounted equipment should be installed at a minimum distance of 1,8 m from the floor. Table C.1
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gives the suggested dimensions for the calorimeter. To accommodate peculiar sizes of equipment, it may
be necessary to alter the suggested dimensions to comply with the space requirements.

Table C.1 — Sizes of calorimeter

Suggested minimum inside dimensions

Rated cooling capacity of each room of the calorimeter

of equipmenta
m
w , . %,
Width Height Length 6

3000 2,4 2,1 1,8 O
6000 2,4 2,1 2,4
9000 2,7 2,4 3,0

12 000b 3,0 2,4 3,7

a  Allfigures are round numbers.

b Larger capacity equipment requires larger calorimeters.

C.1.5 Each test chamber should be provided with reconditionin Gznt n specified
airflow and prescribed conditions. Reconditioning apparatus for t or- 51d te amber should
consist of heaters to supply sensible heat and a humidifier to s istur, Reco ioning apparatus
for the outdoor-side test chamber should provide coohng, i 1flcat1 humidification. The
energy supply should be controlled and measured.

C.1.6 When calorimeters are used for heat pumps@ould eating, humidifying and cooling
capabilities for both rooms (see Figures C.1 an ) or Gthe uch as rotating the equipment,
may be used as long as the rating conditions are ined.

C.1.7 Reconditioning apparatus for b chambers§ghould be provided with fans of sufficient
capacity to ensure airflows of not less thdn t e the quantlt of air discharged by the equipment under
test in the calorimeter. The calorime ld Ped with means of measuring or determining
specified wet- and dry-bulb tempe in both eter test chambers.

C.1.8 It is recognized th th th€ i -side and outdoor-side test chambers, temperature
gradients and airflow p interaction of the reconditioning apparatus and test
equipment. Therefo efultant congitions are peculiar to and dependent on a given combination of
test chamber size, ent gpd reconditioning apparatus and the air discharge characteristics
of the equipment un

The point of rement Y¢ spedified test temperatures, both wet- and dry-bulb, should be such that
the followy g 1 ions illed:
a) The Wgeasure eratures should be representative of the temperature surrounding the

eq ipment and sBQuld simulate the conditions encountered in an actual application for both indoor
utdoor-sides, as indicated above.

from any piece of the equipment. This makes it mandatory that the temperatures are measured

Qt the point of measurement, the temperature of air should not be affected by air discharged
O upstream of any re-circulation produced by the equipment.

c) Air sampling tubes should be positioned on the intake side of the equipment under test.

d) When testing multi-split air conditioners and heat pumps, the dry-bulb temperature of air entering
all indoor units or an outdoor unit shall be within 0,5 K of the average.

C.1.9 During a heating capacity test, the temperature of the air leaving the indoor-side of the heat
pump shall be monitored to determine if its heating performance is being affected by a build-up of ice
on the outdoor-side heat exchanger. A single temperature measuring device, placed at the centre of the
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indoor air outlet, is sufficient to indicate any change in the indoor air discharge temperature caused by a
build-up of ice on the outdoor-side heat exchanger.

C.1.10 Interior surfaces of the calorimeter test chambers should be of non-porous material with all
joints sealed against air and moisture leakage. The access door should be tightly sealed against air and
moisture leakage by use of gaskets or other suitable means.

C.1.11 If defrost controls on the heat pump provide for stopping the indoor airflow, provisions shall be @
made to stop the test apparatus airflow to the equipment on both the indoor and outdoor-sides duri

such a defrost period. If it is desirable to maintain operation of the reconditioning apparatus duri
defrost period, provisions may be made to bypass the conditioned air around the equipment as
assurance is provided that the conditioned air does not aid in the defrosting. A watt-hour met
used for obtaining the integrated electrical input to the equipment under test.
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Figure C.1 — Typical calibrated room-type calorimeter
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1  controlled-temperature air space ml

2 outdoor-side test chamber air sarhpling tube

3 cooling coil K ddipment under test

4 heating coil @ \ indoor-side test chamber

5  humidifier @ %1 pressure equalization device
6 fan 6 %

{ge C.2 QQbalanced ambient room-type calorimeter

C2 C Q pe calorimeter

eat leakage Wgay be determined in either the indoor-side or outdoor-side test chamber by the
method: All openings should be closed. Either test chamber may be heated by electric heaters
$mperature of atleast 11 °C above the surrounding ambient temperature. The ambient temperature
Qh uld be maintained constant within +1 K outside all six enveloping surfaces of the test chamber,
ncluding the separating partition. If the construction of the partition is identical to that of the other

walls, the heat leakage through the partition may be determined on a proportional area basis.

C.2.2 For calibrating the heat leakage through the separating partition alone, the following procedure
may be used: a test is carried out as described above. Then the temperature of the adjoining area on the
other side of the separating partition is raised to equal the temperature in the heated test chamber, thus
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eliminating heat leakage through the partition, while the 11 °C differential is maintained between the
heated test chamber and the ambient surrounding the other five enveloping surfaces.

The difference in heat input between the first test and the second test permits determination of the
leakage through the partition alone.

C.2.3 For the outdoor-side test chamber equipped with means of cooling, an alternative means
of calibration may be to cool the test chamber to a temperature of at least 11 °C below the ambient
temperature (on six sides) and carry out a similar analysis. @

C.2.4 In addition to the two-room simultaneous method of determining capacities, the performa @
the indoor room-side test chamber may be verified at least every six months using an industry @ (19
cooling capacity calibrating device. A calibrating device may also be another piece of equip

performance has been measured by the simultaneous indoor and outdoor measuremen d'at an
accredited national test laboratory as part of an industry-wide cooling capacity Ver1f1 gramme.
The indoor-side calorimeter including the central partition and the outdoor-side ca met all be
insulated so that heat leakage (including radiation) does not exceed 5 % of t uipm city.
Space where enough air circulation is available shall be secured under t of t ro ype
calorimeter.

C.3 Balanced ambient room-type calorimeter

C.3.1 The balanced ambient room-type calorimeter is & F1 nd is based on the
principle of maintaining the dry-bulb temperatures surroundi the test chamber equal to
the dry-bulb temperatures maintained within that test @¥pber. If th Wet bulb temperature is

“p provisions of C.1.10 are not

also maintained equal to that within the test chamber, tife Jpou ofi

required. QG

C.3.2 The floor, ceiling and walls of the cal testc b rs shall be spaced a sufficient distance
away from the floor, ceiling and walls of t trolled hich the test chambers are located in
order to provide a uniform air temperat e 1nter space [t is recommended that this distance
be at least 0,3 m. Means shall be prov to c1r alr within the surrounding space to prevent
stratification.

C.3.3 Heat leakage thr ‘ epara rt1t10n shall be introduced into the heat balance
calculation and may be cah ) te nac w1th C.3.4 or may be calculated.

C.3.4 Itis recommejgddd that thgoor eiling and walls of the calorimeter test chambers be insulated

so as to limit heg#le f@- e (incl diation) to no more than 10 % of the test equipment’s capacity,
with an 11 °C erature di or 300 W for the same temperature difference, whichever is the
greater, as

te using the procedure given in C.2.2.
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C.4 Calculation of cooling capacity

C.4.1 The energy flow quantities used to calculate the total cooling capacity, based on indoor-side and
outdoor-side measurements, are shown in Figure C.3.

N

|
g, — 66
— —>| Q

(‘\{0%”@
I NP
I & .
(s — Bus] W, PN hai- @

b
1 outdoor-side test chamber
2 equipment under test Q

3  indoor-side test chamber 0

NOTE Values for the variables ide%&in the fi@caculated using Formulae (C.1) to (C.6).

N
=

w

Figure C.3 —%g’mete e flows during cooling capacity tests

C.4.2 Thetotalc acity o &door-side, Oreitci, as tested in either the calibrated or balanced
ambient, room-type orimet(ﬁ res C.1 and C.2), is calculated using Formula (C.1).

Prci =2 ic w1~ weJWr &Py Ty
p h €.1)
NOTE Q ;

0 watefgies uced during the test, hy1 is taken at the temperature of the water in the humidifier

t e conditionin paratus.
ooling coil of the indoor-side calorimeter is used for testing of small capacity units, in order
t

abilize the test condition, Formula (C.2) shall be used and requirements for uncertainties of
easurements specified in 7.2.2 shall be satisfied. ¢¢; in Formula (C.2) is the amount of heat exchanged
in the cooling coil of the indoor-side calorimeter.

q)tci =2 ic +( wl WZ)Wr +(plp +(pli _(pci
P h h (C.2)

C.4.3 When it is not practical to measure the temperature of the air leaving the indoor-side test
chamber to the outdoor-side test chamber, the temperature of the condensate may be assumed to be at
the measured or estimated wet-bulb temperature of the air leaving the test equipment.
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C.4.4 The water vapour condensed by the equipment under test, W, may be determined by the amount
of water evaporated into the indoor-side test chamber by the reconditioning equipment to maintain the
required humidity.

C.4.5 Heat leakage, ¢, into the indoor-side test chamber through the separating partition between
the indoor-side and outdoor-side test chambers may be determined from the calibrating test or, in the
case of the balanced-ambient room-type test chamber, may be based on calculations.

C.4.6 The total cooling capacity on the outdoor-side, d)tco, as tested in either the calibrated or balance @
ambient, room-type calorimeter (see Figures C.1 and C.2) is calculated using Formula (C.3).

(ptco :(pc_z oc  t +( w3 WZ)Wr +(plp+(plo
P P h h & 3)

NOTE The hyw3 enthalpy is taken at the temperature at which the condensate leaves r side test
chamber of the reconditioning apparatus.

C.4.7 The heatleakage rate into the indoor-side test chamber through the sepa%part \!
the indoor-side and outdoor-side test chambers, ¢)p, may be determined § tdst 81, in
the case of the balanced-ambient room-type test chamber, may be based o lations. \

ly if, the the separating
ide t hatber.

C.4.8 The latent cooling capacity (room dehumidifying ca@d, is @t‘ using Formula (C.4).

9, =KW %_ % (C.4)
C.4.9 The sensible cooling capacity, ¢s¢i, is calc@smg Form C.5).
(psci = (ptci (pd (C'S)

C.4.10 Sensible heat ratio (SHR) is calc@@smg %éi 6).

.
NOTE This quantity is numerically equal to that used in Formula C.1 if, a
partition exposed to the outdoor-side is equal to the area exposed to the i

SHR = ¢ /0, (C.6)

48 © IS0 2017 - All rights reserved
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C.5 Calculation of heating capacity

C.5.1 The energy flow quantities used to calculate the total heating capacity, based on indoor-side and
outdoor-side measurements, are shown in Figure C.4.

| 72N

ool 2

&
<): g, <):
IIZ{> P, 3

Y
1 outdoor-side test chamber

2 equipment under test Q
3  indoor-side test chamber 0

NOTE Values for the variables ide% in this fN@ ;)ilculated using Formulae (C.7) and (C.8).

Figure C.4 —%@nete lows during heating capacity tests

C.5.2 Determinatj @heati
calorimeter, ¢p;, is ca¥ulated ugg

city by measurement in the indoor-side test chamber of the
ula (C.7).

Opi = é’ Pp = \' (C.7)
NOTE ic is the oth er input to the indoor-side test chamber (e.g. illumination, electrical and thermal
power §put to the co ing device, heat balance of the humidification device), in watts.

. termination of the heating capacity by measurement of the heat absorbing side, ¢no, is
O ulated for equipment where the evaporator takes the heat from an airflow using Formula (C.8).

¢ho =2 oc + t +( w4 W5)qW0 _¢lp_¢lo
P P h h (C.8)
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Annex D
(normative)

Indoor air enthalpy test method

66
D.1 General O

In the air enthalpy test method, capacities are determined from measurements of entering ag s ing
wet- and dry-bulb temperatures and the associated airflow rate.

D.2 Application Q

D.2.1 Air leaving the equipment under the test shall lead directly to the dlS irect
connection cannot be made between the equipment and the discharge ch t hall
be attached to the equipment. In this case, the short plenum shall ha e size a he discharge
opening of the equipment or shall be constructed so as not to prevent a ng alr ding. The

cross-section area of the airflow channel through the dlscharge ch at the average
air velocity is less than 1,25 m/s against the airflow rate of the und he static pressure
qu1

difference between the discharge chamber and intake openi r test shall be zero.

An example of the discharge chamber test set-up is shown in F1
%@ns specified in Annex B.

D.2.2 Airflow measurements shall be made in accorda%\th Q

NOTE Additional guidance can be found in ISO 3%@ ISO 5167-

t Vv
this annex. 0
\h N

D.2.3 When conducting cooling or stead@ eatin tests using the indoor air enthalpy test
method, the additional test tolerances @ abl apply.

Table D.1 — Variation d duri dy-state cooling and heating capacity
tests tha ly when {ng the indoor air enthalpy method
ariation of arithmetical Variation of individual

mean values from specified | readings from specified
test conditions test conditions

<100 Pa >100 Pa <100 Pa >100 Pa

|External static pregsre (ESPE FV +0,5 Pa +5 % +0,10 Pa +10 %

s appropriate and in the provisions of

Readl
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J=2De where Do = +/4AB / ;p:@

D.2.4

Whe
in

O(\

its or an outd®or unit shall be uniform within 0,5 K of the average.

| SO 5151

r@grements when using the indoor air enthalpy test method

en@lcting ient heating capacity tests using the indoor air enthalpy test method, the
addition st toler in Table D.2 shall apply.

anegs
sting multi—%r conditioners and heat pumps, the dry-bulb temperature of air entering all
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Table D.2 — Variations allowed during the transient heating tests that
only apply when using the indoor air enthalpy test method

Variation of arithmetical Variation of individual
Readi mean values from specified readings from specified
eading test conditions test conditions
Interval Ha Interval Db Interval Ha Interval Db
External resistance to airflow +5 Pa — +5 Pa — @
NOTE For transient heating tests, see 6.1.11.

a  Applies when the heat pump is in the heating mode, except for the first 10 min after termination of a defrost cycle.

b Applies during a defrost cycle and during the first 10 min after the termination of a defrost cycle when the heat
operating in the heating mode.

D.3 Calculation of cooling capacity 0
The total cooling capacity based on the indoor-side test data, ¢tcj, shall be calculatef usimNg For D.1).
0. = 4y (hal - haZ) — 4y (hal - haZ) * Q O (D.1)
td Vi v;] (1 + Wn) \ ’

Formula (D.2).

Qy; Qpa_15 al__—C}LiZEQZ Gy gmg al__—clﬁzng O‘
d)sci = = (D.2)

. R o &
The latent cooling capacity based on the indogr-si est , ¢d, shall be calculated using
Formulae (D.3) and (D.4). %
_ K1qy (Wil _WiZ) _Kja (Wil - c) @ S
dg =— (D.3)
I vy (1 +

Og =0 ~Psei 66 %® (D.4)
¢

.
The sensible cooling capacity based on the indoor-side test datz&l@%ulated using

D.4 Calculation ofi [QO
Total heating cap cit@ d on in%s data, ¢ni, shall be calculated using Formula (D.5).

vi \ " p® LQZ___C al~” = Qﬁgm_za__—cm_galg) (D.5)
v, v (1 + Wn) '

@ Formulae (D.1), (D.2), (D.3) and (D.5) do not provide allowance for heat leakage in the test duct and
the' arge chamber. It is recommended to include correction for heat loss from receiving chamber and/or
connecting ducts.

D.5 Airflow enthalpy measurements

D.5.1 General

The following test apparatus arrangements specified in D.5.2 to D.5.4 are recommended.
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D.5.2 Tunnel air enthalpy method

The equipment to be tested is typically located in a test room or rooms. An air measuring device is
attached to the equipment air discharge (indoor, outdoor or both, as applicable). This device discharges
directly into the test room or space, which is provided with suitable means for maintaining the air
entering the equipment at the desired wet- and dry-bulb temperatures (see Figure D.2). Suitable means
for measuring the wet- and dry-bulb temperatures of the air entering and leaving the equipment and
the external resistance shall be provided. @

06

| - /‘\ R
: =
11 Qv

2 ﬁ
<< 3

O
1  outdoor-Side tes 7  door/window
2 or unit of equiPment under test 8  insulation

itlodr-side coil section of equipment under test 9  indoor-side test room

air temperature and humidity measuring instruments 10 room conditioning apparatus

mixer 11 apparatusfordifferential pressure measurement

6  airflow measuring apparatus

Figure D.2 — Tunnel air enthalpy test method arrangement
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D.5.3 Loop air enthalpy method

This arrangement differs from the tunnel arrangement in that the air measuring device discharge
is connected to suitable reconditioning equipment which is, in turn, connected to the equipment
inlet (see Figure D.3). The resulting test “loop” shall be sealed so that air leakage at places that
would influence capacity measurements does not exceed 1,0 % of the test airflow rate. The dry-bulb
temperature of the air surrounding the equipment shall be maintained at within +3,0 K of the desired
test inlet dry-bulb temperature. Wet- and dry-bulb temperatures and external resistance shall be
measured by suitable means. @
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Key \@
1 outdoor-side test room @ (b ditioning apparatus
2 outdoor unit of equipment under te, flow measuring apparatus
3 indoor unit of equipment under indoor-side test room
4  temperature and humidity, iflg 1nstrum apparatus for differential pressure measurement
a  Airflow. Q~ Q
Qgre D.3 &y air enthalpy test method arrangement
D.5. 4 eter aire Ipy method

r air enthalpy method arrangement shall be employed to take into account compressor heat

n (see Figure D.4). In this arrangement, an enclosure is placed over the equipment, or applicable

part of the equipment, under test. This enclosure may be constructed of any suitable material, but shall
be non-hydroscopic, shall be airtight and preferably insulated. It shall be large enough to permit inlet air
to circulate freely between the equipment and the enclosures and in no case shall the enclosure be closer
than 150 mm to any part of the equipment. The inlet to the enclosure shall be remotely located from the
equipment’s inlet so as to cause circulation throughout the entire enclosed space. An air measuring
device is to be connected to the equipment’s discharge. This device shall be well insulated where it
passes through the enclosed space. Wet- and dry-bulb temperatures of the air entering the equipment
are to be measured at the enclosure inlet. Temperature and external resistance measurements shall be
carried out by suitable means.

t in which the compressor is ventilated independently of the indoor air stream, the
(®)
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Annex E
(informative)

Refrigerant enthalpy test method

<

E.1 General description 6

E.1.1 In the refrigerant enthalpy test method, capacity is determined from the refrigera Qalpy
change and flow-rate. Enthalpy changes are determined from measurements of entering le ving
pressures and temperatures of the refrigerant, and the flow-rate is determined by a ow meter
in the liquid line.

E.1.2 This method may be used for tests of equipment in which the refrlgera%rge \tlcal

and where normal installation procedures involve the field connection of rafr e

E.1.3  This method should neither be used for tests in which the? nt 11 & the flow
meter is sub-cooled to less than 2,0 °C nor for tests in which the pour leaving the
indoor-side is less than 3,0 °C.

E.1.4 Cooling and heating capacities obtained by the refrlgera ent od should include the
thermal effects of the fan.

E.2 Refrigerant flow method Q

E.2.1 The refrigerant flow-rate should be & red wygt iﬁtegrating-type flow meter connected
in the liquid line upstream of the refrige ntrol »This meter should be sized such that its
pressure drop does not exceed the v. e that a 2,0 °C temperature change would
produce. 6

E.2.2  Temperature and meas 1nstruments and a sight glass should be installed
immediately downstream e if the refrigerant liquid is adequately subcooled. Sub-
cooling of 2,0 °C and th ce of o . r bubbles in the liquid leaving the meter are considered
adequate. Itis reco ed that t r be installed at the bottom of a vertical downward loop in the
liquid line to ta e of the tlc head of the liquid thus provided.

E.2.3 Atthe¢en fthe t ple of the circulating refrigerant and oil mixture may be taken from
the equ1 nd its conce atlon of oil, X,, calculated using Formula (E.1).

(E.1)

The total indicated flow-rate should be corrected for the amount of oil circulating.

E.3 Refrigerant temperature and pressure measurements

The temperature of refrigerant entering and leaving the indoor-side of the equipment should be
measured with instruments having an accuracy of +0,1 K. The pressure of refrigerant entering and
leaving the indoor-side of the equipment should be measured with instruments having an accuracy
of +2,0 % of the indicated value.
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E.4 Calculation of cooling capacity

Total cooling capacity, ¢rci, based on volatile refrigerant flow data is calculated using Formula (E.2):

(ptci = Xr qro (hrZ B hrl) - Pi (E'Z)

E.5 Calculation of heating capacity @

Total heating capacity, ¢hi, based on volatile refrigerant flow data is calculated using Formuff%, ):
(E.3)

d)thi = Xr qro (hrl _hr2)+Pi &
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Annex F
(informative)

Outdoor air enthalpy test method

%,
F1 General 6

F1.1 In the air enthalpy test method, capacities are determined from measurements of e&
leaving wet-bulb and dry-bulb temperatures and the associated airflow rate.

F1.2 Outdoor air enthalpy tests are subject to the apparatus arrangement lim@ns specified in
E2.1. Additional provisions apply if the compressor is independently Ventllate‘

¥.2.2). e loss
adjustment permitted by F.4.3 may be made if the equipment employs remote oufdod coﬂso.b\
0

F2 Testroom requirements

F2.1 When the air enthalpy method is employed for outdoo, tests t sh E d be ascertained

whether the attachment of the airflow measuring device ¢ % of the equipment

being tested and, if so, corrections should be made for this chan@g(s€e F1 To accomplish this, the
t

equipment should have thermocouples soldered to retﬁq bends at ap ly the midpoints of each

indoor coil and outdoor coil circuit. Equipment not se charge may, alternatively, be

provided with pressure gauges connected to access valve tap e suction and discharge lines.
The equipment should then be operated at the conditio ith the indoor-side test apparatus
connected, but not the outdoor-side apparatus ould be recor¥ed at 10-min intervals for a period

of not less than one-half hour after equilibriu en attyy he outdoor-side test apparatus should
then be connected to the equipment and t sure oxq atures indicated by the aforementioned
gauges or thermocouples noted. If, after ium is ttained, these do not average within 0,3 K

or its pressure equivalent of the avera serv e preliminary test, the outdoor airflow rate
ement ned. The test should be continued for a period of
th T

should be adjusted until the specifi

one-half hour after attainment wfbrium oper conditions with the outdoor test apparatus

connected; the indoor-side ts durl is interval should agree within +2,0 % with the results

obtained during the preli 1 applles for both the cooling and the heating cycle, but
n

needs to be done at anyte 8 d1t10

which &mpressor is ventilated independently of the outdoor air stream,
Q arrangement should be employed to take into account compressor

outdoor airflow is adjusted as described in E2.1, the adjusted air-flow rate is employed
calculation. In such cases, however, the outdoor fan power input observed during the
y tests should be used for rating purposes.

When testing multi-split air conditioners and heat pumps, temperature of air entering all indoor units
or an outdoor unit shall be within 0,5 K of the average.
F3 Testing conditions

When the outdoor air enthalpy method is used, the requirements in 5.1.4.1.2 and 5.1.4.1.3 apply to both
the preliminary test (see E. 2.1) and the regular equipment test.
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Total indoor ®poling capacity based on outdoor-side data, ¢, is calculated using Formula (F.1):

Q _ Dyo{C paat ag =Cpast 43)
O 0o = " -P, ()
+

F.4.2 Total heat capacity based on outdoor-side data, ¢tho, is calculated using Formula (F.2):

qVO(haS a4)
d)tho [ n(1+Wn)] + t

(F.2)
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F.4.3 If line loss corrections are to be made, they should be included in the capacity calculations.
Allowance should be made using Formula (F.3):
0, =| —* \‘L(At) (F.3)
L - - .
R, +R, )
where
| ( 05D, +T @

1

R, =

where
At
T
L
A
da

R1, R

oo L 08D 1T @6

2ph 2pA \

S B QO (F5)

p(BT +2T)0(a

. b \
is the temperature difference between the inside and the o@ the tube@

*

is the thickness of the tubing insulation, in m; ®\
is the length of refrigerant tubing, in m; Q Q;

is the thermal conductivity of the interconnecting tubing, in

is the heat transfer coefficient of the interco ing tubij

is thermal resistance per unit @V). Q

(bS ‘A
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Annex G
(informative)

Indoor calorimeter confirmative test method

%,
G.1 General 6

G.1.1 This annex provides a method for confirming the test results when the cc@and heating
capacities are determined by the indoor air enthalpy test method.

G.1.2 Inthis test method, confirmation should be carried out in the test rooeraﬁed in G.2, using the

measuring method specified in G.3. g \

G.2 Testroom requirements

A recommended test room is shown in Figure G.1. This test r’o@ould b tructed such that the
air enthalpy test apparatus is installed in the indoor- 51de t calorimeter described in
Annex C. The calorimeter should be of either the cali m typ or the"balanced ambient room-
type. The air enthalpy test apparatus should be eq& ot only measuring airflow
rate and enthalpies at the inlet and outlet of the equip tu but also means for measuring
the total power input to the air enthalpy test ratus Itfs mended that air leaving the air
enthalpy test apparatus lead to the vicinity of th Ql the reconditioning apparatus of the

calorimeter. Q

G.3 Measurement \ LY
G.3.1 Measurements should b % the attainment of equilibrium conditions.
ents m

G.3.2 Simultaneous m e calorimeter and the air enthalpy test apparatus should
be made in accord@[ e met spec1f1ed Cooling capacity determined by measurements using

the calorimeter sh alc atcordance with Formula (C.1) and heating capacity should be
calculated in accorda®ge with C.7). Likewise, cooling capacity determined by measurements
with the air entth test a%r'a s is calculated in accordance with Formula (D.1) and heating capacity
accorda

RS

in with Formula (D.5).

o@
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Annex H
(informative)

Outdoor calorimeter confirmative test method

%,
H.1 General 6

H.1.1 This annex provides a method for confirming the test results when the c@nd heating
capacities are determined by the indoor air enthalpy test method.

H.1.2 In this test method, confirmation should be carried out in the test chwpeaﬁed in H.2, using

the measuring method specified in H.3. \
O

H.2 Testroom requirements

The air enthalpy test apparatus in the indoor-side test cham@uld be ucted in accordance

with this document. The outdoor-side apparatus is the cal er, w, ould be constructed and

equipped with the measuring means described in A reconygnen@ed test room is shown in

Figure H.1. O

H.3 Measurement %- %

H.3.1 Measurements should be carried fter attamZnt of equilibrium conditions.

H.3.2 Simultaneous measureme uld b Rg the air enthalpy apparatus on the indoor-

side and the calorimeter on t oor- si ccordance with the methods specified. Cooling

capacity determined by measu nts u lorimeter should be calculated in accordance with
Formula (C.3) and heat1 c1ty e calculated in accordance with Formula (C.8).

(<O
O
o@ ~
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Annex I
(informative)

Balanced-type calorimeter confirmative test method

66
I.1 General O

I.1.1  This annex provides a method for manufacturers to confirm the test results wl'@cooling and
heating capacities are determined by the indoor air enthalpy test method. 0

This test method should not be used as a method of confirmation by testi boratories, because it
does not provide for simultaneous confirmative test results.

balanced-type calorimeter,; in the indoor air enthalpy test apparat easur nder the same
conditions as in the balanced-type calorimeter.

I.L1.3 The performance of the indoor air enthalpy a shafild verified at least every
12 months using an industry standard cooling/heatingfcaNpra®ng daig alibrating device may also
be another piece of equipment for which the perforrnfarag hds bee @ sured at an accredited national
test laboratory as part of an industry-wide Cooliqheatin capgestyNgefication programme.

1.2 Measurement Q Q

I.2.1  When this test method is empl% is desj e« confirm that there is no difference between

I.L1.2  This method should be carried out by installing the equipm‘en aQXured by the

the capacities measured by the ca er and oor air enthalpy test apparatus. To accomplish
this, the equipment should ha ocoup dered to the return bends at approximately the
midpoints of each of the in | and coil circuits. Equipment not sensitive to refrigerant
charge may, alternatively, b vided wi pressure gauges connected to access valves or tapped
into the suction and djsc es.

1.2.2  Firstly, the eQQ @d should be installed in the balanced-type calorimeter described
in Annex C to c3 surement of capacity. Then, the equipment should be moved to the
indoor air enthal® pPRratu®and be measured by the specified method. It is desirable to measure
both cooljstg 4 ' iies, though either may be measured. However, if the cooling capacity is
measur% he same measurement should also be made in the indoor air enthalpy test
apparatus.

mediately after the other should be deemed valid.

@no alteration is made to the installation of the equipment under test, a series of tests conducted
)
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Annex ]
(informative)

Cooling condensate measurements

66
J.1 General O

The latent cooling capacity should be determined from measurements of the condensate flowg§ he
drain connection should be trapped to stabilize the condensate flow. 0

J.2 Calculations Q
J.2.1  The latent cooling capacity, ¢g, is calculated using Formula (J.1): g \
SO

¢d = K1*qwe (J.1)
. Q
J.2.2  The sensible cooling capacity, ¢, is then calculated usin@ﬂ;OE
Psci = Prei — ba & O_ 0:2)
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Annex K
(informative)

Pictorial examples of the heating capacity test procedures given in

6.1
66

K.1 General Qﬁ

The six schematic diagrams given in the examples shown in Figures K.2 to K.7 show aPcases which
could occur while conducting a heating capacity test as specified in 6.1. All e ow cases where
a defrost cycle ends the preconditioning period. Figures K.2 to K.7 represenggfases where the indoor

air enthalpy method is used and, as a result, the data collection period for the tRansientgest lasts 3 h or
three complete cycles (as opposed to 6 h or six complete cycles if using ti@rlme '\mthod)
K.2 Procedure flow chart for heating capacity test

The following flow chart gives the procedures to be adopte % main text to be used
when conducting the ‘ ’ apacity test.

’\o
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Q Figure K.1 — Procedure flow chart



BN U1 A W

=

PS: 1SO 5151

1 2 4 5

\ /

r_" 6 b
A =

A5 min

. Q¥

a

. . ) . . \
compliance with test tolerances first achieved Q v

preconditioning period (10 min minimum) ®\
defrost at end of preconditioning period &K

equilibrium period (60 min)
data collection period (35 min)
difference in indoor air temperature, Atindoor air % g
Atindoor air decreases by 2,5 % or less duri irst 35 mi e data collection period.
Steady-state test. Terminate test when d&tion period eqtials 35 min.

x \
Figure I% teadys- eating capacity test
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1
2 preconditioning period (10 min minimum)
3 defrost at end of preconditioning period % %
4  equilibrium period (60 min)
5 data collection period (3 h)
6  difference in indoor air temperature, Atindoor
a  Atindoor air decreases by more than 2,5 % d e flI'St the data collection period.
b Transient test. Terminate test when da ion perl Is 3 h.
Figure K.3 — Tr heatl g c c1ty test with no defrost cycles
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Figure K.4 — Transi t1ng test with one defrost cycle during the data
tion period
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defrost at end of preconditioning period . Qg Q\
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Figure K.5 — Transient heating capacity test ‘q h one om%@ during the data
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Transient test. Terminate test when data collection period equals 3 h.

Figure K.6 — Transient heating capacity test with two complete cycles during the data
collection period
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