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Foreword

151:2010(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

Intern

Intern

htional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

btional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Part 2.

The mpain task of technical committees is to prepare International Standards. Draft Jnternatiopal Standards

adopt
Intern

Attent
rights

ISO5
Subcg

This s

pd by the technical commitiees are circulated to the member bodies foryvoting. Publ
btional Standard requires approval by at least 75 % of the member bodies ¢asting a vote.

on is drawn to the possibility that some of the elements of this doctiment may be the sul
ISO shall not be held responsible for identifying any or all such patent rights.

151 was prepared by Technical Committee ISO/TC@6, Refrigeration and ai
mmittee SC 6, Testing and rating of air-conditioners and heat pumps.

econd edition cancels and replaces the first edition (IS© 5151:1994), which has been tech

cation as an

ject of patent

-conditioning,

hically revised.
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INTERNATIONAL STANDARD

ISO5

151:2010(E)

Non-ducted air conditioners and heat pumps — Testing and
rating for performance

1

cope

This International Standard specifies the standard conditions for capacity and efficiency ratings
air-copled air conditioners and non-ducted air to air heat pumps. This International Standard is

ducte
This |

Resid
includ

units rated at less than 8 kW and intended to operate at an external static pressure of les
nternational Standard also specifies the test methods for determining the capacity and effic

bntial, commercial and industrial single-package and split-system air.conditioners and he
cd. The equipment (taken to mean non-ducted air conditioners or non-ducted heat pum

ducted air conditioners and/or ducted heat pumps, rated at less than 8k\WWand intended to oper

static
comp
syster
applic

This |

a) W

3

b)

0]

3

N

0]

o

f)

0]

This |
some

pressures of less than 25 Pa) shall be factory-made, €leectrically driven and us
ession. This International Standard is applicable to equipment utilizihg one or more
hs, one outdoor unit and one or more indoor units, controlled by a single thermostat/o
able to equipment utilizing single, multiple and variable capacity components.

hternational Standard is not applicable to the rating and testing of the following:
ater-source heat pumps or water cooled air conditioners;

ulti-split-system air conditioners and-air-to-air heat pumps (see ISO 15042 for the te
uipment);

obile (windowless) units having.acondenser exhaust duct;
dividual assemblies not ¢onstituting a complete refrigeration system;
uipment using the _absorption refrigeration cycle;

Licted equipment) except for those specified in this clause (see ISO 13253 for the te
uipment).

hternational Standard does not cover the determination of seasonal efficiencies which can

of non-ducted
applicable to
s than 25 Pa.
ency ratings.

at pumps are
Ds, as well as
te at external
mechanical
refrigeration
ontroller. It is

sting of such

sting of such

be required in

countries because they provide a better indication of efficiency under actual operating condlitions.

2 Normative references

The following referenced documents are indispensable for the application 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.

ISO 817, Refrigerants — Designation system
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3 Terms
For the purpo

3.1

and definitions

ses of this document, the following terms and definitions apply.

non-ducted air conditioner
encased assembly or assemblies, designed primarily to provide free delivery of conditioned air to an enclosed
space, room or zone

NOTE 1

It can be either single-package or split-system and comprises a primary source of refrigeration for cooling and

dehumidification. It can also include means for heating other than a heat pump, as well as means for circulating, cleaning,
humidifying, ventilating or exhausting air. Such equipment can be provided in more than one assembly, the separated

assembilies (sp|
NOTE2 An

3.2

it-systems) of which are intended to be used together.

enclosed space, room or zone is known as a conditioned space.

non-ducted heat pump

encased assHq

mbly or assemblies designed primarily to provide free delivery of conditioned air to an en

space, room ¢r zone and includes a prime source of refrigeration for heating

NOTE 1
dehumidificatio

ventilating or €

(split-systems)

NOTE2 An

3.3
standard air

dry air at 20 °
3.4

indoor disch
rate of flow of]

See Figure 1.

3.5

It d

an be constructed to remove heat from the conditioned space and dischargetit to a heat sink if cooli
h are desired from the same equipment. It can also include means far circulating, cleaning, humi
xhausting air. Such equipment can be provided in more than one{assembly; the separated assg
pf which are intended to be used together.

enclosed space, room or zone is known as a conditioned space:

C and at a standard barometric pressure of 101325 kPa, having a mass density of 1,204 k

prge airflow
air from the outlet of the equipment into the conditioned space

indoor intake airflow

rate of flow of]
See Figure 1.

3.6

air into the equipment from the conditioned space

ventilation airflow

rate of flow of]
See Figure 1.

3.7
outdoor disc

air_introduced to the conditioned space through the equipment

closed

ng and
lifying,
mblies

g/m3

harge airflow

discharge rate of flow of air from the equipment

See Figure 1.

3.8

intake outdoo

rate of flow of

See Figure 1.

r airflow
air into the equipment from the outdoor side

© 1SO 2010 — All rights reserved
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3.9
exhaust airflow
rate of flow of air from the indoor side through the equipment to the outdoor side

See Figure 1.

3.10

leakage airflow

rate of flow of air interchanged between the indoor side and outdoor side through the equipment as a result of
its construction features and sealing techniques

See F'gnrn 1

3.1
bypagsed indoor airflow
rate of flow of conditioned air directly from the indoor-side outlet to the indoor-side inlet.of the eqliipment

See Fjgure 1.

3.12
bypagsed outdoor airflow
rate of flow of air directly from the outdoor-side outlet to the outdoor-side inlet of the equipment

See Fjgure 1.

3.13
equaljzer opening airflow
rate of flow of air through the equalizer opening in the partition wall of a calorimeter

See Fjigure 1.

3.14
total ¢ooling capacity
amoupt of sensible and latent heat that the equipment can remove from the conditioned spac¢ in a defined
interval of time

NOTE Total cooling capacity is-expressed in units of watts.
3.15
heating capacity
amoupt of heat that th& equipment can add to the conditioned space (but not including supplemeéntary heat) in
a defined interval oftime

NOTE Keating capacity is expressed in units of watts.

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 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 defined interval of
time

NOTE Sensible cooling capacity is expressed in units of watts.

© 1SO 2010 — All rights reserved 3
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3.18

sensible heat ratio

SHR

ratio of the sensible cooling capacity to the total cooling capacity

3.19
rated voltage
voltage shown on the nameplate of the equipment

3.20
rated frequency
frequency shqwn on the nameplate of the equipment

3.21

energy efficiency ratio

EER

ratio of the tofal cooling capacity to the effective power input to the device at any given set of rating condjtions
NOTE WHere the EER is stated without an indication of units, it is understood that it is derived from watts/watt.
3.22

coefficient of performance

COP

ratio of the hgating capacity to the effective power input to the device at any given set of rating conditions
NOTE WHere the COP is stated without an indication of units, it is understood that it is derived from watts/watt.
3.23

total power input

Py

average electrical power input to the equipment as measured during the test

NOTE Tofal power input is expressed in units of watts.
3.24

effective power input

P

average electrical power input to the.equipment obtained from
— the power input from thes.compressor(s),
— the power input to electric heating devices used only for defrosting,

— the power inputite all control and safety devices of the equipment, and

— the powerinputforeperation-of-all-fans

NOTE This is expressed in units of watts.

3.25

full-load operation

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

NOTE Unless otherwise regulated by the automatic controls of the equipment, all indoor units and compressors
operate during full-load operations.

4 © 1SO 2010 — All rights reserved
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|
I
> S
7
Key
1 oytdoor side 7 equalizer opening
2 oytdoor discharge 8 indoor intake
3 exhaust 9 ventilation
4 lepkage 10 bypassed indoor
5 bypassed outdoor 11 indoor discharge
6 oytdoor intake 12 indoor side
Figure 1 — Airflow diagram illustrating the definitions given in 3.4 to 3.13
4 Symbols
Symbol Description Unit
A coefficient, heat leakage Jis °C
A, |area, nozzle m2

Cy discharge coefficient nozzle —

cpa |specific heat of air, of moist air J/kg °C
cpw | specific heat of water J/kg °C
Dp, nozzle throat diameter mm

© 1SO 2010 — All rights reserved 5
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Symbol Description Unit

Dy outside diameter of refrigerant tube mm

f factor, dependent on temperature, for Re —

hat specific enthalpy of air entering indoor side J/kg of dry air

hao | specific enthalpy of air leaving indoor side J/kg of dry air

haz | specific enthalpy of air entering outdoor side J/kg of dry air

haa | specific enthalpy of air leaving outdoor side J/kg of dry air

hey | speificenttatpy of efrigeranttiquidentering theexpansionrdevice Jtkg

hio spdcific enthalpy of refrigerant liquid leaving condenser Jikg

hg1 spdcific enthalpy of refrigerant vapour entering compressor J/kg

hg2 | spgeific enthalpy of refrigerant vapour leaving condenser J/kg

Nk spdcific enthalpy of steam entering calorimeter evaporator J/kg

hko | spdcific enthalpy of fluid leaving calorimeter evaporator J/kg

hrq spgcific enthalpy of refrigerant entering indoor side J/kg

hrp | spdcific enthalpy of refrigerant leaving indoor side J/kg

hw1 | spgcific enthalpy of water or steam supplied to indoor-side compartment J/kg

hywo | spdcific enthalpy of condensed moisture leaving indoor-side compartment J/kg

hws | spdgcific enthalpy of condensate removed by air-treating coil in the outdoor-side J/kg
compartment reconditioning equipment

hwa | spgcific enthalpy of the water supplied to the gutdoor-side compartment J/kg

hws | spdgcific enthalpy of the condensed water(in the case of test condition, high) and J/kg
the|frost, respectively (in the case of¢test conditions low or extra-low) in the test
unif

K4 latgnt heat of vaporization of water'(2 500,4 J/g at 0 °C) J/kg

L length of refrigerant line m

Re Reynolds number —

Pa prepsure, barometric kPa
Pc compartment egualization pressure kPa
Pn prepsure, at'nozzle throat kPa ahs
Dv velpcity\pressure at nozzle throat or static pressure difference across nozzle Pa
@i | heatremoved-from-indoor-sidecompartment W

& heat removed by cooling coil in the outdoor-side compartment w
Pip heat leakage into indoor-side compartment through partition separating indoor W

side from outdoor side

Pii heat leakage into indoor-side compartment through walls, floor and ceiling

Plo heat leakage out of outdoor-side compartment through walls, floor and ceiling, W

oL line heat loss in interconnecting tubing

e heat input to calorimeter evaporator

===

#ici |latent cooling capacity, (indoor-side data)

6 © 1SO 2010 — All rights reserved
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Symbol Description Unit
dsc | sensible cooling capacity w
osci | sensible cooling capacity, (indoor-side data) w
&g latent cooling capacity (dehumidifying) w
Oni heating capacity, indoor-side compartment W
dho | heating capacity, outdoor-side compartment W
¢1i | total cooling capacity, (indoor-side data) w
brcp—Ttotatcootimgcapacity,toutdoor=side data) w
O total heating capacity, (indoor-side data) w
oinb | total heating capacity, (outdoor-side data) w
P; power input, indoor-side data W

> Pl |other power input to the indoor-side compartment (e.g. illumination, €lectrical and w
thermal power input to the compensating device, heat balance of the
humidification device)

2. P |sum of all total power input to the outdoor-side compartmeft, not including power w
to the equipment under test

> P | power input to the equipment W

Py power input to compressor W
Py total power input to equipment w
Im air mass flow rate kg/s

dm airflow, outdoor, measured m3/s

qr refrigerant flow rate kg/s
dro refrigerant and oil mixture flow rate m3/s
qy| |air-volume flow rate m3/s
qw condenser water flow-rate kg/s
qw water mass flow supplied to the outside compartment for maintaining the test kg/s
conditions

qw rate at which’ water vapour is condensed by the equipment als
Ia temperature, ambient °C
ta1 temperature of air entering indoor side, dry bulb °C
ta 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 calorimeter condenser °C
fwA temperature of water entering calorimeter °C
tw2 |temperature of water leaving calorimeter °C
tw3 |temperature of water entering outdoor side °C
twa |temperature of water leaving outdoor side °C
Va velocity of air, at nozzle m/s

© 1SO 2010 — All rights reserved 7
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Symbol Description Unit

Vn specific volume of dry air portion of mixture at nozzle m3/kg

vn specific volume of air-water vapour mixture at nozzle m3/kg

] kinematic viscosity of air kg/m-s

Wi1 | specific humidity of air entering indoor side kg/kg of dry air
Wio | specific humidity of air leaving indoor side kg/kg of dry air
W, | specific humidity at nozzle inlet kg/kg of dry air
Wa1 | flowTate;imdooraim kgrfs

W, |water vapour (rate) condensed by the equipment gls

/4 mass of cylinder and bleeder assembly, empty g

W5 | mags of cylinder and bleeder assembly with sample g

Ws | mass of cylinder and bleeder assembly with oil from sample g

Xo coricentration of oil —

Xr mass ratio, refrigerant to refrigerant-oil mixture —

5 Cooling tests

5.1 Cooling capacity test

5.1.1 Gener

al conditions

5111 All equipment within the scope of this International Standard shall have the cooling capaciti¢s and

energy efficie
at the coolin
requirements
equipment fu
purposes sha

5.1.1.2 If

ncy ratios determined in accordance with the provisions of this International Standard and rated
) test conditions specified in\Fable 1. All tests shall be carried out in accordance with the
of Annex A and the test_methods specified in Clause 7. All tests shall be conducted with the
hctioning at full-load operation, as defined in 3.25. The electrical input values used for |rating
| be measured during the cooling capacity test.

the manufactuter of equipment having a variable-speed compressor does not pfovide

information on the full-loadArequency and how to achieve it during a cooling capacity test, the equipment shall

be operated v

ith its thermpstat or controller set to its minimum allowable temperature setting.

51.2 Temp

5.1.21

rature-conditions

Idered

standard rating conditions for the determination of cooling capacity. For equipment intended for space cooling,
testing shall be conducted at one or more of the standard rating conditions specified in Table 1.

5.1.2.2 Equipment manufactured only for use in a moderate climate similar to that specified in Table 1,
column 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.

© 1SO 2010 — All rights reserved
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51.24 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

5.1.31 Indoor-side air quantity — Air enthalpy test method

5.1.3.t.1 Tests shall be conducted at standard rating conditions (see Table 1) with 0 Pa-sfatic pressure
maintained at the air discharge of the equipment and with the refrigeration means -in)operation. All air
quantities shall be expressed as cubic metre per second (m3/s) of standard air, as defined'ih 3.3

5.1.3.1.2 Airflow measurements should be made in accordance with the provisions specified in Annex B, as
appropriate, as well as the provisions established in other appropriate annexes/of this International Standard.

NOTE Additional guidance for making airflow measurements can be found in 4SO 3966 and ISO 516741.

Table 1 — Cooling capacity rating.conditions

Parameter Standard rating conditjons
T1 T2 T3

Tempeprature of air entering indoor side:
— (ry-bulb 27 °C 21°C 29 °C
—  Wet-bulb 19°C 15°C 19°C
Tempeprature of air entering outdoor side:
— (ry-bulb 35°C 27 °C 46 °C
— wet-bulb? 24 °C 19 °C 24 °C
Condénser water temperature:
— inlet 30 °C 22 °C 30 °C
— qutlet 35°C 27 °C 35°C
Test ffequency? Rated frequency
Test Voltage See Table 2
NOTE
T1 Sjandard cooling capacityrating conditions for moderate climates.
T2 Sfandard cooling capaeity rating conditions for cool climates.
T3 Sfandard cooling€apacity rating conditions for hot climates.
a8  The wet-bulbxtemperature condition shall only be required when testing air-cooled condensers which evaporate the|condensate.
b E huipment with dual-rated frequencies shall be tested at each frequency.

© 1SO 2010 — All rights reserved 9
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Table 2 — Voltages for capacity and performance tests

Rated (nameplate) voltage? Test voltageP
\ \Y
90 to 109 100
110 to 127 115
180 to 207 200
208 to 253 230
254 to 341 265
342 t0 420 400
421 to 506 460
507 to 633 575

@  For equipni

example, and 23
to 240V, the te|
voltage ranges,

EXAMPLE
mean voltage off

b The voltag
performance teg

ent with dual-rated voltages, such as 115/230 and 220/440, the test voltages would be 115V)and 230V in t
0 V and 460 V in the second example. For equipment with an extended voltage range, such as 110 Vto 120 V o
5t voltage would be 115V or 230 V, respectively. Where the extended voltage range_spans two or more of th
he mean of the rated voltages shall be used to determine the test voltage from this table:

For equipment with an extended voltage range of 200 V to 220 V, the test Xoltage would be 230 V, based
210 V.

s in this table are for capacity and performance tests other than thesmaximum cooling and the maximum
(s.

he first
220V
b rated

on the

eating

5.1.3.2

If the outdoor
control settin

Outdoor side air quality

airflow is adjustable, all tests shall be conducted at the outdoor-side air quantity or at t
j that is specified by the manufacturer."Where the fan is non-adjustable, all tests sh

conducted at
in place: all

the outdoor-side air volume flow rate.inherent in the equipment when operated with the fol
f the resistance elements associated with inlets, louvres and any ductwork and attach

considered by the manufacturer as normal installation practice. Once established, the outdoor-side air
nt shall remain unchanged-throughout all tests prescribed in this International Standard, ¢xcept
to adjust for dny change caused by the-attachment of the airflow measuring device when using the outd

of the equip

enthalpy test

ethod (see G.2.1).

5.1.4 Test donditions

5.1.4.1

5.1.4.1.1

Preconditions

ne fan
all be
owing
ments
circuit

bor air

ests shall be conducted under the selected conditions with no changes made in fan spg¢ed or
system resistance.to correct for variations from the standard barometric pressure (see 3.3).

5.1.4.1.2

Grille positions, damper positions, fan speeds, etc. shall be set in accordance with the

manufacturer's instructions. In the absence of manufacturer's instructions, the grilles, dampers, fan speeds,
etc. shall be set to provide maximum cooling capacity. When tests are carried out at other settings, these

settings shall

51.4.1.3

be noted together with the cooling capacity ratings.

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.

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-sid

10

e compartment.
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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 defined in 3.25. The test
voltages in Table 3 shall be maintained at the specified percentages under running conditions. In addition, the

test vpltage shall be adjusted so that it is not Tess than 86 % of the rated voltage at the moment of restarting

the equipment after the shutdown required by 5.2.4.2. The determination of cooling capacity

power input is not required for this performance test.

5.2.2 | Temperature conditions

The cpnditions, which shall be used during the maximum cooling, are given in.Table 3.

Table 3 — Maximum cooling performance test.conditions

and electrical

Standard rating conditjons

Parameter
T T2 T3

Tempeprature of air entering indoor side:
— dry-bulb 32°C 27 °C 32°C
—  Wet-bulb 23°C 19°C 13°C
Tempeprature of air entering outdoor side:
— dry-bulb 43 °C 35°C 52 °C
—  Wet-bulb? 26 °C 24 °C 31°C

Test ffequency?

Rated frequency

Test Joltage

a) 90% and 110 % of rated
single nameplate rating;

b) 90 % of the lower rated voltdge and 110 %
of the higher rated voltage f
dual or extended nameplate Joltage.

oltage with a

br units with a

[ )
m =

huipment:with’ dual-rated frequencies shall be tested at each frequency.

e wet-bulb temperature condition shall only be required when testing air-cooled condensers that evaporate the c

bndensate.

5.2.3 Airflow conditions

The maximum cooling performance test shall be conducted with an indoor-side fan speed setting as

determined under 5.1.4.1.2.

5.2.4 Test conditions

5.24.1 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.

© 1SO 2010 — All rights reserved

11


https://standardsiso.com/api/?name=35f7a85e8c7ccefa6e74f461e430ab20

ISO 5151:2010(E)

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 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 speeified-in—Table-3:

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

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

c) after the jnterruption of power, the equipment shall resume operation within 30min’and run continfiously
for 1 h, ekcept as specified in 5.2.5.2. and 5.2.5.3.

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

5.2.53 Hor those models so designed that resumption of operation does not occur after the initjal trip

within the firdt 5 min, the equipment may remain out of operation’for not longer than 30 min. It shall then
operate continuously for 1 h.

5.3 Minimum cooling, freeze-up air blockage and freeze-up drip performance tests

5.3.1 Generfal conditions
The test conditions specified in Table 4 shall be“used when conducting the minimum cooling, freezequp 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 cgpacity
and electrical[power input is not requireéd for these performance tests.

5.3.2 Tempeprature conditions

Tests shall bg carried out unidef the temperature conditions established in Table 4.

5.3.3 Airflow conditions

The controls,|fan ‘speeds, dampers and grilles of the equipment shall be set to maximize the tendepcy to
produce frost lor-ice on the evaporator, prn\/idnd such enﬂinge are not contrary to the manufacturer's opg rating

instructions.

5.3.4 Test conditions

5.3.4.1 Preconditions

The equipment shall be started and operated until the operating conditions have stabilized.
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5.3.4.2 Duration of test

After the operating conditions given in Table 4 have stabilized in accordance with the tolerances in Table 12,
the equipment shall be operated for a period of 4 h. The equipment shall be permitted to stop and start under

the co

ntrol of an automatic limit device, if provided.

Table 4 — Minimum cooling, freeze-up air blockage and freeze-up drip performance test conditions

Parameter Standard test conditions

T1and T3 T2

Tempgrature of airenteringimdoor-side:

— dry-bulb 21°C 21|°C

— wet-bulb 15°C 15(°C

Tempeprature of air entering outdoor side:

— dry-bulb 21°C 10|°C

— wet-bulb — +

Test ffequency? Rated frequency

Test oltage See Table 2

@  Efuipment with dual-rated frequencies shall be tested at each frequency.

5.3.5
5.3.5.

5.3.5.
than §
initial
in Fig
contrg
allow
requir

5.3.5.
suctio
out 1
meas

a) If

Performance requirements
| The equipment shall operate under the'conditions specified without any indication of

p At the end of the 4-h test, any aecumulation of frost or ice on the indoor coil shall n
0 % of the indoor-side face area of\the indoor coil or reduce the airflow rate by more tha
birflow rate. [If measuring indoor air.volume rate using a test apparatus that includes an e
ire B.1), the operating speed of the exhaust fan and/or the position of an in-line flow da
lled to maintain zero static-pressure during the 4-h test.] If the equipment and test app|
for visual observation ofthe” indoor coil and if the indoor air volume rate is not measu
ements of 5.3.5.3 shallbe. met.

8 During thed@-h test period, the midpoint temperature of every indoor coil circuit or {
h pressure shall be measured at equal intervals that span 1 min or less. The measurem
D min after beginning the 4-h test shall be defined as the initial value(s). If the suctio
ired, it shall'be used to calculate the saturated suction temperature.

the compressor(s) do(es) not cycle OFF on automatic controls during the test, and

if

caoil circuit temperatures are measured, the temperatures shall not remain more than 2

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

damage.

bt cover more
n 25 % of the
haust fan (as
mper shall be
aratus do not
red, then the

he refrigerant
ent(s) carried
n pressure is

°C below the

if suction pressure is measured, the saturated suction temperature shall not remain more than 2 °C below
the initial value for more than 20 consecutive min.

b) If

the compressor(s) cycle(s) ON/OFF on automatic controls during the test, and

if coil circuit temperatures are measured, the individual circuit temperatures measured 10 min after the
beginning of any ON cycle during the test shall not be more than 2 °C below the corresponding initial
circuit temperature(s), or

if suction pressure is measured, the saturated suction temperature measured 10 min after the beginning
of any ON cycle during the test shall not be more than 2 °C below the initial saturated suction
temperature.

© 1SO 2010 — All rights reserved
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5.4 Freeze-up drip performance test

5.41

General conditions

The freeze-up drip performance test shall be run immediately after completion of the minimum cooling and
freeze-up air blockage performance tests and at the conditions specified in Table 4. The test shall be
conducted with the equipment functioning at full-load operation, as defined in 3.25, except as required in 5.4.3.
The determination of capacity and electrical power is not required for this performance test.

5.4.2 Temperature conditions

The temperat

Lire conditions for the freeze-up drip performance test are given in lable 4.

5.4.3 Airflow conditions

The air inlet {
achieve comg

5431

The equipme
accordance W

lete blockage of the evaporator by frost or ice.

Preconditions

nt shall be started and operated until the operating conditions givén in Table 4 have stabili
ith the tolerances in Table 12.

5.4.3.2

Duration of test

After the opdrating conditions have stabilized, the equipment“shall be operated for a period of 4
equipment shpll be permitted to stop and start under the contrel of an automatic limit device, if provided.

end of the 4-
of frost or ice
speed for 5 m

5.4.4 Perfo

During the tes
side.

test, the equipment shall be stopped and theé-air inlet covering removed until the accum
has melted. The equipment shall then_be turned on with the fan(s) operating at the h
in.

mance requirements

t, no ice shall drip from the-cail and no water shall drip or blow off the equipment on the

5.5 Condensate control and’enclosure sweat performance test

5.5.1 Gener

The condition
Table 5. The
except as req

al conditions

s which\shall be used during the condensate control and enclosure sweat test are gi
est shall be conducted with the equipment functioning at full-load operation, as defined in
uirediin 5.5.3. The determination of cooling capacity and electrical power input is not requi

o the indoor coil shall be covered to completely block the passage of air, so'as to attempt to

zed in

. The
At the
ilation
ighest

ndoor

en in
3.25,
ed for

this performa

pcetest

5.5.2 Temperature conditions

The temperature conditions which shall be used during this test are given in Table 5.

14
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Table 5 — Condensate control and enclosure sweat performance test conditions

Parameter Standard test conditions

Temperature of air entering indoor side:
— dry-bulb 27°C
— wet-bulb 24°C

Temperature of air entering outdoor side:

b

m

— dry-bulb 27°C

—  wet-bulb? 24°C

Test ffequency® Rated frequency

Test Voltage See Table 2

a8  Tihe wet-bulb temperature condition shall only be required when testing air-cooled condensers that gvaporate the cpndensate.

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

5.5.3

The ¢
sweat]

5.5.4

5.5.4.

Airflow conditions

bntrols, fans, dampers and grilles of the equipment shall be/sét to produce the maximur
provided such settings are not contrary to the manufacturer's operating instructions.

Test conditions

! Preconditions

After g¢stablishment of the specified temperature conditions, the equipment shall be started with i

collec

ion pan filled to the overflowing point,and the equipment shall be run until the conden

become uniform.

5.5.4.

The e

5.5.5

5.5.5.
or blo

5.5.5.
there

P Duration of test
uipment shall be operated for a period of 4 h.
Performance requirements

| When.Operating under the test conditions specified in Table 5, no condensed water

v from thé equipment.
p Equipment which rejects condensate to the condenser air shall dispose of all co
shall be no dripping or blowing-off of water from the equipment such that the building or|

n tendency to

s condensate
sate flow has

shall drip, run

hdensate and
surroundings

beco

e Wel.

6 Heating tests

6.1

6.1.1

6.1.1.1

Heating capacity tests

General conditions

conducted using the method(s) and instrumentation that meet the requirements of 7.1 and 7.2.

© 1SO 2010 — All rights reserved
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6.1.1.2 Selectable resistive elements used for heating indoor air shall be prevented from 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 measurement of the temperature change
across the indoor coil. If using the indoor air enthalpy method, the same dry-bulb temperature sensors as
used to measure capacity may be used. If using the calorimeter test method, the temperature change shall be
determined using the sensors specified in Annex C.

6.1.1.4 Standard rating conditions for heating capacity tests are specified in Table 6.

6.1.1.5 All Clause 6 heating capacity tests shall be conducted with the heat pump at full-load operation,
as defined in 3.25

6.1.1.6 Iff the manufacturer of a heat pump having a variable-speed compressor does not. provide
information o the full-load frequency and how to achieve it during heating capacity tests, then the heat|pump
shall be opergted with its thermostat or controller set to its maximum allowable temperature setting.

Table 6 — Heating capacity rating conditions
Parameter Standar_d_ rating
conditions

Temperature df air entering indoor side:

— dry-bulb 20°C

— wet-bulb [maximum) 15°C
Temperature df air entering outdoor side, H1:

— dry-bulb 7°C

— wet-bulb 6 °C
Temperature df air entering outdoor side, H2:

— dry-bulb 2°C

— wet-bulb 1°C
Temperature df air entering outdoor side, H3;

— dry-bulb -7°C

— wet-bulb -8°C

Test frequency? Rated frequency

Test voltage See Table 2

NOTE If a defrosting eycle occurs during the H1, H2 or H3 heating capacity tests, testing under these conditions are accomplished
using either the falorimeter-or the indoor air enthalpy method (see Annexes C and D). Please refer to Clause 7.

a8  Equipment with dual-rated frequencies is tested at each frequency.

6.1.2 Temperature conditions

6.1.2.1 Three different outdoor-side temperature conditions, designated as H1, H2 and H3, are specified
in Table 6.
6.1.2.2 The Table 6 temperature conditions for the air entering the indoor side of the equipment shall be
used for all heating capacity tests.
6.1.2.3 All heat pumps shall be rated based on testing at the H1 temperature conditions. Heating capacity

tests shall also be conducted at the H2 and/or H3 temperature conditions, if the manufacturer rates the
equipment for operation at one or both of these temperature conditions.
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6.1.2.4 If the heat pump is rated for operation at two frequencies or, in some cases, if the equipment has
a dual-rated voltage, then more than one heating capacity test shall be conducted at each applicable
outdoor-side temperature condition. Table 6 (and Table 2) shall be used to determine if additional heating
capacity tests are required.

6.1.3 Airflow conditions

6.1.3.1 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 conS|dered by the manufacturer as normal |nstallat|on pract|ce shall be installed.

f ' f ' { hall be set in
accorflance with the manufacturers publlshed mstallatlon instructions, WhICh are normally pro ided with the
equipment. In the absence of such installation instructions, grille positions, damper positions, fan speeds, etc.
shall he set to provide the maximum heating capacity when testing at the H1 temperature eonditipns. 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
carriedl out at other settings, these settings shall be noted together with the heating.capacity ratings.

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 uhit maintained
at 0 Pp. 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
purpoges, the indoor-side air volume flow rate shall be expressed in units of cubic metres per second of
standard air.

NOTE|1 Airflow measurements are carried out according to‘the specifications in Annex B, as appropr|ate, as well as
the prqvisions established in other appropriate annexes of this International Standard.

NOTE[2  Additional guidance for making airflow measurements can be found in ISO 3966 and ISO 51671.

6.1.4 | Defrost operation

6.1.4.1 Overriding of automatic defrost controls shall be prohibited. The controls may only pe overridden
when manually initiating a defrost-eycle during preconditioning.

6.1.4.2 If the heat pump~turns the indoor fan off during the defrost cycle, airflow through the indoor coil
shall ¢ease.

6.1.5 | Test procedure — General

6.1.5.1 Thie test procedure consists of three periods: a preconditioning period, an equilibriym period and
a data collection period. The duration of the data collection period differs depending on whgther the heat
pumpls operation is steady-state or transient. In the case of transient operation, in addition, the data collection
perioq specified when using the indoor air enthalpy method (see 6.1.11.5) is different from the data collection
period required if using the calorimeter method (see 6.1.11.6).

6.1.5.2 Annex L pictorially represents most of the different test sequences which are possible when
conducting a heating capacity test.

6.1.6 Preconditioning period

6.1.6.1 The test room reconditioning apparatus and the heat pump under test shall be operated until the
test tolerances specified in 7.3 are attained for at least 10 min.

6.1.6.2 A defrost cycle may end a preconditioning period. If a defrost cycle does end a preconditioning

period, the heat pump shall operate in the heating mode for at least 10 min after defrost termination prior to
beginning the equilibrium period.
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6.1.6.3

defrost cycle when testing at the H2 and H3 temperature conditions.

6.1.7 Equili
6.1.7.1

6.1.7.2

brium period

A complete equilibrium period is 1 h in duration.

6.1.8 Data collection period

It is recommended that the preconditioning period end with an automatic or manually-initiated

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

6.1.8.1

6.1.8.2
calorimeter

enthalpy method, heating capacity shall be calculated as specified in Annex D. For cases ‘Where one

confirmative
appropriate a

6.1.8.3 A
measuring th

following a defrost termination, the meter or measuring system shall havesa,'sampling rate of at least

10 s.

6.1.8.4 H
or less.
6.1.8.5 O

evaluating th
intervals that
data include
more-frequen

6.1.8.6 F
net heating d
zero when th

the integration of capacity shall continue-while the indoor fan is off.

6.1.8.7 F
dry-bulb temp
during the da
temperature

purpose of ca

I[ne data collection period immediately tollows the equilibrium period.

ata shall be collected as specified for the test method(s) chosen from 7.1.A[f usin
ethod, heating capacity shall be calculated as specified in Annex C. If using. thé indg

est methods from 7.1.3.1 is used, heating capacity shall be calculated{as" specified
nex.

e electrical energy supplied to the equipment. During defrost cyeles and for the first 1

xcept as specified in 6.1.8.3 and 6.1.8.5, data shall be sampled at equal intervals that spa

uring defrost cycles, plus the first 10 min following defrost termination, certain data u
b integrated heating capacity of the heat pump shall be sampled more frequently, at
span 10 s or less. When using the indoor-air enthalpy method, these more-frequently sa
the change in indoor-side dry-bulb temperature. When using the calorimeter method,
Hly sampled data include all measurements required to determine the indoor-side capacity.

or heat pumps that automatically cycle off the indoor fan during a defrost, the contribution
plivered and/or the change.intindoor-side dry-bulb temperature shall be assigned the v3
b indoor fan is off, if using theé indoor air enthalpy method. If using the calorimeter test m

erature of the aireaving and entering the indoor coil shall be measured. For each 5-min ir
a collection period, an average temperature difference shall be calculated, AT,(7). The av
Hifference~far the first 5 min of the data collection period, AT(z=0), shall be saved f
culating'the change, AT, expressed as a percentage, as given in Equation (1):

g the
or air
of the
n the

n integrating electrical power (watt-hour) meter or measuring ‘system shall be us¢d for

0 min
every

n30s

sed in
equal
mpled
these

of the
lue of
ethod,

or both the indoor_aif enthalpy and the calorimeter test methods, the difference betweén the

terval
erage
br the

%AT =

M0 ~ATi) |40

(1)

ATz -0)

6.1.9 Test procedure when a defrost cycle (whether automatically or manually initiated) ends the

precondition

6.1.9.1

ing period

If the quantity %AT exceeds 2,5 % during the first 35 min of the data collection period, the heating

capacity test shall be designated as a transient test (see 6.1.11). Likewise, 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 d

18

esignated as a transient test.
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6.1.9.2 If the conditions specified in 6.1.9.1 do not occur and the test tolerances given in 7.3 are satisfied
during both the equilibrium period and the first 35 min of the data collection period, then the heating capacity
test shall be designated as a steady-state test. Steady-state tests shall be terminated after 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
the data collection period, the heating capacity test shall be restarted as specified in 6.1.10.3.

first 35 min of

6.1.10.2 If the quantity %AT exceeds 2,5 % any time during the first 35 min of the data collection period,
the he attlly uapau;ty test-shalt-be—restarted-as opcu;ftcd t-6-+10-3—Priorto-the—restart & defrost CyCle shall
occur| This defrost cycle may be manually initiated or delayed until the heat pump initiates|an automatic
defrodt.

6.1.10.3 If either 6.1.10.1 or 6.1.10.2 apply, then the restart shall begin 10 mif. after the|defrost cycle
termirjates with a new, hour-long equilibrium period. This second attempt shall follewthe requirements of 6.1.7

and 6]1.8 and the test procedure of 6.1.9.

4 If the conditions specified in 6.1.10.1 or 6.1.10.2 do not occurcand the test tolerancq
atisfied during both the equilibrium period and the first 35 min of(the data collection pe

When, in accordance with 6.1.9.1, a heating-capacity test is designated as a tran
ents specified in 6.1.11.2 to 6.1.11.5 shall apply.

In all cases, the normal outdoor-side airflow of the heat pump shall not be disturbed
the oytdoor enthalpy test apparatus shall be_disconnected and the transient heating capacity
restarfed from the beginning with a new 6.1.6preconditioning period.

6.1.11.3 To constitute a valid transient heating capacity test, the test tolerances specified in
be achieved during both the equilibrium period and the data collection period. As noted in Ta
tolerapces are specified for two-subintervals. Interval H consists of data collected during each he
with the exception of the first-10-min after defrost termination. Interval D consists of data collecte
defrogt cycle plus the first £0-min of the subsequent heating interval.

6.1.11.4 The testdolefance parameters in Table 7 shall be determined throughout the equilib
collection periods. ‘Ali~data collected during each interval, H or D, shall be used to evaluate co
the Table 7 test\tolerances. Data from two or more H intervals or two or more D intervals
combined and\then used in evaluating Table 7 compliance. Compliance is based on evaluat
each intervabseparately.

s given in 7.3
riod, then the
minated after

sient test, the

If applicable,
test shall be

Table 7 shall
ble 7, the test
ating interval,
d during each

rium and data
mpliance with
shall not be
ng data from

6.1.1

dduntil 3 h have

elapsed or unt|I the heat pump completes three complete cycles durlng the per|od wh|chever occurs first. If at
an elapsed time of 3 h, the heat pump is conducting a defrost cycle, the cycle shall be completed before
terminating the collection of data. A complete cycle consists of a heating period and a defrost period; from
defrost termination to defrost termination.

6.1.11.6 If using the calorimeter method, the data collection period shall be extended until 6 h have
elapsed or until the heat pump completes six complete cycles during the period, whichever occurs first. If at an
elapsed time of 6 h, the heat pump is conducting a defrost cycle, the cycle shall be completed before
terminating the collection of data. A complete cycle consists of a heating period and a defrost period; from
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 mean
values from specified test

Variation of individual
readings from specified test

Reading conditions conditions
Interval H2 Interval DP Interval Ha Interval DP

Temperature of air entering indoor side:
— dry-bulb +0,6 °C +1,5°C +1,0°C +2,5°C
— wet-bulb — — — —
Temperature of air entering outdoor side:
— dry-bulb +0,6 °C +1,5°C +1,0°C +5,0¥[C
— wet-bulb +0,3°C +1,0°C 0,6 °C —
Voltage — — 2 % 129

b
the heating modg.

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

Applies durng a defrost cycle and during the first 10 min after the termination of a defrost cycle wheh-the heat pump is operating in

6.1.12 Heating capacity test results

Average heat|ng capacity and average electrical power input shall be.calculated in accordance with 8.1}4. For
transient testg, the quantities shall be calculated using data from the total number of complete cycles that are
achieved within the data collection period. In the event that a cemplete cycle does not occur during the data
collection pefiod of a transient test, the entire data collection period shall be used for the calculations

(see 8.1.4.2).

6.2 Maximum heating performance test

6.2.1 General conditions

The condition
conducted wi
Table 8 shall
heating capac

5 given in Table 8 shall be used during the maximum heating performance test. The test s

be maintained at the—spécified percentages under running conditions. The determina
ity and electrical powerinput is not required for this performance test.

Table8 — Maximum heating performance test conditions

all be
th the equipment functiohing at full-load operation, as defined in 3.25. The test volta¥es in
i

on of

Parameter

Standard test conditions

Temperature df air,entering indoor side:

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

— dry-bulb 24 °C
— wet-bulb 18 °C

Test frequency?

Rated frequency

Test voltage

a) 90 % and 110 % of rated voltage for equipment with a
nameplate rating

voltage

b) 90% of the lower rated voltage and 110% of the higher rated
voltage for equipment with a dual or extended nameplate

single

a

Equipment with dual-rated frequencies shall be tested at each frequency.
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6.2.2

ISO 5

Temperature conditions

The temperature conditions given in Table 8 shall be used during these tests.

6.2.3

Airflow conditions

6.2.3.1 The maximum heating performance test shall be conducted with an indoor-side fan
as determined in 5.1.4.1.2, except as required in 6.2.4.1. For heating-only heat pumps, the indoor-side fan

speed

6.2.4

shall be set as specified in 6.1.3.1, except as required in 6.2.4.1.

Test conditions

151:2010(E)

speed setting

6.2.4.

The ¢
damp

6.2.4.

The ¢

equipment shall be permitted to stop and start under the control of an_automatic limit device, if pn

6.2.4.

The ¢

equipment shall be permitted to stop and start under the ¢ontrol of an automatic limit device, if pr

6.3

6.3.1

The ¢

functigning at full-load operation, as\defined in 3.25. The voltage shall be maintained at the s
running conditions. The determination of heating capacity and electrical power input is n¢t required for
this performance test.

under

6.3.2

The t6

6.3.3

The ¢

! Preconditions

bntrols of the equipment shall be set for maximum heating. All ventilating air dampers ar
brs, if provided, shall be closed.

p Duration of the test

quipment shall be operated for 1 h after the specified air temperatures have been

B General conditions

quipment shall be operated for 1 h after the specified air temperatures have been

Minimum heating performance test

General conditions

pnditions given in Table 9 shall be-used for this test. The test shall be conducted with {

Temperature conditions

mperature canditions of this test shall be as given in Table 9.

Airflow.conditions

bntrols of the equipment shall be set for maximum heating. All ventilating air dampers ar

d exhaust air

attained. The
pvided.

attained. The
pvided.

ne equipment
becified value

d exhaust air

by if ArAvadAA chall ha Alaead

damp

6.3.4

CTo; T PTrovIGT T —oTan 0T CrooT U

Test condition

6.3.4.1 Preconditions

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

© 1SO 2010 — All rights reserved
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Table 9 — Minimum heating performance test conditions

Parameter Standard test conditions

Temperature of air entering indoor side:

— dry-bulb 20 °C
Temperature of air entering outdoor side:

— dry-bulb -7°C
— wet-bulb -8°C

Test frequenc

Rated frpnll lency.

Test voltageP

See Table 2

a8  Equipment

b  The test vo

ith dual-rated frequencies shall be tested at each frequency.

tage of dual-rated equipment shall be the higher voltage from Table 2.

6.3.4.2

After the equi

6.3.5 Perfo

The heat pun

6.4 Autom

6.4.1

This test is n

conditioned ¢

operation, as
given in Tabl

electrical pow

6.42 Temp

The temperat]
entering the g

6.4.3 Airflow conditions

Du

Genel

ration of test

bment has reached stable operating conditions, these conditions shall be maintained for 1

mance requirements

p shall operate throughout the test without a cutoff by'any safety control.
atic defrost performance test

al conditions

bt required if provision is made to~ensure that cool air (less than 18 °C) is not blown in
pace during defrost. The test shall be conducted with the equipment functioning at fu
defined in 3.25, except as required in 6.4.3. The conditions for test frequency and test v
b 6 shall be used during the automatic defrost test. The determination of heating capaci
er input is not required for.this performance test.

prature conditions

ures of air entering the indoor side shall be set as specified in Table 6. The temperatures
utdoor side 'shall be set as specified for the H2 test conditions in Table 6.

to the
[I-load
pltage
y and

of air

Unless prohib

P I 41 fom ke 41 ;] il £ ) L PR I Y o ol 4 ! ()
neU Uy UTC TTIarturaCiutrer, UTic TTUuUuUr=siuc 1dit 15 U UT dUjusSIiCU U 1T THYTICSU SPTTU dliu U

e unit

outdoor-side fan to the lowest speed, if separately adjustable. All other parameters shall be set as specified in

6.1.3.1.

6.4.4 Test conditions

6.4.4.1

Test preconditions

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.

22
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6.4.5 Performance requirements

During the defrosting period, the temperature of the air from the indoor side of the equipment shall not be
lower than 18 °C for longer than 1 min.

7 Test methods and uncertainties of measurements
7.1 Test methods

7.1.1 _General

Capagity tests shall be conducted in accordance with the testing requirements specified-~ins Ahnex A, using
either|the calorimeter test method (see Annex C) or the indoor air enthalpy test method (see Annex D),
subjegt to the provision that the test results are within the limits of uncertainties of measurements established
in7.2

7.1.2 | Calorimeter test method

71.21 When using the calorimeter method for cooling capacity(tests and for steady{state heating
capadity tests, two simultaneous methods of determining capacities-shall be used. One methqd determines
the cgpacity on the indoor side, the other measures the capacity omthe outdoor side. The capacity determined
using [the outdoor-side data shall agree within 5 % of the value obtained using the indoor-side data for the test
to be |valid. Steady-state conditions are achieved when the measured capacity at each 10-min time interval
does not vary by more than 2 % from the average measured;capacity over the previous 30 min.

7.1.3 | Indoor air enthalpy test method

71.3.1 For cooling capacity tests and steady-state heating capacity tests, a test of cpnfirmation is
recommended to verify the results obtained. using the indoor air enthalpy test method. One off the following
test methods can be used for confirmative purposes:

a) cpmpressor calibration method (see Annex E);
b) refrigerant enthalpy method.(see Annex F);

c) optdoor air enthalpy test method (see Annex G);

d) irdoor calorimeter confirmative test method (see Annex H);
e) optdoor caloriméter confirmative test (see Annex |);
f)  bplanced-calorimeter confirmative test method (see Annex J).

NOTE Annex J is not used as a confirmative test by testing laboratories (see J.1.1).

7.1.3.2 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 %.

7133 The results of the primary test shall agree with the results of the confirmative test to within 5 % to
be valid.

7.1.4 Capacity tests
On the cooling cycle, it is recommended that the latent cooling capacity be determined using the cooling

condensate method (see Annex K) subject to the provision that the test results are within the limits of
uncertainties of measurements established in 7.2.
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7.2 Uncertainties of measurement
7.2.1 The uncertainties of measurement shall not exceed the values specified in Table 10.

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 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 tglerances for steady-state cooling and heating tests

7.3.1 The maximum permissible variation of any individual observation from a specified ‘test copdition
during a steady-state cooling and heating capacity test is listed in column 3 of Table 11. Whenyexpressed as a
percentage, the maximum allowable variation is the specified percentage of the arithmetical average |of the
observations.

Table 10 — Uncertainties of measurement

Measured quantity Uncerttainty of measurement?
Water:
— temperatiyire 0,1°C
— temperat]:re difference 0,1°C
— volume flpw 1%
— static prepsure difference 5%
Air:
— dry-bulb temperature 0,2°C
—  wet-bulb femperature® 0,2 °C
— volume flpw 5%
— external gtatic pressure difference 5 Pa for pressure < 100 Pa
5 % for pressure > 100 Pa
Electrical inpufs 0,5%
Time 0,2 %
Mass 1,0 %
Speed 1,0 %
Refrigerant 2,0 %
NOTE Uncertainty of measurement comprises, in general, many components. Some of these components can be estimated on the

basis of the statistical distribution of the results of series of measurements and can be characterized by experimental standard
deviations. Estimates of other components can be based on experience or other information.

@  Uncertainty of measurement is an estimate characterizing the range of values within which the true value of the measurement lies,

based on a 95 % confidence interval (see ISO/IEC Guide 98-3).

b This may be measured directly or indirectly.
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Table 11 — Variations allowed during steady-state cooling and heating capacity tests

Variation of arithmetical mean Maximum variation of
Reading values from specified test individual readings from
conditions specified test conditions
Temperature of air entering indoor side:
— dry-bulb 0,3 °C +0,5°C
— wet-bulb +0,2 °C?2 +0,3 °C?2
Temperature of air entering outdoor side:
—_— gry-ouio TU, 0 U TU, 0 U
—  Wet-bulb +0,2 °CP +0,3ch
Voltage 1% 2 %
@  Npt applicable to heating tests.
b Only applicable to cooling capacity tests if equipment rejects condensate to the outdoor coil.

7.3.2 | The maximum variations of the average observations from thie standard or specified test conditions

are sHown in column 2 of Table 11.

7.3.3 | For cooling capacity tests, the dry-bulb and wet-bulb temperatures of the air entering the indoor side
and optdoor side shall be sampled at equal intervals spanning’1 min or less throughout the pfeconditioning
and data collection periods. The specified sampling of the wet-bulb temperature of the air enterirng the outdoor
side shall be waived for equipment that rejects condensateto a location other than the outdoor coil.

7.3.4 | For heating capacity tests, the dry-bulb temperature of the air entering the indoor sidg and the dry-
bulb @and wet-bulb temperatures of the air entering the outdoor side shall be sampled at efjual intervals
spannling 30 s or less throughout the preconditioning and data collection periods. As noted ih 6.1.8.5, the
sampling frequency of the indoor dry-bulb:t€mperature is subject to change during defrost cycles, if using the

indoor air enthalpy test method.

7.3.5

Except as noted in 7.3.3, all.applicable parameters from Table 11 shall be sampled at gqual intervals

that span 5 min or less during cooling capacity tests. Except as noted in 7.3.4, all applicable pajameters from

Table|11 shall be sampled at equal intervals spanning 30 s or less during heating capacity tests.

7.3.6

7.4 [Test tolerances for performance tests

For the data colleCtion period used in determining the equipment's measured space conditioning
capadity, compliance with the applicable Table 11 test tolerances shall be achieved.

The maximum allowable variation of any individual observation made during a performance [test from the

specifjed’test condition is established in Table 12.

Table 12 — Test tolerances for performance tests

Maximum variation of individual readings from

Reading specified test conditions?
Air temperature:
— dry-bulb +1,0°C
— wet-bulb +0,5°C
Water temperature +0,5°C
Voltage 2%

outside shall apply.

@  The test tolerances do not apply when the equipment is stopped, when changing compressor speed or from defrost initiation to
10 min after defrost termination. During these intervals, dry-bulb temperature tolerances of = 2,5 °C on the indoor side and = 5 °C on the

© 1SO 2010 — All rights reserved
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8 Testresults

8.1 Capacity results

8.1.1 General

The results of a capacity test shall express quantitatively the effects produced on air by the equipment tested.
For given test conditions, the capacity test results shall include the following quantities as applicable to cooling
or heating:

a) total cooling capacity, in watts;

b) sensible fooling capacity, in watts;

c) latent cogling capacity, in watts;

d) heating gapacity, in watts;

e) indoor-sidle airflow rate, m3/s of standard air;

f)  effective [power input to the equipment or individual power inputs to each of the electrical equipment
compongnts, in watts.

NOTE 1 For a), b) and d), standard ratings for capacities include the effects of the circulating fan heat.

NOTE 2 Fof determination of latent cooling capacity, see Annex C if:gsing the calorimeter test method and Anrjex D if
using the indogr air enthalpy test method.

8.1.2 Adjusftments

Test results phall be used to determine capacities-without adjustment for permissible variations ip test
conditions. Ajr enthalpies, specific volumes and\isobaric specific heat capacities shall be based gn the
measured bafometric pressure.

8.1.3 Cooling capacity calculations

8.1.31 An average cooling capacity shall be determined from the set of cooling capacities recordefl over
the data collegtion period.

8.1.3.2 An average electrical power input shall be determined from the set of electrical power [inputs
recorded over the data collection period or from the integrated electrical power for the same interval, for|cases
where an elegtrical energy meter is used.

8.14 Heatilrg capacity calculations

8.1.41  Steady-state capacity tests

8.14.11 If the heating capacity test is conducted in accordance with the provisions of 6.1.9.2 or 6.1.10.4,
heating capacity shall be calculated using data from each data sampling in accordance with Annex C, if using
the calorimeter test method or in accordance with Annex D, if using the indoor air enthalpy test method.

8.1.41.2 An average heating capacity shall be determined from the set of heating capacities recorded over
the 35 min data collection period.

8.1.4.1.3 An average electrical power input shall be determined from the set of electrical power inputs

recorded over the 35 min data collection interval or from the integrated electrical power recorded over the
35 min data collection period.
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8.1.4.2 Transient capacity tests

8.1.4.21 If the heating capacity test is conducted in accordance with the provisions of 6.1.11, an average
heating capacity shall be determined. This average heating capacity shall be calculated as specified in
Annex C, if using the calorimeter test method and as specified in Annex D, if using the indoor air enthalpy test
method.

8.1.4.2.2 For equipment where one or more complete cycles occur during the data collection period, the
following shall apply. The average heating capacity shall be determined using the integrated capacity and the
elapsed time corresponding to the total number of complete cycles that occurred over the data collection
period. The average electrical power input shall be determined using the integrated power input and the
elapsed time corresponding to the total number of complete cycles during the same data collection period as
the orle used for the heating capacity.

NOTE A complete cycle consists of a heating period and a defrost period from defrost termingtion to defrost
termination.

8.1.4.2.3 For equipment that does not conduct a complete cycle during thesdata collectign period, the
follow|ng 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 theZindoor air enthalpy test method;
6 h if jusing the calorimeter test method). The average electrical power input shall be determiped using the

integrated power input and the elapsed time corresponding to the same, data collection period ag the one used
for thg heating capacity.

8.2 |Data to be recorded
The dpta to be recorded for the capacity tests are given<in*Tables 13 and 14 for the calorimetgr test method
and ir] 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 purgoses shall be
those Imeasured during the capacity tests.

8.3 [Test report

8.3.1 | General information

As a rhinimum, the test report shall’contain the following general information:
a) alreference to this Intérnational Standard, i.e. ISO 5151;

b) the date;

c) the testinstitute;

o
~
—

He testdocation;

D
~
—

€ primary test and confirmative test methods;

f)  the test supervisor;

g) the cooling climate type designations and heating rating conditions (i.e. T1, T2, T3, H1, H2 and H3);
h) a description of test set-up, including equipment location;

i) the nameplate information (see 9.2).
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Table 13 — Data to be recorded for calorimeter cooling capacity tests

No. Data

1 Date

2 Observers

3 Barometric pressure, in kilopascals

4 Fan speed settings, indoor and outdoor

5 Applied voltage, in volts

6 Frequereyirhertz

7 Total gurrent input to equipment, in amperes

8 Total power input to equipment?, in watts

9 Contrpl dry-bulb and wet-bulb temperatures of air (indoor-side calorimeter compartment)®, in.dégrees Cels|us
10 | Contrpl dry-bulb and wet-bulb temperature of air (outdoor-side calorimeter compartment)?, in degrees Celsjus
11 [Averapge air temperature outside the calorimeter, if calibrated (see Figure C.1), in degrées Celsius

12 [Total power input to indoor-side and outdoor-side compartment, in kilowatts

13 | Quanfity of water evaporated in humidifier, in kilograms

14 [ Tempprature of humidifier water entering indoor-side and outdoor-side_(if used) compartments or in hunpidifier

tank, in degrees Celsius

15 | Cooling water flow rate through outdoor-side compartment heat-rejection coil, in litres per second

16 | Tempprature of cooling water entering outdoor-side compartment, for heat-rejection coil, in degrees Celsiug
17 | Tempgrature of cooling water leaving outdoor-side compartment, for heat-rejection coil, in degrees Celsius
18 | Mass jof water from equipment which is condensed in‘the reconditioning equipment®, in kilograms

19 [ Tempprature of condensed water leaving outdogdrsside compartment, in degrees Celsius

20 Volun]e of airflow through measuring nozzle ‘of the separating partition, in cubic metres per second

21 Air-stitic pressure difference across the-separating partition of calorimeter compartments, in pascals

22 |Refrigerant charge, added by the test house, in kilograms

@  Total powef input to the equipment, €xcept if more than one external power connection is provided on the equipment; record input
to each connectfon separately.

b SeeC.1.7.

¢ For equipmnt that evaporates condensate on the outdoor coil.
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Table 14 — Data to be recorded for calorimeter heating capacity tests

No. Data
1 Date
2 Observers
3 Barometric pressure, in kilopascals
4 Fan speed settings, indoor and outdoor
5 Applied voltage, in volts
6 Frequeneyinhertz
7 Total current input to equipment, in amperes
8 Total power input to equipment?, in watts
9 Control dry-bulb and wet-bulb temperatures of air (indoor-side calorimeter compartmeft)®, in degr¢es Celsius
10 | | Control dry-bulb and wet-bulb temperature of air (outdoor-side calorimeter compartment)®, in degrges Celsius
11 | [Average air temperature outside the calorimeter, if calibrated (see Figure C.1))in degrees Celsius
12 | | Total power input to indoor-side and outdoor-side compartment, in watts.
13 | | Quantity of water evaporated in humidifier, in kilograms
14 | | Temperature of humidifier water entering indoor-side and outdoor-side (if used) compartments ¢r in humidifier
tank, in degrees Celsius
15 | | Cooling water flow rate through indoor-side compartment'heat-rejection coil, in litres per second
16 | | Temperature of cooling water entering indoor-side compartment, for heat-rejection coil, in degrees| Celsius
17 | | Temperature of cooling water leaving indoor-side:compartment, for heat-rejection coil, in degrees Celsius
18 | | Mass of water from equipment which is condensed in the outdoor-side compartment, in kilograms
19 | | Temperature of condensed water leavirig)outdoor-side compartment, in degrees Celsius
20 | [Volume of airflow through measuring-nozzle of the separating partition, in cubic metres per secong
21 Air-static pressure difference.across the separating partition of calorimeter compartments, in pascals
22 | |Refrigerant charge, added by the test house, in kilograms
@  T¢tal power input to the equipment, except if more than one external power connection is provided on the equipmnt; record input
to each connection separately.
b SpeC.1.7.
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Table 15 — Data to be recorded during the indoor air enthalpy capacity tests

z
°

Data

—_

Date

Observers

Barometric pressure

Time

of test

Power input to equipment?, in watts

Ener:

H s H - FE N
y oot tO- CqOTPITICTIG 1T wWate 1ToutrS

Appligd voltage(s), in volts

Curreft, in amps

Ol N|[fojlo]|BD]|W|DN

Frequency, in hertz

10 Externpal resistance to airflow, in pascals

11 Fan speed settings, indoor and outdoor

12 [ Dry-blilb temperature of air entering equipment, in degrees Celsius

13 [Wet-bulb temperature of air entering equipment, in degrees Celsius

14 [ Dry-blilb temperature of air leaving equipment, in degrees Celsius

15 [Wet-bulb temperature of air leaving equipment, in degrees Celsius

16 [ Outddor dry-bulb and wet-bulb temperatures, in degrees Celsius

17 [Volume flow rate of air and all relevant measurements for jts-calculation, in cubic metres per second

18 [Refrigerant charge added by the test house, in kilograms

@  Total powef input and, where required, input to equipment cefnponents.

8.3.2 Capa

¢ity tests

The values rgported shall be the mean-of the values taken over the data collection period and shall be
with an uncerfainty of measurement.at a confidence level of 95 % and in accordance with ISO/IEC Guid

9 Marking provisions

9.1 Name

Each individupl-tnit of the air conditioner and heat pump system, single package and split-system ass¢

;Llate requirements

stated
b 08-3.

embly,

shall have a durable nameplate, firmly attached to it and in a location accessible for reading.

9.2 Name

plate information

The nameplate shall carry the following minimum information, in addition to the information required by

International

Standards on safety:

a) the manufacturer's name or trademark;

b) any disti

nctive type or model number and serial number;

c) the rated voltage(s);

30
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d) rated frequency(ies);

e) the cooling climate designations and heating rating conditions (i.e. T1, T2, T3, H1, H2 and H3, as
applicable);

f)  the refrigerant designation in accordance with ISO 817;

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

9.3 Split systems

The informatiomim9-2-a); o), ©),d)amd i 92 shattbeprovided omreachetement of asptit systs
10 Bublication of ratings

10.1 [Standard ratings

10.1.1 Standard ratings shall be published for cooling capacities (sensible,fatent and total), hez

EER and COP, for all systems produced in conformance to this International Standard. These ra

based
Intern

10.1.2
signifi

10.1.3

10.1.4 Each capacity rating shall be followed by the corresponding test voltage (see column

and fr|

10.2

Additi

condifjons or based on conditions-specified in national regulations, if they are clearly specified

detern
verifial

on data obtained at the established rating conditions in aecordance with the prov
htional Standard.

The values of the standard capacities shall be expressed in kilowatts or watts, rou
cant figures.

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

bquency rating.
Other ratings

pbnal ratings may be published based on conditions other than those specified as st

hined by the methods~specified in this International Standard or by analytical metho
ble by the test methods-specified in this International Standard.

m.

ting capacity,
tings shall be
sions of this

hded to three

2 of Table 2)

andard rating
the data are
ds which are
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Annex A
(normative)

Test requirements

A.1 General test room requirements

A11 If an
conditions ca
vicinity of the

A1.2 If an
circulate air in
test. It shall b
which air is @
equipment su
installation. T
and preferabl
conditions un

A1.3 Ifthe
rooms shall 3
having more {

A.2 Equip
A.21 The

instructions u
multiple posit

indoor condition test room is required, it shall be a room or space in which the desirg
N be maintained within the prescribed tolerances. It is recommended that air velocities
equipment under test not exceed 2,5 m/s.

outdoor condition test room or space is required, it shall be of sufficientrnvolume and
a manner such that it does not change the normal air circulating pattern of the equipment
e of such dimensions that the distance from any room surface to any.equipment surfacs
ischarged is not less than 1,8 m and the distance from any other rgom surface to any
rface is not less than 1,0 m, except for floor or wall relationships required for normal equi
ne room conditioning apparatus should handle air at a rate not less than the outdoor airfloy
should take this air from the direction of the equipment air discharge and return it at the d
formly and at low velocities.

calorimeter room method is used with a facility having,more than two rooms, then the add

Iso comply with the requirements of Annex C. If thexair enthalpy method is used with a
han two rooms, the additional rooms shall also comply with the requirements of Annex D.

ment installation
pquipment to be tested shall beinstalled in accordance with the manufacturer's insta

ons, all tests shall be condueted using the worst configuration. In all cases, the manufac

d test
in the

shall
under
e from
other
bment
v rate,
esired

itional
facility

llation

5ing recommended installation procedures and accessories. If the equipment can be installed in

furer's

recommendations with respect to distances from adjacent walls, amount of extensions through walls, etd. shall
be followed.
A.2.2 Ductgd equipment rated-at.less than 8 kW and intended to operate at external static pressures ¢f less

than 25 Pa sh

A.2.3 No of

all be tested at free’delivery of air.

her alterations to the equipment shall be made except for the attachment of the requirg

apparatus an

A24

If nedessary, the equipment shall be evacuated and charged with the type and amount of refri
specified in the Manufacturer's instructions.

instruments in the prescribed manner.

d test

jerant

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 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

B.1.1

B.1.2
rating
humid

B.2

B.2.1
in fou
one a

B.3

B.3.1
partiti
conve
room

The n

ity) at which the specific volume is determined.

Airflow and static pressure
The area of a nozzle, 4, should be determined by measuringdits diameter to an accura

the outlet and the other in the straight section near the radius.

Nozzle apparatus

Nozzle apparatus, consisting of a receiving chamber and a discharge chamber s€
bn in which one or more nozzles are located (see Figure B.1). Air from the equipment

br channelled back to the equipment'siinlet.

Airflow should be measured using the apparatus and testing procedures given in this anmex.

Airflow quantities are determined as mass flow rates. If airflow quantities arefto-be expressed for
purposes in volume flow rates, such ratings should state the conditions (pressure, temperature and

cyof £0,2 %

locations approximately 45 ° apart around the nozzle in each.of two places through the jnozzle throat,

parated by a
under test is

yed via a duct to the receiving chamben, passes through the nozzle(s) and is then exhausted to the test

0zzle apparatus and its connections to the equipment's inlet should be sealed such that air leakage
does fot exceed 1,0 % of the airflew;rate being measured.
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Key
1 discharge ¢hamber 5 nozzle
2 exhaustfa 6 receiving.chamber
3 diffusion beer 7 apparatus for differential pressure measurement
4  Pitot tube (optional) 8 adapter duct (see B.5.1)

[}

Diffusion bgffles should have uniform perforations, with approximately 40 % of free area.
b Airflow.

Figure B.1 — Airflow measuring apparatus

The centre-tofcentre distance between nozzles in use should not be less than 3 times the throat diaméter of
the larger nozzle and\the distance from the centre of any nozzle to the nearest discharge or regeiving
chamber side|wall sheuld not be less than 1,5 times its throat diameter.

B.3.2 Diffufers, installed in the receiving chamber (at a distance at least 1,5 times the largest nozzle|throat
diameter, D) upstream of the partition wall and In the discharge chamber (at a distance at least 2,5 imes the
largest nozzle throat diameter, D,) downstream of the exit plane of the largest nozzle.

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 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.
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B.3.5 Means of determining the air density at the nozzle throat.
B.3.6 The throat velocity of any nozzle in use should be not less than 15 m/s or more than 35 m/s.

B.3.7 Nozzles should be constructed in accordance with Figure B.2 and applied in accordance with the
provisions of B.3.8 and B.3.9.

B.3.8 The nozzle discharge coefficient, Cy, for the construction shown in Figure B.2, which has a throat
length to throat diameter ratio of 0,6, may be determined using Equation (B.1).

Cq4 =0,998 6—7’,%6+13nﬁ (B.1)
~ Re e

for Reynolds numbers, Re, of 12 000 and above.

The Reynolds number is defined as Equation (B.2).

Re = Yaln (B.2)

wherg

is the mean airflow velocity at the throat of the nozzle;

=

. is the diameter of the throat of the nozzle;

l
M| is the kinematic viscosity of air.

B.3.9| Nozzles may also be constructed in accordance with appropriate national standards, provided they
can b¢ used in the apparatus described in Figure B.1 and result in equivalent accuracy.
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Figure B.2 — Airflow measuring nozzle

pressure measurements

ressure taps should-consist of (6,25 + 0,25) mm diameter nipples soldered to the outer p

ther surface irregularities.

ent and:the air measuring device, and should be insulated to prevent heat leakage betwe
tlet-and the temperature measuring instruments.

enum

centred over 1 mmrdiameter holes through the plenum. The edges of these holes should He free

lenum and)duct section should be sealed to prevent air leakage, particularly at the conngctions

en the

B.5 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, ¢,,, through a single nozzle is determined using Equation (B.3).

2py
va

gdm =Y XCyx A4,

where 4, is the area of the nozzle throat, in square metres.
The ekpansion factor, Y, is obtained from Equation (B.4):
}=0,452+0,548c

The pfessure ratio, ¢, is obtained from Equation (B.5):

—1_Pv
Pn

Air volume flow rate, ¢,, through a single nozzle is determined using Equation (B.6).
qy = Cqx42p,vy,
wherg V', is calculated using Equation (B.7):

Yn

=1+Wn

h

and 1, is the specific humidity at the nozzle inlet.

B.6.3| Airflow throaugh’ multiple nozzles may be calculated in accordance with B.6.2, except tha

rate i then the sum-of the ¢, or ¢, values for each nozzle used.

B.7 rlentilation, exhaust and leakage airflow measurements — Calorimeter

method

(B.3)

(B.4)

(B.5)

(B.6)

(B.7)

the total flow

test

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.

B.7.2 With the equalizing device adjusted for a maximum static pressure differential between the indoor-

side and outdoor-side compartments of 1 Pa, the following readings should be taken:
a) barometric pressure;
b) nozzle wet- and dry-bulb temperatures;

c) nozzle velocity pressure.
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2 discharge ¢thamber 6 pick-up.tube
3 exhaust fap De compartment equalization pressure
4  damper Dy nozzle velocity pressure
Figure B.3 — Pressure-equalizing device
B.7.3 Airfloy values should-be calculated in accordance with B.6.2.
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Annex C
(normative)

Calorimeter test method

C.1 General

Cc11
and t
balan
capac
rejecti

C1.2
partiti

The calorimeter provides a method for determining capacity simultaneously on both-th
ne outdoor side. In the cooling mode, the indoor-side capacity determination should
Ling the cooling and dehumidifying effects with measured heat and water inputs.;-The
ty provides a confirmative test of the cooling and dehumidifying effects by balanting the h
on on the condenser side with a measured amount of cooling.

The two calorimeter compartments, indoor side and outdoor side,.are separated by
bn having an opening into which the non-ducted, single-packaged’ equipment is n

equip

the infernal construction of the equipment to prevent air leakage froml,the condenser side to t

side
alter i

C.1.3| A pressure-equalizing device, as illustrated in Figure B.3, should be provided in the
betwegen the indoor-side and the outdoor-side compartments to maintain a balanced pressure b

comp
one o
mano

Since
oppos
locate
equali

of its airflow by any suitable means,~such as a variable speed drive or a damper as shown in Fi

exhau

The p
the st
1,25 H

C14
openi
openi
be all

ent should be installed in a manner similar to a normal installation: No effort should be

r vice versa. No connections or alterations should be made_ {o)the equipment which mig
normal operation.

rtments and also to permit measurement of leakage, exhaust and ventilation air. This devi
more nozzles of the type shown in Figure B.2¢a'discharge chamber equipped with an ex|
meters for measuring compartment and airflow pressures.

the airflow from one compartment to the-other may be in either direction, two such devic
ite directions or a reversible devicershould be used. The manometer pressure pickup tu
d so as to be unaffected by air discharged from the equipment or by the exhaust from
zing device. The fan or blowerj\which exhausts air from the discharge chamber, should ps

st from this fan or blower(should be such that it does not affect the inlet air to the equipmer

ressure equalizing device should be adjusted during calorimeter tests or airflow measure
atic pressure difference between the indoor-side and outdoor-side compartments is nof
a.

The sizeyof the calorimeter should be sufficient to avoid any restriction to the intake
gs of the“equipment. Perforated plates or other suitable grilles should be provided at
g fromthe reconditioning equipment to avoid face velocities exceeding 0,5 m/s. Sufficient
bwed" in front of any inlet or discharge grilles of the equipment to avoid interference wi

151:2010(E)
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m, 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 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.
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Table C.1 — Sizes of calorimeter

. . Suggested minimum inside dimensions
Rated cooling capacity of of each room of the calorimeter
equipment?
m
W
Width Height Length
3000 2,4 2,1 1,8
6 000 2,4 2,1 2,4
9 000 2,7 2,4 3,0
12 000P 3,0 2,4 3,7
a All figures are round numbers.
b | arger capacity equipment requires larger calorimeters.

C.1.5 Each
prescribed co
supply sensit
compartment
controlled ang

C.1.6 Wher
capabilities fg
used as long

C.1.7 Reco
ensure airfloy
calorimeter. T
dry-bulb temp

C1.8 ltisn
and airflow pa
the resultant
arrangement
under test.

The point of
following cond

compartment should be provided with reconditioning equipment to maintain specified airflg
hditions. Reconditioning apparatus for the indoor-side compartment‘should consist of hea
le heat and a humidifier to supply moisture. Reconditioning apparatus for the outdod
should provide cooling, dehumidification and humidification\The energy supply shot
measured.

calorimeters are used for heat pumps, they should*have heating, humidifying and ¢
bs the rating conditions are maintained.

nditioning apparatus for both compartments sheuld be provided with fans of sufficient capg
vs of not less than twice the quantity of~air discharged by the equipment under test
he calorimeter should be equipped with means of measuring or determining specified weg
eratures in both calorimeter compartments.

pcognized that in both the indoor-side and outdoor-side compartments, temperature gra
tterns result from the interaction of the reconditioning apparatus and test equipment. The
conditions are peculiarto“/and dependent on a given combination of compartment
and size of reconditioning apparatus and the air discharge characteristics of the equi

measurement af specified test temperatures, both wet- and dry-bulb, should be such th
itions are fulfilled:

sured temperatures should be representative of the temperature surrounding the equipme
Mmulaterthe conditions encountered in an actual application for both indoor and outdoor sid
above.

w and
ers to
r-side
Id be

ooling

r both rooms (see Figures C.1 and C.2) or other means), such as rotating the equipment, may be

city to
in the
t- and

dients
efore,

size,
bment

at the

nt and
es, as

At the point of measurement, the temperature of air should not be affected by air discharged from any

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

a) The mea
should si
indicated

b)
re-circula

c)

tion produced by the equipment.

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

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 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.
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C.1.10 |Interior surfaces of the calorimeter compartments 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 during such a defrost
period. If it is desirable to maintain operation of the reconditioning apparatus during the defrost period,
provisions may be made to bypass the conditioned air around the equipment as long as assurance is provided
that the conditioned air does not aid in the defrosting. A watt-hour meter shall be used for obtaining the
integrated electrical input to the equipment under test.
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Key
1 outdoor-side compartment 6 mixer
2 copling.coil 7  air sampling tube
3 haating coil 8 equipment under test
4 humidifier 9 indoor-side compartment
5 fan 10 pressure equalization device

Figure C.1 — Typical calibrated room-type calorimeter
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1 controlled-femperature air space 7 mixer,

2 outdoor-side compartment 8 airsampling tube

3 cooling coi 9 \equipment under test

4  heating co 10 indoor-side compartment

5 humidifier 11 pressure equalization device
6 fan

Figure C,2'—'Typical balanced ambient room-type calorimeter

C.2 Calibrated room-type calorimeter

C.2.1 Heat|leakage may be determined in either the indoor-side or outdoor-side compartment by the
foIIowing method—At upcllillgb stroutdbe—closed—FEither compartnent may beteated Iuy etectricheaters to a
temperature of at least 11 °C above the surrounding ambient temperature. The ambient temperature should
be maintained constant within £1 °C outside all six enveloping surfaces of the compartment, including 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 compartment, thus eliminating heat
leakage through the partition, while the 11 °C differential is maintained between the heated compartment 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.
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C.2.3 For the outdoor-side compartment equipped with means of cooling, an alternative means of
calibration may be to cool the compartment to a temperature of at least 11 °C below the ambient temperature
(on six sides) and carry out a similar analysis.

Cc.24

test la

C.3 Balanced-ambientroom-typecalorimeter—MMMM

C.3.1

maintaining the dry-bulb temperatures surrounding the particular compartment equal to

tempg
equal

C.3.2
away
provid
0,3m

C.33
and m

C.34
to limi
tempg
using

C4

The e
meas

In addition to the two-room simultaneous method of determining capacities, the performance of the
indoor room-side compartment may be verified at least every six months using an industry standard cooling
capacity calibrating device. A calibrating device may also be another piece of equipment whose performance
has been measured by the simultaneous indoor and outdoor measurement method at an accredited national

boratory as part of an industry-wide cooling capacity verification programme.

ratures maintained within that compartment. If the ambient wet-bulb temperature is alg
to that within the compartment, the vapour-proofing provisions of C.1.10 are-not fequired.

The floor, ceiling and walls of the calorimeter compartments shall-be-“spaced a suffi
from the floor, ceiling and walls of the controlled areas in which the compartments are loca
e a uniform air temperature in the intervening space. It is recommended that this distan
Means shall be provided to circulate the air within the surrounding space to prevent stratif

Heat leakage through the separating partition shall bejintroduced into the heat balan
ay be calibrated in accordance with C.3.4 or may be calculated.

It is recommended that the floor, ceiling and walls of the calorimeter compartments be in
I heat leakage (including radiation) to no more thah 10 % of the test equipment's capacity,
rature difference, or 300 W for the same temperature difference, whichever is the grea
the procedure given in C.3.2.

Calculation of cooling capacity

hergy flow quantities used te-calculate the total cooling capacity, based on indoor-side ang
irements, are shown in Figure C.3.

The balanced ambient room-type calorimeter is shown in Figure C.2 and is based on the principle of

the dry-bulb
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ed in order to
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cation.
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sulated so as
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NOTE Values for the variables identified in the figure are calculated using Equations (C.1) to (C.5).

Figure C.3 — Caloriméter energy flows during cooling capacity tests

C.41 The fotal cooling capacityon the indoor side, ¢, as tested in either the calibrated or balanced
ambient, room-type calorimetef(see Figures C.1 and C.2), is calculated using Equation (C.1).

rci = TPy + (hyt —h2) Wy + 9y + @y (C.1)

NOTE If fo watgp-is introduced during the test, 4, is taken at the temperature of the water in the humidifier fank of
the conditioningr apparatus.

C.4.2 When it is not practical to measure the temperature of the air leaving the indoor-side compartment to
the outdoor-side compartment, 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.

C.4.3 The water vapour condensed by the equipment under test, W, may be determined by the amount of
water evaporated into the indoor-side compartment by the reconditioning equipment to maintain the required
humidity.

C.4.4 Heat leakage, Do into the indoor-side compartment through the separating partition between the

indoor-side and outdoor-side compartments may be determined from the calibrating test or, in the case of the
balanced-ambient room-type compartment, may be based on calculations.

44 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=35f7a85e8c7ccefa6e74f461e430ab20

ISO 5151:2010(E)

C.45 The total cooling capacity on the outdoor side, ¢, as tested in either the

calibrated or

balanced-ambient, room-type calorimeter (see Figures C.1 and C.2) is calculated using Equation (C.2).

Pteo =¢C_ZPOC_Pt+(hw3 _hWZ)Wr+¢Ip+¢Io

(C.2)

NOTE The #,,5 enthalpy is taken at the temperature at which the condensate leaves the outdoor-side compartment of

the reconditioning apparatus.

C.4.6 The heat leakage rate into the indoor-side compartment through the separating partition between the

indoor-side and outdoor-side compartments, d1p, May be determined from the calibrating test or,
the balanced-ambient room-type compartment, may be based on calculations.

in the case of

NOTE This quantity is numerically equal to that used in Equation C.1 if, and only if, the area ‘of
partitign exposed to the outdoor side is equal to the area exposed to the indoor-side compartment.

C.4.7| The latent cooling capacity (room dehumidifying capacity), ¢,, is calculated using Equati
Ao = KW,

C.4.8| The sensible cooling capacity, ¢, is calculated using Equation (C,4).

Asci = Prci — Pd

C.4.9| Sensible heat ratio (SHR) is calculated using Equation(C.5).

§HR = Psci /¢tci

C.5 Calculation of heating capacity

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

the separating

bn (C.3).

(C.3)

(C.4)

(C.5)

joor-side and
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Figure C.4 — Caloriméter energy flows during heating capacity tests

N
:—V

(hw4_ hW5) qwo

mination of the heating capacity by measurement in the indoor-side compartment of the
calorimeter, g, is calculated using Equation (C.6).

- 2P — G X0

(C.6)

. is theother power input to the indoor-side compartment (e.g. illumination, electrical and thermal| power
npensating device, heat balance of the humidification device), in watts.

C.5.3 Determination of the heating capacity by measurement of the heat absorbing side, ¢,,,, is calculated
for equipment where the evaporator takes the heat from an airflow using Equation (C.7).

Pho = Poc+Pt+(hw4_hw5)qwo_¢lp_¢lo

where

2P

ocC

the equipment, in watts;

9wo

46

(C.7)

is the total power input to the outdoor-side compartment with the exception of the power input to

is the water mass flow supplied to the outside compartment for maintaining the test conditions, in
kilograms per second,;
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hws is the specific enthalpy of the condensed water (in the case of test condition, high) and frost,
respectively (in the case of test condition, H2 or H3) in the equipment, in joules per kilogram;

Do is the heat flow through the remaining enveloping surfaces into the outdoor-side compartment,
in watts.
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Annex D
(normative)

Indoor air enthalpy test method

D.1 General

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

D.2 Applidation

D.2.1 Air lgaving the equipment under the test shall lead directly to the discharge’ chamber. If a|direct
connection cannot be made between the equipment and the discharge chamber,na short plenum shall be
attached to the equipment. In this case, the short plenum shall have the same size as the discharge opening
of the equipment or shall be constructed so as not to prevent the leaving air from expanding. The
cross-section|area of the airflow channel through the discharge chambershall be such that the avergge air
velocity is legs than 1,25 m/s against the airflow rate of the equipment under test. The static prgssure
difference befween the discharge chamber and intake opening of the equipment under test shall be zefo. An
example of the discharge chamber test set-up is shown in Figure D,

D.2.2 Airfloyw measurements shall be made in accordance with the provisions specified in Annex B.

NOTE Additional guidance can be found in ISO 3966 and ISO 5167-1, as appropriate and in the provisions|of this
annex.

D.2.3 Whern conducting cooling or steady-state.heating capacity tests using the indoor air enthalgdy test
method, the additional test tolerances given in.Table D.1 shall apply.

Table D.1 — Variations allowed during steady-state cooling and heating capacity
tests that only-apply when using the indoor air enthalpy method

Variation of arithmetical mean Maximum variation of individual
Reading values from specified test readings from specified test
conditions conditions
Temperature df air leaving‘indoor side:
— dry-bulb — +2,0 °C?2
External resisthnce to indoor airflow +5 Pa +5 Pa

@  The tolerance represents the greatest permissible difference between the maximum and minimum observations during the test.
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0<K<JR2
PL.1 PL.2
V,<1,25 m/s’
B — ——
NN
\ 'l\‘ /' J
2

Key
1 static pressure tappings
2 equipment under test

a8 Tq air sampler and airflow measuring apparatus.

b J3 2D, where D, = J4A4B/n and 4 and'B’are the dimensions of the equipment's air outlet.

¢ V,is the average air velocity at PL:2:

D.24

additipnal test tolerances given in Table D.2 shall apply

Table D.2 — Variations allowed during the transient heating tests which
only apply when using the indoor air enthalpy test method

Figure D.1 — Discharge chamber requirements when using the indoor air enthalpy test method

When conducting transient heating capacity tests using the indoor air enthalpy tes{ method, the

Variation of arithmetical
mean values from specified

Variation of individual readings
from specified test conditions

Reading test conditions
Interval H2 Interval DP Interval H2 Interval DP
External resistance to airflow +5 Pa — +5 Pa —

NOTE For transient heating tests, see 6.1.11.

the heating mode.

a8  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 pump is operating in
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D.3 Calculation of cooling capacity

The total cooling capacity based on the indoor-side test data, ¢, shall be calculated using Equation (D.1).

b = qvi(ha1 —ha2) _ qvi,(ha1 —ha2) (D)
Vi Vi (1+Wn)

The sensible cooling capacity based on the indoor-side test data, ¢, shall be calculated using Equation (D.2).

4 vi (Cpa1ta1 _Cpa2ta2) 9 vi (Cpa1ta1 _Cpa2[a2)
Vn - v (1+W,)

Deci = (D.2)

The latent copling capacity based on the indoor-side test data, ¢, shall be calculated using Equationg (D.3)
and (D.4).

Kadvi(Wa=Wi2) _ Kyavi(Win =Wia)

= D.3
P4 Vn v (1+7,) (B3)
P4 = Prci [ Psci (D.4)
D.4 Calculation of heating capacity
Total heating [capacity based on indoor-side data, ¢, shall be calculated using Equation (D.5).
qv[\Cpa2fa2 — Cpatlat qvi|Cpa2fa2 —Cpatla
o= L ) _ 2l ) 05

Vn v'n(1+Wn)

NOTE Eqgations (D.1), (D.2), (D.3) and (D.5) do not provide allowance for heat leakage in the test duct gnd the
discharge chamber.

D.5 Airflow enthalpy measurements

D.5.1 General

The following|test apparatus arrangements are recommended.

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.
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Key
1 outdoor-side test room 7  door/window
2 outdoor unit of equipmentunder test 8 insulation
3 indloor-side coil section of equipment under test 9 indoor-side test room
4 aif temperature-and humidity measuring instruments 10 room conditioning apparatus
5  mixer 11 apparatus for differential pressure meajsurement
6 aifflow measuring apparatus

Figure D.2 — Tunnel air enthalpy method

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 °C 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 5 reconditioning apparatus
2 outdoor unjt of equipment under test 6  airflow measuring apparatus
3 indoor unit|of equipment under test 7..(_indoor-side test room
4  temperature and humidity measuring instruments_~:8- apparatus for differential pressure measurement
a  Airflow.
Figure D.3 — Loop air enthalpy test method arrangement
D.5.4 Calonymeter air enthalpy method

For equipmen
enthalpy me
(see Figure D
equipment, (
non-hydrosco

t in which the.compressor is ventilated independently of the indoor air stream, the calorimg

4). In this“arrangement, an enclosure is placed over the equipment, or applicable part
nder\test. This enclosure may be constructed of any suitable material, but sh
pic, shall be airtight and preferably insulated. It shall be large enough to permit inlet

circulate freel

ter air

hod arrangement shall be employed to take into account compressor heat radliation

of the
all be
air to

Vi hetween the nqnipmnm‘ and the enclosures and in no case shall the enclosure be close

r 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.
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Figure/D.4 — Calorimeter air enthalpy test method arrangement
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Annex E
(informative)

Compressor calibration test method

E.1 General description

E.1.1 In this
from mea
and the 4
identical
refrigeran

a)

b) by meas

condition

E.1.2 Wher
the equipmen

E.1.3 Cooli
effects of the

E.2 Measy

E.21 The

temperature @
intervals that
cooling or hez

method, total cooling or heating capacity is determined as follows:

surements of properties of the refrigerant entering and leaving the indoor side of the equi
ssociated refrigerant flow rate as determined by subsequent calibration of the compressor
pperating conditions. Direct capacity measurements should be used when the superheat
t leaving the evaporator is less than 3,0 °C;

uring capacity directly with a calorimeter when the compressor is“operating at the id
5 encountered during the equipment test.

the compressor calibration method is employed, the requirements in E.2 and E.3 apply t
t test and the compressor calibration test.

g and heating capacities obtained by the compressor.calibration method should include th
fan.

rement of refrigerant properties

bquipment should be operated at the desired test conditions and measurements
nd pressure of the refrigerant entering and leaving the compressor should be recorded at|
span 5 min or less. These readings should be obtained during the data collection period
ting capacity test.

E.2.2 On equipment not sensitive to\refrigerant charge, pressure gages may be tapped into the refri

lines.

E.23 One
test because
temperatures
midpoints of
sub-cooling. H
with the type
test condition

quipment sensitive"to refrigerant charge, refrigerant pressures should be determined aft

are measured during the test by means of thermocouples soldered to return bends
each indoor and outdoor coil circuit or at points not affected by vapour superheat or
ollowing-the test, gages are connected to the lines and the equipment is evacuated and ch
and{quantity of refrigerant specified on the nameplate. The equipment is then operated ag
sCand, if necessary, refrigerant charge is added or removed until the coil thermo

bment
under
of the

entical

D both

ermal

bf the
equal
of the

jerant

br this

the connection/of pressure gages might result in a loss of charge. To accomplish this,

at the
liquid
arged
ain at
couple

measuremen

s are within 0,5 “C of their original values, the temperatures of the refrigerant vapour en

tering

and leaving the compressor are within +2,0 °C of their original values and the temperature of the liquid
entering the expansion device is reproduced within 0,6 °C. The operating pressures should then be observed.

E.2.4 Refrigerant temperatures should be measured by means of thermocouples soldered to the lines at
appropriate locations.

E.2.5 No thermocouples should be removed, replaced or otherwise disturbed during any portion of a
complete capacity test.

E.2.6 Temperatures and pressures of the refrigerant vapour entering and leaving the compressor should be
measured in the refrigerant lines approximately 250 mm from the compressor shell. If the reversing valve is
included in the calibration, these data should be taken on the lines to the coils and approximately 25 cm from
the valve.
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E.3 Compressor calibration

E.3.1

151:2010(E)

The refrigerant flow-rate, ¢,, should then be determined from the calibration of the compressor at the

predetermined compressor entering and leaving refrigerant pressures and temperatures by one of the primary
test methods described in ISO 917.

E.3.2 Calibration tests should be performed with the compressor and reversing valve (where used) at the
same ambient temperature and air pattern as in the tested equipment.

E.3.3 Forthe

a) speondaryrefrigerant-calorimetermethod;

b) flpoded system primary refrigerant calorimeter method,
c) dfy system primary refrigerant calorimeter method, and
d) cpncentric tube calorimeter method,

the refrigerant flow rate, ¢, is calculated using Equation (E.1):

E.3.4| The gaseous refrigerant flow meter method gives refrigerant flow directly.

E.3.5| Total cooling capacity is calculated as prescribed in E.5.1 and E.5.2. Total heatin
calculpted as prescribed in E.6.

E.4

E.4.1| For compressor calibration tests,)when the evaporator superheat on the heating cycl
, the refrigerant flow-rate should be determined using the heat rejection from the calorimeter condenser.
A watgr-cooled condenser, insulated-against heat leakage, is required. The condenser may be
of the|calorimeter arrangements-in-E.3.3.

3,0 °C

E.4.2| This method mayde-used only when the calculated heat leakage from the condenser t
is lesq than 2 % of the refrigerating effect of the compressor.

E.4.3| The compressor calibration test should be run as specified in E.3. Additional data require

a)
b)
c)
d)
e)

f)

qr = bci! (g1 —hs1)

Direct heating capacity measurements

r¢frigerantpfessure and temperature entering condenser;

r¢frigerant pressure and temperature leaving condenser;

(E.1)

g capacity is

b is less than

Lised with any

b the ambient

d are:

water temperatures entering and leaving condenser;
ambient temperature surrounding condenser;
quantity of condenser cooling water;

average temperature of condenser jacket surface exposed to ambient.

E.4.4 The refrigerant flow-rate, ¢,, is calculated using Equation (E.2)

qy =|:qwcpw (tw1 _tw2)+AI(tc _ta):|/(h92 _hf2)
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E.4.5 Total heating capacity, ¢, is calculated as given in E.6.

E.5 Calculation of cooling capacity

E.5.1 For tests in which the evaporator superheat is 3,0 °C or more, total cooling capacity based on
compressor calibration data is calculated from the refrigerant flow-rate using Equation (E.3):

Ptei =4r (hr2 _hr1)_Pt (E.3)

E.5.2 For tests in which the evaparator superheat is less than 3 0 °C_total cooling capacity is calculated
using Equation (E.4):

¢tci:¢e+‘4l(ta_tc)_Pi (E.4)

E.6 Calculation of heating capacity

E.6.1 Total|heating capacity based on compressor calibration data is calculated from the refrigerant flow-
rate using Equation (E.5):

Prci = qr 1 _hrZ)_Pi (E.5)
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Annex F
(informative)

Refrigerant enthalpy test method

F.1 General description

151:2010(E)

F.1.1
Entha
the re

F.1.2
wherg

F.1.3
sub-c
than 3

F1.4
therm

F.2

F.2.1
liquid

does not exceed the vapour pressure change,that a 2,0 °C temperature change would produce.

F.2.2
downg
and t
recon
advan

F.2.3

py changes are determined from measurements of entering and leaving pressures and.te
rigerant, and the flow-rate is determined by a suitable flow meter in the liquid line.

This method may be used for tests of equipment in which the refrigerant.charge is n
normal installation procedures involve the field connection of refrigerant lines)

This method should neither be used for tests in which the refrigerantliquid leaving the
boled to less than 2,0 °C nor for tests in which the superheat of the yapour leaving the indo
,0 °C.

Cooling and heating capacities obtained by the refrigerant enthalpy method shoul
bl effects of the fan.

Refrigerant flow method

The refrigerant flow-rate should be measured with an integrating-type flow meter con
line upstream of the refrigerant control device. This meter should be sized such that its

Temperature and pressure measuring instruments and a sight glass should be installe
tream of the meter to determine if the refrigerant liquid is adequately subcooled. Sub-cog
ne absence of any vapour_bubbles in the liquid leaving the meter are considered a
mended that the meter be’installed at the bottom of a vertical downward loop in the liqu
tage of the static head.of the liquid thus provided.

_ =Wy
W =Wy

-

(o]

In this test method, capacity is determined from the refrigerant enthalpy change and flow-rate.

mperatures of

ot critical and

flow meter is
or side is less

1 include the

nected in the
bressure drop

] immediately
ling of 2,0 °C
lequate. It is
d line to take

At the end of-the’ test, a sample of the circulating refrigerant and oil mixture may be taken from the
equipment and its edneentration of oil, X, calculated using Equation (F.1).

(F.1)

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

F.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 °C.

© 1SO 2010 — All rights reserved

57


https://standardsiso.com/api/?name=35f7a85e8c7ccefa6e74f461e430ab20

ISO 5151:2010(E)

F.4 Calculation of cooling capacity

Total cooling capacity, ¢, based on volatile refrigerant flow data is calculated using Equation (F.2):

Ptei = Xr dro (hr2 _hr1)_Pi (F.2)

F.5 Calculation of heating capacity

Total heating capacity, ¢y,;, based on volatile refrigerant flow data is calculated using Equation (F.3):

Pthi = Xr Fro (hr1 _hr2)+Pi (F.3)
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