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Testing of refrigerating systems

1 Scope

This documentapplies to the performance testing of compressor driven refrigerating systems (hereafter
referred to as refrigerating systems) that operate according to the principle of vapour compression and
consist of the circuit parts for compression, condensation, and evaporation as well as the connecting
pipes and any necessary associated ancillaries required for a complete refrigeration circuit.

This document does not apply to the testing of other refrigeration systems such as absorption or steam
jet refrigerating systems.

Testing of the suitability of a refrigerating system for a specific use, such as household refrigerators,
refrigerated commercial and display cabinets, air conditioners, is not; cove\jed by this document.

This document includes testing outside laboratories or where speciﬁc laboratory testing standards for
systems do not exist and which is performed according to agreed ofxeratmg conditions.

2 Normative references

The following documents are referred to in the J;é‘x:c»n uch a way that some or all of their content
constitutes requlrements of thlS document For: wdatgd references, only the edition cited applies. For
f X

4
ISO 5167 (all parts), Measurement of fluid j 'w?;y means of pressure differential devices inserted in circular
cross-section conduits running full A

ISO and IEC maintain terr ﬂologlcal databases for use in standardization at the following addresses:
R

— 1SO Online broy\/smg platform: available at https://www.iso.org/obp
— IEC Electropeﬁ‘la available at http://www.electropedia.org/

31
overall refrigerating capacity

0g ; 5 3 ;
rate at which heat is extracted from the ambient by the refrigerant
Note 1 to entry: As a rule, for single-stage refrigerating systems, the overall refrigerating capacity corresponds
to the product of the mass flow and the difference between the respective enthalpies of the refrigerant at the
inlet of the compressor and at the outlet of the condenser or aftercooler, if provided (see also 8.1.1).

3.2
net refrigerating capacity

on
rate at which heat is extracted from the cooled medium in the evaporator by the refrigerant

Note 1 to entry: See also 8.1.2.
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3.3
useful refrigerating capacity

oe
rate at which heat is usefully extracted by the refrigerant or cooled medium

Note 1 to entry: The useful refrigerating capacity corresponds to the product of the flow of the refrigerant or
cooled medium and its difference in enthalpy between the two points specified by agreement between which the
cooling effect is made useful (see also 8.1.3).

4 Symbols and units

Parameter Symbol Unit
Heat-transfer area A m2
Specific heat capacity c J/(kg'K)
Coefficient of performance cop AN —
Specific enthalpy h ; m\ /‘?\\?’7"; J/kg
Mass flow m o i kg/s
Absolute pressure p. Y bar
Power AN w
Heat flow <’ w
Refrigerating capacity q, w
Temperature ot °C
Absolute temperature P N T K
Overall coefficient of heat transfer PREN ;} u W/(m2K)
Surface coefficient of heat transfer Ciyy a W/(m2K)
Insulation thickness - i s m
Isentropic efficiency n; —
Thermal conductivity A W/(m-K)
Kinematic viscosity m2/s
Density kg/m3
Indices:
Parameter
amb Ambient
cor Corrected
e Useful
g Overall
K Cooled medium, liquid
L Heat-transfer medium
m Mechanical
n Net
R Refrigerant
w Coolant, liquid (cooling water)
Index Location

Reference point: 1

Measuring point: compressor inlet (suction port)

Reference point: 2

Measuring point: compressor outlet (discharge port)
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Index Location

Reference point: 3 Measuring point: condenser/gas cooler refrigerant inlet

Measuring point: condenser/gas cooler refrigerant outlet

Shens Pl 4 or upstream of internal heat exchanger, if installed

Measuring point: upstream of the expansion valve for the

Reference point: 5 evaporator

Reference point: 6  |Measuring point: evaporator refrigerant inlet

Reference point: 7 | Measuring point: evaporator refrigerant outlet
Reference point: 8 Measuring point: aftercooler refrigerant inlet

Reference point: 9 Measuring point: aftercooler refrigerant outlet

5 Performance warranty

PN
.

5.1 General el

AN

‘f‘,/ /‘\} -
5.1.1 Only the characteristics essential to the economic efficieﬂ_t%hd the operation of refrigerating
systems and verifiable by usual measurement methods shall be the subject of performance warranty. This
requires allowances for the variations of operating conditiongjvs(ﬁ-i/th are hardly avoidable in practice.

.

NN
5.1.2 For the data according to 5.2.1 to 5.2.7, it is recommended to indicate several values near the
operating conditions according to 5.3, particularly fo; 'f;iﬂg,’e’ temperature values. To avoid interpolation,
these values may be presented graphically within ;ﬁ&v}hation limits for each pair of values. Permissible
deviations shall be subject to agreement. ({"”f”%&}“ﬁ"

X7
5.1.3 The influence of temporary vgxfagi:fgj/rfs on other operating conditions shall be subject to
agreement. S

5.2 Subject of technical warranties

-

5.2.1 General P

Subject of the technica\}'ﬁéﬁanties are the refrigerating capacity and the power absorbed at operating
conditions which needto be agreed.
N

5.2.2 Refriger i'ilglg capacity

The refrigerating capacity shall be agreed as:
— overall refrigerating capacity (see 3.1);
— netrefrigerating capacity (see 3.2); or

— useful refrigerating capacity (see 3.3).

5.2.3 Compressor absorbed power

The following shall be subject to agreement:

a) the power absorbed at the compressor shaft;

b) the power output at the driver shaft;

c) the power absorbed by the motor, e.g. electrical power input at the motor terminals; or

d) the fuel consumption of the engine.
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5.2.4 Absorbed power of ancillaries

The power absorbed by fans, pumps, agitators, heaters, and other associated ancillaries shall be subject
to agreement.

5.2.5 Absorbed power of the entire system

The drive power of the entire system shall be subject to agreement.

5.2.6 Cooling water demand

The cooling water demand may be a subject of the technical warranties.

5.2.7 Coefficient of performance

The coefficient of performance, COP, may be subject to agreement instead of the power absorbed
according to 5.2.3 to 5.2.5. oCy

5.3 Operating conditions for technical warranties

5.3.1 General

The following shall be subject to agreement:

a) refrigerant designation; 5

b) condition of the heat-transfer medium when entérlrfg %g. the condenser, aftercooler, oil cooler (if
provided). 25D /

Vs
e e et
8
AN

s
g

5.3.2 Overall refrigerating capacity

The following shall be subject to agreemgnf ‘‘‘‘‘‘‘ g

(WQ

a) Pressure and temperature of thgéreﬁ*igerant
1) atthe suction port of t)lg compressor and
&

2) atthe outlet of the ;on@enser or of the receiver or aftercooler, respectively.

w\/

5.3.3 Netor useful r%fr/igeratmg capacity

The following shall be subject to agreement:

a) the condition of the cooled medium at the inlet and outlet of the evaporator or at two defined points
of the cooled medium circuit; or

b) the condition of the cooled medium at the inlet or outlet of the evaporator or at a defined point of
the cooled medium circuit as well as the corresponding mass flow.

The condition of the cooled medium does not only include its temperature but also its physical data.

5.3.4 Conversion to warranty conditions

The conversion to warranty conditions requires the indication of the compressor speed or the power
supply frequency (for motor compressors), respectively, the refrigerant pressures in the evaporator and
the condenser or the evaporation and condensing temperature, respectively, as well as the intermediate

pressures in case of multiple-stage systems.

For this purpose, the permissible deviations of the operating conditions for testing shall be specified.
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Methods for correction to measured performance to indicate performance at warranty conditions shall
be agreed. See also 11.5.

5.4 Tolerance

The tolerance refers to deviations from the assured property (e.g. refrigerating capacity, power
absorbed, and COP) which are caused by the manufacturing process and shall be agreed separately.

5.5 Acceptance limit

The permissible deviation of measured values from the assured property is the sum of the tolerance
and the overall measurement uncertainty of the applied measurement method.

In cases where zero negative tolerance has been specified in relation to manufacturing tolerances in
5.4, allowance for measurement uncertainty shall still apply.

D
6 Test preparation and procedure 7\
/K"E
6.1 The test shall be carried out with all values in steady—state cagdltlon and in addition particularly
with the compressor and the motor at operating temperature. /e {;;

/
/ P4

‘\.\

6.2 Prior to any measurement, it shall be ensured that ﬁe\at exchanger surfaces not in contact with the
refrigerant are clean. This applies, for example, to the éﬁohng water side of condensers and the secondary
refrigerant side of the evaporator.

&\W’
6.3 Readjustment of the system prior to é‘a,sﬁrements is permitted. During the actual test, only
mutually agreed interventions are permltt@

6.4 The test shall be carried out aLaperatmg conditions complying as precisely as possible to those

{

agreed in accordance with 5.3. ..y
X &5
6.5 The steady-state condltmn must be proven over a sufficiently long time period, while the initial
and the final values of angu‘éntlties relevant to the test shall be within previously agreed limits.
iQJ\ \>
6.6 Values dev1a)mg strongly from the arithmetic mean of the readings are not taken into account.
\ \
6.7 Readings are’ acceptable as long as the steady-state condition can be maintained.

6.8 All measurements shall be carried out in accordance with applicable standards, e.g.
ISO 5167 (all parts). The measuring instruments shall be chosen in accordance with Clause 7.

6.9 The refrigerating system under test shall be provided with the required connections for pressure
and temperature measurements. These connections shall not impair the intended function of the system.

6.10 For measuring the overall refrigerating capacity, it shall be ensured that the liquid refrigerant is
free from bubbles downstream of the condenser or the aftercooler, respectively. Proper purging of the
refrigerating system is additionally required.

6.11 Two consecutive measurement series shall be conducted.

© ISO 2020 - All rights reserved 5

(LB PR, PRSI0 R4 1 4

RO : BEFFEECERERS Mhak: www sacinfo.cn  iT#E: 1S0/TC 86/SC 4-20200302



{#ERF7: 1S0/TC 86/SC 4

ISO 916:2020(E)

7 Measuring instruments

7.1 General

7.1.1 The condensing and evaporating temperatures are derived from the absolute pressure readings,
where the sources according to 12.1 are used and the purging measures according to 6,10 are followed.

7.1.2 Only measuring instruments with fully verifiable indications shall be used. It is essential that the
measurement uncertainty can be determined by calibration and does not vary during testing. Measuring
instruments whose condition may vary during the test shall be verified both before and after testing. The
measurement uncertainty values indicated below refer to the extended measurement uncertainty with a
confidence interval of 95 % corresponding to twice the standard deviation.

7.1.3 Besides the types of measuring instruments indicated below, other genera :Xaccepted measuring

11
instruments or devices may be used provided they comply with the indicated measurement uncertainties.
. P
fj/)‘:?\ \\5\,/
7.2 Temperature measuring instruments p

A
KC

APk i :
The measurement uncertainty of the temperature measuring instrument-shall be within the following
(AN

limits while 7.1 shall be taken into account: A

. A\ . ”

a) for measuring the temperatures of cooled medium in the evaporator or cooling water in the
condenser 0,1 K; \ )

a) forall other temperature measurements +0,5 K. .

7.3 Pressure gauges KL

N
The measuring range shall be chosen such that-the measurement uncertainty does not exceed 2 % of
(d)

the indicated value. AL)

A SR

% )
a) if Bourdon-tube, diaphragm or ° gk%\fvs manometers are used, classes 0,6 to 0,1 (precision

manometers) shall be chosen; (o7~

o
. { &5} i 5
b) if pressure transducers al;\ef‘a\s,ed, they shall be calibrated prior to measurement;
NS Y
¢) ifliquid filled pressu{q%ga\gges are used for measuring the pressure differences, it shall be ensured
that the uncertainty ofitHe measurement does not exceed 1 % of the indicated value. The medium

to be measured shall.niot be absorbed by the barrier liquid.

7.4 Measuring instruments for electric power
The measurement uncertainty shall not exceed:
a) 0,5 % of the full scale value for indicating measuring instruments;

b) 1% of the measured value for integrating measuring instruments.

7.5 Flow meters

The measurement uncertainty of flow meters shall be within 2 % of the indicated value.

7.6 Speed measuring devices

The measurement uncertainty shall not exceed 0,75 % of the indicated value.
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7.7 Torque measuring devices

The measurement uncertainty shall not exceed 1 % of the rated load.

7.8 Time measuring devices

The measurement uncertainty shall not exceed 0,1 % of the measured value.
7.9 Mass measuring devices

The measurement uncertainty shall not exceed 0,2 % of the measured value.
8 Determination of the refrigerating capacity

8.1 Direct methods
8.1.1 Overall refrigerating capacity

8.1.1.1 General

If the refrigerant vapour at the compressor in]epj%if;t_,h;j/ffsaturated or superheated (i.e. free from
entrained liquid), the overall refrigerating capacigy‘&}\gwm by Formula (1)
A : Ol

Qog =mg (hl _hS ) /,}"f,i\,\ Vv 1)

/\;q~ "“; . ar
Condition 1 corresponds to the condition at the compressor inlet, condition 5 corresponds to the
condition upstream of the expansi(r;\lg’galve before the evaporator (see Figures 1 and 2).

The refrigerant mass flow is deterniined either from the heat balance in accordance with 8.1.1.2 or
from the flow measurement in-accordance with 8.1.1.3. This method is suitable for various designs of
refrigerating systems. Figuges 1 and 2 show representations of refrigerating system schematics and
their characteristic in the. p~h diagram.

v

logp

h h

a) Single-stage refrigerating system
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logp logp

N ( A 5mLz
] T

A 1‘6 Tﬂl

(o))
\]
=5
=

{ ;bvfm,/
‘1/\‘\»- \
d) Two-stage refrigerating system with intermediate pressure separator

A compressor, A p from low pressure to D  evaporator
intermediate pressure, Ayp from
intermediate pressure to high pressure

B condenser

C expansion valve, Cyp to intermediate N aftercooler
pressure, C p to evaporator pressure

25}

economiser

S liquid separator, Syp at intermediate pressure

Figure 1 — Schematics and log-p-h diagrams of subcritical and trans-critical refrigerating
systems
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4 3
logp 5,___; o—p 2
3
so/ ) 3, /\ /
/ 6 /7 8 o .
’e 7lgg 1
h h
a) Single-stage refrigerating system with internal heat exchangérand dry evaporation
B 3 N
4 2

—ed ]
7[8 9
h
C
b) Refrigerating system with internal heat exchanger and flooded evaporator
Key Pl
A compressor ¢ AN D evaporator
B condenser ”\&;‘M' F internal heat exchanger
C expansion valve” S.p liquid separator at evaporation pressure

Internal heat transfer, Ah,_g = Ahg_q

Figure 2 — Schematics and log-p-h diagrams of single-stage refrigerating systems
with internal heat exchanger

8.1.1.2 Determination of the refrigerant mass flow from the heat balance

8.1.1.2.1 The refrigerant mass flow can be determined by using the heat balance at each component of
the circuit through which it passes. Any case of previously branching off partial flows shall be taken into
account.
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8.1.1.2.2 Forsingle-stage systems, the condenser is the most suitable circuit component for establishing
a heat balance provided it is operated with liquid cooling without mass transfer (evaporation). The
refrigerant mass flow is then determined by using Formula (2).

My, -Coy - Aty +
mR = W wAh W QCOI‘ (2)
R

where

_(hs —h4) is the decrease of the refrigerant enthalpy in the condenser.

The liquid mass flow m,, is determined by means of the usual methods, e.g. with measuring vessel,
volume meter, pressure differential device.

The heat flow Q,, is a correction required whenever the temperature of the external condenser surface

deviates from the ambient temperature. This correction is determined from Forfiutla (3).
A
D

Qcor =u A( amb ) (3)
where Cﬁ’j -
rd
u is the overall heat transfer coefficient bemyééh the medium flowing along the

internal surface of the external wall ofetﬁ}éi;of{denser and the ambient.

Since Q.. merely represents a correction, the follow;f} \a]i;rommatlon is sufficient:

u=7W/(m2K) ifthe condenser is not therm;ﬂy*rﬁulated and not installed outdoors;

A is the area of the externa]/\cg mdénser surface in contact with the ambient;

b is the mean temperature of the external condenser wall which in this correction
can be considered< qual to the temperature of the medium flowing along the
internal surfaceg ofthe external wall;

Ll is the ambigglt temperatu re.

The correction Qcor may be po m}e or negative. Since it is determined only by approximation, it must be
small in comparison to thg other heat flows of the balance. Therefore, it shall not exceed the maximum
permissible error giver . Thermal insulation shall be provided, if required; in which case the
value u is determined by using the following approximation formula for flat walls:
11 6

(4)

u o l
where

a=7 W/(m%K) is the approximate value for free convection;

dand A are the thickness of the insulation and its coefficient of thermal conductivity at
operating conditions.

8.1.1.2.3 If an aftercooler is installed downstream of the condenser, the heat balance is preferably
established for both parts of the circuit together.

8.1.1.2.4 Since the uncertainty of the external heat balance of evaporative condensers is too high,
the heat balance will be established on a different part of the circuit, usually on the aftercooler alone.
Therefore, it is recommended to provide the required temperature measuring points on this aftercooler.
While taking into account the measurement uncertainty, the mass flow of the heat-transfer medium
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will be limited such as to generate a minimum difference of 5 K between the inlet and the outlet of that
aftercooler.

Considering the tolerances given in Clause 9, this method requires a particularly precise measuring
device. Additionally, it shall be ensured that the refrigerant is free from any vapour bubbles at the
aftercooler inlet. This usually requires a subcooling of 2 K. If the aftercooler is operated with a heat-
transfer fluid other than water, precise data on its specific heat capacity are required.

8.1.1.3 Determination of the refrigerant mass flow by means of a flow meter

The refrigerant mass flow can be determined for both the entirely liquid state and the entirely
gaseous state by means of a flow meter in accordance with Clause 7 if the piping is provided with anti-
pulsation devices or if it is free from pulsation and provided the measured values are not impaired by

unacceptably large amounts of oil.

8.1.2 Net refrigerating capacity for a liquid cooled medium A
2 i "Q )
It is expedient to determine the net refrigerating capacity from the f}:o‘v}fﬁf he cooled fluid.

This measurement method is based on Formula (5):

\. o
lalls & Sl
FaY e}

(5)

Qon =M -Cg Aty +Cor ATy ’
S0
The cooled liquid mass flow my is determined by tpgi.gsfaéfmethods, e.g. measuring vessel, pressure
differential device, volume meter, at either the inlgt{@fﬁhﬁoutlet of the evaporator.

The values of the specific heat capacity cg forﬁgé'd;iif;lry refrigerant shall be obtained from the values

given by the manufacturer: 1Y

§

PR,

A

evaporator shall not be less than S,zK;zTherefore, this method is not applicable if such a difference is
inconsistent or impracticable wit}}@h}éfgiven data.

{‘;1 )
The temperature decrease Aty of the‘\/.ra\)e;@ondary refrigerant between the inlet and outlet of the

®, :"\‘\/ . - - * .
Qcor is a generally minor correctionwhich therefore can be determined by approximation provided the
measurement uncertaintilgs}argxaken into account (see Clause 10). This correction is the sum of:
R

the measuring _locét;%’ns in the cooled medium circuit (e.g. circulating pumps, agitators);

)

a) the heat equivaler%t/ (\:'fﬁ;h’e power output generated by the auxiliary equipment positioned between

8.

b) the heat flov“QQﬁ\;g;, which is to be applied whenever the cooled medium in the evaporator is not fully
insulated against the ambient; this term can be calculated by using Formula (6):

Q'cor =4 A(tamp —tm ) (6)

where

u is the overall heat transfer coefficient between the environment and the cooled medium. This
value is calculated by using Formula (4);

A is the area of the external evaporator surface in contact with the ambient;

is a mean temperature equal to
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— the arithmetic mean of the inlet and outlet temperatures of the cooled medium for evap-
orators with forced circulation of the cooled medium (counterflow apparatus, parallel flow
apparatus, etc.);

— the outlet temperature for brine tanks with an adequately strong agitator;

t,mp IS the ambient temperature.

It is essential to note that the term Q. only refers to the heat flow from the environment to the cooled
medium being cooled down and not to the heat flow from the ambient to the refrigerant. In case the
latter occurs, e.g. at evaporators with refrigerant in the shell, it shall not be taken into account in the
determination of the net refrigerating capacity according to the definition (see 3.2).

8.1.3 Useful refrigerating capacity

~

8.1.3.1 General / AN

LY
It is expedient to determine the useful refrigerating capacity, as for net refrggfg“}iﬁg capacity, from the

flow of the cooled medium, while omitting, however, the correction Q,, according to 8.1.2.

\,

R
Where the measurement is taken on the side of a cooled gas flow, )z/g fi‘g\-ff-pressure process gas, the
calculation of the refrigeration capacity has to take into account };hg\ji\)u e-Thompson effect caused by a

N
4

pressure drop, depending on the gas. /,\f;\r O

¢
S

\

8.1.3.2 Direct measurement

\ ™

i‘ Y
- ‘y‘, & )/
The measurement complies with the methods degfri?béﬂ’ in 8.1.2 while taking into account the
corrections according to 8.1.2. WD
<

8.1.3.3 Calorimetric measurement

This method is used for measuring theg.{u\;s\gfﬁl refrigerating capacity for cooling media and will be
applied whenever the steady-state cgpﬂjtﬁg\ﬁ cannot be realized during a test. The natural heat source
will be replaced by an artificial source; if required. This can consist of e.g. steam, hot water, electric
heating. Then, the heat flow supplied by the artificial heat source is measured which corresponds to the
useful refrigerating capacity. /<~

- {\s/

b

A
8.2 Indirect methods™:
NY

8.2.1 General

Indirect methods are recommended for cases where the direct methods are impracticable or less
precise than the indirect methods or when applied for verifying the direct methods (according to 8.1).

8.2.2 Determination of the overall refrigerating capacity by means of a calibrated compressor

This means a test for the determination of the power absorbed by the compressor (compressor power)
usually carried out prior to the installation of the compressor into the refrigerating system at the
manufacturer’s premises under conditions representative of those in later operation, in particular
regarding the evaporation and condensing temperatures. The overall refrigerating capacity can
be determined from the compressor power by multiplying the latter with the difference of enthalpy
assigned to the overall refrigerating capacity according to 3.1 and dividing by the difference of enthalpy
assigned to the compressor power.

The refrigerant mass flow is determined by testing the compressor on a compressor capacity test rig.
For this purpose, the test conditions shall comply as closely as possible with the operating conditions
in the system. Any differences between the operating conditions during the compressor capacity
measurements at the manufacturer’s premises and those during the measurements on the refrigerating
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system shall be taken into account in accordance with Clause 11. The overall refrigerating capacity is
determined according to 8.1.

Where the compressor was tested at the manufacturer with a different gas, e.g. dry nitrogen, and at
conditions differing much from the system test conditions, a conversion method shall be agreed. Using a
proven recalculation based on manufacturers description or own experience, the refrigerant mass flow
and power absorbed can be determined with the manufacturers' performance data. The uncertainty of
this method is higher, compared to the above described.

8.2.3 Determination of the net refrigerating capacity

By determination of insulation losses between the control valve and the compressor inlet, it is also
possible to derive the net refrigerating capacity according to 8.1.2 via determination of the overall
refrigerating capacity in accordance with 8.1.1.

8.2.4 Determination of the useful refrigerating capacity s

‘)\," ?{v‘}
The useful refrigerating capacity can be determined from the net r frigerating capacity according to
8.2.3 while taking into account the corrections in accordance with 8x )

N

\:'\,,K "‘\
8.2.5 Determination of the overall refrigerating capacinﬁpm%e overall energy balance

, (s s dears .
This method is listed among the indirect methodsr as~a,procedure for the verification of direct

{

measurements only. &

Where substantial deviations occur within the baj"é}fée) the corresponding causes shall be investigated.

POV N Y,
A, ».h\:\:}

For a refrigerating system with throttling eéxpansion and a water-cooled condenser, without water
evaporation, the balance is established by;&s;ﬁg?%mmm&m
N

Qg =Q+Q+Qy—P+Qy e (7)
or in case of single-stage compres
Qg =S ) ®)
0g h2 _h
where A\e
R/

N " "
Q, is the heat flow transferred to the water or ambient air in the condenser and the aftercooler;

Qy is the heat flow transferred to the heat-transfer medium (cooling water or air) from the com-
pressor and, if applicable in case of multiple-stage systems, in the intercoolers;

Qyy; is the heat flow transferred from the hot discharge gas lines, including the oil separator, be-
tween the compressor outlet and the condenser inlet;

P isthe power absorbed at the compressor shaft or the motor terminals;

Qyy is the heat flow transferred from the compressor, including oil cooler and auxiliary equipment,
not included in Q.

The ratio Q,/(hy - hs) is equal to the average mass flow of the refrigerant mg.

Since Qy;, Qu» Qpy are general corrections, their approximate determination is sufficient; this, however,
does not apply to compressors with oil coolers.
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9 Determination of the drive power

9.1 Power absorbed by the compressor

9.1.1 Power absorbed at the compressor shaft (at the terminals for motor compressors)
9.1.1.1 Direct method by measuring the compressor shaft speed and the torque.

9.1.1.2 Indirect methods

a) Electric power derived from the measured power at the motor terminals or at the input terminals
of the frequency inverter, respectively. Correction for motor efficiency shall be applied if necessary.

b) Other types of power derived from the fuel consumption of the engine provided its efficiency is
known. The efficiency of the power transmission, e.g. belt drive, gears, shall also be taken into
account, if applicable. e

R
NS
¢) For dynamic compressors preferably derived from the energy balanfqa‘%jfé?ﬁthis purpose, the mass
flows and the difference of enthalpies of the compressed refrigerant, '}t}\ﬂie compressor coolant as
well as of the lubrication oil or its coolant are determined. Th ’\eég« ransfer to the environment
shall be taken into account. In case of other compressor desigiis,“}/is method is recommended for

verification purposes only.

9.1.2 Power demand at the motor shaft in accordance vgitil‘ﬁifié/fnethod indicated in 9.1.1.1, where the
efficiency of the power transmission, e.g. belt drive, geafns’;,\ghgﬂf'be appropriately taken into account.
' \}\\‘\‘;j

A ‘e
N4

9.1.3 Power of the electric motor by determinatié/rf?a}-ﬂ'ie power absorbed at the motor terminals.

AN

o’

9.1.4 Power demand of the auxiliary equ:ipn‘i"é\ﬁt by determination of the electric power absorbed
according to 9.1.3. N/

AN
s }

A
z\\
1%

4
P

10 Measurement uncertainties
10.1 For each measuredhi“l"i;if\;,w “the measurement uncertainty corresponding to the respective
measurement method shall be/j:»lﬁdicated. For theoretical principles see ISO/IEC Guide 98-3.

)
10.2 The measurement uncertainty values indicated below refer to the extended measurement
uncertainty with a confidence interval of 95 % corresponding to twice the standard deviation.

10.3 The test results for the refrigerating capacity and the absorbed power are subject to a measurement
uncertainty. This is calculated from the single measurement uncertainties of all measured values required

according to the “law of propagation of uncertainty”.
10.4 Overall measurement uncertainty

10.4.1 Values obtainable by using the described methods for refrigeration capacity.

Clause Over?ll'::gs? asil:ll;;ment Method
8112 +6 % Heat balance of the condensers
8.1.1.2.3 +6 % Heat balance of the condensers and aftercoolers
81124 19 % Heat balance of the aftercoolers
8112 +7 % Mass flow of the refrigerant
14 © IS0 2020 - All rights reserved
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Clause Overillllllégss :i‘:l;;ment Method
8.1.2 7% Mass flow of the liquid cooled medium
8.1.3.3 +7 % Calorimetric measurement
8.2.5 +10 % Overall energy balance

10.4.2 For the absorbed power by using the described methods +5 %.

10.5 The overall measurement uncertainties indicated in 10.4 refer to measurements at the installation
site. Measurements on a test rig can lead to substantially smaller measurement uncertainties which shall
then be determined for each specific case.

10.6 Ifthe indicated overall measurement uncertainties are exceeded, the corresponding causes shall be
investigated and justified. In case of larger deviations, it is recommended t/o-gonduct new measurements

under more favourable conditions. (. ‘o
,f"{‘)”}\."\ﬁ
KA
11 Results, conversion to guaranteed values N
o o
O TND

,w‘f\ N
11.1 The arithmetic average of the readings obtained during the test run represents the value which

shall be taken as the result for the measured quantity. <%
e\

11.2 For combined quantities, the average values{ini‘:i\c{sﬁi‘dance with 11.1 are used in the formulae.
0 Y%

AR

e \r}'rsN of 10.4, the average value of the results of two
simultaneously or consecutively conducted test runs shall be used, provided the difference between
these two results does not exceed 10 % of\t\‘l;efl-ower result.

11.3 When measurements meet the requiréfﬂé

11.4 Each test report shall includp\(f’rg;‘:ollowing information:
a) thedatainaccordance Wf\lﬂ;@Zf

b) the applied test meth,gdfs)

¢) the obtained mgggt}s ment values;

d) the calculatik{‘g&'f;"tfhe measured refrigerating capacities;
e) the determination of the measurement uncertainties;

f) the source reference of the applied material properties;

g) observations during the test procedure which influence the result.

11.5 Whenever the operating conditions during the performance test deviate from those agreed
in accordance with 5.3 for warranty purposes, the measured values shall be converted to warranty
conditions. For this purpose, the evaporation and condensing temperatures as well as the subcooling of
liquid shall be taken into account. Therefore, it is assumed, within the permissible deviations agreed in

accordance with 5.3.4, that the isentropic efficiency n;, the suction volume flow of the compressor, and
the heat flows Q; to Q;y to the environment do not vary.

12 Material properties

12.1 The sources of the applied material properties shall be indicated.
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12.2 Throughout the course of a test run, the same sources shall be used.
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