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Foreword

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

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia neededdo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in the)Introduction ay
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commitftee responsible for this document is ISO/TC 118, Compressors and pneumatic tools, mad

and equipmg

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

nt, Subcommittee SC 6, Air compressors and-compressed air systems.

hines
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Introduction

IS0 5389 is the primary International Standard for performance statements of dynamic compressors of
all types.

For electrically driven packaged air compressors of standard types, which are constructed to
specifications determined by the manufacturer, and which are sold against performance data published
in the manufacturer’s sales documentation, ISO 5389 provides for demanding conditions to be met for

such

Toal

standard packages.

ow performance statementsto be made for standard types, this simplified code hasheen developed

whet
the K

The
Tabld

Whe
addr
pack

This

e the performance statement can be given based on specified test conditions (see Tal
ey measured variables are maintained within identified test limitations (see Table 2).

performance statement is valid, provided it is within the identified acceptance allo
b 3) for volume flow rate, specific power consumption, and unloaded powefi consumpti

Feas [SO 5389 addresses any type of dynamic compressor, this simplified Internatior

hged air compressors. It is envisaged that at a later date, variable sp€ed types will also

International Standard will ultimately become an annex of/ISO 5389 once sufficien{

le 1), where

wances (see
bn.

al Standard

psses centrifugal compressors only which are of the fixed speed type and are electrically driven

be included.

experience

has heen gained from its use in the field. In its current form,\it complements ISO 5389 flor standard

pack
and §
Inter

hges, but where acceptance tests are required to demonstrate fulfilment of the orde
ruarantees specified by the client in a supply contract, then ISO 5389 is still the prima
national Standard.

I conditions
Iy reference
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INTERNATIONAL STANDARD

ISO 18740:2016(E)

Turbocompressors — Performance test code — Simplified
acceptance test

1

Scope

This International Standard applies to any fixed (constant) speed, liquid cooled, packaged centrifugal air
COMJTESSOT WIITIT ITICOT pOTAteS d CEMtTif Ugal COMpPTeESSIO EleMent of amny type driverr by arret

This

compressors of standard types which are constructed to specifications determined byithe m

and

yhich are sold against performance data published in the manufacturer’s sales’"docum

NOTH Items supplied shipped loose for installation at site are not considered te be a part of th
package.

Such|compressors are designed to draw in atmospheric air from theit inTmediate surround
performance data offered by the manufacturer usually relates to a Hormal ambient air inlef

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl

ISO

1217, Displacement compressors — Acceptance tests

[SO 3857-1, Compressors, pneumatic tools'dnd machines — Vocabulary — Part 1: General

[SO 3857-2, Compressors, pneumatic teols and machines — Vocabulary — Part 2: Compressor$

ISO

8167-1, Measurement of fluidiflow by means of pressure differential devices inserted in ci

sectipn conduits running full =Part 1: General principles and requirements

ISO 9300, Measurement pf-gas flow by means of critical flow Venturi nozzles

3

Terms and’definitions

For the purposes of this document, the terms and definitions given in ISO 3857-1, ISO 3857

and

3.1

the following apply.

pctric motor.

International Standard defines and describes acceptance tests for electrically driven packaged air

anufacturer
bntation.

P compressor

ings and the
pressure.

ent and are
For undated
es.

rcular cross-

-2, 1S0 1217

ambient pressure
absolute pressure of the atmospheric air measured in the vicinity of the compressor

3.2

ambient temperature
total temperature of the atmospheric air in the vicinity of the compressor but unaffected by it

3.3

centrifugal air compressor
comprise machines in which inlet, compression, and discharge are continuous flow processes

Note 1 to entry: The gas is conveyed and compressed in impellers and decelerated with further increase in
pressure in fixed vaned or vaneless stators.

© ISO 2016 - All rights reserved
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3.4
external coolant
liquid medium externally supplied to the compressor to which the compression heat is finally rejected

3.5

packaged compressor

compressor unit, fully piped and wired and generally includes all ancillary items necessary for their
effective operation as a complete self-contained air compressor installation

3.6
packaged compressor (electrical) power input
sum of the eteetrieat-power—inputs—to—the—prime
included in the standard package

Note 1 to enfry: The total given is at the specified electrical supply conditions (voltage, phase and frequency)
stated by themanufacturer in his sales data at loaded test conditions.

3.7
pressure ratio
discharge pressure divided by the inlet pressure

3.8
specific power consumption
packaged compressor input power (3.6) per unit of compressor actuakvolume flow rate (3.12)

3.9
standard djscharge point (package)
terminal digcharge point of the compressor, typically at the'discharge flange of the package

3.10
standard inlet point (package)
point at which ambient air enters the package

Note 1 to entfy: Unless otherwise indicated by the\manufacturer.
Note 2 to entfy: If filter is not included, refertto Table 1.
[SOURCE: IS0 1217:2009, 3.1.24, Note 2/to entry — modified]

3.11
unloaded pjower consumption
sum of the [electrical power-inputs to the prime mover and all other ancillary and auxiliary items
included in the standard\package

Note 1 to enfry: The total given is at the specified electrical supply conditions (voltage, phase, and frequency)
stated by thelmanufacsturer in his sales data at unloaded test conditions.

3.12
volume flow rate

3121

measured

volume flow rate of air, compressed and delivered at the standard discharge point (3.9), referred to
conditions of total temperature, total pressure and composition prevailing at the standard inlet point

3.12.2

corrected

volume flow rate of air, compressed and delivered at the standard discharge point (3.9), corrected for
machine behaviour at specified test conditions

Note 1 to entry: The specified test conditions are given in Table 1.

2 © IS0 2016 - All rights reserved
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4 Symbols

4.1 Symbols and units

ISO 18740:2016(E)

Symbol Term SI unit Othe:‘lgli‘ss ctical
f Correction factor — —
A Correction fact.or'for influence of speed, temperatures, pres- . .
sures, and humidity
Correction factor for condensed water vapour at the specified
J2 free air condition o o
f4 Correction factor for inlet pressure — —
fs Correction factor for pressure ratio — —
fe Correction factor for cooling water temperature — —
m Mass flow Kg/s —
N Rotational frequency (shaft speed) sl min-1
D Pressure Pa MPa, par, mbar
P Power W MW, kW
11 Pressure ratio 1 —
R Specified gas constant ]/ (kg-K) —
SPC Specific power consumption — —
T Thermodynamic temperature K —
4 Volume flow m3/s m3/h, n3/min, L/s
4.2 | Subscripts
Subscript Term Remarks
a Absolute
amb Ambient Air, temperature
tond Condensate
corr Corrected
g Guarantee
m Masé Characterizes the mass specific rates of flow, energies, and
volumes
pk Package
R Reading Indicates thf: guantities read during the test or prefdetermined
as test conditions
vap Vapour
w Coolant

5 Test conditions, limitations and allowances

5.1 General

The test conditions shall be as close as is reasonably possible to the conditions specified in Table 1.

© ISO 2016 - All rights reserved
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Table 1 — Specified test conditions

. . Value
Quantity Unit - -
Option A Option B
Relative humidity % 0 60
Absolute ambient pressure bara 1 1
Inlet pressure drop bara 0,01 0,01
Inlet temperature °C 20 35
Coolant temperature °C 20 30
Gas potrstant J'/I(}‘S K) 287 29+
When an inlet filter is not an integral part of the acceptance test, a test air filter/piping system with this
inlet pressure drop specification shall be mounted.

The option ¢

The test lin
specified tej

5.2 Multi

For multi-s{
pressure of
not feasible
recommend
in accordan

5.3 Perfa

The compre
from the spq

hosen shall be identified in published literature.

itations apply to either of the options in Table 1 that have been selecfed for the cH
t conditions and shall not exceed those given in Table 2.

Table 2 — Test limitations

Measured variable Maximum permissible deviations
Speed +0,5%
Absolute ambient pressure £5 %
Inlet temperature +8,5 °C
Coolant temperature +8,5°C
Overall pressure ratio 2%
External coolant flow rate 5%

-stage compressor — Operational limitations

age compressors, the machine should be capable of producing a minimum disch
10 % greater than the réquired operating pressure at customer conditions. When
to test a compressor within this limitation and the limitations specified in Table 2
ed that the test should)be carried out as an individually specified and guaranteed ma
re with ISO 5389.

rmance acceptance allowances

cifiedperformance by more than the allowances given in Table 3.

osen

arge
it is
it is
thine

ssor on‘test will be deemed to be acceptable provided the results obtained do not differ

——Fable 3—Performanee-aceeptance-alowances—————

Specific power
consumption

+5%

Unloaded power
consumption

+10 %

Volume flow rate

+4 %

6 Measuring methods

6.1 Meas

urement of volume flow rate at standard discharge point (package)

The measurement of the volume flow rate at the standard discharge point (package) shall be done using
ISO 5167-1 or ISO 9300.

© ISO 2016 - All rights reserved
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6.2 Method of determining condensate rate

6.2.1 Condensate correction

If the compressor package has no means of condensing moisture from the air being compressed, no
correction shall be made for moisture content. If the compressor has means of condensing and ejecting
moisture, e.g. intercooler(s), aftercooler(s), etc., correction of the volume flow rate may be made either
by collection and measurement of the condensate ejected during the test according to 6.2.2 or entirely
by calculation according to 8.2.3.

6.2. Ccl]nrl’inn and measurement of condensate.

T C I U I T T O I T T U T C I T I T U T CUIT T e Ioorte

Befole and after the acceptance test, carried out with the compressor running at the specified test
condiitions, the condensate shall be drained from all ejection positions before the Standard discharge
point in such a way that the steady state of the compressor’s running is not disturbed.

The gverage mass rate of condensate ejection during the test shall be calculated by dividing the mass of
condensate drained after the test by the time between the draining operations.

6.2.3 Measurement of compressor power input

Elecfrically driven packaged compressors will be assembled agacomplete unit in accordance with the
mantyifacturer’s specification for their acceptance test. The rmeasurement of the total electrical power
supplied to the package will be made when it is running atithe specified speed, ambient and discharge
air cpnditions, supply voltage, and frequency. In these conditions, two basic methods are|available to
meagure the input electrical power:

a) the double element watt meter method, which gives a direct indication of the electricall kW input;

b) a computation based on the separate measurement of voltage, current, and power flactor of the
¢lectrical supply.

6.3 | Measurement of shaft speed
Shaff speed shall be determined\by methods having an accuracy of 0,1 % or better.
7 Test procedureand report

7.1 | Preliminapy-tests

Preliminary.fests may be performed to determine that the package is in suitable condition for the
acceptance test to be conducted and to check the measuring instruments.

7.2 Prpliminnry test and acceptance test

After a preliminary test has been made, this test may, by agreement, be considered the acceptance test,
provided all requirements for an acceptance test have been met.

7.3 Adjustments

During the test, no adjustments other than those required to maintain the test conditions and those
required for normal operation of the package as given in the instruction manual shall be made.

7.4 Readings

Before readings are taken, the package shall be run long enough to assure that steady state conditions
are reached.

© IS0 2016 - All rights reserved 5
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7.5 Testreport

The test report shall be short and simple without tolerance calculations and with only the essential
corrections cited. An example test report is given in Annex A. Those items included in the test shall be
indicated from the listing given in Annex A.

8 Computation of test results

8.1 General

Test conditipns never agree exactly with the specified conditions. Therefore, before test results
specified pgrformance values are compared, corrections shall be applied to the measured ¥valy
volume flow rate, specific power consumption, and packaged input power.

8.2 Volume flow rate

8.2.1 Volume flow rate correction

The correct

corr

where

Vi

fi
f2

8.2.2 Infl

is the measured volume flow rate derived from the observed results of the test;

=fiy £, VR

bd volume flow rate, 1% is calculated as follows.

corr ’

and

es of

M

is the correction factor for influence of speed, temperatures, pressures, and humidity, see §.

is the correction factor for condensed water vapour at the specified free air condition$
seq 8.2.3.

nence of speed, temperatures, pressures, humidity

T
R Tln(n) 2 V%
g g g (NRJ 1408 g

Py

[he-specified compressor input shaft speed in s-1;

is the measured compressor input shaft speed in s-1;

is the specified gas constant for air in J/(kg-K);

is the calculated gas constant for air at measured conditions in J/(kg-K);

is the specified absolute inlet temperature in K;

is the measured absolute inlet temperature in K;

is the specified pressure ratio;

(2)

© ISO 2016 - All rights reserved
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IIr is the measured pressure ratio;

Twg is the specified coolant inlet temperature in K;

Twr is the measured coolant inlet temperature in K.

8.2.3 Condensate formation correction factor

When condensate ejected during the test is collected and measured an allowance, f;, for this may be
calculated as follows.

5 Meond Rvap TR
f,=1+—— =
VR pa,ambR
where
M eond is the average mass rate of condensate ejection during the testlinkg/s;
con
Rvap is the gas constant of water vapour in ]/(kg-K);
i is the measured volume flow rate derived from the ¢bserved test results in m
R
PaambR 1S the measured absolute ambient pressure inPa:

As an alternative to the collection and measurement of condensate, Formula (4) may be used

the correcti

on factor, f7:

. p p
Iz = R — g +1
PR ~PyapRr xXp x0,378 Pg ~Pyapg ><Xg x0,378
where
Ivap,R is the vapour pressure of water in Pa at measured test conditions;
Ivap,g is the vapour pressute of water in Pa at specified test conditions;
g is the specified-absolute ambient pressure in Pa;
XR is the measured relative humidity at the obtaining free air conditions;
X is the-specified relative humidity at the specified free air conditions.

8.3 | Specific power consumption correction

3

3/5;

to calculate

(4)

The \:lr‘l(ngnr] Cpnr‘ifir compressor power inpnf’ SPC., is calculated as follgws

pPrcoTTY

SPCpk,corr :f4- f5 f6 SPCR

where

© ISO 2016 - All rights reserved
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SPCR P
isthe R v the measured specific power consumption;
R
fa is the correction factor for inlet pressure, see 8.3.1;
f5 is the correction factor for pressure ratio, see 8.3.2;
fe is the correction factor for cooling water temperature, see 8.3.3.
8.3.1 Inlet pressure correction
pag
fa=—5
Pr
where
pag  iqthe specified absolute inlet pressure in Pa;
pr  idthe measured absolute inlet pressure in Pa.
8.3.2 Prepsure ratio correction
fe = ﬂﬂ_g )
5 =
In( 1 )
8.3.3 Cooling water temperature correction
ng
Tg
fo =1+0.8: -1

TWV
Ty

8.4 Packaged compressor power input

The packagg¢d compressor powerihput, Ppk corr, is calculated as follows.

P

pkcorr

5 SPC

v

pk,corr * cotr

(6)

(7)

(8)

(9)
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