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

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, [Part 2.

The main task of technical committees is to prepare International Standards. Draft Internatiopal Standards
adopted by the technical committees are circulated to the member bodies for voting. Publjcation as an
Internptional Standard requires approval by at least 75 % of the member bodie$ casting a vote.

Attentjon is drawn to the possibility that some of the elements of this dociment may be the sulpject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 117 was prepared by Technical Committee ISO/TC 118, Compressors and pneumatic topls, machines
and equipment, Subcommittee SC 6, Air compressors and compressed air systems.

This fpurth edition cancels and replaces the third edition (1IS0’1217:1996), which has been technjcally revised.
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Displacement compressors — Acceptance tests
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The f
refere

nternational Standard specifies methods for acceptance tests regarding volume rate of.fig
bments of displacement compressors. It also specifies methods for testing liquid-ring-type
nnex A).

nternational Standard specifies the operating and testing conditions which apply when a ful
specified.

bmpressors manufactured in batches or in continuous production.‘quantities and sug
ed data, the tests described in Annexes B, C and D are considered gquivalent alternatives

E, which is normative, applies to any electrically driven compressor manufactured in
uous production quantities and supplied against specified data having variable speed drive

type driven by an electric motor.

bd instructions are given for a full performance test; including the measurement of volume
requirement, the correction of measured values\to specified conditions and means of d
ted values with the guarantee conditions. ThisInternational Standard specifies methods f¢
lue of the tolerances to be applied to the measurement of flow, power and specific power.

The tolerances to be applied to the measurement of flow, power, specific power, etc. for all a
out in accordance with this International-Standard are agreed on by the manufacturer and the p
Ctual stage or prior to the execution of the tests.

F specifies standard inlet conditions for reference purposes. Annex G, which is normative
ainty of measurement.

ormative references

bllowingreferenced documents are indispensable for the application of this docume
hces,\only the edition cited applies. For undated references, the latest edition of th

docurrent (including any amendments) applies.

nternational Standard.is not applicable to noise statements, which are identified in ISO 215{.

w and power
compressors

performance

plied against

batches or in
(e.g. variable

ncy drive, direct current drive and switched reluctance), which incorporates a displacement compressor

flow rate and
omparing the
r determining

ceptance tests
Lrchaser at the

indicates the

ht. For dated
e referenced

ISO 3046-1, Reciprocating internal combustion engines — Performance — Part 1. Declarations of power, fuel
and lubricating oil consumptions, and test methods — Additional requirements for engines for general use

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-

sectio

n conduits running full — Part 1: General principles and requirements

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

IEC 60584-1, Thermocouples — Part 1: Reference tables

IEC 60584-2, Thermocouples — Part 2: Tolerances

IEC 60584-3, Thermocouples — Part 3: Extension and compensating cables — Tolerances and identification
system
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IEC 60953-2, Rules for steam turbine thermal acceptance tests — Part 2: Method B — Wide range of
accuracy for various types and sizes of turbines

3 Terms and definitions

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

3.1 General

3.11
acceptance trest
performance {est carried out in accordance with this International Standard, i.e. ISO 1217:2009

3.1.2
aftercooling
removal of heat from a gas after the compression is completed

313
batch
two or more gompressors manufactured at the same time in one operation

314
clearance volume
volume insidd the compression space, which contains gas trapped at the end of the compression cycle

315
displacemenit compressor
machine that|creates a static pressure rise by allowing successive volumes of gas to be aspirated info and
exhausted out of a closed space by means of the displacement of a moving member

3.1.6
displacement of a displacement compressor
volume swep{ by the compressing element(s) of the compressor's first stage per unit of time

31.7
external coolant
medium externally supplied to theccompressor to which the generated heat is finally rejected

NOTE Thik is usually ambiént air or cooling water.

3.1.8
fuel consumption
total mass of| fuel \‘éohsumed by the engine per unit time while the compressor is running on test at the
specified congitions of inlet and discharge pressure and speed, with all engine ancillary equipment sych as

alternator and-waterpump-connected-and-operating-rormally

See Annex D.

31.9

ideal multi-stage compression

process by which a perfect gas is isentropically compressed and the gas inlet temperature as well as the
amount of work spent are the same for each stage

3.1.10

intercooling
removal of heat from a gas between stages

2 © 1SO 2009 — All rights reserved
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3.1.1
liquid-injected rotary compressors
rotary compressor in which a liquid is injected into the gas stream before or in the compressor

3.1.12

liquid-ring compressor

machine with a rotating impeller with protruding blades eccentrically mounted in a stationary round housing or
centrally mounted in a stationary elliptical housing

See Annex A.

ither one or two

NOTE[2  The volumes trapped between each pair of blades, the hub and the liquid ring will vany-periodically, thereby
creating a change in pressure that will generate a flow from the suction to the discharge side of the compregsor.

compiressor with prime mover, transmission, fully piped and wired internally;7including ancillary] and auxiliary
items jof equipment and being stationary or mobile (portable unit) where these are within the scope of supply

3.1.14
polytrfopic process
compfession or expansion process of an ideal gas, in which therelationship between pressure apd volume is:

pp" = constant
NOTE(1 The exponent n can have various values. For example:
pl = constant
descrilbes an isothermal process, i.e. the gas teniperature remains constant.
pl ¥ = constant

descrilpes an isentropic process, i.e.the gas entropy remains constant.

NOTE|2  Sometimes this process is called adiabatic, but to avoid confusion between adiabatic (no heafl exchange with
the sufroundings) and reversijble adiabatic (isentropic) process, the expression isentropic is preferred.

3.1.1

relatiye clearance-volume
ratio df clearance)volume of the stage under consideration to the swept volume of the compressing element of
this stage

3.1.1

rotary compressor
displacement compressor in which the element is one or more rotors operating in a casing, the displacement
being effected by vanes, meshing elements or by displacement of the rotor itself

3.1.17

shaft-driven reciprocating compressor

displacement compressor in which gas intake and compression are achieved by the straightforward
alternating movement of a moving element in a space constituting a compression chamber due to a shaft
rotation

3.1.18

shaft rotational speed
number of revolutions of the compressor drive shaft per unit of time

© 1SO 2009 — All rights reserved 3
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3.1.19

shaft-speed irregularity
dimensionless number obtained when the difference between maximum and minimum instantaneous shaft
speeds during one period is divided by the arithmetic mean of both

Shaft-speed irregularity = 2 Nmax.

3.1.20
specific fuel

_ Nmin.

max. T Nmin.

consumption

(1)

mass per unit time divided by the compressor volume flow rate, both measurements being corrected to

standard con

3.1.21
standard dis
condition of tH

3.1.22
standard dis
discharge poi

NOTE Thi

a) forabare

1)

recip
stand

manyfacturer in the sales data for the particular type of compressor;

2) rotar

b) for a pack

3.1.23

standard inlgt condition

condition of tH

3.1.24

standard inlgt point

inlet point cor
of installation

NOTE1 Fo
after any inlet f

NOTE2  Thg

ftions by the ethods given im Annex D

charge condition
e compressed gas at the standard discharge point of the compressor

charge point

Nt considered representative of each compressor

5 point varies with compressor design and type of installation:
compressor, it is generally at the compressor discharge flange:

focating type compressors: discharge flange of the last (oronly) stage cylinder or any chamber fi
ard to that cylinder to reduce pulsations in the delivered compressed gas and so indicated
type compressors: discharge flange of the last (6r'only) rotor casing;

hged compressor, it is the terminal outlet of the package.

e aspirated gas at the standard inlet point of the compressor

sidered representative of each compressor and which varies with compressor design an

a bare compressor, it is generally the inlet flange to the first (or only) stage cylinder or rotor casi
Iter or silenCing equipment which can normally be used for test purposes, unless otherwise identified

ted as
by the

i type

ng, i.e.

e standard inlet point of a packaged air compressor, unless otherwise indicated by the manufacturer
acka 1

, is the

point at which las

confines of the

3.1.25
swept volum
volume swept

3.1.26
turn-down ra

lant alr _antorc naeck i th oo f o0 non ] d
arorCrt—a— CrmCro—tnC—PpatragC— o, thiC—CasSC— O —aTomCtritiosCo—pac

machine, probably the air inlet filter.

o
Kagecy

e of a displacement compressor
in one revolution by the compressing element(s) of the compressor's first stage

tio

where—air—first-entérs the

ratio expressed in percentage of the difference between maximum and minimum speed divided by the
maximum speed of the main driver

© 1SO 2009 — All rights reserved
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3.2 Pressure

3.21

absolute pressure

pressure measured from absolute zero, i.e. from an absolute vacuum, equal to the algebraic sum of
atmospheric pressure and effective pressure

3.2.2
ambient pressure
absolute pressure of the atmospheric air measured in the vicinity of the compressor

3.23
atmoipheric pressure
absolulite pressure of the atmospheric air measured at the test place

3.24
discrrifrge pressure
total mean absolute pressure at the standard discharge point

NOTE The total absolute pressure can be replaced by the static absolute ‘pressure, provided that the dynamic
pressure is less than 0,5 % of the static pressure.

3.2.5
dynarmic pressure

velocity pressure

total pressure minus the static pressure

3.2.6
effective pressure

gaugeg pressure

pressiire measured above the atmospheric pressure

3.2.7
inlet pressure
total mean absolute pressure at the standard inlet point

3.28
static|pressure
pressiire measured in a gas)in such a manner that no effect on measurement is produced by thge gas velocity
and which, in stationary.gas, is numerically equal to the total pressure

3.29
total pressure
presslire measured at the stagnation point when a gas stream is brought to rest and its kingtic energy is
converted:by an isentropic compression from the flow condition to the stagnation condition

3.3 Temperature

3.3.1
ambient temperature
total temperature of the atmospheric air in the vicinity of the compressor, but unaffected by it

3.3.2
discharge temperature
total temperature at the standard discharge point of the compressor

3.3.3

inlet temperature
total temperature at the standard inlet point of the compressor

© 1SO 2009 — All rights reserved 5
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3.34

total temperature

temperature that would be measured at the stagnation point if a gas stream were brought to rest and its
kinetic energy converted by an isentropic compression from the flow condition to the stagnation condition

3.4 Flow rate

3.4.1

actual volume flow rate of a compressor

actual volume flow rate of gas, compressed and delivered at the standard discharge point, referred to
conditions of total temperature, total pressure and composition prevailing at the standard inlet point

NOTE Composition can refer to humidity, for instance.

3.4.2
free air
air at the amblient conditions of the compressor, but unaffected by it

343
standard volume flow rate
actual volume flow rate of compressed gas as delivered at the standard disCharge point but referfed to
standard inlet|conditions (for temperature, pressure and inlet gas composition)

3.5 Power

3.51
isentropic pgwer
power that ig theoretically required to compress an ideal gas under constant entropy, from a given inlet
pressure to a(given discharge pressure, in multi-stage compression

NOTE The theoretical isentropic power required is the sum of the isentropic power required at all the stages.

3.5.2
isothermal ppwer
power that is|theoretically required to compress an ideal gas under constant temperature, in a compfessor
free from losses, from a given inlet pressure to a given discharge pressure

3.53
packaged compressor power-input
(electrically dfiven machinesy sum of the electrical power inputs to the prime mover and any ancillarigs and
auxiliaries driven from the/eompressor shaft or by a separate prime mover at rated supply conditions,
including the gffect of alkequipment included in the package

NOTE 1 Aukiliariessinclude oil pump, cooling fan and integral compressed air dryer.

NOTE 2 Rated-supply conditions refer to phase voltage frequency and ampere capability

3.54

shaft power

power required at the compressor drive-shaft, equal to the sum of mechanical losses and the internal power,
not including losses in external transmissions such as gear drives or belt drives unless part of the scope of

supply
3.6 Efficiency
3.6.1

isentropic efficiency
ratio of the required isentropic power to shaft power

6 © 1SO 2009 — All rights reserved
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3.6.2
isothermal efficiency
ratio of the required isothermal power to shaft power

3.6.3
volumetric efficiency
ratio of the actual volume flow rate to the displacement of the compressor

3.7 Specific energy requirements

3.71
specificenergyreqtirements-of-abarecompressot
shaft input power per unit of compressor actual volume flow rate

3.7.2
specific energy requirements of a packaged compressor
packaged compressor power input per unit of compressor actual volume flow rate

3.7.3
specific fuel consumption

specific steam consumption

fuel of steam mass flow per unit of compressor actual volume flow rate

3.8 |Gas properties

3.8.1
compressibility factor
expresgsion of the deviation of the real gas from an idealgas

3.8.2

mixinpg ratio
ratio gf mass of moisture contained in the gas'to the mass of the dry gas

3.8.3
relatiye vapour pressure
ratio gf the partial pressure of a'vapour to its saturation pressure at the same temperature

4 Symbols

4.1 [Symbols.and units

Symbol Term Sl unit Other pragtical unit

{ Area m? mm?

b Specific fuel consumption kg/m3 —

c Velocity m/s —

e, Mass-specific energy requirement J/kg kJ/kg

e, Volume-specific energy requirement J/m?3 J/N, KWh/m3
E Relative clearance volume — —

f Parameter for uncertainty calculations unit of symbol —

F Fuel consumption kg/s kg/h, g/s
G Quality class % —

h Level for liquid column m mm
H, Absolute inlet humidity — —

© 1SO 2009 — All rights reserved
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Difference of quantity —

K Correction factor — —
K, Correction factor for shaft speed
K, Correction factor for tests where polytropic exponents
for specified conditions and test conditions are
different
K Correction factor for external coolant temperature
Ky Correction factor for shaft speed (= K,)
Ky Correction factor for inlet pressure, polytropic
exponent and pressure ratio
Kg Correction factor for isentropic exponent
Ky Correction factor for humidity in multi-stage
compressors
Kg Correction factor for external coolant inlet
temperature
Ky Correction factor for pressure ratio
Ko Correction factor for working liquid temperature
K4 Correction factor for gas inlet temperature
Ky Correction factor for shaft speed
K3 Correction factor for condensate formation
m Manufacturing tolerance
M Torque N:m —
n Exponent for polytropic process in p¥ diagram 1 —
N Rotational frequency (shaft speed) s min~?
P Pressure Pa MPa (bar@, mbar)
P Power W MW, kW
q Rate of flow kg/s or m3/s kg/h or m3/h, m3/min,|L/s
q, Mass rate of flow kg/s kg/h
qy Volume rate of flow m3/s m3/h, m3/min, L/s
r Pressure ratio 1 —
R Gas constant J/(kg-K) —
t Celsius temperature °C —
T Thermodyhamic temperature K —
14 Volume m3 L
v AbSolute uncertainty unit of symbol —
w Work J MJ, kJ, kWh
X Mixing ratio ka/kg a/kg
z Number of stages 1 —
7z Compressibility factor 1 —
A
n
K
u
o
T

Efficiency 1 —
Isentropic exponent 1 —
Dynamic viscosity Pas kg/(m-s)
Mass density kg/m3 kg/L
Relative uncertainty 1 —
Relative vapour pressure 1 —
Angular velocity rad/s —

o | |8

a8 {bar=0,1 MPa=0,1 N/mm?2 = 10° N/m2.

8 © 1SO 2009 — All rights reserved
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Subscript Term Remark
0 ambient condition
1 inlet Indicates the quantities measured at the standard inlet point of the
compressor
2 discharge Indicates the quantities measured at the standard discharge point of the
compressor
a absolute
ab absorbed
approximate
average
air dry air
b atmospheric Characterizes the atmospheric pressure and tempetature
g contractual Indicates the quantities specified in the contract
C( condensate
C( coupling
comb combination
cofr corrected
corrj C corrected to contractual
requirements
cl critical Characterizes the critical pressure and temperature
d dynamic Characterizes the dynamic pressure and properties
€ effective
H full-scale value
e electric
f flow measuring device Without-eondensate
9 dry gas
i individual measurement in a
series of n measurements
in internal
ing intercooler temperattre Absolute temperature of air or gas leaving the intdrcooler under
observation
L working liquid
| mass Characterizes the mass-specific rates of flow, energies anq volumes
me méechanical
M motor
n number of measurements
in the series
N normal
A package
pdl polytropic Characterizes a polytropic process
r reduced Characterizes the reduced pressures and temperatures
R reading Indicates the quantities read during the test or predetermined as test
conditions
res resulting
S saturated
S isentropic Characterizes an isentropic process
t total
T isothermal Characterizes an isothermal process
th theoretical
v vapour
|14 volume Characterizes the volume-specific rates of flow and energy
w coolant

© 1SO 2009 — All rights reserved
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5 Measuring equipment, methods and accuracy

5.1 General

The equipment and methods given in this International Standard are not intended to restrict the use of other
equipment and methods with the same or better accuracy. Where an International Standard relating to a
particular measurement or type of instrument exists, any measurements carried out or instruments used shall
be in accordance with such an International Standard.

All inspection, measuring, test equipment and devices that can affect the test shall be calibrated and adjusted
at prescribed intervals, or prior to use, against certified equipment having a known valid relationship to

nationally rec

gniZed standards.

5.2 Measurement of pressure

5.2.1 Genel

Pressure taps

NOTE Fo
Connecting p
blockage by ¢
the instrumen
arranged so
taken of the d

Instruments |
The measurin
The total pres
having the ax
be calculated
If the amplitug
exceed 10 %

proceeding wi

Where the a

al
in the pipe or receiver shall be normal to, and flush with, the inside walk
low pressures or high flow velocities, minor irregularities such as burrs camlead to serious error.

ping shall be leak-free, as short as possible, of sufficient diafneter and arranged so as to
irt or condensed liquid. For measurement of liquid pressuretor pressure of liquid-gas mi

hat the height of liquid columns in the piping exerts no influence. Otherwise, account sh
fference in height. Tightness shall be tested and allfeaks eliminated.

hall be mounted so that they are not susceptiblé’to disturbing vibrations.

g instrument (analogue or digital) shall have an accuracy of £ 1 % at the measured value.
sure is the sum of the static and the-dynamic pressures. It shall be measured with a Pitd
s parallel to the flow. When the dynamic pressure is less than 5 % of the total pressure, it
on the basis of a calculated average velocity.

es of low frequency (< 1'Hz) pressure waves in the inlet pipe or the discharge pipe are fo
of the prevailing ayerage absolute pressure, the piping installation shall be corrected

th the test.

mplitudes of Such pressure waves exceed 10 % of the specified average inlet or disg

avoid
tures,

t shall be mounted at the same height as the measuring.peint and the connecting piping shall be

all be

t tube
should

Lind to
before

harge

pressures, a fest in accordance with the requirements of this International Standard shall not be carried ¢ut.

Transmitters
prevailing dur

and gauges shall be calibrated under pressure and temperature conditions similar to
ng’the test, using dead-weight or electrical testing equipment of an equivalent accuracy.

those

Column readings and dead-weight gauges shall be corrected for the gravitational acceleration at the location

of the instrum

ent.

Column readings shall be corrected for ambient temperature.

In the case of low frequency (< 1 Hz) flow pulsations, a receiver with inlet throttling shall be provided between
the pressure tap and the instrument.

Oscillations of gauges shall not be reduced by throttling with a valve placed before the instrument. However, a
restricting orifice may be used.

10
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Atmospheric pressure

The atmospheric pressure shall be measured with a barometer having an accuracy better than + 0,15 %.

5.2.3

Intercooler pressure

Intercooler pressure shall be measured immediately after any intercooler.

5.3

Measurement of temperature

Temperature shall be measured by certified or calibrated instruments such as thermometers, thermo-electrical

instruments, resistance thermometers or thermistors having an accuracy of + 1 K inserted into-h
pockets.

Thernjometer pockets shall be as thin, and their diameters as small, as is practical, with their o
substantially free from corrosion or oxide. The pocket shall be partially filled with a suitable liquid

The th
of the

When
pocke

Preca

a) in
th

b) s
s
p
c) th

Thernjocouples shall have a welded hot junction and shall be calibrated together with their

anticig
meas
possil
accor:

5.4

If the

ermometers or the pockets shall extend into the pipe to a distance of 100 mm, or one thirg
pipe, whichever is less.

taking readings, the thermometer shall not be lifted out of the snedium being measured
t when one is used.

utions shall be taken to ensure that the:

hmediate vicinity of the insertion point and the projeeting parts of the connection are we
at the pocket is virtually at the same temperature as'the medium being observed;

bnsor of any temperature measuring device-or thermometer pocket is well swept by the

e pipe or into

itside surface

the diameter

hor out of the

| insulated so

medium (the

bnsor or thermometer pocket shall poiht against the gas stream; in extreme casg¢s a position

rpendicular to the gas stream may be‘used);

ermometer pocket does not disturb-the normal flow.

ated operating range. They shall be made of material suitable for the temperature and

wires for the
he gas being

ired. If thermocouples™are used with thermometer pockets, the hot junction of the coupl¢ shall, where

le, be welded to.the bottom of the pocket. The selection and use of thermocouple
fance with IEC 60584-1, IEC 60584-2 and IEC 60584-3.

Measurement of humidity

pjas contains moisture, the humidity shall be checked during the test. The humidity shall be

the stTndard inlet point with an instrument having an accuracy of + 3 % or better.

5 shall be in

measured at

5.5

Measurement of rotational frequency

Shaft speed shall be determined by using methods that have an accuracy of + 0,5 % or better.

5.6

Measurement of flow rate

The actual delivered flow rate of the compressor shall be measured by performing a test as indicated in
ISO 5167-1 or ISO 9300.

© 1SO 2009 — All rights reserved
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Measurement of the aspirated volume flow rate may be used:

when measurement of delivered volume flow rate is not practical;

if leakage flows can be measured separately and are then deducted from the aspirated volume flow rate;

where it can be confirmed that there is no external leakage of compressed gas from the compressor, as is
the case with liquid-injected rotary compressors;

measurement of delivered volume flow rate (see 6.5.5 and 6.6);

"

e o

where effects of condensation of components of intake gas give rise to possible inaccuracy of

where a
measure

The external
measured val

5.7 Measurement of power and energy

The power input to the compressor shall be measured directly by reaction-mounted drivers, or a torque

or indirectly
certified perfo

The measure
code.

Precision torg

the test with the torsion member at the same temperature as during the test. Readings shall be made

series of incre
shall at no tin

Similarly, wh
calculation of
the calibratio
meter is unsa

The shaft poy

lisfactory.

atad H R - - - V-V~ VSR T--V~ | w—ahbich. aa i meaackramant—davd abaoil
pPrratca—ar 1o ToaSuUTCUT— i winor CaSC— aic MMCaSUrcrTeTt aCvICC—STToOT

ment.

coolant flow shall be determined by using a measuring method with an accuracy,of # 5 %
e or better.

jetermined from measurements of electrical input to a calibrated” driving motor or fro
rmance characteristics of a driving prime mover.

ment of the shaft power of the prime mover shall be carried out according to a recognize

ue meters shall not be used below one third of their rated torque. They shall be calibrate

asing loads with the precaution that, during the taking of readings with increasing loads, th
e be decreased.

bn readings are made with decreasing loads, the load shall at no time be increaseg

output shall be based on the average of the increasing and decreasing loads as determir
n. If the torque difference between increasing and decreasing loads exceeds 1%, the

ver of an electrically driven compressor shall be determined by measuring the electrical

supplied and
precision inst

Multiplying by the motor’efficiency value obtained from the certified calibration of the motof
uments shall be used. Power, voltage and current shall be measured.

The voltage coils of the instftments shall be connected immediately before the terminals of the motor, 3
voltage drop in cables will not affect the measurement. If remote instruments are used, the voltage droj
be determingd separately and taken into consideration (see IEC 60051-1). Factors influencin

measuremen

Electric powe

measurement, such as voltage drop in supply cables or measurement systems, shall

tict the

of the

meter,
m the

d test

J after
with a
e load

. The
ed by
orque

power
. Only

o that
b shall
g the

, such/as voltage drop in supply cables or measurement systems, shall be taken into accodint.

be taken into acco

ing the
unt.

For three-phase motors, the two-wattmeter method or some other method with similar accuracy shall be used.

Current and voltage transformers shall be chosen to operate as near to their rated load as possible so that
their ratio error will be minimized.

For checking purposes, a recently adjusted kWh-meter may be connected to the circuit during the test.

12
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5.8 Miscellaneous measurements

5.8.1 Fuel consumption
If the compressor is driven by an internal combustion engine or a gas turbine, the mean fuel consumption

shall be determined by weighing or measuring the volume of the fuel consumed per unit of time, while running
at the constant conditions of a particular test point (see ISO 3046-1).

5.8.2 Steam consumption

If the compressor is driven by a steam engine or turbine, the steam rate shall be determined in accordance
with [EC 60953-2.

5.8.3 | Gas composition
When|tests are performed with gases other than air, the chemical composition andithe physica| properties of

the gas entering the compressor during the tests shall be determined and if necessary, checked at regular
intervals.

5.8.4 | Condensation rate

The cpndensate collected in aftercoolers, receivers and other places after the discharge flange, put before the
flow measuring device, shall be measured.

Beforg and after every test, the condensate shall be drained:from the intercoolers and their separators in such
a way| that the steady state of the compressor is not disturbed. The separated quantities shall be weighed for
every|cooler and divided by the time since the preceding draining operation.

Any ojl carried over with the condensate should.be separated from the condensate before th¢ mass of the
latter s measured.

5.9 |[Calibration of instruments
Calibrption records of the instruments shall be available prior to the test.

Recal|bration after the test shall"be carried out for those instruments of primary importance which are liable to
variation in their calibratiomzas’a result of use during the test.

Any change in the instrument calibrations, which will create a variation exceeding the class of agcuracy of the
instrument, may be\cause for rejecting the test.

6 Tlest procedures

6.1 General

Before acceptance tests begin, the compressor shall be examined to ascertain whether or not it is in a suitable
condition to undergo an acceptance test. External leakage shall be eliminated as far as possible. In particular,
the pipe systems shall be checked for leakage.

All parts likely to accumulate deposits, particularly the coolers, shall be clean both on the gas and coolant
sides.

© IS0 2009 — Al rights reserved 13


https://standardsiso.com/api/?name=81f0c4f21693a209ef884c1a48a56577

ISO 1217:2009(E)

6.2 Test arrangements

Test arrangements are the following.

a) Preliminary tests may be run for the purposes of, for example
— checking instruments, and
— training personnel.

b) A preliminary test may, by agreement, be considered the acceptance test, provided that all requirements
for an acgeptanreetesthave-beenet

c) During the test, all measurements having any bearing on the performance shall be carried~oul. The
determination of the flow rate and the power absorbed by the compressor are covered in, detail in|6.3 to
6.9.

d) The test|conditions shall be as close as reasonably possible to the conditions of-guarantee; deviations
from thege shall not exceed the limits specified in Table 1. If no inlet conditions-have been agreed, then
the provisions of Annex F shall apply.

e) Where it|s not feasible to test a machine with the gas intended to be useddwith the compressor undgr test
or within [the limitations specified in Table 1, alternative test conditions ‘er alternative corrections shall be
identified

f)  The govgrning mechanism shall be maintained in its normal operating condition.

g) During the test, the lubricant and the rate of feed shall comply with the operating instructions.

h) During the test, no adjustments other than those-required to maintain the test conditions and|those
required for normal operation, as given in the instruetion manual, shall be made.

i) Before rgadings are taken, the compressor-'shall be run long enough to ensure that steady-state
conditiong are reached so that no systematic changes occur in the instrument readings during the tgst.

j)  However| should the test conditions\be such that systematic changes cannot be avoided, or if indjvidual
readings [are subject to great variations, then the number of readings shall be increased.

k) For each|load, a sufficient atmber of readings shall be taken to indicate that steady-state conditions have
been reaghed. The number-of readings and the intervals shall be chosen to obtain the required accyracy.

I) After the|test, the compressor plant and the measuring equipment shall be inspected. Should any|faults
be found|that could.have affected the test results, a further test shall be run after these faults havg been
corrected.

Table 1 =
Maxi s Maximum permissible fluctuation
. aximum permissible .
Measured variable deviati from average during any set of
eviations .
readings

Inlet pressure, p, 10 % 1%

Discharge pressure, p, Not specified +1%

Pressure ratio, r See 8.3.1 —

Inlet temperature, T Not specified +2K

Absolute inlet humidity, , Not specified +5%

Isentropic exponent, x +3% Not specified
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Table 1 (continued)

217:2009(E)

. s Maximum permissible fluctuation
. Maximum permissible .
Measured variable . from average during any set of
deviations -
readings

Gas constant x compressibility factor, R x Z +5% Not specified

Shaft speed, N +4 % +1%

Liquid injection temperature @ +5K Not specified

Difference between inlet temperature of external + 10 K For coolant air +2K

coolant and the gas inlet temperature + 5 K For coolant liquid +2K

Exterrﬂal coolant flow +10 % +10%

Tempeprature at the nozzle or orifice plate Not specified +2K

Differgntial pressure over nozzle or orifice plate Not specified +2%

@  F¢rinternally cooled, liquid-injected rotary compressors.

NOTE|1 The test can be performed if the deviations from the specified conditions are equal-to.or less than the devigtion tolerances.
NOTE|2 If the deviation from test conditions results in a deviation in absorbed power higher than + 10 %, then the [test is not within
the limjts.

NOTE|3 See 5.2.1.

NOTE} A test at a shaft speed different from the specified value is not accepted if resonant pressure pulsations gxceed permitted
levels.

NOTE|5 For the test of a gas compressor with a gas different from that specified, a bigger variation in gas propertles often occurs.
This is|agreed upon by both parties.

NOTE|6 For liquid-ring compressors, see also Table A.1.

6.3 |[Evaluation of readings

BeforI final calculations are undertaken;-the recorded data shall be scrutinized for consistency of operating
condiffjons. The fluctuations of readings during one test shall not exceed the limits given in Table|1.
All acg¢epted readings from any(test run shall be consecutive.

Sets ¢f readings showingcexeessive fluctuation may be discarded, but only at the beginning orf end of a test
run. All readings in anyset'shall be taken as near as possible to one another.

The

for thp different, eompression stages and at the flow measuring device shall then be det
condgnsate measurements.

6.4 |Computation of test results

oisture contept-shall be determined at the standard inlet point, according to 5.4. The mo

isture content
ermined from

Comp

utation of the test results shall be in accordance with the following.

a) Test results, except those for flow measurements, shall be calculated from the arithmetic average values
of the accepted readings.

b) T

he mass flow rate shall be determined according to 5.6.

c) When the gas being compressed is not dry, the influence of the moisture shall be taken into account by
correcting the absorbed power.

d) The actual volume flow rate at the inlet is obtained by converting the gas flow measured through the
measuring device from the condition there to the condition at the standard inlet point, due consideration
being paid to any separated moisture according to 6.5.4 and 6.6.

© 1SO 2009 — All rights reserved
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e)

f)

9)

NOTE 1 Other corrections, such as correction for gas constant and the compressibility factor, can be madg;

h)

NOTE 2  Sugh corrections are agreed upon by the parties concerned.

i)

NOTE 3  Sugh corrections are agreed upon by the parties concerned.
6.5 Volumee flow rate corrections

6.5.1 Correftion factor for shaft speed;K;

The correction factor for shaft speed,.K%y'is calculated using Equation (2):

Some unloading systems exhaust warm gas back to inlet at part load conditions. The inlet temperature
thus becomes higher at part load than at full load, whereby the volume flow rate apparently seems to
attain a higher value. In such cases, the part load flow rate is calculated with the inlet temperature valid
for full load.

Test conditions are never exactly consistent with specified conditions. Therefore, before test results and
specified values are compared, corrections shall be applied to volume flow rate and absorbed power.

Within the limits specified in Table 1, this International Standard provides for adjustment of the volume
flow rate and the absorbed power when the test conditions deviate from those specified. The volume flow
rate shall be adjusted for deV|at|on in shaft speed |sentrop|c or pontroplc exponent external coolant
peed

of the acfual compressor shall be determined by a method of variation so that the size. 6f each correction
to the specified operating conditions can be determined by interpolation or,(in extreme casgs, by
extrapolgtion.

Outside the limits specified in Table 1, the influence of the actual operating conditions on the perforIance
e

For process compressors where certain amounts of compressed™nedium are injected or extfacted
between fthe stages, the specific energy concept is meaningless and'shall be replaced by the powef input
to the compressor shaft.

If the test is carried out with a gas different from the one specified, a correction shall be made. A change
in the ga$ constant will affect the leakage and hence thevolume flow rate.

()

6.5.2 Corre
conditions a

ction factor for tests where polytropic exponents for specified conditions and test
e different, K,

The correction_factor for tests where polytropic exponents for specified conditions and test conditioms are

different, Ko,

can be neglected, except for when testing single-stage reciprocating compressors. In such

machines, a change in the polytropic exponent and in the pressure ratio will influence the volume flow rate as
the expansion of the gas trapped in the clearance volume is affected. Since the degree of this influence is not
fully known, it is important that the compressor be operated as near to the specified pressure ratio as possible.

For differences within the limits given in Table 1, Equation (3) shall apply:

1-
Ky =
1-

16

E(ré/nc - 1)

®)

E(ré/nR - 1)
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R
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E

n
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is the measured pressure ratio;
is the specified pressure ratio;
is the relative clearance volume;

is the polytropic exponent (should be taken as 0,9 «, in which x is the isentropic exponent).

For pressure ratios below 3, the correction factor is simplified to Equation (4):

=

For al
duringd

6.5.3

comp

9 :1+E(r;/”R —ré/nc)

the test are maintained within the limits of Table 1, K, = 1,0.

The t¢mperature difference between the external coolant and the gas, at’their inlet points will
temp%rature in the compressor cylinders as well as in the intércoolers. As this influenc

essor type, size and shaft speed, no general formula for corfecting volume flow rate can
recommended that provided the specified gas and coolant temperatures and the difference betw
maintained within the limits given in Table 1, no correction shall be made. Therefore, the correqd
externjal coolant temperature is

K3:1,0

(4)

other compressors where the deviation from specified values and fluctuations from avefage readings

Correction factor for external coolant temperature, K3

hffect the gas
b varies with
be given. It is
een them are
tion factor for

For liquid-injected rotary compressors, the volume flow rate is affected by the temperature difference of the

liquid jnjected into the compressor and therefare will be affected by the action of any thermostat
may bie fitted to enable the liquid to bypass.the cooler until a given liquid temperature is reached.

For algiven air inlet temperature, the.injection of colder liquid normally gives higher volume flg
less preheating of incoming air andymore efficient cooling and sealing during compression. The
this influence depends upon compressor design, internal clearances, rotor tip speed and also
rate, liquid viscosity, etc.

For liquid-injected rotary compressors that use air-cooled exchangers to cool the injecte
tempdrature of the coeling air approaching the heat exchanger and the temperature of the comp
will uqually be similar. In these circumstances, provided the inlet air temperature remains within
specifjed valuefin)Table 1, no correction for volume flow rate shall be made.

K3: 1,0

c valve which

w rate due to
magnitude of
on liquid flow

d liquid, the
essor inlet air
+ 10 K of the

For liquid-injected rotary compressors that use water-cooled heat exchangers to cool the injected liquid, the
water flow rate can generally be adjusted to approximately maintain the specified liquid injection temperature.
Provided the liquid injection temperature is maintained during the test within the limits specified in Table 1, no
correction for volume flow rate shall be made.

K3:1,0

Where the conditions stated in this subclause cannot be met and for other types of liquid-injected rotary
compressor, the correction factor, K5, shall be individually determined [see 6.4 h)].
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6.5.4 Correction of volume flow rate to allow for discharge of condensate formed from vapour
component of intake gas flow

Vapour present in the intake gas can condense and be collected as it passes through the compressor at any
point between the inlet point and the flow measurement point (i.e. intercooler, aftercooler, etc.). Allowance

may be made for such condensate ejected from the compressor during the test when calculating the inlet gas
flow using Equation (5):

qvcd = dmed % Ry % T1/ P (5)

where

dyeq 18 ‘he volume flow rate of condensed water vapour at compressor inlet conditions;
dmed s the total mass flow rate of condensate collection;

R, is {he gas constant of water vapour.

Any condensate resulting from water being injected in the gas stream shall not be taken into account.

6.5.5 Correftion for deviation in gas constant and compressibility factor
A change in gas constant or compressibility factor can affect the leakage and hence the measured vplume

flow rate. Tlis influence should be neglected provided the product R xZ of gas constant, R, and
compressibility factor, Z, is maintained within the tolerances given inZTable 1.

6.6 Corredted volume flow rate

When the inlgt gas has no vapour component which willgondense at any temperature and pressure conpdition
obtained in the compressor during the testing process, the corrected volume flow rate is found|using
Equation (6):

dycor = K1K2K3 X qyRr (6)

where ¢, is fhe measured volume flow rate calculated from measured results of the test.

x R¢ x T.
qyr = HR—T—1 )
P1
with
Ry = Ry |15 "f1x(§_V-1ﬂ ®)
_ Xe o+ iy va

When condensed vapour ejected from any point in the compressor is collected and measured during the test,
allowance shall be made when determining the equivalent inlet flow rate using Equation (9):

qycorr = K1K K3 x (qVR + chd) 9)

where g4 is the inlet volume flow rate equivalent to the condensed vapour ejected from the compressor
during the test, as calculated using Equation (5).
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6.7 Power corrections

6.7.1 Correction factor for shaft speed, K, (= K;)
The absorbed power is affected by the shaft speed. It should be assumed that the compressor efficiency

remains unchanged for deviations of test shaft speed from the specified shaft speed within the limits given in
Table 1.

Using Equation (10), the correction factor for shaft speed, K, (= K), is then:

=—C (10)

6.7.2 | Correction factor for inlet pressure, polytropic exponent and pressure ratio, X

The specified pressure ratio can normally be maintained within = 1 % by adjusting the discharde pressure. If
corredtion curves have not been established from earlier tests with the specific compresgor type, the
corregtion shall be based on a comparison of the work of compression using an approprigte polytropic
exponent.

NOTE The actual polytropic exponent varies during the compression process.
If no test results are available, the isentropic exponent should be used (for air, «+ 1,40).

If the finlet pressure, polytropic exponent and the pressure ratio deviate from the figures specified, then the
corredtion methods given in Equations (11) to (13) shall-be used. The correction factor for iplet pressure,
polytropic exponent and pressure ratio, Kg, is:

a) faqr single-stage machines, cooled and uncooled:
Kg=21C (11)
P1R

b) fqr multi-stage compressors withtintercoolers:

I
K= Pic  197c (12)
PR R
c) if|the pressure ratio-during the test is held within + 0,2 %, the power input correction for all{displacement

cpmpressors cah-be simplified to:
Ks= Pic (13)
PAR

6.7.3 Correction factor for isentropic exponent, K

If the isentropic exponent deviates from the figure specified in the contract, then the correction methods in
Equation (14) shall be used for single-stage reciprocating compressors, cooled and uncooled, with negligible
leakage losses past the piston(s). The correction factor for isentropic exponent, Ky, is given as Equation (14):

-1, Ao

Kn = X x K (14)
° T -], (1) 2
n R _1
'R
NOTE The actual polytropic exponent varies during the compression process.
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If no test results are available, the isentropic exponent should be used (for air, x=1,4). If the polytropic
exponent deviates from the value specified in the contract, then the correction methods below shall be used.

6.7.4 Correction factor for humidity in multi-stage compressors, K5

If in a multi-stage compressor, vapour has condensed in and has been discharged from the intercoolers,
decreasing quantities of vapour are compressed in the following stages. The correction factor for humidity in
multi-stage compressors, K7, is given as Equation (15):
iC ﬂ (15)
J]

R - T Z T
K7=1+“—VXZ—1J TR (xm— 1,7%1:{)— JWCX[ X

I(g Ll»]R k _Ii:2 ) 11C
where x is thg mixing ratio of the gas at the inlet of any stage.

The mixing rafio may be calculated from the partial pressure of the vapour.

6.7.5 Corregtion factor for external coolant inlet temperature, Kg

The temperafure difference between the external coolant and the gas at their iflet points will affect the gas
temperature |n the compressor cylinders as well as in the intercoolers. As( this influence varies with the
compressor {ype, size and shaft speed, no general formula for correcting power can be given| It is
recommended that provided the specified gas and coolant temperatures.and the difference between thgm are
maintained within the limits given in Table 1, no correction shall be made.

For liquid-injgcted type rotary compressors, the inlet air temperature, the temperature of the injected [liquid,
and the difference between them all affect the absorbed powetr. In particular the temperature of the injected
liquid has a significant influence on viscosity and hence on internal leakage and hydraulic losses.

For liquid-injected rotary air compressors which use air~cooled heat exchangers to cool the injected liqujd, the
temperature qf the cooling air approaching the heate€xchanger and the temperature of the compressor inlet air
will usually bg similar. In these circumstances, provided the inlet air temperature remains within + 10 K|of the
specified valde, no correction for power shall-be”made. Therefore, the correction factor for external cpolant
inlet temperature, Kg, shall be made.

K8 = 1,0
For liquid-injected rotary air compressors which use water-cooled heat exchangers to cool the injected [liquid,
the water flgw rate can generally be adjusted to approximately maintain the specified liquid injection
temperature. Provided thetliquid injection temperature is maintained during the test within limits specified in

Table 1, no correction for power shall be made.

K8:1,0

Where the coneiti abov teaie-ing v i SSOrs,
the correction factor, Kg, shall be individually determlned [see 6.4 h)]

6.8 Corrected power
The corrected power is given as Equation (16):

Peorr = K4K5KgK 7Kg x Pr (16)
If a test motor is used, the characteristics of the motor shall be referenced in the report.

NOTE For packaged compressors only, the input power to the motor is corrected in this way. The other components
in the total power consumption figure are then added to arrive at the total corrected input power figure.
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If practical, the mechanical losses, P, shall be identified individually (e.g. by measuring oil volume flows and
temperatures to bearings and seals). The correction for suction pressure shall be as given in Equation (17):

Pcorr:[(Pr_Pme)XK5+PmeJXK4K6K7K8 (17)

6.9 Corrected specific energy requirement

The corrected specific energy requirement is obtained by dividing the corrected power by the corrected
volume flow rate (see 6.6 and 6.8).

7 Uncertainty of measurement

The irfformation on uncertainty of measurement in Annex G shall be used.

8 Qomparison of test results with specified values

8.1 |General

The test results, corrected to the specified operating conditions<in “accordance with Clausg¢ 6, shall be
compared with the guarantee or specified performance.

The cpmparison shall include:

comparison of the corrected power consumption *(specific power consumption, fuel consumption or
efficiency, depending on the terms of the guarantee) with the guaranteed power consumption (specific
ppwer consumption, fuel consumption or efficiency);

— cpmparison of the corrected volume flow:rate with the guaranteed volume flow rate at|the specified
plessure rise (or pressure ratio).

In making the comparison, the following ‘'shall be taken into account:

|
c

ncertainty of measurement (see Annex G);

— efrors due to the confidence limits in the thermodynamic properties of the gases used;

|
o)

rrors due to the inaceuracy of the methods used to correct the test results to the guarantped operating
pnditions;

(@]

— efrors due to_non=steady conditions during the test;

V)

ny tolerance in the performance of the compressor permitted by the terms of the guarantee].

Thesq errrs should be combined to determine the total test uncertainty. This and the manufacturing tolerance
shoulqi be)clearly and separately stated or illustrated in the presentation of the comparison.

In the presentation of the comparison, a conclusion should be included stating whether or not the results of
the test indicate that the compressor meets the specification.

The methods of performance comparison described in 8.2 and 8.3 presume that no alternative method to
comparison has been agreed on.

8.2 Comparison of measured performance curves with guarantee points

8.2.1 Compressors with no possibility of performance adjustment

If it is not possible to adjust the speed or geometry of the compressor, the guarantee comparison for volume
flow rate, ¢, and specific energy, P/q,, is carried out as shown in Figure 1.
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8.2.2 Compressors with possibility of adjusting the performance curve

In this case, the guarantee comparison can be made directly for volume flow rate, ¢, using the performance
curve which passes through the guarantee point. This performance curve can be recorded directly or be
interpolated from adjacent performance curves in the permissible range. The guarantee comparison for

specific energy, P/qy, is made as shown in Figure 2.
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Figure 2 — Guarantee comparison of measured performance curve for compressors with possibility of
adjusting performance curve

8.3 Comparison of single measuring points with single guarantee points

8.3.1 Compressors with no possibility of performance adjustment
Equations (18), (19) and (20) provide a means of comparing the corrected value of specific energy, (P/qy)qor
determined at the test pressure ratio, rg, with the contractual requirements at the specified pressure ratio, r¢

(see Figure 3). This assumes that the compressor efficiency remains unaltered within the range
0,95r¢c < rg < 1,05r.

(i] [i] < Kq (18)
9V Jcorr,C v ) corr
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where for single-stage displacement compressors with or without cooling and multi-stage compressors without
intercooling, the correction factor for pressure ratio, Kg, is given as Equation (19):

. ré}cf’l/lc)c 1 (19)
9= .
ré}c - 1/K)C 1
For multi-stage displacement compressors with intercoolers, Equation (20) applies:
I
Kg=-2C (20)

In7

where

rr is the measured pressure ratio;
rc is the contractual pressure ratio.

See Figure 3.
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Figure’3 — Guarantee comparison for compressors with no possibility of adjusting the performance

The corrected inlet volume flow rate, gp4.., determined at the test pressure ratio, rg, can similarly be
compared with the contractual value, ¢, at the contractual pressure ratio, r, as given in Equations (21)
and (22):

a) for single-stage piston compressors (with clearance), Equation (21) applies:

9ycorr,C = 9vcorr X

1—E(r(13/"c -1)

1-£(rd" -1)
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b)

for multi-stage compressors with back expansion (piston compressors) and displacement compressors

without back expansion (rotary type compressors), assuming constant volumetric efficiency and no

alteration

9ycorr,C =

of the suction volume flow is applied, Equation (22) applies:

dycorr

8.3.2 Compressors with possibility of adjusting the performance curve

(22)

In this case, alteration of speed or compressor geometry (e.g. built-in volume ratio or swept volume

adjustment) p

rovides a means of adjusting ¢, to ¢, at the specified pressure ratio, . See Figure 4.

The specific €
constant effic

I

P

dy

nergy, Plqyqq for the volume flow, g, is adjusted to the specified pressure ratio, ¢, ass
ency within the limits of Table 1, as given in Equation (23):

|

P
—j X Kg
v ) corr

,C

Ky is calculatg¢d according to 8.3.1.

8.4 Uncert

ainties and manufacturing tolerances

For uncertainfies and manufacturing tolerances, see G.6.

8.5 Specia
8.5.1 Linkin

If, for a guara
guarantee po

| information

g design tolerances

htee point, a variation in design is claimed:for the volume flow or for the pressure ratio, al
nts are shifted similarly in the same ratio.

uming

(23)

other
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Figure 4 — Guarantee comparison for compressors with possibility of adjusting the performance

8.5.2 | Linking guarantee points

The percentage variations, A*, from the guarantee values are calculated from the differences of quantity, A, by
applying Equation (24):

~ xx

RN (24)
2.Ci

The weighted mean variation is formed.

N

The relevant values of C; are the evaluation coefficients assigned to the guarantee points (weights). If they are
not agreed in the supply contract, they are made equal to 1.

NOTE When, because of operational conditions that are not the supplier's responsibility, not all the operational points
are checked, the guarantees of the relevant points are regarded as being fulfilled.
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9 Testreport

After completion of the acceptance test, a test report shall be completed recording all the necessary
information on the procedure and the results of the test. It shall specify the following:

a)

b)

c)

d)

e)

f)

)]

h)

28

the test data, the place of the test and the names of the supervisor and other participants;

the following technical data:

1) for the compressor

h ait nd tallotio
T 3

i) fhe type and serial number,
iii) fhe year of manufacture, and

iv) B short technical description giving operational data, auxiliaries and their, drive and anyj
special features (intercooling and lubricating system, etc.);

2) for the driving unit, generally the same items specified for the compréssor, but in particular
which are essential for establishing the specified performance;

the conditions and scope of the guarantees according to the contract;

the progfamme of the procedure and diagram of the test arrangement indicating location of mea
points, ingtruments used and their calibration records;

a record pf the test run together with a table of the averdge values of the important readings and th
they wer¢ taken. If possible, a record of the maximum and minimum readings. Copies of the log §

and of an

an indication of any unscheduled occurrence which was noted during the test;

the formylae used for the calculation:of the results, with due regard to the propagation of the
uncertainties as they influence the final results;

a statem
tables an

a compa
the contr:

oo ahrEnaca-of-ina A—mankfactirar
SO PUTrPOSC o T otamat o TarroraCtarcT;

y readouts from an automatic recorder, as-well as duplicates of the gas analysis, etc.;

ent of the method used.for converting the test results to specified conditions with reference
d charts used (see '‘€lause 8); a clear definition of the reference process chosen;

ison of the actual performance with the guaranteed values or data and a statement of w
hct values-have been met or not.

other

those

suring

e time

theets

mean

to the

hether
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Annex A
(normative)

Acceptance test for liquid-ring compressors

A.1 Additional definitions

ISO 1217:2009(E)

The d

A.2

See C

A3

See 6

When

When
the sp

A4

Measuring equipment, methods and accuracy

lause 5.

lest procedure

1 to 6.3; however, Table 1 is replaced by Table A.1 for liquid-fing compressors.

Efinition of particular relevance to this annex is the definition of a liquid-ring compressor (sge 3.1.12).

Table A.1 — Maximum deviations from specified values during an acceptance t¢st

Measured variable Maximum allowable deviation
Inlet pressure, p, 5%
Discharge pressure, p, +5%
Rotational frequency, N +3%
Working liquid flow rate +10 %
Working liquid temperature +5K

ecified value,

Cotrection of test results to specified conditions

ever the pressure ratio is used as the basis for correction, it shall be within + 2 % of the specified value.

ever the relative vapour pressure is used as the basis for correction, it shall be as close as possible to

Whenever the test conditions deviate from the specified conditions, a correction of the intake volume flow rate
and the power absorbed or specific energy requirement shall be made. The intake volume flow rate is
influenced by deviations in shaft speed, suction and discharge pressures, moisture content and temperature

of the

The power input is influenced by deviations in shaft speed, inlet and discharge pressures.

liquid.

If the acceptance test is not carried out with the gas specified, the parties shall agree beforehand upon the

conve

rsion method to be used.
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A.5 Inlet volume flow rate corrections

A.5.1 Correction factor for shaft speed

The correction factor for shaft speed, K, is given as Equation (A.1):

N
Kq= e (A.1)
Ng
A.5.2 Correction factor for working liquid temperature
The correcti0||1 factor for working liquid temperature, K, is given as Equation (A.2):
- T
Kqg = Pyc —Pc LR (A.2)
Pir PR Tic

where

pic  is the specified absolute inlet pressure, in megapascal (bar);

pLc s the partial pressure of the working liquid at its specified temperature, in megapascal (bar);

pqr is the measured absolute inlet pressure, in megapascal (bar);

pr  is the partial pressure of the working liquid at its actualtemperature, in megapascal (bar);

T\r is the measured absolute temperature of the working liquid, in kelvin;

T.c s the specified absolute temperature of the Working liquid, in kelvin.
NOTE This correction factor is valid on conditioni"that the heat transfer between the liquid and the gas allow the gas
to attain the safne temperature as the liquid before the Compression process commences.
A.5.3 Corr¢dction factor for gas inlet temperature
The correction factor for gas inlet temperature, K44, is given as Equation (A.3):

T
Ky =1 (A.3)
IR

where

Tic is 1he specified absolute inlet gas temperature, in kelvin;

Ti1r is the measured absolute inlet gas temperature, in kelvin.
A.6 Corrected inlet volume flow rate
The corrected volume flow rate, gy, is given as Equation (A.4):

dycorr = K1K10K11 X qyR (A.4)

where ¢, is the measured volume flow rate calculated from observed results of the test.
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A.7 Power correction

The correction factor for shaft speed, K, is given as Equation (A.5):

2

where

N¢ is the specified shaft speed;

Ng is the measured shaft speed during the test.

A.8 Corrected shaft power

The cprrected shaft power, P, is given as Equation (A.6):
Heorr = K42 X PR (A.6)

wherg PR is the measured absorbed power.

A.9 Corrected specific energy requirement

The cprrected specific energy requirement is obtained by dividing the corrected shaft power by(the corrected
volumie flow rate (see A.6 and A.8).

A.10| Uncertainty of measurement

See Annex G.

A.11| Comparison with specified values

See (lause 8.

A.12| Testreport

See Jlause 9
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Annex B
(normative)

Simplified acceptance test for bare displacement compressors

B.1 General

B.1.1 Air orl nitrogen
This subclausge applies to bare displacement air compressors of all types.

a) Such compressors are configured without drive motor or engine and generally only incorporate esgential
ancillary gquipment, e.g. interstage coolers in the case of multi-stage compressors:

b) This subg¢lause defines and describes acceptance tests for bare displacement aif' compressors whitch are
constructed to design specifications which include performance data, i.e.(volume flow rate, inlg¢t and
discharge pressure, specific energy consumption and speed, published in the manufacturer's| sales
documentation.

c) For compressors that are designed to inspire atmospheric air{from their immediate surroundings, the
performahce data usually relate to a normal ambient air inlet préssure.

d) Only megsurements necessary to verify the performance-6fta single set of conditions shall be taken

e) The test|conditions shall be as close as is reaspnably possible to the specified conditions and the
deviationg from these shall not exceed the limits indicated in Table B.1.

f)  The compressor under test shall be deemed acceptable provided the results obtained do not diffegr from
the specified performance by more than, the allowances given in Table B.2.

Table B.1 —Maximum deviations from specified values
during an acceptance test

Inlet pressure +10 %
Discharge pressure +2%
External coolant quantity +10 %
Inlet temp. of external air coolant +10K
Inlet temp. of external liquid coolant +5K
Liquid injection temperature +5K

32 © IS0 2009 — All rights reserved


https://standardsiso.com/api/?name=81f0c4f21693a209ef884c1a48a56577

ISO 1217:2009(E)

Table B.2 — Maximum deviations permissible at test

Volume flow rate | Volume flow rate | Specific energy Power requirement
at specified requirement (at zero volume flow rate
conditions or at pressure ratio of 1) @
(m3/s) x 1073 % % %
0<g,<83 +7 +8 +10
8,3<q,<25 +6 +7 +10
25 < g, < 250 +5 +6 +10
4> 250 +4 +5 +10
NOTE The tolerance values in this table cover and include manufacturing tolerances of the comprgssor
and tolerances relating to the measurements taken during the test.
@ Where specified, the manufacturer shall state the method used.

NOTE Compressors of this type are usually manufactured in batches or in contintous production quantities and the
perforrnance guarantee offered by the manufacturer to the purchaser is implicit in.the) information stated|in the relevant

sales data.

B.1.2[ Process gases

This qubclause applies to bare displacement process gas compressors of all types (compressdr stages) and
to any type of bare displacement air compressors with a power requirement above 800 kW. Buch bare air

essors typically compress air which is used as a proeess gas rather than for a compresséd air system.

This qubclause therefore cannot be applied to regular compressed air or nitrogen compressors, where B.1.1

bclause can only be used under the following circumstances.

ontractual agreements are agreed between both parties to use this subclause.

idence and experience with the type of compressor under test shall be available to justify the use of
this subclause.

The test report shall include’the justification for applying this subclause, including the deviation from the
contractually agreed process parameters, e.g. power or composition of gas or pressuré ratio, which
re¢quire the use of this subclause.

ch compressors’'are configured without drive motor or engine and generally only incorpdrate essential
ahcillary equipment, e.g. interstage coolers in the case of multi-stage compressors.

This subclause defines and describes acceptance tests for bare displacement compressorg as described
this subclause, constructed to design specifications which include performance data, i.g. volume flow
rgtésinlet and discharge pressure and specific energy consumption.

Only those measurements necessary to verify the performance of a single set of conditions (“guarantee
point”) to meet the specification shall be taken.

The test conditions shall be as close as reasonably possible to the specified conditions and the deviations
from these shall not exceed the limits specified in Table B.3.

Experience shows that the power requirements of this type of packaged compressor frequently exceed
the test bench capabilities of the manufacturers, especially in cases with high inlet pressures.

In cases where due to high inlet pressures the power requirement of the test would exceed 800 kW, it is
therefore sufficient to fulfil only the pressure ratio condition of Table B.3, rather than the absolute inlet and
discharge pressure conditions. In addition, tests with the specified speed but with atmospheric inlet
pressure should then be carried out.
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i) When tests are performed with gases other than air, the chemical composition and the physical properties
of the gas entering the compressor during the tests shall be determined and if necessary, checked at
regular intervals.

k) If the acceptance test is not carried out with the gas specified, the conversion method to be used shall be
identified. If the isentropic exponent of the process gas specified is more than 7 % smaller than the
isentropic exponent of the medium used for the test, thermal problems can occur if the pressure ratio is
kept within the limits given by Table B.3. In such cases, it is therefore admissible to deviate from the
specified pressure ratio by — 40 % to + 20 %.

I) The compressor under test will be deemed acceptable provided the results obtained do not differ from the
specified performance by more than the allowances given in Table B 2

NOTE Compressors of this type are usually manufactured in batches and the performance guarantee offered|by the
manufacturer t¢ the purchaser is implicit in the information stated in the relevant sales data.

Table B.3 — Maximum deviations from specified values during an acceptance test

Speed +20 %
Inlet pressure Not specified @
Pressure ratio £20 %P
Digcharge pressure Not spécified @
Cdolant temperature As'for B.1
Liduid injection temperature +10K

@ | If the specified inlet and discharge pressures cannot be provided, it is sufficient to fulfil the pressure ratio

corndition alone.

b | This can be exceeded if the isentropic exponent of’the specified medium is more than 7 % smaller than
the isentropic exponent of the test medium.

B.2 Methods of measurement
B.2.1 General
All measurement points shall be-as specified in this International Standard.

B.2.2 Methods of determining volume flow rate

The measurement of.-volume flow rate shall be carried out according to the methods in 5.6 and recordgd in a
test report.

B.2.3 Method of determining condensate rate

B.2.3.1 General
Volume flow rate may be calculated assuming complete removal of moisture from the inlet air.

If the bare compressor has no means of condensing moisture from the air being compressed, no correction
shall be made for moisture content. If the bare compressor has a means of condensing and ejecting moisture,
for example intercooler(s) and aftercooler(s), correction of the volume flow rate may be made either by
collection and measurement of the condensate ejected during the test according to B.4.2.1 or entirely by
calculation according to B.4.2.3.
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B.2.3.2 Collection and measurement of condensate

Before and after the acceptance test, which shall be carried out with the compressor running at the specified
test conditions, 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 average 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. The condensate correction
factor, K43, shall then be determined as shown in B.4.2.3.

B.2.4 Methods of determining shaft power

B.2.41 General

Displgcement compressors shall be tested on a fixed test rig using an electric motor as'the meairjs of providing
shaft power. One of the following methods of determining shaft power may be used;

a) cpmputing the shaft power from measurements of the speed of the compressor shaft (B.2.4.2) and the
tqrque applied to it (B.2.4.3), while running steadily at the specified test:conditions

termining the output shaft power from a calibrated drive motor by measurement of the input electrical

d
ppwer to the motor (B.2.4.4) using the previously determined_éperating characteristics of efficiency and,
when appropriate, power factor for the motor.

B.2.42 Measurement of shaft speed

Shaft gpeed shall be determined by using methods that:have the same accuracy as that stated in 5.5.

B.2.43 Measurement of torque

Precidion torque meters having a certified. Calibration and an accuracy of 2 % or better at all measurement
values shall be used but not below one thind of their rated torque.

B.2.4/4 Measurement of electrical power

Precigion instruments shall be\used to measure power, voltage and current with their coils conngcted so that a
voltage drop in the cablesdwill'not affect the measurement.

For tHree-phase motors the two-wattmeter method or other method of similar accuracy shall pe used (see

IEC 60051-1). Current and voltage transformers shall be chosen to operate as near to their rated loads as
possiljle so thattheir ratio error is minimized.

B.2.4)5 ATransmission losses

The manufacturer shall state the value of any external drive fransmission Tosses. Allowance for transmission
loss shall not be made for drive gears which are an integral part of the compressor being supplied, as is the
case with many oil-injected rotary screw air ends.

B.3 Test procedure and report

Preliminary tests may be performed to determine whether or not the compressor is in suitable condition for the
acceptance test to be conducted and to check the measuring instruments.

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

© 1SO 2009 — All rights reserved 35


https://standardsiso.com/api/?name=81f0c4f21693a209ef884c1a48a56577

ISO 1217:2009(E)

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

Before readings are taken, the compressor shall be run long enough to ensure that steady-state conditions

are reached.

Where a verification is required it shall be demonstrated, in conjunction with the test, that the compressor is
also capable of producing the specified discharge pressure, provided the inlet pressure be within the limits
specified in Table B.1 and in the case of process gases, Table B.3.

The test report shall be short and simple without tolerance calculations and with only the essential corrections

cited.
B.4 Comp
B.4.1 Gene

Test conditio
specified pe

flow rate and ghaft power.

Provision is
of shaft spee
inlet pressure

B.4.2 Volun

B.4.21

The corrected

9ycorr =
where
Ky isth
K43 isth
B.4.2.2 Shsg

It may be as

General

itation of test results

ral

s are never exactly consistent with the specified conditions. Therefare;) before test resul
rmance values are compared, corrections shall be applied to the measured values of v

ade, within the limits specified in B.1.1 e), for adjustment_ofdhe volume flow rate for dev
| and formation of condensate and adjustment of shaft power for deviations of shaft speg

ne flow rate correction

volume flow rate, gy, is calculatedsing Equation (B.1):

K1K43 X qyR

e correction factor for-shaft speed (see B.4.2.2);

b correction factor for condensed water vapour at the specified free air conditions (see B.4.

ft speed-.correction factor

sumed that the compressor volumetric efficiency, compressor mechanical efficiency and

s and
plume
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d and
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The correction factor, K4, is then given as Equation (B.2):

Kq=
Nr

36

_N¢

(B.2)
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B.4.2.3 Condensate formation correction factor

When condensate ejected during the test is collected and measured, an allowance for this, K;3, may be
calculated using Equation (B.3):

+qWXRVXT1
qyrR X P1

K3 =1 (B.3)

As an alternative to the collection and measurement of condensate, Equation (B.4) may be used to calculate
the correction factor, Ky 3:

| P

K13 = 1 - (B.4)
- 1-_9
P1 vaxfﬂx( 2 ]

\

where
Pls is the saturated vapour pressure of water at the temperatureZat the standard inlet point;
10 is the relative vapour pressure at the standard inlet peint;

R
[1 - R—9] may be taken as 0,378 for air.

\'

The manufacturer shall state which correction method.was used, together with the appropriate values.
B.4.3| Shaft power correction

B.4.31 General

The cprrected shaft power, P, is_calculated using Equation (B.5):

corr’

Ny

corr = K4K5 x PR (B.5)

wherg

. . N
K], is the correction factor for shaft speed as expressed by N—C;
R
K Cis'the correction factor for inlet pressure as expressed by Pic
Dap

B.4.3.2 Inlet pressure correction factor

Provided the deviation in inlet pressure is maintained within the limits specified in Table B.1, the correction for
inlet pressure, Kg, is calculated using Equation (B.6):

kg = 21C (B.6)
P1R
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B.4.4 Calculation of specific energy requirement

The specific energy requirement, ey, of the compressor is calculated using Equation (B.7)

€ycorr

P

corr

9ycorr

B.4.5 Comparison with specified values

(B.7)

Corrected to the specified pressure ratio r¢, the specific energy requirement ey, ¢ of the compressor is

calculated usipg-Equation{B-8):

€ycorr,C

For single-std

= eycorr X Kg

intercooling, Equation (B.9) applies:

(K_1)]C ”£KK_1JC -1

(K_1)JR ) (QJR i

K
R

For multi-stage displacement compressors with intercoolers, Equation (B.10) applies:

In £,
K =1C

In

=

ge displacement compressors with or without cooling and multi-stage compressors v

38

(B.8)

ithout

(B.9)

B.10)
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Annex C
(normative)

Simplified acceptance test for electrically driven packaged displacement

CA
C11
This s
type d
a) S
a
in
b) F
k
c) T
o
r
d) F
p
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fy T
d
g T
th
NOTE
perfort
sales ¢

compressors

General

Air or nitrogen

ubclause applies to any packaged air compressor which incorporates a displacement com;
riven by an electric motor.

uch packaged compressors are usually fully piped and wired and genernally include starti
nd all ancillary items necessary for their effective operation as a complete self-contained 3
stallation.

br compressors supplied without a main drive motor, a test.can be performed using a tg
hown characteristics; speed correction shall only be done in'this case.

his subclause defines and describes acceptance tests“for electrically driven packaged air
standard types, constructed to design specifications which include performance data, i.g
te, inlet and discharge pressure, specific energy-consumption and no-load power.

br compressors that are designed to inspire atmospheric air from their immediate surr|
brformance data usually relate to a normal ambient air inlet pressure.

nly measurements necessary to verify the performance of a single set of conditions shall b

he test conditions shall be~as close as is reasonably possible to the specified condi
bviations from these shall'mot’exceed the limits indicated in Table C.1.

he compressor under-test shall be deemed acceptable provided the results obtained do
e specified performance by more than the allowances given in Table C.2.

Compressors of this type are usually manufactured in batches or in continuous production qu
hance guarantee offered by the manufacturer to the purchaser is implicit in the information stated
ata.

pressor of any

ng equipment
ir compressor

st motor with

compressors,
. volume flow

bundings, the

e taken.

ions and the

not differ from

hAntities and the
in the relevant

Table C.1 — Maximum deviations from specified values during an acceptance t«Fst

Inlet pressure +10 %
Discharge pressure +2%
External coolant quantity +10 %
Inlet temp. of external air coolant @ +10K
Inlet temp. of external liquid coolant @ +5K
Liquid injection temperature +5K

@  For multi-stage compressors with inter coolers, the difference
between gas inlet temperature and external coolant temperature
shall be limited to + 2 K in the case of liquid and + 4 K for air.

© 1SO 2009 — All rights reserved

39


https://standardsiso.com/api/?name=81f0c4f21693a209ef884c1a48a56577

ISO 1217:2009(E)

Table C.2 — Maximum deviations permissible at test

Volume flow rate
at specified conditions

(m3/s) x 1073

Volume flow rate Specific energy

requirement

Power requirement

pressure ratio of 1) 2

% % %

(at zero volume flow rate or at

the measureme

0<¢,<83 +7 +8 +10
8,3<q,<25 +6 +7 +10
25 < g, < 250 +5 +6 +10
q, 2250 +4 +5 +10
NOTE ThE tolerance values in this table cover and include manufacturing tolerances of the compressor and tolerances\relating to

ts taken during the test.

@  Where spe

ified, the manufacturer shall state the method used.

C.1.2 Proce

This subclaus
and to any t
packaged ai
compressed
compressors,

This subclaus
a)

Evidence
this subc

b)

c) The test

d) Such pac

and all ancillary items necessary for their effective operation as a complete self-contained air comp

installatid

This sub)
describeq
volume fl

e)

f)  Only thog

point”) to

1pe of packaged displacement air compressor with a power ¢équirement above 800 kW,

Contractyial agreements are agreed between both parties’to use this subclause.

SS gases
e applies to packaged displacement process gas compressors of all types (compressor s

compressors typically compress air which is used as<a ‘process gas rather than
ir system. This subclause therefore cannot be applied for. regular compressed air or ni
where C.1.1 applies.

e can only be used under the following circumstances.

and experience with the type of compréssor under test shall be available to justify the
ause.

eport shall include the justification for applying this subclause.
kaged compressors are usually fully piped and wired and generally include starting equi
n.

clause defines and“describes acceptance tests for packaged displacement compressq
in this subclause, constructed to design specifications which include performance daf
pw rate, inlet'and discharge pressure and specific energy consumption.

e measurements necessary to verify the performance of a single set of conditions (“gua
meetithe specification shall be taken.

g) Thetest

[ages)
Such
for a
rogen

ise of

pment

[essor

rs as
a, i.e.

rantee

conditions shall be as close as reasonably possible to the specified conditions and the dev

ations

from these shall not exceed the limits specified in Table C.3.

h)

the test bench capabilities of the manufacturers, especially in cases with high inlet pressures.

Experience shows that the power requirements of this type of packaged compressors frequently exceed

In cases where due to high inlet pressures the power requirement of the test would exceed 800 kW, it is

sufficient to fulfil only the pressure ratio condition of Table C.3, rather than the absolute inlet and
discharge pressure conditions. In addition, tests with the specified speed but with atmospheric inlet

pressure

should then be carried out.

When tests are performed with gases other than air, the chemical composition and the physical properties

of the gas entering the compressor during the tests shall be determined and if necessary checked at
regular intervals.
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k) If the acceptance test is not carried out with the gas specified, the conversion method to be used shall be
identified. If the isentropic exponent of the process gas specified is more than 7 % smaller than the
isentropic exponent of the medium used for the test, thermal problems can occur if the pressure ratio is
kept within the limits given by Table C.3. In such cases, it is therefore admissible to deviate from the
specified pressure ratio by — 40 % to + 20 %.

[) The compressor under test will be deemed acceptable provided the results obtained do not differ from the
specified performance by more than the allowances given in Table C.2.

NOTE Compressors of this type are usually manufactured in batches and the performance guarantee offered by the
manufacturer to the purchaser is implicit in the information stated in the relevant sales data.

Table C.3 — Maximum deviations from specified values during an acceptance talast

Speed +20 %
Inlet pressure Not specified @
Pressure ratio +20%P
Discharge pressure Not specified@
Coolant temperature As for‘C.1
Liquid injection temperature 10K

@  If the specified inlet and discharge pressures cannot be provided, it is sufficient to fulfil the pressure ratio
condition alone.

b This can be exceeded if the isentropic exponent of the specified medium is more than 7% smaller tihan
the isentropic exponent of the test medium.

C.2 Methods of measurement

C.2.1| General

All mgasurement points shall be astspecified in this International Standard.

C.2.2) Methods of determining volume flow rate

The measurement of volume flow rate shall be carried out according to the methods specified in 5.6 and
recorded in a test report:

C.2.3] Method of determining condensate rate

If the|compressor package has no means of condensing moisture from the gas being compressed, no
corregtion shall be made for moisture content. If the compressor has a means of condensind and ejecting
moisture, Tor example intercooler(s) and aftercooler(s), correction of the volume flow rate may be made either
by collection and measurement of the condensate ejected during the test according to C.2.3.1 or entirely by
calculation according to C.4.2.3.

C.2.3.1 Collection and measurement of condensate

Before and after the acceptance test, which shall be carried out with the compressor running at the specified
test conditions, 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 average mass rate of the 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. The condensate correction
factor, K3, shall then be determined as shown in C.4.2.3.

© IS0 2009 — Al rights reserved 41


https://standardsiso.com/api/?name=81f0c4f21693a209ef884c1a48a56577

ISO 1217:2009(E)

C.2.4 Measurement of packaged compressor power input

Electrically driven packaged compressors shall be assembled as a complete unit in accordance with the
supplied specification for the acceptance test. The measurement of the total electrical power supplied to the
package shall be carried out when it is running at the specified speed, ambient conditions, supply voltage and
frequency. One of the following methods of determining the input electrical power may be used:

a) the double element wattmeter method, which gives a direct indication of the electrical kilowatt/input;

b) a computation based on the separate measurements of voltage, current and power factor of the electrical

supply.

Precision inst
voltage drop
to operate as

C.3 Testp

Preliminary te
acceptance tg

After a prelim
provided all re

During the te
for normal op

Before readin
reached and {

Where a verification is required it shall be demonstrated, in conjunction with the test, that the compres

rocedure and report

ruments shall be used to measure power, voltage and current with their coils connected So
n the cables will not affect the measurement. Current and voltage transformers shalkbe ¢

sts may be performed to determine whether or not the package istin“suitable condition f
st to be conducted and to check the measuring instruments.

nary test has been carried out, this test may, by agreement{ be’considered the acceptanc
quirements for an acceptance test have been met.

5t, no adjustments other than those required to maintain the test conditions and those re
pration of the package as given in the instruction manual shall be made.

gs are taken, the package shall be run long enough to ensure that steady-state conditio
he provisions of 6.2 i) are observed.

near to their rated loads as possible so that their ratio error is minimized (see IEC 60051-1).

that a
hosen

or the

e test,

Quired

NS are

sor is

also capable [of producing the specified dischdrge pressure, provided the inlet pressure is within the| limits
specified in Table C.1 and, in the case of praocéss gases, Table C.3.
The test repoft shall be short and simple‘without tolerance calculations and with only the essential corrgctions

cited.

If a test motor

C.4 Comp

C.4.1 Gene

is used then the gharacteristics of that motor shall be mentioned in the report.

Itationoftest results

ral

Test conditions are never exactly consistent with the specified conditions. Therefore, before test results and
specified performance values are compared, corrections shall be applied to the measured values of volume

flow rate and

shaft power.

C.4.2 Volume flow rate correction

C.4.21

General

The corrected volume flow rate, gy, is calculated using Equation (C.1):

9ycorr =K

42

1K13xqyR

(C.1)
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where

K, s the correction factor for shaft speed (see C.4.2.2);

K43 is the correction factor for condensed water vapour at the specified free air conditions (see C.4.2.3).

C.4.2.2 Shaft speed correction factor

This correction is only required when the electric motor drive is not supplied. It may be assumed that the
compressor volumetric efficiency, compressor mechanical efficiency and drive motor efficiency all remain
unchanged for deviations of the test shaft speed from the specified speed, within the limits given in Table C.1.

The cprrection factor, K is then as given in Equation (C.2):

_N¢
Nr

o]

: (C.2)

C.4.2;3 Condensate formation correction factor

When| condensate ejected during the test is collected and measured, an allowance for this,| K43, may be
calculgted using Equation (C.3):

n qW XRVXT1
qyR % P1

K3 =1 (C.3)

where g,, is the rate of flow of coolant.

As an|alternative to the collection and measurement of condensate, Equation (C.4) may be usgd to calculate
the cqrrection factor, Ky 5:

| P

K13 = 1 - (C.4)
- 1- 9
P1 pvsxwx( 2 ]

")

where
Pls is the saturated vapour pressure of water at the temperature at the standard inlet point;
10 is the relative vapour pressure at the standard inlet point;

k|©

\'

R
[1 = ) may be taken as 0,378.
)

The manufacturer shall state which correction method was used, if any, together with the appropriate values.
C.4.3 Packaged compressor power input correction

C.4.3.1 General

The packaged compressor power input, Pp.,, is calculated using Equation (C.5):

Pecorr = K4K'5 x PpRr (C.5)
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where

Ky

is the correction factor for the shaft speed, as expressed by

Nc¢

R

K is the correction factor for inlet pressure and pressure ratio (see 6.7.2).

It is recognized that some elements of the total electrical power input to a packaged compressor are
independent of shaft speed and ambient pressure, e.g. the power input to a separately driven cooling fan and
power consumed by regulation systems. However, it is unusual for the electrical power for these functions to
exceed 10 % of the total input power to the package. In these circumstances, the use of the corrections is

considered v{

C.4.3.2

Provided the
inlet pressure

K5 = ﬂ
P
C.4.4 Calcy

The specific 4

€yPcorr

C.4.5 Comyg

Corrected to
Compressor ig

€yPcorr, C

with K calcul

Inlet pressure correction factor

lid for production test purposes.

feviation in inlet pressure is maintained within the limits specified in Table C.1) the correct
K5, is calculating using Equation (C.6):

R
lation of specific energy requirement

nergy consumption, eypco» Of the packaged compressor is found using Equation (C.7):

Py Pcorr
9ycorr

parison with specified values

the specified pressure ratio, r¢; the specific energy requirement, e pqor ¢, Of the pag
calculated using Equation (G:8):

= eppeorr X K¢

ated according to(B:4.5.

on for

(C.6)

(C.7)

kaged

(C.8)
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Annex D
(normative)

Simplified acceptance test for internal combustion engine-d
packaged displacement compressors

-~ |

3eherat

riven

Air or nitrogen

ubclause applies to any packaged air compressor which incorporates a displacement air ¢
pe driven by an internal combustion engine.

bcessary for their effective operation as a complete self-contained aikcompressor unit.

his subclause defines and describes acceptance tests for engine-driven packaged air cqg
andard types constructed to specifications determined by the manufacturer and which ars
erformance data, i.e. volume flow rate, inlet and discharge pressure, specific fuel con
beed, published in the manufacturer's sales documentation.

uch compressors are designed to inspire atmospheric air from their immediate surroun
brformance data offered by the manufacturer usaally relate to a normal ambient air inlet prg

nly those measurements necessary to verify the performance at a single set of conditions
anufacturer in standard sales documentation shall be taken.

1 If a manufacturer specifies the) performance of engine-driven package compressors
hance of the bare air end at a spécified speed and pressure and indicates power and/or fuel d

bte package, such a machine.cannot be presented as having been tested in accordance with this sim

he test conditions shall be as close as is reasonably possible to the specified condi
bviations from these shall not exceed the limits specified in Table D.1.

he compressorunder test will be deemed acceptable provided the results obtained do not
pecified performance by more than the allowances given in Table D.2.

2  Gompressors of this type are usually manufactured in batches or in continuous production qu
nhante guarantee offered by the manufacturer to the purchaser is implicit in the information stated

sales ¢

ompressor of

uch packaged air compressors are usually fully piped and wired and generally include all ancillary items

mpressors of
e sold against
sumption and

jings and the
ssure.

pffered by the
by stating the
onsumption by
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plified code.
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hAntities and the
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ata.

Table D.1 — Maximum deviations from specified values during an acceptance test

Inlet pressure +10 %
Discharge pressure +2%
External coolant quantity +10 %
Coolant temperature +10K
Liquid injection temperature +5K
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Table D.2 — Maximum deviations permissible at test

Volume flow rate at specified Volume flow rate Specified fuel consumption
conditions
(m3/s) x 1073 % %
0<q¢,<83 +7 +8
8,3<q,<25 +6 +7
25 <q, <250 + +
q,>250 +4 +5
NOTE __The folerance values in this table cover and include manufacturing tolerances of the compressor and
tolergnces relating to the measurements taken during the test.

D.1.2 Procéss gases

This subclauge applies to any packaged process gas compressor which incorporates a displacement
compressor df any type driven by an internal combustion engine and to any packaged air compressgr with
high inlet pqssures which incorporates a displacement compressor of any type’/driven by an internal

combustion gngine. Air compressors with high inlet pressures typically compress air which is used as a
process gas fjather than for a compressed air system. This subclause therefafe ¢annot be applied for regular
compressed 3ir or nitrogen compressors, where D.1.1 applies.

This subclauge can only be used under the following circumstances.
a) Contractyial agreements between both parties to use this subclause.

b) Evidencq and experience with the type of compressor under test shall be available to justify the lise of
this subclause.

c) The test feport shall include the justification for applying this subclause.

d) Such prdcess gas compressors are supplied\by the manufacturer fully piped and wired and generally
include all ancillary items necessary for their_gffective operation as a complete self-contained process gas
compressgor unit.

e) This subflause defines and describes acceptance tests for engine-driven packaged compressars, as
described above, which are constructed to design specifications which include performance dafa, i.e.
volume flpw rate, inlet and diseharge pressure and specific energy consumption.

f)  Only thoge measurements hecessary to verify the performance of a single set of conditions (“guatantee
point”) agreed upon between the customer and the manufacturer shall be taken.

g) The test gonditions shall be as close as reasonably possible to the specified conditions and the deviations
from thede shall'not exceed the limits specified in Table D.3.

Experience swows that process gas compressors are quite often operated with high inlet pressureg. The
provision of high—velumeflows—ef-high-pressuretestmediafrequentlyexceedsthetestbenrch-eapabilities of
the manufacturers. In cases with high inlet pressures, it is therefore sufficient to fulfil only the pressure ratio
condition of Table D.3 rather than the absolute inlet and discharge pressure conditions. In addition, tests with

the specified speed but with atmospheric inlet pressure should then be carried out.

When tests are performed with gases other than air, the chemical composition and the physical properties of
the gas entering the compressor during the tests shall be determined and if necessary checked at regular
intervals.

If the acceptance test is not carried out with the gas specified, the conversion method to be used shall be
identified. If the isentropic exponent of the process gas specified is more than 7 % smaller than the isentropic
exponent of the medium used for the test, thermal problems can occur if the pressure ratio is kept within the
limits given by Table D.3. In such cases it is therefore admissible to deviate from the specified pressure ratio
by — 40 % to + 20 %.
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The compressor under test will be deemed acceptable provided the results obtained do not differ from the
specified performance by more than the allowances given in Table D.2.

NOTE 1 If a manufacturer specifies the performance of engine-driven package compressors by stating the
performance of the bare compressor at a specified speed and pressure and indicates power and/or fuel consumption by
reference to the engine maker's technical data, and does not carry out an acceptance test to this simplified code on the
complete package, such a machine cannot be presented as having been tested in accordance with this simplified code.

NOTE 2  Compressors of this type are usually manufactured in batches and the performance guarantee offered by the
manufacturer to the purchaser is implicit in the information stated in the relevant sales data.

Table D.3 — Maxi leviati f ified val juri | test

Speed +20 %
nlet pressure Not specified @
Pressure ratio £20 %P
Discharge pressure Not specified 2
Coolant temperature +10 K
Liquid injection temperature +J0K

If the specified inlet and discharge pressures cannot be provided, it is sufficient to fulfil the pressure ratid condition
hlone.

This can be exceeded if the isentropic exponent of the specified medium is more than 7 % smaller than the|isentropic
bxponent of the test medium.

D.2 Specific definitions

Definifions of particular relevance to this annex are 3.1.8 (fuel consumption) and 3.1.20 (specific fuel
consymption).

D.3 Methods of measurement

D.3.1| Methods of determining volume flow rate

The measurement of volume flow rate (see 5.6) shall be carried out according to the methodg given in this
Interngtional Standard.and recorded in a test report (see Clause 9).

D.3.2 Method.of determining condensate rate

If the|package compressor has no means of condensing moisture from the gas being compressed, no
correqtion shaII be made for moisture content If the compressor has a means of condensing and ejecting
moisti 3y be made either
by collection and measurement of the condensate ejected during the test accordmg to D.5.2.1 or entirely by
calculation according to D.5.2.3.

D.3.2.1 Collection and measurement of condensate

Before and after the acceptance test, carried out with the compressor running at the specified test conditions,
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 average 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. The condensate correction
factor, K5 shall then be determined as shown in D.5.2.3.
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D.3.3 Measurement of fuel consumption

D.3.3.1 General

The measurement of the fuel consumption of the package will be carried out when the compressor is running
steadily and continuously at the specified speed, ambient pressure and pressure ratio and temperature
conditions, and with the specified fuel having the correct calorific value.

The mean fuel consumption of the engine shall be determined by weighing or by measuring the volume of fuel
consumed during the test in accordance with the requirements of ISO 3046-1.

D.3.3.2 Varjable speed combustion engine-driven compressors

For variable §peed combustion engine-driven compressors, performance measurement should be.carried out
at:

— maximun volume flow rate;
— three or more volume flow rates evenly spaced between the minimum and maximum volume flow rate;
— minimum|volume flow rate;

— no load power.

NOTE 1 If the measured value of no load power is equal to or less than 1°% of full load power, the manufactufer can
state “not significant” or “0” on the test report.

NOTE 2  Th¢ maximum and minimum volume flow rates are as, spécified by the manufacturer.

D.3.4 Measurement of shaft speed

Shaft speed ghall be determined by using methods.that have the same accuracy as that stated in 5.5.

D.4 Test procedure and report

Preliminary tests may be performedte determine whether or not the compressor is in suitable condition for the
acceptance tgst to be conducted and to check the measuring instruments.

After a prelimjnary test has.been carried out, this test may, by agreement, be considered the acceptancg test,
provided all requirements\for an acceptance test have been met.

During the test, notadjustments other than those required to maintain the test conditions and those refjuired
for normal opgration of the compressor shall be made.

Before readings are taken, the compressor shall be run long enough to ensure that steady-state conditions
are reached.

Where a verification is required it shall be demonstrated, in conjunction with the test, that the compressor is
also capable of producing the specified discharge pressure, provided the inlet pressure is within the limits
specified in Table D.1.

The test report shall be short and simple without tolerance calculations and with only the essential corrections
cited.
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D.5 Computation of test results

D.5.1 General

Test conditions are never exactly consistent with the specified conditions. Therefore, before test results and
specified performance values are compared, corrections shall be applied to the measured values of volume
flow rate and shaft power.

Provision is made within the limits specified in Table D.1 for adjustment of the volume flow rate for deviations
of shaft speed and formation of condensate and adjustment of shaft power for deviations of shaft speed and
inlet pressure.

D.5.2| Volume flow rate correction

D.5.21 General

The cprrected volume flow rate, gy, is calculated using Equation (D.1):

veorr = K1Kq3 X qyR (D.1)

S

wherg

K is the correction factor for shaft speed (see D.5.2.2);

K3 is the correction factor for condensed water vapour at the standard inlet conditions (sge D.5.2.3).

D.5.22 Shaft speed correction factor

It may be assumed that the compressor valumetric efficiency, compressor mechanical efficiency and drive
motor| efficiency all remain unchanged for.deviations of the test shaft speed from the specified speed within
the limits given in D.1.1 e).

The cprrection factor, Ky, is then given as Equation (D.2)

Nc
-

_NR

=

(D.2)

wherg

M is the.specified shaft speed;

Ngis'the measured shaft speed.

D.5.2.3 Condensate formation correction factor

When condensate ejected during the test is collected and measured, an allowance, K3, for this may be
calculated using Equation (D.3):

+qWXRVXT1

qyrR X P1

(D.3)

where g, is the rate of flow of coolant.
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As an alternative to the collection and measurement of condensate, Equation (D.4) may be used to calculate
the correction factor, K5

P1

K43 = 2 (D.4)
g
p1 _pVS wa(’]—]evl
where
P is the saturated vapour pressure of water at the pressure and temperature at the standard
inlet point;
) is the relative vapour pressure at the standard inlet point;
Ry
1- 2 may be taken as 0,378.
\"

The manufaciurer shall state which correction method was used, together with the appropriate values.
D.5.3 Packaged compressor fuel consumption correction

D.5.3.1 General

The packaged compressor corrected fuel consumption, Fp.,, is caleulated using Equation (D.5):

Fpeor =[K4K'5 x Fpr (D.5)

where
. . N¢
K, is the correction factor for shaft speed, as.expressed by —=;
R
Kg s the correction factor for inlet-pressure, as expressed by m.
P1R

It is recognizgd that some elementSiof the fuel consumption of a packaged compressor are independent|of the
shaft speed and ambient pressure, e.g. the fuel consumption attributable to the auxiliary drives. Howevar, it is
unusual for the power abserbed in this way to exceed 10 % of the total output power of the engine. In[these
circumstances, the use of{he corrections is considered valid for the production test purposes.
D.5.3.2 Inlet pressure correction factor
Provided the Heviation in inlet pressure is maintained within the limits specified in D.1.1 e), the correctlon for
inlet pressure, K, is given as Equation (D.6):

Ks= Pic (D.6)

P1R
D.5.4 Calculation of specific fuel requirement
The corrected specific fuel consumption, 5., of the packaged compressor is given as Equation (D.7):
F
beorr = —Poom (D.7)
dycorr
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D.5.5 Comparison with specified values

Corrected to the specified pressure ratio, ro, the specific fuel consumption, b
compressor is given as Equation (D.8):

beorr,c =bcorr X Kg

with K calculated according to B.4.5.

ISO 1217:2009(E)

corr, C’

of the package

(D.8)
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