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Foreword

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

Interrfational 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\Internatiorjal Standards
adopted by the technical committees are circulated to the member bodies for_ Vvoting. Publication as an
International Standard requires approval by at least 75 % of the member bodies ¢asting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 1217 was prepared by Technical Committee ISO/TC 118, Compressors and pneumatic togls, machines
and equipment, Subcommittee SC 6, Air compressors and compressed air systems.

This fourth edition cancels and replaces the third edition (ISO 1217:1996), which has been technically revised.
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NOTH

nternational Standard specifies methods for acceptance tests regarding volume rate of flg
ements of displacement compressors. It also specifies methods for testing liquid-ring type
Annex A).

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

ompressors manufactured in batches or in continuous production Cquantities and sup
ied data, the tests described in Annexes B, C and D are considered €quivalent 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
ency drive, direct current drive and switched reluctance), which incorporates a displacemen
type driven by an electric motor.

ed instructions are given for a full performance tesfy{including the measurement of volume
[ requirement, the correction of measured values, to specified conditions and means of ¢
Cted values with the guarantee conditions. Thisdnternational Standard specifies methods fqg
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 ag

w and power
compressors

performance

plied against

batches or in
(e.g. variable
t compressor

flow rate and
pmparing the
r determining

ceptance tests

carrie¢l out in accordance with this Internatiorial-Standard are agreed on by the manufacturer and the purchaser at the

contrg

Anne
uncer

This |

2 Normative references

The
referg
docur

ictual stage or prior to the execution ofithe tests.

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

ollowing-referenced documents are indispensable for the application of this documer
ncesi>only the edition cited applies. For undated references, the latest edition of th
hent\(including any amendments) applies.

hternational Standard (s'not applicable to noise statements, which are identified in ISO 2151.

indicates the

t. 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-
section 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

3141
acceptance fest
performance test carried out in accordance with this International Standard, i.e. ISO 1217:2009

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

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

3.1.4
clearance vglume
volume insid¢ the compression space, which contains gas trapped at'the end of the compression cycle

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

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

31.7
external coofant
medium extefnally supplied to the-compressor to which the generated heat is finally rejected

NOTE Thys is usually ambiént-air or cooling water.

3.1.8
fuel consumption
total mass of fuelieonsumed by the engine per unit time while the compressor is running on test at the
specified conditions of inlet and discharge pressure and speed, with all engine ancillary equipment such as
alternator and.water. pump connected and nppra’ring nnrmally

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.

A_\Q ng alllle ealng a

NOT

k er one or two
crescgnt-shaped working spaces.

NOTH2  The volumes trapped between each pair of blades, the hub and the liquid ring will vary periodically, thereby
creatimg a change in pressure that will generate a flow from the suction to the discharge side of the compregsor.

3.1.13
packaged compressor
compressor with prime mover, transmission, fully piped and wired internally,-including ancillary|and auxiliary
items|of equipment and being stationary or mobile (portable unit) where these are within the scope of supply

3.1.14
polytropic process
compression or expansion process of an ideal gas, in which the\telationship between pressure and volume is:
V" = constant
NOTH

1 The exponent n can have various values. For example:

plV = constant

NOTH2  Sometimes this process is called adiabatic, but to avoid confusion between adiabatic (no heat|exchange with

¢of clearance volume of the stage under consideration to the swept volume of the compressing element of

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

Nmin

Shaft-speed irregularity = 2 (1)

max. + Nmm

3.1.20

specific fuel consumption
mass per unit time divided by the compressor volume flow rate, both measurements being corrected to
standard confiitions by the methods given in Annex D

3.1.21
standard digcharge condition
condition of the compressed gas at the standard discharge point of the compressor

3.1.22
standard digcharge point
discharge point considered representative of each compressor

NOTE This point varies with compressor design and type of installation:
a) for a barelcompressor, it is generally at the compressor discharge flange:

1) recigrocating type compressors: discharge flange of the last (or>only) stage cylinder or any chamber fitted as
stangard to that cylinder to reduce pulsations in the delivered compressed gas and so indicated by the
manpfacturer in the sales data for the particular type of compressor;

2) rotary type compressors: discharge flange of the last (on only) rotor casing;
b) for a pacaged compressor, it is the terminal outlet of.\the package.

3.1.23
standard inlet condition
condition of the aspirated gas at the standard inlet point of the compressor

3.1.24
standard inlet point
inlet point copsidered representative of each compressor and which varies with compressor design and type
of installation

NOTE 1 For a bare compressor, it is generally the inlet flange to the first (or only) stage cylinder or rotor casing, i.e.
after any inlet filter or silencing equipment which can normally be used for test purposes, unless otherwise identified,

NOTE2 Th standard mlet point of a packaged alr compressor unless otherwise indicated by the manufacturer is the
k rs the

confines of the machine, probably the air |nIet filter.

3.1.25
swept volume of a displacement compressor
volume swept in one revolution by the compressing element(s) of the compressor's first stage

3.1.26

turn-down ratio

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

4 © 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
atmoL‘pheric pressure
absollte pressure of the atmospheric air measured at the test place

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

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

3.2.5
dynamic pressure

velocity pressure

total pressure minus the static pressure

3.2.6
effective pressure

gauge pressure

pressure measured above the atmospheric pressure

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

3.28
statiq pressure
pressure measured in a gas-in such a manner that no effect on measurement is produced by thé gas velocity
and which, in stationary_gas, is numerically equal to the total pressure

3.29
total pressure
pressure measured at the stagnation point when a gas stream is brought to rest and its kingtic energy is
convgrted 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 Cdmposition can refer to humidity, for instance.

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

343
standard volume flow rate
actual volumg flow rate of compressed gas as delivered at the standard discharge point but referfed to
standard inlef conditions (for temperature, pressure and inlet gas compositiony)

3.5 Powel

3.51
isentropic ppwer
power that i$ theoretically required to compress an ideal gas under constant entropy, from a given inlet
pressure to algiven 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 power
power that i theoretically required to compress an ideal gas under constant temperature, in a compfessor
free from losges, from a given inlet pressure to a given discharge pressure

3.53

packaged campressor power-input
(electrically driven machinesy~sum of the electrical power inputs to the prime mover and any ancillaries and
auxiliaries driven from thé-compressor shaft or by a separate prime mover at rated supply condjtions,
including the effect of all equipment included in the package

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

NOTE 2 R4ted-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
specificenergy requirements of a bare COMpPressor

shaft jnput power per unit of compressor actual volume flow rate

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

3.7.3
specnic fuel consumption

specific steam consumption

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

3.8 |Gas properties

3.8.1
compressibility factor
expression of the deviation of the real gas from an ideal'gas

3.8.2
mixirlg ratio
ratio ¢f mass of moisture contained in the.gas'to the mass of the dry gas

3.8.3
relative vapour pressure
ratio ¢f 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 practical unit

4 Area m? mnj2

b Specific fuel consumption kg/m® —

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 Nm —
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 Thermodynhamic 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 —
VA 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
an anr\rnyimn’rn
av average
ar dry air
k atmospheric Characterizes the atmospheric pressure and temperature
d contractual Indicates the quantities specified in the contraet
cf condensate
cp coupling
comb combination
cqrr corrected
corf, C corrected to contractual
requirements
a critical Characterizes the critical pressure and temperature
q dynamic Characterizes the dynamic pressure and properties
q effective
H full-scale value
ql electric
1 flow measuring device Without.condensate
9 dry gas
individual measurement in a
series of n measurements
i internal
int intercooler temperature Absolute temperature of air or gas leaving the intefcooler under
observation
L working liquid
m mass Characterizes the mass-specific rates of flow, energies and volumes
me mechanical
N1 motor
7 number of measurements
in the series
N normal
A package
pol 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
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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
5.2 Measl

5.21
Pressure tap

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

Instruments 9
The measurir
The total pre

having the ax
be calculated

If the amplitu
exceed 10 %
proceeding w

Where the 4
pressures, a

Transmitters
prevailing du

General

ognized standards.

rement of pressure

5 in the pipe or receiver shall be normal to, and flush with, the inside wall.

I low pressures or high flow velocities, minor irregularities such as burrs cap-lead to serious error.
iping shall be leak-free, as short as possible, of sufficient diameter and arranged so as to
t shall be mounted at the same height as the measuring.point and the connecting piping sh
that the height of liquid columns in the piping exerts no:influence. Otherwise, account sh
ifference in height. Tightness shall be tested and allMeaks eliminated.

hall be mounted so that they are not susceptible;to disturbing vibrations.

g instrument (analogue or digital) shall have an accuracy of £ 1 % at the measured value.
ssure is the sum of the static and thedynamic pressures. It shall be measured with a Pito

is parallel to the flow. When the dynamic pressure is less than 5 % of the total pressure, it s
on the basis of a calculated average velocity.

of the prevailing aveérage absolute pressure, the piping installation shall be corrected |
ith the test.

mplitudes of/such pressure waves exceed 10 % of the specified average inlet or disc
est in accofdance with the requirements of this International Standard shall not be carried @

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

avoid

dirt or condensed liquid. For measurement of liquid pressure. or pressure of liquid-gas mixtures,

all be
all be

[ tube
hould

Hes of low frequency (< 1\Hz) pressure waves in the inlet pipe or the discharge pipe are folind to

efore

harge
ut.

those

Column read

of the instrument.

Column readings shall be corrected for ambient temperature.

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

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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5.2.2 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, the

instru
pockg

rmo-electrical

ments, resistance thermometers or thermistors having an accuracy of + 1 K inserted inta-th
ts.

Thermometer pockets shall be as thin, and their diameters as small, as is practical, with their ou

substpntially free from corrosion or oxide. The pocket shall be partially filled with a suitable liquid.

The thermometers or the pockets shall extend into the pipe to a distance of 100'mm, or one third

of the| pipe, whichever is less.

Wher] taking readings, the thermometer shall not be lifted out of the,medium being measured

pocket when one is used.

Precdutions shall be taken to ensure that the:

a) immediate vicinity of the insertion point and the projecting parts of the connection are wel
that the pocket is virtually at the same temperature.as'the medium being observed;

b) sensor of any temperature measuring device\or thermometer pocket is well swept by the
sensor or thermometer pocket shall point against the gas stream; in extreme case
derpendicular to the gas stream may be.used);

c) thermometer pocket does not disturb_the normal flow.

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

antici

pated operating range. They’shall be made of material suitable for the temperature and t

measred. If thermocouples—are used with thermometer pockets, the hot junction of the couple

possi

ble, be welded to_the~bottom of the pocket. The selection and use of thermocouple

accordance with IEC 60584-1, IEC 60584-2 and IEC 60584-3.

5.4

If the

Measurement of humidity

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

e pipe or into

tside surface

the diameter

hor out of the

insulated so

medium (the
s a position

wires for the
he gas being
shall, where
5 shall be in

measured at

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

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

measure

with liquid-injected rotary compressors;

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

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

where
measure

The external
measured va

5.7 Measl

The power in
or indirectly
certified perfq

The measursg
code.

Precision torque meters shall not be used below one third of their rated torque. They shall be calibrateq

the test with
series of incr

pirated—air s measured; i whichTase—themeasurerment device —shoutdTotTestr
ment.

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

rement of power and energy

put to the compressor shall be measured directly by reaction-mountéd drivers, or a torque 1
determined 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

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

shall at no ti

pasing loads with the precaution that, during thetaking of readings with increasing loads, th
e be decreased.

Similarly, when readings are made with decreasing loads, the load shall at no time be increased
calculation off output shall be based on the avetage of the increasing and decreasing loads as determin
the calibration. If the torque difference between increasing and decreasing loads exceeds 1%, the t

meter is unsgtisfactory.

The shaft pofver of an electrically driven compressor shall be determined by measuring the electrical
supplied and|multiplying by the motor efficiency value obtained from the certified calibration of the motor

precision ins

The voltage ¢
voltage drop
be determin
measuremen

uments shall be yused. Power, voltage and current shall be measured.

oils of the instruments shall be connected immediately before the terminals of the motor, s
n cables will hot affect the measurement. If remote instruments are used, the voltage drop
bd separately and taken into consideration (see IEC 60051-1). Factors influencin
t, suchras voltage drop in supply cables or measurement systems, shall be taken into accou

t the

of the

neter,
m the

d test

after
ith a
b load

. The
ed by
prque

bower
Only

o that

shall
y the
nt.

Electric powér—¢ 2 machine shall be re =Ya out-—te Yala
t, such as voltage drop in supply cables or measurement systems, shall be taken into accou

measuremen

g the
nt.

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

12

purposes, a recently adjusted kWh-meter may be connected to the circuit during the test.
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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 IEC 60953-2.

5.8.3| Gas composition
Wher] tests are performed with gases other than air, the chemical composition and,the physical| properties of

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

5.8.4| Condensation rate

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

Beforp and after every test, the condensate shall be drained;from the intercoolers and their sepafators 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 ail carried over with the condensate should be separated from the condensate before thgd mass of the
latter |is measured.

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

Recalibration after the test shall-be carried out for those instruments of primary importance which are liable to
variafjon in their calibration as’a result of use during the test.

Any ghange 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 Test 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.
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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 acceptance testtave beemrmet:

c) During the test, all measurements having any bearing on the performance shall be carriédyouf The
determination of the flow rate and the power absorbed by the compressor are covered in detail in B.3 to
6.9.

d) The test|conditions shall be as close as reasonably possible to the conditions of guarantee; deviations
from thefe 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)is not feasible to test a machine with the gas intended to be used’'with the compressor under test
or within|the limitations specified in Table 1, alternative test conditions\or alternative corrections shall be
identified.

f)  The govérning 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 instriction manual, shall be made.

i) Before neadings are taken, the compressor: shall be run long enough to ensure that steadytstate
conditiors are reached so that no systematic’changes occur in the instrument readings during the teft.

j)  Howevel, should the test conditions_be such that systematic changes cannot be avoided, or if individual
readings|are subject to great variations, then the number of readings shall be increased.

k) For each load, a sufficient number of readings shall be taken to indicate that steady-state conditionq have
been redched. The number.of readings and the intervals shall be chosen to obtain the required accuracy.

[) 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 have| been
correctedl.

Table 1 —#taxi reviati ¢ iedval Hictuati ¢ ’
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)

. 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

Exterpal coolant flow +10 % +10%

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

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

@  Fprinternally cooled, liquid-injected rotary compressors.

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

NOTH 3 See 5.2.1.

NOTH 4 A test at a shaft speed different from the specified value is not accepted if resonant pressure pulsations ekceed permitted
levels

NOTH5 For the test of a gas compressor with a gas different from that specified, a bigger variation in gas properties often occurs.
This ig agreed upon by both parties.

NOTH 6 For liquid-ring compressors, see also Table A.1.
6.3 |Evaluation of readings

Beforg final calculations are undertaken,.the recorded data shall be scrutinized for consistency of operating
conditions. The fluctuations of readingsduring one test shall not exceed the limits given in Table .

All ac

Sets
run. A

The 1
for th

6.4

cepted readings from any-test run shall be consecutive.

bf readings showing-exeessive fluctuation may be discarded, but only at the beginning or
Il readings in any,set-shall be taken as near as possible to one another.

hoisture content'shall be determined at the standard inlet point, according to 5.4. The mo

Computation of test results

end of a test

sture content

e different \eompression stages and at the flow measuring device shall then be det¢rmined from
condgnsate measurements.

Computation 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) The 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.
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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

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 deviation in shaft speed, isentropic or polytropic exponent, external coolant

ure_and die{‘hnrgnd condensate.The ahsorbed power shall be adjllc’rnd for deviation in

sure, isentropic or polytropic exponent, humidity effects and external coolant temperature)
her corrections, such as correction for gas constant and the compressibility factor, can be made,

he limits specified in Table 1, the influence of the actual operating conditions @n‘the perforn
tual compressor shall be determined by a method of variation so that the size 'of each corr
pecified operating conditions can be determined by interpolation or( in extreme casg
tion.

ich corrections are agreed upon by the parties concerned.

ess compressors where certain amounts of compressedi./médium are injected or exty
the stages, the specific energy concept is meaningless and-shall be replaced by the power
mpressor shaft.

5 constant will affect the leakage and hence the-volume flow rate.

ich corrections are agreed upon by the parties concerned.

e flow rate corrections

e)
for full load.
f)
9)
tempera
inlet pres
NOTE 1 Ot
h) Outside
of the ag
to the s
extrapol3
NOTE 2 Su
i) For prog
between
to the co
j) If the teg
in the ga
NOTE3 Su
6.5 Volun
6.5.1

The correctio]

Ng
Kq=—F
Ng

Corrgction factor for shaft speed; K

h factor for shaft speed, X4/is calculated using Equation (2):

6.5.2 Corrjf:tion factor for tests where polytropic exponents for specified conditions and test

conditions

e different, K,

The correctid

peed,

hance
bction
s, by

acted
input

t is carried out with a gas different from the one specified, a correction shall be made. A clhange

()

n factor for tests where polytropic exponents for specified conditions and test conditior]

S are

different, K5, 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:

K,

16

_1—E(ré/"c —1)

B 1—E(rF1/"R —1)

®)
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where
rr is the measured pressure ratio;
rc is the specified pressure ratio;
E is the relative clearance volume;

n

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 a

6.5.3

The t

K 5 :1+E(r;/”R —ré/nc)

Correction factor for external coolant temperature, K3

temp

compressor type, size and shaft speed, no general formula for cérrecting volume flow rate can
recommmended that provided the specified gas and coolant temperatures and the difference betw

main
exter

K

For li
liquid
may K
For a
less
this in
rate,

For |

temperature of the cooling air approaching the heat exchanger and the temperature of the compr

will u
speci

K

rature in the compressor cylinders as well as in the intércoolers. As this influencg

ined within the limits given in Table 1, no correction shall be made. Therefore, the correc
al coolant temperature is

73:1,0

quid-injected rotary compressors, the volume flow rate is affected by the temperature diff
injected into the compressor and theréefere will be affected by the action of any thermostati
e fitted to enable the liquid to bypass:the cooler until a given liquid temperature is reached.

given air inlet temperature, the_injection of colder liquid normally gives higher volume flo
reheating of incoming air and-more efficient cooling and sealing during compression. The
fluence depends upon conipressor design, internal clearances, rotor tip speed and also
iquid viscosity, etc.

quid-injected rotary* compressors that use air-cooled exchangers to cool the injecte

sually be similar. In these circumstances, provided the inlet air temperature remains within
ied valug(in Table 1, no correction for volume flow rate shall be made.
'3 - 1,0

(4)

| other compressors where the deviation from specified values and fluctuations from avenage readings
during the test are maintained within the limits of Table 1, K, = 1,0.

bmperature difference between the external coolant and the gas at’their inlet points will affect the gas

varies with
be given. It is
een them are
tion factor for

brence of the
c valve which

v 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

comp

©I1SO

ressor, the correction factor, K3, 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):

qved = dmed X Ry x T1/ P (5)

where

dyeq s the volume flow rate of condensed water vapour at compressor inlet conditions;
dmcd IS the total mass flow rate of condensate collection;

R, is the gas constant of water vapour.

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

6.5.5 Corrgction 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. This influence should be neglected provided the product R xZ of gas constant, R} and
compressibility factor, Z, is maintained within the tolerances given in>Table 1.

6.6 Corre¢ted volume flow rate

When the inlg¢t gas has no vapour component which will'condense at any temperature and pressure cordition
obtained in fhe compressor during the testing process, the corrected volume flow rate is found |using
Equation (6):

dycorr =|K1K2K3 X qyR (6)

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

x Re x T.
gyr = HPR—1—1 )
P1
with
Xf RV W—‘
R: =R, | 1= x(——1 8
f 9 Xg +1 Rg . ( )

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:

_N¢
3 NR

(10)

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

The gpecified pressure ratio can normally be maintained within = 1 % by adjustingthe discharge pressure. If
correg¢tion curves have not been established from earlier tests with the specific compressor type, the
correg¢tion shall be based on a comparison of the work of compression.-using an appropriate polytropic
exponent.

NOTH| The actual polytropic exponent varies during the compression process:
If no fest results are available, the isentropic exponent should be Gsed (for air, «+ 1,40).

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

a) for single-stage machines, cooled and uncooled:
Ks= pic (11)
P1R

b) for multi-stage compressors wijth.intercoolers:

I
Ks _r1ic 9c (12)
PR lOrR

(¢
-~

if the pressure ratio.during the test is held within + 0,2 %, the power input correction for all [displacement
dompressors eanbe simplified to:

ks =218 (13)
PR

6.7.3 —Correctiom factor for isemntropic exponent; X

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):

|
{M Yap

z-1

(15)

K7:1+

where x is thd

The mixing ra

6.7.5 Corrgction factor for external coolant inlet temperature, Kg

The tempera
temperature
compressor
recommende
maintained w

For liquid-injgcted type rotary compressors, the inlet air temperfature, the temperature of the injected

and the diffe
liquid has a s

For liquid-inje
temperature

will usually b
specified val
inlet tempera

K8 = 1,0
For liquid-injg
the water flq
temperature.

Table 1, noc

K8:1,0

S

z—’ll.:2

Rg z

LURK

mixing ratio of the gas at the inlet of any stage.

tio may be calculated from the partial pressure of the vapour.

ure difference between the external coolant and the gas at their infet points will affect th

e gas

n the compressor cylinders as well as in the intercoolers. As’ this influence varies with the

type, size and shaft speed, no general formula for correeting power can be given.
d that provided the specified gas and coolant temperatures and the difference between the
thin the limits given in Table 1, no correction shall be made.

ence between them all affect the absorbed power. In particular the temperature of the inj
gnificant influence on viscosity and hence on-internal leakage and hydraulic losses.

cted rotary air compressors which use airseooled heat exchangers to cool the injected liqui
bf the cooling air approaching the heat-exchanger and the temperature of the compressor in
b similar. In these circumstances, provided the inlet air temperature remains within + 10 K
e, no correction for power shall be’ made. Therefore, the correction factor for external ¢
ure, Kg, shall be made.

cted rotary air conpressors which use water-cooled heat exchangers to cool the injected
w rate can generally be adjusted to approximately maintain the specified liquid inj

It is
m are

iquid,
ected

d, the
let air
of the
bolant

iquid,
bction

Provided thelliquid injection temperature is maintained during the test within limits specifjed in

prrection for\power shall be made.

Where the cd

nditions stated above cannot be met and for other ’r\lllr_\ne of qullid-injnnfnd rnfar\]/ compre

BSOrsS,

the correction factor, Kg, shall be individually determined [see 6.4 h)].

6.8 Corrected power

The corrected power is given as Equation (16):

Peorr = K4K5KeK7Kg x PR

If a test motor is used, the characteristics of the motor shall be referenced in the report.

NOTE

in the total power consumption figure are then added to arrive at the total corrected input power figure.

20

(16)

For packaged compressors only, the input power to the motor is corrected in this way. The other components
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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 ipformation on uncertainty of measurement in Annex G shall be used.

8 Comparison of test results with specified values

8.1 |General

The
com

The

est results, corrected to the specified operating conditions”in* accordance with Claus¢ 6, shall be
red with the guarantee or specified performance.

mparison shall include:

mparison of the corrected power consumptionsy(specific power consumption, fuel copsumption or
fficiency, depending on the terms of the guaranfee) with the guaranteed power consumption (specific
ower consumption, fuel consumption or efficiency);

mparison of the corrected volume flow rate with the guaranteed volume flow rate at |the specified
ressure rise (or pressure ratio).

king the comparison, the following(shall be taken into account:
ncertainty of measurement (see*Annex G);
rrors due to the confidence limits in the thermodynamic properties of the gases used;

rrors due to the inaccuracy of the methods used to correct the test results to the guarant¢ed operating
nditions;

rrors due to non-steady conditions during the test;
ny tolerance in the performance of the compressor permitted by the terms of the guarantee

Thesg errors should be combined to determine the total test uncertainty. This and the manufactufing tolerance

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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1 — Guarantee comparison of measured performance curve for compressors with no

Figure
possibility of performance adjustment

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.

22 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=2a7ecd0b7d6cb0887a5dee02fd7f1d0b

ISO 1217:2009(E)

Py

>

\ (P /e qV)corr

A

Y (Play)c

N N
qv

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)

In R
where

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

See Figure 3
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O

ngle-stage pisten-compressors (with clearance volume).

ulti-stage <compressors with back expansion (piston compressors), displacement compressors|
Sion (rotary type compressors).

Figy

\

~

without back

re’3 — Guarantee comparison for compressors with no possibility of adjusting the pprformance

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(rg/”0 -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 of the suction volume flow is applied, Equation (22) applies:

dycorr,C

=d4vcorr

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

The specific ¢
constant effig

v ) cor

Ky is calculat

8.4 Uncer

For uncertain

energy, Plqyqor- for the volume flow, g, is adjusted to the specified pressure ratio, 7, ass
iency within the limits of Table 1, as given in Equation (23):

P
r,C v Jcorr

bd according to 8.3.1.

fainties and manufacturing tolerances

ties and manufacturing tolerances, see G.6.

8.5 Special information

8.5.1 Linking design tolerances

If, for a guarg
guarantee po

ntee point, a variation in design is claimed-for the volume flow or for the pressure ratio, all
ints are shifted similarly in the same ratio:

iming

(23)

other

26
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Dcorr
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Figure 4 — Guarantee comparison for compressors with possibility of adjusting the performance

8.5.2| Linking guarantee points

The pgercentage 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

2) for
whid

the cond

the prog
points, in

a record
they wer

and of any readouts from an automatic recorder, as:well as duplicates of the gas analysis, etc.;

an indicq

the form|

uncertainties as they influence the final results;

a statem
tables ar

a compd
the contr

“IU OWTICT, biic <:ll|ul PpUrpusc Uf illbid“dtiul I, Illdllulldbiulcl,
the type and serial number,
the year of manufacture, and

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

he driving unit, generally the same items specified for the compressor, but in particular
h are essential for establishing the specified performance;

tions and scope of the guarantees according to the contragt;

ramme of the procedure and diagram of the test arrangement indicating location of mea
struments used and their calibration records;

of the test run together with a table of the average values of the important readings and thg
e taken. If possible, a record of the maximum and minimum readings. Copies of the log S
tion of any unscheduled occurrenge which was noted during the test;

ulae used for the calculation.of the results, with due regard to the propagation of the
ent of the method used for converting the test results to specified conditions with reference
d charts used (seeClause 8); a clear definition of the reference process chosen;

rison of the aCtual performance with the guaranteed values or data and a statement of wh
act values have been met or not.

other

those

suring

b time

heets

mean

to the

ether
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Annex A
(normative)

Acceptance test for liquid-ring compressors

Additional definitions

ISO 1217:2009(E)

The d

A.2

See (

A3

See 6

Wher

Wher
the sy

A4

Measuring equipment, methods and accuracy

[lause 5.

Test procedure

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

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

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

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
conversion method to be used.

© 1SO 2009 — All rights reserved
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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
K==t (A.1)
Ng
A.5.2 Correction factor for working liquid temperature
The correctioh factor for working liquid temperature, K, is given as Equation (A.2):
- T
Kqg = Pic —Pc LR (A.2)
hr —PR Tic

where

pic s 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),

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

T\r Iisthe measured absolute temperature of the wotkKing liquid, in kelvin;

T,c ishe specified absolute temperature of the*werking liquid, in kelvin.
NOTE Thjs correction factor is valid on condition that the heat transfer between the liquid and the gas allow the gas
to attain the sgme temperature as the liquid before the-Compression process commences.
A.5.3 Corre¢ction factor for gas inlet temperature
The correction factor for gas inlet temperature, K44, is given as Equation (A.3):

T
Kyy=—< (A.3)
Hr

where

T,c isthespecified 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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Power correction

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

2
N
xu~{5¢]
R

where

N¢ is the specified shaft speed;

(A.5)

N

A.8

The g

V.

(R is the measured shaft speed during the test.

Corrected shaft power

orrected shaft power, P, is given as Equation (A.6):

Peorr = K42 X PR

wherg PR is the measured absorbed power.

A.9

The @
volum

A.10

See A

A.11

See (

A.12

See

Corrected specific energy requirement
orrected specific energy requirement is obtaihgd by dividing the corrected shaft power by
e flow rate (see A.6 and A.8).

Uncertainty of measurement

nnex G.

Comparison with specified values

Clause 8.

Test-report

[lause 9

(A.6)

the corrected
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Annex B
(normative)

Simplified acceptance test for bare displacement compressors

ential

h are
t and
sales

5, the

d the

r from

B.1 General

B.1.1 Air of 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 esg
ancillary|equipment, e.g. interstage coolers in the case of multi-stage compressors.

b) This subflause defines and describes acceptance tests for bare displacement air compressors whig
construcfed to design specifications which include performance data, i.e(C"volume flow rate, inle
discharge pressure, specific energy consumption and speed, published in the manufacturer's
documentation.

c) For compressors that are designed to inspire atmospheric air.from their immediate surrounding
performgnce data usually relate to a normal ambient air inlet pressure.

d) Only mepsurements necessary to verify the performance_of a single set of conditions shall be taken.

e) The tesfl conditions shall be as close as is reasonably possible to the specified conditions an
deviatior]s from these shall not exceed the limits indicated in Table B.1.

f)  The confpressor under test shall be deemed acceptable provided the results obtained do not diffe
the speclfied performance by more than theallowances 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 *oK
32
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Table B.2 — Maximum deviations permissible at test

ISO 1217:2009(E)

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<¢,<83 +7 +8 +10
8,3<g, <25 +6 +7 +10
25 < g, < 250 +5 +6 +10

o 250 + 4 +5 +10

NOTE
perfor
sales

B.1.2

This
to an
comp
This
applig

This 9
a) (

O
-
—~ M

O
~
o |

Q.
—
Q _(n

e) T

r

1) - - - I

NOTE
and tolerances relating to the measurements taken during the test.

The tolerance values in this table cover and include manufacturing tolerances of the comprdssor

@ Where specified, the manufacturer shall state the method used.

Compressors of this type are usually manufactured in batches or in contintous production qu3
mance guarantee offered by the manufacturer to the purchaser is implicit in the information stated
fata.

Process gases

subclause applies to bare displacement process gas compressors of all types (compresso|
y type of bare displacement air compressors with a power requirement above 800 kW. §
ressors typically compress air which is used as a process gas rather than for a compresss
subclause therefore cannot be applied to regular compressed air or nitrogen compressors
S.

ubclause can only be used under the following circumstances.
ontractual agreements are agreed between both parties to use this subclause.

vidence and experience with the type of compressor under test shall be available to just
his subclause.

he test report shall include) the justification for applying this subclause, including the devia
ontractually agreed process parameters, e.g. power or composition of gas or pressurg
bquire the use of thisSubclause.

uch compressors are configured without drive motor or engine and generally only incorpo
ncillary equipment, e.g. interstage coolers in the case of multi-stage compressors.

his subglalse defines and describes acceptance tests for bare displacement compressors

m this ‘stibclause, constructed to design specifications which include performance data, i.e

ntities and the
in the relevant

r stages) and
Buch bare air
d air system.
where B.1.1

fy the use of

tion from the
ratio, which

rate essential

as described
volume flow

bteinlet and discharge pressure and specific energy consumption.

point”) to meet the specification shall be taken.

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

Only those measurements necessary to verify the performance of a single set of conditions (“guarantee

The test conditions shall be as close as reasonably possible to the specified conditions and the deviations

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.

i) 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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k)

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 B.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
specifiedpe S NARCeS-Gi inTa

NOTE Cdmpressors of this type are usually manufactured in batches and the performance guarantee offered [by the

manufacturer tp the purchaser is implicit in the information stated in the relevant sales data.

B.2 Methqds of measurement

B.2.1 Gendral

All measurenpent points shall be-as specified in this International Standard.

B.2.2 Methpds of determining volume flow rate

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

Speed +20 %
Inlet pressure Not specified @
Pressure ratio +20 %P
Discharge pressure Not spécified @
Co¢olant temperature As for B.1
Liguid injection temperature +10K

a | If the specified inlet and discharge pressures cannot be previded, it is sufficient to fulfil the pressure ratio
copdition alone.

bl 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.

The measurgment:of\wwolume flow rate shall be carried out according to the methods in 5.6 and recorded 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.

34
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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.2.4{1 General

Displacement compressors shall be tested on a fixed test rig using an electric motor as\the meanjs of providing
shaft power. One of the following methods of determining shaft power may be used:

a) domputing the shaft power from measurements of the speed of the compressor shaft (B.4.4.2) and the
tprque applied to it (B.2.4.3), while running steadily at the specified test.conditions

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

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

B.2.4|]2 Measurement of shaft speed

Shaft|speed shall be determined by using methods that‘have the same accuracy as that stated in[ 5.5.

B.2.4|3 Measurement of torque

Precision torque meters having a certified ccalibration and an accuracy of 2 % or better at all measurement
valuep shall be used but not below one third 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 connefted so that a
voltage drop in the cableswilF'not affect the measurement.

For three-phase motors“the two-wattmeter method or other method of similar accuracy shall be used (see

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

B.2.4{5 Transmission losses

The manufacturer shaltstate the value of any external drive transmission 1055e3. Alfowance 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.
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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 T

able 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 Compjutation of test results

B.4.1 Gendral

Test conditio
specified per
flow rate and

Provision is 1
of shaft spee

inlet pressurg.

B.4.2 Voluine flow rate correction

B.4.21 Ge

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

9ycorr =
where
Ky isth

K43 is th

ns are never exactly consistent with the specified conditions. Therefofe; before test result
ormance values are compared, corrections shall be applied to the‘measured values of v
shaft power.

nade, within the limits specified in B.1.1 e), for adjustment of/the volume flow rate for devi
d and formation of condensate and adjustment of shaft pewer for deviations of shaft spee

neral

K1K13 X gyR

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

B.4.2.2 Sh

It may be ag
motor efficie

aft speed correction factor

sumed that the compressor vqumetrlc eff|C|ency, compressor mechanical eff|C|ency and

e correction factor for condensed water vapour at the specified free air conditions (see B.4.2.

s and
blume

ations
d and

(B.1)

drive

the limits given in B.1.1 e).

The correctio

36

n factor, K, is then given as Equation (B.2):

(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:

K13 = P - (B.4)
P1=Pus X¢X(1—Rj]
wherg
s is the saturated vapour pressure of water at the temperature at the standard inlet point;
q is the relative vapour pressure at the standard inlet point;
1- %] may be taken as 0,378 for air.
v
The manufacturer shall state which correction method was used, together with the appropriate vdlues.
B.4.3 Shaft power correction
B.4.3|1 General
The dorrected shaft power, P, is calculated using Equation (B.5):
Peorr = K4K5 x Pr (B.5)
wher¢
K, is the correction factor for shaft speed as expressed by %;
R
K5~ is'the correction factor for inlet pressure as expressed by ;’1—0.
1R

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 Calcu

The specific e

€ycorr

lation of specific energy requirement

nergy requirement, ey, of the compressor is calculated using Equation (B.7)

PCOIT (B?)

9ycorr

B.4.5 Comparison with specified values

Corrected to

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

calculated us

eycorr, C [F €vcorr X K

= ' L)
Iy tYuatuir (.0 ).

(B.8)

For single-stage displacement compressors with or without cooling and multi-stage compressors without

intercooling, Equation (B.9) applies:

(K_1)]C ”£KK_1JC -1

Kg = X B.9
6 |:K (I(‘ _ 1):| -1 ( )
R “x Jr ]
I"R -
For multi-stage displacement compressors with intercoolers, Equation’(B.10) applies:
I
Kg=-—fC B.10)
In 'R
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Annex C
(normative)

Simplified acceptance test for electrically driven packaged displacement

compressors

C.1 General

C.1.1 Air or nitrogen

This gubclause applies to any packaged air compressor which incorporates a displacement compressor of any

type driven by an electric motor.

a) Such packaged compressors are usually fully piped and wired and generally include starting equipment
gnd all ancillary items necessary for their effective operation as a complete self-contained alr compressor
installation.

b) Hor compressors supplied without a main drive motor, a tesf)can be performed using a tgst motor with
Known characteristics; speed correction shall only be donein.this case.

c) This subclause defines and describes acceptance tests/for electrically driven packaged air compressors,
gf standard types, constructed to design specifications which include performance data, i.e| volume flow
rate, inlet and discharge pressure, specific energy.consumption and no-load power.

d) Hor compressors that are designed to inspire atmospheric air from their immediate surrgundings, the
derformance data usually relate to a normalambient air inlet pressure.

e) Only measurements necessary to verify the performance of a single set of conditions shall bg taken.

f) The test conditions shall belas close as is reasonably possible to the specified conditjons and the
deviations from these shall-noet'exceed the limits indicated in Table C.1.

g) The compressor under.test shall 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 or in continuous production quantities and the

performnance guarantee offered by the manufacturer to the purchaser is implicit in the information stated |in the relevant

sales fata.

Table C.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
@  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.
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Table C.2 — Maximum deviations permissible at test

Volume flow rate
at specified conditions

(m3/s) x 1073

Volume flow rate Specific energy Power requirement
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
4,250 + 4 +5 +£10

NOTE THe tolerance values in this table cover and include manufacturing tolerances of the compressor and tolerances reldting to

hts taken during the test.

@  Where sp¢]

cified, the manufacturer shall state the method used.

C.1.2 Process gases

This subclau
and to any t

packaged aif
air system. This subclause therefore cannot be applied for regular compressed air or nitrogen

compressed
compressors

This subclaus

a) Contract

b)
this subd

c) The test

d) Such pa

and all a

This sul
describe
volume f]

e)

f)  Only tho

point”) td

Evidencg and experience with the type of compressor under test shall be available to justify the

be applies to packaged displacement process gas compressors of all types (compressor sf
pe of packaged displacement air compressor with a power requirement above 800 kW.
compressors typically compress air which is used as{a“process gas rather than

where C.1.1 applies.
e can only be used under the following circumstanees.

Llal agreements are agreed between both parties'to use this subclause.

lause.
report shall include the justificationfor applying this subclause.

ckaged compressors are usually fully piped and wired and generally include starting equif

clause defines and.describes acceptance tests for packaged displacement compressa
H in this subclause, constructed to design specifications which include performance dat
ow rate, inletand discharge pressure and specific energy consumption.

5e measurements necessary to verify the performance of a single set of conditions (“guar
meetthe specification shall be taken.

ages)
Such
for a

se of

bment

hcillary items necessary for their effective operation as a complete self-contained air compfessor
installatipn.

rs as
8, i.e.

antee

g) Thetest

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

ations

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

h)

40

Experience shows that the power requirements of this type of packaged compressors 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
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 tht

Speed +20 %
Inlet pressure Not specified @
Pressure ratio +20%P
Discharge pressure Not specified-2
Coolant temperature As for.C1
Liquid injection temperature +10 K

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

condition 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.

C.2 Methods of measurement

C.2.1 General

All m¢asurement points shall be as.specified in this International Standard.

C.2.2 Methods of determining volume flow rate

The measurement of yolume flow rate shall be carried out according to the methods specifigd in 5.6 and
recorgled 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
corre¢tion shall be made for moisture content. If the compressor has a means of condensing| and ejecting
moisttre; forexampteinmtercooter(s)and-aftercooter(s), correction of the votume flow Tate Tmay 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.
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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 inslruments shall be used to measure power, voltage and current with their coils connected.so

voltage drop
to operate as

C.3 Testp

Preliminary t¢sts may be performed to determine whether or not the package is.invsuitable condition fi

acceptance t

After a prelim
provided all r

During the te
for normal op

Before readir
reached and

Where a veri

n the cables will not affect the measurement. Current and voltage transformers shallbe’ ¢

rocedure and report

st to be conducted and to check the measuring instruments.

inary test has been carried out, this test may, by agreement; be’considered the acceptancs
pquirements for an acceptance test have been met.

eration 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 condition
the provisions of 6.2 i) are observed.

fication is required it shall be demonstrated, in conjunction with the test, that the compres

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

that a
hosen

br the

b test,

st, no adjustments other than those required to maintain the test conditions and those required

S are

sor is

also capable|of producing the specified discharge pressure, provided the inlet pressure is within the(limits
specified in Tjable C.1 and, in the case of process gases, Table C.3.
The test repdrt shall be short and simple.without tolerance calculations and with only the essential correftions

cited.

If a test moto

C.4 Computation.of test results

ris used then the characteristics of that motor shall be mentioned in the report.

C.4.1 Gen

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 =

42

K4K43%xqyR

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

_N¢

- Ng (C.2)

-

K 1

C.4.2|3 Condensate formation correction factor

Wher| condensate ejected during the test is collected and measured,“an allowance for this, |K,3, may be
calculated using Equation (C.3):

n qW XRVXT1
qyR % P1

1(13 =1 (C3)

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

As ar] alternative to the collection and measurement of condensate, Equation (C.4) may be usefl to calculate
the correction factor, K 5:

14
Kq3 = 1 - (C.4)
- 1- 9
P pvsxwx( 2 ]

Vv

wherg
s is the )saturated vapour pressure of water at the temperature at the standard inlet point;
q is the relative vapour pressure at the standard inlet point;
1& fﬂ may be taken as 0,378.
Ry

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

N
K, is the correction factor for the shaft speed, as expressed by N—C;

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 regulahon systems However, it is unusual for the electrical power for these funct|ons to
exceed 10 %
considered va

lid for productlon test purposes.

C.4.3.2 Inlet pressure correction factor

Provided the [deviation in inlet pressure is maintained within the limits specified in Table C) the correctipn for
inlet pressurg, K, is calculating using Equation (C.6):

Kg=20C (C.6)
P1R

C.4.4 Calculation of specific energy requirement

The specific @nergy consumption, e;pqo,, Of the packaged compressor is found using Equation (C.7):

Pp
eypeor T (C.7)
9ycorr

C.4.5 Comparison with specified values

Corrected to|the specified pressure ratio, r¢, the specific energy requirement, eypq ¢, Of the packaged
compressor is calculated using Equation (€.8):

eypcorr, ¢ = €vpPcorr X K (C.8)

with K calculated according to’B.4.5.
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Annex D
(normative)

Simplified acceptance test for internal combustion engine-driven

packaged displacement compressors

1 Air or nitrogen

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

[da)

uch packaged air compressors are usually fully piped and wired and genetally include all g
ecessary for their effective operation as a complete self-contained air compressor unit.

|

his subclause defines and describes acceptance tests for engine-driven packaged air co
tandard types constructed to specifications determined by the ‘manufacturer and which arg
erformance data, i.e. volume flow rate, inlet and discharge pressure, specific fuel cons
peed, published in the manufacturer's sales documentation.

DT OB —

[ds)

uch compressors are designed to inspire atmospheric air from their immediate surroung
erformance data offered by the manufacturer usually relate to a normal ambient air inlet pre

d
n

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

1 If a manufacturer specifies the)‘performance of engine-driven package compressors H
mance of the bare air end at a specified speed and pressure and indicates power and/or fuel c
nce to the engine maker's technical data, and does not carry out an acceptance test to this simplifig
pte package, such a machine cannot be presented as having been tested in accordance with this sim

1
q

he test conditions shall ‘be as close as is reasonably possible to the specified condit
eviations from theseshall not exceed the limits specified in Table D.1.

1

(7))

pecified peffermance by more than the allowances given in Table D.2.

2  Compressors of this type are usually manufactured in batches or in continuous production qua
mance‘guarantee offered by the manufacturer to the purchaser is implicit in the information stated

ompressor of

ncillary items

mpressors of
sold against
umption and

ings and the
ssure.

pffered by the
y stating the
bnsumption by
ed code on the

lified code.

ons and the

he compressor under test will be deemed acceptable provided the results obtained do not differ from the

ntities and the
in the relevant

Hatay

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
tolerances relatmg to th measuremnts taken dunng the tst -

D.1.2 Process gases

This subclayse applies to any packaged process gas compressor which incorporates a displaceément
compressor ¢f any type driven by an internal combustion engine and to any packaged air compressor with
high inlet pressures which incorporates a displacement compressor of any type driven by an internal
combustion e¢ngine. Air compressors with high inlet pressures typically compréss air which is used|as a
process gas father than for a compressed air system. This subclause therefore ‘cannot be applied for régular
compressed gir or nitrogen compressors, where D.1.1 applies.

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

b) Evidencg and experience with the type of compressor under test shall be available to justify the yse of
this subdlause.

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

d) Such process gas compressors are supplied by the manufacturer fully piped and wired and gerjerally
include Il ancillary items necessary for their effective operation as a complete self-contained procegs gas
compresgsor unit.

e) This suljclause defines and describes acceptance tests for engine-driven packaged compressofs, as
describefd above, which are constructed to design specifications which include performance datg, i.e.
volume flow rate, inlet and discharge pressure and specific energy consumption.

f)  Only thope measurements-necessary to verify the performance of a single set of conditions (“guarnantee
point”) agreed upon between the customer and the manufacturer shall be taken.

g) The testconditions'shall be as close as reasonably possible to the specified conditions and the devigations
from these shalknot exceed the limits specified in Table D.3.

Experience ghows that process gas compressors are qwte often operated with h|gh inlet pressures The
provision of high A ies 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 loviati ¢ ified val Juri I tast

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

B 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 than the jsentropic
lexponent of the test medium.

D.2 Specific definitions

Definjtions of particular relevance to this annex™are 3.1.8 (fuel consumption) and 3.1.20 (specific fuel
consyimption).

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
Interrfational Standard @nd 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
corregtionnshall be made for moisture content. If the compressor has a means of condensing| and ejecting
moisture,/for example intercooler(s) and aftercooler(s), correction of the volume flow rate may bg¢ made either
by collection and measurement of the condensate ejected during the test according 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 Variable speed combustion engine-driven compressors

For variable $peed combustion engine-driven compressors, performance measurement should be‘carri¢d out
at:

— maximurp 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 manufacturer can
state “not significant” or “0” on the test report.

NOTE 2  The maximum and minimum volume flow rates are as specified by the manufacturer.

D.3.4 Measurement of shaft speed

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

D.4 Test grocedure and report

Preliminary tg¢sts may be performed.to determine whether or not the compressor is in suitable condition fpr the
acceptance tg¢st to be conductedsand to check the measuring instruments.

After a prelinfinary 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 tesst, noradjustments other than those required to maintain the test conditions and those required
for normal operatien 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.5.2{1 General

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

Yycor = K1K13 X qyR (D.1)
wher¢

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

K43 is the correction factor for condensed water vapaur at the standard inlet conditions (see D.5.2.3).

D.5.2|2 Shaft speed correction factor

It may be assumed that the compressor volumetric efficiency, compressor mechanical efficiency and drive
motof 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 gorrection factor, K4, is then given as Equation (D.2)

_Ng

e (D.2)

e

K 1

where

Nc is the‘specified shaft speed;

Nr-~T1s.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

K3 =1 (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)
- xpx|1-—2
P1—=Pys X9 ( R, ]
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 manufac
D.5.3 Pack

D.5.3.1 Ge

The package

Fpeorr =

where

Ky isth

Kg isth

furer shall state which correction method was used, together with the appropriate values.
aged compressor fuel consumption correction

neral

d compressor corrected fuel consumption, Fp.,, is calculated using Equation (D.5):

It is recogniz

K4K5 XFPR (D5)
. Ng
e correction factor for shaft speed, as-expressed by —=;
R
e correction factor for inlet_pressure, as expressed by m.
P1R
d that some elements) of the fuel consumption of a packaged compressor are independent jof the

r, itis

shaft speed and ambient pressure, e.g. the fuel consumption attributable to the auxiliary drives. Howeve
unusual for the power abserbed in this way to exceed 10 % of the total output power of the engine. In
circumstances, the use of.the corrections is considered valid for the production test purposes.

these

D.5.3.2 Inlet pressure correction factor

Provided the|deéviation in inlet pressure is maintained within the limits specified in D.1.1 e), the correctipn for

inlet pressure, K, is given as Equation (D.6):

_P1c
P1R

Ks = (0-6)

D.5.4 Calculation of specific fuel requirement

The corrected specific fuel consumption, 5 of the packaged compressor is given as Equation (D.7):

corrs

_ FPcorr

(D.7)

b corr
9y corr
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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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