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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through 1SO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right to be represented on that Committee. International organizations,
governmental and non-governmental, in liaison with IS0, also take part in the work.

Draft International Standards adopted by the Technical Committees are circulated

to the Member
Standards by the

Bodies for approval before their acceptance as International
SO Council.

International StaL\dard 1SO 1217 (originally draft No.1115) was drawn up by

Technical Comm
machines.

Draft No. 1115
to the Member
Bodies of the foll

Australia
Belgium
Brazil
Canada
Chile
Czechoslov{
Egypt, Aral
France

No Member Body

Annexes C, D, E
October 1972, T|

tee 1SO/TC 118, Compressors, pneumatic tools and pneumatic

which did not include annexes C, D, E and G) was circulated
Bodies in October 1967. It has been approved by the Member
bwing countries :

Germany Sweden
Greece Switzerland
lreland Thailand
Israel Turkey
Japan United Kingdom
kia Netherlands U.S.S.R.
Rep. of Poland

South Africa, Rep. of
expressed disapproval of the document.

and G of the document were circulated.to the Member Bodies in
hey have been approved by the Member Bodies of the following

countries :
Belgium Hungary South Africa, Rep. of
Bulgaria India Sweden
Czechoslovakia lreland Switzerland
Egypt, Araly Rep. of Japan Thailand
Finland Mexico Turkey
France Netheriands United Kingdom
Germany Rormania U.S.S.R.

No Member Body| expressed.disapproval of these annexes.

The aim of thid code(for acceptance tests of displacement compressors is to

standardize such|tests so that resuits from different machines and obtained by

different supervisors—cambecompared-ima-techmicattycorrect-way,—at-topromote——mMmMmMmmmmm
trade and fair competition in the field. The code can be applied entirely or in part,

depending on the technical and economical conditions prevailing for every separate

test (see annex C). It is recommended that type testing according to sub-clause

C.2.2 be carried out and that in sales literature and tenders, measured performance

values be given according to the supervisor’s test report.

© International Organization for Standardization, 1975 e

Printed in Switzerland
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INTERNATIONAL STANDARD

ISO 1217-1975 (E)

Displacement compressors — Acceptance tests

1 SCOPE AND FIELD OF APPLICATION

A displacement compressor is a machine
where a static pressure rise is obtained by allowing
successive vdlumes of gas to be aspired into and exhausted
out of a cloped space by means of the displacement of a
moving memper.

This International Standard specifies methods for
acceptance tpsts and technical conditions for the supply of
displacement compressors. The absolute intake pressure
should excged approximately 100 Pa (1 mbar), thus
including certain types of displacement vacuum pumps.

It gives detailed instructions on the measurement of
capacity ang power consumption and means of adjusting
the measuredl values to guaranteed conditions.

NOTES

IEC Publication 46, Recommendations
turbines — Part 2 : Rules for acceptante tests.

IEC Publication 51, Recommendations f
electrical instruments and their accessories.

3 DEFINITIONS

For the purposes ~of this International

following definitions apply :

3.1 total . pressure: The
stagnation\point when a moving gas stream
rest and“its kinetic energy is converted by

pressure measpured

for steam

br  indicating

btandard, the

at the
is brought to
an isentropic

compression from the flow condition to the stagnation

condition. It is the pressure usually measur|
tube. In a stationary body of gas the static
pressures are numerically equal.

3.2 static pressure : The pressure measured i
a manner that no effect on measurement is pr

ed by a Pitot
and the total

n a gas in such
bduced by the

1 The main

body of this International Standard gives”detailed

instruction regarding acceptance tests of displacement compressors.
There is, howgver, also a practical need for somewhat simpler tests.
Besides the acgeptance test there exist also :

~  type teft,

— simplifrd test and

— endura

Instructions f
annex C.

2 The
International

Interhational

ce test.

r carrying out thieseatter classes of tests are given in

System of units (SI) is used in this
Standard;~The fundamental units, metre, kilogram,

second, ampefe, kelvin-{formerly degree Kelvin) and candela, are
defined in 1ISQ 1000:

Conversion fd

international

Standard,

in order to facilitate the use of the

International System. (See annex F.)

2 REFERENCES

ISO/R 541, Measurement of fluid flow by means of orifice
plates and nozzles.

ISO 1000, S/ units and recommendations for the use of
their multiples and of certain other units.

ISO/R 1219,

Graphical symbols for hydraulic and

pneumatic equipment and accessories for fluid power
transmission.

gas velocity.

3.3 dynamic (velocity) pressure : The total gressure minus
the static pressure.

3.4 atmospheric pressure: The absolute pressure of the
atmosphere measured at the test place.

3.5 gauge (effective) pressure: The presspire measured
above the atmospheric pressure.

3.6 absolute pressure: The pressure measured from
absolute zero, i.e. from an absolute vacuum,| It equals the
algebrai m orj g < huge pressure.

3.7 vacuum: The difference between the atmospheric
pressure and the absolute pressure of the gas when the
latter is the smaller.

3.8 standard inlet point: The inlet point considered
representative for each compressor. This point varies with
compressor design and type of installation.

NOTES

1 The standard inlet point of a stationary compressor is generally
at the inlet flange (see G.2.5).

2 The standard inlet point of a portable air compressor is a point
close to the compressor chosen so that the thermometer is
unaffected by the compressor operation.
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3.9 standard d

ischarge point: The discharge point

considered representative for each compressor. This point
varies with compressor design and type of installation.

NOTES

1 The standard discharge point of a stationary compressor is
generally at the compressor discharge flange.

2 The standard discharge point of a portable air compressor is the
terminal outlet valve.

3.19 clearance volume: The volume inside a compression
space, which contains gas trapped at the end of the
compression cycle.

3.20 relative clearance volume: The ratio of clearance
volume to the volume swept by the compressing element.

3.21 capacity of a compressor : The actual volume rate of
flow of gas compressed and delivered at the standard

3.10 inlet pressure':—'Fh'e—averag'e-absoiutc totatpresstire-at

the standard inlet|

NOTE —~ The abs
absolute static press|
gas are comparativel

3.11 discharge

point.

blute total pressure may be replaced by the
Lire provided that the velocity and density of the
v fow.

pressure : The average absolute total

pressure at the stdndard discharge point.

NOTE — The absq
absolute static press
gas are comparativel

lute total pressure may be repiaced by the
ire provided that the velocity and density of the
y low.

3.12 pressure ratio : The ratio of the discharge pressure to

the inlet pressure

NOTES

1 Stage pressure rg
in a multi-stage c{

tio is the pressure ratio for any particular stage
bmpressor, the discharge pressure being taken

before the intercoolpr
2 Overall stage plisure ratio is the pressure ratio for any particular

stage in a multi-stag
after the intercooler

compressor, the discharge pressure being taken
(inctuding separator).

3.13 total temperature : The temperature which 'would be

measured at the
brought to rest
isentropic comp

stagnation point if a gds stream were
and its kinetic energy/converted by an
ession from the flow~condition to the

stagnation condition.

3.14 inlet temg
standard inlet po

lerature : The.total temperature at the
nt of the.Compressor.

3.15 discharge temperature : The total temperature at the
standard dischargE paint of the compressor

3.16 intercooling:

between stages.

discharge point, referred to conditions of total temperature,
total pressure and composition (e.g. humidity}\preyailing at
the standard inlet point (see G.2.5).

3.22 capacity of a vacuum pump): The actual volume rate
of flow of gas aspired and compressed by the first jtage of a
vacuum pump and referred~to conditions lof total
temperature, total pressure and composition (e.g. Humidity)
prevailing at the standard(inlet point.

NOTE — 1t is normally assumed that the final stage of the vacuum
pump discharges to‘@apressure of 1 bar absolute.

3.23 freeair: Air at the atmospheric conditions of the site
and unaffected by the compressor.

3.24 volumetric efficiency : The ratio of cappcity to
displacement of a compressor or vacuum pump.

A compression or ekpansion
between

3.25 polytropic process
process of an ideal gas in which the relation
pressure and volume follows the equation

pvY = constant
The exponent v can have various values. For example,
pv = constant

describes an isothermal process, i.e. the gas temperature
remains constant.

pvk = constant

The removal of heat from a gas

NOTE — ldeal intercooling prevails when the temperature of the gas
leaving the intercoolers equals the temperature of the gas at the

intake of the first st

age.

3.17 aftercooling: The removal of heat from the gas after

the compression i

s completed.

3.18 displacement of a compressor : The volume displaced
by the compressing elements of the first stage per unit of

time.

2

remains

N . . . .
describes—an—isentropie—proeess,—+-e—the-gas-entrop!

constant.

NOTE — In some countries this process is called adiabatic, but to
avoid confusion between adiabatic {no heat exchange with the
surroundings) and reversible adiabatic (isentropic) processes it is
called here isentropic.

3.26 compressibility factor Z : A factor expressing the
deviation of the real gas from an ideal gas :
_m

RT

3.27 shaft speed: The number of revolutions of the
compressor drive shaft per unit of time.
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3.28 shaft speed irregularity : The dimensionless number
obtained when the difference between maximum and
minimum instantaneous shaft speeds during one period is
divided by the arithmetic mean of these two.

Nemax ™ Mmin

Shaft speed irregularity = 2
Nmax T NMmin

3.29 ideal multi-stage compression : The condition when

1SO 1217-1975 (E)

4 SYMBOLS AND ABBREVIATIONS

The use of the following letter symbols is recommended.
The list is formulated in line with the following seven
principles.

a) The same symbols shall be used for the same
quantities regardless of the system of units.

b} For any one quantity a single symbol shall be used
with subscripts to indicate readings other than the

perfect gas[is—iserrtropicatty—compressed—and—thre—gas—intet
temperatur¢ as well as the amount of work spent is the
same for eagh stage.

3.30 isothprmal power consumption : The power which is
theoretically required to compress an ideal gas under
constant témperature, in a compressor free from losses,
from a givep inlet pressure to a given discharge pressure.

3.31 isentfopic power consumption : The power which is
theoretically required to compress an ideal gas under constant
entropy, frr(/)m a given inlet pressure to a given discharge
pressure. |n multi-stage compression the theoretical
isentropic power consumption is calculated assuming ideal
conditions.

3.32 shaftl;input (absorbed power) : The power required at
the comprefsor drive shaft. Losses in external transmissions
such as gears and belt drives are not included.

3.33 indicEted power :
indicator di

power to shiaft input.

power co

primary one.

¢) The same symbols shall be used/for j given concept
regardless of the number of special values which occur.

d) Letter subscripts shall be used to [denote values
under special conditions:

e) Numerical subscripts shall be used td denote values
at different pointsof a cycle.

f) Symbols” shall be confined if poss|ble to roman
letters:

g)OWhere possible, capital letters shall be used for
absolute quantities.

4.1 Roman letters

The power calculated from Symbol Quantity Units
rams.
g A area m?

3.34 mechanical efficiency : The atio’ of the indicated ¢ specific heat capacity J/kg-K)

c relative clearance volume -
3.35 specific energy consumption: The shaft input per d orifice diameter of the
unit of compressor capacity. measuring device at m, mm

operating condition
3.36 isothlermal \efficiency : The ratio of the isothermal d relative density -
nsumption to shaft input. ) )
D internal diameter of
measuring pipe at operating m, mm

3.37 isentropic efficiency : The ratio of the real gas condition
isentropic power consumption to shaft input.

e efficiency —
3.38 fuel (or steam) consumption : The mass flow rate of f frequency Hz
fuel {or steam) consumed by the prime mover.

F specific fuel consumption g/m3
3.29 specific fuel {(or steam) consumption: The ratio of g local gravitational acceleration m/s?
fuel (or steam) consumption to compressor capacity.

Ho Hodgson’s number -
3.40 temperature-rise ratio: The ratio of the isentropic i number of compression stages —
temperature rise to the measured total temperature rise

i degree of interruption —

during compression.
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O @ v v 3 & 3 x =

-~

Re

I

4.2 Greek lettefs

R

=)

m

x 3

©

-

S 6

absolute roughness

correction factor

4.3 Subscripts

0 ambient conditions
area ratio - 1 condition at standard inlet point
lar mass - . . .
molecular 2 condition at standard discharge point
ional f rev/s, rev/min " . .
rotational frequency / 3 condition upstream of measuring device
r e -« .
pressure Pa, bar 4 condition downstream of measuring device
power W, kW a air (dry)
vohlnme rate of fiow I/s,m3/s, m3/h av average value
mags rate of flow kg/s, kg/h B barometric
pressure ratio - c contract
gas|constant J/(kg-K) corr corrected
Reynolds number - D diameter
temjperature °C fuel fuel
time s, h 9 gas
thefmodynamic temperature, ; cutrent
absplute temperature K
. m measured
exponent for polytropic
process - max maximum
reafling arbitrary fnin minimum
velpcity m/s p pressure
volume of conduit system r reading
between the compressor and |
the| flow measuring device Re Reynolds number
abIlute humidity kgtkg'dry gas u voltage
specific energy consumption 3N v vapour
work J v volume
compressibility factor - w water
w wattmeter
wet wet
total flow coefficient - Subscripts 1, 2, 3, I, 11, Ill, etc., and a, b, ¢, etc. gre further
diamefen ratio _ used to dlscrm?lnate between different _quantities of the
same kind, as i S.
expansion factor —
dynamic viscosity Pa-s
Isentropic exponent - 5 MEASURING EQUIPMENT AND METHODS
NOTE — For ideal gases the
ratio of specific heats and the The equipment and methods listed in this clause are only
'Se"tfoﬁ‘c exponent have the descriptive and not intended to restrict the use of other
same value. equipment with the same or better accuracy.
kinematic viscosity m?/s
mass density kg/m?
5.1 Measurement of temperature
tolerance -
relative humidity - .
5.1.1 Temperature shall be measured by certified or
phase angle deg calibrated instruments such as thermometers, thermo-
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electric instruments, resistance thermometers or thermistors
inserted into the pipe or into wells.

5.1.2 Mercury-in-glass thermometers shall have an etched

stem.

5.1.3 The readings of the inlet temperature of the gas and
the coolant must be with an error not exceeding £ 0,2 K.

Commercial of-adustrial-rmetal-ancased-thermomaeters-shall

not be used

ISO 1217-1975 (E)

b) that the sensitive part of any temperature measuring
device or pocket is well swept by the medium (the
sensitive part ought to point against the gas stream; in
extreme cases a position perpendicular to the gas stream
may be used);

c) that the average gas velocity does not exceed 30 m/s
at the point of measurement;

d) that the thermometer well does not disturb the
normal flow.

for temperatures that will influence the

fuifilment of the guarantee.

5.1.10 Thermocouples shall have a welded hot junction

5.1.4 The inlpt gas temperature shall be measured near the
cylinder inlet [flange or connection, but sufficiently distant
to avoid radiation and conduction errors from cold or hot
surfaces, as Well as emission of hot gas from the suction
valves.

5.1.5 Thermgdmeter wells shall be as thin, and their

and shall be calibrated together with their wires for the
anticipated operating range. They\ shall bg made of
materials suitable for the température and the gas being
measured. The electromotive force of the thermocouple
shall be indicated by a potentiometer-type instfument. The
cold junction shall be_Jestablished by reference
temperature bath.

If thermocoupies-afe used with thermometer wells the hot
junction of the) couple shall, where possible, be welded to

diameters as spnall, as is practical, with their outside surface
substantially free from corrosion or oxide. The well shall be
partially filled|with a suitable fiuid.

5.1.6 The thérmometers or the wells shall extend into the
pipe a distancg of 100 mm, or one-third the diameter of the
pipe, whichevdr is less.

5.1.7 When faking readings, the thermometer shall not be

lifted out of
well when suc

the medium being measured nor,_out of the
h is used.

the bottom-of the well.

5.2° Measurement of pressure

5.2.1 General

a) Pressure taps in the pipe or receiver shall be normat
to, and flush with, the inside wall.

where

5.1.8 The thHermometer reading shall be ‘corrected for the
. emergent stenp according to the following formula :

t=t, + Lyt —ty)

t is the trug temperature;

t, is the actualtemperature reading;

NOTE — For small pressures or high flow velociti:s it should be
noted that minor irregularities such as burrs can give serious
errors.

b) Connecting piping to gauges shall be|as short as
possible.

Tightness shall be tested (for example| with soap
solution), and all leaks eliminated.

¢) Connecting piping to gauges shall be rjot less than
6 mm bore for pressure gauges and not less|than 10 mm
bore for vacuum gauges to minimize capillpry effect in

thea pininn
tHe-pHgs

t,, is the average temperature of the emergent fluid
column;

/ is the length of the emerging fluid column, expressed in
kelvins;

vis the apparent expansion coefficient of the
thermometer fluid (for mercury-in-glass, y = 1/6300).

5.1.9 Precautions shall be taken to ensure

a) that the immediate vicinity of the point of insertion
and the projecting parts of the connection are well
insulated so that the pocket is sensibly at the same
temperature as the medium being observed;

Connecting piping shall also be so arranged that there are
no traps where water can condense.

d) Instruments shall be mounted in a position free from
harmful vibrations.

e) The diameter of the scale and the arrangement of the
graduations shall permit accurate readings within £ 0,5 %
of the pressure measurement. Dead-weight gauges shall
have adjustable weights suitable for = 0,2 % accuracy.
Diaphragm gauges shall not be employed.

f) The total pressure is the sum of the static and the
dynamic pressures. It shall be measured with a Pitot tube
having the axis parallei to the flow. When the dynamic

5


https://standardsiso.com/api/?name=0a406f9bef105c8e3429c4838bf49c8e

I1SO 1217-1975 (E)

pressure is less than 5 % of the total pressure it shall be
calculated on the basis of a calculated average velocity.

g) |If pressure wave amplitudes measured in the inlet
pipe or the discharge pipe are found to exceed 10 % of
the prevailing average absolute pressure, the piping
installation shall be corrected before proceeding with the
test.

Where the amplitudes of pressure waves exceed 10 % of
the specified average inlet or discharge pressures, a test

The inclination to the horizontal and the density of the
manometer liquid shall be the same as for the
calibration.

c) For all pressures of 0,2 MPa absolute, or below,
manometers, columns or vacuum gauges shall be
employed.

Closed mercury columns known as absolute vacuum
gauges shall not be used.

Manometers or columns for low pressure measurements

shall not He undertaken under the rufes of this shall comprise glass tubing of not less than’10 mm bore
International| Standard unless agreed to in writing by the for the single-limb type and not less thar’ 6 min bore for
parties to thd test. the double-limb U-type, with a scale clearly graduated to

under press

re and temperature conditions similar to

h) Gauges qaving Bourdon tubes shall be calibrated
|

those prevai
gauges before

ng during the test, using dead-weight test
and after the tests.

i) Dead-weight gauges shail be examined to ensure that

the piston m
be measured
authentic sta

hves freely. The diameter of the piston shall
and the weights shall be compared with
hdards.

allow the column to be read to/within 1 mm water

column.

The manometers shall be filled with stable
known mass density.

5.2.3 Normal and.high pressure

liquids of

For pressures_above 0,2 MPa absolute, calibrated gauges

with Bourdon™ tubes or dead-weight gauges| mercury
manometers'or their equivalent shall be employed.

i) Column teadings and dead-weight gauges shall be

corrected fgr the gravitational acceleration at the

location of the instrument. 5.2.4" Inlet pressure

. . The inlet pressure of an air compressor operatirlg without
k) Column feadings shall be corrected for the ambient intake pipe shall be measured by a barometer.
temperature.

If an intake pipe is provided, the pressure shall bg measured
by a suitable instrument. The intake pipe used must be
identical with that of the actual installation.

1) In cases pf pulsating flow, a receiver with an_inlet
throttling hdie shall be provided between the pressure

tap and the manometer. In cases of pulsating flow, a receiver volume with inlet

throttling shall be provided between the manometer and

m) Oscillatipns of gauges shall not, be reduced by the intake pipe (see also 5.2.1 |} and m)).

throttling with a valve.
Vacuum pump inlet pressure may be determined by means
of columns or manometers and shall be meagured in a
5.22 Low pressure straight length of pipe as close as possible to the iplet flange
of the machine.
a) The atmaspheric pressure shall be measured with a

mercury bargmeter, which shall be read to the nearest

0,5 mm. 5.2.5 [Intercooler pressure

The intercooler pressure shall be measured
intercooler. However, + 1 % accuracy is sufficient.

The temperalture for nnrrnnfing the barometer rnnrﬁng after the

shall be read with an accuracy of 1 K.

A boiling manometer or a precision aneroid barometer

may also be used but the accuracy shall be checked. 5.2.6 Discharge pressure

If a reliable barometer is not available, an approximation
shall be obtained by using records of the nearest
meteorological station, and correcting for the difference
in altitude between the station and the compressor.

The pressure tap shalt be placed close to the standard
discharge point of the compressor, if necessary on a
pulsation damper with a throttling device connected before
the manometer.

b) For sloping-limb and other amplifying instruments,
the relation between the scale readings and the true
water column length shall be determined previously by
calibration against an absolute manometer of suitable
sensitivity.

5.2.7 Differential pressure

The difference in pressure over the flow measuring device
shall be measured with a fluid manometer. It shall be read
with an accuracy of *0,2%. The manometer tube shall
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normally have an inner diameter of at least 10 mm. For
high operating pressures this dimension may, however, be

diminished.

5.3 Measurement of delivered flow

If possible,

the capacity shall be calculated from a

measurement of the delivered flow. The best and most
reliable method for this is given below.

The test sha

1SO 1217-1975 (E)

Similarly, when readings are made with decreasing loads,
the load shall at no time be increased. The calculation of
output shall be based on the average of the increasing and
decreasing loads as determined by the calibration. If the
torque difference between increasing and decreasing loads
exceeds 1 %, the dynamometer is unsatisfactory.

5.5.5 In electrically driven compressors, the shaft input
shall be determined by measuring the electrical power

| be performed as indicated in ISO/R b41. It s

necessary to| ensure that all the requirements set forth in
ISO/R 541 are completely fulfilled during the period of

measurement.

(For measurements when the flow is

pulsating seelannex A, clause A.1.)

5.4 Measurgment of aspired flow

One object

pf a vacuum pump test is to determine the

from a direft measurement. The best and most reliable

aspired voIU£e. If possible, the capacity shall be calculated

method for

For testing
the aspired
delivered vo

is is given below.

he capacity of a compressor, measurement of
volume shall be used if measurement of the
ume is not practical and if the leakage losses

can be measuyred separately.

Measuremen
indicated in
requirement

fulfilled ddring

measuremen
clause A.5.)

of the aspired flow shall be performed as
SO/R 541. It is necessary to ensure that all the
set forth in ISO/R 541 are completely
the period of measurement>\{(For
ts when the flow is pulsating, see ‘annex A,

5.5 Measurgment of power

55.1 Then
or of the er
existing test

55.2 The

neasurement of the output of the prime mover
ergy consumption shall be made according to
codes.

bower' input shali, if possible, be measured by

supplied and multiplying by the motor effjciency. Only
precision instruments shali be used. Powef as’'ell as voltage
and current shall be measured. The, voltage coils of the
instruments shall be connected jmmediately before the
terminals of the motor, so that voltage drop|in cables will
not affect the measurement. |f remote instruments must be
used, the voltage drop shatl, be determined J:parately and
taken into consideration.{See {EC Publicatior} 51.)

5.5.6 For three'phase motors, the two-wattineter method
or some other method with similar accuracy [shall be used.

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

For checking purposes it may be convenignt to have a
recently adjusted kWh-meter connected tp the circuit
during the test.

5.5.8 As a basis for the efficiency of the trapsmission, the
following figures shall be used unless ¢ther reliable
information is available :

— for properly lubricated
precision gears 98 % far each step
97 %

95 %

— for flat belt drive

— for Vee-rope drive

cradled elec

H = Y
TG Uy TIarTioT e teT 5y

5.5.3 Cradled electric dynamometers shall not be used
below one-tenth of their rated torque.

5.5.4 Torsion dynamometers shall not be used below
one-third of their rated torque. They shall be calibrated
after the test with the torsion member at the same

temperature

as during the test. The calibration shall be

conducted with the indicating means in place. Indicator
readings shall be made with a series of increasing loads with
the precaution that, during the taking of readings with
increasing loads, the load shall at no time be decreased.

5-6— I bsti ;

The relevant national standard of the home country of the
compressor manufacturer shall be used.

5.7 Measurement of rotational speed

If possible, the total number of compressor revolutions
during the test run shall be recorded with a revolution
counter free from slip and the time shall simultaneously be
accurately measured.

Stroboscopes and speedometers are normally not
sufficiently accurate, but may be used to ensure that the
shaft speed is constant.
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If a synchronous motor is used, a synchronous clock may
replace the revolution counter.

If an asynchronous motor is used, the net frequency and
the slip may be measured.

5.8 Miscellaneous measurements

5.8.1 Gas composition

5.8.5 Fuel consumption

If the compressor is driven by a combustion type engine,
the fuel consumption shall be determined by weighing or
by measuring the volume of the fuel consumed during the
test.

5.8.6 Steam consumption

If the compressor is driven by a steam engine or turbine,

the non-bleeding water rate shall be determined. (See |EC

When tests are ;Lerformed with gases other than air, the
chemical compos|tion and the physical properties of the gas
entering the cempressor during the tests shall be
determined and if necessary checked at regular intervals.

5.8.2 Humidity

If the compressed gas contains moisture, the relative
humidity shall be checked during the test.

temperatures shall be measured with a psychromoter of the
Assman type or lanother instrument with similar accuracy.
The humidity content is then found from psychrometric
tables or from an|enthalpy/humidity chart.

For tests with rn open system, the dry and wet bulb

For tests with closed system, the humidity shall be
measured with ardew point instrument or a psychrometer
of the Assman [type or another instrument with similar
accuracy.

The humidity shgll, if possible, be measured at the standard
intet point. If this is not possible the humidity shall be
estimated.

5.8.3 Coolant flpw

The coolant flow is best determined-with the aid of a vessel
of known volume and a stop-watch or with a calibrated
flow meter. The|measurement_fnay also be made with an
orifice or nozzle §ccording to\ISO/R 541.

5.8.4 Condensationrate

Publication 46 Part 2.)

6 PREPARATION OF THE MACHINE AND THE
TESTING EQUIPMENT

6.1 General remarks

6.1.1 Before acceptance tests are begun, the compressor
shall be examined)in’ order to ascertain whether it is in
suitable condition® to conduct an acceptance [test. All
external leakage'shall be eliminated; in particular|the pipe
system shalb be checked for leakage.

6.1:2" All unused pipe connections from the compressor
discharge shall be blanked. If this is not posgible, the
connections shall be broken at suitable points [to allow
constant observation of the outlets. To ensure cofrect test
results an intake pipe shall not serve more than one
compressor.

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

6.2 Installation of testing equipment

The installation of the measuring devices is specified in the
respective sub-clauses of clause 5. Detailed instrudtions are
given

— in 5.1 for temperature and

Before and after every test, the condensate shall be drained
form the intercoolers and their separators. The separated
quantitites shall be weighed for every cooler and divided by
the time between the draining operations, which shall be
carried out carefully, so that the steady state of the
compressor in other respects will not be disturbed.

NOTE — Any oil carried over with the condensate shall be separated
from the condensate before the mass of the latter is measured.

If water separators are provided, the efficiency of
separation shall be determined.

The condensate collected in aftercoolers, receivers and
other places after the discharge flange shall be measured
and the total amount and time shall be noted.

8

— in 5.2 for pressure.

6.3 Calibration of instruments

Initial calibration records of the instruments shall be
available prior to the test.

Recalibration after the test shall be made for those
instruments of primary importance which are liable to
variation in their calibration as a resuit of use during the
test.

Any change in the instrument calibrations which will create
a variation exceeding the class of the instrument may be a
cause for rejecting the test.
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7 THE TEST

7.1 General rules for conducting the test

Preliminary

tests shall be run for the purpose of

a) determining whether the compressor and associated

system

is in a suitable condition to conduct an

acceptance test;

1SO 1217-1975 (E)

However, 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 and due regard paid to this in the
calculation of the tolerances.

7.1.8 For each load two tests shall be made, each of them
comprising sufficient readings to indicate that steady state
conditions have been reached. The number of readings and
the intervals shall be chosen to obtain sufficient accuracy.

b) checking instruments;
c) training personnel.

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

7.1.1 Durifng the test, all such measurements as have any
bearing on the performance shall be made. In the foliowing
sub-clauses [the determination of the capacity and the
power consimption of the compressor are treated in detail.

7.1.2 The fneasurements shall be carried out by competent
persons with measuring equipment according to clause 5.

7.1.3 The test conditions shall be as close as is reasonably
possible to fhe guarantee conditions; deviations fromithese
shall not ex¢eed the limits specified in 9.1.6.

Where it is not feasible to test a machine eithérwith the gas
required by the purchaser or withinv"the limitations

7.1.9 After the test, the compresser pl
measuring equipment shall be inspected. Sho
be found that may have affected the test
further test shall be run after these faul
corrected.

7.2 Evaluation of the readings

Before final caletilations are undertaken, the
shall be scrutinized for consistency of

pnt and the
uld any faults
sults, then a
s have been

recorded data
the operating

conditions: The fluctuations of readings dyring one test

shall not\exceed the limits given in 9.1.6.

7.2.1 All accepted readings from any test
consecutive.

run shall be

7.2.2 Sets of readings showing excessive flyctuation may

be discarded but only at the beginning or th
run. All readings in any set shall be taken
possible simultaneously.

b end of a test
as nearly as

specified i 9.1.6, special conditions( of test or special
corrections [shall be agreed upon between purchaser and
manufacturer.

7.1.4 The
normal wor

joverning mechanism shall be maintained in its
ing position)

7.1.86 During_she test, the lubricant, the adjustment of

7.2.3 The moisture content shall be determined from
psychrometer readings at the standard| inlet point,
according to 5.8.2.

The moisture content for the different compression stages
and at the flow measuring device shall then be determined
from condensate measurements.

7.2.4 To determine the capacity, i.e. the flow through the
measuring device, the moisture content there can be

measured separately. This measurement will also serve as a

fubricating pumps, lubricators, or other lubricating means,
shall comply with the operating instructions.

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

7.1.7 Before readings begin, the compressor shall be run
long enough to ensure that steady state conditions are
reached so that no systematic changes occur in the
instrument readings during the test.

check of the readings according to 7.2.3.

8 COMPUTATION OF TEST RESULTS

8.1 Test results, except those for flow measurements, shall

be calculated from the arithmetic average
accepted readings.

values of the

8.2 The mass rate of flow shail be determined according to

5.3 or 5.4.
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8.3 When the measured fluid is hot or cold, expansion or
contraction of the measuring device takes place depending
upon the material used and the temperature difference. The
flow area of the measuring device shall be corrected.

8.4 When the gas being compressed is not dry, the
influence of the moisture shall be taken into account by
correcting the specific energy consumption.

If this is difficult to arrange, the correction methods given
in this clause shall be used.

9.1.4 Within the limits specified in 9.1.6, this
International Standard provides for adjustment of the
capacity and specific energy consumption when the test
conditions deviate from those specified. The capacity shall
be adjusted for deviation in shaft speed, pressure ratio,
isentropic exponent and coolant temperature. The specific

8.5 The actual ir
gas flow measure
condition there td
due consideration

8.6 Any vapour

let capacity is obtained by converting the
i through the measuring device from the
the condition at the standard inlet point,
being paid to any separated moisture.

condensed between the standard inlet

point and the mjeasuring device shall be added to the

measured mass flg
infet point.

w to obtain the mass flow at the standard

Then from the mfass flow at the standard inlet point the

volume flow at t
inlet capacity.

8.7 Some unload
unioaded side of
inlet temperature
full load, whereby
higher value. In sy
is calculated with

Nis point is calculated. This is the actual

ing systems exhaust warm gas from the
the piston to the inlet at part load. The
thus becomes higher at part load than at
the capacity apparently seems to attain a
ch cases, therefore, the part load capacity
the inlet temperature valid for full load.

9 CORRECTION OF TEST RESULTS
9.1 General remarks

9.1.1 The test cnditions never jagree exactly with those
which, according| to tenders \or" purchase specifications,
constitute the cortract conditions for the capacity and the
specific energy cpnsumption. Therefore, before the test
results and contth values are compared, corrections shall

be introduced.

energy consumption shall be adjusted for deviation|in inlet
pressure, isentropic exponent, pressure ratio,” [coolant
temperature, humidity and shaft speed.

NOTE — Other corrections, such as.' ‘eorrection [for the
compressibility factor, may have to be entered.

9.1.5 For process compressors where certain amqunts of
compressed medium aré, injected or extracted between the
stages, the specific eneygy concept is meaningless apd shall
be replaced by the/power consumption at the conrpressor
shaft.

9.1.6.sFhe maximum allowable differences betwegen test
values and specified values, and maximum allowable
fluctuation from average during any set of read{ngs are
specified in table 1.

9.1.7 If the test is carried out with a gas different ffom the
one specified, a correction shall be made. A changg in the
gas constant will affect the leakage and hence the cppacity.
Such corrections shall be agreed upon by both partigs.

9.1.8 If the deviation or fluctuation exceeds the values
given in 9.1.6, the methods described in 9.1.3 shall be used
if agreed to by both parties.

9.1.2 The test supervisor shall always try to keep the
deviations of the test conditions from those specified as
small as possible, as every correction adds uncertainty to
the final result. But, as outlined in 9.1.1, corrections may
be necessary to allow a proper comparison between test
results and contract values.

9.1.3 When the specified operating conditions cannot be
met, the influence of the operating conditions on the
performance of the actual compressor shall be determined
by a method of variation, so that the size of each correction
to the specified operating conditions can be determined by
interpolation or, in extreme cases, by extrapolation.

10

9.2 Corrections tor capacity

9.2.1 Correction for shaft speed, K,

The correction factor is

where

n. is the contract shaft speed;

N, is the measured shaft speed during the test.
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TABLE 1 — Maximum deviations from specified values

and fluctuations from average readings

Measured variable ':T:\:v'::: Maximum alk.)wable ﬂuctuation.from
deviations average during any set of readings
inlet pressure P, +8% +05%
Pressure ratio r +5% +0,5%
Inlet temperature T +2-i¢
Absolutel:let humidity X - +5%
Isentropif exponent K +3%
Gas constant R +2% —
Shaft speLd n +4% B 1V%
Differende between coolant temperature and £+ 10K 2K
gas teperature
Coolant flow rate +10% +10%
Temperature at the nozzle or orifice plate — +2K
Differentjial pressure at the nozzle or orifice plate - +3%
Voltage +5% +2%
Net freqdency +1% +05%

NOTES

1 The test
and those on| measurement.

hall be accepted if the deviations from the specified tonditions are equal to or less than the sum of the toleranges for deviations

2 if the deyiation from test conditions results in a deviation) in specific energy consumption higher than 8 % then the test fis not within the

limits.
3 See also §.2.1g).

4 For outdgor tests with portable compressors;-the allowable inlet temperature fluctuation is increased to * 3 K.

5 A test at § shaft speed different from the(specified value is not accepted if unpermitted resonant pressure pulsations occur.

9.2.2 Cortection for polytropic exponent and pressure
ratio; K,

This corre¢tion applies only for single-stage reciprocating
compresso:lz. (It \is~negligible for two-stage and multi-stage

compressors.)

¢ is the relative clearance volume;
u is the polytropic exponent (should be faken as 0,9 k).

For pressure ratios below 3 the correction s simplified to

A change in the ratio of specific heats and in the pressure
ratio will influence the capacity as the expansion of the gas
trapped in the clearance volume is affected. The degree of
this influence is not fully known, so that the test supervisor
should strive to operate as near the specified pressure ratio
as possible. For differences within the limits given in 9.1.6
the formula below shall be used.

1~c (rc e —1)
K2= C(C

1-¢ (rml/llm -1)
where
ro is the measured pressure ratio;

r. is the contract pressure ratio;

1 L
Ry = TFClrm ™ =1 7)

9.2.3 Correction for coolant temperature; K3

The temperature difference between the coolant and the
gas at their intake points will affect the gas temperature in
the. compressor cylinders as well as in the intercoolers. As
this influence varies with compressor type, size and speed,
no general correction formula can be given. If the specified
conditions cannot be met, the compressor shall be operated
at two different coolant inlet temperatures and at constant

11
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gas inlet temperature and then the required value shall be
obtained by interpoiating or extrapolating to the specified
conditions with a straight line through the two test points.

NOTE — The influence of the coolant inlet temperature of the
compressor capacity is often important. For example, a normal
double-acting, 100 kW reciprocating compressor of a certain make,
at a stage pressure ratio of about 3 and for an increase of the
coolant inlet temperature of 10 K, at constant gas iniet temperature

gave the following resulits :

Single-stage, compl
0,5 % capacity
Two-stage, comple

1,0 % capacity

consumption correction for all
compressors can be simplified to

displacement

- Pic
Ptm

Ks

9.4.2 Correction for coolant inlet temperature; K

The relation between the coolant inlet temperature and the

specific—energy—consumption—is—very—eompheated and has

ecrease.

ely watercooled :

ecrease.

Two-stage, aircooleld compressor with watercooled intercooler :

0,5 % capacity

9.2.4 Correctio

A change in gas
the capacity. A
be given. For v

ecrease,

h for change in gas constant

constant will affect the leakage and hence
heneral expression for this influence cannot
priations below those given in 9.1.6 this

correction may He omitted.

9.3 Corrected Ipacity

The corrected ¢

where gq,, is
observed results

acity is
g=K, Ky K3gm

the measured capacity calculated  from
bf the test.

9.4 Correctiong of the specific energy/consumption

9.4.1 Correctio
and pressure rati

h for inlet.pressure, isentropic exponent,
D, K P

If the inlet prespure{ isentropic exponent and the pressure

ratio deviate fro

the' figures specified in the contract then

many parameters.

For this correction it is advisable nto) follow the

recommendation of 9.1.3.

NOTE — To show the size of this correction,the same test|as cited in
the note to 9.2.3 can be mentioned. An increase of the cdolant inlet
temperature of 10 K at constant( gas inlet temperaturp had the
following influence :

Single-stage, completely watercooled :

0,2 % increase in specific energy consumption.
Two-stage, completely ‘watercooled :

1,2 % increase in specific energy consumption.
Two-stage, aircooled compressor with watercooled intercdoler :

0,8 %.increase in specific energy consumption.

9.4.3 Correction for humidity, Kg

If in a multi-stage compressor vapour has condensed in the
intercoolers, decreasing quantitites of vappur are
compressed in the various stages. The correction is

the correction methodsbetowshat-beemptoyed:

a) For single-stage machines, cooled and uncooled :

K-k P
[K/(K_1)]m

rc((x ~1Mele —14

i rm[(K—l)/x]m -1

b) For muiti-stage compressors with intercooling :

log re

K4 = Pac X
log rmy

Pim

c) As this correction is only theoretically correct, the

pressure ratio during the test shall be held within £0,2 %
of the specified value. In this case, the specific energy

12

where
R, is the gas constant of the vapour;
R is the gas constant of the gas;
/ is the number of stages;

x is the absolute humidity of the gas after any stage
cooler (the absolute humidity may be calculated from
the partial pressure of the vapour);

T, is the absolute gas inlet temperature.

T1 . is the absolute coolant inlet temperature.
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When the specified gas is dry and at the same temperature
as the coolant, the formula is simplified to

Ke =

R, i—-1 T 1 d
(B (1 )
g / Tlm i—1 i=2

9.4.4 Correction for shaft speed; K,

The specifid

speed. The s
all compress
before the

from a test
the

NOTE — For

ISO 1217-1975 (E)

10 ACCURACY OF MEASUREMENT

10.1 General remarks

10.1.1 Due to the very nature of physical measurements it
is impossible to measure a physical quantity without error,
or to determine the true error in a physical measurement,
i.e. the difference between the true and the measured value
of a quantity.

energy consumption varies with the shaft
ze of this correction is, however, different for
br types. If possible the vendor shall produce,
hcceptance test, a correction curve obtained
bn the compressor type in question, showing

influenge of shaft speed on the specific energy
consumption.

certain types of displacement compressors (for

example, the Jcrew type) operating in the vicinity of the optimum

shaft speed, tl
will compensa

e aerodynamic losses and the internal leakage losses
e each other, which means that the correction factor

is unity. if, or] the other hand, the compressor operates at another

shaft speed, a

For conven
internal
These losses
and hence al

If no corre

consumptior] of

corrected ac

wherea is a

hange in shaft speed will affect the efficiency.

ional reciprocating compressors with small

lealage, the internal flow losses will dominate.

are proportional to the square of the velocity
o to the square of the shaft speed.

Ction curve is available, the specific energy
reciprocating compressors may,  be
ording to the empirical formula

n
K;=1+a <1——"‘-)
nC

onstant depending on the compressor type.

For two-stape reciprocating compressors operating at a

gauge pressu
consumption
found that a

re of 0,6 to 0,8 MPa and having specific energy
values in the range-300 to 500 J/I, it has been
=27 X 107° W), %, where

P
Am

10.1.2 However, when the conditions \under which a
physical quantity was measured are sufficiently known, it is
possible to define and calculate a possible deyiation of the
measured value from the true-value, such that it can be
asserted that the absolute value\of the true errpr is probably
less than the said deviation{

Computation of such, a.deviation, or tolerance, is useful
because its value constitutes a criterion of the|accuracy of a
measurement.

10.1.3 _In\this International Standard, measuring tolerance
(limit of“accuracy) is defined as a value equa| to twice the
standard deviation. This deviation shall be computed and
reported under this name. See, for instance, ISO/R 541.

10.1.4 When the partial deviations, the cdmbination of

which gives the standard deviation, are independent of one

another and are small and numerous thei
approaches the Laplace-Gauss normal law.
95 % probability that the absolute value of
does not exceed twice the standard deviation.

r distribution
There is then
the true error

10.1.5 The error distribution is assumed to conform to the
Laplace-Gauss normal law. If it is clear that the distribution
is not of random type, the fuil value of the a¢tual tolerance

shall be added algebraically.

10.1.6
available or are so few that direct esti
standard deviation is likely to be unreliable
that one is able, at least, to estimate the max

9.5 Corrected specific energy consumption

The corrected specific energy consumption is

W=K4 KS K6 K7 W

9.6 Corrected power consumption

The

corrected power

consumption is obtained by

multiplying the corrected capacity according to 9.3 by the
corrected specific energy consumption :

P=gqw

If repeated measurements of a qu;ntity are not

ation of the
it is assumed
mum range of

theTeasurerments—under—and-over—the—adopted value of the

quantity. It is then admissible that the standard deviation
shouid be taken as 25 % of this estimated total range (i.e.
half the mean maximum range under or over the adopted
value of the quantity).

10.1.7 In the following clauses only the tolerances for the
capacity and the specific energy consumption are
considered, and then only when the capacity is measured to
ISO/R 541 and the power input is measured according to
the two-wattmeter method. Other measuring methods are
of so varying a nature that their treatment falls outside the
scope of this International Standard. However, the
principles set forth and the methods described below for
estimating the error may be applied in other cases as well.

13
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10.1.8 The capacity and the specific energy consumption
values are subject to tolerances which consist of the test
tolerance, indicating the probable deviation of the
unadjusted observed values from the true value, and the
adjustment tolerance, covering the probable error of the
method used for converting the observations to the value
they would have had if the test conditions had agreed with
the specified conditions.

If the power input fluctuates during the test, an additional -

tolerance is applicable far the specific energy consumption

10.2 Tolerance for ghe capacity

This tolerance is a combination of the tolerances in shaft
speed and flow measurement,

The tolerance in flow measurement is determined in
accordance with the procedure described in clause 5 of
ISO/R 541.

10.3 Tolerance for the specific energy consumption

10.1.9 The test| tolerance originates from a number of
sources, the most|important of which are

a) the imperfgction of the measuring methods;

b} instrument errors such as incorrect adjustment and
internal frictiop;

c) reading errprs;

d) inaccurate efficiency of the

equipment used.

figures for the

Groups b) and f) are of the same kind and constitute
reading errors, in[group b) in adjustment and in group c) in
actual testing. They are combined in the following clauses
under the namg ‘‘reading errors” and are treated in
common.

10.1.10 The maximum value of the reading errors shall be
estimated in each [case, due regard being paid to

a) the graduation of the instruments and the\means of
reading;

b} the constancy of the values (asrapidly fluctuating

liquid column
read than an ad

c) the reading
instruments pe

10.1.11 If the

or wavering pointer is"more difficult to
equately damped-one);

skill of the personnel, and the number of
- reader.

maximum reading errors have been

10.3.1 The tolerance for specific energy(consumption is
obtained as the square root of the sum of 'the squgres of the
tolerances in flow and power measurements.

10.3.2 The tolerance 7, for-a‘\two-wattmeter measurement
is a combination of the\ tolerance for the ipstrument
readings 7,,, calculated\\in the normal way, and the
tolerance for the {instrument errors T, [calculated
according to the following sub-clauses.

10.3.3 For ‘a two-wattmeter measurement, the errors of
the six components (two voltage transformers, tyo current
transformers and two wattmeters) are according|to theory
combined under the square root.

2
2f /
Tren {2 £ {1007 (19,1 + 19,12 [tg? 0|7
1 ta,

where

f, is the relative maximum error of the voltage vector
determined from the class of the voltage trapsformers,
expressed as a percentage;

f; is the relative maximum error of the currgnt vector
determined from the class of the current trapsformers,
expressed as a percentage;

fis the relative maximum error of the wattmeters
determined from the class of the wattmeters,|expressed
as a percentage;

o, and o, are the relative indications of the wgttmeters :

estimated, the reading tolerances are calculated according

to the formula

where

£ 10022 o
T== —
v

U is the average reading measured from the reference
point used in the respective equations;

AU is the prob.

able maximum reading error as estimated

(expressed in the same units as U).

14

(0[1 + O‘Z)max =2

@ is the phase angle;

9, and &, are the angle errors of the voltage and current
transformers, expressed in radians.

10.3.4 If the components are recently calibrated, so that
all the errors are certainly within the class figures, the
combination of measurement and instrument errors will
follow the square root formula

7= A rm?) %
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10.3.5 If the conditions of 10.3.4 are not met, the errors
shall be arithmetically added :

T =T +Tim) %

10.3.6 With direct current, the same procedure can be
followed broadly if volt-meters and ampere-meters are used
and the readings are multiplied; the measuring error will
have to be divided into two, 7,.; and 7,.,, that is to say,

1SO 1217-1975 (E)

10.4.3 The uncertainty in the efficiency figures given in
5.5.8 can be estimated to * 0,5 % for precision gears and
+ 1 % for belt drives.

If there is no test record for the establishment of these
efficiencies, the conditions for application of the rule of
error distribution according to Gauss are not met. The
tolerances for the efficiencies shall then be algebraically
added to the tolerance for the power requirement of the
compressor.

into an errjtor for each instrument, these errors being
combined into 7.

— 2 24172
Tic = {Tiaa + Tie2 )/ %

If duplicated measuring equipment is employed and the
results agree| perfectly, 7, may be decreased.

10.3.7 Thd measured input will be affected by load
fluctuationd occurring during each measurement. To cover
this influepnce an additional tolerance is required. This
additional tplerance is determined from the actual, absolute
fluctuation |of the load above and below the average value.

FABLE 2 — Tolerance for load fluctuation

Average fluctuation in Additional tolerance
power input, % %
+2 +0
+3 +05
+4 +1,0
+5 + 15

This toleramce shall be algebraically"added to the resulting
tolerance frpm 10.3.6.

10.4 Erro]s in efficiency

10.4.1 For| the\calculation of the power requirement of
the compregsorfrom the input to the motor as measured in

10.5 Tolerances caused by the correction‘mgthods

To the tolerances mentioned above, further tplerances shall
be added expressing the uncertainty of the correction
methods used to adjust the measured valugs to contract
conditions.

For tests within the limits of 9.1.6 this folerance may
amount to * 20 % of the correction.

11 TEST {REPORT AND COMPARISON WITH
CONTRACT VALUES

11.2.<A test report shall be made by the supervisor of the
test'and shall contain everything needed for |evaluating the
test.

11.2 The test report shall state the object,|the place and
time of the test and name the participants.

11.3 The test report shall contain a brief description and
the principal data of the compressor and thg prime mover,
the manufacturer’s name, the manufacturing number, the
guaranteed data, etc.

11.4 The test report shall contain a stafement of the
methods and the equipment used for the|test and shall
contain a diagrammatic layout of the test arrpngement with
all  measurement points marked. In felevant cases
(acceptance tests) the test report shall glso contain a
statement of the guarantees given by the vendor with regard
to the capacity, specific energy consumption and the
function of the compressor in operation and the operating

the test, one might be faced with the necessity of using two
efficiency curves that may contain errors, that is to say,

a) the efficiency curve of the electric motor, percentage
tolerance 7, and

b} the efficiency curve of the transmission, where such
is to be found between the motor and the compressor,
percentage tolerance 7).

10.4.2 It is difficult here to give any universal directions
for the estimation of these tolerances. For tolerances of the
efficiency of the electric motor, certain directions are given
in national test codes. Otherwise, due regard should be paid
to the methods of test or calculation of the efficiency.

conditions under which the guarantees apply. For
important instruments the manufacturer’'s name, the
manufacturing number and the construction and class, the
steps taken for control and adjustments, etc., also the
calibration records and correction diagrams for the various
instruments, should preferably be included as appendices.

11.5 The test report shall contain data recorded during the
capacity and power tests, a table of the average values of
the readings, information of interest for the estimation of
the accuracy of the readings, etc. Instrument indications or
readings shall be recorded as observed. Original log sheets
shall remain in the custody of the test supervisor.
Corrections and corrected values shall be entered separately
in the test report.
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11.6 Any special conditions shall be recorded.

11.7 The test report shall contain the formulae used for
the calculation of the capacity and the power consumption
with corrections, and the results of calculations. Calculation
of errors showing the degree of accuracy of the results shall
also be included. Extensive calculations should preferably
be incorporated as appendices, in order not to burden the
report. The results shall be arranged in the form of clear
tables.

11.12 For compressors the power requirement against the
capacity shall be plotted, and for vacuum pumps the power
requirement and capacity against the vacuum shall be
plotted. For both compressors and vacuum pumps the
capacity shall be given as volume rate of flow and referred
to inlet conditions. Points having the same pressure ratio
and inlet pressure shall be connected by a smooth curve.

11.13 For assessing the efficiency, the specific energy

11.8 A compar|son of the performance of the actual
compressor with| the contract values shall be included,
together with conclusions from this comparison.

11.9 A summa of the results of the test shall be
included, togethdr with general conclusions relative to the
tested equipmenjt, and a statement as to whether the
contract values hgve been met or not.

11.10 The test feport shall be signed by representatives of
the vendor and of the purchaser.

11.11 When thg test results have been corrected to
specified conditipns they shall be compared with the
contract values. I’[\contract values were given for more than
one load this comparison shall be made in graphical form.
The tolerances acgording to clause 10 shall be included.

consumption  shall _be  plotted  against , qapacity.
Corresponding values of power and capacity .shall| be read
from the curve drawn according to 11.12.

11.14 If the specific energy consumption is guararjteed for
only one capacity, and the specific energy consumption
according to the test meets the guarantee at a capagity that
does not deviate more than * 5% from the capdcity for
which the guarantee s valid, the specific| energy
consumption shall be"approved.

11.15 If specific energy consumption figufes are
guaranteed for“~more than one capacity or pressure, then
weighted averages shall be used both for the test requits and
for the ‘guarantees. If no agreement has been mpade, the
weightiof every point is taken as 1.
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ANNEX A

ALTERNATIVE METHODS FOR DETERMINING THE FLOW

llowing methods no basis for judging the

accuracy of the measurements is given while the supervisor
of the test must make a special study before he can make
the error calculation according to the general principles laid

2) Pure pulsating flow as from a double-acting,

two-cylinder compressor.

Flow

down in clause 10.
‘Il A4 —
A.1 MEASUREMENT OF PULSATING DELIVERED Time
FLOW !
5 4
a) If pulsating flow in the measuring pipe cannot be é é
avoided, a generous receiver shall be provided between .
the dischdrge and the measuring pipes. FIGURE 2 — Pure pulsating flow
b) ISO/R 541 does not include the measurement of This flow is characteyized by the ratio
pulsating | flows, but pulsations often occur during . _ Qmax
compress¢r tests, where they cause errors. The most Iy Gmin
importan{ source of error is that the measuring device h
will damp the nozzle pressure difference whereby its where . .
average v3lue is read instead of the average value of the Genax is the maximum gas flow;
square r o_t' of thg pressure diff.ere.nf:e. This error is Gmin is the minimum gas flow.
always pgsitive. A simple way to diminish the pulsations
is to arrange a supercritical expansion between the d}* The dimensionless Hodgson number is défined as
compress¢r and the measuring device. Another and VFAp
complemg¢ntary way is to insert an extra volume in the Ho= ——
pipe line|before the measuring device. By choosing a Pav av
volume bi{g enough the average error can be kept below where
any desirgd limit. V is the volume of pipe system Hetween the
¢) There| are two categories of pulsating’flow to compressor and the flow measuring devig¢e, expressed
distinguish between : in litres;
1} Inferrupted pulsating flow as from\a'single-acting, :‘ 'ithe frequency of the pulsations, gxpressed in
single-¢ylinder compressor. eriz;
Ap is the total pressure drop up to the orjffice plate or
nozzle, expressed in pascals;
Flow Pay is the average absolute pressure in the receiver,
expressed in pascals;
g, is the average flow at nozzle| conditions,
expressed in litres per second.
e) The Hodgson number necessary to keep the average
Time error of the capacity measurement below a certain
desired limit is given in tables 3 and 4.
Zz - “u
TABLE 3 — Hodgson number for
interrupted pulssting flow
FIGURE 1 — Interrupted pulsating flow 2 Ho
- for error
. P4
This flow is characterized by the degree of <+05% <:1,0% <+20%
interruption
Z, 1,0 2,50 1,70 1,20
Ix=7 08 1,85 1,25 0.90
0,6 1,35 0,90 0,60
where 04 0,95 0,65 0,45
z,, is the time during which the flow is zero; 0,2 0,65 0,45 0,30
. . . 0,35 0,25
Z is the time of each period. 0 0,50
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TABLE 4 — Hodgson number for
pure pulsating flow

A.3 MEASUREMENT OF THE DELIVERED FLOW BY
FILLING A RECEIVER (See figure 3)

This method can lead to errors due to the difficulty of
measuring the gas temperature in the receiver and due to
leaks in the shut-off valves. It shall be used only for small
compressors and the items below shall be observed.

a) The shut-off valves and all pipes and fittings shall be
checked for leaks.

Ho
Gmex for error
Gmin <:05% <£1,0% <:20%
1 0,00 0,00 0,00
2 0,14 0,09 0,04
3 0,24 0,15 0,08
4 0,30 0,19 0,11
6 (0,35 0,23 0,14
8 0,38 0,26 0,16
10 0,40 0,27 0,16

When the Hodgson number and the total pressure drop
are known, the necessary intermediate volume is
obtained,

f) In order

vortices, etc. i
instructions orj
should preced

avoid abnormal velocity distribution,
the measuring pipe, ISO/R 541 contains
the minimum length of straight pipe that
e the measuring device. Sometimes, the

local conditiogs do not permit the fulfilment of these

requirements.
perforated baf
approximate |

In that case, an arrangement with a
fle plate and straightening vanes with an
ngth of 2 D shali be used. The upstream

section of the pipe shall have a minimum length of 10 D,
and the downsfream section 5 D.

g) If the gas [contains moisture, the humidity at inlet
and the liquifl condensed after each cooler shall-be
measured. Conjdensate shall be prevented from entering
the measuring pipe.

specified in thp contract then the difference in densities
and in the ratios of specific heats shall be taken into
account,

h) 1If the gasE used for the test differs from the gas

i) If the test|is performed on‘air, the test arrangement
may be simplified. After the measuring pipe, the air can
be blown out|to the atmasphere and suction can take
place from thel atmosphere,

b) A pulsation damper (2) having a discharge paive (5)
to atmosphere shall be fitted between thé compressor
and the receiver. The size shall correspondto alcharging
time of 30 s or more.

c) The receiver size shall correspond to a charging time
of 5 min or more.

d) The volume of the receiver shall be determiped with
an accuracy of +0,2 % "The best way is to fi|l it with
water.

e) The compressor shall first pump up the pulsation
damper. The discharge valve shall be left slighthy open to
atmosphere.”so that the correct working pressure is
maintained. The communicating valve (6) betyween the
pulsation damper and the main receiver shall bg closed.

The compressor shall operate until steady conditions are
reached. During this time the puisation damper and the
receiver shall be carefully drained of any condensate.

f) The discharge valve (5) on the pulsation dam|per shall
now be opened a little more so that the pressufe in the
pulsation damper drops. The discharge valve shall then
be closed.

g) The compressor charges the pulsation damper. When
the working pressure is reached, the comminicating
valve (6) to the main receiver shail be opened dlowly so
that the correct working pressure is maintained in the
pulsation damper.

h) Pressure-and temperature readings shall be taken for
the gas in the receiver during the charging period|

A.2 MEASUREMENT OF THE DELIVERED FLOW BY
GAS METER

If a wet or dry gas meter is used, precautions shall be taken
to avoid pulsating flow.

By this method, the volume is measured directly and the
density and flow disturbances are relatively unimportant.
However, it shall be used only on the condition that the gas
meter is in good condition and recently calibrated.

The gas meter shall be checked for leaks. For instruments
with a sealing liquid, it shall be checked that the liquid is
saturated with the gas to be measured.

The accuracy shall be = 1 % or better.

18

1) When the receiver pressure is about 90 % of the
working pressure, the valve (6) between the pulsation
damper and the receiver shall be opened further so that
the pressure in the pulsation damper drops a little, after
which the valve shall be fully closed.

i} The pressure in the pulsation damper will now
increase. The compressor shall be stopped or unloaded
when the working pressure is reached.

k) The time to fill the receiver shall be measured from
the opening of the communicating valve between the
pulsation damper and the receiver to the moment when
pressure in the damper rises to working pressure after
the valve is closed.
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10
16 9 13 13
< | |
15 ¢ 8
11 4 12 6
I = X (N ;
14 5
8
H__’ ’
1 compressor 5 discharge 9 manometer 13 thermometer
2 pulsation damper 6 communication valve 10 manometer 14 open manometer
3 mafn air receiver 7  drain valve 11 thermometer 15 barometer
4  corhmunicating valve 8 drain valve 12 thermometer 16 thermometer
FIGURE 3 — Test layout
1) The shaft speed shall be measured during the test. accurate reéading of the scale. This method shall

m) The| receiver shall now be left until thermal
equilibriym is reached and the condensate has collected.
n) Pressyre and temperature readings shall be made,
after which the condensate shall be drained and weighed.
o) The ¢ompressor capacity is
g =21 Paz_Pao
T zpy \Taz Tao
where
Q. is|the measured capacity, expressed:in litres per
second;

’

V., is the receiver volume, expressed in litres;

Z is th

b charging time, expressed in seconds;

Py is Jhe absolute pressure at the standard inlet point,
S

expre

Pao i

beginr

Paz is

ed in pascals;

the absolute pressure in the receiver at the
ing of.the charging period, expressed in pascals;

the absolute pressure in the receiver at the end

of the

consequently be used only for high-pressur
with smalVcapacities.

A5 MEASUREMENT OF PULSATING ASH

a) In cases of pulsating flow, a receiver
inlet throttling shall be provided between
and inlet pipe.

b} The throttling of the intake pres
measuring device shall be taken into accoun

c} If pulsating flow in the measuring pi
avoided, the influence of the Hodgson nt
error shall be considered (see clause A.1).

d) If the gas contains moisture, the hum
shall be measured.

e) If the gas used for the test differs
specified in the contract then the differenc

b compressors

IRED FLOW

volume with
he measuring

sure by the
1.

pbe cannot be
mber on the

idity content

from the gas
e in densitites

and in the ratios of specific heats shall lbe taken into

.
charging-period;expressed-mrpascats;

T, is the absolute temperature at the standard inlet
point, expressed in kelvins;

T40 is the absolute temperature in the receiver at the
beginning of the charging period, expressed in kelvins;

T4, is the absolute temperature in the receiver at the
end of the charging period, expressed in kelvins.

account.

A.6  MEASUREMENT OF THE ASPIRED FLOW BY

GAS-HOLDER

The aspired volume can be measured with good accuracy by

measuring the descent of a gas-holder, prov

ided that the

A.4 MEASUREMENT OF THE DELIVERED FLOW BY

WEIGHING

A RECEIVER

This method avoids the error due to incorrect temperature
readings. The difference in mass between the empty and the
filled receiver shall not be too small to allow a reasonably

follawing items are observed :

a) The gas-holder shall be efficiently isolated during the
test, and the shut-off valves shall be checked for leaks. It
shall be made certain that no gas enters the gas-holder
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and that no gas escapes otherwise than through the
COMPressor.

b) The descent of the gas-holder shall be measured at
least at three different points around the circumference.
The average value shall be used.

¢) The diameter of the gas-holder shall be known from
a certified working drawing.

d) The gas-holder pressure shall be checked with a

A.8 OTHER METHODS FOR DETERMINING THE
FLOW

If, for practical reasons, none of the methods so far
mentioned can be used, other methods may become
necessary. The methods given in the following sub-clauses
normally have less accuracy but may give useful
information about the performance of the machine.

A.8.1 Determination of the flow by indicator diagrams

water gauge dyring the test.

e} The tempdrature of the gas shall be measured in the
suction pipe immediately after the gas-holder.

f) The ambipnt conditions shall be such that the
temperature of the gas in the gas-holder can be
considered as| being equal to the measured ambient
temperature. Bor that reason, the test shall be performed
on a cloudy dgy or, even better, at night.

A.7 MEASUREMENT OF THE ASPIRED FLOW BY GAS
METER

Indicator diagrams can give very valuable information on
the behaviour of the valves and the general performance of
a compressor. However, a calculation of the capacity based
on such diagrams always gives inaccuraté figures,| because
the heat transfer to the aspired gas is Unknown ang cannot
be taken into account.

A.8.2 Determination of the flow by heat balance

The total amount of the heat extracted in each infercooler
can be calculated €rom the coolant flow and the
temperature differénce of the coolant. If the iplet and
outlet temperaturés of the gas are measured, and if the
specific heat, of the gas is known (or an enthalpyfentropy
diagram avajlable) the mass flow of gas can be cglculated
from these.data.

if a wet or dry
volume shall be
compressor. The
recently calibrate

The pressure drg
into account for

has meter is used, a receiver of sufficient
installed between the gas meter and the
gas meter shall be in good condition and
of

p caused by the gas meter shall be taken
he calculation of the capacity.

The gas meter sIaII be checked for leaks. For instruments

with a sealing li
saturated with th

When testing va
type, the meter

uid, it shall be checked that(the liquid is
b gas to be measured.

cuum pumps of the ‘rotary displacement
shall be located on-the intake side with a

restricting valve letween the metec/and the vacuum side so

that the meter m

Pasures atmospheric air.

The latent heat of any entrained liquid that is condensed in

thelintercooler and aftercooler shall be taken into
as well as heat losses by radiation or convection
heat dissipated with the lubricating oil.

laccount,
and any

This method sometimes presents the only possibleg way for

testing compressors for

high capacity and f{or high

pressures. Using a good insulation and precise instfuments,

an arbitrary required accuracy may be assured.

A.8.3 Determination of the flow from the
distribution of the gas stream

velocity

If the mass density is uniform, the flow in the rleasuring

pipe can be calculated when the velocity distri
known.

ution is
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ANNEX B

OTHER MEASUREMENTS OF INTEREST

one or more of the following

s shall be made.

B.1 LUBRICATING OIL CONSUMPTION

installations with automatic start and stop the operating
pressures can be measured and the time ‘established for

starting up, for taking up load, etc.

B.4 PERFORMANCE OF THE GAS COOLERS

The consump
normal opera
been run-in.
lubricators sH
possible, the
Before the t
operating ter
the crankcas
of at least 3(
into the co
repeated ob
procedure. T
added during

B.2 LUBRI(

If the comp
system, an
readings of th

tion of lubricating oil shall be measured under
ting conditions and after the compressor has
The oil consumption in lubricating pumps or
all be measured over the period of the test. If
oil consumption test shall cover at least 50 h.
bst the compressor shall be warmed up to its
hperature, whereupon the oil is drained from
or sump and permitted to flow for a period
min. The oil is then weighed and poured back
mpressor. After the test, the emptying is
erving exactly the same temperature and
he difference in mass plus the mass of any oil
the test is the consumption of lubricating oil.

CATING OIL PRESSURE

ressor is provided with a pressure lubricating
il pressure gauge is normally supplied. The
is gauge shall be noted in the test report.

B.3 PERFORMANCE OFfF THE REGULATING AND

SAFETY DE

Various me
performance
~ pressure lim

VICES

surements can be made, for checking the
of the regulating dnd safety devices. The
ts can be determiniéd for the engagement and

disengagement of the various stages of unloading. In

To check the efficiency of the gas coolers; thy

coolant flow

as well as inlet and outlet temperatures_of* thg coolant and

the compressed gas shall be measured. The gag

side pressure

drop over the cooler shall be measured, preferably with

water or mercury manometers,, the legs ¢
connected to the cooler.

f which are

B.5 MEASUREMENTS ON THE PRIMEMOVER

If measurements\are desired they shall be darried out as

described in dppropriate test codes.

B.6 TEMPERATURE MEASUREMENTS

Besides the compulsory temperature measurements, other

fmeasurements may also be of interest. These
example,

— the temperature of the gas leaving the cg
— the temperature in the gas receiver;

— the temperature of the coolant supg
discharged from the cooling jackets;

— the temperature of the coolant supg

discharged from the intercoolers;
— the temperature of the bearings;

— the oil temperature in the crankcase.

include, for

mpressor;

lied to and

lied to and
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ANNEX C

CONDITIONS FOR DIFFERENT CLASSES OF COMPRESSOR TESTS

C.1 DEFINITIONS OF CLASSES OF COMPRESSOR

TESTS

C.1.1 acceptance test of a compressor : A performance

test carried out

in—full accordance with the stipulations in

¢) The independent expert responsible for the type test
shall, in the test report, clearly give the results obtained
together with the tolerances. Only the results of the type
test with tolerances may be used in tenders and sales
literature for compressors of the same series as the type

tested_specimen
=

the main text of

C.1.2 type test
according to C.1
from, or authori3

C.1.3 simplified

this International Standard.

of a compressor : A performance test
1 and supervised by an independent expert
ed by, a reputable institution.

test of a compressor : A simplified test,

applicable to sefies produced compressors, where only the

capacity and spe

ific energy consumption are measured.

NOTE — This test
been made on a ¢
modified in a ma
characteristics it
type.

hall only be carried out if a type test has already
mpressor of the same type. When a compressor is
ner which is likely to affect its performance
n no longer be regarded as being of the same

C.1.4 endurance test of a compressor : An extended type

test according to

C.1.2 comprising a series of tests, starting

with an accepta[\ce test according to C.1.1 followed.\by.

long-time opera
compressor-type
is carried out fol
compressor.

C.2 COMMENT1
COMPRESSOR

ion, according to agreement for (each
and case, whereafter a new acceptance test
owed by dismantiing and inspection of the

S ON DIFFERENT CLASSES OF
FESTS

C.2.3 Simplified test

d) The name and address of the authorized ipstitution
and the independent expert shall always'be stated when
reference is made to the type test.

e} The manufacturer shall.pot make referenfe to the
type test, unless the actual compressor is identical in
performance with the type tested specimen.

a) When a compressor has been type tepted, the
manufacturer has the right to use a simpljfied test
procedure to prove that the capacity and specific energy
consumption figures of the actual compressof comply
with the type tested specimen.

b} For a simplified test the tolerance (twice|standard
deviation) of the measurements shall be withjn *+ 4 %,
The tolerance class of each measuring instrumient must
be stated.

c) When a simplified test is made in the manuffacturer’s
shop, the normal test-stand instruments and equipment
can be used provided the accuracy stipulated in C.2.3 b)
is met.

d) For a simplified test on site, the contfol-board

instruments delivered with the compressor can be used
C.21 Aceepmn%ui'—pmﬁde&mcumv—sﬁpﬁmd-h-eﬁ-bﬁnlet.

The main text of this International Standard applies.

C.2.2 Type test

e) A commpressor shall be considered to have passed the
simplified test if the measured capacity and specific
energy consumption do not deviate from the nominal
capacity and specific energy consumption obtained in

a) It is recommended that for series-produced
compressors, the manufacturer arranges for one
compressor of each series to be type tested.

b) The independent expert shall take out the test
specimen at random from the compressors ready for
delivery. The number of compressors in the batch shall
be stated in the test report. The manufacturer shall
guarantee that they are produced to the same standard.

22

the type test by more than the figures given in table 5.

f)

The percentages in table 5 cover

type test tolerances;
manufacturing tolerances;

measuring tolerances for the simplified test.


https://standardsiso.com/api/?name=0a406f9bef105c8e3429c4838bf49c8e

ISO 1217-1975 (E)

TABLE 5 — Acceptable deviation from type test nominal values

Compr . 100 % capacity 50 % capacity
shaftinput at . ™ No-load power
. Specific energy . Specific energy
normal load Capacity requirement Capacity requirement
below 10 kW +6% +7% - — +20 %
10 to 100 kW +5% +6 % +7% +7% +20%
above 100 kW +4 % +5 % +5% +6% +20 %
NOTE — The peed for a simplified test at other than full capacity is to be the subject of agreement between manufacturer’and purchaser.
g) The test report of a simplified test may be short and matters of agreement between the manufagturer and the

simple, without tolerance calculation and with only the purchaser.
essential ¢orrections mentioned.

C.24 Endurance test b} An endubance test made at the rdquest of the

An endurange test is an exceptional test which is only made manufactufer can be regarded as an extended type test

when one of{the parties find such a test is justified. according to C.1.2. The extent and the program of the

test are’ matters of agreement between thelmanufacturer

a) For 3n endurance test made at.the request of a and’the independent expert. The result of the inspection
purchaser] the extent and the program of the test are according to C.1.4 shall be stated in the test report.
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ANNEX D

TYPICAL TEST REPORTS

This annex gives seven examples of tests, as listed betow and in table 6, together with a list of symbols used in the diagrams.

D.1 Test example No. 1

D.2 Text examgle No. 2, Type test

D.3 Test example No. 3, Workshop test .

D.4 Test exampie No. 4

D.5 Test examp
D.6 Test examp
D.7 Test examp
D.8 List of grap

le No. 5
ie No. 6
le No. 7

hical symbols

TABLE 6 — Specification of test examples

Page
25

38
43
45
49
55
66
74

5 Absolute p re
Type of Number of . Capacity )
Test No. Type of gas Cooling Infet ischarge
compressor stages l/s

MPa | bar Pa | bar

1 air reciprocating 2 water 354,2 0.1 1 D.8 8
2 air reciprocating 2 air 68,1 0,1 1 D.8 8
3 air reciprocating 2 air 68,1 0,1 1 D,8 8
4 air vane 2 oil injection 283,3 0.1 1 D.8 8
5 ar SCTEW 2 vvater 675 01 1 0.8 8
6 ammqnla reciprocating 3 water 324,2 14 . 14 {30,1 | 301

synthesis gas
7 natural gas reciprocating 2 water 2778 0.1 1 0,9 9
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D.1 TEST EXAMPLE No. 1
Type of gas :

Type of compressor :

air

reciprocating

1SO 1217-1975 (E)

Number of stages : 2
Cooling : water
Capacity : 354,21/s
Inlet abs. pressure : 0.1 MPa (= 1 bar)
Discharge alys. pressure : 0,8 MPa (= 8 bar)
Certificate of Compressor Test according to International Standard ISO 1217
D.1.1 Basiq data
Place of test Date of test
Manufacturdr . Type . Serial No.
Purchaser
Tender No. Order acknowledgement
Manufacturgr’s order No. Purchaser’s order No.
Documents [catalogues, instruction books, etc.)
Classificatiop (Lloyds, etc.) Certificate (for pressure vessels) .
Short description of compressor :
Type of gas [ Air
Primemover|: Asynchronous slipring Make . . . . . Type. No.
Transmission : Direct drive Make . . . . . Type. No.
TABLE 7 —Specified conditions for the guarantee
Item Symbol Figure Unit
Absolute inlet pressure Pie 0,1 MPa
inlet temperature tic not specified °C
Inlet humidity Ve none —
Absolute discharge pressure Pic 0,8 MPa
Shaft speed ne 419 rev/min
Cooling'water thermal difference (t,w—tiw) 21 K
Cooling water flow Qwe 3,1 m?/h
Water inlet temperature t,we equal to ambient air °T
TABLE 8 — Guaranteed performance
Item Symbol Figure Unit
Capacity qc 354,2 I/s
Power requirement P, 101 kW
Specific energy consumption we 2858 JN

Capacity and specific energy consumption are guaranteed for free suction from the atmosphere.
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D.1.2 WMethods and equipment used for the test

P1 t
&> P
i - LN
PBo |
|
Io M ' P2 |
%/ S v ] }
Lo
1
l 1
- - { -
[ |
P31
P4 @
< - ; _ 7~
d =80 mm : *
D = 150 mm Flow straightener
k =0,15 mm

FIGURE 4 — Testlayout

Flow measurement : With nozzle-according to ISO/R 541.

The humidity of the ambient air was measured with a psychrometer of the Assman type. The condensate collected |during the
test was measured in‘the intercooler, the aftercooler and the second air receiver. The aftercooler was not subject to fest.

The two-wattm input.

Motor efficiency
(determined from test) :  Full compressor load 0,934 * 0,006 (twice standard deviation).
No compressor load 0,74

Instruments :

Calibration of instruments : (shall be described but is not included in this example)
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D.1.3 TABLE 9 — Average of test readings

{The primary readings have already been scrutinized in accordance with 7.2 of 1SO 1217.)

1ISO 1217-1975 (E)

Item Symbol Unit Test figure

1 Date - - — —

2 Tes’inumber - 1

3 Number of readings - 6 6

4 Duration of test min 35 35 15

5 Compressor load % 100 100 0

6 Absplute discharge pressure Pam MPa 0,804 +0,010 0,805 + 0,010 0.8

7 Bargmetric pressure Psm MPa 0,105 0 0,105 0 0,105 0

8 Site|temperature tom °C 18,2 18,1 18,3

9 inlef temperature t'm °c 20,0%)1,0 20,3+0,9 -
10 Inlet wet bulb temperature to wet m °C 17,7 17,8 -
11 Shaft speed Nem rev/min 418 £ 1 418+ 1 424
12 inlet pressure Pim MPa 0,104 0 0,104 0 -
13 Water flow, compressor m3/h 3,1 3,1 -
14 Cooling water inlet temperature twm 2C 9,0 9,0 -
15 Cooling water outlet temperature twm °C 30,2 30,4 -
16 Absplute pressure before the nozzle Pim MPa 0,107 2 0,107 2 -
17 Diffprential pressure over nozzle Pam — Pariy Pa 2970 + 40 2978+ 40 -
18 Tem|perature at the nozzle tarm °C 21,1+ 0,4 21,1+ 04 -
19 Motpr input™ kW 109,65 + 1,2 109,5 + 1,2 14,5
20 Intefstage gauge pressure MPa 0,185 0,185 0,11
21 Lubficating oil gauge pressure MPa 0,12 0,12 0,12
22 Oil Jump temperature °C 47 48 48
23 Air femperature after 1st stage °cC 115 116 —
24 Air temperature after intercooler °c 18 18 -
25 Air temperature after 2Ad\stage °c 120 121 -
26 Air temperature after@aftercooler °c - - —
27 Water temperatare after aftercooler °C — - -
28 Water flow, aftercooler m3/h — - -
29 Masg flow.of condensate in intercooler kg/h 3,25 3,35 —
30 flow of koth 5,80 5,76 -

and air receiver

1) Tolerance from readings only.

The tolerance figures are twice the standard deviations and based on calculated reading errors with due consideration to
reading and instrument errors. (For the instrument errors in the two-wattmeter measurement see 10.3.2 to 10.3.5.)
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D.1.4 Capacity calculation

The volume rate of flow (q3) through the nozzle at p3, T is calculated according to the following formula from ISO/R 541 :

12
2 —_

gs=1000 ac T g2 |21P2=Ps) . @e=09999

4 P

p3 TPV pav
= +

N Ry Ts
R, = 2871 (air} J/(kg-K) R, =4615 (vapour) J/{kg-K)

Referred to inlet ¢

When water has ¢
condensed vapour

9m =q; +

To enable a first
flow should be 1

onditions p;, T, by the formula

[ P3
Py

v

ondensed in coolers and receivers, a capacity correctiongmust be added to g, for the volume ¢, of the
referred to the inlet conditions. The capacity q,, of the<compressor is then according to 3.21

Hetermination to be made of a and €, which factors depend on the Reynold’s number, an estimate qf the air
hade. For this purpose the following formula is used. The same formula is further used for the error

calculation.
1/2
m Ti (2(p; —padp3 R
2 11 3 41 P3 Na
Giapprox = |1 000 ae — d° — — Ny I/s
P 4 Pi T3
D.1.5 TABLE 14 — Calculated figures
Item Symbol Unit Calculated figure

31 Capacity at adtual shaft.speed 9m I/s 356,1 1 357,0 +
32 Correction foq shaft speed K, - 1,002 4 1,002 4 T
33 Correction foi pelytropic exponent K _ _ _ 1

and pressure rati Pyt 2
34 Correction for coolant temperature K, - 0,989 0,989 -
35 Corrected capacity Gcorr I/s 353,1 353,9 -
36 Shaft input Pm kW 102,3 102,3 9,6
37 Specific energy consumption w JN 287,28 286,56 -
38 Correction for inlet pressure, pressure

ratio and isentropic exponent Ks - 0,977 7 0,977 7 -
39 Correction for coolant temperature K - 1,013 2 1,013 2 -
40 Correction for humidity Ky - 0,998 6 0,998 6 -
41 Correction for shaft speed K, - 1,000 5 1,000 5 -
42 Corrected specific energy consumption Weorr n 287,64 286,92 =

1) The calculation is shown in D.1.8.
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D.1.6 Tolerance calculations for Test No. 1

In clause 10 of ISO 1217, the general rules for tolerance calculations are given. In this example only the results from Test

No. 1 are subject to tolerance caiculations.

Tolerance for corrected capacity

Base for the ¢alculation is the formula in D.1.4 for ¢ spprox

Tolerances fgr

o (according to ISO/R 541) +1,02%
€ (according to ISO/R 541) + 0,06 %
T, 1,0/293 +0,34 %
T3 0,4/294,1 +0,14 %
P3 —Pa 40/297 0 +1,35%
n 1/418 0,24 %

The errors in|d, D, p; and p3 are negligible.

The tolerande for the coolant temperature correction K3, according to 10.4, is 20 % of £ 0,011 or £ 0,22 9
figure shall be algebraically added.

L+ {1,022 + 0,06> + 0,34 + 0,52.(0,14% +1,35%) + 0,24 }'72 + 0,22]

Tqcorr 1

= +[1,30 + 0,22] = + 1,62

Tolerance fof specific energy €cohsumption

Tolerance flor flow

flow measurdmentishall not include the tolerance in the shaft speed measurement. Thus the square root for the

b, which latter

ow influence

When calculdting, thie-tolerance for specific energy consumption according to 10.3, the part of the tolerance coTing from the
|

shall be :

+ [ {1,022 + 0,062 + 0,34 + 0,52 (0,14* + 1,35%) } /2 + 0,22]=+1,49

Tolerance for motor efficiency 0,006/0,934 .

. 1,49 %

. 0,64%

For this test a vector diagram has been available for determining the motor losses and the probable error in the efficiency

figure.
Tolerance for wattmeter reading 1,2/109,5 (see table 9) .
Tolerance T, for the two-wattmeter instrument errors

The method for calculating this tolerance is given in 10.3.2 to 10.3.5.

. 1,10%
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The classes of i

voltage transformer

current transformer

wattmeter

The power fact

+

Tim

Tolerance in i

Tolerance for

Earlier tests on
increase in spec

which after inté

Inw
or

w = Cons;

75 (E)

nstrument used were the following :

Class Error in percent

0,1 tf,=0,1 9y
0,1 fi =01 9
0,2 tf =02

or cos v = 0,866 tg ¢ = 0,58

1/2

+ [0,58 X 2,9 X 102 (5 +5)]

. « 0.9\
0,1* + 0,1% + 2x02
., 1,50

(0,010 + 0,010 + 0,071 + 0,028)/2 = +0,35%.

nlet pressure is neglected due to the accuracy of the mercury barometer.

discharge pressure 0,010/0,804

the same type of compressor have shown.that 1% increase in discharge pressure corresponds|
fic energy consumption. This can be written_as

3ps
P2

b5

gration yields

np;.%%% 4+ InConst

Angie error arc minutes

5

. 0,35%

. 1,24 %

to 0,55 %

Thus the exponent 0,55 is the "weight” of the error in p, under the square root. Further error calculation is based on this
figure as this is more accurate than a calculation based on the theoretical formula of 9.4.1.

The tolerances for the correction factors are estimated as 20 % according to 10.4.

Correction for inlet pressure
Correction for coolant temperature
Correction for humidity

Correction for shaft speed

30

Ka 0,2X 2,23 .
Ks 0,2X 1,32 .
K 0,2X 0,14 .
K 0,2 X 0,05 .

. 0,45 %
. 0,26 %
. 0,03%

. 0,01%
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As the electrical instruments have not been recently calibrated the tolerance * 0,35 % caused by the two-wattmeter shall be
algebraically added. )

Tw = % [(1,49% + 0,642 + 1,10° + 0,56° X 1,24*)'/2 + (0,45 + 0,262 + 0,03> + 0,012)!/2 + 0,35]
Tw = * [207 + 0,52 + 0,35] = £+2,94%
D.1.7 Test data for compressor type . ... working at 419 rev/min and an absolute discharge pressure of 0,8 MPa (8 bar).

Average of tests 1 and 2.

Capacity|: 1) 353,5 (+ 1,5 %) I/s

Specific énergy consumption 1) 287,3 (£ 2,9 %) J/I {= 0,079 8 kWh/m?)

Conclusipn : The specified performance has been met.

Date : 19..-..-..

Test engineer Purchaser’s repres¢ntative

Further participants :

1) it should be observed that if no coolant temperature and inlet pressure corrections had to be made and the electrical instruments had
recently been checked, the capacity tolerance should have been * 1,3 instead of + 1,5 % and the tolerance for specific energy consumption
+ 2,1 instead of + 2,9 %.
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D.1.8 Numerical calculation in detait for Test No. 1
Calculation of g, at test No. 1
a) Basic data : (See D.1.3)

pg = 0,105 MPa g = 287,1 J/(kg:K)
Po = 0,105 MPa R, = 4615 J/(kg-K); Ry/R, = 0,622

Py = 1,04 X 10° Pa t, = 18,2°C

p2 = 8,04/X 10° Pa to wer = 17.7°C
p3 = 1,07@ X 10° Pa t, =20,0°C

Py —pa =|2970Pa ty =21,1°C
d=0,08m;D=0,15m

Mass flow of conpdensate : Q,, = 3,25 + 5,80 = 9,05 kg/h

b) The relative humidity ¢, of the atmosphere and g, in the suction pipe :
Psychrometer difference : 18,2 — 17,7 = 0,56 Kand t, = 18,2 °C giving y, = 0,96
Pressure of satuhated vapour : t, = 18,2 °C givingp,," =2 110 Pa

t; = 20,0 °C giving p,, "' = 2 338 P4

xn

Jay L
R, p-e¢pn”

X =

Constant absolute humidity of the aspirated air gives x; = x,.

Hence
g 1,08X 10° _ 2110
L1 :yﬁoxﬂx_p_\ig__:o,gGX 3
Po  Pu” 1,05 X 10 2338
which gives : ¢, F 0,86
¢) Mass flow of|water vapour'Q,; sucked in by the compressor :
Qi =L 2N
Rl F

here p,” = 2 338 Pa is the vapour pressure of the water at saturation and at t, = 20,0 C
v, =0,86,R, =4615, T, =293,2K,qy1 =G approx
Assuming ae = 1,0 (to be verified iater) we obtain {from D.1.4)

7 X 0,08> 293,2 X 2970 X 1,072 X 10° X 287,

G yapprox 1000 X 1,0X 4 294,3

x<2

= 5,247 g/s = 18,89 kg/h

1,04 X 10°

¢pu =086X2338=2011Pa

0,86 X 2338 X 353,2
YU 461,5X 2932

32
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d) Mass flow of water vapour Q,3 passing the nozzle :
Q,; = Q,) — Q,, where Q,, is the vapour condensed in the plant kg/h

Q,; = 18,89 — 9,056 = 9,84 kg/h
e) Approximate mass flow of dry air Q3 ,ppr0x Passing the nozzle :

Q3 approx = Q4 approx = po 41 approx

ISO 1217-1975 (E)

_ (1040020 11) X 10° X 3632X 36 _ . 0\
2871 X 2932 - ’

f) Approximate absolute humidity X3 ,pprox OF the gas passing the nozzle :

Q.3 9,84
X =_——Y =" =639 X 10 kg/kg dry air
3 appfox 0, aopron 1541 g/kg dry

g) Approximate partial pressure (p3, approx} 0f the water vapour passing the nozzle :

R X Y3 approx p,,”’

9
but x;, =—
PPrpx - .
Rv P3 ~ Y3 approx Pv ’

After elimingtion of p, we obtain

_ X3 approx P3
P3v apgrox =

g
+ X3 approx
v

Here X3 apprdx = 6,39 X 1073 p3 = 1,072 X10°

6,39 X 107 X 1,072 X'10°

3 =1090P
P3v apgro 0,622 + 0,006 39 a

h) Approximate density p3/zpprox Of the gas passing the nozzle :

_p3=Phy , P3v _ (1072-0,0109)10° 00109 X 10°
Paoootox Z g™ TR, T, 287,1X 2943 4615 X 2943

= 1,266 + 0,008 = 1,264 kg/m

i) The expansion factor € (see ISO/R 541, page 37) :

(k — 1)/ i
1- _ K — 1J/k _n4
e= 1 (1-x) K (1—x) 1-8
k—1 X 1_134(1_)()2/1(
Herex =22 P4 — 0027 71: 1-x=09723
P3
d 0,080
f=—=———=0,53333; *=0,08091; 1-8*=0,91909
D 0,150
-1 K
2.2 _q42 —0,2857 = 3,50
K 1,40 K—1
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(1-x)2* =0,9723'42% = 0,960 61

g* (1-x)** =0,08091 X 0,960 61 = 0,077 719

(1-x)« = 1Mk =0 972302857 —g9g1916

0,027 71

1-0,077 719

12
1 -0,991 91 1
Thus ¢ =] 0,960 61 X 3,5 ? < 0,919 09

€ = 0,989

k) The total flow coefficient a (see ISO/R 541, pages 35 and 36) :

a =o' rpd where o’ = f (8*, Rep) according to 7.1.7.1 in ISO/R 541.

viD vy D
Here § = 0,533 33; §* = 0,08091; Rep =2 — =3 —F3
u
T 0,76
D =0,150m,n=17,2X 10 T:zz = 18,2 X 10~ Pa:s {according to-“Hiitte”, I, 28th edition)
43 lapprox T3 294,3 1,040
= R e —= =3532 X ——=X —
Y3 = 100q 7 D?/a’ 93 merox T 2032 1,072
3 approx = 3439 I/s
3439
vy = =19,6
377000 7X 015%/4 m/s
19J6 X 0,15 X 1,264
Rep = =2,03 X 10°

18,2 X 1076

According|to table 10 in ISO/R 541 : &'"= 1,011

5,6

2
log R
rre=(ro £ 1) <M) +.1 {from ISO/R 541, 7.1.7.2)

D 150
Here —=1— = 1 000.and 5% = 0,284 4
erek T and 8 ,

giving rpe F 1,00

anda=a = T,0T1

I} The combined coefficient ae

ae=1,011X0,989=0,9999

m) Calculation of g3 :

7X 0,082 [2 (o3 —pa)]'"?
4 P3

g3 = 1000 ae

g3 =344,61/s

34
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n) Calculation of g,
T 2932 1,072
a1 =gs 2 x22 = 3339 x 222
T P 2943 1,040

=3563,21/s

o) Calculation of the capacity influence from the condensed water vapour Q,, = 9,05 kg/h

The size of this influence is calculated on the assumption that the aspired volume flow is independent of the composition of
the gas.

Q, R, Ty 9,05X1000X 4615 X 293,2
P 3600 X 1,04 X 10°

Q1 = = 3,3 I/s

p) Calculdtion of g, :

Gm = q1 + Gy =353,2+3,3=35651/s

q) Corrections for capacity

419
Ky =2 =2 = 10024 (9.2.1)
n, 418

K, =|1,000 0 {9.2.2)

K3 : In this case an increase in coolant temperatute of 10 K will reduce the capacity by 1 % (9.2.3).

t -t
1-0,01 - __Mm _ 4 _0,0014(20,0 —9,0) = 0,989 0

K
3 10

r) Tolerange for corrected capacity
According fo ISO/R 541, page/37, the standard deviation of a is
+0,25 [1 + 3 B4 4100 (rge — 1) + (log,o Rep —6) +50/D] %

80
Here, 8 = ko= 06333 8% =0,0809
D

rre = 1,0 as before

Rep =2,03 X 10° asbefore D = 150 mm which gives

+0,25[1+(3X0,0809) +0+ (5322 -6)> +0,3333]=%0,51%
According to ISO/R 541, page 37, the standard deviation of € is

p3 —ps _ 0,029 70 X 10°
Ps3 1,072 X 10°

+

=10,0277 %

Thus 74 = 2 X 0,51 = 1,02 % (twice the standard deviation)

Te=2X0,03=0,06% (twice the standard deviation)
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s)

Corrections for specific energy consumption

Ky =2e y 097 (9.4.1)
Pim logr,
_ 1,000 log 8 —098777
* 71,040 " log (8,04/1,08)
Tiwe ~ tiwm
Ks=1+0012—————— (9.4.2)
10
20—-9
Ks =1+ 0/012——=1,0132
10
A T i T d
Ke=1+—tx =" —”ﬂ<x - Zx. - we (o~ . (9.4.3)
RL” Tim \ 7 i1 ™) T \C -1/ N
=2 i=2
R, = 4615 )/(kg-K) Ry = 287,1 J/(kg-K) —2-0,622
v
i=2
Tiwm = 282, Tim=2932K
The following indites are used below :
21 outlet stage 1
22 outlet stage 2
R
Xim =—=2 T
Ry ph1 — 92 P
w21 = 1,00
P2 = 2,90 X 10° Pathe total pressure after the first stage.
P21 " = 117 0 Palobtained from steam tables (saturation pressure at t;.,.. =9.0 °C)
0,622 00117 0,002 52 kg/kg dry ai
Xim = _—= ry air
Im T HBeC500-00117 gkadry
R
x2m =__g UEE——
Ry P22 — 2 P2
w22 = 1,00

36
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P22’ = pai’ as the air is assumed to be cooled to t
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=0622—2217__ _ 500091 ke/kg dry ai
Xam T8 04 —00117 yRg ary air

According to the guarantee
TlWC == Tlm = Tlc = 293,2 K

Rg Y21c p2lc”

ch= '
Ry P2ic —¥21c Paic

P21 =[p21 = 1,00
P2ic =|P21 = 2,90 X 10° Pa

pa1c”’ T 233 8 Pa obtained from steam tables {saturation pressure at ¢, = 20,0 °C)

0,622 0.023 38 0,005 05 ka/kg dry ai
X =0, ———— = (),
te 2.90 - 0,023 38 gkgdry a

(X3
? P2ac P22,

_ 7
v P22¢c T ¥P22¢ P22c

[
J

X2e ™

=)

Y22c = 1100

P22 =pP21c =8 X 10° Pa

P2 F P

xao = 0,622 —202338 0981 82 ka/kg dry ai
=(,622 ————— =D, ry air
% 80— 0,023 38 grkgcrya

4615 241 282,2
Keg=1+ X {0,002 52 ~ 0,000 91) — (0,005 05 — 0,001 82)
2874 2 293,2

=1+08037 (0,962 5 X 0,001 61 — 0,003 23)

= 0,997 1

nm
K,=1+a <1 '—ﬁ> {9.44)

2
P - 3\?
wherea=2,7X 107%w, 2 =2,7X 10°® <*'“> =2,7X107° <1—-—02’3 X 10 = 0,223
I 356,5

K,=1+0.223 _418 =1,0005
T ’ 419 '
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D.2 TEST EXAMPLE No. 2

Type of gas : air

Type of compressor : reciprocating
Number of stages : 2

Cooling : air

Capacity : 68,6 I/s

Inlet abs. pressure : 0,1 MPa (= 1 bar}
Discharge abs. dressure : 0,8 MPa (= 8 bar)

Certificate of Compressor Test1) according to International Standard 1SO 1217

D.2.1 Basic data

Placeoftest .| . . . . . . . . . . . . . . . . .. . . .. . . XDateof test
Manufacturer .| . . . . . . . . . . . . Type. . . . . . . . . < . Serial No.
Purchaser

TenderNo.. .| . . . . . . . . . . . . Orderacknowledgement

Manufacturer'sprder No. . . . . . . . . . Purchaser's order No,

Documents (cat@logues, instruction books, etc.)

Short descriptign of compressor .

Medium to be cpmpressed : Air

Primemover : Squirrel cage, asynchronous motor Make. . . . Type. . . . No.
Transmission : Direct drive Make. . . . Type. . . . No.

TABLE 1)1 — Specified conditions for the guarantee

Item Symbol Figure Unit
Absolute inlet pressure Pic 0,1 MPa
Inlet temperature tic not specified °C
nlet humidity Xe none —
Absolute discharge pressure Pic 0,8 MPa
fhaft speed ne 1460 rev/min
1

TABLE 12 — Guaranteed performance

Item Symbol Figure Unit
Capacity qc 68,6 I/s
Power requirements P 25,0 kW
Specific energy consumption we 367,2 JN

Capacity and specific energy consumption are guaranteed for free suction from the atmosphere including intake filter.

1) This test serves as a Type Test supervised by an independent expert. A corresponding Simplified Test in the workshop is found as Test No. 3.
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D.2.2 Methods and equipment used for the test

The test layout is illustrated below.

Flow measurement : With nozzle according to ISO/R 541.

The humidity of the ambient air was measured with a psychrometer of the Assman type. No water condensed during the test.

Instruments :

Calibration [of instruments : (shall be described but is not included in this example)

P2 * ) t3
< SR ANER

4 . Flow straightenér d =36 mm
D = 150 mm
kK =0,1T mm
< P11ty
Pgo fo Yo

FIGURE 5 — Test layout

Motor efficjency
(determined from test) : Full compressor load 0,900 + 0,007 (twice standard deviation)

No compressor load 0,68
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D.2.3 TABLE 13 — Average of test readings

1217-1975 (E)

Item Symbol Unit Test figure

1 Date — - - —

2 Test number -

3 Number of readings - 6 6

4 Duration of test min 35 35 15

5 Compressor lgad %. 100 100

6 Absolute discharge pressure Pam MPa 0,798 + 0,010 0,803 + 0,010 08

7 Barometric pfessure PBm=Pim MPa 0,101 0 0,101 0 0,101 0

8 Site temperathre tom = tim °c 22,5+ 1,1 226+ 1,2 22,3

9 Inlet wet bullh temperature t wetm °c 19,1 19,2 -
10 Shaft speed Mm rev/min 1465+ 4 1465+ 4 1475
11 Pressure befofe nozzle Pism MPa 0,103 4 0,103 4 -
12 Differential pressure over the nozzle Pam —Pam Pa 3890+ 25 3925+ 20 -
13 Temperature ft the nozzle tsm °C 1484+ 1,5 150,3+ 1,5 -
14 Motor powerfinput kW 28,56 + 0,41) 28,32 + 0,41) 516
15 interstage gayge pressure MPa 0,22 0,22 011
16 Lubricating ofl gauge pressure MPa 0,17 0,17 o017
17 Oil sump temperature °c 67 68 43
18 Air temperatyre after 2nd stage °C 158 160 =

1) Tolerance only from readings.

The tolerance fig
reading and instry

Capacity calculatipn : see Test No. 1.

D.2.4 TABLE 14|— Calculated figures

Lires are twice the standard deviations and-based on calculated reading errors with due considefation to
ment errors. (For the instrument errors'in.the two-wattmeter measurement, see 10.3.2 to 10.3.3.)

Item Symbol Unit Calculated figure
19 Capacity at acfual shaftspeed dm i/s 68,75 68,79 1
20 Correction foy shaft speed K, - 0,996 6 0,996 6 -
21 Correction for polytropic exponent and| v
pressure ratio (does not apply) 2
22 Correction for coolant temperature K _ _ _ _
{does not apply) 3
23 Corrected capacity Georr i/s 68,72 68,56 -
24 Shaft input P kW 25,70 25,49 3,50
25 Specific energy consumption Wm Ji 372,6 3704 -
2 Corecion fo et prosure presare | _ 001 | ose0n _
27 Correction for coolant temperature K _ _ _ _
{does not apply) s
28 Correction for humidity (does not K _ _ _ _
apply) 6
29 Correction for shaft speed (negligible) K, — — — —
30 Corrected specific energy consumption Weorr Jn 368,9 366,7 -
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D.2.5 Tolerance calculations for Test No. 2

(Full test : see Test No. 1)

Tolerance for corrected capacity

Tolerances fo

o (according to ISO/R 541) +1,94 %
€ (according to ISO/R 541) +0,08 %
T 1,5/421 +0,36 %
P3 —Ps 25/389 0 +0,64 %
T, 1,1/295,5 1037 %
n 4/146 5 +0,27 %

= |[1,94% +0,08% +0,37° + 0,52 (0,36% +0,642) +0,272]2 %

Tq = £2,03 %

Tolerance for specific energy consumption
Tolerance for flow . . . . . (Y . . . . . . L .. oo s t203%
Tolerance fpr motor efficiency* £0,007/090 . . . . . . . . . . . .« . . . . . . . ) .X0,78%

For this test|a vector diagram has been available for determining the motor losses and the probable error in fhe efficiency
figure.

Tolerance fpr wattmeter reading +0,40/28,56 (Seetable 13) . . . . . . . . . . . . . . .]. .£1,40%

Tolerance T forthe two-wattmeter instrument errors

The classes of instrument used were the following :

Class Error in percent Angle error, arc minutes
voltage transformer 0.2 fu=10,2 9, =10
current transformer 0,2 f; =202 % =10
wattmeter 0,5 f =+05 —

the power factor cos ¢ = 0,87

tgy = 0,67
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The instruments were recently calibrated and therefore the square root formula should be used.

1/2

X 0,5\
, 5(; > + [0,57X 2,9 X 1072 (10+10)]?

2
Tim = % { 02> + 0,2 +<———

=+ (0,040 + 0,040 + 0,444 +0,110)"/2 = + 0,80

+0,80 %

The advantage of having one stage better class for the transformers than for the wattmeter should be recognized. If the class
had been 0,5 also for the transformers, the tolerance 0,8 % would have gone up to * 1,3 %.

The tolerance for discharge pressure is + 0,010/0,798 .
Earlier tests on the same type of compressor have shown that the specific energy consumption increases, with the
pressure raised t0|0,50 (see page 30).
1)

Tw = * (40% + 1,42 + 0,8 + 0,50> X 1,25 + 0,78%)'/2 = 2,76 %
D.2.6 Type test|data for compressor type . . . . working at 1 460 rev/min and an absolute discharge pressure o
(8 bar).
Capacity : 68,6 (£ 2,0%) I/s

Specific energy consumption :  367,8 (+ 2,8 %) J/t (= 0,102 kWh/m?)

Indgpendent expert :

Name

Address

Manufacturer’s representative [

Name

Address

£1,25%

Hischarge

f 0,8 MPa

Date : 19|. . -

1) If the tolerance for the motor efficiency had been a catalogue figure and not a measured value, the tolerance should have been algebraically

added. The tolerance for specific energy consumption should then have been
Tw = t[{2,0° + 1,4 + 0,8 + 0,52 X 1,25V 1+ 0,78] = +3,42%
which should be regarded as too high a figure for the tolerance of a Type Test.
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D.3 TEST EXAMPLE No. 3

Type of gas

Type of compressor :

Number of stages :

Cooling :
Capacity :

Inlet abs. pr

SSULe

air
reciprocating
2

air

68,6 I/s

n’1 MPa. (— 1 hnr)

ISO 1217-1975 (E)

Discharge abs. pressure :

L

D.3.1 Basid

Place of test

data

Manufacturgr .

Purchaser

Tender No.
Manufacture
Documents
Short descri

Medium to e compressed : Air

Primemover

Transmissio

The compre

Result of Ty

Capacity :

r's order No. .

btion of compressor .

h . Direct drive

0,8 MPa (= 8 bar)

: The workshop of the Manufacturer

catalogues, instruction books, etc.)

: Squirrel cage asynchronous motor

pe Test : See-Test Example No. 2

Type .

Order acknowledgement

Purchaser’s order No.

Make. . . .Type
Make. . . .Type

bsor has been Type:Tested according to annex C of ISO 1217.

68,6 (£ 2,0 %) I/s

Pertificate of Compressor Simplified Test according to Annex C of International'Standard 1SO 1217

Date of test

Serial No.

No.
No.

Specific energy consumption :

367,2 {+ 2,8 %) J/I (0,102 kWh/m?)

D.3.2 Methods and equipment used for the test

The manufacturer’s normal test stand instruments were used.

The airflow was measured with a nozzle according to ISO/R 541.

The electrical input was measured by the two-wattmeter method.

After the compressor had reached steady state conditions one reading was taken at full load.
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D.3.3 TABLE 15 — Test readings

Item Symbol Unit Reading
1 Discharge absolute pressure P, MPa 0,800
2 Barometric pressure pPg=p, MPa 0,103
3 Site temperature to ~t, °c 21,0
4 Shaft speed n rev/min 1470
5 Pressure before nozzle (d = 36 mm)
Flow coefficient ae = 0,985 MPa 01032
6 Differential pnlessure over the nozzle Ps — P, Pa 3860
Temperature before the nozzle ty °C 142
8 Power consunjption of motor
{Motor efficiency 0,90} Pm kw 28,7
Inter-stage gatjge pressure MPa 0,22
10 QOil gauge prespure MPa 0,18
D.3.4 TABLE 16 — Result of actual test
Item Symbol Unit Calculated figurps
11 Capacity at actual shaft speed Gm I/s 68,6
12 Capacity at 1 460 rev/min Gcorr I/s 68,1
13 Specific energy consumption Wm Jn 374,4
14 Corrected spegific energy consumption Weorr JN 363,2

NOTE — Corrected ¢apacity

1460 |
K, = Tar0 [ 0,993 (shaft speed)

Gcorr = 0,993 X 68,6 = 68,1}/s

Corrected specific energy consumption

K, = —— +(0;970 (iniet pressure)

Weorr = 0,97 X 374,4 = 363,2 J/t (=0,101 kWh/m?)

Conclusion : The compressor meets the specifications of the Type Test within the tolerances given in annex C to 1SO 1217.

Test engineer Customer’s representative

Date:19..-..-..
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D.4 TEST EXAMPLE No. 4

Type of gas :

Type of compressor :

Number of stages :

Cooling :

Capacity :

air

vane, portable

2
oil injected
283,3 /s

Inlet abs. pregsee———01+-MRa{=T1-bar}

Discharge abg. pressure : 0,8 MPa (= 8 bar)
Certificate of Compressor Test according to International Standard 1SQ 1217
D.4.1 Basic|data
Place of test Date of test
Manufacture Type . Serial No.
Purchaser
Tender No. . Order acknowledgement
Manufacturef’s order No. Purchaser’s order'Ne.
Documents {catalogues, instruction books, etc.)
Classification (Lloyds, etc.) Certificate(for pressure vessels) .
Short descrigtion of compressor .
Medium to be compressed : Air .
Primemover | Diesel engine Make Type. . . . . No.
Transmissior] : Direct drive Make Type. . . . . No.
TABLE 17 — Specified conditions for the guarantee
Item Symbol Figure Unit
Absolute inlet‘pressure PB=P;¢ 0,1 MPa
inlet température tie - °c
Inlet hurmidity X none -
Absolute discharge pressure Pic 0,8 MPa
Shaft speed n. 1 800 rev/min

Capacity and specific fuel consumption are guaranteed according to 1SO 1217.

TABLE 18 — Guaranteed performance

Item Symbol Figure Unit
Capacity qc 283,3 I/s
Specific fuel consumption Fc 0,028 g/t
Maximum discharge temperature above ambient At 61 K
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D.4.2

The test layout is illustrated below.

Flow measurement : With nozzle according to ISO/R 541.

The humidity was measured at a distance from the compressor with a psychrometer of the Assman type. No water

during the test.

Instruments :

Methods and equipment used for the test

Calibration of instruments : {shall be described but is not included in this example)

condensed

(\\ Pz ’
* P3 C? @ t3
& —o—
Flow straightener d =36 mm
D =150 mnp
k 0,1 mm
Py 1
PBao to Yo
FIGURE 6 — Test layout
D.4.3 TABLE 1P — Average of test readings
Item Symbol Unit Test figure
1 Date - - - - ~
2 Test number - - 3
3 Number of regdings used - — 6 1
4 Duration of test = min 35 35 1%
5 Compressor Ijsad % - 100 100 0
6 Absolute discharge pressure Pam MPa 0,796 = 0,015 0,802 + 0,015 0,75-0,80
7 Discharge temperature tam °c 79 80 -
8 Barometric pressure PBM=Pim MPa 0,104 0,104 0,1p4
9 Site temperatyre tom ® tym °c 22,0+ 25 22624 221
10 Inlet wet bulb|temperatufe t; wetm °c 19,0 19,2 -
11 Shaft speed Ny rev/min 181118 1808 + 20 1100
12 Pressure beforp pozzle Psm MPa 0,108 0,108 ~
13 Differential pressureoverthenozzie P~ Pam Pa 632050 634060 =
14 Temperature at the nozzle tam °c 63,3+ 2,0 63,82 1,8 -
15 Fuel consumption - kg/h 30,7 £ 0,1 30,5+ 0,1 11,0
16 Inter-stage gauge pressure — MPa 0,21 0,21 -
17 Lubricating oil gauge pressure - MPa 0,77 0,76 -
18 Oil gauge pressure, engine - MPa 0,31 0,30 0,20
19 ‘!g(aiti:;crlet temperature to engine _ °a 83 84 75
20 Engine oil sump temperature — °Cc 81 83 73

The tolerance figures are twice the standard deviations and based on calculated reading

reading and instrument errors.

Capacity calculations : see Test example No. 1.
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D.4.4 TABLE 20 — Calculated figures
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Item Symbol Unit Calculated figure
21 Capacity at actual shaft speed Im I/s 287,0 288,4
22 Correction for shaft speed K, — 0,994 0,996
23 Correction for pressure ratio and K _ _ _
polytropic exponent (does not appiy) 2
24 Correction for coolant temperature K _ _ N
{does Aot appty)
25 Corretted capacity at 1 800 rev/min Georr \/s 285,2 287,2
26 Specific fuel consumption Fm aft 0,029 7 0,029 5
27 Correftion for inlet pressure, pressure _
ratio nd isentropic exponent Ks 0,982 4 0,978 8
28 Correftion for coolant temperature K _ ! _
(does|not apply) 5
29 Correftion for humidity (does not K _ _ _
apply)| 6
30 Correftion for shaft speed {(does not K _ . _
apply| 7
31 Correrted specific fuet consumption Feorr g/ 0,029 2 0,028 9

NOTE — Correction K, is based on 9.4.1 b} of ISO 1217.

D.4.5 Tolgrance calculations for Test No. 4

(Full text :|see Test example No. 1)

Tolerance fqr corrected capacity

Tolerances for

«a (according to ISO/R 541) 1,10 %
€ {(according to ISO/R 541) 0,12 %
T 2,0/336,3 +0,59 %
P3 —Pa 50/6 320 +0,79 %
T 2,3/295 +0,78 %
n 18/1 811 +1,00 %

Tqeorr = 2[1,10% +0,12% +0,78% + 0,57 (0,79* + 0,59°) + 1,00%]'/2

Tqcorr = = 1,75 %
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Tolerance for specific fuel consumption

Tolerance for flow
According to 10.2 the tolerance for the flow measurement should be taken into consideration. Thus the flow tolerance

influence will be

+{1,10® +0,12* + 0,787 + 0,5° (0,792 + 0,59%)]'/? =+ 1,44 % +1,44 %
Tolerance in fugl consumption 0,1/30,7 40,33%
41,88 %

Tolerance for dfscharge pressure is 0,015/0,079 6

Separate tests on|[the same type of compressor have shown that the specific fuel consumptionCincreases with the discharge

pressure raised to 0,60 (see page 30).

Tw =% [1,44* + 0,332+ (0,60% X 1,88%)]'2 =+ 1,86 %

D.4.6 Test data for compressor type . . . . at 1 800 rev/min and 0,8:MPa abs. discharge pressure.

Capacity : 286,2 (1,8 %) /s

Specific fuel consymption : 0,029 2 (£ 1,9 %) g/l

Conclusion : The ¢apacity guarantee has been met but not the specific fuel consumption guarantee.

Date: 19.}-..-..

Test engineer Purchaser’s representative

Further participants :
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D.5 TEST EXAMPLE No.5

Type of gas : air

Type of compressor : screw
Number of stages : 2
Cooling : water
Capacity : 676,7 l/s

Inlet abs. pressure :

0,1 MPa (= 1 bar)

1SO 1217-1975 (E)

Discharge abs. pressure :

Certificate of Compressor Test according to International Standard 1SO 1217

D.5.1 Bagic data

0,8 MPa (= 8 bar)

Place of test Date of test
Manufactyrer . Type . Serial No.
Purchaser
Tender Nd. . Order acknowledgement
Manufactyrer’s order No. Purchaser’s order.No.
Documents (catalogues, instruction books, etc.)
Classificatjon Certificate .
Short desdription of compressor .
Medium t¢ be compressed : Air . Co. .
Primemovgr : squirrel cage asynchronous motor Make . Type . No.
Transmiss{on : Drive via twin gear Make . Type . No.
TABLE 21 — Specified conditions for the guarantee
Item Symbol Figure Unit
Absolute inlet pressure Pic 0,1 MPa
Ternperature at standard injet te 20 °c
point
Relative inlethumidity Yc 60 %
Absolute discharge pressure Pac 0,8 MPa
Shaft’speed ne 2 960 rev/min
Cooling water iniet
| sermporature t, we 15 °c
Cooling water consumption Gwe 38 m3/h
TABLE 22 — Guaranteed performance
item Symbol Figure Unit
Capacity qc 675 /s
Power requirement including P, 242 KW
gear losses
Specific energy consumption we 358,6 J/

Capacity and specific energy consumption are guaranteed according to 1SO 1217.
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D.5.2 Methods and equipment used for the test

P2

FIGURE 7 — Test layout

Flow measurement : At full pressure after the pulsation damper-and with orifice plate according to ISO/R 541.

diameter of orifice plate d =(96,63 mm
diameter of pipeline D= 150,0 mm

flow coefficient a= 0,67

The humidity of|the ambient air was measured with a psychrometer of the Assman type. The condensate collected d

test was measurefl in the intercooler,

The two-wattmeter method was'used for determining the primemover input.

Motor efficiency

{losses checked by tests),-\Compressor full load 0,940 + 0,004 (twice standard deviation)

Instruments : .

Fiow straightener

uring the

Calibration of instruments : (shall be described but is not included in this example)
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D.5.3 TABLE 23 — Average of test readings
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Item Symbol Unit Reading
1 Date - 3.2.1964
2 Test number - 1
3 Numher-of-reedings-tsed 8
4 Duratjon of test min PS
5 Compressor load % 100
6 Absollite discharge pressure Pam MPa 0,800(t 0,008
7 Baronpetric pressure P MPa 0,02
8 Site tgmperature tom °c 16,0
9 lInlet femperature tim °c 15,4+ 0,6
10 Absollte humidity at inlet Xom ka/kg 0,407 6
11 Shaftspeed, motor Nm rev/min 2930+ 6
12 Inlet pressure Pim MPa 0,101
13 Water|consumption m3/h 3|68
14 Coolihg water inlet temperature twim °c 8,0
15 Coolihg water outlet temperature twam °C 1
16 Absolute pressure before orifice Psm MPa 0,902 4
17 Orificp plate differential pressure Psm — Pam Pa 207p+ 15
18 Tem;rrature at the orifice tym °C 136, £ 0,5
19 Motof input?) P kW 260/ 2,6
20 Inter-jtage gauge pressure MPa o,R11
21 Air temperature after 1st stage °c 145,5
22 Air temperature after intercooler °C oz
23 Air tgmperature after 2nd stage °C 144
24 Condgnsate collected in intercooler. kg/h 4,8
1} Tolerange only from wattmeter readings.
The tolerahce-figures are twice the standard deviations and based on calculated reading errors with due cpnsideration to
reading ant{I instrument errors. (For the instrument errors in the two-wattmeter measurement see 10.3.2 to 10.8.13.}

Capacity calculation : see Test No. 1.
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D.5.4 TABLE 24 — Calculated figures

Item Symbol Unit Calculated figure
25 Expansion factor € - 0,999
26 Capacity at actual shaft speed 9m I/s 671,4
27 Correction for shaft speed K, - 1,0101
28 Correction for polytropic exponent K _ _
and pressure ratio {does not apply) 2
29 Correction fpr coolant temperature ) K, - 0,9976
30 Corrected capacity Georr I/s 676,7
31 Shaft input,|including gear losses Pm kW 2444
32 Specific enefgy consumption Wm N 364,1
3 Corrcton r et presure, presure K, - ooses
34 Correction fpr coolant temperature'I ) K - 1,003 1
35 Correction fpr humidity K - 0,997
36 Correction fpr shaft speed?) K, - -
37 Corrected specific energy consumption Weorr N 362,2
NOTES

1 From tests with this type of screw compressor it has been found that an increase of 1 K in cooling water inlet temperature at ¢onstant air
inlet temperature gives a decrease in capacity of 0,086 % and an increase in specific energy consumption of 0,11 %.

2 The compressof operated close to the optimum speed where the effeciency is nearly constant for small variations in speed.

D.5.5 Tolerance|calculations

In clause 10 genetal rules for tolerance-calculations are given.

Tolerance for cortrected capacity

Base for the calcylation is the formula for g spprox in D.1.4.

Tolerances for

o (according to ISO/R 541) +0,90 %
€ (according to ISO/R 541) +0,01 %
T3 0,5/409 0,12 %
P3 —Pa 15/2 070 0,72 %
Ty 0,6/288,8 +0,21%
n 6/2 930 +0,20 %
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The errors

Tgqcorr

ISO 1

ind, D, p; and p; are negligible.

I+

[0,90%2 + 0,01 + 0,212 + 0,5% (0,122 + 0,72%) +0,20%]'7

Tgeorr = * 1,01%

Tolerances

for specific energy consumption

217-1975 (E)

Tolerance

When calcy

for flow

lating the tolerance for specific energy consumption according to 10.3 the part of the tolerance c

flow measnLrement should not include the tolerance in the shaft speed measurement. Thus the square rod

influence s

+ [0

Tolerancg

For this t¢g
efficiency 1

ould be

00° + 0,012 + 0,212 + 0,5 (0,12% +0,72%)]"/2 =+0,99 %

for motor efficiency *(0,4/94) .

bming from the
t for the flow

£0,99 %

0,43 %

st example a vector diagram has been available for determining the motor losses and the probable error in the

igure.

Tolerancqd for wattmeter reading * (2,6/260) . +1,00 %
Tolerancqd for two-wattmeter instrument error
The same dlass of instruments were used as in Test No.(1.
The tolerance will then be as calculated in 10.3.3 +0,35%
The instru:Lents had recently been calibrated) so the tolerance should stand under the square root.
Tolerancgd for inlet pressure in neglected due to the exactness of the mercury barometer.

Tolerance for pressure ratio is 2:0;008/0,800 +1,00%
Earlier tests have shown thatthe specific energy consumption increases with the discharge pressure raised to 0,p3.
The tolerpnces for(the correction factors are estimated to

Correction for inlet pressure, etc. K, +0,01 %
Correction for coolant temperature Ks (0,2 X 0,31} *+0,06 %
Correction for humidity Ke (0,2 X 0,30) +0,06 %
Correction for shaft speed K4 +0,00 %

7w =1 [ [0,997 +0,43* + 1,007 +0,35” + (0,537 X 1,00*)]"/? + (0,01? + 0,067 +0,06%)"* ]

Tw=%*{1,60+0,09] =12 1,69 %
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D.5.6 Test data for compressor type . . . . working at 2 960 rev/min and an absolute discharge pressure of 0,8 MPa (8 bar).
Capacity : 676,7 (£ 1,1%) U/s
Specific energy consumption : 362,2 (£ 1,7 %) J/t (= 0,100 6 kWh/m?)

Conclusion : The specified performance has been met.

Date : 19

Test engineer Purchaser’s representative

Further participapts :
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TEST EXAMPLE No. 6

Type of gas :

Type of compressor :
Number of stages :
Cooling :

Capacity :

ammonia synthesis gas
reciprocating

3

water

324,2 \/s

ISO 1217-1975 (E)

4 A AAD . [ 14 L
T 1>

3
ey e

Inlet abs. gressure—:

Discharge gbs. pressure : 30,1 MPa (= 301 bar)

Certificate of Compressor Test according to International Standard 1SO 1217

D.6.1 Basjc data

Place of test Date of test
Manufactuter . . . . . . . . . . . . . Type. Serial No.
Tender No| . Order acknowledgement

Purchaser

Manufactufer’s order No. . Purchaser’s order No.
Documents {catalogues, instruction books, etc.) \
Classificatipn . Certificate .
Short desctiption of compressor .

Medium to be compressed : ammonia synthesis gas

Gas analysis :
Section 1to 2 Section 319 7
1st and 2nd stage 3rd stage
Percgnt by volume :
H, 70,0 74,3
N 233 28,7
co 6,0 04
CO, 0,3 0,3
Ar 0,3 0,3
100,0 100,0
Primemover : Synchronous motor Make. . . . . Type. . . . . . No.
Transmission : Direct drive Make. . . . . Type. . . . . . No.
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TABLE 25 — Specified conditions for the guarantee

Item Symbol Figure Unit
Absolute inlet pressure Pic 1,4 MPa
Inlet temperature te 15 °c
Relative inlet humidity Prc 100 %
Absolute discharge pressure Pac 30,1 MPa
Shaft speed ne 5,000 rev/s
Coolipg water thermal difference tws — tw 15 K
Coolipg water consumption qw 120 m3/h
Watel inlet temperature twic (t, + 10} °C
TABLE 26 — Guaranteed performance
item Symbol Figure Unit
Ci inl

Capa| |_ty {dry gas at inlet de doa 2 Vs
condjtions)
Powsgr requirement P. 2150 kW
Specific energy consumption we 6 624 Jn

Capacity and spedific energy consumption are for this non-standard compressor guaranteed with an additional tolefance of

+ 2 % to the norrhal test tolerances.

D.6.2 Methods and equipment used for the test

Flow measurement : With nozZle~according to 1SO/R 541. Overcritical expansion in the valves before and after th

reduces pulsationd at the measuring pipe.

Instruments :

Calibration of instruments : see appendix {not included)
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Common suction line

»—@ Py
P_@ 4 P3 I3 Pa
—{><}— Section 1 gas analysis
) dco
e
Sectior} 7
gas analysis
% Ps ts
Flow straightener
/ % T Pe
\‘ L Return to
e — Nozzle process
d =100 mm
D =203 mm
k =0,1 mm
FIGURE 8 — Test layout
The condénsate collected diring the test was measured in the intercoolers, the aftercooler and the gas receivers. The
aftercoolel was not subject to/test.
The two-wattmeter method was used for determining the primemover input.
Motor effigiency
{determingd‘by separate test) : Compressor full load 0,945 + 0,006.
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D.6.3 TABLE 27 — Average of test readings

) . See
ttem Symbol Unit Test figure page
1 Date
2 Test number 1
3 Number of readings 12
4 Duration of test min 180
5 Compressor lo % 100
6 Site temperatufe to °C 18,2
7 Barometric pressure PB MPa 0,105 .0
8 Section 1
Gas analysis Hy volume H, % 69,6
N, % 23,5
co % 6,4+03
co, % 0,3
Ar % 0,2
9 Section 7
Gas analysis Hy volume H, %. 74,2
N, % 25,1
co % 0,2
co, % 0,3
Ar % 0,2
Gas constant R J/kg-K) 945 62
10 Inlet temperatiire 1st stage t, °c 17,5+ 1,4
11 Absolute inlet pressure 1st stage P, MPa 1,365
12 Absolute dischprge 2nd stage 2, MPa 12,2+ 0,1
pressure
13 Absolute inlet pressure 3rd stage Ps MPa 12,1 + 0,05
14 iniet temperatiire 3rd stage t, °c 30
15 Discharge gauge pressure 3rd stage P MPa 31,0
16 Absolute presslire before nozzie Ps MPa 2,275
17 Differential pressure over the nozzie Ps — Pg Pa 2657 + 34
18 Temperature bpfore the nozzlé ts °C 52+ 0,6
19 Shaft speed Nm rev/s 4,967
20 Power consumption P kW 2162
21 Water consumption Qs m?/h 107,3
22 Cooling water inlet temperature twi °c 25,5
23 Cooling water outlet temperature twa °C 44,5
24 |Lubricating oil gauge pressure MPa 0,12
25 Oil sump temperature °c 47
26 Gas temperature after 1st stage °C 149
27 iC;e:se rt:c:;?:rrature after 1st stage °c 31,3
28 Gas temperature after 2nd stage °C 138
29 5:: rt:(;r:)?:rrature after 2nd stage °c 30,5
30 Gas temperature after 3rd stage °c 128
31 Condensate in intercoolers kg/h 13,6
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The tolerance figures above are twice the standard deviations and based on calculated reading errors with due consideration to
reading and instrument errors.

Capacity calculation :

From the flow rate g, (at the conditions of the standard inlet point) through the first and second stage, carbon monoxide
will be extracted. The flow rate g5 through the third stage and the nozzle (at the conditions of the standard inlet point} is

calculated

gs

R is calcujated from the gas analysis at section 7.

Ps F

The capaci

Aim

The volum

the inlet hymidity at the test is equal to the inlet humidity at guarantee conditions.

According

stag¢ land 1l :  gco 1 =¢q2 X 0,064
stagg 11 : 9co w1 =¢qs X 0,002
Gcol=9co 1 —9co m={g; X 0,064) — (g5 X 0,002)

Further

dco

giving

q, _1-0,002 1+ 0,064 —0,002 1+ 0,062
gs 1-0,064 1-0,064 0,936

Finally )

G1m

according to the following formuila (see ISO/R 541) :

/
4 T r2 {ps _Dﬁ)-‘l : ps Ty

TO> aed — 175
) 4 Ps _] P Ts

Ps
Rs Ts

Y 1 m Of the compressor is according to 3.21.

=qs +gco T g,

b @, of vapour at the inlet point is here neglected as the guaranteed value g, refers to the flow rate

ko the gas analysis : (see table 27)

=q2 —Qgs

= 1,066 2

1/2
2 - R T
=1030£Ed21 __(_p_s__m X——IX—q2|/S
4 T5 P1 as

For results see item 33 below.

of dry gas and

To enable a first determination of a and e, which factors depend on the Reynold’s number, an estimate of the gas flow must
be made. For this purpose the last formula above is used. The same formula is further used for the error calcuiation.
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D.6.4 TABLE 28 — Calculated figures

Item Symbol Unit Coum::iete 15:;;“ s::e ::z
32 Guaranteed capacity q,c I/s 324,2 324,2 305,6
33 Capacity at actual test condition qm /s 334,7 334,7 313,9 64
34 Correction for shaft speed K, — 1,007 1,007 1,007 64
35 g:érgfélgsrfeorrazzlytropoc exponent K, _ 1,000 1,000 1,000 64
36 Correction fpr coolant temperature K, — 0,999 0,999 0,999 64
37 Corrected measured capacity deorr I/s 336,7 336,7 315,8
38 Shaft input P kW 2 162 1535 627
39 Specific energy consumption Wm Ji 6473 4 586 1998
2 ressire ratip, isentropie exonent K - 1,018 0,958
41 Correction fpr coolant temperature K — 1,000 1,000
42 Correction fpr humidity K, — 1,000 1,000
43 Correction fpr shaft speed K, — 1,000 1,000
44 Correction fpr CO Ky - 1,000 1,000
45 Corrected sfecific energy consumption Weorr Jn 4 669 1912
46 Corrected ppwer consumption Peorr kW 2164 1572 604
47 Corrected sgecific energy consumption Weorr N 6 462

D.6.5 Tolerancg¢ calculation

The general ruleq for tolerance calculation are given in'10.1.1 to 10.1.6.

Tolerance for co

Base for the calc

Tolerances for

rrected capacity

ilation is the formula abpve for g ..

a (according to1SO/R 541, 6.4.2) + 0,686 %
€ (according-to 1SO/R 541, 6.4.2) *+ 0,005 %
Ts +0,6/325 +0186 %
Ps — Pe + 34/2 652 1,282 %
T +1,4/290,5 +0,482 %
co +0,064 X 0,05 +0,320 %

Theerrorsinn, d, D, p,, ps and R are negligible.

The tolerance caused by the correction method is estimated to be 20 % of the correction.

1212—-1205

ie. +02 ——— = +0,12%
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Tgcor =% { [0,686° + 0,005 + 0,5 (1,282% +0,185%) + 0,4822]'/2 + 0,320 + 0,12 + 2,00 }

=% (1,50 + 2,00) =+ 3,50 %

2,00 %

Tolerance fq

Tolerance

Tolerance fq

The principles for calculating of tolerance 7|, for the two-wattmeter instrument errors are given in 10.3.2 to 10

The class of

voltage tran[former

current tran

wattmeters

The power

Tim 3

An additionpl tolerance ¢aused by the correction methods is estimated to be 20 % of the correction.

02K

r specific energy consumption
for motor efficiency (known from a separate test)

r wattmeter reading

instruments used were the following :

former

actor cosp =~ 1, tgp ~0, a; + a=1,2

2{1/2
2X%.0,2
L+ [0,12 + 0,12 + <—1—2—>J = +0,36%

21792162

=10,16 %
2162 0

Class
fo=%01%
f;, =£0,1%
fa=%0,2%

Angle err

9

9

+0,64 %
+0,30 %

.3.5.

Manufactu

Tp = +[(0,64* +0,30% +0,36%)!/% + 0,16 + 2,00] = £ (0,95 + 2,00) = + 2,95 %

The tolera

ring tolerance .

nce on the specific energy consumption

Tw = % [(1,50° + 0,64 + 0,30 + 0,362)!/2 + 0,16 + 2,00] = * (1,86 + 2,00) = * 3,86 %

Dr, arc minutes
u=>5
i =5

+2,0%

61


https://standardsiso.com/api/?name=0a406f9bef105c8e3429c4838bf49c8e

ISO 1217-1975 (E)

D.6.6 Test data for compressor type . . . . working at 298 rev/min and an absolute discharge pressure of 31,1 MPa (311 bar}
and an absolute inlet pressure of 1,365 MPa (13,65 bar).

Capacity : 336,7 (£ 3,56 %) I/s
Power requirement 2164 (3,0 %) kW
Specific energy consumption : 6462 (+3,9%) J/I (= 1,795 kWh/m?3)

Conclusion : The specified performance has been met.

Date : 19|. . -

Test engineer Purchaser’s representative

Further participgnts :

D.6.7 Detailed ¢alculations

TABLE 29 — Gas constant R (see page 58)

Molecular Volume
Gas'component mass fraction M;r;
Mi r;

H, 2,016 0,742 1,496

N, 28,016 0,251 7,032

co 28,011 0,002 0,056

co, 44,011 0,003 0,132

Ar 39,944 0,002 0,080

Sum : 1,000 8,796

Equivalent molecutar mass Mg = Z M, r; = 8,796 kg/kmol

The universal gas constant R = 8 314 J/(kmol-K)

8 314
Fictive (equivalent) gas constant R; = Rs = é’ﬁ = 945 J/(kg-K)

’
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Reynolds number, ae
According to Zipperer1)

_ Vm X 100
P20 70, +CO + CH, + N, + 2 (CO, + C, H_) + H,/7

where O, , CO etc. is the volumetric composition in percent. With v,, = 15,66 X 10 m?/s

Substituting oxygen with argon we obtain

_ 15,56 X 10 X 100 _ 100
Y0 T 1 0,2+0+ 251+ (2X 0.3) + 742 36,7

X 15,56 X 107¢

Voo =[42,4 X 107 m?/s

In section 5|

vs =1,83X 10 m?/s

Assume gs = 305,6 |/s which gives an actual flow in the measuring pipe of g’= 0,19 m3/s

Pipe diameter D = 203 mm

Thus A= 3P4 X 10* m?

q 0,19
=f=—— X 10%* =586
V5 A 324 B m/s
Vi D 586X 0,203
Re=|3D _58 X 10 =85 X 10°

v 1,83

Nozzle dianpeter d = 100 mm

00
%03 — P =049286 B*=0,2427 B*=0,0589

d
D

According tp ISO/R'541 table 10, §* = 0,068 9 and Re = 6,6 X 10°

gives o'’ = 1,006
a =a'rge
Here Re>3,2 X 10° giving rge = r,
. 203 2 .
According to ISO/R 541 table 11, D/k =—6—1— and 3 = 0,242 7 gives rpe = 1,000

’

Thus ¢ = 1,006 X 1,000 = 1,006

1) Zipperer L & Miiller G : Beitrag zur Bestimmung und Berechnung der Zihigkeit von Gasgemischen. G.W.J Bd 75 (1932) p. 623.

63


https://standardsiso.com/api/?name=0a406f9bef105c8e3429c4838bf49c8e

ISO 1217-1975 (E)

0,026 3

According to ISO/R 541, 7.1.7.3, k=14; B* =0,058 9 and x = 7275 =1,156 X 1073
gives € = 0,996
Calculation of q,,, {see page 59)
g1m = 10 X 1,006 X 0,996 X 0,17 —Z— <2 X202 % i“;i 215X 1055”2 —"—1.2’:3(:(’71“5 (1 + ""0'(1)6:1;&302)

Gun = 334[7 1/s

D.6.8 Flow corréctions

Accordingto 9.2.] t09.2.3
K,: K|=—%=""Z2=1,007
K2 : K2 = 1,000

Ki: tulc=t, +100=175+10,0=275°C
twim = 25,56 °C
twte — twim =2,0°C

Acgording to prototype tests i~10-K lower cooling water temperature gives, at constant gas inlet tempgrature,
a 015 % higher capacity.

K = 0,999
Ky K, K3 5 1,006

Georr = 1,006 X 334,72)336,7 I/s

D.6.9 Specific energy consumption corrections

To enable the calculation of K4 to be made, the power needed for the different stages has to be calculated. The total power
is divided over the different stages in proportion to the isentropic power requirement.

Pressure ratios r|, ry and ry,

172 1/2
12,2
n=rg = .& = { —— = 2’99
P 1,365

31,1
rm :ﬂ == 2,57
P3 12,1
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Power

K
P +1l =2g,p, _1(r|("_”/"—1) =1177 kW

K

Pl =gspy ry V% —1) = 481kW

k—1
P tot = 1658 kW

the two stage

These theoretical—ise
groups as fgllows :

1177
— X 2162=1535
1 65§
481
—1X 2162= 627
1 658

For the firdt two stages K, shall be calculated according to 9.4.1 b) with py. = 12,3 MPa.

o123
og —
1,4 |
Stage|l + I : X —1A _ 14 1098786 - g
1365 © | 122 1365  log803s
1.365

For the third stage K4 shall be calculated according to 9.4.1 a) with p3. = 12,2 MPa.

30 1>0,28 6

12,2 \12,2 -1 12,20 72,467 %86 _
Stage| 111 : — X = =X 207 1 = 0,959
12,1 31,1\0:286 12,7 2,5700%8¢ _ 4
12,1 -

and the findl calculation will be

1535 X 103
W b = - 33—‘——‘67 24559-]/'
627 X 10°
316,8

Weorrh + 11 = 1,018)( 4 559 = 4 641 J/

Weor hir-.. »= 0,958 X 1985 = 1902J/I

Peowi+n =4641X336,7X 107 = 1563 kW
Peorr 1t =1902X 3158X 102 = 601 kW
Peorr =2 164 kW

The following correction factors are neglected :
Ks Correction factor for cooling water temperature
K Correction factor for humidity
K, Correction factor for speed

Ks Correction factor for carbon monoxide
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D.7 TEST EXAMPLE No. 7

Type of gas : natural gas

Type of compressor :

reciprocating, integral with gas engine

Number of stages : 2

Cooling : water

Capacity : 2778 1/s

Inlet abs. pressure— O+ MPa+{=1bar}

Discharge abs. pressure : 0,9 MPa (= 9 bar)

D.7.1 Basic data

Certificate of Compressor Test according to International Standard 1SO 1217

Place of test .. Date of test
Manufacturer . Type . Serial No.
Purchaser
Tender No. . . Order acknowledgement
Manufacturer’s order No. Purchaser’s order No.:
Documents (catdlogues, instruction books, etc.)
Classification {Lioyds etc.) Certificate {for\pressure vessels) .
Short description of compressor .
Medium to be campressed : Gas (for analysis : see “’Fuel”)
Primemover : Fdur stroke gas engine Make . Type . No.
Transmission : Dlirect drive Make . Type . No.
Fuel : Natural ga with the following gas analysis-{by volume) :
CHg : 0,8895 N, : 0,041 0 C,H¢ :0,0292
C02 : 0,028 1 C3 Hs . 0,006 9 C4H10 . 0,003 4
Cs H12 . 0,001 6 C6 H 14 - 0,000 3
TABLE 30 — Specified conditions for the guarantee
Item Symbol Unit Figure
Compressor 1oads % — 100 50
Absolute inlet pressure Pic MPa 0,1 0,1
Inlet temperature tic °c - -
Inlet humidity Yc - none none
Absolute discharge pressure Pac MPa 0,8 0,8
Shaft speed ne rev/min 300 150
Absolute pressure after 1st stage MPa 0,4 0,4
Absolute pressure after 2nd stage MPa 0,9 0,9
Maximum temperature after °c 180 180
1st stage
Maximum temperature after °c 180 180
2nd stage
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