1ISO 1217-1986 (E)

International Standard

INTERNATIONAL ORGANIZATION FOR STANDARDIZATIONOMEXAYHAPOAHAR OPFAHU3AUKA NO CTAHAAPTU3ALIMMOORGANISATION INTERNATIONALE DE NORMALISATION

Displacement compressors — Acceptance’'tests

Compresseurs volumétriques — Essais de réception

Second edition — 1986-07-15

UDC 621.512 Ref. No. 1SO 1217-1986 (E)

Descriptors : pneumatic equipment, compressors, tests, performance tests, acceptance testing.

Price based on 59 pages


https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

Foreword

ISO (the Internatid
national standards
Standards is nor
body interested i

nal Organization for Standardization) is a worldwide federation of
bodies {ISO member bodies). The work of preparing International

lly carried out through ISO technical committees. Each member
subject for which a technical committee has been established has

n
the right to be r:Eesented on that committee. International organizations, govern-

mental and non-gq

Draft International
the member bodie:
the 1SO Council. 1
least 75 % approv

International Stang
Compressors, pne

This second editio
of which have bee

u

Users should note [t

and that any refe

n
latest edition, unl;ts

vernmental, in liaison with 1SO, also take part in the work.

Standards adopted by the technical committees are circulated to

for approval before their acceptance as International Standards by

hey are approved in accordance with 1SO procedures requiring at
| by the member bodies voting.

ard 1SO 1217 was prepared by Technical Committee ISO/TC 118,
Umatic tools and pneumatic machines.

cancels and replaces the first edition {ISO 1217-1975), all clauses

h technically revised.

hat all International Standards undergp-revision from time to time
ce made herein to any other International Standard implies its
otherwise stated.

©

International Organization for Standardization, 1986 @

Printed in Switzerland



https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

1ISO 1217-1986 (E)

Contents

References .

Definitions

Test method

Annexes

A Simplified test of a compressor

B Specification of operating and testing conditions

Scope and field of application

Symbols, units and subscripts

Measuring equipment and methods

Acceptance test for liquid-ring compressors
Accuracy of measurement

Test report and comparison with specified values

C Performance statements for packaged air compressors of displad
D Flow measurement with a flow straightener. ... ..............
E Simplified method for air volume flow rate measurement by me
circular arc venturi nozzles at critical flow conditions ..........
F Alternative methods for determining volume flow rates ........
G Other measurementsofinterest............................
H Method for measuring specific energy requirement
1 Derivation of the humidity correction formula

Typical test reports


https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6



https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

INTERNATIONAL STANDARD

1SO 1217-1986 (E)

Displacement compressors — Acceptance tests

1 Scope and field of application

tests, andl technical conditions for the supply of displacement

This Intefnational Standard specifies methods for acceptance
comprejors including packaged versions (see annex C).

It gives detailed instructions on the measurement of volume
flow rate|and power requirement and means of adjusting the
measured values to guarantee conditions.

NOTE — This International Standard may be used for full load accep-
tance testing of lobed rotary (Roots’) blowers.

Three types of test are covered, as follows :
a) Afceptance test

This ig a full performance test carried out in accordance with
this Irfternational Standard.

b) Type test

ig also a full performance test carried out in accordance
with this International Standard, to-establish typical perfor-
mance of a specific model of-compressor produced in
significant quantities. The manufacturer shall select at ran-
dom gne typical compressonrfrom a batch of identical com-
pressars for this type test. The test shall be witnessed by an
indepéndent expert from/ or approved by, a reputable in-
stitutipn.

Provided the production compressors are identical with the
comptessor type tested, it is strongly recommended that
the parformance results of the type test should be used in

This International Standard also spécifies the operating and
testing conditions which shail be agreed betyveen the manufac-
turer and the purchaser (see annex B).

2 References

ISO 1000, SHunits and recommendations fpr the use of their
multiples(and’ of certain other units.

1ISO*1219, Fluid power systems and comppnents — Graphic
symbals.

ISO 2151, Measurement of airborne rloise emitted by
compressor/ primemover-units intended for [outdoor use.

1SO 2602, Statistical interpretation of test relsults — Estimation
of the mean — Confidence interval.

ISO 2854, Statistical interpretation of data| — Techniques of
estimation and tests relating to means and yariances.

ISO 2954, Mechanical vibration of rotating| and reciprocating
machinery — Requirements for instruments for measuring
vibration severity.

1SO 3046, Reciprocating internal combustign engines — Per-
formance.

noise sources — Engineering methods for flee-field conditions

1SO 3744, Acoustics — Determination of sognd power levels of
over a reflecting plane. t{

catalo! turer:

c) Simplified test

In annex A reference is made to a simplified compressor
test. This is a test where volume flow rate and power input
are measured using the manufacturer’s normal test-stand
instrument and equipment.

This test is normally carried out when a type test of an iden-
tical compressor has already been made. Provided the per-
formance results obtained are within the tolerances listed in
table 5, then the performance of this series-produced com-
pressor is deemed to be the same as the type performance
results. {See annex A for full particulars.)

ISO 3857/1, Compressors, pneumatic tools and machines —
Vocabulary — Part 1: General.

IS0 3857/2, Compressors, pneumatic tools and machines —
Vocabulary — Part 2 : Compressors.

ISO 3945, Mechanical vibration of large rotating machines with
speed range from 10 to 200 rev/s — Measurement and evalua-
tion of vibration severity in situ.

ISO 5167, Measurement of fluid flow by means of orifice
plates, nozzles and venturi tubes inserted in circular cross-
section conduits running full.
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I1SO 5168, Measurement of fluid flow — Estimation of uncer-
tainty of a flow-rate measurement.

ISO 5388, Stationary air compressors — Safety rules and code
of practice.

ISO 5390, Compressors — Classification.

ISO 5941, Compressors, pneumatic tools and machines —
Preferred pressures.

|IEC Publication 46, Recommendations for steam turbines —

3.1.8 relative clearance volume : Ratio of clearance
volume of the stage under consideration to the swept volume
of the compressing element of this stage.

3.1.9 standard inlet point : inlet point considered represen-
tative 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 iniet flange.
2 _ _Tha-s

Part 2 : Rules for gceeptarnce—tests:

IEC Publication 51| Recommendations for direct acting in-
dicating electrical easuring instruments and their accessories.

3 Definitiong

For the purposes ¢f this International Standard, the following
definitions apply.

3.1 General definitions

3.1.1 displacemgnt compressor : Machine where a static
pressure rise is obthined by allowing successive volumes of gas
to be aspirated info and exhausted out of a closed space by
means of the displacement of a moving member.

NOTE — For the defjnition of a liquid-ring compressor, see 7.1.1.

3.1.2 swept volume of a displacement compressor.
Volume swept in ofie revolution by the compressing element(s)
of the compressor|first stage.

3.1.3 displacement of a displacement \compressor :
Volume swept by|the compressing element(s) of the com-
pressor first stage per unit of time.

3.1.4 shaft-driven reciprocating-compressor : Displace-
ment compressor [in which gas intake and compression are
achieved by the straightforward aiternating movement of a
moving element in A space.constituting a compression chamber
due to a shaft rotation:

is a point
close to the compressor, chosen so that the thermometeris unaffected
by the compressor operation.

3.1.10 standard inlet condition : Condition of the|aspirated
gas at the standard inlet point of the ‘compressor.

3.1.11 standard discharge(ppint : Discharge ppint con-
sidered representative for éach compressor. This pdint varies
with compressor design and type of installation.

NOTES

1 The standard discharge point of a stationary compressqr is gener-
ally at the compressor discharge flange.

2 The standard discharge point of a packaged air comprgssor is the
terminal oGtlet.

3.1.12 standard discharge condition : Conditign of the
compressed gas at the standard discharge point of [the com-
pressor.

3.1.13 intercooling : Removal of heat from a gas| between
stages.

3.1.14 aftercooling : Removal of heat from the gag after the
compression is completed.

3.1.15 polytropic process : Compression or exparLsion pro-

cess of an ideal gas in which the relation between pregsure and

volume follows the equation
pV™ = constant

The exponent n can have various values. For examp|

33

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

3.1.6 packaged compressor: Compressor unit supplied
by the manufacturer, fully piped and wired internally (see
annex C). These may be stationary or mobile (portable) units.

3.1.7 clearance volume : Volume inside the compression
space, which contains gas trapped at the end of the compres-
sion cycle.

pV = constant

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

pV* = constant

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

NOTE — Sometimes this process is called adiabatic, but to avoid con-
fusion between adiabatic (no heat exchange with the surroundings)
and reversible adiabatic (isentropic) processes, the expression isen-
tropic is preferred.
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3.1.16 ideal multi-stage compression : Process when a
perfect gas is isentropically compressed and the gas inlet
temperature as well as the amount of work spent is the same
for each stage.

3.1.17 shaft rotational speed : Number of revolutions of
the compressor drive shaft per unit of time.

3.1.18 shaft-speed irregularity : Dimensionless number ob-
tained when the difference between maximum and minimum

instantaneot aft-speeds-during-one-period-s-divided-b
arithmetic mean of these two.

. . Nmax =~ Mmin
Shaftrspeed irregularity = 2 —————
Nmax + Nptin

3.2 Pressures

3.2.1 total pressure : Pressure measured at the stagnation
point when a gas stream is brought to rest and its kinetic
energy is| converted by an isentropic compression from the flow
condition to the stagnation condition.

3.2.2 static pressure : Pressure measured in a gas in such a
manner that no effect on measurement is produced by the gas
velocity.

In statignary gas the static and the total pressures are
numericdlly equal.

3.2.3 dynamic (velocity) pressure : Total pressure minus
the statig pressure.

3.2.4 atmospheric pressure : Absoiute pressure of the at-
mospherg¢ measured at the test place.

3.2.5 effective (gauge) \pressure : Pressure measured
above the atmospheric pressure.

3.2.6 absolutepressure : Pressure measured from absolute
zero, i.e. [from an-absolute vacuum. It equals the algebraic sum
of atmospheric.pressure and effective pressure.

ISO 1217-1986 (E)

3.3 Temperatures

3.3.1 total temperature : Temperature which would be
measured at the stagnation point if a gas stream were brought
to rest and its kinetic energy converted by an isentropic com-
pression from the flow condition to the stagnation condition.

3.3.2 inlet temperature : Total temperature at the standard
inlet paint of the compressor.

: T bmperature at the
rge point of the compressof.

standard discha

3.4 Flow rates

3.4.1 actual volume flow rate of a compressor : Actual
volume flow rate of gas:eompressed and ddlivered at the stan-
dard discharge (point, referred to copditions of total
temperature, total\pressure and compositipn (e.g. humidity)
prevailing at the standard inlet point.

NOTE — The expression “actual capacity’” shauld be avoided as it
may be‘confusing.

3:4.2 standard volume flow rate : Actufl volume flow rate
of compressed gas as delivered at the standzrrd discharge point,
but referred to standard conditions (for temperature, pressure,
and inlet gas composition).

NOTE — The expression ‘“standard capacity’’ should be avoided as it
may be confusing.

3.4.3 free air : Air at the atmospheric cofditions of the site
and unaffected by the compressor.

3.5 Powers

3.5.1 isothermal power required: [Power which is
theoretically required to compress an ideal gas under constant
temperature, in a compressor free from lo?ses, from a given
inlet pressure to a given discharge pressure,

3.5.2 isentropic power required: Power which is

theoretically-required-to-compress-an-ideal-gas under constant

3.2.7 inlet pressure : Total mean absolute pressure at the
standard inlet point.

NOTE — The total absolute pressure may be replaced by the static ab-
solute pressure provided that the dynamic pressure is less than 0,5 %
of the static pressure.

3.2.8 discharge pressure : Total mean absolute pressure at
the standard discharge point.

NOTE — The total absolute pressure may be replaced by the static ab-
solute pressure provided that the dynamic pressure is less than 0,5 %
of the static pressure.

entropy, from a given inlet pressure to a given discharge
pressure. In multi-stage compression, the theoretical isentropic
power required is the sum of the isentropic power required at al!
the stages.

3.56.3 shaft power : Power required at the compressor drive-
shaft. It is the sum of the mechanical losses and the internal
power. Losses in external transmissions such as gear drives or
belt drives are not included uniess part of the scope of supply.

3.5.4 packaged compressor power input: Sum of the
power input to the prime mover and any accessories (e.g. oil-
pump, cooling fan, etc.) driven from the compressor shaft or
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by a separate prime mover at rated supply conditions (e.g.
phase, voltage, frequency and ampere capability). The power
input shall include the effect of any equipment such as flow
rate controls, intake filters, silencers, liquid separation equip-
ment including their return systems, dryer, outlet shut-off
valves, etc., included in the package (see annex C).

NOTE — The power input of a packaged compressor is always higher
than the shaft power due to the motor losses and the power taken up
by the accessories. These two concepts cannot therefore be com-
pared.

energy) or unit volume of gas (volume specific energy) ac-
cording to the specified process (isothermal, isentropic,
polytropic).

3.7.2 actual specific energy requirement of a bare com-
pressor : Shaft input power per unit of actual compressor
volume flow rate.

3.7.3 actual specific energy requirement of a packaged
compressor : Packaged compressor input power per unit of
actual compressor volume flow rate.

3.6 Efficienciep

3.6.1 isentropic joverall efficiency : Ratio of the required
isentropic power tq the power input for the scope of supply.

3.6.2 isothermal|efficiency : Ratio of the isothermai power
required to shaft ppower.

3.6.3 isentropic pfficiency : Ratio of the isentropic power
required to shaft ppwer.

3.6.4 volumetric| efficiency : Ratio of the actual volume
flow rate to the disgplacement of the compressor.

3.7 Specific energy requirements

3.7.1 theoretical| specific energy requirement: Work
necessary to compress a unit mass of gas (mass specific

4 Symbols, ynits and subscripts

4.1 Symbois apd units

3.7.4 specific fuel (or steam) consumption : |Fuel {(or
steam) mass flow per unit of compressor actual voliime flow
rate.

3.8 Gas properties

3.8.1 compressibility factor, Z: Factor expressing the
deviation of the real gas from an ideal gas.

3.8.2 relative .vapour pressure: Ratio of thg partial
pressure of a vapour to its saturation pressure at the same
temperature. .

NOTE — In'the case of water, the expression ‘‘relative humjdity” was
used _previously.

Quantity Symbol Dimensions Sl unit Other practical units

Area A m2 mm?
Volume |4 m3 |
Time t s h, min
Velocity c m/s -
Angular velocity w rad/s -
Correction factor K pure number -
Rotational frequengy (shaft-speed) N s 1 min~!
Mass density 0 kg/ m3 kag/l
Celsius temperaturg 8 °C -
Thermodynamic teinperature: T K -
Pressure D ML 11-2 Pa MPa, bar, kPa,| mbar
Pressure ratio r — pure number -
Work .4 ML2T-2 J MJ, kJ, kWh
Power P CMLAT S w MW, kW
Mass specific energy W 1272 J/kg kJ/kg
Volume specific energy wy ML™1T-2 J/m3 J/, kWh/m?
Mass rate of flow dm kg/s kg/h
Volume rate of flow ay 311 m3/s m3/h, m3/min, I/s
Relative clearance volume e pure number -
Exponent .for polytropic process n pure number _

in pV diagram
Molar gas constant R MLZT-20 - IN"! J/{K-mol) kJ/{K-mol)
Absolute humidity X pure number -
Compressibility factor V4 — pure number -
Dynamic viscosity n mL- -t Pa-s —
Efficiency n pure number -
Isentropic exponent 4 pure number -
Relative vapour-pressure 7] pure number -

M =mass L = length T = time © = temperature N = quantity of matter
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Subscript Meaning Remarks
0 ambient condition
1 inlet Indicates the quantities measured at the standard inlet point of the compressor.
2 discharge Indicates the quantities measured at the standard discharge point of the compressor.
a absolute
ab absorbed
ap approximate
av average
b atmospheric Characterizes the atmospheric pressures and temperatures.
[ contractual Indicates the quantities specified in the contract.
cd condensate
corr corrected
cr critical Characterizes the critical pressures and temperatures.
d dynamic Characterizes the dynamic pressures and temperatures.
e effective
g gas .
in internal
m mass Characterizes the mass specific rates of flow, energies and volumes.
me mechanical
N normal
pol polytropic Characterizes a polytropic process.
r reduced Characterizes the reduced pressures and temperatures.
R reading Indicates the quantities read during the test or predetermined as test conditions.
s saturated
t total
T isothermal Characterizes an isothermal process.
th theoretical
v vapour
\% volume
w coolant
5 Measuring equipment and methods 5.2.1.4 Instruments shall be mounted so [that they are not
susceptible to harmful vibrations.
5.1 Genheral .
The equigment and methods given in this International Stan- 5.2.1.5 The measuring instrument (analoglie or digital) shall
dard are hot intended to restrict the use-of other equipment have an accuracy of + 1 %.
with the sstEme or better accuracy. Where an/international Stan-

dard exists, relating to a particular measurement or type of in-
strument,| any measurements made_or instruments used shall
be in accordance with such Standard.

5.2 Measurement of pressure
5.2.1 Ggneral

5.2.1.1 Pressure taps in the pipe or receiver shall be normal
to, and flyshwith, the inside wall.

5.2.1.6 The total pressure is the sum of the static and the
dynamic pressures. It shall be measured with a Pitot tube
having the axis parallel to the flow. When theg dynamic pressure
is less than 5 % of the total pressure, it shall be calculated on
the basis of a calculated average velocity.

5.2.1.7 If the amplitudes of low frequency | < 1 Hz) pressure
waves in the inlet pipe or the discharge pipe are found to
exceed 10 % of the prevailing average absdlute pressure, the
piping installation shall be corrected before pfoceeding with the

NOTE — For low pressures or high flow velocities, it should be noted
that minor irregularities such as burrs can give serious errors.

5.2.1.2 Connecting piping to gauges shall be as short as
possible.

Tightness shall be tested (for example with soap solution} and
all leaks eliminated.

5.2.1.3 Connecting piping to gauges shall be not less than
6 mm bore.

Connecting piping shall be arranged so that there are no traps
where liquid can collect.

Test.

Where the ampiitudes of such pressure waves exceed 10 % of
the specified average inlet or discharge pressures, a test shall
not be undertaken under the requirements of this International
Standard unless agreed to in writing by the parties to the test.

5.2.1.8 Gauges of the Bourdon type shall be calibrated under
pressure and temperature conditions similar to those prevailing
during the test, using dead-weight test gauges.

5.2.1.9 Dead-weight gauges shall be examined to ensure that
the piston moves freely. The diameter of the piston shall be
measured and the weights shall be compared with authentic
standards.
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5.2.1.10 Column

(E)

readings and dead-weight gauges shall be

corrected for the gravitational acceleration at the location of the

instrument.

5.2.1.11 Column
temperature.

5.21.12 Incaseo

readings shall be corrected for ambient

f low frequency ( < 1 Hz) flow pulsations, a

receiver with inlet throttling shall be provided between the
pressure tap dnd the manometer. '

5.2.4 Inlet pressure
The inlet pressure of an air compressor operating without
intake pipe or filter shall be measured by a barometer.

If an intake pipe is provided for the test, it shall be as close in
size and shape as possible to the actual installation.

In cases of pulsating flow, a receiver volume with inlet
throttling shall be provided between the manometer and the in-
take pipe (see 5.2.1.12 and 5.2.1.13).

5.2.1.13 Osacillatig

ns of gauges shall not be reduced by

throttling with a valve. However, a restricting orifice may be

used.

5.2.2 Pressure l¢

ss than or equal to 2 bar!

5.2.2.1 The atmospheric pressure shall be measured with a

mercury barometer]

The temperature fg
read with an accur

A boiling manomet
be used, but the a

If a reliable baromg

station, and corre

reading to the nearest millimetre.

r correcting the barometer reading shall be
acy of + 1 K.

Br or a precision aneroid barometer may also
tcuracy shall be checked.

ter is not available, an approximation shall

ting for the difference in altitude between

be obtained by uaing records of the nearest meteorological

the station and th

5.2.2.2 For slopir
the relation betwe|
column length sh
against an absolutsg

The inclination to

compressor.

g-limb and other amplifying instruments,
n the scale readings and the true water
Il be determined previously by calibration
manometer of suitable sensitiyity:

the horizontal and the~density of the

manometer liquid shall be the same as forthe-calibration.

Manometers or co
comprise glass tul
single-limb type an
U-type, with a scalg

umns for low pressure measurement shall
ing of not less than 10 mm bore for the
d not less than.6 mm for the double-limb
clearly graduated to allow the column to be

read to within 1 m

The manometers shall-be filled with a stable liquid of known

mass density.

5.2.5 Intercooler pressure

The intercooler pressure shall be measured ‘after the inter-
cooler.

5.2.6 Discharge pressure

The pressure tap shall be . placed close to the [standard

discharge point of the compressor, if necessary on a|pulsation
damper with a throttling device before the manometer.

5.3 Measurement of temperature

5.3.1 Temperature shall be measured by certified or ¢alibrated
instruments~"such as thermometers, thermo-electrical in-
struments, resistance thermometers or thermistors| inserted
into-the pipe or into pockets.

5.3.2 The measurement of the inlet temperature of the gas
and the coolant shall be made with an accuracy of # 1 K.

Commercial or industrial metal-encased thermometerlshall not
be used for temperatures that will influence the fulfilment of the
guarantee.

5.3.3 The inlet gas temperature shall be measured|near the
inlet flange or connection, but sufficiently distant |to avoid
radiation and conduction errors.

diameters as smali, as is practical, with their outside surface
substantially free from corrosion or oxide. The pocket shall be
partially filled with a suitable fluid.

5.3.4 Thermometer pockets shall be as thin, }nd their

5.2.3 Pressure greater than 2 bar

For absolute pres

sure above 2 bar, calibrated gauges of

Bourdon type or dead-weight gauges, mercury manometers or
their equivalent shall be employed.

1) 1bar = 105 Pa

5.3:5—Thethermometers-orthepockets-shait-extend into the

pipe to a distance of 100 mm, or one-third the diameter of the
pipe, whichever is less.

5.3.6 When taking readings, the thermometer shall not be
lifted out of the medium being measured nor out of the pocket
when such is used.
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5.3.7 The thermometer reading shall be corrected for the
emergent stem according to the following formula :

0 =0+ Iylg — 8,)
where
@ is the true temperature in degrees Celsius;
8y is the actual temperature reading in degrees Celsius;

8,, is the average tempefature of the emergent fluid

ISO 1217-1986 (E)

5.5 Measurement of rotational frequency

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

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

colump In degrees Celsius;

I is the length of the emerging fluid column expressed in
kelving;

y is the apparent expansion coefficient of the thermometer
fluid (for mercury-in-glass, y = 1/6 300).

5.3.8 Pr[cautions shall be taken to ensure

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

b) that the sensor of any temperature measuring device
or thefmometer pocket is well swept by the medium (the
sensoll or thermometer pocket shall point against the gas
strean); in extreme cases a position perpendicular to the gas
strear] may be used);

c) thpt the thermometer pocket does not disturli the nor-
mal flgw.

5.3.9 THermocouples shall have a welded\hot junction and
shall be calibrated together with their wires for the anticipated
operating|range. They shail be made of materials suitabie for
the tempdrature and the gas being measured. If thermocouples

are used with thermometer pockets, the hot junction of the
couple shall, where possible; be welded to the bottom of the
pocket.

5.4 Measurement of humidity

If the compressed air or gas contains moisture, the relative

<l
A La-ivp

5.6 Measurement of flow rate

5.6.1 |If possible, the actual volume flow|rate of the com-
pressor shall be calculated-from a measurement of the delivered
flow rate.

The test should be)performed as indicated inh ISO 5167.

It is necessary to ensure that ail the requirer-;rents of ISO 5167
are completely fulfilled during the measurement period.

of+the aspirated volume shall be used if mgasurement of the
delivered volume is not practical and if the leakage losses can
be measured separately and with sufficient accuracy.

Fartesting the volume flow rate of a comprezor, measurement

NOTES

1 When the demands on length of straight pipe upstream of the
measuring device as given in ISO 5167 cannot b¢ met, an alternative
measuring pipe design is given in annex D.

2 Alternative methods for determining the actuallvolume flow rate are
given in annex F.

a vessel of known volume and a stop-watch gr with a calibrated
flow meter. The measurement may also be mpde with an orifice
or nozzle according to 1SO 5167.

5.6.2 The coolant flow rate may be determi{ed with the aid of

5.7 Measurement of power and engergy

5.7.1 The measurement of the output of|the prime mover

vapour pr

For tests with an open system, the dry and wet bulb
temperatures shall be measured with a psychrometer of the
Assmann type or another instrument with similar accuracy. The
moisture content is then found from psychrometric tables or
from an enthalpy/humidity chart.

For tests with a closed system, the humidity shall be measured
with a dew point instrument, a psychrometer or another instru-
ment with similar accuracy.

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

shall be made according to a recognized test code.

5.7.2 The power input to the compressor may be measured
directly by reaction mounted drivers, or a torque meter, or
indirectly determined from measurements of electrical input to
the driving motor and the motor efficiency.

5.7.3 Precision torque meters 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. 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.
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Similarly, when readings are made with decreasing loads, the
load shall at no time be increased. The caiculation 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
torque meter is unsatisfactory.

5.7.4 The shaft power of an electrically-driven compressor
shall be determined by measuring the electrical power supplied
and multiplying by the motor efficiency. Only precision in-
struments shall be used. Power, voltage and current shall be

5.8.4 Condensation rate

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

NOTE — Any oil carried over with the condensate should be separated
from the condensate before the mass of the latter is measured. If water
separators are provided, the efficiency of separation can be deter-
mined.

measured. The voftage coils of the instruments shall be con-
nected immediately before the terminals of the motor, so that
voltage drop in cables will not affect the measurement. If
remote instruments are used, the voltage drop shall be deter-
mined separately ahd taken into consideration (see IEC Publica-
tion 51).

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

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

For checking purptses it may be convenient to have a recently
adjusted kWh-meter connected to the circuit during the test.

5.7.7 As a basis |[for the efficiency of the transmission, the
following figures shall be used, at nominal load, unless other
reliable information is available :

~—  for properly lubricated precision gears : 98 % for each
stage,

— for belt drive : 95 % for each stage.

5.8 Miscellanqous measurements

5.8.1 Fuel consymption

If the compressor |s driven-by*a combustion type engine or a
gas turbine, the mgan fuet’consumption shall be determined by
weighing or by measuring the volume of the fuel consumed
during the test. (See 1SQ 3046.)

The condensate collected in aftercoolers, receivers Lnd other
places after the discharge flange, but before the flow measur-
ing device, shall be measured.

5.9 Calibration of instruments

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

Recalibration after thetest shall be made for those in$truments
of primary importance which are liable to variatiop in their
calibration as a-tesult of use during the test.

Any change’in the instrument calibrations which will create a
variation ‘exceeding the class of the instrument may He a cause
for rejecting the test.

6 Test method

6.1 General

6.1.1 Before acceptance tests begin, the compregsor shail
be examined to ascertain whether it is in suitable copdition to
conduct an acceptance test. All external leakage| shall be
eliminated : in particular the pipe system shall be checked for
leakage.

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

6.2 Test arrangements

5.8.2 Steam consumption

If the compressor is driven by a steam engine or turbine, the
non-bleeding steam rate shall be determined. (See IEC Pubilica-
tion 46.)

5.8.3 Gas composition

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

6.2.1 Preliminary tests shall be run for the purpose of
— checking instruments;
— training personnel.

A preliminary test may, by agreement, be considered the ac-
ceptance test, provided that all requirements for an acceptance
test have been met.

6.2.2 During the test, all such measurements as have any
bearing on the performance shall be made. In the following
clauses the determination of the flow rate and the power
absorbed by the compressor are covered in detail.

o~
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6.2.3 The measurements shall be carried out by competent
persons with measuring equipment according to clause 5.

6.2.4 The test conditions shall be as close as reasonably
possible to the guarantee conditions; deviations from these
shall not exceed the limits specified in table 1.

6.2.5 ‘Where it is not feasible to test a machine with the gas
specified by the purchaser or within the limitations specified in
table 1, special conditions of test or special corrections shall be
agreed upon between purchaser and manufacturer.

1ISO 1217-1986 (E)

so that no systematic changes occur in the instrument readings
during the test.

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. )

6.2.10 For each load, a sufficient number of readings shall
be taken to indicate that steady-state conditions have been

6.2.6 The governing mechanism shall be maintained in its
normal operating condition.

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

6.2.8 During the test, no adjustments other than those re-
quired to maintain the test conditions and those required for
normal ogeration as given in the instruction manual shall be
made.

6.2.9 Before readings are taken, the compressor shall be run
long enouph to ensure that steady state conditions are reached

reached—The umberof Teadings—amnd—theintervals shall be

chosen to obtain the required accuracy,

6.2.11 After the test, the compressor plant and the measuring
equipment shall be inspected. Should any fajilts be found that
may have affected the test results, then a further test shall be
run after these faults haye.been corrected.

6.3 Evaluation of readings

6.3.1 Before final calculations are undertaken, the recorded
data shall ‘be scrutinized for consistency of] operating condi-
tions. The fluctuations of readings during ¢ne test shail not
exceed the limits given in table 1.

Table 1 — Maximum deviations from specified values and fluctuations from average readings
(for liquid-ring compressors, see also table 2}

Maximim allowable
Mossured variable Maximum allowsble | fluctusich fom average

readings
Inlet pregsure, py +10% +05%
Pressure ratio, 7 + 5% i+ 5%
Inlet temperature, 8, not specified + 2K
Absolute] inlet humidity, x4 not specified H+ 5 %
Isentropit exponent, x £3% nol specified
Gas congtant, R +5% nof specified
Shaft-spged, N +4% H 1%
Temperature difference between coolant and gas + 10K + 2K
Coolant flow’rate + 10 % E 10 %
Temperature-at the nozzle or orifice plate not specified + 2K
Differential pressure over nozzle or orifice plate not specified +3%
Voltage + 5% +2%
Net frequency +1% + 05 %

NOTES

See 5.2.1.7.

D O AW N -

upon by both parties.

The test can be performed if the deviations from the specified conditions are equal to or less than the deviation tolerances.

If the deviation from test conditions results in a deviation in absorbed power higher than + 10 %, then the test is not within the limits.

For outdoor tests with portable compressors, the allowable inlet temperature fluctuation is increased to + 3 K.
A test at a shaft-speed different from the specified value is not accepted if unpermitted resonant pressure pulsations occur.

For the test of a gas compressor with a gas different from the actual one, a bigger variation in gas properties often occurs. This should be agreed
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6.3.2 All accepted readings from any test run shall be con-
secutive.

6.3.3 Sets of readings showing excessive fluctuation may be
discarded but only at the beginning or the end of a test run. All
readings in any set shall be taken as nearly as possible
simultaneously.

6.3.4 The moisture content shall be determined from
psychrometer readings at the standard inlet point, according
to 5.4.

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

6.4.8 Within the limits specified in table 1, this International
Standard provides for adjustment of the volume flow rate and
the absorbed power when the test conditions deviate from
those specified. The volume flow rate shall be adjusted for
deviation in shaft-speed, pressure ratio, isentropic exponent
and coolant temperature. The absorbed power shall be ad-
justed for deviation in inlet pressure, isentropic exponent,
pressure ratio, coolant temperature, humidity and shaft-speed.

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

6.4 Computation of test results

6.4.1 Test resuits, except those for flow measurements, shall
be calculated from the arithmetic average values of the ac-
cepted readings.

6.4.2 The mass| flow rate shall be determined according
to 5.6.

6.4.3 When the|gas being ‘compressed is not dry, the in-
fluence of the mofsture shall be taken into account by correc-
ting the absorbed [power.

6.4.4 The actual|volume flow rate at the inlet is obtained by,
converting the gas flow measured through the measuring
device from the condition there to the condition at the standard
inlet point, due ¢onsideration being paid to any separated
moisture.

Any vapour condg¢nsed between the standard(inlet point and
the measuring dev|ce shall be added to the measured mass flow
to obtain the masg flow at the standard inlet-point. Then from
the mass flow at the standard inlet point thé' volume flow rate at
this point is calculgted. This is the agtualinlet volume fiow rate.

6.4.5 Some unlopding systéms exhaust warm gas from the
unloaded side of Te piston-to’the inlet at part load. The inlet
temperature thus pecomes higher at part load than at fult load,
whereby the volune flow rate apparently seems to attain a

NOTE — Other corrections, such as correction for the 'dompressibility
factor, may have to be made.

6.4.9 For process compressors where. certain amounts of
compressed medium are injected or \extracted befween the
stages, the specific energy concept is meaningless afd shall be
replaced by the power input t0.-the compressor sha

6.4.10 If the test is carried out with a gas different from the
one specified, a correction shall be made. A changelin the gas
constant will affect the leakage and hence the flow fate. Such
corrections shali.be agreed upon by the parties congerned.

6.4.11 \If the deviation or fluctuation exceeds the vpiue given
in table 1, the methods described in 6.4.8 shall le used if
agreed to by the parties concerned.

6.5 Volume flow rate corrections
6.5.1 Correction factor for shaft-speed, K|

The correction factor is

K - e
1" R
where
N, is the specified shaft-speed;

Npg is the measured shaft-speed during the test

higher value. In sut 6.5.2 Correction factor for polytropic exponent and

calculated with the inlet temperature valid for fuil load.

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

6.4.7 When the specified operating conditions cannot be
met, the influence of the operating conditions on the perfor-
mance 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 interpola-
tion or, in extreme cases, by extrapolation.

10

pressure ratio, K,

This correction factor can generally be neglected except for
when testing single stage reciprocating compressors.

A change in the ratio of specific heat-capacities and in the
pressure ratio will influence the volume flow rate as the expan-
sion 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 fimits
given in table 1, the formula below shall be used :

Ky=[1-e(rl/" - 0l/[1 - etrl™ - 1]


https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

where
rg is the measured pressure ratio;

r. is the specified pressure ratio;

c

e is the relative clearance volume;

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

For pressure ratios below 3 the correction is simplified to :

1ISO 1217-1986 (E)

6.7 Power corrections

6.7.1 Correction factor for shaft-speed, X,

The absorbed power is affected by the shaft-speed. It may be
assumed that the compressor efficiency remains unchanged for
deviations in test shaft-speed from the specified shaft-speed of

+ 4 %.

The correction factor is then

K IVC
K, =|1 +e(r;/”ﬁ—rl/”°) 4_NR
where
6.5.3 Cprrection factor for coolant temperature, K,
N, is the specified shaft-speed;

The temperature difference between the coolant and the gas at
their intake points will affect the gas temperature in the com-
pressor cylinders as well as in the intercoolers. As this influence
varies with compressor type, size and shaft-speed, no general
correctioh formula can be given. If the specified conditions
cannot be met, the compressor shall be operated at two dif-
ferent cgolant inlet temperatures and at constant gas inlet
temperature and then the required value shall be obtained by
interpolating or extrapolating to the specified conditions with a
straight llne through the two test points.

For liquid injected displacement-type rotary compressors, the
volume flow rate is affected by the temperature of the liquid in-
jected info the compressor. This effect is due to heat transfer
between [the air and the liquid in the intake passages béfore
compresgion begins and changes in sealing due to changes in
viscosity | The system wili be affected by the action of.any ther-
mostatic [valve which may be fitted to enable the liquid to by-
pass the ¢ooler until a given liquid temperature is reached. For a
given air jnlet temperature, the injection of.colder liquid norm-
ally giveg higher volume fiow rate due(to) less preheating of
incoming| air and more efficient cooling during compression.
The magnitude of this influence (depends upon compressor
design, imternal clearances, rotor-tip speed and also on liguid
flow rate| liquid viscosity, et¢.

The corrgction factor, K4,~should be based on tests with the
specific type of unit.

6.5.4 Correction for deviation in gas constant and
compreﬂsibility factor

Ny is the measufed-shaft-speed during

the test.

6.7.2 Correction factor for inlet pressure, polytropic

exponent and pressure ratio, Ky

The corrections for variation in inlet pressurg
are fairly easy to obtain, with great accur
tests.

The specified pressure ratio can normally be
+ 1 % by adjusting the discharge pres:

and pressure ratio
cy, from practical

maintained within
ure. If correction

curves have not been established from eaglier tests with the
specific compressor type, the correction shail be based on a

comparison of the work of compression u
polytropic exponent.

NOTE — The actual polytropic exponent varies
sion process. If no tes* results are available, thd
should be used. (For air x = 1,40.)

if the inlet pressure, polytropic exponent an
deviate from the figures specified in the con
rection methods below shall be used.

6.7.2.1 For single-stage machines, cooled
plle = N/

Pic c
— X
PR

X [e/e — D
5 = Delix - Ny

ng an appropriate

during the compres-
isentropic exponent

i the pressure ratio
ract, then the cor-

and uncooled :

e — 1

XKZ

e = 1)/x]
lal

.

A change in gas constant or compressibility factor will affect
the leakage and hence the volume flow rate. A general expres-
sion for this influence cannot be given. For deviations smaller
than those given in table 1 this correction may be omitted.

6.6 Corrected volume flow rate
The corrected volume flow rate is

qy = Ky K7 K3 qyR

where gy is the measured volume flow rate calculated from
observed resuits of the test.

6.7.2.2 For multi-stage compressors with intercoolers :

Igr.
Ig rg

P
K5 = __C
PR

6.7.2.3

If the pressure ratio during the test is held within

+ 0,2 %, the power input correction for all displacement com-

pressors can be simplified to

P
Ks = .‘E
Pir

"
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6.7.3 Correction factor for humidity, multi-stage
compressors, Kg

if in a multi-stage compressor vapour has condensed in the
intercoolers, decreasing quantities of vapour are compressed in
the various stages. The correction factor {see annex |} is

where

R, is the gas|constant of the vapour in joules per mole
kelvin;

R, is the gas ¢onstant of the gas in joules per mole kelvin;

g
n is the numbler of stages;

x is the absollite humidity of the gas at the inlet of any
stage (the absglute humidity may be calculated from the
partial pressure|of the vapour);

T, is the absqglute gas inlet temperature in kelvins;

Ty is the abgolute coolant inlet temperature in kelvins.

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

K—1+1—€X n—1xT1wa_ 1 "x
6 Rg n T1R 1R n_-'Z IR
i=2

6.7.4 Correction factor for coolant inlet
temperature, K5

The relation betw
power absorbed is

For this correction

ben the coolant/inlet temperature and the
very complicated and has many parameters.

t is advisable to follow the recommendation

of 6.5.3.

6.9 Corrected specific energy requirement
The corrected specific energy requirement is obtained by

dividing the corrected absorbed power by the corrected volume
flow rate (see 6.6 and 6.8).

7 Acceptance test for liquid-ring compressors

Liquid-ring compressors are of the displacement type but due
to their specific design characteristics they are covered

This clause gives rules for the measurement of the-volume flow
rate referred to inlet conditions, of the power absdrbed and
rules for conversion of the performancé figures to|specified
conditions. (See also ISO 2602 and ISQ 2854.)

7.1 Definition

liguid-ring compressor :~-Machine with a rotating impeller
with protruding biades’ eccentrically mounted in a ftationary
round housing or centrally mounted in a stationany elliptical
housing. A liquid ring rotating together with the bladed impeller
creates one or two crescent-shaped working spaces

The volumés trapped between each pair of blades, thg hub and
the liguid\ring will vary periodically, thereby creating|a change

in pressure that will generate a flow from the suctipn to the
discharge side of the compressor.

7.2 Measuring equipment and methods

See clause b.

7.3 Test

See 6.1.1 to 6.3.3; however, table 1 is replaced by table 2.

7.4 Conversion of test results to specified
conditions

Table 2 — Maximum deviations from the specifigd values
during an acceptance test

For liguid-injected displacement type rotary compressors the
inlet air temperature, the temperature of the injected liquid, and
the differential between them all affect the absorbed power,
because the heating of the inlet air and changes in injected
liquid viscosity will affect the internal leakage and the hydraulic
losses. Correction factors shall be based on tests by the
manufacturer.

6.8 Corrected absorbed power
The corrected absdrbed power is

P = K4 KgKg K7 PR

12

. Maximum allowable
Measured variable deviation
Inlet pressure, pq + 5%
Discharge pressure, py + 5%
Rotational frequency, N + 3%
Working liquid flow rate + 0%
Working liquid temperature in degrees + 5%
Celsius
NOTES

1 Whenever the pressure ratio is used as basis for conversion, it must
agree within £ 2 % with the specified value.

2 Whenever the relative vapour pressure is used as basis for conver-
sion, it must agree as closely as possible with the specified value.
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Whenever the test conditions deviate from the specified condi-
tions, a conversion of the intake volume flow rate and the
power absorbed or specific energy requirement must be made.
The intake volume flow rate is influenced by deviations in shaft-
speed, suction- and discharge pressures, moisture content and
temperature of the liquid.

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

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

1SO 1217-1986 (E)

same temperature as the liquid before the compression process com-
mences.

7.5.3 Correction factor for gas inlet temperature, K,

The correction factor is

T1c

Ky = =2
3 T

to be used.
If the dgeviation or fluctuation of the measured variables

exceeds fhe limits of table 2, the parties shall agree beforehand
upon the| conversion method to be used. _

7.5 Inlet volume flow rate corrections
7.5.1 Correction factor for shaft-speed, K,

The correction factor is

N, c
K, = Xf;
where
N, ig the specified shaft-speed;
Ng 1 the measured shaft-speed during the test.

7.5.2 Correction factor for working liquid
temperature, X,

The corrgction factor is

Pic — PLe Tir
—————— X

K, = 1R
P — Pr T

where

P1c i$ the spegified absolute inlet pressure in bar;

T, is the specified absolute inlet‘gds temperature, in
kelvins;

Tir is the measured absolute inlet g3s temperature, in
kelvins.

“~

NOTE — This correction_factor is valid on condition that the heat
transfer between thelliquid and the gas allows the gas to attain the
same temperature as’'the liquid before the compiession process com-
mences.

7.6, .Corrected inlet volume flow rate

The corrected volume flow rate is
av1 = K1 Ky K; qps

where gp, is the measured volume flow rafe calculated from

observed results of the test.

7.7 Power correction

7.7.1 Correction factor for shaft-speed| X,

The correction factor is

N\
K4= ]_V_R

where

N,

. Is the specified shaft-speed;

P\ i the partial pressure of the working liquid, in bar, at
its spet;i-ﬂed—tem-paraﬂ 1re;

Pin is the measured absolute inlet pressure in bar;

PLr s the partial pressure of the working liquid, in bar, at
its actual temperature;

T, is the measured absolute temperature of the working
liquid in kelvins;

T,. is the specified absolute temperature of the working
liquid in kelvins.

NOTE — This correction factor is valid on condition that the heat
transfer between the liquid and the gas allows the gas to attain the

Ng s the measured shaft-speed during the test.

7.8 Corrected absorbed power
The corrected absorbed power is

P = K4PR

7.9 Corrected specific energy requirement
The corrected specific energy requirement is obtained by

dividing the corrected absorbed power by the corrected volume
flow rate (see 7.6 and 7.8).

13
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7.10 Accuracy

See clause 8.

of measurement

7.11 Test report and comparison with specified

values

See clause 9.

8 Accuracy of measurement

where

G s the quality class as a percentage (if the quality class of
the pressure gauge is < 0,2, G is still be taken as 0,2 in the
above formula to allow for errors in mounting);

is the full scale value of the instrument;

Pen

PR is the measured pressure.

8.2.1.2 Liquid columns

NOTE — A calculati

n of the probable error, according to this clause,

is not always necessry.

8.1 General

Due to the very na

ure of physical measurements, it is imposs-

ible to measure a ghysical quantity without error or, in fact, to

determine the true

error of any one particular measurement.

However, if the copditions of the measurement are sufficiently

well-known, it is
teristic deviation

ossible to estimate or calculate a charac-
the measured value from the true value,

such that it can be psserted with a certain degree of confidence
that the true error |s less than the said deviation. The value of

such a deviation

normally the 95 % confidence limit) con-

stitutes a criterion |of the accuracy of the particular measure-

ment.

it is assumed that [all systematic errors that may occur in the
measurement of tHe individual quantities measured and of the
characteristics of the gas may be compensated for by correc-
tions. A further a{sumption is that the confidence-limits in

errors in reading a
number of reading
that may occur

d integration errors may be negligible if the
is sufficient. The (small) systematic errors

are covered by the inaccuracy of

measurements. Quality classifications and limits of.error are

often invoked for

ascertaining the inaccuracy of \individual

measurements because apart from the exceptions (e.g. elec-
trical transducers), [they constitute only a fraction of the quality

class or the limit of

The information 4§

error.

bout ascertaining ‘the inaccuracy of the

measurement of the individual quantities measured and on the

confidence limits

bf the gas_properties are approximations.

These approximatipns can only be improved at a dispropor-

tionate expense. (9

8.2

8.2.1 Inaccuracy

Inaccuracy of‘individual measurements

ee 1S0.2602 and 1SO 2854.)

When liquid columns are used, the inaccuracy of the|measure-
ment depends primarily on the ease with which(the’difference
in level, Ak, can be read. If no special aid is used,)an ipaccuracy
of measurement, V,,, of + 1 mm can bereached.

In the range from 0,1 m < A < 1,0,m|the relative ipaccuracy
of measurement, t,,, as a percentage, is

I./.'Ah
“an = Rk

1
"o R

At Ah > 1 m the relative inacurracy of measurement as a
percentage(s :

TAh = + 0,1

8.2.1.3 Other measuring instruments

All other measuring instruments for pressure with the quality
classification referred to the final value of the range of measure-
ment are dealt with according to 8.2.2.3. As with thes¢ measur-
ing instruments the measured value most often becpmes ap-
parent at the end of a series of measurements, the|rules for
series of measurements are to be observed.

8.2.2 Inaccuracy of temperature measurements

8.2.2.1 Liquid-in-glass thermometers
The inaccuracy of measurement, V,,, to be inserted Ls the ex-
tended temperature limit obtained by calibration and sup-
plemented by the addition of the failure margins. In mjpst cases
the inaccuracy of measurement may be taken from table 3.

of pressure measurements

8.2.1.1 Precision Bourdon-type pressure gauges

The relative inaccuracy, T, of measurement of pressure dif-
ference as a percentage, using a precision Bourdon pressure

gauge is
TA, = ——~VAp
Ap Ap
p
Tp -+ G En
Pr

14

Table 3 — Inaccuracy of measurement, ¥,, for
calibrated liquid-in-glass thermometers

Temperature range Scale divisions, K
°C 0,1 0,1 0,5 1 2
-~ 50to -5 06 | 08 1,7 | 20 | 4,0
- 5t060 03| 04 1,0 1.4 | 2,0
60 to 110 05 | 06 1,0} 20| 30
110 to 210 - 1,0 | 20 | 3,0 | 40
210 10 310 — - 30| 40 | 6,0
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8.2.2.2 Thermocouples

If a works test certificate of recent date of a calibration of the
entire equipment used for the fixed points on the temperature
scale is available and measurement has been made with preci-
sion compensation instruments (quality class 0,1), an inac-
curacy of measurement, I79, of £ 1,0 K may be used up to
temperatures of 300 °C.

1SO 1217-1986 (E)

8.25
8.25.1 Torque measurements

With torque measurements by means of

Inaccuracy of power measurements

calibrated torsion

dynamometers, the relative inaccuracy of measurement, Tagy

as a percentage, is

V
By using special combinations of instruments, considerably ™y = M.
smaller inaccuracies of measurement can be reached, es- d
pecially in_the measurement of small temperature differences. AL
aen
TM =t
d Mgyr

8.2.2.3 Resistance thermometers

If a works|test certificate of recent date is available for a calibra-
tion of the entire range of measurement at the _fixed
temperatyre points, an inaccuracy of measurement, Vg, of
+ 1,0 K ¢an be applied for temperatures up to 300 °C.

8.2.3 Inaccuracy of flow measurements

throttling |devices shall be calculated according to 1SO 5168. if
the suppression of pulsations was unsuccessful, corrections
should bg applied. In that case, the tolerance should be in-
creased by 20 % of the correction.

The toleance, Tq, ON flow measurements with standardized

8.2.4 InIccuracy of shaft-speed measurements

With shatt-speed measured by means of calibrated analogue
measiring instruments, the relative inaccuracy -of measure-
ment, t,,|as a percentage, is

7N
I™N= ™
Negg,
In=F E
where

G is the quality.class as a percentage;

where
G is the quality class, as a percentage;
Mg, s the full scale value of the instru
Mg is the measured vaiue.

When torgge) ‘measurements are made

ment;

with an electric

dynamometer, the inaccuracy of measuremeft indicated by the

manufacturer may be used.

8.2.5.2 Inaccuracy of the two-wattmeter m

The tolerance for a two-wattmeter measuren

ethod

hent is a combina-

tion of the tolerance for the instrument readings calculated in

the normal way, and the tolerance for the

instrument errors

calculated according to the following.

For a two-wattmeter measurement, the relative inaccuracy of
the measurement of the electric power input is

VP el

T = —
P
o P el

2 2 2 e \?
tPel=i Gu+Gi+Gw&—1‘+—a—2 ft+

1/2
2 2
+[{l, +1“i)f,~]

with
Ng, is the'full scale value of the instrument;
T L [, 60-20 o2 [ 6120 @\
— {1 x —
Ng is the measured shaft-speed. T\ 10 ag) \ 10 ag

With shaft-speed measured by means of digital measuring in-
struments, the relative inaccuracy of measurement, as a
percentage, is

|

TN=i

where
§ is the digital step;

A is the measured value read from the scale.

fr=33x108 x [(3k - 112 + (3K - 2)F

where

G, s the quality class of the voitage transformers, as a
percentage;

G; is the quality class of the current transformers, as a
percentage;

Gy s the quality class of the wattmeters, as a percentage;
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0 is the temperature of instruments, in degrees Celsius;

I, are the limits of the angle errors of the voltage
transformers, in radians;

I; are the limits of the angle errors of the current
transformers, in radians;

o is the actual reading of the wattmeters;

ag s the full scale reading of one wattmeter;

PAH\

If there is no test record for the establishment of these efficien-
cies, the conditions for application of the rule of error distribu-
tion according to Gauss are not met. The tolerances for the effi-
ciencies shall then be algebraically added to the tolerance for
the power requirement of the compressor.

8.2.5.6 The measured input will be affected by load fluctua-
tions occurring during each measurement. To cover this in-
fluence an additional tolerance is required. This additional
tolerance is determined from the actual, absolute fluctuation of
the load above and below the average value.

/[
K is the part foad of the first wattmeter \K = —].

Pgp

It is assumed that G and " are equal in both measuring circuits.
if for the wattmeter preresistors with the error limits Gg are

used, the term G%
brackets of Tp,

8.253

[1 + 2K (K — 1)] shall be added inside the

Inaccuragy of direct current measurements

With direct current, a similar procedure can be followed

broadly if voitmet
readings are multig

The measuring err(
bined to give

ers and amperemeters are used and the
lied.

rs for tension, 7, and current, 7;, are com-

2 2
Tie = ATy F T

8.254
the coupling of thq

Inaccuracy of the results of measurement at

prime mover

When measurements of the power at the coupling are- made
through the medium of the power drawn by an electric\motor,
the relative inaccurnacy of measurement, Tpg,+ a8 d percentage,

s

Pea = Pco

1
TPCo=i ;

TPCO = % hVARY-

) (2]

2 2
Bt D T

Table 4 — Tolerance for load fluctuatioL
Values in percentage

Average fluctuation in

powar input Additional tolerance

+ 2 + 0,0
+3 : + 05
+ 4 + 1,0
+5 +15

This tolerance shall\be algebraically added to the| resuiting
tolerance from 8.3:3.

8.2.6 Confidence limits of gas properties

When the composition of the gas fluctuates, special[care shall
be taken to secure a suitable sample. If the fluctuatiops exceed
the-measure that can thus be compensated for, the cpnfidence
limits shall be increased.

The following information presumes, further, that suitable
chemical or physical analyses will be undertaken to letermine
the composition of the gas.

8.2.6.1 Gas constant

If the gas constant is taken from standard tables, its cpnfidence
limits may be neglected.

If the conditions of 8.2.6 are adhered to, the confidence limits,
Vg, of the gas constant may be neglected. If the gas cpnstant is
determined from a density measurement made with accurate
instruments, a relative confidence limit, Vg/R, of | 0,5 %
shall be used.

8.2.6.2 Compressibility factor

where

I7pe| is the inaccuracy of measurement of the electric

power;

V,,M is the un

certainty in the determination of the effi-

ciency of the motor. The supplier of the electric motor shall
provide curves showing the variation of the efficiency of the

motor with the

load, and shall indicate its uncertainty.

8.2.5.5 The uncertainty in the efficiency figures given in 5.7.7
can be estimated to = 0,5 % for precision gears and + 1 %

for belt drives.

16

The confidence limits of the compressibility factors of the pure
gases most often compressed may be taken from the relevant
literature.

For gas mixtures the greatest accuracy is attainable by measur-
ing the compressibility.

The calculation of the compressibility factor vields only ap-
proximate values. In the estimation of the confidence limits of
the compressibility factor of the mixture, the confidence limits
of the compressibility factor of the components occupying the
greatest proportion by volume and the confidence limits of the
components whose compressibility factors diverge most from
unity are the data chiefly used.

Pt}
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8.2.6.3 Isentropic exponent

If the isentropic exponent for approximately ideal gases is taken
from standard tables, the confidence limits of the isentropic
exponent may be negiected.

No exact information is available about the confidence limits of

the isentropic exponents of gases that differ to a large extent
from the ideal state. The confidence limits shall be estimated.

8.2.7 Inaccuracies caused by the correction methods

ISO 1217-1986 (E)

If the power at the coupling, P¢,, is determined by measuring
the torque, My, and the shaft-speed, N, then (rﬁ,,dR + rjz\m)
replaces r‘%c g in the equation above.

Q

8.3.4 Relative inaccuracy of the result of measurement
on a single stage of a multi-stage compressor

In the process of building up the total characteristic curve from
the curves of stages measured singly, or of groups of curves,
the relative inaccuracy, T¢omp. in the measurement below is as
indicated, in percentages.

To the tglerances given above, further tolerances shall be
added expressing the uncertainty of the correction methods
used to convert the measured values to contract conditions.

For these|tests within the limits of table 1, this tolerance may
amount t¢ + 20 % of the correction.

8.3 Inaccuracy of resuits of measurement

8.3.1 Ralative inaccuracy of the resuit of measurement
of the vdiume flow rate :

The effects of the isentropic exponent, the pressure ratio, the
differencel between the inlet temperatures of the gas and the
cooling medium, and the clearance space on the inaccuracy of
measurement may usually be neglected.

The relatije inaccuracy, Tggr, Of the result of measurement, as
a percentage, is then :

1 2 2 2 2 2
TergR F + \/th + T\g+ TH1R + ThR + TziR

8.3.2 Ralative inaccuracy of the resuit of measurement
of the pressure ratio

The relatiye inaccuracy, Tggn, of the result-of measurement of
the pressyre ratio, as a percentage, is

4 2 2
Tggr F L \/Tpm + T

8.3.3 Relative inaccuracy of the result of measurement
of the pdwer absorbed; the specific energy requirement,
and the éfficiency

The effect of the viscosity of the lubricant on the inaccuracy of
measurement nay usually be neglected.

If the powerat-the-coupling-with-the prime mover is measured,

8.3.4.1 Volume flow rate

L1
Teombg = T [1+02(z-n"? x Z

8.3.4.2 Pressure ratio

Y.
Teombr = £ [1%0,2(Z - NV x T1f; x 2—’
J
8.3.4.3 Power consumption
1/ P
Teompp = = [1+02(Z - W3 x L4y x E’ﬁ;

The factors 0,2 and (Z — 1) allow for the inevftable inaccuracies
in the measurement of the separate groups of stages and in the
compounding of the results.

9 Test report and comparison with specified
values

9.1 A test report shall be made by the supervisor of the test
and shall contain everything needed for evaluating the test.

9.2 The test report shall state the object, the place and time
of the test.

9.3 The test report shall contain :

a) a brief description with the principal|data of the com-
pressor and the prime mover;

b) the manufacturer's name and the manufacturing
number:

the relative inaccuracy, TErgPey of the result of measurement,
as a percentage, is

TErgPe, = TErgiPey/ V)
TErgPe, — TErg1Co

-+ |2 2 2 Z-1 2
TergPeo = T | Tpeern T TR T TRt \ T Trwn] *

2 2 1/2
+82X TK

. 1 1 i
with &g = q“ + R; X InrR/[1 - rR“ KR)/KR]

c) a statement of the methods and the equipment used for
the test with a diagrammatic layout of the test arrangement
with all measurement points marked;

d) a statement of the values specified by the vendor with
regard to the volume flow rate, the input power and the
function of the compressor in operation and the operating
conditions under which the specifications apply;

e) for important instruments the manufacturer's name,
the manufacturing number and the construction and quality
class, the steps taken for control and adjustments, etc. The
calibration records and correction diagrams for the various
instruments should preferably be inciuded as appendices.

17
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9.4 The test report shall contain data recorded during the
test, 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 shali remain in the custody of the
test supervisor. Corrections and converted values shall be
entered separately in the test report.

9.5 Any special conditions or occurrences shall be recorded.

9.6 The test report shall contaln the evaluatlon of the test

the degree of acguracy of the results shall also be mcluded
Extensive calculatjons should preferably be incorporated as
appendices, in order not to burden the report. The results shali
be arranged in thg form of clear tables.

9.7 A comparispn of the performance of the actual com-
pressor with the §pecified values shall be included, together
~ with conclusions from this comparison.

9.8 A summary |of the results of the test shall be included,
together with gerjeral conclusions relative to the equipment

tested, and a statement as to whether the specified values have
been met or not.

9.9 The test report shall be signed by the vendor or his
representative.

9.10 When the test results have been converted to specified
conditions, they shall be compared with the specified values.

e-ene is-speeified for only
flow rate and pressure ratio, and the specmc enerdy require-
ment according to the test meets the specification.at @ flow rate
that does not deviate by more than £ 5 % from the specified
flow rate, the specific energy requirement shall be gpproved.
For liquid-ring compressors, see 7.11¢

9.12 If specific energy requirement figures are specified for
more than one flow ratecor\pressure ratio, then|weighted
averages shall be used both for the test resuits and for the
specification. If no agreement has been made, the jweight of
every point is taken as’'1.

18
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Annex A

Simplified test of a compressor

This is a performance test applicable to series-produced com-
pressors. The following conditions apply.

A.1 When a compressor has been type-tested, the

A.4 A compressor shall be considered to have passed the
simplified test if the measured volume flow rate and specific
energy requirement do not deviate from guaranteed values by
more than the figures given in table 5.

manufacturer has the right to use a simplified test procedure to
prove thdt the volume flow rate and specific energy require-
ment figures of the actual production compressors comply with
the type-fested specimen.

A.2 When a simplified test is carried out in the manufac-
turer’s shpp, the normal test-stand instruments and equipment
can be uged provided the measurement tolerances are within
those of fable 5.

A.3 Fqr a simplified test on site, the instrument panel
delivered |with the compressor can be used on agreement by
both partfes.

Table 5 — Acceptable deviation in percent from type test nominal values

A.B The figures in table 5 cover ;
— type test tolerances;

— manufacturing tolerances;

2

— measuring tolerances for the simplified test.

A.6 THe test report of a simplified test may be short and
simpie; without tolerance calculation and with only the essen-
tial ¢orrections cited.

Full load (flow) Half load (flow)
i g o No-load
Compressor shaft input at normal load Volume s;‘.’;fg:,c Volume se‘:::lgf:,c power
kW flow rate requirement flow rate requirement
<10 +6 +7 - - + 20
10 to 100 5 +6 +7 +7 + 20
> 100 +4 +5 +6 + 8 + 20

NOTES

1 This tegt is normally cafried out when a type test has already been made on a compressor of the same type. When a comprdssor is modified in a

manner likely to affect(its)performance, it shall no longer be regarded as being of the same type.
2 A simplified test can take place also when a type test has not been run, if accepted by both parties.

3 Any teT at/part load or overload is subject to agreement between manufacturer and purchaser.
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B.1 Scope

This annex covers

Annex B

Specification of operating and testing conditions

the specifications upon which agreement

shall be reached between the manufacturer {or his represen-
tative) and the purchaser at the time of signing the contract or

before testing in or
and the main featy

Whenever the wor

be understood as 3
parties.

B.2 General

Clauses B.2.1to B

If no figures are stated in the contract, the inlet temperature of
the coolant is assumed to be the same as the gas inlet
temperature.

B.2.6 If a test shows that the compressor does not meet the

ffer To define the technical suppty conditions

res of the test procedure.

d ““contract” is used in this annex, it shall
ny agreement accepted in writing by both

2.6 apply when no formal written contract

has been set up bgtween manufacturer and purchaser.

B.2.1 if the pur(
notify the manufag
kind of test and wh
works or on site arf
cluded in the test.

haser requires a compressor test, he shall
turer, at the time of enquiry, and state the
ether the test is to be in the manufacturer’s
d the extent of auxiliaries, if any, to be in-

B.2.2 The purc

aser has the right to decide whether the

competent supervisor for the test shall come from the
manufacturer, the purchaser or be an independent outside per-

son. In the two latt
ject to agreement
turer.

B.2.3 If no othe
test shall be perfor

B.2.4 Normalinl
follows.

If the conditions fd
specified in the co

r cases the person in question shall be sub-
between the purchaser and the manufac-

r time limit is stated in the contract, a site
med within three months(ofj starting up.

bt conditions for air.compressors shall be as

r the air at the standard inlet point are not
htract and-the air is taken from the free at-

mosphere, it is assjmed that these conditions are

— dry air,

specification, then suitable alterations shall be magle and a
separate test shall be carried out to prove theleffect of the
alterations.

A repeated full test may not be necessary' to checld that the
compressor complies with the contract,

-

B.3 Operating conditions and safety
regulations

Before signing a contract, the two parties shall exchange the
necessary information to reach agreement on the clauges below
{for operating.eonditions table 1 shall be observed).

B.3.1 *Regulations for pressure vessels of the cpuntry in
whichithe equipment will be used.

B.3.2 Any relevant safety regulations which apgly in the
country in which the equipment will be used, particuigrly those
relating to its use in an explosive, flammable or ¢therwise
dangerous atmosphere.

B.3.3 Any other regulations concerning health pr safety
which apply to the installation where the equipment will be
used.

B.3.4 Altitude and ambient air temperature at the com-

pressor.

Nature and amount of any dust, solid or liquid matter which
may be present in the gas. If these are likely to carry gn electric
charge this shal! be stated.

B.3.5 Nature and composition of the gas to be coawpressed.

— the temperature measured at the test,

— an absolute pressure of 1 bar.

NOTE — Where a purchaser requires a compressor to deliver a certain
mass flow and specifies this as either Standard cubic metres (STD m")
or Normal cubic metres (NORM m3) per unit of time, since there is no
universally accepted definition of standard conditions, it is necessary to
define the standard or normal conditions referred to and also to state
the intake conditions of pressure, temperature and humidity at which
the compressor is to deliver the required mass flow rate.

B.2.5 Normal coolant conditions for compressors shall be as
follows.

20

B.3.6 Suction conditions; temperature, absolute pressure
and relative vapour pressure.

B.3.7 Discharge conditions at the terminal outlet of the
equipment supplied; for example, absolute pressure, and
temperature if the latter should be specified.

B.3.8 Volume flow rate and conditions under which it is to
be expressed.

B.3.9 Additional tolerances, if any, above the errors of
measurement, allowed on the volume flow rate and the power
input.
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B.3.10 Temperature or temperature range, nature and flow
rate of the coolant.

B.3.11 The power absorbed at the drive-shaft of the equip-
ment supplied, or the specific energy requirement of the driver,
if the latter is included in the equipment supplied, at the volume
flow rate and conditions specified in B.3.7 and B.3.8.

B.3.12 Rotational frequency and direction of rotation of the
compressor shaft.

1ISO 1217-1986 (E)

mechanical part (crankcase, gear-box, etc.) as well as to the
outside, and test methods to be applied.

B.3.24 Conditions under which the equipment may be
modified or refused after a test.

B.4 Test procedure

Before undertaking the tests, the two parties shall reach agree-
ment on the following points.

B.3.13| Method of flow rate control.

B.3.14| Maximum allowable amplitude of pressure puisations
allowed|in the discharge piping, and possibly also in the suction

piping.
B.3.15| Allowable shaft-speed irregularity.

B.3.16| Type of compressor service (continuous duty, inter-
mittent,| etc.).

B.3.17| Anticipated variation, during operation, of any of the
numeridal values listed above.

B.3.18| Static and dynamic forces acting on the foundation.
Seismic| conditions.

B.3.19| Compression space to be lubricated or not.

B.3.20| The installation conditions of the compressors (out-
doors, with or without protection, indoors, etc.).

B.3.21| For compressors handling a 'special gas, the condi-
tion in (which the parts in contact'with the gas should be
deliverefi (surfaces specially cleaned, degreased or-not, etc.}.

B.3.22| For compressors handling a special gas, the type of
metal that can be used in_the zones being in contact with the
gas.

B.3.23| For (eompressors handling a special gas, any
specifications.for tightness between compression chamber and

B.4.1 Responsibility for operating the t%mplete installation
during the test, and general conditions relating to these.

B.4.2 Definition of any running-in procgdure which may be
required before the tests.

B.4.3 Nature and_composition of the das used during the
tests, if it is different from that specified in B.3.5.

B.4.4 _Conversions which should be made to the test results
if the operating conditions are not identica with those defined
in the contract (see 6.4.8).

B.4.5 Deviation limits of the various| operating charac-
teristics beyond which the test should not|be undertaken (see
table 2).

B.4.6 Details of the prime mover to be lised for the test in-
cluding its performance (efficiency, etc.).

B.4.7 Programme of the test including, if necessary, any test
of accessories supplied with the machine.

B.4.8 Test methods to be used.

B.4.9 Measuring instruments necessary, and a statement
defining who is responsibie for supplying them.

B.4.10 Location of the principal measuring instruments.

B.4.11 Number and timing of the readiTgs.
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C.1 Definitio

C.11

A canopy may be p
protection.

packaged compressor :

manufacturer, fuIII-p'rpedwd-wvred-mtemaﬁv—h-wﬁ-mude
power transmission, prime mover, filters and flow rate control

(E)

Annex C

Performance statements for packaged air compressor
of displacement type

ns

Unit supplied by the

rate and absorbed power of all the components contained in
the package.

rovided for sound insulation and/ or weather

Packaged compregsors may also include starting equipment,

intercoolers, aftef
dryers, outlet filter
check valves, etc.

C.1.2 volume f
the terminal outlg

coolers, silencers, moisture separators,
5, minimum pressure devices, outlet valves,

ow rate : Flow rate of inlet air delivered at
t of the package, but converted to the

reference conditions (see C.3).

C.1.3 absorbed
prime mover and g
etc.) driven from t
mover, at rated su

The power absorb
such as flow rate (
aftercooler, moisty

power : Sum of the power input to the
ny accessories {e.g. oil pump, cooling fan,
ne compressor shaft or by a separate prime
bply conditions (e.g. voltage, frequency).

bd shall include the effect of any equipment
ontrols, intake filters, silencers, intercooler,
re separators, liquid separation equipment

including their retdirn systems, dryers, outlet shut=off valves,

etc., included in th

e package.

C.2 Performance statements

C.2.1 The man{facturer shall state the make-up of the

package unit, i.e.
listed in C.1.1.

list the_rmajor components, such as those

C.2.3 The manufacturer shall state the actual shaft power
load on the main prime mover.

C.2.4 Performance figures shall be based on ambient air
conditions at the air inlet of the package,” measured|at a spot
where the pressure and the temperature‘are virtually upaffected
by compressor operation (e.g. héatjradiation and cofvection),
and converted to reference conditions (see clause C3).

Packaged units without (enclosures shall have tihe intake
temperature measured. at the air inlet filter.

NOTE — The performance (volume flow rate and power |nput} of a
packaged compréssor should be stated as though it were gperated at
reference conditions (see clause C.3). As operation at thg reference
conditions isdifficult to accomplish in production, a suitable correction
factor should be determined by test for the models involved, to permit
accurate interpolation.

C.2.5 The effective {(gauge) delivery presgure and
temperature of the package refer to a point at the clistomer’s
connection at the package.

C.3 Reference inlet conditions

Unless otherwise stated all performance figures for jpackaged

compressors shall refer to the following conditions :
— Absolute pressure : 1 bar

—  Air humidity : zero

—  Air temperature : + 20 °C

— Cooling water temperature : + 20 °C

C.2.2 The manufacturer shall state the performance of the
total package, i.e. take into account the effect on volume flow

NQOTE — Packaged compressors with radiator type enclosed liquid
cooling system are regarded as air-cooled.
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Annex D

Flow measurement with a flow straightener

D.1 General D.6.1.3 The primary device shall be installed in a straight
pipeline consisting of the following elements commencing at
Whenever the recommendations of 1SO 5167 for the installa- the upstream side :

tion of the primary measuring device cannot be followed,

§honen<?d installation lengths upstream of the primary measur- a) a valve of the nominal pipe diameter:
ing devife can be used, on condition that a s—tiﬁl—ﬂ—)—m)—U| € Tlow

straighteper is used.

b} alength of pipe equal to twice the pipe diameter;

This annkx describes such a flow straightener for use in com-
bination with !SA 1932 nozzles. - ¢} a perforated plate according to figute 1;

With the] arrangement described, an uncertainty of £ 2 % in d) a length of pipe.equal to the pipe dlameter;
the flow|measurement has been shown to be practical under *

1 ditions and using an uncalibrated nozzle. . .
steady fipw condi 9 e) a perforated plate according to figure 1;

If the nazzle is calibrated, an uncertainty of + 1,3 % can be
expected. f) a length of pipe equal to twice the pipe diameter;

g) \an ISA 1932 nozzle;

D.2 Scope h) a length of pipe equal to six times the pipe diameter.

See 1S0|5167, clause 1.

D.3 Symbols and definitions

See ISO|5167, clause 2 excluding 2.3.2 and 2.3.4:

D.4 Rrinciples of the method of measurement

and cgmputation

See ISO|5167, clause 3 excluding 3.2.

D.5 General requirements for the

measn1rements

D.6.1.4 The value for the pipe diameter, I}, to be used in the

computation of the diameter ratio shalil b

t the mean of the

internal diameter over a length of 0,5 [J upstream of the
upstream pressure tapping. This internal mean diameter shall
be the arithmetic mean of measurements at four diameters at
least, distributed over a length of 0,5 D, twp of these sections
being at distances 0,0 D and 0,5 D from the upstream tapping.

D.6.1.5 The pipe bore shall be circuldr over the entire
minimum length of straight pipe required. The cross-section is

taken to be circular if it appears so by mer
The circularity of the outside of the pipe

guide, except in the immediate vicinity of
where special requirements shall apply acco
primary device used (see D.5.3).

e visual inspection.
nay be taken as a
the primary device
ding to the type of

D.6.1.6 The internal diameter D of the measuring pipe shali
comply with the values given for each size lof nozzle.

See ISO 5167, clause 5.

D.6 Installation requirements

D.6.1 General

D.6.1.1 The measuring process applies only to fluids flowing

through a pipeline of circular cross-section.

D.6.1.2 The pipe shall run full at the measuring section.

D.6.1.7 The inside surface of the measuring pipe shall be

clean, free from pitting or deposits.

D.6.2 Perforated plates

The two perforated plates separated by one pipe diameter act

as a flow straightening device.

The plates shall have the dimensions given

in figure 1.
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\VAV R VAV AR V.V ERV,V,

d; = 0,04°D
= d]
where

d, s the hole diameter;
D is the pipe diameter;

t is the thickness of the plate.

Figure 1 — Perforated plate for flow straightener
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D.6.3 Additional specific installation
requirements

See 1SO 5167, clause 6.5 excluding 6.5.1.2 to 6.5.1.4 and
6.5.3.4.

D.6.4 ISA 1932 nozzle

D.6.4.1 Dimensions

Tabie 6 gives the dimensions of the nozzles selected for this
International Standard.

I1ISO 1217-1986 (E)

D.6.4.3 Pressure tappings

The pressure tappings are integral with the nozzle body as
shown in figures 2 and 3.

When installed in the test pipe the pressure tapping should be
at 180° to the opening of the valve when cracked open, that is
the valve external spindle and the centre-line at the pressure
tappings should lie at the same angle.

With thesemozziesthe pipe diametershave been fixed o give 3

diameter|ratio approximately equal to 0,4.

D.6.4.2 | General shape

The part| of the nozzle inside the pipe is circular. The nozzle
consists pf a convergent portion of rounded profile and a cylin-
drical thrpat.

All dimer

Table 6 — Dimensions of nozzles and tolerances
(see figures 2 and 3)

sions are in millimetres, unless otherwise stated, at a temperature’of 20 °C.

D.6.4.4 Discharge coefficient

Every nozzle used in conjunction with this International Stan-
dard shall be calibrated by a.recognised autHority and the value
of the discharge coefficient thus obtained ghall be used.

. Nozzle
Pipe bgre . Tolerance*
D diameter A B C E on profile F G H J K
25 5,56 + 0,01 3,18 + 0,06 — - — + 0,13 18,05 | 44,45 — 0,40 -
25 9,53 + 0,01 5,77 = 0,06 2,87 3,15 1,91 + 0,13 19,05 | 44,45 — 0,40 -
40 15,88 + 0,01 9,60 + 0,06 4,78 5,23 3,18 + 0,13 26,19 | 60,33 - 0,40 —
254 £ 0,03 15,37 + 0,08 7,62 8,38 5,08 + 0,13 38,89 | 8573 | 11,1 0,80 29,77
90 38,1 £ 0,03 23,06 110,10 10,29 | 12,57 7,62 + 0,18 51,59 | 111,13 | 11,1 1,60 44 45
150 63,5 * 0,05 38,43+ 0,13 19,05 ( 20,96 | 12,70 + 0,25 84,93 | 177,80 | 11,1 2,40 74,22
270 101,6 + 0,05 61,47 + 0,13 30,48 | 33,53 20,32 + 0,25 141,29 | 292,10 | 12,7 3,20 | 117,67
375 152,4 + 0,10 92,20 + 0,18 45,72 | 50,29 | 30,48 + 0,25 206,38 | 425,45 | 15, 4,80 | 177,80
600 2540 * 0,18 163,67 * 0,25 76,20 | 83,82 | 50,80 + 0,256 323,85 | 660,4 19,0 8,00 | 293,10
900 381,0 +70,25 230,51 + 0,38 114,30 | 125,73 | 76,20 + 0,25 497,43 | 971,55 | 19,0! 12,20 | 4191

upstream face of the-nozzle.

The curved surfacé shall not depart from the nominal profile by more than this tolerance at any point between the cylin

Hrical throat and the

25
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Dimensions in millimetres

8 not to exceed 15°

Hole A

Hole B

12 deep knived ¢ 16 4,14 (3 x)
2 1/8” BSP holes 82,5 centres
A-A
16 , X
le32 ¢d
N et o~
m - >
S = X e 1 g
n-! K __LXI Mj/ LT {
:Ir Y % > % Q:\‘: <
Hole B 0254 Hole A ~ 96,3
a) 5,56 mm diameter nozzle
A-A
P15
®G Y
od
F
¥

ol Y 2 </

s @——R
’;‘r : {/ L LA _H_:_/_ ] ¢ / <
D 7, /A ; s B A

-
8254 J
NOTE — Angle between pressure tapping
as in figure 3.
b) 9,53 mm diameter nozzie
Z
A-A od
9130
<

Z E L RC /
/ p . o L) 1
N =

oG o J

14,3
®3,2

c¢) 15,88 mm diameter nozzle

Figure 2 — 5,56, 9,53 and 15,88 diameter nozzles
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# not to exceed 15°

W
PR T VU -

A-A
(36
o0
F
1,6 for all sizes —
v}
N RE NN\ il
B e
.
NN S <
¢ 3,2 for all sizes 32 J 1,6 for all stzes —
od
oK

D.6.5 |Material and manufacture

See 1SQ 5167, clause.7:1.9 excluding 7.1.9.3.

D.7 Expansibility {(expansion) factor

The expansibility (expansion) factor is calculated by means of

Figure 3 — Nozzles 25,4 mm diameter and larger

D.8 Uncertainties in the measurement
of flow rate

See ISO 5168.

With the test pipe-iine as described and| using a calibrated
nozzle the uncertainty of the effect of any cpntrol valve induced
flow asymmetry is + 0,5 %.

the following formula :

1/2

xT2/* 1 -84 1 — e = Nrx

&= X
x — 1 1 — g4 1-7

Test results for determination of ¢ are known for air, steam and
natural gas only. However, there is no known objection to
using the same formula for other gases and vapours the isen-
tropic exponent of which is known.

Moreover the formula is applicable only if

P2
— » 0,75
P

The tolerance, 7., as a percentage, is

Ap
2

T, = %

D.8.1 Definition of uncertainty

See IS0 5167, clause 10.1.

D.8.2 Practical computation of the uncertainty

See ISO 5167, clause 10.2 excluding 10.2.2.2.
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Annex E

Simplified method for air volume flow rate measurement by means
of circular arc venturi nozzles at critical flow conditions

E.1 General The nozzle shall be inserted in a pipe with a diameter equal to or
greater than four times the nozzle throat diameter. Upstream of
the nozzle shall be a length of pipe equal to at least two pipe
diameters, in the wall of which are fitted means for

The purpose of this annex is to provide a simple, quick and
economical method of measuring the flow rate of air com-
pressors. !

This method has dn accuracy of + 2,5 %. pipe. At the upstream end of this pipe, a flow straightener shall

E.2 Test arrgngement

The nozzle diameter shall be chosen so as to ensure that the across this downstream piping does. not invalidate tfhe critical
pressure ratio acrgss the nozzle produces sonic velocity in the flow conditions across the nozzle:
throat.

Temperature connection

Perforated plates Pressure connection

' /@ S~ L L /. H s T// A"/ @

YN RN °

i N

H ‘I Ql _ . - | _

G

o2 7202 LLL L[ yd //\

\ \

L3 A

D >20
D> 4B)

Figure 4 — Measuring pipe

1} The method is based on work carried out by the National Engineering Laboratory (British Department of Industry), East Kilbride, Scotland. See
also BLake K.A., KingHORN F.C., and STevenson R., The design of flow straightener/nozzle packages for acceptance testing of air compressors and
exhausters. Paper C 33/78 Institution of Mechanical Engineers, International Conference on Design and Operation of Industrial Compressors, March
1978, and Brain T.J.S. and Reip J., Primary calibrations of critical flow venturi nozzles in high pressure gas. FLOMEKQ Conference, Groningen,
Netherlands Sept. 1978.
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E.3 Circular arc venturi

The design shall be as shown in figure 5. The internal surface
shall be polished and the throat diameter measured accurately.

Suggested dimensions are given in table 7.

1ISO

1217-1986 (E)

E.4 Pressure and temperature readings

The pressure shall be read with an accuracy of + 0,5 % and
the temperature with an accuracy of + 1 K.

o

49+ 0,5°

< @ - -
A 3 S ! Taper tangential to radius
| Internal surface
finish Ra 0,4 um
> /
XA g
Figure 5 — Circular arc venturi nozzle
Table 7 — Nozzle dimensions
Flow rate A B C D R F Conical
thread
I/s mm mm mm mm mm mm in
12 to 16700 8;350 2,30 9796 1270 805 1.0
24 10 90 24,00 9,625 3,60 14,95 19,05 91,0 1.5
50 to 160 32,00 12,700 4,60 19,93 25,40 121,65 20
100 to 360 48,00 18,050 7,10 29,89 38,10 182,0 25
180 to 650 64,00 25,400 9,60 39,85 50,80 243,0 3.0
280 to 1 000 80,00 31,750 12,00 49,82 63,50 303,5 3.5
400 to 1 500 95,00 38,100 14,20 59,38 76,20 364,0 4.0

29
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E.b Test

When steady flow conditions have been reached, the following
readings shall be taken :

a) atmospheric pressure, py,;
b) nozzle upstream pressure, py;
¢) nozzle upstream temperature, 8y;

d) temperature, 8, and pressure, p, at which volume

The critical flow factor is given by

C* = 0,684 858 + (3,70575 — 4,76902 x 10-2 x gy +
+ 263019 x 104 x 62) py x 10~*

where ), is the temperature upstream of the nozzle in degrees
Celsius.

Based on test results and for the accuracy stipulated

Cp = 0,988 8

flow rate is required.

E.6 Flow ratp calculations

The mass flow ratg, g, in kilograms per second is calculated as
follows :

0,1 n BYCp C* py
dm =
4R Ty

where
B is the nozzle diameter in millimetres;
Cp s the disgharge coefficient;
C* s the critical flow factor;
PN s the absolute pressure upstream of the nozzle in bar;

Ty s the absplute temperature upstream of the nozzie in
kelvins;

R is the gas donstant in joules per kilogram kelvin (for-air,
R = 287,1).

When used at the discharge of portable or packagedl air com-
pressors, @y will vary from 20 to 70 °C and py from’2 to 8 bar.
C* will therefore vary from 0,687 1 to 0,685 2; ‘ap avefage value
of 0,686 2 can be used. Under these conditions the|equation,
giving a result in kilograms per second/\can be simglified to :

0,11 820,988 8 x 0,6862 % py
" SVETTN
3,143 x 102 B%py
IV

or convertedito volume flow rate, gy, giving a result if litres per
second, at-the reference conditions :

9 x 1073 x B2p\ T,

po\/TN

qy =

where
Po is the absolute reference pressure in bar;

T, is the absolute reference temperature in kelvins.
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Annex F

Alternative methods for determining volume flow rates

F.1 Measurement of the volume flow rate
by gas meter

If a wet or dry gas meter is used, precautions shall be taken to

F.2.6 The discharge vaive

on the pulsation damper shall

now be opened a little more so that the pressure in the pulsa-

tion damper drops. The discharge valve sha

avoid pulsating flow.

By this method, the volume is measured directly and the den-
sity and [flow disturbances are relatively unimportant. How-
ever, it shall be used only on the condition that the gas meter is
in good gondition and recently calibrated.

The gas mneter 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 accufacy shall be £ 1 % or better.

F.2 Measurement of the volume flow rate
by filling a receiver (see figure 6)

This method can lead to errors due to the difficulty of measur-
ing the gas temperature in the receiver and due to leaks ir the
shut-off Valves. It shall be used only for small compreSsors and
the conditions specified below shall be observed!

F.2.1 The shut-off valves and all pipes and fittings shall be
checked for leaks.

F.2.2 A pulsation damper @ having a discharge valve @
to atmosphere shall be fitted between the compressor and the
receiver. The size shall carrespond to a charging time of 30 s or
more.

F.2.3 The réceiver size shall correspond to a charging time of
5 min or fnore.

- working pressure is maintained, in\the pulsa

F.2.7 The compressor charges the pulsat
the working pressure is reached, the commu

Il then be closed.

on damper. When
hicating valve

to the main receiver shall be opened slowly fo that the correct
i

F.2.8 Pressure and, temperature readings
the gas in the receiver-during the charging

F.2.9 WHen)the receiver pressure is about
ing pressure, the vaive @
the receiver shall be opened further so that
pulsation damper drops a little, after which
fully closed.

on damper.

shall be taken for
beriod.

90 % of the work-

between the pulsation damper and

he pressure in the
the valve shall be

F.2.10 The pressure in the pulsation damper will now in-

crease. The compressor shall be stopped or
working pressure is reached.

F.2.11 The time to fill the receiver shall
the opening of the communicating valve bety

nloaded when the

be measured from
veen the pulsation

damper and the receiver to the moment when pressure in the

damper rises to working pressure after the

alve is closed.

F.2.12 The shaft-speed shall be measureqd during the test.

F.2.13 The receiver shall now be left until thermal equilibrium

is reached and the condensate has collecteq.

F.2.14 Pressure and temperature readings shall be made,

F.2.4 The volume of the receiver shall be determined with an
accuracy of + 0,2 %. The best way is to fill it with water.

F.2.5 The compressor shall first pump up the pulsation
damper. The discharge valve shall be left slightly open to the
atmosphere so that the correct working pressure is maintained.
The communicating valve between the pulsation damper
and the main receiver shail be closed.

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

after which the condensate shall be drained

and weighed.

F.2.15 The compressor volume flow rate, gy, in litres per

second, is given by
gy VT ("_42 Efg)

where
V. is the receiver volume in litres;

r

z is the charging time in seconds;

31
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Compressor
Puisation damper
Main air receiver
Communicating valve
Discharge
Communication valve
Drain valve

Drain valve

@POOOOO®O

Figure 6 —~ Test layout

Manometer
.~

Manometer
Thermometer
Thermometer
Thermometer
Open manometer
Barometer

Thermometer

@RFOAFPRO®®

Py is the absglute pressure at the standard inlet\point in
bar;

D4, is the abgolute pressure in the receiver at the begin-
ning of the chdrging period in bar;

F.4 Measurement of the aspirated flow
by gas-holder

The aspirated volume can be measured with good adcuracy by
measuring the descent of a gas-holder, provided| that the
following items are observed :

P4, s the absoglute pressure inthe receiver at the beginning
of the charging period in bar;

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

Ty, is the absolute temperature in the receiver at the

a) The gas-holder shall be efficiently isolated during the

beginning of the charging period in kelvins;

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

F.3 Measurement of the volume flow rate
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
accurate reading of the scale. This method shall consequently
be used only for high-pressure compressors with small volume
flow rates.

32

average value shall be used.

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

d} The gas-holder pressure shall be checked with a water
gauge during the test.

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

f} The ambient conditions shall be such that the tempera-
ture of the gas in the gas-holder can be considered as being
equal to the measured ambient temperature. For this reason,
the test shall be performed on a cloudy day or, even better,
at night.


https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

F.5 Measurement of the aspirated flow
by gas meter

If a wet or dry gas meter is used, a receiver of sufficient volume
shall be installed between the gas meter and the compressor.
The gas meter shall be in good condition and recently
calibrated.

The pressure drop caused by the gas meter shall be taken into
account for the calculation of the volume flow rate.

The gas meter shall be checked for leaks. For instruments with

ISO 1217-1986 (E)

on such diagrams always gives inaccurate figures, because the
heat transfer to the aspirated gas is unknown and cannot be
taken into account.

F.6.2 Determination of the flow rate by heat
balance

The total amount of the heat extracted in each intercooler can
be calculated from the coolant flow and the temperature dif-
ference of the coolant. if the inlet and outlet temperatures of

the gas are measured, and if the specific heat capacity of the

a sealing|liquid, it shail be checked that the liquid is saturated
with the gas to be measured.

F.6 Other methods for determining the flow
rate

If, for prdctical reasons, none of the methods so far mentioned
can be 1sed, other methods may become necessary. The
methods [given in the following sub-clauses normally have less
accuracy|but may give useful information about the perfor-
mance of the machine.

F.6.1 [Determination of the flow rate by indicator
diagrams

Indicator |diagrams can give very valuable information on the
behaviouf of the valves and the general performance of a com-
pressor. However, a calculation of the volume flow rate based

gas is known (or an enthalpy/entropy diagram available) the
mass flow of gas can be calculated fromythese data.

The latent heat of any entrainedliquid that is condensed in the
intercooler and aftercooler shall\be taken info account, as well
as heat losses by radiationor convectipn and any heat
dissipated with the lubrjeating oil.

This method sometimes presents the only] possible way for
testing compressors-for high flow rates and for high pressures.
Using a good{insulation and precise instruments, an arbitrary
required acCuracy may be ensured.

F.6.3  Determination of the flow rate from the
velocity distribution of the gas stream

If the mass density is uniform, the flow rat¢ in the measuring
pipe can be calculated when the velocity distribution is known.
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Annex G

Other measurements of interest

n, one or more of the following measure-

ments shall be made.

G.1 Lubrican

The consumption
operating conditio

G.2 Lubrican

If the compresso
system, a lubrican
readings of this g4

G.3 Perform
devices

G.5 Measurements on the primemover

If measurements are desired they shail be carried out as

described in appropriate test codes.

It-consumption

bf lubricant shall be measured under normal
hs and after the compressor has been run-in.

t pressure
I is provided with a pressure lubricating

t pressure gauge is normally supplied. The
uge shall be noted in the test report.

ance of regulating and safety

Various measurenJ:nts can be made for checking the perfor-

mance of the regu
can be determined
the various stages
start and stop, the
the time establishsg

ting and safety devices. The pressure limits
for the engagement and disengagement of
of unloading. In installations with automatic

operating pressures can be measured and
d for starting up, for taking up load, efc.

G.4 Performance of gas coolers

To check the effig
inlet and outlet tem

iency of gas coolers, the coolant flow and
peratures of the coolantand the compressed

gas shall be measrred. The gas side\pressure drop over the

cooler shall be m
manometers, the |

asured, preferably with water or mercury
pgs of which ‘are connected to the cooler.

G.6 Temperature measurements
Apart from the compulsory temperature_measureme

measurements may also be of intefest. These in
example :

— the temperature of the’gas leaving the comg

— the temperaturé,in the gas receiver;

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

— theJtemperature of the coolant supplieg
discharged from the intercoolers;

< the temperature of the bearings;

— the temperature of the lubricant in the crank

G.7 Sound level

See ISO 2151, ISO 3744 and ISO 4872.

G.8 Vibrations

See ISO 2954 and I1SO 3945.

nts, other
tlude, for

ressor;

to and

to and

case.



https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

ISO 1217-1986 (E)

Annex H

Method for measuring specific energy requirement

H.1 Scope and field of application

This annex governs the use of this International Standard when
declaring the specific energy requirement of a displacement

a) Power input measured according to
corrected according to sub-clause 6.
propriate :

sub-clause 5.7 and
7 or 7.7 as ap-

1) for bare stationary compressors the power input

n; this applies also

compressors the
e input terminals of

Ccompressor.
shall be measured at the compressor drive shaft in-
cluding any built-in gear transmissid
to turbine drive;

H.2 Unit
2) for electrically driven package

The spegific energy requirement shall be expressed in kilowatt power input shall bé.measured at th

hours pgr cubic metre. the package;

D

H.3

ytate of the compressor

compre:

ors. Only readings taken under steady-state condi-

Measur%nents shall only be carried out on new, properly run-in
]

tions sh

| be used.

H.4 Standard inlet and discharge points
Type of Inlet Discharge
compressor point point

Bare stalionary

Inlet flange of the
compressor

DBischarge flange of
the' compressor

or skid-f
mounteq

Packaged stationary

Terminal outlet of th%
compressor

A point close to the
compressor, but
chosen so that-the
temperature-readings
are not influenced
by the compressor,

fame
or portable

when working

NOTE —

'When aftercoolers or air dryers or pipeline filters are integrat

with the package;.they should be included in the measurement.

3) for combustion-engine or gas-t
pressors the energy requirement shal
the smeasured fuel consumption

clause’b.8; the fuel shall be specified;

b} Air flow rate measured according to
corrected according to sub-clauses ¢
propriate.

H.6 Reference conditions
The compressor shall operate at full load.
The compressor reference conditions shall

Absolute inlet pressure :
Air temperature :

Air humidity :

Cooling water temperature :

Effective (gauge) working pressure :

irbine driven com-
be calculated from
according to sub-

sub-clause 5.6 and
5 or 7.5 as ap-

be as follows :

1 bar

+ 20 °C
0

+ 20 °C

7 bar

NOTE — When the intended service of the com

H.5 Specific energy requirement

The specific energy requirement figure shall be based on :

1) 1 kWh/m3 = 3600 J/!

pressor requires a dif-

ferent pressure, the test should be carried out at that pressure, which
should be stated together with the declared specific energy require-

ment figure.
Such pressures should agree with 1SO 5941.


https://standardsiso.com/api/?name=10190ed7b8390386a53fc2ae68a765c6

1ISO 1217-1986 (E)

Annex |

Derivation of the humidity correction formula

When the compressed gas contains a vapour, a certain quan-
tity of this vapour will condense in each intercooler.

This means that the measured volume flow rate is smaller than

where
gy s the inlet volume flow rate in litres per secand;

T, is the absolute gas inlet temperature in kelvins;

if the aspirated gattmm&mmwem on the
compression of the vapour. :

The power needeqd, P,,, to compress a humid gas is given by
the formula

P, =Pl +¢&

where £ is a factof expressing the influence of the humidity.

Let us assume
a) isentropic ¢ompression,

b} the gas-vapour mixture is after each stage cooled to a
temperature equal to the entering temperature (7,,) of
the coolant and the gas is saturated with moisture from the
second to the Rast stage,

c) the condensate is fully removed after each stage,

d) the numbér of gas molecules remains constant,

The fact that a cer
intercooler implies|
discharge side will
dry. Power has be
tion factor for the

14+ &,
87 1+ ¢4

kain quantity of vapour is gcandensed in each
that the volume flow rate-measured on the
be smaller than if the.aspirated gas had been
bn used to compress the vapour. The correc-
power requirement’is

or, disregarding te

rms’of the second degree

T is the absolute coolant inlet temperaturein kelvins;
p1 is the absolute inlet pressure in bar;
@¢ is the inlet relative vapour-pressure;

Dis is the inlet saturation pressure of the vapour of the
first stage at T in bar;

DY I8 the inlet'saturation pressure of the vappur of the
second and following stages at T,,, in bar.

Simplified. for T; = T, the total compression powef for a dry

gas is
x -1
x n pZJ X X
Tl
-1 P

i=1

P = x
P11y %

where n is the number of stages.

The compression power for a humid gas in the ith stage is

X Tw P11~ 9109,
Pai=p1ay % 73 X o X X
P - Priwv

( — N/x
P PZi)
X —x ||— -1
D4 P

Keg=1+¢&. - &g

Based on the four assumptions above, the inlet volume flow
rate to the ith stage is

Tyw P1~ 91D

36

"
Pii T Pl

The compression power for a humid gas with no water separa-
tion is for the ith stage

(x — N/x
x Tiw [(PZ:‘)
x 2% (|2 -1
X — 1 T1 p«”

The moisture separation affects only the compression power in
the second stage and onwards.
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The influence factor is thus :
(x - 1/x (x —1)/x
T1 ¢1 pu n pu p . n p A
——W(1— S Y [ = 1=y 2 -1
T, Py - P — P L\P1i bt | \P1i
f _ i=2 i=2
h n NPEEI
b
[ N
Pij
i=1
If the stage pressure ratios do not deviate more than 3 % from where
their thegretical value, this expression can be simplified to
R, is the gas constant of vapourin‘joules per mole kelvin;
od " n X . . . -
‘= Tiw [(1 @1 P1v) 1 y Z Py R, is the gas constant of the\gas in joules per mole kelvin;
& pv/m o2 P1i = Py x; is the absolute humidity of the gas|at the inlet of any
stage (the absolute humidity may be chiculated from the
n— 1 § 01 P, partial pressure of-the‘vapour}.
n P With the assumptions made above, the influence factor can
finally be simplified to
As the fagtor ¢4 py., /Py is much smaller than unity, the expres-
sion can [further be reduced to Trw ) R, n-1 1 n
= \— — —_ X X —_——t X .
t n . Ty Ry n Vooa Z i
f:-%ﬁxn_1x(11x2——————p1wv - =2
n — . — p . . .
! n i=2 P1i ~ Prwy After inserting this into the expression for the correction factor
K we obtain
_ 0Py
Py
K Rv n-—1 T1wR 1 n
The ratio| of the partial vapour pressure to the total pressure of g=1+ R n Tin ¥R ITTX 2 XRif =
the humid gas can, with a very small error, be réplaced by the i=2
ratio of the partial pressures of the vapour and the gas :
" " T1wc 1 -
P10 _ ?1Pqy - Te X1e — ;TTX 2 Xei
- ,, i=2
P1 Pr— 010y
. . When the specified gas is dry and of the same temperature as
The ratiqg of the partial pressurés can also be expressed as the coolant the correction factor is
absolute lhumidity :
. R -1 Tan =
P1(P1y Ry Ke=1+~x" x —— [x1p — 1 xeiH
. = R—X,' Rg n T1R n — 1
P11~ 01Dy, g i=2
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Annex J

Typical test reports

J.1 Test example No. 1

Type of gas :

Type of compressor :

air

reciprocating

Number of stages|:

Coolant :

Voiume flow rate

Absolute inlet presgsure :

Absolute discharg

Certificate of co

2
water

354,2 I/s

1 bar “

P pressure : 8 bar

mpressor test according to 1SO 1217

J.1.1 Basic data

Placeoftest .....
Manufacturer ... |
Purchaser

Tender No. .....
Manufacturer’s org
Documents {catalg
Classification (Lloy

Short description d

Type of gas : air

Qrder acknowledgement

Purchaser’s order No.

Prime mover : asyhchronoussslipring Make ............. ... Type ..o ooveiienieenen. Nooooooii oo
Transmission : dir¢ct drive Make .................... Type .. coieiiii No.........oo oo
Table 8 — Specified conditions for the guarantee

Item Symbol Figure Unit
Absolute inlet pressure Pic 1 bar
Inlet temperature B¢ " not specified °C
Inlet humidity ?c 0 -
Absolute discharge pressure P2 8 bar
Shaft-speed N¢ 419 min =1
Cooling water thermal difference (0o — O1nlc 21 K
Cooling water flow Twe 3.1 m3/h
Water inlet temperature B1we equal to ambient air °C
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Table 9 — Guaranteed performance

1SO 1217-1986 (E)

Item Symbol Figure Unit
Volume flow rate qc 354,2 /s
Shaft power requirement P, 101 kW

Volume flow rate and shaft input power are guaranteed for free suction from the atmosphere.

J.1.2 Methods and equipment used for the test

<

d= 80 mm
D=150mm
k=015mm

Flow megsurement : with’nozzle according to ISO 5167.

Flow straightener

Figure 7 — Test layout

The humidity of thé.ambient air was measured with a psychrometer of the Assmann type.

was not jubject to test.

The condrnsate collected during the test was measured in the intercooler, the aftercooler and the second air receiver. The aftercooler

The two-wattmeter method was used for determining the prime mover input.

Motor efficiency {determined from test) :

—  full compressor load : 0,934 £ 0,006 (twice standard deviation)

— no compressor load : 0,74

LT 408 L2 7= 1 0 P

Calibration of instruments : (shall be described but is not included in this example).
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J.1.3 Table 10 — Average of test readings
(the primary readings have already been scrutinized in accordance with 6.3.1)

Item Symbol Unit Test figure
1 Date - - - — -
2 Test number - — 1 2 3
3 Number of readings - - 6 6 2
4 Duration of test — min 35 35 15
5 Compressor load - % 100 100 0
6 Absolute discharge pressure P2R bar 8,04 + 0,10 8,05 + 0,10 8,0
7 Barometric pressure PbR mbar 1050 1050 1050
8 Site temperatpre OoR °C 18,2 18,1 8.3
9 Inlet temperature AT °C 20,0 £ 1,0 20,3, +.0,9 —
10 Inlet wet bull temperature OowR °C 17,7 17.8. -
11 Shaft-speed Np min ! 418 + 1 418 + 1 k24
12 Inlet absolute|pressure P1R bar 1,040 1,040 -
13 Water flow, gompressor qwR m3/h 3y 31 -
14 Cooling wated inlet temperature 91wR °C 9,0 9.0 -
15 Cooling watel outlet temperature fowR °C 30,2 30,4 -
16 Absolute pressure before the nozzle P3R bar. 1,072 1,072 -
17 Differential prpssure over nozzle (p3 — paly fmbar 29,70 + 0,40 29,78 + 0,40 -
18 Temperature at the nozzle f3r °C 21,1 + 0,4 21,1 £ 0,4 —
18 Motor input* PR kW 1095 £ 1,2 109,56 + 1,2 45
20 Interstage effective pressure £ bar 1,85 1,85 1,1
21  Lubricating oi| effective pressure - bar 1,2 1,2 1,2
22 Qil sump temperature — °C 47 48 48
23 Air temperatufe after 1st stage — °C 115 116 -
24 Air temperatufe after intercooler — °C 18 18 -
25 Air temperatufe after 2nd stage — °C 120 121 —
26 Air temperatufe after aftercooler — °C - - -
27 Water temperpture after aftercooler - °C - - -
28 Water flow, aftercdolér - m3/h - — —
29 Mass flow of tondensate in intercooler - kg/h 325 3.25 -
30 gliiff:cf;ﬁ/\grof condensate in aftercooler and _ kg/h 5,80 570 _

®* Tolerance from readings only.

The tolerance figures are twice the standard deviations and based on estimated reading errors with due consideration to reading and

instrument errors,

{For detailed numerical calculations see test No. 2.)

40
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J.1.4 Volume flow rate calculation

ISO 1217-1986 (E)

The volume rate of flow, g3, through the nozzle at p;, T3 is calculated according to the following formula {see 1SO 5167).

q3=1000ae%d2[

2(p3 — pg

@3

]1/2

where @ ¢ = 0,999 9 and o3 is given by the formula

P3 — Pav Day
Q3 = —@——— +
l’(a 13 Iy, 13
R, =|287,1 J/(kg-K) (air)
R, =|461,5 J/{kg-K) (vapour}

Convertgd to inlet conditions p,, Ty by the formula :

a1 =

When water has condensed in coolers and receivers, a flow rate correction shall be added to ¢, for the volume ¢

Ty p3
g3
T3,

y of the condensed

vapour referred to the inlet conditions. The flow rate g, of the compressociis then :
dm =|41 *+ qv
To enableg a first determination to be made of « and g, which factors depend on Reynolds’ number, an estimate of| the air flow should
be made| For this purpose the following formula is used..The same formula is further used for the error calculation :
T [2(p3 — pg) p3 RJ2
T 1 3 4/ 3
Grop F 1000 @ & — d2 — [—————-——a
4 4 T3
J.1.5 [rable 11 — Calculated. figures
Item Symbol Unit Calculated figyres
31 Flow rate at actual shaft-speed qR I/s 356,1 357,0 -
32 Cofrection for shaft-speed K - 1,002 4 1,002 4 -
33 Cofrection for\poelytropic exponent and K _ _ _ _
pressure ratio.{does not apply) 2
34 Cofrection for coolant temperature K3 —_ 0,989 0,989 -
35 Corrected flow rate qe I/s 353,1 353,9 -
36 Shaft input power Py kw 102,3 102,3 9,6
37 Corrected power P kw 99,02 99,02 —
38 Specific energy requirement w J/1 287,28 286,56 —
39 Correction for inlet pressure, pressure _
ratio and isentropic exponent Ks - 09777 09777
40 Correction for coolant temperature Ky - 0,989 0,989 -
41 Correction for humidity Kg - 0,998 6 0,998 6 -
42 Correction for shaft-speed Ky — 1,002 4 1,002 4 —
43 Corrected specific energy requirement W, J/i 278,06 277.4 —

41
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J.1.6 Tolerance calculations for test No. 1

In 8.1, the general rules for tolerance calculations are given. In this example only the results from test No. 1 are subject to tolerance

calculations.

J.1.6.1 Tolerance for corrected volume flow rate

Base for the calcu

,= £102%
1, = * 0,06 %
N * 0293
. 04
3T 2041

s - p0 = * 570

1
=+ — =
INEF 8

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

The tolerance for
+ 0,22 % which |

H

Tgcorr =

[{1,02

It

+ 1,3

= % 1,62

J.1.6.2 Tolerance for specific energy requirement

J.1.6.2.1 Toleran

When calculating the tolerance for specific-energy requirement, the part of the tolerance coming from the flow measuremen

include the toleran

+ {[1,022 + 0,062 + 0,342 +0,52 x (0,142 + 1,359)]"/2 + 0,22} = + 1,49... 1,49 %

J.1.6.2.2 Toleran

For this test a vect

lation is the formula for g4,,. Tolerances for
{according to ISO 5167)

{according to ISO 5167}

= + 0,34 %

=+ 0,14 %

he coolant temperature correction K3, according to 6.5.3.ds"according to 8.2.7 20 % of 1 — K3 = (
tter figure shall be algebraically added.

? + 0,062 + 0,342 + 0,52 x (0,142 + 1,352 + Q,242}1/2 + 0,22]

D + 0,22]

ce for flow rate

ce in the shaft-speed-measurement. Thus the tolerance for the flow rate is :

ce for motor efficiency : 0,006/0,934 ... 0,64 %

pr-diagram has been available for determining the motor losses and the probable error in the efficienc

J.1.6.2.3 Tolerance for wattmeter reading : 1,2/109,5 (see table 10) ... 1,10 %

J.1.6.2.4 Tolerance tp for the two-wattmeter instrument errors

The classes of instrument used were the following :

,0110 or

shall not

figure.

Instrument Class Error, % Angle.error,
arc minutes
Voltage transformer 0,1 Sfo= %201 vy,=5
Current transformer 0,1 Sfi = 201 vi =5
Wattmeter 0,2 f =02 —
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The power factor cos ¢ = 0,866, tg ¢ = 0,58

2 1/2
TR = + {0,12 + 0,12 + (21"—53’2) +[058 x 29 x 10-2x (5 + 5)]2}

’

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

Tolerance in inlet pressure is neglected due to the accuracy of the mercury barometer.

J.1.6.2.5 Tolerance for discharge pressure : 0,010/0,804 ... 1,24 %

0,55 % increase in

on the same type
specific ¢nergy requirement.

This can|be written as

w ap
W _ olss 22
w § )

which after integration yields
In W % in p,055 + In Const

or
W = Const x p,0%

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

J.1.6.2.6| The tolerances for the correction factors are estimated as 20 % according to 8.2.7.

Correction for inlet pressure Kg 0,1x223..04 %
Correctiop for coolant temperature Ky 0,2x1,10...0,2 %
Correctiop for humidity Kq 0,2 x 0,14... 0,03 %
Correctiop for shaft-speed K, 0,2 x 0,05...0,01 %

J.1.6.2.7| As the electrical instriments have not been recently calibrated the tolerance *+ 0,35 % caused by fhe two-wattmeter
method shall be algebraically‘added.

J.1.6.2.8| The tolerance-on inlet pressure is

Ty = | [(1,49%+ 0,642 + 1,102 + 0,552 x 1,242)1/2 + (0,452 + 0,222 + 0,032 + 0,0127/2 + 0,35]

= +d2,07 + 0,61 + 0,35) = + 2,93 %

J.1.7 Test data for compressor type ... working at 419 min~ and an absolute discharge pressure of 8 bar.
Average of tests Nos 1 and 2.
Volume flow rate! : 3563,5 {+ 1,5 %) I/s

Specific energy requirement! : 277,73 (£ 2,9 %) J/1 = 0,077 1 kWh/m3

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 flow rate tolerance should have been * 1,3 % instead of + 1,5 % and the tolerance for specific energy requirement + 2,1 %
instead of £ 2,9 %.
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J.1.8 Conclusion : the specified performance has been met.

Date: ...

................... Testengmeer PurChasersrepresematwe
Further participants :
J.2 Test example No. 2
Type of gas : air
Type of compressgr : packaged oil-flooded

rotary screw

Number of stages 2
Coolant : water *
Volume flow rate : 350 I/s
Absolute inlet pressure : 1 bar
Absolute dischargg pressure : 8 bar
Certificate of compressor test according to 1SO 1217
J.2.1 Basic datta
Placeof test ..... LR T TR TR RRRER NS Dateoftest .............cciiiiiiiiiiiiiiiiiinniee,
Manufacturer ... .|....... ... .. ... il Type ... ls SeriaINo..........................r...
YT o] = -1 S Y (R
TenderNo. .....}...coviiiiiinnia o LN, Orderacknowledgement .............. ..o
Manufacturer'sorderNo. ... ... .. 00, Purchaser'sorderNo. ............ ... ...... ... ..., ..
Documents (catalogues, instruction bogksyetc.) ... .o e
Classification {Lloy@i’s, etc.) .... </ = . ... oo, Certificate {for pressurevessels) .....................|[........
Short description OF COMPIESSOI . . . . . ..\ttt ettt et e it ettt iia i i iian s eiiia e eeeediinennns
Type of gas : air
Primemover: .... ... ..o ree verrroeririr s Make: ........... Type: ... .-....- No T ...
TrANSMISSION & . ettt et s st e e et Make: ........... Type: ........... No.: ...........

Table 12 — Specified conditions for the guarantee

Item Symbol Figure Unit
Absolute ambient pressure Poc : 1 bar
Ambient air temperature Ooc 20 °c
Ambient air humidity Poc 0 -
Absolute discharge pressure P3c 8 bar
Shaft-speed N 2950 min =1
Maximum discharge temperature O3c 50 °C
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Table 13 — Guaranteed performance

item Symbol Figure Unit
Volume flow rate qc 350 /s
Power input P, 140 kw

J.2.2 Method and equipment used for the test

P bo
6o

]

@
2

P,

) |
Flow straightener
&

d=80mm
0=150mm
k=0/15mm

|
T

Figure 8 — Test layout

Flow megsurement : withinezzle according to 1SO 5167.
The humjdity of thé ambient air was measured with a psychrometer of the Assmann type.

Motor efficiency/at full load (determined by a separate test) : 0,934 + 0,006.
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J.2.3 Table 14 — Average of test readings

Item Symbol Unit Test figures

1 Date - - - -

2 Test number - - 1 2

3 Number of readings — — 4 6

4 Duration of test - min 60 60

5 Compressor load — % 100 100

6 Ambient pressure PoR mbar 1 050 1 050

7 Ambient te Fture B3R € 1872 8,1

8 Wet bulb temhperature ‘ 8oWR °C 16,6 14,9

9 Iniet temperdture O1R °C 20,0 + 2 203 £ 2
10 Absolute inlet pressure P1R bar 1,04 1j04
11 Absoiute disgharge pressure D3R bar 8,00 8J00
12 Discharge temperature O3 °C | 47 48
13 Condensate flow rate medR kg/h 3,25 3j28
14 Absolute pregsure before the nozzie P4R bar 1,072 1,072
15 Differential pfessure over nozzle (p4 — PsiR mbar 29,7 + 0,5 29,8+ 0,5
16 Temperature [before nozzle OaR °C 211 £ 2 21,1+ 2
17 Electric inputf* PR kW. 132,03 £ 1,5 132,04 + 1,5
18 Shaft-speed Ng min =} 2936 £ 5 293¢ £ 5

* Including fan mg

tor.

J.2.4 Detailed numerical calculations (test No. 1only) Absolute humidity content on the inlet air is :

J.2.4.1 Humidity content of inlet air 0,622 9or Psor

Xor =

x 103 -
Relative vapour pfessure {according to W. Ferrel) : Po #oR Psodr

- 3 1,1
Psw — 0,860 (1 + 0,001 15 6,)) (64 — ByLp, xon = 0,622 x 0,852 x 21,1/(1,06 x 103 — 0,842 x 21,1)

Psd 0,622 x 0,852 x 21,1/1032

(p:

where 0,010 84 kg/kg

DPew is the saturation pressuge)inumillibars at 8,,; At 20 °C the vapour pressure pgp = 23,38 mbar
s :

Po s the absglute ambjént) pressure in bars; _
X1R = XoR
Dsq is the satbiration\pressure in millibars at §;

04 is the dry bulb—temperature-in-degrees-Celsius;
(2

Relative vapour pressure at the inlet is :

¢1n = 1,04 x 10%/123,38 (1 + 0,622/0,010 84)]

v is the wet bulb temperature in degrees Celsius.

1040/(23,38 x 58,38)

At 18,2 °C th = 21,1 mbar.
t 18, the vapour pressure pg.4n mbar 0.762

At 16,6 °C the vapour pressure p,.a = 19,1 mbar.

Relative vapour pressure of the ambient air is : J'2'4_'2 Approximate volume flow rate

por = [19,1 - 0,660 x (1 + 0,001 15 x 16,6) x
x (18,2 — 16,6) x 1,051/21,1

n o TR [21Par — psg) ¥ 102 pgg R, /2
G1Rap = @€ — d° —
4 pig Tar

Tig = 20,0 + 273,2 = 293,2K

(19,17 - 0,660 x 1,0191 x 1,6 x 1,056)/21,1

0,852 Tap = 21,1 + 273,2 = 294,3K
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R, = 287,1 J/lkg-K)
R, = 461,5 J/(kg-K)

Assume ¢« ¢ = 1,000

d1Rap = 1 x —Z—X 0,082X

293,2 (2 x 29,7 x 102 x 1,072 x 105 x 287,1)”2
1,04 x 105 2943

ISO 1217-1986 (E)

J.2.4.8 Approximate density of the air at the nozzle

_ (p4R - p4vHap) 10° PayRap 10°
Q4Rap N Ra T4R Rv T4R
_ {1,072 - 0,014) x 105 0,014 x 105
QaRap = T 2871 x 2943 3615 x 2943
= 1,262 kg/m3

J.2.4.9 Determination of the final value of a ¢ {see 1SO 5167)

= 0,353 m/s

J.2.4.3 |Mass flow rate of water vapour at the inlet

91r PR 10? G1Rap
v

0,762 x 23,38 x 102 x 0,353
dmviR) = 4615 x 2932

0,004 65 kg/s = 16,73 kg/h

J.2.4.4 [Mass flow rate of water vapour at the nozzle

ImsaR| = 9mviR ~ Imedr

dmsar| = 16,74 — 3,22 = 13,62 kg/h = 0,003 76 kg/s
J.2.4.5 |Approximate mass flow of dry air at the nozzle

_ lpig 105 - 94g Psir) 1Rap

9maRap

Psr  Pap — Psp 1073

Par Psr

Psr 1,072 - 0,0297

P 1,072
= 0,972
m=|-=
D
0082
m =N—
0,152
=0,2844
m? = 0,080 9
€ =09832

J.2.4.10 Dynamic viscosity of air

Ra T1R
T4R 0,76
{1,04 x 105 — 0,762 x 0,023.38) x 0,353 n=172x10"8| —
q = 273,2
m4Rap 287,1 x 293,2
294,3\0.76
= 0,436 k =17,2 x 108 —
ofs 7 8 (273,2)
J.2.4.6 Approximate absolute humidity content at the nozzle = 18,2 x 10-%Pa:s
. | Gmsen _ 9rap Tar PR
482 I 3 600G manap aRap TR Pag
0;003 76 _ 0,353 x 294,3 x 1,04
X4Rap E 335 494Rap 29321672
= 0,008 6 kg/kg = 0,344 m%/s
4

J.2.4.7 Approximate partial pressure of the water vapour at
the nozzle

__ *4Rap PR
PavRap 0,622 + x4pap

. _ 10,0086 x 1,072
4Rap = 0622 + 0,008 6

= 0,014 bar

Car = q4Rap
n D?

C4p = 0,344 X —
n x 0,152
= 19,46 m/s

cap D 04pap

It

47
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