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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document was developed in response to a recognized need to provide a methodology to correct
performance of a low-pressure air compressor to guarantee conditions for positive displacement and
dynamic compression types.

In dynamic compression, air is drawn between the blades on a rapid rotating compression impeller!) and
accelerates to high velocity. The gas is then discharged through a diffuser, where the kinetic energy is
transformed into static pressure. Dynamic low-pressure compressors are of a radial flow design, with the

following t

— single-

multi-9

Positive di
reducing it

— Rotary
by inte

volum

Rotary
the ro
discha

ypical examples:

stage centrifugal (aka high speed “turbo”) compressors;

tage centrifugal compressors without intercooling.

splacement low-pressure compressors work on the principle of trapping a yolume
s volume, internally or externally. Two basic types are typical, as follows:

screw positive displacement compressor where air is drawn into a compression cham
rmeshing rotors!. As the rotors turn, the cavity between the rotors becomes smaller, r¢
e of the trapped air and increasing its pressure;

lobe positive displacement compressor where air is drawn intojthe case and is trappg
or and the case wall. These air pockets are progressivelymoved to the discharge ¢
rge port, a back flow of air into the pocket from the higher-pressure discharge line

constant volume pressure rise.

Existing st
compresso

This docun
low-pressy

andards (e.g. ISO 1217, ISO 5389, ISO 18740) for positive displacement compressors ai
Irs, do not provide clear and concise means of comparing different technologies.

nent provides simplified wire to air perform@ance test methods that measure true perf
re air compressor packages.

of air and

ber formed
ducing the

d between
ort. At the
produces a

d dynamic

brmance of

1

compression, and can be considered to be interchangeable.
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Displacement and dynamic compressors — Performance
test code for electric driven low-pressure air compressor
packages

ompressor
n; utilising
brred to as

1 (e.g. with

1 Scope

This documment specifies the performance test method of electrically driven low-pressure aii.g
packages, ywhere the compression is performed by positive displacement or dynamic compressio
atmospheriic air as the compression gas. Low-pressure air compressor packages are often refé
“blowers”.

NOTE Throughout this document, the term ‘low-pressure compressor’ is used to describe a low-pressure air
compressor|(“blower”) package

Low-pressfire compressors with and without means of controlling flow (control may be electric3
a variable frequency drive) or mechanical or both) are covered.

This docurment applies to low-pressure compressors meeting all the-following limits:

— Atmospheric inlet air pressure between 0,5 bar and 1,1 bar.

— Discharge vsinlet pressure differential between 0,1 bag-and 2,5 bar.

— Discharge vsinlet pressure ratio between 1,1 and 3;5:

This docurment is not applicable to:

— positiye displacement low-pressure compressors with a liquid in the compression element (su

ring pumps and liquid injected low-pressure compressor of screw type)

multi-{

tage low-pressure compressors other than multistage centrifugal compressors co

multiplle, identical or very simildr uncooled sections along a single shaft (repeating stages).

single
calculd
2

The follow
requireme

Norni

shaft, multistage centrifugal compressors are treated from the point of measur
tion as a single stage
ative references

ng doeuntents are referred to in the text in such a way that some or all of their content
hts,of\this document. For dated references, only the edition cited applies. For undated

the latest ¢

ch as liquid

mprised of

ement and

ronstitutes
references,

dition of the referenced document (including any amendments) applies.

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

conduits ru

nning full — Part 1: General principles and requirements

IS0 9300, Measurement of gas flow by means of critical flow nozzles

ISO 17089-1, Measurement of fluid flow in closed conduits — Ultrasonic meters for gas — Part 1: Meters for
custody transfer and allocation measurement

3 Term

s and definitions

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

© IS0 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

31
acceptanc
performan

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

e test
ce test carried out in accordance with this document

Note 1 to entry: See Annex C for an example of acceptance test report.

3.2
displacement compressor
packaged ¢ompressor where a static pressure rise is obtained by allowing successive volumes.

aspired int
[SOURCE: ]

3.3

dynamic @
packaged ¢
into potent

[SOURCE: I

3.4
external c
medium ex

Note 1 to en
[SOURCE: 1

3.5

packaged
compresso
auxiliary it

[SOURCE: I

3.6

isentropig
idealized (
heat into o

3.7
rotational
number of

SO 5390:1977, 3.1]

ompressor
ompressor in which the fluid pressure increase is obtained by transformation of kin
ial energy with continuous flow from intake point to discharge point

SO 5390:1977, 3.2]

oolant
ternally supplied to the compressor to which the generated heat is finally rejected

try: This is usually ambient air or cooling water

SO 1217:2009, 3.1.7]

compressor
r with prime mover, transmission, fully piped and wired internally, including an
ems of equipment where these are within the scope of supply

SO 1217:2009, 3.1.13]

compression
i.e. reversible)-adiabatic thermodynamic compression process that occurs without
- out of a system

speed
revolutions of the compressor drive shaft per unit of time

o and exhausted out of a closed space by means of the displacement of a moving memh

f gas to be
er

ptic energy

Cillary and

transfer of

[SOURCE:

3.8
process ai

50 1217:2009, 5.1.18]

r inlet point

point upstream of any technically required component

Note 1 to entry: In the case in which a technically required component is not physically present during the test the
impact of the component on performance shall be accounted for

© IS0 2024 - All rights reserved
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r discharge point

point downstream of any technically required component

Note 1 to entry: In the case in which a technically required component is not physically present during the test the

impact of th

3.10

e component on performance shall be accounted for

guarantee conditions
site conditions for which the equipment is expected to perform. Typically, this will include atmospheric
pressure and ambient temperature

3.11

absolute
pressure w

Note 1 to e
pressure).

[SOURCE: I

3.12
ambient p
absolute pn

[SOURCE: |

3.13
atmosphe
absolute prn

[SOURCE: I

3.14
discharge
total mean

3.15
inlet press
total mean

3.16
total pres

ICOOUI T

ith reference to absolute zero, i.e. with reference to an absolute vacuum

htry: It equals the algebraic sum of atmospheric pressure and gauge pressure (static press|

SO 3857-1:1977, 1.3, modified — The second sentence was moved as a note:]

ressure

essure (3.11) of the atmospheric air measured in the vicinity of ¢he compressor
S0 1217:2009, 3.2.2]

ric pressure

essure (3.11) of the atmospheric air measured atthe test place

SO 1217:20009, 3.2.3]

pressure
absolute pressure (3.11) at the process air discharge point (3.9)

jure
absolute pressure (3.11)atthe standard process air inlet point (3.8)

sure

pressure measured at thé stagnation point when a gas stream is brought to rest and its kineti

converted
[SOURCE: I
3.17

by an isentropic compression (3.6) from the flow condition to the stagnation condition

SO 1217:20009, 3.2.9]

ambient tq

pmperature

ure or total

C energy is

total temperature (3.20) of the atmospheric air in the vicinity of the compressor, but unaffected by it

[SOURCE: I

3.18
discharge

S0 1217:2009, 3.3.1]

temperature

total temperature (3.20) at the process air discharge point (3.9)

3.19

inlet temperature
total temperature (3.21) at the standard process air inlet point (3.8)

© IS0 2024 - All rights reserved
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total temperature
temperature that would be measured at the stagnation point if a gas stream were brought to rest and
its kinetic energy converted by an isentropic compression (3.6) from the flow condition to the stagnation

condition
[SOURCE: I
3.21

S0 1217:20009, 3.3.4]

relative humidity
ratio, in humid air, expressed as a percentage, of the water vapour actual pressure to the saturated vapour
pressure at the same dry bulb temperature

where p is
saturation

[SOURCE: |

3.22
isentropig
ratio of the

3.23

actual volj

volume flo

total tempd

3.24

isentropid

power tha
conditions

Note 1 to entry: The term “ideal gas” is used to indicate any gas in a condition or state so that it follows
ideal gas lay

[SOURCE: |

3.25

isentropig
ratio of the

same gas a

Nisen =

[SOURCE: 1

_|'isen

t

partial pressure (ISO 80000-4:2019, item 4-14.1) of vapour and p,, is itsypartial
(at the same temperature)

SO 80000-5:2019, 5-33]

exponent
specific heat at constant pressure to the specific heat at con$tant volume

ime flow rate
v rate of air, compressed and delivered at the standard discharge point, referred to cg
rature (3.20), total pressure and composition prevailing at the standard inlet point

power
F is theoretically required to compress_an ideal gas under constant entropy, from
to a given discharge pressure (3.14)

v

SO 1217:2009/Amd.1:2016,3.5.1]

efficiency
required isentropic power (3.24) to measured power for the same specified boundari
ind the samednlet conditions and discharge pressure (3.14)

P.

P

redl

ressure at

nditions of

given inlet

closely the

bs with the

S0A1217:2009/Amd 1:2016, 3.61]

3.26
power inp

ut

sum of the electrical power inputs to the prime mover and any ancillaries and auxiliaries driven from
the compressor shaft or by a separate prime mover at rated supply conditions, including the effect of all

equipment

included in the packaged compressor (3.5)

Note 1 to entry: Auxiliaries include oil pump, cooling fan and integral compressed air dryer

Note 2 to entry: Rated supply conditions refer to phase, voltage, frequency and ampere capability

[SOURCE: ISO 1217:2009, 3.5.3]

© IS0 2024 - All rights reserved
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specific energy requirement
<of a packaged compressor> power input (3.26) per unit of compressor actual volume flow rate

[SOURCE: I
3.28

S0 1217:2009, 3.7.2]

specific isentropic compression work
work expressed as energy per unit mass of air during isentropic compression (3.6)

3.29

specific isochoric compression work
work expressed as energy per unit mass of air during isochoric compression

3.30

specific cg
sum of the
by the inte

3.31

internal v
ratio of thd
opening of|

3.32
rotor tip s
peripheral

3.33

mbined compression work
Kpecific isentropic compression work (3.28) and specific isochoric compression work(3.29
Fnal volume ratio

plume ratio
enclosed volume at moment of closure of the inlet port to the enclosed volume at the
the discharge port for a positive displacement compressor (3.2)

peed
speed at the largest rotor/impeller tip diameter

machine Mach number

ratio of thd

3.34
accounted
means (me
componen

3.35
idle powel
total const
rotating at

3.36
standby p

rotor tip speed to the speed of sound of the fluid inlet state at inlet conditions

for value

s not available for the test, for ekample; the pressure drop of a remote air filter

r consumption
imed power when the packaged compressor (3.5) is not producing flow to the disch

pwer consuiiiption

power requiired to keep-the packaged compressor (3.5) ready for immediate start from non-rotati

3.37
flow coeff
flow velod

cient

asured/estimated/calculated/corrécted) - a simulated or calculated substitute chara

significant speed. j-ex-for packaged compressor (3.5) equipped with idling functionality

ity formed from the inlet volume flow and an impeller cross-section area and

), weighted

moment of

cteristic of

arge but is

ng state

rendered

dimensionless by the tip speed of the impeller

3.38

work coefficient
specific compression work of the reference process rendered dimensionless by the kinetic energy of tip speed

3.39

reduced speed
alternate test speed used to achieve ratio of Mach number for contract to test equal to one

© IS0 2024 - All rights reserved
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two speed test
combination of one test to determine the thermodynamic performance and one test to determine the
electromechanical performance

3.41

package motor
item(s) that is a part of the packaged compressor (3.5) including any additional drive train components

3.42

test motor

item(s) that replaces the package motor (3.41) for testing

3.43
shaft pow%r
mechanical input power at the rotor/impeller
3.44
electromechanical
part of the|total losses, total power consumption or total efficiency, that is not thé reSult of the compression
work on thie gas
Note 1 to entry: This shall include the impact on said values from motor(s), contrel(s), gear(s), bearing(s)} seal(s) and
all auxiliarigs (e.g. fans and pumps), whether said components are mounted om orrelated to the driver(s), jfompression
element(s) qr part of the package.
4 Units
General use of SI units (see ISO 80000-1) as given throughout this document is recommended, $ee Table 1
and Table P. However, in agreement with accepted prattice in the pneumatic industry sector, [some non-
preferred $1 units, accepted by ISO, are also used, see
Table 1.— List of symbols
Symbol Term SI unit
c sonic velocity n/s
Cp specific heat{capacity J/(Hg-K)
D the largest rotor/impeller tip diameter m
e specifiejenergy J/m3
h specific enthalpy 1/kg
Ma machine Mach number +
M molar mass kg[mol
m mass kg
. mass flow kg/s
# rotational-speed /s
power w
p pressure Pa
R specific gas constant J/(kg-K)
Re Reynolds number —
s specific entropy J/(kg-K)
T thermodynamic temperature K
t Celsius temperature °C
U supply voltage Vv
u tip speed m/s

© IS0 2024 - All rights reserved
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Table 1 (continued)

Symbol Term SI unit
v specific volume m3/kg
v; internal volume ratio —
|4 volume m3
ay volume flow m3/s
X, ratio of reduced speeds of rotation —

X mass ratio of water vapour to dry gas kg/kg
y specific compression work J/kg
A difference —
n efficiency AN
) ratio of (RZ1 T1) values nQ‘V +
K ratio of specific heat capacities (isentropic exponent) ) b‘ v +
T pressure ratio hb:O 1+
p density q‘/l’ kgjm3
¢ ratio of volume flow rate ratios (.AO +
10) flow coefficient k\J +
P el relative humidity o O T+
V) work coefficient /)0\ +
o standard deviation ‘\\\( +
QO
Table 2 — List of subscripts uss@@in this document
Subscript n§ Term
0 ambient K\
1 inlet (suction ‘sl@
2 discharge\{@harge side)
air dry air C)\‘
abs absolute (pressure)
amb ,.@}wnt (air, temperature)
co m\.‘c)orrected to guarantee conditions
cog X 5~ |corrected to the pressure ratio and inlet volume flow of the guaranjtee point
comb (\(O\ combined
cool NQ~V coolant
d\o\/\ dynamic
i @?v electromechanical
c’\\&ry dry
- staranteeconditionsorperformance dataatpraranteeconditions
i internal or intermediate
isoc isochoric
ideal according to an ideal thermodynamic process
out output
pack Packaged compressor boundary
Pr reference or standard process
red reduced speed
ref reference value
rel relative

© IS0 2024 - All rights reserved
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Table 2 (continued)

Subscript Term

S isentropic

sat saturated

st static

target target

te test result

tel first test in 2-speed testing

te2 second test in 2-speed testing
tol permissible deviation

tot total
u tip or peripheral

vap vapour, vapor, steam

wet moist

idle idle

standby standby

5 Guarantee and measurement

5.1 Packaged compressor

The packag
the low-pr¢
and the pr¢

5.2 Pred

low-pr
variab
coolin
inlet fi

inletv

bearinlg power supply (as\applicable);

fully p

includ

red compressor shall comprise all components thatare necessary for the long-term fur
pssure compressor under guarantee conditions and are needed to fulfil the object of thd
econditions of the guarantee:

essure compressor with drive system;
e frequency drive (as applicable);

r /lubrication system;

[ter;

hlve/guide vanes (as applicable);

ped and wiréd'internally;

ngancillary and auxiliary items of equipment and all power devices that affect power co}

onditions of the guarantee

ctioning of
guarantee

hsumption.

If no preconditions are defined in the contract, the preconditions of the guarantee shall be applied in
accordance with Table 3 below.

For testing to be possible, at least the following shall be specified as the preconditions of the guarantee:

air inlet pressure;

air inlet temperature;

air inlet humidity;

coolan

tinlet temperature;

© IS0 2024 - All rights reserved
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— coolant flow;
— supply voltage;
— supply frequency.

NOTE Airinlet pressure, air inlet temperature, air inlet humidity and coolant inlet temperature can be taken from

the default conditions in Table 3.

Table 3 — Reference conditions

Default inlet condition Value
Inlet air pressure 100 kPa?
Inlet air temperature 20°C
Inflet relative humidity 0%
Tg¢mperature of the coolants at package inlet 20 °C

al 1bar.

Additional(limits can be specified, such as:

— electromagnetic compatibility standard to be fulfilled;

— specified maximum noise level outside the packaged compressor;
— total hprmonics distortion on the electrical supply;

— input durrent supply;

— minimum permissible starts/hour;
— minimum permissible unload cycles/hour;
— allowapble pulsation level at the discharge of the)packaged compressor;

— filtration grade of the air inlet filter.

5.3 Object of the guarantee

The object|of the guarantee is the §et of values to be guaranteed within the defined preconditions:

— inlet vplume flow rate;

— discharge pressure af the discharge of the packaged compressor;

— specific energy of'the packaged compressor for the delivered flow at the guaranteed discharg

— isentr¢pic efficiency of the packaged compressor for the delivered flow at the guaranteed

pressure,

£ pressure,

discharge

— idle power consumption;

— standby power consumption.

5.4 Low-pressure compressor to be tested

The low-pressure compressor configuration to be tested shall include all components required to fulfil all

the preconditions.

As a general rule, the configuration of the unit under test shall be identical to the configuration of the unit to

be delivered.

© IS0 2024 - All rights reserved
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A packaged compressor checklist, such as given in Annex A, shall be completed by the manufacturer and
shall be part of each low-pressure compressor test report. The checklist shall be used to ensure that the
tested packaged compressor matches that specified.

The checklist shall indicate which components and their performance related characteristics are included,
excluded, accounted for value, or not applicable for normal functioning at guarantee conditions.

If any required components are not installed in the test configuration, the correction calculations for these
components shall be shown in conjunction with the checklist.

Ancillaries required for the sustainable operation of the low-pressure packaged compressor, excluding
stand-by ancillaries, are to be in operation.

5.5 Lowpressure compressor specifications to be provided prior to testing

The low-pressure compressor is tested against a specified discharge pressure (at the~dischdrge of the
packaged dompressor).

In addition to the preconditions, the reference inlet conditions (or the guarantee inl€t conditions) and the
checklist, ¢ertain data needs to be provided by the manufacturer before the test'event, typicplly with a
tender to provide the equipment:

— rotatignal speed at guarantee conditions when the machine is fulfilling.the object of the guarantee (for
variable speed machines or if the motor in testing a fixed speed machine can differ from thg one to be
used af the site of assembly);

— internal volume ratio for positive displacement low-pressure.compressor;

— variable geometry settings (if applicable) for the low-pressure compressor.

6 Measuring equipment, methods and accuracy

6.1 General

The equipthent and methods given in this document are not intended to restrict the use of otherlequipment
and methods with the same or better accuracy. Where an international standard relating to a| particular
measurement or type of instrumentexists, any measurements carried out or instruments used|shall be in
accordancg¢ with such an international standard.

Allinspectjon, measuring, testequipment and devices that can affect the test shall be calibrated and adjusted
at prescribed intervals, or(rior to use, against certified equipment having a known valid relationship to
nationally fecognized standards. The use of data acquisition systems shall be allowed and the teft logs may
be print outs resulting.from the system.

No measurement-uicertainty tolerances are to be taken into account in corrections or acceptance. For
guarantee pcceptance, as tested results are treated as measured in comparison to Table 5 without additional
uncertaintlyelerances applied.

6.2 Measurement of pressure

6.2.1 General

Pressure taps in the pipe or receiver shall be normal to, and flush with, the inside wall. A minimum of two
static or total pressure-measuring instruments shall be utilized for each measurement location spaced at
180° intervals around the pipe circumference, and 90° to temperature instrumentation

NOTE For low pressures or high flow velocities, minor irregularities such as burrs can lead to serious error.

Connecting piping shall be leak-free, as short as possible, of sufficient diameter and arranged to avoid
blockage by dirt or condensed liquid. For measurement of liquid pressure or pressure of liquid-gas mixtures,

© IS0 2024 - All rights reserved
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the instrument shall be mounted at the same height as the measuring point and the connecting piping shall
be arranged so that the height of liquid columns in the piping exerts no influence. Otherwise, account shall
be taken of the difference in height.

Instruments shall be mounted so that they are not susceptible to disturbing vibrations.
The measuring instrument (analogue or digital) shall have an accuracy of +1 % at the measured value.

The pressure measurement shall be a total measurement, or static measurement corrected to total
conditions.

For definitions of static, dynamic and total measurements refer to [SO 5389:2005, 5.2 and 5.3.

6.2.2 Atmosphericpressure

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

6.2.3 Pressure measurement for ambient inlet

The comprjessor package inlet pressure, p;, is the atmospheric pressure measured by a barometpr near the
compressofr package where the velocity is zero.

6.2.4 Pressure measurement for piped inlet

The pressure is the total pressure, p;, measured at the process airinlet point. The pressure shall b¢ measured
at a location at least one pipe diameter upstream of the inlet.

6.2.5 Pressure measurement for piped discharge

The pressyre is the total pressure, p,, measured at_the process air discharge point. The pressyre shall be
measured at a location at least two pipe diametersdownstream of the discharge.

6.3 Measurement of temperature

6.3.1 General

Temperature shall be measured by certified or calibrated instruments such as thermometeifs, thermo-
electrical ipstruments, resistance thermometers or thermistors having an accuracy of £0,5 K inferted into
the pipe orfinto pockets.

A minimurm of two tempeérature-measuring instruments shall be used for each measurement lgcation. For
measuremgents made on-piping these shall be spaced at 180° intervals around the pipe circumfer¢nce.

Thermometer pockets shall be as thin, and their diameters as small, as is practical, with their outsfide surface
substantia|ly fiee from corrosion or oxide. The pocket shall be partially filled with a suitable liqujid.

me third the

The thermormneters or tie pock
diameter of the pipe, whichever is less.

When taking readings, the thermometer shall not be lifted out of the medium being measured nor out of the
pocket when one is used.

Precautions shall be taken to ensure that 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;

— sensor of any temperature measuring device or thermometer pocket is well swept by the medium
(the sensor or thermometer pocket shall point against the gas stream; in extreme cases a position
perpendicular to the gas stream may be used);
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— thermometer pocket does not disturb the normal flow.

6.3.2 Temperature measurement for ambient inlet

The packaged compressor ambient temperature is the atmospheric temperature measured at the packaged

compresso

r in the plane of the intake system.

6.3.3 Temperature measurement for piped inlet

The inlet temperature is the total temperature, T}, measured at the process air inlet point. The temperature
instrumentation shall be located at half of one pipe diameter upstream of the inlet.

634 Te

The discha
temperatu
relatively 1

6.4 Measurement of humidity

If the gas c
at the proc

6.5 Measurement of rotational frequency

Rotational

6.6 Measurement of flow rate

The actual
compresso
packaged d

The actual
ISO 5167-1

ISO 51

ISO 93
[SO 17

Overall un

6.7 Measurement of external coolant flow rate

The mass fi

perature measurement for piped discharge

rge temperature is the total temperature, T,, measured at the process air discharge
e instrumentation shall be located one pipe diameter downstream of the, dischar
otated to the pressure measurement.

pntains moisture, the humidity shall be checked during the test, The humidity shall bg
ess air inlet point with an instrument having an accuracy of #3@p or better.

volume flow rate is the net mass flow «ate through the process connection of th¢
Ir discharge. All seal losses and side streams not delivered to the process piping conne
ompressor shall be excluded from thé-delivered mass flow rate evaluation.

volume flow rate of the compressdr shall be measured by performing a test as indicats
[SO 9300 or ISO 17089-1 as appropriate:

H7-1 — Pressure differentialdevices;
D0 - Critical flow venturi nozzle devices;
89-1 - Ultrasenic’devices.

certainty of measured value shall be +1,5 % or better.

speed shall be determined by using methods that have’an accuracy of 0,2 % or better.

point. The
be and 90°

measured

b packaged
ction of the

bd in either

ow of liquid external coolant shall be determined by using a measuring method with

n accuracy

of +5 % of the measured value or better.

6.8 Measurement of power and energy

6.8.1 Ge

neral

Electric power of the packaged compressor shall be referred to the electrical input terminals. Factors
influencing the measurement, such as voltage drop in supply cables or measurement systems, shall be taken
into account.

The two-wattmeter method or some other method with similar accuracy shall be used.
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Current and voltage transformers shall be chosen to operate as near to their rated load as possible so that
their ratio error will be minimized.

Electrical measurement equipment shall be capable of measuring true root mean square (RMS) current,
true RMS voltage, and real power up to the 40th harmonic of fundamental supply source frequency.

Overall uncertainty of the measured value shall be +0,75 % or better.

The power

supply shall

— maintain the voltage greater than or equal to 95 % and less than or equal to 110 % of the rated value of

the mo

mainta

tor, and

in the voltage unbalance of the power supply within +3 % of the rated values of the m

For invertg
voltage an

Electro Majgnetic Interference (EMI) as a result of an inverter’s high-speed switching mdde.

6.9 Calil
Calibration

Recalibrati
to variatio

Any chang
the instrur

7 Test

7.1 Gen

In order td
necessary

by applying the same principles and process steps. If a performance metric (i.e., isentropic ef]

based on a

compressoys. For the derivation of correction formulae, the most appropriate ideal reference pr

be used, w
displaceme

isochoric process and for dgnamic low-pressure compressors of any kind the isentropic process i

The test sh
are allowe
to the tes
shall run fi
temperatu

r applications, the wire power-measuring instrument shall be capable of handling) th
1l current waveforms and phase relationship of the power factor caused by the-hary

pration of instruments
records of the instruments shall be available prior to the test.

on after the test shall be carried out for those instruments of primary importance thg
h in their calibration because of use during the test.

e in the instrument calibrations, which will create a variation exceeding the class of §
hent, may be cause for rejecting the test.

bral test process

compare the performance data.ofJow-pressure compressors with different techno
to test these low-pressure compressors under the same conditions and with the sanj

reference process, it shall-be‘the same for both positive displacement and dynamic lo

hich in this methodology is different for different types of low-pressure compressors. H

all be carrigddout at an appropriate test field under prevailing conditions. No changes t
1 betweemntest and specified conditions. For the set-up, the low-pressure compressor ig
I equipmeént. Correct cooling conditions shall be established. The low-pressure d
pr warm-up against test discharge pressure until steady state conditions are reach
Fé_remains constant at the inlet and discharge of the flow measuring device. The loy

compresso
test point.

In Figure 1

tor.

b distorted
nonics and

t are liable

iccuracy of

logies, it is
e methods
ficiency) is
V-pressure
ocess shall
or positive

nt low-pressure campressors with or without internal compression the combined isemtropic and

5 used.

b geometry
connected
ompressor
ed and the
v-pressure

package shattoperate at the steady state condition for the duration of data cottectt

, the general process of testing is shown in a schematic.
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Set test with ‘ambient’ limits
Inlet temperature, pressure, etc.

Qualification of the test point

Set the test within similarity limits

L / Y J
Run the machine, stable condition
- Measure flow, measure power
Instrument
accuracy
| Calculate measured specific energy
€orrectmeasured ffow tocorrected-ftow
Correct measured specific energy to corrected specific energy
Compare with guarantee flow and guarantee specific energy
Accept Y/N |
Figure 1 — Overview of test process
For variable flow low-pressure compressor this method can be tepeated at several flow rates to establish
the performance over the operating range of the compressor‘at’the specified discharge pressure. For the
purpose of general data sheets, or in case there is no specific agreement with the client on How to test
variable flpw compressors, 5 flow rates shall be tested. The minimum and maximum flow rates that can
be achieved continuously under guarantee conditions-shall be specified and tested by the mahufacturer.
Furthermdre, three additional flow rates evenly spread within the total flow rate range of the loy-pressure
compresso shall be specified and tested. For eachctest point, the adequate test loads shall be determined in
the same way as for a single working point.

7.2 Allo

The manuf
guarantee

When alloy

Fixed §
di

wed deviation of rotational speed between test and guarantee

acturer shall identify the expected rotational speed for the specified point while o
conditions prior to conducting the test.

ved, the deviation. forTotational speed between test and guarantee is (5 %).
peed compressors:

splacement}

package motor: no speed correction allowed;

test motor: speed correction allowed;

perating at

dynamic:

package motor: no speed correction allowed;

test motor: speed correction allowed;

— variable speed compressors:

— displacement:

package motor: no speed correction allowed;
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test motor: speed correction allowed;

— dynamic:

package motor: speed correction allowed together with reduced speed calculations;

test motor: speed correction allowed together with reduced speed calculations.

In the case the reduced speed calculations results in a rotational speed set point that deviates by more than
+5 % from the expected rotational speed, then a second test at the guarantee speed is to be conducted, to
verify the electromechanical efficiency. See procedure for two speed testing in 7.10.

7.3 Allowed deviation of ambient conditions

7.3.1 Te

The follow
against ge
customer (
website. In
conditions
The ambie
inlet tq

— inletp

7.3.2 Te

sting against general performance data

ing restrictions apply to the ambient conditions if the low-pressure air compressg
heral performance data, published by the vendor and being independentifrom an

such case, the contract of supply shall refer to the respective publie-data source. For
5.2 applies.

ht conditions shall not deviate compared to the guarantee conditions by more than
mperature: +10 K, and

ressure: £10 %.

sting against customer specified data sheets

If ambient

these particular conditions, e.g. in the contract of supply or customized data sheets. In such case,

limit for th

7.4 Allo
Below are
— liquid

mass f

7.5 Allo

It is essent
and the teg

Calculatior

conditions are specified by the customer, thé vendor provides customized performan

deviations between the test conditions-and the guarantee conditions.

wed deviation of preconditions
the allowed deviations of the-precondition data, if applicable:
bxternal coolant temperature: 15 K;

low of liquid externial coolant: +10 %.

wed deviation of machine Mach number

ial to keep’'the dimensionless numbers as similar as possible between the guarantee
t conditions.

r is tested
individual

rder. Examples include but are not limited to, data sheets, machine brdchures, and the vendor’s

guarantee

ce data for
there is no

conditions

ofthe machine Mach number can be done as follows by Formula (1):

u
Ma=—-=
51

u

JK1-R-Ty

)

For dynamic low-pressure compressors, the deviation of machine Mach number shall be between -5 % and +5 %.

For positive displacement low-pressure compressors there is no applicability on the deviation of machine
Mach number.
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7.6 Selection of test flow

7.6.1 Selection of flow setting

7.6.1.1 Fixed flow, positive displacement and dynamic low-pressure compressors

For low-pressure compressors with no possibility to adjust the flow, the flow will result from the actual
speed at which the low-pressure compressor is running (e.g. constant speed low-pressure compressors with
no flow-adjusting device).

7.6.1.2 Variable flow, positive displacement low-pressure compressors

The specified volume flow shall be matched within the given tolerance by adjusting the [oj

compressao

7.6.1.3 \

The test p
the dimen
following 1

An initial 1
conditions
coefficient
the leastp
limits give
The manuf

specified o

The speed
follows:

Rotational
machine M
setting as ¢

7.6.1.4 H

The manuf

specified o
the speed d

7.7 Sele

[perating point at the guarantee conditions in.advance of test.

(by speed or by positive displacement per revolution, if adjustable).

[ariable speed, dynamic compressors

bionless numbers within the limits established in 7.8.1.1. To establish'the operating
hethod is recommended, but not mandatory:

otational speed can be determined by matching machine Mach numbers at guarant
Next, the target flow and discharge pressure will result from¢maintaining both the floy

ssible deviations. This is done by adapting rotational speed without exceeding the dinj
hin 7.8.1.1.

acturer shall provide the reference rotational'speed and settings of variable geomg

setting for the test shall be achieved by-maintaining the dimensionless numbers g

speed is determined from the machine Mach numbers at specified and test conditio
ach number constant, flow will-result from the rotational speed and the discharg
bxplained below.

ixed speed, variable flow, dynamic compressors

acturer shall identify the reference rotational speed and settings of variable geome
pberating pointatthe guarantee conditions in advance of the test. Rotational speed is det
fthe drive. Testsetting for flow will result from the discharge pressure setting as expla

ction oftest pressure

7.7.1 NagteZThe following terms are required for R,, and K,, with formulae and source.

v-pressure

pint of the low-pressure, variable-speed, dynamic compressor shall besachieved by njaintaining

point, the

be and test
v and work

5 respectively. These coefficients should be matched between test and guarantee condiitions with

lensionless

try for the

onstant as

Ins keeping
e pressure

try for the
brmined by
ned below.

7.7.2 For positive displacement low-pressure compressors with or without internal compression

The discharge pressure for positive displacement low-pressure compressors with internal compression
(internal volume ratio V; >1) or without internal compression (internal volume ratio V; =1) shall be set

such that the specific combined compression work in the prevailing test conditions matches those in the

guarantee

conditions, as shown in Formula (2):

Ycomb,te = Ycomb,g

See Annex

D for explanation of combined compression work.
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The target discharge pressure can then be calculated as follows by Formula (3):

Ycomb, g Ke [ 1 kel
_ 8 _ B 7S R 1 A 3
P2 target ': Rl,te 'Tl,te Ko —1| Ko i i"P1te (3)

7.7.3 For dynamic low-pressure compressors

The discharge pressure for dynamic low-pressure compressors shall be set in such a way that the specific
isentropic compression work in the prevailing test conditions matches the one in the guarantee conditions
multiplied with the square of the speed ratio, in order to achieve similarity, as shown in Formula (4):

i

ys,tezys,g'LU_J (4)
g

The target|discharge pressure can then be calculated as given in Formula (5):

]
{ute ] Kte_l
ys’g o —

Ko —1 u
te g
P2 targdt = P1,te " 1+
Kte (Rl,te 'Tl,te)

(5)

7.8 Allowed deviation of flow and work coefficient
7.8.1 Allowed deviations to be checked for test validity

7.8.1.1 Hor dynamic low-pressure compressors

[t is essentjal to keep the dimensionless numbers:dsiclose as possible between the guarantee congditions and
the test conditions, the deviations are as follows:

— work doefficient: - 2 %, +2 %;
— flow coefficient: -2 %, +2 %;

— machipe Mach number: -5 %, +5'%.

7.8.1.2 Hor positive displacement low-pressure compressors

It is essentfial to keep the-following numbers as close as possible between the guarantee conditigns and the
test conditfons, the deviations being:

—  WOrk Yeomp: 52 %, +2 %;

— flow coefficient: -2 %, +2 %.

For typical positive displacement low-pressure compressors with fixed geometry, where the flow is linear to
speed, this latter condition shall be fulfilled.

7.9 Fluctuations on the specific test readings/results during test at steady state

Readings are to be taken at steady state which is defined as the state in which the variation in the difference
between inlet and discharge temperatures is within 1 K for a period of three minutes or more.

Before readings are taken, the compressor shall be run long enough to ensure that steady-state conditions
are reached so that no systematic changes occur in the instrument readings during the test.
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For each load, enough readings shall be taken to indicate that steady-state conditions have been reached.
The number of readings and the intervals shall be chosen to demonstrate repeatability.

For individ

ual readings, the limits on fluctuations in Table 4 below apply:

Table 4 — Permissible fluctuations of test readings

Maximum permissi-
Measurement (symbol) Symbol ble fluctuatl(_)n from
average during any
set of readings
Inlet pressure P1te 1%
Inlet fnmpnrnhlrn 'T'l
Discharge pressure P2te 0,5%
Flow Qvte 1%
Speed (rotational speed) Nie 0,5 %
Electrical power P, 1%
Supply voltage U 2%
7.10 Twor-speed test
7.10.1 Gepneral
If the conditions at the test site differ significantly from the preconditions of the guarantee, the situation
may arise for variable speed dynamic low-pressure compressors where the limits on the work foefficient,
flow coefficient and machine Mach number as defined in:7:8:1.1. exceed the limits imposed onf rotational
speed as dgefined in 7.2. Although compression efficiency s still comparable, this may result in 4 difference
in electromechanical efficiency of the packaged lowspressure compressor between test and|guarantee
conditions| which cannot be neglected.
7.10.2 Fixst test
The test is|conducted as 7.6.1.3, 7.7.3 and 7.8.1.1. The test is corrected according to 8.2, 8.3.1, §.4 and 8.5;

correction

In addition
the dischaj

5 of test results as the standard procedure.

to the standard procedure then the shaft power shall be measured/calculated. This
ge temperature T, ({; 0 be measured as given in Formula (6):

yill require

. Ktel
Pshaft,t’l =dmte1” ‘Rie1 '(TZ,tel _Tl,tel) (6)
Keet — 1
The electromechanical efficiency is calculated as Formula (7):
Pshaft tel
Nem te1] = s (7)
“pack,teT

7.10.3 Second test

The second test is made to measure the electromechanical efficiency at the customer specified conditions as
guaranteed. For the specific test point.

Set point:

Set the test speed to be equal to guaranteed rotational speed n.,= ny, within the limit of +2 %.
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haft,co,g,te

+2 %, as shown in Formula (8):

P

S

haft,te2 = 9m,te2

Kte2

—2 Ry (Tyar—T
Kte2_1 te2 ( 2,te2 1,te2)

The electromechanical efficiency is calculated as Formula (9):

nem,teZ

P, shaft,te2

K

ack,te2

The final correction of packaged power is made accordingly to 8.6.

8 Corrd

8.1 Gen

The test r
(subscript
(subscript

NOTE I

8.2 Corr

Calculate t

ay1 ,CO

NOTE ]

Using Form
compressor

tip speed raftio shall be set to 1. Scaledtests are not allowed.

8.3 Corr
As the disd

its deviatipns shall be,corrected to the guaranteed conditions. The corrected pressure comps

guarantee

8.3.1 Fo

In this calculation scheme, there is no correction for the differencéin Reynolds number.

ction of test results

bral

psults measured at the test bench (subscript ) shall be recalculated“to the correq
,) with the formulas in the sections that follow. The equations consider the guarantee
) to calculate these corrected values.

ection of measured flow (variable speed packaged compressors, only)
he corrected volume flow as in Formula (10):

u

| g
=dyite T
te

Ng

Ny

Yg

'ip speed ratio ) is equal to the\rotational speed ratio

Ue e
1la 10 to compensate differences in rotational speed is only allowed for dynamic variable speg
s or if the motor is differentbetween test and the site of assembly. In all other cases rotationg

ection of measured pressure

harge pressure during testing differs from the target test discharge pressure, this pre

pressur€shall be within the limits as listed in Table 5.

I dynamic low-pressure packaged compressors

, of test 1, within the limit of

(8)

9

ted values
conditions

(10)

bd packaged
| speed and

ssure with
red to the

First, calculation of the corrected compression work shall be made with Formula (11):

Ys,co=

NOTE

Ug
Tip speed ratio | —

Ug

Ys te (_
u

2
te ]
is equal to the rotational speed ratio

Ute Nie

(11)

Using Formula (11) to compensate differences in rotational speed is only allowed for dynamic variable speed
compressors or if the motor is different between test and the site of assembly. In all other cases rotational speed and
tip speed ratio shall be set to 1.
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Then, the corrected pressure ratio is calculated as Formula (12):

Teo :|:

K,

1+[K‘g—1 Ky—1

Ys,co g

Rl,g 'Tl,g

Kg

(2]

8.3.2 For positive displacement low-pressure packaged compressors

(12)

For positive displacement low-pressure compressors, the corrected pressure ratio shall be calculated as

Formula (13):

T

Ycomb,te _ Kg (l,vKg _1_1

(13)

co

|

8.3.3 Fo

To calculat
pressurer

P2,co =

8.4 Cort

The tested
flow qv 1 te

€te =
q

The specifi

guarantee
difference

Depending]
work shall

For positiy

R Ty

L.
n

Kg—lkk '

' positive displacement and dynamic low-pressure packaged compressors

e corrected discharge pressure, Formula (14) shall be used using the lappropriatd
itio from above:

o " P1,g

ection of specific energy demand

specific energy demand e, is the ratio of the measured.power during test P,, and the
, calculated as Formula (15):

Pre

V 1,te

c energy demand is then corrected forthe differences in density p and work y betwe

conditions. Although the work is setdnthe test according to the work in guarantee cong
between actual test conditions and-the set point is considered in the correction formul

on the type of low-pressure.compressor, a different reference process for the specific cd
be used.

corrected

(14)

measured

(15)

en test and
litions, any
a.

mpression

re displacement low¢pressure compressors with internal compression (internal volume ratio

V; >1) or without internal cdmpression (internal volume ratio V; =1) the specific energy demapd shall be
corrected as follows by Fermdilae (16) and (17):
D
eco = 1,8 'YComb,co e (16)
P1,te  Ycomb,te
pl, ycomb,
eqo g A e (17)
pl,te Ycomb te
For dynamic low-pressure compressors, the correction is as follows by Formulae (18) and (19):
eco = Ple sco te (18)
Pite JYs,te
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€cog = it ’ Ysg "Ete (19)
pl,te Ys te

For the guaranteed specific compression work (ycomb'g or Yo ), the stated guarantee values of pressure
and inlet temperature are to be used. For the tested specific compression work (Yeompte OF V), the
measured test values of pressure and inlet temperature are to be used.

8.5 Corrected packaged compressor power consumption

The power consumption of the packaged compressor in the guarantee conditions can be expressed in two
different ways.

The power] consumption of the tested packaged compressor at guarantee conditions (effectively| delivering
the corrected flow qyq ., ) will be as follows by Formula (20):

Peo =€40 v 1,00 (20)

The power] consumption of the tested packaged compressor at guarantee conditiohs and at the| guarantee
flow (thus [this is the case in which the packaged compressor matches the guarantee flow dvig will be as

follows by Formula (21):

Pco,g lPco,g "dvi,g (21)

8.6 Power correction of the two-speed test
First test ¢orrections

Correction|of measured shaft power at test 1, calculated as Formula (22):

Pshaft,c b,gtel — Pco,g,tel Nem te1 (22)

Second test corrections

Correction| of corrected shaft poweryand input power at test 1, based on electromechanical efficiency
measured at test 2.

Final corrgcted packaged compressor power input, calculated as Formula (23):

Pshaft cO
_ ,c05¢ ,tel
Pco,g,tel,teZ - (23)
enr,te2
Final corrgcted spetific energy of a packaged compressor, calculated as Formula (24):
P
__Tco,g,tel,te2
eco,g,te ,teZ (24)

Avi,g

8.7 Calculated package isentropic efficiency

Isentropic efficiency of the compressor package is the ratio of power required for an ideal isentropic
compression process to the actual packaged compressor power input used at a given load point.

© IS0 2024 - All rights reserved
21


https://standardsiso.com/api/?name=1b30047bc196dd038e87600dfd0574d1

ISO 22484:2024(en)

The isentropic efficiency of the compressor package at guarantee conditions will be as follows by

Formula (25):
P

nS,CO -

P

_"'s,co

co

(25)

where the isentropic power input for the compressor package at the guarantee condition is calculated by

Formula (26):

kg -1
k p k
_ g 2,co g
Ps,co =qvi,co P1g" k -1 ’ -1 (26)
g~ b1g
L J
8.8 Comlparison of corrected values with guaranteed values
The test results are corrected to the specified operating conditions with the purpose oficompargbility with
the guaraniteed or specified performance.
The compafrisons shall include:
— corrected specific energy e., with the guaranteed specific energy €g;
— correcfed volume flow rate gy o, with the guaranteed volume flow rate gy ;;
— correcfed discharge pressure p, ., with the guaranteed P2,g;
— overal| packaged compressor power consumption P, witlktlie guarantee value Py
Table 5 — Acceptance-tolerances
Volume flow | Volume flow | Volume flow Volume Specific Discharge Idle Standby
rate rate rate flow-rate energy? pressure power power
at specified | atspecified | atspecified
conditions conditions conditions
QVl,g QVl,g qu,g qu,g e %) Pidle Pstandby
m3/s x 1(-3 m3/min m3/h % % % % %
0 0 0 n/a n/a n/a +10 +10
0<qy1,<B3 | 0<qy14<0,5 | Psfy1 =30 +7 +8
8,3 <qy1 %25 |0,5<qy;,<1,5030°< gy, <90 +6 +7
0+ +1 n/a n/a
25 < qy; 4 <[250| 1,5 < gy, 15 9038€@S £5 +6 / /
250 < qyq, 153Gy, o 900 < qy; , 4 +5
a2 The tolerance band on packaged compressor power is defined by the tolerance on specific energy consumption.
The corredted values are to be compared to the guaranteed values. If the values are within tHe limits as
defined in this-standard,thenthelow-pressure-compressor-passes-the-testandisacceptedIfihe values are

not within the limits as defined in this standard, then the low-pressure compressor fails the test and is not

accepted.

8.9 Examples of calculations

Examples of calculations, comparison and test reports are given in Annex C.
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9 Testreport

9.1 Testreport content
At a minimum, the test report shall include the following:

— test piping arrangement indicating pipe sizes and lengths, pressure and temperature measurement
locations, flow measurement arrangement, valve location(s), and verification of compliance with ISO
measurement standards;

— areference to this document, i.e. ISO 22484:2024;

— original test logs including all recorded data required for calculations;

— detaildd representative calculation for one test point;

— instrument calibration certificates;

— date of test;

— testreport number;

— low-priessure compressor type, manufacturer, model, serial number, daté\of manufacture;

— manufpcturer’s packaged compressor checklist per Annex A.

9.2 Testiresults summary

Test resultp shall be summarised, an example of the format is(given in Annex B.

© IS0 2024 - All rights reserved
23


https://standardsiso.com/api/?name=1b30047bc196dd038e87600dfd0574d1

ISO 22484:2024(en)

Annex A
(normative)

Equipment checklist

A packaged compressor checklist shall be presented which clearly defines the scope of testing, see Table A.1.
Where items are not included or not necessary, the column “Not applicable” should be marked.

Fable A-t—FEquipmentchecklist
Sectlion Item Included Accoun(:lenditf:)r value Not dpplicable
Process alir in/out Process air filter Ap (Pa)
Inlet silencer Ap (Pa)
Inlet guide vanes | | emeemmel
Inlet unload valve or throttled AP (Pa)
valve
Variable diffuser | | £/ -
Blow off valve2 Ap (Pa)
Check valve Ap (Pa)
Discharge silencer Ap (Pa)
Additional inlet lossesP Ap (Pa)
Additional discharge lossesP Ap (Pa)
Drivetrain Main drive motor efficiency n (%)
Frequency inverter n (%)
EMC filter n (%)
Choke n (%)
Starter n (%)
Sinusfilter n (%)
Power trahismission (gear box, n (%)
belts)
Additional components¢ n (%)
Ancillariep, electri- Local control system P (kW)
cal pow¢r input Cooling circulation (liquid) P (kW)
Lubrication system P (kW)
Main drive cooling fan P (kW)
Ceolingairfans P-HAH
Heat exchanger fans P (kW)
Additional components¢ P (kW)
a  Pressure loss when closed.
b The cause of the additional losses shall be detailed.
¢ Additional components shall be identified and accounted for.
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Annex B
(informative)

Test result summary

Equipment checklist as defined in Annex A should also be included with the test results summary, see
Table B.1.

—Fable B-i—Exampleof testresultsummary
™
Reference \ kv
Symbol |Unit (metric) . Numerica]—ﬁ €es
section A
Test data guarantee kQ&t’ corrected
Test number # 1g ,\q/\)‘ 1te 1Co
Test period start/end time min e v
. NZ
Barometric pressure Po.amb.abs Pa 6.2.2 i \GJ
Inlet pressure P1 abs Pa 6.2.3/6.2.4 i 6\ .
Inl¢t temperature T; K 6.3 (-«
Relptive humidity Prel1 ratio 3.22 R Q v
Isenfropic exponent Koot ratio 3.23 &\§\
(as constant R, et J/(kg*K) |7.7.1 -
Inlet density p1 kg/m3 7.7 )
Discharge temperature T, K . 'ﬁ 7.10
Compressor speed n 1/SAQ\ 7.2
Sypply voltage U \l\j\'v 5.2
Suﬂ)ply frequency f ,.'\\OPIZ 5.2
External doolant inlet tempera- I
ture TLC% ‘ K 2.2/6.3
External coolant flow ﬂvch; kg/s 5.2/6.7
Specif]c isentropic work (—-\$Jys ]/kg 3.29
Specific package work ‘\%u y ]/kg -
Package |sentropic effic'@{(@‘ n % 3.26
R¢tor tip spee‘&\/ u m/s 3.33
machine Mach\@l‘)er Ma - 3.34/7.5
S Key performance indicators
Inlet J@hé flow rate qy m3/s 6.6/8.2
DiSLlldT/gc pressurce 1%7) Pa 83
Package input power P w 8.5
Specific energy e W/m3/s 3.28/8.4
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Annex C
(informative)

Examples of acceptance test reports/calculations

C.1 General

The follow

ng examples illustrate the way in which the variables obtained in an acceptance tes

compared

order to cg
measured,
and proced
also involv

nduct a correct guarantee comparison, the schedule for the acceptance tests, the.vari

ed at a sufficiently early stage (if possible, during the actual contract negotiations) on {

n a guarantee comparison with the guarantees contractually warranted by the manu

the measuring methods to be used and, possibly, the gas data equations and evaluati
ures should be agreed upon between the purchaser and the manufacturer and/or any

L

should be

facturer. In
ables to be
bn systems

hird party
he basis of

this standdrd.
C.2 Test examples
Test example num- Compressor type Is flowand pressure adjustable?
ber
1 Dynamic compressor The example is valid for fixed and variable flow packaged com-
pressors
2 Positive displacement com- | The example'is valid for fixed and variable flow packaged com-
pressor pressors
3 Dynamic compressor two speed test:
The example is valid for fixed and variable flow packaged com-
pressors using variable speed
C.2.1 The guaranteed performance point

The perfor
guarantee

C2.11 P

Verificatio

C.2.1.2 T
The bound

is the same for examples 1-and 2.

urpose of tests

h of performance guarantees for one specific data point.

est arrangement

aryofithe low-pressure compressor is as default set to cover any part that will have i

the performafce. All parts shall be covered by the equipment checklist.
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C.2.1.3 Equipment checklist

Section Item Included Accoun(:lenditf:)r value Not applicable
Process air in/out Process air filter X Ap (Pa)
Inlet silencer X Ap (Pa)
Inlet guidevanes | | smeeemeeeee- X
Inlet unload valve or throttled Ap (Pa) X
valve
Variable diffuservanes | | cmeeeeeeeee X
Blow off valve2 X Ap (Pa)
Check valve X Ap (Pa)
Discharge silencer Ap (Pa) X
Additional inlet lossesP Ap (Pa) X
Additional discharge lossesP Ap (Pa) X
Drive train Main drive motor efficiency X n (%)
Frequency inverter X n (%)
EMC filter X 1 (%)
Choke X n (%)
Starter X n (%)
Sinus filter X n (%)
Power transmission n (%) X
(gear box, belts...
transformers etc.)
Additional components n (%) X
Ancillariep, electri- Local control system X P (kW)
cal power input Cooling circulation (liquid) X P (kW)
Lubrication system X P (kW)
Main drive cooling fan X P (kW)
Coolingairfans X P (kW)
Heat exchanger fans P (kW)
Addjtional components P (kW)
a  Pressurg loss when closed.
b The caue of the additional Josses should be detailed.
C.3 Advanced-test calculation example 1 (dynamic compressor)
C.3.1 Guarantee conditions
Symbol Numerical value Units
Inlet pressure Pig 100 000 Pa
Inlet temperature T g 293,15 K
Inlet relative humidity Prel g 0,0 %
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C.3.2 Object of guarantee

Symbol Numerical value Units
Inlet volume flow Qr1g 0,413 3 m3/s
Discharge pressure P2g 140 000 Pa
Electric power at the Fy 23000 w
electric input termi-
nals

Acceptance tolerances (refer to table 5, section 8.7) for this specific test point:

epack=+'§ %: qv1:+4 %: p2=+1 %
C.3.3 Geperal calculation on guarantee data
General cglculation made on the guaranteed performance data used for verification of simjlarity and
acceptancg comparison: As the guarantee data in these examples is the same the-calculation is yalid for all
compressof types.
Step 1: Preconditions of the guarantee
— Ambient pressure P1,¢=100000 Pa
— Ambient temperature I g =293,15 K
— Ambient humidity Pre1,g =0 %
Step 2: Mixture of air and water vapor (humid air) on;guarantee data
— Ambient temperature tg =(T1,g —273,15) C
— (alculate the vapor pressure:
The partial pressure of water vapor is found using the steam tables: (ref. NBS/NRC steam tpbles ISBN
0-89116-353-0 paper)
pvap.sat,g
6,25108056-107> +4,3381883x10™* -t +1,7341077x 10 -t* +1,210936x 10" -
t3 +6,292408%107° xt*
-98066,5
Vapor pressure Pyap.sat,g = 2338 Pa
Relative hymidity Pyap ¢
Prel,g = =0%
pvap,sat,g
Therefore: Pyap,g =0 Pa
— Vapor content Prel,g P k
p Xair,g =0,622- rel,g “Fvap,sat,g -0 k_g
pl,g _(Prel,g ~pvap,sat,g 8
— Isentropic exponent dry Kary = 1,4
— Isentropic exponent Kwet,g = Kdry '(1_0'11'Xair,g ) =1,4
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R, =287,1

kg-K
Gas constant (humid air) [ Xair g } J
Ryet o =| Ryir | 1+ =—.0,6081 |[=287,1 Yo 10
wet,g air Xairg * kg-K
Ambient air density p kg
Prg = _ e 1_1188 —
Rwet,g 'Tl,g m
Inlet specific volume 1 3
Vig=| — |=0,842 o
pl,g kg
nlet volume flow rate s> m3
qu'g = 2 :0,4‘133 —_—
1,8 S
Mass flow rate Am2,g =qv1,g " P1,g =0,04911 kg
S
Discharge pressure p2,g =140000 Pa
Measured package input power F; =23000 w
mpeller speed ng =495,83 1/s
mpeller diameter D =0,157 m
culate key performance indicators for guarantee data
bpecific isentropic work
Kwet,g 1 ] L
K, D: K.
Ys,g = e 'Rwet,g 'Tl,g ’ = e -11=29725 ke
Kwet,g -1 pl,g
bpecific ener P, W-s
P &y e, =—E—=55650 3
Qvig m
bpecific package work P, |
P packas Yy =—F—=46837 o
qm2,g g
Package isentropic efficienc Y
& X y Ny =—%£x100=63,46 %
Vg
Rotor tip'speed ug =n-D-ny =244,6 m
S
Macechine Mach number u Ug
Ma, == =0 7125
“ \/Kwet,g 'Rwet,g : Tl,g

C.3.4 General calculations on inlet test data

General calculation made on the tested performance data used for verification of similarity and acceptance
comparisons. The tested inlet data in these examples is the same, so the calculations are valid for all

compressor types.

Test inlet conditions
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— Ambient pressure Py ¢ =101000 Pa
— Ambient temperature T} te =291,88 K
— Ambient humidity Prel e =33 %

Step 4: Mixture of air and water vapor (humid air) on test data

— Ambient temperature tre =(T1 te —273,15) °C
— Calculate the vapor pressure:

The partial pressure of water vapor is found using the steam tables: (ref. NBS/NRC steam tables ISBN

0-89116-353-0 paper)
6,25108056-107° +4,3381883x107* -t,, +1,7341077x10™ -,
Pyap.sat, te = 7 3 9 4
+1,210936x107" -t,.° +6,292408x10 7 Xty
-98066,5
— Vapor pressure Pyap.sat, te =2160 Pa
— Relative humidit p
Y PDrel te =L,te=33%
vap,sat,te
Pyap te =712,8 Pa
— Vapor content :
P Xair 1o =0,622- Ydg Pvapsatte 4 60447 kg
Py é — (Prel,g : pvap,sat,te kg
— |sentropic exponent dry Kary = 1,4
— Isentropic exponent Kwet te = Kary (1=0,11 Xyyer 1o ) =1,399
— fias constant (dry) R, =287,1 ]
kg -K
— (as constant (humid air X,
] ( ) Ryvet 1o {Rair. 1+—40€ 06081 }:287,9 -
’ Xairte 71 kg -K
— Ambient air densit k
X Prie =| = e |=1,202 it
Rwet,te 'Tl,te m
— Inlet specificvolume 3
p Vi e = =0,832 =
pl,te kg
Step 5: Calculate discharge pressure of the test setup (dynamic compressors only)
Reduced test speed
May, = Ma,
therefore:
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u
g
u = -k ‘R, - T =244,30m/s
te,red \/k R T1,g \/wet,te wet,te " 11,te

wet,g "Nwet,g
Ute red 1/s
Mte red =;—r;=495,30

Nye =Nee 1oq = 495,30 1/s

Target discharge pressure:

e

Kwet,te — 1 - k Ug ) Pa
D2 target =P1te "y 1+ =141381
Kwet te (Rwet,te 'Tl,te )

Both flow gnd work coefficients shall be within allowable deviations. Adjustments t6 speed and tept pressure
may be required as needed to maintain similarity per 7.6.1.3.

C.3.5 Test example 1 (dynamic compressor)
Volumeg flow and speed is adjustable

Recorded performance data from-the test (te)

— Mass flow G te =0,497 4 kg
s
— |nlet volume flow rate 3
Gv1 e = Z0,4138 m
1,te S
— Measured discharge pressure P2t = 141400 Pa
— Measured package input power Ppack,te =23500 A
— |mpeller speed n, =495,3 1/s
— |mpeller diameter D=0,157 m

Step 6: Calculate and confirn'limit indicators on the test conditions

— Limits on test.speed:

n
—5%<lim, (. <5% lim, ,, :=—--1=0,1078 %
' Ne
Step 7: Calculate test machine Mach number
— Rotor tip speed U =T+ D-ny, =244,30

mlg

u Ute
Ma,, =—

| \/Kwet,te 'Rwet,te : Tl,te

=0,7125

Step 8: Calculate key performance indicator for test

(dynamic compressors only)
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Specific isentropic compression work:

Kwet ,te -1
Kwet,te P2 te Kwet,te J
Yste = 1 'Rwet,te 'Tl,te : -1 :296731(_
Kwet,te - pl,te g

Set test within similarity limits to qualify the test point
— Work coefficient: -2 %, +2 %

— Flow coefficient: -2 %, +2 %

achina M | Ny MoNen

AL Paw- 0/ Pl il \ VA
IacIImmaec IV acir TuinrocTT . J /0, tJ /0

Work coefficient

2
u,
Iste |78 | _1_0,04271
ys,g Ute

Flow coefficient

u
Avite [Yg ~1=0,2271
qvl,g Ute

M
(&J_l =0
Mag

Machine Mach number

Step 9: Calculate package work/efficiency

P
bpecific package work yp,cx e = packde _ 47246

m2,te

Ys te

Y pack,te

Package isentropic efficiency'\n,, = -100=62,81

Step 10: Correction of test results to precondition and object of the guarantee

Correction of volume flow g
Qv1,co =9vite " u— =0,4142

te

Correction)of reference work, dynamic low pressure (8.3.1)

ug 2
Ys,co = Vs te o =29737

N

K, —1 [ —1]
Teg =[1+ 8 || e } 67 )21,40019
Ke Rig-Tig

Correction for discharge pressure

Corrected pressure ratio

P2,c0 =7Tco "P1,g =140019

Correction of specific energy
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e = 22K _56792 W
e = -
¢ Ay1te m?
(dynamic packaged compressor)
p W-s
co — 8 Yoo “ee =56257 T3
pl,te ys,te m
p y W-s
Coog =2 B g, =52233 .
pl,te ys,te m
— Correction for package power consumption
Fro =€ “Ay1,co =23304 W
Prog =€cog " y1,g =23241 w
— Correction for isentropic efficiency
yS g
=—"-=62,81
nco,g co,g %
qu,g

Step 11: Compared deviations of guarantee to corrected test value

— Package specific energy N

—=-1=1,048 %
€g
— Volume flow rate Gv1,co 1202271 %
qvl,g
— Discharge pressure P2 .co 1200137 %
pZ,g
— Package power Pcpﬁ—1=1,048 %
g
Test results summary - example 1 (dynamic):
Symbol |Unit (metric) ng‘z‘;?:;e Numerical valueg
EST DATA guarantee test rorrected
Test number # 1g 1te 1co/cog*
Test periedstart/end time min - 10
Baromnietric pressure P0.amb.abs Pa 6.2.2 100 000 101 000
Inlet pressure P1.abs Pa 6.2.3/6.2.4 100 000 101 000
Inlet temperature T; K 6.3 293,15 291,88
Relative humidity Prel1 ratio 3.22 0 0,33
[sentropic exponent Koot ratio 3.23 1,4 1,399
Gas constant R,et J/(kg:K) 771 2871 2879
Inlet density P1 kg/m3 771 1,188 1,202
Discharge temperature T, K 710 - -
Compressor speed n 1/s 7.2 495,83 495,30
Supply voltage U Vv 52 400 400
Supply frequency f Hz 5.2 50 50
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Symbol |Unit (metric) Refergnce Numerical values
section
TEST DATA guarantee test corrected
External coolant inlet tempera-
ture P Tl,cool K 5.2/6.3 - h
External coolant flow Gm.cool kg/s 5.2/6.7 - -
Specific isentropic compression v, /ke 329 29 795 29 673 29 737
work —
Specific package work Y ]/kg - 46 837 47 246
Package isentropic efficiency H % 3.26 63,46 62,81 62,81*
Rotor tip speed U m/s . 2446 2443
Machlne Mach number Ma - 3.34/7.5 0,712 5 0,712 5
Key performance indicators
Inlet yolume flow rate qv1 m3/s 6.6/8.2 0,413 3 0,41.3-8 0,414 2
Disdharge pressure Py Pa 8.3 140 000 141 400 140 019
Packpge input power P W 8.5 23000 23500 23304
Specific energy E W/m3/s |3.28/8.4 55 650 56 792 56 257
C.4 Advanced test calculation example 2 (positive displacement compressor)
C.4.1 Guarantee conditions
Symbol Namerical value Units|
If{let pressure Pig 100 000 Pa
Inlgt temperature Tl.g 293,15 K
Inlet rlelative humidity Prel g 0,0 %
C.4.2 Object of guarantee
Symbol Numerical value Units]
Inlet volume flow Ar1g 0,413 3 m3/s
Dischjarge pressure P2g 140 000 Pa
Electric ppwer @ the electric Py 23000 w
inppit terminals
Rptor speed ng 83,333 1/s
Acceptance tolerarices (refer to Table 5 in 8.7) for this specific test point:
epack=+ 5 %; qv1=+4 %: ln2=+1 %

C.4.3 General calculation on guarantee data

General calculation made on the tested performance data used for verification of similarity and acceptance
comparisons. The tested inlet data in these examples is the same, so the calculations are valid for all
compressor types.

Step 1: Preconditions of the guarantee
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— Ambient pressure pi,g =100000 Pa
— Ambient temperature Ty g =293,15 K
— Ambient humidity Prel,g =0 %

Step 2: Mixture of air and water vapor (humid air) on test data

— Ambient temperature ty =(T1 g —273,15) °C
— Calculate the vapor pressure

The partial pressure of water vapor is found using the steam tables: (ref. NBS/NRC Steam Tables ISBN

0-89116-353-0 paper)
pvap.sat,g
6,25108056-107° +4,3381883x10™* -t +1,7341077x 107> -£% +1,210936 x 107/
1 +6,292408x1077 x¢t*
-98066,5
— Vapor pressure Pyap .sat,g <2338 Pa
— Relative humidity Puap g
Prel,g :P—ZO%
vap,sat,g
Therefore Pyap,g =0 Pa
— Vapor content "D
p X ~0,622- @Prel,g *Pyap sat,g -0 E
P1,g =®rel,g "Pvap,sat,g kg
— Isentropic exponent dry Kary = 1,4
— [sentropic exponent Kwet,g = Kdry '(1_0'11’Xair,g ) =1,4
— [ras constant (dry) R, =287,1 |
kg-K
— [Gas constant (humidgair) Xgi
Ryet,g =| Rar | 1+——5—-0,6081 ||=287,1 o
Xair,g +1 kg-K
— Ambient air dengsit P k
y Prg = 18  |_1188 _g
Rwet,g g m
— Inlet specific volume 3
Vig= 1 o842 m
pl,g kg
— Inlet volume flow rate Im2,g m3
qu g = :0,4133 -
1g S
— Mass flow rate S Om2,g =dv1,g P1,g =0,4911 kg
S
— Discharge pressure P2,g =140000 Pa
— Measured package input power P, =23000 w
— Driver speed ng =83,33 1/s

Step 3: Calculate key performance indicators for guarantee data
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Specific isentropic compression work

Kwet,g -1
Kwet,g P2g Kwet,g
Vs,g = 'Rwet,g 'Tl,g | —= —-1({=29725
K, -1
wet,g P1g

— Reference process work for screw type. The specific value of v; shall be calculated for the specific

packaged compressor

vig =1,36
[ D'),g 1 ]
P1g Kwet,g (1 =1 kg
=R Ty o + —-V 11]|=30013 g
Ycomp,g wet,g 1,8 Vi,g Kwet,g 1l 18
— Ppecific energy Py W-s
e, =—E—=55650 =3
QVl,g m
— BPpecific package work P
p packag Yy =—E—=46837 L
QmZ,g kg
— Package isentropic efficienc ¥
& P Y Ny =2 =63,46 %
Ve
C.4.4 Geperal calculations on inlet test data
General calculation made on the tested performance data used for verification of similarity and pcceptance

comparisohs. The tested inlet data in these examples is the same, so the calculations are v,
compressof types.

Test inlet ronditions

Ambient pressure Py ¢ =101000

— Ambient temperature T te =291,88
— Ambient humidity Prel te =33
Step 4: Mixture of air and water vapor (humid air) on test data

Ambienttemperature tee =(T1 te —273,15)

CalCulate the vapor pressure:

hlid for all

Pa

%

°C

The partial pressure of water vapor is found using the steam tables: (ref. NBS/NRC Steam T
0-89116-353-0 paper)

Pyap.sat, te

6,25108056-107> +4,3381883x107* -t,, +1,7341077x107° -£,,2 +1,210936x10~/

oo +6,292408x1077 xt !
.98066,5

Vapor pressure =2160

Pvap. sat, te
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— Relative humidity Pyap te
Grelpte = = 33%
vap,sat,te
Therefore Pyap,te =712,8 Pa
— Vapor content [0) p
p Xair,te =0,622- rel,g "FPvap,sat,te =0,004 42 E
P1te _q)rel,g 'pvap,sat,te kg
— Isentropic exponent dry Kary =1,4
— Isentropic exponent Kwet te = Kary *(1=0,11 Xpip re ) =1,399
— Gas constant (dry) R, =287,1 J
kg -K
— Gas constant (humid air X
( ) Ruyet te ={Rair' 1+—2€ 10,6081 }=287,9 |
Xair,te + kg'K
— Ambient air densit k
y Pite = _ Pl =1,202 _i
Rwet,te 11 te m
— Inlet specific volume 3
P Vi te = =0,832 =
P1te kg
Step 5: Calculate discharge pressure of the test setup (positive displacement compressors only)
— Target discharge pressure:
vite = 1,36 (given for specific internial compression unit)
ycomb,g Kwet,te { Kwet te —1
P2 tafget = D1,te Vit { - Vige V¢ —11|=141487 Pa
e ¢ e Rwet,te 'Tl,te Kwet te -1 ( Kwet,te e
C.4.5 Test example 2 (positive displacement compressor)
Volume flow and speed is adjustable
Recorded performance data from the test (te)
— Miss flow Gmte =0,497 4 kg
S
— Inlet volume flow rate 3
Q1 te _Imte 04138 m.
1,te S
— Measured discharge pressure P2 te =142000 Pa
— Measured-packageinputpower Practre—24-100 w
— Driver speed N =85 1/s
Step 6: Calculate and confirm limit indicators on the test conditions
— Limits on test speed:
5% <limy, 1, <5% limy o :==—--1=-1,96 %

te

Step 7: Calculate test machine Mach number
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Not utilized for positive displacement packaged compressors

Step 8: Calculate key performance indicator for test

(positive displacement compressors only)

Specific isentropic compression work

Kwet,te -1 J
K, p: K,
wet,te 2,te wet,te _
Yste = 1 ’Rwet,te 'Tl,te ’ —-1|=30065
wet,te pl,te

pZ,te
P1te Kwet,te 1 K; -1
= ’ ’ wet,te _ —
Yeombe = Rwet,te "T1te - v + 1 Vi te 11(|=30327
i,te Kwet,te - Kwet,te

S¢t test within similarity limits to qualify the test point

—1  Work coefficient: -2 %, +2 %

—1 Flow coefficient: -2 %, +2 %

Work coefficient

ycomb,te —1=1,046
ycomb,g

Flow coefficient

n
Wit (Mg —1=-1,844
qu,g Nie

Step 9: Calculate package work/efficiency

Specific package work Prack te
Ypack,te = =48452
Am2 te
Package isentropic efficienc
g p y Mo = Vs te ~ 62,05
ypack,te

Step 10: Correction of test results to precondition and object of the guarantee

Specific isentropic compression work for screw type. The specific value of V; shall be cal
the specific packaged compressor

%

%

Correction of volume flow ny
Qv1,co =91 te n— =0,4057
te

Correction of reference work, positive displacement low pressure

Ycomb,co = Ycomb,te =30327

Corrected pressure ratio
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ycomb,te _ K
Tl,g Kw

=V,

T ig " R

co ]
wet,g

— Correction for discharge pressure

wet,g [ 1 V, Kwet,g ~1 _1]:|:1,40507
-1| & &
et,g wet,g

P2,co =Tco P1g = 140507 Pa
— Correction of specific ener P w-
P gy oy, = 22N _58242 35
v 1,te m
(positive displacement packaged com-
pressor)
p w-
o= 1,8 ) Ycomb,co e —57569 3S
pl,te Ycomb,te m
p Y w
Ccog = lg Jcombg ., —56973 _35
pl,te Ycomb,te m
— Correction for package power consumption
Py =€ "y 1,co =23355 A
PCO,g = eco'g . qu'g = 23 547
— Correction for isentropic efficiency
.ys,g
3.5 = =61,93
N8 Pco,g %
qu,g
Step 11: Compared deviations of guarantee to.corrected test value
— Package specific ener e
ge sp gy co,g —1=238 %
€g
— Volume flow rate
Wico 4_ g5 %
QVl,g
— Discharge pressure
Eep Paco _1_0,36 %
pZ,g
— Package power Iz
sep =8 _1=2,38 %
P
8
Test results’summary - example 2 (positive displacement):
Symbol |Unit (metric) Referfence Numerical values
section
TEST DATA guarantee test corrected
Test number # 1g 1te 1co/cog*
Test period start/end time min - 10
Barometric pressure P0.amb.abs Pa 6.2.2 100 000 101 000
Inlet pressure P1.abs Pa 6.2.3/6.2.4 100 000 101 000
Inlet temperature T; K 6.3 293,15 291,88
Relative humidity Prel1 ratio 3.22 0 0,33
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Symbol |Unit (metric) Riﬁﬁ;‘:e Numerical values
TEST DATA guarantee test corrected
Isentropic exponent Kyet ratio 3.23 1,4 1,399
Gas constant R, et J/(kg:K) |7.71 2871 2879
Inlet density p1 kg/m3 771 1,188 1,202
Discharge temperature T, K 710 - -
Compressor speed n 1/s 7.2 83,33 85,00
Supply voltage U Vv 5.2 400 400
Supply frequency f Hz 5.2 50 50
External c o:g:;;nlet temper- T, cool K 5.2/6.3 . )
Exterrnal coolant flow Gm,cool kg/s 5.2/6.7 - -
Specifi¢ combined work Yeomb J/kg 3.31/7.7.2 30013 30327 30327
Specific iifggrxgiicompres- v, 1/kg 3.29 29 725 30 065 )
Specific package work y J/kg - 46 833 48 451
Package ijentropic efficiency n % 3.26 63,46 62,05 61,93
Roffor tip speed u m/s 3.33 - -
Machinle Mach number Ma - 3.34/7.5 - -
Key performance indicators
Inlet vplume flow rate qn m3/s 6.6/8.2 0,413 3 0,413 8 0,4057
Discharge pressure 12 Pa 8.3 140 000 142 000 140 507
Packape input power P w 85 23000 2410 23355
Spqcific energy e W/m3/s\\"3.28/8.4 55650 58 242 57 569

C.5 Advanced test calculation example 3 (dynamic, two-speed test)
The 2-spedd test consists of 3 parts.

1. Testl jrunning at a calculated (rotational speed based on the ratio of machine Mach nymbers for
guaraitee.
2. Test2 yunning at specifiedPotational speed n;, = ng

3. Test1pnd Test 2 are’'combined to evaluate the corrected package power.

C.5.1 Gujaranteeé conditions

Symbol Numerical value Units|

[ileltpressure Pry 101325 pa |
Inlet temperature T g 313,15 K
Inlet relative humidity Prel g 60 %
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C.5.2 Object of guarantee

Symbol Numerical value Units
Inlet volume flow Qrig 0,413 3 m3/s
Discharge pressure P2g 140 000 Pa
Electric power at the electric Fy 19 760 w
input terminals

Acceptance tolerances (refer to Table 5 in 8.7) for this specific test point:

€pack=t5 %; Q=4 %;  p=+1 %
C.5.3 Geperal calculation on guarantee data
General cglculation made on the guaranteed performance data used for verificatiofx of simjlarity and
acceptancd comparison: As the guarantee data in these examples is the same the caleitlation is yalid for all
compressof types.
Step 1: Preconditions of the guarantee
— Ambient pressure p1,g =101325 Pa
— Ambient temperature Ty g £313,15 K
— Ambient humidity Prel,g =60 %
Step 2: Mixture of air and water vapor (humid air) on guarantee data
— Afnbient temperature tg =(Ty g —273,15) °C
— Calculate the vapor pressure:
The partiall pressure of water vapor is faund using the steam tables: (ref. NBS/NRC Steam Tpbles ISBN
0-89116-353-0 paper)
pvap.sat,g
6,25108056-107> +4,3381883x10™% -t +1,7341077%x107° -t% +1,210936x 10~/
£ +6,292408x10"7 x¢*
-98066,5
— Vapor pressure Pyap.sat,g =7 375 Pa
Relative hymidit p
Y Prel,g = — =P8 =60 %
Pvap,sat,g
Therefore: Pyap,g =4 425 Pa
— Vapor content :
P Xair g = 0,622 Prelg Prapsate () 5og4 kg
P1,g ~—®rel,g "DPvap,sat,g kg
— Isentropic exponent dry Kary = 1,4
— Isentropic exponent Kwet,g = Kary -(1=0,11 Xy, o ) =1,396
— Gas constant (dry) R, =287,1 ]
kg-K
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— Gas constant (humid air) Xair g ]
Ryet g =| Rajr | 1+ ——2—.0,6081 ||=291,9 —
’ Xair,g T 1 kg-K
— Ambient air density p k
Prg = _ e 1_1108 _i
Rwet,g 'Tl,g m
— Inlet specific volume 3
Vig= 1 120,902 o
pl,g kg
— Inlet volume flow rate q 3
Gy1 g =28 =0,4133 m®
1g s
— MpssflowTate " Omz2g ~AVig Plg - 0481 kg
s
— Discharge pressure p2,¢ =140000 Pa
— Measured package input power P, =19760 W
— Impeller speed ng =495 1/s
— Impeller diameter D =0,159 7 m
Step 3: Calculate key performance indicators for guarantee data
— Specific isentropic compression work
Kwet,g < ]
K p
Vog = Ry Tig || 2% L X /-1]=30952 1
K'wet,g -1 pl,g kg
— Specific energy e W-s
e, = =47810
Qig m3
— Specific package work P
I packag yg=—E—=43134 1
qu,g kg
— Package isentropic efficienc V.
& P y Ny =—2x100=71,76 %
Vg
— Re¢tor tip speed ug =7-D-n, =248,3 m
s
— Mpachine Ma¢h number u Ug
Mag =—-= =0,69%3
“ \/Kwet,g 'Rwet,g 'Tl,g

C.5.4 General calculations on inlet test data (test I)

General calculation made on the tested performance data used for verification of similarity and acceptance
comparisons. The tested inlet data in these examples is the same, so the calculations are valid for all
compressor types.

Test inlet conditions

— Ambient pressure Pj 11 =99800 Pa
— Ambient temperature T} te1 = 268,15 K
— Ambient humidity Prel te1 =60 %
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Step 4: Mixture of air and water vapor (humid air) on test data

— Ambient temperature tre =(Ty e —273,15) °C
— Calculate the vapor pressure

The partial pressure of water vapor is found using the steam tables: (ref. NBS/NRC Steam Tables ISBN
0-89116-353-0 paper)

6,25108056-107> +4,3381883x107* -, +1,7341077x10™°

Pyap.sat, tel = : _7 3 » . -98066,5
‘tie” +1,210936 X107 -t.° +6,292408x 10" 7 Xty
— Vapor pressure Dyap.sat, tel = 331,7 Pa
— Relative humidity Pyap,tel
(prel,tel =———=60%
vap,sat,tel
Therefore Pyap te1 =265,2 Pa
— Vapor content o, -p
p Xajr_tel _ 0,622~ rel,g “Fvap,sat,tel £0,001 656 E
P1te1 _(prel,g 'pvap,sat,tel kg
— Isentropic exponent dry Kary =14
— Isentropic exponent Kwet te1 = Kdry (160,11 Xyep re1 ) = 1,4
— Gas constant (dry) Ry =287,1 |
kg - K
— Gas constant (humid air X
( ) Ryyet te1 =[Rair 1+l 06081 }=287,4 |
Xair,tel +1 kg'K
— Apmbient air density D1 tel kg
P1 el =[—R S 1295 —
wet,tel " 11,tel m
— Irjlet specific volume 3
P V1 te1 = =0,772 m
pl,tel kg
Step 5: Calculate discharge pressure of the test setup (dynamic compressors only)
Reduced tgst speed
May.1 FMag
therefore: Ug
Ute1,red = '\/kwet,tel 'Rwet,tel 'Tl,tel =228,36 m/s
\/kwet,g i Rwet,g 'Tl,g
Ute1,red 1/5
n =——"—=455,16
tel,red D
Nee1 =Me1 red =455,16 1/5

Target discharge pressure:
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) ( Ktel ]
Kie1—1
. Uieq tel
S,8

Kwet,tel -1 ' ug
P2 target = D1te1 1 +[ (R

Kwet,tel wet,tel 'Tl,tel )

=138004

Pa

Both flow and work coefficients shall be within allowable deviations. Adjustments to speed and test pressure

may be req

uired as needed to maintain similarity per section 7.6.1.3.

C.5.5 Test example 1 (dynamic compressor)

Volume flow and speed is adjustable

Recorded performance data from the test (te)

— Mass flow G te1 =0,4915
— Inlet volume flow rate
Av1tel = I te1 =0,3795
1,tel
— M[asured discharge pressure P2 te1 =137878
— Measured package input power Prack,tet =18030
— Impeller speed Nyaq =455,16
— Impeller diameter D=0,1597
Step 6: Calculate and confirm limit indicators on the test conditions
Limits on test speed:
-5%<Ilim, .. <5% n
e limy o =—2——1=8,754
Niey
NOTE Ypeed exceeds allowable limits from section 7.2. A machine two speed test is required.

Step 7: Calculate test machine Mach number

— Rpotor tip speed Ue1 =T-D-nq =228,36
u
May, =—= tel =0,6953
A \/Kwet,tel : Rwet,tel 'Tl,tel
Step 8: Calculate key performance indicator for test (dynamic compressors only)

— Specific isentropic compression work:

Kwet,tel_lJ

K D: K

wet,tel 2,tel wet ,tel _

Ystel = 1 'Rwet,tel 'Tl,tel : -1]=26093
wet,tel — P1 te1
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Set test within similarity limits to qualify the test point
— Work coefficient: -2 %, +2 %
— Flow coefficient: -2 %, +2 %

— Machine Mach number: -5 %, +5 %

Work coefficient

2
u
Ysre1 | Yg -1=-0,2947
yslg utel

Flow coefficient

u
Bvieer | % | 10,1334
qvl,g Ute1

Miachine Mach number

Ma,, 1
& —1= 0’0
Mag
Step 9: Calculate package work/efficiency
Specific parkage work Boack te1
YpacktelN=— - = 36684
m2,te
— Package isentropic efficienc
& p y s _ stel 40027113
Ypack,tel

Step 10: Correction of test results to precondition and object of the guarantee

Correction of volume flow Ug
Qvi,cotel =9Vi,tel”

=0,4127
Ute1

Correction of reference work,)dynamic low pressure (8.3.1)

u 2
g
Ys,cotel = Vs tel [ ] =30861
Ute1

Corrected pre§sure ratio

Kg

) e
Teo,tel =|:1+[ s ]( Js,cojtel II " =1,39873

Kg RigTig

Correction for discharge pressure
P2,co,te1 =Tco,tel "P1,g = 139873

Correction of specific energy

(dynamic packaged compressor)
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