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ISO 5389 : 1992 (IE) 

Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for voting. Publication as an International Standard requires 
approval by at least 75 % of the member bodies casting a vote. 

International Standard ISO 5389 was prepared by Technical Committee ISO/TC 118, 
Compressors, pneumatic tools and pneumatic machines, Sub-Committee SC 1, Tur- 
bo compressors. 

Annexes A, B, C, D and E form an integral part of this International Standard. Annexes F 
and G are for information only. 

. . . 
Ill 
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ISO 5389 : 1992 (E) 

Introduction 

The terms “guarantee” or “guaranteed” and “petformance” used in this International 
Standard are to be understood in the engineering rather than the contractual sense. 
A guarantee relates to a specific aspect of the plant or its Operation which is defined in 
the contract. 

With the aid of the test described in this International Sta 
ante data ca n be compared with the guaranteed values. 

ndard , the actual perform- 

The contractual consequences of any deviations are not covered by this International 
Standard. A satisfactory test result does not signify acceptance in the contractual 
sense, as such acceptance may depend on other conditions stipulated in the contract. 

This International Standard provides Standard directions for conducting and reporting 
tests on compressors to establish their Performance concerning one or more of the 
following aspects under specified conditions and for comparing the results with the 
guaranteed Performance : 

a) 

b) 

the quantity of gas or vapour delivered; 

the pressure rise or pressure ratio produced; 

c) the power require d for comp 
(according to specified definitions); 

ression or the efficiency of the compressor 

d) the stable working range - surge and maximum flow Iimits. 

To meet this purpose, this International Standard establishes rules concerning 

a) the test procedure ( including 
aration and execution of the test) 

b) 

Cl the methods of converting the test results in 
be compared with the guaranteed figures; 

the measurements to be taken, and the prep- 

the instrumentation to be used to provide adequate accuracy; 

J) the confidence limits of the 
the particular meas urements. 

Order to provide values that may 

conver-ted test results according to the accuracy of 

iv 
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INTERNATIONAL STANDARD ISO 5389 : 1992 (EI 

Turbocompressors - Performance test code 

1 Scope 

This International Standard covers blowers or compressors and 
exhausters of the centrifugal, mixed flow, or axial flow types 
(inclusively covered by the term turbocompressors), with and 
without intercooling, handling any vapour or gas the physical 
properties of which are reliably known. 

lt may be applied to any compression process, with or without 
bleed-off or sidestreams, which takes place in one or more 
casings. 

This International Standard gives no rules for the measurement 
of any other aspect of the compressor which may be the sub- 
ject of a guarantee, such as 

a) mechanical Performance; 

b) vibrations; 

c) pulsations; 

d) noise level; 

e) Service and reliability; 

f) commercial questions. 

The theory used in this International Standard is based on the 
laws of similarity of fluid flow (similar velocity triangle& The 
Observation of these laws determines specific requirements for 
the execution of acceptance tests. In all cases, where a close 
approximation to these requirements is not possible, this lnter- 
national Standard tan only be applied by mutual agreement. 
Compressors supplied to handle gases the physical properties 
of which are not reliably known tan only be tested within 
certain limits. 

For identical compressors, produced in series, the testing of an 
arbitrarily Chosen Sample may be agreed upon. 

2 Normative references 

The following Standards contain provisions which, through 
reference in this text, constitute provisions of this International 
Standard. At the time of publication, the editions indicated 
were valid. All Standards are subject to revision, and Parties to 
agreements based on this International Standard are encouraged 
to investigate the possibility of applying the most recent editions 
of the Standards indicated below. Members of IEC and ISO main- 
tain registers of currently valid International Standards. 

ISO 31 (Parts 0 to 13) 11, Quantities, units and symbols. 

ISO 1000 : - 21, SI units and recommendations for the use of 
their multiples and of certain other units. 

ISO 5167-1 : 1991, Measurement of fluid flow by means of 
pressure differential devices - Part 7: Orifice plates, nozzles 
and Venturi tubes inserted in circular Cross-section conduits 
running full. 

3 Definitions, formulae and reference 
processes 

For the purposes of this International Standard, the following 
definitions apply. 

3.1 Definitions relating to compressor 
Performance 

3.1.1 Standard inlet Point: The inlet Point considered to be 
representative of the compressor. lt is generally at the com- 
pressor inlet flange. 

1) Currently under revision. 
2) To be published. (Revision of ISO 1000 : 1981.) 

1 
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ISO 5389 : 1992 (El 

3.1.2 Standard discharge Point : The discharge Point con- 
sidered to be representative of the compressor. lt is generally at 
the compressor discharge flange. 

3.1.3 Quantity of gas or vapour delivered 

3.1.3.1 usable mass rate of flow for a compressor : The 
mass rate of flow delivered at the Standard discharge Point. 

3.1.3.2 usable mass rate of flow for an exhauster: The 
mass rate of flow aspirated at the Standard inlet Point. 

3.1.3.3 actual inlet volume flow for a compressor: The 
actual volume rate of flow compressed and delivered at the 
Standard discharge Point, referred to the conditions of 
temperature, pressure and composition (for example humidity) 
prevailing at the Standard inlet Point. 

3.1.3.4 actual inlet volume flow for an exhauster: The 
actual volume rate of flow aspirated at the Standard inlet Point. 

NOTES 

1 Unless otherwise specified, the actual inlet volume flow will be 
referred to total temperature and total pressure. 

2 For gas-vapour mixtures, see A.4.2.7. 

3.2 Basic formulae for gases 

Gas basic formulae are given in table 1. 

3.3 Reference process 

The determination of the internal power (3.6.5) is based on the 
assumption of a reversible reference process, hence the 
necessity of a definition of the corresponding efficiency, taking 
account of energy losses due to the irreversibility of the actual 
compression process. 

The reference process is characterized by the law 

p = f(V) 

which is used to determine the specific compression work: 

s 

2 
wm = v dP 

1 

The total specific compression work is thus determined using 
the equation 

2 
W 

- q2 
m,t - - Wm + c2 2 

By approximation with the low flow Speeds (1Ma < 0,2) 
normally prevailing in the inlet and discharge nozzles, the total 
pressures and total temperatures tan be used in the calculation 
directly : 

s 

2 
W m,t = (v dp), 

1 

Table 1 - Gas basic formulae 

Formula 
No. Term 

For a real gas For a perfett gas 

3.2.1 Equation of state pl/ = ZRT pV = RT 

3.2.2 Compressibility factor 

3.2.3 kothermal deviation 
factor 

y+I&+~)T *r: 

3.2.4 Isobaric deviation 
factor 

x=g.$-)p-12(~)p x=o 

3.2.5 Isentropic exponent cP 
K v aP = _v -- 

P ( > 

Y 
avs=r 

K y=- = 
CV 

NOTES 

1 The data serving as a reference for the determination of gas properties shall be agreed between purchaser 
and vendor. 

2 Clause A.l deals with general recommendations relating to the thermodynamic data for gases and gas 
mixtures. 

3 Clause A.2 deals with specific recommendations for some of the more common gases. 

2 
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ISO 5389 : 1992 (El 

3.4 Reference processes for use with perfett or 
near-perfett gases 

The following methods of computation of specific compression 
work are recommended to be applied 

- when agreed between purchaser and vendor, or 

- when the deviation of gas properties from pet-fect gas 
laws at any state Point of the compression process of an 
uncooled compressor, or at any state Point of a com- 
Pression section included between two successive inter- 
coolers of a cooled compressor, do not exceed the limits 
given in table 2 for the appropriate pressure ratio. 

Within the limits given, the errors in specific isentropic com- 
Pression work and discharge specific volume will be less than 
1 % and 2 % respectively if calculations are made according to 
perfett gas laws instead of real gas equations. 

lt is recommended that in most cases polytropic compression 
be used as the reference process. 

Polytropic compression should always be adopted for any case 
in which the gas used for the acceptance test has a ratio of 
specific heats which differs from that of the guarantee gas by 
more than 1 %. 

3.4.1 Polytropic compression 

3.4.1.1 A polytropic compression process follows the law 

pvn = pl vln = constant 

where for perfett gases 

P2 kl - ( ) Pl 
n =- 

b 

Pressure 
ratio 2) 

p2 

Pl 

114 
2 
4 

8 

16 
32 

3.4.1.2 The specific compression work based on static con- 
ditions is calculated using 

W m,pol = s:(ydpI,,, = (~)pIvI [($+- l] 

3.4.1.3 In its general form the polytropic compression offers, 
owing to the free choice of the exponent n, great liberty in 
adapting it to any Change sf state. With n = y the com- 
Pression becomes isentropic. When n approaches unity, the 
compression approaches an isothermal process. If, with 
multistage compressors, a Single-Stage reference compression 
does not represent the actual process with sufficient accuracy, 
a multistage polytropic compression may be Chosen. From the 
above it follows that the polytropic compression is suited for 
cooled and uncooled, and for Single-Stage and multistage, 
compressors. 

3.4.1.4 In the case of compressors with interstage cooling the 
polytropic compression approaches isothermal compression at 
one extreme, and isentropic compression at the other, de- 
pending on whether the process takes place at a constant 
temperature or the aerodynamic flow losses only are removed 
by the cooler. An approximation has to be made by suitable 
choice of the exponent n and the number of Stage groups ac- 
cording to the arrangement and effectiveness of the cooling. 

3.4.1.5 For compressors without cooling (adiabatic com- 
Pression) the isentropic process is often used as a reference, 
but here too the polytropic process offers a better basis on 
which to assess the aerodynamic losses of a compressor. 

lt takes into account the increased compression work caused 
by the reheat losses. This increase is particularly noticeable at 
either high pressure ratios or low efficiencies. 

3.4.2 Isentropic compression 

3.4.2.1 In this reference process, compression takes place 
over the whole part of the pressure range (depending on 
whether it is a Single-Stage or multistage machine) at constant 
entropy, i.e. n = K. 

Table 21) - Limits for the pressure ratio 

Maximum ratio 
between maximum 

and minimum values 
of K (= j’) 

X max X min Y max 

1,12 

1,lO 

1,09 

1,08 

1,07 

1,06 

0,279 
0,167 

0,071 

0,050 

0,033 

0,028 

- 0,344 
- 0,175 

- 0,073 

- 0,041 

- 0,031 

- 0,025 

1,071 

1,034 

1,017 

1,011 

1,008 

1,006 

Y min 

0,925 

0,964 

0,982 

0,988 

0,991 

0,993 

I 1) Table taken from [l]. 

2) For pressure ratios between those shown, the limiting values shall be obtained by interpolation. 
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ISO 5389 : 1992 (El 

3.4.2.2 Isentropic compression follows the law 3.53 Methods of polytropic analysis (Schultz method) 

pvK = pl vlK = constant 
3.5.3.1 The formulae of the following method are derived 
from the method developed by Schultz (sec [21). 

3.4.2.3 The specific compression work based on static con- 
ditions is expressed by the equation 

3.5.3.2 The determination of exponent n for the general case 

K- l 
2 

W m,s = 
s 

(vdp& = -pl vl p2 [i> 1 K - 1 
1 K-1 Pl 

3.4.3 Isothermal compression 

In this reference process, compression takes part over the 
whole (Single Stage) or part (multistage) of the pressure range 
at a constant temperature. As a rule the inlet temperature Tl of 
the compressor or Stage group under consideration is used. 
The exponent n = 1, and the specific compression work based 

of real gases is carried ou t assuming 
consta nt throu ghout the process : 

dP 
(v dP)pol 

1 - = VP01 = ’ dh 
s 

2 

that the efficiency remains 

3.5.3.3 This makes it possible to determine an average 
polytropic exponent with sufficient exactitude : 

1 
on static conditions is defined by the equation n = - 

YM - m ;1 + x,) 

s 

2 
W 

where 
m,T = 

1 

Z,R 1 
Wz------- 

( 1 

-+x, =- 

3.5 Reference processes for use with real gases %M Vpol 

3.5.1 General 

When tables, equations of state or Charts giving the ap- 
propriate thermodynamic data are available, it is recommended 
that they be used to determine the specific compression work 
(sec 3.5.2). 

Vpol = -RZMXM mcpM 

with average values for the gas stream: 

When such tables, equations of state or Charts are not available 
and the limits of table 2 are exceeded, it is recommended that 
polytropic compression be adopted as the reference process 
and the specific compression work should be computed by the 
Schultz method of polytropic analysis (see 3.5.3 and [21). 

ZM = Zl + 22 

2 

3.5.2 Method using tables or Charts cpM = 
$71 + $2 

2 

If possible, the gas properties, especially for gas mixtures, are 
best determined from tables and equations of state since the 
diagrams are in general less accurate (sec clauses A.l to A.3). 

The properties represented in diagrams and tables are today 
frequently compiled in the form of Computer programs which 
tan readily be included as subprograms in the calculation 
programs for the design of the compressor and test evaluation. 

Specific information about the determination of these gas 
properties and changes of state cannot be listed here owing to 
the multiplicity of the processes and values used. The user 
of this International Standard is referred to the relevant 
Iiterature. 

The above averages are a simplification valid for pressure ratios 
P2 

Fl 
< 4. 

For higher pressure ratios, it is recommended that Schultz’s 
method be followed, i.e. averages are formed with double 
weight given to the mid-Point. The mid-Point tan be Chosen at 
the Square root of the pressure ratio and half the temperature 
rise. 

For pressure ratios up to 4, the differente between the results 
of both methods is less than 0,2 % for specific polytropic com- 
Pression work and 0,5 OC for discharge temperature. 

4 
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3.5.3.4 Theoretically, the exact assessment of the specific 
polytropic compression work assumes the previous compu- 
tation of factor < by use of the formula 

Unless otherwise agreed, the reference efficiency is based on * 
total conditions and the formula becomes 

(c 2 - C12) 
wm+ 2 

2 
f7t = ---- 

h t2 , - 41 

h2 - hl 
t = 

K 
- R E2T2 - Z,T,) 
K-1 

Where there is deliberate cooling within the machine (or sec- 
tion of the machine) under consideration, this formula becomes where 

hl is the enthalpy at the inlet; (c 2 - C12) 
wm+ 2 

2 
h’2 is the resulting enthalpy at the outlet if the process 

had been isentropic. qt = h 
0 - h,,, - QI - 2 

where Ql _ 2 is the heat removed by the cooling within the 
machine (or section of the machine). 

NOTE - Where specific values of the factors X, Y  and Z are not 
available values may be obtained from the generalized curves given in 
annex D. 

The above definition is complete only when the type of the 
reference process adopted is indicated by the corresponding , 
subscript. Consequently reference efficiencies are given by the 
following formulae. 

3.5.3.5 The specific compression work based on static con- 
ditions may thus be determined : 

2 m 
W  m,pol = 

s 
(vdp)po, = = c !!? [i, 1 _ 1 

1 m Pl 3.6.1 .l The polytropic eff iciency 

W  m,pol 
Vpol = 

h, - h, - QI - 2 

NOTE - This equation is not strictly correct (see [2]) and should only 
be used in cases where the compressibility factor 2 is substantially 
constant throughout the compression process. 

The equation for W m  pol g I iven in figure D.9 tan also be used. (c 
W  m,pol + 

2 - C12) 2 

2 
qpd,t = h 

t2 - h,l - QI - 2 3.5.3.6 p2 For compression ratios - < 4 the correction factor < 
Pl 

may be considered as equal to 1 and tan therefore be neglected 
in the computation. See also 3.5.3.3. 

3.5.3.7 For similarity testing of compressors without 
intermediate cooling, a Single-Stage process should be 
adopted, determining an average polytropic exponent such as 
defined above. 

3.6.1.2 The isentropic efficiency 

W  ???,S 
VS = 

h, - h, - QI - 2 

3.5.3.8 For tests of compressors with intermediate cooling a 
multistage reference process should be adopted with polytropic 
exponents suited to each section included between two suc- 
cessive intercoolers. 

(c 
w 

2 - C12) 
m,s + 2 

2 
rls,t = h t,2 I - ht I - QI - 2 

3.5.3.9 Similarity calculations according to Schultz’s method 
are shown schematically in figure D.7. 3.6.1.3 The isothermal eff iciency 

W  mJ 
VT = 

h, - h, - QI - 2 

3.6 Definition of reference efficiency, power and 
losses 

3.6.1 reference efficiency, qpor, qs or VT: Ratio of the 
specific compression work to the total enthalpy rise in the 
machine (or section of the machine) within which there is no 
deliberate cooling and when based on static conditions as 
defined by the formula: 

W  m,T + 
(c22 - Cl21 

2 
qT,t = h 

t,2 - b,l - QI - 2 

3.6.2 reference power PpolR Ps or PT: Power absorbed by 
the gas during the reversible reference process excluding any 
Iosses. The reference power shall be defined with the subscript 
corresponding to the adopted reference process. 

r2 
3 v dP 

1 wm 
f-l = =- 

h2 - hl h2 - 4 

\ 
5 
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The formulae for the reference power are also different 3.6.5 internal power, Pin: Power eff ectively absorbed by 
depending on the calculation System of the specific com- gas during the actual compression process. It is given by the 
Pression work. formula 

Unless otherwise agreed the reference power is based on total 
conditions and is given by the following formulae. 

3.6.2.1 The polytropic reference power 
or 

i 

2 
P =4m wm,pol+ 

c2 -cl 
2 

Pol, t 2 
i 

P 
Pin = p"l,t + Qa + P, 

rlpol, t 

P 
Pin = -2L + Qa + P, 

YI s,t 

3.6.2.2 The isentropic reference power 

2 2 

P s,t = 4m w + c2 -cl 
m,s 2 k 

PT t Pin = A + Q, + PL 
qT,t 

For compressors with intermediate cooling the sum of internal 
powers in each section between two successive intercoolers 
should be computed : 

3.6.2.3 The isothermal reference power Pin = Pin I + Pin,, + n -e + Pin. 1 

2 
c2 -cl 

2 
pT,t = qm Wm,T + 

2 

Where the local Mach number at the Standard inlet and 
discharge Points is less than 0,2 it is sufficiently accurate to 
calculate the reference power directly from total conditions 
using the following approximate formulae: 

3.6.6 mechanical power losses, Pf: Losses due to friction 
in the bearings and sealing rings and in any transmission gear 
contractually included within the compressor. 

P Pol, t z 4m wm, pol,t = 4m 
s 

L 

(v dP)t I pol 
1 

3.6.7 effective compressor power, P,: Power input at the 
coupling of the compressor or at the coupling of the trans- 
mission gear depending on the contract agreement. lt is given 
by the formula 

P 
s 

L 

z 4m Wmst= 4m (v dP), P, = Pin + Pf * s, t I I I s 
1 

s 

L 

PT,t z qm Wm,T,t = qm lv dp), T 
1 

, 3.6.8 power loss in driving machine, PPr : Power loss in 
the turbine or in any other driver of the compressor and the 
intermediate driving System. 

3.6.3 heat transmission losses, Qa: Losses due to heat 
transmission from the area ACS of the compressor casing to the 
ambient atmosphere, expressed by the formula 3.6.9 

mula 
total power of the unit, Pun: Power given by the for- 

Q CY = dcs (tMCs - ta) 
P un = P, + Pp, 

For values of Q, less 
adopted for a, i.e. 

than 0,02 P,, an approximate value tan be 

a= 14 W/(m2. K) 3.6.10 internal efficiency, qin: Ratio of the reference power 
defined in 3.6.2 to the internal power. 

3.6.4 power loss due to leakage, PL: Losses due to leakage 
through external labyrinths; these tan generally be calculated 
using the formula 

PL = c qm,L ’ AhtL 

Its value depends on the type of adopted reference process. 
Internal efficiency is given by the formulae 

P Polrt 
%n,pol = 7 

in 

6 
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P 
%n,s = 

SJ 

pin 

pT t 
%n,T = p 

in 

3.6.11 mechanical efficiency, rf: Ratio of the internal 
power to the effective power at the coupling of the com- 
pressor, or at the coupling of the transmission gear, depending 
on the contract agreement. lt is given by the formula 

Pin Pin 

?lf = P = - e Pin + pf 

3.6.12 effective efficiency, qe: Ratio of the reference 
power defined in 3.6.2 to the effective power at the coupling of 
the compressor, or at the coupling of the transmission gear, 
depending on the contract agreement. lt is given by the for- 
mula 

s 

2 

4m (v dplt 

Ve = 
1 

pe 
= ii”in Vf 

Its value depends on the type of adopted reference process. 

3.6.13 primary efficiency, qPr: Ratio of the effective power 
of the compressor to the power or energy input to the driver. lt 
is given by the formula 

pe pe 
VPr = p = 

un pe + pPr 

3.6.14 Overall efficiency of the unit, qun: Efficiency of the 
unit which takes account of all energy losses of the unit, 
including compressor, transmission gear and driver. lt is given 
by the formula 

fl un = l?e VPr 

3.7 Definiti 
uncertainty 

nee, uracy and 

As used in this International Standard, the terms “tolerante”, 
“inaccuracy” and “uncertainty” have specific and clearly 
different meanings. 

3.7.1 tolerante: Amount by which the value of a particular 
Parameter or a quantity is permitted to deviate from a set value 
by the terms of the contract or other agreement. 

3.7.2 inaccuracy : Extent by which the measured or com- 
puted value of a Parameter or quantity deviates from the true 
value, resulting from the inevitable errors in measurement and 
computation. 

3.7.3 uncertainty : Maximum likely magnitude of the inac- 
curacy of a particular Parameter or quantity such that it tan be 
said with at least 95 % confidence that the measured or com- 
puted value does not deviate from the true value by an amount 
greater than the stated uncertainty. 

4 Symbols and subscripts 

The Symbols, subscripts and definitions used in this Inter- 
national Standard are in accordance with ISO 31 and ISO 1000, 
and are given in tables 3 and 4. 

Equations used are dimensionally homogeneous. 

To simplify use of this International 
factors are given inannex C. 

Standard, conversion 
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Table 3 - Symbols 

Symbols Dimensionsl) Quantities Definitions and observations 

L2 A Area 

Sonic velocity a = &ZiZ LT-’ a 
L Outlet tip width 

ML2T-20-1 mol-l Molar specific heat at constant 
pressu re 

CP = Mc, 

ML2TW2W1 mol-l G Molar specific heat at constant 
volume 

Cv = MeV 

LT-’ Absolute velocity c 

L2 T-2 0-1 Specific heat at constant pressure 1 
L2 T-2 0-1 Specific heat at constant volume 

Reference diameter of the rotor L 

ML2 T-2 F Torque 

G dimensionless Precision class 
L2T-2 . h Specific enthalpy 

Total specific enthalpy 
ht 

Molar mass Mass which corresponds to one mole 

h, L2 T-2 

M M 

dimensionless 

dimensionless 

dimensionless 

dimensionless 

dimensionless 

T-l 

dimensionless 

dimensionless 

ML2 T-3 

ML-’ T-2 

ML-’ T-2 

ML-’ T-2 

ML-’ T-2 

ML-’ T-2 

ML-’ T-2 

Ma Mach number of the flow 
Ma = c 

a 

M-t Approximate Mach number of gas 
flow through area A 1 Mat=siF 

Peripheral Mach number (arbitrary 
definition) 

Refers in this International Standard to inlet 
conditions 

Pm - = 
T 

constant 

See also 3.5.3.3 . 

Polytropic exponent in the p - T 
diagram 

m 

Mass Proportion of a gas 
component 

? 

N Speed of rotation 

Nr Ratio of reduced Speeds 

Nr= (&,,)T&&)Gu 

pvn = constant 
See also 3.4.1 

Polytropic exponent in the p - V 
diagram 

n 

P Power 

Forte to be exerted on the unit area moving with 
the gas 

Absolute static pressure P 

Atmospheric pressure Pa 

Dynamit pressu re See 8.1.3 Pd 

Pe =P-Pa Effective (or gauge) pressure Pe 

Saturation pressure Saturation pressure at temperature of the 
vapou r-gas mixture 

Psat 

Pt =p+Pd Total pressure Pt 
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Table 3 - Symbols (conthued) 

Symbols Quantities Definitions and observations Dimensions 1) 

Pv Partial vapour pressure ML-’ T-2 

Q Heat flow Quantity of heat supplied or delivered per unit time ML2 T-3 - 
Q CO Corrected heat losses (equivalent) ML2 T-3 

Q in Internal heat losses (equivalent) ML2 T-3 

Q me Mechanical heat losses (equivalent) ML2 T-3 

Q a Heat losses by thermal transmission ML2 T-3 
from the surface 

4m Mass rate of flow MT-’ 

4v . Volume rate of flow L3 T-’ 

R Specific gas constant R RE* 
L2T-2@-’ 

M 

%l Peripheral Reynolds number Re, = -@- dimensionless 
(arbitrary) Vt,’ 

Refers in this International Standard to total inlet 
conditions 

R mol Universal gas constant R mol = 8314J~kmol-1~K-1 ML2T-20-1 mol-l 

ri Volumetric Proportion of a dimensionless 
component 

S Specific entropy L2 T-2 0-1 

T Absolute static temperature Temperature on Kelvin scale 0 

t Usual static temperature Temperature on Celsius scale 0 

tdl Td Dynamit temperature 0 

t Tsat satf Saturation temperature 0 

4, Tt Stagnation temperature (total) 4 = t + td 0 
Tt = T + Td 
See 8.1.4 

u 

V 

vr 

V 

wm 

x 

x 

Y 

Y 

z 

2 

Peripheral velocity U = nDN LT-’ 
, Peripheral velocity at reference diameter 

Volume L3 

Ratio of volume rate of flow ratios (4 V,t,2/q V,t,I)Te dimensionless 
v, = 

h,t,2/qV,t,I)Gu 

Specific volume Volume per unit mass M-’ L3 

Specific compression work wm = s VdP L2 T-2 

Isobaric deviation factor See 3.2.4 dimensionless 

Variable as used 

Isothermal deviation factor See 3.2.3 dimensionless 

Molar Proportion dimensionless 

Compressibility factor See 3.2.2 dimensionless 

Number of stages considered Indicates also number of Stage groups separated by dimensionless 
intercoolers 

a Heat transfer coefficient 

Y Ratio of specific heats 

Rate of heat flow per unit area of surface per unit MT-3 0-1 
temperature differente 

dimensionless 
Y cP =- 

9 

9 
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Table 3 - Symbols (conchded) 

Symbols Quantities Definitions and observations Dimensionsl) 

r Work input coeff icient Ah, dimensionless 
r=------ 

u2 

AX Absolute differente or Variation of x same as for x 

AX Relative differente or Variation dimensionless 
X 

6 Blade Position Position of adjustable guide vanes or blades 

EX Absolute possible deviation of x Same as for x 

&X Relative deviation dimensionless 
X 

r i Coefficient i = 3, 4 or p (see clause 9) dimensionless 

I? Eff iciency dimensionless 

K Isentropic exponent v 3P K= -- - 
( 1 

1 dimensionless 
p av s 

il- Coeff icient . 
rk 

k 
= 1,2,3 . . . (see annex B) dimensionless 
= 1,2,3... 

P Dynamit viscosity ML-’ T-’ 

V Kinematic viscosity P L2 T-’ 
V =- 

@  

r Correction factor See 3.5.3.4, 3.5.3.5 and 3.5.3.6 dimensionless 

e Density Mass per unit volume ML-3 

0 Standard deviation See 5.9.4 same as for x 

ZX Relative measuring u ncertainty or See 3.7 dimensionless 
tolerante on x 

@ Flow coefficient 4vt dimensionless 
Qi=----- 

D2l.d 

!P Relative humidity See A.4.2.1 dimensionless 

X Humidity content See A.4.2.1 dimensionless 
. 

Y Reference process work coefficient w * dimensionless 
Yi = --L!L where i 

242 
= pol, s or T 

Co Acentric factor See A.3.1 dimensionless 

1) L = length; M  = mass; T = time; 0 = temperature; mol = amount of substance. 

10 
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Table 4 - Subscripts 

1 Subscripts Meaning Observations 

Section 1, Section II, . . . , Section j The Roman type figures relate to numbers of Order of the compressor 
sections I 

1, II, . . ., j 

11, Cooled section Cooled section when compressor is divided into uncooled section I and 
cooled section II, 

1 Inlet Relates to quantities measured at the Standard inlet Point. In combination 
with other subscripts denotes “inlet” 

2 Discharge Relates to quantities measured at the Standard discharge Point. In combi- 
nation with other subscripts denotes “outlet” 

a 1 Atmospheric / Characterizes atmospheric pressures and temperatures I 

I adj Additional Additional uncertainty when inner tolerante limit is exceeded (see 
clause D.2) 1 

1 Cd 1 Condensate I I 
Co Converted Relates to the quantities converted to specified conditions by similarity 

computation 

I Cr I Critical 1 Characterizes critical pressures and temperatures I 

I Cs 1 Casing / Characterizes the quantities measured on the compressor cis;71 

I comb I Combined when Xcomb is combined by Superposition of results of several stages I 
D I Rotor 

d 1 Dynamit 1 Characterizes dynamic pressures and temperatures l 
En 1 End I I 

I Ex I Extreme ---1 
Eff ective 1 Characterizes the power input at the coupling of the compressor e 

el 

f 

fluc 

G 

Gu 

ICI’ ICII’ 
mmm, ICj 

i 

in 

Electrical 

Friction 

Fluctuation 

1 Characterizes the friction losses (mechanical losses) 

1 Additional uncertainty due to fluctuations of power input 
I 

Dry gas 1 Characterizes the quantities of dry gas 

Guaranteed 

Intercooler 1, II, . . ., j 

Relates to the quantities specified in the contract 

Relates to first, second, . . ., jth intercooler 

Component 1 Relates to component i of a gas mixture 

Internal 

Leakage L 

/ 

M 

m 

Arithmetic mean Characterizes the arithmetical means of inlet and outlet quantities 7 
Mixture I I 

Maximum 1 max 

min 

mol 

Oil 

Pr 

P 

PO1 

r 

res 

S 

Minimum I 
Molar 

Oil Characterizes lubricating (and sealing) oil (mechanical losses) 

Primary 

Isobaric 

/ Characterizes the driver of the compressor 

Isobaric 

Polytropic 

Reduced 

Resulting 

Isentropic Isentropic 

Characterizes an isobaric (constant pressure) process --1 Characterizes an isobaric (constant pressure) process 

Characterizes a polytropic process 

Characterizes reduced pressures and temperatures 

When x results from combination of several variables with individual errors 

Characterizes an isentropic process Characterizes an isentropic process 

Polytropic 

Reduced 

1 Characterizes a polytropic process 

I Characterizes reduced pressures and temperatures I 
Resulting When x results from combination of several variables with individual errors I 

11 
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1 Subscripts Meaning 

I sat 

tot 
U 

~ 
un 

ut 
V 

V E W 

X 

Table 4 - Subscripts (conchded) 
y 

Observations 

Saturation 

Isothermal 

Tested 

Characterizes an isothermal process 

Relates to the quantities measured during the test or fixed as test conditions 

Stagnation (total) 

Tolerated 

Relative 

Peripheral 

Unit 

when ‘Xcomb included additional uncertainty Tadj and/or zfluc 

Relates to the reference rotor diameter 

Characterizes the unit comprising the compressor, the intermediate driving 
System and the Prime mover 

Usable 

Vapour 

Isochoric Characterizes a constant volume process 

Water 

Variable 

Characterizes cooling water 

5 Equipment, methods and accuracy of 
measurements 

5.1 General 

5.1.1 This clause describes the instruments, equipment and 
methods of measurement to be used in testing compressors in 
accordance with this International Standard and describes the 
measurement accuracy. 

Where no specific requirements for a particular measurement 
are included, the instruments and methods of measurement to 
be used are subject to agreement. 

5.1.2 Where an International Standard is available relating to 
a particular measurement or type of instrument, any measure- 
ments used should be in accordance with such a Standard. 

51.3 Wherever possible, instruments with a defined and 
guaranteed “quality grade” (accuracy class) should be used. 
In this context an instrument tan be said to be of quality 
grade “G” when the maximum error at any level in the rec- 
ommended range does not exceed + G % of the full-scale 
reading. 

5.1.4 Instruments shall only be used in that part of their range 
recommended by the manufacturer or so defined in this Inter- 
national Standard. 

5.1.5 While the instruments and measurement methods are 
generally to be recommended for the purpose, it is not intended 
to restritt the use of other equipment with the same or better 
accuracy. 

5.1.6 Measurement stations for the determination of the con- 
dition of flowing fluids shall wherever possible be located in 
straight lengths of pipe where the flow is substantially uniform 
and steady. For the main measuring stations at the inlets to and 
discharges from the compressor, the arrangement shown in 
figure 1 is recommended. 

5.2 Apparatus 

5.2.1 Instruments for determining the temperature of the 
compressed fluid at the compressor inlets and discharges. 

5.2.2 Manometers or pressure gauges for determining the 
pressure of the compressed fluid at appropriate Points on the 
test stand. 

5.2.3 Barometer to measure the atmospheric pressure. 

5.2.4 Flow measuring device to determine the flow through 
the compressor. 

5.2.5 Instruments to measure the power consumption of the 
compressor. 

5.2.6 Equipment for sampling the working gas and to de- 
termine its composition. 

5.2.7 A device to measure the Speed of rotation. l 

5.2.8 Arrangements to detect the occurrence of surge (when 
applicable). 

5.2.9 Devices for determining flow-rates and temperatures of 
secondary flows to enable energy balances to be established. 

12 
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5.3 Measurement of temperature 

5.3.1 Esch temperature measuring device shall be in ac- 
cordante with the appropriate national Standards and shall be 
calibrated against an instrument certified by a recognized 
authority. Recommended instruments for measuring tempera- 
ture are 

a) liquid-in-glass thermometers; 

b) thermocouples used with potentiometric-type instru- 
ments; 

c) resistance thermometers. 

5.3.2 The detecting element should be inserted directly into 
the gas stream or, where this is not feasible, thermo-wells of 
minimum thickness shall be used. Precautions shall be taken to 
minimize measurement errors due to heat conduction in Sterns 
or wells and radiation from or to Parts at a temperature different 
from that of the gas stream. 

5.3.3 For machines assembled for test with an open inlet, the 
inlet temperature shall be taken as the atmospheric temperature 
measured in a region of substantially zero velocity in the vicinity 
of the inlet flange. 

5.3.4 The delivery temperature (or temperatures) and inlet 
temperature (or temperatures), when a piped inlet is used on 
test, shall be measured by several instruments inserted into the 
pipe or duct symmetrically set in one plane. The number of 
instruments and their precise location depends on the layout of 
the piping and the precision required with due regard to heat 
flow and radiation from the pipe surface. The fluid temperature 
shall be the average of the Single measured values corrected to 
allow for the velocity recovery effect. 

Except in the case of gases with a significant condensible Phase 
the use of shielded Stagnation-type probes with a very high 
recovery factor is recommended. 

Where it tan be shown that the velocity recovery effect is 
insignificant, it may be neglected. In no case should it be 
neglected if the dynamic head exceeds 0’5 % of the specific 
compression work. The velocity recovery factor to be used 
should be agreed on. In the absence of any more specific values 
the following may be used : 

a) thermometers and thermocouples in wells : 0’65 

b) bare thermocouples : 0'80 

c) bare thermocouples with insulation shields : 0’97 

NOTE - For more precise information see [3] and [4]. 

5.3.5 Esch instrument should penetrate into the pipe or duct 
for approximately one-third of the pipe diameter. 

5.3.6 Thermocouples shall have a welded hot junction and 
shall be calibrated together with their compensating leads over 
the anticipated range. 

5.3.7 With liquid-in-glass thermometers, when the measured 
temperature differs from the ambient by more than 5 OC, an 
emergent stem correction shall be made according to the for- 
mula 

tTe = t + rp (t - tM) 

where 

tTe is the true temperature of the gas stream; 

is the actual thermometer reading; 

is the average 
column; 

temperature of the emergent fluid 

is the length of the emergent col 
degrees on the thermometer scale; 

umn expressed 

ß is the apparent expansion coefficient of the ther- 
mometer fluid (for mercury-in-glass thermometers 
ß = 116 300). 

5.3.8 When it is necessary to determine the heat extracted by 
intercoolers, lubricant or sealant flows or leakage flows, the 
accuracy of temperature and flow measurements shall permit 
determination of the heat extraction with due regard to the ef- 
fett of such heat flows on the Overall accuracy of the test. 

54 . Measurement of pressure 

5.4.1 General 

Esch pressure measuring device 
appropriate national Standards. 

shall comply with the 

Esch instrument shall be calibrated with the exception of ver- 
tical “U” tube manometers using a liquid of known density and 
dead-weight gauges. 

Connecting pipes shall be leak-free, as short as possible, and of 
a sufficient diameter and so arranged as to avoid blockage by 
dirt or condensed liquid. 

If the Saturation temperature of the fluid is higher than ambient 
temperature, pressure instruments shall be situated below the 
tapping Points and connecting pipes shall be kept full of con- 
densate. Condensing vessels shall be installed near the tapping 
Points to ensure constant level height. 

Stations for the measurement of the pressure of flowing fluid 
streams shall be located in a length of straight pipe or duct of 
uniform Cross-section in which the flow is essentially parallel to 
the pipe Wall. 

Pressure instruments shall be 
stantially free from Vibration. 

mounted in a Position sub- 

The effective length of the scale of pressure measuring 
instruments and the arrangement of the graduations shall 
facilitate accurate readings within + 0’5 % of the pressure 
measurement. 

13 
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5.4.2 Barometric pressure 

Barometric pressure shall be determined by any means with a 
maximum error not exceeding 0,333 mbarl). A barometer shall 
be located in a stable place at the test site. Alternatively, the 
barometric pressure may be obtained from a local meteoro- 
logical Station, with a correction for any differente in altitude. 

When the test driver is a Slip-ring type of induction motor, the 
rotational Speed may be obtained from accurate measurements 
of both the supply frequency and the Slip frequency. 

In all other cases the rotational Speed shall be measured with a 
mechanical or electrical tachometer permanently driven from 
the shaft. 

5.4.3 Static pressure 

Static pressure shall be measured by a number of tappings 
(normally four) spaced around the pipe at the measurement 
Station in one plane normal to the direction of flow. 

The preferred type is a digital pulse counter based on a crystal 
oscillator used in conjunction with a toothed wheel mounted on 
the compressor shaft. 

5.7 Measurement of power 

The tap-holes shall be normal to and flush with the pipe wall Where the Performance is guaranteed in terms of the energy 
and shall be free from burrs, countersinks or other irregularity input to the driver, this shall be measured in accordance with 
which could disturb the flow. the appropriate International Standards or national Standards. 

The diameter of the tap holes shall be as small 
sistent with minimizing the risk of blockage. 

as possi ble con- 

lt shall be established that the pressure measured at any one 
tapping at the measurement Station does not differ from the 
mean of all pressure measurements by more than 1 % of the 
absolute pressure. ‘e 

Having established that this requirement is satisfied, all the 
tappings at one Station may be connected into a common col- 
lecting ring, provided that the effective Cross-sectional area of 
this collecting ring is not less than four times the cross- 
sectional area of any one tap-hole. 

5.4.4 Total pressure 

Total pressure shall normally be calculated from the static 
pressure and the calculated mean flow velocity head (sec 
8.1.3). Where the degree of non-uniformity of flow is signifi- 
cant, the characteristic Parameters (e.g. total enthalpy) should 
be obtained from a mass-flow-weighted integration of the 
results of probe traverses across the measuring plane. 

5.5 Measurement of flow 

Fluid flow-rates shall be measured in accordance with 
ISO 5167-1. 

When other methods of flow measurement are proposed it 
shall be demonstrated that they are of equal or better accuracy. 

Particular care is necessary when the compressed fluid contains 
a condensible fraction. With most types of flow-meter it is 
essential that the fluid is homogeneous. In extreme cases it may 
be necessary to install a suitable separating device, and to 
measure separately the gaseous and liquid streams leaving it. 

5.6 Measurement of rotational Speed 

When the test driver is a synchronous electric motor the ro- 
tational Speed may be obtained from an accurate measurement 
of the supply frequency. 

Where it is the power input to 
guaranteed, this shall be measu red 

the compressor which is 

- by performing an energy balance on the driver in ac- 
cordante with the appropriate test Codes for the particular 
type of machine, 

- by measuring the torque using a cradled 
field) type of motor or a precisi on torque-meter, 

(swinging 

or, when these methods are not possible, 

- by establishing a total energy balance for the com- 
pressor, by measuring all the losses and adding them to the 
energy input to the compressed gas. 

Torque-meters shall not be used for measurement below one- 
third of their rated torque. They shall be calibrated with the 
measuring element at the same temperature as used during the 
test. The calibration shall be carried out twice, once with 
continuously increasing load and once with continuously 
decreasing load, and the mean of the two sets of readings shall 
be used. 

With both torque-meters and cradled electric motors it shall be 
shown that the hysteresis effect, i.e. the differente between 
the readings with increasing and decreasing load due to 
mechanical friction etc., does not exceed 0,5 % of the 
measured torque. 

58 . Determination of gas composition 

The Chemical composition of gas or gas-vapour mixtures shall 
be determined at regular intervals by recognized methods of 
analysis. 

Particularly when the gas contains condensible fractions, care 
shall be taken to ensure that the Sample analysed is truly 
representative of the gas being compressed. In some cases this 
may require that the condensible and non-condensible frac- 
tions are sampled separately as they leave a suitable separating 
device and that the rates of flow of the two fractions are also 
established separately. 

1) 1 bar = 105 Pa 

14 
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If the working fluid on test is air, its humidity shall be de- 
termined from wet- and dry-bulb temperatures or by other 
recognized methods such as dew-Point, freezing or Chemical 
absorption techniques. 

then the mean value xR/I is given by 

1 n 
xM = i- c *i 

i= 1 

59 . Accuracy of measurement 
and the Standard deviation is given by 

5.9.1 Owing to the very nature of physical measurements, it is 
impossible to measure a physical quantity without error or, in 
fact, to determine the true error of any one particular measure- 
ment. 

0 = (X i- xM)* 

However, if the conditions of the measurement are sufficiently 
well known, it is possible to estimate or calculate a charac- 
teristic deviation of the measured value from the true value, 
such that it tan be asserted with a certain degree of confidence 
that the true error is less than the said deviation. 

The value of such a deviation (normally the 95 % confidence 
limits) constitutes a criterion of the accuracy of the particular 
measurement, and in this International Standard is called the 
uncertainty. 

For a particular measurement the value of the uncertainty 
(95 % confidence limits) tan be determined in one of the 
following ways. 

Hence the uncertainty tan be taken as + 2 0. 

5.9.5 In some cases the uncertainty (95 % confidence limits) 
tan be estimated by considering the fundamental principles of 
the method of measurement. 

For example, in the case of a simple liquid-column manometer, 
provided that the density of the liquid is known precisely, the 
accuracy depends on how precisely the levels tan be de- 
termined. Without special equipment an accuracy of + 1 mm 
should be easily achievable with the necessary confidence. 

Hence the uncertainty, zH, is given by 

5.9.2 Where the measurement has been made in accordance 
with an established International Standard or national Standard 
which defines the accuracy of such a measurement, then the 
uncertainty confidence limits should be determined by 
reference to that Standard (e.g. for flow measurement refer to 
ISO 5167-1). 

1 
TH= k---- 

H 

where H is the reading in millimetres. 

5.9.3 Where the quality grade of the instrument has been 
defined and guaranteed by the manufacturer (see 5.1.3) the 
uncertainty for a particular measurement tan be determined by 
reference to the quality grade. For example in the case of a 
pressure gauge, the uncertainty, zP, is given by 

PEn 
5 

= -tG--- 
PTe 

NOTE - For differential heads in excess of 1 m assume zH = 31 0,l %. 

A further example is an electronie digital tachometer in which a 
precise crystal oscillator is used as the time base. In this case 
the uncertainty, ZN, tan be taken as 

S 
ZN= +---- 

N 

where 
where 

G is the quality grade; S is the digital measuring Step; 

PEn is the full-scale reading of the gauge; 

PTe is the actual test reading. 

N is the Speed of rotation displayed. 

S and N shall be expressed in the same units. 

NOTE - Where a pressure gauge has a quality grade less than 0,2 %, 
use a value of 0,2 to allow for location errors. 

5.9.6 Where the value of a particular quantity is derived from 

5.9.4 lf a sufficiently large number of readings of a particular 
variable are available, then the Standard deviation of these 
readings tan be calculated; it is accepted to assume that the 
uncertainty is equal to tvvice the Standard deviation. 

For example, if the values of a set of readings of one variable 
are 

the measurement of two or more separate quantities, the ac- 
curacy of the result is dependent on the accuracy of the 
separate measurements. For example, when the shaft input 
power to the compressor is determined by measuring the 
electrical power input to the electric motor, having separately 
determined the motor eff iciency, the uncertainty confidence 
limits of the shaft input power are given by 

x1 I x*, +r . . ., Xi, . . ., & zPe = t-&zg 
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where 

rpel is the uncertainty of the electrical power input; 

Zqel is the uncertainty of the motor efficiency. 

zPel and Zqel shall both be expressed as a fraction of the 
measured value. 

5.9.7 In the absence of sufficient information to use any of 
the above methods, table 5 provides a guide to the accuracy 
that tan be expected from good quality commercially available 
instruments. 

Measurement Uncertainty 

Pressure measured with 
- liquid column I!I 0,5 % 
- dead-weight gauge z!I 0,3 % 
- Bourdon tube gauge + l,o % 

Temperatu re *) 
- suction temperatu re + 0,5 OC 
- discharge temperature z!I l,o”c 
- cooling water, Oil, etc. -1: 0,5 OC 

Flow measured with Standard pressure 
differente device (sec ISO 5167-1) * 1,5 % 

Speed measured with mechanical tachometer Ik 1,5 % 

Power measured with 
- mechanical torque-meter rt 2 % 
- cradled motor f 1,5 % 
- a.c. motor of known efficiency + 1,5 % 
- d.c. motor of known efficiency Ik 1,5 % 

Power determined from an energy balance for 
the compressor H,5%tof4% 

*) A guide to the accuracy achievable with a good quality liquid- 
in-glass thermometer is given in table 6. 

Table 5 - Guiding values for uncertainty of test 
measurements 

Table 6 - Measuring uncertainty for calibrated 
liquid-in-glass thermometers 

Values in degrees Celsius 

Temperature 
range, 8 

Measurement uncertainty for the 
following graduation intervals 

0’1 02 
-5O<e<-5 0,6 W3 
- 5<0< 60 013 0’4 

6o<e~llo 015 66 
110 < 8 G 210 - 1 
210 < 8 4 310 - - 
310 < 8 Q 410 - - 
410 < 0 < 625 - - 

. 5.10 Thermodynamlc properties of fluids 

0,5 

L7 
1 
1 
2 
3 
- 
- 

1 

2 
L4 
2 
3 
4 
5 
6 

Physical properties and thermodynamic data and the ap- 
propriate confidence limits shall be obtained from established 
International Standards. When such Standards are not avail- 

able it shall be agreed which data shall be used and the 
uncertainties which apply to such data. 

In annexes A and B methods of calculating the physical proper- 
ties of gas and gas-vapour mixtures are provided. 

6 Preparation for the test 

6.1 Items on which agreement shall be reached 

6.1.1 Agreements required at the time of Order 

6.1.1.1 Agreement shall be reached as to the location of the 
test, i.e. at the manufacturer’s works, on site, or elsewhere. 

Particularly in the case of a site test, agreement shall be 
reached on the necessary safety requirements relating to the 
test and it shall be agreed who shall have the responsibility of 
ensuring compliance with these requirements. 

6.1.1.2 lt shall be agreed which type of test is to be performed 
in accordance with the following categories. 

Category 7 

The compressor may be tested under the conditions of the 
guarantee, i.e. with the specified gas under the specified intake 
conditions, with the guaranteed power input. 

In this case, the test Speed shall be as close as possible to the 
specified Speed of the compressor. 

Category 2 

If the specified conditions cannot be reproduced, either 
because of the gas composition, or because the power 
available is insufficient, the compressor should be run at such a 
combination of Speed and inlet conditions as to establish the 
similarity conditions specified in 7.3. 

In this case, the driving unit and the lubricating and sealing 
devices may also be different from those on the site. 

Category 2 tests tan themselves be subdivided into two types: 

Category 2al: Open-loop air tests 

In this case, the manufacturer shall state whether or not the 
similarity conditions specified in 7.3 tan be fulfilled. 

In a case where the similarity conditions cannot be fulfilled, 
the customer and the manufacturer should agree on the 
tolerantes to be applied to the test result. 

Category 261: Closed-loop tests with air or another gas 

If the Performance testing is carried out using a closed loop, 
the manufacturer is free to choose any suitable test gas and 
conditions, provided that the similarity requirements of this 
International Standard are satisfied. 
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6.1.1.3 Whether or not the pressure ratio or pressure rise is 
based on static or total conditions, the precise location at 
which the guaranteed inlet and discharge pressures apply shall 
be agreed. Unless there are good reasons otherwise, total con- 
ditions shall be assumed. 

6.1.1.4 The basis for calculating the actual inlet volume flow 
shall be agreed. Unless otherwise agreed, the inlet volume flow 
shall be calculated from the measured usable mass flow and the 
inlet density determined from the total temperature and total 
pressure at the Standard inlet Point. 

6.1.1 .5 The gas composition, Charts, reference tables or other 
data relating to the guaranteee conditions shall be agreed. 

6.1.1.6 The criterion of acceptance of the test result, ac- 
cording to 9.3.2, shall be agreed. 

6.1.1. 7 In the case 
be ag reed upon. 

of a site test, a deadline for the test should 

6.1.1.8 A schedule for agreements to be made on the matters 
given in 6.1.2 should be established. 

6.1.2 Agreements required before the test 

6.1.2.1 In the case of a factory test, the ma 
SUPPlY the customer with 

a) the indication of the gas if it is different from 
ha ndled according to the contract agreement; 

b) the calculations 
conditions; 

nufacturer should 

for the determina tion of the similarity 

the gas 

c) a Sketch of the installation and instrumentation. 

Before testing commences, the installation should be placed at 
the customer’s disposal, in Order that the customer may check 
that it is in conformity with the requirements of this Inter- 
national Standard. 

In the case of a site test, when the site layout plan is finished, 
this is submitted by the customer to the manufacturer in Order 
that the latter may check that all provisions have been made to 
carry out testing in conformity with the requirements of this 
International Standard and may comment on these, if required. 

Before testing commences, the installation should be placed at 
the manufacturer’s disposal for examination of the test equip- 
ment. The test Programme should be agreed upon by the 
customer and the manufacturer. 

6.1.2.2 lt shall be agreed that the calibrations of each instru- 
ment used in the test shall be according to the appropriate 
national Code. 

6.1.2.3 Usually the flow will be measured on either the inlet to 
or the delivery pipe from the compressor in accordance with 

the way it has been specified in the guarantee. Where this is 
not possible, however, due corrections shall be applied to com- 
pensate for gland leakage either into or out of the compressor, 
condensate drained from intercoolers, bleed flows, etc. lt is 
often impossible to measure such quantities directly and in 
these circumstances appropriate corrections shall be agreed 
between the manufacturer and the purchaser. Particular care in 
this matter is required when a compressor is being tested under 
conditions far removed from those of the guarantee. 

6.1.2.4 When a machine is to be tested under conditions 
significantly different from the guarantee conditions, the 
manufacturer shall propose for agreement how the mechanical 
losses shall be converted from test to guarantee conditions. 

6.1.2.5 Where any intermediate form of power transmission, 
such as a gearbox, is interposed between the driving unit and 
the machine, the method by which its power consumption shall 
be taken into account shall be the subject of agreement. 

When the power consumption is guaranteed in terms of the 
power supply to the driving unit, any variations in its per- 
formante due to the differente between test and guarantee 
conditions shall be allowed for, subject to agreement. 

When the power consumption is guaranteed and the test has to 
be carried out at reduced power, errors will be introduced into 
the corrected power consumption because of those losses 
which are not strictly proportional to the total power. An 
agreed correction shall be made for these errors. 

6.1.2.6 Where it is not feasible to test a machine under the 
conditions laid down in 7.3, special conditions of test and 
special corrections shall be agreed between purchaser and 
manufacturer. 

. 

6.2 Preparation of the machine 

6.2.1 The compressor and associated equipment shall be in a 
condition that is comparable to the condition when new with 
respect to those aspects which tan affect the Performance. 

6.2.2 If pipes or ducts are fitted for the purpose of by-passing 
any component, or if bleed-off is used for any Service, any 
valves in such pipes or ducts shall be set so as to produce con- 
ditions specified in the guarantee. 

6.2.3 All unused connections shall be blanked off. 

6.2.4 Where lubricating Oil, cooling water and Seal-fluid con- 
sumption is significant, Provision shall be made for measuring 
these. 

6.2.5 The recommended grade of oil shall be used; otherwise 
corrections to the power and oil consumption shall be made. 
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6.3 Preparation of test equipment 6.3.3 Calibration of instruments 

6.3.1 Diagrammatic layout of test arrangement 

Prior to the test a diagrammatic layout of the test arrangement 
shall be established showing the agreed Position of all measur- 
ing Points and containing the reference numbers and letters 
used in the test report. 

Initial calibration, where possible, of the instruments shall be 
available Prior to the test. 

6.3.2 Installation of test equipment 

Recalibration, where possible, after the test shall be made for 
those instruments of primary importante which are liable to 
Variation in their calibration as a result of use during the test. 
Any Change in the instrument calibrations which will create a 
Variation exceeding that of the class of the instrument may be a 
Cause for rejecting the part of the test which it invalidates. 

See clause 5. 7 Tests 

Inlet and discharge pressures shall be measured at agreed 
Points. A typical arrangement is shown in figure 1, taken 
from Hl. 

7.1 Preliminary tests 

Preliminary tests may be run for the purpose of 

Where necessary, Provision shall be made for determining the 
humidity, Chemical composition, density or viscosity of the gas 
at the appropriate and agreed times during the test. 

a) determining whether the compressor and associated 
System is in a suitable condition to conduct an acceptance 
test; 

Inlet temperature 
- 4 measuring stations, 
spaced 90’ 

Inlet velocity pressure 
- 2 taps, spaced 90° 
(used only when 
velocity pressure is 
greater than 5 % of 
total pressure) 

7 
a 
m 

Inlet static pressure / 
- 4 taps, spaced 90° 

Baff Ie (pet-forated plate 

- - 

t 

02 
* I m I 

-- 1 + 

Discharge velocity pressure -- 
--- 2 taps, spaced 90° 

-- 

I 

Discharge temperature 
- 4 measuring stations, 
spaced 90° 

Discharge static pressure 
- 4 taps, spaced 90° 

flow equalizer) 
Capacity by ISO 5167-1 
arrangement 7 

Throttle valve J 

Figure 1 - Test arrangement 
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b) checking of instruments; 

c) training of staff. 

After a preliminary test has been made, this may, by agree- 
ment, be considered to be the acceptance test, provided that all 
requirements for acceptance have been met. 

7.2 General rules for setting up the compressor 
for the acceptance test 

7.2.1 During the test all measurements that have any bearing 
on the Performance shall be made. In the following, the deter- 
mination of the capacity and the power consumption of the 
compressor will be treated in detail. 

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

7.2.3 The test conditions shall be as close as is reasonably 
possible to the guaranteed conditions: deviations from these 
shall not exceed the limits specified in 7.3. 

7.2.4 During the test, the lubricant, and the adjustment of 
lubricating Pumps, lubricators or other lubricating means shall 
comply with the operating instructions. 

7.2.5 During the test adjustments other than those required 
to maintain the test conditions, and those required for normal 
Operation as given in the instruction manual, shall not be made. 

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

S pecif ied 

Should, however, the conditions be such that changes cannot 
be avoided, a distinction may be made between systematic 
changes (drift) and fluctuations of high frequency. 

In the case of a drift an adjustment to maintain the allowable 
deviations shall be made only if the operational conditions 
exceed the limits given in 7.3. 

During the fluctuations, the number of readings shall be 
increased, but the results may still be accepted provided that 
the fluctuations at-e within the limits given in table 7. 

7.2.7 For each guaranteed Point a number of test Points shall 
be obtained (not less than two) embracing the specified 
Point. The range covered by these test Points shall be not less 
than the range defined in figure 2, i.e. from the condition in 
which the reference process work coefficient on test is equal to 
that for the guaranteed Point to the condition in which the 
flow coefficient on test is equal to that for the guaranteed 
Point. 

The reference process selected for this purpose depends on the 
type of compressor. Generally, for uncooled machines an isen- 
tropic or polytropic process should be selected and for cooled 
machines an isothermal process. 

7.2.8 For each test Point the compressor shall be run for a 
sufficient time and a sufficient number of sets of readings shall 
be taken to indicate that steady conditions have been reached, 
to enable meaningful averages to be taken and to ensure that 
the requirements of 7.4.1 have been met. Not less than three 
sets of readings shall be taken. If a computerized data acqui- 
sition System is used then one representative printout of the 
test results should be taken. As far as possible all readings in 
one set shall be taken simultaneously at a given Signal. 

Figure 2 - Minimum range to be covered by the test 

Flow coeff icient 
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7.2.9 Where the usable stable range of the compressor is to 
be proved, the capacity at which surge occurs is determined by 
slowly raising the pressure ratio at constant Speed until 
unstable or pulsating flow appears. A test Point shall be set as 
close to the surge as possible. The precision of the determi- 
nation shall be demonstrated by repeating the setting. 

deviation on the Performance of turbocompressors is taken into 
account by appropriate correction methods which should be 
used only in a certain range of application. 

The range of application of the correction formula and the 
selection of a suitable test Reynolds number are influenced by 
two factors, i.e. 

For variable Speed and/or variable geometric compressors, 
surge Points may be determined at different Speeds or settings 
to cover the anticipated range of Operation. 

- the accuracy of the CO 
Reynolds numbers, and 

rrection at different 

lt shall be understood that the surge Point determined in a shop 
test may not accurately represent the surge condition with 
other pipe configurations and other gas densities. 

- the relia bil ity of tests carried 
pressu res or low d riving power. 

out at reduced suction 

For centrifugal compressors, the weil-proven method of the 
International Compressed Air and Allied Machinery Committee 
(ICAAMC) for correcting the Performance for variations in 
Reynolds number shall be used (see annex EL 

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

The limit of application of the ICAAMC formula is given in 
annex D, figure D.5, and annex E. 7.3 Particular rules for setting up the compressor 

for the acceptance test 
For axial compressors, the appropriate method of Reynolds 
number corrections depends on the blade characteristics used 
by the manufacturer. Therefore the method should be agreed 
by the manufacturer and the customer, as weil as the range of 
its application. 

7.3.1 Guiding principle 

Before the beginning of a test run, the settings of the com- 
pressor shall be fixed so as to achieve the best possible approxi- 
mation to similarity of flow for test and specified conditions. 

The conditions to be fulfilled in Order to achieve similarity of 
flow are dealt with in clause D.l. 7.3.4 Determination of the settings 

In practice it is often impossible to fulfill all the above con- 
ditions. Admissible limits for the deviation from similarity are 
considered in the following subclauses. 

The formulae required for the determination of the 
evident from the flow Charts given in clause D.5. 

settings are 

These Charts, one for perfett and near-perfett gases (see 
figure D.61, the other for real gases (see figure D.7), will be 
followed according to the conditions prevailing. Esch of them 
includes the following cases: 

7.3.2 Allowed deviation from specified rate of flow 

The magnitude of the permissible deviation of Vrfrom 1 and the 
additional uncertainty depend upon the characteristic curve 
being flat or steep. a) uncooled compressors; 

A characteristic curve is steep if, at the Point being considered, b) compressors with intercooling. 

Both have two possibilities for the isentropic exponent KTe for 
the test conditions, i.e. 4 v,t,1 

X- 

( ) 

> 1 

P2 

Pl t 

dW,t,l a) same as for specified conditions, or 

b) different. 
If a flat characteristic curve is assumed according to a 
calculated Performance diagram supplied by the manufacturer, 
this assumption shall be confirmed by the test result. Other- 
wise, the settings shall be corrected to satisfy the requirements 
of this International Standard for a steep characteristic curve. 

Furthermore, three alternatives are considered for the deter- 
mination of the isentropic exponent KTe: 

a) constant (perfett and near-perfett gases only); 

The range of values of the reduced Speeds corresponding to 
the permissible deviation of Vr and any additional resulting 
uncertainty tan be determined in accordance with annex D. 

b) known from characteristic 
pressure and temperature; 

equations as a function of 

c) calculated from conditions of state referred to the 
critical pressure and temperature of the test gas, following 
Schultz. 

7.3.3 Pe 
number 

rmissible Variation from ed Reynolds 

lt is necessary to check the deviation of the test Reynolds 
number from the specified conditions. The influence of this 

The input values for the above flow Charts are to be found 
in D.5.1. 
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The relationships shown in the flow Charts for determining the 
limits of the permissible setting up conditions for the com- 
pressor on test are shown in figure 0.3 for iCre = KG,, and in 
figure 0.4 for KTe # KG”. 

These are referred to in clause 8. 

The Charts giving the generalized compressibility factors 
necessary to calculate 2, X and Y as a function of reduced 
pressure and temperature are to be found in clause A.3. 

7.4 Evaluation of the readings ’ 

7.4.1 Before final calculations are undertaken, the recorded 
data shall be scrutinized for consistency of the operating con- 
ditions. The fluctuation of readings during one test shall not 
exceed the limits given in table 7. 

Table 7 - Maximum allowable fluctuation of readings 
from average during one test run 

Variable 
Maximum allowable 

fluctuation of readings 
from average during 

one test run 

Absolute inlet pressure 

Absolute inlet temperature 
(of each section in the case of a 
cooled compressor) 

Speed 

* 1 %  

Ik 1 %  

* 0,5 %  

I?I 2,0 %  

AP Ratio”) - 
P  

I!z 2,0 %  

*) Where Ap is the pressure drop across a flow measuring 
device, p is the absolute pressure at this instrument. 

NOTE - During the test the gas composition should not vary by an 
amount greater than that equivalent to a Variation in either R or ic of 
+i %. 

If these limits are exceeded, the test is invalid except by special agree- 
ment, in which case such an agreement is to include consideration of 
the appropriate tolerante. 

7.4.2 All accepted sets of readings from any test run shall be 
consecutive. 

7.4.3 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 should be taken as nearly as possible 
simultaneously. 

7.4.4 Test results shall be calculated from the arithmetic 
average values of the accepted readings. 

8 Calculation and adjustment of test results 

8.1 Computation of results 

8.1.1 Purpose of evaluation 

For the acceptance test only those values which are essential 
for the verification of the specified data are calculated and 
compiled. 

From the average values of the readings, determined according 
to clauses 5 to 7, the results may be computed according to the 
following subclauses. 

8.1.2 Mass rate of flow and inlet volumetric flow 

The actual inlet capacity is obtained by converting the gas flow 
measured by the measuring device from the condition there to 
the total condition at the Standard inlet Point, due consider- 
ation being paid to any leakage flow and condensate flow, i.e. 

qm, ut 4m,utZlRTt, 1 
4v,t,1 = 7 = 

c Pt,1 

where 

qm ut is the measured usable mass rate of flow; r 

et,1 is the density based on total conditions; 

R is the gas constant (see annex A); 

Pt, 1 is the total pressure; 

T,,l is the total temperature; 

is the compressibility factor. 

8.1.3 Dynamit pressure (velocity pressure) 

In most cases the static pressurep tan be directly measured at 
the Standard inlet and discharge Points. 

If the velocity distribution across the area A is uniform, the 
dynamic pressure, pd, tan be derived from the continuity 
equation and the measured mass rate of flow: 

Pt - = ‘+pd= ‘- ’ 
P P C bc - 1) M": [ 

(K-l)Maf - 

K 

1-K 
- 

where 

qrn Ma, = -5 z ~ 
at AP 

r-or IOW gas velocities an approximate simplified formula is 

Pt - z 1 + 
P 

$ Ma: 
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This approximation may be used provided that the value of 
Pt - so calculated does not exceed l,O5. 
P 

measurements of the performante of the compressor are taken 
under precisely the specified conditions. If the operating con- 
ditions prevailing during the tests differ from those on which 
the guarantee is based, the test results shall be converted to the 
conditions specified for the guarantee. These converted results 
may then be compared with the specified figures. 

If the velocity distribution across the area A is significantly non- 
uniform, the dynamic pressure shall be found from a mass- 
flow-weighted integration over the area (see 5.4.4). 

8.2.1.2 Individual results to be converted 
8.1.4 Total temperature 

The 
are 

particular results with which the conversion is concerned 
Normally the pressure ratio and temperature ratio are based on 
total conditions (sec 6.1.1.3). 

a) the actual inlet volume flow qv,t,l, 
In most cases the total temperature 
aspiration and exhalation Points. 

may be measu red at normal 

b) the pressure ratio (p2/p1),, and 

lf static conditions a re specified in a pa rticular case, the sta 
temperature shall be 0 ibtained from the following relation : 

tic 
Cl the power consumption at the coupling Pe. 

The power consumption at the coupling is made up of the in- 
ternal compression power Pi” and the mechanical power loss Pf 
which will be converted separately. 

Tt 1 
T= 

1 
bc- 1) --Ma: 

2 

8.2.1.3 Theoretical basis of conversion 

qrn Ma, = - 
AP 

The principle of the theory of similarity of flow upon which the 
following conversion rules are based, together with the per- 
missible approximations to this theory are covered in annex D. 

8.1.5 Reference power for compression 

8.2.2 Conversion of mechanical losses The reference power consumption shall be computed accord- 
ing to 3.6.2 after the appropriate choice of the reference pro- 
cess has been decided upon. The sum of all mechanical losses may vary considerably with 

the particular test and specified conditions especially with 
regard to Speed, power input, thrust and viscosity of the lubri- 
cant. 8.1.6 Actual power consumption 

The actual 
ways : 

power consumption tan be computed in three 
Mechanical losses occur mainly in the bearings, lubricant 
Pumps, gearing belonging to the compressor, liquid Seals, 
sliding-ring Seals, and so on. a) from direct measurement of 

to lrque-meter or a dynamometer; 
the input torque using a 

These losses are normally determined by measuring the rise in 
temperature of the Oil, etc., or from the physical dimensions 
and test results, using recognized formulae. The various 
individual losses have to be converted separately, their sum 
giving the desired figure of mechanical losses I$ with the aid of 
which Pe tan be calculated, as follows : 

b) from 
formula 

an energy balance for the Prime mover using the 

c) from an energy balance for the compressor itself using 
the formulae given in 3.6.5. Pe = pin + pf 

Methods b) and c) should not be used unless the 
balance tan be established with suff icient accuracy. 

energy The formula for the CO nversion of the mechanical 
be agreed upon before the test (sec 6. 1.2.4). 

losses shall 

8.2 Conversion of 
conditions 

test results to specified 
8.2.3 Conversion 
compressors 

of test results for uncooled 

8.2.1 General 
8.2.3.1 In the case of all uncooled compressors, whether the 
isentropic exponents are equal or not and whether the Speed or 
inlet temperature is adjustable or not, the test results tan be 
converted to the specified conditions using the formulae given 
in figure D.8. 

8.2.1 .l Purpose of conversion 

The test results tan only be compared directly with the 
guaranteed values when, during the acceptance tests, the 
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8.2.3.2 Where KTe = KG”, the conversion is as follows. The same tan be applied for KTe # !cGU provided that the ratio 

If the Speed or intake 
of equal peripheral 
should be equal to 
with within the inner 
Version may be carr 
given in figure D.8. 

temperature is adjustable, the requirement 
Mach numbers or that (N/dmT, 

(WP7W-i),, tan easily be comilied 
* tolerante limit [see figure D.3a)l and con- 
ied out in accordance with the formulae 

lN1l/ Z,RT,,,)Te /(Nh/ ZIRT, I 1)Gu 

for any Stage between two intercoolers does not exceed the 
limits (see figure 0.4). If these ratios are within the outer but 
outside the inner tolerante limit, an additional uncertainty as 
given in clause D.2 is introduced. Outside the outer tolerante 
limit, the test is invalid except by special agreement. 

In this case no additional uncertainty is introduced. 
If the Speed is not adjustable, but the temperature at the inlet to 
individual stages tan be varied by regulating the flow of cooling 
water to the intercoolers, such that the ratio of these absolute 
inlet temperatures to one another and to the temperature at the 
compressor inlet on test are the same as laid down in the 
specified conditions, the formulae in figure D.10 may also be 
used for conversion, provided that the ratio 

If the Speed or intake temperature cannot be adjusted 
f icien t accuracy, or not at all, deviation of the ratio 

with suf- 

(N~~GG),J(W~~G~ I I 

up to the outer tolerante limit is permissible. 

tN/d Z,RT,,,)T, / tN/d Z,RT, 1)Gu . I In this case an additional u ncertainty 
to instructions given in clause D.2). 

is i ntrodu ced (accord ing 

is within the outer tolerantes [see figures D.3a) and D.3b)l. In 
this case an additional uncertainty as given by clause D.2 is 
introduced. Outside the outer tolerante limit, there is no Point 
in converting. 

Outside the outer tolerante limit there is no poin 
unless special agreements have been reached. 

t in converti 

8.2.3.3 Where KTe ;t “Gu, the conversion is as follows. 8.2.4.2 In the case of cooled compressors in which the ratios 
of the absolute temperature after the intercoolers to one 
another are the same under test and specified conditions but 
the ratios of these temperatures to the compressor inlet 
temperature are nOt the Same, and when KTe = KG,, the con- 
Version may be carried out as follows. 

Regardless of whether the Speed or intake temperature is 
adjustable or not, check with the aid of graphs (see figure D.4), 
whether the ratio 

(N~J~,RT,~)T~ /(NMXKI)GU , I 

Whether the Speed is adjustable or not, and if the ratio of the 
absolute temperatures after intercoolers during the test is the 
same as in the guarantee, but the ratio of these temperatures to 
the temperature at the compressor inlet is not, the results 
obtained for the uncooled part I and the cooled part II of the 
compressor may be converted separately to specified con- 
ditions according to the formulae given in figure D.3 provided 
that the ratios 

is within the inner or outer tolerante limit. In the latter case an 
additional uncertainty will be introduced according to in- 
structions given in clause D.2. 

If this ratio falls outside the outer tolerante limit, the test shall 
be invalid except by special agreement. The conversion 
formulae are given in figure 0.8. 

tN1l/ ZIRT,,,)Te / lN/d Z,RT, I 1)Gu 8.2.3.4 If the test results are to be computed according to 
Schultz’s method of polytropic analysis, the conversion 
formulae given in figure D.9 shall be used, after checking 
whether the test is valid (as outlined in 8.2.3.3). 

are within the outer tolera nee limit given in figure D.8 for part I 
and for any Stage of part II between intercoolers. 

lf KTe # ‘CGu the above ratios shall lie within the respective 
tolerante limits given in figure D.4. 8.2.4 Conversion of test results for cooled cornpressors 

When the compressor is considered in two separate Parts in 
this way, the discharge conditions for the uncooled part (patt 1) 
should be taken as the temperature and pressure before the 
first intercooler. The inlet conditions for the cooled part (Part II) 
should be taken as the pressure before the first intercooler (i.e. 
the discharge pressure of part 1) together with the temperature 
after the first intercooler. 

8.2.4.1 In the case of cooled compressors in which the ratios 
of the absolute temperatures after the intercoolers to the com- 
pressor inlet temperature are the same under test and specified 
conditions, KTe = KG”, the COnverSiOn may be as follows. 

If the Speed and the temperature at the inlet to individual stages 
are adjustable by varying the ratio of flow of cooling water 
through the intercoolers, the condition of equal Mach 
numbers, or (N/dm)Te = (N/JE)G, should 
easily be met at each Stage: to within the inner tolerante limit 
[see figure D.3a)], so that the conversion to specified con- 
ditions tan be carried out using the formulae in figure D.10. No 
additional uncertainty is incurred. 

Where it is not possible to obtain a representative measurement 
of the temperature after the first intercooler, this temperature 
may be estimated from the cooling water temperature and the 
design terminal temperature differente in the intercooler 
making due allowance for any differente in heat transfer in the 
intercooler between test and specified conditions. 

23 
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The absolute temperatures after the intercoolers may be 
assumed to be in the same ratio to one another under test and 
specified conditions if the cooling water temperatures are in the 
same ratio and provided that the mass flow of gas through the 
intercoolers under test and specified conditions is the same 
within 5 %. 

The measured power consumption of the compressor shall be 
separated into part I for the uncooled section and part II for the 
cooled section. In general, this Separation will be possible by 
providing the proper measuring devices. If this is impossible, 
the division may be in relation to the Stage heads according to 
the design data. 

8.2.4.3 In the case of cooled compressors in which neither 
the ratios of the absolute temperatures after the intercoolers to 
one another nor the ratios of these temperatures to the com- 
pressor inlet temperature are the same under test and specified 
conditions, the conversion may be made as follows. 

If the conditions of constant relationship between the gas 
temperatures after the intercoolers are not fulfilled, the values 
shall be converted separately for all cooled stages and the 
results combined. 

If the test results are computed according to Schultz’s method 
of polytropic analysis, the conversion formulae for a Stage 
between intercoolers are given in figure D.9. 

Where, in accordance with the above rules the compressor is 
considered in two or more Parts, the converted results shall 
then be put together in Order to compare them with the 
specified values. An additional uncertainty as described in 9.2.9 
may be introduced. 

8.2.5 Special note 

If in the intercoolers of the compressor, some of the working 
fluid is lost due to condensation, either on test or under 
specified conditions, this loss shall be taken into account in 
working out the power consumption and the discharge flow. lt 
must be borne in mind that the quantity actually lost in such an 
intercooler is generally smaller than the figure calculated 
thermodynamically (efficiency of Separation less than 1). See 
A.4.2.8. 

Moreover, during the process of compression it is possible for 
Chemical combination to take place, which will Change the gas 
Parameters, especially density and temperature. 

If a compressor has intermediate inputs and/or extractions, the 
corresponding incoming or outgoing volume flow and the 
temperatures of any incoming streams shall have the same re- 
lationships to the main flow and temperatures under test as 
under specified conditions. Otherwise each section of the com- 
pressor between intermediate inputs or extractions shall be 
considered separately. 

If the compressor is run at different pressures on test and under 
specified conditions, the Change in external leakage, if any, 
shall be allowed for in the effective volume flow and power 
consumption. 

In the case of multiple or series-connected compresso 
be advantageous to consider each casing separately. 

rs it may 

9 Comparison with guaranteed values and 
tolerantes 

9.1 General 

9.1.1 The test results, converted to the specified operating 
conditions in accordance with clause 8, shall be compared with 
the guaranteed or specified Performance. 

9.1.2 The comparison shall include 

a) comparison of the converted power consumption 
(specific power consumption, fuel consumption or ef- 
ficiency depending on the terms of the guarantee) with the 
guaranteed power consumption (specific power consump- 
tion, fuel consumption or efficiency); 

b) comparison of the converted capacity with the 
guaranteed capacity. This may be defined as either the 
pressure rise (or pressure ratio, or specific compression 
work) at the specified flow-rate or the flow-rate at the 
specified pressure rise (or pressure ratio, or specific com- 
Pression work); 

c) comparison of the acceptable operating range with the 
guaranteed range where this has been stated. 

9.1.3 lt is recommen ded that in most cases the 
shou ld be presented g raph ically (see 9.3). 

comparison 

9.1.4 Unless otherwise agreed, the comparison of the 
measured and corrected Performance with the guaranteed per- 
formante shall be made 

a) in the case of a compressor with a steep characteristic, 
by comparison at the guaranteed pressure rise (or pressure 
ratio or specific compression work); 

b) in the case of a compressor with a flat characteristic, bY 
comparison at the guaranteed actual inlet volume flow-ra te. 

NOTE - For the definition of the flat or steep characteristic see 7.3.2. 

9.1.5 In making 
into account: 

the comparison the following shall be taken 

a) measuring uncertainties (see clause 5); 

b) errors due to the inaccuracy or uncertainty in the 
thermodynamic properti es of the gases used; 

c) errors due to the inaccuracy of the methods used to 
convert the test results to the guaranteed operating con- 
ditions; 

d) errors due to non-steady conditions during the test; 

e) any tolerante in the Performance of the compressor 
permitted by the terms of the guarantee. ( See 5.9.) 
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The errors listed above [9.1.5a) to d)] should be combined 
together to determine the total test uncertainty (limits of confi- 
dence). This and the manufacturing tolerante [9.1.5e)] should 
be clearly and separately stated or illustrated in the presentation 
of the comparison. 

9.1.6 In the presentation of the comparison, a conclusion 
should be included stating whether the results of the test 
indicate that the compressor does or does not meet the terms 
of the guarantee. 

9.2 Total test uncertainty (95 % confidence limit) 

9.2.1 Measuring uncertainties 

The confidence limits associated with the various measure- 
ments are determined using one of the methods described 
in 5.9. 

9.2.2 Thermodynamic data uncertainties 

The confidence limits associated with the thermodynamic 
properties of the gases used should be obtained from the same 
Source as the values used, or otherwise agreed separately. 

9.2.3 Conversion uncertainties 

Where the Pattern of flow on test cannot be made the same as 
the Pattern of flow under the guaranteed conditions at all 
Points throughout the compressor, then the methods of con- 
verting the test results defined in clause 8 are only approxi- 
mate. If the deviations from true similarity of flow are signifi- 
cant, then additional errors are introduced by the conversion. 
The magnitude of any such additional errors tan be determined 
from the Charts given in annex D. 

9.2.4 Errors due to non-steady test conditions 

If the operating conditions during a test run arc not steady, 
then additional errors may occur. The maximum fluctuations in 
test conditions which are normally allowable are specified 
in 7.4.1. 

In some cases, however, if the test is conducted on site it may 
not be possible to maintain steady conditions within these 
limits. In such cases, by mutual agreement the test may be 
considered valid but an additional error is introduced, the likely 
maximum value of which (confidence limit) tan be obtained 
from table 8. 

Table 8 - Uncertainties due to the instability 
of test conditions 

Values in per cent * 
Fluctuation in power input Uncertainty 

about the mean value (confidence limit) 

These additional uncertainties should be added in accordance 
with 9.2.9 to the value obtained from combining the measuring 
error, thermodynamic data error and conversion errors. 

9.2.5 Total uncettainty in flowkate 

The total uncertainty in the volumetric flow-rate is obtained 
from 

‘5res,qv = - +2/sq mf Te’~~Te’~~,Te+STTe+t~ Te , I 11 lt 

where Zq, Te is the uncertainty in the mass flow-rate according 
to ISO 5167-1. 

9.2.6 Total uncertainty in pressure ratio 

The total uncertainty in the pressure ratio is 

Tres,p2/pj = + G {[ln(P2/Pl)]:e (47;Te + ‘;J Te + , I 
r 

+ ‘g,Te ’ ‘Zj,Te) ’ $,,Te + ‘&,Te > “* 

where 

N2 = r 

Gu 

9.2.7 Total uncertainty in power consumption, specific 
power consumption, specific fuel consumption or 
eff iciency 

The total uncertainty in power consumption (or fuel con- 
sumption) is obtained by calculating the Square root of the sum 
of the squares of the appropriate individual uncertainties each 
multiplied by an appropriate factor. 

The relevant individual uncertainties and the appropriate 
factors by which each should be multiplied for each type of 
compressor and each type of test are given in table 9. 

Similarly the individual uncertainties and their appropriate 
multiplying factors to determine the total uncertainty in specific 
power consumption, specific fuel consumption or efficiency 
are given in table 10. 

EXAMPLE 

In the case of a cooled compressor in accordance with 8.2.4.2 
in which the power consumption was obtained by measuring 
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the shaft torque and Speed 
consumption is given bY 

f the totai uncertainty in power 

Zres,P, = - + {(&Jer + (, +:,c;FJfj2 + 

1 
In (&/pl)t 

The factor (1 + 0,2 dz - 1) is included in each of the above 
formulae to allow for the unavoidable inaccuracies involved in 
measuring each Stage or Stage group separately and combining 
the results. 

9.2.9 Additional uncertainties 

Where additional uncertainties due to the conversion from the 
test conditions to the guaranteed conditions (see 9.2.3) or to 
non-steady test conditions (see 9.2.4) are appropriate, these 

’ should be added to the total uncertainty statistically : 

Ztot = + 

+ [cp In@21PI)t I Co zTj Tel* + I I t 
9.3 Graphical comparison 

+ [cp In@2/PI)t I Co 7Z1 Tel* + I I I 

+ [In(p~/p,i, “t2] :, + (‘P TTt,lt’tC):e + 

+ (CP wlc):e + (3 ,,3pi”’ 
z is the number of Stage groups separated by intercoolers; 

j is the number of the Stage group. 

9.2.8 Total uncertainties in the Performance of a 
multistage compressor obtained by combining the 
results of separate tests on the individual stages or Stage 
groups 

In this 
follows. 

case the 

9.2.8.1 Volumetric flow 

uncertainties tan be computed as 

’ (1 + 0,2 &?i) 2 Tqvj %omb,qV = z 
j=I 

9.2.8.2 Pressure ratio 

%omb,p2/pl = (1 + 012 &?l 2 Zp2/p,,j + 

j=I mj 

9.2.8.3 Power consumption 

%omb, P = (1 + 0,2 &T) 2 TPJ & 
j=I j 

9.3.1 Normal case 

Normally (see 7.2.7) at least two test Points will be obtained 
close to and bridging the guarantee Point or each of several 
guarantee Points. The comparison is made as follows. 

A Chart is constructed in which the Parameter to be compared 
(specific compression work, pressure ratio, pressure rise, 
power consumption, specific power consumption, efficiency, 
etc.) is plotted as the Ordinate against flow-rate as the abscissa 
(see figure 3). Esch test Point is plotted on this Chart and 
around each Point is constructed an ellipse, the axes of which 
indicate the magnitude of the uncertainties in the relevant 
Parameters. Upper and lower curves are drawn tangential to 
these ellipses. lt tan be stated, with at least 95 % confidence, 
that the true Performance of the compressor lies within this test 
band. 

The comparison is made by 
Point or Points on the graph 

plotting the 

9.3.2 Criterion of acceptance 

The criterion of acceptance of the test result shall be subject to 
specific agreement between manufacturer and customer taking 
account of the test uncertainty and the agreed manufacturing 
tolerante. 

Where no such agreement 
criterion shall apply. 

has been the following 

The guarantee shall be deemed to have been satisfied if the 
guarantee Point lies within the test band or if the extent by 
which it lies outside the test band (measured either horizontally 
or vertically depending on how the guarantee was stated) does 
not exceed the agreed manufacturing tolerante. 

9.3.3 Special cases 

Where it is not possible to satisfy the requirement of 7.2.7, a 
Single test Point may be compared with a guaranteed per- 
formante cutve (see figure 4). In this case, the guaranteed 
curve is drawn on the Chart together with the agreed manu- 
facturing tolerante giving a guaranteed band. The Single test 
result is plotted together with the ellipse indicating the 
magnitude of the test uncertainty. 
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In this case, unless otherwise agr-ed, the guarantee shall be 
considered to have been met provided that some part of the 
test ellipse touches or cuts the guaranteed band. 

94 . Non-graphical comparison 

In the exceptional case that only one test Point is possible and 
this has to be compared with one guaranteed Point, the 
measured power requirement which has been converted to 
guarantee conditions P, co is further reduced to guarantee 
values using the formula’ 

P e,Co,Gu = 
qV,t,I,Gu’ Wm,Gu n p 

W,t,I, Co’ wm, Co 
e, Co 

assuming a constant efficiency, and is compared with the 
guaranteed power requirement P, &,. The applicability of this 
method is limited by the admissibility of the constant efficiency 
assumption. 

IO Test report 

After completion of the acceptance test, a test report shall be 
drawn up recording all the necessary information as to the pro- 
cedure and results of the test. lt shall contain the following 
items : 

a) data and place of the test 
visor and other participants; 

b) technical data as follows 

and the names of the super- 

- compressor: owner, site and purpose of installation, 
manufacturer, type and serial number, year of manu- 
facture, a short technical description giving operational 
data, auxiliaries and their drive, and any other special 
features (intercooling and Iubricating System, etc.), 

- driving unit : generally the same items as for the com- 
pressor, but in particular those which are essential for 
establishing the specified performante; 

c) conditions and scope of the guarantees according to 
t he contract; 

d) Programme of the procedure and diagram of the test 
arrangement indicating location of measuring Points, type 
of instruments used and their calibration records; 

e) a record of the test run together with a table of the 
average values of the important readings and the time they 
were taken; if possible, a record of the maximum and 
minimum readings; copies of the log sheets and of any 
readouts from an automatic recorder, as weil as duplicates 
of the gas analysis, etc.; 

f) an indication of any unscheduled 
were noted during the test; 

occurrences 

g) the formulae used for the calculation of the results, 
with due regard to the propagation of the mean uncer- 
tainties as they influence the final results; 

h) a Statement of the method used for converting the test 
results to specified conditions with reference to the tables 
and Charts used (8.2); a clear definition of the reference pro- 
cess Chosen; 

i) a comparison of the actual Performance with the 
guaranteed values or data; a Statement of whether the con- 
tract values have been met or not. 

The test report shall be signed by representatives of the 
manufacturer and customer. The original log sheets shall 
remain in the custody of the engineer in Charge of the ac- 
ceptance test. 
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Table 9 - Individual uncertainties and appropriate multiplying factorsl) to be used to calculate 
the total uncertainty in power or fuel consumption*) 

1 1 1 
tF, Te 0 0 

1 + ‘l& 
0 0 

1 + ‘& 
0 0 

1 + ‘/[4 

zN, Te 1 1 0 1 1 0 1 + 2cpln ( p2 ) PI I,Co 2cpln ( p2 ) PI I,CI 

‘P, , Te l- 1 
In @2/pI)Te 

ZTj,Te 0 0 0 0 0 0 v-l tg, I Co 

?Z,, Te 0 0 0 0 0 0 w (Z), I Co 

‘p2, Te 1 

ZR,Te In b2/pI)Te 

Zu, Te r3 (3 r3 0 0 0 0 0 0 

?j, II,Te 0 0 0 0 0 0 c: P c P c P 

zZ,, II,Te 0 0 0 0 0 0 c P CY P c: P 

0 0 0 Z-1 Z-1 Z-1 Z-2 Z-2 Z-2 
' T1 ,j, Te - - --- ~ 

5 2 2 Z-1 Z-1 Z-1 

1) Correction factors are given by the formulae 

1 
r3 = 

1 In (P2IPI)Te - 
(K - 1 )Te KTe (1 - 

’ - (P2/PI)Te 
+/KT~ 

P 
cI4 = 

e, Te 

pin Te 
Pf,Co p - Pf,Te 

in, Co 

c 
pin II Co 

P =G I 

2) z= number of Stage groups separated by intermediate coolers. 

3) Methods of power measurement : 
Method 1 : by measuring the internal power Pin and the mechanical losses Pf. 
Method 2: by measurement at the drive unit. 

Method 3 : by measuring the torque F and the Speed N. 

28 
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M.. AA . . . . . . I I . . 1  I-0 I =-- c- . - I\ L-  I- - -----I I- --I---I-L- dJ-- L-L-I ,,---A-:-L, 
lable lu - individual uncertainties and approprrate mulriprying Tacrors 1’ Io De usea 10 carcuiare rne 1;cxal uncermmry 

in specific power consumption, specific fuel consumption or efficiency2) 

Individual 
uncertainty 

zPe, Te 

‘Pin, Te 

zPf, Te 

=F, Te 

%Y, Te 

Uncooled compressor Cooled compressor Cooled compressor 
(see 8.2.4.2) (see 8.2.3) (see 8.2.4.1) 

Method of power measurement3) Method of power measurement3) Method of power measurement3) 

1 2 3 1 2 ’ 3 1 2 3 

1 
0 

1 0 0 1 0 - 0 
1 + ‘/r4 

0 
1 + ‘Ir4 1 + ‘Ir4 

pin Co pin Co Pin Co I 0 0 I 0 0 b 0 0 
P e, Co P e, Co P e, Co 

Pf, Co 1 1 Pf, Co 1 1 Pf, Co 1 1 

P e, Co 1 + (4 1 + c4 P e, Co 1 + 54 l + C4 pe Co I 1 + 54 1 + c4 

1 1 1 
0 0 0 0 

1 + ‘Ir4 
0 0 

1 + ‘/[4 1 + ‘Ir4 

1 1 1 1 1 1 1 1 1 

zN, Te 

‘P, , Te 

0 0 
p2 

1 2&.Jn ( > 
e 

Pl I,Co 2$$7 ( J Pl I,Co 

1 
l- 

In (P2lPl)Te 

1 1 1 1 1 P2 1 1 + cpln - 
( ) Pl I,Co 

zZ1, Te 0 0 0 0 0 0 1 + cpln ( 
p2 
Pl > I,Co 

1 
‘p2, Te 

In (h/pl)Te 

?c, Te r3 (3 r3 0 0 0 0 0 0 

z7j, II,Te 0 0 0 0 0 0 1: P c P c P 

?Z$, II,Te 0 0 0 0 0 0 c P I: P c P 

0 0 Z-1 Z-1 Z-1 z-2 s-2 2-2 - %LTe 0 - - --- 
2 2 2 Z-1 Z-1 Z-1 

1) Correction factors are given by the formulae 

53 = 1 1 In (&h+e - 

(K - 1 )Te KTe 
1 - (P2IPl)Te 

(1 - Kg+? 

P 
(4 = 

e, Te 

pin Te 
Pf, Co p - Pf,Te 

in, Co 

c 
pin II Co 

P =G I 

2) z= number of Stage groups separated by intermediate coolers. 

3) Methods of power measurement : 
Method 1 : by measuring the internal power Pin and the mechanical losses Pf. 
Method 2: by measurement at the drive unit. 
Method 3 : by measuring the torque F and the Speed Iv. 
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. 
5 .- 
z 
E 
z 

z 
b 
z 
a 

r 
Guaranteed Point 

Test Points 

XT- 
Ellipses representing 1 
the test uncertainties 

Figure 3 - Comparison of a Single guaranteed Point with a test curve 

r Guaranteed curve 

Single test Point -AbJA 

Test uncertainties 1 

t 
Flow-rate 

Figure 4 - Comparison of a Single test Point with a guaranteed curve 
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Annex A 
(normative) 

Properties of gases and gas mixtures - Recommendations relating to the 
compressibility factor and to derivative compressibility factors 

A.1 General recommendations 

A.1 .l The following general recommendations relating to 
thermodynamic data for gases and gas mixtures shall be used 
in connection with this International Standard. 

These recommendations should not be considered to be 
exclusive, but to represent the most up-to-date information. 
More data are becoming available continually and in any 
specific case the user of this International Standard should 
refer to the latest published information. 

A.1.2 Where suitable coefficients are available to be used in 
conjunction with an established equation of state (e.g. 
B.W.R.S., see El) for the particular gas or gas mixture in ques- 
tion, then these shall be used. 

A.1.3 In the case of gas mixtures where suitable coefficients 
for use with an equation of state are available for the separate 
components of the mixture but not for the actual mixture in 
question, then the coefficients for the mixture tan be obtained 
from the coefficients for the components by using the mixing 
rules appropriate to the equation of state being used. Suitable 
mixing rules are presented in [6]. 

A-l.4 When suitable coefficients are available neither for the 
particular gas or gas mixture in question nor, in the case of a 
mixture, for the component gases, then the gas properties may 
be obtained by using generalized compressibility functions 
based on the concept of reduced temperature and reduced 
pressure. 

lt is recommended that the method employing the concept of 
the acentric factor (see E71) be used rather than the simpler 
two-Parameters Charts given in [8]. 

Tables and Charts, from which the compressibility factors Z(O) 
and Z(l) for use with the method tan be obtained, are 
presented in [9]1). The isothermal derivative factors 2:‘) and 
Zy’ and the isobaric derivative factors 2:’ and 2;” tan be ob- 
tained from the method given in [IO], chapter 26. 

Where the conditions of the gas in question are close to the 
critical conditions (i.e. within the shaded area shown in the 
Charts for Z(O) published in [9]), it is essential to use the method 

which inclu des the acentri c factor, as the simpler method 
specif ied in [81 is su bject to particular inaccu racy in this area. 

A.1.5 In the case of gas mixtures, except in the case of 
mixtures containing polar gases and particularly 

- water vapour, 

- ammonra, 

- hydrogen sulfide, and 

- halogenated hydrocarbon refrigerant mixed 
gases of a very d ifferent molecular structure, 

simple linear mixing rules may be used to determine 
pseudo-critical conditions of the mixture, i. e. 

Pi& = GPcr 

with other 

cc) = Crio)i 

provided that the following conditions are satisfied: 

T Cr max < 2 

TCr min 

and either 

Per max or (vCrM)max 

pc r min (VCrM)min 

is close t” unih/t where TCr max TCr min Per max Per min VCr max 
and VCr min are respectively the’maximk and minimum values 
of the critical properties of the components of the mixtures. 

1) Other tables based on the method of calcujation of Lee and Kesler have been published in [6]. The deviation-function table of Lee and Kesler 
(see [6]) differs somewhat from those of Pitzer (sec [7]) and Curl (sec [61), but it seems according to R.C. Reid and T.K. Sherwood [6] that extensive 
testing indicates that this new table is the more accurate. 
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A.2 Specific recommendations for the 
sources of thermodynamic data and suitable 
equations of state and the coefficients to be 
used therewith for some of the more 
common gases 

These recommendations should not be considered to be 
exclusive nor necessarily to be the best data available. They are 
mainly based on the results of a Survey among compressor 
manufacturers and users. 

More data are becoming available continually and the user of 
, this International Standard is recommended to refer to the 

latest published Iiterature. 

A.2.1 Air 

The data currently in use are those given in [Ill and [121. 

These are believed to be adequate for most compressor pur- 
poses. However, later and probably more accurate data, par- 
ticularly at extreme temperatures and pressures, are available 
(see [133, [141 and [151). 

A.2.2 Refrigerants (halogenated hydrocarbons) 

Data are available in [163, [171 [181, [19], [203 and [211. 

A.2.3 Ammonia 

The data in use are those published in [16]. However, these 
data are based on experiments made 50 years ago and pub- 
lished then (see [221); they are inaccurate at high pressures, 
close to Saturation conditions, and near the critical Point. \ 

More data are available in [123. 

A new equation of state taking account of recent work, 
particularly that by Frank and Baehr, has been developed by 
L. Haar and is published in [231 to replace [221. 

A.2.4 Pure hydrocarbons 

The data in use are those published by Edmister [241 and 
Starling [51. 

For saturated hydrocarbons the Edmister data, or other data 
based on [251, are considered to be satisfactory for most com- 
pressor purposes. However, new data are currently being pro- 
duced by the National Bureau of Standards (see C261h 

For unsaturated hydrocarbons the Situation is more confused 
and many data in common use are known to be inaccurate by 
reference to more recent experiments. 

32 

Specifically for ethylene and propylene, more accurate data are 
available in [51, C271 [28] and C291. 

Where it is desired to use an equation of state, the equations 
given by Benedict, Webb and Rubin [30] and by Redlich and 
Kwong [31] or the slightly less accurate but simpler Beattie - 
Bridgeman [321 equation (see [24] and [IOI) may be used pro- 
vided that the compression process under consideration does 
not extend into the mixed-Phase region. 

Where saturated or mixed-Phase conditions are involved, the 
use of one of the “extended B.W.R.S.” equations is rec- 
ommended (see [51). However, a great many experiments are 
required to determine the values of the many constants used in 
these equations. 

The values derived from the selected equation should be com- 
pared with the data recommended above over the field of 
interest. 

A.2.5 Carbon dioxide 

See [331. 

A.2.6 Helium 

See [341. 

A.3 Compressibility factors of hydrocarbon 
gases and isentropic coefficient 

A.3.1 Compressibility factor of pure 
hydrocarbon gases 

The following equation tan be used to predict 
pressibility factor, 2, of pure hYd rocarbon gases : 

z= z(O) + cc) yl) 

the com- 

Z(O) is the compressibility factor for the simple fluid, 
is tabulated as a function of T, and pr in table A. 1; 

Z(l) is the correction term for molecular acentricity, 
is tabulated as a function of T, and pr in table A.2; 

which 

which 

(sec also [61, tables 3.1 and 3.2) 

CU is the acentric factor, which is defined as 

Co= -(lOgPr I sat +l) 

at 
T 

T sat 
r, sat = -= 0,7 

TCr 

or, more conveniently, 

3 cc)=- kJ Per 
7 ( Tc~/ T,at) - 1 1 - 1 
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ISO 5389 : 1992 (El 

per is the critical pressure in atmospheres (1 atm = 
760 mmHg = 1,013 bar); 

Tcr is the critical temperature, in kelvins; 

T sat is the boiling temperature, in kelvins; 

Psat is the Saturation pressure at a temperature Tsat = 
0’7 x TC,; 

Psat 
Pr, sat = 

Per 

A.3.2 Derivative compressibility factors 
(see figures A.l and A.2) 

The derivative compressibility factors, 2, and Z,, are given by 
the equations 

ZT = zy + Co zy 

zP P 
= z(O) + cc) p 

P 

where the values of Zy! Zy! 2:) and 21) are given in figures 
A.l and A.2. (See also [101.) 

The correlation between the Edmister derivative compressibility 
factors and the Schultz coefficients X and Y is given by the 
formulae 

2, x=--1 
z 

z 
y= -J- 

z 

A.3.3 Isentropic exponent 

The isentropic exponent K of a real gas differs from the value 
cPIcV which it assumes for an ideal gas. The calculation of 
the specific heat capacity and of the isentropic exponent for a 
real gas shall take into account the effect of pressure. 

The definition of the isentropic exponent for a real gas is given 
in table 3. 

33 
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ISO 5389 : 1992 (EI 

Table A.l - Values of compressibility factor Z(O) 

7; T Pr = 0'010 Pr = 0'050 Pr = 0'100 Pr = 0'200 Pr = 0'400 Pr = 0,600 Pr = 0,800 

0'30 0'002 9 0'014 5 0,029 0 0'057 9 0,115 8 0,173 7 0,231 5 
0,35 0,002 6 0'013 0 0,026 1 0,052 2 0'104 3 0,156 4 0,208 4 
ON 0,002 4 0'011 9 0,023 9 0'047 7 0'095 3 0,142 9 0'190 4 
0'45 0'002 2 0,011 0 0'022 1 0'044 2 0'0882 0,132 2 0,176 2 
0,50 0'002 1 0,010 3 0,020 7 0'041 3 0,082 5 0,123 6 0,164 7 

0,55 0,980 4 0,009 8 0'019 5 0'039 0 0,077 8 0,116 6 0,155 3 
0,60 0,984 9 0'009 3 0,018 6 0,037 1 0'074 1 0'110 9 0,147 6 
0,65 0'988 1 0,937 7 0,017 8 0,035 6 0'071 0 0,106 3 0'141 5 
0'70 0,990 4 0'950 4 0,895 8 0'034 4 0,068 7 0'102 7 0,136 6 
0'75 0,992 2 0,959 8 0,916 5 0,033 6 0,067 0 0,100 1 0,133 0 

0'80 0'993 5 0,966 9 0'931 9 0,853 9 0,066 1 0,098 5 
0,85 0,994 6 0,972 5 0,943 6 0,881o 0'066 1 0,098 3 
0'90 0'995 4 0,976 8 0,952 8 0'901 5 0,780 0 0,100 6 
0,93 0'995 9 0'979 0 0,957 3 0,911 5 0,805 9 0,663 5 
0'95 0,996 1 0,980 3 0,960 0 0,917 4 0,820 6 0,696 7 

0,130 7 
0'130 1 
0,132 1 
0'135 9 
0.141 0 

0'97 0,996 3 0,981 5 0,962 5 0'922 7 0,8338 0,724 0 
0'98 0,996 5 0,982 1 0,963 7 0,925 3 0'8398 0,736 0 
0'99 0,996 6 0,982 6 0,964 8 0'927 7 0,8455 0,747 1 
l,oo 0,996 7 0'983 2 0,965 9 0,930 0 0,850 9 0,757 4 
1'01 0,996 8 0,983 7 0,966 9 0,932 2 0,856 1 0,767 1 

0,558 0 
0987 
0,613 8 
0,635 3 
0,654 2 

1,02 
1'05 
1'10 
1'15 
1'20 

0,996 9 0'984 2 0,967 9 0'934 3 0,861 0 0,776 1 
0,997 1 0,985 5 0'970 7 0'940 1 0,874 3 0,800 2 
0'997 5 0,987 4 0,974 7 0'948 5 0,893 0 0,832 3 
0,997 8 0,989 1 0,978 0 0'955 4 0,908 1 0,857 6 
0,998 1 0'990 4 0,980 8 0,961 1 0'920 5 0,877 9 

0,671 0 
0,713 0 
0,764 9 
0,803 2 
0,833o 

1'30 0,998 5 0,992 6 0,985 2 0,970 2 0,939 6 0,908 3 
1'4 0,998 8 0'994 2 0'988 4 0'9768 0,953 4 0,929 8 
1'50 0'999 1 0'995 4 0'990 9 0,981 8 0,963 6 0,945 6 
1'60 0,999 3 0,996 4 0,992 8 0,985 6 0,971 4 0,957 5 
1,70 0,999 4 0'997 1 0'994 3 0,988 6 0,977 5 0,966 7 

0'8764 
0,906 2 
0,927 8 
0'943 9 
0,956 3 

1'80 0'999 5 0'997 7 0'995 5 0,991 0 0,982 3 0,973 9 
1,90 0,999 6 0,998 2 0,996 4 0,992 9 0,986 1 0,979 6 
2'00 0'999 7 0,998 6 0'997 2 0,994 4 0,989 2 0'984 2 
2'20 0,999 8 0,999 2 0,998 3 0,996 7 0'993 7 0,991 0 
2’40 0'999 9 0,999 6 0'999 1 0,998 3 0,996 9 0'995 7 

0,965 9 
0'973 5 
0,979 6 
0,988 6 
0'9948 

2,60 1'000 0 0,999 8 
2'80 1'000 0 1'000 0 
3,00 1,000 0 1,000 2 
3'50 1'000 1 1'000 4 
4'00 1'000 1 1'000 5 

0,999 7 
1'000 1 
1'000 4 
7,000 8 
1,001 0 

0'999 4 
1,000 2 
1,000 8 
1'001 7 
1,002 1 

0'999 1 
1,000 7 
1,001 8 
1,003 5 
1'004 3 

0,999 0 
1,001 3 
1,003 0 
1,005 5 
1,006 6 

0,999 0 
1,002 1 
1,004 3 
1,007 5 
1,009 0 

$0) 
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ISO 5389 : 1992 (E) 

Table A.1 - Values of compressibility factor Z(O) (conchded) 

Tr T 
0,30 0,289 2 0'347 0 0'4335 0'577 5 0,864 8 1,4366 2,004 8 2,850 7 
0'35 0,260 4 0,312 3 0,390 1 0'519 5 0,777 5 1,290 2 1,798 7 2,553 9 
0,40 0,237 9 0,285 3 0,356 3 0,474 4 0,709 5 1,175 8 1,637 3 2,321 1 
0'45 0'220 0 0,263 8 0,329 4 0'4384 0,655 1 1'084 1 1,507 7 2,133 8 
0'50 0,205 6 0,246 5 0'307 7 0,409 2 0,611 0 1'009 4 1'401 7 : 1,980 1 

0'55 0,193 9 0,232 3 0,289 9 0,385 3 0,574 7 0,947 5 1'313 7 1,852 0 
0'60 0,184 2 0,2207 0,275 3 0,365 7 0,544 6 0,895 9 1,239 8 1,744 0 
0,65 0,176 5 0,211 3 0,263 4 0'349 5 0'519 7 0,852 6 1,177 3 1,651 9 
0'70 0,170 3 0,203 8 0,253 8 0,336 4 0,499 1 0,816 1 1,124 1 1,572 9 
0'75 0,165 6 0,198 1 0,246 4 0,326 0 0,4823 0,785 4 1,078 7 1,504 7 

0'80 0,162 6 0'1942 0,241 1 0,318 2 0,469 0 0,759 8 1,040 0 1,4456 
0,85 0,161 4 0,192 4 0,238 2 0,313 2 0,459 1 0,738 8 1'007 1 1'394 3 
0'90 0,163 0 0,193 5 0,238 3 0,311 4 0,452 7 0'722 0 0'979 3 1,349 6 
0'93 0,166 4 0,196 3 0,240 5 0,312 2 0,450 7 0,713 8 0,964 8 1,325 7 
0,95 0'170 5 0,199 8 0,243 2 0,313 8 0'450 1 0,709 2 0,956 1 1,310 8 

0'97 0'177 9 0,205 5 0,247 4 0,316 4 0,450 4 0,705 2 0'948 0 1,298 8 
0'98 0,184 4 0,209 7 0,250 3 0,318 2 0,450 8 0,703 5 0'944 2 1,290 1 
0'99 0,195 9 0,215 4 0,253 8 0,320 4 0'451 4 0,701 8 0,940 6 1,283 5 
l,oo 0,290 1 0'2237 0,258 3 0,322 9 0,452 2 0,700 4 0,937 2 1,277 2 
1,Ol 0,464 8 0,237 0 0'264 0 0,326 0 0,453 3 0,699 1 0,933 9 1,271 0 

1'02 0,514 6 0,262 9 0,271 5 0'329 7 0'454 7 0,698 0 0,930 7 1,265 0 
1'05 0,602 6 0,4437 0'313 1 0'345 2 0,460 4 0,695 6 0,922 2 1,248 1 
1'10 0,688 0 0,598 4 0,458 0 0,395 3 0,477 0 0,695 0 0,911 0 1'2232 
1'15 0,744 3 0'680 3 0,579 8 0,476 0 0,504 2 0,698 7 0,903 3 1'202 1 
1,20 0,785 8 0,736 3 0,660 5 0,560 5 0,5425 0,706 9 0,899 0 1,1844 

1,30 0,8438 0,811 1 0,752 4 0,690 8 0,634 4 0,735 8 0,899 8 1,158 0 
1,40 0,882 7 0,859 5 0,825 6 0,775 3 0,720 2 0,776 1 0'911 2 1'141 9 
1'50 0'910 3 0,893 3 0,868 9 0,832 8 0,788 7 0,820 0 0'929 7 1,133 9 
1'60 0,930 8 0,918 0 0,900 0 0,873 8 0,841o 0'861 7 0,951 8 1,132 0 
1'70 0,946 3 0,936 7 0,923 4 0'904 3 0,880 9 0,898 4 0,974 5 1,134 3 

1'80 0'958 3 0,951 1 0,941 3 0'927 5 0,911 8 0'929 7 0,996 1 1,139 1 
1,90 0,967 8 0,962 4 0,955 2 0,945 6 0,935 9 0'955 7 1,015 7 1,145 2 
2'00 0'975 4 0'971 5 0,966 4 0'959 9 0,955 0 0,977 2 1,032 8 1,151 6 
2,20 0,986 5 0,984 7 0,982 6 0,980 6 0,982 7 1'009 4 1,060 0 1,163 5 
2'40 0'994 1 0,993 6 0'993 5 0'994 5 1'001 1 1,031 3 1,079 3 1,172 8 

2,60 0,999 3 0,999 8 1,001 0 1,004 0 1,013 7 1,046 3 1,092 6 1,179 2 
2'80 1,003 1 1'004 2 1,006 3 1,010 6 1'022 3 1,056 5 1,101 6 1,183 0 
3,00 1,005 7 1'007 4 1,010 1 1,015 3 1,028 4 1,063 5 1,107 5 1,184 8 
3,50 1,009 7 1,012 0 1,015 6 1,022 1 1,036 8 1,072 3 1,113 8 1,183 4 
4'00 1,011 5 1,014 0 1,017 9 1,024 9 1,040 1 1,074 7 1,113 6 1,177 3 

Pr = 1,000 Pr = 1'200 Pr = 1'500 

710) 
L 

pr = 2,000 Pr = 3'000 Pr = 5,000 Pr = 7,000 1 Pr = 10,000 
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ISO 5389 : 1992 (E) 

Table A.2 - Values of correction term Z(l) 

7; T z(l) 

Pr = 0’010 Pr = 0'050 Pr = 0’100 Pr = 0,200 Pr = 0'400 Pr = 0,600 Pr = 0,800 

-0,000 8 -0,004 0 -0,008 1 -0,016 1 -0,032 3 -0,048 4 -0,064 5 
-0,000 9 -0,004 6 -0,009 3 -0,018 5 -0,037 0 -0,055 4 -0,073 8 
-0,001 0 -0,004 8 -0,009 5 -0,019 0 -0,038 0 -0,057 0 -0,075 8 
-0,000 9 -0,004 7 -0,009 4 -0,018 7 -0,037 4 -0,056 0 -0,074 5 
-0,000 9 -0,004 5 -0,009 0 -0,018 1 -0,036 0 -0,053 9 -0,071 6 

0,55 -0,031 4 -0,004 3 -0,008 6 -0,017 2 -0,034 3 -0,051 3 -0,068 2 
0'60 -0,020 5 -0,004 1 -0,008 2 -0,016 4 -0,032 6 -0,048 7 -0,064 6 
0'65 -0,013 7 -0,077 2 -0,007 8 -0,015 6 -0,030 9 -0,046 1 -0,061 1 
0,70 -0,009 3 -0,050 7 -0,116 1 -0,014 8 -0,029 4 -0,043 8 -0,057 9 
0,75 -0,006 4 -0,033 9 -0,074 4 -0,014 3 -0,028 2 -0,041 7 -0,055 0 

0,80 -0,004 4 -0,022 8 -0,048 7 -0,116 0 -0,027 2 -0,040 1 -0,052 6 
0'85 -0,002 9 -0,015 2 -0,031 9 -0,071 5 -0,026 8 -0,039 1 -0,050 9 
0,90 -0,001 9 -0,009 9 -0,020 5 -0,044 2 -0,111 8 -0,039 6 -0,050 3 
0'93 -0,001 5 -0,007 5 -0,015 4 -0,032 6 -0,076 3 -0,156 2 -0,051 4 
0,95 -0,001 2 -0,006 2 -0,012 6 -0,026 2 -0,058 9 -0,111 0 -0,054 0 

0,97 -0,001 0 -0,005 0 -0,010 1 -0,020 8 -0,045 0 -0,077 0 -0,164 7 
0'98 -0,000 9 -0,004 4 -0,009 0 -0,018 4 -0,039 0 -0,064 1 -0,110 0 
0'99 -0,000 8 -0,003 9 -0,007 9 -0,016 1 -0,033 5 -0,053 1 -0,079 6 
1'00 -0,000 7 -0,003 4 -0,006 9 -0,014 0 -0,028 5 -0,043 5 -0,058 8 
1'01 -0,000 6 -0,003 0 -0,006 0 -0,012 0 -0,024 0 -0,035 1 -0,042 9 

1'02 
1'05 
1'10 
1,15 
1,20 

-0,000 5 
-0,000 3 
-0,000 0 

0'000 2 
0,000 4 

-0,002 6 -0,005 1 -0,010 2 -0,019 8 -0,027 7 -0,030 3 
-0,001 5 -0,002 9 -0,005 4 -0,009 2 -0,009 7 -0,003 2 

0'000 0 0'000 1 0'000 7 0,003 8 0,010 6 0,023 6 
0'001 1 0'002 3 0'005 2 0'012 7 0,023 7 0,039 6 
0,001 9 0,003 9 0,008 4 0,019 0 0,032 6 0,049 9 

1'30 0,000 6 
1'~ 0'000 7 
1'50 0,000 8 
1,60 0,000 8 
1'70 0,000 8 

0,003 0 0,006 1 0'012 5 0,026 7 0,042 9 0,061 2 
0,003 6 0,007 2 0,014 7 0,030 6 0,047 7 0'066 1 
0,003 9 0,007 8 0,015 8 0,032 3 0'049 7 0,067 7 
0'004 0 0,008 0 0,016 2 0'033 0 0'050 1 0,067 7 
0,004 0 0,008 1 0,016 3 0,032 9 0'049 7 0,066 7 

1,80 0,000 8 
1,90 0,000 8 
2'00 0,000 8 
2,20 0,000 7 
z40 0'000 7 

0'004 0 0,008 1 0,016 2 0,032 5 0,048 8 0,065 2 
0'004 0 0,007 9 0,015 9 0,031 8 0'047 7 0,063 5 
0,003 9 0,007 8 0,015 5 0'031 0 0,046 4 0,061 7 
0,003 7 0'007 4 0,014 7 0,029 3 0,043 7 0'057 9 
0,003 5 0,007 0 0,013 9 0,027 6 0,041 1 0,054 4 

2'60 0'000 7 
2'80 0,000 6 
3'00 0,000 6 
3'50 0,000 5 
4'00 0'000 5 

0'003 3 0,006 6 0,013 1 0,026 0 0,038 7 0'051 2 
0'003 1 0,006 2 0,012 4 0,024 5 0,036 5 0,048 3 
0,002 9 0,005 9 0,011 7 0,023 2 0'034 5 0,045 6 
0,002 6 0,005 2 0'010 3 0'020 4 0,030 3 0'040 1 
0'002 3 0,004 6 0'009 1 0,018 2 0,027 0 0'035 7 
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Table A.2 - Values of correction term Z(l) (conchded) 

Tr T Pr = 1'000 Pr = 1,200 pr = 1’500 Pr = 2'000 Pr = 3,000 Pr = 5,000 Pr = 7'000 Pr = 10,000 

0'30 -0,080 6 -0,096 6 -0,120 7 -0,160 8 -0,240 7 -0,399 6 -0,557 2 -0,791 5 
0'35 -0,092 1 -0,110 5 -0,137 9 -0,183 4 -0,273 8 -0,452 3 -0,627 9 -0'8863 
0'40 -0,094 6 -0,113 4 -0,141 4 -0,187 9 -0,279 9 -0,4603 -0,636 5 -0,893 6 
0'45 -0,092 9 -0,111 3 -0,138 7 -0,184 0 -0,273 4 -0'4475 -0,616 2 -0,860 6 
0'50 -0,089 3 -0,106 9 -0,133 0 -0,176 2 -0,261 1 -0,425 3 -0'5831 -0,809 9 

0'55 -0,084 9 -0,101 5 -0,126 3 -0,166 9 -0,246 5 -0,399 1 -0,5446 -0,752 1 
0'60 -0,080 3 -0,096 0 -0,119 2 -0,157 2 -0,231 2 -0,371 8 -0,504 7 -0,692 8 
0'65 -0,075 9 -0,090 6 -0,112 2 -0,147 6 -0,216 0 -0,344 7 -0'4653 -0,634 6 
0'70 -0,071 8 -0,085 5 -0,105 7 -0,138 5 -0,201 3 -0,318 4 -0,427 0 -0,578 5 
0'75 -0,068 1 -0,080 8 -0,099 6 -0,129 8 -0,187 2 -0,292 9 -0,390 1 -0,525 0 

0'80 -0,064 8 -0,076 7 -0,094 0 -0,121 7 -0,173 6 -0,268 2 -0,354 5 -0,474 0 
0,85 -0,062 2 -0,073 1 -0,088 8 -0,113 8 -0,160 2 -0,243 9 -0,320 1 -0,425 4 
0'90 -0,060 4 -0,070 1 -0,084 0 -0,105 9 -0,146 3 -0,219 5 -0,286 2 -0,378 8 
0'93 -0,060 2 -0,068 7 -0,081 0 -0,100 7 -0,137 4 -0,204 5 -0,266 1 -0,351 6 
0,95 -0,060 7 -0,067 8 -0,078 8 -0,096 7 -0,131 0 -0,194 3 -0,252 6 -0,333 9 

0'97 -0,062 3 -0,066 9 -0,075 9 -0,092 1 -0,124 0 -0,183 7 -0,239 1 -0,316 3 
0'98 -0,064 1 -0,066 1 -0,074 0 -0,089 3 -0,120 2 -0,178 3 -0,232 2 -0,307 5 
0'99 -0,068 0 -0,064 6 -0,071 5 -0,086 1 -0,116 2 -0,172 8 -0'2254 -0,298 9 
1'00 -0,087 9 -0,060 9 -0,067 8 -0,082 4 -0,111 8 -0,167 2 -0,218 5 -0,290 2 
1'01 -0,022 3 -0,047 3 -0,062 1 -0,077 8 -0,107 2 -0,161 5 -0,211 6 -0,281 6 

1,02 -0,006 2 0'022 7 -0,052 4 -0,072 2 -0,102 1 -0,155 6 -0,204 7 -0,273 1 
1,05 0,022 0 0,105 9 0,045 1 -0,043 2 -0,083 8 -0,137 0 -0,183 5 -0,247 6 
1'10 0,047 6 0,089 7 0,163 0 0,069 8 -0,037 3 -0,102 1 -0,146 9 -0,205 6 
1'15 0,062 5 0,094 3 0,154 8 0'166 7 0'033 2 -0,061 1 -0,108 4 -0,164 2 
1,20 0'071 9 0,099 1 0'147 7 0'199 0 0,109 5 -0,014 1 -0,067 8 -0,123 1 

1,30 0,081 9 0,104 8 0,142 0 0'199 1 0,207 9 0,087 5 0,017 6 -0,042 3 
1,40 0,085 7 0,106 3 0,138 3 0,189 4 0,239 7 0'173 7 0,100 8 0'035 0 
1,50 0,086 4 0,105 5 0'134 5 0,180 6 0'243 3 0,230 9 0'171 7 0,105 8 
1,60 0,085 5 0,103 5 0'130 3 0,172 9 0,238 1 0,263 1 0'2255 0,167 3 
1,70 0,083 8 0,100 8 0,125 9 0,165 8 0,230 5 0,278 8 0,262 8 0,217 9 

1'80 0,081 6 0,097 8 0,121 6 0,159 3 0'222 4 0,284 6 0,287 1 0,257 6 
1,90 0'079 2 0,094 7 0'117 3 0,153 2 0,214 4 0,284 8 0'301 7 0,287 6 
2,00 0,076 7 0,091 6 0'113 3 0,147 6 0,206 9 0,281 9 0'309 7 0,309 6 
2'20 0'071 9 0,085 7 0'105 7 0,137 4 0,193 2 0,272 0 0'313 5 0,335 5 
2'40 0,067 5 0,080 3 0,098 9 0,128 5 0,181 2 0,260 2 0,308 9 0'345 9 

2'60 0,063 4 0,075 4 0,092 9 0,120 7 0,170 6 0'248 4 0'300 9 0,347 5 
2,80 0,059 8 0'071 1 0,087 6 0,113 8 0,161 3 0,237 2 0,291 5 0,344 3 
3'00 0,056 5 0,067 2 0,082 8 0,107 6 0,152 9 0'2268 0,281 7 0,338 5 
3,50 0'049 7 0'059 1 0,072 8 0,094 9 0,135 6 0,204 2 0'258 4 0'319 4 
4'00 0'044 3 0,052 7 0,065 1 0,084 9 0,121 9 0,185 7 0,237 8 0'299 4 

7(l) 
l-r 
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Figure A.1 a) - Values of Z+O) as a function of pr 
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Figure A.2a) - Values of 2:) as a function of pr 
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A.4.1.8 The mean molar specific heat of the mixture is deter- 
mined as follows: 

A.4 Properties of gas mixtures and 
gas-vapour mixtures, considered as perfett 
gases 

C PM = 

A.4.1 Gas mixtures CVM = 2iri CVi 

A.4.1 .l The ratio of the components is given by the formula 
A.4.1.9 The 
as follows : 

mean heat of the is determined 
@i 5 4 

?L?i = m,i -=- 
eV qm 

Cmi= 1 

CP = C?Tli Cpi 

cv = cp -R 
A.4.1.2 The molar Proportion is given by the formula 

mOlei 
q= ~ 

C mole 

A.4.1 .lO 
follows : 

The isentropic exponent is determined as 

C l??i Cpi 
-------El j- 

ii 

1 
KM = 

Cmi “Vi Cl??i[Ki/(Ki- l)] 
A.4.1.3 
formula 

The volume ratio of the components is given by the 

Y 4V,i 
ri=-= - V qv 

c ri = 1 

NOTE - For mixtures of perfett gases ri represents the molar pro- 
Portion. 

A.4.2 Gas-vapour mixtures 

A.4.2.1 The vapour content is defined by one of the following 
quantities. 

A.4.1.4 The pa 
by the formula 

rtial res Pi of the components are given 
A.4.2.1.1 The relative humidity, p, which is the ratio between 
the partial vapour pressure and the Saturation pressure at the 
temperature of the mixture is given by the formula cPi = P 

A.4.1.5 The mean molecular mass of the mixture is deter- 
mined as follows: 

M, = CriMi = 1 = C-M, 

c 
mi P 
K 

For q > 1 there formation of condensate. 

A.4.1.6 The 
as follows : 

mean constant of the mixture is determined 8.4.2.1.2 The humidity content, x, which is the vapour mass 
related to the mass of dry gas is given by the formula 

RM = 
R mol 1 -=- 

M 
c 

ri 

Fi 

X = qVVG - = RG xL= -%)( p Psat 
qvT/ RV P-Pv Rv P - p Psat 

In the particular case of humid air A.4.1.7 The following relationships exist: 

ri Mi mi = ~ 
Cq Mi 

X = 0,622 1 p bat 

P - P Psat 

A.4.2.1.3 The mass ratio of vapour, mv, is given by the for- 
mula 

Mi 
ri=- 

c 
mi 

Mi 

mv = qvv 4VVG X - = 
QVVV qv”v + qvvG = l+x Pi = rip 
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A.4.2.1.4 The volume ratio of vapour, rv, is given by the 
formula 

rv = qm mv Rv Rv Pv P&at 

q??? R 
=mv-= - =- 

R P P 

A.4.2.2 The mean molecu 
determined as follows : 

lar mass of the mixture, MM, is 

M M  = Mvrv-tMG (1 -rv) = MG+ ---- ’ Psat (MV -MG) 
P 

A.4.2.3 The mean gas constant, RM, of the mixture is deter- 
mined as follows: 

RM = mv Rv+(l -mv) RG = ’ RGl+&($l)j 

For the particular case of humid air 

RM = RG 

A.4.2.4 The mean molar specific heat is determined as 
indicated in A.4.1.8. 

A.4.2.5 The mean isentropic exponent is determined as 
indicated in A.4.1 .lO. 

A.4.2.6 The viscosity of a gas-vapour mixture is determined 
in the same manner as for a gas mixture by using the methods 
indicated in annex B. 

A.4.2.7 The volume flow-rate of a gas-vapour mixture tan be 
defined in two different ways, according to the contract 
specifications, as given in A.4.2.7.1 and A.4.2.7.2. 

i 

ISO5389:1992(E) 

A.4.2.7.1 lt is defined as the flow, qv, of a gas-vapour 
mixture actually handled by the compressor and resulting 
directly from the flow-rate measurement. 

A.4.2.7.2 lt is defined as a flow-rate of dry gas qI/G. 

A.4.2.7.3 These two flow-rates are linked together by the 
foilowing relation : 

qVG P 
4v = j-q = qVG x 

V P - V Psat 

A.4.2.8 The condensate flow-rate 
tan be calculated as follows. 

separated in an interc ooler 

If between Stage I and Stage II of a compressor the gas is cooled 
such that the relative humidity at the outlet of the intercooler 
becomes greater than 1, a mass flow-rate qmcd tan be 
extracted at this Point of the circuit. 

In this case it is assumed 
densate the gas-vapour 
v 1. = 

that after the extraction of the con- 
mixture is still saturated, i.e. that 

The condensate flow-rate is determined as follows: 

%zCd = %nV,I -%nV,ll = %nG kI-Xsat,d 

where 

qmG is the mass flow-rate of dry gas; 

xl is the humidity content at the inlet of the intercooler, 
determined according to A.4.2.1.2; 

hat ,11 is the humidity content of the 
the outlet conditions of the intercoole 

saturated mixture at 
r. 

43 
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Annex B 
(normative) 

Viscosity of gases and gas mixtures 

If none tan be found, it is advised for 
calculate the corresponding values 
equations in [39]: 

non-polar substances to 
by application of the B.1 Dynamit viscosity 

B.1 .l Dynamit viscosity at atmospheric pressure 
or at a pressure close to atmospheric pressure 

*i 1 
~ Per 1’3 = 

TCr 
2,355 1 - 0,087 CO 

B.l.l.l Pure substances 

Information is contained in [35], [36] and [37]. & 
1-m = 0,791 5 + 0,169 3 CO 

If the dynamic viscosity of a pure substance is to be assessed at 
atmospheric pressure or at a pressure close to atmospheric 
pressure, three methods tan be used as follows: k is the Boltzmann constant (k = 1,380 5 x IO7 J/K); 

& is the depth of potential energy minimum; a) the theory of Chapman - Enskog ; 

is the collision diameter, in angstroms; 0 b) the law of corresponding states; 
cr) is the acentric factor. 

c) the method of VDI-Wärmeatlas. 
In the case of polar gases, the calculation made and published 
in [40] tan be used. 

kTc, In the case of substances for which o and T* = - are not & 
given, it is recommended that the following equations be used 
(see [41]): 

B.1.1.1.1 The theory of Chapman - Enskog 

As a general rule the equation giving the value of dynamic 
viscosity, pc, expressed in Pascal seconds, is as follows: 

P 
dMT = 26693 x 10-3 - 
&2" 

1,585 Vb ( 1 “3 
0 

= 1 + 1,362 

& - = 1,18 (1 + 1,3 a*) Tb 
k 

M is the molar mass, in grams; 
1 94 x 103p* 

6 I = P 

vbTb T is the temperature, in kelvins; 

where subscript b indicates conditions at boiling Point, with ,U~ 
expressed in debyest) and vb in cubic centimetres per mole 
gram. 

tT is the collision diameter, in angstroms; 

Q, is the reduced integral of collision. 

In the equation above, 0 and SZ, are dependent on the potential 
of interaction of the two molecules present. 

B.1.1.1.2 Method of the corresponding states , 

In the case of non-polar substances, 
have been established (sec [431) : 

the following relationships 
The expressions for potential as given by Lennard - Jones for 
non-polar substances and by Stockmayer for polar substances 
are adopted for the assessment of quantities 0 and .52,. l-4 = 4,610 T,Or618 - 2,04 e-OrMg q + 1,94 ew4tm ?; + 0,l 

where 

r = Tcr 116 M-1~2pc, -213 

and 

per is expressed in atmospheres? 

These quantities may also have been determined experimen- 
tally. 

Numerital values for these quantities may be found, for 
instance, in [6] or [38]. 

1) ldebye= IO-l8 (dyn . cm4)‘/* 
= l()-25 (IO N . m4)l/* 

= 3 I 162 x 1O-25 (N . rn4)‘/* 

2) 1 atm = 101 325 Pa 

44 
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With regard to the method of the corresponding states, either 
the Charts given in [47], or the diagrams given in [48] or in [49], 
or the following equation taken from [501, may be used: 

The most accurate method is the application of the theory of 
Chapman - Enskog using the reduced integral of collision as 
defined previously. 

P - = 1+ (1 - 0,45 4) 
Ap,‘15 

PO Bp, + (1 + CP?) -’ 

In the case of po #lar substances with or 
ing, the utmost caution is necessary. 

without hydrogen 

8.1.1.1.3 Method of VDI-Wärmeatlas 

4 = 668 h-q2 Per 
T2 Cr 

See [371. 

B.1.1.2 Mixtures 
AZ+ exp a2 T, -+Q 

r For mixtures with y1 components, the k inetic theory of gases 
gives the following equation, neglecting second-orde r effects: 

B = A Cß, T, - p2) 

4 

/[ 

1+ 

n 

c @ij (Yi lyj) - ’ 
j=l 1 

n 

c C = Lexpy2c-Y3 
T, 

Pm = 

i= 1 

4 D = Texp62Tr-S3 
r 

where 

are the viscosities of pure gases; 

and is the viscosity of the mixture; 

a, = 1,9%24 x 1O-3 Yi and Yj are mole fractions; 

a2 = 5,268 3 
@ ij= 

[  1 + (Ei /~j )1’2 (Mj; lMj) - 1’412 

22/2[1 + (M/MjI11’2 a3 = 0,576 7 

Pl = 1,655 2 
@ @ 

i  

Iuj 
M  

.i i= i j  

Pi 
l t  1 

t i j  

ß2 = 1,276 0 

NOTE - Among the various methods for assessing @g and @ji, that 
given in [44] is currently preferred, even in the case of polar com- 
pounds. However, the error which is usually less than 2 % may 
become very significant if Mi is markedly greater than Mj and Pi much 
greater than pj. 

Yl = 0,131 9 

Y2 = 3,703 5 

73 = 79,867 8 
When hydrogen or helium are present in a Proportion exceeding 35 % 
by volume, the more accurate, though more complex, method of 
Reichenberg as given in [451 may be considered. 

The diagrams given in figures B.1 and B.2 may be used in 
determining the viscosity of gas mixtures; these diagrams are 
based on the Bromley and Wilke method. 

4 = 2,949 6 

d2 = 2,919 0 

83 = 16,616 9 

In the formulae above, ,uP is expressed in debyes, per in 
atmospheres and Tcr in kelvins, which leads to an error of less 
than IO %. 

BA.2 Dynamit viscosity at high pressure 

B.l.2.1 Pure substances 
The reduced viscosity as recommended in [5ll may also be 
used, which leads to p < = 7,7. A diagram in which the effect of pressure is shown has been 

established in [461. 

For any reduced pressure or temperature it tan be determined 
whether the gas is “dilute” or dense (see figure B.3). The 
boundary is such that the required correction is no greater 
than 1 %. 

The result may be obtained rapidly but is unfortunately approxi- 
mate. 

Among the most recent data those published in 1371 and 1523 
may be mentioned. 
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60 

IO 
8 
6 

A ik 4 

6 

4 
3 

1 
08 1 
06 J 

I 

I T 1 --1T-T l l ill 
, 

I 11 ‘lt1 I I ,c .: 
1 rtlrrl 1 

. - I 

‘0,005 0,Ol 0,oz 0,05 0,l 0,2 0,30,4 0,6 o,si 2 
Mi/M, 

Figure B.1 - Diagram for the determination of the viscosity of gas mixtures 

1 
08 t 

h 06 
ik ’ 

01 t 
0 08 I 
0 06 I 

Oj6 j4 6810 20 30 40 60 80100 200 
Mi /Mk 

Figure B.2 - Diagram for the determination of the viscosity of gas mixtures 
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ISO 5389 : 1992 (El 

Example I 

4 V,l,Te = 5,872 22 mVs 

Al = 0,39 m2 

5,872 22 
Cl,Te = 0,39 

= 15,056 97 mls 

NGU 
cl ,Gu = 15,056 97 - = 

NTe 
24,563 6 mls 

6,752 78 
@Q,Te = 1 344 3 - = 5,023 3 

f 

A2 = 0,192 8 m2 

5,021 
C2,Te = ~ = 26,04 m/s 

0,192 8 

NGu 
C2,Gu = 26,04 - = 

NTe 
42,481 mls 

Ma t,l,Te = - 

6,752 78 
= 0,39 x 1,002 2 x 105 

= 0,043 11 

Pt,l,Te = &,Te (1 + +Ma;l,Te) 

= 1,0022 1 + 19 2 x 0,043 112 

= 1,003 5 bar 

T = Tl,Te 
1 

t,l,Te 

1 - it-l MafTe 
K I 

= 301,25 1 
1 - 0,285 7 x 0,431 12 

= 301,41 K 

Ma t,2,Te = 

= 

= 

4rn 

A@2,Te 

6,752 78 1 x 
’ 

289,3 x 332,35 
0,1928x1,2925xi05 114 

0,071 

Pt,2,Te = P2,Te (1 + 5 Maf2,Te) 

= 1,292 5 x 1 13 + 2 x 0,0712 

= 1,297 1 bar 

T 
1 

t,2,Te = T2,Te 

1 K-1 Ma2 -- 
K t,Te 

= 332,35 
1 l 

x 
1 - 0,285 7 x 0,0712 

= 332,83 K 

F.2 Example 2 - Uncooled turbocompressor, 
isentropic exponent HfTe = KGu, Speed not 
variable 

F.2.1 General 

The test conditions under inlet conditions deviate from the 
guarantee conditions. The driver has a fixed Speed so that 
similar flow conditions tan only be approximated using 
figure D.3. 

The guarantee conditions, guaranteed Performance and other 
design values are given in tables F.12 to F.14. 

F.2.2 Purpose of test 

The purpose of the test is to prove the guaranteed power re- 
quirement for the guarantee Point and to determine the 
pressure-volume curve at a constant Speed. 

F.2.3 Design of installation 

The installation consists of a three-Stage, uncooled turbo- 
compressor for air, driven bv an electric motor. 

Table F.12 - Guarantee conditions 

Designation 

Inlet pressure (total) 

Inlet temperature (total) 

Gas constant 

Isentropic exponent 

Compressor Speed 

Symbol 
Numerital 

value Unit 

Pt,l, Gu 0,980 7 bar 

tt,l, Gu 30 OC 

RGu 288,32 Nm m/(kg l  K) 

"Gu L4 - 

I NGu I 9 500 , r/min I 

100 
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Table F.13 - Guaranteed Performance 

Designation 

Volumetric flow at inlet 

Discharge pressure 

Power requirement at compressor coupling 

Numerital 
Symbol value Unit 

qV,t,l, Gu 9,166 67 m3ls 

&,2, Gu 3,903 1 bar 

P  e, Gu 2 065 kW 

Table F.14 - Other design values 
. 

Designation Symbol 
Numerital 

value Unit 

Outside diameter of Stage 1 impeller DI 0,63 m  

F.2.4 Test set-up 

The test is carried out at the compressor site under atmospheric conditions. 

The test set-up is shown in figure F.2, and the test conditions are given in table F.15. 

P 

. 

P  
2 

f 2 

~~~=~~~~~: f--J) 9 
Measurement of torque t 
(torque shaft) 1 

0 ’ 

P 1 

Figure F.2 - Test set-up for example 2 

101 
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ISO5389:1992E) 

F.2.5 Setting conditions (sec 8.2.3.2) 

Since the Speed cannot be varied, it is impossible to maintain 
precisely the flow conditions on which the guarantee was based. 

N 9500 

m 1 Te d 288,3 x 1,O x 283,2 
/ = N \ = 9500 1,035 

\ dm]Gu 1/288,3 x 1,o x 30312 

To determine the permissible deviations from figure D.3, it is 
necessary to calculate the polytropic exponent from guarantee 
conditions and guaranteed Performance. 

The deviation in the volumetric flow ratios shown in figure D.3 
is less than 5 % with the calculated ratio 1,035, a pressure ratio 
@2hh,Gu = 3,98, and a polytropic exponent nGU = 1,564. 

.Thesetting conditions are given in table F.16. 

Since a centrifugal compressor with flat characteristic is in- 
volved, a maximum deviation in the volumetric flow ratios of 
+ 5 % is acceptable in the Optimum efficiency range [sec 

figure D.~c)] and, therefore, conversion of the test results to 
guarantee conditions is still possible. In accordance with 
figure D.2, a supplementary tolerante of 1 % for the measured 
power requirement tan be used. 

In determining the setting conditions in accordance with the 
flow Chart in figure D.6 the following calculation sequence is 
used (the numbers given are those designating individual boxes 
in the flow Chart) : 

1 -2-3-4-5--6-7-8-9-10-11-12- 
13 - 21 - 22 - 23 - 24 

w toi = + 0,05 is inserted in 23 in the first instance and 
W’tol = - 0,05 in the next sequence to determine the upper 
and’ lower tolerante limits. The calculation ends with 25 - 
26 - (43 - 44, but see the note to F.O.l) - 45 - 46 - 47. 

Had the test shown in 45 that the setting conditions determined 
could not be maintained in the test, the compressor would have 
had to be Split up into several units and the calculations recom- 
menced at 3 through 48 - 49. 

The deviation is within the permitted range. The test was 
carried out maintaining the above test conditions. 

Table F.15 - Test conditions 

Designation Symbol Numerital 
value Unit 

Isentropic exponent “Te L4 - 

Mean inlet temperature (total) h,l ,Te 10 OC 

Gas constant RTe 288,3 Nmm/(kg.K) 

Speed (not variable) NTe . 9 500 , r/min 

Table F.16 - Setting conditions 

Designation 

Mechanical efficiency 

Internal power 

Specific isentropic compression work 

Isentropic compression power 

Isentropic eff iciency 

Pressure ratio 

Polytropic eff iciency 

Polytropic exponent 

Symbol 
Numerital 

value Unit 

rf 0,985 
(estimated) - 

pin Gu 2 034 kW 
= hfpe / 
W  m,s, Gu 148 024 Na m/kg 

P s, Gu 1 521 kW 

%,in, Gu 0,748 - 

PS 

=Pin I 

pt,2 3,98 - 

Pt,l,Gu 

qpol, Gu 0,792 - 

nGu 1,564 - 
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ISO 5389 : 1992 (E) 

F.2.6 Test results and conversion 

See tables F.17 to F.19. 

Table F.17 - Test results 

Numerital value 
Unit Symbol Designation Test No. 1 Test No. 2 Test No. 3 

- 
- 

Pa 

RTe 

NTe 

qm,Te 

Pt,l,Te 

tt,l ,Te 

Tt,l ,Te 

@t, 1 ,Te 

qV,t,l,Te 

1965-04-30 1965-04-30 1965-04-30 - 

11,30 l2,30 14,00 h 

1,009 1 1,009 1 1,009 1 bar 

288,32 288,32 288,32 N n m/(kg . K) 

9 500 9 500 9 500 r/min 

11,566 7 11,341 7 10,202 8 kg/s 

0,996 4 0,997 3 0,999 3 bar 

W IO,0 IO,3 OC 
283,0 283,2 283,5 K 

1,221 1,221 1,223 kg/m3 

9,47 9,289 8,342 m3ls 

Pt,2,Te 3,765 8 4,148 2 4,903 3 bar 

Date of test 

Time of test 

Atmospheric pressure 

Gas constant 

Speed 

Mass flow *) 

Inlet pressure 

Inlet temperature 

Density 

Volumetric flow at inlet 
(also usable volumetric flow at inlet) 

Discharge pressure 

*) Calculated from the mass flow measured in accordance with ISO 5167-1. 

Table F.18 - Calculation results 

1 Numerital value 
Unit Symbol 

(P2@1 )t,Te 

W m,s,Te 

P s,Te 

P e,Te 

Pf,Te 

pin Te I 

%,in,Te 

qpol,in,Te 

nTe 

Wm,pol,Te 

Designation 

Pressure ratio 

Specific isentropic compression work 

Isentropic compression power 

Power at compressor coupling 

Mechanical compressor power dissipation 

Internal power 

Internal isentropic eff iciency 

Internal polytropic eff iciency 

Polytropic exponent 

Specific polytropic compression work 

Test No. 1 1 Test No. 2 Test No. 3 

4,907 

164 596 

1 679 

2 234 

32 

2 202 

0,763 

0,808 

1 547 

174 462 

3,780 4,159 

131 985 143 640 

1 527 1 628 

2 107 2 208 

31 32 

2 076 2 176 

0,734 0,748 

0,779 0,792 

1 579 1564 

139 880 152 150 

- 

N = m/kg 

kW 

kW 

kW 

kW 

- 

- 

- 

N.m/kg 

Table F.19 - Conversion to guarantee condition (see figure D.8) 

Nu merica I value 
Symbol 

wm,pol,Co 

(p2h )t,co 

pt,2, Co 

W,t,l,Co 

Pin Co I 

Pf,Co 

P e,Co 

Unit 

Nm mlkg 

- 

bar 

m3ls 

kW 

kW 

kW 

Designation 

Converted specific compression work 

Converted pressure ratio 

Converted discharge pressure 

Converted volumetric flow at inlet 

Converted internal power 

Converted mechanical power dissipation 

Converted power at coupling 

Test No. 1 Test No. 2 Test No. 3 

139 880 152 150 174 462 

3,521 3,860 4,529 

3,453 3,786 444 

9,473 9,289 8,342 

3 907 1 998 2 020 

31 32 32 

1 938 2 030 2 052 
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F.2.7 Test uncertainty and comparison with guarantee 

The test uncertainties are calculated according to 9.2. 

As tan be seen in figures F.3 and F.4, the guarantees are met within the test uncertainty (see also 9.4). 

The test uncertainty for example 2 is shown in table F.20. 

Table F.20 - Resulting test uncertainty 

Designation 

U ncertainty 
in volumetric 
flow at inlet 

Uncertainty 
in pressure 
ratio 

Uncertainty 
in power 
at coupling 

Symbol 

‘q,,Te 

TN,Te 

‘pl ,Te 

77’, ,Te 

Zadj 

7twp 1 

Nr 

In(P2/Pl) 

‘&,Te 

Zadj 

Ttot,P*lP, 

c4 

=pe 

7pf 

‘adj 

Qot,P, 

Numerital value Comments 

1,2 % In accordance with ISO 5167-1 

0,53 % Quality grade 0,5, final scale value IO 000 

0,13 % 1 mmHg on absolute pressure 

0,33 % 1 O on absolute temperature 

l,o % 

dm = 1,69 % See 9.2.5 

1,035 

1,33 

0,83 % Quality grade 0,6; final pressure gauge 
value 4 atm gauge (relative) 

1,o % 

dm= 1,87 % See 9.2.‘6 

780 Current transformer 0,5; voltage 
transformer 0,5; Wattmeter 0,2 (estimated) 

0,75 % 

10 % 

l,o % 

-J 0,975* + 1,0* = 1,40 % See table 9 
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Figure F.3 - Graphs for comparison with guarantee 
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Figure F.4 - Graphs for comparison with guarantee 
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F.3 Example 3 - Uncooled turbocompressor, 
isentropic exponent KTe # KGu, Speed not 
variable 

F.3.2 Purpose of tests 

The purpose of the tests is to prove the guaranteed power 
requirement for two guarantee Points and to determine the 

F.3.1 General 
pressure-volume curve at constant Speed. 

No similar flow conditions tan be set in accordance with the 
similarity considerations given in 8.2.3.2. Approximation sol- 
utions are sought on the basis of figure D-4. 

The guarantee conditions, guaranteed Performance and other 
design values are given in tables F.21 to F.23. 

F.3.3 Design of installation 

The installation consists of a two-Stage, uncooled turbo- 
compressor for ethylene, driven by an electric motor. 

Table F.21 - Guarantee conditions 

Designation Symbol Numerital 
value Unit 

Met pressure Pt,l, Gu 0,980 bar 

Met temperature ft,l, Gu 32 OC 

Gas constant RGu 296,65 N-m/(kg.K) 

Isentropic exponent “Gu 1,25 - 

Compressor Speed NGu 12 700 r/min 

Table F.22 - Guaranteed Performance 

Designation Symbol 

Volumetric flow at inlet 

Discharge pressure 

Power requirement at compressor 
coupling 

qV,t,l,Gu 

Pt,2, Gu 

P e, Gu 

Numerital value 
Guarantee Guarantee 

Point Point 
(a) (b) 

15000 12 500 

1,765 1,863 

335 310 
/ 

Unit 

m3/h 

bar 

kW 

Table F.23 - Other design values 

Designation 

Outside diameter of Stage 1 impeller 

Symbol 

13, 

Numerital 
value 

0,4 

Unit 

m  
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F.3.4 Test set-up 

Since it is not possible to carry out the acceptance test using ethylene, a test is carried out on site using air. 

The test set-up is illustrated in figure F.5, and the test conditions are given in table F.24. The power at the coupling is determined by 
the motor rating and transmission Iosses. 

P PR 

8 J. 
'1 oil f 

I 1 

. 
Qv I 

e 
, oi I p. . 1 

AP 

Gear 

+ 

P 2 

l t2 I ,oi 

t-o 
1 

I 

a 

Figure F.5 - Test set-up for example 3 

Table F.24 - Test conditions 

Designation Symbol Numerital 
value Unit 

Isentropic exponent (air) 

Mean inlet temperature 

Gas constant 

“Te 

h,l ,Te 

RT, 

L4 - 

5 OC 

287,3 Nam/(kg-K) 
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F.3.5 Setting conditions (see 8.2.3.3) 

The Speed cannot be varied. 

Because the Speed cannot be varied, it is impossible to 
maintain the flow ratios presupposed on giving the guarantee. 

287,3 x 1,O x 278,2 _ - , 

’ 

064 

12700 

J296,65 x 1,O x 3052 

In Order to determine whether the calculated ratio is within the 
permitted range (see 8.2.3.2), the polytropic exponents are 
required. The internal isentropic efficiency ylS required to 
determine qpoI,Gu is determined here from the isentropic com- 
Pression power formed by the guarantee values and from the 
guaranteed power at the coupling assuming a mechanical ef- 
ficiency rf = 0,98. 

According to figures D.4g) and D.4k), the deviation in the 
volumetric flow ratio is so high that it is impossible to conduct 
the test within the inner tolerante limits (0,99 to 1,Ol). 

Consequently, a check must be made to find out whether the 
test is possible within the outer tolerante limits (0,95 to 1,05) 
which tan be used in the case of the anticipated flat 
characteristic of a centrifugal compressor in the range of the 
guarantee Points (see figure 0.2). 

It is expedient to draw an auxiliary diagram (sec figures F.6 and 
F.7) for each of the two guarantee Points from figures D.4j), 
D.4m) and D.4q) for better interpolation. Using these 
diagrams, it was found that a test could be carried out on the 
present compressor for conversion within the outer tolerante 
limits 0,95 < Vr < 1,05, in the case of guarantee Point (a) 
(qv,t,l,Gu = 15 000 mVh) with 

and in the case of guarantee Point (b) (qvt 1 Gu = 12500 mVh) II I 
with 

1,043 < ( 
N 

JRz1T,I 

The value determined at 1,064 in the above example for the two 
guarantee Points is within these limits. 

The setting conditions are given in table F.25. 

Table F.25 - Setting conditions 

Numerital value 

Designation Symbol Guarantee Guarantee 
Point 

Unit 
Point 
(a) Ib) 

Specific isentropic compression work W  m,s, Gu 56 6 N - m/kg 

Density @t,l,Gu 1,083 1,083 kglm3 

Isentropic compression power P  s,Gu 255 233 kW 

Power at the compressor coupling P,,Gu kJf = 0198) 335 310 kW 

Isentropic eff iciency %,in, Gu 0,777 0,767 - 

Polytropic eff iciency qpol,in, Gu 0,789 0,781 5 - 

Specific polytropic compression work Wm,pol, Gu 57 448 63 214 N - mlkg 

Converted guaranteed polytropic nGu 1,34 1,344 - 
exponent 

Polytropic exponent calculated using nTe*) 1,567 1,567 - 
npol in ~~ in the teSt I I 
*) Since there are no other details available than those given in the guarantee, nTe is formed using 
npol,in,Gu- 
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Figure F.6 - Graph for comparison with guarantee 

18 8 
77 Te 

110 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 53

89
:19

92

https://standardsiso.com/api/?name=10de5ec524ef1896b58878e2bbca636c


13 1 

-12 J 

IO J - 

0,95<v,<l Jo5 

18 J 

rl Te 

Figure F.7 - Graph for comparison with guarantee 
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In determining the setting conditions in accordance with the 
flow Chart in figure D-6, the following cakulation sequence is 
used (the numbers given are those designating individual boxes 
in the flow Chart) : 

1 -2-3-4-5--6--7-8-g-IO-IV--Xi!- 
13 - 21 - 22 - 28 - 29 

Av, toi = + 0,05 or A Vi,tol = - 0,05 is inserted into 28 to 
dete’rmine the upper and lower tolerante limits. In the present 
instance, the pressure ratio (JQ&, determined in 29 at which 
the maximum deviation A Vr Ex = A Vr toi occurs is outside the t I 
range 1 to (P~/~I)G~~ 

Consequently, the formula sequence continues through 30 - 
38 - 24 - 25 - 26 - (43 - 44, but See the note to F.O.l) - 
45 - 46 - 47. the extreme tolerante limits to figure D.8. 

lt was established after the tests that all 3 test Points are within 

Had the calculated pressure ratio (&/&, been within the 
range of the compression sequence, the extreme value of the 
deviation A Vr Ex could have been determined by 31 and the limit 
Vr 2 would have had to be adapted by32 - 37 in such a way that 
at ‘no Point of the compression process A Vr,, > A Vr,tol. 

The test was carried out maintaining the above test conditions. 

F.3.6 Test results and conversion 

See tables F.26 to F.28. 

Table F.26 - Test results 

Designation 

Date of test 

Time of test 

Atmospheric pressure 

Gas constant 

Compressor Speed 

Mass flow”) (also usable mass flow) 

I nlet pressure 

Inlet temperature 

Density 

Volumetric flow at inlet 
(also usable volumetric flow at inlet) 

Discharge pressure 

*) In accordance with ISO 5167-1. 

Symbol 

- 

- 

PC3 

RTe 

NTe 

%n,Te 

Pt, 1 ,Te 

*t,l ,Te 
*t,l ,Te 

@t,l ,Te 

qV,t,l,Te 

&,2,Te 

Test No. 1 

1965-03- 12 

16,30 

1,005 1 

287,33 

12 700 

19 985 

0,995 4 

4,7 
277,9 

1,246 6 

16 032 

1,857 

Numerital value 
Test No. 2 Test No. 3 Unit 

1965-03-12 1965-03-12 - 

18,45 19,oo h 

1,005 1,005 bar 

287,33 287,33 N.m/(kg.K) 

12 700 12 700 r/min 

17 304 14 720 kg/h 

0,997 3 0,999 3 bar 

5J 5,3 OC 
278,3 278,5 K 

1,247 2 1,248 8 kg/ms 

13 874 11 787 m3ls 

1,974 2,041 bar 

Designation 

Pressure ratio 

Specific compression work 

Isentropic compression power 

Power at compressor coupling 

Mechanical compressor power dissipation 

Internal power 

Internal isentropic eff iciency 

Internal polytropic eff iciency 

Polytropic exponent 

Specific polytropic compression work 

Table F.27 - Calculation results 

Symbol 
Numerital value 

Test No. 1 Test No. 2 Test No. 3 
Unit 

(P2IPl )t 1,866 1,979 2,042 - 

W m,s,Te 54 524 60 269 65 373 Nmm/kg 

P s,Te 302,5 289,8 259,l kW 

P e,Te 421,8 385,5 348,5 kW 

Pf,Te 8 8 8 kW 

Pin,Te 413,8 377,5 340,5 kW 
b,in,Te 0,731 0,768 0,761 - 

qpol,in,Te 0,754 0,788 0,784 - 

nTe 1,611 1,566 1,573 - 

W m,pol,Te 56 195 61 932 65 246 Nam/kg 
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Table F.28 - Conversion to guarantee conditions (see figure D.8) 

Designation Symbol 

Converted specific polytropic compression 
work 

Converted polytropic exponent 

Converted pressure ratio 

Converted inlet volume 

Converted internal power requirement 

Converted mechanical power dissipation 

Converted power at coupling 

W m,pol, Co 

nCo 

@2Im)t, Co 

W,t,l,Co = qV,t,l,Te 

pin Co I 

Pf,Co 

P e, Co 

Test No. 1 

56 195 61 932 65246 N. mlkg 

1,361 

1,777 

16032 

359,6 

8 

367,6 

1,3J(J 1,342 

1,879 1,937 

13 874 11 787 

327,9 295,3 

8 8 

- 

335,9 I 303,3 

- 

mVh 

kW 

kW 

kW 

Numerital value 
Test No. 2 1 Test No. 3 

r 
I 

Unit 

F.3.7 Test uncertainty and comparison with 
guarantee 

results are read from the curves plotted in figure F.8 and 
defined by the three test Points, at the guaranteed inlet 
volume flow qV,t,l,GU = 15 000 m3/h, i.e. 

The test uncertainties are calculated in accordance with 9.2. 
W n-2, pol, Co = 59 470 Nom/kg 

The compressor in question having a flat Performance curve, 
the comparison will be made at the guaranteed inlet volume. 

For this purpose the converted test results, i.e. specific 
polytropic compression work, pressure ratio, internal polytropic 
efficiency and power input at coupling, are plotted versus the 
converted usable inlet volume (see figure F.8). Taking into ac- 
count the total resulting inaccuracies, the conclusions are as 
follows (sec figure F.9). 

- Guarantee Point (b), qvt 1 Gu = 12 500 m3/ h : the re- 
quirements of the guarantee arc met for both pressure ratio 
and power consumption. 

- Guarantee Point (a), qV t 1 Gu = 15 000 m3/ h : the 
pressure ratio is higher than guaranteed, and accordingly, 
so is the power input. For better comparison it is necessary 
to apply the procedure outlined in 9.4. The converted test 

P e, Co = 353,2 kW 

- the power at coupling reduced to guarantee con- 
ditions is 

W 
P = PeCo x 

m,pol,Gu 
e, Co, Gu , W m,pol,Co 

57 448 
= 353,2 x - = 

59 470 
341,2 kW 

and the guarantee value is 335 kW. 

The converted power is thus slightly in excess, even if 
the resulting total test uncertainty is taken into account. 

The test uncertainty for example 3 is shown in table F.29. 
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Figure F-8 - Graphs for comparison with guarantee 
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Figure F.9 - Graphs for comparison with guarantee 
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Table F.29 - Resulting test uncertainty 

Symbol 

%,,Te 

ZN,Te 

‘~1 ,Te 

TTl ,Te 

tadj 

Ttwq j/, 1 

Nr 

W2hq) 

‘&,Te 

Zadj 

ttow*/p, 

(3 

(4 

spe 

Numerital value Comments 

l,o % 

0,08 % 

0,13 % 

0,36 % 

0,9 % 

7 1,075 + 0,9 = 1,40 % 

1,064 

0,623 

0,16 % 

0,9 % 

-J 0,283* + 0,92 = 0,94 % 

2,191 

351,5 

0,75 % 

10 % 

0,9 % 

&isT$= 1,20 % 

In accordance with ISO 5167-1 

Digital measuring instrument - 
1 rev on indicator 1 

1 mmHg on absolute pressure See 5.9 

1 O on absolute temperature 1 

See 9.2.5 

1 mmHg on absolute pressure (sec 5.9) 

See 9.2.6 

Current transformer 0,5; voltage 
transformer 0,5; Wattmeter 0,2 (estimated) 

See 9.2.7 and table 9 
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F.4 Example 4 - Cooled turbocompressor, F.4.2 Purpose of tests 
isentropic exponent KTe = KGU, variable Speed 
and temperature ratios The purpose of the tests is to prove the guaranteed power 

requirement for the guarantee Point. 

F.4.1 General 

The Speed and temperature ratios tan be varied so that similar F.4.3 Design of installation 

flow conditions tan be used. 

The guarantee conditions, guaranteed Performance and other 
design values are given in tables F.30 to F.32. 

The installation consists of a five-Stage turbocompressor of 
centrifugal design for air with intermediate cooling after each 
Stage, driven by steam turbine. 

Table F.30 - Guarantee conditions 

Numerital 
value Designation Symbol Unit 

Pressu re 

Temperature 

Relative humidity 

Gas constant 

Isentropic exponent 

Volumetric flow of cooling water 

Inlet temperature of cooling water 

Pt,l, Gu 

tt,l, Gu 

~Gu 

0,983 5 

25,31 

70 

289,5 

13 

800 

27 

bar 

OC 

% 

N-m/(kgX) 

- 

mVh 

OC 

RGu 

“Gu 

qV,W,Gu 

tW,l,Gu 

Table F.31 - Guaranteed Performance 

Designation Symbol 
Numerital 

value Unit 

114826 m3/h 

6,532 1 bar 

0,071 06 kWh/m3 

Volumetric flow at inlet 

Discharge pressure 8 

Specific power requirement at compressor coupling 

qV,t,l,Gu 

Pt,2, Gu 

Table F.32 - Other design values 

Symbol 

NGu 

Dt 

tt,l,il,Gu 

tt,l,III,Gu 

tt,l,IV,Gu 

tt,l,V,Gu 

Numerital 
value Unit 

4 650 

1,12 

40 

42 

45 

48 

r/min 

m 

OC 

OC 

OC 

OC 

Designation 

Speed (Not a guarantee condition for variable-Speed 
driver 1)) 

Outside diameter of Stage 1 impeller 

Inlet temperature of air ahead of 

Stage II 

Stage Ill 

Stage IV 

Stage V 

1) The subscript Gu designates the design Speed. 
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F.4.4 Test set-up To guarantee similar flow conditions, i.e. 

The compressor is subjected to trials on the test bed, driven by 
a Variable-Speed electric motor. Since the rating of the test bed 
motor is insufficient for Operation at atmospheric intake 
pressure, the compressor shall be run at diminished intake 
pressure. Running in this way, it is not possible to judge the 
intercoolers as a reduced flow of cooling water must be ad- 
mitted because of the reduction in the pressure level. 

The test set-up is illustrated in figure F.10, and the test con- 
ditions are given in table F.33. 

F.4.5 Setting conditions (sec 8.2.4) 

By means of the flow of cooling water, the inlet temperatures 
of the air into the individual stages (see table F.34) tan be set 
so that the temperature relationships 

Tt 1 jl Tt I I 1 I I I 

where j = II, Ill, IV, V, agree with the design value. 

the test shall be conducted at a Speed reduced in the proportion 

NTe -= 

NGu 

288,3 x 288r23 = o 98, 
2893 x 298,46 ’ 

The result is NTe = 4 560 r/min. 

In determining the setting conditions in accordance with the 
flow Chart in figure D.6, the following calculation sequence is 
used (the numbers given are those designating individual boxes 
in the flow Chart): 

1 - 2 - 3 - 4 - 5 - 39 - 40 - 41 - 42 - (43 - 44, but 
see the note to F.O.l) - 45 

Since the Speeds and the inlet temperatures for the stages are 
variable, the compressor tan fulfil the setting conditions as a 
unit. Accordingly, the calculation ends with 46 - 47. 

The test was carried out maintaining the above test conditions. 

Table F.33 - Test conditions 

Designation 1 Symbol!$al 1 Unit 

Inlet pressure 

I nlet temperatu re 

Humidity of air 

Gas constant 

Inlet temperature of cooling water 

Pt,l,Te 0,240 9 

h, l,Te 15,08 

PTe 70 

RTe 288,3 

tW,l,Te 24,8 

bar 

OC 

% 

N n m/(kg - K) 

OC 

Table F.34 - Inlet air temperatures at different stages 
Values in degrees Celsius 

Value to be set 
during tests 

15 

30 

32 

34 

37 

Designation Design value 

G,l,l - 

4,l,ll 40 

4,l,lll 42 

4,l,lV 45 

4,1,V 48 
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ISO 5389: 1992 (El 

F.4.6 Test results and conversion 

See tables F.35 to F.37. 

Table F.35 - Test results 

Designation Symbol Numerital 
value Unit 

Test number - 1 - 

Date of test - 1965-04-26 - 

Atmospheric pressure Pa 1,010 bar 

Gas constant RTe 288,3 N - m/(kg . K) 

Speed NTe 4 560 r/ min 

Mass f low “1 %n,Te 33 114 kg/h 

Inlet pressure Pt,1 ,Te 0,240 9 bar 

Inlet temperatu re h,l,Te 15,08 OC 

Tt,l,Te 288,23 K 

Density @t,l,Te 0,289 9 kglm3 

Volumetric flow at inlet qyt,l,Te 114226 m3/h 
(also usable volumetric flow at inlet) 

Discharge pressure Pt,2,Te 1,605 5 bar 

*) Calculated from the mass flow measured in accordance with ISO 5167-1. 

120 
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Table F.36 - Calculation results 

Designation 

Pressu re ratio 

Specific isothermal compression work 

Power absorbed by the gas (compression sections l -VI 

mass flow 

discharge temperature 

inlet temperature 

temperature differente 

power calculated with cp = 1,004 8 kJ/(kgK) 

Power absorbed by cooling water ( = power absorbed by 
the gas in sections II, Ill, IV) 

flow of cooling water 

outlet temperature of cooling water 

inlet temperature of cooling water 

temperature differente 

power calculated with cpw = 4,187 kJ/(kg . K) 

Power absorbed by the bearing lubricating oil 

Symbol 

(P2h)t,Te 

W  m,T,t,Te 

%n,Te 

h,2,Te 

h,l,Te 

* h,Te 

%,t,l,Te 

ql(W,Te 

tW,2,Te 

fW,l,Te 

AtW,Te 

pin Te I 

Numerital 
value 

6,664 6 

157 618 

33 114 

76,62 

15,08 

61,54 

568,8 

186,7 

31,04 

24,80 

6,24 

1 354,7 

Unit 

- 

N.m/kg 

kg/h 

OC 

OC 

OC 

kW 

m3/h 

OC 

OC 

OC 

kW 

- journal bearing : volumetric flow of oil 

inlet temperature of oil 

outlet temperature of oil 

temperature differente 

mean specific heat 

density 

power 

- thrust bearing : volumetric flow of oil 

inlet temperature of oil 

outlet temperature of oil 

temperature differente 

mean specific heat 

density 

power 

total mechanical power dissipation 

Power requirement 

isothermal compression power 

internal power 

mechanical compressor power dissipation 

power at coupling 

isothermal coupling eff iciency 

4 V,oiI,Te 

h,oil,Te 

t2, oil,Te 

At oil,Te 

cp M,oil,Te 

@l,oil,Te 

Pf,Te 

4 V,oiI,Te 

h,oil,Te 

t2, oil,Te 

At oil,Te 

cp M,oil,Te 

@  l,oil,Te 

Pf,Te 

Pf,Te 

PT,Te 

pin t Te I I 

Pf,Te 

P e, t,Te 

qT,t,e,Te 

2,75 m3/h 

39,61 OC 

46,86 OC 

7,25 OC 

1,969 3 kJ/(kg n K) 

0,866 x IO3 kg/ma 

914 kW 

5,62 ma/h 

39,19 OC 

$07 OC 

IO,88 OC 

1,978 kJ(/kggK) 

0,866 x IO3 kglm3 

29,0 kW 

34 kW 

1 449,8 kW 

1 923,5 kW 

38,4 kW 

1 961,9 kW 

73,9 %  
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ISO 5389 : 1992 (EI 

Table F.37 - Conversion to guarantee conditions (sec 8.2.4.1) 

Designation 

Test Speed 

Design Speed 

Converted volumetric flow at inlet 

Convetted isothermal delivery head 

Converted pressu re ratio 

Converted internal power 

Converted mechanical power dissipation 

Converted power at coupling 

Symbol 

NTe 

NGU 

Wt,l,Co 

W m,T,t,Co 

(~2Wt,Co 

57 t Co I I 

Pf,Co 

P e,t,Co 

Numerital 
value Unit 

4 560 r/min 

4650 r/ min 

116,480 m3/h 

163,901 N. m/kg 

6,665 3 - 

8 008,8 kW 

39,6 kW 

8048,4 kW 

F.4.7 Test uncertainty and comparison with guarantee 

The test uncertainties are calculated in accordance with 9.2. 

The converted inlet volume is slightly higher than guaranteed (sec table F.381, even when taking into account the test uncertainties. 

The convet-ted specific power consumption is lower than guaranteed by about 2,96 % (see table F.38). 

The guarantee tan be considered to be fulfilled. 

NOTE - When calculating the power absorbed by the gas in compressor sections I and V, the leakage losses were neglected. As the power consump- 
tion is well below the guarantee figure, this simplification is justified. 

The test uncertainty for example 4 is shown in table F.39. 

Table F.38 - Comparison with the guarantee (see 9.4) 

Designation 

Gua ran teed pressu re ratio 

Isothermal delivery head at (p2/pJ lt, GU 

Conversion factor 

lnternal power absorption related to (&/Pl)t,Gu 

Power at coupling 

Specific power at coupling related to (&?J)t,Gu 

Symbol 

(P2h)t,Gu 

W m,T,Gu 

W m,T,Gu 
W m,T,Co 

% Co I 
P e, Co 

P e,Co 
9q,l,Co 

P e,Gu 
qKt,l,Gu 

Numerital 
value Unit 
. 

6,640 8 - 

163,583 N.m/kg 

0,998 1 - 

7 993,3 kW 

8 032,9 kW 

0,068 96 kWh/ms 

Guaranteed specific power at coupling 

Deviation from guarantee value of specific power 
at coupling 

0,071 06 kWh/ms 

- 2,96 % 
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ISO 5389 : 1992 (El 

Table F.39 - Resulting test uncertainty 

Designation 

Uncertainty in 
volumetric flow at inlet 

Uncertainty 
in pressure ratio 

Uncertainty 
in power at coupling 

Symbol 

‘qrn, Te 

tN, Te 

‘~1, Te 

t&Te 

*rewjb 1 

Nr 

InkQh71) 

‘~2, Te 

5res, p21p1 

TPin 

spf 

ZT Li 

5es, P, 

Numerital 
value Comments 

l,o % In accordance with ISO 5167-1 

0,22 % Quality class 0,2; final scale 
value 5 000 

0,56 % 

0,35 % 

1,22 % 

w 

1,890 

0,64 % 

1,555 % 

1,5 % 

IO % 

0,33 % 

1,55 % 

1 mmHg on absolute pressure 
See 5.9 

1 O on absolute temperature 1 

See 9.2.5 

Quality class 0,6; final value IO atm gauge 

See 9.2.6 

Energy balance estimated 

Estimated 

1 O on absolute temperature (sec 5.9) 

See 9.2.7 and table 9 

F.4.8 Comparison of different calculation methods 

A comparison of different calculation methods is given in table FM. 
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Example 4 

ISO 5389 : 1992 (E) 

A, = 1,5 x 1 = 1,5 m* 

A2 = 0,4064xn; 
4 

= 0,129 7 m* 

%(l,Te = 31,78 m3/s 

cl,Te = 
@%Te 31,78 = 

Al 
- = 21,19 m/s 

1,5 

4 V,2,Te = 5,806 2 m3/s 

C2,Te = 
*= 5,806 2 

A2 
- = 44,77 mls 
0,129 7 

c,,GU = 21,ig 
NGu 

= 2,,,9 x 
4650 

NTe 
- = 21,61 m/s 
4 560 

C2,Gu = 44,77- NGU = 
NTe 

44,77 x - 4650 = 
4 560 

45,65 m/s 

Ma qm,Gu zRTt 1 Gu . 
t,l,Gu = 

I I 
AIPl,Gu K  

Mat l Te 
9,198 3 X 1,O x 288,3 x 288,15 

= I I IO5 x 1,5 x 0,240 3 IA 
= 0,057 9 

Ma zRTt2Gu 35f76 t,2,Gu = 
qm,Gu I I 

A lP2,Gu d K = 6,472 x IO5 x 0,129 7 
x VT = o,,,434 

Ma t,2,Te = 
%n,Te 

i 

zRTt2Te I I 9,19%3 
= IO5 x 0,1297 x 1,591 x \i 

288,3 x 348,35 
A@l,Te 

= 0,119 4 
I 

h,l,Gu = Pl,Gu (l +;~U;l,Gu)=o,!381~ .,.,,03j=O,9t'B::ar 

p t,l,Te =p ,,Te ~+~~~~~,~e)~0f~~3~+~xof~~792)~o,~~9bar 

&2,Gu = ,,.,,il + ;My:2,Gu)= 6,472 k + y x 0,11434*)= 6,531 2 bar 

Pt,*,Te = i>z.Te(l + tM$2,Te)= 1,591 (1 + y x 0,114 l*)= 1,6055bar 

T t,l,Gu - - Tl,G~ 

i 1 
K;~Ma~lGu)=2g8,15x (l~1,;~~xo,06032)=2g8,46K=25f310c 

, I 
I 

T t, 1 ,Te = Tl,Te 

1 
KiMaflT.) = 287fg5 ’ (, 1,;;;xo,057g2) = 288,23K‘= 15,080c 

K  ” I 

T t,2,Te = T2,Te 

1 
_ K;;Maf2T)= 348f35 x (, ,,~-~xo,llg42) = 349,77K = 76,620c 

I I 1,4 

129 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 53

89
:19

92

https://standardsiso.com/api/?name=10de5ec524ef1896b58878e2bbca636c


ISO 5389 : 1992 (EI 

F.5 Example 5 - Cooled turbocompressor, 
isentropic exponent k’Te = KGUI Speed not 
variable, temperature ratio of cooled section 
variable 

F.5.2 Purpose sf tests 

The purpose of the tests is to prove the guaranteed power 
requirement for three guarantee Points at constant discharge 
pressure. 

F.5.1 General 

The Speed cannot be varied and the temperatures in the cooled 
section are set by means of the flow of cooling water. 

The conversion of uncooled and cooled sections of the com- 
pressor is carried out separately. 

The guarantee conditions, guaranteed Performance and other 
design values are given in tables F.41 to F.43. 

F.5.3 Design of installation 

The installation comprises a four-Stage turbocompressor for air 
with three intercoolers, inlet guide vanes to Stage 1, driven by 
electric motor and gear unit. 

Table F.41 - Guarantee conditions 

Designation Symbol 

Inlet pressure Pt,l,Gu 

Inlet temperature tt,l,Gu 

Relative humidity pl,Gu 

Gas constant RGu 

Isentropic exponent "Gu 

Overall flow of cooling water qV,W,Gu 

Inlet temperature of cooling water lW,l,Gu 

Motor Speed NPr, Gu 

Numerital 
value 

0,980 7 

20 

70 

288,90 

1,4 

0,056 944 

27 

1 490 

Unit 

bar 

OC 

% 

Nmm0kg.K) 

m3ls 

OC 

r/min 

Table F.42 - Guaranteed Performance 

Designation Symbol 

Volumetric flow at inlet qV,t,l,Gu 

Discharge pressure Pt,*, Gu 

Power requirement at coupling P e, Gu 

Discharge pressure, Stage I Pt,2,l, Gu 

Discharge temperature, Stage I tt,2,1,Gu 

Guarantee 
Point 
Ia) 

7,208 33 

6,864 9 

1 970 

1,700 

356 

Numerital value 
Guarantee Guarantee 

Point Point 
Unit 

Ib) (Cl 
5,763 89 4,680 56 m3ls 

6,864 9 6,864 9 bar 

1 610 1 390 kW 

1,535 1,425 bar 

351,2 350,5 K 

. 

Table F.43 - Qther design values 

Designation I Symbol Numerital 
value Unit 

I 

Inlet temperature 

Stage II 

Stage Ill 

Stage IV 

T1,li, Gu 310,2 K 

Tl,lll,Gu 310,2 K 

T1,IV,Gu 310,2 K 
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F.5.4 Test set-up 

The test is carried out at the compressor site under atmospheric 
conditions. In this test, it is not possible to judge the inter- 
coolers since a flow of cooling water differing from that of the 
guarantee is admitted because of the deviation in cooling water 
inlet temperatures. 

The test set-up is shown in figure F.11, and the test conditions 
are given in table F.44. 

F.5.5 Setting conditions 

Since the Speed is not variable, the compressor is run so that 
the air temperatures in the cooled section Ilc are set to corre- 
spond to the design value. 

In determining the setting conditions in accordance with the 
flow Chart in figure D.6 the following calculation sequence is 
used (the numbers given are those designating individual boxes 
in the flow Chart): 

1 - 2 - 3 - 4 - 5 - 39 - 40 - 41 - 42 - (43 - 44, but 
see the note to F.O.l) - 45 

Since it is not possible to set the Speed or the inlet temperature for 
Stage 1, the compressor has to be divided into two units : 48 - 49. 

Unit I : Stage I (without intercooling) 

Unit Ilc: Stages II to IV (with intercooling) 

The additional calculation sequence for Unit I is as follows: 

3-4-5-6-7-8-9-10-11-12-13-21- 
22 - 23 - 24 - 25 - 26 - (43 - 44, but see the note to 
F.O.l) - 45 - 46 

The values A Vr toi = + 0,05 or AV, toi = - 0,05 are inserted I I 
in 23. 

The setting conditions for Unit I were maintained in the test and 
the calculation for Unit I ends with 46. 

The additional calculation sequence for Unit Ilc is as follows: 

3 - 4 - 5 - 39 - 40 - 41 - 42 - (43 - 44, but see the 
note to F.O.l) - 45 

Since the inlet temperature for the stages in Unit Ilc tan be 
varied through the intercoolers, it is possible to maintain the 
setting cocditions for Unit Ilc. The calculation ends with 
46-47. 

Table F.44 - Test conditions 

Designation Symbol 
Numerital 

value 

Isentropic exponent 

Iniet temperature 
Mean inlet pressure 
Cooling water temperature 

Gas constant 

“Te 

*t,l,Te 

Pt, 1 ,Te 

*W,l,Te 

RTe 

13 

13 

0,980 7 

19 

287,83 

F.5.6 Test results and conversion 

See tables F.45 to F.47. 

Table F.45 - Test results 

1 

Unit 

bar 

OC 

N l  m/(kg l  K) 

Designation 

Date of test 

Atmospheric pressure 

Gas constant 

Motor Speed 

Position of inlet guide vanes 

Mass flow (also usable mass flow since measured 
on discharge side) 

Inlet pressure 

Inlet temperature 

Density 

Volumetric flow at inlet (also usable volumetric 
flow at inlet) 

Discharge pressure 

Symbol 

- 

Pa 

RTe 

NPr, Te 

6 

%n, Te 

Pt,l,Te 

*t, 1, Te 

Tt, 1, Te 

@t,l, Te 

qKl,Te 

Pt,2, Te 

Test No. 1 

1964-03-11 

1,003 

287,8 

1488 

+ 10 

8,608 33 

0,968 9 

12,1 

285,3 

1,180 

7,295 28 

7,5315 

q 
Numerital value 

Test No. 2 Test No. 3 
Unit 

1964-03-11 1964-03-11 - 

1,003 1,003 bar 

= 287,8 287,8 N - m/(kg - K) 

1 490 1 492 r/min 

+54 +64 degree 

6,755 56 5,669 44 kg/s 

0,982 6 0,988 5 bar 

12,9 13,0 OC 

286,1 286,2 K  

1,193 1,200 kg/mJ 

5,662 78 4,724 44 m %  

7,511 9 7,119 6 bar 

131 
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Table F.46 - Calculation results 

Designation 

Pressure ratio 

Specific isothermal compression work 

Terminal power of motor 

Motor eff iciency 

Power at coupling 

Isothermal compression power 

Isothermal coupling eff iciency 

Mechanical losses 

Internal compression power 

Symbol 

(P2IPl )t 

wm,T,Te 

P  un, Te 

q Pr, Te 

P  e, Te 

pT, Te 

VT, e, Te 

pf, Te 

Pin Te I 

Numerital value 
Test No. 2 Test No. 1 1 

7,773 7,645 

168 341 167 409 

2 168 1 795 

95,4 95,3 

2068 1711 

1449 1 131 

70,l 66,1 

70 70 

1 998 1641 

Test No. 3 

7,202 

162 614 

1549 

95,0 

1 472 

922 

62,6 

70 

1402 

Table F.47 - Conversion to guarantee conditions (sec figure D. 11) 

Designation Symbol 

a) Unit I (uncooled Stage 1) 

Volumetric flow at inlet 

Discharge pressure 

Inlet pressure 

Pressure ratio 

qV,t,l,I,Te 

Specific isentropic compression work 

Converted volurnetric flow at inlet 

Converted specific compression work 

Converted pressure ratio 

Discharge temperature 

Inlet temperature 

Internal compression power 

Converted internal compression power 

b) Unit Ilc (cooled Stages II to IV) 

Inlet temperature 

Inlet pressure 

Density 

&,2,I, Te 

Pt,l, I,Te 

(P2@l)t, l,Te 

W m,s, 1, Te 

W,t,l, 1, Co 

W m,s, 1, Co 

(p2@1)t, 1, Co 

*t,2,I, Te 

*t,l, I,Te 

Pin I Te I I 

Pin, 1, Co 

*t,l, Ilc,Te 

Pt,l, Ilc, Te 

Volumetric flow at inlet 

Converted volumetric flow at inlet 

Discharge pressure of entire compressor 

Pressure ratio 

Specific isothermal compression work 

Converted specific isothermal compression 
work 

Converted pressure ratio 1) 

Internal compression power*) 

Converted power related to densityl) 

@t, 1, Ilc, Te 

qV,t,l, Ilc, Te 

W,t,l, Ilc, Co 

Pt,2, Te 

(p2 h lt, Ilc, Te 

Wm,T, Ilc, Te 

Wm,T, Ilc, Co 

@2Wt, Ilc, Co 

Pin, Ilc, Te 

T Test No. 1 
Numerital value 

Test No. 2 Test No. 3 T Unit 

7,295 28 5,662 78 4,724 44 

1,695 6 1,554 4 1,446 5 

0,968 9 0,982 6 0,988 5 

1,750 1,582 1,463 

49 837 40354 33 097 

7,305 00 5,662 78 4,718 06 

49 975 40354 32 950 

1,725 1,563 1,4Jfj 

74,6 71,8 70,l 

12,l 12,9 13,0 

542 401 326 

534 389 313 

m3ls 

bar 

bar 

- 

NImlkg 

m3ls 

N-mlkg 

- 

OC 

OC 

kW 

kW 

36,8 36,6 36,6 

1,695 6 1,554 4 1,446 5 

1,900 1,743 1,622 

4,530 83 3,875 83 3,495 28 

4,536 94 3,875 83 3,490 56 

7,5315 7,511 9 7,119 6 

4,442 4,833 4,922 

133 076 140 441 142 138 

133 439 140 441 141 657 

OC 

bar 

kglms 

msls 

m %  

bar 

- 

NDmlkg 

N-mlkg 

4,431 4,795 4,862 - 

1456 1240 1 076 kW 

769 711 661 kW - m3/kg 

Unit 

- 

N-mlkg 

kW 

%  

kW 

kW 

%  

kW 

kW 
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ISO5389:1992E) 

Table F.47 - Conversion to guarantee conditions (see figure D.11) (conchded) 
. 

Designation Symbol Numerital value 
Test No. 1 Test No. 2 Test No. 3 

Unit 

c) Unit Ilc3) (sec figure D.ll) 

Volumetric flow at inlet 4 V,t,l, Ilc, Co 4,480 28 3,833 06 3,451 94 ms/s 

Appropriate pressure ratio (p2 l-1 4, Ilc, Co 446 4,80 4,87 - 

Converted internal power Pin, Ilc, Co 1444 1 206 1 037 kW 

d) Total compressor 

Volumetric flow at inlet W,t,l, Co 7,305 00 5,662 78 4,718 06 msls 

Converted pressure ratio of Unit I (pc! /Pl 4, 1, Co 1,725 1,563 1,446 - 

Converted pressure ratio of Unit llc (Pa /Pl 4, Ilc, Co 4,460 4,820 4,895 - 

Converted total pressure ratio (p2 /Pl 4, Co 7,694 715 7,O - 

Converted internal power Unit I Pin I Co 534 389 313 kW 

Converted internal power Unit Ilc pin’ I;c Co 1444 1 206 1 037 kW r I 
Mechanical losses in test pf, Te 70 70 70 kW 

Converted mechanical losses Pf, Co 70 70 70 kW 

Converted power at coupling (sec figure F.13) Pe, c. 2048 1 665 1 420 kW 

Calculated specific isothermal compression Wm,T, Co 172 837 171 056 165 828 N-mlkg 
work 

Converted isothermal compression power pT, Co 1463 1 120 905,8 kW 

Converted isothermal coupling efficiency VT, e, Co 71,4 67,5 63,8 % 

1) The converted pressure ratio and converted power related to density are shown over the converted volumetric flow at inlet Unit Ilc, 
W,t,l, Ilc, Co- 

2) The internal compression power is given by 

Pin, Ilc, Te = Pin, Te - Pin I Te 

3) Taking the converted pressure ;atio of the uncooled Unit I into account, the appropriate volumetric flows at inlet for the cooled Unit llc are 
obtained for the individual test Points. 

134 
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ISO 5389 : 1992 (EI 

F.5.7 Test uncertainty and comparison with guamtee 

The test uncertainties arc calculated in accordance with ciause 9. 

The comparison with the guarantee is carried out as shown in tabie F.48 (sec figure F.14). 

Apart from the test vaiues listed here and designated by the Symbol “0” in figures F.12 and F.13, additionai test Points were run at 
each of the iniet guide vane positions, and these have been evaiuated and converted in the same manner. 

All those Points have been plotted on figures F.12 and F.13. The power consumption at the guaranteed pressure ratio 7,0 tan be ob- 
tained from figure F.14. 

The guarantees are met for two points.The third Point Shows a siight excess, even after taking into account the measuring error. 

The test uncertainty for exampie 5 is shown in tabie F.49. 

Table F.48 - Comparison with the guarantee 

Designation Symbol 
Numerital value 

Test No. 1 Test No. 2 Test No. 3 
Unit 

Volumetric flow at inlet qV,t,l,Gu 7,208 3 5,763 9 4,680 6 msls 

Guaranteed power at coupling P e,Gu 1 970 1 610 1 390 kW 

Converted power at coupling P e,Co 1 960 1 635 1405 kw 

Designation Symbol 

Uncertainty 
in volumetric flow 
at inlet 

Uncertainty in pressure 
ratio 

Uncertainty in power 
at coupling 

Table F.49 - Resulting test uncertainty 

%,, Te 

TN, Te 

IJ % 

0,07 % 

‘PJ, Te 0,14 % 

ST,,Te 0,35 % 

*rewv,l 1,165 % 

zpr 

TT,,llc,Te 

‘7’1 ,j,Te 

5es, P, 

Numerital 
value 

1,014 

2,051 

0,9 % Quality grade 0,6; final value 10 atm gauge 
(sec 5.9) 

1,184 % See 9.2.6 

2954 

0,87 % 

2,86 % 

0,323 % 

0,32 % 

1,042 % 

Comments 

In accordance with ISO 5167-1 

Digital measuring instrument, 
1 revolution on indicator 1 M 
1 mmHg on absolute pressure 

1 O on absolute temperature 

See 9.2.5 

See 5.9 

Current transformer 0,5; voltage 
transformer 0,5; Wattmeter 0,5 

1 O on absolute temperature 

1 O on absolute temperature 

See table 9 

> See 5.9 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 53

89
:19

92

https://standardsiso.com/api/?name=10de5ec524ef1896b58878e2bbca636c


ISO 5389 : 1992 (E) 

0 Tests evaluated in present example 

800 
0 Additional tests 

50 t 

45 t 

40 t 

35 t 
30 / 35 t 40 t 45 t 5,o 55 t 

Ql( t,l,IIc,co’ m3/s 

Figure F.12 - Graphs for comparison with guarantee 
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Figure F.13 - Graphs for comparison with guarantee 
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Figure F.14 - Graph for comparison with guarantee 
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