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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stand

ards

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

electrotechnical standardization.

The procedure
described i the ISO/IEC Directives, Part 1. 1

- dted—for S —
n particular the different approval criteria needed f6

are
- the

different types of ISO documents should be noted. This document was drafted in accordanee with the

editorial rujes of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i drawn to the possibility that some of the elements of this document may/be’ the subje
patent rights. ISO shall not be held responsible for identifying any or all such patentights. Details o
patent rights identified during the development of the document will be in the introduction and/c
the ISO list pf patent declarations received (see www.iso.org/patents).

Any trade rlame used in this document is information given for the convehience of users and doe
constitute gn endorsement.

For an explanation on the meaning of ISO specific terms and:expressions related to confor
assessment} as well as information about ISO’s adherence to the WDO principles in the Technical Bar

to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC. #3831, Fluid power systems, Subcommittee
Control prodlucts and components.

This first gdition of ISO 6358-3, together with*ISO 6358-1 and ISO 6358-2, cancels and repl
ISO 6358:1989 which has been technically revised. However, Parts 2 and 3 are new standards w
scopes wer¢ not included in ISO 6358:1989.

ct of
fany
r on

b not

mity
riers

5C 5,

aces
hose

ISO 6358 cdnsists of the following parts,under the general title Pneumatic fluid power — Determindtion

of flow-rate|characteristics of componénts using compressible fluids:
— Part 1: zeneral rules and test'methods for steady-state flow
— Part 2: Alternative test methods

— Part 3: Method for caleulating steady-state flow-rate characteristics of systems

iv © ISO 2014 - All rights reserved
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Introduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure within
a circuit. Components that make up such a circuit are inherently resistive to the flow of the gas, and it is
necessary, therefore, to define and determine the characteristics that describe their flow-rate performance.

ISO 6358:1989 specified a method to determine the flow-rate characteristics of pneumatic valves,
based upon a model of converging nozzles. The method included two characteristic parameters: sonic
conductance, C, and critical pressure ratio, b, used in a proposed mathematical approximation of the
flow behaviour. The result described flow performance of a pneumatic valve from choked (sonic) flow

to sybsormicflow:

Exp:¢
that
infly
the 3
requ
(son

brience has demonstrated that many pneumatic valves have converging-diverging,cha
do not fit the ISO 6358:1989 model very well. A change was necessary to take into

ence of the flow velocity on pressure measurements. Furthermore, new developments h
ipplication of this method to additional components beyond pneumatic valyes. Howev
ires the use of four parameters (C, b, m, and 4p.) to define the flow performance in both
¢) and subsonic regions.

This
The{

part of ISO 6358 uses a set of four flow-rate characteristic parameters determined from
e parameters are described as follows and are listed in decreasSing order of priority:

The sonic conductance, C corresponding to the maximumrflow rate (choked), is the mog
parameter. This parameter is defined by the upstream:stagnation conditions.

Che critical back-pressure ratio, b, representing,the boundary between choked ar
flow, is second in importance. Its definition différs here from the one in ISO 6358:198
corresponds to the ratio of downstream to upstream stagnation pressures.

The subsonic index, m, is used if necessaryto represent more accurately the subsonic floy
For components with a fixed flow pathx(i-e. one that does not vary with pressure or floy
distributed around 0,5. In these cases,only the first two characteristic parameters Cand b a
For many other components, m varies widely; in these cases, it is necessary to determine (]

The parameter Ap, is the cracking pressure. This parameter is used only for pneumatic
that open with increasing upstream pressure, such as non-return (check) valves or of
control valves.

Sevdral changes to thé-test equipment were made to overcome apparent violations of
of cpmpressible fluidyflow. This included expanded inlet pressure-measuring tubes to
assumptions of negligible inlet velocity to the item under test and to allow the inlet stagnati
to be measured-directly. Expanded outlet tubes allowed the direct measurement of d
staghation pressure to better accommodate different component models. The differen

staghation pressure upstream and downstream of a component means a loss of pressure en

For [tésting a component with a large nominal bore, to shorten testing time or to red

racteristics
hccount the
ave allowed
er, this now
the choked

test results.

t important

1d subsonic
D because it

v behaviour.

v rate), m is
enecessary.
b and m.

omponents
le-way flow

the theory
satisfy the
bn pressure
ownstream
ce between

ergy.

uce energy

consumption, It 1s desirable to apply the methods speciiie , WNICh COvers a
and a charge test as alternative test methods.

scharge test

This part of ISO 6358 can be used to calculate without measurements an estimate of the overall flow
rate characteristics of a system of components and piping. In most cases, the flow rate characteristics
of components are determined in accordance with Parts 1 or 2 of ISO 6358; however, the flow rate
characteristics of some components are expressed by flow rate coefficients other than those defined in
ISO 6358. Formulas to calculate nearly equivalent flow rate characteristics are given.

© IS0 2014 - All rights reserved
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Pneumatic fluid power — Determination of flow-rate
characteristics of components using compressible fluids —

Part 3:
Method for calculating steady-state flow-rate

h nankanickioc ~nf ocyvrcbornac
C AL AdUCLCIL ISUIVY Ul DyDtClllD

1 Bcope

This| part of ISO 6358 specifies a method that uses a simple numerical technigie to estimpte without
meapurements the overall flow-rate characteristics of a system of componénts and piping yith known

flowtrate characteristics.

The formulae used in this part of ISO 6358 describe the behaviour ofia compressible fluid f]
a component for both subsonic and choked flows.

low through

NOTE The conductance of a tube, silencer or filter is influenced by the upstream pressure, so the values of C

and b are only valid for the upstream pressure at which they are.determined.

This| part of ISO 6358 also provides methods to abtain equivalent flow-rate charactleristics for

components whose flow-rate characteristics differ from those defined in the ISO 6358 seriefs.

2 Normative references

The following referenced documents, in‘whole or in part, are normatively referenced in this document

and are indispensable for its application.'For dated references, only the edition cited applies.
refefences, the latest edition of the referenced document (including any amendments) appli

ISO $598, Fluid power systems(@nd components — Vocabulary

ISO §358-1:2013, Pneumatic fluid power — Determination of flow-rate characteristics of comp
compressible fluids — Part 1: General rules and test methods for steady-state flow

3 [Terms anddefinitions

For fhe purposes of this document, the terms and definitions given in ISO 5598 and ISO 6358
the purposes of this part of ISO 6358, the term ‘component’ also includes piping.

For undated
PS.

bnents using

1 apply. For

4 Symbols and units

The symbols and units used in this part of ISO 6358 shall be in accordance with ISO 6358-1 and Table 1.

© IS0 2014 - All rights reserved
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Table 1 — Symbols and units

Symbol Description SI unit
bpipe Critical back-pressure ratio of pipe, tube or hose -
Cpipe Sonic conductance of pipe, tube or hose m3/(s-Pa)(ANR)

d Inside diameter of pipe, tube or hose m

L Length of pipe, tube or hose m

A Average friction factor of a pipe, tube or hose depending on the Reynolds -

number
Ds2 Static pressure downstream of the pipe, tube or hose Pa

T Absolute stagnation temperature K

y Ratio of specific heat capacities (for air, it equals 1,4) -

k Friction coefficient of the pipe, tube or hose resulting from experimental -

tests

Re Reynolds number of the flow within the pipe, tube or hose -

u Dynamic viscosity Pa.s
p11, P12, 1}, p1in |Upstream pressure at inlet of each component (stagnation pressure) Pa
P21, P22, P2}, p2n | Downstream pressure at outlet of each component (stagmation pressure) Pa

NOTE See Annex D for additional symbols used in that annex.

The subscrippts used in this part of ISO 6358 shall be in accordance with ISO 6358-1 and Table 2.

Table 2 — Subscripts used in this part of ISO 6358

Subscript Description

i Number of the component (valye,'silencer, etc.) or the piping (pipe, tube, hose, connecfor,

etc.), with i = 1 at the start oftthe system and n at the end
pipé Relating to the static downstream pressure of the piping when expressed using a fricfion

factor depending on the Reynolds number

e Relating to the inléet

f Relating to the final component

Jj Index of step)calculation of the system

5 Calculation hypotheses

5.1 Gendral

The followihghypotheses are considered for the flow-rate characteristics of the equivalent syste

Flow is assumed to be adiabatic, to take into consideration that stagnation temperatures at the inlet
of each component are identical to each other.

For components connected in series, the outlet pressure of one component is the same as the inlet
pressure of the following component.

For components connected in parallel, the inlet pressure to each component is the same, and the
outlet pressure from all components is the same.

2 © ISO 2014 - All rights reserved
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5.2 Relationships among component flow-rate characteristics

When

b<p_zsl_£

Py Py

the flow is subsonic, so the relationship of a component’s mass flow rate to its flow-rate characteristics
is as shown in Formula (1):

r ,m
Yo _p
_ /To Py
by
wheh
P2
p,

the fllow is choked, so the relationship of a component’s mass flew.rate to its flow-rate chardcteristics is
as shown in Formula (2):

* * T
4m=Cpop1 |~ 2)
Ty
wheh
AP P2 g

b b

the mass flow rate is zero, so the“relationship of a component’s mass flow rate to ifs flow-rate
charjacteristics is as shown in Formula (3):

dm=0 3

NOTE The symbols tiséd in Formulae (1), (2) and (3) are from ISO 6358-1 and are not used in the remainder
of th]s part of ISO 6358-The formulae are described here for general reference and have specific appllication later
in thjs part of ISO 6358.

5.3 | Flow-rate characteristics

5.3.1 “_General

Before applying the calculation procedure described either in Clause 6 for components connected in
series orin Clause 7 for components connected in parallel, the flow-rate characteristics of all components
should be expressed in accordance with the ISO 6358 series.

If the flow-rate characteristics of some components are expressed by methods other than the ISO 6358
series, the values of C, b, m and 4p. can be obtained in accordance with 5.3.2 or 5.3.3 and Annex D.

© ISO 2014 - All rights reserved 3
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5.3.2 Flow-rate characteristics of piping defined by its geometric dimensions

5.3.2.1 General

Pipes, tubes and hoses are defined by their length L and inside diameter d. When these are included in an
assembled system, either formulas based on traditional fluid mechanics, given in 5.3.2.2, or the formulas
based on test results, given in 5.3.2.3, shall be used. The formulas based on test results are based on
testing conducted in accordance with ISO 6358-1 at 500 kPa (5 bar). A maximum error of + 15 % can be
expected due to the variation in the tolerances of inside diameters. Details of the test results are described
in Annex D. Additional information on the development of the theoretical formulas is given in D.2.3.

5.3.2.2 Fgrmulas using the friction factor dependent on the Reynolds number

5.3.2.2.1 singthetraditional friction factorA, whichisdependentonthe Reynolds number; FormulaE (4)

to (7) can e used to calculate the flow-rate characteristic parameters of a pipe, tubeetr hose. These
formulae can be applied with any gas that can be considered as a perfect gas. Furtherinformation apout
the theoretilcal aspects related to these formulae is given in Annex D.
2
b d
Cpipe = (4)
PPE T poRT, AL 2 AL 1
1+— |+ [—— 1+ —+———=
d y(;/+1) d y(y+1)
1
bpipe = 1 - 1 1 (5)
1+ + L
7(r+1) 1M y(y+1)(1+dj
2 d
mplpe = 0,5 (6)
Apcpipe F 0 (7)

NOTE The parameters calculated in Fermulae (4) to (7) have the subscript “pipe” to indicate that they relate
to the downgtream static pressure in thé pipe, tube or hose.

5.3.2.2.2 |n Formulae (4) to~(7), the average Darcy friction factor A is dependent on the Reyrolds
number as ghown in Formula (8); the Reynolds number is determined using Formulae (9) and (10):

( ) 3]':gl()( E) 4 )

NOTE Fprmula’(8) is the Filonenko formula, which is used with smooth circular pipes and a turbulent|flow
(given for Re¢ymnolds numbers higher than 4000, see referencel2] in the bibliography). Other formulas thaf can
be found in thetiterature-can-also-be-usedfor-the-expressionof-thefricHeonfactorasafunctonoftheResholds
number. See D.2.3.2 for further information.

5.3.2.2.3 The Reynolds number, Re is the dimensionless parameter correlating the viscous behaviour of
Newtonian fluids, as shown in Formula (9):

Re— Xdm (9)
wdu

5.3.2.2.4 The parameter u is the dynamic viscosity. The fluid temperature dependency can be taken
into account, for example, in accordance with the Sutherland law expressed by Formula (10), which is
valid for air:

4 © ISO 2014 - All rights reserved
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whigh gives

Meagurement results for polyurethane tubes are given in G.4 of ISO 6358-1:2013. Further in
given in D.2.4.

ISO 6358-

3/2
() (T.+s
S ol

where:

3:2014(E)

(10)

Ur is the dynamic viscosity for the Sutherland reference temperature Ty equal to 1,712 x 10-5

Pa.s;

Ty is the Sutherland reference temperature, equal to 273 K;

(| ictha Sy
D ISReot e af

3/2
T
1 =1,455x10 6 —&
T.+110,4
5.3.2.2.5 In the case of air (where y = 1,4), Formulae (4) and (5) become Formulae (11) angd (12):
. 2,28x103d?
TP T [ L -
1+—1+0,77,/1+—+0,3
d d
bhoio.=1- ! (12)
pipe — 0,77 0,3
1+ + L
1+ & 1+—
d
5.3.2.3 Flow-rate characteristics of piping, based on test results
NOTE Formulae (13) to (18) give the flaw*rate characteristics of the pipe or tube at a constant inlet pressure
of 500 kPa (5 bar).
5.3.2.3.1 Formulae (13) to f16) are based on the results of testing conducted in accordance with
ISO $358-1 with air and can be'used to calculate the flow-rate characteristic parameters of a pipe or tube.

| nd?

2x102 /k£+1
d

b:4,8><102£
d2

formation is

(13)

(14)

m=0,58-0,1b

Apc=0

© IS0 2014 - All rights reserved

(15)

(16)


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

ISO 6358-3:2014(E)

5.3.2.3.2 The parameter k is a diameter-dependent friction coefficient determined from test results. It
is dependent only on the inside diameter of the pipe or tube and not on the flow conditions.

For resin tubes, determine k by using Formula (17):

k=2,35

x10-34-0,31

For steel tubes, determine k by using Formula (18):

k = 3,61x10-34-0,31

(17)

(18)

5.3.2.3.3
dependencsg

5.3.3 Components whose flow-rate characteristics are expressed by historicallyised flow-

parameter

When the
parameters
pipe or tub
guidance pt

6 Organ

6.1 Gense

Consider a s

qm of fluid passes through all components when the system is in a steady-state condition.

For otherinlet pressures, calculate the corresponding flow-rate characteristics using the preg
coefficient K, for sonic conductance equal to 2 x 10-7 [-/Pa], in accordance with IS0 6358

5 or equivalent length of straight pipe

flow-rate characteristics of a component are expressed by historically used flow
for example, nominal flow rate gn, Cy or Ky, or in terms of an equivalent length of strg
e, a rough evaluation of compressible flow-rate characteristics)can be obtained using
ovided in Annex D.

ization of calculations for systems of components connected in series

ral

ystem of components connected in series asiillustrated in Figure 1. The same mass flow|

sure
1.

ate

rate
1ight
r the

rate

qm N
Pe =D Componen{ p2] = p]2 Componentp22 pZ(i—l) = p][ Component p2l’ p2(n—l) = pln Component p2n =p
Te 1 2 i n
Cl C'2 C, Cn
b b, b, by,
m Ty m; my
Ap cl Ap c2 Apc J Ap cn
Figure 1 — System of components connected in series
The aim of the€_method specified in this clause is to obtain a single set of flow-rate characteristics fo

I the

system, determined from the flow-rate characteristics of the components and piping asillustrated in Figure 2.

I .
Pe Assembly pf
T e
C
b
m
TAVZN

Figure 2 — Equivalent system

© ISO 2014 - All rights res
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6.2 Given parameters

For the calculation of the flow-rate characteristics of a system of components connected in series, the
following parameters shall be given:

— theinlet pressure (pe) to the system, which is the upstream pressure to the first component (p11);

— the stagnation temperature of the fluid, Te, at the entrance to the system. For the calculation,
the flow is assumed to be adiabatic, so the stagnation temperature is assumed to be the same
everywhere in the system.

6.3 | Calculation principle

Congider the system of components connected in series as shown in Figure 1. Its flow-rate chqracteristics
are determined from a sequence of five main calculation steps as described in the following[paragraphs

and |n Figure C.1.

Becduse cracking pressure can be determined independently, it is done as the first step:
a) ptep 1 - calculation of the cracking pressure Apg;

b) Fptep 2 - if some components are pipes, tubes or hoses, defined hyytheir friction factor, cglculation of
an initial value for their sonic conductance;

c) ptep 3 - determination of the sonic conductance C;
d) Fptep 4 - determination of the critical back-pressure,ratio b and subsonic index m; and

e) ptep 5 -ifthe system includes any componentswith a pressure dependency, calculation|of pressure
ependence coefficient Kj,.

Step|2 and step 5 are optional, depending an‘the type of components of the system.

Step|3 and step 4 require the same calculation principle, which consists of the determination pf the outlet
presgure of the components connectéd in series p¢for given subsonic mass flow rates g,. For 4 given mass
flow[rate gm, and a fixed inlet pressure pe, the calculation consists of determining the outlet|pressure of
each component, py;, starting with the first component and proceeding through to the last cqmponent.

6.4 | Calculation of the eracking pressure Ap. (step 1)

The [cracking pressute)for the system is equal to the total sum of the cracking pressure v3lues 4p¢; of
each component,as.shown in Formula (19):

Ap.= z Ab¢i (19)

6.5 | ‘Calculation of an initial value for their sonic conductance if some components are
pipes, tubes or hoses defined by their friction factor (optional step 2)

If some components are pipes, tubes or hoses defined by their friction factor, calculate, for each of them,
an initial value for the sonic conductance Cinit as:

5 7+l
ini d 1 2 -1
Ccinit 2774 7/( 1}7 (20)
P ,RTo r+
NOTE This formula gives the maximum value of the sonic conductance the pipe can reach if its length is

reduced to its minimum. It corresponds to the sonic conductance of an ideal converging nozzle of same diameter.
The calculated value can thus lead to an over-estimation of the true value for the pipe under consideration, but it
provides an initial value to use to begin the calculations.

© ISO 2014 - All rights reserved 7
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6.6 Determination of the sonic conductance C (step 3)

6.6.1 Principle of calculation

The sonic conductance of the system is smaller than the individual conductance of its components. To
calculate the sonic conductance C of the system, it is necessary to determine the choked mass flow rate
gm™ corresponding to the inlet pressure pe.

This choked mass flow rate cannot be calculated explicitly, but it corresponds to the maximum subsonic
mass flow rate that can be reached by the system. Itis determined by trials, taking different values of mass
flow rate g, defined as a percentage of the theoretical maximum mass flow rate (gm)max. This theoretical

maximum 1

The choked
pressure psg

6.6.2 Cals

First, deter

hass flow rate through the system (qm)Mmax is given by the most restrictive component;

mass flow rate q,,* is the maximum subsonic mass flow rate for which the final downst
of the system can be calculated. See Figure C.4.

fulation of theoretical limit of the maximum mass flow rate (g,;)max

mine the smallest value of sonic conductance C among all the components in the sysg

eam

tem,

CMmIN, using|Formula (21), and calculate (gm)max using Formula (22).
CMIN = thin(C1,Cy,...,Cj,...,Ch) (21)
o
(dm ) piak =CMIN PoPe T (22)
e
6.6.3 Determination of the choked mass flow rate gn*
The maximyim subsonic mass flow rate is determined by trials, taking different values of mass flow|rate
qm defined &s a percentage (17 < 1) of the theoretical maximum mass flow rate, as shown in Formula {23):
dm = 1n(gm)MAX (23)
6.6.3.1 Fifst,setn=1
6.6.3.2 The upstream pressure of the first component is the inlet pressure of the system, as expressed
by Formula|(24):
P11 = Pe (24)
6.6.3.3 Fdr the\given mass flow rate g, calculated using Formula (23), calculate the outlet pregsure

of each co

ponent, py;, starting with the first component and proceeding through to the last compo
using the plmmW.

ent

6.6.3.3.1 The upstream pressure for a subsequent component or piping is the calculated downstream

pressure of

the previous one, as shown in Formula (25):

p1i = p2(-1) fori>1

(25)

6.6.3.3.2 The downstream pressure pz; of component i can be calculated, using Formula (27), only in a
subsonic condition, which means only when the given mass flow rate qp,, is less than the choked flow rate

in compone

nt i.

© ISO 2014 - All rights reserved
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am <CiP0P1i,}—0
Te

If this condition is not satisfied, a negative square root occurs in Formula (27).

6.6.3.3.2.1
mass flow rate g, and its upstream pressure p1;, using Formula (27). See Figure C.6.

Ap; b\/‘( 9 /f\"i}

3:2014(E)

(26)

If Formula (26) is satisfied, calculate the downstream pressure py; of component i from the

[
Po=pu| DT 0 W (27)
1 l{ ' k pii kCiPoPu \/TOJ
If component i is a pipe or tube defined by a friction factor, first calculate:
— fhe dynamic viscosity for the temperature Te, using Formula (10);
— the Reynolds number Re using Formula (9);
— the friction factor using Formula (8);
— the flow-rate characteristic parameters using Formulae (4)\to (7) or (11), (12), (6) and (7) in the
Case of air. See Figure C.5.
If component i is a pipe or tube defined by a friction factor; Formula (27) gives only the downstream
static pressure of the pipe, psz;. In this case, calculate-the downstream stagnation pressufe py; using
Forrhula (28), which comes from Formula (A.1) of [ISQ(6358-1:2013:
KN4
2 -1
1 |1 y-1 q
=Peoi| =+ |=+ RT 1 28
2i = Ps2i 2 4 2y e 7Td2 ( )
Tp52i
6.6.3.3.2.2 Ifthereisacomponent for which Formula (26) is not satisfied, the outlet stagnation pressure
of thle last component pz,, canhot be calculated because the flow rate determined by Formula (23) is too
highf and a negative square/root occurs in Formula (27). In this case, decrease the value of f in a series
of it¢ration steps of 0,00071, and repeat the calculations described in 6.6.3.3 until the result for the outlet
staghation pressure-is-a real number .
6.6.3.3.3 Stop‘the iteration for the first value of n (the highest value of n7) for which the outleft stagnation
prespure of:th€ last component pz,, can be calculated. This value is the final pressure of the gomponents
conrjected(in series, as expressed by Formula (29):
PT = VPin [29)

The mass flow rate calculated from Formula (23) with this last value of 1 is the maximum subsonic flow
rate that can be reached by the system and shall be considered as the choked mass flow rate g,*. This

calculation can also be performed using either a dichotomy method or an oscillation tec

hnique that

zeroes in on the highest value of 1 (to at least four decimal places) that results in a real number value for

the outlet stagnation pressure. See A.2.5 for an example.

NOTE An example of a resulting data spreadsheet is shown in A.2.
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6.6.4 Calculation of the sonic conductance C

Calculate the sonic conductance C using Formula (30):

c=Am_ |Te (30)
PoPe TO
6.7 Determining the critical back-pressure ratio b and subsonic index m (step 4)

6.7.1 Calculation of subsonic flow data

6.7.1.1 In|order to determine the flow-rate characteristics b and m for the system, it is necessary to
calculate a deries of flow rates in the subsonic region. These flow rates g,/ are a percentage of the chpked
mass flow rate g,* obtained using Formula (31):

*

am’ =Blam (31)

6.7.1.2 The 16 values of flow ratios 8/ defined in Table 3 make it possible te obtain a sufficient nuthber
of points on| the subsonic flow curve for the system.

Table 3 — Values of flow ratio

j g
1 1

2 0,995
3 0,98
4 0,95
5 0,9
6 0,85
7 0,8
8 0,75
9 0,7
10 0,6
11 0,5
12 0,4
13 0,3
14 0,2
15 0,1
16 0,01

6.7.1.3 For each of the 16 values of the mass flow rates g, J, calculate downstream pressures of the
components and piping up to the final downstream pressure p¢J of the system using the same calculation
principle as the one described in 6.6.3.3. Use Formulae (24), (25), (27) and (29). Convert static pressures
to stagnation pressures if necessary (as described in 6.6.3.3.2.1) using Formula (28). See Figure C.7.

6.7.2 Determination of flow-rate characteristics b and m

Use the least-square method to calculate the critical back-pressure ratio b and the subsonic index
m, as follows:

10 © ISO 2014 - All rights reserved
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Use Formula (32) to calculate A, 1 Ay 2 v Ay J|..for each value of the final downstream pressure

of the components connected in series pfl, pf2,...pf],... obtained in 6.7.1.3 for the given values of subsonic
mass flow rate qm1, qm?2,..., qu/,-.- -

_ . ,m
pe
J=cC 1
qmcal PoPe Te 1_Apc _p
Pe

(32)

Use
mini
used

acco
in Fq

Examples of these calculations are shown in Annex A.

6.8

6.8.]
coef]

6.8.2

6.8.
a)

b)

"
4

Formula (34) to det_ermine b and m so_that the total sum, E, of the square difference,\8
mum possible value. The parameter 8¢y, J is the difference between the value of thefl

in the calculation of the outlet pressure pfJ in 6.7.1.3 and the flow rate qmcalj c
rmula (33):
‘qm] :qmj _qmcal]

7=Z(5qmj)2

Calculation of pressure dependence coefficient K}, (optional step 5)

| If the system includes any components*with a pressure dependency, the pressure
icient K, of the system shall be calculated'in accordance with the procedures described in 6

A

Change pe into pe + Ape (for eéxample, Ape = 3 x 105 Pa).

Determine the flow-ratecharacteristics as follows:

For components that havea pressure dependency characterized by a pressure dependenc
[, calculate their corresponding sonic conductance using Formula (E.4) in ISO 6358-1:

for pipes or tuldes whose flow-rate characteristics can be expressed using a friction facto
bn the Reynolds number, calculate, for each of them, an initial value for the sonic condy
n accordance with Clause 6.5.

6.8.4

the preocedure described in 6.6.2 to 6.6.4.

} Aalculate the sonic conductance of the system Cgpe corresponding to pe + Ape in acco

ImJ, is at its
bw rate g,/
hlculated in

rdance with Formula (32), calculated with the previously determined valuesiof C and 4pc, as shown

(33)

(34)

dependence
.8.2 10 6.8.5.

b coefficient
P013;

r depending
ctance Cinit

rdance with

6.8.5 Calculate the pressure dependence coefficient Kj, in accordance with Formula (35).

K

1_(C/CApe)
Ap

p
e

where C is the sonic conductance at pe.

© IS0 2014 - All rights reserved
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7 Organization of calculations for systems of components connected in parallel

7.1 General

Consider a system of components connected in parallel as shown in Figure 3. The sum of the mass flow
rates passing through each component is equal to the mass flow rate of the system gy,. It is assumed
that the system has a single set of flow-rate characteristics determined from the characteristics of the
individual components, as shown in Figure 2.

It is assumed that:

— the inlgt pressure (pe) of the system is the upstream pressure of all the components (p11, pip,
p1i = pn);

~

— the out]et pressure (pr) of the system is the downstream pressure of all the components (p21) p22,

“+, D2i *} P2n)-
qﬂ? = Zq'ﬂ’

qlﬂ 1

P Component P
1

Cy, by, my Apg

qlﬂ 2

P2 Component 12%)
2

Cy, by, my Ape;

Pe=P1=P2==Pi=Pin I, 1 Pp = P21 = Pyp == Py == Py

>

T,

e P Compenent P

i
Coy b my, Apy

dm "

Pin Component Py
n

Cn s bn: My, Apcn

NOTE The symbols used ifikigure 3 are defined in Tables 1 and 2.

Figure 3 — System of components connected in parallel

7.2 Give11 parameters

For the calculation of the flow-rate characteristics of a system of components that are connected in
parallel, the following parameters are given:

— theinlet pressure of the system, pe;

— the temperature of the fluid, Te.

7.3 Calculation principle

Consider the system of components connected in parallel as shown in Figure 3. The flow-rate
characteristics for this system are determined in three main steps:

a) step 0 - if some components are pipes, tubes or hoses, determination of their flow characteristics
for the given inlet pressure;

12 © ISO 2014 - All rights reserved
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b) step 1 - determination of the sonic conductance C;
c) step 2 - determination of the cracking pressure 4p¢; and

d) step 3 - determination of the critical back-pressure ratio b and subsonic index m.

7.4 Determination of flow characteristics of pipes, tubes or hoses for the given inlet
pressure (step 0)

Determine the flow characteristics of each pipe, tube or hose, if the system contains these types of
components, for the given inlet pressure (pe), by applying the following procedure:

a) falculate an initial value of its sonic conductance Cinit using Formula (20),
b) falculate the corresponding theoretical maximum mass flow rate using Formula (36):

ini T
(@0 e =C™ 0P |7 (36)

e

c) Hetermine its choked mass flow rate q,,* for the given inlet pressuré)(pe) and its sonic donductance
C using the procedure described in 6.6.3 and 6.6.4,

d) Hetermine its critical back-pressure ratio b and subsonic index m using the procedure des¢ribed in 6.7.
See Figure C.9.

7.5 | Determination of the sonic conductance:C(step 1)

Detdrmine the sonic conductance of the system, which is equal to the sum of the sonic conduictance C;, of
eachl component, using Formula (37):

n
¢=>c (37)
i=1

7.6 | Determination of theeracking pressure Ap. (step 2)

Detdrmine the cracking pressure of the system, which is equal to the minimum value of the cracking
presgure, Apg;, of each €omponent, using Formula (38):

Apc = min(Apcl, Ape2,..., Ap(:i,...,Apcn) (38)

7.7 | Deternmiination of the critical back-pressure ratio b and subsonic index m (step 3)

7.7.1 “_Calculation of subsonic flow data

In order to determine the critical back-pressure ratio, b, and the subsonic index, m, of the system, create
data for the mass flow rate and pressure ratio of the system in the subsonic area in accordance with the
following procedure:

a) determinethe minimum critical back-pressure ratio of all components in parallel using Formula (39):

bmin = min(b1, bz birews, brr) (39)

]
b) for bpin and for values of pressure ratio [ﬁj distributed either in fixed steps or variable steps

Pe
(see Table 4 for an example of variable steps) and larger than bpin, calculate the mass flow rates of
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each component qm{ using Formulae (1) to (3) and then the mass flow rates g/ of the system using
Formula (40):

n
a4 =2 4u! (40)
i=1
Table 4 — Examples of values of pressure ratio
; (pe )
kpe}
1 1
2 0,995
3 0,98
4 0,95
5 0,9
6 0,85
7 0,8
8 0,75
9 057
10 0,6
11 0,5
12 0,4
13 0,3
14 0,2
15 0,1
16 0,05
7.7.2 Determination of flow-rate-characteristics b and m
Use the leagt-square method\te calculate the critical back-pressure ratio b and the subsonic ifpdex
m, as follows:
a) use Formula (32).tgcalculate Am,,, 1, qmcal2 e Ay J ,...for each value of the pressure ratios of the
& 2 j
system (z—fj (i_fj (z—fj T obtained in 7.7.1 and for by in, and the previously determlined
e e e

values of € and Ap.

b) determine b and m so that the total sum, E, of the square difference, q,/, is at its minimum possible
value. The parameter §qy)/ is the difference between the values of the mass flow rate, gmcal, obtained

using Formula (32) and the mass flow rate, g,/ determined for the same pressure ratios [&J in
Pe
7.7.1 and for byjn.

14 © ISO 2014 - All rights reserved
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Annex A
(informative)

Example calculation for a system of components connected in series

A.1_System of components connected in series

A.1.1 Figure A.1 shows the system of components used in this example.
3 5
[~
2 6
1D | | v | | / > 7

= 4 =
Key
1 nlet 5 component 3
2 be=p11 6 p23=pf
3  fomponent1 7  outlet
4  romponent 2: tube with inside diametef of 8 mm

A.1.2

hnd a length of 5 m

Figure A.1 — System used in this example

When the flow-rdte characteristics of the tube are calculated using the friction factor d¢pending on

the Reynolds numbet;the flow-rate characteristics Cpipe and bpipe of the tube are calculated fof each value

of m
dimgé

TFable A.1 — Flow-rate characteristics of components, measured individually

ass flow rategpyin accordance with 5.3.2.2. The parameters of the tube are thus only its geometrical
bnsions as $hewn in Table A.1.

Component
Characteristic or parameter 1 2 (tube) 3
Cin m3/(s.Pa)(ANR) or din m 4,023E-08 m3/(s.Pa)(ANR) 8,00E-03 m 2,699E-08 m3/(s.Pa)(ANR)
borlL,inm 0,267 5m 0,403
m 0,520 - 0,500
Apcin Pa 0 0 0

A.1.3 Data for the compressed air parameters indicated in 6.2 are shown in Table A.2.

© IS0 2014 - All rights reserved
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Apc = Apc1 +Apc2 +Apc3 =0

A15 As
Formula (2

3:2014(E)

Table A.2 — Compressed air parameters, units and values

Parameter Unit Value
Po - 1,185
To K 293,15
Te K 293
Pe Pa 600000
y - 1,4
R ]/kg.K 287

tep 1, the cracking pressure of the system is calculated using Formula (19), with thé\crag
the tube being 0 in accordance with Formula (7) (Apcz = 0):

step 2, the initial value for the sonic conductance of the tube, €t is calculated

):

r+1

C21n1t —

A.2 Illus

A.2.1 Firg
from the so
conductanc

Cyy =Min(Cy,C,™t,C3)=2,699x10 8m? /(s.Pa)(ANR)

(4m )yia

rd? 1 [2

r-1 7 .3
=1,001x10"" m~ /(s.Pa)(ANR)
4 po\/RTO y+1J

tration of the determination of the sonic conductance C (step 3)

t, the theoretical maximum mass flow rate, (gm)Mmax is calculated in accordance with |
hic conductance of components 1 and 3.given in Table A.1 and the initial value for the
b of the tube C3init calculated in Formula (A.2):

T,
k= CmiN Pope,fT—o = 15;919x10 *kg/s
e

king

[A.1)

sing

A.2)

Al

.6.
onic

N

A.3)

[A.4)

16
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A.2.2 Table A.3 illustrates the calculation procedure described in 6.6.3 using the theoretical maximum
mass flow rate calculated by Formula (A.4) for an inlet pressure of 0,6 MPa (6 bar) and decreasing the
value of  from n = 1, by steps of 0,0001.

For each value of 1, the mass flow rate is calculated from Formula (23):

dm = N(qm)MAX

for c

omponent 1, its upstream pressure is the inlet pressure of the system (Formula (24)):

P11 =Ppe = 6x105Pa

(A.5)

Its d
mas

If th
occu
stag

calcyilated by Formula (A.7).

For

I

Compponent 2 is a tube. First, calculate the dynamic viscosity from the inlet temper

Forn

To ol

ownstream stagnation pressure can be calculated only if the mass flow rate isless th
5 flow rate for its upstream conditions [Formula (26)]:

ITo
Im <C1P0P11 T
e

e condition in Formula (A.6) is not satisfied for the current value of )[that is, a negative
rs in Formula (27)], decrease n until Formula (A.6) is satisfied (that is, until the result f
hation pressure is a real number). Using Formula (27), the dewnstream stagnation pres

WelezeF

omponent 2, its upstream pressure is the-qutlet pressure of component 1 (Formula (25

Apcl

P11

G

D21 = P11 b1+(1_ C.pup
1FPoP11

P12 = P21

hula (10):
T 32
1 =1,455x107° h =1,809x10°Pas
T, £110,4
btain the flow-faté characteristic parameters of the tube for the given mass flow rate, use

an its sonic

(A.6)

square root
r the outlet
sure is then

(A7)

) fori=2):
(A.8)

hture using

(A9)

Formula (9)

to cglculate the R€ynolds number, Formula (8) to calculate the friction factor, Formula (11) fto calculate
its spnic conductance Cpipe; Formula (12) to calculate bpjpe:
mdu
2= . _ (8)
(1,8log1o(Re)—1,64)
2,28x107°d*
Cpipe = - (11)
AL AL
1+—1|+0,77,/]1+—+0,3
d d
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1
oo=1-—
bplpe 0,77 0,3
1+£ 1+£
d

(12)

Its downstream static pressure can be calculated only if the mass flow rate is less than its sonic mass
flow rate for its upstream conditions [Formula (26)]:

ITo
dm <CpipePoP12 T
e

(A.10)

If condition|
occurs in Fa
stagnation

calculated h

=

Ps22 =

Calculate th

P22 =DPs

For compon

P13 =p2

Its downstr
mass flow 1

qm <C3

Condition i
used in the
this, the “IR

in Formula (A.10) is not satisfied for the current value of n [that is, a negative squate
rmula (27)], decrease n until Formula (A.10) is satisfied (that is, until the result fortthe o
bressure is a real number). Using Formula (27), the downstream stagnation pressure is
y Formula (A.11).

1
Apcpipe q Te |Mpipe
12 bpipe+[1_ _bpipe 1| —— T_e (1
P12 CpipePoP12 \ To
e downstream stagnation pressure pz> of the pipe using Fermula (28):
2 \y-1
- 1, ler_lRTe D (4
2 (4 2y d?
TPSZZ
ent 3, its upstream pressure is the outlet pressure of component 2 [Formula (25) for i 5
D (4

eam stagnation pressure(can be calculated only if the mass flow rate is less than its s
ate for its upstream conditions [Formula (26)]:

T,
DoD13 F ’

Formula-(A.14) can be tested with an “IF” functional test to determine whether the flow
[rial step.is too high. If it is too high, Formula (27) results in a negative square root. To g

(4

Using For

la.(27), the downstream static pressure is then calculated as shown in Formula (A.1]
and the remrmmmmmh—

P23 =P13| b3 +(1—

” function can be programmed to advance the value of n until Formula (A.14) is satis

root
utlet
then

\.11)

1.12)

3]:
1.13)

onic

\.14)

rate
void
fied.
5), -

1

Jms

T,

e

Ty

Apc3
P13

Am
C3p0P11

A

According to Formula (A.16), the final pressure of the system is:

pf=p23

18

(A.15)

(A.16)
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A.2.3 Table A.3 shows that using the calculation principle described in 6.6.3, the maximum value of ) for
which the final pressure of the system of components connected in series, pf, can be calculated is 0,7583.

A.2.4 Asaresult, the maximum subsonic mass flow rate is 0,014555 kg/s, calculated in accordance with

Formula (23). The sonic conductance C is calculated using Formula (A.17):

*

c=m_

IT,
—€ =2,047x10%m3 /(s.Pa)(ANR)

PoPe TO

A.2.5 Osci i

Using the s
0,1 until a v
the value o
decrease th|
outlet stagr
possible. TH
continuous]

A.3 Illus

A.3.1 The

described if 6.7 and illustrated in Tables A.5 and A.6 and Figure A:2.

The calcula
except that

pJ defined i Table 3:

qmj :ﬁ '

e values of 7 in a series of smaller steps. Continue this oscillation process untiba value fo

rate

hme data as in Table A.3, begin with the initially value of n = 1,0 but decrease 1 in'ste
alue for the last outlet stagnation pressure is a real number (see Table A.4). Then-incr
n by 0,05 (or more) until the outlet stagnation pressure value is not a real number. T

ation pressure is a real number and the value of  (at least 4 decimal plages) is the laj
e last steps for this oscillation method can be performed in one row-of-the spreadshes
ly changing the value of n, as shown in Table A.4.

tration of the determination of b and m (step 4)

critical back-pressure ratio b and the subsonic index nmtare determined using the proce

[ion procedure of the final pressure of the system,shown in Table A.5, is the same as in 4
fhe mass flow rate values are calculated using¥ormula (A.18) for the 16 values of flow r

*

]qm

(A.17)

bs of
ease

hen,
I the
gest
et by

dure

=
N

htios

1.18)
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Table A.6 — Calculated flow-rate characteristics of the system when p = 0,6 MPa (6 bar)

Characteristic or Component
parameter 1 2 (tube) 3 System
Cin m3/(s.Pa)(ANR) or din m 4,023E-08 m3/(s.Pa) 8,00E-03 m 2,699E-08 m3/(s.Pa) 2,047E-08
(ANR) (ANR)
borL,inm 0,267 5m 0,403 0,277
m 0,520 - 0,500 0,535
/\p" in Pa Q = Q 0
1,6E-02
1,2E-02 4
Y 8,0E-03 -
4,0E-03 -
0,0E+00
0,0 0,2 0,4 0,6 0,8 1,0
X
Key
X p2/p1
Y mass flow rate in kg/s
1  pystem of pneumatic cdmponents
2 fim (determined in,accerdance with 6.7.1)
3 Amey (determified in accordance with 6.7.2)
NOTE The\ealculation can also be done using the flow-rate characteristics of the tube calculated using the
formpulae in,5.3.2.3 based on test results.
= - onin

accordance with 6.7.1 and results of determination of system characteristics in accordance with
6.7.2 for pe = 0,6 MPa (6 bar)
A.4 Calculation using a different inlet pressure

A.4.1 The same calculation procedure can be applied for an inlet pressure of 1 MPa (10 bar). Table A.7
shows the calculated flow-rate characteristics.

A.4.2 Figure A.3 shows the difference between the conductance curves for both inlet pressures. This is
due to the friction losses in the tube, depending on the Reynolds number.

© ISO 2014 - All rights reserved 23


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

ISO 6358-3:2014(E)

Key

X p2/p1
Y

1

2 value of
3 conduct
4 value of

Figure

Table A.7 — Calculated flow-rate characteristics of the system when pe = 1 MPa (10 bar)

2,0E-08 -
1,5E-08 -
Y 1,0E-08 -
5,0E-09 +————— e I e
| | | |
| | | |
0,0E+00 | | | |
0 0,2 0,4 0,6 08 1
X

conducthnce in m3/(Pa.s)(ANR)

conducthnce calculated at an inlet pressure of 1 MPa (10 bar)
b at an inlet pressure of 1 MPa (10 bar)
hnce calculated at an inlet pressure of 0,6 MPa (6 bar)
b at an inlet pressure of 0,6 MPa (6 bar)

0,6 MPa (6 bdr)

A.3 — Conductance curves of the system for'inlet pressures of 1 MPa (10 bar) and

Charalcteristic or Component
parameter 1 2 (tube) 3 System
Cin m3/(s.Pp)(ANR) or d in m 4,023E-08 m3/(s.Pa) 8,00E-03 m 2,699E-08 m3/(s.Pa) 2,07E-08
(ANR) (ANR)
barL,inm 0,267 5m 0,403 0,289
m 0,520 - 0,500 0,538
Apcin Pa 0 - 0 0

24
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Annex B

(informative)

Example calculation for an air blow circuit whose components are
connected in parallel

B.1

A di3

each component and part of the piping are given in Table B.1. The parts of the piping’betwesg
of tHe pressure regulator and upstream of each parallel subcircuit are large énbugh for th
pressure of each subcircuit to be the same as the inlet pressure of the circuit.
I Y al
| : Al
- H |
| |
| 4 |
'| 1 11 3 ~—~ |
I L) P I
L _ = _
T T T T T NS T T T T T T T T T T T T T, 51
| ; B
B :
— | |
-
| 8 |
I j & | 5 11 7 ~—~ |
< I L] —~ I
= L = _
T . =
I 10 C I
B |
| |
| 12 |
& | 9 11 1 1 ~—~ |
I L) 7~ I
Lo __ = _
Key
A bubcircuit A 6 valveB
B pubgircuit B 7  piping B-2
C  subcircuit C 8 nozzle B
1 piping A-1 9 piping C-1
2 valve A 10 wvalve C
3  piping A-2 11 piping C-2
4  nozzle A 12 nozzle C
5 piping B-1
NOTE Inlet pressure = 0,5 MPa (5 bar) or 1 MPa (10 bar)

Air blow circuit

igram of the air blow circuit considered in this example is shown in Figure B.1. The’spec

ifications of
n the outlet
e upstream

© IS0 2014 - All rights reserved

Figure B.1 — Air blow circuit diagram
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B.2 Calculation results
B.2.1 The results of calculations performed in accordance with Clauses 6 and 7 are shown in Table B.1.

B.2.2 The flow-rate characteristics of each piping are calculated using Formulae (13), (14), (15) and
(17) in 5.3.2.3. Upper values were calculated using a p = 500 kPa (5 bar), and the lower values in brackets
were calculated using a pe = 1000 kPa (10 bar), with a pressure dependency coefficient of 2 x 10-7Pa-1.
Calculations can also be done for each piping using the friction factor, which is dependent on the Reynolds
number, in accordance with 5.3.2.2.

B.3 Supplemental explanation

B.2.1 General

This subclapyise provides some additional practical explanations regarding the air blowSiibcircuit siging.
Figure B.2 §hows the typical structure of the subcircuit under study with some additional descriptions
and Table B|1 shows the results of calculation for four different subcircuits (Subcirouit A to subcircujt D).

2 A
Pe=P11 I P12 :l P13 Pia pr
| |
NNV s SN/
[ P —~ |
L = J
Key
A subcircyiti
1 pipingif1
2 valvei
3 pipingi-2
4 nozzlei

Figure B.2 — Typicalair blow subcircuit with additional descriptions

B.2.2 Prdssure distributions and evaluation values

Table B.2 shows the restlts of the calculation of pressure distributions, flow rates, transmission powers
and relativ¢ cost .ofieach subcircuit in Figure B.2. Figure B.3 shows the pressure distributions,|and
Figure B.4 dhows the ratios of the evaluation values compared to Subcircuit A in Figure B.2.

26 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

2014(E)

ISO 6358-3

"(INV)(ed-s)/¢
‘W Ul SI939Welp Jauul [eulwou ay
‘Z9STE[) Y3Im ddUEep.I0ddk Ul paje[n]
"9 9STE[) Y3IM 90UBP.I0DDE. Ul paje[n

€ oSNEPNS pue Z°g o.M3T] 995
1 ST 90UBJONPUOD DIUOS 10J JIUN Y ],
a1e sa[zzou pue Juidid jo s1ajourerq
[e2 9.1€ SOIISLI9IJBIBYD 9IBI-MO]] B[,

[ed o€ SJI3SLIaldedeyd ajel-MoO[J ay ],

N.N m 99§
150 W 8-01X89°0 o D 9[2ZON
(ss°0) (ze0) (g-01%0%7)
wex9gp Z-0 8uidig
(€s0) (6€0) (g~01X5€£90) S50 620 g-0TX81'C 5
750 LED 8-07%£29°0 150 750 8-0TX00'E - D 9A[EA Hn2IqNS
(¥s°0) (8g°0) (g-01%€87)
wzx9gp 1-D Suidid
SS0 €0 8-0TXLS'C
S50 H0 g-0IXg'Z Yo g 912Z0N
W (hs0) (,£°0) (8-01%X86%)
q w e x 8o Z-9 Suidid
(ss‘0) (62°0) (s-0TXLE'E) L | (950 (se0) (s-01%L6T) S50 7€0 8-0TXZ5Y a
€50 82°0 8-0TXS['E w 950 ¥€0 8-0TXZ6'T 150 0%'0 8-0TX6'S - qanrep HWLILANS
S (¥s°0) (¥¥0) (g-01Xx18°S)
Wz x 8o 1-g 8uidig
¥50 %0 8-01X8Z'S
S50 %0 g-0IXg'Z Y V 9[2ZON
(95°0) (sz‘0) (-01XE¥8°0)
wexpyp Z-v Suidid
(£5°0) (r1'0) (8-01%X699°0) 950 €20 g-0TX99L0 v
950 Z1'0 8-01X909°0 150 040 g20TX6'S - v aA[EA HnRIqns
(ss°0) (0g'0) (g~0TX10T)
wzxyp 1-y Suidig
S50 820 8-01XLT60
w q a0 w q EY) w q EY) pfuoisuswiIq
Suidid 1o oA
slerrered qSOLIaS esuonesyads yuauoduwo) N

ul paydauuo0d syuduoduwiod Jo sy

hsay

ul p9jiauuod syusuodwod JO s)[nsay

Z pue g SasNE[) YI}IM 3IUEP.I0IIe Ul paurio)1ad sd1ISLId)IBIRYD 3)eI-MO[J JO UOIIe[nd[ed Jo s}nsay — ['d 9[qeL

27

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

2014(E)

ISO 6358-3

"(INV)(ed-s)/¢
‘W Ul SJ93ouwerp Iauul [euiwou ay
‘Z@STe[) Y3Im d90UEp.I0dDk Ul paje[n]
"9 9STE[) YIIM 90UBP.I0DJ®. Ul paje[n]

"THISTEPNS pue Z°g IS 995
11 ST ) 90UBIONPUOD DTUOS J10J JIUN Y],
a.1e sa[zzou pue duidid jo siajawelrq
[eD 9.1 SO13S1I9)0B.IBYD 91BI-MO[J Y],

[ed o.Je SJI3SLIaldedeyd ajed-MoO[J ay ],

N.N m 99§
150 9%'0 g-01X0Z'0 o a °[2zoN
(95°0) (sz‘0) (s20Ix£+8°0)
wex9gp Z-q 8uidig
(g5°0) (z¥'0) (s-01x88T1°0) 950 L10 g-0T¥99L0 i
¥50 €40 8-0TXS8T‘0 150 8%'0 8-0TX08%0 -  2ATeA HWLILANS
(ss°0) (0g'0) (s-0TXT0'T)
wzx9gp 1- Suidid
950 120 8-0TXL160
w q EY] w q EY] w q EY] umﬁcmmﬂwamﬁ—
Suidid 1o S
slerered qSOLIas esuonesyads jusuodwo) n 0

ul p9jdauuod sjuduoduwod JO s)[nsay

ul p93dauuod syusuodwod JO s)[nsay

(panuuod) 1°d d1qel

© ISO 2014 - All rights reserved

28


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

ISO 6358-3:2014(E)

Table B.2 — Pressure distributions and evaluation values

Pressure 2 Transmission
N Flow rate b c Relative
Subcircuit kPa power d
m3/s(ANR) KW cost
Pe=P11| P12 P13 P14 143
SubcircuitA| 500 403 401 132 100 3,01x10-3 0,073 1,00
SubcircuitB| 500 476 458 418 100 9,62x10-3 0,732 1,07
SubcircuitC| 500 487 480 461 100 3,13x10-3 0,245 0,81
SubcircuitD | 500 488 481 463 100 0,927x10-3 0,073 0,49
a  Pressure is calculated in accordance with Clause 6.
b Mass flow rate, qm, is calculated in accordance with Clause 6, and volume flow rate, gy, is calculated.using|the following
formula:
_ qm 3
], =—— m3/s(ANR)
Po
c [ransmission power, P, is the power of compressed air blowing from the nozzle and is’calculated using|the following
formjula:
p
Pzpfqv [1——fJ kW
P14
d  fostis the ratio of integrated price of piping, valve and nozzle compdred’to subcircuit 1.
600 T T 7 T T
Pe=DP11 P12 I P13 I Pl b I
‘|\r\_1 |
400 — 2 N—
| | I\\ |
Y 300 : : : :
O AN
100 5 | | |
[ [ [ [
| | | |
0 | | | |
6 7 8 9 X
Key
X  fomponent 5 atmospheric pressure
Y pressure in kPa 6 piping-1
1  pubcircuit@ 7  valve
2 pubcircuit B 8  piping-2
3 kubeircuit C 9 nozzle
4  subcircuit D

Figure B.3 — Pressure distributions
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100

10

0’1 1 1 1
X1 X2 X3 X4
Key
X subcircyit 2 flowrate
Y ratio 3 relative cost

1 transmigsion power

Figure B.4 — Ratios of evaluation values compared to Subcircuit A

B.2.3 Incprrect sizing

The pressufre drop at Piping 1-1 and Piping 1-2%in Subcircuit A is extremely large, so the inlet pressure
p14 of the ngzzle is decreased to 132 kPa. The.inside diameter, 4 mm, of the piping is too small. Subcircuit
A is a typical case of incorrect sizing that.isrelatively expensive but provides small capability.

B.2.4 Cornfrect sizing

The inside diameter of Piping-2-1 and Piping 2-2 in Subcircuit B is 8 mm. The pressure drop in the
piping is dgcreased to about14 % of the pressure drop in Subcircuit A, and the inlet pressure of the
nozzle maintains a highdevel of 400 kPa or higher. The cost of Subcircuit B is just 7 % higher than|that
of Subcircujt A, but theflow rate is 3,2 times larger, and the transmission power is 10 times lafger.
Subcircuit B is a typical case of correct sizing that provides large capability.

B.2.5 Improved sizing

The sizing of Subcircuit C provides a flow rate that is almost the same as that of Subcircuit A. The inside
diameter of Piping 3-1 and Piping 3-2 is larger than that of Subcircuit A by 6 mm; the sonic conductance
C of the valve is about 50 % of the valve in Subcircuit A; and the diameter of the nozzle is decreased from
4 mm to 2,2 mm. The inlet pressure of the nozzle maintains a high level of 461 kPa. Subcircuit C achieves
the same flow rate (in other words, the same air consumption) as that of Subcircuit A, but the cost is
20 % less, and the transmission power is 3,4 times larger. Subcircuit C is a typical case of improved
sizing that costs less and provides large capability.

B.2.6 Optimal sizing

The sizing of Subcircuit D provides a transmission power that is almost the same as that of Subcircuit
A. The sonic conductance C of the valve is decreased from 5,9 dm3/(s.bar) to 0,8 dm3/(s.bar), and the
diameter of the nozzle is decreased from 4 mm to 1,2 mm, compared to Subcircuit A. The inlet pressure

30 © ISO 2014 - All rights reserved
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of the nozzle maintains a high level of 463 kPa. Although Subcircuit D achieves air blow performance
that is almost the same as that of Subcircuit A, the cost of the system is reduced by about 50 %, and air
consumption is reduced to about 33 %, of that of Subcircuit A. Subcircuit D is a typical case of optimal
sizing that costs the least and provides greater energy efficiency.

B.2.7 Pressure dependency

Table B.1 shows, in the brackets, the results of calculation in a case in which the pressure dependency
coefficient of the piping is 2x10-7Pa-1, and the inlet pressure is 1000 kPa. Compared to the case in which
the inlet pressure is 500 kPa, the sonic conductance C of the piping itself is 10 % larger, and the back-
pressure ratio b is 0,02 or 0,04 larger, but m is almost same. The sonic conductance € of Subcircuit 4, is

also

How

10 % larger, due to the incorrect sizing.

ever, the influence of the inlet pressure on the sonic conductance C of Subcircuit)B; req

corrgct sizing, is reduced to 2,6 % and that of Subcircuit C and Subcircuit D is redtced f{
other words, pressure dependency or calculation errors related to the piping ahhost disa

imp}

oved or optimal sizing is used to design a system.

ulting from
01,5 %. In
bpear when

© IS0 2014 - All rights reserved
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C.1 Calc

Annex C
(informative)

Flow charts of calculation procedures

nlation procedures for components connected in series

The flow ch|
The flow ch

art in Figure C.1 illustrates the calculation procedures given in 6.4 to 6.8.

irts in Figures C.2 to C.7 illustrate the calculation procedures of the different subrgutines used.

32
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START

Clause 6.4 | .= Bpy (19) ‘ STEP 1
fori=1ton —
component i ves STEP 2
is a pipe,
ube or hose? Clause 6.5:
Initialization of
GO TO GO TO flow
subroutine 1b subroutine 1a _ [Papmeters
| I
Clause 6.6.3: GO TO
Defermination of ¢,,* subroutine 2
- 'T STER 3
Clause 6.6.4 C= qLW/i (30)
P\ To
' [
Clauge 6.7.1: calculation —  —F{F{ - _—""7T71 N L] —
of qubsonic flow data GO T_O
subroutine §
|
Clause 6.7.2 Calculate b and m STER 4
by the least-square method
/
Pressure YES
dependence?
STER 5
for i =0ton
component i
is a pipe, YES
tube or hose? ES
Clause 6.8: |
calculation of GOTO GOTO
prefsure dependence< subroutine 1b suybroutine 1a
coefficient [ i |
b
GO TO
subroutine 2
I
G |Te
Cap, == =125 (30
Ap, PoPe TO ( )
I
K, - 1-lcrcy,,) )
Ap,
- ]
END

Figure C.1 — Flow chart illustrating calculation procedures for components connected in series
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SUBROUTINE 1a

END

Figure C
sonic cor

2 — Flow chart illustrating the subroutine 1a: calculation of the initial value of tJ:e

jJductance of the pipe, tube or hose using the friction factor A in accordancewith §

SUBROUTINE 1b

NO componentiis

aresin tube?

+£3,61x1074,7°% (18) ‘

Clause 5.3.2.3.2

k, =235x10734 %" (17)

Figure C.

34

th

[ I

Clause 5.3.2.3.3

G :CiX[HKp(pe*SX]OS)J
[

C
2
b, :4,8><10 d—lz (14)

1

T
‘ i =058-015, (15) ‘

3 — Flow chart illustrating the subroutine 1b: calculation of the flow parameters
e pipe, tube or hose based on test results with air in accordance with 5.3.2.3

.5

of
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SUBROUTINE 2

CMIN = min(Cl:CZ:---:ij---ycn) (21)
Clause 6.6.2 T
(‘Im )MAX =Cwmiv Pope\/% (22)
|
Ve |
n=1
>

Gn =1 Gmluax  (23)
I

component i is
a pipe, tube or
hose?

Calculation|of
flow parametgrs of
pipe, tube or hose
GOTO
subroutine 3

YES

Clause 6.6.3 <

calculation of
downstream stagmation

GOTO

subroutine 4
e pressure p,
YES 4% NO .
i=i+1
Py = Pyi) (25)
Pe= Py (29) [
~ [
qm* =4y
END

Figure C.4 — Flow chartillustrating the subroutine 2: determination of the choked mass flow
rate of the system in accordance with 6.6.3
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C SUBROUTINE 3 )
l

] 732
1 =1455x1070 —¢
: 7,+1104 (9
|
4
Re,=—In ()
wd; u

I

1

[2)

Clause 53222

Clause 5.3.2.2.4

Clause 5.3.2.2.3

(1,810g,0(Re;) —1,64)

M7

2,28x1073d?

7
1+M
d;

j+0,77 /1+—/ZL" +0,3 an

0,77 03
+

(12)
\/]J’_ﬂ’[" 1+£

> Clause 5.3.2.2.5

Clause 5.3.2.2.1

Figure C.5(— Flow chart illustrating the subroutine 3: calculation of the flow parameters of|the
pipe, tubel or hose using the friction factor Adependent on the Reynolds number in accordapce

with 5:3.2.2 (case of air)
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CSUBROUTINE 4>
1

Ap ] dm 7;: Z
Pai = P b. + ]__C’_b.j 1-| /= |—£ 27)
B ( pi Cropi NV To

component iis

NO . YES
a-pipefube-or
hose? NO ﬂlse\YES
of 1.2 |
Py2i = P2i
I
|7
2\l
_ 1 1 4 yl 9 28
Py = Psai| 5+ 7 5 RT, > 28)
TpSZI
! calculation of
downstream stagngtion
pressure py;
END

Figure C.6 — Flow chart illustrating the subboutine 4: calculation of downstream stagnation
pressure py; in accordance with 6.6.3.3.2.1
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Clause 6.7.1.1

SUBROUTINE §

for j=1t016

Pii=Pe (24)

T

< Table 3

_No o ubo.or YEs
L et

—_

Clause 6.7.1.

hose?

NO YES
|

GOTO
subroutine 3

| Calculation of

I

GOTO
subroutine 4

e’ =Py,

29)

calculation of

downstream stagnation

pressure py;

flow. parameters of
pipe, tube orhose

Figure C.7 — Flow chart illustrating the subroutine 5: calculation of subsonic flow data for the
system in accordance with 6.7.1

C.2 Calculation procedures for components connected in parallel

The flow chiart in Figure C.8 illustratesthe calculation procedures given in 7.4 to 7.7.

The flow chjart in Figure C.9 illustrates the calculation procedures subroutine 6 used in the flow dhart

in Figure C.B.
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Figu

Clause 7.2 Pe =
T.=
fori=1ton |
Clause 7.4
calculation of flow characteristics
component of pipes, tubes orhoses
is a pipe,
tube or hose? STEP 0
GOTO GOTO
subroutine 1b subroutine 6
[ , |
= f
® B I
"
Clause 7.5 C-= ZCI @7) STEP 1
i=l i
Clause 7.6 | Ape = min(AP 1, AP, AP, APey ) (38) ‘ STEP 2
| i
‘ by = min(Bby,bynb,)  (39) |
Jj=0
» 7
[_{'] = bmm
. . Pe
for j =110 jmax |
Clause 7.7.1:
calculation of Fixed <
subsonic < or 5 fori=0ton
flow data variable step
; STEP 3
Calculate  ¢q,,;
according to Eq. (1)to (3)
[
. n .
9’ =Y 4l @)
i=1
J
rY
hd
Calculate b and m
Clause 7.7.2

by the least-square method
T
END

re C.8 — Flow chartillustrating calculation procedures for components connected in parallel
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( SUBROUTINE 6 )

741

Clause 6.5: - 2 1 5 o
Initialization of flow cinit _ 7 20
7
parameters 4 PO«/RTO y+1
I
(Godpie =C™ pop /3 (36)
Vie
1
e y=1
|
|
9 =100 e 23)
I
GOTO
Clguse 6.6.3: subroutine 3
Deternfination of ¢g,,*
L — :
k AN ql'!? £
G =— (30)
Clguse 6.6.4 ) Pope V1o
for j=1t0 16 I
. — .
qmj = ﬁ'/qm (31) S Table 3
I
GOTO
subroutine 3
I
_ 1
Ap q,,’ T, |m’
Clause 6|7.1: calculation Ps2i = Pe| bi +[1__pm —b,-’j 1_(—C T T_e (27)
of subdonic flow data < ¢ 1 PoPe ¥ 10
I
i
2 gy-1
1 i1 -1 q,’
J_ m 28
P = P 5+ —+7R7L P (28)
TPSZI

Clause 6.7.2

Calculate b; and m;,

by the least-square method

END

Figure C.9 — Flow chart illustrating the subroutine 6: calculation procedure to determine the
flow rate characteristics of a tube, pipe or hose at upstream pressure p. using the friction factor
A dependent on the Reynolds number in accordance with 7.4
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Annex D
(informative)

Additional information concerning components whose flow
rate characteristics are not expressed in accordance with the
ISO 6358 series

D.1| General

D.1.1 This annex provides additional information about components and{piping whoge flow-rate
charpcteristics are not expressed in accordance with the ISO 6358 series, thatis, using C, by m and Apg;
thesp components include:

a) parts of piping (pipe, tube or hose) defined by their geometric dimensions (see D.2);

b) globe valves and connectors whose flow-rate characteriStics are expressed in relption to an
bquivalent length of straight pipe or tube (see D.3); and

c) palveswhose flow-rate characteristics are expressed byhistorically-used flow rate pargmeters (see
D.4).

o
©
=

D.1.2 Symbols in addition to those given in Table'® and used in this annex are given in Tabl

Table D.1>— Additional symbols

Symbol Description Unit
a Flow coefficient 2 -
¢ Global pressuredess coefficient of a component -
A Effective aréa m?2
Cy Flow coefficient b
Ky Flow coefficient a m3.h-1.bar-0,5
Legq Equivalent length of straight pipe or tube m
Lpipe Length of pipe or tube m
Ps1 Static pressure upstream of pipe or tube Pa
an Nominal flow rate ¢ dm3/min (ANR)
S Geometricarea oY
s Compressibility effect coefficient -
a SeeEN 1267:2012(3] for definition.
b  The value of Cy is based on the square root of the pressure in psi divided by US gallons per minute.
¢ See VDI 3290 Guideline:1962[8] and VDMA specification 24575:2007-06[2] for definition.
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D.2 Pipes or tubes defined by their geometric dimensions (see 5.3.2)

D.2.1 General

D.2.1.1 The flow-rate characteristics of a pipe or tube with a length L and an inside diameter d can be
determined by the methods specified in 5.3.2.2 or 5.3.2.3.

D.2.1.2 D.2.2 provides practical information about the geometrical definition of pipes or tubes.

this
er.

Resin tubed are produced by extrusion moulding, and the tolerances on the outSide diameter and{wall
thickness gjven in Table D.2 have been taken from ISO 14743:2004 (referenéel] in the bibliography).
The last column of Table D.2 gives the allowable dimensional difference on‘the internal cross-secftion,
based on the tolerances on the outside diameter and wall thickness. The’sonic conductance of the tubes
is directly groportional to the internal cross-section, so if the inside diameter is used to determing the
flow-rate characteristics, this evaluation should be based on the premise that the results are distributed
within this fange.

Table D.2|— Dimensions and tolerances for resin tubes‘and allowable dimensional differelrce

Outside Outside diameétér | Wall thickness ftil_ll_f;wable dim_entsimllall
ifference on interna
Material | | Size diameter x mm mm cross section
inside diameter
noms tol. nom. tol. %
4 4x2,5 4 0,08 | 075 | 0,08 i
6 x4 6 +0,08 1,0 +0,08 +12
Polyamide 8 8x6 8 +0,08 1,0 +0,08 +8
10 1075 10 +0,08 1,25 +0,08 ig
12 ¥2x9 12 0,1 1,5 +0,08 +6
+0,1 +17
4 4%2,5 4 +0,1 075 | 505 3
+0,1 +10
6 6 x 4 6 +0,1 L0 | 505 iy
Polyure- +0,1 +7
thane 8 8x5,5 8 +0,1 1,25 ~0,05 11
+0,15 +8
10 10 x 7 10 0,15 L5 | 1907 o
+0,15 +7
12 12x8 12 +0,15 20 | Z5o7 1
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D.2.3 Pipe or tube whose flow-rate characteristics are expressed using the friction
factor dependent on the Reynolds number

D.2.3.1 Use of the flow coefficient

D.2.3.1.1 Generally, it is convenient to use the flow coefficient «a relative to the geometric area of
the outlet of the component (S2). This approach is valid for incompressible flow and can be extended
to compressible flow in accordance with Formula (D.1), which is based on Bernouilli’s equation for
incompressible fluids and which defines the coefficient:

Q&= . (D.1)

-
Sq

1 is the geometric area of the inlet of the component;

whete

2 is the geometric area of the outlet of the component.

D.2.B.1.2 One advantage of this flow coefficient « is that it is additive. That means that the global flow
coefficient o characterizing a system consisting of a number©f components “i,” connected in series and
charpcterized by flow coefficients a; relative to the geometricarea of their outlets S;, can be ekpressed by

the gelationship given in Formula (D.2):

= (02)

b 50 i Sl-zaiz

NOTE Formulae (D.1) and (D.2) are from EN'1267:2012 (see referencel3] in the Bibliography).

D.2.3.1.3 Two flow-rate parameters-can then be defined (seel3] in the Bibliography):

The |effective area A of the flow path, which is the product of the geometric area of the qutlet of the
component and the flow coefficient, as shown in Formula (D.3):

A =axSy (D.3)

The fompressibilityeffect coefficient s, which takes into account the gas compressibility effdct when the
flow| rate is subsohiC. It is expressed by the relationship given in Formula (D.4), except in the case of a
divefging nozzle:

2
g=1q % ¢ (D.4)
y(y+1) r(r+1)

N

D.2.3.1.4 Usingparameters A and s, the mass flow rate can also be approximated by using Formulae (D.5)
and (D.6), which relate, respectively, to upstream and downstream static pressures (ps1 and ps2) (see
referencels] in the bibliography):

in subsonic flow (Aps < ps1/5):

2Ap s
=A S ——A D.5
Am \/ RT1 (psl 2 psj ( )
NOTE Formula (D.5) corresponds to an approximation of the mass flow rate at constant upstream conditions

by a quarter of an ellipse.
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in sonic flow (Aps = ps1/5):

* Apsl

in” JSRT,

where Aps = ps1 - ps2.

D.2.3.2 Case in which the flow-rate characteristics of a pipe or tube are expressed by a
friction factor

(D.6)

n be

D.7)

h the
[6] in

D.2.3.2.1 |n the case of flow through a pipe or tube with a constant cross-sectional area, with an ijside
diameter d pnd a length L and taking friction losses into account, the pressure loss coefficient €. ¢
calculated ip accordance with Formula (D.7):
AL
c=%
d
where A is the average Darcy friction factor.
NOTE The Darcy friction factor A, which is equal to four times the Fanning ffiction factor, is based o
well-known Moody diagram shown in Figure D.1 and is valid for compressiblessubsonic flow (see reference
the bibliography), which is the case of association calculation.
0,1 q —
i N 1
il LN 1
1p N 0,05
{ \
N \\\~~ .
0,05 H- 1\ T N 0,02
| | N \\\ Y
\ NN TS N
NN S 0,01
] N N
|||
< \\ T 0,004 Y]
NS \
| §:\\‘§ N N Il
\\\:\\ \.\
\ N 0,001
X~ | [T < 0,0004
[ 2 \::\\~~ \\\ ~ ]
N T~ I~
NG T 0,0001
0,01 HH S
i \\::~ ]
108 108 108 108 408 % 108
1U 11U 11U 1U LU \ 11U
€
Rey = VDp _w D D =.000,005
no Apu
Key
X vd d 1 A 16
Re=P"2_Im 4 laminar flow: f=~=—
u S u 4 Re
Y < 2 smooth pipes or tubes
relative roughness: 7
Figure D.1 — Friction factor by Moody diagram (see referencelZ] in the bibliography)
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D.2.3.2.2 The flow coefficient apipe of the pipe or tube is then determined using Formula (D.8):

" _L_\/z (D8)
pipe_\/z_ AL .

D.2.3.2.3 Formulae (D.5) and (D.6) are relative to static pressures, while flow-rate characteristics
determined in accordance with the ISO 6358 series are relative to stagnation pressures. To take into
account pipes and tubes in the calculation of flow-rate characteristics of a system, itis necessary to convert,
respectively, the pipe’s upstream stagnation pressure to static pressure, and the pipe’s downstream
static pressure to stagnation pressure. In accordance with the definition of stagnation pressure, these

convfersions correspond to isentropic transformations. They are given in D.2.3.3 for the upstfeam side of
the pipe or tube and in D.2.3.5 for the downstream side of the pipe or tube.
D.2.3.3 Isentropic transformation on the upstream side of the pipe or tube
D.2.B.3.1 Onthe upstream side of the pipe or tube, the isentropic transformatioh between the stagnation
prespure and the static pressure is equivalent to feeding the tube through anjideal converging|nozzle with
an injlet that is very large compared to the throat area (that is, the pipe inlet'area), as shown in Figure D.2.
2 3
p— 1 ! pu— d !
n =1 “oipg 4[5 :
\\;E L E 0]
m
! ; d_iRe) | —"4
1 p1 / ' Ps1 ' Ps2
4 S R
.l S
\1/
o =
AL
1+ —
d
Key
1pstreéam stagnation conditions 4  isentropic evolution
hozzle 5 adiabatic evolution

3  pipe or tube

Figure D.2 — Upstream isentropic transformation modelled by an ideal converging nozzle

D.2.3.3.2 For the ideal nozzle with an inlet area that is very large compared to its throat area, the flow
coefficient determined using Formula (D.1) is ap = 1.

D.2.3.3.3 Using the additive property given in Formula (D.2), the flow coefficient a of the association of
the nozzle and the pipe or tube is expressed in accordance with Formula (D.9):

o 1 (D.9)
AL
1+—

©1S0201% - Allcéights reserved 45


https://standardsiso.com/api/?name=c4fb54ee0e9007ba948db7502ac0f238

ISO 6358-3:2014(E)

D.2.3.3.4 The compressibility effect coefficient defined by Formula (D.4) is then expressed in accordance
with Formula (D.10);

1 1

s=1+ —+ — (D.10)
\/W +1) \/1 +22 @+ 1)(1 +j
2 d d
and the effective area by Formula (D.11):
2
A:_lm X”Z (D.11)
14—
d

D.2.3.4 Flow-rate characteristics of the pipe or tube

D.2.3.4.1 When considering the upstream pressure p1 of the nozzle (which correspondst¢ the upstfeam
stagnation pressure of the pipe or tube) and the downstream static pressure of the.pipe or tubqg ps2,
Formulae (Ip.5) and (D.6) can be rewritten using as flow-rate characteristics the soni¢ conductance {pipe
and the crit]cal pressure ratio bpipe of the pipe or tube, as shown in Formulae (D.12) and (D.13):

in subsqgnic flow (!;Lz > bpipej :
1

Ps2
To py PP
1- .12
pePoP1 T, 1_bpipe ( )

. . p
in sonic|flow (Lz < bpipe]:
1251

qm:C

=]

* « | T,
Am :Cp pepOpl _(i [[ .13)
Iy

D.2.3.4.2 Flow-rate characteristics Cpipe and bpipe can then be calculated from the effective area 4 and
the compressibility effect coefficient s using Formulae (D.14) and (D.15):

A

Coin=f——o— .14

pipe 0+/SRT, (b1
1

bipe = 1 P (Ip.15)

Formulae (D.14) and (D.15) combined with Formulae (D.10) and (D.11) lead to Formulae (4) and (5),
which give the flow-rate characteristics of the pipe or tube, taking into consideration its upstream
stagnation pressure and its downstream static pressure.

NOTE Formulae (D.12) and (D.13) have the same form as Formulae (1) and (2), with mpipe = 0,5 and Apc pipe = 0.

D.2.3.5 Isentropic transformation on the downstream side of the pipe or tube

Onthedownstreamside ofthe pipe or tube, the isentropictransformation between the staticdownstream
pressure psy and the stagnation pressure py can be calculated using Formula (A.1) in ISO 6358-1:2013.
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