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National foreword

This British Standard is the UK implementation of EN 60534-8-4:2015. It is
identical to IEC 60534-8-4:2015. It supersedes BS EN 60534-8-4:2005 which
is withdrawn.

The UK participation in its preparation was entrusted by Technical
Committee GEL/65, Measurement and control, to Subcommittee GEL/65/2,
Elements of systems.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2016.
Published by BSI Standards Limited 2016

ISBN 978 0 580 82833 1
ICS 17.140.20; 23.060.40; 25.040.40

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 29 February 2016.
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European foreword

The text of document 65B/1005/FDIS, future edition 3 of |EC 60534-8-4, prepared by SC 65B
"Measurement and control devices", of IEC/TC 65 "Industrial-process measurement, control and
automation"” was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 60534-8-4:2015.

The following dates are fixed:
¢ latest date by which the document has to be implemented at (dop) 2016-07-20
national level by publication of an identical national

standard or by endorsement

e latest date by which the national standards conflicting with (dow) 2018-10-20
the document have to be withdrawn

This document supersedes EN 60534-8-4:2004.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 60534-8-4:2015 was approved by CENELEC as a
European Standard without any modification.
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Normative references to international publications
with their corresponding European publications

The following 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. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),

the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is

available here: www.cenelec.eu.

Year
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS CONTROL VALVES -

Part 8-4: Noise considerations —
Prediction of noise generated by hydrodynamic flow

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |EC 60534-8-4 has been prepared by subcommittee 65B: Measurement
and control devices , of IEC technical committee 65: Industrial-process measurement, control
and automation.

This third edition cancels and replaces the second edition published 2005. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Hydrodynamic noise is predicted as a function of frequency.
b) Elimination of the acoustic power ratio
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The text of this standard is based on the following documents:

FDIS

Report on voting

65B/1005/FDIS

65B/1017/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60534 series, published under the general title Industrial-process

control valves, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data

related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

It is valuable to predict the noise levels that will be generated by valves. Safety requirements,
such as the occupational health standards require that human exposure to noise be limited.
There is also data indicating that noise levels above certain levels could lead to pipe failure or
affect associated equipment. See . Earlier hydrodynamic noise standards relied
on manufacturer test data and were neither generic nor as complete as desired. The method
can be used with all conventional control valve styles including globe, butterfly, cage type,
eccentric rotary, and modified ball valves.

A valve restricts flow by converting pressure energy into turbulence, heat and mechanical
pressure waves in the fluid contained within the valve body and piping. A small portion of this
mechanical vibration is converted into acoustical energy. Most of the noise is retained within
the piping system with only a small portion passing through the pipe wall downstream of the
valve. Calculation of the mechanical energy involved is straightforward. The difficulties arise
from determining first the acoustic efficiency of the mechanical energy to noise conversion
and then the noise attenuation caused by the pipe wall.

This part of IEC 60534 considers only noise generated by normal turbulence and liquid
cavitation. It does not consider any noise that might be generated by mechanical vibrations,
flashing conditions, unstable flow patterns, or unpredictable behaviour. In the typical
installation, very little noise travels through the wall of the control valve body. The noise
predicted is that which would be measured at the standard measuring point of 1 m
downstream of the valve and 1 m away from the outer surface of the pipe in an acoustic free
field. Ideal straight piping is assumed. Since an acoustic free field is seldom encountered in
industrial installations, this prediction cannot guarantee actual results in the field.

This prediction method has been validated with test results based on water covering a
majority of control valve types, in the DN 15 to DN 300 size range, at inlet pressures up to
15 bar. However, some types of low noise valves may not be covered. This method is

considered accurate within + 5 dB(A), for most cases, if based on tested values of xg; using
the method from |JEC 60534-8-2. The applicability of this method for fluids other than water is
not known at this time.
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INDUSTRIAL-PROCESS CONTROL VALVES -

Part 8-4: Noise considerations —
Prediction of noise generated by hydrodynamic flow

1 Scope

This part of IEC 60534 establishes a method to predict the noise generated in a control valve
by liquid flow and the resulting noise level measured downstream of the valve and outside of
the pipe. The noise may be generated both by normal turbulence and by liquid cavitation in
the valve. Parts of the method are based on fundamental principles of acoustics, fluid
mechanics, and mechanics. The method is validated by test data.

2 Normative references

The following 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. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

EC 60534-1|, Industrial-process control valves — Part 1: Control valve terminology and
general considerations

EC 60534-2-3, Industrial-process control valves — Part 2-3: Flow capacity — Test procedures

EC 60534-8-2, [Industrial-process control valves — Part 8-2: Noise considerations -
Laboratory measurement of noise generated by hydrodynamic flow through control valves

EC 60534-8-3, Industrial-process control valves — Part 8-3: Noise considerations — Control
valve aerodynamic noise prediction method

3 Terms and definitions

For the purpose of this document, all of the terms and definitions given in IEC 60534 series
and the following apply:

3.1

acoustical efficiency 7

ratio of the stream power converted into sound power propagating downstream to the stream
power of the mass flow

3.2

fluted vane butterfly valve

butterfly valve which has flutes (grooves) on the face(s) of the disk. These flutes are intended
to shape the flow stream without altering the seating line or seating surface

3.3

independent flow passage

flow passage where the exiting flow is not affected by the exiting flow from adjacent flow
passages
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3.4
peak frequency f,
frequency at which the internal sound pressure is maximum

3.5

valve style modifier Fy

ratio of the hydraulic diameter of a single flow passage to the diameter of a circular orifice,
the area of which is equivalent to the sum of areas of all identical flow passages at a given

travel
4 Symbols
Symbol Description Unit
A(f) Frequency dependent A-weighting value dBA (ref P,)
An Valve correction factor for acoustic efficiency Dimensionless
(see Table 2)
Cq Speed of sound in liquid m/s
C, Speed of sound in air at standard conditions = 343 m/s
Cs Speed of sound in pipe (for steel pipe 5 000) m/s
C Flow coefficient (K, and C,) Various
(see IEC 60534-1)
Cr Flow coefficient (K, and C,) at rated travel Various
(see IEC 60534-1)
C Flow coefficents of n stages (i=1...n) in a multistage valve Various
(K, and C,) (see [EC 60534-1)
C, Flow coefficent of last stage in a multistage valve (K, and Various
C\) (see [EC 60534-1)
D, Internal pipe diameter m
Dj Jet diameter m
D Nominal valve size m
dy Multihole trim hole diameter m
d, Seat or orifice diameter m
Feav Frequency distribution function (cavitating) Dimensionless
Fyq Valve style modifier Dimensionless
FL Liquid pressure recovery factor of a valve without Dimensionless
attached fittings
Fin Liquid pressure recovery factor of the last throttling stage Dimensionless
Fiurb Frequency distribution function (turbulent) Dimensionless
f Frequency Hz
fe Cutoff frequency Hz
£ Octave band frequency Hz
f. Ring frequency Hz
fp‘turb Internal peak sound frequency (turbulent) Hz
fp,cav Internal peak sound frequency (cavitating) Hz
K. Differential pressure ratio of incipient choked flow Dimensionless
(approximately in the range of F 3 to F 2)
Lpe,1m External sound pressure level 1 m from pipe wall dB (ref PBocuments
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Symbol

pAe,1m

pAe,1m,i

=<2 > 3

T U

P1
P2
P1,i

P2

Xsz1
Tturb
Mcav
UB

P1

Pa
Ps

Description
A-weighted external sound pressure level 1 m from pipe
wall

A-weighted external sound pressure level 1 m from pipe
wall of stage i (hnumber i from 1...n) in multistage valve
with n stages

Internal sound pressure level at pipe wall
Mass flow rate

Number of stages in multistage trim
Numerical constants (see Table 1)

Number of independent and identical flow passages in
valve trim or throttling stage

Reference pressure = 1 x 10°
Reference sound pressure = 2 x 103
Valve inlet absolute pressure

Valve outlet absolute pressure

Inlet absolute pressure of stage i (number i from 1...n) in
multistage valve with n stages

Outlet absolute pressure of stage i (number i from 1...n) in

multistage valve with n stages

Vapour pressure of liquid

Pressure differential

Pressure differential for U, calculation
Strouhal number for peak frequency calculation
Pipe wall thickness

Transmission loss

Transmission loss at ring frequency f,

Vena contracta velocity

Sound power of noise created by valve flow which
propagates downstream

Mechanical stream power
Differential pressure ratio

Differential pressure ratio of incipient cavitation noise with

inlet pressure of 6 x 10° Pa

Differential pressure ratio corrected for inlet pressure
Acoustic efficiency factor (turbulent)

Acoustic efficiency factor (cavitating)

Acoustic efficiency factor of pipe wall

Density of liquid

Density of air = 1,293

Density of pipe material (= 7 800 for steel)
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Unit
dBA (ref P,)

dBA (ref P,)

dB (ref P,)
kg/s
Dimensionless
Various

Dimensionless

Pa
Pa
Pa
Pa
Pa

Pa

Pa

Pa

Pa
Dimensionless
m

dB

dB

m/s

w

w
Dimensionless
Dimensionless

Dimensionless
Dimensionless
Dimensionless
Dimensionless
kg/m3
kg/m3
kg/m3
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