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PREFACE

This Standard was prepared by the S tandards Australia Committee on Measurement of Water
Flow in Open Channels and Closed Conduits. It is identical with and has been reproduced

from BS 1042: Section 1 .5 :1987, Measurement of fluid flow in closed conduits ,
Part 1 : Pressure differential devices , S ection 1 .5 : Guide to the effect of departure from the

conditions specified in Section 1. 1 .

Under arrangements made between S tandards Australia and the international S tandards
bodies , ISO and IEC, as well as certain other Standards organizations, users of this Australian
Standard are advised of the following:

(a) Copyright is vested in Standards Australia.

(b) The number of this S tandard is not reproduced on each page; its identity is shown only
on the cover and title pages .

(c) There may be occasional dual language sections, but English is always one of the

languages reproduced.

(d) Where any cross- references to page numbers appear within the text, these relate to page
numbering in the British S tandard and are to be disregarded.

This Standard is one of a series , to be published progressively, which deals with methods of
measurement of fluid flow in closed conduits. The following Parts were published
concurrently with this Part:

AS

2360 Measurement of fluid flow in closed circuits
2360.0 Part 0: Vocabulary and symbols
2360.1 .1 Part 1 .1 : Pressure differential methods—Measurement using orifice plates,

nozzles or Venturi tubes—Conduits with diameters from 50 mm to

1200 mm
2360.1 .2 Part 1 .2: Pressure differential methods—Measurement using orifice plates or

nozzles—Conduits with diameters less than 50 mm
2360.1 .3 Part 1 .3 : Pressure differential methods—Measurement using orifice plates,

nozzles or Venturi tubes—Guide to the use of methods specified in
Parts 1 .1 and 1 .2

2360.1 .4 Part 1 .4: Pressure differential methods—Measurement using orifice plates,
nozzles or Venturi tubes—Guide to the effect of departure from the

conditions specified in Part 1 . 1 (this Standard )
2360.1 .5 Part 1 .5 : Pressure differential methods—Measurement using orifice plates,

nozzles or Venturi tubes—Pulsating flow, in particular sinusoidal or

square wave intermittent periodic-type fluctuations
2360.6.1 Part 6.1 : Volumetric methods—By mass
2360.6.2 Part 6.2: Volumetric methods—By volume
2360.7.1 Part 7.1 : Assessment of uncertainty in the calibration and use of flow

measurement devices—Linear calibration relationships
2360.7.2 Part 7.2: Assessment of uncertainty in the calibration and use of flow

measurement devices—Non-linear calibration relationships

At the date of publication of this Part the following parts , with the numbers of the parent
international S tandards in parenthesis, had not been published:

Pressure differential methods—Measurement using orifice plates, nozzles or Venturi

tubes—Connections for pressure signal transmissions between primary and secondary
elements (ISO 2186)

Pitot static tube methods—Measurement of velocity at a point of the cross- section of a
conduit (ISO 7145)

Pitot static tube methods—Measurement using Pitot- static tubes (ISO 3966)

Pitot static tube methods—Measurement in swirling or asymmetric flow conditions using
ISO 3966 or ISO 3354 (ISO 7194)
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Current meters method—Measurement of clean water in full conduits and under regular flow
conditions using current meters (ISO 3354)

Non-radioactive tracer methods—Review of alternative methods (ISO 2975.1 )

Non-radioactive tracer methods—Measurement using constant rate injection (ISO 2975. 2)

Non-radioactive tracer methods—Measurement using transit time (ISO 2975. 6)

Weighing methods—Verification of static type (ISO 9368.1 )

Weighing methods—Verification of dynamic type (ISO 9368.2, not published)

When published, the details for the above unpublished Australian S tandards will be listed in
the Catalogue of Australian Standards and Other Products.

For the purposes of this Australian S tandard, the BS text should be modified; wherever the
words ‘B ritish S tandard’ appear, referring to this S tandard, they should be read as ‘Australian

Standard’ .

© Copyri ght STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsis ts in all S tandards Australia publi cati ons and software. Except where the
Copyri ght Act all ows and except where provided for below no publi cati ons or software produced by Standards Australia may be
reproduced, stored in a retr ieval system in any form or transmitted by any means without prior permission in writ ing from
Standards Australi a. Permission may be condit ional on an appropriate royalty payment. Requests for permission and information on
commercial software royalti es should be directed to the head office of Standards Australi a.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use exclusively
in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australia wil l also permit the inclusion of i ts copyri ght materi al in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current editi on of the Standard and that i t i s updated whenever the
Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of materi al in print form or in computer software programs to be used commercially , with or without payment, or in
commercial contracts is subject to the payment of a royalty . This policy may be vari ed by Standards Australia at any time.
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AUSTRALIAN STANDARD 2

Measurement of flu id flow in closed conduits

Part 1 .4:
Pressu re di fferential methods—Measurement using ori fice
plates , nozzles or Venturi tubes—Gu ide to the effect of
departure from the condi tions speci fied in Part 1 . 1

Section one. General

0 Introduction

BS 1 042 : Sect ion 1 . 1 con st itutes a standard fo r f lowrate
measuremen t. Adherence to that stan dard wi l l resul t in
fl owrate measu rements whose accu racy wil l l i e wi th in
spec if ied l im its. I f , h owever, a f lowmeterin g in stal lati on
departs, for whatever reason, from the condi ti on s speci fi ed
in the stan dard , th en the speci fi ed accurac ies may no t be
achi eved . Many meteri ng i ns ta l l at ions ex is t where these
cond it ions ei th er have not been or canno t be met . I n these
ci rcumstan ces i t i s usuall y not possi bl e to eval uate
prec isel y the e ffect o f devi at ions from the standard .
However, a cons iderab le amoun t of data exi sts, wh ich can
be used to g ive a genera l in di cati on of the effect o f
non-comp li an ce wi th th e standard. I t is presen ted here as a
gu ide to u sers of f low meteri ng equi pmen t.

1 Scope

Th is Sect ion of BS 1 042 provides gu idance to assi st i n
es timati ng th e fl owrate when usi ng pressure d if fe rent ia l
devi ces con stru cted or operated ou ts ide the scope of
BS 1 042 : Sect ion 1 . 1 .

I t shoul d no t be imp li ed that add it ional tol eran ces or
correcti on s can necessar i l y compensate fo r the e ffects of
devi at in g from the standard . The in fo rmat ion is g iven , i n the
fi rs t pl ace, to i nd icate the degree o f care necessary in th e
manu facture, in stal lati on and mai ntenance of pressure
di fferen ce devi ces by descri bi ng some of th e effects o f
non-comp li an ce wi th th e requi rements; and i n the second
pl ace, to perm it those users who may not be ab le to comply
fu l l y wi th th e requ iremen ts to assess, h owever roug hl y, the
magn itude and di rect ion of th e resul ti ng erro rs .

Each vari at ion dealt with i s treated as thou gh i t were the
on ly one present . bu t where more than one is known to
ex is t, th ere wi l l be i nteracti on s caus in g i ncreases or
decreases of error , larg el y unpred ictabl e. Thi s l is t of
vari at ions is by no means comp le te and re lates l arge ly to
exampl es wi th ori fi ce pl ates . There are , no doubt, many
simi lar examp les of i ns ta l l at ions no t comp ly in g with
BS 1 042 : Sect ion 1 . 1 for wh ich no comparab le data has
been publ ished. Su ch add it iona l in fo rmat ion from users ,
manu facturers and any o thers may be taken i nto account i n
fu tu re revi si on s o f th is Sect ion of BS 1 042 .

NOTE. The ti tles of the pub l ica tion s referred to in th is s tand ard are

l isted on the ins ide back cover.

2 Symbols and defini tions

2. 1 Symbols

For the purposes of thi s Secti on of BS 1 042, th e symbo ls
gi ven in tab le 1 appl y.

2. 2 Defin it ions

For the purposes o f thi s Secti on of BS 1 042, th e def in it ions
gi ven in BS 1 042 : Sect ion 1 .1 appl y.

3 Effect of errors on flowrate calculations

3. 1 General

In thi s Sect ion of BS 1 042 the effects of deviati on s from the
cond it ions spec if ied in BS 1 042 : Secti on 1 . 1 are described
in terms of chang es i n th e di scharg e coe ff ic ient of th e
meter. The di scharg e coeffi ci en t of a pressu re di fference
devi ce (C) i s gi ven by the fol lowi ng equati on :

The effect of chang e i n the d ischarge coeff ic ient is best
shown by recou rse to an exampl e.

Cons ider an or if ice p late wi th an undu ly rou nded edge. The
resu lt of thi s wi l l be a decreased i nward radi al momen tum i n
th e je t and a con sequen t i ncrease in th e area o f the vena
contracta l eadi ng in turn to redu ced vel oc it ies at that
posi ti on . The observed di fferen ti al pressure wi l l the re fo re
decrease . From the equat ion above, i t can be seen that the
di scharg e coeffi ci en t wou ld th erefore i ncrease.

3.2 Quant if iabl e effects

When the user is aware of su ch effects and they can be
quan ti fi ed . th e appropri ate di scharg e coe ff ic ient can be
used and the correct fl owrate cal cu lated. However, th e
prec ise quant if icat ion of th ese effects is d if fi cu lt an d so any
fl owrate cal cu lated i n su ch a manner shoul d be cons idered
to have an in creased uncerta in ty .

Except where otherwi se stated , an add it iona l un certai nty,
equi valent to 1 00% of th e d ischarge coeffi ci en t co rrecti on ,
shou ld be added ari thme ti ca ll y to th e d ischarge coeffi ci en t
un certai nty when est imat in g th e overal l un certai nty o f the
fl owrate measu rement .

3.3 Non -quant if iabl e effects

I f the u ser canno t qu an ti fy the effect o f a devi at ion or i s
unaware of i ts presen ce , and cal cu lates f lowrate us in g a
di scharg e coeffi ci en t whi ch has not been corrected, then an
erro r in th e cal cu lated fl owrate wi l l occur. In th e example of
3. 1 , the fai lu re to i ncrease the d ischarge coeff ic ient woul d
produce a calcul ated f lowrate that was too smal l .

I t can there fo re be concl uded that:

(a) an e ffect wh ich causes an i ncrease i n d ischarge
coeffi ci en t wi l l resul t i n an under-reg is trat ion of fl ow i f the
coeffi ci en t is not corrected , an d conversel y

(b ) an e ffect wh ich causes a decrease in di scharg e
coeffi ci en t wi l l resul t i n an over- regi st rati on of fl ow i f th e
coeffi ci en t is not corrected .
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3

Tabl e 1 . Symbol s

Symbol Represen ted quan ti ty Dimensions
M : mass
L : leng th
T : time

SI uni t

C Coeffi ci en t of d ischarge dimens ionl ess

d Di ameter o f ori fi ce or throat o f pr imary devi ce at operati ng condi ti on s L m

D Upstream i nterna l p ipe d iame ter at operat in g condi ti on s L m

D 1 Carrie r r in g di ameter L m

D2 Orif ice pl ate su pport di ameter L m

e Re lati ve u ncerta in ty dimens ionl ess

E Orif ice pl ate th ickness L m

L 1 Di stan ce of ups tream pressu re tapp in g from upstream face of pl ate
di vi ded by pi pe bore (D )

dimens ionl ess

L2
Di stan ce of downs tream pressure tappi ng from downstream face of p late
di vi ded by pi pe bore (D )

dimens ionl ess

qm Mass rate of fl ow MT-1 kg /s

r Orif ice pl ate edge radi us L m

Re D Reynol ds number based on upstream pipe di ameter dimens ionl ess

Re d Reynol ds number based on th roat bo re of devi ce dimens ionl ess

S L,1 Di stan ce from upstream fit ti ng to stra ig htener L m

S L,2 Di stan ce from stra ig htener to primary device L m

S L,3 Di stan ce from primary device to downstream fit ti ng L m

Y Modu lu s of el as ti ci ty of or if ice p late materi al ML -1T -2 Pa

β Di ameter rat ion, β = d/D dimens ionl ess

Δp Di fferen ti al pressu re ML-1T -2 Pa

Δp y Di fferen ti al pressu re requ ired to reach or if ice p late yie ld s tress ML -1T -2 Pa

ε Expans ib i l i ty (expan si on ) factor dimens ionl ess

ρ 1 Fl ui d dens ity at the ups tream pressure tapp in g ML -3 kg /m 3

σy Yi el d stress of ori fi ce p late materi al ML-1T -2 Pa
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Section two. Effects of deviations in construction

4 Orifice plate edge sharpness

Orif ice pl ates that do no t have the speci fi ed sharpness o f
th e in le t edge (edge radi us ≤0 .0004d i n 7. 1 . 6. 2 of BS 1 042 :
Sect ion 1 .1 :1 981 ) , wi l l have prog ress ivel y in creasi ng
di scharg e coeffi ci en ts as the edg e radi us in creases. Tes ts
have shown that, for pi pes with bores i n the range 50 mm to
1 50 mm , the effect on the di scharg e coe ff ic ient C i s to
in crease i t by 0. 5% for r/d of 0 .001 , an d by abou t 5% for r/d
of 0 .0 1 . These valu es app ly part icul ar ly to Re d valu es above
300 000 and for β val ues bel ow 0 .7 , but th ey can be used
as a general g ui de fo r o ther valu es .

Measuremen t techn iques fo r edge radi us are avai labl e, bu t
in g eneral i t i s bet te r to improve the edg e rad iu s to th e
requ ired sharpness rather than at tempt to measure it and
make appropri ate correcti on s.

5 Thickness of orifice edge

For orif ice pl ates , th e erro r du e to excessi ve thi ckness of
th e orif ice edge (i .e . in 7. 1 . 4 of BS 1 042 : Secti on 1 .1 :1 981 )
can be apprec iabl e and is always negati ve . For exampl e,
wi th or if ice pl ates of β = 0. 2 the in crease i n d ischarge
coeffi ci en t du e to doubl in g th e maximum perm issi bl e edge
th ickness of 0. 02D can be of the order of 1 %.

6 Flatness of upstream face

The upstream face shoul d be fl at an d smooth. Excessi ve
roug hness wi l l lead to an in crease i n th e di scharg e
coeffi ci en t. Tests have i nd icated that a su rface rou gh ness
of 0 .0003d wi l l cau se an i ncrease in di scharg e coe ff ic ient
of the order o f 0. 1 %. Si nce the requi rement fo r edge
sharpness is ≤0 .0004d prob lems may also be experi en ced
in def in in g or conf irmi ng that th e square edge requ iremen t
is met .

Larg e scale lack of fl atness e .g . ‘ di sh in g’ , wi l l lead to f low
measuremen t errors. A ‘ di sh in g’ o f 1 % i n th e di rect ion of
fl ow wi l l cau se under- regi st rati on of about 0 .2% for β = 0 .2
and abou t 0 .1 % for β = 0. 7. D is to rt ion again st the d irecti on
of f low wi l l al so cau se errors whi ch coul d be ei th er posi ti ve
or negat ive dependi ng on the amount of d is to rt ion.

BS 1 042 : Sect ion 1 . 1 requi res the f latn ess to be less than
1 % sl ope under fl owin g cond it ions . The f latn ess durin g
laborato ry in specti on i s no t def in ed , however any pl ate wi th
a ‘ di sh in g’ approach in g 1 % durin g i nspect ion i s l i ab le to
exceed the 1 % l im it when i n u se (see clause 20) .

7 Posi tion of pressure tappings

7. 1 General

Valu es of th e ori fi ce p late d ischarge coe ff ic ient fo r the
th ree stan dard tapp in g pos it ions (co rner, f lang e, D and D /2 )
can be calcul ated u si ng the Sto lz equat ion (see 7.3 .2 .1 of
BS 1 042 : Sect ion 1 . 1 : 1 981 ). Where the tappi ng posi ti on s
fa ll ou ts ide the to le rances perm it ted i n BS 1 042 :
Sect ion 1 .1 fo r the th ree posi ti on s, the di scharg e coe ff ic ient
may be es timated as descri bed in 7.2. I t shoul d be
emphas ized that an addi ti on al un certai nty needs to be
associ ated wi th the use of non -s tandard tappi ng posi ti on s.

7.2 Cal cu lati on of d ischarge coeffi ci en t

7. 2. 1 Cal cu late th e actual valu es of L 1 and . The di s-L2
charge coe ff ic ient can be est imated on ly if L 1 ≤ 1 and

≤ 0. 47 .L2

7. 2. 2 Usi ng the actual val ues of L 1 and , est imate theL2
di scharg e coeffi ci en t u si ng the Sto lz equati on .

7. 3 Est imat ion of addi ti onal uncerta in ty

7. 3. 1 I f tappi ng s l i e be tween the f lang e and corn er taps
the addi ti onal un certai nty (e ) . expressed as a percen tage ,
can be es timated from :

where

CFL is th e di scharg e coe ff ic ient fo r f lange taps;

CCT is th e di scharg e coeff ic ient fo r corner taps.

7.3. 2 I f tappi ng s li e be tween D , D /2 and f lang e taps, the
addi ti on al un certai nty (e ) , expressed as a percentag e, can
be es timated from :

where CD,D /2 is th e di scharg e coe ff ic ient fo r D , D/2 taps .

7. 4 Example

Cons ider an or if ice meter wi th β = 0. 6, ReD = 1 0
6,

D = 254 mm and tapp in gs at 0 .1 5 D ups tream and down-
stream of th e pl ate.

To est imate the di scharg e coeffi ci en t, u se the Sto lz

equati on with L 1 = = 0. 1 5 .L2

The tapp in gs i n th is example l i e be tween the f lang e and D ,
D/2 tapp in g pos it ions . From tab les 24 and 1 2 respecti ve ly o f
BS 1 042 : Sect ion 1 . 1 : 1 981 :

CFL = 0 .6049

CD,D /2 = 0 .6067

therefore add it iona l u ncerta in ty =

= 0. 074%

The uncertai nty of th e d ischarge coeffi ci en t i s 0. 6
(see 7.3. 3. 1 of BS 1 042 : Secti on 1 .1 :1 981 ) .

th erefore overa ll un certai nty = 0. 6 + 0 .074 ≈ 0. 7%

8 Condition of pressure tappings

Experi en ce has shown that l arge errors can be created by
pressu re tappi ng s whi ch have bu rrs or depos its on , or cl ose
to , the edg e where the tapp in g pene trates the pipe wal l .
Th is is parti cu larl y the case where the tapp in g i s in the main
fl ow stream su ch as th roat taps in nozz les or ventur i tubes ,
where qui te smal l bu rrs can gi ve ri se to si gn if ican t
percen tage erro rs . Upstream corner tapp in gs and
downstream tapp in gs i n rel at ivel y dead zones are mu ch
less su scepti bl e to thi s probl em .

The in stal lati on shou ld be in spected before u se and at
regu lar i nterva ls to en su re that th e anomali es are no t
presen t.
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