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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. 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 wo
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.

rk.
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The procgdures used to develop this document and those intended for its further maintenance-
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Details
any patenf rights identified during the development of the document will be in the.Introduction and
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the conveniéence of users and does 1
constitutg an endorsement.

For an eyplanation on the voluntary nature of standards, the <meéaning of ISO specific terms 4
expressiohs related to conformity assessment, as well as information about ISO's adherence to f{
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
URL: wwv.iso.org/iso/foreword.html.

This docuyment was prepared by Technical Committee-ISO/TC 30, Measurement of fluid flow in clo§

conduits, ubcommittee SC 2, Pressure differential devices.

This third edition cancels and replaces the second edition (ISO/TR 15377:2007), which has be
technicallly revised.
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TECHNICAL REPORT ISO/TR 15377:2018(E)

Measurement of fluid flow by means of pressure-
differential devices — Guidelines for the specification of
orifice plates, nozzles and Venturi tubes beyond the scope
of ISO 5167

1 [ Scope

Thlis document describes the geometry and method of use for conical-entrance” orifice plates,
quprter-circle orifice plates, eccentric orifice plates and Venturi tubes with 10,5°% convergent angles.
Refommendations are also given for square-edged orifice plates and nozzles ufider conditions outside
the¢ scope of ISO 5167.

NOTE The data on which this document is based are limited in some cases.

2 | Normative references

Thie following documents are referred to in the text in such & way that some or all of thefr content
constitutes requirements of this document. For dated references, only the edition cited applies. For
unfdated references, the latest edition of the referenced decument (including any amendment§) applies

ISQ 4006, Measurement of fluid flow in closed conduitss=— Vocabulary and symbols

ISQ 5167-1, Measurement of fluid flow by means-of pressure differential devices inserted in circylar cross-
sedtion conduits running full — Part 1: General\principles and requirements

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4006 and ISO 5167-] apply.

4 | Symbols

For the purposes of this' document, the symbols given in Table 1 apply.

Table 1 — Symbols

Dimensions
. M: mass .
Symbols Represented quantity §I unit
L: length
T: time
a Pressure-tapping hole diameter L m
Discharge coefficient dimensionless
Diameter of orifice (or throat) of primary device
d . o L m
under working conditionsa
dy Measured drain hole diameter L m
a  Inapplications with drain holes, d is calculated from the measured values dy, and dk [see Formulae (1) and (11)].
NOTE 1 Other symbols used in this documentt are defined at their place of use.
NOTE 2 Subscript 1 refers to the cross-section at the plane of the upstream pressure tapping. Subscript 2 refers to the
cross-section at the plane of the downstream pressure tapping.

© ISO 2018 - All rights reserved 1
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Table 1 (continued)

Dimensions
. M: mass .
Symbols Represented quantity SI unit
L: length
T: time
d Measured orifice or throat diameter (where the L
m Iy . m
orifice or nozzle has a drain hole)
Upstream internal pipe diameter (or upstream
D diameter of a classical Venturi tube) under working L m
conditions
dtap Diameter of pressure tappings L 1011
e Thickness of bore L m
E, Eq Thickness of orifice plate L m
Fg Correction factor dimensionless
k Uniform equivalent roughness L m
Pressure tapping spacing Ls m
Relative pressure tapping spacing: L =1/D diménsionless
p Static pressure of the fluid ML-1T-2 Pa
qm Mass flowrate MT-1 kg/s
r Radius of profile L m
Arithmetical mean deviation of the (roughness)
Ra . L m
profile
Re Reynolds number dimensionless
Rep, R¢q Reynolds number referred to D or d dimensionless
Re* Throat-tapping Reynolds number (= dtap Red/d) dimensionless
B Diameter ratio, § = % dimensionless
Ap Differential pressure ML-1T-2 Pa
£ Expansibility (expansion) factor dimensionless
Angle between the tappings used and the radius from dimensionless °
the centre of the pipé to the centre of the drain hole
K Isentropic exporent dimensionless
A Friction factor dimensionless
p Mass density of the fluid ML-3 kg/m3
. _ b2 . .
T Bressure ratio, T =—= dimensionless
P1
a  In applicatiorswith-dratnhelesdisecaletlatedfromthe measured-valuesdnrand-drfsee Eermutae{Hand{HH-
NOTE 1 Other symbols used in this documentt are defined at their place of use.
NOTE 2 Subscript 1 refers to the cross-section at the plane of the upstream pressure tapping. Subscript 2 refers to the
cross-section at the plane of the downstream pressure tapping.

2 © ISO 2018 - All rights reserved
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5 Square-edged orifice plates and nozzles: With drain holes, in pipes below
50 mm diameter, and as inlet and outlet devices

5.1 Drain holes through the upstream face of the square-edged orifice plate or nozzle

5.1.1 General

Square-edged orifice plates and nozzles with drain holes may be used, installed and manufactured in
accordance with the following guidelines.

NOTE1 The guidelines presented in this document are applicable to both drain holes for liquid ifi/gas and vent

holes for gas in liquid.

In p horizontal pipe, a drain hole should be positioned at the bottom of the pipe. In‘a horizonital pipe, a

veht hole should positioned at the top of the pipe.

NOTE 2  Use of drain or vent holes can help alleviate the problem of fluid hold=up, but will ot resolve

measurement errors arising from the presence of two-phase flow.

5.1.2 Square-edged orifice plates

If 3 drain hole is drilled through the orifice plate, the coefficient values specified in ISO 516Y-2 should

nof be used unless the following conditions are observed.

a) | The diameter of the drain hole should not exceed 0;1d and no part of the hole should li¢ within a
circle, concentric with the orifice, of diameter (D <.0,2d). The outer edge of the drain hple should
be as close to the pipe wall as practicable. It is-¥ery important that neither the upstream nor the
downstream pipe obscure the drain hole. The hole should not be so small that it blocks.

b)| The drain hole should be deburred and the*upstream edge should be sharp. Spark erosion is a good
method of producing the drain hole.

c) | Single pressure tappings should be orientated so that they are between 90° and 180° to the position
of the drain hole. Upstream and downstream pressure tappings should be at the same ofientation
relative to the drain hole.

d)| The measured orifice diameter, dp,, should be corrected to allow for the additional otifice area
represented by the drain hole of measured diameter dg, as shown in Formula (1):

dm
a= 0,25 (1)
n * n
“] o] ]
»4 2 4
(158" )cy -~ + B
1+C, dLZ
dm
where
dm
_9m 2
P =7 2
a,n,6’,C,, B”and C; are given in Formulae (3) to (8):
L I
a=0,668,,"*° exp| -0,15 20 (3)
ﬁmdk
46 din
n=-0,45+7,3p," 0,117 4)
k
© ISO 2018 - All rights reserved 3
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6*=92-628_*° (5)
1,08 if E/d <05
C,=10,7675+0,625E /d,, if 0,5<E /d, <0,9 (6)
1,33 if 0,9<E/d,
d’
ﬁ”:ﬁm 1+C2_2 (7)
d
m
and
dire, . )
¢, - 4ep .P) 8)
C[Rep ,B")
where

C(Rey, B is the discharge coefficient given by the Reader-Harris/Gallaghet (1998) equation(4

o (Equation (4) of ISO 5167-2:2003) for an orifice plate of diameter ratio f* and
Reynolds number ReD' (L1 and L; are determined for the actual orifice plate; * is
either f or £”);

[d is given by Formula (1)]

Re is a fixed value of Reynolds numbeptypical of the flow being measured. In high-
b pressure gas flows ReD, might-be taken as, say, 4 x 106 (the actual Reynolds

number cannot be used in thecalculation of d, since in that case for an orifice plate
with a drain hole d wouldnot have a fixed value);

Li(=1} /D) is the quotient of the distance of the upstream tapping from the upstream face of]
the plate and the-pipe diameter;

L',(=[',/D) isthe quotientof the distance of the downstream tapping from the downstream
face of the plate and the pipe diameter;

o is thesangle (in degrees) between the pressure tappings used and the radius fronj
thécentre of the pipe to the centre of the drain hole (90° < 8 < 180°);

E is the thickness of the orifice plate.

Because of tHe.presence of (1 this is an iterative computation, but convergence is rapid.

When estimating the (expanded) relative uncertainty of the flow measurement the following additional
percentage uncertainty should be added arithmetically to the discharge-coefficient percentage
uncertainty given by ISO 5167-2:2003, 5.3.3.1:

dy
. (10)

m

If Bm < 0,63, or both 8, < 0,7 and 6 = 90°, C1 may be set equal to 1, with no increase in uncertainty; in
this case there will be no need to iterate.

NOTE1 There are very limited data for D smaller than 100 mm.

NOTE 2  The formulae given here are based on work described in Reference [9].

4 © ISO 2018 - All rights reserved
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Because the formulae in this subclause are complex, there is an example in Annex A so that a computer
program can be checked.

5.1.3 ISA 1932 nozzles

If a drain hole is drilled through the nozzle upstream face, the coefficient values specified in ISO 5167-3
should not be used unless the following conditions are observed.

a)
b)

The value of f should be less than 0,625.

Tha didmatar of tha dvain hala chaould nat aveaad 014 and na art oftha hala chanld i
et e e— ot roa T orC-—orotra o Xt eeer THCT =4 T Ot CTTore-—orrourer

lie within a

c)
d)

e)

f)

NO
hol

Wi
un

5.1

Dr
5.1

5.4
Or

haY
ot T Pt

circle, concentric with the throat, of diameter (D - 0,2d).
The length of the drain hole should not exceed 0,1D.
The drain hole should be deburred and the upstream edge should be sharp.

Single pressure tappings should be orientated so that they are between 90°and 180° to th
of the drain hole.

The measured diameter, dy,, should be corrected to allow for the additional throat area re
by the drain hole of diameter d, as shown in the following equation:

d 2
d=d, 1+Q40{J1J
dm

TE This equation is based on the assumption that thevalue for Ce(1 - 4)-0.5 for flow throug
e is 20 % less than the value for flow through the throatof the nozzle.

ien estimating the overall uncertainty of theflow measurement, the following additional p

e position

presented

(11)
h the drain

ercentage

certainty should be added arithmetically tothe discharge coefficient percentage uncertainfty:

2
s0[ de
dm

4 Longradius nozzles

hin holes through these'primary elements should not be used.

P Square-edged orifice plates installed in pipes of diameter 25 mm <D <50 m

.1 General

fice plates should be installed and manufactured according to ISO 5167-2.

(12)

5.2

2~ Limits of use

When square-edged orifice plates are installed in pipes of bore 25 mm to 50 mm, the following
conditions should be strictly observed.

a)

b)

The pipes should have high-quality internal surfaces such as drawn copper or brass tubes, glass or
plastic pipes or drawn or fine-machined steel tubes. The steel tubes should be of stainless steel for

use with corrosive fluids such as water. The roughness should be according to ISO 5167-2:2

003,5.3.1.

Corner tappings should be used, preferably of the carrier ring type detailed in ISO 5167-2:2003,

Figure 4 a).

The diameter ratio, 3, should be within the range 0,5 << 0,7.

© ISO 2018 - All rights reserved
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NOTE It is possible to have 0,23 < < 0,5, but the uncertainty increases significantly if d < 12,5 mm.

5.2.3 Discharge coefficients and corresponding uncertainties

The Reader-Harris/Gallagher (1998) equation[4] for corner tappings given in ISO 5167-2:2003, 5.3.2.1
should be used for deriving the discharge coefficients, provided the pipe Reynolds numbers are within
the limits given in [SO 5167-2:2003, 5.3.1.

An additional uncertainty of 0,5 % should be added arithmetically to the uncertainty derived from
ISO 5167-2:2003, 5.3.3.1.

5.3 No ppstream or downstream pipeline

5.3.1 General

This clauge applies where there is no pipeline on either the upstream or the downstream side of the
device or [on both the upstream and the downstream sides of the device, that is for flow from a lagge
space intq a pipe or vice versa, or flow through a device installed in the partitien wall between two
large spades.

5.3.2 Flow from a large space (no upstream pipeline) into a pipeline or another large space

5.3.2.1 [Upstream and downstream tappings
The space on the upstream side of the device should be considered large if

a) therelis no wall closer than 4d to the axis of the device or to the plane of the upstream face of the
orificg or nozzle;

b) the vglocity of the fluid at any point more than 4d from the device is less than 3 % of the velocity in
the otifice or throat; and

c) the diameter of the downstream pipeliné.is not less than 2d.

NOTE1 [The first condition implies, for example, that an upstream pipeline of diameter greater than 8d (thaft is
where ff < ),125) can be regarded as a Jarge space. The second condition, which excludes upstream disturbanfes
due to drayghts, swirl and jet effectsyimplies that the fluid is to enter the space uniformly over an area of not lgss
than 33 tirhes the area of the orifiee ot throat. For example, if the flow is provided by a fall in level of a liquid in
a tank, the|area of the liquid surfaee needs to be not less than 33 times the area of the orifice or throat throygh
which the fank is discharged:

The distahce of the upstream tapping (i.e. the tapping in the large space) from the orifice or nozgle
centreling should be greater than 4d.

The upstream tapping should preferably be located in a wall perpendicular to the plane of the oriffce
and be withifra'distance of 0,5d from that plane. The tapping does not necessarily need to be located in
any wall; it €an be in the open space. If the space is very large, for example a room, the tapping should|be
shielded from draughts.

The downstream tapping should be located as specified for corner tappings in ISO 5167-2. If the
downstream side also consists of a large space, the tapping should be located as for the upstream
tapping, except for Venturi nozzles where the throat tapping should be used.

NOTE 2  When the upstream and downstream tappings are at different horizontal levels, it might be necessary

to make allowance for the difference in hydrostatic head. This is usually done by reading the differential-pressure
transmitter with no fluid flow and making an appropriate correction.

6 © ISO 2018 - All rights reserved
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5.3.2.2 Square-edged orifice plates with corner tappings

5.3.2.2.1 Square-edged orifice plates with corner tappings should be manufactured according to
[SO 5167-2:2003, Clause 5.

5.3.2.2.2 The limits of use for square-edged orifice plates with corner tappings where there is a flow
from a large space should be as follows:

— d=12,5mm;

—| downstream there is either a large space or a pipeline whose diameter is not less than 2d
—| Req=3500.
NOQTE1 Itis possible to have 12,5 mm > d > 6 mm, but the uncertainty increases significantly if d <[12,5 mm.

NOQTE 2  Provided that f < 0,2 and d = 12,5 mm, the Reader-Harris/Gallagher (1998) equation [f#] given in
IS 5167-2:2003, 5.3.2.1 can be used in a pipeline for Reg = 3 500 with an uncertaintj.on the value of th¢ discharge
cogfficient, C, of 1 % (if Rep < 5 000).

5.3.2.2.3 The discharge coefficient, C, is given by

10° 7
€=0,5961+0,000521| — (13)
Red

Thie uncertainty on the value of Cis 1 %.

5.3.2.2.4 The expansibility factor, ¢, is given<by the following equation and is only applicable if
p2fp1>0,75:

1/
s=1—0,351{1—(5—i} ] (14)

When Ap/p1 and k are assumed.to-be known without error, the relative uncertainty of the vdlue of ¢ is

eqpal to 3,5ﬂ %.
KP1

Tegt results for the detérmination of € are known for air, steam and natural gas only. Howevgr, there is
no|lknown objection ta_uising the same formula for other gases and vapours whose isentropid exponent
is known.

5.3.2.3 ISA'1932 nozzles

5.3.2.3.1 " ISA 1932 nozzles should be manufactured according to ISO 5167-3:2003, 5.1.

5.3.2.3.2 The limits of use for ISA 1932 nozzles where there is flow from a large space should be as
follows:

— d=11,5mm;
— downstream there is either a large space or a pipeline whose diameter is not less than 2d;

— Re;2100000.

5.3.2.3.3 The discharge coefficient, C, is equal to 0,99. The uncertainty in the value of C is expected to
be no better than 1 %.

© ISO 2018 - All rights reserved 7
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5.3.2.3.4 The expansibility factor, ¢, is given by the following equation and is only applicable if
p2/p120,75:

0,5
2o Y q o -1/ [
8=|: KT [1 T ] (15)
K—1 1-71

The relative uncertainty of the value of ¢ is equal to 2Ap/p1 %.

5.3.2.4 Venturi nozzle

5.3.2.4.1 | Venturi nozzles should be manufactured according to ISO 5167-3:2003, 5.3.

5.3.2.4.2 | The limits of use for Venturi nozzles where there is flow from a large space/should be|as
follows:

— d=50 mm;
— downfstream there is either a large space or a pipeline whose diameter is got'less than 2d;

— 3 x1(05 < Reg<3x 106.

5.3.2.4.3 | The discharge coefficient, C, is equal to 0,985 8. The uncertainty in the value of C is expected
to be no better than 1,5 %.

5.3.2.4.4 | The expansibility factor, ¢, is given by the following equation and is only applicablq if
p2/p1=0,f5:

0,5
2 ) pk-1)/x
€= (16)
c—1 1-7

The relatiye uncertainty of the value of € is'équal to 4 Ap/p1 %.

5.3.3 Flow into a large space (no.dewnstream pipeline)

5.3.3.1 |General

The spacq on the downstream side of the device should be considered large if there is no wall cloger
than 4d tq the axis of the device or to the downstream face of the orifice plate or nozzle.

The upstrpam tapping should be located as specified for corner tappings in ISO 5167-2 and in ISO 516-3
for orificelplatessand nozzles respectively.

The distapee of the downstream tapping (i.e. the tapping in the large space) from the orifice or nozgle
centrelindshould be grnafnr than 4d

For Venturi nozzles, the throat tapping should be used.

The downstream tapping should preferably be located in a wall perpendicular to the plane of the orifice
and be within a distance of 0,5d from that plane. The tapping does not necessarily need to be located in
any wall; it can be in the open space. If the space is very large, for example a room, the tapping should be
shielded from draughts.

NOTE Where the upstream and downstream tappings are at different horizontal levels, it might be necessary
to make allowance for the difference in hydrostatic head.

8 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=dac334bccbccf1a860253168c090ea94

ISO/TR 15377:2018(E)

5.3.3.2 Square-edged orifice plates with corner tappings

5.3.3.2.1 Square-edged orifice plates with corner tappings should be manufactured according to
[SO 5167-2:2003, Clause 5.

5.3.3.2.2 Where 25 mm < D < 50 mm, the limits given in 5.2.2 and 5.2.3 apply.
Where 50 mm < D <1 000 mm, the limits given in [SO 5167-2:2003, 5.3.1 apply.

5 229 2 Whar
N ey ey VvV IT

a 20 s n DO s thhn o nffi it e o d s fodntine givzaxn 10 09D D oy
Cre-—=oTiiit > 5 COCTCIeHtsatt ¥ ¥ T T Y= Y-

Where 50 mm < D < 1 000 mm, the coefficients and uncertainties given in ISO 516%2:2D03, 5.3.2
anfl 5.3.3 apply, except that an additional uncertainty of 0,4 % is to be added arithmeticqlly to the
ungertainty derived from ISO 5167-2:2003, 5.3.3.1.

5.3.3.3 ISA 1932 nozzles and Venturi nozzles

5.3.3.3.1 ISA 1932 nozzles and Venturi nozzles should be manufactiired according to SO 5167-
3:2003,5.1 or 5.3.

5.3.3.3.2 The limits given in ISO 5167-3:2003, 5.1.6.1 or 5.3.4<} apply.

5.3.3.3.3 The coefficients and uncertainties given in 1ISO*5167-3:2003, 5.1.6.2, 5.1.6.3 an{d 5.1.7 or
5.3.4.2,5.3.4.3 and 5.3.5 apply, except that in the case ofian ISA 1932 nozzle an additional uncgrtainty of
0,4 % should be added arithmetically to the uncertainty derived from ISO 5167-3:2003, 5.1.7.1.

6 | Orifice plates (except square-edged)
6.1 Conical entrance orifice plates

6.1.1 General

NOTE A conical entrance 0rifice plate has the characteristic that its discharge coefficient remairs constant
doyn to a low Reynolds number, thus making it suitable for the measurement of the flowrate of visgous fluids
su¢h as oil. Conical entrance’ orifice plates are further distinguished from other types of orifice pldtes in that
thqir discharge coefficient is the same for any diameter ratio within the limits recommended in this dpcument.

Cohpical entrance‘opifice plates should be used and installed according to ISO 5167-1:2003, Clquse 6 and
ISQ 5167-2:2003, Clause 6.

6.1.2 Limits of use

Thetimits of use for conical entrance orifice plates should be as follows:

— d>6mm;
— D <500 mm.

The lower limit of pipe diameter, D, depends on the internal roughness of the upstream pipeline and
should be in accordance with Table 2 and within the following limits:

— 0,1=<$<0,316;
— 80 <Rep<2x105pB.
NOTE Within these limits, the value of 8 is chosen by the user taking into consideration parameters such as

required differential pressure, uncertainty, acceptable pressure loss and available static pressure.

© ISO 2018 - All rights reserved 9
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6.1.3 Description

The axial plane cross-section of the orifice plate is shown in Figure 1.

NOTE

6.1.3.1

The letters shown in Figure 1 are for reference purposes in 6.1.3.2 to 6.1.3.8 and 6.1.4 only; 6.1.4
refers to ISO 5167-2:2003, 5.2.3.

General shape

6.1.3.1.1 The partofthe plate inside the pipe should be circular and concentric with the pipe centreline.

The faces

10

pI this plate should always be flat and parallel.

© ISO 2018 - All rights reserved
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Key
1 | annular slots G downstream edge
2 | carrier ring H, [ upstream edges
3 | upstream face A X carrier ring with annular slot
4 | downstream face B Y individual tappings
5 | axialcentreline f thickness of the slot
6 | (ressure tappings ¢ length of upstream ring
7 orifice plate ¢’ length of the downstream ring
a  Direction of flow. a width of annular slot or diameter of single tapping

© ISO 2018 - All rights reserved

g, h dimensions of the annular chamber

Figure 1 — Conical entrance orifice plate
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Table 2 — Minimum internal diameter of upstream pipe for conical entrance orifice plates

Minimum internal diameter
Material Condition
mm
Brass, copper, lead, glass, plastics smooth, without sediments 25
Steel new, cold drawn 25
new, seamless 25
new, welded 25
slightly rusty 25
rusty 50
slightly encrusted 200
bituminized, new or used 25
galvanized 25
Castiron bituminized 25
not rusty 50
rusty 200

6.1.3.1.2
that part d

6.1.3.1.3
plastic bu

or of any ¢ther stress, do not cause the slope of the straightline defined in 6.1.3.2.1 to exceed 1 % un

flowing cq
6.1.3.2

6.1.3.2.1
zero differ

Provided

be measured with the plate removed from the pipe. Under these circumstances, the plate may

considere
a straight
the slope
also ISO §
requirem

6.1.3.2.2
circle whd

Unless otherwise stated, the recommendations of 6.1.3.1.3-afid 6.1.3.2 to 6.1.3.8 apply only
f the plate located within the pipe.

Care should be taken in the design of the orifice plate and its installation to ensure that {

nditions.

Upstream face A

ckling and elastic deformation of the plate, due tothe magnitude of the differential pressxre

to

he

er

The upstream face of the platé A should be flat when the plate is installed in the pipe wjith

ential pressure across it.

it can be shown that the’method of mounting does not distort the plate, this flatness nj
d flat when the magimum gap between the flat portion of the upstream face of the plate a
edge of length D;laid across any diameter of the plate, is less than 0,005(D - d - 2e1)/2;
s less than 0,5% when the orifice plate is examined prior to insertion into the meter line (3

ents for this'dimension may be met using feeler gauges.

The upstream face of the orifice plate should have a roughness criterion Ra < 10-4d withi

ay
be
nd
i.e.
ee

167-2:2003, Figure 2). The critical area is in the vicinity of the orifice bore. The uncertainty

se’diameter is not less than 1,5d and which is concentric with the orifice.

NOTE

6.1.3.3

It is useful to provide a distinctive mark, which is visible even when the orifice plate is installed, to
show that the upstream face of the orifice plate is correctly installed relative to the direction of flow.

Downstream face B

The downstream face should be flat and parallel with the upstream face.

NOTE

12

It is unnecessary to provide the same quality of surface finish for the downstream face as for the
upstream face. The flatness and surface condition of the downstream face can be judged by visual inspection.
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6.1.3.4 Thicknesseseq, E1and E
6.1.3.4.1 The thickness, eq, of the conical entrance should be 0,084d + 0,003d.

6.1.3.4.2 The thickness, E1, of the orifice plate for a distance of not less than 1,0d from the centreline
axis should not exceed 0,105d.

6.1.3.4.3 The thickness, E, of the orifice plate at a distance greater than 1,0d from the centreline
axis may exceed 0,105d but should not exceed 0,1D, and the extra thickness, if any, should be on the
dofvnStreant face.

6.1.3.4.4 If D = 200 mm, the difference between the values of E1 measured at any point of the plate
should not be greater than 0,001D. If D < 200 mm, the difference between the values\of E1 m¢asured at
any point of the plate should not be greater than 0,2 mm.

6.1.3.4.5 The values of E measured at any point on the plate should not différ from each othgr by more
thgn 0,005D.

6.1.3.5 Conical entrance

Thie upstream edge of the orifice should be bevelled at an anglé6f 45° + 1°.
6.1.3.6 Parallel bore

6.1.3.6.1 The bore of the orifice should be parallel@vithin £0,5° to the centreline.
6.1.3.6.2 The axial length, e, of the parallel here should be 0,021d + 0,003d.
6.1.3.7 EdgesH,land G

6.1.3.7.1 The upstream edge H.formed by the intersection of the conical entrance and the|upstream
fade should not be rounded.

6.1.3.7.2 The upstream, edge | formed by the intersection of the parallel bore and the conical entrance
should not be rounded.

6.1.3.7.3 Theupstream edges H and I and the downstream edge G should not have wire edgef, burrs or
any peculiarities visible to the naked eye.

6.1.3.8 >Diameter of orifice

6.1:3:8-+—Thediameter of threorifice o should betakeras thre mrearr vatue of amummber of mreas urements
of the diameter distributed in axial planes and at approximately equal angles between adjacent
measurements. At least four measurements of the diameter should be made.

No diameter should differ by more than 0,05 % from the value of the mean diameter.
6.1.3.8.2 The parallel bore of the orifice should be cylindrical and perpendicular to the upstream face.

6.1.4 Pressure tappings

Corner tappings as specified in ISO 5167-2:2003, 5.2.3 should be used with conical entrance orifice
plates. Both the upstream and downstream tappings should be the same.

© ISO 2018 - All rights reserved 13


https://standardsiso.com/api/?name=dac334bccbccf1a860253168c090ea94

ISO/TR 15377:2018(E)

6.1.5 Coefficients and corresponding uncertainties

6.1.5.1 The discharge coefficient, C, is equal to 0,734. The uncertainty on the value of Cis 2 %.

6.1.5.2 The value of the expansibility factor ¢ for the conical entrance orifice plates should be taken
as the arithmetic mean of that for square-edged orifice plates and that for ISA 1932 nozzles specified in

ISO 5167-

2:2003,5.3.2.2 and IS0 5167-3:2003, 5.1.6.3, respectively.

The values used should be calculated under the same conditions. The uncertainty on the expansibility

factor, in percent, is given by 33(1 — £)

6.1.5.3

6.2 Quarter-circle orifice plates

6.21 G

NOTE

he uncertainties on other quantities should be determined according to ISQ\516
1:2003, Clause 8.

bneral

A quarter-circle orifice plate has the characteristic that its discharge‘coefficient remains const

Ant

nd

nd

7)

down to a low Reynolds number, thus making it suitable for the measurement of the flowrate of viscous flufids
such as oil
Quarter-cjrcle orifice plates should be used and installed according+to ISO 5167-1:2003, Clause 6 a
ISO 5167-2:2003, Clause 6.
6.2.2 Limits of use
The limitq of use for quarter-circle orifice plates should be as follows:
— d=z1 mm;
— D <500 mm.
The loweff limit of pipe diameter, D, depends on the internal roughness of the upstream pipeline a
should belin accordance with Table 3«and such that:
— 0,245(< 5 <0,6;
— Rep <|1056.
The lower] limit of the Réynolds number, Rep, is given by the following equation:
Rep(min.) =1 0008+ 9,4 x 106 (B - 0,24)8 (1
For convepiefice, values of Rep (min.) are given in Table 4 (see 6.2.5).

NOTE

14

Within these limits, the value of /5 1s chosen by the user, taking into consideration parameters such as
required differential pressure, uncertainty, acceptable pressure loss and available static pressure.
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Table 3 — Minimum internal diameter of upstream pipe for quarter-circle orifice plates

Minimum internal diameter
Material Condition

mm

Brass, copper, lead, smooth, without sediments 25

glass, plastics

Steel new, cold drawn 25
new, seamless 25

new, welded 25

slightly rusty 50

rusty 100
slightly encrusted 200

bituminized, new 25

bituminized, used 75

galvanized 50

Castiron bituminized 25
not rusty 50
rusty 200

6.2

Thie axial plane cross-section of the orifice plate is shewn in Figure 2.

NO

6.2

6.2

ThE faces of this plate should alwaysbe flat and parallel.

6.2
to

6.2

pld
or
flo

.3 Description

TE The letters shown in Figure 2 are for reference purposes in 6.2.3.2 to 6.2.3.7 only.

.3.1 General shape

.3.1.1 The part of the plate inside.the pipe should be circular and concentric with the pipe

.3.1.2 Unless otherwise'stated, the recommendations of 6.2.3.1.3 and of 6.2.3.2 to 6.2.3.7
that part of the plate located within the pipe.

.3.1.3 Care should be taken in the design of the orifice plate and its installation to ensut

rfentreline.

hpply only

e that the

stic buckling-and elastic deformation of the plate, due to the magnitude of the differential pressure

of any otherstress, do not cause the slope of the straight line defined in 6.2.3.2.1 to exceed
wing corditions.

[ % under

©lI
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Key
1 upstrdam face A

2 downgtream face B
a  Directjon of flow.

Figure 2 — Quarter-circle orifice plate

6.2.3.2 [Upstream face A

6.2.3.2.1 | The upstream face of the plate A should be flat when the plate is installed in the pipe wjith
zero diffefential pressure across it.

Provided fit can’be shown that the method of mounting does not distort the plate, this flatness njay
be measufred, with the plate removed from the plpe Under these circumstances, the plate may be
consideredftat-wire = S - ‘ e 3 d a
straight edge of length D, lald across any d1ameter of the plate is less than the followmg values:

o,oos(#j if <0,571

_ 2
0,008 [ 2=9 |4 [r2_201d if $>0,571
2 B2

That is, the slope is less than 0,5 % when the orifice plate is examined prior to insertion into the meter
line (see also ISO 5167-2:2003, Figure 2). The critical area is in the vicinity of the orifice bore. The
uncertainty requirements for this dimension may be met using feeler gauges.

16 © ISO 2018 - All rights reserved
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6.2.3.2.2 The upstream face of the orifice plate should have a roughness criterion Ra < 10-4d within a
circle whose diameter is not less than 1,5d and which is concentric with the orifice.

NOTE It is useful to provide a distinctive mark, which is visible even when the orifice plate is installed, to
show that the upstream face of the orifice plate is correctly installed relative to the direction of flow.

6.2.3.3 Downstream face B

The downstream face should be flat and parallel with the upstream face.

NOIE It is unnecessaly to prnviﬂn the same nlnn]ify of surface finish for the downstream face as for the

upstream face. The flatness and surface condition of the downstream face can be judged by visual iispection.

6.2.3.4 Thicknesses eand E
6.2.3.4.1 The thickness, e, of the bore section should be not less than 2,5 mm andsshould not exceed 0,1D.

6.2.3.4.2 Where the radius, r, of the profile exceeds 0,1D, which is the case'when § exceeds|0,571, the
thilckness of the plate should be reduced from r to 0,1D by removing metal from the upstream face.

When the thickness, E, of the orifice plate exceeds the radius, r, then.the thickness of the plate[should be
redluced to equal this radius by removing metal from the downstream face to form a new doynstream
fade in a recess of diameter 1,5d with its edge bevelled to 45%

6.2.3.4.3 If D 2 200 mm, the difference between the values of e measured at any point of the plate
sheuld not be greater than 0,001D. If D < 200 mm, the difference between the values of e measyred at any
pojnt of the plate should not be greater than 0,2 mmi:

6.2.3.5 Upstream orifice profile

6.2.3.5.1 The profile of the upstreani'edge should be circular and of radius r with its cenfre on the
dopvnstream face of the plate.

NOTE The profile might not be.a full quarter circle owing to the limit recommended in 6.2.3.4.2.
6.2.3.5.2 The radius, r, of.the profile should be determined from the following equation:

r/d = 3,17 x 10-6¢688 + 0,055 4¢1,0168 + 0,029 (18)

to within +0,05%

Fol convenience, values of r/d are given in Table 4.

Thle radius of the profile should be the same for all sections to within + 0,01r.

NOTE The permitted variation in profile radius allows an orifice plate designed for a given D to be used in
pipes of 0,95D to 1,05D.

6.2.3.5.3 The tangent to the profile at the downstream edge should be perpendicular to the upstream
face of the plate to within +1°.

6.2.3.5.4 The profile surface should not have wire edges, burrs or any peculiarities visible to the
naked eye.

© ISO 2018 - All rights reserved 17
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6.2.3.6 Downstream edge

The downstream edge of the orifice should be square and should not have wire edges, burrs or any
peculiarities visible to the naked eye.

6.2.3.7 Diameter of orifice

The diameter of the orifice, d, should be taken as the mean value of a number of measurements of the
diameter distributed in axial planes and at approximately equal angles between adjacent measurements.

At least fo

ur measurements of the diameter should be made.

No diame

6.24 P

For pipes
used with
as specifig
used with|

er should differ by more than 0,1 % from the value of the mean diameter.

"essure tappings

of diameter up to 40 mm, corner tappings as specified in ISO 5167-2:2003¢,5.2.3 should

bd in ISO 5167-2:2003, 5.2.3 or flange tappings as specified in ISO 5167-2:2003, 5.2.2 should
quarter-circle orifice plates.

6.2.5 Coefficients and corresponding uncertainties

6.2.5.1
The disch
C=0,7

The uncer
For conve

6.2.5.2

For the ty
factor, &, i

e=1-

Discharge coefficient
hrge coefficient, C, is given by the following equation:

3823+ 0,330 98 - 1,161 582 + 1,508 4/33 (

tainty on the value of Cis 2 % when > 0,316’and 2,5 % when < 0,316.

hience, Table 4 gives values of C as a fuhction of S.

Expansibility (expansion) facton

o tapping arrangements, the'empirical formula for computing the expansibility (expansi
b as follows and is only applicable if pp/p1 =2 0,75:

141

This formrla is applicable only within the range of the limits of use given in 6.2.2.

Test resul
no known

s for_the determination of € are known for air, steam and natural gas only. However, thers
objection to using the same formula for other gases and vapours whose isentropic expon

1
K
(0,351+0,2568* +0,9358) 1—(”—2r 2

be

quarter-circle orifice plates. For pipes of diameter 40 mm or greater, eitheéircorner tappings

be

19)

bn)

0)

 is
bnt

is known.

When 3, Ap/p1 and k are assumed to be known without error, the relative uncertainty of the value of ¢ is
equal to 3,5£ %.

6.2.5.3

Kp1

Uncertainties

The uncertainties of other quantities should be determined according to ISO 5167-1:2003, Clause 8.

18
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Table 4 — Discharge coefficients for quarter-circle orifice plates

B C r/d Rep (min.)
0,245 0,772 0,100 250
0,250 0,772 0,101 250
0,260 0,772 0,101 260
0,270 0,773 0,102 270
0,280 0,773 0,103 280
0,290 0,773 0,104 290
0,300 0,774 0,105 300 D
0,310 0,774 0,106 310 ~an
0,320 0,775 0,106 320 A\ -
0,330 0,775 0,107 330"
0,340 0,776 0,108 1340
0,350 0,776 0,109 <350
0,360 0,777 0110 |7\ 360
0,370 0,778 0111 7P 370
0,380 0,779 0112 O 380
0,390 0,780 0, 390
0,400 0,781 0415 400
0,410 0,783 00,116 420
0,420 0,784 & 0118 430
0,430 0786 . Y 0,119 450
0,440 0,787 2" 0,121 460
0,450 0,789 0,123 490
0,460 0,791 0,125 510
0,470 170,794 0,127 540
0480 |7 079 0,129 580
0,490 0,799 0,132 630
0,500 ,~ 0,802 0,135 700
0,510 ° 0,805 0,139 780
),520 0,808 0,143 880
£)70,530 0,812 0,147 1000
>~ 0,540 0,816 0,153 1200
Q ~ 0,550 0,820 0,159 1400
A8 0,560 0,824 0,167 1600
S 0,570 0,829 0,174 1900
0,580 0,834 0,183 2300
0,590 0,839 0,194 2700
0,600 0,844 0,207 3300

6.3 Eccentric orifice plates

6.3.1 General

The eccentric orifice plate is designed to be installed so that it does not obstruct the flow of entrained
gas, liquid or sediments in a fluid, while remaining simple to manufacture and install. Eccentric
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orifice plates should be used according to ISO 5167-1:2003, Clause 6 and installed according to
ISO 5167-2:2003, Clause 6 (except 6.5.3).

6.3.2 Limits of use

The limits of use for eccentric orifice plates should be as follows:

— d=50mm;

— 100mm<D<1000mm;

— 0,463
— 2 x1(

633 D

The eccentric orifice plate is shown in Figure 3.

NOTE
6.3.3.1

6.3.3.1.1
tangential

6.3.3.1.2
to that pa

6.3.3.1.3
plastic bu
or of any
flowing cq

6.3.3.2

6.3.3.2.1
zero diffel

Provided

B <0,84;
5 B2 < Rep < 106.

pscription

The letters shown in Figure 3 are for reference purposes in 6.3.3.2 to 6.3.3:9\enly.
General shape

The part of the plate inside the pipe should be circulap-and the orifice should be interng
to the pipe bore. The faces of the plate should be flat and parallel.

Unless otherwise stated, the recommendations.of6.3.3.1.3 and of 6.3.3.2 to 6.3.3.9 apply o
't of the plate located within the pipe.

Care should be taken in the design of the‘orifice plate and its installation to ensure that {

ther stress, do not cause the slope of the straight line defined in 6.3.3.2.1 to exceed 1 % un
nditions.

Upstream face A

The upstream face ©fjthe plate A should be flat when the plate is installed in the pipe w
ential pressure acress it.

be meas

consideref flat when the maximum gap between the flat portion of the upstream face of the plate an
straight efige of fength D laid across any diameter of the plate is less than 0,005(D - d)/2; i.e. the slq
is less than about 0,5 % when the orifice plate is examined prior to insertion into the meter line (3

it can be showy that the method of mounting does not distort the plate, this flatness n
ed with thé& plate removed from the pipe. Under these circumstances, the plate may

kling and elastic deformation of the plate, due to the magnitude of the differential pressIre

hly

he

er

ith

ay
be
d a

pe

ee

also ISO 3167-2:2003, Figure 2). The critical area is in the vicinity of the orifice bore. The uncertainty

requirements for this dimension may be met using feeler gauges.

6.3.3.2.2 The upstream face of the orifice plate should have a roughness criterion Ra < 10-4d within a
circle whose diameter is not less than 1,5d and which is concentric with the orifice, except for that part

outside di

NOTE

20

ameter D (see 6.3.3.1.2).

It is useful to provide a distinctive mark, which is visible even when the orifice plate is installed, to
show that the upstream face of the orifice plate is correctly installed relative to the direction of flow.
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6.3.3.3 Downstream face B

The downstream face should be flat and parallel with the upstream face.

NOTE It is unnecessary to provide the same quality of surface finish for the downstream face as for the
upstream face. The flatness and surface condition of the downstream face can be judged by visual inspection.
5
>
G
\vJ
9
: 4/
S ——H =
N
= .
8 N T ‘\
N\ 11
. 13
e
12 %
Key
1 | orifice 9  plate centreline
2 | pipe bore 10 angle of bevel, f
3 | alternative position of orifice 11 orifice centreline
4 | outside diameter of the plate 12 upstream edge G
5 | thickness, E, of the plate 13 downstream edges H and |
6 | upstream face A a  Direction of flow.
7 | downstream face B
8 | thickness, e, of the‘orifice
Figure 3 — Eccentric orifice plate
6.3.3:4 Thicknesses eand E

6.3.3.4.1 The thickness, e, of the orifice should be between 0,005D and 0,02D.

6.3.3.4.2 The values of e measured at any point on the orifice should not differ from each other by
more than 0,001D.

6.3.3.4.3 The thickness, E, of the orifice plate should be between e and 0,05D.

6.3.3.4.4 If D 2 200 mm, the difference between the values of E measured at any point of the plate
should not be greater than 0,001D. If D < 200 mm, the difference between the values of E measured at
any point of the plate should not be greater than 0,2 mm.
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6.3.3.5 Angle of bevel

6.3.3.5.1 If the thickness, E, of the plate exceeds the thickness, e, of the orifice, the plate should be
bevelled on the downstream side and the bevelled surface should be well finished.

6.3.3.5.2 The angle of bevel, f, should be 45° + 15°.

6.3.3.5.3 The plate should not be bevelled if its thickness, E, is less than or equal to 0,02D.

NOTE A}thuus}l dctl ;lllClltﬂl Cffc\,tb fl UIIl dcbl 10 tl a}}}}cd ;ll tllC ;IIVCI t Ulc tllc dU \A% llDtl cdalll bcvcl re
considered unlikely, entrapment will be eliminated by restricting the thickness, E, of the plate to the thicknesg, e,
of the orifife, so that no bevel is necessary.

6.3.3.6 [EdgesG,Hand]I

6.3.3.6.1 | The upstream edge G and the downstream edges H and I should not have-wire edges, burrg or
any peculfarities visible to the naked eye.

6.3.3.6.2 | The upstream edge G should be considered sharp if the edge.fadius is not greater than
0,000 4d.

NOTE1 |[If d 2 125 mm, this recommendation may be considered as sdtisfied by visual inspection, checkfng
that the edjge does not seem to reflect a beam of light when viewed by thetaked eye.

NOTE 2 [If d < 125 mm, visual inspection is not sufficient but this recommendation can be considered| as
satisfied ifjthe upstream face of the orifice plate is finished by a yécy fine radial cut from the centre outwards

D
e

If there is pny doubt as to whether this recommendationissatisfied, the edge radius should be measur
6.3.3.7 [Diameter of orifice

6.3.3.7.1 | The diameter of the orifice, d, should be taken as the mean value of a number of measuremehpts
of the digmeter distributed in axial planes and at approximately equal angles between adjace¢nt
measurenpents. At least four measurements of the diameter should be made.

No diameter should differ by more than 0,05 % from the value of the mean diameter.
6.3.3.7.2 | The parallel boré-of the orifice should be cylindrical and perpendicular to the upstream fage.

6.3.3.7.3 | The diameter; d, should be between 0,46D and 0,84D.

NOTE WithintheSe limits, the value of 8 is chosen by the user taking into consideration parameters sucH as
required djfferential pressure, uncertainty, acceptable pressure loss and available static pressure.

6.3.3.8 Symmetrical piates

If the orifice plate is intended to be used for measuring reverse flows then
a) the plate should not be bevelled;

b) the two faces should be as described for the upstream face in 6.3.3.2;

c) the thickness, E, of the plate should be equal to the thickness, e, of the orifice as described in
6.3.3.4.1; and

d) the two edges of the orifice should be as described for the upstream edge in 6.3.3.6.2.

22 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=dac334bccbccf1a860253168c090ea94

ISO/TR 15377:2018(E)

6.3.3.9 Pressure tappings

Eccentric orifice plates should be used with a single pair of corner tappings as specified in
ISO 5167-2:2003, 5.2.3, except that the pressure-tapping hole diameter, a, should be within the limits
3mm<as< 10 mm.

NOTE In an eccentric orifice plate, the orifice is not concentric with the pipe bore and, consequently, the
pressure difference depends on the angular position of the pressure tappings.

Ideally, the pressure tappings should be diametrically opposite the point at which the orifice is
tangential to the wall of the pipe. All discharge coefficient values in this document are based on such a
digposition. However, rotating the tappings by only 90° from the ideal position would resultip an error
of hot more than +2 % in the discharge coefficient.

Sirfce the orifice is usually either at the top or at the bottom of the pipe, placing the\préssur¢ tappings
digmetrically opposite can cause other problems, such as air entrainment if tappings are aft the very
top, or blockage by dirt when they are at the bottom of the pipe. In such cases, itis permissibl¢ to rotate
the tappings by 30° from the vertical centreline of the pipe without the riskef incurring any gignificant
adglitional flow metering uncertainty.

6.3.4 Coefficients and corresponding uncertainties

6.3.4.1 The discharge coefficient, C, is given by the following-équation:

C=0,9355 - 1,688 98 + 3,042 862 - 1,798 943 21)

For convenience, Table 5 gives values of C as a functien’ of S.

When £, D, Rep and k/D are assumed to be known without error, the uncertainty of the value pf Cis 1 %
when < 0,75.

Thie uncertainty when > 0,75 is 2 %.

6.3.4.2 The discharge coefficient.should be multiplied by the appropriate correction factgr for pipe
rofighness, Fg, given in Table 6 in terms of f§ and relative pipe roughness k/D. The value of the uniform
eqpivalent roughness, k, depends on several factors such as height, distribution, angularity and other
gepmetric aspects of the roughness element at the pipe wall. A pressure loss test of a samplg length of
the¢ particular pipe shotld:be carried out to determine the value satisfactorily. However, approximate
values of k for different’materials can be obtained from ISO 5167-1:2003, Table B.1.

6.3.4.3 The egpansibility factor, ¢, is given by Formula 22 and is only applicable if p2/p1 = 0,75:

1
K
£ =1(0,351+0,256 8% +0,935%) 1—("—2}/ (22)

b1

When f5, Ap/p1 and k are assumed to be known without error, the relative uncertainty of the value of €
is equal to 3,5 Ap/kp1 %.

Test results for the determination of € are known for air, steam and natural gas only. However, there is
no known objection to using the same formula for other gases and vapours whose isentropic exponent
is known.

© ISO 2018 - All rights reserved 23


https://standardsiso.com/api/?name=dac334bccbccf1a860253168c090ea94

ISO/TR 15377:2018(E)

24

Table 5 — Discharge coefficients for eccentric orifice plates

B C
0,46 0,627
0,47 0,627
0,48 0,627
0,49 0,627
0,50 0,627
0,51 0,627
0,52 0,627 e
0,53 0,627 Q
0,54 0,627 /\/\q/
0,55 0,628 (orb
0,56 0,628 N
0,57 0,628 6@
0,58 0,628
0,59 0,629 . \"DO
0,60 0629 O
0,61 0,629 <
0,62 0,626¢ ~
0,63 0,629
0,64 ~20,629
0,65 A 0,629
0,66 & 0,629
0,67 O 0,629
0,68 L~ 0,628
0,69 7 0,628
0,70~ 0,627
A7t 0,626
(072 0,625
O 073 0,624
N 0,623
Q~ 0,75 0,621
??" 0,76 0,620
QO 0,77 0,618
,\?” 0,78 0,616
%) 0,79 0,613
0,80 0,611
0,81 0,608
0,82 0,605
0,83 0,601
0,84 0,597
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