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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

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

ISO draws attention to the possibility that the implementation of this document may’involve the use
of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document,;"ISO had not receiyed
notice of (a) patent(s) which may be required to implement this document. However, implementers gre
cautioned| that this may not represent the latest information, which may beZébtained from the pate¢nt
database pvailable at www.iso.org/patents. ISO shall not be held responsible for identifying any or|all
such pateft rights.

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an exfplanation of the voluntary nature of standardsthe meaning of ISO specific terms gnd
expressiophs related to conformity assessment, as wellvas information about ISO's adherence|to
the Worlgl Trade Organization (WTO) principles.in;the Technical Barriers to Trade (TBT), gee
www.iso.¢rg/iso/foreword.html.

This docyment was prepared by Technical Cemmittee ISO/TC 30, Measurement of fluid flow in closed
conduits, Jubcommittee SC 2, Pressure differential devices.

This fourfh edition cancels and replaces the third edition (ISO/TR 15377:2018), which has bgen
technicallly revised.

Any feedback or questions on thissdocument should be directed to the user’s national standards body. A
complete |isting of these bodies-can be found at www.iso.org/members.html.
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TECHNICAL REPORT ISO/TR 15377

:2023(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 series

1

Scope

Thlis document describes the geometry and method of use for conical-entrance orifice ‘plates

—-

cin
is 4
sel

NO

2

cle orifice plates, eccentric orifice plates and Venturi tubes with 10,5° convergentiangles. In

1€s.

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

Normative references

Thie following documents are referred to in the text in such a way that some or all of the

, quarter-
formation

Iso given for square-edged orifice plates and nozzles under conditions outside,the scope of ISO 5167

ir content

copstitutes 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 Orifice plate pressure-tapping hole diameter L m
Discharge coefficient dimensionless
d Diameter of orifice (or throat) of primary device L
under working conditions?
dy Measured drain hole diameter L m

a

In applications with drain holes, d is calculated from the measured values d,, and d [see Formulae (1) and (11)].
NOTE 1 Other symbols used in this document 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.

©lI
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Table 1 (continued)
Dimensions
M: mass
Symbols Represented quantity SI unit
L: length
T: time
d Measureq (_)rifice or throat diame.ter (where the L m
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
dyap Diameter of Venturi tube pressure tappings L 101}
e Thickness of bore L m
E E; 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-1 T2 Pa
dm Mass flowrate MT1 kg/s
r Radius of profile L m
Ra Arithmetical mean deviaFion of the (roughness) L m
profile
Re Reynolds number dimensionless
Re) Pipe Reynolds number dimensionless
Re, Throat Reynolds numben dimensionless
Re* Throat-tapping Reynolds numbeér (= d,,, Rey/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 dimensionless °
from the centré.of the pipe to the centre of the drain
hole
K Isentropic exponent dimensionless
Friction factor dimensionless
Mass density of the fluid ML-3 kg/m3
T Pressure ratio, 7= P2 dimensionless
P1

a2 Inapplications with drain holes, d is calculated from the measured values d, and d, [see Formulae (1) and (11)].
NOTE 1 Other symbols used in this document 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 © IS0 2023 - 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 are 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,if’gas and vent

holes for gas in liquid.

In p horizontal pipe, a drain hole is positioned at the bottom of the pipe. In a horizoxtal'pipe, 4 vent hole

is 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 51672 are not

used unless the following conditions are observed.

a) [ The diameter of the drain hole does not exceed 0,1d\and no part of the hole lies within a circle,
concentric with the orifice, of diameter (D - 0,2d). The outer edge of the drain hole is as close to the
pipe wall as practicable. It is very important that/neither the upstream nor the downstfream pipe
obscure the drain hole and that the hole is not s6 small that it blocks.

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

c) | Single pressure tappings are orientated so that they are between 90° and 180° to the posifion of the
drain hole. Upstream and downgtream pressure tappings are at the same orientation relative to
the drain hole.

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

dm
d= 0,25 (1)
n * N1
|:1+a(1—%) —a(l— 1080 ) :l
4 2 4
d
(1 +Cy —k_ )
d
\ 11T /
where
d
B = 7“‘ (2)
a,n,6’,C,, B”and C; are given in Formulae (3) to (8):
L'5d
a=0,66p,*Cexp| -0,15—-2—m (3)
ﬁmdk
4,6 dm
n=-0,45+7,3p,," " +0,117— 4)
dy
©1S0 2023 - All rights reserved 3
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0*=92-62p,*° (5)
1,08 if E/d,<0,5
C,=10,7675+0,625E /d\ if 0,5<E /d) <0,9 (6)
1,33 if 0,9<E/d,
d,?
B”:ﬁm 1+C2_2 (7)
d.,
and
"(Rep )
C1 :—D—/” (8)
d(Rep ,B")

where C(ReD,,ﬁ*) is the discharge coefficient given by the Reader-Harris/Gallagh€r(1998) equation(2]

[I1SO 5167}2:2022, Formula (4)] for an orifice plate of diameter ratio * and Reynolds number Re, [L,
and L, ar¢ determined for the actual orifice plate; f* is either f or £”);

_d
p=7 (9)

[d is given by Formula (1)]

Re, is a fixed value of Reynolds number typical of the flow being measured. In high-
pressure gas flows Re, might be takén as, say, 4 x 10° (the actual Reynolds numler

cannot be used in the calculation6f d, since in that case for an orifice plate with a
drain hole d would not have a fixed value);

Ly (=4 /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 quotient of the'distance of the downstream tapping from the downstream face
of the plate and'the pipe diameter;

0 is the angle (in'degrees) between the pressure tappings used and the radius from the
centre of the pipe to the centre of the drain hole (90° < 8 < 180°);

E is the\thickness of the orifice plate.
Because of the pre§ence of C; this is an iterative computation, but convergence is rapid.

When est]mating the relative expanded uncertainty of the flow measurement the following additiohal
percentageCuncertainty is added arithmetically to the discharge-coefficient percentage relatjve
expanded Uncertainty given by 1SO5167-2:2022,5:3731:

dy

7 (10)

m

IfB,,<0,63,orboth 8, <0,7and 6 =90° C; can 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 [10].

Because the formulae in this subclause are complex, there is an example in Annex A so that a computer
program can be checked.

4 © IS0 2023 - All rights reserved
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5.1.3 ISA 1932 nozzles

:2023(E)

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

a)
b)

)

the value of § is less than 0,625;

the diameter of the drain hole does not exceed 0,1d and no part of the hole lies within a circle,

concentric with the throat, of diameter (D - 0,2d);

the length of the drain hole does not exceed 0,1D;

d)
e)

f)

NO
hol

%
un
un

5.1
Dr

5.]

5.2
Or

5.4

the drain hole is deburred and the upstream edge is sharp;

single pressure tappings are orientated so that they are between 90° and 180° tp the posi
drain hole;

the measured diameter, d,, is corrected to allow for the additional throat\area represen

drain hole of diameter d,, as shown in Formula (11):

d 2
d=d,, {1+0,4o(—k) ]
dm

TE Formula (11) is based on the assumption that the value-fér Ce(1 - $4)-%5 for flow throug
e is 20 % less than the value for flow through the throat of thenozzle.

ien estimating the overall uncertainty of the flow measurement, the following additional p
certainty is added arithmetically to the discharge-coefficient percentage relative
certainty:

2
40 d_k
dm

4 Longradius nozzles

hin holes through these primary elements are not used.

.1 General

fice plates:are installed and manufactured according to ISO 5167-2.

.2 Limits of use

%

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

tion of the

ted by the

(11)
h the drain

ercentage
expanded

(12)

nérmmsquare-edged orifice plates are installed in pipes of bore 25 mm to 50 mm, it is eq

sential to

observe the following conditions:

a)

b)

)
NO

©lI

The pipes 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 are of stainless steel for use with

corrosive fluids such as water. The roughness is according to ISO 5167-2:2022, 5.3.1.
Corner tappings are used, preferably of the carrier ring type detailed in ISO 5167-2:2022,

The diameter ratio, f3, is within the range 0,5 << 0,7.

Figure 4.

TE It is possible to have 0,23 < 8 < 0,5, but the uncertainty increases significantly if d < 12,5 mm.

SO 2023 - All rights reserved
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5.2.3 Discharge coefficients and corresponding uncertainties

The Reader-Harris/Gallagher (1998) equation[2] for corner tappings given in ISO 5167-2:2022, 5.3.2.1 is
used for deriving the discharge coefficients, provided the pipe Reynolds numbers are within the limits
given in ISO 5167-2:2022, 5.3.1.

An additional uncertainty of 0,5 % is added arithmetically to the relative expanded uncertainty derived
from ISO 5167-2:2022, 5.3.3.1.

5.3 No upstream or downstream pipeline

5.3.1 General

This subclause 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 large
space intq a pipe or vice versa, or flow through a device installed in the partition wall between tjvo
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 is 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 frenr the device is less than 3 % of the velocity in
the ofifice or throat, and

c) the difameter of the downstream pipeline is ngt less than 2d.

NOTE1 [The first condition implies, for examplé,that an upstream pipeline of diameter greater than 8d (that is
where 5 < ,125) can be regarded as a large space. The second condition, which excludes upstream disturbanfes
due to drayghts, swirl and jet effects, implies that the fluid is to enter the space uniformly over an area of not less
than 33 tirhes the area of the orifice or throat. For example, if the flow is provided by a fall in level of a liquid in
a tank, the|area of the liquid surface needs to be not less than 33 times the area of the orifice or throat throygh
which the §ank is discharged.

In an accgdptable installation“the distance of the upstream tapping (i.e. the tapping in the large spafe)
from the g¢rifice or nozzle.céntreline is greater than 4d.

The upstrpam tappingis preferably located in a wall perpendicular to the plane of the orifice and within
a distancg of 0,5d€rom that plane. The tapping does not necessarily need to be located in any wall} it
can be inthe open space. If the space is very large, for example a room, the tapping is shielded from
draughts.

The down3tream tapping 15 tocated as specified for corner tappings in IS0 5167-21f the downstream
side also consists of a large space, the tapping is located as for the upstream tapping, except for Venturi
nozzles where the throat tapping is used.

NOTE2  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.

5.3.2.2 Square-edged orifice plates with corner tappings

5.3.2.2.1 Square-edged orifice plates with corner tappings are manufactured according to
ISO 5167-2:2022, Clause 5.

6 © IS0 2023 - All rights reserved
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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 are as follows:

d=12,5 mm;

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

NO

va

5.]

Re; 23 500.
TE1 Itis possible to have 12,5 mm > d > 6 mm, but the uncertainty increases significantly if d <

PTovided tr

5167-2:2022, 5.3.2.1 can be used in a pipeline for Re; = 3
e of Cat k=2 (approximately 95 % confidence level) of 1 % (if Re,, < 5 000).

.2.2.3 The discharge coefficient, C, is given by Formula (13):

0,7

10°

C=0,5961+0,000521| —
Red

Thie relative expanded uncertainty of the value of C at k = 2 (approximately 95 % confidend

109

5.3
1%)

NO
Wi

\%

QO

Te
no
is |

5.3

5.3

5.3

0.

.2.2.4 The expansibility factor, ¢ is given by Formula (14) and is only app
p1>0,75:

1/x
e=1-0,351|1-| 22
141

TE py and Ap are usually measured: p, =py - Ap.

12,5 mm.

Pl given in

inty of the

(13)

e level) is

licable if

(14)

nen Ap/p; and k are assumed to be ¥nown without error, the relative expanded uncertainty of the

Ap o

kD1

5t results for the determination of € are known for air, steam and natural gas only. Howevsg
known objection to using.the same formula for other gases and vapours whose isentropic
Known.

ue of € at k = 2 (approximately 95 % confidence level) is equal to 3,5

2.3 ISA 1932°nozzles
.2.3.1 [SA~1932 nozzles are manufactured according to ISO 5167-3:2022, 5.1.

.2.3.2~ The limits of use for ISA 1932 nozzles where there is flow from a large space are a

r, there is
exponent

5 follows:

d>115mm;

downstream there is either a large space or a pipeline whose diameter is not less than 2d

Re; =100 000.

)

5.3.2.3.3 The discharge coefficient, C, is equal to 0,99. The relative expanded uncertainty of the value
of C at k = 2 (approximately 95 % confidence level) is expected to be no better than 1 %.

© IS0 2023 - All rights reserved
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5.3.2.3.4 The expansibility factor, ¢ is given by Formula (15) and is only applicable if
P2/p120,75:

E =

k-1 1-7

0,5
o 7k [1_T(K—1)/K ]

(15)

The relative expanded uncertainty of the value of € at k = 2 (approximately 95 % confidence level) is

equal to 2Ap/p; %.
5.3.2.4 [Venturinozzle
5.3.2.4.1 | Venturi nozzles are manufactured according to ISO 5167-3:2022, 5.4.
5.3.2.4.2| The limits of use for Venturi nozzles where there is flow from a large spaceare as follows:
— d=5(0 mm;
— downfstream there is either a large space or a pipeline whose diameter is not'less than 2d;
— 3x10°><Rey< 3 x 106,
5.3.2.4.3 | The discharge coefficient, C, is equal to 0,985 8. The relative expanded uncertainty of the
value of Clat k = 2 (approximately 95 % confidence level) is expected to be no better than 1,5 %.
5.3.2.4.4| The expansibility factor, & is given by Fermula (16) and is only applicable| if
P2/p120,]5:
0,5
m%{' 1 _T(K_]-)/K
e= (16)
K—1 1-7

The relative expanded uncertainty of the(value of € at k = 2 (approximately 95 % confidence level] is
equal to 4Ap/p; %.
5.3.3 Flow into a large space (no-downstream pipeline)
5.3.3.1 [General
The spacg on the downstream side of the device is considered large if there is no wall closer than 4d to
the axis of the deviceor to the downstream face of the orifice plate or nozzle.
The upstrjeam tapping is located as specified for corner tappings in ISO 5167-2 and in ISO 5167-3 for
orifice plqtesand nozzles respectively.
The dlsta ICT Uf thc dUVV llbtl Cdalll talJlJllls (i.C. thc tCllJlJllls ill thC ]lal SC DPQLC) fl UIIll t}lC Ul lflLC Ul 11U Z le

centreline is greater than 4d.

For Venturi nozzles, the throat tapping is used.

The downstream tapping is preferably located in a wall perpendicular to the plane of the orifice and
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 is 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.

© IS0 2023 - All rights reserved
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5.3.3.2 Square-edged orifice plates with corner tappings

5.3.3.2.1 Square-edged orifice plates with corner tappings are manufactured according to
ISO 5167-2:2022, 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 5167-2:2022, 5.3.1 apply.

5 22 2 D Alhara DO 0 n OO o +1h ceand i ottt ac Sy 3 o X
PRI vV ICT C—Z O Tttt =AY CIT eSSt o CeTreaerC S gTv O 1T Iz ap Pty

a
A=

Where 50 mm < D <1 000 mm, the coefficients and uncertainties given in ISO 5167-2:2022,(5.3.2 and
5.3.3 apply, except that an additional relative uncertainty of 0,4 % is to be added arithmeticplly to the
relative expanded uncertainty derived from ISO 5167-2:2022, 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 are manufactured according to ISO 5167-3:2022, 5.1 or
5.4.

5.3.3.3.2 The limits given in ISO 5167-3:2022, 5.1.6.1 or 5.4.4< apply.

5.3.3.3.3 The coefficients and uncertainties given in\SO 5167-3:2022, 5.1.6.2, 5.1.6.3 |and 5.1.7
or|5.4.4.2, 5.4.4.3 and 5.4.5 apply, except that in the case of an ISA 1932 nozzle an additiongl relative
ungertainty of 0,4 % is added arithmetically to the relative expanded uncertainty derfved from
IS¢ 5167-3:2022,5.1.7.1.

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

6.1.1 General

NOTE A conical entrance drifice plate has the characteristic that its discharge coefficient remains constant
doyn to a low Reynolds fiumiber, 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 in this document.

Cohical entrance orifice plates are used and installed according to ISO 5167-1:2022, Clayise 6 and
ISP 5167-2:2022, Clause 6.

6.1.2/\ _Limits of use

The Timits of use for conical entrance orifice plates are as follows:
— d>6mm;
— D <500 mm.

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

— 01<p<0,316;
— 80<Rey<2x105B.

©1S0 2023 - All rights reserved 9
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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.

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

NOTE 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 5167-2:2022, 5.2.3.

10 © IS0 2023 - All rights reserved
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6.1.3.1 General shape

ISO/TR 15377:2023(E)

6.1.3.1.1 The part of the plate inside the pipe is circular and concentric with the pipe centreline. The
faces of this plate are always flat and parallel.
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carrier ring
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orifice plate
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Direction of flow.

f thickness of the slot

¢ length of upstream ring

!

¢ length of the downstream ring

a width of annular slot or diameter of single tapping

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
new, cold drawn 25

new, seamless 25

new, welded 25

slishtly rusty 25

Steel —

rusty 50

slightly encrusted 200

bituminized, new or used 25

galvanized 25

bituminized 25

Castiron not rusty 50
rusty 200

6.1.3.1.2 | Unless otherwise stated, 6.1.3.1.3 and 6.1.3.2 to 6.1.3.8 apply only to that part of the plate
located within the pipe.

6.1.3.1.3 | Correct design of the orifice plate and its installation ensures that plastic buckling gqnd
elastic deformation of the plate, due to the magnitude of the differential pressure or of any other strgss,
do not cayse the slope of the straight line defined in 6.1.3.2:%0 exceed 1 % under flowing conditionsg.

6.1.3.2 [Upstream face A

6.1.3.2.1 | The upstream face of the plate A.is flat when the plate is installed in the pipe with z¢ro
differentifl pressure across it.

Provided [it can be shown that the method of mounting does not distort the plate, this flatnesyg is
measured with the plate removed from the pipe. Under these circumstances, the plate is considefed
flat when|the maximum gap between the flat portion of the upstream face of the plate and a straight
edge of lepgth D, laid across any diameter of the plate, is less than 0,005(D - d - 2e,)/2; i.e. the slqpe
is less thgn 0,5 % when thecorifice plate is examined prior to insertion into the meter line (see a|so
IS0 5167-2:2022, Figure 2)-The critical area is in the vicinity of the orifice bore. The use of feeler gauges
gives suff]ciently low uncertainty to measure this dimension.

6.1.3.2.2 | The up$tream face of the orifice plate has a roughness criterion Ra < 10~*d within a circle
whose digmeterisnot less than 1,5d and which is concentric with the orifice.

NOTE I€is useful to provide a distinctive mark, which is visible even when the orifice plate is installed| to
show that theupstreanrface of theorifice ptate tscorrectty imstatted retative to the directiomrof flow:

6.1.3.3 Downstream face B
The downstream face is flat and parallel to 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.

6.1.3.4 Thicknessese,;, E;and E

6.1.3.4.1 The thickness, ey, of the conical entrance is 0,084d + 0,003d.

12 © IS0 2023 - All rights reserved
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6.1.3.4.2 The thickness, E, of the orifice plate for a distance of not less than 1,0d from the centreline
axis does not exceed 0,1054d.

6.1.3.4.3 The thickness, E, of the orifice plate at a distance greater than 1,0d from the centreline
axis is allowed to exceed 0,105d but does not exceed 0,1D, and the extra thickness, if any, is on the
downstream face.

6.1.3.4.4

If D > 200 mm, the difference between the values of E; measured at any point of the plate is

not greater than 0,001D. If D < 200 mm, the difference between the values of E; measured at any point

of

tha nlataic naot araqatarthan 0 2 o
Frre-ploacero o v o ot r—riotr o= Tttt

6.1
thd

6.1

Thle upstream edge of the orifice is bevelled at an angle of 45° + 1°,

6.1
6.1
6.1
6.1

6.1
fad

6.1
6.1
an
6.1

6.1
of
me

.3.4.5 The values of E measured at any point on the plate do not differ from each.othe
in 0,005D.

.3.5 Conical entrance

.3.6 Parallel bore

.3.6.1 The bore of the orifice is parallel within £0,5° to thé<entreline.
.3.6.2 The axial length, e, of the parallel bore is 0,023d + 0,003d.

.3.7 EdgesH,Iand G

.3.7.1 The upstream edge H formed by the’intersection of the conical entrance and the
e is not rounded.

y peculiarities visible to-the naked eye.
.3.8 Diameter.of orifice

.3.8.1 Theldiameter of the orifice, d, is taken as the mean value of a number of meas
the diameter distributed in axial planes and at approximately equal angles betweer
asurements. At least four measurements of the diameter are made.

No

diameter differs by more than 0,05 % from the value of the mean diameter.

r by more

upstream

.3.7.2 The upstream edge [ formed by the intersection of the parallel bore and the conical entrance
is pot rounded.

.3.7.3 The upstream edges H and [ and the downstream edge G do not have wire edgeg, burrs or

urements
adjacent

6.1.3.8.2 The parallel bore of the orifice is cylindrical and perpendicular to the upstream face.

6.1.4 Pressure tappings

Corner tappings as specified in ISO 5167-2:2022, 5.2.3 are used with conical entrance orifice plates.

Bo

th the upstream and downstream tappings are the same.

6.1.5 Coefficients and corresponding uncertainties

6.1.5.1 The discharge coefficient, C, is equal to 0,734. The relative expanded uncertainty of the value
of C at k = 2 (approximately 95 % confidence level) is 2 %.

©lI
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6.1.5.2 The value of the expansibility factor ¢ for the conical entrance orifice plates is taken as the
arithmetic mean of that for square-edged orifice plates and that for ISA 1932 nozzles specified in
ISO 5167-2: 2022, 5.3.2.2 and ISO 5167-3:2022, 5.1.6.3, respectively.

The values used are calculated under the same conditions. The relative expanded uncertainty of the

value of €

at k = 2 (approximately 95 % confidence level) is given by 33(1 - €) %.

6.1.5.3 The uncertainties on other quantities are determined according to ISO 5167-1:2022, Clause 8.

rter-circle orifice platpq

6.2 Qu
6.2.1 G
NOTE

bneral

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

Ant

nd

| is

7)

as

down to a low Reynolds number, thus making it suitable for the measurement of the flowrate ‘ofjviscous flufids
such as oil
Quarter-cjrcle orifice plates are used and installed according to ISO 516742022, Clause 6 a
ISO 5167-2:2022, Clause 6.
6.2.2 Limits of use
The limitq of use for quarter-circle orifice plates are as follows:
— d=14 mm;
— D <500 mm.
The lower] limit of pipe diameter, D, depends on the inteérnal roughness of the upstream pipeline ang
in accordgnce with Table 3 and such that:
— 0,245(< 5 <0,6;
— Rep <[1053.
The lower] limit of the Reynolds numbet, Rey,, is given by Formula (17):
Rep, (npin.) =1 000 B + 9,4 x 10 (B - 0,24)8 (1
For convehience, values of Re;{min.) are given in Table 4 (see 6.2.5).
NOTE Within thesedimits, the value of § is chosen by the user, taking into consideration parameters sucH
required djfferential ptessure, uncertainty, acceptable pressure loss and available static pressure.
14

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=3aa44204e06cfae74387058f4549734c

ISO/TR 15377:2023(E)

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

6.2.3 Description
Thie axial plane cross-section of the orifice plate is showmnin Figure 2.

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

6.2.3.1 General shape

6.2.3.1.1 The part of the plate inside‘the pipe is circular and concentric with the pipe centreline. The

fades of this plate are always flat and.parallel.

6.2.3.1.2 Unless otherwise stated, 6.2.3.1.3 and 6.2.3.2 to 6.2.3.7 apply only to that part of the plate

lodated within the pipe.

© IS0 2023 - All rights reserved
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6.2.3.1.3 Correct design of the orifice plate and its installation ensures that plastic buckling and
elastic deformation of the plate, due to the magnitude of the differential pressure or of any other stress,
do not cause the slope of the straight line defined in 6.2.3.2.1 to exceed 1 % under flowing conditions.

2
v
/"
1
P (
O
(/
S| o
<
S | e 1n| s
E —
e

Key
1 upstrdam face A
2 downgtream face B
a  Directjon of flow.

Figure 2 — Quarter-circle orifice plate

6.2.3.2 [Upstreaimface A

6.2.3.2.1| Fhe upstream face of the plate A is flat when the plate is installed in the pipe with z¢ro
differenti ] prnccnro across it

Provided it can be shown that the method of mounting does not distort the plate, this flatness is
measured with the plate removed from the pipe. Under these circumstances, the plate is considered flat
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when the maximum gap between the flat portion of the upstream face of the plate and a straight edge of
length D, laid across any diameter of the plate, is less than the following values:

0,005(#) if <0,571

_ 2
0,005|[ 2= - pi [p2 001 | kg 0571
2 32

That is, the slope is less than 0, 5 % when the or1f1ce plate is exammed prlor to 1nsert10n into the meter
linp —The use of
fedler gauges gives suff1c1ently low uncertamty to measure this dlmensmn

6.2.3.2.2 The upstream face of the orifice plate has a roughness criterion Ra < 107*d withjin 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 ifistalled, to
shqw that the upstream face of the orifice plate is correctly installed relative to the{direction of flow.

6.2.3.3 Downstream face B
Thle downstream face is flat and parallel to the upstream face.

NOTE It is unnecessary to provide the same quality of surface finish for the downstream facq as for the
upstream face. The flatness and surface condition of the downstream face can be judged by visual inspection.

6.2.3.4 Thicknesses eand E
6.2.3.4.1 The thickness, e, of the bore sectionis not less than 2,5 mm and does not exceed 0}1D.

6.2.3.4.2 Where the radius, r, of the profile exceeds 0,1D, which is the case when f exceeds|0,571, the
thickness of the plate is reduced from ¢ 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 |s reduced
to pqual this radius by removing'metal from the downstream face to form a new downstrear face in a
ess of diameter 1,5d with.its edge bevelled to 45°.

6.2.3.4.3 If D = 200cmm, the difference between the values of e measured at any point of the plate is
nof greater than 0,001D. If D < 200 mm, the difference between the values of e measured at any point of
th¢ plate is not gfeater than 0,2 mm.

6.2.3.5 Upstream orifice profile

6.2.3.5:1 The profile of the upstream edge is circular and of radius r with its centre on the downstream
fa ray nfthn p]’)fn

NOTE The profile might not be a full quarter circle owing to the limit in 6.2.3.4.2.

6.2.3.5.2 The radius, r, of the profile is determined from Formula (18):
r/d = 3,17 x 10-6¢16.86 + 0,055 4 ¢1.016/ + 0,029 (18)

to within +0,05r.

For convenience, values of r/d are given in Table 4.
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The radius of the profile is the same for all sections to within +0,01r.

NOTE The 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 is perpendicular to the upstream face of
the plate to within +1°.

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

6.2.3.6 [Downstream edge

The downstream edge of the orifice is square and does not have wire edges, burrs or any peculiaritjies
visible to the naked eye.

6.2.3.7 [Diameter of orifice

The diamé¢ter of the orifice, d, is taken as the mean value of a number of meastirements of the diamefer
distributgd in axial planes and at approximately equal angles between adjacént measurements. At lepst
four meadurements of the diameter are made.

No diameter differs by more than 0,1 % from the value of the mean diameter.

6.2.4 Pressure tappings

For pipes|of diameter up to 40 mm, corner tappings as:specified in ISO 5167-2:2022, 5.2.3 are uged
with quaiter-circle orifice plates. For pipes of diameter,40 mm or greater, either corner tappings|as
specified n ISO 5167-2:2022, 5.2.3 or flange tapping8&’as specified in ISO 5167-2:2022, 5.2.2 are uged
with quartter-circle orifice plates.

6.2.5 Coefficients and corresponding uncertainties

6.2.5.1 [Discharge coefficient

The dischprge coefficient, C, is given by the following Formula (19):
C=0,13823+0,3309 B +«14;161 5 B2 + 1,508 4 53 (19

The relative expanded uncertainty of the value of C at k = 2 (approximately 95 % confidence level] is

2 % when|f > 0,316.and 2,5 % when < 0,316.

For convehience, Table 4 gives values of C as a function of S.

6.2.5.2 Xpancihility (Pypancinn) factor

For the two tapping arrangements, the empirical formula for computing the expansibility (expansion)
factor, ¢, is as follows in Formula (20) and is only applicable if p,/p; 2 0,75:

1
£=1-(0,351+0,2568% +0,9338) 1—[”—2yC (20)

p1

NOTE pp and Ap are usually measured: p, = p; - Ap.
Formula (20) is applicable only within the range of the limits of use given in 6.2.2.
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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.

When f3, Ap/p; and k are assumed to be known without error, the relative expanded uncertainty of the

value of € at k = 2 (approximately 95 % confidence level) is equal to 3,5£ %.
KDy

6.2.5.3 Uncertainties

The uncertainties of other quantities are determined according to ISO 5167-1:2022, Clause 8.

Table 4 — Discharge coefficients for quarter-circle orifice plates
B C r/d Rej, (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 0,405 300
0,310 0,774 05106 310
0,320 0,775 0,106 320
0,330 0,775 0,107 330
0,340 0,776 0,108 340
0,350 0,776 0,109 350
0,360 0,777 0,110 360
0,370 0,778 0,111 370
0,380 0,779 0,112 380
0,390 0,780 0,114 390
0,400 0,781 0,115 400
0,410 0,783 0,116 420
0,420 0,784 0,118 430
0y430 0,786 0,119 450
0,440 0,787 0,121 460
0,450 0,789 0,123 490
0,460 0,791 0,125 510
0,470 0,794 0,127 540
0,480 0,796 0,129 580
0,490 0,799 0,132 630
0,500 0,802 0,135 700
0,510 0,805 0,139 780
0,520 0,808 0,143 880
0,530 0,812 0,147 1000
0,540 0,816 0,153 1200
0,550 0,820 0,159 1400
0,560 0,824 0,167 1600
0,570 0,829 0,174 1900
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Table 4 (continued)

B C r/d Rej, (min.)
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 eccenfric 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 otifiCe plates
are used according to ISO 5167-1:2022, Clause 6 and installed according to ISO 5167-2;2022, Claus¢ 6
(except 6.p.3).

6.3.2 Limits of use

The limitq of use for eccentric orifice plates are as follows:
— d=5(0 mm;

— 100mm <D <1000 mm;

— 0,46 §5<0,84;

— 2x10Q°>p% < Rep < 10B.

6.3.3 Depscription
The eccentric orifice plate is shown in Figure 3.

NOTE The letters shown in Figure 3 are fpr'reference purposesin 6.3.3.2 to 6.3.3.9 only.
6.3.3.1 [General shape

6.3.3.1.1 | The part of the platesinside the pipe is circular and the orifice is internally tangential to the
pipe bore] The faces of the plate-are flat and parallel.

6.3.3.1.2 | Unless otherwise stated, 6.3.3.1.3 and 6.3.3.2 to 6.3.3.9 apply only to that part of the plate
located wjthin the pipe:

6.3.3.1.3 | Cortect design of the orifice plate and its installation ensures that plastic buckling 4nd
elastic deformation of the plate, due to the magnitude of the differential pressure or of any other stregss,
do not cause he ightHn Hred e AL i

6.3.3.2 Upstream face A

6.3.3.2.1 The upstream face A of the plate is flat when the plate is installed in the pipe with zero
differential pressure across it.

Provided it can be shown that the method of mounting does not distort the plate, this flatness is
measured with the plate removed from the pipe. Under these circumstances, the plate is considered
flat when the maximum gap between the flat portion of the upstream face of the plate and a straight
edge of length D laid across any diameter of the plate is less than 0,005(D - d)/2; i.e. the slope is less
than about 0,5 % when the orifice plate is examined prior to insertion into the meter line (see also
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IS0 5167-2:2022, Figure 2). The critical area is in the vicinity of the orifice bore. The use of feeler gauges
gives sufficiently low uncertainty to measure this dimension.

6.3.3.2.2 The upstream face of the orifice plate has a roughness criterion Ra < 10~*d within a circle
whose diameter is not less than 1,5d and which is concentric with the orifice, except for that part
outside diameter D (see 6.3.3.1.2).

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.

6.3.3.3 Downstream face B

Thle downstream face is flat and parallel to the upstream face.

NOTE It is unnecessary to provide the same quality of surface finish for the downstream facg as for the
upstream face. The flatness and surface condition of the downstream face can be judged.by visual inspection.
5
7
6 7
9
. 4/
— H— +—=
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= . —
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N\ 11
N 13
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12 %
Key
1 | orifice 9 plate centreline
2 | pipe bore 10 angle of bevel, f
3 | altennative 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 I
6  upstream face A a2 Direction of flow.
7  downstream face B
8 thickness, e, of the orifice

Figure 3 — Eccentric orifice plate

6.3.3.4 Thicknesseseand E

6.3.3.4.1 The thickness, e, of the orifice is between 0,005D and 0,02D.
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6.3.3.4.2 The values of e measured at any point on the orifice do not differ from each other by more
than 0,001D.

6.3.3.4.3

6.3.3.4.4

6.3.3.5

6.3.3.5.1
the down

6.3.3.5.2

6.3.3.5.3

NOTE

considered unlikely, entrapment will be eliminated by restricting the thickness(E, of the plate to the thickness

of the orifi
6.3.3.6

6.3.3.6.1
any pecul

6.3.3.6.2

Asd =50
not seem

If there is
6.3.3.7

6.3.3.7.1
of the di

measurenents. At least four measurements of the diameter are made.

No diame

6.3.3.7.2

6.3.3.7.3

NOTE

6.3.3.8

The thickness, E, of the orifice plate is between e and 0,05D.

If D = 200 mm, the difference between the values of E measured at any point of the plate is
not greater than 0,001D. If D < 200 mm, the difference between the values of E measured at any point of
the plate is not greater than 0,2 mm.

Angleof bevet

If the thickness, E, of the plate exceeds the thickness, e, of the orifice, the plate is bévelled
tream side and the bevelled surface is well finished.

The angle of bevel, f, is 45° + 15°.

The plate is not bevelled if its thickness, E, is less than or equal to 0;02D.
Although detrimental effects from debris trapped in the invert of\the downstream bevel

Ce, so that no bevel is necessary.
Edges G, H and I

The upstream edge G and the downstream edges’H and I do not have wire edges, burrs
arities visible to the naked eye.

The upstream edge G is considered sharp'if the edge radius is not greater than 0,000 4d.

mm, 6.3.3.6.2 can be considered as satisfied by visual inspection, checking that the edge d
o reflect a beam of light when viewed by the naked eye.

any doubt as to whether 6.3.8.6.2 is satisfied, the edge radius is measured.
Diameter of orifice

The diameter of.the orifice, d, is taken as the mean value of a number of measureme
imeter distrjbuted in axial planes and at approximately equal angles between adjac

er differs'by more than 0,05 % from the value of the mean diameter.

The parallel bore of the orifice is cylindrical and perpendicular to the upstream face.

on

pre

or

€es

nts
ent

The diameter, d, is between 0,46D and 0,84.D.

Within these limits, the value of § is chosen by the user taking into consideration parameters such as
required differential pressure, uncertainty, acceptable pressure loss and available static pressure.

Symmetrical plates

If the orifice plate is intended to be used for measuring reverse flows then

a) the plate is not bevelled;

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

22
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the thickness, E, of the plate is equal to the thickness, e, of the orifice as described in 6.3.3.4.1; and

the two edges of the orifice are as described for the upstream edge in 6.3.3.6.2.

6.3.3.9 Pressure tappings

Eccentric orifice plates are used with a single pair of corner tappings as specified in ISO 5167-2:2022,
5.2.3, except that the pressure-tapping hole diameter, a, is within the limits 3 mm < a < 10 mm.

NO
pre

TE In an eccentric orifice plate, the orifice is not concentric with the pipe bore and, conseq
ssure difference dpppndc onthe nhgn]nr pncifinn aof the pressure fnppingc

Ide
thd
Ho
thd

Sir
dig
or
by
ing
6.3

6.

Fo

"
thg

Th

6.3

3.4.1 The discharge coefficient, C, is given by Formula (21):

3.4.2 The discharge cogefficient is multiplied by the appropriate correction factor

ally, the pressure tappings are diametrically opposite the point at which the orifice i$ tan
e wall of the pipe. All discharge coefficient values in this document are based on su¢h-a dj
wever, rotating the tappings by only 90° from the ideal position would result in&n error o
in +2 % in the discharge coefficient.

ce the orifice is usually either at the top or at the bottom of the pipe, placing the pressur¢
metrically opposite can cause other problems, such as air entrainment/if tappings are at th
blockage by dirt when they are at the bottom of the pipe. In such cases, if the tappings a
30° from the vertical centreline of the pipe no significant additiénal flow metering uncg
urred.

4 Coefficients and corresponding uncertainties

C=0,9355-1,68898 + 3,042 882 - 1,798 9833

" convenience, Table 5 gives values of € as-a\function of S.

nen f3, D, Rep, and k/D are assumed telbe known without error, the relative expanded uncq
 value of C at k = 2 (approximately.95 % confidence level) is 1 % when < 0,75.

e relative expanded uncertainty at k = 2 (approximately 95 % confidence level) is 2 % whe

uently, the

gential to
sposition.
Fnot more

b tappings
e very top,
re rotated
rtainty is

(21)

rtainty of

h 3> 0,75.

for pipe

royighness, Fi, given in(Table 6 in terms of § and relative pipe roughness k/D. The value of thee uniform

€q
ge
thg
kf

6.

3.4.3 \»The expansibility factor, ¢, is given by Formula (22) and is only applicable if p,/p; 2

1ivalent roughness; %, depends on several factors such as height, distribution, angularity
pmetric aspects.@fithe roughness element at the pipe wall. A pressure loss test of a samplg
 particular pipe’is carried out to determine the value satisfactorily. However, approximatg
br differentmaterials can be obtained from ISO 5167-1:2022, Table B.1.

and other
length of
» values of

D,75:

r

1/]
12
1

(22)

K
8:1—(&351+0256ﬂ4+093ﬁ8W}—L J J
p
NOTE p1 and Ap are usually measured: p, = p; - Ap.

When f, Ap/p; and k are assumed to be known without error, the relative expanded uncertainty of the
value of € at k = 2 (approximately 95 % confidence level) is equal to 3,5 Ap/kp; %.

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.
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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 0y
0,53 0,627 Qq/
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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