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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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

SO/TR 11583 was prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed
conduits, Subcommittee SC 2, Pressure differential devices.
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Introduction

ISO 5167-1:2009, |SO 5167-2:2003, and |SO 5167-4:2003 include specifications for Venturi tubes and orifice

plates, but are applicable only where the fluid can be considered as a single phase and the conduit is running
full.

If the fluid being measured is a wet gas there is an overreading which can be corrected using suitable wet-gas
correction equations.
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Measurement of wet gas flow by means of pressure differential
devices inserted in circular cross-section conduits

1 Scope

This Technical Report describes the measurement of wet gas with differential pressure meters. It applies to
two-phase flows of gas and liquid in which the flowing fluid mixture consists of gas in the region of 95 %
volume fraction or more (the exact limits on the mixture are defined in 6.4.3, 6.4.5, 7.5.3 and 7.5.5). This
Technical Report is an extension of . The ranges of gases and liquids from which the equations in
this Technical Report were derived are given in 6.4.1 and 7.5.1. It is possible that the equations do not apply
to liquids significantly different from those tested, particularly to highly viscous liquids.

Although the over-reading equations presented in this Technical Report apply for a wide range of gases and
liquids at appropriate gas-liquid density ratios, evaluating gas flowrates depends on information in addition to
that required in single-phase flow: under certain conditions, a measurement of the pressure loss is sufficient;
tracers can be used to measure the liquid flow; the total mass flowrate may be known (this is more likely in a
wet-steam flow than in a natural gas/liquid flow); in a wet-steam flow a throttling calorimeter can be used.

Wet-gas measurement using Venturi tubes or orifice plates is covered in this Technical Report.

This Technical Report is only applicable to wet gas flows with a single liquid and is not intended for the oil and
gas industry.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

SO 2184, Fluid flow in closed conduits — Connections for pressure signal transmissions between primary
and secondary elements

S0 4008, Measurement of fluid flow in closed conduits — Vocabulary and symbols

ISO 5167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 1: General principles and requirements

ISO 5167-2:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 2: Orifice plates

ISO 5167-4:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 4: Venturi tubes

SO/TR 15377, 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 J[SO 516
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ]SO 40086, ]SO 5167-1 and the following
apply.

31

stratified flow

common regime in horizontal pipes at low gas velocities (typically 5 m/s or less) in which the free liquid runs
along the bottom of the pipe with the gas flowing at the top of the pipe

3.2

annular flow

flow regime that in horizontal pipes occurs at medium gas velocities (typically 5 m/s to 15 m/s) in which the
liquid flows around the pipe wall with the gas flowing through the centre of the pipe

NOTE In horizontal pipes, annular flow is not uniform; owing to gravitational effects, the liquid is present in higher
quantities around the wall at the bottom of the pipe than higher up the pipe wall.

3.3

mist flow

flow regime that in horizontal pipes requires high gas velocities (typically 15 m/s or higher) to keep the liquid
suspended in the gas and describes liquid in the flow being carried along in small-droplet form within the body
of gas

3.4

slug flow

flow regime in which liquid travels along the pipe intermittently but in significant quantity, often due to the liquid
becoming trapped in the flow line, for example at the bottom of a vertical pipe or when the flow is started after
shutdown

3.5

liquid volume fraction

LVF

ratio of the liquid volume flowrate to the total volume flowrate, where the total volume flowrate is the sum of
the liquid volume flowrate and the gas volume flowrate, all volume flowrates being at actual (not standard)
conditions

3.6

gas volume fraction

GVF

ratio of the gas volume flowrate to the total volume flowrate, where the total volume flowrate is the sum of the
liquid volume flowrate and the gas volume flowrate, all volume flowrates being at actual (not standard)
conditions

4 Symbols and subscripts

See Table 1.

5 Principle of the method of measurement and computation

5.1 Principle of the method of measurement

The principle of the method of measurement using differential-pressure meters is based on the installation of a
primary device (such as an orifice plate or a Venturi tube) into a pipeline. The installation of the primary device
causes a pressure difference between the upstream side and the throat or downstream side of the device.
The flowrate can be determined from the measured value of this pressure difference and from the knowledge
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of the characteristics of the flowing fluid as well as the circumstances under which the device is being used. It
is assumed that the device is geometrically similar to one on which calibration has been carried out and that
the conditions of use are the same, i.e. that it is in accordance with ]SO 5167-2 or |SO 5167-4.

Table 1 — Symbols

© 1SO 2012 — All rights reserved

Full document details: PD ISO/TR 11583:2012

Symbol Quantity Dimension® Sl Unit
C Coefficient of discharge dimensionless 1
Cen Chisholm coefficient dimensionless 1
Chuid Concentration of tracer in fluid dimensionless 1
Diameter of orifice or throat of Venturi tube at working
d e L m
conditions
Upstream internal pipe diameter (or upstream diameter of
D . . . L m
a Venturi tube) at working conditions
Frgas Gas densiometric Froude number [see Equation (3)] dimensionless 1
g Acceleration due to gravity LT2 m/s2
Specific enthalpy L2T2 J/kg
H Function of the surface tension of the liquid (see 6.4.3) dimensionless 1
Distance between the downstream end of the Venturi tube
L divergent section (measured from the end of the cone not L m
down the flange) and the downstream pressure tapping used to
measure the pressure loss
p Absolute static pressure of the fluid ML-1T-2 Pa
9 Mass flowrate MT-! kgls
qy Volume flowrate L3T-" m3/s
t Temperature of the fluid (€] °C
Lockhart-Martinelli parameter [see Equation (2)] dimensionless 1
yij Diameter ratio: f=d/D dimensionless 1
Ap Differential pressure ML~ T2 Pa
Pressure loss (without correction for the pressure loss that
Aw would have taken place if the Venturi tube or orifice plate ML~ T2 Pa
had not been present)
S Absolute uncertainty —b —b
£ Expansibility [expansion] factor dimensionless 1
K Isentropic exponent dimensionless 1
p Density of the flwd (subscript 1 denotes the value at the ML-3 kg/m?
upstream tapping plane)
o Over-reading correction factor [see Equation (1)] dimensionless 1
@ | =length; M = mass; T = time; ® = temperature.
b The dimensions and units are those of the corresponding quantity.
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In a wet gas flow the gas flowrate is determined by evaluating an over-reading. The over-reading is due to the
mass of liquid passing through the primary device. The over-reading is affected by the flow regime, which in a
wet gas flow is generally stratified, annular or mist, although, in practice, wet gas flows may be a combination
of these flow regimes. Other flow regimes can occur intermittently, particularly the slug flow regime if liquid
has become trapped in the flow line, for example at the bottom of a vertical pipe.

Combinations of line conditions, pipe orientations, and gas-liquid ratios influence the type of flow regime
present. An appreciation of which, if any, flow regime is likely to prevail can be extremely useful. The
application of the same wet-gas measurement technique can produce widely different results depending on
which flow regime predominates, and knowledge of the likely flow regime can therefore influence the correct
choice of measurement principle to be applied.

NOTE Even in a horizontal pipe, liquid can be held-up by gas flows of 1 m/s or less and can remain almost stationary
rather than flow with the gas.

5.2 Computation

The gas mass flowrate, I gas’ is given by

q _ C ££d2 «[2Ap/71,gas (1)
mgas —
I1 _ ,34 4 1/

where

Cis givenin 6.4.2 or 7.5.2 as appropriate;
¢is determined from the appropriate part of SO 5167);
P1 gas is the upstream gas density;

¢ is the over-reading correction factor.

NOTE In evaluating ¢, the actual values of p, and p, measured in wet gas are used.

Factor ¢ depends on the primary device, on the gas-liquid density ratio, pq yas/Piiquia: Where piguiq is the
density of the liquid, on the Lockhart-Martinelli parameter, X, as defined in Equation (2):

X = 4m)iquid | [P1,gas 2)
4 m,gas Pliquid

and on the gas densiometric Froude number, Frgys,

as defined in Equation (3):

4qm,gas P1gas
: ©)
p1,gasnD A &D \ Pliquid ~ P1gas

F”gas =

where g is the acceleration due to gravity and g,, jiquiq IS the liquid mass flowrate.
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