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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate
compliance.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of
any information or process disclosed in this publication. Neither APl nor any of API’'s employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices.
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and
where these publications should be used. The formulation and publication of API publications is not intended in any
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher.
Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required to
conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

Thisdocumentwas produced under APl standardization procedures thatensure appropriate notification and participation
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the
content of this publication or comments and questions concerning the procedures under which this publication was
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of
the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.

Documents

" Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Documents

Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Contents

Page
1 oo o = SR 1
2 NOrMALIVE REFEIENCES ...ttt ettt e e e e e e e ettt e e e e e e e e e s nnnneeeeeeaeens 1
3 Terms, Definitions, Abbreviations, and SYmDbOIS.............cooiiiiiiiiiie e 1
31 Terms and DEfiNItIONS ... ...eiiiiiiiii ettt e et e e e e e e et e e e e st e e e e e n e e e e e nbe e e e e nne e e e e anees 1
3.2 ADBDreviations and SYMDOIS .........ooiiiiiii e e e e e e nees 6
4 Overview—Multiphase and Wet Gas FIOW ... e e e e e 7
41 LTS =T = | PSR 7
4.2 Multiphase-flow FUNAmMENTAIS ..............oooiiiiiiiie et e e e a e 7
4.3 Multiphase/Wet Gas Measurement FUNAameENtalS...........ccuuvviiiiiie it 12
5 Operating Envelope (OE) and Production Profile ............c.ueiiiiiiii e 15
51 L= =T - | S 15
5.2 Graphical Depiction on Flow and Composition Maps .......ccccoeieiiiiiiiiiiiiii e 16
6 =] C=T RS Y=Y U=t o T o RSO RRS 19
6.1 General Considerations for Meter SEIECHON .........cc.uuiiiiiii e 19
6.2 Production Profile and Operating Envelope User Specification.............cccceiiiiiiiiiiiiiiii e 21
6.3 = =T S T4 o T RO SPT 23
6.4 Measurement Performance ASSESSMENT ... ... .. . i it e e e e e e e e e e e e e e eaeeaaaaeaan 23
6.5 Other Operational SPeCIfiCatioNS ..............oiiiiiiiiiiiee e 25
6.6 Y =T 10 7= Tod (8 4T g Ve I @70 Yo [=T TR OPP PP 25
6.7 Environmental CONSIAEIAtIONS .........uuiiiiiiie it e e e e e e e e e e e e e st eereaeeeesesnntrnaneeeeeeeean 26
6.8 Original ConfigUration FlES ........co i e e e e e e 26
6.9 011 T USSR 26
(<% L 0o T g oo o [F g1 To=1 i o] o 1= RSP SR 27
6.11 [ F= L e= I F= T To | 1 o e =1 o PP 28
7 Meter Installation Design CONSIAErationNS ...........coiiiiiiiiiiiiie e 28
71 L T=T g T = S 28
7.2 1Y L1 (T e Yo=Y i o o RSP S 29
7.3 Environmental CoNSIAEIatioNS .........coiuuiiiiiiiiiii et et e e e sttt e e s s e e e s ense e e e ssneeaesannneeaean 30
8 Factory Acceptance and System Integration TESTING ..........veiiiiiiiiiiiiieee e 30
8.1 (=] =T = | SRS PRRPTRN 30
8.2 Device Factory CONfIQUIAtioN ...........ooi oottt et e e e e ennneeas 30
8.3 Factory ACCEPLaNCE TEST (FAT) ...ttt e bt e e et e e e e sbe e e e s aareeee e 31
8.4 System INtegration TEST (SIT) ...eiiiiiiiieiiiie et e e e et e e e et e e e e nteeeeeennreeeeeannes 32
9 Initial Commissioning and Site Acceptance TeStING (SAT)...ccviii i a e 34
9.1 1070] 001001171 a1 o [P SRR 34
9.2 Site ACCEPLANCE TESHING . . e ettt ettt ettt e e e e e e st e e e b e e e neee 36
10 Method(s) Of ONSIte ValidatioN..........coiiiiiiiiiie ettt s 37
L0 I =T =T = | PRSP 37
L0 A V= 1o F=1 (o] o T o =T o E PO PP PPEPTT PO 37
10.3  Validation EXECULION.......ci i ittt e e e e e et e et e e e e e e st aeeeeeaeeeseanssntsaeeeeaaeeeeannnsnreees 39
10.4  ASSESSING RESUILS ..ot e e e ettt e e e e bt e e e et e e e e e s be e e e e annre e e e annee 44
Documents

Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Contents

Page
1" DECOMMISSIONING ...ttt h e e oo b et e e ekttt e 4kttt e ook e et e e aab et e e s sb b et e e anbbe e e e s annnnees 44
1L S R =T o =T = | SRR 44
11.2  Safety CONSIAEIAtIONS. ... .....uiiiiiiiie et e e et e e e e e e e e e et e e e e e e e e s ee b s baeeeeeaeesseaenssesreees 44
Annex A (informative) Worked Example of a MPFM Direct Validation to Separator with Single-phase Meters ...... 46
= T o] ToTe =T o] o)V PP RR 50
Figures
1 Visual Representation of (a) Gas Void Fraction and Liquid Hold-up (b) Gas or Liquid Volume Fraction (c)
No-slip Conditions (d) Slip Conditions Used to Determine Individual Phase Velocities.............cc.ccccveeennnee 9
2 1 0 1= 1= PRSPPI 10
3 S T=T o= 1= 1 (=T N o SRS 10
4 1 (=4 T =T a0 o USSR 10
5 A Generic Two-phase Vertical Flow Map, Log-10g SCale ...........ocuiiiiiiiiiiiiiii e 11
6 A Generic Two-phase Horizontal Flow Map, LOg-10g SCal€........c.coiiiiiiiiiiiiiiee e 11
7 MPFM Measurement Process FIOW Diagram ...........uuueueeeiiaieeis e e e e e e e e e e e eeeeeeeeeees 13
8 Flow Map Example with Production Profile and MPFM Operating Envelope ............cccovieiiiiiiiieeiiiieeene 17
9 Map with MPFM Oil Flow Rate Uncertainty at Line Conditions (at Various Points on the Well Production
L] (211 (o] Y P PO PP PPP 18
10 Composition Map with MPFM Gas Flow Rate Uncertainty at Line Conditions (at Various Points on the
LAV =Y |l o Te I8 ox T g T N 2= [=To1 (o] V) F SRRSO PPUPURRRIN 18
1" Composition Map with MPFM Water Flow Rate Uncertainty at Line Conditions (at Various Points on the
LA I (oo [N i o B N =1 (=T (o] Y PO PRPRPPPPRP 19
12 Example of a User MPFM Performance Specification (Values Provided Above Are Fictitious and Do Not
Represent Any Real-world Estimation or EXpectation) ..............ooiiiiiiiiiiiiiiciiiiee e 20
13 Meter SEIECHON PrOCESS .......viiiiiiiieiiie ettt ettt et e et et e e b e ann e e 21
14 =) =T RS T d T g Lo T e {0 Yo SRR 25
15 Flowchart Representing @ FAT PIaN .......ooo ettt naeee s 31
16 Flowchart Representing @ SIT Plan ........ooo et 34
17 Flowchart Representing @ CommisSioning PIan ..........c.ooiiiiiiiiiiiiie e 36
18 MPFEM Validation DeCISION MAaTIiX ...........ueiiiiiiiiie ittt e e 40
19 Lo (o] o T RSP 42
20 10 )11 2SR 43
A1 Example—Validation System Configuration ... 47
A.2 Example—Pre-validation CheCKIiSt..............cooiiiiiiiiiiie e 48
A.3 Example—Calculation Path FIOWCNAIT ...........oooiiiiiiiii e a e 48
A4 Example—Final Passing Report using Comparison Conditions and Units of Measure and Acceptance
Criteria as Stated in the Validation Plan.............oooo e 49
Tables
1 Equations for MPFM Calculated ValUES ............uuuieimiiic et 12
2 Fluid Properties of Typical Produced Liquids at Standard Conditions ...............ccccocviiiiiiieiiiiiciiiiieeeee e, 13
3 Instruments Technologies Used to Determine Fractional Ratios and Flow Rates ..........cccccceviiiiiiiiiiiinnnnnn. 14
y Documents

Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Contents

4 Operating Envelope Parameters ............o e e e e e e e e 22

Documents

Document Sharing Hub

vii

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Documents

Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

Introduction

This standard addresses how the user measures multiphase flow rates of oil, gas, and water present in the production
stream.

This document does not describe allocation or well testing methods. Refer to API MPMS Chapter 20.1 for direction on
allocation methods and APl MPMS Chapter 20.5 for direction on well testing.

This document does not describe the flow loop testing protocols or methods. Refer to APl MPMS Chapter 22.7, Flow
Loop Testing Protocols.

Inthis document, the use of multiphase metering systems is focused on the role they can play in production measurement
and allocation applications. However, there are numerous other instances in which they can be extremely helpful.
To preserve the focus on production measurement and allocation, these other instances will not be discussed in any
depth.
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Measurement of Multiphase Flow
1 Scope

This document addresses inline multiphase flow measurement in the production environment, upstream of the
custody transfer (single-phase) measurement point, where allocation measurement for onshore, offshore, or
subsea is applied. For other multiphase flow measurement applications such as reservoir management, well
tests, and flow assurance, the standard can be used as a reference or guide. However, the focus of this standard
is on those applications where the accuracy of multiphase flow measurement for allocation systems is required.

This document refers to existing standards and recommended practices to supplement the guidance it provides
in this subject area. The document addresses principles used in multiphase flow measurement, multiphase
metering types and classifications, assessment of expected performance, and selecting and operating multiphase
measurement systems. Operational requirements or constraints are addressed, including expectations for flow
meter acceptance, calibration criteria, flow loop and in situ verifications, and other guidance specific to different
multiphase flow metering applications. The document does not address specific meter configurations.

2 Normative References

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any addenda) applies.

APl Recommended Practice 17S, Design, Testing, and Operation of Subsea Multiphase Flow Meters

API MPMS Chapter 20.5, Recommend Practice for Application of Production Well Testing in Measurement and
Allocation

API MPMS Chapter 22.7, Flow Loop Testing Protocol
3 Terms, Definitions, Abbreviations, and Symbols

3.1 Terms and Definitions

For the purposes of this document, the following terms and definitions apply. The definitions for many terms used
in this document can be found in ISO/IEC Guide 98-3:2008 ['® unless specified otherwise.

311

actual conditions

Line conditions, flowing conditions, conditions of pressure and temperature of the fluid at the point where fluid
properties or flows are measured or calculated.

3.1.2

allocation

The mathematical process of determining the proportion of produced fluids from individual entities (zones, wells,
fields, leases, or producing units) when compared with the total production from the entire system (reservoir,
production system, and gathering systems) to determine value or ownership to attribute to each entity.

313
allocation measurement
Measurement systems and procedures required to perform a fair and equitable allocation.

NOTE Such systems and procedures may not meet full custody transfer standards of measurement while still being
sufficient for allocation purposes.
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2 APl MANUAL OF PETROLEUM MEASUREMENT STANDARDS CHAPTER 20.3

314

calibration

A set of operations which establish, under specified conditions, the relationship between the values indicated by
a measuring device and the corresponding known values indicated when using a suitable measuring standard.

315

commingle

To combine the production streams from two or more wells, units, leases, production zones, or production
facilities into common vessels or pipelines.

3.1.6

conductivity

The ability of a material to conduct electrical current. In isotropic material conductivity is the reciprocal of resistivity.
Sometimes called specific conductance in units of Siemens/m or S/m.

317
emulsion
A suspension of fine particles or globules, or both, of one or more liquids in another liquid.

3.1.8

factory acceptance testing (FAT)

A series of functional tests and inspections that are performed by the manufacturer or third-party test facility prior
to equipment acceptance. FATs are intended to demonstrate and verify that the equipment meets design and
manufacturing specifications.

3.1.9

fiscal

Of or relating to financial matters. With respect to measurement, those that have a financial impact on custody
transfer, allocation, royalty, or taxation.

3.1.10

fiscal measurement

Measurement systems and procedures that are required to determine a quantity that may be expected to have a
direct financial impact to affected parties. As with custody transfer, allocation, or royalty measurement.

3.1.1

flow regime

The physical geometry exhibited by a multiphase flow in a conduit, the geometrical distribution in space and time
of the individual phase components, i.e. oil, gas, water, any injected chemicals. For example, liquid occupying
the bottom of a horizontal conduit with the gas phase flowing above.

3.1.12

Froude number

The ratio of the square root of the inertial force divided by the square root of the gravitational force for a particular
phase.

F = v/(gd)1/2

3.1.13

gas-oil ratio

(GOR)

The ratio of gas volume flow rate to the liquid hydrocarbon volume flow rate at any point, expressed at standard
conditions, usually in standard cubic feet per barrel (scf/bbl) or standard cubic meters of gas per cubic meter of
liguid hydrocarbon (m3/m?3).
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MEASUREMENT OF MULTIPHASE FLOW 3

3.1.14

gas void fraction

The ratio of the local cross-sectional area in the conduit occupied by the gas phase divided by the cross-sectional
area of the conduit at the same local position at line conditions, usually expressed as a percentage.

3.1.15

gas volume fraction

(GVF)

The fraction of the gas volumetric flow rate to the total volumetric flow rate, at actual conditions, often expressed
as a percentage.

g

GVF =
0,+0,

3.1.16

liquid hold-up

The ratio of the local cross-sectional area in the conduit occupied by the liquid phase divided by the cross-
sectional area of the conduit at the same local position at line conditions, usually expressed as a percentage.

3.1.17

liquid volume fraction

(LVF)

The fraction of the liquid volumetric flow rate over the total volumetric flow rate, at actual conditions, often
expressed as a percentage.

9
9+0,

LVF =

3.1.18

Lockhart-Martinelli parameter

A dimensionless parameter (usually shown in equations as X) used to indicate the degree of “wetness” of a wet
gas at actual conditions, defined as:

X:@W:%ﬁ
" Qg Py My VP

3.1.19

multiphase flow

Flow of a composite fluid that includes natural gas, hydrocarbon liquids, water, and injected fluids, or any
combination of these.

3.1.20

oil-continuous multiphase flow

Multiphase flow in which the water and any other liquids present are distributed as droplets surrounded by liquid
hydrocarbons (oil) in the liquid phase.

3.1.21

operating envelope

(OE)

A description of the operating range of a multiphase flow meter with its expected performance in liquid and gas
flow rates, gas volume fraction, and water-liquid ratio.

Documents

Document Sharing Hub

Full document details: API MPMS 20.3 2024


http://www.avadocuments.com/doc/api-mpms-20-3-2024
http://www.avadocuments.com/doc/api-mpms-20-3-2024

4 APl MANUAL OF PETROLEUM MEASUREMENT STANDARDS CHAPTER 20.3

3.1.22

phase

Aterm used in the sense of one constituent in a mixture of several. In particular, the term refers to oil, gas, water,
or any other constituent in a mixture of any number of these.

3.1.23
phase mass fraction
The mass flow rate of one of the phases of a multiphase flow, relative to the total multiphase mass flow rate.

3.1.24

phase volume fraction

The volume flow rate of one of the phases of a multiphase flow at actual conditions, relative to the total multiphase
volume flow rate, e.g. gas volume fraction (3.1.15).

3.1.25

pressure-volume-temperature (PVT) relationship

The phase behavior and description of hydrocarbon fluid physical properties for a given set of composition,
pressure, and temperature.

NOTE Physical properties of interest include relative phase fraction, gas-oil ratio (GOR), bubble point and hydrocarbon
dew point, density, correction factors, compressibility, and viscosity.

3.1.26

reference measurement system

A system of equipment and devices such as a separator, a single meter, a group of meters, a MPFM, analyzers,
monitors, or other equipment, with the specific purpose to determine a mass or volume, used in comparison to a
measurement system or equipment under validation.

3.1.27

salinity

The amount of all dissolved salts that are present in the water (kg/m?). Sodium and chloride are the predominant
ions in seawater, and concentrations of magnesium, calcium, and sulfate ions are also substantial and included
in the salinity values.

3.1.28

SAT Site Acceptance Testing

(SAT)

A series of specific tests and inspections that are performed at the installation site to demonstrate and verify that
the system is functional in the intended working environment.

3.1.29

SIT System Integration Testing

(SIT)

A series of tests performed to verify the behavior and functionality of the complete multiphase metering system’s
integrated hardware and software. This testing is conducted on a complete integrated system to evaluate the
system’s compliance with its specified requirements before it is installed on site.

3.1.30
slip
Conditions that exist when the phases have different velocities at a cross section in a conduit.

3.1.31

slip ratio
A means of quantitatively expressing slip as the phase velocity ratio between the phases.

G,
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MEASUREMENT OF MULTIPHASE FLOW 5

3.1.32
specification
An act of describing or identifying something precisely or of stating a precise requirement.

3.1.33

standard conditions

Conditions of pressure and temperature that hydrocarbon fluid quantities are normalized to, for the standardization
of volumetric units of measure (Std. bbls/ MSCF), used in hydrocarbon fluid measurement, production allocation
and custody transfer quantity calculations for quantity determinations. As defined by API; 14.696 psia @ 60 °F or
101.325 kPa @ 15 °C. (This normalization to a standard unit of measure does not address mass transfer due to
hydrocarbon fluid phase behavior.)

3.1.34

superficial phase velocity

The flow velocity of one phase of a multiphase flow, assuming the phase occupies the whole conduit by itself. It
is defined by the phase volume flow rate/pipe cross-sectional area.

3.1.35

validation

The process or procedure of comparing a system of instruments to a reference measurement system to ensure
its indication or registration is within a prescribed uncertainty or acceptance criteria.

3.1.36

verification

The process or procedure of comparing a single instrument to a single reference standard to ensure its indication
or registration is in satisfactorily close agreement, without making an adjustment.

3.1.37

phase fraction

The cross-sectional area locally occupied by one of the phases of a multiphase flow, relative to the cross-sectional
area of the conduit at the same local position, at actual conditions. (The phase fraction for gas is commonly called
Gas Void Fraction. The phase fraction for liquid is commonly called the liquid hold-up.)

3.1.38

water cut

(WC)

The water volume flow rate, relative to the total liquid volume flow rate (oil and water), both converted to volumes
at standard pressure and temperature.

3.1.39

water-continuous multiphase flow

Multiphase flow in which the oil and other liquids present are distributed as droplets surrounded by water in the
liquid phase.

3.1.40

water-liquid ratio WLR

The water volume flow rate, relative to the total liquid volume flow rate (oil and water), at the actual conditions
(operating pressure and temperature), expressed as a percentage.

3.1.41

production profile

This production profile is a prediction of the range of flow rates, composition, and operating conditions over a
period.
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APl MANUAL OF PETROLEUM MEASUREMENT STANDARDS CHAPTER 20.3

3.1.42
wet gas

A gasl/liquid system with a Lockhart-Martinelli number smaller than approximately 0.3 and greater than 0.
Hydrocarbon gases that contain heavy components that will condense out during further processing but behave
as a pure gas at the measured pressure and temperature are not considered to be a wet gas.

3.2 Abbreviations and Symbols

For the purposes of this document, the following abbreviations and symbols apply.

N

pipe

AN

gas

N

liquid

~

CTL
DP
EOCS
FAT
GOR
GUM
GVF

Nelie
PLET
psi

PVT

1

pipe cross-sectional area

cross-sectional area of pipe occupied by gas flow
cross-sectional area of pipe occupied by liquid flow
gas void fraction

liquid hold up

Correction for Temperature of a liquid
differential pressure

equation(s) of state

factory acceptance test

gas-oil ratio

ISO Guide to uncertainty in measurement ['3
gas volume fraction

hydrocarbon

system imbalance

liquid volume fraction

Monte Carlo simulation

monoethylene glycol

gas mass flow rate

liquid mass flow rate MPFM

liquid hydrocarbon (oil) mass flow rate

water mass flow rate

Norwegian Society for Oil and Gas Measurement
operating envelope

pressure and temperature at actual conditions
pressure and temperature at standard conditions
pipeline end termination

pounds per square inch
pressure-volume-temperature

mean value of a random variable g

gas volume flow rate Documents
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MEASUREMENT OF MULTIPHASE FLOW 7

0, liquid volume flow rate

0, liquid hydrocarbon (oil) volume flow rate

0, water volume flow rate

P, gas density

p, liquid density

R universal gas constant

ROV remotely operated vehicle

S slip ratio

SAT site acceptance test

SIT system integration test

U velocity of liquid or gas in a pipe at actual conditions

U, liquid velocity at actual conditions

Ug gas velocity at actual conditions

Ug,SC gas velocity of gas at standard conditions

Ué superficial velocity of gas phase of a multiphase flow in pipe
U, superficial velocity of liquid phase of a multiphase flow in pipe
WLR water-liquid ratio

X, Lockhart-Martinelli parameter

Z gas compressibility factor at actual conditions

Zy. gas compressibility factor at standard conditions

4 Overview—Multiphase and Wet Gas Flow

41 General

In-line MPFMs are characterized by the measurement of the total or individual phase volume or mass flow
rates which are performed directly in the multiphase line with no phase separation. Multiphase flow is referred
to as “three phase” and throughout this document multiphase measurement is referred to as a three-phase flow
situation. This is a common practice and is the accepted vernacular within the multiphase industry.

Wet gas refers to a subset of multiphase flow in which gas is the dominant phase, with lesser quantities of liquid
(oil/water) present. As such, for the sake of clarity, the term multiphase meter will be used to describe both a
multiphase meter and a multiphase/wet gas meter throughout this document.

This standard will sometimes be used in conjunction with other standards or similar documents. When a need
is encountered for addressing these situations, rather than directly discussing the subject in this document, the
user is referred to the appropriate referenced documents for direction.

4.2 Multiphase-flow Fundamentals

4.2.1 Key Parameters and Definitions

For two-phase flow at actual conditions, the area fraction of gas or liquid that occupies the cross-sectional area
of a pipe is known as the void fraction, %, and the liquid hold-up, ¢, , respectively. These parameters can be

calculated as shown in Equation (1) and Equation (2). Documents
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a, = (1

liquid
o = g @)

pipe

The sum of the gas void fraction in Equation (1) and liquid hold up in Equation (2) should equal 1. The gas void
fraction and liquid hold up are not to be confused with both the gas volume fraction, GVF, and the liquid volume
fraction, LVF, as these parameters describe the relationship between the phase volume flow rate, Qg or 0, and

the total fluid flow rate, as shown in Equation (3) and Equation (4).

g

GVF = 0+0 (3)
9
LVF = Q/+Qg (4)

In Equation (3) and Equation (4), the phase volumetric flow rates can be determined by multiplying the cross-
sectional area of the pipe with the respective phase superficial velocity, Usg or U, These superficial phase

velocities are determined by assuming an individual phase is flowing at a theoretical mean velocity if it occupied
the entire conduit alone. A visual representation of the differences between the gas void fraction and liquid hold-
up versus the gas and liquid volume fraction is shown in Figure 1. For most of the two-phase flow, the liquid
hold-up will be larger than the liquid volume fraction and the gas hold-up will be smaller than the gas fraction due
to slip. The slip ratio, S, can be determined from the ratio of gas and liquid velocities as shown in Equation 5.

S

SZUEI (5)
I

Only under no-slip conditions, when S = 1, will the two phases travel at equal velocities, and the gas void fraction
or liquid hold-up will be equivalent to the gas and liquid volume fraction. The relationship between GVF, S, and

gas void fraction, Oy is shown Equation (6).

AU A o
g 8

GVF = SR = g = g (6)
0 +0 AU +A4U, 1 1,
g 1 ¢ g 11 Ag—l— 5 A ag+S(1 ag)

Rearranging Equation 6 and solving for A results in the relationship shown in Equation (7).

@t (7)

1
! +S<GVF 1)
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(a) Gas or Liquid Hold-up (b) Gas or Liquid Volume Fraction
Qg =Us g Apipe = UgApip GVF

i

4

B Gas
H Liquid

Q = Uy Ay, = Uidy, LVF

pipe pipe

x

(¢) No-Slip Conditions (d) Slip Conditions

GVF = a; =50% GVF =50% a, < 50%

Uy

Ui

r
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Figure 1—Visual Representation of (a) Gas Void Fraction and Liquid Hold-up (b) Gas or Liquid Volume
Fraction (c) No-slip Conditions (d) Slip Conditions Used to Determine Individual Phase Velocities

4.2.2 Flow Pattern Classification/Maps

Multiphase flow structures are often classified into different flow regimes, the characteristics of which depend
on several different parameters. These flow regimes have a significant effect on the accuracy of the MPFM
measurement within the designed operating conditions and operating envelope (OE), as well as the meter’s
response to transitional changes between flow regimes.

The main parameters associated in forming the different flow regimes are:

a) transient effects because of changes in system conditions (e.g. valve opening and closing),

b) pipeline geometry, inclination, or terrain effects,

c) hydrodynamic effects (e.g. fluid properties and flow rates), or

d) a combination of these.

Although many different combinations of the above parameters result in different flow patterns, the hydrodynamic
multiphase flow regimes can be grouped into the following categories:

a) dispersed flow (e.g. bubble flow, mist flow), see Figure 2;
b) separated flow (e.g. stratified flow, annular flow), see Figure 3;
c) intermittent flow (e.g. elongated bubble, chum flow, slug flow), see Figure 4;

d) or a combination of these categories.
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