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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Doctor of Philosophy

IMPACT OF INLET SLUG FLOW ON HORIZONTAL GAS-LIQUID
SEPARATOR

By

LEE SIONG HOONG

November 2018

Chairman  : Professor Thomas Choong Shean Yaw, PhD, P.Eng
Faculty : Engineering

This study has demonstrated that the current sizing criteria for a gas-liquid separator
commonly used in the industry maybe inadequate. The sizing criteria has not taken
into account the inlet flow pattern and fluid hydrodynamics inside the separator. In
this study, the inlet flow pattern was showed to have significant impact in the
separator sizing and the fluid hydrodynamics inside the separator. The experiment
was conducted using a test rig consists of a horizontal gas-liquid separator operating
at 45 °C. The liquid was constantly fed at 430 mL/min while the gas flowrate was
adjusted to meet the requirement of inlet momentum from 200 to 2500 Pa. The liquid
and gas phase used in the experiment were water and air, respectively. Experimental
results demonstrated that the inlet flow was slug flow for inlet momentum of 200 to
1500 Pa, and the Mandhane’s map could be used to predict the flow pattern.

Computational Fluids Dynamics (CFD) has demonstrated its function as an essential
tools to simulate hydrodynamic inside the separator. However, the standard approach
for Volume of Fluids (VOF) does not able to model the hydraulic jump in the inlet
slug flow and additional User Define Function (UDF) using normal distribution
equation was used at the inlet boundary to simulate the hydraulic jump. Another
advantage was demonstrated using CFD in this study is the complex calculation such
as kinetic energy of turbulence can be solved easily. Realizable k — ¢ turbulence
model has provided good agreement with experimental result and is recommended
for this type of application.

At inlet momentum of 800 Pa and lower, the sloshing does not occurred in the
separator and the Souders-Brown constant from the guidelines is still valid for gas
phase section sizing for horizontal gas-liquid separator which provided acceptable



low level liquid carryover at gas phase. For inlet momentum of 1000 Pa and higher,
the impact of inlet slug flow initiated the separator sloshing phenomena. Sloshing
was found to increase the liquid carryover in the gas phase. Kinetic energy of
turbulence at liquid phase shall be kept below 15 m?/s to avoid any sloshing in the
separator. The sloshing phenomena in the separator can be avoided by lowering the
liquid level in the separator which is a very economical approach in retrofitting gas-
liquid separator and to avoid expensive separation internals. Additional
recommended liquid level from this study was suggested in the gas-liquid separator
sizing in order to mitigate the sloshing phenomena in the separator.
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KESAN OLEH ALIRAN SLUG DI DALAM PEMISAH GAS-CECAIR
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LEE SIONG HOONG

November 2018

Pengerusi : Professor Thomas Choong Shean Yaw, PhD, P.Eng
Fakulti : Kejuruteraan

Kajian ini telah menunjukkan kriteria saiz semasa pemisah gas-cecair yang biasa
digunakan dalam industri yang berdasarkan momentum masuk, pemalar Souders-
Brown dan masa pengekalan cair adalah tidak mencukupi. Kriteria saiz semasa tidak
mengambil kira corak aliran masuk dan hidrodinamik cecair di dalam pemisah akibat
daripada kesan corak aliran masuk. Dalam kajian ini, corak aliran masuk (inlet slug
flow) menunjukkan kesan yang ketara dalam saiz pemisah dan hidrodinamik
bendalir di dalam pemisah. Eksperimen ini dijalankan dengan menggunakan rig
ujian dua fasa atmosfera yang terdiri daripada pemisah gas-cecair mendatar dan
operasi pada suhu 45 °C. Aliran cecair yang digunakan adalah 430 mL/min manakala
aliran gas disesuaikan dengan memenuhi syarat momentum masuk dari 200 hingga
2500 Pa. Fasa cecair dan gas yang digunakan dalam eksperimen adalah air dan udara
masing-masing. Keputusan eksperimen telah membuktikan bahawa inlet slug flow
berlaku di antara momentum masuk 200 hingga 1500 Pa dan peta Mandhane
menunjukkan persetujuan terbaik dengan hasil eksperimen.

Dynamics Fluid Dynamics (CFD) telah menunjukkan fungsinya sebagai alat penting
untuk mensimulasikan hidrodinamik dalam pemisah. Walau bagaimanapun,
pendekatan standard untuk Volume Fluid (VOF) tidak dapat memodelkan lompatan
hidraulik dalam inlet slug flow dan User Define Function (UDF) menggunakan
persamaan edaran normal digunakan di sempadan masuk untuk mensimulasikan
lompatan hidraulik. Kelebihan lain ditunjukkan dengan menggunakan CFD dalam
kajian ini adalah pengiraan kompleks seperti tenaga kinetik turbulen boleh
diselesaikan dengan mudah. Model turbulen k-¢ yang boleh diperolehi telah
memberikan persetujuan yang baik dengan keputusan eksperimen dan disyorkan
untuk jenis aplikasi ini.
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Pada momentum masuk 800 Pa dan ke bawah, sloshing tidak berlaku dalam pemisah
dan pemalar Souders-Brown untuk fasa gas masih berada di dalam lingkungan garis
panduan yang ditetapkan, oleh itu, pengalihan cecair pada fasa gas berada di tahap
rendah yang boleh diterima. Fenomena sloshing berlaku akibat dripada inlet slug
flow untuk momentum masuk 1000 Pa ke atas. Tenaga kinetik turbulens pada fasa
cair hendaklah disimpan di bawah 15 m2/s2 untuk mengelakkan fenomena sloshing
di dalam pemisah. Fenomena sloshing di dalam pemisah boleh dielakkan dengan
menurunkan tahap cecair di dalam pemisah dan merupakan pendekatan yang sangat
ekonomik semasa pengubahsuaian pemisah gas-cair dan mengelakkan penggunaan
pemisahan dalaman yang mahal. Tahap cecair tambahan yang dicadangkan dari
kajian ini untuk pemisah gas-cecair dapat melenyapkan fenomena sloshing di
pemisah.

v



ACKNOWLEDGEMENTS

Although my name appears on the cover of this thesis, the accomplishment of this
thesis may not be successful without aid and help from many people.

First of all, I would like to address my sincere thanks to all the staffs in Universiti
Putra Malaysia especially my supervisor, Professor Ir. Dr. Thomas Choong Shean
Yaw and my both co-supervisors, Professor Dr. Lugman Chuah Abdullah and Dr.
Mus’ab Abdul Razak for their guidance and ideas throughout the whole period of
this study.

Then it is my pleasure to deepest gratitude to Mr. William Lee and Mr. Choong Thin
Choy for their financial support in setting up the test rig and Encik Adli Nazri Mohd
Kasim for his guidance in laboratory procedures which expedited the progress of the
experiment.

Finally I would like to thank my family, my friends and especially my wife, Cerlyn
Yee for their unflagging love, support and patience throughout this period.



This thesis was submitted to the Senate of the Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Thomas Choong Shean Yaw, PhD, P.Eng
Professor, Ir

Faculty of Engineering

Universiti Putra Malaysia

(Chairman)

Lugman Chuah Abdullah, PhD
Professor

Faculty of Engineering
Universiti Putra Malaysia
(Member)

Mus’ab Abdul Razak, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

ROBIAH BINTI YUNUS, PhD

Professor and Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by graduate student

I hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced;

this thesis has not been submitted previously or concurrently for any other degree
at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published (in the
form of written, printed or in electronic form) including books, journals,
modules, proceedings, popular writings, seminar papers, manuscripts, posters,
reports, lecture notes, learning modules or any other materials as stated in the
Universiti Putra Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia
(Research) Rules 2012. The thesis has undergone plagiarism detection software.

Name and Matric No.: Lee Siong Hoong, GS46504

viii



Declaration by Members of Supervisory Committee

This is to confirm that:
e the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature:

Name of Chairman

of Supervisory

Committee: Professor Ir Dr. Thomas Choong Shean Yaw

Signature:

Name of Member

of Supervisory

Committee: Professor Dr. Lugman Chuah Abdullah

Signature:
Name of Member

of Supervisory
Committee: Dr. Mus’ab Abdul Razak

X



TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLERATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
14 Upstream Production
1.2 Gas-Liquid Separators in Production
I Problem Statement
1.4  Objectives
1.5 Scope of the Research

2 LITERATURE REVIEW

| Horizontal Gas-Liquid Separator Background

2.2 Primary Sizing Criteria for Horizontal Gas-Liquid Separator

2.3 Secondary Sizing Criteria for Horizontal Gas-Liquid
Separator

2.4 Hydrodynamics in a Separator

2.5 Flow Pattern
2.5.1 Mandhane‘s Map
2.5.2 Taitel & Dukler’s Map

2.6 Computational Fluid Dynamics (CFD) - Volume of Fluids
(VOF)

2.7 Summary

3 MATERIAL AND METHOD
3.1 Experimental Setup
3.1.1 Gas-Liquid Test Rig
3.1.2  Gas-Liquid Test Rig Operating Procedure
3.2 Liquid (Water) Physical Characterization
3.2.1 Viscosity Measurement
3.2.2 Density Measurement
3.2.3 Surface Tension Measurement
33 Computational Fluid Dynamics (CFD) Setup
3.3.1 Model of Gas-Liquid Separator
3.3.2 Meshing of the Model
3.3.3 Simulation Model Selection

Page

1l

Vi
Viil
Xii
Xiil
Xvii

AW W ==

W D

11
14
17
18
19

20
23

24
24
24
27
29
29
31
32
34
34
35
38



3.3.3.1 Volume of Fluids (VOF)

3.3.3.2 Turbulence Model - Realizable k — € Model
3.3.4 Boundary Condition
3.3.5 Discretization Method
3.3.6 Solution Method

4 RESULTS AND DISCUSSION

4.1

4.2

4.3
4.4
4.5
4.6
4.7

4.8

Experimental Results and Discussion for Air-Water at

Separator

4.1.1 Experiment Observation for Inlet Flow Pattern at
Separator

4.1.2 Experiment Observation for Hydrodynamics inside
the Separator

4.1.3 Analysis using Two-Phase Flow Pattern Map

Modelling Inlet Flow Pattern Using Numerical Models

4.2.1 Standard Approach of Volume of Fluid (VOF)
Simulation for Inlet Flow Pattern

4.2.2 Inlet Flow Pattern with User Define Function (UDF)

Hydrodynamics Inside the Separator

Amplifications of Inlet Momentum

Liquid Carryover at Gas Outlet

Kinetic Energy of Turbulence

Implementation of Outcomes from this Study in a Separator

Sizing

Summary

5 CONCLUSION AND RECOMMENDATIONS

REFERENCES
BIODATA OF STUDENT
LIST OF PUBLICATIONS

xi

38
39
41
43
46

48
48
48
53
60
62
62
63
71
78
80
83

87
90

91

92

100
101



Table

2.1

2.2

2.3

2.4

3.1

32

3.3

34

4.1

4.2

LIST OF TABLES

Type of Inlet Device and their Inlet Momentum Limit

Recommendation K-value for Different Type of Demister for Gas-
Liquid Separator

Adjustment of K- value for Pressure Elevation
Recommended Retention time for Gas-Liquid Separator
Basis of Design of In-House Gas-Liquid Test Rig

Test Matrix of the Experiment at 101.325 kPa and 45 °C
Physical Data of Liquid (Water)

Data of the Boundary Condition Used in the ANSYS Fluent Version
17.2

Velocity Contour of Inlet due to Slug Flow

Modification Data for Test Separator (Pertamina, 2012a)

xii

Page

10

10

11

25

28

33

42

79

88



Figure

1.1

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

LIST OF FIGURES

Typical Schematic Diagram of a Production Facility

Four Sections in the Gas-Liquid Separator (Jack, 2009)

Different Types of Inlet Devices (Arnold, 2007; Chin, 2015a; 2015b)
Forces Exerted on a Droplet

Droplet Size Distribution in a Separator (Campbell, 1992)

Drag Coefficient for Sphere as a Function of Reynolds number
(McCabe et al., 1993)

Drag Coefficients for Varying Magnitudes of Reynolds Number
(Arnold & Stewart, 2008b)

Formation of Cavity (Labus & Aydelott, 1971)
Flow Pattern of Horizontal Co-current Flow (Spedding et al., 2003)
Mandhane’s Map for Horizontal Flow Model (Mandhane et al., 1974)

Taitel & Dukler’s Map for Horizontal Flow Model (Taitel & Dukler,
1976)

An Outline of the Study Approach Adopted in this Work
Setup of Gas-Liquid (Two-Phase) Test Rig

Schematic of Gas-Liquid (Two-Phase) Test Rig
Gas-Liquid Separator

An Illustration of Glass Capillary Viscometer

Glass Capillary Viscometer used in Experiment

Glass Capillary Viscometer in Water Batch

KEM DA-650 Density Meter Used in the Experiment

xiil

Page

7

11

12

13

15

18

19

20

24

25

26

26

30

30

31

32



3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

An Illustration of Maximum Force of the Pulling Ring before the
Liquid Surface Formation Rupture

An Illustration of Measuring Phases Using Du Noiiy Ring Method
Lauda Tensiometer TD1C Used in the Experiment

Gas-Liquid Separator Model

Gas-Liquid Separator with 1.7 mm Tetrahedron Mesh

Mesh Dependency Test of Single Section

Comparison of Various Improved Mesh Size

Comparison of Selected Improved Mesh Size and Single Mesh of 1.5
and 1.7 mm

Visual Comparison of Single Mesh (Left) and Dual Mesh (Right)

Control Volume Used to Illustrate Discretization of a Scalar Transport
Equation (ANSYS Fluent, 2016)

Cell Centroid Evaluation (ANSYS Fluent, 2016)
Pressure-based Segregated Algorithm Solution Method
Flow Behavior for Inlet Momentum 200 Pa

Flow Behavior for Inlet Momentum 400 Pa

Flow Behavior for Inlet Momentum 600 Pa

Flow Behavior for Inlet Momentum 800 Pa

Flow Behavior for Inlet Momentum 1000 Pa

Flow Behavior for Inlet Momentum 1500 Pa

Flow Behavior for Inlet Momentum 2000 Pa

Flow Behavior for Inlet Momentum 2500 Pa

An Illustration of Impact of Slug Flow onto the Liquid Surface inside
the Separator during Hydraulic Jump.

Annular Flow Pattern in a Conventional Pipe (Li et al., 2017)

X1V

32

33

33

35

36

36

37

37

38

43

44

47

48

49

49

49

50

50

51

51

52

52



4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

Experiment Observation for Hydrodynamics inside the Separator for
200 Pa

Experiment Observation for Hydrodynamics inside the Separator for
400 Pa

Experiment Observation for Hydrodynamics inside the Separator for
600 Pa

Experiment Observation for Hydrodynamics inside the Separator for
800 Pa

Experiment Observation for Hydrodynamics inside the Separator for
1000 Pa

Experiment Observation for Hydrodynamics inside the Separator for
1500 Pa

Sloshing in the Separator
Flow Pattern Prediction using Taitel & Dukler (1976) Map
Flow Pattern Prediction using Mandhane et al. (1974) Map

Comparison of Inlet Flow Pattern of Experiments (Top) and
Simulations (Bottom) using Volume of Fluid Approach

Comparison of Actual and Simulated Inlet Liquid Volume Distribution
in the VOF Approach

Generic Normal Distribution (Bell) Curve

Straight Pipe Model (Left) and Straight Pipe with Mesh (Right)
Comparison of Different Mesh Size of the Straight Pipe
Comparison of ANSYS Fluent Data with Equation 4.2

Comparison of Experiment Observations and Volume Fraction of
Water as Simulated by ANSYS Fluent With and Without an UDF

Comparison of Experimental and ANSYS Fluent with UDF at
Separator Inlet Section

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 200 Pa

XV

54

55

56

57

58

59

60

60

61

62

63

64

65

65

67



4.29

4.30

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 400 Pa

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 600 Pa

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 800 Pa

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 1000 Pa

Comparison of Experimental and Simulated Results for
Hydrodynamics inside the Separator for Inlet Momentum of 1500 Pa

Amplifications of Inlet Momentum due to Hydraulic Jump of Slug
Flow

Liquid Carryover at Gas Outlet with Different Inlet Momentum
Hydrodynamics in the Separator for Liquid Level 63mm

Liquid Carryover at Gas Outlet for Inlet Momentum of 1000 and 1500
Pa after Reduction of Liquid Level to Mitigate Sloshing

Kinetic Energy of Turbulence in the Liquid Phase for Different Inlet
Momentum

Comparison of Various Kinetic Energy of Turbulence with and without
Sloshing Happened in the Separator

Recommendation of Liquid Level in a Separator to Prevent Sloshing
Flowchart of an Improved Procedure for Separator Sizing
Prediction of Inlet Flow Pattern from Mandhane’s Map

Maximum Allowable Liquid Level to Avoid Sloshing for a Case Study

Xvi

73

74

75

76

77

78

80

82

83

85

86

88

89

90



LIST OF ABBREVIATIONS

API American Petroleum Institute

ASTM American Society for Testing and Materials
BS&W Basic Sediment and Water

CFD Computational Fluid Dynamics

CPU Central Processing Unit

DIN German Institute for Standardization

GPSA Gas Processors Suppliers Association

GVF Gas Volume Fraction

ISO International Organization for Standardization
K Souders-Brown Constant, ?

LPH Liter per Hour

mLPM milliliter per Minute

MMSCF Million Standard Cubic Feet

MMSCM Million Standard Cubic Meter

N Normal

PETRONAS Petroliam Nasional Berhad

PISO Pressure-Implicit with Splitting of Operators
PTTEP PTT Exploration and Production

PVC Polyvinyl Chloride

RANS Reynolds Average Navier-Stokes

Re Reynolds Number

RNG Renormalized Group

UDF User Define Function

VOF Volume of Fluids

Pm Mixture density, %

Um Mixture velocity, ?

v Terminal gas velocity or maximum gas velocity, %
Py Gas density, %

o) Liquid density, %

xvii



CHAPTER 1

INTRODUCTION

1.1 Upstream Production

A typical schematic diagram of an upstream oil and gas production facility is shown
in Figure 1.1. The equipment or systems at a production facility are integrated, each
having their own functionality. For example, a compression system is used to
increase the gas pressure to its delivery pressure, glycol system is designed for gas
dehydration which remove water moisture from the gas stream and amine system is
installed to remove the acidic components in the gas such as carbon dioxide and
hydrogen sulfide (Arnold, 2007; Arnold & Stewart, 1999). One of the basic yet
essential equipment is separator. Separators are commonly found in pre and post
treatment, primarily used to remove free liquid from the gas stream (Arnold &
Stewart, 2008b). A receiving separator can be found in an upstream section which
is in series arrangement for gas pretreatment and crude stabilization. These
separators receive and separate incoming fluids using gravity separation (Arnold &
Stewart, 2008a). In these separators, bulk phases such as gas and liquid will be
separated before undergoing further treatment at the downstream processing.
Therefore, under performance of a separator will directly impact its downstream
equipment (Arnold & Stewart, 2008b).
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Figure 1.1: Typical Schematic Diagram of a Production Facility
(Arnold & Stewart, 2008a)



1.2 Gas-Liquid Separators in Production

The primary function of a gas-liquid separator is to separate bulk phases using
gravitation concept. To ensure a separator to perform as it is, Hansen (2001) has
proposed several important criteria for sizing:-

1. Provide sufficient time to allow the immiscible gas and liquid phases to
separate by gravity.

2. Provide sufficient time to allow for the coalescence of gas bubbles in the bulk
liquid phase to improve degassing.

3. Allow for variation in the flow rates of gas and liquid without adversely
affecting separation efficiency. This variation in flow rates is often
represented using inlet momentum.

These sizing criteria will be further explained in Section 2.2.

A separator shall be robust in handling incoming fluids. The incoming fluids from a
subsurface flowline enters a separator at different momentum and the magnitude of
the incoming fluids are subjected to reservoir pressure, fluids mixture and overall
production plan. An ideal separator is designed to withstand and dampen this inertia
or commonly known in the industry as inlet momentum.

The performance of a separator is measured in amount of liquid carryover to the gas
phase. Liquid carryover in the gas phase from a separator is one of the major issue
in an upstream production facility. A liquid carryover to the compressor will lead to
imbalance of the impeller and excessive vibration. An excessive liquid carryover
may eventually lead to mechanical failure in the long run (Prabhudharwadkar et al.,
2010; Ezzell, 2017). In gas processing system such as glycol and amine system, an
excess condensate carryover will cause uncontrollable foaming in the contactors
(Ezzell, 2017). Moreover, excessive liquid carryover in the flaring system will
damage the flare tip and lead to more downtime due to maintenance work and
incomplete combustion.

Information on hydrodynamics inside a separator is crucial to unlock the
uncertainties in sizing a new separator or retrofitting an existing unit. Besides
physical experiment study, numerical simulation can be used to model the
phenomena happened in a separator. Computational Fluid Dynamics (CFD) can be
a useful tool to review the design or retrofitting of a separator (Laleh et al., 2011b).



1.3 Problem Statement

As mentioned by Bothamley (2013a), many two-phase separators in the oil and gas
industry were reported to underperform, most likely due to inadequate sizing
methodology. One of the weakness associated with the current sizing methodology
is the lack of quantification of feed flow, where the impact of flow pattern on the
performance of a separator is not incorporated.

The current practice, provided by vendor, in rectifying excessive liquid carryover in
a gas-liquid separator is often by the installation of advanced separation internals
such as inlet device, vane type coalescer and demisting cyclones. However, this
approach involves a high retrofitting cost and also adds more weight to the equipment
which is unfavorable to the production operators. Note that an investment of millions
of ringgit 1s often required for a major retrofitting (Chin, 2015a; Chin et al., 2015;
Morillo et al., 2016; Bothamley (2017)).

In order to achieve a simpler and a more economical solution, a deeper understanding
on the behavior of inlet flow and its impact on hydrodynamics inside a separator is
necessary. However, there are very few literature reporting the details of inlet flow
and its hydrodynamics inside a separator. A detailed study in this particular field is
required to realize this approach. The focus of this research will be on slug flow as
it is the most common flow pattern encountered in two-phase flow. As mentioned
recently by Bothamley (2017), a proper quantification of feed inlet and a proper
understanding of hydrodynamics is crucial to prevent liquid carryover in a separator.

1.4 Objectives

This project was designed to study the inlet flow behavior and hydrodynamics inside
a separator. A bare separator was used here in order to achieve a simple and
economical solution. The specific objectives of this research were as follows:-

1) To study the type and impact of inlet flow on liquid surface movement inside
a separator using an in-house gas-liquid separation test rig.

2) To simulate the impact of inlet flow on liquid surface movement inside a
separator using CFD simulation — ANSY'S Fluent.

3) To simulate and predict the performance of a gas-liquid separator using an
experimental validated CFD model.  The performance of a separator is
quantified using the amount of liquid carryover. A practical guideline for
mitigating the liquid carryover is proposed.



1.5 Scope of the Research

In this study, the focus is on a two-phase or gas-liquid separator as experimental
study of a three phase separator involves liquid-liquid phase separation which may
require the use of actual crude oil. The Gas Volume Fraction (GVF) for the incoming
fluids mixture is in the range of 0.90 to 0.99 where inlet slug flow occurred. The
GVF range adopted in this research is commonly found in most separators for both
associated and non-associated gas fields. Most of the first separator for associated
and non-associated gas fields in this region have operating temperature no more than
45 °C. In this study, experiments were performed at atmospheric pressure and air,
and water were used as gas and liquid phase. Furthermore, this work focused on the
primary sizing criteria for horizontal gas-liquid separator, in which droplet size of
carryover was not included. The droplet size is an additional aspect covered by the
secondary sizing criteria for separator. However, this criteria is not mandatory in the
industry standard. The experiment in this study was designed to achieve the
American Petroleum Institute (API) 17 N Technology Readiness Level 3 for research
to prove feasibility where concept was proved by experimental or simulation.
(Banke, 2017 and Grethe et. al., 2016)
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