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ABSTRACT

Immiscible liquid-liquid flow of oil-water is common phenomenon in many
industrial processes; amongst them is crude oil transportation in oil and gas industry.
Produced water with oil has complex interfacial structure which complicates the
hydrodynamic predictions of the fluid flow. Due to the complexity of liquid-liquid
flow, development of reliable analysis tool is difficult. Computational Fluid
Dynamics (CFD) has been an established tool for flow analysis in the field of single
phase flow but has only started becomes established in multiphase field. Therefore,
this thesis attempts to model stratified oil-water flow in horizontal pipe using
ANSYS software Fluent. Since pressure drop is an important consideration in liquid-
liquid flow, the modelled flow is then used to predict pressure drop base on the factor
of superficial velocity at each liquid phase. The results were compared against the
established experimental data available in the literature for reliableness. Base on the
simulation, it was evident that the Volume of Fluid (VOF) modelling approach is
able to model stratified oil-water flow and possible to predict for pressure drop.
Generally the predicted pressure drop was in quite good consistency with
experimental data for low superficial velocities but predicted low agreement for
higher superficial velocities. However, the simulation can be improved as the
turbulence model adopted for this simulation could be modified to obtain better

pressure predictions.
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ABSTRAK

Aliran cecair-cecair yang tidak bercampur seperti minyak-air merupakan fenomena
biasa dalam banyak proses perindustrian antaranya ialah pengangkutan minyak
mentah menggunakan saluran paip dalam industri minyak dan gas. Air yang terhasil
bersama minyak mempunyai struktur permukaan yang kompleks. Hal ini
merumitkan ramalan aliran hidrodinamik cecair-cecair tersebut. Computational Fluid
Dynamics (CFD) ialah perisian yang biasa digunakan untuk menjalankan analisis
dalam bidang bendalir mekanik khususnya untuk keadaan aliran satu fasa, tetapi
masih kurang untuk aliran multifasa. Tujuan tesis ini adalah untuk melakukan
simulasi aliran minyak-air berstrata dalam paip mendatar menggunakan perisian
ANSYS Fluent. Aliran yang disimulasikan kemudiannya digunakan untuk
mengenalpasti perubahan tekanan pada jarak paip yang tertentu. Perubahan tekanan
dinilai berdasarkan kepada faktor halaju setiap fasa cecair. Keputusan yang diperoleh
semasa simulasi kemdudian dibandingkan dengan hasil daripada eksperimen yang
dijalankan dalam kajian yang lalu. Berdasarkan simulasi pilihan Volume of Fluid
(VOF) sebagai model multifasa dilihat dapat menghasilkan simulasi aliran minyak-
air berstrata dengan baik. Secara umumnya, perubahan tekanan yang diramalkan
mempunyai konsistensi agak baik dengan data eksperimen untuk halaju rendah tetapi
meramalkan perbandingan yang kurang memberangsangkan untuk halaju cecair lebih
tinggi. Walau bagaimanapun, simulasi ini boleh diperbaiki dengan mengubahsuai
model pergolakan serta meningkatkan kualiti element untuk mendapatkan ramalan

perubahan tekanan yang lebih baik.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Immiscible liquid-liquid flow is a common occurrence encountered in various
industrial processes amongst them is in petroleum industry where oil-water appears
in the wellbore as well as during oil transportation. The presence of water in the well
either as formation water or from water breakthrough in later years of production
often delivered simultaneously with the crude oil through subsea pipeline. Starting
from the wellhead to the processing facilities located either offshore or onshore, the
pipeline lies on the seabed horizontally or near horizontal orientation and over
relatively long distances. Fraction of water in the output stream will increase as the
producing life of a well increase. However the production is considered economic

even the water fraction is as high as 90% [1].

The presence of water during the transportation of oil can no longer be treated
as a single-phase flow. Oil-water has complex interfacial structure which complicates
the hydrodynamic prediction of the fluid flow. During the simultaneous concurrent
flow of oil and water, several configurations are formed which are generally grouped
into separated flow where both phases retain their continuity and dispersed flow
where one phase is continuous and the other is in the form of dispersed flow [2,3].
Even though there are other flow configurations observed such as slug flow, core

annularflow,



stratified wavy flow and three layer flow, [6,7,14] however these two are the main

flow configurations in oil-water system.
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Figure 1.1: Pipeline distribution network for oil transportation from wellhead to the

processing facilities. (Source: www.offshoreenergytoday.com)

In principle, the flow inside a pipe is governed by the difference of pressure
between the upper stream and lower stream i.e. pressure at wellhead was usually set
higher than at processing facilities. However, since oil-water being transported over
long distances, the pressure will drops and requires additional support to maintain
continuous flow until it reaches the processing facilities. Common practice is using
pump to push the flow and it needs sufficient power requirements which relates to
operational costs. That is why the importance of initial prediction on pressure drop in
order to help in optimizing the use of pump is beneficial to reduce power
consumption. Slight enhancement in transportation efficiency will have significant
influence on revenues for companies in the oil and gas industry. Hence, finding
reliable analysis tools for understanding and optimization of multiphase flows is a
priority for these companies.



Computational Fluid Dynamics (CFD) was developed during the second half
of the 20™ century and became an established analysis tool for single-phase flow
calculations during 90ies with the appearance of commercial CFD software such as
ANSYS Fluent and ANSYS CFX. However, the use of CFD in the area of
multiphase flow is not well established such as single phase field. Not much
published work has been done on simulating oil-water flow using ANSYS CFD.
Nowadays, the development of computer resources, making more complex analyses
possible, along with the combination of multiphase flow models in commercial codes
such as those previously mentioned, CFD is now gaining more importance also in
this field.

CFD Models and codes may be intended and developed for a certain
multiphase area, but what is accurate and applicable for one business area might be
unsuitable to use for another area. Therefore, proper selection for the models
available need to do wisely and results obtained need to be compared with
established experimental data for validation. This will create a knowledge base for

multiphase flow simulations using commercial software in the oil and gas industry.

1.2 Problem Statement

An oil-water system presents a unique and complex problem for pipeline
transportation of crude oils in the petroleum industry due to its complicated
rheological behavior. Type of flow pattern is a common observation in this field of
studies because even slight differences in flow conditions will exhibit different flow
configurations. In multiphase flow system even more important thing to discuss is
about pressure. Both flow pattern and pressure were actually directly related since
both are dependent under the same factors such as mixture flow rate, density ratio,

viscosity ratio, wetting properties, surface tension and etc.



Another phenomenon that further complicates an oil-water dispersion system
Is the phase inversion phenomenon, in which the dispersed phase switches to the
continuous phase. It is highly desirable in the pipeline design to be able to accurately
predict this phase inversion point for the flowing oil-water system, since the pressure
drop in the pipeline could differ greatly between an oil-in-water and water-in-oil
systems. Furthermore, since there have been some published results indicating that
the oil-water mixture viscosity could increase dramatically at this inversion point, it
is highly recommended that the operator should avoid operating an oil-water pipeline

at these flow conditions.

1.3 Objectives

The primary objectives of the project are:
1. simulate oil-water stratified flow in horizontal pipe using Computational
Fluid Dynamic (CFD) with commercial code ANSYS-FLUENT
2. use the simulated flow to predict pressure drop base on the factor of
superficial velocity at each liquid phase
3. compare the results obtained from simulation with established experiment
data for reliableness

1.4 Scope of Project

The scopes of the project are as follow:

1. The study is carried out for two-phase oil-water flowing in horizontal pipe.

2. The flow pattern is stratified by considering the two phases is completely
separated and occupying the top and bottom of the pipe due to difference in
density.

3. Prediction on pressure drop is based on variation of superficial velocity at

each liquid phase. Other parameters which also influence the pressure drop



such as inner pipe surface roughness and wettability, pipe diameter and flow
temperature are maintained.

4. Friction between the fluid particles in a pipe which cause a slight rise in fluid
temperature as a result of the mechanical energy being converted to sensible

thermal energy is consider negligible.

1.5 Significance of the Project

At present, economic consideration on offshore oil fields exploitation
requires a shift towards lower cost options in subsea production. Changes in water
fraction in the pipe can have a significant influence on power required to pump the
fluid due to corresponding changes in pipeline pressure drop [14]. Significant
savings in the pumping power required for oil transportation can be attained when
water flows in the pipeline together with the oil especially when the viscous phase
[6,13]. Knowledge of the pressure drop is required for the prediction and design of
an energy efficient transportation system. [4]. That is why the importance of initial
prediction on pressure drop in order to help in optimizing the use of pump is
beneficial. Slight enhancement in transportation efficiency will have significant

influence on revenues for companies in the oil and gas industry.

1.6 Thesis Organization

This dissertation is organized in seven chapters. After the introduction,
Chapter 2 list out literature review relates to previous work on stratified oil-water

flow base on empirical correlation, experimental and simulation.

Chapter 3 contains basic theory about fluid flow in general, multiphase flow
and the most common modelling approaches for multiphase flow. In addition, some

basic theory about CFD is given.



In Chapter 4 the methodology is described. Geometry, mesh, simulation
settings and boundary conditions are presented and convergence and evaluation

criteria are discussed.

The results are presented in Chapter 5 and discussed in Chapter 6. Finally,

Chapter 7 conclusions from the study are drawn.
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