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Abstract 

The influence of different cross-section (circular, square and 

triangle) of a stainless steel pipe on pressure drop of gasoil-water two-

phase upward vertical flow has been investigated numerically. The flow 

area and length of the pipe for different cross-sections were suggested as 

45.6×10
-4

 (m
2
) and 1 (m) respectively. The optimum cross-section (which 

was a circular pipe) has been chosen as a case to predict the effect of 

different range of velocities which were (0.7-1.1) m/s for gasoil and (0.35-

0.55) m/s for water on the pressure drop along the pipe by using CFD. The 

pipe was simulated by ANSYS FLUENT 17.2 and drawn by 

SOLIDWORK 2018. 

The study was involved to predict the effect of exists an obstacle in 

the stream of fluids flow on the performance of the system and how the 

size of the obstacle can affect the pressure drop in the vertical upward flow. 

The results showed that the circular cross-section pipe has the lowest 

pressure drop in comparison with the other cross-sections. In addition, the 

gasoil-water superficial velocity, the rectangular obstruction, and the size 

of obstruction have a direct proportional influence on pressure drop along 

the pipe. 

The conclusions drawn from this study were observed that the 

pressure drop increased by 35% as gasoil superficial velocity increased 

from 0.7 m/s to 0.9 m/s for a given water superficial velocity (0.35 m/s). 

The pressure drop increased by 4% as water superficial velocity increased 

from 0.35 m/s to 0.45 m/s for a given gasoil superficial velocity (0.7 m/s) 

at a distance 0.2 m. 
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The rectangular obstruction has a direct proportional influence on the 

pressure drop; the existence of obstruction inflow stream led to an 

increased the pressure drop to 68% for constant velocities of the gasoil in 

0.7 m/s and the water in 0.55 m/s at 0.2 m. The size of obstruction affect 

pressure drop directly. The increase of obstruction size to 125%, led to an 

increase in the pressure drop by 18%, and decreasing obstruction size to 

25%, led to a decreased in the pressure drop by 35% at a distance 0.2 m. 
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Chapter One 

Introduction 

1.1 General Concept 

The term multiphase flow means the fluid flow consisting of two or 

more phases or components. A phase is actually can be one of the states of 

matter (gas, liquid, or solid). Considerable pumping power costs can be 

reduced by a systematic use of multiphase flow. The simplest and most 

common case of multiphase flow is two-phase flow and it is defined as a 

mixture of two phases flowing simultaneously through the system [1]. 

There are many types of two-phase flow, such as liquid-liquid flow, 

solid-liquid flow, gas-liquid flow, and gas-solid flow. Two-phase flow is 

more complex than single-phase flow and unsteady due to the difference 

between the material properties of each phase [2].  

Two-phase flow is very common in many science and engineering 

fields, such as agricultural, biomedical, chemical, food science, and 

petroleum engineering. Some other applications of two-phase flow exist in 

condensers, evaporators, gas lift pumps, boiler tubes, oil and gas 

transportation pipelines, etc. 

The presented study in this project focused on the pressure in liquid-

liquid two phase-flow through pipelines. The pressure prediction in such 

systems is sophisticated because it depends on several parameters. An 

example of liquid-liquid two-phase flow is the flow of gasoil and water. 

The injection of water into the flowing gasoil in the pipeline reduces flow 

resistance and pressure gradient. As a result, large pumping units are not 

required. By accurately predicting void fraction and pressure, this 

technique would improve the safety and overall performance of the two-

phase flow system. 
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1.2 Flow Regimes 

Flow patterns or flow regimes are the difference in interracial 

structures.  One of the important parameters to describe two-phase flow is 

the flow regime, reflecting the pattern and inner structure of the flow, and 

two-phase flow regimes identification is becoming increasingly important 

in many industrial processes, such as petroleum, chemical, and physical 

industrial processes [3]. Depending upon the respective distribution of 

individual phases, a two-phase flow may change from nearly all liquid to 

all gas flow . 

The vertical liquid-liquid streams regimes are droplet, elongated 

droplet, annular core, and churn. The regimes for horizontal liquid-liquid 

streams stratified with a wavy stream with droplets at the interface, 

scattering, and annular flow [4].      

 

1.3 Vertical Flow Patterns 

The presence of an interface between the two phases complicates the 

description of two-phase flow in tubes. This interface exists in a wide 

variety of forms, depending on the geometry and inclination of the tube as 

well as the flow rates and physical properties of the phases.  

Five main flow patterns may be distinguished for the particular case 

of upwards flow in vertical tubes. The main features are described below 

[5].  As shown in Figure (1-1). 

1. Bubble flow: The liquid phase flows continuously in bubble flow, 

while the gas phase flows as discrete bubbles in a liquid continuum.. 

The bubbles are distorted spheres. 

2. Slug flow: bubble coalescence occurs when the bubble concentration 

in bubble flow becomes high, and the largest bubbles are of the same 
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order of size as the tube diameter. Further intermingling results in 

deforming the bubble’s shape into the bullet-shaped pocket of gas, 

which is characteristic of plug flow. Plug flow then consists of these 

pockets of gas, commonly called plugs or Taylor bubbles, separated 

by regions of bubbly flow, commonly called slugs. A thin liquid 

film, which flows vertically downwards, surrounds the plugs of gas.  

3. Churn flow: Churn flow is a highly troubled flow regime in which 

the vertical motion of the liquid is oscillatory. Churn flow possesses 

some of the characteristics of plug flow, with the main differences 

being as follows:  

a. The gas plugs become narrower and more irregular.  

b. The regions of high gas concentration repeatedly destroy the 

continuity of the liquid in the slug. 

c. Can no longer observe the thin falling film of liquid surrounding the 

gas plugs. 

4. Annular flow: In annular flow, the gas flows along the center of the 

tube. The liquid flows partially as a film along the walls of the tube, 

and in the central gas, the core flows partially as droplets.  

5. Mist flow: A mist flow has the gas (or vapor) as the continuous 

phase and numerous very small droplets entrained in it, whose 

presence can often be difficult to observe without the help of 

illumination and/or magnification. 
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Figure (1-1): Two-phase flow patterns in a vertical flow [6]. 

1.4 Pressure in Two-Phase Flow  

Multiphase flow has become increasingly important in a wide variety 

of science and engineering systems such as power, heat transfer, and 

transport systems. In these systems, it is necessary to determine the 

pressure for optimum design and safe operations. The pressure gradient in 

two-phase flow can be derived from the momentum equation [7].  

The information about pressure is usually necessary to dimension 

new devices, decide on the setup peripheries, such as pumps, valves, etc. 

[8]. The pressure gradient due to the friction in two-phase flows is the most 

complex and difficult one to predict, because of its dependency on pipe 

inclination, flow regime, and pipe roughness [7]. 
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1.5 Objectives of Present Work 

The present work is interested in studying the pressure during two-

phase flow in different shapes of pipes, with and without rectangular 

obstruction, via computational simulation.  

The specific objectives of this research are: 

1. To model and analysis of liquid-liquid, two-phase flow through 

vertical pipe (upward flow) with and without obstruction by using 

ANSYS FLUENT code. 

2. To study three different shapes of pipes (circular, square, and 

triangle) with the same measurement of area, same material, and 

same boundary conditions. 

3. To investigate how the change of velocity of gasoil as prime phase 

and water as the second phase can affect the pressure of the two-

phase flow. 

4.  To investigate how the existence of rectangular obstruction in the 

pipe can affect the pressure of the two-phase flow. 
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Literature Review 

 

The purpose of this chapter is to observe abbreviated of the prior 

researches, about the two-phase flow. In particular, the liquid-liquid flow 

type will be introduced. The flow behavior and pressure drop in smooth 

and ribbed channels have been researched by many researchers. The flow 

of earlier investigations in this chapter was categorized; vertical and 

horizontal flow without obstruction, and vertical and horizontal flow with 

obstruction. 

 

2.1 Vertical and Horizontal Flow Studies without Obstruction  

The researcher (Jana 2007) [9] investigated experimentally the 

pressure drop and liquid holdup that occurs when two liquids flow through 

a vertical pipe. Kerosene and water were chosen as the liquids, velocity 

range (0.05 - 1.2) m/s for both liquids. The results showed that the pressure 

drop initially decreases, reaches a minimum value, and then increases as 

kerosene velocity increased at a constant water flow rate. As kerosene 

velocity increases, water holdup decreases. 

 

(Shannak 2008) [10] conducted an experimental study of air-water 

two-phase flow frictional pressure drop of horizontal and vertical smooth 

and rough pipes. In this study, the frictional pressure drop was considered 

as a function of the roughness of the pipe, vapor quality, and mass flux. 

The results showed that at a given constant system pressure, the frictional 

pressure drop increased with higher mass flux, higher vapor quality, and 

higher relative roughness.  
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 (Liu 2010) [11] attempted to quantify Pressure drops during the co-

current flow of mechanical oil and tap water in a 40mm inner diameter 

horizontal pipe. Superficial velocity for oil ranged from 0.04 to 1.2m/s, and 

for water from 0.04 to 2.2m/s. The water volume fraction in the oil-water 

mixture varied from 0.05 to 0.976. The frictional pressure loss was 

investigated experimentally and theoretically. It was found that the pressure 

drop increased as the velocity of oil and water increased, and the model 

predictions agreed well with the experiment data. 

 

Experimental research has been conducted by (Ismail 2014) [12] to 

study the pressure drop of the Malaysian waxy crude oil- at ambient 

conditions through the horizontal pipeline. Mixture velocities were varied 

from (0.1 – 0.8) m/s. The results showed that pressure drop related to flow 

rates, where the pressure drop was increased by increasing the flow rates. 

 

The researcher (Xiong 2014) [13] focused on the pressure gradient 

for gas-liquid bubbly flow through a vertical pipeline with a length of 1.52 

m and an inner diameter of 11.68 mm.by using a Computational Fluid 

Dynamics (CFD) numerical simulation. The results were compared with 

experimental data. Pressure gradients were predicted by the CFD model 

which showed a good agreement with the experimental data. It showed that 

the pressure gradient was very sensitive to liquid velocity since the 

pressure gradient increased sharply with the increase in liquid velocity, 

while the effect of gas velocity was relatively slight on the pressure 

gradient. 

 

Numerical data were presented by (Sanati 2015) [14] for water and 

air velocity in two-phase upward flow through a vertical circular channel. 

The obtained results were compared with the experimental data and 
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showed that the void fraction increased with an increase of gas velocity and 

decreased with the increase of water velocity. The pressure drop decreased 

as the gas velocity increased and liquid velocity decreased. In addition, 

increasing the height was accompanied by decreasing the pressure drop. 

 

(Ali 2017) [15] studied experimentally and numerically the effect of 

the volumetric quality on pressure drop of gas-liquid flow in horizontal 

pipes of different diameters. Three pipes were designed for the experiment 

with a diameter of 12.70, 19.05, and 25.40 (mm). For constant water flow 

rate (CWF), the measurements were performed by adding air to the water 

at a constant total flow rate (CTF) in which the flow rates for both phases 

were changed to give the same CTF. The results showed that the pressure 

drop increased with higher volumetric qualities for the cases of CWF but it 

decreased for higher volumetric qualities of CTF because of the change in 

the flow pattern. 

 

 (Cihang Lu 2018) [7] presented an experimental study of a 

frictional pressure drop in two-phase air-water flows in straight pipes 

diameters of 38.1 mm, 50.8 mm, and 101.6 mm. A systematic investigation 

of the impacts of flow orientation was carried out. The results showed that 

the frictional pressure gradient increased with the increase of the gas 

superficial velocity of air with constant water superficial velocity in all 

orientations (vertical (downward and upward), horizontal).  

 

 (Wordu 2019) [16] used a mathematical model, multiphase flow 

correlations, statistical model, and computer programming to predict the 

pressure drop. The overall pressure gradient for a total depth of 10,000 feet 

(3,048 m) was anticipated using Hagedorn & Brown, Griffith & Wallis 

correlations of models, which were compared to field data. The 
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measurement predicted pressure gradient was 0.320778 (psi/ft) (2.21 kPa), 

Graffith & Wallis 0.382649 (psi/ft) (2.64 kPa) , Hagedorn & Brown 

0.382649 (psi/ft) (2.64 kPa), and the produced model 0.271514 (psi/ft) 

(1.87 kPa). These findings suggested that the model equation was created 

superior and produced a reasonably accurate pressure drop gradient 

prediction based on the measured pressure gradient. 

Hagedorn & Brown 

                                                          (2-1) 

Griffith &Wallis 

                                                              (2-2) 

Where, 

      = pressure drop, psia/ft  

   = mixture density Ibm/ft
3
  

    = gas superficial velocity, ft/sec  

  = pipe diameter, ft  

    = Two phase friction factor  

   = Conversion constant (32.17) Ibmft/Ibf  

  = acceleration due to gravity ft/sec
2 

   = liquid density Ibm/ft3  

 ̅ = mixture density Ibm/ft3 

The effect of viscosity on pressure drop measurements of oil-water 

annular two-phase flow in a horizontal 6-inch (15.24 cm) diameter stainless 

steel pipe was investigated by (Basha 2020) [17]. Working fluids were 

included two different mineral oils, Exxsol D80 and Exxsol D130, as well 

as water. Experiments were conducted for various water cut (WC) ratios (0 
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to 100 percent). The oil-water flow rates ranged between 2000 and 12000 

barrels per day (BPD). Frictional pressure drop (FPD) has been found to 

decrease from WC = 0 to WC 20% at a given flow rate. Further increase in 

WC led to an increase FPD in up to 40%. The decrease in FPD was not 

significant when WC is greater than 40%. The FPD of Oil (D130) was 7% 

which was higher than the FPD of Oil (D80) in a specific case with WC 

40% (horizontal,. = 0° case, flow rate = 10000 BPD).  

 

 (Liu 2021) [18] carried out air and viscous oil two-phase flow 

experiments for 60 mm diameter test section. The viscosity range of the oil 

was (100-480 mPa.s). The experimental results showed that there were a 

negative and a positive frictional pressure drops in the churn flow, based on 

the measured liquid holdup and pressure drop data of churn flow. The 

variation in frictional pressure drop with increasing superficial gas velocity 

was associated with superficial liquid velocity. The rate of change of the 

frictional pressure drop increased, with increasing the superficial gas 

velocity, as the viscosity increased. 

2.2 Vertical and Horizontal Flow Studies with Obstruction 

(Mahood 2009) [19] Presented an analytical solution for pressure 

drop caused by obstructions in horizontal two-phase air-water flow. A 

variety of obstruction shapes and sizes were investigated. The results 

showed that obstructions intercepting the liquid phase would cause large 

pressure drop. It was found that the pressure drop for the 40% obstruction 

area has a higher value than 25%. 

 

(Al-Turaihi 2013) [20]  investigated 2-D numerical simulations and 

visualization experiments the two-phase flow phenomena and the effect of 

pressure difference in two-phase flow around a triangular-section cylinder 
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in a rectangular channel enlarged from assembly circular tube of the two 

phases. Varied air and water flow rates were taken. The results showed that 

high turbulence was appeared when air discharge increased which 

generated more waves and bubbles. The effect of  existence a triangular-

section cylinder was clear in dividing the two-phase flow, generating 

vortices, and finally enhancing the mixing of the two-phase flow. The 

mean pressure difference increased when air or water discharge increased. 

 

The researcher (Bai 2014) [21] carried out an experimental study on 

swirling gas-liquid two-phase flow pattern and pressure drop inside a 

62mm ID vertical pipe with a helical tape insert as shown in figure (2-1). 

The experimental results were obtained in a 7m vertical test section for 

different liquid and gas velocities. When the flow was annular, the pressure 

drop in the non-swirling flow was lower than that in the swirling flow at a 

low liquid velocity, while in the churn flow, the pressure drop in the 

swirling flow was greater than in the non-swirling flow.   

 

 

Figure (2-1): Helical tape insert structure. 
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(Al-Turaihi 2018) [22] investigated the flow of two-phase in a 

ribbed convergent rectangular upward vertical duct. Water and air have 

been used as two-phase materials. A numerical study has been performed 

to test the influence of increased air and discharged water on the pressure 

drop through the convergent section. The discharge of the inlet water and 

air was (5-20) L/min and (5.833-16.666) L/min, respectively. The results 

showed that as the discharge of the water and air increased, the pressure 

along the test channel increased, and when the convergence angle 

increased, the pressure drop increased. 

 

 (Habeeb 2019) [23] investigated experimentally the two-phase flow 

through a vertical transparent pipe. The experimental rig has been designed 

to measure pressure drop for various combinations of phases through the 

obstruction.  It was used a wide volumetric range of water (5 l/min - 20 

l/min) and air (8.3334 L/min - 25 l/min) for a pipe with 50 mm internal 

diameter along 1 m length. The pressure has measured using four pressure 

sensors placed along the test pipe. The measured pressure values have been 

used for various air and water volumetric calculations. The results showed 

that the measuring of the pressure gradient in a distance along the rig pipe 

was inversely related to air volumetric. The pressure drop was higher in the 

region close to the obstruction area. 

 

(Kiran 2019) [24] investigated experimentally and numerically two-

phase flow characteristics in the annulus. The experimental study included 

two sets of five tests with increasing superficial gas velocity from (9.2 to 

47.2 m/s) at a constant liquid flow rate. Using CFD simulation, pressure 

drop was determined. The results showed that the pressure gradient 

increased with superficial gas and liquid velocities. 
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The researcher (Majdi 2020) [25] carried out experimentally the 

pressure drop in a ribbed vertical channel for a two-phase (air and water) 

flow. Varied shapes of ribs (rectangle, semi-circular, and triangle) were 

used in this investigation. The air superficial velocities were (0.0555 - 

0.1666 m/s), while the water superficial velocities were (0.0333 - 0.0888 

m/s). The results showed that if the discharge of water or air increased, the 

average pressure difference increased. The triangular ribbed channel 

recorded the lowest pressure drop, which indicated that the finest shape 

among the studied ones was the triangular-shaped ribbed channel. 

 

2.3 Scope of Present Work 

The research work is devoted to the horizontal and vertical two-

phase flow. Some of these investigations have been done to analyze the 

two-phase flow behavior in inclined and vertical downward systems but the 

most investigations were limited to the study of flow patterns. 

The previous studies have paid little attention to investigating the 

effect of pipe shape on the behavior of the two-phase flow in the vertical 

pipe and the importance of the major design parameters like flow rate, pipe 

elevation, and fluid velocity on the performance of the system.  

In the present work, three pipes with the same flow area and 

different section shapes (circular, square, and triangle) have been used. It 

have been modeled employing the computational fluid dynamic to study 

the effect of pipe section shape on the pressure of liquid-liquid two-phase 

upward flow through a vertical pipe.  

The study also involved the effect of exists an obstacle in the stream 

of fluids flow on the performance of the system and how the size of the 

obstacle can affect the pressure in the vertical upward flow.  





 

14 
 

Chapter Three 

Numerical Analysis 

 

3.1 Introduction  

In this study, ANSYS FLUENT 17.2 is used to simulate and analyze 

the flow characteristics of two-phase flow (gasoil-water) through the test 

channel. The effect of pipe section shape, gasoil and water discharge on the 

pressure are studied. Computational fluid dynamics is used to understand 

such a system because it is an effective tool for predicting flow behavior.  

The solution in FLUENT is divided into four parts: physical model 

geometry, mesh generation, physical model setup, and post-processing.  In 

ANSYS FLUENT 17.2, the multiphase Euler-Euler models are classified 

into three types: volume of fluid (VOF), mixture, and Eulerian (FLUENT 

User`s Guide) [26]. In the present work, two-phase flow through three 

sections of the pipe and one rectangular rib are modeled using a mixture 

model and K-Ɛ turbulence model with RNG. 

 

3.2 Geometrical Model 

3.2.1 Geometry 

3.2.1.1 Three Pipe Geometries 

A SOLIDWORK 2018 is used to draw the geometry of the system as 

a three-dimensional structure for a numerical simulation of liquid-liquid 

flow through the section. The first geometry, is the circular pipe which was 

drawn with a diameter 0.0762 m and 1 m length. The second pipe was a 

square section with side length 0.0675 m and 1 m length, and the last pipe 

was a triangle section with side length 0.01026 m and 1 m length as shown 



 

15 
 

Chapter Three 

in Table (3-1). The section area was 45.6×10e-4 m
2
 for all pipes. Figure (3-

1) shows the structure of three pipes. 

Table (3-1): Pipe Section Shape Diameters. 

Pipe Section Shape Diameter (m) 

Circular 0.0762 

Square 0.0675 

Triangle 0.01026 

 

 

       (a)                                               (b) 

 

(c) 

Figure (3-1): (a) Circular (b) Triangle, and (c) Square pipe sections. 
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3.2.1.2 Circular Pipe Geometry with Obstruction 

The circular pipe is modeled in a two-dimensional structure with 

dimensions 0.0762 m diameter and 1 m length with rectangular rib inside 

of dimensions 0.01905×0.0127 m ( ½ R of the circular pipe), located at 

0.25L from the inlet, which is simulated by using SOLIDWORK 2018, as 

shown in Figure (3-2). 

 

 

Figure (3-2): Circular section with rectangular obstruction. 
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3.2.2 General Mesh Strategy 

3.2.2.1 Three Pipes Mesh 

Meshing is a critical step in the numerical simulation process. The 

mesh has an impact on the solution's accuracy, convergence, and speed 

(FLUENT User’s Guide (2006)). Meshing was performed in a 3-D 

structure using the ANSYS Workbench 17.2 and Quadrilateral dominant 

method. The geometry is divided into small square elements with a size of 

0.003cm for maximum and minimum discretization, as show in Figure (3-

3). The results are fixed at these mesh size values (number of nodes and 

elements for test section is 404880 and 391280, respectively) because this 

mesh satisfy the accuracy of the numerical procedure. Figures (3-4) 

represent the convergence of model.   

 

(a) 
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(b) 

 

(c) 

Figure (3-3): 3D structure mesh of (a) circular (b) triangle, and (c) square 

pipe sections 

 

Figure (3-4): Two Phases Residuals Plot for 3D structures. 
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3.2.2.2 Circular Pipe Mesh with Obstruction 

Meshing was performed in 2-D structure using the ANSYS 

Workbench 17.2 and Quadrilateral dominant method. The geometry 

divided into small square elements with a size of 0.001cm for maximum 

and minimum discretization, as show in Figure (3-5). The results are fixed 

at these mesh size values (number of nodes and elements for test section is 

75361 and 74266, respectively) due to satisfy the accuracy of the numerical 

procedure.  

 

 

 

 

Figure (3-5): 2-D structure mesh. 
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3.3 Boundary Conditions (B.C) 

The bottom of the 3D structure was set as the inlet of the fully 

developed mixture and the top set as the outlet. All sides of the structure are 

designed to be as adiabatic walls, as shown in Figure (3-6). 

The bottom of the 2-D structure divided into 13 elements. The side 

elements is considered the entry point of the primary phase, which is gasoil 

while the middle elements is considered the entry point of the secondary 

phase, which is water and the top edge as the outlet, as shown in Figure (3-

7). All sides of the structure set as adiabatic walls. Velocities taken in study 

and physical properties shown below in tables (3-2), (3-3) and (3-4). 

 

Table (3-2): The physical properties of gasoil and water.[26] 

Property Water Oil 

Density (kg/m
3

) 998.2 830 

Dynamic viscosity (kg/m-s) 0.001003 0.00332 

 

 

Table (3-3): Superficial velocities of water and gasoil. 

Case 1 Gasoil velocity= 0.7 m/s 

Water velocity m/s 0.35 0.45 0.55 

Case 2 Gasoil velocity= 0.9 m/s 

Water velocity m/s 0.35 0.45 0.55 

Case 3 Gasoil velocity= 1.1 m/s 

Water velocity m/s 0.35 0.45 0.55 
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Table (3-4): Model relaxation 

Variables Relaxation factors 

  Pressure 0.3 

Density 1 

Slip velocity 0.1 

Momentum 0.5 

Turbulent kinetic energy 0.8 

Turbulent dissipation energy 0.8 

Turbulent viscosity 1 

 

 

 

Figure (3-6): 3-D Circular pipe boundary conditions 
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Figure (3-7): 2-D circular pipe boundary conditions. 

3.4 Governing Equations 

For two-phase flow simulations, the mixture model is implemented. 

A blend model is used to solve the continuity, conservation and momentum 

equations for each phase. This model phases travel at different velocities. 

The volume fraction of the phase calculated using the continuity equation. 

As a result, the volume fractions of the primary and secondary phases for a 

control volume can be selected in any value in the range (0 - 1) [26], 

depending on the occupied space by the primary and secondary phases. 

The governing equations of the mixture multiphase model are [20]: 

Equation of continuity represented by: 

 

  
(  )    (    ⃗⃗⃗⃗  ⃗)                                                                  (   ) 
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Where, 

(  ): Mass-averaged velocity and can be written in this form: 

  ⃗⃗⃗⃗  ⃗  
∑        
 
   

  
                                                                            (   ) 

  : Mixture density 

    ∑     
 

   
                                                                              (   ) 

    Phase (k) volume fraction 

 

Momentum equation represented by:  

The general shape of such equation is given by: 

 

  
(    ⃗⃗⃗⃗  ⃗)    (    ⃗⃗⃗⃗  ⃗  ⃗⃗⃗⃗  ⃗)

       [  (   ⃗⃗⃗⃗⃗⃗     ⃗⃗⃗⃗⃗⃗  )]        
 

   (∑                 
 

   
)                                (   ) 

Where, 

n: Phases number 

 ⃗ : Body force 

  : Viscosity of mixture is given by: 

   ∑     
 

   
                                                                              (   ) 
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Where, 

    : Velocity of drift for the secondary phase (k), and 

       ⃗⃗⃗⃗    ⃗⃗⃗⃗  ⃗                                                                                     (   ) 

3.5 Turbulent Model Equations  

For this computational study, the k-epsilon turbulent model with 

RNG mixture model are used. The general equations for this model are 

[30]: 

 

  
(   )    (    ⃗⃗⃗⃗  ⃗ )    (

    
  

  )                   (   ) 

 

  
(   )    (    ⃗⃗⃗⃗  ⃗  )    (

    
  

  )  
 

 
(             

 )                                                                                   (   ) 

Where, 

C: Constant 

k: Momentum exchange coefficient 

ϵ: Turbulent dissipation rate (     ) 

σ: Surface tension (kg/m) 
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3.6 Assumptions 

The model is assumed to be: 

1- Steady flow. 

2- Incompressible flow. 

3- Adiabatic.  

4- Turbulent flow. 

5- Pressure-based solver. 

 

3.7 Simulation Steps 

For two-phase flow modeling by using a dynamic computer fluid 

model, the following steps are implemented: 

1- SOLIDWORK is used to configure the model geometry. 

2-ANSYS Workbench 17.2 is used to generate the mesh of two-phase field. 

3- Choosing a model (mixture). 

4- Specify the definition of material. 

5- Choosing phases and boundary conditions. 

6- Obtain the initial solution. 

7- The solution is run with a maximum iteration (1400) for 3D structures 

and (2500) for 2D structure. 

8- The results of the pressure and the air volume fraction are extracted. 
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Results and Discussion 

 

       This chapter presents the results and discussion of the numerical work 

for the two-phase flow performed in this study. A comparison between the 

present work and other research`s work has been made.  

Models are used for three pipe sections in different shapes with the 

same area of the flow section: circular, square, and triangle sections. The 

effect of changing the shape of the pipe for constant velocities on the   

pressure drop is studied. The effect of increasing the gasoil velocity from 

(0.7) to (1.1) m/s, the water velocity from (0.35) to (0.55) m/s for 1 m long 

circular pipe on the pressure drop is investigated. 

 

4.1. Program Validation 

To verify the numerical code, the calculated pressure drop values 

compared to the numerical results of Sarah Oleiwi's [27].  Multi-phase 

Flow-through Fluidized Bed Column for water velocity is 0.33 m/s and the 

ratio of initial height of solid particles to the diameter of the bed (H/D 

ratio) 1.18 are used. 

The numerical results of the pressure drop from this study and the 

numerical results of Sarah Oleiwi [27] were found to be in good 

agreement with a percentage error of (4%) as shown in Figure (4-1). 
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Figure (4-1): The validation of numerical code with numerical results of 

Sarah Oleiwi [27]. 

 

4.2 Effect of Pipe Shape on Pressure Drop without Obstruction 

Figure (4-2) shows the effect of pipe shape on pressure drop with 

constant velocities and the same cross-section area. It can be noted that the 

circular pipe section has the lowest pressure drop at 0.2 m, which is 

164.7741 Pa, while it is 170.2216 Pa and 176.5483 Pa for the square and 

triangle pipes section, respectively. This means they have the highest 

pressure drop. The reason of the pressure drop being in a low value in the 

circular pipe section is that it has no sharp and right angles and that allows 

the force of fluid on the pipe to be distributed uniformly along the whole 

pipe. Thus, this leads to a reduction in the pressure drop-resistance of 

circular cross-section compared to other pipe section.  
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The results show that the circular pipe is the most efficient. 

Therefore, it is appropriate for reducing flow losses and   pressure drop 

during fluid transfer. 

 

Figure (4-2): Effect of pipe shape on the pressure drop with constant 

velocities. 

4.3 Effect of Velocity on  Pressure Drop with Obstruction 

A numerical analysis is conducted to find out the effect of changing 

the fluid velocity on the pressure drop in the most efficient pipe, which is 

the circular pipe section. 

Figures (4-3) and (4-4) show the effect of increasing the velocity of 

gasoil from 0.7 m/s to 1.1 m/s and velocity of water from 0.35 m/s to 0.55 

m/s on the  pressure drop at four different points along the circular pipe 

with rectangular rib located at 0.25L from the inlet.  

When gasoil velocity increases from 0.7 m/s to 1.1 m/s at 0.2 m, the 

pressure drop increase from 325.7946 Pa to 608.443 Pa at a constant water 

velocity of 0.35 m/s. In addition, when water velocity increases from 0.35 
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m/s to 0.55 m/s for the same point and constant gasoil velocity of 0.7 m/s, 

the pressure drop increases from 325.7946 Pa to 344.0797 Pa. This means 

the pressure drop increases with increasing the gasoil and water velocities. 

The influence of gasoil velocity on pressure drop is higher than the water 

velocity. These results show good agreements with [21] and [28]. 

In addition, the existence of obstruction influences the pressure drop, 

due to the turbulence caused by the sudden changes in a cross-sectional 

area [19]. Figure (4-5) shows a closer look to illustrate pressure drop 

behavior in the obstruction region from 0.2 m to 0.4 m. It is found that 

before the obstruction at (0.2 m), for a given velocity of water (0.35 m/s) 

and constant gasoil velocity of (0.7 m/s), the pressure drop is 325.7946 Pa 

and at 0.28 m is 125.2844 Pa. This means it decreases, while downstream 

the obstruction at 0.3 m and 0.4 m the pressure drop is 141.2286 Pa and 

170.7788 Pa, respectively, which means it increases and that behavior is 

adverse to first on. 
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Figure (4-3): The effect of gasoil velocities on pressure drop. 
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Figure (4-4): The effect of water velocities on pressure drop. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

32 
 

Chapter Four 

  
 

 
 

Figure (4-5): Closer look for the obstruction region shows the effect of 

increasing velocity of gasoil and water on pressure drop.  
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4.4 Effect of Rib Length on Pressure Drop 

In comparison between two-phase flow in smooth pipe and 

corrugated pipes, it shows a very different behavior at the same flow 

conditions. Figure (4-6) shows the effect of rib length on pressure drop. 

Different sizes of rib had taken (25-125) % of the original rib. At point 0.2 

m when the size of the rib increases from 100% to 125%, an obvious 

increase in the pressure drop can be noted from 344.0797 Pa to 407.5627 

Pa, then the  pressure drop reaches the regular change with the length of the 

pipe. This is due to the increase in obstruction area of the stream flow that 

tends to intercept a much amount of fluid flowing and of course caused a 

high- pressure drop. These results show good agreements with [29]. 

 

   

Figure (4-6): The effect of rib length on pressure drop. 
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The values of the pressure drop that are represented by contours are 

shown in Figure (4-7) by the color rule of the gasoil velocity 0.7 and water 

velocity 0.55 for three pipe sections (circular, square, and triangle).    

Figures (4-8), (4-9) show the contour of  pressure drop for the 

different velocities, by using rainbow color to illustrate the  pressure drop 

variation  where the blue color represent the lowest  pressure drop in the 

pipe and the red color represent the highest  pressure drop. 
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(a)                                (b) 

 

(c) 

Figure (4-7):  Pressure drop contour for gasoil velocity 0.7 and water 

velocity 0.55 (a) circular (b) square, and (c) triangular pipe sections 
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(a)                                         (b) 

 

(c) 

Figure (4-8):  Pressure drop contour when gasoil velocity 0.7 as water 

velocity is (a) 0.35 (b) 0.45, and (c) 0.55 
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(a)                                          (b) 

 

(c) 

Figure (4-9):  Pressure drop contour when gasoil velocity 0.9 as water 

velocity (a) 0.35 (b) 0.45, and (c) 0.55 
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Figure (4-10) shows the velocity vector to illustration the directions 

of flow, where the vortex take a place directly above the rib due to the 

obstruction of the rectangular rib.     

  

(a)                                              (b) 

 

 

Figure (4-10): Velocity vector when water velocity 0.35 as gasoil velocity 

(a) 0.7 (b) 0.9, and (c) 1.1. 
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Conclusions 

5.1 Conclusions  

In this study, the effect of pipe section shape on pressure drop has 

been investigated numerically. Three different pipe sections are taken 

(circular, square, and triangular cross-section). The most efficient pipe 

chosen, which is the circular cross-section, is to study the influence of 

changing the superficial velocity of gasoil and water on pressure drop. In 

addition, this study investigates the effect of rectangular obstruction on 

pressure drop.  SOLIDWORK 2018 is used to draw the structures and 

ANSYS Fluent 17.2 is used to simulate this study. The following 

conclusions drawn from this work are: 

1. A circular cross-section pipe has the lowest pressure drop in 

comparison with the other two pipe sections. And this is what makes it 

most suitable to be used for long-distance transportation purposes. 

2.   Gasoil superficial velocity and water superficial velocity have a 

direct proportional influence on pressure drop along the pipe. 

Increasing gasoil superficial velocity from 0.7 m/s to 0.9 m/s and 

water superficial velocity from 0.35 m/s to 0.45 m/s lead to an 

increase in pressure drop by 35% and 4%, respectively at 0.2 m. 

3. The rectangular obstruction has a direct proportional influence on 

pressure drop. This was due to the turbulence caused by the sudden 

changes in the cross-sectional area. When the rib has been added to the 

pipe, it is led to increasing the pressure drop 68% at constant 

velocities of gasoil 0.7 m/s and water 0.55 m/s at 0.2 m. 

4. The size of obstruction affects pressure drop directly. The increase of 

obstruction size to 125%, leads to an increase in the pressure drop by 
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18%, and decreasing obstruction size to 25%, leads to a decrease in 

the pressure drop by 35% at point 0.2 m. 

 

5.2 Recommendations 

Followings are recommendations for future works: 

1. Using other types of fluids such as crude oil or kerosene and 

compare between them to show the influence of viscosity on 

pressure drop in vertical upward two-phase flow. 

2. Studying the effect of obstructions shape (triangular- circular) with 

different sizes on pressure drop in vertical upward two-phase flow.   
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 الخلاصة

ُفس يساحح انرذفك تَاتٍة الأ إَاع يٍ ذأشٍز شلاشح َظزٌا  ٌثحس ْذا انؼًم 

و 0500456
2

 ضغظان( ػهى ٔيصهس يزتغ، دائزي،أشكال يخرهفح )تٔ و، 1، ٔطٕل 

يٍ تٍٍ ْذِ  الأيصم الاَثٕب5 ذى اخرٍار خلال ذذفك سٌد ٔياء داخم الاَثٕبانكهً 

-057)تٍٍ  ٌرزأحنسزػاخ يٍ اذأشٍز َطاق يخرهف  نذراسحذائزي( ان)ْٕٔ  الإَاع

اَخفاض انضغظ ٔانًاء ػهى انرٕانً، ػهى  انغاس ز نشٌد( و/0555- 0535( و/ز )151

 ANSYS FLUENT 17.2تزَايج تٕاسطح  ذًد انًحاكاج حٍس ػهى طٕل الأَثٕب5

 SOLIDWORK 20185سًّ تٕاسطح ٔذى ر

ا ذأشٍز ٔجٕد ػائك فً ذذفك انسٕائم ػهى أداء انُظاو  ذضًُد انذراسح أٌض 

ٔكٍف ًٌكٍ أٌ ٌؤشز حجى انؼائك ػهى انضغظ فً انرذفك انزأسً انرصاػذي5 أظٓزخ 

 اَخزٌٍ،َثٕب انذائزي نذٌّ ألم غغظ ججًانً يمارَح تالأَثٕتٍٍ الأانُرائج أٌ 

طزدي ذأشٍز  نؼائكحجى انٔ انًسرطٍم، نؼائكٔا ٔانًاء،ٔنهسزػح انسطحٍح نشٌد انغاس 

 5انضغظ انكهً ػهى طٕل الأَثٕب ىػه يثاشز

الاسرُراجاخ انًسرخهصح يٍ ْذِ انذراسح ًْ أٌ انضغظ انكهً ٌشداد تُسثح 

و/ز نسزػح  059و/ز جنى  057٪ يغ سٌادج انسزػح انسطحٍح نشٌد انغاس يٍ 35

٪ ػُذيا ذشداد انسزػح انسطحٍح 4و/ز(، ٌٔشداد تُسثح  0535ح نهًاء تًمذار )سطحٍ

 057و/ز نسزػح سطحٍح يؼٍُح نشٌد انغاس تًمذار ) 0545و/ز جنى  0535نهًاء يٍ 

 و يٍ انًذخم5 052و/ز( ػُذ 

نهؼائك ذأشٍز َسثً يثاشز ػهى انضغظ انكهً، ٌؤدي ٔجٕد ػائك جنى سٌادج 

و/ز ػُذ  0555و/ز ٔانًاء  057ػُذ سزع شاترح نشٌد انغاس ٪ 68انضغظ انكهً تُسثح 

و5 حجى انؼائك نّ ذأشٍز يثاشز ػهى انضغظ انكهً اٌضا، حٍس ذؤدي سٌادج حجى  052

٪، 25٪، ٔذمهٍم حجى انؼائك جنى 18٪ جنى سٌادج انضغظ انكهً تُسثح 125انؼائك تُسثح 

 .و 052٪ ػُذ انُمطح 35ٌؤدي جنى اَخفاض ججًانً انضغظ تُسثح 
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