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Abstract: There is a strong tendency for two immiscible fiutd arrange themselves so that the low viscositigtituent is
in the region of high share. Therefore, it may begible to introduce a beneficial effect in anyaflof a very viscous liquid by
introducing amount of a fluid lubricated as liquigkid oil-water flow. Two main classes of flowseaseen, annular and small
bubble in all experimental results. The pressuop dmnd mean heat-transfer coefficients were obdexvelepend strongly on
the flow patterns. A correlation of the two-phaseam heat-transfer coefficients, based on a simpléehof liquid flow, with a
Reynolds number based on the actual mean velotityeoliquid mixture two-phase flow, were developéa experimental
rig facility has been designed and constructe@nimble measurements of local parameters in oilvvilae in the developing
region of the flow in a 32 mm ID 6 m long pipe. Tlhege discrepancies between model predictionseapdrimental data are
reported in the literature review that the physit®il-water flow is complex and not yet fully undéood. The flow patterns
that appear are classified in flow pattern mapfuastions of either mixture velocity and water cutsuperficial velocities.
From these experiments a smaller number of anflolas are selected for studies of velocity and tlebce. The theoretical
study was executed using software Fluent programmodified turbulent diffusion model is presentedm@ation results
carried out with the model show more physical pgois with respect to the particle deposition psscand concentration
profile. The theoretical results represent the sues gradient distribution, velocity and mean hesisfer coefficient, pressure
contours, velocity vectors, streamlines, and aksloacity profiles. It was found that the methodshmhore restrictions (in
terms of the applicable range of void fractionuidjsuperficial Reynolds number) give better prédics.
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flow: (1) increasing viscosity can increase indigbdue to
the different velocity profiles at the interface tife two
layers, and (2) at the same time it helps to dideighe
energy that causes instability.

Lawrence and Panagiota studied liquid—liquid flofws
stratified flow. The experimental data were obtdiria a
horizontal 14 mm ID acrylic pipe, for test oil amdater
superficial velocities ranging from 0.02 m/s to D&/s and
from 0.05 m/s to 0.62 m/s, respectively. Using eanidnce
probes, average interface heights were obtaingteapipe
center and close to the pipe wall, which revealewrcave
interface shape in all cases studied. A correlaiietaveen the
two heights was developed that was used in theflwic-
model. In addition, from the time series of theh@®ignal at
the pipe center, the average wave amplitude wasiledd to
be 0.0005 m and was used as an equivalent roughméss
interfacial shear stress model [1].

The effect of viscosity, studied by Russell, et ahd

1. Introduction

Oil-water two-phase flow widely exists in petroleum
industry such as crude oil production and transiomn
through both horizontal and inclined pipes. Duritige
simultaneous flow of two liquids there are seveflalw
patterns. The occurrence of two and three phases ifh
pipelines is very common in the petroleum industry.

The density difference between the two liquids laas
substantial effect on the flow pattern. Two immigeiliquids
of different densities tend to stratify when flogirin a
pipeline. Thus, it is more difficult to produce &pukrsed
flow regime when the density difference is high.r Faw
viscosities, the same flow patterns are observeehvdils of
different viscosities are used, but transition frome flow
regime to another may appear at different supaifici
velocities. In general, the viscosity has a duéatfon the
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Charles, et al., seems to have little or no effect the
observed flow patterns for oil-water flows [2],[3Glass
carried out experiments for 1.2 meter long, 1 cmemn
diameter tubing, in which the oil viscosity was iedr from
(10 to 30,000 cp), the oil gravity from (0.97 td3), the
volumetric water fraction from (0.09 to 0.8) andeth
superficial velocity of oil from (0.06 to 1.28) m/§he
indicated that the less viscous is the oil, thearierthe core
would tend to break up into globs of oil of variaiges [4].
Finally, Fujii, et al. studied in acrylic pipe 2.&m
diameter ,the oil viscosity was 61.5 and the dgnsitio
0.98 .The additional measurements pressure gradiemdup
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fluids and the pipe wall. In a typical convectiveah transfer,
a hot surface heats the surrounding fluid, whichthien
carried away by fluid movement. As mentioned egrligany
separate studies have been carried out to prediatective
heat transfer for pipe flow in two-phase flow. Zimrmman, et
al. studied experimentally air—water flow with heensfer
in a 25 mm internal diameter horizontal pipe. Thatex
superficial velocity varied from 24.2 m/s to 41.%snand the
air superficial velocity varied from 0.02 m/s t®9.m/s. The
aim of the study was to determine the heat transfer
coefficient and its connection to flow pattern dioghid film
thickness. The flow patterns were visualized usingigh

water were performed .The observed flow patternsewe speed video camera, and the film thickness was uneddy

stratified flow ,stratified with mixing and with émeasing in
the flow rate the viscous core breakup to eithegdaslugs
and elongated bubble or spherical bubble [5].

The oil layer loses its continuity and moves asrdie
droplets separated by the water continuous-phasesdivel,
et al. used a wire mesh sensor, based on the reezsuir of
the local instantaneous conductivity of the twogghanixture
has been used to characterize the fluid dynamidheofas—
liquid interface in a horizontal pipe flow. Expegmts with a
pipe of a nominal diameter of 19.5 mm and totagtbrof 6 m,
have been performed with air/water mixtures, at iamb
conditions. The flow quality ranges from 0.000180t82 and
the superficial velocities range from 0.1 to 10/s for air and
from 0.02 to 1.7 m/s for water; the flow patternstsatified,
slug/plug and annular. A sensor with an inner diamef 19.5

the conductive tomography technique. The heat feans
coefficient was calculated from the temperature
measurements using the infrared thermography mettiod
was found that the heat transfer coefficient atbb#om of
the pipe is up to three times higher than thahattop, and
becomes more uniform around the pipe for highefflaw-
rates [9]. Hetsroni, et al. performed experimeantsttidy the
flow regimes and heat transfer in air—water flow 8@
inclined tubes of inner diameter of 49.2 and 25 rhe flow
regimes were investigated by using high-speed video
technique and conductive tomography. The thermtepes

on the heated wall and local heat transfer coeffits were
obtained by infrared thermograph. Under the coodi
studied, disturbance waves of different forms wadyserved.
The analysis of the behavior of the heat transbefficients,

mm and a measuring matrix of 16x16 points equallyogether with flow visualization and conductive tmgnaphy

distributed over the cross-section has been chéserthe

measurements. From the analysis of the Wire MestsdBe
digital signals the average and the local void tioac are

evaluated and the flow patterns are identified wéflerence to
space, time and flow rate boundary conditions [6].

Guzhov, et al. observed that the forward edge efdih
bodies is bent downward, probably by the actiontrod
clockwise eddies. The water region turbulent enerigyg to
distribute larger oil droplets along the cross iseat area of
the pipe, but the upward buoyancy prevails andspettsion
of oil in water over water layer is developed. WéHurther
increase of the water superficial velocity, thegfrency and
intensity of water vortices increase, and more smdller oil
droplets are formed. Under these conditions, tepedsed oil
in water flow pattern is formefd].

The pressure drop in production pipelines has largeact
on the design of a new field and on the operationats. The
pressure drop limits the maximum flow and is thusiacal
parameter, both in terms of cost evaluations armdlymstion
optimization. Panagiota, et al. studied the pressdirop
measurement in oil and water pre wetted pipes fatewand
kerosene (Exxsol D80 with 801 kg/m3 and density ar&l
MPa.s viscosity), founding that at the lower vetpcihe
flows are either dispersed or separated with iatgrainment
at the liquid —liquid inter-phase [8].

sowed that dry out took place in the open annulaew f
regimes with motionless or slowly moving droplet8]

Roula and Dash studied Pressure drop through sudden
contraction in small circular pipes have been nicady
investigated, using air and water as the workingdfl at
room temperature and near atmospheric pressurephase
computational fluid dynamics (CFD) calculations,ings
Eulerian—Eulerian model with the air phase being
compressible, are employed to calculate the presduwp
across sudden contraction. The pressure drop &rdieted
by extrapolating the computed pressure profilestrapm
and downstream of the contraction. The larger andller
tube diameters are 1.6 mm and 0.84 mm, respectively
Computations have been performed with single-pheester
and air, and two-phase mixtures in a range of Riegno
number (considering all-liquid flow) from 1000 t@000 and
flow quality from 1.9* 10° to 1.6* 10. The contraction loss
coefficients are found to be different for singleage flow of
air and water. The numerical results are valideagdinst
experimental data from the literature and are fotmfe in
good agreement. Based on the numerical resultsefisas/
experimental data, a correlation is developed ¥a-phase
flow, the pressure drop caused by the flow conwadti1].

Al-yaari and Abo-Sharkh investigated numericallgjing
commercial CFD package FLUENT 6.2 in horizontal epip

There are three types of heat transfer modes namel{.0254), Oil-water stratified flow regime is siratéd using

convection, conduction, and radiation. In pipelinasd
wellbores, convective heat losses occur betweewirflp

Volume of Fluid (VOF) multiphase flow approach. RM&
turbulence model is adopted. Mesh independent shady
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been achieved to decide on the mesh size. The phasater only and then the flow convert to the turbtilease at

separation is investigated for the tested straitifiew points.
CFD Numerical simulation predicted the stratifielbwf
pattern and smoothness and the type of the inwrfan the
other hand, while the oil layer was clearly pretidaby the
CFD model, water layer was not clearly predictech asear
segregated layer [12].

2. Experimental Apparatus and
Procedure

The analysis performed on experimental laboratatad
provides the main source of information about spetivo-

phase flow regimes. This research presents a eetail

description of the experimental rig used to stubg oil-
water annular flow with heat transfer in horizonpape. A
liquid-liquid flow facility has been built to study
phenomenon of two- phase flow with heat transfepipe in
the experimental rig. The experimental rig is buis within
the fluid laboratories of the Mechanical Enginegrin
Department at University of Babylon.
properties of the system, the criteria of experitakdesign
and the operational principle of each
explained. The experimental facility consists ahain pipe
flow test section made from 32mm inner diameter &md
length. A 2m Perspex manufactured

The physical

instrumene ar

from methyl

passage the oail fluid. It is found that a flow inp#pe is
laminar if the Reynolds number based on diametethef
pipe is less than 2000 and is turbulent if it igader than
4000. Transitional flow prevails between these tiwaits.
Reynolds number for turbulent flow is [13].

Re =(pm -Un -D)u 1)

The entrance length required for fully developetbeity
profile to form laminar and turbulent flow respeetiy:

For laminar flow Le = 0.06D Re

)
®3)

For present work and according to the pipe diameter
higher velocity of the liquid-liquid phase, the imice length
is 0.8723 m as equation (3). Therefore, the desigthe
experimental set-up carried out for pipe accordiogthe

For turbulent flow Le = 4.4 D RE

maximum entrance length. The most physically based

explanation is that:

Superficial Velocities and flow rates, the flow eaand
superficial velocity of the fluid flow was measuress
follows. The liquid flow rate is read directly frothe float
flow meter in (I/min), while the superficial veldgi
determined from the following equation as:

Q=Us x A (4)

methacrylate monomers. A 2m pvc, Polyvinyl chloride

(C4HB) is the most widely used of any of thermotitas the
specification of pvc is (20-630)mm OD (6)m lengt®- (
30)mm thickness, and 2m copper pipe of 32mm diame
with a circular cross section area. The test sedda 0.6m
long at a distance of 4m from entry. For imaging tlow of
clear use lighting system consists of a two fluceas lamp
number two in beside camera. The system is equipjitbda
diffusive white surface in front of the lamp foregter light
uniformity. The rigid steel frame supporting thesttgoipe
section is constructed to fix the pipes with noration as
shown in Fig.(1a,b). The experiments are carried atu
ambient laboratory conditions of approximately ‘@5
temperature and pressure of lbar. The experimavaak
includes two flow case liquid-liquid with and withbheat
transfer effect. The physical properties of theduused in
the experiments are as shown in Table (1). Therarpats
two-phase liquid-liquid horizontal flow system a®plained
to investigation annular liquid-liquid flow throudgtow with
heat(36 EXP.).

Table (1). Fluid properties

Product name Qil Water

Density 820 Kg/n? 1000 Kg/ni
Viscosity 1.52 *10°Kg/s.m 0.89*10° kg/s.m
Surface Tension 27.6 mN/m at 2% 71.99 N/m
Qil-Water interfacial tension 44.69 m.N/m at 2& 44.69 N/m

3. Experiments Limitation

A flow can be laminar in the beginning for the s of

When A is the cross section area (the diameterhef t
entrance pipe for water equal to (Dw= 11.2 mm) #mel
entrance pipe for oil equal to (Do=23.2 mm)) andit/the
mixture velocity equal to the summation of the wated oil
velocity.

The inlet water cut is defined by dividing the floate of
water, Q,, by the sum of flow rate of water and oil,€R;,
as:

_ w
- Qw+Qo

(5)

The mean heat-transfer coefficientsg{tior the two-phase
flow were calculated experimentally as reportedéfgrence
[14]:

hTPEXP = = [ h dZ = - R5] hK AZK (6)
WhereQ = h A AT ,then ©)
_1\NST Q
hTPEXP = ZNST (—2— (Tw_m) AZK @8)

Where h is the local mean heat transfer coefficiemnt the
length of the test section, k is the index of thertnocouple
stations, NST is the number of the thermocouplgostaand
Az is the distance between each thermocouple aral &g
m. Q is heat flux supply. A is the cross sectioggaiTb is the
bulk temperature in each thermocouple station, kwieigual
the temperature recorded by temperature recordidr 3D
card data logger with time. Tw is the wall temperatof test
section.
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The wall shear stress, the mean shear stress atathéor  turbulence kinetic energy k and its dissipatiore rainitial
Newtonian and non-Newtonian fluids and for all flowguess those are estimated with the following equati
regimes is given by reference [15]: according to Launder and Spalding [16]:

Tu :g i_z ) K= 3/2 P Uin2 (13)
e=2K;,>%d (14)
4. Simulation Work The turbulence intensity for fully developed pipeAf is:
Two-phase oil-liquid annular flow is simulated ihig 1=0.16Rel8 (15)
work using the commercial CFD code FLUENT 6.3.26 in )
order to solve the governing equations. The proble . .
considers the transient tracking of a oil-liquideiface. The r% Results and Discussion
working fluids are water and oil, and in order velop an The experimental and theoretical work results are

applicable analysis of the flow field on fluent @28
inclusively in ANSYS CFD.

4.1. Mesh Generation

The partial differential equations of fluid flow eamot
usually amenable to analytical solutions, except \fery
simple cases. Therefore, in order to analyze filad's, flow
domains are split into smaller sub domains callechents or
cells and the collection of all elements is knovennaesh or
grid. The governing equations are solved insidd @d¢hese
portions of the domain. Care must be taken to enptmper
continuity of solution across the common interfabetveen
two sub domains, so that the approximate solutiosgle
various portions can be put together to give a detap
picture of fluid flow in the entire domaiGrid generation is
often considered as the most important and mose ti
consuming part of CFD simulation as shown in fig. 2

4.2. Governing Equations

The fundamental governing equations of fluid dyrzamin
the theoretical work are continuity and momentunud&impns
in three dimensional.

4.2.1. Conservation of Mass

(10)

a o )
5 %a PqtV-q pq Ug=Xp=11Mpq
4.2.2. Conservation of Momentum

d — — — — = >
5. %a Pqllq + V(aq pq g ® Uq )=-aqVP+ V. agTq + aq poF'q *

‘g:l(qu + Thpq ﬁpq (11)

4.2.3. Conservation of Energy

d - dpg - om o »
3:(®q Pq g) +V. (aq pqiiq hy) =- ag g, ik Vg V. Go+ § +
p=1(Qpq * 7i1pq Mgy (12

4.3. Boundary Condition Application

The boundary domain in the present problem is degrgn
on flow variables at the domain boundaries Speftifyes of
mass, momentum, energy, etc. into the domain. Defin
boundary conditions involves: Identifying the Idoat of the
boundaries (e.g., inlets, walls, symmetry). Alsde t

illustrated in the present section, which inclutie tresults
obtained for pressure reading, inlet water cutaslstress,
viscosity and the effect of heat on the pressurevals as
calculate the mean heat transfer coefficient witpliad three
thermal loads by using thermal heaters "eight fingjleape"
with a capacity of 2000 watt per heater for oil-@rafor
different flow rates is presented.

5.1. Experimental Result

5.1.1. Flow Visualization

The first and simplest approach to study two-phitse
behavior in deviated pipes is to visualize the fldvlow
patterns play very important roles in two-phasewflto
explain the phenomena of two-phase flow. Each redias

.mcertain hydrodynamic characteristics, occurrencenature

and many applications in industries. It is clatifie form of
flow with the effect of the heat, Fig. (3) shows an
instantaneous side view of oil-water flow into tipée,
obtained by high speed video camera (AOS imagindict
v3). The flow is from the left to the right, thesttince in the
flow direction, shown in this image is L = 60 mrm, show
the effect of heat transfer on the flow fluids afpy power

of the amount of 8000 watt and the rate of flowtlwé oil
ranges from 5 to 10 liters per minute and the oétiow of
water ranging from 5 to 15 liters per minute byngsthe
video system. Noting change the type of flow-typawar to
type small bubbles due to decrease viscosity, which
decreased with increasing temperature as shownigif3f
bubbles of oil mediates the flow of water.

5.1.2. Pressure Gradient
The pressure drop in oil-water flow is dependentflow

pattern conditions. After applying the thermal leedbading
with various value of heat flux from (4000) watt ({t2000)
watt for three values of water flow rate and foatues of oil
flow rate. Applying the second thermal load witte theat
flux equal 8000 watt. Fig.(4) represents the retathetween
the pressure gradient and oil superficial veloéity various
water superficial velocity. The pressure gradiamtréases
with increasing the mixture velocity. Fig.(5),(8)da(7) show
the pressure versus tap locations (x1, x2, x3hx). The
pressure decreasing gradually until reach minimatoer at
the end of the pipe. Fig.(8) represents the presgradient
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fluctuation along the pipe with heat transfer dffefor oil
flow rate equal 40 I/min and water flow rate eqli@)15 and
20 I/min. It is show that the pressure gradientadirg
fluctuate with time due to two-phase effect. Thessure
sensor recorded the pressure with time for fives tapated
along the pipe, and the pressure increased-decresitk
time.

5.1.3. Mean Heat Transfer Coefficient

Fig.(9),(10) and (11) show variation of the ovenaéan
heat transfer coefficient with the mixture Reynofdsnber.
The mean heat transfer coefficient increase witheiasing
the mixture Reynolds number at the same power load,
it's increased until reach maximum value when R&go
number equal to 65125 for water superficial equal/ghin
and power 12000 watt. It's noted that the mean theasfer
coefficient increased with increased the power|umtach
maximum value at 80.234 kwftk when power equal 12000
watt.

Fig.(12) shows the bulk temperature readings alon§

section for thermocouple stations. It's noted ttre bulk
temperature increase with increasing distance albegipe
until reach maximum value at the end of the pipe, the
same mixture flow rate. Also increase with incregsi
mixture flow rate for the same position.

Fig.(13) describes the relationship between theradlve
mean heat transfer coefficient values in all thesouples
station versus oil superficial velocity, These weadculated
through every run for water superficial velocitgrn 1.69 to
3.38 m/s, and oil superficial velocity from 0.391%8 m/s.
The mean heat transfer coefficient increases witheased
oil due to decreasing the bulk and wall tempera@asea
result of increased oil velocity and thermal insoila

5.1.4. Effect Inlet Water Cut A

Average inlet water cut at least gradually from @©20.5
when the speed of the water equal to 1.69 m/so, fatsn
0.2727 to 0.6 at the speed of water equal to 2.&54fimally
from 0.3333to 0.6666 at the speed of water equé8 &/s.
Fig.(14) shows the water cut profiles measured tfoe
experimental matrix conditions.

As can be seen, the water tends to settle at thierbof
the pipe, resulting a small difference in the measguvater
cut. At inlet water cut indicating slow settling ofater
droplets. The fact that the water cut is not zértha oil rich
layer at any data set indicates that the flow andbveloping
region.

5.1.5. Shear Stress ( z,)

Fig.(15) presents the wall shear stress versusunaixt
Reynolds number for different mixture superficialacity
with variable heating load (4000, 8000 and 1200@Gajt
respectively, it's noted the wall shear stresseiases with
increasing the power applied and increasing theturgéx
velocity.

5.1.6. Viscosity u

property of the fluid. It is an indication of howueh internal
friction is present. Some fluids, such oils, haighhviscosity,
and a substantial applied stress is required tsecdhese
fluids to flow. Other fluids, such as water, haweweér
viscosity and flow more easily for the same app§&éss. In
general, liquid viscosity decreases exponentiallythw
increasing temperature, but gas viscosity increasih
temperature. It's often varies considerably witingerature,
and that effect must be considered in calculatiéiig.(16)
shows the dynamic viscosity versus different terapee
that resulted from applied three heating loads different
water velocity a fixed oil velocity.

5.2. Simulation Results

The brief literature review presented at the begiprof
the chapter two reveals that additional work isuiesy for
establishing computational procedures leading tiahbie
predictions of oil-water annular flow. Available |-eiater
nnular pipe flow experimental data are used to ties
Simulations obtained by FLUENT to study distributiphase,
pressure, speed and shear stress. This showshéh&iuent
depends on the mixture velocity and void fractidmese
trials were used to match precisely with the temhghe
annular flow that has been studied, which was etéthin
practice.

Fig.(17) represents the mesh that has been apioli¢ite
geometry and the number of cells, 5000.

Fig.(18) displays the small bubble that obtaineteraf
practice the condition and complete the iteratidmciv lasted
for more than 24 hours after the reduction of thgtem to
reduce the iteration required and the time needed.

5.2.1. Mean Heat Transfer Coefficient and Bulk
Temperature

Fig.(19) shows the heat transfer coefficient whée t
amount of power load 8000 watts. Note the incredseamt
transfer coefficient gradually due to increasingperatures
over time and this increase also produces a proatn of
ability and proven a flow rate of water used a/20 With the
gradient of the values of the rate of oil, whichgas from 10
to 40 I/m so the oil is heated at a higher ratevater and
thus increases coefficient heat Transfer.

Fig.(20) represents the bulk temperature changeuseuil
superficial velocity, it's be the highest value whbe flow
rate of the oil equal to 20 I/m and then begin wnleard as
result of temperature stability to refer again @aéd when
flow rate of oil increases to 40 I/m.

6. Comparison Experimental and
Theoretical Results

Comparing the results is important to determine the

percentage of error between them and the reasanthdo
difference between the two results. The compariatso
shows the existence of the causes leading to tecimacy

The quantity of 'u" is called the viscosity, which is a of the practical results, including leaking pipfiesyw meter or
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oil rate may be re-used when each experiment auntai
proportion of the water. This comparison betweee th
theoretical and practical results will be interpetin the
following section.

6.1. Heat Transfer Effect

Comparisons are presented on mean heat transfer
coefficient and bulk temperature. Fig.(21) presents
comparisons between the model predictions and the
measured data for the effect of oil superficialoegly on the
mean heat transfer coefficient along the pipe atgvdoad
equal to 8000 watt and water superficial velocigua to
3.38 m/s. It can be observed that the model priedist
follow trend of the data fairly well and the thetical mean
heat transfer effect coefficient has similar bebawas the
experiments. Fig.(22) illustrates the bulk tempamatversus
oil superficial velocity, it can be observed thatlkb
temperature changed continuously with dependentoibn
superficial velocity until reach maximum to (24.90 at Uo
equal to (0.79)m/s.

The percentage theoretical heat transfer coefficien
decreases over experimental heat transfer coeffieie 6%.

7. Conclusion

1 The work reveals that the annular flow regime exist
over a wider range of phase flow rates. As a result
regime maps and transition equations availableyésr
liquid cases cannot be used as such to predict t
patterns in liquid —liquid flows.

Pressure drop along the pipe was direct propoiitiona
changes in oil-water superficial velocities.

Mean heat transfer coefficient increases with iasieg
heat flux that used in experimental work and its
decreases with increasing in mixture superficial
velocity. Finally, it's increased with wall temperee.
Void fraction has reverse behavior to that of hatdto
wards changes in liquid superficial velocities and
towards other flow characteristics.
CFD calculations using Fluent 6.3.26 were performe
to predict the oil-water annular flow.
A model for the calculation of fully-developed,
turbulent-turbulent oil-water annular flow in haviztal
pipe is presented. The model is based on a nurheric@
solution of the basic governing differential eqoad

122

using a finite-volume method in a bipolar coordinat
system, applying a simple mixing-length turbulence
model. The moving wall assumption was implemented
for the prediction of the interface behavior.
Volume of fluid (VOF) multiphase model with RNG-k-
¢ two equations turbulent model was selected among
other different multiphase and turbulent modelsebas
on the convergence, prediction of the oil-waterudan
flow pattern and the smoothness of the interface.
8 Care should be taken while initializing the CFDveol
to obtain convergence.
Mesh independent study has been achieved to denide
the optimum mesh size to be used in the simulation
process.
10The volume fraction value specified the phase isioer
point which determined which of the two liquids
dispersed in the other.
11In this study water dispersed in oil for volumecfians
less than 0.6 which represents the inversion volume
fraction at which the oil began to dispersed inerat
12All simulations give good agreement with the expdct
flow regime annular.
13The numerical model solves the resulting set of
algebraic equations in an iterative way, simultarsbp
for both oil and water layers. The pressure gradien
calculated based on the condition that the veldatg
in both layers must satisfy the total flow rate.

Fig. 1a. The experimental rig.
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Fig. 5. Pressure reading of the different sensors alongpipe.
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Fig. 14. Effect inlet water cut on the pressure gradient
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Fig. 12. Bulk Temperature distribution along the pipe.
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