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difference in the viscosity between oil and water makes the study of 
flow patterns much more complicated. Mathematical modelling and 
numerical analysis of oil-water two-phase pipe flows may improve 
our knowledge on the oil-water pipe flow transport mechanisms.

The majority of the experimental research works in oil-water 
mixture flow in pipes were focused to investigate various aspects 
of multiphase pipe flows of oil and water that include identification 
of flow patterns such as the stratified, dispersed, intermittent, 
core-annular and the combination of them.1–3 Flow characteristics 
and hydrodynamic behaviour on vertical and horizontal pipe 
flows at different volume fraction of phases4–7 were investigated 
experimentally as well as the effect of the viscosity and density on 
the fluid flow behaviour.1 The high viscosity crude and heavy oil were 
used in measurements3,8,9 also. Experimental investigation of the dual 
continuous flow phenomena in oil-water mixture flow in horizontal 
pipes was performed in.5,9 A distribution of the phases in a pipe cross 
section was determined. The inversion flow phenomena in a vertical 
pipe for dispersed oil-water flows were experimentally studied by Hu 
& Angeli.4 Pressure reduction was observed in both cases when water 
was fed into the oil continuous flow and when oil was fed into the 
water.

Mathematical modelling and numerical analysis such as 3D CFD 
simulations are becoming more attractive nowadays. They offer high 
flexibility in studies involving parametric and especially topological 
changes. Two-fluid Eulerian-Eulerian scheme is the most frequently 
used method to simulate two-phase oil-water pipe flows where both 
phases are considered as the continuous and interpenetrating. However, 
the accuracy in the pressure drop and hold-up prediction is relatively 
poor in most of studies.9–11 Two-fluid scheme of CFD solver ANSYS 
Fluent was used by Parvini et al.12 & Walvekar et al.13 to study various 
aspects of flow properties. The effect of drag, lift and added mass 
forces was examined numerically. The lift force was found to be more 
important than the forces associated with the turbulent dispersion and 
added mass.12,13 An attempt to use CFD model to predict oil-water 
flow patterns is presented in14 using Eulerian-Eulerian approach 
closed by the standard k-epsilon turbulence model. The drag, lift, and 
turbulent dispersion forces are considered in the study. The model 
validation against published experimental data showed reasonable 
agreement. Cazarez et al.15 also developed a one-dimensional thermal 
transient model that was applied to three-phase heavy oil-water-gas 

bubbly flow in upward vertical pipes. The model was able to predict 
the pressure, temperature and velocity profiles of the flow. A one-
dimensional thermal compressible transient model was developed 
in.16,17 It was applied to compressible gas-oil and gas-water flow in 
pipes. The condensation of liquid oil from gas phase was considered 
and validated against measurements. In addition, the stratified oil-
water flow behaviour were also studied numerically using the volume 
of fluid (VOF) scheme and the level set method such as those by Al-
Yaari et al.18 & Kaushik et al.19 and Gada et al.20

Conclusion
There is, however, very limited work21,22 where the Lagrangian 

approach was used for modelling of dispersed two-phase oil-water 
droplet flows in pipes. The effect of the shear-lift force on oil 
droplet movement in water fluid flow is investigated numerically 
using Eulerian-Lagrangian model in Burlutskiy et al.21 The ability 
of ANSYS Fluent and Open FOAM solvers to simulate turbulent 
dispersed particle-laden flows is tested in Greifzu et al.22 The effect 
of the dispersion model on the particle motion is investigated in the 
study. The numerical values predicted using Eulerian-Lagrangian 
point-particle model for the dispersed phase and Reynolds-averaged 
Navier-Stokes equations for the fluid phase are validated against 
published experimental data. The numerical study shows that particle 
dispersion is slightly under-predicted when ANSYS FLUENT solver 
is used, whereas the applied solver in Open FOAM overestimates the 
dispersion somewhat. The Largangain method provides much more 
advantages in modelling of dispersed two-phase flows as compared to 
other well-know methods such as mixed, two-fluid, VOF, level set and 
their modifications.23 The Lagrangian approach resolves the motion 
of droplets in the continuous fluid flow field by taking of all relevant 
forces into account. This approach considers the droplet phase as a 
collection of individual discrete particles of certain size represented 
by centres of spheres. This gives more accurate and complete 
information about the individual droplet behaviour as compared to 
the two-fluid scheme where droplets are considered as the continuous 
phase having averaged properties. Employment of the Lagrangian 
approach may significantly help in study of the transition criteria from 
one flow regime to another one, e.g. from fully dispersed to stratified 
flow regime, especially in the case of two-phase flow in a horizontal 
pipeline where the gravity acts on the direction which is perpendicular 
to the mixture flow direction and the slip between phases is observed.
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Introduction
Crude oil sources are remote nowadays from most of processing 

centres and refineries. The main problem of the conventional and 
heavy oil transportation in long horizontal pipes is that it has high 
pressure losses because of its high viscosity. The easiest way to reduce 
the pressure losses is to mix it with water. However, the multiphase oil-
water pipe flow problem is very complicated. It is highly dependent on 
many parameters such as the phases input fraction, mixture velocity, 
pipe diameter, temperature and pressure. The frictional pressure drop 
of oil-water mixture increases much stronger in a pipeline as compared 
to oil mass flow rate increase if the velocity is simply increased. Large 
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