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Abstract 

Two phase flows in pipelines are very common in industries for the oil transportations. The aim of our work is to observe 

the effect of oil volume fraction in the oil in water two phase flows. The study has been accomplished using a 

computational model which is based on a Finite Element Method (FEM) named Galerkin approximation. The velocity 

profiles and volume fractions are performed by numerical simulations and we have considered the COMSOL 

Multiphysics Software version 4.2a for our simulation. The computational domain is 8m in length and 0.05m in radius. 

The results show that the velocity of the mixture decreases as the oil volume fraction increases. It should be noted that if 

we gradually increase the volume fractions of oil, the fluid velocity also changes and the saturated level of the volume 

fraction is 22.3%.  

Keywords: two phase flow, volume fraction, FEM, CFD simulation 

1. Introduction 

The oil-water two phase flows are very important phenomena for basic research and have many applications in the various 

field of process industries especially in the petroleum industries. Two phase flow is an extension of single phase flow and 

more difficult because of the complex behaviour (Drew, 1983). Pipelines are one of the cheapest and efficient way of 

transportation of fluids. Water is often used for transportation of fluids because it is cheap and relatively safe. Besides, 

water has a significant effect during the transportation of oil (Alias et al., 2015). The Oiler might be economical to operate 

with water volume fraction in the liquid phase as high as 90% (Xu, 2007). 

Many extensive researches on oil-water flows in pipes have been performed theoretically and experimentally till today. A 

method provided by the Electrical Resistance Tomography (ERT) system has been used for measuring the oil in water 

pipe flow where the volume fraction of oil is upto 23.1%. It was observed that the ERT method can be used to perform the 

low fraction oil-water flows. If the oil volume fraction is so high, large oil bubbles or slugs begin to form and also some 

electrodes lose contact with water (Hua et al., 2005). The velocity profiles and pressure distribution of oil was performed 

in the presence of gas and it was noted that an increase in the gas volume fraction reduces the pressure drop. However, a 

discrepant behaviour was found when the gas volume fraction is more than 25% (Silva & Marinho, 2014). In 2009, Yaqob 

and Abbas experimented the performance of a pump by using crude oil-water two phase flow in a centrifugal pump and 

found that pump head and discharge of two phase flow decreased as oil volume fraction increased. Moreover, the power of 

the pump increased with the increase of oil volume fraction. A simulation study for viscosity is explained that the 

viscosity of oil affected the pressure drop and oil volume fraction on a two phase oil-gas flow and found the pressure drop 

increased as oil viscosity increased. Moreover, Gas phase accumulates at the pipe outlet and decreased the liquid volume 

fraction along the pipe length (Silva & Marinho, 2016). From a series experiment of volume fractions shown that the 

velocity of the oil droplet was power law in shape in a vertical oil-water bubbly flows with the maximum velocity at the 

center of the pipe and the velocity decreasing to zero at the pipe wall. The oil volume fraction distribution is of power law 

shape if the mean oil volume fraction is less than 8%, essentially flat for 8% to 15% and intermediate peak shape for 

greater than 15%. The hydrodynamic force is relatively strong for mean oil volume fraction less than 8% and its direction 

is in the center of the pipe (Lucas & Panagiotopoulos, 2009). 
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In a study of the effect of velocity using a FEM model, the velocity profile was found a parabolic shape for a channel flow 

of a two phase flow using Upwind Petrove-Galerkin model (Giordano et al., 2006). A comparison was done between 

gas-oil and gas-water flow in a vertical pipe. In case of similar velocity, bubbles in air-water flows are larger than in air- 

silicon oil flow. It is also observe that bubble size distributions are showing local maxima at small bubble sizes (Szalinski 

et al., 2010). Using volume of fluid method, the authors found the maximum velocity at the center for an annular flow 

(Desamala, et al., 2014). The axial velocity decreased with an increase in air volume fractions and velocity magnitudes 

increased with air volume away from the center of the pipe of an air water flow in a pipe separator (Afolabi & Lee, 2013). 

Numerical methods are used to solve problems of Computational Fluid Dynamics (CFD). Numerical techniques gives 

reliable results which can be achieved more quickly and with lower cost (Silva & Marinho, 2016; Souza et al., 2011). 

Among all numerical methods Finite element method gives better approximations to boundary value problems with 

complex geometries (Yu & Wiwatanapattaphee, 2006). 

In the above studies, we observed some models, experimental and simulated results for two phase flows. These models 

include the ERT system, Local probe and Petrove Galerkin method etc. Now, in this study we will use FEM based on 

Galerkin Approximation to investigate the results and predict about the more accurate behabiour of the effect of the 

volume fractions in case of two phase flow. 

2. Model Formulation 

A mathematical model using Galerkin Finite Element Approximation have used to discuss the two phase flows (Akter & 

Deb, 2017). At present, we will see the effect on the velocity distributions in presence of different oil volume fraction in an 

oil water two phase flows by the model. We considered five cases such as 5%, 10%, 15%, 20% and 22.3% oil at the inlet 

of the computational domain. The initial and boundary conditions for the flow are assumed in a phase field platform. 

2.1 Governing Equations 

In our model we assumed an incompressible and Newtonian flow of two phases consists of oil and water. Besides, the 

flow is considered as laminar. The Governing equations which represent our model of two phase oil in water flows are 

given by the following two equations. 

0u  ,                                          (1) 

( ( ))T

st

u
u u p u u g F

t
  

 
         

 
.          (2) 

The following partial differential equation (PDE) is used for the phase field variable,   

                            u G
t


 


   


,                     (3) 

In Phase field method the following equations have used to track the interface between the two phases which is the 

Cahn-Hilliard equation (Cahn & Hilliard, 1958).  
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Table 1. Variables and parameters of the model 

Variable/Parameter           Definition 

u   
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f






  

  

velocity of the mixture 

density 

viscosity 

gravity 

surface tension force 

chemical potential 

dimensionless phase field variable 

mobility 

controlling interface parameter 

the mixing energy density  

 

 derivative of external free energy  

mobility tuning parameter 

 

2.2 Boundary Conditions 

There are three faces present bounding the calculation domain which are inlet boundary, the outlet boundary and the wall 

boundary. Table 2 represents the boundary conditions for the simulations. 

 

Table 2. Boundary conditions 

Inlet                         Velocity, 
0u u  

Outlet                        Zero Normal Stress, 

                          ˆ[ ( )] 0TpI u u n       

Wall                         No-Slip condition, 0u   

 

2.3 Galerkin Approximation of the Model 

The Weak formulation of our model for a two phase Newtonian incompressible flow in a computational domain  is by 

given equation (6) (Akter & Deb, 2017).  
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Now the Galerkin Approximation of the model (Akter & Deb, 2017) is shown using equation (7) and (8). 
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2.4 Computational Domain and Mesh Generation 

The computational domain is considered as circular tube domain with 8m length and 0.05m radius. The geometry and a 

suitable mesh are generated by COMSOL Multiphysics Version 4.2a and properties of the computational domain are 

shown in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Properties of the computational domain 

 

 

 

 

 

 

 

 

 

 

  

Properties Number 

 

Elements 

Tetrahedral 81143 

Boundary 11374 

Edge 1432 

Vertex 8 

Degrees of freedom 619748 

Working Volume (m3)  0.0618 

Surface Area (m2) 2.518 

 

Figure 1. Computational domain 

 

 

a)   

b)                                                        

Figure 2. Mesh Design 

a) along the pipe b) inlet and outlet of the pipe 
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3. Numerical Results and Discussion 

To analyze the effect of oil volume fraction on oil in water two phase flows, five cases are assumed upto 22.3% oil volume 

fraction. Properties of the fluid phases (Alias et al., 2015) and parameter values used for simulation (Deb et. al 2012, 

Desamala, et al., 2014) are given in Table 4 and Table 5. The Interfacial tension of oil-water is assumed as 0.17 N/m at

20 C . We have analyzed velocity magnitudes.  

 

Table 4. Properties of the fluids  

  Properties                 Oil                        Water              

Density(  )                 780 kg/m3                  998.2 kg/m3 

Dynamic Viscosity(  )       0.00157 Pa.s               0.001003 Pa.s 

 

Table 5. Parameters values for our simulation 

 

 

 

 

 

 

 

 

  

Parameters    Values 

0u  
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  0.024 m/s 

  0.01 m 

  0.01 J/m 

 

   1 m.s/kg 

   9.8 m/s2 
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Figure 3 shows the slices of the velocity magnitudes at 8mx  of the domain for different volume fractions. We observed 

the velocity is maximum at the center of the pipe. It is also noted that the velocity of the mixture decreased as the oil 

volume fraction increased. The reason behind this as we increase the oil volume fractions there may create some large 

bubbles which resist the flow. Consequently, the velocity is dropping due to oil volume fraction increased. The differences 

of velocities are low since we used the laminar flow. As the oil volume fraction increased, velocity magnitude decreased 

and it continues upto a certain level which is 22.3%. However, it is observed that an inconsistent behaviour of the flow 

while oil is introduced into the pipe greater than 22.3%. Besides, we have got better result for the volume fraction upto 

10%. 

 

                

a)                                          b) 

 

                  

 c)                                        d) 

             

e) 

Figure 3. The velocity magnitudes at cross section of x = 8m in the computational domain  

at various volume fractions of oil such as  

a) 5%  b) 10%  c) 15%  d)  20%  and e) 22.3%, respectively. 
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Figure 4 shows a comparison among the oil volume fraction profiles for different ratios of oil-water mixture in the 

flow. We have increased the volume of oil from 5% to 25% with 5 % intervals to check the saturated level. We 

observed a smooth gradual changes in the volume fractions by following a logistic function upto 10% of oil 

volume. In case of the 15% oil volume fraction in the mixture, a small fluctuation is found. Similar physical 

behaviour is shown for 20% also. However, while the volume fraction reached upto 22.3%, a saturated level is 

observed, after that the simulation does not work. It indicates that the hydrodynamic force is relatively strong for 

oil volume fraction less or equal to 10%.  

By comparing with the study of Hua et al. and Lucas & Panagiotopoulos our results show an agreement with their results 

though they have uesd different model for their experiment. On the basis of our results we can suggest that, in practical 

one can mixed upto 22.3% oil in water for the saturated level. However upto 10% oil in water provides better speed in pipe 

flow. 

4. Conclusion 

The study have done to show the flow characteristics due to different oil volume fractions in an oil-water two phase flows 

in pipelines. A computational domain is constructed with length 8m and radius 0.05m respectively to simulate the flow. 

We considered an incompressible and Newtonian flow of oil-water for our model and the flow is assumed laminar. For the 

initial condition an inlet velocity of 0.024 m/s is taken into account while no-slip condition on the wall and zero normal 

stress at the outlet is considered. A series of CFD simulations has been completed with the help of COMSOL Multiphysics 

software version 4.2a which is based on Galerkin Finite Element Approximation. For our simulation we considered 

different volume fractions of oil including 5%, 10%, 15%, 20% and 25%. The Numerical results show that an increase in 

oil volume fraction reduces the velocity of the mixture in the flow. It is also noted that a saturated level of oil can be mixed 

upto 22.3%. After that an incosistent behaviour was observed. A 10% mixture of oil give better performance in flow. One 

can use our concept by putting actual inlet boundary conditions as the physical model support together with a real 

complex geometries from practical applications.  
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Figure 4. Comparison of volume fraction profiles for different volume fraction of oil in the mixture. 
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