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Introduction 

 

Multiphase turbulent flows have been the subject of 

research for more than 70 years and it is still a subject that 

has many unanswered questions. This is due to the aspect of 

turbulence coupled with the presence of more than one 

phase whose properties are not so easy to predict.  Two 

phase flows have been applied considerably in the transport 

of oil and gas, nuclear coolant sector, chemical industries, 

and geothermal plants.  In some single flow cases, the flow 

is modified to two-phase to enhance flow leading to smaller 

pumping centres required.  

 Understanding two phase flow has led to classifications 

of two-phase flow based on the flow patterns. The flow 

patterns vary based on the dimensions of the pipe and the 

flow rates for the individual phases.  

 
Figure 1Two phase flow patterns 

 Liquid holdup and pressure drop are critical to two phase 

design and as such this research with focus on  

 One of the challenges in two phase flow simulation 

modelling is capturing the interface. Numerical simulation 

produces diffusion at the interface which gives a non-

physical interface. Proper interface detection is required. 

This research is based on simulation on 12 different cases 

with different gas and liquid velocities to confirm liquid 

hold up prediction and compare the effect of different 

interface detection methods on liquid holdup values and the 

flow pattern visualization 

 

Literature review 
 
Evaluation of two-phase flow has been done by empirical 

methods1,2, mechanistic models 3 and simulation models 4,5,6.  

Experimental research by Taitel et al1, has provided a lot of 

insight into two phase flow patterns in developing two phase 

flow patterns and how they relate to superficial velocities.  

 Understanding two phase flow has led to classifications 

of two-phase flow based on the flow patterns. The flow 

patterns vary based on the dimensions of the pipe and the 

flow rates for the individual phases. 

 Knowledge of two-phase flow patterns have different 

advantages and disadvantages making knowledge of the  

 

 

 

flow pattern expected in the designed system particularly 

important. Different flow patterns have their advantages and 

disadvantages and therefore need to be evaluated based on 

the application.  

 Petalas 3 compiled an empirical model that included the 

surface roughness and liquid entrainment in their 

formulation for liquid hold up and pressure drop. This have  

been found to be the best mechanistic model to date for such 

predictions. 

 In addition to Mechanistic and Empirical methods for 

liquid hold up, computer simulation has become a popular  

method for two phase flow. Use of an opensource software 

like OpenFOAM which has solvers like interFoam and 

interIsoFoam is an option that enables users to dig into the 

basics of numerical simulation and customize the basic 

operating parameters based on preference. J.P. Thaker, M. 

Darzi et al, observed that OpenFOAM could be used to 

properly visualize stratified, wavy, slug, plug and annular 

flows. A Shuard used interFoam to investigate liquid hold 

up and pressure drop. This research showed the results 

compared well with Petalas and Aziz research especially for 

the lower gas and liquid velocities. Knotek et. al. performed 

two phase simulation using air, gas and oil to identify the 

different flow patterns at different superficial liquid 

velocities. Vadrabade et. al performed a simulation on two 

phase flow simulation to investigate the flow pattern 

transition and transition mechanism from stratified to slug 

flow. This research is an attempt to identify the effect of 

increasing the liquid and gas velocities as they relate to the 

liquid hold up and interface capturing methods.  

 

Numerical Method 
 
Numerical Conditions] 
 
OpenFOAM v18.12 software is used for simulation where 

the solvers used are interfoam and interIsofoam which both 

use VOF method. These solvers are multiphase solvers used 

for simulating incompressible, isothermal, and immiscible 

fluids. The volume occupied by different fluids is 

considered as a fraction of the whole taking the total as 1. 

The volume fraction α is used to denote liquid or gas where 

if α is equal to 0, it shows that the cell in question is fully 

occupied by gas and thus α would be 1 if the cell is fully 

occupied by liquid .At the point where the value is between 

0 and 1, a liquid and gas exist in the cell which is 

nonphysical. The VOF method is used to determine where 

the liquid and gas meet, denoting the interface. The fluids 

under considerations are governed by a certain set of 

conservation equations for each cell. 

 The mass conservation equation is as follows, 
𝜕𝜌

𝜕𝑡
+ 𝛻 · (𝜌𝑈) = 0     (1) 

 



 Where the first term on the left-hand side indicates the 

accumulation while the second term on the left-hand side 

represents the convection. The term on the right-hand side 

indicates the sources which are 0 in this case. 

The momentum conservation equation is as follows, 
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 In this two-phase system, the different phases contribute 

to the whole. Alpha(α) is used to denote the presence of 

liquid and gas. The subscripts l and g are used to denote the 

liquid and gas. The following equations are crucial to 

understanding the two-phase equations: 

αg + αl = 1     (3) 

𝜌 = (1 − 𝛼𝑙)𝜌𝑔 + 𝛼𝑙𝜌𝑙      (4) 

 μ = (1 − αl)μg + αlμl    (5) 

 InterFoam and InterIsoFoam are used to investigate the 

different interface detecting methods.  InterFoam introduces 

an addition to the governing equation to trigger the interface 

compression.  

 
𝜕α

𝜕𝑡
+ 𝑈 · 𝛻α + 𝛻 · (α(1-α)𝑈𝑟) = 0   (6) 

 

 The extra part of this equation is determined by the value 

of alpha where the compression velocity is applied at the 

interface 

 InterIsofoam used the isoAdvector method that is done 

in the following stages: 

• Identification of surface cells whose alpha value is 

between 0 and 1. This triggers the isoAdvector 

function. 

• Cell volume fraction is interpolated to cell vertices.  

• Linear interpolations used to determine the 

location where the interface cuts the cell based on 

the isoValue and cell centre-cell vertex distances.  

• Redistribution of the volume fraction values by 

splitting the cells based on the new α as either 0 or 

1 based on the alpha value generated 

• Interpolation of the velocity on the iso-surface 

centre, determination of iso-surface motion. The 

iso-surface motion is used to estimate when the 

iso-surface reaches the vertex points within the 

time interval. 

 
Figure 2Cell volume fractions interpolation and 

redistribution 

 
Figure 3InterFoam final interface 

Simulation model 
 
The model set up is a 3D 0.052m diameter half pipe with 

4m length created using blockMesh with the wall layers 

undergoing refinement. Euler for the time schemes and 

Gauss Linear (varied for different scalar properties in the 

turbulence model) for the Divergence and Laplacian 

schemes are employed for the solution schemes. 

PIMPLE(PISO-SIMPLE) algorithm is used for the 

calculating the pressure velocity coupling. A half pipe set 

up is considered to save on the computational cost.7 

 The set up for the fluid properties and boundary 

conditions is as shown in Table 1 and 2 respectively. The 

initial condition is the half pipe is full of water with the 

introduction of gas at 50% when the simulation begins. 

Code stream is used to divide the inlet condition to obtain 

an inlet area for gas and liquid. The SST k–ω model is used 

for turbulence resolution in the simulation. This turbulence 

model has been found suitable due to its ability to deal with 

the wall surface and areas furthest from the wall. 

 
Figure 43D Mesh 

Table 1Fluid properties 

Fluid Density kg/m3 Surface 

tension N/m 

Water 1000 0.0724 

Air 1  

Table 2Boundary conditions 

 Inlet Outlet Wall 

u fixedValue zeroGradient fixedValue 

uniform 0 

p-rgh zeroGradient fixedValue 

uniform0 

zeroGradient 

k fixedValue zeroGradient fixedValue 

nut Calculated 

uniform 0 

Calculated 

uniform 0 

nutkRoughWal

lFunction 

omega fixedValue zeroGradient omegaWallFun

ction 

 



Results and Discussion 
 
Data used for in this paper for simulation based on flow 

pattern map. 
 

 
Figure 5 Simulation data plotted on Petalas and Aziz pattern 

map 

 

Stratified to Stratified wavy flow 
Simulation of 5 cases at a constant low liquid velocity 

were performed. The results using interfoam and 

interIsofoam were compared visually where flow pattern 

was fully developed and at a distance that factored in the 

entrance turbulent length. The results for these cases are 

shown in figure 6 and 7. 

 

Figure 6 Stratified and Stratified Wavy flows liquid holdup 

values comparison 

 
Figure 7Stratified flow visualization 

The stratified flow cases did not show any significant 

changes at the geometric mid plane when different solvers 

were applied. Comparing these results with those from the 

wall area, there was evident smearing when using interfoam 

solver as the gas velocity was increased as shown in Figure 

9. 

Upon comparing liquid hold up values for the same 

cases, in Figure 12, the liquid hold-up values were accurate 

as expected. The flow pattern transition cases had less 

accuracy as compared to when the flow pattern condition 

was fully developed. The transition between stratified and 

stratified wavy condition is evident by the liquid hold up 

values accuracy change  

 

Figure 8Stratified wavy comparison 

Stratified to Slug flow 
Increase in liquid velocity to observe the changes on 

stratified and slug flow pattern simulations were performed. 

There were significant changes with slight velocity 

increases on the interface and flow patterns. 

Slug flow pattern was observed as predicted with the 

flow pattern map.7 In slug flow, the difference in 

visualization obtained by the two solvers is more 

pronounced. InterIsofoam provides a cleaner interface that 

would prove beneficial is studying the sizes of the slugs and 

any other detailed information required. The liquid holdup 

values obtained from the interIsofoam solver show a better 

correlation with the expected values. 

 

Figure 9Stratified to Slug flow liquid hold up values 

 

Figure 10Slug flow pattern 

 



Slug flows 
The slug flows performance was investigated with multiple 

simulations of confirmed slug flow patterns. An increase in 

the gas velocity made the slugs less defined as the pattern 

transitioned to froth flow.  

 

Figure 11Slug flow liquid holdup values 

 

Figure 12Unstable slug flow visualisation 

Conclusion 
The interIsoFoam and interFoam solvers were able to 

provide good prediction and we can conclude that: 

 
• The stratified and stratified wavy flow are well 

predicted for liquid hold up and flow patterns. The 

interface resolution methods show a slight 

difference at the wall surface, making 

interIsoFoam a better solver choice.  

• Slug flows liquid holdup values and flow patterns 

are well predicted. Slight changes in slug shapes 

which may pose a challenge if accurate predictions 

are required. More research is required for this.  
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