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Abstract: Multiphase flow is the instantaneous flow of mixture of different phases. There are three types of phases- gas, liquid, 
solid. Water has 3 different phase; water-liquid , water-vapour , water-ice. Sometimes multiphase can also be referred as multi 
component flow where a substance do not have a distinguished phase but it is a uniform thorough out its existence. Two phase 
flow is completely different in every aspect to single phase flow say from its governing equations  to flow characteristics. It gets 
complicated and complex as we move from 2 phases to 3phase flow and so on. The multiphase flow depends mainly on the flow 
rate, cross section, fluid characteristics and boundary conditions. The study of multiphase flow is very important because the 
chemical and flow properties vary strongly over the flow regime which accounts for the design and safety of the subsystems in 
the nuclear plant.. Volumetric model of Ansys fluent categorises the elements of multiphase to be primary and secondary. 
Primary phase is generally gas or liquid and Secondary phase is solid or liquid. The present study involves understanding the 
multiphase flow dynamics and performs simulations of multi phase flow in horizontal pipe with friction pressure drop taken into 
account using Ansys Fluent solver.   
Keywords:Multiphase flow, Horizontal pipe analysis, Thermal Hydraulics in Nuclear reactors, Ansys fluent, CFD, 

I. INTRODUCTION 
The force of gravity plays a vital role in in understanding the behaviour of multiphase flow. This can be illustrated by taking vapor 
and liquid phases of water. The density of water is more than the water vapour and force of gravity depends on the density of the 
material. The concentration gradient of different phases induces greater pressure on the structure. The chaotic situation can lead to 
phase change and consequently increase the spatial organization of different phases. The efflux velocities can be altered irregularly 
across the flow channel. Multiphase flows occur in vertical pipes , horizontal pipes or inclined pipes similar to those in single phase 
flow. The flow is also analysed depending on the presence of heat flux across the flow channel. They are adiabatic in which heat 
transfer is zero and other is where there is considerable amount if heat  transfer occurs across the boundary. The multiphase flow is 
also analysed depending upon the direction of flow phases ;  parallel flow and  counter flow. The different types of multiphase flow 
are homogenous equilibrium model, Homogeneous Flow Friction Pressure Drop , Separated Flow Model, Separated Flow Model 
flow friction pressure drop models.  The flow can be amalgamation of laminar and turbulent characteristics. Flow regimes in 
horizontal pipes can be categorised  into Bubbly flow, Plug flow, Stratified flow, Wavy flow, Slug flow, annular flow. The 
multiphase flow analysis helps in developing passive safety system nuclear reactors or gravity driven reactor flows. 

A. Flow Governing Equations 

                            
Fig. 1  Control Volume of 2 phase flow ( Ref #1) 

The equations to deduce different properties pertaining to the control volume are as follows: 
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Governing equations of multiphase flow are: 
 

 
 

The equations are taken from the Reference 1 mentioned in the references of this paper. The Ansys fluent platform gives the option 
of choosing multiphase flow characteristics and other boundary conditions .The flow is analysed mathematically by above partial 
differential equations.   
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B. Flow Regime 
Different types of flow regime discussed above can be displayed as follows: 
 

. 
Fig. 2 flow regime in a horizontal pipe 

C. Computational Approach 
Ansys fluent 16.2 is used for the simulation. The dimensions of the pipe are 4m length, 100mm outer diameter and 60 mm inner 
diameter . The pipe inlet cross section has 2 holes for the mixture to enter and open end outlet. The inlet velocity of the water-liquid 
0.7m/s and air at a velocity of 25 m/s. The mass flow rates of air and water are 0.003 kg/s and 0.1 kg/s respectively. The extreme 
points are associated with velocity and mass flow rate at inlet and internal flow behaviour . 

 

Fig. 3  Mesh setup                                                                                                Fig. 4  Mesh graphic 
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Fig. 5 Mathematical model set up  Fig. 6  Velocity 
contour for slug flow 

 

                      Fig 7 : Velocity contour for wavy                                           
Fig 8: mass flow gradient contour  

                                                                                         

       Fig 9:Velocity contour for plug flow                                                           Fig 10 Pressure  variation vector representation 
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II. CONCLUSION 
The model is analysed using k-Epsilon turbulence model for given boundary conditions and various flow regimes have been 
visualised for different pressure conditions and velocities using interpolation of graphs. Contours are generated for mass flow rate, 
pressure and velocity in the reactor conditions. Flow analysis is performed and analytical results can be compared in the further 
work with experimental values.  
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