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In this work, a numerical study of a sharply expanding highly swirling flow is carried out using v2-f models 
based on the Comsol Multiphysics 5.6 software package and a two-fluid turbulence model. The results obtained 
are compared with known experimental data with different pipe diameters. The purpose of this work is to test the 
ability of models to describe anisotropic turbulence. It is shown that the two-fluid model is more suitable for 
studying such flows. 
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1. Introduction 
 
 The flow after a sudden expansion of the pipe is one of the most common cases of a detachable flow 
when winding sharp edges of bodies. The process is accompanied by significant changes in the speed and 
pressure in the separation zone. The flow and heat exchange down the flow disconnection section depend on 
the prehistory of flow development and the surface geometry in the region of the separation section. Sudden 
expansion of flow in pipes or channels is commonly used as a flame stabilizer in combustion chambers, for 
intensification of heat transfer processes and in many other technical devices. Separation is often a 
phenomenon that leads to negative consequences: an increase in gas resistance in pipelines, a decrease in speed, 
and so on. The presence of a recirculation flow in the separation zone has a significant effect on the intensity 
of momentum, heat, and mass transfer processes and determines the structure of the turbulent flow [1]. 
 

 
 

Fig.1. Pipe with sudden expansion. 
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Two-phase separated flows are frequently used in various technological applications. In addition to the above 
parameters, disperse phase influences the transport processes. Its impact increases with the growth of particle 
diameter and their concentration. The purpose of the work is to carry out a numerical study of the dispersion 
propagation in a turbulent flow after a sudden expansion of the pipe in the presence of heat exchange of the 
two-phase flow along the surface of the pipe wall and to compare the results of the two-phase flow liquid 
model with results of COMSOL software package.  

As noted above, swirling flow problems are serious test problems for turbulence models. Therefore, 
as the next test task for verifying the new model, we considered the process of precession of a strongly swirling 
flow after a sudden expansion Fig.1. 2D changes to , , .2 1 1 1D 2D 5D 10D=  

 
2. Mathematical model 
 

The two-fluid model:  
 
Next there a mathematical model of turbulence based on the two fluid dynamics is considered. The 

system of equations for the turbulent flow has the following form [2]: 
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It should be noted that 𝜋௜௝ᇱ  - is a tensor. Therefore, in the right part for a given tensor the summation 

for repeated indices is not performed. 
We will study the problem in cylindrical coordinates. Longitudinal derivatives in diffusion terms are 

neglected. Then the system of Eq (2.1) in cylindrical coordinates will have the form: 
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To determine the molar viscosities, we use the relations: 
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Solving the characteristic equation, we find the maximum root: 
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According to the formula: 
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here, d  – is the nearest distance to the solid wall. The coefficients 1C , 2C  are the same as for the first task. 
 

2v f−  turbulence model: 
 
 Near solid walls, the intensity of velocity fluctuations tangent to the wall is usually much higher than the 
intensity of fluctuations in the normal direction to the wall. In other words, velocity fluctuations are characterized 
by anisotropy. As we move away from the wall, the intensity of fluctuations in all directions becomes the same. 
Velocity fluctuations become similar or isotropic. The anisotropy of turbulent fluctuations in the boundary layer 
is described by the 2v f− turbulence model by introducing two additional equations, which are solved jointly 
with the equations for the kinetic energy of turbulence ( )k and the rate of dissipation of kinetic energy ( )ε . 
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Turbulent eddy viscosity is calculated is used. Other coefficients and functions were presented in the article [3]. 
 
3. Numerical method 
 

To ensure stability in solving the Eq.(2.2) of the system, the convective members use a differential 
scheme against the second-order flow of accuracy by the control volume method. And, the implicit central 
difference for the diffusion terms. The relationship between the velocity and pressure fields for an 
incompressible fluid was implemented using the SIMPLEC procedure [4]. After the formation of a quasi-
periodic regime, the non-stationary fields were averaged. 

At the input, an experimental velocity profile was set, measured for the cross section z 5D= −  
corresponding to the input location of the calculated area. At the output z 5D= , “soft” conditions were set. 
The stream had the following input parameters: 
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here, Re - is the Reynolds number, S - is a the parameter that determines the extent of the inlet flow, and inU - is 
the maximum axial velocity at the inlet. For calculations, a 100 100×  grid was used. Equations in a dimensionless 
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form were given by correlating all velocities to inU , and spatial scales to the diameter of a small tube. Integration 
over time was carried out with a dimensionless step .t 0 001Δ = . The entry conditions are as follows: 
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4. Results and discussions 

 
 In Figs 1-4, the solid lines represent the numerical results which are compared to results obtained by 
numerical methods most commonly used during the last two decades to solve different models [10, 11, 12]. 
 

 
 

Fig.1. Axial speed profile. 
 

 
 

Fig.2. Tangential velocity profile. 
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Dots depict experimental data obtained in [5]. Here, all spatial scales are related to the diameter of the 
inlet pipe. Figures 1 and 2 show the profiles of the axial and tangential flow velocities in the section .x 0 2= , 
respectively. Similar graphs are shown in Figs 3 and 4 for .x 0 5= . 

 

 
 

Fig.3. Axial speed profile. 
 
 

 
 

Fig.4. Tangential velocity profile. 
 

In Figures 5-8, the solid lines represent the numerical results. Here, the second pipe diameter is five 
times larger than the first pipe. Figs 5 and 6 show the profiles of the axial and tangential flow velocities in the 
section .x 0 2= , respectively. Similar graphs are shown in Figs 7 and 8 for .x 0 5= . 
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Fig.5. Axial speed profile. 
 

 
 

Fig.6. Axial speed profile. 
 

 
 

Fig.7. Axial speed profile. 
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Fig.8. Axial speed profile. 
 
5. Conclusion 
 

The paper shows the possibility of modeling a vortex flow after a sudden expansion using a new model. 
Mathematical modeling was carried out on the basis of the dynamics of two fluids. The calibration and 
verification of the new model was carried out on known tasks that have been well investigated experimentally. 
Despite the fact that the nature of turbulence in these problems is different, the new model quantitatively 
describes these complex flows well. 
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Nomenclature 
 
 

1D  – first pipe diameter 

 
2D  – second pipe diameter 

 ' ',zr zrv v  – molar viscosities 

 maxλ  – maximum root of the characteristic equation 

 d  – closest distance to solid wall 
 1C , 2C  – coefficients 

 Re  – Reynolds number 

 S  – degree twist 
 inU  – maximum axial input speed 
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