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Annotation 
This article formulates the problems of using oil separators in the current conditions of well 
operation, as well as research and pilot implementation of innovative oil production technologies. 
A variant of the improved flow part of the separator was proposed, a mathematical model was 
written for its further calculation, and the hydrodynamic calculation itself was carried out, the 
results of which will later be used to study methods for optimizing the geometry of flow parts of 
centrifugal gas separators. 

Introduction 
At the moment, there is a steady tendency to the deterioration of the operating conditions of wells in 
the fields of the Russian Federation - deposits with favorable geological field parameters are entering a 
late stage of development, the relative share of oil production from marginal wells with difficultly 
recoverable reserves is increasing. 

Work is underway to intensify the flow from the bottomhole zone and increase oil recovery, with 
the result that most of the wells were transferred to operating modes with bottomhole pressures of  
3–5 MPa. But the growth rate of the average equipment failure time began to decline, and it became 
clear that most of the ESP wells with the wear resistance group used could no longer provide a 
significant increase in the time between failures, since they do not correspond to the changed operating 
conditions [1]. Serial submersible pumping equipment for well operation is often unable to operate in 
such difficult conditions. 

The share of marginal wells in the Russian Federation is about 30-40%, and most of them have 
complicating factors: high content of free gas, mechanical impurities, corrosion, salt deposition. An 
acute problem is the introduction of an effective technology for their operation with an average 
operating time of at least 600 days [2]. 

In accordance with this, the task of developing, researching and pilot-industrial introduction of 
innovative technologies for oil production in complicated conditions with the use of submersible 
pumping systems becomes urgent. New complete equipment with special design of steps, pump and 
other elements of the installation is necessary. 

In oil-producing wells with a high gas content, an increase in the efficiency of centrifugal pumps 
(ESPs) is achieved by completing them with centrifugal gas separators, in which free gas is drawn 
from the pumped fluid to the annular space before the pump reaches the pump inlet. 
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It was established experimentally [3, 4] that the efficiency of a centrifugal gas separator 
significantly depends on the dispersion of the gas-liquid structure of the pumped fluid. In a real oil 
well, on reception of a centrifugal gas separator, a bubble flow regime is usually observed, with the 
diameter of the gas phase bubbles ranging from 80 to 300 μm [5], [6] - [11]. 

In order to increase the efficiency of the oil production process at low costs, a number of new 
conceptual equipment was developed at Rimera Group of Companies, including gas separators with 
interchangeable augers and multiphase modules with a new work concept. The gas separator is 
considered to be an unreliable element of a pumping unit due to hydroabrasive cutting of the body due 
to reverse currents that occur if the pump feed is more than half the estimated gas separator feed and 
the optimum auger feed installed at the inlet [12]. Reverse currents are a trap for mechanical 
impurities - their concentration is rapidly increasing, and a rotating abrasive ring can cut the casing 
and other elements of the gas separator. [13] - [16] Traditionally, they try to solve these problems by 
reducing the angle of the blades at the screw inlet, but this unnecessarily increases the diffusivity flow-
through part and reduces the efficiency of the screw. Together with the specialists of RSU NG, the 
Research and Development Center of the Rimera Group of Companies developed vortex and 
centrifugal gas separators with replaceable elements of the flow part. It was proposed to reduce the 
screw diameter in them, keeping the optimal flow path, the inlet angles and the range of components. 
In addition, it was decided to separate the inlet part of the gas separator with an axial stage and the 
separation chamber with a special conical sleeve. In the separation chamber, a separation process takes 
place, and a rotating ring with a partially separated liquid is formed at the periphery. Previously, this 
ring pressed on the blades of the stage, supplying the gas-liquid mixture, which led to reverse currents 
and dispersion. Now the ring presses against the fixed axial support in the form of a conical sleeve and 
a high pressure gradient occurs, due to which efficient gas separation is carried out. 

The obvious advantages of the gas separators developed by the Rimera Group for low-cost 
installations should be attributed to lower power - this saves energy. In addition, the gas separators are 
ahead of the well-known counterparts for separation properties and wear resistance. 

Currently, there are no methods for calculating the separation characteristics of centrifugal gas 
separators, taking into account the influence of the degree of dispersion of the gas-liquid mixture 
pumped by the pump. [17] - [20] 

The aim of the presented work is a numerical study of the effect of the dispersed gas-liquid mixture 
structure on the efficiency of the gas separation process in a centrifugal gas separator, calculation of 
the gas separator performance with different gas contents and the development of methods for 
improving the geometry of the flow-through part of the equipment. 

Mathematical model 
In this article, we use the model of a multiphase incompressible fluid flow (ρ = const). Numerical 
simulation is based on solving discrete analogs of the basic hydrodynamic equations. 

The calculation is carried out on the basis of a mathematical model of a divided multiphase flow. 
That is, for each phase, the equations of mass and momentum transfer are solved separately, but the 
pressure field is the same for all phases. 

The mathematical model consists of a set of differential and algebraic equations: 
The volume of the i-th phase in each calculated cell is calculated as: 

i i

V

V dV   

where i – is the concentration of the i-th phase in the cell. 
The sum of the concentrations of all phases in the cell is one. 

6

1
n

i
i

   
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The equation of conservation of mass (continuity equation): 

i i

V

dV
t


 

   + i i i

A

V da 
 

 

where i – i-th phase density 

 iV


– i-th phase velocity (in the case of turbulent flow modeling by a RANS-type model averaged 

over time) 
The equation for the change in the amount of motion: 

 i i i i i i i i

V A V

V dV V V da pdV
t


         

   
  

 

 t
i i i i i i

V A V

gdV T T da М dV          
 

 

where   i iV V


– tensor product of the velocity vectors of the i-th phase. 

p– pressure 
g


– mass intensity vector (in this case, the gravity force is 9.81 m / s2 and the inertial force due to 

the rotation of the computational domain) 

iT - molecular viscosity stress tensor 
t

iT – turbulent stress tensor 

М


–vector of total intensity of interfacial interaction forces per unit volume, for a vector iМ


fair 

equality: 

0i
i

М 


 

Vector iМ


characterizes all the forces that separate phases interact with each other. 

 D VM L TD WL
i ij ij ij ij ij

j i

М F F F F F


      

 D VM L TD WL
i ij ij ij ij ij

i j

М F F F F F


    
    

 

Where 
D

ijF


– resistance force, 

VM
ijF


– power of the virtual mass 

L
ijF


– lifting force 

TD
ijF


– turbulent dispersion force 

WL
ijF


– turbulent dispersion force 
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Power of resistance 
In the case of modeling the flow of continuous and dispersed media, the resistance force acting on 

the dispersed medium I from the side of the continuous medium j is equal to: 

D
ij D rF A V

 
 

Where 

DA – linearized drag coefficient 

r j iV V V 
  

– relative velocity of one medium relative to another 

1

2 4
cd

D D С r
a

A С V
    
 


 

Where 

DС – drag coefficient 

С – continuous phase density 

cda – interaction area of the phases (in this case, the member
4
cda

is the projected area of the 

spherical particle on the plane). 
The drag coefficient is based on the relation: 

D D DС f С   

Where 

DС  - coefficient of resistance of a single spherical particle moving in an infinite flow 

Df – coefficient taking into account the concentration of particles 

DС  is out of relationship: 

 0.68724
1 0.15D d

d

С Re
Re

   при 1000dRe   

And 
0,44DС   при 1000dRe   

C r
d

C

V l
Re





 

l– characteristic interaction length or bubble size 

C – dynamic viscosity coefficient of continuous medium 

Coefficient Df is the ratio: 

Dn
D Сf    

 С – continuous phase concentration 

8.3Dn   for spherical particle 

 
Virtual mass 
The inertia of the surrounding fluid affects the acceleration of the particle immersed in the fluid. 

This effect is modeled by adding mass to the dispersed particle. 
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The force from the virtual mass acting on phase I, moving rapidly with respect to phase j is  
found as: 

 VM
ij VM C C j iF С a a   

  
 

,j ia


– acceleration of jth and ith phase 

0,5VMС  – virtual mass coefficient for a spherical particle 
 
Lift force 
In the case where the flow surrounding the dispersed particle is non-uniform or the particle is 

swirling, it experiences a force perpendicular to the relative velocity. 

  L
ij Leff C d r сF С V V    

  
 

rV


– relative phase velocity 

сV


– continuous phase speed 

d – dispersed phase concentration 

0,25LС  – lift force coefficient 
 
Turbulent dispersion force 
Additional change in phase concentrations caused by flow turbulence is modeled as the force of 

turbulent dispersion 

TD
ij D TDF A V

 
 

DA – drag force coefficient 

TDV


– relative slip speed 

d c
TD TD

d c

V D
  

  


 


 

0

t
c

TDD C I






– turbulent diffusion tensor 

0 1C   

t
c – turbulent viscosity coefficient kinematic 

  – turbulentPrandtl number 
I– unit tensor 

2
0

1
1 C

b
 

 
    

 
 

0 1  – unmodified turbulent Prandtl number 

1,8C  – correction factor 

 – particle sliding velocity related to the speed of turbulent fluctuations 
– particle interaction time related to relaxation time 
b– the ratio of the accelerations of the continuous / dispersed phase 
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
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I

R


 


 

I – characteristic time of interaction of a particle and a turbulent vortex 

R – particlerelaxationtime 

20

1

1

T
I

C


 

  
 

2

3
c

T
c

k
C 

т
 

cт  — continuous phase turbulence energy dissipation rate 

1 c
R D VM

d

C
 

     
 

2

18
d

D
c

d
 


–characteristic time scale for a dispersed particle 

2

3

r

c

V

k

 



 

ck – kinetic turbulence energy of the continuous phase 
 
Wall strength 
Being located near the solid wall, the gas bubble undergoes an asymmetrical action from the liquid. 
The force per unit volume that a gas bubble experiences is equal to: 

2

,rWL
ij WL w D C

p

V
F С y n

d


   


 

 

Where 

wy – distance from the wall 

D – dispersed phase concentration 

C – dispersed phase density 

 pd – bubble diameter 

WLС –coefficient is a function of the distance from the wall and decreasing with increasing distance 
 n


– unit normal to the wall at the point closest to the bubble 

,rV 


– tangent to the wall component of the relative velocity 

Coefficient WLС is like: 

2
1 ,0W

WL W p
w

С
С max С d

y

  
   

  
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Coefficients areСௐଵ = −0,01, Сௐଶ=0,05. Thus the force caused by the influence of the wall 
disappears at a distance from the wall equal to the five diameters of the bubble. 
Mathmodelling Results 
To carry out hydrodynamic calculations, the geometry of the flow section of the oil gas separator was 
constructed. 

At the entrance there is a grid, then a screw, which gives additional turbulence to the flow and 
creates pressure, then the stator is located, straightening the direction of fluid flow. Next is the drum, 
which discards the fluid to the periphery, and the gas continues to move closer to the axis of the 
separator due to the distribution of centrifugal force. On a larger diameter, there is one more 
straightening flow stator, gas is diverted through a channel into the annular space. 

 

Pic.1. Drawing of oil separator 

 

Pic.2. 3D model of oil gas separator 
 
For the calculation, the StarCCM software package was used. As the surface mesh, the previously 

constructed geometry of the flow part was imported. 
The following parameters are used as a physical model: 
• Multiphase interaction, scale of interaction length 0. 1mm. 
• H2O and Air gas (air) are taken as phases. 
• Initialliquid / gasdistribution 1/0 
• The inlet is set to stagnation at the inlet with a total pressure of 0 Pa and a liquid / gas ratio of 4/1 
• At the exit boundary of the fluid, a negative speed is set at 4.5 m / s. 
• Atmospheric pressure is set at the gas outlet boundary. 
The following parameters were taken as the studied parameters: head, separation coefficient (water 

fraction at the separator outlet) and power depending on the flow rate. 
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Findings 
Based on the results, we can draw the following conclusions: 

1. Studies of the separator at various values of head from 500 m3 / day to 1800 m3 / day showed 
that the head graph has a certain peak at a value of 1300 m3 / day, with an increase in flow, the head 
value begins to fall sharply, with a decrease, the drop occurs smoothly. 

2. The value of the separation effect is inversely proportional to the feed, while the graph 
noticeably changes its rate of decrease approximately at the optimal feed point. 

3. The more feed, the more power at the separator shaft. The power at the separator shaft gradually 
increases in proportion to the increase in the feed value without any jumps. 

The obtained characteristics, as well as the constructed geometry of the flow section of the oil gas 
separator, will be used in future to study methods for optimizing the geometry of the flow sections of 
the centrifugal gas separators. 
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