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Abstract: 
Today, gas-liquid separators are usually used for the purification of gas mixtures from droplet liquid, and there 
are many designs of which. However, in order to improve the efficiency of their work, increase throughput, reduce 
mass and dimensions, they are constantly being improved. Usually, developing a new or improving an existing 
separator design is a long-term and relatively expensive process. Today, computer programs that implement the 
finite element method make it possible to speed up and reduce the cost of designing both a gas separator and 
other equipment. FloEFD program is one of these programs. However, it is more convenient during design to use 
one computer program that allows you to build 3D models (CAD) and in the same program to use a module for 
simulating the movement of gas and liquid flows (CFD). Such a program is SolidWorks with the FlowSimulation 
application module. As for the physical processes that occur during the operation of gas separators, they are quite 
complex, since a multiphase gas flow with an existing liquid phase is simulated. In the article, simulation modeling 
of the C-2-1 separator was carried out and the values and distributions of velocities and pressures in its various 
cross-sections were determined. Special attention was paid to the following cross-sections of the separator: along 
the axis of its inlet pipe; in the middle is the spigot of the blade screw; on a block of blinds. The difference in 
pressure at the outlet and inlet of the separator was determined, which is 20267 Pa. Based on the simulation 
results obtained, recommendations are given for further research and optimization of the separator design. The 
main parameter that characterizes the degree of separation of liquid from gas in the separator is the efficiency 
factor, which depends on the design of the separator, thermobaric conditions, parameters of the technological 
scheme, composition and physical and chemical properties of the gas-liquid flow. As a result of simulated model-
ing of the separator, its efficiency coefficient was determined when it extracted droplet liquid from the gas-liquid 
mixture in its various fractions (from 0.01 to 0.1 mm). The efficiency factor is about 100%. 
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INTRODUCTION 
Gas-liquid separators are simple devices for removing drop-
lets of liquid using centrifugal force, gravity, etc. The ad-
vantages of these devices are the low cost of their opera-
tion. Maintenance is simple because separators have no 
complicated elements and no moving parts. Separators are 
used in many branches of industry: food, mining, petro-
leum, etc. Today, the main task in improving these devices 
is to minimize the pressure drop, increase the efficiency of 

separation, increase their productivity, and reduce overall 
dimensions and weight. 
The purpose of the work is to analyze the possibility of using 
computational hydrodynamics to study the gas-liquid sep-
arator. 
 
LITERATURE REVIEW 
Gas purification from liquid and solid impurities, separation 
of heterogeneous gas-liquid and three-phase mixtures are 
the most widespread processes in oil and gas production, 
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oil and gas processing, chemical and petrochemical, con-
struction and other industries [1, 2, 3, 4, 5].  
The paper [6, 7] analyzes the features of the separation pro-
cess of the flow of a two-phase gas-liquid mixture, which is 
fed from the supply pipe to the separator. Drops of the liq-
uid phase (condensate) are formed in the flow, starting 
from the source of entry to the very entrance to the sepa-
rator. In order to evaluate the efficiency of the separator, it 
is necessary to know the volume content of the liquid 
phase, the average droplet radius and their size distribu-
tion. Along the path of gas movement from the source of 
supply to the separator, the pressure and temperature 
change continuously. During movement, the thermody-
namic equilibrium of a two-phase multicomponent system 
is disturbed and the process of mass transfer between 
phases occurs. 
Condensation leads to the formation of small droplets, the 
size of which changes due to condensation growth in con-
ditions of supersaturation and coagulation, as well as grind-
ing in the gas flow. As a result, a size distribution of drops is 
established in the inlet pipe before the separator, which is 
characterized by: the content of the liquid phase, the aver-
age diameter of the drop and the dispersion of the distribu-
tion. 
If there is no pre-condensation device in front of the sepa-
rator, then the gas flow with the established distribution 
enters the separator, in which the phases are separated. In 
this case, the main mechanisms of droplet formation in a 
turbulent gas flow are the processes of grinding and coag-
ulation, which occur simultaneously [6, 8, 9]. 
The main parameter that characterizes the degree of sepa-
ration of liquid from gas in the separator is the efficiency 
coefficient, which is equal to the ratio of the volume of the 
liquid phase QOC, which settles in the separator, to the vol-
ume of the liquid phase QBX, which is contained in the gas 
stream at the entrance to the separator: 

𝜂 =
𝑄𝑂𝐶

𝑄𝐵𝑋
.   

The efficiency coefficient η depends on the design of the 
separator, thermobaric conditions, parameters of the tech-
nological scheme, composition and physical and chemical 
properties of the gas-liquid flow [10, 11]. 
Until recently, the development of new designs of separa-
tion equipment was carried out on the basis of the practical 
experience of previous researchers, as well as using simpli-
fied mathematical models. Of course, this approach re-
quired significant physical and economic costs and very of-
ten did not give the desired result. In the modern condi-
tions of the development of computer technology, it is im-
possible to imagine the solution of complex current prob-
lems without the use of software complexes that provide 
an opportunity to simulate work processes in the device, 
the study of which is an extremely time-consuming task in 
practice [12, 13, 14]. Extensive development during the de-
velopment of separation equipment programs that imple-
ment CFD methods [15, 16]. One such program is the pro-
gram module SolidWorks – Flow Simulation [17, 18].  
The use of CFD methods to study the behavior of oil parti-
cles in a separator is investigated in the works [19, 20]. The 
study conducted in [19] confirms the accuracy of CFD tools 

and methods by comparing numerical results with experi-
mental data. On the other hand, the authors in [20] mainly 
present various CFD studies of separators using the VOF 
method, concluding that the numerical approach has many 
advantages, as it is cost-effective and flexible with respect 
to design changes. In addition, using numerical results, op-
timization of the separation process leads to improved de-
signs of separators capable of capturing liquid particles up 
to 10 micrometers in size [21]. In [18, 22, 23], the authors 
apply CFD tools to study flow through a separator with dif-
ferent inlet designs, concluding that CFD methods are an 
effective tool for performance evaluation and separator de-
sign optimization processes. 
 
EXPERIMENTAL 
Research methods 
Flow Simulation allows to calculate two-phase flows as a 
motion of particles in a steady-state flow field where the 
influence of the particles on the fluid flow (including its 
temperature) is negligible. 
Generally, in this case the particles mass flow rate should 
be lower than about 30% of the fluid mass flow rate. To 
simulate dilute two-phase flows, where flows of gases or 
liquids contaminated with particles, the Lagrangian ap-
proach is used. 
The particles of a specified (liquid or solid) material and 
constant mass are assumed to be spherical. The particles 
trajectories are determined by numerical integration of the 
equation: 

𝑚𝑝
𝑑�⃗⃗� 𝑝

𝑑𝑡
=

1

8
𝜋𝜇𝑑Re 𝐶𝐷(�⃗⃗� − �⃗⃗� 𝑝) −

1

6
𝜋𝑑3∇𝑃 + 𝑚𝑝𝑔   (1) 

mp is the particle mass, 

�⃗⃗� 𝑝is the particle velocity vector, d is the particle diameter, 

CD is the particle resistance coefficient, 
𝑔 is the gravitational acceleration vector, 
Re is the Reynolds number based on the particle diameter, 
the relative velocity, and freestream density and viscosity.  
The particle resistance coefficient is calculated with Hen-
derson’s formula, derived for continuum and rarefied, sub-
sonic and supersonic, laminar, transient, and turbulent 
flows over the particles, and taking into account the tem-
perature difference between the fluid and the particle. The 
particles’ rotation, their interaction with each other, Brown 
motion and additional forces are not taken into account. 
For subsonic flow (M ≤ 1): 

𝐶𝐷
sub = 24 [Re + 𝑆 (4.33 +

3.65−1.53
𝑇𝑝

𝑇

1+0.353
𝑇𝑝

𝑇

exp (−0.247
𝑅𝑒

𝑆
))]

−1

+

+exp (−
0.5𝑀

√𝑅𝑒
) [

4.5+0.38(0.03Re+0.48√Re)

1+0.03Re+0.48√Re
+ 0.1M2 + 0.2M8] +

+ [1 − exp (−
𝑀

𝑅𝑒
)] 0.6𝑆

  (2) 

For supersonic flow (M ≥ 1.75): 

𝐶𝐷
super 

=

0.9+0.34

𝑀∞
2 +1.86(

𝑀∞
𝑅𝑒∞

)
0.5

[2+
2

𝑆∞
2 (

𝑇𝑝

𝑇
)
0.5

−
1

𝑆∞
4 ]

1+1.86(
𝑀∞
𝑅𝑒∞

)
0.5   (3) 

For the flow regimes with Mach between 1 and 1.75, a lin-
ear interpolation is to be used: 

𝐶𝐷 = 𝐶𝐷
𝑠𝑢𝑏(1, 𝑅𝑒) +

4

3
(𝑀∞ − 1)[𝐶𝐷

super 
(1.75, 𝑅𝑒) −

𝐶𝐷
𝑠𝑢𝑏(1, 𝑅𝑒)]  

(4) 



82 Management Systems in Production Engineering 2024, Volume 32, Issue 1 
 

 

where: 

𝐶𝐷
𝑠𝑢𝑏(1, 𝑅𝑒)is the drag coefficient calculated using the cor-

relation for subsonic flow with M = 1, 

𝐶𝐷
super (1.75, 𝑅𝑒)is the drag coefficient calculated using the 

correlation for supersonic flow with M = 1.75, 
M is the Mach number based on the relative velocity be-
tween the particle and the fluid flow, 

𝑆 = 𝑀√𝛾/2is the molecular speed ratio, 

γ is the specific heat ratio, 
T is the fluid temperature in freestream, 
Tp is the particle temperature, and subscript '∞' refers to 
freestream conditions. 
Thermal energy equation for a particle is given by: 

𝑚𝑝𝐶𝑝
𝑑𝑇𝑝

𝑑𝑡
= 𝜋𝑑 ⋅ 𝑘 ⋅ 𝑁𝑢(𝑇 − 𝑇𝑝)  (5) 

where: 
Cp is the specific heat of particle, 
Tp is the particle temperature, 
k is the thermal conductivity of fluid,  
Nu is the Nusselt number.  
The particle/fluid heat transfer coefficient is calculated with 
the formula: 

𝑁𝑢 =
2+0.459Re0.55 Pr0.33

1+3.42
𝑀

RePr
(2+0.459Re0.55 Pr0.33)

  (6) 

If necessary, the gravity is taken into account. Since the par-
ticle mass is assumed constant, the particles cooled or 
heated by the surrounding fluid change their size. 
The interaction of particles with the model surfaces is taken 
into account by specifying either full absorption of the par-
ticles (that is typical for liquid droplets impinging on sur-
faces at low or moderate velocities) or ideal or non-ideal 
reflection (that is typical for solid particles). The ideal reflec-
tion denotes that in the impinging plane defined by the par-
ticle velocity vector and the surface normal at the impinge-
ment point, the particle velocity component tangent to sur-
face is conserved, whereas the particle velocity component 
normal to surface changes its sign. A non-ideal reflection is 
specified by the two particle velocity restitution (reflection) 
coefficients, en and eτ, determining values of these particle 
velocity components after reflection V2,n and V2τ, as their 
ratio to the ones before the impingement V1,n, and V1τ: 

𝑒𝑛 =
𝑉2,𝑛

𝑉1,𝑛
, 𝑒𝜏 =

𝑉2,𝜏

𝑉1,𝜏
  (7) 

As a result of particles impingement on a solid surface, the 
total erosion mass rate (RΣe) and the total accretion mass 
rate (RΣe) are determined as follows: 

𝑅∑ 𝑒 = ∑  𝑁
𝑖=1  𝐾𝑖 ⋅ 𝑉𝑝𝑖

𝑏 ⋅ 𝑓1𝑖(𝛼𝑝𝑖) ⋅ 𝑓2𝑖(𝑑𝑝𝑖)𝑑�̇�𝑝𝑖  (8) 

𝑅∑ 𝑒 = ∑  𝑁
𝑖=1  𝑀𝑝𝑖  (9) 

where: 
N is the number of fractions of particles specified by user as 
injections in Flow Simulation (the user may specify several 
fractions of particles, also called injections, so that the par-
ticle properties at inlet, i.e., temperature, velocity, diame-
ter, mass flow rate, and material, are constant within one 
fraction), 
I is the fraction number, 
Mpi is the mass impinging on the model walls in unit time 
for the i-th particle fraction, 

Ki is the impingement erosion coefficient specified by user 
for the i-th particle fraction, 
Vpi is the impingement velocity for the i-th particle fraction, 
b is the user-specified velocity exponent (b = 2 is recom-
mended), 
f1i (αpi) is the user-specified dimensionless function of par-
ticle impingement angle αpi, 
f2i (dpi) is the user-specified dimensionless function of parti-
cle diameter dpi. 
 
Simulation modeling 
As mentioned above, gas-liquid separators are complex de-
vices, the operation of which uses many different physical 
principles. This makes it difficult to simulate their work. In 
order to carry out high-quality simulation modeling, one 
should have a step-by-step methodology that would guar-
antee not only numerical convergence, but also enable fur-
ther verification of the computational model from simple 
to complex cases. 
Let's consider the methodology used. At the first stage of 
modeling, only the gas phase is taken into account (taking 
into account the composition of the gas). The modeling 
process itself is performed until the convergence of the re-
sults according to one or more selected criteria occurs. 
When the stability of the results of simulation modeling is 
achieved, it is necessary to proceed to the second stage of 
modeling. At this stage, the application module FlowSimu-
lation "Particle Studies" is used. Here, the introduction of 
fine-drop liquid into the gas flow takes place, taking into ac-
count the size of its particles, their consumption, etc. It is 
with the help of this module that the separator efficiency 
coefficient is determined. To determine it, the number of 
liquid particles at the entrance to the separator and at the 
exit from it are compared. 
 
3D separator model and finite volume mesh 
For the research, a 3D model of the C-2-1 separator was 
built, which is shown in Figure 1. 
 

 
Fig. 1 3D model of the separator C-2-1:  
1 – inlet pipe; 2 – outlet pipe; 3 – block of blinds; 4 – drain pipe; 
5 – partition; 6 – blade screw; 7 – blade screw guide;  
8 – housing; 9 – bottom; 10 – bumper; 11 – guide channel (de-
flector) 
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The structure and principle of operation of the separator 
are as follows: the gas-liquid mixture enters the inlet pipe 
1, where the direction of its movement changes (from 
straight to circular) due to the guide channel (deflector) 
11. Due to the action of centrifugal force, liquid droplets 
(large particles) are separated from the gas-liquid mix-
ture. The separated liquid flows down the inner wall of the 
housing 8 and settles in the bottom 9. The gas-liquid mix-
ture with small liquid particles moves up through the 
blade screw guide 7 and the blade screw 6 itself. With the 
help of a blade screw, the gas-liquid flow is swirled. Next, 
the gas-liquid mixture exits from the vane screw guide and 
its speed decreases and drops of liquid fall from the gas-
liquid flow onto the partition 5, from which the liquid is 
diverted through the drain hole into the deflector 11. Af-
ter that, the gas-liquid mixture enters the block of blinds, 
on which the smallest liquid particles settle. From the 
block of blinds, the separated liquid flows into the bottom 
9 through the drain pipe 4, and the purified gas exits into 
the outlet pipe 1. 
As for the main design parameters of the separator, its in-
ternal diameter is 1800 mm, the length of the cylindrical 
part of the body is 3390 mm, and the internal diameter of 
the inlet and outlet nozzles is 294 mm. The diameter of 
the blade screw is 720 mm. Regarding the dimensions of 
the block of blinds, the length of the walls is 906 mm, the 
thickness of the walls is 100 mm, and the height of the 
block is 712 mm. Purified gas from the block of blinds exits 
through a nozzle with a diameter of 273 mm. 
As for the finite element mesh applied to the separator, it 
has certain features. In the FlowSimulation program, the 
following grid construction options are possible: global 
and local. It should be noted that there are small gaps in 
the design of the separator, and accordingly, when using 
a global grid, they will either not be taken into account, or 
the obtained results will not have sufficient accuracy. 
Therefore, for such elements, an individual approach is 
applied using a local grid with its appropriate settings. Fig-
ure 2 shows the finite element mesh, and Figure 3 shows 
the local finite element mesh in the cross section of the 
separator louver block. 
 

 
Fig. 2 Mesh of finite elements 

 
Fig. 3 Local mesh of finite elements in the cross section  
of the block of separator blinds 

 
Boundary conditions and settings 
The volume flow rate of the gas mixture is set at the inlet 
of the separator in the amount of 1.56 m3/s (Fig. 4). The 
velocity on all walls of the separator is zero. 
 

 
Fig. 4 Boundary conditions 

 
A pressure of 3 MPa is set at the outlet of the separator. 
Such values of pressure and consumption of the gas mix-
ture are determined by the technological scheme of gas 
separation at the production site where the studied sepa-
rator is used. 
Since the gas flow is multicomponent, that is, it consists 
of a mixture of different gases, their volume concentra-
tion is also taken into account during the simulation. The 
composition of the gas mixture: methane – 93%; hydro-
gen – 0.1%; ethane – 2.5%; propane – 0.31%; butane – 
0.11%; methanol – 0.08%. 
To control the parameters of the separator, several of its 
cross-sections were selected, which have the greatest ef-
fect on the efficiency of its operation (fig. 5). Such cross-
sections include: cross-section of the separator along the 
axis of the inlet pipe (А-А); cross-section of the separator 
in the middle of the guide nozzle of the blade screw (B-B); 
cross-section of the separator in the middle of the height 
of the block of blinds (C-C). 
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Fig. 5 Selection of separator cross-sections for parameter  
control 

 
Since the main purpose of the separator under considera-
tion is to clean the gas stream from liquid droplets, the 
"Particle Studies" module was used in the FlowSimulation 
program to determine the separation efficiency coeffi-
cient. In this module, the following fractions of liquid (wa-
ter) drops are set: 0.01-0.1 mm with a step of 0.01 mm. 
Also, the direction of action of gravitational forces and 
flow rate of droplet liquid of 0.00783 kg/s are specified in 
the settings. 
 
RESULTS  
When deriving the results of simulating the operation of 
the separator, it should be noted that it is possible to con-
sider two variants of the values of the controlled parame-
ters: the global maximum and the local maximum. It is un-
derstood that when the results are displayed in the cross-
section along the axis of the separator, when selecting the 
"global maximum" parameter, the maximum value of the 
controlled parameter can be located at another point 
(part) of the separator. Therefore, to control the parame-
ters in the selected cross-sections of the separator, the 
"local maximum" parameter should be used, for which the 
maximum value of the parameter will be in the considered 
cross-section. 
Figure 6 shows the distribution of pressure and velocity in 
the longitudinal section of the separator. 
 

 
Fig. 6 Distribution of velocity (a) and pressure (b) in the longi-
tudinal section of the separator 

 
Below are the pressure and velocity distributions in the 
above sections of the separator (Fig. 7-9). 

 
Fig. 7 Distribution of velocity (a) and pressure (b) and in the 
cross section of the separator along the axis of the inlet nozzle 

 

 
Fig. 8 Distribution of speed (a) and pressure (b) and in the cross 
section of the separator in the middle of the guide nozzle of the 
blade propeller 

 

 
Fig. 9 Distribution of speed (a) and pressure (b) and in the cross 
section of the separator in the middle, the height of the block 
of blinds 

 
Figure 10 shows the distribution of liquid fractions of 0.1 
mm (a) and 0.01 mm (b) in the separator. 
 

 
Fig. 10 Distribution of the liquid fraction of 0.1 mm (a) and 0.01 
mm (b) in the separator 

 
Since one of the main parameters of the separator is the 
pressure drop (resistance) created by us, we will deter-
mine its value and consider the zones of the separator 
that cause it. According to Figure 11, the pressure at the 
inlet to the separator is 3121592 Pa, and at the outlet is 
3101325 Pa. 

 

 

  

 
а) b) 

 

 

  
а) b) 

 

 

  
а)  b) 

 

  
а) b) 

 

 

  
а) 0,1 mm b) 0,01 mm 
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Fig. 11 Values of pressure at the inlet and outlet  
of the separator 

 
It can be seen from Figure 6b that the main zone of the 
separator (if we consider the longitudinal section of the 
separator) in which the greatest pressure is created is the 
transition from the inlet pipe to the guide device (deflec-
tor). The occurrence of this resistance (increase in pres-
sure) is due to the direct (radial) entry of the gas-liquid 
flow into the separator, during which the flow hits the wall 
of the guide apparatus and at the same time the speed of 
its movement decreases. This is clearly reflected in Figure 
7b. To reduce the resistance created in the considered 
area of the separator, it is advisable to supply the gas-liq-
uid mixture tangentially (tangentially) to the separator 
body. 
Regarding the distribution of pressure and velocity of the 
gas-liquid flow in the cross-section of the separator in the 
middle of the height of the block of blinds (Fig. 9), there 
are zones where the speed of movement decreases to 
zero. In further work, it is expedient to carry out simula-
tion simulations of the operation of the separator louver 
unit, to set their optimal dimensions according to the per-
formance of the separator, to select the necessary geo-
metric parameters (tilt angles, wall thickness, etc.). 
As a result of simulated modeling of the behavior of a gas 
mixture with different fractions of water present in it, it 
was established that at a given flow rate of the gas-liquid 
mixture, the coefficient of efficiency of the separator is 
equal to almost 100%. That is, none of the water fractions 
is removed with the gas flow from the separator. 
 
СONCLUSION 
According to the results of the conducted simulation mod-
eling of the gas-liquid separator, the value of the re-
sistance created by it at the given input parameters: the 
flow at the inlet nozzle and the pressure at the outlet noz-
zle was determined. The resistance value is 20267 Pa. 
The coefficient of efficiency of the separator when ex-
tracting droplet liquid of various fractions (from 0.01 to 
0.1 mm) was established. The value of the coefficient of 
efficiency is about 100%. 

In the following studies of the separator, in order to in-
crease its productivity, reduce overall dimensions and 
weight, it is necessary to divide the separator into sepa-
rate component elements and carry out simulation mod-
eling with them. This will make it possible to optimize the 
designs of these elements by paying more attention to 
them and reduce the processor time for solving the prob-
lem. 
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