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Abstract-In this research paper, a numerical study regarding 

gas-oil separation is presented. Employing the geometry of a 

classic separator used by the NRDI for Gas Turbines COMOTI 

and a Computer-Aided Design (CAD) software, the 

computational domain was defined. To perform the 
Computational Fluid Dynamics (CFD) investigation, the mesh 

was created with the ANSYS Meshing tool, and the ANSYS CFX 

was employed as a solver. The computational domain was split 

into 5 subdomains, 3 were fluid and 2 were defined as porous 

media. The volume porosity, loss model, and permeability were 

set up. In terms of turbulence flow, the standard k–ε model was 

adopted. The results of the numerical calculations in terms of oil 

volume fraction and streamline profiles were used to analyze the 

separator configuration. The results show that the numerical 

investigation with the VOF (Volume of Fluid Method) - CFD 

model is capable of analyzing the performance of a two-phase 
separator equipped with two demisters-porous media. 
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I. INTRODUCTION  

Technological evolution is currently mainly based on fossil 
fuels and their impact will continue to persist, although the 
trend is to redirect to the use of renewable energy with low 
environment impact and reduced pollution emissions [1]. In the 
petroleum extraction industry, air at high pressure is often 
employed in the oil extraction and recovery processes, which 
are complex procedures that require advanced installations [2]. 
Systems that can provide the needed amount of pressurized air 
for the extraction process, can be screw compressors with oil 
injection, which can raise the air pressure up to 40 bars [3]. In 
general, an oil-injected screw compressor developed for the 
petroleum and petrochemical industries is provided with a 
complex lubrication oil system that incorporates separator 
vessels. The separator vessels mainly consist of an inlet, a 
demister pad, and an outlet and they should ensure an efficient 
oil-gas separation. The process along with various 
configurations for the separator, are discussed broadly in [4]. 
Figure 1 illustrates a complex screw compressor with oil 
injection equipment, developed by the NRDI for Gas Turbines 
COMOTI. The use of such a system implies oil-air separation, 
which can be done using a separator vessel [5] that is provided 
with filters capable to retain the oil particle and separate them 

from the pressurized air [6]. A schematic presentation of a 
classic two-phase separator can be observed in Figure 2. 

 

 
Fig. 1.  Screw compressor installation. 

 
Fig. 2.  Two-phase separator principle. 

The efficiency evaluation of a two-phase separator can be 
done by employing the Volume of Fluid (VOF) method. This 
method is broadly applied in Computational Fluid Dynamics 
(CFD) for various flow applications such as the dam-break 
problem or the surge propagation in a dry channel, as well as 
the one identified above, i.e. the efficiency evaluation of a two-
phase separator. The method is best suited for the mentioned 
applications as it manages to track vapor-liquid interference 
while giving various alternatives for the reconstruction of the 
interface with precision whilst preserving the fractional volume 
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of the fluid [7]. CFD tools have been proven to be reliable flow 
investigation instruments and have an important role in the 
design and optimization processes of complex systems, having 
large applications in the turbomachinery industry [8]. 

The use of CFD methods for the investigation of oil 
particles behavior in a separator vessel is studied in [9, 10]. In 
[9], the conducted research confirms that CFD tools and 
methods are accurate by comparing the numerical results with 
the experimental data. On the other hand, the authors in [10] 
largely present various CFD studies of separators using the 
VOF method, concluding that the numerical approach has 
numerous benefits, being cost effective and flexible with regard 
to design alterations. Furthermore, using the numerical results, 
the optimization of oil-air separation process leads to enhanced 
separator vessel designs capable to capture up to 10 micrometer 
oil particles [11]. In [12], the authors use the Rosin Rammler 
distribution [13] to conduct a numerical investigation 
employing the ANSYS Fluent, for the oil droplet distribution at 
the inlet of a separator vessel using a multiphase model. In 
[14], the authors apply CFD tools for the investigation of the 
flow through a separator vessel with different inlet designs, 
concluding that CFD methods represent a valuable tool for the 
performance evaluation and optimization processes of 
separator vessels. Besides numerical alternatives, the flow in 
such systems can also be investigated using advanced 
measurement techniques as the Capacitance Wire Mesh Sensor 
(WMS) and the Electrical Capacitance Tomography (ECT) 
[15]. 

This paper aims to numerically investigate the oil/air 
separation process in a separator vessel by using ANSYS CFX, 
employing the VOF method.  

II. METHODOLOGY 

This section addresses the computational domain creation, 
mesh generation, and case set up for the numerical 
investigation of the oil/air separation process. 

A. Computational Domain Creation 

The computational domain was generated using the 3D 
CAD model of the separator vessel by utilizing the Boolean 
function. Figure 3 depicts the computational domain that is 
divided into 5 subdomains: 3 defined as fluid and 2 with porous 
media proprieties. 

B. Mesh Generation and Boundary Conditions 

The grid was generated based on a hybrid scheme by 
combining tetrahedral and hexahedral elements. Due to the 
complex geometry of the inlet and outlet domains, the mesh for 
these zones was automatically generated with ANSYS 
Meshing. The maximum element size was set at 50mm. For the 
demister domains, with porous media characteristics, the 
blocking method was employed in ICEM in order to generate 
the grid. Mesh statistics are detailed in the Figure 4 and the 
resulting mesh is illustrated in Figure 5. The quality of the grid 
is visualized in Figure 6, for both types of elements - 
tetrahedral and hexahedral. It can be observed that only a 
negligible fraction of cells had poor quality. 

 
(a) 

 
(b) 

 
(c) 

Fig. 3.  Computational domain. (a) 3D CAD model for the separator 

vessel, (b) computational domain prepped for CFD, (c) computational domain 

cross plane: 1, 3, 5 fluid subdomains; 2, 4 porous media properties 

subdomains. 

 
Fig. 4.  Mesh statistics. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5.  Mesh for the numerical investigation. (a) Separator mesh, (b) cross 

plane view, (c) close-up on demister mesh. 

The boundary conditions for the case set-up are described 
in Table I. A static pressure inlet boundary type and the volume 
fraction for each phase were defined for the fluid inlet. 
Regarding the porous media zones, the volume porosity was set 
at 0.7 with isotropic loss model and 3.8e-05m2. Figure 7 
illustrates the boundary conditions that were previously 
described. 
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Fig. 6.  Element quality. 

TABLE I.  BOUNDARY CONDITIONS 

Location BC Description 

INLET 

Boundary type: static pressure 

Relative pressure [bar]: 22.5 

Static Temperature [ºC]: 80 

OUTLET 
Boundary type: Bulk Mass Flow Rate 

Mass flow rate [kg/s]: 0.2 

OIL OUTLET 
Boundary type: Bulk Mass Flow Rate 

Mass flow rate [kg/s]: 2.25 

WALLS 
Boundary type: Wall 

No-slip condition 

 

 
(a) 

 
(b) 

Fig. 7.  (a) Computational domain, (b) boundary conditions. 

The flow through the gas-oil separator equipped with two 
demisters was numerically modeled by solving the Unsteady 
Reynolds-Averaged Navier Stokes (URANS) equations with 

the standard k-ɛ turbulence model. The transport equations for 
this turbulence model are presented below. 

The transport equation for the turbulent kinetic energy (k) 
is: 
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where ρ represents the density, µ the dynamic viscosity, 
tµ the 

turbulent viscosity, and 
kσ the turbulent Prandtl number for 

kinetic energy. 

The transport equation for the turbulent kinetic energy 
dissipation (ɛ) is: 
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where εσ  is the turbulent Prandtl number for dissipation and 

1εC and 
2εC are constants. 

C. Results 

The 3D CFD investigation was a transient one with a total 
flow time duration of 50s and a time step size that was set at 
0.01s. For this study, a multiphase homogeneous model with 
no heat transfer from the working fluid to the vessel walls was 
adopted. The evolution of the volumetric mass fraction of oil 
was investigated, as well as the development of the streamlines. 

Figure 8 describes the oil volume fraction for different 
moments of time in the simulation. The regions where only oil 
is present are depicted with red, whereas the dark blue zones 
represent the areas without oil. It can be observed that the 
separation process is efficient. After the initialization stage 
(Figure 8(a), Time = 0s), where the oil level is defined 
according to the real operational conditions, the mixture of oil 
and gas is noticeable in the feeding pipe, but oil particles 
detectable above the region 2 (demister) are within reasonable 
boundaries at any moment of time. After region 4 (second 
demister), only a ratio of 0.1% of the inlet oil eludes the 
separation process and slips through the gas outlet. 

In [16], the authors investigated numerically the 
performances of a two-phase separator and improved its 
internal configuration, reaching an efficiency of 99.49%. The 
high efficiency of 99.9% of the system evaluated in this paper 
can save up to 33.2kg/h of oil in comparison with the enhanced 
geometry from the mentioned paper. Thus, the oil gas 
separation procedure is fulfilled properly and the methodology 
adopted for numerical evaluation is accurate. 
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(a) 

 

(b) 

 

  

 

 

(c) (d) 

Fig. 8.  Oil volume fraction for different moments in the simulation: (a) 0s, 

(b) 10s, (c) 20s, and (d) 30s. 

The 2D streamlines are illustrated in Figure 9. Cross planes 
multiple recirculation zones can be identified, but this 
phenomenon does not have a negative influence on the overall 
performance of the separator as the vortexes are developed for 
low values of velocity. According to the presented streamlines, 
the velocity of the mixture slightly accelerates as it exits the 
feeding pipe and enters the separator. An increase in velocity is 
also noticeable at the liquid outlet, which is explained by the 
abrupt area reduction. Regarding the velocity of the gas, it is 
conspicuous from Figure 9 that its velocity increases slightly in 
time after the first demister (Figure 8(a), region 2) and more 
obvious after the second one (Figure 8(a), region 4) at the gas 
outlet duct (Figure 8(a), region 5). 

  

  

(a) 

 

(b) 

 

  

  
(c) (d) 

Fig. 9.  Streamlines for different moments in the simulation. (a) 0s, (b) 10s, 

(c) 20s, and (d) 30s. 

The flow behavior of the investigated phenomenon and the 
obtained results are in agreement with the results from similar 
works in the field [17]. In [18], a similar CFD investigation is 
conducted but in terms of particle size it can only capture oil 
particles that are bigger than 100µm, whereas the method 
adopted for the current CFD analysis is more precise, as it 
allows the visualization of oil particles bigger than 10µm.  

III. CONCLUSIONS 

In this paper, the efficiency of a gas-oil separator was 
numerically investigated with the use of the ANSYS CFX 
software. A two-phase homogeneous model was defined for a 
computational domain with 5 subdomains, 3 defined as fluid 
and 2 as porous media, capable to capture the oil particles that 
are bigger than 10µm. For the study of the oil flow in the 
separator vessel, a volume fraction evolution is presented 
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throughout the simulation. After a flow time of 50s only 0.1% 
of the inlet oil is escaping through the gas outlet. The present 
research contribution for the addressed field consists in a well-
defined methodology for the numerical investigation of oil gas 
separation, with the addition of successfully employing the 
VOF method for this application. The paper’s contents broadly 
describe the stages leading to the numerical evaluation, 
concentrating on mesh generation and characteristics, as well 
as on case set-up and turbulence model selection.  

Future work will consist of a grid influence study and the 
results will be compared with the experimental data from 
testing campaigns. The testing facility is depicted in Figure 10. 

 

 
Fig. 10.  Testing facility. 
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