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A B S T R A C T  
 

 

In this paper the application of centrifugal type gas separator as a part of submersible electric screw 

pumping unit is considered. A number of bench tests have been carried out to study the centrifugal gas 

separator on viscous gas-liquid mixture. Calculation of the dependence of delivery on the developed 
pressure of a single screw pump at the angular speed of rotation of the rotor 225 rpm for different gas 

content has been made. Also, characteristic curves of gas separators of groups 5 and 5A at different gas 
contents and different viscosity of gas-liquid mixture are obtained. A methodology for bench testing of 

gas separators has been developed, which takes into account the influence of gas-liquid mixture 

properties, changes in the angular speed of the electric motor shaft rotation, and natural separation 

parameters. The operating parameters of a gas separator of group 5A were determined experimentally, 

taking into account a residual gas content of 50%, in the range of angular speeds of 252 – 1000 rpm (4.2 

– 16.7 Hz). 
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1. INTRODUCTION 
 

Modern conditions of hydrocarbon field’s exploitation 

are characterized by geological, technical and 

technological complications, leading to a decrease in the 

efficiency of hydrocarbon production by traditional 

methods and techniques. For example, the development 

of Russkoye oil and gas condensate field (OGCF) in 

Yamalo-Nenets Autonomous District, discovered in 

1968, is associated with various complication factors, the 

main of which are: high oil viscosity values and low 

hydraulic conductivity values. Due to the fact that the 

field is characterized by exceptional complexity of its 

geological structure, it is multilayer, broken by tectonic 

disturbances into isolated blocks, the reservoirs are 

vaulted and massive (1). The productive horizons are 

characterized by a high degree of heterogeneity. Within 

the Cenomanian sediments (formation PK1-7) 16 

deposits of high-viscosity oil have been identified 

(March 2008), the oil rim throughout the area has contact 

with the underlying water and with the gas cap. The 

natural mode of the deposits is elastic and inefficient gas 

and water pumping (2, 3). 

The history of development of Russkoye oil and gas 

condensate field allows us to determine the influence of 

complicated factors on the efficiency of reserves 

development. Trial operation at the field began in 1975-

76 in depletion mode, well products were lifted by sucker 

rod pumping units (SRPU) in a periodic mode with 

frequent stops for repair work due to the harmful effect 

of sand, which was carried out from the reservoir at 

insignificant underbalances in the reservoir. In 1978-

1984 at experimental site of Russkoe OGCF in the water-

oil zone, studies on injection of hot water into the 

reservoir and testing of the technology of intra formation 

burning (IFB) were carried out (4). Pilot field studies in 

the experimental area were not successful due to the fact 

that within 2 months in the producing wells received an 

increase in water cut, and in 7 days in the IDP area 

bursting of combustion products, as a consequence, a low 

coefficient of coverage of the reservoir as a result of the 

bursting of the burning center. The unsatisfactory results 

of the ODA led to the project being stopped and the 

research was resumed 20 years later, in particular, the 

ODA was conducted at four field sites with different 

development system parameters. Proshutinskiy et al. (4) 

conducted a detailed analysis of pilot plots No. 1-4 is 

presented, in particular, pilot plot No. 1 proved the 

effectiveness of hot water injection compared to cold 

water injection, having obtained water breakthrough on 

the fourth month after the start of cold-water injection. 

The ODA results allowed to determine the technology of 

hot water injection into the reservoir - the main 

technology of influence on oil-saturated areas of the 

deposit (5). 

Vostochno-Messoyakhskoye, Van-Yeganskoye, 

Severo-Komsomolskoye fields can be referred to the 

fields - analogs of Russkoye field because of similar 

geological and physical characteristics, methods of 

complications control and choice of well operation 

method, mainly wells were operated by vane and screw 

pumps with electric drive (6, 7). 

The operation of producing oil wells in Russkoe field 

is characterized by a complex factor of complications: 

low flow, heavy and high-viscosity oil, free gas 

breakthrough through geological faults and fractures, 

well watering ahead of schedule, formation temperature 

does not exceed 20°C, sand removal. The presented set 

of complications requires the development of non-

standard solutions for effective lifting of well products to 

the day surface with minimal energy costs. Improving the 

efficiency of production wells operation by mechanized 

methods with various complication factors is an urgent 

task, including in determining the optimal method of oil 

production from wells penetrating oil rims of gas-oil and 

gas-condensate fields. 

 

 

2. ON THE POSSIBILITY OF APPLICATION OF GAS 
SEPARATOR OF CENTRIFUGAL PRINCIPLE OF 
ACTION AS A PART OF SUBMERSIBLE ELECTRIC 
SCREW PUMPING UNIT 

 

The popularity of the application of screw pumping units 

with electric drive can be associated with the 

technological necessity of working in complicated 

conditions when pumping viscous systems with the 

presence of solid phase and high gas content in the 

pumped product (8, 9). In Russia, screw pumps are not 

widely used due to their low reliability when operating in 

wells with low wellhead pressures, but the operating 

conditions of wells of Russkoye OGCF and analogous 

fields indicate the promising application of screw pumps, 

taking into account the increased efficiency of their 

operation with low wellhead pressures (5, 10). 

Low reliability of screw pumps is due to the fact that, 

all other things being equal, an increase in the pressure 

drop across the stages (stator pitch) of a screw pump can 

lead to elastomer failure and large fluid leaks, with the 

pump efficiency decreasing (11). The calculated pressure 

drop in the stages of a screw pump depends on the 

compression fitting of the rotor and stator before the 

pump is run into the well, as well as on the properties of 

the elastomer, the stator pitch length and the properties of 

the gas-liquid mixture (12). If a screw pump is lowered 

to a great depth and it is necessary to provide low 

pressure at the pump inlet, as a result we get maximum 

pressure drop in pump stages when working on 

homogeneous liquid, and as soon as a gas-liquid mixture 

with high gas content (more than 50% by vol.) enters the  
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pump, there are pulsations in the cavities between rotor 

and stator, compression fitting between adjacent cavities 

is broken, leakages occur in the decompression area of 

the pump, pump delivery decreases and during long 

operation of the pump in such a mode. To avoid negative 

scenarios in the operation of a screw pump unit, one of 

the solutions is to avoid the risk of free gas breakthrough 

at the pump inlet (ensuring that the gas content at the 

pump inlet does not exceed 50% by vol.), e.g. by means 

of a submersible gas separator. 

It is known that the drive for electric screw pump 

units (ESPU), in one of the known variants, is a 

submersible electric motor (SEM) used as an electric 

drive for electric submersible pump units (ESPU), but the 

difference is that the ESPU operation requires half the 

angular speed of the shaft rotation. As a rule, the rotor 

angular velocity required for ESP operation is achieved 

by manufacturing a four-pole magnetic field drive with a 

synchronous speed of 1500 rpm or less (13). In contrast 

to ESPs operating at increased shaft speeds and 

contributing to the increase in head and delivery, increase 

in power consumption, for ESPs it is preferable to reduce 

the rotor speed to reduce the risks of reducing the 

performance characteristics of the pump due to wear, 

heating and ensuring the efficiency at the maximum level 

(14-16). Thus, of practical interest is the technological 

ability of the centrifugal principle gas separator operation 

at low speeds (in the arrangement with an electric screw 

pump) when pumping complex gas-liquid mixtures (17). 

 

 

3. CHARACTERISTICS OF BOREHOLE SCREW 
PUMP OPERATION ON GAS-LIQUID MIXTURES 
 
There are not many scientific works published in the open 

press, devoted to the analysis of the characteristics of 

downhole screw pumps on viscous gas-liquid mixtures in 

a wide range of gas contents. Studies of single screw 

pumps on viscous liquids have been reported in literature 

(18, 19), and on low-viscosity gas-liquid mixtures also 

reported (20-22). 

In the literature (23) indicates that the single screw 

pump has a wide range of capabilities when working on 

gas-liquid mixture, but these studies relate only to model 

mixtures: "water-air", "water - surfactant - air", i.e. they 

did not consider the influence of free gas in the 

composition of high-viscosity gas-liquid mixture on the 

characteristics of the screw pump. Nevertheless, the 

research results indicate the effective influence of 

surfactants in the gas-liquid mixture, in particular, the 

screw pump operates with higher values of gas content 

under other equal conditions. Natural surfactants are 

present in well products, the composition and properties 

of which under certain thermobaric conditions lead to 

changes in the properties of the gas-liquid mixture and, 

as a consequence, on the operation of the downhole screw 

pump. 

Rogachev and Alexandrov (24) carried out a 

generalized assessment of technical and economic 

efficiency of various methods of operation in a wide 

interval of changes in parameters: flow rate, well depth 

and gas factor. The result of the study is a map of 

effective application of mechanized oil production 

technologies in the coordinates "reservoir depth - gas 

factor", in which it is indicated that UEWS are able to 

operate with gas factor 120 - 400 m3/t, respectively, at 

reservoir depths from 1000 to 2250 meters. They did not 

specify an important parameter for evaluating the 

efficiency of ESP application - viscosity of the gas-liquid 

mixture, and also did not specify the condition under 

which they conducted a comparative evaluation, for 

example, the influence of the operation of the pre-

injection module as part of the pumping unit. It is known 

that ESP and ESPP can provide the same technical and 

technological characteristics in relation to the conditions 

of operation of one well, but at the same time, for 

example, a gas separator will be installed as part of ESP, 

while in the ESP arrangement there is no gas separator 

(25). Therefore, to choose the method of operation for 

hydrocarbon fields with hard-to-recover reserves, it is 

recommended to take into account not only the influence 

of the gas factor and the depth of equipment descent, but 

also the viscosity parameter of the gas-liquid mixture, 

energy indicators of the deposit (gas saturation, 

saturation pressure, reservoir pressure, etc.), peculiarities 

of the operation of mechanized units in conditions of 

multiphase systems pumping, including taking into 

account the influence of the efficiency of the pre-

injection devices in the pumping units. 

Nikolaev and Zaripova (26) qualitatively considered 

the issue of increasing the efficiency of screw pump 

installations in complicated operating conditions, 

conducted bench studies of the pressure characteristics of 

the screw pump taking into account the modeling of the 

screw pump operation on gas-liquid mixtures. The author 

points out that UEWP have significant limitations on the 

developing torque of the submersible motor and, 

therefore, operates with a gap or a small tension in the 

pair "rotor - stator", which predetermines the need to 

increase the rotor speed in accordance with the operating 

conditions of the system: "reservoir - well - pump - 

hoist", pressure-flow characteristics in this case 

correspond to the characteristics of dynamic pumps. The 

methodology for determining the ultimate pressure 

developed by a screw pump, taking into account the 

coefficients that take into account the properties of the 

pumped mixture (26): 

𝑃0
𝑤𝑒𝑙𝑙 = 𝑘𝑝 ∙ 𝑘𝑛 ∙ 𝑘𝑔𝑎𝑠 ∙ 𝑘𝜇 ∙ 𝑃0  (1) 

where  𝑘𝑝- is the coefficient of ultimate pressure of the 

pump under operating conditions, r.m.s.; 

𝑘𝑝 = −4.64 ∙ 𝑘𝑞
𝑤𝑒𝑙𝑙 + 5.76  (2) 
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where 𝑘𝑞
𝑤𝑒𝑙𝑙 =

𝑄𝑖
𝑤𝑒𝑙𝑙∙𝑛𝑛𝑜𝑚

𝑄𝑖
𝑛𝑜𝑚∙𝑛𝑡𝑒𝑠𝑡

 – is the coefficient of deviation 

of pump delivery under operating conditions from 

nominal at bench rotor frequency, in relative units (R.U.); 

𝑄
𝑖
𝑤𝑒𝑙𝑙- screw pump flow rate in idle mode at bench tests, 

m3/day; 

𝑄𝑖
𝑤𝑒𝑙𝑙 = 𝑄𝑖

𝑡𝑒𝑠𝑡 ∙ (1 − 𝑘𝑒𝑙𝑎𝑠𝑡)  (3) 

where 𝑘𝑒𝑙𝑎𝑠𝑡  – elastomer swelling coefficient in operating 

conditions, depends on the content of aromatic 

hydrocarbons in the liquid, carbon dioxide, hydrogen 

sulfide, pressure and temperature in the working chamber 

of the screw pump, elastomer composition and other 

parameters (27); 𝑄𝑖
𝑛𝑜𝑚  – nominal flow rate of the screw 

pump in idle mode at nominal rotor speed, m3/day; 

𝑛𝑛𝑜𝑚 – nominal rotor speed of the screw pump rotor, 

rpm; 𝑛𝑡𝑒𝑠𝑡  – rotor speed at bench tests, rpm; 𝑘𝑛 – rotor 

speed coefficient of the screw pump rotor under 

operating conditions: 

𝑘𝜇 = 0.76 ∙ (
2∙𝜇𝑖𝑛

(𝜌𝑙.𝑖𝑛.+𝜌𝑙.𝑜𝑢𝑡)
)0.159  (4) 

where 𝜇𝑖𝑛 – dynamic viscosity of liquid at the screw 

pump inlet, mPa*s; 𝜌𝑙.𝑖𝑛.and 𝜌𝑙.𝑜𝑢𝑡 – density of liquid at 

the inlet and outlet of the screw pump, kg/m3; 𝑃0 – limit 

pressure of the screw pump at nominal rotor frequency, 

MPa; 𝑘𝑔𝑎𝑠  – coefficient of variation of pump ultimate 

pressure under operating conditions due to gas influence: 

𝑘𝑔𝑎𝑠 = 1 − 
𝛽𝑔.𝑖𝑛+𝛽𝑔.𝑜𝑢𝑡

2
  (5) 

where 𝛽𝑔.𝑖𝑛 and 𝛽𝑔.𝑜𝑢𝑡 – is the volumetric flow rate gas 

content of the gas-liquid mixture at the inlet and at the 

outlet of the screw pump, relative units; 

Screw pump feed (21): 

𝑄 = 𝑄𝑖 ∙ (1 − (
𝑃

𝑃0
)𝛼  (6) 

where 𝑄𝑖  – screw pump delivery in idle mode, m3/day; 

Р – pump pressure: 

𝑃 = 𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛  (7) 

where 𝑃𝑜𝑢𝑡  – screw pump outlet pressure, MPa; 𝑃𝑖𝑛 – 

pressure at the screw pump inlet, MPa; 

𝛼 – index of nonlinearity of pressure-flow characteristics 

of screw pump, depends on pump size, rotor speed and 

rotor tension and is determined by mathematical analysis 

(28). 

The method proposed for calculating the pressure-

flow characteristics of a screw pump on the one hand 

allows to calculate the ultimate pressure of a screw pump 

taking into account the deformation coefficients of the 

pump passport characteristic, on the other hand is 

complicated from the point of view of determining the 

coefficients: 𝑘𝑒𝑙𝑎𝑠𝑡  and 𝛼. 

Let's consider an alternative method of determination 

of deformation coefficients of pressure-flow 

characteristics of a single screw pump according to test 

data (14). Tests of a single screw pump with kinematic 

ratio i = (5÷6), contour diameter of the cage 𝐷𝑐 =
46 mm,  length of the cage 𝐿 = 700 mm,  the screw 

surface of the cage 𝑇 = 150 m𝑚,  eccentricity 𝑒 =
2.45 m𝑚,  were carried out on a model mixture: "water-

air", with maintaining pressure at the inlet of the screw 

pump 0.1 MPa (Figure 1). 

The characteristics of the single screw pump are 

treated in dimensionless coordinates: 

𝜀𝑟𝑒𝑙.𝑖𝑛𝑖𝑡 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
  (8) 

where 𝜀𝑟𝑒𝑙.𝑖𝑛𝑖𝑡 – degree of pressure rises of the screw 

pump operating on homogeneous liquid without 

influence of free gas, r.e.m.; 𝑃𝑜𝑢𝑡  and 𝑃𝑖𝑛 – pressure at 

the outlet and at the inlet of the screw pump operating on 

homogeneous liquid, MPa (29); 

εrel =
Pout.g

Pin.g
   (9) 

where 𝜀𝑟𝑒𝑙 – degree of pressure increases of the screw 

pump operating on gas-liquid mixture, r.e.m.; 

𝑃𝑜𝑢𝑡.𝑔 𝑎𝑛𝑑 𝑃𝑖𝑛.𝑔 – pressure at the outlet and at the inlet of 

the screw pump operating on gas-liquid mixture, MPa; 

kq =
ql[βg>0]

ql[βg=0]
  (10) 

where 𝑘𝑞 – is the coefficient of variation of screw pump 

delivery by liquid, R.O.D.; 𝑞𝑙[𝛽𝑔>0] – screw pump 

delivery rate by liquid when pumping gas-liquid mixture, 

m3/day; 𝑞𝑙[𝛽𝑔=0] – screw pump delivery rate by liquid 

when pumping homogeneous liquid (without free gas), 

m3/day; 

𝛽𝑔.𝑖𝑛 =
𝑄𝑔.𝑖𝑛

𝑄𝑔.𝑖𝑛+𝑄𝑙.𝑖𝑛
  (11) 

where 𝛽𝑔.𝑖𝑛 – is the volumetric flow gas content at the 

screw pump inlet, r.e.m.; 𝑄𝑔.𝑖𝑛  – is the volumetric gas 

flow rate at the screw pump intake, m3/day; 𝑄𝑙.𝑖𝑛 – 
 

 

 
Figure 1. Dependence of delivery on developed pressure of 

single screw pump at rotor angular speed 225 rpm 



V. S. Verbitsky et al. / IJE TRANSACTIONS A: Basics  Vol. 37, No. 10, (October 2024)   1901-1913                       1905 

 

volumetric flow rate of liquid at screw pump intake, 

m3/day; 

𝛽𝑔.𝑜𝑢𝑡 =
𝛽𝑔.𝑖𝑛

𝜀𝑟𝑒𝑙−𝛽𝑔.𝑖𝑛(𝜀𝑟𝑒𝑙−1)
  (12) 

where 𝛽𝑔.𝑜𝑢𝑡 – is the volumetric flow gas content at the 

screw pump outlet, r.e.m. On the basis of the obtained 

expressions 𝛽𝑔.𝑖𝑛 and  𝛽𝑔.𝑜𝑢𝑡 we calculate the average 

density of HLW in the screw pump: 

𝜌𝑎𝑣 =
1

2
(𝜌𝑖𝑛 + 𝜌𝑜𝑢𝑡)  (13) 

where 𝜌𝑎𝑣 – average density of HLW, kg/m3; 

𝜌𝑖𝑛 and 𝜌𝑜𝑢𝑡  – density of HLW at the inlet and outlet of 

the screw pump, kg/m3; 

𝜌𝑖𝑛 = 𝜌𝑙.𝑖𝑛 − 𝛽𝑔.𝑖𝑛(𝜌𝑙.𝑖𝑛 − 𝜌𝑔.𝑖𝑛)  (14) 

where 𝜌𝑙.𝑖𝑛 – density of liquid at the screw pump inlet, 

determined by the Cliperon equation, kg/m3; 𝜌𝑔.𝑖𝑛 – free 

gas density at the screw pump inlet, determined by the 

Cliperon equation, kg/m3; 

𝜌𝑜𝑢𝑡 = 𝜌𝑙.𝑜𝑢𝑡 − 𝛽𝑔.𝑜𝑢𝑡(𝜌𝑙.𝑜𝑢𝑡 − 𝜌𝑔.𝑜𝑢𝑡)  (15) 

where 𝜌𝑙.𝑜𝑢𝑡 – density of liquid at the screw pump outlet, 

determined by the Cliperon equation, kg/m3; 𝜌𝑔.𝑜𝑢𝑡  – free 

gas density at the screw pump outlet, determined by the 

Cliperon equation, kg/m3; 

𝑄𝑜𝑢𝑡 = 𝑄𝑙 + 𝑄𝑔.𝑜𝑢𝑡 = 𝑄𝑙 +
𝑄𝑔.𝑖𝑛

𝜀𝑟𝑒𝑙
  (16) 

where 𝑄𝑜𝑢𝑡  – is the volume flow rate of HLW at the screw 

pump outlet, m3/day; 𝑄𝑙  – volume flow rate of screw 

pump liquid, m3/day; 𝑄𝑔.𝑜𝑢𝑡  – free gas volume flow rate 

at the screw pump outlet, m3/day. Let's determine the 

volumetric losses of gas-liquid mixture of screw pump 

due to decompression (influence of free gas), m3/day: 

∆𝑄 = ∆𝑄𝑙 + 𝑄𝑔.𝑖𝑛 ∙ (1 −
1

𝜀𝑟𝑒𝑙
)  (17) 

where ∆𝑄𝑙 = 𝑄и − 𝑄𝑔.𝑖𝑛 − 𝑄𝑙  – liquid volume losses, 

m3/day; 𝑄𝑔.𝑖𝑛 – free gas volume flow rate at the screw 

pump inlet, m3/day; 𝑄𝑡𝑒𝑜𝑟   – geometric (theoretical) 

delivery of the screw pump, m3/day; 

𝑄𝑡𝑒𝑜𝑟 = 1440∙𝑉∙𝑛 (18) 

where V – pump working volume, m3; n – rotor speed of 

the screw pump rotor, rpm; 

𝑉 = 𝑧2 ∙ 𝑆 ∙ 𝑇  (19) 

where 𝑧2- number of turns of the rotor screw (𝑧2 ≥
2, for multi − turn screws); 𝑆 – live section area of the 

pump working chamber, m2; 𝑇 – spacing of the screw 

surface of the cage, m; 

𝑆 = 4𝑒(𝐷𝑐 − 4𝑒)  (20) 

where e – eccentricity, m; 

𝐷𝑐  – contour diameter of the cage, m; 

𝑛 =
𝑛𝑡𝑎𝑐

2𝑖𝑔
  (21) 

where 𝑛т – tachometer reading, rpm; 𝑖𝑔 – gear ratio of the 

gear unit. 

According to the proposed method it is possible to 

determine the share of volume losses of liquid and gas-

liquid mixture, the average density of gas-liquid mixture 

in the screw pump, the coefficients of pressure increase 

of the screw pump when operating on gas-liquid mixture 

and degradation of the pressure-flow characteristic of the 

screw pump due to the influence of free gas (coefficient 

of change of screw pump delivery). Figure 2 shows 

graphical dependences of experimental data processing 

(14) in the form of coefficients of change of delivery 

(Figure 2a) and coefficient of change of screw pump 

ultimate pressure (Figure 2b) according to the method 

(26) on gas content at the pump inlet, taking into account 

the degree of pressure increase (degree of gas 

compression) of the screw pump. The analysis of 

graphical dependences shows that with the decrease of 

the compression degree there is a deformation of screw 

pump characteristics. In particular, the screw pump feed 

rate decreases with decreasing compression ratio in the 

whole range of gas contents at the screw pump inlet 

(Figure 2a), and at compression ratio less than 40 the feed 

rate practically does not change in a wide range of gas 

contents (30). With increasing gas content at the screw 

pump intake there is a decrease in the pump delivery 

coefficient on liquid, for example, if we consider the 

operation of the screw pump in accordance with the 

recommended in the technical specifications parameter 

of permissible gas content - 50% vol. (31), then for εrel 

 

 

 
Figure 2a. Variation of coefficients of relative supply from 

gas content at the intake of a screw pump operating at rotor 

speed 225 rpm, taking into account the degree of pressure 

increases of the screw pump on homogeneous liquid 
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=63 the coefficient of change of delivery will be 96%, 

and for εrel=42, the coefficient of change of delivery is 

51%. Thus, for a screw pump run into a well at a certain 

depth, when the pressure at the pump inlet is reduced so 

that εrel is reduced from 63 to 42, with a gas content of 

50%, in the case of reduced pressure at the screw pump 

inlet, the delivery rate will be reduced by 51%. If the 

downhole screw pump installation is provided with a gas 

separator, it is possible to reduce the gas content at the 

screw pump inlet at a given εrel =42; thus increasing the 

value of the pump delivery variation coefficient. 

Figure 3 shows crossplots of: volumetric flow gas 

content at the inlet and outlet of the investigated screw 

pump (Figure 3a) and the degree of pressure rise of 

homogeneous and multiphase liquids (Figure 3b). 

As the compression ratio decreases, the volumetric 

flow gas content at the outlet of the screw pump increases 

relative to the volumetric flow gas content at the inlet of 

the screw pump (Figure 3a). Similarly, it can be seen that 

as the gas content increases, the degree of pressure rises 

when the screw pump is operating on a multiphase 

mixture decreases relative to the degree of pressure rise 

if the pump were operating on a homogeneous liquid. For 

example, for a volumetric flow gas content at the pump 

inlet of 50%, if 𝜺𝑟𝑒𝑙 is reduced from 63 to 42, the gas 

content at the screw pump outlet, all other things being 

equal, will increase from 2 to 4.9% (Figure 3a), while the 

compression ratio will decrease by a factor of about 2 

(Figure 3b). 

The proposed methodology allows to carry out 

qualitative analysis of screw pumps operation on gas-

liquid mixture in a wide range of gas content change at 

the intake, to determine the gas content at the pump 

 

 

 
Figure 2b. Ultimate pressure according to the method from 

gas content at the intake of a screw pump operating at rotor 

speed 225 rpm, taking into account the degree of pressure 

increases of the screw pump on homogeneous liquid (32) 

outlet, compression ratio, screw pump feed degradation 

coefficient, average density of gas-liquid mixture and to 

evaluate the necessity of gas separator application. 

To evaluate the application of a gas separator as part 

of a downhole screw pump unit, let us consider the results 

of unique bench experiments. 

 
 
4. RESULTS OF BENCH TESTS OF CENTRIFUGAL 
GAS SEPARATOR ON VISCOUS GAS-LIQUID 
MIXTURE 
 

At the department of development and operation of oil 

fields of Russian State University of Oil and Gas (RSU) 

 

 

 
Figure 3a. Dependence of volumetric flow gas content at the 

inlet and outlet of the investigated screw pump of the screw 

pump operating at rotor speed 225 rpm 

 

 

 
Figure 3b. The degree of pressure rise of homogeneous and 

multiphase liquids of the screw pump operating at rotor 

speed 225 rpm 
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named after I.M. Gubkin the research of centrifugal gas 

separators of group 5 and 5A on model mixtures was 

carried out: "water-surfactant-air", "oil-air" in the range 

of angular speeds of shaft rotation (motor current 

frequency) 252 - 1000 rpm (4.2 - 16.7 Hz). The research 

was carried out on a specialized stand simulating the 

operation of submersible pumping equipment in a well 

(Figure 4).  The methodology of the experiment is as 

follows: the model liquid from Tank 1 passes through the 

gate valve 2 into the suction line, where the flow meter 3 

is placed to measure the flow rate of the liquid. Then the 

liquid enters the receiving module 6 of the booster pump 

7, driven by an electric motor 4. Torque from the electric 

motor shaft to the pump shaft is transmitted by means of 

elastic sleeve-finger coupling 5. A mechanical seal is 

installed in the intake module 6. The pressure developed 

by the booster pump is monitored by a pressure sensor 

10. By the booster pump 7 the liquid is supplied to the 

nozzle 9 of the jet apparatus. The pressure in front of the 

nozzle is regulated by the gate valve 11. Due to the high 

velocity of the liquid at the outlet of the nozzle 9, a 

vacuum sufficient for pumping air out of the atmosphere 

is formed in the receiving chamber 12 of the jet 

apparatus. The vacuum can be monitored by a pressure 

sensor 13. 

Through the open gate valve 18 the air is pumped out 

through the air line. The amount of air entering the 

receiving chamber 12 of the jetting device is measured by 

gas meter 30 (type G6) and regulated by valve 29. The 

time of passage of a certain volume of air through the 

meter 30 is measured by an electronic stopwatch. In case 

of air flow rate more than 10 m3/hour instead of 30 and 

29 used, respectively, gas meter 28 (type RG-40) and 

regulating valve 27. In the mixing chamber 12 of the jet 

apparatus there is an energy exchange of liquid and air 

flows, their active mixing, crushing of air bubbles. In the 

diffuser 14 of the ejector, kinetic energy of the mixed 

flow is converted into potential energy of pressure. The 

pressure at the diffuser outlet can be monitored by 

manometer 15. The resulting finely dispersed gas-liquid 

mixture flows through the open gate 17 into the receiving 

unit 20 of the production column model 22. The 

 

 

 
Figure 4. Schematic diagram of the experimental set up 

bench of centrifugal gas separators 

production column model consists of 130 mm inner 

diameter tubing and a transparent polished organic glass 

insert for visual observation. The shaft end seal assembly 

20 isolates the bottom of the production string model and 

is the base of the entire structure. The gas separator 25 to 

be tested is mounted on it in arrangement with a 

centrifugal pump 26. Pressure at the inlet level of the 

tested gas separator 25 is measured by manometer 19. 

During the experiment, its absolute value is maintained 

at 0.2 MPa by adjusting the position of the gate valve 31 

on the gas outlet line 39 of the annular space of the model 

production string 22. The gas-liquid mixture is injected 

by pump 26 into discharge line 43. The pressure in the 

outlet line is measured by a pressure gauge 41. By means 

of gate valve 42 it is possible to set the operating mode 

of the pump with the gas separator. After gate valve 42, 

the gas-liquid mixture flows through the open gate valve 

44 into the shelf gravity separator 45, where air is 

separated from the liquid by separating the gas in a thin 

layer of the mixture. Then the liquid flows back into Tank 

1. 

The air separated by the gas separator together with 

the excessive amount of liquid taken away by the power 

stage of the gas separator is discharged into the annular 

space between the gas separator 25 and the model of the 

production column 22. The air and a portion of the liquid 

entrained by it are discharged into the shelf gravity 

separator 45 along the gas outlet line 39 through the 

regulating gate valve 31 and the three-way valve 32 along 

the line 38. There, air is separated from the liquid by 

separating the gas in a thin layer of the mixture. The 

liquid then drains into Tank 1. To measure the air and 

liquid discharged by the gas separator, a three-way valve 

32 is used, which is switched at the moment of steady-

state operation of the tested arrangement: "pump-gas 

separator". Liquid and air get into Tank 33, where they 

are separated. Air through the air line, through the buffer 

Tank 36 passes to the gas meter 37, where its volume is 

measured. Through the measuring glass of Tank 33, the 

volume of the discharged liquid can be determined. The 

measurement time at steady-state is recorded with an 

electronic stopwatch. Tank 36 prevents the liquid from 

entering the meter 37. Taps 34 and 35 are used to empty 

Tanks 33 and 36, respectively. Gate valve 16 is used at 

start-up to safely bring the experimental bench to the 

steady-state test mode. During the experiments the gate 

valve 16 is closed. The angular speed of the shaft rotation 

of the investigated centrifugal gas separator is changed 

by means of frequency converter 21. 

As a model fluid in the experiments are used: 1) fine 

gas-liquid mixture "water-surfactant-air" (Disolvan 

4411, concentration 0.05%), prepared with the help of 

ejector 14, is used for modeling of gas-oil mixture with 

water cut less than 50% (in some cases 60 - 70%) [15]; 

2) viscous gas-liquid mixture "oil - air" (I-50A oil GOST 

20799-88), is used for modeling the operation of 

submersible pumping equipment on viscous oils with 
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breakthrough free gas. For the model mixture additional 

studies on a rotary viscometer (Rheotest RN 5.1) were 

carried out to determine the change in structural viscosity 

of I-50A oil at different shear gradients and temperatures. 

The results of research are presented in Figure 5. The 

scheme of the experimental bench is designed taking into 

account the circulation of the working fluid, with 

preliminary separation of residual gas. In the circulating 

scheme, the model mixtures will be heated due to the 

transfer of part of the electrical energy of the operating 

electric motors into thermal energy. To exclude the risk 

of working mixtures destruction, a flow-type heat 

exchanger was installed in the working fluid tank. In 

order to maintain a constant operating mode of the stand 

in the permissible range of viscosity change 150 - 200 

mPa*s, we determined the permissible temperature range 

of the working fluid (oil I50A) 25 - 30 °C according to 

the graphs in Figure 5. Experimentally determined that 

the average time of the experiment on one mode should 

not exceed 20 minutes, during this time the temperature 

of the fluid reaches the value of 30 °C. When the critical 

temperature is reached, the stand is stopped for cooling 

of the working fluid with the cooling circuit switched on. 

The process of cooling the working fluid lasts on average 

30 minutes. 

The methodology of experimental data processing 

includes the following indicators: 

1. Gas content at the gas separator inlet is the ratio of gas 

volume flow rate to the volume flow rate of the gas-liquid 

mixture entering the gas separator inlet (33): 

𝛽𝑖𝑛 =
𝑄𝑔.𝑖𝑛

𝑄𝑔.𝑖𝑛+𝑄𝑙.𝑖𝑛
  (22) 

where 𝑄𝑔.𝑖𝑛 – is the volume flow rate of gas, reduced to 

receiving conditions (at the inlet to the gas separator), 

m3/day; 𝑄𝑙.𝑖𝑛 – liquid volume flow rate, reduced to 

receiving conditions (at the inlet to the gas separator), 

m3/day. 

2. Residual gas content of the gas-liquid mixture flow 

from the gas separator to the submersible pump inlet. It 

is the ratio of the volumetric flow rate of the gas that has 

gone into the pump to the volumetric flow rate of the gas-

liquid mixture that has gone into the pump (34, 35): 

𝛽𝑟𝑒𝑚 =
𝑄𝑔.𝑟𝑒𝑚

𝑄𝑔.𝑟𝑒𝑚+𝑄𝑙.𝑟𝑒𝑚
  (23) 

where 𝑄𝑔.𝑟𝑒𝑚 – volume flow rate of gas, reduced to the 

pressure at the pump inlet, gone to the pump, m3/day; 

𝑄𝑙.𝑟𝑒𝑚 – volume flow rate of liquid gone to the pump, 

m3/day. 

3. Separation coefficient of the gas separator 

characterizes the ratio of the volume flow rate separated 

by the gas separator to the total volume flow rate of gas 

at the gas separator inlet: 

𝐾𝑠 =
𝑄𝑔.𝑖𝑛−𝑄𝑔.𝑟𝑒𝑚

𝑄𝑔.𝑖𝑛
  (24) 

The separation factor and residual gas content are 

correlated: 

𝑄𝑔.𝑟𝑒𝑚 = 𝑄𝑔.𝑖𝑛(1 − К𝑠)  (25) 

К𝑠 = 1 −
𝑄𝑙.𝑟𝑒𝑚∙𝛽𝑟𝑒𝑚∙(1−𝛽𝑖𝑛)

𝑄𝑙.𝑖𝑛∙𝛽𝑖𝑛∙(1−𝛽𝑟𝑒𝑚)
  (26) 

4. The pressure developed by the pump-gas separator 

arrangement is calculated as the pressure difference 

between the gas separator inlet and the pump outlet: 

Р(𝑝−𝑔) = Р𝑜𝑢𝑡.𝑝 − Р𝑖𝑛.𝑔  (27) 

where Р𝑜𝑢𝑡.𝑝 – pump outlet pressure, MPa; Р𝑖𝑛.𝑔 – 

pressure at the gas separator inlet, MPa. 

5. Power consumption of the assembly Ncons (kW). It is 

measured by determining the load on the shaft of the 

driving motor. 

6. Motor shaft angular speed n (rpm); motor current 

frequency f (1/s). 

7. Assembly efficiency η (%). The ratio of useful work 

done by the assembly: "pump - gas separator" to the work 

done by the electric motor, taking into account friction 

losses in intermediate elements of the assembly 

(receiving module, bearings, local resistances, etc.) (36-

38): 

𝜂 =
𝑁

𝑁𝑐𝑜𝑛𝑠
=

𝑁𝑙+𝑁𝑔

𝑁𝑐𝑜𝑛𝑠
=

𝑄𝑙∙Р(𝑝−𝑔)∙10−3+𝑄𝑔.𝑖𝑛∙Р𝑖𝑛.𝑔∙𝑙𝑛
Р𝑜𝑢𝑡
Р𝑖𝑛.𝑔

∙10−3

𝑁𝑐𝑜𝑛𝑠
  

(28) 

At the second stage of tests the characteristics of the 

investigated gas separators were studied on the model 

mixture "water-PAP-air" at low rotational speeds of the 

gas separators shaft (252 - 1000 rpm (4.2 - 16.7 Hz)). 

At the first stage of research we studied the 

characteristics of the investigated gas separators on the 

model mixture "water-PAP-air" in the operating range of 

gas separators shaft rotation speed (2400 - 4200 rpm (40 

- 50 Hz)). The purpose of research at the first stage is to 

determine the efficiency of gas separation, provided that 

25% of free gas in the gas-liquid mixture arrives at the 

reception of the electric centrifugal pump. Figure 6 

shows characteristic curves of gas separators of group 5 

 

 

 
Figure 5. Rheological characteristics of dispersion medium 

(Oil - I 50A) 
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(Figure 6a) and group 5A (Figure 6b). Characteristic 

curves of gas separators are grouped by parameters: bmax 

and Кс depending on the feed, and an important 

circumstance is the absence of influence of angular speed 

of gas separators shaft rotation on their separation 

efficiency on low-viscosity liquid hydrocarbons. 

This circumstance allows us to formulate a hypothesis 

that the investigated gas separators have a potential of 

operation at low angular velocities. 

At the second stage of tests the characteristics of the 

investigated gas separators were studied on the model 

mixture "water-PAP-air" with low angular speeds of gas 

separators shaft rotation (252 - 1000 rpm (4.2 - 16.7 Hz)). 

 

 

 
Figure 6a. Characteristic curves (permissible gas content at 

the intake with residual gas content - 25%) of gas separators: 

group 5, with nominal feed of 250 m3/day [40 - 70 Hz, low-

viscosity LPG] 

 

 

 
Figure 6b. Characteristic curves (permissible gas content at 

the intake with residual gas content - 25%) of gas separators: 

and group 5A, with nominal feed of 500 m3/day [40 - 70 Hz, 

low-viscosity LPG] 

 
Figure 7a. Characteristic curves (maximum separation 

factor at residual gas content - 25%) of gas separators: group 

5, with nominal feed of 250 m3/day [40 - 70 Hz, low-

viscosity LPG] 

 

 

 
Figure 7b. Characteristic curves (maximum separation 

factor at residual gas content - 25%) of gas separators: group 

5A, with nominal feed of 500 m3/day [40 - 70 Hz, low-

viscosity LPG] 

 

 

The analysis of the obtained results of gas separators 

research at reduced angular speeds showed that the gas 

separator of group 5 is not able to operate on low-

viscosity model mixture at angular speeds below 500 rpm 

(8.3 Hz), while the gas separator of group 5A operates in 

a wide research range of angular speeds (Figures 8 and 

9). It should be noted that the gas separators of groups 5 

and 5A on low-viscosity model DST confirmed their 

performance, but with a significant decrease in efficiency 

parameters compared to the parameters of operation of 

gas separators with angular speed of 3000 r/min, in 

particular, the gas separator of group 5 with angular 

speed of 1000 r/min (16 Hz) works worse compared to 

the mode of rotation of 3000 r/min (50 Hz), on average, 
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the separation efficiency is reduced by 30%. Further 

reduction of angular speed of rotation of the gas separator 

shaft of group 5 leads to the fact that at the value of 

angular speed of 252 r/min (4.2 Hz) separation efficiency 

decreases to zero, the entire flow of gas-liquid mixture 

moves into the pump, there is a failure of feeding of the 

arrangement: "pump-gas separator". A similar picture is 

observed for the gas separator of group 5A, except for the 

feed stall process at ultra-low speed (252 rpm (4.2 Hz)). 

- no stall occurs. 

At the third stage of research we carried out a 

comparative analysis of the efficiency of operation of the 

investigated gas separators at low shaft rotation speed on 

viscous gas-liquid mixture (Figure 10). As a result of 

bench tests it was possible to determine that for the 

residual gas content of 50%, in relation to the 

 

 

 
Figure 8a. Characteristic curves (permissible gas content at 

the intake with residual gas content - 25%) of gas separators: 

group 5, with nominal feed of 250 m3/day [4.2 - 16 Hz, low-

viscosity LPG] 

 

 

 
Figure 8b. Characteristic curves (permissible gas content at 

the intake with residual gas content - 25%) of gas separators: 

group 5A, with nominal feed of 500 m3/day [4.2 - 16 Hz, 

low-viscosity LPG] 

 
Figure 9a. Characteristic curves (maximum separation 

factor at residual gas content - 25%) of gas separators: group 

5, with nominal feed of 250 m3/day [4.2 - 16 Hz, low-

viscosity LPG] 
 

 

 
Figure 9b. Characteristic curves (maximum separation 

factor at residual gas content - 25%) of gas separators: group 

5A, with nominal feed of 500 m3/day [4.2 - 16 Hz, low-

viscosity LPG] 

 

 

 
Figure 10a. Characteristic curves (permissible gas content 

at the intake at residual gas content - 25% and 50%) of gas 

separators: group 5, Ql.nom= 250 m3/day [4.2 - 16 Hz, 

highly viscous LPG] 
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Figure 10b. Characteristic curves (permissible gas content 

at the intake at residual gas content - 25% and 50%) of gas 

separators: group 5A, Ql.nom= 500 m3/day [4.2 - 16 Hz, 

highly viscous LPG] 

 

 

requirement of permissible gas content at the screw pump 

inlet, the gas separator of group 5A works effectively in 

the range of angular speeds 252 - 1000 rpm (4.2 - 16.7 

Hz), with the loss of efficiency in case of transition from 

the increased frequency of 16.7 Hz to the reduced 

frequency of 4.2 Hz on average by 16%. 

The gas separator of group 5 showed unsatisfactory 

results of research and can be recommended for operation 

in combination with screw pumps in a limited mode: at 

low flow rates (up to 45 m3/day), at angular speed of 

rotation exceeding 750 rpm (12.5 Hz), at values of gas 

content at the gas separator inlet exceeding 50%. 

 

 

5. CONCLUSIONS 
 
1) The aim of the research has been achieved - the 

characteristics of gas separators of group 5 and 5A on 

model gas-liquid mixtures of different viscosity have 

been experimentally obtained in relation to the conditions 

of well operation by screw pumps. 

2) A comparative analysis of the characteristics of 

separation efficiency of gas separators at changing the 

angular speed of rotation of the motor shaft has been 

carried out. 

3) Analysis of literature sources on the direction of 

research of screw pumps characteristics when operating 

on viscous gas-liquid mixtures indicates the lack of 

qualitative results. 

4) On the basis of generalization of published materials 

of research of screw pumps operation on low-viscosity 

gas-liquid mixtures the potential of possible increase of 

efficiency of their operation at gas content over 50% at 

reception is determined. The efficiency potential is on the 

average - 20%. Achievement of the calculated efficiency 

potential can be ensured by using a downhole centrifugal 

type gas separator. 

5) Methodology of bench testing of gas separators has 

been developed, taking into account the influence of gas-

liquid mixture properties, change of angular speed of 

motor shaft rotation, parameters of natural separation; 

separation coefficients and efficiency coefficients of gas 

separators 5 and 5A have been experimentally 

determined on two model gas-liquid mixtures: low-

viscosity (1 cPz) and high-viscosity (150 ÷ 200 cPz) in 

the interval of angular rotation speed values: 200 - 3000 

rpm, for conditions of operation of marginal wells in the 

interval of pump delivery values on liquid: 25 - 100 

m3/day; at maintenance of constant values of pressure 

and temperature at the gas separator inlet. 

6) Experimentally determined parameters of operation of 

gas separator of group 5A, taking into account residual 

gas content of 50%, in the range of angular speeds 252 - 

1000 rpm (4.2 - 16.7 Hz). In case of transition from 

increased (16.7 Hz) to decreased frequency (4.2 Hz), a 

decrease in separation efficiency by 16 % on average was 

recorded. 

7) The gas separator of group 5 showed unsatisfactory 

results of research and can be recommended for operation 

in combination with screw pumps in a limited mode: at 

low flow rates (up to 45 m3/day), at angular speed of 

rotation exceeding 750 rpm (12.5 Hz), at values of gas 

content at the gas separator inlet exceeding 50%. 

8) Gas separator of group 5 showed unsatisfactory results 

of operation on model viscous gas-liquid mixture and can 

be recommended for additional research of 

characteristics of gas separator of group 5 in arrangement 

with screw pump in limited mode: at low flow rates (up 

to 45 m3/day), in a wide range of rotor speed 252 - 1000 

rpm (4,2 - 16,7 Hz). 

The purpose of the work is to substantiate the 

effectiveness of measures to reduce the impact of a high 

value of the gas factor during the operation of production 

wells. In the course of the study, the main complicating 

factors in oil production were considered, an analysis of 

modern technologies to combat the negative effect of free 

gas on Screw Pump installations was carried out,  and 

equipment was selected for operating a well with a high 

gas-oil ratio (GOR). 

 

 

6. REFERENCES 
 

1. Bian X-Q, Huang J-H, Wang Y, Liu Y-B, Kaushika 

Kasthuriarachchi DT, Huang L-J. Prediction of wax 

disappearance temperature by intelligent models. Energy & fuels. 

2019;33(4):2934-49. 10.1021/acs.energyfuels.8b04286  

2. Korshak A, Gaisin M, Pshenin V. Method of structural 

minimization of the average risk for identification of mass 
transfer of evaporating oil at tanker loading (Russian). Oil 

Industry Journal. 2019;2019(10):108-11. 10.24887/0028-2448-

2019-10-108-111  



1912                                        V. S. Verbitsky et al. / IJE TRANSACTIONS A: Basics  Vol. 37, No. 10, (October 2024)   1901-1913 

 
3. Decker K, Sutton RP, editors. Gas lift annulus pressure. SPE 

Artificial Lift Conference and Exhibition-Americas?; 2018: SPE. 

10.2118/190929-MS 

4. Proshutinskiy M, Raupov I, Brovin N, editors. Algorithm for 
optimization of methanol consumption in the «gas inhibitor 

pipeline-well-gathering system». IOP Conference Series: Earth 

And Environmental Science; 2022: IOP Publishing. 

10.1088/1755-1315/1021/1/012067 

5. Tarrad AH. 3d numerical modeling to evaluate the thermal 

performance of single and double u-tube ground-coupled heat 
pump. HighTech and Innovation Journal. 2022;3(2):115-29. 

10.28991/HIJ-2022-03-02-01  

6. Sazonov YA, Mokhov MA, Gryaznova IV, Voronova VV, 
Tumanyan KA, Konyushkov EI. Thrust Vector Control within a 

Geometric Sphere, and the Use of Euler's Tips to Create Jet 

Technology. Civil Engineering Journal. 2023;9(10):2516-34. 

10.28991/CEJ-2023-09-10-011  

7. Urazakov KR, Belozerov VV, Latypov BM. Study of the 

dynamics for gas accumulation in the annulus of production wells. 
Записки Горного института. 2021;250:606-14. 

10.31897/PMI.2021.4.14  

8. Korshak A, Pshenin V. Determination of parameters of non-pump 
ejector gasoline vapor recovery unit. Sci and Technol: Oil and Oil 

Prod Pipeline Transport. 2023(1):25-31. 10.28999/2541-9595-

2023-13-1-25-31  

9. Tananykhin D, Korolev M, Stecyuk I, Grigorev M. An 

investigation into current sand control methodologies taking into 

account geomechanical, field and laboratory data analysis. 

Resources. 2021;10(12):125. 10.3390/resources10120125  

10. Tananykhin D, Grigorev M, Simonova E, Korolev M, Stecyuk I, 

Farrakhov L. Effect of wire design (Profile) on sand retention 

Parameters of wire-wrapped screens for conventional production: 

Prepack sand retention testing results. Energies. 2023;16(5):2438. 

10.3390/en16052438  

11. Stroykov G, Babyr N, Ilin I, Marchenko R. System of 

comprehensive assessment of project risks in the energy industry. 

International Journal of Engineering, Transactions A: Basics. 

2021;34(7):1778-84. 10.5829/IJE.2021.34.07A.22  

12. Akhmadeev A, Vinh PT, Tam LD. Implementation of adaptive 

gathering systems as the method to optimize oil transportation at 
offshore field (Russian). Oil Industry Journal. 2019;2019(02):78-

81. 10.24887/0028-2448-2019-2-78-81  

13. Schipachev АМ, Dmitrieva АS. Application of the resonant 
energy separation effect at natural gas reduction points in order to 

improve the energy efficiency of the gas distribution system. 
Записки Горного института. 2021;248:253-9. 

10.31897/PMI.2021.2.9  

14. Shishkin N, Maksimenko YA. Improvement of Designs of Oil 
and Gas Separators for Offshore Oil Production Platforms. 

Chemical and Petroleum Engineering. 2020;55(9):713-8. 

10.1007/s10556-020-00684-0  

15. Ткаченко ЕИ, Широков АС, Еремин СА, Грандов ДВ, 

Тайлаков ПИ. Участок опытно-промышленных работ как 

залог успеха эффективного освоения месторождений с 
трудноизвлекаемыми запасами. Экспозиция Нефть Газ. 

2021(1 (80)):19-22. 10.24412/2076-6785-2021-1-19-22  

16. Trulev A, Sherstyuk A. Calculation of the flow of two-component 
mixtures in pumps and gas separators. Chemical and petroleum 

engineering. 2000;36(8):501-6. 10.1007/BF02463691  

17. Beloglazov I, Morenov V, Leusheva E. Flow modeling of high-
viscosity fluids in pipeline infrastructure of oil and gas 

enterprises. Egyptian Journal of Petroleum. 2021;30(4):43-51. 

10.1016/j.ejpe.2021.11.001  

18. Basharov M, Laptev A. Determination of thermal losses for gas 

separators with high thermal loads. Thermal Engineering. 

2015;62(14):1028-31. 10.1134/S0040601515140025  

19. M.Z. Y, M. AM, A.К. N, V.V. P, N.A. Z. Plotnikova K.I. 
Modified equations for hydraulic calculation of thermally 

insulated oil pipelines for the case of a power-law fluid. Science 

and Technologies: Oil and Oil Products Pipeline Transportation. 

2021;11(4):388-95. 10.28999/2541-9595-2021-11-4-388-395  

20. Babyr N. Topical Themes and New Trends in Mining Industry: 

Scientometric Analysis and Research Visualization. International 
Journal of Engineering. 2024;37(2):439-51. 

10.5829/IJE.2024.37.02B.22  

21. Petrakov D, Kupavykh K, Kupavykh A. The effect of fluid 
saturation on the elastic-plastic properties of oil reservoir rocks. 

Curved and Layered Structures. 2020;7(1):29-34. 10.1515/cls-

2020-0003  

22. Sazonov YA, Mokhov MA, Gryaznova IV, Voronova VV, 

Tumanyan KA, Konyushkov EI. Solving Innovative Problems of 

Thrust Vector Control Based on Euler's Scientific Legacy. Civil 
Engineering Journal. 2023;9(11):2868-95. 10.28991/CEJ-2023-

09-11-017  

23. Ito S, Tanaka Y, Hazuku T, Ihara T, Morita M, Forsdyke I. Wax 
thickness and distribution monitoring inside petroleum pipes 

based on external temperature measurements. ACS omega. 

2021;6(8):5310-7. 10.1021/acsomega.0c05415  

24. Rogachev MK, Aleksandrov AN. Justification of a 

comprehensive technology for preventing the formation of 

asphalt-resin-paraffin deposits during the production of highly 
paraffinic oil by electric submersible pumps from multiformation 

deposits. Записки Горного института. 2021;250:596-605. 

10.31897/PMI.2021.4.13  

25. Biloa S, Kingni S, Dongmo E, Sop B, Ngongiah I, Kuiate G. 

Heightened the petroleum productivity of an eruptive well by an 

electric submersible pump with a free gas separator. International 

Journal of Energy and Water Resources. 2023:1-13. 

10.1007/s42108-023-00250-3  

26. Nikolaev AK, Zaripova NА. Substantiation of analytical 
dependences for hydraulic calculation of high-viscosity oil 

transportation. Записки Горного института. 2021;252:885-95. 

10.31897/PMI.2021.6.10  

27. Feder J. Gas lift operations require accurate predictions of 

downhole annulus pressure. Journal of Petroleum Technology. 

2019;71(03):65-7. 10.2118/0319-0065-JPT  

28. I.A. G, A.V. G, A.B. L. Practice of application of magnetic 

treatment apparatuses for intensification of primary oil treatment 

processes. Journal of Mining Institute. 2020;245:554-60. 

10.31897/PMI.2020.5.7  

29. Haj-Shafiei S, Serafini D, Mehrotra AK. A steady-state heat-
transfer model for solids deposition from waxy mixtures in a 

pipeline. Fuel. 2014;137:346-59. 10.1016/j.fuel.2014.07.098  

30. Karnik SV, Hatalis MK, Kothare MV. Palladium Based Micro-
Membrane Hydrogen Gas Separator-Reactor in a Miniature Fuel 

Processor for Micro Fuel Cells. MRS Online Proceedings Library 

(OPL). 2001;687:B7. 2. 10.1557/PROC-687-B7.2  

31. Kulak S, Novikov V, Probotyuk V, Vatsenkov S, Fursov E. 

Magnetic testing of stressed state of hydrotested gas-separator 

wall. Russian Journal of Nondestructive Testing. 2019;55(3):225-

32. 10.1134/S1061830919030070  

32. Laptev A, Basharov M. Efficiency of aerosol deposition in gas 

separators of various designs. Russian Journal of Applied 

Chemistry. 2013;86:1190-6. 10.1134/S1070427213080077  

33. Laptev A, Lapteva E. Determining the efficiency of packed gas 

separators of droplets taking into account the nonuniformity of the 
gas velocity profile. Theoretical Foundations of Chemical 

Engineering. 2021;55(2):301-6. 10.1134/S0040579521020068  

34. N.I. N, E.L. L. Low-density cement compsitions for well 
cementing under abnormally low reservoir pressure. Journal of 

Mining Institute. 2019;236:194-200.   



V. S. Verbitsky et al. / IJE TRANSACTIONS A: Basics  Vol. 37, No. 10, (October 2024)   1901-1913                       1913 

 
35. Nguyen VT, Pham TV, Rogachev MK, Korobov GY, Parfenov 

DV, Zhurkevich AO, et al. A comprehensive method for 
determining the dewaxing interval period in gas lift wells. Journal 

of Petroleum Exploration and Production Technology. 

2023;13(4):1163-79. 10.1007/s13202-022-01598-8  

36. Ali SM, Arif NA, Hashmi MM, Khan MB, Khan ZH. Recent 

Developments in Electrolyte Materials for Rechargeable 

Batteries. Nanomaterials for Innovative Energy Systems and 

Devices. 2022:369-415.   

37. Petrakov D, Jafarpour H, Qajar J, Aghaei H, Hajiabadi H. 

Introduction of a workflow for tomographic analysis of formation 
stimulation using novel nano-based encapsulated acid systems. 

Journal of Applied Engineering Science. 2021;19(2):327-33. 

10.5937/jaes0-29694  

38. Xin D, Huang S, Yin S, Deng Y, Zhang W. Experimental 

investigation on oil-gas separator of air-conditioning systems. 

Frontiers in Energy. 2019;13(2):411-6. 10.1007/s11708-017-

0447-9  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

COPYRIGHTS 

©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 

as the original authors and source are cited. No permission is required from the authors or the publishers . 

 

 

 
 

Persian Abstract 

 چکیده 
 یها شیآزما از  یتعداد که دهدی م قرار ی بررس مورد  شناور یچیپ  ی کیالکتر پمپاژ واحد کی از  ی بخش عنوان به را  مرکز  از  ز یگر نوع از  گاز  جداکننده کی از  استفاده  مقاله  نیا

 با چ یپ تک  پمپ  کی افته ی توسعه فشار به  انیجر ی وابستگ .شده انجام ع یما و  گاز چسبناک مخلوط ک ی از  استفاده با مرکز  از  ز ی گر گاز  جداکننده ک ی مطالعه ی برا یزیروم

 زین آ۵ و 5 یها گروه گاز یها جداکننده مشخصه یها یمنحن .شد محاسبه گاز مختلف ات یمحتو یبرا قهیدق در دور 225 شده یچیپ میس روتور چرخش یا هیزاو سرعت

 مخلوط خواص ر یتأث گرفتن نظر در با گاز  یها جداکننده ی زیروم شیآزما یبرا یروش .آمدند دست هب عی ما و گاز مخلوط مختلف یها تهیسکوزیو و  گاز مختلف ات یمحتو در

 .است شده جادیا یع یطب یجداساز یپارامترها و یکیالکتر موتور محور چرخش یا هیزاو سرعت  در رات ییتغ  ع،یما و گاز
 

 


