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At the late stage of fi eld development, the application of booster compressor units often becomes an urgent problem. 
At the same time, this problem remains completely unsolved. Reliable hydraulic machines are required for pump-
ing gas-liquid mixtures with a high content of mechanical impurities. Within the framework of exploratory scientifi c 
researches, the practical opportunities to use a group of dynamic type hydraulic machines were assessed. In this 
respect, the greatest interest from a scientifi c and practical point of view is small-sized high-speed machinery with the 
possibility of creating universal multistage pumps and compressors. Labyrinth pumps and compressors, which work 
more reliably at an increased concentration of mechanical impurities in the fl ow of the pumped medium, are consid-
ered. The new equipment should be characterized by manufacturability, low price and low maintenance costs. As part 
of the research, new technical solutions are being developed and patented to create a small-sized compressor unit 
for a wide range of oil and gas production tasks in abnormal operating conditions. The technical problem targeted by 
the research is to increase the effi ciency of the dynamic machine operation in the compressor and multiphase pump 
modes when pumping gases and gas-liquid mixtures in abnormal operating conditions. New developments can also 
be focused on improving the effi ciency of production and deep processing of raw hydrocarbons, including as it relates 
to the Arctic environment. It is reasonable to focus further research on optimizing the use of different rotor designs 
with new materials and new design methods, including additive technologies. The direction of research aimed at 
increasing the rotor speed is seen as very promising. There is an opportunity to create compact and powerful com-
pressor machinery and pumping equipment.
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INTRODUCTION

Oil and gas production in abnormal operating conditions 
requires effi cient pumping and compressor equipment 
[15], [17]. From the analysis of the state-of-the-art, it can 
be concluded that the technical problems on the creation 
of new technologies and equipment for oil and gas pro-
duction in abnormal operating conditions when pumping 
gas-liquid mixtures with a large content of mechanical 
impurities are not yet fully solved. Within the framework 
of exploratory scientifi c research, the attempt to estimate 
opportunities for the practical use of some hydraulic ma-
chines of the dynamic type is made. In this respect, the 
greatest interest from the scientifi c and practical point of 
view is small-sized high-speed machinery with the possi-
bilities of creating universal multistage pumps and com-
pressors.
There are known technologies of oil and gas production, 
where jet pumps are used to pump out the liquid in ab-
normal operating conditions with a high content of me-
chanical impurities, as described in patents [1, 2] and 
papers [3-5]. In some cases [6-9], technologies with the 

pulse mode of gas and liquid fl ow are recommended. 
Labyrinth pumps of different designs are used for hy-
drocarbon production. In comparison with other pumps, 
labyrinth pumps work more reliably at an increased con-
centration of mechanical impurities in the liquid fl ow, as 
is proven in papers [10-12].
Specialists of Gubkin Russian State University of Oil and 
Gas (National Research University) conduct research on 
multiphase pumps of the labyrinth type. Special pumps 
and turbines have been developed for diffi cult opera-
tional conditions, and each such hydraulic machine is 
equipped with a rotor made in the form of a mesh. Such 
rotor design can withstand higher loads, and here we 
can refer to the experience of the development and ap-
plication of grid-like wings described in monograph [13]. 
Some laboratory experiments have shown that this type 
of machines can be quite easily used as compressor 
machines for abnormal oil and gas production conditions 
[18]. It is expedient to develop scientifi c research in this 
direction. There is a perspective and technical possibil-
ities for connecting such a compressor to a high-speed 
gas-turbine engine, at the same time produced and 

*mikhal.mokhov@mail.ru 321



Istrazivanja i projektovanja za privredu ISSN 1451-4117
Journal of Applied Engineering Science  Vol. 18, No. 3, 2020

pumped gas can be used as fuel [16]. Some tasks on 
creating vane compressors where the speed of fl ow can 
exceed the sound speed can also be considered from 
new positions. 

CONCEPT HEADINGS

The ongoing research work is focused on the develop-
ment of new scientifi c principles for pumping multiphase 
media and gases with a high content of mechanical im-
purities in the fl ow. At the same time, the new pumping 
technology should be characterized by manufacturabili-
ty, low price and low maintenance costs. A new scientif-
ic approach has been chosen to solve the performance 
targets. This scientifi c approach is associated with the 
creation of new multiphase pumps and compressors 
using additive technologies. Specialists of Gubkin Rus-
sian State University of Oil and Gas (National Research 
University) conduct scientifi c research and experimental 
works to solve urgent problems in the fi eld of hydrocar-
bons production, including complicated fi eld develop-
ment conditions. Based on the results of such works, 
three interrelated research areas for the development of 
science and technology have been outlined:
1. Pumping technologies and equipment for hydrocar-

bon production in abnormal operating conditions;
2. Compressor technologies and equipment for hydro-

carbon production in abnormal operating conditions;
3. Turbine technologies and equipment, for hydrocar-

bon production in abnormal operating conditions.
The novelty of scientifi c and engineering developments 
is supported by patents in all outlined research areas. 

RESULTS

Within the framework of the research, new technical 
solutions are being searched for innovative technologies 
that allow for creating a small-sized compressor unit for 
a wide range of oil and gas production tasks in abnormal 
operating conditions. 
Within the framework of the patent research, technical 
solutions for compressors and multiphase pumps have 
been considered.  The multiphase pump according to 
the patent RU 185434, 2018 contains a housing and 
a driving shaft with a rotor mounted on it. The housing 
has input and output channels and grooves in the form 
of the multiple-start screw thread. The rotor consists of 
sections installed in sequence on the driving shaft. Each 
of sections contains a separator installed on the driving 
shaft and vane wheels, intervane channels of which con-
fi gured for communication through the grooves of the 
screw thread in the housing with the wheel intervane 
channels in the subsequent section. Each subsequent 
vane wheel in the rotor sections is installed with an angu-
lar offset against the previous vane wheel with the forma-
tion of multiple-start screw channels. The disadvantage 
of this well-known technical solution is the relatively nar-
row speed adjustment range of the rotor because there 

is a decrease in the effi ciency of the working process 
with increasing rotor speed in the conditions of pumping 
gas-liquid mixtures. With the rotor speeding-up, the sep-
aration process develops more intensively, which leads 
to a partial separation of the gas-liquid mixture into the 
liquid fraction and the gas fraction, and then gas starts to 
accumulate in the central part of the rotor.
The ongoing research is focused on the effi ciency im-
provement of the dynamic machine operation in the 
compressor mode and the multiphase pump mode when 
pumping gases and gas-liquid mixtures in abnormal op-
erating conditions.
This problem is solved by the fact that the developed 
and patented dynamic machine described in the patent 
[14] contains a housing and a driving shaft with a rotor 
mounted on it. The housing has input and output chan-
nels and grooves in the form of the multiple-start screw 
thread. The rotor consists of sections installed in se-
quence on the driving shaft. Each of sections contains a 
separator installed on the driving shaft and vane wheels, 
intervane channels of which confi gured for communica-
tion through the grooves of the screw thread in the hous-
ing with the wheel intervane channels in the subsequent 
section. Each subsequent vane wheel in the rotor sec-
tions is installed with an angular offset against the previ-
ous vane wheel with the formation of multiple-start screw 
channels. According to the utility model, each section of 
the rotor is equipped with at least one additional vane 
wheel with a diameter greater than the diameter of the 
main vane wheels. The additional vane wheel is located 
in front of the separator and placed in a cylindrical re-
cess made on the inner housing surface. The cylindrical 
recess has the depth of the groove, less than the depth 
of the grooves of the screw thread, made on the inner 
surface of the housing.
For the convenience of describing the developed tech-
nical solution, fi gures 1-5 present a scheme of a new 
dynamic machine, considered as the basis for the small-
sized compressor unit. Figure 1 shows the isometric 
scheme of the developed dynamic machine. Figure 2 
shows a diagram of a three-section rotor mounted on the 
driving shaft. Figure 3 shows the housing and Figure 4 
shows the longitudinal section of the dynamic machine. 

Figure 1: Scheme of the developed dynamic machine
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Figure 2: Scheme of the three-section rotor

Figure 3: The housing

Figure 4: Longitudinal section of the dynamic machine

Figure 5 shows a diagram illustrating the arrangement 
of the cylindrical recesses made on the inner surface of 
the housing to place the additional vane wheels with the 
reduced depth of the screw thread groove, while the ar-
rows show additional vortices in the transition zone of 
the liquid from the main vane wheels to additional vane 
wheels with the oversize diameter.
The dynamic machine contains the input 1 and output 2 
channels in the housing 3, which has grooves 4 in the 
form of the multiple-start screw thread with a depth H1 of 
the groove, the driving shaft 5 with the rotor 6 mounted on 
it. The rotor 6 consists of sections installed in sequence 
on the driving shaft 5. There is a spiral groove 7 for the 
key connection on the driving shaft 5. Each rotor section 
contains vane wheels 8 with a diameter d1 mounted on 
the driving shaft 5. Between the vanes of the wheel 8 
intervane channels 9, limited by diameter d1 are formed. 
The intervane channels 9 are confi gured for communi-
cation through the grooves 4 of the screw thread in the 
housing 3 with the wheel intervane channels 8 in the 
subsequent section of the rotor. In this example, each 
section of the rotor contains twenty-two vane wheels 8, 
manufactured using the additive technology. Each sub-
sequent vane wheel 8 is mounted with an angular offset 
against the previous vane wheel 8, with the formation 
of multiple-start screw channels 10 in the rotor section. 
The positioning of each vane wheel 8 on the driving shaft 
5 is ensured by a spiral key 11 mounted on the driving 
shaft 5 in the spiral groove 7. The groove 7 on the driving 

Figure 5: Scheme of the vane wheel arrangement

shaft 5 for the spiral key 11 has the screw thread in the 
opposite direction to the thread in the housing 3 for the 
spiral grooves 4. Each section of the rotor contains the 
separator 12. The vortices 13 shown by the arrows in 
fi gure 5 are generated in front of the separator.
Each section of the rotor is equipped with at least one 
additional vane wheel with the oversize diameter d2 lo-
cated in front of the separator 12. Cylindrical recesses 
15 are made on the inner surface of the housing 3 for the 
arrangement of the additional vane wheel 14 with the re-
duced depth H2 of the screw thread groove at a section 
of the cylindrical recess 15.
The number of additional vane wheels 14 in the rotor 
sections is selected based on the operating conditions of 
the machine and taking into account the composition of 
the pumped medium.
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The dynamic machine works as follows. When the rotor 
6 and, respectively, the vane wheels 8 with the diame-
ter d1 rotate, a force is applied to the pumped gas (or 
gas-liquid mixture). In this case, the continuous move-
ment of the gas (or gas-liquid mixture) is organized from 
the intervane channels 9 to the spiral grooves 4 with a 
depth H1 of the housing 3 in the direction from the center 
of the rotor 6 to its periphery. Due to the continuity of the 
fl ow, the pumped medium fl ows continuously into the in-
tervane channels 9 from the spiral grooves 4. As can be 
seen from the above, a vortex current is formed in each 
section of the rotor, which ensures the transfer of energy 
from each vane wheel 8 to the fl ow of the pumped me-
dium. The pumped medium with the increased energy is 
carried away by the vortex fl ow into the spiral grooves 
4 of the housing 3 and is further forced out through the 
output channel 2. The separator 12 prevents the re-
verse fl ow of the gas from the high-pressure area into 
the low-pressure area. Due to the continuity of the fl ow 
through the inlet channel 1, the gas (or gas-liquid mix-
ture) continuously fl ows into the pump.
As already pointed out, the positioning of each vane 
wheel 8 on the driving shaft 5 is ensured by the spiral 
key 11 mounted on the driving shaft 5. The groove 7 on 
the shaft 5 for the spiral key 11 has the opposite screw 
thread direction against the one in the housing 3 for the 
spiral key 4.
The separator 12 prevents the transfer of the gas medi-
um from section to section and vortices 13 are formed in 
front of it, which promote mixing of the medium.
The additional vane wheel 14 with the oversize diame-
ter d2 is located in the housing 3 at the sections of the 
cylindrical recess 15 with the reduced groove depth of 
the screw thread H2. In the fl ow transition zone from the 
vane wheels 8 with a diameter d1 to the additional vane 
wheel 14 with the oversize diameter d2 additional vor-
tices 16 are formed, which mix the gas with the liquid 
present in the fl ow, strengthening the process of disper-
sion of the pumped gas-liquid mixture with the activation 
of the heat exchange process.
The additional vortices 16 provide strengthening of the 
dispersion process of the gas-liquid mixture in the multi-

Figure 6: Results of laboratory tests of microlevel models

ple-start screw channels 10 in each section of the rotor 
6 and at the same time provide weakening of the sepa-
ration process of the gas-liquid mixture, preventing sep-
aration of the gas-liquid mixture into the liquid and gas 
phases.
With increasing the rotor 6 speed, a proportional and 
simultaneous increase in the dispersion and separation 
process speed of the gas-liquid mixture in the cavity of 
the working chamber is achieved. With increasing the ro-
tor 6 speed, the dispersion process is already developing 
more intensively, which prevents the partial separation of 
the gas-liquid mixture into the liquid and gas fractions in 
the central part of rotor 6.
The proposed technical solution provides the increased 
effi ciency of the compressor while increasing the rotor 
speed of the pump in complicated conditions of gas and 
gas-liquid mixtures pumping. This allows for the expan-
sion of the practical application of new compressors by 
expanding the adjustment range of the rotor speed.
Tests of micro-level models of labyrinth compressors 
and pumps were performed under laboratory conditions. 
Some of these results are shown graphically in Figure 
6. Figure 7 shows a picture of one of the manufactured 
rotor models within the framework of working out some 
issues on additive technologies.
The real-world application of the new dynamic machines 
can be extended when increasing the rotor speed. Pilot 
tests of created demonstration micro-level models of the 
compressor have been conducted. The rotor speed was 
brought up to the level of 20000...30000 rpm in labora-
tory conditions using a special turbine. The compressed 
air was used to operate the turbine. Figure 8 shows a 
photograph of one of the experimental compressors. The 
compressor housing (orange) can be seen in the photo 
on the right. The mesh rotor of the special turbine (black) 
can be seen in the photo on the left.

Figure 7: Photograph of the experimental rotor model
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Figure 8: Photograph of the experimental compressor 
(the orange compressor housing on the right)

 equipped with the experimental turbine 
(the turbine black mesh rotor on the left)

Within the framework of scientifi c research focused on the 
improvement of dynamic machines, two promising areas 
of work have been identifi ed. The fi rst area of research, 
development, testing and engineering is connected with 
the modernization of the labyrinth compressor for the 
operation at increased rotor speed. The second one is 
associated with the use of a new rotor, which has a new 
geometric shape, different from the known screw. In the 
course of numerical experiments, the prospective viabil-
ity of the new labyrinth compressor capable of operating 
at the increased rotor speed has been shown. Based on 
the results of the numerical experiments, the demonstra-
tion model (micro-level model) of the compressor has 
been created, and laboratory tests have been conduct-
ed. The work capacity of the new labyrinth compressor at 
the increased rotor speed has been confi rmed. The new 
compressor has a low weight and small overall dimen-
sions. According to preliminary estimates, the mass-to-
power ratio of the new compressor can be at the level of 
0.2 kg per 1 kW of power. 

CONCLUSIONS

New scientifi c principles for pumping gases and multi-
phase media in the presence of a solid phase in the fl ow 
have been developed and patented. The prospects for 
practical use of new compressors and multiphase pumps 
have been shown.  New methods of hydraulic machinery 
design have been developed and tested, including the 
use of additive technologies. When studying the laby-
rinth pumps, it has been noted that the screw can be 
replaced by a set of vane wheels. Upon that, the vane 
wheel can be of enclosed or open type. The vane wheel, 
as part of the rotor, can be made as a centrifugal wheel 
or as an axial wheel; other rotor designs are also possi-
ble. This area of pumping and compressor technology 
is still unstudied, taking into account the reversibility of 
such hydraulic machines when considering the possible 
turbine mode of operation.
In carrying out scientifi c research, special dynamic ma-
chines have been developed in which the rotor is made 
in the form of a mesh. Such rotor design is more adapted 
to high loads, which made it possible to speak about ad-
ditional possibilities for the creation of more compact and 
more powerful machines working at higher rotor speed. 
For the development of this line of research, it is neces-
sary to use the experience gained from the development 
area of the grid-like wings.

Within the framework of scientifi c research focused on 
the improvement of dynamic machines, two promising 
areas of work have been identifi ed. The fi rst area of re-
search, development, testing and engineering is con-
nected with the modernization of the labyrinth compres-
sor for operation at increased rotor speed. The second 
one is associated with the use of a new rotor, which has 
a new geometric shape, different from the known screw. 
In the course of numerical experiments, the prospective 
viability of the new labyrinth compressor capable of op-
erating at the increased rotor speed has been shown. 
Based on the results of the numerical experiments, a 
demonstration model (micro-level model) of the com-
pressor has been created, and laboratory tests have 
been conducted. The work capacity of the new labyrinth 
compressor at the increased rotor speed has been con-
fi rmed. The new compressor has a low weight and small 
overall dimensions. According to preliminary estimates, 
the mass-to-power ratio of the new compressor can be 
at the level of 0.2 kg per 1 kW of power.
New developments can be focused on improving the ef-
fi ciency of production and deep processing of raw hydro-
carbons, including as it relates to the Arctic environment. 
Further research should be directed to solving optimiza-
tion tasks using different rotor designs, new materials and 
new design methods. The direction of research aimed 
at increasing the rotor speed is seen as very promising. 
There is an opportunity to create compact and powerful 
compressor machinery and pumping equipment.
As can be seen from the above, the development of lab-
yrinth dynamic machines can provide additional impetus 
to the development of works on hydraulic and gas tur-
bines, as well as on thermal machines where turbine and 
compressor technology is used.
Some specifi c fi ndings of the research performed can be 
used to create new pumping, compressor and turbine 
equipment for various industries, including transport and 
robotics industry.
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