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INTRODUCTION

At the late stage of oil and gas field elopment, the
need for additional pumping and compressor equipment
is increasing due to reduced reservoir pressure. At the

conditions’are complicated by the
ions and solid particles in the flow

of the pum

technologies of oil and gas wells op-
mps and compressors are used for
liquid and gas pum at high content of mechanical im-
puri described in patents [1, 2] and papers [3-5].
table ejector is used. In this case, in one
, the control is performed by changing the
area in the flow channel at the nozzle, as
d'in patent [6]. In certain cases, the cyclic mode
of the working medium flow through the nozzle of the jet
device is considered. In this case, cyclical changes in the
jet's operating parameters are provided by the rotating
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to a deeper study of the working process for the basic model
velopment was carried out with the use of the SolidWorks 3D

loEFD software package of computational fluid dynamics
results of the research findings can be used for the
sion and pumping of various gases. The development
| allow for the solution of urgent hydrocarbon exploration

conditions. Based on similar compressor units, there is a possibility
as well.

ssor, pump, turbine, research, computer modeling

disc, which is located inside the nozzle, as described in
patents [7-9].

Labyrinth pumps operate very reliably at an increased
concentration of mechanical impurities in the liquid flow,
as is proven in our previous publications [10-12]. These
publications describe new scientific principles for pump-
ing multiphase media in the presence of a solid phase
in the flow. It has been shown experimentally that the
volume concentration of the solid phase in the flow can
reach 50%. Perspectives for practical application of re-
versible pumps in pumping multiphase media have been
shown. When studying the labyrinth pumps, it has been
noted in the publications [10-12] that the screw auger
can be replaced with a set of vane wheels. Upon that,
the vane wheel can be of the enclosed or open type. The
vane wheel as a part of the rotor can be made as a cen-
trifugal wheel or as an axial wheel; other rotor designs
are also possible. This area of pumping and compressor
technology is still unstudied, referring to pumping and
turbine technologies taking into account the reversibil-
ity of such hydraulic machines. It is noted in previous
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publications [10-12] that it is expedient to address further
studies to solve optimization problems when using dif-
ferent rotor structures. The direction of research aimed
at increasing the rotor speed is seen as very promising
with the prospect for developing compact and powerful
hydraulic machines, turbines and compressors.

Technical decisions where a flow direction is periodically
changed in channels of the hydraulic system are known,
as have been noted in paper [13]. However, operating
peculiarities of reversible pumps have not been studied
yet in sufficient detail, and the potential of such pumps
for hydrocarbon production in abnormal operating condi-
tions has not been fully revealed.

Special pumps and turbines have been developed for
severe operational conditions, and each such hydraulic
machine is equipped with a rotor made in the form of a
mesh, as described in papers [14-15]. This rotor struc-
ture can withstand higher loads, and here we can refer
to the experience of the development and application of
grid-like wings described in monograph [16].

The active application of compressor and turbine tech-
nologies is currently being hampered by rather high pric-
es for equipment, especially in a situation of falling oil
and gas prices. In this regard, the development of new
efficient and affordable pump, compressor and turbine
units can be fully attributed to the urgent tasks.

CONCEPT HEADINGS

The purpose of the ongoing research work is to
study new technical opportunities to develop promi
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Figure 1. Scheme of the turbine with an open nozzle
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Figure 2: Scheme of the turbine with a closed nozzle

Figure 3: Cross section of the turbine
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Figure 4: Scheme of the turbine with an open nozzle in
isometric view

pumping and compressor equipment adapted to the ab-
normal operating conditions of oil and gas production.
At this stage of work, certain issues are considered on
expanding the field of practical use of labyrinth com
sors and pumps, including through the increase
speed.

RESULTS

Over the past years, in our opinion, there
direction of work in the field of labyrinth pump
pressors, related to the application

tation speed. For laboratory te

(the patent of the Russian Federation forthe useful mod-
el No. 192513). Figures 1-4 schematically represent one

he engine structure can have

ozzles. The rotor 3 is equipped with

hydraulic connection of the flow channels 6 in the rotor
3 with the input nozzles 2 in the stator 1. The stator 1 is
equipped with the output channel 7. The input nozzles

2 and the output channel 7 can be located ifferent
distances from the rotor rotational axis 8 ofghe rotor 3,
taking into account the application conditi
The stator 1 contains the vortex chamber

axially with the rotor. The input nozzles 2 are locate
the central part of the rotor 3, with formation of the

put nozzles 2 and the inner proj
adjusting bushing 11 is located
9. The movable adjusting bushing 1
a possibility of its movement from the vortex chamber

9 into the circulation 3 ar\channel 10 for partial or
complete overlappingfof thelil nozzles 2. The posi-
ng bushing 11 can be changed

ies, such as hydraulic drive

nection pipes 14 and 15 to the
control system (the hydraulic control system

The turbine operates as follows. The stator 1 with the
input nozzles 2 provides generating a flow (or several
flows) of the working medium towards the rotor 3. Liquid,
a gas-liquid mixture or gas (including steam or high-tem-
perature combustion products of the fuel-air mixture) may
bewused as the working medium. The flow of the working
dium affects the inner projections 5 of the rotor 3 and
ets the rotor 3 in motion. Thus, the kinetic energy of the
medium flow is converted into mechanical energy by the
rotary motion of the rotor 3. For further energy transfer,
the rotor 3 can be connected with external mechanisms
which are not shown in the figures. The medium flow
through the flow channels 6 also penetrates in the cavity
of the rotor 3, which is designed as a permeable volume
honeycomb (mesh) structure. The flow of the working
medium in this part of the rotor 3 interacts with the hard
walls of the inner 5 and external 4 projections, which pro-
motes energy conversion. Both continuous and impulse
supply of the working medium to the rotor 3 is possible.
Due to the permeable volumetric honeycomb (mesh)
structure of the rotor 3, energy conversion is provided at
various properties of the working medium, including the
use of gas-liquid mixtures with different density or vis-
cosity. The working medium is removed from the stator
1 initially through the flow channels 6 in the rotor 3 and
then through the output channel 7.

When moving the movable adjusting bushing 11 in the
direction from the vortex chamber 9 to the circulation
annular channel 10, it is possible to regulate the turbine
through partial or complete overlapping the input nozzles 2.

The position of the movable adjusting bushing 11 can
be changed. In order to close the input nozzles 2, the
hydraulic chamber 12 is supplied with high-pressure
fluid through the connection pipe 14. In this case, the
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fluid is displaced from the hydraulic chamber 13 to the
low-pressure line through the connection pipe 15. Due to
the pressure drop in the hydraulic chambers 12 and 13,
the movable adjusting bushing 11 moves and closes the
input nozzles 2.

In order to open the input nozzles 2, the hydraulic cham-
ber 13 is supplied with high-pressure fluid through the
connection pipe 15. In this case, the liquid is displaced
from the hydraulic chamber 12 to the low-pressure line
through the connection pipe 14. Due to the pressure
drop in the hydraulic chambers 12 and 13, the movable
adjusting bushing 11 moves and opens the input nozzles
2. The intermediate position of the movable adjusting
bushing 11 can be changed by changing the fluid vol-
ume in the hydraulic chambers 12 and 13 (as in the well-
known hydraulically actuated control systems).

Performance of the presented turbine was tested during
laboratory tests of the turbocompressor microlevel mod-
el. The rotor speed of the turbocompressor model was
brought up to the level of 20000...30000 rpm in labora-

Figure 5: Photograph of the turboco
model
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Figure 6: Three-dimensional model of the labyrinth
compressor

was used for the turbine operation. Figure
a picture of the turbocompressor microlev,
housing of the turbocompressor microle
can be seen in the photo on the right. The mesh ro
the special turbine (white) can be seen in the photo on
the left.

The microlevel model of the labyrint essor with
the screw rotor was used during sts.
It has been demonstrated during the | ry tests that

with increasing the rotorspeed, the experimental com-
0 to 150 meters when the

d the rotor length is

rotor diameter is eq
equal to 50 mm.

hysical experiments, gradually mov-
eriments to virtual ones (numerical

technical characteristics of the labyrinth
he developed three-dimensional model of
compressor is illustrated in Figure 6. The
a component of the rotor can be made
with a constant or variable pitch, with a cylinder or pro-
filed bushing.

Among the main parameters affecting the performance
of the compressor are the following: geometric dimen-
sions of the rotor vanes (screw auger), geometric dimen-
sions of the vanes of the stator fixed screw channels,
otor speed, properties of the pumped gas.

The developed model includes the screw auger, which
has a four-ways screw surface with the screw pitch of
348 mm. The stator also has a four-way screw surface
with the screw pitch of 348 mm, but the direction of its
screw surface is opposite to the direction of the screw
auger surface. The outside diameter of the screw auger
is equal to 365 mm, the rotor-bushing diameter is equal
to 144 mm, and the screw length is equal to 300 mm.
The radial clearance between the rotor and stator is 0.6
mm.

DISCUSSION

In the course of the research work, a digital model of the
labyrinth compressor was developed. Preliminary opti-
mization of the compressor flow section was performed
already at the gas-dynamic modeling stage. Theoretical
characteristics of the compressor have been determined.

3D-model development was carried out with the use of
the SolidWorks 3D CAD-system. In order to undertake a
calculation study, the FIoEFD software package of com-
putational fluid dynamics developed by Mentor Graphics
Corporation has been used.

The problem statement of the virtual experiment is as
follows: a single-phase turbulent flow of gas was simu-
lated; air (the adiabatic value is y = 1.4) is supplied to the
working chamber of the compressor at the temperature
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of 293 K and static pressure of 0,3 MPa. Density and 510000
viscosity of the pumped gas are the library parameters 486667
and are recalculated by the program at each point of the | 463333
computational domain depending on the gas tempera- 440000
ture change. sl

303333
The roughness of the surfaces in the computational do- 370000
main was not taken into account. The rotor speed was 346667
set equal to 20,000 rpm. The research requires the de- 323333
termination of the pressure at the compressor discharge, 300000
the efficiency factor, and power consumption at various Pressure [Pa]
values of the mass gas flow rate (or at different com-
pressor capacities). The mass gas flow rate varied in the Figure 8: Change
range from 0 to 18 kilograms per second. compr

In the process of modeling, the complete system of Navi-
er-Stokes averaged equations described by mathemat-
ical expressions of the mass conservation law, energy
conservation law, and impulse law was solved. The sys-
tem automatically carried out the transition between lam-
inar and turbulent states in the whole computational do-
main. The turbulence parameters were set automatically
by default. In order to calculate the turbulent parameters
for the closure of the Navier-Stokes equation system, the
k-€ model of the turbulent viscosity in Lam-Bremhorst
modification was used. At the same time, the software ~ ©@as density [kg/m’]
package includes methods that make it possible to ob-
tain a fairly accurate boundary layer solution for this and
most other similar tasks, even on a rough mesh.
variants of boundary layer calculation depending

Figure 9: Change in gas density in the compressor
flow section

parameters are realized in FIOEFD software 2no
the "thick boundary layer" model (number of cells :ﬁ‘:
the boundary layer is more than 10), the "thin bound . ua}
layer" model (number of cells across the dary layer 158.9

is less than 3), and the intermediate situatio cribed 1314
in research [17]. In this case, two typ ions 1033

are used in the calculation. 756

The problem was solved with the following mptions g

the heat transfer in the flow i t taken into"account, 00

and all the walls which contact th ped medium are Veloclty jmis]

thermally insulated (adiabatic). Figure 10: Change in gas velocity in the compressor
A structured Cartesian grid was generated for the cal- flow section
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Figure 11: Change in gas temperature in the
compressor flow section

culation. FIOEFD uses sliding mesh technology in order
to simulate the rotation. Two additional local grids were
given around fixed stator vanes and for the rotating area.
A higher level of mesh crushing was specified for the
local domains. The total number of grid elements was
1.5 million cells. The results of the grid independence
study showed satisfactory results for that grid. The time
required to calculate one point was about 10-15 hours.
Calculations in the FIOEFD software package were per-
formed in a non-stationary setting, where the time step
was chosen depending on the size of cells. The grid ad-
aptation to the flux gradients in the computational do-
main was used in the process of counting.

Based on the results of virtual experiments, the t

has a certain similarity with the characteris
rinth pumps, which have been dem
[18-21].

Figures 8-11 graphically represent the re
experiments conducted in ord

Based on the results of virtual experiments, it is possi-
ble to conclude about application possibilities of such
compressor technique
gas fields in abnormal o
acteristics of th
solving many pra
gas production and
well-know
of pumping

pressor are suitable for
| and relevant problems in oil and
ent. It is important to note a
abyrinth machine is capable
iquid mixtures. This opens up addi-

labyrinth compressor design, a reduction of investment
and operating costs can be expected in the development
of oil and gas fields.

as a centrifugal wheel or as an axial wheel; other
designs are also possible. The possibility of developing
a labyrinth compressor in which
replaced with a set of vane wh
scientific interest. Figure 12 rep
sional computer model of the new lab
in which the screw auger is replaced a set of vane
wheels of axial type. T vane wheels are mount-
ed between flat disk ssor rotor. The mi-
crolevel model of thi SS developed with the
application of additive te logies and tested in labora-
tory conditions as part of th bocompressor. The rotor

compressor with the screw rotor (the turbo-
icrolevel model with the screw rotor was

Physical experiments with microlevel models of turbo-
compressors have demonstrated that the same tech-
niques can be used for the development of science and
technology in the field of compressor machines as for the
dexelopment of new pumps, as is proven in our previous
ers [10-12]. The screw auger in the labyrinth com-
ressor can also be replaced with a set of vane wheels.
Within the framework of the research development, it is
planned to perform a series of virtual experiments for
quantitative estimation of technical characteristics of the
labyrinth compressor in which the screw is replaced with
a set of vane wheels.

The scientific interest to the presented works is also sup-
ported by the fact that on the basis of similar technolo-
gy, there is an opportunity to develop other sectors of

Figure 12: Three-dimensional computer model of the
labyrinth compressor in which the screw auger is
replaced with a set of vane wheels of axial type
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science and technology, including gas turbine units for
various purposes because it is known that today scien-
tific and technical reserves for further improvement of
available gas turbine units are already fully exhausted.

Under these circumstances, many specialists are now
shifting to finding fundamentally new technical solu-
tions, including technologies related to the isothermal
compression, isothermal expansion of gases or impulse
combustion of fuel-air mixtures at a constant volume.
Some results of the works performed can also be used
in the development of jet control systems for air-based
or sea-based drones, including the solution of particu-
lar problems in the development of offshore oil and gas
fields.

CONCLUSIONS

In the framework of exploratory scientific research, the
basic principles of designing the mesh rotor for turboma-
chinery equipment have been developed and patent-
ed. Such rotor can withstand higher loads due to its in-
creased structural rigidity.

It is known from recently published materials that when
designing labyrinth pumps, the screw on the pump rotor
can be replaced with a set of vane wheels. This design
approach should be transferred from the field of pumping
technology to the field of compressor technology as well.
Scientific research in this area is at an early stag
deeper studying the working process, the basic
the compressor with a screw rotor is considered:

compressor technology in the developme
gas fields in abnormal conditions.

plicity of the labyrinth compres
investment and operating costs ca
development of oil and gas fields.

Some results of the works performed can also be used
in the development control systems for air-based
or sea-based drones, in ing solution of particu-
lar problems in the develop of offshore oil and gas
fields.

esign, a reduction of
expected in the

The work was
Ministry of
eratie i

odynamic processes in a pulsed flow regime
through rotating and static channels with a mesh struc-
ture at subsonic and supersonic flow velocities".
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