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Abstract. At gas distribution stations, a large amount of energy of compressed gases is lost. In such cases, the use-

ful power is obtained with the aid of a turboexpander. The problem is that there is a great need for turboexpanders
with a capacity of up to 500700 kW. For these capacities, the turboexpander with the use of classical turbines turns
out to be high-speed, complex, expensive, with a payback period that is more than two years. The solution of this

problem is seen in the creation of turboexpander installations based on vortex machines.

A promising type of vortex expansion machines are side channel machines. Results of studies of vortex hydraulic
turbines with side channel showed high values of the efficiency.

The goal of this research is study of the working process of vortex expansion machine with side channel by per-
forming a computational experiment in the ANSYS CFX software package.

The results of the research showed that the efficiency of vortex expansion machine with side channel is greater
than in vortex expansion machine with peripheral channel (real experiment).

Keywords: vortex expansion machine, efficiency, turboexpander, computational experiment, ANSYS CFX, working

process.

1 Introduction

At gas distribution stations necessarily installed throt-
tle devices, in which a large amount of energy of com-
pressed gases is lost. As a rule, in such cases, the useful
power is obtained with the help of a turboexpander.

The problem is that there is a big need for turbo ex-
pander with a capacity of 500-700 kW. For these capaci-
ties turboexpander with classical turbines turns out to be
high-speed, complex, and expensive, with a payback
period of more than two years. Key of solving this prob-
lem is turboexpander based on vortex machines.

However, it is advisable to use machines of this type
not only in turboexpander units. The vortex expansion
machines have the potential to be used in various pneu-
matic devices.

2 Literature Review

Literary analysis showed that knows three main types
of vortex expansion machines: with peripheral channel,
with side channel and with peripheral-side channel. flow-
ing parts of vortex expansion machines can be single-
channel, dual-channel and multichannel.

For compressed fluids, the most studied are vortex ex-
pansion machines with peripheral channel [1-3, 6]. Vor-
tex expansion machines with side channel are practically
unexplored.

For incompressible fluids known researches of vortex
hydraulic turbines with side channel [5, 6]. In particular,
known the results of experimental tests of vortex ma-
chines what working on water. Tests were conducted for
the following types of flowing part:

— with side round channel (open and closed types);

— with side rectangular channel of closed type;

— with external peripheral channel.

According to the results of the tests:

— efficiency of vortex machine with side round channel
of the closed type with the optimal mode is 54 %;

— with a coefficient of fastness n; = 4, the power of
vortex machine with side round channel of a closed type
is 7 times greater than the power of an axial partial tur-
bine with the same dimensions and rotational speed;

— efficiency of vortex machine with a rectangular
channel is smaller than with a round;

— efficiency of the stage with external peripheral chan-
nel in the optimal mode is 13 %.
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Thus, in these researches [4] declares the advantage of
vortex machines with side channel over machines with
external peripheral channel, what working on water.

Also known researches of vortex machines what work-
ing on gas.

According to researches of vortex machine with inter-
nal peripheral channel [1], the application of this type of
flowing part can increase the efficiency of the machine by
25-30 %.

Vortex machine with external peripheral channel is
considered the most technologically and constructively
simple. The application of the nozzle in the design of the
turbine and the optimization of flowing part allowed to
arrange the flow of gas at the inlet section and along the
length of flowing part, and to increase the efficiency of
the turbine from 10 % to 30-35 % [2, 3].

Considering the possibility of a significant increase in
the efficiency of vortex machine with peripheral channel,
and high values of the efficiency of vortex hydraulic tur-
bines with side channel, it seems advisable to study vor-
tex expansion machines with side channel what working
on water.

3 Research Methodology

3.1 Incoming data

The goal of this research is study of the working pro-
cess of vortex expansion machine with side channel due a
computational experiment. Virtual model (Fig. 1) of vor-
tex expansion machine with side channel based on an
experimental model of a vortex pneumatic expansion
machine with external peripheral channel [2].
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Figure 1 — Constructive scheme of the virtual model

The main geometric parameters of the virtual model
were taken from [2], as parameters of modes with a high
level of efficiency. Geometric parameters and input data
for calculation are presented in Table 1 and Table 2, re-
spectively.

Table 1 — Geometric parameters of the virtual model

Name Value

Average diameter of the impeller, D 180 mm
Diameter of meridional intersection of

. 22 mm
flow section, d
Angle of blades (the angle between the
edge of the shoulder blade and the axis 10°
perpendicular to the axis of rotation of
impeller) 5,
Angle of inclination of blades (angle be-
tween axis of blades and direction, reverse 50°
direction of circumferential speed of im-
peller),
Number of blades, z 48
Angle of gas flow from nozzle to edge of 40°
impeller, o
Diameter of outlet of nozzle, d; 12 mm
The value of displacement of the axis of 1 mm
nozzle along the width of side channel, a

Table 2 — Incoming data

Test mode

Parameter
1 2 3 4 5 6 7

Total inlet
pressure 1.53 | 1.87 |2.16 | 2.58 | 3.25 | 3.87 | 3.60
P;-107, Pa

Pressure 146 | 1.74 [ 1.93 [2.19|2.49 | 2.73 | 2.53

reduction, /7

Total inlet

temperature 298
Tl*, K
Rotational
otationa 4000 5000 6000
speed, rpm
Working fluid Viscous air

3.2 Methodology

Research methodology was taken from [4]. A compu-
tational experiment was carried out in the ANSYS CFX
software. Verification of the results of a computational
experiment in ANSYS CFX with the results of a physical
experiment for a vortex expansion machine with external
peripheral channel was performed [4]. Verification
showed the possibility of using ANSYS CFX for the
study of vortex expansion machines.

The calculation process consists of five main stages:

1. Creation of a geometric model (CAD-model).

2. Creation of a virtual model of expansion machine
based on a geometric model in a grid generator ANSYS
Meshing (number of elements more than 1.5 million).

3. Creation of a virtual model from a grid by imposing
settlement conditions. The simulation of turbulent effects
was carried out using the SST model. As input data for
calculations were taken: total inlet pressure, total inlet
temperature and static outlet pressure. The working fluid
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is a viscous compressed air. Roofing of the walls of the
flow part — 6.3 um.

4. Search for solutions. At this stage, the search for
such parameter values in each calculation element is per-
formed so that the entire calculated zone has the maxi-
mum correct equation of flows. A solution is considered
to be found when the value of the mean-square residual
does not exceed 104, as well as no significant fluctua-
tions in the values of the output parameters (torque, mass
flow, outlet temperature).

5. Analysis of results of calculation. The calculation of
necessary parameters (efficiency, torque, flow, power,
temperature, pressure) is organized. Also, we obtain the
flow visualization and the distribution of parameters
along length of flowing part. The model takes into ac-
count the effect of flow in the gap between the cutter and
impeller.

Assumption: gaps between housing and impeller is not
modeled; no heat exchange with the environment; flow
parameters are considered to be evenly distributed over
the inlet cross section.

Efficiency during computational experiment is deter-
mined by the formula:

2@ (D

M, — torque on the shaft of expansion machine, N-m;

o — angular rotational speed of the impeller, rad/s;

m — mass flow, kg/s;

h, — specific isenthropic difference of enthalpy, J/kg.

Specific isentropic difference of enthalpy is deter-
mined by the formula:

ko
h=— R ] )
k-1

k — isentrope index of the working fluid;

R — specific gas constant, J/(kg-K);

T;* — total inlet temperature, K;

1T — pressure reduction.

Values h, and @ are determined by the input data, and
values M, and m are obtained as a result of computational
experiments.

4 Results and Discussion

At the first stage, computational experiment was con-
ducted in steady-state mode, on the second - in transient
mode.

Table 3 — Results of computational experiment

Steady-state mode
Mode Ma;:;lsow, Torque, N-m P(l)(“;r’ Efficiency
1 0.022 0.580 0.24 0.366
2 0.028 1.024 0.43 0.347
3 0.036 1.256 0.66 0.357
4 0.043 1.700 0.89 0.345
5 0.055 2.325 1.22 0.323
6 0.067 3.008 1.58 0.315
7 0.066 2.480 1.56 0.338
Table 4 — Results of real experiment [2]
Real experiment
Mode MaingOW, Torque, N-m Pcl)(v\iler, Efficiency
1 0.023 0.525 0.22 0.315
2 0.030 1.002 0.42 0.32
3 0.039 1.164 0.61 0.305
4 0.049 1.698 0.89 0.305
5 0.063 2.405 1.26 0.29
6 0.104 4313 2.26 0.29
7 0.074 2.309 1.45 0.28

As we see, the value of the efficiency of vortex expan-
sion machine with side channel (computational experi-
ment) is higher than efficiency of vortex expansion ma-
chine with peripheral channel (real experiment) in all
modes. Such results show that vortex expansion machine
with side channel is a promising type of such machines.

The data of visualization of flow and distribution of to-
tal temperature along the length of flowing part of vortex
expansion machine were analysed (Fig. 2—4).

The values of total temperature were taken on a plane
between rotor and stator on the average diameter of im-
peller. Figure 2 shows that on the segment 0°-150° total
temperature is not changing, and on the segment 150°—
330° change in total temperature is much higher. Conse-
quently, the main energy transfer from flow to impeller of
vortex expansion machine with side channel occurs on
the segment 150°-330° unlike the vortex expansion ma-
chine with the peripheral channel [4].

Figures 3—4 present visualization of flows of two
modes with different efficiency. As seen, better organized
longitudinal-vortex movement along the length of flow-
ing part has more efficiently working process of the vor-
tex expansion machine.
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Figure 2 — Distribution of total temperature
along the length of flowing part
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Figure 3 — Visualization of flow of gas in flowing part
(mode 1; efficiency 0.366)
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Figure 4 — Visualization of flow of gas in flowing part
(mode 6; efficiency 0.315)

5 Conclusions

Experiment in steady-state mode in all modes had high
values of absolute residuals. However, all of them are
localized in the area of the shut-off, what indicates the
complex and uncertain nature of flow in this area of flow-
ing part.

Experiment in transient mode failed, solutions were
not found on all modes. Experiment in transient mode in
essence should be the most accurate and closest to the
real work process. In addition, the results of the experi-
ment in steady-state mode are input data for the experi-
ment in transient mode. Failure to obtain a solution in a
transient mode indicates that results of experiment in
steady-state mode need to be confirmed by a real experi-
ment.
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JlocaiizkeHHs: po0040ro npouecy BUXpoBOi pO3IIMPIOBAIbHOI MAIIMHHU 3 OIYHUM KaHAJI0M
Bonnap A. B.", Bauees C. M.

! CyMchKuit ep>kaBHUIA yHIBEpCUTET, Byl Pumcekoro-Kopcakosa, 2, 40007, M. Cymu, Ykpaina

Anoranisi. Ha ra3opo3nomigbHUX CTaHMISX BTPAYaeThCS BEJIMKAa KUTBKICTh €Heprii cTHCIUX rasiB. B rtakmx
BUIMAJKaX KOPUCHY MOTY)KHICTh OTPUMYIOTH 3a JONOMOTro0 TypGonerannepa. IIpoGiema momsirae B TOMy IO, €
BeNUKa MoTpeda B TypOomeTannepax MoTyxHicTio 10 500-700 xBt. [ns nux moTyxHOCTeH TypOomeTaHiep mpHu
BUKOPHUCTAHHI KJIACHYHUX TYPOiH BUXOAUTH BHCOKOOOEPTOBUM, CKIAJHUM, TOPOTHM, 3 TEPMIHOM OKYIHOCTI, SKHH
CTaHOBUTH OUIBbIIE ABOX POKiB. BupimenHs miei npoGiemMn BOaYaeThCsl y CTBOPEHHI TypOOIETaHIEPHUX YCTAaHOBOK
Ha OCHOBI BUXPOBHX MalllFH.

[lepcrieKTHBHMM THIIOM BHXPOBHX PO3IIMPIOBAIPHUX MAIIMH € MamlMHU 3 OIYHMM KaHAJIOM, TaK 5K BimoMmi
JOCIHIIKEHHS, pe3yIbTaT! SIKUX MoKa3zanu Bucoki 3HaueHHs KK/] BuxpoBux rinpaBimigyHux TypOiH 3 O14HUM KaHAJIOM.

Mertoro naHoi CTaTTi € JOCTIKEHHA poOOYOTro MpoILecy BUXPOBOI PO3IIMPIOBANBEHOI MAIIMHK 3 O1YHUM KaHAJIOM
[UIIXOM IPOBEICHHS YUCIOBOTO EKCIIEPUMEHTY B porpamMHoMy komiuiekci ANSYS CFX.

Pesynpraté nociipkeHb mokaszand, mo 3HadeHHs KK/ BUXpoBoi po3mIMproBaibHOT MAIIMHU 3 O1YHUM KaHAIOM
OiyIbIIIe HIXK y BUXPOBOI PO3MIMPIOBAILHOT MAllIMHU 3 TIepU(epiiHIM KaHAIOM (peabHUI eKCIIEPUMEHT).

KnrouoBi cioBa: BuxpoBa po3mMploBaibHA MaminHa, KoedillieHT kopucHoi nii, TypOoneraHiep, YHCIOBHIT
excnepumeHT, ANSYS CFX, po6ouwnii mporec.
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