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RESEARCH OF GAS DYNAMICS OF HIGHLY EFFICIENT TURBO-IMPACT

COMPRESSED GAS SEPARATOR FOR GAS TURBINE INSTALLATION

Abstract. The gas dynamics of multiphase mixtures of high-pressure fuels in turboimpat separators with
coagulation structural elements at a flow rate of the working medium G = 500-2200 kg/h were investigated.
The geometry of the turboimpat separator with a radial guide jet element consists of a first stage and a
separator, consists of a plate with a diameter of 250 mm, on a diameter of 97 mm of which there is a
corrugated separation element, the dimensions of which vary from 10 to 40 mm, depending on the working
geometry. At the bottom of the first stage of the separator are grooves of rectangular shape 3x2 mm at a
distance of 27 mm. In the second stage of the separator at a diameter of 270, 240 and 180 mm respectively
there are through rectangular grooves 5x10 mm. In a turboimpact separator with a radial coagulation
element, a uniform velocity distribution was observed, the maximum of which is 43.7 m / s, which indicates
a uniform turboimpact particle transfer. The turboimpact separator with a radial guide jet element is
characterized by the close location of the corrugated mesh element to the jet cleaning zone. Preversal of
flow, in the channel nered grid element forms a vortex zones, which will further lead to the displacement
of undeposited particles to the lower wall of the channel. In the first stage of purification turboimpact
separator with radial coagulation element after passing through the working medium of the jet cleaning
zone, the flow was evenly distributed throughout the entire section of the channel, which contributes to the
uniform distribution of the polydisperse phase in the working medium in front of the mesh element. It was
established that the optimal pressure drop of 1 KPA is observed in a turboimpact separator with a radial
arrangement of a coagulation element, which allows using this design for cleaning multiphase mixtures of

high-pressure fuels.
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The formulation of the problem,
its connection with current
scientific and practical tasks

Modern power plants require the use of high-quality
multiphase mixtures of high-pressure fuels. The content
of liquid and solid phases significantly reduces the
service life, degrades the performance characteristics and
increases the operating costs of power plants. Research
and development of separation equipment makes it
possible to improve the quality of multiphase mixtures of
high-pressure fuels based on the transport and
polypersemedium under the combined action of inertia
forces, turbophoresis, diffusiophoretic forces, resistance
for a unit mass of the particle and Saffman forces. The
design and development of separationtori should take
into account the main mechanisms of turboimpact
transfer intensification, capable of purifying multiphase
mixtures of high-pressure fuels above 99.8%.

Analysis of recent research
and publications in which the solution
of this problem

Significant success in the development and creation
of separation equipment was achieved by companies of
German, Spanish and American production, namely
Selton, Pall Corporation, Parker Zander, Contec and
Gora. The German company Selton manufactures
separation filters that have a metal structure that provides
a slight pressure drop (from 0.6 MPa) and high filtration
fineness (at 0.1 microns droplet size up to 99.99%). In
turn, the American company Pall Corporation
manufactures separation equipment with removable
filters (SepraSol, SepraSol, Pall, Plus), filtration fineness
(at 0.3 microns, droplet size up to 99.99%). Parker
Zander produces a series of separation equipment
brand Ecosep with removable filters, the filtration
fineness of which is at 0.01 microns from 92 to 99%.
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Oil mist separators are designed and manufactured by
Contec, the filter of which consists of fiberglass and a
2-layer construction with built-in reinforcing fabric, the
efficiency of which is 99.99% with a droplet size of
0.1 microns. The Spanish company Gora produces filters
of the GAP series, the filtration efficiency of which is
99.98%. Also, research and manufacture of separation
equipment is carried out at the Institute of Technical
Thermophysics of the National Academy of Sciences of
Ukraine, etc.

Methods of investigation of gas dynamics of
turboimpact separators of multiphase mixtures of high
pressure are discussed in detail in [11].

The study of gas dynamics of turboimpact
separators of multiphase mixtures of high pressure uses
the method of mathematical modeling — application
package such as ANSYS [10].

Formulation of the purpose of the article
(statement of the problem)

The article is aimed at studying the gas dynamics of
turboimpact separators of multiphase mixtures of high-
pressure fuels.

Presentation of the main material with full
justification of the scientific results

The multiphase mixture of high-pressure fuels
has a polydisperse composition of solid and liquid
particles (dmin= 0.2 — 3 microns). To clean the working
environment, turboimpact transfer technology is used.

Investigation of turboimpak separators for cleaning
multiphase high-pressure fuel mixtures. Three design
solutions of working geometry are proposed, which are
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presented in Fig. 1. Design solutions have two degrees of
purification in three dimensional ranges: 10, 20, 40 mm.

Geometry of the turboimpat separator A with a
combined coagulation element consists of the first stage
and two plates with a diameter of 250 mm, placed at a
distance of 5-10 mm from the entrance to the separator,
depending on the size of the working geometry. The
plates have grooves measuring 5 mm. In the first stage, a
corrugated separation element is placed on a diameter of
210 mm, the dimensions of which vary from 10 to 40
mm, depending on the size of the working geometry. At
a diameter of 290 mm there are vertical channels with a
cross section of 3 mm. At the bottom of the first stage of
the separator there are three grooves of rectangular shape
3x2 mm at a distance of 27 mm. In the second stage of
the separator at a diameter of 270, 240 and 180 mm
respectively there are through rectangular grooves
5x10 mm.

The geometry of the turboimpatseparator with a
radial coagulation element consists of a stage and a
separator, of a plate with a diameter of 250 mm, on a
diameter of 210 mm of which there is a corrugated
separation element, the dimensions of which vary from
10 to 40 mm, depending on the working geometry. At the
bottom of the first stage of the separator are grooves of
rectangular shape 3x2 mm at a distance of 27 mm. In the
second, the stages of the separator at the diameter of 270,
240 and 180 mm respectively are through rectangular
grooves 5x10 mm.

The geometry of the turboimpat separator with a
radial guide jet element consists of a first stage and a
separator, consists of a plate with a diameter of 250 mm,
on a diameter of 97 mm of which there is a corrugated
separation element, the dimensions of which vary from
10 to 40 mm, depending on the working geometry.
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Figure 1 — Geometry of turboimpat separators: a — with a combined coagulation element;
b — with a radial coagulation element; ¢ — with a radial guide jet element
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At the bottom of the first stage of the separator are
grooves of rectangular shape 3x2 mm at a distance of 27
mm. In the second stage of the separator at a diameter of
270, 240 and 180 mm respectively there are through
rectangular grooves 5x10 mm.

To study the separator, a grid is constructed in the
Cartesian coordinate system using triangular segments,
which is constructed in accordance with the working
geometry of the separator, the area of which does not
exceed S =25-10-8 m? . In pic. Fig. 2 presents tetrahedral
design grids of the separators under study. The design
grids are built in the Ansys Workbench batch module
without simplifying the designs. In places where the
geometric parameters of the turboimpact separation
element are reduced, local thickening of the grid
consisting of smaller elements (from 120 thousand
design elements, depending on the design solution) was
performed.

Investigation of gas dynamics of turboimpact
separators of multiphase mixtures of high-pressure fuels,
purification of polydisperse medium, a mathematical
model of the process of transfer of a multiphase medium
of a turbo-impact separator consists of equations of gas
dynamics of the process.

The gas dynamics equations of the process are
based on the Novier-Stokes equations (1) and the
continuity equation (2):
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where U; — velocity vector components; ;U i double

speed correlation; i, j = 1, 2 and the Reynolds stress
model (RSM) model asa accurately simulates the effects
caused by flow curvature, vortex, flow rotation, rapid
changes in flow strength. The Reynolds stress equations
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) is the partial time derivative;

C j —convective component;
Dy jj - turbulent diffusion;

Pij — formation of tension;

Gi' — formation of buoyancy force;
¢ij — pressure stress;

£ i = dissipation;

E’j — formationrotation of the system;
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— member, specified by the user.
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Figure 2 — Calculated grids of turboimpact separators: a — with a combined coagulation element;
b — with a radial coagulation element; ¢ — with a radial guide jet element
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All the above terms in the strict formulation of the
equation are determined by the formulas, C;, Dr ;. F,
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From the above expressions C;;, Dy i, ij»

are calculated directly, and D7 ;;, G,'j, ¢ij’ ‘Eij’ are

modeled in a form that allows closing the equation.
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DTl.j can be found using the generalized gradient-

diffusion model of Daly and Harlow:
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Research results

The gas-dynamic characteristics of the working
medium with flow rate G = 500 — 2200 kg/h are
investigated. Figure 3 shows the separation of the
velocity of y in turboimpact separator at G = 1000 kg/h.
In a turboimpact separator with a radial coagulation
element, a uniform velocity distribution is observed, the
maximum of which is 43.7 m / s, which indicates a
uniform turboimpact particle transfer.

Theurboimpact separator with a radial guide jet
element is characterized by the close location of the
corrugated mesh element to the jet cleaning zone.
Preversal of flow, in the channel n ered grid element
forms a vortex zones, which will further lead to the
displacement of undeposited particles to the lower wall
of the channel. In the first stage of purification
turboimpact separator with radial coagulation element
after passing through the working medium of the jet
cleaning zone, the flow is evenly distributed throughout
the entire section of the channel, which contributes to the
uniform distribution of the polydisperse phase in the
working medium in front of the mesh element.
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Figure 3 — Speed distribution in a turboimpact separator at G = 1000 kg/h:
a — with a combined coagulation element; b — with a radial coagulation element; ¢ — with a radial guide jet element
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Figure 4 — Velocity distribution in turboimpact separationtori at G = 1000 kg/h:
a — with a combined coagulation element; b — with a radial coagulation element; c — with a guide jet element

In design version 3, the working medium after
passing through the mesh corrugated element enters the
second section of the separation module through a 5 mm
shea nozzle located in a circle. The results of calculations

of the flow part of the turboimpact separator for cleaning
multiphase mixtures of high-pressure fuels from solid

C

and liquid fractions are shown in Table 1-4.

Table 1 — Differential pressure in the separator channel (tothe instructional solution Nol)

Section width, mm

Inlet Pressure of
separator, Pa

Outflow Pressure of
separator, Pa

Pressure drop of
separator, Pa

Fuel gas consumption 500 kg/h

10 1960000 1956563,2 3436,8

20 1960000 1958757,6 12424

40 1960000 1959308,2 691,8
Fuel gas consumption 1000 kg/h

10 1960000 1946729,1 13270,9

20 1960000 1955214,5 4785,5

40 1960000 1958733,0 1267,0
Fuel gas consumption 1500 kg/h

10 1960000 1929951,8 30048,2

20 1960000 1949533,0 10467,0

40 1960000 19566294 3370,6
Fuel gas consumption 2200 kg/h

10 1960000 1930369,3 29630,7

20 1960000 19412477 18752.3

40 1960000 1954299,7 5700,3

Table 2 — Differential pressure in the separator channel (tothe instructional solution No2)

Section width, mm

Inlet Pressure of
separator, Pa

Outflow Pressure of
separator, Pa

Pressure drop of
separator, Pa

Fuel gas consumption 500 kg/h

10 1960000,0 1957886,2 2113,8
20 1960000,0 1959103,9 896,1
40 1960000,0 1959769,2 230,8
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Fuel gas consumption 1000 kg/h

10 1960000,0 1951701,0 8299,0

20 1960000,0 1956761,5 3238,5

40 1960000,0 1959243,0 757,0
Fuel gas consumption 1500 kg/h

10 1960000,0 1941596,5 18403,5

20 1960000,0 1952850,7 7149,3

40 1960000,0 1958612,6 13874
Fuel gas consumption 2200 kg/h

10 1960000,0 1927520,8 32479,2

20 1960000,0 1950459,2 9540,8

40 1960000,0 1957695,2 2304,8

Table 3 — Pressure drop in the separator channel (tothe instructional solution No3)

Inlet Pressure of

Section width, mm
separator, Pa

Outflow Pressure of
separator, Pa

Pressure drop of
separator, Pa

Fuel gas consumption 500 kg/h

10 1960000,0 1956459.,4 3540,6

20 1960000,0 1959589,0 411,0

40 1960000,0 1959653,2 346,8
Fuel gas consumption 1000 kg/h

10 1960000,0 1946064,0 13936,0

20 1960000,0 1956731,1 3268.,9

40 1960000,0 1958769,0 1231,0
Fuel gas consumption 1500 kg/h

10 1960000,0 1928911,0 31089,0

20 1960000,0 1952600,4 7399.,6

40 1960000,0 1957515,6 2484 .4
Fuel gas consumption 2200 kg/h

10 1960000,0 1904896,9 55103,1

20 1960000,0 1947115,7 12884,3

40 1960000,0 1955769,1 4230,9

Conclusions a flow rate of 43.7 m/s was obtained, which contributes

1. The gas dynamics of turboimpact separators of
multiphase of high-pressure fuels
investigated.

2. The optimal design of a turboimpact separator
with a radial arrangement of a coagulation element with

mixtures was

to turboimpact particle transfer.

3. It was established that the optimal pressure drop
of 1 KPA is observed in a turboimpact separator with a
radial arrangement of a coagulation element, which
allows using this design for cleaning multiphase mixtures
of high-pressure fuels.
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JOCNAKEHHS T'ABOAUHAMIKH BUCOKOE®EKTUBHOI'O TYPBOYJAAPHOI'O CTUCHEHOI'O
TA3OJEJATOPA JJISI TA3OTYPBIHHOI YCTAHOBKH

Anomauia. Jlocniodxceno 2azo0unamixy bazamogaznux cymiwieni nanug GUCOK020 MucKy 8 mypooiMnamuux cenapamopax 3
KOA2YNAYIHUMU KOHCIMPYKIMUSHUMU eleMeHmamu npu eumpami pobouoeo cepedosuwya G = 500 — 2200 xe/200. I'eomempis
mypooiMnamno2o cenapamopa 3 paoianbHuM HANPAMHUM CHPYMUHHUM eNeMEeHMOM CKIA0AcmbCs 3 Nepuiozo CmyneHs ma
cenapamopa, wo ckiadacmocs 3 naacmunu oiamempom 250 mm, na Oiamempi 97 mm sxoi posmauwiosanuil 20(posanuil
cenapayiiinuti enemenm. Hozo posmipu sminoomoca 6id 10 0o 40 mm, 3anescno 6id pobouoi ceomempii. VY nuicuiii yacmumi
nepuiozo CMyneHs cenapamopa € Kauasku npamoxymuoi opmu 3x2 mm na siocmani 27 mm. ¥V Opyzomy cmyneni cenapamopa
diamempom 270, 240 i 180 mm 6ionosiono € nackpizui npsmoxymui xanasku 5x10 mm. ¥V mypboyodapnomy cenapamopi 3
PAdianbHUM KOA2ynayitiHUM eneMeHmom ChOCMepi2agcs PiGHOMIpHUL PO3NOOIN WUBUOKOCIEU, MAKCUMATbHA cmanosums 43,7 m/c,
wo ceiouums npo pieHoMipHull mypooyodapuuil neperoc uyacmurok. Typboyoaphuil cenapamop 3 paodialbHUM HANPAMHUM
CIMPYMUHHUM  €IeMEHIMOM XAPAKMEPU3YEMbCa ONUSLKUM  DOSMAUYBAHHAM 20(POBAHO20 CIMUACMO20 eneMeHma 00 30HU
cmpymunnozo ouuwenns. Ileped meuicio, 6 kanani nepedosull enemenn Cimku ymeoproe GUXpo6i 301U, W0 8 NOOANLULOMY NpU3seoe
00 GUMICHEHHs HeOCAONCEHUX HACMUHOK 00 HUIICHbOI CMIiHKU Kauaxy. Y mypboydapnomy cenapamopi nepuioco cmynems
ouUWeHHs 3 eNeMeHMOM PaodianbHOi KOa2ynAyii nicisa nPoxoodiceHHs po601020 cepedosuLya 301U CIMPYMUHHO20 OYUUeHHS NOMIK
PIBHOMIDHO PO3NOOLNASCSA NO BCIll OLIAHYI KAHANLY, WO CAPUSE PIBHOMIDHOMY PO3NOOILY NOMIOUChepCHOi ga3u 6 pobouill 30Hi
(cepeoniii neped enemenmom cimku). Bcmanoeneno, wjo 6 mypboyoapHomy cenapamopi 3 paodianbHum po3mauLy8aHHaM
KOA2ynayitiHo2o enemenma cnocmepicaemvcsi onmumanvuull nepenad mucky 1 xlla, wo oac 3mocy uxopucmogysamu yo
KOHCMPYKYII0 0115 OYUWeH s Oazamo@asnux cymiuieli naiue 6UCOKO20 MUCKY.

Knwuoei cnosa: mypboyoapuuil nepenoc; cenapamop; 0CadyiceHHA YACMUHOK; 2a300UHAMIKa; dazamogasni cymiuti;
nanueo 6UCOK020 MUCKY
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