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Abstract

The paper offers the vortex type separator forfthe-phase mixture separation in traditional systemepfasation an
redesign or improvement of the vortex type horiabseparator with gravity filter for minimizing tlltmension and mass of 1
separator, collecting sand in a separate tank, naiig mechanical properties of a multiphase t®Grew pump material |
decreasing the hydro-abrasive wear. The matherhatmael for the proposed construction of the sefpaiia also elaborated.
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Traditional separator is a large pressure vessehere it is evacuated by the pump to the liquidewat
designed to separate production fluids into theiphase, and the gas-phase gets upwards out of titer ce
constituent components of oil, gas and water. Galyer of the separator positioned at the top.
the separator utilizes the force of gravity to safmoil- . 75
gas mixtures (due to different densities of thadii i
Hydrocyclone (desander or desilter) utilizes cémge
force and mass difference between the density lod so 7
and liquid for solid’s removal from fluid [1-3]. @u / T
main task is to separate water, gas and sand filotm o = /
raise the reliability of the subsea boosting twimesy
pump considerably. For this purpose a new type of

. . e
vortex four-phase mixture separator is used as agl liquid y
hydrocyclone for sand removal. A new type of sefmara | —
enhance the efficiency of separation to 99.9 % wue
application of vortex forces in construction. Thass T —
and dimensions of a new separator is 15 timestiess = 7
the usual one [4]. oil —

The ideal system of separation and pumping must
ensure separate pumping of multiphase medium
components (fluid-gas-water-solid, usually sanayfr 4 L —
the oil well and transport the material to the 1iem
distance and more. I |><| |>_<l/

We have studied two variants of a vortex type — L
separator in this paper. Vertical one has both its |
advantages and disadvantages. This type of axvorte
type separator helps to lift four phases of fldidsn the water \
seabed, which makes all the products to be seplarate sand 20
(Fig. 1). 1 21

This technology consists of a vertical separator v
with the inlet near the top with vortex separatates 1- conditional bottom, 2 — drainage pipe, 3 — pin,
and compartments in which gas is separated from oil 4 — disk, 5 — deflector, 6— inlet, 7 — catchingsma
water, and sand. Then water goes to the very bottom 8 — chamber of accumulation, 9 — clearances ring,

10 — gas outlet, 11 — conical directional confusor,
12 — cover, 13 — horizontal divertor, 14 — cylirwi

gas

\

0

* Corresponding author: housing, 15 — separation set, 16 — axial disk, tethal
kopeyb@nung.edu.ua plates, 18 — circular clearance, 19 — L-form plates
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Figure 2 — Scheme of multiphase separation in a hiaontal vortex-type separator

Due to its helix motion and low density gas gathers  During analysis of the mechanism of separation
in the center and flows out of the gas outlet ibartop and its performance it is observed that the streém
of the separator in the opposite side of the inet.is four-phase gas-liquid-solid mixture comes fromitilet
directed to the wall and flows into an outlet pipel pipe to the separator.

As can be understood from the previous Drops of liquid phase (water and oil) are formed in
explanation the separator has four outlet compantsne the flow from the source of admission (reservoir) &0
an outer cylindrical compartment where gas ishe entrance of the separator. For evaluation the
separated; the compartment where oil is collectethe efficiency of the separator it is necessary to kribe
periphery and separated from the gas, water, and; savolumetric content of the liquid phase the average
the compartment, where the liquid phase encounteradiusR. of the soil and its distribution in siz€R).The
initially; and the inner cylindrical compartment @ie pressure and temperature are continuously changing
the water gets pumped out. during the development of deposits and gas movement

Separation occurs in both the tangential anftom the reservoir to the separator. As a restig t
inclined inlets as well as within the separatoelfts thermodynamic equilibrium of the whole four-phase
Heavy liquid is directed to the wall due to centghl multi-component system is disturbed and the prooéss
forces while light gas gets directed to the cemted mass transfer (condensation and evaporation) occurs
flows out from the top gas outlet. Liquid is segted in  between the phases.
a circular motion as it falls until the liquid ldves Sand and hydrates lead to the formation of small
reached. Some gas is carried to the liquid outhet a solids, whose size varies due to hydrates growth in
then it is pumped with the liquid while the liquid supersaturation conditions and coagulation as agll
carryover takes place at the gas outlet. In thé® ¢here grinding in the multiphase stream. As a result,
may form emulsions but we can avoid them andquilibrium distribution of solids in size, charadzed
improve separation of sand from water by regulativg by the parameters, R.andg;, wheres;? is the variance
velocity of the output stream from the well. This i distribution, takes place in the inlet pipe befdhe
important due to the fact that water has to undeego separator.

injection after its separation for maintaining mesér If there is no any device of prior condensation
pressure in the well. That is why water must bes ledefore the separator, the gas flow with established
aggressive for the equipment. distributionn(R) enters the separator, in which the phase

Another variant of a vortex type separator is @eparation occurs. In this case, the basic meahaois
horizontal vortex type separator (Fig. 2). We add the solids formation in a turbulent multiphase atneis
gravity filter for improving the process of sepaat pounding and coagulation processes occur. Both
The advantage of this type of separator is that th@ocesses occur simultaneously. As a result, tiere
gravitational forces are in conjunction with cefulgial formed a size distribution. Based on experimendidé
forces. This kind of water can be easily re-injedcin  has the form of the following lognormal distributio

the well. In this case we have to construct a bafdjis n2(R/
n(R)=ﬁexp{— ( 23)} ,
oR

type of separator for obtaining an easy accesé¢o t
gravity filter because it can quickly deteriorateddix 20,
this element due to the sand abrasion. During thehereRis a radius of the droplet,

1)

process of subsea separation it is difficult tofqren = 3wexd-50:2 /2|4l 2mR 4
these actions. The sand handling part would beechrr - XF{ 1 / ) 2N
out by a sand jetting arrangement in the separator. R =R; exd— 012 /2}
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Calculation of the variance distribution showed When we substitute (4) and (5) into (3) we obtain
that the separator’'s characteristicis from 0.4 to 0.5 the following result
over a wide speed range.

To determine the average radiBs of solids it's n= 1‘—]‘ R'n (R dF. (6)
necessary to consider the mechanism of coagulatidn . )
crushing. It is known that the solid in a multipeas If a lognormal dl|str.|but.|on, provided in (1), is
stream is crushed when its radius exceeds a certi@f€n as the initial distribution, we receive theaf
critical value. expression for determining the efficiency of the

The probability of solids crushing with radiusSeparator
smaller than the critical value is very small and exp( ) m 2/21)
therefore they can only coagulate until their saches n=1 I 202 dz, (7)

0 1

a critical value again. Therefore, it's necessaryake a
critical radius as a medium radius, which has beenherezm:Rm/Rc; z=R/ R:exp(—g’f/Z)_
determined experimentally in a turbulent multiphase
stream. Analysis of experimental results has leth&
following empirical formula:

As follows from the expression (7) the efficiency
of the separator is determined by the upper lirhithe
) 4/7 integral Z,,, and thus by the limit of a minimum radius
R, =0.12dwe*"(p /p,)"" | (2) of solidsR,, deposited in the separator. Therefore, it is
wherep is the density of the gas phags;is the density necessary to explore the process of solids separati
pAuzd the separator, shown in Fig. 3. The separator stinef
of the liquid phaseWe=~——— is the Weber number; two coaxial cylinders with the equal height, outadius
. . g L rp, inner radiusr;, and it has jalousie type holes. The
Auis the difference of the multiphase velocity iniped  jine “through which a gaseous mixture is fed e t
at its inlet and outletl is the diameter of a pipe;is the space between the cylinders by the inlet pipe with

surface tension of the liquid phase. _ diameterd, is adjacent to the inner surface of the outer
The main parameter that characterizes the degraqmder

of separation of liquid from the gas separatorhs t
efficiency factor equal to the ratio of the volumwiethe
liqguid phaseQq, deposited in the separator, to the
volume of the liquid phas€), contained in the gas
stream at the separator inlet:
_ Qudep
le

Thus the assessed efficiency factodepends on
the design of the separator, thermobaric condition
flowsheet parameters, composition and physicc
chemical properties of gas-liquid-solid flow.

As the separation of gas and liquid-solids phas
mixture is very fast in the inertial separators
construction of which is studied, so it is assuntteat
the change in the separator thermobaric condititores d
not have time to significantly affect the initial
distribution of solids, which is the input streamsg
liquid-solid mixture. Based on this assumption the
separator efficiency ratio is calculated accordimghe
following formula:

Figure 3 — Scheme of inertial vortex type separator

The main factors that determine the efficiency of
the separator are the centrifugal forge which is
,7:1_&, A3 directed from the axis to the periphery, and the
resistance forc®, oppositely directed td. To simplify

wherew, is a volumetric liquid content in the flow inlet the calculation model there are neglected the agrti

separator, equal to: forces, acting on the motion of solids, and it$sumed
o that the solid moves in a plane perpendicular ¢oatkis

w, :_[VnD(R)dR, (4) of the separator. This assumption somewhat siraplifi
0 the true picture of the solids traffic, but considg that

wherewy is a volumetric liquid content in the stream athe centrifugal forceis of the major importance, it is

the outlet of the separator, equal to: quite justified.
In case of similar conditions (the diameter of &oli
o = IV“o( R) df, ®) its density, viscosity and the density of the megithe
0

resistance force of the medium depends on thelradia
where V :ﬁnR3 is the volume of solidny(R) is the veloc_ity component, and c_entr?fu_gal forcé_’ - _from
3 centrifugal acceleration, which, in its turn, is directly
initial distribution of solids at the inletR, is a proportional to the square of the tangential véjosi
minimum radius of solids in the separator.
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VJIK 622.7.061
Po3po6neHHA BepTUKaNbLHOro i ropu3oHTanbLHOro cenapatopa BUXPOBOro TUny
ANsA NigBOAHOro 3aCTOCyBaHHS

B.B. Koneﬁ*, T.A. Kpusonooicko

lsano-Ppanxiscokuii HAYiOHATLHUL MeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcora, 15,m. Isano-@panxiecvk, 16019, Vrpaina

VY naHiil CTAaTTi 3alpOIOHOBAHO BJOCKOHAJIEHY KOHCTPYKIIIO CernapaTopa BHXPOBOIO THIY JUIS PO3IIICHHS
qoTHpH(a3HOI CyMilll B TpaJULiHHIA CHCTEMI 1 ONTHUMI30BaHUI TU3aiiH TOPU30HTAILHOIO BUXPOBOT'O cenaparopa 3
rpaBiTamifHuM (BITETPOM TS 3MEHIIIEHHS MacH CaMOT0 MPUCTPOIO, BiICIFOBAaHHS CETTApOBAHOTO IiCKY B CIEIiabHY
E€MHICTh IS 3aXHWCTy Bijg abpa3wBHOi il Ha Marepias JBOTBUHTOBOTO OaratrogaszHoro Hacoca. Hasemeno
MaTreMaTHYHy MOJIEJb Cenaparopa.

KitouoBi ciioBa: baeamoghasna cymiut, mamemamudna mooensb, ni0800HUL cenapamop.
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