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Abstract

In this paper we have characterized the vortex sgmarator for the foyshase mixture separation in traditional syste
separation and redesign or improvement of the vorype horizontal separator with gravity filter foinimizing the dimensio
and mass of the separator. There are also presietedtperimental studies made on the basis o&thigpment.
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A typical separator is a large pressure vessel pressure loss when the gas-liquid mixture enters
designed to separate production fluids into theithe separator;
constituent components of oil, gas and water. The pressure drop when the gas-liquid mixture passes
separator generally utilizes the force of gravity tthrough the separator and then between the semarati
separate oil-gas mixtures (due to different dessittf package and the separator housing;
the fluids). A hydrocyclone (desander and desilter) pressure loss during the gas passage through the
utilizes the centrifugal force and mass differenceeparation package;

between solids and liquid densities for solids reaho pressure drop at the confusor;
from fluid. Our main task is separating gas anddsan pressure loss at the pipe outlet.
from emulsion to significantly improve the reliahyjl of Pressure losses in each element were determined

the subsea equipment. For this purpose there & aseby liquid indications of differential pressure gasgThe

new type of a vortex four-phase mixture separatr dotal pressure drop in the separator consists efstim

well as a hydrocyclone for sand removal. A new tgpe of pressure losses in each part of the separator.
separator enhances the separation efficiency b§989. To measure the pressure loss in the basic elements
due to the application of vortex forces in condiarc  of the separator it was equipped with measuringgub
The mass and dimensions of a new separator isriEsti Figure 1 presents the separator equipped with megsu
less than that of a typical one. tubes.

The ideal system for separation and pumping A laboratory experimental plant is able to
should ensure separate pumping of multiphase mediuetermine the pressure loss in separator's elements
components (fluid-gas-water-solid, usually sanayrfr during the whole cycle of its operation, as well as
oil well and the material should be transporteé tb0- pressure differences between the various elemétie o

mile distance and more. separator. In addition, it allows sampling of gagHd
mixture in each element of separator.
Laboratory experimental studies A laboratory experimental plant also allows us to

create the actual operating conditions, under witheh
The separator should be divided into all desigeeparation equipment is operated. It also helps to
elements to carry out detailed experimental studiesxplore changes in technological and operational
Figure 1 shows a diagram of pressure measuremgrdrameters of the separator’'s main structural eltsme
points location in the separator. The scheme dqune that affect the separation efficiency.
measuring enables to measure the pressure andigress  Pressure drop was measured by the differential
drop in all major cells of the separator dependinghe pressure gauge in the separator cell. During labora

separation efficiency. experimental studies there were determined such
The total pressure loss in the separator consists marameters as gas flow (gas stream velocity ainibé
pressure losses in its separate elements: of the separator) and pressure drop in separator

elements. During these experiments the limits efrtte
of the gas flow change at the separator's inletewer
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| Outlet elimination of the separator’s stop associated with
its flushing from separated solids, i.e. continuifyits
% % work;
the vertical design of the separator housing needs
10,11 minor space (footprint), and this is important when
designing systems on offshore oil and gas platfooms
subsea systems or in a limited space;

separation of gas-liquid mixture in several stages;
improved structure of gas-liquid flow generated by

N 2 the separation package to reduce specific metdhef
4 —— separator more than tenfold relative to a jalousie
L | j separator and 15 times — relatively to gravity safoes;
the analysis of the separator structure shows
et _ || | || ‘; significant advantages of the offered separatoigdes

Fine particles and mechanical impurities going
¢ through the field of centrifugal forces are more
g  effectively reflected than under the influence bkt
18 , Oravitational force. It is caused by the fact that
N 17 = centrifugal forces arising in typical centrifugaduices
far exceed the force of gravity. For example, ié th
speed of the gas-liquid mixture is equal to 10 m/a
gravitational separator, the acceleration of pladic
15 equals 9.81 mfs while moving in the field of
centrifugal forces, and a separator radius is Q.then

14 . rees Bk
13 the acceleration is equal to 1000 ishich is almost
12 100 times more.
‘ The mentioned advantages of a new type of the gas
} separator and the centrifugal principle of its @ttivere
%Q% | taken as a basis for the separating type of dewitea
centrifugal force.

Having examined the shortcomings of
gravitational and centrifugal separators that eiday,
we defined the following directions of their desigm

19

ez g address the deep separation of the gas flow fram th
solids:
Y Drainage the housing should be a vertical separator. This

design solution will provide a reliable drain ofif

set, 4 — axial disk, 5 — disk, 6 — separation Bet,axial usin_g _gravitational_ forces_to separate drops_ oftuméx
disk. 9 — radial F’)Iates 10. 11 — gas outlet 1[§’§|+ It eliminates a sedimentation zone that contribtiethie

13, 14, 15, 16, 17, 18 — drainage pipe accumulation _of i_mpu_rities; _
_ the gas-liquid mixture must be placed in the upper
Figure 1 — Scheme of pressure measurement  ar of the separator. This will prevent the baokflof
in the separator gas and the separated liquid. This scheme will
dramatically increase the load on the separator and
improve the separation efficiency;
the device must operate over a wide range of loads
‘both in gas and liquid phases, especially in aequlls

shortcomings of a typical separator as well agode, which forms usual operating conditions ofoitl
irregularities of its operation were taken into @aat. gas separators;

Benefits of the chosen separator design are the 4o to the presence of liquid in the gas
following: _ _ environment it's necessary to develop a separating
a typical aerodynamic scheme with the samgeyice which captures liquid fractions;
centrifugal hydrodynamic situation around the aetiv there should be observed the simplicity of the
volume; _ L separator design, manufacturing technology, low
a fairly high separation efficiency; hydraulic resistance system, reliability.
its ability to operate under a wide range of " Thege requirements are the basis for the separator

1 —inlet, 2 — chamber of accumulation, 3 — segarat

Elaboration of rational design of the separator

When choosing a constructive  solution

workloads; , _ o design that is offered. A detailed description bé t
efficient operation during cork flow of fluid inéh  .qsen separator design is shown above
machine; '

) When the gas-liquid flow passes through the
low hydraulic losses; , separator elements there is observed a gradual
the ability to separate not only the moisture, bulgharation of phases at each structural elemetheof

also impurities (sand); separator. Let’s consider sequential motion of lgpsé
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A graph of the separator efficiency

A graph of the pressure drop
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Figure 2 — The graph of liquids separation from thegas stream while passing through the separator etents
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flow through separator elements and processes that Partially separated gas-liquid flow enters the
affect the quality of phase separation occurringach deflector, where the rectangular gas-liquid jefoisned
element. from the circular shape due to changes, providhey t
Figure 2 shows a graph of fluid separation fronmotational component of motion. This is the nexagd
the gas stream during the movement through theeaffe of separation. Then the separated liquid movesh¢o t

separator elements. bottom of a deflector and to the bottom of the sefoa
The offered separator can be conventionalljlousing.

divided into a set of separation stages, whichuithei Gas-liquid mixture leaves the deflector and then
the inlet of the gas pipe; hits the inside of the separator housing, where the
the baffle; primary phase of separation is implemented by
the inner wall of the separator housing; centrifugal forces. The separated liquid and meicia&n
plates of the separation package; impurities continue their rotational movement ire th
the internal part of the separation package; form of the falling spiral and enter the trap pdske
the confuser at the outlet of the separation pagkag where they are sent to the bottom of the separatue.
the outlet of the gas pipe. interior of the separator housing is a major elenien
As we can see from the graph in Figure 2 the maseparation, and the pressure drop is minimal sghrt.

mass of water droplets and solids is separatedti@o The gas stream, which contains a small amount of

deflector on the inner surface of the separatorsimgu moisture drops after it was separated from the main
and the separation package. These design elemnisats anass of liquid, gets into cracks of the separation
create major pressure drops for the gas flow passes package. A moisture drip is reflected from gasitiqu

through the separator. flow due to inertial forces when it passes the ksaof
Let's consider separately the processes occurriige separation package. The droplets, suspendtukin
at each stage of the separation process. gas stream due to the effect of inertia forcesnghahe

When the gas stream passes through the inner pdirtection of the gas-liquid flow, hit the plate tfie
of the gas pipe inlet there is observed the presstion separation package, where they trickle down andaget
of liquid and gas in the form of a ring. the bottom of the separator.

The movement of fluid in the form of a ring is Then the gas-liquid flow enters the inner cavity of
conditioned by the fact that the gas-liquid mixtureseparation package, where the liquid and solids are
moves at a speed that allows us to maintain a pteagkeparated by centrifugal forces. After this theasafed
fluid motion with gas flow without forming liquid liquid flows into the bottom of the separator.
plugs, and the liquid with a certain density anstuesity Gas enters the outlet of the separation package,
is coagulated and moves in this direction in alppe where it runs through the outlet confuser. Hereffine
The separated liquid enters the separator withgde is separated during its upward movement at theplat
flow.
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the separation package (this is the secondary reimov
from the device).

The purified gas enters the outlet pipe of the
separator. This results in condensation of theotissl
moisture, which is in the vapor state, in the gas. P

q@

Therefore, the gas gets to the next degree of atpar
and there is observed a certain number of moisture

L
drops in the input gas stream. deflector

Computer simulation of structural elements for | — separation

choosing a separator . package
In order to optimize the design of the separatar an & y
its original structural elements, which improve the ' | housing

technical performance of the gas vortex separdata (
inertial type), there were carried out computer
simulations of separator’s real operating condgtion

The main technical characteristics of the gas
separator subjected to optimization are the foliauwi

pressure drop in the separator; Figure 3 — The estimated 3D model of the separator

the capacity of the offered structure;

removal of its constituent elements or vice vecsat  The structure of the estimated model includes all
improve the separator’s hydrodynamics. the basic design elements that are componentseof th

To perform computer simulations of the separatageparator basic design. In this chapter, compieties
construction there was built its 3D model (FigoB)the are made based on the separator with the diaméter o
basis of SolidWorks software. Computer simulationg73 mm and inlet and outlet pipes with the diamefer
were carried out with the use of information100 mm (Table 1). To make calculations the sepaisto
technologies of CosmosFloWorks. designed as a construction that includes a holting

Table 1 — The dependence of the separator’s dimeass on its operating pressure and capacity

Dihensions Pressure, MPa

of separator

D, H,

mm | mm [0-03] 025| 0.6 | 0.8 | 1.0 1.6 2.5 4.0 6.4 8.8 | 10.0 | 16.0 | 30.0

70 175 | 1.5 | 4 8 10 12 19 29 47 74 102 | 116 185 345
100 | 250 | 3 8 16 21 25 40 61 96 153 | 210 | 238 379 710
150 | 300 | 6 18 | 37 | 45 58 90 135 215 340 | 470 | 535 850 | 1590
200 | 430 | 12| 30 | 65 85 | 100 | 150 | 240 380 | 610 | 835 | 940 | 1500 | 2800
265 | 500 | 20 | 55 | 100 | 140 | 160 | 270 | 410 650 | 1030 | 1300 | 1600 | 2550 | 4780
300 | 700 | 27 | 74 | 148 | 190 | 233 | 360 | 550 869 | 1378 | 1886 | 2141 | 3413 | 6380
350 | 750 | 38 | 100 | 200 | 270 | 315 | 515 | 790 | 1250 | 1980 | 2560 | 3080 | 4910 | 9150
450 | 1200 | 64 | 170 | 280 | 440 | 545 | 840 | 1290 | 2040 | 3230 | 4240 | 5020 | 8000 | 14900
500 | 1400 | 80 | 220 | 345 | 570 | 645 | 1070 | 1650 | 2600 | 4100 | 5235 | 6400 | 10200 | 19100
600 | 1500 | 110 | 290 | 590 | 760 | 930 | 1440 | 2200 | 3475 | 5510 | 7545 | 8560 | 13650 | 25515
700 | 1800 | 140 | 400 | 800 | 1030 | 1265 | 1950 | 2990 | 4700 | 7450 |10240| 11600 | 18500 | 34600
800 | 2000 | 195| 525 | 1055 | 1355 | 1655 | 2560 | 3915 | 6175 | 9795 |13410| 15220 | 24265 | 45365
1000 | 2600 | 300 | 820 | 1645 | 2100 | 2590 | 3990 | 6100 | 9600 | 15200 | 20950 | 23700 | 37800 | 70700
1200 | 2900 | 440 | 1180|2370 | 3050 | 3730 | 5760 | 8800 | 13600 | 22000 | 30180 | 34200 | 54500 | 102000
1400 | 3400 | 590 | 1600 | 3230 | 4140 | 5075 | 7820 | 11950 | 18850 | 29900 | 41050 | 46450 | 74050 | 138450
1600 | 3600 | 780 | 2100 | 4220 | 5400 | 6630 | 10200 | 15600 | 24600 | 39000 | 53650 | 60600 | 96600 | 180600

Flow rate of gas Q, Nm3/min
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as this design is the most complicated. Simulativee These simulations confirmed the previous
performed for the modes close to real operationenodassumption that the deflector creates the necessary
of the separator (the gas flow rate is #sythe pressure rotational movement of the gas flow in the innert jod

is 1 MPa). However, the presence of a liquid phase separator. Thus the displacement of tangentialy esftr
the gas flow is not taken into account during th@as into the apparatus gives the desired effectw&o
simulation due to limitations of the software. That can conclude that the deflector is necessary fatorg
why there are modeled motion modes of the pure gaswirling flow of gas and ensuring the given spaethe
The laboratory and practical researches of theraggpa separator housing.

model show that the assumptions about the absdrce 0 As can be seen from the illustrations (Fig. 5), the
liquid phase in the gas stream do not significaaffgct gas flow enters the separation package, twistiograt
the basic elements of the separator aerodynanitcand tries to get into the separator’s holdamkt
performance.

Since the presence of a liquid phase in the gas flo
is not taken into account, the drain pipe of ligsidrage
tanks is closed.

Modeling of the separator is based on the study (| |

trajectory
lines
""“H of motion

individual elements of the separator design, thalityu sep::{ratlon
of its operation and aerodynamics, movement of ge e
inside the device. housing

Figure 4 shows simulation results of the separat
without a deflector. As we can seen from the Figthe
gas stream entering the separator passes straighgh
the separation package, almost not twisting. Tinesam ) ) N
is split into two components. One component of whic ~ Figure 5 — Trajectory of the gas flow splitting

e

tries to get into the holding tank of the separatoen in the separator without the deflector
gets to the bottom of the separation package, @lmos . ] .
without rotational motion, and moves to the ouflite This phenomenon is rather negative because the

of the separator. The second component of therstredUid in batch capacity should be the fluid at reBhe
falls into the inner part of the separation packagluid will be removed by gas flows from the storage

pipe. need to evacuate the liquid by sand from lower péart

the separator through the drain pipe.

Figures 6 and 7 show a computer simulation of the
separator with a deflector.

However, it is clear from the illustrations thatth
color contours along the length are the same. This

means that there is no significant pressure drabtaa
pressure is equal to 1 MPa across the cavity of the
device.
trajectory Carrying out computer simulations of separator’s
Kifcs basic structural elements indicated their optinesdign
B : and their need for the design. These assumptioms ar
of motion . ;
confirmed by laboratory and practical researches of
E separator models. We have found that inner guide
SEpaTaton elements of the separator are made to preventwgzir
package in abrasive environments. Mechanical impurities and

sand are not prejudicial in the gas-water streacthdm

) not wear out separation design elements of theratepa
_~ housing by the optimal placement, uniform distribution and
direction of abrasive solids flow. They practicatip

not interact with internal guiding elements in the
separation zone. This gas stream is purified from
moisture and impurities in several stages. The awegx
characteristics allow most effective separation of
liquefied moisture and impurities from the gas atne
even in the modes other than those recommended. Thi
means that the separating efficiency of the separat
equals 99.9 % in performance from 10 to 130 % ef th
nominal value. The working pressure of the sepamati
process has virtually no effect on the efficiendythe

Figure 4 — The gas trajectory inside the separator  separator and is subject to change in a wide rafige
without the deflector operation [5-7].
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T
Figure 6 — Trajectory of the gas flow Figure 7 — Trajectory of the gas stream
in the separator with the deflector in the separator with the deflector
Conclusions [2] Prescott, CN 2012, ’'Subsea Separation and

Processing of Oil, Gas & Produced Water Past, Rtesed
1. The structural elements of the separator aggtyre: Why We Need It Now'Fluor Offshore Solutions
chosen. There has been illustrated the impactaf e USA [13 January 2012].
the internal elements of the separator on the valuts [3] Acker, RM 1978 Liquid — Gas Separator Apparatus
effectiveness coefficient. It is shown that majoritf US Patent 4231767, Int. cl. BO1D 19/00; date ofinfyl
moisture and solids droplets are separated in t@#8.10.78, date of publication 4.11.80.

deflector on the inner surface of the separatosingu ~ [4] Yuriev, EV 2010, "Computer investigations of
and in the separation package. optimal design separator’Scientific Bulletin of Ivano-

2. The dependence of thermodynamic parameteE%aglgj)k pr\;ag%rgg T(Ierf Bnk'rcglnig:)'vers'ty of Ol andas

(pressure and density) of separated gas-liquid umext [5] Kopey, BV & Kryvonozhko, TA 2014

on the radius of the layers rotation has beeBevelopment of subsea separation system for malsieh
theoretically investigated. The analytical depemgéeof pump, in Abstract seriesproceeding of % International

the separator efficiency on the gas flow and pmessu  Students Geological Conferen@udapest, vol. 8, p. 60.

the separator, its geometric parameters and others [6] Kopey, BV, Liakh, MM & Kryvonozhko, TA 2015,

characteristics have been determined. 'Subsea  separation systems with multiphase pumps’.
proceeding of SWorld conference “Modern problemsl an

ways of their solution in science, transport, pradut and
education”, Scientific World, Ivanovo, vol. 6, iss. 2(39),
pp. 24-28. (in Russian)
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