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Abstract. The object of research is the process
of dewatering oil emulsions by using a
hydrocyclone with forced flow rotation taking into
account rheological properties.

The problem solved in the work is related to
production, primary preparation and transportation
of oils. The process of oil extraction is
accompanied by saturation of the product with
water, salts, mechanical particles and light
fractions, which requires primary preparation of oil
through multi-stage, sometimes long-term, low-
productivity processing in order to separate the
above-mentioned components. The water content
of some deposits, especially marine deposits, is
80%, which makes the process of oil dehydration
particularly important for preparing oil for
transportation. Among the known methods of
dewatering oil emulsions, such as settling, heat
treatment, chemical treatment, electrodehydration
and centrifugation, the last one allows to
significantly influence the separation processes.
The essence of the centrifugation process, consists
in increasing the rotational speed of the particles of
the dispersed phase by replacing the natural force
of gravity with a more powerful centrifugal force.
The density of water and mechanical impurities is
higher than the density of oil, and particles under
the action of centrifugal force are pressed against
the wall and, coagulating, are removed through the
flow separator.

In the course of the work, the main regularities
of the process were determinedcentrifugation,
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namely the rate of sedimentation of the water
fraction from the rheological parameters of the
emulsion and the kinematic characteristics of the
hydrocyclone with forced rotation of the flow. It
was established that the dependence of the volume
of the water fraction of the oil emulsion is a power
function of the second order, and the rate is linear.
The settling of a water particle has a linear
dependence on the size of the particle. Speed The
set speed of settling of water particles of an oil
emulsion allows you to calculate the length of the
turbine depending on the required performance,
speed of rotation and rheological properties.

The developed theoretical provisions of the
process of dewatering oil emulsions by using a
hydrocyclone with forced rotation of the flow,
taking into account the rheological properties,
allow designing machines of this type for various
conditions of oil production.

Keywords: hydrocyclone, emulsion, dehydra-
tion, settling velocity, oil.

INTRODUCTION

The technological processes of oil refining
are determined by the quality of the raw
materials that enter processing, which, in turn,
directly depends on the efficiency of the used
methods of its preparation and purification.
The modern stage of the development of
chemistry and technology of hydrocarbons is
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characterized by a progressive deterioration of
the properties and quality of oils due to an
increase  in  water content,  corrosive
aggressiveness, the content of sulfur, salts, etc.
Therefore, reducing the impact of these
negative factors on the separation and
transformation of hydrocarbon raw materials is
one of the priority areas of science and
technology.

Reservoir waters coming from wells of
different deposits can differ significantly in
composition and concentration of dissolved
mineral salts and gas content. When mining
with formation water, an emulsion is formed,
which should be considered as a mechanical
mixture of two insoluble liquids (oil and
water), one of which is distributed in the
volume of the other in the form of drops of
different sizes. The presence of water in oil
leads to an increase in the cost of transport due
to the growing volumes of the transported
liquid and its viscosity increase. Based on
experience, the water content in oil should not
exceed 10-50 %o. With a higher water content
in the oil entering for processing, the
technological mode of operation is disturbed,
the pressure in the devices increases, micro-
explosions begin, the productivity of the
rectification column and heat exchange
devices decreases,

The reasons given above point to the need
to prepare oil for transport.

The main methods of separating emulsions
remain:

- advocacy;

- heat treatment;

- chemical treatment;

- electrodehydration;

- centrifugation.

The last method, centrifugation, consists in
increasing the rotational speed of movement of
particles of the dispersed phase by replacing
the natural force of weight with a more
powerful centrifugal force; the density of
water and mechanical impurities is higher than
the density of oil, and particles under the
action of centrifugal force are pressed against
the wall and, coagulating, flow down. Existing
installations that use the centrifugation method
are low-performance, complex, expensive, and
have not been widely used in industries [1].
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The main reason for this situation is the cyclic
operation of centrifuges, which makes the
centrifugation process extremely difficult from
the point of view of cleaning from sediment
[3-6]. The use of flow-through hydrocyclones
solves this problem, but at the same time, the
rotation speed of the emulsion is lost, which
makes the process inefficient. Existing designs
of vortex hydrocyclones,

This problem is solved by wusing a
hydrocyclone to process an oil emulsion with
forced rotation of the flowl[.

To solve the task, there is no method for
calculating the parameters of a flow-type
hydrocyclone that takes into account the
rheological characteristics of the emulsion
(density, viscosity).

PURPOSE OF THE WORK

Therefore, the purpose of the work is to
study the process of dewatering oil emulsions
by using a flow-type hydrocyclone with forced
rotation of the flow, taking into account
rheological properties. This goal can be
achieved by solving the following tasks:

- develop a schematic diagram of the
device;

- analytically describe the process of oil
emulsion separation under the action of
centrifugal forces;

- on the basis of the obtained regularities,
determine the main parameters of a flow-type
hydrocyclone with forced rotation of the flow.

The object of researchis a process of
dewatering oil emulsions by using a flow-type
hydrocyclone with forced flow rotation taking
into account rheological properties.

When performing the work, the following
were used:

— analytical method of research in the
process of oil emulsion separation under the
action of centrifugal forces;

- a grapho-analytical research method for
determining the parameters of a flow-type
hydrocyclone with forced rotation of the flow.

RESULTS AND DISCUSSION

Therefore, a new design of a hydrocyclone
was proposed (Fig. 1), which allows
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Fig. 1. Construction of a hydrocyclone:
1 — body; 2 —inlet flange; 3 — outlet flange; 4 — turbine; 5 — receiver-filter; 6 — nozzle; 7 — end seals; 8 — bearings;
9 —drive

intensifying the dehydration process by
providing the flow with rotational motion. The
cyclone works continuously. Oil enters the
turbine 4 through the inlet flange 2, where it
immediately enters the turbine 4. A centrifugal
force is created in the turbine, which is
hundreds of times greater than the force of
weight, which leads to the movement of
heavier particles of the emulsion to the walls
of the turbine and the heterogeneous system is
separated, creating in the central core from the
light emulsion fraction. The created ring of
heavy particles (water), moving with the flow,
enters the receiver filter 5, after which it is
diverted to the water preparation system
through the nozzle 6. The dehydrated oil flow
moves in the direction of the outlet flange 3.

The analysis of the technological process of
dehydration of oil emulsions with the help of
hydrocyclones shows that the determining fac-
tor for calculating the parameters of the ma-
chine is the radial component of the speed of
movement of the emulsion particles.

To calculate the speed of movement of par-
ticles in the field of centrifugal forces, the
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same scientific principles are used as in the
process of sedimentation under the influence
of gravity, replacing the force of gravity with
centrifugal force or their ratio [4]. This as-
sumption does not take into account the
change in the value of the centrifugal force
when the particle moves from the center to the
periphery of the flow, which, in turn, will sig-
nificantly affect the trajectory of the heavy
particle. Accurate determination of the particle
movement trajectory will allow you to clearly
determine the parameters of the dehydrator,
namely the dependence of the geometric pa-
rameters of the machine on the frequency of
rotation of the rotor, consumption and rheolog-
ical properties of the emulsion.

Let's consider the movement of a particle of
water moving in an untwisted emulsion flow
(Fig. 2). Let's decompose the flow speed into
two components: rotational w,, and linear. Let's
conditionally place the share of water in the
plane V, YOZ and let's decompose its move-

ment into speed components V,,V,,V,:

V, =X, 1)
31
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V,=V,. (2)

The value of the velocity component can be
determined by integrating the differential
equation of motion of a free material point,
which takes into account the balance of all

forces acting on the water fraction: V,
F+F.+R=0, 3

where:
F is the force of inertia;

F. - centrifugal force;

R - the reaction of the environment.

The Archimedean force and the force of
weight, which act on the particle, are incompa-
rably small compared to the centrifugal force
and the reaction forces of the movement.
Hence, the projections of the forces on the axis
acting on the particle consist of the centrifugal
force and reactions to its action, the inertial
force and the reaction of the medium:

d?x
Fi ZmF, (4)

F =mo)X; (5)
R= 2 (dtj’ ©)

where is the mass of the particle; - dimension-
less coefficient of resistance of the medium,

for the turbulent mode of motion; p, - oil
density; £=0,44, p=797—862“% . S-

cross-sectional area of the particle (for a spher-
ical particle).

The differential equation of motion of a ma-
terial point for the case of movement of a par-
ticle of water under the influence of centrifu-
gal force has the form:

The time of movement of the particle to the
periphery of the rotor and the flow rate deter-
mine the length of the turbine, where the de-
hydration process should end. The movement

Fig. 2. Calculation diagram of the movement of the water fraction in the oil flow
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time and the length of the trajectory of the par-
ticles located near the center of the turbine will
be longer compared to other particles.
Therefore, the solution of the obtained
equation must be considered for the conditions
of the particle located near the center of the
rotor. The initial conditions can be the speed
values and coordinates of the particle that is as
close as possible to the center of the turbine.
Accordingly, the initial conditions , . When
solving by a numerical method, it is possible
to obtain the dependence of the change in the
coordinate and velocity of an elementary
particle on time under different conditions of
dehydration (Fig. 3).

As can be seen from the graphs, with an
increase in the speed of rotation of the turbine,

0.200

X, M d, =03un
0.160 /
/ d, =0 2
0120 ///
N /// o
0.040
/ r7c
0.000 : : .
000 0.50 1,00 1,50 2,00
a
0,3
X, M # =5000rpm
0,32 /
0,28 /
. / 4000
= Tpm
0,20 / //
0,16
/ / n=3000rpm
" // /I
0,04 _J%/
0,00 : , . f.c
0.00 0.50 1.00 150 200
c

the speed of the particle and the intensity of
the coordinate change will also increase,
which will make it possible to reduce the
length of the cyclocyclone turbine. Reducing
the size of the particle leads to a decrease in
the speed of the particle and a slowdown in the
change of the coordinate, which should also be
taken into account when calculating the length
of the turbine. It should be noted the low value
of particle velocity in the central part of the
turbine, which significantly prolongs the
dehydration process. To reduce the impact of
this phenomenon, it is possible to locate the
rod in the central zone, which will allow the
process to be intensified by giving the particles
a greater initial value of the centrifugal force.
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Fig. 3. Graphs of change of position (a, b) and velocities (c, d) fraction of water versus time for different

sizes and speeds of rotation of the rotor

The process of dewatering oil in the above-
mentioned way is accompanied by a constant
change in the rheological properties of the
emulsion as a result of separation into oil and
water. In this way, the oil emulsion increases

its density from the density of oil to the
density of water. This process can be described
by the density change rate gradient:
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dp:@dx, ®)

where:
P o - Water density;

R - rotor radius.

Taking into account expression (8), the dif-
ferential equation of motion of a particle of
water under the influence of centrifugal force
has the form:

d2
mco,27x—m—2y—
dt
(Pu0 —P,)
é po+ M2 X s 2 (9)
R dx
_ 21 -0
2 dt
0,30
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Fig. 4. The graph of the change in the position of
the water fraction over time, taking into account
the radial change of the rheological properties (----
- taking into account the change: without
taking into account the change):

n =5000rpm;d =0,0001m

CONCLUSIONS

The above calculations are valid for the
deposition of a single particle and for dis-
persed systems with a small concentration of
suspended particles, that is, in the case when
the deposition of particles does not cause their
interaction: collision, movements of one parti-
cle following another. With a high concentra-
tion of settling particles, their mutual influence

34

must be taken into account. Deposition of par-
ticles in an environment with a high concentra-
tion of particles is characterized by phenomena
that increase or slow down the rate of deposi-
tion. For example, the collision of particles can
be accompanied by their agglomeration, which
increases the rate of deposition; the movement
of one particle after another also increases the
rate of deposition; the collision of settling par-
ticles determines the action of additional fric-
tional forces that slow down sedimentation. To
take into account the described phenomena, it
is necessary to take into account the change in
the properties of the medium in the direction
of the movement of the particle.
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BuznayeHHs mapaMeTpiB riIpOUMKJIOHY JIsI
00po0KkHu HAPTOBOI eMYJIbCil 3 MPUMYCOBUM
00epTaHHAM MOTOKY 3 BPaXyBaHHSM 3MiHU

PeoJIOriYHUX BJIACTHBOCTEH

Cmedpan 3atiuenxo, [enuc Jlepes’sinko,
Onexcanop Meiima, Cogiss Maraman,
Baouwm Ilanenko

L234 Hayionanvnuii mexuiunuii ynisepcumem
Yrpainu «Kuiscoxuil nonimexuivHuil incmumym
imeni Izopsa Cixopcoko2oy
*Kuiscokutl nayionanvhuil yHisepcumem
OyOisHUYmMea i apximexmypu

AHotauisi. O0’€KTOM JOCHIDKEHb € MPOLEeC
3HEBOJTHEHHSI HA()TOBHUX EMYJbCIH MUIIXOM BHKO-
PHUCTaHHS TiAPOLUKIOHY 3 MPUMYCOBUM OOEpTaH-
HSIM TIOTOKY 3 BpaxyBaHHSIM PEOJIOTIYHHMX BJIACTHU-
BOCTEH.

[Ipobnema, 1m0 BHpimyeTbcs B poOOTI,
NoB’si3aHa 3 BUIOOYTKOM, NMEPBHHHOIO MiArOTOB-
KOI0 Ta TpaHcnopryBaHHsIM Ha@T. [Iponec Bumo-
OyTKy HadT CYMpPOBOKYETHCS HACHUEHHSIM MPO-
IOYKTY BOZOIO, COJSIMH, MEXaHIYHUMH YacTKaMH Ta
JNerKuMu  (ppakiisMu, mo MoTpedye MEepBUHHOI
MIArOTOBKY Ha()TH IIISAXOM OaratocTajiiHoi, 1HO-
I JIOBFOTPUBAJIOI HU3bKOIPOAYKTUBHOI Mepepod-
KA 3 METOI0 cemnapaiii BUIIEBKa3aHUX KOMIIOHEH-
TiB. BMICT BoJM Ui IESKUX POIOBHUIL, OCOOIMBO
MOpPCBKHX, ckianae 80%, mo poduTk mpolec 3He-
BOJHEHHS HaQTH OCOOJMBO BaXKIIUBUM ISl TATO-
TBKMM HadTu n0 TpancnoprysanHs. Cepen Bizo-
MHUX cII0CO0IB 3HEBOJCHHS Ha(TOBHX €MYIbCIH,
TaKHX 5K, BIJICTOFOBaHHsI, TepMi4Ha 00pOOKa, XiMi-
yHa 00poOKa, eneTpojeriipaiis Ta IEeHTpUyry-
BaHHSI, CAME€ OCTAaHHE JIO3BOJISIE CYTTEBO BIUIMHYTH
Ha mpouecu cemapaiii. CyTHICTH mpoIecy
ueHTpudyryBanHs, noisrae y 30i1blIeHH] 00epTa-
JBHOT MIBHJKOCTI PyXy YacTOK JMCHEpPCHOI (a3u
NUISXOM 3aMiHM TPUPOJIHOI CHJIM Barw IMOTYXKHi-
OO BiJIIEHTPOBOIO CHIIOK. ['ycTHA Boam W Me-
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XaHIYHUX JOMIIIOK BHINE IITBHOCTI HATH, 1 Yac-
TKH T €0 BiAIIEHTPOBOI CHIN MPUTHUCKAIOTHCS
0 CTIHKH 1, KOAryJOIOYd, BHIAIAIOTHCA HYepe3
PO3ALIIOBaY TOTOKIB.

B xomi po6oTi BU3HAYEHO OCHOBHI 3aKOHOMIp-
HOCTI TIpoLiecy HeHTpUu(yryBaHHA, a caMme IIBHUI-
KICTh OCIIaHHS YaCTKH BOJAY BiJI PEOJIOTIYHUX Ia-
pameTpiB eMyJbCil Ta KiHEeMaTHYHHX XapaKTepHc-
THK TiAPOIIKIOHY 3 IPUMYCOBUM OOEpPTaHHSIM II0-
TOKy. BcCTaHOBIEHO, MmO 3aJEKHICTh OCITaHHS
YacTKU BoAM Ha)TOBOI eMylnbcii 00’eMy € crere-
HEBOIO (PYHKIII€IO0 IPYTOro MOPSIKY, a IIBHIKICTH
nmiHiiHO0. OCiZaHHS YaCTKHW BOIW Ma€ IPSIMOJIi-
HilHY 3aJIe)KHICTh BiJl po3Mipy yacTku. [IIBUaKiCTH
BcranoBnena mBHAKICTE OCiTaHHS YacTOK BOAH
Ha(TOBOI eMyIbCii JO3BOISIE pO3PAaxXyBaTH TOBXKH-
Hy TypOiHi B 3aJ€KHOCTi BiJl HEOOXiIHOI MPOAYK-
TUBHOCTI, HIBHJKOCTI OOCpPTaHHS Ta PEOJIOTIYHUX
BIIACTUBOCTEM.

Po3po6nieHi TeopeTHyHi TMONOXEHHS MPOIeCy
3HEBOJIHEHHSI HA()TOBHX EMYJbCIH MUIIXOM BHKO-
PHUCTaHHA TiAPOIMKIOHY 3 MPUMYCOBUM OOEpTaH-
HSIM TOTOKY 3 BpaXyBaHHSIM PEOJOTIYHUX BIIACTH-
BOCTEH J03BOJISIIOTH IPOCKTYBATH MAIIMHN JAHOTO
THUITY [T Pi3HUX YMOB BHI00YTKY HAQTH.

Kua104o0Bi cj10Ba: TiApONHKIIOH, eMYJIbCis, 3HE-
BOJIHCHHS, IIBUJKICTh OCITaHHS, Ha(Ta.
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