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ABSTRACT: The gathering systems of crude oil are greatly
endangered by the fine sand and il in oil. Up to now, how to
separate sand from the vistid oil is ill a technical problem for oil
production home or abroad. Recently, Ingtitute of Mechanicsin
Chinese Academy of Sciences has developed a new type of oil-sand
separator , which has been gpplied succesf ully in oil fidd in dtu.
In this paper , the numericd method of vortex-stream function is
used to predict the liquid-<olid sgparating course and the ficiency
for this oil-sand separator. Results show that the visosty and
particle diameter have much influence on the particle motion.
The caculating separating eficiency is compared with that of
experiment and indicates that this method can be used to modd
the complex two-phase flow in the separator.

KEY WORDS: two-phase flow ,particle sparation , separator ,
numerica smulation

NOTATIONS

A Areaof inlet ,m?

a Centrifugd acceleration, m?/ s

i  Gridof axia direction

m;  Maximum grid number of radia direction

Q Fuid mass rate,m’/ s

R: Maximum radius of cyclone,m

Re Reynolds number

r Dimendonless radia distance

t Dimengonless time

u Dimensonless axia veocity

v Dimendonless radial velocity

Vo Inlet velocity ,m/ s

w  Dimendonless tangentia velocity

z Dimengonless axid distance
Greek letters

B Densty kg/ m®

M Visodty,Pa S

Y  Dimendgonless stream f unction

w Dimensonless vorticity

Q Dimensonless angular spin velocity
Subscript

p Partice

0 Initid

1. INTRODUCTION

In the oil production, there are ome fine sand or
il in the crude oil , which result in abrason of
pipeline trangorting crude oil and the redated
facilities From the viewpoint of technology of oail
production, these fine sands must be separated from
the crudeoil. Due to the high viscidity of crudeoil (0.
011. OPa- s) and the very small particle diameter of
sand (usualy less than 10U m) , how to separate sand
from the vistid oil is «ill a technical problem for oil
production home or abroad. If this problem has been
olved, the quaity and yidd of crude oil will be
improved. Thisisegeciadly important for oil from old
oil fidds mined many years because of its higher
vigidity and sand content. In generd , large canisters
are gpplied to cleaning out sand, with which sand are
carried out. Obvioudy , the workers are very hard and
it may result in the oil loss. The carrying-out oil sand
may a9 cause the pollution.

In order to wlve the oil problem of sand
separating, the researchers at the Ingitute of
Mechanics of Chinese Academy of Sciences have used
the principle of liquid-lid cyclone and developed
various types of oil sand separators, which have been
success ully applied in the Dagang , Huabei and Shengli
oil fields. The separating eficiency attains over 80 %.

The liquid 2lid cyclone is a kind of important
equipment, which is applied widdy in industry of
mine, petroleum, chemica engineering and cod
washer. In this cyclone, high-geed liquid is carried
tangentially into the separator and slid particles are
separated from liquid. In genera , the medium in the
liquid solid cyclone is water and fine mine materias.
And the medium in our oil sand separator is crude oil
and fine sand.

In order to increase the syparating eficiency and
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decrease minimum separating diameter , the equipment
is needed to be improved and the operating condition is
al2 needed to be optimized. If only tests are adopted
to lve the problem, the work will be very difficult to
be conducted because of the requirement of much time
or labor and the redtriction of working conditions. S
in thispaper , a numerical method isproposed to study
oil sand separators ingead of some experiments and to
decrease the R and D cost. Many studies of numerica
dmulation of liquid olid separator have been
conducted™! for water and mine materials. Because
the oil sand separator is a new type of equipment , the
report of studying this problem through numerica
method has not appeared before.

In this paper , the vortex-stream function method
is used to lve the motion equations of fluid. The
caculating program is organized and debugged and
detailed fluid veocity distributions are obtained
through solving the equations. The crude oil is used as
the work medium, and the efect of medium viscidity
on the separating oourse and the eficiency are
analyzed.

2. EQUIPMENT

Fig. 1 is the scheme of cyclone separator,
including inlet , vortex finder and spigot[z]. Firsly
liquid olid mixture was carried tangentialy into the
separator from the upper circle inlet and the high
velocity rotating flow is formed in it. Particles were
sparated from the fluid and then moved down aong
the cone-shaped opening in the lower part of separator ,
findly flowed out through the spigot. Most of particle
and 510 %fluid were in the outflow and the other fluid
and particle flowed out from the vortex finder. In
order to amplify the boundary condition of numerical
model , we suppose that fluid flows into the separator
from the column-shaped boundary corresponding to the
height of inlet diameter.

The dimendons of the separator are asfollows:

Diameter of the cyclone: 75mm
Diameter of tangentia inlet: 25mm
Diameter of the vortex finder : 25mm
Diameter of the gigot : 12.5mm
Length of the vortex finder : 50mm
Length of cylindrical section: 75mm
Included cone angle: 20°

Totd length of separator: 252mm

Auid flow rate: 1.1165-10 3m® s

3. DIMENSIONL ESS GOVERNING EQUATIONS

Fg.1 Scheme of cyclone sparator

It isvery complex to determine whether the flow
in a hydrocyclone is turbulent or laminar. Recent
results show that the laminar flow can continue to a
very high Reyrolds number!®!. For example, in some
hydrocyclone, the criticad Reynolds number can attain
Rey = 2.683.56- 10°. In this paper , the range of the
Reynolds number is listed in Table 1. Because the
visoodty of crude oil attains 10-1000 times of water ,
the Reynolds numbersin the separator are lessthan the
critical Reynolds number. S the flow in the oil-sand
separator can be calculated as the laminar flow.

The flow field in the oil sand separator is a
complex three-dimensona one. But the flow fidd is
axia-symmetrica ,  ® = 0. S the vortex-stream
function method can be used to model the flow field in
the oil sand separator. And the dimendonless
governing equations and parameters can be written
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Table 1 Critical Reynolds numbersfor various viscosity Re = P (DgVin/H)

Water Qil
Visoodty (- 10" %) |, Pa- S 1 10 100 1000
Reynolds number ,Re 1.54-10° 1.54-10% 1.54-10° 1.54-10°

4. INITIAL AND BOUNDARY CONDITIONS
4.1 Initial Conditions

Firstly we assgn zero Initialy for the parameters
in the flow field:
u=0 v=0 w=0
Y=0w=0 Q=0 (7
The velocity components at the inlet are:

_ _Q _Q

u=0 v = s W=7 (8)

where Q istheflow rate of inflow , Sisthe equivalent
peripheral area of theinlet and A isthe section area of
inlet.
4.2 Boundary Conditions

The boundary conditions include those at the
inlet , outlet , gasliquid interface and wall.
For theinlet:

stream function:

Wiiim = %im - Viim imAz (9)
vorticity :

Wi m =0 (10)
angular in velocity:

Qi m = fijm Wi m (11)

For outlet :

%LZJ =0 v=0 %Azl =0

% =0 % 0 (12

For the gasliquid interface:

%‘2’ =0 v=0 %ﬂf =0

W = % =0 (13)

For the wall the flow digtribution is fitted to the
logarithmic law , and the other conditions are:
u=0 v=0 w=0 W =0 or

Wi (14)

5. PARTICLE VELOCITY

The particle velocities are determined by the
balances of various forces. In genera , in the radia
direction, there exist two forces on a dngle particle,
the centrif ugal force and the opposed drag. In the axial
direction, there a0 exist two forces, the gravity and
the opposed drag. In the tangentia direction, the
particleis not afected by the other forcesobvioudy ,
we assume the particle moves with the fluid. In the
Stokes range (Re, < 1) , the particle motion equation
(BBO equation) is written for the radia direction as:

nd® dv,  nd® w? nd w’
6 P4 dt 6P~ 6P -
Tpd(vp - V) (15)
Through the integra for Eq. (15) , we obtain:
Vp = V- (v- v)exp(- t/T,) +
0;)A‘l(l- exp(- t/T )T, (16)
d
wheredt = w2/ r, 00 =pgy-p,T, =pqd¥ 184 .

When the centrifugal acceleration ais replaced by
the gravity acceleration g , Eq. 16 can be used to
caculate the particle velocity along the axia direction.

6. RESWTS
Acoording to the above equations and boundary
conditions, programs were computed and the

computing grids were 81- 41.

Fig. 2 showsthe predicted velocity distribution in
the axid, radid and tangentia directions for oil
medium. Due to the large length of the cyclone, the
figureis not drawn up with the geometry scde and a
small vertical grid stands for 15mm, and a horizonta
grid for 10mm. The specia quantities for dze and
velocity were gpecified as R. = 37.5mm (the radius of
the cyclone) and vo =2.28m/s (the inlet velocity) .
With increasng the visoodty of crude oil (e.g. , from
10 to 1000- 10 ®Pa- s) , the velocity distributions are
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Fig.2 Digribution of flow veocity in the sparator in the
axid , radid and tangentid directions for oil medium
(M =10-10 %Pa-9
smilar to those digributions. But the values of
velocities decrease. It indicates that the visodty of
medium has much influence on the flow field. The
reaon of this maybe is the large visoosty of medium
makes the heat disspation and the fluid veocity
reduction.
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separator. It can be seen that with increasng the
visoodty , particle sparation becomes more and more
difficult. Fory =1-10 *Pa- s (water) , the particle
with the diameter from 2010Qu m are all separated from
water. And whenp =1-10 3Pa- s (crude ail) , the
particle with the diameter greater than 60H m are
separated. But the particle with the diameter 2Q m
and 4@ m are carried by the flow up. Forpg > 100-
10 %Pa- s (crude oil) , only the particle with the
diameter greater than 10U m may be separated. From
Fig.3(c) and Fig.3(d) , we can see that the particle
separating course has alittle difference for two kinds of
visoosity , and the course for 4 = 1000- 10~ *Pa- s will
turn up earlier than that for g =100- 10 *Pa- s. It
shows the large visodty prevents the particle
separation from the crude oil .

Fig. 4 is the computed particle trgectories from
various initial postionsin the separator. The diameter
of particle is 60 m and the viscosity of oil is 10- 10" 3
Pa- s. It can be sen that at the postions x = 9.
372mm and x = 13. 125mm, the particle moves up
with the fluid and is not separated. And at the
positions x = 16. 875 mm and x = 20. 625mm, the
particle is separated from the main sream. S the
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Fig.3 Partide trgectories with various diametersin the oil-sand separator

Fig. 3 is the computed particle course with various
diameters in the oil-sand separator. The viscosty of oil
is1-107°,10-10" %, 100- 10" *and 1000- 10" *Pa- s,
regpectively and the initial podtion of particle is the
same as that at x = 20. 625mm in the inlet of

closer to lower leve of inlet the particle initia point is,
the easer particle can be separated.

The sand diameter range of crude oil is very
fluctuant. Table 2 shows the particle diameter
digribution in a typica crude oil.
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No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
D/Mm 10 20 30 40 50 60 70 80 90 110 130 150 180 225 300 450 900
W/ % 0.95 4.37 6.72 5.10 7.11 5.32 2.25 4.16 2.92 1.41 12.3 38.5 3.8 1.41 1.0 1.21 1.41

Table 3 is the sgparating eficiency with various
visoodty. It can be seen that the separating eficiency
for oil issmallerthan that for water. Theoil viscodty is
10- 10 3Pa- s. For the greater viscosty , the separating
eficiency is very smal. The results of experiments
have been given to compare with the calculated val ues.

0. 00
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< 13. 125mm
A 16, 875mm
0-05 . 20. 625mm
0. 10
E
o 0, 15
0. 20
M N 0. 25
0. 02 0. 00
R /m
Fig.4 Partide trgectoriesfrom variousinitia podtionsin the
separator
Table 3 Separating eficiency of oil-sand separator
Water Oil
Cdlculation/ % 85.1 82.2
Experiment/ % 9095 8085

CONCL USIONS

The numerica method of vortex-stream function
has been gpplied to modeling the sand separating course
and eficiency in an oil-sand separator. Resultsindicate

the viscodty of fluid has much influence on particle
separating course. With increas ng the visoosty of ail ,
particle sparation becomes more and more difficult.
The initia podtion d< has influence on the particle
trgectories. Results for separating efficiency shows
that the efficiency for oil is smaller than that for water
because of the greater visoosty.
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