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Abstract: In this numerical study, the separation efficiency of three-phase separator in an oil-sand plant was
studied with various inlet head configurations. The free water knockout (FWKO) vessel was designed with a flow
rate of 15.89m’/day (100 bbl/day) and the SOR(stream-to-oil ratio)=3.5 was derived using Stokes’ law. For
modularization, optimization of the design of the inlet head configuration was performed with parallel-connected
dual FWKO vessels. The feed condition of bitumen emulsion was API=17, Tiy=150C and P;;=50 bar. A mean
residence time was determined the time when 95% of the oil and water in FWKO vessel was separated. The
combination between the volume of fluid (VOF) and the discrete phase model (DPM) was used to simulate the
phase separation phenomenon in a multi-phase separator. Furthermore, in order to calculate multi-phase flow the
pseudo-transient method was adopted.
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Table 1 Value of C*(empirical constant) for liquid-
liquid separators

Emulsion Droplet Const*ant,
characteristic diameter, pum C
Free liquids 200 1100

Loose emulsion 150 619
Moderate emulsion 100 275
Tight emulsion 60 99
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Table 2 Boundary conditions for fluid domain

Variables Value
Inlet flow rate, Q,[m*/s] 0.0174
Oil outlet condition[atm] 0
Water outlet condition[atm] 0
Wall condition No slip wall
Temperature 140°C
Water and

Working fluid

engine-oil mixture

Table 3 Physical property of engine-oil

Variables Value

Density [kg/m’] 750
Cp(specific heat) [J/kgK] 1845
Thermal conductivity [W/m-K] 0.145
Viscosity [kg/m-s] 1.06

o A

(Length/Diameter) #t< 52 A3 21, SOR
(Steam-to-Oil Ratio)#t-> 3.5% AAeIth F95
HFEl ol dAde AA A AHgE HFd

c

HAL EAQD dxleds AASa ol digh
/42 Table 39 Aelatadnt. f&o d& AW
F4S 918 VOF(Volume of Fluid) =S XA
LAY s el g W AALS R
Al == JE 34 (pseudo-transient method)S-
Agste] Mg st EH=AE A A
ARAZIEA S 2] (1Dl ©]stke] Al 0.001%
= Agsidion, 74 Aloj2~E R 10,0004 ALk
sholtt
length
B Ueloiity an

= , A A
$38] <o1=d o] A(inflation)Z 71 S 2 &3} th.

FA AL FE57=2 ANSYSAFS] FLUENT
Ver. 17.1& AFg3sl9 o, Ax3 A3 FWKO &
A S 95t ANSYSAFS] Design Modelers A}
&5t

nseparation = R (12)
m

i0

9 AelM m,,= =72 W
(kg/s)°1H, m, = 4

i
i
rlr
to
e
lo
i)

oft
-
it
Ho
o
,
rlr
to

o
(e}
Lo
&
° o
% 2
2 0
G
w .
o
IR
(E
o H
il % e
¥

olt

ol

ol
9
¥

S s, o2 sutow AAW A
o] =i, WF HE7F e 130~140° Y-
25000407 5744 Alo]2g o] frEad
T YT =] 2% WSk Table

ord 2> 2 i oofh WY B

& o o m 2 ot ox & 2



575

w
JloW\U! —
o X % X
1 R
UwﬂletL.]ﬂ]ﬂm ﬂl
° o
T W OB = N = ot 1ﬂ,.,|r n
R W T 2ok oo T
© o] 0 X0 W o 0 il T B
2 B X — o B HINY RN
E 4pBEER %o T LB %
¢ 5 o o B gzr%ﬂ &
_ s 3 R 0 B mﬂﬁoﬂd
b5 T ]LI ) f —
.Pm _ g iﬁwmmﬂmwlo .meﬁﬁﬂbﬂbm#ﬂwﬂa Wl
= = o © %xﬂrw‘g @ﬂ%ﬂwﬂ%ﬁ. -
o < m o2 ) _ )
g T B %ﬂﬂﬂwarmﬂmrl‘xl% o R
g 2 _gﬂom%;ﬁ%%mﬂﬂ%ﬂ%@ o)
2 I ¥ £ em o T 2 ) A7 oF ot o T o
£ R ® o N T AR o
2 § 8 = T g T Boewy FEo 2
o m OT _.E ~. O OﬁE R T_ EE A — ilo} frase]
o n i o _ oy o od %o 70 o 7T al . S o B
sz | oz ﬁ@Aﬂ@ﬂ&?%%iﬂm%&@ﬂ? ® oyl
8= Q= 1e7oﬂﬂuf_ —_— e — —_
-3 52 =< woo Maﬁew_.im_»7% mﬂ.Le u =
2 g ¢ ES 7ev$%m.%cllmio ok %mr.,o_ -
= [ ] 25 = = ]Taﬂ\lr\_ _ ﬂﬁ_v_/ﬂl 0
m 54 23 JJ KN ol AT 1X_l mre W o OW N < \U_! OW \mﬁ MM OT
° 2 - = o oF N B ;lﬁ_;u% Qliﬁd o
. = = o M CIS K arH
“ O L2 er_;ﬂ_. I S X o)
o 4 _ = X o) XL QH_/ﬂ_o7q
58 28 _ mm oﬁﬁ,%ﬂuwﬂ%%%za
o1mmmmmm.m_w B _ M 3 ) B < 7
mmmmmmmmwwﬁmﬁml g ) TS presenginl w ol o8 o o %%mmﬁ
wm+mwee%00mm0wmﬂ4 R = ¥ ‘ABisus onauy [ L= B o Ho o 1
%mmmmmmmmmmﬁ%om 6 Byr TE T a%wqaoﬂ
ggaciivscs .= SELC=RE =
S = T Mo - °
33 N = m ﬂwﬁzIWnWﬂTﬂﬂLmleﬁLﬂﬂ
3 3 wﬁﬂﬂ% ﬂﬂw_ﬁaﬂm
5 2 oE o ) AR Mﬁ ofpy ) ° HT_dﬂo.M
5] EoSOTo mﬂhaﬂﬂﬂmrd -
5 5 J op oWJ.ex K e
- il meag% @iﬂmﬂﬂﬂ
5] . f R o
g 2 K :Eovul._%i&oao_xo_im]
= = B e = N )
%b %) S e Ed!dl,i]ovwo O,ﬁl
E 2l5]zl2l2|] 5 E o A I P
IR = AR T
S > ) ) = xr Y = o el
2 g T+ el o 0 o X
= m B : B oy %Mﬂ% E]qu
= 2 on T T T o fmoo ﬁﬂdﬂ
S W =3 M7Eﬁﬁwﬂutmwﬁﬂrov%%ﬂem
1] o )
5 & 25 2 T ,%ﬂaiﬂﬁag
e 3 = 23 > o_u_,%oﬂ51dgmeoaodu
8 =] =i S o _ T HNT mool d
g g €3 > & o o AR T = of T B
"l » = S 3 - g 0 en o Np
= 8 S| 3| 8 <78 5 2228288 K =X
JHRE » iy =
als ks o 33 i —
- 3 =
%]
=
]
o




576 = F7-4 & A

73.0

-

&}

@
1

Separation efficiency, %

-~
=

ay a, [ ay as

Fig. 8 Separation efficiency with various inlet head

angles
dRZES Po ase BAs
ey 3 AA e AbololA 5
7HA Aol BEF e dyt Fof Aol JdAH
om, AH wAL dAstel vEFRFEAwY
A HA Zeld Abole] FIHAA A e ol A €]
BadFEsAdAE Atsto] Fig. 701 =A%

o] &3l A4kl o] Fig. 89 EA|SIATLE &
fo] M H& 2de FEZer) 1355 Z2he
7% Bdolw, §97 AR 2534kgs, T N
o] oY E7E MEHE AFHF 1832kgs=E oF
723%9 FElas&S etk ol UH-fEol A
H o]F 10211 AFALS VIEo® Akkd gk
S Edz 243 ag2 A4 4 10l o8 A
2bEl AFAZR]D 243E0] A A 2 A He
FroR F7H Fo=® Alsdrh

dFEEoluAE dRAEE 9rjsie =
dHFEEoUA e} Beage vy A4S B
ojm, o]Z 7o g JdFEFAUX} AL
BHAAE EESaL, A (13)0® ekt
ol AgAF AtdE T8 FAdd F Udp?

1
Nseparation — K¢_T (13)

= AFdME e wElvlE EEdte]
el 20barrel/day 5 =% 2712 FAE 40

@) A A3 Mg e BEass 2
= s EFS%la ol ATE] e A
g4 A5 FP ootk

= 7

B dA4E FENEE ZHEATNIAY
A1 A1 (15IFIP-B089065-02) 0. % =3 & A aL
HAAEA b 5SS =

Huozd

(References)

(1) http://www.energy.alberta.ca/Oilsands

(2) Polderman, H. G., 2003, “Three-phase Separator,”
U. S. Patent, No. 6,537,458.

(3) Hong, J. H., Kim, B. S. and Kim, D. C., 2004,
“Demulsification of Oil-water Emulsion by Micro-
wave Irradiation,” Korean Chemical Engineering
Research, Vol. 42, pp. 662~668.

(4) Wiley, R. M., 1954, “Limited Coalescence of Oil
Droplets in Coarse Oil-in-water Emulsions,” Journal
of Colloid Science, Vol.9, No. 5, pp. 427~ 437.

(5) Johansson, 1., 2004, “Kirk-Othmer Encyclopedia of
Chemical Technology,” John Willy & Sons, Inc.
Vol. 6, 4™ Edition, pp. 812~832.

(6) Bahadori, A., 2014, “Natural Gas Processing:
Technology and Engineering Design,” Elsevier Inc.

(7) Korea National Oil Corporation, 2010, “Under-
standing of the Oil Industry,” Oil Information
Center, Korea National Oil Corporation, Anyang.

(8) Danckwerts, P. V., 1982, “Continuous Flow
System-distribution of Residence Times,” Chemical
Engineering and Science, Vol. 2, pp. 1~13.

(9) Levenspiel, O., 1999, “Chemical Reaction
Engineering,” 3" Edition, John Wiley and Sons,
USA.

(10) Myong, H. K., 2009, “Numerical Simulation of
Multiphase Flows with Material Interface due to
Density Difference by Interface Capturing Method,”
Trans. Korean Soc. Mech. Eng. B, Vol. 33, No. 6,
pp. 443~453.

(11) Taylor, K. C., Din, N. E. and Hisham, A., 1996,



CRE Rel7] RESE A FUT I A wF AN A7 577
“The Effect of Synthetic Surfactants on the (12) Prasad, R. R. S., 1986, “One-step Process for
Interfacial Behaviour of Crude Oil/Alkali/Polymer Transforming a Water-in-oil Emulsion into an
Systems,” Colloids Surf, A Physicochemical Oil-in-water Emulsion,” U. S. Patent, No. 4,627,

Engineering, Vol. 108, pp. 49~72. 458.





