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o] ¥3hg AH+= oil separator S A Eo] AARY. & A 5HL 37575 3 T3EC digt 33
oil separator 2] #2]/d5-& A53F7] 25k Eulerian A4HFA918H(CFD: computational fluid dynamics) B2 73k
sh= Zlo|th, H]OLZM T, 174 E CFD B2 3713s A& o=, 57 78S ke =® 4osi,
5 HEAS 8¥(drag force) oF=(lift force), el #&e&- E@?}‘"/]—. TS RS R standard kg B
dlo] o]l gHt}, B3} 75 E1 il separator & N5 AR T3 Axjo|| AN E] A 25 emE U
7] 9180l S 247} 63 kPa, 5.1 kPaC 2 AAFITE AlZle] whE 37, &, 7159 FuE-go Wsle 2Alet
AL, el =EEtals “H L RS S R A e 011 separator®] 55 Aol we} FAISIIE 2 AT
] AA1E CFD B2 HE] I oil separator®] 715121452 99.85%01H, A&7k A2 A3t vlwd =

3t o] CFD B2 &% oil separator] T-35 W3, H 2] L@Z‘Jd% 317] S8to] f-ghA AREE = 9l Flo|tt

1o_a

Abstract — Water is removed from crude oil containing water by using oil separator. This study aims to develop a
three-dimensional (3D) Eulerian computational fluid dynamics (CFD) model to predict the separation efficiency of air-
water-oil separator. In the incompressible, isothermal and unsteady-state CFD model, air is defined as continuous phase,
and water and oil are given as dispersed phase. The momentum equation includes the drag force, lift force and resis-
tance force of porous media. The standard k- model is used for turbulence flow. The exit pressures of water and oil play
an important role in determining the liquid level of the oil separator. The exit pressures were identified to be 6.3 kPa and
5.1 kPa for water and oil, respectively, to keep a liquid level of 25 cm at a normal operating condition. The time evolution of vol-
ume fractions of air, water and oil was investigated. The settling velocities of water and oil along the longitudinal sep-
arator distance were analyzed, when the oil separator reached a steady-state. The oil separation efficiency obtained from
the CFD model was 99.85%, which agreed well with experimental data. The relatively simple CFD model can be used
for the modification of oil separator structure and finding optimal operating conditions.

Key words: Air-water-oil separator, Oil-water separation efficiency, Liquid outlet pressure, Settling velocity, Computa-
tional fluid dynamics (CFD)
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1. M

rhu

M A=d Afie= 5, 27, 3250 22 5550 &4
shob[1]. ol wol 23t A EFE-2 water-in-oil (W/0) F-2
oil-in-water (O/W) emulsion® 2 -3 4= QIt}H2,3]. 715 A4
A, B2 A58 02 71EE O/W emulsion 2 715 4% ¥
EAlh= 978 BAEE Qlte] mil- P& o], 20 mm ©]3}<]

Al fA o2 E EAE = QITH2] 0 9-E WA F A=
7155 sk A HE A “)’?@Jr?‘L A, Aok, e, 521 A
of| A o] WABI}4,5]. O/W 715 AAH= A oﬂ@(ﬁee, 150 um
0]7d), At N A (dispersed, 20~150 pm), ] A=A A (emulsified,

5~20 um), 72|32 84 A4 (soluble, 5 um ©]3}) O & T2 5=
ATHA4].

O/W emulsion S 25H 7155 F8lat7] $lste] &eh# Je|n
=94 A o] ARg-RTH3]. gkehA] S e AR E T
AA7)= B4 (demulsifier) 2 H7Fsh= Aolthe). o] HPHES whE

A5, H]%O] ol E1L J7HEE AASN ok sk WS etk EElA
e A7} (gravity settler), 9 37 (centrifugal settler), &
7152 (alr floatation), ©1 ¥} 4! 2] Bl(filtration and membrane), %1 7]
7 (electrostatic settler), Z+5 3} 3 7 (ultrasound settler) [4,6] 5-©]
Utk ol B4 M FAY AA 9 o] F, TE, YAE ER
3to] At s FAIZITH6). BFAI T, o2l ek Bl A W dnt
2 o5 A AFAIZFO] ZJ_J_ T A 715 eshs BRlE %
=tk B3, 100 pm ©]3ke] wlA] e thste] T F2 FHE

o83 Fali= W2 WS ER QIslo] anpAolA] ¢ 4 QT

A 2715 AA sta, AA ) 27 A P77 sk
71417 33171 (mechanical coalescer)2} 2+ U724 (internals) S
AFESIEH 7). 7141 3 7] 2+ plate-type, wire-mesh type, fiber-
type, porous and granular beds 5°] 21TH2,8]. 20 pm ©] k] w]A]
TAF A A (emulsified drops)] 2] 5 $13}¢] fibrous membrane
coalescer”} AHE-5] o] £-TH5,9,10]. Bansal ef al. (2011)2 <=8 Ao
P AEHA] AR S 2 um 2] (oil droplet) 2] E]M Q3] o
74 vhaAd A o 7] (fiber filer)2] ¥4 5S FAVSFITH9)
ulA] HA L v A Aol ek, Jﬁﬂ‘ﬂ "—114791%7} A ]
o] S F-9] 28 o7 A ALY FAdeht A 2379
5 A8 B A7), AN, 9EAt 5), SARA
A&, At 71211;: %), EFA 24 01F3N, AR &
%= 9JTH9]. Luo ef al. (2016 2
pm ©|3} 245 Autd ]‘Foﬂ Al 8317 fl8te] A 28TE o]
Satlar, A ] v A, 25 o], FUEE, 7Y 715
oF Sof W2 kS A9 A o7 WHEITH10]. Li & Gu (2005)
= O/W emulsion © Z%E] 10 um ©]3} 715 0—‘,‘75, S 2gsh7] 9
ol 84 ALf EANANE AR, AR R, 59 715
FE, AR dolel mhE A el e AP Ho® Tl
[2]. Xie et al. (2015)<> water-crude oil emulsion ©. 2 € &3]#}
e SN, A g 7E AR T Qs 25T

7|EE ANt 25T FARE Bato] B2 944 7] 20 umell
A Hdl 75 pm .= S7F8HL AL, frraeE] 4 ho] ﬂ”ﬂc’*‘:}
Shin & Chase (2004)%= 50 um Rt} 22 & A%

7871 8t] AR TH71E AR oM, 4 %E“E 73—?/‘3, A
T dol, 181 §52] YT APH o' ZALSIGITH 1. Cai er

3

|

J
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ColE 7B - Q)

al. 2017y 7155 83t wl=olld 7182 AASH] 13t floatation
column®]] tjsfe] A ZAF+A <1 8H(CFD; computational fluid
dynamics) ZAFE 33 3HGITE 4 A=A 2l (population balance
equation)= ¥3r5= Eulerian CFD FAPIA A= E2jd 52 A
o Anel 2 A3l 12].

T (multiphase)oll th$t CFD 29> T/ 2714 &2 F+2H T},
Eulerian-Eulerian (EE) HH 1} Eulerian-Lagrangian (EL) HhHo T}
EE 92 BE ARS A% (continuum phase) .2 7F8R= 510]
I, EL W2 3o A2 Ao E o & o A2 YAt
(discrete phase) 2% 53l W210|TH13,14]. EE W thA] 2
7HA W] © 2 5] =], VOF (volume of fluid) X2} Eulerian &
o]t} VOF= surface tracking method ZA] T+ AFgFo] A& 40|
=] oF= 73-9-(immiscible fluids)ol] AHE-3TH7,13,14]. FAH0] A=
Y 4 S 4, Eulerian 225 A8l ok 314, Eulerian 532
o 7} Ao] tsto] A& Al SEek n A8 77 ALR-s)
Eulerian 22 VOF F3¥= U2 7] 77 55 wek Q1xk

Zb= drag force &o] X

et
n'_a

o

rkﬂ

(momentum exchange coefficient) &
TH13].

Laleh er al. (2010)2 T A5-32]7-2] o] thet CFD -] o
3 ATAS 2/heIATH14]. €4 ) Al ) Mehg SR
71el thst HAHFE] Eulerian CFD 2ARE E3t0] 94182e] 3] 4<%
Lol mpE e, S5 715 oS oS BAEITHI5) ste)

= E
\=)

Ul water-oil & & 5l t]3l%] RNG (re-normalization group) k-g
W ES Z8sk= 2% VOF CFD FARE =351 tH16). Mohayeji
et al. (2016)& °J oA B3 278 AASH] Y5 Y 9
EA17](spiral grav1tat10nal coalescer)el] thate] PBE RS- 75}
R, 5, 7%, 283 Gkl i 29 Aw AAES T
BFATH 1]. Kharoua et al. (2013)& AP0 = HlX|E &3 E5]7]7}
AR B7]-E71F Aol tiste] ke YR 2 PBE 29
S ¥3rs= 3214 3% Eulerian CFD 228 A|A|5FS AL, 9] o
# DSDell W Eelids, AFAIRY, 7455, 123 DSD = 7
AFslit}. o] CFD-PBE B2 27} o)A HAbake] iz 5715 o
3}t a 714 3k <=5 Fulerian CFD X.2[17,18] K.t} o] 3 &3t
BAL A AlFSISATHT)

Orciuch et al. (20122 57] 7% Al Ee& & 5 A= 2
2+ PBERAS /Nakslgl o, wh=slel A 23471 wlA] 320
thake] droplet size distribution (DSD)2] A7kl W& W3S o=
BFSITH 19). Mino et al. (2016)+= =82} 7|5t %] 7] (membrane-
based coalescer)oﬂ )5t 2319 24F micro-scale CFD X212 A

AL, AR A, FE5 A A7) 3 1 EEk
ts]. ol BEAES 23719 vMTE2E 2T RN 237
vl ARz Al 71018 = QURLTt.

F7NETE 3SR ol tiste] A 2] AT EAlE
3E3FR=PBE E@lo] AE¥ CFD FA= 74]’\]”\]7”] A7) wizel
I, 3] ol ek 54 9 V1S Eed s &Sl gket
sh7]elli= Al o] ek, Beg, oA LAY v/ wi Al (porous
media)= 7ato] 34 AR EdR]Y] Feldss A5 ATte
WY 7 o] FEAd sl nRl= Yol digt A= et B
T STk

2 AT 54 37]-w-7)5 3 7 29 A el digk 34}

- [e)
¢l Eulerian CFD 2 2& 7l¥shk= Zlo|th iAo 2 7 o H 2719

—
~
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el thste] e A 715 A&
A57] (demister), ZL8] 3 E}-5-FH(perforated plat)> tha-/d wijAIZ
7H¥th, o] 2] gk CFD BAME &atod %Tjr 715l digk 27l =7
orelo) w2 N9 Wisle} 7|2 RS o=sth B A 7

& N 77|17} 2-8-¥ 3%} Eulerian CFD ‘3‘“0] Akl g Q65
A9 715 Ee e S GEE AR v A S P e
HeleA 58 5= e= BHolE

g5, A2 LX) 7](coalescer),

2. 372718 2ElI5E
i A= 14 79 el s Eeehe
(primary separation zone), -2 XA 7] & X35l
(gravity separation zone), L] 1L 7] A &7l $A3t %
elimination zone)= - FTH 14]. 12} -2 A ol|A]
TREO] FAREHA A 713 HEelE) FeE 7)1
A2 F7- el SIS demister(F 77 1) E A FrEECE SR
G Nde 750 Ao ® 2] = v, el h(perforated

End Plate

Perforated Plate

plateys XA PP AR] 358 Zh=t}. AL BFehS At
#& Z3]7](plate-type coalescer)E AXIWHA 7|5 AHo] E]H]
o] BAyste] Baly) 7 sk}, B T77)9] 0] 35em o) 1L,
A Tk 9l 2l (weir plate) 25 cmo] Tk, 2FEERS
Atolef] a1 dolli= & 5T (water outlet), $Hl= 715 A&
T-(oil outlety’} SA}. Fig. 1:= & Ag-ollA] AREE 3715715 &
24212 /=S BojEt). o] 2] 4219 A4 0.78 m o] 1L,
& o) 2.66 moJtk.
Table 11> 371, &, 12|31 F/3foll ek L% (r), A (m), 718
FHAE (5)S At Aol AAET. AE1EA A Y] B
*‘*@7]L T =H(e,)°] 0.954 o]m, 3} 3 Apo] kAL 2 em ot
A, HIe A e ks oA WAl E (s, 2 g
of whE 7382 Table 20014 B.o1F T} Demister £} EF-3 5251
ta/d WiAR FE A of7]elA xi= A1 RaEk 5
ST oM, yi= THUE, 2= Ol Permeability (K)E
TR 2] coalescer?} demisterel] thate] ZHz: the 215 243}
SATH2,20].

Coalescer

Water Outlet
Oil Outlet
Fig. 1. Air-water-oil separator with plate-type coalescer.
Table 1. Physical properties of air, water and oil
Component Phase p kgm) u (Pas) o (N/m) Remarks
Air Gas 1.2 1.84x107 - 1 bar, 20 °C
Water Liquid 998 1.00x107 72.8x1073 (with air) 1 bar, 20 °C
Oil* Liquid 831 7.21x1073 27.2x10° (with air) 1 bar, 20 °C
20il: synthetic oil
Table 2. Material properties of porous media
. . Porous resistance (1/m”) Inertial resistance (1/m)
Material Porosity (e,) 5 -
r 1K, /K, /K, Cs C, C.
Coalescer® 0.954 4.53x10° 0 1x10' 0 0 0
Demister 0.9801 2.57x108 2.57x108 2.57x10% 0 0 0
Perforated plate 0.25 0 0 0 31 31,000 31,000

Coalescer: stainless steel and corrugated plate-type
Y/K: Anisotropic porous resistance in x-, y-, and z-directions
“C,: Inertial resistance in x-, y-, and z-directions

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017
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Coalescer [2]: K= m @)
c )2 s

o] AellX K= Kozeny (K =24.4)°11L, £,& 355 (e,~0.954),
a;= DARES] F3) b thduiAle] *—% EHsh= vl A
(a,=2,760 m*/m3) o]t}

~0.08(S—d)*

Demister [20]: K S2517°'3

o] oA S F AFEYA Alo]9] 244 (5=2.684 mm), = A
ZRA ] A7 (d=0.254 mm), FF £,=0.98010]c}.

Coalescer®] T3+ 124 HHOQET Jell 2l Az} SedE F
T (K = v Aok 7P8iSlaL, 1419 S5 8l S5 ot
T(K)E Eq. (1) AFSsIsion, 3% FHE(K)w 9l 93
Z5 nkedsto] ul9- 2R gh(1x10719 0.2 g skeit, vl ARl

Az 7% demister 2] FoH = Al W] tiste] Ao ® 3F
FEHUTH dutA o7 Elie] Faes v £ B0 TP
2, A&7 0 07 FoFlt,

AAF718F 231719 A A A G(C,, see Eq. (11) Section 3.1)>
T mi A ol A 7t wl- =2)7] wistel] AU =, A
719k E7TME A AR v ik v, BRaaell A
= AEAGS FAHA T e 7S Tk A1 S50t
w2 7] wf ol A Fge] v E ek AT FE
I g Aze] gk el A Bel st SRR eIt
[21]. FA Z5H3x, 502 WIAGATS 2, =9
Foyt FFS T AR Aosisitt.

] _,_E] ?ﬂ-x]t :El:ﬂ—tﬂ:oﬂ/ﬂ "4*7‘ LHX]O]i CFD U}\]. oﬂo:l o
S ATk IS}, Fig. 2 2 AgrollA] ARESE FEdx] o] 2
9 9715 HojFu},

Fig. 32 &2 4|2 Az} F2& R JF T polyhedral A&}
o]lﬂ i 731]‘7‘# 495,000 7Ho]u]. Hxl—zs]— LHT?_i tsﬂ/\hj o]
oq lx}ﬂ_i tetrahedral 24} 25 ARSI AL, Uaolls= S5
st P2 FREtAA AxE Z017] $18H9 polyhedral T2%
W358 ‘:]' A4 2] 350 w2 - (inlet) 2! &T-(water, oil and
gas outlets) 2}, F7 7} vl-$- 9F2 o} 2/ wi A B} F(perforated
plate) FHS TUE 2] AXE FAE QI thaA miA] 2 =
7] (coalescer) B! 7] (demister) WA &) A Z 52 224
of] B4 IZFSEA] QEA|RE, HAF 2o 7)) EFo] W] o
o ow U] AR A H It A (weir plate) 4]
7} &Fsto] E2A] AL, FAA7Y kot FHE AR} 7t

2660
405
200 D4, |
il =
g o
q: =
gel | S . . . T
fS) 7 150
(@] O_
5 3
3. o 3
T T
P20 | B2q ||
582 358 780 355 585

Fig. 2. Geometry and size of air-water-oil separator (units: mm).
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Fig. 3. Mesh structure of air-water-oil separator.
Stk oVEE otk 7)o A FUe vl 2457}
71go) EABRE e el 2 9T 74 goR 2

3.34} Eulerian MAESA|dsH mEl

2 AFtol- 318]8H= CFD FAF & 93< oil separator U5-0]™,
o WF-olli= WlH-7%= S (internals)°] A 8kaL, 27]] o33} 1
) 7)de] FEFOR 3 CFD Kdo] Ag-Eofof gk, o] 34
CFD 22 o} &2 7P 58 7Nke= 7 gl

D) 3712718748 B s S EA UEs =50
d7g3it.

2) Mgl A f5-3H(emulsification) B A3E A4 (foaming) /g
AT
?iﬁybl, 7152 MAPEe R sk, 23 7159

4) Hde] o] 717} UG o R 7)Mol
A<} —rzl% T ¥ ekt

5) W2 Newtonian -3 24 7| A3}t

6) 72 31 7](oil coalescer), %71 (demister), EF&-32F (perforated
plate)d] FIA| 2= FAISEAL, et U T vEES
Zb= O vl Al (porous media)® I3

GLL (gas-liquid-liquid) 33 Al tgt CFD X|Hlj7gd 212 2
ZREHHY xR EH o A3 AL A (continuity
equation)?} Navier-Stokes 7g 2] & 7}7F T HETH5,13,15].
T ollA] 4] © 2 = &8 B dl(drag force model), °<§t
2 29l (lift force model), 123 thd wi A A &= 2 (porous
media resistance model) 5-°] F7FATE L WF 25 ollU A &}
o] oA 2] A4lEEel st standard k-g 2E-S ARS-gC}.

N

Ak 4]

iy

9

3-1. Governing and constitutive equations

£ A ollA] ARE-E Eulerian CFD2] X ul*74 2] (governing equation)
2 ALEHPH 2] Navier-Stokes 2] .2 A EITH FH-EH A2 o
ek 371-271% 3 vk g AL the st gk,

0 = _
o (aW ) =—pyV- (aWuW)

0 = _
5(0‘0): —poV - (et 3)

og+oy +o,y=1

Pw



Navier-Stokes (NS) W40 2 elel] Qi 52 HEA e o}

w2 2

o(asu _ L
%&;J=1MMVWJQ—%WMVu@;

+pc;ac;g+(F(,W+F0)+(E,fr(,W+Fhfrou)+

8(a U ) - = _ _ -
pw%z_pwuw ‘V(awuw)_ava"'v'aw‘rw )

+(Fyy +F{))+(Elﬁon +E:frW())+ RW

ol Lo L
po(aio):—pouo-V(aouo)—aOVP+V-aOrO

(FG() +F ())+(F;l/f wo + F;lﬁ (z())+ RO

7oA P StEola g—‘i ZH71550]9, ui= Newtonian 7
5, 1 AdgEolt} Ao e o R FA¥ck
715732 drag force (F,), 371715742 drag force (Fg,), -1
3 B84 drag force (). 32 (drag forcey T /2] &
ol el R, Fop ol S the Alow gEwn

FGW = Koy (tty, —1;;)

o o

2
Pt deb,W
K., = d , Ty = R
Gw 67, pvews Tw 184, %)
_ 6a,.a,, d f= C,Re,y,
Yod, 24

3= TEF AATKgp)ye B9 (), SIFIT 37]-=
A7k A% A (agp), L8131 particulate relaxation time ()] 3F

FHE 7= FAIEE Soll Ak YAPF A= 22319
o o, o]e] SH3t= AFE 9 ]3]":]' Cp= S A (drag
coefficient) ©13L, Regp = 571 3ol thshJth4 Reynolds number

o|t}.

Ps ‘”G _uw‘db.w
Heg

R F ] B 271

(Reyo)= THE} 2o Aol

_ Pow ‘”0 — Uy

ow =
How

Re,, = ©)

Joll ok 23t Reynolds number

Re db.OW (7)

oI7]eIA W, ALY, A 7 BAbEe] B Hg e &
Sk (mixture value)© 2 AM-EITE

Pow = %pPo + Oy Py
dyon =Audy o+ ydyy ®)

How = Qolly + Oy Ly

AR FEHAG(Cp)= Tomiyama F20|TH22].

&7l tigk 3 Eulerian 441218 205

a
S
1]

max[min{ 16 (1+0.15Rer°'687), 48},8- £, J
Regy Regy | 3 E, +4

_ g(ps — Py )dbz.w

Eﬂ
UGH"
©
oy7]e|A E, = Eotvos number ©]31, 3EW4E (s,) tiv] F52
HIE owgitt, ghe] REle 7 AdRke] 5% dus 2dshs 2

o
© 2 Tomiyama B2 7] S50l A5 ARS-EITHANSYS Fluent
Theory guide, 2016).

71570 st oF Fllff GW)V# ok} o] HolEn,

Figow = C/p(,aw( ”u) (?xﬁ(j) (10)

FHAG(C)= Tomiyama EE-S ARE-sH}23]. o] 24U Eotvos
number °f| We} FHAGTE Felh, W 7Fseh vl & 43
52 7130 g5 o] YTHANSYS Fluent Theory guide, 2016).
o3/ wiAlel A 71 A7} HhE A (F R.G)C U} o]
g2t 24].
. el C.

RG =T K uc_?'pc‘ﬁc‘ﬁc (11)

A7 g, v iAIS] F5E, ues 371 A, K T
(permeability), C 2 IJA T QIAto|tt. A3 el A o] @ 8% AR}
2 A AAdel W A = 3 (viscous lossyS oJn|skar, FHA
g2 A4 428 (inertia loss)O|tF. K 3k FHeke] ulg) HstE 2

15407 A=, o] 32 Table 204 A= ST} tha4d
w2 Mg v wiAE A 2lEl CFD ¥ olAnt 2%t

Y s EM dREES Agal] e HE, 5, A5
tistod mixture value (o, u,, 1,y AFE3loF S},

jus

P = AP + Oy Py + X Po
U, = Qglig + aythy, + il 12)
Moy = O G + Oy Ly + Q1

ol Z¥uEN I RS el thet standard k-e B2 TR}

att,

N

)
_v [ :Llrm ] "/ _
=V |y, +~ \Vk |+G, +G, - p, ¢
c
)

op, & _
L . & (]3)
at (p7" m
i ] 2
\V, Hm |G 2 €
=V- [ﬂm+o_g Ve +Clg;(Gk +C3€Gb)—C2€pm?
k2
/ulm :pmc,u?

o371 k= turbulence kinetic energy, e 2] 2EE%, G 3
‘—WL%E Z1&71el W k2] 87, G el 711k k8] B, w,,
< W Aotk o8t o> A2 kS} eoll T turbulent Prandtl

numbers V]3It Cy,, G, Cyi= 3500t
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Table 3. Boundary condition (BC) and initial condition (IC) of CFD model

Boundary conditions
Air Velocity inlet, u; =16.79 m/s (0.0444 kg/s), T=20 °C
Inlet BC Water Velocity inlet, u;;=0.031 m/s (0.1067 kg/s), T=20 °C
Oil Velocity inlet, u,,=0.052 m/s (0.0711 kg/s), 7=20 °C
Outlet BC Air Pressure outlet, P=101.3 kPa
Water Pressure outlet, P=101.3 kPa+ 5.6, 6.0, 6.3, or 6.4 kPa
Oil Pressure outlet, P=101.3 kPa+4.2,4.7, 5.1, or 5.4 kPa
IC Gas phase Air at P=101.3 kPa, 7=20 °C
Liquid phase Water and air mixture at P=101.3 kPa, 7=20 °C

1:1[7]_9_ Eé‘l—{g]_iy_ O]x]
% 710l gt AAl 5%
R e, B A zﬁaai 2 Am—
€

3-2. Boundary conditions and model parameters
2] 2 3 2] ql5tef| tigl 737|271 (BC: boundary condition)
HAZ 02 FoIt), CFD 2EE: sl|48l7] #ol| nlg] sk
o AAI 23 £713271(IC: initial condition) Table 31 7 2]
wof olrk Fd7] AARAS £ FYUCE, e+ o F
=5 7 2ld D} FE B2 no-slip boundary condition ©] 2-&-F T},
PG| ] 37 ETEES ti7 It e ' A E, sl 9
s B 7SS A E | gsto] Ak o] 7}
3zl Zdefoltt. o] 5 oA E7-9] steol whet Ee] AW 917t
AloJg o & 47H4] v E7%e] A8HT 7S Ee = E
T3l vlgto] ok 1.0 kPa 27| FoixItt. o] FeldAlE 2710l 7]
e BN E ANAA YL, W ER Fo] 25 em= A A St
Fole= AATH %79 NLL (normal liquid level)ol| 313
t}.
Table 4= & Ao AREE B9 gk 9 BAF AAZES B
ojFth Ao = A eld 2l el tiste] 71533t =2de] o
2 A7]+= 100 umZ 117 3} . Kharoua et al. (2012, 2013) 2!
Vilagines and Akhras (2010)14 %= B43} 71542 A4 9715
100 umZ 12743} CFD BAFE =381 2™ ([7,17,18,25], ©] =L

0 r-{o

O

Mo
0

¢

)

0

o]

rsi'

Table 4. CFD model parameters

71e AA B A7 0% TP EI T 2FF BEA N AHEE
drag force coefficient (Cp)i= Tomiyama 2. 2S 2835191 11, lift
force coefficient (C)%= Tomiyama =23 ARSI AREE W
el QIx}gkE Table 401] 2] =0 9tk

1) 4374 e 37+ 3%-¢l Eulerian CFD-> ANSYS Fluent R17
(ANSYS Inc., USA)E o]-&-3to sflA = Qi) &e-& 5 Aa)S
SIMPLES AR8-815131, &7 igkel] whE 3xkel |v)itake] 97hs=
Hste] & (a)oll tallAi= QUICK scheme, w5 HE2 o x =
First-order upwindZ AR89} 2+ A|I7F 7EA o) F o ke 1A}
St 50 Moz AgHglon, SRR 1x10% olshz Foi3
o}, AAre] FHat A FAIES 208 Aol AAA o] mEdE =
i 40 HAIZEO % Feteith AR S A E 27
GHz CPU7} 24 7§ =15 37 :==(CPU 7270 E A 2h= -4
Hom, 7} == 3 128 GB RAMO] 2t ]t}

4. BMSHIME DA

9P Foi71 CFD 28413} HAZAE o] gato] & H743)
718 8240 1 45D 434 239, A G2l
919] 0|9} ANFH= o] ETE CFD BAHE Foto] T8

F, 3700 A T 8 (@), S (), za AP
SIS, PRI o.R D AR o153 7 o) el
2 AT, 718 Reldse Adgot naste,

4-1. Effect of water outlet pressure
& el ARgE CFD Kol 7]eld St Az o s

Symbol Value or reference
Dispersed phase setup dy Water drople.t size (um) 100
dy Oil droplet size (um) 100
. Cp Drag force coefticient Tomiyama et al. (1998)
Momentum f:quatlon G Lift force coefficient Tomiayama et al. (1998)
(Drag and lift forces)
' Inertial resistance factor in porous media See Table 2
1, Turbulence intensity of inlet velocities (%) 5
e Turbulent Prandtl number for & 1.0
Turbulence s, Turbulent Prandtl number for & 1.3
(standard k- model) oy Dispersion Prandtl number 0.75
C, Gy, Turbulence energy dissipation coefficients 1.44,1.92
Cy Turbulent viscosity coefficient 0.09
Maximum number of iterations at each time step 50
Simulation setup Convergence tolerance 1x1073
Flow time (¢, min) 40
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5 5 g----""
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5.5 5.7 59 6.1 6.3 6.5 5.5 5.7 59 6.1 6.3 6.5
Water-exit gage pressure (P, kPa) Water-exit gage pressure (P, kPa)

Fig. 4. Effect of water exit pressure (Py) on liquid level (L) at P,=4.2 kPa. (a) Liquid level of water side, (b) Liquid level of oil side.

25 25
. (a) : o (b)
—oe— Water level (water side) -8 -0il level (oil side)
20 -2 -0il level (water side) 20 3
————— -8 s -
—_~ _ B--—"" ~_~ rd
g _ - - g P - -
S 15 -7 S 15 - -
= 10 T 10 2
= = Phd
k- g .
- - Pid
5 5 o 7’ 7
0 0
4 4.5 5 5.5 4 4.5 5 5.5
Oil-exit gage pressure (P, kPa) Oil-exit gage pressure (P, kPa)

Fig. 5. Effect of oil exit pressure (P,) on liquid level (L) at P,,=5.6 kPa. (a) Liquid level of water side, (b) Liquid level of oil side.

FoROom, AREA} 11 gk A slof stk 71 divIst e ® %?L%‘ U 71557 Hstel digte] B 71550 et

BeiAlar, = EU 715 Eee RERIARE Agste] I Tl ASHsRR Y Ak SR, f2elS o] Bl

A A9 WEkE &St Fig 45 715 79 (P42 715E T F7veEA et %%?L%‘Ol 7kt 7t

kPays A5k shaL, = ST (Py)s WAz Ahdet d Bl

TSl el & d9ls Pyl wet TkskaL, 715 A9 A AgeA] gRlE 7153 A9lE Abduke] fzo]g) A9 FUsIA

SHe(Fig. 4a). 2HHE - 71552 A 9= Pyoll ket Sk t} ool W} 7155 A9 E 25 em® W7 S B Y V)E

(Fig. 4b). =, & E79<] T7h= el Solx & A9 E ¥l TS S7MAAK Stk BEgE frd el Sl = 919k 71E

G IETOR H ol Fh 1T A FU  ohelis AS) s Asiglo ) 5 W) CRD RAKE el
T RSl thE Pt AFASHALAPy)E el B ST 715 E92 242 Py=6.3 kPa, Py=5.1 kPa® 73}

‘j"“H 715991, 121aL 71558 715 9slell tiste] 747} 8.1, At

8.1, 71831 9.1 cm/kPa ©|t}.

W2 p5 17831, PE M3 5, P2l S7kol uf 4-2. Hydrodynamics of air-water oil separator

2} 7)18% N9 Z718THFig. 5b). Al frielEolx e 7)& = 27U 7N E TS A7 Py=6.3 kPa, Py=5.1 kPa®. 2

51 BhSH, £ ohelis USIOT, felEe) e sk 70 OFD Ak A4l S ARG mine]

012] 501e] 2SomsE 35 O} PO, 21 ohslal & ol A bk, S, S FYe] tlejel A9k Fig 68

A e A BelKk 7| S 5T e as] B B A 1B, e B ) HEE RolEn Y e A *

WEFALAP)S F 22150 B9, /1509, 123 /185 el EgEe] EAlsbt RelgA o] Tz TheA oS

o 71golglel vste] 27 5.1, 5.1, 18130 131 omkbaeleh. & ekl FEe] #elHIT) Fig 78 2715 30871719] A7kl
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Fig. 6. Volume fraction (o) contours at P;;=6.3 kPa, and P,=5.1 kPa.

1.00e+00 .
9.508-01 B
9.00e-01
8.50e-01
8.00e-01

i

(a) t=0min

7.50e-01
7.00e-01
6.50e-01
6,00e-01
5.50e-01
5.00e-01
4.50e-01
‘ 4.00e-01
(c) t=20 min 350601

3.00e-01

(b) t=10 min

£t
o
ok
i

N
ok
H

o
offt
ol
ol

250801
200801
1.50e-01
(d) t=30 min 1.00e-01

5.00e-02

D00e+0) I ———

Fig. 7. Time evolution of oil volume fraction () contours at P;=6.3 kPa, and P,=5.1 kPa.

<

2 7124k BulRg W3S BojFr) 270l B 379
FEAFO T 78S EAISA SiL(Fig. Ta), 1032 FEo] Aus} 7
chubol] =aaHA| E a1 (Fig. 7b), 2050] 2 7552 4297} o]
EolXITh(Fig. 7c). 30:0] AU, A2 g/ delol Eddh= Ao =

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017

¢

-

4

O
o

FF

R Ith(Fig. 7d).

Fig. 8& 371, &, 7|5l

715 TFYF-IA A

i E v, 2%

Io}s)

o o
oy

st SEHElE ke d”ﬂ HojFrt
P REES Holth) U5 demister =

371 LR S UH(Fig. 8a).



8 FA7 V7L 23 275715 B2 34l Uigh 34 Eulerian A2kt 209

2.500e+001
2.361e+001
2.222e+001
2.083e+001
1.944e+001
- 1.806e+001
1.667e+001
1.528e+001
1.389e+001
1.250e+001
1.111e+001
9.722e+000
8.333e+000
6.944e+000
5.556e+000
4.167e+000
2.778e+000
1.389e+000
0.000e+000

[m sM1]

Fig. 8. Velocity vectors (#) at P,,~=6.3 kPa, and P,=5.1 kPa.

(a) Air velocity (ug)

(b) Oil velocity (up)

(c) Water velocity (uy)

=0.405 0.582 0.94

Fig. 9. Horizontal and vertical positions used to plot vertical velocity component (u,).

]EO Z?:]

T Tl fEe] TSR 52 FH, 45 714
el = 715 () 2y S B St 9
oA ol o stk e A Sl 71ESellA
WF 75 AT EEE -‘&ZELQE]'(Flg 8b). =9 52 7159
S WE o} FARSEAIRE, 7170 &2 715 HT A A 2= o
RIFTH(Fig. 8c).
=715 S SRS SR8 $l8t Fig. 99 2
W 7|8 ettt 017 p gk W) Wl sdsh 39 em
=015 )=022 Fg ulo] ge AT 71 SRS 3=0.09 m
oA ER17FsskH, 715l thsliAlz y=-0.14 mollAl, Eoll tisliAl=
y=-0.265, 0.360 mol| A A T2 = gk, F=Q Aol Eo] X
3ol th3t x FHEF)E Fig. 904 EAH o] QlTt.

‘<:

K

Fig. 102 47l] 91210 S0 20 S (uy, )5 THEF@eN
uhe Hofittt, &8 71l AL EAEHA] AN, TR s

1.72 1915 2.075 2.54

(Fg 10a). 71 —”. ﬁéf&oﬂ/ﬂ (=-0.14 m) 9PFo] 2L g 517}

S5 BRIk 58] fredtelld 3t sPdE s HolETh(Fig. 10b
y=-0.265 mol|A], WFo] B2 FFollA Fig. 10bolA] HoIF ~%
e E] W 0 Asshe, =9 o] Wil AL 71E
(22 <x<2.54 mpelA sPEFo] A o =A vehdot AF
(weir) THE) FeE5> W JEF(wall effect) 2= 314F
1CHFig. 10c). B =L wpehiol A o] B2 H|w 2 &3 Ael=
FAFT Segke] WskFo] AR, =3 715 E7telA = 3
S5o] Bl ZslrhFig. 10d). ]2 £2] 374 S Kharoua
et al. 2013)[7]°14 B.oAF+= 743} nlszaict.

Fig. 11014 B0l B3} 7| 574e] A5 E A& Az o=
AAFE 713 A TSR 7152 demister ol A W=7}
7] wjiel] EXh 78t 53 8-S HItkFig. 11a). y=—0.14 m
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Fig. 10. Vertical water velocity (u,,) with respect to axial direction (x) at P,~6.3 kPa, and P;=5.1 kPa.

oM B3} 7152 AL FUS AFS HRITkFig. 11b). 5= AW
oA (172 <x<2.075 m, Fig. 9) 7152 EExte] 28t SR U
F A5 E-S 7PAok 3 Fig. 11collA] B5o] & &7 Zx]oflA
N5 BH B‘r“ﬁow] A= 4&73 T Atk ®A vk A4
(0=-0.36 mlA 7155 B2 H]528t FAEEE HRItk(Fig. 11d).

4-3. Residence time and oil separation efficiency

=3 7158 AFATRE 2] AAlelA v S5 840
TH7,26]. B2 Ft AFAITH, ) HEFH 07 th53) Zo] o5

T St

A LMC‘W
bow= WQW (14)

o] AelA] AW (=0.0479 m?y= AP} A7 efx] & A9l ok o
WHO|AL, L. (=2.075 m)= 2FEk7kA] 2] Hololtt, 9 (=0.0087
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AFAIRR w2

ApL,,ir + Ap exir Lo
to= 0 "weir ~ “Oexit "ol (15)
9o
3] AellA 1 = 7180 AFAIONL, 4, (=0.0855 miyi= Apwie)
AR 715 Aglell thet DAl 4., (=0.1334 mA 2}
wu} 0]50) 7124k WhEF| L (=0.585 my= 7]EET e 7‘4_0]

o]t} 0, (=0.0145 m*/miny= 71E-2] 53 F-]H-<0]c} AX
= SRS CFD Avtellr] A& 2ot} &< Xﬂ‘rr/\] Zke-ok 114
W, 283 715 AFARES F 17.6 Wt 7159 AFAIRES
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W] SRS AAUA ZR Y ¥ Ao CFD 2325 &
o A ow 8 5 Qs AFARNE, crp)S Tt 2
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Fig. 11. Vertical oil velocity (u,,,) with respect to axial direction (x) at P,,=6.3 kPa, and P,=5.1 kPa.

O] Aol Vs & B 7159 W Fyjo|d, o= 9 H o Z}7} 14,7583} 16,1201t} Eq. (15)°014 3 thkzlQl gkt
&0tk Vepps CFD BAF Aajollx FgatA dojzitt. &3} 7] CFD A¥ollA 274 78 &9 AFAIRRS AL, 7152] AFAIRE
59 #9355 7H2E 0.00435, 0.00725 m*/mino] ), #2] o g},

2 W B3 7159 Fu)= 22} 0.06375, 0.11655 m*O.2 AR S Table 5= &7, &, Z12]aL 7|15 &7l Zzhe] Ao tst
th. o] & #ES i FZolA AAR= F3] 9] Axto|t}. CFD A5 (o), BEE 5 (h), 24, 183 A4 79 ZAR 7}

BAL Aol A3 07 g ot AFAIRR w3 75l thst o] ApoltE HoEt. 715 E7tollA AF T Al Rell thste] 71&

Table 5. Separation efficiency of outlet air, water, and oil at P;,~=6.3 kPa, and P,=5.1 kPa

Mass fraction () Separation efficiency (77, wt%) Exp. Results (wt%) Error (%)*
water 1.6x107
Outlet gas oil 7.2x10°¢ 99.99 (air) - -
air 0.9999
water 0.9996
Outlet water oil 4.5%10" 99.96 (water) - -
air 8.8x1010
water 1.5x107
Outlet oil oil 0.9985 99.85 (oil) 99.96 (oil) 0.11
air 4.8x10°

“Error = 100 X (7, cpp) Moy
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o] A& & vho] AdA o7 ZHEAY. CFD A= 7|94 & C, :lift force coefficient
FoA uf9- F=2 HuldeS HolFr) CFD oA 9L 7]&52 C, :inertial resistance factor
BN TS Ak Bof ok vre Holn), Ak RAFgEe] x; C,, :turbulent viscosity coefficient
0] 0.11% ot} ¥ AX|ol| A NA) A FA| 7] A, A7) 8 d  :diameter [mm or mm]
8] 47] wiEel 47 el e wig- = dy,  :bubble diameter [m]
Eo : Eotvos number
5.4 =2 : drag function
: drag force [N/m’]
3= 15 A Y] e Helds s oS5eta, A A : lift force [N/m’]
L5 B8] fl8ke] 34 3aHd B 3 CFD 228 7l : porous resistance forces [N/m°]
et F7)-ET)E By E 714 n)A A S A7 s A : gravitational acceleration [m/s’]
F7](demister), FUE = - FES E58 L = : generation of k [J/m?/s]
F3H(perforated plate), 12|32 N4 ZF7](coalescer)= FE3HT; : generation of k caused by buoyancy [J/m’/s]
HtEA FAZ 7149 CFD Rd A& 2y} gk oFd o} : turbulence intensity [%)]

o
2
RN
o
g
o,
2
F

™

3/3uiA Mgy, e 3 R LSRR s : permeability [m’]
el 5 A 07 ARSI HEY, AR, 181 E : Kozeny constant
A7)0 AR n) A xR DA EA G, 7FLI FEES k= : turbulence kinetic energy [J/kg or m?/s’]

: momentum exchange coefficient between i and j phases [kg/m®/s]
: length [m]

chp Az gt
CFD RAKE B3j0] 23} 7182 S7<te] nte} el o))

O EATARATOOR o w

MEE ZAelolth 23t 7159 Z7900] 242} 63, 5.1 kPaoil]  pressure [kPa]
ARH oz PE 99125 empell BRI ol 7t FstelA : volume flow rate [m?/min]
A mgeldS u) 37, &, 281 7|59 iy Bg = Re :Reynolds number
ek AT A FAZE 281 S5 B 5SS AT S :distance between two adjacent fibrous knits [mm]
B9 7159 S AASEE AU AA @S A ¢t :time [s or min]
ATk, B3} 71 20] ARAIE 27} 147, 16,15, Beld5e 2 4 residence time [min]
7} 99.96, 99.85% = AIZHTh A o2 F4H 7| 5Fol digt T  :temperature [°C]
Telde 2 99.96% ©] 11, CFD B A gkt vil-¢- 273 shoich u  :velocity [m/s]
50l Lﬂ# A5AIR ] Fste] el e A AXRTE I V. :volume [m’]

2 AFrel|A] AAlE CFD 22 dA 2] 77 #3X 5 Rdsh= x  :longitudinal direction [m]
1A}4=#]2] (population balance equation)©] ¥SH=| %] ¢rgkar, oHz] y  :gravity direction [m]
IR 7N dojy= dA o A, EH, oA 52 Eo]F A z : transverse direction [m]
FAIS9IEE o] CFD W& Wi wegt malol Ak, 4418 21
719 el g2 9] £l s A O R A5 duke Greek symbols
HHH o 2 ghohEic), a  :volume fraction

x  :mass fraction
Acknowledgements & :dissipation rate of k [m%/s]
&,  tporosity of porous media

This research was supported by the Ministry of Trade, Industry & n  :separation efficiency
Energy (MOTIE), Korea Institute for Advancement of Technology M :viscosity [kg/m/s]
(KIAT) through the Encouragement Program for The Industries of M, turbulent viscosity [kg/m/s]

Economic Cooperation Region (341824 9414, R0003996). p  :density [kg/m’]
: surface tension [N/m]

q

Nomenclature o, :dispersion Prandtl number
o, :turbulent Prandtl number of &

: cross-sectional area [m”]

o :turbulent Prandtl number of &
a;  : interfacial area per unit volume between i and j phases [m¥m’] 7 :particulate relaxation time [s]
. :specific surface area [m?*/m’] T :shear stress tensor [Pa]
C,. :constant of k- model
C,, :constant of k~& model Subscripts
C;, :constant of k- model G :gas phase
Cp :drag coefficient m  :mixture
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