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Analysis of droplet coalescence and breakage characteristics
in axis-in hydrocyclone with diversion-cone
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(1. School of Mechanical Science and Engineering, Northeast Petroleum University, Daging 163318, China;
2. Heilongjiang Key Laboratory of Petroleum and Petrochemical Multiphase Treatment and Pollution Prevention,
Daging 163318, China)

Abstract: The axis-in hydrocyclone is widely used for its pressure increasing flow channels which can realize good separation
performances under the condition of low-pressure entrance. The CFD-PBM numerical simulation of oil droplets breakage and
coalescence, and separation characteristics in the hydrocyclone was carried out. The influence of operation parameters on the
breakage and coalescence was obtained. Meanwhile, the experiment study was carried out to validate the accuracy of the sim-
ulation results. The results show that at the place with greater turbulence kinetic energy, the radius of the oil droplet is smal-
ler. With the increase of the entrance flow rate, the turbulent kinetic energy in the overflow and underflow is enhanced and
the size of oil droplets decreases. Increasing the entrance flow rate not only increases the tangential velocity and separation ef-

ficiency, but also enhances the oil droplet breakage which can reduce the separation efficiency. For the axis-in hydrocyclone,
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when the entrance flow rate is 3. 62 m’/h, the separation efficiency reaches the maximum value. Increasing the overflow split

ratio can not only decrease the underflow oil concentration but also enhance the oil droplet breakage in the area of overflow

which can result in the decrease of separation efficiency. When the overflow split ratio reaches 20% , the separation efficien-

cy reaches the maximum value.

Keywords : hydrocyclone; oil droplet; coalescence; breakage; turbulent kinetic energy; separation performance
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Fig. 14 Effect of overflow split rate on separation efficiency
Ay
3 & it

(1) ADPEREAE 0. 96 ~3. 62 m*/h I, il
FEREM N R AE B RIS . M A R E K
F3.62 m’/h I, I 7E BE G A N B A
B VR T AR R T A PN A U e R B
S B R (FLIR] B, 25 1 R0 S T Bl e (o O A%
T BB 0/ N THIT | 485 K 53 18 e B DA T AP 20 29 28K
R KT ASCHFFE A% A R A A il A X
e AR 25 A T &, B FEFE R A 1 R R 3. 62
m’/h B HETL R 73 B AR AL TR RS

(2) R T 43378 E T D RAARRURS 38 11 5 i R
A3, AFLIR] Bt 28 DR U6 8 IR B R AL B0t 4y
BUSCRREAR . BFTEIEE A, 24 5300 L R 20% B iE
T A S TS SOOI e v, AR S5 e
(E TN

(3) #H LB — A Euler—Euler #%1 KF CFD-
PBM #5800 25 L 5 2 45 SR S 9 T A
[ A B, T LA o b A 3R L 430 L B Ak 3 o A
BRAVES RO A% 3 B RCR B

SE

(1] fHe skZ A iRl 4, 25 RS A 1F T BE i 20 B a4 Y
SRBEWE AL AR S AT ]. v A il RS2l (A SR
BlEM) ,2017,41(4) :140-147.

XU Yan, ZHANG Yanyue, XU Dekui, et al. Study on
fluid-structure interaction in hydrocyclone under vibration

[J]. Journal of China University of Petroleum ( Edition of



$43 %K H2H i

T 5 AFERARE

W i i R B A

. 147 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Natural Science) , 2017 ,41(4) :140-147.
TP, BB, 20, A TR 4y R R [ M.
U < I R TP R H R, 2000.

. BRI N B BOR I S B R AT ST [ D] KR
AAbA R ,2016.

XING Lei. Mechanism and experimental study on trajec-

I IR

tory of discrete phase oil droplet in vortex field [ D ].
Daqing ; Northeast Petroleum University, 2016.
EIRYE, 2, A S AURE A A R A2 2l AR
PR BUERLIL[ T ], A~ T AR A 41, 2011, 25
(3) :543-546.

WANG Zhenbo, MA Yi, JIN Youhai. Movement simula-
tion of the oil droplets migration in the vane-guided hydro-
cyclone[ J]. Journal of Chemical Engineering of Chinese
Universities, 2011,25(3) :543-546.

ETH B AR I o3 B i R LR A S
#B . U2 ,2006.

WANG Shenggui. Study on the stochastic characteristics

D]. i

of the separation process in hydrocyclones[ D ]. Cheng-
du; Sichuan University, 2006.
B 1T 2 AR T TR R T S R SR O R A
AOTFIAF BB [T ]. 5 i J€ 2016, 28 (8) + 1207-
1223.
QIN Chengpeng, YANG Ning. Population balance model-
ing of breakage and coalescence of dispersed bubbles or
droplets in multiphase systems[J]. Progress in Chemis-
try, 2016,28(8) :1207-1223.
SCHUTZ S, GORBACH G, PIESCHE M. Modeling fluid
behavior and droplet interactions during liquid—Iliquid
separation in hydrocyclones[ J]. Chem Eng Sci, 2009,
64:3935.
MEYER M, BOHNET M. Influence of entrance droplet
size distribution and feed concentration on separation of
immiscible liquids using hydrocyclones [ J]. Chem Eng
Technol, 2003,26(6) :660.
NOROOZI S, HASHEMABADI S H, CHAMKHA A J.
Numerical analysis of drops coalescence and breakage
effects on de-oiling hydrocyclone performance[ J]. Sepa-
ration Science and Technology, 2013,48(7) :991-1002.
LI Changjun, HUANG Qian. Analysis of droplet behav-
ior in a de-oiling hydrocyclone[ J], Journal of Disper-
sion Science and Technology, 2017,38(3) ;:317-327
K, S BT VA N WO R A LB RS ],
B LIBLIK, 2006 ,34(7) :68-70.

LI Xuebin, YUAN Huixin. Study of droplets coales-
cence mechanism in hydrocyclone[ J]. Mining & Pro-
cessing Equipment, 2006,34(7) :68-70.

HOXEE, B, R JOHT, 45 MR- 03 B K D T i s i
TS RIFROREARL M [ )], A1l BLA, 2017

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

45(11) .71-76.

LU Fengxia, YANG He, YUAN Huixin, et al. Numeri-
cal simulation of droplet breakup and coalescence in liq-
uid-liquid separation hydrocyclone[ J]. China Petroleum
Machinery, 2017,45(11) .71-76.

FEHUHT, SR ETLAS B ) IR A i R R SRR
[J]. bR, 2004,32(11) :5-7.

YUAN Huixin, ZHANG Min. Experimental study on the
coalescence in higee field[ J]. Fluid Machinery, 2004,
32(11):5-7.

HSAAE, VM, 500, 4. 55 F CFD-DEM B i
TR ST 1 45 b 0K A 3R B BRI [ 7). TRAR AL
M ,2016 ,44(11) ;30-35.

ZHENG Jianxiang, XU Liu, WANG Jingyang, et al.
Numericl simulation of particle aggregation in cyclone
separator using quadrature method of moments in CFD-
PBM[J]. Fluid Machinery, 2016 ,44(11) :30-35.
JULIO P, ROMUALDO S, PAULO A. Impact of parti-
cle agglomeration in cyclones[ J]. Chemical Engineering
Journal, 2010,162(3) :861-876.
FIRW, B2, At S U A P i T 2R 45
e e R &R [J]. 46 L34, 2011,62(2) :399-
406.

WANG Zhenbo, MA Yi, JIN Youhai. Droplet coales-
cence and breakup and its influence factors in vane-
guided hydrocyclone[ J]. Journal of Chemical Industry
and Engineering, 2011,62(2) :399-406.

ETHANE XA L, BRSO, S5, R THUIE AL #% Hh A
P A BRI R R [ 1], WARHLIK,2001,30(8) :8-
11.

SHU Zhaohui, LIU Genfan, CHEN Wenmei, et al. Dis-
tribution of oil droplet size and its influence factor in de-
oiling hydrocyclone [ J]. Fluid Machinery, 2001, 30
(8):8-11.

F IR R, 5k 55 5L T B ORIz B B0 A4 5 2 Jig
WA DT[] RN ,2016,45(10) :42-46.
JIANG Minghu, XING Lei, ZHANG Yong. Design of
the entrance structure based on discrete phase oil droplet
in vortex field[ J]. Fluid Machinery, 2016,45(10) :42-
46.

LUO H, SVENDSEN H F. Theoretical model for drop
and bubble break up in turbulent dispersions [ J].
AICHE Journal, 1996,42(5) :1225-1233.

PRINCE M J, BLANCH H W. Bubble coalescence and
break-up in air-spared bubble columns [ J]. AICHE
Journal, 2010,36(10) :1485-1499.

THEW M. Hydrocyclone redesign for liquid-liquid sepa-
ration [ J]. The Chemical Engineer, 1986 ,427.17-23.

(/3 WE3E)



