Chinese Physical Society

M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

BRI W E I RFa s
kAEEE T AmA é_»\EFL % 7K -F

Steady deformation characteristics of double emulsion droplet in shear flow
Zhang Cheng-Bin Yu Cheng Liu Xiang-Dong Jin Ou Chen Yong-Ping
5| {8 & Citation: Acta Physica Sinica, 65, 204704 (2016) DOI: 10.7498/aps.65.204704

TE2 7% 132 View online:  http://dx.doi.org/10.7498/aps.65.204704
2 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/120

pEaAl /\@H’JE@YE

Artlcles you may be interested in

ST it £ XoF 52 PTG £ 7K T BE THT b AR AP 0 B )
Influence of equilibrium contact angle on spreading dynamics of a heated droplet on a horizontal plate
PP 2EH%.2016, 65(10): 104704  http://dx.doi.org/10.7498/aps.65.104704

T A T VR I AR R - Boltzmann 5 15
Lattice Boltzmann simulation of the droplet impact onto liquid film
VP22 4%.2016, 65(8): 084702  http://dx.doi.org/10.7498/aps.65.084702

T R e VBB 1 P 1 el B 0

Numerical analysis on air entrapment during droplet impacting on a wetted surface
PP 2EH%.2015, 64(22): 224704  http://dx.doi.org/10.7498/aps.64.224704

TR ERR ST A M R T B R 3 ) o d
Spreading dynamics of liquid droplet on gradient micro-structured surfaces
PP 22 H%. 2015, 64(15): 154705  http://dx.doi.org/10.7498/aps.64.154705

FELRE 38 T8 A L AR Bl 5 1% 3 0 201 3l 0 22 AL E 7T

Molecular dynamics simulation on fluid flow and heat transfer in rough nanochannels
Y3224k .2014, 63(21): 214706 http://dx.doi.org/10.7498/aps.63.214706


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.204704
http://dx.doi.org/10.7498/aps.65.204704
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract67333.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67333.shtml
http://dx.doi.org/10.7498/aps.65.104704
http://wulixb.iphy.ac.cn/CN/abstract/abstract67101.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67101.shtml
http://dx.doi.org/10.7498/aps.65.084702
http://wulixb.iphy.ac.cn/CN/abstract/abstract65881.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65881.shtml
http://dx.doi.org/10.7498/aps.64.224704
http://wulixb.iphy.ac.cn/CN/abstract/abstract65029.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65029.shtml
http://dx.doi.org/10.7498/aps.64.154705
http://wulixb.iphy.ac.cn/CN/abstract/abstract61581.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61581.shtml
http://dx.doi.org/10.7498/aps.63.214706

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 20 (2016) 204704

T DRl bV e T s

HAiEz) Fab

x| 1] 2

£ A FDII

1) (FRERFREIE SRS, B 210096)
2) (MR KR S ReVRs) ) TR SBE, $M 225127)

(2016 4£ 5 A 18 HYtEl; 2016 4E 8 H 9 HIkBIELF )

ST Y AN AT A6 0 AL AT 9 B R R AT ARG SEIR IR 7T IR K IR AR . BT RS
B BE AT FT 1 B D0 AP FLIR AR ML, PR3 1 Y AN A5 L S A48 AR 5T 236 5
TEASRE RIS . B FE 45 R W] FESI VIR, W FLIR AR ST AR RE A B A B R moin el H.
PIYBERG U AR BE 77 L ARG BE 55 A A AN~ U A3 K, XU LR A SN0 (B AR EL A T o, BN
TR ASRE FENE K, (RN A RO S0 AR SN T i, 32 F A MIBER T AR R R s/ UEE PR 1 B b P R W TR A
(g — R B3, BEAE N SMBERE R EE A T, U FLIBBR AR TR AR RE RE RN, I HL LR S MBS HH 2 P A2 0] X

FLBREASTEARRE L (i SN 2.

SKCHRIR): WUE AL, BYVIR, AR, PTRLAL
PACS: 47.57.jb, 47.85.Np

1 5 =

W1,/0/W2 X FL A& — Fh A8 (O) i £
FLOKAH (W) W0 J5 127K AH (W2) 3 2L AR A o
B —MEZHESGREER, EEY. EH4. L
T B ESEAEET Z IR R R,
W1/0 /W2 BUE FL K A2 7R e vk o) & it e 24
AR (inertial confinement fusion, ICF) # F fEk
(SR AR 190) ) B Rl A [ 5% i T I s 1) 20 9
MR —. HAATE RN, FLBME %6 4% ICF
AR ER T2 R A I AR AE AN N A E L
HITEARAT A, FFXF iR fe 24 T 305 i) 4 i o 7 AF E
Bggmm. DA, AERR AR SN ThOOUE AR TR AR
BUBE R FLAH R T2 S35 e, - TR dg
e FH TR A ) 6 o BT A L R FR AN E.
[FI, 3 a1 W1/0/W2 SUE FLRIX R Z HHE & S
A 28 % AH TR A ST AT R S A R LB —
A2 2 AR IS SR BRI S0 10=8) ) TR toxet o

DOI: 10.7498 /aps.65.204704

i W UE FLIR T AT A R IRA T A B
HEMEARE L.

H 20 122 90 AR LAK, BE & WO R E H AR
HIPIE R R, A A FE N 53 6E AN P R (1)
FLRAE SN H M R AT RO T A R it
IS L L S 8 s B L A NE < Ak Kt
P 7755 32 B e Bl OB AR s m AR ) Rk
T 32 PR AR 32 B = (8] A A1 3 v s 3L =
AN T B A AR I TR 8 T R I T 2% A 0 4R
IR T AN N AL AR RS AR R S HLEE 2]
K LS AT NI L BEE T FEA.

SR, T B AR SR IR, 5 B AL L, W
LIPS 3E N T A AR 1) A ELAE 38 A
HIALBAESNR S BT AR T B0 S AT
N B0 Smith 25 31 S Level-Set J5 1 3UE #5540 07
FU 1 OB FLIRAE 52 2 i 8T YIE F 5 Bt I8 B4
RN R 44T A, R 52 2SN A A A B
PRI R, PR ) o e AR (B i 47 2 B2 LE B AR T
HATIRIE SR, FF H 5 AL = Pl e A [F], WL

* [E X H AR S (HHES: 51306033) FIVLIRA HARRI 2 G (#L#ES: BK20130621, BK20140488) % BhfURE.

T #E/E#H. E-mail: ypchen@seu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

204704-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.204704
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 204704

LA 22 I e e ) oz B R AR A AR Y5 Hua
&5 14 0 Patlazhan 55 1) 0] 43 51 5% FR N34 526
%M Level-Set 54 AT 1 B V) & oW E ALK
TS AR R, WU B, U FL IR N VR I T A2
AR A FE S DR T BRSSO B URL A B2, B
Yy 32 BRARFERG N, BB AR B 3G 0, H XL
TR TE A2 4T N 5 B FLBORARAT N R ) 2 5t
K, Wang 25 1101 SR 3 SRR ik B E At 72 1
RUEE LA Ze ME R R AR S T AR R, AL
HFLRAE SN I SR BN 2 H I N VRO AT R R T
(4T 9, F HIX PR ST Sy 2 A A P VR > 45 DA A
WIGE A BRI T I ZE . BRI Z 4F, Gao
A James U7 8 R B 4 B3O T 256 U BSEROLARF 7T 1 B
FLYBUFN X FL VR AE 5 70 11 2R 1 i AR AR A R AT
9, RKI T O B A, W AR AE R AR A
JEI AR I T AN [ ) B R T X, I Hs 2 |
THMNEFIERSR Rm ALK, U B RIERY, 5
LA L, P9 ANBRE 18] AH BLAE -5 SO0 E AL
FHHAT AR S LS N 52 k.

ZE R, R E AN R AN I A 5 Ak A
TNRE A A AT AR SRS —E 8 E
FIEIR B FEARIE, {HF P &M R 78 XE FLIBOE AR ik
2 o (A B FIATLERAT A 57 58 BEAR, XHAH R T
ZSHM R B Z R AR, PR E AL A
AhI R AR AT RN S A FRR AR 7R, A,
ARLHT VOF (volume of fluid) 8 5 1HI1E B 514,
AL T BN N A AT R4 W1/0 /W2 X E Ll
FHAAT NI BRI F R 4T 1 BUE KA BE9E 17X
AL, R T AR T 22800 B ARy
PR RZM AR, 23 A 1 P9 A0 AE X FLIRE AR i
FEF A EAE A NLER. R, A SR I8 i T i W
FLIRAE B VI 3 v R A2 1) AT AR A SE 56 56 ik 1 i
SIS ASERY I B

2 HFEMEREA LA
2.1 HFERA

Kl 1(a) N W1/0/W2 X EFLHAE Couette 3
BEUIRS AR RER. mE R, —A4
ANTT 465 W1 /O AR 27 AR BASHHIE ) Wo #HiE
SRR T W ABI AR 7833 T — A = 4E R~
NEW, %5 H 885 h i) Couette BIVIIRAE BN, 1%
e B kA B AT ) PR AR 5 B P A BAAE

[7] ) 38 £ U J 1 3 20 T 6 B TR] W AR AL 1A A 72 22
BIP)HRON G = 2U /h RS E BT DY, 23 VDR
AR RIS, XU LS 7 R T AR TG S R0 55 5
A,

S e NIESA

(b)

1 Bl FREALRER RS (a) THLE
S KA R X IR B (b) ME AR A S BRI
Fig. 1. Schematic of deformed double emulsion drop in
steady shear flow: (a) Schematic of experimental setup
and computational domain; (b) schematics of deforma-
tion parameters for the inner droplet and outer one,

respectively.
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Fig. 2. Comparison of single-phase droplet deforma-

tion between simulation result and Taylor theory.
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Fig. 3. (color online) Comparison of steady deformation of double emulsion droplet between experiment and simulation:

(a) Steady deformation of double emulsion droplet vs Ca; (b) comparison of droplet morphology for double emulsion between

experiment and simulation.
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k=0.5,2A32 =1, Ada1 = 1; (¢) Caout = 0.4, k =0.3, A32 = 1, Aa1 = 1; (d) Caout = 0.4, k =0.7, Az2 = 1, A1 = 1;
(e) Caout = 0.4, k = 0.5, Ag2 = 1, Aa1 = 0.2; (f) Caous = 0.4, k = 0.5, A32 = 1, A21 = 5.0; (g) Caout = 0.4, k = 0.3,
Az2 = 0.2, Ao1 = 1; (h) Caout = 0.4, k =0.7, A32 = 5.0, Ao1 =1

Fig. 4. (color online) Steady deformation and velocity field of double emulsion droplet: (a) Caout = 0.2, k = 0.5,
A32 = 1, Ao1 = 1; (b) Cacut = 04, k = 0.5, A32 = 1, Xo1 = 1; (¢) Caout = 0.4, k = 0.3, A32 = 1, Aa1 = 1;
(d) Caout = 0.4, k = 0.7, As2 = 1, Ao1 = 1; (e) Caout = 0.4, k = 0.5, Aaz = 1, Ao1 = 0.2; (f) Caous = 0.4, k = 0.5,
A32 =1, 21 = 5.0; (g) Caout = 0.4, k = 0.3, Az2 = 0.2, Ao1 = 1; (h) Caout = 0.4, k = 0.7, Az2 = 5.0, Ao1 = 1.
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(a) Caout = 0.2, k = 0.5, A32 = 1, o1 = 1;

Fig. 5. (color online) Pressure distribution of double emulsion droplet: (a) Caout = 0.2, k = 0.5, Az2 = 1,

A21 =1; (b) Caout = 0.4, k =0.5, A32 =1, A2y = 1.
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Fig. 6. (color online) Effects of Ca and k on the steady

deformation of double emulsion droplet (Az2 = A21 = 1).
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Fig. 7. (color online) Effect of viscosity ratio A21 on
the steady deformation of emulsion droplet (k = 0.5,
Az2 =1).
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Fig. 8. (color online) Effect of viscosity ratio A3z on
the steady deformation of emulsion droplet (k = 0.5,
Ao1 =1).
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Abstract

The manipulation of double emulsion droplet via shear flow field is widely encountered in microfluidic devices.
However, the interface evolution and hydrodynamics behavior of double emulsion droplet in shear flow is less understood
till now. In this paper, a theoretical model of double emulsion droplet in a Couette flow device is developed and
numerically analyzed to characterize the interface behavior of incompressible double emulsion droplet, which is also
verified by a visualization experiment. Based on this model, the mechanisms underlying the steady deformation of
double emulsion droplet under shear are investigated, and the effects of radius ratio of inner droplet to the outer one and
viscosities of working fluids on the steady deformation are discussed. The results indicate that the steady deformation
of double emulsion droplet in the shear increases with the rise in capillary number, and the deformation resistance of
inner droplet is larger than that of the outer droplet. With increasing the radius ratio of inner droplet to the outer one,
the interaction between the inner and outer droplets becomes great and thus the deformation degree of the inner droplet
is increased. In addition, the effect of big deformation resistance by the inner droplet tends to be obvious, leading to
decreasing the deformation degree of outer droplet. The viscosities of both inner and outer droplets provide a resistance
for the deformation of double emulsion droplet. With the rises in viscosities of inner and outer droplets, the deformation
degree of integral double emulsion droplet decreases. In addition, the effect of outer droplet viscosity on the steady

deformation is more obvious than that of the inner droplet.

Keywords: double emulsion droplet, shear flow, deformation characteristics, visualization
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