H32E 5 S § =S Vol. 32 No.5
2017 4 10 A JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2017

XEHS:1001-4888(2017)05-0677-10

T A E PR R T RN

ELX, 2N, PR, EF R, XKL

CREBHE AR TR hEB2EBE B ) 247 8 SB0T EA LR E, ZRA L 230027

WE. tALP R TRBE-ANAIRERAKRELSPHHRIE, SN TRIFKERTE
VAR % 4 AR ik fe AR AR TR A R TR e, EE R > RMAR(Q) T ELMA
FQIXMN TRARTAEEZNHwm, % Q<T0.7mL/h.i& @R T EEIFKEF & —MERMAZ
WA T3 m, 2 )5 M AoE 3R R ~F e gk 438 B b F s % Q. >0, 7TmL/h, & & R+ &% 3 %k
B mm Gk, MARKGERTELSTABRRKR-THRE, £ Q®EW KT PET S
HIRFEEXBFERN ST RLRBRTEZNHEME Q W mis K EIKayHFie, 2 H
T 4 ) B AR AL L ARCKE B TF L 8 R R Y 3 e i 3 A

XEIE: RSB E; RE; BEIKE; BERRE; KA

RESES: 03597.2 XERFRIZAD : A DOI: 10.7520/1001-4888-17-306

0 5|87

AR L VR B A A i G A LB 45 11 T 5 e RN TR AU R R L AR B T N L R
B T AR & 42 1 7 AR 22 T8 BT ML B0 2 IO 1Y T s A8 T K T SR R | L 4
RIS SE TR S H AR b R TR AR R 3 Y — R s T LA TR st 2 AL Rt
P2 K2 L e B M L R At — e A A 2 R L R S B A = R g B Y LA i A T LU T
AR T A Il SR AR R R i S A

v i 2l 5 45 A5 T8 AR 05 5 B 58 AR Bl A RS P 90 BT . — Rl i A 4 3 8l R AR RO R i 7
K1 R ERAE A A ] B TR B PN A A TR SRR . PR S TRV B DR AR TR R
7 AT P R 28 O A AP 2 e S T 2 R T BLTRTR

TR T 50 B 1 I 2 3R £ 2 B O T R HLBE . Anna S5 X ROST 5 3% B2 AR | 53 HORH B Y
KRPAT TR HY 5 Anna Al Mayer 5552 H T Wk SR IE ORI 14977 125 49 2 TR BRI 3 % 5 B 4
K P Cubaud Hl Mason 858 T 18 7 T6 SO0 A R v o RS 38 R 3 18T 5K ) 68 W RS i s i ==, il
VT R L P L B 2R AR R B LA M TS R ORI A AR B 2 LR R S s ] 1R 2
B98N B o S 50 FVSTAEL L B 9 1 Il 3 5 2 v BT S B LB T AR o A R T R b R A
A BF TR T R SCAE B o ER A T Sl R AR B A W AR LA A T B SHE R X B A . A SR 3 R
ARG TLART P B A DG I BFF 02 B TS F BR800 O vk LD A R gk 22 A0 s ik b il ok R B 3R
B0 R LA AR A S 56

AR SC UL Bl 2R £E AR TE U 4 JLART RS B A T S i o RS T U 80 R AR 2 e R A JRE R B JE X Y
AR . S B — F B, FRATHNE 1A [RGB B, A WF 5 1 3 5 A U R BEOAE RS B2

* WFS B 2017-07-18; B BHHA: 2017-08-09
HEE&WMAB: HEAAREES (11572309 % B
BIEE: 222%00.(1966—) , B 4, 22 1 AR T 0, 32 B F 3 A8 A REIR 245 8l 197 5% . Email: gongxl@ uste. edu. cn



678 S, (2017 4F) 45 32 4%

AP FT . AR B A D it 2l 3R A O 1 B Bt LA SGRGR i R i R it T 2%

a = b . A 4

inlets outlet
BT - Lor =

LTy
Wa T W
i L
W
Q.12
[==—=]

B 1 (WishBERSFER. Bl =NAH — DM —A 0 O a A .
Wa W W, 53 SRS B L 3 S0 AR | ik 308 10 818 B8 B L, ROR IR AR BE
()it 8l R AR A AR T Q. Qu A3 AR E S AH LA BOM A 1, h 28 T8 IR S
Fig. 1 (a) The labeled figure of a typical flow focusing device. It is combined with three inlets.,
one orifice and one outlet. W,,W_,W,, represent the width of the channel of dispersed
phase, continuous phase and orifice, respectively. [, means orifice length; (b)The schematic
diagram of a typical flow focusing device. Q.,Qy represent the inlets of continue phase and

dispersed phase, respectively. h is the depth of the channel
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Fig. 2 Viscosity of aqueous solution of glycerol (the shear rate is 50s ')
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Tab.1 Various geometries of flow focusing droplet generators
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Fig. 3 Droplet formation process in flow focusing device under various Q. and [,. The orifice width and

channel depth are both about 50pum and the width of inlets and outlet is about 200pm.
(a-c) Q. =200pL/h, 1,=50pum; (d-g)Q =1000pL/h, I,=50pum; (h-k)Q.=200pL/h,
L, =100pm; (i-0) Q. =1000pL/h. L, =100pm; (p-s) Q. =200pL/h. L, =150pm.
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Fig. 4 Droplet pattern in flow focusing device under various Q. and W,,

() Q=200pL/hs W, =20um; (b)Q =1000pL/h, W, =20um;

(0)Q =200pL/h, W, =50pm; (d)Q =1000pL./h, W, =50pm;

(e)Q=200pL/h, W, =100pm; (HQ.=1000pL/h, W, =100pm
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Fig. 5 Droplet diameter vs. Q. for different orifice length (1, =150pm, 100pm, 50pm). Qu is fixed at 0. 2mL/h.
Arrows show the variation tendency of droplet size with orifice length. The orifice width and channel depth is 50pum.

The widths of inlets and outlet are about 200pm.
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Tab. 2 Parameters used in 2D level set method simulation (neglect inertial term)
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Fig. 6 Pressure variation of continuous phase in a period of droplet breakup simulated by level set method.

Inset images show the contours of dispersed phase (red) and continuous phase (blue) at selected time.
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Fig. 7 Droplet diameter vs. Q. for different orifice width (20pm, 50pum, 100pm). Q is fixed as 0. 2mL/h,
I, is fixed at 50pum. The orifice length and channel depth are about 50pm

and the width of inlets and outlet are both about 100pm.
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Fig. 8 Droplet diameter vs. Q. for different viscosity of dispersed phase
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Droplet Formation in Flow Focusing Device: Effect of Orifice Sizes

CUI Yi-wen, WU Jie, YAN Qi-fan, XUAN Shou-hu, GONG Xing-long

(CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics, University of Science and
Technology of China, Hefei 230027, Anhui, China)

Abstract: In this work, droplet formation in a microfluidic flow-focusing device was studied. The
influence of orifice length and width on droplet size was analyzed. At a fixed flow rate (Q;) of
dispersed phase, the flow rate (Q,) of continuous phase has critical influence on droplet size. When Q.
<C0. 7mL/h, before orifice length increases to a critical value, the droplet size increases first, then
gradually decreases along with the further increase of orifice length. When Q.>0. 7mL/h, the droplet
size decreases with the increase of orifice length. However, the larger the orifice width is, the bigger
the droplet size. The influence of flow rate of continuous phase and viscosity of dispersed phase was
also investigated. The transition from squeeze regime to dripping regime usually exists in a growing
process of Q., and the droplet size presented an exponential reducing behavior with Q.. For low
viscosity dispersed phase, the droplet size increases with the increase of viscosity, which is controlled
by mechanism of flow rate control breakup.

Keywords: flow focusing; droplet; orifice length; orifice width; viscosity



