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A s B £ (co-flow focusing) 2K E 1(a) 1)
EWE SR EREA R WA BMEEETE—
. E5@EMNEHEERNE M RENEE
NP PR 2 B IR AR T ARG AL, A
AR 1 N RIA 2 TE R DR RE GHE 3,
AT 3 T A& i [ e AU i /LA
TR AT LA 2 AT AR ) SRR S 2 A M U . Gafian-
Calvo JHHEERS i i Fl 28 SR B K A5 81 T IO B I R A
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(a) TEIXBLE: LIRS D=700 pm, D,=900 um, D;=320 pm, H=820 pm, D=900 pum; (b) IR Ap,=5 kPa, Q=10 mL/h; (c) HERGIERL
R Ap=1kPa, Q=40 mL/h; (d) BRHEHH AR Ap,=20 kPa, Q=40 mL/h; (e) FAFEHRMEI: Ap,=10 kPa, Q=40 mL/h; (f) X FREFFRIE: Ap=
3 kPa, =40 mL/h; (g) THHLx: Ap,=1.1 kPa, 0=40 mL/h
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Funada #1 Joseph"* "y Hig e S T i b 18 9 (4 Hk
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JBCR A AN B BEAR A — AN AL NS T A
TSE, EhE . W, Rk 5, H— Rk
AU B HA R RSN ST, AT LA, 7ESERR
HUROIE R B S B N 8 ey DU R R (LS B
BN, AT DU 8 A s R A A, AR RE
15 B FN 9250 5 P — B 25 2R (HUR X S 20
S R A AR E VA E B R IR, A BHLE 23 B Ak A e 20
FIE.

3 wdh R B

BN R ALV e T AR AR AR DL S A o 2
£7, T ESR M RBER/DN, 33X 4 BUE BT R AR
KERME. BT, X5 EARE +aaR, 2—mE
AP TAE. Ak, S sh R R TR
N R EA YA R A 2 T, AR R BUE
TR 2 — A~ EE B A A5 ).

Herrada % N'FIFH VOF J5 3k DL & i ol 5k 4
FLUENT v6.3 f75 1 -0 8 3 48 P R sh A =X Y
YA TERUNMORRE ST, BAE 1R
TE—A [l ¥R (recirculation cell), %5 LA 3h 77 1) M 1E
J7 1], WU LI AE oLl b i R R T, AR TE
R EIE, A HEEE RS, R il b Ak
JBE K T2 100 (0] 9 B 98 2K BB A IR RS e IR e
Ah, AT 3B T U B 2R AR v A i AR KR S A =X
Z IR, 1SR4 RS0 —5. Vega 5 APF]

A FLUENT v6.3 73+ ¥ T i-Ji sh R E b /A ke
PN SR AR E B 0 7= A 4. Herrada 45 AP
[FIAE I FLUENT v6.3 f48l T 52 A i 2 3R A5 i A
AR e, I 5 550 RN B 25 AR 1k T
) 28— 3.

4 RN

Bifi & WF 9E TR, AN 5] 3 30 &5 44 1) 3 Bl 3R A
AT R TR R 22 0 FE A, AH LY Y 30 G R A AL 3L
WAEZ A 7 ok, 024 3 3l R AL b Rk )iz 1
MBI 28, malREEARTIRB LA (1)
iE ARG, AR —wik . IREWHEw. R
G, LA R . SRS (2) B R PURL R E
FBl 58, AW, A EJLE MORELE 98K E B
(3) A== 3 v LAy UM (R R T DL — 2B B, o A
SRR AL BT DR It (4) SEALAAYEIT T, Wz
SEUIE J1/0N, TEA Y2 00 A B3 i ikbE; (5)
WA, FUE . ZiE . WA W2 AEEAE, WL
N REEMAE R, BAZMHEZ T,

Martin-Banderas 25 A\ B 28 T i s B A 7R 4%
Tl U R G s 3 T A e . — NS LN T T
WG 2 2 W Ak, AL SR g TR VA ER
HFLNN R & T AR AN e i Ty b 4 ) 245 R R i
A, AR S — 2P iE A R SC B, T H
A THIURE 5 P 245 ) UL 7 4 A RO 25 BB O 4 AH [R] & AR
MESCELRY. (HJE, F S R AR AT LL— 2 247 )
oA RS AR R A OBORL R B 5y —
T 6l 25 kT, A FERHIT A2 W 46 7 T 26
B RE S A 3 D0 R A 45 F. B 10(a) AN [a] 4 ki) 2%
IR, SRR RERIE, KA. AR s
HEE MRS ERVRR /NS, BRE 1S 2N [R] A 2 AL
T, AT R A FEMTFEE, i oo)iis. FAIRES
it Bh R AR B IR T LU S 2T R, B 10(c)h
2 I AR 4R ) SO SR A B AR K U
M. Gafian-Calvo 25 A\ P78 45 T sh BRELE Y4
TG T T A A R . R O B R AR A A R 2R
R ANFE W B8 — Uk B AL il £ BROE B 46 A TR L AR R %
TR . 8 AR ERORL, 180T DK e & JE 45 6 2 i
Wi 2. Holgado 25 NPM AL T sh B A 5L 510
W RN ZE & 7 R AE A R IR OOk 7 T, &
I 20 IR R A5 1 TIOR3 A W i AR 4 A, T EL
FLA B ) 24 ) 2 A RN A i 25 ) R R R, [
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B 10 FSRAREHHET
(a) BRL; (b) FEKIF () RN

I B R AR AR g 0 A T vk T A R g
Gaiidn-Calvo % NP VRN FZK . H- 3l RS o i) 2 1 3
I T EHARAE 50~80 um MY AIRI M, FFEIEE K
— R IR. TS B IR TR i R )
FeE, PRITESI 2B Bkl | B o B 5 A5 7 T A
I A 1A

EROR B K i P 45 4 (RO A5 R . ORE . X
U e AR A 55 ) AE A M 2 R R T O i N )z,
J& TAAL G AR E AR . FIHE G sh B A H AR AT
DA £ /N S AOK 55025 T /N i 0K, 33X R A= B2
S TSRO R R SR SUR T RE T B B
Tt 42 i 2l 3R A BB A% T 5 P43 HIOR 22 43 B0 R L <
W, BRESFEHA T, AR MEY, EZ2AME
(porous materials) . fiT 5 Yl (diffraction gratings). E<
21555 7 VA TR AE IO I8 A 17240

SUARS) L

MshRER MM BMANAR, LT
PITRE VR SN A N v = NI SR 7SS o A s o S S S8
AREBEARAE . AN, T YR B AR A Wr e %
AL R AALTT 0 A BB E T, AR AR T

5

BN

TR S B b s 1 B B R I (EL. A SC IRl it
WERAERSR | IS MBUEBAU TSt RE, JF Bt
— PP TS R AR LS NI

o T sl R BB A, R Z, P25
AbFREAE Y BE, PN IEATE A 1 2 S (R RE RG24 4, AT
AVFZ Y E ML 2R . BLAS & A RS
B T e 27 kit 2l 2R AR 1 TR A Al e 2

(1) ESZHRTT I, Jsh 5 b & T 25Ul i HL
AP BTS20t — L AT e, S 615 A o T
A S AR A= W00 VA, 2% A BORE 5 14 WAC 4R R iz
s 2t — L L

(2) FEBLETT I, X ST, o
Prit e 2428 W N AR E AT, ST
o) 3R A v S A AR Bl X AR R R AR E M, T
JRE SR A AR LR A RS RE LA 55

(3) ERMERITT I, JPRZAM ., 5 NE . Wik
ZAF T R MERBUE B, B4 2 A R 20 A LA &
AR S B 280N HEE MG R I A, BRI
L A4 12 Bl AR L K PN A ) ) B AL A

X SEHIFTE R IT R, ok HE Sl U 2l 3R AR 1 S A
HEREFIRH 1 BEA
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Progress and application of flow focusing

SI Ting & YIN XieZhen

Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China

Flow focusing (FF) is one of capillary flows, which is first proposed in 1998, characterized by the formation of a steady meniscus in
the core of an extensional high-speed fluid focused by a small hole when a fluid is injected through a capillary needle. A very thin jet is
issued from the vertex of the meniscus, passes through the hole and breaks up into monodisperse droplets at a certain distance outside
the hole. The FF technique is steady, controllable and does not require rigorous conditions in producing microparticles, such as
droplets, bubbles, particles and capsules down to the micrometer dimension and below. It has important applications in fields of
science, technology and engineering. This paper reviews the progress of flow focusing involving experiments, theories and numerical
simulations. The applications are also briefly reviewed. Finally, some future issues are presented.

flow focusing, capillary flow, meniscus, jet, instability, microparticle

doi: 10.1360/972010-1639

546



