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FEFICIEEVWREICEATES., T L TMED LTS B ARNRARETCHD Z LIFFEFICEINTHS. £
LT, ®ITIE, OpenFOAMODFHFRE R LIZOVWTOHRE LRGN A L2122 Y, TOEEMEIZ OV THER
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Fig.1 Analytical model in dimensional form
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4. BEBIUSE

AWFFETIL, Fig. UWR LI E TNV B KO Ll O i R E AW BT 2 El L, FofEo%
HPEIZOWT, Fig W b oo EBRIEE A AW ERER LB ULRFT 5. 2k, #3ELEROFAER
IZoWT, MEBITERI mmOAETHY, KHEAERBOARATOMETS L RE L. HEfEsm s, =
BREMFERUL, MBI OV C3RITIZ TITo 72,

Figure 212, ®Z7 A ¥ P BERT 28 F 27T, (a) (ZOpenFOAM%E AWV -3 BB R T, (b) HEBRFBET
bo., EBRFERIIBNT, HFAIIAHETHY reactive blue2Z AWV THEE L TS, £ 7=k @134 H ke
(cyclohexane) T ¥, Sudan IIZAWTHEBLTWD, 2B, EEOERCIIEEMBITAEN S FHEA S,
EBRER (BR) 2 EAREBESET, AHERENLHRATIEIIIC L CHERBR LB LLT<ERLT
W5, (a), DWW Thb, KIEOEZ AV MBAERTI2HM THD. HERBEE ERBERIT, THEMICEL —
HLTWD., 72bb, KHOEZ AV MBERT S LE, AEHEOKEKIIZOEZ AL MizEEIED bR
TRY, TITHLWRAELTHS., ZAEFBEE L TRERINZHBEROIa<2#HIEEE LTRLE (b)
DHTEORETZBE TR D L X< bbb, BB, @ KBV TRANEHELZETLIOETFNbLAS. (a)
DM TRINTEFEROIERREZ R 2L, KHEEABHOZNENOMIC, BEREOGEZRET 58~
7 MR TES. Z0EHI, ERFERLHERBOMELD, FHOEZ AL "BRERT AEIZZED
FEET, AHECBWTREREAFEETDIZ NS, LiEN-T, Zo@mEEMNHBTE - L
BlAE, fitZe S8V, 2MEBOMEBENEES LD Z LN RBINS.

Figure 2I28W T, FHEBRLEERBERLOLIBEO—HBRBO LN, HEBREOZ YL BRIETE /-,
AREERLLIE, MEBRAE R T 21 OICBEREENY MIRAR L ERRICEBLZ LN TES. 22T,
BT AVNOERTIAIRORTFEEYD, REROBEBHFEHEEZ SOICHELLFTARSL 0, AIZX 3O KR
Zz, HESNYZ bVREROCTRE %17 o7, Figure31X, €27 A v FRAEKT 5 —EOBEF L EHET
RLEOLOTHS. HITIE, MBEEOKT L, ARAMMEOILERHEZEDLETRLE. () 1T, &A1 L
KEDE T AL FORERTHICRE LD TWDEEZATHS. B Ay FOEBESIT, ELANELT
WHDRDND. (b) ZKBOEZ AL b2, AHEENEET S EZREOMKEZET 2\RETH S, KED
B AV NORBBONVIRBEEICMHEFLIZZ LT, ARESEEZLEDONTAELEZBARRTES. S50
(c) T, ABENKHEOEIZ AL PEORBITH - THNDZ LITED, FABABRBN TS DAFERT
5. ZHITEY, TABEIZHE > T NEERBAFHICE O TRD BN S, (d) 1F, KEOEZ AL M4
KLIEERORTHSD. B/ Ay MAERBICRISN TV, WhIZX FLABRERSH, bIEE S/ ALk
PICIIERIRIZRONT, KHOE /AL MIABHICE > THIhTWS., ZOE, E7 22 Fakn
NN @D > T3,

Figure 413, ¥ 7 AV FORSICEX DMEOEEEZ R L. FMEA 10 mm/s L W BWEERICHB WV TIE, 3
ARRIEREREZLISKRLTVS. AIEOLETIE, HENEL ARB LB A MpdEL hao&, £
LT, B7A FORSIF2.0005625 mmBETHDZ N5, 28, HHEMS10 mm/sEL T OFFEIZ I
T, RBRERICHAT, S ERROE AV MORSOEREL L->TWE. Zhik, HENBWS, &
JAYPORREEGLELS, RAEHBELS DoV LHETALER D LD THELEDbRS. REO
HEFELED, SRORFBETHILEDNS.

5.

OpenFOAMZ W T, A 7 B fEB&IZ IV TRAE & M (cyclohexane) 2 A& 5 2 & TAE U 3L AR
(CEALT, CABROTFIRE (FHEMENELE) 2R L CREMIT 2 RA-BE, LTz 5B,
(1) OpenFOAMZ fIWVZ3RAERIE, ZME TICERTEHEONE-RAK RIFICER T 3.

(2) BZ7 AL PRERT DB, RELFICBNT, H2x0HEDE 7 A2 NNEICERE T BET RS L
ol ZOREE, ThETOERGER L EMHMIC—T 5.

@) ETAVPORISFIMAEENEL 25 LELARY, $EZOMEICOVTHLERMICINE TOERL
BL—%L7.
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water

water

L organic phase
i (cyclohexane)

vortices in segments_

organic phase
(cyclohexane)

(a) Computed result (b) Experimental result

Figure 2 Snapshot of segment generation in microchannel

(a) 1 st step (b) 2 nd step
( The head of water segment starts to be ( The head of water segment reaches at the
inserted into the organic phase. ) channel wall. )

(c) 3 rd step (d) 4 th step
( The water segment is subjected to shear force ( The water segment has been genarated and
by the organic phase. ) moves with the organic phase. )

Figure 3 Illustration of segment generation in microchannel
( The channel width is equal to 1 mm. The blue region is the water phase and the red one is the organic
phase. )
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Figure 4  Comparison of the effect of the inlet velocity on the segment length

between computational and experimental results.

Nomenclature

c : color function [-]

d : width of channel [m]

f : body force [N/m?]
H : height of domain [m]

n : normal vector on interface [m]

p : pressure [Pa]

t :time [s]
U= (u,v) : velocity vector and its components [m/s]
W : width of domain [m]
x,») : coordinate [m]
Greek letters

u : viscosity [Pas]
a : surface tension, interfacial tension [N/m]
p : density [kg/m’]
K : curvature [1/m]
Subscripts

0 . organic phase

W . water, aquaous phase
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This article is on the numerical analysis and its verification of the two—phase alternating

flow of the aqueous and organic phases in the microchannel. As for the numerical analysis,
OpenFOAM is adopted to solve the equations of continuity, motion and the color function
which is widely used in the numerical study of the multiphase flow. The CSF (continuum

surface force) model is adopted to calculate the interfacial force, and this model is also widely
used in the numerical study on the interface between phases. It is concluded that the two-—

phase alternating flow can be reproduced by the numerical computation, and the vortices by
the internal flow are found inside the segments. Further, according to the computation, the
segment length becomes small with the increase of the inlet velocity of the fluid. This supports
the experimental result, and the computed values of the segment length are in good agree-
ment with the experimental ones.

Keywords: alternating flow; microchannel; two—phase flow; numerical calculation;

OpenFOAM.



