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Parametric Study on the Characteristics of Multiphase Laminar Flow
with Density Difference in Various Microchannels
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Abstract

In this paper, we have performed a parametric study on the characteristics of multiphase laminar flow with
density difference in various microchannels. The interface between multiphase fluids is rotated by the
gravitational forces induced by density difference. The numerical simulations were carried out via commercial
CFD package to study the characteristics of multiphase laminar flow. The results of the numerical simulations
in this study were verified by comparing with the previously reported experimental results in the literature.
We have also proposed a new dimensionless relationship between dimensionless rotation angle of interface
and dimensionless parameters are proposed for square microchannels with various aspect ratios. The
dimensionless relationship could be widely applied to the reliable design of various microfluidic devices
dealing with multiphase laminar flow.

7|5 Al d
G

l e dol (m) P
w wpo] A2 Ad e HH] (m) Ap
H "ol ® 99 %0] (m) i,
D o A (ms T o
by D AA 3 A8 AKGs) o
d s = 54 Hol(m) £
Fr : Froude ° L
Fr®  :modified Froude <
Re : Reynolds <~
u AT R (msTh)

[o] TS 2009 X AN
BEXCO)

T

kK

9

A AR, 59, Frhetm 7] AT
E-mail : ykchoi@cau.ac.kr
TEL : (02)820-5281 FAX: (02)823-5082

FgUeaL Bstel s AT
Fdsh JIAF

i A= (2009. 5. 21,
HT A2 &9 A9 FE5s olgshe=

HE
Ty
: AA A
:7j
: 74A A
¢ A

SHHF S5 (msh

7SR (msh)

AR A MR (kgm?)

Aol

Gk

(kgm™)

A4 (kgm's™)

3 2= ()

3 A

A 5734 o] (m)
Al ZH(s)

o

O

Al e

oL O

B

=

—

1. M

A Al 2~®l(microfluidic system)< Vlo| A=

A AlZ=®l(micro total analysis systems), %-+--©]
(Lab-on-a-chip) = U4

o Thee ool A Q17H

w4
£y

), Parametric

o
ar
1=}
RUN

-3
ZH(clinical diagnostics)s

ATHD 1 Fol A



2=
o

N
Qo
N
1=

% E4o 0hE E o4 fA9 FEL e
o]

tHd S5 & (multiphase laminar flow) ™/
Ao sEE 543 “Tsensor”,?) wlo]a =2 A
Yo A w Al = (microelectrode) &S A &5=

1] Al 718 (microfabrication),*™ 12|31 As) A wo
S vholaE A= HAN G FHe A {4
Alz=glo A ggw 3 okt

AnkA o2 wA| A Al 2=Flo] A Z%WE"“Ol THS
dole] Al Al Foll vlelsty] wiZol 54 Hol7t
mho] A= Tl HAl FA] Al ZEel A= E}—E— &
HgEEel vlal] mng JFor FA|Eo] gth o
Amk, - Yoon 5P AWM Aujd Aol
= AE FAGE wpAsE setetarat wiel
Az Aol i FA s AES T
T oAIREe] A Ao o3k S o] JEks gels
ok E=3 Pl M SF R A 2]
A 22 Qg FH9 ¢ Z%kgi A sk A W
o] 3]H& o]&3te] nholA 9
A7) JAHE 7 ol e 7}%6 up Qlet.
71E AFPAE V-3 mle]la R Ade F o
Tol dE7F tE FHEE 7 A =3 olehe
of pH AAI2FQl  #=2E (phenolphthalein,
CyH 4,03 5-2F8} Y E F(sodium hydroxide, NaOH)
= 44 3 F]dste F FA7E v 7:‘7%1 kil
S 54 AEZIDE YA ko] o AR
Hol AlZpH o2 ZSAHBUT. ol& Faf Tl‘ooﬂ
T2k #AAE o

HU
::1
M,
=
-z
=2
2
5
3

=

“
JFE MAE Wrsel
@ol Aleksreict.

o

=

0. 05 0.65

E1w=075(1/H)" (Fr')" (Re/ Fr?) 1)
where Re=2"H and g |2V
HgAp

(2)

Less
denser
fluid

Less
denser
fluid

Cross-sectional view of microchannel

(W] Denser fluid

Interface Interface = Interface

Less denser fluid

Top view of Microchannel

Fig. 1 Schematic diagram of multiphase laminar flow
having different densities inside a microchannel:
(a) cross-sectional view of microchannel and (b)
top view at the same conditions
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Fig. 2 Typical numerical simulation result of pressure
driven laminar flow of multiphase fluids having
different densities in a square microchannel using
CFD-ACE+
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Table 1 Conditions of fluid mechanical parameters
applied in this study

H w Ap u
Parameters (um) | (um) [ (um) (kem?) | (ms™)
0.005.
(0.01)
1500006 100, 0.008,
value 250, | 250, 1500’ 150, |(0.016)
500 | 500 2000’ 200, 0.012,
2800’ 300 (0.024)
0.015,
(0.03)
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(a)
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Density difference : 100 kgm-? 7
Inlet velocity : 0.005 ms!
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Denser fluid

Density difference : 100 kgm-3
Inlet velocity : 0.01 ms!

w:H =500 pm : 500 pm
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Denser fluid

Density difference : 100 kgm-3
Inlet velocity : 0.005 ms™!

w:H =250 pm : 500 pm

Fig. 3 Numerical simulation results of interface rotation of multiphase laminar flows in the microchannels having
various cross-sections of (a) 250pum x 250um, (b) S00um x 500um, (¢) 500um X% 250um and (d) 250um X

500um at the given conditions as indicated
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Fig. 4 Definition of rotation angle #in this study
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