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Void Fraction, Wall and Interfacial Friction Forces for
Two-Phase Flow in Microchannel

Akimaro KAWAHARA*?* and Michio SADATOMI

** Department of Mechanical System Engineering, Kumamoto University,
2-39-1 Kurokami, Kumamoto-shi, Kumamoto, 860-8555 Japan

The flow characteristics of the two-phase flows in a 100 pm circular horizontal microchannel
have been investigated experimentally and analytically. In the experiments, nitrogen gas and one of
four liquids (distilled water and 4.8, 49, 100 wt% ethanol in water) were injected through a T-
junction type mixer to the microchannel, having smaller diameter than that of the mixer. Both quasi-
homogeneous flow and quasi-separated flow was observed depending on gas and liquid flow condi-
tions. Furthermore, the data on void faction, frictional pressure drop and interfacial friction force
were found to be larger in the quasi-homogeneous flow than the quasi-separated one. In the analysis,
empirical correlations of the liquid-wall friction force and the gas-liquid interfacial friction force
were developed respectively for the quasi-homogeneous and the quasi-separated flows. By substitut-
ing these correlations into an analytical code based on a one-dimensional two-fluid model, we
calculated the void fraction. The calculations reasonably agreed with the data irrespective of the
quasi-homogeneous and the quasi-separated ones.

Key Words: Microchannel, Gas-Liquid Two-Phase Flow, Void Fraction, Interfacial Friction

1. # 1
TA T OF v RN, A 7 OETFREELOBH,

5, BERY OTRKIRESIENYA 70F v %
IVND RN R T B E T, AT,

AT T HO, NREIERD, SR EEAD
FEMTONTNEY, LN T, Y1 70F v >~
RV OBUREIERE, &0 DITURRERE, S—kHE
DRFEEED HEITBIT DRI AR EREE OMFEHIL,
A D Y XOBFERABEERORET - FFEL, AT
RENVZD.

EEUICREEL T, M, NEAYS00 um LLFOYA
2 0F % 23V MR B T AR B AT D
TETNWA UL, N5 OIFYE TIEEIR D
BHAERITH > THER T &ITHR D HRERE

(REHER, EERBLONRA REE) HEEREIN
TW5., ZOXDRREFFEOERDRERELT, &
ERTHRAINERIRESEDEVWIEZSNS &

* EfRZA 200710 H9H.

HOER, BEARFERELRBARIE PR RIS T HE YRS
g > R 7 LGB (B 860-8555 BEATIAREE 2-39-1).

* EB, 7 xa—, BRKEAERBARFEIERL

E-mail : akimaro@mech. kumamoto-u.ac.jp

FERS, HESORMEHEOZEEZRNLTZDIT,
AEE & UTNER 100 pm ORI 7 O0F v %)L,
EERRIRICERIBEOR 2D TS ) —)/KERERW,
™ RBEFEHEEZREELE. FLT, EN50T
— & B fE o TZHREET NN BT DR DK E
8] _ VA B BE IR ) 35 L NGRS I BRI ) D EBR
flEReD, TN5EFTRL D BH 720157
51T, TN DOERREHAAATZE T IEMELD—
SIEFERETIERNTHRA RREFGEL, ERiE
EDOHEEIT o7 LRI, ZN 5 DR EWRET 5.

2. R B

21 RREREEAE NUTERKBEOMZEZR
U, EBROMEZHATS. ENICKHEEDRE
BT 720, MBuREE (W17 0F v >3 ZER<
TRTORE SMFRIEERE L. ]S 2 IND
RN, ERNTADENITE > T—EDHE TR

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

24 7 uF v U RNVNIMHERO R A PR BEEREENS L ORIV EEEE I 2» T 1233

RRAENICEDHEN. —F4, KA TH 2R
HAR, BI—DORANKDTIHKIREEITAD HE
Niz. TNS5OK - WD, [IBESER CRIE— A/ &
120, HBERITIHRA L.

High-speed
video camera

Pressure transducer

Fig. 1 Test apparatus
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Fig. 2 Microchannel and T-junction inlet
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Table 1 Properties of working liquids

Working liquids Den31t3y Viscosity ~ Surface tension
kg/m Pa-s N/m
Distilled water 995.5 0.85+0.03 0.071+£0.001
Ethanol 4.8wt% 988.6 1.06 £0.01 0.059 £0.001
Ethanol 49wt% 906.7 2.00 #0.08 0.028 =0.001
Ethanol 100wt% 782.7 1.08+0.03  0.022 * 0.001
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Table 2 Ranges of volumetric fluxes for liquid and gas

g Ji je
W d
orking liquids ms ms
Distilled water 0.39 -1.25 0.13 -3.76
Ethanol 4.8w1% 0.26~1.14 0.11 - 3.58
Ethanol 49wt% 0.07 - 0.47 0.03 ~ 1.97
Ethanol 100wt% 0.09 - 0.98 0.12-3.56

Table 3 Ranges of dimensionless numbers

Working liquids Re, Reg We

Distilled water ~ 46-149 1.2-48 0.21-2.21
Ethanol 4.8wt% 24-107 1.1-56 0.11-2.17
Ethanol 49wt%  3.4-21 0.4-21.4 0.02-0.71
Ethanol 100wt% 6.7-72 1.4-37 0.03-3.45
We s Bo Ca
0.00004 -0.042 0.0003  0.0045-0.015
0.00004 —0.060 0.0004  0.0046-0.020
0.00001-0.027 0.0008  0.0053-0.034
0.0001-0.010  0.0009  0.0045-0.049
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<«=Flow direction

(b) Ethanol 4.8 wt%
(i = 1.07 m/s, j = 0.87 mjs)

(a) Distilled water
(.= 1.17 m/s, j =0.99 m/s)

(c) Ethanol 49 wt%
(.=021m/s,jo=142mfs)

(d) Ethanol 100 wi%
(i = 0.86 m/s, jo = 0.53 m/s)

Fig. 3 Quasi-homogeneous flows in the present 100 um
microchannel when different working liquids were used

<= Flow direction

(b) Ethanol 4.8 wi%
(i = 0.27 m/s, j =1.06 m/s)

(a) Distilled water
(jz =041 mys, jo = 1.36 m/s)

(c) Ethanol 49 wt%
(i = 0.08 nvs, j = 1.01 m/s)

(d) Ethanol 100 wi%
(i = 0.12 m/s, j = 2.78 m/5)

Fig. 4 Quasi-separated flows in the present 100 um
microchannel when different working liquids were used
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Fig. 5 Void fraction data vs. homogeneous void fraction
when different working liquids were used
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Fig. 6 Two-phase frictional pressure drop data
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Fig. 7 Gas-liquid interfacial friction force data
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Fig. 8 Quasi-homogeneous friction factor data by Eq. (10)
against the Reynolds number by Eq. (11)
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Fig. 9 Quasi-separated flow friction factor data by Eq. (13)
against the Reynolds number by Eq. (15)
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Table 4 Mean and RMS errors for a two-fluid model

calculation

Quasi-homogeneous Quasi-separated

Woring liquids

Ey E rus Ey E gus
Distilled water 0.13 0.14 0.10 0.11
Ethanol 4.8 wt% 0.03 0.13 0.03 0.05
Ethanol 49 wt% 0.04 0.09 -0.07 0.15
Ethanol 100 wt% 0.002 0.12 -0.17 0.23
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Fig. 10 Comparison of void fraction between experiment
and calculation
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