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Abstract The characteristics of gas-liquid Taylor (Slug) flow in a square micro-channel of 600x600 pm were investigated
experimentally in this paper. The test fluids were nitrogen and water. The liquid and gas superficial velocities were 0.01
~3 m/s and 0.1 ~3 m/s, respectively. Bubble and liquid slug length, bubble velocity, and frequency were measured by
analyzing optical images using a high speed camera. Bubble length decreased with higher liquid flow rate, which increased
dramatically with higher gas flow rate. However, slug length did not vary with changes in inlet liquid conditions. Additionally,
bubble velocities and frequencies increased with higher liquid and gas flow rates. It was found that measured bubble lengths
were in good agreement with the empirical models in the existing literature, but slug lengths were not.
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Fig. 4 Inlet conditions with flow pattern map.(m)
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Fig. 5 Effect of gas and liquid superficial velocity
on bubble length.
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Fig. 6 Effect of gas and liquid superficial velocity
on slug length.
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Fig. 7 Images of Taylor flow for different gas/liquid
superficial velocities.

[msec] [msec]

0 ‘=C 0.0 ‘.QC’DQC
2 pl‘:._il 02 fﬂﬂﬂﬂi
4 P("___} 04 fﬂﬁabi
6 P(: 0.6 2D D DO
8 F:l= 0.8 fBBQD
10 f=)¢= 1.0 ’OQQQ
12 f—— — | 12 Ao o000
14 ;!: 14 FQﬂDO

16 ; e 1.6 ~ ocoo o

18 — || 13 ~— D ooCc

20 : c 2.0 P DooOoC

22 — 2.2 I DDDC

24 p—— | | 24 SooDDo0OoC
Jg = 0.400 m/s g =10.400 m/s

Jr=0.033 m/s je=0.376 m/s
(a) Low liquid (b) High liquid

Fig. 8 Successive images of bubble generation for
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Table 1 Previous correlations on the bubble length in Taylor flow through T-type micro-channels

Microchannel Hydraulic Diameter

Authors Shape (um) Operating conditions Correlation Eq.
Garstecki et al.”  Rectangular W 5(;1’ :13;)’ 200 e /é;z((])i; K ll;jh = 1+a% (a=1) )
Van Steijn et al.”’  Square w(h) : 800 Jg /3y =0.6~5 2‘1 = 1.5+1~5;—f ©)
Fu et al.?¥ Rectangular VZ:: 18200 Ca: 10"~ 58x%1073 zL)lB :0.64-&-0.33% 4)
Chaoqun et al.”  Rectangular 2} ; 2758 j;z 33421 : 8?::2;2 %: (1+1.37We” ") j, /5, 5)
Qian and Lawal® Rectangular  Di = 250~3,000 jp=00L~02m/s - L =1.637) (1—¢,) "R 0T G OO (6)

. =0.01 ~0.25m/s F,

h

Table 2 Previous correlations on the liquid slug length in Taylor flow through T-type micro-channels

Authors Microchannel Shape Hydraulic Diameter(jim) Correlation Eq.
® w i 630 L _ s, oI
Yun et al. Rectangular 200 D 1.06(e,) 1.28 (e, = jfjjg (7)
Chaoqun et al” Rectangular W X 750 i: 1.157(e, )" 9395 (1—¢ )7 0373 ()~ 0208 (8)
h: 280 D, & &

Table 3 Previous correlations on the bubble velocity in Taylor flow through T-type micro-channels

Authors Microchannel Shape  Hydraulic Diameter(im) Correlation Eq.
Chaoqun et al.”’ Rectangular " 750 Uy = 1.12(j, +4;) )
ht 280
U =, +34;) for 400
Yue et al.” Rectangular = 200 or 400 BT Mg T O Hm (10)

Uy =1.2(j,+j;) for 200 pm
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