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Abstract: The adiabatic two-phase flow in single rectangular microchannels was studied for different aspect ratios. The working
fluids were liquid water and nitrogen gas. The hydraulic diameters of the rectangular microchannels were 490, 322, and 143 pm, and
the widths of the microchannels were around 500 pm. The two-phase flow pattern was visualized using a high-speed camera and a
long-distance microscope. This study was focused on bubble flow regimes. From the visualized images, the bubble velocity, bubble
length, number of bubbles, and void fraction were evaluated. Further, the pressure drop in a single bubble was evaluated by using a
unit cell model. The bubble velocity is proportional to the superficial velocity. Further, the relationship between the void fraction and
the volumetric quality is linear. The pressure drop in a single elongated bubble is strongly related to the aspect ratio. Finally, the new
correlation about the pressure drop of a single elongated bubble in the rectangular microchannel was proposed.
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Table 1 Experimental conditions

Variables Ranges

Hydraulic diameter, 490 (510 x470)

X
Di (Wen % Hen) [pm] 312 423 (350013 ><28357))
Liquid mass flux, 66 - 600
G [kg/m2s]
Gas mass flux, 0.075 - 36
Gg [kg/m2s]
Liquid Reynolds number, 9477
ReL
Gas Reynolds number, 0.6 - 1021
ReG
Liquid superficial velocity, 0.06 - 1.0
Ju [m/s]
Gas superficial velocity, 0.06-3
Jo [m/s]

Table 2 Experimental uncertainties

variables uncertainty

Diameter [pum] + 17 (4.5 %)

Area [um-] + 6311 (3.8 %)
+0.01, £ 0.005,

Pressure [kPa] +0.034, = 0.085

Temperature [°C] +0.1-0.5

Mass flux, G [kg/m®s] +0.1-2%

Friction factor +9%

Superficial velocities [m/s] +10 %

Bubble and Slug length [um] 11 -13

g/min

DAQ Computer |

A. N, and He reservoir, B. Regulator (water), C. Regulator (N,), D. Pressure
vessel, E. volume flowmeter (water), F. Mass flowmeter (N,). G. Test section,
H. Balance, . Data acquisition system, J. Personal computer,

K. High-speed camera, L. Long distance microscope, M. Inline filter

Fig. 2 Experimental apparatus
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Fig. 3 Friction factor and Reynolds number for the
rectangular microchannels
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Fig. 8 Unit cell model: (a) visualization of elongated
bubble, (b) variables in unit cell concept
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Fig. 11 Pressure drop of a single bubble in rectangular
microchannel with D, =322 pm
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Fig. 12 Pressure drop of single elongated bubble in
rectangular microchannel with different aspect
ratios
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