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Mixing Process of a Binary Gas in a Density Stratified Layer

Tetsuaki TAKEDA
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{Received August 4, 1997)

This study is to investigate the effect of natural convection on the mixing process by molecular
diffusion in a vertical stratified layer of a binary fluid. There are many experimental and analytical
studies on natural convection in the vertical fluid layer. However, there are few studies on natural
convection with molecular diffusion in the vertical stratified layer of a binary gas.

Experimental study has been performed on the combined phenomena of molecular diffusion and
natural convection in a binary gas system to investigate the mixing process of the binary gas in a
vertical slot consisting of one side heated and the other side cooled. The range of Rayleigh nurnbér
based on the slot width was about 0 < Ra, < 7.5 X 10* The density change of the gas mixture and
the temperature distribution in the slot was obtained and the mixing process when the heavier gas
ingress into the vertical slot filled with the lighter gas from the bottom side of the slot was dis-
cussed. The experimental results showed that the mixing process due to molecular diffusion was
affected significantly by the natural convection induced by the slightly temperature difference be-
tween both vertical walls even if a density difference by the binary gas is larger than that by the

temperature difference,
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Table 1 Experimental condition with single component gas

Gas & T.diff. Properties & Non-dimensional number

He p(Density) v(K.Viscosity) | Pr(Prandtl) Gr(Grashof) | Ra(Rayleigh)
AT=10K 0.1604 1.243x10™ 0.678 1.72x10° 1.17x10°
AT=50K 0.1504 1.385x10™ 0.676 6.93x10° 4.68x10°
Ne p v Pr Gr Ra
AT=10K 0.824 3.83x10°7 0.663 1.812x10° 1.201x10°
AT=50K 0.768 4.28%107° 0.663 7.254x10° 4.809x10°
N2 p v Pr Gr Ra
AT=10K 1.123 1.591x107 0.716 1.05x10* 7.517x10°
AT=50K 1.053 1.783x10° 0.713 4.18x10°* 2.98x10°*
Air p v Pr Gr Ra
AT=10K 1.161 1.604x107 0.717 1.033x10* 7.406x10*
AT=50K 1.088 1.809x107 0.719 4.061x10* 2.92x10*
Ar p v Pr Gr Ra
AT=10K 1.603 1.417x10° 0.67 1.324x10* 8.868x10°
AT=50K 1.502 1.594x10° - 0.67 5.23x10* 3.504x10*

Where, T, =T, +AT/2, T, =295K
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Figure 1 Natural convection in a two vertical paraile] wall with different temperature
(H, d) means the height and width of fluid layer (Eckert & Carlson{4])
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Figure 2 Measurement temperature distribution of airin a vertical rectangular enclosure
(Eckert & Carlson[4])
(x : horizontal distance from the heated wall, y : vertical distance from the bottom end)
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Figure 4 Measured velocity distributions at y=H/2 and various values of Ra (Elder[5])
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Figure 5 Heat transfer results from various studies for laminar natural convection in a
vertical rectangular cavity (Bejan[47])
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Figure 7.2 Position of the heated wall temperature measurement points
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Figure 7.3 Position of the cooled wall temperature measurement points
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