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Abstract — The laminar natural convection of air in 2-D rectangular enclosure in which two opposing isothermal
walls were kept at different temperatures is investigated numerically for Rayleigh number up to 10%. Computations
were performed for the width-to-height ratios of 1, 2, and 4, and for the inclination angle range of 0° < 8 = 90°.
For each aspect ratio, the influence of the inclination angle on the flow patterns and heat transfer rates were
examined for 10% < Ra < 10%. It is found that the growth of secondary flow in the corners led to the decrease
in overall heat transfer for small aspect ratio case, and the transition from a three-cell structure to a unicell flow
pattern in large aspect ratio led to a step-like change in heat transfer. A new correlation of mean Nusselt number

is presented for the vertical case of 8 = 90°.
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Fig. 1. Schematic of the computational domain.
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Fig. 2. Calculated streamlines and isotherms for Raleigh values of (a) 103, (b) 10%, (c¢) 10%, (d) 108.
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Table 1. Comparison of laminar solution with previous works at different Rayleigh numbers.

Present study

Khanafer et al. [17]

Barakos et al. [16] De Vahl Davis [18]

Ra= 10°
Numea:n

Upax (2t y/H)
Vmayx (2t y/H)

1.118
0.137 (0.813)
0.139 (0.178)

1.118
0.137 (0.812)
0.139 (0.173)

1.114
0.153(0.806)
0.155(0.181)

1.118
0.136(0.813)
0.138(0.178)

Ra=10%
Numean

Uz (aty/H)
Vmay (at y/H)

2241
0.192 (0.823)
0.234 (0.119)

2.245
0.192 (0.827)
0.233 (0.123)

2.245
0.193 (0.818)
0.234 (0.119)

2.243
0.192 (0.823)
0.234 (0.119)

Ra=10°
Numea:n

U,y (aty/H)
Vinax (2t y/H)

4.532
0.129 (0.853)
0.259 (0.0654)

4522
0.131 (0.854)
0.258 (0.065)

4510
0.132 (0.859)
0.258 (0.066)

4519
0.153 (0.855)
0.261 (0.066)

Ra = 108
Numea:n

Upax (At y/H)
Vmayx (2t y/H)

8.848
0.077 (0.847)
0.263 (0.0373)

8.826
0.077 (0.854)
0.262 (0.039)

8.806
0.077 (0.859)
0.262 (0.039)

8.799
0.079 (0.850)
0.262 (0.038)

Fig. 3. Calculated streamlines and isotherms for AR=1, Ra=10%, and tilted angle of (a) 0°, (b) 15°, (c) 30°,
(d) 45°, (e) 90°.
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Fig. 7. Calculated isotherms, streamlines, and vector plots for AR=4, Ra=10°, and tilted angle of (a) 0¢, (b) 15°,
(¢) 30°, (d) 45°, (e) 90°.
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