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ANALYSIS OF RAYLEIGH-BENARD NATURAL CONVECTION

Seok-Ki Choi ' and Seong-O Kim'

This paper reports briefly on the computational results of a turbulent Rayleigh-Benard convection with the
elliptic-blending second-moment closure (EBM). The primary emphasis of the study is placed on an investigation of
accuracy and numerical stability of the elliptic-blending second-moment closure for the turbulent Rayleigh-Benard
convection. The turbulent heat fluxes in this study are treated by the algebraic flux model with the temperature
variance and molecular dissipation rate of turbulent heat flux. The model is applied to the prediction of the
turbulent Rayleigh-Benard convection for Rayleigh numbers ranging from Ra=2x10% Ra=10° and the
computed results are compared with the previous experimental correlations, T-RANS and LES results. The predicted
cell-averaged Nusselt number follows the correlation by Peng et al.(2006) (Nu=0.162Ra"*%) in the ‘soft’
convective turbulence region (2x<10% < Ra <4< 107) and it follows the experimental correlation by Niemela et
al.(2000) (N =0.124Ra"*™) in the ‘hard’ convective turbulence region (10° < Ra < 10°) within 5% accuracy.
This results show that the elliptic-blending second-moment closure with an algebraic flux model predicts very

accurately the Rayleigh-Benard convection.

Key Words : 772} o] ¥+ Turbulent Natural Convection), Rayleigh-Benard-f-&{(Rayleigh-Benard Convection),
O] X} L1l E(second-moment), -7 2(Second-Moment Turbulence Model)
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(d) Streamlines for o= 10°

Fig. 1 The predicted velocity vectors and streamlines for

Ra=10" and Ra=10°
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Fig. 2 The predicted local Nusselt number for Ra=10" and
Ra=10
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Table 1 Comparison of the overall Nusselt number between
the present results and previous experimental
correlations and LES results.

Rayleigh 106 | 107 | 4x107| 10° |5x10°| 10°
number

Niemela et al.
(2000) 10.98 | 18.05 | 27.70 | 36.76 | 60.45 | 74.89

Peng et al.
(2006) 10.27 | 16.27 | 24.19 | 31.44 | 49.82 | 60.75

Present 10.22 | 16.52 | 24.72 | 33.74 | 59.67 | 76.63

'ﬁ’;‘;‘fe'f;‘eftrg;“ 6.92% |8.48% [10.76%|8.22% [ 1.29% | 2.32%

Deviation from | 190, |1 530/ |2 199 |7.329% [19.77%[26.14%

Peng et al.
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