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ANALYSIS OF RAYLEIGH-BENARD NATURAL CONVECTION
WITH THE SECOND-MOMENT TURBULENCE MODEL

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°fo 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 (2x10°<Ra<4x10’) and it follows the experimental correlation by Niemela et al. (2000)

(Nu=0.124Ra®*) in the ‘hard’ convective tubulence 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.
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(a) Velocity vector for Ra =107

(b) Streamlines for Ra =10’

(d) Streamlines for Ra=10°

Fig. 1 The predicted velocity vectors and streamlines for Ra=10’
and Ra=10°

A rollE2 o] FYol $IX3 rollo] tiste] o] waE
o 283 F A EF rolle] 471 =4%odd number)©]th,
Kenjeres 9} Hanjalic[4]9] A&t A= rolle] 7} #<¥even
number) Atk 152 Al ME Ra=10791 A% rolle] 7}
/NG o x-EF SAAA diAQl FElE rolle] FAFHSA
ok 2 AREY A@ALIAE rolle] ok FEll= Akl

S8 RN, 27] D AAZAT Rayleigh ol 98-S
T F ASitE YRR 2 AFAE olelg @l o
ste] A AEE UE ek e Ak 554
Q1 Nusselt 5*(local Nusselt number)= roll2] &gl =LA o]&
SFAo} Hat Nusselt g(overall Nusselt number)2] =L7]+= roll
o] A71of @Al A9 FaaFTh Kenjeres ¢ Hanjalic[4] €]
Akt FdsHA Rayleigh 7 S7Febd rolle] 27]%= <7}
Eip-SRusdgig e Y

Fig. 2= Rayleigh 47} Ra=10" $}Ra=10° 0] 7§ 12 o
A2 ol Aol Alikel = Nusselt 72 X5 BTl )
th & agd ol FRE I E AR Bl o4
Nusselt 57+ #43HA HakA gk 5 Nusselt 72| 7]}
TG rolle] 729 22 Ato] gik o]F "4 #F
g Qe AL I Nusselt 579 Hulgte frsel #H &
3= 9 X|(impinging point)oll Al Lo, HAZhe f-50]
Ho gy "oz W= AA|elA dojdrh = Nusselt
479 A719} 32 Rayleigh 571 S7Ftd S7tska, 1A
rollo] 3 Wao 2 Sofdth i Nusselt 52¢] F24 ek ¥}

40

30

Nu

20

o
TTTI T

200

150

Nu
T

100

50

(b) 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 number 2x10° 107 4x107 108 | 5x10% 10°
Niemela et al. (2000) 1098 | 1805 | 27.70 | 36.76 | 60.45 | 74.89
Peng et al. (2006) 1027 | 1627 | 24.19 | 3144 | 4982 | 60.75
Present 1022 | 1652 | 2472 | 33.74 | 59.67 | 76.63
Deviation from Niemela et al. | 6-92% | 848% | 10.76% | 822% | 1.29% | 2.32%
Deviation from Peng etal. | 0:49% | 1.53% | 2.19% | 7.32% | 19.77% | 26.14%
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