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Fig. 1. The variation of the Nu number with Ra number for
the turbulent convection.
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Fig. 2. The instantaneous temperature fields with typical Ra number at Pr = 0.7.
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Fig. 3. The average temperature fields and stream lines with typical Ra number at Pr = 0.7.
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Fig. 4. The average velocity field distributions with typical Ra number at Pr = 0.7.
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TR A% PR PR B Ra £ 10 0 RPN i R 52
PPN 2R, ST 2 2 IR A MRS

ZE LTI, Ak I RO I B T A R AR
B Ra BUME LT, 30 Nu bt Ra B0 28 fL K
SRV LIS GL #US WA 5 25 & R AT, B
5 GL B S0 AR A9 A8 LA, S0tk — 20 o
e Ra B0 4k i i O6HR DNS T8 LA K i
OOt LS PSR, A R E X

6 % W

AR SR BT T R 58 T R 5 Yk
e 5 Ra 00 3 #4063 1) DNS #5481 3 i AfF T
TR R R Ra SO VIR, BRI —E
i) Ra 3470 Bl Nu 5056 Ra 5000 728 16 AR BE /)N
5 GL e A5 S 25, (RS Ra BGE—
LR B IR, X — L FEERE Ra £ 748
PERAERE 5 R RUBE PR AR 18 K/ IMEAR G 8 AfF 9%
BEILIF 458,

1) B T sk YR T4 B i
1% (PDM-DNS), 58 T &I A Ra $Ay — 4 i
TR DNS B4, 45 Ra = 10" (1) DNS ifil.

2) 4 i i AT P AL A Nu/Ras % b
Ra B8 b 5 s e P itz o () R ROE SR AR 1Y
AL AT AR B AR oM, B AN P . Pr =
0.7 i, Ra =~ 107 KN BEEHGAE R EIE, KREHR
WA Cise B Ra BB AL IESR /N, HBLES — %
P15, 7 Ra = 10" 1 Crge f/, L
J A RE Ra BEMAS K. ARG HRERE Ra 500
AAVAFAENT I P56, 24 Ra > 10° i Nu/Raf3
B Ra AL HAR BN, IR B GL BEe Fml
R . 75 Ra R T4 %41 s Ra =
10'°, Nu/Ra®? Bl Ra A8 fb B4R BE A8 Ry 38 m 3 5
W5 GL HUE T ART A, HEl Ra = 105,
Pr = 4.3 B4R 5 LR —2, FUEXTR
FEYT Y Ra B0

3) 24 Ra BOK T4 564 st 2D i it AT
T RIAE B Nu/Ra%s B Ra B 19728465 GL BB T
DA AT A R4, RN Ra BUE AL T 2D 4
XTI A AL PR S GL B T AR 1k A L R
—H.
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Effect of plume motion path on heat transfer characteristics
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Abstract

The Grossman and Lohse (GL) theory is an important theory for studying the heat transfer characteristics
of the turbulent convection. Previous computational studies have found that when the Ra number is higher
than a certain value, the change of the heat transfer Nu number with Ra number in two-dimensional turbulent
thermal convection is different from that in the three-dimensional thermal convection, deviating from the
multiples line of the GL theory prediction. Therefore, the value of studying the two-dimensional numerical
calculation of turbulent thermal convection with high Ra number is questioned. The numerical calculations of a
series of two-dimensional turbulent thermal convection events with high and very high Ra number(specifically,
maximum Ra = 10! with Pr = 0.7 and 4.3) are carried out in this paper. The results show that there exists a
good correlation between the heat transfer Nu number and the variation of large scale circulation path
length(that reflects the plume motion) with Ra number in the two-dimensional turbulent convection, and they
have two Ra number transition points. The first transition point appears in the large scale circulation from the
ellipse to the circle, when its circumference Cigc of the large scale circulation suddenly decreases with Ra
number increasing. The second transition point appears at the minimum circumference Cigc, and then the
plume rheology becomes vortex group and the circumference C;gc increases with Ra number increasing. The Ra
number at transition point for a smaller Pr number is lower. The variation of the heat transfer Nu number after
Ra’%3 compensation shows that the local scale law of Nu number decreases as the circumference Cyg¢ of the large
scale circulation becomes small, and a phenomenon of deviating from the multiples line of GL theory prediction
appears. When Ra number is higher than the second transition point, the local scale law of the Nu number
varying with Ra number is in good agreement with the multiples line of GL theory prediction again in 2D
turbulent thermal convection. It means that the numerical results of two-dimensional turbulent thermal
convection can correctly reflect the heat transfer characteristics of turbulent thermal convection under the

condition of very high Ra number.

Keywords: 2D turbulent convection, heat transfer characteristics, large scale circulation path circumference,

very high Ra number, Grossman and Lohse theory
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