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Fig. 1. Schematic diagram of the inclined square cavity with

boundary conditions.
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Table 1.  Comparison of the results by different numerical methods for Pr = 0.71 and 8 = 0°.

Sk ‘¢‘max |¢mid‘ Nug Nu SCHiR |w|max |wmid| Nug Nu
Ra = 10° Ra =106
£ 9.615 9.115 4.520 4.522 AL 16.807 16.383 8.815 8.827
[32] 9.612 9.111 4.509 4.519 [32] 16.750 16.320 8.817 8.800
[33] — 9.123 4.512 4.522 [33] — 16.420 8.763 8.829
[34] 9.6173 9.1161 4.5195 — [34] 16.8107 16.3863 8.8216 —
[35] 9.6202 9.1194 4.5214 — [35] 16.8411 16.4183 8.8091 —
#2 Pr=071, B=0° Ra=10°F MK RELE5
Table 2. Grid test results for Pr =0.71, 8 = 0° and Ra = 105.
W Lt 1% |max W /% | midl W% /% Nug W% /%
31 x 31 16.460 2.086 16.118 1.631 9.293 5.301
61 x 61 16.830 0.119 16.410 0.148 8.798 0.315
91 x 91 16.802 0.051 16.385 0.002 8.786 0.445
121 x 121 16.807 0.017 16.383 0.014 8.815 0.119
241 x 241 16.810 — 16.386 — 8.825 —
#3  Pr=0.71, B =45, Ra=10% FMIEKRLY
Table 3. Grid test results for Pr = 0.71, 8 = 45° and Ra = 10°.
[RE R~ %] max w2/ % [¥mid W% /% Nug w2 /%
31 x 31 32.400 3.276 27.974 3.306 9.077 9.345
61 x 61 33.252 0.734 28.707 0.771 8.332 0.381
91 x 91 33.438 0.176 28.874 0.195 8.301 0.001
121 x 121 33.477 0.062 28.911 0.068 8.304 0.039
241 x 241 33.498 — 28.931 — 8.301 —
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F4 Pr=101, B=0°, Ra=106T ML
Table 4. Grid test results for Pr = 7.01, 8 =0° and Ra = 109.

CEIN 1% lmax B2E/% |Ymidl B /% Nug B/ %
31 x 31 18.625 5.075 17.873 5.021 9.548 3.514
61 x 61 19.634 0.067 18.838 0.110 9.195 0.310
91 x 91 19.609 0.059 18.814 0.020 9.206 0.193

121 x 121 19.612 0.044 18.812 0.029 9.221 0.037

241 x 241 19.621 — 18.818 — 9.224 —

X5 Pr=701, f=45°, Ra = 10%"F A MIHEAG 1625 51
Table 5. The grid test results for Pr =7.01, 8 =45° and Ra = 106.

A RS %] max R [¥midl 2 Nug R
31 x 31 38.233 6.689% 34.649 6.739% 9.791 7.723%
61 x 61 40.665 0.752% 36.858 0.793% 9.114 0.271%
91 x 91 40.902 0.174% 37.090 0.167% 9.089 0.001%

121 x 121 40.950 0.057% 37.131 0.058% 9.092 0.025%

241 x 241 40.973 — 37.152 — 9.089 —
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Fig. 2. Variation of Nusselt number as a function of
Rayleigh number (8 = 0°).

12

10

8 f»/V —&— Ra = 10%

—%— Ra = 10°
6 F —— Ra = 106

Nuyg

3
*

4%

O 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9

Pr

[l 3 Nusselt i Prandtl 19451k (8 = 0°)
Fig. 3. Variation of Nusselt number as a function of Prandtl
number (3 = 0°).
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Fig. 4. Variation of Nusselt number with inclination angle for different Rayleigh numbers ( Pr = 0.71).
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114401-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) 3B =% R Acta Phys. Sin.

Vol. 70, No. 11 (2021)

114401

K 8

Ra = 10°H i 4 5 & L 4k &

Fig. 8. Streamlines and isotherms for Ra = 10°.

AN, VR AE B H Ra = 10* A BRI 2. 78
B = 0°It, Jia s HA B W0 HhuO R, (H A
F2 U053 SR A ) 2 ELRE [T 7 (91 8% 8 1) k0, 1E
Js PRI 22 1 RAT T HE B B DX, X 3 44

5. YA KRR B = 10°8F, N F 532 4
[F) ) T e — I 43 ) ) AR 22 b F R T F RS 3,
ICHS XA . 2 i AR 23 K B = 20, A
TR GBI A R E R 2, g R E] ]
A—AFRAPRES, B h T VR AR R B T
BT _EAE R, B s A i TR, X Rl
SEBRAR TS KR L3 B = 80°. Bl M fA i — A1
KEN90°, 776 T A B ) VR R R,

160°

&l 9

100°

III 0*
Ce@e=

Ra = 10 i 37 %5 14 6 11 £ 19 22 1L

{1534 MU TR A R B, %o 5 ek 55 . >4
01 B 7E 90°— 180° 3 [l PN it — 2L 14 K, G iy
XA FARRZ 125 5 0 5 00— 90° FPIRASRI
WA R (B8 =10°5 B = 170°), Itk Rayleigh (T
T PR BIEN T (24, 24) ZIA].

4.2.2 & Rayleigh # T 2 A K S AR A 69
T

W% Rayleigh UAYHE A, X JBiABGE, XK
BERE R R b s 2 2. 9 i T
Ra = 10° Wi A F B I 0° 22 AL 2] 180° i 114 1
AR AR I R I RS 12 fE AR Rayleigh
B B AG 2, 16 B = 0°F, Bk m AR R
— G, (EIR ST v FRE I U 7 4 i 7
BEROR, A L S IR RS, 3] 8 = 10°
IR TP 22 R AL A SRk, TN
WA [ 1] B B R B (BUA A — 2D
R, ZWimAs sl 2 B IR S, 188 = 300
VA [F) 1) T2 4 0 4 22 ) B T B T e )
=GR XA B —AS I AR 16] ER ki
ﬂl—/\fi I6] JE e = U 103 B R R 25 — B 2 2]

= 70°, {HEGFE WA AR, th T el AR
ﬁrﬁJJ:EWEﬁHijt, KRBT 1) kAT T
PR, Bfd i I ~FARZ 8 R . Bl (A
HE—B AR F B = 80°, YA = IR B 32 1L
WeiE I — ARk, WA N U — 4 A
LHPIRE, MRS —EIFZE R 5 = 100°. G TEMH
10 110°— 180° YL [l PN A9 22 AL 155 L 5 7 0°— 70°

Fig. 9. Variation of flow field with inclination angle for Ra = 106.
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Fig. 10. Variation of Nusselt number with inclination angle near the bifurcation point: (a) Ra = 4949; (b) Ra = 4950.
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Effect of inclination on nonlinear evolution and bifurcation of
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Abstract

Heat transfer of natural convection in inclined cavities is one of the hot research topics in nonlinear non-
equilibrium systems. In this paper, direct numerical simulations of natural convection in an inclined square
cavity are carried out by using a high-accuracy numerical method. The effects of the different trends of
inclination angle in a range of 0°-180° on the nonlinear evolution of flow field, heat transfer efficiency, and
bifurcation are investigated. The Rayleigh number varies in a range from 103 to 10%. The results show that the
heat transfer efficiency characterized by Nusselt number is highly dependent on the Rayleigh number, Prandtl
number, and the inclination angle. When the Rayleigh number is high, the Nusselt number will have a small
jump near the inclination angle in a range of 80°~100°. The evolution of the flow field and temperature field are
more complicated at high Rayleigh number. There are one to three vortices of different intensities in the cavity.
At low Rayleigh number and inclination angle of the cavity being close to 90°, the flow state is composed
mainly of heat conduction state. In addition, it is found that there exist two stable branches of solutions in a
range of Rayleigh number (4949, 314721) when the inclination angle is in the interval of (70°, 110°).
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