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Fig. 1. Physical model of natural convective heat

transfer in porous cavity.
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Fig. 2. (color online) Comparison of the vertical velocity (a) and temperature distribution (b) at the middle

height of the cavity with the three different grids.

K3 (MTIRE) J5 i WALF iR B AR XA TSR (a) 5SXRER (b) HIXTEL

Fig. 3. (color online) Comparison of natural convection heat transfer of pure fluid in cavity between the

calculation (a) and experimental result (b).
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d ()

4 (MTIRE) i AIEALE o IR 2 LA AL AR ERL  (a) a =0, b=1/2; (b) a = 3/16,
b=1/2; (c) a=4/16,b=1/2; (d) a =5/16,b=1/2; (¢) a =8/16,b=1/2

Fig. 4. (color online) Streamlines and isotherms of natural convective heat transfer in porous cavity as the
hot heat source position a varies from 0 to 8/16: (a) a =0, b = 1/2; (b) a = 3/16, b = 1/2; (c) a = 4/186,
b=1/2; (d) a=5/16,b=1/2; (¢) a =8/16, b=1/2.
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5  (MTPRL) SR AN E o 28 AN D7 i o 18] 78 B2 4 R B EE 0 A1 (a) ANELE 20 A1 (b)
Fig. 5. (color online) Vertical velocity distribution (a) and temperature distribution (b) at the middle height

of porous cavity as the hot heat source position a varies.
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Fig. 6. (color online) (a) Variation of Nu changes with a and its fitting results; (b) variation of Qpet changes

with a.
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7 (MTIRE) SRR R bR 2 LA B AL IR A E L (a) a = 0.4, b= 0.2; (b) a = 0.3,
b=104;(c)a=02,b=0.6; (d) a=0.1,b=0.8; () a=0,b=1.0

Fig. 7. (color online) Streamlines and isotherms of natural convective heat transfer in porous cavity as the
hot heat source size b changes from 0.2 to 1.0: (a) a =0.4, b =0.2; (b) a = 0.3, b = 0.4; (¢) a = 0.2, b = 0.6;
(d)a=0.1,b=0.8; (¢) a=0,b=1.0.
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8  (MHIR ) Wl AR RS b AR I J7 i v 80 18 B2 10 B ELE FE 0 A1 () ANEE 221 (b)
Fig. 8. (color online) Vertical velocity distribution (a) and temperature distribution (b) at the middle height

of porous cavity as the hot heat source size b varies.
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Fig. 9. (a) Variation of Nu changes with b and its fitting results; (b) variation of Qo changes with b.
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Simulation of effect of bottom heat source on natural
convective heat transfer characteristics in a porous
cavity by lattice Boltzmann method”

He Zong-Xu" Yan Wei-Weil)! Zhang Kai') Yang Xiang-Long®? Wei Yi-Kun®

1) (College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)
2) (College of Civil Engineering, Shenzhen University, Shenzhen 518060, China)
3) (Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

( Received 20 April 2017; revised manuscript received 17 May 2017 )

Abstract

The influence of bottom heat source on natural convective heat transfer characteristics in a two-dimensional square
cavity fully filled with a homogeneous porous medium is numerically studied by the lattice Boltzmann method. In this
physical model, the upper wall of porous cavity is set to be a cold heat source, and the bottom wall is designed as a local
hot heat source. Both the left wall and the right wall are set to be adibatic. Specifically, the effects of both the position
and size of bottom heat source on the properties of natural convective heat transfer are analyzed. The numerical results
show that the position and size of bottom heat source have great influences on the characteristics of natural convective
heat transfer, and there also exist the best position (a = 4/16) and optimal size (b = 0.75) of the bottom heat source for

the maximal convective heat transfer intensity (mmx ~ 10.35) and heat exchange capacity (Qmax == 5.69).

Keywords: natural convective heat transfer, porous medium, lattice Boltzmann method
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