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Finite ElenentM ethod for-Heat Conduction ‘Analysis
in PorousM-ed ia with Con sideration
of Radiative Effects
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D alian U niversityof Technology,Dalian 116024, China)

Abstract: A finite element method for the computation of coupled heat transfer
problen s in the'translucent porousmedium w as developed D educing control equations to the
finite elanent computing form sw as realized T ransient ®lutions of heat transfer through a
translucentporousmedium placed in a flow passage and submitted to incident radiationw ere
obtained The one-dimensional physical model took into account smultaneously the heat

conduction, convection and radiation in the porous medium, which was assumed to be
homogenous continuum, absorb, enit, and scatter themal radiation The coupled equations of
conductive and convective heat transfer have to be nlved simultaneously. Some techniques
were used 9 that the coupled equations and the radiation heat transfer equation could be
transfomed into the computing forms T he initial tenperature conditionsw ere introduced in
the iterative computation, and thus the transient lutions were obtained using time
integration technique The effects of some material parameters on transient teanperatures
w ere investigated by numerical computations
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[12] ’ Fig 1 Physical model
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PCpOTp(x, 1) /Ot = keOTp/0x*- 0ar/0x - bAvV (Tp- Tg) (1)
ngg[aTg(X,t)/at+ UgaTg(X,t)/aX]: kgng/aXZ'*' hAV(Tp' Tg) (2)
%31: (1- M)B[4n2(TT3(x,t) - 271_11 I(x,u)dpJ (3)

v @

pufB o1 (x, 1) /Ox + 1(x,u) = (1- w)n’oTs(x,1t)/m+

0. Sij'»l1 L(x, 1')p (0, ) dp’ (4)
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e Zoanpn(u)pn(u') a= 1 (5)
Tp(X,O) = Tg(X,O) = To (6)
x=0
T¢(0,1) = Tg @)
x=0 ,
2 4 a_TQ —
og- h[T¢(0,1) - Tg]- enoTy(0,t) + kp[ 8x] Lz 0 (8)
Xx=b :
OTo(x. t) 0T o(x. t)
| Zeletl] - | Taletl] - ()
x= 0 X=b ( )
1 (0, ) = @n’0T5(0,t) /TT+ Tn’q/T+ ZPSI: T(0, - p)u'dy
u> 0 (10)
(6, - = en'oTi(,0/me 2 [ T\ (1>/0 (1)
5 (x,1), To(x, t)
) , u 1
) TS(X,I) 1 M , - 1.0,- M'_l’
( ) 11 M-1 :
I (x,#) M M ,1.0
M
(4) T
wB A1 () /ax + 11(x) = Cix) + 0.5w@Au >, 1;(x)P
(Gi# 0 (12)
Ci(x) = (1- w)n?oTs(x,t)/m
11(0) = C1+ Co+ zpsAuZ 1. (0) (> 0) (13)
I.i(b) = Cs+ 2p§AuZ i (0) 1y (u> 0) (14)
pi= (AM) x j , C:= &n’0T:(0,1) /i
C.= Tn’g/m Cs= &n’0T; (b, t) /m (15)
X N I Ji (i= 1
(12) , N), I I=-M M),e
(13) (14) '

M , HE(x) = N (x) I
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N ode N (x) , (Node= 2)
oli(x), :
ILe 6!2‘*[;1.3 O1°(x) /Ox + 1°(x) - Ci(x) - 0.5wAu Z |}e(x)P,-J d°=0 (16)
, ’ X
N , M , N X M
[K{u} = {P} (17)
u Ij
3
1 @ Tp Ta , X ( )
: 1 @ (1) (
(2 ),
ILE STo{PCoTp- KoTpx+ Ci+ hAV (To- To)}d +Ise STo{Co+ KpTpx}dS= 0 (18)
Ci= (1- (LB)BI:4|"|20TS(Xi,tt)‘ 27T_Z |(Xi,llj)Au]
Cz= 0gq-_h[Tp(0;t) - Tw]- @n’oT,(0t)
i ,j2 0
(2),
M 1{7}+ [KI{T} = {p} (19)
At, t
t+ At
['ib | Tow= (1- OFc+ Boa- (1- gkt + M (20)
& 0.5 (9) 0
P = 3000kg/Mm*® , Cp= 0.4J/(kg )
k= 1.3J/(ms ) Py= 1kg/m?®
4 Co= 0.53/(kg )
key= 0.092J/(ms ) w= 0.5
n=15, B=06 , f=0.01
h= 0 , %glzo /KA= 10 , q= 10° h= 1.0
0.1m,M = 10, 20
N = 20
h# 0, 0
a/0x% 0
0 : , 0.0001s 5s

¢ ) , (7)
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Fig 2 Tenperature distributions under
different gas velocity (1) ,
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Fig 3 Tamperaturedistributions under different
surface area per unit volume
of porousmedium
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