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Analysis of Heat Transfer Characteristics in the Thermally
Developing Region of a Porous Channel by LTNE Model
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Abstract

A numerical analysis has been carried out on foreed convection heat transfer in the developing
region of a porous channel, The channel is filled with an isotropic porous medium. At the channel
walls, a uniform heat flux 18 given. Comprehensive numerical  selutions  are  acquired 1o the
Brinkman-Forchheimer extended Darcy equation and the LTNE model which does not employ the
assumption of local thermal equilibrium between solid and fluid phases. Details of thermal fields in the
developing region are examined over wide ranges of the thermal parameters. The numerical solutions
at the fully developed region are compared with the previous amalytical solutions. The correlation for
predicting local Nusselt mumber in a porous channel is proposed.

N ENY h - [W/m” - K]
aecosbRiAEY e 0 () k L4 [Wm - K|
Bi i Biot P haadl ik, PR A WL ke
Cn dekwidd [Jkg - K) K 5abg :§
Cy ¢ Ergun Al LA el (m)
D.coel el 2 Al [(m] Nuo: Nusselt 2, hoDifkee
Da : Darey 5. KIH Nty § Nusselt 55, ks
d, [m] p [N/m*)
2H g o] {m} P s AR gkal é:pi{}l.f,’?
Pt P [me: - K} Pr {Prandtl) 4, vda,
"
« ghate EEE Re
»f‘i?:% 4L KIST 2 o] Rey
E-mail ¢ seovkimakistrekr Ry 1, Vs
TEL © (02)958-3683  FAX : (02)958-5689 R
Rl B A S I B R




ay

hg ]

bulk

“h

2x

.3 \ RO

Hwally

¥ [m

2""3

im s

e (T-THy

[kgi’m}l

“Hik. )

phase  volume  averaging) %t l.;TN[%ﬁ(l(‘;cal thermal

vy - ; 4 . R - .
pon-equilibeium) KMol wgdsglvh aael

i.i"‘-‘ﬁ Wukao et al.  Achenbach Dixen and
Cre h\/(}” Bird et ol Martin”$

AP ol

Hsieh

i “23 oAl A

o~
£

(541()

Jang et al




Constant heat flux,
b H H \9' g‘

DL ¥ R S I
S ci i FZOE

Brinkman-Forchheimer  extended
- ukak Al AN TNE W

1oud AL vl
ghoubal a1 v

o] 2 Al Bite Biot

(== @, B (@, - ) (4)

Erpun

Vafai 7}

i o) N bt Y
- 1 o= g Hik,




(14)

VR Fig. 2%

| 2] Slwtel i

at V=10 for 0{X<LIH

Py

£=0.38,
z.:}’ A%,

oloR @,

#0278

Wl (temperature gradient)”7}
[g8to] e

(18 Biot

- A ()
- - B s Bl B=8=8)
at X=L/H for( C ] 7) Tovbgshy o] HaE o0

1+ vie am

Patankar £
R
QUICK scheme

1200

= Experiment(R, =028}
Y s Experiment{R =0.17)
1000 o Numerical resuli{R =0.28)

T3y

i
i

Ay
5
N
- ¢ \A\‘
= ) :
2 800l . \\,
B
. *
. \\\\-\ * *
. e

600} .

400 i £ 1. i

0 5 10 15 20 25
Fig. 2 Comparison of the present numerical results
with the previous experimental data for &

O G oE

water-steel packed bed al Res

&) E})’ vlhad & 4
]

Aol v

. ol i [EE DI IR
7l gLERe] Jang et alltlRl 4§



— Analyviic solution
-1 r . Present numerical
resuit

i

0.8 1

0 02 04 08

vt

-0.1
0.2
& .03

-0.4

-0.5

0.6 P —
0 02 04 06 08 |

Comparison of the presemt numenical results
(2)

Fig. 3

with  the  previous  analytic  solution,

ubeb el £ 107

Fig. ()l 23y

{)(j?

equation model 4

L i £ IR

~ @ =~ Twoesnergy cquntion model

ANu 10’y E
o .\ —E
.\‘N!

Stbassisd i,

107 -
10

1400 : _ , R

1200

1000 + .-
800
600 -
400

e W

-

Nu

One-energy equation mode!

5 -~ ~Two-energy equation mode!

[
o
(o)

ey

40 60 80
Bi
b
Fig. 4 Comparison of Nusselt number between LTI
LTNE models. Re=3500 and Pr=0L7. (a)
effective thermal conductivity ratio

Biot number, k¥=(.01

<

100

o)
N
<o

and
Effect of

{by Effect of

@i od gk
feline]

ol i)z}

Nu®h o s

S{ayed A

3 1 3
k'li \r‘ 3 4

Slek wpepad il

B (-1 Hiks S

20 B
TE b

Fig. 68 mr7b Sl
b Fig. 6layh %

yheked ol ol

it

Fig. 6ibylt 2 pr7b

gk




988

N e
0 1 2 3 4 5
X
{al
0.10
0.08¢ “"‘“‘00 R .
Q.10 i
SRRt P B
. 0061 e
004 @,’ ”W”-M,,,.
002f .- T -

OOO il b 3 3

Fig. 5 Effect of etfective thermal conductivity ratio.
Re=500
distributions, (b) Wall temperature distribu-

and {a} Nusselt number

{tons

=1 o)

Re, Fed el ol Nysselt

o

C 8] 0,755

ol 2l elorod
‘! ¥ [SIN O

5000

i
4000 | \
H

3000

o P ™
Z IR
2000 FL L
5 -
1000 | T e
0 i { i |

{a}
2
Pr x‘/'
N 70 -
15 U 4 y""/
v 0.7 o
;'x'
8 1k -
e
/’V/
e
05+ o
,’/ o
L 7
ol

Fig. 6 Eifect of Prandd mumber. and

k*=0.01, (a) Nusselt number distnibutions

{by Wall temperature distnbutions

k9l 0829450 wlelEl

0.0629% o] y> ¥inle

Nussely o} ot

(19

+ 12,78

0.01<k’<],  0.7<Pr<70,  100<Re<2000




LTNE 59 989

.._
59
2.
o
ol

3000
2500 9‘
2000 ¥

= 1500

Nu /\,*0.529

1000

500 -

- —
4 I
A ey
-, i T v e
e P ot

)]

Fig. 7 Effect of Reynolds Number, Pr=0.7 and Xt 2 5

fy Kim, 30X, Pack, 1. W, and kang, B H.
2000, "Flow and Heat Transfer Correlattons
for Porous Fin o a Plate-Fm Heat
Exchanger.,” ASME J. Hewr Transfer, Vol
i

2 Kim, S50 Y, Koo, Jo M and RKusnetsov, Al

L BT~ 57R

V.oo2001 TEffect of Amisotropy i Permea-

hility  and  Effective Thermal  Conductivity on
Thermal Performance of an Aluminam Foam
Heat Sink,” Num. Heat Transfer, Part A, Vol
4 pp. 21368

1

{3 Sung, H. L, Kim, &Y. and Hyun, J. M.,
19095, "Forced Convection  from  an Izalated

Fr gl Ll ’,‘ig P

Heat  Scource i a Chanpel  with Porous
Medium,” Ine ] Hear and Fluid Filow., Vol

~ 535,

16, pp. B

(O Raviany, M., 1991 Principles  of

Transfer in Porous Media, Springer,
York.




990

Jakao, N

"Eifect  of  Flud Dispersion Coeffi

Kaguon, 50 and Funazkr, T

e Parpicle to-Fluid Heat Trag

Coefficients in Packed Beds” Chem. Engng.
Sel, Vol 84, pp. 325556
Achenbach, E., I

"Heat  and  flow
Charactenstics of Packed De
and Fluid Sci., Vol 10, pp
{7 Dixon, A G oand L,rcszsw(*il, DL 17,
Effective I--k?::!l

ds)” Exp. Thermal

"Theoretical  Prediction  of
Transfer Parameters in Packed Beds” ATCRE
Vol
{8 Bird, R. B, Stewart, W. E. and Lightfoot, L.
N 1960, Transport Phenomena, Wiley, New
York,

@ Aartin, M., 1978 "Low Peclet \umbu

Particle-to-Fiud Heat and Mass

1

Packed Beds.” Chemical Engineering Science,

- Vol 33, pp, 913 ~4]140,

(10 Kuwahara, F, Shirota, M. and Nakayama, A,
2001, "A  numerical  Study of  Interfactal
Convective Heat Transfer Coefficient in Twor
Frnergy Fouation Model for Convection in Porous
Media,” Tt [ Heai Mass Transfer, Voi. 44, pp
PIO3 - 1154,

(1 Calmudi, V.o V. and Mahajan, R L, 2000,
"Forced Convection o High Porosity Metal
Foams.” ASME J. Hewr Transfer., Vol :
PP, DT~ H6D.

12y Younis, Lo B oand Viskanta, R, 1993,

"Experimental Determination of the Volume

tric Heat Transfer Coeflicient Between Stream

of Alr and Ceramic Foam.” Int. ] Heat Mass

Transfer, Vol. 36, pp. 14251434

13 Hsieh, W, H oand Lu, 8 F, 2000, "Heat
Transfer A;ml‘»xsis and Thermal Digpersion in
Thermally-Developing  Region of a Sintered
Porous Metal Channel.” Int  J Heat Mass

ol

Transfer. Vol 438, np. 30013011
dr Jumg, PoOX, Wang, 72, Ren 720 Pl
Wang, B X, 1999, "E

Flnid Flow and Convectlonn Heat Transfer in

perimental Research of

Plate Channels Filled with Glass or Metallic

Pariicles,” Fxp Thermal and Flad Seil, Vol

a5y Jang, P X and Ren, 720 Po 2001,
"Numerical  Investigauon of Forced Conve-
tion Hes

Thermal Non-

4+

Transfer in Porous Media Using 3
I
Fiuid Flow, Vol 22, pp. 102110
() Kim, S0 Y.

2000, "Foreed  Convection  from

i(‘;uili!’.‘)rim‘n Madel,” fnt. [ Hewt

Kang, B. H. and Kim. . H.
Aluminum

Foam Matertals m oan Asymmetrically  Heated

Channel,” Int. . Heat Mass Transfer, Vol

oo 1451 -
(17 Lee, D Y. and Vaim, K., 1999

Charactenization and Conceptual Assessment of

“Analvical

Solid and Flaid Temperature Differentials in
Porgus Media,” Ini. J Heat Muass Transfer, Vol
42, pp. 423~ 430,

AR) Vafai, K. 1984,

“Convective  Flow  and
Heat Transfer in Vanable Porosity Media” ]
Fluid Mech., Vol | fi’?‘ PR, 233204,

19} Patankar. S0 V., 1980, Numerical HMeat

Transfer and Fhod Flow. MeGraw-Til, New

York.

20 Kim. S 1, Kim, D0oand Les, DY 2000,
“On the  Local
Micro-Channel Heat Sinks,” i f Hear

Thermal  FEouilibpum  n

:/;

Muass Transfer, Vol. 43, pp.
20 Amirl, AL, Vafad, K.

Kuza,\-ﬁ T M.

1095, "Effects of DBoundary  Conditions  on
Nop-Darcian Heat Transtfer Through Porous
Media and Experimental Comparisons,” Num.

Hear Transfer, Part A, Vol 27, pp. 651 ~¢



