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ABSTRACT

‘In order to examine the characteristics of the various types of convection that can occur in
.a fluid-saturated porous material, numerical experiments are carried out for a permeable-top
box heated from below. A cyclic reduction method is applied for solving Poisson-type pressure
-equation to avoid false flow fields due to the iterative numerical noise and a modified upwind
<scheme is utilized to overcome diffusional truncation errors in solving energy egquation of para-
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bolic type.

The main results of the present study are as follows.

pa

&

The conditions leading to onset of

muiticellular steady convections, second critical Rayleigh numbers above which fluctuating un-
steady convections exist, variations of Nusselt number with Rayleigh number, and the effec-

tive convection patterns which maximize the heat transport are determined as functions of

convective cell-number.

In summary, the results show that the various types of convection are possible for a given

Rayleigh number and box

geometry depending on the initial conditions.

1. A =

=)
2
HE

q o
o
S
> [s%v) e
-t
b W
o 2
A, 2
A
£l i,
el
o}n &
o £ u
hﬂ ;£
_°.
_xg

il o ol

Aoy w0
o¥,
ol
-
i

JRIic A AV i o i
(‘_)4‘]4 [‘E4 r'.xl.z

A AN AY A FhIMAA 2
Horton ;} Rogers? ¥ Lapwcod? ]
olse 7
ai,;j(lmpermeable layer)
A2l & ¢l A Rayleigh <+
P4 o2 AAegle U%,
o & 2% o34 4 v A1
Fansh %ﬁ]%é?ﬂ_s’“’oﬂ Jak wss.
o177 o] 48] Rayleigh 4ol A% 3 44ke 9
] §-4-%0] A==, Rayleigh42] Srhell =
)

i OH

—-v <
T s

T e

N, l2
O oo e @0

Y

- T
o

>

1

&

&

e

>

fr &
-)_.J
ft
{1t
%2,

ksl

_,

3 45 % 242e A4 FAsE o8 A
W B9 #9484 g5t F2 s453
14 SedE § LEEE Aold A9

1 =4) zL3F Palm, et al”xl Straus®$] <7,
2 57 &]—01 AzLE 2d 23 Holst
. Straus &} Schubert!!s!?
ashEel B 95

| Elder'® = Ravleigh 47+ A%3] £71H
e Aaina AREEE 24T F 8
od, 254 HF4E] 978 AP e &4
oscillatory convection o] &= &b+ o T2 3E

R i)

f

SEale] F5& FHEd o AL 1F o
2150l ol AW} A4 B EHF
o] A& = o] 2k ¢1A] Rayleigh<, o]3}+%-
o AT} P Fol Ao TR A
ot

olslge] S AW fA18) e Tl
& AT de o ARl gk 2eivg
o] 48] &l FE& vl : = A
g glnt AA Al 2d 8 AL FFA40lE
= A& a7/ BaAole, eolsk off
g Al A deld = e AFHEY 2E
(mode) = o]l A3 w4 & gl ¢

7 B34S TRH R AFHE L
R @F7 Aashnh webd & ATIAE F

o okl U 2 oA YA
BA A7 2} ke, AN REel EF S
# 970l 4] ¢] Nusselt -2} Rayleigh 5=¢] 317
dddo] Tozs AqAE
54 Al ¥

A A A& 3%" F7b glonz
&) Aol Addse]ok 31+, o
w4l 31 Rayleigh fof] vl & AF4Fe]
o E 5 7ok ke mAAY Y T
2 st ZAlAQ =2 A welot

o LA el

HWAHAK KONGHAK Vol. 20, No. 5, October 1982



IV HAM WEY BRI A% HR 319

& Darcy-Boussinesq 8] 7F44 EQj8ld A%
WA, LR 2 A4 eE A 4
[+]
%+

gl T34 R4 EL g3 2o
=xch
peov=0, (D
0= —VP—U-*"Ra(a_&O)ez, (2)
__—“Ef)g‘;;;q gz + pevd =20 3

3714 v& Darcy o £E4e 24 £53 5
A SEARE A, ek 240
9 eoloh, W4EY T3 Aele H,
LEE Tou—Tew)y FEE kea/ (0Co)H
& pkeo/K+(0Cp)e, AZEE HN(pCp)t/kears
4252 st ek FAA 4l Rayleigh
=

Ra = gKA‘Sf(Tbot — Ttop)H (4)

Vf(kzq/(,ocp)f
2 AYgstged, 9474 g€ FHAESENL
K= 524 Ay Tl Brvr 00 B Cor
= A4 A9 AYIAT, FHE, Y2 E
Qdoltl. EAANEL HTLEAAY &g A3
o, AFEAEE kst AGDEF (0Cp) et
oh-g3h o] Ao Ehgiet. Y

kg = Qks + (1 — @) ks, (5)

(tCp)ea = ¢(pCr)¢ + (1 — @) (6Cs)s (6)
74 ¢ HFElZ, A fo s fA
s} ohE4 W Ag Yufire

A7 g ARAAEL AA 2R 4 R
Aoz e TIA FHEd A )
grid Peclet =7} 2}-&-=} = FTCS(forward-time/

25138 F|202 ® 53 1982 10§

centered-space) AEH 2R FHE J& T Yo
v R ATl A= dsks] vjAg AxE 25k
Hug AAAe]x %she] upwind AHEHE 4
A o2 A3k, 28y Peclet 571 & T
Zrell A Zalgke] AbvlA o2 IA] A4 = =l
tlo] gled o] 54 =i S Bl £ 9] power-law
weighted upwindz-28 2.8 A43}¢ =] o] =
Peclet 4] =tk AEds} o F3-& TFFEst
= upylelwt

529 AWIAE 45434 DF £F
W4 T AT A
P =Ra-J0- @

E A4l o) Ayt e g o|#3k Poisson &
8] uBubR A a9 o 2 SOR (success-
ive overrelaxation)%-¢] ul¥-A) A4 o] A-g-=ict.
ek ol @ PAALE L ALY o

st ARAFFFe] FEH = 53] dAH F
Zoll 4] #F8 EASE-E TS gdadsor dh
B R AT AE o] Y Ag-2 Evlsheh
webd (A9 AAsie] o750 d=Y
¢} odd-even reduction ¢l cyclic reduction 3-8~
M AAgstg o, F44 ASHAAE o4F
o] 4t AAE 2AE ol -&3td FAAL

4 Fahge
3. 23t Y HE

83 ANEL Fig. 128 g
9;% 1 vﬂ%—ﬁ--‘i——% MA, A = F

= Rayleigh 4¢] ¥ 9] 5 Nusselt.
154 %9 7MA], Rayleigh
W4 g A FRFY A (el
A8k eh & eRldyd e L/H=24q

£ Apstg on] ol g TRl A Rl A f
T EAE 7 UL SRR o|FAR A
4 554 oA AIEEI 454
Br} 2‘-}1 FAAg e fAEHt oeng 55
A 74| vk 248k e

24 Biute) o] 2~5 A9 AdH F
7t A1 2ts] & 414 Rayleigh 4~ #7 29,40,57,

_m jd'
ri o
ru& r"



380 #®

)
S
=
2
s
4
2
710 1 1 500
RAYLEIGH NUMBER
Fig. 1. Nusselt number versus Rayleigh number,

Convection is steady over the Rayleigh
numbers for which the curves are shown,
The integers refer to the number of cells
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Fig. 2. Variations of mean Nusselt number with
time during calculations for steady two-cell
convection, The case of Ra = 120 started
from steady two-cell solution at Ra = 100
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Fig. 3. Variations of mean Nusselt number with
time during calculations for steady four-cell
convection.

——started from steady two-cell solution at
Ra =100, - at Ra = 120.

X donotes two to four-cell

mode switching
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“Fig. 4. Variations of streamlines and isotherms
during two to four-cell mode switching at
Ra = 200. Figs correspond to points A thr-
ough C in Fig. 3
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Fig. 5. Variations of mean Nusselt number with
time for oscillatory two four-cell convection.
The integers refer to the number of cells.
The steady five-cell solution at Ra = 150
was used as an initial state
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Nomenclature

C, specific heat

g gravitational acceleration

K . permeability of the porous medium
%k  thermal conductivity

Nu Nusselt number

P dimensionless pressure

R,
T

Z dimensionless vertical position

Rayleigh number
temperature

Greek Letters

volumetric thermal expansion coefficient

D> W

dimensionless temperature
t Viscosity

v kinematic viscosity

p density

¢ dimensionless time

¢  porosity
Subscripts

bot refers to the bottom boundary
eq refers to the equivalent quantity
f  refers to the fluid

s refers to the porous medium
top refers to the top boundary

o refers to the reference state
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