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Abstract—A theoretical analysis of thermal instability driven by buoyant forces under transient temperature
fields is conducted in an initially quiescent, fluid-saturated, horizontal porous layer. Darcy’s law is used to
explain characteristics of fluid motion and linear theory is employed. Under the principle of exchange of
stabilities, the stability analysis is conducted by using propagation theory which adopts the thermal penetration
depth as a characteristic length scaling factor. The critical conditon of onset of buoyancy-driven natural convec-
tion is governed by the Darcy-Rayleigh number, as expected. It is shown that the larger Darcy-Rayleigh
number becomes, the earlier convective motion sets in. Based on the present critical condition to the onset
of natural convection, a new heat transfer correlation is proposed. The prediction agrees well with experimen-
tal results.
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Fig. 1. Schematic diagram of system considered.
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Fig. 2. Comparison of basic temperature profiles. The si-
milarity solution is obtained under the deep-pool
approximation.
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Fig. 3. Maginal stability curve. The arrow indicates the
critical conditions.

E‘
N

T-3he HEE ARGk dellA A" 27)
A}-2-3ted Runge-Kutta-Gill 42} wp & = Eupy
ste] 74l ¢ AARAR] HEg) 0¥
53l dolal el # AAwAAY AAx
> utZ£2x]712] £ Newton-Raphson #H2- A}
P’”] Z712 DO*(0) ¢t & Rap*E T3t 9
Eate] 9] AAHAAM Y AAZAE WFA

fo ot mfu

ﬁ N[o

ol

o2l
1o
u'.

L K oop X i oo X oo
» 1

o
na

2-6. oFEA #HAIHat

gold AFD APE AHgated BALHY 3
Fig. 33} #r}. Fig. 39 AIHAA 4
AT} Ak A BT
W re AduFoh wAsA wE
o o) Fale) Hago] AdhF w4
depdch 23004 B5e] A
b are) vhehd 4 gloh.

Rap *=8.51, a*=1.05 (28)

dde lo
oy i
el )
o

2

2o afo

o2
28 .
2
K

o

T A

w 2
LA )
N

(R R )
oo
2

s @

5‘—

1

W A o JH dr A2

L
rlo
o
2
B
0

me

3. WY oY

Howard[16]+& Hds] A" wHe] 7ol dA
& 7td e 23 2] gk el s Augici= AAZE
2ty mde A4 sgch £ Long[17]3 Che-
ung[18]-¢ Howard®} A#AE 7|22 sl 27] 9+
8)/d-e E3}te] Rayleigh 9} Nusselt & “etlie
=g 2 4skedch Yoon[11]2 Long® Cheung®] 3}

L IR e S | 191
AT, # _~._ 0. __ coduction layer_ T
d T r turbulent core
| dr _
az =0

Fig. 4. Schematic diagram of turbulent heat transport mo-
del. ATx is the temperature difference over 5+.

4& ohgd HAFo 2 $2ech Yoond) A4 4%E
olgsiw, ¥ AFolA TAHE A AHD 4
AL ofehst 7o) verd 4 9lek.

A Ra,”?
1-B Rap‘”‘”

Nu= (29)

o371 Nut= Nusselt % o}zfe} o] Hej=lch

Sd?
2kAT

Nu= 30)
2] (30)elle AAEA] @& 45 A, Brl sloh gepy
S A FPAE 27 Al F Aol g
A AgaA s "asieh

+4, Rap—ec ol sb3] A7HE R AdelolAe] o
At AgtdA ol ol 3le] Abs 2 2}, Howard[16]+& Ray-
leigh 7} #i9 & 7S L 7tddd 249
A Sl ofte] H9-5HH, olejgt FASS] ol 7
A § Aol Mo A HF zole} ke AAS
Bk 2dS AAlstgdch Howardd] /& 2 <
T-oll A aeiE AR &3 7o) Fig 4ol veli} olch

Howard®] 7§38 o]83}d olefe} 22 A< 4%
Alg 9L & 9o
1
Nu=36i for Ray—® (31)

A4 s*e AAE B wdold WS FAR
Al F Al A AT o] b2 AT

slch. mhebal A (3D)& obshel zro] Lhebd 4 ale.
Nu :i/_( }I:: ) for Rayoe (32)

1714 Raste olesh o] Aok

KegBATS
av

Ras= (33

AA 7L w22 e

d
e #AE A% & Ak

LEREEYE ol

HWAHAK KONGHAK Vol. 32, Ne. 2, April, 1994



192 AR - F29

ATIZ% (30

awhebA] Rase obafsh o] vebd 4 k.

_ 2KgBStd

R
% kav

(35)
e b sl A (28) 7 5=2.90cd=be @
A2 RE Rae ofefis} zte] FoiAlct

Ra;=49.387 (36)
Anproz A (3)el4 S8 AHD FF Feel 4]
o) ARG ABAE ch3 o] Foldlnt.

Nu=0.1006Ra,"* for Ray—® (37

w ohE shie) QA AL L2 I} APYNE
Hol: 7%, & AR 4 YA Rayleigh 57+
H2ql A% P& 4 ok LEFE} YYINE
HolE 3%, AAr)F 24 4 Rayleigh & obeh
7o) FojA1c}(26].

Rap,=30.933 for t->00 (38)

Ray—>30.933 7 $-¢ll = Rayleigh ¢ #i3}ol w2 Nus-
selt 4=2) ¥l3}2 3Jel| 7}A) (shape assumption)& Al-4-
gt Pl g3t Aok
1 T

— =1-—— (Rap— 39

Na 1 Rao (Rap Raac) ( )
G714 T'e 22 ¥7F AA4E Hole 7%, A
A5 A Mo we| FEZ
ofef o} o] etd 4 lrk

4
o
ne
tlo
4
30
o
e

f;( 1— Z)W1eldz"‘;W191dZ
= =0.6932 (40)

J':)(W191)2d2

wzbA], 4 (399} (40)22HE oo} e WAE

Qe & otk

dNu
dRap

99 = 27, 4 (3D A& A (294 Hsz
Ra,=30933% o Nu= 15 Rgs}7] 91stel 4] (29)%
ofzt Wyeld offsl 2L AUY 4TS UE £
alek.

06932

raposss 30933

=2241X10"2 (41)

2132t X323 H2E 19944 43

- HAT

Kulocki & Freeman gZB]
Buretta & Berman [27]

Sun [29

Rhee et. ol [30]

Hardee & Nilson [31] )
Present Theory

ssbpOe

Tt n WS n P A

T — 07 10 o+
Rap
Fig. 5. Comparison of present heat transfer correlation
and existing experimental data.

0.1006(Rap2— 30.933'2)

N 067Ray (42)
Al (41)& 7)E9] Ay Aste} v wg Fo| Fig. 5
eh} 9ok 28 o)A Buretta®} Burman[27]2] A3 74
7= Rap7h 2He gddell 4] £7)(bifurcation) 7} L old
< 2 4 glo, Kulacki®} Freeman[28]9] A7}= £
AT AT e} efrke] ol & Bolu} ez AFAES E
Aol A Qdoial A@A I vlwA F dAHFE & 5
slet.

4.d £

£ AFdAMEe £ g3l FAZANA FAT Wy
Fhedel] o3 A7 EY 2EREE ZHE Al ¥
Hel| 9t fusle AddF B dARPE A9
o] 2& A &sle] )Mtk A A} A F+= Ra-
yleigh 49} Darcy =7} AA4E e HAP¢s o 5
ANt =, Aupol g HEg3led AL AddF uA
gA ANAEH AAE BAAA o]EE TAE HH3
AE GFAA ALY § e dHE ABNE
TF-aheich bR s AR GRS dAD AAA e
ZA F 2A-& el A Rayleigh 7} gkl
30933 ZaolA Hul71AHE AMEste Ao dAdE
A B BAE 272 Rayleigh ¢ A8l 44 H4-¢
£ ole dAg AEAE dgich o] dxg AL
71&9 A¥AANE A A9 FAck



oA FAZIA Y AddF G4 R D AdA

# A

2 A7E A¥s  YFAEAFAD A=

YU
ARR2|E
A, B :undetermined constants used in Eq. (29)
a : dimensionless wave number
G : heat capacity
Da  :Darcy number
d : fluid depth
g : gravitational acceleration constant
K : permeability
k : thermal conductivity
K : unit vector in z-direction
T : temperature
AT  :temperature difference
Nu  :Nusselt number

Ra  :Rayleigh number

X,

XY, 2

Va B | @o'non'-]‘mﬁ“

AR}

O = O = o

: Darcy-Rayleigh number(=RaDa)

: heat generation rate

: velocity vector

: dimensionless velocity component of z-direc-
tion

Y, Z:
: dimensionless position in Cartesian coordina-
tes

position in Cartesian coordinates

2loja 2x}
: thermal diffusivity
: thermal expansion coefficient
: constant used in Egs. (39) and (40)
: thermal penetration depth
: conduction layer thickness
: dimensionless temperature
: dimensionless time
- dimensionless similarity variable (=z/y/T)

: amplitude function for perturbation quanti-
ties

: initial state

: basic state

: disturbed state
: critical state
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