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Abstract— When an initially quiescent, horizontal fluid layer is heated uniformly from below, the critical time of
the onset of natural convection is analysed by employing the propagation theory. For deep-pool systems the basic tem-
perature profile is approximated by using the integral method and a new stability equation is generated. The critical
conditions are found to have following relation:
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This relation agrees well with experimental data in the range of Ra >104. Also, it is seen that the initiated convection is
amplified to observable magnitude at the time 4 7.
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Fig. 1. Schmatic diagram of system.
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Fig. 2. Base temperature profiles for r < 0.01

of7loll4l § — /107, £—2/8 & FoiX}h, o0& dF
Zelnkglz Fapdshe A5 Zeleln He & 0=
L1 @ 0, 158 w19 @¢ 2 ARl
9ol FAkalE, Fig, 20 R.o|& slef 3o
Oop® T5F ?rﬂwmua d=d

~
A
=3
:
=
[

SEC LA
2 g glA @ dieeln glch B2 GUslE AR
@ 45 9loi} ok 487 of A

AR %, %:a, skl Fol aeh
B o oliaied, debd AR ol Zaiold

Boussinesq 7M4S =35k ﬂ%—"frigl e a/

1 @ .
ﬁa—TV’W.=V’V w, t V718, (7)
aaar‘-PRawl aa”Z Ve, (8)

oi7]of 4] Pr& Prandtls-5 -Heb™ Vlz—

ax* +
2
Zooleh, AdoEsL ol £, meEel

v
X-Y #uiare] 2xp81d Frlgel 2 Al celle) ¥
4o welche hgalol, £xwAel 4 as £

ek, e SEqyel AF4 W, F w* (=0

K)F

}srEst 263 M35 19887 63

2 A%l Taelel 1 g

E AR5, Yoot Choil7]0lAM Abed Al
471, o3t 2o A2 oA s AlEe] A ()
(8)ZH odofAlct,

(D?—a*1)} (D= a* )+ Zf;rgn- 2)lw*=a*8* (9)

%’ ¢D-a*?) g*=-Ra*(1-1.5¢+0.5¢°)

(1-He ) w* (10

L
o] AlEol4 Ra*=Rad*, a*=as, A=10f°l°¥
ol AAHZE Faor AAHIS ALESled HHo|uks

)

doldos WAAIIE s £4395, Ra'sh a )
Haz FolAT, slol AFe Ygsitin Ug 4

s 4

ek, AdHd FAEL, 4A deep—poolﬁ]oﬂ‘i o]
T i3, 4, 7, 8], o4k
sl Alo] gk,

old] FA|& FoA Prandtlfell dlsted ofelie} 2
A58 wHEshe 2843 Ra* ok a* & 73}
= Zlo] FA7F e

w* = Dw*=Dg*=0 at ¢£=20 {11

for {— 12)

2, deep—poolﬂ]d]/ﬂ no-slip =743}
74]9.10” zLQ_qJ—l /nl ﬂﬂ]

o
+ no-slip ,757.11/} OE’ZJEP 2T} SAHcks A
&

rulo r

23, Proooel 2ol HHA &4

ol F2d 4 (9)sh (10) oixs] 4814 of
e19-¢ WEFL £ ATolME Prandtldrt ohs-
Fajo] A,

(A3 1A oz E g* & 4743t Prandtld

7b oS Z 7Sl diste] Al Aelshd o o),
[(Dz+%z§D_a*2> (Dz_ t?)z_’_atzRa*(l_%{
+ %g’)]w:= 0 for 0<t=<1 (13
2 A2 * 2 2 *2)2 *___
(D-!-—Z*Q’D—-a ) (D*—a*?)*wi=0
for =1 14
ol7|4 A alE =19l WelolA WF, be {21

& e,

ol WglollA] 4
. F7e] selspe HEs doE



{7141 bips
bi? = 0,

et BE BAE BEAL
for n<0 17
b(nn = 0nu

forn=0, 1, 2, 3, 4, 5 (18

2
bl = ni, (13a**= (n—6) %!(n—Z) 1o,

+i{(n—6)A%a**-3a**I(n—4) ' b, +{a*®

2
— Ra*a t:_%a*‘(n—s) I {n—6) b,
+Ra*a*?( g b, — %b‘,{[,) (n—6) !,
for n=6 19

of W A% Hee AA24 (D% (12
% 2Aslo] Aok, Az

A BEe

(1D)2YE =004

cheol A4S ek,
a*z

Ho=H, = H, = 75 Hi= (20

o AAZHe S ke el B WAZ ol
Azkske Aol Aelsiet,

AZ
(D*+ %5 ¢D =~ a*)Y =0 @D
(D*—a*")’wi=Y (22

WKBHE AHgato] ¢ —oodd wl Y=0eh £71% 2
2471 QDA HE o ket 2eh,

Y= }Xz lexp[—“f £(1
( é« + + *z 4
4
4, 168" A
+Az§.2 +X‘? dé’]exp(— L‘ 23

meh} WKBHS2 T8 Yo dejrh oh$ %aie)
22 o]& WA (22)e] EolslE A Fsl7] st
t’(~1°]a} S Q2DAE tol] a1 E g Ale g W
& & =109 Yo} Yge 27142 3l (21)
9] A5 =g delz 7, 2l “inverse
operator el &l (22)4¢) & ok 7ol -3l
E=
=H,e *" *+H,te " Y ,,,,[ g ()

+e " th(1)) 24

24 e 333

R T A T
gn=m¢<%z+2a*)(n+3)gw

+%z(n+'2+a*)gmz+%za*g,”,i
=Y, &=Y | —a*Y|,,
hO= & e e A et
hn=m‘)l(nT4) {(2a% - %2) (n+3)bp,s

+‘; (a*=n=2)bp,, + ’;’a bass |

hy =Y, hle”t=l+a*Ylt:1

o] Hret,

ol A zlod oie o ZHAZF akel s} uhe] dlE
=104 2] H,, H,, H;, H,,
Hs, Hy, 670 mlx]55 2t Abs Agiygale] oo
e}, o] Aol “non-trivial"sl7} E4sl7| flsiAe
ol & m|x]4¢] 741—‘1‘—01] 3k fedlol gro] Qo] =lojo}
ghet, o] wl FofAl a* of thted Foizl AAE abF
= Ra™ o) b2 78 4 9ok, ol3A <o}zl Ra*
o} a* o] ghFolM 4ol Ra* 9% a* 7t zkzhel |lA gk
o] xef,

AAZAL =-gsbd

3. 2% 4 HE

% dFol4 Prandtlirh oie 2 F87%el o
of, oyl AlsE Aulo|2L TAEZ, AAHEA whwlo
SIA Ao Farsl e R AR 7 F

4 s a % Fol ohet P,

1

= 4.57Ra ? (25)

a, = 0,267 Ra* 6)

Z, Fo]2l Rayleighs-oll ojdled A F&, 4
(25)ell 2lsle] AlAbslE= AlzlollA] Al (26)—1-1—‘514
gz AR cell FulE olwA] whlE Flolh

Zol3l Ao ohsled, Nielsen#t Sabersky[5]+&
45<Pr<4,770¢l A=lE 29F sixin A
c}, Al F7} Shadowgraphol &lsked A (dot) 3 &l
2 e A7E 7,71, Fig 3ol Reli vle} 3ol
olafje} Aoz Folxcky R usiiic

HWAHAK KONGHAK Vol. 26, No. 3, June 1988



334

°l

ofN

ERE

]0: LRI T Y LLRAALL T T Ty
£
o O Shadowgraph [5] 5
L B Deviation from Nu vs. r[4] 4
1= © — Equation (25) i
é &% o —=- Equation (27) §
C T Qg ]
L P ]
-~
S0 E B, 3
= &0 3
C 50\0\0 3
o i 3%&\.3 )
10 3 ‘o~°\‘Q =
: s
103 IR U TS MRS U R T TIY! RN NS WU T 77! SR ST |
103 10* 10° 106 107
Ra
Fig. 3. Time of onset of convection vs. critical

Rayleigh number.

1

= 19Ra ? Ra > 10* @n
A (25)% vlmsld T, =47 9 AAE Relx
A 3, o 4 orh, olepzke A= A 7hdAlelA
L ooE *010}4[8] ol At At A {F 7
= FZslofo} dti= L ofnlirn o

for

7 , Jhaveri®} Homsy[3]9] §=¢] &
L‘% 283 a]mﬂoﬂ =7Asko], Kim# Kim[11]
& 4 zlel] w%—v Nusselt4-7F *”7}01-7] /‘] Zete A7k
+sle] Al (27) 3 thEso|dF Ax . o=
tiOO*l*’I/l "717‘740 deg EH

b o= a2 ‘iau‘}‘ii"_j ol2{gl 7isloll 4]z %
gpo|Eo] WFEsh= ov|e} FgtEch et Kimdt
Kim< Nielsens} Sabersky[5]8] A& 2daE )33
AFS ekt AA| ‘éﬁéoﬂﬁ}; Nusselt+7}
Al 7ko] 7Aziglo] wigh Folstal A ¢tew, tiwk 4]
(2)oll 2]3} Nusselts2ch 923l *I e '7%1} 7] 4]
zZhebar QL% #olrh, olel thdledi= Choi, Kim,
Hwang[4]oll &lslof olm] gt3l ®} 9l eld A=
of 213k NusseltFRrt F7}3l7] Alatehi= A7kg, 4
A 7F 7.2 Fem| Fig, 3o Heli& upel o],
2 41 (25)0 ZAEA ", 2zl Moz vEkd
ﬁi*‘ﬂi—‘?ﬂ Blojups A17ES el o)

st AbskS AEslo] wed, Hubo] o q]7bgh «‘3—

=

T

©.3)

X264 MI3Z 19883 63

Stk ss

- Al
LOF== < T
™ |
= \
g {=025 £ =0.8s5
= \
2 N — Velocity
g %, ——— Temperature
O 051 N\ .
o \
L \
B \
"“j N\
£
© \
Z \\\
0 ! [ \\‘\~-
0 0.5 1.0 1.5

Fig. 4. Distributions of amplitude functions for in-
finite Prandtl number.

rle
e
2
o
rol
[2a3
i
.
}.
e
o,
2
o,
2
P
~
o
ob
2

it

I
A
ERA )
Wl
.

ap
bt
. H
(EON
o
rio
[N

Il
=

fe
L e
o dr oo ot B £ e

s}
oo
ol
o

o
o
-"_l
2

Prandtl—rﬂ ‘H UH—r i/] “RTC’{ o] £
2 A7 ct, w2l Choi, Kim, Hwang[4]ol <&
5AeE 2Ae AF%OW— al, Q1774 7ol
HojA| =}, TAHE B A=,
Ag-3lo] Tshd =3.69
7é_11},0‘l
Akl

i

o
=N o ol O
= B A

olg]zJ_O_ . Te

71tt, o]+ Choi, Kim, Hwang[4]2]
T, =3, 76Ra_79¥ 7] 2L Aol e

o 3 &
o FR Q—ZHEW w7
[-]/ ates Jehts

=1 o}xhs], HLU]:__«_EC_ FE
A (9)ek (10)ell ®al wie} 7eo] Prandtlfel o 3%
AulslA HoiFu gick weld e 2 Prandtle-¢

BLE 2T AT & AT} shalslel Feick
4 ooleh WAl D 1A 2 APl A
Foll glet,



A dfom shpdo] JMEEE % FAFAM A A HA

1.2 =

5 43 07 AAUE Aolel AR, 276 FH
gelz Qe FAEe Ye AAY dhow sl
W A2l e metergel WsHEE neE 4

Ao ek,
9l 7izte} ol §- 2 oA

2, a.=0, 267Ra‘
73 -vp:, 7 _._,]

»O

joh, wal dgdes 7S 47

T

& d
ol Ao Hoize] o] whAEl angrekeol
510

47, 39
ZZslo] 728 winpa) FFA|7ke] Heghs wkdsin
AE Aoz ¥olr}

PrandtlF7h of % & 748 &< walakso oty
A FE7lo] o]ule ZAlsty w Ao vEitel,
g x watekeS A3 F7lo]

2ol By e 4 a9k
Aoz zighsdeh, w3} A 7lell W swakgee] Wi
AE oAzl A8 sk lEe 2 5 A

NOMENCLATURE

A : constant (10'%
a : dimensionless wave number
a* : modified wave number (as)

d : fluid layer thickness, m

g : gravitational acceleration, m/sec?

H; : arbitrary constant

k : thermal conductivity, Kcal/sec/°K/m

Nu : Nusselt number, hd/k

Pr : Prandtl number. v/a

qu, : wall heat flux, Jim’-sec

Ra : Rayleigh number, ggq,d*/aky

: modified Rayleigh number, Ra §*

W vertical velocity, m/sec

: dimensionless vertical velocity, e W/d

. vertical distance, m

. dimensionless cartesian coordinate, Z/d

NN g
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=y

T X3 9 e

. thermal diffusivity, m?/sec
. effective thermal depth

. Kronecker delta

. vertical distance, z/ &

: similarity variable, z//4¢
. dimensionless temperature
. eigenvalues

. kinematic viscosity, m?/sec
. dimensionless time, t ¢ /d*

Subscripts

a

—

. refers to the disturbance within the thermal

boundary layer

. refers to the disturbance outside the thermal

boundary layer

. refers to the critical state
: refers to the unperturbed state
: refers to the perturbed state

Superscript

*

10.

11.

. refers to t-and z-dependent perturbations for 4
and w
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