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Abstract— Here is reported a theoretical prediction of the onset time for thermal convection in a horizontal
porous layer for the case of ramp heating from below. From the stability analysis based on the propagation theory
under Brinkman’s model the dimensionless critical time to mark convection is predicted as follows:

t.=4.384(1+0.542 (z./Da)’*°)* " Ra *"
In comparison of the above prediction with extant results by amplification theory, it is seen that for a given Darcy
number the initiated convection is amplified to observable magnitude around the time 4 7 .. Additionaily, some feature

of the momentum boundary layer in thermal convection is discussed in connection with the thermal penetration
depth.
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Fig. 1. Schematic configuration of system.
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¢ value
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‘ ¢ Wmax  Omax Woo1 8001
1x10-8 2.76 7.200x10° 0.60 027 3.00 092
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20 346 1.239%x105 049 026 2.12 090
40 3.71 1.659x106 0.43 025 193 090
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180 4.24 4.183x10% 035 0.23 1.64 088
300 440 6.195x106 034 0.23 1.58 0.87

0o 470 Raj =1499 032 0.22 132 086

HWAHAK KONGHAK Vol. 27, No. 3, June 1989



354 =3 - AT

2= Ae Ak}, Sxaele] e Datsl Zvb shedTule AUl ol Felg eyt A Aol 2
w42 A3 m2)n 1%l ol2E ¢ @ol FolE  A=aych
& o % 9k, & Prandtl 47} 114 A7} o}

4 cidel 2350 e Atel &= AAS A7 NOMENCLATURE
Darcy 4ol F2 2Esto] EAo] Oﬂé}%ﬁ}. A4
Az A xholelFoll o SAle] §-Eo] AW, of a . dimensionless horizontal wave number
o o8] SuEE 45 AAE SAS sebu o o) a* : modified wave number, a&
= BAS AT et T, D . differential operator, d/d¢

ARFAe] o9 s theH 2L AR vEpd Da : Darcy number, K/L?

4 9k, Da* : modified Darcy number, Da/6?
. ; -2
5 0.056 g : gravity constant [ms™]
}9=3.261 (- m]"’ (18) H,, : unit step function
i : imaginary number, /-1
ool He eapeizt 2% oldlelet, Al (18)e o3} K  : permeability [m?
M 6,7F 6 Roke 4 2 3 7IREE Proood] # L : depth of layer [m]
Ao gk = 7ol Azl ol gelHl Aelmz. P pressure [Nm™]
Vafai 9’]» Tlen[19]°‘ ESH Z-"/qil E‘] 7}’/\1;{4011 —/—";—E Pr : Prandtl number, via

Ra : Rayleigh number, #gBL%va®
Aol Alg e & 2Pl Ak ol=AE & poe | podied Rayleigh amber, Rap®

A ¢ e & A Aset ¥ 4 Yk oA Ra, : Darcy-Rayleigh number, Da-Ra
7 Ealz b b2 o A"o#]e] PRl w|z]E Ra,* : modified Darcy-Rayleigh number, Ra,8*
B Aokl 88 Fol Axelel b, 2ol ey T : temperature [K]
el dstoleel 2w e AdE gRAA WEe DI
42 shaked] 3 $588 2a e ' L ‘
FAsehed YeiHel H85HE 2w e 7’i—°‘i w : z-component of dimensionless velocity
Bojxlet, x,y,z : dimensionless space coordinates
6. 2 = Greek Letters

Brinkman ¢ $-59AA]S shEshs g4 FAE a  : effective thermal diffusivity [m?s™]

o Wl sJoddt w fubs|E ARl YARAL o 8 : coefficient of thermal expansion [K™]
= 3 : dimensionless thermal penetration depth
240 2319}, Y= o] & A7
BAoR disald. sda ol fo] 27 o>  : dimensionless momentum boundary layer
wjols Yulg AAHAZIEE 7}d o, deep-pool thickness
Aol thale] Asto]2S oA 4ol HEeAeh,. = e - porosity
Az, A Darcy 4l A AddF AL o= ¢ : modified vertical distance, z/&
2} 7¥o] A A)Ec}, ] dlmens.lon!ess Perturbed_lte_rlnperature
o s yu : dynamic viscosity [Kgm™'s™]

7.=4.384 [1+0542 (rc/Da 7/1°] “7Ra~*" v - kinematic ViSCOSity [mZS-]]

o] A#E Kaviany o) ZZo|Zo| &3 ol&uck= 4 £ density (Kgm™]
. : dimensionless time

A= zpelr}t vhew, ol Fihael make] 74 ‘

i Aol7k e, el Fakes srte] 7Sk ¢  : temporal rate of heating [Ks™]

sled 4£28E A7ke 2 HodAd, Darcy v
10-*<Da<10-%Ql ol pAhF LA KA ZHA Subscripts
8 99e o2 98 I =¥ Darcy 47t

[ : critical value
7NAEEE Ad)Eo] ol fkE £xAAE 7ol i : initial state
NE ol ATERG o £ o 0 : basic state
PAFAI RS & 5 A 1 : perturbed state
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