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In this paper an analytic solution has been obtained for a non-steady free convection on a thlck vertical plate,

resulting from heat transfer'frem a wellstirred fluid at the other face of the plate. Effects of the dxﬁ’usmty
ratio parameter k, and Pranfm mber o on heat flux at interface have been exhibited graphically. -
‘ NOMENCLATURE )
] = thickness of the plate _
T = absolute temperature ' ) _
t = time ‘ o ) e 7T
u = x component of velocity con - ‘ -
y = kinematic viscosity of quiescent fluid e o
x = vertical distance along the plate T
y = horizontal distance from the vertical plate

Non-dimensional quantities

3 o _ Con
6 = - ﬂfé—z » B = coefficient of exﬁansion ’ 5
K = ratio of conducuvmes X, | B E k

K,

. PR ks

k = ratio of diffusivities 3
1 . -
K* = Vk[K S o
. vtfI2 ' .
U = ul N
v
Y = i, Yn—-(’\/k Y+2n-l—l)
. K2 k3 y 1 . A -
¢ = X \ S
o = Prandtl number vk
Subséripts

0 = for initial eonditions '
1 = for quiescent fluid
2 = for solid
3 = for well stirred fluid

Tllingworth?! carried out the study of non.steady free convection in a ‘parallel type’ flow to find short
time solution after the onset of transition. Later Michiyoshi2 and Siegel® studied the ‘initial conduction
regime’ taking the temperature and velocity to be independent of distance along the vertical plate,
Schetz & Eichhornt and Manold & Young® simultaneously studied some additional cases of sinusoidal
heat flux.
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The author° studled the conjugate aspect of the problem for small values of time takmg into account
the thickness of the plate. :

The present paper deals with the transient free convection in the qulescent fluid, resultmg from the
heat transfer from the well stitred fluid in contact-with the other face of the thick plate. Following Cars-
law & Jaeger’,-the face in contact with the well stirred fluid is assumed to remain at a constant tempera- :
ture throughout. The problem has its apphcatwn in calorxmetry and heat exchangers

- ' PROBLEM

Taking x-axis along the vertical doubly infinite plate of thickness I, ‘such. that —I< y <0, the well .
stirred and the quiescent fluid respectlvely occupy the space y < —1I and y.> >0. Also ——e E Lxoofor
both the solid and the’fluid regions. Initial temperature of the solid and the quiescent fluid is zero and
that of well stirred fluid Tys wlnch for t>0 equals to the temperature of.the surface of contact For
the problem stated the equatlons in the non—dxmenmonal form can be written as :
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with boundary cond1t1ons

. 6,=0,=U=0; 0, =6 forr=0
and for. T> 0 | / j . “/ o i e
9 0 , o
a 1 K a 2 t Y=0 . ®)
205« €0 3 I Bt R
T '0 a Y at Y =1 ) (e) g J )

Applying Laplace transform with respect to 7. and puttmg the transformed Q\m{tmes under the bar,
these equations. become ‘
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;wnth transformcd bound : condmons , .

i
A

J

6 =:7-52 :’:l.t Yl—_——s 0
and s o 2 STy
TN g - Doninl T
P g—lz=ooatY-—~1 = (o)
i : RCRR sOLUTmN ST .
Solutlons of cquatlons 6) and @) are k T . ‘
b, =Ade—1Y -

and //\ o
[ ¥ Boshq ¥ + (sinhg Yo

where é\,,»";’ :
‘ g2 =poe and ¢ = pofk
Evaluatmg the constants A B and c usmg thg houndary condmons 8(a), 8(b)-and 8(c), we get
R )

01 = t"90 e q1Y/A "

and ’ ‘ ‘
apeb(mhnYiEamba T
R N S e i \

T 7" ~ 7
o
S i

A = po ( cosh q; + K* sinh q;*:)'-i— _@;‘( si'ﬁﬁﬂqg + K* cosh ¢; )

~

where

To get the solution valid for small values of time; we examine expressmns in (9 and (10) for Targe

values of p.
\:Thus Ty |
xt?\":} : »-;u ; ,‘ ke o T
£ _‘* ‘ aq | | | .
A7 +K* | Z (— Kl“" 7 o On D } (1
| n ) 0 A T : -

and - , _ : . .
— ¢, (2n+1-7) { 1 o (2n+ 1) } S
a'_p ‘

&= 1+K* Z“l' [K*n P
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+ Kl*'n-l- 1 ¢ 42(

where

Term by term inversion of a 1) and (12) gives
-
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and
A - ButlmYWe 4, -
= » erf o ( S e .~ K*erfc -
% 1+K*Z‘ “ PV, ~ R
. na 0 . . . — . -
(20 a1+ Y)\/a }__ Bark (@n+1) {0 ot o @nt1—Y) 4 5 +
. 2’\/7@' »\,/ka' T L 2L+ o
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where '
serfe (» — 6 — gz etl ¢ (%)
rf ¢ (2) e (
© Also ‘ .
- 26, N - y?
36 — 0 — | — no") A/ T
Y l 1+ K* Z (—1r & [ %P ( 4kr wr
SERED (o ((Te [Ty e Te
e ) )T Ve 24/ Fr |
| %1—“ exp ( Y2nq ofbkr ) . - , | (15)
whete Yao=2n 4 1, repzemnts theﬂuxat’theiiniéff‘&wﬁﬂa 0;“' -o® T T e
Substituting the value of g1 from (15) in (9), we get a linear dlﬂ’efcn, . nm . Its solition,

‘under the condition of no slip at interface Y = 0 gives

= 2 8, —Ygl . —~¥ 4 ; ’ | e
U= (o——-l)(lo-l—K"‘)i(—‘l)”Kl*”{’e il 2}{;2 - ":%} - (16)

where : : AR

Y A/———-'Y—1—2n-+1) :

Id

The inversion of equation (16) gives the veloclty dlstrlbutlon of the fluid occupying the region ¥> 0

U==1 ?f TE9 Z( W [{ Fure = R"""} ; kc {R’” i }] )

n=0 -

where T e

2%\ - o LA o - o \} ' :
R, = NS, AURUMNEEDS e . —_— 2
. 15% (T~+. )erf c;‘_ 2\/167 ) x( - ) eXP( w°/4k’7)
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and =

 Bys = (4722 3 erf'a( vy o2\ ) R

L7 .-

‘0

0| = 2, v [ e (- pen - VT
c=1 n=10 o i ' .
1 - Y S ] Y , .
A= - fe(Yul2y/ br) — e ——2 — Y2, /4k 18
{( s T )erc(. P2 k) svr Sy Rl f T)}] (9
| DISCUSSION |

Fig 1 depicts the heat flux at-the interface ¥ — 0 at different times for different values of k.
~ There is an overall increase in flux with increase in k. Also the peak values are reached earlier for greater
k. It means that the greater the diffusivity ratio the earlier the flux will attainits maximum value, which

is evident. Fig 2 shows the flux for different values of o forjy/k = 5. It is seen that maximum value
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Fig 1—Flux at mterfaoe Y=0at dlfferent timesfor various
values Vk o=1, K* = *005,
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Fig 2—Flux at interface Y=0 at different times for Fig 3—Velocity profilesfor different values of /7, /k = 10,
varioys valyes of »\/a, Vk 5 K* =005, o=1, K*="005,
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N

of flux is reached later for increased . Sincé ¢ — Iik 50 for a ﬁxed k the increase in ¢ will mean
2

either an increase in kmematxc v:scdsny “of the. ﬂuld or decrease in the- dlﬁ'usthy of the solid. Both will
cause delayed diffusion of heat and hence delayed attainment of the maximum value of heat flux;
Fig 3 exhibits the veloclty proﬁles at d1ﬁe1;ent times. for ¢ = 1. The proﬁles are seen to increase with
the i mcrease intime.;r oo Lo R
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