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Free conveotion flow up a verticalinfinite plate subjected to a periodic suction is discussed when 
the plate temperature oscillates with reqect to time over a constant mean. In particular, the 
response of the mean velocity and temperature profiles to the-fluctuating components of the 
suction velocity and the plate temperature is analysed. For small amplitudes, the mean skin- 
friction increases with the frequency while themean heat transfer at the plate is independent of 
it  but varies linearly as the product of the amplitudes. For Prandtl number P= 1, solutions pre 
also presented when the suction velocity is any arbitrary function of time provided- it changes 
slowly. 

Unsteady free convection flow from an infinite vertical plate has been discussed by 
several authors. Illingworthl, Rao2, Nanda & Sharma3 and Dilip Singh4 have used 
the concept of similarity while Menold & Yang" and Goldstein & Briggs6 have applied 
Laplace transform technique to study this problem for various initial and boundary condi- 
tions. 

In  the present paper, the effect of time-oscillating suction on the free convection past 
a vertical flat plate is analysed when the plate temperature oscillates in time 0ver.a cons- 
tant mean. A Fourier expansioii method is used to obtain an infinite set of coupled equations 
for the velocity and temperature functions, in which the coupling parameter is the non- 
dimensional amplitude 6 of the unsteady component of suction. Because of this coupling, 
the mean velocity and temperature distributions are altered by all higher harmonic terms. 
To solve this set of equations, the functions are expanded in powers of (6  4 1). It is found 
that the mean profiles are affected by terms of O(8). The temperature fluctuations affect 
only the odd harmonics whereas the fluctuations in the.suction velocity affect all the 
harmonics related to the mean profiles. The mean skin-friction increases with frequency to 
its asymptotic value of P - 1 ,  P being the Prandtl number, but decrease3 rapidly as 
the value of P increases. The mean heat transfer upto 0:62) i~ unaffected by the frequency 
but depends on the product of the amplitudes of fluctuating components. Solutions are 
also obtained for the general case when the suction velocity varies slswly with respect to 
time and is continuously differentiable but otherwise arbitrary. 

B A S I C  E Q U A T I O N S  

We consider the flow of a viscous and incompressible fluid along a vertical porous 
plate of infinite extent. The x-axis is taken along the plate and the y-axis normal to 
it. Since the plate is infinite a11 quantities are functions of y and t only. The equations 
expressing conservation of mass, momentum and energy for the laminar free convection 
are 
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where zc, v are the velocity components, T is the fluid temperature and v, a, g and res- 
pectively denote the kinematic viscosity, thermal diffusivity, acceleration due to gravity 
and thermal coefficient of volume expansion. In accord with the usual practice in the 
case of free-convection problems, density has been considered a variable only in forming 
the buopncy term g @ (T- Too ) per unit mass. Vimaurus dissipdttio~ aodwo~k doneagainst 
the gravity field are ignored. 

We , get from (1 

v - - ~ ( t ) = - ~ ~ [ l + A 8 ( e i ~ t + e - - i ~ t ) ]  , A 8 4 1  , ( 5 )  

which represents a steady suction with superimposed weak-fluctuating component. With 
this, (2) and (4) become 

- 

where 0 = (5" - Too ) 1 ( T ,  - Too ), !P, being the mean temperature of the plat and 
Too the ambient temperature. We take the plate temperature to be Tw + B ( T ,  - TCQ) 
(,iwt + e - i w t  ), which consists of asbasic steady distribution with a time-varying- 
quantity B ( T ,  - Too ) (dw" + - - - i ~ t  ), B being a positive constant. 

The appropriate boundary conditions are 

The method of solution is similar to the one adopted by Kelly', who has invest& 
gated the flow over a plate with periodic suction. 

F O U R I E R  S E R I E S  S O L U T I O N S  AN-D R E S U L T S  

Equation (3) gives the pressure di~tribution as 

(9) 

' p, being the pressure a t  the plate. 

To solve (6) to (8), following Kelly', we assume solutions in the form 
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u ( y ,  t )  = uo ( y )  + f un ( y )  einut +* 2 n ( y ) e-inwt 9 '  

n=l a= 1 
(10)  

Substifuting the above series into (6) and (7) and equating terms of power o' e i m f  and 
e-iwt , we get in the non-dimensional farm , 

- 

1 a2so -- ado + ; i - ? - + S A  (2 + -&-- " ) = o ,  (13) 
P dq2 

where 

U being a-characteristic velocity such that 

V ~ ~ ( T ~ - T Q I ) ~ U V ~ ~  =; 1 

P == via is the Pmndtl number 

and A -: V W / V ~ ~  is thc frequency paramew. ' 
' 

, 

The boundary conditions become - ' 

Bk(o) *= ek(od) = o , 3 2 - J  
From (12)  to ( 15 )  we find that the mean flow and the mean temperature are 
affected by the oscillations through QI and 8, and their conjugates and consequently 
through all the higher harmonic terms. Such distortion is usually associated with non- 
linear type of equations. Here the distohion.occurs in a linear problem and is'due to the 
time-dependent suction which causes the equation to have a variable coefficient. Distor- 
tion of this type would not occur if the suction were constant. 

III order to solve the infinite set of coupled differential equations, 6 must be restricted 
in some manner. For S  4 1,  the equations are wealily coupled and following Kelly7, 
we expand +; and 8, as 

i 
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with the boundary conditions . 

The dashes now denote differentiation with respect to r). 

Equations (19) to (24) have been solved subject to (25) brut in order to aaenserve 
space, they are not presented here. The solutions for the mean profiles to O(P)  may 
be expressed as i 



eo(4 7)) = @oo(X, 7)l -I- seeds 7)) + 
+ae &o*(X, 7)) (27) 

It is easily seen from the differential equa- 
tions and the boundary conditions that if 
the plate waF to be kept a t  a constant 
temperature (i.e., B = 0), = -. 0 
and presumably, +"j = 80j = 0, g being 
odd. It follows that the functions doh and 
8,a, k being even, are unaffected by the tem- 
perature fluctuations of the plate. 

The velocity and temperature functions 
which affect the mean flow and temperature 
are displayed in Fig. 1 to 4 for A = 3 - 
1 , X = 0.5, 5, 50and P = 0.72, 1, 5. 
From Fig. 1 and 3 we iind that (boa and 802 

o 2 4 6 8 :o are of the same order as and Box res- 
5 1 pectively for smaller frequencies and of 

lemer order for higher frequencies. This 

Big. 2-Functions which modify the mean velocity suggests rapid convergence sf the series for 4, 
profile. {1\=6). - and 8, for higher frequencies and that their 



expensions as given by (17) and (18) may not be valid for S ,-- 1 in the case of 
low fr6qu8ncies. The mean flow and temperature nearer to the wall only respond to 
higher frequencies. 
mean temperature 
bance closer to the wall. 

The mean ~kin~friction 

i 

In the non-dimensional form it is obtained as 

where 

Table '1 gives the values of the skin-friction coefficient for S = 0.1, 0.3, 0-5 and 
A = B = 1. We find that the dimensionless coefficieht of skin-friction increases with h* 
quency to its asymptotic value P -1 but decreases rapidly as P increases. Also we note 
that the skin-friction coefficient decreases as the amplitude of the fluctuating compnent 
of suction velocity increases. 

The lo& mean heat transfer at the plate is givea by 

I 

v 
- - <  *,- - * ,. 

M u 

"B * P (1 + 2 A B 8) + O(ia) , 
K (T" -2'm ) vo 

' (29) 
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TABLE 1 

D~ENSIONLESS CJOEFJ!WXBIWT O_F THXt M E M  S,KIR-EBIUTION 

' P J 

6 A -_---------------- 
- 0.2  0.73 - 1.0 , 5.0  

r' 
10 

. 
K being the thermal conductivity. aence the heat transfer upto O(62) is indepen- 
dent of frequency and varies linearly as the product of the amplitudes. 

A R B I T R A R Y  S U C T I O N  V E L O C I T Y  

We assume now that the suction velocity - v ( t )  [ v ( 6 )  > 0 ] varies slowly with 
respect to time but is otherwise arbitrary;. Also let the plat~-be maintained a t  a cons- 
tant temperature. We take 

where 9 = - ' (1) and U is a chsmteristic velocity such that vg 6 (Tw - Tm)/U vz= 1 

Substitnting (36) into (2) and (4), we get 

where the dot denotes differentiation with respect to t ,  and 6 = (2'-T,) 1 (T, -T, ) 
Following Kelly7, we expqnd 4 as 

and similarly in the case of 8(q, t ) .  Substituting these two series i n t ~  equations (31) 
and (32), and comparing like terms, we realise a set of linear differential equations fo? 
var ous $j and Bj .  Their solutions subject to 



and the heat-trans 
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