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ABSTRACT 

This paper studies the unsteady free convection flow of an incompressible 
electrically conducting viscous fluid past a hot vertical plate with variable suction in 
the presence of a transverse magnetic field. The suction velocity is assumed to vary 
exponentially with time. The flow phenomena are characterized by the non
dimensional numbers, P (Prandtl number), G (Grashoff number), M (Magnetic 
number), and 11 (exponential parameter). Approximate solutions for velocity, tem
perature distributions, and skin friction are obtained. The velocity and temperature 
distributions are represented graphically. There follows a detailed comparative 
discussion of the effects of magnetic and suction parameters on the velocity and 
temperature fields and a comparison of the present work with the previous works on 
the su bject. 
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MAGNETOHYDRODYNAl\1IC FREE CONVECTION 

FLOW OF A VISCOUS INCOMPRESSIBLE FLUID 


DUE TO UNSTEADY MOTION OF A HOT 

VERTICAL PLATE WITH VARIABLE SUCTION 


l. INTRODUCTION 

Following work by Lighthill [IJ and Stuart [2J, the 
oscillatory flow of an incompressible viscous fluid past 
an infinite plate with variable suction has been studied 
by Messiha [3]. In their analyses, Stuart and Messiha 
assumed that the plate is stationary and the free 
stream oscillates in magnitude about a nonzero con
stant. Soundalgekar [4, 5J has studied oscillatory flow 
with and without a magnetic field past an infinite 
vertical plate with variable suction. He observed a 
reverse type of flow when the plate moves in a direc
tion opposite to that of the flow. The study of expon
ential flow with suction was initiated by Pandey [6, 7]. 
He observed that the velocity field is increased by 
increasing the suction velocity and that there is no 
back flow near the wall either in exponentially increas
ing or in decreasing small perturbation cases. 
Hydromagnetic flow of a viscous incompressible fluid 
due to unsteady motion of a plate with suction was 
investigated by Pandey [8]. He observed that the 
velocity decreases with increase in the Hartmann num
ber, and that the velocity profile also decreases with 
increase in the suction parameter; there is no back flow 
near the wall. 

The aim of the present paper is to study the un
steady free convection flow with variable suction of an 
incompressible, electrically conducting viscous fluid 
over a hot vertical plate moving exponentially with 
time in its own plane. The temperature is assumed to 
vary exponentially with time. 

The assumption that the suction velocity varies 
exponentially with time is taken because we wish to 
remove the retarded fluid from the boundary layer as 
quickly as possible, thereby reducing the separation of 
the flow. The effect of the transverse magnetic field on 
the velocity profile and that of the suction parameter 
on the temperature field has been studied in both 
exponentially increasing and decreasing cases. It has 
been observed that the velocity profile becomes lower 
with the increase in magnetic parameter M - and 
there is no back flow near the wall. The conclusions 
have been discussed in conjunction with previous works 
on the subject. 

The study of exponential flow could be relevant to 
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the treatment of cardiovascular diseases since car
diovascular flow in the human body often follows 
exponentially decreasing or increasing profiles. 
Exponential flow of a Newtonian fluid will first be 
studied, in order to arrive at an understanding of the 
proper mechanism, although blood flow itself shows 
some non-Newtonian properties. 

2. FORMULATION OF THE PROBLEM 

For the present investigation, the equation of mo
tion, the energy equation, and the equation of con
tinuity [4J are taken as: 
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where the x*-axis is assumed to be along the vertical 
infinite plate in the upward direction, and the y*-axis 
is taken perpendicular to the plate and the origin of 
the coordinate system is assumed to be at the lowest 
point of the plate. 

In these equations, u* is the velocity in the x*
direction, v* the velocity normal to the plate in the y*
direction, t* the time variable, v* the kinematic vis
cosity, p* the density, Bt; the external magnetic field, 
(j* the electrical conductivity of the field, P* the static 
pressure, g~ the acceleration due to gravity, f3 the 
coefficient of volume expansion, J.-: the specific heat at 
constant pressure, K* the thermal conductivity, T* the 
temperature in the boundary layer, and T~) the tem
perature far away from the plate. Assuming all the 
physical quantities to be independent of x*, the 



Equations (1)--(4) reduce to 

au* au* 
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subject to the boundary conditions 

U C", exp( ± /I*t*))."0 (ao+""t I 

T= T!(ao+ E; t Cn * exp( ± 1'1*t*)) 
/1*= 1 

E:T~ L CI/* exp( ± n*t*) at y* =0 
n*= I 
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u*~O, T* T; as y*~ (9) 

where is the mean value about which the tempera
ture fluctuates, GS;; 1, 11* is the exponential parameter, 
and ao is a positive real constant. The series under 
summation is taken such that Cn* decreases as n* 
increases, so that the convergence of the series is 
maintained. 

We assume that the suction velocity varies exponen
tially with time, so that: 

1'* -1'~(IlO+VA"tIC", eXP(Il*I*)) (10) 

where L'6 is a constant mean suction velocity and ao 
and A are positive, real constants. 

From Equation (l0), Equations (5) and (7) become: 
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Introducing the nondimensional variables, 
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Equations (11) and (12) become: 
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Boundary conditions reduce to: 
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3. SOLUTION OF THE PROBLEl\1 

We solve Equations (14) and (15) subject to the 

boundary conditions (16). 


Suppose 

lI(Y, t) u 1(J) + [; L (i,i exp( nt)u2(y), (17) 
11 1 

and 

(.v,t) (/0 cL on exP(±I1t)-().(Y) 
1/=1 

(18) 

Then, substituting Equations (17) and (l8) into 

Equations (14) and (15). comparing the harmonic 

terms, and neglecting the coefficient of c2 

, we obtain: 


u'[+aou/1 ±AJu 1 -Gao+G0 1, (19) 

u; + (/oU~ 1(A1 n)1I2 + Au~ = G02 - G, (20) 

IF; + Pao(}/1 =0 (21) 
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and 


O~ + PaoO~ ±JnPOz+ P A 0'1 ±JnP=0 (22) 


where primes denote differentiation with respect to }'. 

The boundary conditions on U1 , Uz, 01 , and Oz are: 

UI =ao, Uz = 1, 01 =Oz =0 at y=O 
(23) 

Ul~O, Ol~l, ()z~1 as y~CX). 

Solving Equations (21) and (22) with the conditions of 
(23), we obtain for exponentially increasing (decreas
ing) cases: 

exp( - PaoY) (24) 

and 

()z = 
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n 
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Also solving Equations (12) and (20), using Equations 
(23), (24), and (25), we obtain for both the cases: 
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Hence from Equations (17) and (18), the velocity field 
u(y, t) and temperature distribution O(y, t) are res
pectively given by: 
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The nondimensional skin-friction TO is given by: 

(DU) 
Dy .1'= 0 

To=B9- B S B7 +£ I (l/lexp(±nt) 
11= 1 

(30) 

where 

B9=G(~~-~ (I ao)). B8 4GC -;;"'}oK 
and 

B, aoK(ao+~J 
where the upper and lower signs in =+ or ± refer to 
exponentially increasing and decreasing cases 
respectively. 

4. 	 GRAPHICAL INTERPRETATIONS 
AND CONCLUSION 

Figures I and 2 are obtained from Equation (2S), 
and show the relation of the velocity distribution u 
against y. Here, we have taken (10 1, B=O.l, n 1, 
t= 1, u lI =0.5, A = 1, P 5, and G 10. We have plotted 
the velocity distributions u against y for M 0, 2, and 
4 for exponentially increasing and decreasing cases in 
Fi~ures 1 and 2, respectively. It is noted that the 
velocity u decreases with increase in magnetic para
meter lvl in both exponentially increasing and decreas
ing cases. A transverse magnetic field reduces the 
boundary layer thickness and there is no back flow 
near the wall in either case. 

Figures 3 and 4 have been obtained by using 
Equation (29) and show the temperature distribution 
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plotted against y. Here we have taken (/0 1, E = 0.1, 

11 I, t I, all =0.5, P = 5, and G = 10. We have plotted 

the temperature distribution () against y for A 0, 1, 

and 2 for exponentially increasing and decreasing 

cases, respectively. It is noted that the temperature () 

decreases with increase in suction parameter A in both 

cases. Also there is no effect of the magnetic parameter 

M on the temperature field, probably due to neglecting 

the induced magnetic field. It is obvious from the 

figures that the boundary layer contracts with increas

ing suction velocity and that there is no back flow near 

the wall. 


Equation (30) determines the skin friction amplitude 

for exponential flow and the authors propose to dis

cuss the effects of the transverse magnetic field and 

suction parameter on skin friction in a subsequent 

paper. 
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Figurc I. Exponcntially Increasing Case: Velocity u against y. 
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5. 	 COMPARISON WITH RELEVANT 
PREVIOUS WORK 

The expression for the velocity field given by (28) 
reduces to that of Kishore and Pandey [8J for non
convective flow and the graphic conclusions remain 
almost the same. The free convection effect was not 
considered earlier for exponential flow, though it has 
been considered by Soundalgekar [4J for oscillating 
MHD flow past an infinite vertical flat plate with 
variable suction. He has studied the effect of the 
magnetic field on the velocity profile and concluded 
that the velocity field decreases with increase in M. 
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\-----'.:--- .. M :: 2 
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Figure 2. Exponentially Decreasing Case: Velocity u against y. 
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The shapes of his velocity profiles are entirely different 
from our's but the conclusion is of a similar nature. 

Comparing our temperature profile with those of 
Mishra and Mohapatra [9J, we observe that the 
shapes of the temperature profiles are entirely different 
but the suction parameter has a similar effect on the 
temperature field. That is, a decrease in temperature 
profile is observed with increase in suction parameter 
A for both exponential and oscillatory flow. 

ACKNOWLEDGMENT 

The authors would like to thank the referees for their 
valuable suggestions. 

,.1 

1·0 

·9 

\-----A=O 

·4 

·3 

·2 

., 

y-

Figure 3. Exponentially Increasing Case: 
Temperature (J against y. 



N t'l1'al Kisl10re and R. A. Ihrary 

·8 
E =0.1, an=0.5, a o =1.0, n= 1, t= 1, P=5, G::10 

·1 

·6 

e ·5 

·4 

·3 

·2 

., 

REFERENCES 

1.1 [IJ M. J. LighthilL Proc. R. Soc. (London) A., 224 (1954), 
pp. I 23. 

[2J 1. T. Stuart, Proc. R. Soc. (London) A., 231 (1955), pp. 
1.0 116 130. 

[3J S. A. S. Messiha. PrOf. Camb. Phil. Soc., 62 (1966), p. 
329. 

[4J V. M. Soundalgekar, Ind. J. Pure and Appl. Alath., 3(3)·9 
(1972), pp. 426436. 

[5J V. M. Soundalgekar, Bull. Cal. Math. Soc., 68 (1976), 
pp. 301~313. 

[6J K. S. Pandey, Ind. J. Phys.. 12(4) (1968), pp. 213-222. 
[7J K. S. Pandey, J. Il1d. /\1ath. Soc., 35 (1971), pp. 87-98. 
[8] 	 N. Kishore and R. D. Pandey, Ph.D. Thesis, B. H. U. 

Varanasi, India (1972). 
[9] 	 S. Mishra and P. Mohapatra, Il1d. J. Pure and 

Appl. Alath., 6(2) (1975), p. 90. 

Paper Received 1 October 1979; Revised 19 April 1980. 

y-

Figure 4. Exponentially Decreasing Case: 
Temperature () against y. 
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