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The flow of s visoous incorapressible and electrically conducting fluid due to accelerated w t i o n  
of an infinite flat plate in the prgeence of a uniform transveree magnetic iold is considered. The 
ma netio field is assumed to be fixed relative to the plate. Series solutions for velocity and skin. 
friciion are obtained under the assumption bhat the magnetic Reynolds number is small. The 
effect of magnetiofield on the velooity and the skin-friction in case of impulsive motion, unifor. 
mally accelerated motion and accelerated motion is dieoussed. 

Recently Sowdalgekarl has studied the flow of an electrically conducting incom- 
pressible viscous fluid due ta-the uniformally accelerated motion of iw flat plate 
in the presence of a uniform transverse magnetic field fhed relative to the plate. 

The purpose of this note is tdextmd the above problem in a gmeral case, i.e., a&elarat- 
ed motion. We have solved this problem by a serias expansion, in whicb the first term, re- 
presents the (similarity) flow in a aon-magnetic cake. Expressions for velocity and skin- 
friction are obtained for small values of magnetic Reynolds number. The effect of w e f i e  
field on the velocity and the skin-friction has been disoussed for impulsive motion, usifor- 
rnally accelerated motion and accelerated motion respectively. 

A N A L Y S I S  - .. 
Two ctimansional motion has been considered in whicb. we take x-axis along the plate 

and in the direction of motion, while the y-axis is chosen perpendicular to it. It is assum- 
ed that a uniform magnetic field of strength Bo is acting paraillel_to the y-axis. The 
momentum equations relevant to the problem are 

aBog 
Here u is the velocity along the plate, - - u is the component of Lorentz force in 

P 

the %-direction, a tbeelactrical conductivity, Bo (= po Elo) the magnetic induction, c(, the 
magnetic permeability, t the time, p the pressure, p t he  density and v the kinematic 
viscosity. 

M1 the ,physical properties of -the fluid such as a, pa, p, Y are assumed to be constant. 

In deriving the above equations, it is assumed that themagnetic Reynolds number 
i s  spa11 so tbat the induced mapetic field is negligible in comparisos with the imposed 
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magpatic fiold. This sssun~ptioi~ is justifiwl as in moat of the aorody~amic applications 
the magnetic Reynolds numbor is small. Furthor, since no eqtcrnal electric field is applied, 
the effect of polarization of ionized fluid is negligible, hence it can be assumed that the 
electric field is zero. 

At time t < 0, the fluid, the plate and the magnetic field are assumed to be everywhorc 
stationary. For t = 0 and h r  all later times the plate and the magnetic field are accelerat- 
ed at  velocity u = ~t~ (where a > 0 and A is a real positive constant). Because the 
magnetic field is moving and the fluid is initially a t  rest, the relative motion must be 
accounted for (since the origin of coordinates is fixed in the space). Hence (1) becomes 

which is to be solved under the following initial and boundary conditions 

z s = O  for t < 0 1 

S O L U T I O N  O F  T H E  P R O B L E M  , 
uB$ For small values of mt, where m = - , we expand u: in aaaending powers 

P 
of rnt as follows 

u = Ata r y (7) + (w) ec, (q )  + ( w ) ~  Us (q) + .............. I ,  
where 

( 5 )  

Y 7 ] =  - ,  
2 d G  

NOW substituting ( 5 )  in (3) and comparing the coeffici~ats of like powers of nt, neglect- 
ing the ooefficients of (nat)8 and higher, we get - 

$ + 2 ~ % ' - 4 a e c , = O  , -  - 1  

............................ I 
where the dashas danote the differentiation with respect to 7.1. 

Tha @levant boundary conditions reduce to 
< 

(0) = 1, f . 4 ~  (0) = 0 1 
- * 

jk = 1,2,3, ......) 
(4 + 0-  , OCk (4 -3c 0 c 

(7) 

The solutions of (6), satisfying the boundary cosditions (7), arq . 
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We thus draw the following co&lusions : 

(4, FOP fixed vilue of a , the skin-friction decreases and the velocity increasw with 
the increase in magnetic field strength. 

(ii) The effectiveness of magnetic field, in reducing the skin-friction.&% k m s h g  
the velocity, decreases respectively in the case of &celeratd motion (a = 2.) 

, than for uniformally accelerated motion (a = 1) md fez fhpa#siva moo-- 
tion: (a = 0). 

(iii) The skin-friction is greater in the w e  of accelerated motion t h s ~  ia uniformally 
a d e a t i d  motion and respeotiveIy in impulsive motion. 
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