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The extension of Rayleigh's problem tomagnetohydrodynamics with suction is considered 
when the p'ate is non-magnetic and non-conducting. The suction velocity is essumed to be varying * 
as (time)-&. Series solutions for velocity and skin-friction are obtained under the assum tion 
that the hydromagnetic parameter K is small. It is seen that the skin-friction inanwuea wit% tho 
magnetic field. 

Considerablel-4 work has becn done in regard to Rayleigh's problem &I magnctohydm- 
dynamics for conducting and non-cmducting plates but in the absence of suction velocity. 
Rossowf in i t i a td  Rayleigh's problem for non-conducting plate while Ludforda aad 
Chang & Yens haGtaken the plata to be perfectly conducting in a viscous incompressible 
and electric~lly conducting fluid in the presence of a uniform transverse magnetic field. 
Drake4 has exended it for a non-perfect qonductor and as a specid cpde for an insulator. 

In recent years the problem of boundary layer control has becomrj vory important in 
the field of aerodynamics. Application of suction is widely used in these days to prevent 
separation and to delay transition to turbulence which gives much larger maximum lift 
and reduced drag. Therefore we have tried to study the effect of time-dependent suction 
velocity on Rayleigh's problem in magnetohydrodynamics of an infinite flat plata, assumed 
to be non-magnetic and non-conducting.. The suction velocity is assumed to Be of the 
form c(v/t)ll2, where c is a positive constant mean suction velocity, v the kinematic3 
viscosity and t the time. The suction velocity is taken to be normal to the plate and direct- 
ed towards it. 

The distribution of velocity is determined, in terms of known functions, by expansion ** 

in series of the hydromagnetic parameter and it is shown how tb velocity and the skin- 
friction vary with and without the hydromagnetic interactions and with the variations in 
the suction velocity. i 

B A S I C  E Q U A T I O N S  A N D  T H E I R  S O L U T I O N  

We consider a two dimensional incompressible and electrically corrd~eting viscous 
fluid flow along an infinite porous flat plate, started impulsively into motion in its own plane 
with a constant velocity in the presence of a uniform transverse magnetic field of strength 
H,. The flow is assumed to be independent of the distance parallel to the,plr,te and sqction 
velocity normal to the plate is directed towards i t  and varies ss  (time)li2. The x-axis is 
taken along the plate and y-axis normal to it. The unsteady hydromzgnetic boundary 
layer equations relevant to the problem are : 
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where fF,, t, v,  p, and P, ( = a v ) are the induced magnetic field in the direc- 
tion of x-axis, the time, the kinematic viscosity, the density, the magnetic permeability 
and the magnetio Prandtl number respectively. a being the electrical conductivity of 
the fluid. u, v are the velocity components parallel and perpendicular to the plate. 
Prom eqn. (1) it is olear that v is a function of time only. Hence we consider v in.  the 
form of v = - vo (t) = - c (v[t)lla , where c is a real positive constant mean auction 
velocity. 

Substituting v = - o (v/t)1/2 and W = H ,  (h/p)lla in eqns. (2) and (3), we get 

where W stands for the Alfve'n wave velocity. Equations (4) are to be ~olved subject to the 
following conditions : 

u=O, W = O  for t GO , 1 

\ 

FOJ small values of K ,  where Ka = t Hao/p v, we expand u and W in ascending 
powers of K  as follows 

where q = y/2(vt111a 

Now substituting (0) in eqns. (4) and comparing harmonic terms, neglecting coefficients 
of 9 4  and higher, we get 

. . . . so on- for other vylues. 
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and , 
go + 2  P ,  ( q + c )  wo- 2 f'. W O  = - 2 p w i  -- 
w ; + ~ E .  ( ~ + e l  ~ ; - - 4 ~ . ~ 1 = - - 2 p m i  1 *, 

# 

6 P m  W 2  = - 2  P,+ 
I 

W: 4- 2  P. ( 1 + c )  w;- J 

. . . .so on for other values. 

wpere the dashes denote the differentiation with respect to q. 
\ 

The boundary conditions (5) reduce to 

The solutions of eqns. (7) with the help of eqns. (8), satisfying the boundary condi- 
tions (9), are . , 

where 6 = 7  + c  and Hhn (a;) is defined by5, 

Bubstituting (10) in the first expression of (6), we get the expression for the 
velocity. 



u 

The skin-friction a t  the plate is given by ' 

In the absence of magbetic field the local akin-friction at the plate is given by 

Combining (11) and (12), we get 

K 

Fig. 1-Variation of skin-friction ratio against 
(hydromagnetic parameter) a for P, = 1. 
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Fig. 1 and 2 show the v6rirition 
of the skin-friction mtio ( T, / r,,) with 
the non-dimensional magnetic parameter 
K2 for different values of P, and c. In 
Fig. 3 the dimensionless velocity (u/U,J is 
plotted against the similarity variable q ibr 
fixed P, and different values of c and K t  ;-,, 

t 

Fig. %Variation of skin-friction ratio sgaimt Fig. +Variation of dimensionless velocity againet 
(hydromagnetio ~ararneter)~ for c = 1. similarity variable for Pm = 1. 
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C O N C S l U S I O N  

We thus conclude that 

(i) The skin-friction increases with the magnetic field. Further, as the magnetio 
Prandtl number increases, so also does the effbctivenese of the qagnetiio field 
in increasing the skin-friction for 'fixed c. Also for fixed magneticlhndtl . 
number the skin-friction increases slowly with Ke when the suction velocity 
increases. 

(ii) For fixed P,, the velocity decreases as -r) increases. Further this decrease in 
velocity with r )  is substantially loss and less as tbe suctian velocity increases 
Also in the neighbourhood of the plate, the hydrodynamio velocity is greater 
than the hydromagnetic velocity but after a fixed point tjhe reverse order takes 
place. This point of intersection of these two velocities approaches the plate 
as the suction velocity increases. 

R E M A R K S  

The induced magnetic field in x-direction (H,) can very easily be calculated.with the 
help of (6) ,  (7) and (8) and finally substituting the value of W in 

Hz = W (PICLO)) 
A C K N O W L E D G E M E N T S  
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