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Unsteady MHD Flow 1n Rotating Fluid

V. M. Soundalgekar

1. Introduction

During recent years, the study of rotating fluid is receiving at-
tention of many research workers. This is because of their wide industrial
applications. The flow past an impulsively started infinite plate in a rotating
fluid was studied by Soundalgekar and Pop [1] and the flow past an accele-
rated plate in a rotating fluid was presented by Pop [2]. Itis now the object
of the present paper to study the effects of the transverse magnetic field on
the rotating flow past an accelerated plate. In section 2, the mathematical ana-
lysis is presented and the solutions are derived in terms of the parabolic cy-
linder functions, for the velocity and the skin-friction. They are shown gra-
phically. In section 3, the conclusions are derived.

2. Mathematical analysis

Here a Cartesian coordinate system rotating uniformly with the
fluid with the angular velocity £ about the z-axis, taken positive in the ver-
tically upward direction, is considered. The x and y axes are assumed to co-
incide with the infinite horizontal plate. A magnetic field of uniform strength
B, is assumed to be applied parallel to z-axis. Then the flow of an electrically
conducting incompressible, viscous fluid is governed by the following equations:
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Here » is the kinematic viscosity, o — the density, ¢ — the scalar electrical conduc-
tivity of the fluid, and ¢ is the time. The induced magnetic field is assumed
to be negligible.

For an accelerated plate, the boundary conditions are:

u=0, =0 atz=0, t=0,
3) u=At, v=0 atz=0, >0,
2—0, v-0 asz—oco, ¢>0.
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On introducing the similarity variable y=z/2\» in equations (1) and (2), the
following non-dimensional form of equations are derived:
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where w—Qt and M2= sBt/o.

As exact solutions to equations (4) and (5) are not possible, we derive a
series solution. So in view of the boundary conditions, we assume for 4 and v
the following series expansions in powers of . This is possible for small va-
lues of the angular velocity. Thus

u(t, n)= At“‘;\:a)"u[,
(6) =

o

o(t, )= At“Za)"lli.

i=0

Substituting (6) in (4) and (5) and equating the coefficients of different
powers of m, we have the following set of equations:

ug’j‘i 2nu —4(a+ M)uy =0,
(M) ( u;’+2nu; — 4(a+M?+ D, =8,
) -2ty — 4a + M2+ 2)uy = —8v,
and
V' 420t —4(a+ M?)v, =0,
(8) v} + 250, —4(a+ M+ 1)v, =8u,,
¥y + 2y — Ha+ M>4-2)vy = 8u,
and the corresponding boundary conditions are:
©) =1, 9,=0, w=v,=0 atn=0,
uy,—0, v,—0, w=v,=0 atn—oo.

The solutions to these equations are derived in terms of parabolic cylinder
functions as follows

(10) 1ty =2UAMV(a+ M2+ 1)gut M),
( 1 1 ) ‘Z}O == O’
(12) u,=0,

(13) 0y =22 -M043 (k- M+ 2)gu i) — 2@ 07 Dt M2+ Dgas )
(1 4) U,= Dot M: *'Q)I"(a M2+ DG Mot 1(,7)_22(<4+Mz)+5F(a + M2 3)ga+M+2(,7)
— QU MV [ at- M2+ 1) (),
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(15) 2,=0,
(16) u3‘=0,

(17) 0= % 92at M+ (g M2+ 1)gay ape() — 22+ M+ (o M2+ 2) g m241(7)

 QAaA Mgt M2+ 3)g oy o o(n)— _é. 92a+ M+9 (g M2+3)gor ar+3(1),

where g's are defined as
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Hence, the expressions for the non-dimensional velocity are to O(w?%),
U=u/At*=uy+wu,,

8
(1 ) V=W/At“=w’01+w3'll3.

Fig. 1. Velocity profiles (M=1) Fig. 2. Velocity profiles
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Fig. 3. Velocity profiles

The velocity profiles are calculated and are shown on Figs. 1—3. Here «=0
corresponds to impulsively started plate whereas a=1 corresponds to uniformly
accelerated plate. We observe from Fig. 1 that due to a uniformly accelerated
plate, the axial velocity U decreases for all values of w, and M is constant.
An increase in M (Fig. 2), also leads to a decrease in the axial velocity. How-
ever, the transverse velocity V increases with increasing w or a.

Knowing the velocity field, we now calculate the skin-friction. The axial
skin-friction is given in non-dimensional form by

_ et _aU|
wAt* Tk dy i,,:O

(19) Ty
and the transverse skin-friction, in non-dimensional form is

_t , _avl

20 DT = ;
(20) T ar T |,

Remembering that
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Fig. 4. Axial skin-friction

dga( 1
‘*g'l;;‘”‘) = —gu1p2(n)y &n(0)= 2T sy

We have from (18), (19) and (20), after some algebraic simplification,

21) _ Wt MtD) |, 2[’2['(a+M2+1)+_11(a+M2+3)7_ I(a+M2+2)
( WS T 1) | T Tt M 1)2) T [at-M245/2) Iat+M2+3]2)
and

[ Dla+M2+1)  20(a+M+2) 4T (a+M2+2)— [(a + M2+1/3)
(22) y=dw F(a+M3+1]§)~F(a+M2+1/2)]+8w3[ Ia+M2+12)

_ Tt M43 | ,E(a+M2+,‘?),J.
Ta+M245/2) " I(a+M2+7/2)

1, and 7, are shown on Figs. 4 and 5 respectively. Owing to a uniformly
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Fig. 5. Transverse skin-friction

accelerated plate, r, and r, decrease when M is constant. But an increase in
M leads to a decrease in 7, and z,. At small values of M, an increase in w
leads to a rise in r, whereas at large M, 7, decreases.
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