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AnstRect

The hydromagnetic flow induced by torsional oscillations of a

porous disc in a rotating fluid under uniform injection, has been studied

in the presen@ of a transYerse magnetic f,eld. Hall efiect has been

taken into consideration. Assuming the frequency and the amplitude

oscillation to be small, the equations of motion have been solved by

using the expressions for velocity components and pressure in the ex-

ponential form of non-dimensional time. Amplitude and phase of axial

veiocity at infinity, phase of the transverse shear stress at the disc and

boundary layer thicknesses against a non-dimensional parameter, depen-

ding on the injection velocity, the angular velocity and the kinematic

viscosity have been studied. It has been found that the oscillating

axial velocity at large distances from the disc has always a phase lead

for large values of this parameter.

1. lntroduction'.

Datta and Jana [1] have studied the Hall effects on the oscillating

MHD flow past a flat plate in the presence of a uniform transverse

magnetic field. The effects of Hall Current on the torsional oscillation

of a disc in a conducting fluid subjected to a uniform axial magnetic

field has been studied by Datta [2]. Gupta [3] has studied the flow

induced by the torsional oscillation of a disc about a state of rotation

with anguiar velocity o tn a semi-infinite electrically conducting fluid

which is also rotating with the same angular velocity.
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The objective of the present paper is to investigate the effect of
injection on the MHD flow induced by torsional oscillations of a porous
disc in a rotating fluid in the presence of a transverse magnetic field.
Hall efiects have been taken into consideration. Considering the ampl!
tude and frequency of oscillation to be small, modified Navier-stokes
equations, Ohm's law and Maxwell's equations have been solved by
using the expressions for velocity and pressure in the exponential form
of non-dimensional time and ne_electing the second order terms. The
eflects of injection on the flow have been investigated by calculating the
results for various values of a non-dimensional parameter I (depending
on the injection velocity Uo, angular velocity qf the disc and the
kinematic viscosity r,). It has been obserred that the axial velocity at
large distances from the disc has always a phase lead for large values
'o{ ').. Jana . and Datta l4l have studied this flow geometry without
taking injection into account.

,The Physicql Problem and its Solution :

We suppose that an infinite porous disc located at;-0 executes
torsional oscillation with small amplitude e and frequency r* about a

state of steady rotation with angular velocity o about s-axis in a con-
ducting fluid which is also rotating with the same angular velocity.
Fluid of same density is injected through the disc with uniform velocity
2a6 We choose a cylindrical polar co-ordinates system {r, 0, z) and
consider the flow to be axisymmetric so that all the physical quantities
are functions of ir and z. We also assurne that the induced magnetic
field is negligible in comparison with the imposed uniform magnetic

->
field Bo parallel to z-axis, which is justified for flows with small magne-
tic Reynolds number. In order to consider Hall effects the Ohm's law
'is modified. The governing equations of the problem, are

x9

div I/:0

^l_ '-.. rdY-tv orqA\V: -^, ' \,dt
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curl B:lt.f, curl E:0. div B:0
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Where 7 i, ,n. velocity vector, r the time, .r-,n. .uroetic induc'
--+ ---+

tion vector, E the electric intensity vector, J:(Jr, J", Jr) the electric

current density vector, p the fluid pressure, p the density of the fluid.

u the kinematic viscosity., 6 the electrical conductivity, e the electric

charge, nc the number density of electrons and p is the magnetic

permeability. on writing (3), the ion-slip and the thermoelectric effects

are neglected and further it is assumed that a;rt Kl where @t and c

are the cyclotron frequency and the collision time of ions respectively.

For partially ionised gases, the electron pressure gradient may be

neglected.

under the above assumptions the basic equations (1)-(4) lead to

a{ +,}ff + *Y* -', : - !, *.,;3# n# *i'{,- hl
*ffilmlt-r{t)-ul

Z:,. 4; fi+Y; :, [# *,I # - #.#1
- ffi'(v-ro)*mzl

ff + "ff + *3: : - I'# *' [?;#. I Z+ 
*'uA

*+Y-+Y:odrrdz
(8)

f/1.:@a t. where crr.

of electrons and the
Here u, v, w are the velocity components of fluid,

arrd t" are respectively the cyclotron frequency

collision time of electrons with ions.

Boundary conditions are

u:0, v:r0*ren* cos z*r, t0-2V o at z:O
z+0, v+ro as z-+ d (9)

We seek a solution of (5)-(8) for u, v and w in the following form :

u - rf(z\ Exp (in*t)

v : r0+rg(z) Exp (in*t)

(5)

(6)

(7)

T
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\r - 2\) "* h(z) Exp (in*t)

p : po*lprzaz l OrQ,z) Exp (in*t)

Where po is a constant. Substituting (10) in (5)-(8) and neglecting

2nd order terms, we get,

(inx) f*Zu of' -2os: -:r*., f"+ #r@s*fi

(in*)s * 2a f*2 t) ng' : r C' - # G+ mfi

(in*)h+2u 
"n' 

- -)ff+rn"
2f+h'-o

Where N1-oBo'lba)

4l

The boundary conditions (9) become,

f :Q, g-en*, h:0
F>0, g+o

at z:O
?S Z-} C

(t ta;

(l lb)

(1 lc)

(1 1d)

(r2)

(13)

(14)

( 15)

Differentrating equation ( llc ) with respect to r we eet ff:0,
which implies that % tr a constant, so that from equation (lla) with

dr

the condition that /-+0 and g-+0 as z-+oo , we get A;':0. 
The equations

(ll) then reduce to

( in* ) f +Z,U o f ' -2as:, f' +#@s-f)

( in* )s+ZU 69' +2r,f :,5"- ffitS+*f)
2f+ht:o

To solve equations (13)-(14) we consider two functions F and .E.-

such that
F:f*rg and F:|-ig (16)

6
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the equations (13) and (14) then become

u Ftt - 2n o F' -lin* 42ia + ffi{r** l)lF: g

uF,,*2r)oF,* [ -irf +2iaI ffi,t,*-l)]F:g
The boundary conditions (12) become

. F:ien*, F:-ienx at z:A
F-+0 , F;0 aS .Z-)b

The solutions of (17) and (18) satisfying (19) are

F:ien* Exp l-{@r-1)+ip} ,/a/u ,)

F: -i6nx Expl-t@,-r)+ ip,\t/aliz1

where

1--14,: ;1,/6' +diTF + (i, + a)lo
\/z

-llFr: m1./Qe *a1z q6z -(), +a)jn
tlL

1- '49: :l,tt 1, + aY TE B, + Q, + a))z
^/z

Fz: nl JQ'+o)'+bsz -(),2 *a)1"
JZ

J'-v ol{ra, a-N'l(1*mr), b-n*P, n:n*le

p:2* !!:, bs:n-p
I *mo'

Introducing

,: Jalv z

(17)

(18)

(1e)

(20)

(21)

(23)

(22)

a nd using definitions for F and F, we get

f:licn*[Expt-(4,- ])+ i0t),]- Expi-((<, -,?)+ rpl),1]] e4)
9-t€n*lExp{ -((<, _ ))+ iB),} + Exp{_(1a,_ })+ ifi;),1}l e5)



h(n):ien*(,trt' ,[(tt4l!;ff]nf 
l#.D)

*(k;+m-a=ha;n (26)

Substituting (24)-(26) in (10) we get the radial, a azimuthal and
axial velocities in real form as,

" 
: 
\Lbio (F,,r - nc) E x pt - (<, - t) d - sir (B r,t - nz) E x p

{-(<, -D,}l

y-ro : fft.or (0 n - nd Exp{-(<, - D,}

* cos (B, 
ry - nr) Exp{- (<, - ,?)ry}]

w - 2uo : e n*(u I a)t t, #_gp[B, cos (nc - 0,r)

- (<, - )) sin (w - B rrl)l - en *( v/o) r,, ffA, $;p-
[6r" cos (nr-prr)-(ar-)) sin (nt-firn)l

{en*(v/o)1/2R sin (n"-y) (2g)

where

R3: 

- - 

(<r - <r)' * (fi r - 0 )'{(<,-rx<,-i)+(@;;:
.., - tan- r ---!!{L:I+) + {6' (<, - l)' - "r 

o 
(", - z ) " }/-Ls! ("(,ffi,fr1pft|41 (:o)

3. Results and Discussions :

The thicknesses of the boundary layers are gii,en by 1/(a1-).) andl/Gr-I). From expressions (22) for ar and o,, it is observed that both
the boundary layer thicknesses decrease with increase in N2 : on the

MHD FLOW WITH HALL EFFECTS,......

From (15), using (24), we get the expression for h(r) as

43

(27)

(28)
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other hand, both of them increase with the increase of ,\. Values rr:
the boundary layer thicknesses 1/(,,-.[) and l/(,r-,\,1 are gii'el risi".-
tively in the tables 1 nnd 2. It is clear from the tables that for :n1
value of n, their rate of increments rvith the increase of tr are large and

small according as the Hall parameter rl is large and small respecti'''e1r'.

AIso boundary layer thicknesses increase with the increase of m u'hen

other parameters are kept conslirni.

From equation (29) the axial r'eiocit1,' at inflnity is given by

w(<, t)-2}o:en*(v/o);B sia (nc-t) (31)

1-

Where R and :/ are given by equations (30).

The values of R and v have been plotted against I for difierent
values of N:, nr and n in figure 1. It is observed that values of R
increase rvith I for all m, N2 and rr. With the incretlse of ,\, the

values ol ,, graduaily increase, reach maximum values and then remain

constani throughout for all other values of .\. It is noted from the

figure that the oscillating axial velocity at infinity has ahval's a phase

lead lor large values of ,\.

The transverse shear stresses at the disc is given bv

or(3;),=.r: *l cos (nr*Q) (32)

Where,

.6:12rr-' F'*B' 
-('(1-r.)+("(B-i)

and

Az :p' :!:!:!e (9)rtr"t, - i) * (<, * ;)), + i,;, + i, ]'l

The values of d have been given against i. lor different values of
ItIz, ru and n in tables 3 and 4. It is seen that p is much affected by
the small values of l. As I increases / tends to become constant so

that $ is not affected by large values of 2.
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