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Abstract

The effect of MHD flow of viscous, incompressible fluid with small electrical conductivity
past an infinitely long perfectly conducting porous plate started impulsively from rest in the
presence of a constant transverse magnetic field fixed relative to the fluid is investigated.
We also imposed a small uniform suction or injection at the plate.Skin friction at the plate,
non-dimensional forms of the velocity, and the induced magnetic field have been obtained.
The graphs of velocity and magnetic field are also drawn for various values of suction, and
magnetic parameters are clearly explained. From the investigations, it is found that the fluid
velocity decreases due to the increasing value of kinematic viscosity and constant suction
velocity. It also finds that the induced magnetic field increases due to constant suction
velocity.
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1. Introduction

The branch of science that deals with the interaction of the magnetic field with electrically
conducting fluid is termed MHD. Saltwater, liquid metals, plasmas, mercury, electrolytes,
and molten metals are some common examples of such fluids. Noted Swiss scientist
Hannes Alfven, Noble Prize winner of Physics, initiated the field of MHD. However
substantial contributions in MHD made by Cowling, Shercliff, Ferraro, Plumpton,
Crammer, and Pai [1-5] have attracted the works towards physical relevance.

There are several applications of MHD in modern technologies. In the presence of a
strong electric field, the electrical conductivity is affectedby magnetic fields. Geophysical
and astrophysical applications of MHD are nicely elaborated by Dormy and Nunez [6].
Dynamo, motor, fusion reactors, dispersion of metals, and metallurgical industries have
wide applications of MHD. Aeronautical applications of MHD were studied exclusively
by Li et al. [7]. Farrokhi et al. [8] focused on biomedical applications of MHD. Rana et al.
[9] investigated how microbes swim in the blood flow of nano-bioconvective Williamson
fluid.
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The porous medium contains holes or voids that are filled with solid particles, which
permit the fluid to pass through these. The mechanism of porous flow finds its
applications in inkjet printing, nuclear waste disposal, electrochemistry, combustion
technology, etc. Dwivedi et al. [10] studied MHD flow through the vertical channel in a
porous medium, while Raju et al. [11] observed the MHD flow through a horizontal
channel, taking viscous dissipation and Joule heating into account. Kuiry and Bahadur
[12] studied the unsteady MHD flow of a dusty viscoelastic fluid between parallel plates
with an exponentially Decreasing pressure gradient in an inclined magnetic field. Ali et al.
[13] investigated the Hall effects on steady MHD Heat and mass transfer free convection
flow along a stretching sheet with suction and heat generation. Islam et al. [14] studied
unsteady Heat and mass transfer slip flow over an Exponentially permeable stretching
sheet. Kuiry and Vishwakarma [15] discussed the Hydromagnetic flow of a viscous fluid
of equal kinematic and magnetic viscosity past a non-conducting porous plate.

In this paper, the work done by the present authors [15] is extended by introducing a
perfectly conducting porous plate with equal kinematic and magnetic viscosity under the
influence of a transverse magnetic field. A small uniform suction or injection at the plate
is imposed. The solutions to the problem under a constant transverse magnetic field fixed
relative to the fluid are discussed through graphs.

2. Mathematical Formulation and Solutions of the Problem

The unsteady MHD flow of an incompressible viscous fluid through a perfectly
conducting porous plate under the influence of a constant transverse magnetic field is
considered.. Let the x-axis and y-axis be taken in the direction of fluid flow and
perpendicular to the conducting wall, respectively. The z-axis is perpendicular to both the
x-axis and y-axis.

Let the imposed magnetic field. E; be perpendicular to the conducting wall and v, the
suction velocity at the plate. Then, the equation of continuity Z—; = Oaty =0 gives v = v

everywhere over the electrically conducting infinite porous flat plate.

On account of motion, let a magnetic field H, will be induced in the flowdirection.
From the symmetry of the problem considered, all flow variables are functions of the
coordinate y and time t only.

Let the plate be started impulsively from rest with a constant velocity U. Then the
following differential equations will govern the fluid flow [16,17] as:

u L W) Oy 0%
p (6t + s ay) = #Ho ay +n ay? W)
and

OHx OHy _ 777 0u 0%H,

5 T Vs H, 3y +V_ay2 , 2

where p, the fluid pressure assumed to be a constant.
Boundary and initial conditions for a non-conducting plate are :
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att=0,y>0,u=H,=0,
aty=0,t>0,u=U, H, =0, ?3)
aty - oo,u=0,H,=0.
The considered problem is to be solved after deriving first the boundary conditions to be
satisfied at the wall for an arbitrary conducting wall.Then, the same is deduced for a

perfectly conducting wall. From Ampere’s law and Ohm’s law, after taking MHD
approximations into account, we have:

and

Consequently, we have,

E=

where H = (H,, H,,0) = (H,, Ho, 0)
andV = (u,vs,0)
Therefore, we have

= 1 0Hy
E= (O’O'EE — uHyu + ,uvst) . 4

Let us assume that the magnetic permeability x of the medium and the induced magnetic
field. H, in the flow direction isthe same for both the fluid and the wall. Then equation (4)
yields that the plate started impulsively from rest with velocity U:

—_ 1 OHy,,
E, = (0, o oy MHOU A Mvstw) : ®)

Since the tangential component of the electric field is continuous at an interface, it yields
from (4) and (5), the boundary conditions at the wall for y = 0.

10H, _ 1 OHy
oy = ooy T HVsHy, = HUsHy (6)

Since the wall is perfectly conducting, we have g,, = o and hence we have the condition:
9Hx _ . ()

ay
The other boundary and initial conditions are the same as given in (3).
Hence, equations (1) and (2) are to be solved subject to the boundary and initial conditions
given in (3) and (7). Using equations (1) and (2), we obtained respectively as:

w4 o, (a_u L%) Oy
o + v ol 6H, ay+ 99 Gy + v 2 (8)

and
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duy ou  p OHy %u,
= —0Hy (32— £2) 4y 9
ot T 6y dy  6p dy + ay?’ ©)

where u;,u, = u + 6H, .

Let us choose 6 = \/% , Which reduces equations (8) and (9) respectively to:

ouq 2%u

ERRS el S R o
and
Qup o Q2 gy Qe 0%
T Vs, T Yt Vo (11)
_ H
where y = - .Hy .

The steady-state solutions of equations (10) and (11) are respectively given as under:
uy = A+ B e” W
u,=C+ D’ e(lpH’S)V,

where A’, B’, C’ and D’ are arbitrary constants, and consequently, the solutions of
equations (10) and (11) are respectively of the forms:

u; =Aerf; (%\/;—:S)t) + Be” W~ ”S)verf [M] (12)
and
alCALA % @t ve)e
u = C erf, () + De W ver, [ (13)

Therefore the solutions of the problem will be given by

u= %(u1 + u,) and

1 p
H, = > l—i(u1— uy),

The constants A, B, C, and D are to be determined from (3) and (7) because the first and
third conditions of (3) are automatically satisfied byu; and u,. The second condition of
(3) yields as:
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U= 1[14 f;;{(lp_ s)}+Berﬁ:{_(¢_vs)t}+Cerfc{_(lp'i_vs)t}

Vvt 2+/vt 2\/vt
W + vyt
+verk |||
= 1 A+ B
=3 (A+B)
2 (w?/v_sn
_ e _ 24yvt _gz
\/E(A B)f0 e dé +(C+ D)
) <w7i)t
L _ 2vvt _EZ
+ \/E(C D)L e dé¢

Which will be satisfied if we have

%[(A+B)+ (C+D)]=

and
A—B=C-D
or,
A+D=B+C
and therefore, B+ C = U (14)

and from the condition (7), it yields
OH, _
(E)yzo =0

S I B (7R S R a2 —W-vIt) B - -vdPs
|.e.2[ == ¥ w —B = erfc{ Zm} NrvAd ST 4+

C_ o~ W- vs)Pe _ D @+vdt) | D —@ruPs]
N o (¢+Vs)erfc{z\/ﬁ}+\/me Y] =0

which will be satisfied if we have
A+B=C+D
and
B=D=0A=C (15)
and from (14), € = U, since B = 0, and from (15), A = C = U.
Hence the required solutions are given respectively by

u=glerf (G + e ] &

and

\/7[ rf y+(1/;vvs)t}_ erf. {y (w:vS)t}]' 17
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The absence of the exponential factor in the above solutions indicates that for a perfectly
conducting wall, there is no Hartmann layer in the ultimate state.

3. Results and Discussion

From equations (16) and (17), results can be deduced below:
i. Wheny # 0, v, = 0, it yields as:

=3l Coe) + ot (e )

and

y*—wt y—t
=5 Pl () - o ()
which coincide with the solutions obtained by Lord Rayleigh [2].
ii.Wheny = 0, v, = 0, it yields as:
u="U erfc< ) and

H,=0
which coincides with the results obtained in ordinary Hydrodynamic flow [17].
iii. Wheny = 0, vg # 0, it yields as:

u="Uerf, (yz_\;%t) and

H,=0
which coincides with the ordinary hydrodynamic results [17] in the absence of suction and
the total absence of a transverse magnetic field.

3.1. Skin-Frictions

From (16), the skin-friction t, at the surface of the plate can be derived as:

(5)
TO = -
9/, o
_ -ve)?t _ (¢+vs)2t]
= — e 4v + e 4v
2+/mvt
and skin-frictions for other cases are:
u ¥
To=— =x€ ® ,wheny = 0,v, = 0,
U
Tg = — ﬁ,Whenlp—o,Us—O

and
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u vt h
—e w ,wheny =0, v, # 0.

T0=_

3.1.1. Non-dimensional forms

The non-dimensional forms of the velocity and the induced magnetic field distribution can
be derived respectively by the following forms:

u_1 y+ @ — vt y— @+ vt
E‘z[erfc{ Vvt }J’erfc{ 2Vt }

y + (1/) vs)t y— (IIJ + vs)t
¥ o= ol P - e

and the non-dimensional forms for other subcases are obtained as:

= ;lerte ) + erfe )]
b [3= Herre (B} - e (58

and

The non-dimensional forms of the skin-frictions are evaluated in the forms below:

%o _@-ve)?e _ @v)?e
—_ = 4v + e 4v ,
U \/n'v
2
To 1 _yt
; = — e 4v ,
T 1
D= - —and
U
To 1 _@
—_—= - e 4v |
U Vmvt

The results obtained on the velocity of the fluid due to wvariation in the
parameters.n,, ¥;and¢, under the influence of the transverse magnetic field are shown in
Figs. 1 through 3.

In Fig. 1, taking 4, =-1,¥, =1 4 =-2,¥;,=1; 1, =0,¥; =1and A, =
0,%¥, = 2, the velocity of fluid is graphically represented, and we observed that the
velocity of fluid decreases as 1, increases.

In Fig. 2, taking A, =0,¥; =1; 4, =0,%; =2, we notice that the induced
magnetic field increases when there is no suction velocity and increases of ;.
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In Fig. 3 taking ¥, =0,4, =—-05 ¥, =04, =—-1,¥, =0; 4, =—15 and ¥, =
0,1, = —2 the fluid velocity decreases as the suction velocity decreases.

5.8

—— Wi1=1,A1=-1
48 ---A--- W1=1,\1=-2
- -8 - W1=1,\1=0
3.8 — ¥— - W1=2,\1=0

2.8

N

1.8

Fig. 1. Velocity profile against ;.
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Fig. 2. Magnetic field with no section.
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Fig. 3. Velocity profile for ¥,=0.

4, Conclusion

The focus of the present work is to study mainly the effect of a transverse magnetic field
on a viscous, incompressible fluid with equal kinematic and magnetic viscosity past
through a conducting porous plate. The behavioral study of flow under the action of
different parameters was carried out with the aid of graphs. The important outcomes of the
present work are as follows:

The magnitude of velocity decreases due to increasing values of kinematic viscosity
and constant suction velocity.The induced magnetic field also increases due to constant
suction velocity.The conclusions made from the above analysis are that the problem is
amenable to an exact solution for the perfectly conducting plate having electrical
conductivity ¢ = oo and when the fluid has equal kinematic and magnetic viscosity.

Nomenclature

MHD  Magnetohydrodynamics.
u Velocity component in x-direction.
u Magnetic viscosity of the fluid.
n Co-efficient of viscosity of the fluid.
p Density of the fluid.
p Pressure of the fluid.
v Kinematic viscosity, v = % .
= Imposed magnetic field.
0
o Electrical conductivity.
= Electric field in the fluid.
H, Induced magnetic field.
N Density of the current induced.
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t
Y, = v
2\/vt
2 = vst
2\/vt
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