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Abstract

Unsteady hydromagnetic Couette flow of a viscous, incompressible and electrically conducting fluid between two infinitely
long parallel porous plates, taking Hall current into account, in the presence of a transverse magnetic field is studied. Fluid flow
within the channel is induced due to impulsive movement of the lower plate of the channel. Magnetic lines of force are assumed
to be fixed relative to the moving plate. Solution of the governing equations is obtained by Laplace transform technique. The
expression for the shear stress at the moving plate due to primary and secondary flows is also derived. Asymptotic behavior of
the solution valid for small and large values of time t is analyzed to gain some physical insight into the flow pattern. Numerical
values of the primary and secondary velocities are displayed graphically versus non-dimensional channel width variable 7 for

various values of Hall current parameter M, magnetic parameter M *, suction/injection parameter S and time t whereas the
numerical values of shear stress at the moving plate due to primary and secondary flows are presented in tabular form for
different values of m, M2, S and t.
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1. Introduction

Theoretical/experimental investigation of unsteady hydromagnetic Couette flow in the presence of a transverse magnetic field is
significant from a practical point of view because fluid transients may be expected at the start-up time in so many MHD devices
viz. MHD pumps, MHD generators, MHD accelerators, MHD flow meters, nuclear reactors using liquid metal coolant etc.
Katagiri (1962) studied unsteady hydromagnetic Couette flow of a viscous, incompressible and electrically conducting fluid in the
presence of a uniform transverse magnetic field when the fluid flow within the channel is induced due to impulsive movement of
one of the plates of the channel. Muhuri (1963) analyzed this problem in a parallel plate porous channel when the fluid flow within
the channel is induced due to uniform accelerated movement of one of the plates of the channel. In their problem Katagiri (1962)
and Muhuri (1963) considered that the magnetic lines of force are fixed relative to the fluid. Singh and Kumar (1983) studied the
problem considered by Katagiri (1962) and Muhuri (1963) in a non-porous channel when the magnetic lines of force are fixed
relative to the moving plate. It may be noted that the study of hydromagnetic flow within a porous channel may find application in
designing of cooling systems with liquid metals, geothermal reservoirs, underground energy transport, petroleum and mineral
industries, in purification of crude oils etc. Prasad Rao et al. (1982), Makinde and Chinyoka (2001), Makinde and Osalusi (2006),
Abbas et al. (2006), Attia (2007), Hayat et al. (2007, 2008), Khan et al. (2009) and Seth et al. (2011) studied hydromagnetic flow
within an infinitely long parallel plate channel with porous boundaries considering different aspects of the problem. In all these
investigations, effects of Hall current are not taken into account. It is well known that, in an ionized fluid where density is low
and/or magnetic field is strong, the effects of Hall current become significant as stated by Cowling (1957) since Hall current
induces secondary flow in the flow-field. Hall current on the fluid flow have many applications in MHD power generation, nuclear
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power reactors, underground energy storage systems, and in several areas of astrophysical and geophysical interest. Jana and Dutta
(1977) investigated effects of Hall current on unsteady MHD Couette flow within a non-porous channel when the magnetic lines
of force are fixed relative to the fluid. Bhaskara Reddy and Bathaiah (1982) studied effects of Hall current on MHD Hartmann
flow through a porous channel.

The purpose of the present investigation is to study the effects of Hall current on unsteady hydromagnetic Couette flow of a
viscous, incompressible and electrically conducting fluid within an infinitely long parallel plate porous channel in the presence of a
uniform transverse magnetic field. Fluid flow within the channel is induced due to impulsive movement of the lower plate of the
channel and magnetic lines of force are fixed relative to the moving plate of the channel. Present study may find applications in
hybrid MHD energy generators, material processing in petroleum, metallurgy and mineral industries, geophysical and
astrophysical problems of interest etc.

The paper is organized as follows: In Section 2, formulation of the problem and its solution is given. In Section 3, the expression
for shear stress at the moving plate is mentioned. In Section 4, asymptotic solutions for small and large values of time t are
provided. In Section 5, i.e. in Results and Discussion, the behavior of the primary and the secondary velocities and the non-
dimensional shear stress at the moving plate due to the primary and secondary flows with respect to various values of the Hall
current parameter M, magnetic parameter M ? , suction/injection parameter S and time t are discussed. The present results are
compared with available results of Seth et al. (2011) and Singh and Kumar (1983) and are found to be in good agreement. Finally
in Section 6, conclusions of the present study are provided.

2. Formulation of the Problem and its Solution

Consider unsteady flow of a viscous, incompressible and electrically conducting fluid between two parallel porous plates at
z=0 and z=h of infinite length, in x and y-directions, in the presence of a uniform transverse magnetic field H, applied

parallel to the z-axis (See Fig. 1). Initially (i.e. when time t' <0), the fluid and plates of the channel are assumed to be at rest. At
time t'>0 the lower plate at z=0 starts moving with uniform velocity U, in the x-direction while the upper plate at z=h is

kept fixed. The fluid suction/injection takes place through the porous plates of the channel with uniform velocity W, (W, >0 for
suction and W, <0 for injection). It is assumed that the no applied or polarization voltage exits so that the effects of polarization
of the fluid is negligible (i.e. the induced electric fieldE =0) and the induced magnetic field produced by fluid motion are
neglected in comparison to applied one (Cramer and Pai, 1973). Since the plates are of infinite extent in the X and Y -directions,

all physical quantities, except pressure, depend on z and t’ only.

Primary Flow

X H, Hartmann Boundary Laver

Secondary Flow

USU ", >0 ey

Figure 1. Physical Model of the Problem

Therefore, the fluid velocity § and the magnetic field H are given by
G=@,V,W,), H=(0,0,H,), (D

where U’ and V' are fluid velocity in X-direction and y-direction respectively.
Under the above assumptions, the governing equations for the fluid motion are given by
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where v, o, p, t,, M=®,7,, ®, and 7, are the kinematic coefficient of viscosity, the electrical conductivity of the fluid, the fluid

density, the magnetic permeability, the Hall current parameter, the cyclotron frequency and the electron collision time respectively.
The initial and boundary conditions for fluid flow are given by

u=v=0 for 0<z<h and t' <0, @)
u'=U,,v'=0 at z=0 for t'> 0, ®)
u'=v'=0 at z=h for t'>0. (6)

Equation (2) is valid when the magnetic lines of force are fixed relative to the fluid. On the other hand, when the magnetic lines of
force are fixed relative to the moving plate (Rossow, 1958), equation (2) is replaced by
au’ au' ot owHg
Er p(1+m2)(u
Equations (3) and (7) are presented in the compact form as
6—q'+w05—0"=uﬁ—ﬂ[q'(1+im)—uo], (8)
o’ oz ozt p(l+m?)
where q'=U"+iV', and i =\/—_1 .
The initial and boundary conditions (4) to (6), in compact form, become

—mv'=U,). (7)

g'=0 for 0<z<h and t' <0, 9)
q'=U, at z=0 for t' >0, (10)
q'=0 at z=h for t' > 0. (11)

Representing equation (8), in non-dimensional form, we obtain

aq .o6q o*q M? .
ALY B 1+im)—-R, ], 12

where n=z/h, q=q'h/v, t=t'v/h?, S =W,h/v is the suction/injection parameter (S >0 for suction and S <0 for

injection), M? = a,ueQHg h?/ pv is the magnetic parameter which is the square of Hartmann number and R. =Uyh/v is the

Reynolds number.
The initial and boundary conditions (9) to (11), in non-dimensional form, become

q=0 for 0<p <1 and t <0, (13)
g=R, atn=0 for t>0, (14)
g=0 at n=1 for t > 0. (15)

Applying the Laplace transform, equation (12) with the help of the initial condition (13) reduces to

d2g  _dg 1+im)M? | _ M2R
9 _gd0_ p+( )2 g . (16)
dn dn 1+m p(1+m*)
where q = jwe_ Pla(;,t)dt, p>0 and p being the Laplace transform parameter.
0
Boundary conditions (14) and (15) after taking the Laplace transform become
g=R,/p at p=0 17)
g=0 at n=1 (18)
The solution of equation (16) subject to the boundary conditions (17) and (18) is given by
R (— LY e ve ®) (19)
! (1+m*)p(p+m*) & p (1+m*)p(p+m*)

where
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=0(z,p)/ Ry, a=2k+n, b=2+2k-7n, c=k+n,d=1+k-n,

K =S/2+p+S>/4+m* and m*={M2(1+im)/(l+m2)}.

Taking the inverse Laplace transform of equation (19), we obtain

q; = 1=im g gty L 3 e_a(g_ﬂ]erfc 2k +e_a{§+i]erfc Ak
( J( ) 2Z [Nf j [ )

1+m? e 2t

_e-b(i-ﬂ]erfC[LMﬁj_ > em{ ) ofasim | {3 Jerfc(LMﬁ)

At (1+m?) 24t
(20)
+e7c(5 jerfc[ﬁ—/ix/t_jw 5 erfc[—+/1x/_)+e d(g Jerfc(ﬁ—ﬂfj
_e‘m*‘£erfc[ﬁ+st _Cserfc[zf/f Sf} erfc{2ﬁ+s;/_] erfc[%—%}] ,
where
:q(n,t)/Re=Uj+ivj, A=a+ip,
1/2 1/2
Ll(s2 M2 Y mime s M’ 20
=—|1| — | — .
“’ 2 (4 +1+m2] T rm) [4 +1+m2]

Solution (20) is the general solution for unsteady hydromagnetic Couette flow within an infinitely long parallel plate porous
channel with Hall effects when the fluid flow within the channel is induced due to impulsive movement of the lower plate of the
channel. It clearly demonstrates a unified representation of initial hydromagnetic Couette flow, final steady flow confined within
modified Hartmann boundary layer and the decaying oscillations excited by the interaction between Hall current, magnetic field,
suction/injection and initial impulsive motion when the magnetic lines of force are fixed relative to the moving plate. This solution
is valid for every value of time t. In the absence of Hall current (i.e. m=0), solution (20) is in agreement with the solution
obtained by Seth et al. (2011). In the absence of Hall current and suction/injection (i.e. S =0), it agrees with the solution obtained
by Singh and Kumar (1983).

3. Shear Stress at the Moving Plate

Non-dimensional shear stress components 7,; and z,; at the moving plate 7 =0 due to primary and secondary flows are given
by
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(22)
where a’' =2k, b'=2+2k and d'=1+k.

4. Asymptotic Solutions

To gain physical insight into the flow pattern, we now discuss the asymptotic behavior of the solution (20) for small and for
large values of time t.

Case I: When time t is small (i.e. t<1)
For small values of time t, solution (20) assumes the following form

IR i e et O O g e B
%{e {(H(Hmt) ¢ mC4Jerfc(Zf[j (2"“{ +m16°2j]c\/;ei} (23)
+ed23{(t+(l+mt)—2+md4Jerf (;[j (2”” [l+m]Td2Dd\/;e_?‘i H
gl bl Y
S (o 25
ve? {(t +d_62jd_;erfc[;7j_(2t + d; ] 2 \E ef% }H

S? M? mM ?
where M =—+——, M, =—-—.
1+m 1+m

It is evident from the expressions (23) and (24) that there arises a Rayleigh boundary layer of thickness O(\ﬁ ) near the moving
plate at 77 =0 due to the initial impulsive movement of the plate. Also it may be noted from (23) and (24) that the primary velocity
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u; and the secondary velocity v; are affected by the Hall current, magnetic field and suction/injection. In the absence of Hall

current, (i.e. m=0), the secondary velocity vanishes. This is due to fact that Hall current induces secondary flow in the flow-field.

There are no inertial oscillations in the flow-field.

Case Il: When time t is large (i.e. t>1)

For large values of time t, solution (20) may be represented in the following form

uj(ﬂat) = ujs +ujta

where
* - -b E+oz
U = o )+§H (2 Jcosﬂa—e [2 jcosﬂb}
( 1) —c(sﬂzj B . —d(s+
"L ){ (cos fc—msin Ac)+e
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ujtz |:
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(25)

(26)

(27a)

(27b)

(27¢)

(28)

(29)

(30a)

(30b)

(30¢)
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From the expressions (25) and (28) we observe that, the fluid flow is in quasi-steady state. The terms u;; and v, represent final

steady state flow. The steady state flow is confined within a thin boundary layer of thickness O ((a +5/2)" ) . This boundary layer
may be recognized as the modified Hartmann boundary layer and may be viewed as the classical Hartmann boundary layer
modified by Hall current and suction/injection. It is noticed from equation (21) that & increases with increase in either magnetic
parameter M’ or suction/injection parameter S or both. Thus we conclude that the thickness of the modified Hartmann boundary

layer decreases with increase in either M? or S or both. It is also seen from equations (26) and (29) that steady state flow
represents spatial oscillations in the flow-field excited by Hall current, magnetic field and suction/injection. The unsteady part of
the flow in equations (25) and (28), represented by u; and v, , exhibits inertial oscillations in the flow-field excited by Hall

current and magnetic field. The unsteady state flow represented by u;, and v;, is divided into two parts viz. U , v; and u

>y Vjtz )

>

-1
The inertial oscillations in u; and v;, dampen out effectively in dimensionless time of O (((52 / 4) + ( M?/(1+m’ ))) ) , whereas

in u;, and v,

they dampen out effectively in dimensionless time of O((M 2 (1+m2))_]) when the final steady state is

developed. This implies that suction/injection reduces the time of decay of inertial oscillations in the major part of the unsteady
state flow whereas Hall current increases the time of decay of inertial oscillations in both the parts of the unsteady state flow. In
the absence of Hall current, there are no inertial oscillations in the flow-field.

5. Results and Discussion

To study the effects of Hall current, magnetic field, suction/injection and time on the flow-field, the numerical values of the
primary velocity u; and the secondary velocity v;, computed from the analytical expression (20) mentioned in Section 2 by

MATLAB software, are displayed graphically versus non-dimensional channel width variable 7 in Figs. 2 to 9 for various values

of the Hall current parameter m, magnetic parameter M 2 suction/injection parameter S and time t. To compare our results with
already existing results of Seth et al. (2011) and Singh and Kumar (1983) we have drawn the profiles of fluid velocity versus non-
dimensional channel width variable # for various values of M?, taking m=0, S=1and S =0 in Figs. 10 and 11. Figures 2 and
3 illustrate the influence of Hall current on the primary velocity u; and the secondary velocity v; . It is seen from Figure 2 that the
primary velocity u; decreases on increasing M. The secondary velocity v; increases in the lower half of the channel and it

decreases in the upper half of the channel on increasing m. This implies that the Hall current tends to retard fluid flow in the
primary flow direction throughout the channel and fluid flow in the secondary flow direction in the upper half of the channel. It
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has the reverse effect on the secondary flow in the lower half of the channel. Figures 4 and 5 demonstrate the effects of magnetic
field on both the primary and secondary velocities. It is noticed from Figures 4 and 5 that both the primary velocity u; and the

secondary velocity v; increase on increasing M % which implies that magnetic field tends to accelerate fluid flow in both the

primary and secondary flow directions. This tendency of the magnetic field may be attributed to the movement of the magnetic
lines of force along with the moving plate of the channel. Figures 6 and 7 display the influence of suction/injection on the primary
and secondary fluid velocities. The primary velocity U; decreases on increasing S(>0) whereas it increases on increasing S(< 0)

in the region 0<7<0.8. The secondary velocity v; decreases on increasing S(>0) in the region 0<7<0.6 whereas it

increases on increasing S(< 0) throughout the channel. This implies that suction retards fluid flow in the primary flow direction in

the major part of the channel whereas injection has the reverse effect on it. Suction retards fluid flow in the secondary flow
direction in the region 0 <7 < 0.6 whereas injection accelerates fluid flow in the secondary flow direction throughout the channel.

Figures 8 and 9 depict the influence of time on the primary and secondary velocities. Both the primary velocity u; and the
secondary velocity v; increase on increasing time t which implies that fluid flow in both the primary and secondary flow

directions are accelerated due to the passage of time. Figures 10 and 11 show that our results are in good agreement with the
results obtained by Seth et al. (2011) and Singh and Kumar (1983).
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The numerical values of the non-dimensional shear stress at the moving plate due to primary and secondary flows, computed from
the expression (22) mentioned in Section 3 by MATLAB software, are presented in tabular form in Tables 1 to 3 for various values

of m, M2, S and t. To compare our results with that of existing results of Seth et al. (2011) and Singh and Kumar (1983) we
have presented numerical values of shear stress at the moving plate for various values of M 2 and S in Table 4. From Table 1 we

see that the primary shear stress 7,; increases on increasing M whereas it decreases on increasing M~ . The secondary shear stress

7,j increases, attains maximum and then decreases on increasing M whereas it increases on increasing M 2 This implies that the

Hall current tends to enhance the primary shear stress at the moving plate. Magnetic field tends to reduce the primary shear stress
at the moving plate whereas it has the reverse effect on the secondary shear stress at the moving plate. It is found from table 2 that
the primary shear stress 7,; decreases on increasing t for all values of S and it increases on increasing S(>0) and decreases on

increasing S(<0) in magnitude. This implies that suction tends to enhance primary shear stress at the moving plate whereas

injection has the reverse effect on it. Primary shear stress reduces with the passage of time at each time level. It is observed from
table 3 that the secondary shear stress 7,; decreases on increasing S(<0) in magnitude for every value of time t considered

whereas it decreases on increasing S(>0) when t<0.05. Secondary shear stress 7

This implies that injection tends to reduce the secondary shear stress at the moving plate at each time level whereas suction tends
to reduce it when t <0.05. Secondary shear stress at the moving plate increases with passage of time at each time level in case of
suction. It is seen from Table 4 that our results are found to be in good agreement with the results obtained by Seth et al. (2011)
and Singh and Kumar (1983).

increases on increasing t when S(>0).

Table 1. Primary and secondary shear stress at the moving plate when S =1 and t =0.05

M 2 l m— —ij _Tyj
0.5 1.0 1.5 0.5 1.0 1.5
10 2.2435 2.8371 3.1870 0.6424 0.7796 0.6833
15 1.9315 2.6982 3.1819 0.9479 1.1280 0.9792
20 1.6755 2.5580 3.1468 1.2421 1.4610 1.2563
Table 2. Primary shear stress —7,; at the moving plate when m=1.0 and M =10
t] S— -3 2 -1 0 1 2 3
0.03 2.0767 24182 2.7950 3.2077 3.6562 4.1405 4.6600
0.05 1.4330 1.7265 2.0582 24285 2.8371 3.2838 3.7678
0.07 1.1222 1.3729 1.6638 1.9950 2.3655 2.7742 3.2200
0.09 0.9455 1.1572 1.4106 1.7057 2.0410 2.4140 2.8234
Table 3. Secondary shear stress —z,; at the moving plate when m=1.0 and M =10
tl S— -3 -2 -1 0 1 2 3
0.03 0.5658 0.5964 0.6202 0.6323 0.6305 0.6171 0.5969
0.05 0.6577 0.7074 0.7474 0.7722 0.7796 0.7723 0.7566
0.07 0.6624 0.7435 0.8103 0.8576 0.8837 0.8921 0.8903
0.09 0.6120 0.7312 0.8323 0.9099 0.9623 0.9940 1.0136
Table 4. Shear stress —7,; at the moving plate when m=0 and t =0.05
M2]S — -3 -2 -1 0 1 2 3
2 1.1797 1.4926 1.8599 2.2835 2.7642 3.3013 3.8925
4 1.0691 1.3516 1.6836 2.0667 2.5015 2.9873 3.5222
6 0.9689 1.2240 1.5240 1.8704 2.2637 2.7032 3.1871
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6. Conclusions

The present investigation deals with the theoretical study of the unsteady hydromagnetic Couette flow within an infinitely long
parallel plate porous channel with Hall effects. The significant results are summarized below:

1.

6.
7.
8.

9.
10.
11.

12.

For small values of time t, a Rayleigh boundary layer of thickness O(\/E ) arises near the moving plate and both the

primary and secondary velocities are affected by Hall current, magnetic field and suction/injection.
For large values of time t fluid flow is in quasi-steady state. Steady state flow is confined within a thin modified

Hartmann boundary layer. The steady state flow represents spatial oscillations in the flow-field excited by the Hall
current, the magnetic field and suction/injection, whereas the unsteady flow exhibits inertial oscillations in the flow-field
excited by Hall current and magnetic field.

Hall current tends to retard fluid flow in the primary flow direction throughout the channel and fluid flow in the
secondary flow direction in the upper half of the channel. It has the reverse effect on the secondary flow in the lower half
of the channel.

Magnetic field tends to accelerate fluid flow in both the primary and secondary flow directions. This tendency of the
magnetic field may be attributed to the movement of the magnetic lines of force along with the moving plate of the
channel.

Suction retards fluid flow in the primary flow direction in the major part of the channel whereas injection has the reverse
effect on it. Suction retards fluid flow in the secondary flow direction in the region 0<7 < 0.6 whereas injection

accelerates fluid flow in the secondary flow direction throughout the channel.

Fluid flow in both the primary and secondary flow directions is accelerated due to the passage of time.

Hall current tends to enhance the primary shear stress at the moving plate.

Magnetic field tends to reduce the primary shear stress at the moving plate whereas it has the reverse effect on the
secondary shear stress at the moving plate.

Suction tends to enhance primary shear stress at the moving plate whereas injection has the reverse effect on it.

Primary shear stress at the moving plate reduces with the passage of time at each time level.

Injection tends to reduce the secondary shear stress at the moving plate at each time level whereas suction tends to reduce
it when t <0.05.

Secondary shear stress at the moving plate increases with passage of time at each time level in case of suction.

Nomenclature

Ho

2

h
M
m
p
S
t

Re
Uo

Uj,Vj

Xayaz_

0
o
1y
n
He
We
Te

Txj>Tyj

- uniform transverse magnetic field
- width of the channel

- magnetic parameter
- Hall current parameter
- Laplace transform parameter

- suction/injection parameter
- non-dimensional time
- Reynolds number

- uniform velocity in X-direction

- non-dimensional primary and secondary velocity respectively
Cartesian coordinates

- fluid density

- electrical conductivity
- kinematic coefficient of viscosity
- channel width variable

- magnetic permeability

- cyclotron frequency

- electron collision time

- primary and secondary shear stress at the moving plate respectively.

Acknowledgement



183 Seth et al./ International Journal of Engineering, Science and Technology, Vol. 3, No. 6, 2011, pp. 172-183

Authors are grateful to the referee for his valuable comments and suggestions which helped us to improve the quality of this
paper and also University Grant Commission, New Delhi (India) for providing financial assistance to carry out this research work.

References

Abbas, Z., Sajid, M. and Hayat, T., 2006. MHD boundary layer flow of an upper convected Maxwell fluid in a porous channel.
Theor. Comp. Fluid Dyn., Vol. 20, pp. 229-238.

Attia, H. A., 2007. Time varying Hartmann flow with heat transfer on a Power-Law fluid with uniform suction and injection under
constant pressure gradient. Kragujevac J. Sci., Vol. 29, pp. 15-28.

Bhaskara Reddy, N. and Bathaiah, D., 1982. Hall effects on MHD flow through a porous straight channel. Def. Sci. J., Vol. 32, pp.
313-326.

Cowling, T. C., 1957. Magnetohydrodynamics. Interscience Pub., New York.

Cramer, K. R. and Pai, S., 1973. Magnetohydrodynamics for Engineers and Applied Physicists. McGraw Hill Book Company,
New York.

Hayat, T., Ahmed, N., Sajid, M. and Asghar, S., 2007. On the MHD flow of second grade fluid in a porous channel. Comp. Math.
Appl., Vol. 54, pp. 407-414.

Jana, R. N. and Dutta, N., 1977. Hall effects on unsteady Couette flow, Int. J. Engng. Sci., Vol. 15, pp. 35-43.

Hayat, T., Ahmed, N. and Sajid, M., 2008. Analytic solution for MHD flow of third order fluid in a porous channel. J. Comp.
Appl. Maths., Vol. 214, pp. 572-582.

Katagiri, M., 1962. Flow formation in Couette motion in Magnetohydrodynamics. J. Phys. Soc. Jpn., Vol. 17, pp. 393-396.

Khan, M., Rahman, S. and Hayat, T., 2009. Heat transfer analysis and Magnetohydrodynamic flow of a non-Newtonian fluid
through a porous medium with slip at the walls. J. Porous Media., Vol. 12, pp. 277-287.

Makinde, O. D. and Chinyoka, T., 2001. Unsteady MHD flow in a porous channel with an exponentially decreasing suction. J.
Pure Appl. Math., Vol. 1, No. 1, pp. 1-13.

Makinde, O. D. and Osalusi, E., 2006. MHD steady flow in a channel with slip at permeable boundaries. Romanian J. Phys., Vol.
51, pp. 319-328.

Mubhuri, P. K., 1963. Flow formation in Couette motion in Magnetohydrodynamics with suction. J. Phys. Soc. Jpn., Vol. 18, pp.
1671-1675.

Prasad Rao, D. R. V., Krishna, D. V. and Debnath, L., 1982. Combined effect of free and forced convection on MHD flow in a
rotating porous channel. Int. J. Math. & Math. Sci., Vol. 5, pp. 165-182.

Rossow, V. J., 1958. On flow of electrically conducting fluid over a flat plate in the presence of a transverse magnetic field.
NACA Rept. 1358.

Seth, G. S., Ansari, Md. S. and Nandkeolyar, R., 2011. Unsteady hydromagnetic Couette flow within a porous channel. Tamkang
J. Sci. and Eng., Vol. 14, No. 1, pp. 7-14.

Singh, A. K. and Kumar, N., 1983. Unsteady Magnetohydrodynamic Couette flow. Wear, Vol. 89, pp. 125-129.

Biographical notes

Dr. G. S. Seth is a Professor in the Department of Applied Mathematics, Indian School of Mines, Dhanbad, India. He received his Ph. D. in the Mathematics from
Indian Institute of Technology, Kharagpur, India. He has more than thirty years of experience of teaching and research. His current area of research studies includes
Fluid dynamics, Magnetohydrodynamics and heat transfer. He was visiting Assistant Professor at University of Aden, Republic of Yemen during the period
September 01, 1991 to August 31, 1993. He has published a number of research papers in national/International journals of repute.

J. K. Singh received his M. Sc. degree in Mathematics from D. D. U. Gorakhpur University, Gorakhpur, India in the year 2004. He joined the Department of
Applied Mathematics, Indian School of Mines, Dhanbad, India as Project Fellow in the year 2008. After one year he has joined the same institute as CSIR-UGC
(NET) Junior Research Fellow to do research work leading to Ph. D. degree on the research topic entitled “A Theoretical Study of the Problems of
Magnetohydrdynamic Flow in a Rotating Medium”. He has three and half years of research experience.

G. K. Mahato received his M. Sc. Degree in Mathematics from Vinba Bhave University, Hazaribag, India in the year 2006. He joined the Department of Applied
Mathematics, Indian School of Mines, Dhanbad, India as Project Fellow in the year 2009 to do research work leading to Ph. D. degree on the research topic entitled
“Theoretical Study of Some Problems of Magnetohydrdynamic Flow of a Viscous Incompressible Electrically Conducting Fluid”. He has two years of research
experience.

Received May 2011
Accepted October 2011
Final acceptance in revised form November 2011



