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Abstract: An analysis of unsteady MHD flow in a vertical channel
embedded in a porous medium in the influence of a static transverse
magnetic field B(0, B,,0) is presented. The channel consisting two parallel

plates which are stretched continuously in their own plane. One of the plates
is permeable which subjected with a constant suction. The governing
equations of motion and energy derived under usual Boussinesq
approximations are nonlinear partial differential equations and solved with
similarity transformations and Differential Transform Method (DTM). The
effects of different physical parameters, namely Prandtl number Pr, Grashof
number Gr, Hartmann number M, porosity parameter N and unsteadiness
parameter S on the velocity and temperature distribution are computed,
analyzed and shown through graphs. The suction velocity at the permeable
plate can be implemented to control the skin friction at the plates of the
channel. It is observed that higher order of unsteadiness in the stretching of
plates enhances shear stress at both the plates.
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1. Introduction

MHD free-convection flows have great importance for the applications
in the fields of planetary and terrestrial magnetospheres, aeronautics,
chemical engineering, and electronics. The study of flow through porous
medium is of great use in the fields of geophysics, agricultural engineering
and technology. The interest in magnetohydrodynamics (MHD) convective
flows with heat transfer is enhanced due to its importance in the design of
MHD generators and accelerators in geophysics, in systems like
underground water and energy storage. Study of flow over a stretching sheet
has numerous significant importances in industrial, technological and
engineering R & D. Extrusion processes, fibers spinning, manufacturing of
plastic and rubber sheet, continuous casting and glass blowing are some of
the examples of industrial applications of stretching of a surface in an
ambient fluid. Flows past a stretching sheet have been extensively studied
by several researchers theoretically and experimentally. The good amount of
literature on MHD flow and heat transfer in porous medium has been
generated by Eckert and Drake!, Bear? , Jeffrey® , Bansal* and Schlichting® .
Vafai and Tien® explained the effects of boundary and inertia on flow and
heat transfer in porous media. Borkakoti and Bharali’ worked out the MHD
flow and heat transfer of a conducting fluid in a horizontal parallel plates
channel with upper plate is porous and lower one is stretching. Kim and
Vafai® analyzed natural convection about a vertical plate embedded in a
porous media. Soundalgekar and Bhatt® examined laminar convection flow
through a porous medium between two vertical plates. Nakayama et al.°
have studied free convection through a porous medium between two
paralleled plate channels. Kim et al.!* considered free and forced convection
through a porous medium between two paralleled plate channels. Attia and
Kotb* have considered MHD flow and heat transfer between two parallel
plates. Sharma and Sharma®® discussed unsteady flow and heat transfer
between two parallel plates. Sharma and Kumar'* investigated unsteady
flow and heat transfer between two horizontal plates in the presence of
transverse magnetic field. Al-Nimr and Haddad® have elucidated the fully
developed free convective flow in vertical channels with open ends and
filled with porous material. Sharma and Mishra'® investigated Steady MHD
flow in a horizontal channel. The lower plate is stretching sheet and upper
being permeable plate bounded by porous medium partially. Sharma and
Chaturvedi'’ discussed unsteady flow and heat transfer of an electrically
conducting viscous incompressible fluid between two non-conducting
parallel porous plates under uniform transverse magnetic field. Sharma et al.
18 studied unsteady flow and heat transfer of a viscous incompressible
fluid between parallel porous plates with heat source/sink. Sharma et al.®
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investigated unsteady plane poiseuille flow and heat transfer in the presence
of oscillatory temperature of the lower plate.

Sharma and Mehta®® investigated MHD Unsteady slip flow and heat
transfer in a channel with slip at the permeable boundaries. Guria et al.?*
have discussed three-dimensional free convection flow in a vertical channel
filled with a porous medium._lshak?® investigated unsteady flow and heat
transfer over a stretching plate in the presence transverse static magnetic
field. Rashidi et al.?® have obtained the stream function and temperature
profiles for magnetohydrodynamic flow in a laminar liquid film from a
horizontal stretching surface using Differential Transform Method and Pade
Approximant. Free convection flow in a vertical channel embedded in
porous media in the presence of radiation is discussed by Das et al.?*. Jana
et al.?® obtained convection of radiating gas in a vertical channel through
porous media. Rath et al.?® observed three-dimensional free convection flow
through porous medium in a vertical channel with heat source and chemical
reaction. Kar et al.?” have considered three-dimensional free convection
MHD flow in a vertical channel through a porous medium in presence of
heat source and chemical reaction. Cai et al.?® has investigated unsteady
convection flow and heat transfer over a vertical stretching surface.
Unsteady MHD heat and mass transfer over a stretching sheet in porous
medium with variable physical properties considering viscous dissipation
and chemical reaction have been investigated by Hunegnaw et al.?°. Prakash
et al.>® has investigated unsteady MHD flow over a vertical stretching plate
embedded in a non-Darcy porous medium with non-uniform heat
generation. Sharma and Mehta®! has analyzed oscillatory flow of a viscous
electrically conducting fluid and heat transfer through porous medium filled
in a vertical channel in the presence of chemical reaction and heat source.
The aim of the present study is to investigate the unsteady MHD flow and
heat transfer through continuously stretching vertical channel embedded in a
porous medium subjected to a uniform suction on one permeable plate.

2. Formulation of the Problem

The present model (Figurel) consist two parallel vertical plates of semi-
infinite length placed at a distance H apart. The x-axis is taken vertically
upward and y-axis is normal to it in the horizontal direction. One of the
plates is taken along x-axis and the second plate is placed at a distance H in
positive direction of y-axis. The plate at y = H is impermeable while the

plate at y =0is permeable subjected under time dependent suction. The
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temperature on both the plates is time dependent. Both the plates are
stretched continuously in their own plane in positive x-direction with

Figure 1. Geometry of the problem

velocity Uzlb—xt. A static transverse magnetic field B(0,B,,0) of
-a

moderate intensity is applied. The current density J is defined by the

generalized Ohm’s law is given by J = o(E +V x B) . Under the assumption

of moderate magnetic field, the induced electric field is assumed to be
negligible; therefore the Lorenz force on the flow field is given

by J xB=—cB2ui, where, o is the electrical conductivity of the fluid. The
plates are of semi-infinite length and flow is two dimensional,

thereforew =0, 9 ()=0.
0z

The equation of continuity for two-dimensional viscous incompressible
fluid flows is
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2.1) ML Ny

ox oy
where (u,v) are component of fluid velocity along xand y axis respectively.

The governing equations of motion and heat equation for viscous
incompressible fluid flow in the presence of magnetic field with usual
Boussinesq approximation are given by

ou ou ou op
2.2 —+pU—+V—)=——+ -T
22)  p+plu— ay) o TP —To)

(2.3) PR T ATRVLCLL S S A W20
X X K

2 2
(2.4) pC ﬂ+uﬂ+vﬂ =K ngg :
Pl ot ox oy ox° oy
The associated boundary conditions are
bx dx
=0:u=U=——, v=V, T=T =———
y 1-at ° P 1-at
(2.5)
y=H: u:i, v=0, T:TH:C—X
1-at 1-at

where, p the pressure, p the density of the fluid, x the viscosity of the
fluid, xthe thermal conductivity of the fluid, C, specific heat of the fluid,
S the coefficient of volumetric thermal expansion of fluid, T temperature
of the fluid, T, the temperature of the permeable plate, T, the
temperature of the plate at y=H, a and bare positive constants with
dimension (time)™, cand d are constants.
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3. Method of Solution

In order to solve the coupled non-linear partial differential equations
(2.2) to (2.4), we introduce the following similarity transformation

b 2
(3.1) 77=[U(1_at)J Y,

B2 oy =[1’jt;tj2 xt (1),

(3 =1, hereT,- (e +Tw)

H 0

and the stream function was u=0dw/oy=bx/(l—at) f'(;7)and

v=—0dy/ox=—bv/(L-at) f (;7), then the equation of continuity is identically
satisfied.

On eliminating the pressure term from the equation (2.2), (2.3) and
invoking transformation given by (3.1) to (3.3), the equation of motion and
heat equation are given by

(3.4) (3/2S+y M +N) f +5/2nt"+ f1"— ff"— ¥ =Gr,

(3.5) S[0+76/2+ A+ f'(0+2)— T0 =1/Pr@".

Here, primes denote differentiation with respect tor. The dimensionless
parameters pertinent in the problem are, S=a/b the parameter of
unsteadiness, Gr = (c—d)(1l—at)g S/ b? the Grashoff number,
M =oBZH?/(pv) the Hartmann number, N=(1-at)v/(bx) the
porosity  parameter, Pr=uC /x the Prandtl number and
A=(c+d)/(c—d). The corresponding boundary conditions are
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(3.6) {f’(o)zl’ f(0)=V, 6(0)=-1laty=0
| F'(m) =1 f(n)=0, 6(n)=1 atn=y

where, V =V, \/1-at/bv is suction/ injection parameter (for suctionV < 0)

and y=4b/v(@-at)H. In particular, taking the dimensionless
parameter y =1.

The equations (3.4) and (3.5) are non-linear ordinary differential
equations are attempted to solve by the Differential Transform Method,
Zhou®2. The fundamental results of the DTM are listed in the Appendix A.

1 [d o(n)
k" dn*
transform of f(n) and 6(n) respectively, then on applying DTM on the
equations (3.4) and (3.5), the recurrence relations in transform space with
parameter K are

k
Let F(k) Z%[W]qoand (k) = 1,-o are the differential

77k

1
F(k+4)= (k +1)(k kKD [AK+Dk+2)F(k+2)

42 Za(r Dk —r+)(K—r+2)(k—r+3)F(k—r+3)

(3.7) K
ZF(r)(k r+0)k—-r+2)(k-r+3)F(k—r+3)

Zk:r+1 Fr+D(k-r+)(k-r+2)F(k-r+2)

—Gr(k +1A(k +1)].

®(k+2)=Pf/(k+1)(k+2)[ {@(k) 1/225(r Dk - ”1)(9("—”1)}

+46(Kk)
+Zk:(k —r+)O(r)Fk-r+)+ A(k+1)F(k+1)
(3.8)

—i(k—r+1)®(k—r+1)F(r)]

The boundary conditions at 7 =0 are transformed into
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(3.9) F(0)=V, FQ =1 ©(0)=-1

The boundary conditions at 7 =1 are transformed into
N N N

(3.10) Y FF(K)=0, > kF(k+D=1, > rek)=L1
k=0 k=0 k=0

Since, initial values of f"(r), f"(n)and &'(n)are unknown, therefore
F(2), F(3) and ®(1) are not known. Let, F(2)=a,F(3)=4a,,0@0) =0
wherea,, a,andb, are unknown constants, to be determined by using
prescribed boundary conditions.

Fork =0,1.....5, the equations (3.7) and (3.8) gives

F(4) = 2—14[(2/3& +2)a,—6V.a, ~Grb],

F(5)= 2 [a(A) + Ag, +,(D;) + 42’ - 261A]

F(6) = %{{A@l +a,A +b A — ZVaf +12a,a, + A ]

R - L A8 A 1A AR + A, A, 41200 BV
0(2) = A+ Ab, ©(3) =~ [Db, +22,(1-1)-D,]

O4) = T TA, +aA, + Ad, +38,(1-D +ab]

O(5) = ZP_(;[A&331 +A,a, +Ab +Aab +2ab +A;]

O6) = [+ Asd, + Agd, + Agal — b + Al + Agay + Ag]
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OT) = [AR + Aty + A+ Aalb + A + Ada,
+ A37a12 + A38b12 + A39a12bl + A4O]

Under these values in the inversion of F (k) and ®(k), the expression for
f(n) and 6(n) are given by

ey | TM=FQ+FOn+FQ@y +F@n +F@n’
| + F(5)775 + F(6)776 + F(7)777_

0(n7) = ©(0) + O)n +O(2)n* + OB’ + ©(4)n*
(3.12) +OB)° +0(6)7° +0 (7).

The boundary conditions atn =1, gives the following the following
system of non-linear algebraic equations in the unknownsa,, a, and bis
obtained

(3.13) K +K,a, + Kb + K4312 + Ksa'zz +Keab +Kraa, =K

(3.14) N,a, +N,a, + N,b + N,a° + N.aZ + N,ab + N,aa, = N,

(315)  La+La,+Lb+La’ +Lb7 +Lab +Lab
+ L8a1a2+|-9a12b1 =Ly.

where, K;to K;; N, to Ny and L to L, are constants whose expressions
for the sake of brevity are not mentioned here. Using MATLAB, the system
of equations (3.13) to (3.15) are solved numerically using modified
Newton’s Method for the unknown constantsa,, a, and b at each set of
physical parameters pertinent to the model. The effects of different physical

parameters on the velocity and temperature profiles are computed and
analyzed through graphs.

4. Skin Friction Coefficient

The non-dimensional shearing stress in terms of local skin-friction
coefficient is obtained on the surface of the channel and computed values
are given in the Table-1.
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— pU2 _ 8_“ P2
(41)  Ci=z,/( 5 ) ﬂ(an)/(zU )-

5. Nusselt Number

The non-dimensional coefficient of heat transfer is derived on the
surface of the channel and computed values are given in the Table-2.

G1)  Nu=qx/x(T, ~T,)= x(—x%)/xm ~T,).

Table 1: Numerical values of skin friction coefficient on the surface of the channel for
various values of physical parameters

S N Gr Pr \Y C, (at C, (at
n=0) n=1)

1.2 2| 10 0.1 -15 0.8454 -5.1388
0.5 2| 10 0.1 -15 0.8120 -5.1044
1.2 2| 10 0.1 -15 0.9537 -5.0406
1.2 2| 10 0.1 -15 1.0468 -5.0151
1.2 01| 10 0.1 -15 0.7724 -5.2121
12 1] 10 0.1 -15 0.8072 -5.1776
12 2| 20 0.1 -15 0.2791 -6.3574
12 2| 30 0.1 -15 -0.2460 -7.3061
12 2| 10 0.71 -15 1.0218 -5.1065
12 2| 10 1 -15 1.1089 -4.9695
12 2| 10 0.1 05 -2.0267 3.3215

1 2| 10 0.1 25 3.5556 -13.1213
2

1 2| 10 0.1 -35 5.9870 -21.9102
2
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Table 2: Numerical values of Nusselt number on the surface of the channel for various
values of physical parameters

S M N Gr Pr V| Nuqtn=0) | NU(tn=1)
1.2 2 2 10 01 | -15 1.7284 2.3590
05 2 2 10 01 | -15 1.7766 2.2704
1.2 5 2 10 01 | -15 1.7284 2.3590
1.2 8 2 10 01 | -15 1.7287 2.3573
1.2 2 0.1 10 01 | -15 1.7285 2.3579
1.2 2 1 10 01 | -15 1.7285 2.3585
1.2 2 2 20 01 | -15 1.7275 2.3674
1.2 2 2 30 01 | -15 1.7267 2.3739
1.2 2 2 10 071 | -15 0.5468 4.7686
1.2 2 2 10 1 -1.5 0.1931 6.0544
1.2 2 2 10 01 | -05 1.8540 2.2261
1.2 2 2 10 01 | -25 1.6020 2.5434
1.2 2 2 10 01 | -35 1.4788 2.7609

e ;S=1 2
—5:05
16- -
:‘\::.1.4- r
121 .
1 T T T T T T T T \

0 0.1 02 0.3 0.4 05 06 0.7 0.8 0.9 1
n

Fig 2. Variation in velocity with unsteadiness parameter S

at Pr=0.1; M =2; N =2: V =-15: Gr=10:1 =1.5
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0 0.1 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1
7

Fig 3. Variation in velocity with Magnetic parameter M
at Pr=0.1; N =2; S=1.2; V =-1.5; Gr=10;4 =15

1 T T T T

T
0 01 02 03 04 05 06 07 08 08
7

Fig 4. Variation in velocity with porosity parameter N
at Pr=0.1; M =2; S=1.2; V =-1.5; Gr=10; A=15.

08 T T T T T T

0 01 02 03 0.4 05 06 07 0.8 08 1
i

Fig 5. Variation in velocity with Grashof number Gr
at Pr=0.1; M =2; N =2; S=1.2; V =-15;1=15
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1 T T T T T T T
0 01 02 03 0.4 0.5 06 07 08 09 1
7

Fig 6. Variation in velocity with Prandtl number Pr
at M =2; S=1.2;V =-15; Gr=10; N =2;1 =15

0 T T T
0 01 0.2 03 04 0.5 06 0.7 08 09 1
n
Fig 7. Variation in velocity with Suction parameter V
at Pr=0.1; M =2; N=2; S=1.2; Gr=10;4 =15
15 1 1 1 1 1 1
—8=1.2
1 —S=05
_\057 -
T
0- L
-0.5
-1 T T T T T T
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1
"

Fig 8. Variation in temperature with unsteadiness parameter S

at Pr=0.1; M =2; N =2: V =10; Gr=10;:1 =15
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15 1 1 1 1
—M=2
M5

14 —M=8
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0 _—
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T
0 0.1 0.2 03 0.4 0.5 0.6 07 0.8 0.9
n

Fig 9. Variation in temperature with Magnetic parameter M
at Pr=0.1; N =2; S=1.2; V =-1.5; Gr=10; 4=15

6(n)

0 0.1 02 0.3 0.4 05 0.6 0.7 0.8 0.9
7

Fig 10. Variation in temperature with porosity parameter N
at Pr=0.1; M =2; S=1.2; V =-15; Gr=10;4=15

15 1 1
—Gr=10
N —Gr=20
—Gr=30
—_ 0.5 /'/
S
0+
0.5+ —

0 01 0.2 03 04 05 06 07 08 0.9
7

Fig 11. Variation in temperature with Grashof number Gr
at Pr=0.1; M =2; N =2; S=1.2; V =151 =15
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15 4 1 L 1 1 1 L 1 1 1
—P=01
—P=0.71

o(n)

0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9 1
7

Fig 12. Variation in temperature with Prandtl number Pr
at M =2; N =2; S=1.2; V =-15; Gr=10;4 =15

—V=-05
14 —V=-15
V=25
V=-35

6(n)

0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1
n

Fig 13. Variation in temperature with Suction parameter V
at Pr=0.1; M =2; N =2; S=1.2; Gr=10;4 =15

6. Results and Discussion

The effects of different physical parameters on the skin friction
coefficient and Nusselt number at both the plates are computed and
tabulated in the Tableland Table2, respectively. Tablel demonstrates the
increase of unsteadiness parameter (S) the magnitude of skin-friction
coefficient enhanced at both the plates. The magnitude of skin-friction
coefficient increases with the increase of Hartmann number (M)and
porosity parameter (N) at the permeable plate while decreases at the non

permeable plate. Increase in the value of Grashof number (Gr) the

magnitude of skin-friction coefficient decreases at the permeable plate while
increases at the non permeable plate. Increase in the value of Prandtl
number (Pr)the magnitude of skin-friction coefficient increases at the

permeable plate, while it decreases at non permeable plate. When the



162 Monika Miglani, N. R. Garg and Mukesh Kumar Sharma

Suction at the permeable plate is increases the magnitude of skin friction
coefficient enhanced significantly at both plates.

Table 2 demonstrates that with the increase of unsteadiness parameter
and Grashof number the magnitude of heat transfer coefficient (Nu)

decreases at the permeable plate and increases at the non permeable plate.
Increase of Hartmann number slightly increases the magnitude of heat
transfer coefficient at the permeable plate and slightly decreases at the non
permeable plate. The meager effect of magnetic field on convection of heat
can be explained in the way that the magnetic field is weak and the Joule
effect in the energy equation was not included. With the increase of
porosity parameter the magnitude of heat transfer coefficient slightly
decreases at the permeable plate and slightly increases at the non permeable
plate. The increase of Prandtl number the magnitude of coefficient of heat
transfer decreases significantly at the permeable plate and increases
significantly at the non permeable plate. With the increase of Suction at
permeable plate the convective heat transfer decreases at the permeable
plate and increases at the non permeable plate.

Fig. 2 and Fig. 4 show that for small variations in the value of
unsteadiness parameter and porosity parameter the changes in the profiles of
f'(n7) are less effective. Figure 3, shows that with the increase in Hartmann

number f'(n)increases in the vicinity of the permeable plate while

decreases in region close to non permeable wall. Fig. 5 shows that with the
increase in Grashof number f'(77) decreases in the proximity of the
permeable plate while increases in region close to non permeable wall. In
Fig. 6 the same trend has been observed with the increase in the Prandtl
number. Fig. 7 shows that on increasing suction at the permeable plate the
f'(n) increases significantly. Fig. 8, Fig. 9, Fig. 10 and Fig. 11 show that
for small variations in the value of unsteadiness parameter, Hartmann
number, porosity parameter, and Grashof number are less effective on the
temperature profilesd(n). Fig. 12 shows that the temperature profiles
decreases significantly with increase in the value of Prandtl number. Fig. 13
shows that with the increase in suction velocity the temperature of the fluid
in the channel decreases.

7. Conclusions

1. The suction velocity at the permeable plate can be implemented to
control the skin friction at the plates of the channel.
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. The higher order of unsteadiness in the stretching of plates enhances

shear stress at both the plates.

In the stretching channel with one permeable plate, the effect of
transverse magnetic field on the flow near to plate subjected to suction is
reversed to the Lorenzian effect at non permeable plate.

The heat convection from the permeable plate subjected to a suction
reduces with increase of Prandtl number while enhanced significantly at
the non permeable plate.

References

E. R. G. Eckert and R. M. Drake, Heat and Mass Transfer, Tata McGraw-Hill Pub.
Co., New York, 1959.

J. Bear, Dynamics of Fluids in Porous Media, American Elsevier Pub. Co., 1972.
A. Jeffrey, Magnetohydrodynamics, Oliver and Boyd, New York, 1966.

J. L. Bansal, Magnetohydrodynamics of Viscous Fluids, Jaipur Publishing House,
Jaipur, India, 1994.

H. Schlichting and K. Gersten, Boundary Layer Theory, McGraw-Hill Co., New York,
1999.

K. Vafai and C. L. Tien, Boundary and Inertia Effects on Flow and Heat Transfer in
Porous Media, Int. J. Heat Mass Transfer, 24 (1981) 195-203.

A. K. Borkakoti and A. Bharali, MHD Flow of a Conducting Fluid with Heat Transfer
between Two Horizontal Parallel Plates where the Lower One is Stretching and the
Upper One is a Porous Solid Plate, Quart. Appl. Math., 40(4) (1982) 461-469.

S.J. Kim and K. Vafai, Natural Convection about a Vertical Plate Embedded in a
Porous Media, Int. J. Heat Mass Transfer, 32 (1989) 665.

V.M.Soundalgekar and J.P. Bhatt, Laminar Convection Flow through a Porous
Medium between Two Vertical Plates, Bull. Cal. Math. Soc., 82 (1990) 93.

A. Nakayama, F. Kuwahara and H. Koyama, Free Convection through a Porous
Medium between Two Paralleled Plate Channel, Appl. Sci. Res., 50(1) (1993) 29.

S.Y. Kim, B.H. Kang and J.N. Hyun, Free and Forced Convection through a Porous
Medium between Two Paralleled Plate Channel, Int. J. Heat Mass Transfer, 37 (1994)
2025.

H.A. Attia, and N.A. Kotb, MHD Flow between Two Parallel Plates with Heat
Transfer, Acta Mechanic, 117 (1996) 215-220.

. P. R. Sharma and M. K. Sharma, Unsteady flow and heat transfer between two parallel
plates, Bulletin Pure Applied Sciences, India, 16 (1997) 183.



164 Monika Miglani, N. R. Garg and Mukesh Kumar Sharma

14. P. R. Sharma and N. Kumar, Unsteady flow and heat transfer between two horizontal
plates in the presence of transverse magnetic field, Bulletin Pure Applied Science,
India, 17E (1998) 39-49.

15. M. A. Al-Nimr and O. H. Haddad, Fully Developed Free Convection in Open-Ended
Vertical Channels Partially Filled with Porous Material, Journal of Porous Media,
2(2) (1999) 179-189.

16. P. R. Sharma and U. Mishra, Steady MHD Flow through Horizontal Channel lower
being Stretching Sheet and Upper being Permeable Plate Bounded by Porous Medium,
Bulletin Pure Applied Sciences, India, 20E (1) (2001) 175-181.

17. P. R. Sharma and R. Chaturvedi, Unsteady flow and heat transfer of an electrically
conducting viscous incompressible fluid between two non-conducting parallel porous
plates under uniform transverse magnetic field, “Ganita Sandesh” J. Rajasthan Ganita
Parishad, India, 17 (2003) 9-14.

18. P. R. Sharma, R. P. Sharma, U. Mishra, N. Kumar and Y. N. Gaur, Unsteady flow and
heat transfer of a viscous incompressible fluid between parallel porous plates with
heat source/sink, Applied Science Periodical, 06 (2004) 97-109.

19. P.R. Sharma, S. Chawla and R. Singh, Unsteady plane Poiseuille flow and heat transfer
in the presence of oscillatory temperature of the lower plate, Indian J. Theoretical
Physics, 52 (2005) 215-226.

20. P. R. Sharma and R. Mehta, Magnetohydrodynamic unsteady slip flow and heat
transfer in a channel with slip at the permeable boundaries, J. International Academy
Physical Sciences, 13 (2009) 73-92.

21. M. Guria, R.N. Jana, S.K. Ghosh and I. Pop, Three-Dimensional Free Convection
Flow in a Vertical Channel Filled with a Porous Medium, J. Porous Media, 10 (2009)
985-995.

22. A. Ishak, Unsteady MHD Flow and Heat Transfer over a Stretching Plate, Journal of
Applied Sciences, 10(18) (2010) 2127-2131.

23. M. M. Rashidi and Mohammad Keimanesh., Using Differential Transform Method and
Pade Approximant for Solving MHD Flow in a Laminar Liquid Film from a
Horizontal Stretching Surface, Hindawi Publishing Corporation Mathematical
Problems in Engineering, (2010), Article ID 491319.

24. S. Das, M. Jana and R. N. Jana, Effects of Radiation on Free Convection Flow in a
Vertical Channel Embedded in Porous Media, International Journal of Computer
Applications, 35(6) (2011) 38-44.

25. M. Jana, S. L. Maji, S. Das and R. N. Jana, Convection of Radiating Gas in a Vertical
Channel through Porous Media, World Journal of Mechanics, 1 (2011) 275-282.

26. P.K. Rath, T. Parida and G.C. Dash, Three-Dimensional Free Convection Flow through
Porous Medium in a Vertical Channel with Heat Source and Chemical Reaction, Proc.
Nat. Acad. Sci. India, 10 (2012).

27. M. Kar, G.C. Dash, S.N. Sahoo, Three-Dimensional Free Convection MHD Flow in a
Vertical Channel through a Porous Medium with Heat source and Chemical Reaction,
J. Engin. Thermophys, 22 (2013).


http://www.jourlib.org/search?kw=Anuar%20Ishak&searchField=authors

Unsteady MHD Flow and Heat Transfer

165

28. W. Cai, S. Ning_ and L. Xiangdong, Unsteady Convection Flow and Heat Transfer
over a Vertical Stretching Surface, PLoS ONE, 9(9) (2014), : e107229.

29. D. Hunegnaw and N. Kishan, Unsteady MHD Heat and Mass Transfer Flow over
Stretching Sheet in Porous Medium with Variable Properties Considering Viscous

Dissipation and Chemical Reaction, American Chemical Science Journal,

(2014) 901-917.

4(6)

30. D. Prakash, M. Muthtamilselvan and Deog-Hee Doh., Unsteady MHD Non-Darcian
Flow over a Vertical Stretching Plate Embedded in a Porous Medium with Non-
Uniform Heat Generation, Applied Mathematics and Computation, 236 (2014) 480—

492.

31. P. R. Sharma and Tripti Mehta, Oscillatory flow of a viscous electrically conducting
fluid and heat transfer through porous medium filled in a vertical channel in the
presence of chemical reaction and heat source, International J. Latest Technology in
Engineering, Management & Applied Science, India, 111 ( X) (2014) 138-150.

32. J. K. Zhou, Differential Transformation and Its Applications for Electrical Circuits,

Huazhong University Press, China, (1986).

Appendix A: The fundamental mathematical operations under DTM

Function Differential transform
(9= {9509 U()=F ()60
u(x)=29(x) U (k)= 2G()
u(x)= 2 U(K)=(k+1)G(k+1)
oX
u(x) = 9 U (K)=(k+1)...(k+m)G(k +m)
ox™
- U(k):é‘(k_m):{j(-) acl)tthetl’(wzisren

U(K)= 3 F(r)e(k-T)

k

2
3 Fl(kl)FZ (k2 _kl)""Fm (k _km—l)

Km-1=0
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