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Abstract: An unsteady three dimensional MHD flow of an
incompressible, viscous, eectrically conducting fluid through a
moving vertical porous plate with periodic Suction of infinite
length in the presence of Heat source, viscous dissipation and
radiation effect in slip flow regimeis analyzed and the governing
equations are solved by perturbation technique. The nature of
various dimensionless parameters on velocity, temperature, skin
friction and rate of heat transfer are analyzed with the help of
graphs.
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I. INTRODUCTION:

Over the past few years that more focus and
attention is being shown as regards to fluid flows through
porous media as research scholars have evinced keen
interest and were attracted by similar flows in many fields
of science and technology. With special reference to
agricultural  engineering, it helps to anayze the
underground water resources, discharge of water in river-
beds, in petroleum technology to observe the movement of
natural gas, water and oil through oil reservoirs, in
chemical engineering for filtration and purification
processes.

Guria and Jana [4] andyzed the unsteady
hydrodynamic free convective flow of an incompressible
viscous fluid past a vertical porous plate with the presence
of variable Suction. Bhupendra Kumar Sharma, Mamta
Agarwa and Chaudhary [2] investigated the effect of
radiation in three-dimensiona Couette flow when a
transverse sinusoidal injection velocity at the stationary
plate of the channel is proposed.

Das, Mohanty, Panda and Sahoo [3] analyzed the
transverse magnetic field effect on 3D couette flow of a
viscous, electrically conducting, incompressible fluid
between two infinite horizontal parallel porous plates.

Ahmed [1] studied MHD free and forced
convection three dimensional flow of a viscous, electrically
conducting fluid with mass transfer along a vertical porous
plate with transverse sinusoidal suction velocity.
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Sahin  Ahmed [11] discussed the 3D flow of an
incompressible viscous fluid over an infinite vertical porous
plate with periodic suction velocity and viscous dissipative
heat when the free stream velocity oscillates in time about a
non-zero constant mean.

Rajput and Kumar [9] investigated the radiation
effect on MHD flow past an impulsively started vertical
plate with varying heat and mass transfer. Ravikumar, Raju
and Raju [10] studied the hydro magnetic effects of an
electrically conducting flow of a viscous incompressible
fluid through a porous medium bounded between infinite
vertical porous plates with periodic suction velocity at
constant temperature.

Guria [6] analyzed about the nature of the flow of a
viscous incompressible fluid through a vertical channel in
the presence of radiation effect immersed in a porous
medium.

Guria, Ghara and Jana [7] analyzed the 3D flow
past a vertical porous plate with radiation effect in a porous
medium subject to the periodic suction velocity. Guria [8]
studied the effect of radiation and slip boundary condition
on a three dimensiona flow of an incompressible viscous
fluid past a vertical channel.

Guria and Jana [5] investigated the radiation effect
and magnetic field on three dimensional flow past a vertical
porous plate subject to periodic suction velocity. The present
study is aimed at formulation and analysis on the effect of
three dimensional unsteady flow of a viscous,
incompressible, electrically conducting fluid through an
infinite vertical porous plate in the presence of heat source
and viscous dissipation with dip boundary condition. The
periodic suction is assumed as time dependent and
perpendicular to the flow direction. This makes the flow to
be three dimensional. Perturbation technique is used to
calculate the main and cross flow velocity. The main flow
velocity and cross flow velocity, skin friction and heat
transfer at the porous plate were calculated. The results
arrived are validated for vanishing slip parameter and Eckert
number with the results obtained by Guriaand Jana[5].

Il. FLOW DESCRIPTION AND GOVERNING
EQUATIONS

We have considered the three dimensiona
unsteady flow of an incompressible, viscous, electrically
conducting fluid past a semi infinite vertical porous platein
the presence of heat source and uniform magnetic field B,

with glip flow regime.
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Here, the x” - axisis taken along the vertical plate,
that is in the direction of the flow, y*-axis is taken
perpendicular to the plate and Z* -axisis considered normal
to the x"y"- plane.

" | Boussinesq Approximation

eI ~T)

Infinite Fluid
Domain

Periodic suction velocity

Figure 1. Physical Configuration of the problem

The upper plate is considered with constant
injection -Vyand the lower plate is taken with periodic
suction velocity of the form

_ct*ﬂ

V* = —V0|:1+ € COS[ M2
v

where e represents the amplitude of suction velocity .The
negative sign in the above equation indicates that the
suction is towards the plate. The viscous dissipation in the
temperature equation is assumed to be significant.

Denoting dimensiona velocity components u* ,v*

)

and w'in x",y'and z* axes respectively, the flow
equations under the usual Boussinesq's approximation.
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where ®" is the viscous dissipation function given by

*2 *2 *2 *

* ov oW ou ow
O =2 —| | ||| | =
[ayJ [62] [ayJ [ay

where v is kinematic viscosity, gis gravity, P* is fluid

*
0z 0z

pressure, pis the density, x -Thermal conductivity, T,

and T, are the wall and temperature outside the boundary
layer,C,is the specific heat and o is electrical
conductivity.

The similar boundary conditions are given as

u*=LiaL*; v*=—Vo{l+eCo{ﬂu°"z —Ct*ﬂi
v
w'=0; T =Ty, ay =0
u*=0; V=V, w=0; T =T,
P'=P, asy —wx @)

_ %
where L = 2-m L and L=4 2| isthemean
m 2Pp

free path, M isthe Maxwell's reflection coefficient.
The optically thin limit for a non-gray gas near
equilibrium and radioactive heat flux is represented by the
following form:

O _ e o)+
o 4(T Tw)l ®

where | =IKiw&ijdl is the absorption coefficient at
or

the plate, g,, is plank Constant.

By introducing the non-dimensional scheme
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Q= Q_v2 Heat Source;
PCoUZ
U2
Ec=——=— , the Eckert number;
Cp (rw _Too)

*

Lu
h=—=, Slip parameter due to main flow velocity
14

The governing equations (2) - (6) can be written in non-
dimensional form as

420 11
8y+62 (1)
2 2
/16u+[v@+wa—uj=Gr0+(a 121+8 IZJJ—M
oz Z
(12)
2 2
PR RV P 6_\2/ 8—\2/ (13)
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ﬂPr%+Pr v%+w% = M+ﬂ
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—Pr(F — Q)¢ + PrEc® (15)
where Pr isthe Prandtl Number and A isthe frequency
parameter.

The corresponding boundary conditions in dimensionless
formare

u= h%u ;v=—8[l+ e Cos(zz—t)]; w=0; =1

a y=0

u=0; v=-S;w=0; =0; asy—>x(16)

I11. SOLUTION OF THE PROBLEM

When the amplitude of oscillation in the suction
velocity issmall € (<<1), weassume u, v, W, p and &

in the following form to solve the differential equations
(12) - (16).

Let  u(y,zt)=uy(yHeu(y,zth € uy(y, zt)+...
vy, 2t)=Vo(y) ey, zth € oy, 2,t)+.
Wy, z,t)=wp(y) e w(y, 2 th € wo(y, 2,t)+ .
Py, 2t)= Po(y}+ € iy, 2 th€ pa(y,Z,t)+..
Ay, zt)=6y(y)} €y, zt)+ 2 O5(y, 2 t)+...
(17)

When =0, the differential equations (11) - (15) pertaining
to two dimensional flow are obtained as

Vo =0 (18)
ug + Sug — Mug = —Gr 6, (19)
Wy + SUg — Mwg =0 (20)
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6% + Pr S8, — Pr(F —Q)d, = PrEcuy’ (21)

The boundary conditions are

UO= E, VOZ_S, WO=01

Uy=0; Vo =-S; Wy, =0;

The unsteady state equations are

M, W (23)
0z
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~(F -Q)Pré, + 2Pr Ecugu; (27)

The corresponding boundary conditions become

u=h %; vl:—S[Cos(ﬂz—t)]; w,=0;
oy

6,=0 ay=0

u,=0; v, =0; w, =0;

6,=0; asy—>o (28)

Here, u; ,v;,w, p; and 6, are assumed with
complex notations as below whose rea part will give the
physical significance.

u]_(y, Z,t) = ull(y)eI

Vi(Y, Z,t) = vy, (y)e

(7z-t)

i(7z-t)

W (Y, Z,t) = —Viy(y)e
T

j(z-1)

(Y, zt) = pra(y)€

al(y! Z!t) = 911( y)ei(ﬂz_t) (29)
By using (29) in equations (23) - (27) we get
Viy+ 94, — (7% =iy = piy (30)
Vi + Sy — (7 =i A+ MV = 7%y (31)

Oy + PrSoi; = (7 ~i2Pr+ (F - Q Py
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=Prvii6p—2PrEcgly;  (33) u=

Boundary conditions are
Oy .

OV,
ty=h El v, =-S; ﬁ:o;
011=O aty=0
U, =0; v, =0; %—0;
oy
911:0 asy—>oo (34)

In order to solve the coupled equations (19), (21),
(32) and (33) under the corresponding boundary conditions
(34), we further assume Ec<<1 for all incompressible
fluids and it is assumed that the solution of the equations

will be of the form: w=
Uo(Y) = Ugo(y) + EClpy () + O(EC?) (39)
6o(y) = Ooo(Y) + EcOpy(y) + O(EC?) (36) 0=

Upa(Y) = Upso(¥) + Ectyyo(y) +O(EC?)  (37)
611(Y) = 110(Y) + ECOq4(Y) + O(ECZ) (38)

Substituting (19) - (21) in the equation (35) - (36),
(32)-(33) in the equations (37) and (38) respectively and
neglecting the term of o(Ec?), the following differential

equations with corresponding boundary conditions are
derived.

Upy + Sty =—Gr b, (40)

%+ SPr G, — Pr(F — Q)6 = —Pr(Upo)®  (43)
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Uipq+ g~ (”2 —iA+M)uyy; =VyUp; —Gréy;
(45)
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(46)
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— 2Prugotiao
(47) as
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The solutions of the equations (39) - (47) with the boundary
conditions (48) are
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where I, I, I, and Iy are the roots of the equation
r4+ 3272 —iA+ M2 =Sr2r + (72 —iA) 7% =0
and the constants are given in the Appendix

SKIN FRICTION AND HEAT FLUX

The skin friction at the wall is given as

(3] 3]
dy y=0 dy y=0 dy y=0

= DE1+ e DE2+ O(e?)
The heat flux in terms of Nusselt Number is given

Nu:(d—gj :(%J +e(%] +0(e?)
dy y=0 dy y=0 dy y=0

=DF1+ e DF2+0(e?)
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Figure2: Main Velocity u versusy for s=1.0,2=10,
z=00,e=005, t=02,h=0,Pr=0.71,
F=2,Q=0,Ec=0

LOFT T j T i T j T

Figure 3: Temperature ¢ versusyfor s=1.0,2=10,
z=00,e=005,t=02,h=0,Pr=071
M =10,Q=0,Ec=0

Figure 4: Main Velocity u versusy for s=10, 1 =10,
z=00,e=005, t=02,h=1,Pr=071
M=10,Q=1,Ec=10
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c $=03.10.1.3.20
05+

Figure 5: Main Velocity u versusy for F=2,1=10,
z=00,e=005, t=02,h=1,Pr=071
M=10,Q=1,Ec=10

=]

Gr= 10
M 10150

Figure 6: Main Velocity u versusy for s=1.0,1=10,
z=00,,e=005, t=02,h=1,Pr=071
F=2,Q=1,Ec=10

Figure 7: Main Velocity u versusy for s=1.0, 1 =10,
2=00,e=005, t=02,M =10,Pr=0.71
F=2,Q=1,Ec=10

Published By:
Blue Eyes Intelligence Engineering
2181 & SciencesPublication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Viscous Dissipation Effect on 3D Unsteady MHD Flow Through a Vertical Porous Plate with Radiation, Heat Source
and Slip Boundary Conditions

Figure 8: Main Velocity u versusy for s=1.0,4=10,
z=00,e=005, t=02,h=1,M =10
F=2,Q=1,Ec=10

0.5+
8=05,10, 15,20
Gr= 10
----- Gr=-10
u 00
8=05,10. 1.5, 24
P TR / .......................
R b bt 1
0 2 4 6 g 10

Figure 9: Main Velocity u versusy for pr=0.71,2 =10,
2=00,e=005, t=02,h=1,M =10
F=2,Q=1at y=05

T T T T T =
- \
/—_ Fr=0025, 071, 701 6= 10
S Gr=-10
0.3
u 00
-03

Figure 10: Main Velocity u versusy for s=1, 1 =10,
z=00,e=005, t=02,M=10,F=2,Q=1,
Ec=10at y=05
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Figure 11: Cross Velocity -10w versusyfor s=1,1=10,
z=00,e=005, t=02,Pr=071,F=2,Q=1,
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04 | I I
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Figure 12: Cross Velocity -10w versusy for M =10, 4 =10
z=00,e=005, t=02,Pr=071,F=2,Q=1,

Ec=10
0otk /‘=”
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0.06 /
005t s=10
0.04F /
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0.00F, . ‘ L ‘ e
0 2 4 6 § 10
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Figure 13: Cross Velocity -10w versusEc for m =10,
4=10,2=00,e=005, t=02,Pr=071,F=2,
Q=1aty=0.5
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Figure 14: Temperature ¢ versusyfor F=2,1=10,z=0.0

=005, t=02,h=1,Pr=071,M =10, S=1, Gr =10

Ec=10
LOF]
08
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é
04
02
0.0
0 1 2 3 4 5

Figure 15: Temperature ¢ versusyfor F=2,1=10,z=0.0

e=005, t=02,h=1,Pr=071,M=10,Q=1,
Gr =10, Ec=10

041 . , .

Ec

Figure 16: Temperature ¢ versusEcfor F=2,1=10,
2=00,e=005, t=02,h=1,Pr=071,M =10,
Q=1, Gr=10at y=0.5
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Figure 17: Temperature ¢ versush for F=2,4=10,z=00

e=005, t=02,S=1,M=10,Q=1,Ec=10,

Gr=10at y=0.5
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Figure 18: Skin friction - versusQ forF=2,4=10,
z=02
e=02, t=02,h=1,Pr=071,M =10, Ec=10at
y=0
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Figure 19: Skin friction - versushfor F=2,1=10,z=0.2

e=02,1t=02,S=1M=10,Q=1,Ec=10 aty=0
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Gr=10

05r B 0.025, 0.71, 701 —---EE

05t

Ec

Figure 20: Skin friction  versushfor F=2,1=10,
z=0.2,
e=02,t=02,5S=1,M=10,Q=1,h=1 aty=0
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Figure 21: Skin friction r versushfor F=2,4=10,2z=02

e=02,t=02,Pr=071,M=10,h=1,E=10,
Gr=10 at y=0
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Figure 22: Skin friction  versushfor F=2,2=10,z=02

e=02,t=02,5=1,M=10,Q=1,h=1, Gr=10,
at y=0
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IV. NUMERICAL RESULTS

In order to obtain the physical insight of the
problem, the main flow, cross flow and skin friction are
studied as a function of various non dimensional parameters
such as Grashof Number Gr, Prandtl Number Pr, Suction
parameter S, Freguency parameter 1, Hartmann number M ,
Eckert number Ec, Heat SourceQ, Radiation parameter F
and slip parameter due to main flow velocity h. The effect of
various flow parameters on velocity and temperature profile,
Skin friction and Nusselt number are calculated, these flow
properties are figuratively explained as functions of various
parameters.

To verify the validity of the expressions derived in
the previous part the main flow velocity u and temperature
in Figures (2) and (3) for vanishing dip parameter, the
dimensionless parameter Gr is taken as positive and
negative. The positive value corresponds to cooling plate by
free convection currents and the negative value corresponds
to the hot plate. It can be seen from the Figure (2) that the
main flow velocity is analyzed for both cooling and heating
plate. Increasing Hartmann number M decreases the main
flow velocity for cooling plate and increases for heating of
the plate. Figure (3) shows that increasing Radiation
parameter F decreases the temperature profile. These results
have a qualitative and quantitative agreement with the
results achieved by Guriaand Jana[5].

In Figures (4) - (10), the main flow velocity is
given as a function of various parameters such as Ec and h.
Increase in radiation Parameter F, Hartmann number M,
Suction parameter S and Prandtl Number Pr decreases the
velocity profile for cooling plate and increase in heating
plate . From Figure (7) increasing h increases the main flow
velocity.

Figures (11) - (13) presents the behaviour of the
cross flow velocity as a function of various non dimensional
numbers. Increasing Suction parameter Sand Eckert
Number Ec increases the cross flow velocity whereas
decreases the cross flow velocity by increasing Hartmann
number M .

Figures (14) — (17) depict the behaviour of the
temperature profile which is plotted as a function of y and a
function of various parameters such as h and Ec. Increasing
Eckert number Ec, suction parameter, slip parameter h are
found to decrease the temperature. Increase in heat source
parameter Q increases the temperature.

Another significant flow characteristic, skin
friction at the porous plate is shown in Figures (18) - (20).
The values of r are shown for both positive and negative Gr
. For a cooled plate, Prandtl Number Pr decrease the wall
shear stress, while for a hot plate increase in these
parameters increase the skin friction. Increase in the Suction
parameter Sincrease the skin friction.

From Figures (21) - (22), the rate of heat transfer is
found to increase with increasing suction parameter S and
Prandtl number Pr at y=0.

V. CONCLUSION

The work of Guria and Jana [5] have been extended
to analyze the effect of heat
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source, viscous dissipation and dip flow regime for
significant flow velocity and temperature on unsteady three
dimensional MHD flow of a viscous fluid precede a vertical
porous plate with periodic suction at the stationary plate.
The periodic suction velocity is taken to be time dependent
and perpendicular to the flow direction. Anaytica
expressions were used to calculate temperature, main flow
and cross flow velocity profile. The skin friction coefficient
and heat transfer coefficient are also found. Therefore it is
concluded that

> Increase in radiation Parameter F, Hartmann
number M, Suction parameter Sand Prandtl
Number Pr decreases the velocity profile for
cooling plate and increase in heating plate.

» Increase in Suction parameter Sand Eckert
Number Ec also increases the cross flow velocity
whereas decreases the cross flow velocity by
increasing Hartmann number M .

» Increasing Eckert number Ec, suction parameter,
dip parameter h is seen to decrease the
temperature. Increase in heat source parameter Q
increases the temperature.

» Increase in the Suction parameter S increase the
skin friction.

» The rate of heat transfer is found to increase with
increasing suction parameter S and Prandtl
number Prat y=0.
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