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Boundary Layer Flow over a Permeable
Stretching Sheet Embedded in a Non-Darcian
Porous Medium with Thermal Radiation and

Ohmic Dissipation

Nazri Mohd Som, Norihan Md Arifin, Fadzilah Md Ali, Roslinda Nazar

Abstract—An analysis is performed to study the non-Darcy fluid
flow and heat transfer over a stretching sheet embedded in porous
media with thermal radiation and ohmic dissipation. The sheet is
considered to be permeable and the problem is nondimensionalized
by using similarity transformation. The resulting problem is solved
numerically by using shooting method for some values of the
physical parameters. Numerical results for the wvelocity and
temperature profiles are reported graphically for various values of
physical parameters. The results indicate that suction enhances the
heat transfer coefficient while injection causes a decrease in heat
transfer.
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C varied situations for example geothermal operations,
petroleum industries, and may others. The present study
focuses on the importance of non-Darcian effects on fluid flow
and heat transfer through porous media in the presence of
suction and injection. The problem of boundary layer flow and
heat transfer in porous media due to a stretching surface has
received great attention in recent years. Beckerman et al. [1]
discussed numerically  Forchheimer-Brinkmann-extended
Darcy equation of motion. The effect of thermal stratification
on non-Darcian free convection flow by using Ergun model to
include the inertia effect also been reported by Singh and
Tewari [2]. Elbashbeshy [3] studied the influence of non-
Darcian terms on mixed convection along a horizontal surface
embedded in porous medium. Pal and Mondal [4] analyzed the
effect of variable viscosity on MHD non-Darcy mixed

I. INTRODUCTION
onvective flows in porous media are of interest in many
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convection in porous medium with non-uniform heat
source/sink. Pal and Mondal [5] also investigated the effect of
thermal radiation and Ohmic dissipation on MHD non-Darcy
flow and heat transfer over a stretching sheet. Recently, Pal
and Mondal [6] analyzed non-Darcy flow in porous medium
over a stretching sheet with magnetic field and temperature
dependent viscosity. The effects of radiation on the boundary
layer flow and heat transfer of electrically conducting
micropolar fluid over a continuously moving stretching
surface embedded in a non-Darcian porous medium with a
uniform magnetic field has been analysed analytically by
Domairry and Ziabakhsh [7]. Khan and Pop [8] have
presented a numerical solution of the forced convection flow
and heat transfer due to an impermeable stretching surface in a
porous medium saturated with a nanofluid by using the
Brinkman-Forchheimer model.

Therefore, the present investigation deals with non-Darcy
fluid flow and heat transfer over a permeable stretching sheet
with thermal radiation and ohmic dissipation. It extends, in
fact, the papers by Pal and Mondal [5] to the case of
permeable sheet. Numerical results are compared with those of
Pal and Mondal [5] for special cases, and are presented in
tables.

Il. PROBLEM FORMULATION

We consider two-dimensional steady incompressible
electrically conducting fluid flow over a continuous stretching
sheet embedded in a porous medium. The flow region is
exposed under uniform transverse magnetics fields B = (0,
Bo, 0) and uniform electric field E = (0,0, —E,). Since such
imposition of electric and magnetic fields stabilizes the
boundary layer flow . It is assumed that the flow is generated
by stretching of an elastic boundary sheet from a slit by
imposing two equal and opposite forces in such a way that
velocity of the boundary sheet is of linear order of the flow
direction. We know from Maxwell’s equation that V.B=0
andv.E = 0 . When magnetic field is not so strong then
electric field and magnetic field obey Ohm’s Law | = o(E +

G x B), where ] is the Joule current, ¢ is the magnetic
permeability and ¢ is the fluid velocity. We assume that
magnetic Reynolds number of the fluid is small so that

induced magnetic field and Hall effect may be neglected. We
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take into account of magnetic field effect as well as electric
field in momentum and thermal boundary layer equations.
Under the above stated physical situation, the governing
boundary layer equations for momentum and energy under
Boussinesq’sapproximation and the governing boundary layer
heat transfer with thermal radiation and viscous and Ohmic
dissipations are
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whereu and v are the velocity components in the x and y
directions, respectively; v is the kinematic viscosity; p is the
density of the fluid; k is the permeability of the porous
medium; g, is the radiative heat flux in the y-direction; F is
the empirical constant (Forchheimer number) in the second-
order resistance and setting F = 0 in Eq. (2) , the equation is
then reduced to the Darcy’s law. C,is the specific heat at
constant pressure and k is the thermal conductivity.
Thermal boundary layer Eq.(3) takes into account the Joule
heating or Othmic dissipation due to the magnetic as well as
electric fields The third and fourth terms on the right hand side
of Eq.(2) stand for the first-order (Darcy) resistance and
second-order porous inertia resistance, respectively. It is
assumed that the normal stress is of the same order of
magnitude as that of the shear stress in addition to usual
boundary layer approximations for deriving the momentum
boundary layer Eq.(2). The appropriate boundary conditions
are put into the following forms

u=U,x)=bx,v="0,x), T =T, =Ty 4, (%)aty =0,
(4)

To solve the governing boundary layer Eg. (2), the following
similarity transformations are introduced
T-Teo

w=bef v = VB fn = By, 00 = 7= s)

Here, f(n) is the dimensionless stream function and 7 is the
similarity variable. Substitution of Eq.(5) in the Eqg.(2) and (3),
results in a third-order non-linear ordinary differential
equation of the following form

u=0,T->TyxaS y— oo.

"+ ff" = f?*+Ha*(Ey — f) —kif = F'f*=0, (6)

1+ Nr
Py 0" + (f0' = 2f'0) + E.f"?> + E,Ha?(f' — E;)?
=0, (7)

wherek, = v/Kb is the porous parameter, Ha = ,/a/pbB,
is Hartmann number, E; = E,/B,b, is the local electric
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parameter, F* = Fx is the local inertia-coefficient, and
Re, = U,/v, Pr =v/a isPrandtl number, E. = b*1?/A,C,
is Eckert number and Nr = 166*T2/3Kk is the thermal
radiation parameter. The boundary conditions (4) take the
form

fO) =S, f(0)=1 f'()=0,

0(0) =1, 6(x) =0. (8)
where S is injection if S$ > 0 and suction parameter if S < 0.

Equations (6) and (7) subjects to the boundary conditions
(8) have been solved numerically by using the shooting
method. The effects of suction and injection parameter, S and
other physical quantities of interest that have significant
effects are presented graphically in Figs. 1 to 4. In order to
validate the present results, we have compared them with
those for impermeable sheet, S = 0 as shown in Table 1 and
2. Table 2 gives the values of wall temperature gradient
—6'(0) for different values of Hartmann number (Ha), Eckert
number (Ec), local electric parameter (E;), Prandtl number
(Pr), suction parameter injection (S > 0) and injection
parameter (S < 0).  Analysis of the tabular data shows that
the suction parameter enhance the rate of heat transfer while
the injection causes a decrease in heat transfer. Fig. 1 and 2
show the effect of suction and injection on skin friction £/ (0)
and wall temperature gradient —8’(0) with different values of
Hartmann number. The velocity and temperature profiles with
various value of suction and injection parameter are presented
in Fig. 3 and 4, respectively. These figures also show that the
suction parameter increase the velocity profiles. The effects
of thermal radiation parameter Nr on temperature profiles are
shown in Figs. 5 and 6 for S = 0.2 (suction) and S = —0.2
(injection), respectively. It is clear that increasing the radiation
parameter Nr thickens the thermal boundary layer.

RESULTS AND DISCUSSION

IV. CONCLUSION

The present work deals with the the non-Darcy fluid flow and
heat transfer over a stretching sheet embedded in porous
media with thermal radiation and ohmic dissipation as
considered by Pal and Mondal [5]. We have extended the
previous work by taking into consideration the effects of
suction or injection with permeable surface. Further, the
governing equations are transformed into ordinary differential
equations and are then solved numerically using the shooting
method. The effects of the suction or injection parameter and
some values of the physical parameters on the flow and heat
transfer characteristics are studied. In general, imposition of
suction is to increase the velocity profiles and to delay the
separation of boundary layer, while the injection parameter
decreases the velocity profiles.

Table 1: Comparison of wall temperature gradient, —8'(0) for
Ha=0, 2=0 and various values of Pr.
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Pr Pal and Mondal [2] Present

1.0 1.333333 1.333334
2.0 1.999996 1.999923
3.0 2.509715 2.509659
4.0 2.938782 2.938723
5.0 3.316479 3.316423
6.0 3.657769 3.657714
7.0 3.971509 3.971455
8.0 4.263457 4.263404
9.0 4.537609 4.537557
10.0 4.796871 4.796819

Table 2: Values of skin friction —f"'(0) and wall temperature
gradient —0'(0) for various values of B and § when Ha = 1.0,

E.=1.0,E, = 1.0, Pr=30.

B =0.0 B =01
5 —f"(0) —6'(0) —6'(0)

0.0 0.656104  2.290967 1.814465
0.1 0.555343  1.814455 1.816110
0.2 0.482246  1.502054 1.809633
0.3 0.426587  1.281410 1.800122
0.4 0.382692  1.117301 1.789724
0.5 0.347136  0.990449 1.779345
0.6 0.317718  0.889464 1.769389
0.7 0.292959  0.807166 1.760032
0.8 0.271821  0.738808 1.751332
0.9 0.253559  0.681124 1.743270
1.0 0.237617  0.631795 1.735824

Table 3: Values of wall temperature gradient —8’'(0)with
Ha = 0.1, E, = 1.0, E; = 1.0, Pr = 3.0 with variousvelocity
slip parameter § against temperature slip .

6 =0.0 6=0.1

B —0'(0) —6'(0)

0.0 2.290967 2.281787
0.1 1.814455 1.816110
0.2 1.502054 1.508291
0.3 1.281410 1.289694
0.4 1.117301 1.126440
0.5 0.990449 0.999873
0.6 0.889464 0.898875
0.7 0.807166 0.816409
0.8 0.738808 0.747801
0.9 0.681124 0.689832
1.0 0.631795 0.640204
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Fig. 1 Variation of wall temperature gradient —6'(0) with 8
when Ha =0.0, E.=0.0, E;=0.0 and Pr = 3.0 for
severalvalues of §.
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Fig. 2Variation of skin friction f"/(0) with § when g = 0.0,
E. = 0.0, E; = 0.0 and Pr = 3.0 for severalvalues of Ha.
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Fig. 3Variation of wall temperature gradient —6'(0) with g8
when 6 =0.0, E.=0.0, E; =00 and Pr = 3.0 for
severalvalues of Ha.
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Fig. 4 Velocity profiles f'(n) for different values of &
wheng =0.1,Ha=0.1,E;=1.0,E.=1.0,k; =0.1,Nr =1.0,
F* =0.3and Pr = 3.0.
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Fig. 5 Temperature profilesd(n)for different values of &
wheng = 0.1, Ha=0.1, E;= 1.0, E,=1.0,k; =0.1, Nr =1.0,
F* = 0.3and Pr = 3.0.
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Fig. 6Temperature  profiles for different values of S
whens = 0.1, Ha=0.1,E;=1.0,E;=1.0,k; =0.1,Nr =10,

F* = 0.3and Pr = 3.0.
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