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Abstract: This present paper deals with the effect of heat generation/absorption on steady magneto hydrodynamic flow of a
nanofluid past a permeable stretching surface in porous medium with chemical reaction. The radiatve heat flux is describe
by Rosseland approximation and using in energy equation.The governing non-linear partial differential equations are
transformed into a system of non-linear ordinary differential equations using similarity transformations and then solved
numerically using the Runge-Kutta-Felberg method with shooting technique. The non-dimensional velocity, temperature
and concentration profiles are depicted graphically for various values of physical parameters and analysed. The local skin
friction coefficient, local Nusselt number and Sherwood number also discussed. It is found that volume concentration of
nanoparticle increases on increasing the values of chemical reaction parameter and velocity of nanoparticle decreases with
enhancing values of porosity parameter.
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S suction parameter
Sh Sherwood number
T, temperature at the wall
T temperature [K]
u, v velacities in x,y-directions[ms™]
Xy axial and perpendicular co-ordinates [m]
Greek Symbols
\ stream function
B thermal expansion coefficient of the base fluid
) nanoparticle volume fraction, %
n similarity variable
14 chemical reaction parameter
A porosity parameter
heat capacity of the fluid
(Cp),
v kinematic viscosity of the fluid[m?s™]
K thermal conductivity of the fluid [Wm 'K ]
0 non-dimensional temperature
a thermal diffusivity
o Stefan—Boltzmann constant
O density of base fluid[kgm ]
Py density of solid particle [kgm ]
Subscripts
o0 free stream condition
w condition at the wall
f base fluid
p nanoparticle
Superscript

' derivative with respect to 77

1. INTRODUCTION
Nanofluid are the suspensions including a fluid which contain nanoparticle of average size under 100nm such as ceramics,
metals, alloys and semi-conductors. They have various application such as cancer therapy, enery storage, drug delivery and
vehicle brake fluids. Wubshet et al.[1] studied heat transfer of a nanofluid over a stretching sheet in the presence of MHD,
thermal radiation and slip conditions. They found that on enhancing the values of magnetic parameter the nanofluid, velocity
reduces and temperature of the surface decreases on enhancing the values of Prandtl number. Khan et al.[2] have discussed the
effects of MHD and heat transfer on bioconvection conducting nanofluid flow in the presence of gyrotactic microorganisms
over a convectively heated stretching sheet. They found that on increasing the values of magnetic parameter, the Sherwood
number reduces while on enhancing stretching parameter, the Sherwood number increases. Nandy et al.[3] have discussed
MHD boundary layer flow of a nanofluid over a stretching/shrinking surface in the presence of heat generation/absorption and
slip with convective boundary conditions.They analyzed that on increasing the values of Brownian parameter, nanoparticle
volume fraction continuously reduces for stretching surface and regularly increases with enhancing the values of
thermophoresis parameter. Similarly, nanofluid flow along a permeable stretching surface in presence of natural convection and
heat generation/absorption has been studied by Das[4].The author analyzed that on enhancinging the values of nanoparticle
volume fraction, the velocity of nanoparticle reduces for Cu-water and temperature of nanoparticle near the boundary layer
reduces with enhancing the suction parameter and increases with reducing injection parameter. Dalir et al.[5] investigated the
impact of heat transfer and MHD of a nanofluid along a stretching surface in the presence of viscous dissipation. They showed
that in the vicinity of the sheet entropy generation parameter increases on enhancing the values of Lewis number and Prandtl
number, and on increasing the values Eckert number both temperature and volume gradient of nanoparticle increase. Hakeem et
al.[6] have discussed the effects of thermal radiation and MHD on two dimensional nanofluid flow along a stretching/shrinking
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surface with slip condition.They found that in the proximity of boundary layer normal and streem wise velocity decreases on
enhancing the values of magnetic parameter and nanoparticle volume fraction for stretching surface while for shrinking upper
branch solution, both velocity components increase with increasing the values of magnetic parameter and nanoparticle volume
fraction.Rashad et al.[7] describing the impact of mixed convection boundary layer flow past a horizontal circular cylinder
embedded in a porous medium.They analyzed that on growing the values of mixed convection parameter both local Nusselt
number and Sherwood number increases. Rana et al.[8] have discussed numerical investigation of nanofluid flow along an
inclined plate embedded in a porous medium in the presence of mixed convection.They showed that on enhancing the values
Brownian parameter, both the temperature and volume fraction of nanoparticle growing; and on growing the values of Lewis
number, temperature of nanoparticle decreases and volume concentration of nanoparticle rises.Tham et al.[9] analyzed the
convective heat transfer flow past a horizontal circular cylinder embedded within the porous media.They showed that on
enhancing the values of Brownian parameter, Lewis number, thermophoresis parameter and heat flux reduced. Wahiduzzaman
et al.[10] investigated the influence of heat generation and thermal radiation on two dimensional stagnation point flow along a
shrinking surface in the presence of chemical reaction and MHD. Zhang et al.[11] studied the effects of chemical reaction and
heat transfer of a nanofluid flow in porous media in the presence of surface heat flux and MHD.They found that on enhancing
the values of magnetic parameter velocity of nanoparticle growing and temperature of nanoparticle increases on increasing the
values of nanoparticle volume fraction. In the present study we analyzed the effects of heat generation/absorption and MHD
boundary layer flow of a two dimensional nanofluid past a permeable stretching surface with in the porous media in the
presence of chemical reaction, heat transfer and solutal slip boundary conditions. The equations that obtained have been solved
in symbolic computation software with the help of Runge-Kutta-Felberg method and shooting technique.The effects of different
physical parameters on the velocity, temperature and volume concentration are depicted graphically.

1. MAHEMATICAL FORMULATION
Suppose a steady boundary layer flow of a nanofluid flow along a streatching sheet of surface temperature T, and volume

concentration of nanoparticle C,. The extended velocity of the sheet is U, = aX .Where a is constant ,V,,is mass transfer of the

wall, temperature and concentration far from the sheet are T, C_ respectively. Choosen x- axis as towards stretching sheet
and y-axis as normal to the sheet.

Figure 1 Physical model and coordinate system of the problem.
The governing non-linear partial differential equations are as follows:

—+—=0 (1)
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Where p,,o0, B0 Py ,(Cp)f , DB, Dr , kl and Q are the density of the base fluid, electrical conductivity, magnetic field,

the density of the nanoparticle, heat capacity of a fluid, Brownian diffusion and thermophoresis diffusion coefficient, rate of
chemical reaction and heat generation/absorption coefficient.
The related boundary conditions are

u=uW+La—u, v=V,, T =TW+Klﬂ,C=CW+K2§, aty=0
oy oy (6)

u—»>U_=0,T->T,,C—>C, , asy—>w

2 2
X X
Where u, =ax, T,=T, +b[Tj ,C,=C_+C [I—j ,L,K,,K, and lare velocity, thermal and concentration slip

factor, length of sheet respectively, and if velocity, thermal and concentration slip factor are absent then slip condition not
occurs All the above boundary conditions are true

when X1 which exsit closed to the slit. Taking magnitude analysis of the y-direction momentum equation (normal to the
sheet) with general boundary layer adjacency, such as:

ull v

T o
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»_,
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With the help of boundary-layer adjacency, the govering equations are converted into :
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The relevant boundary conditions are:

u =uW+La—u, v=V,, T =TW+Klﬂ,C=CW+K2§,at y=0
oy oy oy (12)
u—->U_=0,T->T, ,C>C ay—>w»
k Cr), u . _ .
Where o = T= Vv =—/xand y represent coordinate axes. The velocity along x and y axis are u and v

(Cp)f (Cp)f P
respectively. Further v is the kinematic viscosity, o is the density, T is the temperature ( pC)p is the effective heat capacity

of the nanofluid particle, T, and C_ are the ambient temperature and concentration respectively.

Equations (8) — (11) are transformed into a set of non-linear ordinary differential equations by using the following similarity
variables:

1=y 0t ) o) - T ()= S g

1T, _C

w o]

In usual way a stream function l//(X, y) is defined as

uza—l//and Vz—a—w. (14)
OX
With the help of Rosseland approximation, the radiative heat flux is
4o OT*
0 =- 3K oy (15)

Where o is the Stefan-Boltzman constant and K™ is the mean absorption coefficient, and T “is the linear sum of temperature

and it can be expand with help of taylor series about T .

T4 =TS +4T3(T-T,)+6T2(T-T,) +... (16)

Ignoring higher terms of (T —Too)onwards of egs. (16) we get:

T =4T°’T -3T! a7

Solving egs.(15) and (17) we get:

o 160" o -
r 3k* ay

The transformed ordinary differential equations are :

'+ ff — " —Mf —Af =0. (19)

[1+ % R)@“ +Prf@ —2Pr f'0+PrEcf +PrMEcf” +PrNbo'¢ +PrNtd” +PrHO=0. (20)
. . . Nt .

) +Lef¢—2Lef¢+N—b0 -y =0. (21)

Associated boundary conditions are :
f(0)=S, f'(0)=1+Af"(0), 6(0)=1+B6 (0), $(0)=1+C¢ (0),at n =0
f‘(OO)ZO, 0(00):0,¢(oo)=0 asn —oo. (22)
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Where the governing parameters are
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DB
v v

where Nt is thermophoresis parameter, Nb is the Brownian parameter, His the heat generation/absorption parameter, A is the
porosity parameter, y is chemical reaction parameter, R is the radiation parameter, M is the magnetic field parameter, Le is the

Lewis number, Pr is the Prandtl number, Ec is the Eckert number, S is the suction parameter and A, B, C are the velocity,

thermal and concentration slip parameters, respectively :
For the practical interest, skin friction coefficienth ,Nusselt number Nu and Sherwood number Sh are defined as

c, == [a_uj =-Re* ",
y=0

Pfu\i oy

___ X g - 72 g —_ X % —_Pa¥2 4
Nu = TW—Tw(ﬁylo (1+R)Rex 9(0), Sh CW—Cw(ﬁylo Re; ¢(O)

Xu
Where Rex =—2" s the local Reynolds number.The reduced skin friction coefficient, reduced Nusselt number and reduced
Vi

Sherwood number are denoted as

Re}?C, =—f"(0), Nur =Re;** Nu=—(1+R)6'(0), and Shr =Re,'* Sh=—¢'(0). (24)

v. RESULTS AND DISCUSSION

In order to study the effects of the porosity parameter A , heat generation/absorption parameter H and chemical reaction
parameter ¥ ,the other dimensionless parameters are fixed as Ec =0.2, Pr =1, R=0.5, M=0.5, Nb=0.1, Nt=0.2, Le=5.0,
A=B=C=1.Then the non-dimensional velocity, temperature and concentration profiles are illustrated in Figures 1-6.The
variation of three physical parameters with different values of porosity parameter are shown in Table 1. It is seen from table that
on increasing the values of A ,reduced skin friction coefficient increases and both reduced Nusselt and Sherwood number
reduces. The effects of heat generation/absorption parameter is shown in Table2.We notice that from this table when increasing
the values of H, reducedNusselt number decreases and mass transfer rate increases and Table 3 illustrate that on increasing the
values of chemical reaction parameter y mass transfer rate reduces.

Table 1
Variation of the reduced skin friction coefficient, the reduced Nusselt number and reduced Sherwood number in the case of

Ec=Nt=02,M=R=S=05 Nb=0.1 Le=5 H =0, y =0.

A ~f(0) ~6'(0) ~#'(0)
0.1 0.597921 0.35957 0.68343
0.2 0.634332 0.28983 0.67433
0.3 0.665962 0.18877 0.45083
0.4 0.693692 0.04580 0.43940
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Table 2
Variation of the reduced Nusselt number and reduced Sherwood number in the case of EC=Nt=0.2, M =R =S =0.5,

Nb=0.1, Le=5 A=0, y =0.

: -0'(0) —'(0)
-3.0 0.60128 0.73736
-2.0 0.5595 0.81000
-1.0 0.4884 0.96539

1.0 0.35689 4.48604

1.3 0.16098 6.24146

Table 3

Variation of the reduced Sherwood number in the case of ECc=Nt=0.2, M =R=S=0.5, Nb=0.1, Le=5, A =0,
H =0.

’ ~#'(0)

0.5 0.92680433
1.0 0.81390433
15 0.79136433
2.5 0.78244693

Fig.2 depicts that the effect of porosity parameter A on fluid velocity. These figures show that on increasing the values of A the
velocity of nanoparticle regularly decreases then the boundary layer thickness of wvelocity reduces.Fig.3 reveals that on
increasing the values of porosity parameter A ,temperature of the nanoparticle increases. Due to this reason thermal boundary
layer thickness increases and surface temperature also growing. Fig.4 demonstrates the impact of porosity parameter A on
nanoparticle volume concentration ¢ . It is observed from graph that on enhancing the values of porosity parameter A the

concentration of nanoparticle increases. Due to this reason concentration boundary layer thickness become large. The influence
of heat generation/absorption parameter H on temperature and concentration are shown in Figs 5-6. Fig.5 illustrates that on
increasing the values of heat absorption temperature of nanoparticle continuosly increases and on enhancing the values of heat
generation temperature of nanparticle growing near the sheet then after far from sheet it reduces. Fig.6 reveals that on enhancing
the values of heat absorption parameter concentration of nanoparticle near the vicinity of surface decreases and far from the
surface there is no variation in concentration boundary layer thickness and on growing the values of heat generation

parameter concentration of nanoparticle significantly decreases. Due to this reason concentration of boundary layer thickness
reduces. The impact of chemical reaction parameter on nanoparticle concentration shown in Fig.7.It is seen that on increasing
the values of chemical reaction parameter nanoparticle volume concentration significantly enhancing. The reason for this is that
fact nanoparticle concentration boundary layer becomes thick.
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Fig.2.Velocity profiles of various values of porosity parameterA when
Ec=Nt=0.2,M =R=S=0.5, Nb=0.1, Le=5,
H=0,y=0.

Fig.3. Temperature profiles of various values of porosity parameterA
whenEC=Nt=0.2,M =R=S=0.5 Nb=0.1,
Le=5 H =0, y =0.
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Fig.4.Concentration profiles of various values of porosity parameterA

when EC=Nt=0.2, M =R =5 =0.5, Nb =0.1,
Le=5, H =0, y =0.

Fig.5.Temperature profiles of various values of heat generation/absorption

parameter H when EC = Nt = 0.2, M =R =S =0.5,
Nb=0.1, Le=5 A=0.3, y=0.
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Fig.6.Concentration profiles of various values of heat generation/
absorption parameter H when Ec=Nt= 0.2,

M=R=S=05 Nb=0.1 Le=5 A=03, y =0.

Fig.7.Concentration profiles of various values of chemical reaction

parameter ¥ when EC=Nt =0.2, M =R=S=0.5,
Nb=0.1 Le=5 A=0.3,
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V. CONCLUSIONS

The impact of various governing parameters like porosity parameter A ,heat generation/absorption parameter H, chemical
reaction parameter y on steady MHD flow of a nanofluid past a pearmeable stretching surface in porous medium in the presence

of heat generation/absorption and chemical reaction. The dimensionless parameters velocity, temperature and concentration
profiles are studied. Thus, the following conclusion were obtained:

A

B.
C.

(1]
[2]
(3]

(4]
(5]

6]
[71
(8]
(9]
[10]

[11]

On increasing the values of porosity parameter A the velocity of nanoparticle significantly decreases and temperature of
the nanoparticle rises.

On enhancing the values of heat generation parameter H, nanoparticle volume concentration reduces.

The volume concentration of nanoparticle increases, while on increasing the values of chemical reaction parameters y .

Heat and mass transfer rate decreases with increasing in porosity parameter A while sheare stress rate rises with increasing
in porosity parameter A .
Mass transfer rate decreases with increasing in chemical reaction parameter y .
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