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Abstract— The effects of chemical reaction and dissipation on nonlinear MHD flow over a shrinking surface subjected to
heat and mass flux under the influence of radiation and internal heat generation have been analyzed. Similarity
transformations are utilized to obtain the nonlinear ordinary differential equations from nonlinear partial differential
equations. Nachtsheim Swigert shooting iteration scheme together with Runge Kutta fourth order method is applied to the
reduced highly nonlinear equations. Effects of pertinent parameters on heat and mass transfer characteristics are thoroughly
examined. From the investigation it is noted that the species concentration boundary layer thickness reduces due to increase

in Schmidt number and Chemical reaction parameter.
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l. INTRODUCTION

The combined effect of heat and mass transfer with
chemical reaction has received the attention of researchers
in recent years due to its occurrence in various branches of
science and technology. The analysis of chemical reaction
with heat transfer has enormous engineering applications
like tubular reactors, oxidation of solid materials and
synthesis of ceramic materials. There are two types of
reactions namely, homogeneous reaction and heterogeneous
reaction. A reaction that takes place uniformly throughout
the given phase is said to be homogeneous, whereas the
reaction that occurs in a restricted region or within the
boundary of a phase is termed as heterogeneous. The
effects of chemical reaction depend on whether the reaction
is homogeneous or heterogeneous. In first order chemical
reaction, the rate of reaction is directly proportional to
concentration itself. In numerous industrial applications
such as polymer production, manufacturing of glass ware
etc., involves flow and mass transfer over a continuously
moving surface. The diffusing species can be generated or
absorbed due to some kind of chemical reaction with the
ambient fluid which can greatly affect the flow thereby
affecting the properties and the quality of the final product.

Chambre and Young [1] considered the diffusion of a
chemically reactive species in a laminar boundary layer
flow which develops over the surface of a body. Later,
Anderson et al. [2] investigated the effect of transfer of
chemically reactive species in the laminar flow over a
stretching sheet.  Afify [3] explicated the MHD free
convective flow of viscous fluid and mass transfer over a
stretching sheet with chemical reaction. Mbeledogu and
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Ogulu [4] encountered the effects of chemical reaction, heat
and mass transfer on MHD flow over a vertical stretching
surface with heat source. Akyildiz [5] obtained the solution
for non-Newtonian fluid flow with chemically reacting
species over a stretching sheet embedded in porous
medium.  Mansour et al. [6] analyzed the effects of
chemical reaction and thermal stratification on MHD free
convective flow through a porous medium over a vertical
stretching surface. Mohamed and Abo-Dahab [7] studied
the effect of heat generation, radiation and chemical
reaction on heat and mass transfer in MHD micropolar flow
over a vertical moving porous plate in a porous medium.
Bhattacharyya and Layek [8] discussed the behaviour of
chemically reactive solute distribution in MHD boundary
layer flow over a permeable stretching sheet. The effect of
chemical reaction on slip MHD liquid flow and heat
transfer over non-linear permeable stretching surface was
investigated by Yazdi et al. [9].

In recent times, the flow of an incompressible fluid due to a
shrinking sheet acquires attention for its abnormal behavior
in the flow dynamics. The flow past a shrinking sheet
exhibits quite distinct physical phenomena from the
forward stretching flow. For this flow configuration, the
fluid is stretched towards the slot. It is also revealed that to
maintain the flow over the shrinking sheet the mass suction
is required. Miklavcic and Wang [10] confirmed the
existence and uniqueness of the solution of steady viscous
flow over a shrinking sheet. Boundary layer flow over a
shrinking sheet with power law velocity was addressed by
Fang [11]. Yao and Chen [12] examined analytical solution
branch for the Blasius equation with a shrinking sheet.
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Fang and Zhang [13] obtained an analytical solution for
steady MHD flow over a porous shrinking sheet subjected
to applied suction. Noor and Hashim [14] discussed the
viscous electrically conducting fluid flow and heat transfer
adjacent to a permeable shrinking sheet embedded in a
porous medium. MHD flows of a viscous nonlinear
shrinking sheet with homotopy analysis have been studied
by Nadeem and Hussain [15]. Ali et al. [16] analyzed the
MHD viscous flow and heat transfer due to a permeable
shrinking sheet with constant heat flux. Fang and Zhang
[17] obtained the analytical solution for thermal boundary
layers over a shrinking sheet for variable surface
temperature and variable surface heat flux. Javed et al. [18]
discussed the effect of viscous dissipation on heat transfer
over a non-linear shrinking sheet incorporating the effects
of applied magnetic field. The shrinking sheet problems
are extended by considering the radiation effects.
Krishnendu Bhattacharyya and Layek [19] analyzed the
effect of suction/blowing and thermal radiation on steady
boundary layer stagnation point flow and heat transfer
towards a shrinking sheet. The effect of thermal radiation
on micropolar fluid flow and heat transfer over a shrinking
sheet for the case of constant temperature was studied by
Bhattacharyya [20].

The diffusion of species with chemical reaction in the
boundary layer flow has huge applications in water and air
pollution, fibrous insulation, atmospheric flows and many
other chemical engineering problems. Hayat et al. [21]
initiated the flow and mass transfer of an upper convected
Maxwell fluid past a porous shrinking sheet with chemical
reaction species and applied magnetic field. Muhaimin et
al. [22] analyzed the effect of chemical reaction, heat and
mass transfer on nonlinear MHD boundary layer flow past
a porous shrinking sheet with suction. The exact solutions
of chemically reactive solute distribution in MHD boundary
layer flow over shrinking surface is considered by Midya
[23] without considering mass suction and heat transfer.
Numerical solution of MHD flow and heat and mass
transfer over a porous shrinking surface was obtained by
Khalid et al. [24] considering radiation and viscous
dissipation effects. Kamal et al. [25] made an attempt on
stability analysis of MHD stagnation-point flow over a
permeable stretching/shrinking sheet in a nanofluid with
chemical reaction effect. He considered the shrinking
surface with constant surface temperature and constant
surface concentration.

Based on the above investigated works and its applications,
the author has attempted to study the effect of chemical
reaction, dissipation, radiation and heat generation on
hydromagnetic flow over a shrinking surface prescribed
with heat and mass flux, the analysis of which has not been
made so far. The aim of the paper is of two fold. (i) Heat
transfer analysis is carried out by taking into account of the
effects of radiation, heat generation, viscous and Ohmic
dissipation and mass transfer analysis is carried out by
considering the chemical reaction effect. (ii) The shrinking
surface is subjected to heat and mass flux. The numerical
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code used in the study is validated by comparing the results
with the available results in the absence of certain
parameters.

This paper is structured as: Section | contains the
introduction and its related work. Section Il includes the
mathematical formulation of the problem. Section Il
provides the numerical technique of solving the governing
equations. Section 1V encloses the graphical representation
of the results and its discussion. Section V comprises of
concluding remarks with future directions.

Il. MATHEMATICAL FORMULATION

Two dimensional, steady MHD boundary layer flow of a
viscous, incompressible, electrically conducting and
radiating fluid with heat and mass transfer over a shrinking
surface with chemical reaction, internal heat generation and
dissipation effects is analyzed in this investigation. The x
axis is introduced along the shrinking surface with linear
velocity u, and a uniform magnetic field is applied along
the y axis.

e The fluid is considered to be a gray, absorbing and
emitting radiation but non-scattering medium and
Rosseland approximation is used to describe the
radiative heat flux in the energy equation.

e The radiation heat flux in the x direction is
considered to be negligible in comparison to the heat
flux in the y direction.

e A uniform transverse magnetic field By is imposed
perpendicular to the sheet. The induced magnetic
field due to motion of electrically conducting fluid is
assumed to be negligible as the magnetic Reynolds
number is considered small.

e It is noted that the electric field due to polarization
of charges is assumed to be negligible and as
curl E=0and div E =0, E is assumed to be zero.

e The first order chemical reaction takes place in the
species concentration equation.

e Soret and Dufour effects are neglected, as C, is
infinitesimally small.

e The rate of chemical reaction is constant throughout
the fluid.
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Figure 1. Schematic diagram of the problem
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Under the usual boundary layer approximation and the
above mentioned assumptions, the governing equations
describing the conservation of mass, momentum, energy
and concentration in the presence of radiation, magnetic
field, viscous and Joule’s dissipation effects, heat
generation and chemical reaction are specified by the
following equations
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Boundary conditions pertaining to the above equations are

At y=0: U=Uu,=-ax, V=-Vp, A
oT 2 oC
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ay Ow 0 ay hw 1 > ()
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where u, v are the x and y components of velocity, T and C
are the fluid temperature and concentration respectively, v
is the kinematic viscosity, o is electrical conductivity, By is
the strength of the magnetic field, p is the density of the
fluid, C, is the specific heat at constant pressure, k is the
thermal conductivity of the fluid, T,, is temperature of the
fluid far away from the sheet, x is the coefficient of

viscosity, Qy is the radiative heat flux , Q is the volumetric

rate of heat generation, D is the molecular diffusivity, k; is
the rate of chemical reaction, a > 0 is a dimensional
constant called shrinking rate, v, is the constant suction
velocity, Eq and E; are the constants, g,, and m,, denote heat
and mass flux at the wall and C,, is the concentration far
from the plate.

Similarity transformations
In order to solve the continuity equation (1) and the

momentum equation (2) with boundary conditions in (5),
the following similarity transformations are introduced.

The stream function v is defined by =% y—_°%

)

oy ox
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where n=y(%j2, w(XY) =\/5><F(77)

u=axF'(y), v=—JavF(y) (6)

From the choice of u and v it is noted that the continuity
equation (1) is identically satisfied. Employing the equation
(6), the partial differential equation (2) with boundary
condition in (5) is reduced to the following ordinary
differential equations

F"+FF"— (F)?> = M%F'=0 )
with boundary conditions

F(@0)=S, F'(0)=—1 and F'(0)=0 8)

where the derivative symbol “ ' ” represents di .
n
2 O Bg . .
M<=——"2is the Magnetic parameter,
pa

§=—10

Jav

Heat and Mass Transfer Analysis

is the Suction parameter (vo > 0).

The radiative heat flux term in equation (3) is simplified by
using the Rosseland approximation for radiation for an
optically thick layer, and one can write ( Brewster [26]),

46" oT*
Gr=-" s 9
r 3K Oy 9)

where o denote the Stefan Boltzman constant and k=
represent the mean absorption coefficient. It is assumed that
the temperature difference within the flow is such that T *
can be expressed as a linear function of temperature (Raptis
et al. [27]). This is accomplished by expanding T * in
Taylor series about T,, and neglecting higher order terms, T

* can be expressed as T4 ;4T£T — 3T021

and hence
160 _30T
3k oy

The energy equation (3) can be written in the following
form using the radiative heat flux
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The boundary conditions are
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The nondimensional temperature and concentration are
defined as follows

2 12
T-T,= SoX [Kj 6(y) and

k a
2 12
C—Cp-= EEX (g) 4(n) (14)

On using (6) and (14) the nondimensional energy and
concentration equations are given as follows

M " !_ !_ — ”2 2 !2
(SRdPrja + F@'—(2F'—Hs)9=—Ec [(F) +M (F)]

(15)
¢"+SCF ¢ —2ScF'¢—Scy =0 (16)

with its corresponding boundary conditions as

0 (0)=-1, ¢ (0) =-1 and f(0) — 0, ¢ () = 0 17

The parameters involved in the temperature and
C

P

. . H .
concentration equations are Pr:T is the Prandtl

kk"
number, Rd == is the Radiation parameter,
4o T
Hs= Q is the Heat generation parameter,
apCp
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a
Ec=———— is the Eckert number, Sc:% is the

=93

Schmidt number, ;/:ﬁ is the Chemical reaction parameter.
a

The main physical quantities of interest are the values of
skin friction coefficient, nondimensional wall temperature
and nondimensional wall concentration which are defined
as

T . R
Cs = w where the wall shear stress z,, is given as

_pue\,/Z

_
)y

Hence, the skin friction coefficient is obtained using (6) as

C
Re, 7f= F'(0) (18)

2

ax
where Re, =
14

is the local Reynolds number.

The dimensionless wall temperature and wall concentration
can be determined from

2 12

Ty=T,+ EOTX(S 0(0) (19)
2 Y2

C=C,+ ElD—X[§] $(0) (20)

I1l.  NUMERICAL SOLUTION

Equations (7), (15) and (16) represent a highly nonlinear
boundary value problem of third and second order
respectively. The most efficient shooting technique along
with Fourth Order Runge Kutta integration algorithm is
employed to solve the above nondimensional equations.
These equations of third order in F and second order in 6
and ¢ have been transformed to a system of seven
simultaneous equations of first order. In order to solve the
system, seven initial conditions are needed whilst only four
initial conditions F(0), F'(0) on F and two initial conditions
6' (0) and ¢' (0) on @ and ¢ are available. The remaining
three initial conditions F" (0), € (0) and ¢ (0) which are not
prescribed are found satisfying the asymptotic conditions
using Nachtsheim Swigert shooting iteration technique. The
success of the method depends completely on the initial
guess made to initiate the shooting process. Once these
values are found, the system is solved using Fourth Order
Runge Kutta method and the numerical values of
dimensionless velocity, temperature and concentration are

7
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obtained. The favorable comparisons with the limiting case
of the problem lend confidence in the numerical method
employed and the numerical solutions are obtained for
various values of Physical parameters. Numerical values for
Skin friction coefficient, wall temperature and wall
concentration are also obtained.

1V. RESULTS AND DISCUSSION

A hydromagnetic boundary layer flow problem with heat
and mass transfer over a shrinking surface taking into
account of radiation, internal heat generation, dissipation
and chemical reaction effects is examined in the presence
of a transverse magnetic field when the surface is subjected
to prescribed heat and mass flux. The boundary layer
equations of momentum, energy and concentration are
solved numerically using Nachtsheim Swigert shooting
iteration technique along with Fourth Order Runge Kutta
method so as to satisfy the asymptotic boundary conditions.
Numerical solutions have been carried out for various
values of Physical parameters to have the physical insight
of the problem.

—— Author’s result
-0.21 —e— Midya (2012)

s=0
M? =2.25, 4.0,9.0

— F'()

-0.8[

-1.0
0 1 2 3 4
—n

Figure 2. Comparison graph showing the effect of M? over the
dimensionless velocity

Figure 3.

— Author's result S =0.0
—+— Midya (2012 M2 =4.0

¥ =01

Sc= 0.5,1.0,15

—> ()

Figure 4. Comparison graph showing the effect of Sc over the
dimensionless concentration
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Figure 5. Effect of Suction parameter over the dimensionless velocity
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Figure 6. Skin friction coefficient for different values of S
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Figure 7. Dimensionless temperature profiles for different values of S
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Figure 8. Dimensionless temperature profiles for different values of M?
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Figures 2 and 3 elucidate the comparison of the results with
that of Midya [23]. It is seen from these graphs that
author’s results of dimensionless velocity for various values
of the Magnetic parameter, dimensionless concentration for
various values of the Schmidt number are identical to that
of Midya [23] in the case of impermeable surface.

Figure 4 discloses the dimensionless velocity for different
values of the Suction parameter. It is noted that the effect of
Suction parameter is to accelerate the dimensionless
velocity due to which the hydromagnetic boundary layer
thickness reduces. Variation in skin friction coefficient for
different values of Suction parameter is elucidated in Figure
5. Itis viewed from the figure that the value of skin friction
coefficient is more for higher values of Suction parameter.

Dimensionless temperature distribution for different values
of Suction parameter is illustrated in Figure 6. An increase
in Suction parameter (which means the fluid is brought
closer to the wall) has the tendency to reduce the
temperature and hence the thermal boundary layer
thickness becomes smaller. Figure 7 implies that the
temperature is suppressed due to increase in value of
Magnetic parameter. It is further noted from the graph that
the thickness of thermal boundary layer becomes thinner by
the increase in the strength of magnetic field.

165 S =25
M2 =1.0
| Hs =0.1
1.32 Rd =20
Ec=0.01
E o099
==
T 0.66 |
Pr=0.71,10,15,23,7.0
0.33
0.00
0 2 4 6 8 10

s =25
M2=1.0
2.08 Pr=0.71
Hs =0.1
Ec=0.01
E 156
==
T 1.04
Rd=1.0, 2.0, 3.0, 5.0, 10°
052
0.00
0 2 4 6 8 10

Figure 10. Dimensionless temperature profiles for different values of Rd
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Figure 12. Dimensionless temperature profiles for different values of Ec

The effect of Prandtl number is to reduce the thermal
boundary layer thickness and the dimensionless
temperature is displayed through Figure 8. Figure 9
elucidates that the radiation parameter has significant effect
S0 as to decrease the temperature for its increasing values
with higher temperature at the wall.

Figure 10 demonstrates that heat energy generated in
thermal boundary layer causes the temperature to increase
with an increase in magnitude of Heat generation
parameter. The temperature of the fluid is found to increase
apparently due to significant increase in Eckert number and
it increases the thermal boundary layer thickness is
presented in Figure 11.

151
M2 =1.0
Sc =0.22
12 y =20
=09
-
T 0.6
=20,25,3.0,35,4.
o3l $=2.0,25,3.0,35,4.0
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Figure 13. Dimensionless concentration profiles for various values of S
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Figure 14. Dimensionless concentration profiles for various values of M?
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Figure 15. Dimensionless concentration profiles for various values of y

The effect of Suction parameter over dimensionless
concentration is disclosed in Figure 12. It is noted that the
rise in Suction parameter leads to the fall in the
dimensionless concentration of the fluid. The
dimensionless  concentration  decreases  with  an
accompanying decrease in solute boundary layer thickness

Vol.7, Issue.2, Apr 2020

in the absence of radiation, dissipation effects and internal
heat generation.

Table 2. Wall temperature 6 (0) for different S, M?, Pr, Hs, Rd and Ec
when Sc =0.22 and y =2.0

S M2 Pr Hs Rd Ec 6(0)

2.0 1.0 0.71 0.1 2.0 0.01 4.35124

2.5 1.64018

3.0 1.09785

3.5 0.84784

4.0 0.69904

2.5 0.0 0.71 0.1 2.0 0.01 1.91997

1.0 1.64016

3.0 1.46751

5.0 1.39209

7.0 1.34676

2.5 2.0 0.71 0.1 2.0 0.01 1.64016

1.00 1.07332

1.50 0.65479

2.30 0.39314

7.00 0.11418

2.5 2.0 0.71 0.0 2.0 0.01 1.49251

0.1 1.64016

0.2 1.85318

0.3 2.20573

0.4 3.01627

2.5 2.0 0.71 0.1 1.0 0.01 251111

2.0 1.64016

3.0 1.37270

5.0 1.16706

10° 0.87335

2.5 2.0 0.71 0.1 2.0 0.01 1.64016

0.20 1.68310

0.40 1.73676

0.60 1.84407

0.80 2.05870

Table 3. Wall Concentration for various values of S, M?, Sc, y
when S =2.0, M*=1.0,Sc=0.22and y = 2.0

by increasing the values of Magnetic parameter is 2

: e . : . S M Sc 7 $(0)
illustrated in Figure 13. The dimensionless concentration

for various values of Chemical reaction parameter is 20 10 0.22 20 1.34896
represented in Figure 14. It is observed that the effect of gg 1'82;;2
increasing Chemical reaction parameter is to lower the 35 0.97090
dimensionless concentration of the fluid and hence there is 20 0.88853
a reduction in solute boundary layer thickness. 25 0.0 0.22 2.0 1.22690
1.0 1.19176
Table 1. Wall temperature @ (0) for different Pr 3.0 1.16077
with M?=5.0, S=3.0, Rd = 10°, Ec = Hs = 0.0 5.0 114392
7.0 1.13253
Pr 6(0) 25 1.0 0.22 2.0 1.19176
Present result Ali et al. (2010) 050 0.66362
0.7 0.504404 0.5044 0.62 0.56078
10 0.033669 0.0337 0.78 0.46505
15 0.022376 0.0224 1.30 0.29840
20 0.016755 0.0168 2.5 1.0 0.22 0.0 3.11121
30 0.011151 0.0112 2.0 1.19176
4.0 0.89304
Table 1 shows the comparison of the results for wall 6.0 0.74842
temperature for various values of Prandtl number. The table 7.0 0.69890

values show that the present results are identical to the
results of Ali et al. (2010) in the case of two dimensional
flows when the surface is prescribed with constant heat flux

© 2020, IISRCS All Rights Reserved

Tables 2 and 3 display the numerical values of wall
temperature and wall concentration by varying the pertinent
parameters involved in the study. It is revealed that the
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wall temperature reduces due to increasing values of
Suction parameter, Magnetic parameter, Prandtl number,
Radiation parameter whereas it gets enhanced for
increasing Heat generation parameter and Eckert number.

The numerical values in Table 3 infer that the parameters
namely Suction parameter, Magnetic parameter, Schmidt
number and Chemical reaction parameter have the same
effect on wall concentration so as to reduce it.

V. CONCLUSION AND FUTURE SCOPE

The effects of first order chemical reaction, internal heat
generation and radiation on nonlinear hydromagnetic
boundary layer flow over a shrinking surface subjected to
prescribed heat and mass flux with viscous and Joule’s
dissipation effects are analyzed in this investigation. A
parametric study on dimensionless velocity, temperature,
concentration, skin friction coefficient, wall temperature
and wall concentration are carried out.

The important findings of the present investigation are:

e The obtained numerical results show good agreement
with the results available in the literature under some
limiting cases.

e The effect of Eckert number (due to viscous and
Joule’s dissipation) alters the rate of heat transfer
significantly.

e The mass transfer is strongly influenced by Schmidt
number (decrease of molecular diffusivity) and
Chemical reaction parameter.

The future scope of the current analysis is that the fluid
flow described by law of conservation of mass, momentum
and energy which are governed by nonlinear partial
differential equations can be modified to incorporate the
effects that are neglected in this study.

REFERENCES

[1] P.L. Chambre, J.D. Young, “On diffusion of a chemically
reactive species in a laminar boundary layer flow”, Physics of
Fluids, Vol.1, pp.48-54, 1958.

[2] H.l. Anderson, O.R. Hansen, B. Holmedal, “Diffusion of a
chemically reactive species from a stretching sheet”,
International Journal of Heat and Mass Transfer, Vol.37, Issue.
4, pp.659-664, 1994.

[3] Afify, “MHD free convective flow and mass transfer over a
stretching sheet with chemical reaction”, Heat transfer, Vol. 40,
Issues. 6-7, pp.495-500, 2004.

[4] 1.U. Mbeledogu, A. Ogulu, “Chemical reaction, heat and mass
transfer on MHD flow over a vertical stretching surface with
heat source and thermal stratification effects”, International
Journal of Heat and Mass Transfer, Vol. 48, Issues 21-22, pp.
4557-4561, 2005.

[5] F.T. Akyildiz, H. Bellout, K. Vajravelu, “Diffusion of
chemically reactive species in a porous medium over a stretching
sheet”, Journal of Mathematical Analysis and Applications ,
Vo0l.320, Issue. 1, pp.322-339, 2006 .

[6] M.A. Mansours, N.F. El-Anssary, A.M. Aly, “Effects of
chemical reaction and thermal stratification on MHD free
convective heat and mass transfer over a vertical stretching

© 2020, IISRCS All Rights Reserved

(7]

(8]

(9]

(10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Vol.7, Issue.2, Apr 2020

surface embedded in a porous media considering Soret and
Dufour numbers”, Chemical Engineering Journal, Vol. 145,
Issue. 2, pp. 340-345, 2008.

R.A. Mohamed, S.M. Abo-Dahab, “Influence of chemical
reaction and thermal radiation on the heat and mass transfer in
MHD micropolar flow over a vertical moving porous plate in a
porous medium with heat generation”, International Journal of
Thermal Sciences, Vol. 48, Issue. 9, pp.1800-1813, 2009.

K. Bhattacharyya, G.C. Layek, “Chemically reactive solute
distribution in MHD boundary layer flow over a permeable
stretching sheet distribution in MHD boundary layer flow over a
permeable stretching sheet with suction or blowing”, Chemical
Engineering Communications, Vol. 197 Issue. 12, pp.1527-1540,
2010.

M.h. Yazdi, S. Abdullah, I. Hashim, K. Sopian, “Slip MHD
liquid flow and heat transfer over non-linear permeable
stretching surface with chemical reaction”, International Journal
of Heat and Mass Transfer, Vol. 54, Issues. 15-16, pp. 3214-
3225, 2011.

M. Miklavcic, C.Y. Wang, “Viscous flow due to a shrinking
sheet”, Quarterly of Applied Mathematics, Vol. 64, Issue. 2,
pp.283-290, 2006.

T. Fang, “Boundary layer flow over a shrinking sheet with power
law velocity” International Journal of Heat and Mass Transfer,
Vol. 51, Issue. 25-26, pp.5838-5843, 2008.

B. Yao, J. Chen, “A new analytical solution branch for the
Blasius equation with shrinking sheet”, Applied Mathematics
and Computation, Vol. 215, Issue. 3, pp. 1146-1153, 2009.

N.M.F. Noor, I. Hasim, MHD flow and heat transfer adjacent to
permeable shrinking sheet embedded in a porous medium, Sains
Malaysian, Vol. 38, Issue. 4, pp.559-565, 2009.

S. Nadeem, Anwar Hussain, “MHD flow of a viscous fluid on a
nonlinear porous shrinking sheet with homotopy analysis
method”, Applied Mathematics and Mechanics, Vol. 30, Issue.
12, pp.1569-1578, 20009.

F. Ali, R. Nazar, N. Arfin, “MHD viscous flow and heat transfer
due to a permeable shrinking sheet with prescribed surface heat
flux”, WSEAS Transactions on Mathematics, World Scientific
and Engineering Academy and Society, Vol. 9, Issue. 5, pp. 365-
375, 2010.

T. Fang, J. Zhang, "Thermal boundary layers over a shrinking
sheet: an analytical solution”, Acta Mechanica, Vol. 209, Issues.
3-4, pp.325-343, 2010.

T. Javed, Z. Abbas, M. Sajid, N .Ali, “Heat transfer analysis for
a hydromagnetic viscous fluid over a non-liner shrinking sheet”,
International Journal of Heat and Mass transfer , Vol. 54,
Issues. 9-10, pp. 2034-2042, 2011.

K. Bhattacharyya, G.C. Layek, “Effects of suction/blowing on
steady boundary layer stagnation-point flow and heat transfer
towards a shrinking sheet with thermal radiation”, International
Journal of Heat and Mass Transfer, Vol. 54, Issues. 1-3, pp.
302-307, 2011.

K. Bhattacharyya, S. Mukhopadhyay, G.C. Layek, I. Pop,
“Effects of thermal radiation on micropolar fluid flow and heat
transfer over a porous shrinking sheet”, International Journal of
Heat and Mass Transfer , Vol. 55, Issue. 11-12, pp. 2945-2952,
2012.

T. Hayat, Z. Abbas, N. Ali, “ MHD flow and mass transfer of a
upper-convected maxwell fluid past a porous shrinking sheet
with chemical reaction species”, Physics letters A , Vol. 372,
Issue. 26, pp. 4698-4704, 2008.

Muhaimin, R. Kandasamy, I. Hashim, “Effect of chemical
reaction, heat and mass transfer on nonlinear boundary layer past
a porous shrinking sheet in the presence of suction”, Nuclear
Engineering and Design, Vol. 240, Issue. 5, pp. 933-939, 2010.

11



Int. J. Sci. Res. in Chemical Sciences

[22] C. Midya, “Exact solutions of chemically reactive solute
distribution in MHD boundary layer flow over a shrinking
surface”, Chineese physics letter, Vol. 29, Issue. 1, pp.1-4, 2012.

[23] S. Khalid, S. Hussain, H. Wagas, “Numerical solution of MHD
flow and heat transfer in porous medium over a porous shrinking
surface with radiation and viscous dissipation”, Sci.Int.(Lahore),
Vol. 28, Issue. 5, pp. 4297-4302, 2016. ISSN 1013-5316.

[24] F. Kamal, K. Zaimi, A. Ishak, 1. Pop, “Stability analysis of mhd
stagnation-point flow towards a permeable stretching/shrinking
sheet in a nanofluid with chemical reactions effect”, Sains
Malaysiana, Vol. 48, Issue. 1, pp. 243-250, 2019.

[25] M.Q. Brewster, “Thermal radiative transfer properties”, Wiley,
Canada.

[26] A. Raptis, C. Perdikis, H. S. Takhar, “Effect of thermal radiation
on MHD flow,” Applied Mathematics and Computation, Vol.
153, Issue. 3, pp. 645-649, 2004.

Authors Profile

Dr. J Wilfred Samuel Raj pursued Bachelor
of Science from PSG college of Arts and
Science, Coimbatore in 2006, Master of :
Science from Government Arts College,

=3
Coimbatore in year 2008 and Ph.D. from |§

Bharathiar University, Tamilnadu, India. He 4

is currently working as Assistant Professor in ‘
Department of Mathematics, The American '
College, Madurai, Tamilandu, India since 2018. To his credit he
has published research papers in reputed international journals.
His main research work focuses on Magnetohydrodynamics, Heat
and mass transfer, Newtonian and Non-Newtonian flows. He has 6
years of teaching and research experience. He was recognized
with University Fellowship for his research competency by
Bharathiar University and was awarded for “Best Teaching” in Sri

Shakthi Institute of Engineering & Technology, Coimbatore,
Tamilnadu, India.

-
)

Dr. SP Anjali Devi, is the first doctorate in
Mathematics from Coimbatore district,
Tamilnadu, India. She has solved National
problems which were greatly appreciated by
the former president Dr. A.P.J. Abdul Kalam. (=)
She is the recipient of ‘‘President of India —_—
Award for Young Scientists”, ‘‘Vijayashree ‘ Y
Award”, and ‘‘Best Woman Achiever Award

—2012”. She has successfully carried out two

DRDL Major Projects and one UGC Major

Research Project. Her research work focuses mainly on MHD,
Computational Fluid dynamics, Heat and Mass Transfer, Ferro
fluids and Nanofluids. She has 35 years of teaching and research
experience. She rendered her service at Bharathiar University
holding various positions such as Registrar In Charge, Dean
Research, Professor and Head of Department of Applied
Mathematics.

© 2020, IISRCS All Rights Reserved

Vol.7, Issue.2, Apr 2020

12



