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Abstract

The influence of some fluid parameters of engineering interest on heat and mass
transfer of a Casson fluid over an exponentially permeable shrinking sheet in porous
medium and in the presence of a magnetic field is considered. The resulting partial
differential equations are converted to a system of ordinary differential equations using
the appropriate similarity transformation and solved numerically using shooting
technique with fourth order Runge — Kutta method. We observed that the Casson
parameter, Hartmann number, permeability parameter, suction parameter, Eckert
number, Prandtl number and Schmidt number are significant to the momentum and
thermal boundary layer thickness, and solute concentration. Furthermore, the skin
friction coefficient, heat and mass transfer coefficients are influenced by the increase
in Casson and permeability parameters.

The study concludes that some fluid parameters have significant effect on the heat and
mass transfer of the fluid. Graphical demonstration of the results showed more lights
on the behavior of the system. An excellent agreement was also found when the results
obtained in this study was compared with the previous literature.
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(x,y) are distance along axes Py is the yield stress of the fluid.

(u,v)  are components of velocities €; is the (i, j)th component of the deformation rate

L is the reference length Mg is the plastic dynamic viscosity of Cassonfluid.

K is the permeability of the porous medium 9 is the kinematic viscosity

B0 is the strength of the magnetic field o is the electrical conductivity

a, is the heat flux from the sheet R is the reaction parameter

Pr is the Prandtl number A is the permeability parameter

Ec is the Eckert number Tw is the shear-stress along the exponentially shrinking sheet.
M is the Hartmann number T is the product of the deformation rate with itself

Re is the Reynold number T, is the critical value of the product of the component of the
Sc is the Schmidt number rate of strain tensor with itself.

1. INTRODUCTION

The study of non-Newtonian Casson fluid has been given much priority by researchers due to its usefulness in areas of food
processing, bioengineering operations and petroleum production. Casson fluid is an example of non-Newtonian fluids and
behaves like elastic solids. Examples of Casson fluids are Jelly, tomato sauce, honey, etc.
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The flow and heat transfer due to exponentially shrinking sheet were first considered [1] and the effect of magnetic field was
experimented [2]. Casson fluid flow and heat transfer over a nonlinearly stretching surface was investigated [3]. Heat transfer
over an exponentially stretching continuous surface with suction was examined [4].Heat transfer in boundary layer flow of a
Casson fluid over a permeable shrinking sheet with viscous dissipation was studied [5].Dual solution of non-Newtonian
Casson fluid flow and heat transfer over an exponentially permeable shrinking sheet with viscous dissipation was considered
[6].The flow due to shrinking sheet was introduced [7], and [8] established that for steady flow due to shrinking sheet, certain
amount of wall mass suction is required to restrain the generated vorticity. Analytic solution for MHD boundary layer flow of
Casson fluid over a stretching/shrinking sheet with wall mass transfer and their study revealed that magnetic field influences
the behaviour of the flow dynamics was studied [9]. The effects of mass transfer on MHD flow of Casson fluid with chemical
reaction and suction was examined [10].The diffusion of chemically reactive species of a Casson fluid flow over an
exponentially stretching surface was investigated [11].Diffusion of chemically reactive species in Casson fluid flow over an
unsteady stretching surface in porous medium in the presence of a magnetic field was studied [12]. Heat and mass transfer in
MHD Casson fluid over an exponentially permeable stretching surface was examined [13]. Heat and mass transfer in
hydromagnetic radiative Casson fluid flow over an exponentially stretching sheet with heat source/sink was investigated [14].
Casson fluid flow in a piped filled with homogeneous porous medium was studied [15].Flow and heat transfer of Casson
fluid from a horizontal circular cylinder with partial slip in non-Darcy porous medium was examined [16]. In this work, we
extended the work of [6] in which the mass equation, the source terms for porous medium and magnetic fields are introduced.
Similarity transformation are employed to transform the governing partial differential equations into non-linear ordinary
differential equations which are solved numerically using shooting technique with fourth order Runge-Kutta method. The
effect of Casson parameter, Hartmann number, permeability parameter, suction parameter, Eckert number, Prandtl number,
Schmidt number were examined and discussed.

2. MATHEMATICAL FORMULATION

Consider a steady two-dimensional incompressible fluid flow, heat and mass transfer of a Casson fluid flow over an
exponentially permeable shrinking sheet in porous medium with viscous dissipation and in the presence of a magnetic field.
The sheet is situated at y = O, with the flow being confined in y > 0. The rheological equation of state for an isotropic and
incompressible flow of a non-Newtonian casson fluid is written as:

p
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The following assumptions were made before deriving the governing equations. We introduced the source term for porous
medium, magnetic field and the mass equation. Temperature and concentration of the fluid at the wall are raised to T, and

CW respectively and are greater than the ambient temperature and concentration of the fluid, T and C_ respectively.

The temperature, T, and concentration, CW at the surface are given by
2X
T,(X)=T, +bet
2X

C,(x)=C, +cet : : (2
whereT_,C_, band c are constants.

By these assumptions the governing equations are as follows;
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With boundary conditions

X
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T->T,
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Where o ,C o Dare thermal diffusivity, specific heat, molecular mass diffusivity

Mg~ 27,

Py

as 'y —> o . . (4)

L=

k, =k,et : : (5)
Where K, is the exponential reaction rate; K, >0 is for destructive reaction, K, <0

is for constructive reaction and K, is a constant.
Introducing the dimensionless form:
The stream function,, is defined as

OX

y=(2L%,)? f(7)
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Substituting this transformation leads to the non-dimensional flow equations

a+;n“4ﬁWQf¢4z+M)r:o

i6?"+ fo'—-4f1'0+ Ec(1+£) f'2=0
Pr i)

Si¢"+f¢'—4f'¢—R¢:0 - . (7
c
Subject to the boundary conditions:
At y=0,u=-u,=—aetimplies 7=0
Butu = ae f'()
f'(0)=-1
10=v,5=50
ag
6(0) =1

#(0)=1
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f'(n) >0
9.(77) N 0 as 77 —> 00 . . (8)
$'(m)—>0

The quantities of engineering interest are the local skill friction coefficient, the Nusselt and Sherwood numbers which are
defined as:

T
Ci=—%5
Py,
Nu, = M
Kl(Tw _Tao)
sh, =il‘]7w
D (C,-C.)

1 %
C, Reg(ZLj — @1+ 3)£(0)
X ;

Nu, Re,? (25)? =00
(X2 Re? 4 . . 9
sh, =~(;)* Re #(0) ©)

Where ge = Xw _  Local Reynolds Number.
X 3

The system of equations (7) reduces to those of[6] when A=M=Sc=0.

The equations (7) and (8) are solved numerically using shooting technique with fourth order Runge-Kutta method. The
boundary condition as 77 —> o0 was replaced by a finite value inaccordance with standard practice in boundary layer analysis.

We setrg, =10.

3. RESULTS AND DISCUSSION

7

B P
/
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a 1 b 1

I(:i)gure 1: A comparison of velocity profiles Of (a) [6] \Evh)en M=Sc=R=2A=0 and (b) present study.

To have a clear knowledge of Casson fluid flow, we analyse the effects of the fluid parameters on f'(7),0(;7) and ¢(n).
The variation of f" (O) - 9'(0) and —¢' (0) with suction parameter (S) varying B and A are shown.

To validate the numerical method used in this work, the results for the velocity profiles were compared to that of [6] at

Casson parameter, =5.0, for the fluid parameter M=A=Sc=R=0. The comparison is shown in figure 1 [(a) and (b)].
A comprehensive numerical calculation is computed for different fluid parameters and the results are displayed through

figures 2 -7 for f'(r7),0(n7) and ¢(7).

In figures 2(a), 3(a), 4(a), increasing the Casson parameter increases the velocity profiles and the boundary layer thickness
reduces. The Casson parameter produces a resistance in the fluid flow and consequently the boundary layer thickness
decreases for higher value of Casson parameter. For various Casson parameters, it is noted that the temperature of the fluid
decreases and reduces the thermal boundary layer thickness. This is due to the fact that the introduction of tensile stress due
to elasticity leads to contraction in the boundary layer thickness. The solute concentration for both destruction and
construction decrease with increasing values of Casson parameters.
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In figures 2(b), 3(f), 4(e), increasing the Hartmann number increases the velocity profiles and decreases the temperature
profiles leading to the transfer of heat. The solute concentration for both destruction and construction decrease with
increasing values of Hartmann numbers.

In figures 2(c), 3(e), 4(b), increasing permeability parameter enhances the velocity profiles and reduces temperature and
concentration profiles leading to the transfer of heat and reduction of the solute concentration.

In figures 2(d), 3(d), 4(d), increasing the suction parameter increases the velocity and temperature profiles. Increasing the
Schmidt number (in figure 3(c)) and the suction parameter decreases the solute concentration for destructive reaction and
increases the solute concentration for constructive reaction. The suction parameter is to maintain the steady flow near the
sheet by delaying the separation. The solute boundary layer increases when R<0, that is, constructive reaction and decrease
when R>0, that is, destructive reaction.

In figures 3(b), 4(c), increasing the Prandtl and Eckert numbers enhances fluid thermal conductivity which in turns causes an
increase in thermal boundary layer thickness. More heat is generated in the boundary layer region due to the viscous
dissipation and hence it increases the heat transfer rate from the hot sheet to the ambient fluid.

In figures 5(a&b), 6(a&b), 7(a&b), increasing Casson and permeability parameters decreases the skin friction coefficient but
at S = 2.316, there is a stability and for S > 2.316, the skin friction coefficient increases. Increasing Casson parameters
increases the heat transfer coefficient and increasing permeability parameter decreases the heat transfer coefficient.
Increasing Casson parameter increases the mass transfer coefficient and increasing permeability parameter decreases the
mass transfer coefficient.

() Influence of g on f'(77) (b) Influence of M on £'(77)

(c) Influence of A on f'(77) (d) Influence of Son £'(77)
Figure 2: Computational results for velocity profiles.

(a) Influence of B on A(77) (b)Influence of Eé on 6(n)

| | e -
(c) Influence of Pr on 6(n7) (d) Influence of Son 8(7)
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Kl

(e) Influence of A on 8(77)

(f) Influence of M on €(77)
Figure 3: Computational results for temperature profiles.

!
P i

(d) Influence of S on ¢(77) with destruction and construction respectively.
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(e) Influence of M on ¢(#) with destruction and construction respectively.
Figure 4: Computational results for concentration profiles.

X =

(@) Influence of g on f" (O) with S. (b) Influence of Aon f" (O) with S.
Figure 5: Computational results for skin friction coefficients.

1% 2 2%

(@) Influence of p on - &' (O) with S. (b) Influence of A on - &' (0) with S.
Figure 6: Computational results for heat transfer coefficients.

2%

(@) Influence of p on — ¢’ (0) with S. (b) Influence of A on — ¢' (0) with S.
Figure 7: Computational results for mass transfer coefficients.
4. CONCLUSION
Heat and mass transfer of steady boundary layer of a Casson fluid flow over a permeability exponentially shrinking sheet in a

porous medium with viscous dissipation and in the presence of a magnetic field are studied. The governing equations are
solved as stated earlier.
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The following conclusions are made:

The momentum boundary layer thickness increases with §, M, A and S.

The thermal boundary layer thickness decreases with increased in B, M, A and increases with Ec, Prand S.

The solute concentration for destructive reaction decreases with increased in the Casson parameter, suction
parameter, Hartmann number, Schmidt number, permeability parameter whereas the solute concentration for
constructive reaction decreases with increasing Casson parameter, Hartmann number, permeability parameter and
increases with suction parameter and Schmidt number.

The heat and mass transfer coefficients increase with Casson parameter and decreases with increased in permeability
parameter. The skin friction coefficient has a stability at S=2.316, decreases with increased in Casson parameter and
permeability parameter when S<2.316, and increases with Casson parameter and permeability parameter when
$>2.316.
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