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Abstract

In this paper, the effects of heat and mass transfer on an unsteady MHD flow of a Casson fluid past a semi-infinite
moving vertical plate with heat source/sink are investigated. The governing equations are transformed into a
system of linear partial differential equations using appropriate non-dimensional variables. The resulting equations
are solved analytically using perturbation technique. Further the expressions for velocity, temperature and
concentration are obtained with the help of boundary conditions. Finally the effects of various parameters on
velocity, temperature and concentration are shown in graphs. It is found that velocity increases as Casson
parameter increases and temperature increases as heat absorption coefficient decreases.
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1. INTRODUCTION

The analysis of boundary layer flow of a unsteady heat and mass transfer fluids has been the focus of extensive
research by various scientists due to its importance in continuous casting, glass blowing, paper production, polymer
extrusion and several others. One of my refer to recent investigations by Hayat and Qasim [1], Fang et al. [2],
Khan and Pop [3], and Kandaswamy et al. [4]. On the other hand, mass transfer is important due to its appearance
in many scientific disciplines that involve convective transfer of this phenomenon are evaporation of water,
separation of chemicals in distillation processes, natural or artificial sources etc;

However, there is another model known as Casson model which is recently the most popular one. Casson
[5] was the first who introduce this model for the prediction of the flow behavior of pigment oil suspensions of the
printing ink type. Later on several researchers studied Casson fluid different flow situations and configurations.
Amongst them, Mustafa et al. [6] studied the unsteady flow and heat transfer of a Casson fluid past a moving flat
plate. Rao et al. [7] considered the thermal hydrodynamic slip conditions on heat transfer flow of a Casson fluid
past a semi-infinite vertical plate. Heat transfer flow of a Casson fluid past a permeable shrinking sheet with
viscous dissipation was considered by Qasim and Noreen [8].

The objective of this paper is consider unsteady MHD convective heat and mass transfer of a Casson fluid
past a semi-infinite vertical permeable moving plate with heat source/sink in the presence of Casson parameter,
heat source parameter effects. Most of previous works assumed that the semi-infinite plate is rest. In the present
work, it is assumed that the plate is embedded in a uniform porous medium and moves with a constant velocity in
the flow direction in the presence of a transverse magnetic field. Chamkha investigated [9] unsteady MHD
convective heat and mass transfer past a semi-infinite vertical permeable moving plate with heat absorption.
Recently Kim [10] discussed unsteady MHD convective heat transfer past a semi-infinite vertical porous moving
plate with variable suction.

2. PROBLEM FORMULATION

We consider unsteady two-dimensional flow of an incompressible, viscous, electrically conducting and heat-
absorbing fluid past a semi-infinite vertical permeable plate embedded in a uniform porous medium which is
subject to slip boundary condition at the interface of porous medium which is subject to slip boundary at the
interface of porous and fluid layers. A uniform transverse magnetic field of strength B, is applied in the presence
of radiation and concentration buoyancy effects in the direction of y*-axis. The transversely applied magnetic field
and magnetic Reynolds number are assumed to be very small so that induced magnetic field and Hall Effect are
negligible. It is assumed that there is no applied voltage which implies the absence of electric field. Since the
motion is two dimensional and the length of the plate is large enough so all the physical variables are independent
of x*. The wall is maintained at constant temperature T, and concentration C,,, higher than the ambient
temperature T, and concentration C,,, respectively. Also, it is assumed that there exists a homogeneous first-order
Casson fluid, heat source and the fluid. It is assumed that the porous medium is homogeneous and present
everywhere in local thermodynamic equilibrium. Rest of properties of the fluid and the porous medium are

assumed to be constant. In the above assumptions the governing equations as follows:
ov*
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Where x* and y* are the dimensional distances along to the plate. u* and v* are the components of dimensional
velocities along x* and y* directions. g is the gravitational acceleration, T* is the dimensional temperature of the
fluid near the plate,T,, is the stream dimensional temperature, C* is the dimensional concentration, C,, is is the
stream dimensional concentration. Sy and B, are the thermal and concentration expansion coefficients,
respectively. p* is the pressure ,C, is the specific heat of constant pressure, By, is the magnetic field coefficient, u
is viscosity of the fluid, p is the density, K is the thermal conductivity, o is the density magnetic permeability of
the fluid, v = % is the kinematic viscosity, D is the molecular diffusivity,Q, is the dimensional heat absorption

coefficient and £ is the Casson parameter. The fourth and fifth terms of RHS of the momentum Eq. (2) denote the

thermal and concentration buoyancy effects, respectively. The second and third term on the RHS of Eq. (3) denote

the inclusion of the effect of thermal radiation and heat absorption effects, respectively.

u =u,, T=T,+e(T, - T,)e"t',C =C, +&(C, — Cx)e™t at y* =0 %)
u*=U§O=U0(1+ee"*t*),T—>TOO, C->Cp asy—-o (6)

Where U, C,, and T,, are the wall dimensional velocity, concentration and temperature, respectively.
Uy, Co,and T,, are the free stream dimensional velocity, concentration and temperature,
respectively U, and n*are constants.

It is clear from Eq.(1) that the suction velocity at the plate surface is a function of time only. Assuming that it
takes the following exponential form:

v = —Vo(1 + ede™t) 7
Where A is a real positive constant, € and €4 are small less than unity, and V; is a scale of suction velocity which
has non-zero positive constant. Outside the boundary layer, Eq. (2) gives

1 dp* dUZO O p2y17* v *
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Introducing the non-dimensional quantities
u* vt vyt _UH V@t T-Teo Qiv2(Cw—Coo)
Uu=—,v=-1nN= Us , ¢ , 0= > =2 5
Ug Vo v Uy v Tyw—Too 1 VE(Tw—Teo)
c-C uj v VEK* QoVv
C= 2, U,=-L ,Sc=-, K="- = 9
Cw—Coo’ P Uy’ D’ vz’ 0 pCpVE ’ ©)
V(T =T v (Cy—C, oVB3 vC v
Gp = pgv(Tw zoo)ﬁT, Gc_pg Cw 200)5(:’ M=25 pp=re_Y
UoVZ UoV& pV¢ K

In the view of the above non-dimensional variables, the basic field of Egs. (2)-(4) can be expressed in non-
dimensional form as

2
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Where, N = (M + %)
The corresponding boundary conditions (5) and (6) in dimensionless form are

u=U,,0 =1+ ¢ee™, C=1+ ge™ atn =0 (13)
- Uy =01+e™),0->0,C—>0asn->ox (14)
3. PROBLEM SOLUTION

Egs. (10)-(12) represent a set of partial differential equations that cannot be solved in closed-form. However, it
can be reduced to a set of ordinary differential equations in dimensionless form that can be solved analytically.
This can be done by representing the velocity, temperature and concentration as

u=fo(n) +ce™fi(n) + 0(?) (15)
6=go(m) + e™ g, () + 0(?) (16)
C = ho(n) + ge™h () + 0(e%) (17)

Substituting (15)-(17) into Eqs.(10)-(12) and equating the harmonic and non-harmonic terms, and neglecting the
higher order 0(e?), and simplifying to get the following pairs of equations for f; go ho and f; g4, h;.

A+ fe' +fo = Nfy = =N = Grygo = Griho (18)
A+ DA+ f = (N +n)fy = ~(N +n) = Afg = Grrgs = Grhy (19)
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Where the prime denotes ordinary differentiation with respect to y. The corresponding boundary conditionsare
fo=Up figo=1,9.=L,hy=1h; =1 atn=20 (24)

fo=1, fi=1,9,-0, g, =>0hy; >0,h; >0 as 1§ — oo, (25)

Without going into the details, the solutions of Egs. (18)- (23) With the help of boundary conditions (24) and (25),
we get
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In view of the above solutions, the velocity, temperature and concentration distributions in the boundary layer
become

u(y, t) = (1 + K13€_m977 - Kne—msn - Klze—SCT] ) + Sent(l + Kzze_mlln + Klge_mgn + Klge_msn +

Ky0e 5 + K, e ™3M) (32)
0(y,t) = (Kye ™" + K e™5) + ge™ (Kge ™" + Kge ™" + K,e ™5 + Kge™ ™37 ) (33)
C(y,t) = e 5N + ge™(e™™M + % (e™™sN — g=5cMY) (34)

The Skin-friction coefficient, the Nusselt number and the Sherwood number are important physical parameters for
this type of boundary-layer flow. These parameters can be defined and determined as follows:
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4. RESULTS AND DISCUSSION

Numerical evaluation of the analytical results reported in the previous section was performed and a representative
set of results is reported graphically in Figs. 1-7. These results are obtained to illustrate the influence of the solutal
Grashof numberG,, the heat absorption coefficient @ , Schmidt number Sc, thermal Grashof number G and
Casson parameter  on the velocity, temperature and concentration profiles.

Fig.1 shows that species concentration profiles for different values of Schmidt number Sc. It is clear that
the concentration boundary layer thickness decreases with Sc, concentration decreases exponentially and attains
free stream condition for large values of Sc. The temperature profiles for different values of heat absorption
parameter are depicted in fig. 2. It is noticed that the temperature decreases significantly with the increasing values
of @, because when heat is absorbed, the buoyancy force decreases the temperature profiles.

Fig.3 represents the decreases in temperature profiles when the Schmidt number Sc is increases. Also we
observe that for low values of Sc (0.5) the temperature is very high comparing with higher values Sc (3.0). Fig.4
represents the decrease in fluid velocity when the heat absorption parameter @ is increased, it is clear that the hydro
magnetic boundary layer decreases as the heat absorption effect increase also observed that in the absence of heat
absorption the velocity attains maximum peak value.

Velocity distribution for various values G and solutal buoyancy force parameter G are plotted in fig.5
and fig.6. As seen from this figures that the maximum peak value is observed in the absence of buoyancy force,
this is due to fact that buoyancy force enhances fluid velocity and increase the buoyancy layer thickness with
increase in the values of G and G.
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Fig 1 Effects of Sc on concentration profiles
A=0.50, E=0.2, n=0.1, t=1.0.
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Fig 2 Effects of @ on temperature profiles.
Sc=2, A=0.50, £=0.2, n=0.1, t=1.0, Pr=0.71.
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Fig 3 Effects of Sc on temperature profiles.
A=0.50, £=0.2, n=0.1, t=1.0, Pr=0.71, @=1.

Fig 4 Effects of @ on velocity profiles.
A=0.5, Pr=0.71,M=2, K=0.5, Gt=2, Ge=1, Up=0.5, B=2.
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Fig 5 Effects of Gc on velocity profiles.
Sc=0.6, £=0.2, Pr=0.71, M=5, K=0.5, Gt=2, Up=0.5, =5.
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Fig 6 Effects of Gt on velocity profiles.
Sc=0.6, £=0.2, @=2, M=2, K=0.5, Ge=1, Up=0.5, =5.
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Fig 7 Effects of  on velocity profiles.
Sc=0.6, £=0.2, =2, M=2, K=0.5, Gt=2, Ge=1, Up=0.5.
Fig. 7. represents the velocity profiles for different values of Casson parameter 5. From this figure we
observe that the velocity profiles increases significantly with an increase in the Casson parameter f3.
Table:1 :Numerical values of Solutal Grashof number G; on  Cf, Ny / Re.’ Sha / Re for the reference values
X X

G, =2t=1Sc=060=27y=05p8=2.

Nu Sh
Gc & X/Rex x/Rex
0 2.7200 -1.7167 -0.8098
1 3.2772 -1.7161 -0.8098
2 3.8343 -1.7161 -0.8098
3 43915 -1.7161 -0.8098
4 4.9487 -1.7161 -0.8098

The effects of Solutal Grashof number G on the skin-friction coefficientCr, Nusselt number and
Sherwood number respectively are presented in table 1. From this table it is seen that the effect of G is to increase
the skin-friction coefficient Cf , where as no effect of G¢ is observed on nusselt number and Sherwood number

(see table-1).

5. APPENDIX
1 Sc + 4/(Sc? + 4nSc) Pr + +/Pr? + 4@Pr Pr + \/Prz + 4(@ + n)Pr
N=(M+_),m3= ,m5= :m7= )
K 2 2 2
1
q= (1 + E),
1+,/1+4N 1+/1+4(N+n) -0
My = Tq’m“ - 2q =Ky = SCZ—PrSC—Pr(D'KZ = (1 - K1), K3 = APrK,ms,
= _ ASc — (ASc _ — K3 _ Ky
Ky = (APrSCKl n )'KS - ( n (Z)PI‘) Ko = mSZ—mSPr—Pr(n+(2))'K7 = Sc2—ScPr—Pr(n+9)’
_ Ks _ _ _ _ _ _ GrK>
Kg = —m3z_m3pr_Pr(n+m'K9 = (1 — K¢ — K; — Kg), Kyg = GrK; + G¢, Kqy = e —
K
Kiz = chz—ﬁ’ Ki3 = (Up — 1+ Ky +Ki3),Kig = AmgKy3, Kis = —(AmsKy; + GrKg),
=— _ AScGe - _ ASc —_  Kia
Ky = — (AK;pS¢ + GrK, — 25€) K7 = — (GrKg + Ge + )  Kyg = e
_ Ki1s _ Kie — K17 — (-1 — _ _ _
Kig = —qmsz_ms_(mN):Kzo = —qSCZ—SC—(n+N)’K21 —qm32—m3—(n+N)'K22 (=1 —=Kyg — K9 — K30 = Kyy)
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