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ABSTRACT

Numerical study was conducted to examine the impacts of Soret and Dufour on MHD Couette flow heat mass
transfer free-convection in vertical channels under the influence of buoyancy distribution effects due to the ramped
and isothermal temperature. The coupled non-linear dimensional governing partial differential equations and their
initials and boundary conditions of the flow were changed to dimensionless form using appropriate dimensionless
quantities. Finite element method was applied in finding the numerical solutions of the time-dependent momentum,
energy and concentration equations subject to initial and boundary conditions. The expressions of velocity,
temperature, concentration, skin friction, Nusselt number as well as Sherwood were obtained numerically subject to
ramped and isothermal temperature. Some selected set graphical results showing the influence of controlling
parameters involved in the flow formation were discussed using line graphs. From the results shown it was seen that

rise of Ratio of Mass Transfer Parameter N, Porosity Parameter K, Buoyancy Parameter I, Eckert Number Ec and

Dufour Number enhances velocity profile, while the reverse is the case for the increase of Magnetic Field Parameter
M and Prandlt Number Pr. Correspondingly, rise in Ratio of Mass Transfer Parameter, Porosity Parameter K,

Buoyancy Parameter I, , Eckert Number Ec boosts temperature profile and diminishes it with rise in Prandlt Number

Pr. Furthermore, concentration profile gets increased with the increase of Schmidt Number Sc. At y=0, the Skin
friction diminishes with the increase of Soret number (Sr) and enhances with the increase in Dufour number (Df).
Also, at y=0, the Nusselt Number gets enlarged with the increase of Soret number (Sr) and gets diminished with the
increase in Dufour number (Df)
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1 INTRODUCTION
Studying the of combined influence of heat and mass transfer is very vital in understanding some technical transfer
processes (Siva et al., 2016). Applications of heat and mass transfer simultaneously are usually seen in chemical
processing industries like polymer production industries and food processing industries. Apart from mass flux that is
generated by the temperature gradient, there is also an energy flux which is generated by composition gradient.
Temperature gradients creates mass flux and this mass flux is known as soret or thermo-diffusion effect. On the
other hand, an energy flux that composition gradient creates is known Dufour or diffusion-thermo. Because of how
important thermo-diffusion and diffusion-thermo have, in a fluid with very light molecular weight and medium
molecular weight, that is why many researchers have turned their attention in studying these types of flows.

Chandra and Raju (2018) studied the influence of Soret and Dufour on heat and mass transfer unsteady
MHD natural convection in porous medium in the presences of variable temperature and concentration. Likewise,
Reddy et al., (2018) examined the impact of MHD unsteady viscous incompressible fluid in a semi-infinite inclined
permeable moving plate in the presence of Soret and Dufour. The analyzation of the influence of mixed convection
of Oldroyd was carried out by (Bilal et al., 2016). The influence of thermo-diffusion and diffusion-thermo on MHD
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heat and mass transfer in a porous vertical surface was carried out by (Emmanuel et al., 2015) and reported that both
Soret and Dufour boosts heat and mass transfer. Furthermore, Sasikumar and Govidarajan (2018) analyzed the
impact of thermo-diffusion on MHD oscillatory flow under the influence of chemical reaction and reported the
velocity profile gets enhanced with the increase of soret number. Moreover, Gbadeyan (2018) studied effects of
Soret and Dufour MHD heat mass transfer free-convective in an infinite vertical channels under the influence of
chemical reaction and discovered that velocity profile gets reduced with increase of Dufour and Soret number. The
investigations of Soret and Dufour MHD heat and mass transfer of viscoelastic fluid in a semi-vertical channel was
carried out by ldowu and Falodun (2019) and revealed that temperature profile gets enhanced with the increase of
Dufour number and also velocity and concentration profile get enhanced with the increase of Soret number.

The influence of MHD unsteady natural convection couette flow of an electrically conducting water in the
presence ramped and isothermal temperature was studied by Reddy et al., (2017). Also, Shankar and Rajashekar
(2016) examined the effects of Soret, chemical reaction and radiation on MHD heat mass transfer flow in porous
medium and discovered that increase in soret number increases velocity and concentration profile. The analyzation
of thermo-diffusion on MHD heat and mass transfer free-convective porous medium in the presence of heat source
and thermal radiation was carried out by Geethan et al., (2016) and revealed that soret number increases velocity
profile and skin friction. Furthermore, Shankar and Rashekar (2017) analyzed the impact of MHD viscous
dissipation, and thermo-diffusion on unsteady heat and mass transfer and discovered that velocity profile decreases
with the increase in Dufour number and phase angle. The influence of Dufour, radiation absorption chemical
reaction and viscous dissipation on MHD unsteady heat and mass transfer free-convective casson fluid in a semi-
infinite vertical oscillatory porous plate was carried out by Rajakumar et al., (2018). This study was
built up from the research of Prabhakar (2016) in which he investigated the influence of MHD viscous dissipation
heat and mass transfer free-convective vertical channels under the uniform influence magnetic field. The study
adopted and extended the Prabhakar (2016) model by incorporating buoyancy distribution parameter, thermo-
diffusion and diffussion-thermo on MHD unsteady heat and mass transfer couette flow in the presence of ramped
and isothermal temperature. Furthermore, the study used finite element method (FEM) in finding the numerical
solution coupled non-linear governing partial differential equations. The expression of velocity, temperature and
concentration were obtained numerically and discussed using line graphs.

2 FORMULATION OF THE PROBLEM
Consider a time-dependent heat and mass transfer free-convective couette flow of an incompressible electrically
conducting fluid in a finite vertical plate.
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Figure 1: Geometry of the Problem
Assume the x*-axis be taken along the plate in the vertically upward direction and the and the y* axis is taken
normal to the plate normal. There is has been uniform magnetic field of intensity Ho which is applied transversely to

the plate transversely. The temperature of the plate T and the fluid T,, are taken to be the same. The concentration
of species at the plate C;;, and C; are assumed to be the same. When time t*>0, the plate is changed to T;, which is
then maintained constant thereby leading to the convection current to flow close to the plate and mass is applied at a
constant rate. Under these conditions the flow variables are at a constant function of time and space (channel width)
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y* alone. By using Boussineq approximation the governing equations describing velocity, temperature and
concentration in the presence of soret, Dufour and other controlling parameters of the three problems take the
following form:

Velocity equation

ou- o%u” N s ouH LU w”

—=—7 1980 -T,)-95°(C —Co)_'ue—o_ -

a oy P K 2.1)

Temperature equation

*

oT" | T au' ] D,e*C
ot oy oy ooy 2.2)
Concertation equation
oc = oc + SO0 The initial and boundar diti f th | : @)
o oy ady? y conditions of the problems are:

Case I: Isothermal Temperature  Case Il: Continuous Ramped Temperature

. . . . t'<0,u =0T =T, for all 0<y <L
t<0,u =0T =T, for all 0<y <L ) .
(TW_TO)t

\ u'=uT =T,C =C aty =0 ) U=uT =T +2-2 C'=C aty =0; (24)
t >0 T

0T =rT,C =Claty =L t>0 "
U'=0T =rT,C =C, aty = A
i w &y U =0T =rT,C=C,aty =L

The non- dimensional quantities introduced in the above equations are defined as:

AT )% AT) 72
U, = (VgﬁAT)%- |—=[—gﬁ2 j Tr = (9,37 )
v v
AT =T, —T,, =1t y=2_, l_rt*;-ro
LIS L T,-T,
u= i = K* o= T* _TO ¢: C* _Co (25)
U, vT, ' T, -T, ' C.—-C,
Pr = #Ce. Sc=— Ec = Uo Sr= S (M —To)
k ' D, ' C. AT’ a(C, —C,)
N_BCL=Cl) |, _oMHIT, o Du(C, —Co)
ﬂ(TW _To) r Ol(TW _To)

3 Method of the Solution
The method applied to find the numerical solutions of our coupled non-linear partial differential equations
was finite element (Galerkin’s approach).

Now applying (2.5) Now on (2.5) into (2.1) - (2.4), the following dimensionless governing partial
differential equations were gotten:
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Tt K
2
prdf 00 g M ) oy o (32)
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5c9_ 00,590 | (33)
at oy oy
Case I: Isothermal Temperature Case Il: Continuous Ramped Temperature
t<0,u=0,6=0,¢=0 for all y t<0,u=0,6=0,¢=0 for all y
Fort>0: Fort>0:
u=160=1¢=1 at y=0 u=10=t,¢=1 at y=0
u=0,0=r,4=0 at y=1 u=060=r,9p=0 at y=1 (3.4)

Now (3.1) solving under the boundary conditions (3.4) using above mentioned method over the element ¢

Y Sy<y,

Yi 2

[N’ a—LZ’—@—Lt(M+i)+Nf+q dy=0
oy~ ot K

’ (3.4)

Equation (3.4) is reduce to

2
J.{N {%-%—Mmpﬂdy:o
5 y.oo (3.5)

Where M, =M +% andP=60+Ng¢g

Applying integration by part to equation (3.5) yield;

T Vi Yi
[NV Tﬂu]” - L v ﬂua’y oN ﬂ—a’y 1(‘)N"rua’y+P(‘)NTa'y:O
o v R ; yi .
Neglectmg the flrst term of equation (3.6)
T Vi
3 IV T —dy+ 0 ﬂ—dy+M0NTudy—P(‘)NTdy:0
P A AREENME M 3.7)

We letu® =uN, + u;N; = u(e) =[N][u]" be the linear approximation solution over the two nodal element
€, (Y, <y<y;) where u® =[u, u;], N=[N;N;Jalso u, and u, are the velocity component at the i

and " nodes of the typical element (€) (Y, <y < y,) furthermore, N; and N are basis ( or shape)

functions defined as follows:
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i i

yj =Y ’ yj =i
Hence equation (3.7) take the form
y’ N;N; N;N;' U f N[N[ NiNj ﬁi ' N[N[ NiNj u v Ni
L dy+j dy+MJ dy-Pj fy=0
| NN NN | | NN. NN ' | NN. NN | u, N
Vi i J J Ji i JJ ; Y i J J ) J (38)

Simplifying of equation (3.8) gives:

111 =1jfu | 1|2 1|ju| MI{2 1)y IP|1
- +— +— ——| |=0
I[-1 1]ju| 6[1 2 u 6 |1 2]y 2|1
i
Here | = Yi—VYi= h and prime and dot represent differentiation with respect to x and y respectively. Assembling

the equations for the consecutive elements Y, ; <Y<Y, and Y; <Y <Y, , the following are gotten:

Uui-1

Jroro e fzao M T2ro] ] 1

Y —1 2 —1 lll_ +g 1 4 1 Ui +? 1 4 1 l/ll_ —E 2

oo 11 |, 01 2| - 01 2|, 1
i+l Ui+1 i+l

(3.10)

Considering the row corresponding to the node i to zero with | = h, from equation(3.10) the difference schemes
reads

1 1, - M
—(-u_ +2u ~u, )+~ (-wiat Buitum)—*(u_ +4u +u, )= P
h 6 6 (3.11) Application
of trapezoidal rule on (3.11) the following system in Crank-Nicolson are obtained

n+1 n+1 n+1l __ n n n *
AU+ AU+ AL = AU+ AU+ AU, +P (3.12)
Also, solving (2.2) and (2.3) in the same way we have:

n+l n+l ntl _ n n n *
qui—l + qui + BSqu - B4qi—1 + Bsqi + B6qi+1 +0

1 1 1

Cly +Cf +Cply =Cudls +C” +Codfl, + R*=0 (3.19)
Where

(3.13)
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=2-6r+rM.h?, =8+12r +rM.h?, =2-6r +rM.h?
1 1 1

A,=2+6r-rMh’, A =8-12r-4rrtMh’, A =2+6r-rM,h’ P"=12rh*(d" + Ng")
B, = Pr-3r, B, =4Pr+6r, B,=Pr-3r 2 2
. oul 0%
B,=Pr+3r, B,=4Pr—6r, B,=Pr+3r Q =6rPrEc Py +—62y
C,=Pr-3r, C, =4Pr+6r, C,=Pr-3r 2%6
* 2
C,=Pr+3r, C,=4Pr—6r, C,=Pr+3r R =6h Scsry

k .
Here I = F and h and k are mesh size along y direction and time direction. Index I refers to space and j refers to

the time refers to. In equations (3.2), (3.13) and (3.44), taking 1 =1(1)N and using the initial and boundary
conditions (3.4), the following system of equations is obtained

AX,=B, i=1)n
Here A matrices of order nand X; and B, are column matrices with n components. The solution of the system

of the equations were obtained by applying Thomas algorithm for velocity, temperature and concentration. The
results of various parameters are computed and presented graphically. The skin friction, Nusselt number and
Sherwood number are vital physical parameters for this type boundary layer’s flow, with known values of velocity,
temperature and concentration fields.

The skin friction at the plate is given by in non-dimensional form as:

5]
_———
Y lyoya (3.15)

The rate of heat transfer coefficient can be calculated in terms of Nusselt number is given in dimensionless form as:

Nu = —{%}
oy y=0.y=1 (3.16)

The rate of mass transfer can be calculated in terms of Sherwood number in its dimensionless form as:

sh—— [%}
Y Jy-oys (3.17)

4 RESULTS AND DICUSSION

In order to analyze the impact of various parameters on flow field boundary layer region. Finite element method was
applied in solving non-dimensional governing partial differential equations (3.1) to (3.3) subject to initial and
boundary conditions (3.4). We examined the effects of Prandlt number Pr, Soret number Sr, Dufour number Df,

Eckert number Ec, Schmidt number Sc, Magnetic Field Parameter M, Porosity Parameter K, Buoyancy Parameter I

and Ratio of mass transfer N. To capture real picture of the problem under discussion we have performed numerical
computations using different values of magnetic parameter (M =2,M = 4,M = 6), Prandtl number(Pr =
0.71,Pr = 3,Pr = 7), Dufour number (Df= 0.01,Df= 0.02,Df =0.03), Eckert number (Ec = 0.03,Ec=
0.06,Ec = 0.09) Schmidt number (Sc = 2,Sc = 4, Sc = 6), ratio of mass transformation (N = 2,N =4 =N = 6),
porosity parameter K = 2,K = 4,K = 6), Soret number (Sr = 0.02,Sr = 0.04 = Sr = 0.06) and the Buoyancy
Parameter (1, = 2,1,-4,1,-6) on fluid velocity, temperature and concentration were presented graphically

Velocity Profile
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Figure 2: Effect of M on velocity profile
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Figure 3: Effect of Pr on velocity profile
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Figure 4: Effect of K on velocity profile
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Figure 5: Effect of N on velocity profile
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Figure 6: Effect of I on velocity profile
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Figure 7: Effect of Sc on velocity profile
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Figure 8: Effect of Df on velocity profile
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Figure 9: Effect of Sr on velocity profile
Figure 2&3 illustrate the behaviour of velocity profile for different values Magnetic Parameter (M) and Prandtl
number (Pr) for both ramped and isothermal temperature. It is noticed that, the velocity profile gets reduced with the
increase Magnetic Parameter and (M) Prandtl number (Pr). While opposite behavior is noticed in Figure 4,5&6

with the porosity parameter (K), Ratio of Mass transfer (N) and Buoyancy parameter (I, ). Similarly, there is slight

rise in velocity profile in Figure 7&8 with the increase in Schmidt number (Sc) and Dufour number (Df) for both
ramped and isothermal temperature. While opposite behavior is seen in Figure 9 with the increase of Soret number

(Sr)
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Figure 10: Effect Pr on temperature profile
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Figure 11: Effect Sr on temperature profile
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Figure 4.12: Effect I' on temperature profile
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Concentration Profile
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Figure 4.14: Effect Df on temperature profile
Figure 10&4.11 display the influence of Prandtl number (Pr) and Soret number (Sr) on temperature profile for both
ramped and isothermal temperature. From the figure the temperature profile diminishes with the increase of Prandtl
number (Pr) and Soret number (Sr. While opposite behavior is seen in Figure 12,4.13, 4.14 with the increase in
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Figure 4.15: Effect Sc on Concentration profile
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Figure 16: Effect of Df on Concentration profile
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Figure 17: Effect Sr on temperature profile

Figure 15&16 show the impact of Schmidt number (Sc) and Dufour number (Df)on fluid concentration for both

ramped and isothermal temperature. It is seen that the concentration profile gets diminished with the increase of both

Schmidt number (Sc) and Dufour number (Df), Reverse is the case in figure 17 with the increase of Soret number

(Sc).
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Figure 18: Effect of Sr and Df on skin friction due to isothermal temperature
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Figure 19: Effect of Sr and Df on skin friction due to ramped temperature
Figure 18&19 dipict the effect of Soret (Sr) and Dufour number (Df) on Skin friction for both ramped and
isothermal temperature. The Skin friction diminishes in figure 18(a) &19(a) with the increase of Soret number (Sr)
and enhances with the increase in Dufour number (Df). Additionally, no increase or decrease is observed in Skin
friction in figure 18(b) &4.19(b) with the increase of Soret number (Sr) and it enhances with the increase in Dufour

number (Df).
Nusselt Number Profile
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Figure 20: Effect of Sr and Df on Nusselt number due to isothermal temperature
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Figure 21: Effect of Sr and Df on Nusselt number due to ramped temperature
Figure 20&21 display the effect of Soret (Sr) and Dufour number (Df) on Nusselt Number for both ramped and
isothermal temperature. The Nusselt Number gets enlarged in figure 20(a) &21(a) with the increase of Soret
number (Sr) and gets diminished with the increase in Dufour number (Df). Additionally, no increase or decrease is
observed in The Nusselt Number in figure 20(b) &21(b) with the increase of Soret number (Sr) and there is
increase with the increase in Dufour number (Df).
Sherwood Number
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Figure 22: Effect of Sr and Df on Sherwood number due to isothermal temperature
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Figure 23: Effect of Sr and Df on Sherwood number due to ramped temperature

Figure 22&23 show the effect of Soret (Sr) and Dufour number (Df) on Sherwood Number for both ramped and
isothermal temperature. The Sherwood Number gets enlarged in figure 22(a) 23(a) with the increase of both Soret
number (Sr) and Dufour number (Df). Furthermore, no increase or decrease is observed in Sherwood Number in
figure 22(b)&4.23(b) with the increase of Soret number (Sr) and it decreases with the increase in Dufour number
(D).
5 CONCLUSIONS
We analyzed the combined influence of Soret and Dufour on MHD unsteady heat and mass transfer coquette flow
free-convective in the presence of buoyancy distributions effect due to ramped and isothermal temperature. From the
outcome of study, the following conclusions were made:

The velocity profile is enlarged with the increase of, porosity parameter K, ratio of mass transfer parameter N,

Schmidt number Sc, Dufour number Df and buoyancy effect term parameter I ,. It decreases with increase of
Magnetic parameter M, Soret number Sr and Prandtl number Pr
The temperature profile gets increased with the increase of buoyancy effect parameter term[ , Schmidt

number Sc and Dufour Df. It decreases with increase of Prandtl number Pr and Soret number Sr.

The concentration profile gets enhanced significantly with the increased of Soret number Sr. It decreases with
increase of Schmidt number Sc and Dufour number Df.

At y=0, the Skin friction diminishes with the increase of Soret number (Sr) and enhances with the increase in
Dufour number (Df). It does not increase or decrease with the increase of Soret number (Sr) and it enhances
with the increase in Dufour number (Df) at y=1.

At y=0, the Nusselt Number gets enlarged with the increase of Soret number (Sr) and gets diminished with
the increase in Dufour number (Df). Additionally, it does not increase or decrease with the increase of Soret
number (Sr) and increases with the increase in Dufour number (Df) at y=1.
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At y=0, the Sherwood Number gets enlarged with the increase of both Soret number (Sr) and Dufour number
(Sr). It does not increase or decrease with the increase of Soret number (Sr) and it decreases with the increase
in Dufour number (Df) at y=1.
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