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ABSTRACT

The implicit finite difference method of Crank-Nicolson type
is employed to examine heat and mass transfer in a transient
magnetohydrodynamic mixed convective flow of a viscoelastic
second grade fluid past a vertical porous plate in the presence of
nonlinearized thermal radiation, thermal diffusion and diffusion
thermo effects. The governing coupled nonlinear time-based
partial differential equations are non-dimensionalized by using
appropriate dimensionless variables to obtain the dimensionless
highly nonlinear partial differential forms of momentum, energy
and species concentration equations. These equations are solved
numerically in the presence of buoyancy force. The influences
of different emerging parameters such as the suction parame-
ter, second grade parameter, Prandtl number, Lewis number,
thermal radiation parameter, temperature difference parameter,
Dufour number, Soret number, mixed convection parameter
and concentration buoyancy parameter on velocity, temperature
and species concentration profiles are plotted and discussed.
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1. INTRODUCTION

The study of non-Newtonian fluids has gained the attention of many researchers

because non-Newtonian fluids play significant roles in many industrial and tech-
nological applications. Few examples of non-Newtonian fluids are polymer solu-
tions, foodstuffs, synthetic fibres, waste fluids and extrusion of molten plastics,
etc. Modelling of viscoelastic non-Newtonian fluid flows is crucial for under-
standing and predicting the behaviour of processes. This aids the designing of
optimal flow configuration and selecting several operating conditions. Governing
equations of non-Newtonian fluids are of higher order than the Navier-Stoke’s
equations. A subclass of viscoelastic non-Newtonian fluids is the second grade
fluid. The flow, heat and/or mass transfer of second grade fluid have been stud-
ied by Soundalgekar (1974), Rajagopal et. al. (1984), Dandapat and Gupta
(1989), Bandelli and Rajagopal (1995), Nataraja et. al. (1998), Bhattacharyya
et. al. (1998), Prasad et. al. (2001), Subhas and Veena. (1998), Ariel (2002),
Vajravelu and Rollins (2004), Massoudi and Maneschy (2004), Siddheshwar and
Mahabaleshwar (2005), Cortell (2006), Hayat et. al. (2008), Baoku et. al. (2015)
with diverse problems under different configurations or geometries.
The survey of literature reveals that exhaustive information is available for steady
flow, heat and mass transfer of second grade fluid from aforementioned researches
and references therein. Some attempts have been made on the unsteady flow of
second grade flow. The problem of unsteady boundary layer flow of a second
grade over a stretching sheet for two heating processes namely the prescribed
surface temperature (PST case) and prescribed surface heat flux (PHF case) was
investigated Sajid et. al. (2009). They noted that the present solutions of a
second grade were valid for all dimensionless times. The effects of an oscillatory
motion of a viscoelastic fluid over infinite stretching sheet in porous media have
been studied by Prasad et. al. (2000). They found that the velocity of the
viscoelastic fluid decreased in the presence of porous media, as compared to the
viscous fluid. The velocity profile and pressure gradient of the unsteady state
unidirectional flow of second grade fluids between the parallel plates in which
the flow motion in the plates was induced by a given arbitrary inlet volume
flow rate which varied with time were considered by Chen et. al. (2003). The
magnetohydrodynamic flow due to non-coaxial rotations of a porous disk, moving
with uniform acceleration in its own plane and a second grade fluid at infinity
was examined by Asghar et. al. (2007). They provided both analytically and
numerically solutions to show effects of non-Newtonian fluid characteristics and
uniform acceleration of the disk on the velocity field. The laminar flow problem
of convective heat transfer for a second grade fluid over a semi-infinite plate in the
presence of species concentration and chemical reaction was investigated Hayat
et. al. (2008).
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Fluid solid mixtures were considered as second grade fluids and are modeled as
fluids with variable physical parameters by Asghar et. al. (2009). They used an
eigen function expansion method to find the velocity distribution. Ali and Awais
(2014) have used the numerical inversion of Laplace transform to study the time-
dependent thin film flow of a second grade fluid flowing down an inclined plane
through a porous medium. Khan et. al. (2017) have presented a Caputo-Fabrizio
fractional derivatives approach to the thermal analysis of a second grade fluid over
an infinite oscillating vertical flat plate. They obtained closed form solutions of
the fluid velocity and temperature by means of the Laplace transform. They
found that fractional fluids (second grade and Newtonian) have highest velocities
and showed that the fractional parameter enhanced the fluid flow. Raza (2017)
investigated some starting solutions corresponding to unsteady rotational flow
of a second grade fluid with the non-integer Caputo-time fractional derivatives
through an infinite long cylinder. They employed the inverse Laplace transfor-
mation, calculated numerically by using Stehfest’s algorithm and showed that
the hybrid technique presented has less computational effort and time cost as
compared to other schemes in literature.

According to Fourier’s and Fick’s laws, some researchers neglected the thermal
diffusion and diffusion thermo effects on heat and mass transfer on the basis that
they are of a smaller order of magnitude. However, there are other exceptions
especially when density differences exist in the flow regime. Eckert and Drake
(1972) investigated several cases when the Dufour effect cannot be neglected.
Afify (2009) expatiated that when heat and mass transfer occurred in a moving
fluid, the mass fluxes can be developed by the temperature gradient, which is
called thermal diffusion or Soret effect and that the energy flux can be generated
by a composition gradient called the diffusion thermo or Dufour effect. He em-
ployed the similarity solution to study the MHD effect of thermal diffusion and
diffusion thermo on a natural convective heat and mass transfer in the pressure
of suction or injection over stretching surfaces. Hamad et. al. (2012) examined
the effects of hydrodynamic slip and thermal convective boundary conditions on
heat and mass with variable diffusivity using Lie group analysis. Thus, thermal
diffusion and diffusion thermo effects have been found to appreciably influence
the flow field in the heat and mass transfer phenomena.

Moreover, considerable interest has been shown in radiation interaction with
convection for heat in fluid flow. This springs from the fact that thermal radiation
in the surface heat transfer plays significant roles when a small convective heat
transfer is considered, particularly in convective problems relating to absorbing-
emitting fluids. Among the researchers who verified effects of thermal radiation
on transport phenomena of fluids with optically thick or thin media are Makinde
and Mhone (2005), Raptis and Perdikis (1999), Abel et. al. (2005), Siddheshwar
and Mahabaleshwar (2005), Cortell (2007), Makinde (2005), Olanrewaju (2010),
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Baoku et. al. (2012), Olajuwon and Baoku (2014), Popoola et. al. (2016) and
Nabil et. al. (2017). In the aforementioned literature on thermal radiation effects,
the linearized form of model for radiative heat flux has been used for optically
thick media. However, the nonlinearized form of radiative heat flux depicts the
actual heat emission or conduction in the energy characteristics of most boundary
layer flows. This has been shown in the works of Sparrow and Cess (1995),
Abdulhakeem and Sathiyanathan (2009), Magyari and Pantokratoras (2011).

In the present article, a detailed attempt is made to investigate an unsteady,
magnetohydrodynamic flow, heat and mass transfer of non-Newtonian viscoelas-
tic second grade past an infinite vertical porous plate in the presence of nonlinear
thermal radiation in an optically thick media, thermal diffusion and diffusion
thermo effects. The present analysis focuses on the nonlinearized form of radia-
tive heat flux which depicts the real heat emission or conduction in the energy
characteristics combined with Soret and Dufour effects for mixed convective trans-
port of second grade fluid. The problem has not been previously considered to
the best of the authors’ knowledge. Moreover, the present investigation of MHD
flow, heat and mass transfer of a second grade fluid becomes the basis of some
engineering applications.

2. MATHEMATICAL FORMULATION

Consider a transient mixed convective magnetohydrodynamic flow, heat and mass
transfer of an incompressible second grade fluid. The fluid is presumed to pass
through an infinite vertical porous plate in the presence of nonlinearized thermal
radiation, diffusion thermo and thermal diffusion effects. Choosing the z’- axis
along the plate vertically upwards, 13- axis is normal to the plate. The porous
plate moved in its plane with an initial velocity U (t). The surface temperature
and species concentration of the plate are respectively T, and C, while the
respective free stream temperature and species concentration are Th.and Cy
which are infinitesimally small. The plate is assumed to be infinitely long such
that the physical variables are only functions of y’and #'. The conducting fluid
is permeated by an imposed uniform magnetic field B = (0, By, 0) which acts
transversely to the flow direction. Assuming the magnetic Reynolds number
is sufficiently small so that the induced magnetic field can be neglected, the
magnetic force is J x B. Under these assumptions, the Lorentz force becomes
o (V x B) x B = —0 B}V where o is the electrical conductivity, .J is the current
density and V is the velocity vector. All other thermo-physical and chemical
properties are presumed to be constant. Thus, the continuity equation for the
velocity field becomes:

(1) u =l (Y, ) 0 =V
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where v/ and v’ are the velocities of the fluid along 2z’ and 1’ axes respectively,
and Vp > 0 corresponds to suction velocity.

2.1 Flow Analysis

Following Asghar et. al. (2009), the constitutive relation of a homogeneous
incompressible fluid of second grade is of the form:

(2) T:—pI—i-,U,Al—i-OqAQ—l-aQA%

where 7 refers to the Cauchy stress tensor, u is the dynamic viscosity, —pI repre-
sents the spherical stress due to the constraint of incompressibility A; and As are
the first two Rivlin-Erickson tensors. According to Rivlin and Ericksen (1955)
and Dunn and Rajagopal (1995) for a thermodynamically compatible second
grade fluid, the material moduli satisfy the following restriction: p > 0, ay > 0,
a1 + as = 0 and Ay and Ay are defined by: Ay = gradeV + (grade V)T* and
Ay = d$1 + Ay (grade V) + (grade V)T~ A,

where T signifies the matrix transpose and ¢ is the time.

A detailed thermodynamic, stability and boundedness analysis of the second
grade fluid model has been given by Dunn and Fosdick (1974) and Dunn and
Rajagopal (1995).

Hence, the stress components (2) by virtue of (1) are:

o'\ 2
(3) Telz! = —P + Q2 (83/’)
o'\ 2

(4) Ty'y! = —D + (2041 + Oég) <€9y’)
(5) Tylzt = —P

o’ 0*u/ 0*u/
(6) Taty = g Oéﬂ/oTy,2 + EwET
(7) Ttz = Tty =0

where Tpry = Tyrgr, Tyrpt = Torgr, Tyt = Toryr.
Using the stress components and the velocity field in the basic conservation of
momentum equation:

DV;
(8) p Dtl =7 +pXi+ 7
where % is the material derivative and X; represents the external force per unit

mass in i"direction. The body force pX; in terms of magnetic field and grav-
itational force and surface forces 7 in terms of normal and shear stresses are
considered in equation (8). Using the similarity transforms for scaling respective
heat transport and species concentration equations for heat and mass transfer
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. T —T" el . .
analysis; 0 = —3= and ¢ = % where 6 and ¢ are dimensionless tempera-

T/
Tw oo

ture and species concentration respectively, the equation of motion gives:

ou! _ ou’ w92/ (o510 3/ a1 Vo 83/

; 8y’2 ay’Qat’ - P 8y’3

+9'Br (Ty, — Too) 0+ g'Bc (Cy, — CL) ¢

2.2 Heat transfer analysis
The conservation of energy equation for the problem over the porous plate, ne-
glecting viscous dissipation, Joule heating and work done to deformation, in the
presence of diffusion thermo thermal diffusion effects is obtained as:

0 DT’ Kk O*T' 1 9qr Dy Kr0*C’

(10) Dt pC, oy pC, 0y * CsCp 0y
where p is the density, C), is the specific heat at constant pressure, K is the
thermal conductivity, ¢, is the radiative heat flux, D,, is the mass diffusivity, C;
is the concentration susceptivity and K7 is the thermal diffusion ratio.
Adopting the radiative heat flux for optically thick media with a nonlinearized
Rosseland approximation as proposed by Sparrow and Cess (1995), Magyari and
Panntokratoras (2011) and Abdulhakeem and Sathiyanathan (2009) as:

0 (—4o0*0T*

(11) ar = 5~ /

dy' \ 3¢ Oy
where ¢* is the Stefan-Boltzmonn constant and £ represents the mean absorption
coeflicient.
Hence, the energy equation (10) for the temperature field using equations (1) and
(11) becomes:
oT’ or k0T L0 (4 oT*\ | Dy Ky 9°C’
ot Y9y pCp 0y? 0y \ 3§ 0oy CsC, 0y

(9)

(12)

2.3 Mass Transfer Analysis
The conservation of species concentration equation for the second grade fluid with
chemical reaction over the surface of the vertical porous plate is:
DC" D 9*C"  Dp,Kp 0°T'

Dt " Oy'? Ty Oy'?
where T,,, is the mean fluid temperature.
Employing equation (1), the species concentration equation becomes:
DC’ oC’ 9*C"  Dp,Kp 0°T'

=Voo 7+ Dmrg + e 2
Dt 0y oy Tn Oy

The initial and boundary conditions are:

(13)

(14)

(15) t'<0:y =0,u'"=0T=0,C"=0
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U2n+1

vn —EA when iy =0

(16) t'>0:4'(0,') =U(t) =

T'(0,¢') = (T}, — TL) + Th = 1,07 (0,¢) = (Cy, — CL) + CLy = 1 when y' =0

ou’ t

(18) u'(oo,t'):(),L.?’):Oasy’%oo
Y
(19) T' (00,t') = Tk = 0,C" (00,t') = Cly =0 as y — oo
The following dimensionless variables are introduced:
u’ y'U a'v t'U?

2 = — = = — t =
(20) U= Y= T e = ”
Then, equations (9), (12) and (14) become:

ou FBu Bu 0% ou

(21) B a0y20t Sa 63+82+50y nu+ MA@+ Nop)
90 1 ARt 9%0 ARt 00\ 2 02¢
22) = 1+ —= (0 Tl D o0
(22) %~ Pr + 3 0+ Cr)? 82+ 0+ Cr)? <8y> + uay2+say
dp 1 9°¢ 9?0 00
23 Sr— +S—
(23) Ot PrLedy? + oy? + dy
WhereS:%,a—alUQ,P_“Cp Le=§-, Rt = 407 (T —Teo)
pv ER
T DmKTU (C/ —C, ) DmKTU (T/ —T/ )
P Du = w &8 — w 00
“r (T, —TL) "~ CLCU2 (T, — TL,) ST =T T (Cr - )’
K u'? Grru' Beo (Cl, —CL)
d pCp’Re v? A Re? ’ Br (T, — T..)

are suction parameter, second grade parameter, Prandtl number, Lewis number,
thermal radiation parameter, temperature difference parameter, Dufour number,
Soret number, thermal diffusivity, Reynolds number, mixed convection parameter
and concentration buoyancy parameter respectively.

The initial and mixed boundary conditions (15) - (19) are also non-dimensionalized
using (20) to obtain the following initial and boundary conditions:

(24) t<0:y=0, u=0, =0, ¢=0;

(25) t>03u:€attn79:1,¢=1wh6n y=0;
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du

(26) w05

—0,0 0,0 >0as y— o0

3. METHOD OF SOLUTION

The governing coupled nonlinear time-based partial differential equations (21) -
(23) alongside the initial and mixed boundary conditions (25) - (26) are solved
by employing an implicit finite difference numerical scheme of Crank-Nicolson
approach as expatiated by Conte and De Boor (1980), Jain et. al. (1977) and
Kreyzig (2004). Based on the transient state conditions, the governing equations
(21) - (23) are discretized. The convergent term 7 used in the discretization
process does not restrict the value of r to be chosen for the emerging parameters
involved. The implicit finite difference equations corresponding to the governing
partial differential equations are as follows:

(27)

T « ar S . . r __rhS a _ arS . .
i tatgp— f}LLS) Uit1,j+1 + (5 T T2 ) wicg4
T T (07 T [0 T (0]
i+15 + (5 = 577+ ) vicng — 2 (5 + 7) wirng — 2 (5 + 55) wiy
Fizuit1j — %95 (g1 + it 11) — (uio2,j + 2uio1j — 2uip1; + tiva)]

(28)

6>  —20;;
. _r 4Rt 3 2 o 2 3 i,j+1 Z,]‘f’l
0ij+1 = p; [1 + 3" (9”' + 391,7],01” +36; ,Cr° + Cr ) ] < P 29?71’”1 >
S <9i2,j +2070; 5 + 07’2) (sz —20; j110;1,j41 + 0

i—1,j+1

+7Du (41,541 — 20 541 + Oi1541) + 5 (055101 — Oi—1,j41) + 01

(29) Gij+1 = prre (Gir1,j+1 — 20041 + Pi1,5+1)
+7 ST (Gig1,41 — 20541 + Dim1j+1) + 25 (Gi1j41 — bi1j41) + i

where ¢ designates the grip point along y-direction, j along ¢-direction and r =

At/hQ‘

With the finite difference equations (27) - (29), the equations of motion, energy
and species concentration are reduced to system of nonlinear algebraic equation.
The step-size h = 0.05 with the step ¢t = 0.1 are utilized in all cases for the
discretization of the governing equations and the values of u(y,t),0 (y,t) and
¢ (y,t) are known at all grid point from the initial conditions when ¢ = 0. Hence,
modified Newton’s iterative technique is therefore employed to solve the system
of nonlinear equations. After the computing values corresponding to each i at a
time level, the computations are executed by moving along y—direction and the
values at the next time level are determined in the same manner for the numerical
solutions.

It should be noted that the implicit nature of Crank-Nicolson technique of finite
difference method is unconditionally stable and has a local truncation error of
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(0] {(At)2 ,hﬂ which tends to zero as At and h? tend to zero. Also, the method

gives stable solutions and there is no drawback of conditional stability from one
level of iteration to the next. The difference equations corresponding to the gov-
erning equations do not automatically guarantee the convergence of the mesh
h — 0, but maximum numerical efficiency is achieved with the tridiagonal proce-
dure for establishing solutions of two point conditions for equation (28) and (29),
and three point conditions for equation (27). The above procedure is transformed
into MAPLE code as described by Heck (2003). The convergence of the entire
process was satisfactory and the numerical stability (consistency) of the method
was generated by the implicit nature of the finite difference scheme.

4. DI1SCUSSION OF RESULTS

The effects nonlinearized thermal radiation, thermal diffusion and diffusion thermo
on transient mixed convective magnetohydrodynamic flow, heat and mass trans-
fer of an incompressible viscoelastic second grade fluid past a vertical porous
plate is investigated. The research exhibits velocity distributions when a verti-
cally upward plate suddenly sets in motion at a velocity U(t) in its own plane for
n = 0.3 which corresponds to a variable acceleration at any point within the fluid
with considerations for temperature and species concentration distributions. The
governing equations of the flow field are solved by employing an efficient Crank-
Nicolson finite difference technique with modified Newton’s iterative technique
and approximate solutions are obtained for velocity, temperature and species
concentration distributions. The influences of some controlling parameters on
the flow field are analyzed and discussed with the aid of velocity profiles (Fig-
ures 1-8), temperature profiles (Figures 9-13) and species concentration profiles
(Figures 14-17).

4.1 Velocity Profiles

During numerical calculations, the values of the some parameters have been real-
istically chosen while the values of other parameters are chosen arbitrarily. The
effect of the suction parameter on the transient velocity distributions are shown
in Figure 1. It is observed from Figure 1 that the fluid velocity decreases with the
increase in suction parameter S for the variable acceleration at any point within
the fluid. This implies that suction which is the removal of fluid from the domain
via the porous plate can be used to control the fluid dynamics. Thus, suction en-
hances adherence of the fluid to the plate which in turn retards the flow. Figure 2
displays the influence of the viscoelastic second grade parameter o on the veloc-
ity distribution. It is clear from Figure 2 that the fluid velocity increases for the
variable acceleration when the second grade parameter « increases. This implies
that an increase in the fluid velocity corresponds to a reduction of the velocity
boundary layer thickness. This observation, on the behaviour of hydromagnetic
viscoelastic second grade flow, agrees with that reported by Hayat et. al. (2008).
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Figure 3 analyzed the effect of magnetic interaction parameter Mn on the ve-
locity distribution for variable accelerations along the vertical porous plate. It is
obvious from Figure 3 that an increase in Mn leads to a reduction in the fluid
velocity at any point within the fluid. The implication of this is that the presence
of transverse magnetic field sets in Lorentz force which results in a retarding force
on the velocity field. Therefore, as the magnetic interaction parameter increases,
so does the retarding force on the velocity field and hence, there is a significant
reduction in the velocity of the fluid flow. Figures 4 and 5 reveal that the dimen-
sionless concentration buoyancy N and mixed convection \ parameters have the
same effects on the velocity distribution. They both enhance the velocity profiles
thereby decreasing the momentum boundary layer thicknesses. Similarly, Fig-
ures 6 and 7 express the variations velocity profiles with Prandtl Prand Lewis Le
numbers respectively. They are found to be decreasing functions of the velocity
distributions. The effect of Soret number on the velocity profile is displayed in
Figure 8. The velocity profile is found to increase with an increase in the values

of Sr.

Figure 2: Velocity profile for o when S =4, Mn = 0.5, A =10 and N = 10

4.2 Temperature Profiles

Figures 9-13 illustrate the influences of pertinent parameters in the flow field
on the dimensionless temperature profiles. Figure 9 displays the variation of
suction parameter .S on the velocity profile. The thermal boundary layer thickness
is reduced by the increasing values of S while other flow parameters are kept
constant. This is anticipated as there is a reduction in velocity of the fluid as a
result of an increment in the values of S in the flow regime, thereby reducing the
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Figure 7: Velocity profile for Pr when « =3, Mn =0.5, A =10 and N =10
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Figure 8: Velocity profile for Sr when a = 3, Mn = 0.5, A =10 and N = 10

temperature of the flow region. The effect of the thermal radiation parameter
Rt on the temperature profile is illustrated in Figure 10. As the values of Rt
increases, it also increases the temperature profile. Thus, the thermal radiation
parameter is found to enhance the thermal boundary layer thickness in the flow
regime. Figure 11 has been portrayed to show the effects of Dufour number on
the temperature distribution. The thermal boundary layer thickness is found to
be enhanced with increasing values of Du. Figure 12 depicts the influence of
temperature difference Cr on the temperature distribution across the thermal
boundary layer. The consequence of increasing the values of Cr increases the
fluid temperature thereby reducing the thickness of the thermal boundary layer
formed away from the surface. Figure 13 presents the effect of Prandtl number Pr
on the temperature profile. It is found that an increase in the value of Prreduces
the thermal boundary layer thickness. Higher estimation of Pr is found to decay
the temperature field. This is due to the fact that Prexpresses the ratio of thermal
diffusivity to momentum diffusivity. Thus, small values of Pr implies that the
thermal diffusivity dominates and for higher estimation of Pr, the momentum
diffusivity dominates.

= = =

Figure 9: Temperature profile for S when Pr =0.71, Le = 1, Rt = 0.5 and
Du=0.3

4.3 Species Concentration Profiles

The species concentration of the flow field suffers a substantial change with the
variation of the flow parameters such as the suction parameter S, Prandtl number
Pr, Lewis number Le and Soret parameter Sr. It is observed from Figure 14 that
when there is an increase in the values of suction parameter, there is a reduction
in the species concentration field. Figure 15 describes the effects of Soret number
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== E1 <

Figure 10: Temperature profile for Rt when Pr = 0.71, Le = 1, Cr = 0.5 and
Du =0.3

Figure 11: Temperature profile for Du when Pr = 0.71, Le = 1, Rt = 0.5 and
Cr=20.5

¢

Figure 12: Temperature profile for C'r when Pr = 0.71, Le = 1, Rt = 0.5 and
Du=10.3

b

Figure 13: Temperature profile for Pr when Cr = 0.5, Le = 1, Rt = 0.5 and
Du=0.3

Sr on the species concentration field. The Soret effect is a mass flux due to a
temperature gradient and the Dufour effect is enthalpy flux due to a concentration
gradient and appears in the energy equation. It is clear that Sr decreases the
species concentration field, thereby decreasing the species concentration boundary
thickness in the flow regime. Figure 16 captures the influence of Lewis number
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on the species concentration distribution. It is observed that for an increasing
values of Le, the species concentration becomes decreased. This also implies a
reduction in the species concentration boundary layer thickness. The variation
of ¢ with different values of Pr is indicated by Figure 17. It is clear that the
Prandtl number decreases the species concentration field and the consequential
effect is noticed in the species boundary layer thickness. This influence of Pr on
the species concentration profile is the same as its effects on temperature profile.

wh

Figure 14: Species concentration profile for S when Pr = 0.71, Le = 1 and
Sr=10.5

Figure 15: Species concentration profile for Sr when Pr = 0.71, Le =1, S =4
and o =3

Figure 16: Concentration profile for S when Pr =0.71, Le =1, S = 4 and
a=3

CONCLUSIONS
In the present investigation, the transient mixed convective flow, heat and mass
transfer of a viscoelastic second grade fluid past a vertical porous plate in the pres-
ence of nonlinearized thermal radiation, thermal diffusion and diffusion thermo
effects is studied. The governing time-based partial differential equations with
initial and mixed boundary conditions are solved using an efficient numerical
scheme of implicit Crank-Nicolson finite difference technique with the modified
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Figure 17: Species concentration profile for Sr when Pr = 0.71, Le =1, S =4

and o = 3

Newton’s iterative method. Simulation of the scheme is done with the aid of
MAPLE codes to obtain approximate solutions of the problem. The solution
procedure is valid for all values of emerging viscoelastic second grade parameters.
The conclusions of the study are as follows:

1

[2

(1) The velocity increases significantly with increasing values of viscoelastic
second grade, mixed convection, concentration buoyancy parameters and
Soret number;

(2) Increasing values of suction, concentration buoyancy and magnetic in-
teraction parameters as well as Soret number increase the momentum
boundary layer thicknesses;

(3) The fluid temperature increases as the values of thermal radiation parame-
ter, temperature difference parameter and Dufour number increase while
suction parameter and Prandtl number decrease the thermal boundary
layer thicknesses;

(4) The species concentration of the fluid decreases with increasing values of
suction parameter, Soret, Lewis and Prandtl numbers.
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