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An investigation of the effects of Soret and Dufour on an unsteady MHD convective transmission over a vertical porous sheet with
chemical reaction was introduced throughout this study. The model that formed nonlinear governing equations is transformed by
applying the similarity analysis with the help of the finite difference method. The numerical resolutions of the fluid characteristics
like velocity, concentration, and temperature are explained graphically. This research also presented the mass transmission rate,
heat transmission rate, and the local skin friction coefficient, which are explained in tabular form. The results give the fluid motion
and temperature improvement for growing values of the Dofour effect. Also, the fluid velocity and concentration improve for
elevated amounts of the Soret effect. The local skin friction improves by around 66% whereas the mass transmission rate lessens by

around 247% with the growing Soret number (0.5-2.0).

1. Introduction

It is common for certain non-Newtonian fluids to flow over a
vertical surface in the industrial engineering operations.
Non-Newtonian fluids include fluids with specific additives,
pulps, molten polymers, animal blood, and fossil fuels, etc.
Fluid dynamics experts have already provided a detailed
explanation for the movement of these non-Newtonian fluids
across the stretched surfaces in both vertical and horizontal
positions. The natural convective movement known as the
hydromagnetic (MHD) movement has drawn the attention
of many academics because of its applications in nuclear reac-
tors, MHD generators, geothermal energy extraction, pumps,
plasma studies, and boundary layer flow control. These fields
have been examined by numerous scholars, including Hossain
[1], Gupta [2], Ahmed et al. [3], Kim [4], and Hasanuzzaman
et al. [5]. Because of its importance in engineering science,
researchers have an interest in the magnetic field generated
by the MHD fluid movement system.

The buoyant characteristics generated by the diffusion of
chemical species and heat are often the cause of mass trans-
mission and heat generation. Various transport mechanisms
for these fields are noticed in industrial applications as well
as in nature. Improvements to several chemical technologies
can be made by studying the processes, such as the manufactur-
ing of ceramic, higher oil recovery, polymer production, food
processing, and underground energy transportation. Heat and
mass transport are very important, because of the consequences
of chemical reactions in various hydrometallurgical and chemi-
cal technology businesses. Muthuchumaraswamy [6] explored
the influences of mass transmission on unstable flow via an
accelerating isothermal vertical surface with a chemical reaction.
The influences of chemical reactions and radiation on MHD
movement over a vertical plate with temperature variation were
covered by Rajesh et al. [7]. The significance of the diffusion—
thermo and thermal—diffusion characteristics for various fluid
motions was examined by Eckert and Drake [8].
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Because of its uses in the industry, geosciences, and engi-
neering, such as gas-particle trajectories, hydrology, petrology,
foam combustion, and turbine blades, many authors regarded
the free convection flows that take place in nature and engi-
neering practices as being quite extensive. When mass and
heat transmission inside the flux occur simultaneously, the
conducting potential becomes more complex. The energy
flux is produced by both temperature and mass gradients.
Mass fluxes could also be created by temperature gradients.
This is called thermal diffusion or Soret influence. Heat fluxes
might also be generated by the concentration gradients. This is
called the mass diffusion or Dufour impact. The properties of
Soret and Dufour on a time-dependent MHD natural convec-
tive transportation onto a vertical sheet in a saturated perme-
able medium were initially outlined by Postelnicu [9]. Matao
et al. [10] looked into the consequences of rotation and Hall
current on an unstable MHD natural convection transfer of
heat and mass movement passing an extended infinite vertical
perforated plate with Soret and Dufour characteristics. Jamir
and Konwar [11] looked into the impacts of the applied heat
source, viscous dissipation, and Soret and Dufour with radia-
tion absorption. The researchers considered an unsteady
MHD mixed convective movement with velocity slip condi-
tion across the semi-infinite vertical porous surface. Yasir et al.
[12] described how thermal energy is transmitted with ther-
mophoretic particle deposition and Soret-Dufour properties.
A recent study by Hasanuzzaman et al. [5] explored the con-
sequences of thermal diffusion and Dufour on time-dependent
MHD-free convective transport over a vertical perforated
sheet. By taking into account internal heat generation and
chemical reactions involving thermal radiation, respectively,
Hasanuzzaman et al. [13] expanded on the research conducted
by Hasanuzzaman et al. [5]. The impact of a chemical reaction
on the time-dependent mass transfer and heat transfer flow of
a vertical perforated sheet was clarified by Hossain et al. [14].

The main goal of this investigation is to observe the
consequences of Soret and Dufour’s properties on time-
dependent MHD convective transportation across a vertical
perforated sheet. The key contribution of this research is
correspondingly prolonged by taking the Soret and Dufour
effects through the shooting technique which has not been
examined yet. By using the shooting technique with MATLAB
software, the numerical solution for dimensionless equations
like temperature, concentration, and velocity equations are
explained graphically. The local skin friction, heat transmis-
sion rate, and mass transmission rate are also included in the
tabular presentations.

2. Governing Equations with Model

An unstable 2D hydromagnetic convective boundary layer
fluid movement of electrically conducting and incompress-
ible viscous fluid flow past a vertical permeable plate embed-
ded in a porous medium is assumed. The direction of the
plate has been fixed along the x-axis. The vertical porous
plate runs parallel to free-stream velocity. The vertical
porous sheet and y-direction are perpendicular. Along the
flow, a transverse magnetic field By is applied uniformly. T\,
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FiGure 1: Coordinate system along with physical model.

represents the fluid temperature while C,; indicates the con-
centration at the wall. The permeable plate begins to force-
fully move across its surface at a speed U, for t>0. We
consider the permeable plate to be infinite. So, 34— 0 as
x — 0. For this reason, the fluid velocity is ¢ =u(y, t)i +
v(y,t)j. According to the Boussinesq approximation, the
fluid density is uniform in the whole simulation. The coor-
dinate system along with flow configuration is presented in
Figure 1.

The governing equations using the Boussinesq approxi-
mation [5] are as follows:

—o, (1)
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The related boundary conditions are as follows:
u="U,(t), T=T,,v=v(t),C=C,aty =0, (5)

u=0,T — Ty,v=0,C— Cyasy—, (6)

where u and v, respectively, indicate the components of
velocity across the x- and y-axes, g is the gravitational accel-
eration, p is the fluid density, thermal conductivity is k, T is
the fluid temperature, C is fluid concentration, T,, is the wall
temperature, C,, is the wall concentration, C, is fluid con-
centration in the free stream, T, is the fluid mean tempera-
ture, thermal diffusion ratio is kt, K* is the chemical reaction
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rate of spices concentration, T, is the fluid temperature in
the free stream, mass diffusivity coefficient is D, and v is the
kinematic viscosity.

The similarity parameter representing the unsteady
length scale (o) is as follows:

o =o(t). (7)

The following has been imposed concerning ¢ as the
resolution of the continuity Equation (1)-

V=vo . (8)

Here v, is the nondimensional normal velocity at the
sheet. The conditions vy <0 and v,>0 signify the injection
and suction, respectively.

We consider the similarity variables as follows:

_ C-C,
7U0 7Cw_coo’

T-T,
T, - T,
9)

0(n) =

The Equations (1)—(4) are changed into the dimension-
less couple ODEs by considering the previously mentioned
Equations (7)—(9) as follows:

(1) + 260 (r) + Gro(n) + Gmeh(n) = ME(y) = - £(r) =

(10)
0”(n) + Pr{Dfg' " +2£0' ()} =0, (11)
¢"(n) + Sh{2&¢' () + Sr0" (n) - Krgp(17)} = 0. (12)

We have the modified boundary conditions as follows:

f(n) =1.¢(n) = 1,0(n) = 1atn =0, (13)
f(7) =0.¢(7) =0.0(n) = 0asn — oo, (14)
where Schmidt number is Sc =5, Gr:<T{J73>”2 is local
Grashof number, Prandtl number is Pr= kC , Kr =K< s
chemical reaction parameter, M:”i‘:’fz is magnetic force
parameter, Df = % is Dufour number, Soret num-
s p wT loo
Dinkr (Ty=To)

_ @ (Cu=Cy)d’
Gm= 5

% is modified local
0

ber is Sr= T Coes)
Grashof number, and £ =7+ 3.

The Nusselt number (Nu), Sherwood number (Sh), and
the shear stress (7) represent the flow parameters which can

be expressed as follows:

Nux —60/(0),She — ¢’(0), 7 x £(0). (15)

3. Numerical Solution

The main target is to utilize the finite difference methods
(FDM) to find the solution of the ODEs (10)—(12) including
the boundary conditions (13) and (14) in this research. This
method has proven to be accurate and effective in resolving a
variety of problems [15, 16]. The solution domain space is
discretized in the FMD.

We will apply grid size Anp =h>0 in y-axis, An = ﬁ, with

;=1ih where i=0, 1, ..., N. Let f;=f(n;), 6, =0(;), and

¢i=p(n;).

At the ™ node, we consider F;, ©;, and ®@; to be the
numerical values of f, 6, and ¢, respectively. Therefore, we
consider:

ﬁ+1 fl 1 91+1 z 1 ¢1+1 ¢l 1
! / /
fli=H A 0 = ) =P
(16)
f//l _fH-l 2f Jrﬁ 1 0//| — 9i+1 B 261’ + 91‘—1
h2 i h2 2
¢//| _ ¢1+1 Zhd;l + d)z 1

(17)

The system of ODES Equations (10)—(12) is discretized
by applying FDM in space which is called the main step. To
do this we put Equations (16) and (17) into (10)—(12) and
neglect the truncation errors. So, taking i=0, I,..., N, the
resulting algebraic equations are as follows:

Fiy = 2F, + F_y + &h(Fiyy —
— MR2F, =0,

_1) + Gl’@,’ + Gm<D,

(18)

Oip1 =20, + 0;_y + Pr[¢h(6;,, —
=20, +®,_;)] =0,

6;,) + Df(D;,
(19)

®i+1 b 2@1 + ®i—l + Sc[éh(éH,l - @
- 2@1 + @i—l) - Kr¢i] =

1) +S1(0i4

Also, the boundary conditions are as follows:

Fo=1,0,=10,=1Fy=0,0y=0,&y=0. (21)

The Equations from (18) to (20) with the boundary con-
ditions Equation (21) represent a nonlinear system of alge-
braic equations in F;, ®;,and @;. The Newton iteration
method will be applied in our calculation using MATLAB
software considering an appropriate initial resolution.
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FiGure 2: Velocity profile for M.

4. Findings and Discussions

A numerical investigation of the unstable free MHD convec-
tive transference past a vertical perforated plate with chemi-
cal reaction consequences was carried out throughout the
study. The Shooting technique was applied to evaluate the
numerical solutions of the ODEs Equations (10)—(12).
Figures 2—-11 demonstrate the fields of fluid temperature,
velocity, and concentration for individual quantities of the
dimensionless numbers/parameters. We have considered
Sc=0.22, M=0.5 Gr=Gm=10.0, Df=0.5 Sr=2.0,
Pr=0.71, and Kr=0.5 unless all of the figures specifically
state otherwise.

Figure 2 depictures the velocity field for a range of mag-
netic parameters (M). As the amount of M grows, Figure 2
illustrates how the fluid speed declines. A resistive force
known as the Lorentz force is produced by an increase in
the magnitude of the magnetic parameter. The fluid velocity
is obstructed by this Lorentz force, which lowers the fluid
speed. Thus, as the amount of M rises, a physical phenome-
non takes place where the velocity distribution drops.

Figure 3 demonstrates the velocity field for several
amounts of local Grashof number (Gr). As the amount of
Gr goes up, Figure 3 demonstrates how the fluid accelerates.
Physically, a rise in Gr leads to the decline of drag force, and
hence the velocity fields upgrade in the boundary layer. A
symmetrical structure is produced from the velocity field for
both positive and negative amounts of Gr. The system is
heating for Gr > 0.

The consequences of the Dufour number (Df) on veloc-
ity and temperature profiles are disclosed in Figures 4 and 5.
The Dufour number is the ratio of thermal diffusion (ky)

and kinematic viscosity (v). The mathematical formula of
Dka (Cw_Coo)
CCpo (Tyy=Te)®

can be concluded that the kinematic viscosity lessens for
moving amounts of Df. It means that the fluid particles freely
move in the computational domain. Because of this, the fluid

the Dufour number is Df = From Figure 4, it
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FiGure 4: Velocity profile for Df.

velocity improves for growing amounts of Df. We can con-
clude from Figure 5 that with uplifting amounts of Df, the
thermal diffusion improves. It means that the heat transmis-
sion rate reduces for rising amounts of Df. It means that
rising quantities of Df cause to reduction in the heat trans-
ference rate. Because of this, the fluid temperature advances
for growing quantities of Df. The effect of the potent Dufour
impacts is significantly accelerated by the thermal boundary
layer thickness.

Figures 6 and 7 present the concentration and velocity
distributions for several quantities of Soret number (Sr). The

Dk (Ty=To)
UTm (Cw_Coo) : SO’

Sr expresses the ratio of mass diffusivity coefficient (D) to
kinematic viscosity (v). The kinematic viscosity (v) has an
inverse relationship with the Soret number. Observing
Figure 6, we can conclude that the kinematic viscosity lessens

mathematical formula for Sr is given by Sr =
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Taste 1: Influence of the chemical reaction parameter (Kr) on the parameters —6'(0), £(0), and — ¢'(0).

Kr -6'(0) £(0) - ¢'(0)
0.5 5.51391564856181 8.17165072546812 5.65217488955874
1.0 5.51391564856181 8.81252207805749 6.03222857911580
2.0 5.51391564856181 10.7272329139029 7.05364696931014
3.0 5.51391564856181 14.8081257483379 8.92927321862237

for improving values of Sr. Accordingly, improving quanti-
ties of Sr results in less friction force. This enables the fluid to
move without restriction within the simulation domain.
Hence the fluid velocity enhances for improving amounts
of Sr. Also, the mass diffusivity coefficient (D,,) has a pro-
portional relationship with the Soret number. Figure 7 states
that the mass diffusivity coefficient upsurges for improving
amounts of Sr. The Soret effect develops when there is a
differential between light and heavy molecules owing to the
temperature gradient, then the mass transfer rate reduces.
Hence, the fluid concentration improves for mounting quanti-
ties of Sr. Consequently, the concentration distribution is
remarkably improved due to uprising amounts of Sr. To raise
the concentration boundary layer thickness, this result is crucial.

The concentration and velocity fields are affected by the
chemical reaction parameter (Kr), according to Figures 8 and
9. Figure 8 reveals that for higher levels of Kr, the fluid
motion improved substantially. The figure demonstrates
how significantly the concentration distribution is impacted
by Kr. Physically, the interfacial mass transfer rate gets
reduced by Kr, which raises the concentration level. Conse-
quently, rising levels of Kr cause the fluid concentration to
develop.

Figures 10 and 11 reveal the concentration and velocity
fields for several amounts of Schmidt number (Sc). Figure 10
confirms that velocity lessens with an improvement of Sc.
Growing amounts of Sc show a reduction in mass diffusivity
since Sc is the ratio of kinematic viscosity to mass diffusivity.

Moreover, the medium becomes more viscous, which reduces
the fluid’s movement. We conclude from Figure 11 that the
concentration border layer becomes thinner for growing
levels of Sc. This causes the concentration patterns to decline.
Physically, when the amount of Sc is turned up, the molecule
diffusivity reduces. Therefore, the species concentration level
rises for a small quantity of Sc and drops for larger levels of Sc.
In addition, we note that the concentration field initially
develops very near the wall (0.0 <#<0.5), then exhibits the
opposite pattern as previously described, and ultimately
approaches asymptotically to zero as 5 — 7.

5. Mass Transfer Rate, Local Skin Friction
Coefficient, and Heat Transfer Rate

The authors are very much interested in presenting the mass
transfer rate (¢'(0)), heat transfer rate (6'(0)), and local skin
friction coefficient (f(0)) in the tabular formations. The roles
of numerous amounts of the dimensionless parameters/
numbers such as Prandtl number (Pr), chemical reaction
parameter (Kr), Schmidt number (Sc), and Soret number
(Sr) on f(0), 6'(0), and ¢'(0) have been explained in
Tables 1-4.

Tables 14, respectively, reveal the effects of the chemical
reaction parameter (Kr), the Prandtl number (Pr), the
Schmidt number (Sc), and the Soret number (Sr) on the local
skin friction coefficient (£(0)), heat transfer rate (6'(0)) and
mass transfer rate (¢'(0)). It is found from these above
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TasLe 2: Effects of prandtl number (Pr) on the parameters — 6'(0), f°(0), and — ¢'(0).
Pr -0'(0) f(0) ~¢'(0)
0.71 1.18771638573335 8.85864448239019 5.65217488955874
1.0 1.46476825328160 8.65656548497696 5.65217488955874
7.0 5.51391564856181 8.17165072546812 5.65217488955874
Taste 3: The impacts of Schmidt number (Sc) on the parameters — 6'(0),f°(0), and — ¢'(0).
Sc -0'(0) f(0) —¢'(0)
0.22 1.18771638498749 10.0746012675587 0.108384307585017
0.33 1.18771638885577 9.62366576116527 0.069720416725401
0.50 1.18771638572732 9.24679191460255 0.002505812448533
0.67 1.18771638574022 9.03351205400936 0.081416805495035
TasLE 4: The impacts of Soret number (Sr) on the parameters —6'(0)f(0), and — ¢'(0).
St -0'(0) f(0) ~¢'(0)
0.5 5.51391564856181 4.90590851190151 0.671996141325176
1.0 5.51391564856181 5.99448920651541 2.33205569339520
2.0 5.51391564856181 8.17165072546812 5.65217488955874

Tables that the values of £(0) enhance for higher values of Kr
and Sr. On the other hand, with an increase in Pr, and Sc the
values of (0) diminish. The values of (0) increase by about
31%, and 66% due to improving values of Kr from 0.5 to 2.0,
and Sr from 0.5 to 2.0, respectively. Besides, the value of £(0)
reduces by about 8%, and 10% for higher values of Pr from
0.71 to 7.0 and Sc from 0.22 to 0.67, respectively. The heat
transfer rate is enhanced with upward values of Pr. The
values of & (0) improve by about 23% due to uplifting values
of Pr from 0.71 to 1.0. For this reason, the fluid temperature
improves for higher values of Pr. The values of ¢/ (0) enhance
by about 58%, and 247% due to growing values of Kr from
0.5 to 2.0, and Sr from 0.5 to 2.0, respectively. Also, the mass
transfer rate decays by about 25% for higher values of Sc
from 0.22 to 0.67.

6. Conclusions

We analyzed the effects of the Soret and Dufour on unstable
MHD convective transmission over a vertical porous sheet in
the presence of the chemical reaction. The following remarks
can be concluded as:

(i) The fluid velocity upgrades for improving amounts
of Gr, Df, Sr, and Kr, but declines with growing
amounts of magnetic field.

(ii) For higher values of Sr and Kr, the species concen-
tration is enhanced significantly.

(iii) The fluid temperature advances for higher values of
Df.

(iv) The velocity lessens with an improvement of Sc.

(v) The flow parameters £(0) and ¢’(0) are enhanced
by about 31% % and 58% for higher values of Kr
from 0.5 to 2.0.

(vi) Both £(0) and ¢'(0) declined by about 10% and
25%, respectively, for higher amounts of Sc
(0.22-0.67).

(vii) Both £(0) and ¢'(0) enhanced by about 66% % and
247%, respectively, for higher amounts of Sr
(0.5-2.0).

Nomenclature

MHD: Hydromagnetic

£(0): Local skin friction coefficient

C: Fluid concentration

T,:  Wall temperature

w Velocity component in the x-axis
v(t):  Suction velocity

v: Kinematic viscosity

C: Wall concentration

T,:  Mean fluid temperature

o: Similarity parameter

D,:  Mass diftusivity coefficient

6(n): Non-dimensional temperature
Gr: Local Grashof number

v: Velocity component in the y-axis,
Df: Dafour number

Sc: Schmidt number

T Shear stress

Sy Sherwood number
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ke Thermal diffusion ratio

k: Thermal conductivity

Cs:  Free stream concentration
f(n): Non-dimensional velocity

T: Fluid temperature

By: Uniform magnetic field

p: Fluid density

Uy (t): Uniform surface velocity

g Acceleration due to gravity
Te: Free stream temperature

Gm:  Modified local Grashof number
Vo Suction and blowing

Pr: Prandtl number

Kr: Chemical reaction parameter
6'(0): Heat transfer rate

¢(n): Nondimensional concentration
M: Magnetic force parameter
¢'(0): Mass transfer rate

N,:  Nusselt number

Sr: Soret number

C: Concentration susceptibility
Cpy Specific heat at constant pressure
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