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Abstract

This paper analyzed the effects of dual stratification on mixed convective electro-
magnetohydrodynamic flow over stretching plates with multiple slips. With the aid of the
similarity transformation technique were, the governing boundary equations, that were
partial differential equations, were changed to a couple of ordinary differential equations
and then solved with fourth order Runge Kutta method and Newton’s Raphson shooting
techniques. It was observed that the magnetic field, Buoyancy ratio, permeability,
momentum slip parameters, Dufour, Soret and Brinkmann numbers made the thermal
boundary layer thickness to increase but the solutal stratification, electric field, chemical
reaction, solutal slip, suction, thermal slip and thermal stratification parameters, Prandtl,
Richardson and Lewis number decreased the thickness of the thermal boundary layer.
The Buoyancy ratio, permeability, momentum slip, thermal slip and thermal stratification
parameters and Soret number enhanced the solutal boundary layer thickness.
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Nomenclature

(x,y) = Cartesian coordinates

(u, v) = Velocity components along x and y axes

A4, A, = Thermal stratification coefficients
B4, B, = Solutal stratification coefficients
T,, = Free-stream temperature of fluid

T,, = Temperature of the sheet

T = Temperature of fluid

¢p = Specific heat at constant pressure

k' = Permeability of the porous media

K = Permeability parameter

D,,, = Mean diffusion coefficient

k; = Thermal-diffusion ratio

¢s = Concentration susceptibility of the fluid
S, = Soret number

g = Acceleration due to gravity

q1 = Velocity slip parameter

q, = Temperature slip coefficient

g3 = Concentration slip coefficient

Q3 = Solutal slip parameter

D, = Dufour number

Le = Lewis number

Np = Buoyancy ratio parameter

qm = Wall mass flux

hy = Heat transfer coefficient

Pr = Prandtl number

Cr = skin-friction coefficient

Re = Reynolds number

Nu = Nusselt number

q, = Wall heat flux

Br = Brinkman number

U,, = Free stream velocity of fluid
S = Suction parameter

C = Concentration of fluid

C,, = Free-stream concentration of
fluid

C,, = Concentration of the sheet

D = Diffusion coefficient

T,, = Mean temperature of the fluid
Sh = Sherwood number

S¢ = Solutal stratification parameter

St = Thermal stratification
parameter

R; = Richardson number

M = Magnetic field parameter
E = Electric field parameter
S = Suction parameter

Q1 = Momentum slip parameter
Q, = Thermal slip parameter
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Symbols
1 = Dimensionless Variable 0 = Dimensionless Temperature
T,, = Wall shear stress y = Reaction rate parameter
v = Kinematic viscosity of fluid ¢ = Dimensionless concentration
p = Density of fluid a, = Viscoelastic parameter
a = Thermal diffusivity of fluid B = Chemical reaction rate parameter
P, = Ambient density of the fluid pp = Density of the fluid particles

1 = Stream function

1. Introduction

The study of stratification effects on electro-magnetohydrodynamics continues to
physically run simultaneously with heat and mass transport, thus it is worth looking into
the two fold stratification mechanism (thermal and mass stratifications) on fluids Hayat et
al. [1]. Stratification of magnetohydrodynamic flow on fluids has received must attention
in recent years. The effect of free convective MHD flow in a micropolar fluid with
double stratification is an important component in fluid Srinivasacharya and Upendar [2].
Electro-magnetohydrodynamic micropumps in a spatially non-uniform magnetic field
revealed that, when the decay factor of the magnetic field increases, the EMHD velocity
drops. Aside from that, EMHD velocity rises as the electric field strength rises Jian and
Chang [3]. The influence of temperature on stratification of MHD nanofluid radiative
flow in a nonlinear stretching sheet with varying thickness was found to improve fluid
temperature, velocity and fraction of the volume of nanoparticle concentration Yahaya
and Faisal [4]. Thermally mixed convective flow of stratified MHD nanofluid across a
viscous dissipation effect on an increasingly stretched surface showed that, as the thermal
stratified parameter is increased, the temperature and concentration profiles are lowered
Besthapy et al. [5]. Effects of twofold stratification on mass and heat transfer in a non-
uniform MHD nanofluid flow across a flat surface with shooting technique, they used the
Runge-Kutta-Fehlberg fourth order algorithm. Thermal stratification reduced temperature
of the fluid, while solutal stratification reduced nanoparticle concentration, according to
the findings Mutuku and Makinde [6]. Modeling non-Fourier energy for investigating
double stratified nanofluid flow past a permeable shrinking/stretching surface. The
implementation of the solutal and thermal stratification parameters resulted in a small
increase in temperature and concentration Khashi’ie et al. [7].
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Reddy and Chamkha [8] analysed the implications of the Dufour and Soret numbers
in unstable MHD mass and heat transport with thermophoresis and non-uniform heat
generating absorption from permeable stretched. Increasing Soret number or reducing
Dufour number reduces skin friction and mode of heat for shrinking sheets, whereas the
opposite is true for stretching sheets Dulal ef al. [9]. The impact of Ohmic heat on Casson
fluid MHD mixed convection flow using the Range-Kutta-Fehlberg method was studied
by Gireesha et al. [10]. Impacts of Dufour and Soret over mass and heat transfer pattern
of the disrupted flow component causes lack of originality in a presented wave-like
tendency in the y-axis, as revealed by Gbadeyan et al. [11]. Raddy et al. [12] employed
the Homotopy analysis evaluate the Dufour and Soret effect over MHD viscoelastic fluid
flows through an infinite vertically stretching sheet. Rasool ez al. [13] revealed that the
Soret and Dufour numbers have different features in fluid Significants of Dufour and
Soret numbers on binary chemical reaction and thermal radiation on Darcy Forchheimer
nanofluids flow is a key that influences the raising effect of both temperature and
concentration. The Dufour and Soret’s influence on forced convection flow involving
Buongiorno’s nanofluid theory toward a moving item needle resulted that as the needle
thickness increases, the solution mass and heat percentages transfer mode decreased
Salleh et al. [14]. MHD mixed convection nanofluid flow over a nonlinear has been
convectively heated due to the Soret effect on an extended surface which causes a rise of
values of Soret number with rising magnetic field values decreasing the speed
distribution Bouslimi et al. [15].

MHD slip flow for viscoelastic fluid across the stretched sheet has numerous
solutions for mass and heat transfer Turkyilmazoglu [16]. Daniel et al. [17] examined the
MHD nanofluid flow through permeable nonlinear stretching/shrinking sheet, the impact
of slip and convective circumstances, was that heat and mass convective boundary
conditions augmented temperature of nanoparticle concentration field. The numerous slip
effects on MHD axisymmetric buoyant nanofluid flow with chemical reaction and
radiation over a stretching sheet indicated that, in terms of numerous slip effects,
boundary layers rise, whiles the influence of thermal slip on Nusselt number grows as
values rise Khan et al. [18]. The impact of multiple slips on MHD unstable viscoelastic
nanofluid flow with radiation across a permeable stretched sheet shows that the boundary
layers expand when multiple slips are present. The velocity distribution was also
controlled by the viscoelastic and buoyancy parameters, and it decreased as the magnetic
parameter was increased Khan etz al. [19]. The influence of numerous slip on unsteady
MHD flow mass and heat transfer infringing on a porous stretched sheet with radiation
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was realised that the skin fraction coefficient rises as magnetic field, Prandlt, Schmidt
numbers, uncertainty parameter, and suction parameter increase Mabood and Shateyi
[20]. Analytical investigation into the MHD slip transfer of heat with viscous dissipation
and thermal radiation of Darcy flow of viscoelastic fluid across a stretching sheet is a key
factor that, increases numbers of porosity, magnetic, velocity slip, thermal radiation
parameters and Eckert number causing the temperature field to increase Wahid et al.
[21]. A studied on non-Newtonian slippery Nanofluid flow caused by a stretching sheet
across a porous medium with heat generation and thermal slip was carried out by Abass
et al. [22]. The thermal slip parameter and the mixed convection parameter are
demonstrated to have a significant impact on the wall heat transfer coefficient. Ibrahim
and Gizewu [23] investigated the three-dimensional continuous thin film flow of tangent
hyperbolic fluid past a stretching surface together with nonlinear mixed convection flow
and entropy production. As shown in works by Yin et al. [24], the literature survey
reveals a number of research that explore the viability of obtaining exact solutions for
specific nonlinear models. There was another report on MHD free convective stagnation-
point flow toward an inclined nonlinearly stretching sheet embedded in a porous medium
Biswal et al. [25]. The non-Newtonian has been the subject of investigation since Sher
Akbar and Mllawi [26] investigated the slip velocity of a non-Newtonian fluid moving
above a continuously stretched surface employing double-diffusive nanofluid. The heat
transfer properties of a typical non-Newtonian Oldroyd-B fluid are significantly
influenced by the salt concentration and the presence of nanoparticles. In recent years,
Shehzad et al. [27] released their investigation of MHD non-Newtonian fluid flow via an
inclined permeable and rotating plate. A numerical analysis in order to comprehend the
two-dimensional flow behavior of power-law fluids through a rotating elliptic cylinder in
an unconfined domain. The findings of this study unequivocally demonstrate that the
flow phenomenon around a rotating elliptic cylinder strongly depends on the power-law
index, rotational speed, aspect ratio, and Reynolds number Kumar and Sahu [28].

It is evident from the literature survey that investigations into stratification effect on
MHD mixed convective flow with induced electric field over slippery plate is limited.
The research sought to investigate the effects of dual stratification on mixed convective
electro-magnetohydrodynamic flow over a stretching plate with multiple slip.

2. Mathematical Formulation

Consider a steady, laminar, incompressible, two-dimensional mixed convective flow
of an electrical conducting and stratified fluid past a stretching surface embedded in
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porous media with Soret and Dufour effects and multiple slips. External transverse
magnetic and electric fields of intensity B, and E, respectively are applied to the flow.
The induction due to the magnetic field and hall current effects are disregarded for very
small magnetic Reynolds number. The x-axis is parallel to the stretching sheet, and the
y-axis is perpendicular to it. The stretching plate’s velocity is assumed to be proportional
to its distance from the origin (that is u,, = bx). The stretching sheet’s temperature and
concentration are T, = Ty + A;x and C,, = Cy + B1x respectively whereas the fluid's
ambient concentration and temperature are C, = Cy+ B,x and T, =Ty + A,x

respectively.
Y,V )

Solutal boundary layer

Thermal boundary layer

Velocity boundary layer

Figure 1: Schematic diagram of the flow.

By the boundary layer approximations, the continuity, momentum, energy and
concentration equations modelling the flow problem can be expressed as:

Z+2=0, Q)
ug—z+ vg—; = UZZTZ—GTBO(BOu— Ey) —%u +%[poo/?g(1 —C)(T—-T,) —g(pp -

p)(C = C)], ()
ug—i+v2—;=a({;ZT:+p—‘;(Z—;)2+£(BOu—E)2+D:—Ck;%, 3)
uZ—i+vZ—§=D227§—y(C—COO)+D;":tZL;, “4)

subject to the boundary conditions;

u(x,0)=bx+qlg—;, v(x,0) = —v,, T(x,0)=T0+A1x+qZZ—§, C(x,0) =Cy+
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le+q3g—;, aty =0
u(x,0) = 0, T(x,0) = Ty+ A,x, C(x,0) > Cy+ Byx, asy — . 5)

3. Similarity Transformations

Equation (1) is satisfied identically by defining the stream function, Y (x, y) as;

_w _
U= and v = o ©6)

The following independent variable 7, dimensionless temperature 6(n), stream function
Y(x,y), and dimensionless concentration ¢(n) were used to convert to the flow
equations into nonlinear ordinary differential equations (Goyal and Bhargava [29]);

-T:

o, B =

n= y\/%, 1/)(x, }I) = \/Exf(n)' 9(77) = fw_fzo ) (7)

Plugging equations (6) and (7) into equations (2) to (5) yield;

£ o)+ ff = £20) —M(f' () — E) = Kf () + Ry (6() — Ngp(n)) = 0,
6'() + Prf (m©@(m) + Sp) + Pr £ ()8 () + Brf 2(n) + BrM(f (n) — E)” +
PrDy¢"(m) = 0,

@' (M) —PrLef' M) + S5l + PrLef(n)e'(n) — PrLefo(n) + PrLeS,0'(n) =
0, (8)

subject to the boundary conditions:

f(0)=1+Q,f"(0), f(0)=S, 6(0)=1—S5;+Q,6'(0), $(0) =1—S,+

Q39'(0), f'(0) >0, 8(x) >0, ¢p(x) -0, 9)
where M = 98§ R, =S - b K=" G = Br(1=Co) (T —To) x>
pb’ 17 Re?’ Bobx’ k'b’ T pv2 ’

_ (Po=pe)Cw=Co) v _ A2 _ o nug By DpKe(Cy—Co) _
NB - pooB(C_Coo)(Toc_TO)’ PT - a’ ST - Al’ BT - k(Tw_TO), E - Bobx’ CSCPU(TW_TO) - DO’

Dinke(Tyw—To)

a B ¥
Le=—S. =2 =% 85,= .
DS T B B b’ "0 T UT,(Cw—Co)

The skin-friction coefficient (Cf), Nusselt number (Nu), and Sherwood number (Sh)

are the main parameters of engineering relevance. They are defined respectively as;

_ Tw — _ Xw — _ Xdm
Cr T opud’ Nu k(Ty=To)’ Sh D(Cw—Co) (10)

Earthline J. Math. Sci. Vol. 14 No. 1 (2024), 75-103



82 Mike Baako, Christian John Etwire, Golbert Aloliga and Yakubu Ibrahim Seini

where T, represents wall shear stress, q,, represents wall heat flux and g,, represents
wall mass flux, which are expressed respectively as:

tw=ug| s aw=—kg| am=-D3| . an
ly=g yly=g yly=o
Plugging equation (11) into (10) gives,
Rey/?C; = £'(0), (12)
Re;Y*Nu = —0'(0), (13)
Re;Y%Sh=—¢'(0) (14)

W

where Re, =¥ is the local Reynolds number. The coupled nonlinear differential

equations were solved numerically by employing the fourth order Runge-Kutta algorithm
with a shooting method.

4. Results and Discussion

The results of the current model for Nusselt number represented by (—6'(0)) was
compared to works by Wang [30] and Goyal and Sidawi [31] for different values of the
Prandtl number (Pr) and for S =S =E =R, =M=0=0,=0Q0,=Q3; =Dy =S =
Le=Br=K=5,=Ng =0 and their findings were completely in agreement. This
verifies the current model. Table 1 illustrates the comparison.

Table 1: Computations showing comparison with Wang [30] and Goyal and Sidawi [31].

Wang [30] Goyal and Sidawi [31] Present Work

Pr —6'(0) —6'(0) —6'(0)
0.7 0.4539 0.4539 0.4539
2.0 0.9114 0.9113 0.9114
7.0 1.8954 1.8954 1.8954
20.0 3.3539 3.3539 3.3539

4.1. Impact of thermophysical parameters on coefficient of skin friction, Nusselt
number and Sherwood number

The influence of the thermophysical variables on the skin friction coefficient
( f ”(0)), Nusselt number depicted by heat transfer rate (—6'(0)) and Sherwood number
depicted by the mass transfer rate (—¢'(0)) are illustrated in Table 2 and Table 3. The
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skin friction coefficient, Sherwood number and Nusselt number all rise as the Prandtl
number and Suction parameter are increased. Also, the electric field parameter and
Richardson number are noted to appreciate the Nusselt and Sherwood numbers but
lowered the skin friction coefficient. It is also worth noting that as the Soret number rises,
the Nusselt number and skin friction coefficient also appreciate as well, while the
Sherwood number decays. Furthermore, increasing the permeability, magnetic field,
buoyancy ratio, and thermal stratification parameters raise the skin friction coefficient
while lowering Sherwood and Nusselt numbers. In addition, the Lewis number, Dufour
number, chemical reaction parameter, and Brinkmann number lowered Nusselt number
and skin friction coefficient while raising the Sherwood number. Furthermore, hike in the
Solutal stratification and solutal slip parameters increase the Nusselt number while
lowering the Sherwood number and skin friction coefficient. In addition, raising the
thermal slip parameter raises the Sherwood number and skin friction coefficient while
lowering Nusselt number. Finally, Nusselt number, Sherwood number and skin friction
coefficient are all reduced when the momentum slip parameter is increased.

Table 2: Computational results for (—f''(0)), (—60'(0)) and (—¢’'(0)) for different
parameter values, where Ry, Ng, M, E,Br,S,K = 0.1 and Pr = 0.7.

Ss | Le | So | B | Sr | Q1 Q2] Q3 Dy —f(0) —6'(0) —¢'(0)
0.1 03(01]01,01]02/0202]0.2 0.833359 | 0.586393 | 0.318423
0.3 0.832196 | 0.589044 | 0.278211
0.5 0.831033 | 0.591682 | 0.238011
0.7 0.829869 | 0.594308 | 0.197823

0.5 0.832021 | 0.576675 | 0.434588
0.7 0.831127 | 0.568117 | 0.531060
0.9 0.830483 | 0.560413 | 0.613818
1.0 0.834165 | 0.593431 | 0.237883

2.0 0.835076 | 0.601571 | 0.145419

3.0 0.836003 | 0.610073 | 0.049619

1.0 0.831403 | 0.572087 | 0.491060
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2.0 0.830511 | 0.561293 | 0.606547

3.0 0.829962 | 0.552645 | 0.693908

0.3 0.845368 | 0.527197 | 0.315197

0.5 0.857359 | 0.466667 | 0.311935

0.7 0.869311 | 0.404696 | 0.308657

1.0 0.445573 | 0.512865 | 0.282941

3.0 0.213625 | 0.443570 | 0.254813

5.0 0.141720 | 0.415254 | 0.244232

1.0 0.845334 | 0.381362 | 0.318975

2.0 0.852258 | 0.265883 | 0.319207

3.0 0.856014 | 0.204208 | 0.319305

Table 3: Computational results for (—f ”(0)), (—6'(0)) and (—¢'(0)) for different
parameter values where Sg, Sg, B8, St, @1 = 0.1, Q5,0Q3,Dy = 0.2 and Le = 0.3

R, Ny M | E Pr Br S |K| —f(0) —6'(0) —¢'(0)
0.1 |01/01 01 07]01 0.1 01 0833359 @ 058393 | 0318423
1.0 0.600577 = 0.651496 | 0.351211
2.0 0383422 0.694503 | 0.374036
3.0 0.188093 | 0.725771 | 0.391583
1.0 0.884196 = 0.549776 | 0.298686

1.3 0.903194 | 0.530189 | 0.289249

2.0 0951203 = 0431920 | 0.257856

0.5 0.920096 | 0.567445 | 0.315490

1.0 1.016257 | 0540750 | 0.307592

1.5 1.099263 | 0.517565 | 0.300381
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0.4 0.801512 0.614273 0.337443
0.7 0.771467 0.630867 0.351925
1.0 0.742774 0.640699 0.363818
1.0 0.838604 0.714526 0.389399

1.5 0.843629 0.876522 0.488156

2.0 0.846577 0.999039 0.569224

1.0 0.827019 0.367164 0.324586

2.0 0.820231 0.130535 0.331168

3.0 0.813679 -0.099375 0.337503

0.5 0.971689 0.670235 0.336828

1.0 1.161932 0.790281 0.366795

1.5 1.360541 0.921998 0.405242

1.0 | 1.071622 0.497844 0.278800

20| 1.258928 0.432354 0.255085

3.0 | 1.404032 0.385191 0.239956

4.2. Graphical results

4.2.1. Velocity graphs

In Figure 2 increasing values of solutal stratification parameter increases the thermal

diffusion rate thereby reducing fluid’s viscosity, leading to the increase in velocity as

indicated on the velocity profile. The influence of magnetic field parameter on velocity is

seen in Figure 3. The Lorentz force of attraction increases as the thickness of the

momentum boundary layer grows for high magnetic field parameter values, yet the

velocity increases as a result of the high kinetic energy in the fluid due to the high

presence of the thermal diffusion rate. The influence of the Richardson number on

velocity profile is shown in Figure 4. The momentum boundary layer thickness grows as

the Richardson number increases, resulting in decreasing shear stress on the sheet. This is

owing to the fact that when the Richardson number rises, the natural convection effect
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increases, which is accompanied by a reduction in the velocity gradient. Figure 5 show
that a higher electric field value increases fluid velocity. This is because; the electric field
operates as an accelerating force. The Lorentz force becomes stronger as electric field
parameter increases, creating more enhancement and resolving sticky effects caused by
fluid particles that imply an increase in the thickness of the momentum boundary layer.
Excitation in fluid molecules causes a rise in velocity when the electric field parameter is
increased. Figure 6 displays effect of Dufour number on the velocity profile. Because the
unit mass enthalpy of the mixture decreases as the Dufour number rises, the velocity rises
as well. Figure 7 depicts the effect of the Buoyancy ratio parameter on fluid velocity. It
has been noticed that when the Buoyancy ratio is high, the fluid velocity decreases
making the momentum boundary layer narrower. The velocity decreases in Figure 8 as
the Prandtl number rises. This is as a result of the fact that Prandtl number depicts the
ratio between momentum and thermal diffusivity. The thermal diffusivity minimizes
when Prandtl number values are large due to which temperature decreases and hence
reducing the thickness of the momentum boundary layer. When suction parameter is
increased, the momentum barrier layer becomes thinner, as shown in Figure 9. This is
due to a reduction in fluid velocity as a result of increased suction at the stretched
surface. The thermal slip parameter on the velocity graph is displayed in Figure 10. When
thermal slip parameter is increased, the temperature drops, and less amount of heat is
transported from the plate to the fluid, resulting in a thinner momentum barrier layer.

**+ § =01
000 8, =0.3
S§g=05
+++ §,=0.7
fn)
0 . °°3.;;5(-‘§T::g;‘.“h““ "
0 2 4 6 8 10

Figure 2: Velocity graph for various values of solutal stratification parameter.
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Figure 3: Velocity graph for various values of magnetic field parameter.

£n)

Figure 4: Velocity graph for various values of Richardson number.
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£

Figure 5: Velocity graph for various values of electric field parameter.

L X & 3 D(] :0.2
000 Dy =1.0
..... Dy=2.0

+++ Dy =3.0
£

Figure 6: Velocity graph for various values of Dufour numb.
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Figure 8: Velocity graph for various values of Prandtl number.
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Figure 10: Velocity graph for various values of Thermal slip parameter.
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4.2.2. Temperature graphs

The impact of magnetic field parameter on the temperature profile is illustrated in
Figure 11. Due to the Lorentz force of attraction, the magnetic field increases the fluid
temperature which intends increase thermal boundary layer thickness. Figure 12 shows
that, when the Dufour number is increased, the thickness of the thermal boundary layer
increases. This is due to the fact that, Dufour number represents the contribution of
concentration gradients to the flow's thermal energy flux, which raises the temperature. It
is shown in Figure 13 that as the Brinkman number rises, so does the temperature.
Because higher Brinkman numbers impede heat transport and this thickens the thermal
boundary layer, resulting in larger temperature spikes. Temperature distribution of Soret
number is depicted in Figure 14. As the number of Sorets increases, the temperature at
the sheet's surface rises slightly. Figure 15 depicts the influence of Prandtl number on the
temperature profile. As Prandtl number rises, the thickness of the thermal boundary layer
decreases. Thermal diffusivity is decreased and temperature drops when Prandtl number
is large. Figure 16 exhibits the temperature profile when the suction parameter is
increased. The thermal boundary layer thickness decreases due to closeness of the fluid at
the plate surface. The temperature profile for the Lewis number is depicted in Figure 17.
The ratio of heat diffusivity to mass diffusivity is known as the Lewis number. In this
situation, the thermal barrier thickens as the Lewis number rises, but the rate of heat
transfer lowers the temperature due to heat dissipation, which means energy is lost and
the temperature falls. Figure 18 shows the temperature profile with different values of
thermal stratification parameter. For higher values of the thermal stratification parameter,
the fluid temperature drops. When there is a lot of thermal stratification, the difference
between the surface and ambient temperatures is physically reduced. As a result, the fluid
temperature in the boundary region drops, and the thickness of the thermal boundary
layer decreases.
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Figure 11: Temperature graph for various values of magnetic field parameter.
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Figure 12: Temperature graph for various values of Dufour number.
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Figure 14: Temperature graph for various values of Soret number values.

10

Earthline J. Math. Sci. Vol. 14 No. 1 (2024), 75-103



94 Mike Baako, Christian John Etwire, Golbert Aloliga and Yakubu Ibrahim Seini

074
* &k i
- Pr=0.7
4. oooPr=1.0
os1'd ] ... §=15
. o I +++Pr=2.0

0.71
ok ok =

06 @y =0:1
000 @, =0.5

o i T [ $=1.0

() 041 ++:\I(-WS =1.5
034
021
014
0 T g -
0 2 4 6 8 10

Figure 16: Temperature graph for various values of Suction parameter.
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Figure 18: Temperature graph for various values of thermal stratification parameter.
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4.2.3. Concentration graphs

The effect of Soret number on the concentration profile is demonstrated in Figure 19.
When Soret number is increased, the concentration profile within the flow regime
changes dramatically. Figure 20 demonstrates that, an increase in thermal stratification
reduces the velocity of the particles. This is because there is reduction of heat in the
particles and the velocity drops as a result, thickening the concentration boundary layer.
Figure 21 shows how the Prandtl number affects the concentration profile. The Prandtl
number reduces the temperature when is increased. This is because as the Prandtl number
rises, fluid’s thermal conductivity falls, reducing the thickness of the concentration
boundary layer. In addition, increasing the magnetic field value lowers the concentration
profile as shown in Figure 22. The Lorentz force is a resistive force that slows the
velocity of an electrically conducting fluid when the magnetic field parameter is changed.
As a result, the concentration of the fluid drops, reducing the thickness of the
concentration boundary layer. Figure 23 indicates that increasing the solutal slip
parameter reduces concentration by increasing the rate of reaction, which lowers the fluid
concentration. As a result, the profile illustration shrinks.
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Figure 19: Concentration graph for various values of Soret number.
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Figure 20: Concentration graph for various values of thermal stratification parameter.
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Figure 21: Concentration graph for various values of Prandtl number.
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Figure 22: Concentration graph for various values of magnetic field parameter.
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Figure 23: Concentration graph for various values of Solutal slip parameter.
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5. Conclusion

The effects of dual stratification on mixed convective electro-magnetohydrodynamic
flow over a stretching plate with multiple slips and cross diffusion has been examined in
this study. The partial differential equations were converted into nonlinear ordinary
differential equations with the aid of similarity analysis. The nonlinear equations were
solved using the fourth-order Runge-Kutta method with Newton Raphson shooting
technique.

e The skin friction coefficient was enhanced when the suction number, Prandtl
number, permeability parameter, Soret number, thermal stratification parameter,
thermal slip parameter, magnetic field parameter and buoyancy ratio parameter
were increased.

* As the solutal stratification parameter, Soret number, solutal slip parameter,
Richardson number, electric field parameter, suction, and Prandtl numbers
increased, the heat transfer rate towards the plate surface is increased.

e With the increase in Lewis number, Dufour number, Richardson number, electric
field parameter, Brinkmann number, chemical reaction parameter, thermal slip
parameter, suction parameter and Prandtl number, the mass transfer rate at the
surface increased.

*  The momentum boundary layer thickness was increased by solutal stratification
parameter, Dufour number, solutal slip parameter, Lewis number, magnetic field
parameter, electric field parameter, chemical reaction parameter, Richardson
number, and Brinkmann number while the Soret number, Prandtl number,
suction parameter and Buoyancy ratio parameter decreased the momentum
boundary layer thickness.

*  The thermal boundary layer thickness was increased by permeability parameter,
magnetic field parameter, Dufour number, Brinkmann number, buoyancy ratio
parameter, momentum slip parameter, and Soret number, but the solutal
stratification parameter, Lewis number, electric field parameter, solutal slip
parameter, chemical reaction parameter, Prandtl number, Richardson number,
suction parameter, and thermal slip parameter increased the thickness of the
thermal boundary layer.
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The Soret number, buoyancy ratio parameter, thermal slip parameter,
permeability parameter, momentum slip parameter, and thermal stratification all
enhanced the thickness of the solutal boundary layer.

The solutal boundary layer thickness was depleted by the magnetic field
parameter, Dufour number, Brinkmann number, solutal stratification parameter,
electric field parameter, suction parameter, chemical reaction parameter,
Richardson number, Prandtl number, solutal slip parameter and Lewis number.
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