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Abstract: This work studies the steady two-dimensional MHD free convection flow past an inclined
porous plate embedded in the porous medium in the presence of heat source, Soret effect, and chemical
reaction. The non-dimensional governing equations are solved by the perturbation technique. The
Rosseland approximation is utilized to describe the radiative heat flux in the energy equation. The effect
of magnetic parameter, heat source parameter, radiation parameter, Grashofinumber, modified Grashof:
number, Schmidt number, Prandtl number, porosity parameter, Soreti number, and chemical reaction
on velocity, temperature, concentration profiles, skin friction, Nusselt number, and Sherwood number
are mainly focussed in discussion with the help of graphs. It is seen that velocity, concentration, and
skin friction fall with the increasing value of chemical reaction. Further, temperature, Nusselt number,
and Sherwood number increase with the increasing value of chemical reaction.
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Nomenclature:

g Fluid velocity; T Fluid temperature;

B, Strength of magnetic field ; T, Mean fluid temperature;

vV, Suction velocity ; T, wall temperature;

u, velocity of plate; T, Fluid temperature far away from the plate;
C, Specific heat at const. pressure ; C Species concentration;

g, Radioactive heat flux; C,, Wall concentration;

M Magnetic parameter ; C., Concentration far away from the plate;
Pr Prandtl number ; u Dimensionless velocity ;

E Eckert number ; p Fluid density ;

Sr Soret number ; v Kinematic viscosity ;

D, Mass dissusivity ; o Electrical conductivity ;

K; Thermal diffusion ratio; x Thermal conductivity ;

R Chemical reaction;; U Coefficient of viscosity ;

S Volumetric coefficient of thermal expansion;
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F Radiation parameter ; B, Volumetric coefficient of thermal expansion
S heat source; with concentration;

Gr Grashof number ; 6 Dimensionless temperature;

Gm Modified Grashof number ; ¢ Dimensionless concentration;

K' Porosity parameter ;
Sc Schmidt number ;

1. Introduction

The study of magnetohydrodynamics nowadays has sparked a lot of interest and
concern due to its applications in petroleum industries, gas turbines, plasma physics, food
processing industries, geothermal energy, nuclear power plants, cooling of nuclear reactors,
and lubrication industries, etc. It is also utilized in labs for chemical, medicinal, and biological
research. Alfven [1] was the first to use the concept of magnetohydrodynamics. Several
significant authors, including Cowling [2], Ferraro and Plumpton [3], and Crammer and Pai
[4], contributed to the current form of MHD. On the other hand, several academics have
researched MHD flows. In the presence of an induced magnetic field, Singh and Singh [5]
investigated the influence of MHD on heat and mass transfer in a viscous fluid. They [6] also
demonstrated MHD free convection and mass transfer flow through a flat plate. In the presence
of viscous dissipation, MHD natural convection flow heat and mass transfer in a moving
vertical plate with the convective condition were analyzed by Shateyi [7]. In the presence of a
constant heat source, Lawal and Jibril [8] examined the impact of relative motion of a magnetic
field on unsteady MHD natural convection flow. Ramakrishna et al. [9] evaluated the effect of
an aligned magnetic field on an unstable natural convective flow past an inclined vertical plate.
Ilias et al. [10] studied the flow and heat transfer of magnetic nanofluids past an inclined plate
in an unsteady aligned MHD boundary layer. MHD mixed convection flow of a maxwell
nanofluid in the presence of varying thermal conductivity, Dufour, and Soret effects was
studied analytically by Jawad et al. [11]. In a magnetohydrodynamic flow of nanofluid,
Masood et al. [12] described viscous dissipation. The effects of suction/injection, the
permeability of porous materials, and viscous dissipation on an electrically conducting
incompressible fluid passing through a vertical plate were studied theoretically by Ajibade et
al. [13]. Thermal radiation and chemical reactions have an impact on magnetohydrodynamic
nanofluid flow past a stretching vertical surface explored by Devi et al.[14]. Ganga et al. [15]
looked at how an inclined magnetic field affected entropy formation in a nanofluid over a
stretching sheet with partial slip and non-linear thermal radiation. Dar [16] studied the impact
of thermal radiation, temperature jumps, and an angled magnetic field on peristaltic blood flow
transfer in an asymmetric channel with varying viscosity and heat absorption/generation.
Selvarasu and Balamurugan [17] investigate the effects of viscous dissipation, ohmic heating,
and chemical reaction on MHD free convection flow past an inclined porous plate with a heat
source. Parashar and Ahmed [18] study the effects of Hall current, ion slip current, and
chemical reaction on unsteady MHD convective flow of liquid lead through an impulsively
started semi-infinite vertical porous plate in the presence of a uniform magnetic field. In the
presence of radiation and Soret effects, Ahmed [19] investigated the influence of transient
magnetohydrodynamics free convection flow from an impulsively begun infinite vertical plate.
Jena et al. [20] published a paper on the effect of chemical reactions on magnetohydrodynamics
viscoelastic fluid flow over a vertical stretching sheet with a heat source/sink. Gurram et al.
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[21] examine the influence of a chemical reaction on the magnetohydrodynamics Casson fluid
flow along an inclined surface with radiation. In the presence of hall current, Raju [22]
examined the role of a chemical reaction and associated buoyancy effects on an unstable MHD
mixed convective flow along with an infinite vertical porous plate. Rashidi et al. [23] analyzed
heat and mass transfer in a constant MHD viscoelastic fluid flow over a vertical stretching sheet
in the presence of Soret and Dufour effects. Venkateswarlu et al. [24] investigated in the
presence of heat generation the radiation effects of mass transfer on non-linear MHD boundary
layer flow of a viscous incompressible fluid through a non-linear porous stretching surface in
a porous medium. Bilal and Nazeer numerically analyzed the non-Newtonian flow across a
stratified stretching/shrinking inclined sheet with an aligned magnetic field and non-linear
convection [25]. Usharani and Selvaraj [26] investigated the influence of a
magnetohydrodynamics stream passing through an exponentially inclined vertical plate of first-
order chemical reaction with variable mass diffusion and thermal radiation. Megaraju and
Shekar [27] evaluated the transient magnetohydrodynamics current of an exponentially
accelerated isothermal vertical plate, considering the effects of hall current and chemical
reactions. In the presence of a chemical reaction, Reddy and Reddy [28] investigated the effects
of viscous dissipation on free convection MHD flow through a porous medium across an
exponentially stretching surface. Oyekunle and Agunbiade [29] examined the effects of several
physical parameters on unsteady MHD slip flow over a permeable vertical plate, including
thermal radiation, viscous dissipation, and inclined magnetic field. With chemical reaction,
arbitrary shear stress, and exponential heating, Sehra et al. [30] studied convective heat mass
transfer and MHD flow over a vertical plate.

2. Mathematical analysis

We consider the two-dimensional electrically conducting viscous incompressible flow
with chemical reaction and Soret effect along with a semi-infinite inclined porous plate at an
angle «to the vertical direction embedded in a porous medium. The temperature and

concentration at stretching surface are T, and C,,, while these values at free streamare T, and

C.. respectively. The physical coordinates-(x',y") are chosen such that x" -axis taken along

[ee]

the direction of motion and y’-axis taken to be normal. The flow is governed by the following
system of equations using the standard Boussinesq approximations.

1:0 (1.1)
oy
Iau’ azu’ 2,1 ILlu, 1 2
V' — = pu—=—0BU'+ pg B(T T, )cosa + pg B, (C~C, )cosa - (1.2)
oy oy
aT o aq au'Y ) 1
PCV —=x—>+Q(T-T, ——r'+,u(—,J +0B,u’ (1.3)
oy oy ( ) oy oy ’
2 2
v D,, 6_S+ K(Cw—C)+Ma—I (1.4)
ay! ay! Tm ay!
The corresponding boundary conditions
aty'=0;u'=0,T7=T, C=C, (2.1)
asy —»ow;U—>0, TH>T,, CoC, (2.2)
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Consider the fluid which is optically thin with a relatively flow density and radioactive
heat flux is given by

% =4(T - T,)1, Where | is the absorption coefficient at the plate. (2.3)

From (1.1) we have v'=-v,, where negative sign indicates that suction velocity is

directed towards the plate.
Introduce non-dimensional quantities to normalize the governing equations:

u 2 v(T, -T v(C,-C
y , u=— M:GBOZV Gr:pﬁ ( V\:; oo) szpﬂc ( \;v oo) .
y:o—y, VO, va , VO , VO ’K:KVO ,
14 V2
T-T c-C Kv
92 = ¢= & 2 R:_Z
w Too Cw_coo Pr_/'lCP VO VO S = QV
K C,(T,-T,) pC vy’
Sc—L
_ M D, g PuKr (T, -T.) (3.1)
pCpVO VTm (Cw —Cw)

Substituting (2.3) and dimensionless quantities (3.1) in equation (1.2) - (1.4) we get,

2

%Jr%u—(M +%)u=—Grcosa9—Gmcosa¢ (4.1)
2 2

Zy—fwr%—Pr(F—s)e:—PrE(%J —PrEMUu? (4.2)
2 2

% + chy—¢— RSc¢g = —SrSc% (4.3)

Subject to the boundary conditions

at y=0;u=0, =1, ¢=1 (5.1)
as y—»0;u—>0,0->0,9-0 (5.2)

4. Method of Solution

The governing equations (4.1), (4.2), and (4.3) are non-linear, and, in order to obtain a
solution, we expand in powers of Eckert number assuming to be small. So that we can express
it as a regular perturbation series

u(y)=u0+gul+o(gz) (6.1)
O(y) =6, +£6,+0(&*) (6.2)
#(Y) =, + ey +0(&) (6.3)

Substituting (6.1)-(6.3) in equations (4.1), (4.2), and (4.3) and neglecting higher-order
terms of o(gz) and equating the coefficient of similar terms, then we obtained the following

zeroth-order and first-order- differential equations.

ug+u(’)—(M +%Ju0 =-Gr cosaf, —Gmcos ag, (7.1)
8," +Prg, —Pr(F-5)6,=0 (7.2)
#" +Scg, —RSce, =—SrSch),’ (7.3)
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u/+u; —(M +%) u, =—Gr cos af, —Gmcos ag, (7.4)

8" +Pro —Pr(F —S)6, =—Pruy? —Pr Mu,’ (7.5)

#" +Sch’ —RScg, =—SrSca,” (7.6)
Boundary conditions (5.1 and (5.2) reduce to the form

y=0; u,=0,u, =0, §,=16,=0, ¢, =1,¢4 =0 (8.1)

y—>0; u,=0,u,=0,6,=06,=0, ¢, =0,¢ =0 (8.2)

Solutions of zeroth-order Equations
The solutions of (7.1) - (7.3) with the boundary conditions (8.1) and (8.2) we get

U, = Ae™ +Ae™ +(A +A)e™ (9.1)
6, =e™ (9.2)
¢ = Ae™ + Ae™ (9.3)

Solutions of first order Equations
The solutions of (7.4) - (7.6) with the corresponding boundary conditions (8.1) and (8.2)
we have,

ul — A36em4y + AZBenhy + A29e2m3y + Agoezmly + Aslezmzy + Asze(n]1+m3)y + A33e(ml+m2)y

AL A e (9.4)
0, = AR™ + (A + Ay )™ +(A+ A )™ + (A + A )€™ +(Ag + Ay )e™ ™
(A + AL )™ 4 (A, + A )™ (9.5)

th = A" + Age™ + AT + A + AP o A e

+A25e(m1+m2)y + Azee(m2+m3)y (96)

Substituting (9.1) - (9.6) in (6.1) - (6.3) we get the following velocity, temperature and
concentration distributions

u(y)=Ae"™ +Ae™ +(A+A)e™ +E(AL™ +AL™ +Ae™™

+ALET™ + A ™™ 4 A el™ ™ LA g(M) A e(Me )Y &Semzy) (10.1)
O(y)=€™ +E{Ae™ +(A +As)e™ +(A+A, )™ +(A+Ag)e™™

H(Ag+ A o™ ™ (A + AL )™ (A + A el (10.2)
B(Y)= Ae™ +Ae™ +E{Ae™ + Ae™ + A ™ + A e

P 1 A e Al gl (10.3)

5. Skin Friction

The co-efficient of skin friction is given by

=—[MA A +M (A +A)+E(MAg +M Ag +2m Ag +2m Ay, +2m, Ay
(M, +my) A (M, +m, ) Ag +(m, +my) A, +m,A) | (11.1)
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6. Nusselt Number

Rate of heat transfer in terms of Nusselt number is given by

Nu :—%}
oy )0

=—[m,+ E{mA +2m, (A +A)+2m (A +A,)+2m, (A +Ag)+(m +my ) (Ag +Ay)
+(my+my) (A, + Ay ) +(m, +my) (A, + Ag)} | (11.2)

7. Sherwood number

Rate of mass transfer in terms of Sherwood number is given by

Sh= —%}
Y |,

= _I:rn.lAl +MmA, + E{msz +M A, +2M A, +2M A, +2m, Ay, +(ml +ms)Az4
(M, +m, ) A +(m, +my) A | (11.3)

8. Results and Discussion

We investigate the influence of physical parameters on velocity, temperature,
concentration profiles, skin friction, Nusselt number, and Sherwood number with the help of
graphs. The graphs are drawn by Matlab. The influence of chemical reaction, radiation
parameter, magnetic parameter, heat source, magnetic parameter, heat source, modified
Grashof number, Grashof number, porosity parameter, and Soret effect on velocity profile
are shown in Figures 1-8. From Figures 1-3, we observed that the velocity profiles are reduced
with the augmented values of chemical reaction, radiation parameter, and magnetic parameter.
That is, from Figurel, the consumption of species drops the fluid velocity to a considerable
extend. Figures 4-8 depict that the velocity increases with increasing values of heat source,
modified Grashof number, Grashof number, porosity parameter, and Soret effect,
respectively.

I T T T T T T T T T

Sc=0.22 M=1 Gr=2 R=o.1
0.9 [ Gm-=2 Pr=o0.71

R=0.3

K=1 Sr=2 S=2 F=2 R-0.7
E=o0.01

R=0.9

Figure 1. Velocity profile for different values of R when ¢ = %

The effect of Grashof number, modified Grashof number, heat source, chemical
reaction, radiation parameter, and Prandtl number on temperature is demonstrated in Figures 9-
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14. Figures 9-12 show that the upsurge in the Grashof number, modified Grashof number,
heat source, chemical reaction factor increases the temperature. The increasing radiation
parameter values and Prandtl number reduce the temperature, as shown in Figures 13 and 14.
Therefore, from Figure 14, high thermal diffusivity causes the temperature field to rise to a
considerable extend.

I T T T T T T T T T

0.0 | Sc=0.22 R=0.1 M=1 Gr=2 —— F=g i
Gm-=2 Pr=o0.71 K=1 Sr=2 3
0.8 S=2 E=o.01 » i

18 20
T
o =—.
6
1 T T T T T T T T T
Sc=0.22 R=0.1 Gr=2 —_— M=1
0.9 [ Gm=2 Pr=o0.71r K=1 M=3 b
Sr-2 S=2 F=2 E-o.01
M=5 i
M=z
= -
8 20
T
a==
Figure 3. Velocity profile for different values of M when 6
Sc=0.22 R=0.1 Gr=2 S=1
09 Gm=2 Pr=o.71r K=1 S 2 7
Sr=2 M=1 F=4 E=o.01
0.8 S-3
S-4

T
Figure 4. Velocity profile for different values of S when o = E

https://biointerfaceresearch.com/ 6286


https://doi.org/10.33263/BRIAC125.62806296
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC125.62806296

T T T

Sc=0.22 R=0.1 Gr=2 Gins3z
M=1 Pr=o.71t K=1 Gia=3
Sr=2 S=2 F=2 E=o0.01
Gm=4 i
Gm-s
8

20

Figure 5. Velocity profile for different values of Gm when ¢ = % .

0.2

Figure 7. Velocity profile for different values of K when o = il
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1.2 T T T T T T T T T
Sc=o0.22 R=0.1 Gr=2 —— Sr=1
k Gm=2 Pr=o0.71 K=1 S— T i
M-=1 S=2 F=2 E=0.01 Sizy
| Sr=4
0.8 i
0.6 [ 1
=]
0.4 4
0.2 b
o1
-0.2 1 1 1 1 | | | 1 |
o 2 4 6 8 10 12 14 16 18 20

/4
Figure 8. Velocity profile for different values of Sr when & = g

The influence of chemical reaction and Soret effect on the concentration is shown in
Figures 15 and 16. Figure 15 displays that the concentration distribution decreases with
growing values of a chemical reaction, and it increases with rising values of Soret number, as
shown in Figure 16. Figures 17 and 18 show how skin friction changes when a chemical
reaction and porosity parameters change. It is observed that the skin friction falls as the
chemical reaction increases. Further, skin friction increases with an increase in porosity
parameters. From Figures 19 and 20, it is noticed that the Nusselt number increase with the
increasing values of a chemical reaction and Schmidt number. So that Nusselt number or rate
of heat transfer falls for increasing mass diffusivity. The behavior of the Sherwood number is
presented in Figures 21 and 22. It is clear that the Sherwood number or mass transfer rate
increases under the influence of chemical reaction and porosity parameters.

1 T T T T T T T T T
Sc=0.22 R=0.1 M=1 —————————— Gr=2
0.9 [ - 3 B 2
Gm=4 Pr=o0.71 K=1 Gr-8
Sr=2 S=1 F=2 E-o0.01
0.8 Gr=12 4
Gr-16
0.7 [ E
0.6 |- .
< o.5 -
0.4 [ 4
0.3 ~
0.2 | B
o.1 |~ —
o
o 4 4.5 s

V4
Figure 9. Temperature for different values of Gr when & = E
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1 T T T T T T T T T
Sc=0.22 R=0.1 M=1 Sasa
0.9 Gr=2 Pr=o0.71 K=1 & 7
Sr=2 S=1 F=2 E=o0.01 meD
Gm=8 .
Gm=12
7 8 9 10

I T T T T T T T T T
Sc=0.22 R=o0.1 M=1 S=1
0.9 Gm=4 Pr=o.71 K=1 S- i
Sr=2 Gr=2 F=4 E=o0.01 2
S=3 =
S=4
8 9 10
Figure 11. Temperature for different values of Swhen a =—.
I T T T T T
\ Sc=0.22 M=1 Gr=4
o.9 A\ Gm=4 Ero T
'u“‘ Pr=o.71 K=1 Sr=2 ————— R=o0.4
0.8 | \,‘. S=2 F=8 E=o.01 5
p— R 06
0.7 il
0.6 - i
> o.5 i
0.4 i
0.3 i
0.2 [ ]
o.1 [~ i
o T
o 2.5 3

Figure 12. Temperature for different values of R when ¢ = %
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1 T T T T T T T T T
Sc=0.22 M=1 Gr=2 Gm-=2 —_—  F=2
Pr=o.71 K=1 Sr=2 £

S-2 R-o.1 E-0.01 =3
F=y4 :

F=s

- L
o T 2 3 4 S 6 7 8 9 10

1 T T T T T T T T T

| Sc=0.22 M=1 Gr=2 Gm=2 —— Pi=630 i
9:9 R=o0.1 K=1 Sr=2
S=1 F=2 E=0.01 Yr=os0

10
. . T
Figure 14. Temperature for different values of Prwhen o = g
T T T T T T T T T T
Sc=0.22 M=1 Gr=2 Gm=2 R=o.1
0.9 |7 Pr=o0.71r K=1 Sr=2 N
\ S=2 F=2 E=o.01 — R-o.3
0.8 \"‘-. ~————————— R=o0.7 =
\ R=o.9
o.7 -
0.6 | \ :
S o5 \ —
o\ |
0.3 \ \ 1
X
o.z [ B
N
o.1 [~ e O N
N B
& 1 1 1 -
o >4 4 6 8 10 12 14 16 18 20

Figure 15. Concentration for different values of R when o = %
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1.5 T T T T T T T T T

Sc=0.22 M=1 Gr=2 Gm=2 I S 7
Pr=0.71 K=1 R=o0.1
S=2 F=2 E=o0.01

Sr=4

<
0.5 1
o
20
120 T T T T T T T T
R=-o.1 Sc=0.22 M=1 Gr=2
Gm=2 Pr=o0.71 K=1 |
xoo I R=0.3 S=1 F=2 E=o.01
- R-o.5
8o R-o0.7
60 [
&
40 |
z0 [~
i 4
X 1 L L ) . ! L L
o 2 6 8 10 12 14 16 18 20
Sr
Figure 17. Skin friction for different values of R when ¢ ==—.
350 T T T T T T T T
By Sc=0.22 M=1 Gr=2
B Gm=2 Pr=0.71 R=0.1
{ele}
3 K=z S=1 F=2 E=0.01
250 [
200
- 150 |-
100 [~
50 [0
o
_SO 1 1 1 1 1 1 1
o 2 6 8 10 12 14 16 18 20
b

Figure 18. Skin friction for different values of Kwhen ¢ = %
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0.695

0.69

0.68s

0.68
=
Z
0.675
0.67
R=0.4 Sc=0.22 M=1 Gr=2
0.665 - REG6 Gm=2 Pr=o.71 K=2
S=2 F=2 E=o.0r
R-0.8
0'66 1 1 1 1 1 1 1
o o.5 1 1.5 2 2.5 3 3.5 4
Sr
Figure 19. Nusselt number for different values of R when ¢ = —.
0.705 T T T T T T T
Sc-o0.2
0.7
0.695
0.69
0.68s5
5
Zi

0.68

0.675

0.67

0.665

R=0.2 M=1 Gr=2
Gm=2 Pr=0.71 K=1
S=1 F=2 E=o0.01

0.5 1

Figure 20. Nusselt number for different values of Sc when o = %

0.6

0.4

Sh

-0.4

-0.6

-0.8

Sc=0.22 M=1 Gr=2
Gm=2 Pr=o.71 K=1
S=z1 Fz=2 E=zo.01

T 2 3

w
w -
"

8 9 10

Figure 21. Sherwood number for different values of R when o ==.
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0.4

0.2

Sh

-0.6

Sc=0.22 M=1 Gr=2
0.8 - | Gm=2 Pr=o0.71 R=o0.1
S=1 F=2 E=o.0r

o 1 2 3 4 5 6 7 8 9 10

Figure 22. Sherwood number for different values of K when ¢ = %

9. Conclusions

The velocity, concentration profiles, and skin friction fall significantly with increasing
values of the chemical reaction. Temperature profiles, Nusselt number, and Sherwood number
increase with the increase of chemical reaction. Heat sources increase the velocity and
temperature at the plate. Velocity, skin friction, and Sherwood number increase with porosity
parameter. Due to radiation parameters, velocity falls but temperature increases. A rise of the
Soret number increases the velocity and concentration profiles.
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