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Abstract

This study elucidates the unsteady magnetohydrodynamic (MHD) flow of a chemically reactive, electrically conducting fluid
past an inclined porous plate embedded in a saturated porous medium, considering the effects of chemical reaction and thermal
diffusion. The governing equations describing momentum, energy, and species transport are formulated under the boundary-
layer approximation, accounting for magnetic field, porous medium resistance, thermal and solutal buoyancy, plate inclination,
and flow unsteadiness. The dimensionless governing equations are solved via the regular perturbation method, and the effects of
the controlling parameters on the velocity, temperature, and concentration fields are examined alongside the skin-friction
coefficient, local Nusselt number, and Sherwood number. The results show that increasing the magnetic field strength and porous
medium resistance suppresses fluid motion, whereas thermal and solutal buoyancy enhance the flow. Soret effect promotes
species diffusion by enhancing mass transfer induced by temperature gradients. In contrast, stronger chemical reactions reduce
concentration levels within the boundary layer. The interaction of these physical mechanisms significantly influences the
momentum, heat, and mass transfer characteristics. The findings offer valuable theoretical insights for analyzing and optimizing
reactive MHD transport processes in porous media, with applications in chemical processing, thermal engineering, and energy
conversion systems.
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1. Introduction

Magnetohydrodynamics (MHD) concerns the motion of
electrically conducting fluids under the influence of magnetic
fields, where the interaction between the fluid and the applied
magnetic field generates Lorentz forces that significantly alter
the velocity, temperature, and concentration fields. Owing to
its ability to control and manipulate electrically conducting

fluids, MHD has attracted considerable research attention be-
cause of its wide range of applications in engineering and in-
dustrial processes, including nuclear reactor cooling, plasma
confinement, electromagnetic pumping, metallurgical pro-
cessing, and liquid-metal technologies [1, 2]. These applica-
tions have motivated extensive investigations into MHD
transport phenomena under different thermal, hydrodynamic,
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and mass-transfer conditions. Unsteady MHD flows are par-
ticularly important because they describe transient transport
phenomena that cannot be adequately captured by steady-state
analyses. In practical engineering systems, temporal varia-
tions in flow conditions, heat transfer, species diffusion, and
chemical reactions frequently occur, making the investigation
of unsteady MHD transport essential for accurately predicting
the behavior of electrically conducting fluids under realistic
operating conditions [3, 4].

Porous media constitute another important aspect of many
engineering and environmental systems because they intro-
duce resistance to fluid motion and thereby modify momen-
tum, heat, and mass transport characteristics. Applications in-
volving geothermal reservoirs, packed-bed reactors, filtration
systems, petroleum recovery, heat exchangers, and thermal in-
sulation frequently involve fluid flow through porous struc-
tures [5]. The complexity of such flows is further increased
when transport occurs over inclined surfaces, since the incli-
nation changes the gravitational component acting along the
plate and consequently alters the buoyancy-driven flow struc-
ture. The simultaneous presence of porous resistance, buoy-
ancy forces, and externally applied magnetic fields therefore
provides a more realistic representation of numerous indus-
trial transport processes than conventional vertical-plate con-
figurations. Previous studies have demonstrated that plate in-
clination and porous media substantially influence velocity,
thermal boundary-layer development, flow stability, and con-
vective heat and mass transfer characteristics [6].

In many industrial applications, fluid motion is accompa-
nied by chemical reactions and internal heat generation or ab-
sorption, both of which considerably influence thermal and
concentration distributions within the boundary layer. Exam-
ples include combustion systems, catalytic reactors, chemical
processing equipment, environmental pollutant transport, and
energy conversion devices, where reactive species interact
continuously with thermal fields [7]. Furthermore, cross-dif-
fusion mechanisms such as the Soret (thermal-diffusion) and
Dufour (diffusion-thermo) effects establish additional cou-
pling between heat and mass transfer, thereby increasing the
complexity of the transport process [8]. These interacting
mechanisms become even more significant in transient MHD
flows through porous media, where neglecting any of the cou-
pled physical effects may result in inaccurate prediction of en-
gineering quantities such as skin friction, heat transfer rate,
and mass transfer rate. Consequently, comprehensive mathe-
matical models capable of simultaneously accounting for
these phenomena are indispensable for the design and optimi-
zation of modern thermal engineering systems.

Extensive investigations have therefore been devoted to
MHD free-convective transport over porous surfaces using
different mathematical models and numerical approaches. An
investigation of unsteady MHD free-convective heat and mass
transfer through a porous medium was conducted using the
regular perturbation method [9]. Their findings showed that
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the magnetic field, permeability, heat source, chemical reac-
tion, and buoyancy forces significantly influence the velocity,
temperature, and concentration fields as well as the skin-fric-
tion coefficient, Nusselt number, and Sherwood number. Sub-
sequently, [10] employed the finite element method to study
unsteady MHD free convection of polar fluids with heat gen-
eration and thermal diffusion, while [11] incorporated Hall
current, thermal radiation, variable temperature, and thermal
diffusion into the analysis of transient MHD flow over an in-
clined plate. The finite difference technique was adopted by
[12] to investigate MHD flow over a semi-infinite inclined
plate, whereas [13] incorporated velocity slip, chemical reac-
tion, and thermodiffusion effects. More recently, [14-16] ex-
tended these analyses by including porous media, radiation
absorption, diffusion-thermo effects, chemical reactions, and
non-Newtonian fluid behavior. Likewise, [17] employed com-
putational fluid dynamics to investigate Jeffrey fluid flow over
an inclined porous plate. Collectively, these studies demon-
strate a progressive advancement in MHD transport analysis
through increasingly realistic physical models and robust nu-
merical techniques.

Apart from numerical investigations, considerable progress
has also been achieved through semi-analytical and analytical
solution techniques. The Adomian decomposition method was
successfully applied by [18] to investigate MHD flow past an
infinite vertical porous plate, demonstrating the significant in-
fluence of magnetic field strength, suction, permeability, ther-
mal radiation, Eckert number, Grashof number, Prandtl num-
ber, and porosity on the flow and heat transfer characteristics.
Subsequently, [19] extended the ADM to Casson fluid flow
over an inclined porous plate with radiation absorption and
chemical reaction. Furthermore, [20] employed the Temimi-
Ansari Method (TAM), [21] utilized the Reduced Differential
Transformation Method (RDTM) to obtain accurate semi-an-
alytical solutions for related MHD transport problems. These
investigations demonstrated that analytical approximation
techniques provide accurate and computationally efficient so-
lutions while offering deeper physical insight into the influ-
ence of governing parameters on velocity, temperature, and
concentration distributions.

Despite these remarkable advances, important gaps still ex-
ist in the available literature. Most previous investigations
have examined magnetic field effects, porous medium re-
sistance, chemical reactions, thermal radiation, viscous dissi-
pation, heat generation or absorption, and cross-diffusion phe-
nomena either independently or in limited combinations. Con-
sequently, relatively few studies have developed a unified
mathematical framework that simultaneously incorporates
flow unsteadiness, porous medium resistance, thermal radia-
tion, viscous dissipation, heat generation or absorption, first-
order chemical reaction, Soret effect, Dufour effect, and plate
inclination. Moreover, many existing studies rely primarily on
numerical techniques, which, although highly accurate, often
provide limited analytical insight into the physical mecha-


http://www.sciencepg.com/journal/ijamtp

International Journal of Applied Mathematics and Theoretical Physics

http://www.sciencepg.com/journal/ijamtp

nisms governing transport processes. These limitations under-
score the need for a more comprehensive analytical model ca-
pable of accurately describing transient MHD transport under
realistic engineering conditions.

The present study addresses this research gap by developing
a comprehensive mathematical model for the unsteady two-
dimensional flow of an incompressible, viscous, electrically
conducting, chemically reactive fluid past an infinite inclined
porous plate embedded in a homogeneous saturated porous
medium. The model simultaneously incorporates thermal ra-
diation, viscous dissipation, heat generation (or absorption),
thermal-diffusion (Soret effect), diffusion-thermo (Dufour ef-
fect), and first-order homogeneous chemical reaction under
the influence of a transverse magnetic field. The governing
dimensional equations are transformed into their correspond-
ing dimensionless forms and solved analytically using the reg-
ular perturbation method. The effects of the governing dimen-
sionless parameters—including the magnetic field parameter,
porosity parameter, thermal and solutal Grashof numbers,
Prandtl number, Schmidt number, heat generation parameter,
thermal radiation parameter, Soret parameter, Dufour number,
chemical reaction parameter, and angle of inclination—on the
velocity, temperature, and concentration distributions are
thoroughly examined together with the engineering quantities
of practical interest, namely the skin-friction coefficient, local
Nusselt number, and local Sherwood number. The novelty of
this study lies in integrating these strongly coupled transport
mechanisms within a unified analytical framework while
providing approximate closed-form solutions that facilitate
clearer physical interpretation of the governing transport pro-
cesses.

Beyond its methodological contribution, this study provides
valuable theoretical and engineering insights into the com-
bined effects of magnetic field strength, porous medium per-
meability, thermal and solutal buoyancy, heat generation or
absorption, thermal radiation, chemical reaction, Soret and
Dufour effects on transient transport phenomena in electri-
cally conducting fluids. The findings are expected to contrib-
ute to the improved design and optimization of engineering
systems involving geothermal energy extraction, chemical re-
actors, thermal management devices, filtration technologies,

remainder of this paper is organized as follows. Section 2 pre-
sents the mathematical formulation of physical problems to-
gether with the governing equations and boundary conditions.
Section 3 describes the nondimensionalization procedure,
while Section 4 presents the regular perturbation solution
methodology. Section 5 defines the engineering quantities of
interest, followed by the discussion of numerical results in
Section 6. Finally, Section 7 summarizes the principal find-
ings, conclusions, and engineering implications of the present
investigation.

2. Mathematical Formulation of the
Problem

Consider the unsteady, two-dimensional, laminar, incom-
pressible, electrically conducting fluid flow of a chemically
reactive fluid past an infinite inclined porous plate embedded
in a homogeneous porous medium. The plate is inclined at an
angle to the vertical. A uniform magnetic field of strength is
imposed perpendicular to the plate. The induced magnetic
field is neglected because the magnetic Reynolds number is
assumed to be sufficiently small. The fluid properties are con-
sidered constant except for density variations in the buoyancy
terms, which are incorporated using the Boussinesq approxi-
mation. The coordinate system is chosen such that the axis is
along the plate, while the other axis is normal to it. A constant
suction velocity is imposed at the wall. Heat transfer is influ-
enced by thermal radiation, viscous dissipation, heat genera-
tion (or absorption), and the Dufour effect, while mass transfer
is affected by thermal diffusion and a first-order homogeneous
chemical reaction. Under these assumptions, the governing
equations are provided as follows.

Continuity Equation

dox ay

Given that the vertical suction/injection v = —v, (con-
stant), the continuity equation reduces to

v

metallurgical operations, and other industrial processes in- oy 0=7=-v, (constant) @
volving coupled heat and mass transfer in porous media. The
Momentum Equation (x-direction)
0w, jou _ ok ¢ - _osby i
£+va—y—lay2+gﬁc(C Cw)cosa+ gBr(T —T,) cosa PR 2
Energy Equation Concentration Equation
oT . _oT 92T am\ 2 ac . _acC 92C = Dmkr 02T = =
— —)=k— —) - — =D —=+—"———=- — 4
PGy (af + Uay) kayz tH (ay) st Yoy b 0y2 " Ty 032 fer (€ = Cen) “)
aqr |, pDmkr 8%C = = The appropriate boundary and initial conditions are given
—t— - T—Ty, 3
ay cs  ay? Qo ) @) as follows:
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t<0,u=0T=T,,C=C, forall y
t>0=uyv=-v,T=T+ (T, —T,)e4,C=C+(C,—C,le* at y=0 )

temperature and concentration are denoted by T,, and C,,, re-
1=0T >0, >,y > spectively. Finally, u, isthe characteristic plate velocity, and
v, corresponds to the wall suction or blowing velocity.

2
where A = "70 denotes the unsteadiness parameter. The sym-

bols (i v) represent the velocity components in the x-and 3 Nondimensionalization and Reduction
y-directions, respectively, and t denotes time. The parameter ODE

A corresponds to the kinematic viscosity of the fluid, while to S

g is the gravitational acceleration. The coefficients g, and To reduce the radiative heat flux in the temperature equa-
Be represent the thermal and solutal expansion coefficients,  tjon we use the Rosseland approximation for a thick fluid,
respectively. Tand Care the local fluid temperature and con-  \yherein we express the radiative heat flux term as

centration, whereas T., and C,, denote the ambient temper-

ature and concentration. The inclination of the plate is given 4 = _ 409T* ©6)
by a. The electrical conductivity of the fluid is represented by ’ 3k oy

g, and B, denotes the applied magnetic field intensity. The
fluid density is p, and the permeability of the porous medium
is k. Thermal properties include the specific heat at constant
pressure C, and the thermal conductivity k, while u repre-
sents dynamic viscosity. Radiative heat flux is denoted by g,..
Molecular diffusion is characterized by D,,, and k; repre-
sents the thermal diffusion (Soret) coefficient. C; is the refer-
ence concentration scaling constant, and Q, denotes the heat
generation or absorption coefficient. Mass diffusion is repre-
sented by D, and T, is the reference temperature for the So-

Here o and k represents the Stefan-Boltzmann constant
and mean absorption. Supposing small temperature differ-
ences within the fluid, then we express T* as a linear func-
tion of the temperatures. Expanding on T,, using Taylor's se-
ries and ignoring higher-order terms, we obtain the form

T* ~ 4T3 — 3T (7

Putting Egs. (6) and (7), the reduced form of Eq. (3) is given

; . L as
ret effect. The chemical reaction rate is given by k,.. The wall
oT = _oT 1607 9*T Dmkr 9%C
pCy (5i+7 ay) km ot e e t QT = T) ©)

To make the governing equations dimensionless, we choose  the following dimensional quantities as

u=—,t= ﬂ’e = _T_Too ’(l) = _é_éfo , Gc = AﬁC(éw;Eoo), Gr = AﬁT(Tw;Too)
Ug Tw—Too Cy—C UgVg UgV§
Du = Dka(C:W_gw),Sr — Dmkr(Ty~Teo) JK = Vg—E,Pr = @,M2 = R _ 49T
CsCpA(Tw—Tw0) TimA(Cw—Coo) ’ A2 k pv kk
_kk o @A o _ A _ %
Kr = ué'Q_pvaé'SC_Dm’y_ A ©)
The governing equations (2), (3), and (8) in non-dimen- t<0,u=06=0¢=0 forall y

sional form, using Eq. (9), yield the form
t>0u=10=e,p=et at y=0 (13)

du  du _ 9%u 2, 1
———= ﬁ-l_ (Gro + Gcg) cos a — (M +;)u (10)

ot 9y u=0u—-0y-0

0 80 _ 1 4R\ 826 a2¢
5—5_;(1+?)5+Dum—(g9 (11)

4. Solution of the Problem

9 _0p_12° + Sr— — Kr¢ (12) The coupled dimensionless governing Egs. (10) - (12), to-

at 9y  Scoy? . .. .
gether with the boundary conditions (13), constitute a system
of linear partial differential equations describing the transient

The initial and boundary conditions in dimensionless form R
momentum, heat, and mass transfer within the boundary layer.

are given as
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Since the wall velocity, temperature, and concentration are as-
sumed to experience small periodic disturbances of amplitude
e, where 0 < € < 1, the regular perturbation method pro-
vides an efficient analytical technique for obtaining approxi-
mate closed-form solutions. The method consists of expand-
ing the dependent variables as asymptotic series in terms of
the perturbation parameter and solving the resulting hierarchy
of boundary-value problems successively.

We assume the following perturbation expansions of the
form

u(,t) = uo(y) + ™y, () + 0(e?) (14)
0(y,t) = 0,(y) + £e™6, () + 0(e?) (15)
P, 6) = do(y) + £e™ 1 (v) + 0(£?) (16)

where u,, 8y, ¢, denote the steady (zeroth-order) solutions,
while u,, 8,, ¢, represent the first-order corrections resulting
from the imposed temporal disturbance. Substituting Egs.
(14)-(16) into the governing Egs. (10) - (12), expanding the
resulting expressions, and collecting coefficients of equal
powers of & produce two independent systems of ordinary
differential equations corresponding to the zeroth and first
perturbation orders.

ug + Sug — (M + K)ug = —Gr 6ycos @ — Ge ¢pycos a (17)

2205 + 505 + Q8 = 0 (18)
SO0 +Sby —Kegy = —sr6y  (19)
subject to the boundary condition
up(0) =1,6,(0) = 1,¢,(0) =1
Ug(90) = 0,600(%) = 0,¢po(0) =0 (20)

Eq. (18) is a linear second-order differential equation with

ug + Svy— (M + K)uy = —Grecosa e™™Y — Gecos a[(1 — A)e™™2Y + Ae™™Y]

The complementary solution satisfies
m2—Sm—-(M+K)=0 (30)

Motivated by the forcing terms appearing on the right-hand
side of Eq. (33), the particular solution is assumed as
Uop = Be™™Y 4 Ce™™2Y (31)

Accordingly, the complete zeroth-order velocity distribu-
tion becomes

98

constant coefficients. We seek a solution of exponential form
(21)

90 = e_mly

substitution into Eq. (18) gives the characteristic equation be-
come

2Bm2 —Smy+Q=0 (22)
Pr
Similarly,
Bo(n) = ™™ (23)
Upon substitution, Eq. (19) reduced to the form
=5 + SPy — Kypg = —Srmie ™Y (24)
The complementary solution of Eq. (24) satisfies
—m?—Sm—K, =0 (25)

The non-homogeneous term possesses the same exponen-
tial dependence as the temperature field. Therefore, a particu-
lar solution is assumed in the form

¢Pop = Ae™™Y (26)

Substituting Eq. (26) into Eq. (25) gives the value of the
constant A ad consequently
$o(y) = Cre™™2Y + Ae™™Y @7)

Applying the wall boundary condition, ¢,(0) = 1 yields
the constant
$o(y) = (1 —A)e™™Y + Ae™™Y  (28)

In view of the above, the momentum equation may now be
solved as follows

(29)

uy(y) = C,e ™Y 4+ Be ™Y 4 (e M2Y (32)

Finally, imposing the wall condition, u,(0) = 1, the con-
stant is found and Eq. (32) is reduced to

Ug(y) = (1 =B —C)e™™3Y + Be™™Y 4 Ce™™2Y (33)

First-Order Problem
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uy +Su; — (M + K +n)uy = —Gré cosa — Gep,cosa (34)
ZR0) +S0]+(Q —n)8, =0 (35) — ¢! +Sp] — (Kr +n)¢py = —Srmie™?  (40)
é "+ S¢pl — (K, +n)p, = —Sr6) (36) The co.rre.:spondir?g complementary equation possesses the
characteristic equation

subject to the appropriate boundary conditions )
Emz -Sm—(K,+n)=0 (41)
uy(0) = 0,6,(0) = 0,¢;(0) =0 The forcing term in Eq. (40) suggests the particular solution
The energy equation (35) is first considered. Since it pos- ¢y, = De™sY (42)

sesses constant coefficients, an exponentially decaying solu-

tion is assumed in the form ¢,(1) = Dye~™sY + De~M4Y (43)
6, =e MY (38) Applying the boundary condition, ¢,(0) = 1, and conse-

quently Eq. (43) takes the form
Substituting Eq. (38) into Eq. (36) yields the characteristic

equation $1(n) = (1 — D)e™™sY + De~™a¥ (44)

ﬁmﬁ -Sm,+(Q—n)=0 (39) The concentration solution obtained above is substituted

o into the momentum Eq. (34). Thus,
Substituting Eq. (38) into Eq. (44) reduces to the form

uy +Su; — (M + K +n)u; = —Greosae™4Y — Gecos a[(1 — D)e™™sY + De™4Y] (45)

The corresponding homogeneous equation possesses the

characteristic equation U, (y) = E;e™™eY + Ee~™4Y 4 Fe™™sY  (48)
m2—Sm—-(M+K+n)=0 (46) Inserting the boundary condition, u,(0) = 1, yield the ex-
pression
Motivated by the non-homogeneous terms appearing in Eq.
(58), the particular solution is assumed in the form u (M) = (1 —E —F)e ™" + Ee™™4 4 Fe™™sT  (49)
Uy = Ee™™Y + Fe™™sY 47 The complete analytical first-order solutions obtained

above represent the transient response of the velocity, temper-
Substitution into Eq. (45) yields the required constants,  ature, and concentration fields to the imposed periodic dis-

hence the first approximation for the velocity becomes turbance at the wall.
u(y,t) = (1 —B—C)e ™Y + Be ™Y + Ce ™2Y + ge™[(1 — E — F)e ™6Y 4+ Ee "4 + Fe~™MsY] (50)
O(y,t) = e ™Y 4 geMte MY (51)
oy, t) = (1 —A)e™™2Y 4+ Ae ™Y + +ge™[(1 — D)e ™sY + De~™M4Y] (52)

tively. These parameters quantify the wall shear stress, the di-

. . .l mensionless rate of heat transfer, and the dimensionless rate of

S. Engmee” ng Quantltles mass transfer at the plate surface. They provide valuable insight

into the transport characteristics of the flow and the influence of

the governing physical parameters. In dimensionless form, they
are defined as follows:

An important set of engineering quantities associated with
momentum, heat, and mass transport is the skin-friction coeffi-
cient, the Nusselt number, and the Sherwood number, respec-
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C=— (g—;) =my(1=B = C) +myB+maC o+ ee™me(1 = E = F) +myE +msF] (53)
y=
_ 96 _ t
Nu, = — (5)3:0 =m; +ee™m, (54)
_ 9¢ _ nt
Shy==(32)  =my(1 - A)+myA ++ee™[mg(1 - D) + m,D] (55)
ay y=0
1l £ N =, K= 02
S =S Y —— K=05
6. Results and Discussion 1214 T g
. . . £ .\'\ \\
The effects of the governing dimensionless parameters on e . R
the velocity, temperature, and concentration profiles are pre- = 0.8 - Y b !
sented in Figures 1-15. These results illustrate the influence of El 06 - \_\\\

the controlling physical parameters on the momentum, ther-
mal, and concentration boundary layers. To clearly identify
the role of each parameter, a one-parameter-at-a-time analysis
was performed, whereby a single dimensionless parameter
was varied while all other parameters were maintained at their
baseline values. This approach enables the individual contri-
bution of each parameter to the transport characteristics of the
flow to be isolated and interpreted based on the underlying
mechanisms governing momentum, heat, and mass transfer.
Unless otherwise stated, numerical computations were carried
out using the following reference values of the governing di-
mensionless parameters: M = 1.0,K = 0.5,Gr = 2.0,Gc =
2.0,Pr = 0.71,R = 0.50,Q = 0.20,Sc = 0.62,Sr =
0.40,Kr = 0.50,n = 0.20,a = 30°,S = 4,6 = 0.02,t = 1.
Throughout the parametric study, only the parameters of in-
terest was varied, while the remaining parameters were held
fixed at these reference values to facilitate a systematic assess-
ment of their individual effects on the velocity, temperature,
and concentration fields.

J
’.
.04 N\
\‘. \‘ \\
L \ \\
\‘ "\ \
084 N\ NN
NN
\ E \
\ AN
\ AV
= 0.6 4 N MY
= \ NN
3 . \ \

0.4 4

0.2 4

Bly.t)

0.0

Figure 1. Effect of Magnetic field parameter on the velocity profile.

Figure 4. Effect of Prandtl number on the temperature profile.
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6(y.t)

-0.4

1.0 4

0.8

0.6

9ly.t)

0.4 1

0.2

Figure 5. Effect of heat generation parameter on temperature profile.

0.0

Figure 8. Effect of Prandtl number on concentration profile.

Figure 6

1.0

. Effect of Soret parameter on the temperature profile.

oly.t)

--- Sc=03

Figure 7. Effect of Schmidt number on the concentration profile.
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Figure 9. Influence of DuFour parameter on the concentration pro-
file.

1.0 1

0.8 1

0.6

oly.t)

0.4

0.2 4

0.0

Figure 10. Influence of heat generation parameter on concentration
profile.
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Figure 11. Effect of Soret parameter on the concentration profile.
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Figure 12. Influence of Mass Grashof number on the temperature

profile.

u(y,t)

Figure 13. Effect of mass Grashof number on the velocity profile.

Figure 14. Effect of Soret parameter on the velocity profile.

Figure 15. Effect of Prandtl number on the velocity profile.

Figure 1 presents the effect of the magnetic parameter on
the velocity profile. It is observed that increasing the magnetic
parameter significantly suppresses the fluid velocity. This be-
haviour is attributed to the Lorentz force generated by the ap-
plied magnetic field, which acts opposite to the direction of
fluid motion, thereby increasing the resistive force and reduc-
ing the momentum boundary layer thickness.

102

The influence of the porosity parameter on the velocity pro-
file is depicted in Figure 2. The results indicate that increasing
the porosity parameter decreases the fluid velocity. Physically,
a less permeable porous medium offers greater resistance to
fluid motion, thereby weakening the flow and reducing the ve-
locity boundary layer.

Figure 3 illustrates the effect of the solutal Grashof number
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on the velocity distribution. The velocity profile increases
with increasing values of the solutal Grashof number. This en-
hancement is due to the stronger buoyancy force arising from
concentration differences, which accelerates the fluid and
thickens the momentum boundary layer.

The variation of the temperature profile with the Prandtl
number is shown in Figure 4. The temperature decreases as
the Prandtl number increases. This behaviour is expected be-
cause fluids with higher Prandtl numbers possess lower ther-
mal diffusivity, which restricts heat diffusion within the
boundary layer and consequently reduces the thermal bound-
ary layer thickness.

Figure 5 demonstrates the influence of the heat generation
parameter on the temperature profile. It is observed that in-
creasing the heat generation parameter enhances the tempera-
ture distribution throughout the boundary layer. This is be-
cause internal heat generation supplies additional thermal en-
ergy to the fluid, resulting in an elevated temperature field.

The effect of the Soret parameter on the temperature profile
is presented in Figure 6. The results reveal that increasing the
Soret parameter reduces the temperature distribution. The
thermo-diffusion mechanism facilitates species migration in-
duced by temperature gradients, thereby redistributing ther-
mal energy and leading to a reduction in the thermal boundary
layer.

Figure 7 illustrates the influence of the Schmidt number on
the temperature profile. The results show that the temperature
profile increases with increasing Schmidt number. This be-
haviour suggests that reduced mass diffusivity modifies the
thermal transport process, leading to a slight enhancement of
the temperature field within the boundary layer.

Figure 8 depicts the effect of the Prandtl number on the con-
centration profile. It is observed that increasing the Prandtl
number decreases the concentration distribution. The reduc-
tion in thermal diffusivity associated with larger Prandtl num-
bers weakens the coupled heat and mass transfer process, re-
sulting in a thinner concentration boundary layer.

The influence of the Dufour number on the concentration
profile is displayed in Figure 9. The results indicate that in-
creasing the Dufour number enhances the concentration pro-
file. This enhancement arises from the diffusion-thermo effect,
whereby concentration gradients contribute to heat transport,
thereby strengthening the coupled mass transfer process.

Figure 10 shows the effect of the heat generation parameter
on the concentration profile. The concentration profile in-
creases with increasing heat generation. The additional ther-
mal energy supplied to the fluid promotes species transport,
leading to an increase in concentration within the boundary
layer.

Figure 11 illustrates the influence of the Soret parameter on
the concentration profile. It is observed that the concentration
profile decreases as the Soret parameter increases, indicating
an inverse relationship. The enhanced thermo-diffusion effect
redistributes the species concentration, thereby reducing the
thickness of the concentration boundary layer.
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Figure 12 presents the effect of the mass Grashof number
on the temperature profile. The results demonstrate that in-
creasing the mass Grashof number enhances the temperature
distribution. The stronger concentration-induced buoyancy
force intensifies convective transport, thereby increasing the
thermal energy within the boundary layer.

Figure 13 illustrates the influence of the mass Grashof hum-
ber on the velocity profile. An increase in the mass Grashof
number significantly enhances the fluid velocity due to the in-
creased buoyancy force generated by concentration gradients,
which accelerates the flow.

Finally, Figures 14 and 15 show the effects of the Soret pa-
rameter and the Prandtl number on the velocity profile, respec-
tively. In both cases, the velocity profile decreases with in-
creasing parameter values. While the Soret parameter weak-
ens the momentum transport through thermo-diffusion effects,
higher Prandtl numbers reduce thermal diffusion, thereby di-
minishing buoyancy-driven acceleration and suppressing the
fluid velocity.

7. Conclusion

The effect of thermal-diffusion on Magnetohydrodynamic
Flow of an unsteady Chemically Reactive Fluid Passing
through an Inclined Porous Plate Embedded in a Porous Me-
dium is investigated in this study. The governing dimensional
transient partial differential equations are transformed into di-
mensionless form using appropriate dimensional variables.
Parametric study on the physical parameters such as porosity
parameter, Magnetic field parameter, Soret effect, Dufour ef-
fect, solutal Grashof number, Mass Grashof number, angle of
inclination, Schmidt number, Prandtl number, heat
source/sink, chemical reaction, and thermal radiation on the
flow distributions showed a profound impact. The key find-
ings of the study are itemized as follows:

1) Increasing the magnetic parameter (M) suppresses the
fluid velocity due to the Lorentz force, which opposes
fluid motion and reduces the momentum boundary layer
thickness.

2) An increase in the porosity parameter (K) decreases the
velocity profile, indicating that greater porous medium
resistance weakens the flow.

3) Higher values of the mass (solutal) Grashof number (Gc)
enhance both the velocity and temperature profiles by
strengthening concentration-induced buoyancy forces.

4) Increasing the Prandtl number (Pr) reduces the temper-
ature, concentration, and velocity profiles, owing to the
reduction in thermal diffusivity and the associated weak-
ening of buoyancy-driven transport.

5) The heat generation parameter (Q) significantly in-
creases both the temperature and concentration distribu-
tions by supplying additional thermal energy to the fluid.

6) An increase in the Soret parameter (Sr) suppresses the
temperature, concentration, and velocity profiles,
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demonstrating the influence of thermo-diffusion on cou-
pled transport processes.

7) Increasing the Schmidt number (Sc) slightly enhances
the temperature profile, indicating that reduced mass dif-
fusivity modifies the coupled heat and mass transfer
mechanism.

8) The Dufour number (Du) enhances the concentration
profile, confirming the important role of diffusion-
thermo effects in coupled heat and mass transfer within
the porous medium.

Abbreviations

MHD Magnetohydrodynamics
RDTM  Reduced Differential Transform Method
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