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ABSTRACT

The effects of thermal and mass stratification, combined with either suction or injection, on
unsteady Newtonian MHD parabolic incompressible fluid flowing through infinite vertical
stationary porous plates have been investigated, considering variable temperature and mass
diffusion. Appropriate dimensionless quantities were used to represent the governing coupled
partial differential equations in non-dimensional form. The perturbation method and the Laplace
transform technique were used to decouple and transform these partial differential equations into
ordinary differential equations. The analytical solutions were obtained for unitary Prandtl and
Schmidt numbers using the characteristic method and the method of undetermined coefficients.
Using shift and convolution theories, the result was presented in the time domain and numerically
illustrated in MATLAB. The study indicates that the concentration, temperature, and velocity
profiles increase with increasing suction and double stratification, and decrease with increasing
injection in the presence of stratification. Increasing the thermal (Gr) and mass (Gc) Grashof
numbers results in higher fluid velocity while lowering concentration and temperature.
Temperature and concentration increase with increasing magnetic parameter, while the velocity
decreases. As the Darcy number increases, the concentration, temperature, and velocity decrease.
The study has applications in the design of reactor cooling systems.
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INTRODUCTION
Alfvén

Magnetohydrodynamics (MHD) is the study of fluids that
conduct electricity under the influence of a magnetic field.
According to Das and Deka (2024), the study of MHD
flows is highly relevant to industrial and engineering
processes, such as cooling electronic equipment, solar
collectors, solar cookers, and solar concentrators. Infinite
plates simplify the geometry by eliminating edge effects of
the flow, while the vertical orientation incorporates
gravitational effects, manifesting as buoyancy forces
driven by density gradients due to temperature or
concentration variations. The unsteady nature of the flow
mitrrors real-wotld scenarios where conditions fluctuate,
making it essential to understand how these factors
interact over time. Numerous studies have investigated
MHD flow in different scenarios over the decades. Early
work on MHD flows over porous media laid the
foundation for understanding fluid interaction with
magnetic fields and porous boundaries. The study of
MHD emerged in the early 20th century, with Hannes

Alfvén’s work earning the 1970 Nobel Prize.
(1942) introduced the concept of magnetohydrodynamic
waves (now known as Alfvén waves), which describe
oscillations in electrically conducting fluids in the presence
Earlier, Hartmann (1937) analysed
steady laminar MHD flow in channels, defining the

of magnetic fields.

Hartmann number (Ha = BOL\/(G/ W), a dimensionless
parameter that balances magnetic and viscous forces.
Shercliff (1965) extended MHD to convection in a
foundational text that provided a comprehensive
introduction to magnetohydrodynamics and
systematically covered the theoretical principles, including

the coupling of the Navier-Stokes and Maxwell equations.

Chamkha and Khaled (2000)

convection flow with heat and mass transfer over a semi-

investigated natural

infinite vertical flat plate, considering internal heat

absorption, a magnetic field, and permeability.

Mbeledogu et al. (2006) used the perturbation technique
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to solve the nonlinear coupled partial differential
equations governing the flow of a compressible free-
convection Boussinesq fluid under the combined
influence of buoyancy and a magnetic field. Joseph et al.
(2014) explored unsteady MHD Couette flow with heat
transfer and an inclined magnetic field between parallel
plates. While accounting for a lower porous plate, the
vatiable-separable technique was employed to deduce
expressions for the Nusselt numbers, skin frictions,
temperatures, and velocities. Sharma and Ahmad (2022)
analytically examined an unsteady MHD flow past a
vertically accelerated plate with a ramped wall
temperature, incorporating thermal-diffusion, chemical
reaction, and radiation effects. While Choudhury et al.
(2024) considered the simultaneous action of thermal
diffusion and diffusion-thermos past a vertical plate
through a porous medium.

Porous plates enable fluid exchange through suction or
injection, which helps control boundary-layer dynamics.
This concept was pioneered by Prandtl in 1904 and later
refined by von Karman in 1934. Seddek and Salama
(2007) investigated the impact of variable suction on
unsteady MHD through a vertical porous plate. Using the
finite difference method, Rundora and Makinde (2013)
investigated the unsteady flow of a non-Newtonian fluid
in a porous medium with suction/injection. Jha et al.
(2018) studied the suction/injection and magnetic field
effects near an infinite vertical porous plate with impulsive
and accelerated motion. The Laplace transform was used
to solve the governing dimensionless PDEs for
momentum and energy. It was concluded that injection
reduces velocity while shear stress increases over time.
Halima et al. (2023) used the iterative method of Crank-
Nicolson  to  analyse unsteady MHD  with
suction/injection and chemical reaction. Noting that
suction lowers temperature and concentration. The
configuration of flow between porous plates is relevant to
various applications, including enhanced oil recovery,
filtration systems, and heat exchangers.

Mass and thermal stratification, driven by concentration
and temperature gradients in the ambient fluid
significantly influence convective dynamics. Gurminder
(2010) examined steady MHD flow with thermal
stratification past a non-isothermal moving vertical plate
using the fourth-order Runga-Kutta method. The results
revealed that the fluid temperature and velocity decrease
with increasing stratified parameter. Deka and Paul (2013)
shifted the trend toward unsteady incompressible flow
over an infinite moving vertical cylinder with buoyancy
effects and mass and thermal stratification. ~ While
Srinivasacharya and Surender (2015) focused on a non-
scattering grey nanofluid that emits and absorbs radiation,
in the presence of thermal stratification and viscous
dissipation, Goud et al. (2023) analysed the flow of an
unsteady MHD fluid. Recent studies have explored
stratified MHD flows in porous media, Das and Deka
(2024) analysed the cumulative impact of mass and

effects chemical reaction and thermal stratification in a
similar configuration, demonstrating that stratification
accelerates the system’s transition to steady-state
conditions compared to non-stratified cases. Considering
a non-Newtonian nanofluid and double stratification,
Reddy et al. (2024) utilized the numerical Keller box
approach to examine the influence of suction on unsteady
MHD flow over a flat sheet. Increasing the suction
parameter increased the velocity gradient and
simultaneously  decteased the temperature and
concentration profiles.

However, the combined effects of thermal stratification,
mass stratification, and suction/injection on an unsteady
Newtonian MHD fluid through a porous medium in a
vertical channel with temperature variation and mass
diffusion remain unexplored. This research, therefore,
aims to bridge this gap by studying the combined effects
of suction/injection and double stratification on the
concentration, temperature, velocity, Sherwood number,
Nusselt number and skin friction of a Newtonian fluid.
Moreover, the influence of key parameters, including the
thermal and mass Grashof numbers, the magnetic
parameter M, and the Darcy number Da, on velocity,
temperature, and concentration profiles was also studied.
Then the results were compared with a scenario in which
the flow field lacks both
stratification effects, thus highlighting the significance of

suction/injection and

the combined effects. This research enhances predictive
models for MHD systems, aiding the design of efficient
converters and  environmental

reactors,  energy

remediation technologies.
METHODOLOGY

We consider a coordinate system in which x* and y* axis
are selected vertically upward and perpendicular to the
plate, respectively. A uniform strength magnetic field B,
is transversely applied to the flow direction. The fluid and
the plates have the same initial concentration C*y and
temperature T fluid. Also, the plate concentration and
temperature level are elevated to T*, and C*,
respectivelyat y* = 0 and time t* > 0. Suction/injection
is assumed through the stationary porous plates. Due to
the infinite length of the plate and the unsteady nature of
the fluid in motion, all the flow variables are independent
of x* but only depend on y* and t*. The governing
equations of motion, heat and mass transfer describing the
parabolic flow of an unsteady incompressible Newtonian
MHD fluid between a stationary infinite vertical porous
plate with variable temperature and mass diffusion
through porous medium, incorporating suction/injection,
thermal and mass stratification, are formulated using the

Standard Boussinesq approximation as;

thermal stratification on unsteady MHD vertical channel ov*
flow, Meanwhile, Sahu and Deka (2024) focused on the o 0 D
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The initial and boundary condition are;
uw'=0,T"=T",C*=C"y,forall y*,t* <0

u'=0, T*"=T'y+AT*At", C* =C"y+ AC*At™,
at y*=0, t*>0 (5)

u'—- 0, T"> T",C"> C, as y*— oo, t*>

i L J

v'< 0
3 /Mass strata
N [Thermal strata I
v / / Porous medium| €%
T w ,/
- | 0
Y= y* — oo

Figure 1: Problem Physical model

2.1 Solutions to Governing Equations

Equations (1) — (5) first need to be cleared of all
dimensions. This is by considering the following achieved
dimensionless quantities.

B y* _ x* t B t* _ y*LR
Y= X S Ve ¢
_ E*LR ) A _ l)

AC* tr
C* - C*O T* - T*O
C=———— T= —— G
ACT At T
_ VgPAT” _ vgBAC”
U U
u v uG, v
=77 =7 P =— ) S, =— ) M
YSU VT Tk =D
oB3v Up’k*
DT = 2 ) (6)
pUg v

https:/ /scientifica.umyu.edu.ng/

tg = v1/3(gBAT*) ™3, Uy
= IB(gBATY, Ly
— V2/3(gBAT*)_1/3 ,
AT* = T*, —T*, AC*=C*,—C".

Substituting equation (6) into (1) — (5), equations (7) — (11)
are obtained as;

dv
i 0 (7
ou ou 0%u

3t T Vay Tayr T+ GeC
—<M+D—1a)u 8)

aT aT 10%T

% + va = P oy u 9

ac ac 1 9%C

E+v@=5—ca—yz—fu (10)

With the following initial and boundary conditions
obtained from similar substitution

u=0,T=0,C=0, forall yt <0

u=0,T= t,C= t,at y=0, t>0 (11)

u->0,T->0,C—>0,as y—- oo, t>0

setting P, = S, =1, then for a sufficiently small
parameter (€ # 0) and some constants A4; and A, such
thaty = ey and & = €A,

u=ug+ euy, + 0(e?)
T = To + STl + 0(82) (12)
C=Cy+eC+0(?)

For °
ou, ouy, 0%ug
W + UW = ayz + GTTO + GCCO

— Naug (13)
oT, 9T, 02T,

= 14
ot T V% T 9y a4
ac,  aC, 9%C,

_v = 1
at T3y T 8y (15

And

uO(Oi t) = 0 ) TO(OJ t) = tl CO(OIt) = ta

lim uy(y,t) =0, lim Ty(y,t) =0, lim Cy(y,t) =0
(16)
For &!

ou, ou, 0%u,
L py—L =
ot dy dy?

+GrTy + GcCy — Ngu, (17)
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ot ‘U@ = a—yz + /11u0 (18)

ac, ac, 93¢,

at E _ayz + Azuo (19)
And

u.(0,t) =0,7T,(0,t) =0, C;(0,t) =0,

lim u;,(y,t) =0, lim T;(y,t) =0, lim C;(y,t) =0
y—>00 y—co y—co

(20)

Taking the Laplace transform, we have the solution in ‘s’
domain

u(y, t) = e%[F1 — F3(yGr + £Go)] [1;-1 {Size-wk—l}
o] e

T(y,t)=e 7 ((1 YF)L™ {—e‘N—}
+yF,L71 {S—Ze-wk—zD (22)

Co,0) =e7 <(1—EF2)L {_e yr}
+éF,L71 {S—Z e_y\/k_Z}) (23)

v? v?

where kl——+s k2=—+Na+S, F; =

(Gr+Gc) (Gr+Gc) (Gr+Gc)
Ng FZ - Ng 2 F3 - Ng 3

From equation (7)
A tant (24)
_— = , = vV = constan
dx

Considering shift theory, convolution theory and a known
transform of e ™¥VS (Schiff 1999)

The solutions in time domain are;

(Gr + Go) (Gr + Go)
1=, F, =———,
N, N,
_ (Gr+Go) N —M+1
TN @ Da

v2 _ y?
- f ;B(T‘LNG)T 2(t-D dr
04/ (t—1)3
Utilizing equations (21) to (23), The skin friction, Nusselt

and Sherwood numbers are computed as follows:

2.2 Skin Friction

The skin friction measures the flow resistance at the plate

and is given as:

du
Sg=——

dy (28)

»
= S¢=[F, — F3(yGr + &Go)] [/:—1 {Slz (\[k_l)}
R 29)

2.3 Nusselt Number

The Nusselt number is defined as heat transfer rate and is
given as:

N, = dT| (30)
u dy y_o

= N, = <(1 —yF)L™! {lz (\/k_l)}
s L GR)) -3 6y

2.4 Sherwood Number

The Sherwood number is defined as mass transfer rate and
is given as:

y _
u(y,t) = ==y — Le Ma")[F — F3(yGr
2Vn S dc | 32)
yv_vit =__
+EGo)lez " T (25) A
T(,6) = ==[(1 - yFy) 1
N = s =(a-¢r S (V)]
yv  vit
+ yF,l,e Natle2 72 26 (1 vt
Yhale ™) 26) vt SR -5 69
ra
Cy,t) = [1,(1-¢F,) . . .
\/_ 2.5 Classical Scenario Solution
“Nat1 % - vt
+{FhLe ™ ez @7) Setting £ = ¥y = v = 0 for the classical scenario (whete
where, suction/injection and stratification effect ate not present),
equation (25) and (26) reduce to;
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T.(y,t) = C.(y,t)

2
_ v y
=t <1 + 2t> erfc (2\/_)
yZ
ye 4
— 34
— (34)
with the classical Nusselt and Sherwood numbers;
t
N,=5,=2 p (35)

For the classical velocity, equation (25) is reduced to
obtain;

uc()’: t)
= tF,.T,(y,t)

_Le-Natft;e
2V 0 +(t—1)3

while the classical skin friction is obtained using equation

(21) as,
o= e 509
- G R )]

RESULTS AND DISCUSSIONS

2

y
NaT =30t dr

(36)

(37)
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Figure 2: Showing suction/injection and
stratification effects on C against distance (y)

MATLAB  software, the
temperature, and velocity profiles (equations 25 to 27)

Using concentration,

under the influence of various parameters are illustrated in
Figures 2 to 16 (2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15
and 16). These graphs are plotted against the classical
and 35), where neither

scenario  (equations 34

https:/ /scientifica.umyu.edu.ng/

suction/injection nor double stratification is present.
Meanwhile, the effects of suction/injection and double
stratification on the Sherwood number, Nusselt number,
and skin friction (in equations 29, 31, and 33) are displayed
in Figures 17 to 21 (17, 18, 19, 20 and 21), with an explicit
compatison drawn against their classical counterparts (in
equations 34 and 37). The values of the pertinent
parameters used are taken as Sahu and Deka (2024): y =
15 t=15, Gr=5, Gc=5, =04, y=05,

v=+41, M =4 and Da = 0.5; This

chosen to suit Boussinesq approximation for various

values are

engineering and industrial applications.
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Figure 3: Showing suction/injection and
stratification effects on C against time (t)
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Figure 4: Showing suction/injection and
stratification effects on T against distance (y)
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Figure 5: Showing suction/injection and
stratification effects on T against time (t)
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Figure 6: Showing Gr and Gc effects on C with

suction/injection and stratification
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Figure 7: Showing Gr and Gc effects on T with

suction/injection and stratification
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Figures 2 and 3 revealed that the concentration profile
decreases with an increase in suction and the mass
stratification parameter, increases with an increase in
injection while mass stratification is held constant, and
decreases with an increase in mass stratification while
injection is held constant. In a similar way, Figures 4 and
5 showed that the temperature profile is lowered with an
increase in suction and thermal stratification parameters,
rises with an increase in injection while keeping thermal
stratification constant, and diminishes with an increase in
thermal stratification while keeping injection constant.
This is because the fluid at the initial condition is drawn
toward the heated plate; in suction, the hotter, more
concentrated fluid near the plate is removed, while in
injection the opposite holds. Stratification prevents or
reduces vertical mixing between fluid layers, hence
lowering temperature and concentration.

1.6 T - - -
A
14 2Y .
is
12r3 3 _
La
-2 W» ]
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T o8 3 N\ - = M=4|]
g %\ - = M=6
) ES W wennenn M =2
g 0.6F %, R M=4|1
8 '.‘::" \\\\ senenes M=6
0.4+ -::'. N o -
“::' W
02 ", Sy ]
Y a9
%M ..."'--__
0r mm R
-0.2 : L : L
0 1 2 3 4 5
y

Figure 8: Showing the effects of M on C with
suction/injection and stratification
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Figure 9: Showing the effects of M on T with
suction/injection and stratification
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Figure 11: Showing the effects of Da on T with

Figure 14: Showing Gr and Gc effects on u with
suction/injection and stratification
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Figure 12: Showing suction/injection and Figure 15: Showing the effects of
stratification effects on u against distance (y)
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suction/injection and stratification
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Figures 0, 7, 8 and 9 illustrated that irrespective of suction
ot injection both temperature and concentration profiles
vary directly with magnetic parameter and inversely with
thermal and mass Grashof numbers. The profiles drop
more sharply with injection than with suction, but settle
to zero more quickly with suction due to boundary-layer
thinning. As buoyancy forces dominate viscous forces
due to the increase in Gr and Ge, the fluid layers become
more stable. Thus, reducing vertical mixing.

It is noted in Figures 10 and 11 that temperature and
concentration reduce with increase in Darcy number.
High Darcy number implies more permeability allowing
the fluid move faster with enhance heat and mass transfer
which reduces the concentration and temperature.

Figures 12 and 13 depict a decreasing velocity profile due
to a rise in suction and double stratification parameters,
and an increase in stratification in the case of fixed

diffusion effects. Based on the results obtained, suction,
double stratification, and magnetic field significantly
influence the flow dynamics, heat transfer, and mass
diffusion in porous media. The results highlight the
opposing effects of suction (reducing profiles) and
injection (enhancing profiles) under stratification.
Additionally, buoyancy forces Gr and Gc, and the
magnetic field, enhance the velocity while lowering both
temperature and concentration. The findings provide
valuable insights into controlling thermal and mass
transport in engineering systems, particularly where
porous media and MHD effects are relevant. Future
research may consider extending the study to non-unitary
Prandtl and Schmidt numbers to broaden its applicability.

NOMENCLATURE

A

Reference time inverse

injection.  But the profile increases with increasing By — Magnetic field strength
injection value for a fixed stratification parameter. The c* Fluid .
plots in Figures 3, 5, and 13 indicate that increasing — Huid concentration
suction and strauﬁcagon stabilise the' concentration, C*o _ Tnitial fluid concentration
temperature, and velocity profiles over time toward the
steady state, similar to the case of fixed injection and C*w — Fluid concentration at y = 0
growing stratification. In the case of growing injection
and fixed stratification, the profiles grow infinitely with Gy — Specific heat at constant pressure
time, as in the case when suction/injection and ] o
stratification are absent. Suction enhances velocity by D — Molecular diffusivity
thinning the boundary layer, there reating a larger

g ! boundary layer, by ¢ catng & Da — Darcy number
cross-section for the free stream, which results in
gravitational damping, g — Gravitational acceleration
The Ve.locity profile de.cre.ases \yith an in.c.rease in the Gr _ Thermal Grashof number
magnetic parameter, while increasing with rising values of
the thermal Grashof number, mass Grashof number, and Gc — Mass Grashof number
Darcy number, as shown in Figures 14, 15, and 16. In
Figure 17, suction and injection have exactly the same Lg — Reference length
effect on skin friction. Moreover, the skin friction
. . S . Ny — Nusselt number
increases with suction/injection and with double
_stranﬁcanon Fompared to the classical scenario. Inc.regse k — Thermal conductivity of fluid
in the magnetic field strength creates a more flow-resisting
force (Lorenz’s force), making the fluid move more k* — Porosity parameter
slowly, while buoyancy dominance over viscous force
enhances the velocity. P, — Prandtl number
Figures 18 to 21 showed that both Sherwood and Nusselt Se — Schmidt number
numbers flatten to zero with increasing stratification, S Skin frict
keeping suction/injection constant; they increase with f — oSkin friction
rising suction/ injection in the presence of stratlﬁcatlop, as Sy _ Sherwood number
compared to the classical scenario cases. The obtained
results for suction/injection agree with those of Halima e7 t* — Time
al. (2023). For stratification, Da Gr and Ge, it agrees with
Sahu and Deka (2024) and Das and Deka (2024). And for tr — Reference time
the magnetic parameter, it agrees with Goud ¢z a/. (2023) . .
and Joseph ez al. (2014). T — Fluid temperature
CONCLUSION T — Initial fluid temperature
This study examined the effect of mass and thermal T",, - Fluid temperature at y = 0
stratification, combined with suction or injection, on . Velocitv of the fluid
unsteady Newtonian incompressible MHD fluid flowing u — Veloaty of the Hur
through an infinite vert1cal_ stationary porous plate. The Ug — Reference velocity
analysis incorporates variable-temperature and mass-
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v* — Suction/injection parameter
y*,x* — Cartesian coordinates
B — Volumetric thermal expansion coefficient

=
Q
|

Volumetric coefficient of expansion by
concentration

*

y — Thermal stratification parameter
& — Mass stratification parameter

p — Fluid reference density

u — Dynamic viscosity

v — Kinematic viscosity

o — Electrical conductivity of the fluid

Note: the (¥) was used distinguish dimensional parameters
from non-dimensional parameters (e.g. y* is dimensional
spartial parameter while y is non dimensional spartial
parameter).

REFERENCES

Alfvén, H. (1942). Existence of electromagnetic-
hydrodynamic waves. Nature, 150, 405—406.

Chamkha, A. ], & Khaled, A. R. A. (2000).
Hydromagnetic combined heat and mass transfer
by natural convection from a permeable surface
embedded in a  fluid-saturated porous
medium. International Journal of Numerical Methods
Jfor Heat & Fluid Flow, 10(5), 455—477. |Crosstef]

Choudhury, K., Sharma, S., & Ahmed, S. (2024). Thermo-
diffusion and diffusion-thermo effects on MHD
convective flow past an impulsively started
vertical plate embedded in porous medium. East
European Jonrnal of Physics, 2, 201-212. [Crossref]

Das, P., & Deka, R. K. (2024). Thermal and mass
stratification effects on unsteady MHD parabolic
flow past an infinite vertical plate with variable
temperature and mass diffusion through porous
medium. East European Journal of Physics, 2, 181—
199. [Crossref]

Deka, R. K., & Paul, A. (2013). Convectively driven flow
past an infinite moving vertical cylinder with
thermal and mass stratification. Pramana, 81(4),
641-665. [Crossref]

Goud, B. S., Srilatha, P., Mahendar, D., Srinivasulu, T., &
Reddy, Y. D. (2023). Thermal radiation effect on
thermostatically stratified MHD fluid flow
through an accelerated vertical porous plate with
viscous dissipation impact. Partial Differential
Eguations — in  Applied  Mathematics, 7,
100488. [Crossref]

Gurminder, S., Sharma, P. R., & Chamkha, A. J. (2010).
Effect of thermally stratified ambient fluid on
MHD convective flow along a moving non-
isothermal vertical plate. International Journal of
Physical Sciences, 5(3), 208-215.

Halima, U., Dogondaji, A. M., & Abdullahi, S. (2023).
Effects of injection/suction on unsteady MHD

https:/ /scientifica.umyu.edu.ng/

natural convective radiative flow of heat mass
transfer in a plumb frequency. Saudi Journal of
Engineering  and — Technology, — 8(7),  171—
180. [Crossref]

Hartmann, J. (1937). Hg-dynamics I: Theory of laminar
flow in a magnetic field. Dez Kgl. Danske
Videnskabernes Selskab, 15(6), 1-28.

Jha, B. K., Lugman, A., & Michael, O. O. (2018). Unsteady
hydromagnetic-free  convection flow with
suction/injection. Journal of Taibah University for
Science, 12(2), 136—145. [Crossref]

Joseph, K. M., Daniel, S., & Joseph, G. M. (2014).
Unsteady MHD couette flow between two
infinite parallel porous plates in an inclined
magnetic field with heat transfer. International
Journal of Mathematics and Statistics Invention, 2(3), 1—
11.

Mbeledogu, 1. U., Amakiri, A. R. C., & Ogulu, A. (20006).
Unsteady MHD free convection flow of a
compressible fluid past a moving vertical plate in
the presence of radiative heat
transfer. International Jonrnal of Heat and Mass
Transfer, 50(9—-10), 1668—1674. [Crosstef]

Reddy, Y. D., Reddy, N. N., & Goud, B. S. (2024). Suction
and double stratification effect on unsteady
MHD heat transfer nanofluid flow over a flat
sutface. Results in Engineering, 23,
102431. [Crossref]

Rundora, L., & Makinde, O. D. (2013). Effect of
suction/injection on unsteady reactive variable
viscosity non-Newtonian fluid flow in channel
filled with porous medium and convective
boundary conditions. Journal of Petroleum Science
and Engineering, 108, 328-335. [Crossref]

Sahu, D., & Deka, R. K. (2024). Thermal stratification and
chemical reaction effects on MHD flow through
oscillatory vertical plate in a porous medium with
temperature variation and exponential mass
diffusion. East European Journal of Physics, 2, 209—
223. [Crossref]

Sarma, S., & Ahmed, N. (2022). Dufour effect on unsteady
MHD flow past a vertical plate embedded in

porous medium with ramped
temperature. Scientific Reports, 12(1),

13343. [Crossref]

Schiff, J. L. (1999). The Laplace transform: Theory and
applications. Springer. [Crossref]

Seddek, M. A., & Salema, F. A. (2007). Investigated the
effects of temperature dependent viscosity and
thermal conductivity on unsteady MHD
convective heat transfer past a semi-infinite
vertical porous plate in the presence of suction
and magnetic field parameter. Computational
Materials Science, 40(2), 186—192. [Crosstef]

Shercliff, J. A. (1965). A textbook of magnetohydrodynamics.
Pergamon Press.

Srinivasacharya, D., & Surender, O. (2015). Effect of
double stratification on mixed convection
boundary layer flow of a nanofluid past a vertical
plate in a porous medium. Applied Nanoscience, 5,
29-38. [Crossref]

Muazu et al., /USci, 4(4): 112 — 121, December 2025 121


https://scientifica.umyu.edu.ng/
https://doi.org/10.1108/09615530010338097
https://doi.org/10.26565/2312-4334-2024-2-19
https://doi.org/10.26565/2312-4334-2024-2-17
https://doi.org/10.1007/s12043-013-0604-6
https://doi.org/10.1016/j.padiff.2023.100488
https://doi.org/10.36348/sjet.2023.v08i07.003
https://doi.org/10.1080/16583655.2018.1545624
https://doi.org/10.1016/j.ijheatmasstransfer.2006.10.032
https://doi.org/10.1016/j.rineng.2024.102431
https://doi.org/10.1016/j.petrol.2013.05.010
https://doi.org/10.26565/2312-4334-2024-2-20
https://doi.org/10.1038/s41598-022-15603-x
https://doi.org/10.1007/978-0-387-22757-3
https://doi.org/10.1016/j.commatsci.2006.11.012
https://doi.org/10.1007/s13204-013-0289-7

