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The paper examines solution for a two-dimensional steady, viscous, heat dissipation, incompressible hydro-magnetic free convective
flow past a uniformly moving vertical porous plate immersed in a porous material in the presence of the Soret effect, Dofour effect and
Chemical reaction. A constant magnetic field is directed into the fluid area perpendicular to the plate. The MATLAB built-in bvp4c
solver approach is used to solve the governing non-dimensional equations. The discussion of the current issue focuses mostly on the
impacts of thermal diffusion, magnetic field, thermal radiation, Grashof number, Soret number, Dufour number, and chemical reaction.
It is observed that the Soret number improves fluid temperature. In addition, the fluid's temperature, concentration, and velocity all
drop as the magnetic field parameter rises. Although the heat dissipation caused by the medium's porosity is usually disregarded
in convective MHD flow simulations, it is considered in this work.
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INTRODUCTION

The combined effects of magnetic and temperature field on viscous flow are basically studied in a magneto-
hydrodynamics (MHD) flow. In addition to many other domains, Magnetohydrodynamic (MHD) flow finds practical
applications in diverse fields such as missile technology, plasma physics, geophysics, solar physics, astrophysics etc.
Consequently, numerous scientists and engineers are keenly interested in its applications. Khan ef al. [1] investigated the
magnetohydrodynamic free convection flow around an oscillating plate within a porous medium. Fetecau et al. [2]
explored the unsteady solution of magnetohydrodynamic natural convection flow incorporating radiative effects.
Meanwhile, Seth ef al. [3] delved into the radiative heat transfer in the context of MHD free convection flow past a plate
with ramped wall temperature. MHD free convective flow involving chemical reaction over an inclined magnetic field
was studied by Sheri et al. [4]. In an unstable MHD flow between two porous vertical plates, heat and mass transfer were
investigated by Raghunath et al. [5]. Zeeshan et al. [6] investigated the MHD flow of water/ethylene glycol based
nanofluids with natural convection through a porous medium. Their results were substantiated both mathematically and
graphically.

Free convection is a method of heat transmission in which buoyancy induced fluid motion is all that occurs. Due to
the significance of natural convections in both nature and engineering, several scholars have investigated these issues in
depth over the past 20 years. Among them are Ahmed et al. [7], Lawal et al. [8] and Sedki [9]. Ahmed ef al. [10] conducted
a study on the three-dimensional mixed convective mass transfer flow adjacent to a semi-infinite vertical plate in porous
medium. Rajput ez al. [11] investigated the effects of chemical reactions and radiation on magnetohydrodynamic flow via
a vertical plate with changing mass diffusion and temperature. Soret and Dufour effect on MHD micropolar fluid past
over a Riga plate was studied by Borah et al. [12]. Ahmed [13] examined the impact of Soret and radiation effects on
transient magnetohydrodynamic free convection from an impulsively started infinite vertical plate. Patel [14] investigated
the thermal radiation effects on magnetohydrodynamic (MHD) flow involving heat and mass transfer of a micropolar
fluid between two vertical walls. Reddy et al. [15] explored the influence of chemical reactions on magnetohydrodynamic
natural flow through a porous medium past an exponentially stretching sheet, considering the presence of heat source/sink
and viscous dissipation. Jha et al. [16] examined how a heat source or sink affected magnetohydrodynamic free convective
flow in a nanofluid-filled channel. The effect of viscous dissipation on magnetohydrodynamic free convection flow
around a semi-infinite moving vertical porous plate with chemical reaction and heat sink was investigated by
Matta et al. [17). Borah et al. [18] investigated the influence of Arrhenius activation energy in magnetohydrodynamic
micropolar nanofluid flow along a porous stretching sheet, considering viscous dissipation and heat source. In a recent
study, Akhtar et al. [19] explored the impacts of radiation and heat dissipation on magnetohydrodynamic convective flow
in the presence of a heat sink.

Chemical reactions have a significant impact on studies of thermal and solutal convection in the fields of science
and engineering technology. The existence of multi-component species in a system causes the chemical reaction.
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Senapati ef al. [20] conducted a study on the magnetic effects on mass and heat transfer in a hydromagnetic flow past
over a vertical oscillating plate in presence of a chemical reaction. Mondal ef al. [21] examined how radiation and
chemical reactions affect the free convection flow of magnetohydrodynamic via a vertical plate in a porous material.
Sinha [22] conducted a study on the unsteady MHD free convective flow, considering the effects of a chemical reaction
past a permeable plate under sloping temperature conditions. The results showed that the reaction rate increased as the
chemical reaction parameter increased. Suresh ef al. [23] investigated the influence of chemical reaction and radiation on
magnetohydrodynamic flow along a moving vertical porous plate with heat source and suction.

Bordoloi et al. [24] investigated the analytical solution for a steady, viscous, incompressible hydromagnetic free
convective flow in two dimensions that passes in front of a vertical porous plate that is uniformly moving and embedded
in a porous material. Their study included the consideration of the Soret effect and chemical reaction. The current research
extends this work by incorporating heat dissipation due to the porosity of the medium. Through the use of a vertical plate
that is always moving, always experiencing a heat flux, immersed in a porous media, and always under continual suction,
the study seeks to understand how chemical reactions and thermal radiation affect natural convective flow. These
combined effects, which are not typically examined simultaneously, have wide range of effects on engineering processes
such as paper production, plastic sheet extrusion, glass blowing, and more.

BASIC EQUATIONS
The following equations described the continuous convective flow across a porous medium of an electrically
conducting, viscous, incompressible fluid while being affected by a magnetic field:

V.g=0 (1)
V.B=0 )
J=0(E+q4xB) 3)
p(d.V)q = pg — Vp +] x B + uv?g — 12 (4)
pC,(G.V)T = kV2T+(p+]§+Q’(TDO -T) —qu—;—f,q—;z (5)
(4.V)C = D, V*C + D;’—:TVZT +K,(C, — €) ()
Po =p[1+B(T~T) +B(Co — O] )
Radiation heat flux as per Rosseland approximation,
@ =- 2T (®)

MATHEMATICAL FORMULATION
It is considered that a viscous, incompressible, radiating fluid that conducts
Uy U =0 electricity will pass through a vertical plate embedded in a porous medium with
uniform suction when a constant magnetic field is present and directed
perpendicularly to the flow. The investigation is guided by the following

presumptions:
L. With the exception of density in the term for the buoyant force, all
fluid parameters are constant.
II. There is very little induced magnetic field.
1. The plate has no electrical conductivity.
Iv. It receives no external electric field.

Let, B and q be the applied magnetic field and the flow velocity respectively
at the point (x', y', z").
Since | T — T, | is the very small, T4 can be expressed as:

T = (T + (T— Tu)}* =4T,3T-3 T, 9)

Therefore, equation (8) gives,

— 160" Too> =,
qr = — %VT (10)
Figure 1. Physical representation 3k

of the problem. Equation (10) gives,
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v = _ _ 166*T°°3 2
V.gi= - — = VT (11)
Equation (11) can be used to simplify the energy equation as follows:
2
pva’:—;,zka,Tz +u( )+aB 2yt 4+ 180 T(x;":fz QT —T) (12)

The equation of state (7) yields the following governing equations, which are standard boundary layer approximations.

'
a—y,—O, (13)
2.1 !
V5= gBT ~T) + gR(C — C) + 90 - Tt 20, (14)
;0T az_T a_u’ 2,2 160" 36_T_— _ _ B2 DyKt
pC,v ay,—kay,Z +u(ay,)+aB ut+--To e Q(T,—-T) auet CoCs (15)
, aC a%c DyKr 9°T T

The appropriate boundary conditions for the velocity, temperature and concentration are,

! ! aT *
Aty=0:u=U,a—y,=—q?, c=¢C, (17)
As y' > 00: u -0 T->T, C-Cy, (18)
The non-dimensional quantities are introduced as,
q'v
vy v T I e Ui
= v 1] u—U; - q*v ) (p_ CW—COO’ r Uvoz ) _CP(TW_TOO)’
kv,
_ uCp _ ked gﬁﬂ _ 9 _oB%;9 _  49] Qv _K'vy?
P = pal K. = Uoz,Gm (C Cs), S = P M= v, ,R = PCy7020" Q Pv02Cy 52
5 = DM"Tﬁ _ DMET(Cw=Ceo) _ ke
T 9T (Cw—Coo)’ Y CpCs(Tw—Teo) 46* Too®
Equation (13) gives,
v'=—-v,(v, > 0) (19)
The form of governing equations in dimensionless are as follows:
d?u | du 1
- (M+2)u==6,6-Gnop (20)
d 0 dZ
s 1d ®_Q.0= AE(—)Z—(M+—)A1Eu DuAld—y‘f (21)
dz dze
—"’+scdy Keg=—ScSq7 (22)
Where,
A=1 +3N X_Ql,anclA1
Corresponding boundary conditions (17)-(18) reduces to
Aty=0:u=1,%=—1,<p=1 (23)
Asy—>o©0:u—-0,6-0, ¢—0 24)
METHOD OF SOLUTION

The ordinary differential equations (20)-(22) with the boundary conditions (23) and (24) are solved by the use of
numerical method ‘MATLAB built-in bvp4c solver technique’. The boundary ordinary differential equations are
converted into the first order differential equations are as follows:

Let,

=y(1), u=y2), 6=y3), 0=y@, ¢=y05), ¢ =y6).

Now, we have the following set of first order differential equations:

Y@ = —y@) —(M+3) = Gy(3) = Gny(5) (25)



145

Free Convective MHD Radioactive Flow Across a Vertical Plate Enclosed in a Porous... EEJP. 2 (2024)
, P P 1 P P ,
V) =y 4L () TS EY0) —(M +§j—r4Ey(1)y(l) ~Du < ¥(6)
- - - i & 26)
(1 + ) (1 + j (1 + j (1 + j [1 + ) (
3N 3N 3N 3N 3N
¥ (6) ==Sc y(6) + Kc y(5)— Sc Sr y'(4) 27

The boundary conditions of the resulting ordinary differential equations can be expressed as,

o) -1, y0(4)+1, y0(5)-1, y1(1)-0, »1(3)-0, y1(5)-0 (28)

RESULT AND DISCUSSION
In this study, the effects of various non-dimensional physical parameters such as magnetic parameter (M), radiation
parameter (N), thermal diffusion ratio (K;) , heat sink (Q), thermal Grashof number (G, ), solutal Grashof number
(Gm ), chemical reaction (K, ), Soret number (S; ), Schmidt Number (S. ), Prandlt number (7. ), Dufour number ( D)
and porosity parameter (K ) on velocity field (u) , temperature field (8) and concentration field ( ¢) of the flow system
have been studied and their variations with respect to the parameters are shown by graphs. The Variations of fluid velocity,
temperature and concentration field are shown in figures 2-20 graphically.

Velocity variation: The velocity profiles are shown in figures 2-9. Figure-2 represents that the fluid velocity u
decreases with the increasing values of magnetic parameter (M). This happens as a result of the fluid's velocity decreasing
due to the magnetic field's generation of an opposing Lorentz force. Therefore, the increasing value of magnetic field
results in the decrease of fluid velocity. Figure-3 shows the effect of the radiation parameter on the velocity profile. It is
evident that as the radiation parameter increases, the velocity of fluid particles increases.

Figure 2. Variation of the velocity with M Figure 3. Variation of the velocity with N

Figure-4 shows the impact of chemical reaction parameter K. on velocity profile. It is observed that fluid velocity
(u) decreases with the increase of chemical reaction parameter K, . Figure-5 shows how fluid velocity changes with
thermal Grashof number G, . It is noted that velocity increases along with the thermal Grashof number.

Kc=1,15255 4
W\
\ Gr=10, 16, 20, 24
i [

o , . . , , I o .
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Figure 4. Variation of the velocity with K, Figure S. Variation of the velocity with G,

This can be explained by the observation that temperature gradients rise in proportion to an increase in Grashof
number, which ultimately causes the velocity distribution inside the flow to increase. Figure-6 demonstrates how the
solutal Grashof number G,, affect the fluid velocity. It is noted that the fluid velocity increases with G, . The thermal and
solutal buoyancy forces cause a considerable rise in the velocity field. This results from the direct relationship between
buoyant force and Grashof numbers. Figure-7 depicts the effect of Soret number (S, ) on velocity. It is seen that the fluid
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velocity increases due to the increase of Soret number. In figure-8, it has been noted that when the porosity parameter (K)
grows, the fluid velocity increases. This happens because a fluid with a higher porosity value has more room to move.
Consequently, an increase in the fluid velocity occurs. Figure-9 shows the influence of Dufour number (D, ) on fluid
velocity. It is regarded that as Dufour number increases there is monotonic increase in the fluid velocity.

K=051,23
NN\
AN

0.6

0.4

0.2+

Figure 8. Variation of the velocity with K Figure 9. Variation of the velocity with D,,

Temperature Variation: The temperature profiles are shown in figures 10-17. Figure-10 demonstrates
how temperature profile changes with heat sink (Q). It is noted that the fluid temperature decreases with the
increase of Q. Figure 11 indicates that the fluid temperature decreases as the chemical reaction parameter (K, )
increases. Figure -12 shows how the radiation parameter affects the temperature profile. The observed that the
fluid's temperature drops as the radiation parameter increases. Figure-13 illustrates how the fluid temperature
drops as the magnetic parameter increases. The increasing values of solutal Grashof number (G,, ) and thermal
Grashof number(G, ) increases the fluid temperature, as shown in figures 14 and 15. Figure-16 shows a clear
rise in the fluid temperature for increasing the Soret number(S, ). Figures-17 describes the effect of Dufour
number (D, ) on fluid temperature. The Dufour number signifies the contribution of the concentration
gradients to the thermal energy flux in the flow. It is seen that as Dufour number (D, ) increases there is
monotonic increase in temperature.

Kc=15,225,3

Q= 14, 16, 18, 20 7
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Figure 10. Variation of the temperature with Q Figure 11. Variation of the temperature with K
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Figure 16. Variation of the temperature with S, Figure 17. Variation of the temperature with D,,

Concentration Variation: The concentration profiles for the parameters K., S, and D, are depicted in figures 18-20.
Figure-18 illustrates that fluid concentration decreases with increasing chemical reaction parameter(K, ). Figure-19 shows
a clear rise in the fluid concentration for increasing the Soret number ( S, ). Figure-20 describes the fluid concentration
increases due to the increasing value of Dufour number ( D,, ).

Kc=1,15,3,45 4

T

Figure 18. Variation of the concentration with K
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Figure 19. Variation of the concentration with S, Figure 20. Variation of the concentration with D,,

CONCLUSION
In this inquiry, using the ‘MATLAB built-in bvp4c solver technique’, free convective MHD radioactive flow across

a porous vertical plate surrounded by a porous medium has been numerically simulated, accounting for viscous
dissipation, thermo-diffusion, and chemical reaction. The investigation's results are noteworthy when fluid temperature
rises for high radiation and high thermo-diffusion effects. The consumption of species and magnetic field characteristics
is still decreased. As the buoyant force grows, the upsurge concentration rises; nevertheless, as the magnetic parameters
grow, it declines. With a rise in magnetic field and intense radiation, the flow slows down. The impact of thermo-diffusion
causes the flow to speed up. The application of thermal radiation and magnetic field slows the drag force at the plate. The
rate of mass transfer is increased by increasing the thermo-diffusion effect.
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NOMENCLATURE
Fluid velocity vector U Free stream velocity
Thermal diffusion ratio q” Heat flux
Fluid density g Stefan-Boltzmann constant
Fluid temperature q- Flux of radiation heat
Species concentration in free stream K Thermal conductivity
. . 72
Magnetic flux density vector L Ohmic dissipation of energy per unit volume
Kinematic viscosity I . S .
. . [0} Viscous energy dissipation per unit volume
Molar species concentration . . .
C densi K, Chemical reaction coefficient
S urr;nt ensity Vegtor he ol c Conductivity of electricity
pecies C(.)ncentratlon at the p aj[e K Porosity parameter
Acceleration vector due to gravity K" Mean absorption coefficient
Mean fluid temperature Dy Mass diffusivity
Fluid pressure B Coefficient of thermal expression
Electrical field N Radiation absorption Coefficient
Specified heat at steady pressure
Coefficient of viscosity
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BLIBHUI KOHBEKTUBHUM PAJIOAKTUBHUY MT'J ITOTIK YEPE3 BEPTUKAJIbHY IIVIACTUHY B
MOPHUCTOMY CEPEJOBWIIII 3 YPAXYBAHHSIM B'SI3KOBOI TUCHUIIAILIIT, TEPMOJINU®Y3Ii
TA XIMIYHOI PEAKIIII
Canbma Axtap?, Kemad Bopax?, llIbsaimanrta Yakpagopru®
“@akynvmem mamemamuxu, Ynieepcumem I ayxami, I'yeaxami-781014, Accam, Inoia
YUGC-HRDC, VYuisepcumem I'ayxami, I'yeaxami-781014, Accam, Inois

VY crarTi po3mIsAaEThCs PINIEHHS IS JBOBUMIPHOTO IOCTIIfHOTO, B’SI3KOT0, PO3CIIOBAHHS TEIUIA, HECTUCIMBOTO TiIpPOMArHITHOIO
BIIBHOTO KOHBEKTHBHOT'O ITOTOKY IIOB3 PIBHOMIPHO PyXOMY BEpTHKAIBHY ITOPHUCTY IUIACTHHY, 3aHYpeHY B IOPUCTHH Marepiai, 3a
HasBHOCTI edpekty Cope, ebekty Jodypa Ta ximiunoi peakiiii. [loctifiHe MarHiTHe TMoJie CHOpsIMOBaHE B OOJIACTH PiIUHH
MePIEeHIMKYJIIPHO 10 uacTuHu. BOynoBanuit y MATLAB po3s’sizyBau bvp4c BHKOPHCTOBYETBHCS JUIsl PO3B’SI3yBaHHS KEepiBHUX
6e3BUMipHUX PiBHSIHb. OOrOBOPEHHSI IIOTOYHOTO MUTAHHS 30CEPEKEHO Ha BIUIMBI TEIUIOBOI AUQY3il, MarHITHOTO MOJIS, TEINIOBOTO
BUNpOMiHIOBaHHs, uucia ['pacroda, umcna Cope, uncna drodypa ta ximiunoi peaxuii. [TomideHo, mo uuciao Cope mokparrye
Temrepatypy pizuad. KpiM Toro, TemiepaTypa, KOHISHTpALis Ta IIBUIKICT PIAMHYI HaJar0Th 31 30UIbIICHHSAM IapaMeTpa MarHiTHOTO
1oy, X09a po3CifoBaHHS TETIa, BUKIMKAHE MOPUCTICTIO CePEeIOBHUINA, 3a3BUYail HE BPAXOBYETHCS IIPH MOJICITIOBAHHI KOHBEKTUBHOTO
MI'/I-toTOKY, BOHO PO3IIISAAETHCS B Wil poOOTI.

Kunrouosi cmoBa: MIJ]; nopucme cepedosuwe, Ximiuna peakyis; unpominiosants; poscitoeanus menia; epexm Cope i eghexm

Hodypa



