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This study introduces an analytical solution for the unsteady MHD free convection and mass transfer flow past a vertical plate embedded
in porous medium, taking into account the Soret and Dufour effects. Initially, the perturbation method is employed to decouple the
equations resulting from the coupling of the Soret and Dufour effects. Subsequently, the Laplace Transform Technique is applied to solve
the governing equations. The expressions for velocity, temperature, concentration, skin-friction, Nusselt, and Sherwood numbers are
derived. The effects of the main parameters are discussed, revealing that an increase in the Soret number leads to a decrease in temperature
while increasing velocity and concentration. Similarly, the Dufour parameter causes an increase in temperature and velocity, while
concentration decreases. However, the effect of the Dufour and Soret parameters on velocity does not show a significant difference.
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1. INTRODUCTION

Environmental and mass transfer are very important in many mechanical systems used directly in processes, solar
collectors, nuclear reactor heating, etc. [1-10]. Many studies have been conducted on temperature-induced and concentration-
induced flow behavior [11-18]. Convection is more important when concentration and temperature interact simultaneously.
In 1879, Charles Soret [19] conducted an experiment in which he discovered that the temperature of a salt mixture in a tube
was different and not the same at its two ends. The salt concentration near the edge of the cryogenic tube is higher than that
near the high temperature end. This led him to conclude that the decrease in minerals was caused by changes in temperature.
This is called the Sorét effect or thermophoresis. However, when heat transfer occurs due to a concentration gradient, the
phenomenon is called the Dufour effect. Both of these effects are significant in flow systems where density variations exist,
such as during isotope separation, chemical processing, etc. [20-26]. Kafoussias and Williams [27] observed that when heat
and mass transfer occur simultaneously in a moving fluid, there will always be a complex relationship between the flow and
the driving force. This result was obtained after studying the influence of Soret and Dufour on the constant heat and mass
transfer near the boundary layer with mixed forced free convection. Their conclusion was that concentration gradients can
also create energy flow. Using HAM, the authors [28] solved the system of equations governing steady 2D flow through a
long moving porous wall containing conductive fluid in a permeable medium. The authors in [29] presented an analytical
study of the Soret and Dufour effects of a second-quality fluid flow along an elongated cylinder taking into account the
influence of thermal radiation. It is expected that when the Soret and Dufour parameters change simultaneously, the heat and
mass transfer rates will have an inverse relationship with each other.

MHD is a branch of physics that studies the behavior of fluids in magnetic fields. MHD liquids flowing through
pipelines are of great significance in many scientific and technical fields such as bioengineering, petroleum industry,
drainage and irrigation. The application of MHD principle is widely used in fusion reactors, MHD pump design, MHD
generators, MHD speedometers, etc. MHD principles are also used in medicine and biology. Alfven [30], Cowling [31],
Shercliff [32], Crammer and Pai [33] are other notable authors whose contributions have led to the development of MHD
to its present form. Jha and Gambo [34] used an analytical approach to study inelastic flow and mass transfer on fixed
plates by Soret and Dufour. The author first uses the perturbation method to simplify the system of equations, and then
uses the Laplace transform technique to solve the system of equations.

The main objective of the present investigation is to present comprehensive analytical solutions for unsteady
MHD-free convection and mass transfer on a vertical plate impulsively moved and embedded in a porous medium in the
presence of aspect of the Soret and Dufour effects. The coupled equations of the temperature and concentration fields are
decoupled using perturbation techniques and then solved by applying the Laplace transform technique. The present work
generalizes the work done by [34] by introducing a magnetic field and considering the porosity of the medium. The results
presented here are compared with the existing literature in which the magnetic and porosity parameters are not available.
The solution of Jha and Gambo [34] is given as a special case in the absence of magnetic and porosity parameters.

2. MATHEMATICAL ANALYSIS
The MHD unsteady natural convection flow beyond the pulse-initiated vertical plate embedded in the porous
medium is considered. The y -axis is taken along the normal line of the plate and the x - axis is parallel to it. Initially at
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'<0, the liquid and the plate are considered to be at rest with the same constant temperature ( 7o, ) and concentration
(Cl). Att’>0, the plate starts moving with a vertical velocity U, and the fluid, temperature, and concentration at the
plate are maintained at 7y, and Cy,,, respectively. All physical quantities depend on " and y”only because the plate
occupying the plane y'=0 is considered to be of infinite length.

The equations governing the flow under such assumptions and Boussinesq approximation in the presence of
magnetic field are:

o’ 9 - oBu v’
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While the following non-dimensional quantities are introduced
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Where Pr is the Prandtl number, S, the Schmidt number, G, the Grashof number, G,, the modified Grashof
number, M the magnetic parameter, K, the permeability parameter, S, the Soret parameter and D, is the Dufour

parameter in Eqs (1-3), we get
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Subject to the following initial and boundary conditions
t<0:u=0, =0, =0 for y=0, )
=1, =1, ¢=1 at y=0
1>0:" o=l aty . (10)
u—0,0—-50,0—>0 as y—> oo

3. ANALYTICAL SOLUTIONS
In order to solve the coupled equations (6 - 8) analytically, we use a non-zero parameter € (sufficiently small) in the
following form, so that the equations are decoupled:

u=u0+€u1+0(62), QY
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6=6,+£6,+0(¢*),

p=0,+ep,+0(€).
Here D, =ke, S . =Ae
and k, Aare constants of O(1). Then substituting (11 - 13) into (6 - 10) gives:
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Using Laplace Transform Technique with relevant boundary conditions, the solutions are obtained as
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The non-dimensional form of Nusselt number, Sherwood number, and skin friction coefficient in heat and mass

transfer process as
R .
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Where

4. RESULTS AND DISCUSSIONS

The mathematical model describes the free convection flow associated with heat and mass transfer across a vertical
plate that initiates pulses in addition to thermal diffusion and thermal-diffusion effects. Numerical calculations were
performed to provide an overall understanding of the problem and the results are presented in Figures 1 to 9 and Table 1.

To have a clear overview of the problem, the calculations Numbers for the velocity field, dimensionless temperature
and concentration fields, surface friction, heat and mass transfer rates have been taken and they are represented graphically
for the thermal Grashof number Gr, the modified Grashof number Gy, Schmidt number S, Prandtl number P;, magnetic
parameter M, Soret parameter S;, Dufour parameter and permeability parameter. The Prandtl P, number is chosen to be
0.71, representing air at a temperature of 290 K and a pressure of 1 atm. In this study, air is considered as the primary
fluid (solvent) and certain fluids are considered as secondary substances (solute) such as helium (He), water vapor ( H,0 ),

ammonia ( NH, ), etc. is diffused in the air. The Schmidt number Sc is assumed to be 0.78 typical for ammonia ( NH, ),
while the values of the other parameters are chosen arbitrarily.

25

N M=1,2,3

Figure 1. Velocity profile with respect to permeability parameter for ~ Figure 2. Velocity profile with respect to magnetic parameter for
kp =1, §.=078 AB.=071;, G,=5 G, =5 M=l kp =15 =078 PB.=07L G,=5,G,=5 M=l

t=1, D,=0.15 § =0.15 t=1, D,=0.15 S =0.15
Figure 1 depicts the influence of permeability parameter K, on the velocity fields. It is found that the velocity

increases with increase of permeability parameter K, for the cooling surface. Physically, when the holes of the porous
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medium become large, the resistance of the medium may be neglected and as a consequence the fluid velocity gets
increased.

Figure 2 show that velocity decreases comprehensively for increasing Hartmann number. In other words, the fluid
flow is decelerated due to imposition of the transverse magnetic field. This observation is consistent with the physical
fact that a magnetic body force viz. Lorentz force develops due to interaction of the fluid velocity and the magnetic field
which serves as a resistive force to the fluid flow and as a consequence the flow gets decelerated.

The variation in the velocity distribution of the flow field with respect to y for four specific values of Soret parameter

(S,) is shown in Figure 3. It is evident in the figure that the velocity profile diminutions near the plate due to the Soret

effect, but at far away from the plate, Soret effect can be used to boost the fluid velocity.

3 T T . T . 3

25

Du=08,15 20 Sr=08,145,20

0s

Figure 3. Velocity profile with respect to Dufour parameter for ~ Figure 4. Velocity profile with respect to Soret parameter for
k,=1, §. =078 P.=0.7l; G,=5G, =5 M=11t=1 k,=1; 5 =078 B.=071; G,=5 G,=5 M=1, t=1
D,=0.15; §,=0.15 D,=0.15; S, =0.15

The consequences of diffusion-thermo on the velocity field are displayed in Figure 4. The Dufour number D,
signifies the contribution of the concentration gradients to the thermal energy flux in the flow. As D, increases, a rise in
fluid velocity can be seen in Figure 4.
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Figure 5. Temperature profile with respect to Dufour parameter Figure 6. Temperature profile with respect to Prandtl number for
for kp =1; §.=0.78; B.=0.71; G, =5, G, =5 M=1; kp =1; §.=0.78; B.=0.71; G, =5, G, =5 M=1t=1;

(=1, D,=0.15; S, =0.15 D,=0.15; 5, =0.15

Figure 5 illuminates the effect of Prandtl number P, on fluid temperature. Prandtl number defines the ratio of
momentum diffusivity to thermal diffusivity. As P, increases thermal diffusivity decreases resulting in a drop in fluid
temperature. And hence the fluid temperature decreases. Dufour effect on the temperature profile is demonstrated in
Figure 6. It is evident that the temperature of the fluid increased with the increasing values of Dufour parameter. Figure 7
indicates the temperature distribution with respect to time. As time progress, temperature of the fluid increases.

In Figure 8, the effect of Schmidt number S, on concentration field has been depicted. An increase in Schmidt
number S. means a fall in mass diffusivity and hence indicates a fall in the concentration level. Figure 9 presented thermal
diffusion effect on concentration profile. It is observed that fluid concentration increased with the increasing values of
the Soret parameter S;. Physically, the presence of thermal diffusion increases the concentration level of the fluid.
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From Table 1, as Gr, Gu, K, increase, skin friction increases. In addition to this, it is seen from Table 1 that the skin
friction gets reduced for increasing magnetic parameter M. This indicates that the imposition of a transverse magnetic
field inhibits viscous drag due to its application on thin films with high aspect ratio. Henceforth, the coefficient of
momentum at the planar surface becomes larger for increasing M. Also, as S, and Du increase, viscous drag at the plate
decreases.

In Table 2, we have compared our work with previously published work done by [34]. In absence of magnetic
parameter and porosity parameter, the variation of skin friction in terms of Soret and Dufour effects are examined. It is

found that the findings of the current study are consistent with the prior outcomes.
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Figure 7. Temperature profile with respect to time for k, =1;  Figure 8. Concentration profile with respect to Schmidt number
S, =078 P.=071; G, =5 G, =5 M=1t=1; D, =0.15; for k, =1, S, =078 £ =071 G, =5 Gy =5 M =1 =1

S, =0.15 D, =0.15; 5, =0.15
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Figure 9. Concentration profile with respect to Soret parameter for
k,=1,5,=078 F.=071; G,=5 G, =5 M=1,t=1; D,=0.15; S, =0.15
Table 1. Skin friction for the variations of different parameters (M, k,, S,, D,, S,) for k, = I, S, =0.78, B.=0.71; G, =5;
G,=5M=Ilt=1;D,=0.15 S, =0.15

M kp Du S}" SC ‘
2 1 0.15 0.15 0.78 0.8807
3 1 0.15 0.15 0.78 0.8673
4 1 0.15 0.15 0.78 0.8527
3 1 0.15 0.15 0.78 0.8673
3 2 0.15 0.15 0.78 0.8749
3 3 0.15 0.15 0.78 0.8772
3 1 0 0.15 0.78 1.0057
3 1 0.15 0.15 0.78 0.8673
3 1 0.3 0.15 0.78 0.7788
3 1 0.15 0 0.78 0.9879
3 1 0.15 0.15 0.78 0.8673
3 1 0.15 0.3 0.78 0.7858
3 1 0.15 0.15 0.30 1.1474
3 1 0.15 0.15 0.60 0.9861
3 1 0.15 0.15 0.78 0.8673
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Table 2: Comparison of the coefficient of skin friction with the previously published work in absence of magnetic parameter (M ) and
permeability parameter (&, ).

flui

S, D, Work done by [34] T (Present work)
0.0 0.15 2.762960 2.7615
0.15 0.15 2.815850 2.8043
0.3 0.15 2.869490 2.8451
0.15 0.0 2.756830 2.7458
0.15 0.15 2.815850 2.8082
0.15 0.3 2.875640 2.8725
5. CONCLUSIONS

In the present investigation, we have studied theoretically the effect of unsteady MHD heat and mass transfer natural
d flow past an impulsively started vertical plate embedded in porous medium. The present investigation leads to the

following conclusions:

i.  Fluid velocity decreases with the increasing values of the magnetic field parameter in the boundary layer region
and thus magnetic field can be effectively used in controlling the fluid motion.

ii.  Fluid motion enhances under the effect of Grashof number (Gr) and modified Grashof number (Gy,) while the
fluid velocity reduced with the increase in Prandtl number and Schmidt number.

iii.  Fluid velocity increases with the increasing values of permeability parameter.

iv.  Fluid velocity increases as Soret (S;) and Dufour (D,) number increase.

v. Temperature of the fluid decreases under the influence of Prandtl number.

vi. Coefficient of skin-friction of plate is decreased due to the application of the strength of the magnetic field.

vii. Viscous drag at the plate is increased with the increasing values of permeability parameter.

viii. Skin friction is decreased with the increasing values of Soret (S;) and Dufour (D,) number.
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TEPMOJU®Y3IMHUI TA TU®Y3IHHO-TEPMOE®EKTH HA MI'Jl KOHBEKTUBHUI1 MOTIK MTOB3
IMITYJIBCBKO 3ATTYIIEHOIO BEPTHKAJIBHOIO IIVTACTHUHOIO, 3AJIOYEHOIO B ITIOPUCTE CEPEJIOBHUIIE
Kanrkan Yoyaxapi, Csiri lllapma, Illaxip Axmen
Daxynomem mamemamuxu, Yuisepcumem nayxu i mexwonozivi Meexanas, Inois
VY 11p0My TOCTIPKEHHI IPEeICTaBICHO aHATIITHYHE PilIeHHs I HecTanioHapHo1 ButbHOT MI'/l-koHBeKmil Ta HOTOKY MacoOOMiHy ITOB3
BEPTHKAIBHY IUIACTHHY, BOYZOBaHY B IIOPHCTE CepenoBHILe, 3 ypaxyBaHHsIM edekTiB Cope Ta Hrodypa. Crouatky Meroxn 30ypeHb
BHUKOPHCTOBYEThCS IJIsI pO3’€AHAHHS PiBHSHbB, IO € pe3yiabratoM 3B’s3Ky edektiB Cope Ta drodypa. [ins po3s’s3aHHS KepiBHHX
PIBHSIHb BHMKOPUCTOBYEThCS MeToJ mneperBopeHHs Jlarumaca. OTpuMaHO BHpasd Juisi LIBHAKOCTI, TEMIEpaTypH, KOHIEHTpaLil,
mikipHoro tepts, uncen Hyccenbra Ta lllepByaa. OOroBoproroThest epeKTH OCHOBHHX ITapaMeTpiB, IIOKa3yOUH, 110 301IbIICHHS YHCIa
Cope npu3BOAXUTH O 3HIKCHHS TEMIIEPATypH HpH 30UTbIIEHH] MBHUAKOCTI Ta KoHUeHTpanii. [loxionum unHOM mapamerp [drodypa
BUKJIMIKAE TTiABHUIICHHS TEMIIEPATypH Ta MIBUIKOCTI, TOI K KOHLIEHTpALis 3MeHIIyeThes. OHak BIUMB napaMeTpiB Jrodypa ta Cope

Ha MIBUJIKICTH HE IEMOHCTPY€ iCTOTHOI Pi3HULI.
Karouosi cnoBa: MI/[; epexm Cope; epexm [iogpypa; 30ypenns, nepemsopenns Jlannaca



