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ABSTRACT

This analysis investigates the impact of soret and dufour on MHD heat and mass transfer coquette flow
considering the ramped and isothermal conditions due to contributory effects of buoyancy. The analysis has
been able to change the governing partial differential equations and their initial and boundary conditions
into dimensionless form using the appropriate dimensional variables. Finite element method was employed
in finding the solution of dimensionless partial differential equations subject to their initial and boundary
conditions. The results from the finding indicates that, velocity profile is enhanced due to the rise in Eckert
number (E.), Buoayancy parameter (1), Dufour number (Df), Solutal Grashof number (G.), Thermal
grashof number (G,) and Radiation parameter (R) while opposite trends is observed with rise in Jeffery
Sfluid parameter (B). The fluid temperature upsurges due to intensification of Gy, 1y, R, Dy and E. and
shrinks with increase in Prandtl number (P.). On the other hand there is declining in concentration profile
as Schmidt number (S;) and chemical reaction parameter (K,) increases, while opposite behavior is seen
with Soret number (S,.). Additionally, There is slight boost on skin friction (t) as 1. and Dy gets increased.
Conversely, Nusselt number (N,) get lowered as Dy increases. Also, Ny, and Sherwood number (Sy) enlarges
as 1y increases. Furthermore, t. Sy, and N, gets reduces slightly due to rise in S,. Finally, the overall results
are in complete agreement with the existing literature thereby validating the accuracy and reliability of the
present study.
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Nomenclature

E. Eckert Number Cw Wall Dimensional Concentration
Sr Soret Number Coo Ambient Concentration

P. Prandlt Number cr Dimensional Concentration
T Temperature of the Fluid Close the Plate g Accelerature Due to Gravity
T* Dimensional Time C% Ambient Fluid Concentration
D¢ Dufour Number Sc Schmidt Number

R Radiation Parameter Gy Thermal Grashof Number

Magetic Field Parameter Tz, Ambient Fluid Temperature

u” Dimensional Velocity v Kinematic Viscosity

T Skin Friction u Non-Dimensional Velocity
Ny Nusselt Number It Buoyancy Parameter

p* Coefficiennt of Species Expansion K. Chemical Reaction Parameter
0" Dimensional Temperature B Jeffery Fluid Parameter

T Dimensionless Time M Hall Current Parameter

C Specific Concentration Near the Plate G Solutal Grashof Number

1. Introduction.

The soret effect is generally described as the movement of particles (mass flow) produced by temperature
gradient and it also called thermo-diffusion while on the other hand the dufour effect is the heat flow
produced by the concentration gradient and it is also referred to as diffusion thermo. These two important
quantities have significant role in what is called double diffusive transport system especially in fluid with
light and moderate molecular weight. These two quantities effects play a vital role in understanding and
optimization of fluid with significant temperature and concentration gradients which includes chemical
engineering processes, hydro and geophysical system manufacturing of photochemical insulation of
materials and nuclear waste disposal. Several research works have been conducted by many researchers on

these two important quantities.

The study of MHD viscous dissipation ohmic heating in porous medium under the influence of heat source
and chemical reaction was analyzed by [1]. Likewise [2] showed that velocity enhances due to to rise in
dufour number. This was stated in their study on MHD buoyancy and Maxwell-nano effects in the presence
of soret and dufour. The revelation of soret number improves velocity profile was reported by [3]. The
investigation of coquette flow with buoyancy effect due to onset of soret was carried out by [4]. The
examination of MHD micro-polar fluid in the presence of soret and dufour over vertical riga plate was
conducted by [5]. Anlysis of soret and dufour MHD in past permeable sheet due to viscous dissipation and
chemical reaction was carried out by [6]. The study of MHD heat mass transfer in the presence of soret and

thermal radiation was investigated by [7]. The analysis of MHD heat transfer due to generation and radiation
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was conducted by [8]. Also, [9] carried out study on casson fluid MHDin accelerated plate in the presence of
soret as a result of constant caputo fractional derivative. Dufour enhances concentration, the was reported in
the study of [10] on MHD casson fluid in porous medium in the presence of thermo-diffusion. The
investigation of MHD free convective flow due to enthalpy generation in coaxial cylinder with non-linear

thermal radiation was conducted by [11].

Furthermore, [12] revealed that velocity gets increased due to rise in hall current in their reseach on MHD
two ionized fluid flow. Likewise, [13] carried out study on MHD Jeffery fluid with heat absorption in a
vertical porous medium. The analysis of MHD heat mass transfer in an inclined porous plate was carried out
by [14] and showed that temperature gets high due to surface inclined angle increase. From analysis of [15]
on MHD heat mass treansfer with two ionized fluid, it reported that hall-current enhances velocity profile.
The influence of MHD casso-Nano-fluid with hall-current and non-linear thermal radiation over a vertical
extending sheet was analyzed by [16]. The analysis of MHD heat transfer model on parameter estimation
space was conducted by [17]. The study of MHD fluid radiative absorption medium in the presence of hall-
current was examined by [18]. From study of [19] velocity gets increased due rise in buoyancy this was
stated in their analysis on MHD heat mass transfer due to buoyancy and hall-current effects. [20]-[22]
carried out examination on MHD heat mass transfer flow and stated hall-current has improving effects on
velocity profile. The impact of thermophoresis and Brownian motion on MHD boundary layer was

investigated by [23]

The present study is an extension of [24] model in which the influence of MHD Jeffery fluid heat mass
transfer in the presence of chemical reaction and ramped temperature was analyzed. This study tends to
build up upon this model by investigation the combined impact of soret and dufour subject to Ramped and
isothermal temperature in the presence of buoyancy distribution impact.. The outcome of this research is
expected to have practical applications in chemical engineering processes, hydro and geophysical system,
manufacturing of photochemical insulation of materials and nuclear waste disposal.

2. Formulation of the Problem

Consider an unsteady (MHD) free convection flow of an incompressible, electrically conducting fluid past

an infinite vertical plate.

XT
a ]‘
—.. - *
T =T, us(y*) > T* =T,
y?
u*=uU I
—
mw =nu
v*=0 y*=H

Figurel: Geometry of Flow
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Let x*-axis be taken upward vertically along infinite vertical plate and for normal to the plate we let y*-axis.
Transversely normal to the plate there is uniform magnetic field with strength H,. As a result assumption of
a very low magnetic Reynolds causing its insignificant effects number then induced magnetic field is
neglected. Temperature of the plate and that of surrounding are assumed to be equal at the beginning.
Initially, the temperature of the plate 7" and the surrounding T,,. Additionally, concentration species are
presumed to be equal to that ambient fluid C,, andCy. At time t*>0, the plate raised abruptly new
temperature value T,, which results the development current convection in the fluid adjacent to the plate.

Simultaneously, to plate surface there is constant rate of mass introduction, under Boussineq approximation

the problem is governed by the following non-linear partial differential equations:

ou* _ L * * * * _ 2. %
ot (1+B) ay*? +gB (€= Ca) +gf"(T" — Teo) (1+m2) p ol (1)
aT* _ k 9%T” du (c* - 0) oT* R
ot pCp dy*2 + Ec [dy*] +Dfay (Civ—Cy) Ot + (T -Te) (2)
acr azc* P "
at* 0y*2 +ST 6 2 - Kr(c - COO) (3)
The dimensionless variables are defined as;
t"<0:u" =0T =T, ¢ =Cyforall 0 <y* <L
t*>0 u*=u:U10,T*=rtT‘j,,aty*=O 4)
u =0T =Tg,aty” = oo

The governing differential equations are to be made dimensionless by:
( : gBAT\ 5 gBAT B )

U = (vgBAT)S, L = (E5T)7 1y = (£27)

v 3
T T =l =L
AT =Ty — T, t = ot Ay

ju=t k=2 p=r"= p=""Ce p - MEFD (5)

Uo vTR Th—Tho Chy—Chs a(Cy—Coy

uCp ug _ B _ OBgu

Pr = B = gar N_B(* T

_ 16a0*v2T%, _ Krou v _ gR*v(Ciy—C&)
\ - u?pCp Ky u? »Se = G - u3 y,
Using equation (5) on (1) to (4) the following dimensionless forms are obtained:
du 1 1
E—(:B)—+Gr9+Gccp—(M+E)u (6)
20 1 9%0 du
E ﬁﬁ-l_Ec[ y] +Df—+R9 (7)
% — ¢ +Df — K, ®)
at

t<0:u=00=2,¢=0forall y

Fort>=0:u=cosw,0=rt,o =1 aty =0 9)

u=20,0->0,aty - o0
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3. Method of the Solution
Applying the boundary condition (9) to solve (6) to (8) numerically using FEM as:

Over an element e,y; <y < y; and with application of FEM on (6) to (8) we get:

- ]
LINT (S = (:16)—+Gr9+ac<p (M+2)u}dy =0 (10)
Equation (10) is summarized to

: 22u 0
N[ - oy = b

M, = (1+B) and M, = (M+ ) P =Gro + G0
Integration by parts is applied on (11) to get:

T a_u Yij _ y]- 6N 01,1 Vi nT Ju _ Vi nT Yi T _ _
N My ] 1M S dy — [INT Sy — My [ NTudy + P [INTdy+= 0= 0 (12)

The first term of equation (12) is overlooked

M, [11 2R dy + [INT S dy + M, [2INTudy — P [IN"dy+=0 = 0 (13)

We now take u® = uy;N; + uN; = u® = [N][u]T be a linear approximation solution over the nodal
clement e, y; <y <yj; where u(® = [ul,ul] and N = [Ni, Nj] also, ujandu; are the velocity
component at the i™® and j™ nodes of the typical element(e) ¥i £y <y;j. Also, Nj and N; are called basis

or (shape) functions and can be defined as: N; = p— 5 and N; = —
] =i

Applying the above on (13) we get

LT vt o R | W R W R MR
(14)

Equation (14) is simpliﬁed to get:

R A e A A M R HRL "

Where I = y; —y; = h and prime and dot indicates differentiation with respect to y and t respectively. Now

assembling the equations (15) for the two consecutive elements y;_; <y <y; then the following is

210 ull 1 -1 0][w-1] [t
1 4 1 -1 2 -—1f| w |->[2[=0 (16)
0 -1 1llun 1

“lo 1 2
Now consider the two-row corresponding to the node i to zero with i = h, from equation (16) the difference

obtained:

M,
1z

My
— —1 + "

u1+1 u1+1

scheme reads:

( Ui—g + 2Ui_Uj4q) + = ( u,_q +4u, +uy) + (ul 1 t4u_u,,) =P (17)

Usmg the trapezoidal rule on (17) the following system of equations in Crank-Nicolson method is obtained

as:
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Apultt 4+ Apuftt + Azull ;= Agul ) 4 Asul + Agufy + P (18)
Similarly applying the same method to solve equation (7) and (8) we get

B0 + B,6M' + B3O, = B,O, + BO! + BsOL,, +Q (19)
(:190111—+11 + Cz‘Pin+1 + Gty = Cupisq + G50 + Copitg + R” (20)
Where:

A; =2 —6M,r +rM;h% A, =8 + 12M,r + rM;h? A; = 2 — 6M,r + rM; h?

A, =2+ 6M,r — rM;h?, A = 8 — 12M,r — rM;h?, A = 2 + 6M,r + rM;h?, B; = Pr — 3r,B, = 4Pr +
6r,B; = Pr—3r B, = Pr+ 3r, By = 4Pr — 6r, Bg = Pr+3r

C,=Sc—3r,C, =4Sc+ 61r,C3 =Sc—3rCy =Sc+ 3r,Cs =4Sc— 61, C4 =SCc+ 3r

au]? a%c n * 2 n n * 2 n
Q = 6rPr|Ec [g] —Dy55 —ROP|, P* = 12rh%(Gré} + Geg] ) R = 6rh?ScK, g}

4. Results and Discussions

The present’s analysis investigates the impact of soret and dufour on MHD heat and mass transfer
coquette flow considering the ramped and isothermal conditions due to contributory effects of buoyancy.
The study presented a series of graphical diagrams show the impact of the key governing parameters on
velocity, temperature and concentration profile respectively. Moreover there is a numerical table giving
highlight on the influence of selected parameters on skin friction, nusselt number and Sherwood number.
The parameters and their default values used in this investigations are: buoyancy parameter (ry = 0.1),
Eckert number (E. = 0.1), dufour number (D¢ = 0.1), soret number (S, = 0.1), Jeffery fluid parameter (§ =
0.1), grashof number (G, = 1), solutal grashof number (G. = 1), radiation parameter (R = 0.1) and
Magnetic parameter (M = 1).

For validation of accuracy and reliability of the numerical results obtained in this analysis, a
comparative analysis is made in Figure 2 below: From the diagram comparisons it can be clearly seen that
the finding of the present analysis are in good agreement with that of [24] thereby confirming the validity of

this analysis.

2 T T T
—Pr=1 Present Result
—-—Pr=2
157 P =3 |
r
—-e—-Pr"—'4
< 1¢ —_— Pr=1 Abdullahi et al., (2024) |
-e-P =2
r
0.5" =P 1
-e-P =4
r
0 | 1 .
0 1 2 3 4 5

Fig. 2: Comparison between the result of [24] and current results when S, = 0,r, = 0,D; =0
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Figure 5: Impact of ry onu Figure 6: Impact of E. onu

Figure 3 demonstrates the velocity tends to get high with rise in thermal grash of number (G,). this increase
is a result of buoyancy force ratioss to viscous forces. As G rises the effects of buoyancy becomes so
intense thereby speedying the fluid flow. In Figure 4, reveals that intensification of Jeffery fluid parameter
(B)cause lowering the velocity profile. This reduction is as a result additional resistence caused by  which
leads to suppress flow intensity and thereby slow down convection motion of the fluid. Figure 5 shows that
the velocity profile experience significant rise as buoyancy parameter (ry) increases. This rise is a result of
significant rise in buoyancy-driven forces in the fluid thereby enhancing its motion. Also, Figure 6
describes the impact of Eckert number (E.) on fluid velocity which shows more values of E. more rise in
fluid velocity. This because fluid’s kinetic energy is converted to internal energy (enthalpy) which rises

thermal activity and hence promotes faster fluid motion.
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Figure 7: Impact of Dfonu

Figure 7 describes the characteristics of dufour number (Df) on velocity profile. From the digram there is

5
F \ ---R=0.1
Y o8 -*-R=0.2
4} J Isothermal Temp. -R=0.3
-*-R=0.4
3w R ---R=0.1
! oCo, ® - = )=
= i ea 9\, Ramped Temp. R=0.2
2 ?I’él‘ > s R=0.3
=2 -*-R=0.4
doeseas
-~ L ™y
1 S
0

Figure 8: Impactof R onu

slight increase in fluid velocity with the rise in Dy. this rise is attributed to stronger concentration gradients

which increase high mass diffusion rate and energy transport among the particles thereby contributing to

flow of the fluid. Likewise figure 8 depicts the action of (R) radiation parameter on velocity profile. From

the figure there is intensification of fluid velocity with rise in R. this due to the thickening of thermal

boundary layer by the parameter which causes high fluid movement.
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Figure 10: Impact of G, on 0

10
e ---R=0.1
v ® -8 -R=
8! F 2 Isothermal Temp. R=0.2
¢ b -«-R=0.3
i -e-R=0.4
67 ---R=0.1
S i % - +-R=0.2
" éj(y)fﬁ és\s\ l}\amped Temg.w ) §=0.3
"y -+-R=0.4
2 vf
o
0 2 4 6

Figure 11: Impact of r, on 0

Figure 12: Impact of R on 0
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Figure 9 portrays the impact (P,) on temperature profile. As it is seen from the figure fluid temperature gets
diminished with rise in P,.. This diminishing impact is as a result reduction in thermal diffusivity thereby
reducing heat conduction rate and subsequently diminishing the fluid temperature. Figure 10 demonstrates
the impact of grashof number (G,) on fluid temperature. As G, rises the fluid temperature also rises. This
rise is due to enhanced buoyancy forces which facilitate thermal energy effective distribution. The influence
of buoyancy parameter (ry) on fluid temperature is displayed in Figure 11. More values of r; causes
noticeable rise in fluid temperature which can be attributed to amplified buoyancy forces in the fluid which
enhances greater conductivity and thermal transport. Figure 12 displays the effects of radiation parameter
(R) on fluid temperature. From the figure fluid temperature enlarges due to rise in R. this rise is as a result
decrease in absorption coefficient which increases the accumulation of radiative heat flux within the fluid
thereby enhancing fluid temperature. The effect of dufuor number (D¢) on temperature profile is depicted in
Figure 13. From the figure fluid temperature increases with rise in D¢. This because dufour number causes
greater thermal conductivity and heat transfer rates. In Figure 14, the influence of Eckert number (E.) is

displayed. From the figure there is substantial growth in fluid temperature due to the rise in E.. This
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happens because the action of E. converts kinetic energy into internal energy and hence promotes fluid
thermal energy thereby raising the fluid temperature, Figure 15 depicts the impact of (S;) on concentration
profile. From the figure the concentration reduces with the increase S.. The reduction is as a result decrease
in mass diffusivity resulting from the high S. values which restricts spread of and therefore causes thinner
concentration. Conversely, there is increase in fluid concentration in Figure 16 with intensification of Soret
number (S;). This increase as a result of production of thermal gradient which contributes to the rise in
concentration profile within the system. Finally, Figure 16 describes the action of (K;) on concentration
profile. It evident that fluid concentration gets lowered with the rise in K. This happens as elevated rate of
reaction increase faster molecules interaction and consumption of species thereby lowering level of
concentration.

Table 1: Impact of D¢, 1, and S, on T, N, and S,

D¢ T Ny Sh I T Ny Sh S: T Ny Sh
0.1 |0.0385 | 0.1761 | 0.0977 | 0.1 | 0.0277 | 0.0903 | 0.0921 | 0.1 | 0.0278 | 0.1768 | 0.0977

0.2 |0.0510 | 0.1750 | 0.0977 | 0.2 | 0.1869 | 0.0910 | 0.0969 | 0.2 | 0.0277 | 0.1335 | 0.0949
0.3 |0.0629 | 0.1741 | 0.0977 | 0.3 | 0.5113 | 0.0916 | 0.106 0.3 | 0.0277 | 0.0903 | 0.0921

Tables 1 display the impact of dufour number (Dy), buoyancy parameter (r;) and Soret number (S;) on skin
friction (t), Nusselt number (N;) and Sherwood number (S;,). From the table there is slight enhancement on
T as 1 and D¢ gets increased. This enhancement is due to of significant rise in buoyancy-driven forces in the
fluid thereby enhancing its motion. Conversely, N, get lowered as D¢ increases. Also, N, and S}, enlarges as
r; increases. Finally, Sy, and N, gets reduces due to rise in S,

5. Conclusion

This analysis investigates the impact of soret and dufour on MHD heat and mass transfer coquette flow
considering the ramped and isothermal conditions due to contributory effects of buoyancy. Finite element
method was employed to numerically find the solution of governing partial differential equations. The
summary of the main findings are as follows:

i.  The fluid velocity gets enhanced with rise in Eckert number (E.), buoyancy parameter (r;), sulutal
grashof number (C.), dufour number (Dy), thermal grashof number (G,) and radiation parameter (R).
Conversely, the fluid velocity gets reduced with rise in Jeffery fluid parameter (3).

ii.  Similarly the fluid temperature gets improved with rise in: E., D¢, R, 1y, and G,. Conversely, it gets
reduceddue to rise in P,

iii. ~ The fluid concentration improves with increase in soret number S, and decreases due to rise in
Schmidt number (S.) and chemical reaction parameter (K,).

iv. There is slight enhancement on t as r; and Dy gets increased. Conversely, N, get lowered as Dy
increases. Also, N, and S}, enlarges as r; increases. Finally, 1. Sy, and N, gets reduces due to rise in

Sr
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