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Abstract— The motivation of the present study be-
hinds the three-dimensional MHD flow past a semi-
infinite uniformly moving porous plate with Soret and
Dufour effects. The plate is subjected to a sinusoidal
suction velocity and constant heat flux in boundary
conditions. It is assumed that a uniform strength of
magnetic field (B,) is applied normal to the plate and
directed into the fluid region. But the induced mag-
netic field is neglected in the study on the assumption
that the magnetic Reynolds number is very small. The
analytical solutions for momentum, energy, and con-
centration equations are accomplished by implement-
ing asymptotic series expansion method. The present
work ascertains the influence of magnetic parameter
(M), Soret number (Sr), Dufour number (Du), ther-
mal Grashof number (Gr), modified Grashof number
(Gm), Schmidt number (Sc), Prandtl number (Pr),
Reynolds number (Re) on velocity profile (u), temper-
ature profile (8), concentration profile (¢), skin fric-
tion (t), and Sherwood number (Sh). The results are
established and discussed with the help of graphs
which has been drawn by using the MATLAB soft-
ware. It is found from the study that fluid velocity
rises under the influence of Soret and Dufour effects
and a reverse behavior is seen for increasing values of
magnetic parameter. Moreover, it is seen that fluid
temperature drops on hiking Dufour number.

Keywords—Sinusoidal suction, thermal diffusion,
diffusion-thermo, heat flux

1. INTRODUCTION
MHD is a branch of physics concerned with the study of
behavior of electrically conducting fluids in presence of
magnetic field. MHD generator is an example of applica-
tion of MHD principle which converts thermal energy di-
rectly into electrical energy. It is used for driving subma-
rines, aircraft etc. The applications of MHD principles
are also widely seen in Biology and Medical sciences.
The present form of MHD is due to the pioneer contribu-
tions of several notable authors, of whom the names of
Alfven (1942), Cowling (1957), and Cramer and Pai
(1973) are worth mentioning. Ahmed and Gonzalez
(2017) have been carried out analytical solution of a
MHD three-dimensional flow through two parallel po-
rous plates by adopting small perturbation approxima-
tion. Influence of the dimensionless thermophysical and
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magneto physical parameters is studied in their investi-
gation. Radiation effect on MHD flow past a porous ver-
tical plate in the presence of heat sink has been carried
out by Choudhury et al. (2022a). Variation of density
leads the buoyancy force to exist. The flow induced
merely due to of MHD free convection with mass transfer
under different physical and geometrical conditions.
Some of them are Samad and Rahman (2006), Prasad et
al. (2006), Seth et al. (2011), Ahmed (2012, 2014), Ah-
med et al. (2013), Ahmed and Dutta (2014, 2018) and
Seth et al. (20164, 2016b). Analytical and humerical so-
lution of three-dimensional channel flow in presence of a
sinusoidal fluid injection and a chemical reaction was in-
vestigated buoyancy force is called as natural or free con-
vective flow. Many investigators have carried out model
studies on the problem by Ahmed and Chamkha (2015).
Three-dimensional flow with sinusoidal suction velocity
has been studied by several researchers. Comprehensive
literatures in this type of investigation can be seen in Ah-
med et al. (2014), Ahmed and Sarma (1997), Ahmed et
al. (2006, 2020), Ahmed and Sengupta (2011), and Ah-
med and Choudhury (2019).

The effect of energy flux generated due to composi-
tion gradient on the flow characteristics is termed as
Dufour effect or diffusion-thermo effect. Eckert and
Drake (1972) have emphasized that the Soret effect is
significant in cases concerning isotope separation and in
mixtures between gases with very light molecular weight
(Hz,He), and for medium molecular weight (Ng,air) the
Dufour effect is found to be of considerable magnitude
as mentioned earlier. Diffusion-thermo effect on MHD
dissipative flow past a porous vertical plate through po-
rous media is studied by Choudhury et al. (2022a). They
have considered constant heat flux in the boundary con-
dition and the solutions carried out by using perturbation
technique. Singh and Seth (2021a) studied thermo-diffu-
sion impacts on the flow of fluid over an inclined heated
plane with magnetized wall. Singh and Seth (2021b) in-
vestigated heat and mass transport of MHD fluid over a
vertically oriented magnetized surface with thermo diffu-
sions. In this regard, Soret and Dufour effects on MHD
flow problems have been studied by of Alam et al.
(2006), Ahmed (2010) and Ahmed and Sengupta (2011)
etc.

The novelty of the present work is to analyze the So-
ret and Dufour effects on the flow phenomena in the pres-
ence of constant heat flux with time independent flow.
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Figure 1: Flow model of the problem (Ahmed and Choudhury,
2019).

The flow problem undertaken is three-dimensional. The
plate is also subjected to a sinusoidal suction velocity. A
uniform magnetic field is applied normal to the plate di-
rected into the fluid region.

The objective of the present work is to study the prob-
lem of a three-dimensional free convective MHD flow
past a uniformly moving semi-infinite vertical porous
plate considering both the thermal diffusion and diffu-
sion-thermo effect. So far, no such reported work has
come to the notice of the authors which considers both
the thermal diffusion and diffusion-thermo effect in a
three-dimensional MHD flow model with a constant heat
flux. It is to be remembered that as most of the fluid flows
occurring in nature are also three-dimensional, study of
the three-dimensional flow problems is quite important.

Il. MATHEMATICAL FORMULATION
The vector equations that describe the motion of electri-
cally conducting, incompressible, having constant vis-
cosity are
Continuity Equation

V.g=0 (1)
Magnetic Field Continuity Equation
V.B=0 (2)
Ohm’s Law for moving conductor
J=0(E +dxB) (3)
MHD Momentum Equation
@9i=-0+wi+2215 @
Energy Equation
pCy(4.V)T = kV2T + %vzc (5)

Species Continuity Equation
(G.V)C = Dy V?C + 221

Equation of State
=p[1+BT -TH)+BC-CH] ()
All the physical quantities are defined in list of symbols.
We consider a steady three-dimensional free convec-
tive fully developed heat and mass transfer flow of an
electrically conducting, viscous, incompressible fluid
past a uniformly moving semi-infinite vertical porous
plate in the presence of a transversely applied uniform
magnetic field of strength B, with sinusoidal suction ve-
locity, considering the thermal-diffusion and diffusion-

DMKT

CLyer (6)
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thermo effects. For the sake of idealization of the mathe-

matical model of the theoretical MHD flow problem, the

following assumptions are made:

I. Except the density, the fluid properties are constant.

I. Viscous and Ohmic dissipations of energy are negli-
gible.

[11. There is no presence of any external electric field E =

0.

Introduce a Cartesian coordinate system (x’,y’, z")
with x’ axis along the plate, y’ axis normal to the plate
and z' axis along the width of the plate. In the Fig. 1, 1,
2, 3 represent momentum, energy, and concentration
boundary layer. Let G = (u',v’,w") denote the fluid ve-
locity at the point (x’,y’, z') in the fluid and B = B,j be
the applied magnetic field where j is the unit vector along
OY.The plate is subjected to a space periodic suction ve-
locity 4, defined by,

Dy = —Vg (1 + ecos%)j (8)
which consists of a basic steady distribution v, with su-
perimposed weak distribution confined in the boundary
layer. The negative sign in the Eq. (8) indicates that the
direction of suction is towards the plate. The velocity,
temperature and concentration fields are independent of
x', because an asymptotic flow is considered, whereas
the flow itself is three-dimensional due to cross flow.
Based on the foregoing assumptions, the governing
equations of motion are as follows by Ahmed et al.
(2020), Choudhury et al. (2022a)
v ow’
>t =0 9)
,ou’ ,ou’ >
v i)_y’+ w—— = gB(T —Ty) + gB(C — Cy) +(10)

a%u’ azu’) oBZW
v (&2 _ 95t
+ (ay’2 + 0z'2 p

O L 1w ( o)
v oy’ w az p oy’ ay + (11)
,ow’ oW 109p’ ( ) O'BOW
v ay’ tw az p oz 9z? (12)
, 0T or _ K a°T a°T Dy Ky
v 6y twios 6z - pCp (6y 2) ( ’2) (13)
T
ay + 62 =Du (63/ az’ ) ( '2) (14)
with boundary conditions:
y' =0u =U,v = v‘;/,w = 0,2—; = —%,C = Cw (15)
y s oou - 0,v - —Vgw = 0,T = Ty, C = Co,
P’ = pe (16)

The non-dimensional parameters which the model
makes normalized are

u’ v’ w’ y’ z K(T-Too)
u=_,117:_/1w=_/|y=_lz=_19= . [}
U vy vy L L q*L
¢ _ C-Cx Gr = LgBq’L Gm = LgB(Cw—Cwx) _ Bva
Cw—Coo' kUVy ' uvy ! pVg?’
V4L DmKTq'L KD K7 (Cpy—Coo)
Re=L,Sr=%,Du=M
v KT (Cw—Coo) CsCpq*Ly
ucp v Péo
Pr==—"8c=1-p=—""Po=""=
M p( / ) p("/1)

The non-dimensional governing equations of motion

with boundary conditions are:
v | ow _
pol e 0 @an
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v—+w——Gr9+Gm¢+ L (au+a 2) MReu (18)

R
Vo W = i i (g ) ~ MRew 20
”%W%-ﬁ(?ﬁ (32420 ()
v%+w%=$(§7¢+gz7¢)+—(3279+327§) (22)
y—Ou—lv——l—scosnzw—O%:—l,

¢=1 (23)

y—>ou—-0v->-1,w-06-0¢-07p-p, (24)

I1l. METHOD OF SOLUTION
The solutions of the system of Eqs. (17)-(22) are assumed
to be in the asymptotic form:

f=rH0) +ei(y,2) +0(?) (25)
where f stands for u, v, w, 8, ¢ and p withw, = 0, p, =
Poo-

Substituting (25) into (17)-(22) and equating the co-

efficients of similar terms and neglecting 0(s?), we have

Zeroth Order Equations with conditions
dﬂ

=0 (26)
dy
duo _ 1 d?ug

Vo = Grfy + Gmg, + Re dy? — MReu, (27)

46y _ 1 d%6,  Dud’¢
Yo dy ~ RePr dy2 + Re dy?2 (28)

ago __1_d*y | St a6
0 E " ReSc dy? Re dy? (29)
y=0:u0=1,U0=—1,96=—1,¢0=1 (30)

y > ooiuy - 0,vy » —1,0, - 0,¢, — 0. (31)
Solving (26) - (29) with the help of (30) and (31), we get
vo = —1 (32)

6y = Ae™Y + Ble'?y (33)

P = Ae Y + Be~Y (34)

uo = [1+ Re(4, + B,)]e *ReY —
Re(A4e‘fy + B4e‘gy) (35)

where:

K=——— DuPrSrSc < 1,
1-DuPrSrSc’

[Pr + Sc + +/(Pr — Sc)? + 4Pr 2Sc 2DuSr]

[Pr + Sc —/(Pr — SC)Z + 4Pr 2Sc 2DuSr]
DuPr§§2+§(§ PrRe) __ DuPré2¢+Z(£-PrRe)
§2(E-PrRe)-£2(§—PrRe)’ L~ £2(Z-PrRe)—£2(§—PrRe)

A1(§-PrRe) B1(Z-PrRe)
Ay = ———— = i7" )
DuPré

Rek

§=

= ReK

§=
A =

172 DuPré
Az = GrA, + GmA,, B; = GrB; + GmB,,
A, = A3 B, — B3 _ 1+V1+4M
4 7 f2_Ref-MRe2' % T F2_ReZ-mRe2' " T 2 '
First Order Equations with Boundary Conditions

ovy , 0wy __
6 Uq

1 62u1

— = Grf; + Gm ( )
1 + ¢1 dy2 + 922
—MReu,

vy 1 dpy , 1 (62v1 azvl)

v =—————4—

0 5y ReZ 9y + Re \ 9y2 + 0z2
ow 10 1 (3%w; | 3%w
wa By l(Za 1) - MRew, (39)

0 9y " Re? 9z ay? dz2
0, 26, _ _1 (6291 0291) E(a%pl a2 ¢1) (40)
ay? 9z2

Yo, ay T dy ~ RePr \ dy? 0z2

du
vy a; + vy

@37)
(38)

9091 Ao _ 1 (9*¢1 | ¢y Sr 3291
Yo%y ady Rt dy  ReSc ( ay? + 0z2 ) + Re (By Bzz ) (41)
a6.
8_}/1 = 0,¢1 =0 (42)

y—>oou - 0,v; >0, w —»0,6, >0,¢, =0,

y=0:u; =0,v; = —cosmz,w; =0,

p1—0 (43)
Equations governing the transverse fluid motion are:
vy, 0wy _
P +-,=0 (44)
0w 10p 1 (0% 0w
ay Re? By + Re(z?y2 + 622) (45)
_Owa 1 0p 1 (Pwy | 0Pwa)
8y~ Re? 3z (63/2 0z2 ) MRew (46)
Relevant boundary conditions:
y=0:v; = —cosmz,w; =0, 47)
y—oo:v; -0, w0, p >0 (48)

The boundary condition v; = — coswz at y = 0 suggests
taking v;, w, and p, in the following forms:

v, = — vy, (y)cos nz, (49)
w; = vy, (y)sin iz, (50)
p1 = Re? py; (y)cosmz, (51)

Based on transformations (49) and (50), the Eq. (44) is
trivially satisfied.

Under the transformations (49) - (51), Egs. (45) and
(46) reduce to

vjy + Revj, — w2y = —opi;, (52)

v + Revy; — (m? + MRe?)v;; = —mRepy4, (53)
With boundary conditions:

y=0:v,, =1/m,v;; =0 (54)

y = o0:vyy > 0,015 > 0,py; = 0. (55)

The solutions of the equations of (52) and (53) under the
conditions (54) and (55) are as follow:

V11 = e [ne™ — Ue_ﬁy] (56)
nn = -7 -
P11 = ey e —me™] (57)
where
1= 1-VI+4M _ _ ReA+VRe?22+4m? _  Reld+VRe?A2+4m?

’ ’ l

2 2 2
1, = m? + MRe? + Ren — 02, 7; = m%2 + MRe? + Res] — 772
The expressions for v,, w; and p, are:

ny — -ny
v =y e —ne™ ] cos mz (58)
= nn -ny _ ,-Nny s
w1 7,;(,’_@ [e e ] sinmnz (59)
__ _NmRe - —  _q
1 = g e — e ™]cosmz - (60)

Solutions for first order
Based on sinusoidal suction, u;, 8, and ¢, are assumed
as,

Uy = uqy4(y) cosmz (61)
0, = 6,,(y) cosmz (62)
¢1 = ¢11(y) cosmz (63)

Substituting (61)-(63) in Egs. (37), (40) and (41), we ob-
tain the ordinary differential equations as:

011 + PrRed;, — m26,, = —mPrRev,,0{ —
PrDu(¢) — md11). (64)

11+ ScRegy; — m?¢y; = —mScRev; 1y —
ScSr(81y — w26,4). (65)

uf; + Reuj; — (m? + MRe?)u,; = —GrRef,;; —
GmRe¢,,; — TRev;; Uy. (66)
With boundary conditions:

y=0:u; =001, =0,¢13, =0 (67)
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y > oiuyy 20, 63 20, ¢11 20 (68)
The solutions of (64)-(66) with the help of (67) and (68)
are:

0,1 = A6e—51y + B6e—§_'1y + FlSe—(U*'f)y +

Fre )y 4 F e~y 4 F o=+ (p0)

=Bty _ o -8y _ -m+9y _
$11 Q[ §1e b Ele ! F24e_ )

Fpse~ 148y —_ F, o=@+0y _ F27e—(n+f)y] (70)

Uy = He W + Hle—fly + Hze—gﬂ/ + H3ej(n+/1Re)y +
H,e~ @Ry 4 g o=ty 4 j o=(n+8)y 4

Hye~ @0y _ [ e=(M+8)y (71)
where:
T AL R B
h=Try b s ATy B g

Fy = —MA,As¢, F, = —MB,As¢, F3; = —MA;Bsg,
F4 = _MBzBsf, M = PrDuReSC, FS = _NAlAsf,

FG = _NBlAsf,F7 = _NAlBsf,Fg = _NBlBsf,N = TL’RePI’,
Fy = ScRe(n + E)Fs + (n + &)%F, — (n + §)*Fs — m?F, + m%F;
Fio = ScRe(n + E)Fs + (7 + E)2F, — (n + &)’ Fy — n?F, + n%F,
Fiy = ScRe( + E)F, + (7 + §)*F; — (7 + §)°F, — n°Fs + w°F,
Fyp = ScRe(7] + E)Fy + (17 + &)2F, — (7 + &) Fy — n2F, + 1%Fy
Fo.= 9 — KF10_ — _KFi — KF12_
BT R0 M T F(=8) B T Fen=9)' 1 T F(-1-%)
F(D) = D* + ReK(Pr + Sc)D*® + K (PrScRe? +2PrDuScSrm?
—2m2)D? — n?KRe(Sc + Pr)D + *

Fi; =M+ &F;3+ (77 + aFM- + @@ +_SE)F15 + (77 + 81516
Fig = Agé% — m2Ag — PrReK&,Aq,Fig = Bgé? — m?Bg — PrReK¢, B,
Fpo = K(Fs — F1) + (1 + §)*Fi3 — m°F3 — PrReK (n + {)Fy;
Fpy = K(Fg — F,) + (1 + §)*F4 — m*Fy4 — PrReK(n + §)Fy5
Fpo = K(F; — F3) + (7 + §)*Fi5 — m°Fy5 — PrReK (7 + §)Fis
Fp3 = K(Fg — F3) + (i + §)*Fy — m*Fys — PrReK (77 + §)Fyq

1

Foy = ~22 =f = fez = fos
24 n+&’' 25 n+&' 26 7+&’ 27 7+&

" KPrDuScRe

$2F17=8F, &1 Fpg—&F,
Fan = P + Fas 4 Fos o o =S o 08 = Lo

QF;g
&

QF;9

By =— Z 1 Fog = =QF,y, F3p = —QOF;5, F31 = —QFy

o = ~QFy, = Rt EETAORETED
G1 = T[RezAs(]. + ReA4_ + ReB4))|., G3 = —ﬂRezASva4,
GZ = T[RezBs(]. + ReA4_ + ReB4))|., G4_ = —ﬂRezASgB4,
GS = —ﬂRezBsz4, GG = —TL’REZBSE_B4, G7 = —GI‘ReAe,
Gg = _GrReBG, Gg = —GI‘ReF13, GIO = —GI‘ReF14,

G10 = _GrReF14, 611 = _GrReFls, 612 = —GI‘ReF16,
G,3 = —GrReA;, G;4, = —GrReB;, G;5 = —GmReF,,,
G = —GmReF;q, G;; = —GmReF3,, G;g = —GmReF3,,
Gig = G3 + Gg + Gys, Gpg = Gy + Gyg + Gigy Gy = G5 + Gyy + Gy,
Gyp = G+ Gip + Gig, Goz = Gy + Gyz, Goy = Gg + Gy,

A, =—

1

G G
D) = D?> 4+ ReD — (n® + MRe?), H; = —2— H, = —2¢—
¥ . ( . ) Hy ey 2 5D
H — 1 ) H = 2 ) H — 19 ) — 20 —
37 y(n-1Re)' * T y(—7-2Re)’ O T y(-n-8) T w(-n-9

Goq Ga2
=Gt =yoe
Skin Friction: The co-efficient of skin friction is a di-
mensionless quantity obtained from the shear stress at the
wall given by Newton’s law of viscosity
Ty = —uVu'
where T, is the shear stress.
The coefficient of friction at the plate is defined as,

Ju
T== =Ty + €741 COSTIZ
ayl,_,

H=-

8
a=1Ha

where:

7o = —up(0) and 745 = —uy;(0) (72)
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Figure 2. Velocity profile for Gr = 5; Gm = 3; Du = 0.5;
Sc=0.6;M =6,Pr=0.71,Re=0.2; z=mn/4; ¢ = 0.001.

Plate temperature: The dimensionless temperature field
is given by,
0(y,z) = 0,(y) + €0,(y,2) = 0o(y) + 6,1 (y) cosmz
The non-dimensional plate temperature is given by,
0,, = 6,(y) + €6,,(0) cosmz (73)
Sherwood number: Sherwood humber represents the ra-
tio of the convective mass transfer to the rate of diffusive
mass transport. It is a dimensionless quantity obtained
from Fick’s law of diffusion:
J = —D,, V'
where J is the diffusion flux.
Sherwood number is defined as,
d¢

Sh=—

3y = Shy + &Sh;, cosnz

y=0
where:
Shy = —¢(0) and Shy; = —¢14(0)

IV. RESULTS AND DISCUSSION

The expressions describing the velocity distribution, tem-
perature distribution, concentration profile, skin-friction,
rate of mass transfer and plate temperature are already
obtained. To get a physical insight of the problem, the
effects of the applied magnetic field on velocity distribu-
tion and on coefficient of skin friction have been studied
graphically when other parameters do not vary. Also, the
effects of other important parameters like Schmidt num-
ber (Sc), Reynolds number (Re), Soret number (Sr),
Prandtl number (Pr) and Dufour number (Du) on velocity
distribution, temperature profile and concentration pro-
file are studied graphically while keeping other parame-
ters as constants.

The variation in the velocity distribution of the flow
field with respect to y for four specific values of Soret
parameter (Sr) is shown in Fig. 2. It is evident in the fig-
ure 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. Fig-
ure 3 presents the effect of Hartmann number parameter
(M) on the velocity profile against the normal co-ordinate
y. The fluid velocity is found to reduce with rising values
of M. This result is consistent with the physical reality of
the fact that when a magnetic field is applied to an elec-
trically conducting fluid, a resistive type of force known

(74)
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Figure 3. Velocity profile for Gr = 5; Gm = 3; Du = 0.5;
Sc = 0.6; Pr=0.71; Re = 0.2; Sr = 0.5;z = /4 ; ¢ = 0.001.

Du=0.1,05 1015

Figure 4. Velocity profile for Gr = 5;Gm = 3; Sc = 0.6; M =
6; Pr=0.71;Re = 0.2; Sr = 0.5;z = /4 ; ¢ = 0.001.

Du=0.1,05,1,15

Figure 5. Temperature profile for Sc = 0.6; Pr = 0.71; Re =
0.2;Sr=0.5;z=m/4;¢=0.001.

as Lorentz force is generated which has the tendency to
retard the fluid motion. Figure 4 is a plot of the velocity
profile with respect to y for various values of Dufour
number (Du). The figure explains that because of the
Dufour effect, the velocity shrinkages near the plate up
to a certain distance and then growths away from the
plate. The Dufour number Du signifies the contribution
of the concentration gradients to the thermal energy flux
in the flow. As Du upsurges, an escalation in the fluid
velocity can be seen in the Fig. 4.

Figures 2, 3, and 4 together establish that velocity up-
surges with respect to y up to a certain distance and then
shrinkages continuously.

Figure 5 is a plot of the temperature profile for four
different values of Dufour number (Du). As can be ob-

Sc=0.22,0.6,0.75, 0.96

0s

5 =
a 5 10 15 20 25 30 35 a0 45 50

¥
Figure 6. Concentration ¢ versus y for Du = 0.5; Pr = 0.71;
Re =0.2; Sr = 0.5;z=m/4; = 0.001.

25
S=01,051,15

o 5 10 15 20 25 an 34 40 45 a0

1)

Figure 7. Concentration ¢ versus y for Du = 0.5; Sc = 0.6;
Pr=0.71;Re = 0.2; z=n/4; e = 0.001

served from this figure that the Dufour effect drops the
temperature profile close to the plate, but far away from
the plate, it raises the fluid temperature.

Figure 6 elucidates the effect on the concentration
profile due to the variation of Schmidt number Sc. Sc
causes the concentration level of the fluid to grow near
the plate. But, away from the plate, concentration level of
the fluid falls with surge in the value of Sc. This observa-
tion is compatible with the physical reality that an in-
crease in Sc results in a diminution in mass diffusivity,
which leads to a decrease in fluid concentration. The fluid
concentration for various values of Sr is plotted in Fig. 7.
Observing the plotted curves in Fig. 7, it is inferred that
the Soret parameter elevations the concentration profile
of the fluid in flow.

Figure 8 represents the graphical relationship of the
skin friction coefficient with the Reynolds number for
four different strength magnetic fields. It is noticed that
the viscous drag at the plate diminution with increasing
values of magnetic parameter. Figure 9 displays the ef-
fect of the Schmidt number on the Sherwood number
against the Reynolds number. The inference drawn from
it is that the surge of Schmidt number reduces the mass
diffusivity which slows down the mass transfer rate. But,
as the Reynolds number upsurges, Schmidt number en-
hances the rate of mass transfer. Figure 10 presents the
plate temperature against the Reynolds number at four
different values of Dufour number (Du). The figure indi-
cates that fluid temperature at the plate upsurges due to
diffusion-thermo effect.
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V. CONCLUSIONS

We have formulated the problem of three dimensional

MHD flow with Soret and Dufour effects in presence of

constant heat flux. Perturbation technique is used to solve

the resulting coupled equations. The outcome of the in-
vestigation is summarized by the following significant
conclusions:

A. Velocity is decelerated with greater Hartmann num-
ber and Reynolds number. And far away from the
plate, fluid velocity can be augmented by familiariz-
ing Soret or Dufour effects.

B. Temperature drops with the rise of Prandtl number.
Dufour effect also drops the fluid temperature near
the plate.

C. Concentration level of the fluid rises because of ther-
mal diffusion. But, far away from the plate, Schmidt
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number lowers the fluid concentration.

D. The shear stress decreases with stronger magnitude
of the applied magnetic field.

E. For smaller Reynolds number, mass transfer is ac-
celerated with increase in the Schmidt number, but
the rate of mass transfer is slowed down due to
Schmidt number for large Reynolds number.

F. The plate temperature escalations due to the diffu-
sion-thermo effect.

COMPARISON
Table 1 and 2 are plotted to make a comparison of the
current work with the previously published result of
Choudhury et al. (2022b). Table 1 displays the variations
in Skin friction due to various parameters in absence of
Soret effect i.e. Sr = 0. It is seen that both the tables are
almost identical. This validates the accuracy of our work.
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LIST OF SYMBOLS
B: Magnetic flux density
B,: Intensity of the externally applied magnetic field,
Weber/m?
C: Molar species concentration, k mol/m?
C, Specific heat at constant pressure, J/kg K
C..: Concentration far away from the plate, k mol/m?
C,: Concentration susceptibility, (k mol)? s2/m?
C,,: Concentration at the plate, k mol/m3
Dy,: Mass diffusivity, m?/s
Du: Dufour number



Latin American Applied Research

—

E: Electric field vector

g: Acceleration due to gravity

g: Magnitude of the acceleration due to gravity, m/s?
Gr: Thermal Grashof number

Gm: Grashof number for mass transfer

J: Current density vector

Ky: Thermal diffusion ratio, m (k mol)

L: Wavelength of the periodic suction, m
M: Magnetic parameter

p: Fluid pressure, N/m?

Pr: Prandtl number

Poo: Fluid Pressure in the free stream, N/m?
gd: Velocity of fluid

Re: Reynolds number

Sc: Schmidt number

q*: Heat flux, W/m?

T: Fluid temperature, K

T, Mean fluid temperature, K

T..: Fluid temperature in the free stream, K
(u', v',w"): Fluid velocity components, (m/s, m/s, m/s)
U,: Plate velocity, m/s
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(x',y', z"): Cartesian coordinates, (m, m, m)

Greek symbols

o Electrical conductivity, 1/(Ohm m)

p: Density of the fluid, kg/m?

Poo: Density of the fluid in the free stream, kg/m?®

u: Coefficient of viscosity, kg/(m s)

k: Thermal conductivity, W/(m K)

B: Volumetric coefficient of thermal expansion, 1/K
B: Volumetric coefficient of solutal expansion,1/k mol
v: Kinematic viscosity. m?/s

Subscripts

w: Refers to the physical quantity at the plate

oo: Refers to the physical quantity in the free stream far
away from the plate
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