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Abstract. This study investigates the impact of thermophoresis and Dufour-Soret effects on
magnetohydrodynamic (MHD) free convection steady-state flow of micropolar fluids
flowing over a vertically inclined quadratic stretching sheet. The analysis combines the
influence of suction, variable viscosity, and power-law temperature variations at the surface
of the sheet in heat and mass transfer. The governing non-linear partial differential
equations (PDEs) of fluid flow are converted into dimensionless ordinary differential
equations (ODEs) employing suitable similarity transformation. Subsequently, the
resulting similarity equations namely linear momentum, angular momentum, energy, and
species continuity are solved numerically by applying Runge-Kutta sixth-order with
Nachtsheim-Swigert shooting iteration technique accompanied by FORTRAN
programming. The numerical results include velocity, micro-rotation, temperature,
concentration profiles, and thermo-physical quantities such as Skin-friction coefficient,
surface couple stress, Nusselt number, and Sherwood number for various governing
prominent physical parameters. It is observed that with the increase of the magnetic field
parameter M (0.01-0.04), the local skin-friction coefficient, local surface couple stress,
local Nusselt number, and the local Sherwood number all decrease by approximately
0.33%, 0.35%, 0.0124%, and 0.0035% respectively. The Schmidt number Sc (0.33-1.0) is
observed to increase approximately 0.109% in the local skin-friction coefficient, 0.946%
in the local surface couple stress, 18.12% in the local Nusselt number, and 217.75% in the
local Sherwood number. The numerical results are compared with previous research
findings to ensure the exactness of the investigation. The findings reveal significant
insights into industrial applications in micropolar fluids such as manufacturing stretched
sheet, and material processing.
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1. Introduction

The study of micropolar fluid flow over a non-linear stretching sheet provides valuable
insights into complex fluid behavior by capturing minor rotational effects. This
understanding helps us to analyze heat transfer and stress distributions more effectively.
This knowledge is crucial in several practical fields of science and various industrial
applications such as polymer extrusion in manufacturing [1], thermal insulation, fluid
flowing in the brain, exotic lubricants, chemical catalytic reactors, oil exploration, colloidal
expansions, and complexes, etc. [2,3]. Tripathy et al. conducted numerical learning of
MHD micropolar fluid flow over a stretching sheet embedded beneath a porous surface
using a chemical reaction and an irregular heat source [4]. A mathematical report on
unstable 2D electromagnetic free convection micropolar fluid flow through an upward
leaky plate and a porous medium was completed by Islam et al. [5]. Haque [6] examined
the induced magnetic field on MHD micropolar fluid motion and transient heat-mass
transportation entirely. Guedri et al. [7] investigated an extensible sheet with an
incompressible two-dimensional micropolar fluid flow. Buzuzi et al. [8] studied how heat
generation, radiation, and chemical reactions work in micropolar fluid with tiny particles
flowing over an inclined surface. Micropolar fluid investigation on a continuous porous
surface with the effect of inclined angle and Lorentz force on convective thermal-material
transmission was performed by Hossain et al. [9]. Hasanuzzaman et al. [10] inquired into
MHD conductive heat and mass transference affected by radiative and viscous dissipation
over a vertical porous sheet. A numerical analysis of the MHD micropolar nanofluid flow
over a vertically elongating sheet containing gyrotactic microorganisms with temperature-
dependent viscosity was presented by Fatunmbi et al. [11]. The MHD field effect on steady
or unsteady flow in porous or non-porous medium was recently observed by Hossain et al.
[12].

Thermophoresis is a process where small particles like dust in a gas move from a
hotter area to a cooler one due to temperature gradients. This happens because gas
molecules collide with the particle differently on its hot and cold sides, creating a force that
pushes particles toward the cooler area. For instance, if a cold surface is placed in a hot gas
with particles, these particles can stick to the cold surface. This effect is useful in various
applications, including removing dust from gas streams, analyzing exhaust particles from
combustion, and studying particle deposition on turbine blades [13]. It is also crucial in
manufacturing processes like creating ceramic powders, producing optical fibers, and
improving efficiency in particle filtration [14]. Thermophoresis plays a role in managing
contaminants in gases and dealing with potential radioactive particles in nuclear reactors,
highlighting its importance across different industries. Dawar et al. [15] examined the
movement of a 2D micropolar fluid and looked at the influences of various factors like
magnetic fields, chemical reactions, Joule heating, thermophoresis, and Brownian motion.
Waini et al. [16] investigated the micropolar fluid flow over a moving flat plate covering
hybrid nanoparticles with the considerable effect of thermophoresis particle deposition and
viscous dissipation.

The Soret and Dufour numbers, which are dimensionless quantities, are the
interactions between temperature and concentration gradients in mixtures in transference
phenomena. The Soret effect, shown by the Soret number ( Sr), which is the ratio of
thermal diffusivity to mass diffusivity, is how temperature changes affect concentration
(Soret effect). Mass diffusion is quantified as a result of temperature gradients. On the other
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hand, the Dufour number ( Df ), which shows how concentration differences affect

temperature circulation (Dufour effect) and represents the ratio of mass diffusion to thermal
diffusion, acts on the effect of concentration gradients on thermal diffusion. These numbers
help to describe the behavior of fluid mixtures under various thermodynamic conditions
when taken as a whole. These numbers are significant in fields like environmental
engineering, material science, and chemical engineering, where processes like evaporation,
drying, and chemical reactions rely greatly on heat and mass transfer. When Soret and
Dufour's effects were present, Reddy et al. looked into how thermophoresis affected the
heat and mass transfer flow of a micropolar fluid over a stretching sheet. [17]. The Soret
and Dufour effects on MHD micropolar fluid flow through a non-Darcy porous medium,
where temperature and concentration vary non-linearly in the boundary layer region and
diverge linearly with distance from the origin, were discussed by Reddy et al. [18]. The
effects of heat and mass transfer, viscous dissipation, Joule heating, a heat sink, and
radiation on MHD flow past a stretching surface were investigated by Verma et al. [19].
Borah et al. [20] investigated heat and mass transport phenomena associated with the MHD
flow of micropolar fluid over a vertically stretched Riga plate by employing a uniform
magnetic field applied parallel to the plate.

As indicated by the above literature survey and our limited knowledge, due to the
inclined quadratic stretching sheet with power-law wall temperature along with suction
effect in the presence of variable viscosity, there is no investigation available of different
parameters like thermophoresis and Dufour-Soret number with their diverse values for free
convective heat and mass transfer of MHD micropolar fluid flow problem. The numerical
solutions for the non-dimensional equations such as velocity, microrotation, temperature,
and concentration equations obtained are presented in graphical and tabular form to discuss
their physical nature on heat and mass transfer flow. From the numerical computations, the
local skin friction coefficient, local surface couple stress, heat transfer rate, and mass
transfer rate are also calculated and presented in tabular form.

2. Physical modeling

This study considers a steady two-dimensional, viscous, incompressible, and electrically
conducting convective heat and mass transfer of micropolar fluid flowing over a quadratic
stretching sheet inclined at an acute angle « from the vertical. The X -axis is aligned along
the sheet, while the Y -axis is determined perpendicular to the sheet. U and v indicate fluid

velocities along the axes X and Y, respectively. The stretching sheet velocity is assumed
as u=ax’, where a >0 is a constant, stretching rate. Suction/injection of the fluid v, (X)
is exerted normally on the stretching sheet, with suction represented by a negative value
(<0) and injection by a positive value (>0). The uniform magnetic field strength B, is
applied perpendicular to the stretching sheet. Following the boundary layer analysis, the

: or .
temperature gradient (6_] across the surface of the sheet is much lower than the
X

T
temperature gradient [aa—yj normal to the surface of the sheet, that is, % >> g—T [21]. The
X
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gravitational acceleration g, acts downward in the opposite direction of the X coordinate.
The analysis is carried out for the viscosity of the fluid depending on temperature defined

as u=p, (9 o HJ and the power-law variation of the wall temperature T, (x):Tw + AxP

where T, and T_ denote wall and free stream temperatures [22], [23]. This study's physical
model is shown in Figure 1 below.

o

C.B.L
| T.B.L

| V.B.L

/ /S g

Vertical direction

Y "l"

Figure 1: Flow configuration and coordinate system.

3. Mathematical modeling

Under the above assumptions together with Boussinesq’s approximation the governing
equations of heat and mass transfer with appropriate boundary conditions are considered
as [24], [25]:

Equation of continuity:

8_u N =0, ..(1)
x oy
Equation of linear momentum:

ou . du a( au
U—+VvV—

ox oy oyl "oy

Equation of angular momentum:

S do b o'Blu
+——+9,8(T-T,)cosa+g,B(C-C,_)cosa ——2—, ..(2)
j poy (T=T.) oA ) p

oo 80‘ Ve 82 S ou
u—mH-v -| 20+— |, ...(3)
x o pidy: pi oy
Equation of energy:
2
8T 8T k 6T+Dk o°C QO(T T) @)

ax ay pC, oy? cC, oy® pcp
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Equation of species continuity:

2 2
u@_;,_v@:%g_’_ m%_i[v_r(c_cw)], (5)
ox oy T, oy oy oy
Boundary conditions:
u=ax’, v=vW(x),a=—n%;, T,(x)=T,+Ax", C=C, for y=0 ...(6)
u—>0,0-0, T>T ,C—>C,_ for y—>»® ..(7
H+S

In the above equations and boundary conditions, v, = is the apparent kinematic

viscosity, u is the fluid dynamic viscosity, S is the microrotation rate, p is the mass
density of the fluid, o is the microrotation component normal to the Xy —plane, £ is the
volumetric expansion coefficient with temperature, T is the temperature of the fluid, & is

the angle of inclination to the vertical direction, £ is the volumetric expansion coefficient

with concentration, C is the concentration of the fluid, C_ is the free stream concentration,
o' is the electrical conductivity, v =( i +EJ J is the spin-gradient viscosity [26, 27], ]

is the micro-inertia density, k is the thermal conductivity of the fluid, ¢, is the specific
heat of the fluid at constant pressure, D,, is the mass diffusivity coefficient, k; is the

thermal diffusion ratio, C, is the concentration susceptibility, Q, is the dimensional heat

kv, ﬂ is

generation or absorption coefficient, T, is the fluid mean temperature, V; =—
;

the thermophoretic deposition velocity, kK, is the thermophoretic coefficient, T, is some
reference temperature, n is the microrotation parameter, A is a positive constant, and p
is the wall temperature index. The kinematic viscosity of an ambient fluid is denoted by
v, =2 \here M., 1s the dynamic viscosity at ambient temperature.
P

It should be mentioned that v, (X)=0 corresponds to an impermeable sheet and
p=0 represents the constant temperature of the fluid at the surface of the sheet. The value
n=0 indicates strong concentration and represents concentrated particles flowing closest
to the wall surface that cannot translate or rotate [28], [29]. The case n=0.5 represents

weak concentration and the fluid behaves like an ordinary (Newtonian) viscous flow [30].
For n=1, this value signifies the turbulent boundary layer flows [31].

Lai and Kulacki [32] assumed that the fluid dynamic viscosity varies inversely as
a linear function of temperature denoted as
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LN -8)
H My
where O represents the thermal property of liquid. Equation (8) can be re-written as
LoproT), (9)
Y2

o 1 : .
where b=— and T, =T, ~5 are constants and define the dimensionless values as a
Mo,

function of reference state and thermal property of liquid.

The dimensionless form of temperature

ST,

0 +6,, ...(10
T v (10)
. L T -T,
and the variable viscosity parameter 6, =_|_ T ...(11)

The value of 6, is large, with T, —T_ is a small and minor value of 6, implies a significant

operating temperature difference. Equations (8), and (10) are used to get the following
relation:

o
MU= yw{gr_e], ...(12)

It is observed that 6, cannot take a value between 0 and 1 and the value of 6, is negative

for liquids whereas 6, >1 is constrained for gases.

The thermophoretic parameter 7 is defined as follows (Mills et al. [33], and Tsai
[34]):
kt (Tw -1, )
—

p
where 7 >0 indicates the surface of the sheet is cold whereas 7 <0 shows a hot surface
sheet. The sheet surface of the present problem is considered cold.

We introduce the following appropriate similarity variables:

oy oy ax g
U=s——,V=—"" =Yy [—, w=\ar, x2f(7),
o Pk me)w (n)

2 o T-T c-c, |
= —_— 19 = w, = 2
o= [, 001 o) -5

where l//=l//(X, y) is the stream function and f is the dimensionless stream function.

T=—

: ...(13)

.(14)
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The converted coupled nonlinear ordinary differential equations of the given governing
equations (1)-(5) obtained by using transformation equations (14) are given as follows:

(99' 0+A] f"’+g ff”—2f’2+L2f"0'+Ag'+(Gr0+Gm(p)C05a—Mf’=0,(15)

r (9.. - 0)
o, 1 5 3
L +=A[&Q"-A(29+F")-&] = fg—=1g' |=0, ...(16
(er—ezjgg (29 )é(zgzgj (16)
" H 3 / ’ 4
0" +Pr 1—5 Efﬁ—pf 0+Q0+Dfg" |=0, (17)
03 0 0
"+Sc|1-— || =f—-70' |¢'-Sc| 1-— |70"p+Sc| 1—— |Sr@" =0, ...(18
s, o _9A(T,-T.) .
where A =— is the vortex viscosity parameter, Gr = BT is the local Grashof
H,
C —C R2
number, Gm =MW3°°) is the modified local Grashof number, M _9B is the
a‘x pax
magnetic field parameter, £=-— s the local micro-inertia density parameter,
Voo
c
Pr= O | Mo is the Prandtl number, Qz& is the local heat generation /
6-0) k pC,ax
Dk (C,-C
absorption parameter, Df :m is the Dufour number, Sc= % |Ye is
ccv. (T, —T.) 6,-6)D,

D,k (T, —T..)

v,T.(C,-C.)
differentiation for similarity variable 77.

the Schmidt number, Sr = is the Soret number and primes symbolize

The boundary conditions (6)-(7) altered as follows:

f=f,, f'=1, g=—nf"(0), =1, ¢ =1 for n=0, ...(19)

f'=0, g=0, =0, ¢=0 for n >, ...(20)
2v,,(x) . e .

where f, =-— is the suction/injection velocity at the sheet for f, >0 and f, <O.

3yav, X

The parameters of engineering interest for the current problem are the local skin-
friction coefficient, local surface couple stress, local Nusselt number, and the local
Sherwood number defined by, respectively,

Cf,oc f7(0), M, cg’(0), Nu, c—6'(0), and Sh, oc—¢'(0) .21
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4. Method of numerical solution and validation

The transformed system of non-linear ordinary differential equations (15)-(18) together
with the boundary conditions (19)-(20) have been solved numerically by utilizing the
shooting iteration technique suggested by Nachtsheim-Swigert [35] along with the sixth-
order Runge integration scheme. Various groups of the arisen parameters were considered
in different phases.

Table 1. Comparison of the local Stanton number obtained in the present work and those
obtained by Tsai [34] and Alam [36].

T fo, Tsai [34] Alam [36] Present study
0.1 1.0 0.7346 0.7273 0.7334
0.1 0.5 0.3810 0.3724 0.3701
0.1 0.0 0.0275 0.0273 0.0274
1.0 1.0 0.9134 0.8929 0.9024
1.0 0.5 0.5598 0.5580 0.5588
1.0 0.0 0.2063 0.2060 0.2062

A step size of Anp=0.01 was selected in all the computations that satisfied a convergent

criterion of 10°° in all cases. To see the accuracy of the present numerical method, we have
compared our results with those of [34] and [36]. Thus, Table 1 compares the local Stanton
number obtained in the present work with those obtained by [34] and [36]. Excellent
agreement exists among the results, which leads to confidence in the present numerical
method.

5. Results and discussion

The results of the numerical computations based on the earlier stated method are displayed
graphically in Figures 2-9 and Tables 2-5 for prescribed parameters. In the calculation, we
have used Pr =0.70 (air), Sc =0.22 (hydrogen), Gr =10, and Gm = 4 (free convection).
The solution of each parameter originated in the problem has been found for a set of
different values keeping the value of other parameters unchanged.

5.1. Role of vortex viscosity
The effect of vortex viscosity parameter A on the dimensionless velocity and
microrotation profiles is shown in Figure 2(a)-(b), respectively.

T

01z

kY
TS — A=00 o1

oo%
0k -

Figure 2: Role of A on dimensionless (a) velocity, (b) microrotation profiles against 7 .
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It is seen from Figure 2(a)-(b) that as vortex viscosity parameter values increase both the

velocity and microrotation profiles increase. Velocity increases because with the increasing
values of A the viscosity decreases. It is also interesting to note that the effect of
microrotation is prominently higher as the values of A are growing. Vortex viscosity
impacts fluid velocity and microrotation, which can be used in newer technologies such as
advanced mixing systems or enhanced cooling methods in the manufacturing and power
industries.

5.2. Role of local Grashof number and modified local Grashof number

Figures 3(a)-(b), respectively display the velocity profiles for several values of the local
Grashof number Gr and modified local Grashof number Gm. The magnitude of both Gr
and Gm indicate whether the flow is laminar or turbulent. Typically, low Gr or Gm
indicates laminar flow whereas high Gr or Gm indicates turbulent flow.

1

i)

DA

oz

(b)

& 1} 1 2 3 4 -1

Figure 3: Role of Gr on dimensionless (a) velocity profiles and role of Gm on
dimensionless (b) velocity profiles against 77 .

Increasing effects on velocity profiles are found for both Gr and Gm with their increasing
values as observed in Figures 3(a)-(b). It is to be discovered that the velocity profiles of the
fluid accelerate with more significant amounts of Gr, and Gm. Here, positive values of
Gr means the system is heating. Gr >0 suggests that buoyancy encourages upward
movement in the fluid, while Gm >0 indicates active mass or momentum transfer
improves mixing and flow dynamics.

5.3. Role of angle of inclination

Representative velocity, microrotation, temperature, and concentration profiles for four
typical angles of inclination (o =0°, 10°, 20°, and 30° ) are presented in Figures 4(a)-
(d), respectively. It is revealed from Figure 4(a) that increasing the angle of inclination
decreases the velocity inside the hydrodynamic boundary layer. The fact is that, as the angle
of inclination increases, the effect of the buoyancy force due to thermal diffusion decreases
by a factor of COS&. Consequently, the driving force to the fluid decreases; as a result,
velocity profiles decrease. From Figures 4(b)-(d) we observe that microrotation, thermal,
and concentration boundary layer thickness increase as the angle of inclination increases.
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The increasing effect of & on the concentration boundary layer is more potent than other
boundary layers.

'E 1
iE) oa o= DD
----- o=10"
.......... —an0
08 08 f 52530
- 04 04
@ (d) *f
o % i 2
1
©) (d)
E 5
Figure 4: Role of «r on dimensionless (a) velocity, (b) microrotation, (c) temperature, and (d)
concentration profiles against 7 .

5.4. Role of magnetic field parameter

Figures 5(a)-(d) display the effect of the magnetic field parameter M on the velocity,
microrotation, temperature, and concentration profiles respectively. The presence of a
magnetic field normal to the flow in an electrically conducting fluid introduces a Lorentz
force that acts against the flow. This resistive force tends to slow down the flow; hence, the
magnitude of fluid velocity reduces in the boundary layer with the increase of the magnetic
field parameter as observed in Figure 5(a).
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Figure 5: Role of M on dimensionless (a) velocity, (b) micro-rotation, (¢) temperature, and
(d) concentration profiles against 77 .

The effects of M on the microrotation profiles are presented in Figure 5(b) that with the
increase of M microrotation increases near the surface and decreases far away from the
surface. It is also seen from Figure 5(c) that the thickness of the thermal boundary layer
and the temperature in the boundary layer rises with the increase of the magnetic field

parameter. It can be seen in Figure 5(d) that the increased magnetic field parameter M
increases the magnitude of concentration profiles.

5.5. Role of local micro-inertia density parameter, and variable viscosity
It is seen from Figure 6(a) that the microrotation decreases with the increase in the local
micro-inertia density parameter &. It is evident because the higher local micro-inertia

density parameter exerts more resistance to reducing microrotation in fluid particles
relative to the flow field. Concentration profiles decrease as variable viscosity parameter

0, is increased as seen in Figure 6(b). Also, it is observed that with the fixed values of
gases, the concentration profile decreases as 77 increases.
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025

1

oz

concentration profiles against 77 .

Figure 6: Role of £ on dimensionless (a) microrotation and role of 6,

on dimensionless (b)

5.6. Role of Prandtl number, heat source parameter, and Dufour number

1

i
o[ & o
W

o
DEfF v ¢

o4 | L

@ ™

(b)

1

0§ [

?
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y
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Dzl

\\\\\\
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(C) 0z

1]

1] 1 2

3

against 77 .

Figure 7: Role of Pr on dimensionless (a) velocity, (b) temperature, and role of Q on
dimensionless (c) temperature, and role of Df on dimensionless (d) temperature profiles

Figures 7(a)-(b), respectively show the effect of various Prandtl number Pr on velocity
and temperature profiles. From here, we see that both the velocity and temperature profiles
decline significantly with the rise of different values of Pr for air, water, and oil
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respectively. It is evident from Figure 7(c) that temperature profiles increase broadly with
the increase of heat source parameter Q representing physical cooling, thermal
equilibrium, and heating for its different state of values while Figure 7(d) reveals that
temperature profiles increase minimally with different escalated Dufour number Df .

5.7. Role of wall temperature index, and Schmidt number

An increase in the wall temperature index P results in higher viscosity, which
consequently leads to simultaneous reductions in the fluid velocity, temperature, and
concentration, as demonstrated in Figure 8(a)-(c). Figure 8(d) illustrates the variation of
concentration distribution of the flow field for different values of Schmidt number Sc . A
higher value of Sc is associated with a lower concentration profile, as it signifies higher
viscosity, which slows diffusion and reduces concentration variations.

1 1
B
08t 0g —?7-._1.
p=10
05 |- os vy | TTTTTTT p=30
- - N | e p=50
04t oal p=70
02
(@)
i 5 3
1
03 p=10
N p=30
EE NN p=50
= 1 p=70
paft
oz L
(c) :
. L T -
0 1 2 3 5
Ul

Figure 8: Role of p on dimensionless (a) velocity, (b) temperature, (¢) concentration, and role of
Sc on dimensionless (d) concentration profiles against 7; .
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5.8. Role of Soret number, and thermophoretic parameter

1 'k
0By Sr=01 DAL
S N (R Sr=10
05 N | Sr=50 0
- ; Sr=100 =
n4f 04
a - 0z
@) o (b)
Py { 7 ﬂ__; - + ¢

Figure 9: Role of Sr on dimensionless (a) concentration, and role of 7 on dimensionless
(b) concentration profiles against 77 .

The influence of Soret number Sr and thermophoretic parameter 7 on the concentration
profiles are shown in Figure 9(a) and 9(b) respectively. It is revealed from Figure 9(a) that
increasing the positive value of Sr decreases the concentration. The fact is that, as the
Soret number increases, stronger temperature variations lead to increased particle
separation, which results in a lower concentration. It is observed from Figure 9(b) that an

increase in 7 leads to a substantial decrease in the concentration.

Table 2. Effects of different values of M on f"(0), g’(0), —6'(0) and —¢'(0).

M t"(0) g'(0) -0'(9) -¢'(0)
0.01 -1.15041970 -0.65831973 498579211 | 31.91141065
0.02 -1.15169398 -0.65908877 4.98558657 31.91104645
0.03 -1.15296964 -0.65985828 4.98538041 | 31.91067948
0.04 -1.15423861 -0.66062453 4.98517453 | 31.91030602
Table 3. Effects of different values of Sc on f "(O) , g’(O) , —9’(0) and —go'(O).
S t"(0) g'(0) -0'(0) -¢'(0)
0.33 -1.26694766 -0.73562996 4.20372687 10.03404138
0.67 -1.26667785 -0.73093883 4.58407761 20.71460550
0.75 -1.26623976 -0.73018252 4.67574097 | 23.33931929
1.0 -1.26556958 -0.72867066 4.96512552 | 31.85897572
Table 4. Effects of different values of &, for both liquids and gases on — 49'(0) and
—¢'(0)-
o -0'(9) -¢'(0)
-5.0 49.08890398 616.55020421
-10.0 21.18091011 244.09786031
5.0 8.79687496 79.69272608
10.0 10.78551403 105.76854192
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Table 5. Effects of Df, n, Sr,and « on the local Nusselt number (Nu, ) for A=3.0,
Gr=10.0, Gm=0.01, M=1.0, £=2.0, Pr=3.0, Q=05, Sc=1.0, 6, =16, p=1.0,

r=0.8,and f,=1.0.

Df n Sr a Nu,
0.01 0 1.0 0° 3.97556899
0.01 0.2 5.0 30° 4.11414597
0.01 0.5 10.0 60° 4.29534659
0.02 0 1.0 0° 3.97556899
0.02 0.2 5.0 30° 4.40667573
0.02 0.5 10.0 60" 4.96512552
0.03 0 1.0 0° 4.13521149
0.03 0.2 5.0 30° 4.75325906
0.03 0.5 10.0 60° 5.93909526

Tables 2-3, respectively, demonstrate the effects of the magnetic field parameter and
Schmidt number, on the local skin-friction coefficient, local surface couple stress, local
Nusselt number, and the local Sherwood number. Table 4 shows the effects of the variable
viscosity parameter representing liquids and gases on the local Nusselt number and
Sherwood number. Table 5 illustrates the effects of the Dufour number, microrotation
parameter, Soret number, and inclination angle to vertical on the local Nusselt number.
The trends of these parameters are self-evident from Tables 2-5; hence, they will not be
discussed in detail to keep its brevity.

6. Conclusions

Effects of thermophoresis and Dufour-Soret to MHD free convective heat and mass transfer
of a micropolar fluid with variable viscosity over an inclined quadratic stretching sheet
have been studied. The significant observations of the study are made as follows:

1. As vortex viscosity parameter values grow high, both velocity and microrotation profiles
rise, notably microrotation having a more prominent impact at higher values.

2. Both the Grashof number and the modified Grashof number increase the flow velocity
due to the enhancement in the buoyancy force.

3. The higher the angle of inclination, the more sharply the reduction in velocity in the
hydrodynamic boundary layer, while microrotation, thermal, and concentration boundary
layer thicknesses grow. The effect on the concentration boundary layer is stronger than on
the others.

4. A transverse magnetic field creates a Lorentz force that resists the flow, leading to a
thermal and mass boundary layer thicker, and reducing the rate of heat and mass transfer.
The increase in the value of magnetic field parameter microrotation increases near the
surface but decreases further away.

5. The increase in the wall temperature index results in higher viscosity, consequently
leading to simultaneous reductions in the fluid velocity, temperature, and concentration.
This measure helps to increase the Nusselt and Sherwood numbers.
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