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Abstract. In this paper, we investigated the stagnation point flow of Maxwell micropolar
fluid flow over a Riga plate. Micropolar fluid flows over the Riga plate were used to
create the mathematical model. The system of partial differential equations is created
using the momentum equation and the micro inertia theory to accomplish the boundary
layer approximation. Through appropriate similarity transformations, nonlinear partial
differential equations are transformed into dimensionless nonlinear ordinary differential
equations. This system solved the numerical scheme via the BVP4C method. The effects
of involving physical parameters like dimensionless parameter, modified Hartman number,
material parameter, slip condition o, viscoelastic parameter 6,, and Soret coefficient St
are shown through graphs and numerical results. The physical quantities such as Skin
friction, local Nusselt number, and local Sherwood number are shown in tables. R increases
when the dimensionless parameter, Material parameter K and Slip condition o, increase,
while R decreases with the Modified Hartman number Z and viscoelastic parameter 6,,
increase.

(© 2021 Sharif University of Technology. All rights reserved.

1. Introduction

Micropolar fluid analysis has a significant impact on
engineering and industrial processes. In comparison
to Newtonian fluids, micropolar fluids have a strong
resistance to fluid motion. Because of its potential
applications, many researchers with varied precon-
ceptions are interested in studying the micropolar
fluid. Lukaszewicz [1] studied the micropolar fluid
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theory and its applications in the early stages of his
career. Eringen extended the theory of Lukaszewicz [2].
He introduced the micropolar fluids Microcontinuum
field theory. Several traditional assumptions, such as
the absence of couple stress or the symmetry of the
stress tensor, have never been proven. Because of
its relative simplicity in mathematics, the micropolar
fluid model has been widely employed in lubricants
to examine polymer clarifications in which the viscous
fluid lubricant is merged with a little amount of long-
chain extra substances. The effects of lubricating on
the micropolar fluid were studied by Wang and Zhu [3].
They analyzed the basic theory of micropolar fluid and
derived the modified Reynolds equation for dynamics
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loads. Because of the wide range of applications,
several researchers have investigated micropolar fluids
thoroughly from various perspectives. The numerical
and exact solutions of micropolar fluids in the vertical
annulus were obtained by Nadeem et al. [4]. The mi-
cropolar fluid over the stretching sheet was explored by
Hussain et al. [5]. Ellahi et al. [6] studied heat and mass
transfer of micropolar fluid over permeable walls. The
mixed convection flow with heat transfer of micropolar
nanofluid was investigated by Rawi et al. [7]. Abbas et
al. [8] investigated the nanomaterial micropolar fluid in
the cylinder. They also studied the effects of thermal
slip and velocity slip on micropolar nanofluid. The
behavior of micropolar fluid on Riga plate was studied
by Nadeem et al. [9]. Many researchers are interested
in investigating the characteristics of various physical
parameters of micropolar fluid (see [10-13]).

Electromagnetic forces can control the flow of
fluid since it is electrically conductive. An attrac-
tive hydrodynamics flow control can often be used
to regulate the speed of liquids with high electrical
conductivity. In the case of a feebly conducting liquid,
the current created by the outside attractive field alone
is extremely little, whereas the outside electric field
must be coupled to pick up an effective stream control.
The first researchers who investigated the Riga plate
were Gailitis and Lielausis [14]. They developed the
Riga plate; a device that creates crossed magnetic
and electric fields. The properties of a few potential
fields were studied by Grinberg [15]. As shown by
Grinberg [15], the divider parallel Lorentz drive within
the boundary layer force condition is completely de-
coupled from the stream and stood in the opposite
situation with respect to the Hartmann term. Along
the plate, it decreases exponentially. The boundary
layer flow across the Riga plate was investigated by
Pantokratoras and Magyari [16]. The opposing and
aiding mixed convection flow over the Riga plate was
studied by Magyari and Pantokratoras [17]. Under the
modified Hartmann number, Ayub et al [18] studied
the Blasius flow over the Riga plate. The effects
of nanomaterial micropolar fluid flow on the Riga
plate were studied by Ramzan et al. [19]. Zaib et
al. [20] investigated the mixed convective condition of
micropolar fluid flow across the Riga plate. Rasool
and Zhang [21] investigated the convective boundary
conditions and chemical radiations on the Riga plate.
Because of its limited applications in engineering, as
indicated in [22-27], few researchers have focused on
the Riga plate.

Hiemenz [28] was the first researcher who intro-
duced stagnation flow to gain the exact solution of
the Navier-Stokes equations. Howarth [29] examined
the Hiemenz [28] idea and found the best solution
approximations. Ishak et al. [30] studied the boundary
layer flow with the magnetic field effects in the stag-

nation point region. Van Gorder and Vajravelu [31]
investigated the stagnation point flow of second-grade
fluid over a stretching surface. Fang et al. [32]
investigated the unsteady stagnation point flow with
mass transfer. Recent studies on the stagnation point
flows are presented in [33—41].

We investigated the stagnation point flow of
Maxwell viscoelasticity with incompressible micropolar
fluid over the Riga plate. The mathematical model has
been constructed using micropolar fluid flows over the
Riga plate. The system of partial differential equations
used to perform the boundary layer approximation
is created using the momentum equation and micro
inertia theory. Through appropriate similarity trans-
formations, nonlinear partial differential equations can
be transformed into dimensionless nonlinear ordinary
differential equations. This system solved numerical
scheme via the BVP4C method. Analysis of physical
parameters of the Riga plate results is shown in form
of tables and figures.

2. Formulation of flow

We  examined the two-dimensional Maxwell
Viscoelasticity-based Micropolar Fluid (MVMF) in
the stagnation point on the horizontal Riga plate with
slip velocity condition as shown in Figure 1. The plate
was in the direction of X-axis as well as normal to
plate id Y-axis. We defined U, = ax as the linear
velocity on the wall and @ as the positive constant. In
mathematics, a low model can be written as:

o o 0
oxr Oy
Ou Ou o d?U, . dU, n+r) 0 [Ou
u%—l—va—y =AU, 72 +U. i —I—( > ) oy \ay
, 0% 0%u 0%u
2 2
— - - 2 -
A (u 92 +v By + uv@x@y)
Kk ON 7Tj0M0 =y
- eb ,
p 9y 8p (2)
/%
S
NS — X+ —

Figure 1. Physical configuration of the flow.
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where the free steam velocity is U, = wx and w is the
positive constant:

du, ou_,  (u+K) O (0u
Y or v@y v P dy \ dy
,0%u , 0%u &u
2 2
- Z bt 42
A(u 8$2—|—v 3y2+ uv@x@y)

+ E?ﬁTN + *MEMO e,
p oy P (3)

{ ON ON 0 ON ou

o (1505 )= () (e )
Here, v and v are axial and transverse velocity com-
ponents, respectively, i is dynamic viscosity, x is gyro-
viscosity or vortex viscosity, p is the density of the fluid,
N is micro-angular velocity and rotation is normal to
plate along x — y sheet, A = £ is relaxation time (7'),
in which « is the thermal diffusivity, My is permanent
magnets namely magnetization, jy is current density,
b is electrodes and magnet width, j is micro-inertia
per unit mass (j = %), and ~ is spin gradient viscosity
which represents the relationship between u and 7 and
can be written as:

v:(u+;)j=u<1+§>ﬂ3 (5)

Here K = ﬁ represents dimensionless ratio of viscosity

and is known as MVMF material parameter. The slip
boundary on the surface is defined as:

ou

=0, N=-m—
v 5 m6y7

U= Uy + Uship,

at y =0. (6)
The condition at infinity is defined as:

vw— U, =wz, N—=0 as Y — 00, (7

where wug;, is the slip velocity which is defined as
wsip = L|(1+ K) 54 + KN

a positive constant; m is a constant lying between 0
and 1, where m = 0 indicates the concentrated MVMF

and m = 0 represents turbulent flow circumstance. In

our case, we use m = & to define a dilute MVMF.

in which L = [u is

3. Mathematical model of heat and mass
transfer

We suppose that the surface temperature of the Riga
plate is T, while the temperature in a free-stream con-
dition, also known as the ambient temperature, is T4,
where T,, > T,,. Here C,, is the concentration of the

plate on the surface and C,, is ambient concentration.
By using the above assumptions and boundary layer
principle, we obtain conservations equations of energy
and concentration equation for MVMEF:

LT 0T _ kBT keDy 8°C
ox oy pC, Oy? C,C, 0y?
+ 5 (Ou\’
plaER(2) (5)
pCp \ 0y
oC oC 8°C  krD,, T
Uv—+v—=2D,,— T -— (9)
ox Ay dy? T, Oy?
Corresponding boundary conditions are as follows:
T="T,, Cc=C, at y =0, (10)
T =Tw, C=0Cx as Yy — 00, (11)
where:
k Thermal conductivity of the fluid
D,, Mass diffusivity
T Fluid temperature across the boundary
layer
Cs Concentration susceptibility
kr Thermal diffusion ratio
Cp Specific heat capacity

4. Similarity transformation equation

We have introduced the following suitable similarity
transformation:

W

v=(nefo. n=(9)". NZ(?)ZR, (12)

T-T, C—-Cy
P11, *To,ccon (12)
The velocity components are expressed as follows:
o o
= === 14
=3, U= o (14)

where 7 is non-dimensional parameter, R is non-
dimensional local microvelocity, v = £ is kinematic
viscosity, 6 is the normalized temperature and ¢ is
normalized concentration. By means of similarity
transformation equations, Eqs. (3)—(4) and (8)—(9) are
reduced as follows:

(1 + I&’) f/// + ff// _ (f/)2 — b (1 + fzfm _ 2ff/f//)

+ KR 4+ Ze M 41=0, (15)

(1 + [2) R'+ fR = f'R—K 2R+ f") =0, (16)
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%0” +f0 + Dug” + Gb(1+ K) (f")’ =0, (17)

"+ Sc(fe + Srd") =0. (18)

Corresponding non-dimensional boundary conditions
are:

ro=0  fo=s+a(1+5) 0,

ro=-T12, (19)
b0 =1 6O)=1 (20)
o)=L R(x)=0, #(x)=0,

5() =0, (1)

Here prime represents derivative with respect to 7,
6m = Aw denotes the non-dimensional viscoelastic

parameter, Pr is Prandtl number, Pr = %,

os is the slip velocity parameter, o, = l(puw)%
is Gebhart number defined as Gb, Sc¢ is Schmidt
number, Sc¢ = D”m, Du is the Dufour number,
Du = *rDm(Cw=0Ox)

CoC (T Ty Sr is Soret number defined
kr Dy (T —To)

Tro(Co=Cn) ‘Z is the modified Hartman
number defined as Z = %,
parameter, d = %\/g For stretching we have
(S =2 0) and for shrinking we have (S =2 0),

as Sr =

and d is dimensionless

where:

S stretching/shrinking parameter
15} dimensionless parameter

bm Viscoelastic parameter

Z Modified Hartman number

K Material parameter

O Slip condition

The normalized velocity is f' = 7, and the phys-
ical quantities in engineering applications are defined
as:

Tw mqw
Cp=—%,  Nuy=—r—",
1= Uz T
rJy
= 22
She = 5y (22)

where Cy is the skin friction, Nu, is the local Nusselt
number and Sh, is the local Sherwood number for
transfer of mass. 7, is the wall shear stress of MVMF,

¢ is wall heat current, and J, is wall mass current,

which are defined as:
ou

Tw=—p(1+bn) [(I—I—K)ay—I—KN} , (23)
y=0

R N
ay y=0 ay y=0

Using similarity variables, we can obtain the non-
dimensional engineering parameters as follows:

-

Re iC; = — (14 6,,) (1 + g‘) 17(0),

Re"iNu, = —6'(0),  Re 2Sh, =—¢(0), (25)

Uez
v

where Re = is the Reynolds number.

5. Numerical procedure

We decreased the higher order differential system
within the initial value issue. The method of the
numerical procedure is characterized underneath:

aq)=fm, a@2=Ffm, aB)=f"Mm,
ggl=f"(m), q@)=R@m, qaB)=FR (),
q2=R"(n), q6)=0(m), q(M)=0(n),
qg3="0"(m), a@®)=9¢m), a9 =¢ ),
ag4 = ¢" (n),

1ql = —(1+ K — 6,9(1) q (1)~ (q<1>q<3>
Ca2)a(2) — 6 (1 - 20(1)(2)4(3))
+Kq(5) + Ze™™ + 1) ,

wr=-(1+5) (10061 -a@a
K (24 (4) + 4 (3)) )

qq3=—Pr (q (1) q(7) + Duqgd +Gb(1+K) q(3) ¢ (3) ) ;

qq4 = Sc(q (1) q(9) + Srqg3),

q0(1);¢0(2) =S — o, <1+ I;) q0(3);
q0 (4) + %(3);610 (6) — 1;40(8) — 1;

qinf (2) — L;qinf (4);qinf (6);qinf (8).
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6. Result and discussion

A numerical procedure known as the BVP4C strategy
exposes the system of nonlinear ordinary differential
conditions (Egs. (15)—(18)) with regard to dimension-
less boundary conditions (Egs. (19)—(21)) to analyze
the various physical parameters shown in Figures 2-9.

6.1. Multi-dependent Soret number

The Soret number, also known as thermophoresis, is
a dimensionless number used to study the effect of
temperature gradients on mass flux. The equation
for the steady-state concentration field in hard-sphere
particle suspensions is:

Dmg = —D;VT. (26)

f'(n)

0.0 0.5 1.0 1.5 2.0

Figure 2. Effect of viscoelastic parameter §,, on (a) normalized fluid velocity, and (b) concentration field (Pr = 0.

This shows the thermophoresis velocity of particles
denoted by v, in which D7 is called “thermal diffusion
coefficient” (Eqgs. (26)—(28)). The Soret coefficient is
defined as St = l%: with dimension T-! (Egs. (27)
and (28)). Along the moving particles, the sign of the
Soret coefficient is visible. If Sy > 0, the particles
show thermophobic behavior and if S < 0, they
show thermophilic behavior. The experimental results
for particle radii across the whole temperature range
were fitted using the empirical expression of the Soret
coefficient S, as follows:

T —T
s(1) =57 |1-eon (71T )] (21)
Ty
where S%° is the reference value, 7™ is the temperature,
and Ty is the strength of the temperature impacts.

#(n)

.
5,

0. =0.1, Du=03,Sc=0.2 Sr=03, Ec=03, K=02 2=02d=0.2,5=-02,0.2).

1.0 L iy rire)
-
0.8

0.6

— 04
Py
0.2 S>0
S <0 mmmm-
0.0
-0.2 A A L
0.0 0.5 1.0 1.5 2.0

7
(a)

1.0

0.8

0.6
E
©-
0.4
0.2
0.0
n
(b)

Figure 3. Effect of slip condition o; on (a) normalized fluid velocity, and (b) concentration field (Pr = 0.5, 6, = 0.2,
Du=10.3,5¢=0.2,Sr=03, Fc=03, K =02, 7=0.2,d=0.2, S=-0.2,0.2).
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0.0 0.5 1.0 1.5 2.0

(2)
Figure 4. Effect of material parameter K on (a) normalized fluid velocity, and (b) concentration field (Pr = 0.5,
S = 0.2, 05 = 0.1, Du = 0.3, Sc = 0.2, Sr = 0.3, BEc = 0.3, Z=0.2, d = 0.2, S = —0.2,0.2).

1.0 1.0

0.8
0.8}
0.6
0.6}
< 04 =
P, ©
0.4}
0.2
0.0 021
0.0
-0.2 . . .
0.0 0.5 1.0 1.5 2.0
U

Figure 5. Effect of modified Hartman number Z on (a) normalized fluid velocity, and (b) concentration field (Pr = 0.5,
S = 0.2, 0y = 0.1, Du=0.3, Se = 0.2, Sr = 0.3, Ec = 0.3, K = 0.2, Z = 0.2, S = —0.2,0.2).

1.0

0.8

0.6}
G
sy
0.4}
0.2}
0.2 . : \ 0.0
0.0 0.5 1.0 1.5 2.0
n n
(a) (b)

Figure 6. Effect of dimensionless parameter 3 on (a) normalized fluid velocity, and (b) concentration field (Pr = 0.5,
Sm = 0.2, 0y = 0.1, Du = 0.3, Sc = 0.2, Sr = 0.3, Ec =0.3, K =0.2, Z = 0.2, S = —0.2,0.2).
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R(n)/0(n)

7 8m = 0.0,0.2,0.4

0.5

(2)

=0.3
0.8 — 06
=0.9

0.6

0.4 »

0.2

R(n)/0(n)

0.0

-0.2 -

-0.4F ¢

-0.6

Figure 7. Effect of (a) viscoelastic parameter 6,, and (b) slip condition o, on R (n) and 0 () (Pr = 0.5, 6, = 0.2,
0, =03, Du=03, Se =02, Sr=0.3, Bc=0.3, K =0.2, Z = 0.2, S = —0.2,0.2).

1.0
Z=10.0,0.5,1.0
0.5
—_ '\
=
I
~
=
£ 0.0
"“
W
o
b
Z=10.0,0.5,1.0
0.5

0.0 05 1.0 1.5 20 25 3.0 3.5
n

(a)

1.0 v '
——— B =1.0
0.8 5 =2.0
—_— 3 =30
0.6
0.4
£ R
2 0.2 N
—~ b
=
S
0 1 2 3 4

Figure 8. Effect of (a) modified Hartman number Z and (b) dimensionless parameter 3 on R (n) and 0 (n) (Pr = 2.0,
S = 0.5, 05 = 0.5, Du= 0.3, Se = 0.5, Sr = 0.3, Ec = 0.4, K = 0.5, Z = 2.0, S = 0.2).

Here, we use multidependent Soret number Sr which
is a functional equivalent of the Soret coefficient. We
consider the case where S7)0, then T* and T; should be
replaced by T, and Ty, respectively. By transforming
Eqgs. (12) and (13) into Eq. (26) and gaining the
variable Soret number, we will have:

sosnfican(o(= )] e

where St is a positive coefficient and 0 < 77:—* <1

ensures Sr > 0. By using Eq. (27) in Eq. (18), we get:

0" + Sc(fcb' + S7e {1

)

By solving Eqgs. (15)—(21), the effects of normalized ve-
locity, micro-angular velocity, temperature profile, and
concentration profile, denoted by f'(n),R(n),0(n)
and ¢ (), respectively will be examined.

6.2. Numerical results

The impacts of some physical quantities such as
skin friction coeflicients Re%Cf, local Nusselt number
Re_%Nuw, and local Sherwood number Re_%th are
shown in Table 1. The effects of different parameters
such as S,K,0,,,0,,Du,Sc,Sr,Ec,Z and d on the
alternance of physical quantities Re%C’f, Re :Nu,
and Re~2Sh, are shown in Table 1. For stretching
parameter (S > 0), the values of R€%Of7 Re™% Nu,,
and Re 2 Sh, increase, however, for (S < 0), the val-
ues of Re%Cf and Re’%Nuz increase while Re’%Shz

decreases. For large values of K, the values of RezC I
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and Re’%Nuz decline whereas the values of Re’%Shz
rise. The values of all physical quantities of Re%Cf,
Re_%Nuw and Re_%Shw decrease with the increase
of the values of 4,,. Both the values of Re%Cf
and Re’%Nuz decline while the values of Re’%Shz
improve for larger values of Ec. For increasing values
of Du and Se, Re%Cf, Re_%Nuw and Re_%th
show constant, decreasing, and increasing behavior,
respectively. The behavior of Re%Cf and Re % Nu, is
identical to that of Sr and o, whereas the behavior of
Re=2Sh, is fundamentally opposed to that of Sr and

S. Nadeem et al./Scientia Iranica, Transactions F: Nanotechnology 28 (2021) 3753-3766

as the nature of Z, however the nature of Re%Cf is
opposite. The values of Re%Cf and Re_%Num increase
as the values of d increase but the values of Re_%Shz
declines as the values of d increase.

The BVP4C numerical scheme is used to examine
the physical parameters such as multi-dependent Soret
number Sr., and variable temperature difference TL"
in dimensionless systems (Egs. (15)—(17) and (28))
with dimensionless boundary conditions (Egs. (19)-
(21)). The effect of different physical quantities
such as skin friction, Nusselt number, and Sher-

os. The nature of Re_%Nux and Re_%th is the same wood number are shown in Table 2. The varia-
Table 1. Numerical values of skin friction, local Nusselt number and local Sherwood.

S K 6n o0, Du Sc Sr Gb Z d Re:C; Re 2Nu, Re :Sh,
-03 06 04 05 03 05 04 03 07 09 —2.1853 0.4554 0.5422
-0.2 - - - - - — — — — —2.0684 0.5306 0.5359
-0.1 - - - - - — — — — -1.9627 0.5955 0.5342
0.0 — - - - - — — — — —1.8563 0.6561 0.5335
0.1 - - - - - - — — — -1.7497 0.7124 0.5337
0.2 - - - - - — — — — -1.6276 0.7709 0.5307
0.3 0.0 - - - - — — — — -1.3274 0.8951 0.5027

— 0.3 - - - - — — — — —1.4279 0.8563 0.5188

— 0.6 - - - - — — — — —1.4892 0.8310 0.5243

— 0.9 - - - - — — — — —1.5595 0.8034 0.5331

— 0.6 00 - - - — — — — —0.8180 0.8967 0.4346

— - 0.2 - - - — — — — —0.9403 0.7994 0.4317

- - 04 - - - - - - — —1.4892 0.8310 0.5243

— - 04 00 - - — — — — —4.0139 -1.0615 0.9111

— — - 05 - - — — — — —1.4892 0.8310 0.5243

- - - 1.0 - - - - — — —1.1883 0.9440 0.5797

- - - 0.5 0.0 - - - - - —1.4892 0.9121 0.5112

— — - - 0.2 - — — — — —1.4892 0.8594 0.5197

— — - - 0.3 - — — — — —1.4892 0.8310 0.5243

— — - - 0.5 - — — — — —-3.1899 -0.3621 0.9832

- - - - 03 02 - — — — —1.4892 0.8756 0.3579

— — - - - 0.3 - — — — —1.4892 0.8602 0.4228

— — - - - 0.5 - — — — —1.4892 0.8310 0.5243

- - - - - 1.0 - — — — —-3.1899 —0.4175 1.4695

— — - - - 0.5 0.0 — — — —-3.1899 -0.1072 0.8330

— — - - - - 0.2 — — — —-3.1899 —0.1447 0.8882

— — - - - - 0.4 — - - —1.4892 0.8310 0.5243

— — - - - - 06 — — — —1.4892 0.8467 0.4766

— — - - - - 04 00 - — —1.4892 1.1020 0.4743

— — - - - - — 0.3 - — —1.4892 0.8310 0.5243

- - - - - - - 0.5 - - -3.1899 —1.2950 1.1511

— — - - - - — 0.3 00 — —1.1808 0.8163 0.4878

— — - - - - — - 03 - -1.3217 0.8221 0.5055

— — - - - - — - 07 - —1.4892 0.8310 0.5243

— — - - - - — - 07 0.0 -3.9920 -0.7724 1.1407

— — - - - - — — - 0.5 -1.6072 0.8078 0.5487

— — - - - - — — - 09 -1.4892 0.8310 0.5243

— — - - - - — — - 1.2 —1.4470 0.8338 0.5173
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Table 2. Numerical values of skin friction, local Nusselt number and local Sherwood number.

S %= Sroo K ém o0, Du Sc Sr Gb Z d Re:C; Re :Nu, Re :Sh,
-0.3 0.6 0.8 06 04 05 03 05 04 03 07 09 -2.1853 0.4599 0.5843
-0.2 - - - - - - - — — — - —2.0684 0.5352 0.5842
-0.1 - - - - - - - - - - - —1.9627 0.6003 0.5877
0.0 - - - - - - - - - - - —-1.8563 0.6610 0.5919
0.1 - - - - - - - - - - - —1.7497 0.7174 0.5967
0.2 - - - - - - - - - - - -1.6276 0.7760 0.5988
0.3 0.0 - - - - - - - - - - —1.4892 0.8345 0.5779

- 0.3 - - - - - - - - - - —1.4892 0.8353 0.5878

- 0.6 - - - - - - - - - - —1.4892 0.8361 0.5980

- 0.8 - - - - - - - - - - —1.4892 0.8367 0.6049

- 0.6 0.0 - - - - - - - - - —-1.4892 0.8374 0.6117

- - 0.4 — - - - - — — — - -1.4892 0.8368 0.6049

— — 0.8 — - - - - — — — - -1.4892 0.8361 0.5980

- - 1.0 - - - - - - - - - —1.4892 0.8358 0.5945

— — 0.8 0.0 - - - - — — — - -1.3274 0.9006 0.5840

— — — 0.3 - - - - — — — - -1.4279 0.8616 0.5954

- - - 0.6 - - - - - - - - —1.4892 0.8361 0.5980

— — — 09 - - - - — — — - -1.5595 0.8084 0.6033

- - - 0.6 00 - - - - - - - -0.8180 0.9022 0.5202

- - - - 02 - - - - - - - -0.9403 0.8043 0.4992

- - - - 04 - - - — — — - -1.4892 0.8361 0.5980

- - - - 04 0.0 - - - - - - —4.1749 -1.2211 0.9025

- - - - - 05 - - - - - - —1.4892 0.8361 0.5980

- - - - - 1.0 - - — — — - -1.1883 0.9492 0.6590

- - - - - 05 0.0 - - - - - —1.4892 0.9121 0.5961

— — — — - - 0.2 - — — — - -1.4892 0.8629 0.5972

— — — — - - 0.3 - — — — - -1.4892 0.8361 0.5980

- - - - - - 0.3 02 - - - - —1.4892 0.8768 0.3960

- - - - - - - 0.3 - - - - —1.4892 0.8624 0.4745

- - - - - - - 0.5 - - - - —-1.4892 0.8361 0.5980

- - - - - - - 1.0 - - - - —1.4892 0.7749 0.8295

— — — — - - - 0.5 0.0 - — - -3.1899 —-0.1059 0.9325

- - - - - - - - 02 - - - -3.1899 -0.1422 0.9386

- - - - - - - - 04 - - - —1.4892 0.8361 0.5980

— — — — - - - - 06 - — - -1.4892 0.8554 0.5976

- - - - - - - - 04 00 - - —1.4892 1.1080 0.5758

— — — — - - - - - 03 - - -1.4892 0.8361 0.5980

- - - - - - - - - 0.5 - - -3.1899 -1.2923 1.1021

- - - - - - - - - 03 00 -  -1.1808 0.8212 0.5595

— — — — - - - - — - 03 - -1.3217 0.8271 0.5779

— — — — - - - - — - 07 - -1.4892 0.8361 0.5980

- - - - - - - - - - 07 00 -1.8173 0.7658 0.6580

— — — — - - - - — — - 0.5 -1.6072 0.8129 0.6197

- - - - - - - - - - - 09 14892 0.8361 0.5980

- - - - - - - - - - - 1.2 -1.4470 0.8389 0.5911
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Figure 9. Effect of material parameter K on R (7) and
0(n), (Pr=0.5, 6, =0.2, 0, = 0.3, Du= 0.3, Sc =0.2,
Sr=0.3,Fc=03, K=02,7Z=0.2,5=0.2).

tion of S,%,STM,K, Om,0s,Du,Se,Sr,Ec,Z and d
on Re%Cf, Re’%Nuz, and Re %Sh, are shown in
Table 2. For (S > 0), the values of Re%Cf, Re 2 Nu,
and Re™2 Sh, increase whereas for (S < 0), the values
of R€%Cf7 and Re™% Nu, increase while the values of
Re 2 Sh, decrease for increasing values of S. The
values of Re*%NuI, and Re’%ShI increase for large
values of ?—x whereas Re%Cf remains constant. The

effects of Sro, on Re%Cf, Re’%NuI, and Re*%Shm are
shown in Table 2. It is evident that for higher values
of Srs, Re_%Nux and Re_%th show decreasing
behavior whereas the values of Re2 C ¢ remain constant.
For increasing values of K, Re%Cf and Re 2 Nu,
show decreasing behavior while Re~%Sh, behaves in
the opposite way, as shown in Table 2. The effects of
6 ON R€%Cf, Re_%NuI and Re_%Shz are shown in
Table 2. For large values of é,,, Re%Cf, Re % Nu,
and Re~ Sh, show decreasing behavior. The impacts
of o5 on Re%Cf7 Re_%NuI7 and Re~%Sh, are shown
in Table 2. It is perceived that the values of Re%Cf and
Re_%Nuz rise in response to rising behavior of o while
the values of Re™ 2 Sh, show opposite behavior that de-
creases for large values of os. Table 2 shows the effects
of Du and Sc on Re%Cf, Re*%NuI, and Re % Sh,.
As is shown, the behavior of Re*C} is constant while
Re_%Nuz, and Re_%Shz show opposite behavior to
each other and Re*%Nuz decreases and Re’%Shz
increases for increasing values of Du and Sec. For
large values of Sr, the behavior of Re%C’f7 Re_%Nux,
and Re~2Sh, is shown in Table 2. Also Re2Cy
and Re’%Num increase whereas Re*%ShI declines for
great values of Sr. Table 2 depicts the impacts of

Gb on physical quantities of Re%Cf, Re’%Nuz, and
Re™% Sh,. For increasing behavior of Gb, Re%Cf and
Re_%NuI show decreasing behavior, while Re_%Shz
shows increasing behavior. Table 2 shows the effects of
Z on Re%C’f, Re’%Nux, and Re 2 Sh,. It is observed
that both Re_%Num, and Re_%th increase whereas
Re%Cf decreases for rising values of Z. The values
of Re%Cf and Re 2 Nu, surge for higher values of d

however the values of Re_%th decreases as shown in
Table 2.

6.3. Graphical results

Figures 2-11 shows the effects of different physical pa-
rameters, such as dimensionless parameter 8, modified
Hartman number Z, material parameter K, slip con-
dition o, viscoelastic parameter &,,, multi dependent

Soret number Sr.., and variable temperature difference

%‘, on normalized fluid velocity ({“,—L), micro-angular

velocity (R), temperature profile () and concentration
profile (¢). Figure 2(a) and (b) demonstrate the impact
of viscoelastic parameter 6,, on ' = 7~ and ¢. Both 7!
and ¢ increase in response to the increase in the values
of the viscoelastic parameter 6,,. Figure 3(a) and (b)
depict the impact of the slip condition o, on f’ and
¢, respectively. It should be noted that f’ increases as
well as ¢ decreases in response to increasing values of
slip condition o,. Figure 4(a) and (b) show the impact
of the material parameter K on f' and ¢, respectively.
For increase in material parameter, f' has decreasing
behavior whereas ¢ has increasing behavior. Figure
5(a) and (b) show the impact of Hartman number Z
on f' and ¢. As the Hartman number Z increases,
/' increases while ¢ decreases. Figure 6(a) and (b)
depict the impacts of dimensionless parameter 8 on
/' and ¢. It is observed that f’ displays decreasing
behavior and ¢ shows increasing behavior for large
values of the dimensionless parameter 3. Figure 7(a)
and (b) show the impact of viscoelastic parameter &,,
and slip condition o, on R and 8, respectively. It
is observed that R declines in response to the rise
of o, and increases in response to the increase in 6,
while 6 decreases for both viscoelastic parameters of
6m and slip condition o,. The effects of modified
Hartman number Z on R and 6 are shown in Figure
8(a). For higher values of Z, it is observed that R
increases and 6 decreases. Figure 8(b) depicts the
effects of dimensionless parameter 3 on R and 6. It
is noted that R and # show opposite behavior that
R decreases and 6 increases. Figure 9 shows the
impact of material parameter K on R and 6. It is
also observed that 6 shows the same behavior as K
whereas R shows the opposite. Figure 10 depicts the
effect of multi-dependent Soret number Sr., on ¢. It
is observed that ¢ increases when the multi-dependent
Soret number increases. The effect of the variable
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Figure 10. The parameter Sro, associated with the
micro-particle size has visible effect on the concentration
field with large imposed temperature differences 7%0
(Pr=2.0, 6, = 0.5, 0, = 0.5, Du = 0.3, Sc = 0.5,

Sr=10.3, Fc=04, K =05, 7Z=1.0, S=0.2).
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Figure 11. Effect of variable temperature differences %
on the concentration field of large particle (Pr = 2.0,

6m = 0.5, 05 = 0.5, Du=0.3, Sc = 0.5, Sr = 0.3,
Ec=04, K =0.5,27Z=1.0,5=0.2).

temperature difference 7;—* on ¢ is shown in Figure
11. Tt should be noted that the concentration profile
and the variable temperature difference showed the
opposite behavior.

7. Conclusions

In this paper, we investigated the two-dimensional
Maxwell  viscoelasticity-based  micropolar  fluid
(MVMF) in the stagnation point over a horizontal

Riga plate with slip velocity condition. We also
studied the impacts of different physical parameters
and showed the results of these parameters. Some
significant results are given below:

e With the increase of the dimensionless parameter (3
and material parameter I, § and ¢ increased;

e 0 and ¢ decreased for increased values of slip
condition o, and modified Hartman number Z;

e R increased with the increase of the dimensionless
parameter 3, material parameter K, and slip condi-
tion oy;

e R decreased with increasing behavior of the modified
Hartman number Z and the viscoelastic parameter

Om-
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