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complex industrial fluid behavior. Using similarity variables, the governing equations
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for fluid flow and heat transfer are transformed from Partial Differential Equations
(PDEs) to Ordinary Differential Equations (ODEs), and appropriate boundary conditions
are incorporated to simulate the behavior of the micropolar fluid over the inclined
plate. The ODEs are numerically solved using MATLAB software with BVP4c, and the
results are compared with previous findings, showing good agreement. The effects of
critical parameters such as plate inclination angle, stretching/shrinking rate, and
micropolar fluid parameters are examined. Notably, the micropolar parameter
significantly influences the skin friction for stretching and shrinking flows. An increase
in the micropolar parameter leads to increased skin friction for stretching flows, while
for shrinking flows, the skin friction decreases within a specific range of
stretching/shrinking values. The behavior of the local couple stress becomes complex
as the micropolar parameter increases. Additionally, the local Nusselt number
decreases as the micropolar parameter increases for shrinking flows, indicating a

Keywords: reduction in heat transfer from the solid surface during shrinking flow. Moreover, an
Micropolar fluid; heat transfer; increase in the Sherwood number suggests a relatively slower mass transfer rate than
exponentially stretching/shrinking; momentum transfer. These findings offer valuable insights into the behavior of
inclined plate; MHD; radiation; micropolar fluids over exponentially stretching/shrinking inclined plates, guiding
concentration optimizing heat transfer and fluid flow in practical engineering systems.

1. Introduction
1.1 Research Background

The study focuses on a micropolar fluid's flow and heat transfer characteristics over an
exponentially stretching/shrinking inclined plate, emphasizing the stagnation-point region. Magneto-
Hydro Dynamic (MHD), radiation, and concentration are also considered. Micropolar fluids exhibit
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unique behavior due to additional microstructural properties, such as rotations and higher-order
gradients. Stagnation-point flow and heat transfer phenomena are of significant interest in fluid
dynamics and heat transfer research due to their wide applications in various engineering and
industrial processes. The exponentially stretching/shrinking plate offers variable deformation effects,
making it an interesting case for investigation.

The study formulates and solves the governing equations for micropolar fluid flow and energy
transfer. Exploring the complex interplay between micropolar fluid effects, plate deformation, and
inclination angle will be interpreted using graphs. Similarity variables were employed to turn the
governing partial differential equations (PDEs) into ordinary differential equations (ODEs). The
amended equations were then numerically solved in MATLAB using BVP4c. The outcomes of this
research have potential applications in advanced cooling techniques, materials processing, and
boundary-layer control strategies in non-Newtonian fluid systems.

While significant progress has been made in the study of micropolar fluid dynamics, stagnation-
point flow, and heat transfer over various types of surfaces, there exists a notable research gap in
understanding the combined effects of micropolar fluids, magnetohydrodynamics (MHD), radiation,
and concentration over an exponentially stretching/shrinking inclined plate in the stagnation-point
region. The literature review reveals that previous studies have often focused on individual aspects,
such as micropolar fluids or exponentially stretching plates. However, they have yet to explore the
intricate interplay between these factors comprehensively.

Furthermore, understanding micropolar fluid behavior in complex geometries provides insights
into fundamental aspects of fluid dynamics and heat transfer in non-Newtonian systems,
contributing to the broader knowledge in this interdisciplinary field. The results gained will be
beneficial for applications and as a supplement to prior research.

1.2 Micropolar Fluid

Micropolar fluid is a non-Newtonian fluid that exhibits additional microstructural effects that
influence its flow behavior, such as spinning particles, the rotation of which is defined by an
independent microrotation vector [1]. These fluids can be utilized to study the behavior of exotic
lubricants, animal blood, polymer fluids, dust clouds, river sediments, and liquid crystals containing
rigid molecules [2].

The concept of micropolar fluid dynamics was first introduced in the mid-20th century by Eringen
[3]. Since then, researchers have significantly advanced micropolar fluid dynamics' theoretical
formulation and practical applications. Ishak et al., [4] studied a micropolar fluid's steady two-
dimensional stagnation-point flow over a shrinking sheet. The shrinking and ambient fluid velocities
are assumed to vary linearly with the distance from the stagnation point. While, Norzawary et al., [5]
investigated stagnation point flow of MHD micropolar hybrid nanofluids over a deformable sheet
with viscous dissipation with stability analysis. They concluded that non-unique solutions exist for
the phenomenon of shrinking sheets. The studies of micropolar fluid were extended in numerous
ways, such as [6-12].

Understanding micropolar fluid has practical applications. Micropolar fluids' unique
characteristics present new flow optimization and control possibilities in engineering devices.

1.3 Stagnation-point Flow and Heat Transfer

Stagnation-point flow describes the fluid motion around the stagnation area at the front of a
blunt-nosed body, shown by all solid bodies moving in a fluid. The stagnation area has the highest
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pressure, heat transmission, and mass deposition rates. Stagnation point flow is evident in an airfoil's
aerodynamics, where its movement through the air impacts the air flow around its leading edge due
to a stagnation point. Stagnation point flow is crucial in various engineering and scientific
applications, influencing design decisions, performance optimization, and fundamental
understanding of fluid behavior.

Heat transfer is a significant technological challenge in various industrial and engineering
applications. Heat transfer, which involves the movement of energy from one part to another due to
temperature differences, is a crucial aspect of these processes [13]. Fluid movement is vital in many
industrial operations, especially those requiring efficient heat transfer. A fluid is often employed to
extract heat from its source during the heat transfer. As a result of the temperature difference
between the surface and the fluid in the system, a thermal boundary layer is formed. Heat naturally
flows from regions of high temperature to those of lower temperature, making understanding and
managing heat transfer essential in various technological applications.

In various industries, there are numerous practical uses for stagnation point flow combined with
heat transfer over a surface that is either stretching or shrinking. Bhattacharyya et al., [14], have
expanded the study on this flow and heat transfer type. They specifically explored how the slip effect
influences the boundary layer stagnation-point flow and heat transfer over a shrinking sheet. Their
work contributes valuable insights to this fascinating field of research. It finds use in various areas
such as managing the boundary layer along material handling conveyors, understanding blood flow
challenges, improving aerodynamics, plastic sheet manufacturing, cooling metallic plates in a bath,
and optimizing processes in textile and paper industries, among others. The study of this flow
phenomenon plays a crucial role in enhancing efficiency and performance across different industrial
sectors. Several recent studies, including those conducted by Dzulkifli et al., [15], Japili et al., [16],
Ismail et al., [17], and Vishalakshi et al., [18], have contributed to the understanding of stagnation-
point flow and heat transfer. These works represent significant extensions and advancements in the
field.

1.4 Exponentially Stretching/Shrinking Inclined Plate

Exponentially stretching/shrinking inclined plates have been a subject of interest in fluid
mechanics and heat transfer due to their relevance in various engineering and industrial applications.
Researchers have recently investigated fluids' flow and heat transfer characteristics over such plates
[19-21].

The exponentially stretching/shrinking plate provides an exciting and practical case for
exploration. It offers a variable stretching or shrinking parameter, allowing researchers to examine
various deformation effects on the flow and heat transfer characteristics. Furthermore, the
inclination of the plate introduces additional complexities, affecting the flow separation, recirculation
zones, and thermal boundary layer development.

The findings from these studies have applications in various engineering fields, such as aerospace,
manufacturing, chemical processing, and renewable energy, where heat transfer optimization is
critical for performance enhancement and system design.

2. Mathematical Formulation
In this study, we delve into the graceful movement of a micropolar fluid toward a stagnation point

on an inclined plate, as illustrated in Figure 1. The plate is elegantly set at an acute angle, « , with
the X and Yy axes serving as the backdrop. Amidst this journey, the fluid is propelled by a constant
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free stream velocity, ue(x) =ae”" where a>0 (constant) and accompanied by the touch of a

X
reference length, L. A dance of expansion and contraction ensues, with u, (X) = bet denoting the

exponential velocity for stretched (b>0) or shrunk (b<0) surfaces, while b=0 gracefully
2x

embodying the static surface's essence. The surface temperature is given as TW(X)=TOO +T0eT

where T, is a constant and T is the ambient temperature. The concentration on the surface is
2X
C,(x)=C, +Cyet where C, is a constant and C, ambient concentration. Hence, g is a symbol

of acceleration due to gravity.

Vertical Direction

Fig. 1. Physical Model

This study focuses exclusively on the behavior of a micropolar fluid as it encounters a stagnation
point over an inclined plate that is exponentially either stretching or shrinking. This analysis includes
the influence of radiation, magnetohydrodynamics (MHD), mixed convection, and radiation effects.
The study further presents solutions for specific parameter values related to stretching, shrinking,
and buoyancy-assisted or opposing flow direction. The fundamental governing equations for the
boundary layer are a set of parabolic partial differential equations (PDEs) encompassing continuity,
linear momentum, angular momentum, energy, and concentration equations.:

Continuity equation

au_ v, (1)
ox oy

Linear momentum equation

ou ou du K \0°U x ON oB?
U—+V—=U—+|0+— |—+——+ T-T,)+p.(C-C, ) |cosa— u-u,) (2
DD B [0 KT KD g (1T s (CC.)Jeosa -T2 (u-u,)

Angular momentum equation

2
ON N _ y &N K[ZN_'_@_UJ

oy

— = . (3)
x oy ply Pl
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Energy equation
oT or  k o1 1 %

VLI, Sl )
ox oy pc, oy pc, oy

Concentration equation

oC oC 0°C
u—+v—=D

ox oy oy?

(5)

The boundary requirements must be satisfied at all points along the boundary of a region for a
set of differential conditions to be solved. The boundary conditions applicable to the flow are:

u=u, =be¥, v=0, T=T,=T_+Te*", N =—m%u, C=C,=C_+Cpe*aty=0

w

u—->u, T->T_,N—>0, C—>C asy—>o (6)

Imagine considering the velocities in two directions: one along the X -axis and the other along the
y -axis. In this scenario, the symbol v =/ p represents the kinematic viscosity, p stands for fluid

density, u is the fluid viscosity coefficient, N represents microrotation or angular velocity,
j=2Lve ™" [ a is micro-inertia per unit mass, y = ,u(l+ K/ Z)j represents spin gradient, and x
is vortex viscosity. The fluid's electrical conductivity is denoted as o, and we have a varying magnetic
field denoted as B(X) = BOeX/2L , where B is a constant. Additionally, C, represents the specific heat
of the fluid, and f., [, are the coefficients represent thermal and concentration expansion,

respectively. To simplify the equations from (1) to (5), including the boundary condition in Eq. (6), we
can introduce a similarity transformation:

= i?xl_ — % ! — Eﬁ ' :T_Too
Ul P O \/;e (f(n)+nt'(m), 0(n)=7—

(7)

where 7 is the similarity variable, while U and v denotes the stream function that the continuity Eq.

(1) is identically fulfilled. Thus, the transformed linear momentum Egq. (2), angular momentum Egq.
(3), energy Eq. (4) and concentration Eq. (5) become:
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(L+K) F7+ 17 =2( ') +2+Kh'+24(0(17) + 5p(n7))cosa —=M (f'=1) =0

(1+§jh"—K(2h+ f")+ fh'=3fh =0

1 4 (8)

ﬁ{ugﬂau f (10 ()~ 45 (n)6(n)

0

Lyrstg-atp=o
Sc

The corresponding boundary conditions:

f’(0)=g=g, £(0)=0, 0(0)=1 h(0)=-mf"(0), $(0)=Laty=0
f'(n)>1 6(n)—>0, h(n)—>0, ¢(n)>0asny—>w (9)

where the prime indicates differentiation concerning and M = 20‘B§L/pa is Hartmann number or
magnetic parameter. A=gA T,L/a* is buoyancy parameter, &= p.C,/A T, is constant
concentration buoyancy parameter, « is an angle for inclined plate parameter, £ =b / a is the
stretching/shrinking parameter. Next, K =« / u, Pr=puc /k, R=4c"T}/k", and Sc=v/D are

the micropolar parameter, Prandtl number radiation, and Schmidt number parameters, respectively.
The involved physical quantities are the skin friction coefficient C, , the local Nusselt number

Nu,, the local couple stress M, and the local Sherwood number Sh, [22]:

OoN

/5)

I :&’ Nu, :_L(@] . sh, :_L(@j (10)
pue pXUe k(TW _Too) ay y=0 (CW _COO) ay y=0

Using the similarity variables Eq. (7) then,
C, (Re, ) /27" —[1+(2-m)K]F"(0), M,Re, :(1+§jh'(o),

o, (Re, )2 25 = 0(0), sn (e, )% %= = 40)

2. Mathematical Formulation

(11)

The transformed governing boundary layer equations have been efficiently tackled through
numerical solutions utilizing the BVP4c function in MATLAB. The interplay of micropolar effects,
stretching/shrinking phenomena, and inclination plate factors is elegantly brought to light through
graphical representations of velocity, angular velocity, temperature, and concentration profiles.
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Intriguing insights emerge as the skin friction coefficient C, (Rex)ﬂ2 2L/ x, the local couple
stress Nu, (Re, )1/2 \J2L/ x, the local Nusselt number (a measure of heat transfer rate) M, Re,, and
the local Sherwood number (an indicator of mass transfer rate) ShX(Rex)l/2 N2L/ x, gracefully

evolve. This captivating dance of parameters unfolds across various combinations of micropolar, and
inclination angle attributes. Radiation, magnetic, Schmidt number and concentration buoyancy
parameters are fixed and considered in this study.

The culmination of this exploration is aptly captured in Table 1 and Table 2, where a harmonious

comparison of the skin friction coefficient C, (Re,)"”+/2L/x and the local Nusselt number

Nu, (ReX )1/2 2L/ x is artfully presented. The results from Soid et al., [22] and Waini et al., [19] are
thoughtfully juxtaposed with the findings of the present study, creating a rich tapestry of insights.

Table 1

Comparison of Numerical Values C, (Re, )}/2 /& for £=-0.5,0,0.5
X

& Waini et al., [18] Soid et al., [21] Present Study
-0.5 2.1182 2.1182 2.1182
0 1.6872 1.6872 1.6872
0.5 0.9604 0.9604 0.9604
Table 2

Comparison of Numerical Values Nu, (Re, )}/2 /& for £=-0.5,0,0.5
X

& Waini et al., [18] Soid et al., [21] Present Study
-0.5 0.0588 0.0588 0.0588
0 2.5066 2.5066 2.5066
0.5 4.0816 4.0816 4.0816

The comparisons of the values in Tables 1 and 2, observed that the present results show an
excellent agreement with the previous study. Therefore, this verifies the reliability and accuracy of

the method used for this study. It is observed that the values of C, (Rex)l/2 \2L/ x decreases but
the values of Nu, (Re, )"“ 2L/ x increases when & =-0.5.

3. Result

It's worth noting that while we're delving into the intricacies of these parameters, we're keeping
other aspects constant. For instance, material properties m=0.5, and the Prandtl number Pr=6.2
, magnetic M = 2, concentration buoyancy 6 =1, and the Schmidt number Sc =0.2 will remain
steady in our analysis. This approach allows us to isolate the specific effects of the parameters we're
studying.

The effects of K on the C,(Re,)“v2L/x, M,Re,, Nu (Re,)“v2L/x, and
Sh, (Rex)u2 V2L / x are presented in Figures 2-5, respectively for varies values of K =0, 0.5,1.

Figure 2 shows that when the plate shrinks, the skin friction coefficient decreases, while on a
stretching plate, it increases. This change is due to the micropolar parameter becoming more
prominent. On the shrinking plate, a larger micropolar parameter brings a more significant drop in
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the skin friction coefficient. This implies that the microstructural characteristics play a more
substantial role, causing less resistance on a shrinking plate. In contrast, a higher micropolar
parameter on a stretching plate leads to a more noticeable rise in the skin friction coefficient. It
suggests that the microstructural effects create a livelier interaction between the fluid and the
surface, increasing resistance on a stretching plate. It also shows the transition from increase to
decrease at the range between 1 and 1.5, that the skin friction is approximately zero (no drag force).
The micropolar parameter intensifies the influence of microstructure on how fluid and surface
interact, leading to distinct trends in skin friction for different flow scenarios of stretching and
shrinking.

BF S K =0,051

f'(0)
N

35 -3 25 -2 15 -1 0.5 0 0.5 1 1.5 2
€

Fig. 2. C, (Re, )'* \2L/ x for varies of K

Next, Figure 3 shows that an increase in the value of the micropolar parameter leads to an
increase in the local couple stress. The couple stress is related to a particle rotational speed gradient
on the surface. It also shows that the local couple's stress decreases between -1.5 and 1.5 and
increases again due to the stretch. When the values of the surface shear stress and the local couple
stress are zero, in terms of physics, zero surface shear stress occurs when the fluid and solid surfaces
move at the same speed, resulting in no friction at the fluid-solid interface. While the couple stress
is zero, it may be due to the non-effect of micro-structure, which causes the particle at the surface
to be unable to rotate in a zero-gradient rotation.
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.
Fig. 3. M, Re, for varies of K

Figure 4 indicates that when the plate is subjected to shrinking, the local Nusselt number
decreases. The decrease in the local Nusselt number suggests reduced heat transfer efficiency in
shrinking flows. This behavior could be due to reduced flow area, leading to lower convective heat
transfer rates. For stretching flows, the local Nusselt number shows an increasing trend. However,
there is a specific point on the graph where the local Nusselt number increases for the stretching
plate but with a relatively minor change compared to other points. It indicates that while stretching
flows generally enhance heat transfer, there is a particular region where the improvement is less
pronounced.

€

Fig. 4. Nu, (Re, )U2 \2L / x for varies of K

Figure 5 illustrates the relationship between the local Sherwood number and the type of flow
(stretching or shrinking) under different conditions. It indicates that the local Sherwood number
decreases for shrinking flows, possibly due to slower diffusion in the reduced flow area. On the other
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hand, the local Sherwood number increases for stretching flows, indicating improved mass transfer
efficiency due to enhanced fluid-surface interaction.

€

Fig. 5. Sh, (Re, )1/2 \2L / x for varies of K
Figures 6-9 show the velocity, angular, temperature, and concentration profiles for various values
of K with shrinking plate (8 = —1). These profiles asymptotically satisfy the free stream Eq. (11),
thus giving us confidence in the accuracy of the current solutions. Figure 6 illustrates the graph's
trend of decreasing velocity with increasing micropolar parameters, indicates that these

microstructural effects, introduced by the higher micropolar parameter, are causing the fluid to slow
down.

1+

0.8
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0.4

02

f(n)
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0.2

041

06T

081

-1 L L 2 L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
n
Fig. 6. Velocity Profile for varies of K

Figure 7 demonstrates that the angular profile of a specific parameter increases as the micropolar

parameter increases. It suggests that higher micropolar parameter values amplify the variations of
the measured parameter across different angles or orientations.
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0O 02 04 06 08 1 12 14 16 18 2
U]
Fig. 7. Angular Profile for varies of K

Figure 8 demonstrates that the temperature profile of the fluid increases as the micropolar
parameter increases. It indicates that higher micropolar parameter values enhance the thermal
behavior of the fluid, resulting in higher temperatures across the surface being measured.

n

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fig. 8. Temperature Profile for varies of K

In Figure 9, a particular substance's micropolar parameter and concentration profile increase. It
means that when the micropolar parameter is higher, the behavior of the substance's concentration
becomes more pronounced. As a result, higher concentrations across the surface being studied can
be observed.
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Fig. 9. Concentration Profile for varies of K

The effects of « on the Cf(ReX)M\/ZL/x, M, Re,, Nu,(Re,)"*+2L/x, and

Sh, (Re, )l/2 V2L / x are presented in Figures 10-13, respectively for varies values of « =0, /6, 7/3

. The angles of the plate considered are O (horizontal), /6 (approximately 30 degrees), and /3
(approximately 60 degrees). It can be seen that the skin friction decreases as the angle of the plate
increases in Figure 10. It also shows a decrease in skin friction for stretching and shrinking.
Additionally, the graph indicates a consistent trend of decreasing skin friction for both stretching and
shrinking flows, regardless of the plate's angle. These trends collectively suggest that inclined plates
experience reduced skin friction, and stretching and shrinking flows contribute to lower skin friction
coefficients.

f*(0)

€
Fig. 10. C, (Rex)u2 \J2L/ x for varies of &

28



Journal of Advanced Research in Numerical Heat Transfer
Volume 16, Issue 1 (2023) 17-34

Figure 11 illustrates that the local couple stress decreases as the angle of the plate parameter
decreases for stretching and shrinking. However, it also shows that the local couple stress values are
higher for stretching flows compared to shrinking flows, regardless of the plate's angle. The trend of
decreasing local couple stress with plate angle suggests that the influence of couple stresses
decreases as the plate becomes horizontal.

h'(0)

Fig. 11. M, Re, for varies of «

Figure 12 shows that the local Nusselt number decreases as the angle of the plate parameter
decreases for stretching and shrinking plate. In addition, decreasing the local Nusselt number with
plate angle suggests reduced heat transfer efficiency as the plate becomes horizontal. Furthermore,
the enhancement in heat transfer efficiency from shrinking to stretching conditions indicates that
stretching the plate improves heat transfer.

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

.
Fig. 12. Nu, (Re, )ll2 \J2L 1 x for varies of «
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Figure 13 demonstrates that the local Sherwood numbers decrease as the angle of the plate
parameter decreases. It shows that the values of the local Sherwood number increase from shrunk
to stretch. The decreasing local Sherwood number with plate angle suggests reduced mass transfer
efficiency as the plate becomes horizontal. Furthermore, the enhancement in mass transfer
efficiency from shrinking to stretching conditions indicates that stretching the plate improves mass
transfer.

5(0)

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

.
Fig. 13. Sh, (Re, )1/2 \2L 1 x for varies of

Figure 14-17 shows the velocity, angular, temperature and concentration profiles for various
values of « . In Figure 14, the velocity decreases as the angle of the plate parameter decreases. It
indicates that the fluid flows more slowly as the plate becomes horizontal. The decreasing velocity
trend with plate angle suggests that the fluid experiences reduced flow speed as the plate angle
decreases.

0.8 =

06 f .
04} /)

. .

0.2

f(n)

041

06T

081

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
n
Fig. 14. Velocity profile for varies of
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Figure 15 illustrates that a specific parameter's angular profile increases as the plate parameter's
angle increases. It indicates that the variations in the parameter's values across different angles
become more pronounced as the plate becomes inclined. The trend of increasing angular profile with
plate angle suggests that the orientation of the plate influences the parameter's behavior.

) 0 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2
Fig. 15. Angular profile for varies of

The temperature profile is shown in the Figure 16. It demonstrates that the temperature profile
increases due to increases in the angle of the plate parameter. It suggests that more inclined angles
of the plate result in higher temperatures across the region or surface of interest. The trend of
increasing temperature profile with plate angle indicates that the plate's orientation influences the
fluid's thermal behavior.

0.8

06

(n)

04r

0.2

0 . . . . . . : .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
n

Fig. 16. Temperature profile for varies of «

Figure 17 illustrates that a specific substance's concentration profile increases as the plate
parameter angle increases. It indicates that the substance's concentration becomes more
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pronounced across the region or surface of interest as the plate becomes inclined. The trend of
increasing concentration profile with plate angle suggests that the plate's orientation impacts the
distribution of the substance's concentration.

0(n)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fig. 17. Concentration profile for varies of «

4. Conclusion

The present study has accomplished a stagnation-point flow and heat transfer over an

exponentially stretching/shrinking inclined plate with radiation, MHD, and concentration. The
governing equations have been transformed using similarity transformation, which the BVP4c solver
solves in Matlab. Some parameters are being considered in this study: the micropolar parameter K
, angle of the plate «, stretching/shrinking ¢, and other constant parameters to determine the

behavior of the C, (Rex)ﬂ2 J2L/x, M, Re,, Nu, (Rex)ll2 V2L 7 x, sh, (Re, )*\2L1x, as well as

the velocity, temperature, and concentration profiles, respectively. The results obtained are as
follows:

A more significant micropolar parameter decreases the skin friction on shrinking plates and
increases it on stretching plates. Otherwise, it leads to higher local couple stress. Shrinking
leads to decreased local Nusselt number, indicating reduced heat transfer efficiency, and
stretching enhances heat transfer, with a specific point showing minor improvement. Local
Sherwood number increases for stretching, suggesting improved mass transfer efficiency.
Increasing the micropolar parameter decreases velocity, possibly due to microstructural
effects. Angular profile increases, enhancing variations across angles. Temperature profile
increases, indicating enhanced thermal behavior. The concentration profile increases,
resulting in more pronounced substance distribution.

Inclined plates experience reduced skin friction. Stretching flows have higher local couple
stress than shrinking flows. Local Nusselt number decreases with decreasing plate angle.
Stretching flows enhance heat transfer, with a specific point showing minor improvement.
Local Sherwood number increases for stretching flows, suggesting improved mass transfer
efficiency.
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iv.  Velocity decreases as plate angle increases, indicating slower fluid flow for more horizontal
plates. Angular profile increases with plate angle, indicating more vital variations across
different orientations. Temperature and concentration profiles increase with plate angle,
influencing thermal behavior and substance distribution.
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