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Abstract

Its objective in this paper would be to investigate the effects of a magnetic field and a second-order slip flow
just on boundary layer flow for a micropolar fluid that would be moving through a stretching sheet. All these
basic non-linear boundary-value problems have been made easier to understand by putting them into a single
linked higher-order non-linear ordinary differential equation with non-dimensional parameters. Following that,
a mathematical formulation for velocity, microrotation, and temperature was achieved. These problems were
solved numerically by utilising the method bvp4c provided by MATLAB. Such results were obtained through
a variety of governing variables. The effect of key parameters on the microrotations, temperature, concentration,
skin friction coefficient, local Nusselt number and velocities were all examined in relation to certain numerical
estimates. According to observations, the slip parameter y numbers should be increased in order to see a
significant increase in the skin friction coefficient CF. This study between earlier investigations that are found
within the body of published research was carried out, and the results show a great correlation.
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Nomenclature

w,v | X, Y —Components of velocity microinertia per unit mass (N /kg)

Dynamic viscosity(kg m/s)

Density of the fluid(kg/m?)

U specific heat at constant pressure (J/Kg K)
p

6 | second-order slip factor

Y

v

n

Skin friction coefficient

Non-Dimensional microrotation
Non-Dimensional Temperature
Prandtl number

Knudsen number

1st-order slip factor
kinematic viscosity(m?/s)
similarity variable
u,, | surface velocity(m/s)

n n microrotation parameter

f' | Dimensionless velocity
C., | concentration of the fluid at the
surface

INTRODUCTION

open channel for molecule

the momentum accommodation coefficient
Spin gradient velocity vector
temperature inside the boundary layer
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As a result, how a hydromagnetic stream flows in its stretching sheet, including how temperature continues to
move through it, has significant industrial significance, and there have been numerous publications and analyses
dealing with this topic throughout the previous investigation. If polymerization occurs in beverages, meals, and
even sludge, this plays a significant role in the creation of chemical manufacturing substances.

The fundamental assumptions of the Navier-Stokes theory are defined in the process of no-slip flow
conditions. However, there are a few instances where a similar requirement would be inappropriate. Because
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polymeric melting frequently displays microscopic boundary slip, which is typically controlled by a non-linear
but monotone connection between the slip velocity and the suction, the no-slip criterion is particularly unsuitable
for the majority of non-Newtonian fluids. Solutions for the fluids that show boundary slip include cleaning heart
implants for vestibular chambers. A slip boundary condition in measures about shear stress was proposed by
Navier [1]. In order to solve the complete Navier-Stokes solutions, where magnetic materials circulate across a
stretched surface, Andersson [2] developed a sealed structure approach. Fang et al. [3] gave another exact
analytical expression of MHD flow across a porous, stretched surface with slip boundary
conditions. Bhattacharyya et al. [4] looked at a flow that was not steady across sheets that were stretched and
had slip boundary conditions. Furth more, MHD Ahmad et al. [5] examined the Newtonian liquid motion
beyond a decreasing surface according to a temperature slip. Additionally, Yang et al. [6] had suggested the
second-order slip theory by the flow of heat exchange through a dual Maxwell fluid. Sahoo [7] looked into how
heat moves and flows as a third fluid in a partially slip boundary condition. Das [8] investigated how heat
production while absorbing, thermal buoyancy, and partial slip affected the circulation of current nanofluids
through a porous stretched sheet. Another phenomenon involving heat transmission inside every wake of
second-order slip effects beside a continuously extending surface was suggested by Majeed et al. [9].
Nonlinear 2™ array slide circulation including heated transmission across a flexible shrinking surface were
proposed by Singh and Chamkha [10]. Rosca, A. V., & Pop, | [11] research on a transparent shrinking surface
immersed in a permeable layer by a second-order slip is extended within the current study to the situation of a
fluid over a shrinking surface, where dual responses are possible.

Theoretical research involving the transfer of heat along with mass in an MHD turbulent fluid,
including temperature and velocity first-order slip across a stretched surface under various boundary
temperatures, was conducted by Turkyilmazoglu [12]. The constant compressible flow across different
geometries that had first together with second-order slip was solved similarly by Zhang et al. [13]. Varying slip
boundary circumstances' effects on stress non-Newtonian fluid motion were investigated by Pereira [14].
Through the use of stretched sheets, Akyildiz et al. [15] looked into presence outcomes and 3rd-order non-linear
finite difference issues. The rate of heat transfer for the slip flow of fluids through a horizontal plane within the
permeable medium under uniform heat flux conservation equations has been studied by Yazdi et al. [16].
Thompson and Troian [17] presented a global regressive boundary condition for slips that takes into account
the dynamic characteristics of either the slip duration or the usual areas of significant subsurface
shearing. Therefore, Noghrehabadi et al. [18] comprehensive explanation about the impact of partial slip-on
boundary layer flow along with the transmission of nanoparticles through stretched sheeting under stable wall
temperature was provided. Second-order slip circulation and heat transfer through a stretched surface were
investigated by Mahantesh et al. [19]. Chauhan and Olkha [20] have looked at the global temperature flux while
looking at the slip flow of second-grade fluid through stretched sheets inside a permeable material. With the
process of solving the Navier-Stokes problem involving second-order slip flow through a porous stretched
surface, Aziz [21] achieved accurate answers. These implications for slip effects on stretching circulation
involving conductive dissipation were discussed by Qasim et al. [22]. saidulu. B et al. [23-25] micropolar free
convective fluid flow over a stretched porosity sheet with flow rate within a systematic investigation of the
influence of radioactivity on thermal transfer and mass transport. The radiative impact over the hybrid
convective boundary surface circulation of an extremely thick viscosity including expansion over a flat channel
having homogeneous heat transfer was studied by Hossain and Takhar [26]. Pantokratoras [27] investigated
magnetohydrodynamic boundary surface flow across a heated stretched surface with changing viscosity
numerically. The electric force is important because the hollow's thermal transmission mechanism thus
functions as a natural thermal source. Kalaivanan et al. [28] looked at how an angled electric force affected the
slip flow of viscoelastic fluid across a stretched surface. With each mixed slip, electromagnetic and molecular
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diffusion factors have one practical approach here to magnetohydrodynamic slip flow that was discovered by
Fang et al. [29] in their study. Bakr[30] has spoken about how the reflection mechanism affects the thermal
including mass transport of naturally convection Magnetohydrodynamic micropolar fluids flowing through a
porosity vertically motion surface. The slip boundary by the sheet, which essentially states that a certain pressure
field be proportionate to the fluid velocity, was initially proposed by Navier [31].

Further research into velocity profiles was justified by the many technological and academic uses
involving flow across discs. Those experiments are all limited to border layers without slides. According to
Beavers et al.[32] experimental results, slip acceleration does indeed occur at the porosity boundary sheet.
Asghar et al.'s [33] investigation into the non-Newtonian flowing fluid resulting from oscillating a porous sheet.
Spontaneous convection for magnetohydrodynamics through an infinitely long horizontal oscillation sheet
having a stable amount of heat was investigated by Deka et al. [34]. Wu's [35] second-order slip concept was
first studied. lahak et al. [36] research focused on alternatives persistent motion or a stationary sheet with a
micropolar liquid motion over it.

A comprehensive analysis for natural processes along with Hall impacts mostly towards electrically
radiated hydromagnetic liquid dynamics passing more than a quasi-vertical barrier sheet was conducted by Pal
et al. [37]. An iterative procedure was put out by Migun [38] to identify every characteristic for microscopic
scraps inside this micropolar. The effect of slip limitation on electromagnetic peristaltic transport was addressed
by Qayyum et al. [39] in relation to effects on heat production and electricity generation. Shehzad et al. [40]
discussed the flow of micropolar treated water nanomaterial suspensions across a stretching surface. A
micropolar fluid having consequent effects on temperature flow separation over a stretched surface by Ishak
[41]. Sahoo, B [42] looked on Consequences like incomplete slip, entropy generation, and thermal radiation
upon that heat exchange, as well as the Von Kérman circulation of a quasi-fluid that conducts electricity.

The objective of this investigation would be to examine the impact of a second-order slip boundary
condition on the heat transfer of a micropolar fluid across a stretched surface and the MHD boundary layer flow.
In the equation for energy, the influences of viscous dissipation are also reportedly. In an effort to turn the
governing boundary layer equations into ODEs, similarity changes are put to use. After that, the equations are
numerically explained with the help of MATLAB's built-in solver. The influence of significant factors has been
investigated concerning the flow functions.

MATHEMATICAL ANALYSIS

Consider a micropolar fluid flowing steadily inside a laminar boundary layer through a stretched surface with a
specific heat T, and a second-order slip boundary condition. T  describes the average ambient temperature. Let
us take the surface, which is thought to be extending by a velocity of u,, = ax.a stretched constant in which the

circulation was subjected to either a strong horizontal magnetic field that was also continuously provided and
was thought to still be maintained along the flow's favourable plane. Where a is stretched parameter. That

stream was exposed to a strong B = B horizontal magnetic field that is applied continuously and is considered

to be perpendicular to the positive y-axis. Following boundary layer assumptions, the flow formulas are written
as:
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A u—->0N—->0T—->T, as y > o

Thermal boundary layer

Momentum boundary layer

> X
u
u=uy +Ugp,v=0N= —n@,T =Ty,,asy =20
1: Flow geometry
Eqg. of Continuity: CLOCL) (1)
' ’ dx 0y

. ou ou (u+x) (62u) KON  0By?
— — = | —+—-— — —
Eg. of Momentum: u v 3y > 525 P u 2

L ON _ Q0N _k ou -

Eg. of Angular momentum: u——+ Yy =02 ip (ZN + ay) (3) Eq. of Energy:
T ar x (92T

ug+vg=o-(57) *) These

are the circumstances at the boundary:
U=1uy +Ugp,v=0N = —nZ—;,T=TW, aty =20 (5)
u—->0 N-0 T-T,, as y— oo

Wu's [139] slip velocity formula, that is applicable to each Knudsen number, Kn, and which utilised scientists
like [43, 44, and 84], was provided as:

U 2 3—al? 31-12 Aau 1
slip = a 2 K, oy 4

2 0%u

I+ —=(1-12 ]AZ —

3 [ * K2 ( ) dy?
du 9%u
Uslip = Ag + Ba—y2 (6)
Here A and B are constant,l = min [Ki 1], we have 0 < a < 1. If B < 0, and hence the second term in the
right-hand side of Eq. (6) is a positive number.y = A\/%, which is positive, § = % iS negative. 2 =
K\ . __ AW _kK

(,u+5)] —,u(l + 2)],where/? = M,suchthatO <n<l

Measures of similarity are described as follows:

w=((2)y )

the nondimensional parameters are introduced
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It's easy to see that Eq. (1) is always true in the context of Egs. (1) -(4). In this case, the remaining equations are
simplified to the following

L+ +ff" = ()2 +Bg —Mf' =0 (©)
(1+5) 9" +fg' —af' —BRg+f" =0 (10)
0" + Prf' =0 (12)

The transformed boundary conditions are

g(0) = —nf""(0),6(0) =1 at n=0
f'(00) = 0,g(00) = 0,0(0) = 0, as mn— o

f(0)=0,f(0) =1+yf"(0) +6f7(0), }
(12)

Here prime denote the differentiation w.r.t to n and the non-dimensional parameters are introduced

oB? v K
M=—,Pr=-p=
pa NP

Here local Nusselt number Nu, may be defined as:

_ tw _ (+K)f"(0) _ _xqw(®)
Cr = pui | Rey AL k(Tw—Too) (13)

The shear stress can be calculated by using the formula at the surface z,, and the formula for determining
the local surface heat flux transfer coefficient is wall heat flux ¢, :
ou orT
o =[G+ )+ ] e =k () (14)
By using the above equations, we get:

C,Re, =—(1+B(1-n)) £(0), Nu,

=-0'(0) (15)

METHOD OF SOLUTION
The set of connected ODEs (9) through (11) and the subsidiary boundary conditions (12) are solved by
converting them into an initial value problem.

We set

Vi=Fvo=fyvs=f"va=9Ys=9",V¢ =0,y;, =0',y5 = ¢,y = ¢ then the form below is used for
nonlinear ODEs.

V' 3= (M*yy 4y, ¥, =y ¥, — B+ ys) * (1/(1 + B));
V' =02 *Yat B2 *ys +y3) —y1 xys) * (1/(1 + /2));
y', = —(Pr*y; xyy),
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boundary limits are

y1(0) = 0,y,(0) = 1 +y y3(0) + 6y',(0)
y4(0) = —ny3(0),y,(0) =1,
y2() = 0,y,() =,0 yg(e0) = 0.

These resulting mathematical expressions can be integrated using MATLAB's built-in solver approach. All the
above steps will be done again and again until the desired level 10~° of accuracy

Results and discussion

The investigation into the research of micropolar fluid flow with suction/injection and viscous dissipation is
being carried out. Using numerical methods, we have determined the velocity f'({), stream velocityf'({),
angular velocity g({), and temperature 6(¢) fields, as well as the skin friction factor and local Nusselt number,
over a choice of values of the describing factors. This part determines to explore the varied physical properties
that various embedding settings have on flow region profiles, which are shown in the figures. Typical profiles
of the dimensionless velocity, temperature, angular velocity, & concentration for diverse values of the material
parameter 3 are revealed in Figures, accordingly. These f distribution curves are shown in Figures 2,3 and 4
along with the values of various constants such as the 1st slip ordered variable, the 2nd slip ordered variable 3,
and the material variable. The images show that thickness of the border grows in the process of values of y, but
also 3, going up, but it becomes reduced when the quantity of 3 goes up.
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Fig2:f () v/sywithf=2,M=1,n=0.5,6=—-1,Pr=1.
These f distribution curves are shown in Figure 2 along with the values of various constants such as the 1st order
slip parameter y. According to the picture, As values of y rises.
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Fig3:f'({)v/sy,if6=—1,M=1,n=0.5Pr=1,=2.

Figure 3 depicts a non-geometric velocity distribution graph with the first order slip factor f ' (n) varying
priorities. The above graph demonstrates that, in particular, the function ' (n) has a diminishing significance

as the number vy increases.
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Figure 4 depicts rises the first order slip factor f "'(n)) also rises.
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Figh : 6(0) v/sn with Pr=1,6=-1,=2,y=1,M=1.

An influence of the similarity parameter n towards temperature distribution is illustrated in Figure 5. The graphic
enables us to see such a rising curve as the similarity factor corresponds to a temperature rise.
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Fig6: f(Q) v/sdifPr=1,=2,y=1,M=1,n=0.5.

These f distribution curves are shown in Figures 6, along with the values of various constants such as the 2nd

order slip parameter 8. As values of d rises.
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Fig7: f'(Q)v/s8ify=1,M=1,=2,n=0.5Pr=1.
Figure 7 depicts a non-geometric velocity distribution graph with the 2" order slip factor f ' (n) varying
priorities. The above graph demonstrates that, in particular, the function f' (1) has a diminishing significance
as the number 6 increases.
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Fig8: f"(Qv/sdifM=1,n=0.5Pr=1,y=1p3=2.
Figure 8 depicts a non-geometric rises the second order slip factor also grow up.
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Fig9:g(Q) v/sd ify=1,n=05M=1,Pr=1,8=2.

The curves of the angular velocity profiles along with second-order slip factor shown in fig 9. According to
what can be seen from the figure, the depth of the microrotation boundary layer reduces as the numbers about
the second-order slip factor grow.

1

0.9

0.8

Figl0: 0(Q) v/s6ifM=1,n=0.5Pr=1,=2,y=1.

Figure 10 shows the overall temperature distribution as a function of the impacts of the second-order slip factor.
If a flow field's temperature is a real variable, it goes up when the slip variable for the second order is increased.
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Figll: f({) v/sBifPr=1,6=—1,M=1,n=0.5y=1.
This set of distribution curves is shown in Figure 11 along with the values of various constants such as the
material parameter. According to the pictures, the depth of the boundary layer grows in the process of values
but it becomes reduced when the quantity of [ goes up.
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¢
Figl2: f'(¢{) v/sBif§=—1,M=1,y=1,Pr=1,n=0.5.
Its non-geometric velocity distribution curve, denoted either by the symbol f'(C), is shown in Figure 12 for a
selection of different quantities of B. Figure 12 shows how the number of f’(C) rises when B is increased to

higher and higher levels.
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Figl3: f"({)v/sBifn=0.5,y=1,6=—1,Pr=1,M=1.
An influence of material factor on f"( ¢) is illustrated in Image 13 that it increases as a consequence of actual
values for a material parameter. With this added, the overall depth of the boundary layer around a coefficient of
skin friction rises, as does the value of the material parameter f.

1

0.9

DWW w
o n

W N-=0
Il

S e -
¢
Figl4: 0(Q)v/sfwhenM=1,y=1,Pr=1,n=0.5, §=—-1.
The effects of the material parameter  on temperature profile are given in Figs. 14. From the figure, We are
able to see that there is a negative relationship between the material parameter B and the temperature of a fluid
flow.
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Figl5:g({) v/sBif §=—1,n=0.5Pr=1,M=1,y=1
The curve of the angular velocity distribution since the material parameter is depicted in Figure 15. Moreover,
as illustrated in Figure 15, the depth of the angular velocity boundary layer grows as the value of the material
parameter B rises.
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0.02 - 1

-0.02

o 1 2 s 4 s s 71 s
¢
Figle g({) v/sMifPr=1,y=1,n=0.5 §=-1.
The curve of the angular velocity distribution since the natural parameter is depicted in Figure 16. According to
the figure, the depth of a microrotation boundary layer becomes reduced whenever there is a rise inside the
numbers as regards the magnetic parameter M.
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Figl7: 0({)v/sM if6=—1,Pr=1,n=0.5, y=1.
An influence that the magnetic parameter M has on the temperature distribution is shown in Figures 17. It is
indeed clear by looking just at the curve that the temperature of fluid flow increases when the magnetic
parameter M was increased.
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Figl8: g({) v/syifn=0.56=—1,M=1,=1,Pr=1.

The curve of the angular velocity distribution since the 1st slip ordered parameter is depicted in Figure 18
illustrates the relationship between the rising 1st slip ordered factor along with the decreasing depth of the
microrotation boundary layer. By addition to this, when the first order slip parameter k is increased, the angular
velocity measured just by surface drops. In some kind of comparable way, clearly illustrated in Figure 18, the
depth of the angular velocity boundary layer reduces when the magnetic parameter M is increased. Table 1
compares —6'(0) for a variety of Pr quantities while and absence are kept at M, A,&6respectively. Table 2 Such
statistical analysis based on the coefficient of skin friction—f "(0) current this study considering varying
parameters » while M =0,6 = 0 and lie in good accuracy with previous being included in [42].Table 3 illustrate

the skin friction, rises for M and falls down for y, § and local Nusselt number goes down with enhanced values
ofvy,6 .,6.

Table 1: Comparing the local Nusselt number for —6'(0)when n =0.5,M = 0.0,8 = 0.0, for varying
parameters Pr by an earlier finding.
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Pr Previous results Ishak [41] Present result —6'(0)
0.72 0.4631 0.464984

1.0 0.5820 0.582190

3.0 1.1652 1.165140

10.0 2.3080 2.307872
100.0 7.7657 7.765213

Table 2: Results Comparing for —f "(0) for the slip parameter when M = 0, §=0.

v Previous results Sahoo, B [42] Present results —f "'(0)
0.0 1.001154 1.000063
0.1 0.871447 0.872151
0.2 0.774933 0.776450
0.3 0.699738 0.701626
0.5 0.589195 0.591279
1.0 0.428450 0.430253
2.0 0.282893 0.284081
3.0 0.213314 0.214157
5.0 0.144430 0.144940
10.0 0.081091 0.081329
20.0 0.043748 0.043678

Table 3: values of skin friction coefficient —f " (0) and local Nusselt number— 0’ (0) for a variety of diverse Pr
=1,n=0.5 other factors are M, B & &
M| B | & —f"(0) —6'(0)

v=1 y=2 v=3 v=1 v =2 v=3

01] 01| -1 | 0322013 | 0.239887 | 0.191365 | 0.381550 | 0.343217 | 0.316653
02 ] 01| -1 | 0326222 | 0.243369 | 0.194262 | 0.360267 | 0.321399 | 0.294671
03] 01 ] -1 | 0329316 | 0.245935 | 0.196380 | 0.341089 | 0.302407 | 0.276109
04 ] 01| -1 | 0331505 | 0.247778 | 0.197900 | 0.323882 | 0.285928 | 0.260462

02| 1 -1 | 0.317331 | 0.237082 | 0.189600 | 0.406605 | 0.362291 | 0.331530
02| 2 -1 | 0.306805 | 0.230139 | 0.184635 | 0.443077 | 0.395403 | 0.362007
02 3 -1 | 0.297123 | 0.223900 | 0.180228 | 0.470263 | 0.420621 | 0.385592
02| 4 -1 | 0.288416 | 0.218349 | 0.176326 | 0.491531 | 0.440671 | 0.404564
02| 2 -1 | 0.306805 | 0.230139 | 0.184635 | 0.443077 | 0.395403 | 0.362007
02| 2 -2 | 0.258813 | 0.203904 | 0.168276 | 0.414309 | 0.376721 | 0.348749
02| 2 -3 | 0.226213 | 0.184123 | 0.155138 | 0.392698 | 0.361603 | 0.337526
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Conclusions

These impacts of second-order slip factor flow, along with boundary layer flow and a magnetic field, include
the transport of heat in a micropolar across a stretched surface, have been examined but also addressed in this
research study. Through the use of the approximation transformation, the boundary layer problems that regulate
the flow issue were transformed into ODEs. After that, the system of equations that were acquired were
calculated, and the results were obtained by utilising the bvp4c programme that comes with the MATLAB
program. The impacts of several regulating factors, Slip qualities include like y and . magnetic parameter M,
Prandtl-Number P r, and the material parameter 3, were explained utilising diagrams and tables. These impacts
may be seen in the formulas for momentum, energy, and microrotation.

According to research findings, the slip parameter, and the material parameter both have a significant
impact on a particular flow velocity, along with the skin friction coefficient. Furthermore, the depth of either
the slip characteristics increases in proportion to the actual numbers of border surface velocity. So, when the
numbers associated with two slip variables continue to go up, the overall depth of a thermal boundary layer also
keeps going up. Additionally, the friction of the skin.
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