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Abstract. The objective of the present exploration is to examine impactions of radiation, a non-uniform intensity
source, and a permeable medium on a temperamental MHD blended convective micropolar liquid over an extended sheet
subject to Joule heating. To transform the formulated problem into ordinary differential equations, the applicable similarity
transformation is implemented. By utilizing R-K-F 4" -5t order approach with shooting method with MATLAB, the numerical
solution is obtained. For the relevant profiles, the dimensionless parameters are visually displayed and described. Skin
friction, the Nusselt number, and the Sherwood number have all been calculated using the answer found for the velocity,
temperature, and concentration. With the assistance of line graphs, the impact of different flow factors being introduced
into the problem is addressed. This research is conducted on the implications of MHD, porous, thermal radiation, viscous
dissipation, Joule heating, non-liner thermal radiation and chemical reaction. For large values of micropolar parameter,
the temperature is reduced and velocity and angular momentum distributions are raised. With the thermal radiation
parameter, the temperature distribution gets better and thermal boundary layer is improved while the large values of
Eckert number and non-uniform heat source or sink parameters, thermal boundary layer is improved. The higher thermal
conductivity is proportional to the thickness of the thermal boundary layer. The concentration profile degrades with higher
Schmidt number and chemical reaction parameter values. The current examination pertains to the significant subject
matter of cooling of systems, artificial heart identification, oil-pipelined frictions, flow-tracers.
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Pe3stome. MpoBeAEHHOE UCCAEAOBAHWE HAMPaBAEHO Ha WU3yuyeHWe AMHAMWKW BO3AEWCTBUSI U3AYUEHUS, UCTOY-
HMKa HEOAHOPOAHOW MHTEHCMBHOCTU M MPOHWULIAEMON CPEeAbl HA MarHUTHYO TMAPOAMHAMUKY CMELLIAHHOW KOHBEK-
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TMBHON MMKPOMOASIPHOMN XXWMAKOCTU Ha NPOTSXXEHHOM CAOE NMAOCKOW MAACTUHbI, MOABEPXEHHON AXOYAEBOMY Harpesy.
McxoaHas 3apada cBepeHa K pelleHnto 06bIKHOBEHHbIX AUdOEPEHLMANbHbIX YPaBHEHUI. AAS MOCTPOEHUSI YUNCAEH-
HOro pelleHns 0ObIKHOBEHHbIX AMGdEPEHLIMAAbHBIX YPpaBHEHWUI MCMOAb30BaHbl MeToAbl PyHre-Kytta-®denbbepra
YeTBEPTOro M MATOro NMOPSAKOB M METOA CTPEALDLI. B kauecTBe nporpamMMHON CpeAbl U AAS BU3yaAU3aLMM YUCAEHHbIX
pe3yAbTaToB MOAEAMPOBAHMA UCMOAL30BaH nakeT MATLAB. AAS COOTBETCTBYHOLLUMX NPOPUAEN NOTOKOB HalAEHbI He3-
pa3mepHble napameTpbl. MiccaepoBaHO NoBeaeHWEe NOBEPXHOCTHOIO HaTsxeHusA. Yneno Hyccenbta u uncno Lepsyaa
paccumTaHbl C YYETOM CKOPOCTU MOTOKA, TEMMNEPATYPbl U KOHUEHTPaUMW. AMHAMWKa BAMAHWS Pa3AMYHbIX Napame-
TPOB NOTOKa NpeACcTaBAeHa B rpaduyeckom Buae. MopeArpoBaHUE MPOBEAEHO C YUETOM MarHUTOrMAPOAMHAMMUKK
NOTOKa, MOPUCTOM CTPYKTYPbl KOHBEKTUBHOM MMKPOMOASIPHOM XMAKOCTU Ha MPOTSXKEHHOM CAOE MAOCKOM MAACTUHBbI,
BAMAHWUS BA3KOW AMCCMMNAUMK, Harpesa AKOYAsl, @ TakXe HEAMHEMHOTO TENMAOBOIO M3AYyYEHUA. YCTAHOBAEHO, UTO AAS
60AbLUMX 3HAYEHWMI MUKPOMOAAPHOIO NnapamMeTpa TeMnepaTtypa CHUXAETCs, @ CKOPOCTM NOTOKa M YTAOBOTO MMMYAb-
ca yBeAnnumBatotcsi. C MCMOAbB30BAHUEM MapaMeTPOB TEMAOBOIO U3AYYEHUA C yUeTOM BOAbLUMX 3HAUYEHUIH DKKepTa
M HEPaBHOMEPHOIO UCTOYHMKA TEMA@ pacnpeAeneHre TeMNePaTypbl U TEMAOBOIO NOMPAHUYHOIO CAOS YAYULLAETCS.
bonee BbicOkasi TENAOMPOBOAHOCTb MPOMOPLMOHAABHA TOALLMHE TEMAOBOIO MOrPaHMUYHOro cAosfl. MpoduAb KOHUEH-
TpaLKMKM yXyaLLa@eTcs ¢ pocToM unchaa Lmuarta. NpoBepeHHOE YUCAEHHOE UCCAEAOBAHUE MArHUTHOWM TMAPOAMHAMMUKK
CMELUaHHON KOHBEKTUBHON MUKPOMOASIPHOM XMAKOCTU Ha NPOTSXKEHHOM CAOE MAOCKOM MAACTUHbI KacaeTcs BaXHbIX
NMPUKAAAHbBIX 3aAa4 OXAAXAEHUS B CUCTEMAX, TaKMX Kak aHaAU3 TPEHWUA B MacCAAHbIX TPyBOnpoBOAaX, MCCAEAOBAHMAX
CEPAEYUHO-COCYAMCTOM CUCTEMBI, @ TaKXKE MOXET UCMOAB30BaTLCA AASI MOCTPOEHUSA CUCTEM MOHUTOPMHIA NMOTOKOB.

KnaroueBbie cAoBa: U3NyYeHWe, AKOYAEB HArpeB, BMNPbICK/BcacbiBaHWEe, TENMAOOTBOA/UCTOUHUK TenAa, GyHKUMO-
HaAbHble MaTepuanbl
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INTRODUCTION

In many engineering and industrial processes, the flow of a boundary layer composed of an
incompressible liquid across a stretched sheet is a regular occurrence. Over the last several
decades, there has been an influx of researchers into this topic. A stretchable surface is an area
that is supported at one end and moves in reaction to a tug at that end. This kind of surface may
be pulled or stretched in either direction. During the process of manufacturing sheets, molten
material is removed from the slit and then stretched to the necessary dimensions. Because of this,
the qualities of a product manufactured by industrial extrusion will depend on the rates at which
the sheet is stretched and cooled after being produced. Nevertheless, the investigation of laminar
flow over a stretched surface is an integral part of a wide variety of manufacturing procedures,
such as the production of glass fiber and paper, metal spinning, the reinforcement of copper wires,
and hot rolling. The velocity at which the sheet is dragged away from the emulsion slit may be
defined in a number of different ways, including linearly, exponentially, and nonlinearly, among
other conceivable ways. Several situations that occur in the real world for the use of a nonlinear
stretching sheet. In light of this, it is sometimes needed to assume that the velocity of the sheet
changes nonlinearly as a function of distance from the slit. This is due to the fact that the slit
causes the velocity of the sheet to change in a nonlinear fashion. Within the scope of this work,
our primary focus is on nonlinear stretching sheets. As a consequence of this, external flow control
devices like a magnetic field are necessary in order to guarantee that the proper feature is shown.

Theory of fluids with microscopic rotation, first investigated by Eringen [1], can provide an
explanation for the flow behavior. Unlike the classical Newtonian fluids theory, which does not
take into account micro- and nano-scale movements of fluid components on a microscopic scale,
the theory of micro rotation fluids can. Stiff micromolecules are suspended in a diluted solution
in these liquids; Spin-inertia controls their independent movements, which maintain tension
and body moments. Eringen’s original microcontinuum theory is comprised of the micropolar,
microstretch, and micromorphic theories [2-5]. Micropolar fluids refer to non-Newtonian fluid
models that provide a means of studying the properties and behavior of unique lubricants,
colloidal suspensions, polymeric fluids, and liquid crystals. The effects of heat source and sink
on heat transmission are also important to take into account in the context of numerous physical
issues. The heat distribution in the fluid, which may be generated or absorbed by the system,

436 https://ipolytech.elpub.ru



Dharmaiah G., Sidorov D.N., Noeiaghdam S., et al. The influence of a non-uniform heat source/sink and Joule...
Axapmasx I, Cuaopos A.H., Hoiaraam C. u Ap. BAusiHne HepaBHOMEPHOIo MCTOYHMKE,/CTOKa TenAa 1 AXoyAeBa Harpesa...

may effects over particle depositions like nuclear reactors, electronics, and semiconductors.
It's feasible to arrange heat sources and sinks as one or the other steady, area or temperature-
subordinate, or both. In this article, we’ll discuss heat sources and sinks that fluctuate regarding
both area and temperature. Within the sight of warm radiation/substance response, Mabood et
al. [6, 7] looked into heat source affected magneto non-Darcian convected micropolar flow on a
stretched plane. Numerous researchers have investigated the significance of heat sink/source
in micropolar liquids with various factors [8-12].

The importance of understanding radiation’s effect on MHD flows and heat transfers from
an industrial perspective has grown. Many cycles in the designing process happen at high
temperatures, making knowledge of radiation heat motion crucialfor constructing sturdy hardware,
thermal energy stations, gas turbines, and a broad variety of propulsion equipment for aircraft,
rockets, satellites, and spacecraft. Using exact analytical techniques, Rashidi [13] examined the
impact of heat radiation on a micropolar fluid trapped in a porous medium. Numerous industrial
processes, such as hot rolling, chemical plating of flat plates, and polymer extrusion [14], make
use of chemical reactions. Late writing on the effect of substance responses in different stream
fields is given in Refs. [15-19]. Since they were on a similar request thus little, the impacts of
gooey and Joule warming were dismissed [20]. Heat transport is significantly influenced by viscous
dissipation. While managing extremely thick liquids, the dispersal term becomes huge. While
working at high temperatures, as in polymer creation, thick dissemination can’t be disregarded.
A few authors [21, 22] review the synergistic effect of Joule warming and thick dissemination on
various kinds of streams [23-27]. Contain additional MHD studies. Morozova et al discussed
propagation of heat and angular velocity for micropolar medium in [28]. There are lots of ways
we can use nanomechanical modeling to understand and study very tiny structures. We can also
use theories of bending and twisting in various elastic materials including functional materials.
You can find examples of this in some books or papers [29-31].

There are several areas where knowledge gained from studying two-layer limit layer stream,
intensity, and mass exchange across a honlinear extending surface might be useful. Streamlining
the removal of plastic sheets, building up cycles of metal plates in cooling showers, and removing
polymer sheets from colors are only some of the more recent applications of thick stream across
an extended sheet. When making these sheets, the dissolve that results from a cutting process is
then prolonged till the desired thickness is reached. The eventual outcomes of wanted qualities
are prominently affected by the extending rate, the pace of the cooling simultaneously, and
the method involved with extending. Vajravelu [32] concentrated on the stream and intensity
move qualities in a thick liquid over a nonlinearly extending sheet without heat dispersal impact.
Cortell [33-34] has dealt with thick stream and intensity move over a nonlinearly extending
plane. Raptis and Perdikis [35] concentrated on thick stream over a nonlinear extending sheet
within the sight of a substance response and attractive field. Radiation impact with magneto
stream owing to a spreading regime in a permeable media were discussed by Abbas and Hayat
[36]. Studying the relevance of similarity response for stream and intensity move of a silent liquid
across a nonlinear expanding surface, Cortell [37] found some interesting results. Solutions for
a stream across a nonlinearly expanding sheet with synthetic response and attractive field was
found by Awang and Hashim [38].

This article inspects the impacts of a synthetic response and a permeable media on the
MHD blended convection stream of a micropolar liquid across an extended sheet, as well as the
overseeing conditions for this issue. In this exploration, the limit layer is represented by a bunch
of conditions including the coherence, force, miniature turn, energy, and focus conditions. To
tackle limit layer issues, an arrangement of incomplete differential conditions (PDEs) should be
changed into a Tribute framework by means of closeness change. Runge-Kutta-Fehlberg fourth-
fifth request approach is then used to take care of the issue mathematically.

PRELIMINARIES
Here, we presented some main definitions and preliminaries [11-14]. Liquid mechanics
is among the finest seasoned parts of material science which manages the way of behaving
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of liquids (fluids and gases) very still as well as moving. Like different parts of science, liquid
mechanics can be extensively named liquid insights, liquid kinematics and liquid elements. Liquid
elements manages the investigation of movement of liquids, the powers that are answerable
for this movement and the collaboration of liquids with solids. The hypothetical investigation of
movement of liquids is the best, captivating and helpful utilization of science. Liquid elements
is a profoundly evolved part of science which has been the constant and growing exploration
movement beginning around 1840. It has its own significance in the fields of designing, physiology,
satellite innovation, and so forth. Liquid elements in without a doubt contacts pretty much every
part of our life. It is examined both hypothetically and tentatively and the outcomes are portrayed
both mathematically and truly. The journey for more profound comprehension of the subject has
assisted the improvement of the subject as well as recommended the advancement in supporting
regions with enjoying applied arithmetic, mathematical registering and exploratory procedures.

Liquids are not sensibly compressible except under the action of heavy forces. Hence, for
all practical considerations they are taken as incompressible. Gases, on the other hand, are
widely compressible whenever external pressures are exerted. Because of this behavior, gases
are considered as compressible fluids in general.

In liquids, the erosion between the particles is as digressive or shearing powers (stresses).
The inside rubbing among the atoms of liquid which offers protection from the deformity of the
liquid is called thickness. In examining fluid behavior and smooth movements near a limit, this
property is crucial. The proportion of thickness is known as the coefficient of consistency. It is an
actual property. In spite of the fact that gases as well as fluids have consistency, the thickness of
gases is less clear in regular daily existence.

LAMINAR FLOW

A stream where every liquid molecule has an unequivocal way and the way of one molecule
doesn’t cross the way of some other molecule is supposed to be laminar stream. This stream
happens when an exceptionally gooey liquid like sloppy water, streams at an extremely low speed
through a pipeline. Implies, it happens at a low speed so that powers because of the consistency
are transcendent over the inner powers. The thickness of the liquid prompts relative movement
with the liquid as the liquid layer slides over one another, which thusly leads to shearing stresses.
Assuming the Reynolds number is under 2000, the stream is called laminar stream.

TURBULENT FLOW

A stream wherein liquid particles don’t have an unmistakable way and the way of one molecule
crosses the way of different particles during stream is called non-laminar or tempestuous stream.
This stream happens when a liquid of low thickness like petroleum, courses through a pipeline.

The event of fierce stream is more regular than that of laminar stream. The speed circulation
in tempestuous stream is somewhat uniform. On the off chance that the Reynolds number is
more than 4000, the stream is called violent. Assuming the Reynolds number lies somewhere in
the range of 2000 and 4000, the stream might be tempestuous or laminar.

STEADY FLOW
A stream where the properties and conditions related with the movement of the liquid are free
of time so the stream design stays unaltered with time is supposed to be a consistent stream.

For a steady flow %(g) =0 when the fluid is at any, where ¢ is a parameter.

UNSTEADY FLOW

A stream where the properties and conditions related with the movement of the liquid are
subject to time so the stream design fluctuates with time is supposed to be a flimsy stream.
Insecure stream is found when a compressible liquid (i.e., gas) courses through a pipeline.

For an unsteady flow %(g) # 0 when the fluid is at any, where ¢ is a parameter.
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HEAT TRANSFER

The concept of heat transmission is crucial to many fields of study and development. It is a
fundamental part of thermal engineering. Heat transfer happens whenever there is a temperature
differential inside or between two media.

The uses of intensity move are different both in nature and businesses like warming,
ventilating and cooling frameworks, nuclear energy stations, fridges and intensity siphons, gas
detachment and liquefaction, cooling machines, warming up or chilling off of creation parts,
sunlight based warm frameworks, and so on. The study of intensity move is likewise expected in
thermodynamics, liquid mechanics, material science, mechine plan, and so forth. The various
kinds of intensity move are typically alluded to as methods of intensity move. There are three
essential systems during the time spent heat move as per which intensity can move from a high-
temperature locale to a low-temperature district. All intensity move processes include at least
one of these modes. The three methods of intensity move are:

- conduction;
- convection;
- radiation.

CONDUCTION

The transfer of thermal energy between particles may be conceptualized as a transfer of
intrinsic energy. Whether the body is at rest or in motion, heat will always flow kinematically or by
the direct influence of particles from a region of high temperature to a region of low temperature.
The energy moved by conduction and the intensity move rate per unit region is corresponding to
the typical temperature angle, i.e,
q oT

A ox
At the point when the proportionality steady is presented, we have

oT
g=—k4 ox’ or
where ¢ is the heat transfer rate, A4 is the surface area through which heat flows and o Isthe
temperature gradient in the direction of heat flow. The second rule of thermodynamics states
that heat must travel from hotter to cooler regions, hence the positive constant K denoting the

thermal conductivity of a material must be prefixed with a negative sign.

CONVECTION
Convection is the exchange of intensity energy because of the movement of warmed liquid
particles. This motion occurs into a fluid or within a fluid. It cannot occur in solids due to the
atoms not being able to flow freely.
We have three types of heat convections as:
- free or natural;
- forced,;
- mixed.

MASS TRANSFER

Changes in the relative abundance of different species in a given environment might result
in the transfer of mass. The concentration gradient aids in the speed of the mass transfer. The
direction of a reacting concentration gradient is always the direction of mass transfer. Mass
transfer is a common occurrence in stellar structure theories. It may be used in a broad variety of
technological, engineering, and scientific applications. Common mass transfer processes may be
found in the fields of electronics, architecture, aviation, metallurgy, environmental engineering,
refrigeration, and manufacturing. Geophysics, astronomy, meteorology, and even the preparation
of food all need an understanding of heat and mass transfer. The foundation of many biological
and chemical processes is mass transfer. Oxygenation of blood, renal-functioning, osmosis,
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medicine and food absorption, fog dispersion, and other biological processes are only a few
examples. Chemical processes including distillation, gas absorption, solids and liquids interaction
from their combination, etc. all use mass transfer applications. Mathematical analysis benefits
greatly from the parallels between heat and mass transmission.

Due to the following two methods, mass transfer appears:

(i) Diffusion mass transfer

(ii) Convective mass transfer

(i) Mass diffusion:

Diffusion is the movement of molecules, species, or particles from one component to another
to effect a change in mass. Diffusion mass transfer may be brought on by either a concentration
gradient or a temperature gradient or even a pressure gradient.

(ii) Mass convection:

The dynamic property of the moving fluid frequently helps in transfer of mass from a flowing
fluid to a stationary surface or between two immiscible moving fluids that are at different speeds
on a moveable interface. This kind of transmission is known as convective mass transfer. The
dynamic capabilities and transmission properties of the fluid are crucial. The process of convective
heat transmission is identical to that of mass transfer. Convective mass transfer may be split into
two types: natural or free convective mass transfer, and forced convective mass transfer.

Natural convective mass transfer occurs when species move due to density variations caused
by temperature or concentration differences or mixes of varying composition, whereas forced
convection mass transfer depends on external causes.

Mathematical formulation:

Over a permeable stretched sheet, we study with Micropolar magnetohydrodynamic fluid
in an unstable viscous incompressible 2D mixed convection flow.

1. The fluid is in a constant condition at time t < O, whereas the heat and mass fluxes are
in an erratic state attime ¢ > 0.

2. The y-axis is measured perpendicular to the s-axis, along the lengthening/shortening sheet.

3. The magnetic field strength B is applied along the y-axis (see Fig. 1).

4. Chemical processes, heat dissipation through viscous dissipation in a porous medium, and
thermal radiation are all accounted for.

L.

iy

B=(0, B,, 0)

> X

Stretching sheet

EEEEE PRS2
]

Fig. 1. Physical model of the flow
Puc. 1. Qusnyeckas MoAEAb NOTOKa

The governing equations of the flow under the aforementioned presumptions are:
Qe Py, @
ox Oy

440 https://ipolytech.elpub.ru




Dharmaiah G., Sidorov D.N., Noeiaghdam S., et al. The influence of a non-uniform heat source/sink and Joule...
Axapmasx I, Cuaopos A.H., Hoiaraam C. u Ap. BAusiHne HepaBHOMEPHOIo MCTOYHMKE,/CTOKa TenAa 1 AXoyAeBa Harpesa...

ou ou ou (u+x)\ou (x\ow oB; v
—tu—+v—-= — | — | == U———1Uu; (2)
ot ox oy p )oy p)oy p pK,
2
8_w+u8_w+ w_y ow_ K 2w a—u; (3)
oa o pjd pj y
2 2
8_T+u8_T+ o  « 8T 1 8qr+ “+x | ou +0'B W g @)
ot ox 8y pc, oy’ pc, Oy pc, J\ 9y pc,
2
a—C+ua—C+va—C:Dma—§—kr(C—Cw). (5)
ot ox oy oy
Boundary conditions: 1 6u
u=AU,(x,t), v=v, =———, T=T(x,t), C=C(x,t)aty=0,
2 Oy
u—>0, w-—0, r->17, C—>C, asy—>owo. (6)
The heat source or sink is not consistent, thus we obtain
q" =HU (x,t)k/xv, (7)

where H:(A*(Tw—Tw)f’+B*(T—Tw)); the A* and B* characteristics of the interior heat
source/sink space change with temperature.

A positive value for A* and a negative value for B* indicate a heat source and a heat sink,
respectively.

Rosseland diffusion approximation is used to model thermal radiation and thereby calculate
the radiative heat flow.

40" OT*
q, =——= , (8)
3k oy
where k* refers Rosseland coefficient and o referes constant of Stefan-Boltzman.
T*=4T’T-3T". 9)
Invoking equations (8) and (9), equation (4) becomes
3 2 2
8_T+ 8T+ o | « 16T ,u+K 8_u +O'B Wi (10)
ot ox 6y pc, 3 pe, k oy pe,

The following non-dimensional variables are mcluded in order to find a similarity solution to

the issue:
J— - a3 -
5_\/ (1 et) 4 \/ 1—et) A W_\/u(l—et)3x}l(§)’)

¢ = = o kr= ky
T, T C c \/1 et (1-et)’

where y(x, y) is the stream function specified by and ¢ is the similarity variable.

0=

oy __ Oy __ | va
‘e oy =01 v= ox (l—et)

which identically satisfies equation (1). The following set of ordinary differential equations is
created using similarity variables (11), equations (2), (3), (9) and (5):

(1+K)f’”+ﬁ’"—f’2—r[f’+%§f"]+Kh’—(M+Kp)f’:0; (12)

/($),
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K £ (3,01
I+— |h"+ 7| =h+=Ch'" |-K(2h+ f")=0; 13
O U e E T e (19
4 " f f, 1 ' "2 2 ot 0=0-"
1+§Nr 0 +Pr9 o —-Prz 0+5§0 +PrEc(1+K) f" +PrMEcf” + A f'+B6=0; (14)
¢"+Sc; ; —Scr(¢+%é’¢'j—Sc;f¢=O. (15)

And we have the following boundary conditions:
fO=s, fO)=2, h0)= —%f "0), 0(0)=1 ¢0)=1, f(0)=0, h(x)=0,
O(0)=0, ¢(x)=0, (16)

where the parameters are specified in the following form which the notation primes denotes
differentiation with respect to ¢

2 T,-T,)x° (Cc,-C,)x’
ng; K:E, M:O-BO; Kp: U* , Gl"=gﬁ( s oo)x; GC:ng( i OO)X ;
e Y7, pa pra2 aUW3 oU
40T k,
§ =t ; Przg; EC=L; RZO-—:"; Sc=i; y=-L.
Jav a c,(T,-T,) Kk D, a

The local heat and mass transmission rates as well as the pair stress and skin friction factors,

which are: 1

Z-W| =0 D opon
o =p—l;3v:2(1+K)Re§f (0); (17)
yaU ,
=222 w p0): 18
. U(l—et) © (18)
N, =a(T, L) S =R 5010 (19
Y120

— ~(Re,)2¢(0), (20)

y=0

Sh, =—x(C, — Cw)Z—C

U, x

where Re, = is the Reynolds number.

v
NUMERICAL ANALYSIS

The fourth-fifth-order Runge-Kutta technique is one of the most well-known constant-step
procedures. The Runge-Kutta approach, with some reasonable approximation adjustments, may
achieve the precision of a Taylor Series approximation without resorting to more complex derivative
computations. This technique could be seen as the ancestor of many other techniques. On the
other hand, the Runge-Kutta-Fehlberg technique, which uses an adjustable step size, provides more
accurate error estimates than the Runge-Kutta method, which uses a fixed step size. At each stage,
the Runge-KuttaFehlberg approach detailed the computation using two Runge-Kutta procedures of
different order (RK4 and RK5). If the differences between the two are small enough, the following
stage with the same step size as before. The step size should be decreased to maintain the same
level of precision. The step size is raised if the answers match to more digits of precision than are
needed. Therefore, we infer that the step size is automatically organized as a recomposition to
the computation truncation errors in the one-step algorithm technique coupled with an adaptable
step size. Nonlinear models are no match for this technique, which has been proved to function
in a broad variety of other contexts, including deterministic and stochastic, linear and nonlinear,
difficulties in physics, biology, and chemical processes, and so on.
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A set of regular nonlinear DEs (12-15) with boundary conditions (16) is built using the Runge-
Kutta Felherberg-45 process with shooting approach.

Follow the steps below to figure out how to fix the problem:

i. The BVPs undergo a transmute to become the IVPs.

ii. Assume suitable significant digits for 77, .

iii. Following the selection of baseline prediction values, at random, Secant method, utilized
to provide further approximative results for those assessments.

iv. Use the aforementioned approximations to compute IVP using RKF-45 approach with step
variance h = 0.001.

v. Iterations of the RKF-45 algorithm were performed until 10° order of convergence results
was achieved.

vi. The correct step length, represented by “h”, is determined by an iterative process in this
approach.

vii. At each stage, we generate and compare two new estimates.

viii. The findings are used to fine-tune the step size until the results of the most recent two
estimates are consistent with one another.

Applying the RK of order 4 method yields the required result for the given problem.

_, 25, 108 2197 1
Yme1 = Ym T 510 T 56573 T 21044 T 55

An improved solution may be obtained by using the R-K method of order 5:

16 6656 28561 9 2
= —ky +——ko+—k, — — ke +—k,-
Yme1 = Ym + 135 1 + 12825 3 + 56430 % 50 © + 25 6

The following six values are needed for each step:
ki = hf (4, t);

h ok
k, = hf (%k +Z'rk +Z>;

- ( 12h 1932, 7200,
s =M (%t 30t 5197~ 5197

439 3680 845
ke = hf(/y,k bty + ey = 8ky + ks —4104k4>;
h 8 3544 1859 11
ke = hf (”" tote T gkt 2k — oo ks —arga e T 30 5)

This is achieved by first inserting additional variables into the coupled ODEs and converting
them to first order ODEs. The R-K-F 4™"-5" order technique is utilized numerically solve the
system of transformed ordinary differential equations. The effects of parameters on the
velocity ' (£) micro-rotation h((), temperature 0 (¢ ) and concentration ¢ (& ) profiles are
analyzed. Also, we found the results based on f"(0), 4'(0), local Nusselt number 6”(0) and
local Sherwood number ¢'(0). Comparison of results are shown in Table.

The Nusselt number is compared with its present results at Pr=0.733, K=0.2, R=0=A*=B*=Kp=M=y=0.0
Yncao Hyccensta cpaBHUBAETCS € €ro TekylWmMmMu pesyastatamu npu Pr=0,733, K=0,2, R=0=A*=B*=Kp=M=y=0,0

S Ref [39] Current Ref [39] Current Ref [39] Current

3.0 -0.2492 -0.2493 1 -0.2492 -0.249253 0 0.8889 0.888959

3.5 0.1291 0.12916 2 0.1466 0.146611 1 0.5444 0.54445

4.0 0.4599 0.45992 3 0.4659 0.465979 2 0.1709 0.170959

4.5 0.7506 0.75069 4 0.7155 0.715571 3 0.2492 -0.249249

5.0 1.0127 1.0128 5 0.9165 0.916569 4 -0.7330 -0.733087
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RESULTS AND DISCUSSIONS

The findings demonstrate the impact of the non-dimensional governing factors on the
flow’s velocity, microrotation, temperature, and concentration distributions, providing a clear
understanding of the issue. Fig. 2-9 illustrate how the magnetic field and the permeability of the
porous media affect the distributions of velocity, microrotation, temperature, and concentration in
both the suction and injection cases. We infer from Fig. 2-5 that raising the magnetic parameter
and the permeability of the porous media lower the velocity profile and increase the microrotation
close to the boundary, and that the microrotation reverses its effect at { =2.0 level, causing a
drop in angular momentum. Owing to the drag force that is created when a magnetic parameter
is given to an electrically conducting fluid, which causes a drop in velocity. Increased values
of magnetic factor on angular momentum suggest an increasing trend, which is caused by the
higher influence of stimulated Lorentz force in the non-negative x-orientation. When there is a
greater disparity in speeds, the thickness of the boundary layer that corresponds to those speeds
will decrease. Because of this overextension in the distribution of velocities, we can see that the
velocity of the fluid surrounding the stretched sheet is lower than its velocity in the free stream.
A higher value for the modified magnetic quantity is correlated to a lower value for the outside
electrical profile, which in turn causes a higher value for the velocity field. In addition to this,
as the boundary layer grew, there was a downward trend in the magnitude of the wall velocity
gradient.
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2 ~ 0.2
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~
~ 0.1
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0.0 L 1 L 1 L 1 L 1 L 1 0.0
0 1 2 3 4 5 6
Fig. 2. The effect of M on the velocity profile Fig. 3. The effect of M on the angular momentum profile
Puc. 2. BansHne BeandnHbl M Ha npoguab CKOPOCTH Puc. 3. BansHue BeanunHbl M Ha npoguAb YrAOBOro MOMeEHTa
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Fig. 4. The effect of Kp on the velocity profile Fig. 5. The effect of Kp on the angular momentum profile
Puc. 4. Bananue Kp Ha npoguab CKOpOCTH Puc. 5. Bavsinne Kp Ha npo@uAb yrAOBOro MoMeHTa
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Fig. 6-7 show velocity, angular momentum, and temperature distributions for the suction
and injection instances, respectively, illustrating the impact of the micropolar parameter. These
graphs demonstrate the relationship between the micropolar parameter and changes in velocity,
angular momentum, and temperature.

Suction ]
— — Iniection Suction
08 k- jectio 0.4 — = Injection

0.6 -

N K =0.5,1.0, 2.0
< N\ G
- N >
T 04t - 2
N\
NS
e
02 Ny
\\\
S,
\\\
00 1 1 1 1 1
0 1 2 3 4 5 6
« 9

Fig. 6. The effect of K on the velocity profile Fig. 7. The effect of K on the angular momentum profile
Puc. 6. BansHue K Ha npo@uab CKOpPOCTU Puc. 7. Bausinue K Ha npoguAb YrAOBOro MOMeHTa

In general, the angular velocity of an additional material increases as the fluid’s consistency
weakens. Temperature distribution during suction and injection is shown to be affected by the
thermal radiation parameter in Fig. 8.

1.0
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\N\\N
AR\ \Y
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0.0 1 1 1 1 =
0 1 2 3 4 5 6

Fig. 8. The effect of Nr on the temperature profile
Puc. 8. BansiHue Nr Ha TemnepartypHbii NPpoPUAb

These plots show that an increase in the thermal radiation parameter results in a more
optimal temperature distribution under both conditions. Both the suction and injection cases
may be understood by reference to Fig. 9 and 10, which show how the Eckert number and a
non-uniform heat source or sink affect temperature distributions. Statistical analysis reveals
that temperature distributions benefit from non-uniform heat sources or sinks and a higher
Eckert number. The Eckert number, sometimes known as Ec, does not have any dimensions in
continuum mechanics. It does this by describing the connection between the kinetic energy of a
flow and the enthalpy difference in the boundary layer. This gives it the ability to characterize heat
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transfer dissipation. The Eckert number is a way to quantify the flow’s kinetic energy in relation
to the enthalpy difference between flows with high viscidity and flows that are dissipative. Fig.
5 illustrates how the Eckert amount, denoted by Ec, behaves in relation to the energy contours.
Ec in the flow field increases the energy, which results in a higher fluid temperature in the fluid
region due to dissipation caused by viscosity and elastic deformation. This is due to the fact that
Ec in the flow field increases the energy. Because of the amount of internal friction heating that
occurred between the molecules of the fluid, the quantity of mechanical energy was changed into
thermal energy, and this thermal energy is now stored in the fluid. As a consequence of this, an
increase in the Eckert number causes an increase in the thermal energy of the flow, which in turn
causes an increase in the temperature of the fluid across the thermal boundary layer.
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Fig. 9. The effect of Ec on the temperature profile Fig. 10. The effect of points A* and B*on the temperature
Puc. 9. BansiHue Ec Ha TemniepartypHbIi MpopuAb profile

Puc. 10. BansiHne Touek A* 1 B* Ha TemnepaTtypHbIi npoguab

Additional parameters, such as the unsteady parameter, may impact the distributions of
velocities, angular velocities, temperatures, and concentrations in both suction and injection
conditions, as illustrated in Fig. 11-14. When the unsteadiness parameter is raised, the graphs
show rising trends in velocity, angular momentum, temperature, and concentration.
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Fig. 11. The effect of T on the velocity profile
Puc. 11. BansiHne Ha T npoguAb CKOPOCTH
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Fig. 12. The effect of T on the angular momentum profile
Puc. 12. BavaHue Ha T npoduAb YIAOBOrO MOMEHTA
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Fig. 13. The effect of T on the temperature profile Fig. 14. The effect of T on the concentration profile
Puc. 13. BansHue Ha T TemneparypHbiid npoguib Puc. 14. BansiHne Ha T IpoguAbL KOHLIEHTPaLMK

Fig. 15 and 16 exhibit velocity and concentration curves for suction and injection scenarios,
respectively, and illustrate the impacts of the Schmidt number and the chemical reaction
parameter. As can be seen in the Fig. 15 and 16, the concentration distributions degrade with
an increase in both the Schmidt number and the chemical reaction parameter. The Schmidt
number, often known as Sc, is a representation of the connection between momentum and mass
diffusivity. It does this by calculating the relative efficiency of momentum and mass transfer in the
hydrodynamic (velocity) and concentration (species) boundary layer. The fluid’'s mass diffusivity
is reduced as the value of the Schmidt number increases, which results in a decrease in the
concentration profiles. With the typical physical behavior of the parameters of chemical reactions,
which indicates that a faster rate of chemical reaction would lead to a thinner concentration
boundary layer. It is deduced from the appearance of the reactive species that the solute profiles
have been subjected to a destructive chemical reaction. The behavior of the destructive reaction
that was caused by the positive values that were investigated in the present scenario may be
explained by deriving it from the mathematical expression of the governing equation of the solute
profile and examining it.
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Fig. 15. The effect of Sc on the concentration profile

Puc. 15. Bausirine SC Ha poGHAb KOHLEHTDALIN Fig. 16. The effect of 7 on the concentration profile
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When y is increased, it can be seen that there is a corresponding drop in the concentration
profile. This is due to the fact that chemical processes taking place in this system are responsible
for consuming the chemical, which in turn results in a drop in the concentration profile. The
tendency of the first-order chemical reaction to lessen the overshoot in the concentration profiles
of the boundary layer is the most notable repercussion of the reaction’s first-order status.

CONCLUSIONS

The primary conclusions of the present research are:

1. A rise in the micropolar parameter causes a decline in temperature, but an increase
in speed and angular momentum.

2. In both scenarios, the temperature distribution gets better when the thermal radiation
parameter is increased.

3. An increase in Eckert number and non-uniform heat source or sink characteristics both
improve the temperature profiles.

4. The concentration distributions deteriorate with increasing Schmidt number and chemical
reaction parameter.

5. Decreases in the thickness of the concentration boundary layer are frequently seen
in conjunction with increases in the rate of chemical reaction.
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