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Introduction

The research on boundary layer flow Due to their wide range of applications in research and
industry, together with heat transfer over the linearly stretched plate, they have seen some
success in recent years. The boundary layer flow and heat transfer of an electrically
conducting viscous fluid over a stretching sheet are the subjects of the study, studied by L. J.
Crane in 1970 [1].

P. Carragher; et. al. studied the investigation of the heat transfers from a stretching sheet that
emerges from a slit and strikes a medium at rest; the sheet's speed is proportional to the
distance from the slit; the temperature difference between the sheet and its surroundings is
proportional to a power of the distance from the slit. For both medium and large Prandtl
values, the heat transfer rate is determined [2]. The temperature distribution in a viscous,
incompressible fluid flow generated by the stretching of a sheet that emerges through a slit in
the stream is examined by B.K. Dutta et. al. [3].
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On an exponentially stretched continuous surface with an exponential temperature

distribution, the similarity solutions representing the steady plane (flow and thermal)
boundary layers are investigated analytically and numerically by Magyari, E [4].

C. Ullmann investigated the Dynamic Light Scattering for Particle Size Determination by
Microfiltration of Submicron-Sized and Nano-Sized Suspensions [5].

The American Society of Mechanical Engineers' winter annual meeting is where Choi first
used the term "Nano fluid" in his important paper in 1995.

M. Ibrahim et. al. examined how a magnetic field affects a nanofluid's stagnation point
flow and heat transfer to a stretching sheet. [6]. M. Subhas Abel et. al. has examined in his
work that the study of effect of heat transfer an MHD flow within a boundary layer within
Maxwell fluid over a stretching sheet [7].

Planar stagnation-point flow, also referred to as Hiemenz flow, was the subject of
Schlichting's discussion in 1960. Particle deposition in this kind of system was studied by
Chari and Rajagopalan. The study looks at the heat transfer and magnetohydrodynamics
(MHD) stagnation point flow of a Williamson fluid in the direction of an exponentially
stretched sheet buried in a thermally stratified medium exposed to suction studied by
Ch.vittal et. al. [8]. M. Subhas Abel et. al. studied the flow and heat transmission
characteristics of a laminar liquid film over a flat, impermeable stretched sheet in the
presence of a non-uniform heat source or sink have been studied using magneto
hydrodynamic boundary layer analysis [9]. Amir Abbas recent study was to investigate the
behaviour of heat transfer and magnetohydrodynamic Williamson nanofluid flow across a
non-linear stretching sheet embedded in a porous media[10].

M. Subhas Abel et. al. analysed the study is conducted to determine how MHD and thermal
radiation affect the two-dimensional steady flow of an upper-converted, incompressible
Maxwell's fluid in the presence of an external magnetic field [11].

M. Tanyeri investigated the microfluidic integrated device for the precise control and
containment of micro- and nanoscale particles in free solution. Single particles are caught in a
stagnation point flow at the intersection of two intersecting microchannels using this device
in his research [12].

The issue of stable laminar Nano fluid flow on a two-dimensional boundary layer using heat
transfer of Cassona transverse the linearly extending sheet investigated by Jagadish V.
Tawade et. al. in their recent research work [13].

The idea behind isolated microfluidic stagnation point flows, highlight several strategies for
addressing them through experimentation, and then examine their applications in chemistry
and the life sciences with a particular focus on micro-total-analysis systems which is
illustrated by Ayoola T. Brimmo and Mohammad A. Qasaimeh [14].

Seth et. al studied the heat and mass diffusion of MHD stagnation point flow of
electromagnetic nanofluid with the Joule heating and viscous dissipation in the presence of
convective and thermal radiation [15]. The movement of a nanofluid toward a stretched
surface from just a stagnation point. Further consideration is given to the consequences of
thermophoresis and Brownian motion. The homotopy analysis method is used to develop the
analytical solutions (HAM) report given by M. Mustafa et. al. [16]. Investigated is the
unstable laminar flow of a micropolar incompressible fluid across a stretching sheet. Because
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of how the stretching velocity and surface temperature vary over time, the flow and

temperature fields are unstable. Flow and heat transfer characteristics are thoroughly explored
in relation to the effects of the unsteadiness parameter, material parameter, and Prandtl
number[17]. G. S. Roopa et. al. used the model to study the impact of radiation on the heat
transfer and flow of a dusty fluid over a stretched vertical surface during mixed convection
boundary layers [18]. P. Besthapu et. al. examined the effects of velocity slip and heat
radiation combined along a stretching surface with nonlinear convection. Also taken into
account are MHD effects close to the Casson nanofluid's stagnation point flow [19]. N. N.
Reddy et. al. their study focuses on the effects of viscous dissipation on free convection
MHD flow through a porous media across an exponentially stretched surface when chemical
reaction is present [20]. The unsteady tangent hyperbolic liquid stream scenario is where the
flow computations with modified Hartmann numbers are placed it was investigated by S
Abdal et. al. [21]. R. Mohana Ramana et. al. investigated In the presence of a chemical
reaction, the effects of many slips and a heat source on the casson fluid's MHD stagnation
point flow over a stretching sheet [22]. Alfunsa Prathiba examines the numerical outcome of
magnetohydrodynamic liquid (MHD) flow across a stretchy sheet while chemical reaction
and viscous dissipation are present [23].

The effects of magnetohydrodynamic flow within a Jeffery fluid's boundary layer in a porous
material across a contracting/expanding sheet are discussed by Shaila S. Benal et. al. [24]. C.
N. Guled et. al. Studied on an isothermal porous streach surface, laminar magneto
hydrodynamic flow (MHD flow) on the upper-convected Maxwell fluid has been studied
using the optimal homotopy analysis technique (OHAM) [25].

Numerous researchers have concentrated their research on the stagnation point flow of
nanofluids across a stretching surface as a result of the vast range of applications of
nanofluids in various technologies and sectors. This paper aims to consider the effects of
radiation and stagnation point flow in an MHD flow against a linearly stretching surface with
variable surface thickness along with heat and mass transfer characteristics were investigated.
The paper is motivated by the aforementioned literature and applications. The boundary-layer
approximation was used to formulate the problem. The effects of different flow-related
variables on temperature and concentration zones were discussed and explored. Furthermore,
numerical observations of the rates of heat, mass, and skin friction transmission were made.

Mathematical Formulation

Consider a two-dimensional laminar steady flow of an incompressible hydro magnetic
viscous, electrically conducting flow over a stretching sheet. The system'’s starting point is the
slit from which the sheet is drawn. In this coordinate the frame of the axis is taken along the
path of the continuous stretching plane.

Considering the stretching sheet’s velocity to be U,,(x) = bx and the free stream flow’s
velocity to be U, (x) = ax , where a, b are positive constants and x is the coordinate all along
the stretching plane.

The flow is carried out at > 0 , where y is the perpendicular to the stretching sheet
coordinate. Let T,,C, be the temperature and concentration of the Nano-fluid at the
stretching layer and let T,and C,, be the ambient temperature and concentration.
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Where u and v are the elements of velocity along coordinate axes, T is the
temperature, C is the concentration of species. The kinematic viscosity v, o« is the thermal
diffusivity, Dg is the Brownian motion coefficient [2], [20]. Make use of the Roseland [20]

approximation for radiation, the radiative heat flux g, is given by
—40* 9T}

r = 3 By (5)
Where k* is the average absorption coefficient, o* is the Stefan-Boltzmann constant. We
presume that the temperature changes inside the flow sufficiently small. The expression T ,
enlarging in a Taylor series in powers of (T; — T,,) and ignoring higher-order terms we get
T} ~ 4T3T, — 3T, hence [20],

—40*TS 0T 9 —-160*TS, 9T
q, = 22 then, S — 22— (6)
3k* 9y ay 3pcpk* 9y?

The corresponding boundary conditions are
w=bx;vy=0;,T,=T,;C,=C, aty=0

u1=Uoo=ax,T1=Too;C1=Coo aS_’y—)OO (7)
Introducing the similarity transformations, which satisfy the equation of continuity
] ]
u, = % and v, =— % (8)
Such that
I — . _ 2 _ T-Te _ (—Cy
w, = bxf'(n),vy = —Vvbf(n); n = J;y, 0=1— 0= ——= (9)

Substituting Equations (6), (8), (9) in equations (2)-(4) we get the following coupled
nonlinear differential equations.

[ f HGro+Gme— (M—1+2)(f)2+22 =0

(10)
(1+3R) 0" +Pr(Ec[(f")?+ M (f' = 1)2] +56 +£6'1]=0
(11)
¢"+Sclfed'—ydpl=0 (12)

The parameters that are present in the above equations are, magnetic parameter M , Prandtl
number B. , Schmidt number S¢ , Eckert number (Ec), chemical reaction rate parameter y
and the Source parameter S , R is the radiation parameter, A is the velocity ratio parameter
and 1/k Porosity parameter given as follows

P ¥ o= O'BO kp _ R_4J*T£ P
" a’ pb O ’ k*k '~ b’
b%x? Q 9 k,
E, = S=—— ,S;=— ,y=-1.
T T =Ta)C, "~ " peyh ¢ "Dy T D
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The transformed boundary conditions are

f)=0,f' M) =160m =1¢m =1as -0

f'm - 2,6 - 0,6(m —>0asn > (13)
Where 1 is a similarity variable, f (n) is dimensionless stream velocity, 0 (1) is a temperature
profile, @(n) is a concentration and prime denotes the differentiation with respect to m.
Physical Quantities are, Cr is the Local skin friction coefficient, the heat N, and mass
transfers Sh coefficients from the plate, respectively are given by

T
Cr =iz = CVRe = f"(0)
pU%
a N (&) Sh
J— _W _u_ _ Vi _ y=0 _ ,
N, = ((T_Too))y_o = == 0'(0),Sh = ooy = == 0'(0)

(14)

Where Re = /bTJfZ is the local Reynold’s number.

Numerical Solution

The non-linear Ordinary Differential equations (10) -(12) along with the boundary
conditions (13) are solved by using Mathematica, Runge-Kutta Fourth Order Shooting
Techniques. For this, the aforementioned equations are transformed into the following first-
order ODEs:

F) = £.1@) =[,f(3) = [ 601) = 6,02) = 0 $(1) = §, $(2) = ¢
1
frr = —fOF@ +|M+ | F@) =27 + [F P

0" = —7 [Ee(F(3)? +50(1) + F(DO(2)]
[1+5]

¢" = Sclyep(D) — fF(DP(2)]

Along with the boundary conditions,

f(0)=0,f(2)=1600) =1,¢(0) =1

f(2)-46(1)-0,¢(1)—>0

Results And Discussion

The present results can be used in understanding more complex electrically conducting MHD
fluid flow of heat and mass transfer over a stretching sheet embedded in a porous medium
with viscous dissipation, thermal radiation and chemical reaction. A numerical study has been
carried out to discuss the impacts of diverse parameters along with the local skin friction
coefficient — f” (0) and the local Nusselt number — 6'(0), The calculated values are
presented in Figs. 2 to 18 and explained physically.
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Figure 1: Impact of velocity ratio parameter (C1CJ on velocity

Figure.l. depicts the effects of velocity profile for various velocity ratio parameter values.
From these figures it is evident that the free stream velocity is higher than stretched surface
velocity, however, flow velocity increases and boundary layer thickness falls. (i e., A >1).
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Figure 2: Impact of Magnetic parameter (M) on velocity

Figure.2. depicts the variations in the Velocity profile for different values of the Magnetic
parameter (M). From the above figure it is seen that as the values of magnetic parameter
increases, the velocity profile decreases in the boundary region.

Vol. 71 No. 4 (2022) 12719

http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN:2094-0343
2326-9865

T T T T T T T T T T T T T T T T T T T T T

0.8

T

0.6-

T

0.4

0.0

el 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

0.0 0.5 1.0 1.5 2.0

Figure 3: Impact of Magnetic parameter (M) on Temperature

Figure.3. Shows the effect of Temperature profile for different values of the Magnetic
parameter (M). In the figure it is been observed that as magnetic parameter value increases
the temperature profile increases.
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Figure 4: Impact of Magnetic parameter (M) on concentration

The increase in the value of Magnetic parameter decreases concentration profile as shown in
Figure (4). As stated, increase of magnetic parameter diminishes the magnitude of velocity
profiles in the boundary layer, this is because the applied transverse magnetic field produces
a retarding Lorentz force and also for the enhancements in parameters such as the Radiation
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parameter (R), Eckert number (Ec), and Source parameter (S), Chemical reaction parameter

(y), the temperature distribution increases as shown in the Figure (5)-(8).
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Figure 5: Impact of Radiation (R) on Temperature
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Figure. 6: Impact of Eckert number (Ec) on Temperature

In the above graph it is clearly seen that at the edge of the boundary when the values are 0.5,
1.0, 1.5 it is decreasing and similarly at 2.0, 2.5 it is increasing. An increase in the stretching
rate of the sheet for higher values of Ec and thus a large enhancement through the motion of
particles adjacent to the surface, which cause increment in the temperature in the fluid,
particularly in the vicinity of the sheet.
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Figure 8: Impact of Chemical reaction parameter ( ¥ ) on concentration

The concentration profile slightly lowers while the Schmidt parameter Sc is raised. Because
chemical molecular diffusivity decreases with increasing chemical reaction parameter values,
the concentration boundary layer thickness decreases as the chemical reaction parameter is
increased.
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Figure. 9: Impact of Prandtl’s number (Pr ) on Temperature

Figure. 9. Shows the impact parameter of Prandtl number on temperature. The physical
reason behind this phenomenon is that greater value of Pr relatively lower thermal
conductivity and as consequence reduction in thermal boundary layer thickness and a
decrement in the heat transfer rate over the boundary surface which causes to decrease
temperature profile significantly.
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Figure 10 : Impact of Porous parameter (k) on Velocity y.
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Figure 10. demonstrates how a porous parameter affects velocity. The porous parameter's

value rises with velocity.
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Figure 11: Impact of Schmidt number (Sc) on concentration profile

Figure 11. Shows the concentration profile becomes flatter as the Schmidt parameter Sc is
raised. Because chemical molecular diffusivity decreases with increasing chemical reaction
parameter values, the concentration boundary layer thickness decreases as the chemical
reaction parameter is increased.
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Figure 12: Impact of thermal Grashof number (Gr ) on Velocity

Figure.12. Shows the variations in the Velocity profile for different values of the Grashof
number(Gr ). As the values of the Grashof number (Gr) increase, the velocity parameter
decreases, as can be seen in the above figure.
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Figure 13: Impact of thermal Grashof number (Gr ) on temperature profile

Figure 13. Shows the effect of temperature profile for different values of the Grashof
number(Gr). In the figure it is observed that as the values of Grashof number(Gr) increases
the temperature profile parameter decreases.
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Figure 14: Impact of thermal Grashof number(Gr ) on Concentration profile
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Figure 14. Shows the impact of Concentration profile for different values of the Grashof
number(Gr). In the figure it is observed that, for the different values of Grashof number(Gr)
the concentration profile decreases with straight line.
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Figure 15: Impact of mass Grashof number (Gm ) on Velocity

Figure 15. Demonstrates the variations in the Velocity profile for different values of the mass
Grashof number (Grm). From the above figure it is seen that as the values of mass Grashof
number (Grm) increases the velocity parameter decreases for different values.
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Figure 16: Impact of mass Grashof number (Gm ) on temperature profile

Figure 16. Depicts the effect of temperature profile for different values of the mass Grashof
number (Grm). In the figure it is seen that as the values of mass Grashof number (Grm)
increases the temperature profile parameter decreases for different values.
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Figure 17: Impact of mass Grashof number (Gm ) on Concentration profile

Figure 17. Shows the effect of Concentration profile for different values of the mass Grashof
number (Grm). In the figure it is observed that, for the different values of mass Grashof
number (Grm) the concentration profile decreases with straight line.

Table 1: Comparison of the values of previous works when Pr =
1,Ec=0,y=0and =0

A M. Musthafa et. Al | Hashim et. Al Alfunsa Prathiba | Present result
[26] [27] [28]
0 - - -1.019 -1.01201
0.1 -0.96954 - 0.96938 -0.98128 -0.98012
0.2 -0.91813 -0.91810 -0.92627 -0.91857
0.5 -0.66735 -0.66726 -0.67393 -0.63459
2.0 2.01767 2.017502 2.00852 2.00659
3.0 - 4.729282 - 4547821
From table 1, it is observed that the skin friction decreases for magnetic and rotation

parameter but increases for heat generation parameter. The rate of heat transfer increases for
magnetic, rotation parameter and heat generation parameters and Prandtl number as an
outcome the thermal boundary layer is reduced. Again, the rate of concentration increases for
magnetic parameter and Schmidt number as a result the concentration boundary layer is
decreased but reverse case raised for heat generation parameter.
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Table 2: Comparison of the values of f”(0), 8'(0) and ¢'(0)
A ]k M |pr]s |R JEc | y [Sc | =f"(0) ] —8'(0) | —9'(0)
2 1.2537 -0.0091 | 1.11796
0.1 |10 05 |1 02 |02 |02 |02 |0.1 |1.0760 0.17105 | 1.12864
100 1.0295 0.20710 | 1.13174
0.5 1.2167 0.44111 | 1.12008
01 |100 |1 1 02 |02 |02 |02 |01 |1.4091 0.38259 | 1.10981
1.5 1.577 0.33535 | 1.10182
0.3 1.4167 0.00743 | 0.05709
0.1 |100 |0.01|1 02 |04 |02 |02 |01 |1.2165 -0.0134 | 1.5506
0.5 1.2162 - 2.79238

0.02801
0.3 1.2162 -0.0124 | 1.57958
0010010011 001|/001|{04 |01 |5 1.2162 -0.0602 | 1.63822
0.5 1.2162 -0.1081 | 1.6969
0.3 1.2162 0.0355 -0.0124
0.010.01 |0.01|1 00100100104 |5 1.2162 0.0355 -0.0602
0.5 1.2162 0.0355 -0.1081

Table 2 as the values of the porosity parameter are inflated, the skin friction values decreased
and the Nusselt number, the Sherwood number enhanced. Owing to the resistance force
known as the Lorentz force, the velocity and boundary thickness decreased as the magnetic
field parameter was increased. The Nusselt number increases as the radiation and the Eckert
number rises so that the thermal boundary layer thickness declines as it is shown in the third
and fourth part of Table 2. In the fifth part of Table 2, raising the chemical reaction parameter
escalated the Sherwood number that shrinks the concentration boundary layer.

Conclusion
This article has investigated electrically conducting MHD fluid flow of heat and mass
transfer over a stretching sheet embedded in a porous medium with viscous dissipation and
thermal radiation. We solved the transformed ordinary differential equations using numerical
method. Effects of all controlling parameters are displayed using graphical representations
and tables, the following are our findings:
An increase in the magnetic parameter decreases the velocity profile but increases the
temperature profile.
An increase in values of thermal radiation, viscous dissipation and chemical reaction, results
in the increase of velocity, temperature and heat-mass transfer rates.
Increasing the chemical reaction parameter increases the local heat transfer rate [—8'(0)] the
Sherwood number [—¢'(0)] and the skin friction [—f"'(0)].
This paper plays a predominant role in science and technology applications. The results in
this paper find applications in engineering such as heat exchangers, gas turbine, nuclear
power plant and thermal energy storage.
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