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1. Introduction

In engineering and manufacturing sectors such as f crystal growth, fibber polymer sheet extrusion
production, etc., it is important to investigate heat transfer in viscous fluid flows as well as heat
transmission across sheets that are often expanding or contracting. The mechanized processes
employed in the polymer industry to create high-quality sheets are also greatly influenced by the
cooling rate. As a result, over the past few decades, numerous academics have invested a lot of time
and energy into changing the kinematics flow in an effort to better manage the cooling rate. Various
researchers have explored permeable stretching/shrinking sheet both with & without a slip regime at
surface. The most significant study in this field, however, has been conducted by Sakiadis [1, 2, and
3], who carefully examined the boundary layer equations and underlying presumptions that control the
flows on continuously expanding surfaces. The first calculation of MHD flow of a non-Newtonian
fluid was done by Sarpakya [4]. use of Prandtl boundary layer theory prove to particularly beneficial
in Newtonian fluids, as it allowed Navier-Stokes equations to be greatly reduced, making boundary
layer equations simpler to manage. An elastic flat sheet that is stretched and has linear velocity
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variations throughout its plane drives a two-dimensional Newtonian fluid flow from a fixed point; this
is a situation that was first studied by Crane [5].

Grubka LG and Bobba KM [6] have investigated the heat transfer characteristics of a continuous
stretched surface with variable temperature. Dutta BK and Gupta [7] studied as Stretching sheet
cooling in different flow conditions. Jeng DR et. al. [8] the momentum and heat transmission in laminar
boundary layer of a continuously moving surface with an arbitrary surface velocity and nonuniform
surface temperature have been analyzed. AS Hydromagnetic, the nonsimilar solution corresponding to
the viscous flow at a stagnation point on a wall moving at a constant velocity, was investigated by
Chakrabarti A. Gupta [9]. Magneto-hydrodynamic flow of a power-law fluid across a stretched sheet
was investigated by Andersson HI et al [10]. Afzal N [11] has studied Heat transfer from a stretching
surface. Prasad KV et.al [12] studied Diffusion over a stretched sheet of chemically reactive species
in a non-Newtonian fluid immersed in a porous media.

Nanofluids are defined as nanoparticles (less than 100 nm) suspended in basic fluids including oil,

ethylene glycol, and water. A nanolayer to acts as a thermal suspension bridge between base fluid and
solid nanoparticles facilitates heat transfer [13].
It can save energy in industrial settings by serving as a coolant. According to Ahmadreza [14],
nanofluids are used as liquid cooling for computer processors, transformer cooling, electronic cooling
solar water heating chillers, nuclear reactor coolant in grinding,domestic refrigerator chillers, engine
cooling/vehicle thermal management, electronic cooling, defence, ships, and space technology, and
power generation in nuclear reactors.

In applications such as heat burning in automobile engines, diesel electronic circuits drilling,
lubrication, power exchangers, microelectronic fuel cells, pharmaceutical manufacturing, oil recovery,
soil remediation, and detergency, nanofluids are used to transmit heat. Smaller heat exchangers used
in automobiles and larger heat exchangers used in chemical processing plants both function more
efficiently when nanofluids are present. Further research on heat radiation, chemical reaction, and
nanoparticle presence in MHD flow of a maxwell fluid over a stretching sheet was conducted by G.
K. Ramesh et al. [15]. Haritha et al.'s paper [16] focuses on mass and heat transfer of unsteady Maxwell
fluid flow across a stretching surface under convective boundary conditions with naviger slip. Mahato
et al. [17] looked at how a chemical reaction affected a nanofluid's magnetohydrodynamic motion and
ability to transmit heat over a melting stretchy surface. Tawade et al. [18] created a unique MHD flow
technique for UCM fluid over a permeable movable plate with internal heat effects. Thermal radiation
has proven instrumental in creation of several higher energy conversion technologies that operate on
high temperatures. Thermal radiation effects may be crucial in regulating heat transmission in the
polymer manufacturing industry as certain heat-controlling factors affect the quality of the finished
product. When the surface and its surroundings have significantly varying temperatures, thermal
radiation's effects become more apparent. When the viscosity of the shear rate changed from low to
high, Hassan et al.[19] examined the mass transfer and thermal energy of shear-thinning fluids using
response surface techniques, Shafiq et.al.[20] examined effects of Walters_B nanoliquid flow across
a radiative riga surface. The investigation sought to comprehend the effects of radiation, thermal
slippage, and velocity on boundary layer flow in magnetohydrodynamics (MHD). In a study by
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Dharmendar et al. [21], mass and heat transport mechanisms inside a Williamson nanofluid over
porous media were examined.

Ramesh et.al [22] investigated the applied magneticfield and radiative heat transfer effects in the flow
of Maxwell fluid past a stretching sheet. The MHD heat and mass transport of a Jeffrey fluid across a
stretched sheet with chemical reaction and thermal radiation conducted by Narayana and Babu [23].
Slip effects on MHD boundary layer flow over an exponentially stretched sheet with suction/blowing
and heat radiation was investigated by Mukhopadhyay [24]. The effect of radiation on boundary layer
flow and heat transfer of a viscous fluid over an exponentially stretching sheet is studied by Sajid and
Hayat [25]. Mandal and Pal [26] explored MHD boundary layer flow of micropolar nanofluid via a
stretched sheet with non-uniform heat source/sink affected with thermal radiation. The impact of
nonlinear thermal radiation on MHD boundary layer flow and melting heat transfer of micropolar fluid
across a stretched surface with suspended fluid particles is investigated via a comprehensive numerical
investigation by. Makinde et.al [27]. Thermal study of solar collector/storage system was investigated
by Dhif, et.al. [28] applying a hybrid nanofluids method. Mebarek-Oudina[29] studied Numerical
modelling of hydrodynamic stability in vertical annulus with heat source of different lengths. As
Mebarek-Oudina[30] examined convective heat transfer between distinct base fluids' titania nanofluids
in a cylindrical annulus with a separate heat source. Numerical study of magnetic hybrid nano-fluid
natural convective flow in an adjustable porous trapezoidal enclosure was investigated by Chabani et
al. [31]. Ree-Eyring liquid with changeable characteristics for hemodynamic flow was examined by
Rajashekhar et.al [32]. They looked at the effects of mass and heat transfer on this peristaltic flow.
Raza et.al. [33] studied the flow of magnetized convective Casson liquid via a porous channel with
shrinking and stationary walls. Warke, et.al.[34] discussed the stagnation point flow of radiative
magnetomicropolar liquid via a heated porous stretching sheet numerically in the presence of nonlinear
heat generation/absorption. Mishra et.al [35] investigated MHD Williamson micropolar fluid flow on
a non-linearly stretched sheet. Chemical reaction and Soret effect on an unsteady MHD heat and mass
transfer fluid flow over an infinite vertical plate with radiation and heat absorption were investigated
by Dharmendar and Shankar [36].

In addition, Anil Kumar and Dharmendar [37] investigated radiative Maxwell fluid flow over a
stretching membrane that included nanoparticles and a chemical reaction using computer modelling.
Borah et al. [38] investigated the effect of heat radiation and chemical reactions on the flow of
thermally stratified boundary layers of Maxwell fluid over an expanding surface. To examine Maxwell
fluids’ MHD free convection flows across a porous plate, Kadja. et al. [39] used a unique method that
relied on Caputo fractional model symmetry. Abbas et al. [40] studied the thermodynamic flow of a
radiatively induced magneto-modified Maxwell fluid over a stretching sheet/cylinder.

In this current study, we explored the heat and mass transformation properties of a 2-D electrically
conducting, incompressible Maxwell fluid as it flows over a stretching sheet. Our investigation
considered various influencing factors, including thermal radiation, heat generation/absorption, and
chemical reactions. We employed the BVP4C method to numerically solve the resulting set of
nonlinear ordinary differential equations. The outcomes of our study are presented comprehensively,
utilizing both graphical representations. These findings cover essential variables such as velocity,
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Lewis number (Le), Brownian motion parameter (Nb), concentration profiles, local skin friction
coefficient, as well as rates of heat and mass transfer.

2. Mathematical formulation:

Here in study, we consider non-Newtonian nanofluid flowing with the plane y=0 through a
corresponding stretching surface, as demonstrated experimentally in Figure 1.

When the coordinate y is positive (y>0) and the stretching sheet is discovered to be perpendicular to
it, the region where circulation is confined is shown. Moreover, we postulate that convection heats the
stretching plate’s bottom surface as hot fluid with temperature T,,, resulting in h heat transfer
coefficient. Moreover, we conjecture that convection heats bottom surface of stretching plate as a hot
fluid with temperature T,,,, resulting in a h¢heat transfer coefficient. Focus of this work is on a species-
inclusive first-order homogeneous chemical reaction. Linear velocity of u,, = ax, where 'a' is the a
+Vve constant, stretches down x-axis.

A constantB, magnetic field is applied in a direction perpendicular to y-axis, which is direction
of flow. Reynolds number of magnetic field was probably low. Therefore, compared to external
magnetic field, induced magnetic field is much less.

Y
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Thermal Boundary Layer
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Figure 1. Physical configuratlon of model

The flow phenomena in dimensional form are as follows:
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Subject to boundary conditions

T
u=u,(x) =ax,v=0—-k—=h(T; —T),C =Cpaty =0

dy
u=0,T =Ty, asy - o (5)

aerz(pC)P
(PC)f' (PC)f

Dimensionless heat generation/ absorption coefficient is ratio of the base fluid's heat capacity to that
of nanoparticles.(C,) concentration in surrounding fluid differs from the static C,, concentration of
nanoparticles at the surface. The estimated radioactive heat flow is calculated using the Rosseland
approximation.

40" OT*
3K* dy

qr = (6)

Since the variation in flow temperature is expected to be modest, we may obtain the linear function
T,by extending the equation in an Taylors series around Too and eliminating higher-order elements
above first degree in (T - T,,).

We obtain
T* ~ 4T, °T — 3T, * (7)
Then, Equation (3) becomes,

aq, 160*T,,> 02T

dy - 3K* dy? ®
Introduce the following nondimensional variables:
a -T, —C,,
n= \/%y, Y(x,y) =vavxf(m), 6@ = T T, pm) = C—C, 9
ining 1 = 2 _
Definingu = ™ and v = o

When stream function y(x,y) is satisfied by equation (1), which is continuity.

Equation (9), when combined with Equations (2) and (4), yields following O.D Equation.
" — M2f' + (1 4+ AM2)ff" — % — A(F2f"" — 2ff'f") 4+ G0 + Gy — Kyu =0 (10)

(1+Nr)8"” + Pr(fe’ + 56 + Nbep'8’ + Nt8"?) = 0 (11)
Nt
@' + LePrfo’ + ﬂe” —yLePro =0 (12)

Boundary conditions are:

f(0) =0,f'(0) =1,6"(0) = —Bi(1 — 6(0)),p(0) = 1
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f'(0) =0,8() = 0,¢() = 0. (13)
The prime represents differentiation with relation to 1. f represents similarity function, Pr =£ is
Prandtl number, Le = Di is Lewis number, Bi = %\/g is Biot number, 4 = ak, is elastic parameter,
B

6 = Qo/(pCpa) is heat generation/absorption parameter, M = B, / 0y )IS magnetic parameter, Nb =

((pO)pDE(Cw—Co)) ((pO)pDT(Ty—Two)).

is Brownian motion parameter and , Nt =

iIs thermophoresis

(pC)f'U (pc)fToo
parameter, Nr = % is radiation parameter, Gr = W Grashaff number,
Gm = %‘3’;%) Grashaff number, ky = %is thePorous parameter.
0 0

It is believed that local Sherwood number Sh,, local Nusselt number N,,, and skin friction
coefficient Crare

— ,Nu, = ————, Shy =———
pul%l/ x k(TW - Too) x DB (CW - Coo)

Where mass flow and surface heat are represented by h,, and g,,, respectively, and shear stress is
denoted by 7,,:

T, =u(1+21) (Z_Z) , qw = —k (0T) ,hy = —Dg (3—;) (15)

y=0 ay y=0 y=0

Cr = (14)

The similarity transformation provides the following changes to non-dimensional representations of
Nusselt number,Skin friction and Sherwood number:

Nux Shy

Re,M*Cr = (1 + D)f"(0), rei = —0'(0), - =—¢'(0) (16)

Rex

Where Re, = ”Twis local Reynolds number

3. Numerical Solution

Using provided boundary conditions (13), the bvp4c MATLAB solver is used to be find numerical
solutions to equations (10)— (12). Given set of ordinary differential equations, we can solve them using
this numerical approach. First order differential equations (17)— (26) are created from the system of
equations (10)—(13) in order to do the bvp4c coding, as shown in the appendix below.

f=y@ (17)

fr=y2) (18)
f"=y@3) (19)
6 =y4) (20)
6" = y(5) (21)
¢ =y(6) (22)
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@' =y(7) (23)

1" =91 = (Gomimam) * M= M*y(2) = (L4 A% M« M)« y(1) * y(3) + ¥(2) * ¥(2) -
2xAxy(1) *xy(2) *y(3) —Gr*y(4) — Gm xy(6)) (24)

6" = yy2 = s+ Pr (1) # ¥(5) + 8« y(4) + Nb » y(7) = y(5) + Nt » y(5) * ¥(5)) (25)
¢@" =yy3 = (—Le * Pr*xy(1) xy(7) — (Nt/Nb) * yy2 + y * Le * Pr * y(6)) (26)

With boundary conditions
Forn = 0; y(1) = 0,y(2) = 1,y(5) = —Bi(1 — y(4)),y(6) = 1.

forn = o0} y(2) = 0,y(4) = 0,y(6) = 0. (27)

Seven initial conditions are needed to obtain the answer because there are seven ODEs. However, the
only initial condition in equation (27) is five. Thus, for y(3) and y(7), reasonable initial predictions are
expected. Moreover,

Atn,, = 2, afinite point at infinity, we impose the boundary condition. I.e., the domain of the issue
is restricted to [0, 2]. The computed solution will converge if the error in values of y (2), y (4), and
y(6) is less than 102, If the error tolerance is exceeded, the procedure is repeated until the solution
condition is satisfied. At first, many presumptions are made.

4. Results and discussion:

The results of our study, along with their discussion, are presented through various graphs, each
depicting different aspects of the behavior of the 2-D electrically conducting Maxwell fluid over the
stretching sheet. The set of graphs may focus on sensitivity analysis, showing how the chosen
parameters such as Maxwell parameter (ko), magnetic parameter (M), Biot number (Bi), elastic
parameter (A), Brownian motion parameter (Nt), and radiation parameter (Nr) impact the flow and
transport properties. Sensitivity analysis helps in identifying the most influential parameters and their
effects on the system behavior.

Each graph would be accompanied by a detailed discussion, interpreting the observed trends,
comparing different scenarios, and providing insights into the underlying physics of the problem.
Overall, the graphical representation of results facilitates a comprehensive understanding of the studied
phenomena and aids in drawing meaningful conclusions.
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Profiles of f(n) for A

2=0.1
A=05| |
A=1.0
A=2.0| |

L 1 L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

n

Figure 2: As elastic parameter A increases,
boundary layer thickness and velocity
distribution both decrease.

Profiles of f'(5) for Gm

n
Figure 4: velocity profile modifications for
different mass Grashof number (Gm) values
are shown. The figure illustrates how the
velocity parameter increases for different mass
Grashof number (Gm) values.
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Profiles of f'(5) for M
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Figure 3: Illustrates the change in velocity

profile for various Magnetic parameter (M)

values. Velocity profile in boundary region
reduces as the magnetic parameter values rise.

Profiles of f'(5) for Gr
Yl

Gr=0
Gr=3| |
Gr=6
Gr=9 | |

09

0.8

0.7

0 0,|2 Of4 O.IG O.IS 1I 1?2 1?4 176 178 2
n
Figure 5: Velocity profile modifications for
different values of Grashof number (Gr) are
shown. Aforementioned plot demonstrates the
velocity parameter increases as Grashof
number (Gr) grows.
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Profiles of 6(n) for Nt
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Figure 6: Temperature flow in boundary layer

of thermal energy is seen when
thermophoresis parameter Nt is adjusted.
Thermophoresis is a force of transport
triggered by a temperature differential. A force
of transport called thermophoresis is brought
about by a temperature difference.

Temperature raises result from higher surface
temperatures brought on by thicker boundary

layers as a result of higher Nt.

Profiles of 6(n) for Pr

Figure 8: shows effect parameter on
temperature of Prandtl number. Reduced
thermal conductivity results in a higher Pr
value, which in turn lowers thermal boundary
layer's thickness andrate at which heat is
transmitted over boundary surface. As a
consequence of these physical processes, the
temperature profile significantly drops.
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Profiles of 0(n) for Nb

Nb=0.1
Nb=0.2 | |
Nb=0.3
Nb=0.4 | |

0 0.2 0.4 0.6 0.8 1 12 14 16 1.8 2

n
Figure 7: Temperature distribution of

thermal boundary layer is shown for various
Brownian motion Nb values. Brownian
motion provides an explanation for
temperature flux in thermal boundary layer.
This uneven mobility speeds up the collisions
between the fluid's molecules and
nanoparticles. As Nb increases, representing
stronger Brownian motion effects, the
temperature distribution may exhibit distinct
characteristics.

Profiles of 6(n) for Bi

Bi=0.1
Bi=1.0

Bi=10.0
Bi=100.0| |

Figure 9: As the number of Biots grows, it
has been observed that the temperature in the
area near the boundary rises quickly. Because

of convective high temperature transmission at
plate’s surface, thermal boundary layer
thickens, causing this to happen.
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Profiles of d(n) for

0 0o o
TR
@ N = O

Figure 10(a)

Profiles of 6(n) for

5=-0.1
4=-0.3

5=-0.5|
4=-0.6

Figure 10(b)

Figures 10(a) and 10(b): For both the positive and negative situations, Figures 5a and 5b show the
temperature distribution for different values of chemical reaction parameters. On one hand, thermal
boundary layer is strengthened when the damaging chemical reaction (y > 0) in boundary layer is
transformed into thermal energy or heat; on other hand, temperature of fluid drops when the
generating chemical reaction (y < 0) is present..

Profiles of ¢(n) for

4=0.1
1=0.3]| |
1=0.5
7=0.7| ]|

I 1 L L L N
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

n

Figure 11:Araise in a chemical reaction
parameter results in a thinner concentration
boundary layer, while a reduction in chemical
molecular diffusivity causes a little dip in the
concentration profile.
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Profiles of 0(n) for Le
0.12 T T T () T T

Le=1
Le=3
Le=5| 1
Le=7

Figure 12: Lewis phone number Le is a
symbol for the link between mass and heat.
When mass and heat are being transferred

concurrently, this criteria is employed to

measure fluid flow. It is possible to compare
the thermal layer thicknesses using the Lewis
number. The Brownian diffusion coefficient
and thermal diffusivity are both enhanced
when the Lewis number rises. The result is a
rise in temperature.
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Profiles of ¢(n) for Le

Le=1
Le=3 | |
Le=5
Le=10| |

n

Figure 13: The Lewis number of mass
diffusivity versus heat correlation coefficient

is denoted as Le. The term "fluid flow"
describes the simultaneous transport of mass
and heat. Since, Lewis number may be used to
compare the thickness of hot and cold border
layers. Lewis goes up in rank. This data points
to a hypothesis that concentration drops with
increasing temperature.

Profiles of ¢(n) for Nt

Nt=0.1
Nt=0.3| |
Nt=0.5
Nt=0.7| |

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

1

Figure 15: Displays the concentration
distribution in thermal boundary layer for
numerous values for thermophoresis parameter
Nt. Thickness of concentration boundary layer
and enhancement of thermophoresis strength
both lead to better concentration..

5. Conclusion:

Profiles of 0(n) for Nr

Nr=0.1
Nr=0.3
Nr=0.5 |
Nr=0.7

Figure 14. The temperature curve is shown
for a range of radiation parameter Nr values.
Since they greatly improve surface heat
transfer and hence make fluid much hotter,
increases in Nr figures have been
demonstrated to improve temperature
distribution.

Profiles of ¢(n) for Nb
T T T T T

0.9

08 Nb=0.5 | 4

07t
06
=05
-
o4t
03t
02t

01

of

-0.1

1 I 1 I I L I L
0 0.2 0.4 0.6 0.8 1 12 14 16 18 2

Figure 16: As the surface concentration of Nb
grows, fluid's concentration decreases. When
boundary layer warms due to Brownian
motion, particles move out of the fluid regime.
However, when one gets closer to the surface,
the inverse trend becomes apparent.

A two-dimensional Maxwell fluid that is incompressible and stable was studied in relation to chemical
interactions with nanoparticles and thermal radiation. fluid was considered to be transporting mass
and heat across a stretching sheet. Through quantitative analysis, we identified and evaluated the
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impact of several embedded thermophysical parameters on the velocities, concentrations, and
temperatures. The important findings are as below.

1. For an increase in the elastic parameter, both the boundary layer thickness and velocity
distribution decrease.

2. The velocity parameter increases for different values of the mass Grashof number (Gm).

3. The velocity parameter increases as the Grashof number (Gr) grows.

4. Higher surface temperatures, resulting from thicker boundary layers due to a higher
thermophoresis parameter (Nr), lead to temperature increases.

5. As Brownian motion (Nb) increases, representing stronger Brownian motion effects, the
temperature distribution may exhibit distinct characteristics.

6. As the number of Biots increases, it has been observed that the temperature near the boundary

area rises quickly.
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