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obtained results, a comparison table is utilized. According to the findings, the
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1. Introduction

Many processes rely on the ability of fluids to move across stretched surfaces; they include hot
rolling, extrusion, metal spinning, wire drawing, and many more. To achieve a goal of quality
standards, it is essential to comprehend the process's heat and flow properties. Numerous
investigations have been conducted to analyze heat and fluid dynamics across a stretching sheet.
These investigations have incorporated both Newtonian and non-Newtonian fluids, as well as
magnetic fields and imposed electric, various thermal boundary circumstances, and a power-law
fluctuation of the extending velocity. Using an exponentially extending continuous surface, Magyari
and Keller [1] examined the heat and mass transport that occurs in the boundary layers. Elbashbeshy
and Bazid [2] investigated the heat transfer that occurred across a continuous surface that was
stretched exponentially while suction was applied. The properties of heat transport on a continuous
stretched surface were investigated by Ali [3]. Pal [4] investigated the mixed convection heat
transport in the boundary layers of an exponentially extending surface while taking into account the
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presence of a magnetic field. t. With the use of an exponentially extending sheet, an investigation of
the hydromagnetic flow and heat transfer that occurred close to a stretched vertical sheet with a
predetermined surface heat flux was carried out by Aman and Ishak [5]. In their study, Ibrahim and
Shanker [6] inspected the unstable MHD boundary-layer flow as well as heat transmission that
occurred as a result of extending a sheet when a heat source or sink was within the Mabood and Das
[7] investigated the effects of radiation and second-order slip on the hydromagnetic flow of a
nanofluid over a stretched sheet. Mukhopadhyay [8] investigated the movement of the MHD
boundary level and the transport of heat across an exponentially stretched sheet that was embedded
in a medium that was thermally stratified.

Under the law of viscosity, fluids may be distributed into two distinct categories: non-Newtonian
fluids and Newtonian fluids. Research in this area has occurred as a result of the extensive use of
non-Newtonian fluids in commercial and industrial settings. The chemical company, which includes
the manufacturing of paint, shampoo, and palm oil, as well as the food sector, which includes the
creation of mayonnaise, are critical uses of these sorts of fluids. Certain non-Newtonian fluids, those
are Eyring-Powell fluid, and Casson fluid, are considered to be of the highest significance. The liquid
known as Casson has been investigated in this research. Case studies of research that have been
conducted on Casson fluid are discussed in various studies viz., Mustafa et al., [9] explored the flow
of a Casson fluid towards a stretched sheet, as well as the heat transfer that occurred at the
stagnation point.

The Casson fluid flow close to the stagnation point across a stretched sheet of varying thickness
and radiation was investigated by Ramesh et al., [10]. The effects of thermal radiation and heat
sources on multi-helium density Casson fluid on a vertical porous plate that oscillates were
investigated by Prakash et al., [11]. This study was conducted by Raju et al., [12] to evaluate the
outcomes of mass transmission on the MHD Casson fluid flow over an exponentially stretching sheet.
Jaafar et al., [13] investigated the impact of thermal radiation on the flow over an exponential
stretched sheet. Dandu et al., [14] investigated in the presence of chemical reaction and thermal
radiation, the unsteady multi-homogeneous Casson fluid flow past a moving inclined plate embedded
in a porous medium is studied using radiation absorption and diffusion thermo impacts. Kumar and
Suneetha [15] examined the effects of thermal diffusion and diffusion thermodynamics on the
convective flow of Williamson nanofluid through a porous medium, over a stretching surface, while
subjected to chemical reactions and thermal radiation. Kataria and Patel [16] conducted research on
the impact of Soret and heat generation impact MHD Casson fluid past a moving vertical plate with
radiation that was immersed in a porous media. Kodi et al., [17] examined the effects of chemical
reactions and thermal diffusion on the flow of multi-homogeneous Casson fluids across a vertically
porous plate. Hall and aligned magnetic effects were used to study MHD Casson fluid flow down an
inclined plate by Kumar et al., [18]. Bejawada et al., [19] considered a research on the influence of
chemical reaction and radiation on the stream of MHD Casson fluid on an inclined non-linear surface
in a Forchheimer absorbent medium. The chemical process, the Soret and Dufour impacts, and the
Casson fluid's MHD heat transport were investigated by Goud et al.,, [20] across an exponential
porous stretched surface with slip phenomena.

Because of the high temperatures that are involved in many of the processes that take place in
engineering fields, having an understanding of radiation heat transmission is very crucial for the
scheme of the equipment that is required. These technical specialties and the many types of
propulsion systems used for aircraft and satellites. With several effects on Transient Heat and Mass
Transfer in Unsteady Radiating Multi-Horizontal Flow of a Maxwell Fluid with a Porous Vertically
Stretching Sheet was investigated by Annapureddy et al., [21]. Radiative MHD Casson nanofluid flow
and heat/mass transport across a nonlinear stretching surface were investigated by Thirupathi et al.,
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[22]. Thermal radiation's impact on multi-hole-dipole (MHD) nanofluid flow via a stretched sheet was
explored by Sulochana et al., [23]. The stagnation point flow of nanofluids with different viscosities
past a stretched surface heated by radiation was investigated by Makinde and Mishra [24].
Nanofluids subjected to MHD non-orthogonal stagnation point flow toward a stretched surface
under heat radiation are studied by Jalilpour et al., [25]. Reddy et al., [26] studied how a nanofluid's
hydromagnetic radiation stagnation point flow behaves when it moves across a stretched surface.
Influence of Nanoparticle Shape on Aligned MHD Mixed Convection Flow of Jeffrey Hybrid Nanofluid
over an Extending Vertical Plate was investigated by Awang et al., [27]. The impact of mass and heat
transfer on MHD flow across a porous vertical plate in the presence of chemical reactions and heat
generation was investigated by Kumar et al., [28].

When an electric current passes via a material that acts as a resistance, it may be said to "Joule
heat" the material. light bulbs, iron clothes, Portable fan heaters, and the hot flow from hairdryers
are just a few of the many uses for joule heating. Joulean dissipation, which occurs when a conducting
liquid interacts with an applied magnetic field, has several practical uses. Analytical solution of
unstable MHD Casson fluid with heat radiation and chemical reactivity in a porous media was
investigated by Omar et al., [29]. many parameters impact on Casson fluid passing a vertical plate
with varying magnetic field were investigated by Vijayaragavan and Karthikeyan [30]. The impact of
radiation and nanoparticle shape on aligned MHD Jeffrey hybrid nanofluid flow and heat transfer
across a stretching inclined plate was investigated by llias et al., [31]. The movement of MHD Casson
nanofluid, a radiation heat source fluid, across an inclined non-linear surface with the impact of Soret
and Dufour was studied by Sekhar et al., [32]. A Buongiorno fluid model technique was used by Sarma
et al., [33] to study the MHD Casson nanofluid's behavior on inclined porosity stretching surfaces
with heat source/sink and dissipation impacts. The impact of Joule heating and dissipation on MHD
flow as well as heat transfer through an extended sheet immersed in an absorbent media was
inspected by Swain et al., [34]. With Joule heating and source/ sin impacts on mixed convection
movement via an extending sheet in a Darcy-Forchheimer absorbent medium was studied by Sharma
and Gandhi [35]. An exponentially expanding surface with a Joule heating, radiation was the subject
of an exploration by Goud et al., [36-38] into the several effects on MHD boundary layer nanofluid
flow. Convective maximum heat transfer (MHD) Casson nanofluid stagnation point flow of across a
porous media with chemical reaction was deliberated by Reddy et al., [39] in relation to the heat
source and Joule heating influences. An investigation of the Radiative MHD flow of Casson hybrid
nanofluid and second-grade fluid was carried out by Krishna et al., [40,41] across a semi-infinite
vertical and an infinite exponentially accelerated vertical porous surface.

The goal of this research is to set out the conditions for the MHD convective boundary layer flow
of a Casson nanofluid across an enormously stretched permeable stretching surface when radiation
absorption and Joule heating with slip effects are present. The flow field scenario is mathematically
described using PDEs and changed to ODEs with suitable conversions. When a numerical solution is
required, a computational algorithm is implemented. The graphical findings illustrate the influence
of the physical factors on flow profiles. Furthermore, physical quantities are calculated and made
available via tables. Also, the present effort is confirmed when a good match is found when the
obtained data are compared to the present values.

2. Mathematical Formulation
Take into account a nonlinearly exponentially extending sheet that corresponds with the plane

y = 0 and a steady, incompressible, dissipative MHD Casson fluid flowing past it. At all times, the
fluid flow is limited to y > 0. There must be no electric field and employedvarying magnetic field but
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no voltage. Additional assumptions include a negligible induced magnetic field relative to the
ambient magnetic field. The results suggest the presence of a low magnetic Reynolds number in this
investigation. We also took into account the fuel for the flow and any chemical reactions that may
occur. With the origin held still, the wall is extended by applying two opposing pressures along the x-
axis. For a Casson fluid that flows in a straight line and can't be squished, the rheological equation of
state is expressed as follows

2 (MB +%) e, T > T,

2 (MB +%) e, T < T

Ty =

Here ™ = e;je;; and e;; are the (i, ))element of the deformation rate, m is the result of
multiplying the deformation rate factor by itself , . is an important product value according to the
non-Newtonian model., ug is dynamic plastic viscosity of a fluid that is not Newtonian, and p,, is the
fluid yield stress. Figure 1 shows the physical sketched and coordinate system that was taken into
consideration and the flow-governing equations may be expressed as [12]
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Fig. 1. Flow Geometry of the problem
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By using the boundary constraints
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X

“x _
Here A* = AjezL ,B* = BjezL and C* = (,ezL are the velocity, thermal and concentration slip
factors varies with x, A;, B; and C; are the initial value of the slip factors.
The radiative heat flow, g, may be expressed using the Rosseland approximation as

40* T
3k* 0y (6)

qr = —

Based on the assumption that the temperature variations within the flow are necessarily minimal,
it is possible to describe T* as a function (linear) of temperature for the flow. In order to get T4, it is
necessary to expand T* = 4T3T — 3Tz using Taylor series while disregarding higher order terms, In
this case, Eq. (3) yields

( oT 6T)_ k 02T 1 160T3 9%T u (1

dx ay anz N pcp 3pcpk* 0y?  pey

+2) (2 QT ~T) + 2w (7)

A similarity conversion is now being used by us as

n= F eiLy, v = —J@e% NUF() +1f ()}

2Nx 2Nx

u_UOeLf(n)T Tw +Toe T 6(),C = Co + Coe T ()

) (8)

Through the use of Eq. (5), Eq. (7), and Eq. (8), Eqg. (2) to Eq. (4) may be converted into ODEs,
which possess the form

(14+2)F7 + NG = 2f2) + 2670 + 26e — Mf" = 0 ©)
%GR +1)6" = N(4f'0 - f0') + (1+ )ch"2 040 + EcMf'"™ =0 (10)
¢" — Nsc(4f'¢ — f¢') — ScKp + 6" = 0 (11)

The transformed boundary circumstances are

f) =S M =1+Vf"(m), 6) =1+T:6'(n), () =1+ Csd'(m), atn = 0,} (12)

f'm) - 0,0(n) »0,¢(m) > 0as n— o

With similarity conversions are as
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where primes denote diff. with resp.ton, S < 0 for injection, S > 0 for suction.
Friction factor, Nusselt, and Sherwood number are the pertinent physical variables, and they are
expressed as

1

1 1
CfRel = (1 +%)f”(0), Nu,Re_? = —0'(0),ShyRe,? = —¢'(0) (13)
3. Code Validation

In order to confirm the methodology used in this research and to evaluate the exactness of the
current study, a contrast is made with the existing data that corresponds to the Nusselt number -
0'(0) for the Prandtl number. This assessment has been made to evaluate the correctness of the
present investigation. For the purpose of drawing comparisons between the three investigations, the
results are added together as shown in Table 1, which utilizes the data from Maryari and Keller [1],
Pramanik [42], and Ishak et al., [43]. The anticipated level of accuracy is shown by it.

4. Numerical Method

Through the use of the bvp4c scheme, the changed set of ODE Eq. (6) and Eq. (7) as well as the
required boundary conditions (8) were successfully evaluated numerically. It is possible to use the
programming pattern known as the boundary constraints to figure out three hidden variables.
To achieve the level of precision that is needed, the operation will be carried out. Through the use of
appropriate substitution, reduce each of the Eq. (8) and Eqg. (9) to a set of first-order equations, which
may be stated as:

z(D)=fm), 2(2)=f'm), z(3) =f"(m), z(4) =0(m), 3(5) =6'(m), z(6)=90m), 3(7) =
¢'(m)

Now, equations of the first order are given by

z(2)
z(3)
Z,(l) < N(Z(l)*z(3)—2*(z(2))2) )
z'(2) _ —M*z(2)+2*(Gr*z/(l;}))+2*Gc*z(6)
S |- 5
7'(5) (V4 3@ 23— 2(D) # 3(5) — Qhx 2(4)
'(6) <1+_4—R> 1 " 2
2,(7) : + ((1 +3)+ M) Ec + z(3)
F(7)

N xSc* (4% 2(2) » 2(4) —3(1) * 3(5)) + Sc * K x z(6) — 2'(6)
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Initial circumstances that are related with this are

Za(l) S
34(2) 1+ V,2,(3)
3q(4) 1+ Tsz4(5)
34(6) | =] 14 Csz,(7)
Zb(Z) 0
2(4) \ 0
3p(6) 0

To fulfill the criteria for convergence of 10™* in the present work, a step with a size of 0.01 is
established. The outcomes are derived with a precision of six decimal places.

To ascertain the dependability of our results, we conducted a comparative analysis of the flow
guantities with those previously reported in research (refer to Table 1). As evidenced by the data in
the tables, the results generated by the current source code are found to be considerably comparable
to the published results.

Table 1
Comparison of values of —8'(0)with previous outcomes when N = 1;Gr = Ec =M =
Ec=Qh=0Q,=0

Pr R M Maryari and Pramanik [42] Ishak et Present
Keller [1] al., [43] study

1 0 0 0.9548 0.9547 0.9548 0.98548

2 1.4714 1.4715 1.4715

3 1.8691 1.8691 1.8691 1.8691

5 2.5001 2.5001 2.5001 2.5001

10 3.6604 3.6603 3.6604 3.6604

5. Results and Discussion

Applying the efficient method, namely, the MATLAB inbuilt solver bvp4c with consistent guessing,
the governing Eq. (9) to Eq. (11) with boundary constraints (12) are computed numerically until the
boundary constraints at infinity are fulfilled. An assortment of factors that characterize the flow are
subjected to numerical calculations; the outcomes are visually represented through graphs.

The difference in the velocity graph with regard to the Grashof number is seen in Figure 2. The
influence of Gr, and it has been discovered that the velocity profile rises when Gr is present in high
values. As anticipated, an increase in velocity is noted as a result of the strengthening of the thermal
buoyancy force. Additionally, as Gr raises the velocity experiences a transition to the free stream
velocity after increasing near the permeable plate.
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Fig. 2. Velocity profile vs Gr

Figure 3 illustrates the temperature curves corresponding to various values of the Grashof
number. The figure illustrates that as the Grashof number rises, there is a corresponding drop in
temperature within the thermal boundary layer. The result suggests a thinner thermal boundary
layer. This is due to the buoyancy force enhancing the liquid velocity and the boundary layer width
as Gr an upsurge.
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Fig. 3. Temperature profile vs Gr

Figure 4 illustrates the temperature profiles corresponding to numerous values of the Solutal
Grashof number. An upward trend in the velocity curves is evident as the value of Gc enhances, as
represented in the figure.

63



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 119, Issue 2 (2024) 56-78

1 T T T

N=1;Gr=2; M=2; Pr=0.71; Ec = 0.01; 8=0.4;
Qh =0.5; R=0.5; Sc =0.6; K=0.1;S = 0.5;

0.8 Nt=0.2;Nb=0.5;V_=0.5T_=0.5C_=0.5 il

. S S S

06 - Gc=2,4,6 |

£

N

04+ .

02 i
0

Fig. 4. Velocity profile vs Gc

For various values of the magnetic field parameter(M), the velocity outline is illustrated in Figure
5. It has been perceived that as M increases, the velocity curves decrease. The physical effect of M
going up is that the boundary layer is getting thinner, which means that the speed difference is
getting bigger.

1 T T
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Nt=0.2;Nb=0.5;V_=0.5;T_=0.5C_=0.5
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0.2
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Fig. 5. Velocity profile vs M

Figure 6 and Figure 7 illustrate the effect of the parameter associated with the magnetic field (M)
on the thermal and solutal boundary layers, respectively. The illustrations indicate that the thermal
and solid boundary layers expand in width as M increases. This phenomenon is caused by a force
working against the flow, known as the Lorentz force, which results in a fall in velocity profiles in a
fluid with electrical conductivity.
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Fig. 7. Concentration profile vs M

The fluctuation of fluid temperature with regard to the Prandtl number Pr is illustrated in Figure
8. The temperature of the fluid declines as the value of Pr goes up, as illustrated by the graph. This
effect happens because fluids with greater Prandtl numbers have relatively low thermal
conductivities. This reduces conduction and, in turn, the temperature boundary layer's breadth,
causing the temperature to drop.
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Fig. 8. Temperature profile vs Pr

Figure 9 shows the impact of the radiation component on the temperature gradients. A thicker
thermal boundary layer is seen in relation to an upsurge in the radiation component.
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Fig. 9. Temperature profile vs R

Figure 10 illustrates the behavor of the Casson coefficient on the velocity gradient. The velocity
profile is shown to decline with high values of the Casson variable. This behavior arises from the fact
that increasing the Casson factor values reduces the yield stress, which is accomplished by increasing
fluid viscosity. The momentum barrier layer becomes thinner as a consequence.
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Figure 11 to Figure 13 show how the exponential parameter affects flow patterns. The graphs
clearly show that as the exponential constant goes up, the motion, temperature, and concentration
border layer go down. The declining shape of the flow profiles as N, the exponential factor, increases
causes this to happen. This might be because, for positive values of the exponential component, the
wall temperature drops over the boundary layer, allowing the particles to disperse from the wall into

the near fluid via heat transfer.
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Fig. 11. velocity profile vs N
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Fig. 12. Temperature profile vs N
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Fig. 13. Concentration profile vs N
Figure 14 depicts the Eckert number's impact on the temperature gradient. An improvement in

the temperature profile is shown by an increase in the viscous dissipation factor in this example. This
occurs because, due to frictional heating, heat energy is transferred to the fluid.
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Fig. 14. Temperature profile vs Ec

Figure 15 displays the relationship between the heat source's physical behavior and the velocity
profile. As may be seen from the graph, velocity curves exhibit a decline with rising Q values.
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Fig. 15. Velocity profile vs Qh

Figure 16 verifies the inverse association between the Schmidt number Sc and mass diffusivity.
There is a decline in the amount of mass diffusivity as the values of Sc goes up.
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Fig. 16. Concentration profile vs Sc

The chemical reaction parameter K is shown to have a physical behavior in relation to the
concentration field in Figure 17. Specifically, it exhibits that the concentration curves diminish as the

K value enhances.
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Fig. 17. Concentration profile vs K

A change in the thermophoresis parameter Nt causes the concentration graph, as revealed in
Figure 18, to fluctuate. As the value of the Nt parameter goes up, so does the width of the
concentration border layer. This means that the Nt parameter has a steady effect on the
concentration gradient.
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Fig. 18. Concentration profile vs Nt

Figure 19 demonstrations the concentration variation of the Brownian motion variable Nb.
Increasing values of the Nb factor outcome in an increasing concentration boundary layer width.
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Fig. 19. Concentration profile vs Nb
The velocity profile differs in relation to the change in the suction parameter S, as shown in Figure

20. Looking at these figures, you can see that the velocity profile graph decreases as S values go
higher.
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Fig. 20. Velocity profile vs S

Figure 21 shows the temperature verses velocity slip relationship. Increasing values of V; cause a
declining trend in the thermal gradient. Both the surface temperature and the width of the
temperature boundary layer are falling.
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Fig. 21. Velocity profile vs I

The temperature profile is strongly affected by the thermal slip parameter T, as seen in Figure
22. As the size of the T upsurges, the concentration graph decreases in direct proportion to it. The
relationship between the Concentration slips physical behavior on concentration filed is exposed in
Figure 23. The graph clearly shows that when C; values grow, Concentration curves declines.
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Fig. 23. Concentration profile vs C,

Discrepancy of skin friction coefficient with the parameterGr, Gc, M, S and 8 is given in Table 2.
An increase of Gr, M,S parameter would lead to an increase in friction factor and decrease with

increase of Gc, .
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Table 2
Variations of—(1 4+ 1/8)f" (0) with Gr,Gc, M, B, S and the other parameters
are N=1;, Pr=0.71; R=0.3; Ec =0.01; Qh =0.1; Sc =0.2;K =
0.1; Nb = 0.1;Nt = 0.1.V, = 0.5,T, = 0.5 C; = 0.5
Gr Ge M [; 3 —(1+ (1/B) = f"(0)
1 1 1 0.1 0.1 3.412593
2 2.949370
3 2.511909
1 2 3.186988
3 2.974257
1 2 4.008373
3 4.498160
1 0.3 1.666004
0.5 1.219467
0.1 0.3 3.517045
0.5 3.621403

Variation of temperature gradient with respect to Pr, Nt Nb Ec and Qh, parameter is presented
in Table 3. From this table, we can see that an increase of Pr, Nb, Qh parameter would lead to an
escalation in the Nusselt number and decrease with enhanced values of Nt, Ec .

Table 3
Variations of—6'(0) with Pr, Nt, Nb, Ec,Qh and Q,, the other
parameters areN =1; Gr=1; Gc=1;, M=1; R=0.3; f =
0.1; 0Sc = 0.2;K = 0.1;S = 0.1;V, = 0.5,T; = 0.5 C; = 0.5
Pr Nt Nb Ec Qh —-6'(0)
0.71 0.1 0.1 0.01 0.1 0.799358
1 0.887326
3 1.174509
0.3 0.733220
0.5 0.669970
0.3 0.809585
0.5 0.811406
0.03 0.794989
0.05 0.790664
0.01 0.3 0.813486
0.5 0.826846

Variation of mass transfer rate with respect to Nt, Nb Sc, and K parameter is presented in Table
4. From this table, one can perceive that an increase of Nt, Sc, K parameter would lead to a rise in
the Sherwood number and decrease with enhance of Nb.
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Table 4

The variation of —¢'(0) with Nt, Nb,Sc and K and
the other parameters areN =1; Gr =1; Gc =
1, M=1; Pr=0.71; R=0.3; Ec=0.01; g =
0.1, Qh=0.1; S=0.1;V, =0.5T, =05C;, =0.5

Nt Nb Sc K —$(0)
0.1 0.1 0.2 0.1 0.952991
0.3 1.745927
0.5 2.494939
0.3 0.706533
0.5 0.657418
0.4 1.031678
0.6 1.088112
0.2 0.3 0.957342
0.5 0.961678

6. Conclusions

The purpose of the numerical research is to investigate the impacts of radiation and Joule heating
on the MHD heat and mass transmission boundary layer stream of nanofluid that is propagating
across a stretched sheet. For the purpose of solving the resultant system of coupled nonlinear ODEs
with boundary circumstances, the numerical schema is taken into account. Due to the findings of the
inquiry

i.  Velocity increase of Gr, Gc and declines with an increase of M, 8, N, Qh and S.

ii. Temperature profile escalation with an enhance of M, R, Ec and drops with enhance of
Gr,Pr,N,andS.

iii.  Concentration profile upsurge with an increase of M, Nt and declines with an enhance of
N,Sc,K,Nb and S.

iv.  Friction factor recedes only when Gc, Srises, while it is upsurge directly with Gr, Mand S.

v.  Nusselt number improves in direct relation to Pr, Nb and Qh, but it diminishes against Nt, Ec.

vi.  Whereas the Sherwood number grows in direct proportion to Nt, Sc, and K, it decreases in
relation to Nb.
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