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In this article, the effect of electromagnetic force with the chemical and thermal radiation effect on the Oldroyd-B fluid past an
exponentially stretched sheet with a heat sink and porous medium was studied. The governing system of nonlinear partial
differential equations has transformed into a system of ordinary differential equations using similarity transformations. The
system is then solved numerically using a successive linearization method. The numerical results of velocity, temperature, and
concentration profiles are represented graphically. Several parameters’ effects are investigated and examined. Local Nusselt
number, skin friction coefficient, porosity, Deborah numbers, and local Sherwood number numerical values are listed and
analyzed. The results reveal that many parameters have a significant impact on the fluid flow profiles. The concentration
profiles were considerably affected by the reaction rate parameter, and the concentration thickness of the boundary layer
decreased as the reaction rate parameter increased. The results of the analysis were compared to the results of existing works

and found to be in excellent agreement.

1. Introduction

Extrusion processes, biological fluid flow, hot rolling, lubri-
cant and paint performance, wire drawing, melt-spinning,
plastic manufacturing, polymer extrusion, and aerodynamic
plastic sheet extrusion, among others, are required and have
attracted significant attention in recent years to study flow
over a stretching sheet. Many academics are looking into
how fluid moves across a stretched surface [1-6].

Many industrial processes rely on chemical reactions,
including hot rolling, chemical coating of flat plates, polymer
extrusion, and heat exchange [7, 8]. Pure water or air cannot
occur naturally since there may be distant mass in the air or
water [9]. As a result, the existence of certain mixes may
result in chemical reactions within the substances. Sinha
[10] investigated the impacts of chemical reaction on
unsteady MHD free convective flow via a permeable plate
under slope temperature and discovered that increasing the
chemical reaction parameter leads the reaction rate to

increase. For the MHD flow through an exponentially
stretched sheet, Chaudhary et al. [11] and Ishak [12] investi-
gate the radiation consequences. The heat transfer rate
increases as the Prandtl number rises but decreases when
the radiation and magnetic factors rise. The temperature
rises as the radiation parameter is increased. In many indus-
tries, particularly manufacturing, research that combines the
effects of radiation and chemical reactions on MHD flow is
crucial. Seini and Makinde [13] studied the movement of
the MHD boundary layer across an exponentially stretched
sheet under the influence of chemical reaction and radiation
and found that as the reaction rate parameter was increased,
the concentration of the boundary layer rose. Rasool et al.
[14] explored the Darcy-Forchheimer relation in magneto-
hydrodynamic Jeffrey nanofluid flow over stretched surface.
The findings show that heat generation and response rate
components have a significant impact on mass and heat
transfer rates. Our research is focused on the effect of
Oldroyd-B fluid dissipation and chemical reaction on
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FIGURE 1: Flow geometry.
TasLE 1: Nusselt number -6’ (0).

-0'(0) ref.  —0'(0) ref. -6'(0

Me kK pp OO (0) (0)
[1] (6] present

0 1 1 100 0 O 0.5245 0.53119 0.530097611
0 1 0 100 0 O 0.947214 0.9547 0.953661340

TaBLE 2: Values of skin friction coefficient in comparison between
current study and previous study ref. [32].

"1(0)| ref. "0
MP, s S, RyKBp B Al Esgg gres(en)t’
0 1 -05022 110 0 0 0 1281933 1.281808
2 5 -02022110 0 0 0 1912633 1.912620
2 1 -05022 110 0 0 0 1912633 1.912620
2 1 -05022 210 0 0 0 1912633 1.912620

TaBLE 3: Values of local Nusselt number in comparison between
current study and previous study ref. [32].

! !
MP, S S, RyKGB, p A 2 [(;)z)]ref' prees(e?t
0 1 020221100 00 075358 0753562
2 05 020221100 0 0 155544 1555223
2 1 050221100 00 0690717 0690708
2 1 050222100 00 0526667 0526591

TaBLE 4: Values of local Sherwood number in comparison between
current study and previous study ref. [32].

—¢'(0) ref. -¢'
MP S S RyKSPB B A ¢[(302)] e pr‘isgr’l)t
0 1 020221100 00 0620791 0621762
2 5 02021100 00 05878 058776
2 1 050221100 00 05878 058776
2 1 050222100 00 05878 058776

MHD free convection flow over an exponentially extending
sheet via a porous media. The governing equation for the
Oldroyd-B fluid is of fourth order in general. When higher
order nonlinearities are neglected, the order of equation in
the Oldroyd-B fluid is reduced [15, 16]. Traditional numer-
ical approaches, such as the finite difference method, shoot-
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ing method, Keller box method [17], Runge-Kutta, and
artificial neural networks (ANNs) [18-23] are used to solve
some of these problems. A new method called successive lin-
earization method (SLM) has just been proposed in various
papers. This approach contains the following key features,
which are justified. It is a strong approach to solving these
types of problems since it converts the original linear differ-
ential equation into a system of linear algebraic equations.
This method has been successfully applied to a variety of
nonlinear issues in science and engineering, including
[24-27]. As a result, all of these successful applications attest
to the SLM’s usefulness, validity, accuracy, and flexibility.

As aresult, the purpose of this study is to apply the findings
of refs [1, 13] to a broader problem, such as the influence of
Oldroyd-B fluid dissipation and chemical reaction on MHD
in porous media. This work visually depicts and tabulates the
impacts of various flow parameters encountered in the govern-
ing equations. The SLM technique is used to solve the issue
numerically, which is more computationally efficient. The rele-
vant results are graphed and quantitatively analyzed.

2. Mathematical Formulation

Consider the movement of heat and mass down a semiinfinite
vertical plate contained in a doubly stratified, electrically con-
ducting Oldroyd-B fluid that is stable, laminar, and incompress-
ible in two dimensions. Select a coordinate system with the x
-axis parallel to the vertical plate and the y-axis perpendicular
to the plate. Figure 1 illustrates the physical model and coordi-
nate system. A uniform magnetic field of magnitude is applied
to the plate in a normal direction. Due to the low magnetic
Reynolds number, the induced magnetic field can be neglected
in comparison to the applied magnetic field.

This research also made assumptions T=T, =T + T,
e/l and C=C, =C,, + Cye’*t where T,>T,, and C, >
C,,- The governing equations for the Oldroyd-B fluid as given
by Fetecau et al. [28] and Hayat et al. [29] using the Boussinesq
and boundary layer approximations as described by Sparrow
and Abraham [30] are given by

au+av_
w oy

ou  du ,%u  ,0%u *u
U— +v—+1X +V o+ 2uv——
x 0y oy
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TasLE 5: Different values of skin friction coeflicient, local Nusselt number, and local Sherwood number using SLM for different material
parameters.

M P S S Ry K B B A (o) -6'(0) -$'(0)
0 1 -0.5 0.22 1 1 100 0.1 0.01 0.01 1.381565090 0.744499504 0.616611996
1 1.716047506 0.707708028 0.596009500
2 1.992974183 0.683971662 0.583157960
4 2.453607840 0.653250148 0.566863997
2 1 -0.2 0.22 1 1 100 0.1 0.01 0.01 1.996973123 0.544966251 0.582806777
2 1.996973123 0.859591372 0.582806777
3 1.996973123 1.116097371 0.582806777
5 1.996973123 1.537080452 0.582806777
2 1 -0.3 0.22 1 1 100 0.1 0.01 0.01 1.996973123 0.597178619 0.582806777
-0.5 1.996973123 0.683324501 0.582806777
-1.0 1.996973123 0.848672237 0.582806777
-1.2 1.996973123 0.903962378 0.582806777
2 1 -0.5 0.22 1 1 100 0.1 0.01 0.01 1.996973123 0.683324501 0.582806777
0.30 1.996774997 0.683405522 0.694146570
0.40 1.996578742 0.683479058 0.816404892
0.62 1.996260702 0.683584755 1.044850963
2 1 -0.5 0.22 0 1 100 0.1 0.01 0.01 1.996973123 1.133499062 0.582806777
1 1.996973123 0.683324501 0.582806777
2 1.996973123 0.520912794 0.582806777
3 1.996973123 0.432624989 0.582806777
2 1 -0.5 0.22 1 1 100 0.1 0.01 0.01 1.720547174 0.706906691 0.595563692
2 1.720109512 0.707090598 0.773086912
3 1.719832193 0.707191865 0.912113984
5 1.719468402 0.707307713 1.135927631
2 1 -0.5 0.22 1 1 0.5 0.1 0.01 0.01 2.432902880 0.654918699 0.567740908
1.0 2.224674351 0.667531430 0.574396970
10 2.018752294 0.681711198 0.581943407
100 1.996973123 0.683324501 0.582806777
2 1 -0.5 0.22 1 1 100 0.1 0.01 0.01 1.996973123 0.683324501 0.582806777
0.5 2.382625825 0.659049422 0.569926079
1.0 2.790447209 0.638607628 0.559210857
1.5 3.145613580 0.623987364 0.551605370
2 1 -0.5 0.22 1 1 100 0.1 0.1 0.01 2.465684699 0.647736455 0.563963691
0.3 2.003109080 0.665809855 0.573429475
0.5 1.725386306 0.681453480 0.581693255
0.7 1.539476264 0.695202702 0.589020735
2 1 -0.5 0.22 1 1 100 0.1 0.01 0.01 1.996973123 0.683324501 0.582806777

0.03 2.004984648 0.682020481 0.582100010
0.05 2.013014597 0.680703273 0.581387270
0.07 2.021063172 0.679373327 0.580667365

In the equations above, (1, v) denote the components of  conductivity, B, is the uniform magnetic fluid, k is the perme-
velocity in (x, ) directions, v(= p/p) is the kinematic viscosity,  ability of the porous medium, C is the consternation field, g is
p is the dynamic viscosity, A, A, are the relaxation and retarda- ~ the gravitational acceleration, 3, is the coefficient of thermal
tion times, respectively, p is the density of fluid, o is the electric ~ expansion of concentration, T is temperature of fluid, a(=k/p
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FIGURE 2: (a) Different values of M on the velocity profile. (b) Different values of M on the temperature profile. (c) Different values of M on

the concentration profile.

¢,) is the thermal diffusivity, g, is the radiative heat flux in y
-direction, Q is the dimensional of heat source (sink), pc is the
fluid capacity heat, c, is the specific heat, D is the diffusion coef-
ficient, and k(x) is the chemical reaction rate.

The temperature, velocity, and concentration profiles
have corresponding boundary conditions.

u=U,=Us,e™, wv=0,
T=T,=Ty+Tee",
C=C,=C, +Cyeaty=0,

u—0,T—T,,C— Cyaty — oo.

Here, U, is the uniform velocity of the sheet and L is the
reference length. The stream function v is introduced here to
satisfy the continuity equation (1):

” (7)
=

2.1. Similarity Conversion. The similarity transformation is used
to convert the system’s partial differential equations into ordi-
nary differential equations. The following nondimensional var-
iables developed by Mukhopadhyay [31] are used to simplify
the resulting equations. For radiation, we have used the
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F1GURE 3: (a) Different values of permeability K, on the velocity profile. (b) Different values of permeability K, on the temperature profile.
(c) Different values of permeability K, on the concentration profile.

Rosseland approximation. By substituting (7) and (8) in (2)-(6), we discover that sim-
ilarity exists, and therefore, we get
U . "o 12 " 13 _ 12 0 27" 1o
n=yf5 e £ e g =B (4 s P - eff )
! " 1" my 1 ! I pn
u=Upe™ f'(n) AU (K +M>f +Naf' 1"+ 2g() =0,
»
U '
v==y [ )+ ()], (8) )
- x/2L 4
T=To+ Ty 0(n), <1+ 3R>6"+P,(f6'—f’0+86) =0,  (10)

C=Cy +Cye™¢((n),
B=B, ", ¢"+Sc(f¢l—f’¢—)/¢> =0, (11)
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FIGUrg 4: (a) Different values of thermal radiation R on the temperature profile. (b) Different values of Prandtl number P, on the
temperature profile.

where where primes represent differentiation in relation to the
similarity variable #, P, = v/a is the Prandtl number, S, = v/D

is the Schmidt number, M is the magnetic field parameter,

A = (1 + "ILB(ZJ>, and 1/K, is the porosity parameter. R = 40T? /K % K is the

radiation parameter and S =2LQ/pU,e"'* C, is the heat gener-

A Uyt .
B, = T ation parameter.
N Boundary conditions (5) and (6) in terms of f, g, 6, and
B, = AZg‘f , ¢ become
_ 20B}L
- Uopex/L’ (12) f(O) =0,
1 2L ,
K, ~ UpKle’ fo)=1
N = FioBs f'(c0) =0, (13)
P 6(0)=1,
A _ ZLCOgﬁc
T UL (/)(0) =1,
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FiGure 5: Different values of Schmidt number S, on the concentration profile.

f1(1)=0,6(7)=0,¢(17) = 0asn — oo. (14)

The following is the physical quantity of interest: the
local skin friction coeflicientCyis shown as

1 n
SGVE=1"(0) (15)

The plate’s heat and mass transfers are given by

(16)
N '
“ - 9'(0),
VR, ©)
% =—¢'(0), where R, = %

3. Numerical Analysis

The transformed system of ordinary differential equations
(9)-(11) is numerically solved using the boundary condition
(13) and utilized the SLM.

For SLM solution, we select the initial guess functions

f(n), 6(n), and ¢(x) in the form

Here, the three functions f,(%), 6,(r1), and ¢.(y) are rep-
resentative unknown functions. F, (1), m>1, 8,,(1), and ¢
() m > 1 are successive approximations produced by solving
the linear component of the problem that arises from
substituting equation (15) into the governing equations
recursively. The main idea of SLM is that the assumptions
of unknown functionf,(#),0;(r), and¢,(yj)are very small
whenibecomes larger; therefore, the nonlinear terms
inf,(n),0;(n), and¢,(y7)and their derivatives are considered
to be smaller and thus neglected. The intimal guess functions
F,(n), 6,(n), and ¢ (1) are selected to satisfy the boundary
conditions:

Fy(n) =0, Fo(n) =1atn =0,
Fy(7) — 0, Fy (1) — 0at — oo,
60(0) =1, 60(00) —0,

¢0(0) = 1’ ¢o(00) —0.

(18)
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FiGure 6: Different values of chemical reaction y on the concentration profile.
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Ficure 7: Different values of source parameter (sink) S on the temperature profile.

They are considered to be in the form

The impacts of various values on 6(7), f' (1), and ¢(#)

are investigated and analyzed. The numerical numbers 6"
(0), f"(0), and —¢'(0) are reported and examined.

4. Results and Discussion

4.1. Study Validation. Table 1 illustrates the Nusselt number
—6'(0) values for various radiation parameters, whereas the
remaining settings are all set to zero, where P, =1 and K =
100. The table compares the results obtained with those of
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F1GURE 8: (a) Different values of 3, on the velocity profile. (b) Different values of 8, on the temperature profile. (c) Different values of 3, on

the concentration profile.

Reddy et al. [1] and Swain et al. [6], and it shows that the
results agree with each other.

Tables 2, 3, and 4 illustrate the values of the skin friction
coeficient, local Nusselt number, and local Sherwood num-
ber for various parameter values. The table compares the
results obtained with that of Khalili et al. [32], and it shows
that the results are in excellent agreement.

4.2. Results. The current study considers the chemical reaction
flow of an incompressible electrically conducting fluid, Old-
royd-B, through a porous material past an exponentially
extending sheet in the presence of a transverse magnetic field,
as well as thermal radiation in the presence of an even source
and sink of heat. The mass transfer analysis is also discussed
in this work. The following discussion aims to highlight the
impact of medium permeability, plate temperature, and thermal
radiation on flow phenomena. In addition, the values of skin
friction coeflicient, local Nusselt number, and local Sherwood
number for various values of parameters are shown in Table 5.

Figure 2(a) depicts the link between velocity and significant
magnetic field values. It has been demonstrated that increasing
M reduces the velocity profile. The Lorentz force is a resistant
force generated when M rises, akin to a drag force. The Lorentz
force reduces the intensity of the velocity, causing it to slow
down. Figure 2(b) depicts the effect of the magnetic field on
temperature profiles. Because the Lorentz force is linked to this
magnetic field, the larger the participation of the Lorentz force
in the parameters of this most expansive magnet field, the
higher the temperature. Figure 2(c) depicts the effect of the
magnetic field M on dimensionless concentration. The increase
in M is thought to raise the concentration profile.

The graph in Figure 3(a) demonstrates that the fluid flow
resistance force reduces as the parameter of permeability grows;
ie., as the parameter of permeability increases, the fluid flow
velocity increases.

Figure 3(b) shows the effect of the parameter of permeabil-
ity K, on temperature profiles. Figure 3(b) shows a decrease in

the temperature profile due to an increase in the porosity
parameter. The effects of the parameter of permeability K,

on dimensionless concentration are shown in Figure 3(c).
The concentration profile is shown to decrease as the param-
eter of permeability K, advances. The effect of radiation R

on the temperature profile is seen in Figure 4(a). The temper-
ature rises as the radiation R increases. This is because the rate
of heat transfer over the surface region has decreased. The
impact of the Prandtl number on the temperature profile is
shown in Figure 4(b). It is worth noting that increasing the
Prandtl number reduces the thickness of the thermal bound-
ary layer.

The effect of Schmidt number S, on dimensionless concen-
tration is shown in Figure 5. It is noted that as the Schmidt
number S, increases, the concentration falls. Figure 6 depicts
the effect of the chemical reaction y on the concentration pro-
file. As the y of the chemical reaction increases, the concentra-
tion falls. The influence of the source parameter (sink) S on the
temperature profile is seen in Figure 7. As the source parameter
S is increased, the temperature profile appears to improve.
Figure 8(a) depicts the effect of the relaxation time constant
BB, on the flow field f'. The values of f' and the thickness of
the boundary layer drop as 3, increases. This is due to the fact
that the higher the relaxation time, the slower the recovery
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F1GURE 9: (a) Different values of 3, on the velocity profile. (b) Different values of 3, on the temperature profile. (c) Different values of 8, on

the concentration profile.

process is observed, causing the boundary layer thickness to
expand at a slower rate.

The influence of 3, on 6 can be seen in Figure 8(b). There is
a decrease in 6 when f, is increased. Figure 8(c) exhibits the
influence of 3, on ¢. When f3, is elevated, it causes a drop in
¢. The effects of the retardation time constant 3, on the velocity
function f' are seen in Figure 9(a). When B, is increased, the
fluid flow and the thickness of the boundary layer are both
improved. The effects of 8, on 6 and ¢ are depicted in
Figures 9(b) and 9(c), respectively. The temperature and con-
centration profiles are observed to decline as f3, increases.
When various values of the parameter involved are studied,
Table 2 displays the absolute values of skin friction coefficient
£"(0), values of local Nusselt number —6'(0), and local Sher-

wood number —¢' (0).

5. Concluding Remarks

This study investigates the impact of chemical processes on the
radiative MHD flow of Oldroyd-B fluid across stretching sheet
in porous material in the presence of viscous dissipation. The
SLM method is used to numerically solve the equations govern-
ing the flow by solving expressions for velocity, temperature,
and concentration distributions. The tables show how various
governing parameters influence skin friction, the Nusselt num-
ber, and the Sherwood number. When the magnetic field level is
increased, the dimensionless velocity falls, while the nanoparti-
cle concentration and temperature increase. When the porosity
parameter K|, rises, it indicates an increase in velocity profile,
while concentration and temperature fields show the opposite
trend. The effects of 3, on the velocity profile f are diametri-

cally opposed to those of f3;,. When the Prandtl number
increases, the temperature and thickness of the thermal bound-
ary layer decrease. The temperature profile, 3,, and 3, changes
are qualitatively similar. The Nusselt number increases as 3,
and P, increase, but it decreases as 3, increases and the Schmidt
number and the chemical reaction parameter with higher values
reduce the nanoparticle concentration.
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