
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=unht20

Numerical Heat Transfer, Part A: Applications
An International Journal of Computation and Methodology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/unht20

Heat transfer analysis of MHD Casson nanofluid
flow over a nonlinear stretching sheet in the
presence of nonuniform heat source

Battena Triveni, Munagala Venkata Subba Rao, Kotha Gangadhar & Ali J.
Chamkha

To cite this article: Battena Triveni, Munagala Venkata Subba Rao, Kotha Gangadhar & Ali
J. Chamkha (2023): Heat transfer analysis of MHD Casson nanofluid flow over a nonlinear
stretching sheet in the presence of nonuniform heat source, Numerical Heat Transfer, Part A:
Applications, DOI: 10.1080/10407782.2023.2219831

To link to this article:  https://doi.org/10.1080/10407782.2023.2219831

Published online: 18 Jun 2023.

Submit your article to this journal 

Article views: 51

View related articles 

View Crossmark data

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

https://www.tandfonline.com/action/journalInformation?journalCode=unht20
https://www.tandfonline.com/loi/unht20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10407782.2023.2219831
https://doi.org/10.1080/10407782.2023.2219831
https://www.tandfonline.com/action/authorSubmission?journalCode=unht20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=unht20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10407782.2023.2219831
https://www.tandfonline.com/doi/mlt/10.1080/10407782.2023.2219831
http://crossmark.crossref.org/dialog/?doi=10.1080/10407782.2023.2219831&domain=pdf&date_stamp=2023-06-18
http://crossmark.crossref.org/dialog/?doi=10.1080/10407782.2023.2219831&domain=pdf&date_stamp=2023-06-18


Heat transfer analysis of MHD Casson nanofluid flow over a
nonlinear stretching sheet in the presence of nonuniform heat
source

Battena Trivenia, Munagala Venkata Subba Raoa , Kotha Gangadharb , and Ali J.
Chamkhac

aDepartment of Mathematics, School of Applied Science and Humanities, Vignan’s Foundation for Science,
Technology and Research, Vadlamudi, Andhra Pradesh, India; bDepartment of Mathematics, Acharya
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ABSTRACT
This study examines how a chemical reaction and a nonuniform heat source
effect the flow of an MHD Casson nanofluid over a nonlinear stretching
sheet. By incorporating viscous dissipation, the energy equation is strength-
ened. Brownian diffusion, thermophoresis diffusion effects are taken place.
By using the necessary similarity transformations, the governing equations
for the current flow are converted into a nonlinear system. The RKF tech-
nique yields a numerical solution along with a shooting technique for the
condensed system. Thereafter, to better understand the physical interpret-
ation of flow and heat transfer, the flow-controlling parameters are shown
graphically and in tabular form in the current work. Based on the present
study’s numerical results, a fair connection is found between this analysis
and previous studies. Some of the observations are velocity profile is
decreased for the effects of magnetics and stretching parameter variations
and Eckert number plays a great role in the increase of temperature profile.
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1. Introduction

For boundary-driven flows, stretching is one of the most crucial mechanisms. Crane [1] analyzed
a precise analytical solution very first to linear stretching on a flat plate. Numerous theoretical
and numerical investigations with applications in the engineering and polymer industries have
since been carried out. Later on, a numerous studies are carried out to extend this linear stretch-
ing to nonlinear as well as exponential stretching velocities for the tubes as well as plane surfaces
in both types of fluids Newtonian and Non-Newtonian [2–11]. Researching the two-dimensional
boundary layer flow across a nonlinear stretching surface to evaluate the relevance of heat and
mass transfer is highly vital and significant since it has so many real-world applications.
Aerodynamic extrusion of plastic sheets, extrusion of a polymer sheet from a dye, and condensa-
tion of metallic plates in a cooling bath are all practical applications for studying viscous flow
over a stretched sheet. These sheets are made by releasing melt through a slit, stretching it till the
desired thickness is obtained, and then cutting it into desired shapes. The rates of stretching,
cooling, and stretching itself all have a significant impact on the desirable qualities of the final
product.
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Actually, the value of heat transfer is simply determined by the thermal conductivity qualities
of the working fluids, which include water, ethyl glycol, and oil. A new kind of engineering fluid
known as nanofluid is created by sparingly adding nanoparticles (such as Cu, Ag, TiO2, and
Al2O3) to such fluids to increase their thermal conductivity [12]. Choi et al. [13] investigated and
developed the theories in great detail with the goal of enhancing anomalous thermal conductivity
in nanotube suspensions. A nanoparticle with a diameter generally between 1 and 100 nm would
considerably enhance the thermophysical characteristics of a convectional fluid when suspended
in it. However, the effort to speed up cooling and heating brings about a number of benefits for
industrial processes, including energy.

Ibrahim and Shankar [14] studied the heat transfer and MHD boundary layer flow of a nano-
fluid via a permeable stretching sheet under various boundary conditions for velocity, tempera-
ture, and solutal slip. According to Kalidas Das’ research [15], the values of the slip parameter
and the nonlinear stretching parameter for nanoparticles have an increasing association.
Convective transport in fluids is discussed in detail way by Buongiorno [16]. The constant flow
across expanding sheet has several more applications in addition to non-Newtonian fluids, MHD
flows, porous plates, and heat transfer studies [17].

Zaimi et al. [18] also utilized the shooting approach to calculate the boundary layer flow and
heat transfer of a nanofluid across a nonlinear porous stretched sheet. Singh et al. [19] evaluated
mass transpiration in a porous stretched sheet-induced nonlinear MHD flow. Nadeem et al. [20]
conducted research and found that while the concentration profile improved for higher Ec and Pr
values, it decreased for higher Nt levels. Jafar et al. [21] looked at MHD radiative nanofluid flow
caused by a nonlinear stretching sheet in a porous medium. A nonlinear stretching sheet’s MHD
boundary layer flow and heat transfer were the subjects of computer research by Mabood et al.
[22]. Gangadhar et al. [23] provided detailed observations of the Buoyancy effect on mixed con-
vection boundary layer flow of Casson fluid over a nonlinear stretched sheet.

In a thorough note on flow, heat transfer analysis, and the application of MHD Casson fluid
flow over an exponentially stretching curved sheet in the presence of thermal radiation effect,
Anantha Kumar et al. [24] provided extensive information. In addition, Venkata Ramudu et al.
[25] have examined the significance of Soret and Dufour’s influence on MHD Casson fluid flow
past a stretching surface under convective-diffusive conditions. In response to the stretching of a
surface with second-order velocity slip, Kumar et al. [26] presented their observations on the flow
and heat transfer properties of MHD micropolar fluid. Nandeppanavar [27] investigated laminar
boundary layer flow and heat transfer from a warm laminar Casson liquid to a melting sheet
moving parallel to a melting stream by numerically with the RKF method. Abel and
Nandeppanavar [28] resented a remarkable observation of flow and heat transfer characteristics
of visco-elastic fluid flow over an impermeable stretching sheet in the presence of thermal radi-
ation and nonuniform heat source. Later, Bejawada and Nandeppanavar [29] studied the effects
of thermal radiation on MHD micropolar fluid flow over a vertical moving porous plate for heat
transfer characteristics. Malkeson et al. [30] study very clearly about the Numerical investigation
of steady-state laminar natural convection of power-law fluids in side-cooled trapezoidal enclo-
sures heated from the bottom. Raju et al. [31] examined the dual solutions of MHD boundary
layer flow via an exponentially stretched sheet with a nonuniform heat source/sink.

The study of an electrically conducting nanofluid has piqued the interest of writers [32–39]
due to its importance in engineering and technical processes such as plasma research, MHD gen-
erators, MHD pumps, nuclear reactors, geothermal energy extraction, and bearings. Numerous
research has focused on the characteristics of heat conduction in porous media, as well as the
effect of heat generation, thermal radiation, or viscous dissipation on the flow of boundary layers
in nanofluids. Examples of applications include the effect of heat and mass transmission in a
nanofluid over a stretched sheet on chemical processes, drying, and energy transfer in a wet cool-
ing tower, fruit tree groves, crop damage from freezing, and other uses. Regarding the effects of
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chemical reactions with diverse geometries, numerous authors, including Refs. [40–47], revealed
their enlightening discoveries.

The physical conditions are usually connected to a sheet that is linearly stretching in the publica-
tions listed above. However, the stretching need not always be linear; it could be quadratic, exponen-
tial, and power-law. A nonlinearly stretching sheet may be required in certain physical
circumstances. It is, therefore, of utmost importance to understand the flow and heat transfer
induced by a nonlinearly extending sheet. Moreover, Researchers pay a lot of attention to non-
Newtonian fluid flows because of the growing industrial and technical applications. For example,
the needed pumping power might be significantly decreased, if non-Newtonian fluid is used as the
coolant or in the heat exchangers. As a result, a fundamental understanding of the flow field of non-
Newtonian fluids in a boundary layer next to a stretching sheet or an extended surface is crucial to
understanding fluid dynamics and heat transfer. Being motivated by the possible industrial applica-
tions and the previous studies regarding the flow and heat transfer of non-Newtonian fluids over the
stretching sheet, numerical solution for flow and heat transfer of a laminar boundary layer flow
MHD Casson nanofluid over a nonlinear stretching sheet with combined effects of nonuniform heat
source and viscous dissipation is presented in this study. Using similarity solutions, the governing
equations are transformed into a system of ordinary differential equations, and the RKF method is
then applied to numerically determine the solutions. Then, all the numerical data is displayed in fig-
ures and tables for easier comprehension of the physical interpretation of the current inquiry. There
is a logical correlation between the current study and past investigations.

2. Mathematical formulation

In a steady MHD boundary layer in two dimensions, imagine the flow of a viscous, electrically
conducting, and incompressible nanofluid over a nonlinear stretching sheet. For this study,
stretching sheet velocity is uwðxÞ ¼ axn (here, a > 0 is called the constant acceleration parameter
and n is called the nonlinear stretching parameter). The y-axis represents the surface coordinate,
while the x-axis tracks the nonlinear stretching sheet as shown in Figure A. Due to the assump-
tion that the Reynolds number is low, the fluid that conducts electricity when subjected to a mag-
netic field is ignored. Assume that the nanoparticle fraction C and stretching surface temperature
T have constant values of Tw and Cw, respectively. T1 and C1, respectively, stand for the ambi-
ent values of T and C that have been reached as y tends to infinity. The nanofluid’s thermal phys-
ical characteristics are thought to stay constant. For the proposed study external forces and the
gradient of the pressure are ignored.

Figure A. Flow diagram for present flow.
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The rheological equation of state for an isotropic, incompressible flow of Casson fluid is
shown in the following equation [48, 49]:

sij ¼
2 lB þ

pyffiffiffiffiffi
2p

p
� �

eij, p > pc

2 lB þ
pyffiffiffiffiffiffiffi
2pc

p
� �

eij, p < pc

8>>><
>>>:

(1)

where, p ¼ eijeij and eij represents the ði, jÞth component of the deformation rate, p is the product
of the component of the deformation rate with itself, indicates fluid yield stress, p indicates a
product of the component’s rate of deformation with itself, and pc is the critical value of this
product based on the non-Newtonian model, lB is the plastic dynamic viscosity of the non-
Newtonian fluid and py is the yield stress of the fluid.

Here, are the formulae for the alleged flow governing models:

@u
@x

þ @v
@y

¼ 0 (2)

u
@u
@x

þ v
@v
@y

¼ � 1þ 1
b

� �
@2u
@y2

� r
B2

qf
u (3)

u
@T
@x

þ v
@T
@y

¼ a
@2T
@y2

þ s DB
@C
@y

@T
@y

þ DT

T1

@T
@y

� �2
" #

þ q000

qcð Þf
þ �

cp

@u
@y

� �2

(4)

u
@C
@x

þ v
@C
@y

¼ DB
@2C
@y2

þ DT

T1

@2T
@y2

 !
� KðC � C1Þ (5)

The following equation shows the equation for the boundary conditions for this study.

Aty ¼ 0; u ¼ uw; v ¼ vw; T ¼ Tw; C ¼ Cw

Aty ! 1; u ! 0; T ! T1; C ! C1
(6)

where u and v are, respectively, x- and y-axis velocity components. DB,DT , a, �,q, c, ðqcÞp, ðqcÞf
are defined as in order coefficient of Brownian diffusion, thermophoresis diffusion, fluid thermal
diffusivity, kinematic viscosity of the fluid, fluid mass density, specific heat, effective heat capacity,
heat capacity. Moreover, variable magnetic field B(x) is thought by numerous writers to have the
form BðxÞ ¼ B0x

n�1
2 :

The following equation shows the equation for the nonuniform heat source/sink (q000):

q000 ¼ kuwðxÞ
xv

� �
A�ðTw � T1Þf 0 þ B�ðT � T1Þ� �

(7)

For this study, it is known that k represents thermal conductivity, and A� and B� represent the
space-dependent and temperature-dependent heat generation/absorption parameters. Further, if
these two A� and B� are positive, then, it shows an interval heat source nature and if these two
are negative, then, it shows that internal heat sink nature.
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The following equation shows the similarity transformations there are defined for this study:

g ¼ y

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
aðnþ 1Þ

2t

r
xðnþ1Þ=2u ¼ axnf 0ðgÞ

t ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
avðnþ 1Þ

2

r
xðn�1Þ=2 f ðgÞ þ n� 1

nþ 1
gf 0ðgÞ

� �

/ðgÞ ¼ c� c1
cw � c1

hðgÞ ¼ T � T1
Tw � T1

(8)

here, w satisfies the C-R equations and which is called the stream function, moreover, it is
defined as u ¼ @w

@y , v ¼ � @w
@x and temperature, stream function, and concentration functions are

indicated h, f ðgÞ, and / in order, all these are dimensionless and g is similarity variable.
After all substitutions Eqs. (2)–(4) are as reduced to:

1þ 1
b

� �
f 000 þ ff 00 � 2n

nþ 1
ðf 0Þ2 �Mf 0 ¼ 0 (9)

1
Ρr

h00 þ h0f þ Nbh0/0 þ Ntðh0Þ2 þ 1
Pr

2
nþ 1

A�f 0 þ 2
nþ 1

B�h
� �

þ Ecf 002 ¼ 0 (10)

/00 þ Leðf/0Þ þ Nt
Nb

h00 � R:Le:/ ¼ 0 (11)

Similarly relevant boundary conditions are changes as

f 0ð0Þ ¼ 1, f ð0Þ ¼ S, hð0Þ ¼ 1, /ð0Þ ¼ 1,

f 0ð1Þ ! 0, hð1Þ ! 0, /ð1Þ ! 0
(12)

here

M ¼ 2rB2
0

qaðnþ 1Þ , Ρr ¼ �

a
, S ¼ �0ffiffiffiffiffi

a�
p ,

Nb ¼ sDBðCw � C1Þ
�

, Nt ¼ sDTðTw � T1Þ
T1�

,

Le ¼ �

DB
, R ¼ 2k0v

ðnþ 1Þa , v ¼ k
ðqcÞf

, Ec ¼ u2w
cp Tw � T1ð Þ :

Formulas for magnetic parameters, Prandtl numbers, suction, Brownian motion, thermophore-
sis, Lewis numbers, chemical properties, and Eckert numbers are listed in that sequence.
Additionally, regional skin friction formulae, regional Sherwood number, and regional Nusselt
number are

Cfx ¼
lf
qu2w

@u
@y

� �
y¼0

,Nux ¼ xqw
kðTw � T1Þ , Shx ¼

xqm
DBðCw � C1Þ (13)

where k denotes nanofluid thermal conductivity and qw, qm denotes surface heat and mass fluxes
in that order and is written as

qw ¼ � @T
@y

� �
y¼0

qm ¼ �DB
@C
@y

� �
y¼0

(14)

After all substitutions, Eqs. (13) and (14) through Eq. (7) becomes

Re1=2x Cfx ¼ 1þ 1
b

� � ffiffiffiffiffiffiffiffiffiffiffi
nþ 1
2

r
f 00ð0Þ
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Re�1=2
x Nux ¼ �

ffiffiffiffiffiffiffiffiffiffiffi
nþ 1
2

r
h0ð0Þ (15)

Re�1=2
x Shx ¼ �

ffiffiffiffiffiffiffiffiffiffiffi
nþ 1
2

r
/0ð0Þ

Now, Rex ¼ uwx=v indicates the Reynolds number and its formulae

3. Solution of the problem

To solve the transformed Eqs. (9)–(11) numerically with the help of suitable boundary conditions
Eq. (12) R–K–Fehlberg technique along with shooting method is implemented. By means of dif-
ferent types of assumptions, the nonlinear system is reduced to a first-order system to implement
the proposed method on reduced system of the first ODEs. They are

y1 ¼ f , y2 ¼ f 0, y3 ¼ f 00, y4 ¼ h, y5 ¼ h0, y6 ¼ /, y7 ¼ /0 (16)

The resulting differential equations are given as:

y01 ¼ y2 (17)

y02 ¼ y3 (18)

y03 ¼ b
1þ b

2n
nþ 1

y22 þMy2 � y1y3

� �
(19)

y04 ¼ y5 (20)

y05 ¼ �Pr y1y5 þ Nby5y7 þ Nty25 þ
1
Pr

2
nþ 1

A � y2 þ 2
nþ 1

B � y4
� �

þ Ecy23

� �
(21)

y06 ¼ y7 (22)

y07 ¼ �Le y1y7 � Nt
Nb

y05 þ R Le y6 (23)

Corresponding boundary conditions are:

y1ð0Þ ¼ S, y2ð0Þ ¼ 1, y3ð0Þ ¼ a1, y4ð0Þ ¼ 1, y5ð0Þ ¼ a2, y6ð0Þ ¼ 1, y7ð0Þ ¼ a3,
y2ð1Þ ! 0, y4ð1Þ ! 0, y6ð1Þ ! 0:

	
(24)

Above reduced system is solved numerically with R–K–Fehlberg by considering suitable values
to a1, a2, anda3:The values of a1, a2, anda3 are chosen by shooting method such that y2ð1Þ !
0, y4ð1Þ ! 0, y6ð1Þ ! 0 are fulfilled. The whole process repeated until they reach the required
accuracy and do not impact the solution further increments, the number of steps and size of the
starting mesh points are changed with the numerical value of g1: This value is chosen as 6.
There is a respectable connection between the results. The Runge–Kutta–Fehlberg method’s bene-
fit is based on error control and adjusting the time step to keep the error within a predetermined
range. Based on the numerical obtained it can be concluded that the current method performs
better in terms of computational speed and offers a more accurate answer when compared to
some other existing methods.

3.1. Validation of results and method

To validate the strategy and contrast the current study’s findings with those, results from the rec-
ommended numerical approach are compared with results from earlier studies that are available
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in the literature for specific situations. All these outcomes are shown in Tables 1 and 2 in order.
Now coming to in detail, Nusselt number �h0ð0Þ values are recorded and noted in Table 1 by
changing the Pr values, moreover by assuming Nb¼ 0, Nt¼ 0, M¼ 0, R¼ 0, Le¼ 0, Ec¼ 0, S¼ 0,
b¼ 0, A� ¼ 0, B�¼0, and n¼ 1. These results are then compared to the literature [50, 51]. There
is a respectable connection between the results. Table 2 provides details regarding the numerical
values of �h0ð0Þ and �/0ð0Þ by changing the n and Pr values and by assuming Nb¼ 0.5,
Nt¼ 0.5, M¼ 0, R¼ 0, Le¼ 2, Ec¼ 0, S¼ 0, b¼ 0, A� ¼ 0, B�¼0. These results are then com-
pared to the literature [51, 52]. There is a respectable connection between the results.

4. Results and discussion

In this section, the obtained numerical findings are presented in figures and tables to aid in
understanding the physical interpretation of the current situation. The impact of the magnetic
parameter M on the temperature profile and velocity profile is depicted in Figures 1 and 2. The
velocity profile declines with rising magnetic parameter M values. The Lorentz force is to blame.
The flow is obstructed by an opposing force. Typically, the Lorentz force causes the fluid in the
boundary layer to flow more slowly as shown in Figure 1. This is consistent with the results of
Ref. [53]. And temperature profile rises by rising magnetic parameter M values, as displayed in
the Figure 2. Reason behind is that the Lorentz force will cause the flow to generate some heat
energy. As a result, when M increases, the thermal field and its layer become stronger. This
observation is in line with earlier studies of various configurations [54]. In Figures 3 and 4, the
impacts of the Casson fluid parameter are displayed for velocity profile and temperature profile.
The temperature profile increased as Casson fluid parameter increased, but in case of velocity

Table 1. Comparison of Nusselt number [�h0ð0Þ] when Nb ¼ Nt¼M ¼ S¼ R ¼ A� ¼ B� ¼ Le ¼ Ec ¼ b¼ 0 and n¼ 1.

Pr Khan and Pop [50] Srinvasulu and Shankar [51] Present results

0.07 0.0633 0.0666 0.0661
0.2 0.1691 0.1691 0.1691
0.7 0.4539 0.4539 0.4539
2 0.9113 0.9115 0.9115
7 1.8954 1.8969 1.8969
20 3.3539 3.3639 3.3413
70 6.4261 6.5447 6.4621

Table 2. Comparison of Nusselt and Sherwood number when Nb ¼ Nt¼ 0.5, M¼ S ¼ R¼ A� ¼ B� ¼ Ec ¼ b ¼0 and Le¼ 2.

�h0ð0Þ �/0ð0Þ

n Pr

Rana and
Bhargava

[52]

Srinvasulu
and

Shankar [51] Present results

Rana and
Bhargava

[52]

Srinvasulu
and

Shankar [51] Present results

0.2 0.7 0.3299 0.3252 0.3295 0.8132 0.8058 0.8134
0.3 0.3261 0.3216 0.3262 0.7965 0.7985 0.8067
3 0.3059 0.298 0.3078 0.763 0.7508 0.7682
10 0.3002 0.2922 0.3028 0.7524 0.735 0.7579
20 0.2825 0.2896 0.3016 1.4548 0.7336 0.7553
0.2 2 0.3999 0.3989 0.3987 0.8048 0.8065 0.8059
0.3 0.393 0.3961 0.3959 0.7826 0.7975 0.7970
3 0.3786 0.3777 0.3772 0.7379 0.7389 0.7397
10 0.3739 0.3731 0.3725 0.7238 0.7144 0.7258
20 0.3726 0.371 0.3713 0.7201 0.7178 0.7222
0.2 7 0.2248 0.2214 0.2223 1.0114 1.0156 1.0138
0.3 0.2261 0.222 0.2229 0.9808 1.0033 1.0015
3 0.2288 0.2258 0.2266 0.9185 0.9222 0.9204
10 0.2297 0.2267 0.2274 0.8985 0.9021 0.9005
20 0.2299 0.227 0.2276 0.8933 0.893 0.8953
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Figure 2. Temperature profile graph for various values of M.

Figure 1. Velocity profile graph for various values of M.

Figure 3. Velocity profile graph for various values of b:
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profile reverse trend is noted for the same parametric values. These results unambiguously show
that flow separation in the case of a non-Newtonian Casson fluid may be regulated by raising the
Casson fluid parameter value. This observation is in line with earlier studies of various configura-
tions [55]. Figures 5–7 show how the suction parameter S influences dimensionless temperature,
dimensionless velocity, and the volume fraction of nanoparticles in the boundary layer as S rises.
Because of the wall suction, the fluid is drawn closer to the sheet, narrowing the thermal, ther-
mal-nano particle, and momentum boundary layers. These characteristics cause a decrease in the
nanoparticles’ velocity, temperature, and volume fraction. For nonlinearly stretched sheets, the
temperature drops as the Prandtl number rises. The thickness of the thermal boundary layer
decreases as the Prandtl number rises. The relative thickening of the momentum and thermal
boundary layers in heat transfer issues is governed by the Prandtl number. Because heat diffuses
more quickly at low Prandtl numbers than at high velocities, the thermal boundary layer is sub-
stantially thicker than the momentum boundary layer for liquid metals. Heat can spread from the
sheet more quickly than it can with higher Pr fluids because fluids with lower Prandtl values
have higher thermal conductivities. As a result, using the Prandtl value will speed up cooling.

Figure 4. Temperature profile graph for various values of b:

Figure 5. Velocity profile graph for various values of S.
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Moreover, as seen in Figure 8, the thermal boundary layer thickness decreases as the Prandtl
number rises. This is consistent with the results of Refs. [56, 57]

Figure 9 depicts how the temperature profile is impacted by the space dependent parameter
A�. As the A� value increases, so does the temperature profile. This is to be estimated as the
boundary layer produces energy due to the existence of heat source A�. The fluid’s temperature
rises as a result of this. Figures 10 and 11 indicate, respectively, how temperature-dependent par-
ameter B� impacts temperature and concentration profile. In contrast to Figure 11, which shows
the concentration profile for rising values of the temperature-dependent parameter B�, Figure 10
shows the temperature profile for increasing values of the dependent parameter B�: As seen in
Figures 12 and 13, the thermophoresis parameter Nt has an impact on the temperature and con-
centration curves. As Nt grew, so did the temperature and the concentration. This is a result of
the force known as thermophoresis, which is a quick flow away from the stretched surface. The
temperature of the boundary layer rises as Nt rises as more hot fluid is transported away from
the surface. The effect of the Brownian motion parameter K on the temperature and concentra-
tion profiles of nanofluids over the boundary layer area is seen in Figures 14 and 15. As the

Figure 6. Temperature profile graph for various values of S.

Figure 7. Concentration profile graph for various values of S.
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Figure 9. Temperature profile graph for various values of A�.

Figure 10. Temperature profile graph for various values of B�.

Figure 8. Temperature profile graph for various values of Pr.
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Figure 11. Concentration profile graph for various values of B�.

Figure 12. Temperature profile graph for various values of Nt.

Figure 13. Concentration profile graph for various values of Nt.
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Figure 14. Temperature profile graph for various values of Nb.

Figure 15. Concentration profile graph for various values of Nb.

Figure 16. Concentration profile graph for various values of R.
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Figure 17. Concentration profile graph for various values of Le.

Figure 18. Velocity profile graph for various values of n.

Figure 19. Temperature profile graph for various values of n.
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Figure 20. Temperature profile graph for various values of Ec.

Figure 21. Effect of B* on Nusselt number if M ¼ Le ¼ Pr ¼ R¼ S¼ 1, Nb ¼ Nt¼ 0.1, n¼ 0.5.

Figure 22. Effect of n on Skin friction when Le ¼ Pr ¼ R¼ S¼ 1 and A* ¼ B* ¼ Nb ¼ Nt¼ 0.1.
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Brownian motion parameter is increased, the temperature in the boundary layer rises. As Nb
increases, the temperature rises as a result of the growing kinetic energy of moving nanoparticles.
A significant exception is the volume fraction profile of nanoparticles. Figure 16 depicts the vari-
ation of the chemical parameter R along the concentration profile. The concentration profile
declines when the parameters of a chemical process are raised. In Figure 17, it is possible to see
how the Lewis number Le affected the concentration profile. As the volume fraction of nanopar-
ticles varies across the stretched sheet, the thickness of the volume fraction boundary layer
decreases. The temperature and velocity profiles of nanofluids are shown in Figures 18 and 19 as
a function of the nonlinear stretching parameter n. The temperature and velocity of the Nano
fluid decrease when the value of n is increased due to nonlinear stretching. The temperature
curves for various Eckert number Ec values are shown in Figure 20. The temperature of the
boundary layer rises as the Eckert number Ec grows. The reason behind this that increasing the
Eckert number produces more heat, which is then stored in the fluid due to strong forces of fric-
tion between the fluid’s particles. As a result, temperature distribution becomes more intense.
This observation is in line with earlier studies of various configurations [58]. The impact of A�
and B� on the Nusselt number is seen in Figure 21. The rate of heat transport increases as B�
values decrease.

The skin friction coefficient is influenced by the magnetic and nonlinear stretching compo-
nents, as seen in Figure 22. The rate of velocity increases when n is increased. Table 3 shows the
variation of the Sherwood number, Nusselt number, and Skin friction coefficient for various val-
ues of the parameters M, Pr, Le, Nb, Nt, S, R, A�, B�, and n.

5. Conclusions

The flow of an MHD Casson nanofluid over a nonlinear stretching sheet in the presence of a
nonuniform heat source is investigated computationally to evaluate the effects of viscous dissipa-
tion and chemical reaction. The right similarity transformations are used to turn the current flow
governing equations into a nonlinear system, which is then numerically solved using the RKF
approach along with shooting technique. The physical interpretation of the current study can be
explored by graphing the various flow-controlling parameters involved in this analysis, including
the Brownian motion parameter, Lewis number, chemical reaction parameter, suction parameter,

Table 3. Skin friction, the Nusselt number, and the Sherwood number in numerical form for various parameter values.

Pr Nb Nt A� B� Le R M S n Skin friction Nusselt number Sherwood number

1 0.1 0.1 0.1 0.1 1 1 1 1 0.5 1.813497 0.951126 1.250195
2 1.813497 1.859497 0.445266
1 0.2 1.813497 0.887259 1.551095

0.3 1.813497 0.826450 1.650397
0.1 0.2 1.813497 0.911258 0.776087

0.3 1.813497 0.872856 0.366959
0.2 1.813497 0.884433 1.399676
0.3 1.813497 0.817692 1.369200
0.1 0.2 1.813497 0.842442 1.343864

0.3 1.813497 0.710800 1.455760
2 1.813497 0.935584 2.542173
3 1.813497 0.928489 3.715679

2 1.813497 0.944032 1.723703
3 1.813497 0.939703 2.081534

2 2.113251 0.918565 1.264480
3 2.367060 0.891891 1.277559

2 2.483141 1.802715 1.143563
3 3.238909 2.672041 1.077413

1 1.877501 0.987463 1.216260
1.5 1.914807 1.008680 1.196422
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nonlinear stretching parameter, Prandtl number, and thermophoresis parameter. For the skin fric-
tion, Sherwood number, and Nusslet number data is presented in tabular format. The study’s
main findings are the following.

1. When magnetic parameter values increased, the velocity profile diminishes, while tempera-
ture distribution shows a reverse trend.

2. When Casson fluid parameter values increased, velocity profile diminishes, while temperature
distribution shows reverse trend.

3. The temperature distribution grows along with the Eckert number.
4. The profiles of velocity, temperature, and concentration decreased with increasing numerical

value of the suction parameter.
5. The nonuniform heat source parameter’s values increase as the temperature distribution

does, while the concentration profile shows the opposite trend.
6. Increases in Pr value cause the Nusselt number to rise, but increases in Nb, Nt, A�, B�, Le,

R, M cause the opposite to occur.
7. The Sherwood number rises as Nb, Le, R, and grow while falling when Pr and Nt rise.
8. When M and S increase, skin friction coefficient increases.
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