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ABSTRACT

A numerical study of a three-dimensional steady-state flow of a viscous
incompressible Casson fluid containing nanofluid particles interacting
with a stretching sheet is the primary focus of this work. The equations for
concentration and energy include the Cattaneo-Christov double diffusion
effects. This work transforms deriving the controlling boundary layer
equations into similarity equations using non-linear similarity transfor-
mations in three-dimensional analyses. To evaluate this study, the follow-
ing was done. In the case of the combined Runge-Kutta method and the
shooting approach, it is possible to provide an analytical solution for the
obtained equations. Moreover, a comparative analysis of the collected data
with previously published results under certain circumstances demon-
strates a significant concordance between the two sets of findings. The
problem is governed by thirteen physical parameters. Figures and tables
are used to depict the effects of different characteristics in the following
chapters, including temperature, velocity, and concentration profiles, on
distinct flow distributions.
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1 Introduction

Stretching-induced flows play an important part in industrial manufacturing, influencing the
production of polymers and rubber and also in the annealing and thinning of copper wire, spinning
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fiber cooling, and extrusion from dye or polymer filaments. These flows are not just mechanical
phenomena but are integral to the desired properties and performance characteristics of the materials.
Furthermore, the application of fluid dynamics extends beyond these processes, as evidenced by the
operation of heat exchangers, the technique of crop freezing, the design of air conditioning systems,
the efficiency of solar power collectors, the functionality of cooling towers, and the innovation in
desalination technologies.

Because of its applications in engineering and industrial processes, the study of magnetohydro-
dynamic (MHD) fluxes and heat transfer in complicated fluid systems has attracted a lot of interest.
Using magnetohydrodynamics, Nadeem et al. [1] investigated boundary layer flow over a bi-directional
stretched sheet and came up with a series solution. While Akbar et al. [2] examined the impact of
MHD on nanofluid flow with double diffusion across a stretched surface, Sadiq et al. [3] examined the
characteristics of unsteady nanofluid flow on a stretching sheet with convective boundary conditions.
Ali et al. [4] investigated heat and mass transfer on porous expanding and contracting surfaces, whereas
Hussain et al. [5] investigated the nanofluid flow sensitivity across extended surfaces. Analytical
and computational techniques were used in these and other research [6–10] to comprehend fluid
dynamics across stretched sheets. Heat conduction law is often used to explain heat transfer, a basic
process. Nevertheless, there are drawbacks to Fourier’s law, such as its inability to consider immediate
temperature fluctuations. The Cattaneo-Christov heat flux model, which depicts heat transmission
as thermal waves traveling at limited speeds, was created as a result of Cattaneo’s [11] introduction
of thermal relaxation into Fourier’s law. Numerous research has made extensive use of this concept.
For example, Mustafa [12] used it to Maxwell fluid flow, while Ciarletta et al. [13] utilized it to
investigate system stability. Its implications in Newtonian and viscoelastic fluids were subsequently
investigated by Straughan [14] and Han et al. [15], respectively. These investigations demonstrate how
crucial the Cattaneo-Christov model is to comprehending heat transmission in complex fluid systems.
Because of their industrial significance, non-Newtonian fluids like Casson and nanofluids have also
been the subject of much research. Babu et al. [16] examined Casson fluid flow in porous media with
heat transfer and Hall currents, While Deepa and Murali [17] examined unsteady MHD flow with
thermophoresis and viscous dissipation, whereas Kirubaharan et al. [18] investigated double diffusion
effects in Casson-nanofluid flow. Gundagani et al. [19,20] investigated nanofluid flow under MHD
and convective boundary conditions. Furthermore, Murali et al. [21,22] studied thermophoresis and
Brownian motion in nanofluids, and references [23–25] had a lot of impact on the present reported
work. Cited references [26–28] model analyzed heat and mass transfer effects and showed the practical
uses of their study. These investigations highlight how chemical reactions, magnetic fields, and porous
media may improve heat and mass transport. Research has been focused on the impact of radiation on
MHD flows and heat transfer in porous media. Magneto hydrodynamic applications were shown in
their studies [29,30] and improved knowledge of radiation. Madan Kumar et al. [31] investigated Jeffrey
fluid flow with activation energy, whereas Venkatesh et al. [32] investigated MHD Maxwell nanofluid
flow with heat radiation. Rajakumar et al. [33] examined MHD convection with radiation absorption
and Hall currents, whereas Suhasini et al. [34] examined micropolar nanofluid flow with Brownian
motion and thermophoresis. Carreau nanofluid flow with radiative heat sources was examined by
Mebarek-Oudina et al. [35], with a focus on applications in medical engineering and renewable energy.
The area has been further broadened by recent research. Anantha Kumar et al. [36,37] studied Casson
fluids with heat radiation and changing viscosity effects, whereas Rathore et al. [38] assessed MXene-
based nanofluids on curved surfaces. Elattar et al. [39] and Khan et al. [40] highlighted applications
in thermal systems and environmental engineering while concentrating on irregular heat sources and
waste discharge in Eyring-Powell nanofluids. In their study [41–44] on Mathematical Modelling of
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Fluid Dynamics and Nanofluids, they have shown the results for industrial uses. When taken as a
whole, these investigations provide light on the intricate interactions between magnetic fields, thermal
diffusion, and chemical processes in fluid systems, providing useful answers to problems in engineering
and industry. Every one of the above examples demonstrates how fluid flows are important in heat
and mass transfer and highlights the importance of both understanding and optimizing the processes
at work.

Examining the nanofluid is the driving force behind this project domain that is affected by ther-
mophoresis, Brownian motion, magnetic fields, and Casson fluid particles on an exponentially
expanding surface in three-dimensional orientations. This work is based on earlier research that has
been published. To study how the time, it takes for heat to relax affects the temperature of the
fluid, the thickness of the boundary layer, and the heat transfer coefficient, the Cattaneo Christov
heat flow effects are employed. While we were looking at the model, we made a list of all of its
physical qualities. This was done before we looked at the physical properties of the problem. We
made use of governing equations and essential principles to build the issue, which incorporates the
Cattaneo-Christov heat flow as well as the magnetohydrodynamic effects. The model’s fundamental
partial differential equations are extremely nonlinear and have been changed into a form that is
not dimensional by the use of similarity transformations. The Runge Kutta method along with
the shooting approach was used to achieve numerical resolution of the non-dimensional system
of equations that was produced as a consequence. We have conducted a visual exploration of the
impact that a variety of dimensionless components have on the flow field by making use of graphical
representations. For these physical parameters, for example, thus, we have quantitatively estimated and
presented the Nusselt number and skin friction factor.

2 Flow Governing Equations

In this paper, we investigate the three-dimensional flow behavior of an incompressible, viscous,
and electrically charged Casson-Nanofluid. The present investigation incorporates Brownian motion,
thermophoresis, nanofluid particles, a magnetic field, and porous media. A thorough examination
of the interplay between these factors is conducted to elucidate their cumulative impact on the fluid
flow characteristics. The physical configuration of the fluid flow for this inquiry is shown in Fig. 1.
Following established methodologies, the following key assumptions have been made to ensure the
validity and reliability of the research findings. These assumptions are based on a thorough review of
the existing literature and are deemed essential for the successful execution of this study.

(a) Thermal relaxation time effect is considered in an energy equation.

(b) Let us consider a system that is exposed to a homogeneous transverse magnetic field parallel
to the z-axis and with strength of Bo.

(c) The Magnetic Reynolds number is frequently deemed sufficiently diminutive. Consequently,
this justifies the omission of induced magnetic and electric fields from our analytical con-
siderations. This assumption is pivotal in simplifying the complex interactions within the
fluid, allowing for a more tractable examination of the magnetic field’s behavior under such
conditions.

(d) The convective boundary condition involves heating the sheet surface with an evenly heated
fluid (Tf) and a convective transfer of heat coefficient (hf) are all necessary components.

(e) Thermal radiation, the energy equation ignores Dufour, joule heating and viscous dissipation.

(f) The boundary conditions neglect the multiple slip effects.

(g) A magnetic field effect is included in the two momentum equations.
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(h) The values of energy and concentration are calculated with regard to the influence of ther-
mophoresis and Brownian motion, where appropriate.

(i) It is assumed that Soret and chemical reaction impacts are excluded in the concentration
formula and thus cannot be included in the analysis of the process.

(j) The effect of massive relaxation time is considered in the concentration equation.

(k) The border conditions account for the influence of the convective boundary condition.

(l) A non-Newtonian fluid’s rheological equation is as follows:

τ = τo + μα∗ (1)

Eq. (1) can be expanded for Casson fluid as:

τij =
{

2
(

μB + py√
2π

)
eij, π > πc & 2

(
μB + py√

2πc

)
eij, π < πc (2)

where π = eijeji with eij.

Figure 1: Physical representation of Casson-Nanofluid flow

In the realm of scientific inquiry, these equations serve as the cornerstone, providing a framework
for understanding and predicting the behavior of systems under investigation. The intricate interplay
between mass, momentum, energy, and nanoparticle concentration is encapsulated within these
equations, offering valuable insights into the complex dynamics that govern such systems. In the
context of the aforementioned premises, the fundamental equations governing mass conservation are
as follows:

Continuity equation:

∂u
∂x

+ ∂v
∂y

+ ∂w
∂z

= 0 (3)

Momentum equation:

u
(

∂u
∂x

)
+ v

(
∂u
∂y

)
+ w

(
∂u
∂z

)
= νf

(
1 + 1

β

) (
∂2u
∂z2

)
−

( νf

K∗

)
u −

(
σB2

o

ρf

)
u (4)

u
(

∂v
∂x

)
+ v

(
∂v
∂y

)
+ w

(
∂v
∂z

)
= νf

(
1 + 1

β

)(
∂2v
∂z2

)
−

( νf

K∗

)
v −

(
σB2

o

ρf

)
v (5)
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Equation of thermal energy:

u
(

∂T
∂x

)
+ v

(
∂T
∂y

)
+ w

(
∂T
∂z

)
= αf

(
∂2T
∂z2

)
+ τB

{
DB

(
∂T
∂z

) (
∂C
∂z

)
+ DT

T∞

(
∂T
∂z

)2
}

−ω1

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

u2
∂2T
∂x2

+ v2
∂2T
∂y2

+ w2
∂2T
∂z2

+
(

u
∂u
∂x

+ v
∂u
∂y

+ w
∂u
∂z

)
∂T
∂x(

u
∂v
∂x

+ v
∂v
∂y

+ w
∂v
∂z

)
∂T
∂y

+
(

u
∂w
∂x

+ v
∂w
∂y

+ w
∂w
∂z

)
∂T
∂z

+2uv
∂2T
∂x∂y

+ 2vw
∂2T
∂y∂z

+ 2uw
∂2T
∂x∂z

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

(6)

Equation of species concentration:

u
(

∂C
∂x

)
+ v

(
∂C
∂y

)
+ w

(
∂C
∂z

)
= DB

(
∂2C
∂z2

)
+ DT

T∞

(
∂T
∂z

)2

−ω2

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

u2
∂2C
∂x2

+ v2
∂2C
∂y2

+ w2
∂2C
∂z2

+
(

u
∂u
∂x

+ v
∂u
∂y

+ w
∂u
∂z

)
∂C
∂x(

u
∂v
∂x

+ v
∂v
∂y

+ w
∂v
∂z

)
∂C
∂y

+
(

u
∂w
∂x

+ v
∂w
∂y

+ w
∂w
∂z

)
∂C
∂z

+ 2uv
∂2C
∂x∂y

+ 2vw
∂2C
∂y∂z

+ 2uw
∂2C
∂x∂z

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

(7)

The flow’s boundary conditions are:

u = Uw = Uo exp
(

x + y
L

)
, v = Vw = Vo exp

(
x + y

L

)
, −κf

(
∂T
∂z

)
= hf

(
Tf − T

)
, C = Cw at z = 0

u → 0, v → 0, T → T∞, C → C∞as z → ∞

⎫⎪⎬
⎪⎭ (8)

Proposed similarity transformations are as follows:

u = Uo exp
(

x + y
L

)
f ′ (η) , v = Vo exp

(
x + y

L

)
g′ (η) , θ = T − T∞

Tf − T∞
, φ = C − C∞

Cw − C∞
,

w = −
√

νf Uo

2
exp

(
x + y

2L

)
{f (η) + ηf ′ (η) + g (η) + ηg′ (η)} , η =

(√
Uo

2νf L

)
exp

(
x + y

2L

)
z,

⎫⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎭

(9)

By Eq. (9), the above (4) to (7) equations are of the below form:(
1 + 1

β

)
f ′′′ − 2f ′2 + ff ′′ + gf ′′ − 2f ′g′ − Mf ′ − Kf ′ = 0 (10)(

1 + 1
β

)
g′′′ − 2g′2 − 2f ′g′ + fg′′ + gg′′ − Mg′ − Kg′ = 0 (11)

θ ′′ + Pr f θ ′ + Pr gθ ′ + Pr Nbθ ′φ ′ + Pr Ntθ ′2 − Pr Nbω
{
(f + g)

2
θ ′′ + (f + g) (f ′ + g′) θ ′} = 0 (12)

Nbφ ′′ + NbScf φ ′ + NbScgφ ′ + Ntθ ′′ − NbScδ
{
(f + g)

2
φ ′′ + (f + g) (f ′ + g′) φ ′} = 0 (13)
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The matching boundary conditions (6) transform into:

f (0) = g (0) = 0, g′ (0) = S, f ′ (0) = ϕ (0) = 1, θ ′ (0) = −Bi {1 − θ (0)}
f ′ (∞) → 0,
g′ (∞) → 0, θ (∞) → 0, ϕ (∞) → 0

⎫⎬
⎭ (14)

wherein the relevant physical characteristics are described as:

M = 2σB2
oL

ρf Uw

, K = 2νf L
K∗Uw

, S = Vo

Uo

, ε = exp
(

x + y
L

)
, Nb = τBDB (Cw − C∞)

νf

, Pr = νf

αf

,

Nt = τBDT

(
Tf − T∞

)
νf T∞

, Sc = νf

DB

, hf = ε

exp
(

x + y
2L

) , Bi = ε

κf

√
2νf L
Uo

,

⎫⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎭

(15)

The following are physically significant quantities:

Cfx = 2τwx

ρf U 2
w

⇒ Cfx

(√
Rex

2

)
= f ′′ (0) (16)

Cfy = 2τwy

ρf V 2
w

⇒
(√

Rey

2

)
Cfy = g′′ (0) (17)

Nux = xqw

κf

(
Tf − T∞

) = −
x

(
∂T
∂z

)
z=0

κf

(
Tf − T∞

) ⇒ Nux = − x
L

(√
Rex

2

)
θ ′ (0) (18)

Shx = xqm

DB (Cw − C∞)
= −

x
(

∂C
∂z

)
y=0

DB (Cw − C∞)
⇒ Shx = − x

L

(√
Rex

2

)
φ ′ (0) (19)

3 Methods

Because the governing equations have non-linear partial derivatives, the following practical
approach is employed: It has been used the Runge-Kutta method and the shooting technique method
to solve the problem. By employing these advanced techniques, experts can navigate complex mathe-
matical problems with precision and accuracy, ultimately leading to valuable insights and discoveries in
various fields of study. This approach produces more accurate outcomes when compared to alternative
numerical methods. To make partial differential equations easier to handle, similar transformations are
employed, ideally to make them ordinary differential equations. This mathematical technique enables
the reduction of complex, nonlinear systems to a set of simpler, linear equations, thereby facilitating
a more in-depth analysis of the underlying dynamics. Introducing additional variables into a higher-
order differential equation to convert it into a linear equation:

f1 = f , f2 = f ′, f3 = f ′′, f4 = g, f5 = g′, f6 = g′′, f7 = θ , f8 = θ ′, f9 = φ, f10 = φ ′} (20)
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The first order ODE that follows is obtained by transforming Eqs. (13)–(15):

f3 = f ′
2 , f ′

3 = 2f2
2 − f1f3 − f4f3 + 2f2f5 + Mf2 + Kf2(

1 + 1
β

)

f6 = f ′
5 , f ′

6 = 2f5
2 + 2f2f5 − f1f6 − f4f6 + Mf5 + Kf5(

1 + 1
β

) ,

f ′
8 = − Pr f1f8 − Pr f4f8 − Pr Nbf8f10 − Pr Ntf8

2 + Pr Nbω (f1 + f4) (f2 + f5) f8[
1 − Pr Nbω (f1 + f4)

2] ,

f ′
10 = −NbScf1f8 − NbScf4f10 − Ntf ′

8 + NbScδ (f1 + f4) (f2 + f5) f10

Nb
[
1 − Nbδ (f1 + f4)

2]

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(21)

The matching boundary conditions (14) are determined by using Eq. (20).

f1 (0) = 0, f4 (0) = 0, f2 (0) = 1, f5 (0) = S, f7 (0) = −Bi {1 − f7 (0)} , f9 (0) = 1

f2 (∞) → 0, f5 (∞) → 0, f7 (∞) → 0, f9 (∞) → 0

}
(22)

Graphical representations of approximate solutions were generated to demonstrate the physical
implications of non-dimensional parameters, and a MATLAB bvp4c solver was applied. An iteration
technique was used where the iteration was continued until a prespecified level of precision of 10−6 was
attained.

Program Code Validation
In order to evaluate the computer code, the results that were produced are compared and validated

with the existing literature, as shown by Nayak et al. [45] in Table 1. However, the influences of
Casson fluid and Cattaneo-Christov double diffusion are not taken into consideration. Using this
comparison and validation approach, we can ensure that our numerical findings exhibit a high degree
of consistency, which in turn highlights the correctness of our results.

Table 1: Validation of present skin-friction coefficient along x and y-directions results

M Skin-friction results along x Results of [45] Skin friction results along y Results of [45]

0.0 1.15527530273 1.163721 2.5385827105 2.587412
10.0 3.3560672320 3.377240 4.3581576015 4.378350
100.0 10.0025630238 10.076473 12.0458502732 12.076473

4 Results and Discussion

Using the same boundary conditions, the present mathematical model includes the Casson-
Nanofluid to investigate the impacts of Cattaneo-Christov double diffusion, convective boundary con-
ditions, magnetic fields, Brownian motion, porous media, and thermophoresis. Three main nonlinear
partial differential equations (PDEs) form this physics problem. The equations include concentration,
energy, and motion. A collection of partial and non-linear ordinary differential equations (ODEs) is
generated with similarity transformations. They are solved using the R-K technique in concert with the
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shooting approach to get precise answers considering the boundary conditions. We investigate many
factors and evaluate how they affect the results. One looks at these parts using tables and graphs. The
results of the study may be viewed in Table 1. Through Figs. 2 and 3, the changes of the magnetic
field parameter concerning the main profile and the velocity profile are presented, respectively. An
analogous resistive force to drag, the Lorentz force develops as M increases in magnitude. The Lorentz
force stops motion and stops velocity profiles. Figs. 4 and 5, respectively, show how the permeability
parameter affects the primary and secondary velocity patterns. Numerical results show an inverse
relationship between velocity profiles and porosity parameter K, a higher value for K results in a
lower velocity profile. This is because, as K increases, the momentum barrier layer becomes thinner
due to the simultaneous growth of the porous layer. Figs. 6 and 7 show how the primary and secondary
velocity patterns are affected.

Figure 2: Primary velocity profiles: M effect

Figure 3: M effect: secondary velocity profiles

Figure 4: K effect on primary velocity profiles
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Figure 5: Secondary velocity profiles: K effect

Figure 6: Primary velocity profiles: effect of β

Figure 7: Secondary velocity profiles: effect of β

Fig. 8, as a function of the Prandtl number, shows how the distribution of temperatures changes.
A higher Prandtl number is associated with a lower temperature field value and a thinner thermal
layer. When the thermal diffusivity drops with increasing Prandtl number, a weaker temperature
field and a smaller thermal layer are produced. Figs. 9 and 10 show how Nb affects the temperature
and concentration curves; in Fig. 9, low Nb can perhaps improve the temperature profiles. Fig. 9
shows these three processes, thermal boundary layer formation, and temperature increase. This rise is
attributed in part to a higher Brownian motion parameter, lower viscous force, and stronger Brownian
diffusion coefficient. Fig. 10 shows that concentration decreases concomitantly with increasing Nb.
Figs. 11 and 12 correspondingly contributes to the investigation of examination of the impact of
the thermophoresis parameter (Nt) on temperature and concentration profiles. Viewable below are
the following profiles. The heat diffusion coefficient and the viscous force are used to calculate the
thermophoresis parameter accurately. Given that viscous force and the thermophoresis parameter
Nt are inversely correlated, increasing Nt leads to a decrease in viscous force while concurrently
increasing the heat diffusion coefficient. This phenomenon causes higher temperature values and
higher nanoparticle density. The influence of the thermal relaxation time parameter is investigated
in Fig. 13 for the temperature distribution analysis. This result can be analyzed as if the Thermal
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Relaxation Time Parameter (ω) increases the temperature profiles decrease. The influence of the
mass relaxation time parameter (δ) on the temperature distributions can be inferred from Fig. 14.
The concentration profiles of the element are less sensitive when the parameter of mass relaxation
time is increased. It can also be seen from Fig. 15 that the thermal Biot number (Bi) has a straight
proportional with temperature distributions. The problem of the Thermal Biot number is referred
to in the analysis of the convection coefficient. Bi = 0 the results confirm the nonexistence of heat
transfer through the wall. With a higher Thermal Biot number (Bi > 0) the heat transfer rate has
altered, and the temperature distribution is higher. Temperature gradient in combination with mass
transfer is capable of transferring mass from a region with the least solute concentration to a region
with the highest solute concentration. Changes in the concentration distribution with the Schmidt
number (Sc) are presented in Fig. 16. Sc is the mass diffusivity to momentum diffusivity ratio where
Sc = ν/Dm. Determination of the relative momentum transfer and the mass by exploring the diffusion
inside the species’ concentration boundary layer is possible. As the Sc number increases it will lower
the mass diffusivity of the fluid and thus lower the variance of the profiles of concentration. Mass
diffusivity and the Schmidt number (Sc) show an inverse connection wherein higher Schmidt number
values match fewer concentration boundary layers. This results from the interplay of mass diffusivity
with Sc.

Figure 8: Pr effect: temperature profiles

Figure 9: Temperature profiles: effect of Nb

Figure 10: Concentration profiles: effect of Nb
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Figure 11: Temperature profiles: effect of Nt

Figure 12: Nt effect: concentration profiles

Figure 13: ω effect: temperature profiles

Figure 14: δ effect on concentration profiles

Figure 15: Bi effect on temperature profiles
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Figure 16: Sc effect on concentration profiles

Tables 2 and 3 show the correlation between skin-friction coefficients in x and y directions and
various parameters. A positive correlation is found with Thermophoresis, Brownian motion, stretching
ratio, and Biot number, while a decrease is observed with increasing values of mass relaxation time,
permeability, Casson fluid, Prandtl number, thermal relaxation time, and Schmidt number. Table 4
shows how to facilitate providing numerical values of a heat transfer coefficient that embraces a
wide variety of Biot numbers (Bi), Prandtl numbers (Pr), Brownian motion parameters (Nb), thermal
relaxation time parameters (ϋ), and Thermophoresis parameters (Nt), the Nusselt number was used.
With the increase in Biot number (Bi), It is also found that with the increase in thermophoresis
parameter (Nt) and Brownian motion parameter (Nb) the heat transfer coefficient will increase.
However, when Pr andϋ are large in magnitude, the opposite effect is obtained.

Table 2: Skin-friction coefficient values calculated against velocity profiles

M K β S Pr Nt Nb ω Bi Sc δ Cfx

0.3 0.2 0.1 0.5 0.71 0.5 0.3 0.5 5.0 0.22 0.5 3.6786691355
0.6 3.6480707627
0.9 3.6206671095

0.4 3.6520721408
0.6 3.6301856204

0.4 3.6399580285
0.7 3.6158928423

1.0 3.7015708276
1.5 3.7256062955

1.00 3.6419952925
3.00 3.6109872592

0.8 3.6935087287
1.0 3.7141438718

0.5 3.6845629875
0.7 3.7001598962

0.7 3.6510756075
0.9 3.6307652756

10.0 3.7058287523
15.0 3.7217658712

0.30 3.6399875628
0.78 3.6156812673

(Continued)
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Table 2 (continued)

M K β S Pr Nt Nb ω Bi Sc δ Cfx

0.8 3.6500585286
1.2 3.6316542694

Table 3: Skin-friction coefficient numerical values resulting from secondary velocity patterns

M K β S Pr Nt Nb ω Bi Sc δ Cfy

0.3 0.2 0.1 0.5 0.71 0.5 0.3 0.5 5.0 0.22 0.5 2.3865760271
0.6 2.3507458762
0.9 2.3356628781

0.4 2.3697607523
0.6 2.3490697981

0.4 2.3606961509
0.7 2.3408560722

1.0 2.4165750876
1.5 2.4408237602

1.00 2.3565608572
3.00 2.3345366648

0.8 2.4260686816
1.0 2.4456701605

0.5 2.4006650161
0.7 2.4261006526

0.7 2.3626456903
0.9 2.3454892582

10.0 2.4156019592
15.0 2.4325676128

0.30 2.3557608156
0.78 2.3264501525

0.8 2.3695661765
1.2 2.3410656250

As shown in Table 5, mass transfer coefficient densities for different values of Nb, Nt, Sc, and
δ about the parameters of Brownian motion, thermophoresis, mass relaxation time, and Schmidt
number. The mass transfer coefficient is a parameter of Brownian motion, and the mass relaxation time
parameter affects the heat transfer coefficient negatively, but the thermophoresis parameter enhances
the heat transfer coefficient.
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Table 4: The heat transfer coefficient’s numerical values resulting from temperature profiles

Pr Nt Nb ω Bi Nux

0.71 0.5 0.3 0.5 5.0 1.8969046523
1.00 1.8523545085
3.00 1.8376851483

0.8 1.9358072534
1.0 1.9568687623

0.5 1.9109768762
0.7 1.9397687023

0.7 1.8646576807
0.9 1.8467075792

10.0 1.9265067664
15.0 1.9476009626

Table 5: The mass transfer coefficient’s numerical values obtained from concentration profiles

Nt Nb Sc δ Shx

0.5 0.3 0.22 0.5 2.5670625209
0.8 2.6059263692
1.0 2.6359692515

0.5 2.5966529081
0.7 2.6265902523

0.30 2.5209686253
0.78 2.4912342325

0.8 2.5378681854
1.2 2.5140746732

5 Conclusions

In our recent research endeavor, we have meticulously tackled the analytical challenge of numer-
ically resolving the linear differential equations that govern the magneto-hydrodynamic Casson-
Nanofluid flow over a stretching sheet. By employing advanced mathematical techniques and leverag-
ing the expertise of our team, we have successfully navigated the complexities of this intricate problem,
ultimately contributing to the broader understanding of fluid dynamics in the context of nanofluids
and magnetic fields. The results of a magnetic field, thermophoresis, porous substrate, Brownian
motion, and Cattaneo Christov double diffusion are considered within this investigation. We study
the x- and y-dimensional velocity components, temperature and concentration profiles, the Runge-
Kutta method, and shooting approach, as a function of various parameters. Particularly, we examine
the effects of different values on the key parameters. This study yielded the following conclusions:

• The primary and secondary velocity patterns decrease as the Casson fluid, permeability, and
magnetic field parameters rise.
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• The concentration profiles diminish as the Schmidt number, with increasing mass relaxation
time and Brownian motion parameters, the trend moves in the opposite direction when the
thermophoresis parameter increases.

• The results derived from the present methodology are outstanding and consistent with the
conclusions in the absence of Casson fluid and double Cattaneo-Christov diffusion effects.
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