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In the current study, the behaviour of Casson nanofluid subjected to 
magnetohydrodynamic (MHD) flow across an inclined stretched sheet within a porous 
medium has been investigated numerically. The governing equations are transformed 
into ordinary differential equations with the corresponding boundary conditions by 
employing similarity transformations. The solutions of essential equations are achieved 
by using the 4th-order Runge-Kutta method combined with the shooting technique. The 
novelty and innovative contribution are showcased through illustrative graphs that 
scrutinize the effect of factors that impact the velocity, temperature, and concentration 
profiles within assorted flow scenarios. The primary focal points of the study 
encompass examining variations in magnetic field strength, angle of inclination, and 
suction intensity that affect the fluid's velocity moderation, while improved porosity 
and radiation parameters lead to a rise in fluid temperature. Higher Biot numbers 
correlate with an increase in fluid temperature. The implications of positive coefficients 
of heat transfer are crucial across various fields to ensure efficient thermal 
management ensuring optimal performance and longevity. The numerical data 
presented is aligned with earlier published results for comparison. Furthermore, the 
variations in skin friction, Nusselt, and Sherwood numbers driven by different 
parameters are displayed in tables to highlight significant modifications. 
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1. Introduction 
 

Research on the magnetohydrodynamic (MHD) flow of Casson nanofluid across an inclined 
stretching sheet has been applied in a wide array of sectors, including industrial operations, 
biomedical engineering, exploration of oil and gas, processing of materials, manufacturing, and 
environmental engineering. It offers insightful information on how complicated fluid-solid mixes 
behave when surface inclination and magnetic fields are coupled, which facilitates the creation of 
cutting-edge technologies and solutions to various technical problems. In their research, Choi et al., 
[1] proposed a novel class of heat transfer through dispersion of nanoparticles within conventional 
heat transfer fluids. Gupta U et al., [2] used blood as the basis fluid and studied the instability of 
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Casson binary nanofluids analytically and numerically. Upreti et al., [3] studied the characteristics of 
heat and mass transfer in 3D (three-dimensional) flow of Casson nanofluid comprising gyrotactic 
microorganisms over a Riga plate. In their work, Ibrahim et al., [4] examined the impact of slip and 
convective boundary conditions over heat transfer through MHD processes caused by Casson 
nanofluid flowing past a stretched sheet. Numerous investigators have delved into the intricacies of 
magnetohydrodynamics (MHD) fluid flows. Among them are Wan et al., [5], Khan Ansab et al., [6], 
Raghunath et al., [7], Mopuri et al., [8], Reddy Yanala et al., [9], Vishwanatha et al., [10], and 
Bejawada et al., [11] who have each contributed to this area with their respective research 
endeavours. Kodi R et al., [12] presented an in-depth analytical analysis of flow characteristics of 
Casson fluid, which include mass and heat transfer, in an unstable convective magnetohydrodynamic 
environment under the impact of chemical reactions and thermal diffusion. Gangadhar et al., [13] 
examined the existence of dual solutions in MHD flow of a Casson fluid interaction within a porous 
shrinking surface. Using the Casson model, Koka R et al., [14] investigated the MHD flow across a 
linearly stretching sheet in a porous media. Senapati et al., [15] explored by using the Casson fluid 
model how blood flows in narrow arteries. Malik et al., [16] analysed the heat transfer in a Casson 
nanofluid, flowing around an oriented cylinder. Tawade et al., [17] examined heat transfer on a linear 
stretching sheet to study the flow behaviour of a Casson nanofluid in a 2D (two-dimensional) 
boundary layer. Jamshed Wasim et al., [18], in their article, used the Tiwari-Das nanofluid model to 
delve into the magnetohydrodynamic (MHD) secretion of secondary fluid within an expanded region. 

Inclined stretching sheets are valuable experimental tools for exploring various aspects of fluid 
dynamics, including turbulent flows, heat transfer mechanisms; shear flow characteristics, boundary 
layer phenomena, and numerical validation. Their practical utility extends across disciplines such as 
physics, engineering, and environmental sciences, providing valuable insights into the fundamental 
principles governing fluid motion. Khan W.A et al., [19] numerical investigation into the laminar fluid 
flow phenomenon when a flat surface is stretched in a nanofluid. This study marks the pioneering 
exploration of on-sheet stretching in nanofluids. Unravelling the interplay between slip and 
transport, Usman M et al., [20] delved into how velocity and thermal variation at the interface 
influence Casson nanofluid's heat and mass transport phenomena flowing around an inclined 
permeable stretched cylinder. Bharathi et al., [21] explored the convection of transient states in 
MHD Casson fluid flow across an inclined layer considering the Dufour effects and heat suction or 
injection past porous media. Alabdulhadi et al., [22] investigated heat transfer and unstable thin-
film Al2O3 water nanofluid flow through an inclined stretching sheet with a buoyancy force effect. 
Also, Biswal et al., [23] emphasized the boundary layer stagnation-point flow in the direction of a 
nonlinearly inclined stretched sheet immersed in a porous medium using MHD. Barik et al., [24] 
investigated the magnetohydrodynamic (MHD) properties of an electrically conducting nanofluid 
passing by an inclined stretching sheet numerically. Rehman et al., [25] unveiled a mathematical 
model for the Casson fluid flow over an unstable stretched sheet under the influence of natural 
factors and heat transmission, including suction and injection phenomena. In their article, Mishra et 
al., [26] examined the MHD flow of viscous fluid travelling through a stretched surface vulnerable to 
induced magnetic field effects and heat radiation. Endalew et al., [27] explored mass transfer and 
thermal properties that influence the movement of an isotropic incompressible Casson fluid across 
an oscillating plate considering thermal and solutal boundary conditions.  

A porous medium is an element or component with interconnected empty spaces or pores that 
allow fluids such as gases or liquids to move through it. The physical characteristics of porous media, 
such as their pores' dimensions, shapes, and interconnections, significantly influence their overall 
behaviour, encompassing fluid dynamics and conveyance of heat and mass. The magnetic field plays 
a vital role in numerous science and technology domains. Its influence can affect the alignment and 
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conduct of magnetic particles, materials, or fluids. This alignment of magnetic fields in fluids has 
diverse and vital applications, managing and influencing fluid movement and conduct in various 
settings. This has far-reaching consequences in fluid dynamics, enabling the advancement of novel 
technologies for power generation, propulsion, and plasma regulation.  

Incorporating porous medium and magnetic fields into fluid dynamics models opens various 
applications such as Magnetic Drug Targeting, Enhanced Oil Recovery, Magnetic Filtration, Magnetic 
Cooling Systems, and Magnetohydrodynamics (MHD) Power Generation. These applications 
demonstrate the broad spectrum of disciplines where integrating porous media and magnetic fields 
can significantly advance technology, medicine, and environmental sustainability. Sarwar et al., [28] 
investigated the flow dynamics of Casson nanofluid with an inherent slip under an angled magnetic 
field and guided over a non-linear stretched sheet. Manvi et al., [29] provided a numerical 
investigation of Casson nanofluids flowing through porous materials on stretched magnetic surfaces. 
Panigrahi et al., [30] investigated the effects of an inclined magnetic field on the flow of Casson 
nanofluid over a stretched surface embedded in a saturated porous medium, focusing on impacts of 
variable heat source/sink and thermal radiation. In their study, Raza et al., [31] compared thermal 
properties of nanofluids subjected to an angled magnetic field, using kerosene oil and water base 
fluid as examples where the sloping surface caused the flow. Inside the framework of local thermal 
non-equilibrium (LTNE) circumstances, Koka R et al., [32] studied the behaviour of Casson nanofluid 
fluid over a stretching sheet, specifically focusing on the effects of porosity and an aligned magnetic 
field with the flow. Mahabaleshwar et al., [33] showcased axisymmetric stagnation flow of Casson 
nanofluid (consists of water with Fe3O4 nanoparticles) within a laminar boundary layer passing over 
a stretching plate subject to the influence of suction/injection and heat radiation. 

The complex interrelations involving the magnetic field, heat radiation, thermophoresis, and 
Brownian motion within a porous medium over an inclined stretching surface are contingent upon 
several factors, such as the intensity of the magnetic field, the properties of the fluid, and the 
composition of the porous medium. Understanding the effects of these interactions is crucial for 
enhancing processes and applications in scenarios where such flow conditions occur. The real-time 
applications include fluid dynamics, material processing, and environmental engineering. Suresh 
Kumar et al., [34] examined the behaviour of the Casson nanofluid in terms of flow, heat, and mass 
transfer via an exponentially extending surface considering the impacts of thermophoresis, 
Brownian motion, thermal radiation, activation energy, and Hall current. Noghrehabadi et al., [35] 
investigated the influence of slip effects on heat transfer and boundary layer flow over a stretched 
surface in the presence of nanoparticle fractions, and thermophoresis and Brownian motion are two 
dynamic processes considered in nanofluid modelling. Sekhar et al., [36] applied the Buongiorno 
model to study the thermal efficiency of Casson Nanofluid flow over an inclined stretched surface. 
Jayalakshmi et al., [37] delved into the characteristics of the 3D flow of a Sisko fluid over a 
bidirectional stretching surface in the presence of Lorentz force. Vyakaranam et al., [38] examined 
the effects of radiation with a synthetic response, as well as the relevance of thermophoresis 
dispersion and Brownian movement on MHD flow Casson nano liquid via a nonlinear slanted 
permeable extending surface. Roja et al., [39] in their study recorded thermal radiation and 
thermophoresis associated with a stable magnetohydrodynamic free convection stream of a 
micropolar liquid via an upright porous laminate. 

Nagaraja et al., [40] numerically analysed dusty nanofluid streams on a stretched sheet under 
thermal radiation, melting heat, and slip conditions. Odesola et al., [41] studied heat transfer of 
Casson-Carreau nanofluid flow across a stretched surface, analysing the influence of radiation, 
internal heat generation, and heat dissipation. Hayat et al., [42] conferred the boundary layer flow 
of a Casson fluid due to a stretched cylinder with heat radiation effects. Heat Transport in 2D MHD 
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Systems by Ramesh et al., [43] employs mathematical models of flow problems, such as heat 
absorption/generation and the Cattaneo-Christov heat diffusion theory, to articulate Casson fluid 
flow. Reddy Nalivela Nagi et al., [44] examined how porosity affects unsteady 
magnetohydrodynamics mixed convection heat and mass transfer flow at the stagnation point with 
radiation and viscous dissipation. In their study, Madhu et al., [45] examined continuous 2D MHD 
flow of Casson nanofluid over a wedge while accounting for thermophoresis and Brownian motion 
impacts. Pal et al., [46] conducted a computational analysis of the MHD boundary layer flow of 
Casson nanofluid over a vertically stretching surface, which featured non-linear stretching velocity 
and suction. They encompassed the effects of thermophoresis, Brownian motion, thermal radiation 
and Ohmic dissipation. Al-Mamun et al., [47] described a non-Newtonian fluid flow of the Casson 
type towards a stretched surface by mass conduction and heat, with the effects of thermophoresis 
and radiation absorption on the periodic hydromagnetic effect.  

Considering chemical reactions in fluid dynamics is critical for various applications, including 
combustion, chemical processing, environmental engineering, and biochemical processes. By 
incorporating these parameters into mathematical models, engineers and scientists can predict and 
optimize the behaviour of fluids when chemical reactions are involved. Ghadikolaei et al., [48] 
provided a numerical analysis and exploration of mixed convective MHD flow of Casson nanofluid 
through a stretching sheet with non-linear permeability with the effects of chemical processes and 
Joule heating by incorporating Buongiorno's model. With similar results, Rafique K et al., [49] also 
analysed the impacts of chemical reactions by employing the Buongiorno model. Bhandari et al., [50] 
examined the MHD flow behaviour of Casson nanofluid around a shrinking and stretching cylinder, 
emphasizing the effects of chemical reactions. Patil et al., [51] examined characteristics of a chemical 
reaction and MHD Prandtl nanofluid flow over a stretched sheet, focusing on convective boundary 
conditions. Jain et al., [52] analysed heat transfer dynamics of MHD Casson nanofluid flow over a 
non-linear stretching sheet by incorporating velocity and temperature slip boundary conditions 
within the framework of the chemical reaction. Kumar Vasa et al., [53] explored numerical solutions 
addressing the complexities of heat generation and chemical reaction within a saturated porous 
material involving a transverse magnetic field. Kumar et al., [54] investigated the Soret-Dufour 
phenomena influencing the behaviour of an unstable, viscous, and incompressible 
magnetohydrodynamic (MHD) flow, considering the effects of chemical reactions. 

The main aim of this study is to investigate how the interplay of heat and mass buoyancy forces, 
along with thermal slip, affects the dynamics of a steady, incompressible laminar flow of Casson 
nanofluid over an inclined stretching sheet embedded in a porous medium while considering the 
influence of magnetic fields. Additionally, the study examines the influences of heat generation, 
radiation, thermophoresis, Brownian motion, and other relevant parameters on the flow 
characteristics. 

The research delineates potential applications across industries that offer insights into the 
growth of polymer processing, drug delivery systems, solar collectors, and groundwater remediation 
processes, understanding the flow behaviour of complex fluids which is crucial for quality control 
and process optimization. 

The objective of this research lies in its extension of previous studies by incorporating magnetic 
field, porous medium, radiation, heat generation, and chemical reaction effects along with heat and 
mass buoyancy forces coupled with thermal slip into the governing equations. A comparison has 
been made with previous results to measure the assurance of achieving similar outcomes from the 
produced results. Figure 1 provides a visual description of flow geometry. 
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2. Mathematical Formulation 
 

Considering a 2D steady incompressible, laminar, magnetohydrodynamics (MHD) flow of a 
Casson nanofluid across an inclined permeable stretching sheet at an angle 𝛼(0 < 𝛼 <
90°) (inclined angle) from its vertical axis in a homogeneous porous medium. Figure 1, shows the 
physical model and coordinate system in which 𝑥-axis aligned along the inclined surface and the 𝑦 -
axis is placed normal to the surface, as shown in Figure 1. The flow is taken in the 𝑥-direction and 
restricted to 𝑦 > 0. The velocity at which the sheet is stretched is given by 

 
𝑢𝑤(𝑥) = 𝑎𝑥 
 
Where ′𝑎′ represents a stretching constant. The magnetic field 𝐵𝑜 is applied at a right angle to the 
𝑥 − axis and the entire fluid domain. 𝑣𝑤 signifies, blowing velocity at the wall.  
 

 
Fig. 1. Flow Geometry Alabdulhadi et al., [22] 

 
For the flow of a Casson fluid that is isotropic and incompressible, the rheological equation of 

state is provided as taken from a previous study by Yusof Nur et al., [55]. 
 

𝜏𝑖𝑗 = 

{
 
 

 
 2 (𝜇𝐵 +

𝑃𝑦

√2𝜋
) 𝑒𝑖𝑗, 𝜋 > 𝜋𝑐

2(𝜇𝐵 +
𝑃𝑦

√2𝜋𝑐
) 𝑒𝑖𝑗, 𝜋𝑐 > 𝜋

 

 

Here 𝜋 = 𝑒𝑖𝑗𝑒𝑖𝑗 is a rate of deformation multiplied by itself,  𝑒𝑖𝑗 is (𝑖, 𝑗)𝑡ℎ component of 

deformation rate, with itself, 𝜇𝐵 is non-Newtonian fluid’s plastic dynamic viscosity, 𝑃𝑦 is fluid's yield 

stress, and 𝜋𝑐 signifies critical value followed by a non-Newtonian model.  
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For  𝜋𝑐 > 𝜋, we get 𝜏𝑖𝑗 = 2𝜇𝐵 (1 +
1

𝛽
) 𝑒𝑖𝑗; where 𝛽 = 𝜇𝐵

√2𝜋𝑐

𝑃𝑦
 is Casson parameter. 

 
In the current study, the Casson nanofluid flow is altered by the effects of radiation, 

heat generation, chemical reactions and buoyancy on the velocity, temperature, and concentration 
profiles. A thermal slip is considered at the bounding surface and the fluid temperature. Also, 
chemically reactive diffusive species exhibit varying concentrations at the surface considered. 

The temperature of the fluid 𝑇 (K) and concentration 𝐶 at the stretching surface are represented 
as 𝑇𝑤 and 𝐶𝑤, respectively. The free stream temperature and free stream concentration are 
represented by 𝑇∞ (K) and 𝐶∞ respectively. 

Due to heat generation implications along chemical processes over an inclined stretching sheet 
inside boundary layer approximations, the governing equations for this problem are categorized into 
four sections: the equations for the conservation of mass, momentum, energy, and concentration 
are provided below as taken from previous studies by Tawade et al., [17], 

 

  
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                                                            (1) 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝜗 (1 +

1

𝛽
)
𝜕2𝑢

𝜕𝑦2
+ 𝑔𝛽𝑇(𝑇 − 𝑇∞) cos 𝛼 + 𝑔𝛽𝐶(𝐶 − 𝐶∞) cos 𝛼 −

𝜎𝐵𝑜
2

𝜌𝑓
𝑢 −

𝜗

𝐾∗∗
𝑢   (2) 

 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼∗

𝜕2𝑇

𝜕𝑦2
+ 𝜏 [𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞
(
𝜕𝑇

𝜕𝑦
)2] −

1

(𝜌𝑐)𝑓

𝜕𝑞𝑟

𝜕𝑦
+ 

𝑄

(𝜌𝑐)𝑝
(𝑇 − 𝑇∞)                    (3) 

 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= 𝐷𝐵

𝜕2𝐶

𝜕𝑦2
+

𝐷𝑇

𝑇∞

𝜕2𝑇

𝜕𝑦2
−𝐾0(𝐶 − 𝐶∞)                                                         (4) 

 
As radiative heat flux is considered much small than that of 𝑦-direction which is observed in 

thermal Eq. (3) for the term 
1

(𝜌𝑐)𝑓

𝜕𝑞𝑟

𝜕𝑦
. By using the Ross eland’s approximations, the radiative heat 

flux 𝑞𝑟 taken from the previous study by Roja et al., [39], Nagaraja et al., [40] is stated as 
 

𝑞𝑟 = −
4𝜎∗

3𝑘∗
𝜕𝑇4

𝜕𝑦
                                                                                                            (5) 

 
Here, 𝑞𝑟 is radiation term, 𝑘∗ signifies the coefficient of mean absorption and 𝜎∗ signifies the 

Stefan-Boltzmann constant. Since there is slight temperature variation inside the flow the term 𝑇4 
has been taken about 𝑇∞, using Taylor's series expansion and neglecting higher powers, we have 

 

𝑇4 ≅ 4(𝑇∞
3)𝑇 − 3(𝑇∞

4)                       (6) 
 

By incorporating Eq. (6) in Eq. (5), we write the term  
 
𝜕𝑞𝑟

𝜕𝑦
 = −

4𝜎∗𝑇∞
3

3𝑘∗
𝜕2𝑇

𝜕𝑦2
                              (7) 

 
Utilizing Eq. (7) in Eq. (3) which reduces to 
 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= (𝛼∗ +

16𝜎∗𝑇∞
3

3𝑘∗(𝜌𝑐)𝑓
)
𝜕2𝑇

𝜕𝑦2
+ 𝜏 [𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞
(
𝜕𝑇

𝜕𝑦
)
2

] +
𝑄

(𝜌𝑐)𝑓
(𝑇 − 𝑇∞)                           (8) 
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With the boundary conditions given by Biswal et al., [23]: 
 

𝑣 = 𝑣𝑤, 𝑢 = 𝑢𝑤(𝑥), −𝑘
𝜕𝑇

𝜕𝑦
= ℎ𝑓(𝑥)(𝑇𝑤 − 𝑇), 𝐶𝑤 = 𝐶∞ + 𝑏𝑥 𝑎𝑡 𝑦 = 0    

𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞, 𝑎𝑠 𝑦 → ∞     
}                  (9) 

 

Where, 𝛼∗ =
𝑘

(𝜌𝑐)𝑓
 denotes thermal diffusivity (m2s-1), 𝑘 denotes thermal conductivity (W m-1 K-1),  

𝜗 =
𝜇

𝜌𝑓
 represents kinematic viscosity (m2 s-1), 𝜇 is dynamic viscosity (Ns/ m2), 𝜌𝑓 is the density of the 

fluid (kg m-3), 𝐶𝑝 denotes heat capacity (J Kg-1 K-1), 𝜎 is denoted as electrical conductivity (sm-1), 𝛽 =

𝜇𝐵
√2𝜋𝑐

𝑃𝑦
 represents Casson fluid parameter, 𝑄 is heat generation coefficient, ℎ𝑓 represents heat 

transfer coefficient,  the expression 𝜏 =
(𝜌𝑐)𝑝

(𝜌𝑐)𝑓
 represents ratio of (𝜌𝑐)𝑝 thermal capacity of nano-

sized particles   (Kg/ m3 K) to the (𝜌𝑐)𝑓  thermal capacity of the base (J/ m3 K). 𝛽𝑇 represents 

coefficient of thermal expansion (1/K), 𝛽𝐶 represents coefficient of mass expansion of the fluid, 𝐷𝐵 
and 𝐷𝑇  are denoted as coefficients of Brownian motion and thermophoresis respectively, 𝐾0 is the 
coefficient of the chemical reaction and 𝑢 denotes velocity along 𝑥 -direction and 𝑣 represents the 
velocity along 𝑦 -direction is defined as; 
 

𝑢 =
𝜕𝜓

𝜕𝑦
 𝑎𝑛𝑑 𝑣 =  −

𝜕𝜓

𝜕𝑥
 

 

Where, 𝜓 = √𝑎𝜗𝑥𝑓(𝜂) denotes the stream function and 𝜂 = √
𝑎

𝜗
𝑦, denotes similarity variable. 

 
To simplify the mathematical analysis, we introduce the following similarity transformations:  
 

𝑢 = 𝑎𝑥𝑓′(𝜂) 𝑎𝑛𝑑 𝑣 =  −√𝑎𝜗𝑓(𝜂)

𝜃(𝜂) =
𝑇−𝑇∞

𝑇𝑤−𝑇∞
 𝑎𝑛𝑑 ∅(𝜂) =  

𝐶−𝐶∞

𝐶𝑤−𝐶∞

}                          (10)     

 
The governing Eq. (1) - Eq. (2), Eq. (4) and Eq. (8) are reduced into ordinary differential equations 

using similarity transformations from Eq. (10) as follows:   
 

(1 + 
1

𝛽
) 𝑓′′′ − 𝑓′2 + 𝑓𝑓′′ + 𝐺𝑟𝜃 cos 𝛼 + 𝐺𝑐∅ cos 𝛼 −𝑀𝑓

′ − 𝐾𝑓′ = 0                                            (11)   

                        

1

𝑃𝑟
(1 +

4

3
𝑅) 𝜃′′ + 𝑓𝜃′ + 𝑁𝑏𝜃′∅′ +𝑁𝑡𝜃′

2
+ 𝜆𝜃 = 0                                                                         (12)    

            

∅′′ + 𝐿𝑒𝑓∅′ +
𝑁𝑡

𝑁𝑏
𝜃′′ − 𝐿𝑒𝑆∅ = 0                                                          (13)                                                                                                                                                                            

 
The boundary conditions Eq. (9) are reduced to: 
 

𝑓(𝜂) =  𝑓𝑤, 𝑓
′(𝜂) = 1, 𝜃′(𝜂) = −𝐵𝑖(1 −   𝜃(𝜂)),   ∅( 𝜂) = 1 𝑎𝑡 𝜂 = 0 

 𝑓′( 𝜂) → 0, 𝜃(𝜂) → 0, ∅( 𝜂) → 0, 𝑎𝑠 𝜂 → ∞
}               (14)                        
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The non-dimensional parameters which are obtained in Eq. (11) through Eq. (14) are, 𝑓′( 𝜂) 
represents velocity profile, 𝜃( 𝜂) represents temperature profile, and ∅( 𝜂) represents the 

concentration profile. Governing parameters are 𝑓𝑤 = −
𝑣𝑤

√𝑎𝜗
, denote Suction parameter, 𝑀 =

𝜎𝐵𝑜
2

𝑎𝜌𝑓
, 

denote Magnetic parameter, 𝐾 =
𝜗

𝑎𝐾∗∗
, represent porosity parameter, 𝐺𝑟 =

𝑔𝛽𝑇(𝑇𝑤−𝑇∞)

𝑎2𝑥
 represents 

Grashof number, 𝐺𝑐 =
𝑔𝛽𝑐(𝐶𝑤−𝐶∞)

𝑎2𝑥
 modified Grashof number, 𝐵𝑖 represents Biot number,  𝑁𝑡 =

(𝜌𝑐)𝑝𝐷𝑇(𝑇𝑤− 𝑇∞)

(𝜌𝑐)𝑓𝜗𝑇∞
   Thermophoresis parameter, 𝑁𝑏 =

(𝜌𝑐)𝑝𝐷𝐵(𝐶𝑤− 𝐶∞)

(𝜌𝑐)𝑓𝜗
 Brownian motion parameter, 

𝑃𝑟 =
𝜗

𝛼∗
 Prandtl number, 𝑅 =

4𝜎∗𝑇∞
3

𝑘∗𝑘
, Radiation parameter, 𝐿𝑒 =

𝜗

𝐷𝐵
, Lewis number, 𝜆 =  

𝑄

𝑎(𝜌𝑐𝑝)𝑓
  

denote Heat Generation, and 𝑆 =
𝐾𝑜

𝑎
, Chemical reaction parameter. 

The subsequent equations provided below are utilized to determine the local skin friction, local 
Nusselt number, and local Sherwood numbers: 

 

𝐶𝑓 =
𝜏𝑤

𝜌𝑢𝑤
2 , 𝑁𝑢 =  

𝑥𝑞𝑤

𝑘(𝑇𝑤− 𝑇∞)
, 𝑆ℎ =

𝑥ℎ𝑚

𝐷𝐵(𝐶𝑤− 𝐶∞)
                                                                                         (15) 

 

𝜏𝑤 =  𝜌𝜗(𝑢𝑦)𝑦=0, 𝑞𝑤 = −𝑘(𝑇𝑦)𝑦=0, ℎ𝑚 = −𝐷𝐵 (∅𝑦)𝑦=0                                                          (16)  

 
By using the above equations, we have  
 

𝐶𝑓√𝑅𝑒 =  𝑓
′′(0),

𝑁𝑢

√𝑅𝑒 
= −𝜃′(0),

𝑆ℎ

√𝑅𝑒 
= −∅′(0)                                                                                    (17)    

 
Where, 𝑅𝑒, 𝑁𝑢, 𝑆ℎ and 𝐶𝑓 represent the Reynolds number, Nusselt number, Sherwood number and 

skin friction, respectively.  
 
3. Numerical Analysis 
 

The nonlinear Eq. (11) through Eq. (13) are resolved using the 4th-order Runge-Kutta method in 
conjunction with the shooting technique with appropriate boundary conditions Eq. (14), here are 
equations expressed as taken from a previous study by Koka R et al., [32]. Figure 2 shows Flow Chart 
for 4th-order Runge-Kutta method with shooting technique 

 

𝑓′′′ =
( −𝑓𝑓′′+𝑓′2−𝐺𝑟𝜃 cos𝛼−𝐺𝑐∅ cos𝛼+𝑀𝑓

′+𝐾𝑓′)

(1+ 
1

𝛽
)

                                                                               (18)        

                                        

 𝜃′′ = −𝑃𝑟
( 𝑓𝜃′ + Nb∅′𝜃′+Nt𝜃′2+𝜃𝜆)

(1 + 
4

3
𝑅)

                                                                                                                (19)     

 

∅′′ = −𝐿𝑒𝑓∅′ − 
Nt

Nb
𝜃′′ + 𝐿𝑒𝑆∅                     (20)    
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Fig. 2. Flow Chart for 4th-order Runge-Kutta method with shooting technique 

 
The shooting technique transforms the boundary value problem associated with an ordinary 

differential equation (ODE) into the corresponding initial value problem for the purpose of 
facilitating their solution.  

 
we now proceed by introducing new variables in the following manner: 
 
𝑓1 = 𝑓;  𝑓2 = 𝑓

′ ;   𝑓3 = 𝑓
′′ ;   𝑓4 =  𝜃 ;  𝑓5 = 𝜃

′ ;  𝑓6 =  ∅ ; 𝑓7 = ∅
′                           (21) 

 
From higher order nonlinear coupled differential equations and corresponding boundary 

conditions are derived from seven equations first ordered differential equations are formulated, 
along with corresponding boundary conditions. These differential equations are as follows: 

 
𝑓1
′ = 𝑓2
𝑓2
′ = 𝑓3

𝑓3
′ =

(−𝑓1𝑓3+ 𝑓2
2−𝐺𝑟𝜃 cos𝛼−𝐺𝑐∅cos𝛼+𝑀𝑓2+𝐾𝑓2 )

(1+ 
1

𝛽
)

𝑓4
′ = 𝑓5

𝑓5
′ = Pr

(−𝑓1𝑓5−𝑁𝑏𝑓5𝑓7−𝑁𝑡𝑓5
2−𝜆𝑓4) 

(1 + 
4

3
𝑅)

𝑓6
′ = 𝑓7

𝑓7
′ = −𝐿𝑒𝑓1𝑓7 + 

𝑁𝑡

𝑁𝑏
Pr

(−𝑓1𝑓5−𝑁𝑏𝑓5𝑓7−𝑁𝑡𝑓5
2−𝜆𝑓4)

(1 + 
4

3
𝑅)

+ 𝑆𝐿𝑒𝑓6
}
 
 
 
 
 

 
 
 
 
 

                                                                  (22)   

Final Solu on

Boundary value problem

If boundary residuals are
less than error tolerance

Ini al value problem

 ssign missing ini al
approximate values

Solve ini al value problem
with RK method

Calculate boundary residual

Ini al guesses are
modi ed by Newton s

Method

No

 es
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With the boundary conditions as: 
 
𝑓1(0) = 𝑓𝑤, 𝑓2(0) = 1, 𝑓5(0) = −𝐵𝑖(1 − 𝑓4(0)); 𝑓6(0) = 1,

𝑓2(∞) = 0,   𝑓4(∞) = 0, 𝑓6(∞) = 0 
}                            (23)   

 
For the effective application of the RK-4 (Runge-Kutta) method, a finite domain of 0 ≤ 𝜂 ≤ ∞ is 

essential. The exact values of relevant parameters determine the appropriate value for the present 
model. The RK technique and the shooting method are used to solve the set of ordinary differential 
equations that occurs when the convergence criterion is satisfied in this case, 𝜂∞ ≤ 10. This 
numerical method has the advantage of handling intricate equation systems and providing insights 
into fluid flow behaviour that may be challenging to get using analytical methods. This technique 
helps get the intended result within the constraints. Subsequently, the entire procedure is iterated 
until the predetermined target outcomes are set at 10−6. 

 
4. Results and Discussion 
 

Analysing the movement of a steady, laminar, incompressible Casson nanofluid over an inclined 
stretching sheet in the presence of a magnetic field while accounting for radiative, heat generation, 
and chemical reaction effects is the focus of current research. The ordinary differential equations 
(ODEs) resulting from the nonlinear flow simulation are then analytically analysed by means of the 
Runge-Kutta 4th order with a shooting approach. Parametric analysis was carried out for a physical 
comprehension of matter, and the geometric findings that were made are shown graphically. The 
mathematical model for the profiles of velocity, temperature, and concentration is found for various 
parametric values. 

Recent findings were compared with published literature to verify their veracity. Table 1 
summarises the current study's findings, which are in line with observations for local Sherwood and 
local Nusselt numbers with 𝑁𝑡 thermophoresis parameter and 𝑁𝑏 Brownian motion parameter for 
𝐿𝑒 =  𝑃𝑟 =  10 made by Noghrehabadi et al., [35] and Barik et al., [24]. 

           
 Table 1  
Comparison results for local Sherwood and Nusselt numbers for 𝑃𝑟 = 𝐿𝑒 = 10 
  Noghrehaba

di et al., [35] 
Barik    
et al., [24] 

Current 
finding 

Noghrehaba
di et al., [35] 

Barik  
et al., [24] 

Current 
finding 

𝑁𝑡 𝑁𝑏 −𝜃′(0) −𝜃′(0) −𝜃′(0) −∅′(0) −∅′(0) −∅′(0) 
0.1 0.1 0.9523768 0.9526 0.9529437 2.1293938 2.131 2.1359134 

0.2 0.1 0.6931743 0.6932 0.6932690 2.2740215 2.277 2.2737061 
0.3 0.1 0.5200790 0.5200 0.5205826 2.5286382 2.532 2.5284642 

0.4 0.1 0.4025808 0.4024 0.4021643 2.7951701 2.799 2.7962418 
0.5 0.1 0.3210543 0.3209 0.3214390 3.0351425 3.040 3.0341927 

0.1 0.2 0.5055814 0.5053 0.5055867 2.3818706 2.384 2.3807152 
0.1 0.3 0.2521560 0.2517 0.2528614 2.4100188 2.412 2.4164159 

0.1 0.4 0.1194059 0.1189 0.1181128 2.3996502 2.402 2.4100129 

0.1 0.5 0.0542534 0.0539 0.0553448 2.3835712 2.385 2.3902903 
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Table 2  
Results for different dimensionless parameter values pertaining to local skin 
friction, Local Nusselt number, and Local Sherwood number 
𝛽 𝑀 𝑃𝑟 𝐾 𝐿𝑒 𝜆 𝑅 S 𝑓′′(0) −𝜃′(0) −∅′(0) 

0        −0.1666712 0.8504946 3.0552525 

0.5        −0.9497971 0.8224030 3.0124734 

1        −1.2052061 0.8153489 2.9996662 

 0       −0.6814861 0.8311206 2.0264579 

 0.5       −0.7703924 0.8281526 2.0217955 

 1       −0.84979702 0.8255752 2.0355999 

  0.71      −0.46777287 0.8391137 2.0381876 

  3      −0.47522373 0.9392045 2.0128781 

  7.5      −0.47630447 0.9674525 1.9995890 

   0     −0.41602855 0.8409829 1.0264579 

   0.5     −0.46777288 0.8391137 1.0217955 

   1     −0.51514115 0.8373968 1.0176837 

    10    −0.46777288 0.8391137 1.0217955 

    20    −0.47006312 0.8390186 2.1310723 

    30    −0.47091202 0.8389856 3.1699871 

     0.1   −0.46777288 0.0839113 2.0381876 

     0.3   −0.46581806 0.0816243 2.0432004 

     0.5   −0.46249072 0.0778361 2.0511891 

      4  −0.45686253 0.0737620 2.0551602 

      6  −0.45348427 0.0709024 2.0598759 

      8  −0.45140009 0.0691776 2.0627694 

       0.3 −0.46777288 0.0839113 2.0381876 

       0.5 −0.46784894 0.0839110 2.1984586 

       1 −0.46801611 0.0839102 2.5811289 

 

Figure 3 demonstrates 𝑓′(𝜂) velocity profile decreases as values of 𝛽 Casson fluid parameter 
increase. The Casson fluid exhibits significant variations in plastic dynamic viscosity as 𝛽 increases, 
which in turn significantly affects yield stress. 
 

 
Fig. 3. Effects of 𝛽 on velocity profile 𝑓′(𝜂) for  𝑓𝑤 = 0.5, 𝑃𝑟 =
0.71, 𝐿𝑒 = 10,  𝑁𝑡 = 𝑁𝑏 = 0.5 values 
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The temperature within the boundary layer 𝜃(𝜂) improvised by a change in the Casson fluid 
parameter 𝛽 in Figure 4, which results in a drop in yield stress. Physically, this happened due to 
interactions and enhanced molecular mobility, which rise 𝛽 values and ultimately increase the pace 
at which fluid temperature rises. The temperature boundary layer thickens as a result. The influence 
of α inclined angle on the velocity profiles are shown in Figure 5. 
 

 
Fig. 4. Effects of 𝛽 on temperature profile 𝜃(𝜂) for 𝑓𝑤 =
0.5, 𝑃𝑟 = 0.71, 𝐿𝑒 = 10,  𝑁𝑡 = 𝑁𝑏 = 0.5 values 
 

 
Fig. 5. Effects of 𝛼 on velocity profile 𝑓′(𝜂) for  𝑓𝑤 = 0.5, 𝑃𝑟 =
0.71, 𝐿𝑒 = 10,𝑁𝑡 = 𝑁𝑏 = 0.5 values 

 
The influence of 𝛼 inclined angle on the temperature and velocity profiles are shown in Figure 6 

and Figure 7. It shows that an increase in 𝛼 improves 𝜃(𝜂) temperature profile, it also slows down 
fluid velocity and reduces 𝑓′(𝜂) velocity profile. This phenomenon occurs because of a greater 
inclination angle, which lowers buoyancy forces and raises fluid temperature by lowering fluid 
velocity taken from a previous study by Biswal et al., [23]. 
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Fig. 6. Effects of 𝛼 on temperature profile 𝜃(𝜂) for  𝑓𝑤 = 0.5, 𝑃𝑟 =
0.71, 𝐿𝑒 = 1,𝑁𝑡 = 𝑁𝑏 = 0.5 values 
 

 
Fig. 7. Effects of 𝑓𝑤 on velocity profile 𝑓′(𝜂) for 𝑃𝑟 = 6, 𝐿𝑒 =
1,𝑁𝑡 = 𝑁𝑏 = 0.5, 𝛽 = 5 values 

 
Figure 7 illustrates how the 𝑓𝑤 suction/injection parameter affects  𝑓′(𝜂) velocity profile and the 

thickness of the velocity boundary layer that causes the velocity to slow down. Furthermore, because 
of yield stress, a rise in fluid viscosity seems to reduce velocity boundary layer thickness. An 𝑓𝑤 
suction/injection parameter increases, a corresponding rise in the 𝜃(𝜂) temperature profile within 
thermal boundary layer is depicted in Figure 8. This implies temperature distribution is positively 
impacted by a rise in the suction parameter. 
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Fig. 8. Variation of 𝑓𝑤 on temperature profile  𝜃(𝜂) for 𝑃𝑟 =
0.71, 𝐿𝑒 = 10,𝑁𝑡 = 𝑁𝑏 = 0.5, 𝛽 = 5 values 

 
Figure 9 represents the influence of 𝑀 magnetic parameter on 𝑓′(𝜂) velocity profile. An 

increasing 𝑀 results in a reduced dimensionless velocity field. This phenomenon occurs because as 
electromagnetic force strengthens, it impedes the movement of fluid particles, leading to a decrease 
in the velocity field taken from a previous study by Alhadhrami et al., [56]. 

 

 
Fig. 9. Variation of 𝑀 on velocity profile  𝑓′(𝜂) for 𝑃𝑟 = 0.71, 𝐿𝑒 =
10,𝑁𝑡 = 𝑁𝑏 0.5, 𝛽 = 5 values 

 
Figure 10 displays the impacts of 𝑀magnetic parameter on 𝜃(𝜂) temperature profile, showing 

that the values of 𝑀 increase, the thermal layer’s thickness also grows. Elevated magnetic parameter 
values correspond to a greater resistive Lorentz force, which amplifies the kinetic energy generated 
by diffusion processes. Consequently, the temperature field experiences warming. 
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Fig. 10. Variation of 𝑀 on temperature profile  𝜃(𝜂) for 𝑃𝑟 =
0.71, 𝐿𝑒 = 10,𝑁𝑡 = 𝑁𝑏 = 0.5, 𝛽 = 0.5 values 

 
Figure 11 shows the velocity profile 𝑓′(𝜂) across various values of porosity parameter 𝐾, with 

keeping all other factors constant. It is found that higher values of 𝐾 associated with enhanced 
velocity and a thicker boundary layer. This phenomenon demonstrates that as 𝐾 values rise, 
resistance within porous media diminishes, which, in turn, supports the acceleration of the flow 
regime's momentum and consequently improves the velocity field. 𝐾 porosity parameter is 
stimulated on 𝜃(𝜂) temperature profile as depicted in Figure 12. As 𝐾 increases, there is a 
corresponding increase in the temperature of the fluid. The liquid's viscosity increases with an 
increase in 𝐾, and as a result, its velocity decreases as it travels past surfaces with higher regulation. 
This supports the hypothesis from a prior work by Alhadhrami et al., [56] that greater stress is 
created as 𝐾 increases, thickening the thermal boundary layer. 

 

 
Fig. 11. Effects of 𝐾 on velocity profile  𝑓′(𝜂) for 𝑃𝑟 = 10, 𝐿𝑒 =
10,𝑁𝑡 = 𝑁𝑏 = 0.5, 𝛽 = 0.5 values 
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Fig. 12. Effects of  𝐾 on temperature profile  𝜃(𝜂) for 𝑃𝑟 = 0.71, 𝐿𝑒 =
10,𝑁𝑡 = 𝑁𝑏 = 0.5, 𝛽 = 0.5 values 
 

 
Fig. 13. Effects of 𝐵𝑖 on velocity profile 𝑓′(𝜂) for 𝑃𝑟 = 10, 𝐿𝑒 = 10 
values 

 

 
Fig. 14. Effects of 𝐵𝑖 on temperature profile 𝜃(𝜂) for 𝑃𝑟 =
10, 𝐿𝑒 = 10 values 
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Figure 13 reveals that an increment in 𝐵𝑖 Biot number increases the velocity profile 𝑓′(𝜂). 
When 𝐵𝑖 >  0, it indicates that convective heat transfer prevails at the surface, defining Newtonian 
cooling processes where the heat transfer rate is directly linked with the temperature difference 
between the surfaces and surrounding fluid, potentially causing an increase in fluid velocity. Figure 
14 shows the temperature distribution for 𝐵𝑖 >  0. Heat transfers from the solid surface to the fluid, 
and thus, an increase in 𝐵𝑖 Biot number results in elevated temperature within the fluid layer. 
Additionally, it is noted that when the 𝐵𝑖 Biot number is high; the surface temperature is significantly 
low owing to the low conductivity of the solid surface results observed by Biswal et al., [23].  

The impact of the 𝐺𝑟 Grashof number can be observed in Figure 15 & Figure 16, which display 
velocity 𝑓′(𝜂) and 𝜃(𝜂) temperature profiles obtained from numerical simulations for different 
Grashof number values. As the Grashof number increases, buoyancy forces intensify accelerating the 
flow. Consequently, within boundary layer, the velocity rises, as depicted in Figure 15. On the 
contrary, due to the cooling surface assumption, the temperature profile diminishes with increasing 
𝐺𝑟 Grashof numbers as shown in Figure 16. This outcome results in a thinner thermal boundary layer, 
aligning with expectations taken from a previous study by Yusof Zanariah et al., [58]. 

 

 
Fig. 15. Effects of 𝐺𝑟 on velocity profile  𝑓′(𝜂) for 𝑃𝑟 = 𝐿𝑒 = 10 
values 

 

 
Fig. 16. Effects of 𝐺𝑟 on temperature profile  𝜃(𝜂) for 𝑃𝑟 = 𝐿𝑒 =
10 values 
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The impact of parameters in Figure 17, Figure 18, and Figure 19 depict thermophoresis 𝑁𝑡 and 
Brownian motion 𝑁𝑏 for various values of 𝑃𝑟 and 𝐿𝑒. The objective is to align the temperature profile 
𝜃(𝜂) closely within the fluid’s characteristics. The thickness of the thermal boundary layer indicates 
that the fluid’s temperature increases with an increase 𝑁𝑏 and 𝑁𝑡. 

 

 
Fig. 17. Effects of 𝑁𝑡 & 𝑁𝑏 on temperature profile  𝜃(𝜂) 
for 𝑃𝑟 = 𝐿𝑒 = 10 values 

 

 
Fig. 18. Effects of 𝑁𝑏 on temperature profile  𝜃(𝜂) for 
𝑁𝑡 = 0.1, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 
The influence of 𝜃(𝜂) temperature profile for specific values of parameters 𝑁𝑡 and 𝑁𝑏 is affected 

by the Prandtl number 𝑃𝑟 which correlates fluid’s momentum transport and thermal transport 
properties, and the Lewis number 𝐿𝑒 associating the fluid’s mass diffusion and thermal conductivity, 
as shown in Figure 20 and Figure 21. Consequently, decreasing 𝜃(𝜂) temperature profile and 
elevating the 𝑃𝑟 and 𝐿𝑒  numbers leads to a decrease in the thickness of the boundary layer of the 
fluid. With a gradual rise in these parameters the temperature drops, enabling the fluid to discharge 
heat into the surrounding air. 
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Fig. 19. Effects of 𝑁𝑡 on temperature profile  𝜃(𝜂) for 𝑁𝑏 =
0.1, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 

 
Fig. 20. Effects of 𝑃𝑟 & 𝐿𝑒 on temperature profile 𝜃(𝜂) for 
𝑁𝑡 = 𝑁𝑏 = 0.5 values 
 

 
Fig. 21. Effects of 𝑃𝑟 on temperature profile  𝜃(𝜂) for 𝑁𝑡 =
𝑁𝑏 = 0.1, 𝐿𝑒 = 10 values 
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Figure 22, Figure 23, and Figure 24 illustrate the impacts of 𝑁𝑏, 𝐿𝑒, and 𝑁𝑡 on concentration 
profile ∅(𝜂) of the chosen parameter values. These effects lead to an increased thickness of the 
concentration boundary layer for nanofluids. Contrary behaviour is noted in the boundary layer of 
nanofluid concentration regarding Brownian motion. It demonstrates that while the local Sherwood 
number exhibits a reversal trend, both coefficients exhibit an increase with higher volume 
percentages of nanoparticles. As 𝑁𝑏 values rise, concentration consequently falls. The observation 
shows that as chosen parameter values increase, 𝑁𝑡 will determine the increasing concentration of 
nanofluids. 

 

 
Fig. 22. Effects of 𝑁𝑏 on concentration profile  ∅(𝜂) for 𝑁𝑡 =
0.1, 𝐿𝑒 = 𝑃𝑟 = 10 values 
 

 
Fig. 23. Effects of 𝐿𝑒 on concentration profile  ∅(𝜂) for 𝑁𝑏 = 𝑁𝑡 =
0.1, 𝑃𝑟 = 10 values 

 
For different values of the heat production parameter 𝜆, Figure 25 displays 𝜃(𝜂) temperature 

distribution. In this case, 𝜆 is considered nonnegative. Results show that temperature distribution is 
minimised for small magnitudes of 𝜆, but occurs at maximum temperature distribution 𝜃(𝜂)for 
greater magnitude of 𝜆. An event of heat production can physically heat the non-Newtonian Casson 
fluid inside thermal boundary layer. 
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Fig. 24. Effects of 𝑁𝑡 on concentration profile  ∅(𝜂) for 𝑁𝑏 =
0.1, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 

 
Fig. 25. Variation of 𝜆 on temperature profile  𝜃(𝜂) for 𝑁𝑡 =
𝑁𝑏 = 0.5, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 
Figure 26 illustrates how a decrease in the heat source parameter 𝜆 increases mass diffusion 

while a rise in the value improves concentration diffusion. Hsiao et al., [57] reported similar results 
in the literature. 

The effects of chemical reaction parameter 𝑆 on ∅(𝜂) concentration profile displayed in Figure 
27. An increase in 𝑆 signifies, leading to a reduction in the concentration profile ∅(𝜂). Elevated 
values of the chemical reaction parameter 𝑆 are directly associated with a thinner concentration 
boundary layer, corroborated by earlier research conducted by Mummadisetty Umamaheswar et al., 
[59]. 
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Fig. 26. Effects of 𝜆 on concentration profile ∅(𝜂) for 𝑁𝑡 = 𝑁𝑏 =
0.5, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 

 
Fig. 27. Effects of 𝑆 on concentration profile  ∅(𝜂) for 𝑁𝑡 = 𝑁𝑏 =
0.1, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 

The impact of 𝑅 radiation parameter on 𝜃(𝜂) temperature profile as shown in Figure 28. The 
graph illustrates how fluid temperature increases as 𝑅 increases, as observed in previous work by 
Barik et al., [24]. This phenomenon arises from the decrease in the mean absorption coefficient 𝑘∗ 
at larger values of 𝑅, causing a divergence in the radiative heat flux. Consequently, the radiation 
parameter persistently emits thermal energy into the flow zone, elevating the temperature of the 
nanofluid.  
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Fig. 28. Effects of 𝑅 on temperature profile  𝜃(𝜂) for 𝑁𝑡 = 𝑁𝑏 =
0.5, 𝑃𝑟 = 𝐿𝑒 = 10 values 

 
Figure 29 depicts how the concentration profile ∅(𝜂) responds to changes in radiation 

parameter 𝑅. The graph indicates an increase in radiation parameter 𝑅 leads to a decline in 
concentration rate, leading to thinning of species boundary layer observed by Barik et al., [24]. Figure 
30 and Figure 31 depict the impacts of 𝑁𝑏 Brownian motion parameters on the rates of heat and 
concentration. As Brownian motion increases, the rate of heat reduction diminishes, while the 
concentration rate responds by increasing. 

 

 
Fig. 29. Effects of 𝑅 on concentration profile  ∅(𝜂) for 𝑁𝑡 = 𝑁𝑏 =
0.5, 𝑃𝑟 = 𝐿𝑒 = 10 values 
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Fig. 30. Effects of 𝑁𝑏 on Nusselt number for various 𝑁𝑡 values   

 

 
Fig. 31. Effects of 𝑁𝑏 on Sherwood number for various 𝑁𝑡 values   

 
Heat transmission and concentration are influenced by the thermophoresis parameter 𝑁𝑡, as 

seen in Figure 32 and Figure 33. As thermophoresis intensifies, the rate of heat transfer diminishes, 
while the concentration rate exhibits an inverse trend. 
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Fig. 32. Effects of 𝑁𝑡 on Nusselt number for various 𝑁𝑏 values   

 

 
Fig. 33. Effects of 𝑁𝑡 on Sherwood number for various 𝑁𝑏 values   

 
5. Conclusion 
 

The research examines the impacts of heat generation, thermal radiation, and chemical reaction 
on the MHD flow of a Casson nanofluid across an inclined linearly stretched sheet within a 
homogeneous porous material, all while subjected to a magnetic field through numerical analysis. 
Graphical representations are utilized to demonstrate the effects of various crucial non dimensional 
parameters on temperature, concentration, and velocity profiles across a spectrum of physical 
conditions. When comparing our results to data that has been published, we found a significant level 
of agreement. The summary of key findings:  
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i. As 𝛽 Casson parameter and 𝑀 magnetic parameter values increase, there is a decrease in 
velocity. In contrast, both the concentration and heat transfer experience witness a 
concurrent rise. 

ii. With an increase in porosity parameter 𝐾, a decline in the velocity profile is observed. 
Moreover, a higher 𝐾 value leads to a significant thickening of the thermal boundary layer. 

iii. The concentration profile ∅(𝜂) experiences evident enhancement with rising values of 
Prandtl number 𝑃𝑟, Lewis number 𝐿𝑒. 

iv. With increasing values of the angle of inclination 𝛼, which reduces buoyancy forces and 
elevates fluid temperature by decreasing fluid velocity. 

v. An increasing Grashof number 𝐺𝑟 effects the velocity and temperature profiles by regulating 
the balance between buoyancy and viscous forces as we observe enhanced temperature-
reducing fluid motion.  

vi. As the rate of heat generation parameter 𝜆 is enhanced, the temperature tends to rise while 
the concentration tends to decrease simultaneously. 

vii. As 𝑅 radiation parameter increases, both temperature and thermal boundary layer elevate, 
while concentration profile declines. 

viii. Elevated chemical reaction parameter 𝑆 results in an improved mass transfer rate. 
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