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Abstract  

This study explores the dynamics of a Casson nanofluid flowing past an elongated sheet in the presence 

of chemical reactivity and thermal conductivity. The investigation employs partial differential 

equations (PDEs) to model the fluid flow, which are subsequently transformed into a system of 

ordinary differential equations. The numerical resolution of these modified equations is accomplished 

using the Runge-Kutta method in combination with shooting techniques. This can be attributed to the 

interplay between electrical conductivity (σ) and the magnitude of the magnetic force, resulting in an 

electromagnetic force that counteracts fluid motion. Consequently, an increase in the parameter Gm 

corresponds to a rise in mass buoyancy force, leading to a wider distribution of velocity. The study also 

highlights the effects of variable thermal conductivity and diffusion coefficient on temperature and 

concentration contours, respectively. 

Introduction  

Recent interest from prominent scholars has been drawn towards the significance of non-Newtonian 

fluid boundary layer flow in various industrial applications. These fluids are governed by intricate 

rheological equations, presenting substantial challenges for engineers and scientists seeking solutions. 

Among the array of non-Newtonian fluids, Casson fluid (visco-inelastic) has garnered particular 

attention due to its distinctive properties. Casson fluid is categorized as visco-inelastic, exhibiting a 

yield stress akin to blood, which underscores its non-Newtonian behavior. This distinct attribute plays 

a pivotal role in a range of applications, spanning from food and polymer processing to other industrial 

domains. Noteworthy contributions in this field include Mahanta and Shaw's three-dimensional 

analysis [1] of Casson fluid flow over a penetrable linearly stretching sheet, Kataria and Patel's 

investigation [2] into Casson fluid motion involving heat radiation and chemical reactions across an 

oscillating vertical lamina, and Ramana Reddy et al.'s study [3] on Casson and Maxwell fluids under the 

influence of non-uniform cross diffusion and heat source/sink. Furthermore, [4] recently delved into 

the dynamics of Casson fluid motion through a penetrable channel, while Idowu and Falodun [5] 

focused on the simultaneous flow of fluids with variable thermal conductivity and viscosity, 

exemplified by Casson and Walters-B fluids. In essence, these studies collectively underscore the 

intricate nature of non-Newtonian fluid dynamics, particularly within the context of Casson fluids, and 

shed light on their multifaceted applications in diverse industrial scenarios [6-8]. 

This study focuses on the outcomes arising from the influence of electromagnetic wave-induced 

radiation on the unsteady transport of heat and mass in a Casson fluid. The fluid exhibits persistent 

viscosity and encompasses factors such as viscous dissipation, magnetic field effects, and buoyancy 

forces. A comprehensive review of the existing literature reveals limited research attention devoted to 

this specific problem [9]. The combined effects of electromagnetic radiation and viscous dispersion 

hold significant implications in industrial engineering, ranging from applications in isotope separation 

and heat exchangers to petroleum reservoir management [10]. It is precisely these practical 

applications that underscore the importance and necessity of conducting this study. 
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Mathematical formulation 

Contemplate an inclined and elongated porous sheet, permeable in nature, which hosts an inherently 

unstable two-dimensional laminar boundary layer. Within this boundary layer, the motion is 

characterized by a viscous incompressible MHD Casson fluid. The sheet itself possesses elastic 

properties and contains perforations [11]. Additionally, the presence and distribution of chemical 

species are taken into account, revealing a scenario where heat is consistently imparted to the Casson 

nanofluid by these elements. 

   

Figure 1: Physical geometry of the problem 

The mathematical form for casson fluid is 
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where time is symbolized by t, whilst velocity components in the x-y plane are denoted by u and v 

and β is Casson fluid parameter. 

The vitality condition (4) can be reduced by employing the Rosseland dispersion approach for the 

radiative flux as [12]: 
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The skin-friction coefficient, Nusselt number (Nu), and Sherwood number (Sh) are the three basic 

physical characteristics that are taken into account: 

 

 

 

Numerical solution of the problem 

For this, (12),(14) have been reduced to a system of seven initial problems of the first order of seven 

unknowns following the supposition in: 
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Results  

This investigation scrutinized the influence of heat and mass transfer on the dynamics of MHD Casson 

nanofluid with varying properties. The transformed equations (12)-(14), along with their 

corresponding boundary conditions as outlined in Equation (15), were mathematically solved 

employing a combination of Runge-Kutta methods and shooting techniques. 

  

Figure 2: velocity profiles for different values of Casson parameter  

  

Figure 3: velocity profiles for different values of Unsteadiness parameter 

 

Conclusion  
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(i) Elevating the visco-inelastic parameter to a significant level result in the degradation of the 

velocity profile. 

(ii) The development of the Lorentz force arises from the application of an attractive magnetic field. 

This force gains strength as the magnetic specification increases, giving rise to the emergence of an 

electromagnetic force. 

(iii) Increasing the unsteadiness parameter (A) leads to the deterioration of velocity, temperature, 

and concentration distributions. 

(iv) Amplifying the thermal radiation variable leads to an augmentation in the fluid's thermal state, 

subsequently enhancing the temperature contour. 
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