
 

ENHANCED KNOWLEDGE IN SCIENCES AND 
TECHNOLOGY 
e-ISSN: 2773-6385 
 
 

EKST 

Vol. 4 No. 2 (2024) 148-154 
https://publisher.uthm.edu.my/periodicals/index.php/ekst 

   
 

This is an open access article under the CC BY-NC-SA 4.0 license. 

 

 

MHD Flow of Casson Fluid Over a Porous Medium 
Stretching Sheet 

Ng Yee Xuan1, Noorzehan Fazahiyah Md Sha𝐛1* 

1  Department of Mathematics and Statistics, Faculty of Applied Sciences and Technology, UTHM Kampus     
Cawangan Pagoh, Hab Pendidikan Tinggi Pagoh, KM 1, Jalan Panchor, 84600 Pagoh, Muar, Johor, MALAYSIA 

 
*Corresponding Author: fazahiya@uthm.edu.my 
DOI: https://doi.org/10.30880/ekst.2024.04.02.018 

Article Info Abstract 

Received: 27 December 2023 
Accepted: 11 January 2024 
Available online: 12 December 2024 

This study investigates the magnetohydrodynamic (MHD) flow of a 
Casson fluid through a porous media stretching sheet numerically. The 
Casson fluid model is considered to describe the non-Newtonian 
behaviour. The system of nonlinear ordinary differential equations is 
generated from the governing partial differential equations of 
momentum and energy conservation using the Runge-Kutta method 
with a shooting method. The study aims to investigate the impacts of 
the magnetic field parameter M, Casson fluid parameter, Prandtl 
number Pr, and porous medium parameter K on the velocity and 
thermal field profile. The purpose of this research is to analyse the 
properties of temperature and velocity fields by demonstrating the 
consequences of magnetohydrodynamics (MHD) flow of Casson fluid 
over a porous medium stretching sheet an increase in the magnetic 
parameter M values results in a decreased momentum boundary layer 
thickness and velocity, whereas an increase Casson fluid parameter γ 
values increases momentum boundary layer thickness and velocity. 
Furthermore, an increase in the porosity parameter K reduces the 
velocity profile. Greater magnetic and porous media properties 
correlate to higher temperature profiles. Furthermore, an increase 
Casson parameter γ may result in a bigger thermal boundary layer with 
increased thermal resistance. 
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1. Introduction 

MHD stands for magneto-hydrodynamics is the study of magnetic properties and behaviour of electrically 
conducting fluid. In other words, it can be explained by the interaction of the motion of electrically conduction 
fluids with magnetic fields [1]. The word magneto-hydrodynamics is the combination of three words which are 
magneto, hydro, and dynamics. The examples of MHD are plasma, liquid metal, salt water and electrolytes. For 
instance, when a plasma fluid moves in the presence of a magnetic field, the charged particles in the fluid interact 
with the magnetic field and experience a force. These forces will produce electrical currents and result in the fluid 
to flow. MHD equation can be described by a set of equations that combines the fluid dynamics Navier-Stokes 
equations with the electromagnetism Maxwell equations. To understand MHD, these differential equations need 
to be solved concurrently, either through analytical or numerical methods [2]. The applications of MHD fluid can 
be found in geophysics, astrophysics, engineering, and so on. The Earth’s magnetic field is generated by the fluid 
core of the Earth which is MHD fluid as a result of the motion of the molten rock. In the area of engineering, a boat 
was built by Mitsubishi which uses a magnetohydrodynamics drive, liquid helium-cooled superconductor was 
used to drive it. Casson fluid is a non-Newtonian fluid introduced by Casson in 1959. Yield stress is present in 
Casson fluid which there is a shear-thinning liquid with infinite viscosity at zero shear rate. The Casson fluid will 
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behave like a solid if the shear stress is lower than the yield stress [3]. However, if the shear stress is greater than 
the yield stress, the fluid will start to flow. Jelly, salt solutions, ketchup, paints, and shampoo are examples of 
Casson fluid. In short, Casson fluids are characterized by a nonlinear relationship between the shear stress and 
the shear rate, which means that their viscosity changes depending on the intensity of the applied force. Casson 
fluids are important in many industrial and biomedical applications because of their complex and nonlinear 
behaviour, which can be tailored to achieve specific desired properties [4]. A porous medium is a substance that 
has channels, voids, or interconnecting pores that allow the fluid or gases to pass through [5] The porous medium 
can be created by engineering materials such as ceramics, membranes, and foams or can be naturally occurring 
such as rocks, soils and sediments. Casson fluid with variable viscosity of Casson fluid over a stretching sheet in 
porous media with Newtonian heating is investigated [6]. The finite-difference method has been used to apply in 
this study after the partial differential equations which represent the flow motion are transformed into ordinary 
differential equations by a similarity transformation. MHD flow over an exponentially stretching sheet through a 
porous medium with heat source is studied [7] A fourth-order Runge-Kutta method with a shooting technique is 
used to numerically solve the governing nonlinear partial differential equations after being converted into a 
system of coupled nonlinear ordinary differential equations 

2. Mathematical Formulation 

The boundary layer of the continuous two-dimensional magnetohydrodynamic (MHD) flow of Casson fluid over 
porous medium stretching sheet is analysed in this study. The diagram illustrates the complex relationships of 
continuous two-dimensional magnetohydrodynamic flow over a stretching sheet within a porous medium, 
including Casson fluid behaviour, magnetic field influence, thermal boundary layer properties, and velocity field 
dynamics. 

 

 
Fig. 1 Sketch of the physical model 

It is assumed that UW is the stretching velocity, and that u and v are the velocity components in the directions 
of x and y as measured along and normal to the sheet in cartesian coordinates, and that B0 is the application of the 
magnetic field. The following equations are the two-dimensional flow expressions that fit the theory of MHD flow 
of Casson fluid over porous medium stretching sheet by Siddiqui & Shankar [8] which investigate the MHD Flow 
and Heat Transfer of Casson Nanofluid through a Porous Media over a Stretching Sheet. 
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 𝑢 → 0 , 𝑇 → 𝑇∞ as    𝑦 → ∞ (4) 

where u and 𝑣 are velocity components in the x and y direction respectively. 𝜈  is the kinematic viscosity,𝜌 is the 

Casson fluid density,  is the electrical conducting of the fluid,∝ is the thermal diffusivity, T is the temperature 

and  is the permeability of the porous medium. γ = 𝜇𝐵√
2𝜋𝐶

𝜌𝑦
 , is the parameter of Casson fluid.  𝜇𝐵  considers as 

the plastic dynamic viscosity of the non -Newtonian fluid, 𝜋𝐶  is a critical value of this product based on non-
Newtonian model and 𝜌𝑦 is the yield stress of the fluid. 
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After substitution, the equation is transformed to  
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where M is magnetic parameter and K is the porosity parameter 
 
The boundary condition are show as below  
 

 

 

3. Results and Discussion 

Shooting method with RKF45 with the help of Maple 19 is used to analyze the result. This method enables to 
achieve the numerical solutions of the governing ordinary differential equation with the boundary condition. 
Physical factors such as velocity, thermal fields, skin friction, and the Prandtl number Pr will be affected by the 
magnetic field parameter M, Casson fluid parameter γ, and porosity parameter K. All of the parameters and 
numerical values are selected according to Siddiqui & Shankar [6]. Fig. 2 – Fig. 7 show a graphic representation of 
the numerical results. 

Fig. 2 shows the velocity profiles f’(η) for various values of M with values γ = 1, K = 0.5, and Pr = 6.2. The 
various parameters for M are set as M = 0, M = 1, M = 2, M = 3: The momentum boundary layer thickness decreases 
with an increase in the magnetic parameter M. The strengthening of Lorentz forces with increasing M is the cause 
for this phenomenon. The magnetic field-induced Lorentz forces work to oppose the fluid's motion, which 
decreases its velocity close to the surface. It gets harder for the fluid to get through viscous effects as well as the 
boundary layer as the velocity decreases.  

Fig. 3 shows the velocity profile f'(n) for various values of γ which M = 1, K = 0.5, and Pr = 6.2 with γ = 0.5, γ = 
1, γ = 2, and γ = 5. Both the boundary layer velocity and thickness decrease with an increase in the Casson fluid 
parameter, which in non-Newtonian Casson fluids indicates a higher yield stress. The fluid close to the surface 
finds it more difficult to start moving because of the higher yield stress. This causes the boundary layer's velocity 
to decrease and its gradient to steepen, which eventually results in a thinner boundary layer. 

 
Fig. 4 shows the cause of velocity profile with various K value such as K = 0, K = 0.3, K = 0.7 and K = 1 while 

the Pr = 6.2, M = 1, γ = 1. The velocity profile decreases as the porosity parameter, K increased. A lower velocity 
profile results from an increase in the porosity parameter, K, in a porous medium because of the increased 
resistance that the porous structure presents. Fluid flow is impeded by more solid obstacles in the medium as K 

 𝑓 ′ = 1, 𝑓 = 0, 𝜃 = 1 at 𝜂 = 0   

 𝑓 ⟶ 0, 𝜃 ⟶ 0 as 𝜂 ⟶  (10) 
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increases, forcing the fluid to work its way around them. Higher velocities close to the inlet gradually decrease as 
the fluid moves deeper into the medium, resulting in a non-uniform flow profile and decreased fluid velocity as a 
result of the higher-pressure gradient caused by the increased resistance. 

 

Fig. 2 The velocity profiles f’(η) for various values of M 

 

Fig. 3 The velocity profiles f’(η) for various values of γ 
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Fig. 4 Velocity profile f'(n) for various values of K 

Fig. 5 shows the effect of magnetic field parameter M on the temperature profile with M = 0, M = 1, M = 2 and 
M = 3 as the K = 0.5, γ = 1 and Pr = 6.2. Velocity is slowed down by the magnetic parameter while temperature 
profiles rise all over the surface area. The Lorentz force, which generates the force opposing fluid motion, rises as 
the magnetic parameter increases. The velocity in the boundary layer decreases as the Lorentz force increases. 

Fig. 6 shows the effect of the temperature profile for various of K with K = 0, K = 0.3, K = 0.7, K = 1 as the M = 
1, γ = 1 and Pr = 6.2. As the porous medium increases, the volume of empty spaces will increase. This leads to 
better heat transmission between the fluid and the solid matrix by facilitating greater fluid-solid interaction. 
Higher fluid temperatures and quicker heat transmission are caused by the greater porosity, which lowers thermal 
resistance and shortens the amount of time heat must pass through the solid material before reaching the fluid. 

Fig. 7 present the impact of the temperature profile for various values of γ with γ = 0.5, γ = 1, γ = 2 and γ = 5 
as the M = 1, K = 0.5 and Pr = 6.2. Increasing the Casson parameter γ might result in a larger thermal boundary 
layer with increased thermal resistance. This is because slower heat transmission occurs because of the Casson 
fluid's higher flow resistance. A greater yield stress, less convection, and lower fluid mobility as the raised Casson 
parameter. 
 

 

Fig. 5 Temperature profiles θ(n) for various values of M 
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Fig. 6 Temperature profile θ (n) for various values of K 

 

Fig. 7 Temperature profile θ (n) for various values of γ 

4. Conclusion 

The purpose of this research is to analyse the properties of temperature and velocity fields by demonstrating the 
consequences of magnetohydrodynamics (MHD) flow of Casson fluid over a porous medium stretching sheet The 
problem was effectively solved by using Maple19 in. using a quantitative technique that made use of the RK45 
shooting method. The objective of this research is to get numerical solutions for skin friction, velocity, thermal 
fields. On top of that, the research aims to investigate the effects of the Casson fluid parameter, and magnetic field 
parameter. 
         From the result obtained it can be concluded as: 

•When the magnetic parameter, M increases, the momentum boundary layer thickness decreases as well as 
velocity. 
•When the Casson fluid parameter γ increases, the boundary layer thickness and velocity decrease. 
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•Increasing the porosity parameter, K will lower the velocity profile. 
•When the magnetic parameter M increases, the temperature profile also increases as well as the velocity in 
the boundary layer decreases. 
•The rise of the porous medium parameter K will lead to higher temperatures of the fluid and boundary 
layer. 
•Increasing the Casson parameter γ might result in a larger thermal boundary layer with increased thermal 
resistance. 

The study's limitations arise from its exclusive use of the steady-state assumption, impacting accuracy. 
Recommendations include exploring unsteady or non-viscous flow scenarios and addressing the study's two-
dimensional focus, urging further research into three-dimensional variables for improved accuracy. To enhance 
the model, validation with different fluids like dusty fluid or nanofluid is proposed, offering a more comprehensive 
understanding of Casson fluid flow through porous materials. The study is also constrained by specific parameters 
such as Casson fluid, magnetic field, porosity, and Prandtl number, highlighting areas for potential refinement and 
expansion in future research. 
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