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Researchers in the thermo-fluidic field have dedicated considerable effort to exploring 
methods for improving heat transfer in diverse thermal systems. Among these 
methods, incorporating porous mediums into thermal systems stands out as 
particularly effective. The movement of substances through these porous materials, 
which encompass both fluid and solid components, can be described by either 
assuming that both phases are at the same temperature or that they are at different 
temperatures. The significance of heat and mass flux arises from their association with 
chemical potential and temperature gradient respectively. These connections hold 
value within a wide array of fields, including electrical power generation, solar power 
technology, chemical engineering, petrology and many more. In the present study, 
aligned magnetic effects have been investigated on local thermal non-equilibrium 
(LTNE) circumstances on steady, incompressible, laminar flow of a non-Newtonian 
Casson fluid across a stretching sheet in a porous medium. The LTNE conditions are 
implemented to generate two distinct temperature profiles for both fluid and solid 
phases. By choosing appropriate similarity transformations, the governing partial 
differential equations are transformed into ordinary differential equations for the flow 
parameters and are solved using numerical method Runge-Kutta-4 with shooting 
technique. The flow attributes are thoroughly inspected graphically in response to the 
influence of the developing factors. As aligned magnetic parameter and porosity 
parameter values increase, heat transmission improves, but velocity decreases. In the 
flow zone, as values of angle increases, magnetic field intensity increased. The heat 
flux in both fluid and solid phases decreases as the Dufour number rises. As the Soret 
number rises, the mass transfer rate falls. 
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1. Introduction 
 

Aligned magnetic field plays an important role in many areas of science and technology. These 
effects can influence the orientation and behaviour of magnetic particles, materials, or fluids. These 
aligned magnetic field effects on fluids have a range of important applications and are used to control 
and manipulate fluid motion and behaviour in a variety of contexts. It has significant implications for 
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fluid dynamics to develop new technologies for energy generation, propulsion, and plasma control. 
When radiation, chemical reactions, and heat generation are all present together, Reddy et al., [1] 
conducted a thorough investigation into the effects of an aligned magnetic field on the unsteady flow 
of a Casson fluid. Kumar et al., [2] explained the reasons for an aligned magnetic field, Hall current, 
and thermal radiation on the magnetohydrodynamic MHD flow of Casson fluid along an inclined 
plate. R. Saravana et al., [3] investigated the effect of cross-diffusion and magnetic field alignment 
on the Casson fluid flow over a stretched surface with a range of thicknesses. Reddy et al., [4] 
examined the theoretical magnetohydrodynamic (MHD) effect of cross-diffusion and an aligned 
magnetic field effect along a stretched surface of varying thickness. Kodi et al., [5] looked at the effect 
of a Soret-aligned magnetic field, chemical reaction, and unsteady hydrodynamic flow across an 
inclined plate submerged by porous media.  

A porous medium is a material or substance that contains interconnected void spaces or pores 
through which fluids, such as gases or liquids, can flow. Porous media are commonly found in various 
natural and engineered systems, including soils, rocks, ceramics, foams, and filters. The physical 
properties of porous media, such as pore size, shape, and connectivity, play a crucial role in 
determining their overall behaviours, including flow of fluid, heat and mass fluxes. Heat transfer 
within a porous material can be done in two ways, as explained by Neild & Bejan [6]. In their work, 
they provided a local thermal equilibrium (LTE) model to solve the energy equation between a liquid 
and solid structure in a porous medium which is the first model. This LTE model is valid when there 
is a slight difference in temperature in a permeable zone between both solid and liquid phases. The 
second model that describes convective heat transmission in porous media is Local Thermal Non-
Equilibrium (LTNE) model, which employs separate energy equations for both solid and liquid phases 
explained by Alhadhrami et al., [7] where he investigated how the LTNE model is utilised to study 
fluid flow in porous media using the two temperature equations for both the liquid and solid phases. 
Sukumar Pati et al., [8] also categorically discussed LTNE modelling strategies. Muthtamilselvan et 
al., [9] and Prakash et al., [10], both investigated a vertical stretching plate embedded in a scarcely 
packed porous medium used to study the effects of Brownian motion, thermophoresis, transitory 
local thermal non-equilibrium (LTNE), on laminar boundary layer flow of an incompressible, viscous 
nanofluid. Vaddemani et al., [11] studied the effects of Soret on the unsteady free convection flow 
of a viscous incompressible fluid through a porous media with high porosity confined by a vertical 
infinite moving plate while being affected by thermal diffusion, chemical reaction, and heat source. 
Sama et al., [12] studied a 2D steady flow model of carbon nanotubes-based nanofluids and heat 
transfer past a porous stretchable or shrinkable sheet. 

Due to its significant and wide-ranging uses, research on nanofluids is becoming increasingly 
popular among scientists, particularly in the industrial and engineering fields. Investigating the 
effects of viscous loss caused by a sodium carboxymethyl cellulose (CMC-water) nanofluid holding 
copper nanoparticles at room temperature under convective boundary conditions (CBC) was 
explained by Mahat et al., [13] and in his work a mathematical model for viscoelastic nanofluid flow 
moving closer to a linear horizontal circular cylinder in magnetohydrodynamics (MHD) was also 
developed again by Mahat et al., [14]. Bakar et al., [15] explored the flow and heat transfer in a 
micropolar fluid at the MHD stagnation point over an exponentially vertically stretching/shrinking 
sheet are explored. In an unsteady laminar magnetohydrodynamics (MHD) convective rotating flow, 
Aruna et al., [16] investigated the influence of Hall and ion slip on the properties of a second-grade 
fluid while taking chemical reaction and radiation absorption into consideration. Raizah et al., [17] 
explored the impact of an angled electromagnetic force on mixed convective processes in two-sided 
lid-driven geometries by employing local thermal nonequilibrium (LTNE) conditions and assumed a 
flow domain filled with a porous material in which the working fluids consist of magnetic micropolar 
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nanofluids comprising CuO nanoparticles and water as a base fluid are considered. Motsa et al., [18] 
investigated the behaviour of impulsively begun vertical porous surfaces in non-Darcian MHD fluid 
flow. They have given consideration to the impact of thermophoresis, which results from colloidal 
particles migrating in response to a macroscopic temperature gradient. Sarada et al., [19] 
investigated the properties of flow, heat, and mass transfer behaviour of non-Newtonian Jeffrey and 
Oldroyd-B fluids over a stretching sheet of permeable material using the Buongiorno model with the 
LTNE effect.  

The Local Thermal Non-Equilibrium (LTNE) model has been extensively used by Parhizi et al., [20] 
to predict convective heat transfer in porous media and author was certain about many of the earlier 
LTNE-based models relied on a constant Biot (Bi) number to capture thermal interactions between 
fluid and solid phases. For fully developed flow in a porous-medium-filled channel, where Bi varies 
along the channel, he suggested an LTNE model to account for this. They used the Boussinesq 
approximation and the Darcy rule to approximate the flow. Employing the finite difference method 
(FDM) and the LTNE model, Alsabery et al., [21] described how to simulate the impact of uneven 
heating and a limited wall thickness on natural convection in a square porous chamber. The 
simulation involves heating a thin, horizontally oriented wall of the cavity, which has a limited 
thickness and can be heated either uniformly or non-uniformly. Meanwhile, vertical walls of the 
cavity are sustained at a constant, cold temperature. 

By incorporating a thermal boundary condition model close to an impermeable wall, Ouyang et 
al., [22] created Local Thermal Non-Equilibrium (LTNE) constraints for convective heat 
transformation in a porous medium. This model permits numerical simulations that can be employed 
for validation of the model by comparing it to pore-scale and macro-scale LTNE models. Furthermore, 
the spreading of heat flux between both solid and fluid phases is affected by the wall’s tangential 
interfacial thermal resistance, which is thought to exist in this instance.  

Researchers’ interest in non-Newtonian fluid fluxes has lately increased due to the expanding 
number of economic and technical uses for these flows. The non-Newtonian fluid flows near 
stretched sheets have implications for environmental and geophysical processes, such as in the 
transport of pollutants in rivers, oil spills on water surfaces, and lava flows on volcanic slopes. 
Consequently, studies on the rate of heat transfer, fluid flow dynamics, and a wide range of practical 
applications require a fundamental knowledge of the flow field of non-Newtonian fluids at the 
boundary layer close to the stretched surface. 

Pramanik et al., [23] investigated Casson fluid as a class of non-Newtonian fluid. In Casson fluid, 
the yield stress manifests itself in a certain way. Casson fluid is a shear-thinning liquid with infinite 
viscosity at zero rates of shear, and zero viscosity at infinite rates of shear, below which no flow 
occurs. Liquids like blood, honey, concentrated juice, and other similar substances are known as 
Casson liquids. Casson introduced this viscoelastic liquid model in 1995, particularly describing sticky 
slurries. Mohamed et al., [24] examined effects of slip on boundary layer flow and heat transmission 
on a horizontal flat surface submerged in Casson ferrofluid based on blood. Numerical analysis is 
done on the magnetite and cobalt ferrite ferroparticles suspended in the Casson fluid, which is 
analogous to human blood K A Khan et al., [25], in their study found that the model has been 
enhanced to predict high shear-rate viscosities even when there is a dearth of additional shear-rate 
data. Mukhopadhyay et al., [26] studied the Casson liquid flow on various surfaces taking into 
account different influencing factors. Hamid et al., [27] looked at how linear thermal radiation 
affected both steady and erratic flow when a uniform magnetic field was present. They created a 
dual solution for the heat transfer rate and Casson fluid flow in 2D magnetohydrodynamics (MHD) 
across a stretched sheet. The Magnetohydrodynamic (MHD) of Casson fluid flow through a porous 
linear stretching sheet that occurs in two lateral directions was inspected by Nadeem et al., [28]. 
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Mustafa et al., [29] gave information on the direction of a stretching sheet caused by a Casson fluid 
moving close to a downtrend point by examining heat transfer properties with viscous dissipation. In 
a double stratified form, mixed convection MHD Casson fluid flow towards an inclined stretched 
cylindrical surface is explored by Rehman et al., [30], and the manifestations of the flow field scenario 
that result from heat generation/absorption and chemical interactions are noted. 

Dufour effect is a heat flow resulting from a chemical potential gradient. Diffusion flows referred 
as thermal diffusion, Soret effect, or diffusion thermos are produced by a gradient in the thermal 
profile or temperature profile. Hayat et al., [31] analysed the influence of the Soret and Dufour for 
magnetohydrodynamic (MHD) flow of the Casson fluid across a stretched surface. Ramzan et al., [32] 
examined magnetohydrodynamic (MHD) mixed convection Casson fluid flow across an inclined flat 
plate. While studying this current flow issue, the heat source/sink, impacts of thermal radiation, 
chemical reaction, and heat transfer are all considered. The combined effects of Soret, Dufour, and 
chemical processes, Kumar et al., [33] studied characteristics of the heat and mass transfer rate in 
Casson fluid flow driven by MHD natural convection via permeable vertical plate. 

The convective heat and mass transfer rates for external interface layer can alter in response to 
changes in the surface mass flow, often known as blowing. Evaporation can occasionally cause a 
significant transfer of species. The blowing effect is brought on by Stefan, an issue for species 
transmission. Puneeth et al., [34] explored a 3D bio-convective flow of a Casson nanofluid carrying 
gyrotactic microorganisms over a vertically stretched sheet creating an induced magnetic field. These 
microorganisms work as bioactive mixers by circulating owing to bioconvection, which stabilises 
nanoparticle suspension in the solution. Dual factors of thermophoresis and Random Walk, as well 
as Stefan blowing, are all taken into consideration in their mathematical model. Uddin et al., [35] 
investigated Stefan blowing effect, second-order velocity slip, temperature slip, and microbial species 
slip on a nonlinear bioconvection boundary layer flow over a horizontal plate submerged in a porous 
medium which was done in passive controlled boundary conditions. Tuz Zohra et al., [36] studied a 
viscous nanofluid's boundary layer flow under a magnetic field's influence. They used multiple slip 
conditions and Stefan-blowing effects to illustrate a mathematical model of constantly forced 
convection past a rotating disc submerged in a water-based nanofluid containing microorganisms. 
Latiff et al., [37] described a theoretically and numerically mathematical model for the unstable 
forced convection over a spinning stretchable disc in a nanofluid, including microorganisms and 
accounting for the Stefan-blowing effect. 

The study likely seeks to provide a comprehensive understanding of the combined effects of 
aligned magnetic fields, Casson fluid properties, and porous media on fluid flow behaviour, 
contributing to both fundamental fluid dynamics knowledge and potential practical applications. 

The study aims to comprehensively explore the overall effects of an aligned magnetic field, 
stretching sheet, LTNE conditions, Stefan blowing, Soret, and Dufour effects on Casson liquid flow. It 
seeks to contribute to both theoretical knowledge and potential practical applications in fluid 
dynamics, engineering, and materials science. 

The significance of incorporating an aligned magnetic field, LTNE conditions, Soret and Dufour 
effects into probing of Casson fluid flow lies in the ability to uncover new phenomena, enhance 
accuracy in modelling real-world situations, and provide valuable insights for various applications. 

Research on the Casson liquid flow in an aligned magnetic field under stretched sheet 
circumstances with LTNE is uncommon. In this work, LTNE restrictions were used to analyse how an 
aligned magnetic field, rates of heat and mass transfer influenced Casson fluid flow along a stretched 
sheet of uniform thickness while being impacted by the Stefan Blowing, Soret, and Dufour effects. 
The impacts of flow field on essential parameters are examined.  
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2. Methodology  
2.1 Mathematical Formulation    
 

A Non-Newtonian Casson fluid flowing in a two-dimensional steady, incompressible laminar flow 
across a stretched sheet is considered. Cartesian coordinates convey the physical model in Figure 1. 
The stretching sheet velocity is measured as 𝑈𝑤 = 𝑐𝑥 (𝑐 is constant for stretching) which is parallel 
to the plane 𝑦 = 0 and restricted to 𝑦 > 0. The aligned magnetic field 𝐵0 is applied, as illustrated in 
Figure 1, and it is expected that this aligned magnetic field will also exert an influence on the sheet. 
A homogeneous porous medium is considered. Additionally, when Soret and Dufour’s effects occur, 
mass and heat movement mechanisms are considered. To calculate rate of heat transfer of both solid 
and fluid phases is assessed through two different temperature equations which are taken from a 
previous study [6,10]). Let Vw be the surface blowing velocity due to mass transfer and is proportional 
to the mass flux at the sheet's surface.  

 

 
Fig.1. Flow Geometry [7] 

 
Considering the following rheological equation of state for an isotropic, incompressible flow of a 

Casson fluid: 
 

𝜏𝑖𝑗 = 

{
 
 

 
 2(𝜇𝐵 +

𝑃𝑦

√2𝜋
) 𝑒𝑖𝑗 , 𝜋 > 𝜋𝑐

2 (𝜇𝐵 +
𝑃𝑦

√2𝜋𝑐
) 𝑒𝑖𝑗 , 𝜋𝑐 > 𝜋

 

 

where 𝜋 = 𝑒𝑖𝑗, 𝑒𝑖𝑗 is the (𝑖, 𝑗)𝑡ℎ component of the deformation rate with itself, 𝜇𝐵  is the plastic 

dynamic viscosity of the non-Newtonian fluid, 𝑃𝑦 is the fluid's yield stress, and 𝜋𝑐 signifies a critical 

value of this product followed by non-Newtonian model taken from previous study of Yusof et al., 
[38]. 

Governing equations for flow assumptions are made with an aligned angle 0 < ∅ <
𝜋

2
, and rate 

of heat transfer operation in porous medium, based on Alhadhrami et al., [7] with moderation: 
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According to the continuity Eq. (1), the magnitudes of inflow and outflow are equal. Eq. (2), is a 

momentum equation that upholds law of conservation of momentum. Inertial forces are responsible 
for foremost term on left hand side (LHS) of Eq. (2). In contrast, additional effects from porous media 
and an aligned magnetic field are responsible for the second-to-last term. Eq. (3) explains that heat 
can be transferred through a fluid using one of three methods, convection (LHS), and conduction 
(first term on RHS). The third term in RHS describes heat fluxes between the solid and liquid phases 
and the Dufour effect (second terms on RHS). The porous is matrix form and saturating fluid type are 
what decide the heat transfer coefficient for fluid ℎ𝑓𝑠. The value of this coefficient has been 
determined after extensive experimental study. High values of ℎ𝑓𝑠 result in quick heat transfer 
between the phases, while low values of ℎ𝑓𝑠 result in relatively significant LTNE effects which are 
taken from the previous study [10, 19]. Eq. (5) is a representation of the mass transfer equation or 
the diffusion equation. RHS's final statement considers the Soret effect's added weight. 

The boundary requirements are pertinent as 𝑢, 𝑣 are velocity components of moving fluid in 𝑥, 𝑦  
directions are given by 

 
𝑢 = 𝑈𝑤 = 𝑐𝑥, 𝑣 = 𝑣𝑤, 𝑇𝑓 = 𝑇𝑤, 𝑇𝑠 = 𝑇𝑤, 𝐶 = 𝐶𝑤 𝑎𝑡 𝑦 = 0,

𝑢 → 0, 𝑇𝑓 → 𝑇∞, 𝑇𝑠  → 𝑇∞, 𝐶 → 𝐶∞ 𝑎𝑠 𝑦 → ∞ 
}                                                                   (6) 

                                                                        

Where 𝛽 is Casson parameter, 𝜌 is Density of fluid (kg m-3), 𝛼 =
𝑘

𝜌𝐶𝑝
  is thermal diffusivity (m2s-1), 𝑘 is 

thermal conductivity (W m-1 K-1), 𝐶𝑝 is heat capacity (J Kg-1 K-1), , 𝜇 is dynamic viscosity (kg m-1 s-1), 𝜎 

is electrical conductivity, 𝜈f is kinematic viscosity (m2s-1), 𝜀 is porosity, 𝐶∞ is ambient Concentration, 
𝐶 is Concentration of fluid, 𝐶𝑤 is wall Concentration, 𝑇∞ is ambient temperature (K), 𝑇𝑓 is fluid 

temperature (K), 𝑇𝑠 is solid temperature (K), 𝑇𝑤 is wall temperature (K), 𝐾′ is permeability of porous 
medium. 

The similarity transformations are applied in above model with stream function 𝛹, and similarity 
variable 𝜂 with velocity profile 𝑓′(𝜂), temperature profiles for both fluid 𝜃𝑓(𝜂), solid 𝜃𝑠(𝜂) phases 

respectively and 𝜒(𝜂) concentration profile are taken as follows:  
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                                  (7) 

 
Eq. (7) is used to decrease the governing Eq. (1) – (5), which are given by: 
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1

𝑃𝑟
 𝜃′′𝑠(𝜂) + 𝛾𝐻(𝜃𝑓(𝜂) − 𝜃𝑠(𝜂)) = 0                    (10) 

1

𝑆𝑐
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1

𝜖
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Moreover, reduced boundary conditions, 
 
𝑓′(0) = 1, 𝑓(0) = 𝜅𝜒′(0), 𝜃𝑓(0) = 1, 𝜃𝑠(0) = 1, 𝜒(0) = 1, 𝑎𝑠 𝜂 → 0 ,

𝑓′(∞) → 0, 𝜃𝑓(∞) → 0, 𝜃𝑠(∞) → 0, 𝜒(∞) → 0, 𝑎𝑠 𝜂 → ∞
}                                            (12)    

      

Here, 𝑉𝑤 = −𝜅√(𝑐𝑣𝑓)𝜒
′(0) denotes the wall blowing velocity and κ(≥ 0) the Stefan blowing 

parameter resulting from mass transfer taken from previous work Fang et al., [39]. 
Where, the following are the non-dimensional parameters defined as aligned Magnetic parameter 
𝑀, Porosity parameter 𝐾, Prandtl number 𝑃𝑟, Dufour number 𝐷𝑢, Soret number 𝑆𝑟, Schmidt number 
𝑆𝑐, Conductivity ratio of modified Porosity or porosity ratio 𝛾, Heat transfer parameter 𝐻 are defined 
by, 
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}                             (13)  

 
With 𝐶𝑠 – Concentration susceptibility of Solid, 𝐷𝑚 – Mass Diffusivity, 𝐾𝑇 - Thermal diffusion ratio, 
𝑇𝑚 – Mean value of temperature (K). 

The Nusselt numbers, Nuf - Nusselt number for fluid phase, Nus - Nusselt number for solid phase, 
local Skin Friction 𝐶𝑓 and Sherwood number 𝑆ℎ are employed to compute flow resistance, rate of 

mass and heat transfer. The relationship of these numbers in their non-dimensional form are 
organised with local Reynolds number Re as follows: 

 

𝑅𝑒−
1

2𝑁𝑢𝑓 = (−𝜃𝑓
′(0))                             (14)  

𝑅𝑒−
1

2𝑁𝑢𝑠 = (−𝜃𝑠
′(0))                             (15)  

𝑅𝑒
1

2
 𝐶𝑓 = 2(1 +

1

𝛽
) 𝑓′′(0)                       (16) 

𝑅𝑒−
1

2𝑆ℎ =  (−𝜒′(0))                            (17)  
       
3. Numerical Analysis 

 
Runge-Kutta-4 with shooting technique is used to numerically solve ODEs subject to specific 

boundary conditions, enabling the study of dynamic systems and phenomena that cannot be easily 
solved analytically.      

Therefore, by using this numerical method, we analyze the flow model for solving ODEs from Eq. 
(8) through Eq. (11) with appropriate boundary conditions Eq. (12) over a range of values of 
admissible parameters in Eq. (13) 𝑀, 𝐾, 𝑃𝑟, 𝐷𝑢, 𝑆𝑟, 𝑆𝑐 𝑎𝑛𝑑 𝐻. The boundary value problem has been 
transformed into initial value problem by using 𝑓 =  𝑓1, 𝑓′ = 𝑓2, 𝑓′′ = 𝑓3,  𝜃𝑓 = 𝑓4,  𝜃′𝑓 = 𝑓5,  𝜃𝑠 =

 𝑓6,  𝜃′𝑠 = 𝑓7, 𝜒 = 𝑓8, 𝜒′ = 𝑓9. Consequently, the equations are transformed into,  
 

𝑓1
′ = 𝑓2,  
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      𝑓2
′  =  𝑓3, 

      𝑓3
′ = −(

−
1

𝜖2
[𝑓2
2−𝑓1𝑓3]−𝐾𝑓2−𝑀𝑆𝑖𝑛

2∅𝑓2

(1+
1

𝛽
)

), 

     𝑓4
′  =  𝑓5, 

     𝑓5
′ = −𝑃𝑟 (

1

𝜖
𝑓1𝑓5 + 𝐷𝑢𝑓9

′ + 𝐻(𝑓6 − 𝑓4)), 

     𝑓6
′ = 𝑓7, 

     𝑓6
′ = 𝑓7, 

     𝑓7
′ = −𝑃𝑟𝛾𝐻(𝑓4 − 𝑓6), 

     𝑓8
′ = 𝑓9, 

     𝑓9
′ = −𝑆𝑐 (

1

𝜖
𝑓1𝑓9 + 𝑆𝑟𝑓5

′), 

 
The reduced boundary conditions are follows: 
 

      𝑓2(0) = 1, 𝑓1(0) =  𝜅𝑓9(0), 𝑓4(0) = 1, 𝑓6(0) = 1, 𝑓8(0) = 1,  
     𝑓2(∞)  → 0, 𝑓4(∞)  → 0, 𝑓6(∞)  → 0, 𝑓8(∞)  → 0. 

 
A finite domain 0 ≤  𝜂 ≤  𝜂∞ is required for the RK process. Selecting the appropriate ∞ value 

for the present model requires consideration of values of pertinent parameters. Moreover, 𝜂∞ is 
treated as less than 10 in this instance. After the convergence requirement is satisfied, reduced 
ordinary differential equations are solved with given set of parameters using RK-4 procedure with 
shooting technique, to obtain the absolute precision. The above-mentioned steps are repeated until 
the obtained results satisfy the convergence criterion by attaining preferred accuracy level of 10-6.  

 
4. Results and Discussion 
 

In this case. similarity solution is used to create numerical solutions for the current problem for 
all thermophysical parameter values influencing dynamics of the fluid in the flow regime. LTNE 
conditions are used to compare and compute the Casson fluid flow, mass, and heat transfer 
characteristics on stretched sheet. Soret and Dufour effect as well as the aligned magnetic field effect 
are taken into consideration during modelling. The impacts of non-dimensional elements are visually 
represented under the flow assumptions. The Prandtl number, 𝑃𝑟 has been fixed in order to examine 
how the parameters affect velocity, mass, and heat transmission. Validation of the method has been 
taken for different values of 𝑃𝑟. The numerical results in Table 1 for present study were also 
compared to published research, and we noticed that they made a convincing case. 
  

Table 1 
Comparison for 𝜃𝑓

′(0) & 𝜃𝑠
′(0) for different values of Prandtl number 𝑃𝑟 

 𝑷𝒓            Prakash et al., [5]                 Alhadhrami et al., [2]                     Present Study 
               𝜽𝒇

′ (𝟎)         𝜽𝒔
′ (𝟎)                    𝜽𝒇

′ (𝟎)            𝜽𝒔
′ (𝟎)                     𝜽𝒇

′ (𝟎)         𝜽𝒔
′ (𝟎) 

 0.7        0.808570   0.808578              0.808624   0.808628                 0.808678    0.808726 
 1.0        0.999927   0.999937              0.999948   0.999957                 0.999967    0.999979 
 2.0        1.923556   1.923573              1.923678   1.923689                 1.923795    1.923813 
 10         3.720444   3.720475              3.720619   3.720635                 3.720794    3.720811 

 

The aligned magnetic parameter 𝑀 sluggish movement on velocity profile 𝑓′(𝜂) is depicted in 
Figure 2(a), where 𝑓′(𝜂) declines as the 𝑀 value increases. The movement of the liquid is slowed 
down when aligned magnetism is present in the flow area. The Lorentz force, is a resistive force 
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created by a transverse magnetic field as a result of cumulative 𝑀, is coupled to the lowered velocity 
𝑓′(𝜂) in this case. The Lorentz force, which frequently opposes the flow, is produced by a rise in 
aligned magnetic parameter 𝑀 and causes velocity boundary layer thickness to decrease. The Lorentz 
force that is created, cause the liquid's velocity 𝑓′(𝜂), to decrease. It is shown in Figure 2(b) how 
aligned magnetic parameter 𝑀 affects the value of temperature profile 𝜃𝑓(𝜂). In this case, as 𝑀 

increases, the fluid phase's temperature increases. These experiments indicate that the second layer 
of resistance added by the aligned magnetic force causes the stream to slow down and get hotter. 
Here, thermal energy is dissipated by moving the fluid at a base liquid velocity in direction of aligned 
magnetic field action. This increases 𝜃𝑓(𝜂) by warming the liquid.  

 

 
(a) 

 
(b) 

Fig. 2. (a) Variation of aligned magnetic parameter 𝑀 on velocity profile  
𝑓′(𝜂) (b) Variation of aligned magnetic parameter 𝑀 on temperature 
profile 𝜃 𝑓(𝜂) 

 

Figure 3(a) exerts influence on porosity parameter 𝐾 on velocity profile 𝑓′(𝜂). The advanced 𝐾 
values decline 𝑓′(𝜂). The permeable zone's resistive power and mean absorption coefficient both 
fall, which lowers the velocity, 𝑓′(𝜂).  When the porousness is large, there is more room for the fluid 
to move. The amount of space for the liquid to move reduces as a material’s porosity decreases. 
Consequently, velocity declines. 
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In Figure 3(b), activation of 𝐾 on 𝜃𝑓(𝜂) is demonstrated. The 𝜃𝑓(𝜂) increases along with the 

increase in 𝐾. The increment in 𝐾 causes liquid to become more viscous and because of the higher 
viscosity, which regulates liquid travel across surfaces, the liquid’s velocity decays. This is consistent 
with the idea that when 𝐾 increases, more stress is produced, enhancing thickness of thermal 
boundary layer. 

 

 
(a) 

 
(b) 

Fig. 3. (a) Varied values of porosity parameter K on velocity profile  f'(η) 
(b) Varied values of porosity parameter 𝐾 on temperature profile 𝜃𝑓(𝜂) 

 
Figures 4(a) and 4(b) shows Casson parameter 𝛽 effect on velocity profile 𝑓′(𝜂) which decreases, 

despite the fact that temperature profile 𝜃𝑓(𝜂) shows the opposite tendency. The heat transfer 

coefficient rises as values of 𝛽 increase, and the fluid's viscosity advances. When the Casson 
parameter 𝛽 raised, the velocity field is suppressed (here fluid acts as Newtonian fluid due to raise in 
Casson parameter), as a result, temperature 𝜃𝑓(𝜂) increases and velocity 𝑓′(𝜂) degrades with an 

increase in 𝛽.  
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(a) 

 
(b) 

Fig. 4. (a) Varied values of Casson parameter β on velocity profile  f'(η)  (b) 
Varied values of Casson parameter 𝛽 on temperature profile 𝜃𝑓(𝜂) 

 
Figures 5(a) and 5(b) depict, impact of blowing parameter 𝜅 on 𝑓′(𝜂) and 𝜒(𝜂). Increasing 𝜅, 

blowing parameter value, both 𝑓′(𝜂) and 𝜒(𝜂) are augmented and blown farther from the wall with 
thicker boundary layer and meanwhile variance of the concentration profile grows with raise in 
blowing parameter 𝜅.  
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(a) 

 
(b) 

Fig. 5. (a) Varied values of Stefan blowing parameter κ on velocity profile f'(η) 
(b) Varied values of Stefan blowing parameter 𝜅 on concentration profile 𝜒(𝜂)  

 
The significant effects of porosity ratio 𝛾 on both temperature profiles 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) are 

depicted in Figures 6(a) and 6(b). Growing 𝛾 causes both these profiles 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) to decline. 

Physically, convection 𝛾 can be completely supressed for higher levels, which causes both 
profiles 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) to decelerate.  
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(a)  

 
(b) 

Fig. 6. (a) Varied values of porosity ratio 𝛾 on temperature profile fluid phase 𝜃𝑓(𝜂) (b) 

Varied values of porosity ratio 𝛾 on temperature profile solid phase  𝜃𝑠(𝜂)  
 

Soret and Dufour effects are both accounted in the energy equation. Soret effect is a temperature 
gradient-induced mass flow, whereas, Dufour effect is an enthalpy flux brought on by concentration. 
The effect of Dufour number, 𝐷𝑢 on both phases of temperature profiles  𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) is shown 

in Figures 7(a) and 7(b). Both profiles 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) are improved by the expanding 𝐷𝑢 value 
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(a)  

 
(b) 

Fig. 7. (a) Varied values of Dufour number 𝐷𝑢 on temperature profile fluid phase 𝜃𝑓(𝜂) (b) 

Varied values of Dufour number 𝐷𝑢 on temperature profile solid phase 𝜃𝑠(𝜂)  
 

Figures 8(a) and 8(b) show stimulation of heat transfer parameter 𝐻 in temperature profiles for 
both phases 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) respectively. Although the 𝜃𝑓(𝜂) increases but 𝜃𝑠(𝜂) decreases due to 

growth in 𝐻. The quick rate of heat transfer between both phases causes 𝜃𝑠(𝜂) to fall, while  𝜃𝑓(𝜂) 

rises. 
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(a) 

 
(b) 

Fig. 8. (a) Varied values of heat transfer parameter 𝐻 on temperature profile fluid 
phase 𝜃𝑓(𝜂) (b) Varied values of heat transfer parameter 𝐻 on temperature profile 

fluid phase 𝜃𝑠(𝜂)  
 

The comparison of temperature profiles for fluid  𝜃𝑓(𝜂) and for solid 𝜃𝑠(𝜂) phases for Casson 

fluid under the influence of heat transfer parameter 𝐻 is seen in Figure 9(a). The increasing in 𝐻, heat 
transfer rate in both the phases as shown in the graph, specifies that the structure is endeavoring to 
adjust the LTNE phase. 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂)  for both phases differ significantly for 𝐻 values in the middle 

of the range. In this instance, we may claim that the LTNE is impacting the flow. When 𝐻 is increased, 
the structure enters thermal equilibrium, and although if the discrepancy is still present, the fluid 
phase progressively changes into the solid phase. When 𝐻 increases, the effects of LTE are ultimately 
felt by the structure, and they are fully realized when 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) are nearly equal. The 

comparison of temperature profiles for both phases 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) for Casson fluid under the 
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influence of porosity ratio 𝛾 shown in Figure 9(b). In this case, as shown in the graph, the 𝛾 value 
when raised indicates that structure is attempting to transform LTE phase. 

 

 
(a) 

 
(b) 

Fig. 9. (a) Comparison of 𝜃𝑓(𝜂)𝜃𝑠(𝜂) for various values of heat transfer parameter 𝐻 (b) 

Comparison of 𝜃𝑓(𝜂)𝜃𝑠(𝜂) for various values of heat transfer parameter 𝛾 

 

In Figure 10(a), the stimulation of 𝑆𝑟 on concentration profile 𝜒(𝜂) is depicted. An increase in 
Soret number 𝑆𝑟 enhances concentration profile 𝜒(𝜂). Relationship between concentration and 
temperature changes can be used to calculate the 𝑆𝑟. Higher 𝑆𝑟 diffuse species encourage mass 
transfer. In Figure 10(b), effect of Schmidt number 𝑆𝑐 over concentration profile 𝜒(𝜂) is represented. 
As the 𝑆𝑐 increases, the 𝜒(𝜂) declines. This is explained by the proportion of mass to momentum 
diffusivities. The high viscous diffusion of progressive 𝑆𝑐 values speed up molecule motion.  
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(a)  

 
(b) 

Fig. 10. (a) Varied values of Soret number 𝑆𝑟 on concentration profile  𝜒(𝜂) (b) 
Varied values of Schmidt number 𝑆𝑐 on concentration profile  𝜒(𝜂)  

 

In Figures 11(a) and 11(b) levering of Soret number 𝑆𝑟 and Stefan blowing parameter 𝜅 on 

Sherwood number 𝑅𝑒−1/2 𝑆ℎ verses Schmidt number 𝑆𝑐 are shown. As these numbers, 𝑆𝑟 and 𝜅 

values are raised, which causes 𝑅𝑒−1/2 𝑆ℎ to decline. Also, 𝑅𝑒−1/2 𝑆ℎ is further advanced by raise in 
𝑆𝑐 values. 
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(a) 

 
(b) 

Fig. 11. (a) Effects of Sherwood number 𝑅𝑒−1/2 𝑆ℎ verses 𝑆𝑐 for various 

values of Soret number 𝑆𝑟 (b) Effects of Sherwood number 𝑅𝑒−1/2 𝑆ℎ 
verses 𝑆𝑐 for various values of Stefan blowing parameter 𝜅 

 
Figures 12(a) and 12(b) show how aligned magnetic parameter 𝑀 and Casson parameter 𝛽 are 

levered on skin friction number 𝑅𝑒
1

2
 𝐶𝑓 in comparison to porosity parameter 𝐾 and Stefan blowing 

parameter 𝜅, respectively. Skin friction 𝑅𝑒
1

2
 𝐶𝑓  gets better as 𝛽 value increases, whereas when 𝑀 

value increases it shows the reverse effect. Increasing 𝐾 and 𝜅 values also refine the skin friction. 
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(a) 

 
(b) 

Fig. 12. (a) Effects of skin friction 𝑅𝑒
1

2
 𝐶𝑓 verses 𝐾 for various values of aligned 

magnetic parameter 𝑀 (b) Effects skin friction 𝑅𝑒
1

2
 𝐶𝑓  verses 𝜅 for various values 

of Casson parameter 𝛽 

 

Levering on Dufour number 𝐷𝑢 on Nusselt numbers for both fluid and solid  𝑅𝑒−
1

2
 𝑁𝑢𝑓 and 

𝑅𝑒−
1

2
 𝑁𝑢𝑠  versus Porosity ratio  𝛾 is shown in Figures 13(a) and 13(b). The Nusselt numbers for both 

phases 𝑅𝑒−
1

2
 𝑁𝑢𝑓  and 𝑅𝑒−

1

2
 𝑁𝑢𝑠  drop as a result of 𝐷𝑢 rising values. Additionally, increasing values 

of porosity ratio 𝛾 enhance both 𝑅𝑒−
1

2
 𝑁𝑢𝑓 and 𝑅𝑒−

1

2
 𝑁𝑢𝑠  these numbers. 
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(a) 

 

Fig. 13. (a) Effects of Nusselt number 𝑅𝑒−
1

2
 𝑁𝑢𝑓  for liquid phase verses porosity 

ratio 𝛾 for various values of Dufour number 𝐷𝑢 (b) Effects of Nusselt number 

𝑅𝑒−
1

2𝑁𝑢𝑠  for solid phase verses porosity ratio 𝛾 for various values of Dufour 
number 𝐷𝑢 

 
5. Conclusions 
 

Current inquiry focuses on impact of aligned magnetic field, Stefan Blowing parameter, Soret and 
Dufour effects on behaviour of Casson fluid across two-dimensional stretching sheet in a porous 
material as well as LTNE conditions. The influence of non-dimensional characteristics is depicted 
graphically under the stated flow assumptions. The present study demonstrates that; 

 
i. The temperature profile 𝜃𝑓(𝜂) improves, while the velocity profile 𝑓′(𝜂) decreases as aligned 

magnetic parameter 𝑀 value increases due to retarding Lorentz force.  
ii. The increase in porosity parameter 𝐾 values reduces velocity profile 𝑓′(𝜂) due to decrease in 

the mean absorption coefficient, while enhancing temperature profile (liquid) 𝜃𝑓(𝜂).  

iii. The temperature profiles of both phases 𝜃𝑓(𝜂) and 𝜃𝑠(𝜂) decline with increase in porosity 

modified conductivity ratio 𝛾 values,  
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iv. Incremental values of 𝐷𝑢 exhibit improvement in temperature profiles of both phases 𝜃𝑓(𝜂) 

and 𝜃𝑠(𝜂). 
v. The concentration profile 𝜒(𝜂) is boosted by rising the values of 𝑆𝑟 as Soret number promotes 

mass transport and  𝜒(𝜂)  falls when there is a rise in 𝑆𝑐 values as progressive Schmidt number 
shown high viscous diffusion which decelerates molecular movements. 

vi. Both liquid and solid matrix phases transmit heat more quickly when 𝐷𝑢 value increases, 
leading to the influence of concentration gradients on temperature profiles and vice-versa.  
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