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1|Introduction    

A wide range of industrially important fluids, including molten plastics, polymers, pulps, and food products, 

exhibit non-Newtonian fluid behavior. Due to the increasing use of these materials across various 
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Abstract 

In this study, a numerical investigation is carried out to analyze free convection heat transfer of a non-Newtonian 

Herschel–Bulkley fluid over a vertical moving plate embedded in a porous medium in the presence of a transverse 

magnetic field. The flow is assumed to be steady, laminar, incompressible, and electrically conducting. The governing 

continuity, momentum, and energy equations are formulated under the boundary layer approximation and transformed 

into a set of coupled, nonlinear, dimensionless equations. These equations are solved numerically using a fully implicit 

finite difference method. The effects of key physical parameters, including the magnetic parameter, porous medium 

parameter, Prandtl number, Brinkman number, Grashof number, and flow behavior index, on the transient velocity 

and temperature distributions are examined. In addition, the variation of the local Nusselt number is presented to 

characterize the heat transfer behavior. The results reveal that applying a magnetic field significantly reduces the fluid 

velocity while increasing the temperature, due to the Lorentz force. Increasing the porous medium parameter reduces 

the velocity field and increases the temperature distribution. Higher Prandtl numbers lead to thinner thermal boundary 

layers, resulting in reduced temperature profiles. Moreover, increasing the Brinkman number intensifies viscous 

dissipation, thereby increasing both velocity and temperature. The local Nusselt number decreases with increasing 

magnetic and Brinkman parameters, whereas it increases with higher Prandtl and Grashof numbers. The present study 

provides useful insight into the heat transfer characteristics of Herschel–Bulkley fluids in porous media under magnetic 

field effects, which are relevant to various industrial and engineering applications.  
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  manufacturing and processing industries, considerable research has been devoted to understanding their flow 

and heat transfer characteristics. In recent years, non-Newtonian fluids have been recognized as more suitable 

than Newtonian fluids for many technical and engineering applications, including food processing, 

metallurgical operations, petroleum extraction, drilling processes, and bioengineering systems [1]. Typical 

examples of such fluids include clay, mud, ketchup, blood, honey, paints, slurries, molten chocolate, egg 

whites, and mayonnaise, whose viscosity depends on the applied shear stress. 

Owing to the complex rheological behavior of non-Newtonian fluids, no single constitutive model can 

accurately describe all their physical characteristics. Consequently, several rheological models have been 

proposed, such as the power-law model [2], [3], the Jeffrey fluid model [4], the Maxwell fluid model [5], and 

various viscoplastic fluid models. Among these, viscoplastic fluids have attracted significant attention due to 

their practical relevance in industrial applications. These fluids behave as rigid solids below a critical stress, 

known as the yield stress, and flow as viscous fluids only when this threshold is exceeded. 

Common rheological models used to describe viscoplastic fluids include the Bingham model [6], Herschel–

Bulkley model [7], and Casson model [8]. Among them, the Herschel–Bulkley and Casson models are widely 

employed since many industrial fluids exhibit shear-thinning behavior. In particular, the Casson fluid model 

is extensively used in the food industry, especially in cocoa and chocolate manufacturing, and has also been 

adopted to describe the rheological behavior of human blood [9–12]. Numerous studies have analyzed Casson 

fluid flow in different geometries and under various physical conditions [13–20]. 

The study of non-Newtonian fluid flow and heat transfer in porous media has gained increasing attention due 

to its relevance in geothermal systems, chemical reactors, filtration processes, and thermal insulation 

technologies. Pop and Na [21] investigated free convection heat transfer of non-Newtonian fluids along a 

vertical wavy surface in a porous medium. Yue-Tzu and Wang [22] analyzed natural convection of a power-

law fluid, with and without yield stress, around a two-dimensional axisymmetric body in a fluid-saturated 

porous medium. Similarity solutions for natural convection of non-Newtonian fluids over vertical surfaces in 

porous media were presented by Chen and Chen [23]. Jumah and Mujumder [24] examined coupled heat and 

mass transfer in free convection flow of Herschel–Bulkley fluids over a vertical flat plate embedded in a 

porous medium. Abel and Veena [25] studied the effects of viscoelasticity on flow and heat transfer over a 

stretching sheet in a porous medium. At the same time, Bestman [26] investigated the natural convection 

boundary-layer flow with suction and mass transfer in porous media. 

Despite these efforts, comparatively fewer studies have addressed non-Newtonian fluid flow in porous media, 

as highlighted by Shenoy [27]. The interaction of magnetic fields with convective heat transfer in porous 

media has further expanded research interest due to its applications in Magnetohydrodynamics (MHD), 

generators, cooling of nuclear reactors, and electromagnetic flow control. Makinde [28] investigated transient 

free convection with thermal radiation along a moving vertical permeable plate. Chamkha [29] analyzed MHD 

flow past a moving plate embedded in a porous medium under a transverse magnetic field. At the same time, 

Kim [30] studied unsteady MHD convective heat transfer past a semi-infinite vertical porous moving plate. 

Group-theoretical analyses of unsteady free-convection MHD flows in porous media were presented by El-

Hakiem et al. [31] and Abd El-Naby et al. [32]. Ganesan and Palani [33] provided a numerical solution for 

transient MHD free convection flow past an inclined plate, considering variable heat and mass fluxes. 

Further investigations include the work of Makinde [28] on transient free convection with radiation effects, 

and Mahesh Kumari and Girishwar Nath [34], who studied conjugate mixed convection heat transfer of 

power-law fluids over a moving vertical heated plate. El-Hakiem et al. [31] extended their analysis to unsteady 

MHD free convection flows in fluid-saturated porous media. Cheng and Lee [35] examined free-convection 

heat transfer in micropolar fluids under thermal stratification conditions. 

Motivated by the above studies and the limited literature on Herschel–Bulkley fluids under combined porous 

medium and magnetic field effects, the present work investigates the steady laminar heat transfer of an 

incompressible, electrically conducting Herschel–Bulkley non-Newtonian fluid flowing past a two-

dimensional vertical moving plate embedded in a porous medium in the presence of a uniform transverse 
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  magnetic field. The governing continuity, momentum, and energy equations are solved numerically using an 

implicit finite difference method. The effects of key parameters, including the Prandtl number, Brinkman 

number, flow behavior index, porous medium parameter, Grashof number, and magnetic parameter, on the 

velocity and temperature fields are analyzed. In addition, the local Nusselt number is evaluated and presented 

graphically. 

2|Mathematical Formulation 

The Physical model, coordinate system, and boundary conditions are shown in Fig. 1. Consider an MHD free 

convection flow of an electrically conducting fluid for Non-Newtonian Herschel-Bulkley fluids with porous 

medium over an isothermal vertical moving plate. The x-axis is assumed to be taken along the plate, and the 

y-axis is normal to the plate. The wall is maintained at constant temperature Tw and then the ambient 

temperature T∞ respectively. A uniform magnetic field is applied normal to the plate with magnitude B0. 

 

Fig. 1. Physical model and coordinate system. 

The governing equations include mass conservation in a continuous medium (Eq. (1)), the Navier-Stokes 

equation (Eq. (2)), and the energy equation (Eq. (3)). 

The non-Newtonian fluid model used in this study is the Herschel-Bulkley model (Eq. (6). 
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  The Coefficient of dynamic viscosity, µ, for Herschel–Bulkley fluids is given by Eq. (7). 

The physical problem is assumed to satisfy the following initial and boundary conditions (Eq. (8). 

Introducing the following dimensionless quantities, Eq. (9): 

The governing equations can be rewritten in dimensionless form as follows:  
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  The corresponding initial and boundary conditions in non-dimensional form are given by Eq. (15). 

 

 

 

 

The local as well as Nusselt number in terms of dimensionless quantities are given by: 

3|Results and Discussions 

The transformed governing Eqs. (10)-(12) and the associated initial and boundary Conditions (15) can be solved 

by the implicit finite difference method. In the paper, we focused on the effects of the magnetic field 

parameter, porous medium parameter, Prandtl number, Brinkman number, Grashof number, and flow 

behavior index on the transient velocity, temperature, and concentration profiles, as well as on the local heat. 

Figs .2 and 3 describe the behavior of transient velocity and temperature with changes in the values of X. It is 

observed that the velocity and temperature increase with increasing X. 

Figs. 4 and 5 show the effect of the magnetic field parameter MN on the velocity and temperature profile. It 

is observed that the velocity decreases with increases in MN parameters. However, the Temperature increases 

with increasing MN parameters. 

Fig. 6 and 7 describe the behavior of transient velocity and temperature for fluids with different values of 

power-law index N. It can be observed that the temperature decreases monotonically with increasing N, 

whereas the velocity exhibits different behavior for small and large N. 

 

Fig. 2. Comparison of velocity profiles at different values 

of X, MN=1, Pr=10, KP=0.2, 𝛕𝐃=0.6 , Gr =5 , Br=0.5 
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  Fig. 3. Comparison of temperature profiles at different values of 

X, MN=1, Pr=10, KP=0.2, 𝛕𝐃=0.6 , Gr =5 , Br=0.5. 

  

Fig. 4. Transient velocity profiles for the different values of parameter M 

and  for the values X=2, Pr=10, N=1.5,𝛕̄𝐘=0.6  , Kp=0.2 , Br=0.5 ,GR=5.  

Fig. 5. Transient temperature profiles for the different values of 

parameter M and for the values X=2, Pr=10, N=1.5, 𝛕̄𝐘=0.6, Kp=0.2, 

Br=0.5, GR=5. 
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Fig. 6. Transient velocity profiles for the different values of parameter N 

and for the values X=2, Pr=10, 
Y =0.6, Kp=0.2, M=1, Br=0.5, GR=5.  

 

Fig. 7. Transient temperature profiles for the different values of 

parameter N and for the values X=2, Pr=10, 𝛕̄𝐘=0.6, Kp=0.2, 

M=1, Br=0.5, GR=5. 

Figs. 8 and 9 show the effect of the porous medium parameter Kp on the Velocity and temperature profiles. 

It is observed that the velocity decreases with increasing Kp parameters. However, the Temperature increases 

with increasing Kp parameters. 

Figs. 10 and 11 show the effect of the Grashof number on transient velocity and temperature distribution. It 

is observed that the velocity increases with increasing Grashof number. However, the Temperature decreases 

with increasing Grashof number. 

Figs. 12 and 13 show the effect of the Prandtl number on the transient velocity and temperature distributions. 

Both velocity and temperature decrease as the Prandtl number increases. It agrees with the physical fact that 

the thermal boundary layer thickness decreases with increasing Prandtl number. 

Figs. 14 and 15 show the effect of Brinkman number on transient velocity and temperature distribution. Both 

velocity and temperature increase as the Brinkman number increases. 
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Fig. 8. Transient velocity profiles for the different values of parameter 

Kp and for the values X=2, Pr=10, N=1.5, 𝛕̄𝐘=0.6, M=1, Br=0.5, 

GR=5. 

 

Fig. 9. Transient temperature profiles for the different values 

of parameter Kp and for the values X=2, Pr=10, N=1.5, 

𝛕̄𝐘=0.6, M=1, Br=0.5, GR=5. 

 

Fig. 10. Transient velocity profiles for the different values of parameter 

GR and for the values X=2, Pr=10, N=1.5, 𝛕̄𝐘=0.6, M=1, Kp=0.2, Br=0.5.  
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Fig. 11. Transient temperature profiles for the different values of parameter 

GR and for the values  X=2, Pr=10, N=1.5,𝛕̄𝐘=0.6, M=1, Kp=0.2, Br=0.5.  

 

Fig. 12. Transient velocity profiles for the different values of parameter Pr 

and for the values X=2, N=1.5, 𝛕̄𝐘=0.6   M=1, Kp=0.2, Br=0.5, GR=5. 

 

Fig. 13. Transient temperature profiles for the different values of parameter 

Pr and for the values X=2, N=1.5, 𝛕̄𝐘=0.6   M=1, Kp=0.2, Br=0.5, GR=5. 
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Fig. 14. Transient velocity profiles for the different values of 

parameter BR and for the values X=2, N=1.5,𝛕̄𝐘=0.6, M=1 , Kp=0.2 

, Pr=10 , GR=5. 

 

Fig. 15. Transient temperature profiles for the different values of 

parameter BR and for the values X=2, N=1.5, 𝛕̄𝐘=0.6, M=1, 

Kp=0.2, Pr=10, GR=5. 

Fig. 16 shows the effect of the MN parameter on the local Nusselt number respectively. It is observed that 

the local Nusselt number decreases as MN increases. 

Fig. 17 shows the effect of the Brinkman number on the local Nusselt number. It is observed that the local 

Nusselt number decreases with increasing Brinkman number.  

Fig. 18 shows the effect of the Prandtl number on the local Nusselt number. It is observed that the local 

Nusselt number increases with increasing Prandtl number. 

Fig. 19 shows the effect of the Grashof number on the local Nusselt number respectively. It is observed that 

the local Nusselt number increases with increasing Grashof number. 
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Fig. 16. The effect of MN parameter on the local Nusselt number at X=2, 

Pr=10, N=1.5,𝛕̄𝐘=0.6, Kp=0.2, Br=0.5, GR=5. 

 

Fig. 17. The effect of the BR parameter on the local Nusselt number at X=2, 

Pr=10, N=1.5, 𝛕̄𝐘=0.6, Kp=0.2, GR=5. 

  

Fig. 18. The effect of PR parameter on the local Nusselt number at X=2, 

N=1.5, M=1,𝛕̄𝐘=0.6, Kp=0.2, Br=0.5, GR=5.  
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Fig. 19. The effect of GR parameter on the local Nusselt 

number at X=2, Pr=10, N=1.5, 𝛕̄𝐘=0.6, M=1, Kp=0.2, Br=0.5.   

4|Conclusion 

A numerical study has been performed to investigate free-convection heat transfer of a Herschel–

Bulkley non-Newtonian fluid over a vertical moving plate embedded in a porous medium, under the 

influence of a transverse magnetic field. The governing boundary-layer equations were solved using 

an implicit finite-difference method, and the effects of various governing parameters on velocity, 

temperature, and local heat transfer characteristics were analyzed in detail. 

The results demonstrate that the magnetic field parameter exerts a pronounced damping effect on 

the fluid velocity through the Lorentz force. At the same time, it enhances the temperature 

distribution within the boundary layer. Increasing the porous medium parameter leads to greater 

resistance to the flow, resulting in reduced velocity and increased temperature profiles. The Prandtl 

number plays a significant role in controlling the thermal boundary layer thickness, with higher 

Prandtl numbers producing lower temperature distributions and enhanced heat transfer rates. The 

Brinkman number strongly affects the flow behavior through viscous dissipation, causing both 

velocity and temperature to increase as its value rises. Furthermore, the buoyancy force represented 

by the Grashof number significantly enhances fluid motion and heat transfer. The local Nusselt 

number decreases with increasing magnetic and Brinkman parameters.  

In contrast, it increases with higher Prandtl and Grashof numbers, indicating improved heat transfer 

performance under strong buoyancy effects and reduced viscous dissipation. Overall, the present 

analysis provides a comprehensive understanding of the combined effects of non-Newtonian fluid 

behavior, porous media resistance, and magnetic fields on free convection heat transfer. The findings 

of this study may be useful in the design and optimization of thermal systems involving electrically 

conducting non-Newtonian fluids, such as polymer processing, geothermal systems, and MHD-

based heat transfer devices. 
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