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Abstract 
 
This paper examines the impact of various physical parameters related with the non-isothermal flow of 
Powell-Eyring fluid in the presence of thermal radiation through a porous medium. Similarity variables 
were introduced to transform the governing partial differential equations into a system of nonlinear 
ordinary differential equations (ODEs). Galerkin weighted residual approach was employed to solve the 
resulting nonlinear ODEs numerically. Maple 18 software was used to implement this technique. The 
results of the analysis demonstrated that the flow system is significantly impacted by the thermal 
radiation parameter, variable thermal conductivity parameter, and variable viscosity parameter. The 
influence of several physical characteristics on the flow system was discussed and represented 
graphically. 
 
Keywords: porous medium, Powell-Eyring fluid, thermal radiation, variable thermal 
conductivity, variable viscosity  
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INTRODUCTION 
Heat transfer is the process by which internal energy is transferred from one material to 
another. For mathematicians, engineers, physicists, and researchers, it is one of the most 
important things. Preventing heat loss in significant industrial processes is the main goal of 
heat transfer research. One drawback of heat loss is that it might result in product faults and 
increase the cost of the product because more heat is consumed. Scientists are currently trying 
to investigate the effects of shear stress on fluid flow in non-Newtonian fluids due to their 
industrial requirement. Examples include Alharbi et al. (2010); Panigrahi & Mishra (2015); 
Mureithi (2014); Ogunsola & Peter (2014); Seth et al. (2018); Usman et al. (2020) and Vidyasagar 
et al. (2012). 
 
Researchers are interested in learning more about the utilization of various fluids and the 
difficulties posed by various heat flow phenomena because of the crucial function that these 
fluids play in industries. The ability of a material to alter its capacity to transfer heat in 
response to specific environmental variables is known as variable thermal conductivity. This 
can be achieved by a number of methods, such as altering the material's composition, 
changing its physical state, or applying an electric or magnetic field. Applications for materials 
with variable thermal conductivity could be found in fields including electronic devices, 
energy storage, and thermal management (Peter et al.,2019; Oyelami & Dada 2016; and 
Banerjee et al.,2018). 
 
Prior investigations failed to consider the combined impacts of chemical reactions, heat 
radiation, magnetic fields, viscous dissipation, variable viscosity, and variable thermal 
conductivity. Therefore, the Powell-Eyring model was used in this work to evaluate the 
combined impacts of thermal radiation, viscous dissipation, magnetic field, chemical reaction, 
fluctuating viscosity, and changing thermal conductivity on the unsteady non-isothermal 
flow of non-Newtonian fluid in a porous layer. 
 
Mathematical Formulation 
This article presents research on the two-dimensional non-isothermal flow of an 
incompressible Powell-Eyring fluid with variable viscosity, variable thermal conductivity, 
and thermal radiation.  Two parallel, stationary plates separated by a distance of h contain an 
electrically conducting fluid that exhibits viscous behavior in the non-Newtonian flow 
explained by the Powell-Eyring model for explaining shear. The channel is filled with 
saturated porous material, and the flow is believed to be unpredictable.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1: The flow geometry 
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Powell-Eyring model's stress tensor can be written as (Idowu et al., 2024; Rahimi et al., 2016 
and Oyelami & Dada, 2016)  
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Thus, the Powell-Eyring model's stress tensor becomes 
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where
x

u
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
 is the velocity gradient,  is the coefficient of dynamic viscosity,  and B  

characterizes the Powell-Eyring model.  
 
According to Ara et al. (2014);  Bilal & Ashbar (2020); Ghadikolaei et al. (2017); Idowu et al. 
(2024); Parmar & Jain (2019) and Rahimi et al. (2016), the governing equations, which take into 
account temperature-dependent viscosity, temperature-dependent thermal conductivity of 
the flow field, and thermal radiation, can be represented in dimensional form as 
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Subject to the following initial and boundary conditions 
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Radiative heat flux


rq is determined using the Roseland approximation and is provided by 
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The expression for the viscosity's temperature dependency ( )T is 

( )












 −
−

= 0

0

0

T

TT

eT                        (10) 

Temperature dependence of thermal conductivity ( )Tk  can be stated as, 
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In light of equation (15), the equations (5) through (14) and the removal of the primes becomes  
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The following are the modified boundary conditions: 
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Method of Solution 
The Galerkin-weighted residual approach via f solution in the maple 18 software was used to 
solve the set of coupled non-linear boundary layer equations (13)–(15) and the boundary 
conditions displayed in equation (16) numerically as follows: 
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RESULTS AND DISCUSSION 
Figures 2–4 show how the unsteadiness parameter affects the fluids' temperature, velocity, 
and concentration raising the value of  results in a drop in the fluid's velocity but an increase 
in its temperature and concentration. Figures 5–6 illustrate how the fluids' temperature and 

velocity of the fluid drop when the value of b  increases but the temperature of the fluid rise, 
signifying free flowage of the fluid. Figures 7–8 show that while the fluid's temperature 
increases as the Reynolds number rises, its velocity decreases. Figure 9 shows the effects of 
different Powell-Eyring parameter  values on fluid velocity. The fluid's velocity increases as 
  rises, as can be seen from the graph. Figure 10 illustrates the effects of varying thermal 
conductivity. The graph shows that the fluid's temperature increases in tandem with the 

changing thermal conductivity 1n value. Figures 11–12 show the fluids' temperature and 

dimensionless velocity rises as the Darcy number Da rises vice versa. 
 
Figures 13–14 illustrate the effects of magnetic variables on fluid temperature and velocity 

rises while its velocity falls as the value 0M increases. It has been observed that its presence 

causes the Lorentz force to rise in an electrically conducting fluid, which accelerates the fluid's 

movement. The effects of the Prandtl number Pr and the thermal radiation parameter dR are 

shown in Figures 15 and 16, respectively. The graph clearly shows that the fluids' 

temperatures are decreasing as the Pr and dR rise. As the thermal radiation parameter 

increases, heat energy is transferred into the flow, developing the thickness of the thermal 
boundary layer. Conversely, a larger Prandtl number raises the temperature profiles of the 
flow because it produces a higher heat transfer coefficient. Figure 17 shows how the flow's 
temperature profile become less discernible as the Ecket number rises. Figures 18 and 19 

depict variations in Schmidtl number Sc and r on concentration profiles, respectively. Lastly, 

it is important to note that every profile shown in Figures 2–19 satisfies the boundary 
conditions shown in equation (16), supporting the numerical results that were obtained. 
The findings are consistent with those examined by (Banerjee et al., 2018); (Oyelami & Dada, 
2016); (Ara et al., 2014); and (Parmar & Jain, 2019) for the Powell-Eyring model. 
 

 
Fig. 2. Unsteadiness   on velocity 

 

 
      Fig. 3. Unsteadiness   on temperature 
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Fig. 4. Unsteadiness   on concentration 
 

 

Fig. 5. Variable viscosity b  on velocity 

 

 

Fig. 6. Variable viscosity b  on temperature 

 
 

 

Fig. 7. Reynolds number Re on velocity 
 

 

Fig. 8. Reynolds number Re  on temperature 

 

 
Fig. 9. Powell-Eyring  on velocity 
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Fig. 10. variable thermal  
conductivity n  on temperature 

 

 

Fig. 11. Darcy number Da  on velocity 

 
 

 

Fig. 12. Darcy number Da  on temperature 

 
 

 

Fig. 13. magnetic field 0M on velocity 

 
 

 

Fig. 14. magnetic field 0M on temperature 

 

\  

Fig. 15. Prandtl number Pr  on temperature 
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Fig.16. thermal radiation dR on temperature
 

 
 

 

Fig. 17. Eckert number Ec on temperature 

 
 

 
Fig. 18. Schmidt number Sc on concentration 

 

 

Fig. 19. chemical reaction r  on concentration
 

 
 
CONCLUSION 
The figures demonstrate free flow when the fluid's velocity falls as its temperature rises and 
its variable viscosity value climbs. The graph indicates that when the Powell-Eyring 
parameter rises, so does the fluid's velocity. Here we specify non-Newtonian reversing to 
Newtonian fluids. As the parameter for heat radiation grows, the graph indicates that the 
temperature of the fluid rises simultaneously with an increase in the variable thermal 
conductivity parameter. This work has numerous real-world uses in the production of 
polymers, slurries, food manufacturing, and petroleum drilling. More significantly, the 
problem's flow model depicts the oil well and the rapid oil recovery from it. Additionally, the 
outcomes of this issue are highly relevant to production processing, automotive engines, life 
safety, and appropriate material handling during processing. This work has the potential to 
improve many scientific and technical processes. 
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