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Abstract 
This study analyzes the effects of thermal radiation on magnetohydrodynamic (MHD) flow in a vertical 
porous channel. The momentum and energy equations are solved analytically using the method of 
undetermined coefficients to examine the impact of the magnetic field, thermal radiation, Prandtl 
number, and suction/injection parameter on velocity and temperature distributions. Results indicate 
that higher Prandtl numbers reduce temperature and velocity, emphasizing their role in controlling 
thermal and momentum boundary layers. Suction decreases flow velocity and temperature while 
thinning the boundary layers, enhancing flow stability, whereas injection produces the opposite effect. 
Thermal radiation increases fluid temperature and velocity by enhancing internal energy and buoyancy 
forces, resulting in thicker thermal boundary layers and more uniform temperature distributions. An 
increase in the magnetic field accelerates fluid motion through the induced Lorentz force, influencing 
momentum transport and flow resistance. Skin friction, heat transfer, and mass flux are significantly 
affected by these parameters, with practical relevance to MHD pumps, electronic cooling, microchannel 
heat exchangers, and other thermal management systems. These findings provide critical insights for 
optimizing flow control, energy transport, and thermal efficiency in electrically conducting fluids. 
 
Keywords: thermal radiation; suction/injection; magnetic field; magnetohydrodynamic 
(MHD); porosity 
 
INTRODUCTION 
Magnetohydrodynamic flow refers to the two-dimensional, incompressible flow of 
electrically conducting fluids, which are the liquid metals, electrolytes, or ionized gases, under 
a transverse magnetic field. This velocity and magnetic field interaction produces the Lorentz 
force that could affect the flow significantly with respect to velocity, temperature and other 
aspects of flow characteristics. MHD flow in vertical porous channels would draw particular 
attraction because of its wide occurrence in many engineering and industrial systems over 
heat transfer with buoyancy-driven motions. Thermal radiation becomes important when 
heat transfer occurs at high temperature or when the surrounding medium allows for 
radiative exchange of heat. In a vertical channel filled with a porous medium, thermal 
radiation can change the fluid temperature distribution and thereby the buoyancy forces and 
fluid motion. The presence of a porous medium further modifies the flow by providing 
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resistance to the motion and increasing energy dissipation. Hence, the analysis of the effect of 
thermal radiation on MHD flow in a vertical porous channel becomes indispensable for 
understanding and controlling transfer mechanisms in heat and momentum in many practical 
systems. It also helps improve efficiency, stability, and thermal performance of several 
technological applications.   
 
Poddar et al. (2021) reported that the suction parameter decreases the magnitude of velocity 
and temperature. Ajibade et al. (2024) found that if suction or injection is incorporated, the 
temperature and velocity profiles will increase. Idowu and Falodun (2018) concluded that if 
the thermal radiation parameter is increased, the temperature profile will augment. Yasmin et 
al. (2025) reported that with an increase in wall suction factor parameter, thermodynamic 
irreversibility will increase, but an opposite phenomenon will be observed with an increase 
in magnetic field strength parameter. Emam et al. (2025) their result found that with a 
reduction in the speed of suction/injection, surface strength will augment, but an opposite 
phenomenon will be observed on increasing surface shear stress. Usman et al. (2022) 
concluded their work that when the parameter of suction/injection increases, both velocity 
and temperature fields will augment. Sammani and Junaidu (2024) reported that with an 
increase in magnetic field strength parameter, fluid velocity will increase, but with an increase 
in radiation parameter, fluid temperature will decrease. Iranian et al. (2023) their conclusions 
reveal that, when the radiation parameter increases, fluid temperature will augment. 
 
As stated by Usman et al. (2023), an increase in the suction/injection and Prandtl number 
results in an increase in fluid temperatures, but an increase in radiation parameter decreases 
temperatures. Based on the research conducted by ((Yousaf et al. (2025)), stagnation 
parameters increase fluid velocities, and magnetic parameters and suction/injection 
parameters both decrease fluid velocities. Zigta (2020) their outcome showed that due to the 
increase in thermal radiation in blood flow in the vessel, there is a significant rise in thickness 
of the boundary layer. Tlili et al. (2020) concluded that due to the process of radiation heat is 
generated in the moving liquid, which causes a rise in the thermal field. Nadeem et al. (2023) 
they reported that as magnetic field is improved the occurrence of a Lorentz force declines 
velocity while enhances heat transfer which also enables the Nusselt number of the fluid. 
Dandu et al. (2024) concluded that an increase in thermal radiation parameter, the resultant 
velocity, and temperature profile improves. Mostafa et al. (2025) reported that increase of 
porosity and magnetic field parameters increases the drag on surface while reduces the 
boundary layer thickness. Maihulla and Zainab (2018) concluded that the velocity increases 
with an increase in the magnetic field and suction/injection parameters. Hamza et al. (2023) 
examined how thermal radiation impacts hydromagnetic flow in a vertical porous 
superhydrophobic microchannel. They found that the presence of thermal radiation 
accelerates the fluid flow. Krishna et al. (2019) studied influence of Radiation and Chemical 
Reaction on the Boundary Layer Magnetohydrodynamic Flow of a Casson Fluid past a 
Vertical Plate in a Porous Medium. It was concluded that the velocity diminishes with 
increasing magnetic field intensity.  
 
Rasool et al. (2025) studied a parametric study on heat and mass transfer in nanofluid flow 
through a porous channel and found that the Prandtl number significantly affects the thermal 
boundary layer, with higher Prandtl numbers resulting in steeper temperature gradients and 
thinner thermal layers. Bahmani et al. (2025) reported that increasing thermal radiation 
enhances the rate of heat transfer. Chen et al. (2021) observed the relationship between the rate 
of heat transfer and the Prandtl number is complex, indicating that the rate of heat transfer 
does not vary monotonically with the Prandtl number over a wide range. Ebiwareme and 
Bunonyo (2023) studied MHD fluid flow through a vertical porous plate under the influence 
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of a magnetic field. They reported that the temperature profile decreases with increasing 
Prandtl number, thermal radiation parameter, and inclination angle. Mahboobtosi et al. (2024) 
investigated the effects of various parameters on MHD flow in a porous medium. Their results 
show that increasing the magnetic parameter reduces the fluid velocity profile, while an 
increase in the porosity parameter significantly decreases the fluid velocity. Gamiel et al. 
(2022) studied the flow behavior in porous cylindrical fiber beds subjected to a transverse 
magnetic field. They reported that the combined presence of the magnetic field and porous 
medium leads to reduced skin friction at both the inner and outer boundaries of the enclosure. 
Koka and Ganjikunta (2024) reported that an increase in the aligned magnetic parameter 
enhances the temperature profile while reducing the velocity profile, owing to the retarding 
effect of the Lorentz force. Tafida et al. (2025) examined magnetohydrodynamic steady natural 
convection Couette flow of a heat-generating/absorbing fluid in a vertical channel and 
reported that increasing the magnetic field strength reduces the heat transfer rate at both 
plates. Fetecau and Morosanu (2023) investigated the influence of a magnetic field and porous 
medium on the steady-state behavior and flow resistance of second-grade fluids over an 
infinite plate, noting that the presence of a magnetic field accelerates the attainment of steady 
state, as demonstrated graphically. Jha and Gwandu (2020) found that the magnetic parameter 
decreases the skin friction at both surfaces in all cases considered. Tafida and Shuaibu (2025) 
analyzed steady MHD free convection Couette flow of a heat-generating fluid in a vertical 
channel and observed that fluid velocity and temperature decrease with increasing magnetic 
field strength. Nandhini et al. (2023) their conclusions reported that thermal radiation 
enhances effective thermal diffusivity, leading to an increase in fluid temperature.  
 
This paper aims to investigate the effects of thermal radiation on Magnetohydrodynamic 
(MHD) flow in a porous vertical channel. The objective of this paper is to analyze the 
importance of various parameters, such as, the strength of the magnetic field, thermal 
radiation, Prandtl number and suction/injection on the velocity and temperature profiles, 
skin friction, rate of heat transfer and mass flux of the fluid by using analytical solutions. The 
outcome of this technique could prove useful for designing a proper flow control mechanism 
for warmer materials as well as heat transfer processes. The motivation for examining the 
influence of thermal radiation on magnetohydrodynamic (MHD) flow in a vertical porous 
channel is driven by the growing demand for accurate prediction and control of heat and mass 
transfer in high-temperature systems involving electrically conducting fluids. In numerous 
engineering applications, such as nuclear reactor cooling, microscale and electronic thermal 
management, MHD pumps, energy conversion devices, and porous heat exchangers, thermal 
radiation becomes increasingly significant at elevated temperatures and interacts strongly 
with magnetic fields and porous structures. These coupled phenomena substantially affect 
velocity and temperature fields, wall shear stress, and heat transfer characteristics, thereby 
playing a critical role in determining system performance, stability, and safety. However, the 
combined effects of thermal radiation and magnetic fields in vertical porous channels remain 
insufficiently understood, particularly within analytical frameworks. Therefore, a 
comprehensive investigation of thermal radiation effects on MHD flow in a vertical porous 
channel is necessary to provide deeper physical insight and to support the efficient design 
and control of advanced thermal–fluid engineering systems. 
 
Mathematical structure of the flow configuration 
Consider a steady, incompressible flow of a viscous, electrically conducting fluid confined 

between two infinite, parallel, vertical porous plates separated by a distance h . A Cartesian 
coordinate system ),( yx  is chosen such that the −x axis is aligned vertically along the plates 

(direction of the main flow), while the −y axis is normal to the plates, with 0* =y  
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representing the injection plate and hy =*  the suction plate. The fluid is injected uniformly 

through the left porous plate and withdrawn by uniform suction at the right porous plate. A 

constant transverse magnetic field 0B  is applied in the −y direction, normal to the flow. 

Thermal radiation effects are included in the energy equation, and buoyancy forces due to 
temperature differences are modelled using the Boussinesq approximation. Under these 
assumptions, the velocity )(yu  and temperature )(yT depend only on the transverse 

coordinate y , leading to a one-dimensional coupled system of momentum and energy 

equations subject to prescribed velocity and thermal boundary conditions at the two porous 
plates. 

 
 
Figure 1: Schematic representation of the flow domain 

 
We adopt the governing equations as presented by Hamza et al. (2023), but impose different 
boundary conditions and utilize an alternative solution method to address the specific 
features of the current study, under the Boussinesq buoyancy approximation, assuming a 
viscous, electrically conducting fluid subjected to thermal radiation and suction/injection, the 
governing equations for the present problem in dimensional form are expressed as: 

0
*

*

02*

*2

=−
dy

dT

dy

Td

c

k

p




      (1) 

0)(
*2

0
0

*

*

*

02*

*2

=−−+−





uB
TTg

dy

du

dy

ud
    (2) 

The appropriate boundary conditions of the model are: 
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Here, *  and *k  represent the Stefan Boltzmann constant and the Rosseland mean absorption 
coefficient, respectively. Assuming that the temperature variations within the flow are 

sufficiently small, the fourth power 4T of temperature can be linearized using a Taylor series 

expansion about 0T  neglecting higher-order terms, yielding:  
4
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By applying equations (4) and (5), equation (1) can be rewritten as: 
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The dimensionless parameters employed are given by:
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Substituting equation (8) into equations (1), (2), and (3) the governing equations become: 
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The following boundary conditions are considered in dimensionless form: 

,1=u ,1=T   at ,0=y  

  ,0=u ,0=T  at .1=y                (11) 

The symbols )(R  and )(M correspond to the thermal radiation, magnetic field intensity, and 

)(  is the suction/injection parameter, respectively. 
 
Solution of the problem  
Equations governing the problem are a set of ordinary differential equations with constant 
coefficients. This set of linear ordinary differential equations is solved using the method of 
undetermined coefficients. The general solution of the temperature and velocity fields is given 
by the following relations: 

yBeAyT +=)(        (12) 

  
22221

21)(
M

Be

M

A
eCeCyu

y
ymym

−−
+++=





   (13) 

The rate of heat transfer and skin friction on the boundary surfaces are computed as follows: 
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RESULTS AND DISCUSSION  
In this study, we adopt the governing equations of Hamza et al. (2023) while applying distinct 
boundary conditions and an alternative solution method to capture the specific characteristics 
of the present problem. Under the Boussinesq buoyancy approximation, and assuming a 
viscous, electrically conducting fluid subjected to thermal radiation and suction/injection, the 
governing equations are expressed in dimensional form as above. The results are presented 
and analyzed to investigate the effects of thermal radiation on magnetohydrodynamic (MHD) 
flow through a vertical porous channel. The momentum and energy equations are solved 
analytically using the method of undetermined coefficients, and the effects of the magnetic 
field parameter, thermal radiation parameter, Prandtl number and suction/injection 
parameter on velocity and temperature distributions are examined in detail. Graphical 
illustrations are provided to highlight the variations induced by these parameters, and the 
physical implications of the observed trends are discussed with respect to flow behavior and 
heat transfer characteristics. 
 
Figures 2 and 3, the effects of the Prandtl number on temperature and velocity profiles in 
magnetohydrodynamic flow in a vertical porous channel are presented. With the rise of 
Prandtl number values, there is a decrease in temperature and velocity in the entire channel. 
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On the other hand, lower Prandtl numbers result in higher heat transfer coefficient, buoyancy 
force effects and velocity as well as the thickness of the thermal boundary layers because of 
high thermal diffusivity. As the Prandtl number is increased, there is a reduction in diffusion, 
buoyancy effects, temperature and thermal boundary layers. It is evident that the Prandtl 
numbers play a major role in influencing momentum and heat transfer mechanisms in the 
porous channel. 

 
                              Figure 2: Effect of Prandtl number on temperature profile 

 

 
            Figure 3: Effect of Prandtl number on velocity profile 

 
Figures 4 and 5 illustrate the important role of the suction/injection parameter )(  to the flow 

temperature and velocity distribution across a magnetohydrodynamics (MHD) flow in a 
porous vertical channel. As )(  changes from a value representative of suction )0(    to 

that for injection )0(  , it leads to a decrease in temperature and velocity levels across the 

channel. Suction reduces flow velocity and temperature and decreases the momentum and 
thermal boundary layers, which leads to an augmentation of flow stability and electron 
transfer, while increasing fluid temperature. In contrast, increasing )(  leads to a thick 

momentum and thermal boundary layer, which, in turn, causes an augmentation of flow 
resistance, reduces flow velocities and increases fluid temperature due to a decrease in 
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electron transfer. All these aspects are particularly important in transpiration cooling 
techniques for turbine blades, enhanced oil recovery, boundary-layer flow controls for cooling 
systems, and other reactors. 

 
Figure 4: Effect of suction/injection on temperature profile 
 

 
     Figure 5: Effect of suction/injection on velocity profile 

 
Figures 6 and 7 represent the effect of thermal radiation on the temperature and velocity 
distributions in the channel. Increasing thermal radiation parameter )(R  increases the fluid 

temperature and fluid velocity in the entire domain due to the fact that the increase in the 
thermal radiation absorbs more radiative energy into the fluid, which consequently increases 
the internal energy of the fluid and thereby the overall temperature. The increased 
temperature hence decreases the density of the fluid, which enhances the buoyancy forces in 
natural convection flows to increase the fluid flow. Also, the thickening of the thermal 
boundary layer due to the increased radiative energy leads to a decrease in the overall 
temperature gradient, yielding more uniform distribution of temperature. Therefore, such a 
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coupled increase in velocity and temperature significantly alters convective heat transfer, 
enhancing the overall energy transport in the system. 

 
     Figure 6: Effect of thermal radiation on temperature profile 
 

 
        Figure 7: Effect of thermal radiation on velocity profile 

 
Figure 8 shows how the magnetic parameter )(M  affects the velocity profile of the fluid 

flowing through the channel. From this figure, it can be observed that as magnetic field )(M  

increases, there is a significant acceleration of fluid velocity across the entire flow field, where 
the maximum velocity is achieved at the middle section of the channel. This phenomenon can 
be explained based on the nature of the induced Lorentz force that arises from the interaction 
of the applied magnetic field and the electrical conductivity of the fluid, which affects the 
momentum transport and, therefore, resistance to the flowing fluid. The experimental results 
are significant for practical applications related to magnetohydrodynamic phenomena, 
including electronic cooling systems, magnetic control of metallurgical processes, 
development of magnetohydrodynamic (MHD) pumps and control of thermal systems, 
among others, where the magnetic field is controlled to provide a viable means of 
manipulating and improving performance. 
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Figure 8: Effect of magnetic field on velocity profile 

 
Table 1 presents the skin friction coefficients at the hot and cold plates. An increase in thermal 
radiation is found to enhance skin friction at the cold plate while reducing it at the hot plate. 
Moreover, increasing the magnetic field parameter and the Prandtl number, from )044.0(Pr =  

mercury to )71.0(Pr =  air, decreases the skin friction at the hot plate but produces the 

opposite effect at the cold plate. Physically, these trends indicate that thermal radiation, 
magnetic fields, and fluid properties significantly influence fluid wall shear depending on the 
thermal condition of the surface, with important implications for flow control and thermal 
management in engineering systems. 
 

Table 1: Numerical values of skin friction when 5.0−=  
 

R  

044.0Pr,5.0 ==M
 

          0                               1  

71.0Pr,0.1 ==M    

                0                                 1  

5.0         9824.0  9035.0              7856.0  2560.1  

0.1        9616.0  9244.0              7648.0  2769.1  

5.1        9407.0  9452.0              7440.0  2977.1  

0.2        9199.0  9660.0              7231.0  3185.1  

 
Table 2 summarizes the rate of heat transfer at both the hot and cold plates. The results 
indicate that increasing the magnetic field parameter and Prandtl number from )044.0(Pr =  

for mercury to )71.0(Pr =  for air enhances heat transfer at the hot plate, while a reduction is 

observed at the cold plate. Additionally, the skin friction decreases at the hot plate but 
increases at the cold plate. These findings highlight that in practical MHD thermal systems, 
magnetic fields and fluid properties can be strategically employed to improve heat transfer at 
heated surfaces, thereby optimizing thermal performance and flow control in engineering 
applications.  
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Table 2: Numerical values of rate of heat transfer 5.0−=  
 

R  

044.0Pr,5.0 ==M
 

          0Nu                        1Nu
 

71.0Pr,0.1 ==M    

                0Nu                           1Nu  

5.0         7815.0  3035.1              9439.0  0889.1  

0.1        6575.0  6795.1              8041.0  4491.1  

5.1        6167.0  1387.2              7476.0  8926.1  

0.2        6593.0  6813.2              7745.0  4195.2  

 
Table 3 illustrates the variation of mass flux, showing that it increases with rising thermal 
radiation. Furthermore, higher values of the magnetic field parameter and Prandtl number 
lead to additional enhancement of mass flux. These trends highlight the combined effects of 
thermal and electromagnetic forces on fluid motion, where radiation energizes the fluid, and 
magnetic and viscous properties modulate the flow. In practical terms, this behavior is 
relevant to engineering systems involving electrically conducting fluids, such as the cooling 
of nuclear reactors, MHD pumps, and microchannel heat exchangers, where enhanced mass 
transport contributes to improved thermal efficiency and flow control. 
             

Table 3: Numerical values of mass flux when 5.0−=  

 

R  

044.0Pr,5.0 ==M  
     Q                                

71.0Pr,0.1 ==M    

                Q                            

5.0              4937.0               5387.0   

0.1             4978.0               5429.0   

5.1             5020.0               5470.0   

0.2             5062.0               5512.0   

 
Comparison with Related Studies 
The present findings show good agreement with the majority of existing studies on MHD flow 
in porous vertical channels under thermal radiation and mass transfer effects. The differences 
observed with some works can be attributed to variations in boundary conditions, magnetic 
field orientation, porous medium properties and thermal models. By incorporating modified 
boundary conditions and simultaneously accounting for suction/injection, radiation and 
magnetic effects, the present study extends earlier analyses and provides additional insight 
into flow control, heat transfer enhancement, and thermal management in MHD pumps, 
nuclear reactor cooling systems, and microchannel heat exchangers. 
 
CONCLUSION  
Analytical solutions for magnetohydrodynamic (MHD) flow in a vertical porous channel 
under thermal radiation and suction/injection were obtained using the method of 
undetermined coefficients with modified boundary conditions. The study shows that higher 
Prandtl numbers reduce temperature, velocity, and thermal boundary layer thickness, while 
lower Prandtl numbers enhance thermal diffusion and buoyancy-driven flow. Suction 
decreases velocity and temperature and thins boundary layers, improving flow stability, 
whereas injection thickens the layers and increases flow resistance. Additionally, thermal 
radiation and magnetic fields increase fluid temperature and velocity, significantly affecting 
convective heat transfer, wall shear and mass flux. These results offer valuable insights for 
optimizing flow control, heat transfer and thermal management in engineering applications 
such as magnetohydrodynamic (MHD) pumps, nuclear reactor cooling, and microchannel 
heat exchangers. 
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