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Abstract 

This study examined a viscoelastic fluid with zero mass flux, incorporating 

magnetohydrodynamics, radiative effects, melting heat effects, and channel permeability. The 

study of viscoelastic fluid is essential due to its extensive industrial and biological applications. 

The problem presented in the form of partial differential equations was converted into ordinary 

differential equations by a suitable similarity transformation. To solve the linked set of equations 

numerically, the Runge-Kuttab-Fehlberg fifth-order via shooting techniques, and Maple 

program were deployed. The resulting solution offers valuable insight into how melting heat and 

viscoelasticity interact to affect different flow characteristics. According to the profiles, the 

fluid's speed decreases due to an increase in the magnetic field and radiation parameters, but the 

velocity profile noticeably increases when the melting heat effect increases, showing an upward 

tendency in the fluid's speed. The temperature profile depicts a downward trend as the melting 

heat increases. The result indicates a low temperature distribution all through the fluid system. 

The study highlights how combining 𝑀𝐻𝐷, melting heat, and thermal effects is essential for the 

best performance and efficiency of viscoelastic fluids in cooling devices, oil recovery, polymer 

processing, and biomedical engineering. 
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1. Introduction 
 

Viscoelastic fluids are a class of complex fluids 

equipped with both viscous and elastic properties. 

Interestingly, such a fluid model represents a class of 

non-Newtonian fluids, providing opportunities to 

investigate the flow traits of materials that have 

viscoelastic properties. Understanding how Maxwell 

fluids interact with outside forces like magnetic fields, 

melting heat at solid boundaries, flow in porous media, 

and radiative effects is very intriguing to scientists and 

has real-world applications. In the study of viscoelastic 

fluids, magnetohydrodynamics (𝑀𝐻𝐷) plays a crucial 

part. The interaction of magnetic fields with their 

viscoelastic properties can lead to some gripping or 

enthralling developments. The interaction between 𝑀𝐻𝐷 

and viscoelastic fluids has diverse uses in Biomedical 

engineering, cooling systems, food, and oil recovery, 

and polymer processing because of its turbulence drag 

reduction [1],[2] looked into 𝑀𝐻𝐷 steady laminar flow 

and the radiative effects of heat moving from a laminar 

liquid to a melting surface that was moving. Thermal 

radiation and magnetic fields were included in their 

investigation, but fluid permeability was not [3] studied 

energy transfer and boundary layer flow in Maxwell 

fluids [4] looked at how heat moves through a vertical 

porous sheet that is always stretching. The fluids were 

Maxwell hybrid nanofluids. 

The fluid’s thermal transition was monitored using the 

hybrid nanofluid [5] studied the flow of a viscoelastic 

fluid through a stiff porous material [6] examined the 

Maxwell fluid’s viscosity, relaxation duration, and 
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pressure effects. Since some viscoelastic fluids’ material 

moduli depend on pressure, the solid component of their 

work was essential.  

The study by [7] looked at the steady-state 𝑀𝐻𝐷 flow 

in a flat, horizontal, permeable plate that had a Maxwell 

viscoelastic fluid in it, [8] examined the boundary layer 

flow and heat transport of a second-grade fluid at a 

stagnation point.  

They combined melting heat transfer with Dufour and 

Sorex phenomena. They employed the series solution 

method to analyses their problem [9] used the Cattaneo-

Christov model, the upper convective Maxwell fluid, 

and generalized fluid flow and heat flux on a porous, 

stretchy sheet. They use Legendre Collocation method 

in their investigation, [10] examined boundary layer 

flow in an upper-convicted Maxwell (𝑈𝐶𝑀) fluid over a 

stretching sheet. [11] used a micro polar fluid to study 

stagnation point flow toward a horizontal linearly 

stretching or contracting sheet. They developed a model 

to investigate the heat transmission characteristics that 

take place during the melting process brought on by the 

stretching/shrinking sheet. Furthermore, looking at 

melting heat at the points where two solids meet adds a 

new level of complexity to viscoelastic fluid dynamics 

research. In industrial processes, melting or 

solidification at interfaces is a popular phenomenon. In 

heat transfer operations, it is vital to comprehend the 

action of solidification and its effects on the flow 

kinetics of viscoelastic fluids. These operations include 

chilling and steaming systems, solidification techniques 

in material science, and thermal management in 

electronic devices, among others. Understanding 

magnetohydrodynamics (𝑀𝐻𝐷) and how melting affects 

solid boundaries at high temperatures is important for 

technological progress and makes it easier for people 

from different fields to study together. Our present 

endeavor seeks to investigate the interaction of these 

scenarios, uncovering insights that may catalyze 

innovation across several domains, such as aerospace, 

energy, engineering, and geophysical applications. This 

work aims to improve our understanding of fluid 

dynamics and its useful applications by making it clearer 

how viscoelastic fluids interact and behave when heated 

and magnetized fields are present at solid-liquid 

interfaces. The geometric modelling of 𝑀𝐻𝐷 in a 

micropolar fluid by [12] looked at how radiation, 

melting energy, and viscous dissipation changed over an 

exponentially stretched sheet [13] looked into the 

different ways that energy moves through an entropy-

optimized magnetic nanofluid. They incorporated 

melting energy transfer, joule heating, and a robust 

model in their study. The research by [14] looked at how 

mass and heat move through a sheet of Sisko nanofluid 

that is stretching in a way that is not linear. They took 

into account a heat source, 𝑀𝐻𝐷, and radiation [15] did 

an experiment to look into how phase-change heat 

transfer works in a horizontal cavity containing 

octadecane. 

They added non-graphene and an electric field both 

passively and actively [16] looked at how a viscoelastic 

fractional-type Maxwell fluid naturally convicts as it 

flows over an inclined plate that moves back and forth. 

They employed the thickness vector thermal flux and 

generalized stress-shear equations. The research by [17] 

looked at how the flow, heat, and mass of a Maxwell 

fluid behaved over a stretching sheet that was inserted 

into a porous medium that let viscous heat escape. They 

used the spectrum relaxation method to examine the 

equations quantitatively [18] did a study on the Maxwell 

nanofluid that combined 𝑀𝐻𝐷 and convection. They 

were interested in how heat moves when thermal 

radiation is present. 

Their research elucidated the intricate relationships 

between chemical processes and fluid dynamics, 

providing insights into practical uses [19] examined the 

impact of wall slip conditions on temperature and the 

influence of Newtonian effects on heating. The study 

demonstrated the generalized memory effect using 

fractional Prabhakar derivatives. The research offers 

compelling insights into the influence of thermal factors 

on the behavior of Maxwell fluids in natural convection 

scenarios. A collection of works on Maxwell fluids in 

different geometries and parameter considerations can 

be found in [20]–[23]. 

Moreso, in the absence of variable thermal 

characteristics, the flow of Williamson fluid past the 

Riga plate was described by [24]. They discovered 

intriguing results using the shooting method, which 

show a decrease in the velocity distribution in the 

stretching ratio constant and viscosity parameter. In their 

investigation, they also noted that the existence of Boit 

numbers causes an increase in the movement of heat and 

energy.  

In reference to lubricated surfaces, the flow of 

Williamson fluid on a power law has been described in 

[25]. The concentration and temperature equations are 

studied in conjunction with microorganisms, activation 

energy, Cattaneo-Christov mass, and heat flow. They 

used the MATLAB BVP4C solver, a powerful numerical 

tool for solving a system of coupled differential 

equations numerically. The passage of gyrotactic 

microorganisms via a porous tube in a non-Newtonian 

Casson-Williamson fluid was described in [26]. 

Their work is unusual since they use ion slip and Hall 

current. According to their research, the momentum 

boundary layer decreases for both Casson and 

Williamson parameters. Additionally, [27] investigated 

a constant flow of electro-magnetic hydrodynamics on a 

porous Casson-Williamson nanofluid cone that is 

exponentially vertical. They used the shooting method to 

implement the Runge-Kuttab-Fehlberg procedures [28] 

examined an unstable, three-dimensional rotating flow 

of non-Newtonian nanofluid as part of a chemical 

process fueled by activation energy across a porous 

region. The Casson-Williamson nanofluid has a higher 

viscosity than other fluids, which lowers the flow rate, 

according to their findings. Heat transmission under 

various conditions has been thoroughly studied and is 

available in [24], [29]–[33]. 

In a further advancement [34], disturbed Fourier's laws 

were taken into consideration when examining the 

magnetized flow of an Oldroyd-B fluid across a rotating 

disc by using the finite element approach. The thermal 

distribution on Oldroyd-B fluid was found to have a 
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decreasing trend in acceleration over the range of heat 

flux and thermal relaxation parameters.  

The value of heat transmission decreases as the heat 

generating parameter increases. 

 Furthermore, when the strength of the homogeneous 

reaction grows, the fluid's absorption rate falls. The 

analysis of steady mixed convection flow close to a three 

dimensional non uniform vertical surface with slip 

effects was undertaken by [35]. In their analysis, a 

hybrid nano particle was used. Their findings showcased 

a higher heat transfer rate with the hybrid nano particle 

unlike the normal nanofluids.  

Also, it was observed that mixed convection enhances 

the velocities of both hybrid and nano particle fluids 

while porosity diminishes their velocities. Similar work 

on hybrid nanofluids was carried out by [36], but theirs 

was MHD hybrid nanofluids with variable viscosities 

and thermal radiations. 

 The influence of thermal radiation and heat sink and 

source were performed and the results were similar to 

those obtained by [35].  

A case of Fractional unsteady flow of viscoelastic 

hybrid nano fluids, fractional Maxwell viscoelastic 

nanofluid and their hybrid over a vertical channel are 

detailed in [37],[38]. 

More recent studies, including using artificial neural 

network into heat and mass transfer dynamics 

documented in [39]–[42]. 

This paper is structured as follows: The next 

subsection provides the literature gap and novelty. This 

portion is immediately followed by section two, titled 

‘Material and Methods’ This section describes the 

mathematical formulation of the problem, the coordinate 

system and the flow direction. Furthermore, it provides 

details of the flow equations and captures the solution 

procedures adopted in this study. 

The last section discusses the results and the 

implications of different parameters for velocity and 

temperature distributions. The key findings of this work 

are itemized in the concluding section. 

In summary, the study’s gap and research questions are 

itemizes below: 

• This study considered heating effect with zero mass 

flux at boundaries with the inclusion of thermal 

radiation, MHD, and other parameters within a 

porous channel. 

• How does magnetic field and thermal radiation affect 

fluid velocity? 

• How imparted is fluid’s velocity over a steady 

increase in the melting heat parameter? 

• What is the effect of increasing Prandtl number 

parameter on fluid’s temperature? 

1.1 Literature Gap 

 

The existing research has undoubtedly broadened our 

comprehension of the flow kinematics of vis- elastic 

fluids across various aspects, including chemical 

reactions, heat and mass transfer effects, and the addition 

of nanoparticles. The writers have effectively 

communicated their points and provided clear directions 

for various practical applications. 

The referenced scholars executed their study by 

considering diverse fluids, geometries, and parameters. 

Nonetheless, the simultaneous melting heat effect and a 

null mass flux at the boundary, coupled with the 

radiative effect within a porous  

channel, is a concept that was overlooked in their 

studies. So, this study puts these factors into context by 

looking at Maxwell fluid dynamics on a stretching sheet 

with melting heat effects and no mass flux. 

The intricate interplay of diverse physical processes, 

the extensive array of practical applications, and the 

environmental implications render this a significant 

addition to the corpus of knowledge. A mathematical 

model governs the Maxwell fluid, utilizing the 

momentum and energy equations while incorporating 

magnetohydrodynamics and other intriguing 

parameters. We converted the 𝑃𝐷𝐸𝑠 to 𝑂𝐷𝐸𝑠 using the 

appropriate similarity transformations. We further 

deployed the 𝑀𝐴𝑃𝐿𝐸 software to quantitatively analyze 

the equations. The results of this study clarify how 

viscoelastic properties and melting heat effects affect 

various flow properties, such as temperature and 

velocity profiles. We expect the present work to be 

compelling and significantly advance the field of fluid 

dynamics. A few of the study’s applications include: 

• Polymer and food processing: Fluid movement or 

transport is core in majority of food processing 

industries. Viscous fluids are used in industries to 

make useful food products in bulk. Flow properties 

are the key basis of the mass transfer taking place in 

food industries.  

• Material engineering: The model has broadened the 

understanding of viscoelastic fluids and their 

complex interaction with melting boundaries, This is 

very vital for process optimization and product 

quality.  

• Shaping processes: Polymeric materials are usually 

performed in the liquid state over times that are rapid 

relative to those associated with molecule re-

organization. This study, through viscoelasticity 

helps in understanding the flow and structure 

development of material shaping. 

 

2. Material and Methods 
 

The flow is steady and structured in the Cartesian 

coordinate system with the x-axis parallel to the surface 

and the y-axis normal to the surface. The flow is 

modelled along the type described in [8],[11]. Theirs 

focused on an unsteady flow of the boundary layer and 

energy transfer of a Maxwell fluid moving towards a flat 

sheet that is continuously melting with a warm liquid of 

the same type, while the present work focuses on steady 

flow as shown in Fig. 1. The sheet’s velocity 𝑢 = 𝑈𝑤 =

𝑎𝑥 has been considered in the configuration where a is a 

positive constant associated with a stretching sheet. The 

free-stream temperature 𝑇∞ and the temperature of the 

sheet 𝑇𝑚 have both been considered and (𝑇∞ > 𝑇𝑚). We 

further assumed that the fluid maintains low electrical 
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conductivity, even when positioned above the sheet. The 

fluid is subject to a uniform transverse 𝑀𝐻𝐷 whose 

intensity is denoted by 𝑇𝑚. We represent the fluid 

concentration, free-stream concentration, and sheet 

concentration as 𝐶, 𝐶∞ and 𝐶𝑤 respectively. The 

continuity, momentum, energy, and concentration 

equations are described in (1), (2), (3), and (4) 

respectively. The dimensionless (10), (11), and (12) are 

linked, non-linear, and admit no close form solution. The 

study combines the computational power of Runge 

Kuttab Fehlberg (𝑅𝐾𝑇45) techniques and the shooting 

method to scrutinize the system numerically for different 

parameter values of interest. Pertinent profiles were 

provided using MAPLE software and the results are 

discussed qualitatively. 

 
The flow equations are stated below [8],[11]. 

Continuity equation: 

𝜕𝑢

𝜕𝑥
+ 

𝜕𝑣

𝜕𝑦
= 0 

(1) 

Momentum equation: 

The momentum equation emphasizes the fluid’s 

motion.  

It offers insights into the variations in fluid velocity 

and distribution upon contact with the stretched sheet. 

𝜕𝑢

𝜕𝑥
+  𝑣

𝜕𝑢

𝜕𝑦
 

 

 

 

 

(2) 
+ 𝜆 [𝑢2

𝜕2𝑢

𝜕𝑥2
+ 𝑣2

𝜕2𝑢

𝜕𝑦2
+  2𝑢𝑣

𝜕

𝜕𝑥
(

𝜕𝑢

𝜕𝑦
)] 

=  μ
∂2u

∂y2
 −  

σBO
2

ρ
[λv

∂u

∂y
+ u] −

v

k
u 

Here, 𝜆 = relaxation time, 𝜌 = fluid density, 𝜇 =

kinematic viscosity, 𝜎 = electrical conductivity, and B0 = 

magnetic field. 

Energy equation: 

The energy equation elucidates the allotment and 

transport of energy inside the fluid. It further delineates 

the conduct of viscoelastic fluids exhibiting distinct 

viscoelastic traits.  

It encompasses terminology related to heat conduction, 

convection, heat generation and absorption, as well as 

any additional source or sink. In the absence of such 

factors, the objective would be to ascertain the overall 

behavior and principles that control heat transport in 

viscoelastic fluids. 

𝑢
𝜕𝑇

𝜕𝑥
+  𝑣

𝜕𝑇

𝜕𝑦
=  

𝜅

𝜌𝐶𝑃

𝜕2𝑇

𝜕𝑦2
−

1

𝜌𝐶𝑃

𝜕𝑞𝑟

𝜕𝑦
 (3) 

From (3), 𝑢 and 𝑣 depict the elements due to x and y 

directions. Other fluid characteristics are specified as 

follows: 𝜌 represents the fluid’s density, 𝜎 denotes 

electrical conductivity, and 𝐶𝑝 signifies the heat capacity 

at a fixed pressure, 𝜎𝑠 denotes the Stefan-Boltzmann 

constant, 𝑘∗ represents absorption coefficient, and qr 

signifies radiation.  

In the context of viscoelastic fluid flow, the energy 

equation mathematically represents the balance of 

energy inside the fluid. It delineates the processes of heat 

generation, transportation, and dissipation while the 

fluid moves and engages its environment.  

The equation took into account the viscoelastic 

characteristics of Maxwell fluids, which are elastic and 

viscous. 

Further, using Ross land approximation [24], we have: 

 

2.1. Microscopic single-particle shell model  

𝑞𝑟 =
−4𝜎∗𝜕𝑇4

3𝑘∗𝜕𝑦
 

 

(4) 

Through Taylor series, 𝑇4 is expanded about 𝑇∞ , and 

the linear part is considered as: 

𝑇4 = 4𝑇∞
3 𝑇 − 3𝑇∞

4  (5) 

By using Eqs. (4) and (5) in (3), we have: 

𝑢
∂T

∂x
+  v

∂T

∂y
 

 

 

 

(6) 

 =  
𝜅

𝜌𝐶𝑃

𝜕2𝑇

𝜕𝑦2
+

16𝜎∗𝑇∞
3

3𝜌𝐶𝑃𝑘∗

𝜕2𝑇

𝜕𝑦2
 

Specie equation: 

The specie or mass equation is an essential concept in 

fluid dynamics. It exemplifies the mathematical theory 

of conservation of mass. For a stretching sheet, it 

indicates that the fluid's density is fixed as it flows over 

the sheet, hence ensuring mass conservation within the 

system 

𝑢
𝜕𝐶

𝜕𝑥
+  𝑣

𝜕𝐶

𝜕𝑦
=  𝐷𝐵

𝜕2𝐶

𝜕𝑦2
 

(7) 

Note that 𝐷𝐵 represent mass diffusion, 𝐶 is the fluid’s 

concentration.  

The dimensional 𝐵𝐶𝑠 [43] are: 

𝑢 = 𝑈𝑤 = 𝑎𝑥 𝑎𝑡 𝑦 = 0, 

 

 

 

  𝑢 → 0 𝑎𝑡 𝑦 = ∞, 𝑇 = 𝑇𝑚 𝑎𝑡 𝑦 = 0 

 
Figure 1. Physical model of the problem 
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𝑘
𝜕𝑇

𝜕𝑦
= 𝜌[𝜆1 + 𝐶𝑠(𝑇𝑚 − 𝑇𝑠)]𝑣, 𝑎𝑡 𝑦 = ∞ 

 

 

 

(8) 
= 𝑎𝑛𝑑 𝑇 = 𝑇∞ 

𝐶 = 0 𝑎𝑡 𝑦 = 0, 𝐶 → 𝐶∞ 𝑎𝑠 𝑦 → ∞ 

As described in Eq. (8), the sheet’s velocity takes up 

the wall velocity denoted as 𝑈𝑤 as y tends to infinity. 

The same behaviour applies to the temperature boundary 

condition, but at y = 0. Also, for the change in 

temperature with respect to the y-coordinate, the linear 

relationship between the viscoelastic fluid and density is 

represented as both y and T approaches infinity. For the 

species equation, the initial concentration is zero at y = 

0 while both C and y tend to infinity. At this point we 

define zero mass flux boundary conditions as one in 

which the total mass transfer across a boundary is 

restricted. This indicates a disequilibrium between the 

mass entering the boundary and that exiting it. This leads 

to no net mass transfer. The transformational variables 

are explicitly defined in [44]. 

v = −√avh(η), u = axh′(η), η = (
a

v
)

1
2

y, 

(9) 

ψ = −√(av)xh(η), β = λa, M =
σB0

2

aρ
 

θ =
T − Tm

T∞ − Tm

, v = −√(av)f(η) 

u = axh′(η), Pr =
v

a
, Sc =

v

DB
, ϕ =

C−C∞

Cw−C∞
 

through the transformational variables, Eq. (9), Eqs. (2, 

3 and 4) take the below forms: 

β[2hh′h′′ − h2h′′′] + h′′′ + (h + Mh)h′′ 

(10) 

−h′2
− Kh′ = 0 

where 𝛽 =  𝐷𝑒𝑏𝑜𝑟𝑎ℎ 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑀= Magnetic field, and 

𝐾= Porosity 

1

𝑃𝑟

(1 + 𝑅)𝜃′′ + ℎ𝜃′ = 0 (11) 

Here, R and 𝑃𝑟 represent radiation and Prandtl 

parameters. 

ϕ′′ − Schϕ′=0 (12) 

Subject to the dimensionless 𝐵𝐶𝑠: 

ℎ′(0) = 1 , at 𝑦 = 0, ℎ′ = 0, as 𝑦 = ∞ 

(13) 
𝜃(0) = 0, 𝑃𝑟ℎ(0) + 𝑀𝑒𝜃′(0) = 0 

𝜃 = 1 as 𝑦 = ∞ 

𝜙 = 0 at y= 0, 𝜙′ → ∞ as 𝑦 = ∞ 

where 𝑀𝑒 = melting heat effect parameter. 

 

2.2. Verification of the Solution Technique 

 

The approach is validated using a reference solution, as 

outlined by Uka et al. [45]. The Eqs. (10), (11), and (12), 

were solved using a fourth-order Runge–Kuttab–

Fehlberg integration technique. 

The suitable values for the unknown initial slopes 𝑓(0) 

and 𝜃(0) are determined through a shooting method. 

Here, we compare the calculated values of 𝑓(𝜂) and 𝜃(𝜂) 

as 𝜂 approaches infinity [denoted as 𝜂𝑚𝑎𝑥(→  ∞)  =  6 

with the prescribed boundary conditions 𝑓(∞)  =  0 

and 𝜃(∞)  =  0.  

The anticipated values of 𝑓′′(0) and 𝜃′(0) are adjusted 

to obtain a refined approximation of the solution. The 

slopes 𝑓′′(0) and 𝜃′(0) are iteratively estimated using 

Newton’s method to ensure the boundary conditions are 

satisfied at the largest numerical values of 𝜂 →  ∞.  

Details on Choice of η∞, Initial Guesses, Tolerances, 

and Convergence Checks  

1. Choice of 𝜂∞:  

• Definition: η∞ represents the numerical 

approximation of infinity in the context of boundary 

value problems, where the solution is expected to 

approach asymptotic behavior (𝑒. 𝑔. , 𝑓(∞)  =
 0 𝑎𝑛𝑑 𝜃(∞)  =  0).  

• Value: The text specifies 𝜂max =  6 as the practical 

choice for η∞. This value is chosen to ensure that the 

solution has sufficiently approached its asymptotic 

behavior within the computational domain.  

• Rationale: The choice of 𝜂∞  =  6 is based on prior 

numerical experiments or analytical insights, 

suggesting that beyond this point, the solution values 

(𝑓(𝜂) and 𝜃(𝜂)) stabilize and closely approximate 

their boundary conditions (0 in this case). The exact 

value depends on the problem's physical 

characteristics, such as the decay rate of the solution. 

A larger η∞ may increase computational cost without 

significant improvement, while a smaller value risks 

inaccurate results if the solution has not yet 

converged to its asymptotic state. 

• Verification: The suitability of 𝜂∞ = 6 is typically 

validated by testing larger values (𝑒. 𝑔. , 𝜂 =  7 𝑜𝑟 8) 

and confirming that the solution does not change 

significantly, ensuring the boundary conditions are 

met within the desired tolerance.  

2. Initial Guesses:  

• Context: The shooting method requires initial 

guesses for the unknown slopes 𝑓′′(0) and 𝜃′(0) to 

solve the system of ordinary differential equations 

(ODEs) given by (10), (11), and (12).  

• Selection: Initial guesses for 𝑓′′(0) and 𝜃′(0) are not 

explicitly provided in the text but are typically 

chosen based on physical insight, prior studies (e.g., 

Uka et al. [45]), or simplified analytical solutions. 

For example, if the problem involves boundary layer 

flow or heat transfer, guesses may be derived from 

similar problems or asymptotic analysis.
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• Strategy: A common approach is to start with small, 

physically reasonable values (𝑒. 𝑔. , 𝑓′′(0)  =

 0.1, 𝜃′(0)  =  0.1) or values from a related linear 

problem. Multiple guesses may be tested to ensure 

the shooting method converges to the correct 

solution.  

• Impact: Poor initial guesses can lead to divergence or 

convergence to incorrect solutions, so they are often 

refined iteratively based on the shooting algorithm's 

feedback.  

3. Tolerances:  

• Definition: Tolerances refer to the acceptable error in 

satisfying the boundary conditions 𝑓(∞)  =

 0 𝑎𝑛𝑑 𝜃(∞)  =  0 𝑎𝑡 𝜂 = 𝜂∞, as well as the accuracy 

of the computed slopes 𝑓′′(0) and 𝜃′(0).  

• Typical Values: While not specified in the text, 

standard tolerances for such numerical methods are 

on the order of 10⁻⁴ to 10⁻⁶ for boundary condition 

residuals (𝑒. 𝑔. , |𝑓(𝜂∞)|  <  10⁻⁶, |𝜃(𝜂∞)|  <  10⁻⁶). 

For the Runge–Kutta–Fehlberg method, the local 

truncation error is controlled to a similar precision 
(𝑒. 𝑔. , 10⁻⁶).  

• Implementation: The Runge–Kuttab–Fehlberg 

method uses an adaptive step size to maintain the 

specified tolerance, adjusting the step size to 

minimize error while optimizing computational 

efficiency. Newton’s method, used for iterating the 

slopes, typically requires a tolerance for the change 

in 𝑓′′(0) 𝑎𝑛𝑑 𝜃′(0) between iterations 
(𝑒. 𝑔. , |𝛥𝑓′′(0)|  <  10⁻⁶).  

• Trade-offs: Tighter tolerances improve accuracy but 

increase computational time. The choice depends on 

the desired precision and available computational 

resources.  

4. Convergence Checks:  

• Shooting Method Convergence: The shooting 

method iteratively adjusts 𝑓′′(0) and 𝜃′(0) using 

Newton’s method to minimize the error in the 

boundary conditions at 𝜂 =  𝜂∞. Convergence is 

achieved when |𝑓(𝜂∞)| and |𝜃(𝜂∞)| are within the 

specified tolerance (𝑒. 𝑔. , 10⁻⁶).  

• Newton’s Method: For each iteration, Newton’s 

method solves for updates to 𝑓′′(0) and 𝜃′(0) by 

linearizing the system around the current guess. 

Convergence is confirmed when the updates become 

sufficiently small (𝑒. 𝑔. , |𝛥𝑓′′(0)|  <  10⁻⁶, |𝛥𝜃′(0)|  <

 10⁻⁶) and the boundary conditions are satisfied.  

• Runge–Kuttab–Fehlberg Method: This method 

ensures convergence of the ODE solution by 

controlling the local truncation error through its 

embedded error estimation (comparing fourth- and 

fifth-order approximations). The adaptive step size 

ensures that the solution remains stable and accurate 

across the domain [0, 𝜂∞].  
Additional Checks: Convergence is further validated 

by comparing the computed values of 𝑓(𝜂) and 𝜃(𝜂) 

with the benchmark solution from Uka et al. [45]. An 

agreement within a small error 

(𝑒. 𝑔. , 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 <  1%) confirms the reliability 

of the numerical solution. Sensitivity analysis, such 

as varying η∞ or initial guesses, may also be 

performed to ensure robustness. 

 

3. Results and Discussions 
 

This study involves a steady state Maxwell fluid, 

focusing on melting heat and null mass flux at the flow 

boundary.  

As earlier described in the body of literature, Maxwell 

fluid exhibit both viscous and elastic responses and this 

is crucial in many applications both in engineering and 

in the biological field.  

The mathematical equations were an enhancement of 

the well-known Navier Stokes equations, coupled and 

nonlinear in the context of this study. 

The nonlinear equations were converted to a non-linear 

coupled ODEs, which were treated with MAPLE 

software.  

The detail results are discussed below. 

The consistency of this present effort with existing 

literature is conveyed in Table 1, and this has further 

highlighted the alignment of the present paper with 

existing scientific output in the field of fluid dynamics. 

Fig. 2 presents magnetic field’s influence on velocity. 

 

 
The profile depicts a decrease in velocity with increasing 

magnetic field. The fluids that are electrically activated 

contains charged particle, these charged particles 

experience a force (Loretz force) when Magnetic field is 

applied, causing the charges to move in the field’s 

direction. This force influences the direction of the 

magnetic field and provide a background for the fluid’s 

current. Lorentz force has the tendency to either inhibit 

or promote the fluid’s flow.  

Moreover, the fluid may experience magnetic tension 

from the magnetic field, which tends to limit or soften 

the flow.  

The overall result is a drop in the velocity profile of the 

fluid, particularly in regions with a strong magnetic 

field. Generally speaking, turbulence improves fluid 

velocity and mixing. The velocity profile decreases as 

turbulence is suppressed, creating a more orderly and 

less dynamic flow.

 
Figure 2. Effect of M on Velocity 
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Table 1. Comparison for Prandtl number for k = R = Sc = 1.0 and β = 
0.1 

Fig. 3 and Fig. 4 illustrate the radiative impact on the 

profiles of ℎ′ and 𝜃. The fluid’s velocity increases 

inversely with the radiative parameter. 

The chart clearly indicates that velocity diminishes as 

the radiation parameter increases across different values. 

Additionally, as Fig. 4 illustrates, a decrease in the 

conduction effect and thermal boundary layer occurs 

with an increase in R. 

 

 
The consequence of melting heat stimulus on the 

velocity is shown in Fig. 5. Evidently, a higher melting 

heat parameter leads to a higher velocity profile as 

depicted in the graph.  

This behavior is akin to fluid dynamics involving in 

phase transition processes, and the latent heat of melting. 

Recall that heat energy is absorbed by a substance as it 

transits from one phase to another, thereby increasing the 

temperature in the process. 

The process of changing from a solid to a liquid is 

called” latent melting.”  

The latent melting heat is the amount of heat needed to 

crush the intermolecular forces that binds solids. The 

system enables this phase transition by transferring heat 

energy, as evidenced by an enhancement in the melting 

heat effect. The solid melts into liquid at a faster rate as 

a result of the additional energy.  

Moreover, increasing the system’s temperature can 

cause the fluid to move and conform more vigorously. 

An elevated velocity profile is the result of the increased 

energy encouraging higher fluid velocities. 

 
However, there is a contrasting development in Fig. 6, 

where the temperature decreases as the melting heat 

parameter increases. 

This observation implies that a small melting heat value 

is caused by the free stream temperature 𝑇∞ being equal 

to the surface temperature 𝑇𝑚 approximately. 

 

 
Fig. 7 portrays the effect of 𝛽 on the velocity. It denotes 

the temporal reaction of a viscoelastic fluid to applied 

forces. 

𝛽 is a parameter commonly used in medicine to evaluate 

the rate at which a viscoelastic material reacts to an 

applied stress. 

Additionally, a high 𝛽 portrays that the material 

exhibits rapid feedback to deformation and may readily 

return to its initial shape. This rapid reaction to 

deformation enhances force transmission, resulting in 

increased velocities as 𝛽 rises. This stands in sharp 

contrast to low 𝛽, when the material exhibits a more 

pronounced viscous reaction and is unable to promptly 

recover its original shape following deformation.  

Consequently, with low 𝛽, the velocity diminishes due 

to the inertial viscous properties that impede the 

material’s ability to restore its original shape.

 

 
Figure 3. Effect of R on Velocity 

 

 
Figure 4. Effect of R on Temperature 

 

 
Figure 5. Effect of Me on Velocity 

Pr [11] [20] [2] 
Present 

Result 

0.72 0.46315 0.46310 0.46315 0.35612 

1.00 0.58199 0.58200 0.58200 0.51432 

3.00 1.16523 1.16520 1.16530 1.17122 

10.0 2.30796 2.30800 2.30835 2.40124 
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It is important to note that the specific behavior is 

determined by the material qualities and the 

characteristics of the fluid in question. In viscoelastic 

systems, an increase in 𝛽 typically elicits a greater elastic 

response, which consequently leads to an enhanced 

velocity profile as the material adjusts to changes in flow 

dynamics. 

 

 
The effect of 𝑃𝑟  on temperature distribution is seen in 

Fig. 8 . The figure portrays a rise in temperature due to 

the interplay between heat transfer kinematics and the 

comparative rates of momentum and thermal diffusion.  

The fluid’s effectiveness to transfer momentum, in 

comparison to heat transfer, is indicated by a higher 

Prandtl number. 

This shows that thermal diffusion within the fluid takes 

a different rate than momentum diffusion. Therefore, the 

fluid shows an increased ability to mix and transfer heat 

effectively as the Pr increases. This enhanced thermal 

diffusion suggests that thermal energy is transferred 

through the fluid more efficiently, which raises the 

fluid’s temperature. Fig. 9 illustrates the impact of 

porosity on velocity. 

The velocity diminishes as the porosity increases, 

indicating that a heightened porosity diminishes fluid’s 

velocity within the medium. Increased porosity elevates 

flow resistance, distorting the streamline pattern and 

diminishing overall velocity. This effect is essential for 

understanding fluid dynamics in porous media, 

particularly in applications related to filtration, oil 

recovery, and groundwater flow. 

 

 
The physical implication indicates that as porosity 

grows, the medium becomes increasingly porous. This 

generates additional empty spaces inside the medium, so 

augmenting the surface area in contact with the fluid.  

The augmented surface area generates greater frictional 

resistance for the fluid’s flow, thereby diminishing the 

total velocity.  

Furthermore, concerning the diminished effective 

area, it is a widely recognized principle that in a porous 

media, fluid traverses the interlinked pores.  

 

As porosity increases, resulting in additional void 

spaces, the fluid traverses a longer and more convoluted 

path, hence diminishing the flow velocity across the 

medium. In the context of energy dissipation within a 

porous medium, fluid particles undergo swift collisions 

with the solid matrix. This recurrent impact decreases 

the fluid’s kinetic energy, resulting in a decrease in 

velocity. This decline becomes more evident with 

heightened porosity.

 
Figure 6. Effect of Me on Temperature 

 
Figure 7. Effect of 𝜷 on Velocity 

 

 
Figure 8. Effect of 𝑷𝒓 on Temperature 

 

 
Figure 9. Effect of 𝑲 on velocity 
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4. Conclusions 

 
In this study we have considered melting heat transfer 

effect, MHD, radiation, and channel porosity in our 

analysis. The MAPLE software was used to scrutinize the 

equations numerically and present the key profiles. The 

key results below are worth mentioning; 

The fluid experience increases in velocity profile and 

this is occasioned by a steady rise in the magnetic field 

parameter. A steady increase in the melting heat transfer 

parameter enhances the velocity profile, thereby 

increasing the velocity of the fluid. 

A rise in the Prandtl number corresponds to an increase 

in temperature distribution throughout the fluid. 

Furthermore, it illustrates the fluid’s ability to transfer 

momentum more effectively than heat. An increase in 

the Deborah number promotes an increase in the fluid’s 

velocity. Fluid velocity and temperature profiles 

experiences a decline as the radiation parameter 

increases steadily 

Fluid velocity and temperature profiles diminish as the 

radiation parameter increases steadily. The observed 

variations in temperature profiles demonstrate the 

complex interaction between fluid dynamics and heat 

transfer processes. This interaction highlights the 

necessity of integrating MHD and other parameters to 

comprehend and manage temperature distributions in 

pertinent systems. The paper emphasizes the essential 

application of magnetohydrodynamics (MHD), thermal 

radiation, and melting heat in optimizing thermal 

management strategies, thereby improving the 

efficiency of diverse engineering systems, such as 

plasma devices, liquid metals, cooling systems, and 

magnetically driven flows. 

 

5. Future Possibilities 

 

Through the reviews and the computational analysis in 

this present study, our aim is to provide room for other 

scholars’ valuable resources to further the studies on 

viscoelastic fluids. Following the outcomes from this 

study future studies could explore the effects of varying 

operational conditions such as types of geometries, and 

other fluid types, such as third grade, Sisko, and 

micropolar fluids with the implementation of the same 

or different parameters. Furthermore, such work should 

consider different geometries and coordinate systems. 

The proposed concepts will create opportunities for 

more results-oriented applications, thereby expanding 

the scope of research. 
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