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Abstract - This work examines the combined effects of wall transpiration and heat generation/absorption on the unsteady 

Magnetohydrodynamic Flow of a chemically reactive Casson nanofluid over a cylinder embedded in an anisotropic porous 

medium. The model incorporates thermal radiation, Joule heating, Brownian motion, thermophoretic diffusion, higher-order 

chemical reactions, and an induced magnetic field, making the model relevant to applications such as porous resistors and 

thermal processes in food processing silos. Using similarity transformations, the governing nonlinear partial differential 

equations are reduced to ordinary differential equations and solved analytically with the Homotopy Perturbation Method 

(HPM). The results indicate that increasing the Casson parameter (β) and the Slip Parameter ζ enhances flow velocity and 

decreases temperature due to weakened viscous resistance. Higher radiation parameter Rd and positive heat generation 

intensify the thermal field. Suction promotes cooling and mass transfer, while injection exhibits an opposite influence. 

Moreover, a larger Darcy Number (Da), Anisotropic Permeability (Γ), and curvature strengthen convective transport and 

thermal regulation. Magnetic Parameters (Q, Λ, At) affect field intensity and transient flow behaviour. Overall, the study 

demonstrates that the interplay between wall transpiration and heat generation/absorption provides effective control over flow 

structure and thermal performance, offering valuable insights for optimizing industrial thermal-fluid operations and MHD-

based energy systems. 
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1. Introduction 
Heat generation and absorption mechanisms are central 

to the thermal behaviour and operational efficiency of a wide 

range of engineering, biomedical, and industrial systems. 

Internal heat sources and sinks arise naturally from physical 

and chemical processes such as nuclear reactions, electrical 

dissipation, viscous heating, chemical kinetics, and metabolic 

activity in biological systems.  
 

In practical applications including nuclear reactors, food 

processing units, heat exchangers, energy conversion 

devices, electronic cooling technologies, and biomedical 

equipment, the regulation of internally generated or absorbed 

heat is critical for maintaining thermal stability and 

preventing performance degradation [1,2]. The presence of 

volumetric heat sources or sinks significantly modifies 

temperature distributions, thermal boundary-layer thickness, 

and overall transport characteristics, thereby exerting a 

pronounced influence on system reliability and thermal 

efficiency. 

From a transport phenomenon perspective, internal heat 

generation elevates the thermal energy of the fluid, 

intensifying temperature gradients and buoyancy-driven 

flow, whereas heat absorption acts as a thermal sink, 

suppressing temperature rise and stabilizing the thermal field. 

These mechanisms strongly affect not only the energy 

equation but also momentum and mass transport through 

thermo-physical coupling [3]. Consequently, accurate 

modelling of heat generation and absorption has become 

indispensable in the analysis and optimization of advanced 

thermal-fluid systems, particularly those involving reactive 

flows, high heat fluxes, and energy management 

technologies. 

 

In recent years, improvements in heat transfer 

performance have been closely associated with the 

development of advanced working fluids. One of the most 

significant developments in this area is the emergence of 

nanofluids, which are engineered by dispersing nanoscale 

solid particles into conventional base fluids such as water, 
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oil, ethylene glycol, or paraffin. The introduction of 

nanoparticles has been shown to markedly improve thermal 

conductivity and convective heat transfer performance [4]. 

Commonly used nanoparticles include aluminium oxide, 

copper, zinc oxide, titanium dioxide, and carbon-based 

materials, each contributing distinct thermo-physical 

characteristics that enhance thermal transport in fluid 

systems [5]. 

 

A widely accepted theoretical framework for nanofluid 

transport identifies Brownian motion and thermophoresis as 

the primary mechanisms governing nanoparticle migration 

relative to the base fluid [6]. These mechanisms become 

particularly significant in the presence of internal heat 

generation or absorption, as temperature gradients directly 

influence nanoparticle diffusion and concentration boundary 

layers. As a result, the coupled interaction between thermal 

fields and nanoparticle transport is crucial in determining the 

overall heat and mass transfer characteristics in nanofluid 

flows. 

 

Boundary-layer flow over moving and deformable 

surfaces has long been recognized as a cornerstone problem 

in fluid mechanics and heat transfer. Classical boundary-

layer theory and similarity solutions laid the foundation for 

understanding flow behaviour over stationary and moving 

surfaces [7-8]. Subsequent extensions to stagnation-point 

flows, continuously moving plates, and stretching surfaces 

established a robust framework for analyzing transport 

phenomena in diverse industrial processes such as polymer 

extrusion, coating flows, wire drawing, and continuous 

casting [9–11]. As industrial systems continue to increase in 

complexity, the need for more refined fluid models and 

multiphysical descriptions has become increasingly evident. 

 

In this context, non-Newtonian fluid models have gained 

prominence for their ability to model materials whose 

rheological behaviour deviates from Newtonian assumptions. 

Yield-stress models, in particular, have been shown to 

provide a more realistic description of fluids such as blood, 

polymeric solutions, printing inks, and industrial slurries 

[12–14]. Among these models, the Casson fluid formulation 

captures the presence of a finite yield stress, resulting in 

nonlinear momentum transport. When nanoparticles are 

dispersed within such fluids, the resulting Casson nanofluid 

exhibits intricate interactions between rheology, thermal 

transport, and mass diffusion. 

 

The application of magnetic fields to electrically 

conducting fluids introduces Magnetohydrodynamic (MHD) 

effects, which offer an effective means of regulating flow 

behaviour and thermal transport. MHD phenomena are 

encountered in numerous applications, including nuclear 

reactor cooling, electromagnetic pumps, metallurgical 

processing, power generation systems, and biomedical 

technologies [15-16]. The imposed magnetic field generates 

Lorentz forces that resist fluid motion, thereby modifying 

velocity distributions and influencing heat and mass transfer 

rates. In nanofluid systems, particularly those involving 

conductive or magnetic nanoparticles, the interaction 

between magnetic forces and nanoparticle transport further 

enriches the underlying physics. 

 

A substantial body of literature has examined MHD 

nanofluid flows under various physical conditions, including 

mixed convection, thermal radiation, chemical reactions, 

Joule heating, and entropy generation [17–21]. Despite these 

advances, many existing studies adopt simplifying 

assumptions such as isotropic porous media, steady heat 

source terms, or idealised geometries. Such assumptions 

restrict the applicability of the results to realistic engineering 

configurations, where material anisotropy, unsteady thermal 

effects, and complex boundary conditions are often 

unavoidable. 

 

Porous media are integral components of many thermal-

fluid systems, including packed-bed reactors, geothermal 

reservoirs, insulation materials, and biological tissues. In 

practical situations, porous structures often exhibit 

anisotropy due to material heterogeneity or directional 

manufacturing processes, leading to variations in 

permeability along different spatial directions [3]. 

Anisotropic porous resistance significantly alters momentum 

and heat transfer behaviour, yet its combined influence with 

non-Newtonian nanofluids and magnetic fields remains 

insufficiently explored. Furthermore, wall transpiration via 

suction or injection is commonly used as a flow-control 

strategy to regulate boundary-layer thickness, enhance heat 

transfer, and delay flow separation. 

 

Against this backdrop, a notable gap exists in the 

literature concerning the simultaneous effects of anisotropic 

porous media, wall transpiration, unsteady internal heat 

generation or absorption, and magnetohydrodynamic forces 

in Casson nanofluid flow. Existing investigations typically 

address these factors in isolation or under restrictive 

assumptions, thereby overlooking critical multiphysical 

interactions. In particular, the combined effects of anisotropic 

porous resistance and induced magnetic fields on reactive 

Casson nanofluid flow over cylindrical surfaces have 

received little attention. 

 

The present study addresses this gap by developing a 

comprehensive mathematical framework that captures the 

coupled effects of anisotropic porous media, wall 

transpiration, unsteady heat generation or absorption, 

chemical reaction, and magnetic induction in Casson 

nanofluid flow. By means of similarity transformations, the 

governing boundary-layer equations are reduced to a system 

of nonlinear ordinary differential equations, which are solved 

analytically using the Homotopy Perturbation Method [22]. 

A detailed parametric investigation is conducted to assess the 
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influence of governing parameters on the distributions of 

velocity, temperature, concentration, and the magnetic field. 

Engineering quantities of practical relevance, including skin 

friction coefficient, Nusselt number, and Sherwood number, 

are evaluated to quantify drag force, heat transfer rate, and 

mass transfer rate. The findings provide new insight into 

coupled transport mechanisms and establish guidelines for 

the design and optimization of MHD-based thermal-fluid 

systems. 

 

2. Formulation of the Problem 
This section is premised on the physical concept of 

problem modelling leading to governing Partial Differential 

Equations (PEDs) and the selected appropriate boundary 

conditions concerning the Casson viscoelastic nanofluid 

flow, heat, and mass transfer past the cylindrical surface of 

two different orientations embedded in an anisotropic porous 

medium in the presence of an induced magnetic field.  

 

Figure 1 depicts schematics of two-dimensional, 

incompressible, laminar, inclined solid and hollow cylinders, 

immersed in a Casson electrically and thermally conducting 

nanofluid in the presence of a higher-order chemical reaction 

and an induced magnetic field. Thermal radiation, higher-

order heat sources or sinks, Joule heating, and thermal 

energy dissipation are all considered. 

 

The formulations are based on the assumptions that the 

axial axis (z) is perpendicular to the radial axis (r), and that 

the fluid and porous medium are in perpetual thermal 

equilibrium with no surface slipperiness. All physical 

properties are constant, except for the porous medium’s 

permeability and the fluid density, which have a linear 

variation exclusively in the buoyancy term of the momentum 

equations, adhering to the Oberbeck-Boussinesq 

approximation. The flow is driven by the combined effect of 

a linearly stretching cylinder wall and an ambient stream 

from the stagnation point, both acting in the axial direction 

with Velocity Uw(z). The nanofluid is maintained below its 

boiling point everywhere in the flow regime, and the 

nanoparticles and base fluid are in thermal equilibrium. 

Furthermore, the influence of magnetic polarization is 

considered negligible, while the effect of the electric field is 

significant, and the analysis ignores the effects of Hall 

current and ion-slip. 

 

By means of extant similarity transformations, PDEs 

are reduced to ODEs. This study is based on a cylindrical 

coordinate system with velocity 𝑉 = (𝑣 = 𝑢𝑟 , 𝑤 = 𝑢𝜗 =
0, 𝑢 = 𝑢𝑧) for two-dimensional or axially symmetric 

physical models. Any fluid is located at a point (𝑟, 𝜗, 𝑧) 
with velocity 𝑣 = (𝑢 = 𝑢𝑟 , 𝑤 = 𝑢𝜗, 𝑢 = 𝑢𝑧) , and the 

assumption of two-dimensional flow ensures that 

(𝜗,
𝜕

𝜕𝜗
) = 0. 

 

 
Fig. 1 Practical Flow Simulation Exposition Chart 



Falomo Bukola Oluwatosin et al. / IJTE, 11(3), 9-29, 2025 

 

12 

Continuity and magnetic solenoidal nature equations are then reduced to two-dimensional differential forms: 

𝜕(𝑟𝑣)

𝜕𝑟
+

𝜕(𝑟𝑢)

𝜕𝑧
= 0 (1) 

𝜕(𝑟𝐵𝑟)

𝜕𝑟
+

𝜕(𝑟𝐵𝑧)

𝜕𝑧
= 0 (2) 

Where 𝐵 = (𝐵𝑟 , 𝐵𝜗 = 0, 𝐵𝑧) is the induced magnetic field. 

The momentum, energy, and nanoparticle volume fraction are: 

𝜕𝑢

𝜕𝑡
+ (𝑢

𝜕

𝜕𝑧
+ 𝑣

𝜕

𝜕𝑟
) 𝑢 =

1

𝜌𝑓
[ −

𝜕𝑝

𝜕𝑧
+ 𝜇 (1 +

1

𝛽
) 𝛻2𝑢 + 𝐹𝑧 −

𝜇

𝜌𝑓𝐾2
𝛤(𝐾∗, 𝜗) (1 +

1

𝛽
) 𝑢] (3)  

where the axial component of the resultant body force is 

𝐹𝑧 = [−(𝜌𝑝 − 𝜌𝑓)(𝜙 − 𝜙∞) + (1 − 𝜙∞)𝜌𝑓(𝛽𝑇(𝑇 − 𝑇∞))]𝑔 𝑠𝑖𝑛( 𝛼)

+
1

𝜇𝑚
(𝐵𝑟

𝜕𝐵𝑧
𝜕𝑟

+ 𝐵𝑧
𝜕𝐵𝑧
𝜕𝑧
)

 

(𝜌𝐶)𝑓 (
𝜕

𝜕𝑡
+ 𝑢

𝜕

𝜕𝑧
+ 𝑣

𝜕

𝜕𝑟
)𝑇 = [

𝑘𝑓𝛻
2𝑇 −

1

𝑟

𝜕

𝜕𝑟
(𝑟𝑞𝑟) + 𝜇 (1 +

1

𝛽
) (

𝜕𝑢

𝜕𝑟
)
2

+ 𝑄0(𝑇 − 𝑇∞)
𝜛

+(𝜌𝐶)𝑝 {𝐷𝐵𝛻𝜙 ⋅ 𝛻𝑇 +
𝐷𝑇

𝑇∞
𝛻𝑇 ⋅ 𝛻𝑇} +

1

𝜎
𝐽2

] (4) 

(
𝜕

𝜕𝑡
+ 𝑢

𝜕

𝜕𝑧
+ 𝑣

𝜕

𝜕𝑟
)𝜙 = 𝐷𝐵

1

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕𝜙

𝜕𝑟
) +

𝐷𝑇

𝑇∞

1

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕𝑇

𝜕𝑟
) − 𝜅𝑟(𝜙 − 𝜙∞)

𝑚 (5) 

(
𝜕

𝜕𝑡
+ 𝑢

𝜕

𝜕𝑧
+ 𝑣

𝜕

𝜕𝑟
) 𝐵𝑧 = 𝐵𝑧

𝜕𝑢

𝜕𝑧
+ 𝐵𝑟

𝜕𝑢

𝜕𝑟
+

𝜂𝑚

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕𝐵𝑧

𝜕𝑟
) (6) 

 The initial and boundary conditions are Kumar and Seth [36] and Attia et al. [44] 

𝑡 ≤ 0: 𝑢 = 𝑣 = 0, 𝑇 = 𝑇∞, 𝐵 = (𝐵𝑒(𝑡, 𝑧),0), 𝜙 = 𝜙∞ forall (𝑟, 𝜗, 𝑧) ∈ ℜ
3,

where 𝐵𝑧 = 𝐵𝑒(𝑡, 𝑧) = 𝐵0 (
𝑧

𝑙|1−𝜆𝑡|
)

 (7) 

𝑡 > 0:

{
  
 

  
 𝑢 = 𝑈𝑤(𝑡, 𝑧), 𝑣 = 𝑉𝑤(𝑡, 𝑧), 𝑇 = 𝑇𝑤(𝑡, 𝑧) = 𝑇∞ +

𝑏1

|1−𝜆𝑡|
𝑧𝑛 ,

𝜙 = 𝜙𝑤(𝑡, 𝑧) = 𝜙∞ +
𝑏0

|1−𝜆𝑡|
𝑧𝑛, 𝐵𝑟 =

𝜕𝐵𝑧

𝜕𝑟
= 0 or 𝑟 = 𝑎

𝑢𝑒(𝑡, 𝑧) = 𝑈𝑒 (
𝑧

𝑙|1−𝜆𝑡|
) ,

𝜕𝑢

𝜕𝑟
→ 0, 𝑇 → 𝑇∞,

𝐵𝑧 → 𝐵𝑒(𝑡, 𝑧) = 𝐵0 (
𝑧

𝑙|1−𝜆𝑡|
) , 𝜙 → 𝜙∞   as   𝑟 → ∞

 (8) 

Introducing the following similarity transformations 

𝜂 =
𝑟2−𝑎2

2𝑎
√
𝑈𝑤

𝜈𝑧
, 𝑢𝑧 ≡ 𝑢 = 𝑈𝑤𝑓

′(𝜂), 𝜃 =
𝑇−𝑇∞

𝑇𝑤−𝑇∞
, 𝜑 =

𝜑−𝜑∞

𝜑𝑤−𝜑∞
, 𝑢𝑟 ≡ 𝑣 = −

𝑎

𝑟
√
𝜈𝑈𝑤

𝑧
𝑓(𝜂),

𝐵𝑧 = 𝐵0 (
𝑧

𝑎
) ℎ

′(𝜂), 𝐵𝑟 = −
𝐵0

𝑟
√
𝜈𝑧

𝑈𝑤
ℎ(𝜂), 𝑎 ≠ 0&𝑈𝑤 = 𝑈 (

𝑧

𝑙|1−𝜆𝑡|
)

 (9) 

 The similarity transformation given in equation 9 above, derived using Lie group analysis see Adeniyan et al. [45]), 

satisfies the conservation of mass flow (continuity equation) and the solenoidal nature law of magnetic field. The 

dimensionless momentum, energy, chemically reactive nanoparticle balance, and the magnetic induction balance equations are 

derived as 

(1 +
1

𝛽
) [(1 + 2𝛾𝜂)𝑓|′′

′′
′ ′

′′2(𝜃−𝑁𝑟𝜑)(1+
1

𝛽
)

′

+ 𝑄𝑍2 (ℎ
′2 − ℎℎ

′′()2)] (10) 
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1

𝑃𝑟
(1 + 𝑅𝑑) {(1 + 2𝛾𝜂)𝜃

′′′{} (1 +
1

𝛽
)

′′2
′′

0𝐺𝜃𝜛 + (1 + 2𝛾𝜂){𝑁𝑏𝜑
′𝜃 ′ + 𝑁𝑡𝜃

′2} + 𝑄𝛬𝐸𝑐ℎ
′′2} (11) 

1

𝑆𝑐
{(1 + 2𝛾𝜂)𝜑′′′{}′′ 1

𝐿𝑒𝑃𝑟

𝑁𝑡

𝑁𝑏
{(1 + 2𝛾𝜂)𝜃 ′′′{}2

𝑚
}} (12) 

𝛬

{
 
 

 
 

(1 + 2𝛾𝜂)ℎ′′
′′
′ ′

′′𝑡
′ (ℎ

′+
1
2𝜂ℎ

′
′
())

}
 
 

 
 

 (13) 

The boundary conditions are given as 

𝑓 ′(0) = 1 + 𝜁 (1 +
1

𝛽
) 𝑓 

′𝑤
′ ′′at

𝑓 ′(𝜂) = 𝛺, ℎ′(𝜂) = 1, 𝜃(𝜂) = 𝜑(𝜂) = 0   as   𝜂 → ∞                 (14) 

Where 𝑁𝑟 =
(𝜌𝑝−𝜌𝑓)

𝜌𝑓(1−𝜙∞)𝛽𝑇(𝑇𝑤−𝑇∞)
 is the bouyancy ratio,𝑅𝑖 = (1 − 𝜙∞)𝛽𝑇(𝑇𝑤 − 𝑇∞)

𝑔𝑧

𝑈𝑤
2  is the modified local Ricardson 

number, 𝐴 =
𝑙𝜆

𝑈
 is the transient (unsteadiness) parameter, 𝐴𝑡 =

𝜆𝑎

𝑈|1−𝜆𝑡|
 is the local transient (unsteadiness) parameter with the 

constant 𝑙 = 𝑎, 𝑄 =
𝐵0
2

𝜌𝜇𝑚𝑈
2 is the Chandrasekhar number, 𝛬 =

(1−𝜆𝑡)𝜇𝑚

𝑙𝑈
 is the local inverse modified magnetic Prandtl number, 

𝛾 =
1

𝑎
√
𝜈𝑧

𝑈𝑤
 is the curvature parameter, 𝐸𝑐 =

𝑈𝑤
2

𝐶𝑓𝛥𝑇
 is the Eckert number, 𝑃𝑟 =

𝜈

𝛼𝑓
 is the (Thermal) Prandtl number, 𝛼𝑓 is the 

thermal diffusivity, 𝑅𝑑 =
16𝜎∗

3𝑘𝑓𝑘
∗ 𝑇∞

3  is the Rosseland radiation parameter, 𝑁𝑏 = 𝜏0
𝐷𝐵𝛥𝜙

𝜈
, 𝑁𝑡 = 𝜏0

𝐷𝑇𝛥𝑇

𝜈𝑇∞
 are the Brownian and 

thermophoretic parameters, 𝐿𝑒 =
𝛼𝑓

𝐷𝐵
 is the modified Lewis number, 𝜅2 =

𝑧𝜅𝑟

𝑈𝑤
(𝛥𝜙)𝑚−1 is the chemical reaction parameter of 

the nanofluid, 𝜁 = 𝑁√
𝑈𝑤

𝜈𝑈𝑤
 is the slip parameter, 𝑓𝑤 = 𝑉𝑤√

𝑧

𝜈𝑈𝑤
 is the surface mass flux (suction/injection) at the wall surface. 

𝛺 =
𝑈𝑒

𝑈
 Is the velocity ratio of the free stream. 

 

2.1. Parameters of Engineering Interest 

The three main physical quantities are the local Nusselt number 𝑁𝑢𝑧, the local Sherwood number 𝑁𝑆ℎ𝑧  , 

and the local skin friction coefficient 𝐶𝑓. 

𝐶𝑓 =
𝜏𝑤

𝜌𝑓𝑈𝑤
2 , 𝑁𝑢𝑧 =

𝑧𝑞𝑤

𝑘𝑓𝛥𝑇
, and 𝑁𝑆ℎ𝑧 =

𝑧𝑗𝑤

𝐷𝐵𝛥𝜙
 (15) 

where 𝑗𝑤 the model of the nanofluid volume fraction (flux) transfer at the cylinder wall 𝜏𝑤 is the skin friction/shear 

stress along the stretching surface, and 𝑞𝑤 the wall heat flux is considered, considering the effect of thermal 

radiation. 

{
 
 

 
 𝜏𝑤 = 𝜇 (1 +

1

𝛽
) (

𝜕𝑢

𝜕𝑟
)
𝑟=0

𝑞𝑤 =
𝑧

𝛥𝑇
𝑘𝑓 (1 +

16𝜎∗𝑇∞
3

3𝑘𝑓𝑘
∗ ) (

𝜕𝑇

𝜕𝑟
)
𝑟=0

, and

𝑗𝑤 = 𝐷𝐵 (
𝜕𝜙

𝜕𝑟
)
𝑟=0

 (16) 

substituting the non-dimensionless parameters 
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{
 
 

 
 𝑅𝑒𝑧

1

2𝐶𝑓 = (1 +
1

𝛽
)𝑓 ′′

𝑅𝑒𝑧
−
1

2𝑁𝑢𝑧 = (1 + 𝑅𝑑)𝜃
′(0)

𝑅𝑒𝑧
−
1

2𝑁𝑆ℎ𝑧 = 𝜗 ′(0)

 (17) 

where 𝑅𝑒𝑧 =
𝑈𝑤𝑧

𝜈
 is the local Reynolds number. 

 

3. Method of Solution 
3.1. Homotopy Perturbation Method 

 He [47], He [48], and He [49] upgraded the homotopy perturbation method that originally He [46] had introduced as a 

general analytical power series approach for solving nonlinear equations. The underlying concept of this approach is briefly 

summarized in this section. 

𝐴(𝑈) − 𝑔(𝜎) = 0, 𝜎 ∈ 𝛥 (1) 

in accordance with the prescribed boundary conditions 

𝐵 (𝑢,
𝜕𝑢

𝜕𝜎
) = 0, 𝜎 ∈ 𝛤 (2) 

Where 𝑔(𝜎) is a known analytical function, B is a boundary operator, A is a general differential operator, and 𝛤 is the domain 𝛥 

boundary. L and N, which stand for linear and nonlinear operators, respectively, are the two components of the operator A. As a 

result, equation (18) can be rewritten as follows. 

𝐿(𝑢) + 𝑁(𝑢) − 𝑔(𝜎) = 0 (3) 

A homotopy 𝑈(𝜎, 𝑝): 𝛥 × [0,1] → 𝑅 that satisfies the equation can be created using the homotopy technique. 

ℋ(𝑈, 𝑝) = (1 − 𝑝)[𝐿(𝑢) − 𝐿(𝑢0)] + 𝑝[𝐴(𝑢) − 𝑔(𝜎)] = 0, 𝑝 ∈ [0,1], (4) 

or the equation 

ℋ(𝑈, 𝑝) = 𝐿(𝑈) − 𝐿(𝑈0) + 𝑝𝐿(𝑈0) + 𝑝[𝑁(𝑢) − 𝑔(𝜎)] = 0 (5) 

𝑈0 It is an initial approximation of 𝑈 in (26) that should meet the boundary conditions and 𝑝 ∈ [0,1] is an embedding 

parameter in equations (21) and (22). Subsequently, equations (21) and (22) lead to:  

ℋ(𝑈, 0) = 𝐿(𝑈) − 𝐿(𝑈0) = 0, (6) 

ℋ(𝑈, 0) = 𝐴(𝑈) − 𝑔(𝜎) = 0. (7) 

 Just as 𝑈(𝜎, 𝑝) changes from 𝑈0(𝜎) to 𝑈(𝜎) p changes from zero to unity. The term homotopy in topology refers to this. 

Equation (25) illustrates how the solution of equations (21) and (22) can be expressed as a power series in p when the 

embedding parameter is small. 

𝑈 = 𝑈0 + 𝑝𝑈1 + 𝑝
2𝑈2 +⋯  (8) 

It should be noted that 𝑝
it 

has values between 0and1 with 𝑝 = 1 yielding the best outcome. Consequently, the approximate 

solution to equation (18) is obtained by setting 𝑝 = 1: 

0 1 2
1

= =lim
p

u U U U U
→

+ + +   (9) 

Combining the Homotopy and Perturbation Methods is the fundamental concept mentioned above. In order to get around 

the drawbacks of the conventional perturbation methods, the technique is known as the Homotopy Perturbation Method 

(HPM). However, this method can offer every benefit of the conventional perturbation methods. In the majority of cases, the 

series in equation (26) is convergent. 
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3.2. Application of HPM to the Problem 

The HPM is applied to the equations (10)-(13) as 

ℋ𝑓(𝜂, 𝑓, 𝜃, 𝜑, ℎ, 𝑝) ≡ (1 − 𝑝) (1 +
1

𝛽
) 𝑓 

′′
′

+ 𝑝 [(1 +
1

𝛽
) [(1 + 2𝛾𝜂)𝑓|′′

′′
′ ′

′′2(𝜃−𝑁𝑟𝜑)

− 𝛤𝐷𝑎 (1 +
1

𝛽
) (𝑓 ′ − 𝛺) + 𝑄𝑍2 (ℎ

′2 − ℎℎ
′′()2) = 0]] (10) 

ℋ𝜃(𝜂, 𝑓, 𝜃, 𝜑, ℎ, 𝑝) ≡ (1 − 𝑝)
(1 + 𝑅𝑑)

𝑃𝑟
𝜃 ′′  

+𝑝 [
(1+𝑅𝑑)

𝑃𝑟
{(1 + 2𝛾𝜂)𝜃 ′′′{} (1 +

1

𝛽
)

′′2

}+𝑓𝜃 ′ − 𝑛𝑓 ′𝜃 + 𝐺𝜃𝜛 + (1 + 2𝛾𝜂){𝑁𝑏𝜑
′𝜃 ′ + 𝑁𝑡𝜃

′2} + 𝑄𝛬𝐸𝑐ℎ
′′2} = 0] (11) 

ℍ𝜑(𝜂, 𝑓, 𝜃, 𝜑, ℎ, 𝑝) ≡ (1 − 𝑝)
1

𝑆𝑐
𝜑

′′[

1

𝑆𝑐
{(1+2𝛾𝜂)𝜑′

′′
{}′′}

+
1

𝐿𝑒𝑃𝑟

𝑁𝑡
𝑁𝑏
{(1+2𝛾𝜂)𝜃′

′′
{}2

𝑚
}
=0]

 (12) 

ℋℎ(𝜂, 𝑓, 𝜃, 𝜑, ℎ, 𝑝) ≡ (1 − 𝑝)𝛬ℎ 

′′
′

+ 𝑝

[
 
 
 
 

𝛬

{
 
 

 
 

(1 + 2𝛾𝜂)ℎ′′
′′
′ ′

′′𝑡
′ (ℎ

′+
1
2𝜂ℎ

′
′
())

}
 
 

 
 

]
 
 
 
 

 (13) 

The solutions of the preceding equations may be expressed as a power series in 𝑝, as presented in equations (31). 

 𝑓 = 𝑓0 + 𝑝𝑓1 + 𝑝
2𝑓2 + 𝑝

3𝑓3 +⋯ 

 𝜃 = 𝜃0 + 𝑝𝜃1 + 𝑝
2𝜃2 + 𝑝

3𝜃3 +⋯ 

 𝜑 = 𝜑0 + 𝑝𝜑1 + 𝑝
2𝜑2 + 𝑝

3𝜑3 +⋯ 

 ℎ = ℎ0 + 𝑝ℎ1 + 𝑝
2ℎ2 + 𝑝

3ℎ3 +⋯ (14) 

Substituting equation (31) and its respective derivatives into equations (10)(13) to get 

( )

2

0 1 2

2 2

0 1 2 0 1 2

2 2 2 2

0 1 2 0 1 2 0 1 2

2 2

0 1 2 0 1 2

1
(1 ) 1 ( )

1
1 [(1 2 )( ) 2 ( )]

( )( ) ( )

( )r

p f pf p f

f pf p f f pf p f

f pf p f f pf p f f pf p f

Ri p p N p pp



 


     

 
  − + + + + + 

 

 
     + + + + + + + + + 

 

     + + + + + + + − + + +

+ + + + − + + + + 2

2 2

0 1 2

2 2 2 2

0 1 2 0 1 2 0 1 2

= 0

1
1 ( )

( ) ( )( )

A

Da f pf p f QZ

QZ h ph p h h ph p h h ph p h



 
 
 
 
 

− 
 

  
  − + + + + − −  

  
      + + + + − + + + + + + 

 (15) 
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2

0 1 2

2 2

0 1 2 0 1 2

2 2 2

0 1 2 0 1 2

2 2

0 1 2 0 1 2 0 1

(1 )
(1 ) ( )

(1 )
(1 2 )( ) 2 ( )

1
1 (1 2 )( ) ( )

( )( ) (

d

d

R
p p p

Pr

R
p p p p

Pr

Ec f pf p f G p p

p f pf p f p p n f pf



  

       

   


  

+
  − + + + +

+
      + + + + + + + + 

 
  + + + + + + + + + + 

 

    + + + + + + − +

 

2 2

2 0 1 2

2 2 2 2

0 1 2 0 1 2 0 1 2

2 2

0 1 2

= 0
)( )

(1 2 ) ( )( ) ( )

( )

b t

p f p p

N p p p p N p p

Q Ec h ph p h

  

         

 
 
 
 
 
 
 + + + +
 

        + + + + + + + + + + 
 

  +  + + + 
 
 
 

 (16) 

2

0 1 2

2 2

0 1 2 0 1 2

2 2 2

0 1 2 0 1 2 0 1 2

1
(1 ) ( )

1
[(1 2 )( ) 2 ( )]

( )( ) ( )

                                                           

p p p
Sc

p p p p
Sc

f pf p f p p n f pf p f

p

  

       

  

  − + + + +

     + + + + + + + +

     + + + + + + + − + + + 

+
2

0 1 2

2 2

0 1 2 0 1 2

2 2

0 1 2

= 0

         ( )

1
[(1 2 )( ) 2 ( )]

( )

t

b

m

p p

N
p p p p

LePr N

p p

  

       

   

 
 
 
 
 + +
 
      + + + + + + + + + 
 

− + +  

 (17) 

2

0 1 2

2 2

0 1 2 0 1 2

2 2 2

0 1 2 0 1 2 0 1 2

(1 ) ( )

[(1 2 )( ) 2 ( )]

( )( ) ( )

                                                          

p h ph p h

h ph p h h ph p h

f pf p f h ph p h h ph p h

p

 

  −  + + +

      + + + + + + + +

  + + + + + + − + + +

+ 2

0 1 2

2 2

0 1 2 0 1 2

= 0
      ( )

1
( ) ( )

2
t

f pf p f

A h ph p h h ph p h

 
 
 
   + + +
 

       − + + + + + + +    

 (18) 

 Also, the boundary conditions in the equation (17) result in: 

𝑓0(0) + 𝑝𝑓1(0) + 𝑝
2𝑓2(0) + ⋯ = −𝑓𝑤 (36a)𝑓0

′(0) + 𝑝𝑓1
′(0) + 𝑝2𝑓2

′(0) + ⋯ = 1 + 𝜁 (1 +
1

𝛽
) (𝑓′0

′ ′1
′ 2
′2
′

 (36b)ℎ0(0) + 𝑝ℎ1(0) + 𝑝
2ℎ2(0) + ⋯ = 0 

 (36c) 

ℎ
′0
′ ′1

′
2′2

′

 (36d) 

𝜃0(0) + 𝑝𝜃1(0) + 𝑝
2𝜃2(0) +⋯ = 1 (36e) 
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𝜑0(0) + 𝑝𝜑1(0) + 𝑝
2𝜑2(0) + ⋯ = 1 (36f) 

𝑓0
′(∞) + 𝑝𝑓1

′(∞) + 𝑝2𝑓2
′(∞) + ⋯ = 𝛺 (36g) 

ℎ0
′ (∞) + 𝑝ℎ1

′ (∞) + 𝑝2ℎ2
′ (∞) + ⋯ = 1 (36h) 

𝜃0(∞) + 𝑝𝜃1(∞) + 𝑝
2𝜃2(∞) + ⋯ = 0 (36i) 

𝜑0(∞) + 𝑝𝜑1(∞) + 𝑝
2𝜑2(∞) + ⋯ = 0 (36j) 

        To be able to arrange the equations above and their boundary conditions according to the powers of the embedding 

parameter 𝑝, this study specifies the value(s) of 𝑛(= 0,1,2,3) and subsequently obtains: 

𝑝(0): (1 +
1

𝛽
) 𝑓′′

′
= 0,

(1+𝑅𝑑)

𝑃𝑟
𝜃
1

𝑆𝑐
and′′

′
= 00

0′
′
0′
′
0

(37a)𝑓0(0) = −𝑓𝑤, 𝑓0′(0) = 1 + 𝜁 (1 +
1

𝛽
) 𝑓0000′′0′′

(37b)𝑓0′(∞) =

𝛺, ℎ0′(∞) = 1, 𝜃0(∞) = 𝜑0(∞) = 0  (37c) 

 
2

1 0 0 0 0 0 0 0

(1)

2 2 2

0 0 0 0

1 1 1
1 2 1 2 1 ( )

: = 0
1

1 ( ) ( 1)

rf f f f f f Ri N

p

Da f QZ h h h A

    
  



    

  

     
+ + + + + + − + −     

     

 
− + − + − − + + 

 

 (38a)𝑓1(0) = 0, 𝑓1′(0) = 𝜁 (1 +
1

𝛽
) 𝑓1′

1′
′  

 (38b) 

 

( )

2

1 0 0 0 0 0

2 2

0 0 0 0 0 0 0

(1 ) 2 (1 ) 2 (1 ) 1
1 (1 2 )

= 0

(1 2 ) b t

Rd Rd Rd
Ec f f

Pr Pr Pr

nf G N N Q Ech

 
    



     

    

    

 + + +
+ + + + + + 

 

− + + + + + 

 (39a) 

𝜃1(0) = 0, 𝜃1(∞) = 0 (39b) 

 
1

𝑆𝑐
𝜑
2𝛾

𝑆𝑐

2𝛾

𝑆𝑐0′00′0′0

1

𝐿𝑒𝑃𝑟

𝑁𝑡

𝑁𝑏
{(1 + 2𝛾𝜂)𝜃0′

0′
′{}2

0
}

0′
′
1′
′

(40a)𝜑1(0) = 0, 𝜑1(∞) = 0                   (40b) 

𝛬ℎ′′
′

+ 2𝛾𝛬𝜂ℎ′′
′

+ 2𝛾𝛬ℎ0𝑡 (ℎ0′ +
1

2
𝜂ℎ

0′
′())

0′′

0′
′

01

 (41a) 

ℎ1(0) = 0, ℎ1
′
1′
′               (41b) 

( )

( )

2 1 1 0 1 1 0 0 1

(2)

2

1 1 0 1 0 1 1 0 1

1 1
1 1 2 2 2

: = 0
1

( ) 2 1r

f f f f f f f f f

p

Ri N QZ h h h h h h Da f

 
 

 


    

   
      + + + + + + −   

   

 
+ − + − − − + 

 

 (42a)   

     𝑓2(0) = 0, 𝑓2′(0) = 𝜁 (1 +
1

𝛽
) 𝑓2′

2′
′   (42b)

( )

( )

2 1 1 0 1 0 1

1 0 0 1 1 0 1 0 1 1 0 0 1

0 1

(1 ) (1 ) 1
2 2 2 1 (1 2 )

(1 2 ) 2 = 0

2

d d

b b t

R R
Ec f f f

Pr Pr

f nf nf G N N N

Q Ech h

    


          

     

        

 

+ +  
+ + + + + + 

 

+ − − + + + + +

+ 

 (43a) 

𝜃2(0) = 0, 𝜃2(∞) = 0 (43b) 

( ) ( )2 1 1 1 1

2

1 0 1 1 0 0 1 1 0

1 1 1
2 2 (1 2 ) 2

= 0

t

b

N

Sc Sc PrLe N

f f nf nf

     

     

    

   

+ + + + +

− + + − −

 (44a) 
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𝜑2(0) = 0, 𝜑2(∞) = 0 (44b) 

𝛬ℎ′′
′
+ 𝛬(2𝛾𝜂ℎ′′

′
+ 2𝛾ℎ

1′
′()0101𝑡 (ℎ

1

21′
′
1′
′
)
0′
′
1′
′
0′
′
1′
′
1

)

2

 (45a) 

ℎ2(0) = 0, ℎ1′

2′
′                                                  (45b) 

For ease of convergence and less computational power, this research work employs some initial solutions for 𝑓0, 𝜃0, 𝜑0, and ℎ0 

as 

𝑓0 = 𝑎1 + 𝑏1𝜂 + 𝑐1 𝑒𝑥𝑝( − 𝑘𝜂) (46) 

𝜃0 = 𝑎2 + 𝑏2 𝑒𝑥𝑝( − 𝑘𝜂) (47) 

𝜑0 = 𝑎3 + 𝑏3 𝑒𝑥𝑝( − 𝑘𝜂) (48) 

ℎ0 = 𝑎4 + 𝑏4𝜂 + 𝑐4 𝑒𝑥𝑝( − 𝑘𝜂) (49) 

where 𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖 , and 𝑑𝑖 𝑖 = 1,2,3,4 are arbitrary constants; 

Solving the equation (65) conforming to the boundary conditions in the equation 3.2 (3.2) to obtain 

𝑓0(𝜂) = −𝑓𝑤 + 𝛺𝜂 − 𝛼(1 − 𝑒𝑥𝑝( − 𝑘𝜂)), 𝜃0(𝜂) = 𝑒𝑥𝑝( − 𝑘𝜂), 𝜑0(𝜂 𝑒𝑥𝑝( − 𝑘𝜂), and ℎ0(𝜂) = 𝜂 (50) 

 where 𝛼 =
𝛺−1

𝑘{1+𝜁(1+
1

𝛽
𝑘)}

 

Equations (69) make the solutions easy to compute 𝑓𝑖 , 𝜃𝑖, 𝜑𝑖 , and ℎ𝑖 𝑖 = 1,2, … analytically, and solve them with their 

respective boundary conditions. Therefore, taking the limit as 𝑝 → 1 for 𝑓𝑖, 𝜃𝑖 , 𝜑𝑖 , and ℎ𝑖, 𝑖 = 0,1,2, … and taking the form as in 

the equation (9) , then 

𝑓(𝜂) = 𝑓0(𝜂) + 𝑓1(𝜂) + 𝑓2(𝜂) + ⋯ (51) 

𝜃(𝜂) = 𝜃0(𝜂) + 𝜃1(𝜂) + 𝜃2(𝜂) + ⋯ (52) 

𝜑(𝜂) = 𝜑0(𝜂) + 𝜑1(𝜂) + 𝜑2(𝜂) + ⋯ (53) 

ℎ(𝜂) = ℎ0(𝜂) + ℎ1(𝜂) + ℎ2(𝜂) + ⋯ (54) 
 

4. Results and Discussion 
 In this work, the coupled effects of heat generation/absorption and wall transpiration in a reactive MHD Casson Nanofluid 

past a cylinder in an anisotropic porous medium are examined and resolved using the Homotopy Perturbation Method. A 

graphical representation of equations (10-14) is provided by HPM for additional analysis of their effects on the velocity, 

temperature, nanoparticle propagation, and magnetic profiles. The results are calculated using the Maple 2016 solver for the 

semi-analytic method HPM. The analytical solutions’ numerical computation is carried out by giving the parameters a specific 

value. 

𝛽 = 0.3, 𝜍 = 0.2, 𝛾 = 0.5, 𝑄 = 0.2, 𝑍 = 1, 𝛺 = 0.1, 𝑅𝑖 = 3, 𝑁𝑟 = 0.5, 𝐷𝑎 = 2, 𝑅𝑑 = 0.2, 𝑃𝑟 =0.71, 
𝐸𝑐 = 0.1, 𝑁𝑏 = 0.01, 𝑁𝑡 = 0.03, 𝛤 = 1.5, 𝑛 = 1, 𝑆𝑐 = 0.63, 𝐿𝑒 = 0.63, 𝜅 = 3,𝑚 = 1, 𝐴𝑡 = 0.6  Except otherwise stated. 

  

Figures  2(a–d) depict the influence of the Casson parameter 𝛽 on velocity, temperature, nanoparticle concentration, and 

magnetic field distributions. Increasing 𝛽 reduces fluid yield stress, transitioning the Casson nanofluid toward Newtonian 

behavior. Consequently, the axial velocity rises (Figure  2a) while temperature decreases (Figure 2b) due to enhanced 

momentum diffusion and diminished viscous resistance. The nanoparticle concentration (Figure  2c) also shows thinning of the 

boundary layer under suction and a slight thickening under injection. Similarly, magnetic field intensity (Figure  2d) weakens 

with higher 𝛽, as less viscous fluids allow easier distortion of field lines. Also, in Figures 13b–15b affecting the skin-friction, 

Nusselt, and Sherwood numbers, confirming that higher 𝛽 boosts heat and mass transfer efficiency. 
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(a)                                                                                                             (b) 

 
                                                                    (c)                                                                                                              (d) 

Fig. 2 Effect of Casson parameter 𝜷 on the Flow Fields, Temperature, Nanofluid Flow, and the Magnetic Field Graphs 

   
 Slip at the wall moderates shear stress and momentum transfer. Increasing 𝜁 reduces wall adherence, leading to enhanced 

near-wall velocity (Figure 3a) but lower temperature (Figure 3b) due to reduced viscous dissipation. The magnetic field (Figure  

3c) slightly increases near the surface under higher slip because the velocity gradient weakens. Similar thermal attenuation 

trends occur with 𝛽 (Figure 2b), showing that both higher 𝛽 and 𝜁 promoted cooling effects occur in the boundary layer. 

 
                                                                      (a)                                                                                                          (b) 
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(c) 

Fig. 3 Effect of Slip Parameter 𝜁 on the Flow Fields, Temperature, and the Magnetic Field Graphs 

 The curvature parameter 𝛾 modulates the geometrical effects of the cylindrical surface. An increase in 𝛾 centrifugal forces 

strengthens and reduces the radial diffusion layer thickness, enhancing the velocity near the wall (Figure 4a) and also 

increasing the temperature (Figure 4b). Nanoparticle and magnetic field profiles (Figures  4c & 4d) exhibit similar thinning, 

indicating stronger convection and better mixing. Comparable cooling effects are observed with higher 𝛾 (Figure 2b), showing 

geometric–hydrodynamic synergy in momentum thermal coupling. 

 
                                                                      (a)                                                                                                   (b) 

 
                                                                           (c)                                                                                                       (d) 

Fig. 4 Effect of Curvature Parameter 𝛾 on the Flow Fields, Temperature, Nanofluid Flow, and The Magnetic Field Graphs 
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 𝑅𝑖Quantifies buoyancy relative to inertial forces. Larger values enhance buoyancy-driven flow, thereby increasing velocity 

(Figure  5a) and slightly lowering temperature (Figure 5b). Nanoparticle concentration (Figure  5c) decreases due to stronger 

convective transport, while the magnetic field (Figure  5d) becomes more distorted. The behavior parallels 𝛽 (Figure  2a) and 𝛾 

(Figure  4a), where increased driving forces raise axial velocity and reduce thermal thickness. 

      
(a)                                                                                                      (b) 

 
                                                                                (c)                                                                                              (d) 

Fig. 5 Effect of Richardson Number on the Flow Field, Temperature, Nanofluid Flow and the Magnetic Field Graphs 
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                                                                             (c)                                                                                                         (d) 

Fig. 6 Effect of Anisotropic Porous Medium Parameter 𝜞 on the flow fields, Temperature, Nanofluid Flow, and the Magnetic Field Graphs 
 

Γcharacterize directional permeability. As the increase, resistance within the porous matrix reduces, leading to an increase 

in axial velocity (Figure  6a) and cooling of the temperature field (Figure  6b). Nanoparticle and magnetic profiles (Figures  6c 

&  6d) also thin out, suggesting enhanced filtration and reduced viscous damping. The results mirror the Darcy number effects 

(Figure 6), indicating that both 𝛤 𝐷𝑎 facilitate fluid mobility in porous channels. 

 
                                                                        (a)                                                                                                               (b) 

 
                                                                       (c)                                                                                                                 (d) 

Fig. 7 Effect of Darcy number 𝐷𝑎 on the Flow field, Temperature, Nanofluid flow, and the Magnetic Field Graphs 
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Higher 𝐷𝑎 signifies greater permeability of the porous medium. Increasing 𝐷𝑎 elevates velocity (Figure 7a) and lowers 

temperature (Figure 7b) due to improved momentum transport and reduced frictional resistance. Nanoparticle concentration 

(Figure 7c) also decreases. Similar behavior appears under higher 𝛤 (Figure 5), confirming that permeability (whether isotropic 

or anisotropic) enhances flow convection. 

 
(a)                                                                                                  (b) 

 
(c) 

Fig. 8 Effect of Rosseland Radiation Parameter 𝑅𝑑 on the Flow Field, Temperature, and Nanofluid Flow Graphs 

Radiative heat transfer rises with 𝑅𝑑, augmenting the temperature field (Figure  8b) while slightly reducing velocity 

(Figure 8a). The nanoparticle layer (Figure  8c) becomes thicker as additional thermal energy enhances Brownian diffusion. 

The heating trend contrasts with 𝛽 (Figure  2b) and 𝜍 (Figure  3b), where cooling dominates; thus, radiation acts as a competing 

thermal mechanism. 
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(c) 

Fig. 9 Effect of Order of Heat Generation/Absorption 𝐺 on the Flow Field, Temperature, and Nanofluid Flow Graphs 

Increasing the heat generation order (𝐺 > 0) elevates temperature (Figure  9b) and reduces velocity (Figure 9a) due to 

thermal-induced viscosity effects. Conversely, heat absorption (𝐺 < 0) cools the system and accelerates flow. Nanoparticle 

concentration (Figure  9c) follows the same pattern. Similarly, thermal augmentation from 𝑅𝑑 (Figure  8b) indicates cumulative 

heating when both heat source and radiation effects coexist. 

 

 
                                                                         (a)                                                                                                  (b) 

Fig. 10 Effects of Brownian/Thermophoretic (𝑁𝑏 , 𝑁𝑡) Parameters and on the Nanofluid Flow Graphs 

 Both 𝑁𝑏 𝑁𝑡 enhance nanoparticle dispersion. Increased intensity random motion, slightly reducing velocity and elevating 

temperature, whereas larger 𝑁𝑡 induces heat-driven migration, thickening the concentration boundary layer. Together, they 

improve energy transport but reduce the local Nusselt number. Nanoparticle layer thickening occurs under high 𝑅𝑑 conditions 

𝐺 (Figures  7 & 8). 
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                                                                             (a)                                                                                                      (b) 

 
(c) 

Fig. 11 Effect of Temperature Exponent 𝑛 on the Flow Field, Temperature, And Nanofluid Flow Graphs 

An increase in 𝛬 (Figure  12a) reduces magnetic field intensity by decreasing magnetic diffusivity. Conversely, higher 𝛬 

(Figure  12b)  intensifies temporal unsteadiness, causing oscillatory fluctuations in the magnetic field. The dynamic trends 

align with the magnetic suppression seen in 𝛽 (Figure 2d), indicating that magnetic and rheological properties jointly influence 

induced field behavior. 

 
Fig. 12 Effects of Local Inverse Magnetic Prandtl 𝛬 and Local Transient Parameters 𝐴𝑡 on Magnetic Field Graphs 
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                                          (a) Local Inverse Magnetic Parameter                                                      (b) Schmidt Number 

Fig. 13 Effect of Casson parameter 𝛽 on Skin-Fiction 

 

 
(a) Local Inverse Magnetic Parameter (b) Schmidt Number 

Fig. 14 Effect of Casson Parameter 𝛽 on Nusselt Number 

Figures (13–15) illustrate the response of wall shear, heat, and mass transfer coefficients to variations under different𝛬 

Schmidt numbers 𝑆𝑐. 

 • Skin friction (Figure  13) rises with 𝛽 and 𝛬, confirming enhanced near-wall velocity gradients under less viscous conditions. 

• Nusselt number (Figure  14) increases with 𝛽, showing improved heat transfer for weaker yield stress fluids. 

• Sherwood number (Figure  13) exhibits similar trends, emphasizing stronger mass transfer with increasing 𝛽 𝑆𝑐.  

These results consolidate the earlier field observations (Figures  2–6). 

 

13(a): Local Inverse Magnetic parameter 

 

13(b): Schmidt number 

 

 

14(a): Local Inverse Magnetic parameter 

 

 

14(b): Schmidt number 

 



Falomo Bukola Oluwatosin et al. / IJTE, 11(3), 9-29, 2025 

 

27 

     
(a) Local Inverse Magnetic Parameter (b) Schmidt Number 

Fig. 15 Effect of Casson Parameter𝛽on Sherwood Number 

   

5. Conclusion 
5.1. Conclusion 

The combined effect of suction/injection(𝑓𝑤)and heat 

generation/absorption 𝐺 in a reactive Casson nanofluid over 

a cylindrical surface within an anisotropic porous medium 

has been elucidated through the Homotopy Perturbation 

Method (HPM). The following conclusions are drawn:  

• Increasing the Casson parameter 𝛽 transforms the fluid 

toward Newtonian behavior, enhancing velocity and 

reducing temperature. 

• Suction strengthens cooling and mass transfer, while 

injection produces the opposite effect. 

• Heat generation and radiation parameters (𝐺, 𝑅𝑑) 
dominate thermal enhancement but diminish flow 

intensity. 

• Porosity (𝛤, 𝐷𝑎) and curvature (𝛾) synergistically boost 

and slow down convective transport and cooling. 

• Magnetic parameters (𝑄, 𝛬, 𝐴𝑡) significantly influence 

field intensity and transient dynamics.  

Overall, the interaction between (𝑓𝑤) and 𝐺 dictates 

whether the system acts as a thermal sink or source, offering 

controllable pathways for industrial thermal fluid 

optimization. 
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