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Abstract

An investigation was conducted to examine the influence of slip mechanisms on the
magnetohydrodynamic (MHD) flow of Casson nanofluid over a permeable stretching sheet.
Furthermore, we documented various flow characteristics, including thermal radiation,
variable wall thickness, and chemical reaction. By employing the similarity transformation
approach, we transformed the partial differential equations governing the flow into nonlinear
ordinary equations. Subsequently, we employed the Homotopy Analysis Method (HAM), a
well-known semi-analytical technique, to solve these equations, yielding power series
solutions for nonlinear differential equations. To demonstrate the effects of velocity,
temperature, and concentration profiles, we conducted a parametric study using tables and
diagrams. Our numerical results closely align with previous research findings in a comparative
sense. Notably, higher values of the velocity slip parameter led to an augmentation in fluid
velocity, whereas increased thermal slip values were associated with a reduction in
temperature distribution.

Introduction

The foundation of the nanofluid concept lies in the dispersion of nano-sized particles within a
liquid medium. There exist potential advantages in incorporating nanoparticles (NPs) into base
fluids. Notably, NPs possess a high surface-to-volume ratio, which enhances their capabilities.
When NPs are integrated into other compounds, their durability, stability, resistance to
chemicals and heat, as well as susceptibility to light and other radiation, are improved.
Incorporating particles with higher thermal conductivity into fluids addresses the low thermal
conductivity observed in industrial fluids, benefiting sectors such as pharmaceuticals,
medicine, food, and cosmetics. For instance, nanorobots introduced into the bloodstream
contribute to healing and recovery mechanisms. Nanotechnology holds significant potential
in the development of hybrid technologies, thereby enhancing aspects of healthcare, refining
processes, and providing cost-effective assets. The concept of nanofluids was introduced by
Choi [1]. Bahiraei et al. [2] investigated the influence of diverse rib configurations and
nanoparticle shapes on outcomes. Prasanna kumara [3] explored the impact of a stronger
ferromagnetic interaction factor on flow, heat transfer, and the coefficient of local skin friction.
Sreedevi et al. [4] discussed the effects of slip conditions and chemical reactions on the mass
and heat transport properties of magnetohydrodynamic hybrid nanofluids. Ali Khan et al. [5]
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elucidated the consequences of multiple slips on buoyant nanofluid flow over an axisymmetric
magnetohydrodynamic (MHD) stretching sheet, considering factors like radiation and
chemical influences. Furthermore, Sharma et al. [6] delved into the influence of thermal
radiation on Maxwell nanofluid behaviour. Subsequent to these studies, numerous scholars
[7-9] formulated diverse mathematical models to further explore this fascinating field.

Current literature reveals a scarcity of research findings concerning the
magnetohydrodynamic (MHD) flow behavior of Casson nanofluid influenced by velocity
power index, variable wall thickness, and slip effects over a porous stretching sheet [10-12].
The ongoing study is directed towards addressing this gap by focusing on critical parameters
that significantly influence the fluid characteristics of Casson nanofluid at the interface. This
article introduces a novel approach by employing the Homotopy Analysis Method (HAM) [13],
a numerically efficient technique, to tackle the interconnected nonlinear differential
equations governing the system. It is worth emphasizing that the selection of precise values
for the auxiliary constraints can lead to enhanced accuracy in the obtained results.

Mathematical formulation

In this segment, we analyse a consistent two-dimensional laminar flow of Casson nano liquid under
the influence of magnetohydrodynamics (MHD) [14-15]. The flow occurs across a stretched plate with
varying wall thickness, while accounting for slip constraints and the momentum flow power index
within a permeable medium. The schematic diagram of the boundary layer in the context of a porous

medium is depicted in Figure 1.
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The equations regulating the flow can be expressed as follows under these assumptions:
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The modifications highlighted above have resulted to
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Results

Figures 2—4 illustrate the changes in distributions as the Casson constraint parameter B
undergoes variation. The flow distributions undergo significant alterations in response to
variations in the Casson constraint B. As B increases and plastic dynamic viscosity rises, a
corresponding decrease in velocity occurs, accompanied by changes in temperature and
concentration profiles.
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