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Abstract 

The aim of this investigation is to determine the flow and heat transfer of ethylene- glycol based fluid with 

aluminum oxide nanoparticles over a radially stretching surface. Specifically, we will investigate how various 

shapes of nanoparticles impact the flow and heat transfer in the existence of Joule heating. Governing 

nonlinear differential equations are simplified by similarity transformation and numerical result will be found by 

BVP4C. Graphs and tables will be drawn to determine the influence of various physical parameters on 

temperature and velocity profiles. 
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I. Introduction 

A nanofluids are suspensions of nanometer-sized solid particles or fibers (with average size below 

100nm) involving a base fluid. There are instances where several kinds of nanoparticles are employed these 

days. These nanoparticles-sized are essential for managing the diverse thermophysical characteristics of the 

numerous related flows. The majority of practical fluids, including ethylene glycol, kerosene oil, motor oil, and 

water are poor heat conductors. The main causes of this include low thermal conductivity and various thermal 

characteristics. Nanoparticles are introduced to the base fluids in order to address this issue and enhance the 

thermal characteristics of these flows. Materials that are frequently used to make nanoparticles include oxide 

ceramics (Al2O3, CuO, TiO2, SiO2), and chemically stable metals (Al, Au, Ag, and Cu). 

Nanofluids come in various types that are based on the particles they contain. These types include 

metallic nanofluids, which contain metallic nanoparticles like copper, gold, silver, and aluminum; oxide 

nanofluids, which contain oxide nanoparticles like titanium dioxide, alumina, and zinc oxide; carbon 

nanofluids, which contain carbon- based nanoparticles like carbon nanotubes and graphene; and polymer 

nanofluids, which contain polymer-based nanoparticles like polystyrene and polyethylene glycol. Additionally, 

the shape of the nanoparticles in a nanofluid can vary and may include spherical, rod-shaped, platelet-shaped, or 

other shapes such as triangular, cubic, and tetrahedral, depending on the specific application requirements. 

Industry fields such as developed, health carefulness, transportations, energy and nuclear system have 

advanced with quick industrial development in the past few years. One of the vital elements has been pragmatic 

in such industries is cooling/heating process, which can be boosted by using nanofluid technology. Furthermore, 

a throughout examination of the flow over the radially extending surfaces of the nanofluids has several 

important industrial applications, such as the creation of plastic films, glass, paper, and crude oil refinement. 

Furthermore, a number of academics have focused their latest analyses on the use of nanotechnology because of 

the outstanding electrical, optical, and chemical behavior that nanoparticles display, as well as their Brownian 

motion and thermophoresis features. These characteristics make the nanoparticles popular in applications such 

as microelectronics, imaging, energy-based research, catalysis, and environmental and medical fields. Either 

metals or non-metals make up these particles. Furthermore, recent studies have made it possible to include 

nanoparticles into heat transfer fluids. Nanofluid was firstly utilized by Choi and Eastman [1]. Nowadays this 

technology is widely used. Nanofluid is now being developed for medical applications. Nanofluid has a major 

implication in many industries from the past decades up to now. Buongiorno [2] developed a mathematical 

model for convective transport of nanofluid by considering seven slip mechanisms. Ariel [3] investigated the 

slip effects on an axisymmetric flow over a radially stretching sheet and obtained exact and numerical solution. 

Mustafa et al. [4] examine axisymmetric flow of nanoliquid past a radially stretching surface. A thorough 

examination was conducted of the combined effects of heat radiation, Brownian motion, magnetic field, and 

variable viscosity on the boundary layer flow of nanofluid past a surface that is extending radially by Makinde 
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et al. [5]. An analysis has been conducted on the effect of Joule heating on the nanofluid flow via a permeable 

duct by Li et al. [6]. Hayat et al. [7] examined the MHD flow of a nanofluid caused by a spinning disc and the 

slip effect. Additionally, they looked at how a stretched sheet affected the creation and absorption of heat in 

Oldroyd-B nanofluid. Sarkar et al. [8] set the fluid model results over two extended rotating discs to the test. 

Gangadhar et al. 

[9] inspected structures of irregular free variable movement nanofluid flow on a extended surface using 

a spectrum coping method. Sandeep et al. [10] investigated effect of nonlinear radiation on MHD flow of hybrid 

nanoliquids with heat source impact. Vinita and Poply [11] examined the MHD slip fluid flow of a nanofluid 

towards a stretched surface when there is an outer velocity or free stream velocity. Vinita et al. 

[12] examined MHD fluid flow on a non-linear stretching surface under changing slip circumstances. 

Zaher et al. [13] studied the (electro-osmotic forces) EOF over the boundary layer flow induced by 

Williamson nanoliquid with micro-organisms in a non- Darcy medium. Das et al. [14] set the fluid model results 

over two stressed rotating discs to the test. Gangadhar et al. [15] studied irregular free variable movement 

characteristics nanofluid flow on a overextended surface employing a spectrum coping technique. Jiang et al. 

[16] utilized a 3D computer model to examin nanofluid thermal capillary flow around a gas bubble. This study 

considers various critical physical parameters as it investigates the impact of nanoparticle shape on the 

nanoliquids of Al2O3 nanoparticles with silicon(Si) oil base fluid on a radially stretched rotating disc. Patil [17] 

examined how nonlinear radiation affected the hybrid nanofluids MHD flow while accounting for the heat 

source impact. Patil [18]–[20] worked on several geometries with noteworthy physical properties and published 

several publications about them. 

 

Butt et al. [22] have planned heat transfer past a radially stretching exhausting different fluids. Soomro et 

al. [23] studied the nonlinear radiation and heat generation/absorption of a nanofluid at the stagnation point of a 

moving sheet. Nadeem et al. [24] deliberated the nonlinear extending sheet to sightseen the characteristics of 

heat transfer in the occurrence of three various nanoparticles, such as TiO2, Cu,and Al2O3. Khan et al. [25] 

investigated the 3D unsteady nanofluid movement of carbon nanotubes in presence of thermal slip & velocity. It 

is evident from literature review that not a single attempt has so for been communicated with respect to effects of 

shape on flow and heat transfer of nanofluid in the presence of joule heating along radially stretching sheet. 

Current study will fulfill this gape. The main proposed of this work is to analyses the impact of different-shape 

nanoparticles like (brick, sphere, platelets, Blade, cylinder) and joule heating effects of (Al2O3) nanoparticle 

with base fluid ethylene glycol over a radial extending sheet along convective boundary conditions with an 

external magnetic field  present. The next part will describe the modelling of the whole phenomenon and the 

technique used to solve it. 
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Figure 1.1(a-e): Effect of magnetic parameter (𝑀) on velocity profile. 
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Figure 1.2(a-e): Outcome of Slip Parameter (K) on Velocity Profile. 
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Figure 1.3(a-e): Influence on Volume Fraction (𝝓) on Velocity Profile. 

 

Figure 1.4. Dissimilarity in Velocity profile for Different shapes of nanoparticles. 
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Figure 1.5(a-e): Influence of Magnetic Parameter (M) on Temperature Profile. 
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Figure 1.6(a-e): Influence of Slip Parameter (K) on Temperature 
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Figure 1.7(a-e): Influence of Volume Fraction Parameter (𝜙) on Temperature Profile. 
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Figure 1.8(a-e): Influence of Eckert Number (Ec) on Temperature 

 

 
 

Figure 1.9. Dissimilarity on Temperature profile for Different shapes of nanoparticles. 
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Table 3: Numerical values of skin-friction coefficient of multi-shape nanoparticles. 

 
 

Table 4: Numerical values of Nusselt number of multi-shape nanoparticles. 

 
 

Conclusion 

Following conclusions draw from table that Al2O3 nanoparticle under the following effects such as 

thermal radiation, joule heating, slip parameter , viscous dissipation magneto-hydrodynamic (MHD, over time 

independent radial stretching surfaces. 
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Platelet-shaped nanoparticles: These particles demonstrate rapid flow and heat transfer due to their elongated 

structure. Their shape allows for increased surface area, enhancing interaction with the surrounding fluid and 

promoting effective flow and heat exchange. 

 

Spherical nanoparticles: Conversely, nanoparticles characterized by spherical shapes typically exhibit 

decreased rates of flow and heat transfer. Their smooth and symmetrical design limits the surface area in contact 

with the fluid, resulting in less effective heat and momentum transport. 

Nusselt number: The Nusselt number, a dimensionless measure indicating heat transfer rate, diminishes as 

several factors increase. These factors include the magnetic parameter (M), Eckert number (Ec), slip parameter 

(K), and volume fraction (𝜙) of nanoparticles. This suggests that these variables impede the nanofluid's capacity 

to efficiently transfer heat. 

Skin friction: As the magnetic parameter (M) and volume fraction (𝜙) increase, the magnitude of skin friction, 

indicating the viscous force on the fluid's surface, also increases, leading to a more pronounced drag force against 

the flow. Conversely, higher values of the slip parameter (K) result in a reduction of skin friction, as the slip 

phenomenon enables the fluid to slide more effortlessly past the surface. 

Continued advancements in the field will provide deeper insights into this intricate subject. Through exploring 

the interaction of diverse physical factors at the nano-scale, scientists can gain a better understanding of the 

complex relationship between nanoparticle flow, heat transfer, and Joule heating. This enhanced comprehension 

has the potential to drive the development of materials and technologies boasting remarkable thermal 

management capabilities. 
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