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Abstract The objective of this article is to study the effect of Joule heating on heat transfer in the Cattaneo-

Christov model on a cylinder that is being stretched. The investigation specifically focuses on the influence of 

various shapes of aluminium oxide nanoparticles dispersed in ethylene glycol (EG) on the heat transfer 

characteristics. The governing partial differential equations (PDEs) that describe the heat transfer process are 

transformed into ordinary differential equations (ODEs) using suitable transformations. The resulting ODEs are 

then solved numerically utilizing the BVP4C method implemented in MATLAB. The study examines the impact of 

different physical parameters on the temperature profile are presented graphically. Furthermore, the skin friction 

coefficient and Nusselt number are calculated in tables.  
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I. Introduction 

 
In recent years, the use of nanofluids and advanced mathematical models has gained significant attention 

in the field of heat transfer and fluid mechanics. The Cattaneo-Christov model and nanofluids have been subjects 

of extensive research. One of the most promising applications of nanotechnology is the production of high thermal 

conductivity nanoparticles that can be mixed with base fluids to form nanofluids. Nanofluids containing particles 

between (1-100) nm such as, copper, alumina, carbides, silica, nitride, metal oxides, graphite, and carbon 

nanotubes are used to enhance the thermal conductivity of base fluids like water, engine oils, glycerol, and 

ethylene glycol. Nanofluids have a wide range of applications in industry, including heating and cooling systems, 

solar cells, the generation of new fuels, hybrid-powered engines, biomedical applications, cancer therapy, and 

drug delivery [1-2]. In contrast, Fourier’s law, which is a fundamental mathematical relation of heat conduction, 

leads to a parabolic-type equation for the temperature field that means heat transfer has infinite speed and 

propagates throughout the medium with an initial disturbance [3]. To overcome this limitation, Cattaneo modified 

Fourier’s law by introducing the thermal relaxation time parameter, which multiplies with the time derivative of 

heat flux, yielding a hyperbolic-type equation for heat transport, and as a result, the transport of heat has a finite 

speed in the entire medium. The Cattaneo- Christov model is a modified form of the classical Fourier’s law of 



Study of Joule Effect of Aluminium Oxide nanofluid using Cattaneo-Christov over a Cylinder 

www.ijres.org                                                                                                                                            342 | Page  

heat conduction. A brief review of existing literature regarding the Cattano-Christov model over a stretching 

cylinder is given. Ibrahim et. al. [4] Studied finite element solution of nonlinear convective flow of Oldroyd-B 

fluid with Cattaneo-Christov heat flux model over nonlinear stretching surface with heat generation or absorption. 

Ganesh et. al. [5] studied hydromagnetics axisymmetric slip flow along a vertical stretching cylinder with 

convective boundary condition. Makinde et. al. [6] analyzed the effects of Cattaneo-Christov heat flux on Casson 

nanofluid flow past a stretching cylinder. Babu et. al. [7] studied thermal radiation impact and Cattaneo-christov 

theory for the unsteady flow of maxwell fluid over the stretched cylinder with inconsistent heat source/sink. Tulu 

et. al. [8] investigated the MHD slip flow of CNT-ethylene glycol nanofluid due to a stretchable rotating disk with 

the Cattaneo–Christov heat flux model. Elahi et. al. [9] investigated the effect of the Cattaneo-Christov model 

over a vertical stretching cylinder using SiO2 nanofluid. Khan et. al. [10] analyzed the effect of the Cattaneo-

Christov theory on unsteady the flow of Maxwell fluid over a stretching cylinder. Additionally, considering the 

Joule heating effect on heat transfer in nanofluids flowing along a stretching cylinder enables a deeper 

understanding of the interaction between electrical energy and thermal energy. This understanding can lead to 

more accurate predictions of heat transfer performance and inform the design of efficient nanofluid-based systems. 

Wang et. al. [11] studied the Joule heating effect in nanofluids heat and Mass transfer. Vanaki et. al. [12] 

investigated the Joule heating effect and heat transfer in MHD nanofluids flow over a stretching sheet by means 

of CVFEM. Rahimi et. al. [13] investigated the numerical simulation of nanofluid flow and heat transfer over a 

stretching cylinder considering the Joule heating effect. Using the Cattaneo-Christov model in an unsteady 

situation, this work aims to investigate the effect of Joule heating of aluminium oxide nanofluid over a cylinder 

in the light of earlier studies. 

 

II. Development of Physical Model and Problem Formulation 
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III. Method of Solution 

 

 

 
IV. Results and Discussion 
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V. Concussion 
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