
Commun Nonlinear Sci Numer Simulat 67 (2019) 351–365 

Contents lists available at ScienceDirect 

Commun Nonlinear Sci Numer Simulat 

journal homepage: www.elsevier.com/locate/cnsns 

Research paper 

An optimization study to investigate non-linearity in thermal 

behaviour of porous fin having temperature dependent 

internal heat generation with and without tip loss 

Tuhin Deshamukhya 

a , Saheera Azmi Hazarika 

a , Dipankar Bhanja 

a , ∗, Sujit Nath 

a 

a Department of Mechanical Engineering , National Institute of Technology Silchar , Assam 788 010 , India 

a r t i c l e i n f o 

Article history: 

Received 1 August 2017 

Revised 4 March 2018 

Accepted 11 July 2018 

Keywords: 

Porous fin 

Internal heat generation 

ADM 

DTM 

a b s t r a c t 

This work is devoted to study the temperature distribution, efficiency and optimization of 

rectangular porous fins for insulated and convective tip conditions. The governing differ- 

ential equations obtained in the analysis of porous fins are highly non linear in kind. Two 

approximate analytical techniques, Adomian Decomposition method (ADM) and Differen- 

tial transformation method (DTM) are adopted to predict the temperature distribution in 

the porous fin with temperature dependent heat generation, and temperature dependent 

thermal conductivities of fin material and fluid passing through fin pores. A numerical 

scheme using finite difference method has been applied to validate the analytical results. 

The analytical results obtained have been found in accordance with the numerical results. 

The role of different important parameters have been discussed to understand their im- 

portance in the heat transfer through porous fins. Also, a comparison has been presented 

between solid and porous fins and the results indicate that by selecting an appropriate 

value of porosity higher heat transfer rate can be achieved. 

© 2018 Elsevier B.V. All rights reserved. 

1. Introduction 

In this age of technological advancements the emergence of various electronic and mechanical equipments has given rise 

to the need to provide an efficient mode of heat transfer from the equipments to the surroundings. Keeping this need in 

mind, experiments and analysis has been going on in different parts of the world to improve the heat transfer efficiency of 

fins. The idea of using extended surfaces is to increase the surface area in order to allow more heat to flow through them, 

thereby improving the heat transfer rate. The working and importance of fins can be better understood from the literatures 

[1–3] . An analysis of the natural convection heat transfer from solid and hollow/perforated circular pin fins in a heat sink 

subject to the influence of its geometry, heat flux and orientation was presented by Elshafei [4] . Torabi et al. [5] studied 

the performance characteristics of convective radiative longitudinal fins of rectangular, trapezoidal and concave parabolic 

profiles considering temperature dependent thermal conductivity, heat transfer coefficient and surface emissivity. Hatami 

et al [6–8] studied the various aspects of finned tube heat exchangers both experimentally as well as numerically. 

The result of extensive research in this area introduced the revolutionary concept of porous fins when Kiwan and Nimr 

[9] for the first time showed that with the porosity φ, it is possible to save 100 φ of the materials while transferring same 

heat as conventional fins. They compared the thermal performance of porous fins to that of conventional solid ones and 
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Nomenclature 

C p specific heat at constant pressure (Jkg −1 K 

−1 ) 

Da Darcy number of the porous fin 

g acceleration due to gravity (m/s 2 ) 

G r Grashoff number 

h convective heat transfer coefficient over the surface of the fin (Wm 

−2 K 

−1 ) 

k eff effective thermal conductivity of fin material (Wm 

−1 K 

−1 ) 

k f thermal conductivity of the fluid (Wm 

−1 K 

−1 ) 

k s thermal conductivity of the solid (Wm 

−1 K 

−1 ) 

k R thermal conductivity ratio, k s / k f 
K permeability of the porous fin (m 

2 ) 

L Fin length (m) 

˙ m local mass flow rate of the fluid passing through the pores (kgs −1 ) 

Nu Nusselt number 

q act actual heat transfer rate per unit width (Wm 

−1 ) 

Qa dimensionless actual heat transfer rate per unit width 

q ideal ideal heat transfer rate per unit width (Wm 

−1 ) 

Qi dimensionless ideal heat transfer rate per unit width 

q G rate of internal heat generation within the fin (Wm 

−3 ) 

Ra Rayleigh number of the fluid 

T local fin surface temperature ( °C) 

T a ambient temperature ( °C) 

T b fin base temperature ( °C) 

U dimensionless fin volume per unit width 

V fin volume per unit width (m 

2 ) 

w fin width (m) 

v local fluid velocity (ms −1 ) 

x axial length measured from fin tip as shown in Fig. 1 (m) 

X dimensionless distance, x / L 

Greek Symbols 

φ Porosity 

ρ density of the fluid (kgm 

−3 ) 

β co-efficient of thermal expansion (K 

−1 ) 

γ kinematic viscosity (m 

2 s −1 ) 

ψ thickness to length ratio of stem, t / L 

� ratio of effective thermal conductivity of the porous fin to thermal conductivity of fluid passing through fin 

pores, k eff/ k f 
η fin efficiency 

θ dimensionless temperature, ( T − T a ) / ( T b − T a ) 

investigated the effect of some important parameters like Rayleigh number, Darcy number and effective thermal conduc- 

tivity. They concluded that Rayleigh number plays a significant role in fins with large Darcy number. Saedodin and Olank 

[10] investigated the temperature distribution in porous fins in natural convection medium and compared it with conven- 

tional fins. The result showed increased heat transfer by porous fins. Kiwan [11] analysed the performance of porous fins 

in natural convection medium and found them better than their solid counterparts. One interesting finding reported in this 

paper is that with the increase in fin length and effective thermal conductivity, heat transfer rate increases up to a certain 

limit, whereas further increase in these parameters brings no more significant improvement. Kiwan [12] also studied the 

effect of radiative losses on heat transfer in porous fins. In another study, Kiwan and Zeitoun [13] analysed porous fins at- 

tached to the inner cylinder of the annulus between two concentric cylinders. Bhanja et al. [14] carried out the thermal 

analysis of porous pin fin used for electronic cooling by using the Adomian decomposition method. In another investigation, 

Bhanja and Kundu [15] performed the thermal analysis of a T-shaped porous fin by ADM considering the radiation effects. 

Moradi et al. [16] performed thermal analysis on triangular fins and found an increase in performance. Thermal analysis of 

radiation in porous fins by Gorla and Bakier [17] reveals that radiation too plays a significant role in heat transfer from fins. 

Porous fins owing to these advantages have found wide applications in a number of thermal equipments. Kim et al. [18] in 

an experimental study compared the heat transfer and friction characteristics of porous fins and conventional louvered fins 

in a plate fin heat exchanger. Hatami and Ganji [19] considered longitudinal convective–radiative porous fins of rectangular, 

convex, triangular and exponential shapes of Al, SiC and Si 3 N 4 for their analysis. They have considered the effect of tem- 
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