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Abstract— Cooling of hardware part is a noteworthy assignment in today designing examinations. The task of a few 

designing frameworks results in the generation of heat. This may cause a few overheating issues and lead to the 

disappointment of the framework. To conquer this issue and to accomplish the wanted rate of scattering as when fins or 

extended surface are using. The fundamental point of extended out surface known as fins to upgrade the heat transfer 

rate. A great deal of exploratory work or numerical work should be possible in this field. The coefficient of heat 

transfer rate relies on the determination of fins, for example, fins length, dispersing between fins number of a fin, the 

material of fin and so on. For the most part, the all-encompassing is developed of the material have high thermal 

conductivity. The principal objective of the survey to gather and abridge research work by various creators in the field 

of the extended surface. So there is have to consider the presentation of fins under free convection just as constrained 

convection. An amazing measure of examination has been given to upgrading the ideal structure (maximum heat 

dissipation for a fixed profile region) of a convecting, rectangular fin with a stage change in a cross-sectional zone. 

Keywords—Stepped rectangular fin, Uniform rectangular fin, Heat transfer rate, Effectiveness, Aluminum alloy, Genetic Algorithm. 

I. INTRODUCTION  

Heat transfer is control of thermal engineering that manages 

the age, utilization, change and trade of warm vitality 

between physical frameworks. Thermal energy is moved to 

start with one framework then onto the next by different 

systems, in particular, conduction, convection and thermal 

radiation. Each heat transfer instrument has a one of a kind 

wonder so is communicated by trademark rate conditions. It 

is conceivable to experience any utilization of heat transfer 

in each snapshot of day by day life. Heat transfer is an 

exceptionally wide logical field, and henceforth, various 

investigations are done each year on different explicit zones 

of heat transfer science. Among the well-known themes that 

are broadly examined everywhere throughout the world, 

heat move from expanded surfaces (fin) emerges with its 

wide idea and quickly creating applications. 

In the investigation of heat transfer, a fin is a surface that 

reaches out from an item to improve the rate of heat transfer 

to or from the earth by becoming greater convection. 

Expanding the temperature angle between the item and the 

earth, improving the convection heat transfer coefficient, or 

expanding the surface territory of the article builds the heat 

transfer. Once in a while, it isn't practical or efficient to 

change the initial two choices [1]. Along these lines, adding 

a fin to an item expands the surface area and can once in a 

while be a prudent answer for heat transfer issue. Adding a 

fin arrangement to the article, nonetheless, somewhat 

expands the surface region and can now and then be a 

practical answer for heat transfer issues. Circumferential fin 

around the chamber, square and rectangular state of an 

engine cycle motor and fins connected to condenser 

containers of an icebox are a couple of natural models 

possibly happens when there is a temperature contrast, 

Flows quicker when this distinction is higher, Always spills 

out of high to low temperature, Is more prominent with 

more noteworthy surface region.  

Fins are grouped by the accompanying criteria:  

 The geometrical structure of the fins.  

 Fins game plans.  

 A number of fluidic repositories connecting with 

the fin. 

 Location of a fin base regarding the strong limit.  

 Composition of the fin.  

As indicated by plan angles, fins can have basic structures, 

for example, rectangular, triangular, allegorical, annular, 

and pin rod fins. Then again, fin configuration can be 

entangled, for example, winding balance. What's more, the 

fin can have a straightforward system as in finned cylinders 

heat exchangers. Additionally, fins can be additionally 

grouped dependent on the reality whether they 

communicate thermally with a solitary liquid supply or with 

two diverse liquid repositories. Moreover, fins can be 

appended to the surface as in progress or they may have 

establishes in the warmed/cooled dividers. At long last, 
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blades can be strong or they can be permeable or 

penetrable. 

Fin Materials Properties:  

L.Chavan1 and N. Purane et al. [2] researched the 

thermal investigation of stick blade utilizing various 

materials. He analyzes blade of various materials, for 

example, metal, aluminium and gentle steel. He presumes 

that as Reynolds number expands, the proficiency and 

viability of the stick blade diminishes. While material 

shrewd Aluminum is the best material. 

Sl.no. Types of fin material Result in heat 

transfer 

1. Aluminum Provide best overall 

value 

2. Stainless steel Fight high external 

corrosion 

3. Copper Provide the best heat 

transfer 

Table 1 

 

Materials used in fins depend on heat transfer 

characteristics of the material. The materials generally used 

are Aluminium Alloy A-204 which has thermal 

conductivity of 100-150 W/mk, and Aluminium Alloy 6061 

which has higher thermal conductivity. Cast iron and 

copper alloy are also used. 

B. Lotfi and B. Abdellah el at. [3]  Completed an analysis 

by numerical strategy was used so as to streamline the 

sinusoidal profiles, and they chose two sorts of materials: 

for the thermal fin high conductivity materials (aluminium 

of 200/m.°k) and for the low conductivity (titanium of 

20/m.°k). A FORTRAN program has been utilized to tackle 

the heat transfer overseeing conditions the rectangular fin 

profiles and demonstrate the nearby temperature along the 

fin surface. Thermal cooling fins are ordinarily produced 

using high conductivity materials to build their adequacy, 

however in high-temperature conditions, if cooling fins are 

required; an exceedingly conductive material probably 

won't be usable because of low liquefying temperature 

point. The option is to utilize a material that has a high 

softening point and, when all is said in done, these 

materials have lower conductivity parameters. The unit 

conductivity material introduces an observable contrast 

between the temperature at the base of the fin and the 

temperature at the tip of the fin. 

Kraus et al. [4] introduced an exhaustive audit of fin 

innovation for more than six decades. The streamlining of a 

fin is of fundamental significance since the volume and the 

heaviness of the gadgets increment and the expenses of 

creation rise when fins are utilized. The advancement 

procedure is commonly founded on two methodologies: one 

is to limit the volume or mass for a given measure of heat 

dissipation and the other is to boost the heat dispersal for a 

given volume or mass [5], [6]  

Significant Types of fin as pursues:  

(a)Longitudinal fin – Rectangular profile (b) Longitudinal 

fin – Rectangular profile (c) Longitudinal fin - Trapezoidal 

profile (d) Longitudinal fin - Concave allegorical (e) Radial 

fin – Rectangular profile (f) Radial fin – Triangular profile 

(g) Pin fin – Cylindrical (h) Pin fin – Tapered profile (I) Pin 

fin – Concave illustrative[7]. 

 

Fig 1 – Types of fin [7] 

The rectangular geometry is broadly utilized in light of the 

fact that it is simple and economical to fabricate. Be that as 

it may, on the other hand, ventured rectangular fin is more 

compelling and proficient than uniform rectangular fin. It 

takes less volume (fin material) and space contrast with a 

uniform rectangular fin. A run of the mill rectangular 

advance fin heat exchanger appeared in Fig. 1 is utilized in 

this examination. Aziz [8]the exhibition of such a fin is 

unrivaled structure results in higher heat dissemination for a 

similar profile territory. On the other hand, for similar heat 

dissipation, it offers critical material sparing. Thusly, the 

ideal structure of conservative warmth exchanger is 

constantly required as the ideal exchange off between the 

expanded heat transfer rate and the power utilization 

because of higher weight drop inside the given arrangement 

of imperatives. Therefore, specialists endeavour to improve 

thermal gear. 

 
Fig.2. Schematic of a radiating fin with a step change in 

thickness [1]. 

A general survey 

Kim and Moon et al. [9] investigated a stepped circular 

pin-fin cluster is detailed numerically and upgraded with 

Kriging meta displaying system to improve heat transfer 
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execution. Two geometric parameters, proportion of height 

of smaller diameter part of the pin fin to height of the 

channel and proportion of smaller diameter of the stick fin 

to height of the channel are chosen as structure factors, and 

a heat transfer related term is joined with a friction loss 

related term with a weighting component to comprise the 

goal work. The ideal focuses with two subjectively chosen 

weighting elements demonstrate that the thermal 

performance is a lot higher than that of the straight pin fin. 

The stream field of an ideal pin fin with moderately little 

weighting variable underlining heat transfer demonstrates 

solid numerous vortices around the pin fin enduring 

downstream, which advance tempestuous heat transfer. 

Kang et al. [10]  investigated the optimum fin height of a 

rectangular profile annular fin-based by utilizing a variable 

division technique. As indicated by the outcomes seen by 

the creator, the most extreme heat loss, least fin obstruction, 

and greatest effectiveness is directly corresponding to 

within liquid convection characteristics number, fin height, 

fin base thickness and encompassing convection 

characteristics number and furthermore seen that optimum 

fin length is between about 1.70mm to 10.6mm. In 

conclusion, the optimum fins length decrease straightly 

with the expansion of the base thickness. 

Pinar Mert Cuce and Erdem Cuce et al. [11] explore the 

presentation of fins with novel designs under the impacts of 

normal convection and radiation. Two interesting fin 

profiles outlined in Figure 3, specifically rectangular 

balance with single-step change (RFSSC) and rectangular 

fin with twofold advance change (RFDSC), have been 

broken down regarding the aggregate sum of heat 

misfortune, fin effectiveness and fin efficiency, and the 

outcomes have been contrasted and that of a regular 

rectangular fin (CRF). Computational liquid elements 

programming FLUENT[12] has been utilized for the heat 

transfer investigation. The exactness of the numerical 

outcomes has been confirmed by the limited contrast 

technique (FDM). 

 

Figure3. Fin configurations investigated in the study: (a) 

CRF, (b) RFSSC and (c) RFDSC [11]. 

It has been reasoned that novel fin setups scatter more heat 

and produce higher fin efficiency than the CRF profile. It is 

profoundly suggested that the proposed fin profiles can be 

utilized as effective heat dissipaters where the improvement 

in cooling execution is critical, for example, in photovoltaic 

cells and CPU cooling applications. The adjusted fin can be 

used as both aloof and dynamic heat dissipation units 

relying upon the hugeness dimension of the procedure. 

Figure 4 shows the temperature forms with a 3D view and 

thinks about the outcomes got from FLUENT and FDM for 

the temperature conveyance of the CRF. As it is obvious 

from the chart that there is a magnificent understanding 

between the outcomes, it has been inferred that FLUENT 

can be effectively utilized for the remainder of the 

examination because of its high precision. Figure 5 is the 

most proper fin profile as far as both the greatest heat loss 

and most extreme fin effectiveness. It very well may be 

effectively coordinated with photovoltaic cells to keep cell 

temperature as low as could reasonably be expected and 

consequently get higher proficiency and give a lot of 

vitality saving money on a huge scale. It tends to be 

inferred that the altered blade profiles give preferable 

execution over the regular fin profile in spite of a similar fin 

length and the fin mass utilized. 

 
          Figure4. Temperature contours of CRF [11] 

        

 
Figure 5. The most efficient profile obtained for RFSSC 

[11]   

Holland's and Stedman et al. [13] proposed a plan of 

safeguard plate fin with a stage decrease in thickness 

towards the fin tip for sparing in fin material. The outcomes 

from this investigation demonstrate that around a 20 % 

decrease in fin material is conceivable. Aziz [14]researched 

the ideal elements of a convective rectangular fin with a 
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stage change in the cross-sectional region. A comparative 

profile has additionally been embraced for spiral fins by 

Kundu and Das Kundu and Das [15].  

Malekzadeh et al. [16] explored the streamlining 

investigation of convective straight advance fins with 

temperature subordinate thermal conductivity. Since the 

fins have a stage change in thickness, the fin issue has been 

separated into two sections as slim and thick areas. Coming 

about two nonlinear heat transfer conditions with nonlinear 

limit conditions have been tackled by homotopy irritation 

strategy (HPM) [17]–[22] to acquire the fin temperature 

dispersion. The temperature profile has an unexpected 

change in the temperature inclination where the progression 

change in thickness happens and heat conductivity 

parameter portraying the variety of heat conductivity has a 

significant job on the temperature profile and the heat 

transfer rate. The ideal geometry which augments the heat 

transfer rate for a given fin cross-sectional territory has 

been found. The outcomes exhibited that the most extreme 

heat transfer rate is constantly higher for a step fin than that 

of a consistent thickness fin for the indistinguishable 

structure condition. Fig. 6 demonstrates that for a given 

cross-sectional territory, a higher rate of heat transfer is 

conceivable from a step balance contrasted with a steady 

thickness fin.  

Torabi1 and Yaghoobi et al. (21,22) researched a 

radiative straight advance fin with temperature-subordinate 

heat conductivity was broke down. The plan of the fin issue 

decreased to two nonlinear standard differential conditions 

with nonlinear limit conditions. The differential change 

strategy (DTM) [25] and variational emphasis technique 

(VIM) have been utilized to comprehend the subsequent 

conditions. It was discovered that, as the surface radiation 

builds, the impact is to bring down the fin temperature. 

Also, as the heat conductivity of the fin increments i.e., the 

parameter β expands, it advances slower cooling joined by 

higher neighbourhood fin temperatures. As a conspicuous 

outcome it was discovered that the DTM arrangement can 

accomplish incredibly precise outcomes when contrasted 

and the VIM. This paper demonstrates to us the legitimacy 

and extraordinary capability of the DTM for nonlinear 

issues in science and designing. 

 
Fig.8. Variation of the fin efficiency obtained by the DTM with λ and δ 

[19]. 

 
Fig.9. Variation of the fin efficiency obtained by the DTM 

with β and Nr [19]. 

Arslanturk et al. [26] additionally explored execution 

examination and enhancement of emanating fins with a 

stage change in thickness and variable heat conductivity by 

homotopy bothers strategy and gets a similar outcome as 

the past one. 

 

Figure6. Variation of the maximum heat transfer rate with 

dimensionless cross-sectional area for Bi=0.01[20]. 

Arslanturk et al. [27] researched the ideal geometry of the 

heat pipe/fin space radiators having straight fins with a 

stage change in the cross-sectional zone was explored in the 

present article. In light of 1D conduction, two non-straight 

differential conditions with inhomogeneous limit conditions 

were gotten. The Adomian deterioration strategy (ADM) 

[28], [29] was utilized to decide the temperature dispersion 

inside the fin. The temperature appropriation is constant yet 

encounters an adjustment in incline where the progression 

change in thickness happens. The goal work, for example, 

all out heat transfer rate, is assessed utilizing the 

temperature dissemination. The aftereffects of the new ideal 

plan were contrasted with heat pipe/fin radiators with level 

and decreased fins given in the writing. The present warm 

investigation of the space radiators with SF is proposed for 

increasingly successful usage of fin material in correlation 

with the FFs. Figure 4 demonstrates the ideal fin length and 

heat transfer rate for various fin materials. It is 

demonstrated that the ideal fin length at higher base 
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temperatures is shorter than the length of the fins with 

lower base temperatures. 

 
Fig. 10 Variation of optimal fin length and heat transfer rate 

with fin base temperature [27]. 

B Kundu, K. Lee and A. Campo et al. [30] explored 

precise and inexact scientific techniques [31] to break down 

the presentation and upgrade annular advance fin clusters 

inundated in convective conditions. To maintain a strategic 

distance from the thorough estimations required for 

accurate examination, we proposed a rough arrangement 

dependent on the mean esteem hypothesis. The temperature 

circulation decided with the rough system superbly 

coordinated the careful dissemination, while the exhibition 

and advancement parameters evaluated with surmised 

examinations digressed marginally from the accurate 

qualities. He additionally decided how the reliant factors 

influenced the presentation and enhancement of a step fin 

cluster. He found that an annular advance balance exhibit 

had essentially a higher heat transfer rate and a bigger 

expansion factor than completed an annular plate fin cluster 

for a similar volume. He likewise described the reliance of 

the structure factors on the ideal conditions.  

R. K. Singla, R. Das et al. [32] explored a ventured fin 

with all temperature-subordinate methods of heat transfer 

by utilizing the Adomian disintegration technique (ADM) 

[33]–[35]. Diverse working conditions are considered and 

the exhibition of the ventured fin is contrasted and the 

straight fin. The impacts of different thermo-physical 

parameters influencing the temperature and effectiveness 

are done. It is discovered that ADM results contrast great 

and the consequences of the differential change technique 

(DTM) accessible in the writing. The present examination 

uncovers that for a given arrangement of conditions, the 

ventured fin yields in a superior heat presentation than the 

straight fin. 

II. CONCLUSION 

In this paper, the fin design and improvement of the 

rectangular stepped fin are assessed from the perspectives 

of general structure technique, plan hypothesis of layer 

design and insightful calculation advancement. Revealed 

strategies dependent on heuristics, expansion of the 

examination pertinent for layer game plan configuration 

experience, heat move structure rule, and assessment 

criteria are additionally quickly evaluated, and the 

preferences and impediments of these techniques are 

basically judged. Furthermore, a synopsis of the 

examination and strategies for utilizing keen calculations to 

streamline the layer example plan of the rectangular 

stepped fin is directed.  

As of late, numerous endeavours have been made to 

advance the thermal design of a stepped design. Savvy 

optimization strategies, for example, GA or molecule 

swarm improvement have been regularly received for this 

reason. From the announced examinations, an unmistakable 

pattern has risen. Traditional advancement calculations are 

not fitting for this situation inferable from the enormous 

number and assortment of plan factors included. Almost 

certainly, developmental calculations will be progressively 

embraced later on to advance the stepped design. Moreover, 

more prominent accentuation will probably be given to 

multi-target advancement including other streamlining 

parameters (pressure drop, fin structure, exergy proficiency, 

and economy).  

The present survey uncovers that the accomplishments 

made up to this point in formalizing the improvement of the 

rectangular stepped configuration are unassuming however 

engaged. It's seen that rectangular stepped fin give better 

feat transfer rate when contrasted with rectangular fins and 

a material requirement for the stepped rectangular fin is less 

when contrasted with to rectangular fin for same 

performance parameters. The exhibition of fins was 

additionally influenced by the thermal boundary layer. 

REFERENCES 

[1] B. Kim and B. Sohn, ―An experimental study of flow 

boiling in a rectangular channel with offset strip fins,‖ 

Int. J. Heat Fluid Flow, vol. 27, no. 3, pp. 514–521, 

2006. 

[2] L. Chavan and N. Purane, ―Thermal Analysis of Pin Fin 

using Different Materials and Forms,‖ Int. J. Sci. Res., 

vol. 4, no. 12, pp. 2024–2027, 2015. 

[3] ―Numerical Method for Optimum Performances of Fin 

Profiles,‖ vol. 4, no. 6, pp. 3990–3998, 2014. 

[4] A. D. Kraus, ―Hxty-five years of extended surface 

technology,‖ Appl Mech Rev, vol. 41, no. 9, pp. 321–364, 

2013. 

[5] I. Mikk, ―Convective fin of minimum mass,‖ Int. J. Heat 

Mass Transf., vol. 23, no. 5, pp. 707–711, 1980. 

[6] A. Ullmann and H. Kalman, ―Efficiency and optimized 

dimensions of annular fins of different cross-section 

shapes,‖ Int. J. Heat Mass Transf., vol. 32, no. 6, pp. 

1105–1110, 1989. 

[7] R. Mannewar, P. Kumar, and P. Rawat, ―Design and 

Analysis of Different Types of Combinational Circuit 

using Reversible Gate,‖ Int. J. Comput. Appl., vol. 182, 

no. 29, pp. 29–33, 2018. 

[8] A. Aziz, ―Optimum design of a rectangular fin with a step 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-05,  Issue-03, June 2019 

570 | IJREAMV05I0351207                          DOI : 10.35291/2454-9150.2019.0267                     © 2019, IJREAM All Rights Reserved. 

 

change in cross-sectional area,‖ Int. Commun. Heat Mass 

Transf., vol. 21, no. 3, pp. 389–401, 1994. 

[9] K. Y. Kim and M. A. Moon, ―Optimization of a stepped 

circular pin-fin array to enhance heat transfer 

performance,‖ Heat Mass Transf. und Stoffuebertragung, 

vol. 46, no. 1, pp. 63–74, 2009. 

[10] H. S. Kang, ―Optimization of a rectangular profile 

annular fin based on fixed fin height,‖ J. Mech. Sci. 

Technol., vol. 23, no. 11, pp. 3124–3131, 2010. 

[11] P. M. Cuce and E. Cuce, ―Optimization of configurations 

to enhance heat transfer from a longitudinal fin exposed 

to natural convection and radiation,‖ Int. J. Low-Carbon 

Technol., vol. 9, no. 4, pp. 305–310, 2014. 

[12] Y. Wang, Y. L. He, D. H. Mei, and W. Q. Tao, 

―Optimization design of slotted fin by numerical 

simulation coupled with genetic algorithm,‖ Appl. 

Energy, vol. 88, no. 12, pp. 4441–4450, 2011. 

[13] K. G. T. Hollands and B. A. Stedman, ―a Step-Change in 

Local Thickness,‖ vol. 49, no. 6, pp. 493–495, 1992. 

[14] A. Aziz and T. Fang, ―Alternative solutions for 

longitudinal fins of rectangular, trapezoidal, and concave 

parabolic profiles,‖ Energy Convers. Manag., vol. 51, no. 

11, pp. 2188–2194, 2010. 

[15] B. Kundu and P. K. Das, ―Performance analysis of 

eccentric annular fins with a variable base temperature,‖ 

Numer. Heat Transf. Part A Appl., vol. 36, no. 7, pp. 

751–766, 1999. 

[16] P. Malekzadeh, H. Rahideh, and G. Karami, 

―Optimization of convective-radiative fins by using 

differential quadrature element method,‖ Energy 

Convers. Manag., vol. 47, no. 11–12, pp. 1505–1514, 

2006. 

[17] M. El-Shahed, ―Application of He’s Homotopy 

Perturbation Method to Volterra’s Integro-differential 

Equation,‖ Int. J. Nonlinear Sci. Numer. Simul., vol. 6, 

no. 2, pp. 163–168, 2005. 

[18] D. D. Ganji, ―The application of He’s homotopy 

perturbation method to nonlinear equations arising in heat 

transfer,‖ Phys. Lett. Sect. A Gen. At. Solid State Phys., 

vol. 355, no. 4–5, pp. 337–341, 2006. 

[19] M. Torabi, H. Yaghoobi, and M. R. Kiani, ―Thermal 

analysis of the convective-radiative fin with a step change 

in thickness and temperature dependent thermal 

conductivity,‖ J. Theor. Appl. Mech., vol. 51, no. 3, pp. 

593–602, 2013. 

[20] J.-H. He, ―Variational iteration method – a kind of non-

linear analytical technique: some examples,‖ Int. J. Non. 

Linear. Mech., vol. 34, no. 4, pp. 699–708, 1999. 

[21] J. H. He, ―The homotopy perturbation method for 

nonlinear oscillators with discontinuities,‖ Appl. Math. 

Comput., vol. 151, no. 1, pp. 287–292, 2004. 

[22] J. H. He, ―Application of homotopy perturbation method 

to nonlinear wave equations,‖ Chaos, Solitons and 

Fractals, vol. 26, no. 3, pp. 695–700, 2005. 

[23] M. Torabi and H. Yaghoobi, ―Analytical approaches for 

thermal analysis of radiative fin with a step change in 

thickness and variable thermal conductivity,‖ Heat 

Transf. - Asian Res., vol. 41, no. 4, pp. 354–370, 2012. 

[24] M. Torabi, H. Yaghoobi, A. Colantoni, P. Biondi, and K. 

Boubaker, ―Analysis of Radiative Radial Fin with 

Temperature-Dependent Thermal Conductivity Using 

Nonlinear Differential Transformation Methods,‖ 

Chinese J. Eng., vol. 2013, pp. 1–12, 2013. 

[25] J. H. He, ―The variational iteration method for eighth-

order initial-boundary value problems,‖ Phys. Scr., vol. 

76, no. 6, pp. 680–682, 2007. 

[26] C. Arslantürk, ―Optimization of straight fins with a step 

change in thickness and variable thermal conductivity by 

homotopy perturbation method,‖ Isi Bilim. Ve Tek. 

Dergisi/ J. Therm. Sci. Technol., vol. 30, no. 2, pp. 9–19, 

2010. 

[27] C. Arslanturk, ―Optimization of space radiators with step 

fins,‖ Proc. Inst. Mech. Eng. Part G J. Aerosp. Eng., vol. 

224, no. 8, pp. 911–917, 2010. 

[28] C. H. Chiu and C. K. Chen, ―A decomposition method 

for solving the convective longitudinal fins with variable 

thermal conductivity,‖ Int. J. Heat Mass Transf., vol. 45, 

no. 10, pp. 2067–2075, 2002. 

[29] E. Alizadeh, K. Sedighi, M. Farhadi, and H. R. Ebrahimi-

Kebria, ―Analytical approximate solution of the cooling 

problem by Adomian decomposition method,‖ Commun. 

Nonlinear Sci. Numer. Simul., vol. 14, no. 2, pp. 462–

472, 2009. 

[30] B. Kundu and K. S. Lee, ―Analytical tools for calculating 

the maximum heat transfer of annular stepped fins with 

internal heat generation and radiation effects,‖ Energy, 

vol. 76, pp. 733–748, 2014. 

[31] A. Campo and J. Cui, ―Temperature/Heat Analysis of 

Annular Fins of Hyperbolic Profile Relying on the 

Simple Theory for Straight Fins of Uniform Profile,‖ J. 

Heat Transfer, vol. 130, no. 5, p. 054501, 2008. 

[32] R. K. Singla and R. Das, ―A differential evolution 

algorithm for maximizing heat dissipation in stepped 

fins,‖ Neural Comput. Appl., vol. 30, no. 10, pp. 3081–

3093, 2018. 

[33] R. K. Singla and R. Das, ―Adomian decomposition 

method for a stepped fin with all temperature-dependent 

modes of heat transfer,‖ Int. J. Heat Mass Transf., vol. 

82, pp. 447–459, 2015. 

[34] B. Kundu, ―A new methodology for determination of an 

optimum fin shape under dehumidifying conditions,‖ Int. 

J. Refrig., vol. 33, no. 6, pp. 1105–1117, 2010. 

[35] G. Adomian, ―A review of the decomposition method in 

applied mathematics,‖ J. Math. Anal. Appl., vol. 135, no. 

2, pp. 501–544, 1988. 

 


