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Abstract— The Engine cylinder is one of the major 

automobile component which is subjected to high 

temperature variations and thermal stresses. In order to cool 

the cylinder, fins are provided on the cylinder. The main aim 

of the project is to analyze the thermal properties by varying 

geometry, material (Cu, Al, Cast iron and Magnesium), 

distance between the fins and thickness of cylinder fins and 

optimize the heat transfer. The Fins models are created by 

varying thickness of the fins for rectangular and triangular 

geometry. The 3D modeling software used is Solid Works. 

Thermal analysis is done on the cylinder fins to determine 

variation temperature distribution. The analysis is done 

using ANSYS. By doing thermal analysis on the engine 

cylinder fins, it is helpful to know the heat dissipation inside 

the cylinder. The principle implemented in this project is to 

study and optimize the cooling rate and effectiveness of 

engine by introducing extended surfaces of varying size and 

cross sections. Analysis is carried out by varying 

temperatures on the surface of the cylinder upto 200˚C and 

varying length from 26 mm to 33 mm. Input parameters 

such as  heat transfer coefficient, thermal conductivity and 

thickness of fin are taken and output parameters such as rate 

of heat flow, efficiency and effectiveness are determined. 
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I. INTRODUCTION 

In many engineering situations, means are often sought to 

improve heat dissipation from a surface to its surroundings. 

When the cylinder is at high temperature, heat transfer takes 

place between cylinder and atmosphere. To increase the heat 

transfer rate certain extended surfaces attached to the 

cylinder surface called fins. Fins have different shapes and 

patterns like rectangular, triangular, circular, zigzag, etc. 

Through fins heat transfer takes place through various 

modes like conduction, convection and radiation. Mirapalli, 

Kishore.P.S [1] concluded that triangular fins are preferred 

when maximum material of fin is to be utilized for best heat 

dissipation. Deepak Gupta, Wankhade S.R. [2] concluded 

that Aluminum has better thermal conductivity and lesser 

density than any cast iron, magnesium and copper. Harish, 

B. Ramakrishna Reddy, G.S.Md.Waseem Akram, 

K.MD.Hanief , Kumair Naik  [3] Thin fins with more 

numbers of fins and more gaps between it generates high 

turbulence at high speed provides good heat transfer. Curve 

and Zigzag fin shaped fin can be used for increasing the heat 

transfer from the fins by creating turbulence for upcoming 

air. Mahesh M. Rathore, Raul Raymond Kapuno [4] in their 

book gave practical applications of triangular and 

rectangular fins. Dr. Somunk Teerakulpisut in his paper 

presented application of modified Bessel functions in the 

analysis of extended surface heat transfer and differential 

equations are formulated from the fundamentals of 

conduction and convection heat transfer. 

II. DESCRIPTION AND WORKING OF FINS 

As fins are introduced to enhance heat transfer from a base 

which is at high temperature, rectangular fins and triangular 

fins are considered for analysis on four stroke air cooled 

engine. Engine life and effectiveness can be improved with 

effective cooling. The cooling mechanism of the air cooled 

engine is mostly dependent on the fin size. The heat is 

conducted through the engine parts and convected to air 

through the surfaces of the fins. Insufficient removal of heat 

from engine will lead to high thermal stresses and lower 

engine efficiency. As air-cooled engine builds heat, the 

cooling fins allow the wind and air to move the heat away 

from the engine. Considering an air cooled petrol engine 

with four stroke, at no load condition engine does not 

generate power. When load increases on an engine, the 

upward movement of a piston causes compression of the 

previously available charge inside the cylinder. Thus, during 

upward stroke, suction and compression of charge takes 

place simultaneously, and both transfer port and exhaust 

port remain closed. At the end of compression stroke, the 

charge is ignited by a high voltage electric spark. After 

ignition of charge, hot high pressure gases expand. The 

piston goes downwards and compresses the charge drawn in 

the crank case. At the end of expansion stroke, exhaust port 

which is slightly placed higher than the transfer port, opens 

releasing the burnt gases from cylinder to the atmosphere. 

Fins are provided on a periphery of engine. Exhaust heat is 

exposed to outside of engine cylinder. Air cooled engines 

have fins to radiate heat to surrounding air. Cylinder is made 

of cast iron and fins are made of stainless steel. 

III. ANALYSIS OF RECTANGULAR AND TRIANGULAR FIN 

A. Rectangular fin:  

Consider a volume element of a fin at location x having a 

length of x, cross-sectional area of Ac, and a perimeter of p, 

as shown in Fig. Under steady conditions, balance on this 

volume element can be expressed as; 

Rate of heat conduction into the element x=Rate of 

heat conduction from the element (x + Δx) + Rate of heat 

convection into the element 

Where Qconvection= h (pΔx) (T0 -Ta) 
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Fig. 1: Rectangular fin attached to cylinder surface 

d2θ /dx 2 = m2θ, where, m2 =hp/KAc 

θ (x) = C1emx + C2e-mx 

Fin with finite length and tip un-insulated. 

Qfin = [√hp/K Ac](T0 – Ta) [{tan h ml +(h/Km)}] 

/[1+(h/Km) tan h(ml )] 

θ/θ0=[T−Ta]/[T0−Ta]={cos h m (l−x) +(h/Km)(sin h 

m(l−x))}/{cos h ml +(h/Km)(sin h ml)}                      (3.1) 

Where,  

K= thermal conductivity, W/mK  

w= width of fin, m 

Ac= cross section area of fin, m2  

m2= fin parameter, hp/K Ac 

p= perimeter of fin, 2(w+l), m 

θ = temperature difference, K  

h= heat transfer coefficient, W/m2K 

l= length of fin, m 

Ta= ambient Temperature, K 

T0= Temperature at fin base, K 

Efficiency of fin (η fin) =Actual heat transfer by the 

fin maximum heat that would be transferred if whole surface 

of the fin is maintained at the base temperature 

η = Qmax / Qfin                                              (3.2) 

Where Qmax= h p l (T0-Ta) 

Effectiveness of rectangular fin (€) =Heat loss with 

fin / Heat loss without fin 

      € = Qfin / Q no fin                                         (3.3) 

     Where Q no fin = hAs (T0-Ta), As=Surface area of fin 

B. Triangular fin: 

For a triangular fin representing length of fin (l), thickness 

(2δ), and width of fin (w) and assuming the heat flow is 

unidirectional and it is along length and the heat transfer 

coefficient (h) on the surface of the fin is constant. 

 
Fig. 2: Triangular fin attached to fin surface 

Heat lost by triangular fin  

Q= 2w (T0- Ta) (√hk2δ ) [I1 (2B√l)] / [I0 (2B√l)] (3.4) 

Where,  

(T0- Ta)= temperature difference, K  

k = thermal conductivity, W/mK 

B= fin parameter, (√hl/kδ 

w=width of fin, m 

I1= Bessel function of first kind  

I0=Bessel function of first kind 

2δ = thickness of fin, m 

Efficiency of triangular fin (ηt) = Q / 2 Wlh (T0- Ta)  (3.5) 

Effectiveness of triangular fin (€) = Q/ 2Whδ (To-Ta) (3.6) 

IV. THERMAL ANALYSIS  

 
Fig. 3: Rectangular fin of CI, Tip temperature: 160 ˚C, fin 

length 30 mm and thickness 2mm 

 
Fig. 4: Triangular fin of CI, Tip temperature: 163 ˚C, fin 

length 30 mm and thickness 2mm 

 

 
Fig. 5: Time of cooling (done in ANSYS) 
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In Fig 5 Y-axis shows tip temperature (˚C) and X-

axis shows time of cooling (sec). It is concluded that engine 

block takes approximately 20 min. to come into ambient 

condition from 160˚C tip temperature. Tip temperature is 

160˚C when base temperature is 200˚C for rectangular fin. 

V. EXPERIMENT 

 
Fig. 6: Circuit diagram 

Procedure: 

1) Fix the cylinder on the working table. 

2) Place the heater on the inner circumference of cylinder 

block. 

3) Heat the base of cylinder up to 200˚C and maintain it 

with the help of temperature controller. 

4) Take temperature readings with the help of 

thermocouple by placing its probe at the base of 

cylinder, at midlength of fin and at tip of fin. 

5) Prepare a table of temperature readings and calculate 

heat flow rate. 

6) Compare practical heat flow rate with theoretical 

readings. 

Observation Table: - For fin length 30 mm  

Tip Temperature in ˚C Time for cooling in min 

160 0 

140 4 

120 9 

100 12 

80 14 

60 17 

45 (ambient) 20 

Table 1: 

Heat flow rate obtained from readings of 

experiment and that obtained theoretically are same. 

VI. RESULTS AND DISCUSSION 

 
Fig.7. Comparison between rectangular fin and triangular fin 

From fig.7, it is concluded that for a given fin 

length, rectangular fin provides better heat transfer rate than 

triangular fins.  

 
Fig. 8: Comparison between different fin materials for heat 

transfer 

From fig.8, it is concluded that, Copper provides 

better heat transfer rate than other materials. But density of 

copper is much high and hence aluminum is used. Heat 

transfer increases as fin length increases from 26 mm to 33 

mm.  

 
Fig. 9: Comparison between different fin materials for 

efficiency 

From fig.9, it is concluded that the efficiency of all 

materials decreases with increase in length from 26 mm to 

33 mm. 

 
Fig. 10: Comparison between different fin materials for 

effectiveness 

From fig. 10 it is concluded that effectiveness of 

the material increases as fin length increases from 26 mm to 

33 mm. 

VII. CONCLUSION 

 It is concluded that aluminum fin has ideal temperature 

distribution over its entire length. 
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 It is difficult to manufacture triangular fin cylinder 

block due to its complex structure and shape than 

rectangular fin. Hence rectangular fin is preferred. 

 Optimized fin model with improved performance and 

better life will be obtained. 

 Heat flow rate obtained from readings of experiment 

and that obtained theoretically are same. 

 Result obtained from the experiment supports the result 

obtained from Ansys. 
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