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ABSTRACT 

The present paper is aiming to enhancing the performance of I.C engine, in order to change the fin materials 

and geometry. It is an attempt to study and analyze the internal combustion engine fins for maximizing the 

performance by considering different geometrical profile, fin material, and variable fin length for weight reduction. 

Also an attempt has been made to decrease the engine heat transfer.  
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1. INTRODUCTION 

With more than seventy-five years of researches behind the development of internal combustion engine there 

are still many things to be understood on the basic mechanism of functioning. With the advent of electronic computer, 

it should have been possible to optimize engine design for an application. Heat transfer plays a major role in the 

design and development of diesel engines, particularly in determining the life of the components and their reliability 

and availability of the engine and its life span between overhauls. Heat is rejected to ambient mainly by means of 

two types of cooling systems i.e., air cooled or water cooled system. In the present work 5 H.P, 1500 RPM air cooled 

diesel engine fins are analyzed with different geometrical profile, fin material and variable fin length for better 

performance and reduction in the cost & weight of the fins. The effect of reduction in engine cooling on the engine 

performance is discussed. 

Engine Characteristics: The diesel engines become a dominant in the transportation, power generation, irrigation 

field, because of its outstanding fuel economy and its lower running cost. The engine selected for the project analysis 

is of diesel engine type which works on diesel cycle. 

2. MATERIALS AND METHODS 

In the present work our attention is focused on a single cylinder air cooled diesel engine with the following 

specifications.     

Power 3.68 Kw Cylinder wall length 205 mm Cylinder and fin material Cast iron 

Bore 80 mm Number of fins 14 Type of cooling Air-cooled 

Stroke 165 mm Working fuel Diesel Manufacturer Kirlosker Oil 

Engine 

Compression Ratio 16.7:1     

Energy Balance: The accounting of the energy supplied, the energy lost and the output of useful energy expressed 

by engineers is commonly by heat balance analysis. The total heat energy supplied to the compression ignition 

engines, one third part that has been converted to valuable amount of work. Another one third is lost to exhaust gases 

and the remaining one third is carried away by coolant. Heat balance test is conducted on the Engine and the results 

are listed below. hip, heg are calculated from the experimental results obtained from the engine test and it is assumed 

that heat removed by air cooling system, hc  is 25% of total heat input, hip  given to the engine. It is assumed that heat 

transferred by engine cylinder head is about 72.5% of hc and engine cylinder wall and fin assembly removes 27.5% 

of hc. The remaining heat is considered as unaccounted heat loss, hua.  

Heat input, hip 15.17 Kw – 100.0% Cylinder head remove 2.75 Kw – 72.50% of hc 

Power, hbp  3.25 Kw – 21.42% Cylinder barrel remove 1.043 Kw – 27.50% of hc 

Heat carried away by exhaust 

gas, heg 

2.9 Kw – 19.12% Un accounted heat loss, hua  5.2275 Kw – 34.46% 

Heat removed by cooling 

system, hc 

3.7925 Kw – 25.00%   

In diesel engines, the cylinder head, combustion chamber and the top portion of the cylinder are the parts 

exposed to the flame temperature, during the combustion. After the end of fuel injection and at the fulfillment of 

burning, the gases temperature in the engine cylinder comes down during expansion. The gas temperature during the 

later part of expansion is very much lower compared to the flame temperature. So, the lower portion of the cylinder 

liner exposed to such conditions may not really require cooling.  

They have done the experiments which was in Kirloskar 4 –Stroke Diesel Engine. If uses of alternative fuels 

in engines, it gives highest performances and reduced the harmful emissions. They have used the esterification 

process for reducing the viscosity of oil by removal of the fatty acid which presents in alternative fuel to which one 

is used.  

The temperature of the delivery gases also runs the power which could be obtained from heat recovering 

devices like wise turbocharging expander. Friction which had been both affecting by engine heat transfer and has 
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been adding to the coolant load. The liner’s temperature of the engine cylinder which is being governed the piston 

and greasing the oil film temperature, and hence its viscosity. Piston and piston liners distortion because of the non 

uniforming of temperature that is having great impactness on the piston of engine’s friction. Particular mechanical 

energy that has been dissipated because of the friction should be rejected to ambient by the engine’s cooling systems. 

The power of the fan requirement is being calculated by the rejection of the heat’s magnitude.  

In higher output engines, directed air flow is required to provide proper and uniform cooling. If the air flow 

is not directed, the upstream of the cylinder in an air stream will be satisfactorily cooled while the downstream side 

of the cylinder may receive inadequate cooling. To force the air to flow between the fins on the downstream side, it 

is necessary to employ baffles which are similar to orifices results in pressure drop is experienced across the finned 

cylinder.  

In most instances the fin proportions used in practice are such that the length of fin is large, compared to its 

maximum thickness. When this is the case, one may assume that the temperature of fin depends only on the single 

coordinate measured in the direction of fin length. If the above simplification is made, the problem for the solution 

of the temperature distribution and heat flux rate becomes a one-dimensional conduction problem.  

Heat Transferred by the Fins: Heat transferred by the fins can be calculated from Newton’s formula,  

Qfin = ηf * As * h∞ * (Tb - T∞) Watts 

Variable length fin offers lesser resistance to air flow compared to the equal length fin so, pressure drop 

across the engine cylinder fin assembly is less compared to existing design. So, the blower is redesigned to deliver 

the lesser pressure air compared to the existing design which results in increase in useful engine power.  

Importance of the Engine Energy Transfer: The extreme level of the combusted gas temperature in the internal 

combustion engine’s cylinder is being the order of 1500 Kelvin. Ultimate metal temperature of the inner side of the 

combustion chamber, space that has been limiting to much lower values by a number of considerations of the 

parameters, and cylinder head cooling range, cylinder, and piston must be given.  

For giving mass of fuel which is within the engine’s cylinder, high level of energy transfer to the walls of 

combustion chamber will be lowering the mean burning gas temperatures and pressure, and can be reduced the work 

per cycle transferring to the piston. Thus specific power and efficiency which has been affected by the amount of the 

internal combustion engine’s heat transfers. 

The value of heat transfer coefficient between metal and air is appreciably low. As a result of this the cylinder 

wall temperature of the air-cooled cylinders are considerably higher than those of water-cooled type. In order to 

lower the cylinder, wall temperature the area of the outer surface which directly dissipates heat to the atmosphere 

must be sufficiently high. This is usually done by providing the fins. 

The amount of cooling surface area of the fins required to provide adequate cooling depends on the type, 

size, and power output of the engine, and the conditions under which the engines operate. The fin surface area can 

be increased by use of deeper or more closely spaced fins, or both. Most of the air cooled engines employ fin spacing 

from 4 to 12 per inch. Machined fins, such as on forged cylinder barrel, may have 12 spacing to the inch, while cast 

fins such as in a cylinder head, may have only 4 to 6 spacing to the inch. The height of the fins depends upon the 

manufacturing process, the strength of the material, and the durability desired. From practical stand point, the fins 

vary in height from less than one inch to two inches. 

In higher output engines, directed air flow is required to provide proper and uniform cooling. If the air flow 

is not directed, the upstream of the cylinder in an air stream will be satisfactorily cooled while the downstream side 

of the cylinder may receive inadequate cooling. To force the air to flow between the fins on the downstream side, it 

is necessary to employ baffles which are similar to orifices results in pressure drop is experienced across the finned 

cylinder.  

Fins: The fins are either cast as an integral part of the cylinder or separate finned barrels inserted over cylinder barrel. 

Sometimes, fins are machined from the forged cylinder blanks. 

The amount of heat transfer through the extended surfaces are by conduction and the distribution of 

temperature in the fin is depending upon the both properties of fin material and engine outside fluid. 

 The extended surface configuration is generally classified as a straight fin, an annular fin, or spine.  

The term straight fin is applied to the extended surfaces attached to wall which is otherwise plane. Whereas 

an annular fin is one attached circumferentially, to the cylinder surface. A spine or pin fin is an extended surface of 

cylinder and conical shape.  

In most instances the fin proportions used in practice are such that the length of fin is large, compared to its 

maximum thickness. When this is the case, one may assume that the temperature of fin depends only on the single 

coordinate measured in the direction of fin length. If the above simplification is made, the problem for the solution 

of the temperature distribution and heat flux rate becomes a one-dimensional conduction problem.  

Annular fins: Concentric annular or radial fins were provided to improve the heat transfer rates from the external 

wall areas of a circular cylinder. Rectangular profile, Triangular profile and Trapezoidal profile are three well known 
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profiles already available. With this the three new fin profiles considered are; Rectangular with rounded tip, Stepped 

Rectangular profile, Rectangular-Triangular profile. 

Fin Materials: 

Cast iron: Cast iron is basically an alloy of carbon and silicon with iron. It is containing 2.4 – 3.7 % C, 1.1 – 2.8% 

Si, 0.3 – 1.1% Mn, 0.16% P and 0.11% S. Cast iron possess high fluidity and hence it cast into any complex shapes 

and thin sections. It has an excellent wear resistance of grey iron under lubricating sliding conditions has been 

attributed to the presence of graphite in the micro structure. It possesses high damping capacity in addition to that 

cast iron is provided the working conditions clean. The material properties of cast iron are given below: 

Density 7593.48 Kg/m3 

Specific heat 0.4184 KJ/Kg K 

Thermal conductivity 42.97 W/ m2 K 

Aluminum alloy: Aluminum is a silvery white metal and it possess following characteristics: 

Light metal, good conductivity, higher resistance to corrosion and very ductile. The melting point of 

aluminum alloy varies from 520 – 650oC. 

The total weight of fin is proportional to the ratio of material density to the thermal conductivity. It is 

common to see aluminum fins on engine cylinder and heat exchangers.  

The reason for choice becomes obvious when one compares the weight requirements of aluminum and 

another material such as cast iron 

   (/k)Al / (/k) ci ----- (2.5.2.1) = (2627.00/161) / (7593.48/42.97) = 0.09233 

 This equation indicates that approximately 90.76% of fin weight can be saved by used to replace cast iron. 

Here considered two alternative materials for cast iron. They are Alusil and Duralumin. 

Alusil: Alusil contains 78-80% Al., 20-22% Si, the properties are given below:  

Density 2627.00 Kg/m3 

Specific heat 0.854 kJ/kgK 

Thermal conductivity 161.00 W/mK 

Duralumin: Duralumin contains 94-96 % Al., 3-5% Cu, trace Mg, the properties are given below:  

Density 2787.00 Kg/m3 

Specific heat 0.883 KJ/Kg K 

Thermal conductivity 164.50 W/m K 

Comparison of alusil and duralumin: By using Alusil as a fin material rather than Duralumin we can save the 

material weight up to 3.6904%. 

(/k)Duralumin= (2787.00/164.50) = 16.942 

(/k)Alusil  = (2627.00/161.00)        = 16.31 

(/k)Duralumin / (/k)Alusil =16.31/16.942  = 0.96309 

Assumptions: 

a) Heat transfer is 1 dimensional. 

b) Heat transfer takes place at steady state conditions. 

c) Heat transfer coefficient of ambient air is constant. 

d) Engine cycle follows the polytrophic process with the exponent of 1.3. 

Heat Transferred: Instantaneous heat transferred by the engine cylinder is calculated using Eichelberg formula.  

Qi = 2.43 * (Vp)1/3 * (pi*T)1/2  * (Ti - Tw) * Ai     Watts. 

 
Fig.1. Instantaneous Values of Burned Gas 

The average values are computed from the instantaneous values. 

Average Gas Temperature 1035.43K 

Coefficient of Exhaust Gas 403.6 W/m2 K 

Average heat transferred 998 Watts 
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3. RESULTS AND DISCUSSION 
 Performance of Cast Iron Fin Profiles: Performance of the existing rectangular cast iron annular fin is 

analyzed and it is compared with other five fin profiles.  

 In the analysis heat transfer value is a constraint. Fin profiles are constraint to transfer the same quantity of 

heat. Heats transferred by engine cylinder and fin assembly are listed below. 

Heat transferred by fins 763 Watts 

Heat transferred by (unfinned) cylinder surface 215 Watts 

Total heat transferred 998 Watts 

 

  
Fig.2. Performance of Cast Iron Fin Profiles Fig.3. Alusil vs. Duralumin  

(performance and material savings) 

 

 
Fig.4. Comparison of Cast Iron Fin Profile Cost with Aluminum Alloy Fin Profile 

Ansys Results:  

   

   
Fig.5. Temperature distribution of various fin profiles 

4. CONCLUSION 

Fins are analyzed with different fin profiles, fin materials, variable fin profile and with minimal cooling 

conditions for an air cooled diesel engine of 5 H P. 

From the investigation, it is observed that Trapezoidal profile or Stepped rectangular profile adoption will 

result in material saving and increases in performance. 

By using aluminum alloy as an alternative fin material for cast iron, performance of fins is increased about 

7% with reduction in fin length is experienced, which in turn results in engine compactness and reduction in fin 

weight. By using variable fin profile, 13.191 % savings in material is achieved. “Variable length fins” offers lesser 

resistance to air flow compared to the “equal length fins”. The 13th and 14th fin lengths are determined by using fin 

profile tip contour equation without analyzing the problem in two dimensional manners with an accuracy of  

99.99933 %. Thermal efficiency of the engine will be improved and the rise in exhaust gas temperature can be used 
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to activate the energy recovery devices with the adoption of minimal cooling technique by removing the bottom two 

fins.   

Thus, Cost reduction and weight reduction is achieved with increase fin performance and increase in power 

to weight ratio. 
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