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Abstract— In this study, the main aim is to improve the 

cooling performance of 4 stroke SI engine. Generally in 

practice all the motor cycles engines are available having 

straight fins design on its body. Now here its new concept of 

wavy fins design in place of straight fins. Computational 

fluid dynamic (CFD) analysis is carried out in ANYSI 14.5 

workbench for both types’ engines at various velocities 

within the range 0.01 km/hr to 120 km/hr. A performance 

analysis is done by comparing heat transfer rate and overall 

heat transfer co- efficient. It’s concluded that overall heat 

transfer coefficient of the wavy fins is better than straight 

fins for all velocities. An average increment in overall heat 

transfer co efficient  is about 4.38 % after 0.01 km/hr 

velocity. 

Keywords: Computational fluid dynamics (CFD), Wavy 
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I. INTRODUCTION 

Now a day’s bikes with higher engine power are fitted with 

liquid cooling. This cooling is provided by oil coolers. Such 

type of arrangement is more costly than air cooling. Air is 

not the most efficient medium for heat transfer for heavy 

vehicles. Hence it’s required to do invention and research in 

the field of air cooling which is best suited for higher 

propulsive bikes also. Effective cooling is essential to 

engine performance. Good thermal management reduces the 

temperature rise in engine and increases engine life. Also 

reduction in energy consumption is possible by improving 

the performance of systems of heat exchanging and 

introducing various heat transfer enhancement techniques.   

Literature survey was been carried out to find the 

various ways and techniques used for enhancement of heat 

transfer from engine. Mishra A.K. et. al [1] concluded that 

to increase the cylinder cooling, the cylinder should have a 

greater number of fins. However, the cylinder cooling may 

decrease with an increased number of fins and too narrow a 

fin pitch. The is because the air could not flow well between 

the fins, thus the overlapping of thermal boundary layers 

occurs at the upper and lower fin surfaces. Praful Date et. al. 

[2] proposed the novel approached toward the heat transfer 

enhancement of plate and fin heat exchanger using 

improved fin design facilitating the vortex generation. The 

vortex generator can be embedded in the plane fin and that 

too in a low cost with effect the original design of heat 

exchanger. Sanjay Kumar Sharma et. al. [3] presented the 

results of computational numerical analysis for three 

different morphology pin fins. They concluded that the drop 

shaped pin fins show improved results on the basis of heat 

transfer and pressure drop. S.H. Barhatte et. al. [4] 

concluded after fin flats were modified by removing the 

central fin portion by cutting a notch which was followed by 

simulation in CFD and experiment. It is proved beyond 

doubt that the heat transfer coefficient is highest for the set 

of fins with triangular notch.  

Magarajan U. et. al. [5] concluded that, it is 

possible to modify the fin geometry and predict those 

results, changes like tapered fins, providing slits and holes in 

fins geometry can be made and the optimization of fins can 

be done with the help of CFD results. J.Ajay Paul et. al. [6] 

conclude regarding fin pitches and numbers that when fin 

thickness was increased, the reduced gap between the fins 

resulted in swirls being created which helped in increasing 

the heat transfer. Also, observed that large number of fins 

with less thickness can be preferred in high speed vehicles 

than thick fins with less numbers as it helps inducing greater 

turbulence and hence higher heat transfer. Mohd Faizal 

Mohideen Batcha et. al. [7] has proved that mist-cooling can 

be adopted to enhance heat transfer and lower the 

temperatures in air-cooled systems during critical 

conditions. The heat transfer coefficients increased between 

200 and 400% and the surface temperatures were depressed. 

Shinde Sandip Chandrakant et. al. [8] proved that annular 

fins with rectangular fin profiles are more suitable for heat 

transfer enhancement as compared to triangular fin profiles. 

K.Shahril et. al. [9] proved that the wind velocity is one 

important part that can affected the total of heat transfer and 

the value of heat transfer coefficient. The design of 

motorcycle fins need to consider in order to measure total 

heat transfer, because fins are work to trap the air to 

maintain the heat of engine block, if the fins design are not 

too appropriate with the requirement, it can cause to 

overheating. N.Nagarani et. al. [10] analyzed the heat 

transfer rate and efficiency for circular and elliptical annular 

fins for different environmental conditions and concluded 

that elliptical fin efficiency is more than circular fin. 

II. NUMERICAL AND COMPUTATIONAL ANALYSIS 

In this study comparison of CFD analysis is made between 

straight fin engine and wavy fin engine. Both engines are 

analyzed at the velocities ranging from 0.01 km/hr to 120 

km/hr at an interval of 15km/hr. The relationship between 

velocity, temperature and overall heat transfer co-efficient is 

discussed after analysis. Fin thickness and fin pitch are kept 

same as straight fins for wavy fins.  

A. Engine modeling 

The modeling of straight fin cylinder and block assembly 

and wavy fin cylinder and block assembly is done by 

Solidworks 12 and it is imported into ANSYS workbench 

14.5 for the purpose of computational analysis. Wavy shape 

is created in straight fins to generate wavy fins.  
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                         Fig. 1: Straight fin model                                               

 

Fig. 2: Wavy fin model 

B. Mesh generation 

The grid generation for the considered geometry problem is 

obtained by using ANSYS ICEM CFD Meshing Tool. The 

considered problem is analyzed for two different flow 

regimes, laminar and turbulence. In this thesis, only one 

meshing operation to numerically analyze the problem of 

both regimes is applied. Here, for easier data management, 

grid appropriate for the turbulence case is applied to laminar 

case as well. Here in this case 3D tetrahedral types mesh 

element is used for mesh generation. 

 

Fig. 3: Mesh generation 

The mesh file generated in the meshing modular is 

transferred to CFX Solver. Three main distinct domains are 

created are as shown in below. 

 
Fig. 4: Domain for Engine Head 

 
Fig. 5: Domain for Engine Block 

 
Fig. 6: Fluid domain 

C. Governing equations 

Navier-Stokes equations are the governing equations of 

Computational Fluid Dynamics. It is based on the 

conservation law of physical properties of fluid. The 

principle of conservational law is the change of properties, 

for example mass, energy, and momentum, in an object is 

decided by the input and output. The equations like 

continuity equation, momentum equation, energy equation 

and transport equations are used for solving the 3-D heat 

flow through the engine. [11] 

Conservation of mass: 0
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Energy equation:  
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Transport equation: 
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D. Boundary conditions 

In order to solve the numerical problem, some boundary 

conditions depending on the physical model under 

investigation should be given.  

1) Inlet boundary condition 

Flow regimes     : Subsonic 

Ambient temp    : 33 deg C 

Turbulence         : Medium (5% intensity) 

Velocity             : 0.01 km/hr 

 

Fig. 7: Inlet boundary condition 

2) Outlet boundary condition 

Flow regimes: Subsonic 

Mass & Momentum: Average static pressure 
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Relative pressure: 0 Pa 

Pressure profile blend: 0.05 

Static pressure value at the outlet surface is kept as 

zero at all analysis. 

 
Fig 8: Outlet boundary condition 

 
3) Air opening boundary condition 

The remaining four sides of the Air domain is 

considered as the Air Opening Boundary condition 

which consists of following boundary details. 

Mass & momentum   : No slip wall 

Wall roughness         : Smooth wall 

Heat transfer             : Adiabatic 

Opening temp          : 33 deg C 

 
Fig. 9:  Air opening boundary condition 

4) Heat source boundary condition 

The general average temperature of cylinder head is 

about 600 K. Hence, constant heat source of 600 K is 

kept at the spherical part of cylinder head. 

 
Fig.  10 Temperature: 600 K for head spherical chamber 

E. Result and discussion  

The computational analysis is carried out for both models 

i.e., straight fin and wavy fin. Both models are analyzed at 

the velocity ranging from 0.01 km/hr to 120 km/hr. The 

following fig shows the temperature contour at 0.01 km/hr 

velocity for both engines. Likewise temperature contour at 

outlet and for body temperature is obtained for both models. 

 

Fig. 11: Temperature contour at out let at 0.01km/hr velocity 

(Straight) 

 

Fig. 12: Temperature contour at out let at 0.01 km/hr 

velocity (Wavy) 

The heat transfer rate is calculated by following 

formula,  

Q = m * Cp * T                                                                                                                     

…(7) 
An overall heat transfer co –efficient is calculated by 

following formula,  

U   = Q / A (T max – T min)                                                                                            

…(8) 
The performance of straight fins and wavy fins 

can be judge by comparing an overall heat transfer co 

efficient (U) of both the fins. The graphical 

representation of comparison can be expressed as 

below. 

 
Fig. 13 Overall heat transfer co efficient v/s Air velocity 

The above graph shows the comparison of overall heat 

transfer co efficient U, for wavy fins and straight fins. It’s 

clear from above graph that at every velocity overall heat 

transfer co efficient for wavy fins is higher then the straight 

fins.  

 
Fig. 14 : increment is achieved in heat transfer co 

efficient 
Above graph shows that there is an increment is 

achieved in heat transfer co efficient for wavy fins over 

straight fins. Average increment is likely to be 4.38 % after 

0.01 km/hr velocity. The highest increment is achieved at 
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steady state condition i.e. 315.51 % at 0.01 km/hr velocity. 

The above graphical data can be tabulated as below, 

 
Table. 1: Comparison of straight and wavy fins 

III. CONCLUSIONS 

 The out comes of this analysis is summarized as 

below.  

 Heat transfer rate for straight fins and wavy fins get 

increased with increment of velocity.  

 Turbulence created with wavy fins is higher then 

the straight fins. Hence, heat transfer rate is higher 

for wavy fins compare to straight fins for the same 

velocity. 

 fficient of the wavy fins 

is better than straight fins for all velocities. An 

average increment is about 4.38 % after 0.01 km/hr 

velocity. 

 Highest overall heat transfer coefficient is achieved 

at 0.01 km/hr velocity i.e., 315.51 %. 

 An average increment in heat transfer rate is 3.94 

% after 0.01 km/hr velocity. 

 Highest increment in heat transfer rate is achieved 

at 0.01 km/hr velocity i.e., 19.81 %. 

IV. FUTURE SCOPE 

For the future work large amount of scope is available. The 

proposed engine cylinder can be examined experimentally 

and the data of experiment and computational analysis can 

be compared to find the deviation from actual condition. In 

addition to that heat transfer enhancement also can be 

achieved by changing fin pitch, fin density, fin thickness etc.  

V. NOMENCLATURE  

Q= heat transfer rate (W)  

Cp = Specific heat (J/kg K) 

T = Temperature difference (K) 

U = Overall heat transfer co efficient (W/ m
2
 K) 

Q = Heat transfer rate (W) 

T max = maximum temperature in engine (K) 

T min = Minimum temperature of fin (K) 
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