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Abstract— Designing an I C Engine has a great emphasis on 

Heat Dissipation.  The more heat dissipation causes more 

efficiency of the engine. Insufficient dissipation of heat 

causes high thermal stresses, which is responsible for lesser 

efficiency of an I C Engine, too. Modern vehicles could 

have such technological research due to better cooling 

systems of an engine. The conventional radiators were made 

of networks of round brass or copper tubes through which 

water was kept flawing. But in air cooled system, the main 

focus is on design of fin of cylinder head to get heat 

dissipated. I C Engine fins provide more surface area to the 

heat generated to get it dissipated in lesser time. 

Furthermore, fins allow the wind to flow over them and to 

het the heat away from the engine along with the flow of air. 

But, such cooling systems are not yet effective as the water 

cooled systems. So, more emphasis is given in this work to 

study the previous updated cooling systems which includes, 

changing the block of cylinder for various fin geometry and 

climate conditions. In this research work focus is given to 

compare the heat transfer co – efficient at different 

velocities analysed in CFD with Experimental investigated 

data. 

Key words: Heat Transfer Augmentation, Fin Geometry, I C 

Engine, Step Fin, Sine Fin, CFD Analysis 

I. INTRODUCTION 

Heat dissipation is probably one of the most important 

considerations in engine design. An internal combustion 

engine creates enough heat to destroy itself. Without an 

efficient cooling system, we would not have the vehicles we 

do today. The original radiators were simple networks of 

round copper or brass tubes that had water flowing through 

them by convection.  

By the 1920’s some auto manufacturers, like GM, 

had switched to oval tubes because they were slightly more 

efficient. Not long after that, as engines grew larger and 

hotter, companies began to add fans for a constant flow of 

air over the radiator cores. These more efficient cooling 

systems eventually added a pump to push the water through 

the cooling tubes. All in all, the car radiator is a simple and 

lasting technology that will likely be around as long as we 

use internal combustion engines. 

A. Heat Transfer Calculation for IC Engine Fins 

 
Fig. 1: Geometrical design of finned cylinder 

 
Fig. 2: Fin 

Considering the dimensions as shown in Fig. 1 & Fig. 2... 

Radial conduction equation: 
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Radial Temperature Distribution 
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B. Heat Dissipation Capacity of Cylinder with Radial fins 

The heat flow through a fin is given by the heat flow at the 

base of a fin and can be expressed as: 

𝑞𝐵,𝑓𝑖𝑛
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The total heat flow from a fin array is the sum of 

heat flow from the fin body and the heat flow from the base 

surface without fin and can be written as: 

𝑞𝐵 = 𝑁 [2𝜋𝑟𝑏𝛿𝑘𝑠𝑚𝜃𝐵𝜦] + (𝑁 − 1)𝑠ℎ𝑤(2𝜋𝑟𝑏)𝜃𝐵 
The temperature difference between a fin base and the fluid 

(𝑞𝐵) due to total heat flow rate at the fin base can be 

expressed as: 

𝜃𝐵 =
𝑞𝐵

𝑁 [2𝜋𝑟𝑏𝛿𝑘𝑠𝑚𝜦] + (𝑁 − 1)𝑠ℎ𝑤(2𝜋𝑟𝑏)
 

Development of Compact Finned Cylinder: 

The heat flow through the base is 

𝑞𝑏 = 2𝜋𝑟𝑏𝛿𝑘𝑚𝜃𝑏  
𝐼1(𝑚𝑟𝑎)𝐾1(𝑚𝑟𝑏) − 𝐼1(𝑚𝑟𝑏)𝐾1(𝑚𝑟𝑎)

𝐼0(𝑚𝑟𝑏)𝐾1(𝑚𝑟𝑎) + 𝐼1(𝑚𝑟𝑎)𝐾0(𝑚𝑟𝑏)
 

The ideal heat flow 
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Fin Efficiency  
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II. LITERATURE REVIEW 

Engine life and effectiveness can be improved with effective 

cooling. The cooling mechanism of the air cooled engine is 

mostly dependent on the fin design of the cylinder head and 

block. Insufficient removal of heat from engine will lead to 

high thermal stresses and lower engine efficiency. The 

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

from the engine. Low rate of heat transfer through cooling 

fins is the main problem in this type of cooling. The main of 

aim of this work is to study various researches done in past 

to improve heat transfer rate of cooling fins by changing 

cylinder block fin geometry and climate condition.  

Mishra A.K et al.[1] carried a numerical 

investigation has been carried for a finned metal cylinder 

using CFD and is validated against the experiments carried 

out. A transient numerical analysis is carried out with wall 

cylinder temperature of 423 K initially and the heat release 

from the cylinder is analyzed for zero wind velocity. The 

heat release from the cylinder which is calculated 

numerically is validated with the experimental results.  

A. Experimental Set up and Measurement Techniques 

The experimental setup has been shown in figure 2.1 Figure 

2.2 shows the experimental cylinder along with 

thermocouple position in the cylinder and in the fin surface. 

The cylinder was made up of cast iron and has a fitted cap. 

The volume of the hollow portion of the experimental 

cylinder is 300 cm3. Fin was made of an aluminium alloy 

(JIS A6010). The fins were fitted tightly in the cylinder. 

Heat storage liquid (SAE 40 oil) of 300 cm3 was used to fill 

the cylinder in order to maintain uniform temperature in the 

cylinder. An induction heater with electrical power of 400W 

was used to heat the oil to 150°C. J type thermocouples 

were inserted into the cylinder and fin to measure the 

temperature. The heat storage liquid was heated and is 

poured into the cylinder and the cap is placed above the 

cylinder. The temperature of the heat storage liquid was 

decreased by cooling at room temperature. The heat release 

from the cylinder was obtained by multiplying the heat 

capacity of the heat storage liquid by the difference between 

150°C and the temperature after every 10 seconds at zero air 

velocity. The experiments were carried out at an ambient 

temperature of 33°C.  

 

 
Fig. 3: Experimental cylinder with fins 

 
Fig. 4: Placement of thermocouples on the fins and cylinders 

B. Modeling and Grid Generation 

The cylinder, fin, air domain and oil are modeled using 

ICEM-CFD. The dimensions of cylinder and fins are exactly 

the same as that of the experimental setup. The whole 

assembly is splitted into 3domains: i. Solid domain: The 

solid domain consists of the fin and cylinder. ii. Fluid 

domain I (SAE-40 oil): SAE-40 oil is placed inside the 

cylinder as the heat source. iii. Fluid domain  

II(Air): The surrounding domain is kept as air 

domain as surrounding air exists. The 3-D model geometry 

is imported in ICEM-CFD meshing software for mesh 

generation. The domains are defined here and are classified 

as above three domains. Fluid solid interfaces are given the 

title FLSO and SOSO is used for solid-solid interfaces. The 

interfaces between air domain, cylinder andSAE-40 oil are 

defined. Figure 3 shows the mesh of the fluid oil and the 

finned cylinder. The meshing of rectangular air domain is 

done after inserting the geometry files of cylinder and fins to 

avoid mesh inside these regions. 

C. Solver Setup in ANSYS fluent 

The flow around the finned cylinder has been solved at zero 

wind velocity. The mesh interfaces has been created in 

ANSYS fluent. The temperature of the entering air was 
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chosen to be 303 K. Outlet phase was given fixed pressure 

conditions of 101.325 kPa representing atmospheric 

pressure. All the other faces of the air domain are given the 

wall boundary conditions. The solver was selected as 

transient with gravity of 9.8m/s2 to consider buoyancy 

effects due to natural convection. Solution initialization was 

done at303 K for all zones. Oil domain was patched to a 

temperature of423 K.  

D. Validation Results 

It is observed from the CFD result that it takes 150 seconds 

for the oil domain to reach the temperature339 K from 423 

K. The temperature of air, cylinder and fins which are at 

ambient temperature is also increased by 26 K which 

confirms the heat transfer physics. The experimental results 

show that the value of heat release by the oil through 

cylinder and fin is about 23.8 W. The heat release from the 

cylinder was obtained by multiplying the heat capacity of 

the heat storage liquid by the formula: Heat release, Q = 

mcpÑT Where, m = mass of the heat storage liquid, in Kg, 

cp= specific heat capacity of SAE-40 oil, in J/kg/K, ÑT= 

change in temperature after 10 seconds, in K.  

 
Fig. 5: Boundary Layer plot of 5 fins at 10mm pitch at 20 

Kmph 

 
Fig. 6: Plot of Heat Transfer for different materials 

The study reveals that the optimized fin material 

with the greatest effective cooling is copper, the effective 

heat transfer coefficient is found to be more for a pitch of 

10mm and this optimized fin array parameters is helpful in 

improving the efficiency of the engine. 

Arvind S. Sorathiya et al [2] conducted study on 

various researches done in past to improve heat transfer rate 

of cooling fins by changing cylinder block fin geometry, 

climate condition and material. Their research showed that 

design of fin plays an important role in heat transfer. There 

is a scope of improvement in heat transfer of air cooled 

engine cylinder fin if mounted fin’s shape varied from 

conventional one.  

Contact time between air flow and fin (time 

between air inlet and outlet flow through fin) is also 

important factor in such heat transfer. Wavy fin shaped 

cylinder block can be used for increasing the heat transfer 

from the fins by creating turbulence for upcoming air. 

Improvements in heat transfer can be compared with 

conventional one by CFD Analysis and Wind Tunnel 

experiment. 

Vipul Shekhada et al.[3] in their research paper took 

experimental readings in form of temperature of existing fin 

of air cooled IC engine. These readings were validated with 

ANSYS model. After validation fin was modified with same 

volume, again analysis of modified fin done by ANSYS 

software. By comparing the results, fin performance was 

evaluated. 

The dimensions of extended surface or fin provided 

in IC engine of HERO HONDA SPLENDOR were measured 

and temperature also measured by thermocouple after 

stopping the engine at every 5 minute interval. 

 
Fig. 7: Fin provided in IC engine 

Time (after stop engine) FEA result readings 

Initial temp. 195°C 

5 minute 182.33°C 

10 minute 114.39°C 

15 minute 78.46°C 

20 minute 58.02°C 

25 minute 46.88°C 

30 minute 40.74°C 

35 minute 37.26°C 

40 minute 35.36°C 

45 minute 34.32°C 

50 minute 33.72°C 

Table 1: Results of FEA of existing fin 

Existing fin dimensions b= 65mm,y= 3mm , L= 

13.35mm was replaced by taking b= 65mm, y= 2mm, L= 

20mm. so volume remains constant.   

 
Fig. 8: Result of modified fin after 5 minutes 
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Fig. 9: Comparison of experimental, FEA of existing fin and 

FEA of modified fin data  

By experimental data and FEA data for fin of air 

cooled IC engine is compared and validated. Also 

comparing the modified fin FEA data with existing fin data, 

this research paper give clear idea about fin performance. 

After the modification of fin with constant volume, 

effectiveness was increased with minor change in efficiency.  

So modified fin gives best cooling rate than the existing fin.   

A. C. Deshpande et al.[4] tested the extended 

surfaces i.e. fins of Honda Shine & Bajaj Discover two 

wheeler to investigate effect on heat transfer rate by 

changing the Cross-section, Fin Pitch, Fin Material and Fin 

Thickness. The vehicles considered have single cylinder air 

cooled engines with set of rectangular fins mounted on the 

cylinder block. Through experiments temperature generated 

at steady state condition have been measured from the fin 

surface and using the value as key parameter, heat dissipated 

and heat flux through fin is calculated using empirical 

formulations. The same data is then validated by using FEA 

approach.  

 
Fig. 10: Experimental setup 

The setup simply consists of thermocouple rod 

placed on surface of fin of which temperature readings are 

to be taken. Thermocouple rod is attached to thermocouple 

temperature trainer kit which consist of digital display 

which will provide us actual readings directly. The k-type 

thermocouple is used in experiment. The readings are taken 

on stationary engine after reaching to steady state condition. 

Following observations are found.  

 
Fig. 11: Temperature for Honda Shine Fin 01 

Design of fin plays an important role in heat 

transfer. The fin geometry and cross sectional area affects 

the heat transfer coefficient. There is a scope of 

improvement in heat transfer of air-cooled engine cylinder 

fin, if fin’s is shape varied from conventional one. From this 

project after experiment values and FEA validation it can be 

concluded that contact surface available for the air to flow 

over the fin is also important factor in heat transfer rate. If 

the turbulence of air is increased by changing the design and 

geometry (curved and corrugated shaped fins for cylinder 

block) of the fins, it will increase the rate of heat transfer. 

Due to non-uniformness in the geometry of fins, turbulence 

of flowing air increases which results in more heat transfer 

rate.  

K. Ashok Reddy et al. [5] designed the cylinder 

head by using standard formulae and modeling by using the 

SOLIDWORKS software. The steady state thermal analysis 

is carried by using ANSYS software. In this project we are 

analyzing the various thermal properties for various 

geometrical shapes of the cylinder head (Rectangle and 

Circular) and further correlating the numerical values of the 

cylinder heads with the finite element values.  

 
Fig. 12: Temperature applied on the surface of C.C 
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Fig. 13: Temperature distribution at the bottom surface 

By comparing theoretical values with analytical 

values of existing rectangular cylinder head equal values 

were obtained. After changing cylinder head to circular 

shape and conducting the same experiments with same 

boundary conditions the difference in the efficiency was 

around 3% which is a considerable difference. The mass is 

increased in circular cylinder by 10%.In this project, steady 

state thermal analysis for free convection for rectangular and 

circular fins was conducted. From above results it can 

concluded that the circular fin are more suitable than 

rectangular fins.  

Polidas Varalakshmi et al. [6] in their study created 

the parametric model of cylinder with Trapezoidal fin, 

Elliptical fin and Triangular fin bodies in 3D modeling 

software Pro/Engineer. Steady state thermal analysis is done 

on the fins to determine Temperature Distribution, Total 

Heat flux and Directional Heat flux that are caused by 

thermal loads that do not vary over time. Analysis is 

conducted by varying material. The present used material 

for the fin bodies are LM13 which has thermal conductivity 

of 0.28cal/cm2/0C at 250 c. also using AL356 which has 

150 to 179W/m-K thermal conductivity.  

 
Table 2: Material properties 

 
Fig. 14: Temperature distribution through Trapezoidal fin 

for LM13 and A356 

 
Fig. 15 Total Heat flux through triangular fin for 

LM13 and A356  

From the results, Triangular fin (A356) Have more 

value of Total Heat flux (i. e more transfer rate per unit area) 

compared to LM13 Material and also with Trapezoidal and 

Elliptical fin. A356 Total Heat flux is for Triangular fin is 

0.67239w/mm2, whereas for LM13 it is 0.62337w/mm2 and 

also compared with Trapezoidal fin and Elliptical fin. From 

all above the results it is clear that A356 Triangular fin have 

more Effectiveness.  

R. Arularasan et al. [7] conducted analysis on single 

cylinder air cooled engine with different profile fins such as 

triangular, rectangular, elliptical, trapezoidal profile and 

compared these with the existing profile of the engine. 

Comparative thermal tests were carried out using 

Aluminium two stroke S.I engine, made with triangular fin, 

with rectangular, elliptical, trapezoidal profile without 

varying material properties of engine block. 

 
Fig. 16: Elliptical profile in 3D 

The results of the exist profile rectangular fin will 

be also compared with all profile using finite element 

analysis program developed on Ansys software .In addition 

to the temperature measurements, the Thermal stress 

distribution will be investigation. The fin heat transfer 

analysis represents only one set of design parameters 

relating to shape based upon the cross section of fins. the 
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exist profile tip temperature value (rectangle)129.25°C, 

trapezoidal tip temperature 101.27°C, elliptical tip 

temperature 84.16°c,triangle tip temperature 48.89°C. There 

may exist other designs which produce better results in 

overall thermal performance. 

Pulkit Agarwal et al. [8] made an attempt to 

simulate the heat transfer using CFD analysis. The heat 

transfer surface of the engine is modeled in GAMBIT and 

simulated in FLUENT software. An expression of average 

fin surface heat transfer coefficient in terms of wind velocity 

is obtained. It is observed that when the ambient 

temperature reduces to a very low value, it results in 

overcooling and poor efficiency of the engine.  

A number of experimental studies have been done on 

cooling of air-cooled engine fins. Air cooled  cylinders were 

tested at wind velocities from 7.2 to 72 km/hr to design fins 

for motorcycle engines and an experimental equation for the 

following fin surface heat transfer coefficient was derived. 

α= 2.11u0.71 x s0.44 x h-0.14 

Where,   

α: Fin surface heat transfer coefficient[W/m20C], h: Fin 

length [mm], u: Wind velocity[km/hr], s: fin separation at 

middle length[mm]   

 

Gibson conducted experiments on cylinder cooling 

at relatively high velocities and derived an experimental 

equation for the fin surface heat transfer coefficient as 

follows:   

α= 241.7{0.0247-0.00148(h0.8/p0.4)} u0.73 

Where,  

α: Fin surface heat transfer coefficient[W/m20C], h: Fin 

length[mm], p: Fin pitch[mm], u: Wind velocity[km/hr]  

 
Thornhill et 

al. 
Gibson 

Bierman 

et al. 

Cylinder 

Diameter[mm] 
100 32-95 118.364 

Fin Pitch [mm] 8-14 4-19 
1.448-

15.240 

Fin Length mm] 10-50 16-41 
9.398-

37.338 

Material 
Aluminium 

alloy 

Copper, Steel, 

Aluminium 
Steel 

Wind Velocity 

[km/hr] 
7.2-72 32-97 

46.8-

241.2 

Table 3: Experimental cylinder and wind velocity by 

Thornhill et al., Gibson and Bierman et al. 

The heat transfer from a fin is influenced by many 

fixed and variable parameters such as air flow velocity, 

temperature, heat flux at cylinder wall, fin geometry size, 

shape, material etc. In this study, CFD has been used for 

analyzing the similar model of engine as used by Yoshida et 

al. The effect of the wind velocity and surrounding air 

temperature was studied in detail by modeling the 

motorcycle engine as a finned cylinder and simulating 

through the commercially available CFD code FLUENT at 

velocities from 40 to 72 km/hr which is the most common 

operating range of motorcycles. The remaining parameters 

namely fin geometry, heat flux at cylinder wall, material 

were kept fixed. An attempt has been made to derive an 

equation for average fin surface heat transfer coefficient for 

the same engine model in terms of wind velocity and to 

calculate the extra amount of fuel consumed due to the 

overcooling process.  

III. METHODOLOGY  

A. Modeling and Design  

The engine was modeled as an aluminium cylinder with fins 

on its outer surface and a stroke volume of 150 to 187 cm3 

as shown in Fig. 1. The model was created in GAMBIT 

software which is also used as a pre-processor for meshing 

and boundary zone definitions.  

 
Fig. 17: Cylinder modelled for simulation 

A fine mesh has been created near the fins to resolve the 

thermal boundary layer which is surrounded by a coarse 

external mesh for better results and fast solution.  

 
Fig. 18: Top view of the 3D Grid for flow across finned 

cylinder 

B. Mathematical Model  

The solver in FLUENT works on Finite Volume Method 

(FVM) and in this case solved the standard Navier - Stokes 

equations of fluid flow in three dimensions for finding the 

pressure and velocity at domain points. SIMPLE method for 

pressure velocity coupling was implemented for pressure 

correction. The following momentum conservation was used 

along with the continuity equation:  
𝜕(𝜌𝑣)

𝜕𝑡
+ 𝑣∇ ∙ (𝜌𝑣) = −∇P + ∇ ∙ τ + 𝐹 + 𝜌𝑔 

For modeling heat transfer, the energy equation is solved in 

the following form:  
𝜕(𝜌𝐸)

𝜕𝑡
+ ∇ ∙ (𝑣(𝜌𝐸 + 𝑝))

= ∇ ∙ (𝑘𝑒𝑓𝑓∇𝑇 − 𝛴𝑗ℎ𝑗𝐽𝑗 + (τ ∙ 𝑣)) + 𝑆ℎ 
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C. Problem Setup In Fluent   

The flow around the finned cylinder has been solved at 

different airflow velocities from 20 km/hr to 72km/hr, and at 

air temperatures ranging from -100C to 300C.  

Boundary conditions applied at the domain ends 

helped in maintaining continuity.  

 
Fig. 19: Boundary conditions for the given problem 

Inlet face (1) was given fixed velocity condition. 

The velocity and temperature of the entering air was chosen 

depending upon the case being solved.   

Outlet face (2) was given fixed pressure condition 

of 101.325kPa representing atmospheric pressure.   

Top and bottom faces (3, 4) faces were specified as 

adiabatic walls and the flow is kept from left to right.   

The outer curved surface of the cylinder (5) was 

given the wall boundary condition. Temperature was 

specified at the inner surface of hollow cylinder giving 

specified thickness.   

The body of metallic fin (6) was meshed and 

specified as solid region. Henceforth, it is solved by heat 

conduction equation.   

A three dimensional steady state conjugate heat 

transfer analysis has been done by assuming a constant 

temperature on the inner surface of the cylinder wall and 

evaluating the quantity of heat lost from the engine surface 

which is modeled as a finned cylinder. The temperature at 

the inner wall of cylinder surface is assumed constant at 150 

0C to account for heat generated due to combustion inside 

the engine.  

For obtaining the relation between heat transfer 

coefficient and velocity, the temperature was maintained 

constant and the simulations were carried out varying the 

velocity from 40km/hr to 72 km/hr. The values of heat 

transfer coefficient were directly proportional to wind 

velocity specified for the simulation. Similar values of heat 

transfer coefficient were obtained for different temperatures 

verifying the independence of heat transfer coefficient on 

atmospheric temperature.  

 
Fig. 20: Contour plots of temperature on fins at wind 

velocity 60km/hr and temperature -100C 

 
Fig. 21: Plot of heat transfer coefficient vs. wind velocity 

The paper confirms the results of the experimental 

study of heat transfer dependence on different stream 

velocities. An analysis of heat transfer under different 

surrounding temperatures has also been carried out to reduce 

the overcooling of engines. The temperature and heat 

transfer coefficient values from fin base to tip are not 

uniform which shows the major advantage of CFD for 

analysis of heat transfer.  

1) Review Conclusion  

 For a given thermal load, the fin material and fin 

array parameters could be optimized in a better 

way by numerical simulation methods.  

 To increase the cylinder cooling, the cylinder 

should have a greater number of fins.  

 There is a scope of improvement in heat transfer of 

air cooled engine cylinder fin if mounted fin’s 

shape varied from conventional one.  

 Due to non-uniformity in the geometry of Fins 

turbulence of flowing air increases which results in 

more heat transfer rate.  

2) Problem Definition  

With the research data collected so far, it is evident that the 

fin geometry can be optimized to improve heat transfer rate. 

Finite element approach can be utilized to identify 

temperature distribution and heat transfer rate from the 

engine cylinder. Changing the fin geometry with elliptical or 

wavy shapes and increasing number of fins can yield 

altogether different thermal behavior of the IC engine. 

Based on this, the project can be defined as-  

“Heat Transfer Augmentation and Analysis of Air Cooled 

IC Engine Fins”. 
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3) Cad Model and Boundary Conditions 

 
Fig. 22: CAD model of cylinder with straight fin profiles 

 
Fig. 23: Importing geometry to ANSYS Design Modeler 

As shown in the figure, the finned cylinder geometry is 

imported to ANSYS environment for CFD simulation. A 

fluid domain around the cylinder is developed to capture air 

flow physics and a symmetry plane is used to reduce the size 

of solution domain, utilizing less computational power and 

providing results faster.  

 
Fig. 24: Inlet boundary conditions 

Inlet boundary is applied to one end of the fluid 

domain for the purpose of applying inlet velocity boundary 

conditions.  

 
Fig. 25: Outlet boundary conditions 

Outlet boundary is applied at other end of the fluid 

domain for the purpose of applying pressure outlet boundary 

conditions.  

 
Fig. 26: Meshing applied on the fluid and solid domain 

Mesh is generated for the entire domain with 

advanced sizing option to obtain finer mesh near proximity 

and curvature of the finned cylinder geometry.  
Domain Nodes Elements Tetrahedra 

Fluid Domain 223809 1182733 1182733 

Solid Domain 96775 411350 411350 

All Domains 320584 1594083 1594083 

Table 4: Mesh details 
Wind velocity 40, 60 & 70 km/hr 

Air Temperature Ambient Temperature 300K 

Atmospheric Pressure 101.325 kPa 

Flow Direction Left to Right 

Outer Cylinder Surface Wall Boundary Condition 

Cylinder Inside Wall Temperature 1500C 

Table 5: Boundary conditions 

4) CFD Analysis 

 
Fig. 27: Contours of static temperature at 40 km/h 
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The temperature distribution obtained at wind velocity of 40 

km/hr through CFD simulation shows the effect of heat 

conduction across the fins attached to the cylinder.  

 
Fig. 28: Convective heat transfer from fins to passing air at 

velocity of 40 km/hr 

 
Fig. 29: Velocity vector plot at 40 km/hr 

Similar CFD simulations were performed for 

different wind velocities of 60km/hr and 70km/hr and values 

of temperature distribution, convective heat transfer and 

velocity vectors were computed as shown below:  

 
Fig. 30: Contours of temperature distribution at wind 

velocity of 60km/hr 

 
Fig. 31: Convective heat transfer from fins to passing air at 

velocity of 60 km/hr 

 
Fig. 32: Velocity vector plot at 60 km/hr 

 
Fig. 33: Computed value of heat transfer rate from inside 

cylinder wall at wind velocity of 60km/hr 

As shown in the figure, the heat transfer rate is computed 

directly from the CFD flux reports for inside cylinder wall 

and it is found to be 415.60 W.  

 
Fig. 34: Contours of temperature distribution at wind 

velocity of 70km/hr 

  

 
Fig. 35: Convective heat transfer from fins to passing air at 

velocity of 70 km/hr 
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Fig. 36: Velocity vector plot at 70 km/hr 

 
Fig. 37: Computed value of heat transfer rate from inside 

cylinder wall at wind velocity of 70km/hr 

To calculate surface heat transfer co-efficient, contours of 

wall fluxes are selected from reports and the surface 

between solid and fluid is selected which accounts for the 

convective heat transfer from cylinder fins to the 

surrounding air flow. 

 
Fig. 38: Surface heat transfer co-efficient at 40km/hr 

As shown, the average heat transfer co-efficient at 

wind velocity of 40km/hr typically lies between 50-70 

W/m2K.  

 
Fig. 39: Surface heat transfer co-efficient at 60km/hr 

As shown, the average heat transfer co-efficient at 

wind velocity of 40km/hr typically lies between 60-80 

W/m2K.  

 
Fig. 40: Surface heat transfer co-efficient at 70km/hr 

As shown, the average heat transfer co-efficient at 

wind velocity of 40km/hr typically lies between 60-90 

W/m2K.  

IV. RESULT COMPARISON  

The Results obtained through CFD simulations are 

compared with the experimental data derived by Yoshida et 

al and Thornhill et al. It is observed that the CFD results are 

in close relation and hence the simulation can be considered 

validated.  

 
Fig. 41: Wind velocity Vs Avg. surface heat transfer co-

efficient for experiments conducted by 

Yoshida et al, Thornhill et al and Pulkit Agarwal et al  
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Wind Velocity 

(km/h) 

Avg. Heat Transfer Co-efficient 

(W/m2K) 

CFD 
Yoshida et 

al 

Thornhill e 

al 

40 
52.34 - 

76.53 
45-50 45-50 

60 
59.37 - 

85.39 
60-65 60-65 

70 
62.44 – 

89.25 
75-80 78-80 

Table 6: Result comparison 

V. CONCLUSION 

The results obtained through CFD simulation for the 

experimental cylinder are in close co-relation to the results 

obtained by the experiments conducted by Thornhill et al 

and Yoshida et al. Thus, heat transfer augmentation can be 

performed using the same cylinder with different fin 

profiles. The fin profile selected for heat transfer 

augmentation is developed using CAD software and further 

simulation is carried out in similar fashion as performed for 

the experimental  
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