
   
 

 

ELK Asia Pacific Journals – Special Issue 

ISBN: 978-81-930411-4-7 

INVESTIGATION TO COMPARE HEAT AUGMENTATION FROM PLANE, DIMPLED AND PERFORATED 

DIMPLE RECTANGULAR FINS USING ANSYS 

 

Sachin Kumar Gupta 
Student, Thermal Engineering 

Gautam Buddha University 

Greater Noida, India  

sachin93gupta@gmail.com 

Dr. Harishchandra Thakur 
Assistant Professor, Thermal Engineering 

Gautam Buddha University 

Greater Noida, India 

harish@gbu.ac.in 

  

 
Abstract—The investigation is conducted to compare heat 

transfer rate from Plane, Dimpled and Perforated Dimple 

Rectangular Fins under natural convections. This numerical 

simulation is accomplished by 3D modeling and analysis using 

Solidworks and ANSYS, 14. This will help in finding out the new 

fin topologies with heat transfer characteristics that will do better 

than conventional plane fin.The main goal is to increase the heat 

transfer rate through the fin surface and to decrease material 

cost. The main techniques through which fins increase the 

Nusselt number are through Boundary layer regeneration and 

flow mixing enhancement. Dimpled and perforation are applied 

to smooth surfaces to promote flow mixing and initiate 

turbulence in the flow. Seven fins are designed in this research 

first finis plane fin, three are dimpled and another are perforated 

dimpled finwithdifferent shapes (circle, square and triangle). The 

different shape dimple on the fin have same cross section area of 

100mm2and perforation done on  different shape of dimple also 

having same cross section area of 64 mm2. These dimples and 

perforated dimples aredistributed on 2 rows and 3 columns. The 

results show that for same base temperature the perforated 

dimple fins having higher temperature drop then the dimpled 

and plane fin. Triangular perforated dimpled fin gives best value 

of convective heat transfer coefficient, nusselt number, heat 

transfer than the other dimpled and perforated dimple fin. 

Keywords—dimpled fin, plane fin, perforated dimpled fin, 

natural convection, heat transfer, thermal boundary layer, passive 

technique 

I.INTRODUCTION 

 Enhancement of heat transfer is one of important 
significance in various industrial applications. One of the 
methods of augmenting heat transfer is the use of fins or 
extended surfaces. The thermal systems designed and sized to 
generate, transmit and dissipate the appropriate amount of 
unwanted heat as per required demand [1]. The heat 
generation may lead to burning problems which lead to system 
failure of electric and electronic so to overcome this problem, 
efficient heat sink is necessary. Natural convection is one of 
the heat removing techniques from devices and plays an 
important role in maintaining their reliable operation. 
Extended surfaces (fins) are used in heat exchanging devices 
to increase the heat transfer between a primary surface and the 
surrounding fluid. Due to increasing in demand for 
lightweight, compact, and economical fins, the optimization of 
the fin size become significant. So the fins designed to achieve 
maximum heat removal with minimum use of material, and 
also simplicity in manufacturing of the fin shape. Various 
types of heat exchanger fins, ranging from relatively simple 
shapes, such as rectangular, square, cylindrical, annular, 

tapered or pin fins, to a combination of different geometries, 
have been used [2]. Passive techniques are used in solar 
heater, electronic cooling devices, biomedical equipment etc. 
The research on dimples or surface indentations are 
considered important because in dimple manufacture the 
material is removed whereas in pin-fin or rib tabulators extra 
material is added which leads to increase in  weight and cost 
of the equipment. A variety of Numerical and experimental 
work has been carried out on augmentation of heat transfer. 

II.CLASIFICATION OF ENHANCEMENT TECHNIQUES 

Heat transfer enhancement or augmentation techniques 
refer to the improvement of thermo hydraulic performance of 
heat exchangers. Existing enhancement techniques can be 
broadly classified into three different categories: 

1.  Passive Techniques 

2.  Active Techniques 

3.  Compound Techniques. 

The effectiveness of any of these methods is strongly 
dependent on the mode of heat transfer (single- phase free or 
forced convection, pool boiling, forced convection boiling or 
condensation, and convective mass transfer), and type and 
process application of the heat exchanger. 

Passive Techniques 

These techniques use surface or geometrical 
modificationssuch as perforation, protrusions, dimples and pin 
fins to the flow channel by adding inserts or additional 
devices. They alter the existing flow behavior (except for 
extended surfaces) which promotes higher heat transfer 
coefficients also increase pressure drop. Passive techniques do 
not require any direct input of external power rather use it 
from the system itself which leads to an increase in fluid 
pressure drop. Heat transfer augmentation by these techniques 
can be achieved by using:[3] 

(i) Treated Surfaces: Surface having a fine scale alters their 
finish or coating which may be continuous or discontinuous. 
They are used for Boiling and condensing duties.  

(ii) Rough surfaces: The surface modification which promote 
turbulence in the flow field.  

(iii) Extended surfaces: It provide effective heat transfer and 
modified finned surfaces also led to improve the heat transfer 
coefficients by disturbing the flow field in addition to 
increasing the surface area.  
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(iv) Displaced enhancement devices: These are the inserts that 
are used primarily in confined forced convection, and they 
improve energy transport indirectly at the heat exchange 
surface by displacing the fluid from the heated or cooled 
surface of the duct with bulk fluid from the core flow. 

(v) Swirl flow devices: They produce and superimpose swirl 
flow or secondary recirculation on the axial flow in a channel. 
These include helical strip or cored screw type tube inserts, 
twisted tapes. They can be used for single phase and two-
phase flows. 

(vi) Coiled tubes: These lead to relatively more compact heat 
exchangers. It produces secondary flows and vortices which 
promote higher heat transfer coefficients in single phase flows 
as well as in most regions of boiling. 

(vii) Surface tension devices: These consist of wicking or 
grooved surfaces, which direct and improve the flow of liquid 
to boiling surfaces and from condensing surfaces. 

(viii) Additives for liquids: These include the addition of solid 
particles, soluble trace additives and gas bubbles in single 
phase flows and trace additives which usually depress the 
surface tension of the liquid for boiling systems. 

(ix) Additives for gases: It include liquid droplets or solid 
particles which are introduced in single- phase gas flows either 
as dilute phase (gas-solid suspensions) or as dense phase 
(fluidized beds). 

Active  Techniques 

These techniques are more complex from the application 
and design point of view as the method requires some external 
power input to cause the desired flow modification and to 
improve heat transfer rate. It have limited application as it 
require external power as it is difficult to provide external 
power input in many cases. Augmentation of heat transfer by 
this method can be achieved by [3]:  

(i) Mechanical Aids: Instrument stir the fluid by mechanical 
means or by rotating the surface which includes rotating tube 
heat exchangers and scrapped surface heat exchangers.  

(ii) Surface vibration: Applied in single phase flows to obtain 
higher heat transfer coefficients.  

(iii) Fluid vibration: Used in single phase flows and 
considered to be the most practical type of vibration 
enhancement technique.  

(iv) Electrostatic fields: The form of electric or magnetic fields 
or a combination of the two from dc or ac sources, which can 
be applied in heat exchange systems involving dielectric 
fluids. Depending on the application, it can also produce 
greater bulk mixing and induce forced convection or 
electromagnetic pumping to augment heat transfer  

(v) Injection: Technique is used in single phase flow and 
pertains to the method of injecting the same or a different fluid 
into the main bulk fluid either through a porous heat transfer 
interface or upstream of the heat transfer section.  

(vi) Suction: It involves either vapour removal through a 
porous heated surface in nucleate or film boiling, or fluid 
withdrawal through a porous heated surface in single-phase 
flow.  

(vii) Jet impingement: It involves the direction of heating or 
cooling fluid perpendicularly or obliquely to the heat transfer 

Compound Techniques 

A compound augmentation technique is the one in which more 
than one of the above mentioned techniques is used in 
combination for improving the thermo-hydraulic performance 
of a heat exchanger. 

III. LITERATURE REVIEW 

Various experimental, analytical and numerical 
researcheshavebeen carried out on enhancement of heat 
transfer through dimpled fin. The first person to suggest the 
use of dimple on plane surface for heat transfer augmentation 
was Kuethe [4] in 1971, as per him the dimples are expected 
to promote vortex generation which results in heat transfer 
augmentation.Experimental analysis performed by V.N 
Afnasyev [5] on surfaces shaped by systems of spherical 
cavities and they found that heat transfer was increased by 
150% as compared to plane surface. Nikolai Kornev[6] 
examined vortex structure and heat transfer augmentation in 
turbulent flow over staggered dimple array in narrow channel 
using Large Eddy Simulation. Mahmood and Ligrani [7] 
carried out an experimental analysis on the influence of 
dimple aspect ratio, temperature ratio, Reynolds number, and 
flow structure in dimple channel. Z Wang [8] carried out 
Numerical simulation of laminar channel flow over dimple 
surface and identified a symmetric 3D horseshoe vortex inside 
a single dimple.S.L.Borse and I.H Patel [9] performed an 
experimental study on the effect of dimples on heat transfer 
over flat surface under forced convection. They conclude use 
of dimples on surface which results in heat transfer 
augmentationwith lesser pressure drop and also heat transfer 
enhancement is more effective in staggered arrangement as 
compare to in line arrangement. Moon [10] investigated the 
channel height effect on heat transfer over the dimpled 
surfaces. Heat transfer coefficient and friction 
factorswereinvestigated in rectangular channels, which had 
dimples on one side of wall.  

 

IV.ANALYTICAL ANALYSIS 

Numerical studies were conducted to determine the heat 
transfer on the different aluminium fins for natural 
convection.Analytical study has been calculated on following 
assumptions:  

1. The fin material is homogeneous and isotropic. 

2. The heat transfer coefficient is uniform over the fin surface. 

3. There are no heat sources within the fin itself. 

4. There is no free convection or radiation heat transfer. 

V.DATA PROCESSING 

Thissteady state investigationcarried out under natural 

convection for a given base temperature of the fins and 

ambient airtemperatures. The investigationis used to determine 

the values of performance parameters. 
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A) Grashofnumber 

 
B) Nusselt number 

 
C) Average heat transfer coefficient 

 
D) Rate of heat transfer 

 

 

where, 

g = Acceleration due to gravity, 9.81 m/s2 

L = Length of the Plate in meters 

 = Kinematic Viscosity at film temp in m2/s. 

β = Coefficient of volumetric expansion in K-1 

T = Temperature difference in K 

Pr =Prandtl number 

Kair= Thermal conductivity of air at film temperature in 

W/mºC 

Qa = Average heat transfer rate in Watts 

 

VI.CFD MODELING AND SIMULATION 

The model is designed in Solidworks and simulation 

performed in ANSYS 14.5. Workbench environment with 

ANSYS system of steady state thermal has the capability of 

solving the convective transport of energy and the thermal 

conduction in solids. In the any CFD simulation, the steps in 

performing fluid analysis are: 

1) Modeling in Solidworks 

2) Import the geometry in ANSYS steady state thermal 

3) Generating mesh 

4) Set up the analysis byproviding boundary conditions 

5) Control and monitor the solver to achieve a solution 

6) Visualize the results and create a report. 

 

Geometry Modeling 

Different fin geometries were designed using Solidworks 

software which is specifically designed and preparation of 

geometry for simulation. The fins having length of 100mm, 

height of 120mm and its thickness is 3mm as shown in fig 1. 

There are 6 newly designed finsin which 3 are dimpled as 

shown in fig 1 and another 3 are perforated dimpled as shown 

in fig 2 of square, circular, and triangular shape. The fin is 

modeled with adding same amount of material in various 

dimpled fins and same amount of material subtracted in 

various perforated dimpled fin. The base area of various 

shapes of dimple and perforation are kept same to know the 

effect of shape on heat transfer through dimpled fin and 

perforated dimpled fin.  

 

 

 

 

 

 

 
Figure 1: Solid Fin and Dimpled fins(circular, square, triangular) 

 

 

 
Figure 2: Different Perforated (circular, square, triangular) Dimple Fins 

TABLE 1: DIFFERENT DIMPLES DIMENSION 

 Square dimple Circular dimple Triangular 

dimple 

Dimension, mm A=10 D=11.28 S=15.3 

Thickness, mm  2 2 2 

Area, mm2 100 100 100 

TABLE 2: DIFFERENT PERFORATION DIMENSION 

 Square 

perforated 

dimple 

Circular 

perforated 

dimple 

Triangular 

perforated 

dimple 

Perforation  

Dimension, mm 

a=8 d=9.028 s=12.235 

Perforated Area, 

mm2 

64 64 64 

 

Create  Mesh for the Geometry 

The standard Mesher in a Steady State Thermal which enables 

an automatic mesh generation using efficient mesh generation 

techniques, meshes were created with high contact sizing 

relevance (dense meshing near the dimple surface). The total 

number of elements and nodes are 2092 and 4539 

respectively. 

Analysis Setup 

Under Steady State Thermal of the ANSYS Workbench, 

appropriatematerials Aluminum assigned to the created 

Circular dimpled     Square dimpled      Triangular dimpled 

Circular Perforated    Square Perforated      Triangular Perforated 
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fin.Then we move to setup for applying boundary conditions 

to the fin. The temperature of base of fin is fixed at 100oC and 

natural convective heat transfer from other face of the fins. 

Visualizing the Results 

When the solver was terminated, the results were examined 

which is the post processing step. Temperature distributionand 

heat flux along the fin surface as well as parameters 

likeNusselt Number, heat transfer coefficient and changes in 

other parameters can also be predicted bycomputational 

analysis. Fig.3 and Fig.4 shows the temperature and heat flux 

contours over the convective surface area of the solid, dimpled 

and perforated dimpled fin respectively. It can beseen that the 

dimpled and perforated dimpled fin are pumping out the more 

heat from the base. The top ends of the fins are cooled faster. 

 

 

 

 

 
Figure 3: Temperature Contours Along fins 
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Figure 4: Heat Flux Contours along fins 

 

VII.RESULTS AND DISCUSSION 

The simulation investigates the perforation and dimple shape 

geometry effecton the convective heat transfer from the fins 

by Natural Convection. In this study a comparison is made 

between different shapes of dimpled and perforated dimpled 

fin.The comparison of different fin by using temperature 

distribution along the fin is one of the many ways. The result 

show that thehighest temperatures drop along the non-

perforated fin. Perforated Dimple fins having higher 

temperature drop than the corresponding shape dimpled fin 

and the triangular perforated dimple fin have lowest 

temperature drop.Also, the difference between temperature 

ofthe base and tip of the fin play an important characteristic in 

the perception of the work of the fin, which can beused to 

compare this characteristics with other fins and through the 

same graphics as shown in Figure 5which says that the highest 

drop of temperature between the fin's base and it’s tip occur in 

thetriangular perforated dimpled fin. This happen because the 

triangle area destroyed the area of thermalboundary layer 

larger than the rest shapes because its width larger than rest 

shapes. 

From figure 6, it has been found that heat transfer coefficient 

for perforated dimpled fins are higher than their corresponding 

shape dimpled fin and solid fin having lowest value. It is also 

found that the heat transfer coefficient is highest for triangular 

perforated dimpled surface.  

From figure 7, it is found that the Nusselt number of 

perforated dimpled fin have higher than the corresponding 

shape dimpled fins and perforated triangular dimpled fin 

having higher than the other fins. 

From figure 8, it has been found that the heat transfer rate 

ofperforated triangular dimpled fin have higher than the 

corresponding shape dimpled fins and perforated triangular 

dimpled fin having higher than the other fins. 

Perforation in Dimpled fin leads to enhances heat dissipation 

rates and at the same time decreases the expenditure of the fin 

material. 

 
 

 

 
Figure 5: Temperature Distribution along the Height of Fin 

 
Figure 6: Variation of Heat Transfer Coefficient with different Fins 
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Figure 7:Variation of Nusselt Number with Different geometries 

 

 
Figure 8: Variation of Heat Transfer Rate with Different Fins 

 

 

VIII.CONCLUSION 

 

From the investigation the following conclusion were made: 

 It is found that the temperature drop along the 

perforated dimple fins length is consistently higher 

than that for the non-perforated and dimpled fin.It is 

found that the heat transfer rate is more for different 

perforated dimplefin compare to plane and dimpled 

fin. 

 It is also concluded that from various dimpled fins 

circular shape dimple have minimum heat transfer 

rate whereas triangular shape have highest value. 

 It is also concluded that from various perforated 

dimple fins circular shape dimple have minimum heat 

transfer rate whereas triangular shape have highest 

value. 

 It is found that the Nusselt number, heat transfer 

andheat transfer coefficient is maximum in case of 

triangularperforated dimple fin. 

 Perforated Dimplefin leads to decreases the 

expenditure of the fin material. 
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