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Abstract— Micro fin performance analysis of extended 

surfaces (fins) under free convection in order to determine 

the enhancement in the heat transfer rate. The 

correspondences between fins geometries and heat transfer 

coefficients, that problem of free or natural convection heat 

transfer rate in a micro fin array heat sink is CFD analysis. 

The studies have shown that the convection heat transfer rate 

from fin arrays depends on all geometric parameter, fin 

material, fin height, fin spacing, fin thickness and base to 

ambient temperature difference. Heat transfer rate increases 

with different types of micro fins such as rectangular plat flat 

fin, triangular wavy flat fins. Computational Fluid Dynamics 

(CFD) analysis was conducted to investigate the heat transfer 

performance of triangular wavy fins and result was compared 

with that of flat plate rectangular fins of same configuration. 

The heat sinks are made of 5 cm x 5 cm squared silicon 

wafer and the fin height ranges between 0.6 mm and 0.8 mm, 

the spacing between 0.2 mm and0.8 mm and the thickness 

between 0.2 and 0.8 mm. The result shows better heat 

transfer performance of flat plate fin and triangular wavy fins 

studies conducted by changing the geometric parameters fins 

like fin height, fin spacing and thickness etc. 

Key words: Micro Fins, Natural Convection, Solid Work 14, 

CFD14.5, Triangular Wavy Fins, Rectangular Flat Plate 

Fins 

I. INTRODUCTION 

Fins are used in large number of applications to increase the 

heat transfer from hot surfaces. Heat sink is the most 

common thermal management hardware used in electronics. 

Micro fin can be use in application in several fields, such as 

power electronics, concentrating photovoltaic and LED. 

Although micro technologies have been widely applied in 

cooling, there is still a lack of knowledge on the thermal 

behaviour of micro finned heat sink under natural 

convection conditions. The interest in micro technologies 

has increased in the last decades, because of the low 

volumes and high performance granted by their application. 

Flat plate heat sink for surface devices is available in a 

variety of configuration, size and materials. 

A. An Overview of Micro Fins 

Cooling, intended as removal of waste heat, is one of the 

major issues in many electronic applications, industrial 

processes, and power generation systems. Cooling 

technologies are usually classified in active or passive. An 

active system requires mechanical or electrical power in 

input. A passive cooling system does not require any power 

in input, because it just exploits the natural laws: these 

technologies are usually much simpler and less expensive 

that the active ones [1]. Among the passive cooling systems, 

fins represent one of the most common solutions. The 

enhancement in heat transfer is essentially achieved by 

increasing of exchanging surface. Micro fin arrays have 

been widely investigated and are a proved and well-known 

solution, extensively used in many circumstances. Nagarani 

and his team [2] grouped the researches on fins into two 

categories: (a) the determination of the profile of the fin for 

a given quantity of heat transfer rate, and (b) the 

determination of the fin dimensions for a given fin form and 

a desired cooling rate. Bar Cohen and his colleagues [3] 

presented a methodology to extended surfaces (fins) are 

frequently used in heat exchanging devices for the purpose 

of increasing the heat transfer between a primary surface 

and the surrounding fluid (4). It is well known that the rate 

of heat transfer from the fin decreases with the increase of 

fin length and hence, the entire heat transfer surface of a fin 

may not be equally utilized. For this reason, there is a 

continuous effort by the researchers as well the designers to 

determine the optimum shape of fin that will maximize the 

rate of heat transfer for a specified fin volume or minimize 

the fin volume for a given heat transfer rate. 

II. OBJECTIVE OF THE PRESENT WORK 

The aim of this paper is to investigate, in different 

conditions, the heat transfer coefficients of micro-fins arrays 

(hfins), defined as: 

hfins =
Qfins

Afins(Tfins−Tamb)

                     (1) 

 CFD analysis of fins with different geometries. 

 To observe which parameter and geometrical 

configuration gives the best results. 

 To determine through simulation, what will be the 

effect on heat transfer coefficient with increase 

thickness, height and spacing of the fins. 

 To determine the effect on temperature difference, 

Rayleigh number, Nusselt numbers and convective 

heat transfer coefficient with increasing heat flux.  

A. Nussalt Number Correlation 

Natural convection conditions are usually described by 

dimensionless numbers, in order to reduce the number of 

total variables. The Nusselt number compares the heat 

transfer enhancement in natural convection and that in 

conduction across a fluid layer [8] and can be used to 

estimate the heat transfer coefficient. For upwards micro-

fins array, the following empirical equation has been 

proposed by Kim et al. [6] 

Nu = 1.18 [Rar. ( 
r

H
 )

4

 . ( 
r

L
 )

4

]
0.147

         (2) 

Where r is the hydraulic radius and the Rayleigh 

number for micro-finned surfaces, derived from eq. (2), is 

expressed as 

𝑅𝑎𝑟     =   
g β(𝑇𝑓𝑖𝑛𝑠−𝑇𝑎𝑚𝑏)  r3

v α 
        (3) 
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Where α is the thermal diffusivity of air (m2/s), as 

reported by [9]. The hydraulic radius (r) for horizontal 

finned surfaces is expressed as [13]: 

𝑟 =  
2 .𝐻.  𝑠

 2.𝐻+𝑠   (4) 

For this reason, the correlation can be considered 

verified for upward facing silicon micro-finned array, up to 

a maximum fin length of 50mm. 
At micro-scale the fin thickness has an effect on the 

heat transfer coefficient, which is not accounted in (2). In 

the previous investigations a fixed thickness was considered: 

according to the present results, the average discrepancy 

gets wider when the thickness is increased (3% for 

t=0.2mm, 13% for t=0.4%, 22% for t=0.8mm). As first 

approach, equation (2) is adapted as follow as reported [14]. 

 Nu ∗  = 1.18 [Rar ( 
r

H
 )

4

 . ( 
r

L
 )

4

. (1 + ( 
t

r
 )

2

)]
0.147

    (5) 

The Nusselt number increases when thickness is 

increased. Moreover, Nu* equalizes Nu when t<<r. 

Equation (5) can be simplified by taking into account a new 

dimensionless parameter (called micro-fin global shape 

parameter, xµ) that groups the micro-fin geometric 

dimensions at micro-scale: reported by Base paper [28]. 

χμ = ( 
𝑟

𝐻
 )

4

 . ( 
𝑟

𝐿
 )

4

. (1 + ( 
𝑡

𝑟
 )

2

)        (6) 

Equation (9) therefore becomes 

Nu ∗ = 1.18 (Rar  . χμ)
0.147

                 (7) 

In this way, it is possible to predict the coefficient 

of thermal performance of micro-fins by using the following 

equation 

hfins =
kair

L
. Nu ∗                 (8) 

III. ASSUMPTIONS WHILE ANALYZING THE HEAT TRANSFER 

BY NATURAL CONVECTION 

While carrying analysis of fins some assumptions are made 

that are listed as: 

1) The heat flow and temperature distribution throughout 

the fin is independent of the time. It means that heat 

flow is steady. 

2) There is no heat source or heat generation inside the fin 

material. 

3) The heat transfer coefficient is uniform and same over 

the entire surface. 

4) Radiation heat exchange is neglected, and if any exists, 

it is included in the heat transfer coefficient. 

5) Heat conduction is one dimensional. It means 

temperature at any cross section of the fins is uniform. 

6) Temperature of the fluid surrounding the fins is 

uniform. 

IV. GEOMETRICAL DESCRIPTION 

The geometry created for analysis were different types of fin 

geometry which was made of silicon wafer of 5cm length 

and width of 5cm. Corrugations made on fins were flat 

design and the wave design. These geometrical models of 

plates are used for studying the effects of the variation of 

Nusselt number on the performance of plate heat exchanger. 

The different geometries of the rectangle flat plate micro 

fins are shown below. 

Type 
Width 

W (mm) 

Length 

L (mm) 

Fin Thickness 

t (µm) 

Fin spacing 

s (µm) 

Fin height 

H (µm) 

Base thickness 

tb (µm) 

Number of Fin 

Nfin 

Flat 50 50      

Plate fin 50 49.9 200 200 600 800 121 

Plate fin 50 49.9 200 200 800 600 124 

Plate fin 50 49.9 200 800 600 800 50 

Plate fin 50 49.9 400 800 600 800 41 

Plate fin 50.1 49.9 800 400 800 600 42 

Plate fin 50 49.8 800 800 600 800 31 

Table 1: The dimension of rectangle flat plate micro fins geometry parameters [14] 

 
Fig. 1: shows of rectangle flat plate micro fins

Type 
Width 

W (mm) 

Length 

L (mm) 

Fin Thickness 

t (µm) 

Fin spacing 

s (µm) 

Fin height 

H (µm) 

Base thickness 

tb (µm) 

Number of Fin 

Nfin 

Flat 50 50      

Triangular wavy fin 50 51.9 200 200 600 800 121 

Triangular wavy fin 50 51.9 200 200 800 600 124 

Triangular wavy fin 50 51.9 200 800 600 800 50 

Triangular wavy fin 50 52.9 400 800 600 800 41 

Triangular wavy fin 50.4 52.9 800 400 800 600 42 

Triangular wavy fin 50 53.9 800 800 600 800 31 

Table 2: The dimension of Triangular wavy fins geometry parameters 
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Fig. 2: Triangular wavy fins 

V. RESULTS AND DISCUSSION 

The mathematical model and methodology for solving the 

problem used in present work is discussed in previous 

chapter. This mathematical model is studied, solved and 

validated using a ANSYS (FLUENT) programme in the 

present work. Present work also includes parametric study 

micro triangular wavy and flat plate fins geometry and 

obtaining heat transfer characteristics of fin with different 

geometry and compared it with the rectangle plate flat fin. 
Temperature difference at the height of the fins decreases 

with increasing of the height. But heat transfer coefficient 

and Nusselt number increase with increasing heat flux rate. 

Also, the result finds out that the Nusselt number 

increases with increase micro fin global shape parameter. 

This convective heat transfer coefficient can be increased by 

providing the surface to air temperature difference on the 

heat transferring fins surface. Both convective heat transfer 

coefficient and Nusselt number increase with surface to air 

temperature difference then after 200 K surface to air 

temperature differences, convective heat transfer and 

Nusselt number decreases. Fin spacing depends upon fin 

height, length, base to ambient temperature difference. They 

developed equation to evaluate the optimum fin spacing 

value and corresponding maximum heat transfer rate at 

given fin height. 

It was observed that fin spacing is the function of 

fin thickness and height. While convective heat transfer is 

the function of fin spacing, thickness, height Nusselt number 

and finned surface convective heat transfer coefficient 

increased with decrease in height and length until  certain 

with  value beyond which the Nusselt and convective heat 

transfer coefficient start to decrease with further decreasing 

of spacing and thickness. 

A. Effect of Geometry on Heat Transfer Enhancement in 

Fins 

 
Fig. 3: Temperatures graph at heat flux 4000W/m2 for t 

=0.8mm, s=0.8mm, H=0.6mm 

Table.1and 2 shows different parameters of heat 

transfer enhancement in micro fined heat sink plate fins and 

triangular wavy fins geometry. It has been observed that the 

heat transfer coefficient and temperature at the height of the 

fins to base. This is due to increased height surface area the 

temperature differences decreases for same heat input. If the 

temperature differences are increases the amount of heat 

flow is increased 

Fig. 3 shows the temperature distribution at heat 

flux rate 4000W/m2 for different geometry of the fin. It has 

been shown that the 31 flat plate fin was reaches the 

maximum temperature for same heat flux rate. These are the 

graphical representation of the results which is for various 

fins heights with t=0.2mm and s=0.2mm. 

 
Fig. 4: Effects of the fin height on the heat transfer 

coefficient. 

Fin height is varied with constant fin thickness and 

fin spacing: t=0.2mm and s=0.2mm. These are the graphical 

representation of the results which is for various fins spacing 

with t=0.2mm and H=0.6mm. 

 
Fig. 5: Effects of the fin spacing on the heat transfer 

coefficient.  

Fin spacing is varied with constant fin thickness 

and fin height: t=0.2mm and H=0.6mm. These are the 

graphical representation of the results which is for various 

fins thicknesses with s=0.8mm and H=0.6mm 

 
Fig. 6: Effects of the fin thicknesses on the heat transfer 

coefficient.  

Fin thicknesses are varied with constant spacing 

and fin height: s=0.8mm and H=0.6mm. These are the 

graphical representation of the above results which is for 

various fins heights with t=0.2mm and s=0.2mm 

 
Fig. 7: Nusselt number (Nu) variations with Rayleigh 

number (Ra) 
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These are the graphical representation of the above 

results which is for various fins thickness s=0.8mm and 

H=0.6mm 

 
Fig. 8: Nusselt number (Nu) variations with Rayleigh 

number (Ra) 

VI. CONTOURS 

The temperature distribution along the height of micro fin 

can be seen through the contours. Contour of flat plate fins 

the temperature distribution of fins t=0.2mm, s=0.2mm, 

H=0.6mm for flat plate 121 fins. 

 
Fig. 9: Temperature contour for flat plate fins heat input 10, 

7.5, 5, 2.5W. 

The temperature distribution along the height of 

micro fin can be seen through the contours. Contour of flat 

plate fins the temperature distribution of fins t=0.2mm, 

s=0.2mm, H=0.8mm for flat plate 124 fins. 

 
Fig. 10: Temperature contour for flat plate fins heat input 

10, 7.5, 5, 2.5W. 

The temperature distribution along the height of 

micro fin can be seen through the contours. Contour of flat 

plate fins the temperature distribution of fins t=0.2mm, 

s=0.8mm, H=0.6mm for flat plate 50 fins 

 
Fig. 11: Temperature contour for flat plate fins heat input 

10, 7.5, 5, 2.5W. 

The temperature distribution along the height of 

fins t=0.8mm, s=0.4mm, H=0.8mm for flat plate 42 fins. 

 
Fig. 12: Temperature contour for flat plate fins heat input 

10, 5, 2.5W. 

The temperature distribution along the height of 

fins t=0.8mm, s=0.8mm, H=0.6mm, for flat plate 31 fins 

 
Fig. 13: Temperature contour for flat plate fins heat input 

10, 7.5, 5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.2mm, s=0.2mm, H=0.6mm, for triangular wavy 121 

fins. 
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Fig. 14: Temperature contour for triangular wavy fins heat 

input 10, 7.5, 5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.2mm, s=0.2mm, H=0.8mm, for triangular wavy 124 

fins. 

 
Fig. 15: Temperature contour for triangular wavy fins heat 

input 10, 7.5, 5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.2mm, s=0.8mm, H=0.8mm, for triangular wavy 50 fins. 

 
Fig. 16: Temperature contour for triangular wavy50 fins 

heat input 10, 7.5, 5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.4mm, s=0.8mm, H=0.8mm, for triangular wavy 41 fins. 

 
Fig. 17: Temperature contour for triangular wavy 41 fins 

heat input 10, 7.5,5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.8mm, s=0.4mm, H=0.6mm, for triangular wavy 42 fins. 

 
Fig. 18: Temperature contour for triangular wavy 41 fins 

heat input 10, 7.5, 5, 2.5W. 

Temperature contour for triangular wavy fins 

t=0.8mm, s=0.8mm, H=0.8mm, for triangular wavy 31 fins. 

 
Fig. 19: Temperature contour for triangular wavy 31 fins 

heat input 10, 7.5, 5, 2.5 W 

VII. CONCLUSION AND SCOPE FOR FUTURE STUDY 

A. Conclusion 

In this paper, main results and scope for further study have 

been given. The heat transfer analysis in different micro fins 

geometry has been analysed. As shown from the study, 

different geometries give different results at different heat 

flux (Heat input W). The choice of hydraulic radius is 

always depend on high Rayleigh number values, but 

predictability and almost constant behaviour through a large 

Nusselt number range, plays an important role. According to 

the study, the choice of suitable micro fins geometry 

depends on the spacing and thicknesses. Maximum heat 

transfer occurs in triangular wavy fins 31 the Rayleigh 

number is increase with the increase of Nusselt number. The 

Nusselt number are the strong function of Rayleigh number, 

Rayleigh number increase with the increase of fins spacing 

and decreases height. 

 It is found that natural convection heat transfer is 

depending on fin height and fins geometry 

configuration. 

 The heat transfer enhancement effect in fins height is 

primarily due to decreases with convective heat 

transfer rate increases. 

 The fins spacing is increasing with convective heat 

transfer rate increases.  

 The fins thickness is increasing with increased value of 

Nusselt number. 
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 Heat transfer rate is increasing with increased value of 

Reynolds number. The triangular wavy fins has more 

convective heat transfer rate than flat plate fins. 

 Overall convective heat transfer coefficient is not 

constant along the fins geometry. It has maximum 

value at the thickness, t=0.8mm, spacing, s=0.8mm 

and height, H=0.6mm.  

 The Nusselt number is increasing with increased value 

of global shape parameter number. It happens due to 

the hydraulic radius maximum cooling rate. This is 

because of increased axial heat conduction with larger 

wall thickness.  

 The performance index is decreasing with increased 

value of Reynolds number. This variation trend is same 

for both flat plate fins and triangular wavy fins.  

 Out of these geometry the flat plate fins gives best 

overall performance than the triangular wavy fins. 

VIII. SCOPE FOR FUTURE STUDY 

The present study deals with the heat transfer coefficient by 

the use of natural convection. If future is concerned than 

heat transfer coefficient can be used: 

 Analysis can be performed experimentally. 

 The active and passive methods can be used 

simultaneously or compound methods can be used for 

heat transfer enhancement. 

 Other methods of heat enhancement like perforation, 

vortex generation etc. can be used. 

 To created different geometry angle triangular wavy 

fins with radiation factors can be considered. 

 CFD analysis of the fins, to understand forced 

convection different fluid flow around fins. 

NOMENCLATURE 

 Afins: Surface Area fins, mm2 

 h: Heat transfer coefficient, W/m2-K 

 H: Fin height, mm 

 Kair: Thermal conductivity of air, W/ m2K 

 L: Axial length flat plate fins, mm 

 Ltriagl: Axial length triangular wavy fins, mm 

 Nu: Nusselt number 

 Nfins: Number of fins 

 Pr: Prandtl number 

 Q: Heat transfer rate, W 

 r:  Hydraulic radius, mm 

 s: Fin spacing,  mm 

 t: Fin thickness,  mm 

 Tamb: Ambient temperature, K 

 tb: Base thickness, mm 

 Ra: Rayleigh number 

 Ts: Surface temperature of fins, K 

 TmMean temperature, K 

 W: Width of the fin array, mm 

 X: Geometric parameter, mm 

 xµ: Micro fin global shape parameter, mm 

 ΔTm: Temperature between fins surface and ambient 
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