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Abstract— In this paper we are studying Natural Convection in various types of Plate – Fin Heat sinks. Fins are 

Extended Surfaces used for Heat dissipation. It increases heat transfer rate for fixed surface. It decreases thermal 

resistance. In this paper we are studying heat transfer coefficients of various plate fin heat sink. Heat sink has wide demand 

in electronics and engines (automobiles). Hence finding optimal heat sink will increase life of electronic components by 

increasing heat transfer rate. Various suitable and efficient alternatives of Plate – Fin Heat Sink are discussed in this paper. 

 

1. INTRODUCTION 
 

The longevity, performance and reliability of electronic components decay sharply as the operational temperature is 

increased, and hence it is crucial to include appropriate thermal management solutions in the electronic devices. To this 

end, broadly speaking, two thermal management solutions can be adopted: active cooling and passive cooling. Active 

cooling is usually realized by forcing the coolant to pass through an electronic component to take away the exhaust heat, 

whereas passive cooling utilizes natural convection and radiation heat transfer to dissipate the exhaust heat to ambient. 

Although active cooling yields a higher heat transfer rate, it requires an additional pump or fan to drive the coolant flow, 

causing extra energy consumption and noise. In contrast, passive cooling is devoid of these issues and more reliable since 

no moving parts are involved. [13] 

 

The performance of passive cooling is usually enhanced by using heat sinks. Plate-fin heat sink is one of the most widely 

accepted heat sinks for its simple geometry and low cost. The thermal characteristics and parameter optimization of plate-

fin heat sinks have been extensively investigated. Bar-Cohen [1] found that a maximizing value of fin thickness existed for 

each distinct combination of environmental, geometric and material constraints. Jones and Smith [2] experimentally 

investigated plate-fins on horizontal surfaces and obtained optimal fin spacing as a function of fin height and temperature 

difference at a given fin length. Optimization of horizontal fin arrays was also conducted by Baskaya et al. [3] using a finite 

volume model. Bar-Cohen et al. [4] developed a least-material optimization procedure for vertical plate-fin arrays in natural 

convective heat transfer. Optimized vertical plate-fin array parameters as functions of dimensions, thermal conductivity, 

emissivity, and fluid properties were numerically examined by LietoVollaro et al. [5]. Recently, Shen et al. [6] carried out an 

experimental and numerical study of the orientation effects on natural convective heat transfer in plate-fin heat sinks, and 

proposed correlations in a simple form Nu = CRam for various orientations and Rayleigh numbers. Tari and coauthors [7-

9] systematically examined the effects of orientation, length, height, and fin spacing on natural convective heat transfer of 

pate-fin heat sinks and proposed comprehensive correlations covering a wide range of parameters. Considering the fact 

that heat sinks were usually placed in shrouded enclosures in electronics, Naik et al. [10] firstly experimentally investigated 

the natural convective cooling of plate-fin heat sinks placed horizontally beneath an adiabatic shroud. They showed that 

lower optimal fin spacing and higher heat transfer rate ensued when the shroud clearance to the fin height ratio increased 

from zero to unity. Later, Yalcin et al. [11] performed a numerical analysis on the natural convection heat transfer from 

horizontal plate-fin heat sinks in the presence of a top shroud. Different geometrical parameters such as fin height, fin 

length, fin spacing, and top clearance were varied in a wide range of parameters. The results revealed the optimum fin 

spacing and showed that the average heat transfer coefficient increased with the increase in the value of the clearance 

parameter. Dogan and Sivrioglu [12] experimentally investigated the mixed convection heat transfer from plate-fin heat 

sinks inside a horizontal channel in the natural convection dominated region. Their results of experiments have shown that 

to obtain maximum amount of heat transfer in natural convection dominated region, the fin spacing should be at an 

optimum value about 8-12 mm within the range of parameters covered in the study. 
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2. LITERATURE REVIEW 
 

1. Natural Convection in a Cross-Fin Heat Sink : 

 

By- Shangsheng Feng 

  Remarks - A novel cross-fin heat sink consisting of a series of long fins and a series of perpendicularly arranged short fins 

was proposed to    enhance natural convective heat transfer. the cross-fin heat sink enhanced the overall (including natural 

convection and radiation) and convective (excluding radiation) heat transfer coefficients by 11% and 15%, respectively. 

 

2. Metal Foam and Finned Metal Foam Heat Sinks for Electronics Cooling in Buoyancy-Induced Convection : 

 

 By- A.Bhattacharya 

 Remarks - In this paper, we present our recent experimental results on buoyancy-induced convection in aluminum metal 

foams of different pore densities [corresponding to 5, 10, 20, and 40 pores per in. (PPI)] and porosities (0.89–0.96). The 

results show that compared to a heated surface, the heat transfer coefficients in these heat sinks are five to six times 

higher. 

 

3. Heat Sinks with sloped plate fins in Natural and Forced Convection  

 

By- GustovaLedezma 

Remarks - This is an experimental and numerical study of natural convection and forced convection air cooling of plate 

finned heat sinks. The study documents quantitatively two effects: (1) the orientation of the fin array relative to the 

gravitational field in natural convection, and relative to a free stream in forced convection, and (2) the tilting of the crests 

of the plate fins relative to the approaching flow. In each configuration, the results based on complete three-dimensional 

numerical simulations of the flow and heat transfer confirm the validity of the results determined based on direct 

measurements. 

 

4. Design of Optimum Plate-Fin Natural Convective Heat Sinks : 

 

By - Avram Bar-Cohen 

Remarks - The effort described herein extends the use of least-material single rectangular plate-fin analysis to multiple fin 

arrays, using a composite Nusselt number correlation. The optimally spaced least-material array was also found to be the 

globally best thermal design. Comparisons of the thermal capability of these optimum arrays, on the basis of total heat 

dissipation, heat dissipation per unit mass, and space claim specific heat dissipation, are provided for several potential heat 

sink materials. 

 

5. An experimental and numerical study of finned metal foam heat sinks under impinging air jet cooling : 

 

By - S.S. Feng 

Remarks - This paper presents a combined experimental and numerical study on finned metal foam (FMF) and metal foam 

(MF) heat sinks under impinging air jet cooling. The influence of the bonding material between metal foams and plate-fins 

as well as the inlet thermal boundary condition were discussed in detail using the numerical model. 
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6. Natural-Convection Characteristics of a Horizontally- Based Vertical Rectangular Fin-Array in the Presence of a 

Shroud : 

 

By – S.Naik 

Remarks - The steady-state natural convective cooling of horizontally-based, vertical rectangular fins, when in close 

proximity to an adiabatic horizontal shroud, situated adjacent to and above the horizontal fin-tips, was investigated 

experimentally. 

 

7. Natural Convection in Metal Foam Heat Sinks with Open Slots: 

 

By - Shangsheng Feng 

Remarks - Natural convection in metal foam heat sinks with open slots was investigated experimentally. With optimum 

open slot width, the heat transfer coefficient is enhanced by 14.9%, 21.3%, 37.6%, and 38.2% relative to single foam block 

(s = 0 mm) at the foam height of 10 mm, 20 mm, 40 mm, and 80 mm, respectively. 

 

8. Parametric study of natural convection heat transfer from horizontal rectangular fin arrays: 

 

By - SenolBaskaya 

Remarks - A systematic theoretical investigation of the effects of fin spacing, fin height, fin length and temperature 

difference between fin and surroundings on the free convection heat transfer from horizontal fin arrays was carried out. 

The three-dimensional elliptic governing equations were solved using a finite volume based computational fluid dynamics 

(CFD) code. Preliminary simulations were made for cases reported in the literature. 

 

3. HEAT SINKS 
 

A heat sink (also commonly spelled heatsink [1] is a passive heat exchanger that transfers the heat generated by an 

electronic or a mechanical device to a fluid medium, often air or a liquid coolant, where it is dissipated away from the 

device, thereby allowing regulation of the device's temperature at optimal levels. In computers, heat sinks are used to cool 

central processing units or graphics processors. Heat sinks are used with high-power semiconductor devices such as power 

transistors and optoelectronics such as lasers and light emitting diodes (LEDs), where the heat dissipation ability of the 

component itself is insufficient to moderate its temperature. 

 

A heat sink is designed to maximize its surface area in contact with the cooling medium surrounding it, such as the air. Air 

velocity, choice of material, protrusion design and surface treatment are factors that affect the performance of a heat sink. 

Heat sink attachment methods and thermal interface materials also affect the die temperature of the integrated circuit. 

Thermal adhesive or thermal grease improve the heat sink's performance by filling air gaps between the heat sink and the 

heat spreader on the device. A heat sink is usually made out of copper or aluminium. Copper is used because it has many 

desirable properties for thermally efficient and durable heat exchangers. First and foremost, copper is an excellent 

conductor of heat. This means that copper's high thermal conductivity allows heat to pass through it quickly. Aluminium 

heat sinks are used as a low-cost, lightweight alternative to copper heat sinks, and have a lower thermal conductivity than 

copper. 
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FIG.1. HEAT SINK 

 
4. FINS 

 
In the study of heat transfer, fins are surfaces that extend from an object to increase the rate of heat transfer to or from 

the environment by increasing convection. The amount of conduction, convection, or radiation of an object determines 

the amount of heat it transfers. Increasing the temperature gradient between the object and the environment, increasing 

the convection heat transfer coefficient, or increasing the surface area of the object increases the heat transfer. Sometimes 

it is not feasible or economical to change the first two options. Thus, adding a fin to an object, increases the surface area 

and can sometimes be an economical solution to heat transfer problems. 

 

 
FIG.2. PLATE FIN 

 

5. TYPES OF PLATE FINS 
 

5.1. SLOPED PLATE FIN 

There is slope in this type of plate fin heat sinks.[15] 
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FIG.3. SLOPED PLATE FIN 

 

5.2. FINNED METAL FOAM HEAT SINK 

 

Foam metal fin heat sinks are used in this plate fin heat sink.[14] 

 
FIG.4. METAL FOAM PLATE FIN 

 

 

5.3. CROSS FIN-HEAT SINK 

 

Shorter fins perpendicular to longer fins (i.e. Cross Fins) are used here.[13] 

 
FIG.5. CROSS-FIN HEAT SINK 
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6. DESIGN FACTORS WHICH INFLUENCE THE THERMAL 

PERFORMANCE OF A HEAT SINK 
 

6.1 Material 

 

6.2 Fin efficiency 

 

6.3 Spreading resistance 

 

6.4 Fin arrangements 

 

6.5 Pin fin 

 

6.6 Straight fin 

 

6.7 Cross cut 

 

6.8 Flared 

 

6.9 Fin spacing 

 

6.10 Natural convection 

 

6.11 Forced convection 

 

6.12 Ducted 

 

7. EXPERIMENT 
 

7.2.  Natural Convection in Metal Foam Heat Sinks with Open Slots 

 

 
FIG.6. SCHEMATIC OF EXPERIMENT SETUP OF METAL FOAM HEAT SINK 
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Figure 6 displays schematically the experimental apparatus. To avoid fluctuation of the ambient temperature, the test 

samples were placed in an enclosed space of 1.5 m × 1.5 m × 2 m. The ambient temperature in the enclosed space was 

measured using two T-type bead thermocouples located far away from the test samples to avoid the influence of the hot 

plume from the heat sinks on the ambient temperature measurement. A DC power supply (Agilent) was used to provide 

electricity for the film heating pad. The heat input was varied from 0.8 to 24 W in experimental runs. A data acquisition 

system (Agilent, 34970A) was employed to record signals from the five thermal couples (measuring the substrate 

temperature) and another two thermocouples (measuring the ambient temperature in the enclosed space). All the 

thermocouples have been calibrated in advance by testing the temperature of ice-water mixture: the tested temperatures 

were within ±0.15 ºC, proving the accuracy of the temperature measurements. The heating and thermal insulation 

assembly was placed on a platform that allows the heat sink to be positioned in horizontal or vertical orientation, as shown 

in Fig. 6. 

 

In order to explore the thermal-fluid flow behavior in metal foam heat sinks with open slots, the distribution of air 

temperature on top of the heat sink was measured. For such purpose, a 36-gauge T-type thermocouple was housed into a 

stainless steel tube having an inner diameter of 1 mm and an outer diameter of 1.2 mm. Then the tube was bent into L 

shape, forming a temperature probe. The temperature probe was mounted on a 1-dimensional linear traverse system to 

measure the temperature distribution along the mid-span of heat sink in lengthwise direction, as shown in Fig. 6. The 

thermocouple bead of the probe was located 5 mm above the tip of the heat sink.[14] 

 

7.2. Natural Convection in a Cross-Fin Heat Sink 

 

 
FIG.7. EXPERIMENTAL SETUP FOR CROSS FIN HEAT SINK 

 

Experiments were conducted to verify the design of the proposed heat sink as well as validate the numerical model 

detailed in the next subsection. A plate-fin heat sink (as reference) and a cross-fin heat sink were cut out from aluminum 

blocks with parameters depicted in Fig. 2. Pictures of the two fabricated heat sinks were displayed in Figs. 7. 

 

Figure 7. shows the test setup of natural convection experiment. In order to house thermocouples, three slots were cut 

from the lower surface of the substrate of each heat sink with a cross-sectional area of 1×1 mm2. Nine 36-gauge T-type 

bead thermocouples (Omega, wire diameter: 0.127 mm) were embedded in the slots to measure the average temperature of 

the substrate. The remaining gaps of the three slots were then filled with thermal grease to ensure the lower surface of the 

substrate was flat. The substrate of heat sink was virtually divided into 4 × 4 control volumes, and thermocouples were 

located at the center of the control volumes. The layout of the thermocouples on the substrate was depicted in Fig.7. Due 

to symmetry, only one quarter of the substrate region was monitored to obtain the average temperature of the substrate. 

The high thermal conductivity of aluminium resulted in uniform temperature distribution in the substrate. 

 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 5, MAY/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/64



 
 
 

 

 

A film heating pad was subsequently attached to the substrate of heat sink to apply uniform heating. The film heating pad 

having a total thickness of 0.3 mm was made of etched foil insulated with kapton  material, as shown in Fig. 7. The heat 

sink with heating pad was placed onto a 45 mm thick thermal insulation foam (polyurethane, k ~ 0.036 W/mK) to ensure 

the majority of the imposed heat was conducted to the heat sink. The heat sink with heating and thermal insulation 

assembly was then positioned horizontally on a flat plate (bottom plate) of 400 mm × 400 × 10 mm in size, as shown in 

Fig. 7.  A top plate made by Perspex of 400 mm × 400 mm × 10 mm in size was suspended 20 mm above the heat sink. 

The bottom and top plates were painted in black to identify the thermal radiation emissivity. A DC power supply (Agilent) 

was used to power the film heating pad. A temperature scanner (Agilent, 34970A) connected to a laptop was employed to 

receive signals from thermocouples (nine for temperature of heat sink, and another two for ambient temperature). To 

avoid the fluctuation of ambient temperature, all the test apparatus except the DC power supply and the data recording 

computer were placed in an enclosure of 1.5 m × 1.5 m × 2 m.[13] 

 

 

7.3. Natural-Convection Characteristics of a Horizontally – Based Vertical Rectangular Fin-Array in the Presence of a 

Shroud 

 
FIG.8.EXPERIMENTAL SETUP FOR SHROUDED FIN ARRAY 

 

The fin-array, which was manufactured from an aluminium alloy (namely duralumin) of thermal conductivity 168 W m- 1 

K- 1, is shown in Figs 1 and 2. The 3 mm thick rectangular fins, interspersed by spacer bars, were bolted together to form 

a rigid sandwich and positioned in a shrouded wooden duct of 240 mm by (C + H) rectangular cross-section as shown in 

Fig. 8, where 0 < C < 90 mm and 32 mm < H < 90 mm. 

 

The thermal boundary condition of uniform heat-flux through the base area of the fin-array was achieved by mounting it 

on a 20mm thick duralumin base-plate and fixing six heater elements, each rated at 400 W for 240 V a.c., at its rear. In 

order to try to eliminate stray heat losses from the main heater, a guard heater, rated at 500 W for 240 V a.c., was 

sandwiched between two 25mm thick glass-fibre insulant slabs and placed directly beneath the main heater elements (see 

Fig. 1), and the double-heater system was well thermally insulated, laterally. Two copper-constantan thermopiles, each 

composed of four couples, were located in the insulation between the main and guard heaters. The thermopiles were 

connected via a switch to a digital microprocessor voltmeter, which had a resolution of 10-6 V. With the required rate of 

heat dissipation in the main heater set, that in the guard heater, was adjusted until both differential thermopiles indicated a 

zero reading. Using this null technique, then, within 3%, all the heat from the main heater flowed to the air via the finned 

assembly. 
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The steady-state distributions of temperature in the base plate were indicated by means of 12 embedded thermojunctions. 

An additional 15 thermojunctions were located in 2 mm wide by 1"5 mm deep slotted grooves which were machined (with 

a tolerance of + 0"25 ram) in each of three fins of all the fin-arrays tested. The thermocouples were held in position by 

filling the grooves with a cold-casting aluminium cement, the surfaces being polished fiat with respect to the rest of each 

fin. Dow Corning heat-sink compound of thermal conductivity 0-72 W m- 1 K- 1 was applied at the interfaces between 

the fin-array, base plate and the heating elements, to achieve good thermal contact. This combination ensured that the 

temperature difference between the top surface of the base plate and the root of the fins was always less than 0.2°C, and 

the base temperature T b was uniform over the extent of the base plate to within _ 0-5°C, when only natural convection 

cooling occurred from the fin and base surfaces under the prescribed temperature conditions.[10] 

 

7.4. Heat sinks with sloped plate fins in natural and forced convection 

 

 
FIG.9. EXPERIMENTAL SETUP FOR SLOPED PLATE FIN 

 

The temperature measured under the square base of the model array was almost uniform. This measurement was made in 

a preliminary run with six chromelalumel thermocouples (0.4°C estimated accuracy) embedded in the base of the model 

array. The maximum difference between the six temperatures was 2% when the heater power varied such that the base 

temperature varied from 25 to 70°C. 

 

The temperature measurements during the actual tests were made with precision thermistors of type YS44004, which were 

calibrated between 20 and 80°C. One thermistor was attached to the mid-point of the base of the model array. Another 

thermistor was located at the bottom of the enclosure to sense the ambient temperature. The heat transferred by 

conduction across the insulation layer varied between 4 and 11% of the total power dissipated in the heater. This estimate 

is based on the temperature difference measured across the insulation layer. 

 

Each run was started by setting the power input to the heater, and waiting 2 h to make sure that no transients were present 

during the measurements. The actual measurements were made over approximately 30 min. Each of the points plotted in 

Figs 9 were obtained by conducting 25 runs at the same power setting, and averaging the measurements.[15] 
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8. RESULTS AND DISCUSSION 
 

8.1. Natural Convection in Metal Foam Heat Sinks with Open Slots 

 

Natural convection in metal foam heat sinks with open slots was experimentally investigated. The effects of slot width, 

foam height and heat sink orientation on the thermal performance of the heat sink were systematically studied and the 

underlying mechanisms explored. Main results were summarized as follows: 

 

1. As the width of open slots is increased from zero (corresponding to heat sink with a single foam block), the heat transfer 

coefficient first increases due to increase in the overall permeability of the heat sink. The heat transfer coefficient then 

starts to decrease as the slot width is further increased as a result of decreased overall heat transfer area. The optimum slot 

width was found to be 5-8 mm within the present experimental conditions, regardless of heat sink orientations (horizontal 

versus vertical). 

2. The effect of slot width on the heat transfer coefficient decreases with decreasing foam height. 

3. The heat transfer coefficient is enhanced by increasing foam height due to the larger heat transfer area. However, the rate 

of enhancement decreases with increasing foam height due mainly to the limited conduction capability of high porosity 

metal foam. 

4. Overall, the horizontal orientation yields a higher heat transfer coefficient than that of the vertical orientation for the same 

heat sink within the investigated range of parameters. 

5. Air temperature distribution above the heat sink of horizontal orientation reveals that the fresh air penetrates into the 

foam strips through the open slots, demonstrating the important role of the open slots in terms of promoting the intake of 

fresh air into heat sinks in comparison to the conventional foam heat sink with a single foam block.[14] 

 

8.2. Natural Convection in a Cross-Fin Heat Sink 

 

A novel cross-fin heat sink was proposed and demonstrated to improve natural convective heat transfer compared to a 

reference plate-fin heat sink widely used in electronics cooling. Numerical simulations considering both natural convection 

and radiation heat transfer were carried out, and validated by experimental measurements. For plate-fin heat sink, the 

simulation results showed that cold air only can penetrate a limited distance into the fin channel from heat sink entrance, 

thus causing inferior thermal efficiency at heat sink center. For cross-fin heat sink, the cold air was able to reach to the 

entire short fin channel and formed an impinging-like flow towards channel endwall, which was beneficial for heat transfer 

enhancement. Compared to plate-fin heat sink, the overall and convective heat transfer coefficients of cross-fin heat sink 

were increased by 11% and 15%, respectively. Such performance enhancement was mainly attributed to improved thermo-

fluidic flow pattern in the cross-fin heat sink, as radiation contributions of the two heat sinks were similar. The concept of 

cross-fin opens a door to improve natural convective heat transfer in limited space without increasing material 

consumption and too much extra manufacture cost.[13] 

 

8.3. Natural-Convection Characteristics of a Horizontally - Based Vertical Rectangular Fin-Array in the Presence of a Shroud 

 

Steady-state natural convective heat-transfer rates were measured experimentally for various geometries of vertical 

rectangular fins, when in the presence of an almost adiabatic horizontal shroud situated adjacent to, and above, the 

horizontal fin-tips. 

 

For a constant fin-base temperature, optimal fin separations, which corresponded with maximum heat transfer rates, were 

deduced for variouscombinations of fin heights, and shroud clearance to fin height ratios. In general, the higher fins 

yielded t-he higher transfer rates, and increasing the shroud clearance to fin height ratio also resulted in higher heat 

dissipation rates but smaller optimal fin separations. At all values of the fin height, the largest natural-convective heat 

dissipation rates from the shrouded system ensued always when C>> 0.  
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This is in sharp contrast to the previous forcedconvection study 17 where the largest heat-transfer rates for a specified 

finarray geometry were achieved when C = 0. Thus these studies indicate that there will be, for very low forced air 

velocities when both the free and forced convection modes of heat-transfer are active (i.e. the mixed convection regime), 

an optimal value of C which will lead to the maximum heat dissipation rate per unit base area from the fin-array being 

achieved. The identification of this optimal clearance should be the objective of a further study. 

 

For the present investigation, a non-dimensional function of the form Nu=f(Gr, s/H,C/H), which effectively accounts for 

all the various geometrical parameters and operating conditions of the heat exchanger, was correlated to the heat-transfer 

data. This yielded good agreement, to within _+ 17.6%, with the experimentally-determined Nusselt numbers. 

 

It can be concluded from the present investigation, that for electronic cooling applications, the thermal designs of fin-

arrays in shrouded enclosures should incorporate 

 

1. an optimal value of the fin spacing to maximise the heat transfer rates. 

2. for fixed dimension ducts of approximately the size tested, fin protrusions which are less than half the height of the duct 

(i.e. a C/H ratio > 1.0). 

3. the supply of fresh air at near ambient temperature (which enters the system predominantly via the open channel ends of 

the array) should be unrestricted. When fin-arrays are situated in completely-sealed enclosures, the employment of grilles 

or louvres in the enclosure walls is recommended.[10] 

 

8.4. Heat sinks with sloped plate fins in natural and forced convection 

The summarizing conclusion of this experimental and numerical study is that tilting the crests of air cooled plate fins has a 

measurable effect on the overall thermal conductance of the heat sink. For the practitioner, however, this effect may not 

be sufficiently pronounced to justify additional complications and cost of manufacturing. Calculations based on complete 

(three-dimensional) numerical simulations of the flow and temperature field around the heat sink agree with the results 

based on laboratory measurements. Furthermore, the experimental and numericalresults obtained for forced convection 

cooling reinforce the trends revealed by the corresponding results for natural convection. 

 

In brief, the best plate fins are those with crests tilted such that their tops face the approaching flow. The augmentation 

effect associated with tilting the crests increases as the air ftow increases, for example, in switching from natural to forced 

convection, or increasing Re L in forced convection. We also documented the performance of plate finned heat sinks 

oriented perpendicularly to the flow, in both forced convection and in natural convection.[15] 

 

9. CONCLUSION 
 

This paper gives us a detail study of various types of plate fin heat sinks. Various proposed heat sinks replace the 

conventionally used Plate Fin Heat Sinks. We have studied Natural Convection mode of Heat Transfer in this type of heat 

sinks which is present due to temperature difference (density change). No external power source is required (like Fan, 

Blower) as mode of heat transfer is Natural Convection. Overall coefficient and convective coefficient of heat transfer 

increases by using different types of plate – fins heat sinks. These heat sinks were proposed for electronic cooling or for 

automobile heat exchangers. Natural convection of heat sinks was experimentally and numerically examined. Importantly 

geometrical complexity and material consumption was not increased. By studying detailed comparison between different 

types of plate fin heat sinks we can design optimum plate fin heat sink considering its thermal efficiency, geometrical 

complexity, manufacturing cost etc 
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10. FUTURE SCOPE 
 

1. Modified plate – fin will be used widely.  

2. They will  be a practical alternative of conventional plate – fin heat sinks. 

3.  These plate – fins would increase life span and efficiency of the products which will be profitable to consumer. 

4. More types of Plate Fin heat sinks can be discovered both experimentally and theoretically. 

5. The main aim of heat sinks is to enhance heat transfer rates which will be further possible in easier and cheaper way in 

the future. 
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