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Abstract— Convective heat transfer, or convection, is the 

transfer of heat from one place to another by the displace of 

fluids, a process that is essentially the transfer of heat via 

mass transfer. Bulk motion of fluid enhances heat transfer in 

many physical situations, such as (for example) between a 

solid surface and the fluid. Convection is usually the 

dominant form of heat transfer in liquids and gases. Although 

sometimes discussed as a third method of heat transfer, 

convection is usually used to describe the combined effects 

of heat conduction within the fluid (diffusion) and heat 

transference by bulk fluid flow streaming. Natural or free 

convection is observed as a result of the motion of the fluid 

due to density changes arising from the heating and cooling 

process. Natural convection represents an inherently reliable 

cooling process. Further, this mode of heat transfer is often 

designed as a back up in the event of the failure of forced 

convection due to fan break down. 
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I. INTRODUCTION 

Heat transfer enhancement under natural convection 

conditions can be achieved by attaching the winglets to the 

base plate. The base plate will be hanged by use string. 

From the literature survey, it is found that very few 

investigators have worked on the problems related to this 

type of arrangement. Hence, it is decided to carry out an 

experimental work to find the enhancement in heat transfer 

with the use of different winglets arrangement. The major 

point of discussion will be to find the best possible shape 

and arrangement of winglet on the Base Plate. As the fins 

are very important parts to enhance the heat dissipation rate 

so it is necessary to study by considering various parameters 

it may be theoretical or by experiments. Natural convection 

from a vertical surface is one of the fundamental subjects 

among a wide variety of heat transfer studies. Number of 

investigators has carried out both analytical and 

experimental studies on this subject. A review of literature 

on the topic of natural convection heat transfer from vertical 

plates for heat transfer enhancement is given in this chapter. 

Natural convection from vertical surfaces with a variety of 

enhancement techniques finds several technological 

applications. This topic has been studied by number of 

investigators, however very few investigators have studied 

the problem of fins attached horizontal with the plate being 

vertical. They studied the heat transfer and fluid flow 

characteristics resulting from vertical finned arrays. The 

most practical and simplest technique is to install a 

roughness element on the heat transfer surface. Number of 

investigators has studied the influence of different types of 

roughness element on natural convection heat transfer. Few 

other investigators have carried out interferometric studies 

to evaluate the performance from vertical cylindrical 

surfaces. While some investigators have carried out studies 

to determine total heat transfer coefficient for surfaces with 

repeated configuration and step. 

 
Fig. 1: Rectangular Winglets (view)  

 
Fig. 2: Triangular Winglets (view) 

 
Fig. 3: Trapezoidal Winglets (view) 

II. LITERATURE REVIEW 

There has been lot of work carried out related to convective 

heat transfer. The research started from developing 

theoretical data related to general behavior of winglet and is 
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now moving towards optimizing various winglet shapes 

according to applications. The work that has been carried 

out for evaluation of natural convective heat transfer 

coefficient of air flow over various winglet shapes is review 

as follows: 

Savage et al. (2003) studied the impact of thin 

stationary winglets on the aerodynamics of a body. In this 

study it was observed that a pair of winglets placed directly 

above the leading and trailing edges of the body improved 

its aeroelastic characteristics. It was found that stationary 

force coefficients and motion aerodynamic derivatives were 

measured for several angles of wind incidence. It was 

observed that the winglets were an important source of 

aerodynamic damping without disturbing the drag and lift 

characteristics of the body[1]. 

Lawson et al. (2008) carried out experiment to 

study winglets behavior to induce the formation of 

streamwise vortices and increase heat transfer between a 

working fluid and the surface on which the winglets are 

placed. Manufacturing aspects are considered in this study 

whereby inserts in the louvered fins resulting from stamping 

the winglets into the louvered fins are replicated. 

Comparisons of measured heat transfer coefficients with and 

without inserts indicate that inserts reduce average heat 

transfer augmentations, but imperative increases still occur 

with respect to no winglets present[2]. 

Munish et al. (2010) submitted thesis on numerical 

study of heat transfer enhancement in a plate-fin heat 

exchanger using rectangular winglet type vortex generator. 

The objective of their study is to give a concern data for a 

single rectangular winglet and a winglet pair in a plate-fin 

heat exchanger. The computations are also performed at 

different angles of attack and for Reynolds numbers for the 

single rectangular winglet without stamping. It is observed 

that the heat transfer increases with the increase in the angle 

of attack and Reynolds number and computations are also 

performed varying the geometrical size and the location of 

the winglet[3]. 

Ye et al. (2012) conducted the experiment to check 

the performance of a pair new vortex generators curved 

trapezoidal winglet and compared with traditional vortex 

generators i.e. rectangular winglet, trapezoidal winglet and 

delta winglet. In this, effect of some flow parameters and 

configuration of curved trapezoidal winglet are also being 

found out. It also found that, double rows of curved 

trapezoidal winglet pair shows better performance of heat 

transfer enhancement for most Reynolds numbers[4].  

Yi Li et al. (2013) carried out both experiments and 

simulations to investigate the fluid and thermal 

characteristics of a flat-fin heat sink with a pair of vortex 

generators installed in a cross flow channel. The effects of 

the space between the trailing edges of the vortex 

generators, the space between each vortex generator and the 

heat sink, the attack angle of the vortex generators, the 

height of the vortex generators, the configuration of the 

vortex generators, and the Reynolds number on the thermal-

fluid performance of the plate-fin heat sink are elucidated. It 

was found that when the space between the trailing edges of 

the vortex generators is small, the thermal performance 

becomes worse because the air cannot easily flow into the 

heat sink[5].  

Zhou et al. (2014) conducted experiments to study 

the performance of plane and curved winglet (rectangular, 

trapezoidal and delta) vortex generators with and without 

punched holes. It was found that the punched holes improve 

the thermohydraulic performance of vortex generator and 

decrease the flow resistance for all cases; but the minimum 

diameter of the holes needs to be matched with the vortex 

generator face area, i.e. the smaller the vortex generator face 

area, the relatively smaller hole diameter is better[6].  

Abdollahi et al. (2015) presented the fluid flow and 

heat transfer behavior in a rectangular channel with vortex 

generator in numerically forms. A three dimensional 

numerical method was performed to find out  the effect of 

the shape and the angle of attack of the winglet vortex 

generator on the fluid flow and heat transfer  characteristics 

in a rectangular channel. The mass, energy and momentum 

equations were solved using finite volume method by taking 

into account the steady state, laminar and incompressible 

fluid flow. The average and local Nusselt number and 

pressure drop were find out in the presence of the vortex 

generators at different shapes and angles of attack[7]. 

III. CONCLUDING REMARKS 

Many previous researchers investigated natural convection 

heat transfer from the traditional extended surfaces. The 

vertical winglets are inapplicable to the heat transfer 

enhancement of a vertical plate. This is because the 

boundary layer developed over the tall plate becomes very 

thick. To obtain an appreciable improvement of the heat 

transfer, the winglet height must be greater than the 

boundary layer thickness.  

As compared to traditional vertical winglets, the 

Delta-type winglets work not only as extended surface but 

also increase heat transfer rate. 

For vertical plate with Delta winglets, the heat 

transfer coefficient obtained was higher than the 

conventional winglets. Further, it was observed that the ratio 

of the heat transfer enhancement exceeds the ratio of the 

surface enlargement. 
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