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Abstract- The thermal performances for the air side of the fins with elliptical winglet are investigated by numerical 

methods. The parameter which is the placed location of the elliptical winglet on horizontal distance from the tube center is 

selected for investigating. The numerical calculation is well predicting by the deviation between the numerical results and 

experimental results are within 5%-8%. The results show that this parameter affects the thermal performance of the air side. 

The best configuration in term of heat transfer is 0 mm horizontal distance (at the tube center). On this location also provides 

the maximum friction factor.  
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I. INTRODUCTION 

 

A fin and tube heat exchanger (FTHX) is widely used 

in many sections of industry.  There are some 

researchers studied on the thermal performance 

enhancement of the FTHX with modifying the fin 

geometry by the combination between the vortex 

generators and fin [1-8]. The vortex generators not 

only enhance the thermal performance but also 

reduce the pressure drop in some conditions [1]. Wu 

and Tao [2-3] studied the air side performance of the 

fin with delta winglet and compared with that of the 

plain fin. They found that the fin with delta winglet 

gave the performance larger than that of the plain fin. 

In addition, the fin with delta winglet provided the 

pressure drop less than that of the plain fin. Chimres 

et al [7] also found that the fin with vortex generators 

provide the pressure drop lower than that of the plane 

fin. They numerically studied on the thermal 

performance of the fin with semi-dimple.  

Although, some information according to related to 

the combination of the fin and vortex generator was 

reported in the literature, there still remains room for 

further research for different vortex generator 

configurations. Moreover, the effects of the vortex 

generator position on the thermal performance are 

very interesting. The aim of this study is to 

investigate the effect of the fin with elliptical winglet 

(EW) on the thermal performance by the numerical 

methods. 

 

II. MATHEMATICAL ANALYSIS 

 

The computational model of this investigation bases 

on the plain fin of a reference fin-and-tube heat 

exchanger having plain fin from Wang et al. [8]. For 

the presented EW geometry, details are given in Fig. 

1 where an EW was punched on the fin as shown in 

Fig 1. The horizontal distance (HD) is measured from 

the center of the tube to the center of the ellipse as 

presented in Fig. 1. The computational meshes are 

generated by the unstructured non-uniform grid 

system. The meshes are mainly created in tetrahedral, 

prismatic and pyramid elements.  The meshes around 

the winglet are shown in Fig. 1. 

 

Fig. 1. The schematic views of the fin and tube with ellipse 

winglet and meshes 

 

The dimensionless parameters which are necessary 

for the thermal performance evaluation are described 

as follows 
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The involved parameters are defined as below 
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Q =  m cp Tout − Tin      

 (6) 

III. RESULTS AND DISCUSSION 

 

- The validation 

In order to evaluate the accuracy of the numerical 

model, the numerical results in terms of flow and heat 

transfer characteristics are compared with 

experimental results [8]. Fig. 2 presents the 

comparison between the numerical and experimental 

results of the fin and tube heat exchanger. The 

discrepancy averages between the numerical and 

experimental results are within 5%-8% for the j-

Colburn factor and the friction factor, approximately.  

 
Fig. 2 Validation of numerical results with experimental results 

 

The numerical results which are obtained by three 

winglet locations are shown in Fig. 3. The j-Colburn 

factor and friction factor obtained by HD-plus 7 mm 

is lowest. HD-at the tube center gives the largest 

value of  j-Colburn factor and friction factor.  

 
Fig. 3 Variations of j-Colburn factor and friction factor with 

different horizontal distance 

 
Fig.4 The contours of the velocity and temperature of the air 

 

The reasons are that, the EW is placed at the critical 

location. On this area, the air velocity is very high 

because this is the gap between the tubes which is the 

smallest space. Therefore, the EW induce the velocity 

and this effect increase the turbulent intensity and 

vortices. It impact heat transfer between the tube 

surface and the air. So, this location gives the highest 

heat transfer.  

 

 
Fig. 5 The vector of the mainstream and the streamline of the 

additional flow from the neighbor channel 

 

Moreover, the additional flow from neighbor channel 

(punched hole) also enhances the heat transfer as 

shown in Fig.6. Fig. 6 presents the vector from 

mainstream and the streamline from the neighbor 

channel. The fresh air from neighbor channel can 

absorb the heat form the tube surface (heat source) 

directly. Both of the additional flow and vortices 

provide the heat transfer development. 

 

IV. CONCLUSION 

 

This investigation aim is to investigate the effect of 

the placed location of EW on the thermal 

performance. It found that, the placed location of the 

EW affects to the heat transfer and flow 

characteristics. The punched hold also dominates the 

heat transfer. The location at the tube center gives the 

highest heat transfer. However, this location also 

provides the largest friction factor. The location 

optimization should be considered. 
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