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Abstract— This work presents an experimental analysis of 

cylindrical copper wire vortex generator on the fin-and-tube 

heat exchanger. In this study, three different arrangement of 

heat exchanger are tested. In first case the heat exchanger 

without wire turbulators. In second case the heat exchanger 

with wire turbulators of diameter 0.2mm and third case, wire 

turbulators of diameter 0.5mm diameter. The heat transfer 

coefficient (h), the pressure drop of the air side, friction 

factor (f) against air velocity (0.5–1 m/s) and Reynolds 

number (7000–15000) have been discussed. The results 

shows that the heat transfer coefficient shows 18.4% 

increment in case of wire turbulators of 0.2mm diameter as 

compared to heat transfer coefficient without wire 

turbulators. Whereas it shows 26.52% of increment of heat 

transfer coefficient in case of wire turbulators of 0.5mm 

diameter as compared to heat transfer coefficient without 

wire turbulators. Whereas friction factor f and colburn factor 

j for heat exchanger with 0.2mm diameter turbulators to heat 

exchanger without turbulators increases about 12.08% and 

15.68% respectively. In addition, friction factor f and 

colburn factor j for heat exchanger with 0.5mm diameter 

turbulators to without turbulators increases about 15.57% 

and 22.54% respectively.  In summary, this study strongly 

suggests heat transfer coefficient with wire turbulators 

applied to the fin and tube heat exchanger is found to be 

more as compared to the heat exchanger without wire 

turbulators. Pressure drop for heat exchanger with 0.2mm 

and 0.5mm diameter turbulators as compared to heat 

exchanger without turbulators increases by 21.3% and 

35.62% respectively. 
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I. INTRODUCTION 

Fin and tube heat exchangers are used in automobile, air 

conditioning, power system, chemical engineering, 

electronic chip cooling and aerospace, etc. Air-side 

convective resistance to heat transfer is dominant, at 75% or 

more of the total thermal resistance. Enhancement of air-

side heat transfer using passive vortex generators is a 

promising technique in a range of applications. Increasing 

demands are being placed on heat exchanger performance 

for reasons of compactness, economy in manufacturing and 

operating costs, energy conservation and even for ecological 

reasons. The importance of these issues continues to 

motivate the study of enhancement techniques. 

Enhancement of air-side heat transfer using passive 

vortex generators is a promising technique in a range of 

applications. In this method, protuberances such as delta-

wings are used to generate stream wise vortices that are 

carried through the heat exchanger by the main flow and 

induce bulk fluid mixing and a reduced thickness of the 

thermal boundary layer. This enhancement method has the 

important advantage of low cost and ease of 

implementation, with a usually modest pressure drop 

penalty. However, strategies for vortex-generator design and 

appropriate placement have not been described in the open 

literature for highly compact heat exchangers which are 

essential to fully exploit the method.  

A. Need for Project with Problem Definition 

Fin and tube heat exchanger comes under the category of 

compact heat exchanger. Compact heat exchangers for its 

compactness are measured by factor called area density. The 

heat exchanger having area density greater than 700 m2/m3 

comes under the category of compact heat exchanger. Car 

radiators are the common application of the compact heat 

exchanger. Area density, which is denoted by ‘β’ for car 

radiator, is 1000 m2/m3[1]. 

The air side convective resistance is more than 

75% for the compact heat exchanger. Various enhancement 

techniques are implied and studied to decrease this 

convective resistance. Major work is being carried out to 

enhance the surface area of the fins, which will directly 

increase the heat transfer rate. Heat transfer enhancement 

techniques such as using wavy fins, combination of flat fin 

and wavy fin, using obstruction for fluid flow to generate 

the turbulence. Turbulators like delta shape winglets[2], 

insertion of rectangular, circular blocks. Slit fins in fin and 

tube heat exchanger are used as a heat transfer enhancement 

technique[3]. 

The enhancement techniques, which are suggested, 

definitely increase the heat transfer rate. However most of 

the heat transfer enhancement techniques are complicated in 

design and manufacturing. Additional machining operations 

are needed to perform to get the desired modified fin.  

The modification in fins must be such that there 

must be very few or no additional machining process. A. 

Joardar et al. [4] made one such effort in his research work 

where they introduce the external strips in fin spaces of heat 

exchanger manufactured by Electro Discharge machining.  

 
Fig. 1: Design Modification 

More such techniques need to implement to make 

heat transfer enhancement techniques cost effective. These 
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types of modification are easy to install and uninstall from 

the compact heat exchanger setup. In this experimental 

analysis copper wire turbulators are used as heat transfer 

enhancement techniques which are externally winded over 

the tube bundles as shown in Figure 1.1. Wire of diameter 

0.2mm and 0.5mm are used as turbulators and the 

parameters like heat transfer coefficient, pressure drop, 

friction factor, Colburn factor are calculated and evaluated. 

B. Objective of Research work 

 Objective of project is to increase heat transfer rate of 

air side in compact heat exchanger by using the wire 

turbulators. 

 To compare the results for heat transfer rate for 

compact heat exchanger with and without wire 

turbulators. 

 To evaluate and compare the performance parameters 

like heat transfer coefficient, pressure drop, friction 

factor, colburn factor of compact heat exchanger with 

and without wire turbulators. 

II. DETAILS OF EXPERIMENTAL SET-UP 

As shown in figure below Experimental setup consists of a 

rectangular duct of width, height and length of 290mm x 

250mm x 1000mm respectively. This rectangular duct is 

made of sheet metal (MS) on three sides. One of rectangular 

duct side is walled by Acrylic sheet to have some visual 

access to the test section. The rectangular duct at the centre 

consists of a test section of length 100mm in which the heat 

exchanger is embedded. Rectangular duct is extend after and 

before the test section for certain length in order to get the 

stream line flow before and after test section this portion is 

called as comic section. Heat exchanger is a general fin and 

tube heat exchanger (210mm x 240mm x 45mm) with 

copper tubes and aluminium fins. At one end the rectangular 

duct is attached with orifice. Orifice is used to measure the 

flow rate of air with the help of U tube manometer when 

applied across it. At the other end of the rectangular duct the 

axial fan is installed with variable speed control. The fan is 

use to vary the mass flow rate of air. 

One more U tube manometer is applied as shown in 

figure across the test section (heat exchanger) to measure the 

pressure drop. One Thermo reservoir with 15 liter capacity 

is used for water (as a source fluid). Thermo reservoir is 

attached with an electric heater. K type thermocouple 

attached with digital indicator is use for temperature 

measurement.  

 
Fig. 2: Experimental setup schematic 

In present study the heat transfer coefficient is 

calculated and compared for the fin and tube heat exchanger 

with and without wire turbulators as shown in figure below. 

The diameters of wire are 0.2mm and 0.5mm which are used 

for winding across the tubes of heat exchanger. Three 

iteration are performed in the test section. First the heat 

exchanger without any wire turbulators. Secondly heat 

exchanger with 0.2mm diameter of copper wire turbulators 

and thirdly heat exchanger with 0.5mm diameter of copper 

wire turbulators are used in the test section. 

 
Fig. 3: Design modification 

A. Design Parameters 

1)  Rectangular Duct: 

MS sheet is used to fabricate the rectangular duct. One of 

the side wall of this duct is is fitted with Acrylic material 

sheet to have a visual access. Duct at is centre have a test 

section where the heat exchanger can be fixed at the time of 

experimentation. Same heat exchanger is used with and with 

out wire turbulators. Arrangement for the heat exchanger is 

made such that it is easy to dismental it from the rectangular 

duct. 

2) Duct dimensions  

 Height of Duct  (H)= 250mm 

 Width of Duct (W) = 290mm 

 Length of Duct (L)= 1020mm 

 Material used for Duct = MS sheet and Acrylic 

3) Heat exchanger  

Heat exchanger used for experimentation is commonly used 

for water cooler. It has 18 copper tubes with staggered 

arrangement. It has 77 fins made of aluminium. 

 Height of Heat exchanger (He) = 240mm 

 Width of Heat exchanger (We) = 210mm 

 Copper tubes inner diameter (Di) = 7mm 

 Copper tubes outer diameter (Do) = 8mm 

 Aluminium fin length (Lf) = (He) = 240mm 

 Aluminium fin width (Wf) = 45mm 

 Aluminium fin thickness (Tf) = 0.13mm 

4) Water tank embedded with heater 

Water tank of 15 liter capacity is used to feed the hot water 

to the heat exchanger. The water is made of MS sheet metal. 

It is provided with heater and a control valve at its outlet. 

 Height of water tank (Hw) = 250mm 

 Width of water tank (Ww) = 255mm 

 Length of water tank (Lw) = 285mm 

 Water tank capacity = 15 litres 
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B. Constructional Features 

The rectangular duct is fitted with Heat exchanger in the test 

section manually. The hot water is allowed to pass throught 

the heat exchanger. The air is allowed to pass through the 

test section with the help of the axial blower.  

The experimental setup consists of following 

components 

1) Fan: Fan is used to produce airflow. Fan produce air 

flows with high volume and low pressure. The fan used 

in project is having specifications as  speed- 2100rpm, 

size – 200mm 

2) Regulator:  Electric regulator is use to control the speed 

of the fan .By varying the regulator we increase the 

mass flow rate of bulk air and take various readings. 

3) Thermocouples: Thermocouples are used to sense the 

temperature. Thermocouples are widely used type of 

temperature sensor and can also be used as a means to 

convert thermal potential difference into electric 

potential difference. There are variety of thermocouples 

available, depending upon the applications the 

particular thermocouple is selected. In our project we 

are using eight K-type thermocouples having range of –

160 to 400 
0
C. 

4) Duct with Heat exchanger: Heat exchanger is used with 

and without the wire turbulators. 

5) Heater: Rod type immersion heater is used to heat the 

water. The length of heater is 1575 mm. The heater is 

used in this project to heat the water in the tank. 

6) Digital Temperature Indicator: Digital temperature 

indicator is used in order to get the temperature 

readings from different place of duct. 

7) Orifice plate:  Orifice plate is used to measure the flow 

of air inside the duct. Orifice plate is fitted at the 

beginning of the rectangular duct. 

8) U tube manometer: U tube manometer is used to 

measure pressure drop across the duct and to measure 

the flow of air U tube manometer is applied across the 

orifice plate. 

III. RESULTS & DISCUSSION
 

The experiments were carried out on the fin and tube heat 

exchager. The experimentation is divided in following cases. 

1) Case I:   Fin and tube heat exchanger without wire 

turbulators. 

2) Case II:  Fin and tube heat exchanger with wire 

turbulators of diameter 0.2mm.  

3) Case III: Fin and tube heat exchanger with wire 

turbulators of diameter 0.5mm 

Based on the observations recorded while 

experimentation, following parameters are   calculated. 

1) Heat transfer coefficient for all five cases 

2) Renolds number for all three cases. 

3) Nusselt number for all three cases. 

4) Pressure drop for all three cases. 

5) Frictional factor. 

Based on the above calculations following graphs 

are plotted for interpretation of performance 

1) Heat transfer coefficient Vs Reynolds Number  for 

all cases 

2) Nusselt No. Vs Reynolds Number for all cases 

3) Friction factor Vs Reynolds No. 

4) Heat transfer coefficient ratio Vs Reynolds No. 

5) Friction factor ratio Vs Reynolds No.      

A. Graphs 

The experimentation was carried out with the rectangular 

channel without and with using Passive heat transfer 

enhancement methods. Heat transfer coefficient and friction 

factors are calculated for all cases. Parameters were plotted 

for Reynolds no. and mass flow rate. Following graphs are 

plotted to compare the performance of different ribs used in 

rectangular channel. 

For heat exchanger without wire turbulators 

compared with the heat exchanger with wire turbulators 

1) Heat transfer coefficient Vs Reynolds Number 

 
Fig. 4: Heat transfer coefficient Vs Reynolds Number 

From the Fig. 4, it is observed that the  heat transfer 

coefficient increases with increase in Reynolds no. As 

Reynolds no. increases, the air flow will cause more 

turbulence, so   due to which the heat transfer rate will 

increase. From the Fig. it is observed that the heat exchanger 

without wire turbulators shows lower heat transfer 

coefficient values as compared to both the wire turbulators. 

It is because of the phenomenon called vortex generation. In 

this phenomenon the vortex is generated by the barrier in the 

fluid flow path. In this project the barrier are copper wires. 

Increasing diameter has shown the increasing value of the 

heat transfer coefficient. It shows the increasing the 

diameters of the copper wire have increases the turbulence. 

2) Nusselt Number Vs Reynolds Number 

 
Fig. 5: Nusselt Number Vs Reynolds Number 

From the Fig. 5, it is observed that there is increase in 

Nusselt number with Reynolds number. As Reynolds 

number increases the air flow will cause more turbulence 

due to which heat transfer rate will increase. As heat transfer 

coefficient is directly proportional to Nusselt number, 

Nu=hDh/K i.e increase in heat transfer coefficient increases 

the Nusselt number. From fig it is observed that maximum 

Nusselt number is obtained for heat exchanger with wire 
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turbulators of 0.5mm diameter followed by 0.2mm diameter 

wire turbulators. The least Nusselt is obtained for heat 

exchanger without wire turbulators. 

3) Friction Factor Vs Reynolds Number 

 
Fig. 6: Friction factor Vs Reynolds Number 

From the Fig. 6 it is observed that as Reynolds increases 

there is decrease in friction factor is observed. This is 

because friction factor is inversely proportional to the 

velocity. So as velocity increases (i.e. Reynolds no.) friction 

factor will decrease .From fig 6 it is observed that least 

friction factor is obtained in duct for the heat exchanger 

without wire turbulators as there is no other obstruction in 

the path of fluid flow other than the fins. 

4) Heat Transfer Coefficient Vs Mass Flow Rate 

 
Fig. 7: Heat transfer coefficient Vs Mass flow rate 

From the Fig. 7, it is observed that the heat transfer 

coefficient increases with increase in mass flow rate. As 

mass flow rate increases, the air flow will cause more 

turbulence so definitely the heat transfer rate will increase. 

From the Fig. 5.4 it is observed that the heat exchanger 

without any wire turbulators shows lower value of heat 

transfer coefficient as compared to the heat exchanger with 

wire turbulators. 

IV. CONCLUSIONS 

Experimental investigations have been carried out in the 

rectangular duct to study the effect of copper wire 

turbulators on the fin and tube heat exchanger. From the 

graphs plotted, following conclusions are made. 

1) The heat transfer coefficient with wire turbulators 

applied to the fin and tube heat exchanger is found to be 

more as compared to the heat exchanger without wire 

turbulators. The heat transfer coefficient shows 18.4% 

increament in case of wire turbulators of 0.2mm 

diameter as compared to heat transfer coefficient 

without wire turbulators. Whereas it shows 26.52% of 

increament of heat transfer coefficient in case of wire 

turbulators of 0.5mm diameter as compared to heat 

transfer coefficient without wire turbulators. 

2) Friction factor reduces as the Reynolds number 

increases this is because with increase in Reynolds 

number velocity increases and as friction factor is 

inversely proportional to velocity it decreases. This 

friction factor found to be maximum in case of heat 

exchanger with wire turbulators of 0.5mm diameter. 

3) Wire turbulators produces obstruction for the flow of 

fluid and creates turbulance. Increase in diameter of 

wire diameter will result in more friction in the path of 

fluid flow. 

Thus including wire turbulators gives more friction 

losses as compared to the heat exchanger without wire 

turbulators. 
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