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Abstract— In present day it is necessary to optimize the heat 

transfer characteristic of heat exchangers, as heat exchangers 

are universal equipments which are used in day to day life, in 

industry, home appliances, transportations and power 

production units. Thermal characteristics are studied for the 

tube in the shell and tube heat exchanger working with water 

as working fluid  for two different configurations of twisted 

tape.1)Twisted tapes and 2)Soldered wire wound inserts(wire 

wound wire matrix). Experiment was carried out by using 

these two types of inserts on the tube side. This project work 

deals with laminar flow in the tube side; Re varies from 200 

to 600. Experiment carried out by maintaining the constant 

tube wall temperature with tube flow rate and shell flow 

constant. Twisted tapes used in this experiment have 2.2 twist 

ratio, and. The heat transfer and pressure drop in case of 

twisted tape and Soldered wire wound inserts with baffles are 

found to increase by 110 to 120% and 130 to 140% 

respectively compared to that of plain tube.  
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I. INTRODUCTION 

Heat exchangers are the devices, provides the flow of thermal 

energy between two or more fluids at different temperature. 

Fundamental of heat exchanger principle is to facilitate an 

efficient heat flow from hot fluid to cold fluid. Heat 

exchangers are used in different processes ranging from 

conversion, utilization & recovery of thermal energy in 

various industrial, commercial & homemade applications 

figure 1 shows the basic structure of shell and tube heat 

exchanger. 

 
Fig. 1: Shell and Tube Heat Exchanger 

Increase in heat exchanger’s thermal performance 

which can result in fabricating more dense and economical 

heat exchangers. There are three methods to increase the 

thermal performance of heat exchangers, those are. 

A. Active Method 

This method requires some external power input for the 

improvement of thermal performance of heat exchanger; 

examples are mechanical aids, surface vibration, fluid 

vibration, electrostatic fields, suction and jet impingement 

B. Passive Method  

This method generally uses amendments to the flow in the 

tube of heat exchangers by fitting inserts into the tube. Such 

method does not need any type of external power. Due to 

these inserts the flow get disturbed and turbulence is created 

which results in increase in pressure drop, decreasing the tube 

wall temperature and thereby increase in heat transfer 

coefficient.  

C. Compound Method  

When two or more methods incorporated simultaneously to 

obtain improvement in thermal performance of heat 

exchanger is termed as compound method. Hence obtained 

thermal performance of heat exchanger is greater than that 

produced by any one method of them when used individually. 

II. DETAILS OF TWISTED TAPES AND SOLDERED WIRE 

WOUND INSERTS 

Initially stainless steel twisted tapes of width 12mm, thickness 

3mm and length 825mm having twist ratio 2.2 are fabricated. 

Strip of same material of height 5.5mm, length 12mm were 

made, then at equal distances those strips are fixed on the 

hence fabricated twisted tapes as baffles at an angle of 450 

with normal axis of twisted tape by the aid of gas welding 

using copper as the filling material. Figure -2  

Soldered wire wound Tabulators are used in present 

experiments as second inserts, these inserts has high wire 

loop density on rigidly fixed central rod where t9he loops of 

wires soldered to central wire rod. These inserts for present 

work fabricated with pitch 9.5mm; pitch indicates the 

distance between the two conjugative wire loops. As shown 

in figure-3. 

 
Fig. 2: Twisted tapes. 

 
Fig. 3: Soldered wire wound inserts. 
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III. EXPERIMENTAL SETUP 

The experiment set up of 1-2 pass shell and tube heat 

exchanger that has been used in this experiment. 

Experimental shell and tube heat exchanger that used has 18 

numbers of tubes of internal diameter of 16mm and length 

825mm. The set up includes two digital flow meter; four 

thermocouples to measure the inlet and out let temperature of 

shell as well as tube side. LAB VIEW software is 

incorporated to draw the readings from the heat exchanger to 

the computer system. Set up further includes the hot water 

tank and cold water tank of same capacity of 30 litters, the 

external power source is used for heating the water in the hot 

water tank. In this experiment hot water is allowed to flow 

though the tubes of heat exchanger and cold water is made to 

flow in the shell of heat exchanger. 

A. Experiment Procedure 

All the rotameters & thermocouples are calibrated first. The 

set up is cleaned and both the tanks are filled with the water, 

up to a certain limit. By using the external water heater which 

is fixed to the hot water tank the water is heated to required 

temperature. Both pumps are turned on by turning on the 

switch of motors connected to the pumps. By turning on the 

pump required amount of water is allowed to flow into shell 

(Cold Water), and also into the tube (Hot Water) by operating 

the control valve. Temperature of inlet water at the tube and 

the shell are noted given by the thermocouple. After flow gets 

stabilized, the temperature of out lets of shell and tube are 

noted. All the readings are obtained on the digital display and 

the readings are sent to the computer system and obtained the 

tabular column directly by using the LAB VIEW software. 

Lab view software is prepared to calculate the heat transfer 

coefficient and pressure drop of heat exchanger using the 

BELL DELAWARE method. Same procedure is followed by 

inserting the soldered wire wound Turbulators and twisted 

tapes. 

IV. RESULTS AND DISCUSSIONS 

A. Variation in Reynolds Number 

 
Fig. 4: variation in Reynolds number vs tube length 

The above plot shows the variation of Re with respect to both 

the inserts. By observing above graph we can conclude that 

the Reynolds number for twisted is more than that of in case 

of wire wound wire matrix inserts. Hence turbulence nature 

of fluid in case of twisted tape as inserts in more that leads in 

increasing in the heat transfer rate.  

B. Variation in Pressure Drop 

 
Fig. 4: Variation in pressure drop tube length 

By above plot it can conclude that there is no such difference 

in pressure drop, but still it can be said that the pressure drop 

in case of wire wound wire matrix is more compared to that 

of incase of twisted tapes. Increase in pressure drop leads in 

opposition to flow in the tube, so more pressure drop needs 

more power to pump the water into the tube. 

C. Variation in Friction Factor 

 
Fig. 4: Variation in friction factor vs tube length 

The above graph shows the variation in friction factor, which 

shows that the friction factor is more in case of twisted tape 

used as pipe inserts and less in case of wire wound wire 

matrix used as pipe inserts. 

V. CONCLUSION 

From the above experiment using bell deaware method and 

soldered wire wound turbulators and twisted tapes,  it can be 

concluded that the Reynolds number for twisted is more than 

that of in case of wire wound wire matrix inserts. The pressure 

drop in case of wire wound wire matrix is more compared to 

that of incase of twisted tapes. Increase in pressure drop leads 

in opposition to flow in the tube, so more pressure drop needs 

more power to pump the water into the tube. The friction 

factor is more in case of twisted tape used as pipe inserts and 

less in case of wire wound wire matrix used as pipe inserts. 
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