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Abstract— The conversion, utilization and recovery of 

energy in every industrial, commercial and domestic 

application involve a heat exchanger process some common 

example are steam generation and condensation in power 

and co-generation plants, sensible heating and cooling of 

viscous media in thermal processing of chemical, 

pharmaceutical and agricultural products, refrigerant 

evaporation and condensation in air conditioning and 

refrigeration gas flow heating in manufacturing and waste 

heat recovery air and liquid cooling of engine of electrical 

machine and electronic devices. improved heat exchange of 

standard practice can significantly improve the thermal 

efficiency in such application as well as the economically of 

their design and operation. Double pipe heat exchanger 

(DPHE) is one of the most simple and application heat 

exchanger. This kind of heat exchanger is widely used in 

chemical food oil and gas industries. Double pipe heat 

exchanger is having a relatively small diameter and it is easy 

to fabricate as compare to helical tube and   many more 

compact tube of heat exchanger. Commonly method used by 

the reaches to enhance the heat flow rate is active method, 

passive method and compound method and present work is 

based on passive method. In the present work experiment is 

carried out on plane double pipe heat exchanger and 

corrugated tube double pipe heat exchanger in which hot 

water is flowing though inner tube where cold water is 

flowing though the annulus and hot water to cold water heat 

exchange is taken in consideration. During the experiment 

cold water flow rate is kept constant at 45 LPH, where as 

hot water flow rate varies from 15 LPH to 75 LPH in all two 

cases........ 
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I. INTRODUCTION 

Heat exchanger is a device or equipment, which is use to 

transfer heat between two fluid which may be in direct 

contact or indirect contact. We find lots of applications of 

heat exchangers in our day today life. For example boilers, 

condensers, air coolers and cooling towers etc. Likewise, 

heat exchangers are used in automobiles sectors are in the 

form of radiators and oil coolers inside engines. Heat 

exchangers are also used widely in chemical sectors and 

process sectors for transmitting the heat between two fluids 

which are at a single or two states. 

A. According to Heat transfer Process 

1) Direct Contact Type Heat Exchanger: 

Direct contact type heat exchangers are that type heat 

exchanger in which two immiscible fluids are directly mixed 

with each other to transmit heat between two fluids. The 

efficiency of this type of heat exchanger is more as 

compared to other type heat exchangers. Cooling towers, jet 

condenser, de-super heaters, open feed water heater are 

examples. 

B. According to Constructional Features 

1) Tubular Heat Exchangers: 

In these type of Heat Exchangers tubes are positioned 

concentric to each other and two fluid flows in two tubes 

separated by wall. These are generally used in most of the 

engineering application. 

2) Shell and Tube Type Heat Exchanger: 

In these types of Heat Exchangers consists of shell and lots 

of parallel tubes. The heat transmission takes place when 

one fluid flow through the tube and other fluidflow outside 

the tube inside the shell of the exchanger this type of heat 

exchanger have large surface area to volume. Baffles plates 

are provided to enhance the turbulence hence increases the 

heat transfer rate. 

For improving the heat transfer rate fins are placed 

on the outer surface of the heat exchangers. These are 

generally use in gas to liquid type heat exchanger and fins 

are generally placed in gas side. These are use in gas 

turbines, automobiles, aeroplane, heat pump etc. 

C. Heat transfer enhancement 

Working for the goal of saving energies and to make 

compact the design for mechanical and chemical devices 

and plants, the enhancement of heat transfer is one of the 

key factors in design of heat exchangers.   

D. Heat Transfer Enhancement Method 

Generally heat transfer coefficient (overall heat transfer 

coefficient) depends on different parameters like orientation 

of heat exchanger, geometry of heat exchanger, properties of 

fluid flow, type of fluid flow like laminar and turbulent, 

material of tube etc. 

As it is seen that heat transfer in case of turbulent 

flow is always greater than the transfer of heat in laminar 

flow. Heat transfer rate can be increased by producing 

turbulence effect in fluid flow. Turbulence can be created by 

three ways.  

1) Active Methods: 

These techniques are more complex in use and design point 

of view as these methods require some external power input 

to cause the desired flow amendment and progress in rate of 

heat transfer. It has limited application because of the 

require of external power in many practical applications. In 

comparison with passive techniques, this technique has not 

shown much potential as it is difficult to give external power 

input in lots of cases. In these cases, external power is use to 

assist the desired flow amendment and the associated 

improvement in the rate of heat transfer 
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II. METHODOLOGY AND EXPERIMENTAL SETUP 

A. Experimental Methodology 

 Flow rates in the tube and in the shell were varied. The 

following Six levels were used: 15, 30, 45, 55, 75 LPH. 

All possible combinations of these flow rates in shell 

and the inside the tube were tested. 

 These were done for four heat exchangers “Straight 

steel tube, double pipe with and without twisted tape 

insert tube corrugated tube 550 helix angle with and 

without twisted tube tape insert in parallel and counter 

flow arrangement  

 The Temperature data used in the mathematical 

calculation was after the system had stabilized. The 

type-K thermocouples used for temperature value. All 

the thermocouples were constructed from the same 

thermocouple wire, and hence the repeatability of 

temperature value was high with temperature reading 

fluctuations within ±0.3 °C. 

 Water properties used at mean temperature of 450C. 

B. Straight Copper Tube, Straight Steel Tube and 

Corrugated steel Tube Heat Exchanger 

 The straight copper tube, steel tube heat exchanger is 

manufactured in heat & mass transfer lab and this 

experiment held at college lab. Straight copper tube and 

steel tube is the main part of the Practical setup of same 

length of 1.5 meter made by copper metal tube and steel 

metal tube of 10 mm inner diameter and 12 mm outer 

diameter of both tube.  

 The Practical set-up used for below investigation is 

demonstrated figure 4.1: (a) and (b) 

 The set-up consisted of the following components 

 

III. RESULT AND CONCLUSION 
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1. 15 45 54.1 40.5 24.6 30.5 

2. 30 45 54.9 43.8 24.6 31.6 

3. 45 45 55.5 45.8 24.6 32.8 

4. 60 45 56 47.3 24.6 33.9 

5. 75 45 56.4 48.6 24.6 35.3 
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Table 2: Calculation table 
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Graph 5.3: Comparative analysis of LMTD when cold water 

is constant at 45 LPH for Plane steel tube & 55’ corrugated 

steel tube without inserts and with 2.5” full length inserts in 

counter flow arrangement 

 
Graph 5.4: Comparative analysis of LMTD when cold water 

is constant at 45 LPH for Plane steel tube & 55’ corrugated 

steel tube without inserts and with 2.5” full length inserts in 

parallel flow arrangement 

 
Graph 5.5: Comparative analysis of Overall heat transfer 

Coefficient when cold water is constant at 45 LPH for Plane 

steel tube & 55’ corrugated steel tube without inserts and 

with 2.5” full length inserts in counter flow arrangement 

 
Graph 5.6: Comparative analysis of Overall heat transfer 

Coefficient when cold water is constant at 45 LPH for Plane 

steel tube & 55’ corrugated steel tube without inserts and 

with 2.5” full length inserts in parallel flow arrangement 

 
Graph 5.7: Comparative analysis of NTU when cold water is 

constant at 45 LPH for Plane steel tube & 55’ corrugated 

steel tube without inserts and with 2.5” full length inserts in 

counter flow arrangement 

 
Graph 5.8: Comparative analysis of NTU when cold water is 

constant at 45 LPH for Plane steel tube & 55’ corrugated 

steel tube without inserts and with 2.5” full length inserts in 

parallel flow arrangement 

 
Graph 5.9: Comparative analysis of heat transfer rate in cold 

fluid when cold water is constant at 45 LPH for Plane steel 

tube & 55’ corrugated steel tube without inserts and with 

2.5” full length inserts in counter flow arrangement 
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Graph 5.10: Comparative analysis of heat transfer rate in 

cold fluid when cold water is constant at 45 LPH for Plane 

steel tube & 55’ corrugated steel tube without inserts and 

with 2.5” full length inserts in parallel flow arrangement 

 

IV. CONCLUSION 

In this experiment analysis of double pipe heat exchanger 

(DPHE) was held in heat and mass transfer lab. Double pipe 

heat exchanger available in same diameter and same length 

in heat exchanger lab with experiment setup. The mass flow 

rate inside tube and outside tube were varied as well as 

parallel flow and counter flow arrangement. 

A. Conclusion and present study 

 It was observed the heat transfer rate increased with 

increased from volume flow rate of hot water in both the 

cases parallel and counter flow heat transfer rate in counter 

flow was greater than the heat flow rate in parallel flow. 

In both cases it was observed that the heat transfer 

rate with 2.5 inch pitch length insert in case of counter flow 

was greater than the other three arrangement and max value 

was observed in of corrugated tube with insert in counter 

flow arrangement and it 648.99 watt and it is 11.71% greater 

than the heat transfer rate in plane tube   without insert 

5.06% then the corrugated insert in 17% greater than the 

plane with insert. 

It means heat transfer rate on relative direction of 

fluid motion, variation in volume flow rate of hot fluid and 

pitch length of twisted tape. 

It was observed then the maximum value of 

effective was found in case of counter flow arrangement 

with 2.5  corrugated with insert and it was 0.652 and its is 

5.06% , 18.14% and 22.6% greater than greater maximum 

value of effectiveness in counter flow arrangement in case 

of plane tube with insert and corrugated with insert 

respectively. 

It was observed that the value of overall heat 

transfer coefficient increase in volume found in case of 

corrugated without  insert was 23 w/m k and it is 17% , 

17.58% and 22.42% greater than the maximum value in heat 

transfer corrugated with insert and pane tube with insert or 

without insert respectively. 

It was observer than the value of LMTD increased 

with increased in volume flow rate of hot fluid and 

maximum value of hot fluid and max value of LMTD was 

observed in case of corrugated with insert was 22.52c and it 

was 5.32%0.9% and 2.17% greater than the value found in 

corrugated with insert plane tube with insert or without 

insert inch respectively..... 


