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Abstract— An experimental study of performance of heat 

exchanger, this setup is invented for the performance analysis 

of different types of DPHE arrangement and compares their 

results in plain tube heat exchanger and corrugated steel tube 

heat exchanger without and with the inserts. Sufficient data 

was generated by varying mass flow rate of hot water.    
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I. INTRODUCTION 

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

transfer heat from hot fluid to the cold fluid, these two fluid 

may be in direct contact or indirect contact inside the heat 

exchanger. Heat exchangers are used for both the purpose to 

takeout heat from a fluid and to supply heat to a fluid. We 

find lots of applications of heat exchangers in our day today 

life. Common examples of heat exchanger are boiler, 

condenser, super heater, economizer, automobile radiators. 

Heat exchangers are commonly used in a wide range of 

applications, power production plants. In a household and 

industries HVAC systems and chemical processing plants etc. 

II. METHODOLOGY 

The mass flow rates of hot fluid in the shell and in the tube 

were varied. Six levels were used: 15LPH, 30LPH, 45LPH, 

60LPH, 75LPH and 90 LPH. All these combinations of mass 

flow rates in plain steel tube and corrugated steel tube with or 

without inserts were tested. 

These were done for five heat exchangers “ plain 

tube, 55°corrugated tube, and 2.5", 4.5" and 6.5"  full length 

inserts”  in 55°corrugated tube heat exchanger with co-

current flow arrangement and counter flow arrangement. 

After the system had stabilized, the Temperature reading of 

hot water and cold water at inlet and exit were used in the 

calculation .We used type-K thermocouples for temperature 

measurement. All the thermocouples were used from the 

same company (thermocouple wire), and hence the 

repeatability of temperature reading was high with 

temperature reading fluctuations ±0.2 °C. 

Water used at mean temperature of 450Celsius.   

The rate of heat transfer by hot fluid is given by: 

Q = mh Cph(Thi − Tho)    … (1) 

The rate of heat transfer to cold fluid is given by: 

Q = mc Cpc(Tco − Tci)       … (2) 

Applying the energy balance to differential elements in hot 

and cold water. The rate of heat transfer 𝛿𝑄from hot water 

  δQ = −mh CphdTh   

And for cold water fluid 

  δQ = +mcCpcdThc   

The temperature difference of hot fluid is a negative 

quantity and negative sign is added to equation to make the 

heat transfer rate ‘𝑄’ a positive quantity. Let for differential 

surface area ‘𝑑𝐴’ the temperature difference ∆𝑇 between hot 

and cold fluid is expressed as; 

∆T = Th − Tc…   .  (3) 

In differential form: 

  d(∆T)=dTh − dTc 

LMTD METHOD:-In tubular heat exchanger, the 

temperature differences between the cold and hot fluid vary 

with the position in the heat exchanger therefore it is 

convenient to determine log mean temperature difference 

∆Tlm 
The total heat transfer rate between the hot and cold 

water can also be calculated by using overall heat transfer 

coefficient and surface area as: 

Q = UA∆Tlm  

Where,  ∆Tlm =
(∆T2−∆T1)

ln(
∆T2
∆T1

)
=  

(∆T1−∆T2)

ln(
∆T1
∆T2

)
  

 
Fig. 3.1: Temperature distribution for a parallel flow 
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Substitute the values of 𝑑𝑇ℎ&𝑑𝑇𝑐from equation (4) 

and (5) we get 

d(∆T) = −δQ (
1

mh Cph
+

1

mc Cpc
)…  ( 6 )  

The heat transfer t= rate across the differential 

surfaces area 𝑑𝐴 of heat exchanger can also be expressed as 

δQ = UA∆TdA 

Using 𝛿𝑄 in equation we get 

d(∆T) = −U∆TdA (
1

mh Cph
+

1

mc Cpc
) . .  ( 7 )  

Integrating equation from inlet to outlet condition of 

the heat exchanger.   



Experimental Study of Effect of Twisted Tape Inserts on Performance of Double Pipe Corrugated Tube Heat Exchanger 

 (IJSRD/Vol. 7/Issue 01/2019/099) 

 

 All rights reserved by www.ijsrd.com 384 

UBA
T

T




















1

2ln    … … .  ( 8 )  

Substituting values of𝑚ℎ, 𝐶𝑝ℎand𝑚𝑐, 𝐶𝑝𝑐 from 

above equation we get 

ln (
∆T2

∆T1
) = UA (

1

mh Cph
+

1

mc Cpc
)…  . ( 9 )  

Q=UA 

Comparing above expression with equation we get. 

The∆𝑇𝑙𝑚  iscalled the log mean temperature difference, which 

is suitable form of temperature difference for tubular heat 

exchanger. Where ∆𝑇1and ∆𝑇2 represent thetemperature 

difference between hot and cold water at two ends (inlet and 

outlet) of a heat exchanger. 

Using equation of the heat transfer rate in double 

pipe heat exchanger can be expressed as: 

Q = UA∆Tlm = UoAo∆Tlm  . . ( 1 0 )  

III. EXPERIMENTAL SETUP 

The experimental set-up consists of the following parts: 

1) Heater, 

2) Cold water source, 

3) Rotameter , 

4) AC power supply,  

5) 2.5" ,4.5"  and 6.5"  inserts 

6) Corrugated Tube 

7) Straight plain Steel Tube, 

8) Shell [G.I] 

9) Thermocouples.   

Hot water supply from heater flows into the steel 

tube where it gives up heat to cold water passing through 

shell. The supply and exit of cold water kept at top so shell 

should be full of water and inner tube should be completely 

in water. Rotameter controls the vol. flow of cold water at the 

inlet, this cold water then bring heat to drain. Flow of hot 

water was controlled at the exit point of inner tube. This set 

is arrange to get co-current flow arrangement. Four 

thermocouples were used to take the temperature readings at 

inlet and exit of hot and cold water supply respectively. 

Following fig. shows the experimental setup.   

IV. RESULTS AND DISCUSSION 

Here we calculate the data which is obtain from experimental 

study of DPHE with plain steel tube and corrugated tube, for 

calculating the values of “ LMTD, effectiveness, NTU ,Heat 

absorb by cold water and overall heat transfer coefficient,”  in 

co-counter flow and counter flow set up.         

A. Graph for Various Cases in DPHE 

Graph: 5A. Comparative study of effectiveness for Plain steel 

tube, 550 corrugated steel tube without inserts and 

550corrugated steel tube DPHE with 6.5", 4.5"& 2.5" full 

length inserts in counter flow arrangement.    

 
Graph: 5B. Comparative study of effectiveness 

when cold water is kept constant at 45 LPH for Plain steel 

tube, 550 corrugated steel tube without inserts and 6.5" , 4.5"  

& 2.5" full length inserts in 550  corrugated steel tube DPHE  

for Co-Current  flow arrangement. 

 
Graph: 5C. Comparative study of LMTD when cold 

water is kept constant at 45 LPH for Plain steel tube, 550 

corrugated steel tube without inserts and 2.5" ,4.5"  & 6.5"  

full length inserts in 550 corrugated steel tube for counter flow 

arrangement.  
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Graph: 5D. Comparative study of LMTD when cold 

water is kept constant at 45 LPH for Plain steel tube, 55° 

corrugated steel tube without inserts and 2.5" ,4.5" & 6.5"  

full length inserts in 55° corrugated steel tube DPHE for Co-

Current flow arrangement.  

 
Graph: 5E. Comparative study of Overall heat 

transfer Coefficient when cold water is kept constant at 45 

LPH for Plain steel tube, 550 corrugated steel tube without 

inserts and with 2.5", 4.5" & 6.5" full length inserts in 550 

corrugated steel tube DPHE for counter flow arrangement.  

 
Graph: 5F. Comparative study of Overall heat 

transfer Coefficient when cold water is kept constant at 45 

LPH for Plain steel tube,550 corrugated steel tube without 

inserts and 2.5" ,4.5"  & 6.5" full length inserts in 550 

corrugated steel tube DPHE for Co-Current flow 

arrangement. 

 

Graph: 5G. Comparative study of NTU when cold 

water is Kept constant at 45 LPH for Plain steel tube, 550 

corrugated steel tube without inserts and2.5", 4.5" & 6.5” 
full length inserts in 550 corrugated steel tube DPHE for 

counter flow arrangement. 

 
Graph: 5.H. Comparative study of NTU when cold 

water is Kept constant at 45 LPH for Plain steel tube, 550 

corrugated steel tube without inserts and 2.5" ,4.5"  & 6.5"   

full length inserts in 550 corrugated steel tube DPHE for Co-

Current flow arrangement.  

 
Graph: 5I. Comparative study of heat gain by cold 

fluid when cold water is kept constant at 45 LPH for Plain 

steel tube, 55° corrugated steel tube without inserts and 2.5" 

, 4.5"  & 6.5"  full length inserts  in 55° corrugated steel tube 

DPHE in counter flow arrangement.  
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Graph: 5J. Comparative study of heat transfer rate in 

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

Plain steel tube, 55° corrugated steel tube without inserts and 

2.5" , 4.5"  & 6.5"  full length inserts in 55° corrugated steel 

tube DPHE for Co-Current flow arrangement.  

 

V. CONCLUSION 

It observed the heat transfer rate between hot water and cold 

water increases with increase in flow rate of hot water in both 

the cases counter flow and co-current flow; transfer of heat 

was more in counter flow than the transfer of heat co-current 

flow setup. 

It was noted that the rate of transfer of heat with  550 

corrugated tube with 2.5"  full length insert in case of counter 

flow heat exchanger was greater than the other four type of 

DPHE and the best performance was obtain in 550  corrugated 

tube with 2.5"  full length insert and it was 649w  in counter 

flow setup. Which is 13.7%more than the rate of transfer of 

heat in plain tube heat exchanger without insert, i.e12.9% 

more than the 550 corrugated tube without insert, 4.03% more 

than corrugated tube with 4.5" twisted tape insert and 8.07% 

more than corrugated tube with 6.5" twisted tape insert.  

It means that heat transfer rate depends in flow rate 

of hot fluid, pitch of twisted tape inserted, and relative 

direction of flowing fluid. 

It was noted that twisted tape which gives highest 

value of effectiveness was obtain in case of counter flow 

setup with 2.5” full length insert in55° corrugated tube and it 

was 0.651 and it was 18%, 15%, 3.3% and 10.1% more than 

the highest value of effectiveness in counter flow setup in 

case of plain steel tube, 55° corrugated tube, 4.5" full length 

insert in 55°corrugated tube, and 6.5" full length insert in 

55°corrugated tube respectively.    

It was noted that the maxi. value of overall heat 

transfer coefficient increase with  flow rate of hot water, in 

case of  counter flow  heat exchanger with 2.5" full length  

insert was 538.18 and it was  18.3%, 14.96%, 5.18% ,and 

10.02%  more than the maximum value obtain  in plain steel 

tube, 550corrugated tube  , 4.5"  insert 55° corrugated tube 

and 6.5"  insert in 55° corrugated tube respectively 

It was noted that LMTD reading increases with 

increase in hot water flow rate and maximum value was 22.52 

at 75 LPH was in case counter flow arrangement with straight 

plain steel tube heat exchanger without insert. Under similar 

condition .and it is 2.18% ,3.2% ,4.2%,and 5.3% more  than 

the result obtain  in 550corrugated tube without insert,550 

corrugated tube heat exchanger with  6.5"  full length insert, 

550 corrugated tube with 4.5"full length insert, and 550 

corrugated tube heat exchanger  with 2.5" full length insert, 

respectively. 
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