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Abstract: The heat transfer which having greater importance from industrial points of view particularly in process industries and one 

of the best application of heat transfer is heat exchanger like condenser, evaporator, boiler etc. Nowadays with need of more efficient 

thermal systems with high rate of heat transfer at faster rate and with compact in size is the major requirement of new heat exchanger 

and to overcome such difficult in the objective of present work is to fabricate pipe in pipe liquid-liquid twisted heat exchanger and 

results were compare with conventional straight tube heat exchanger. The K type thermocouples are used for measurement purpose and 

the experimental set up is fabricated from copper pipes and   copper sheets.  
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1. Introduction 
 

The heat exchanger is the best application of heat transfer 

and Heat exchangers are devices used to transfer heat 

between two or more fluid streams at different temperatures. 

A large number of production facilities in many industries 

use processes in which heat is transferred between different 

fluids. The basic principle of heat transfer is extremely 

simple, two fluids at different temperatures are placed in 

contact with a conductive barrier (the tube wall) and heat is 

transferred from the hotter fluid to the colder fluid until they 

reach the same temperature level. In industrial processes this 

is carried out in heat exchangers of various types and styles 

usually purpose built for the process and site conditions of 

the application. The driving force for heat transfer is the 

difference in temperature levels between the hot and cold 

fluids, the greater the difference the higher the rate at which 

the heat will flow between them. With complex processing 

sequences the designer must optimize the temperature levels 

at each stage to maximize the total rate of heat flow.  

 

2. Literature Review 
 

G. E. Kondhalkar et al [1] gives the performance analysis 

of spiral tube heat exchanger over the shell and tube type 

heat exchanger. P. Naphon [2] proposed that the heat 

exchanger consists of a shell and helically coiled tube unit 

with two different coil diameters. Ashish Agarwal et al [3] 

experimentally investigated the role of phase change 

material in case of shell and tube heat storage in case of 

solar dryer. Lavinia Gabriela et al [4] discussed about 

various thermal energy storage system and their significance 

in the thermal system. Syukri Himran et al [5] studied 

thermal energy storage in paraffin-wax using tube array on a 

shell and tube heat exchanger. Thirugnanam. C et al [6] 

studied about waste heat recovery using phase change 

material. In the present work concentric tube heat exchanger 

with phase change material has been used. Ganesh Patil et al 

[7] developed the phase change material-based heat 

exchanger using organic and inorganic material. Patel, 

Anand et al [8] [9] documents heat transfer measurement 

techniques and a heat spreader thermal performance with 

modification in geometry using CFD for analysis. Heat 

exchanger has many applications like desalination [10], 

helical flow [11], worked as microplate heat exchanger [12], 

biofuel related works [13-14], solar water heater [15-18], 

Solar air heater [19-20] and many more. 

 

The effort that was done in researching the twisted tube heat 

exchanger is shown in the current study. At long last, the 

paper has been updated to cover the subsequent work. 

 

3. Experimental set up 
 

 
Figure 1: Proposed Experimental model 

 

 
Plate 1: 4” Cylindrical pipe 

 

 
Plate 2: U band Pipe Joint 
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Plate 3: Straight Pipe 

 

 
Plate 4: Brazing of Straight Pipe    

 

 
Plate 5: Twisted Pipe Making Plate   

 

 
Plate 6: End Pipe Connection 

 
Plate 7: Assembly of Straight and Twisted Pipe 

 

 
Plate 8: Twisted PipeHeat Exchanger 

 

The experimental set up is fabricated in four stages: 

 

Stage1 

By using copper sheet of 0.9 mm thickness is rolled in 4” 

cylinder with length of 1m and two such cylinders are 

formed. 

 

Stage 2 

From the copper pipe of 0.9 mm thickness and 1 m in length  

and ½”  diameter using two such pipes  brazing with U band 

at two ends and connected with  60 mm long copper pie with 

U band for water in and out purpose. Similarly using 

specially design fixture to twist two straight pipes. 

 

Stage 3 

Assembly of twisted and straight  pipes are inserted in each 

cylinder and completed the two whole  heat exchanger units 

and outer surface of the cylinder is lagged with asbestos 

layer to avoid heat transfer to the surrounding. 

 

Stage 4 

Thermocouples at all four locations i.e. cold water inlet and 

outlet and hot water inlet and outlets are placed properly and 

water measuring flask with stop watch is used for flow 

measurement purpose. 

 

3.1 Experimental methodology 

 

In this work first of  all each heat exchanger  is properly 

placed and then through inner pipes of  ½”  diameter  hot 

water is allowed to flow and hot water can be obtained using 

heater and at inlet of inner pipe hot water temperature is 

measured using thermocouple similarly cold water is 

flowing through cylinder inlet and proper precaution  is 

taken to maintain flow rate of hot and cold water almost 
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same and at exit of cylinder and inner pipe cold water and 

hot water temperatures are measured, respectively. 

 

3. Result and Discussion 
 

Table 1: Observation Table 

Parallel Flow Twisted Pipe 

Hot Water Temperature 
0C 

Cold Water Temperature 
0C 

Tin Tout Tin Tout 

70 54.5 32.5 44.5 

55 47.9 33 41.4 

Counter  Flow Twisted Pipe 

Hot Water Temperature 
0C 

Cold Water Temperature 
0C 

Tin Tout Tin Tout 

70 53.7 33 43.7 

55 47.8 33.5 42.2 

    
Parallel Flow Straight Pipe 

Hot Water Temperature 
0C 

Cold Water Temperature 
0C 

Tin Tout Tin Tout 

69.8 62.7 31.4 36.5 

55 50.4 31.1 35.3 

Counter Flow Straight Pipe 

Hot Water Temperature 
0C 

Cold Water Temperature 
0C 

Tin Tout Tin Tout 

69.7 60.5 31.4 37.3 

55 46.5 32 37 

 

Table 2: Result Table (Effectiveness) 

Parallel flow Twisted Tube 

0.41 

0.32 

counter flow Twisted Tube 

0.44 

0.33 

Parallel Flow Strigh Tube 

0.18 

0.19 

Counter Flow Strigh Tube 

0.24 

0.37 

 

It is clearly observed from the experimentation work is that 

in case of parallel as well as counter flow in case of twisted 

tube heat exchanger the values of effectiveness are higher 

compare to straight tube heat exchanger may be because in 

case of twisted pipe more retention time is there which 

means hot water can remain in contact with cold water for 

longer period due to turbulence in flow and pressure drop 

too so better heat transfer may occur.  Additionally, by 

changing temperature of hot water it is not influencing the 

values of effectiveness. 

 

4. Conclusion 
 

The major outcome of this research work is that the twisted 

heat exchanger is gives better thermal performance as 

compare to straight tube heat exchanger and it is also 

compact in size but the manufacturing cost of twisted tube 

heat exchanger is higher than straight tube heat exchanger; 

also more pressure drop in twisted tube heat exchanger 

which enhances heat transfer but at the same time flow rate 

of fluid flowing through twisted pipe also severely affected.  

 

5. Future Scope 
 

The present work can be extend by changing the shape of 

tube into helical and serpentine and compare the results of 

all heat exchanger to establish the best suitable shape for 

heat exchanger form thermal performance point of view. 

 

References 
 

[1] G. E. Kondhalkar& V. N. Kapatkat, Performance 

Analysis of Spiral tube heat exchanger used in oil 

extraction system. International Journal of Modern 

Engineering Research, Volume.2, 2012. 

[2] PaisarnNaphon,Thermal performance and pressure 

drop of the helical-coil heat exchangers with and 

without helically crimped fins, International 

Communications in Heat and Mass TransferVolume 

34,  2007 

[3] AshishAgarwal, R.M. Sarviya, An experimental 

investigation of shell and tube latent heat storage for 

solar dryer using paraffin wax as heat storage material, 

Engineering Science and Technology, an International 

Journal 19, 2016 

[4] Lavinia Gabriela SOCACIU, Thermal Energy Storage 

with Phase Change Material, Leonardo Electronic 

Journal of Practices and Technologies, 2012 

[5] SyukriHimran, RustanTaraka, Anto Duma, An 

Analysis on Thermal Energy Storage inParaffin-Wax 

Using Tube Array on a Shell and Tube Heat 

Exchanger, International Journal of Mechanical, 

Aerospace, Industrial, Mechatronic and Manufacturing 

Engineering Volume 9, 2015 

[6] Thirugnanam.C, Marimuthu.P,  Experimental Analysis 

of Latent Heat Thermal Energy Storage using Paraffin 

Wax as Phase Change Material, International Journal 

of Engineering and Innovative Technology (IJEIT) 

Volume 3, 2013 

[7] Ganesh Patil, C.H.Bhosale, N.N.Shinde, 

M.M.Wagh,Analysis of Various Phase Change 

Materials and its Application for Solar Water Thermal 

Storage System, International Research Journal of 

Engineering and Technology (IRJET) Volume2 2015. 

[8] Patel, Anand et al."Techniques to Measure Convective 

Heat Transfer","International Journal of Engineering 

Science and Futuristic Technology" (2017). 

[9]  Patel, AK, & Zhao, W. "Heat Transfer Analysis of 

Graphite Foam Embedded Vapor Chamber for Cooling 

of Power Electronics in Electric Vehicles." 

Proceedings of the ASME 2017 Heat Transfer Summer 

Conference. Volume 1: Aerospace Heat Transfer; 

Computational Heat Transfer; Education; 

Environmental Heat Transfer; Fire and Combustion 

Systems; Gas Turbine Heat Transfer; Heat Transfer in 

Electronic Equipment; Heat Transfer in Energy 

Systems. Bellevue, Washington, USA. July 9–12, 

2017.V001T09A003. 

ASME. https://doi.org/10.1115/HT2017-4731. 

Paper ID: SR23524161312 DOI: 10.21275/SR23524161312 352 

http://www.sciencedirect.com/science/article/pii/S0735193306002119#!
http://www.sciencedirect.com/science/journal/07351933
http://www.sciencedirect.com/science/journal/07351933
http://www.sciencedirect.com/science/journal/07351933
http://www.sciencedirect.com/science/journal/07351933
http://www.sciencedirect.com/science/journal/07351933
https://doi.org/10.1115/HT2017-4731


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 12 Issue 6, June 2023 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[10] Elsheikh, A.H.; Panchal, H.N.; Sengottain, S.; A. 

Alsaleh, N.; Ahmadein, M. Applications of Heat 

Exchanger in Solar Desalination: Current Issues and 

Future Challenges. Water 2022, 14, 852. 

https://doi.org/10.3390/w14060852 

[11] Sonawane Chandrakant, Hitesh Panchal & Kishor 

Kumar Sadasivuni (2021) Numerical simulation of 

flow-through heat exchanger having helical flow 

passage using high order accurate solution dependent 

weighted least square based gradient calculations, 

Energy Sources, Part A: Recovery, Utilization, and 

Environmental Effects, DOI: 

10.1080/15567036.2021.1900457 

[12] NesakumarDharmakkan, Periasamy Manikandan 

Srinivasan, Suresh Muthusamy, Amit Jomde, Sonal 

Shamkuwar, Chandrakant Sonawane, Kamal Sharma, 

Ali Jawad Alrubaie, A.S. El Shafay, Hitesh Panchal,A 

case study on analyzing the performance of microplate 

heat exchanger using nanofluids at different flow rates 

and temperatures,Case Studies in Thermal 

Engineering,Volume 44,2023,102805. 

[13] Nikul K. Patel, Anand K. Patel, Ragesh G. Kapadia, 

Shailesh N. Shah, Comparative Study of Production 

and Performance of Bio-fuel Obtained from Different 

Non-edible Plant Oils, International Journal of Energy 

Engineering, Vol. 5 No. 3, 2015, pp. 41-47. doi: 

10.5923/j.ijee.20150503.01. 

[14] Nikul K Patel ,Padamanabhi S Nagar , Shailesh N 

Shah , Anand K Patel , Identification of Non-edible 

Seeds as Potential Feedstock for the Production and 

Application of Bio-diesel, Energy and Power, Vol. 3 

No. 4, 2013, pp. 67-78. doi: 10.5923/j.ep.20130304.05. 

[15] Anand Patel and Sadanand Namjoshi, “Phase change 

material based solar water heater,” International 

Journal of Engineering Science Invention., vol. 5, no. 

8, August 2016. 

[16] Patel A, Parmar H, Namjoshi S 2016 Comparative 

thermal performance studies of serpentine tube solar 

water heater with straight tube solar water heater. 

IOSR Journal of Mechanical and Civil Engineering 

(IOSR-JMCE) 13 79–83. 

[17] Anand Patel, Divyesh Patel, SadananadNamjoshi 

Thermal Performance Analysis of Helical Solar Water 

Heater, International Journal of Innovative Technology 

and Exploring Engineering (IJITEE) ISSN: 2278-3075, 

Volume-5 Issue-3, August 2015. 

[18] HD Chaudhary, SA Namjoshi, A Patel, Effect of Strip 

Insertion on Thermal Performance Evaluation in 

Evacuated Tube Solar Water Heater with Different 

Inner Tube Diameter REVISTA GEINTEC-GESTAO 

INOVACAO E TECNOLOGIAS, Volume 11, Issue 3, 

Page- 1842-1847 

[19] Anand Patel, Divyesh Patel, Sadanand Namjoshi - 

Thermal Performance Evaluation of Spiral Solar Air 

Heater - published at: "International Journal of 

Scientific and Research Publications (IJSRP), Volume 

5, Issue 9, September 2015 Edition" 

[20]  Patel, Anand et al."Thermal Performance Analysis of 

Fin Covered Solar Air Heater", "International Journal 

of Engineering Science and Futuristic Technology" 

(2017). 

 

 

Author Profile 
 

Anand Patel has completed his MS in Mechanical and 

Energy Engineering from University of North Texas 

with bachelor’s in mechanical engineering from 

LDRP-ITR. His area of research is renewable energy 

especially solar and biofuel. Overall, he has 15 

research articles in national and internationally recognized journal. 
 

 

 

 

 

Paper ID: SR23524161312 DOI: 10.21275/SR23524161312 353 

https://doi.org/10.3390/w14060852



