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Abstract— In many industries Heat Exchangers are used for 

the purpose of enhancing the heat transfer Co-efficient. It 

deals with different types of Fluids and also different 

conditions. This Research studies the heat transfer 

enhancement technique, to find out the some new technique 

for enhancement of heat transfer rate. The heat exchanger is 

an important component in many industries, to lower the 

energy consumption rate with increased heat transfer rate. In 

industry, the tube in tube heat exchangers are used as 

condensers, vaporizers, sub-coolers, heat recovery 

exchangers, crystallizers etc.Much work has been done on 

tube with fins, corrugated tube, insertion in tubes baffle 

arrangement and nano-fluid used, but the performance can 

also be increased by changing the tube geometry, which was 

designed to increase the performance of the heat exchanger. 

In this research work, a double tube heat exchanger of circular 

and hexagonal tube is modeled and numerical simulations as 

well as CFD simulation have been done to enhance the 

performance of heat exchanger. Analytical result of 

hexagonal tube heat Exchanger validate by the CFD results 

and found that 0.059% variation in temp, which is acceptable. 

Comparison of CFD simulation done for Double tube heat 

Exchanger of Circular and hexagonal tube have been done 

and found that the Hexagonal tube geometry is better heat 

transfer than existing circular double tube heat exchanger. 
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I. INTRODUCTION 

The energy conservation is one of the most vital issue in the 

coming futures, scientists and engineers are brainstorming to 

tackle this fore coming problems in the daily basis. a lot of 

research  work is being made to make the machines energy 

efficient. This work is also an effort to design a Heat 

exchanger which is energy efficient along with increasing the 

thermal efficiency.  

 Various types of heat exchangers are developed till 

date, which can be classified in the various types depending 

on the applications, such as: 

 Nature of Heat exchanger process 

1) Direct contact Heat exchanger 

2) Indirect contact Heat exchanger 

 Relative direction of fluid flow 

1) Parallel Flow or unidirectional Flow 

2) counter Flow 

 Cross Flow  

 Design and construction Futures 

1) Tubular heat Exchangers 

a) Double Tube Heat exchanger 

b) Shell and tube heat exchanger 

c) Coiled Tube Heat Exchanger 

2) Plate Heat exchangers 

a) Plate or Panel Coil Heat exchangers 

b) Plate and Frame heat exchangers 

c) Spiral Plate Heat exchanger 

d) Lamella Heat exchangers 

3) Oils coolers Extended Surface Exchangers 

4) Regenerative Heat exchangers 

 Physical State of fluids 

1) condensers 

2) Evaporators 

 Classification According to Phase of fluids 

1) Gas-Liquid Heat Exchanger 

2) Liquid-Liquid Heat Exchanger 

3) Gas-Gas Heat Exchanger 

 Lot of research work has been done in all the 

mentioned above classified heat exchanger and more efficient 

type is deduced. As it is hard to do research on the practical 

equipment so a computational Fluid dynamics (CFD) is 

developed to analyse the System or the component 

mathematically and analyse the working conditions, failure 

of the components and the effect of the loads that are applied 

on the system or the components in almost all the fields of the 

engineering. 

II. LITERATURE REVIEW: 

For the sake of better heat transfer rate different arrangements 

have been done in terms of shape, size, tubes, fins, baffle 

arrangements, corrugated tube, baffle plates etc., For example 

Jibin Johnson [1]et. al., had designed the heat exchanger, 

from where he got the optimum values of the inner pipe 

diameter, outer diameter , utility flow rate to be used for 

double pipe heat exchanger of given effective length.  

Whereas the Yang Xia [2]et. al., has performed experimental 

studies on shell and heat exchanger by enhancement of 

convection heat transfer by the electro hydrodynamics effect, 

which is the couple effect of the electric field, flow field and 

thermal effect. The convective heat transfer can be enhanced 

by applying high electric field. The performance of EHD 

enhanced is sensitive to the variation of flow rate, and in the 

same flow rate, there exist an optimized voltage in the EHD 

enhanced process rather than monotonic positive-correlation 

relationship.  

 Along with the above Mr. B. Vijayraghavan[3] used 

passive method to increase the heat transfer rate, in which he 

identified the dimples and its effect but numerically and 

experimentally he validated his finding of adverse effects of 

the dimples of various shapes and size, the model he used is 

of dimple depth 0.26 at the inline arrangement with counter 

flow and various pitches ranging from 300mm to 100 mm and 

different dimple shapes such as hemispherical, square, 
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triangular and elliptical. R. hoHosseiniet. al., [4] used the 

experimental setup of shaell and tube heat exchanger of oil 

cooler in power transformer, in which he calculated the 

nusselt number of three tubes type. L. J. Brognauxet. al., [5] 

experimentally studied the Friction characteristics for the 

single phase flow in single grooved and crossed grooved 

micro-fin tubes used for the tube side condensation and 

evaporation. in his study he determined the effect of the 

prandlt number in suface geometry. he found that the cross-

grooved tubes provide higher performance then single 

grooved. 

 Smith Eiamsaardet. al., [6] experimentally enhanced 

the heat transfer in the helical tapes inserted in a tube , that is 

used to generate the swirl flow, which increases the heat 

transfer rate of the tube for Reynolds number between 

2300and 8800. He concluded that space ratio value should be 

unity for Re< 400, the regularly spaced helical tape inserted 

at s=0.5 yields highest Nusselt number which is 50%above 

the plain tube. 

 C.Y. Zhao [7] studied the forced convection heat 

transfer characteristics in the high porosity open cell metal 

filled tube heat exchangers. The Brinkman-extended Darcy 

momentum model and two-equation heat transfer model for 

porous media was used for the analysis of the heat transfer 

performance. They were examined morphological effects of 

metal foams on overall heat transfer and predicted optimal 

foam-area ratio for a metal-foam filled counter- flow tube-in-

tube heat exchanger. The study found that the thermal 

performance of a metal- foam heat exchanger can be superior 

to that of conventional finned tube heatexchangers. 

III. METHODOLOGY: 

The modeling in numerical simulation and CFD simulation 

of circular tube double tube heat exchanger with is done for 

the performance analysis of double tube heat exchanger, 

compare with elliptical tube double tube heat exchanger. 

A. Preprocessing:  

Computational fluid dynamics study of the system starts with, 

building desired geometry and mesh for modeling the 

domain. Generally, geometry is simplified for the 

CFDstudies. 

 Heat exchanger geometry is built in the ANSYS 

workbench design module. Geometry is designed for both 

types of heat exchangers. 

 Geometry is Consist of 1756mm long and 2 mm 

thick two concentric copper tube which inner and outer 

diameter are 25.8 mm and 50.6 mm respectively for circular 

tube heat exchanger. Modelling of geometry is done in 

Design Modeller ANSYS Fluent 16, which is shown in 

figure. 

 
  

IV. RESULT AND ANALYSIS: 

Numerical simulation of Double tube head exchanger for 

calculation of Co-efficient of heat transfer rate, Nusselt 

Number and to decide the length of tube for Velocity flow 

rate of 0.1liter per second in both Fluids. 

Properties 

Properties of  

Hot Water at  

Tb1 = 83 oC 

Temp 

Properties of 

Cold  Water 

at  Tb2 = 30.89 
oC 

Density Kg/m3 ρh 9.70E+02 9.95E+02 

Dynamic 

Viscosity 

Kg/ms 

µh1 3.42E-04 7.84E-04 

Kinematic 

Viscosity 

m2/Sec 

ʋh1 3.53E-07 7.87E-07 

Specific Heat 

J.Kg/K 
Cph1 4.20E+03 4.18E+03 

Conductivity 

W/mK K 
Kh1 6.69E-01 6.16E-01 

Prandtl Number 

Pr 
Prh1 2.15E+00 5.31E+00 

Thermal 

Diffusivity 

m2/Sec Α 

Α 1.64E-07 1.48E-07 

Thermal 

Expansion 

Coefficient αV 

1/k 

αV1 6.64E-04 3.14E-04 

Flow Rate in hot Fluid = Qh1= 0.0001 m3/sec 

Diameter of inner pipe = di = 0.0258 meter 

Area of inner pipe = Ai = (π/4)×Di
2 

Study of Heat Exchanger 

Theoretical Analysis 

Pre-processing 

Meshing 

Apply Boundary Condition 

Post processing 

Conclusion 

Result and Discussion 

Problem Formulation 

Study of Literature 
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Ai = 0.0005225 m2 

Qh = Ai × Vh 

Vh = 0.1913 meter/sec 

Mass flow rate = mh= ρh1 × Ai × Vh= 0.096 Kg/sec 

Diameter of outer pipe = Do = 0.0506 meter 

Area of outer pipe Am= (π/4)×(Do
2-Dio

2)= 0.001312 m2 

Qc = AO × Vc 

Vc= 0.07617 meter/sec 

Mass flow rate = mc= ρc × Am × Vc= 0.09957Kg/sec 

The outlet temperatures of cold water streams (C) is 

calculated by steady state energy balance equation are 

following: 

QH = QC  

mHCP,H(THi-  THo)  = mCCP,C(TCo-  TCi) 

TCo = 34.78 oC 

Calculation for heat transfer coefficient of hot water flow in 

Inner pipe. 

Bulk mean temperature of hot water:Tb1= (Th in+ Tho)/2 

Tb1=830C 

Linear velocity of hot water:Wh= (mh×4)/(ρh×π×di
2) 

Wh = 0.189 meter/sec 

Reynolds number for hot water is calculated by, 

Reh = (ρh× Wh × di )/(µb1)=13870.51 

No. Particulars Symbols Value 

1 Hot water inlet temperature, oC THi 87 

2 Hot water outlet temperature, oC THo 79 

3 Cold water inlet temperature, oC TCi 27 

4 Thickness of each pipe, mm t 2 

5 Volumetric flow rate hot water, ltr/sec VH 0.125,0.1, 0.075, and 0.050 

6 Volumetric flow rate cold water, ltr/sec VC 0.125, 0.1, 0.075, and 0.050 

7 Specific heat of water, J/Kg K CpH 4.0764E+3 

8 Thermal conductivity of Copper W/mk Kcopper 387.5 

A. Results of Computational Fluid Dynamic Analysis: 

Double concentric copper tube heat exchanger is modelled 

and analysed. Its heat transfer rate at different flow rates in 

different tube geometry and compares the result. The 

Computational fluid dynamics analysis of heat exchanger is 

done on the Ansys 16 Fulent software. 

 In the both heat exchangers, hot and cold water is 

flowing in inner and outer tube respectively. 

S. 

No. 
Pipe 

Circular 

Tube 

Diameter 

Hexagonal 

tube 

Length                

(Thickness  2 

mm) 

1 Inner 25.8 mm 13.96 mm 1756 mm 

2 Outer 50.6 mm 27.92 mm 1756 mm 

The CFD analysis is done on Two Cases: 

1) For Same Flow Rate on bothFluid 

2) For Different Flow rate on both Fluid 

a) Cold Fluid Flow rate higher 

b) Hot Fluid Flow rate higher 

B. For Same Flow Rate on both Fluid 

S. No. Fluid 

Temperature 

Circular Tube Hexagonal Tube 

Initial Final Initial Final 

Case – 1: Flow rate of 0.1 lts/s 

1 Hot (Inner Pipe) 360 K 352.172 K 360 K 337.39 K 

2 Cold (Outer Pipe) 300 K 308.657K 300 K 312.353K 

Case –2: Flow rate of 0.075 lts/s 

1 Hot (Inner Pipe) 360 K 350.893 K 360 K 339.839 K 

2 Cold (Outer Pipe) 300 K 309.564K 300 K 318.948K 

Case –3: Flow rate of 0.050 lts/s 

1 Hot (Inner Pipe) 360 K 348.308K 360 K 341.479 K 

2 Cold (Outer Pipe) 300 K 312.191K 300 K 309.379K 

 

 
Heat transfer at 0.10 ltr/s in same flow rate of Inner tube. 
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Heat transfer at 0.10 ltr/s in same flow rate of outer tube. 

 
Heat transfer at 0.075 ltr/s in same flow rate of Inner tube 

 
Heat transfer at 0.075 ltr/s in same flow rate of outer tube 

 
Heat transfer at 0.050 ltr/s with same flow rate of inner tube 

 
Heat transfer at 0.050 ltr/s with same flow rate of outer tube 

C. For Different Flow rate on both Fluid 

 Cold Fluid Flow rate higher 

S. No. Fluid 

Temperature 

Circular Tube Hexagonal Tube 

Initial Final Initial Final 

Case –1: Flow rate of hot water at0.1 lts/s and cold water at 0.125 lts/s 

1 Hot (Inner Pipe) 360 K 351.527 K 360 K 341.111 K 
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2 Cold (Outer Pipe) 300 K 307.009K 300 K 310.722 K 

Case –2: Flow rate of hot water at0.075 lts/s and cold water at 0.1lts/s 

1 Hot (Inner Pipe) 360 K 350.529 K 360 K 328.271 K 

2 Cold (Outer Pipe) 300 K 307.72 300 K 307.298 K 

Case –3: Flow rate of hot water at0.05 lts/s and cold water at 0.075 lts/s 

1 Hot (Inner Pipe) 360 K 347.956 K 360 K 334.607 K 

2 Cold (Outer Pipe) 300 K 308.625K 300 K 318.008 K 

 

 
Heat transfer of hot water at 0.1 ltr/s with different flow in inner tube 

 
Heat transfer of cold water at 0.125 lts/s in different flow in outer tube 

 
Heat transfer of cold water at 0.125 ltr/s in inner tube 

 
Heat transfer of cold water at 0.125 ltr/s in outer tube 

 
Heat transfer of cold water at 0.125 ltr/s in inner tube 
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Heat transfer of cold water at 0.125 ltr/s in inner tube 

D. Hot Fluid Flow rate higher 

S. No. Fluid 

Temperature 

Circular Tube Hexagonal Tube 

Initial Final Initial Final 

Case –1: Flow rate of hot water at 0.125 lts/s and cold water at 0.1 lts/s 

1 Hot (Inner Pipe) 360 K 353.294 K 360 K 338.319 K 

2 Cold (Outer Pipe) 300 K 308.917K 300 K 313.725 K 

Case –2: Flow rate of hot water at0.1 lts/s and cold water at 0.075 lts/s 

1 Hot (Inner Pipe) 360 K 352.6 K 360 K 337.37 K 

2 Cold (Outer Pipe) 300 K 310.43K 300 K 314.546 K 

Case –3: Flow rate of hot water at0.075 lts/s and cold water 0.05lts/s 

1 Hot (Inner Pipe) 360 K 351.581 K 360 K 335.721 K 

2 Cold (Outer Pipe) 300 K 313.633 300 K 318.961 K 

 

 
Heat transfer of hot water at 0.125 ltr/s in inner tube 

 
Heat transfer of cold water at 0.1 ltr/s in outer tube 

 
Heat transfer of hot water at 0.1 ltr/s in inner tube 
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Heat transfer of cold water at 0.075 ltr/s in outer tube 

 
Heat transfer of hot waterat 0.075 ltr/s in inner tube 

 
Heat transfer of cold waterat 0.05 ltr/s in outer tube 

V. CONCLUSION: 

In this project work, double tube heat exchanger is modeled 

and both numerical and computational fluid dynamics 

analysis is done to enhance of heat transfer rate. The double 

tube heat exchanger were modeled and analyzed to calculate 

heat transfer rate for various tube geometry at various 

different flow rate of water in Ansys 16. At 0.10 ltr/s flow 

rate, length of tube is calculated and found compact size 1756 

mm length. For computational fluid dynamics analysis, 1756 

mm length of tube was used and analysis was done for all 

three 0.050, 0.75 and 0.10 ltr/s. In previous chapter, numerical 

simulation for 0.1 ltr/s flow rate for circular tube DTHE is 

done. The numerical simulation result is compare with CFD 

simulation and found that 0.059% variation in temp., which 

is acceptable. The heat exchanger for circular and Hexagonal 

tube were modeled and CFD simulation has been done and 

result found that maximum heat transfer rate provide at 

0.05ltr/s. The following are the conclusion for this work: 

1) Hexagonal tube double tube heat Exchanger (HTDTHE) 

provides the better performance compare to Circular tube 

Double tube heat Exchanger (CTDTHE).  

2) For Same flow rate, low velocity flow rate (0.05ltr/s) 

provide the best heat transfer rate compare to CTDTHE. 

With increase in Percentage of heat transferred more of 

about 7% than that of Circular Tube. 

3) For Different flow rate, low velocity flow rate (0.05ltr/s) 

provide the best heat transfer rate compare to CTDTHE. 

With increase in Percentage of heat transferred more of 

about 35% than that of Circular Tube.  

4) Future Scope: 

5) Present work shows that the heat transfer rate of 

Hexagonal tube is better than circular tube heat 

exchanger. We can be fabricated and experimental 

investigation can be done on fabricated model and verify 

the results with CFD simulation results. One more option 

to go ahead this research work by using different material 

can be select for the tubes of double tube heat exchanger. 
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