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ABSTRACT 

This work reports on CFD analysis carried out on a double pipe heat exchanger fitted with perforated tube 

inserts under fully turbulent flow regime. k-€ turbulence model along with enhanced wall functions was used to 

capture the near wall region effects. Mass flow rate and temperatures at the inlet of the test section were 

maintained as 0.1 kg/s and 333K. Mass flow rate of the cold fluid was varied from 0.05 kg/s to 0.25 kg/s. 

Temperature of the cold fluid was maintained as 303K at the inlet. Analysis was carried out to analyse the 

temperature, velocity, pressure and turbulence contours of double pipe heat exchanger fitted with perforated 

tubes and modified geometry perforated tubes. Data was generated for the same and the outcomes depict that 

there was a significant intensification in heat transfer with the insertion of perforated tube inserts and geometry 

modified tube inserts inside the tubes of the heat exchanger. 
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INTRODUCTION 

Return bend HE’s are one of the simplest type of HE’s. They are widely used because of this reason. There is a 

necessity in augmenting the rate of transfer of heat in these types of HE’s. There are lot of strategies for 

augmenting the rate of transport of heat. They are called as augmentation techniques. Augmentation techniques 

are the techniques which use basic principles of heat transfer to achieve augmentation in the heat transfer. 

Various techniques of augmentation are classified as active, which uses external power, passive, which doesn’t 

require any external source of power and compound, which are a combination of two active or passive 

strategies. Passive strategies utilize the simplicity of modifications in the geometry or cause obstruction to the 

flow and thus tend to intensify the heat transfer coefficient. Intensifying the turbulence is also one of the passive 

methods for enhancement in heat transfer. Compound methods are the combination of two or more passive 

methods or a combination of passive and active methods. Many researchers have carried out lot of work in this 

area and have proposed lot of passive techniques such as swirl flow devices like twisted tapes, wire coil inserts 

etc. Both numerical and experimental investigations were carried out by many researchers. Some of the 

numerical works carried out by the researchers using various passive techniques are presented here. Heat 

transfer in a HE increases when the fluid inside the tube flows with a turbulent flow. The flow inside the tubes 

becomes turbulent with the geometric shape of the HE’s tubes. This article aims in carrying out simulations to 

analyse the transfer of heat as well as flow behaviour of a return bend HE’s for the following three cases: 

classical tube, classical tube with perforated tube insert, classical tube with geometry modified perforated tube 

insert. Mehedi Tusar et al. [1] presented a 3D Study on conjugate heat as well as mass transfer using 

computational fluid dynamics (CFD) to analyse the influence of transfer of heat as well as flow performance of 

an insert having pertinent twist ratio. Analysis was conducted considering entry temperature of air flow at 300 K 
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and Reynolds number varying from 3000 to 22000 along a tube with condition of sustained wall heat flux. They 

found that there is an intensification in Nusselt number as well as friction factor by intensifying the Reynolds 

number. Siva Kumar et al. [2] investigated numerically on transfer of heat at numerous rates of flow using CFD 

simulations to assess the transfer of heat as well friction behaviour. They proposed tapes with triangular cuts on 

the periphery which yielded better rate of transfer of heat compared to the classical tapes. Krishna Varma et al. 

[3] reported about the numerical simulations on return bend HE’s fitted with twisted tapes of varying cross 

section cuts. They proposed that there is an intensification in transfer of heat with cuts of varying cross section.  

Sami et al. [4] proposed a baffle insert. They analysed the effect of baffle inserts on heat transfer as well as friction 

behaviour in a circular pipe under definite condition of heat flux under laminar flow regime using CFD. They 

concluded that with the rate of transfer of heat augmented with the decrease in the twist ratio. Azher et al. [5] 

analysed numerically the forced convective transfer of heat under definite wall condition across a lateral pipe 

fitted with twisted tapes. Water is utilized as an operating fluid. Realizable κ–ε model of turbulence is used in 

capturing the turbulence and to solve the governing equations. They proposed that the average Nusselt number 

as well as friction factor have advanced with the advancement in the twist ratio. Varma et al. [6] presented a 

CFD and RSM approach to optimize the process variables of a return pipe HE’s using various input parameters 

like mass flow rate(m), angle of cut (α) and radius of cut(r). Suvanjan et al. [7] simulated transfer of heat 

attributes in a pipe fitted with twisted tape swirl generator, which is distinctly inserted from the wall 

surface. The finding depicted that higher the angle of entrance, greater the heat transfer. Use of single twist 

twisted tape offers substantial improvement on transfer of heat as well as drop in pressure when 

distinguished with the classical twisted tapes. Nakhchi et al. [8] performed numerical examination to 

analyse the flow behaviour as well as hydraulic accomplishment of turbulent flow along a round pipe 

provided with twisted tapes of various shapes of cut. Findings depict that both transfer of heat as well as 

drop in pressure rely on the cut ratio. Double-cut twisted tapes have greater influence on temperature 

augmentation compared to single-cut twisted tape with the similar cut ratio. Reason for this is attributed to 

the greater intensity of turbulence and disturbance created by double-cuts in the twisted tapes. Sushama 

Garad et al. [9] investigated the performance of twisted tapes with square notch inside a pipe by circulating air 

at various twist ratios and Reynolds numbers. Nusselt numbers as well as friction factors were assessed and 

compared with the classical tube. Results depicted that the augmentation in transfer of heat is much higher than 

the classical tube. Agung et al. [10] conducted numerical simulations to assess the thermal hydraulic 

accomplishment of turbulent flow inside a tube inserted with a twisted tape with square cut. They proposed that 

there is an intensification in Nusselt number with the twisted tapes with square cut when distinguished with the 

classical tube. Further they also proposed that for the classical tapes, there is an augmentation in Nusselt number 

as well as friction factor is slightly lower than the classical tapes. Mazaher et al. [11] presented simulation 

studies of intensified transfer of heat as well as friction factor in laminar flow regimen by inserting short width 

as well as centre cleared twisted tapes comprising alternate axis and definitely spaced inside a pipe. With both 

the twisted tapes, there is an augmentation in the thermal transport phenomenon. But there is penalty in the form 

of growth in friction factor with both the twisted tapes. They also proposed that the closer the spacing, greater 

the disturbance in the flow. Agung et al. [12] investigated the accomplishments of thermal features in a tube 

fitted with delta-winglet twisted tapes. They considered k–ε renormalized group as a model of turbulence for 

solving the numerical equations in CFD and the entire flow is in the turbulent regime. They stated that these 

inserts accomplished the thermal performance factor when compared to the classical tube. Hassanien et al. [13] 

analysed the performance of a DPHE with tight-fit twisted tape of fuller in length of distinct twist ratios. 

Reynolds numbers ranged over a wide range for heavy fuel oil as the circulating fluid. They have obtained the 

optimum design using the simulations. Their results revealed that there is a substantial enhancement in Nusselt 

number as well as convective heat transfer compared to classical tube. Nakhchi and Esfahani [14] presented 

simulations with numerical model of cut twisted tapes with v shape. They considered the effects of different cut 

ratios on the turbulent behaviour and thermal accomplishment of the system over a wide range of Reynolds 

numbers. Considerable enhancement when compared to the classical tube is achieved with the double v cut 

twisted tapes. Ranjith and Shaji [15] discussed that twisted tapes are extensively utilized for augmenting transfer 

of heat in HE’s. They also stated that “twisted tapes enhance transfer of heat by generating swirl flow in the 

conduits. This enables adequate mixing in the fluid and intensifies the efficacious flow length of the conduit. In 

most of the cases, insertion of twisted tapes in DPHE’s have improved the heat transfer coefficient on both 

tube side as well as annulus side of HE. Auxiliary flows produced by the twisted tape, intensify the cross 

stream mixing of the fluids. Varma et al. [16] carried out numerical investigations in a DPHE to investigate 
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the influence of standard wall functions on capturing the boundary layer closer to the wall. From the 

literature, it was found that enhancement in heat exchangers was achieved using various passive techniques 

like swirl flow devices, springs etc. Perforations were provided in the twisted tapes and experiment and 

simulations were carried out. According to the basic principles of heat transfer, the cross flow provides 

better rate of heat transfer than compared to the counter or concurrent flow. This principle was rarely used 

in the enhancement of heat transfer within the tubes of the heat exchanger. In this work an attempt was 

made to use the cross flow of the fluid to enhance the rate of heat transfer inside the tubes of the double 

pipe heat exchanger. Also an attempt was made to analyse the effect of inclined and orthogonal 

perforations on the periphery of the circular tube inserted inside the tubes of the double pipe heat 

exchanger. 

PROBLEM DEFINITION 

This work aims to determine the heat transfer characteristics of a double pipe heat exchanger 

experimentally and analytically for the following three cases: Heat exchanger with plain tube, Plain tube 

with perforated tube insert, Plain tube with geometry modified perforated tube insert.  

NUMERICAL MODELS 

3d numerical models of return bend HE, perforated circular tube, geometrically modified perforated tube, DPHE 

positioned with perforated circular tube and DPHE fitted with geometrically modified perforated tube are 

developed using Solid works. Fig.1(a-b) depicts the numerical model of the DPHE and the DPHE fitted with 

perforated circular tube. Fig.2(a-b) depicts the numerical models of perforated circular tube and geometrically 

modified perforated circular tube. In the geometrically modified perforated tube, the perforations are provided at 

an angle of 45
0
 to the tube axis, where as in perforated circular tube, the holes are at 90

0
 to the tube axis. Details 

of the HE, length of the perforated circular tube are tabulated in Table 1. 

Table 1. Details of the DPHE 

S.NO Shell Tube 

1 Length =2.8m Length =5.6m 

2 Outer Diameter=0.063m Outer Diameter=0.019m 

3 Inner Diameter=0.06m Inner Diameter=0.017m 

4 Material= Mild steel Material = copper 

 

 

Figure 1. (a-b) Numerical model of DPHE and DPHE fitted with perforated circular tube 



Analysis of Effect of Concentric Perforated Tube Inserts on Augmenting Heat Transfer in a Return Bend Heat Exchanger 

 

4 
 

 

Figure 2. Numerical models of perforated circualar tube and geometrically modified perforated Circualar Tube 

Boundary Conditions 

There are two inner tubes inside the annulus. The material attributed to the tubes is copper. The outermost tube 

is of cast iron. The outer tube is wounded with rope (asbestos) in order to avoid heat losses to the environment. 

Water is utilized as the circulating fluid on both (cold as well as hot) sides. The outer shell is specified as 

adiabatic wall. Rate at which the mass flow of hot water at the inlet is specified as 0.1Kg/s.Mass flow of cold 

side flui is varied over 0.05 kg/s to 0.25 kg/s. cold as well as hot fluids temperatures at the inlet are defined as 

thermal boundary conditions and are stated as 303K for cold fluid and that of the hot fluid at the entry is defined 

as 333K. Automatic mesh method of generation is used for generating the mesh. Inorder to capture the heat 

transfer at the walls, advanced size function is utilized for mesh refinement. At the walls, no slip boundary 

condition is specifed. 

Numerical Method 

Reynolds number considered is over a range of 3000 to 30000. Hence, K-€ turbulence model along standard 

wall treatment and curvature correction is chosen to streamline curvature corrections. Solution method chosen is 

simple. Kinetic energy, pressure as well as momentum were set at second order. Numerical equations like mass, 

momentum as well as energy were solved using Ansys16.0.  Heat transfer from hot and cold fluids were 

determined from eqns. (1) and (2). Since there exists losses and other parameters like instrumentation errors, 

average heat transfer has to be considered. Average heat transfer of cold and hot fluids was determined using the 

eqn. (3). Inner heat transfer coefficient was determined using eqn. (4). Nusselt number in terms of inner heat 

transfer coeficient was determined using eqn. (5). Reynolds number was assessed using the eqn.(6). 

Heat transferred to the cold water in the test section, 

Qc = mc Cpc (Tco-Tci) (1) 

The heat transfer rate from the hot water in the annulus side 

Qh = mh cph (Thi-Tho) (2) 

For fluid flows in a U-tube heat exchanger, the average heat transfer rate is calculated from 

Qavg = (𝑄𝑐+𝑄ℎ)/2 (3) 

Inner heat transfer coefficient(ℎ𝑖) is calculated from 

Qavg = Ai*hi*∆TLMTD (4) 

The average Nusselt number based on the inner diameter of the tube, was then evaluated by 

Nu= (ℎ𝑖*𝑑𝑖)/K (5) 
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where k is the thermal conductivity of water at mean temperature 

The Reynolds number is based on the flow rate at the inlet of the tube 

Re = (V*𝑑𝑖)/𝜗 (6) 

where ϑ is the kinematic viscosity 

RESULTS AND DISCUSSIONS 

Temperature profiles for classical tube is plotted and is as shown in Fig.3. In the classical tube, the drop in 

temperature for hot fluid is from 333K to 321K. Temperature of the cold fluid has increased from 303K to 

312K. Fig.4 and 5 show the temperature contours for the classical tube fitted with circular pipe with perforations 

and the circular pipe with modified geometry perforations. Velocity contours are plotted for classical tube, 

classical tube fitted with perforated circular tube and modified geometry circular perforated tube. Fig. 6,7 and 8 

shows the velocity contours of the same. The velocity contours show that for the classical tube, there is not 

much variation in the velocity except at the bend since the constant rate of mass flow is maintained. With the 

insertion of the circular tube with the perforations, and with modified geometry circular tube perforations, there 

is a drop in the velocity. This augments the time of retention of the fluid which helps in augmenting the heat 

transfer. Since the tubes with perforations are inserted in only one tube, from the contours the variation in the 

velocity is clearly observed with that of the tube without insertions. Pressure contours are plotted for classical 

tube, classical tube fitted with circular tube with perforations, modified circular tube with perforations. Fig. 

8,9and 10 show the pressure distribution of the same. Pressure contours show that there is a drop in pressure 

from 194 Pa to 47 Pa. There is not much drop in pressure inside the tube. 

 

 

Figure 3. Temperature contours of classical tube 

 

Figure 4. Temperature contours of classical tube fitted with circular pipe having perforations 
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Figure 5. Temperature profiles of classical tube fitted with modified geometry circular pipe having Perforations 

 

 

Figure 6. Velocity Contours of classical tube 

 

Figure 7. Velocity profiles of classical tube fitted with circular tube having perforations 
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Figure 8. Velocity contours of classical tube fitted with modified geometry circular tube with Perforations 

Turbulence contours for classical tube, classical tube fitted with circular tube with perforations, modified 

geometry circular tube fitted with perforations were plotted. Fig.12,13 and 14 show the same. It is evident from 

the contours of classical tube that the there is no much turbulence created in the classical tube except at the 

entrance and at the bends. This will result in poor rate of heat transfer.  With the insertion of circular tube with 

perforations and modified geometry circular tube with perforations, because the cold fluid has to pass through 

the holes in the tube, the fluid travel in orthogonal direction to the flow direction and impinge on the tubes of the 

HE’s. This cross flow generation increases the rate of heat transfer. In modified geometry perforated circular 

tube, the holes are provided at 45
0
 angle. The flow which is coming out from the holes impinge on the tubes at 

45
0
. This creates turbulence inside the tubes of the HE’s. This effect is shown in the turbulence contours. When 

the fluid pass through the holes, back flow is also generated which creates swirl in the tubes of the HE’s. 

 

 

Figure 9. Pressure distribution for classical tube 
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Figure 10. Pressure distribution for classical tube fitted with circular tube with perforations 

 

Figure 11. Pressure distribution for classical tube fitted with geometry modified circular tube with Perforations 

 

 

Figure 12. Turbulence contours of classical tube 
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Figure 13. Turbulence contours of classical tube fitted with circular perforated tube 

 

Figure 14. Classical tube fitted with circular tube with modified perforation at 45
0
 angle 

Simulations were carried out under turbulent flow conditions in the range of Reynolds number of 3000 to 

30000. Nusselt number was determined using eqn. (5). Figure 15 shows the comparison of variation of Nusselt 

number of perforated tube inserts and geometrically modified perforated tube inserts with that of the plain tube. 

 

Figure 15. Comparison of Nusselt number variation with Reynolds Number 
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It shows that the geometrically modified tube insert offer higher Nusselt number compared to the perforated 

tube insert and the plain tube.  Geometrically modified tube insert offered 55.33% higher Nusselt number higher 

than the plain tube. Friction factor was determined using the eqn. (7). Fig.16 shows the comparison of friction 

factor of geometrically modified tube insert with that of the perforated tube insert and plain tube. Geometrically 

modified tube insert offered times higher than the plain tube. Perforated tube insert offered 0.4055 times higher 

the plain tube. 

 

Figure 16. Comparison of friction factors of various tube inserts with that of the plain tube 

FUTURE SCOPE AND SHORT COMINGS OF THE STUDY 

Future Scope 

 This work can be further extended with the help of different fluids other than water like ethylene, Nano 

fluids etc. 

 The shell can be equipped with baffles and inserts in the tubes for better heat transfer. 

 The angle of perforations can be varied other than 45
0
. 

Short Comings 

 Because of the perforations, there will be drop in pressure in the tubes of the heat exchanger, which 

results in the increase in friction factor. 

 In practice, the blockage of the tubes may cause hindrance for the enhancement of heat transfer. Hence, 

double distilled water is recommended for use. 

 Since perforations are provided on the tubes of the inserts, one side of the tube should be blocked to get 

the required heat transfer. Hence more rate of pumping of the working fluid is not possible. 

CONCLUSIONS 

CFD analysis is performed on a return pipe HE for different cases like classical tube, classical tube fitted with 

circular tube with perforations and modified geometry circular tube with perforations at an angle of 45
0
. 

Analysis was carried out to analyse the temperature, velocity, pressure and turbulence kinetic energy 

distribution inside the tubes of the double pipe HE’s. It is found that with the insertion of circular tube with 

perforations and modified circular tube with perforations, turbulence and back flow in the tube has increased. 

This is as a result of the cross flow produced by the perforation in the circular tube. Cross flow always gives a 

better rate of heat transfer when compared to parallel flow or counter flow. In this work, even though, the 

double pipe HE’s considered is of counter flow, because of the perforations provided in the circular tube, cross 

flow and inclined flow is being achieved inside the pipes of the HE. This leads to the intensification of transfer 

of heat in the DP HE’s. Thus the circular tube with perforations and modified geometry circular tube with 

perforations enhance the rate of transfer of heat. Thus we can conclude that the perforated tube inserts intensify 

the rate of heat transfer up to 55.33% compared to the plain tube. 
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