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Abstract 

The heat transfer augmentation techniques are widely utilized in many applications in the heating 
process to enable reduction in weight and size or increase the performance of heat exchangers. These 
techniques are classified as active and passive techniques. The active technique required external power such 
as surface vibration and electric or acoustic fields, whereas the passive techniques required fluid additives, 
special surface geometries, or swirl/vortex flow devices, that is, twisted tape inserts. The passive techniques 
are advantageous compared with the active techniques because the swirl inserts manufacturing process is 
simple and can be easily employed in an existing heat exchanger. Moreover the passive techniques can play an 
important role in the heat transfer augmentation if a proper configuration of the insert is being selected 
depending on working conditions that have been reported in the literature. Due to advances in computer 
software, the Computational Fluid Dynamics (CFD) modeling technique was developed as a powerful and 
effective tool for more understanding the hydrodynamics of heat transfer when using twist tape inserts. 
Computational heat transfer flow modeling is one of the great challenges in the classical sciences. As with 
most problems in engineering, the interest in the heat transfer augmentation is increasing due to its extreme 
importance in various industrial applications. CFD modeling for the heat transfer augmentation in a circular 
tube fitted with and without rod helical tape inserts in turbulent flow conditions has been explained in this 
paper using ANSYS Fluent version 14.0. Numerical simulation analyses will be carried out to study thermal–
hydraulic characteristics of air flow inside a circular tube with different tube inserts. The flow rate of the tube 
is considered in a range of Reynolds number between 2300 and8800. The swirling flow devices consisting of: 
the full-length helical tape with or without centered-rod of a concentric tube heat exchanger.  Finally results 
will be compared to available experimental and analytical calculations. The data obtained by simulation are 
matching with the literature value for a plain tube with the discrepancy of less than plus or minus 5% for 
Nussult number and for the friction factor. Enhanced heat transfer with decreasing twist ratio has been 
observed. Heat flux is more uniform all along the tube and decreases uniformly towards the center. 

 
Keywords: Heat Transfer; Nussult No; Friction Factor; Pressure drop; CFD. 
 

1. INTRODUCTION 
Heat exchangers are used in different processes ranging from conversion, utilization & recovery of 

thermal energy in various industrial, commercial & domestic applications. Some common examples include 
steam generation & condensation in power & cogeneration plants; sensible heating & cooling in thermal 
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processing of chemical, pharmaceutical & agricultural products; fluid heating in manufacturing & waste heat 
recovery etc. Increase in Heat exchanger’s performance can lead to more economical design of heat exchanger 
which can help to make energy, material & cost savings related to a heat exchange process. 

The need to increase the thermal performance of heat exchangers, thereby effecting energy, material & 
cost savings have led to development & use of many techniques termed as Heat transfer augmentation. These 
techniques are also referred as Heat transfer Enhancement or Intensification. Augmentation techniques 
increase convective heat transfer by reducing the thermal resistance in a heat exchanger. Use of Heat transfer 
enhancement techniques lead to increase in heat transfer coefficient but at the cost of increase in pressure drop. 
So, while designing a heat exchanger using any of these techniques, analysis of heat transfer rate & pressure 
drop has to be done. Apart from this, issues like long term performance & detailed economic analysis of heat 
exchanger has to be studied. To achieve high heat transfer rate in an existing or new heat exchanger while 
taking care of the increased pumping power, several techniques have been proposed in recent years and are 
discussed in the following sections. 

Nowadays, twisted-tape inserts have widely been applied for enhancing the convective heat transfer in 
various industries, due to their effectiveness, low cost and easy setting up. Energy and material saving 
consideration, as well as economical, have led to the efforts to produce more efficient heat-exchanger 
equipment. Therefore, if the thermal energy is conserved, the economical handling of thermal energy through 
heat-exchanger will be possible.  

The development of high performance thermal systems has stimulated interest in methods to improve 
heat transfer. The goal of enhanced heat transfer is to encourage or accommodate high heat fluxes. The heat 
transfer techniques enables heat exchanger to operate at smaller velocity, but still achieve the same or even 
higher heat transfer coefficient. This means that a reduction of pressure drop, corresponding to less operating 
cost. Heat transfer augmentation techniques refer to different methods used to increase rate of heat transfer 
without affecting much the overall performance of the system. These techniques are used in heat exchangers. 
Some of the applications of heat exchangers are-in process industries, thermal  Power plants, air-conditioning 
equipment’s, refrigerators, radiators for space vehicles, automobiles etc. These techniques broadly are of three 
types viz. passive, active and compound techniques. 

 

 
Fig 1: Configuration sketches of various twisted tapes 

Twisted tapes-a type of passive heat transfer augmentation techniques have shown significantly good 
results in past studies. For experimental work, Reduced width twisted tapes, having width less than ID of 
inside tube (W/di=0.727)) are used as shown in Fig.1. Configuration sketches of various twisted tapes. 

1.1 Classification of Enhancement Techniques 
Heat transfer enhancement or augmentation techniques refer to the improvement of thermo hydraulic 
performance of heat exchangers. Existing enhancement techniques can be broadly classified into three 
different categories: 

1. Passive Techniques 
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2. Active Techniques 
3. Compound Techniques 

1.1.1 Passive Techniques  
These techniques generally use surface or geometrical modifications to the flow channel by 

incorporating inserts or additional devices. They promote higher heat transfer coefficients by disturbing or 
altering the existing flow behavior (except for extended surfaces) which also leads to increase in the pressure 
drop. In case of extended surfaces, effective heat transfer area on the side of the extended surface is increased. 
Passive techniques hold the advantage over the active techniques as they do not require any direct input of 
external power. Heat transfer augmentation by these techniques can be achieved by using: 
• Treated Surfaces: This technique involves using pits, cavities or scratches like alteration in the surfaces 

of the heat transfer area which may be continuous or discontinuous. They are primarily used for boiling 
and condensing duties. 

• Rough surfaces: These surface modifications particularly create the disturbance in the viscous sub-layer 
region. These techniques are applicable primarily in single phase turbulent flows. 

• Extended surfaces: Plain fins are one of the earliest types of extended surfaces used extensively in many 
heat exchangers. Finned surfaces have become very popular now days owing to their ability to disturb the 
flow field apart from increasing heat transfer area. 

• Displaced enhancement devices: These inserts are used primarily in confined forced convection. They 
improve heat transfer indirectly at the heat exchange surface by displacing the fluid from the heated or 
cooled surface of the duct with bulk fluid from the core flow. 

• Swirl flow devices: They produce swirl flow or secondary circulation on the axial flow in a channel. 
Helical twisted tape, twisted ducts & various forms of altered (tangential to axial direction) are common 
examples of swirl flow devices. They can be used for both single phase and two-phase flows. 

• Coiled tubes: In these devices secondary flows or vortices are generated due to curvature of the coils 
which promotes higher heat transfer coefficient in single phase flows and in most regions of boiling. This 
leads to relatively more compact heat exchangers. 

• Surface tension devices: These devices direct and improve the flow of liquid to boiling surfaces and from 
condensing surfaces. Examples include wicking or grooved surfaces. 

• Additives for liquids : This technique involves addition of solid particles, soluble trace additives and gas 
bubbles added to the liquids to reduce the drag resistance in case of single phase flows. In case of boiling 
systems, trace additives are added to reduce the surface tension of the liquids. 

1.1.2 Active Techniques 
These techniques are more complex from the use and design point of view as the method requires 

some external power input to cause the desired flow modification and improvement in the rate of heat transfer. 
It finds limited application because of the need of external power in many practical applications. In 
comparison to the passive techniques, these techniques have not shown much potential as it is difficult to 
provide external power input in many cases. Various active techniques are as follows 
• Mechanical Aids: Examples of the mechanical aids include rotating tube exchangers and scrapped surface 

heat and mass exchangers. These devices stir the fluid by mechanical means or by rotating the surface. 
• Surface vibration: They have been used primarily in single phase flows. A low or high frequency is 

applied to facilitate the surface vibrations which results in higher convective heat transfer coefficients. 
• Fluid vibration : Instead of applying vibrations to the surface, pulsations are created in the fluid itself. 

This kind of vibration enhancement technique is employed for single phase flows. 
• Electrostatic fields: Electrostatic field like electric or magnetic fields or a combination of the two from 

DC or AC sources is applied in heat exchanger systems which induces greater bulk mixing, force 
convection or electromagnetic pumping to enhance heat transfer. This technique is applicable in heat 
transfer process involving dielectric fluids. 

• Injection : In this technique, same or other fluid is injected into the main bulk fluid through a porous heat 
transfer interface or upstream of the heat transfer section. This technique is used for single phase heat 
transfer process. 

• Suction: This technique is used for both two phase heat transfer and single phase heat transfer process. 
Two phase nucleate boiling involves the vapour removal through a porous heated surface whereas in 
single phase flows fluid is withdrawn through the porous heated surface. 

1.1.3 Compound Techniques  
A compound augmentation technique is the one where more than one of the above mentioned techniques is used 

in combination with the purpose of further improving the thermo-hydraulic performance of a heat exchanger. 
1.3 Summary 

Efficient utilization, conversion and recovery of heat are the predominant engineering problems of the 
process industry. The subject of enhanced heat transfer has developed to the stage that it is of serious interest 
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for heat exchanger design. There are three different approaches to the enhancement of tube-side convective 
heat transfer, namely, inserted devices, internal fins and integral roughness. Insert devices involve various 
geometric forms that are inserted in a smooth, circular tube. Integral internal fins and roughness require 
deformation of the material on the inside surface of a long tube. The method of preference depends on two 
factors, the performance and initial cost.  

 
2. Literature Survey 

 
In most practical applications of enhancement techniques, the following performance objectives, 

along with a set of operating constraints and conditions, are usually considered for optimizing the use of a heat 
exchanger: 
1. Increase the heat duty of an existing heat exchanger without altering the pumping power (or pressure drop) 

or flow rate requirements. 
2. Reduce the approach temperature difference between the two heat-exchanging fluid streams for a specified 

heat load and size of exchanger. 
3. Reduce the size or heat transfer surface area requirements for a specified heat duty and pressure drop or 

pumping power.  
4. Reduce the process stream’s pumping power requirements for a given heat load and exchanger surface area.  
  It may be noted that objective 1 accounts for increase in heat transfer rate, objective 2 and 4 yield 

savings in operating (or energy) costs, and objective 3 leads to material savings and reduced capital costs. 
  The mechanisms for laminar heat transfer in horizontal tubes are complex as they can be forced, 
natural and mixed convection. The dominant mechanism depends on the conditions and physical properties of 
the fluid being heated or cooled. This is different to the conditions in turbulent flow, where the heat transfer 
mechanism is dominated by forced convection. (Holman (1992)). 

Natural convection is where density changes in the fluid caused by the heating or cooling process 
causes motion within the fluid. This is due to buoyancy forces; in cases where the fluid is heated it becomes 
less dense near the tube wall so it rises to the top of the tube which pushes the fluid that was there down 
through the center thus creating a recirculation inside the tube. Forced convection is where an external force is 
applied to the fluid to increase convection such as increasing the velocity of the fluid through the tube. Mixed 
convection describes a situation where the convection is a combination of the forced and natural convection 
mechanism. Therefore the fluid is forced through the tube at low enough velocities that the natural convection 
buoyancy forces still have an effect on the flow patterns inside the tube. Metais and Eckert (1964) have 
proposed the forced, mixed and free convection regimes in horizontal tubes. Due to the complexity of the heat 
transfer mechanism a variety of correlations to calculate the tube side heat transfer can be found in literature. 
The results of those differ considerably. In this paper the Nusselt number correlations by Sieder and Tate 
(1936) and Oliver (1962) for the laminar forced and mixed convection will be used to compare the results from 
the CFD and experimental empty tube results.  

Heat Transfer in the laminar flow regime can benefit from heat transfer enhancement devices, this 
paper will focus on three types of tube inserts, wire matrix (HITRAN), twisted tape and coils, generally known 
as passive heat transfer enhancement devices. (Webb and Kim (2005)) . 

 
Twisted tapes have been investigated in laminar flow by Duplessis and Kröger (1987). The flow 

patterns have been numerical investigated in the turbulent region using CFD by Eiamsa-ard et al (2012) and 
experimentally by Thianpong et al (2012). They found that twisted tape inserts enhance the heat transfer by 
increasing the swirl flow inside the tube. 

Comprehensive research of various Coil geometries in tube side flow has been carried out by García, 
et al (2007) and Solano et al (2012). They describe flow patterns that coil inserts create and investigated 
experimentally and numerically in the laminar and transitional regime the heat transfer and pressure drop 
characteristics. Coils enhance heat transfer by disrupting the boundary flow and by increasing swirl flow inside 
the tube.  

HITRAN is a wire matrix type insert manufactured by CALGAVIN who have experimentally 
investigated its heat transfer enhancement capabilities.  
CFD works by splitting a fluid domain (in this case a tube), into small cells creating a mesh. The computer 
program then solves the heat transfer and transport equations for each of the cell until it converges to a stable 
answerer. The advantage of using CFD is that the flow patterns inside the tube can be observed without having 
an effect on the result. 

S.K.Saha A.Dutta, (Versteeg and Malalasekera (2007)) [1] :experimentally studied the flow of servotherm 
oil in acrylic circular tube fitted with insulated stainless steel twisted tape insert. They studied the effect of 
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varying length and varying pitch twisted tape with different twist ratios on heat transfer rate and friction factor. 
The important outcomes were - Short length twisted tape reduces pumping losses but also reduces the heat 
transfer rate, and uniform pitch twisted tape gives maximum heat transfer rate. 
 
Watcharin Noothong et al. [2]: their aim to investigate the efficiency enhancement and to study the heat 
transfer and friction factor characteristics of heat exchanger. In the experimental study, concentric double tube 
Plexiglas material heat exchanger was used. Cold water as a annulus and hot air as an inner fluid used as a 
medium. In the inner tube Stainless steel tape with different twist ratios were inserted. They concluded the 
efficiency and Nusselt number increases with decreasing the twist ratio and friction factor increases with 
decreasing the twist ratio. The partitioning and blockage of the tube flow cross-section by the tape, resulting in 
higher flow velocities. Secondary fluid motion is generated by the tape twist, and the resulting twist mixing 
improves the convection heat transfer. 

Paisarn Naphon, [3]: in his experimental study he used hot and chilled water in horizontal copper double tube 
heat exchanger fitted with aluminum twisted tape inside. He studied effects of relevant parameters on heat 
transfer and pressure drop. It was concluded that the twisted tape insert has significant effect on enhancing heat 
transfer rate. However, the pressure drop also increases. Correlation for heat transfer coefficient and friction 
factor based on the experimental data is also presented. 

Smith Eiamsa-ard et al., [4]: their aim was to analyze heat transfer and flow friction characteristics in a 
copper tube double pipe counter flow heat exchanger, containing the stainless steel helical screw-tape with or 
without core-rod inside. Hot and chilled water used for experimentation. They concluded that helical screw-
tape insert has a significant effect on enhancing heat transfer rate and also considerable increase of friction. 
The heat transfer rate from using the helical screw-tape without core-rod is higher than that from the plain tube 
at around 340%. The heat transfer rate obtained by using the tape without core-rod is found to be better than 
that by one with core-rod around 25–60% while the friction is around 50% lower. 

Ashis K. Mazumder and Sujoy K. Saha, [5]: performs the experimental study in a square and rectangular 
acrylic ducts fitted with full and short length twisted tape. It was concluded that regularly spaced full length 
twisted tape performs better as compared to short length tape. 

2.1 Aim of the project 

To study the modeling and simulating thermal–hydraulic characteristics of air flow inside a circular 
tube with different tube inserts.  Two kinds of tube inserts, including (1) the full-length helical tape with a 
centered-rod, and (2) the full-length helical tape without a centered-rod with different inlet frontal velocity 
ranging from 2 to 8 m/s using the ANSYS-FLUENT CFD commercial software.  

 2.2 Objective and Scope of the work 

Objective of the present study is to: 

• Perform CFD Simulation of simple smooth pipe with different inlet frontal velocity ranging from 2 to 8 m/s 
compares the effects in terms Pressure drop, Nusselt number ,Friction factor and HTC values 

• Perform CFD Simulation of the full-length helical tape with or without a centered-rod, with different inlet frontal 
velocity ranging from 2 to 8 m/s compares the effects in terms Pressure drop, Friction factor  ,Nusselt number 
and HTC values. 

 

3.  CFD Modeling of Smooth and Helical Tube 
 
The arrangement of the CFD model of a concentric tube heat exchanger was set up and the details of 

test section are depicted in Figs  1(a,b and c) and  2. The double pipe heat exchanger consisted of two 
concentric tubes; the inner tube for hot air flow and the outer tube for water flow. The diameters of the inner 
and outer tubes were 19 and 40mm, respectively. The tubes were 2000mm long and 1mm thick. Copper and 
steel tubes were employed for the inner and outer tubes, respectively. 
The outer tube surface was wrapped with insulation to minimize heat loss to surroundings. Fig 1 (b and c) 
represented the helical tape insert used in this test. In the experiments, the geometric conditions of the helical 
tape inserted were kept constant. The helical tape was made of stainless steel and has the geometric dimensions 
of W = 17mm (0.95D), d = 5mm (0.26D), P = 18mm (0.95D), t = 1mm (0.05D, respectively as shown in Fig 1 
(b ,and c) In Fig 2, the helical tape insert and the twisted-tape insert generate the swirling flow in the circular 
tube and both of them possess the different characteristics of flow. For the helical tape, the swirling flow goes 
in single way direction (a screw motion), while the twisted-tape shows the swirling flow in two ways direction 
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simultaneously. Because of lower pressure drop, twisted tape insert is, in general, more popular than the helical 
tape despite higher heat transfer rate. However, at low values of Reynolds number the pressure drops for using 
both tapes are not much different. In a solar water heater system, helical tape insert can be well applied due to 
low Reynolds number in the system. This helical tape can help to promote higher heat transfer exchange rate 
than the use of twisted-tape because of shorter pitch length which leads to stronger swirling flow and long 
residence time 

Fig 1: Geometry under investigation: (a) Concentric Tube Heat Exchanger (b) Full-length helical tape 

without  a rod; (c) Full-length helical tape with a rod 

 

(a)                                                                                 (b) 

    

                                                                                          

 

(c) 

Geometric Model Dimension 
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Fig :2 Thickness of the helical insert is modeled as shell conduction 1mm thickness CFD Model Smooth 

Tube 

3.1 CFD Model Smooth Tube 

 

 

 

Fig 3: CFD Domain of smooth tube heat exchanger 

3.2 CFD Meshing Smooth Tube 

The whole computational domain has to be divided into small control volumes, called grid cells in 
order to solve the discretized transport equations. Constructing a computational grid is a constant tradeoff 
between accuracy and CPU-time; when a grid is coarse the systems that have to be solved are small which 
implies short-CPU times. The downside is that a coarse grid is unable to represent small velocity or pressure 
gradients in the flow field. A very fine grid will be more accurate but can take undesirably long CPU-times. 
An additional disadvantage of a fine grid is that Discretization gives a small round of error for every grid cell; 
more grid cells imply more round off errors 

The computational grid used in this thesis can be found in Fig. 4 to .5. The grid is created with the 
program “AMP”. This is a standard mesh-generator compatible with several CFD packages, including Fluent. 
The main advantages of this program are the automatic mesh generator and the extended options to adapt the 
model to user preferences. AMP defines the model, grid and all boundary types. 
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Fig 4: CFD meshing with details 

 

3.3 CFD Meshing Helical Tube 

Two different types of grid cells can be found in this model: tetrahedral with prism boundary layer 
grid in the cylinder outer region and structured grid in helical region. Structured grid consists of ordered 
boundary layer quadrilateral cells, which gives considerable computational advantages. Especially complex 
shapes are difficult to model with a structured grid. Therefore an unstructured grid with triangular cells is used 
at the cylinder outer region. 

The following four zones can be detected in figure 5 and figure 6 will be treated separately in this 
paragraph:  

 1. Boundary layer near the tube body 
 2. Helix with structured grid 

      

 

 
Fig 5: CFD Meshing of helical insert 

               
Fig 6:CFD Meshing of helical insert-Side View 
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Near the wall of the body the tangential velocities in the flow rapidly changes. This demands a careful 

description of the computational grid near the wall with a very fine grid normal to the wall. This refinement 
strongly influences the computed wall friction. In this zone it is chosen to use an unstructured grid with 
triangular cells. This makes it possible to have a grid refinement around the vessel outer zone and have a grid 
coarsening at the connection edges with the other zones. Unstructured grid is generated automatically when the 
nodes along the edges are defined; there is no demand to make sub-zones to get an identical number of grid 
nodes at opposite edges. The size of the cells in this zone is determined by the size of the cells adjacent at this 
zone, the boundary layer cells and refinement at the keel tip. At the tip it is generally recommended to have at 
least 3 cells. Away from the tip, adjacent cells should preferably have an area growth factor of maximum 1.3. 
This growth factor is also preferred with cells of adjacent zones.  

 

Fig 7: CFD Meshing of helical insert-Sectional View 

      

Fig 8: CFD Meshing of helical insert-without Rod 

 

 

 

Fig 9: CFD Meshing of helical insert-with Rod 
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3.4 Smooth tube Results 
Prior to the experiments using the dimpled tube combined with the twisted tape, the Nusselt number and the 

friction factor in a plain tube were calculated. The CFD data were, and then compared with the results given by the well-
known correlations under a similar condition, in order to evaluate the validity of the plain tub 

 

 

 

Fig 10: Pressure contours smooth tube velocity Re=2300 

Fig 10 shows the Pressure contours smooth tube velocity 2m/s. In these contours shows helical tube pressure 

drop 21Pa.  
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Fig 11: Total Pressure contours smooth tube Re=2300 

Fig 11 shows that Total Pressure contours smooth tube velocity 2m/s which include static. 

 

 

Fig12: Temperature contours smooth tube Re=2300 

Fig 12 shows that Temperature contours smooth tube with velocity 2m/s. In this contour shows the hot air 
temperature drop from 353K to 321.2K also cold water temperature increased from 300K to 301.77. 
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Fig 13: Velocity contours smooth tube velocity Re=2300 

Fig 13 shows the Velocity contours smooth tube velocity Re=2300, it shows the higher velocity in tube region 

due to air. 

 

Fig 14: Velocity vectors contours smooth tube velocity Re=2300 
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Fig15:  Velocity contours smooth tube velocity Re=2300 

3.6 Validation 
The comparisons for Nusselt number and friction factor obviously, the experimental data are in good 

agreement with existing correlations, which are Dittus–Boelter correlation. It is noted that the Nusselt number 
differs by up 5% from the Dittus– Boelter correlation. In addition, the experimental results of the present study 
are correlated with Nusselt number and friction factor as follows, 

f = 0.316 ������.�	     for Re ≤ 2 ×	10 
Nu =0.023 ����/	�����/�   for 2300 <Re < 1.25×10 

The Nusselt number (Nu) was calculated as follows: with the Bulk fluid properties are taken as an average 
between the inlet and outlet of the tube.  Eq(1) is used to Calculate Q, the duty of the tube (W), ṁ is mass flow 
(kg/s), A is tube surface area (m^2), Cp is specific heat capacity (J/kg oC) and ∆T (oC) is the temperature 
difference between the inlet and outlet of the tube.	 
 

� � m � Cp � ∆T           (1) 

 

    
Next hi, the overall heat transfer coefficient (W/m^2 K) of the tube is calculated using Eq(2). With ∆TLMTD, 
the log mean temperature difference given by Eq(3). For the wall temperatures the measured annulus inlet and 
outlet temperatures were used, this was possible since the annulus flow rates were very high with hardly any 
temperature change. 
 

hi=  
�

��∆���� !	       (2) 
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�∆"�#$�% � �"&'(( ) "*+,� ) �"&'(( ) "-.� /01�"&'(( ) "*+,�|�"&'(( ) "-.�34     (3) 

Finally Nu is calculated using Eq(4), D is tube diameter (m) and k is thermal conductivity (W/m K). 

 

56 � 78 � 9 :;  
(4) 

                                                                                

  

 
 

  
  
 

Table 1 :Analytical, Experimental and CFD Results for different Reynolds number 

Re Analytical  
Nu 

 

Experimental Nu CFD Nu Analytical 
Friction 
factor 

 

Experimental 
Friction factor 

CFD 
Friction 
factor 

 

2300 10.0726 8.8000 9.500 0.0456 0.0623 0.061 

4000 15.6816 14.875 17.186 0.0397 0.0382 0.051 

5500 20.2318 18.125 22.173 0.0366 0.0331 0.044 

7000 24.5371 22.500 26.891 0.0345 0.0314 0.036 

8800 29.4666 28.750 32.294 0.0326 0.0301 0.029 

 

Fig 16: Comparisons of CFD and experimental data and empirical correlations of the plain tube for 
Friction factor and Nu  
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Fig 16 shows comparison between the present experimental and analytical work. In the figures, the present 
work agrees well with the available correlations with ±10% Moody diagram for the friction factor and 15% in 
comparison with Dittus–Boelter for Nusselt number. 

4. Results and Discussions 
 

Fig 1: Comparisons between:(a) Nusselt number and Reynolds No  for the tube with full-length helical 
tape insert 

(b) The pressure drop and Reynolds number  for the tube with full-length helical tape insert      
 

   
(a)                                                                                         (b) 

 
                                                                                                           

Figure (a) shows the Effect of the full-length helical tape insert with and without a centered-rod Heat 
transfer: The effect of using the full-length helical tape with or without rod in a circular tube on heat transfer 
characteristic. It is found that the tube fitted with the tape gives higher heat transfer rate than the plain tube. 
The mean Nusselt number increased at about 165% when compared with those from correlations of Dittus–
Boelter. It can be attributed that the use of full-length helical tape insert can cause the swirl and pressure 
gradient in the radial direction. The boundary layer along the tube wall would be thinner with the increase of 
radial swirl and pressure resulting in more heat flow through the fluid. Furthermore, the swirl enhances the 
flow turbulence, which led to even better convection heat transfer. Thus, the higher Reynolds numbers the 
greater Nusselt number. 

In comparison between the full-length helical tape with and without a centered-rod, it can be seen that 
the tape with rod yields higher heat transfer rate than that without rod. This can be attributed to a flow mixing 
behavior between two streams from using the tape without rod: swirling flow around the tape and the axial 
flow along the tape core. This mixing gives rise to swirling flow weaker than that from using the tape with rod 
which has a swirling flow only. In general, the average heat transfer rate for employing the tape with rod is 
found to be 5–10% better than that for the tape without rod. The corresponding increase in mean Nusselt 
numbers in the heat exchanger is about 145% to 165% with and without rod, respectively. 

Pressure drop: The relationship between the pressure drop and Reynolds number for using the full-length 
helical tape with and without a centered-rod in a concentric tube heat exchanger is presented in Fig. (b) In the 
figure, it is worth noting that pressure drop from the full-length helical tape insert decreases at low Reynolds 
numbers due to weak swirling flow but increases substantially at higher values of Reynolds number. It can be 
seen that the trend of pressure losses is similar for both the axial flow (plain tube) and the swirl flow (helical 
tape inserts). 

The pressure loss for the tube with the tape is substantially higher than that for the plain tube because 
of a higher surface area and the dissipation of dynamic pressure of the fluid at high viscosity loss near the tube 
wall. Moreover, the pressure loss had high possibility to occur by the interaction of the pressure forces with 
inertial forces in the boundary layer. Also, the flow velocity is larger since the motion is not in an axial 
direction. 

It is obvious that the use of helical tape with rod gives higher pressure drop than that of the helical 
tape without a rod due to larger contact surface areas. Besides, the presence of helical tape with rod reduces 
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flow areas, resulting in a high speed rotating flow. This leads to the substantial pressure loss action of the fluid 
(hot air) between the rod surface and the inner tube wall higher than the case of the tape without rod. From the 
results of the tape without rod, pressure loss could be reduced around 30% in comparison with the full-length 
helical tape with rod. As compromise the use of the tape without rod for Reynolds number less than 4000 are 
appropriate as Nusselt number values remain nearly the same especially. 

5. Conclusion 

A CFD analysis has been conducted to investigate heat transfer enhancement by means of helical tape 
inserts in a double pipe heat exchanger using cold water and hot air as the test fluids. From the experimental 
results, it can be concluded as follows:  It is found that enhancing heat transfer with passive method using 
different types of helical tape construction in the inner tube of a concentric double pipe heat exchanger can 
improve the heat transfer rate efficiently. 

The maximum mean Nusselt number may be increased by 160% for the full-length helical tape with 
centered-rod, 150% for the full-length helical tape without rod in comparison with the plain tube. The increase 
in heat transfer and pressure drop can be explained by the swirling flow as a result of the secondary flows of 
the fluid. Visualization streamlines show the flow pattern of the flow through the helical tape in the tube. It 
was observed that there are strong swirling flows in the tube fitted with the helical tape. 
Future work may be extended to: 

• Compound enhancement techniques maybe applied i.e., the tape inserts can be coupled with 
coil wire inserts for better enhancement 

• Other reduced width twisted tapes along with variation in Reynolds numbers; and 
• Develop further correlations by considering lower Reynolds numbers 
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