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ABSTRACT- Computational fluid dynamic 
(CFD) studies were carried out by using the 
ANSYS FLUENT 13.0 to find the effects of 
reduced width twisted tape (RWTT) insert on 
heat transfer, friction loss and thermal 
performance factor characteristics in a finned 
circular tube at constant wall temperature. 
Simulation was performed with Reynolds 
number in a range from 800 to 10,000 using 
water as a working fluid. Four turbulent models 
are examined such as a standard k-ϵ, RNG k-ϵ, 
standard k-ω and SST k-ω and those compared 
with standard twisted tape correlations 
developed by Manglik and Bergles. Finned 
circular tube with three different reduced width 
twisted tape inserts (RWTT) (of width 12, 14 and 
16 mm), of twist ratios (y = 2, 3, 4 and 5) were 
examined, based on constant flow rate. 

 
I. INTRODUCTION 

 
Effective utilization, conservation and recovery of 
heat are critical engineering problems faced by the 
process industry. The economic design and 
operation of process plants are often governed by the 
effective usage of heat. A majority of heat 
exchangers used in thermal power plants, chemical 
processing plants, air conditioning equipment, and 
refrigerators, petrochemical, biomedical and food 
processing plants serve to heat and cool different 
types of fluids. Both the mass and overall 
dimensions of heat exchangers employed are 
continuously increasing with the unit power and the 
volume of production. This involves huge 
investments annually for both operation and capital 
costs. Hence it is an urgent problem to reduce the 
overall dimension characteristics of heat 
exchangers. The need to optimize and conserve 
these expenditures has promoted the development of 
efficient heat exchangers. Different techniques are 
employed to enhance the heat transfer rates, which 
are generally referred to as heat transfer 
enhancement, augmentation or intensification 
technique. 
 
 
 
 

Twisted tape inserts 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. View of the twisted tape inside a plain tube 
 
To enhance the heat transfer rate, some kind of insert 
is placed in the flow passages and they also reduce 
the hydraulic diameter of the flow passages. Heat 
transfer enhancement in a tube flow is due to flow 
blockage, partitioning of the flow and secondary 
flow. Flow blockages increase the pressure drop and 
leads to viscous effects, because of a reduced free 
flow area [5] 
The selection of the twisted tape depends on 
performance and cost. The performance comparison 
for different tube inserts is a useful complement to 
the retrofit design of heat exchangers. The 
development of high performance thermal systems 
has stimulated interest in methods to improve heat 
transfer. 
 
 Geometry of the twisted tape 
A schematic diagram of a twisted tape insert inside 
a tube is shown in Fig.1.2. The enhancement is 
defined geometrically in terms of thickness of the 
tape δ and its twist ratio. The twist ratio (y) is 
defined as the axial length (H) for a 1800 turn of the 
tape divided by the internal diameter (d) of the tube. 
This is the most common definition used in research 
literature and that used here. 
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Fig. Diagram of a twisted tape insert inside a tube 

 
Terms used in twisted tape insert 
Pitch (H): Axial distance for 1800 rotation of the 
tape 
Twist Ratio (y): The twist ratio is defined as the 
ratio of pitch to inside diameter of the tube. 
 
Different types of twisted tape insert  

 
 

Fig. Different types of twisted tape insert  
 
Fluid flow in circular tubes 
Fluid flow in circular tubes has been a topic of 
continuing interest because of its applications in 
number of cases especially in the design of heat 
exchangers. Passive techniques of heat transfer 
augmentation can play an important role in the 
design of heat exchangers if a proper tube insert 
configuration can be selected according to the heat 
exchanger working conditions. For generality and 
simplicity, the present study will focus on a single 
tube instead of a multi tube heat exchanger as the 
results obtained by employing inserts inside a 
horizontal plain tube can be extended to a multi-tube 
heat exchanger with the similar type of inserts. 

. 
DESIGN OF INSIDE CIRCULAR FINNED 
TUBE WITH REDUCED WIDTH TIWSTED 
TAPE 
A numerical solution is carried out for plain tube 
with four longitudinal internal fins and Reduced 
width Twisted Tape (RWTT) inserts of twist ratio 
varying form 2-5.  Four longitudinal fins are placed 
inside the plain tube with equal spacing. Fin 
thickness is 1 mm and 2 mm height, length of the fin 
same as the circular tube. Thickness and height of 
the longitudinal fins are considered as constant 
values. The SST k–ω turbulence model was 
considered for finding the Nusselt number and 
friction factor.  
 
Table. Dimensions of twisted tape inserts in finned 
tube 

 
 
The area weighted average temperature and static 
pressure were noted at the inlet and outlet surfaces 
of the pipe. The friction factor and average heat 
transfer coefficients were calculated as follows. 

 
Standard equations used 
I. Heat transfer calculations 
i. Laminar flow, for Re < 2100 
Nu= f(Gz) 
For Gz <100, Hausen’s Equation is used. 

 
ii. Transition Zone: 
for 2100 < Re < 10000, Hausen’s Equation is used 

 
iii. Turbulent Zone 
Re > 10000 (Dittus - Boelter equation) 

 
Viscosity correction Factor, is assumed to be 1. 
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CFD INTRODUCTION 
Fluid (gas and liquid) flows are governed by partial 
differential equations (PDE) which represent 
conservation laws for the mass, momentum and 
energy. Computational Fluid Dynamics (CFD) is 
used to replace such PDE systems by a set of 
algebraic equations which can be solved using 
digital computers. The basic principle behind CFD 
modelling method is that the simulated flow region 
is divided into small cells. Differential equations of 
mass, momentum and energy balance are discretized 
and represented in terms of the variables at any 
predetermined position within or at the center of 
cell. These equations are solved iteratively until the 
solution reaches the desired accuracy (ANSYS 
FLUENT 13.0). CFD provides a qualitative 
prediction of fluid flows by means of 

1. Mathematical modelling (partial 
differential equations)  

 
2. Numerical methods (discretization and 

solution techniques)  
 

3. Software tools (solvers, pre- and post-
processing utilities)  

 
ANSYS FLUENT 13.0 Software 
 
FLUENT is one of the widely used CFD software 
package. ANSYS Fluent software contains the wide 
range of physical modelling capabilities which are 
needed to model flow, turbulence and heat transfer 
for industrial applications. Features of ANSYS 
FLUENT software are: 
 
Turbulence: ANSYS Fluent offers a number of 
turbulence models to study the effects of turbulence 
in a wide range of flow regimes. 
 
Mesh flexibility: ANSYS Fluent software provides 
mesh flexibility. It has the ability to solve flow 
problems using unstructured meshes. Mesh types 
that are supported in FLUENT includes triangular, 
quadrilateral, tetrahedral, hexahedral, pyramid, 
prism (wedge) and polyhedral. The techniques 
which are used to create polyhedral meshes save 

time due to its automatic nature. A polyhedral mesh 
contains fewer cells than the corresponding 
tetrahedral mesh. Hence convergence is faster in 
case of polyhedral mesh. 
 
Dynamic and Moving mesh: The user sets up the 
initial mesh and instructs the motion, while 
FLUENT software automatically changes the mesh 
to follow the motion instructed. 
 
Post-Processing and Data export: Users can post-
process their data in FLUENT software, creating 
among other things contours, path lines, and vectors 
to display the data. 
 

 

II. LITERATURE REVIEW 
 
R.J. Yadav and A.S. Padalkar was investigated 
onCFD Analysis for Heat Transfer Enhancement 
inside a Circular Tube with Half-Length Upstream 
and Half-Length Downstream Twisted Tape.CFD 
investigation was carried out to study the heat 
transfer enhancement characteristics of air flow 
inside a circular tube with a partially decaying and 
partly swirl flow. Four combinations of tube with 
twisted-tape inserts, the half-length upstream 
twisted-tape condition (HLUTT), the half-length 
downstream twisted-tape condition (HLDTT), the 
full-length twisted tape (FLTT), and the plain tube 
(PT) with three different twist parameters (, 0.27, 
and 0.38) have been investigated. 3D numerical 
simulation was performed for an analysis of heat 
transfer enhancement and fluid flow for turbulent 
regime. The results of CFD investigations of heat 
transfer and friction characteristics are presented for 
the FLTT, HLUTT, and the HLDTT in comparison 
with the PT case. The HLDTT gives greater heat 
transfer coefficient and pressure drop  among the 
four types. 
 
Raman Bedi and Kiran K was conducted 
experiment on Augmentation of Heat Transfer in a 
Shell and Tube Heat Exchanger using Twisted Tape 
with baffles and hi Train Wire Matrix Inserts. The  
work intended on utilizing twisted tape, twisted tape 
with baffles and hi train wire matrix inserts. 
Experimental investigation reveals that inserts 
efficiently disturb the tube side fluid flow, in turn, 
increases pressure drop which increases the fluid 
wall shear and hence enhances the substantial 
increase in tube side heat transfer rate. At lower 
Reynolds number twisted tape with baffles has 
comparatively higher heat transfer coefficient, and 
at higher Reynolds, number hi Train wire has 
comparatively higher heat transfer coefficient. 
Friction factor decreases linearly from twisted tape 
with baffles to hi Train wire matrix as Reynolds 
number increases. 
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P. Promvonge and S. Eiamsa-ard., they have 
experimentally investigated the heat transfer, 
friction factor and enhancement efficiency of 
circular tube fitted with conical ring tabulator and a 
twisted tape swirl generator. Air is used as a testing 
fluid for a Reynolds number range from 6000 to 
26000 maximum heat transfer rate of 367% is 
obtained by using the conical ring tabulators. They 
have also observed that the maximum heat transfer 
rate is obtained at lower twist ratio for all the given 
range of Reynolds number value, The average 
increase in heat transfer rate obtained by using  
the conical ring tabulator and twisted tape at twist 
ratio of 3.75 and 7.5 are 367% and  
350% over the plain tube. 
 

III. PROBLEM DEFINITION & 
SOLUTION METHODOLOGY 

 
PROBLEM DEFINITION 
The main problem in heat exchangers is heat transfer 
does not occur properly. Because of this 
effectiveness of heat exchanger decreases. So to 
enhance the heat transfer rate and friction factor in 
pipes which are used in heat exchangers twisted 
tapes will be used. 
    
 
METHODOLOGY 
 
 Designing of inside finned circular tube with 

reduced width twisted tapes using ANSYS 
Fluent 13.0 software based on accurate 
dimensions. 

 Computational Fluid Dynamics simulation of a 
finned horizontal tube fitted with twisted tape 
insert of different twist ratios and different tape 
widths. identify the geometry that provides the 
maximum heat transfer enhancement. 

 

 
 
 
 

IV. MODELING OF INSIDE CIRCULAR 
FINNED TUBE WITH REDUCED WIDTH 

TIWSTED TAPE 

 
Fig. Geometry of internal longitudinal finned tube 

with the twisted tape 

 
 

CHAPTER-V 
Water is selected as the working fluid which is 
assumed to be incompressible. The dynamic 
viscosity (µ), thermal conductivity (k), density (ρ) 
and specific heat at constant pressure (Cp) of water 
are given as  
µ = 1.003x10-3 kgm-1 s-1 
 k = 0.6 Wm-1 K-1 
ρ = 998.2 kg.m-3 and  
Cp = 4182 J. kg-1 K-1. 
Apply Conditions 
         A constant wall temperature is imposed on the 
tube wall. At the inlet velocity and temperature are 
specified. At the outlet, a pressure-outlet condition 
is used. On the surfaces of the tube wall and twisted 
tape, no slip conditions are applied. 
The geometry is meshed into smaller cells. The 

meshing method used is automatic .The geometry is 

meshed into 77,230 nodes and 3, 49, 806 elements. 

 

Fig. Meshing of the finned tube geometry 

The numerical analysis is made for finned tube with 

tapes width of w =12mm, 14mm and 16mm for the 

twist ratios, y=2, 3, 4, and 5 as detailed in Table.6.1. 

The Reynolds numbers used for the computation are 

referred to the inlet values which are set at 800, 

1200, 1600, 2000, 4000, 6000, 8000 and 10,000. The 

tube wall and inlet temperatures are kept constant at 

373 K and 298 K.  

 Table. Dimensions of twisted tape inserts in finned 

tube 
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PATHLINES  

Contour plots of pathlines through the tube with 

twisted tape insert(y=2) at Re = 2000, w ==12 mm, 

14 mm and 16 mm are displayed in Fig.6.3. It is 

clearly seen that the tape with width of 12 mm there 

is no effect on flow near the  wall. This may be 

because of its smaller width. 

 

 

Fig. pathlines at different tape widths at twist ratio 

(y=2) of Re = 2000, (a) w= 12 mm, (b) w = 14 mm, 

(c) w = 16 mm 

Heat transfer results  

 

 

 

Fig.. Contour plots of temperature field at different 

twist ratios for Re= 2000: (a) y= 2, (b) y=3, (c) 

y=4, (d) y= 5 

 

The effectiveness of heat transfer augmentation in 

terms of R1 (i.e. Nua/Nu0) in the finned tube with 

RWTT of various twist ratios (y=2, 3, 4 and 5) and 

tape widths (w= 12 mm, 14 mm and 16 mm). The 

effectiveness is represented by the ratio of the 

Nusselt number of the finned tube with twisted tape 

insert to that of the plain tube of the same mass flow 

rate, in terms of i.e. Nua/Nu0, as shown in graphs 

below. 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in laminar regime, twist ratio y=2(RWTT) 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in laminar regime, twist ratio y=3(RWTT)   
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Fig. Variation of Nua/Nu0 with Reynolds number 

in laminar regime, twist ratio y=4(RWTT) 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in laminar regime, twist ratio y=5(RWTT) 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in turbulent regime, twist ratio y=2(RWTT) 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in turbulent regime, twist ratio y=3(RWTT) 

 

Fig.Variation of Nua/Nu0 with Reynolds number in 

turbulent regime, twist ratio y=4(RWTT) 

 

Fig. Variation of Nua/Nu0 with Reynolds number 

in turbulent regime, twist ratio y=5(RWTT) 

Friction factor Results  

 The variation of the increase in friction factor 

(fa/f0) with Reynolds number for the finned tube 

with RWTT of different twist ratios (y=2, 3, 4, 5) 

and widths of the tapes (w =12 mm, 14 mm, 16 mm) 

are, shown in Fig. 6.12 -6.19. Friction factor 

increase with increase in width of the tape, as 

Reynolds number increase. The corresponding 

values are given in graphs 

 

Fig. Variation of fa/f0 with Reynolds number in 

laminar regime, twist ratio y=2(RWTT) 
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Fig. Variation of fa/f0 with Reynolds number in 

laminar regime, twist ratio y=3(RWTT)  

6 

 

Fig. Variation of fa/f0 with Reynolds number in 

laminar regime, twist ratio y=4(RWTT) 

 

Fig. Variation of fa/f0 with Reynolds number in 

laminar regime, twist ratio y=5(RWTT) 

 

Fig. Variation of fa/f0 with Reynolds number in 

turbulent regime, twist ratio y=2(RWTT) 

 

Fig. Variation of fa/f0 with Reynolds number in 

turbulent regime, twist ratio y=3(RWTT) 

 

 

Fig. Variation of fa/f0 with Reynolds number in 

turbulent regime, twist ratio y=4(RWTT) 

 

Fig. Variation of fa/f0 with Reynolds number in 

turbulent regime, twist ratio y=5 (RWTT) 

Thermal Performance factor (ƞ):  

 The Thermal Performance factor for different case 

are compared and shown in Fig.6.20 in laminar 

region Fig.6.21 is turbulent region and the related 

values are given in Table. A.10. In laminar region it 

is shows that the maximum value is 0.91 it means 

that there is no effect in this region. In turbulent 

region the thermal performance factor increase with 

Reynolds number increases corresponding tape 

widths of the, w = 12 mm, 14 mm, 16 mm. 
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Fig. Thermal performance factor for finned tube 

with twisted tape inserts in laminar regime, 

(RWTT) 

 

 

Fig. Thermal performance factor for finned tube 

with twisted tape inserts in turbulent regime, 

(RWTT) 

CHAPTER: VII 

RESULTS AND CONCLUSION 

It is shown that the twisted tape inserts for twist ratio 

(y=2) can enhance heat transfer rates up to 3.76 

times at Reynolds number 2000 with tape width of 

16 mm and increase in friction factors nearly 14 

times in comparison with those of the plain tube. 

Thermal performance factor (η) was found to 

initially increase with increase in Reynolds number 

then decrease in the laminar region and increase 

with increase Reynolds number in the turbulent 

region. The maximum value of the thermal 

performance factor was found to be 1.31 for Twisted 

tape (y=5) and tape width of 12 mm at a Reynolds 

number of 10000 
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