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Abstract- 3-D numerical simulation is performed for heat transfer and fluid flow characteristics of the tubes fitted with 
twisted-tape inserts. The principle of heat transfer enhancement in the core flow of tube has been proposed to improve the 
temperature uniformity and reduce flow resistance. Twisted tape widths are 13mm have been investigate at low Reynolds 
number for different mass flow rates. The simulation results shows that the average overall heat transfer coefficient in circular 
plain tubes are enhanced with twisted tape of widths by as much as 90% at a constant tube-side temperature and the friction 
factor are enhanced. The twisted tape induced swirl flow heat transfer due to exponentially increasing heat inputs with various 
exponential periods and twisted tape induced pressure drop were systematically measured. 
 
Keywords- Twisted-tape, Laminar flow, Heat transfer enhancement, Low Reynolds number. 
  
 
I. INTRODUCTION 
 
Laminar flow is encountered in many industrial 
applications. In case of laminar flow, there is major 
thermal resistance in the bulk flow in addition to the 
dominant thermal resistance in the thin boundary 
layer adjacent to the flow. Twisted-tape inserts are, 
therefore, used to mix the gross flow effectively in 
laminar flow to reduce the thermal resistance in the 
core flow through the channel.  
 
Resistance to heat transfer from or to a fluid is mainly 
due to the slowly moving layers of fluid near the hot or 
cold wall, so as to enhance the heat transfer these 
layers should be disturbed or disturbed. In passive 
enhancement, to create this disturbance we provide 
some irregularities to the solid surface or wall.  
 
Transverse rib is made as integral surface to the duct 
wall. Farrel et al. Tested one fully-ribbed and two 
broken ribbed flat radiator tube. Olsson and Sunden 
tested two ribbed radiator tubes with airflow. The 
enhanced tubes showed higher friction factors than the 
smooth tube in both laminar and turbulent regions. 
Olsson and Sunden investigated the effect of rib 
configurations for the multiple V-ribbed channel.  
 
Initially, only full-length twisted-tape extending all 
over the length of the duct had been used. 
Subsequently, many variations of twisted tapes have 
been used to improve the thermohydraulic 
performance. Also, twisted tapes in combination with 
other enhancement techniques have been used. Saha 

and Dutta have observed that, for regularly spaced 
twisted-tape elements, thermohydraulic performance 
of twisted tapes with multiple twists in the tape 
module is not much different from that with single 
twist in the tape module.  
 
Twisted tapes with gradually decreasing pitch perform 
worse than their uniform-pitch counterparts.  
 
Patil has worked with varying width twisted-tape 
inserts for which both friction factor and Nusselt 
number are lower than those with full-width twisted 
tapes. Saha et al. and Date and Saha have introduced 
regularly spaced twisted-tape elements which are 
better than full-length twisted tapes under certain 
circumstances.  
 
Li et al. Have designed an optimal multi-layer spacer 
with optimal non-woven nets in the outer layers and 
twisted tapes in the middle layer. Helical screw-tape 
inserts behave the same way as the twisted tapes.  
 
Twin and triple twisted tapes are also effective 
enhancement devices. Dewan et al. Have reviewed the 
studies on twisted tapes.  
 
Hong et al. Have employed evenly spaced twisted 
tapes in a convergent-divergent tube. Jagged twisted 
tapes perform better than the classical twisted tapes. 
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Fig. 1 (a) Full length twisted tape and (b) regularly spaced 

twisted tubes. 
 
II. PHYSICAL MODEL 
 
The geometrical configurations of the twisted-tape 
inserts discussed in the present work are shown in Fig. 
2. The length of the tube is 2000 mm and the inner 
diameter of the tube is 100 mm, which are fixed in this 
research. The twisted-tape inserts are made by 
uniformly 1mm thickness and 90 mm width. The twist 
ratio Y is defined as the ratio of length of one full twist 
pitch to diameter of the twist, which is fixed in the 
present study. In this section, tubes fitted with 
twisted-tape inserts are mainly investigated, and the 
results are compared with that of the smooth tube with 
no twisted-tape.  

 

 
Fig. 2. The full length twisted-tape 

 
III. GOVERNING EQUATIONS AND 

BOUNDARY CONDITIONS 
 
The present work based on the assumption that the 
fluid flow and heat transfer processes are laminar and 
in steady-state, and the heat loss to the environment is 
neglected. Laminar models are available, and we used 
that.  
 

The solution for the laminar boundary layer on a flat 
pipe was obtained by Prandtl's student H. Blasius [15] 
in 1908. For two dimensional, steady, incompressible 
flow with zero pressure gradient, the governing 
equation of motion are; 

  

 

 
 
With boundary conditions, 
 
At y=0,   u=0, v=0 

At y= , u=U,  

 
Blasius reasoned that the velocity profile, u/U, should 
be similar for all values of x when plotted versus a non 
dimensional distance from the wall; the 
boundary-layer thickness, δ, was a natural choice for 
non dimensionalizing the distance from the wall. 
Thus the solution is of the form 

       

Where,  

Introducing the stream function, Ψ, where 

        

And,     

Satisfies the continuity equation above identically; 
substituting for u and v into the above equations 
reduces the equation to one in which Ψ is the single 
dependent variable. Defining a dimensionless stream 
function as 

 
makes f(η) the dependent variable and η the 
independent variable. With Ψ defined by above 
equation and η defined also in the above equations. 
 
The velocity component s are given by 

 

And,  

 

 
By differentiating the velocity components , it also can 
be shown that 
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And,          

 
IV. GRID GENERATION AND 

NUMERICAL METHOD 
 
The grid generations and numerical simulations are 
performed using commercial Ansys software package 
Gambit 2.2.30 and Fluent 6.3.26, respectively. Fig. 3 
presents the mesh generation of the computation 
domain using hybrid method of size function and 
boundary layer technique. Medium  grid are employed 
to generate mesh in the interior of tube and boundary 
layers, respectively. In all cases, the grid is finer close 
to the wall and the vicinity of the twisted tapes where 
the temperature and velocity gradients are large.  

 

 
 

 
Fig. 3. Grid generation of the duct and twisted-tape 

 
V. NUMERICAL SOLUTION OF LAMINAR 

HEAT TRANSFER 
 
Theoretical equations for laminar model in a circular 
tube of a100 mm in diameter and a 1000 mm long with 
the twisted-tape insert were numerically solved for 
heating of air The twisted-tape of width (w = 90 mm), 
thickness (T= 10 mm), total length (l = 2000 mm), 
pitch of 180◦rotation and twist ratio (y = 3) was The 
unsteady fundamental equations for laminar heat 
transfer are expressed in the three dimensional 
coordinate. The twisted-tape 3D geometry-data file 

was created by AutoCAD Design Engineering 
Software Tools. The control volume discretization 
equations were derived from these fundamental 
equations by using the hybrid scheme (Patankar, 
1980). The thermo-physical properties for each 
control volume are given as those at each 
volume-temperature. The procedure for the 
calculation of the flow field is the SIMPLEST 
algorithm which stands for semi-implicit method for 
pressure-linked equations (Patankar and Spalding, 
1972). 
 
The three-dimensional grid system is established 
using the commercial code ANSYS ICEM CFD 14.0 
(ANSYS, Inc.). The fluid domain is discretized with 
unstructured tetrahedral elements and in order to get 
more precise results, the inner regions especially close 
to the wall of the inserts are meshed into much finer 
cells due to the existence of narrow regions produced 
by the edges of the inserts. Mesh adaption is adopted to 
implement mesh refinement based on the gradients of 
pressure, velocity, temperature etc. in the whole 
domain, until the specified number of grid nodes is 
achieved. 
 
RESULTS AND DISCUSSION 
 
The variations of Nusselt number with duct axis for 
smooth duct and with twisted-tape are shown in Fig. 8. 
It is clear that the smooth tube without twisted tape 
inserts has the lower Nusselt number range than the 
twisted-tape with the duct. The residuals is also 
converge are shown in fig. 4. The streamline contours 
in the computational domain of the tubes at different 
Re are presented in Fig. 10. It is clearly seen that the 
twisted tape induces swirling flow; the streamline 
contour in the tubes they only have uniformly right 
twist inserts. However, there are significant changes 
in the streamline contour of the tube without twisted 
tape. The tube without twisted tape has the same 
streamline contour with the tube with the twisted tape 
before the upstream of the twist, since they have the 
same right twists, but the change occurs in the middle 
region of the tube due to the left twist.  

 

 
Fig. 4. Converge residuals 
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Fig. 5. streamline contours of the Twisted –tape 

 

 
Fig. 6. Temperature variation inside the duct 

 
The variations of temperature with duct axis for along 
with twisted tape shown in Fig. 6and Fig. 7. It is clear 
that the temperature is going on increasing along with 
the duct axis and it is expected. 

 

 
Fig. 7. Temperature profile along duct axis 

 
The variations of pressure with duct axis for along 
with twisted tape shown in Fig. 9. It is clear that the 
pressure is going on decrease along with the duct axis 
and it is expected. The more the pressure drop, more 
the mixing on fluid will occur. 

 
Fig. 8. Variation of Nusselt Number along duct axis 

 

 
Fig. 9. Pressure drop along duct axis 

 
CONCLUSION 
 
In this investigation, a numerical prediction has been 
conducted to study the heat transfer and flow 
characteristics of varying geometric parameters in 
laminar flow at low Reynolds number. Heat transfer 
enhancement characteristics of a tube fitted with 
twisted- is numerically studied and analyzed minimal 
entropy generation principle in the present paper. As 
the Reynolds number increases, the swirling 
disturbance generated by twisted-tape intensifies, thus 
causing higher temperature and velocity gradient near 
the tube wall. Therefore both the heat transfer 
coefficient and the friction factor increase. The 
contour plots of predicted velocity intensity and 
streamlines are presented for further understanding of 
the mechanism of compound heat transfer 
enhancement. It reveals that the mainly promote 
laminar intensity and heat transfer in the near wall 
zone. And it is also expected that the pressure drop 
will decrease along the duct axis. 
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