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Abstract 
This paper performs a simulation study of the heat transfer phenomena in a 
tubular U-loop pipe. We have investigated the enhancement of heat transfer 
with mass flow in a pipe without insert, with full length and short length 
twisted tape inserts. The length of the pipe is approximately 2436.80 mm long 
with 29 mm inner and 33 mm outer diameter respectively. A constant heat 
flux is taken which generated the boundary layer of the pipe close to the flow-
ing fluid around the boundary. The simulations are considered for the statio-
nary and the time dependent module for 35 seconds with different length of 
inserts. The comparisons are made among the results. We observed that the 
transfer of heat is enhanced significantly with the increase of the length of in-
serts inside the computational domain. We also found that, full length twisted 
tape inserts are more effective than comparing with the short length inserts 
and without insert. 
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1. Introduction 

The enhancement of heat transfer is the method of developing the performance 
of heat transfer device. There exist two methods to improve the enhancement of 
heat transfer. One is active method and another is passive. Both of them are used 
for augmentation of laminar flow heat transfer [1] [2]. Till now, large number of 
attempts has been made to reduce the size and costs of the heat exchangers. The 
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heat transfer augmentation techniques play a vital role for laminar flow since the 
heat transfer coefficient is normally low in plain tubes [3] [4]. The swirl flow de-
vices form an important group of passive augmentation methods where twisted 
tape is one of the most important members of this group [5]. Pipes with twisted 
tape inserts have been widely used in heat transfer technology to the heat ex-
changer applications such as air-conditioning, refrigeration, automobiles, pe-
trochemical industries, solar water heaters, shell and tube heat exchangers, 
chemical reactors power plant, process industries etc. 

In the year 1896, Whitham studied about the twisted tape inserts in fire tubes 
of stream boilers and their effects in the flow dynamics and heat got an expected 
satisfactory result [6]. Kidd and Klepper, four decades ago, studied twisted tape 
and recommended that short length twisted tapes is more feasible for a gas 
cooled nuclear reactor compared with full length twisted tape [7] [8]. S. K. Saha 
and his research group investigated heat transfer and pressure drop phenome-
non for a laminar flow using twisted tape inserts and mentioned that regularly 
spaced twisted tape inserts shown better performance than full length twisted 
tape inserts for high Reynolds numbers [9]. Date and Gaintonde studied about 
the laminar flow in a tube using twisted tape regularly spaced inserts and pre-
dicting characteristics of flow dynamics [10]. P. Promvonge, S. Eiamsa-ard et al. 
in the year 2007, experimented in a heat transfer augmentation in a circular tube 
using V-nozzle turbulator inserts and snail entry getting a significant change of 
heat transfer rate. They suggested that the v-nozzle turbulator inserts gives better 
results than that of other turbulator devices [11]. In the year 2009, S. Eiamsa-ard 
et al. investigated on short length twisted tape inserts and showed that it en-
hances the heat transfer rate with respect to some parameters [12]. 

In the year 2009, Rahimi et al. reported computational and experimental in-
vestigation of the three modified twisted tapes (perforated, notched and jagged 
tape) and suggested that this jagged twisted tape gives higher thermal perfor-
mance comparing to the other two types [13]. In the year 2010, Eiamsa-ard et al. 
studied that the effects of non-uniform wire coil and twisted tape inserts is more 
suitable than other methods [14]. In the same year, they also suggested that Del-
ta Winglet Twisted (DWT) tape inserts is more effective than the other typical 
twisted tape insert and DWT reduces the size of the heat exchanger [15]. 
Chowdhuri et al. conducted by means of rod pin inserts and got some positive 
results with respect to keeping constant some parameters [16]. In the year 2012, 
A.W. Fan et al. reported on the numerical simulation in a circular tube fitted 
with louvered strip inserts and found that it is easy to fabricate and can be widely 
used in the heat transfer exchanger technology [17]. In the year 2013, Bodius Sa-
lam et al., experimentally investigated heat transfer in a circular tube using rec-
tangular cut twisted tape insert and increased the performance 38% to 80% 
compare to the smooth tube [18]. Recently, Sabbir et al., numerically showed 
that the non-isothermal laminar flow in a circular tube using rectangular inserts 
and found that it is better than that of smooth circular tube [19] [20]. In our very 
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recent paper, we have simulated a heat transfer model using rectangular inserts 
and increased the heat transfer rate than the plain tube [21].  

In the above discussion we have found that numerous studies are performed 
about the heat transfer enhancement through the circular tube with different 
geometrical configurations for laminar flow. However, none of the studies report 
about the heat transfer augmentation and pressure drop in the tubular pipe with 
different twisted tape inserts. A non-isothermal flow form is well selected for the 
simulation. The important effort to utilize different methods is to increase the heat 
transfer rate by using different kinds of inserts. In the intervening time, it is estab-
lished that, this way can diminish the manufacturing cost and save up the energy. 

In this paper, our main goal is to present the heat transfer phenomena in a 
circular pipe using inserts by the Finite Element Method. The Finite Element 
Method (FEM)-based software COMSOL Multiphysics 4.2a version is used for 
this numerical study [22]. The Finite Element Method gives the more accurate 
results comparing with the other conventional methods. The technique devel-
oped in heat transfer technology by using the FEM software has becomes popu-
lar in recent years. In the case of laminar flow heat transfer by conduction, con-
vection and molecular diffusion is important since there is no cross-mixing of 
fluids. A small amount of heat is transferred by the fluid in the laminar flow. In 
this simulation, we have observed a procedure of the heat transfer enhancement 
in a U-loop circular tube by using different twisted tape inserts inside the tube. 
The water is taken as fluid domain and the pipe domain is made of copper ma-
terial to rationalize this simulation. A constant heat flux is considered at the sur-
face of the tube. 

The rest of the paper is prepared as follows: In Section 2, mathematical model is 
presented while governing equations of heat transfer flow in Section 3; Boundary 
conditions for the domain is given in Section 4; Computational domain and the 
mesh design of the domain are presented in Section 5; In Section 6, numerical results 
for the heat transfer phenomena is shown followed by conclusion in Section 7.  

2. Mathematical Modeling 

The aim of this study is to get better performance of the enhancement of heat 
transfer in a tubular U-loop pipe using different twisted tape inserts. Our model 
has been conscious as the geometry forms across the flow which enhances the 
heat transfer. The purpose of using inserts in our model is to increase layer to 
layer friction and presence of the inserts promotes enhanced heat transfer due to 
mixing.  

3. Governing Equation 

In this model we consider the heat transfer phenomena from side to side a 
U-loop tubular pipe. Thus we have preferred the physics, as non-isothermal la-
minar flow. In this physics heat flows by conduction, convection via flowing 
fluid it can be referred as both transportation of heat and mass. The governing 
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equations which describe the flows are the Continuity equation and the Navi-
er-Stokes equations given below: 

( ) 0u
t
ρ

ρ
∂

+∇ ⋅ =
∂

                         (1) 

 
( ) [ ]u u u PI F

t
ρ ρ λ
∂

+ ⋅∇ = ∇ ⋅ − + +
∂

                 (2) 

It also solves the heat transfer through a fluid and governed by the following 
equation:  

( ) ( ) ( ):p
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t t t
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where, 

( )( )1
2

S u u T= ∇ + ∇                         (4) 

And Q contains heat source other than viscous heating (SI unit: W/m3). For 
obtaining the heat transfer term used Fourier law of heat conduction, the con-
vective heat flux; q is proportional to the temperature gradient. 

i
i

Tq K
x
∂

= −
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                           (5) 

where K is the thermal conductivity can be an isotropic and K becomes a tensor. 
The convective heat flux is given by  

i ij
j i
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The term : Sτ  represents viscous heating of a fluid can be written on the 

following form: 
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 represents a pressure work is responsible  

for the heating of a fluid under adiabatic compression and for some thermo 
acoustic effects. By using the Equations (3) and (4) we can find 
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If the velocity is to zero the equation becomes 

( )TC K T Qp t
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                      (7) 

Convective heat transfer coefficient is obtain from  
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where Tw and Tb are the wall and bulk temperature, where .
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Nusselt number is calculated by 
hDNu
k

=                             (9) 

D is the diameter of the tube. 
Thermal performance is calculated as  

s

p

h
h

η =                             (10) 

where η is the thermal performance and hs, hp and hf are the heat transfer for 
short length, plain tube and full length inserts heat transfer coefficient respec-
tively. 

4. Boundary Condition 

In the study, the boundary conditions are assumed an uniform velocity i.e. 
0.07 m secinu u= =  at the inlet, and the temperature of the fluid is  
293.15 KinT T= = , the no slip condition i.e. u = 0 at the inner wall of the tube 

and the laminar outflow at the outlet of the domain governed by the following 
equation: 

( )( )T , 0out t out t t out tL P I u u P n uµ ∇ − + ∇ + ∇ = − ∇ =  
           (11) 

5. Computational Domain and Meshes 

A design of computational domain without insert, with short length twisted tape 
inserts and full length twisted tape inserts are shown in Figures 1(a)-(e). In our 
simulation we have considered a typical U-loop circular tube whose length is 
2436.80 mm, inner diameter 29 mm, outer diameter 33 mm. To reach a satisfac-
tory computational exactness we continually change the mesh design until the 
outcomes obtained. The Mesh element becomes higher near the inserts positions 
have shown in Figures 2(a)-(c). A comparison of mesh design among different 
insert combinations has shown in the Table 1 and Table 2. The Table 3 showed 
the temperature variation of different mesh element while Table 4 showed the 
different parameter values of water in our simulation. As our domain length is 
large thus computer processor capacity becomes a significant issue for the com-
putational study. The finer mesh is used along the whole computational model 
for numerical simulation. We used 16 GB DDR3 RAM, Intel core i7 processor 
based computer for our simulation. 

6. Numerical Results and Discussions 

The main intention of our study is to ensure the enhancement of heat transfer 
phenomenon in a U-loop tubular pipe for a non-isothermal laminar flow. The 
total time taken for the simulation was 35 seconds in the time dependent study. 
For this investigation the tube thickness is neglected and the boundary condi-
tions for the tube are being measured a uniform heat flux adjoining the water 
domain layer. As we have only given attention on improving the heat transfer  
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Figure 1. The computational domain: (a) without insert; (b) with short length twisted 
tape insert; (c) short length twisted tape insert; (d) with full length twisted tape inserts; (e) 
full length twisted tape inserts. 
 
rate by considering the flowing fluid thus we ignored the flow heat in the solid 
tube. 

To realize the effect of inserts in to the heat transfer phenomenon, we carried 
out the simulations by varying the twisted tape inserts. The temperature distri-
butions plot for water domain with move view has shown in Figure 3(a). The 
legends with each figure characterize the temperature distributions of water at 
singular time positions of the computational domain. As higher heat flux is tak-
en at the boundary layer, hence we observed large change of the temperature at 
the outlet. We able to see almost uniform temperature distribution for without 
insert combination. However after using inserts non-uniform temperature dis-
tributions are observed which is shown in Figure 3(b) and Figure 3(c) respec-
tively.  
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Figure 2. The computational domain: (a) short length twisted tape insert; (b) cross-section of 
mesh design; (c) mesh design of domain with inserts. 
 
Table 1. Mesh elements comparison of a tubular U-loop pipe with different combination 
of inserts. 

Property name Without insert Short length inserts Full length inserts 

Tetrahedral elements 62,082 99,198 95,504 

Triangular elements 16,894 30,210 31,112 

Edge elements 1736 5244 5476 

Vertex elements 20 412 412 

Minimum element quality 0.2009 0.02766 0.04747 

Average element quality 0.7332 0.6779 0.6735 

Element volume ratio 0.06433 0.006154 0.006303 

Mesh volume mm3 1,553,000 1,470,000 1,458,000 

 
To investigate the results we put the initial temperature at the inlet 293.15 k. 

From our simulation we observed that the outlet temperature is 368.63 k for 
without insert, for the short length twisted tape inserts we found outlet temper-
ature is 496.01 k which is better than the without insert. Finally we observed for 
the full length inserts and found the outlet temperature is 502.47 k. We can con-
clude that, the full length inserts done better than the other two types of inserts.  
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Table 2. Extra fine Mesh elements comparison of a tubular U-loop pipe with different 
combination of inserts. 

Property name Without insert Short length inserts Full length inserts 

Tetrahedral elements 129,142 233,227 225,087 

Triangular elements 27,534 57,062 58,884 

Edge elements 2326 7252 7540 

Vertex elements 20 412 412 

Minimum element quality 0.1585 0.1152 0.7298 

Average element quality 0.7471 0.7308 0.7201 

Element volume ratio 0.0342 0.00342 0.005466 

Mesh volume mm3 1,562,000 1,480,000 1,468,000 

 
Table 3. Temperature comparison of a tubular U-loop pipe with different combination of 
inserts. 

 Without inserts 
Short length twisted 

inserts 
Full length twisted 

inserts 

Finer Mesh 
temperature 

368.63 496.01 502.47 

Extra fine Mesh 
temperature 

390.29 612 626.93 

 
Table 4. Parameters value for the simulation. 

Property name Symbol Water 

Density ρ  1000 [kg/m3] 

Thermal conductivity K 0.56 [W/(m·K)] 

Heat capacity Cp 4.2 [J/(kg·K)] 

Electrical conductivity σ  412 

Ratio of specific heat γ  1.0 

Dynamic viscosity µ  0.798 e−2 [Pa·s] 

 
Figures 3(a)-(c) describe the above temperature.  

In the position of 500 mm, The fluid temperatures are found the without in-
sert after 15 sec, 25 sec, 35 sec are 333.6 k, 348.45 k, and 357.43 k respectively. 
Again for the short length twisted tape inserts and full length twisted tape inserts 
temperature after 15 sec, 25 sec, and 35 sec are 403.14 k, 426.63 k, and 443.26 k, 
for short length twisted tape inserts 412.6 k, 440.38 k, and 458.44 k respectively 
for full length twisted tape inserts. It is very clear that, full length twisted tape 
inserts gives better heat transfer rate compare with the other design which are 
shown in the Figures 4(a)-(c) for without insert Figures 4(d)-(f) for short 
length twisted tape inserts and Figures 4(g)-(i) for full length twisted tape in-
serts respectively. Again, in the position of 500 mm, changing the mesh design  
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Figure 3. The computational domain of surface temperature of (a) without insert, (b) short length 
twisted tape inserts, and (c) full length twisted tape inserts. 

 
we found the temperatures for without insert after 15 sec, 25 sec, 35 sec are re-
spectively 344.92 k, 366.52 k, 379.52 k and for the short length twisted tape inserts 
and full length twisted tape inserts temperature after 15 sec, 25 sec, 35 sec are 
415.24 k, 474.08 k, 504.66 k for the short length twisted tape inserts 429.76 k, 
513.19 k, 539.68 k for the full length twisted tape inserts. This is shown in the 
Figures 5(a)-(c) for without insert Figures 5(d)-(f) for short length twisted tape 
inserts and Figures 5(g)-(i) for full length twisted tape inserts respectively. The 
Figure 6 represents the effect of Nusselt number due to the different form of in-
serts. We observed that full length inserts gives the higher Nusselt number com-
pare to the other two types of inserts. From Figure 7, we found that thermal 
performance above unity indicates that the effect of heat transfer enhancement 
due to the full length twisted inserts is more dominant than the short length 
twisted tape inserts. 

7. Conclusion 

A computational study of heat transfer phenomenon of a fluid flow through a 
tubular pipe with inserts and without insert for a non-isothermal laminar flow 
has been studied. A typical U-loop circular tube with inserts and without insert 
is considered for our simulation. The working fluid is considered as water in our 
study and the initial temperature is assumed at the inlet is 293.15 k. The total 
time taken for the simulation was 35 seconds in the time-dependent study. The 
temperature distributions at the inserts position have been described. In this in-
vestigation, we found that the tube with inserts enhanced significant amount of 
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heat than the without insert. Moreover, the full length twisted tape inserts gives 
the better results than the short length twisted tape inserts and without insert. 
 

 
Figure 4. Temperature variations of (a)-(c) without insert, (d)-(f) short length twisted tape inserts, and (g)-(i) full length twisted 
tape inserts. 
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Figure 5. Temperature variations of (a)-(c) without insert, (d)-(f) short length twisted tape inserts, and (g)-(i) full length twisted 
tape inserts. 
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Figure 6. Relation among different insert and Nusselt Number (Nu). 

 

 
Figure 7. Thermal performance of short length and full length twisted 
tape inserts. 
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