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Abstract - In this work CFD analysis on convective 
heat transfer carried out in a plain circular tube(OD=38mm, 
ID=28mm) and with external threads of distinct pitches (5mm, 
10mm) on the tube and results were compared. Air is used as 
working fluid and Reynolds number between 7000 to15000 is 
assumed for the analysis. For convective heat transfer analysis 
of circular pipe three models were designed those are Model 
1(plain pipe), Model 2(5mm pitch thread) and Model 3(10mm 
pitch thread). For highest Reynolds number (Re = 15000) it is 
observed that there is increase in the rate of heat transfer, 
pressure drop and kinetic turbulence energy for all the models. 
It is found that 10% improvement in the heat transfer rate for 
hot air using 10mm pitch threads in the pipe. Turbulence in 
the pipe found to be higher for the threaded pipe configuration 
as compared to plain pipe. Performance of tube is enhanced by 
using external threads. 
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1. INTRODUCTION  

Heat is the form of energy transferred from one body to 
another body by virtue of  temperature difference. Heat 
transfer is the flux and temperature difference is the force. 
Thermal energy is based on the temperature difference, for 
any material maximum temperature higher the thermal 
energy occurs. Always heat is transferred from hotter body 
to colder body. There are threemodesofheattransfer 
:Conduction,Convection,Radiation      

Pradip Ramdas Bodade et.al. [1]   he conducted the 
experiment on   heat transfer and friction factor 
enhancement characteristics in a horizontal circular duct  
having  internal threads with pitch of 0.5 cm and 1 cm, range 
of Reynolds number is1 7,000 to30,000 with air as test fluid. 
plain tube and tube with internal threads pitch of  0.5 cm and 
1 cm. After the experimental data obtained compared with 
plain horizontal circular tube ,The result of this experiment 
is rate of heat transfer with internal threads is increases 
compared to without internal threads  and also increases 
Reynolds number . He concluded finally  that lower the pitch 
of internal threads higher  the heat transfer rate but 
maximum  frictional losses will occur.  

Dr. Rajeshkumar U. Sambhe.  et.al [2] he noticed that the heat 
transfer and friction factor characteristics of  circular tube by 
with the  help of internal threads   at a  pitch of 100mm, 
120mm and 160mm .for this experiment the range of  
Reynolds number 7,000 to 14,000 and air act as a the test  
fluid. Results or data obtained from experiment compared 
with pain circular tube. The same pumping power 
consumption, for turbulent flow  tube  with internal threads 
acts  a highest performance factor. He lastly concluded 
increase in depth heat transfer and friction factor  also 
increases.  
 
Ajit patil. et.al [3] he was done the experiment by using 
different type of internal threads   and at a constant pitch of 
3mm V-threaded, Sq-threaded and U-threaded tubes to in a 
forced convection investigates the fin configuration effect  on 
heat transfer agumentation and pressure drop  .he conduct 
the experiments at a different input  power ,mass flow rate 
.range of Reynolds number for this study 2000 11000 and air 
as a test or working fluid for the v-threaded of 0% to 10%  
heat transfer coefficient is increased .for the Sq-threaded 
48% to 69%%   . For the U -threaded of 150 % to 260% heat 
transfer coefficient is increased. U-threaded is the best 
performs compared to other sections.  
 
Dr.I. Satyanarayana., et.al [4]  In this thesis heat transfer rate 
improved by using internal helical fins . this   performance 
subjected to under  natural convection heat transfer. He has 
taken vertical duct without fins compared with the other 
rectangular cross section and tapered ,trapezoidal 
,hyperbolic large number of fins with single turn taken and 
single fin with large number of turns taken. flow is taken as a 
laminar,  air as the working fluid .heat transfer rate 
calculated and temperature contours for several fin 
configurations plotted  Large number of fins with a single 
turn is more efficient compared to other fin patterns. He 
concluded finally trapezoidal fin heat transfer rate is more 
efficient large number of fin with single turn compared to 
other types of fins. 

2.Methodology 
2.1 Design of CAD Model The following are the three 
types of models used in the analysis : 

 Model 1 – Plain pipe of OD = 38mm, ID = 
28mm, 
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 Model 2 – Threaded Model with 5mm pitch, 
and 

 Model 3 – Threaded Model with 10mm 
pitch. 

These models were created using CATIA V5 and are shown 
in fig.1, fig.2, and Fig.3 respectively.  
 

 
Fig 1 Plain pipe 

 

Fig 2 Threaded Model with 5mm pitch 

 

Fig 3 Threaded Model with 10mm pitch 

2.2 Grid or Mesh Generation Once the 3-D model 
was created then mesh is generated as shown in the 
following figures. 

Mesh Generation for Model 1 
Mesh details: 
Type: Tetra-Hedral mesh 
No. of elements: 90849 
No. of Nodes: 24561 

 

Fig 4 Meshed Model 1 

Mesh Generation for Model 2  
Mesh details: 
Type: Tetra-Hedral mesh 
No. of elements: 100849 
No. of Nodes: 28561 

 

Fig 5 Meshed Model 2 

Mesh Generation for Model 3  
Mesh details: 
Type: Tetra-Hedral mesh 
No. of elements: 101849 
No. of Nodes: 29561  

 

Fig 6 Meshed Model 3 

 2.3Boundary conditions 

Inlet: Velocity (For Reynolds no. 7000,10000 and 15000) 
Inlet temperature: 333 K 
Outlet: Pressure outlet 
Wall  boundary conditions: Convection co-efficient,  h = 25 
W/m2K with No slip condition. 

2.4 Fluid properties 

Working Fluid: Air 
Density: 1.22 kg/m3  
Viscosity: 1.78e-5  kg/m-s  
Specific heat : 1006 J/kg -K  

Re  V (m/s)  

7000  2.74  

10000  3.90  

15000  5.88  

3. RESULTS AND DISCUSSIONS 

3.1 Inner wall temperature contours for 
Model 1  Figures 7 to 9 shows the contours for the inner 
wall temperatures,  it is found that higher the Reynolds 
number higher the inner wall temperatures for plain pipe.  

 
Fig 7  Inner wall temperature at Re = 7000 
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Fig 8  Inner wall temperature at 
R10000

 

Fig 9Inner wall temperature at Re = 15000 

 3.2 Heat Transfer Co-efficient contours for 
Model 1 Figures 10 to 12 shows  the contour plots of the 
wall heat transfer co-efficient,  it is found that higher the 
Reynolds number greater wall heat transfer co-efficient.  

 

Fig10 Heat transfer coefficient at Re = 7000  

 

Fig 11 Heat transfer coefficient at Re = 10000  

 

Fig 12 Heat transfer coefficient at Re = 15000  

3.3 Pressure plots for Model 1  

 Figures 13 to 15 shows Pressure plots of Model 1 
and results found to be maximum at higher Reynolds 
number.  

 

Fig 13 Pressure drop at Re = 7000  

 

Fig 14 Pressure drop at Re = 10000  

 

Fig 15 Pressure drop at Re = 15000  

3.4 Turbulent kinetic energy plots for Model 
1 Figures 16 to 18 shows Turbulence kinetic energy plots 
which will be maximum for increasing Reynolds number. 

 

Fig 16 Turbulent kinetic energy Re = 7000 

 

Fig 17Turbulent kinetic energy Re = 10000   
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Fig 18 Turbulent kinetic energy Re = 15000  

3.5 Inner wall temperature contours for Model 
2(pitch = 5mm) Figures 19 to 21 shows the contours for 
the inner wall temperatures, it is found that higher the 
Reynolds number higher the inner wall temperatures for 
plain pipe. 

  

Fig 19 Inner wall temperature at Re = 7000 

 

Fig 20 Inner wall temperature at Re = 10000 

 

Fig 21 Inner wall temperature at Re = 15000 

3.6 Heat Transfer Co-efficient contours for 
Model 2 Figures 22 to 24 shows  the contour plots of the 
wall heat transfer co-efficient,  it is found that higher the 
Reynolds number greater wall heat transfer co-efficient. 

 

Fig 22 Heat transfer coefficient at Re = 7000  

 

Fig 23 Heat transfer coefficient at Re = 10000  

 

Fig 24 Heat transfer coefficient at Re = 15000  

3.7  Pressure plots for Model 2 Figures 25 to 27 
shows Pressure plots of Model 1 and results found to be 
maximum at higher Reynolds number.  

 

Fig 25 Pressure drop at Re = 7000  

 

Fig 26 Pressure drop at Re = 10000  

 

Fig 27 Pressure drop at Re = 15000  

3.8 Turbulent kinetic energy plots for Model 
2Figures 28 to 30 shows Turbulence kinetic energy plots 
which will be maximum for increasing Reynolds number.  
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Fig 28Turbulent kinetic energy Re = 7000 

 

Fig 29 Turbulent kinetic energy Re = 10000 

 

Fig 30Turbulent kinetic energy Re = 15000 

3.9 Inner wall temperature contours for 
Model 3(pitch = 10mm) Figures 31 to 33shows the 
contours for the inner wall temperatures, it is found that 
higher the Reynolds number higher the inner wall 
temperatures for plain pipe.   

 

Fig 31 Inner wall temperature at Re = 7000 

 

Fig 32Inner wall temperature at Re = 10000 

 

Fig 33 Inner wall temperature at Re = 15000 

 

3.10 Heat Transfer Co-efficient contours for 
Model 3  

 Figures 34 to 36 shows  the contour plots of the wall heat 
transfer co-efficient,  it is found that higher the Reynolds 
number greater wall heat transfer co-efficient. 

 

Fig34 Heat transfer coefficient at Re = 7000  

 

Fig 35Heat transfer coefficient at Re = 10000  

Fig 
36Heat transfer coefficient at Re = 15000   

3.11 Pressure plots for Model 3 

Figures 37 to 39 shows Pressure plots of Model 1 and 
results found to be maximum at higher Reynolds number.  

 

Fig 37 Pressure drop at Re = 7000   

 

Fig 38 Pressure drop at Re = 10000 
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Fig 39 Pressure drop at Re = 15000   

3.12 Turbulent kinetic energy plots for Model 
3 

Figures 40 to 42 shows Turbulence kinetic energy plots 
which will be maximum for increasing Reynolds number.   

 

Fig 40 Turbulent kinetic energy Re = 7000 

 

Fig 41 Turbulent kinetic energy Re = 10000  

 

Fig 42 Turbulent kinetic energy Re = 15000 

3.13 Velocity Streamlines for Model 1, 2 and 
3  

Figures 43 to 45 shows Streamlines for Mode 1, 2 and 3 
respectively. It is observed that there is a increase in the 
velocity with respect to Reynolds number.   

 

Fig 43 Velocity Streamline for Model 1 

 

Fig 44 Velocity Streamline for Model 2 

 

Fig 45 Velocity Streamline for Model 3 

4.GRAPHS 

Results obtained from the detailed analysis of all the three 
models the following graphs were drawn.     

4.1Pressure v/s Reynolds number      

 

Chart -1: Pressure v/s. Reynolds number 

Chart -1shows variation in pressure drop for different 
Reynolds number. Referring to the graph the following 

points were noted.  

 For plain pipe model pressure drop is less. 
 For 5mm pitch threaded model pressure drop is 

comparatively more.  
 For 10mm pitch threaded model pressure drop is 

highest among all the three models.  
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4.2 Temperature v/s Reynolds number 
                      

 
Chart-2: Temperature v/s. Reynolds number 
Chart-2:shows variation in temperature for different 
Reynolds number. Referring to the graph the following 
points were noted.  

 Plain pipe, initially temperature increasing and 
then maximum after slowly increasing for the 
higher Reynolds number. 

 Pitch 5mm ,higher the Reynolds number higher 
temperature occurs.   

 Pitch 10mm,increasing Reynolds number at 
starting point temperature increases and then 
maximum after increasing. 

4.3 Flow rate v/s Reynolds number 
                          

 
Chart-3: Flow rate v/s. Reynolds number 

Chart-3 shows variation in flow rate for different Reynolds 
number. Referring to the graph it is observed that flow 
rate is more for plain pipe due to less friction. 

5 CONCLUSIONS AND FUTURE SCOPE 
5.1 Conclusion 
CFD analysis is carried out to study the effect of varied 
threads for  efficiency improvement of an heat transfer of 
the tube. Analysis is carried out for threaded pipes with 
5mm and 10mm pitch and compared with the plain pipe 
for varied Reynolds numbers ranging from 7000, 10000 
and 15000. Contours are plotted for Temperature, 
Turbulent Kinetic Energy, Pressure, Inner Wall 
Temperature and Wall Heat Transfer co-efficients and 
following conclusions were drawn. 

 Inner wall temperature increases with the 
increase in Reynolds no. and found to be 
higher for Threads with 10 mm pitch. 

 Wall heat transfer co-efficient for pitch 
with 10 mm found to be 90 W/m2K 

 Turbulence in the pipe found to be higher 
for the threaded pipe configuration. 

 Pressure losses found to be higher due to 
higher frictional losses  

 Higher the Reynolds no. higher the rate of 
heat transfer. 

 ~10% improvement of heat transfer rate of 
hot air is found for 10mm pitch threaded 
pipe. 

5.2 Future Scope  The present work would be carried 
for the following cases : 

 By changing the diameter of the pipe. 
 With different threads. 
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