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Abstract—     Cylindrical pipes are used very extensively in a lot of heat transfer and engineering applications. They have found extensive use in various 

types of Heat Exchangers, in Automobile, in thermal power plants. There are three modes of heat transfer namely Conduction, Convection, Radiation. 

The heat transfer in Heat Exchanger usually involves convection on each side of fluids and conduction through the wall separating the two fluids. In this 

project a circular double pipe heat exchanger is modeled and CFD analysis is performed on it. In this present work, the heat transfer and friction factor in 

circular tube channel with or without insert has been analyzed, and its dependency on geometrical spacing is reported for parallel flow concentric tube 

heat exchanger in this study. The heat transfer effect is primarily due to induced turbulence which gives higher heat transfer rate. As shown from the 

study, different latitudinal spacing like y=15 and y=45 with same geometry give different results at varying mass flow rate (Reynolds number/inlet veloci-

ty) and thermal (heat flux) conditions. In this present research it is determine after all sort of investigation regarding heat transfer characteristics of vari-

ous parameters for different geometrical linear spacing between two inserts with varying mass flow rate that as the spacing increase the quality of heat 

transfer characteristics for various parameters like Nusselt number, Reynolds number, Friction factor And Pressure drop will also decreases, as here we 

were using spacing y=15 and y=45. We achieve best results for linear geometrical spacing y=15 as compared to y=45.  

Index Terms— Pentagonal Shape Insert, Nusselt Number, Heat Transfer Characterstic, Mass Flow Rate, Geometrical Spacing.  

——————————      —————————— 

1 INTRODUCTION                                                                     

he heat transfer in Heat Exchanger usually involves con-
vection on each side of fluids and conduction through the 
wall separating the two fluids. In this project a circular 

double pipe heat exchanger is modeled and CFD analysis is 
performed on it. The main application of cylindrical pipe is in 
heat exchanger. Heat Exchanger is a device that is used to 
transfer thermal energy between two or more fluid, between a 
solid surface and a fluid, or between solid particulates and a 
fluid, at different temperature and in thermal contact. In heat 
exchangers, there are usually no external heat and work inter-
actions. Typical applications involve heating or cooling of a 
fluid stream of concern and evaporation or condensation of 
single or multi component fluid stream. In other applications, 
the objective may be to recover or reject heat, or sterilized, 
pasteurized, fractionate, distill, concentrate, crystallize, or con-
trol a process fluid. In a few heat exchangers, the fluids ex-
changing heat are in direct contact. In most heat exchangers, 
heat transfer between fluids takes place through a separating 
wall or into and out of a wall. Similarly in various thermal and 
nuclear power-plants cylindrical pipes are used for heat ex-
change. 
As well as with circular double pipe, the rectangular insert is 
also modeled and the results are compared between circular 

double pipe and circular double pipe with insert. Use of insert 
will generate a swirl flow which will help in enhancement of 
heat transfer characteristic of circular double pipe heat ex-
changer. 
A heat transfer analysis on circular double tube heat exchang-
er is performed and the results are compared with circular 
double pipe heat exchanger with insert that is also modeled. 
The problem is defined and solved in ANSYS FLUENT soft-
ware. The heat transfer results are post processed in CFD-Post. 

2 OBJECTIVE 

The main aim is to investigate the varying effects on heat 
transfer characteristics or parameters of concentric heat ex-
changer with inner tube having pentagonal shape insert at 
different spacing for parallel flow with varying mass flow rate 
and axial velocity. The other major objectives are as follows: 

1- To calculate Nusselt number with varying mass flow 
rate for different spacing inserts. 

2- To calculate friction factor with varying Reynolds 
number for different spacing inserts. 

3- To calculate Pressure Drop with varying mass flow 
rate for different spacing inserts. 

T 
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4- To calculate Average wall temperature with varying 
mass flow rate for different spacing inserts. 

5- To develop various contours for optimum mass flow 
rate for different spacing inserts. 

 

3 GOVERNING EQUATION 
The behavior of the flow is generally governed by the funda-
mental principles of the classical mechanics expressing the 
conservation of mass and momentum. Here the considered 
steady, incompressible, turbulent flow is modeled by the mo-
mentum and continuity equations. The continuity and the 
momentum equations are as follows. 
 
3.1 CONTINUITY EQUATION 
Continuity Equation also called conservation of mass. Consid-
er fluid moves from point 1 to point 2. The overall mass bal-
ance is Input – output = accumulation. Assuming that there is 
no storage the Mass input = mass output. However, as long as 
the flow is steady (time-invariant), within this tube, since, 
mass cannot be created or destroyed then the above equation. 
According to continuity equation, the amount of fluid entering 
in certain volume leaves that volume or remains there and 
according to momentum equation tells about the balance of 
the momentum. The momentum equations are sometimes also 
referred as Navier-Stokes (NS) equation. They are most com-
monly used mathematical equations to describe flow. The 
simulation is done based on the NS equations and then K-
Epsilon model.  
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2.2 MOMENTUM EQUATIONS 
 
Axial component (z-component) 
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Radial component (r-component) 
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Here u , v  and w  are the mean velocity components along z, r 

and   directions respectively and the variable   

.wr
 

The total effective viscosity of the flow is given by, 

tleff  
                                                                             (2.5) 

Here l  and t  stand for molecular or laminar viscosity 
and eddy or turbulent viscosity respectively. The molecular or 
the laminar viscosity is the fluid property and the eddy viscos-
ity or the turbulent viscosity is the flow property. By using 

dimensional analysis, the eddy viscosity t  can be expressed 
as, 

t ~ 
lVt

                                                                                                                       

here tV
 , is the turbulent velocity scale and l  is the turbulent 

length scale. It was postulated by Prandtl and Kolmogorov 
and later adopted in the standard k-ε model that 


 2/3

l
 and tV

~ k                                                                  (2.6) 
From the equation (6) the eddy viscosity is obtained and it is 
given by 






2kc
t 

                                                                                (2.7) 

The modelling constant, C
 in the eddy viscosity formulation, 

as shown in equation (2.8), is empirically tuned for the simple 
shear layer. Meanwhile, there is no mechanism in the k-ε 
model which can either amplify the turbulent intensity or ed-
dy viscosity in the presence of concave or convex curvature. 
Therefore, the expression for eddy viscosity in the standard k-
ε model is considered to be inadequate to account for the 
streamline curvature effect. It is evident that modifications to 
the standard k-ε model are necessary to include the curvature 

effects. Therefore the constant C
 is considered. The constant, 

C
is given by 
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In the eq. (2.8) cs RvuU ,22   is the radius of curvature of 
the streamline concerned (Ψ constant). The value of k1 and k2 
are taken as 0.27 and 0.3334 respectively. 
 
3.3 THE TURBULENT MODELING 
 
3.3.1  KAPPA-EPSILON MODEL: 
The K-epsilon model is most commonly used to describe the 
behavior of turbulent flows. It was proposed by A.N 
Kolmogrov in 1942, then modified by Harlow and Nakayama 
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and produced K-Epsilon model for turbulence. The Transport 
Equations for K-Epsilon model are for k, Realizable k-epsilon 
model and RNG k-epsilon model are some other variants of K-
epsilon model. K-epsilon model has solution in some special 
cases. K-epsilon model is only useful in regions with turbu-
lent, high Reynolds number flow. 

 Equation 
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Where, G is the production term and is given by 
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The production term represents the transfer of kinetic energy 
from the mean flow to the turbulent motion through the inter-
action between the turbulent fluctuations and the mean flow 
velocity gradients. 
 - Equation 
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Here 1sC
, 2sC

, k
 and   are the empirical turbulent con-

stant. The values are considered according to the Launder et 

al., 1974. The values of Cμ, 1sC
, 2sC

, k
  and   are 0.09, 1.44, 

1.92, 1.0 and 1.3 respectively. 
 
2.4  DITTUS-BOELTER EQUATION 
Although the heat transfers in fluids are all forced convection. 
In addition, the heat transfer inside the tube is an internal 
convection, such that another important characteristic is that 
the fluid is confined by the surface wall of the tube. As a re-
sult, the heat transfer phenomena inside tube are thus closely 
associated with the characteristic of the hot fluid and the di-
mension of the tube. For heating  water, the Dittus-Boelter 
equation as a classical expression for computing the Nusselt 
number of fully developed turbulent flow in a tube is given as, 

n
reu PRN

8.
023.0                                                         (2.12) 

Where n = 0.4 for heating and n = 0.3 for cooling. 
For calculating the heat transfer coefficient 

k
hD

uN 
                                                                              (2.13)  

Where D is the diameter of the tube 
 
2.5   FRICTION FACTOR 
The Fanning friction factor is the ratio of wall shear stress to 
the flow kinetic energy. It is related to pressure drop in tube 
heat exchanger as: 

                                                               (2.14) 
 

2.6   BOUNDARY CONDITIONS 
 
A turbulent flow is considered. The quantities U, k, ε are ob-
tained by using numerical calculations based on the k-ε model 
for high Reynolds Number. The boundary conditions are 
listed below: 
 

1) At the inlet of the channel:  

         
0,  vUu in                                                                      (2.15) 

         
2

005.0 inin Uk 
                                                                 (2.16) 

         
2

1.0 inin K
                                                                    (2.17) 

Kin stands for the admission condition for turbulent kinetic 

energy and in
 is the inlet condition for dissipation. 

 
2) At the walls:  

        0vu                                                                              (2.17) 

        0k                                                                               (2.18) 
3) At the exit:  

       atmPP 
                                                                              (2.19) 

 
The Reynolds number based on circular diameter in case of 
circular tube and hydraulic diameter Dh in case of rectangular 
tube. 



 hDU .0.
Re 

                                                                   (2.20) 
 
For fully development turbulent flow, the centerline velocity 
Vc is given by 

)1(
R

r

Vc

u 
n
1

                                                                          (2.21) 
 
Where u is the time mean average of x- component of instan-

taneous velocity, cV
 is the centreline velocity or axial velocity, 

R is the radius of pipe, r is the radius of elementary ring and n 
is a function of the Reynolds number.  

4 MATERIAL AND METHEDOLOGY 

 
4.1.  GEOMETRY OF MODEL 
For the numerical simulations presented in this work, we refer 
to the numerical and experimental work done by Sarmad A. et 
al, (2015) who studied the insert with a simple pattern. The 
geometric dimensions of the system are listed below. 
 
The geometry of the problem is presented on Fig. 
4.1.a,4.1.b,4.1.c. The system consist of air at 299 K flowing 
through inner pipe of circular double tube parallel flow  heat 
exchanger in plain tube and plain tube with insert condition 
and analyzed. The insert are of rectangular type with 1mm 
width and are fitted in the direction parallel to the fluid flow. 
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 Table 4.1 Geometry description of model 

 
4.2  GEOMETRICAL DISCRIPTION 
           

 
Figure 4.1 Inner Circular Tube having Pentagonal Shape In-
serts Having Spacing y =15cm 

 

 
Figure 4.2 Inner Circular Tube having Pentagonal Shape In-
serts Having Spacing y = 45cm  

Table 4.2   Properties of working fluid air 

 

  
(a)                                                    (b) 

Figure 4.3 Top View and Isometric View of Inner Circular 
Tube having Pentagonal Shape Inserts  
 

 
Figure 4.4 Assemble View of Concentric outer and Inner Cir-
cular Tube having Pentagonal Shape Inserts  
 
4.3      MESHING DETAILS 
Computational grid for fluid domain of circular double tube 
heat exchanger and circular double tube heat exchanger with 
insert is obtained using ANSYS FLUENT 14.5. 
A tetrahedron mesh elements are obtained throughout the 
fluid volume using following mesh settings. 

Length of the heat exchanger L (mm) 2200mm 

Diameter of inner pipe d (mm) 53mm 

Diameter of annulus space D (mm) 53mm 

Thickness of inner pipe t (mm) 3mm 

Thickness of outer pipe T (mm) 8mm 

Diameter of rod fixed with insert din (mm) 22mm 

Width of insert w (mm) 12.5mm 

Height of insert  h (mm) 26mm 

Length of insert lin (mm) 1mm 

Length of heat exchanger upon which inserts are 
acting l (mm) 

2000mm 

Insert shape Pentagonal 

Distance between two insert pattern ldi (m) 150mm 

Distance between two similar insert pattern lsi 
(m) 

300mm 

Density (kg/m3) 998.2-995 

Specific heat Cp (J/kg-k) 4182 

Thermal conductivity (W/m-k) 0.6 

Viscosity (kg/m-s) 0.001003 

Inlet temperature of cold fluid(k) 293  

Inlet temperature of cold fluid(k) 333 
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Table 4.3 Mesh setting domain for fluid. 

 
Using the following mesh setting, no. of nodes and element, 
orthogonal quality, skewness and aspect ratio for circular 
double tube and circular double tube with insert are tabulated 
below. 
Table 4.4 Mesh details for plain tube with insert heat exchang-

er at y=45 spacing 

 
Table  4.5  Mesh details for plain tube heat exchanger 

Nodes 82263 

Elements 177679 

Orthogonal quality 0.51 

Skewness 0.67 

Min. aspect ratio 0.4 

Max. aspect ratio 0.866 

 

 
Figure4.5 Mesh View for plain tube heat exchanger 

Table 4.6 Mesh details for plain tube with insert heat exchang-
er at y=15 spacing 

 

                       
Figure 4.5 Mesh View for plain tube with insert heat exchang-

er at y=15 spacing 
 

Table 4.7 Mesh details for plain tube with insert heat ex-
changer at y=45 spacing 

 

 
Figure 4.6 Mesh View for plain tube with insert heat exchang-

er at y=45 spacing 
 

 
Figure 4.7 Assemble Mesh View for plain tube with concentric 

outer tube heat exchanger 
 
4.4   BONUDARY CONDITIONS 
Computational domain is solved using ANSYS FLUENT 14.5 
CFD code.   Following are the boundary conditions for the 
domain:-  

Physics preference CFD 

Solver preference fluent 

Smoothing high 

Transition fast 

Minimum size 0.001 

Maximum face size 0.001 

Maximum size 0.001 

Growth rate 1.850 

Inflation Program control 

Maximum layers 5 

Growth rate 1.2 

Nodes 82984 

Elements 266859 

Orthogonal quality 0.51 

Skewness 0.71 

Min. aspect ratio 0.2 

Max. aspect ratio 0.761 

Nodes 86552 

Elements 186819 

Orthogonal quality 0.49 

Skewness 0.57 

Min. aspect ratio 0.38 

Max. aspect ratio 0.896 
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Table 4.7 Boundary conditions 

Inlet temperature of air 298 

Mass flow rate of air (kg/s) 0.07-0.213 

Inlet temperature of water 333 

Mass flow rate of water (kg/s) 0.06 

Pressure 1 atm 

 
4.5 DATA REDUCTION  
The data reduction of the measured results is summarized in 
the following procedures:  
Rate Heat transfer to the hot water, Qh, can be calculated from  
Qh=m h Cp,w Thi−Tho                     (2.1.1) 
The rate heat transfer from the cold water, Qc, can be calculat-
ed from;  
Qc=mc Cp,w Tco−Tci               (2.1.2)  
The average rate heat transfer, Qave., of the hot and cold water 
can be determined from  
Qave.,.=Q h+Q c/2              (2.1.3)  
The overall heat transfer coefficient, U, is determined from the 
following equation;  
U=Q ave.Ai.LMTD              (2.1.4)  
Where,  
The tube side heat transfer coefficient is than determined us-
ing;  
1/U=1/ho+1/Ui                        (2.1.5)           
Where the annulus side of heat transfer coefficient (ho) is esti-
mated using the correlation of Dittus-Boelter [8].  
Nuo=ho.Dh/k =0.023Re0.8Pr0.3              (2.1.6)  
Where,  
The Reynolds number is based on the different flow rate at the 
inlet of the concentric tubes heat exchanger.  
Re=ρ v di/μ               (2.1.7)  
Thus the experimental value of Nusselt number is evaluated 
by,  
Nuexp. = hi.di/k              (2.1.8)  
Theoretical value of Nusselt number without semicircular disk 
baffles (smooth tube) can be determined by using the correla-
tion of Dittus-Boelter [8].  
Nuo=0.023Re0.8Pr0.3               (2.1.9)  
Experimental friction factor can be written as:  
fexp. = ΔP. di/2 ρ L v2            (2.1.10)  
v=m ρ.Ai             (2.1.11)  
Theoretical friction factor for smooth tube is calculated from 
the correlation of Blasius [9];  
ftheo. = 0.046 Re0.2                  (2.1.12)  
All of thermo physical properties of the water are determined 
at the overall bulk temperature. The performance ration or 
enhancement efficiency (ψ) is defined as the ratio of the heat 
transfer coefficient for the tube fitted with inserted semi circu-
lar disc baffles (ℎ ) to that for the smooth tube (ℎ ) at a con-
stant Reynolds number (Re) as follows [10 and 11]:  

Ψ = (ℎ ℎ ).            (2.1.13) 

4.6 Methedology Used: 

The methodology of the present study can be divided into 
four stages of process flow which are geometry modeling, pre-
processing, processing and post-processing. Various steps in 

adopted methods are:  
• Mathematical modeling of the system considered in 

present study. 
• Developed the model in SOLIDWORKS. 
• Validation of present work with previous research. 
• Calculation of heat transfer parameters. 
• Run program to obtain the plots with different geo-

metrical spacing of same shape insert inner tube pa-
rameters. 

• Plotting & analysis of obtained plots. 
• Optimization of the system. 

 

 
 

Figure 5.8: Methodology flow chart. 

5 RESULT AND DISCUSSION 

In the simulation work conducted on the circular double pipe 
heat exchanger, the mass flow rate of the air entering the circu-
lar tube is varied from 0.079kg/s to 0.213Kg/s corresponding 
to Reynolds number 5000 to 0.213 kg/s corresponding to a 
Reynolds number 15000 and a temperature of 298 K. Convec-
tive boundary condition is applied on inner tube of the heat 
exchanger. Temperature of hot water entering the tube is 333 
K. A comparison of the average Nusselt number and heat 
transfer coefficient is shown in Fig.5.1 shows the heat transfer 
data without insert/ plane tube with varying mass flow rate of 
water. Fig.5.1 shows the heat transfer data with insert having 
linear geometrical spacing between two inserts y=45cm and 
Fig.5.1 shows the heat transfer data with insert having linear 
geometrical spacing between two inserts y=15cm. From table 
as the mass flow rate of water increases from 0.007 to 0.213 
kg/s, which is responsible for increment of  average Nusselt 
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number value rises from 30 to 77 and the corresponding pres-
sure drop (ΔP) increases from 9.2 to 11.6 Pa for plane tube case 
as shown  in Fig.5.2. The corresponding friction factor is also 
calculated and the results showed the general trend of increase 
of heat transfer with decrease in friction factor as mass flow 
rate increases which shown in Fig. 5.4. 

 

 

Figure 5.1 Graphical variations between Nusselt number and 

Reynolds number for varying latitudinal spacing.  

 

 

Figure 5.2 Graphical variations between Pressure Drop and 

Mass Flow Rate for varying latitudinal spacing.  

Fig.5.1 and 5.2 as the mass flow rate of water increases from 
0.007 to 0.213 kg/s, and Reynolds number increases from 
5000-15000 which is responsible for value increment of aver-
age Nusselt number rises from 51 to 93 and the corresponding 
pressure drop (ΔP) increases from 9.89 to 12.13 Pa for inner 
tube having insert with linear geometrical spacing y=45. It is 
evidently shown from figure that as the mass flow rate of wa-
ter increases from 0.007 to 0.213 kg/s, and Reynolds number 
increases from 5000-15000 which is responsible for value in-
crement of average Nusselt number rises from 55 to 98 and the 

corresponding pressure drop (ΔP) increases from 10.19 to 
12.61 Pa for inner tube having insert with linear geometrical 
spacing y=15. 

 

 

Figure 5.3 Graphical variations between Average Wall Tem-

perature and Axial Velocity for varying latitudinal spacing.  

 

 

Figure 5.4 Graphical variations between Friction Factor and 

Mass Flow Rate for varying latitudinal spacing.  

Fig. 5.1, 5.2, 5.3, and 5.4 shows the heat transfer data with in-
sert with varying linear geometrical spacing. Heat transfer 
coefficient and average Nusselt number are calculated for var-
ying inlet mass flow rate of air, as the mass flow rate increases 
from 0.007 to 0.213 kg/s, the value of average. Thus from all 
above graph of Nusselt number, pressure drop, it is evident 
that as mass flow rate, Reynolds number increases Nusselt 
number, pressure drop will always increases and graph of 
Average Wall Temperature, Friction Factor, it is evident that 
as mass flow rate, Reynolds number increases, the values of 
friction factor and wall temperature will always decreases. 
Thus that’s why the above results show a trend of increase in 
heat transfer with the provision of insert on the heat exchang-
er as compared to plane tube for parallel flow. The heat trans-
fer was found to increase as the Reynolds number was varied 
over the range. The results obtained show that the effect of 
insert on the enhancement of heat transfer depends on both 
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the pattern of insert and the Reynolds number of the flow. 
The results showed a trend of increase in heat transfer with 
the provision of insert on the heat exchanger. The heat transfer 
was found to increase as the Reynolds number was varied 
over the range. The results obtained show that the effect of 
insert on the enhancement of heat transfer depends on both 
the pattern of linear geometrical spacing of insert as well as 
consider shape of insert. 

6 CONCLUSIONS 

The heat transfer effect is primarily due to induced turbulence 
which gives higher heat transfer rate. As shown from the 
study, different latitudinal spacing like y=15 and y=45 with 
same geometry give different results at varying mass flow rate 
(Reynolds number/inlet velocity) and thermal (heat flux) con-
ditions. The choice of appropriate geometry does not always 
depend on high Nusselt number values, pumping power 
available and constant behavior for all parameters plays an 
important role.  
According to study, convective properties shown by different 
spacing are: pentagonal geometry at spacing y=45 showed 
approximately 39% more convective transfer, pentagonal ge-
ometry at spacing y=15 showed 69% more convective transfer 
when compared to smooth channel.  
For parallel flow heat exchanger the heat transfer enhance-
ment and friction factor depend on different spacing. There-
fore, while deciding the geometry to be employed, we must 
consider the pumping power available for flows the fluid 
through the pipe and the purpose of the geometry. The decid-
ed geometry that provides the maximum heat transfer en-
hancement for a particular range of Reynolds number need 
not be the geometrical spacing that provides the lowest fric-
tion factor. Therefore, the channel needs to be analyzed with 
different geometrical spacing between inserts of decided pen-
tagonal geometries for varying mass flow rate and the most 
suitable geometrical spacing based on whether we require an 
enhancement of heat transfer or an decrease in friction factor 
for the Reynolds number range of operation.   
In this present research it is determine after all sort of investi-
gation regarding heat transfer characteristics of various pa-
rameters for different geometrical linear spacing between two 
inserts with varying mass flow rate that as the spacing in-
crease the quality of heat transfer characteristics for various 
parameters like Nusselt number, Reynolds number, Friction 
factor And Pressure drop will also decreases, as here we were 
using spacing y=15 and y=45. We achieve best results for line-
ar geometrical spacing y=15 as compared to y=45.    
 
The results of the inner Nusselt number from these values 
were compared to work done by experimental work results 
for plane tube.  

m-
ber and the heat transfer coefficient increases with increase in 
Reynolds number in plane tube.  

shape inserts in concentric pipe heat exchanger as compared 
with plane type.  

ature outlet 
at various Reynolds numbers with using inserts at y=45 linear 
geometrical spacing.  

number by using inserts at y=15 linear geometrical spacing.  

spacing pentagonal shape inserts in cold pipe of concentric 
tube type heat exchanger compared to plane tube.  

6.1 Scope For Future Study  

The present study deals with effect on heat augmentation by 
the use of different latitudinal spacing with same geometry for 
similar thermal boundary condition in which water is used as 
a fluid and flow internally through the channel. If future scope 
is concerned then heat augmentation can be used:  

 For air or any other fluid we use inside the heat ex-
changer.  

 Analysis can be performed experimentally.  

 Analysis can be performed for active and compound 
methods used for heat augmentation.  

 Different thermal boundary conditions can be used 
for same geometries.  
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