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Abstract - The optimum performance of heat exchangers is 
essential for reducing size of the system and to make the system 
more compact. The performance depends on the rate of heat 
transfer. The high rate of heat transfer is desirable because it 
reduces the fuel consumption, size of heat exchangers and the time 
required to achieve the desirable temperature of fluid. Whenever 
inserts are used for heat transfer enhancement, along with 
increase in the heat transfer rate, the pressure drop also increases, 
and ultimately the pumping cost. Therefore any augmentation 
technique should be checked for optimization of heat transfer rate 
and pumping cost. The augmentation technique used is the 
louvered strips, as turbulators, arranged on copper bars and are 
inserted in the inner tube centrally. The computational analysis of 
heat transfer augmentation and flow characteristics due to 
louvered strips has been carried out for various velocities and 
temperatures using FLUENT 6.3.26. 
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I. INTRODUCTION 
The heat transfer enhancement enables the heat exchangers to 
operate at smaller velocity, but still achieve the same or even 
higher heat transfer rate. This means that a reduction of the 
pressure drop, corresponding to less operating cost, may be 
achieved. All these advantages have made the heat transfer 
enhancement technology attractive in the heat exchanger 
applications particularly for the retrofit situation in shell-and-
tube heat exchangers. With tube insert technology, additional 
exchangers can often be avoided, and thus significant cost 
saving becomes possible.[1]  

A. Overall enhancement ratio 
The overall enhancement ratio is defined as the ratio of the 
heat transfer enhancement ratio to the friction factor ratio. 
This parameter is also used to compare different passive 
techniques and enables a comparison of two different methods 
for the same pressure drop. The overall enhancement ratio is 
defined as  

 
where Nu, f, Nus and fs are the Nusselt numbers and friction 
factors for a duct configuration with and without inserts 

respectively. The friction factor is a measure of head loss or 
pumping power.[1] 
The computational analysis of the above experimentation has 
been carried out with the help of Computational Fluid 
Dynamics (CFD), a finite volume approach and the softwares 
used for this purpose are: GAMBIT: - For geometry creation 
of finite volume model and FLUENT 6.3: - For analysis of 
fluid flow characteristics and pressure drop along with heat 
transfer enhancement by increase of turbulence. 
 

II. CFD ANALYSIS 
CFD analysis was carried out for the same geometry and it 
was observed that the trend obtained in both i.e. analytical and 
CFD was nearly the same. The details of CFD analysis i.e. 
solution domain, meshing, and analysis are discussed in detail 
in next chapter (CFD analysis). The main aim of present 
analysis is to investigate the flow and heat transfer 
characteristics.   

A. Meshing 
In this project analysis, we have selected tetrahedral mesh to 
reduce computational time and considering all the above 
reasons and the cell count is 1.4 millions.  
The following image is the grid generated for the optimized 
parameters P40-A46 and velocity 6 m/s. 

 

 
 

Fig. 1 Mesh (magnified) 
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Fig. 2 Mesh (whole geometry) 

 

B. Boundary Conditions 
Depending on the above geometry and the requirement of 
analysis, the boundary conditions selected for the analysis of 
this heat exchanger are:  

A) Inlet conditions: - 
i) Air in: - Velocity inlet and temperature. 
ii) Water in: - Mass flow inlet and temperature. 

B) Outlet conditions: - 
i) Air out: - Pressure outlet. (Atmospheric Pr.) 
ii) Water out: - Pressure outlet. (Atmospheric Pr.) 

C) Walls: - 
 As there is no heat transfer through turbulators, inner 
rod, outer cylinder, we have considered it as adiabatic wall. 

C. Model Selection 
In this analysis, we are going for turbulence promotion by use 
of louvered strips. Hence we have to select a turbulence 
model for the analysis. 
Turbulent flows are significantly affected by the presence of 
walls. Obviously, the mean velocity field is affected through 
the no-slip condition that has to be satisfied at the wall. 
However, the turbulence is also changed by the presence of 
the wall in non-trivial ways. Very close to the wall, viscous 
damping reduces the tangential velocity fluctuations, while 
kinematic blocking reduces the normal fluctuations. Toward 
the outer part of the near wall region, however, the turbulence 
is rapidly augmented by the production of turbulence kinetic 
energy due to the large gradients in mean velocity.[2,3,4] 
The selected model for this analysis is SST k-ω. The details of 
which are given below:  
The shear-stress transport (SST) k-ω model was developed by 
Menter to effectively blend the robust and accurate 
formulation of the k- ω model in the near-wall region with the 
free-stream independence of the k- ε model in the far-field. To 
achieve this, the k-ε model is converted into a k- ω 
formulation. The SST k- ω model is similar to the standard k- 
ω model, but includes the following refinements: 

a) The standard k- ω model and the transformed k-ε 
model are both multiplied by a blending function and both 
models are added together. The blending function is designed 
to be one in the near-wall region, which activates the standard 

k- ω model,and zero away from the surface, which activates 
the transformed k-ε model. 

b)  The SST model incorporates a damped cross-
diffusion derivative term in the ω equation. 

c)  The definition of the turbulent viscosity is modified 
to account for the transport of the turbulent shear stress. 

d)  The modeling constants are different. 
These features make the SST k- ω model more 

accurate and reliable for a wider class of flows (e.g., adverse 
pressure gradient flows, airfoils, transonic shock waves) than 
the standard k- ω model. Other modifications include the 
addition of a cross-diffusion term in the ω equation and a 
blending function to ensure that the model equations behave 
appropriately in both the near-wall and far-field zones. 
The transport equations for SST k-ω model are: 
∂/∂t (ρ k) + ∂/∂xi (ρ k ui)  = ∂/∂xj (T k (∂k /∂xj)) +Gk –Yk + Sk                                      

(1) 
∂/∂t (ρ ω) + ∂/∂xi (ρ ω ui)  = ∂/∂xj (T ω (∂ω /∂xj)) +Gk –Yk + 

Sw                                  (2) 
Where, 
Gk represents the generation of turbulent kinetic energy due to 
mean velocity gradient; 
Gω represents the generation of ω; 
Tk represents the effective diffusivity of k; 
Tω represents the effective diffusivity of ω; 
Yk represents the dissipation of k due to turbulence; 
Yω represents the dissipation of ω due to turbulence, 
Sk and Sω represent user-defined source terms. 

 

D. Equations used by the solver 
Solver requires some equations to solve the given problem 
definition. The equations used in this analysis are:  

a) Energy equation. 
b) Momentum equation. 
c) Continuity equation. 

E. Result Analysis 
For the aforesaid analysis, we have gone for the following 
charts and plots regarding turbulent flow characteristics: 

a) Grid. 
b) Static pressure contours. 
c) Temperature contours. 
d) Turbulence intensity contours. 
e) Velocity vectors. 
f) Streamlines.  

 

 
Fig. 3 Comparison of CFD and experimental results 
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F. CFD Charts And Plots: - 
The CFD charts and plots as discussed above are 

displayed below. 
 

 Fig 4. Temperature Contours at air inlet 

 
 

 
 

Fig. 5 Temperature contours at air outlet 
 
 

Fig. 6 Turbulence intensity contours 
 

 
Fig. 7 Velocity vectors 

 
 

 
Fig. 8 Pathlines (Streamlines) 

 
 

 
 
 

Fig.9 Static pressure contours 
 
 
 

Fig. 10 Residuals plot 
 
 
 
 

G. Conclusions from the plots and charts:   
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a) Residuals is the plot which makes us aware about the 
convergence of the solution. When the solution is 
converged, we go for other charts as per our 
requirements.  

b) From turbulence intensity contours, it is clear that 
turbulence is increased or created due to the use of 
turbulators and it is more at the mixing of fluids 
which were separated due to the turbualtors.  

c) From the static pressure chart we can see that there is 
a pressure drop which is the cause of turbulence 
promoters again. 

d) The other charts are temperature contours which 
show variation of the temperature as we proceed in 
the fluid domain.  

e) The streamlines contours acquaint us of the flow 
path from water inlet to water outlet. 

 

III. CONCLUSION 
1) It is found that the rate of heat transfer increases with 

increase in louvered strip angle upto 46 degrees and 
further increase in angle leads to decrease in heat 
transfer. 

2) Maximum heat transfer was obtained at a pitch of 40 
and louvered strip angle of 46 degrees. 

3) From the graphical analysis it was found that the 
effect of changing the louvered strip angle is more 
beneficial than the effect of changing the pitch 
length. 

4) The probable reason for increasing the heat transfer 
rate by using louvered strip insert is that, the strip 
acts as turbulators. The tube fitted with louvered 
turbulators generates the high recirculation turbulent 
flow disturbing the growth of boundary layer leading 
to the better heat transfer by thinning the boundary 
layer thickness. 

5) The probable reason for increasing the pressure drop 
is that the louvered strip acts as fluid obstructers 
causing the loss of the kinetic energy converted into 
pressure drop. 

6) From the CFD plots and charts we can see that the 
experimental results are in accordance with the 
computational results.  
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