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Abstract—This paper gives a comprehensive overview related to 
application of CFD tool and key factors that optimize the 
performance of finned tube heat exchanger. It has been found that 
CFD has been employed for the following areas of study in various 
types of finned heat exchangers: pressure drop and thermal analysis 
in the design and optimization phases .Fin geometry like fin shape, 
fin height ,fin spacing are the key factor for optimizing the 
performance of finned tube heat exchanger. The quality of the 
solutions obtained fromthese simulations are largely within the 
acceptable range proving that CFD is an effective tool for predicting 
the behavior and performance ofa wide variety of heat exchangers. 
 
Keywords: CFD-computational fluid dynamics, numerical, 
analytical work and experimental work. 
Nomenclature 
Gr, Grashoff number;  
Ra, Rayleigh Number 
Nu, Nusselt number; 
Pr, Prandtl number; 

1. INTRODUCTION 

Heat exchangers are popularly used in industrial and 
engineering applications. The design procedure of heat 
exchangers is quite complicated, as it needs exact analysis of 
heat transfer rate, efficiency and pressure drop apart from 
issues such as long- term performance and the economic 
aspect of the equipment. In recent years, the use of 
commercial CFD codes for analyzing the flow and thermal 
fields in industrial applications has been dramatically 
increased due to their advanced computational capacity and 
analytic algorithm. In addition, many optimization techniques 
have been developed to obtain the optimal solutions. 
Therefore, much attention has been paid to the optimization of 
fluid/thermal systems by combining theCFD and optimization 
algorithm  

The high-integration trend in electronic devices inevitably has 
brought the increase of heat generation per unit area of the 
chips. The cooling technology is, therefore, becoming 
important along with the development of electronic system for 
the steady operation of the core electronic components.In 

order to achievethe thermal stability of the core electronic 
devices, internallyfinned tubes are widely used as one of the 
passive heat transfer enhancement techniques.  

Due to the trend of compactness in Electronicdevices, it is 
getting difficulties to have enough spaces available for the 
heat exchange from the components. Since the exchangers 
should be installed in the limited spaces, many factors such as 
the heat transfer, the size of the space available for the 
installment and the pressure drop are to be simultaneously 
considered and designed.Externally finned tubes are generally 
used in heating/cooling of atmospheric/compressed air/gas in 
exchange for cooling/heating of the fluid on the other side. 
The optimal design is, therefore, should be performed to 
obtain the optimal shapeor structure of heat exchangers. 

2. LITERATURE REVIEW 

There are number of investigation available in the area of 
finned tube heat exchanger. 

Kern and Kraus [1]in 1972, have studiedlongitudinal, radial 
andpin fins with straight profile as main fin geometries in 
external finned heat exchange.Kundu and Das [2] in2002, later 
proposed straight taper fins with better heat transfer 
coefficients to weight ratio. It has been seen that the ratio of 
base to tip heat transfer coefficient has a profound effect on 
the fin performance. In general, the efficiency of all the three 
types of fins increases with the increase ofheat transfer 
coefficient. However, the rate of increase is higher in the 
intermediate range of heat transfer coefficient. For a given fin 
volume the rate of heat dissipation increases also from an 
optimally designed fin for higher values ofheat transfer 
coefficient. Micro fins offer effective heat transfer and are 
more suitable as better heat exchanging medium than twisted 
tubes.Smit and Meyer [3] IN 2002, performed an experiment 
to compare three different (micro fins, twisted tapes and high 
fins) heat transfer enhancement methods to that of smooth 
tubes using the geotropic refrigerant mixture R-22/R-142b. 
The results corroborated the effectiveness of micro fins over 
twisted tubes.The fins existing in annuli affect the flow 
pattern, temperature distribution and heat transfer 
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rate.Arslanturk C [4] in 2004 ,For non-symmetric convective 
boundary conditions, the solution of two dimensional heat 
transfer equation is obtained analytically ,which helps in to 
obtaining temperature profile in a finned tube He concluded 
that. There always an optimum fin ratio of a fin with an 
insulated tip. For an annular fin with heat transferred the tip, 
first a minimum andthenmaximum heat dissipation is obtained 
on increasing the fin ratio.The fin ratio of an optimum fin 
decrease with increasing heat transfer coefficient at the fin 
tip.The thermal analysis in the paper also be employed to 
analysis the fin with variable base temperature. For a given 
volume, the optimized variables like the fin thickness and ratio 
of outer radius to inner radius of a fin have been determined. 

Mon and Gross [5] in2004,examined the effects of fin spacing 
on four-row annular-finnedtube bundles in staggered and in-
line arrangements. The heattransfer and pressure drop for 
various fin spacing were computed using FLUENT. 
According to the flow visualization results, the boundary layer 
developments and horseshoe vortices between the fins are 
found to be substantially dependent on the fin spacing to 
height ratio and Reynolds number. Akkoca and Tutar[6] in 
2005,studied time-dependent laminar flow over single e and 
multi-row plate fin-and-tube heat exchangers. The effects of 
fin spacing, Reynolds number (300-7000), number of tube 
rows, and tube arrangement on the heat transfer and flow 
characteristics were studied. 

Malekzadehet al. [7] in 2007, optimized the shape of non-
symmetric annular fins based on two nonlinear dimensional 
heat transfer analysis. The thermal conductivity of the fin is 
considered to vary as a linear function of the temperature. The 
effects of a convective–irradiative condition at the fin tip and 
effective convective condition at the fin base are considered. 
The optimization of fins with uniform and step cross-sections 
is investigated They compared the results obtained through 
both differential quadrature method and finite difference 
method.Brien and Sohal [8] in 2005, investigated 
experimentally forced convection heat transferin a narrow 
rectangular duct fitted with a circular tube and/or a delta-
winglet pair. They obtained a comparison of local and average 
heat transfer distributions for the circular tube with and 
without winglets and found at higher Reynolds numbers the 
enhancement level is close to 50%. Moreover, the combined 
effect of heat transfer rate and pressure drop depends on the 
enhancement of baseline winglet pair.Aziz and Fang [9] in 
2010, proposed an alternate solution for the energy equations 
for one-dimensional steady conduction in the longitudinal fins 
of three different cross sections namely rectangular, 
trapezoidal, and concave parabolic profile. The temperature 
and the heat flux is specified at the base of the fin and the 
temperature distribution in the fins are provided for these 
conditions. While fins offer solutions to augment heat 
exchange problems, they also result in pressure drop of flow. 
Experimental investigations show that the heat transfer 
characteristics and flow friction is greatly influenced by the fin 
spacing, size and shape of the fin.D.Taler[10] in 2007, 

accomplished a numerical study to determine heat transfer 
coefficient in cross flow heat exchangers with extended heat 
exchange surfaces. Heat transfer coefficient on the liquid and 
air-side were examined using a nonlinear regression method. 
The exit temperature of the fluid leaving the heat exchanger 
was determined using the analytical model of the heat 
exchanger. The developed method in this study was suggested 
to be used in various types of heat exchangers.Experimental 
investigations show that the heat transfer characteristics and 
flow friction is greatly influenced by the fin spacing, size and 
shape of the fin.  

Bilir L, Ozerdem B [11] in 2010, investigated effects of vortex 
generators on heat transfer and pressure drop characteristics 
on fin-and-tube heat exchanger with three different types of 
vortex generators. The cumulative effect of vortex generators 
offers a better heat exchange solution with moderate drop in 
pressure. Hussein and Salman [12] in 2007,conducted an 
experiment to study pressure drop and heat transfer 
characteristics of water flow in a horizontal tube with or 
without longitudinal fins and found that heat transfer 
enhancement is 16 times more and friction factor is 4.5 times 
more of a finned tube than a bare tube having Re < 4000.The 
fins existing in annuli influence the flow pattern, temperature 
distribution and heat transfer rate.Zhu Y [12],focused on 
model and simulation of four types of basic fins (plain fin, 
strip fin, offset fin, perforatedfin, wavy fin) considering fin 
thickness, thermal entry effect and end effect for 132.3<Re< 
1323. For determining the values of heat transfer and pressure 
drop, the vortex generators were placed at four different 
locations on the fin surfaces.After the determination of the 
best location for a vortex generator of each type, two different 
models with all three types of vortex generators are created 
and analyzed numerically. The investigation of the cumulative 
effect of three different vortex generators is the novelty of the 
study. It is observed thatthe heat transfer rate is increased with 
the marginal increment in the pressure drop, when the three 
vortex generators together were used. They also verified the 
experimental data with the simulation model. Ha MY, Kim JG 
[13] in 2004, presentedthe solution for the natural convection 
in internally finned horizontal annuli which he obtained by 
using a numerical simulation of time-dependent and two-
dimensional governing equations. The fins present in annuli 
affects the temperature distribution, flow pattern and heat 
transfer rate. The variation of the fin configuration decelerates 
or accelerates the natural convection effect compared to those 
of smooth pipe. The effect of fin configuration number of fin 
and ratio of annulus gap width to inner cylinder radius and 
demonstrated by distribution of velocity vector, isotherms and 
stream line. 

Tatsumi K [14] in 2010, examined experimentally and 
numerically parallel cut fin array for the purpose of enhancing 
the fluid mixing and heat transfer and also reducing the 
pressure loss. They found that the heat transfer coefficient 
remained almost constant in the plain-fin case but increased in 
the cut-fin case.Sakalis andHatzikonstantinou [15] in 
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2001,studied numerically the effect of non-dimensional fin 
height (fin height/ tube radius) on friction numbers and found 
that the friction factorand Nusselt number are directly related 
with the fin height and reachedcritical value at 0.85 and 0.73 
respectively.The use of computational methods has been done 
to predict the performance of heat exchanger for both external 
and internal fins under different boundary conditions.Haldar 
SC, Kochhar GS [16] in 2007, numerically analyzedlaminar 
free convection about a horizontal cylinder with external 
longitudinal fins of finite thickness and suggested that among 
the various fin parameters, thickness plays the most influential 
role in determining the performance of the fins.Duplain and 
Baliga [17] in 2009, had formulated and demonstrated a 
computational methodology for optimization of fin shapes of 
steady, laminar, fully-developed forced convection in a 
straight duct of circular cross-section, with air as the fluid and 
non-twisted, uninterrupted, longitudinal internal fins made of 
steel, aluminum, and copper,Liu and Jensen.[18] in 2001, has 
investigated of turbulent flow and heat transfer characteristics 
of an internally rectangular finned tube. They concluded that 
the effects of fin profile, fin number, fin width and fin height 
has a significant effect on Nusselt number and friction factor. 

S. K.Rout, D.N.Thatoi [19] in 2012,accomplished parametric 
study by using a computational fluid dynamics (CFD) 
program named FLUENT to evaluate the performance of the 
heat exchanger with different fin numbers, sizes and shapes. 
The results endowedfrom the study for a steady and laminar 
flow of fluid under mixed flow convection heat transfer 
condition shows that there exist an optimum number of fins to 
keep the pipe wall Temperature at a minimum. The wall 
temperature optimises at a particular fin height beyond which, 
it is insensitive to any height variation. Moreover, amongst the 
three different shapes considered for fin, results representthat 
wall temperature is found to be minimum for triangular shaped 
fins, compared to T-shaped and rectangular fins. It is also seen 
from the present examination the top wall temperature 
distribution is higher compared to the bottom wall due to 
buoyancy effect. 

Harun and Stephen[20] in 2013, performed numerical 
investigation of annular finned tubes by using the 
computational fluid dynamics (CFD) software ANSYS 
FLUENT. The effects of fin height, fin spacing, fin material, 
and fin thickness on the overall heat transfer coefficient and 
pressure drop were determined for a single row of finned tubes 
in cross flow. As fin height increased, the predicted overall 
heat transfer increased. The magnitude of the increase in 
overall heat transfer was larger for smaller fin spacing and 
also concluded that the effect of the fin thickness was less 
significant than the fin spacing and fin height.HossainNematic 
andMoghimi[21] in 2014,studied turbulent flow passing over a 
four-row finned tube heat exchanger by using nine different 
turbulent models. Annular fin has a complex geometry and as 
a result, very complex phenomena such as flow separation, 
horseshoe vortices, generated wakes, etc. may be observed and 
shows that the numerical solution may be used as a new tool 

to visualize flow passing a tube bundle. In spite of some 
discrepancy between results, it is still a reasonable method in 
comparison with the experimental methods. 

3. GOVERNING EQUATION 

The governing equation used natural convection heat transfer 
problem for the solution. 

Continuity equation 

The equation states that mass of fluid is conserved 

The rate of increase of mass in fluid element = net rate of flow 
of mass into fluid element 

For time dependent 3-D equation is 

     
0

u v w

t x y z

     
   

   
 

For 2-D, incompressible and steady flow equation is 
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Momentum equation 

Momentum equations are based on newton’s second law 
which states that the rate of change of momentum equals the 
sum of forces on the fluid particle. The time dependent and 3-
D momentum equation in X- direction is 
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Where fx,fy,fz are the body forces in X ,Y and Z direction. 

Energy equation for fluids  
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Diffusion equation 
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Equations and dimensionless number used in convection 
problem 
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4. CONCLUSION 

The present work gives a comprehensive overview of number 
of research papers related to CFD applicationin finned tube 
heat exchanger. Conventional methods used for the design and 
development of heat exchangers are largely tedious and 
expensive in today’s competitive market. CFD has emerged as 
a cost effective alternative and it provides speedy solution to 
heat exchanger design and optimization. It has been concluded 
that fin geometry and number of fins are the key factor for 
optimization the performance of finned tube heat exchanger. 
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