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transfer of different type variation through
remained a warm responder to various con
decades. In the current analysis, an attempt
marize the result of the periodic he
are carried out the analysis for the
of extended surfaces also called fins
temperature. The performay

WHeat transfer has
researchers in last many
study, analyze and sum-
various fins. Further, we
nsfers through various kinds
e of periodic base and ambient
ended surface is expressed in terms of
e heat transfer process is regulated by
nless parameters such as the frequency
Wameter, N, and the amplitude parameter,
e and efficiency are demonstrated through several
hon rectangular fins are good for heat transfer due

ingly in variouS electronic accessories like compressors, internal combustion engines, control
systems and heat exchangers. Many types of heat exchangers are used in industrial processes.
Different surveys have been focused on various kinds of extended surfaces for the periodic heat
transfer and flow. It is remarkable that for the first-time the rate of heat transfer was defined by
Newton in [1] which is called Newton’s law of cooling. The aforesaid law states that The time
rate of heat transfer from a surface is directly proportional to the difference between the surface
temperature, T,, and the surrounding fluid temperature, T,. The aforesaid law is mathematical-
ly represented:

d

371G | = 14T, ~T) (1
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On the basis of convective heat transfer analysis, the aforementioned law is the first rule for heat
transfer formulation. Further on the aforesaid area further work has been done in 1922, 1929,
and then in 1998, for detail see [2, 3]. Later on the cooling law was modified by Fourier [4] in
1822 also called Fourier law of heat conduction given:

dT
= 2
[Q(,ond] dx ( )
After the Fourier law, several theories have been developed to model heat transfer in

various fins. The conclusive steps in the foundation of convective heat trapg oefficient in

transport mechanism, we refer [5].
For the first-time heat transfer through extend
and Brown. It was a well-designed work to analysis
conduction in an extended surface and provided
they also introduced the idea of heat exchange.
face cooling fin which later became simply a fin.
mathematical analysis of extended surfacegiggg
extended surface that occurs from a perlo emperature or an oscillatory ambient tem-
perature, many analyt1cal and nume

[11] have been j
convective and

a finite element solution for the periodic heat transfer and flow in
ded surface. Aziz and Na [12] have been analysis the periodic

er coefficient using the perturbation analysis technique in 1981. Fur-

v ntions about heat transfer analysis in different fluids were recorded during
mentloned study we refer the work of Vick and Ozisik [13], Yuen and Lee [14].
Sanea and MWphid [15] have been applied a finite-volume numerical model to describe the
heat transfer properties of longitudinal fins with rectangular profile subjected to periodic and
step change base temperatures. Lin [16] numerically analyzed the periodic heat transfer process
arising from a periodic base temperature in convective longitudinal fins. Li ef al. [17] studied
and analysis the enhancement of heat transfer in fins having irregular shape. Ahmadikia and
Rismanian [18] analytically studied the problem that had been presented numerically by Lin in
2011. Azimi et al. [19] brought out analysis for unknown base temperature circulation in vari-
ous non-Fourier fins during 2012. They considered 1-D general formulation of the non-Fourier
model for longitudinal fin with arbitrary profile such as convex parabolic, concave parabolic
and triangular. Further they have been used various methods for solution, like implicit finite
difference method and adjoint conjugate gradient method.
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Huang and Lee [20] studied and analysis the importance of considering the non-Fou-
rier effects in heat transfer problems through annular fins. They solved the non-Fourier CHTE
and investigated the thermoelastic wave propagation in annular fins by using a hybrid numer-
ical method. Kundu and Lee [21] analytically determined the fin temperature response with
volumetric heat generation for both Fourier and non-Fourier heat transfer mechanisms applying
separation of variables method. After they have also analyzed temperature dependent heat gen-
eration problem. Further, for the required solution they used least square method. Non-linear
temperature distribution equation in porous and solid longitudinal fins with temperature de-
pendent internal heat generation has been explained and solved using di Al transform
technique [21].

Mosayebidorcheh, et al. [22] have been designed various

Y ezmdal type
shape. They have been used spectral element method to sol in porous fins.

They observed high accuracy in this problem [24]. i |Is and quarter circular en-
close with two sinusoidal wavy walls were propo

Fins under periodic thermal condition tensively studied under various
port process are defined. The ef-
te of heat flow, fin temperature dis-
emonstrated through several examples.

ns which are used to increase the heat transfer

from a hot body to ambient. Ng material has high thermal conductivity. The
performance and applicationgo in various fields, such as in automatic control
mechanisms, cylinders of alrcraft electronic equipment, nanotechnology, storage
devices and also use i urther in engineering system fins are used in a large
number of applicati le fins are attached to electronic components to enhance the
periodic heat tra

In thi i r aims and objectives to bring out the comprehensive review for the

periodic heg extended surfaces (fins). Here we describe some parameters as
heat tran, extended body depend on the environmental temperature, 7., fins
tempe @ ness, fins pattern, fins alignment, fins outside dimeter, thermal con-

ivi transier coefficient, A, fin surface area, A,. Further, the enhancement of heat trans-
fer also dep®Qgls on the ambient fluid properties. Here we remark that the heat transfer through
the mentionedSurfaces can be increased by extending the concerned surfaces up to sufficient
degreee. The concerned process depends also on the nature of materials and heat transfer coef-
ficients. It also depends on the velocity of the wind, the temperature of the surrounding and the
geometry of the surfaces

Heat transfer from extended surfaces (fins) and applications

Different kind of fins are utilized mostly to enhance the heat transfer rate between a
hot solid body and an ambient fluid. From fig. 1 we see extended surfaces (also known as a
cooling fins, combined conduction-convection system or simply known as fins) is a solid in
which heat transfer in the form of conduction is consider to be 1-D. Further heat is also trans-
ferred from finned surfaces by other two modes which is convection and radiation.
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Figure 1. The fin configuration [25]

From fig. 1 it is recognized that the convection heat transfer g changes
along the fin’s length as well as its perimeter. Experimentally it is gjgser? value of
h is mostly much less at the fins base as compared to the fin tip. ' Wse there is
more resistance to the fluid motion which is surrounded by the s tids are more

se. Consequently,
implementation and
ns effectiveness which is

fixing several fins on a surface decrease the overall hea
performance of the extended surface is expressed j

alytical techniques, met
parameter which are ance the heat transfer rate having periodic nature from different

and analytical methods containing the method of finite ele-

Different type of extended surfaces have been utilized to increase the periodic heat
transfer rate from the surface of a system. Therefore, various extended surface (fins) are used
commonly in different kind of heat exchanging equipment such that used in computer CPU
heatsink, power plant and also used in radiator of different cars and other motors. Further these
are also used in heat exchanger, automatic control device and used in nanotechnology. Latest
technology also used fins such that in hydrogen fuel cell. Further all physical things that we see
in our surrounding take advantage from fins.

Periodic heat transfers from longitudinal straight rectangular fins

Longitudinal straight rectangular fins are utilized to enhance the periodic heat transfer
from a hot solid surface of the fins which are fixed to a surface of a system to the environment.
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Analytical and numerical solutions for heat transfer in one and 2-D model for both rectangular
type and wedge-shaped fins having uniform thickness is presented by Hyper and Brown [6].
The numerical solutions are concluded in terms of fins efficiency and effectiveness of the lon-
gitudinal straight rectangular profile. A paper was published by Ghai [26] in which he studied
an experimental analysis of heat transfer through rectangular type fins. Various problem of the
longitudinal fins of triangular profile, rectangular profiles with heat transfer coefficient that var-
ied linearly over the fin length has been analyzed and studied by Melese [27]. Fourier proposed
diffusion model and illustrates the relationship between the temperature gradient and heat flux.

propagating as a wave, having thermal diffusivity acting as a damping
and propagation. Allan [9] and Cattaneo in [8] have used a modifie

coefficient by choosing the concern equation.

Ueda and Harada [30] numerically studie
ficient and also carried out analysis for the fricti
flow. The effect of fins spacing and height, fins m
as a function of Reynolds number. Ueda-Harada

annel height all ware considered

and done analysis in the first to

¢, which had, until now have been

assumed as a constant. This was visualized ich displayed the variation of the fluid

temperature in the direction of the £ ight the gaps between these fins.

sis fO@the periodic heat convection and conduction in
pous problem by using the complex combination

L

| = '

dx :

i

Prime surface — '
H

Figure 2. The rectangular fin configuration [30] Figure 3. Radial fin of rectangular profile [30]

The aforementioned authors have been studied in 1975 for the first time in this area
and extended the analysis of the periodic heat transfer through radial and rectangular fins. In
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this case the solution existed in terms of modified Bessel function of complex arguments. On
separated the real and imaginary parts of the function and they calculated the oscillating com-
ponents by using the series expansions for these functions. For base heat flux the numerical re-
sults, temperature distribution and time-average fin efficiency showed fundamentally the same
performance as a result for the straight longitudinal fins.

Aziz and Na [12] studied the problem of oscillating base temperature with two addi-
tional effects. They analyzed the change in convection heat transfer coefficient with changing
the velocity of the adjacent fluid, thermal conductivity, fin height co-ordinate to change with
temperature. Al Mujahid [33] studied and used the complex combination 13 0 obtain the
analytical solution for rectangular fins with both base heat flux and envi
oscillation simultaneously. Eslmger and Chung [l 1] studied per1od1c

r fin. In rectan-
used the Fourier

respectively. He also extended the study of heat conductio
gular fin the loss of heat to environment by pure convecg
transformation technique to eliminate the time variable i ing differential equa-
tion gave rise to a series type of solutions which we the method of separation
of variables. Further for one and 2-D case, the coffvergence of such a series solution slow for
smaller time Values The same problem was anall

methods. The numerical result has some
and took different approach. They recogniz
small perturbation parameter and
bation analysis, they removed thg

7] recognizing these shortcomings
f fin thickness to the fin height as a very
unsteady equation. Later on, using the pertur-
Veraging the quantities along the fin thickness.

the concept of thermo mass Wang and Guo [39] introduced a
urier heat conduction in nanomaterials.

1. Naturally the transfer of heat is periodic in transient state. Therefore,
some rescardger analysis different type of fins for heat transfer and flow, for this purpose they
utilized triangMar fins and attached to a hot surface to enhance the periodic heat transfer and
further they define some constant environmental physical parameter. The uses and performance
of triangular fins can be measured in term of fin efficiency, effectiveness and thermal resistance.
This type of fins consists less material and minimum weight and low cost. The triangular fins
are large number of applications that is uses in industrial process, air cold cylinder or jet engine
of air craft and outer space and further use in engineering system. Hamid et al. [40] performed
an analysis and present the mods of heat transfer in his book. He studies triangular fins and anal-
ysis the boundary condition. Minkler and Rouleaus [41] in studied and worked on triangular
fins and consider the effect of heat transfer from triangular profile with a constant convection
heat transfer coefficient on the fin surfaces and further the fin tip become insulated such that
no heat loss. After Nakamura et al. [42] investigate and utilized the numerical technique to
remodel a triangular co-ordinate system to solve various dimensional problem in triangular
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fins. Papadopoulos et al. [43] investigated the response of straight and circular fins to fluid
temperature changes in 1990. Aziz and Nguyen [44] and look has also been analysis the 2-D
conduction problem in a triangular shape fin. Further, sued the method of separation of variable
and consider a fin with identical conduction and conviction from bottom to top faces and a
constant base temperature.

Nain [45] in his book presented an introduction abut triangular type fins and analysis
the boundary conditions and give detail information about it. Incropera [46] discussed 2-D fins
analysis contributing in heat transfer and planned a relationship for triangular fins. Mahesh his

l_/ i

X

>
(a) & L >

Figure 4. (a) Triangular fin attached to cylinder and (%

nite volume technique to solve numerically heat
ined the analytical and numerical result.

at flow and transfer rate is maximum from triangular root-
ommended to use this type of fins which are exposed to highly

Jase Nusselt number are increases with increase in Grashoff number

average ans

Periodic heat tYansfers from annular fins

Normally, annular fins have been test, study and design such that the fin thickness is
to be consider very less or ignore as compared to the fin radius. Sparrow et al. [51] explain and
utilized annular fin for heat transfer and construct a model for annular type fin with blackbody
surface and include the fin and base radial interface. Many researchers analysis and studies and
show that for a comparable fin thickness the result of 2-D experiment give effective result and
show good performance instead of 1-D study. This type of extended surface are commonly
utilized in commercial and industrial implementation and useful application we find such as
air-cooled electronics devices and compact heat exchanger.

Concerning the insufficiency of works and study affecting thermal performance of
orthotropic annular extended surface in two-dimensions. Mustafa et al. [52], Yovanovich et
al. [53] analysis and study the temperature circulation and heat transfer flow for orthotropic
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Geonion 2-D, annular fins subject to convective-tip bound-
ary condition. Further dimensionless heat transfer
is described throughout annular fins and further
fins efficiency ratio are calculated and plotted as
a function of constant value of geometric param-
eters and biot numbers. Campo and Acosta-Iborra
[54] have been stated the thermal solutions of me-
tallic, composite fins of varying thickness.

Aziz and Beers-Green
Figure 5. Fin of non-uniform cross-sectional [56] provided a detail info
Area: annular fin [60]

Geondout

Geondin = Geonvout T Qcondout

mal performance of rect
are organized functionally. Aziz and Fang [57] analyze the study

state and developed analytical solution for heat transfer.
Mujahid and Abu-Abdon [58] analysis and stu and the performance
report of annular type fins when its base is subject tg erature periodically. After
the two researcher Kang and Look [59] study 2-D sfhmetric radial fins consider several values of
different slope and consider non-dimensional fins 1@gth for hit loss and discuss the relationship
among different parameter in annular fins.
increase the heat transfer rate decrease. In r
metric study of well-designed and categori
of rotating fins and categorizing the ial i
the said fin is given in fig. 5.
Further a convecti
cross-sectional area. Consj
played and subject to
oped in various engj

. [60] analysis and reported the para-
nnular fins and investigate the efficient

considering for heat transfer having uniform
ient temperature constant, take annular fin which is dis-

convicting fins ygar cooling law. Chapman [61] have been reported such solution in an
annular fin.

with compl&argument. Further closed form solution for the time average efficiencies and
temperature diStribution are found which are dependent on the physical parameter of the fins.

Periodic heat transfers through cylindrical fins

Many researchers steady-periodic heat transfers in cylindrical fins which is more im-
portant in many engineering applications including annular fins [35, 62]. Such types of fins are
uses in rotating machinery such as heat exchanger and electromagnetic equipment, and used in
those devices which undergoing periodic thermal contact such as engine exhaust valves [63].

Sparrow and Vemuri [64] experimentally describe to explain the three mode of heat
transfer by conduction, natural-convection and radiation of vastly settled arranges of cylindrical
like spines or fins. This type of extended surface was placed with in horizontal axes and were
fixed to a heated surface at the base. After some researcher’s analysis and define heat transfer rate
effecting by decrease and increase the number of fins, base surface-to-surrounding temperature
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difference, further the uses and effect of insulator >
fins. Various numerical calculation indicated that at
small temperature difference the use and contribu- T()0=Tw+(rb+rw)e’x‘/%
tion of more fins are used for the total heat transfer.
Lieberman and Gelhart [65] provide and concerning
the dependence of heat transfer coefficient in pin-fin
arrangement along parallel cylinders’ arrangement
and determined geometric parameter. Aihara et al.
[66] analysis and show heat transfer through cylin-
drical type fins and produce optimum spacing among
horizontal isothermal cylinders.
Further cylindrical pin-fins expressed in fig.
6, with a vertical base plate are study by Bejan et al.
[67] and provide a relationship for the experimen-
tal average heat transfer coefficient in natural-con-
vection. Hatami [68] analysis most favorable shape
of wavy wall around the heated cylinder. Agrawal
and Bhavsar [69] perform an experimental work
finned cylinders consider the heat characteristics
Their system contained two identjcal fin
rials such that aluminum and brass. The re g0
direction and graphically determined the re V
Metzger and Haley [70]
visualization studies for arrangg

pe spine which lies in and opposite
w the effect on the heat transfer process.
cd and reported an experiment as well as flow
pin- ﬁns Murthy and Patankar [71] testiﬁed

experiment.

er through various

kind of e

4@ carclfers have been studied in their literature, that the heat transfer rate is
increased enlargig the heat transfer surface area or enlarge the heat transfer coefficient
parameter. easing the heat transfers rate in natural-convection we increase the heat transfer
area by providiig fins. The enhancement ratio of heat transfer rate be determined by on thermal
conductivity, geometric parameters of fin arrays and the fins orientations. The most common
arrangements of using fins arrays involve vertical or horizontal surface plate to which fins ar-
rays are fixed.

Literature review

Al-Essa and Adullah [73] take rectangular fins implant with equilateral triangular per-
forations and analysis the enhancement of heat transfer in natural-convection through it. He
determined that the perforated fins enhance the heat transfer rate for particular values of tri-
angular dimension. The magnitude of heat transfer enhancement is proportional to its thermal
conductivity and the fin thickness. Further increase the fins perforation, the heat transfer rate
increase. Beside the cost of fins material is decrease.
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Ramdas [74] studied various industries that are using thermal systems in which over-
heating can harm and damage the components of a system and reduce the function of the system
and further cause to failure of the system. To overcome this problem, they attached various fins
to manage the thermal systems with effective by enhance the heat transfer rate from the surface.
To increase the thermal performance and working of a system, thereby affecting energy material
and cost savings has led to development and use of many techniques termed as Enhancement
the heat transfer. This method also known as Heat transfer Augmentation or Intensification.

The uses of fins in different heat exchanger the augmentation technique increased con-
vective heat transfer by increasing thermal conductivity and reducing the resistance.
Various heat augmentation methods have been studied, these are:

— wave baffle and plate baffle

— surface roughness,

— inclined baffle,

— perforated baffle,

— corrugated channel,

— porous baffle,

— discontinuous Crossed Ribs and Grooves, and
— twisted tape inserts.

Most of these improvement techniques §& led to iferease in heat transfer coefficient
but at the cost of increase in pressure drop.

Mostafavi et al. [75], studied nd@l

ONVE in vertically fixed rectangular fins
tended surfaces. After confirmation of
mental, a systematic numerical and analytical
Md fin array interruption. Further computational
NT are applied to develop numerical model in
effects Various results indicate that increasing spacing
ecreases the weight of the fin arrays and increase the

of enhance the
and rectang

to increa r with increase in the height and thickness of the V-plates (fin)
Here, s joif at different heat transferred coefficients has been plotted graphically in
fig. 7 and
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Figure 8. Comparisons of HTC at 70 °C
base temperature
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Numerical and simulation works

Aziz and Luardini [76] have been analyzed heat transfer rate in various extended
surface with periodic base temperature. Further they used many methods to solved various
problem by using numerical, analytical and combined numerical analytical technique. These
contain the technique of finite differences, Frobenius, finite elements, perturbation expansions,
the boundary element method and the straight-line method. Further many equations involving
Bessel function with complex arguments are used numerical methods to solve it. They make a

dependent heat transfer coefficient used by Aziz a
Sanea and Muj ahid [15] applied a finite

riodic and step change base temperatures,
the experimental parameters, which affect
models, both thermal conductivity a

on-linear function of the temperature. Various
computational software Packages like COMSOL, AB-
AB to solve graphically the numerical and analytical
ering system.This computational software gives the desired

equation by Mg finite element technique. Further to be applied these techniques to solve the
complicated problem in mechanical, electrical and chemical engineering area. Mujahid [33]
has studied the radial extended surfaces with periodic base heat flux and further he explains
and show in detail, how the modified Bessel functions of complex argument solution can be
separate into two-components such that their real and imaginary parts. Papadopoulos et al. [43]
study the oscillating ambient temperature with a fixed base temperature and used the Laplace
transformation find the solution of heat transfer rate. Some further work in this regards can be
seen in [77-79].

Discussion

Aziz and Na [12] published a recently paper in the year, and mad an inclusive and
comprehensive analysis which present developed in the area of periodic heat transfer rate
through different type of extended surface. Further another paper has been published by Yang
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[10] in discuss and examine heat transfer characteristics in various longitudinal straight fins.
Further the periodic variation of base temperature in various fins also numerically and analyti-
cally determined by Yang [10]. Yang [10] and Aziz and Na [12] study and discuss heat transfer
rate in various kind of extended surface which are naturally periodic.

Different type of fins is utilized to enhance the heat transfer from a hot body. Ev-
idently, the first point of attention here was that Ghai [26] published a paper in which he
works and reported an experimentally exploration of rectangular type fins. He shows in this
research a large dlﬁerence in convection along the fins in the direction of the alr—ﬂow and

in a triangular profile.
The aforementioned investigation indicates that t
surface depends on the frequency parameter, amplitude
Fins surfaces are commonly used in practice to enha
rate of heat transfer from a surface several fold.
From the aforementioned review, we con
real life instruments like radiator, airconditigning.

-state fins parameter.
and they often increase the

Conclusion

urfaces (fins) in the real-world phenomena, we
ensive review about the periodic heat transfer

surfaces. The first one j (M temperature difference between the ambient fluid and
the hot surfaces, the is by enlarging the parameter heat transfer coefficient and the

third one which i sive and more popular is related to increase the surface area
by extended su wn as fins. Many researchers propose and mention that the periodic
heat transfe ind of extended surface may well present a challenging for fur-
ther expl nd investigation. That to minimize and decrease the mas, size and
volume urtace (fins) which are used in different type of heat exchangers (compact
heat excl'gaCr). Dillerent kind of extended surface structures, arrangements, process of con-

vection and ditions and further many factors are studied and develop the functioning and
performance oY various fins for the periodic heat transfer and flow. We expect that for further
investigation and research this report will provide a foundation for improving those effects
which enhance the periodic heat transfer rate in various kind of fins which are used in heat
exchangers. Furthermore, the central objective of this review paper direct to well-designed the
fins, effective heat transfer behavior and savings cost. Besides, this work will show and play a
significant role in further investigation for getting industrial, engineering, commercialization
uses and applications.
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