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Abstract

The analysis of the heat transfer of the moving porous radial fin with natural convection and radiation effect has
been carried out. Here, Newton's law of cooling, Fourier's law of conduction and Stefan-Boltzmann's law of
radiation were considered to formulate the fin model. The generated governing equation was solved numerically
using shooting technique based the fourth-fifth order Runge Kutta Fehlberg method. The resulting dimensionless
parameters affecting the thermal performance of the fin were analyzed through the graphs. It is observed that, with
the improvement of the convective parameter, there is a greater heat transfer from the surface of the fin.
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1. INTRODUCTION

The fin is the extended surface, which
basically aims to increase the rate of heat
transfer between the surface and the
environment. The annular fin is used in the
liquid gas heat exchanger system. In many
engineering applications like aircraft engines,
car radiator, gas turbines, automobiles,
electrical chips, Hydrogen fuel cell, heat
exchangers in power plants etc., fins are
widely used to improve heat transfer. Some of
the significant works on fin are as follows;
Aziz and Khani [1,2] have developed the
highly accurate analyticalsolution for the
analysis of thermal performance of radial fin
using Homotopy Analysis Method (HAM).
Peng and Chen [11] showed dominant role
played by convective heat transfer for heat
dissipation under convection-radiation
condition using hybrid numerical technique.
The analytical solution of radiation heat loss
from top and bottom surface of porous radial
fin is given by Darvishi et al. [3, 4]. Further, to
predict temperature distribution in aluminium

porous fin, Hatami and Ganji [6] used Least
Square Method (LSM) and fourth order
Runge-Kutta method. They also examined fin
efficiency. Hatami et al. [7] have confirmed
from the results that, in order to get high
refrigeration efficiency, Lewis number should
be more than unity. Also to get high fin
efficiency, Rayleigh number and porosity has
to be increased and mass transfer has to be
limited. Darvishi et al. [8] have obtained
numerical results from comparison made with
closed form of analytical solution for constant
thermal conductivity. Heat transfer with natural
convection and radiation effect on fully wet
porous radial fin has been considered by Khani
et al. [8]. Here Spectral Collocation Method is
used to solve non-dimensionalized ordinary
differential equation involving three highly
non-linear terms.

When fin is moved, it generates thrust.
When the fin is lifted it is being pushed in
opposite direction from water or air which is in
motion. To generate torque and power in
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turbines as well as in propellers for translating
torqueing force to lateral thrust moving fins are
used. Kim ef al. [9] have demonstrated a new
type of fan-integrated heat sink named as scroll
heat sink. Heat dissipation and fluid pumping
occurs simultaneously without any space for
fan module which is its remarkable feature. To
generate an analytical solution for heat
transfer, Aziz and Khani [2] applied Homotopy
Analysis Method for moving fin of variable
thermal conductivity. Here moving fin is losing
heat by simultaneous convection and radiation
to its surrounding. Torabi ef al. [13] have used
Differential Transform Method (DTM) to solve
the problem of fin moving with constant
velocity. Heat transfer in fin with longitudinal
rectangular profile was carried out using DTM
by Dogonchi and Ganji [5]. From the results it
is shown that, higher values of Peclet number
and radiation-conduction parameter is desired,
if cooling is required. Later on, Ma et al. [10]
studied heat transfer in moving porous fins of
trapezoidal, convex parabolic and concave
parabolic profiles to solve coupled conductive,
convective and radiative heat transfer using
Spectral Element Method. Different other
methods and techniques has been used by
researchers. Modified decomposition method
(MADM) is used by Roy et al [12] for
longitudinal moving fin to find solutions of
singular nonlinear heat transfer equations.
Turkyilmazoglu [14] has considered the heat
transfer in exponential fin under the influence
of convection and radiation. He has also
analyzed and compared the effects of Peclet
number due to fin movement and heat
generation parameter due to heat source.

Based on the above literature survey, we
made an attempt to analyze the influence of
natural convection and radiation condition on
the temperature performance of the porous fin
of radial profile. Here, the fin moves with the
constant velocity. The formulation has been
non-dimenionalised and numerically solve
with the utilization of Runge Kutta Fehlberg
method. The impact of parameters on the
thermal behavior of the fin has been discussed
graphically.
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2. Mathematical formulation

Consider the thermal processing of a radial
porous fin of base radius , tip radius , thickness
and moving with constant velocity as shown
in figure 1.

To, T:
Ty

M dr

Y
F 3
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>

Figure 1: The geometry of the present problem.

Let be the fixed temperature maintained at
the base of a fin. Considering as the constant
emissivity, when the surface is exposed.
Whenever the surface is exposed to colder
surrounding medium, it loses heat by
convection and radiation. When only natural
convection or absent then the radiative
component play a prominent role. Thermal
conductivity of fin is represented as , fluid has
specific heat and density . For convection and
radiation, sink temperatures are assumed as
and respectively. For the simplification of the
model it is assumed that the porous fin is
homogeneous, isotropic and saturated with the
single-phase fluid, the temperature variation
across fin thickness is neglected, the porous
medium and the clear fluid interaction are
described by the Darcy’s formulation, the fin
operates under steady state condition. It is also
assumed that the heat transfer co-efficient
over entire surface of moving material is as a
function of temperature and it is as defined as

below;
h=h, I-1, |
T,-T,

where, h, 1s the convective heat transfer
coefficient at temperature and is the exponent
associated with it.

Graqa = 0€(T* = T})2mrdr

(1

)
From Newton’s law of cooling, rate of cooling
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is given by,

Qconv = h(T - Ta)znrdr (3)

Making an energy balance on the element dr
of the fin we get,

jr(zmkf_ﬁ g]dr = (1= )T —T)2mrddy+oe(T* —T*)2erdr

+pC 27rtdrU ij—f (4)

On applying equation (1) in (4) and on
simplification we get,

ldﬁrdf\ -9 T-T)" _aI"-T")_pCUdT_ (5)
rd\ d@r) kg G-TY kg ok, dr
The relevant boundary condition for the finite
length fin with insulated tip is,

atr=rn, I'=T,
6
atr:rt,ﬂzo. (©)
dr

The dimensionless terms like

2
o-L. 0, _L 0 LIS A A Gl MLV
‘ k,t

>

b b b Ty

pe=PCY

ko (7)

are implemented to non-dimensionalize the

differential equation (5). Then it recast in the
dimensionless form as,

50-’7)27-;73
kot

b b

9_0 n+l
ld(Rdej—I\k( ) —M(@“—Q‘)—Pe@ =0. (8)
RdR\  dR (1-9)" ‘ dR
The boundary condition is also
non-dimensionalized as
atR=1, 6(R)=1,
atR=R", 4OR) _ 0,

)

where, R* is the ratio of tip radius to base
radius. The dimensionless parameters which
impact on the thermal behavior of the radial
porous fin are as follows: convective parameter
(Nc), radiative parameter (N71), Peclet number
(Pe), exponent (n), dimensionless convective
sink temperature (6,) and radiative sink
temperature (6;).

3. Numerical Procedure

Equation (8) is the non-linear second order
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ordinary differential equation with the
boundary condition (9). Initially, this boundary
value problem has been converted to initial
value problem. For that we assume,

0=x;,60 =x,.
Then equation (8) becomes,

n+l

x2'=NcM+Nr(xl4 —4954)+x2Pe—x—2.
(1-6,) R

Corresponding initial conditions are:
x(0) =1, x,(0) =m,,

where m; is the unknown and it is determined
by Shooting scheme. Then the reduced initial
value problem has been solved by the
application of Runge-Kutta-Fehlberg fourth
fifth order method. Here, we consider the step
size as 0.001 and sixth order convergence
criteria have been implemented.

4. Results and Discussion

The thermal analysis of a moving radial
porous fin with natural convection and
radiation effect is studied numerically. The
effects of different parameters have been
plotted by keeping Nc = 10, Nr =5, R* = 2,
Pe=1,6, =02, 6, =0.2 and n=1. The
plotted graphs have been interpreted as
mentioned below. Figure 2 shows the influence
of convective parameter on the temperature
profile.

1.0

09

0.8

Figure 2 : The influence of convective parameter (Nc)
on the temperature profile

From this plot one can see that, as Nc
increases, temperature profile decreases. This
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is obvious from the fact that, as the convection
effect increases, it carries more heat from the
fin surface. Hence, the temperature of the fin
decreases.
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Figure 3 : The influence of radiative parameter ( Nr) on
the temperature profile
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Figure 4 : The influence of dimensionless radiative sink
temperature (6;) on the temperature profile
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Figure 5 : The influence of dimensionless convective
sink temperature (6,) on the temperature profile

ISSN 2582-0079

09

08

*. Pe=1,23
0.7 |- .

0(R)

0.6 |

0.5

4 s
1.0 1.2 1.4 1.6 1.8 2.0
R

Figure 6 : The influence of Peclet number ( Pe)
on the temperature profile
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Figure 7 : The influence of exponent (1) on the
temperature profile

In figure 3, effects of radiation parameter
(N7) on thermal distribution is plotted. In this
graph, as Nr increases, temperature profile
decreases, due to radiation. Therefore,
radiation parameter plays an important role in
cooling the system and it proves that radiation
parameter effectively controls the temperature.
The influence of dimensionless radiative sink
temperature on the thermal performance is as
represented in figure 4. As 6, is increased,
temperature profile also increases. In figure 5,
impact of varying dimensionless convective
sink temperature (8,) on thermal performance
of the fin has been shown. It can be seen that
temperature profile increases as 6, increases.
Since, the rise in sink temperature decelerates
the heat flow from fin surface to the
surrounding.

In figure 6, temperature profile for
different values of Peclet number has been
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plotted. Here, as the Pe rises, temperature 3.0
profile also increases. This is due to the fact -
that, as the speed of the fin increases, Bang
interactive time between the surface and -

: : V. Nr=1,5,10
surrounding declines, hence we observe more o

temperature on the fin surface. The impact of & 15}
exponent n on the thermal distribution is as 1
shown in figure 7. It can be noticed that as the 18T
value of n increases, temperature profile also |

. 0.5 i
Increases.
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; Figure 9 : The influence of N7 on the temperature
20F gradient
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Figure 8 : The influence of Nc on the temperature
gradient 05k
The effect of Nc and Nr on the
. . 0.0 . 1 . 1 . 1 " L e
‘Femperature gradient of thg fin are as depicted 10 12 a4 16 8 2.0
in figures 8 and 9 respectively. It is observed R
that, as the Nc and Nr rises, temperature Figure 10: The influence of 6, on the
gradient also enhances due to augment in temperature gradient
natural convection and radiation environment.
Hence, higher  values of these parameters 25
improve the heat transfer rate. Figures 10 and
11 shows the influence of radiative and 20k
convective sink temperatures on the thermal
gradient, respectively. With the rise in sink 05

temperature, gradient shows decreasing result &
because of reduction in temperature difference %

Oa= 0.2,04,06

between the fin and sounding. So, the lesser tar
value of sink parameter helps in more rate of
heat transfer from the fin. The impact of Pe 0.5r
and n on the temperature gradient is presented
in figures 12 and 13 respectively. 0.0 : : . . :
& P y 1.0 12 1.4 1.6 1.8 2.0
R
As Pe and n enhances, temperature
gradient decreases due to an increase in Figure 11 : The influence of 8, on the
velocity of fin as well as nonlinearity temperature gradient

respectively.
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Figure 12 : The influence of Pe on the
temperature gradient

Figure 13 : The influence of n on the
temperature gradient

5. Conclusion

The thermal analysis of the porous fin
of the radial profile moving at constant speed
is performed. Here, the heat transfer of the fin
occurs by natural convection and the radiation
conditions has been analyzed numerically with
the help of Runge-Kutta Fehlberg fourth-fifth
order method. The potted graphs were
examined and it was found that the convective
and radiative effect affects the temperature
distribution of the fin. It is observed that the
higher values of the convective parameter and
the radiative parameter improve the rate of
heat transfer from the fin surface. The thermal
profile is lower for smaller values of the Peclet
number and the exponent associated with the
convective  heat  exchange  coefficient.
Increasing the temperature of the radiative and
convective heat sink reduces the heat transfer
rate of the fin.
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GREEK SYMBOLS:
= Density of the ambient fluid (kg / m? );

Dimensionless convective sink temperature;
Dimensionless radiative sink temperature;
= Non-dimensional temperature;

= Porosity;

= Stefan-Boltzmann constant (W f m2K* ); and

= surface emissivity of fin.

Nc _
Nr
Pe _

R* _
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NOMENCLATURE:

Specific heat at constant pressure U f kgfi' );
Convective parameter;

Radiative parameter;

Peclet number;

Dimensionless radius;

Ratio of tip radius to base radius;
Local fin temperature [H );
Convective sink temperature l:f'f );
Base temperature [K );

Radiative sink temperature (K );
Constant velocity of the fin {m ;J 5 };
Heat transfer coefficient [W f m2K ) ;

Heat transfer coefﬁgient at temperature
T, (W/m :

il

= Effective thermal conductivity of the material

>

W/mK),

Exponent associated with the temperature
dependent h;

Base heat transfer rate (W),
Fin radius (710);

Base radius (711);

Tip radius (7M); and

Fin thickness (712).



