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Abstract: This study presents the analysis of the temperature profile of the rectangular fin with uniform
generating of the internal heat and without internal heat generating by taking in the base of the rectangular fin
the constant temperature. Consequently, it is displayed also the comparison of the temperature field of the

rectangular fin by the application of the analytical and numerical method. For different fin materials based on

constant heat transfer coefficient are presented the comparison tabularly. Depending on the characteristic
parameters N for different values of internal heat generation it is presented graphically and also analyzed the

efficiency of fins. The results in the numerical solution of the fin models were obtained by using ANSYS

Software
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INTRODUCTION

Substantial improvements m energy efficiency in
many industrial fields can be achieved by employing more
effective heat transfer surfaces. By used the fins elements
between the hot surface and the surrounding air can be
achieved the heat transfer enhancement more efficiently
(Sahiti, 2015; Mabood et al., 2013 and Bunjaku et al.,
2017). Kraus et al. (2002) have presented in detail
mathematical models for the optimization of the finned
systems for different profiles. Sobamowo (2017) has
analyzed the dimensionless temperature for the
rectangular profile depending on the dimensionless length
for different values of the thermo-geometrical parameter
and internal heat generation. At the same tune the
analysis of efficiency dependency was carried for
thermo-geometrical parameters for different values for
dimensionless heat transfer. Aziz and Bouaziz (2011) has
as well analyzed the dimensionless temperature field
dependant on the dimensionless length as well as the
efficiency coefficient for different values of internal heat
generation depending on the dimensionless parameter
of the convection-conduction. Aziz and Fang (2010)
presented the solutions for the temperature distribution of
different profiles of longitudinal fins and provided
the relationship between the dimensionless heat flux,
the fin parameter and dimensionless tip temperature.
Ghasemi ez al. (2014) for the longitudinal fin with a
temperature-dependent on thermal conductivity and

internal heat generation have used the Differential
Transformation Method (DTM) for solving the non-linear
temperature distribution equation. Ganj and Dogonchi
(2014) analyzed the temperature distribution in the
rectangular profile and presented that by increasing
thermo-geometric parameter that leads to a decrease in
temperature distribution and by increasing thermal
conductivity and heat generation gradient, temperature
distribution mcreases. Fakir et al. (2013) analyzed the
temperature distribution behavior in a fin and plate and
presented the EFEM algorithm for the solution of one
dimensional heat transfer problem for rectangular fin.
Chikurde et al. (2018) presented the heat transfer during
natural convection and comparing the plane fin and fins
with perforations. Saraireh (2018) has presented of heat
transfer rate for rectangular fin by the numerical method
and results has compared with data obtained by the
experimental method where are showed a very good
agreement between two methods. Filkoslki et al. (2016)
have presented several case studies of analysis of
different thermal systems with the application of the CFD
technique, emphasizing its potential for research and for
engineering educational purposes which is demonstrated
with practical examples and mterpretation of test results
in connection to certain specific issues. Rajuet al. (2017)
have used ANSYS Software to analyze the temperature
distribution and heat flux on different types of fins.

The current study provides an analysis of the
temperature distribution through rectangular fin and the
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obtained results are compared by two methods analytical
and numerical. Further, the researchers provided the fin
efficiency by changing internal heat generation as a
function of fin characteristic parameter N.

MATERIALS AND METHODS

Analytical method: Very important for simplification and
better accuracy of the solution of equations that
define the fin geometries are the assumptions and
constramts that are employed to define and limit the
problem. The analysis of the different fin geometries in
contemporary researches are based on the researches
by Murray and Gardner which are almost always
referred to as the Murray-Gardner assumptions and
described by Kraus ef al. (2002) research. The common
assumptions are:

¢  The heat flow through the fin and its temperatures
remain constant with time

The fin material is homogeneous, its thermal
conductivity 18 the same in all directions and it
remains constant

The convective heat transfer coefficient on the faces
of the fin is constant and uniform over the entire
surface of the fin

The temperature of the medium surrounding the fin is
uniform

The fin thickness 1s small, compared to its height and
length, so that, temperature gradients across the fin
thickness and heat transfer from the edges of the fin
may be neglected

The temperature at the base of the fin is uniform

The comparison of the temperature along the fin
through analytical and numerical methods will be carried
for the fin with dimension 5x50 mm. The surface and the
perimeter of the fin rectangular cut will be noted at
the distance x from the fin tip, respectively with f,and P,
(Fig. 1).

Therefore, the thermal balance equation for the
element dx of the fin can be displayed according to
Fourier equation:

dd
Q, =k-f, - —
dx (1)
ds

dQ = Qg5 -Qx _i{k'fx : dx

Je
where, =TT, so that, ® is the respective temperature
difference between the fin Temperature (T) and the
temperature of the surrounding environment (T ).

The thermal flux that 13 exchanged between the fin
and the surounding air through convection 1s given as

per:
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Fig. 1: The profile of rectangular fin
dQ =h-p, --dl (2)

For the element of the side surface of the fin the
following serves:

2
dl- H(l dSJ dx (3)
2
For thinner fins it can be taken the following:
145, 4
2 dx
According to Eq. 1 and 2 the following is valid:
di[k.fx.jj}—h.px.ﬁ (5)

In relation to the application of dimensionless
parameter the following signs can be applied:

X =xb,8, =8,/8;,0= 01,
The perimeter of the straight fin does not change, so
that, the following can be taken f, = P-8,/2 where

according to Eqg. 5 it can be written:

d

dx[k.fx.ii}—h.px.ﬁ_qg.fx {(6)
where, ¢, is the specific thermal flux of the
internal source of the heat After replacing the

above mentioned parameters and derivation, Eq. 6
can be displayed by:
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Fig. 2: a) Numerical prediction of temperature profile of rectangular fin of the steel material and b) With internal heat

generation g, = 75 kW/m’
For boundary conditions:

a
—~_0

X =0,
dx
0=1

(8)
X =1

The solution of differential Eq. 7 as per boundary
conditions Eq. 8 1t 1s gained the following:

9e 'bz

i _cosh(N -X)Jr de -b?
k-, - N?

cosh(N) k. &, -N*

6=|1 @

Where we have:

I, Y

k&

8= and N? == .p?

Tb 'Ts
Equation 9 can be displayed as:

qgb® | cosh(N)

1- .
k-8 -N? | cosh(N-X)

T, =T, +{T,-T;) )
_dsb
kB - N?
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If there 1s no internal heat source inside the finned
system then g, = 0 and according to Eq. 9 the following is
obtained:

Numerical method: Concerning the analysis of the
respective model for the numerical method 1s used the
ANSYS Software package steady state where mitially the
model of the fin with respective dimensions 1s created. At
the following figure the finned models are presented for
the steel material for the case with and without internal
heat generating.

The gained results with analytical and numerical
method with and without internal heat source are
presented in the following table.

Based on the data presented at Table 1, through
numerical and analytical method in the following
Fig. 2 is presented the temperature along the fin in the
function of length whereas it can be noticed that there is
a discrepancy. This difference 1s because n the numerical
method there 1s a heat transfer even at the fin tip whereby
in the analytical method this heat transfer is neglected. At
the same time in the numerical method the model solution
1s three-dimensional while in the analytical method the
solution 15 one-dimensional (Fig. 3).

cosh(N)

et (11)
cosh(N -X)

T —TS+(Tb—TS){
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Table 1: Analytical and numerical values of the temperature for rectangular fins for steel material

Rect. fin Steel materials k = 60.5 W/{mk) and h = 25 W/(n’k)

g = 0 (kW/m®) (K) gs =75 (kW/m’) (K)
Height
of fin (m) Ty T T Ty Ty Ty T T, T Ty Ty =T Ty T
0 342.58 342.59 341.71 0.01 0.87 343.90 343.91 343.01 0.01 0.89
0.01 342.99 343.03 342.35 0.04 0.64 344.26 344.29 343.59 0.03 0.67
0.02 344.22 344.28 343.78 0.06 0.44 345.34 345.39 344.86 0.05 0.48
0.03 346.30 346.306 346.03 0.06 0.27 347.16 347.21 346.82 0.05 0.34
0.04 349.26 349.30 349.16 0.04 0.1 349.75 349.76 349.59 0.01 0.16
0.05 353.15 353.15 353.15 0 0 353.15 353.15 353.15 0 0
Table 2: Analytical and numerical values of the temperature for rectangular fins for aluminum material
Rect. fin Aluminum materials k = 202.4 W/(mk) and h= 25 W/(imk)

4, = 0 (kWim?) (K) 4= 75 (W) (K)
Height
of fin (m) T, Ty T Ty -Ty Te-Tha Ty Ty Ty Tyy-Ts T:-Tyg
0.00 349.63 349.63 349.30 0 0.33 350.06 350.07 349.73 0.01 0.33
0.01 349.77 349.77 349.51 0 0.26 350.19 350.20 349.93 0.01 0.26
0.02 35019 350.20 350.00 0.01 0.19 350.55 350.56 350.37 0.01 0.18
0.03 350.89 350.90 350.77 0.01 0.12 351.16 351.17 351.05 0.01 0.11
0.04 351.87 351.89 351.83 0.02 0.04 352.03 352.04 351.98 0.01 0.05
0.05 353.15 353.15 353.15 0 0 353.15 353.15 353.15 0 0
Table 3: Analytical and numerical values of the temperature for rectangular fins for cooper material
Rect. fin Copper materials k = 387.6 W/{mk) and h = 25 W/(m’k)

g = 0 (Wim?) (K) 9 = 75 (kW) (K)
Height
of fin (m) T, Ty T Ty, -Ty T T T, Ty Ty Tiy-Ty T,-Tp
0.00 351.26 351.27 351.08 0.01 0.18 351.50 351.51 350.32 0.01 1.18
0.01 351.34 351.35 351.20 0.01 0.14 351.56 351.57 351.43 0.01 0.13
0.02 351.56 351.57 351.46 0.01 0.1 351.76 351.77 351.67 0.01 0.09
0.03 351.94 351.95 351.87 0.01 0.07 352.09 352.10 352.04 0.01 0.05
0.04 35247 352.48 352.44 0.01 0.03 352.55 352.56 352.53 0.01 0.02
0.05 353.15 353.15 353.15 0.00 0.00 353.15 353.15 353.15 0.00 0.00
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Fig. 3: Temperature profile through rectangular fin

From the above presented data for the steel material,
through the same method the analysis continued by
changing the material to aluminium and copper. These
data are displayed at the following tables whereby in
these cases also there are small discrepancies for the same
reasons mentioned above (Table 2).

From the data presented i Table 3 it can be seen that
n all the cases there is a temperature change in analytical
and numerical methods where this change is more
stressed between realistic analytical and numerical
method.

Efficiency of the rectangular fin: The thermal flux
exchanged at the base of the fin is:

ds

Q=k-§- ™ oy = BV 20K (1G, tenh(N) - (12)

where by according to the dimensional analysis the
following sign is given:
_ o q.b g8
d, g _ s

- (13)
kB, -N? 2.k,

For the fin efficiency of the finned system with
internal heat source there is:

Q tanh(N) ;. .
- = TV (14)
Tome, N (14.)

The efficiency of the fin where there is no internal

heat source 1s:
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Fig. 4: Ratio of the internal energy and the characteristic
parameter N

_ tanh(N)
N

(15)

From the above presented Fig. 4 it can be seen that
by increasing the internal energy and the characteristic
parameter N the efficiency is decreased. This decrease is
stressed more by the increase of characteristic number N.

CONCLUSION

This study presents i analytical and numerical
methods the comparison of the rectangular fin
temperature by internal heat generation and without
internal generation. For the rectangular fin model with
mternal heat generation, the temperature field is higher
than in the case where there is no internal heat
generation. This change of temperature field 1s more
stressed by increasing the fin length. By numerical
methods are analyzed the cases by adjusting the
boundary conditions solved by the analytical method,
ie., by eliminated the heat transfer at the top of the
fin and also the case where there is transfer at the top of
the fn. From the obtained results which presented in the
above tables 1t can be remark that there 1s a discrepancy
between the two methods. This is because for the
analytical solution the problem is considered to be
one-dimensional while i the numerical solution are
applied the three-dimensional models.

By increasing the internal energy, the efficiency
of the rectangular fin is decreased whereas by
mcreasing the characteristic parameter N the
efficiency decrease i1s evident The comparison of the
temperature profile by two methods and the fin

efficiency for different wvalues of internal heat
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generation are convenient for use by engineers dealing
with the design and analysis of heat generating fins.

NOMENCLATURE

Heat transfer coefficient (W/Am*K))
Fin height (m)

Thermal conductivity (W/(mK))

Fin length (m)

Fin performance parameter (m™)
Internal rate of heat generation (W/m®)
Generation number, dimensionless
Characteristic parameters of the fin
Fin perimeter (m)

Temperature (K)

AN Zafs 50T

Greek symbols

8  Fin thickness (m)

0  Dimensionless temperature
1 Fm efficiency

Subscripts

b Base of fin

s Surrounding air

A Analytical method
N,
N, Real numerical method

Ideal numerical method
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