Semiconductor Science and Information Devices | Volume 02 | Issue 02 | October 2020

BILINGUAL
PUBLISHING CO.

of Global Academics Sin

/..

ce 1984
ce 1984

ARTICLE

Semiconductor Science and Information Devices

https://ojs.bilpublishing.com/index.php/ssid

A Study on Thermal Performance of Palladium as Material for Passive
Heat Transfer Enhancement Devices in Thermal and Electronics Systems

M. G. Sobamowo’

S. A. Ibrahim M. O. Salami

Department of Mechanical Engineering, University of Lagos, Akoka, Lagos, Nigeria

ARTICLE INFO

ABSTRACT

Article history

Received: 11 September 2020
Accepted: 24 September 2020
Published Online: 31 October 2020

Keywords:

Fins

Thermal analysis
Palladium

Thermal Performance
Heat transfer enhancement

1. Introduction

alladium is a lustrous silvery-white metal that be-
long to platinum group metals (PGMs). Palladium
is used in electronics, multilayer ceramic capac-

itors, watch making, aircraft spark plugs, metallizing
ceramics, solar energy, catalytic converter, fuel cells, elec-
trical contacts, surgical instruments, production of ethanol
fuel, oil refining, hydrogen purification, production of
purified terephthalic acid, platinotype process, groundwa-
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In this work, the thermal behavior of fin made of palladium material under
the influences of thermal radiation and internal heat generation is inves-
tigated. The thermal model for the extended surface made of palladium
as the fin material is first developed and solved numerically using finite
difference method. The influences of the thermal model parameters on the
heat transfer behaviour of the extended surface are investigated. The results
show that the rate of heat transfer through the fin and the thermal efficiency
of the fin increase as the thermal conductivity of the fin material increas-
es. This shows that fin is more efficient and effective for a larger value of
thermal conductivity. However, the thermal conductivity of the fin with
palladium material is low and constant at the value of approximately 75 W/
mK in a wider temperature range of -100 C and 227 C . Also, it is shown
that the thermal efficiencies of potential materials (except for stainless steel
and brass) for fins decrease as the fin temperatures increase. This is because
the thermal conductivities of most of the materials used for fins decreases
as temperature increases. However, keeping other fin properties and the
external conditions constant, the thermal efficiency of the palladium is con-
stant as the temperature of the fin increases within the temperature range of
-100 C and 227 C . And outside the given range of temperature, the thermal
conductivity of the material increases which increases the efficiency of the
fin. The study will assist in the selection of proper material for the fin and in
the design of passive heat enhancement devices under different applications
and conditions.

ter treatment, medicine, blood sugar test strips, industrial
products, chemical applications, dentistry (dental alloys),
medicine, and jewelry and it is a key component in pollu-
tion-control devices for cars and trucks.

Over the years, the demands for fins applications for pas-
sive cooling in thermal systems have grown exponentially.
Fins, as passive devices for cooling and thermal control of
thermal and electronics equipment. Further augmentation
of the heat transfer has been achieved through the use of
porous fins. The importance of such fins in various thermal
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and electronic equipment aroused various studies ", Var-
ious key parameters in the porous fin thermal models have
been used for the improved heat transfer enhancement >
% Some of the past works have focused on the utilizations
of the fin geometry as well as the thermo-electro-magnetic
properties of fin to achieve the optimized heat transfer aug-
mentation of the porous fin"'*, In some of the studies, the
properties of the surrounding fluid around the passive de-
vice have been used to increase the heat dissipating capac-
ity of the fin!">""". Additionally, some authors displayed the
efficacy of some new analytical and numerical methods in
the thermal analysis of the porous fin""***. Further studies
on porous fin are presented in ***".

In the applications of fin for the heat transfer enhance-
ment, it is established that the thermal conductivities of the
materials for fins are temperature-dependent as shown in
Figure 1. Therefore, the effects of the temperature-dependent
thermal properties on the fin performance have been taken
into consideration in previous studies. However, as depicted
in Tables 1, 2 and 3, the thermal conductivities of the palla-
dium at different temperatures. Even though the Tables pres-
ent different values of thermal conductivity for palladium at
different temperature, the stability of thermal conductivity
palladium with temperature can be well established. Also,
Figure 2 shows that the thermal conductivity of palladium is
constant at a relatively low temperature. The relatively low
temperature is the temperature region where the fin operates.
Therefore, it is very important to analyze the thermal per-
formance of this metal with temperature-invariant thermal
conductivity. In this work, the thermal analysis of porous fin
using palladium is analyzed. Parametric studies are carried
out and the results are discussed.
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Figure 1. Variation of Thermal conductivity with tem-
perature for difference materials
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Figure 2. Variation of palladium thermal conductivity
with temperature

Table 3.1 Thermal conductivity of Palladium with tem-
[48]

perature
S/N Temperature (K) Thermal conductivity (W/mK)
1 100.15 76.0
2 150.15 75.5
3 200.15 75.0
4 250.15 75.0
5 300.15 75.4
6 400.15 75.5
7 500.15 75.7

Table 3.2 Thermal conductivity of Palladium with tem-
50]

perature {
S/N Temperature (K) Thermal conductivity (W/mK)
1 100.15 75.1
2 300.15 75.4
3 400.15 75.4
4 500.15 75.7

Table 3.3 Thermal conductivity of Palladium with tem-
perature !

S/N Temperature (K) Thermal conductivity (W/mK)

1 173.15 72.0
2 273.15 72.0
3 373.15 73.0

2. Problem Formulation

Consider a longitudinal rectangular fin with pores having
convective and radiative heat transfer as shown in Figure
3. In order to derive the thermal model of the porous fin, it
is assumed that the porous medium is isotropic, homoge-
neous and it is saturated with single-phase fluid. The phys-
ical and thermal properties of the fin and the surrounding
fluid surface are constant. The temperature varies in the
fin is only along the length of the fin as shown in the Fig-
ure 3. and there is a perfect contact between the fin base
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and the prime surface.

Convection

Figure 3. Schematic of the convective-radiative longitudi-
nal porous fin with internal heat generation

From the assumptions and with the aid of Darcy’s mod-
el, the energy balance is

q. —[qx +%dx]+q(T)dx=rhcp(T—Ta)
X

+hP(T —T,)dx+oeP(T* =T, )dx +q,, (T) A, dx

(1
The fluid flows through the pores at the rate of mass

flow given as

m = pu(x)Wdx )

Also, the fluid velocity is given as
K
u(x)z%(T -7,) G)

Then, Equ. (1) becomes

K
qx—(w@dx}ww—wm
ox v
+hP(T —T,)dx +oeP(T* =T dx +q,, (T)A,dx
“4)

As dx—0, Eq. (3.5) reduces

K
_QZM(T_TQ)Z +hP(T -T))
dx v )

+68P(T4 _]:14) + qint.(T)Acr

Applying Fourier’s law for the heat conduction in the
solid, one has

Distributed under creative commons license 4.0

ar
—k, A, 6
eff dx ( )

where the effective thermal conductivity of the fin is
given as

kﬂ:¢kf+(1_¢)ks (7

According to Roseland diffusion approximation, the
rate of radiation heat transfer is

404, dT*
3, dx

qg=- ®)

From Egs. (6) and (8), the total rate of heat transfer is
given by

dT 4c4, af_T4

=— —— 9
I T3, ®
Substitution of Eq. (9) into Eq. (6) leads to
4 K
dfy 44T dod dT)_ poeKB o g,
dx dx 3B, dx v
+hP(T =T,)+0eP(T* ~T;') +4,, (T)4,
(10)

Expansion of the first term in Eq. (10), provides the
governing equation for the required heat transfer

2 4 K
d]; 40 d dT _pe,g 'B(T—Ta)z
dx”  3pk,, dx kytv
' 11
h CE .4 4 (o
~ (T =T~ (T* ~T)dx ~ g, (T) =0
kot o
The boundary conditions are
x=0, d—T:O, x=L, T=T, (12b)
dx

The internal heat general varies linearly with tempera-
ture as

(D) =q,(1+A(T-T,))

When Eq. (13) is substituted into Eq. (11), one e arrives at

(13)
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dz_T 40 d dT

dx’ 3Bk dx

0 P(T* T )dx—q,, (T)+ (14 A(T~T,))
eff

_ pe,gkp
kytv

2 b
(=1, - — (T -1)

eff

0

(14)

The term T can be expressed as a linear function of
temperature as

T =T +47(T~T,)+ 61> (T ~T,) +..= 4T°T - 3T

(15)
Substitution of Eq. (15) into Eq. (14), results in
T i T T
R™eff off eff
—4agP7;3(T—1;)dx+§—°(1+/1(T—Ta))=0
! (16)

Applying the following adimensional parameters in Eq.
(17) to Eq. (16),

x-* g-T- Sh_gkﬁ(T T)b o _ _Pbh
L T,-T, avk, Ak
3 3
Rd 40T, Ny — 40,,bT; . (17)
3Pk ke
gb

Q= y=MT,~T,)

keﬁ"(Tl'; _Too)

One arrives at the adimensional form of the governing
Eq. (16) as presented in Eq. (18),

2
(1+ 4Rd)%—5h92 ~M?*0-NrO+Q(1+y0)=
(18)
and the adimensional boundary conditions
X =0, ﬁ =0 (19a)
dX
X=1 6=1 (19b)

18 Distributed under creative commons license 4.0

3. Numerical Solution of the Thermal Model
using Finite Difference Method

The numerical analysis of the nonlinear thermal model
using finite difference method is presented in this section.
The governing Eq. (18) and also, the boundary conditions
in Eq. (19) are discretized as shown in Figure 4, Egs. (20)
and (22).

.- 47 48 49 50

Figure 4. Nodal representation for finite difference meth-
od

%)—w—wa—wa+Q<1+ye,.>:o

(1+4Rd)(
(20)

From Eq. (20), the final algebraic form of the finite dif-
ference equation becomes

2 2 2
0.,-20,+0,, -5 o _MEX),
(1+4Rd) " (1+4Rd)
21
_Nr(A’X) ) QA'X) 7 Q(A'X) o
(1+4Rd) " (1+4Rd) (1+4Rd) '

The finite difference discretization of the boundary
conditions is

i=1, %=O =6, =0, (22a)
i=N, 6,= (22b)

From the above finite difference scheme in Egs. (21)
and (22), a set of 50 non-linear algebraic equations are
developed. These systems of the non-linear equations are
solved simultaneously with the aid of MATLAB using
fsolve.

In order to investigate the impact of the constant ther-
mal conductivity (temperature-invariant thermal conduc-
tivity), a variable thermal conductivity is introduced as

k=k,(1+y(T-T,)) (23)
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The dimensionless thermal model becomes

2 2 2
d’0 d0+ﬁ(ﬁj Yy

X2+ﬂ6'

1+4Rd
(1+ ) dx? dx

~M*0-Nr0+Q(1+70)=0=0
(24)

where

p=y(T,-T,)

The finite difference discretization of Eq. (24) is

2
(1+4Rd)[9,-+] 20+, +ﬂa_[an—20,.+6¢_.j+ﬂ(9,-+,—9,._,} ]

(25)

A’X 20X
=8,8] ~M*6,~ Nr6,+0(1+76,) =0
(26)

After simplification, we have

2 2
0.,=20+0,,+56,(0., —2a+a,.)+ﬁ[9f*‘ 9] -2l A) g

2 (1+4Rd) "
_MZ(AZX)Q _Nr(AZX)g . Q(A*X) +yQ(A2X)9 _
(1+4Rd) " (1+4Rd) ' (1+4Rd) (1+4Rd) "’
27

The finite difference discretization of the boundary
conditions is

i=1, %=0 =6, =06, (282)
i=N, 6,=1 (28b)

Also, a set of 50 non-linear algebraic equations are de-
veloped from Eq. (27) and (28). As before, these systems
of the non-linear equations are solved simultaneously with
the aid of MATLAB using fsolve.

It should be noted that when B =0 in Eq. (27), Eq.
(21) is recovered as well the results of the temperature-in-
variant thermal conductivity,

4. Heat Flux and Efficiency Models of the Fin

The fin base heat flux is given by
dT

@y = AK(T)— (29)
dx

Using the dimensionless parameters in Eq. (17), at the
base of the fin, the dimensionless heat transfer rate is de-

Distributed under creative commons license 4.0

veloped as
q,,L do
Q=" ———=— (30)
kAT, ~T,)  dX
The finite difference discretization is given by
9:‘ 1 01
q, = (T 31
The total heat flux of the fin is given by
q,
= 32
qr ANT-T,) (32)

After substitution of Eq. (29) and using the dimension-
less parameters in Eq. (17), one arrives at

1 kdo_14do o)
T Binax " Bidx

The finite difference discretization is given by

_ L 0i+l — 01 (34)
=i\ ax

The fin efficiency is the ratio of the rate of heat transfer
rate by the fin to the rate of heat transfer that would be if
the entire fin were at the base temperature and is given by

Ph(T-T)d
o PMT-Tax

Qmax - Pth(];z _Toc)

(35)

77:

Applying the dimensionless parameters in Eq. (17) to
Eq. (35), the fin efficiency in dimensionless variables is

given by
1
n=[0ax (36)
0
After finite difference discretization, we have is
N
n=>6, (37)

Il
—_

5. Results and Discussion

The numerical solutions are coded in MATLAB and the
parametric and sensitivity analyses are carried out using
the codes.
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Figure 5. Dimensionless temperature distribution in the
fin parameters for varying thermo-geometric parameter
when S,,=0.2,M=0.4

Because of the temperature-invariant of thermal con-
ductivity of the material (palladium) under consideration,
effect of thermal conductivity parameters on the dimen-
sionless temperature distribution are first study as present-
ed in Figures 5 and 6. It is established that as the thermal
conductivity parameter 02)) increases, the adimensionas
temperature distribution in the fin increases which results
in increase in the local temperature. A situation where
B=0 implies constant or temperature-invariant thermal
conductivity as in the material (palladium) under consid-
eration. This situation provides the lowest temperature
distribution in the fin.It is shown that the temperature
profile has steepest temperature gradient at the lower val-
ue of thermal conductivity especially when the thermal
conductivity parameter B =0 The higher the values of
the thermal conductivity, the lower temperature difference
between the base and the tip of the fin.
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Figure 6. Dimensionless temperature distribution in the
fin parameters for varying thermo-geometric parameter
when S,,=0.1,M=0.4
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Figure 7. Dimensionless temperature distribution in the
fin parameters for varying thermo-geometric parameter
for constant thermal conductivity
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Figure 8. Effects of porous parameter on the temperature
distribution in the fin parameters for constant thermal
conductivity

The small value of the temperature difference between
the base and the tip of the fin is attributed to lower ther-
mal resistance offered by the material. Also, it should be
noted that the temperature difference becomes more pro-
nounced as the thermo-geometric parametric increases.
From the Figure 1, except for stainless steel and brass,
the thermal conductivities of most of the materials used
for fins decreases as temperature increases. Therefore, the
thermal efficiencies of these materials for the fins decrease
as the fin temperatures increase.However, keeping other
fin properties and the external conditions constant, the
thermal efficiency of the palladium is constant as the tem-
perature of the fin increases within the temperature range
of -100°C and 227°C. The is due the temperature-invariant
thermal conductivity of palladium.
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Figure 9. Effects of thermal conductivity and porosity on
heat flux when M=0.5, Nr=0.2

4t ——B=00
—F—pB=01
—+t—p=02
—©—p=03
+B=0-4

Heat transfer rate per unit width, Qb/w (W/m)
©
L

L L L L L L L
0 2 4 6 8 10 12 14 16 18 20
Porous parameter, Sh

Figure 10. Effects of thermal conductivity and porosity
on heat flux when M=2, Nr=0.3
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Figure 11. Effects of thermal conductivity and porosity on

heat flux when M=2.5, Nr=0.4
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Figure 12. Effects of thermal conductivity and conduc-
tive-convective parameter on the fin efficiency when
M=2, N=0.2, S=0.5

The impact of porous parameter on the adimensional
temperature is presented in Figures 7 and 8. It is shown in
the figures that when the porosity parameter increases, the
adimensional fin temperature decreases and the heat trans-
fer rate through the fin increases.

Figures 9, 10 and 11 show the effects of tempera-
ture-dependent thermal conductivity parameter on the
adimensional heat transfer rate at the base of the fin at dif-
ferent radiation parameters.

Figure 12 shows that increase in the thermal conductiv-
ity parameter, the heat transfer rate through the fin and the
thermal efficiency of the fin increase.Fin is more efficient
and effective for larger value of thermal conductivity. This
trend was also depicted in Figure 13.
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Figure 13. Effect of internal heat generation on the fin
efficiency when Sh=0.5, Nr=0.2, y=0.8

5. Conclusion

The thermal performance of fin made of palladium mate-
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rial under the influences of internal transfer mechanisms
such as thermal radiation and temperature-dependent in-
ternal heat generation has been analyzed in this work. The
developed thermal model for the extended surface made
of palladium as the fin material was solved numerically
with the aid of finite difference method. Effects of various
parameters on the heat transfer model of the extended sur-
face are investigated and the following are established:

(1) The results showed that the heat transfer rate
through the fin and the thermal efficiency of the fin in-
crease as the thermal conductivity of the fin material in-
creases.

(2) This shows that fin is more efficient and effective
for larger value of thermal conductivity.

(3) The thermal efficiencies of most materials (except
for stainless steel and brass) for fins decrease as the fin
temperatures increase.

(4) Keeping other fin properties and the external con-
ditions constant, the thermal efficiency of the palladium
is constant as the temperature of the fin increases within
the temperature range of -100°C and 227°C. And outside
the given range of temperature, the thermal conductivity
of the material increases which increases the efficiency of
the fin.

The selecting of proper material for the fin and in the
design of passive heat enhancement go a long way in
enhancing the heat transfer in thermal and electronic sys-
tems. Therefore, the present study will greatly help in this
area of heat transfer augmentation in such systems.

Nomenclature

A Section Area of the fin
&g  Gravity constant
k The parameter describing the thermal conductivity

.. —17--1
variation. (Wm K )
h  Convective heat transfer coefficient

L Length of the fin (m)

Specific heat (J kg_lK_l)

p

v, Velocity of fluid passing through the fin (m 5! )

A » Porosity parameter

N, Radiation parameter

C, Dimensionless ratio of ambient to difference be-
. Too

tween wall and ambient temp. T-T.

22 Distributed under creative commons license 4.0

Width of section fin (m)
t Thickness of section fin (m)

Mass flow rate (kg s )

m

g Acceleration due to gravity (9.81 ms™ )
7 Local fin temperature (K )

T, Fin base temperature (K )

T, Ambient or surrounding temperature (K )

X Axial coordinate (m)

X Dimensionless axial coordinate
Greek symbols

@ Dimensionless temperature
o Stephen-boltzman constant  (5.67x107 Wm’s™K*)

& Emissivity of porous fin

. L . 2 -1
v Kinematic viscosity (m N )

p  Density (kg m_3)
Subscript

b  Condition at the fin base
o0  Condition of the ambient temperature
P Porous property

References

[1] S. Kiwan, M. A. Al-Nimr. Using Porous Fins for
Heat Transfer Enhancement. Journal of Heat Trans-
fer, 2000, 123: 790-795.

[2] L. Gong, Y. Li, Z. Bai, M. Xu. Thermal performance
of micro-channel heat sink with metallic porous/solid
compound fin design. Applied Thermal Engineering,
2018, 137: 288-295.

[3] H. M. Ali, M. J. Ashraf, A. Giovannelli, M. Irfan, T. B.
Irshad, H. M. Hamid, et al. Thermal management of
electronics: An experimental analysis of triangular,
rectangular and circular pin-fin heat sinks for various
PCMs. International Journal of Heat and Mass Trans-
fer, 2018, 123: 272-284.

[4] M. O. Seyfolah Saedodin. Temperature distribution
in porous fins in natural convection condition. Jour-
nal of American Science, 2011, 7.

[5] G. A. Oguntala, R. A. Abd-Alhameed, G. M. So-
bamowo, N. Eya. Effects of particles deposition on
thermal performance of a convective-radiative heat

DOI: https://doi.org/10.30564/ssid.v2i2.2381



Semiconductor Science and Information Devices | Volume 02 | Issue 02 | October 2020

sink porous fin of an electronic component. Thermal
Science and Engineering Progress, 2018, 6: 177-185.

[6] M. G. Sobamowo, O. M. Kamiyo, O. A. Adeleye.
Thermal performance analysis of a natural convec-
tion porous fin with temperature-dependent thermal
conductivity and internal heat generation. Thermal
Science and Engineering Progress, 2017, 1: 39-52.

[7] S. Mosayebidorcheh, M. Farzinpoor, D. D. Ganji.
Transient thermal analysis of longitudinal fins with
internal heat generation considering temperature-de-
pendent properties and different fin profiles. Energy
Conversion and Management, 2014, 86: 365-370.

[8] S.-M. Kim, I. Mudawar. Analytical heat diffu-
sion models for different micro-channel heat sink
cross-sectional geometries. International Journal of
Heat and Mass Transfer, 2010, 53: 4002-4016.

[9] A. Moradi, T. Hayat, A. Alsaedi. Convection-radia-
tion thermal analysis of triangular porous fins with
temperature-dependent thermal conductivity by
DTM. Energy Conversion and Management, 2014,
77:70-77.

[10] G. Oguntala, R. Abd-Alhameed, G. Sobamowo. On
the effect of magnetic field on thermal performance
of convective-radiative fin with temperature-depen-
dent thermal conductivity. Karbala International
Journal of Modern Science, 2018, 4: 1-11.

[11] Z. M. Wan, G. Q. Guo, K. L. Su, Z. K. Tu, W. Liu.
Experimental analysis of flow and heat transfer in a
miniature porous heat sink for high heat flux applica-
tion. International Journal of Heat and Mass Transfer,
2012, 55: 4437-4441.

[12] P. Naphon, S. Klangchart, S. Wongwises. Numeri-
cal investigation on the heat transfer and flow in the
mini-fin heat sink for CPU. International Commu-
nications in Heat and Mass Transfer, 2009, 36: 834-
840.

[13] G. Oguntala, R. Abd-Alhameed, G. Sobamowo, I.
Danjuma. Performance, Thermal Stability and Opti-
mum Design Analyses of Rectangular Fin with Tem-
perature-Dependent Thermal Properties and Internal
Heat Generation. Journal of Computational Applied
Mechanics, 2018, 49: 37-43.

[14] M. G. Sobamowo. Thermal analysis of longitudinal
fin with temperature-dependent properties and in-
ternal heat generation using Galerkin’s method of
weighted residual. Applied Thermal Engineering,
2016, 99: 1316-1330.

[15] H. R. Seyf, M. Feizbakhshi. Computational analysis
of nanofluid effects on convective heat transfer en-
hancement of micro-pin-fin heat sinks. International
Journal of Thermal Sciences, 2012, 58: 168-179.

[16] S. A. Fazeli, S. M. Hosseini Hashemi, H. Zirakzadeh,

Distributed under creative commons license 4.0

M. Ashjaee. Experimental and numerical investiga-
tion of heat transfer in a miniature heat sink utilizing
silica nanofluid. Superlattices and Microstructures,
2012, 51: 247-264.

[17] G. Oguntala, R. Abd-Alhameed, Z. Oba Mustapha,
E. Nnabuike. Analysis of Flow of Nanofluid through
a Porous Channel with Expanding or Contracting
Walls using Chebychev Spectral Collocation Method.
Journal of Computational Applied Mechanics, 2017,
48:225-232.

[18] B. Kundu, D. Bhanja. An analytical prediction for
performance and optimum design analysis of porous
fins. International Journal of Refrigeration, 2011, 34:
337-352.

[19] F. Khani, M. A. Raji, H. H. Nejad. Analytical solu-
tions and efficiency of the nonlinear fin problem with
temperature-dependent thermal conductivity and heat
transfer coefficient. Communications in Nonlinear
Science and Numerical Simulation, 2009, 14: 3327-
3338

[20] Y. Rostamiyan, Ganji, DD, Petroudi RI, Nejad KM.
Analytical investigation of nonlinear model arising
in heat transfer through the porous fin. Thermal Sci-
ence, 2014, 18: 409-417.

[21] R. Das, B. Kundu. Prediction of Heat Generation in
a Porous Fin from Surface Temperature. Journal of
Thermophysics and Heat Transfer, 2017, 31: 781-
790.

[22] G. Oguntala, G. Sobamowo, Y. Ahmed, R. Abd-Al-
hameed. Application of Approximate Analytical
Technique Using the Homotopy Perturbation Method
to Study the Inclination Effect on the Thermal Be-
havior of Porous Fin Heat Sink. Mathematical and
Computational Applications, 2018, 23: 62.

[23] G. A. Oguntala, R. A. Abd-Alhameed. Haar Wavelet
Collocation Method for Thermal Analysis of Porous
Fin with Temperature-dependent Thermal Conductiv-
ity and Internal Heat Generation. Journal of Applied
and Computational Mechanics, 2017, 3: 185-191.

[24] S. Kiwan, Effect of radiative losses on the heat trans-
fer from porous fins. Int. J. Therm. Sci., 2007a, 46:
1046-1055

[25] S. Kiwan. Thermal analysis of natural convection po-
rous fins. Tran. Porous Media, 2007b, 67: 17-29.

[26] S. Kiwan, O. Zeitoun, Natural convection in a hor-
izontal cylindrical annulus using porous fins. Int. J.
Numer. Heat Fluid Flow, 2008, 18(5): 618-634.

[27] R. S. Gorla, A. Y. Bakier. Thermal analysis of natural
convection and radiation in porous fins. Int. Com-
mun. Heat Mass Transfer, 2011, 38: 638-645.

[28] B. Kundu, D. Bhanji. An analytical prediction for
performance and optimum design analysis of porous

DOL: https://doi.org/10.30564/ssid.v2i2.2381 23



Semiconductor Science and Information Devices | Volume 02 | Issue 02 | October 2020

fins. Int. J. Refrigeration, 2011, 34: 337-352.

[29]1B. Kundu, D. Bhanja, K. S. Lee. A model on the ba-
sis of analytics for computing maximum heat trans-
fer in porous fins. Int. J. Heat Mass Transfer, 2012,
55(25-26): 7611-7622.

[30] A. Taklifi, C. Aghanajafi, H. Akrami. The effect of
MHD on a porous fin attached to a vertical isother-
mal surface. Transp Porous Med., 2010, 85: 215-31.

[31] D. Bhanja, B. Kundu. Thermal analysis of a con-
structal T-shaped porous fin with radiation effects. Int
J Refrigerat, 2011, 34: 1483-96.

[32] B. Kundu, Performance and optimization analysis
of SRC profile fins subject to simultaneous heat and
mass transfer. Int. J. Heat Mass Transfer, 2007, 50:
1545-1558.

[33] S. Saedodin, S. Sadeghi, S. Temperature distribution
in long porous fins in natural convection condition.
Middle-east J. Sci. Res., 2013, 13(6): 812-817.

[34] S. Saedodin, M. Olank. Temperature Distribution in
Porous Fins in Natural Convection Condition, Jour-
nal of American Science, 2011, 7(6): 476-481.

[35] M. T. Darvishi, R. Gorla, R.S., Khani, F., Aziz, A.-
E. Thermal performance of a porus radial fin with
natural convection and radiative heat losses. Thermal
Science, 2015, 19(2): 669-678.

[36] M. Hatami, D. D. Ganji. Thermal performance of cir-
cular convective-radiative porous fins with different
section shapes and materials. Energy Conversion and
Management, 2013, 76: 185-193.

[37] M. Hatami, D. D. Ganji. Thermal behavior of longi-
tudinal convective-radiative porous fins with differ-
ent section shapes and ceramic materials (SiC and
Si3N4). International of J. Ceramics International,
2014, 40: 6765-6775.

[38] M. Hatami, A. Hasanpour, D. D. Ganji, Heat transfer
study through porous fins (Si3N4 and AL) with tem-
perature-dependent heat generation. Energ. Convers.
Manage, 2013, 74: 9-16.

[39] M. Hatami, D. D. Ganji. Investigation of refrigera-
tion efficiency for fully wet circular porous fins with
variable sections by combined heat and mass transfer
analysis. International Journal of Refrigeration, 2014,
40: 140-151.

[40] M. Hatami, G. H. R. M. Ahangar, D. D. Ganji,, K.

24 Distributed under creative commons license 4.0

Boubaker. Refrigeration efficiency analysis for fully
wet semi-spherical porous fins. Energy Conversion
and Management, 2014, 84: 533-540.

[41] R. Gorla, R.S., Darvishi, M. T. Khani, F. Effects of
variable Thermal conductivity on natural convec-
tion and radiation in porous fins. Int. Commun. Heat
Mass Transfer, 2013, 38: 638-645.

[42] S. Saedodin. M. Shahbabaei Thermal Analysis of
Natural Convection in Porous Fins with Homotopy
Perturbation Method (HPM). Arab J Sci Eng., 2013,
38:2227-2231.

[43] H. Ha, Ganji D. D., Abbasi M. Determination of
Temperature Distribution for Porous Fin with Tem-
perature-Dependent Heat Generation by Homotopy
Analysis Method. J Appl Mech Eng., 2005, 4(1).

[44] H. A. Hoshyar, 1. Rahimipetroudi, D. D. Ganji, A. R.
Majidian. Thermal performance of porous fins with
temperature-dependent heat generation via Homo-
topy perturbation method and collocation method.
Journal of Applied Mathematics and Computational
Mechanics, 2015, 14(4): 53-65.

[45] Y. Rostamiyan,, D. D. Ganji , I. R. Petroudi,M. K.
Nejad. Analytical Investigation of Nonlinear Model
Arising in Heat Transfer Through the Porous Fin.
Thermal Science, 2014, 18(2): 409-417.

[46] S. E. Ghasemi, P. Valipour, M. Hatami, D. D. Ganji.
Heat transfer study on solid and porous convective
fins with temperature-dependent heat -generation us-
ing efficient analytical method J. Cent. South Univ.,
2014, 21: 4592-4598.

[47] I. R. Petroudi, D. D. Ganji, A.B. Shotorban, M. K.
Nejad, E. Rahimi, R. Rohollahtabar and F. Taherin-
ia.Semi-Analytical Method for Solving Nonlinear
Equation Arising in Natural Convection Porous fin.
Thermal Science, 2012, 16(5): 1303-1308.

[48] Handbook of Precious Metals: Edited by E. M. sav-
itskii, Hemisphere Publishing Corporation, New
York, 1989: 600.

[49] E. M. Savitskii. Physical Metallurgy of Platinum
Metals. Moscow: Mir Publishers, 1978.

[50] G. W.C Kaye, T. H. Laby. Tables of physical and
chemical constants 15th Edition. United States: John
Wiley and Sons Inc, 1986.

DOI: https://doi.org/10.30564/ssid.v2i2.2381



