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Abstract

The present paper develops explicit and non-power series exact solutions to the nonlinear heat
transfer models of conductive-radiative-convective moving-porous fin using Laplace transform -
Exp-function method, is presented. The developed solutions are employed for investigation of the
included parameters on the transient and steady states studies of the moving-porous fin. The results
submitted that the fin temperature is augmented with time increase due to increase heat transfer rate
as time progresses. However, thermal parameter of the fin reduces from the its base to its tip. As the
porosity, moving, convective-conductive-radiative parameters are increased, the fin temperature are
decreased due to increased heat transfer rate. The opposite trend is displayed for the conductive-
radiative number. It can be stated that present work will be useful in the analysis of the device.
Keywords: Porous fin. Thermal study. Explicit analytical solution. Laplace transform. Exp-
function method.

1. Introduction

Fins have been extensively used for heat transfer augmentation in thermal systems [1].
Consequently, there have been different studies on their thermal responses when they are subjected
to heat transfer [2-19]. The mathematical models of the thermal response of the passive devices are
nonlinear which are very hard to be solved explicitly. Consequently, numerical methods and
approximate analytical methods have been used [20-40]. In some earlier studies [21]-[27] some
closed-formed solutions for the linearized thermal problem in the passive device were established.
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Other authors [28]-[47] made used of other computational techniques to study the thermal
characteristics of fins.

A critical look at the above review works show that the reviewed studies has not developed
explicit analytical solutions for the passive device. However, as a novel contribution, we developed
explicit and non-power series exact solutions to the nonlinear heat transfer models of conductive-
radiative-convective moving porous fin using Laplace transform-exp(-®(x)-expansion method, is
presented. The developed solutions are employed for investigation of the included parameters on
the transient and steady states studies of the fin.

2. Problem Formulation

A moving straight moving radiative-convective porous fin influence by magnetic field as shown
(Fig.1.) is considered. The assumption made are given in our previous studies [35-37].

Fig. 1 The porous fin under convection and radiation

Using the energy balance, thermal transient model of the device is

0 {k af*} 4o @ (af*“}_ﬁ'pcpgKP(f*—T;)z_Ph(f*—T;)
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The initial and boundary conditions

f*(f(*,O) =T, for 0<% <L (22)

ot (0,t") ) .
- ) 2

e (2b)
T (LE)=T, (20)

The definition of each variable used in the model is given in our previous works [35-37.59].

Assuming constant effective thermal conductivity:
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Put Eq. (4) into Eq. (3), gives
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Adopting dimensionless parameters in Eg. (6) to Eq. (5),
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The dimensionless form of the model in Eq. (7) is
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The dimensionless initial condition
®'(X,0)=0 for 0<x" <L ©)

The dimensionless boundary conditions
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3. Method of Solution: Laplace transform-Exp(-®(x)-Expansion Method

Laplace transform-exp(-d(x)-expansion method is utilized to develop explicit non-power series
exact solutions to the models. The description of the Laplace has been given in our previous work
[59]. However, we describe the exp(-®(x)-expansion method here.

3.1. Description of the Exp(-®(x)-Expansion Method

Exp-function method is a recently proposed method by He and Wu [48] is an effective, concise and
straight-forward method for developing generalized solitary solutions and periodic solutions. This
method has been widely applied in solving nonlinear problems [48-58]. The method gives more
general solutions with some free parameters which make the development of exact solution
relatively easy.

Consider an ordinary differential equation as
R(u,u’,u”,u”,...)=0 (11)

where u’,u”,u”,... denote derivatives of u with respect to X and R is a polynomial of u. On

integrating the ODE in Eq. (11) as many times as possible and set the constants of integration to
zero.

The solution of ODE in Eq. (2) can be expressed by a polynomial in exp(-@(X)) as

O(X) =iA [exp(-®(X))] (12)

Where A; are constants to be determined such that An# 0 and ®=®(x) satisfies the following ODE

@'(X) =exp(—P(X))+ pexp(D(X))+ 4

(13)
The above Eq.(14) gives the following solutions:
(i) When =0, 2> —4u>0,
_ o .
- J(A* —4u)tanh ( “) (X+E) |-4
®(X)=1In (14)
2u
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(i) When 1 #0, 12 —4u<0,

_4 (44— 2% )tanh W

®(X)=1In (15)
2p

(x+E) |-

(iii) When =0, A=0and A*—44>0,
U g

A
@(X):—lanp[ﬂ(HE)_lﬂ (16)

(iv) When 1 #0, A=0and A*>—4u=0,

O(X) In{_Z[/IE/%L E)]+2:| an
A (X +E)

(v) When ©=0, A=0and A*—4u=0,
®(X)=In(X +E) (18)

Where A,...,E, A, u are constants to be determined latter, A, #0.
Substituting Eqg.(11) into Eq. (12) gives a polynomial of exp(—CD(X ))and equating all coefficients
of the same power of exp(—@(X )) to zero gives a system of algebraic equations whichever can be

solved to find A,...,E, A, u. Also, substituting the value of A,...,E, 4, into Eq. (12) along the
general solutions of Eq. (4) completes the determination of the solution of Eq. (11).

4. Development of Explicit analytical solutions for the Thermal Model using Laplace
transform-Exp(-®(x)-expansion method

In order to find exact solution for the nonlinear model as derived in Eq. (15), we first apply Laplace
transform to Eq. (8), which gives

\~ .
d_Gz)_ped_®_Sh©2 —(§s+M2+ Nr)(:):O
dX dX (19)

And the boundary conditions in Laplace domain are

s>0, X=0, ©= (20a)

w |
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s>0, x=1 2_p (20b)
OX

Now, for the governing equation gives in Eq. (11), we get N=2 (second-order ODE) if we follow
homogenous balancing phenomena, therefore the suggested algorithms have the following
solutions:

B(X,5) = A+ Aexp(~B(X,5))+ A, [ exp(-B(X,5)) | (1)
Where A,, A are constants to be determined such that A = 0, while A, «z are arbitrary constants.
Substituting Eq. (21) into Eqg. (8) and equating the coefficients of exp(—d_b(x,s))4,
exp(—cT)(X,s))3, exp(—q_)(x,s))z, exp(—®D(X,s)), exp(—q_)(x,s))0 to zero, we respectively
obtain.

—-S,AZ+6A, =0

2PeA, —2A A, +10A, A +2A =0

2PeA —2S, A/A, +2PeA L+ 4A 07 +8A2y—(cjs+M 2 Nr)Az ~S, A’ +3A1=0
—(&s+M?+Nr)A +6AAu—2S, AN + AL+ PeAL+2PeA, 1+ 2Au=0

exp(-B(X,5)) 1 —({s+M2+Nr) A, +PeAu—S, A+ Aul+2Au° =0

On solving the algebraic equation, we have

Cluster 1:
_—AS, 2 1
H= (1o(§s+|v| +Nr)R3—ShA1), ﬂ_—BORs(a—Ssh/\Rg),
1
AO:24Sh(Sthf—24(§s+M2+Nr)),
6 6 1
A A=— R =+ - 22
A=A A s, ° \/25(§s+M2+Nr) Pe (22)
Cluster 2:
y:ﬁ(lo(gs+M2+Nr)iR +S,A), A= L (6-5S,AiR,), A=t A
144 A 30iR, T YRR
6 6 i
= , =—, R :i = — 23
A=A A s, ° \/25(§S+M2+Nr) Pe 23)

Substituting Egs. (22) and (23) into Eqg. (21), we have the solutions for the two clusters
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A(X,s) = 2418 (Sthf ~24(¢s+M%+ Nr))+ Alexp(—CB(X,s))+8£[exp(—CT)(X,s))]2

h h

And
~ 1 ) — 6 — 2
O(X,s) = zShA1 + Aexp (-D(X, s))+s—h[exp(—<b(x , s))]

Substituting Eq. (14)-(18) into Eqgs. (24), we have for Cluster 1
(i) When z#0, A*—4u>0,
2p

2
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- 1 2 A2 2 A 6 4 2
O(X,s)= 243, (ShAi _24(§S+M +Nr))+A{exp[l(x+ E)—l]}rs_,[exp[/l(x-k E)—lJ

(iv) When z#0, A=0and A*—4u=0,

22(X +E) }6{ 22(X +E) T

) 1
O(X,8) = 2[A(a+E)J+2| s,| 2[2(2+E)]+2

(S2A°—24(¢s+M? +Nr))- A1|:

h

(v) When ©=0, A=0and A*—4u=0,
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1

2 p2 2 6
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Substituting Eq. (14)-(18) into Egs. (25), we have for Cluster 2
(i) When %0, 2> —4u>0,

2u
A(X s)=iSZAf—A1 4/(/12—4y)tanh M(X-FE) +1
24" 2
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where E and A; are arbitrary constants to be determined from the boundary conditions.
p=pu(s,S,,M,Nr,Pe) and 2 =A4(s,S;,M,Nr,Pe) (36)

The numerical inverse Laplace transforms are carried out by applying the Simon’s approach

e p

O(X,7) = e;T{lé(x,a )+iRe{@)(X,a +i”7”)J(—1)”} (37)

2
The above solutions are for the transient heat transfer in the fins. However, as r — o, a steady

state is reached where the temperature distribution in the fin is invariant of time. Therefore, the
solution of the steady state heat transfer in the fin are given as follows:

For the Cluster 1

(i) When =0, 2> —4u>0,

2u
1 2 A2 2 2 (12—4;1)
@(X):24Sh(ShA1 ~24(M?+Nr))-A [ (4 4u)tanh{“2(X+E)]ﬂ
(38)
2u ?
L8 (/124y)tanh[ (24 )(X+E)}/1
(i) When x#0, 2> —4u<0,
_ 20 _
1 2 a2 2 2 h (4/1_12)
@(X)=24Sh(sh/s&—24(|v| +Nr))+ A | (4p =27 Jtanh| 20— (X4 E) |42
i | (39)
_ 20 i
+S—6h 4/(4y/12)tanh{(4#2/1)(x +E)]+/1
(iii) When =0, A=0and A*—4u >0,
_ 1 (s2pe 2 A 6 A 2 40
o) 24Sh(ShAl 24(M +I\Ir))w{exp[/l(x+ E)—l]}+8h{exp[/1(x+E)—1]} (40)

(iv) When 1 #0, A=0and A*>—4u=0,
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1 feopn ) ~ A2(X +E) 6|  A(X+E) i 41
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(v) When =0, A=0and 2> —4u=0,

1 o 2 A 6 42
@(><)_248h(shAl 24(M +Nr))+(X+E)+Sh(X+E)2 (42)

where E and A; are arbitrary constants to be determined from the boundary conditions.
p=u(S,,M,Pe) and 1=4(S,,M,Pe)

While for the Cluster 2
(i) When z#0, 2> —4u>0,
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A2 -4
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(iv) When ##0, A=0and A°>—4u=0,
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6

248,

where E and A; are arbitrary constants to be determined from the boundary conditions:

+
(X+E) S, (X+E)’

p=pu(S,,M,Nr,Pe) and 2=A4(S,,M,Nr,Pe)

4. Results and Discussion
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(46)

(47)

Studies of the impacts of porosity, moving, convection-conduction-radiation parameters on the
fins temperature are displayed in Figs. 2-8.
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| The Journal of Engineering and Exact Sciences — jJCEC

l T T T T T T T
—— Sh =0.0
0.95 —&—5,=0.27
-~ —+—S,=04
e 09 M
X —&—8§,=06
[==}
< 085 B
5
8
g 0.8 +
IS
2
o 0.75- N
%]
£ —k—%
=
S
& 0.7 e
5] o
-§ 0.65 L S
IS
0.6 ®—©,,@,@7@;‘
055 r r r r r r r r r

0 01 0.2 03 04 05 06 07 0.8 09 1
Dimensionless fin lenght, X

Fig. 4 Fin temperature for different porous parameters

1 T T T T T T T T T
—*—M=05
—+—M=10
0.9 — M=15
—5—M=20

0.6

Dimensionless temperature, (X, 1)
o
~
T

0.5

0.4 r r r r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Dimensionless fin lenght, X

Fig. 5 Fin temperature for different convective parameters

1 T T T T T T T - -
—*—Nr=0.0
0.95F \ —%— Nr=0.5
A\ —+—Nr=10
- 09 —S—Nr=1.5
X
< 0.85[ b
g
=1
g 0.8 b
[}
Q
5 0.75 b
[}
8 o7 i
c
°
2 0.651 .
[}
£
5 o6 . —
T
o, Tt L
0.55~ St S !
Toeee
o4
05 r r r r r r r r r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Dimensionless fin lenght, X

Fig. 6 Fin temperature for different radiative parameters




| The Journal of Engineering and Exact Sciences — jJCEC

1 T T T T T T T
—5—Pe=0.0
—* Pe=03
0.95 —+t—Pe=0.6
= —%—Pe=0.9
X
=~}
g 0.9 N i
2 N
© NN
g N
£ 0.85 R .
] SR
n b\
1%} N
1} .
E N
@ 0.8~ . b
5] N
E 5
a e e
0.75]- T
o s f |-
%o o o ¢
07 r r r r r r r r r

0 01 02 03 04 05 06 07 0.8 09 1
Dimensionless lenght, X

Fig. 7 Fin temperature for different moving parameters

l T T T T T T T
\p, —+—Rd=0.25
—%— Rd = 0.50
0.9 s —+—Rd=0.75 [|
- —&—Rd = 1.00
X K
< 08 N A
g Ok
2 N\
s L K |
g o7 \K
£ K
2 SRS
@ 0.6 e SN 1
9 BN w &g
2 Ot SN
S 05 L Seg 1
,’Dé Ly ©-6-6-004
i,
0.4 i B e
L
r r r r r r r r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Dimensionless fin lenght, X

Fig. 8 Fin temperature for different conductive-radiative number

The thermal profiles of the device at various times and points are shown in Figs. 2 and 3. The fin
temperature is augmented with time increase due to increase heat transfer rate as time progresses.
However, thermal parameter of the fin reduces from the fin base to its tip as shown in Fig. 3. Figs.
4-7 showcase the influences porosity, moving, convective-conductive-radiative parameters on the
thermal profiles of the extended surface. As display, these parameters have great significant roles
on the heat transfer augmentations in the fin. The figures present that when the porosity, moving,
convective-conductive-radiative parameters are increased, the fin temperature are decreased due to
increased heat transfer rate. In Fig. 8, the opposite trend is displayed for the conductive-radiative
number.

5. Conclusion

The work has developed explicit exact solution for transient and steady state heat transfer in moving-
porous fins using Laplace transform-exp(-®(x)-expansion method. The developed solutions have
been used investigate the impacts of the included parameters on the transient and steady states of
the performance of the moving-porous fin. The results presented that the fin temperature is
augmented with time increase. However, thermal parameter of the fin reduces from its base to its
tip. When the porosity, moving, conducting-convective-radiative parameters are increased, the fin
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temperature are decreased due to increased heat transfer rate. The opposite trend is displayed for the
conductive-radiative number. The work will be used for analysis and design of the device.

References

[1]. S. Kiwan, A. Al-Nimr. Using Porous Fins for Heat Transfer Enhancement. ASME J. Heat
Transfer 2001; 123:790-5.

[2] S. Kiwan, Effect of radiative losses on the heat transfer from porous fins. Int. J. Therm. Sci.
46(2007a)., 1046-1055

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

[4] S. Kiwan. Thermal analysis of natural convection porous fins. Tran. Porous Media 67(2007b),
17-29.

[5] R. S. Gorla, A. Y. Bakier. Thermal analysis of natural convection and radiation in porous fins.
Int. Commun. Heat Mass Transfer 38(2011), 638-645.

[6] B. Kundu, D. Bhanja, K. S. Lee. A model on the basis of analytics for computing maximum heat
transfer in porous fins. Int. J. Heat Mass Transfer 55 (25-26)(2012) 7611-7622.

[7] 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, 19(2) (2015) 669-678.

[8] D. Bhanja, B. Kundu. Thermal analysis of a constructal T-shaped porous fin with radiation
effects. Int J Refrigerat 34(2011) 1483-96.

[9]. A. Jemiseye, M. G. Sobamowo and O. Olayiwola. Transient Thermal Cooling of Electronics
Systems using Functional Graded Fins: Hybrid Computational Analysis. The Journal of
Engineering and Exact Sciences 9(4):1-15.

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

[11] M. Hatami, D. D. Ganji. Thermal performance of circular convective-radiative porous fins with
different section shapes and materials. Energy Conversion and Management,
76(2013)185—-193.

[12] M. Hatami, G. H. R. M. Ahangar, D. D. Ganji, K. Boubaker. Refrigeration efficiency analysis
for fully wet semi-spherical porous fins. Energy Conversion and Management, 84(2014)
533-540.

[13] A. Moradi, T. Hayat and A. Alsaedi, Convective-radiative thermal analysis of triangular fins
with temperature-dependent thermal conductivity by DTM. Energy Conversion and
Management 77 (2014) 70-77

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

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

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

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

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

[19] M. S. AbdelLatif, A. H. AbdelKader and H. M. Nour. Exact implicit Solution of Nonlinear
Heat Transfer in Rectangular Straight Fin Using Symmetry Reduction Methods. Applications
and Applied Mathematics: An International Journal. 10(2)(2015), 864 877.


https://www.researchgate.net/profile/Akinwale-Jemiseye?_sg%5B0%5D=rvPpYloP-VcdsS_mM8rdijCgEmjmNKgMlf158EuEMEf59tIYJLyuaMgFPDCt_Qyx7aEPZfg.JgTIrFSE2pj9WpV5fZn-x--gQM4reBtQbh-r_Nt5IBun9F2YxLF4NkG0baUPZQIGdC3LIqrkcrClyTOySz3kTw&_sg%5B1%5D=xqUxtNOPgnCW2XxYeyfbgaLOG8o-pgqDv3PNsdXwq8UoXA7HX8BquAM6cBQ-aqpR7VLB0Zc.PdBJLSveMqCFFBUDZiml2Rrwa_pq_-flAArstebIIA0HsrB3gxzo_vksarPYsQiqS2iXvNK4z1cMO-e95nBTaA
https://www.researchgate.net/journal/The-Journal-of-Engineering-and-Exact-Sciences-2527-1075
https://www.researchgate.net/journal/The-Journal-of-Engineering-and-Exact-Sciences-2527-1075

| The Journal of Engineering and Exact Sciences — jJCEC

[20] G. A. Oguntala G, M. G. Sobamowo, A. A. Yinusa. Transient analysis of functionally graded
material porous fin under the effect of Lorentz force using the integral transform method for
improved electronic packaging. Heat Transfer. 2020;1-18. https://doi.org/10.1002/htj.21737

[21] P.Y. Wang P.Y., G. C. Kuo, Y. H. Hu, W. L. Liaw. Transient temperature solutions of a
cylindrical fin with lateral heat loss, Wseas Transactions on Mathematics, 11(10) (2012), 918-
925.

[22] R. J. Moitsheki, C. Harley. Transient heat transfer in longitudinal fins of various profiles with
temperature-dependent thermal conductivity and heat transfer coefficient, PRAMANA,
77(3)(2011), 519-532.

[23] M. D. Mhlongo, R. J. Moitsheki. Some exact solutions of nonlinear fin problem for steady heat
transfer in longitudinal fin with different profiles, Advances in Mathematical Physics, 2014,
1-16.

[24] S. A. Ali, A. H. Bokhari, F. D. Zaman. A Lie symmetry classification of a nonlinear fin equation
in cylindrical coordinates, Abstract and Applied Analysis, 2014, 1-10.

[25] A.H.A Kader, M.S.A. Latif and H. M. Nour. General exact solution of the fin problem with
variable thermal conductivity, Propulsion and Power Research, 5(1))2016), 63-69.

[26] R. J. Moitsheki and A. Rowjee. Steady heat transfer through a two- dimensional rectangular
straight fin, Mathematical Problems in Engineering, 2011, 1-13.

[27] K.D. Cole, Computer programs for temperature in fins and slab bodies with the method of
Green’s functions, Comput. Appl. Eng. Educ. 12 (3) (2004) 189-197.

[28] A. Jordan, S. Khaldi, M. Benmouna, A. Borucki. Study of non-linear heat transfer problems,
Revue Phys. Appl., 22(1987),101-105.

[29] B. Kundu, P.K. Das. Performance analysis and optimization of straight taper fins with variable
heat transfer coefficient, International Journal of Heat and Mass Transfer, 45(2002), 4739-
4751.

[30] F. Khani, M. A. Raji, H. H. Nejad. Analytical solutions and efficiency of the nonlinear fin
problem with temperature-dependent thermal conductivity and heat transfer coefficient,
Commun Nonlinear Sci Numer Simulat, 14(2009), 3327-3338.

[31] S. R. Amirkolei and D. D. Ganji D.D. Thermal performance of a trapezoidal and rectangular
profiles fin with temperature-dependent heat transfer coefficient, thermal conductivity and
emissivity, Indian J. Sci. Res., 1(2)(2014), 223-229.

[32] A. Aziz, M. N. Bouaziz. A least squares method for a longitudinal fin with temperature
dependent internal heat generation and thermal conductivity, Energy Conversion and
Management, 52(2011), 2876-2882.

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

[34] D. D. Ganji, M. Raghoshay, M. Rahimi, M. Jafari. Numerical investigation of fin efficiency
and temperature distribution of conductive, convective and radiative straight fins, IJRRAS,
2010, 230-237.

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

[36] M. G. Sobamowo. Thermal performance and optimum design analysis of fin with variable
thermal conductivity using double decomposition method. Journal of Mechanical Engineering
and Technology. 9(1)(2017), 1-32.

[37] M. G. Sobamowo, L. O. Jayesimi and J. D. Femi-Oyetoro. Heat transfer study in a convective-
radiative fin with temperature-dependent thermal conductivity and magnetic field using
variation of parameter method. Journal of Applied Mathematics and Computational
Mechanics, 16(3)(2017), 85-96.

[38] A. Moradi and H. Ahmadikia. Analytical solution for different profiles of fin with temperature
dependent thermal conductivity, Mathematical Problems in Engineering, 2010, 1-15



| The Journal of Engineering and Exact Sciences — jJCEC

[39] S. Sadri, M. R. Raveshi and S. Amiri. Efficiency analysis of straight fin with variable heat
transfer coefficient and thermal conductivity, Journal of Mechanical Science and Technology,
26(4)(2011), 1283-1290.

[40] P. L. Ndlovu and R. J. Moitsheki. Analytical solutions for steady heat transfer in longitudinal
fins with temperature dependent properties, Mathematical Problems in Engineering, 2013, 1-
14,

[41] S. Mosayebidorcheh, D. D. Ganji, M. Farzinpoor. Approximate solution of the nonlinear heat
transfer equation of a fin with the power-law temperature- dependent thermal conductivity
and heat transfer coefficient, Propulsion and Power Research, 3(1)(2014), 41-47.

[42] S. E. Ghasemi, M. Hatami, D. D. Ganji. Thermal analysis of convective fin with temperature-
dependent thermal conductivity and heat generation, Case Studies in Thermal Engineering,
4(2014), 1-8.

[43] D.D. Ganji and A.S. Dogonchi. Analytical investigation of convective heat transfer of a
longitudinal fin with temperature- dependent thermal conductivity, heat transfer coefficient
and heat generation, International Journal of Physical Sciences, 9(21) (2014), 466-474.

[44]. M. G. Sobamowo, O. A. Adeleye and A. A. Yinusa. Analysis of convective-radiative porous
fin with temperature-dependent internal heat generation and magnetic using homotopy
perturbation method. Journal of computational and Applied Mechanics. 12(2)(2017), 127-
145.

[45] C. Arslanturk. Optimization of straight fins with step change in thickness and variable thermal
conductivity by homotopy perturbation method, J. of Thermal Science and Technology,
10(2010), 9-19.

[46] D. D. Ganji, Z. Z. Ganji, H. D. Ganji (2011). Determination of temperature distribution for
annular fins with temperature dependent thermal conductivity by HPM, Thermal Science,
15(1)(2011), 111-115.

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

[48] J. H. He and X. H. Wu Exp-function method for nonlinear wave equations. Chaos, Solitons
and Fractals 30 (3)(2006): 700-708.

[49] C. Q. Dai and J. F. Zhang. Application of He’s exp-function method to the stochastic mKdV
equation. International Journal of Nonlinear Sciences and Numerical Simulation 10
(5)(2009): 675-680.

[50] E. Misirli, and Y. Gurefe, Exact solutions of the Drinfel’d—Sokolov-Wilson equation using the
exp-function method. Applied Mathematics and Computation 216 (9)(2010): 2623-2627.

[51] A. Bozand A. Bekir. Application of exp-function method for (3+1)-dimensional nonlinear
evolution equations. Computers and Mathematics with Applications 56 (5)(2008): 1451-
1456.

[52] A. Bekir. Application of the exp-function method for nonlinear differential-difference
equations. Applied Mathematics and Computation 215 (11)(2010): 4049-4053.

[53] S. Zhang, Tong, J.L., and W. Wang. Exp-function method for a nonlinear ordinary differential
equation and new exact solutions of the dispersive long wave equations. Computers and
Mathematics with Applications. 58 (11-12)(2009): 2294-2299.

[54] J. H. He and M. A. Abdou. New periodic solutions for nonlinear evolution equations using
Exp-function method. Chaos, Solitons and Fractals 34 (5)(2007): 1421-1429.

[55] X. H. B. Wu and J. H. He. Exp-function method and its application to nonlinear equations.
Chaos, Solitons and Fractals 38 (3)(2008): 903-910.

[56] A. Bekirand A. Boz. Application of He’s exp-function method for nonlinear evolution
equations. Computers and Mathematics with Applications, 58 (11)(2009): 2286-2293.

[57] J. Biazar and Z. Ayati, Extension of the Exp-function method for systems of two-dimensional
Burgers equations. Computers and Mathematics with Applications 58 (11)(2009): 2103-2106.



| The Journal of Engineering and Exact Sciences — jJCEC

[58] A. Yildrm andZ. Pinar. Application of the exp-function method for solving nonlinear reaction—
diffusion equations arising in mathematical biology. Computers and Mathematics with
Applications 60 (7)(2010): 1873-1880.

[59]. M. G. Sobamowo, G. A. Oguntala and A. A. Yinusa. Nonlinear Transient Thermal Modeling
and Analysis of a Convective-Radiative Fin with Functionally Graded Material in a Magnetic
Environment. Modelling and Simulation in Engineering. 2019, Article ID 7878564, 16 pages.




