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Abstract— Longitudinal fins are extended surfaces to transfer the
produced heat from the base to the environment. In the heat transfer
models, the heat transfer coefficient and thermal conductivity are
assumed as a linear or nonlinear function of the temperature.
COMSOL software is a useful cross-platform finite element analysis
which can be used for solving ordinary and partial linear or
nonlinear heat transfer equations. The present paper aims to
investigate transient heat transfer in longitudinal fins with different
profiles including rectangular, parabolic, convex, exponential,
sinusoidal, and cosine profile by modeling the fins in COMSOL. The
results of transient heat transfer show that the nonrectangular profile
provides a higher rate of heat transfer, which indicates its superiority
over other types of fins.

I.

dependent on local temperature and usually are assumed as a
linear or nonlinear function of the temperature [28-49].
Nowadays developing advanced numerical techniques and
computing tools enable researchers to use high performance
software for obtaining a more accurate approximation of
complex physical and mathematical problems with boundary
conditions consistent to the reality. Particularly, COMSOL
Multiphysics has provided a powerful finite element (FEM)
partial differential equation (PDE) solver suitable to be
applied for numerical solution to complicated problems in
various areas of electrical, mechanical, and chemical
engineering.
In the present study, transient heat transfer in longitudinal
fins with different profiles including rectangular, parabolic,
convex, exponential, sinusoidal and cosine profile is modeled
in COMSOL. The results of transient heat transfer
demonstrate that nonrectangular profiles have a higher rate of
heat transfer which imparts the fin a higher performance.

INTRODUCTION

Longitudinal fins are being widely used in aerospace, vehicle
industries to increase the rate of heat transfer between a base
and air by increasing the convection rate. convection rate and
efficiency of a fin depends on the shape of the fin. Numerical
and experimental studies have been done to determine the
parameters, which affect the rate of heat transfer [1-11].
Researchers have implemented numerical software such
ABAQUS, ANSYS, and COMSOL in order to solve the
nonlinear equations in heat transfer, stress analysis, vibrations
studies [12-27]. In the available heat transfer models, both
heat transfer coefficient and thermal conductivity are

1. Transient heat transfer in longitudinal fins
Different profiles of fins including rectangular, parabolic,
convex profiles that have been modeled in COMSOL are
illustrated in Figure 1.

Fig. 1. Four different profiles of fins including rectangular, parabolic, convex, exponential, sinusoidal, and cosine profile.

131
Navid Namdari, Morteza Abdi, Hamidreza Chaghomi, and Farzad Rahmani, “Numerical solution for transient heat transfer in longitudinal
fins,” International Research Journal of Advanced Engineering and Science, Volume 3, Issue 2, pp. 131-136, 2018.

International Research Journal of Advanced Engineering and Science
ISSN (Online): 2455-9024

In 2016, Kadar et al. [26] considered a nonlinear thermal
conductivity and presented a nonlinear equation for thermal
conductivity as:
U
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In the last part of the present study Kadar PDE heat
transfer equation for longitudinal fines is solved for different
fin profiles by using COMSOL.

2. Nonlinear heat transfer equation in longitudinal fins
Considering the length of the longitudinal fins as one,
nonlinear heat transfer equation in longitudinal fins can be
written as:
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In this study, it is assumed that the fin temperature is zero
at the onset of heat transfer. By considering the tip of the fin at
a higher temperature and the base of the fin at a lower
temperature, boundary conditions of heat transfer in a
longitudinal fin are presented as follows:
U  0, x   0

U  t ,1  1

3. Results of nonlinear heat transfer in longitudinal fin
In this section by considering the corresponding function
for profiles of the fins and considering the associated
coefficients for B, n, and M, heat transfer equation in
longitudinal fins has been extracted by solving each model in
COMSOL. Figure 2 demonstrates the transient heat transfer of
rectangular, parabolic, and convex profiles. The parabolic fin
showed to have the lowest rate of heat transfer while the
rectangular and convex profiles have the highest rate of heat
transfer respectively.
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Fig. 2. The transient heat transfer of rectangular, parabolic, and convex profiles. (A: rectangular, B: Parabolic and C: convex profiles).
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Figure 3 represents the transient heat transfer for
sinusoidal, cosine, third order and fourth order profiles. The
cosine fin shows to have higher rate of heat transfer with
respect to its sinusoidal counterpart. Moreover, the results of
A)

C)

M=1, n=B=1

M=1, n=B=1

simulations confirm incapability of cubic and fourth order fins
in heat transfer because the temperature of the tip in transient
solution remains standing at zero after 2 (s).

f ( x)  sin x

B)

f ( x)  x 3

M=1, n=B=1

D)

M=1, n=B=1

f ( x)  cos( x)

f ( x)  x 4

Fig. 3. The Transient heat transfer for sinusoidal, cosine, third order and fourth order profiles. (A: sinusoidal, B: Cosine, C: third order and D: forth order profiles).

Figure 4 illustrates the transient heat transfer of
exponential profiles. As can be seen at t=0.1 (s) fin (B) has
higher performance than fin (A) and this conclusion remains
the same until the time reaches to t=2 (s).
Figure 5 shows the results of transient heat transfer for
rectangular, triangular, parabolic and convex profiles using
Equation (3) with selecting a nonlinear thermal conductivity.
As can be seen in the heat transfer figures (Figure 1 to 5),
sinusoidal, cosine and exponential fins provide higher rates of

heat transfer than rectangular fin that points out their higher
functionality. Based on the heat transfer graphs (Figure 3),
third order and fourth order fins do not produce an efficient
heat transfer rate because at the area near to the tip of the fin
temperature remains zero in the transient solution.
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Figure 4. The transient heat transfer for exponential profiles.
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Figure 5. The transient heat transfer of rectangular, triangular, parabolic and convex profiles using Kadar et al. [26] PDE and considering a nonlinear thermal
conductivity.

134
Navid Namdari, Morteza Abdi, Hamidreza Chaghomi, and Farzad Rahmani, “Numerical solution for transient heat transfer in longitudinal
fins,” International Research Journal of Advanced Engineering and Science, Volume 3, Issue 2, pp. 131-136, 2018.

International Research Journal of Advanced Engineering and Science
ISSN (Online): 2455-9024

II.

[17] H. Zamanian, B. Marzban, M. Gudarzi, S. Amoozegar, Investigation of
the Effect of Dental Implant Screw Pitch on the Stress and Strain
Distribution in the Mandibular Bone, Amirkabir university of
technology, 19th Iranian Conference of Biomedical Engineering
(ICBME), 2012.
[18] J. K. Zhou, Differential Transformation Method and Its Application for
Electrical Circuits, Huazhong University Press, Wuhan, China, 1986.
[19] A. A. Joneidi, D. D. Ganji, and M. Babaelahi, Differential
Transformation Method to determine fin efficiency of convective
straight fins with temperature dependent thermal conductivity,
International Communications in Heat and Mass Transfer, vol. 36, no. 7,
pp. 757–762, 2009.
[20] A. Aziz and G. McFadden, some new solutions for extended surface
heat transfer using symbolic algebra, Heat Transfer Engineering, vol. 26,
no. 9, pp. 30–40, 2005.
[21] W. M. Murray, Heat transfer through an annular disk or fin of uniform
thickness, Transactions of the American Society of Mechanical
Engineers, Journal of Applied Mechanics, vol. 60, p. 78, 1938.
[22] H. Zamanian, M. Salehi, Modification to Heywood's equations to
estimate the stress concentration factors for unidirectional glass epoxy
laminates with circular and square holes, International Research Journal
of Advanced Engineering and Science, Volume 1, Issue 4, pp. 18- 25,
2016.
[23] H. C. Unal, The effect of the boundary at a fin tip on the performance of
the fin with and without internal heat generation, International Journal of
Heat and Mass Transfer, vol. 31, no. 7, pp. 1483–1496, 1998.
[24] R. J. Moitsheki, T. Hayat, M. Y. Malik, Some exact solutions of the fin
problem with a power law temperature-dependent thermal conductivity,
Nonlinear Analysis: Real World Applications, vol. 11, no. 5, pp. 3287–
3294, 2010.
[25] H. Zamanian, B. Marzban, P. Bagheri, M. Gudarzi, On Stress
Concentration Factor for Randomly Oriented Discontinuous Fiber
Laminas with Circular/Square Hole, Journal of Science and Engineering,
Vol. 3(1), pp. 7-18, 2013.
[26] N. Namdari, A. Dehghan, Natural frequencies and mode shapes for
vibrations of rectangular and circular membranes: A numerical study,
International Research Journal of Advanced Engineering and Science,
Volume 3, Issue 2, pp. 30-34, 2018.
[27] M. Sarayloo, R. Mahinroosta, Analysis of the impacts of a tunnel on a
normal fault rupture through uniform soil cover, Fourth geo-china
international conference, 2016.
[28] A.H.A Kader., M.S.A Latif., H.M. Nour, General exact solution of the
fin problem with variable thermal conductivity, Propulsion and Power
Research, Vol. 5, No. 1, pp. 63-69, 2016.
[29] D. Taler, J. Taler, Steady state and transient heat transfer through fins of
complex geometry, Archives of Thermodynamics. Vol. 35, No. 2, pp.
117- 133, 2014.
[30] Z. Wei, L. Haifang, D. Xiaoze, Y. Yongping, S. Lei, Numerical and
experimental research on performance of single- row finned tubes in
aircooled power plants, International Journal of Heat and Technology,
Vol. 34, No. 1, pp. 137-142, 2016.
[31] A. Jordan, S. Khaldi, M. Benmouna, A. Borucki, Study of nonlinear heat
transfer problems, Revue Phys. Appl., Vol. 22, pp. 101-105, 1987.
[32] R.J. Moitsheki, C. Harley, Transient heat transfer in longitudinal fins of
various profiles with temperature-dependent thermal conductivity and
heat transfer coefficient, PRAMANA, Vol. 77, No. 3, pp. 519–532,
2011.
[33] Sun Y, Ma J, Li B, Guo Z. Prediction of nonlinear heat transfer in a
convective radiative with temperature dependent properties by the
collocation spectral method, Numerical Heat Transfer, Part B:
Fundamentals. 69(1), pp. 68-73, 2016.
[34] C. H. hiu, C. K. Chen, A decomposition method for solving the
convective longitudinal fins with variable thermal conduc- tivity, Int. J.
Heat Mass Trans. 45, pp. 2067–2075, 2002.
[35] C. Arslanturk, A decomposition method for fin efficiency of convective
straight fins with temperature-dependent thermal conductivity, Int.
Comm. Heat Mass Trans. 32, pp. 831–841, 2005.
[36] S. Kim, C. H. Huang, A series solution of the non-linear fin problem
with temperature-dependent thermal conductivity and heat transfer
coefficient. J. Phys. D: Appl. Phys. 40, pp. 2979– 2987, 2007.

CONCLUSION

COMSOL is a useful cross-platform finite element
analysis that can be used for solving ordinary and partial linear
or nonlinear equations. In this paper, transient heat transfer in
longitudinal fins for different profiles, including rectangular,
parabolic, convex, exponential, and sinusoidal and cosine
profile have been modeled. The results of the simulations
showed sinusoidal, cosine and exponential fins have higher
rates of heat transfer than rectangular fin that represents their
higher functionality. This study also revealed that third order
and fourth order fins do not present efficient heat transfer rates
because in the transient solution of the fin, temperature
remains at zero in the area near to the tip.
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