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with temperature-dependent thermal conductivity, heat transfer
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� Convection–radiation Moving fins.
� Application of DTM which is an
analytical solution technique.

� Temperature-dependent thermal
conductivity, heat transfer coefficient
and heat generation.

� Study of the effects of thermal
parameters on temperature
distribution.

� Get the optimal temperature
distribution between seven cases.
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a b s t r a c t

In this article, the simultaneous convection–radiation heat transfer through a moving fin with heat gen-
eration is studied. The heat transfer coefficient, thermal conductivity and heat generation are variable
and supposed to be temperature dependent. The heat transfer in fin with longitudinal rectangular profile
was carried out by using the Differential Transformation Method (DTM). The results indicated that the fin
tip temperature increases with an increase in the heat generation gradient and a decrease in the Peclet
number and the radiation–conduction parameter. Also, the optimal temperature distribution for a longi-
tudinal rectangular fin is accomplished at stationary fin with heat generation-without radiation case.
Furthermore, the limiting cases are obtained and found to be in good agreement with the numerical
results.

� 2016 Published by Elsevier Ltd.

1. Introduction

Extended surfaces (also known as Fins) are used to augment
heat dissipation from a hot surface through its convective,
radiative, or convective–radiative surface. In particular fins are
used extensively in various industrial applications such as the

cooling of computer processors, air conditioning and oil carrying
pipe lines. On the other hand, in recent years, the heat transport
from a moving continuous surface has attracted the attention of
some researchers. This phenomenon is an important problem that
occurs in a number of industrial applications. Extrusion, hot rolling,
glass fiber drawing and casting are examples of continuous moving
surface. In industrial processes, control of cooling rate of the sheets
(or the fibers) is very important to obtain a desired material
structure. These types of problems have a solution substantially
different from that of a boundary layer flow over a semi-infinite
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plate. The velocity of moving material is related to its application.
For example the velocity of the material can be extremely low (few
centimeters per hour) such in crystal growth or very fast (few
meters per second) as in optical fiber drawing.

Several studies were performed on heat transfer using fins and
moving continuous surface [1–18]. Domairry and Fazeli [1] solved
the nonlinear straight fin differential equation to evaluate the tem-
perature distribution and fin efficiency. Temperature distribution
for annual fins with temperature-dependent thermal conductivity
was studied by Ganji et al. [2]. The effects of temperature-
dependent thermal conductivity of a moving fin and added radia-
tive component to the surface heat loss have been studied by Aziz
and Khani [3]. They applied the homotopy analysis method (HAM)
to solve governing equations. Hatami et al. [4] studied the temper-
ature distribution for a fully wet, semi-spherical porous fin. Heat
transfer and temperature distribution for circular convective–ra-
diative porous fins was studied by Hatami and Ganji [5]. Hatami
and Ganji [6] studied temperature distribution and refrigeration
efficiency for fully wet circular porous fins with variable sections.
Ghasemi et al. [7] solved the nonlinear temperature distribution
equation in a longitudinal fin with temperature dependent internal
heat generation and thermal conductivity using Differential
Transformation Method (DTM). Heat transfer and temperature dis-
tribution equations for longitudinal convective–radiative porous
fins are solved by Hatami and Ganji [8]. Heat transfer through por-
ous fins with temperature-dependent heat generation was studied
by Hatami et al. [9]. They employed Differential Transformation
Method (DTM), Collocation Method (CM) and Least Square Method
(LSM) for solving governing equations. Ganji and Dogonchi [10]
solved the nonlinear temperature distribution equation in a longi-
tudinal fin with temperature dependent thermal conductivity, heat
transfer coefficient and heat generation using DTM. Sharqawy and
Zubair [11] applied the analytical method for the annular fin with
combined heat and mass transfer. Also, there have been published
several recent studies on the modelling of convection and radiation
heat transfer in different geometries [19–26].

The concept of Differential Transformation Method (DTM) was
first introduced by Zhou [27] and it was used to solve both linear
and nonlinear Boundary Value Problems (BVP). This method can
be applied directly to linear and nonlinear differential equation
without requiring linearization, discretization, or perturbation and
this is the main benefit of this method. Several analyses derived
by the Differential TransformationMethod (DTM) [28–37]. Abbasov
and Bahadir [28] employed DTM to obtain approximate solutions of
the linear and non-linear equations related to engineering problems
and they showed that the numerical results are in good agreement

with the analytical solutions. Rashidi et al. [29] solved the problem
of mixed convection about an inclined flat plate embedded in a por-
ousmediumbyDTM. They applied the Padé approximant to increase
the convergence of the solution.

The goal of this study is obtaining an analytical solution for
temperature distribution of a moving fin with temperature-
dependent thermal conductivity, heat transfer coefficient and heat
generation and get the optimal temperature distribution between
seven different cases. The effect of the thermal radiation is also
considered here, as well. The effect of the range of values of heat
transfer parameters on the temperature distribution is shown in
the moving material. Also the Differential Transformation Method
(DTM) is applied to solve non-linear problem analytically. To vali-
date analytical results, the obtained DTM results are compared
with numerical data.

2. Problem description

Consider a one dimensional longitudinal moving fin, with a
cross-section area Ac while it moves horizontally with a constant
velocity U as shown in Fig. 1. The periphery of the fin is denoted

Nomenclature

Ac fin cross-section area (m2)
P fin periphery (m)
L fin length (m)
Ta ambient temperature (K)
Tb fin’s base temperature (K)
T temperature distribution (K)
K(T) thermal conductivity
H(T) heat transfer coefficient
q⁄ heat generation
U speed of moving fin (m/s)
Pe Peclet number
X spatial variable
DTM Differential Transformation Method
NM numerical method
n constant

b thermal conductivity gradient
M thermogeometric fin parameter
NR radiation–conduction parameter
h dimensionless temperature
x dimensionless spatial variable
k dimensionless thermal conductivity
ka thermal conductivity of the fin at ambient temperature
hb heat transfer coefficient at the fin base

Greek symbols
r Stefan–Boltzmann constant
e emissivity
q density of material (kg/m3)
c specific heat

Fig. 1. Schematic representation of a longitudinal rectangular moving fin with the
heat generation source.
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