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Free vibration of a thermoelastic hollow cylinder with one
relaxation time
Ibrahim A. Abbas and Aatef D. Hobiny

Abstract: The aim of this paper is to study the free vibration problem of a thermoelastic hollow cylinder in the context of the
Lord and Shulman theory with one relaxation time. The eigenvalue approach is used to get the analytical solutions. The
dispersion relations for the existence of various types of possible modes of vibrations are obtained. The validation of the roots
for the dispersion relation is presented. The numerical results of frequency shift, natural frequency, and thermoelastic damping
of vibrations have been presented graphically.

PACS No.: 62.20.Dc.

Résumé : Nous étudions ici les vibrations libres d’un cylindre creux fait d’un matériau thermoélastique, en utilisant la théorie
de Lord et Shulman avec un seul temps de relaxation. Nous utilisons une approche aux valeurs propres afin de trouver des
solutions analytiques et obtenons les relations de dispersion pour les différents modes possibles de vibration. Nous validons les
racines de ces relations de dispersion. Nous présentons graphiquement le déplacement en fréquence, la fréquence naturelle et
l’amortissement thermoélastique des vibrations. [Traduit par la Rédaction]

1. Introduction
The linear theory of elasticity is of paramount importance in

the stress analysis of steel, which is the most common engineer-
ing structural material. To a lesser extent, linear elasticity de-
scribes the mechanical behavior of other common solid materials
(e.g., concrete, wood, and coal). In the literature concerning ther-
mal effects in continuum mechanics, several parabolic and hyper-
bolic theories are developed to describe heat conduction. The
hyperbolic theories are also called theories of second sound and
there the flow of heat is modelled with finite propagation speed,
in contrast to the classical model based on Fourier’s law leading to
infinite propagation speed of heat signals. Lord and Shulman [1]
established the first of such modeling is the extended thermoelas-
ticity theory. Green and Lindsay [2] proposed the temperature rate
dependent thermoelasticity theory. Hetnarski and Ignaczak [3]
presented a survey article of representative theories in the range
of generalized thermoelasticity. The counterparts of our problem
in the contexts of the thermoelasticity theories have been consid-
ered by using analytical and numerical methods [4–20].

Many applications for the vibrations of thermoelastic materials
are important in various fields of science and technology, namely,
aerospace, thermal power plants, atomic physics, chemical pipes,
etc. Abd-alla and Abbas [21] studied the longitudinal wave propa-
gation in a transversely isotropic circular cylinder under primary
magnetic field. Mykityuk [22] studied the thermoelastic vibrations
of a thick-walled cylinder of time-varying thickness. Chau [23]
studied the vibrations of transversely isotropic finite circular cyl-
inders. Erbay et al. [24] investigated the vibrations in a generalized
thermoelastic solid with a cavity. Sharma [25] investigated the
three-dimensional vibration analysis of a homogeneous trans-
versely isotropic thermoelastic cylindrical panel. Chitikireddy
et al. [26] studied the thermoelastic waves in an anisotropic cylinder.

Zhitnyaya [27] analyzed the uncoupled problem of thermoelastic
vibrations of a cylinder. Marin and Lupu [28] investigated the har-
monic thermoelastic vibrations in micropolar materials. Valle
et al. [29] studied the guided circumferential waves in layered
cylinders. Abbas [30] investigated the natural frequencies of hol-
low cylinders in poroelastic material. Sharma et al. [31] applied the
matrix Frobenius method to solve the vibration analysis of a trans-
versely isotropic hollow cylinder. Nayfeh and Younis [32, 33] es-
tablished a model for thermoelastic damping in microplates.
Rezazadeh et al. [34] studied the thermoelastic damping in a
micro-beam resonator using modified couple stress theory. Abbas
[35] studied the exact solution of thermoelastic damping and fre-
quency shifts in a nano-beam resonator. Tai et al. [36] investigated
the thermoelastic damping in torsion microresonators with cou-
pling effect between torsion and bending.

In the present paper, it is proposed to investigate the general-
ized thermoelasticity theory with one relaxation time for free
vibrations of a thermoelastic hollow cylinder. An analytical tech-
nique based on the eigenvalue approach has been used to solve
the non-dimensional equations. Numerical results for physical
quantities are represented graphically. An appreciable effect of
relaxation times is observed on various resulting quantities.

2. Basic equation
We consider a hollow cylinder homogeneous isotropic mate-

rial. The basic equations of thermoelasticity theory in the context
of Lord and Shulman [1] in the absence of body forces and heat
sources are

• The equations of motion
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