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Abstract

The purpose of this paper is to study the thermo-mechan-
ics of magneto-micropolar thermoelastic half-space consid-
ering the effect of Hall current, input heat source and rota-
tion subjected to input ultra-laser heat source. The micro-
polar theory of thermoelasticity by Eringen (1966) has been
used to investigate the problem. Normal mode analysis
technique has been used to solve the resulting non-dimen-
sional coupled field equations to obtain displacement,
stress components and temperature distribution.

INTRODUCTION

The problems involving the investigation of the effect of
magnetic field (that may be Earth’s magnetic field or other
human generated high intensity magnetic field) and thermal
loading by lasers on various type of materials are of great
importance in seismological research and in engineering
applications. The linear theory of micropolar elasticity is
developed by Eringen /1/. A micropolar continuum is a
collection of interconnected particles in the form of small
rigid bodies undergoing both translational and rotational
motions. Rigid chopped fibres, elastic solids with rigid
granular inclusions and other industrial materials such as
liquid crystals are examples of such materials. Zakaria /2/
investigated the effects of Hall current and rotation on
magneto micropolar generalized thermoelasticity including
the boundary condition with a source of ramp type heating.
Scruby et al. /3/ investigated a mathematical model of point
source to study the ultrasonic evolution by lasers. He stud-
ied the physics of heated plate by laser heat loading in the
thermoelastic system as a surface centre of expansion
(SCOE). Also, for one-point laser heat input, Rose /4/

Kljuéne reci
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Izvod

U radu je predstavijeno istrazivanje termomehanike
magnetno mikropolarnog termoelasticnog poluprostora,
uzimajuci u obzir Holov efekat, toplote unetog izvora i
rotacije, izloZeno izvoru toplote lasera. Mikropolarna teori-
Jja termoelasticnosti (Eringen, 1966) je primenjena u istra-
zivanju. Metoda analize u normalnom rezimu je upotreblje-
na za reSavanje jednacina rezultujuceg bezdimenzionog
spregnutog polja, iz kojih se dobija pomeranje, komponente
napona i raspodela temperature.

provided more accurate mathematical basis. Later McDonald
/5/ and Spicer /6/ gave a mathematical model known as
laser-generated ultrasound model by introducing thermo-
diffusion concept. Dubois /7/ verified by experimental
results that penetration depth plays an important role in the
generation of laser-ultrasound. Abo-Dahab and Abbas /8/
investigated LS model on thermal shock problem of gener-
alized magneto-thermoelasticity for an infinitely long annular
cylinder with variable thermal conductivity. Chen et al. /9/
and Kim et al. /10/ investigated some other such type of
research. Thermoelastic behaviour of laser heat in context
of different theories of thermoelasticity is presented by
Youssef and Al-Bary, /11/. A 2-dimensional problem in
generalized thermoelastic medium with thermo-diffusion is
investigated by Elhagary /12/. Kumar et al. /13/ studied the
elastodynamical interactions of input heat source with
microstretch thermoelastic medium.

BASIC EQUATIONS

Following Eringen /1/, Al Qahtani and Dutta /14/ and
Zakaria /2/, the basic equations are given by:
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where: [y is the energy absorbed; # is the pulse rising time;
r is the beam radius. Equation (7) with the substitution of
Eqgs.(8-10) takes the form:
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FORMULATION OF THE PROBLEM

We consider plane strain problem with all the field varia-
bles depending on (x1, x3, f). For two dimensional problems,
we take:

u=(u,0,u3), ¢=(0,¢,,0). (12)

For further consideration, it is convenient to introduce in
Egs.(1)-(3) the dimensionless quantities defined as:
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Making use of Egs.(12)-(13), the system of Egs.(1)-(3)
reduces to:
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Using Helmholtz’s theorem, the displacement compo-
nents u; and u3 are related to the non-dimensional potential
functions ¢ and w by the relation mentioned below:
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=

Substituting the values of u; and u3 from Eq.(18) in
Eqgs.(14)-(17), we obtain:
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SOLUTION OF THE PROBLEM

The solution of the considered physical variables can be
decomposed in terms of the normal modes as in the follow-
ing form:
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Making use of Eq.(23) in Eqgs.(19)-(22) and after some
simplifications, yields:
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The solutions are given as follows:
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Here m? (i= 1,2,3,4) are the roots of the characteristic
equation Eq.(24). L

Substituting the values of ¢, T, ¢, ¢ from Eqs.(28)-
(31) into the Eqs.(4)-(5), and using Egs.(12)-(13), (18) and
solving the resulting equations, we obtain:
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where: G = gniCi, i=1,2, ..., 4.
BOUNDARY CONDITIONS

We consider normal and tangential forces acting at the
surface x3 = 0 along with vanishing of couple stress at x3 =
0 and /p = 0. Mathematically this can be written as:

(kox,—aot) or

X3
where: F| and F; are the magnitudes of the applied forces.
Substituting the expression of the variables considered

into these boundary conditions, we can obtain the following
equations:

Y (8118218300840 )¢i = (-F,—F3,0,0) . (37)
NUMERICAL RESULTS AND DISCUSSION

The analysis is conducted for a magneto-micropolar mate-
rial. For numerical computations, following Eringen /15/,
the values of physical constants are: A =9.4-10" Nm?2, u=
4.0-10°Nm?2, K= 1.0-10'* Nm2, p= 1.74:10° kgm>, j =
0.2:10°Y m?, y=0.779-10° N.

Following Dhaliwal, /16/, thermal parameters are given
by: ¢*= 1.04-10% Jkg"'K™!, K*= 1.7-10® Jm's'K"!, o =
2.33-10°5K ™!, To=298K, = 0.02, 7; = 0.01, a1 = 2.65
104 m’kg™!, a= 2.9-10°m?*2K"!, b= 32-10° kg 'm’s2,
'=0.04, °=0.03, D=0.85-10"% kgm3s.

Figure 1 shows the variation of normal stress #33 with the
distance x3. It is noticed that for MPHCLSR and MPTH, the
normal stress 33 shows opposite behaviour initially.
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Figure 1. Variation of #33 with respect to x3.

Figure 2 shows the variation of tangential stress #3; with
distance xs. It is noticed that initially the behaviour of #3; for
MPHCLSR and MPTH is opposite.

2

MPHCLSR

X3
Figure 2. Variation of #31 with respect to x3.
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Figure 3. Variation of m31 with respect to xs.
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Figure 3 clears the variation of couple stress ms3, with
distance x3 for MPHCLSR and MPTH. The m3, approaches
to zero away from the point of application of source. It is
clear from Fig. 3 that the Hall current has a significant
effect on the value of m3; and causes significant oscillatory
behaviour in MPHCLSR.

Figure 4 clears the variation of temperature with distance
x3 for MPHCLSR and MPTH.

B — MPHCLSR

Temperature distribution

X3

Figure 4. Variation of temperature with respect to x3.

CONCLUSIONS

The new model is employed in the magneto-micropolar
thermoelastic medium as a new improvement in the field of
thermoelasticity. The subject becomes more interesting due
to the Hall current involving rotation and irradiation of an
ultra-laser pulse with an extensive short duration or a very
high heat flux. This type of problem has found numerous
applications. The method used in this article is applicable to
a wide range of problems in thermodynamics. According to
the obtained results, it is expected that the present model of
equations will serve as more realistic and will provide
motivation to investigate micropolar thermoelasticity prob-
lems.
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