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Thermomechanical interactions due to laser pulse
in microstretch thermoelastic medium
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THE PRESENT INVESTIGATION DEALS WITH deformation in microstretch generalized
thermoelastic medium subjected to thermomechanical loading induced by thermal
laser pulse. The Laplace and Fourier transform techniques are used to solve the prob-
lem, and concentrated normal force and thermal source describe the application of
this approach. The closed form expressions of normal stress, tangential stress, couple
stress, microstress and temperature distribution are obtained for the transferred do-
main. The numerical inversion technique of Laplace transform and Fourier transform
has been applied to obtain the resulting quantities in the physical domain after devel-
oping a computer program. Normal stress, tangential stress, coupled stress and mi-
crostress temperature distribution are depicted graphically to show the microstretch
effect. Some particular and special cases of interest are gathered and presented in the
investigation.
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Introduction

MODERN ENGINEERING STRUCTURES such as polycrystalline materials, materi-
als with fibrous or coarse grain structure are often made from materials possess-
ing internal structure.The classical theory of elasticity is inadequate in describing
the behavior of such materials. The analysis of such materials requires incorpo-
rating the theory of oriented media. The linear theory of micropolar elasticity
was developed by ERINGEN [1] to describe deformation of elastic media with ori-
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ented particles. A micropolar continuum is a collection of interconnected particles
in the form of small rigid bodies undergoing both translational and rotational
motions. Typical examples of such materials are granular media and multimolec-
ular bodies whose microstructures act as an evident part in their macroscopic
responses. Rigid chopped fibers, elastic solids with rigid granular inclusions and
other industrial materials such as liquid crystals are examples of such materials.

ERINGEN |[2] extended his work to include the effect of axial stretch during
the rotation of molecules and developed the theory of micropolar elastic solid
with stretch. The material points in this continuum possess not only classical
translational degrees of freedom represented by the deformation vector field but
also intrinsic rotations and an intrinsic axial stretch. The difference between
these solids and micropolar elastic solids stems from the presence of scalar mi-
crostretch and a vector’s first moment. ERINGEN [3| developed the theory of
thermomicrostretch elastic solids. Eringen [3] also derived the equations of mo-
tions, constitutive equations and boundary conditions for thermomicrostretch
fluids, and obtained the solution to the problem of acoustical waves in bubbly
liquids. Microstretch continuum is a model for Bravais lattice with the basis on
the atomic level and two phase dipolar solids with a core on the macroscopic
level. Composite materials reinforced with chopped elastic fibers, porous me-
dia whose pores are filled with gas or in viscid liquid, asphalt or other elastic
inclusions and solid-liquid crystals, etc. are examples of microstretch solids.

Crcco [4] discussed stress concentration effects in microstretch elastic
bodies. EzzAT and AWAD [5| adopted the normal mode analysis technique to
obtain the temperature gradient, displacement, stresses and microrotation. The
fundamental solution in the theory of thermomicrostretch elastic diffusive solids
was developed by KUMAR and KANSAL [6]. A domain of influence theorem for
microstretch elastic materials was investigated by MARIN [7]|. Thermomechanical
interactions in generalized thermomicrostretch elastic half space were discussed
by AouADI [8]. The gravitational effect on plane waves in generalized thermomi-
crostretch elastic solid under Green—Naghdi theory was studied by OTHMAN
et al. |9].

Laser technology has a vital application in testing and evaluation of nonde-
structive materials. When a solid is heated with a laser pulse, it absorbs some
energy, which results in an increase in localized temperature. This causes thermal
expansion and generation of ultrasonic waves in the material. The irradiation of
the surface of a solid by pulsed laser light generates wave motion in the solid ma-
terial. There are generally two mechanisms for such wave generation, depending
on the energy density deposited by the laser pulse. At high energy density a thin
surface layer of the solid material melts, followed by an ablation process whereby
particles fly off the surface, thus giving rise to forces that generates ultrasonic
waves. At low energy density, the surface material does not melt, but it expands
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at a high rate and wave and wave motion are generated due to thermoelastic
processes.

Very rapid thermal processes (e.g., thermal shock due to exposure to an
ultra-short laser pulse) are interesting from the standpoint of thermoelasticity,
since they require a coupled analysis of the temperature and deformation fields.
A thermal shock induces very rapid movement in structural elements, giving rise
to very significant inertial forces, and thereby, to an increase in vibration. Rapidly
oscillating contraction and expansion generates temperature changes in materials
susceptible to diffusion of heat by conduction [10]. This mechanism has attracted
considerable attention due to the extensive use of pulsed laser technologies in
material processing, and nondestructive testing and characterization of material
properties |11, 12]. The so-called ultrashort lasers are those with pulse durations
ranging from nanoseconds to femtoseconds. In the case of ultrashort pulsed laser
heating, high intensity energy flux and ultrashort duration may lead to very large
thermal gradients or ultra-high heating at the boundaries. In such cases, as it was
pointed out by many researchers, the classical Fourier model, which leads to an
infinite propagation speed of thermal energy, is no longer valid [13]. Researchers
have proposed several models to describe the mechanism of heat conduction
during short-pulse laser heating, such as the parabolic one-step model [14], the
hyperbolic one-step model [15], and the parabolic two-step and hyperbolic two-
step models [16, 17]. It has been found that the microscopic two-step models,
i.e., parabolic and hyperbolic two-step models, are usually useful for thin films.
Simulation of laser ultrasound waveform in nonmetallic materials was discussed
by WANG et al. [18].

SCRUBY et al. [19] considered the point source modelto study the ultrasonic
generation by lasers. He studied the surface heated by laser pulse irradiation
in the thermoelastic system as a surface center of expansion (SCOE). He also
discussed the applications of laser technology in flaw detection and acoustic mi-
croscopy. ROSE [20] later presented a more exact mathematical basis. The point
source model explains the main features of laser-generated ultrasound waves
but it fails to explain the precursor in epicenter waves. Later introducing ther-
mal diffusion, MCDONALD [21] and SPICER [22] proposed a new model known
as laser-generated ultrasound model. This model reported excellent agreement
between theory and experiment for metallic materials. But due to the optical
penetration effect, this model cannot be applied to the study of laser-generated
ultrasound in nonmetallic materials directly. The optical absorption occurs at
the surface layer in metallic materials, and the heat penetration is a result of
heat diffusion. In nonmetallic materials, the laser beam can penetrate the speci-
men to some finite depth and induce a buried bulk-thermal source, so features of
the laser-generated ultrasound are significantly different from those in metallic
materials.
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DuBoIs [23] experimentally demonstrated that the penetration depth plays
a very important role in the laser-ultrasound generation process. EZZAT et al.
[24] discussed thermoelastic behavior in metal films induced by fractional ultra-
fast laser. AL-HUNITI and AL-NIMR [25] investigated the thermoelastic behav-
ior of a composite slab under rapid dual-phase lag heating. The comparison of
one-dimensional and two-dimensional axisymmetric approaches to the thermo-
mechanical response caused by ultrashort laser heating was studied by CHEN
et al. [26]. KiM et al. [27] studied thermoelastic stresses in a bonded layer due to
pulsed laser radiation. Thermoelastic material response due to laser pulse heating
in the context of four theorems of thermoelasticity was discussed by Y OUSSEF and
AL-BARy [28]. The theoretical study of the effect of enamel parameters on laser in-
duced surface acoustic waves in human incisor was carried out by YUAN et al. [29].
A two-dimensional generalized thermoelastic diffusion problem for a thick plate
under the effect of laser pulse thermal heating was studied by ELHAGARY [30].

In this research, taking into account the microstretch effect and radiation of
ultrashort laser, we established a model for a microstretch thermoelastic medium
by using Laplace and Fourier transforms. The stress components and tempera-
ture distribution were computed numerically. The resulting expressions were then
applied to the problem of a microstretch thermoelastic medium whose bound-
ary is subjected to two types of loads: mechanical load and thermal load. The
resulting quantities are presented graphically to show the effect of microstretch
and temperature.

1. Basic equations

Following ERINGEN [31], LORD and SHULMAN (32| and GREEN and LIND-
SAY [33], the basic equations for homogeneous, isotropic microstretch generalized
thermoelastic solids in the absence of body forces, body couples and stretch forces
are given by

(L1) Q) V(T4 (ut K) Vb KV x 40V — By (1+n gt)w — pil,
(1.2)  (yWVW?=2K)d + (a+ B)V(V - d) + KV x u=pjd,

(1.3)  (aoV?=A1)g * —on-u+ul<1+71§t> p]0¢*
*y72 * 0 82 8
(14)  K*VT = pc a1 + 7055 92 T+ |1+ €05, (b1 TV - a — pQ)

0
+V1TD<8t +€Toat2>¢ )

0
(1.5)  tij = (M@ +Aupp )0 4-p(w i)+ K (i —€ijndn) — B (1+71 at>5”T’
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(1.6)  mij = adrrdij + Boij +YPji + bo€mji®m,
(1.7) )\: = Oéo¢?; + boﬁijm(ﬁj’m.

The plate surface is illuminated by laser pulse given by the following heat input:

(1.8) Q@ = Iof(t)g(x1)h(xs),
where Iy is the energy absorbed. The temporal profile f(¢) is represented as

(1.9) £t) = %e—%l

Here tg is the pulse rise time. The pulse is also assumed to have a Gaussian
spatial profile in z

(1.10) g(x)

= e
2mr? ’

where r is the beam radius, and as a function of the depth 3, the heat deposition
due to the laser pulse is assumed to decay exponentially within the solid:

(1.11) h(x3) =y eV %,

Equation (1.8) with the aid of Egs. (1.9)—(1.11) takes the form

To7" | ~G5) =) s
2mr2t} ’

(1.12) Q=

where A\, 1, o, B, v, K, Ao, A1, o, bg, are material constants, p is mass density,
u = (u1,u2,us) is the displacement vector and ¢ = (¢1, P2, ¢3) is the microro-
tation vector, ¢* is the scalar microstretch function, 7' is temperature and Ty
is the reference temperature of the body chosen, K* is the coefficient of ther-
mal conductivity, ¢* is the specific heat at constant strain, j is the microinertia,
81 = BA2u+ K)oy, v1 = (BA+2u+K)aya, a1, ayg are the coefficients of linear
thermal expansion, jo is the microinertia for the microelements, ¢;; are the com-
ponents of stress, m;; are the components of couple stress, A} is the microstress
tensor, d;; is the Kroneker delta function, and 79, 71 are thermal relaxation times
with 79 > 7 > 0. Here 79 = 71 = 71 = 0 for coupled thermoelastic theory (CT)
model, 71 = 0, € = 1 for Lord-Shulman (LS) model [27] and & = 0, where 7° > 0
for Green-Lindsay (GL) model [28].

In the above equations, the symbol (“)”) followed by a suffix denotes differ-
entiation with respect to spatial coordinates and a superposed dot (“"”) denotes
the derivative with respect to time.
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2. Formulation of the problem

We consider a rectangular Cartesian coordinate system OX;XoX3 having
origin on x3-axis with the xs-axis pointing vertically downward the medium.
A normal force/thermal source is assumed to act at the origin of the rectangular
Cartesian coordinate system.

We consider the plane strain problem with all the field variables depending
on (x1,x3,t). For two dimensional problems, we use

(2.1) u = (u1,0,u3), $ = (0, ¢2,0).

For further consideration, it is convenient to introduce in Eq. (1.1)-(1.4) the
dimensionless quantities defined as

* * 2 2
;W / pw 1 / PCL ! PCL
xTr. = —1“, U, = u-7 .= " = 5
et BTy & B1To b ¢ 51T0¢
T * % * ].
(2.2) T/ = T()’ t/ = w t, 7'{ =w 71, 7'(/) = w 70, t;j = —BITOtZ‘j,
* 2 * 2
s_pciet o AF2utk x w ) Bi
w = ci = ————— M;: = ————1MMs4 = —F.
K+ ) 1 P ’ i cﬂlTO 17 Q pC%

Making use of Eq. (2.2) in Egs. (1.1)-(1.3) and with the aid of Eq. (2.1), we
obtain:

0 0 00" 0\ dT
(2.3) ala—e—l—agVQul—agﬂ—i—m ¢ — <1—|—7‘1—>—_il1,

x1 0xs ox1 ot ) 0x1 N
Ode 0o 0™ o\ or .
2.4 _— v? = — 1 — ) == =is,
(2.4) a18$3+a2 u3+a36:n1+a48333 +7'18t O3 i3
8u1 811,3 o
2.5 V2py—2 — - = ,
(2.5) P2—2a602 + ag <8x3 83;1) a2
o )
(2.6) V2¢* —agd™ — age + aig (1 + 71 §>T = a120",
0 0? 0 0? 0 0?
2.7) VP T+ | —+10-5|T — — = — | o*
(2.7) +<at+7'oat2> +a13<at+8708t2>6+a14<8t—|—€T()at2>(b
= Qo f*(z1,t)e 7 "5,
Here,
At p+ K K X K}
a = —5-, a2= 5 asz = —5, a4 = —5, a6 = 3,
pct pct pc pct Yw
L U V. O
v’ agw*?’ agw*?’ Brogw*?’
2, 2
_pcido BT V1T, _azploy
a12 - 20[0 ) (113 - pw*K*’ a14 - w*pK*’ QO 271'7“2752 )
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22
Fla1,t) = [t + 87()(1 - ti)]e&—%%).

0

V2=
8
The dlsplacement components uj and ug are related to the non-dimensional
potential functions ¢ and v as

28) 06 _ 0

NS o O " omy "o

Substituting the values of u; and us from Eq. (2.8) into Egs. (2.3)—(2.7) and
with the aid of Eq. (2.1), we obtain:

2+ 7, is the Laplacian operator.

(2.9) V2% — ¢+ asd” — (1 + T1%>T =0,

2

0 0
(2.10) <V2—a8—a12@>¢ —agV gi)—l—a10<1+7'1a >T 0,

(2.11) 1+ 0 T+ a+ o V2 + 1+ P -V
. ’7‘0a a3 8t z’:‘T()a aiq 67’0

= QOf (xlvt)e_,y x37
(2.12) a2V — 9 + azgps = 0,
(213) V2o — 2ah2 — ag V> = args.

3. Solution of the problem

We define Laplace transform and Fourier transform respectively as

(3.1) Fls,a1,23) = / (b, w)e " dt,
0
(3.2) Flas €.s) = / (s, w1, 03)e™ day.

Applying the Laplace transform defined by Eq. (3.1) to Egs. (2.9)—(2.13) and
then applying Fourier transforms defined by (3.2) to the resulting quantities, we
obtain the following;:

2 X - R
(3.3) <% - 51)¢> +asp* — T =0,
X

d2 2 ~ d2 - ~
(3.4) —ag <ﬁ - >¢ + (ﬁ - a20> ¢* +anT =0,



446 R. KuMAR, A. KUMAR, D. SINGH

d2 2 ~ - d2 -~ *
(3.5) az2 <— - )Qb + agzp* — <@ - a33>T = Qe ",

da?
d? ~ —
(3.6) [d—x% - & - 52] Y —azpz =0,
d? —~ d? ~
(3.7) {d—x% - a30} ¢2 + ag [d—x% - 52] Y = 0.

Eliminating a): and T, ¢ and T', and ¢ and &I respectively from equations (3.3)—
(3.5), we obtain:

(3.8) [DS — AD* — BD* + Cl$ = fre 7%,
(3.9) [D6 — AD* - BD? ¢+ Cﬁ;; _ f267'y*w3’
(3.10) [DS — AD* — BD? + C|T = fze™ V"%,

Also, eliminating ¢ from equations (3.6)—(3.7) yields

(3.11) [D* + ED? + FJip = 0,

where
A = (ageTi1 + azz + ass), B = ag(azs — 7’1152) + ag3a26 — a33a28 — G209,
C = —agazst® + agsagy + agsazy, FE = %, F= %, 1 = (1 +718),

G=+5 J1==Qi(ruy™ + az), fo = —Q1(azey** + asr),
f3= Q™ —ay? +an), fa=["— Ayt - By 4 O]

and

ag = (§% + ag + s°a12),  az1 = awm, aze = ay3(s + es%7),

ags = a14(s + e5°7), agy =& — s — 5”7, G25 = Q4021 — (2071,

a26 = a9T11 — A21, agy = a21&1 — §27'11a9, ags = &1 + agp — agag,

asy = E1as0 — asagl?, azo = & + 2a6 + s%ar, a3 = azag — asazy — asti,
azx = —azat® + asazoél, asy =& + s+ s°m.

The solutions to Egs. (3.8)—(3.11) satisfying the radiation conditions

A~ A~ o~

o, 0", T, pa,7) — 0 as x3 — oo are given by

3.13) ¢* = dyBie ™" + dyBoe % 4 dgBye ™3 4 Lye S,

(

(B12) b= Bie i By 4 ppe e 4 [,

(

(3.14) T = e1Bie” ™% + eyBoe” ™" + e3Bye” "% 4 Lye 7 ™3,
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~

(3.15) ) = Bye ™4 4 Bye M5,
(3.16) o = hyBye "8 4 hyBse "5,
where
2 4 _ 2y
d; = a26Mm; + a27 e = m; — Ayg™y T a29
Tllm? + ags’ Tnmg + ags
i .
Li = . i=1,2,3
Y mb — Am? — Bm? + C)] ‘
and )
hy = az(mj — &) l=4.5
a3 bl )

and m? (i = 1,2, 3) are the roots of the characteristic equation of Eq. (3.8) and

]

m? (I = 4,5) are the roots of the characteristic equation of Eq. (3.11).

4. Boundary conditions

We consider concentrated normal force and concentrated thermal source at
the boundary surface s = 0; mathematically, these can be written as

(4.1) t33 = —Flé(xl)é(t), t31 = 0, mag — 0, )\;;) = 0, T = Fgé(xl)é(t),
where F} is the magnitude of the applied force and F3 is the constant temperature
applied at the boundary.

Case 1 is for the normal force Fo = 0;
Case 2 is for the thermal source F; = 0.

Substituting the values of @, &, f, 1//1\, 55; from Egs. (3.12)—(3.16) into the
boundary condition (4.1), and using Egs. (1.5)—(1.7), (2.1)—(2.2), (3.1)—(3.2) and
solving the resulting equations, we obtain:

5

(4.3) t/?,\g = Z Gre” ™" + Mlei’y*xg,
=1
5
(44) t/g\l = Z Gose” ™" M26_7*I3,
=1
5
(4.5) Tﬁ?,\g = Z G3ie—mix3 + M3€_Fy*x3,
=1
. 5
(4.6) A=) Gae ™ 4 Mye T,

=1
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5
(4.7) T = Z G5i67m¢x3 4 M5677*m3,
i=1
where
AV .
Gmi:gmici7 Ci:_) 7/:1727"'75;
JAN)
also,
g1i = bran; + b2(m12 - 52) + b3m? — T1102,
92i = —tbz{m;, 93i = tho€ars,
94; = —agbigm;on;, gsi = Qi2;, 1=1,2,3
and
g1 = tbz€my, g = bemj + bs&? — brag,
g3 = —bgazmy, gy = —wbobiocs,  gs =0, =45,

911 912 913 914 915
921 922 923 G24 G925
Ao =931 932 933 934 G35/,

941 942 G943 G44 G45
o1 a2 a3 0 0

A1, Ay, Az, A4 and Aj are obtained by replacing 1st, 2nd, 3rd, 4th and 5th
column by [(Ml — Fl), Mo, M3, My, (M5 + FQ)]/ in Ag and

My — <51f2 +bofi(v*? = &) + b3 fry*? — T11f3>
1= - f4 )

My — tb3€y" f1 My — _ thol fo M, — broaoy” f2 M — E
fa 7 fa fa 7 fa’

A A 2 K K

blz_OQa b2:—2a b3: M+2 5 b5:'u+2 5 b6:L2’
Pey Py Pey Py pPcy
K w*27 w*2b0 w*Q

by = —, bg = —-, by = ; bio = .
pci pei pci pci

Particular cases

(i) If we use 71 = 78 = 0, ¢ = 1 in Eqgs. (4.3)—(4.7), the corresponding
expressions of stresses, displacements and temperature distribution are obtained
for microstretch thermoelastic half space with one relaxation time.

(ii) If we use ¢ = 0 in Eqs. (4.3)-(4.7), the corresponding expressions of
stresses, displacements and temperature distribution are obtained for micro-
stretch thermoelastic half space with two relaxation times.
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(iii) Using 7° = 71 = 79 = 71 = 0 in Eqgs. (4.3)—(4.7), yields the corre-

sponding expressions of stresses, displacements and temperature distribution for
microstretch coupled thermoelastic half space.

Special cases

Micropolar thermoelastic solid. In the absence of microstretch effect in Egs.
(4.3)—(4.7), the corresponding expressions of stresses, displacements and temper-
ature are obtained for micropolar generalized thermoelastic half space.

Inversion of the transform

The transformed displacements, stresses and temperature changes are func-
tions of the parameters of Laplace and Fourier transforms s and £ respectively,
and hence these have the form f(s, ¢, z). To obtain the solution to the problem
in the physical domain, we must invert the Laplace and Fourier transforms by
using the method used by KUMAR [35].

5. Numerical results and discussions

In order to illustrate the theoretical results obtained in the preceding sections,
some numerical results are presented. For numerical computation, the values
for relevant parameters for microstretch thermoelastic medium following from
ERINGEN [34] are A = 9.4 x 10" N-m™2, 4 = 4.0 x 101 N-m™2, K = 1.0 x
100N -m™2 p=174x10°Kg-m™3, j =02x 10" m?, v=0.779 x 1072 N.
The microstretch parameters are taken as jo = 0.19 x 107 m?, oy = 0.45 x
1079 N, bp = 0.5x1079 N, A\g = 0.92x 109N -m™2, A\ =0.5x10°N - m~2, ¢* =
1.04x103J - Kg VK=, K* = 1.7x102 J-m 1571 - K, ayq = 2.33x 1075 KL,
ap =248 x 107° K~1, Ty = 0.298 x 10° K, 79 = 0.02, 7, = 0.03.

A comparison of the dimensionless form of field variables for the cases of
microstretch thermoelastic medium with a laser pulse (MSTL), microstretch
thermoelastic medium without a laser pulse (MST), micropolar thermoelastic
medium with a laser pulse (MPL) and micropolar thermoelastic medium without
a laser pulse (MP) subjected to normal force and thermal source is presented in
Figs. 1-10. For all cases, the values of all physical quantities are shown in the
range 0 < x1 < 20.

Solid lines and dash lines correspond to microstretch thermoelastic solid with
a laser pulse (MSTL) and microstretch thermoelastic solid without a laser pulse
(MST), respectively.

Solid lines with a central symbol and dash lines with a central symbol corre-
spond to micropolar thermoelastic solid with a laser pulse (MPL) and micropolar
thermoelastic solid without a laser pulse (MP), respectively.
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The computations were carried out in the absence and in the presence of
laser pulse (Ip = 10°,0) and on the surface of plane z; = 1, t = 0.1.

I. Normal force

Figure 1 shows the variation of normal stress t33 with the distance x1. It can
be noticed that the normal stress ¢33 shows a similar behavior for MSTL and
MST. The value of normal stress for MSTL and MST monotonically increases
as x1 and then oscillates. The value of ¢33 increases near the placeof application
of t normal force due to the stretch effect and then keeps oscillating for all the
values of x7.

Figure 2 shows the variation of tangential stress t3; with the distance x;.
It can be noticed that the behavior of ¢3; for MSTL and MST shows initially
a similar trend,whereas t3; for MPL and MP exhibits opposite behavior. Initially,
ts1decreases monotonically for MSTL and MST,whereas for MPL and MP the
initial trend of tangential stress increases. The values of t3; for all the cases,
remain oscillatory and approach the boundary surface away from the point of
application of normal force.

MSTL
————— MST
—&— wmPL
— B we
.
2
L0
s \\
) / N\ o~ ]
= / . NS -
~ o
/
¢ 7
’
p
I [ I I |
4 8 12 16 20
X
F1c. 1. Variation of ¢33 with distance. F1c. 2. Variation of t3; with distance.

Figure 3 shows the variation of couple stress mgss with distance 1 for MSTL,
MST, MPL and MP.The behavior and variation of mss for (MSTL, MPL) and
(MST, MP) remain opposite to each other for all the values of z1 due to the
effect of laser.

Figure 4 presents the variation of microstress A5 with distance 1. The trend
and variation of A5 are similar to each other for both the cases, i.e., MSTL and
MST.
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iy,
microstress

X; X;

temperature distribution

X

F1Gc. 5. Variation of T with distance.

Figure 5 displays the variation of temperature T" with distance x1.The values
of temperature change for MSTL and MPL show an oscillatory trend while for
MST and MP the temperature change shows a monotonically decreasing trend
for all the values of z.

II. Thermal source

Figure 6 shows the variation of normal stress ¢33 with distance zi. It can
be noticed that ts3 keeps oscillating for all the values of x1. Normal stress t33
approaches zero away from the source for all the cases considered.
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20

X

microstress

-6 -8
\ \ \ \ \ ' \ \ \ \ I
0 4 8 12 16 20 0 4 8 12 16 20
X; X;

F1c. 8. Variation of ms2 with distance. Fic. 9. Variation of A3 with distance.

Figure 7 displays the variation of tangential stress t3; with distance x;. It
can be noticed that initially the behavior of t3; for MST, MPL and MP shows
a similar trend, whereas t37 for MSTL exhibits different behavior near the point
of application of the source. The values of t3; for all the cases remain oscillatory
and approach the boundary surface away from the source.

Figure 8 shows the variation of couple stress mgss with distance z1 for MSTL,
MST, MPL and MP. The behavior and variation of msy for (MSTL, MPL, MST
and MP) remain similar to each other for all the values of x.

Figure 9 depicts the variation of microstress A5 with distance z1. The trend
and variation of A5 are similar to each other for both the cases, i.e., MSTL and
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MST. The variation in the value of A3 for MSTL is smaller than the variation of
A3 for MST.

Figure 10 displays the variation of temperature T" with distancex;. The values
of temperature change for MSTL, MPL, MST and MP are similar. Temperature
change tends to approach the boundary surface away from the source.

temperature distribution

Fic. 10. Variation of T" with distance.

6. Conclusions

The studied problem involves investigating displacement components, scalar
microstretch, temperature distribution and stress components in a homogeneous
isotropic microstretch thermoelastic half space due to various sources subjected
to a laser pulse. The integral transform technique is employed to express the
results mathematically. The theoretically obtained field variables are also exem-
plified through a specific model to present the results in the transformed domain.

The analysis of results leads to the following concluding remarks:

(1) It can be clearly seen in the figures that all the field variables have nonzero
values only in the bounded region of space, what indicates that all the results
are in agreement with the generalized theory of thermoelasticity.

(2) The effect of microstretch is much pronounced in all the resulting quan-
tities.

(3) It can be noticed in the figures that the laser heat source plays a significant
role in all the field quantities. A change in the value of Iy causes significant
changes in all the simulated resulting quantities.
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(4) If the laser pulse and microstretch effect is neglected, then the results
are obtained for generalized thermoelastic problem; the results are in agreement
with ELHAGARY [30] after neglecting diffusion effect.

(5) The variation of microstress differs significantly due to the presence of
normal force and due to the presence of thermal source.

(6) Tangential stress, couple stress and temperature change are also affected
due to microstretch effect as well as load/source applied.

The new model is employed in a microstretch thermoelastic medium as a
new improvement in the field of thermoelasticity. The subject becomes more
interesting due to irradiation of a laser pulse with an extensive short duration or
a very high heat flux. This has found numerous applications. The method used
in this article is applicable to a wide range of problems in thermodynamics. With
the obtained results, it is expected that the present model of equations will serve
as more realistic model and will provide motivation to investigate microstretch
generalized thermoelasticity problems regarding laser pulse heat with high heat
flux and/or short time duration.
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