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Effect of two temperature and energy dissipation
in an axisymmetric modified couple stress isotropic
thermoelastic solid
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Abstract. The present paper deals with the axisymmetric deformation in homogeneous isotropic thermoelastic solid
with two temperatures, with and without energy dissipation using modified couple stress theory. The effect of energy
dissipation and two temperature is studied due to the concentrated normal force, normal force over the circular region,
thermal point source and thermal source over the circular region. The Laplace and Hankel transform techniques have
been used to find the solution to the problem. The displacement components, conductive temperature distribution,
stress components and couple stress are computed in the transformed domain and further calculated in the physical
domain using numerical inversion techniques. Effects of two temperature and energy dissipation on the conductive
temperature, stress components and couple stress are depicted graphically.

Keywords: energy dissipation; isotropic thermoelastic solid; Laplace and Hankel transform; modified couple
stress theory; two temperature

1. Introduction

Isotropic materials are helpful since they are simpler to shape, and their conduct is simpler to
anticipate. One basic illustration of the homogeneous isotropic material is the water. All cells in the
human body are made mostly of water content in their cytoplasm. Important functions of water in
the body include supporting the cellular metabolism, molecular transport, biochemical reactions,
and the physical properties of water, such as surface tension. So, study of deformation in
homogeneous isotropic materials is required. Classical continuum theory predicts the behavior of
structures under loads at macro scale in which the forces are transmitted at an infinitesimal element
surface as tractions, but careful experiments have shown that it deviates in capturing behavior of
materials at micro/nano scale. As a result size dependent theories came into existence In these
theories moments are transmitted on an infinitesimal element surface as moment or couple tractions
in addition to force tractions. Couple-stress theory is an extended continuum theory that includes the
effects of a couple per unit area on a material volume, in addition to the classical nhormal and shear
forces per unit area. One other branch of theories based on Voigt (1887) was developed by Toupin

*Corresponding author, Ph.D., E-mail: mehrokpreet93@gmail.com
2Associate Professor, E-mail: parveenlata@pbi.ac.in

Copyright © 2022 Techno-Press, Ltd.
http://www.techno-press.org/?journal=csm&subpage=8 ISSN: 2234-2184 (Print), 2234-2192 (Online)



200 Parveen Lata and Harpreet Kaur

(1962), Mindlin and Tiersten (1962) and Koiter (1964) in which displacements and macrorotations
were taken as the kinematical quantities. Koiter introduced the constitutive relationships for couple
stress theory, involving length scale parameters to predict the size effects. It involves four material
constants for isotropic elastic materials which are very difficult to determine (1964). So, modified
couple stress theory (M-CST) with one length scale parameter was presented by Yang et al. (2002),
in which only one couple stress parameter is involved. But these theories had some indeterminacy/
inconsistencies in the couple stress and force stress tensors due to the limited number of relations.
So, Hadjesfandiari and Dargush (2011) offered consistent couple stress theory (C-CST) with the
skew-symmetric couple-stresses to resolve the inconsistencies in previous models. This theory was
not applicable to anisotropic materials. Therefore, Chen and Li (2013) introduced the new modified
couple stress theory (NM-CST) for anisotropic materials containing three length scale parameters.
Marin (2010) studied Some estimates on vibrations in thermoelasticity of dipolar bodies. Marin et
al. (2013) consider a theory of thermoelasticity for modeling a microstretch thermo-elastic body
with two temperatures. Based on a modified couple stress theory, the static mechanical properties
of Euler-Bernoulli beam model were investigated by Park and Gao (2006), and also bending test
outcomes of an epoxy polymeric beam were explained, a Timoshenko beam model was introduced
by Ma et al. (2008) to study the size-dependent static bending and free vibration properties. The
modified couple stress theory was also utilized by Kong et al. (2008) to obtain the governing
equation and boundary and initial conditions of an Euler-Bernoulli microbeam. Based on the couple
stress theory, Reddy (2011) defined nonlinear size-dependent Euler-Bernoulli and Timoshenko
functionally graded beam models and by using the Navier solution determined the natural frequency,
buckling load, and deflection for beams with simply supported boundary conditions. Utilizing the
modified couple stress Euler-Bernoulli beam theory, Wang et al. (2013) analyzed the nonlinear free
vibration behavior of microbeams. They concluded that the nonlinear vibration frequency obtained
by their model is higher than that predicted by the classical continuum theory. Based on modified
couple stress theory a model for sigmoid functionally graded material (S-FGM) nanoplates on elastic
medium is developed by Jung et al. (2014), the vibrational analysis of piezoelectric microbeams
based on the modified couple stress theory is studied by Ansari et al. (2014). By using the modified
couple stress theory, the vibration analysis of composite laminated beams in order of micron is
developed and effect of shear deformation is studied by considering different beam theories by
Mohammad-Abadi and Daneshmehr (2014). Zhou and Gao (2014) developed a non classical model
for circular Mindlin plates subjected to axisymmetric loading, by deriving the equations of motion
and boundary conditions through a variational formulation based on Hamilton’s principle. Transient
analysis of coupled thermoelasticity of micro-beams by applying MCS theory and LS heat
conduction model by Kakhki et al. (2016), dynamic characteristics of electrostatically actuated
micro-beams resting on squeeze-film damping under mechanical shock are investigated by
Ghiasi(2016) using modified couple stress theory. Borjalilou and Asghari (2018) studied the
thermoelastic damping of Kirchhoff microplatesbased using the non-classical continuum theory of
modified couple stress and non-classical heat conduction model of dual-phase-lag. This theory has
been utilized in many studies to investigate the mechanical behavior of microstructures such as
microbeams, microplates, and microshells. Small-scale thermoelastic damping phenomenon is
studied in micro-beams utilizing the modified couple stress theory and the dual-phase-lag heat
conduction model by Borjalilou et al. (2019). Kaur and Lata (2020) studied axisymmetric
deformation in transversely isotropic magneto-thermoelastic solid with Green -Naghdi 11l due to
inclined load. Hobiny and Abbas (2021) established the bio-heat model with fractional derivative to
study the variations of temperature and the thermal damage in spherical tissues during thermal
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therapy. The effects of a fractional parameter, the blood perfusion and the laser exposure time on
the temperature of living tissue and the resulting of thermal damages are studied. Marin (1998)
studied a temporally evolutionary equation in elasticity of micropolar bodies with void. Zhang et al.
(2020) performed the entropy analysis of the blood flow through an anisotropically tapered arteries
under the suspension of magnetic Zinc-oxide (ZnO) nanoparticles (NPs). Abbas and Marin (2018)
adopted the analytic solutions of a two dimensional generalized thermoelastic diffusions problem
due to laser pulse. Abbas et al. (2016) obtained a dispersion relation for Rayleigh-Lamb wave
propagation in a plate of thermoelastic material. Abbas et al. (2008) studied the combined effect of
thermal dispersion and thermal radiation on the non-Darcy natural convection flow over a vertical
flat plate kept at higher and constant temperature in a fluid saturated porous medium. Abd-Alla
and Abbas (2011) investigated the a transversely isotropic, elastic cylinder of infinite length and
perfectly conducting material placed in a primary constant magnetic field while the curved surface
of the cylinder is subjected to periodic loading. Hobiny and Abbas (2018) studied the the wave
propagation on non-homogenous semiconductor through photo-thermal process by using the theory
of coupled plasma and thermoelastic wave. Hobiny and Abbas (2017) investigated the wave
propagation on semiconductor material with cylindrical cavity during photo-thermoelastic process.
Mohamed et al. (2009) studied the flow, chemical reaction and mass transfer of a steady laminar
boundary layer of an electrically conducting and heat generating fluid driven by a continuously
moving porous surface embedded in a non-Darcian porous medium in the presence of a transfer
magnetic field.

The present investigation deals with the deformation in isotropic thermoelastic solid using
modified couple stress theory with and without energy dissipation and with two temperatures within
context of modified couple stress theory proposed by Yang (2002). This theory contains one couple
stress parameter to determine the size effects. Concentrate normal force, normal force over the
circular region, thermal point source and thermal source over the circular region have been applied
to find the utility of the problem. Laplace and Hankel transform technique are applied to obtain the
solutions of the governing equations. The displacement components, conductive temperature, stress
components and couple stress are obtained in the transformed domain. A numerical inversion
technique has been used to obtain the solutions in the physical domain. The effect of two temperature
and energy dissipation is depicted graphically on the resulted quantities.

2. Basic equations

Following Kumar et al. (2017), Youssef (2006), and the field equations for isotropic modified
couple stress thermoelastic medium with two temperatures and with and without energy dissipation
in the absence of body forces are given by

(a) Constitutive relations

1
tij = Aewibij + 2Hei; — = €wijmuis — P16, @)
my; = 2ayi;, @)

1
=g y 3
4 ) i
Xij 2(‘“!1"“"11)' ®)
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o = Zeyty. o)
(b) Equation of motion
(/1+y+%A)l7(|7.ﬂ)+ (y—%A) V2 — B, VT = pii, ©)
(c) Equation of heat conduction
KV2p + K*V2¢ = pC*T + B, T V. %, (6)
where
T=(1-aV?)e. (7

Here u = (u,, ug, u,) is the components of displacement vector, t;; are the components of stress
tensor, e;; are the components of strain tensor, e, is alternate tensor, m;; are the components of

couple-stress, a is the two temperature parameter, T is the thermodynamical temperature, ¢ is the
conductive temperature, K™ is the coefficient of thermal conductivity, y;; is curvature, w; is the

rotational vector, p is the density, K isthe materialistic constant, C* is the specific heat at constant
strain, T, is the reference temperature assumed to be such that T/TO « 1, and, B = 341+ 2wa;.

Here a, is the coefficients of linear thermal expansion, «a is the couple stress parameter, A is the
Laplacian operator, V is del/nabla operator, §;; is Kronecker’s delta.

3. Formulation and solution of the problem

We consider a two dimensional homogeneous isotropic modified couple stress thermoelastic
medium initially at uniform temperature T, occupying the region of a half space z>0 A
cylinderical coordinate system (r, 8, z) having origin on the surface z = 0 has been taken. All the
field quantities depend on (r, z, t).

Ur = ur(r, z,t),
u, = u,(r,z1t), (8)
¢ =@(r,zt).
The initial and regularity conditions are given by
u-(r,z,0) = 0 = U,(r,z0),
u,(r,z,0) = 0 =1,(r,z0),
@(r,z,0)=0 =¢@(r,20)forz=>0,—0 <r < oo,
u(x,z,t) =uy,(x,z,t) = p(x,z,t) =0 fort > 0 when z - .
We introduce the dimensionless quantities

w* w* w* w* tij mij
X' ==xz'=—zu =—u w =—wt' =o'tt; = — ymyt = L T' =
C1 C1 €1 C1 Bitg c1B1T, (9)
* 2
BiT 1 _ P 2 _ A+2u *2 A r_ (@
— ., P = >, =——, W = > , =\—) a.
pc? pc? P ut2+pa o
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where w* and ¢, are the characteristic frequency and longitudinal wave velocity.
Upon using (7) & introducing (8), (9) in Egs. (5)-(6), after suppressing the primes, we obtain

de 1 0%u,

de 1

-+ a; (Vz - r_) U, + asA (5 - (VZ - r_z) ur) — —(1 —aV?)e = 52 (10)

6 de 0%u
a o~ + a,Vu, + azA (6_ — Vzuz) -— (1 —aV¥)e = atZZ' (12)

Ze a(p Z(P
vl Vi + a4l72§ —as(1-— a|72) = 0. (12)
Where

(W _n _ aw*? _ Ko __ pcict _ Bt _ U, Qup | 0up oo
1= pcz‘z_pcf’a3_4pcf'a4_K’as_ K ' pk’ _r+ar+6z’v_

9, 0 9
. ar? ror d0z2 . . .
The displacement components u, and u, in terms of potential functions g and ¥ in a

dimensionless form are given by

09, N %o, 09, [(0°®, 109, 13
Y=y T araz " T oz orz r or ) (13)
With the aid of (13) Egs. (10)-(12) yield
2
(V2 — D1~ (1-—aV»)p =0, (14)
62
2 4 —
(a2V? = a5V* = =)@, = 0, (15)
92 ) 9 5. 02
a66 2(|7 @)+ V2% + a,V? a——as(l—aV )at2 ¢ =0. (16)
Where V2@, =e.
We define laplace and Hankel transform as
f(r,zs) = j0°° f(r,z,t)e Stdt, (17)
f&zs) = [ frz)r@odr. (18)

Where ¢ is Hankel transform parameter and J,, () is Bessel function of first kind
Applying the and Laplace Hankel transforms defined by (17)-(18) to the Egs. (14)-(15), we obtain

(=82 + D% —s)®; — (1—a(—£2+D?))p =0, (19)
((—az — a382)E% — 5% + (ay + 2a3€*)D* — a3D4)@ =0, (20)

(aes?(E2 = D?))P; + (—(1 + a4s)€% — ass?(1 + a&?) + (1 + ays + aass?)D?)@ = 0. (21)
The non trivial solution of the system of Egs. (16)-(18) yields
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(PD® + QD® + RD* + SD? + T))(®1, P,, p) = 0. (22)
Where
P = —a5(8, + aags?) — aazags?,
Q = —(81a3 + 83) (84 + aass?) + az (6462 + ass?(1 + aé?)) + ags*(az + 2aazé? + asy),
R = —((8,8; + 6,)(64 + aass?) + (8105 + 8;)(6:87 + ass?(1 + a§?)) — ags?((1 +

a§?)a;82 + 65 — asy) ),
S = 8,6,(84 + aass?) + (6163 + 8,)(8,6% + ass?(1 + aé?))
+ ags?((1 + aé?)638% + 6,(1 + 2a¢?)),
T = —8,6,(648% + ass?(1 + a&?)) — ags?8,(1 + aé?)&?,
0, =82 452,65, =a,8% + az&* +52,8; = a, + 2a38%,8, = 1 + ays.
The roots of the Eq. (24) are +1;(i = 1,2, 3,4), using the radiation condition that §, ¥, — 0
as z — oo the solution of Eq. (19) may be written as

4
(31, 32,0) = ) (LR, S)Ae ™, 23)

=1
Where
P QR +RA
A B+ C A+ DAY

P QUA A+ RVUA A SN
A+ BR A CA 4D

Where
P* = 5,(646? + ass?(1 + a&?)) + ags?E%(1 + aé?), Q"
= —8,(8, + aass?) — (6,62 + ass?(1 + a&?)) — ags?(1 + 2aé?),
R* = 6, + aass? + aags?,

A" = 6,(8,8% — ass?(1 + a&?)), B* = —6,(8, + aass? — §3¢268,) — 8zass%(1 + aé?),
C* = 855(8, + +aass?) + a30,&% — azass?(1 +aé?), D* = —as3(84 + aass?),
P = 6,8,,0" = —8,8, — 86,

R™ = 8,a5 + 885, S = —bas,

4. Boundary conditions

The appropriate boundary conditions are
tyz(r,2,t) = =Py (7, 1), (23)

t,-(r,z,t) =0, (24)

0
S2(,2,0) = P10, (25)
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Mo, = 0. (26)

P;(r,t) and P,(r, t) are well behaved functions.

Here P,(r,t) =0 corresponds to plane boundary subjected to normal force and P;(r,t) =0
corresponds to plane boundary subjected to thermal point source.
The non-dimensional values of t,,, t,, and mg, are given by

Ae 21 pct

tyy = +—e,, ———(1—aV?)e, (27)

BTy BiTo “ BET, )

2 a (0% 0%\ 0u, Ou,
~ T 271 \3.2 3,2 - 28
tar B1To era ¥ B1To <67”2 o2z ( dz  Or )' (28)
_aw* (0%u, 0%u, 29)
Moz = 2B, Toc2 \ 02>  0rdz)
d 1(0u , @ a
Where €rr = % y€rz = E(%‘l'%)'eBG = % y €27 = %

Applications
Case 1. Concentrated normal force/ Thermal point source

When plane boundary is subjected to concentrated normal force/ thermal point force, then
P, (r,t), P,(r, t) take the form

2nr 2nr (30)

(PL(r, ), Py (1)) = <P15(r)5(t) ’P25(7”)5(t)>.
P; is the magnitude of the force applied, P, is the magnitude of the constant temperature applied
on the boundary and §( ) is the Dirac delta function.
Making use of Egs. (30) in the boundary conditions (23)-(26) with the aid of (17)-(18), (26)-(28)
the components of displacement, conductive temperature, components of stress and couple stress
are given by (33)-(38).

Case 2. Normal force over the circular region/ Thermal source over the circular region
Let a uniform pressure of total magnitude / constant temperature applied over a uniform circular
region of radius a” is obtained by setting

Py Py

H(a* —1)6(t),

n.a*z n.a*z

(P (r,£), P,(r, 1)) = < H(a* —7)§ (t)). (31)

where H(a" — r) is the Heaviside unit step function.
Making use of dimensionless quantities defined by (9) and then applying Laplace and Hankel
transforms defined by (17)-(18) on (30)

Py

— — P
(PE).P(Es) = (ﬁigh(a*f) ) (a*f))- (32)
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The expressions for the components of displacements, stress, couple stress and conductive

P1]1(a )

temperature are obtained by replacing —W|th prys

(33)-(38) respectively and are given by (39) (44).

Concentrated normal force/ Thermal point source

— iy P. vy
tr = 27rAZ4 1 B~ + 53 Zi=1Bse h,
ﬁ; = 27TAZ4 1 BllR e—lz + 24 1B3LR e iZ’
(ﬁ 27TAZ4 1 BllS e—)[z +_Z4 1B3LS e iZ'
— P iz P. }.Z
t,; = 27'[1A 141;Bye” P 24 141;B3€¢ ",
— P -1z P. iy
bor = _ﬁ i=1A2iBye° +_2 i=1A2B3ie ™7,
— Py 4 e_}'i P, 4 -
Mme, = =~ i=1A4;Byie +_ i=1A44iBs;e
For circular region
T = — i (@O Ty Bue ™ + 2o )1 (@) Bk Bye ™,
T = m*&]l(a YL, ByRie M7 + mh(a &) X1 BsiRie~
¢ = h @O BuSie ™ + 2y (@ ) By ByiSie ™,
tr = na*fAh( &) Yioq AqiBrie ™M + *gAh(a &) Xt 1A1Bsie”
tr = na*&]l(a §)Xi14ziBye e~hz *fAh(a &) Yizq AziBsie”
— P. * —/12
My, = —na:{Ah(a &) Xi1AyBie® ! *fAh(a §) X1 AsiByie® e
where
Ay = + A7) + 5 (,12 E2AR;) — pcl o (1—a(=8%+27)s)),

Agi = r (ﬂ(zezi +(=E27 - E)R) + “4‘;’}2 (-2 +27)(-§222 + £2)R,),

= —=AiSy

"€
4= :ﬁwT c? : (47 — )R,

and by replacmg = W|th

P2]1(a $) -

in Egs.

(33)
(34)
(35)
(36)
37)

(38)

(39)
(40)
(41)
(42)
(43)

(44)
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A=Ay — Ay + A3 — Ay,
A1= A11A22(A33A44 - A43A34) - A11A23(A32A44 - A42A34) + A11A24(A32A43 - A42A33)'
AZZ A12A21(A33A4-4 - A4»3A34») - A12A23(A31A44 - A4—1A34) + A24-A12(A31A4-3 - A41A33)1
A3: A13A21(A32A4-4 - A4»2A34») - A22A13(A31A44 - A4—1A34) + A13A24-(A31A4-2 - A41A32)1
A4= A14A21(A32A43 - A42A33) - A22A14(A31A43 - A41A33) + A14A23(A31A42 - A41A32),

D L P,
By = T Ay A =5 (=P1(§,8)By; + (P2($,5)B3y),

B31 = A12 (A23A44 - A43A24) - A13(A22A44 - A42A24) + A14(A22A43 - A42A23)'
B32 = _All(A23A44 - A43A24) + A13(A21A44 - A41A24) - A14(A21A43 - A41A23)'
B33 = All(A22A44 - A42A24) - A12(A21A4»4- - A41A24) + A14(A21A4-2 - A41A22):
B34 = _All(A22A43 - A42A23) + A12(A21A4»3 - A41A23) - A13(A21A42 - A41A22)-

6. Particular cases

If K*=0 and a =0 in Egs. (33)-(44), we obtain the resulting expressions for isotropic
thermoelastic solid for GN-II theory and without two temperature.

If K*=0 and a =0 in Egs. (33)-(44), we obtain the resulting expressions for isotropic
thermoelastic solid for GN-II theory and with two temperature.

If K*# 0 and a =0 in Egs. (33)-(44), we obtain the resulting expressions for isotropic
thermoelastic solid for GN-I11 theory and without two temperature.

If K*# 0 and a =0 in Egs. (33)-(44), we obtain the resulting expressions for isotropic
thermoelastic solid for GN-I11 theory and with two temperature.

7. Inversion of the transformations

To obtain the solution of the problem in physical domain, we must invert the transforms in Egs.
(33)-(44). Here the distance components ,conductive temperature, stress components and couple
stress are functions of z, the parameters of Hankel and laplace transforms are & and s respectively
and hence are of the form f (&, z,s). To obtain the function f(r, z, t) in the physical domain, we
first invert the Hankel transform using

flrz,s) =[] Ef(E,2,8)],(Er) dE. (45)

Now for the fixed values of &, r and z the function f(r,z,s) in the expression above can be
considered as the Laplace transform g (s) of g (t). Following Honig and Hirdes (1984), the Laplace
transform function g (s) can be inverted.

The last step is to calculate the integral in Eq. (45). The method for evaluating this integral is
described in Press et al. (1986). It involves the use of Romberg’s integration with adaptive step size.
This also uses the results from successive refinements of the extended trapezoidal rule followed by
extrapolation of the results to the limit when the step size tends to zero.
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8. Results and discussions

For numerical computations following Devi (2017), we take the copper material which is
isotropic as
A =776%x101Kgm™1s71,u=3.86 x 101°kgm=1s~1,T, = 293K,
C*=.3831%x103/Kg 'K~ 1,a, = 1.78 x 107K~ ,p = 8.954 x 103Kgm™3,
K =.383x103Wm K !,a =.05Kgms™%,t =05s
Software GNU octave has been used to determine the components of displacements, conductive
temperature, normal stress, tangential stress and couple stress for homogeneous isotropic
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Fig. 5 variation of conductive temperature ¢ with Fig. 6 variation of stress component t,, with the
the radial distance r (normal force over the circular radial distance r (normal force over the circular

region) region)
—a— GN-11,a=0
0.07 - 60E-008 - ’
—+— GN-11,2=0 1.60-008 —o— GN-112=.06
006 —o— GN-1,a=.06 1.40E-008 —A— GN-Ill,a=0
’ —4— GN-IIl,a=0 —v— GN-1,a=.06
N e ON-Ill 2=, 0084
:N 0054 GN-lll,a=.06 - 1.20E-008
c 1S
g & 1006008 4
8. 0.04 4 8
£ 5 8.00E-009 4
S 0.03- o
9 S 6,00E-009-
2 002+ )
7 400E-009 -
0.014 2.00E-009 -
0.00- 0.00E+000
T T T T 1 T T T T 1
2 4 6 8 10 2 4 § 8 10
distance r distance r

Fig. 7 Variation of stress component t,,.with the Fig. 8 Variation of couple stress m,g with the
radial distance r (normal force over the circular radial distance r (normal force over the circular
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thermoelastic medium with radial distance r for GN-II theory (K* = ON sec™2K~1) and GN-III
(K* = .3N sec™?K™1) theory with two temperature and without two temperature..

The solid lines in black with centre symbol square, red with centre symbol circle, blue with
centre symbol triangle and green centre symbol inverted triangle respectively corresponds to the
GN—1I,a=0,GN —1II,a = .06, GN —IIl,a = 0 and GN — III,a = .06. Figs. 1-6 corresponds to
the variations of u,.,u,, @, t,, t,-and my,q respectively for concentrated normal force. Figs. 7-12
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corresponds to the variations of u, ,u,, @, t,, t,- and m,q respectively for normal force over the
circular region. Figs. 13-18 corresponds to the variations of u,. u,, @, t,, t,- and m,g respectively
for thermal point source. Figs. 19-21 corresponds to the variations of u, u,, @, t,, t,- and m,g
respectively for thermal source over the circular region.

Concentrated normal force
In Fig. 1 variations corresponding to the ¢ are oscillatory in nature. Amplitude of variations
decreses as we move away from the pole. In Fig. 2 variations corresponding to the t,, are oscillatory
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in nature. Presence of two temperature and energy dissipation changes the magnitude of variation.
Value of ¢t,, is highest at x = 1. In Fig. 2 variations corresponding to the t,, are oscillatory in
nature. Amplitude of variations decreases in the first half range and increases in the remaining half.
Values of GN-II theory are lower than GN-III theory for both the cases with and without two
temperature. In Fig. 4 Variations of m,q are similar to the corresponding variations of t,,. except
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the magnitude.

Normal force over the circular region

In Fig. 5 variations corresponding to the ¢ are oscillatory in nature.For both cases with and
without energy dissipation amplitude of the variation is smaller for GN-I1 theory than GN-I1I theory.
In Fig. 6 variations for t,, are similar to the corresponding variations of ¢, except the magnitude.
In Fig. 7 variations for t,,. are oscillatory in trend. In Fig. 8 variations for m,g4 are oscillatory in
trend. Appreciable effect of two temperature and energy dissipation is seen on the magnitude of
myg.

Thermal point source

In Fig. 9 variations of corresponding to the ¢ are oscillatory in nature. For both cases with and
without energy dissipation magnitude of the variation is different for GN-II theory than GN-III
theory. In Fig. 10 variations of corresponding to the t,, are oscillatory in nature. Magnitude of
variation is the highest for GN-II, a=.06. In Fig. 11 variations of corresponding to the t,, are
oscillatory in nature. Magnitude of variation is higher for GN-111 theory than GN-I11 theory. For given
GN-theory (GN-1I or GN-I1I) presence of two temperature decreases the magnitude t,,.. variations
for m,q are oscillatory in trend. Trend of oscillation is different for GN=II, a=.06.

Thermal source over the circular region

In Fig. 13 variations of corresponding to the ¢ are oscillatory in nature. For both cases with and
without energy dissipation magnitude of the variation is greater for GN-I11 theory than GN-II theory.
In Fig. 14 variations of corresponding to the t,, are oscillatory in nature. Magnitude of variation is
the highest for GN-II, a=.06. In Fig. 15 variations of corresponding to the t,, are oscillatory in
nature. Magnitude of variation is higher for GN-I11 theory than GN-II theory. For given GN-theory
(GN-11 or GN-II1) presence of two temperature decreases the magnitude t,,.. In Fig. 16 variations
for m,g are oscillatory in trend. Trend of oscillation is different for GN=II, a=.06 than others.

9. Conclusions

Effect of energy dissipation and two temperature is significant on components of displacement,
conductive temperature, normal stress, tangential stress and couple stress. As disturbance travels
through the constituents of the medium, it suffers sudden changes and result in an non-uniform
pattern of graphs. Pattern of the variations of GN-II theory is different from GN-III theory in most
of the cases. Examinig from graphs we conclude that two temperature and energy dissipation
changes the magnitude of the physical quantity. Appreciable effect of two temperature and energy
dissipation is observed on the physical quantities. The results obtained in the study should be
beneficial for people working on modified couple stress thermoelastic solid with two temperature
and energy dissipation.
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