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The purpose of this paper is to study the two dimensional deformation in a generalized thermoelastic medium
with microtemperatures having an internal heat source subjected to a mechanical force. The force is acting along
the interface of generalized thermoelastic half space and generalized thermoelastic half space with
microtemperatures having an internal heat source. The normal mode analysis has been applied to obtain the exact
expressions for the considered variables. The effect of internal heat source and microtemperatures on the above
components has been depicted graphically.
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1. Introduction

In recent years the theory of thermoelasticity for bodies with microstructures has been intensively
studied. Grot [1] was the first who developed the concept of microtemperatures and established a theory of
thermodynamics for elastic materials with microstructure. The particles of an elastic material with an inner-
structure possess microtemperatures. He modified the second law of thermodynamics to include
microtemperatures. Iesan and Quintanilla [2] introduced a linear theory for elastic materials with an inner
structure whose particles, in addition to the classical displacement and temperature fields, possess
microtemperature, and established the continuous dependence of solutions on the initial data and body loads.
They modified the Clausius-Duhem inequality to include microtemperatures and also the first order moment
of the energy equations are added to the usual balance laws of a continuum with microstructures. Riha [3]
applied a theory of heat-conducting micromorphic continua to an analysis of heat conduction in materials
with inner structures so that it is proved that the experimental data for the silicone rubber containing
aluminum particles and for human blood conform closely to the predicted theoretical model of
thermoelasticity with microtemperatures. Riha [4, 5] studied the theory of heat-conducting micropolar fluids
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with microtemperatures and solved the problem of the Poiseuille flow between two parallel plates, while
Iesan [6, 7] developed a linear theory for elastic materials with an inner structure whose particles, in addition
to the classical displacement and temperature, possess microtemperatures and can stretch as well as contract
independently of their translations. The theory of thermoelastic bodies with microstructures and
microtemperatures was introduced by Iesan [8]. In this theory, the microelements of the material possess
microtemperatures and can undergo microrotation, microstretch and translation. He also showed that there
exists coupling of microrotation vectors fields with microtemperatures even for isotropic bodies. Recently,
Iesan and Quintanilla [9] presented a linear theory of thermoelastic bodies with a microstructure and
microtemperatures which permits the transmission of heat as thermal waves at finite speed. They established
the existence and uniqueness results in the context of the dynamic theory. Svanadze [10, 11] studied the
fundamental solutions to the equations of the equilibrium and investigated the steady oscillations of the
theory of thermoelasticity with microtemperatures. Scalia and Svanadze [12, 13] considered the linear theory
of thermoelasticity with microtemperatures and investigated the basic boundary value problems of steady
vibrations by using the potential method. Scalia et al. [14] studied some fundamental solutions and proved
the existence and uniqueness theorems for equilibrium solutions and steady state vibrations by means of the
potential method. Iesan [15] studied the behavior of shock waves and higher-order discontinuities which
propagate in a thermoelastic body with an inner structure and microtemperatures, while Iesan and Scalia [16]
investigated the plane strain of homogeneous and isotropic elastic solids and the problem of thermal stresses
in an elastic space with a cylindrical hole. Yang and Huang [17] studied the propagation of singularities of
solutions to the Cauchy problem of a semilinear thermoelastic system with microtemperatures in one space
variable. Some basic theorems are also developed by Aouadi [18] and Svanadze and Tracina [19] in which
they considered the linear theory of microstretch thermoelasticity for isotropic solids with
microtemperatures. Chirita et al. [20] studied the linear theory of thermoelastic materials with an inner
structure whose particles, in addition to the classical displacement and temperature fields, possess
microtemperatures. Steeb et al. [21] investigated the propagation of time harmonic waves in an infinite
thermoelastic medium with microtemperatures. Kumar and Kaur [22] studied the reflection and refraction of
plane waves at the interface of an elastic solid and microstretch thermoelastic solid with microtemperatures.
Ailawalia et al. [23] studied the two dimensional deformation in a microstretch thermoelastic half space with
microtemperatures and an internal heat source. Othman et al. [24] studied the effect of the gravity field on an
initially stressed micropolar thermoelastic medium with microtemperatures.

In the present problem, the authors have discussed the deformation in a generalized thermoelastic
medium with microtemperature having an internal heat source subjected to a mechanical force. Using the
normal mode analysis method, we get the analytical expressions for the displacement component, force
stress and temperature distribution. Variations of the considered variables through the vertical distance are
illustrated graphically to show the effect of microtemperatures and the internal heat source on the
displacement components, force stresses and temperature distribution.

2. Formulation of the problem

We consider a mechanical force of magnitude F acting along the interface of a generalized
thermoelastic medium with microtemperatures and an internal heat source (medium I) occupying the region
0 <z <o and a generalized thermoelastic medium (medium II) occupying the region —o < z <0 . The plane
z =0 represents the interface of medium I and medium II.

A rectangular coordinate system (x,y,z) with the z-axis pointing vertically downward is

considered. Since we are considering a plane strain problem in the Xxz—plane, hence all quantities
considered are functions of the time variable ¢ and of the coordinates x and z .
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3. Basic equations and their solutions

Following lesan and Quintanilla [2], the constitutive relations for a homogeneous and isotropic
thermoelastic medium with microtemperatures and an internal heat source are

t;) =1"8;e," +2n%,° BT, (3.1)
q;=K"°T +kw, (3.2)
qy =—kyw, .Sy —ksw; ; —ksw;;, (3.3)
O :(kz_kz)WiJf(K*o—ks)]}O, (34
p'n =p%,," +a"T°, (3.5)
0, _
pe; =—bw, (3.6)
where
o_1( o 0
&; :E(u” +tu, )

. o 0
and 7\,0, po,Bo,ao,b,K *0, kl.( j=12,..6 ) are constant constitutive coefficents, t,; are the components of

stress tensor, po is the reference mass density of the medium, n*o is the entropy per unit mass, €; are the

components of the first moment of the energy vector, g;; are the components of the first heat flux moment
vector. ¢; are the components of the heat flux vector, ul.<> are the components of the displacement vector u’,
w, are the components of the microtemperatures vector w, T o= ®-T,, where ® is the temperature at
time ¢, 7) is the temperature of the medium in its natural state and assumed to be such that ‘T ®y TO‘ <I.A

comma in the subscript denotes the spatial derivative and §;; is the Kronecker delta.

Following Iesan and Quintanilla [2], the consitutive Eqs (3.1)-(3.3), combined with the reduced
Clausius-Duhem inequality in the context of the linear theory of thermoelasticity with microtemperatures
imply the following inequalities

ky+ks+ks 20,  ks+ks 20, 3.7
ks —ks>0, K>0, (3.8)
(k; +Tyks ) —4T)K "k, <0. (3.9)

Following Iesan and Quintanilla [2], the fundamental system of field eqautions of the linear theory of
thermoelasticity with microtemperatures and an internal heat source in the absence of body force are
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(1) Stress equation of motion

() =i (3.10)
(i1) Equation of balance of energy

p°Tm’ =g, +0 G.11)

where Q is the stable internal heat source.

(ii1))  Equation of balance of the first moment of energy

0.
P& =4q;+q;—9 (3.12)

where superposed dot represents the temporal derivative and other symbols are as described previously.
Using Eqgs (3.1)-(3.6) in Egs (3.10)-(3.12), the following system of partial differential equations is obtained

Wi+ (108 Ju 0 =BT =% (3.13)
KT, =BTy, * +kpwy; = a’T)7° + 0, (3.14)

ksw, i+ (kg + s Yw, i = ks T,0 —kyw; = bk, (3.15)

v

For the generalized thermoelastic half-space with microtemperatures having an internal heat source
(Medium I) ¢ is replaced by 1. For the generalized thermoelastic half-space (Medium II) ¢ is replaced y II
with k; =k, =k; =k, =ks =k, =0=0.

For the two dimensional problem, all quantities considered are functions of the time variable ¢ and

of the coordinates x and z . The displacement vector u' and microtemperature vector w are thus taken as

w' =(u(x,2,0),0uy (x,2,0)), w=(w;(x,2,0),0,w;(x,2,1)). (3.16)

For convenience, the following non-dimensional variables are used

bon_ 1 ro_ 1 1 I I ' 1
x,z)=—(x,z), |u;, ,u =—\u; u; ), t; =——=;, q; =———(;;,
(v2)=(e2). (" )=l ). 0 =gt gy =,
(3.17)
.7l Iy oy0
f=Ly Tl =2 wi = Lw;, '=2, c,z=“—[“
L T, 9 P

where L is a parameter having dimension of length.
Using relations in terms of scalar potential functions (p[ (x, y,t), \411 (x, y,t), d; (x, y,l) and

v, (x,y,t) defined by
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I:E_

1 1 1
y oy’ r_0¢" oy _0¢; Ov; _00; 0y, (3.18)

;U3 ;W > W3
0x 0z 0z ox ox 0z 0z ox

and dimensionless variables given by Eq.(3.17) in Eqgs (3.13)-(3.15), we obtain the following dimensionless
equations (after dropping superscripts)

o’ o’ o’ ;
[ﬁ'Fg—?)(p —§3T :0, (319)

o’ 52 0
(1+ 57)( po ]¢ &t “’1 —Egb, &7 =0 (3.20)
o’ &’ 7l oT’! o’ 87 \og! w200 _
+—|T" - - + + =B 3.21
Lﬁx 0z’ J S ox s ox? 0z° ) ot SV ot o, (3.21)
82 82 82 ;
4, ———— |y’ =0, 3.22
<t:1 axz <t3] 622 6t2]\v ( )

v, =0 (3.23)

o’ &’ 0
_+__ —_—
axz 622 a(? at a9]

where

I I, 1 1 I
_ v A+ BT _a Tyc/L
&;—(—,} éz—(—} &=, &=,

2! +2u A +2},l[ 2! +2u[ K

Ble,L k, ky+k;s bic,L k,I?
&= ak & = J §7:k—’ &g = P égzk_,

K KT, 6 6 6

k3T, 2 2
Er0 = P E=(I+a), &,=8,a" +Eo+&y, &;=1ak,+a,

6
2! AL+ 2p! ! ky+ks+k

Ela=a’ +0?, Eism——, G =, Bt gy =S
14 15 B[TO 16 BITO 17 BIT() 18 Clﬁ1L3Tb

—k, —ks ks g I

& :—’ EJ :—’ a :—, .
19 CJLjﬁlTo 2 01L3B[7}) 2 01L3B1T0 K*]T,)

4. Normal mode analysis

The solution of the considered physical variable can be decomposed in terms of normal modes and
can be considered in the following form
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Lo v b vty Ty [(x20) =39 0,9,.5" . T".g, ] ()", (1)
0= Qoe(wt+1ax) (4.2)

where [61 0 v, T ! ?,j[ ,c?ij] are the magnitude of the functions, ® is the complex time constant and a

is the wave number in the x -direction and @, is the magnitude of the stable internal heat source.
Using normal mode in Eqgs (3.19)-(3.23) we get

[vz —d’ - mz]@f —&, T =0, 4.3)
(v2 - az)fl —gal! - ajm(vz - a2)6[ + aém(vz —a2)$1 =50, (4.4)
&1y (V2 —a )b, — &b, —Eob; —E1T" =0, (45)
(v -a)-o 5 =0 (4.6)
(V7 - —g50-& |7,=0 4.7)

Eliminating 6’ and 6, from Eqs (4.3)-(4.5) we get the following sixth-order differential equation as
6 4 2 71\ _
VO —Pv RV =8 |(T!) =15, (4.8)
where

P (Bt gy + By )+ o2 - 0102,

&1 Cu
R=E,5¢,, +§3§5m(a2+§£J_§6§100)(a2 +§14)+§12 (§13 +§14)’
S Sii &11
g ®a2(§6‘:10{;14 —§3§5§12) N NI
&1 ST
Bk

15 1

&1
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The solution of Eq.(4.8) has the form
—hiz

TIZZN(a,m)e T+ 1, (4.9)

where hf- ( j=1,2,3 ) are the roots of the characteristic Eq.(4.8).

Since T’ ,6[ and 5, are coupled parameters as shown in Eqs (4.3)-(4.5), therefore we may suppose

3

—h;z
¢ =D 05N (a,w)e T +1s,, (4.10)
j=1
Zﬁ”N" a,0)e 7+l (4.11)

where N; (a,0), N, (a,0) and N;(a, ®) are specific functions depending upon a,® and os; and
Bs; ( j=12,3 ) are the coupling constants. The values of coupling constants are obtained from Eqs (4.3)-

(4.5) and are given as

&;
oy =23 (4.12)
SR P
Bs; = # (4.13)
(Cuhj -G )
s :_B*(§8®+§9 +§1102)a (4.14)
B 08, (a° + o’
[ — | ) 4.15)
&;
The solutions of Eqs (4.6) and (4.7) are given by
¥ =N, (a,0)e", (4.16)
¥, =Ns(a,0)e (4.17)

where N, (a,®) and Ns(a,®) are specific functions depending upon a,® and %, and A, are the roots of
the characteristic Eqs (4.6) and (4.7) respectively given by

&,a° + o’

h =
? 3

. hi=gy+Eg0+d’. (4.18)
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Thus the solutions of Egs (3.13)-(3.15) are

931~

q33 =

where

Ns5; =

¥ss

Fs; =

3
—h;z _h
wos:N:(a,0)e 7~ +h,N,(a,o)e 4 ) g
5V 4Ny 52
=1

—h;z —h
Zh as;N;(a,0)e /" +1aN,(a,0)e 42Je(m+mx),

3
ZNj (a’ (D)e—hsze(u)t+laX) +15,
J=1

Zs5ij (a, (x))eihjz —s54N4(a, co)e_h"zJe(wwa),

3
Zn5ij (a, (x))e_h-/z +M55N; (a, w)e_h5z Je(mmax),

3
Zy5ij (a, oa)eihjz +v55Ns(a, co)e_h"z}(“’m“x) - F,

2 2
:0‘51-(‘:16/71' —&;5a )—1, S5j:_21aa5j§17hj’ Vs :B5j(§18h12'—§1902)a

= ah; (5,.19 +<§18)a V55 = wahs (§19 _§18)’

2 2
_(151 +&;5a 152) , Fs5y =ajea’ls;.

Neglecting the effect of microtemperatures i.e., k; =k, =k; =k, = ks = kg

Eqgs (3.14)-(3.15), we obtain the field equations and their

—tah B, (&20 +<§21), rsy = wahy (@15 —ﬁm)a Ssq4 = §17(a2 +hj),

(4.19)

(4.20)

4.21)

(4.22)

(4.23)

(4.24)

(4.25)

=0 and letting Q — 0 in
constitutive relations in a generalized

thermoelastic medium. Adopting the same methodology, the expression for displacement components (uIH

uél ), force stresses (13113, ZZ) and temperature distribution 7" for the generalized thermoelastic medium

(medium II) are obtained as
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7! (zlaam . (a,0) "Z—x3R3ek3Z}, (4.26)

i3 {Zk as,R, (a, m)ek” +1aR;e’ 5 J, (4.27)
n=1
2 A A

5" =] Y gsuR, (@, )€™ + Ly Ry |, (4.28)
2 A A

5" =] D asuR, (a, 0)e™ + Ly, Rye™* |, (4.29)
n=1

2
= [ZR” (a, w)eknz] (4.30)
n=1

where [5111,5311,?3111,73311’TII](Z)e(thax) :I:ulll,ugll,t31111t33H’THi|(x, z, t) and R, (a, oa), (n = 1’2) are

the specific functions depending upon a,®. Xi (n =1, 2) are the roots of the characteristic equation
[v" —Uv? +V](T”):0, (4.31)
with

U =(2a2 +bsgia + o( @+ bs,bs; )), 4 :(a2 (a2 +b561a+b52b57c0)+032 (a2 +b561a)) and A;° are the roots

of the characteristic equation

[bﬂ (Vz _az)_w2:|\TI[[ —0 (4.32)
where
. H” ) B”To 7\‘[1"'2“11 b 21
51 7\’” np 7k 52 7\‘[[ 2“” 53 B[[TO ’ 54 BIIIb 5
I big
u a"Te,L _BY¢L _ b4
bss =—r—> bss = 211 bs; = *ﬁ + Lsy=1ahs” (bs; = bsg),
BTy K K
(4.33)
Lo =_p (az% 112) A _bga® +e’ a, =— b5

g, = (b53ki —b54a2 —1), q, = 2bsua, &, (n=1,2).
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5. Boundary conditions

In this section, we determine the parameters N;; (j=1,2,3,4,5) and M ,;(j=1,2,3). We should

suppress the positive exponentials that are unbounded at infinity. Constants N ; ( j=123,4>35 ) and M ;

( j=1 ,2,3) have to be selected such that boundary conditions at the surface z =0 take the form

. I _ I ot+ax . 1 1 _
(1) 133 =133 — Fel ), (i) 13,—13,=0,
sy I . I _
(i) g3;3 =0, v) g3, =0,

I_ I N T I
V) up=up, (V) uz =uj,

Wl I W 17
i) 77 =17, (viii) K o _gor
0z oz

(5.1)

where F is the magnitude of the mechanical force. Using Eqs (3.1)-(3.3) and (3.17), the boundary conditions
given by Eq.(5.1) reduce to non-dimensional boundary conditions. With the help of Eqs (4.19)-(4.20) and

(4.26)-(4.30), we obtain a system of eight non-homogeneous equations with eight unknowns N, ;

(m=1,2,3,4,5) and Rj;(j=],2,3) as

rsiNy + 153Ny + 753N + 754Ny = g5,R; = g52R, = Ls Ry = N,
S5iNy+55;Ny +5853N3 =554Ny—q5;R; —q5:R; = L5, R;3 =0,
VsiNi+v52No, +v53N; +v55N5 = Fs;,
N5 N+ M52 N7 +M53N3 +M55N5 =0,
waos; N, +waas, N, +wossNy +hy N, —aas R —aas; R, + A3R; =—als,,
hjos; Ny +hyoso Ny +hyoss Ny —waNy +Ahjas R, +Xsas,R, +aR; =0,

N1+N2+N3—R1—R2:—l51,

sd sd sl sll sl

(5.2)
(5.3)
(5.4)
(5.5)
(5.6)
(5.7)

(5.8)

(5.9)

The above eight Eqgs (5.2)-(5.9) are solved by applying the inverse of matrix method and the values

of eight constants N, (m = 1,2,3,4,5) and R, (j = ],2,3) are obtained as
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N; =[%j, Rj=[%j (5.10)

A= f5; (Y52 —Y51)(”53h4 _1‘10‘53’”54)a As; = fs51f520 Asy = f53/529

where

As;=fs4fs2r Dsy=(Sss+ f56) Fsr Dss =853(851—852)

Do =854(851852)s A2 =855(851—852)s D3 =856 (851~ 852)s

fir = (arsyass —rsshy ) (Fss +v5slsy ). S = gy i K" )

fss = (arsyouss =rssh ) (Fsy +vsilsp)s fg = (152 =s1) (RN + 75452 ),

fss =1a(osyrsy = rsj0isy ) (Isyrss + Fsy)s g =1a(rsslsy +assN) (15, = 1s2),

*J *J

gs; =wh;K (5511152 _552‘151): 852 =S5 Mszhh, K (0‘51 —0t52),

853 =Fs; (8527% +aas,Ls, ), 854 =15¥s5 (g527»3 +aas,Ls; ),

855 =7Vs5 (1‘1152L51 -N 7‘3)» 856 = —y551a(g52152 +as,N ), N =F+Fj;.

6. Particular cases
6.1. Generalized Thermoelastic Medium with Microtemperatures (GTM)

Neglecting the effect of the internal heat source i.e., O —>0 in Eqgs (4.19)-(4.20) we obtain the

component of displacements, force stresses and temperature distribution in the generalized thermoelastic
medium with microtemperatures (GTM).

6.2. Generalized Thermoelastic Medium (GT)

If we neglect both microtemperatures and the internal heat source, i.e., (g,,0=0) in Eqgs (4.19)-

(4.25) we obtain the results for the generalized thermoelastic medium (GT).
7. Numerical results

In order to illustrate our theoretical results obtained in the proceeding section, we now consider a
numerical example for which computational results are given. The results depict the variations of
displacement components, force stresses and temperature distribution. For this purpose, we take the
following values of physical constants (Steeb ef al. [21])

A =217x10""Nm™2, u°®=3.2784.0x10""Nm™=, p°=1.74x10°kgm™,
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a°Ty=1.8x10°Tm> deg™, K™ =17x10°Wm™ deg™, B° =2.68x A40° Nm™ deg™,
ky=2x10"Wm™, ky=0.1x10"Wm™, k;=04x10""Wm™, k,;=0.3x10"wm™,

ks =0.5x10"Wm™, k;=0.7x10""Wm™

The computations are carried out for the value of non-dimensional time 7=0.2 in the range

0<x<10 and on the surface z=1.2. The numerical values for displacements (u Loy’ ), force stresses

(z‘3 1[ 3 31 ) and temperature distribution 7° are shown in Figs 1-5 for the mechanical force with magnitude

F=10,0=0)+, wy=2.0,¢c=0.1,a=0.9 and Q =2 fora

(a) generalized thermoelastic medium with microtemperature having an internal heat source (GTMI) by a
solid line (i.e., g;, O; #0).

(b) generalized thermoelastic medium with microtemperature (GTM) by a solid line with centered symbols
(*) (e, g; 20, O;=0).

(c) generalized thermoelastic medium (GT) by a dashed line with centered symbols (*) (i.e., g;,

0,=0).
8. Discussions

The variation of the tangential displacement u/ for GT is highly oscillating in nature in

comparison to the variations obtained for GTMI and GTM. These variations of the tangential displacement

u 11 are shown in Fig.1. It is quite evident from Fig.2 that the variations of the normal displacement u 31 is

least oscillatory for GT. The variations of the normal displacement u 31 for GTMI and GTM are opposite
in nature with fluctuating values. The variations of the tangential force stress #;;/ with the distance x is

depicted in Fig.3. Initially, the value of the tangential force stress ¢; 11 for GT starts with a sharp increase
in the range 0 <x < 2.0 and then follows an oscillatory pattern with reference to x . Further the tangential

force stress #; ,] shows small variations close to zero in the whole range for GTM. Figure 4 depicts the
variations of the normal force stress #;;’ with the distance x. The variations of the normal force stress
t3 31 are very closely related with each other having different magnitude for GTMI and GT. Also, the value
of the normal force stress t33l for GTM lie in a very short range. Further discussions are not required for

the variations obtained in the case of the temperature distribution T, since it is evident from Fig.5 that
these variations are similar to the variations obtained in the case of the normal displacement u;’ with
difference in their magnitude.
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0.1 7 GTMI
*k¥xkkx GTM
**kxk* GT
~ . x * N
=] * /N /N Iy
+~ 0.0 —W
[=} \ / \ \
g X / X /I x // *
s \ * S -
Q de
8 -0.1
2,
wn
-
o
—
©
= -0.2
=}
(4]
)
g
®
E.
-0.3
-04 T T T T T 1
2.0 2.9 4.0 6.0 8.0 19.0 12.0

Distance x

Fig.1. Variations of tangential displacement «; with distance x.

fkkkk GTM
GTMI

Normal displacement ug

-3.5 T T T T 1

©.0 2.0 4.0 6.0 8.0 10.9

Distance x

Fig.2. Variations of normal displacement u;; with distance x.
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Tangential force stress tg

0.4 4
J— Hopkok GT
* N GTMI
/ [ R sokokkk GTM
0.0 < —
/ o
*
/
/
-0.4 [
/
*
/
-0.8 /
/
A
*
1.2 9
-1.6+
-2.0 T T T T !
0.0 2.0 4.0 6.0 8.0 10.0

Distance x

Fig.3. Variations of tangential force stress ¢;; with distance x.

W)

Normal force stress ts;
|

NG

Q) b

Distance x

sokckskok GTM
fokkokk GT
GTMI
.04
© \ \ \ \ ]
0.0 2.0 4.0 6.0 3.0 10.0

Fig.4. Variations of normal force stress #3; with distance x.
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Fig.5. Variations of temperature distribution 7 with distance x.

9. Conclusion

Both microtmperatures and internal heat source have a significant effect on displacements, force
stresses and temperature distribution. The variations of the normal displacement u; and temperature

distribution 7" are similar in nature with difference in magnitude. The variations of all the quantities are least
oscillating for GTM. The normal mode analysis used in this article is applicable to a wide range of problems
in different branches. This method gives exact solutions without any assumed restrictions on either the
temperature or stress distributions. It helps us to study the effect of a heat source in the medium and the
deformation caused in the medium due to the heat source.

Nomenclature

a —wave number in x-direction

F — magnitude of mechanical force

L — parameter having dimension of length
T, —temperature of the medium in its natural state

t;° — components of stress tensor

— components of the displacement vector u®

0, — magnitude of stable internal heat source
q; — components of the heat flux vector

q; — components of the first heat flux moment vector

w; — components of the microtemperatures vector w 7° = ©—T,

g; — components of the first moment of energy vector

3 - Kronecker delta
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n® - entropy per unit mass

® —temperature at time ¢

20,10,8%,a% b, K™,
ki(j=1,2,....6)

— constant constitutive coefficents

p’ — reference mass density of the medium
[6’,@1,<p1,\|/1,f’,?”[,%} — magnitude of the functions

® — complex time constant
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