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Wave Propagation in a Magneto-Micropolar
Thermoelastic Medium with Two Temperatures for
Three-Phase-Lag Model

Samia M. Said'

Abstract: The present paper is concerned with the wave propagation in a mi-
cropolar thermoelastic solid with distinct two temperatures under the effect of the
magnetic field in the presence of the gravity field and an internal heat source. The
formulation of the problem is applied in the context of the three-phase-lag mod-
el and Green-Naghdi theory without dissipation. The medium is a homogeneous
isotropic thermoelastic in the half-space. The exact expressions of the considered
variables are obtained by using normal mode analysis. Comparisons are made with
the results in the two theories in the absence and presence of the magnetic field
as well as the two-temperature parameter. A comparison is also made in the two
theories for different values of an internal heat source.

Keywords: Green-Naghdi theory, internal heat source, magnetic field, micropo-
lar, three-phase-lag model, two-temperature.

1 Introduction

The comprehensive review on the micropolar elasticity was given by Eringen (1966,
1970); Nowacki (1986). Chandrasekharaiah (1986) developed a heat flux depen-
dent micropolar thermoelsticity. Kumar and Singh (1998) studied the reflection
of plane waves from the flat boundary of a micropolar generalized thermoelastic
with stretch. Kumar (2000) investigated the reflection coefficient in a micropolar
viscoelastic generalized half-space. Singh (2007) discussed the wave propagation
in an orthotropic micropolar elastic solid. A new theory of the generalized ther-
moelasticity reinforcement has been constructed by taking into account the defor-
mation of a micropolar generalized thermoelastic medium with voids are discussed
by Othman, Lotfy, Said, and Anwar Bég (2012). The deformation due to thermo-
mechanical sources in a homogeneous isotropic micropolar thermoelastic medium
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with void are discussed by Abbas, Kumar, Sharma, and Garg (2015).

The investigation of the interaction between the magnetic field, stress, and strain in
a thermoelastic solid is very important due to its many applications in diverse field
such as geophysics (for understanding the effect of the Earth’s magnetic field on
seismic waves), damping of acoustic waves in a magnetic field, designing machine
elements like heat exchangers, boiler tubes (where the temperature induced elastic
deformation occurs), biomedical engineering (problems involving thermal stress),
emissions of the electromagnetic radiations from nuclear devices, development of
a highly sensitive super conducting magnetometer, electrical power engineering,
plasma physics, etc. Many studies in a generalized magneto-thermoelasticity can
be found in the literatures by Youssef (2006); Othman and Kumar (2009); Othman
and Atwa (2011); Othman and Abass (2015); Abbas and Zenkour (2015).

A theory of heat conduction in deformable bodies which depends upon two distinct
temperatures, the conductive temperature and the thermodynamic temperature, has
been established by Chen and Gurtin (1968a); Chen and Williams (1968b); Chen,
Gurtin, and Williams (1969). In time-independent problems, the difference be-
tween these two distinct temperatures is proportional to the heat supply and in
the absence of any heat supply; these two temperatures are identical as Chen and
Williams (1968b). In time-dependent situations and of the wave propagation prob-
lems, in particular, the two-temperatures are in general different, regardless of the
presence of a heat supply. Warren and Chen (1973) have studied the wave propa-
gation in the two-temperature theory of thermoelasticity. Youssef (2005) has pro-
posed a theory in the context of the generalized theory of thermoelasticity with
two-temperature. Several problems have been solved by Das and Kanoria (2012);
Abbas and Zenkour (2014); Zenkour and Abouelregal (2015) applying the two-
temperature theory of thermoelasticity.

It is well known that the usual theory of heat conduction based on Fourier’s law
predicts an infinite heat propagation speed. It is also known that heat transmis-
sion at low temperature propagates by means of waves. These aspects have caused
intense activity in the field of heat propagation. Extensive reviews on the second
sound theories (hyperbolic heat conduction) are given in Hetnarski and Ignacza-
k (1999, 2000). A two-phase-lag to both the heat flux vector and the tempera-
ture gradient was introduced by Tzou (1995). According to this model, classical
Fourier’s law ¢ = —KVT has been replaced by q(P,t + 1,) = —KVT (Pt + 7),
where the temperature gradient VT at a point P of the material at time 7 + 77 cor-
responds to the heat flux vector g at the same point at time 7 + 7,. Here K is
the thermal conductivity of the material. The delay time 77 is interpreted as that
caused by the micro-structural interactions and is called the phase-lag of the tem-
perature gradient. The other delay time 7, is interpreted as the relaxation time
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due to the fast transient effects of thermal inertia and is called the phase-lag of
the heat flux. For 7, = 77 = 0, Fourier’s law in a two-phase-lag model is identi-
cal with classical Fourier’s law. If 7, = 7 and 77 = 0, Tzou (1995) refers to the
model as a single-phase-lag model. Recently Choudhuri (2007) has proposed a
three-phase-lag (3PHL) thermoelasticity which is able to contain all the previous
theories at the same time. In this case Fourier’s law ¢ = —KVT has been replaced
by q¢(P,t+1,) = —[KVT(P,t +17) + K*VVv(P,t + 1)), where Vv(v =T) is the
thermal displacement gradient and K* is the additional material constant and 7, is
the phase-lag for the thermal displacement gradient. The purpose of the work of
Choudhuri (2007) is to establish a mathematical model that includes the 3PHL in
the heat flux vector, the temperature gradient and in the thermal displacement gra-
dient. For this model, we can consider several kinds of Taylor approximations to
recover the previously cited theories. In particular the models of Green and Naghdi
(1991, 1992, 1993) are recovered. The introduction of the 3PHL model provides a
general theoretical heat conduction model with different micro-structural consider-
ations in order to enable scientists in the field of heat conduction with a multi-scale
model to predict accurately the thermal behavior of structures. The three-phase-lag
model is very useful in the problems of nuclear boiling, exothermic catalytic reac-
tions, phonon-electron interactions, phonon-scattering, etc. Quintanilla and Racke
(2008); Quintanilla (2009); Kar and Kanoria (2009); Kumar, Chawla, and Abbas
(2012); Abbas (2014); Kumar and Kumar (2015) have solved different problems
applying the 3PHL model.

In the present work, we shall formulate a two-temperature magneto-micropolar
thermoelastic problem in the presence of the gravity field for a medium with an
internal heat source that is moving with a constant speed. Normal mode analysis
is used to obtain the exact expressions for displacement components, force stresses
and temperatures. The distributions of the considered variables are given and repre-
sented graphically. Comparisons are conducted between the considered variables as
calculated from the 3PHL model and Green-Naghdi theory without dissipation (G-
N II) in the presence and absence of a magnetic field as well as a two-temperature
parameter. A comparison is also made in the two theories for different values of an
internal heat source.

2 Formulation of the problem and basic equations

We consider the problem of an isotropic homogeneous micropolar thermoelastic
half-space (x > 0). The generalized thermoelastic medium is permeated into a uni-
form magnetic field with a constant intensity H = (0, Hp,0) which is acting parallel
to the y-axis. We are interested in a plane strain in the xz-plane [displacement vector
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d
u=(u,0,w),] and Fei =0.

When the z-axis is positive downward the body force components are given by
Othman, Elmaklizi, and Said (2013).

X=0, Z=g. (1)

The field equations and constitutive relations for a micropolar generalized ther-
moelastic medium in the absence of body forces and body couples can be written
as Eringen (1970), Choudhuri (2007) and Youssef (2005) in the context of general-
ized thermoelasticity as follows:

The constitutive law of the theory of generalized thermoelasticity is

8u ow
ax 97’

where o;; are the components of stress, e;; are the components of strain, ey is
the dilatation, A,y are the elastic constants, ¥ = (34 +2u) oy, @ is the thermal
expansion coefficient, T = T — Ty, where T is the temperature above the reference
temperature Tp, €;j, is the alternate tensor and J;; is the Kronecker delta. The strains
can be expressed in terms of the displacement u; as

0ij = Aewij+ 2ue;+ kuj i — kd,&j, — VT8, e =V -u= (2)

1 ..
eij = 5 (uij+uji), i-j=xz. 3)
We restrict our analysis parallel to the xz-plane with the micro-rotation vector ¢ =
(0,9,,0). In the above equations a comma followed by a suffix denotes partial

derivative with respect to the corresponding coordinates.
Eq. (2), then yields

xszl‘;“M?;yT, “
crzz_/lg +A18W ¥, ®)
Oy zugu (u+k)g +kDy, 0= (U +k)gu+u?:—k¢z, (6)
where Aj = A +2u +k.
2.1 Egquation of motion:

0%u 00y N 00y +pg8l VR, o

pﬁ - Ox 0z ox
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o’w  do,. do. du
pat2 - ox + az _Pga‘i‘F% (8)

where Fi, F3 are the Lorentz force and are given in the form,

Fi = po(J NH);. ®)

The variations of the magnetic and electric fields are perfectly conducting slowly
moving medium and are given by Maxwell’s equation as Othman and Atwa (2011).

JE
J=VAh—gy—", (10)
oh
E=—py(i H), (12)
V.-h=0, (13)

where [y is the magnetic permeability, &) is the electric permeability, J is the cur-
rent density vector, & is the particle velocity of the medium, and the small effect
of the temperature gradient on J is also ignored. The dynamic displacement vector
is actually measured from a steady-state deformed position and the deformation is
assumed to be small. Due to the application of the initial magnetic field H there
are an induced magnetic field A = (0,4,0) and an induced electric field E, as well
as the simplified equations of electrodynamics of a slowly moving medium for a
homogeneous, thermal and electrically conducting, elastic solid. Expressing the
vector J in terms of the displacement by eliminating the quantities A and E from
Eq. (10), thus yields,

oh *w _ oh d%u

J= (_Biz _uOSOHOW’O’$+“080HOW) (14)

Substituting Eq. (14) into Eq. (9), we get

,0%u

oh ) 50w
F = _.UOHOE — &UyH) ErR

oh
Fa=0, Fy=—poHo5-—eotigHy 57 (15)

2.2 Heat conduction equation

. . o 1 ,0° ;
K'V@+ Vi + K117 V2D = <1 +Ty5+ 2733;2> (pPCeT +YToé — Q), (16)

The relation between the conductive temperature and the thermodynamics temper-
ature is

O-T=38d; a7
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where K* is the additional material constant, K; is the coefficient of thermal con-
ductivity, p is the mass density, Cg is the specific heat at constant strain, Q is a
moving internal heat source, 77 and 7, are the phase-lag of temperature gradient
and the phase-lag of heat flux respectively. Also 7, = K + 7,K*, where 7, is the
phase-lag of thermal displacement gradient.

2.3 The equations of micropolar materials

PRl
(a+B+1)V(V-9) =NV A(VA@)+k(V Au) =2k = pJo— 7, (18)
mij:Ot@r’r(Sij—f—ﬁ@i’j-i-Y](pj’i, (19)

Where «, B, 71, k are the material constants. Jy is micro-inertia and m;; is the couple
stress tensor.

Introducing Egs. (4)—-(6) and (15) in Egs. (7), (8) we get
%u 0%u 2w 2%u oT 0P,

P=gn =hgathg g THaa ~ T, Tha
ow oh 8214
TP8ST — HoHo =~ P — &g Hy = 572 (20)

%w *w 0%u *w oT kacbz

P=Zga ~Hga Thga Tz e R ar
du oh 28 w
_pga _.u'OHOa 80.“0 a 20 (21)

where Ay = A + U + k.

Using h = —Hpe, then introducing the following non-dimension quantities in the
above equation (dropping the primes for convenience):

!/ / / ! pg
(X,Z,M,W):C]T’(X,Z,M,W) (t7 q7Tv7TT)_C1n(t Tq7TV7TT) g :Alcln,
Al Al ’ pCEC?n2A1 » Oij — 2 9
/ n ..
m; = Emij’ i,j=1,2. 22)
C A
Wheren—p E, c%:—l.
K*
Thus we get,
’u  d*u A, I*w u 00 k 0P ow de
DAL ALY A L e ALY s (23)

07 T o VA oxdz A 922 ox A 9z  Sox ox’
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Pw  Pw Ay *u  pd*w 90 k dd, ou de

o = o2 s ST T Ry— 24
o7 T 92 tajoxa: A a2 a: A ax Sax Mgy @Y
Ju Jdw (929‘1)2
V2, +B 2B P 25
) + 1(aZ 8x) 1P2=Br— 5, (25)
Ck®@ii+CyDji+Crd; 147 a+1r282 (0+¢e¢—0Q) (26)
K*ii v i T > — qa 2 q 8t2 e )
D— 0= PP, (27)
where,
+ et Hy ) H} K Joc? K*
alzw’&{:“‘) 0 B =— 2732:’) U Cp=—
A A nen % pCEcy
nki nkitr YTy 2.2
Cy=——+Cgty, C = =6
v = pCE+ Ktv, LT = pCE ) pCEAl’ﬁo camn
Introducing potential functions defined by
dq 81// _dq dy
—= 4+ = - 28
8x+ dz’ 0z ox (28)
where ¢(x,z,t), and y(x,z,1), are scalar potential functions.
Introducing Eq. (28) in Egs. (23)-(26), we get
82 81//
2T _RVq—6-— 2
) IVqg—0-g5- (29)
Py u k dq
O = = —V2y4+ — Py g— 30
1 o012 Al lI/—|_141 2+gaxa ( )
*d
32722 = (V> =2B))®, + B, V2, 31)
d 1,97\ . 5.
CK¢11+Cv¢11+CT¢”— 1+Tq& +2Tq87 (9+8V q—Q), (32)

Where Ry = 1+ Ry.

3 Normal mode analysis

The solution of the considered physical variable can be decomposed in terms of
normal modes as the following form:

[u,w,q,y,0,D:, P, 0;j,mjj|(x,z,1)

= [\ w"q", ¥, 07, Dy, D, 07, mij | (2) exp(mt +iax),
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0 = Q" exp(mt +iax), Q" = Qyvo, (33)

where m is a complex constant, i = v/—1,a is the wave number in the x-direction,
vo is the velocity of a moving internal heat source, Qg is the magnitude of an internal
heat source and u* (x), w* (x),¢" (x), y* (x), 0" (x), D5 (x), @* (x), 07;(x),m;;(x) are the
amplitudes of the field quantities.

Introducing Egs. (33) in Egs. (29)—(32) and Eq. (27), we obtain

[RID* = Nilg* —iagy™ = (No — foD?) ", (34)
[N2D? — N3] w* +iagq™ + ka s =0, (35)
[D? — Ny|®5 + [BiD? — Bja’]y* =0, (36)
[eN5sD? — Ng]g* = [N1oD? — N1 ]@* 4+ NoQovo, (37)
6" = (Ny — foD*) P", (38)
where

1
Ny = 1—|—‘Eqm+ E‘Cgmz, Ni :R1a2+a1m2, Ny, = Aﬂ’ N3 :N2a2+a1m2,
1

N4:a2+231+32m2, NSZmZN(), ]\76:8612]\/57 N7=CK+Cvm+CTm2,
Ns = a’N7, No =1+ Boa’, Nig=PoNs+ N7, Ni1 =NsNo+Ns,

ky=— D=

474, dx

Eliminating y*(x), ®;(x) and ). @*(x) between Eqgs. (34)-(37), we obtain the
eighth-order ordinary differential equation satisfied with ¢* (x),

_ —NoNoQovo(N3Ny + B 1a%ks)

[DS — S]D6 + SzD4 — S3D2 + S4lq" (x) Lo ,

(39)

where, S| = %('), Sy = %, S3 = %3, Sy = %, Lo = (RiN1o+ &N5Po) N>,

Ly = RiN1oN3 + &Ns5N3 o + RiN2NaN1o + €BoNsN2 Ny + R1N1oB1ka + €BoNsB1ka
+N1N2N1o + NaN11R1 + €N NsNo + NaNg o,
L, = —a*g*Nio + RiN3NaN1g + €BoN3NaNs + Rikaa’Bi Nio + €Boa*kaNs
+ N1N3Nyo + N3Ny 1R; + €N3NsNg + N3Ne o + N1N2NaNio + NoNaNp Ry
+ EN>N4NsNg + ﬁoN2N4N6 + B1kaN{Nig+ B1kaN11R| 4+ €N5NoB1ky
+ B1kaBoNs + N1 NoN1i 4 NaNeNo,
Ly = —a’¢’Nii — a*g*NaN1g + NiN3NaN1g + N3NaN11 Ry + eN3NaNsNo
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+ BoN3N4Ng +N1N1()Bla2kA +N11R131a2kA + 8N5N931a2kA + ﬁoBlazkANg
-+ NiN3Njj +N3NgNg + N1 N2NaN11 4+ NaNayNeNo + NiN11Brka + NsNoB1ky,
Ly = —a*g*NuN11 + NiN3NyNi1 + N3NyNgNo + NiNy 1 Bia*ka + NeNoBia’ka.

Equation (39) can be factored as

_ —NoNoQovo(N3Ny + Bia*ky)

(D?—k7) (D?—k3) (D*—K3) (D?—k3) 4" (x) = Lo

, (40)

where k2(n = 1,2,3,4) are the roots of the following characteristic equation:

k® — S1k° + Sok* — S3k* + 84 = 0.
The solution of Eq. (39), which is bound as x — oo, is given by

q (x)= z 0 lz 2
*( ) Mn exp(—knz) — 9 ()vo( 3Ny - a A) .

n=1 LOS4
In a similar manner, we get that
4 .
¥ 1agNoN4No Qovo
= ) HuM, k) — LETNOVANOROV0
v (x) nz::l 1nMy exp(—k,z) Sl
* 3 NOQOVO(N1N3N4 +NlBlkACl2—a2g2N4)
@ (X) = Z Hon My, CXp(—knz) +
n=1 S4Lo
4 . 4
1a’ gB1NyN. Vv
(p;(x) = ZH3nMnexp(_an)_|_ 8B1NoNo Qo 0‘
n=1 SaLo

where M, are parameters,

iag(Na —k;)

H. =
b Nokt — (N3 + NoNg + Bika )k2 + N3Na + Biaka’
o _ Rk =Ny —iagHy,  _ (Naky—N3)H, +iag
2n N9 — ﬁOkn ; 3n _kA .

Introducing Eq. (44) in Eq. (38), this yields

4 NONQQOVO(N1N3N4 —‘y-N1BlkAa2 —a2g2N4)

0% (x) = Z HyuM, exp(—kyz) +

SaLg

n=1

where, H4n = (Ng — BOkyzl)HZn-

4D

(42)

(43)

(44)

(45)

(46)
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Introducing Eq. (42) and (43) in Eq. (28), this yields

4 : 2
. iaNoNoQovo(N3N4 + Bra“k,
W)= Y HsaMyexp(—k2) - 0NoQovo(N3Ny + By A)‘ @7
n=1 LOS4
4 2
NoNyN
W' (%) = Y. HouM, exp(—knz) — M_ (48)
n=1 S4LO
where, H5n =ia— Hlnkn, HG,, = —kn — iaHm.
Introducing Egs. (22) and (33) in Egs. (5) and (6), we get
po. =ialu* +A Dw* —A10%, (49)
uoy, = uDu* +ia(u +k)w* +kd;. (50)
Introducing Egs. (45)—(48) in Eqgs. (49) and (50), this yields
4
ol =Y HypMyexp(—knz) +ri, (51)
n=1
4
op. = ) HyuM,exp(—knz) + 12, (52)
n=1
where,

1. 1 )
H7n - ﬁ [laAHSn _A1H6nkn _A1H4n]a H8n = ﬁ [_,uHSnkn + la([.l + k)H6n + kH3n]7

_ NoNg9Qovo Maz (N3N4 +Bla2kA) — A1 (N1 N3Ny + N, Bia’ks — a2g2N4)]
USsLo
. ia3gNoN9Q()V0 [kB] — (,u +k)N4]
=
uS4Lo

"

)

From Eqgs. (22) and (33) in Egs. (19), we get

2
mt, = YZDJJE‘ (53)

Introducing Eqgs. (45) in Egs. (53), this yields

4
m;y = Z Hy,M, eXP(—an)a (54)

n=1

2
where Hg,, = — %anM.
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4 Application

We consider a generalized two-temperature magneto-micropolar thermoelastic prob-
lem for a medium with an internal heat source that is moving with a constant speed
in the presence of the gravity field which fills the region £ defined as follows:

-Q:{(%%1)3O§X<°°,—°°<y<°°,—°°<z<00}.

In the physical problem, we should suppress the positive exponentials that are un-
bounded at infinity. The constants M, (n = 1,2,3,4) have to be chosen such that the
boundary conditions on the surface at z = 0 are as follows:

0 = —f(x,1) = —f"exp(mt +iax) ® = 6, =my =0. (55)

Where, f(x,t) is an arbitrary function of x,#, and f* is the magnitude of the me-
chanical force. Using the expressions of the variables considered into the above
boundary conditions (Egs. (55)), we can obtain the following equations satisfied
with the parameters:

3

Y. HoauM, = —Ro, (56)
n=1

3

Y HuM,=—f"—ri, (57)
n=1

3
ZHSnMn = —I, (58)
n=1

3

Z Ho,M, = 07 (59)
n=1

NoQovo(N1N3Ny + N1 Bikaa® — a*g*Ny)
where, Ry = .
S4Lg
Invoking Egs. (56)-(59), we obtain a system of four equations. After applying
the inverse of matrix method, we have the values of the four constants M, (n =

1,2,3,4). Hence, we obtain the expressions of the considered variables.

-1

M, Hy1 Hy Hys Hyy —Ry
My | _ | Hn Hp Hpiz Hy —f*=r 60)
M3 Hgy Hgy, Hgz Hgy )

M, Hy9y Hoy Ho3 Hoy 0
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5 Particular cases and special cases of thermoelastic theory

i. The corresponding equations for a two-temperature micropolar thermoelastic
medium with an internal heat source (Qp = 5.5) in the presence of the gravity
field from the above mentioned cases by taking Hy to vanish.

ii. The corresponding equations for a magneto-micropolar thermoelastic medi-
um with an internal heat source (Qp = 5.5) in the presence of the gravity field
from the above mentioned cases by taking § to vanish.

iii. The corresponding equations for a two-temperature magneto-micropolar ther-
moelastic medium in the presence of the gravity field for different values of
an internal heat source from the above mentioned cases by taking Qg = 5.5,
1.

iv. Equations of the 3PHL model when K, 77, 7,,7y > 0 and the solutions are
Ktr

2
always (exponentially) stable if

Racke (2008).

p > 1, > K*7, as in Quintanilla and
q

v. Equations of the G-N II theory when K = 77 = 7, = 7, = 0.

6 Numerical calculation and discussion

In order to illustrate the theoretical results obtained in the preceding section, and
to compare these in the context of the 3PHL model and the GN-II theory, we now
present some numerical results for the physical constants as

A=776x10"N-m™2, u=786x10""N-m2, p=8954kg-m>, a=0.1,
Cp=383.1-kg "K', ff=12, 7 =7x10"s, 1,=9x107"s,

7, =6x107"s, o =178x107*K ', K*=386w-m ' -K'-s7!,
vo=04ms™ !, TH=293K,up=19, £ =07,K; =150w-m ' - K,
m=my+iE, £E=—-0.7,my=03, k=05N-m 2, Jo=2x10"2N-m kg !,
g=98m-s2 §=2x10"" 9% =0.0779N-m 2.

The computations were carried out for a value of time + = 1.2. The vertical dis-
placement component w, the thermodynamic temperature 0, the conductive tem-
perature P, the stress components o, 0y, the tangential couple stress m,, and
micro-rotation component @, with distance z for the value of x, namely x = 1.5,
were substituted in performing the computations. The results are shown in figures
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1-21. The graphs show the four curves predicted by two different theories of ther-
moelasticity. In these figures, the solid lines represent the solution in the 3PHL
model, and the dashed lines represent the solution derived using the G-N II theory.

011

——3PHL
e GNI 0.05f

without magnetic field 0~

with magnetic field

—3PHL
— -GNl

without magnetic field

-0.05F with magnetic field

S
011
-0.151

-0.2F N,

4 ‘ A s s ; -0.25

Figure 1: Vertical displacement distribu-
tion w in the absence and presence of a
magnetic field.

Figure 2: Conductive temperature distri-
bution @ in the absence and presence of
a magnetic field.

. ——3PHL
N -GNl

without magnetic field

with magnetic field

/)

A0p N
X \ with magnetic field

“o 2 4 6 8 10 ) 2 4 6 8 10
V4 z

Figure 3: Thermodynamic temperature
distribution 6 in the absence and pres-
ence of a magnetic field.

Figure 4: Distribution of the stress com-
ponent 0, in the absence and presence
of a magnetic field.

Figures 1-7 show comparisons between the vertical displacement w, the thermody-
namic temperature 8, the conductive temperature @, the stress components O,;, Oy,
the tangential couple stress m;, and micro-rotation component ¢, in the absence
(Hp = 0) and presence (Hy = 140) of a magnetic field with a two-temperature pa-
rameter (§ =2 x 107!%) and an internal heat source (Qy = 5.5).

Figure 1 depicts that the distribution of the vertical displacement w begins from
positive values. In the context of the two theories and in the presence of a mag-
netic field, w starts with decreasing to a minimum value, then increases, and also
moves in the wave propagation. However, in the context of the two theories and in



14 Copyright © 2016 Tech Science Press CMC, vol.52, no.1, pp.1-24, 2016

0.151

2r
——3PHL
-~ —SPHL ————Z-N 1l

N -—GNII

0.1F

with magnetic field

without magnetic field 005"

S S T I S L e e e S
0 2 4 z 6 8 10 z

Figure 5: Distribution of the stress com- Figure 6: Distribution of the tangential
ponent Oy, in the absence and presence couple stress m., in the absence and p-
of a magnetic field. resence of a magnetic field.

25 I L I I )
0 2 4 z 6 8 10

Figure 7: Distribution of the micro-rotation component @, in the absence and p-
resence of a magnetic field.

the absence of a magnetic field, w starts with decreasing, then increases, after then
becomes nearly constant. The magnetic field decreases the magnitude of w then
increases it. Figure 2 exhibits the distribution of the conductive temperature @ and
demonstrates that it reaches a zero value and satisfies the boundary condition at
x = 0. In the context of the two theories, in the absence and presence of a magnetic
field, & decreases in the range 0 < x < 10. The magnetic field decreases the magni-
tude of @. Figure 3 explains the distribution of the thermodynamic temperature 6.
In the context of the two theories, in the absence and presence of a magnetic field, 6
starts with increasing to a maximum value, then decreases to a minimum value and
also moves in the wave propagation. The magnetic field increases the magnitude
of 0, then decreases, again increases, and in the last decreases it. Figure 4 explains
that the distribution of the stress component o, begins from a negative value and
satisfies the boundary condition at x = 0. In the context of the two theories, in the
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absence and presence of a magnetic field, o, starts with decreasing to a minimum
value, then increases to a maximum value, and also moves in the wave propagation.
The magnetic field decreases the magnitude of o, then increases, again decreases,
and in the last increases it. Figure 5 depicts the distribution of the stress compo-
nent o,, and demonstrates that it reaches a zero value and satisfies the boundary
condition at x = 0. In the context of the two theories, in the absence and presence
of a magnetic field, o, starts with increasing to a maximum value, then decreases
to a minimum value, and also moves in the wave propagation. The magnetic field
increases the magnitude of o, then decreases, again increases, and in the last de-
creases it. Figure 6 depicts the distribution of the tangential couple stress m;, and
demonstrates that it reaches a zero value and satisfies the boundary condition at x =
0. In the context of the two theories and in the presence of a magnetic field, m,
starts with increasing to a maximum value, then decreases to a minimum value, and
also moves in the wave propagation. However, in the context of the two theories
and in the absence of a magnetic field, m;, starts with decreasing to a minimum val-
ue, then increases to a maximum value, and also moves in the wave propagation.
The magnetic field increases the magnitude of m.,, then decreases, again increases,
and so on. Figure 7 describes the distribution of the micro-rotation component &;.
In the context of the two theories and in the presence of a magnetic field, &, starts
with increasing to a maximum value, then decreases to a minimum value, and also
moves in the wave propagation. However, in the context of the two theories and
in the absence of a magnetic field, @, starts with decreasing to a minimum value,
then increases to a maximum value, and also moves in the wave propagation. The
magnetic field increases the magnitude of @,, then decreases, again increases, and
in the last decreases it. Figures 1-7 demonstrate that the values of all the phys-
ical quantities converge to zero by increasing the distance z, the behavior of two
theories are similar. These trends obey elastic and thermoelastic properties of the
solid.

Figures 8—14 show comparisons between the vertical displacement w, the ther-
modynamic temperature 6, the conductive temperature @, the stress components
0y, Oy, the tangential couple stress m.,, and micro-rotation component @, for one
temperature (6 = 0) and two temperature (6 = 2 X 10~'%) in the presence of a
magnetic field (Hy = 140) and an internal heat source (Qg = 3.5).

Figure 8 explains that the distribution of the vertical displacement w begins from
positive values. In the context of the two theories, w starts with decreasing to a min-
imum value, then increases, and then becomes nearly constant for § = 0. Figure 9
exhibits the distribution of the conductive temperature & and demonstrates that it
reaches a zero value and satisfies the boundary condition at x = 0. In the context
of the two theories, @ starts with increasing to a maximum value, then decreases
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to a minimum value, and again increases for 6 = 0. Figure 10 exhibits that the dis-
tribution of the thermodynamic temperature 6 begins from positive values. In the
context of the two theories, 6 starts with increasing to a maximum value, then de-
creases to a minimum value, and again increases for 6 = 0. Figure 11 explains that
the distribution of the stress component o, begins from a negative value and satis-
fies the boundary condition at x = 0. In the context of the two theories, G,, starts
with decreasing to a minimum value, then increases, and again decreases for 6 = 0.
Figure 12 shows the distribution of the stress component o,, and demonstrates that
it reaches a zero value and satisfies the boundary condition at x = 0. In the context
of the two theories, 0, starts with increasing to a maximum value, then decreases
to a minimum value, and also moves in the wave propagation for 6 = 0. Figure 13
depicts the distribution of the tangential couple stress m., and demonstrates that it
reaches a zero value and satisfies the boundary condition at x = 0. In the context
of the two theories, m;, starts with increasing to a maximum value, then decreases
to a minimum value, and also moves in the wave propagation for § = 0. Figure
14 describes the distribution of the micro-rotation component &,. In the context of
the two theories, @, starts with increasing to a maximum value, then decreases to
a minimum value, and also moves in the wave propagation for § = 0.

Figures 15-21 show comparisons between the vertical displacement w, the ther-
modynamic temperature 0, the conductive temperature P, the stress components
0y, Oy, the tangential couple stress m., and micro-rotation component ¢, for a
two-temperature magneto-microploar medium (Hy = 140, § = 2 x 10~'%) and for
different values of an internal heat source (Qy = 5.5, Qp = 1).

Figure 15 explains that the distribution of the vertical displacement w begins from
positive values. In the context of the two theories, w starts with decreasing to a
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Figure 21: Distribution of the micro-
rotation component ®, for different val-
ues of an internal heat source.
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minimum value, then increases, and again decreases for Qg = 1. Figure 16 exhibits
the distribution of the conductive temperature ¢ and demonstrates that it reaches a
zero value and satisfies the boundary condition at x = 0. In the context of the two
theories, P decreases in the range 0 < x < 10 for Qg = 1. Figure 17 exhibits that the
distribution of the thermodynamic temperature 6 begins from positive values. In
the context of the two theories, 0 starts with increasing to a maximum value, then
decreases to a minimum value, and also moves in the wave propagation for Qyp =
1. Figure 18 explains that the distribution of the stress component o,, begins from
a negative value and satisfies the boundary condition at x = 0. In the context of the
two theories, o, starts with decreasing to a minimum value, then increases, and
also moves in the wave propagation for Qg = 1. Figure 19 shows the distribution of
the stress component O, and demonstrates that it reaches a zero value and satisfies
the boundary condition at x = 0. In the context of the two theories, O, starts
with increasing to a maximum value, then decreases to a minimum value, and also
moves in the wave propagation for Qyp = 1. Figure 20 depicts the distribution of
the tangential couple stress m;, and demonstrates that it reaches a zero value and
satisfies the boundary condition at x = 0. In the context of the two theories, m,y
starts with increasing to a maximum value, then decreases to a minimum value, and
also moves in the wave propagation for Qg = 1. Figure 21 describes the distribution
of the micro-rotation component @,. In the context of the two theories, @, starts
with increasing to a maximum value, then decreases to a minimum value, and also
moves in the wave propagation for Qg = 1.

00 00

Figure 22: Vertical displacement distri- Figure 23: Distribution of the stress
bution w based on the 3PHL model. component 0, based on the 3PHL mod-
el.

Figures 22-26 are giving 3D surface curves for the physical quantities, i.e., the
vertical displacement w, the stress components o, G,., the tangential couple stress
mgy, and micro-rotation component P, to study the effect of a magnetic field on
the wave propagation within a two-temperature micropolar thermoelastic isotropic
medium with an internal heat source in the context of the 3PHL model. These fig-
ures are very important to study the dependence of these physical quantities on the
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Figure 24: Distribution of the stress Figure 25: Distribution of the tangen-
component Oy, based on the 3PHL mod- tial couple stress m;, based on the 3PHL
el. model.

Figure 26: Distribution of the micro-rotation component ®, based on the 3PHL
model.

vertical component of distance. The curves obtained are highly depending on the
vertical distance from origin, all the physical quantities satisfy boundary condition
and are moving in the wave propagation.

7 Concluding remarks

A rigorous mathematical study of thermoelasticity in solid materials has been con-
ducted utilizing two different, robust, well-formulated theories, namely the 3PHL
model and the Green-Naghdi theory without dissipation. The cases of a magnet-
ic field presence and absence have been addressed as well as a two-temperature
paramter. Analytical solutions based upon normal mode analysis for thermoelas-
ticity in solids have been developed and utilized. The computations have revealed
that:

1) There are significant differences in the field quantities under the GN-II theory
and the 3PHL model due to the phase-lag of temperature gradient and the



Wave Propagation in a Magneto-Micropolar Thermoelastic Medium 21

phase-lag of heat flux.

2) The magnetic field, two-temperature parameter and magnitude of an internal
heat source have important roles in the distributions of the field quantities.

3) Deformation of a body depends on the nature of the applied force as well as
the type of boundary conditions.

4) The curves in the context of the 3PHL model and the GN-II theory decrease
exponentially with increasing z; this indicates that the thermoelastic waves
are un-attenuated and non-dispersive, while purely thermoelastic waves un-
dergo both attenuation and dispersion.

5) The vertical distance plays a significant role on all the physical quantities.
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