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Effect of diffusion and internal heat source on
a two-temperature thermoelastic medium with
three-phase-lag model

MOHAMED I. OTHMAN*
SAMIA M. SAID

Mathematics Dept. Zagazig University, Egypt

Abstract The purpose of this paper is to depict the effect of diffu-
sion and internal heat source on a two-temperature magneto-thermoelastic
medium. The effect of magnetic field on two-temperature thermoelastic
medium within the three-phase-lag model and Green-Naghdi theory with-
out energy dissipation i discussed. The analytical method used to obtain the
formula of the physical quantities is the normal mode analysis. Numerical
results for the field quantities given in the physical domain are illustrated
on the graphs. Comparisons are made with results of the two models with
and without diffusion as well as the internal heat source and in the absence
and presence of a magnetic field.
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Nomenclature
a — measure of thermodiffusion effect
b — measure of diffusive effect
C — 1mass concentration
Crg — specific heat at constant strain
d —  thermo-diffusion constant
ei; — components of strain
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e=err — dilatation
f — complex constant
7 — imaginary unit, i =+/—1
J — current density vector
K~ — additional material constant
K —  coefficient of thermal conductivity
m — wave number in the z-direction

— moving internal heat source
magnitude of an internal heat source
chemical potential per unit mass
— temperature above the reference temperature Tp
—  time
— particle velocity of the medium
0 — velocity of a moving internal heat source
U, W — displacement component
T,Y, 2 —  Cartesian coordinates

SETHNOO
I

Greek symbols

Qe — linear diffusion expansion coefficient

o —  linear thermal expansion coefficient

1) — constant called a two-temperature parameter, 6 > 0

0ij —  Kronecker delta

(0] — conductive temperature

€0 — electric permeability

0 —  thermal temperature

) — Lame’ constant

1o — magnetic permeability

p — mass density

Tij — components of stress

Ty — phase-lag of thermal displacement gradient

7r, ¢ — Dphase-lag of temperature gradient and the phase-lag of heat flux re-
spectively

B1=(3A+2u)as, P2 =(3\+2u)ac, T:T—To7 n=K+1 K*

1 Introduction

Diffusion is defined as a random walk of the ensemble of particles, from re-
gions of high concentration to a region of lower concentration. It occurs as
a result of the second law of thermodynamics which states that the entropy
or disorder of any system must always increase with time. Diffusion is im-
portant in many life processes. There is now a great deal of interest in the
study of this phenomenon, due to its many applications in geophysics and
industry. In integrated circuit fabrication, diffusion is used to introduce
dopants in controlled amounts into the semiconductor substrate. In partic-
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ular, diffusion is used to form the base and emitter in bipolar transistors,
integrated resistors, the source/drain regions in metal-oxide semiconductor
(MOS) transistors and dope polysilicon gates in MOS transistors. In most
of these applications, the concentration is calculated using what is known
as the Fick’s law [1]. This is a simple law that does not take into consid-
eration the mutual interaction between the introduced substance and the
medium into which it is introduced or the effect of the temperature on this
interaction. The phenomenon of diffusion is used to improve the conditions
of oil extractions (seeking ways of more efficiently recovering oil from oil
deposits). These days, oil companies are interested in the process of ther-
moelastic diffusion for more efficient extraction of oil from oil deposits. The
thermodiffusion process also helps the investigation in the field associated
with the advent of semiconductor devices and the advancement of micro-
electronics.

Thermodiffusion in the solids is one of the transport processes that has
great practical importance. Most of the research associated with the pres-
ence of concentration and temperature gradients has been made with metals
and alloys. The first critical review was published in the work of Oriani [2].
With the advancement of a nuclear energy, the interest in thermodiffusion
has returned to metallic oxides that often heats up in the inhomogeneous
temperature field, Fryxel and Aitken [3], in connection with technological
conditions. Thermodiffusion in the elastic solid is due to the coupling of the
fields of temperature, mass diffusion and that of strain. The heat and mass
are exchanged with the environment during the process of thermodiffusion
in an elastic solid. The concept of thermodiffusion is used to describe the
process of thermomechanical treatment of metals (carbonizing, nitriding
steel, etc.), these processes are thermally activated, and their diffusing sub-
stances being, e.g, nitrogen, carbon, etc. They are accompanied by defor-
mations of the solid. The coupled thermoelastic model was used to develop
the theory of thermoelastic diffusion by Nowacki [4-7]. Sherief et al. dis-
cussed the theory of generalized thermoelastic diffusion with one relaxation
time [8]. This implies a finite speed of propagation of waves. Othman et al.
studied the effect of diffusion on the two-dimensional problem of generalized
thermoelasticity with Green and Naghdi theory [9]. Karmakar and Kanoria
discussed elasto-thermo-diffusive response in a spherically isotropic hollow
sphere [10]. Sherief and Hussein studied a two-dimensional problem for
a thick plate with axi-symmetric distribution in the theory of generalized
thermoelastic diffusion [11].
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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 transmission 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 conduc-
tion) given in Hetnarski and Ignaczak [12,13]. A two-phase-lag with both
the heat flux vector and the temperature gradient was introduced by Tzou
[14]. According to this model, classical Fourier’s law ¢ = — K VT is re-
placed by ¢(P,t+714) = — KVT(P, t+77), where the temperature gradient
VT at a point P of the material at time t+71 corresponds to the heat
flux vector ¢ at the same point at time t+7,. Here K is the thermal con-
ductivity of the material. The delay time 7r interpreted as that caused
by the microstructural interactions and is called the phase-lag of the tem-
perature gradient. The other delay time 74 interpreted as the relaxation
time due to the fast transient effects of thermal inertia and is called the
phase-lag of the heat flux. Recently, Choudhuri has proposed a theory
with the three-phase lag (3PHL) which is able to contain all the previous
theories at the same time [15]. In this case Fourier’s law ¢ = — KVT
is replaced by ¢(P,t+71q) = — [KVT(P,t+77)+K*Vv(P,t+7,)], where
Vv (v = T) is the thermal displacement gradient, K* is the additional
material constant and 7, is the phase-lag for the thermal displacement
gradient. The purpose of the work of Choudhuri was to establish a mathe-
matical model that includes 3PHL in the heat flux vector, the temperature
gradient and in the thermal displacement gradient [15]. For this model,
we can consider several kinds of Taylor approximations to recover the pre-
viously cited theories. In particular, the thermoelasticity without energy
dissipation and thermoelasticity with energy dissipation were introduced
by Green and Naghdi [16-18]. A three-phase-lag model is very useful in
the problems of nuclear boiling, exothermic catalytic reactions, phonon-
electron interactions, phonon-scattering, etc. Quintanilla and Racke [19],
Kar and Kanoria [20], and Said and Othman [21] have solved different prob-
lems applying the 3PHL model. Othman and Eraki studied the generalized
magneto-thermoelastic half-space with diffusion under initial stress using
three-phase-lag model [22]. The development of the effect of rotation and
magnetic field is available in many studies, such as [23-34].

The present paper is concerned with the investigations related to the
effect of diffusion and magnetic field on a two temperature thermoelastic
medium with the 3PHL model and thermoelasticity without energy dissi-
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pation (G-N II) theory. The variations of the considered variables with the
horizontal distance are illustrated graphically. Comparisons made between
the two models in the absence and presence of the diffusion as well as mag-
netic field. Also a comparison is made with the results of the two models
with and without an internal heat source.

2 Formulation of the problem and basic equations

The problem is considered as a generalized thermodiffusion problem for
a medium with an internal heat source being permeated into the uniform
magnetic field with a constant intensity H = ( 0, Hp, 0) which is act-
ing parallel to the y—axis at uniform temperature Ty in the undisturbed
state. A fixed Cartesian coordinate system (x, y, z) with origin on the
surface z = 0, which is stress free, and z-axis directed vertically into the
medium. The region z > 0 is occupied by the elastic solid with generalized
thermodiffusion. We are interested in a plane strain in the zz-plane with
displacement vector u = (u, 0, w). The governing equations in the absence
of the body force are as in Sherief et al. [8], Youssef [35], Choudhuri [15]:

1. The equation of motion
puin = A+ i + puigi— B Ti+Ca)+F. (1)

2. The generalized heat conduction equation in the 3PHL model

K*V2® 4 15 V20, + Krp V20 4y =
o 1,07

1 +Tqa+ §qu‘| (PCET,tt+/31T0€,tt +aT0C7tt—Q) (2)

The relation between the conductive temperature and the thermody-
namic temperature is

O -—T=60. (3)
3. The generalized diffusion equation

A 0 1 5,0
dfaer,is + daTis + |1+ 745 + §r§w C—dbCy =0. (4)
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The constitutive law of the theory of generalized thermoelasticity is

0ij = Newr 0ij +2 ey — (BT + B C)dyj

Jdu OJw 1 ..
ek =g T g € = 5w tu), hi=a, 2 (5)

The variations of the magnetic and electric fields are perfectly conducting
slowly moving medium and are given by Maxwell’s equation in [36]

J=curlh — goEy, curl E = — pohy, E=—po(u,xH),V-h=0, (7)

F is the Lorentz force given by F;=po(J x H);. The components of the
Lorentz force will be

Oh d%u Oh 0w
2 bl

Fy = —po HO% —M% HS EOW Fy =0, F3=—puo HO& —,u% Hg 50@7
where the small effect of the temperature gradient on J is also ignored.
Due to application of the initial magnetic field H, there is an induced
magnetic field A = (0,h,0) and an induced electric field F, as well as
the simplified equations of electrodynamics of a slowly moving medium for
a homogeneous, thermal and electrically conducting, elastic solid. In the
above equation a comma followed by a suffix denotes partial derivative with
respect to the corresponding coordinates.
The field Egs. (1) and (5) become

Fu_ Ou  pOw O
Po = 92 Poza: M 922
ar acC dh 2 pr20%u
—B P B9 9z ,UOHO% - EONoHow ) (8)
0*w 0*w du 0w
P o ~H g2 +B8w8z A 0 22
or . aC Oh 2 pr2 07w
—B 3 B2 9. NOHOE - €0M0H0W ) (9)
ou ow -
02 = Agm+ Amm — BT — C (10)
ou Ow
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where A = A+ 2y and B = A+ pu.
Introducing the following non-dimensional quantities:

Y A R N
($7 Z,U,W)— (6177$a cinz, aanu, Clnw)7

ro Ty 2 2 2 2
(t y Tgs Tus 7_T) - (Clntv CnNTe 1N Ty, ClnTT) )

h i BT C
h,:— N O’é:ﬂ s 9_7 ; C,:—7
Ho o ™" p (A +2p) p

P , B , B1(®—Tp)

_P/:—7 =
Ba @ pCrcin?(X\+2p)

A2 . . . .
A+2) Using the above non-dimension variables,

where n = p[gf, and ¢? = m—
followed by employing h = — Hj e, and introducing the potential functions
defined by expressions
01 Oy OY1 | Oy
_ _ S AT e} 13
YT oz 9z U7 9z * ox (13)
leads to obtaining
82¢1 2
QW:BHV z/zl—H—alC, (14)
v? O, 15
H1 ’l/)2 -« at2 - ) ( )
Cx @i+ C 04 +Crdy;=
o 1, 5?2 .. o .
Lt myg + 5T am (6+ev¥i-a:C-Q), (16)
S -T=0u, (17)
Vi + a3V + 1+72+1728—2 asC — b1 V2C =0 (18)
P ot T 2lape| MY T Y T

A7 37 i H2
where: By = By + ju + hoHo, ( Ar, Bi,j, ho) =° pNC%‘O &

Ba K* nk
a=—7, Cg= , = +C ,
1 C% K ,OCEC% v »Cp K Ty
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nKrr 2 2 /8% Ty bp
CT: ’ BOZ(SC y €= T A 1= 75
pCE v pCr (A +2p) P2
0y = a 1Ty as = a (A+2p) g = p azl_i_eolugHg
Cp (A +2p) Bifz dfacin?’ p

In Eq. (16) the dots refer to time differentiation.

3 Normal mode analysis

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

[u,w,i/)l,i/)g,H,@,aij,C’} (z,2,t) =

[u*,w*, Vi, 05, 0%, 07, *} (z) exp(ft+imz),

Q= Q%exp(ft+imz), Q" =QoV, (19)

where u*(2), w*(2), ¥1(2), ¥3(2), 0°(2), B*(z), o7(2), and C*(2) are
the amplitudes of the field quantities.
Introducing Eqgs. (19) in Egs. (14)—(18), we obtain

[BHD2 - Nl} W — a,C* = 07, (20)

|11D? = N|us =0, (21)

D! = 2m?D? 4+ mt| 4 + a3 D* = m?] 6" — [ D2 = NyJC* =0, (22)
[N5 D2 N, m2] Wi— NgC* = [N7 D2—N8} O*+ N3 Qo Vo— N3 £20%, (23)
0" = (N0—60D2)<I>*, (24)

where: Ng =1+ Bym?,

Ny =Bum?+af?,

No = pym? +a f?,
Ny=1+7.f+372f2,

Ny = Nsayq + b1m2, N5 = Ef2N3,
Ne = az f2N3 ,
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N =Ck +C, f+Cr f?,

Ns=m? N7, D=4,

Eliminating C*(z) and ®*(x) between Eqgs. (20), (22), (23), and (24), we
obtain the sixth-order ordinary differential equation satisfied with ¥7(x)

. — NoN3QoVoa
(D6 — Ly D' + L, D? — Ly | 9i(2) = OL?’OQO”, (25)

where Lo = —ag a9 + a5 a3,

Ly = (—again —agaip+aizas +aisas)/Lo,
Ly = (= agaia —agay +aizar +aygag) /Lo,
L3 = (—agaiz +aisar)/Lo,

as =1+ a3B11, ag = azBiim?+ Nias + 2m?,
ay = CL3N17TL2 + m4 , ag = ajas + bl s

ag = aragm? + Ny, a19 = B11Ng + N5/,

a11 = N1 Ny + B11N1g + NoNs + m*Ns By, a12 = N1 Nig + NoNsm?,
a13 = a1 Ng + NgBo , a14 = a1N1g+ NeNo ,
Ng= N7 +Nsf? By, Nip=Ng+ NoNs f2.
Equation (25) can be factored as

(02— k) (D* = BB) (D7 — ) wi(z) = 0200 (o)

where k2 (n = 1, 2, 3) are the roots of the following characteristic equation
ES — Ly k' 4+ Lok® — L3 =0. (27)

Solution of Eq. (25), bound as z — oo, given by

3

1 NoN3QoVoag
zZ) = Rnex —knz 4o Y 98
¥1(2) ngl p( ) i (28)

In a similar manner, we get that
3
NoN3QoVoar

C*Z = HaneX —knz -, 29
() nz::l 1 3 ) LoLs (29)

; 4

N3QoVo(IN1 N4 —

(I)*(z) = Z Hon R, exp( _ k‘nz) . 3Qo 0( 1Ny —aim ) (30)

LoLs ’

n=1
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4 2 2
(15](3” —aﬁk‘n—l—a7 . Bllkn —N1 —alHln
,and Ho, = .
agk% — ag " NO — ,Bokg

where Hy,, =

Introducing Eq. (30) in Eq. (24), we get

3 \
0*(z) = E Hap Ry exp( — kpz) — 0 3Q0V0(0134 1m?) 7

n=1

Where, Hgn = (NO — ,80 k%) Hgn.
Solution of Eq. (21), bound as z — oo, given by

V3(2) = Loexp( — kaz), ko= /No/p1 . (32)
Introducing Eq. (28) and (32) in Eq. (13), yields

3 .
NoN3sQoWe
u*(2) = 3 im Ry exp(— knz) + OL ?’LQO 099 4 eoksexp(—kaz), (33)
n=1 03
3
w*(z) = Z —Ry, knexp( — knz) + im&aexp( — kaz) . (34)

n=1

Introducing Egs. (12), (19), (29), (31), (33), and (34) in Egs. (10), (11),
and (6), we get

3

oy, = Z Hyp Ry, exp(—kpz) + 382 exp( — kq2) + G, (35)

n=1

3
Oy, = Z Hs, Ry, exp(— kpz) — &a&oexp( — ky2), (36)
n=1
3
P = Z Hgp Ry exp(—kpz) + im akgexp( — kaz) + Go, (37)
n=1

where Ry(n = 1,2,3) are some coefficients, {5 = imky (A — A) /p,

&= (ki+m?), Hip = [-m’A+ Ak} — (A +2p) Hn — BopHua,

Hs, = —2imk,, Hg, = m? — k% —asz Hs, + b1Hypy

[— arazm* A — Nagm® X + (A + 2#)1:(]11]\74 — aym*) + Bap az] NoN3Qo Vo
wLols ’

Gy = N0N3Q0V0 {N4m2 + a3 N1Ny — b1a3N1m2 — blmﬂ .

Gy =
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4 Boundary conditions

In the physical problem, we should suppress the positive exponentials that
are unbounded at infinity. The four constants & and R, (n = 1,2,3)
can be obtained by using the following boundary conditions on the surface
atz = 0:

. ocC
0= =g (@t) = —goe! T 00 = 0,80 =0,5= =0, (38)
z
where g (z,t) is a function of x and ¢, and gy is the magnitude of the
mechanical force. Using the expressions of the variables considered into
the above boundary conditions, Egs. (38), we can obtain the following
equations satisfied with the parameters:

3 3
— > knHin Ry =0, > HanRy =0,
n=1 n=1
3 3
Y HumRn+8&=—g0—G1, Y HsnRn— €46=0. (39)
n=1 n=1

Invoking Egs. (39), we obtain a system of four equations. After applying
the inverse of matrix method (or Cramer’s rule using Matlab programming),
we have the values of the four constants & and R,,, (n =1,2,3). Hence,
we obtain the expressions of the displacement components, the conductive
temperature, the thermal temperature, the chemical potential, the mass
concentration and stress components.

-1

Ry k1 Hy1 koHis ksHiz 0 0

Ry | _ Hy Hyy  Has 0 &5 (40)
R3 Hy Hyy  Hiz &3 —-g0— G1 |’

&2 Hs, Hso  Hszs —& 0

4
where &5 = N3Q0V()(]Xég§ —aim”) .

5 Particular cases

1. The corresponding equations for a two-temperature generalized ther-
moelastic medium with diffusion, with internal heat source and with-
out the magnetic field have been mentioned in cases above by taking
Hy=0.
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2. The corresponding equations for a two-temperature generalized ther-
moelastic medium with diffusion, with magnetic field and without
internal heat source can be obtained from the mentioned cases above
by taking Qg = 0.

3. Equations of the 3PHL model when, K, 7r, 74, 7, are greater then
zero and the solutions are always (exponentially) stable if 25% >

T > K*1,, as in Quintanilla and Racke [19].

4. Equations of the GN-II theory can be obtained, when K = 770 = 7, =
7, = 0.

5. The corresponding equations for a two-temperature generalized ther-
moelastic medium with magnetic field, with internal heat source and
without diffusion, can be obtained by taking C = a = b = 5 = 0,
thus we have

[BuD? - M| ¢i = [Ny — By D?|@* (41)

[11D? = Ny =0, (42)

[N5 D2 — N; m2] W= [Ng D2 - Nm] * + N3 Qo Vo | (43)
0" = (No — o D? )& (44)

Eliminating ®*(z) between Eqgs. (41) and (43), we obtain the fourth-order
ordinary differential equation satisfied with ] (z)

—NoN3QoVo

D! = L5 D? + Lg| yiz) = , (45)
Ly
where L4 = Bll Ng + N5 ,8() s
Ls = N1 Ny + Nip B z Nsm?By + No Ns
4 )
_ Ny Nig + No Ny m?
Lg = - .
Equation (45) can factored as
« —NoN3QoVo
(D = s1) (D2 = s3) wi(e) = — 2 (46)

where s2 (n = 1, 2) are the roots of the following characteristic equation:

s'—Lys* +Lg=0. (47)
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Solution of Eq. (45), bound asz — oo, is given by

2
NoN3QoW
= Z I exp( — spz) — %Qﬁoo . (48)

In a similar manner, we get that

2
* N1N3QoVt
O (z) = g Hyp Iy exp( — spz) + NiN3GoVo .

49
n=1 L4L6 ( )
Introducing Eq. (49) into Eq. (44), we get
2
x NoN1N3QoVo
0 (Z) = ;Hgnfn exp( — SnZ) + W 5 (50)
2
where I, (n = 1,2) are some coefficients, Hy, = B;\;Lﬂ_i\; , and
0 — Posy
Hgy, = (No — Bo 53,) Hrn.
Solution of Eq. (42) is the same as in Eq. (32) and
2 .
NoN3Qo V¢
u*(z) = Z im I, exp( — sp2) + {okaexp( — kaz) — im NolVsQoVo , (B1)
n=1 L4L6
2
= Z _InSneXp( - Snz) + im£2exp( - k‘4Z) ) (52)
2
Z Hy, I, exp(— spz) + &3 exp( — ka2) + G3 (53)
2
=Y Hion I exp(—snz) — Laboexp( — kaz) (54)
n=1
where Hy,, = % { —m2A+ As2 — (A +2p) Hgn}, Hyg, = —2ims,,

[m2 X — (A4 2p) N1]NoN3QoVo

Gl —
’ pLyLg

In this case the boundary conditions are

0. = — g(2,t) :_goeft—i-imx’ 022 =0,2=0. (55)
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Using the expressions of the variables considered into the above boundary
conditions Egs. (55), we can obtain the following equations satisfied with
the parameters:

2 2 2
> Hryly+Gi =0, Honly+E&362 = —go — Gs, Y Hionln — 482 =0,

n=1 n=1 n=1
(56)
where Gy = 7]\[1][\2’%0 Vo

Invoking Eqgs. (5?6), we obtain a system of three equations. After ap-
plying the inverse of matrix method, we have the values of three constants
I,, & (n = 1,2). Hence, we obtain the expressions of the displacement
components, conductive temperature, thermal temperature and stress com-
ponents.

-1

I Hn H7o 0 -Gy
I, | =| Hog Hgo &3 -g0—Gs | . (57)
&2 Hio1 Hig —& 0

6 Numerical calculation and discussion

In order to illustrate the theoretical results obtained in the preceding sec-
tion, and to compare these in the context of the SPHL model and the GN-II
theory, we now present some numerical results for the physical constants
as [37].

A=7.76x10°Nm=2, 1 =3.86 x 101°Nm~2, p = 8954 kgm ™3,

f=025 Cp=23831Jkg L. K, Qy=3K, Tp = 293K, go = 3Nm 2,
Vo=02ms™!, 7p = 7x107%s, 7, =9 x 107°s, 7, = 6 x 1075,

a; =378 x107* K™, a,=198x107° K™!, K* =38 wm 'K™!,
po=19NA"2 £ =05Fm™, K=150 wm 'K, w=uwy+i(,
(=07 w=-03 6d=13x10"1% ¢a=1.2x10"m?s 2K,
b=10.9x10°m® kg™ s72, d=0.85 x 10~¥kgs m 3.

The computations carried out for a value of the time ¢ = 0.1s. The
variations of the thermal temperature 6, the conductive temperature &,
the displacement component w, the chemical potential P, the mass concen-
tration C' and the stress components o,,, 0., with distance z for the value
of xz, namely x = —1.3, substituted in performing the computation. The
results are shown in Figs. 1-14. The graphs show four curves predicted by
two different theories of thermoelasticity. In these figures, the solid lines
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represent the solution in the 3PHL model, and the dashed lines represent
the solution derived using the G-N II theory. Here all the variables are
taken in nondimensional forms.

6.1 The effect of diffusion

Figures 1-5 show comparisons between the displacement component, w,
the thermal temperature, 6, the conductive temperature, ®, and the stress
components o,, and o,, with and without diffusion.

15 -

05 “l.}_ without diffusion

with diffusion

02 r

without diffusion

Figure 2: Conductive temperature distribution with and without diffusion.



www.czasopisma.pan.pl P N www.journals.pan.pl

N

30 M.I. Othman and S.M. Said

without diffusion

0.2
04 F e
06 F \
-0.8 with diffusion
-1 L L L L L L |
0 2 4 6 8 10 12 14

03

3PHL
02 L TN e G-N I
0.1 with diffusion
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Figure 4: Distribution of stress component o,, with and without diffusion.

Figure 1 displays distribution of the vertical displacement w. In the context
of the two models with diffusion, w starts with decreasing, then increases,
and again decreases. However, in the context of the two theories with-
out diffusion, w decreases to a minimum value, then increases, and moves
in wave propagation. Figure 2 shows that distribution of the conductive
temperature ®, begins from a zero value and satisfies the boundary condi-
tion at z = 0. In the context of two theories with diffusion, ® increases to
a maximum value, then decreases, and moves in wave propagation. How-
ever, in the context of the two theories without diffusion, ® increases, then
decreases to a minimum value, and moves in wave propagation. Figure 3
explains the distribution of the thermal temperature 6. In the context of
two theories with diffusion, @ increases, then decreases to a minimum value,
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Figure 5: Distribution of stress component o,, with and without diffusion.

and moves in wave propagation direction. However, in the context of the
3PHL model without diffusion, € decreases, then increases, and moves in
wave propagation direction. In the context of the G-N II model without
diffusion, @ increases, then decreases, and moves in wave propagation. Fig-
ure 4 depicts the distribution of the stress component o, , and demonstrates
that it reaches a zero value and satisfies the boundary condition at z = 0.
In the context of the two theories with diffusion, o, , increases, then de-
creases, and moves in wave propagation. However, in the context of two
theories without diffusion, o, , increases, and then decreases, and moves in
wave propagation. Figure 5 explains that distribution of the stress compo-
nent o, , begins from a negative value and satisfies the boundary condition
at z = 0. In the context of the two theories with diffusion, o, , increases,
then decreases, and moves in wave propagation. However, in the context
of the two theories without diffusion, o, , decreases, then increases, and
moves in wave propagation. All physical quantities begin to coincide when
the vertical distance increases reach the reference temperature of the solid.

6.2 The effect of the internal heat source

Figures 6-10 show comparisons between the thermal temperature, #, the
conductive temperature, ®, chemical potential, P, mass concentration, C,
and the stress component o, . with (Qo = 3) and without (Qo = 0) the
internal heat source.
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Figure 7: Mass concentration C' with and without internal heat source.

Figure 6 displays that the values of chemical potential P increase with
heat source. Figure 7 depicts that the values of mass concentration C' in-
crease with heat source then decrease. Figures 8 and 9 show that, the values
of thermal temperature # and the conductive temperature ®, decrease with
heat source. Figure 10 explains that the values of the stress component o, ,
decrease with the heat source increasing.

6.3 The effect of magnetic field

Figures 11-14 show comparisons between the displacement component, w,
the conductive temperature, ®, chemical potential, P, and mass concen-
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Figure 9: Thermal temperature distribution 6 with and without internal heat source.

tration C in the absence (Hy = 0) and presence (Hp = 100) of a magnetic
field.

Figure 11 describes the distribution of the chemical potential P. In the
context of the two theories, P decreases in the range 0 < z < 14. The values
of P increase in the presence of a magnetic field. Figure 12 exhibits the
distribution of mass concentration C. In the context of the two theories,
C decreases and then increases for Hy = 0. The values of C increase in
the presence of a magnetic field in the first, then decrease, again increase
and last decrease. Figure 13 shows the distribution of the vertical dis-
placement w. In the context of the two models, w starts with decreasing,
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Figure 11: Chemical potential P with and without magnetic field.

and then increases for Hy = 0. Figure 14 explains that the distribution
of the conductive temperature ® begins from a zero value and satisfies the
boundary condition at z = 0. In the context of the two theories, ® increases
to a maximum value, then decreases, and moves in wave propagation for
Hy = 0. The values of the w and ® decrease in the presence of a magnetic
field in the first, then increase and again decrease.

7 The effect of horizontal distance

Figures 15 and 16 are giving 3D surface curves for the physical quantities,
i.e., the stress components, o,,, and conductive temperature, ®, to study
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Figure 13: Vertical displacement distribution w with and without magnetic field.

the effect of a magnetic field and the diffusion on wave propagation in
a generalized thermoelastic problem for a medium with an internal heat
that is moving with a constant speed in the context of the 3PHL model.
These figures are very important to study the dependence of these physical
quantities on the horizontal 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 wave propagation.
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Figure 14: Conductive temperature distribution ® with and without magnetic field.
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Figure 15: Distribution of stress component o,. against both components of distance
based on the 3PHL model.

8 Conclusions

The following conclusions based on the above analysis can be drawn:

1. It is clear that the diffusion, internal heat source and a magnetic field
have important roles in the distribution of the displacement compo-
nent w, thermal temperature 8, conductive temperature ®, and stress
components 0,,, 0.

2. The analytical solutions based upon the normal mode analysis of the
thermoelastic problem in solids have been developed and used.

3. There are significant differences in the field quantities between the
G-N II theory and the 3SPHL model due to the phase-lag of temper-
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Figure 16: Conductive temperature distribution ® against both components.

ature gradient and the phase-lag of heat flux.

4. The physical quantities are very depending on the vertical distance

and horizontal distance.

Received 15 April 2017
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