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Abstract: This paper is devoted to study the effect of rotating magrfietid and initial stress on the propagation of Rayleigh vgawe
a homogeneous isotropic, generalized thermo-viscoelbstly. The Hankel transform and Lame’s potential have beetiesl in the
basic equations of generalized thermoelasticity and &nalysolution is presented. The frequency equation fomtteelastic body is
obtained when the boundaries are stress free and is examimeerically. Numerical results for the frequency equatioa given and
illustrated graphically. Comparison is made with the resabtained in the presence and absence of the rotation,etiadield and
initial stress. The results indicate that the effect oftiota magnetic field and initial stress are very pronounced.
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1 Introduction electro- magneto-thermo-viscoelasticity —with  two
relaxation times. Othman and SondZ] studied the
reflection of magneto-thermoelastic waves from a rotating

Since decades, the study of generalized thermoelasticit astic half- space in generalized thermoelasticity under

has been addressed in different cases. Lord and Shulm . . . X
[1] have found solution for the dynamical theory Ofa} ree theories. Abo-Dahab and Singl§][investigated the

generalized thermoelasticity taking into account the time'nﬂuen?.e gfthmagneltlct'fleldl_c?n 't\;uvad\{ﬁ p.ropak?athn n
needed for acceleration of the heat flow. The generalizegfnlerad'.ze erdm?]e asﬁlc SO'f Wi | fffusion. Hussien %
thermoelastic waves are studied by Sharma and Si2Zigh [ al [14] iscussed the effect o |n|t||a §tre;s|,l rotatloln an
and Singh and Sharm&][ Ponnusamy 4] investigated magnetic st:ess oré. |30tr:0p_|cl elastic ﬁ ow cylinder.
the wave propagation in a generalized thermoelastic Solid—lusselnhet al 19 studie | the inf ue?cz of the rotar?on on
cylinder of arbitrary cross-section. Sharma and GroSgr [ a non-homogeneous infinite cylinder of~ orthotropic

have discussed body wave propsgtion n rolatng 2170 VU, el magnel Tekt, Bevones ond
thermoelastic media. Abd-Alla et al6][ have discussed Y

influences of rotation, magnetic field, initial stress, andOf rotation and magnetic field on the composite infinite

gravity on Rayleigh waves in a homogeneous orthotropiccy“nder in non-homogeneity viscoelastic media. Bayones

elastic half-space. Time-harmonic sources in aand Hussien 18 investigated a fiber-reinforced

generalized magneto-thermo-viscoelastic continuum wit iSIgeggziﬂe?fé]ngl?:cliigg dr?rfgzﬁ?uesr?gée(;‘tfgt;t(i)ogg\\/gy
and without energy dissipation were investigated by. ...~ y

Abd-Alla and Abo-Dahab7]. The generalized magneto- initial magnetic field in fiber-reinforced anisotropic
thermoelasticity in a perfectly conducting medium was elastic media. Bayon_eQ_Ql StUd'.ed an effect of rotation
studied by Ezzat and Youssef]] Othman [L0] used the on the composite an infinite cylinder in non-homogeneity
normal mode analysis to show the effect of rotation Onwscoelasnc media.

plane waves in generalized thermo- viscoelasticity with ~ The aim of this paper is to investigate the propagation
one relaxation time. Othman and Sorid][discussed the of Rayleigh wave velocity in in a homogeneous isotropic,
influence of rotation on plane waves of generalizedgeneralized thermo-viscoelastic body in the presence of
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rotation, initial stress and magnetic field. The generalforces the dynamic equation of motion under initial
Rayleigh wave velocity and attenuation coefficient is compression is given by abed-Alla3] as follows:
derived to study the effect of rotation, magnetic field and

initial stress on Rayleigh wave velocity and attenuation 9sr | 98z + }(s(r — Sgg)

coefficient are discussed. The results obtained in this or 9dz r

investigation are more general in the sense that some )

earlier published results are obtained from our result as dwg _ 9%U o

special cases. +P oz fr [atZ Q7ul, (3)
0s, 0sp 1 P u;
P - — ——(r = -Q . (4
0r+0z+rsrz+r0r(w9) p[dtz U] (4)

The generalized equation of heat conduction is given

2 Formulation of the problem and boundary by Tanaka et al34):

o L -
conditions KO2T = pCy(T +T0 T )+ aTm(3A +2u) To- (U + 8711 U1).

(5)
In view of the electromagnetic field governed by Maxwell wherep is the density of the materiak is the thermal
equations where the medium is characterized as a perfegonductivity,C, is the specific heat of the material per
electric conductor at the absence of the displacemengnit massa is the coefficient of linear thermal expansion,

current (Sl) is considered in the form as in RoychoudhuriA; H aré Lame elastic constanfy, Sgg , Sz andS; are
and Mukhopadhyay21] the incremental stresses, and u, are the displacement

components andy is the rotating components,

— —
J = curl h, T = (U,0,U), B = (0,2,0), H = (0,0, Ho), g — ~ (k4 Oz,
— 2 0z ar
—Heda—? — curlﬁ, Also, f, andf; are Lorentz’s force, Kraup], are defined
by
.=
divh = 0, (1) 2, 10y u %y
fr = UeHE[ = + =~ — = + =——]
divE = 0, rT RO T o T2 T raz
ou fz=0
E- — He( ot x ﬁ)- The stress- strain relations with incremental isotropyarnd
initial stress are given by Abd-All22pP):
where
Sr = (tm(8 + 1) + p)&r
T—curl(UxH), H=Ho+h. @)
y .
H(Tm(0 — )+ P)ez+ (Tm(d — 1) +P)egg— — (T + T T),
whereF} is the disturbed magnetic field over the primary (7 I+ (7 H)+ Plese Xe( oT)
magnetic fieldf is the electric intensityj> is the electric (6)
current densitype is the magnetic permeabilityl, is the Se0 = (Tm(0: + H) + P)€9e
constant primary magnetic field atllis the displacement v '
vector. +(Tm(3, — 1)+ P)err + (Tm( 8. — 1) + Pez— - (T +To T),
Let us consider a homogeneous isotropic elastic solid Xo

()

with infinite circular cylinder under the initial stress Ret
rotation Q and initial temperatur&, and upon a primary
magnetic field H acting on zdirection. When the v ,
temperature of infinite cylinder is changed, we find that +Tm(6 — H)err + Tm(0 — H)egg — — (T +To T), (8)
the incremental thermal stress; together with Xo

incremental straing; are produced in it. The elastic —2uT, —-S.—0 9
medium is rotating uniformly with an angular velocity Sz = 2Tz, 6= %:=0. ©

= QT, whereT is a unit vector which representing
the direction of the axis of rotation. All quantities L, 0U U Ay
considered are functions of the time variable t and of the Tr = PeHo (5 +—+—52) (10)

: . . . or r oz

coordinates r and z. The displacement equation of motion
in the rotating frame has add|t|or'1al term Schoenberg anqi,\,h(:)re&f = (A +H),y=atm(3A +24),Tm= (1+ Todit)
Censor 22], centripetal acceleratlora X (3 x U)due andyg is the isothermal compressibilityy and 11 are
to time varying motion only. In the absence of body thermal relaxation parameters.

Sz = Tm(0 + H)ex

The magnetic stress is
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The incremental strain components and the rotation are

iven by Bagri and Eslami [26] as follows: y T [ 18
g y Bag [26] +X9(Tm()\+2IJ)+P+IJeHg)( +10T), (18)
B Oy U 0y, 2
€r = Waeeg_TveZZ_ dza DZ(p: 1 a__ 2 (0
Tm(A +2u) | 9r2
1 dUr (9Uz 1 dUr duz
Gz= (Gt o) =55 —50). (1) |
20z or 20z or Y
+—X A 12 ))(T—I—ToT), (19)
By using Egs. (6) - (10), Egs. (3) and (4) can be written as: 91 m H L
[DZ——]W: P
(tm(h +20) + P+ o) 0 (0 1 L) 20 (o + 5+ D))
02
5, 92U, 9%, x {p (aTLf‘QZ“’)]’ (20)
+(tm(A + )+ P+ UeHo)Fﬁz‘F(TmH‘FP) 972 s
P 2
2 2y - (52-2%). @
YO it =pZY oy (2 (hm—73) \ 02
X, OF ot
where 5 5 g2
17} 1
2 - — —_—— [E—
(im0 +10) + ) g D) T TR T 22
mA T RT3 Graz T T 3 52
%u, 1 P du
HIm(A +20) o+ - (Tm(A + 1)+ 5) = N
_ 3 Boundary conditions
1 Pdu, vy, oT oT 0%u,

2
+F(Tm“_§)W _X_Q(EJFTOE) =p( ot2 —Q%)  consider a homogeneous and isotropic elastic solid with
(13)  an infinite circular cylinder of radius R. The axis of the
By Helmholtz's theorem37] , the displacement vectar ~ cylinder is taken along the z-axis. It is subjected to the
can be written in the form: boundary conditions which are given as traction free (at
r=R)
T = grade+ curl (14)
Sr(r,z,t) + 12(r,zt) = 0,5(r,zt) =0 (23)
where, ¢ is the scalar and@> is the vector represent

irrotational and rotational parts of the displacemant The thermal boundary condition is:
The cylinder being bounded by the curved surface,
therefore the stress distribution includes the effect dhbo oT(rzy _, atr — R, (24)
(0] andw). It is possible to take only one component of the or ’
vector §J to be non-zero, as
¥ =(0,—y,0). (15) 4 Solution of the problem
From gs.(14) and (15) we obtain Assuming a simple harmonic time dependent faet6t

for all the quantities and omitting the factog®

U = 5_(P 5_‘!’ Uy — 3_40 _ 5_‘!’ Y (16) throughout the equations (17), (18) and (21) which yields

T or o9z’ 70z or a set of differential equations fol*é“, ¢*é“ and
* a0t §
Substituting from (14)-(16) into (11) and (12), we get yreie, [ — 02]T* = 602" (25)
two independent equations farand ¢ as follows: Uyl =626,
9 9 (02 4 £3] @ = £4T* (26)
2T _ 9 9 3/Q 4l
KOT _pC\,ar (1+T10t)T
) ) (0% 4 4] Y™ = 0. (27)
2
+VTOE <1+ 5Tlﬁ> Do, (A7) where? is Laplace operatoi] can be eliminated from
Eq. (26) by substituting it in Eq.(25), we have
- ! 9 02}t
O Tt 2w+ p ) [P o Y [0 +AD* Bl =0, (28)
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where , where {2 = n? —1s and Re > 0. To determine the
04 — (5’_+}i+0_2)2 ¢ temperature deviatiol, by substituting equation (34)
o2 Tror a2 0t into (26), we have
iw— W’T . o
= M,b: yTo(iw— o11w?), 1 X .
T— =0/ ((n+(@F+£9) Aun)e 4z
2 2 by
f3= ,D((A) +Q ) 2 —{oz+iwt
(Tm(A +21) + P+ teH2)’ +(n+(Z5+¢3))Bi(n)e )
= ol + 20) + P+ )’
(Tm(A +2H) + P+ KeHp) Substituting equations (34), (35) and (36) into equations
2,02 6), (8) and (16), we get
ls=E ) A= (l5—t1—lols), B=lals, (). (8) and (16). we g
mi—3
(29) _ .
General solution of equations (27) and (28) can be found. Ur = — 0/ e Gz L B(n)e @M n2g, (nr)
If we introduce the inversion of the Hankel transform is aziot
defined by: +C(n)ze "% nJo(nr))dn, (37)

¢'(r2.®) =0/ @(n.zw)X(nnndn  (30)

Uz = — 0/{[A(n)zle—flz+iwt _ B(n)zze—fzzﬂwt
Substituting equation (29) into equation (28), we obtain:

1
, &2 - , . +FC(’7)E “HAI N 3o(nr)
- —=)0+AN“—==)p—Bp=0 31
A e —C(me @2y (nnydn,  (38)
By putting f2 = (n? — (;’—222), the indicial equation
governing (31) is: «
. S = Aa(m) 0 [ {~(x3(8. + 1)+ P)(n%h(nr) + T3 (nr))
f*+Af°—B=0 32
* (32) + (138~ )+ P)(&n(nr) — Tn23(nr))
It can be seen that, the facteéf"t 2has been omitted in the — (i) (n+ (@F-+ () ndo(n) e a5 ki
expression fore,y and T, f;, f5 are the roots of the X
](caoqurjnatlon (32). The roots of the equation (32) take the +Bi(n 0/{ 15, +L1)+P)('72-]o('7l’)+g~]1(l7l’))
S vV —A— A2+ 4B + (T8 — 1) +P)(E3nJo(nr) — ;anlmf))
1= ’ )
V2 - & (L+iwTo)(n+ (& +£3))ndo(nr) e 2" %dn
fyo 4 VAT VATHAB (33) 00 [ (538 + 1) + P)sn ()
V2 — (Th(8. — 1)+ P)(Gan?h(nr)) Y 5%, (39)
Putting {7 = n? — f2, Re({j) > 0 andj = 1,2 The the
solution of of the equation (31) is
o(n,2,w) = Au(n)e 4"+ Ba(n)e @ Sz=TyH0 / {A(M)&n®au(nr))e et
which leads to + B(n)Zzanl(r]r))e_QHim
(p(r7z7t) :8/[Al(n)e—512+iwt +C(n)Ze?nJo(nf))e_zsszt}dn, (40)

+By(n)e @1 Jo(nr)ndn (34)

Similarly one can obtain the solution of equation (27)
which leads to

Trr = HeHg 0 / {AL(M) (T 31(nT) = ndo(nr))n?e A1t

§ +Bl(’7)(%31(f]r)—r]\]o(nr))nzef(zzﬂax
w(r,zt) ZO/C(r])e—ZssztJo(nr)f]dr] (35) CmZan?a(nr))e Sy (a1)
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5 Frequency equation

In this section, the frequency equation obtained by
applying the boundary conditions (23) and (24) on
then we get three

equations (36) and (39-41),
homogeneous linear equationsff(n ), B1(n) andC(n):

As(){~(T(8. + 1)+ P)(n?]o(NR) + L1 (1R)

({3~ 1)+ PIENJ(1R) ~ n(1R))

_%(14_ iwTo) (N + (le+£3))n\]0(’7R)
4Xo

+ueH§(%J1(n R)—nJo(nR))n*e
+Ba(M){~ ({0, + 1) +P)(nZo(nR) + LA(TR)

(8.~ 1)+ P)(EN0(R) — 2n*H(1R))

_ZL(l+ iwT0)(N + (45 +¢3))nJo(NR)
4Xe

+ueH§(%J1(n R)—nJ(nR)n*}e
+C(M{(Tm(3: + 1) + P)Zan*H(nR)

—(Tn(8. — 1) + P)(Z3n23(nR) + L3n2Ii(nR) }e %2 = 0,
(42)

Aa(1)(Ean 1 (NR))e 47+ Ba() (&2 1 (nR))e %%+ C(n)¢EnJo(nRe % = 0
(43)

AL(n)(N+(ZF+13))e W+ Bl(r])(n+(522+€3))e*52(z4j)0
Eliminating the constantd,(n), B1(n) andC(n) we

obtain the frequency equation in the form of a third order

determinant as:

D11 D12 Dy3
D21 D22 Doz | =0 (45)
D31 D320

where

D11 = {~(T(8. + W) + P)(n*](NR) + L (1R)
({3~ 1)+ PIENJ(1R) ~ n(1R))

_KL(l+ iwTo)(n + (le—kfs))f]\]o(nR)
4Xe

1 _
+HeHG (51(NR) — nJo(nR)n?pe?

D1z = {~(Tn(8. + ) +P)(n2h(NR) + LA(NR))

(8.~ 1)+ P)(EN0(R) — 2n*H(1R))
v
laXo

1 _
+HHE(SH(NR) — ndo(nR))n?}e 2

(1+iwto)(n + (Z2 + £3))nJo(NR)

D13 = {(T}(8. + ) +P)Zan?H(nR)
~(T(8. — 1) + P)(Z3nH(nR) + Gan®h(nR) e &

Do1 = (n*h(nR)e ™%, Dy =Gn*h(nR)e 2, Das=3ndk(nR)e @,

Da1= (N + ({7 +4s))e Y, Dap=(n+ (L3 +(a))e 2,

The transcendental Eq. (45), in the determinant form, has
complex roots. The real part (Re) gives the velocity of
Rayleigh waves and the imaginary part (Im) gives the
attenuation coefficient due to the desirable nature of the
medium. We discuss this case and special cases in two
models as the following:
(I) LS-model (o = 0,71 > 0,0 = 1) and (ll) GL-model
(to>11>0,0=0).

The discussion is clear from Figs. (1-10), In general
case:
(I) LS-model (to = 0,11 > 0,6 = 1). (Il) GL-model (rp >
T1 > 0,5 = O), To = 2T1.

D33=0.

6 Special cases

i) When, neglecting of rotation, i.€2 =0

(I) LS-model {p=0,71 > 0,0 =1)

(II) GL-model (1o > 11 > 0,6 = 0), Tp = 213.
i) When, neglecting of magnetic field, i.el. = 0

(I) LS-model {p=0,71 > 0,0 =1)

(II) GL-model (1o > 11 > 0,6 = 0), Tp = 213.
iii) When, neglecting of initial stress , i.€.=0

(I) LS-model o =0,71 > 0,0 =1)

(I GL-model (1p > 11 > 0,0 =0), 1 =211
iv) When, neglecting of rotation and magnetic field , i.e.
Q=H=0

(I) LS-model {p=0,71 > 0,6 =1)

(I) GL-model (g > 11 > 0,0 = 0), 1o = 213.

7 Numerical results and discussion

The numerical results for the frequency equation are
computed for the thermoelastic body. Since the frequency
equation is transcendental in nature, there are an infinite
number of roots for the frequency equation. In order to
clarify theoretical results that obtained in the previous
section, we now illustrate some numerical results. The
material chosen for this purpose of Carbon steel, the
physical data for which is given below [28].

p= 2kgm3A=93x10"Nm? y=84x10"Nm?, £=0.34
To= 293k, Tp = (0,211) secC, = 6.4 x 101°JKg tdeg ™,
K= 50Mm Ykt xg =0.321IKg ldegt, (46)
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Fig. 1. Variation of Rayleigh wave velocity (Re) and attenuatiorefticient (Im) for different values of magnetic field, rotati and
initial stress with respect wave number

Using these values, it is found that: 9 Special cases.

He=02, 1,=001, R=2 Case (i): If the rotation is assumed to be zero, in this case
discussed the effect of magnetic field and initial stresh wit
absence of2.

Fig. 3 shows the variation of the Rayleigh wave
8 General case: velocity (Re) and attenuation coefficient (Im) with respect

to the value of the wave numbaer for different values of
magnetic fieldH and initial stres$ for LS-model. It is

Fig. 1 shows the variation of the Rayleigh wave velocity clear that the Rayleigh wave velocity decreases with
(Re) and attenuation coefficient (Im) with respect to theincreasing magnetic field, while it increases with
value of the wave numbew for different values ofQ increasing initial stress, as well the attenuation coeffiti
rotation, magnetic fieldH and initial stressP for increases with increasing magnetic field, while it
LS-model. It is clear that the Rayleigh wave velocity decreases with increasing initial stress.
decreases with increasing rotation, magnetic field and Fig. 4 shows the variation of the Rayleigh wave
initial stress, while attenuation coefficient increasethwi velocity (Re) and attenuation coefficient (Im) with respect
increasing rotation, magnetic field and initial stress. to the value of the wave number for different values of
Fig. 2 shows the variation of the Rayleigh wave magnetic fieldH and initial stres$ for GL-model. It is
velocity (Re) and attenuation coefficient (Im) with respect clear that the Rayleigh wave velocity decreases with

to the value of the wave number for different values of  increasing of magnetic field and initial stress, while the
Q rotation, magnetic fieldH and initial stressP for attenuation coefficient increases with increasing magneti

GL-model. It is clear that the Rayleigh wave velocity field, while it decreases with increasing of initial stress.
decreases with increasing rotation, magnetic field andCase (ii): If the magnetic field is assumed to be zero, in
initial stress, while attenuation coefficient increasethwi this case discussed the effect of rotation and initial stres
increasing rotation, magnetic field and initial stress. with absence oH.
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respect wave numbe.

w e
20473 +++++++
O = 09xXT0 o
2 T Q=05x10° |3 =
g v G 152 +++++*** Q=09x10°
g 000060@0 Q-0ix10° |3 " Q=05x10°
g de+2) ++ 8 1e+234
g T, 5 00000000 Q=0.1x10°
= *, i +++
[+)) e+ ++Jr 3 [N, .0 + o
[ iy 5 *
> +++ =]
+ < | P
g s i, LAY 04 06 08 i
* w
02 [T} " 06 0w o1 ] P ++++++
T 1M =09 X S
"+
%- Ae+23] +++++++++ . 1e+24 I;I ﬂ@+§ <10"
(] Q Bet23] 4+
S e +++++-+-+J'++Jr H=09x 10" 5 Ko
9 g 00000008" £/ =0.1x10"
o Hs =) 5 x10" £ wm o w0
-3e+23: +
g E’ o]
< 00000000 'L, ] +
% 4013 H=0. 1><16 ", 2 _— ey
> St ++++ E
& 8 LAy 04 05 Y] 1
< w
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respect wave numbeo.
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Fig. 5 shows the variation of the Rayleigh wave that the Rayleigh wave velocity decreases with increasing
velocity (Re) and attenuation coefficient (Im) with respectrotation and magnetic field, while the attenuation
to the value of the wave number for different values of  coefficient increases with increasing rotation and
Q rotation and initial stres® for LS-model. It is clear magnetic field.
that the Rayleigh wave velocity increases with increasingCase (iv): If the rotation and magnetic field both assumed
rotation, while the attenuation coefficient decreases withto be zero, in this case discussed the effect of initial stres
increasing initial stress. with absence 02 =H =0.

Fig. 6 shows the variation of the Rayleigh wave Fig. 9 shows the variation of the Rayleigh wave
velocity (Re) and attenuation coefficient (Im) with respect velocity (Re) and attenuation coefficient (Im) with respect
to the value of the wave numbaer for different values of  to the value of the wave number for different values of
Q rotation and initial stres® for GL-model. It is clear initial stressP for LS-model. It is clear that the Rayleigh
that the Rayleigh wave velocity decreases with increasingvave velocity increases with increasing initial stress,
rotation, while it increases and decreases with increasingvhile the attenuation coefficient decreases with
of initial stress, as well the attenuation coefficient increasing initial stress.
decreases with increasing rotation and initial stress. Fig. 10 shows the variation of the Rayleigh wave

Case (iii): If the initial stress is assumed to be zero, in velocity (Re) and attenuation coefficient (Im) with respect

this case discussed the effect of magnetic field and rotatiofP the value of the wave numbew for different values
with absence oP. initial stressP for GL-model. It is clear that the Rayleigh

Fig. 7 shows the variation of the Rayleigh wave wave velocity increases with increasing initial stress,
' while the attenuation coefficient decreases with

velocity (Re) and attenuation coefficient (Im) with respect . : -
to the value of the wave number for different values of ~ M¢"€2siNg of initial stress.
Q rotation and magnetic field for LS-model. It is clear

that the Rayleigh wave velocity decreases with increasing

rotation and magnetic field, while the attenuation 10 Perspective
coefficient increases with increasing rotation and

magnetic field. The method which is used in the present article is
Fig. 8 shows the variation of the Rayleigh wave applicable to a wide range of problems in
velocity (Re) and attenuation coefficient (Im) with respect magneto-thermo elasticity with voids. The presence of
to the value of the wave number for different values of magnetic field, rotation and initial stress play a significan
Q rotation and magnetic field for GL-model. Itis clear  role in all the physical quantities. Deformation of a body
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depends on the nature of forced applied as well as th¢l5]F. S. Bayones and N. S. Hussien (2015) An Analytical
type of boundary conditions. Study of the phenomenon of ~ Solution for Effect of Rotation and Magnetic Field
rotation, magnetic field and initial stress are also used to on the Composite Infinite Cylinder in Non-Homogeneity
improve the conditions of oil extractions.Finally, if the  Viscoelastic Media, Appl. Math. Inf. Sci. 9, 1-8.

magnetic field, rotation and initial stress are neglected[16] F.S. Bayones and N.S. Hussien (2015) Fibre-Reinforced

the relevant results obtained are deduced to the results Generalized Thermoelastic Medium Subjected to Gravity
obtained by [1]. Field, Journal of Modern Physics, 6, 1113-1134.

[17] F. S. Bayones (2015) Effect of Rotation and Initial Matio
Field in Fibre-Reinforced Anisotropic Elastic Media, Ajgul
Mathematics, 6, 877- 898.
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