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The present paper deals with thermal behaviour analysis of an axisymmetric functionally graded
thermosensitive hollow cylinder. The system of coordinates are expressed in cylindrical-polar form. The heat
conduction equation is of time-fractional order 0 < <2 , subjected to the effect of internal heat generation.

Convective boundary conditions are applied to inner and outer curved surfaces whereas heat dissipates following
Newton’s law of cooling. The lower surface is subjected to heat flux, whereas the upper surface is thermally
insulated. Kirchhoff’s transformation is used to remove the nonlinearity of the heat equation and further it is
solved to find temperature and associated stresses by applying integral transformation method. For numerical
analysis a ceramic-metal-based functionally graded material is considered and the obtained results of temperature
distribution and associated stresses are presented graphically.

Key words: time fractional, thick hollow cylinder, thermal stresses, internal heat generation, FGMs, thermosenstive.
1. Introduction

Fractional thermoelasticity involves the heat conduction equation of fractional order and the
differential operator shows memory effects. At present, the theory of fractional calculus have wide
applications in applied engineering and sciences like robotics, bioengineering, geology, etc. First in 2005,
Povstenko [1] introduced the heat conduction equation of fractional order and described corresponding
thermal stresses. Then after he developed and modify various new models based on the fraction theory of
thermoelasticity as reflected in [2, 3, 4, 5, 6]. Thermosensitive bodies are those homogeneous or piecewise-
homogeneous bodies whose thermo-physical characteristics are temperature dependent. Popovich et al. [7, 8,
9, 10, 11, 12] studied numerical-analytical solutions of various thermoelastic problems with non-steady heat-
conduction in homogeneous thermosensitive bodies. All these bodies were subjected to prescribed
temperature or heat flux on the boundaries which were completely linearized by using the Kirchhoff variable
transformation technique.

Functionally graded materials (FGMs) are materials having compositions of a microstructure, or
porosity across the volume of the material. Also this materials are adaptable as heat-resistant materials and have
attractive application in furnace lines, space structures, fusion reactors and electronics component packaging.
FGMs are new versions of composite materials that are microscopically inhomogeneous in unique
characterization. Guo and Noda [13] determined the thermal stresses for a thin FGM cylindrical shell with
effect of thermal shock. Cheng and Batra [14, 15] established an exact deflection relationship between different
functionally graded plate theories and that of an equivalent homogenous Kirchhoff plate. Other related studies
by assuming cylindrical bodies with different boundary conditions are described in [16, 17, 18, 19, 20, 21, 22].

During solidification or sublimation or melting most thermally sensitive materials release significant
amounts of energy. Also, during the heating process these materials absorb energy and transfer energy to the
environment in the cooling process. Therefore, an analysis of time fractional thermo-sensitivity is very
important in various cylindrical structures which are made of FGMs. Recently, Thakare and Warbhe [23]
studied the time fractional order thermoelastic problem of a thermally sensitive functionally graded thick
hollow cylinder with the effect of internal heat source. Thakre et al. [24] solved a two dimensional
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thermoelastic problem and determined temperature and associated stresses for a non-homogeneous thick
hollow cylinder within the context of fractional order theory.

The article presented here is related to the extension of our own work [23, 24] by assuming the time
fractional governing temperature and spatial variable dependent heat conduction problem for a thick
functionally graded hollow cylinder with an internal heat source (geometry as shown in Fig.1). Except
Poisson’s ratio all the material properties are considered to be dependent on both temperature and spatial
variable z. The heat conduction equation is solved by using integral transformation and by introducing
Kirchhoff’s variable transformation. The solution is obtained in the form of Bessel’s and trigonometric
functions.

2. Formulation of the problem

A functionally graded axisymmetric thermosensitive thick hollow cylinder is considered with
internal heat generation of radius varying from r=a to » =54 and thickness from z=0toz =%, occupying

12
the spaceD:{(x,y,z)e R*:0<z<hand as(xz +y2)1/2 Sb} where rz(xz +y2)

The above thermoelastic problem is framed mathematically for a nonlocal Caputo type time
fractional heat conduction equation of orderain case of FG thick hollow cylinder. The expression for
Caputo type fractional derivative of function f'(¢)is given as [6]

t

d*f(_ 1 IU_Tyﬂkjdﬁfm)dT
dt*  T(n-o) av

t>0,n-1<0<n, (2.1)
0

with the following Laplace transform rule, where Caputo derivative needs the initial values of the function
f(¢) and its corresponding integral derivatives of order k=1, 2,3,...,n—1

L{d“fa)
dt®

n—1
}zsaL{f(s)}—Zf(k)(0+)s°°_1_k, n-l<o<n, (2.2)

k=0
in which s is the transform parameter and 7 is a positive integer.
2.1. Governing equation of temperature distribution function with boundaries

The time fractional governing temperature and spatial variable dependent heat conduction problem
for a thick functionally graded hollow cylinder with an internal heat source is represented as

ii( k(z.T) a—TJ n i(k(z, T)a—T) +
or 0z

ror oz
(2.3)
0°T
+0p8(r —1y)8(z—2,)8(1) = C(Z,T)at—a,
subjected to corresponding initial and boundary condition as
oT
k(ZaT)a__£1(T_7b) =0,;08(z—2))8(t); 0<z<h, >0, 2.4
r =a
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(k z,T) —+82(T TO)) =0,8(z-z2))8(¢); 0<z<h, >0, (2.5)
r=b
(k(z T) —) =0,08(r—r))8(t); as<r<b, >0, (2.6)
=0
( J as<r<b, t>0, 2.7)
=h
T=T,, at (=0, 0<a<2, 2.8)
aa—fzo, at 1=0, I<a<?2 (2.9)

where, T (r,z,t) refers to temperature distribution at any time ¢, T, denotes the surrounding medium
temperature, at (r =7),z=2z,) the expression 0)d(r—r,)3(z—2z,)3(¢) denotes the instantaneous point heat
source of strength (J, .Further O, 5(2—20)8(t) is the heat of the strength Q; at the point (r =a, z =Zo)
and Q,8(r—7,)d(¢) is the heat of the strength Q, at(r=b, z=z,) and (r=r),z=0), respectively,
k(Z,T ) represents the thermal conductivity and c(Z,T ) denotes specific heat capacity for the thick hollow

cylinder, further €;, €, denote the coefficient of heat transfer.

2.2. Thermal stresses and displacements expressions

Following Hata [25], the expression for strain-displacement and condition of equilibrium of the thick
hollow cylinder is as follows

Ju u ow 1(ou ow
o2t 2o, _Lfou owy 2.10
Crr or %00 X 0z (82 arj (210
a6rr + ao-rz + G, —Ogp — 0’ (21 1)
or oz r
99, , 99 , % _, 2.12)

or oz r

here u and w denote the displacement components along the radial and axial directions, respectively.
In the case of temperature dependent material properties the relationship between stress and strain
functions are given as

6, =2G, P e + L zPe®T e—(SKOZBemT +2uozBemT)ocozBexT T, (2.13)

oo = 2G, 2Pe®T gy + 1 2Pe®T e—(37uozﬁemT +2uozBemT)OLOZBeXT T, (2.14)
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0, =2G, P e +7L02f’emT e—(37uozﬁemT +2uozﬁemr)ocozﬁeﬂ T, (2.15)
6,.=2G,zP® e, | (2.16)

here, e=(err + egg +ezz) and e,., €gg,€,, denote the strain components, G, Pe®T stands for the shear

modulus, uozBemT and kozﬁe‘” are the Lame’s constants and the thermal expansion coefficient is
represented by o, zPe*” .

On substituting Eqs (2.13)-(2.16) in (2.11) and (2.12), the required equilibrium equations of
displacements is

> u _oudl Ay (ae aTj 0’w (au awj( oT B)
Au——+B——+ —+ED— |+ =+ — || —+T |+
r or ar  2Gyu, \ or or) drdz \dz or oz z @.17)

zBeXTa—T(GST+T+1) =0,
or

> 0%u [8u an( oT 1] ow koe[ oT Bj
Awt—F|—t+— | O—+— |+ | —+— || D—+— |+
drdz \dz or o r iz oz z

(2.18)
Ay %—OLO ﬂ+l zBeXTa—T(DT=0
where V7 is given by
2 2
y2o9 19 9" (2.19)

o ror oz2

Using the thermoelastic Goodier's displacement potential ¢ as well as Boussinesq harmonic functions ¢and
v with no body forces in cylindrical coordinates the solution of Eqs (2.13)-(2.16) is as follows

u=20,90, 0V

2.20
or or or’ (2.20)
do  dp oy
B Y (3.4 2.21

v BZ+BZ+ZBZ ( V)W 2.2)
where
Ve=K(T-T,), V?¢=0, and V’y=0. (2.22)

The coefficient of restraint is
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1
K(z, t)=< +v)0cozBexT.

(1)

For the sake of brevity, we take
—J’(q>+zw)dz=M. (2.23)

Now substituting Eq.(2.23) in (2.20) and (2.21), the harmonic functions ¢ and y are expressed in terms of
Michell’s function M as

2
_9p_ oM (2.24)
or Jroz
_99 o’M
2(1-v)V°M - 2.25
aZ " ( V) aZZ ( )
where
VV’M =0. (2.26)
Further, the resultant stresses are obtained by substituting (2.24)-(2.25) in (2.13) to (2.16) as
2
G,,zzﬁemT 2Gy— J a(p 9°M +
Yor| or  oraz
(2.27)
+hy {v?m (]—ZV)ai(VZM)} — (3%, +2u0)0cozﬁexTT},
Iz
2
000 =% { ’ {ar ooz |
(2.28)
+A {V2(p+(]—2v)ai(V2M)} ~(3n, +2u(z))aozBeXTT},
Iz
2
o, =21 2G, — J 8(p+2( )VZM—a M1,
P9\ oz oz’
(2.29)

+Ag [Vch+(]—2v)ai(V2M)} — (3% + 21 oy zPer” T},
4

2 2
6, =27 G, 9|99 dM | 9d)de, +(1- 2v)V2M—a M (2.30)
Jz| or dJrdz | orl| oz oz

Further, in traction free surface the following stress functions satisfy
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(2.31)

Modeling of the functionally graded thermal sensitive hollow cylinder problem in the context of fractional
theory with internal heat is presented above.

e

/

W

X

Fig.1. Geometry of the nonhomogeneous hollow cylinder.
3. Solution of the problem
3.1. Solution of the heat conduction problem
Following Noda [26], we have
k(z,T)=zﬁk(T), c(z,T)=sz(T). (3.1)

Further, following Popovych et al. [3, 4, 5, 10, 13, 17] by introducing the Kirchhoff’s variable

T
@:jk(z,T)dT. (3.2)
Ty

Next, the material is considered with simple thermal nonlinearity

C(T)/k(T)=1. (3.3)
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By taking account of Eqs (3.1), (3.2) and (3.3), Eq.(2.3) is rewritten as

2 2 o
(a @+la_®J+i;—2®+Q08(r—r0)8(2—20)6(t)=a (e)
Z

ol ror

Corresponding boundary and initial conditions are

(%_Q_SIGJ :QIS(Z_Z())S(t); OSZSh, t>0,
r =a
00
_+£2® —QIS(Z_Z())E(t), 0<Z<h, t>0,
or r=b
(a_@) =0,8(r—1)8(1);  asr<b, (>0,
iz
z=0
(8_@)) =0; a<r<b,t>0,
Z lz=h
®=0, at =0, 0O<oa<2,
a—620, at t=0, I<o<2.
ot

Applying the Laplace transform to Eq.(3.4) and using boundary conditions (3.9)-(3.10), one obtains

2 \* % 2
(8 © +]88 J+a G; +Q05(r—r0)8(z—zo)=sa®*.

or’ r or 0z

Corresponding boundary and initial conditions are,

=0,8(z—z)), 0<z<h, >0,

=Q18(z—z()), 0<z<h, t>0,

=0,08(r—r)), as<r<b, t>0,

or*

(3.4)

(3.5)

(3.6)

3.7)

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)
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=0, a<r<b, t>0. (3.15)

z=h

=

Further, using the transform by Al-Hajri and Kalla [27] to solve Eq.(3.11) over the variable r, using
transformed boundary condition (3.12) and (3.13) as

where

in which

— 9’0
+Q0r0M(ano)ﬁ(z—zo):saé*,
90
{ BZJ =0, M(q,r), a<r<b, >0, 3.17)
z=0
[a(aJ —0. a<r<b, t>0 (3.18)
oz
z=h

M (q,7)=]B(g,a,—¢;)+B(4,b.€;) |y (a,7) -] A(q,a.—&;) + B(q,b.e;) | ¥, (4,7).

A(an’en])zenl J() (an)+qn‘](,)(an); n; =152’ 7'=Cl,b,

B(an,snl)zenlYo(an)+an0'(an); n =12, r=a,b

where the Bessel’s functions of first and second kind are denoted by J, andY, and g,, is the ‘+’ roots of the

following transcendental equation

B(q,a,—¢€;)x A(q,a,e,)— A(q,a,—€;)xB(g,a,e,)=0.

Next, using the finite Fourier cosine transform to (3.16) over the variable zunder transformed boundary
(3.17) and (3.18), one obtains

(bSZM(qnb)QI —asIM(qna)QI)x/Z/ﬂ;cos(mnzo /h)e* (Zo)+Q2r0M(an0)+

Here

e (3.19)
~0p 1y M (g7 N2/ meos(mmz, | )8 (z5) = (g} +0.2)0 +5%O .
0 z,<0,
0 (z)= (3.20)

1 zp 20.
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Now, taking inversion of the Laplace transform of Eq.(3.19), one obtain

3zl‘OL_IE(X,OL (_(qrf +0Lr2n)ta){(b82M(qnb)Q1 +
—ag;M(q,a)0;)N2/ meos(mnz, /h)0"(zy)+ (3.21)
+051yM (1)) = Oy 1y M (1) )N 2/ meos (mmz, 1 1)6 (2, )}

Next, on applying inversion of the Fourier-cosine transform on Eq.(3.21), one obtain

© :é{ (7 By o (g7 + 0% { (bE2M (9,6) 0 +
—ag;M(q,a)0;)N2/ mcos(mmnz, /1) (zp)+
QM (,1) = O 1y M (4,7 N2 T mcos(mmzy / )67 (25)}}

m=0

. (3.22)
+Z{z°‘"Ea7a (—(q,f + (xfn)t“){(bezM(qnb)Q, +

m=1
—aeIM(qna)Ql)\/Z/ncos(mnzo /h)e* (z9)+OoryM (q,1p) +
-0y 1y M (q,1))N2/ mcos(mnz, /h)e* (zy )}Xcos(mnz/h)}.

Further using inverse of the transform derived by Al-Hajri and Kalla [27] on the above Eq.(3.22), one obtain

ezzg{ﬂ—’E o (~(an + o) J{(be,M (q,0) 0 +

n=1

—ag,M(q,a) 0, )2/ mcos(mmz, / h)6 (z,)+

Q1M (,) = O 1y M (4,1 N2 T cos (mrzy 1 )67 (z9)}}  +

m=0

S (0 (0000

m=I

—ag;M (gq,a)Q;)N2/mcos(mnz, /1) (zp)+
+0,1yM (q,1y) — Oy 1y M (g,7y )N 2/ mcos(mnz, /h)e* (z, )}Xcos(mnz/h)}x

(3.23)

X{M(an)[B(qnaa—81)+3(qnba82)]~’o (4, 7)+

i
M(q,)

I:A(qna’_el)+‘4(qnb’g2 )JYO (qn r)}:l

where

0, m#n.
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On reverse variable transformation from © to 7, the equation of temperature distribution (3.23) becomes

T=T, +i(e“”0 )[(I—ZB)(kmo —kco)+kc0r [é{t“_]Ea’a (~(a7 + 02 ™)
n=1

x{(be,M (q,b) 0, —ag,M (q,a)0;) X2/ meos(mnzy | )6 () + QoryM (g,7) +

=0y 1y M (g, N2 T meos(mmz | )6 ()} +

+i{t‘HEa,a (—(q,f +oc,f1)t°‘){(bezM(qnb)Q1 +
m=1

3.24
—ag;M (q,a)0;)N2/ mcos(mmnz, /) (25)+Os1yM (q,1) + (324

~0y 1y M (g, N2 meos(mmz, | 0" (zy)} x cos(mnz / h)}x

1
X{W[B(qna,—sz)+B(qnb,52)}J0 (g, 7)+

3 1
M(q,)

[A(qlia’_el)-i- A(qnb’82 ):|Y;) (qn r)}j|

4. Thermoelastic equations

The solution of thermoelastic Goodier’s potential displacement function obtained by using Eq.(3.24)
in Eq.(2.22) as

o=a, E]+v)>< (I+cos(m7‘cz/h))zBeXT .

u(z)(—q,f (1+cos(mnz/ h))/ u(z))+[(1+ cos(mnz/ h))/u(z)]

S (A

1 xT, +i(e‘m” )[(]—ZB)(kmO —keg) +
n=1 n=1

+k00:|_1 ‘{i{é{ Za_]Ea,a(_(qj + o)t {( e, M (9,0) 0 —ag;M (¢,a)0)) )X

m=I

x\[2 1 meos(mmzy | h)O" (zp)+QryM (q,1p ) + 4.1)

-0, roM(ano)mcos(mnzo /h)G* (zy )}} +

m=0

S (i (0000

m=]
—asIM(qna)Q])x/2/1tcos(m1tzo /h)e* (z9)+ O, M (q,1y) +

~Qp 1y M (q,p)N2/ mcos(mmz, / h)6 (2, )}Xcos(mnz / h)}x



N.K.Lamba 117

x{ / [B(qna,—81)+3(qnba<°«2)}]0 (q,7)+

M (q,)
(cont.4.1)
1
-— 4 ,—€;)+A(q,b, Y, (g, .
M(q,,)[ (qna 81) (6] 82):| O(q r)}]]
Let the Michell’s function as given below satisfy the condition governed by Eq.(2.26)
M=% cosQ2) Wit"Ey s (W) Co Ty (447)+ Dy 7Y (4,7)] 4.2)

n=Im=I

where C,, and D,, are constants.
Next, on substitution Eqs (4.1) and (4.2) in (2.24)-(2.25) the displacement components are obtained as

N N a 1 n n—
u =ZZ{8—T—(Qsm(Qz)) VIt E o (W)X

n=1m=1 (43)
X[Cpp 1 (4, 7)+ Dy 0, 7Y (4,7) = Dy Yy (q,7)] ],
w= ZZ{ +2(1=v)(cos(Q2)) Wit" "Ey s (W 1) X
n=1m=1
X[—Cm a, Jo(q,7)+D,, K)(W)F—anﬂ+ (4.4)
r

+(1=29)[ Q7 005 Qz |Wit" ) (1 X[ C g (4,7) 4 Doy 7Y (a,7) ]}

The stress components from (2.27)-(2.30) for both the homogeneous and non-homogeneous case can be
obtained using (4.3)-(4.4) by setting (B =O=y= 0) and (B O #Y# 0) , respectively. Also, the values of

constant are calculated by using traction free boundaries. Mathematica is utilized for all numerical
computations.

5. Numerical calculations

For the purpose of numerical analysis alumina is set as the ceramic and nickel as metal to form
functionally graded metal-ceramic base is considered.
Where non-dimensional variables are as:

=L o=l qeE ok el UM o Umvw
Ty a a a (I+v)oyTya (I+v)oyTya
* Sy 666* __ Se0 *__ O *__ Op

TGl OF T Gol, F T GoT
0 Qo Ly 0 Qo Ly 0 Qg Ly
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The dimensions used during the numerical calculation are as follows: inner radius of a cylindera=1Icm,

outer radius of a cylinderb=2cm , h=1cm ,T,=320° K .

The other related values are as taken:
For Alumina (Ceramic):
thermal conductivity £ =0.282 W / cmK ,

specific heat capacity C=0.78 J / gK ,
shear modulus G =12.4x10° N /cm?’ ,

coefficient of linear thermal expansion ot =5.4x/ 0° /K,
Poisson’s ratio v=10.23.

For Nickel (Metal):

thermal conductivity £ =0.901 W / cmK ,

specific heat capacity C=0.44 J / gK ,
shear modulus G=7.6x10° N /cm’ R

coefficient of linear thermal expansion o= 174X 1 0° /K,
Poisson’s ratio v=0.31.

5.1. Analysis of numerical results

MATEMATICA software is used for the purpose of numerical analysis of temperature distribution,
radial stress distribution, tangential stress distribution, axial stress and shear stress distribution for different
values of the fractional-order parameter o0 =0.5, =1, aa=1.5, =2 (depicting weak, normal and strong

conductivity) for the case of the functionally graded thermosensitive hollow cylinder.

T
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" b
1" L
RSN

¢

Fig.2a. Dimensionless temperature distribution function along the axial direction in the homogeneous cylinder.

Figures 2a and 2b present the distribution of dimensionless temperature 7' ) along the dimensionless
axial direction {in both homogeneous and non-homogeneous cylinder for different values of the fractional

order parameter o by fixing n=1.5. It is observed that due to prescribed varying heat source at the lower

surface, the same temperature is noted in both the homogeneous and non-homogeneous cases. Further, the
temperature distribution slowly decreases towards the upper surface by somehow showing sinusoidal type
behavior in the non-homogenous case. Also, it is observed that the speed of thermal signals propagation vary
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directly proportional to the values of the fractional-order parameter o in both the cases. For non-homogeneous
case the magnitude of temperature distribution is found low as compared to the homogeneous case.
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Fig.2b. Dimensionless temperature distribution function along the axial direction in the non-homogeneous cylinder.
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Fig.3b. Dimensionless radial stress distribution along the axial direction in the non-homogeneous cylinder.
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Figures 3a and 3b present the distribution of dimensionless radial stress Grr* along the dimensionless
axial direction {in both the homogeneous and non-homogeneous cylinder for different values of the fractional
order parameter o by fixingmn =1.5. It is observed that stress distribution gradually increases on going from

the lower to the upper surface for different fraction parameters in both the homogeneous and non-homogeneous
cases. Also the effect of varying heat source on the curved surface can be noted here. Further, stress distribution
slowly decreases towards the upper surface and the impact of stress propagation is found varying inversely
proportional to the different values of the fractional-order parameter o in both the cases.
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. TN = [ ek
PR e o e T e 27
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: : e =
-10 :. . . . . . ]

Fig.4b. Dimensionless tangential stress distribution along the axial direction in the non-homogeneous cylinder.

Figures 4a and 4b present the distribution of dimensionless tangential stress Gee* along the
dimensionless axial direction { in both the homogeneous and non-homogeneous cylinder for different values
of the fractional order parameter o by fixingn=1/,.5. For the homogeneous case, the radial stress

distribution shows compressive behavior while in the non-homogeneous case the radial stress has a
sinusoidal nature throughout the thickness. The magnitude of stress is found to be decreasing in between the
upper and lower surface for different values of the fractional parameter.
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Fig.5a. Dimensionless axial stress distribution along the axial direction in the homogeneous cylinder.
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Fig.5b. Dimensionless axial stress distribution along the axial direction in the non-homogeneous cylinder.
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Fig.6a. Dimensionless shear stress distribution along the axial direction in the homogeneous cylinder.
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Fig.6b. Dimensionless shear stress distribution along the axial direction in the non-homogeneous cylinder.

Figures 5a and 5b present the distribution of dimensionless axial stress GZZ* along the dimensionless

axial direction { in both the homogeneous and non-homogeneous cylinder for different values of the
fractional order parameter o by fixingn =1/.5. From the plotting it is noted that for both the homogeneous

and non-homogeneous cases the nature of the graph is sinusoidal. Also, stress behavior is compressive in the
homogeneous case throughout the functionally graded cylinder. Its magnitude increases towards the central
region and starts decreasing towards the upper surface. In the non-homogeneous case stresses are
compressive in the range 0<{<0.65 and tensile in the range 0.65 <{ < I . Further, mathematical boundary

condition defined in Eq.(3.31) completely matches the above graphical plotting.
Figures 6a and 6b present the distribution of dimensionless shear stress o, Z* along the dimensionless

axial direction { in both the homogeneous and non-homogeneous cylinder for different values of the
fractional order parameter o by fixingn=1.5. The plotting shows sinusoidal type behavior in both the
homogeneous and non-homogeneous cases. Also, the magnitude of stress distribution is found more in the
non-homogeneous case as compared to the homogeneous case. Further, the different values of the fractional
parameter significantly affect the variation of stresses on going from the lower to the upper surface.

6. Conclusion

In the article, a thermoelastic problem of a thick hollow cylinder under time-fractional order heat
conduction equation is studied under the influence of thermosensitive material properties. The integral
transform method is applied to analyze the thermal behavior of the cylinder with internal heat generation
subjected to convection boundaries on the curved surface as well as heat flux at the lower surface. All
material properties except Poisson’s ratio were assumed to depend on both temperature and axial direction.
For the numerical analysis thermo-mechanical properties of alumina and nickel at room temperature were
utilized for both the homogeneous and non-homogeneous case. From the numerical analysis for the
functionally graded thermosensitive thick hollow cylinder it is concluded that the speed of wave propagation
is influenced by taking different values of the fractional parameter o in the both homogeneous and non-
homogeneous cases as shown in Figs 2-6. Convection type boundary condition following Newton’s law of
cooling on curved surfaces and heat flux at the lower surface also affect the flow of temperature and stresses
distribution on moving from the lower to the upper surface. Hence, all the above discussed factors can be
useful for designing new materials and is applicable to real life situations. Hence we say that the functionally
graded thermosensitive thick hollow cylinder with internal heat generation in the context of fractional order
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theory approach predicts very useful structural effect on design of different models in engineering and
applied sciences. Hence, we conclude that the above study is useful for the design of new materials.
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Nomenclature

c(z,T) - specific heat capacity

€., €gg-€,; — strain components

Gy 2Pe®T  — shear modulus
k(z,T) - thermal conductivity
M — Michell’s function
T(r,z,t) —temperature distribution at any time ¢

T — surrounding medium temperature

u —displacement components along radial direction
w —displacement components along axial direction
a —inner radius of cylinder
r=b - outer radius of cylinder

z —thickness of cylinder

o —time-fractional order derivative

oc(,zBexT — thermal expansion coefficient

€;, €, — coefficients of heat transfer
ApzPe®T  — Lame’s constant

WLyz e — Lame’s constant
¢ — Goodier's displacement potential

¢, v — Boussinesq harmonic functions
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