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1. Introduction 

Generalized thermoelastic models have been developed with 
the aim of eliminating the contradiction in the infinite velocity of 
heat propagation inherent in the classical dynamical coupled 
thermoelasticity theory [1]. In these generalized models, the basic 
equations include thermal relaxation times and they are of 
hyperbolic type [2-5]. Furthermore, Tzou [6-8] established the 
dual-phase-lag heat conduction theory by including two different 
phase-delays correlating with the heat flow and temperature 
gradient. Chandrasekharaiah [9] introduced a generalized model 
improved from the heat conduction model established by Tzou [7, 
8]. For details about the physical significance of these models, see, 
for example [9-19]. As applications of thermoelasticity, Banerjee 
et al. [20] studied thermoelastic instability in lubricated sliding 
between solid surfaces. Also, in [21] Wong et al investigated the 
residual stress measurement by means of the thermoelastic effect. 
Furthermore, some studies related to a thick walled structure were 
investigated by Nejad and others [22-26].  

Recently, Chiriţă et al. [27, 28] investigated the high-order and 
time differential dual-phase-lag thermoelastic models for 
deformable conductors. Abouelregal [29] derived  new modified 
models of generalized thermoelasticity. More recently, 
Abouelregal et al.  studied generalized thermoelastic-diffusion 
model with higher-order fractional time-derivatives and four-
phase-lags in [30].  

——— 
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This paper is devoted to introduce a novel generalized model of 
higher order derivatives heat conduction and two phase-lags 
extending Tzou [8]. In this model, the Fourier law of heat 
conduction is replaced using Taylor series expansions introducing1 
two different phase lags for the heat flux vector and the 
temperature gradient and keeping the terms up with suitable higher 
orders.  

Based on this model, we have discussed the thermoelastic 
responses in an isotropic rotating hollow cylinder with constant 
angular velocity. We used the Laplace transform method to obtain 
the analytic solutions. The solutions for the field variables are 
obtained numerically using the numerical Laplace inversion 
technique. Finally, the results are analyzed in different tables and 
graphs. Furthermore, the results obtained are verified with those in 
previous literature. 

2. Thermoelastic model with two-phase-lags of high-order 
(HDPL- Model) 

W We know that, the classical Fourier’s law [10, 11] which is 
given by 

                     ( , ) ( , )q x t K x t  


. (1) 
Here, ( , )q x t


is the heat flux vector,

 
0T T    denotes the 

varying temperature; T is the absolute temperature above the 
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reference temperature 0T  and K  denotes the thermal 
conductivity. 

Cattaneo and Vernotte [31, 32] has suggested a thermal wave 
model with a single phase q of the heat flux as:  

( , ) ( , )qq x t K x t    


 (2) 
 

Recently, Tzou [6-8] has proposed a dual-phase-lag model in 
the following form: 

( , ) ( , )qq x t K x t       


  (3) 

where  is the phase lag of the temperature gradient. This 
modification aim to study the effect of microstructural interactions 
along with the fast transient effects  

Dealing in particular with complex biological systems 
involving several energy carriers, special thermal lagging 
phenomena have to be taken into account, which further raises the 
differential orders of the mixed-derivative and the time derivative 
in the dual-phase-lag equation. Therefore, we introduce a new 
model that obtained by expanding Eq. (3) in terms of Taylor’s 
series with respect to time and keeping the terms up to specific 
orders in q  and  of a heat conduction without energy 
dissipation that includes higher time differential and two phase-
lags: 

  
1 1

1 1 .
! !

k kk km n
q

k k
k k

q K
k kt t


 


 

    
           
 


  (4) 

The energy balance equation without heat source is given by 
[10, 11] 

 0 ,EC T div u div q
t t


 
 

  
 

 
 (5) 

Where  3 2 t     denotes the stress temperature 

modulus, in which t  means the thermal expansion coefficient, 
,   are Lamé’s constants, EC represents the specific heat at 

constant strain, u


 is the displacement vector,  is the density of 
the medium. 

Consequently, from Eqs. (4) and (5), we get 

 0
1

2

1

1
!

1
!

k km
q

Ek
k

k kn

k
k

C T div u
k t tt

K
k t


  








              
 

    







 
(6) 

This equation define a novel generalized model of higher order 
derivatives heat conduction and we denoted by HDPL – model.  
Furthermore, from which we derived special cases, as limited 
cases, for different sets of values of phase-lags q  and  as 
follows: 

 The classical thermoelasticity theory (CTE) [1] is given when 
0q    ,  

 Lord-Shulman theory of thermoelasticity (LS) [2] is obtained 
when 0, 0q    , and 1m  . 

 The generalized theory with  phase-lags (DPL) [8] theory is 
given by setting 0q    , and 2, 1m n   . 

Finally, the additional basic equations of motion for a 
homogeneous and isotropic thermoelastic solid are 

 2ij ij ij kke e          (7) 

 , ,2 ,ij j i i je u u   (8) 

 ,ij i i iF u    , (9) 
where iF is the component of the external body forces. 

3. Application of HDPL Model.  

    In this section, we apply our modified model to a homogeneous 
thermo-homogeneous solid that occupies an infinitely long hollow 
circular cylinder region for an inner radius a and an outer radius 
b . Also, we consider that the cylinder rotates uniformly with 
angular velocity n  

 
, where n


 is a unit vector representing 

the direction of the axis of rotation. We shall use the cylindrical 
system of coordinates ( , , )r z  with the z-axis that coincides with 
the cylinder axis (see Figure 1).  

 
Figure 1. Schematic diagram for the infinitely hollow cylinder. 

Assuming that the initial state of the medium is quiescent and 
that the outer surface of the cylinder is traction free and subjected 
to a harmonic varying heat, while the inner surface is thermally 
insulated and also traction free.  Due to radial symmetry of the 
problem, all the considered fields are functions of r and t only. 
Hence the components of u


 has the form 

( , ), 0, 0r zu u r t u u   . 

Also, the strain components become  

, , 0rr zz r rz z
u ue e e e e e
r r  


     


  (10) 

The cubic dilatation e  has the form 

1 ( )u u rue
r r r r
 

  
 

 (11) 

The radial stress rr  and hoop stress   given in Eq. (7) are 
obtained by 
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2

2

rr
u u u
r r r

u u u
r r r

    

    

        
      

 (12) 

In view of Eq. (9), the equation of motion in the absence of 
external body forces and in the presence of rotation take the form 
[33-35] 

 

  
2

2

1rr
rr

rr

r r
u u u

t


 

 




 


           

   
 (13) 

If the rotation vector (0,0, )  


, then we get 

   2

rr
u u u          

     (14) 

From which together with Eqs. (12), the motion equation (13) 
becomes 

 
2

2
22 u u u u

r r r r t


    
                  

 (15) 

     In view of Eq. (6), the modified equation of heat conduction 
with higher-order time-derivatives and phase lags can be written 
as  

0
1

2

1

1
!

1 .
!

k km
q

Ek
k

k kn

k
k

eC T
k t tt

K
k t


 
 








              
 

    




 (16) 

To solve the problem, we use the following non-dimensional 
parameters 

       2
0 0

0

2
0

, , , , , , , ,

2, , , ,
2 2

q q

ij E
ij

r u c r u t c t

C
c

K

c

      

    
  

    



     

     
 

 

 

(17
) 

Using Eq. (17), the non-dimensional form of Eqs. (12), (15) and 
(16) are reduced to 

2
2

2

e u u
r r t

  
  

  
 (18) 

2

1 1
1 1 .

! !

k kk km n
q

k k
k k

e
k t t kt t


 

 
 

                       
   (19) 

2

2 2

2

2 2

2 2

2 2

rr
ue
r

ue
r


 

 


 

 

  
     

 
   
 

 (20) 

where 

 
2 2

2 20
2

2 1, ,
2E

T
C r rr

 
 

   
  

    
 

 (21) 

   For convenience and clarity, we have dropped the primes in 
the above equations. In this problem, we assume that the medium 
initially is at rest, so that the initial conditions are 

( , ) ( , )( , ) 0, ( , ) 0 at 0u r t r tu r t r t t
t t




 
    

 
 

(22
) 

Also, we consider the outer surface of the hollow cylinder is 
loaded thermally by a harmonically varying heat and the inner 
surface is thermally insulated [31-38]. So that 

1
( , ) 0, ( , ) ( ) cos( )a t b t G t t
t


  


  


  (23) 

where 1  is a constant and   is the angular frequency of thermal 
vibration. Note that for a thermal shock problem, we put 0   
and for a harmonic varying heat we take 0  . 

Furthermore, the radial stress component at inner and outer 
surface of the hollow cylinder are stress-free. Mathematically, 
these can be written as: 

( , ) 0, ( , ) 0rr rra t b t    (24) 

4. Transform solution  

Applying the Laplace transform method, defined by the following 
formula   

0

( , ) ( , ) , Re( ) 0stf r s f r t e dt s


 
 

into Eqs. (18)-(20) and using homogeneous initial conditions (22), 
we obtain 

2 2[ ]de d s u
dr dr


    (25) 

2
q qe         (26) 

2

2 2

2

2 2

2 2

2 2

rr
due
dr

ue
r


 

 


 

 

 
   
 
 

   
 

 (27) 

where the parameters q  and   are given by 

1 1
1 , 1 .

! !

k km n
q k k

q
k k

s s s
k k




 

 

   
          

    (28) 

Multiplying both sides by r  and then using the operator 1 d
r dr

  to 

both sides of Eq. (25), yields 

2 2 2 2[ ]e s e     (29) 

Hence, we can write Eqs. (26) and (29) in the following forms 
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2 2
1e e      (30) 

2
2 qe        (31) 

where  

2 2
1 2, qs       (32) 

Elimination of e  or   from Eqs. (30) and (31), yields  

4 2 ( , ) 0A B e        (33) 

which can be written in the form 

2 2 2 2
1 2( )( ) ( , ) 0m m e       , (34) 

where 2 ( 1, 2)im i   are the square roots of the following 
characteristic equation  

4 2

2
1 1

0,

,q q

m Am B

A B
  


 

  

   
 
  

 (35) 

Thus, we have 

 

 

2

0 0
1

2

0 0
1

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

i i i i
i

i i i i
i

A s I m r B s K m r

e A s I m r B s K m r






 

  




 (36) 

where , , ,i i i iA A B B   are arbitrary constants, and  

0 0( ), ( )i iI m r K m r  indicate the modified Bessel functions of first 
and second kind of order zero, respectively. 

Substituting the expressions of e  and   into Eq. (30), we get 

2 2

2 2
1 1

,
( ) ( )

i i
i i i i

i i

m mA A B B
m m 

  
 

 (37) 

From which together Eq. (36), we obtain 

 
22

0 02
1 1

( ) ( ) ( ) ( )
( )

i
i i i i

i i

me A s I m r B s K m r
m 

 
   
  (38) 

By using Eqs. (11) and (38), we have 

 
2

1 1
1

( ) ( ) ( ) ( )i i i i i
i

u k A s I m r B s K m r


   (39) 

where 
2

1

, 1, 2
( )

i
i

i

mk i
m 

 


.  

From which , we get 

0 12

1
0 1

1( ) ( ) ( )

1( ) ( ) ( )

i i i i

i
i

i i i i

m I m r I m r A s
rdu k

dr
m K m r K m r B s

r


      
     

  

  (40) 

In addition, the thermal stresses that appeared in Eqs (27) after 
using Eqs. (36)-(40), can be expressed as 

0 122

1
0 12

2( ) ( ) ( )

2
( ) ( ) ( )

i
i i i i

rr
i i

i i i i

kL I m r I m r A s
r

k
L K m r K m r B s

r







  
  

        
   

  (41) 

0 122

1
0 12

2( ) ( ) ( )

2( ) ( ) ( )

i
i i i i

i i
i i i i

kR I m r I m r A s
r

kR K m r K m r B s
r









  
  

           

  (42) 

where 

2

21,i i i i i i iL m k R L m k


 
     

 
 (43) 

Now, the boundary conditions (23) and (24), after applying 
Laplace transform, become 

( , ) 0, ( , ) ( ),

( , ) 0, ( , ) 0rr rr

d a s b s G s
dr
a s b s




 

 

 
 (44) 

Hence, one obtains the following system of equations 

 
2

1
0 0 2 2

1
( ) ( ) ( ) ( ) ( )i i i i

i

sA s I bm B s K bm G s
s


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  (45

) 

 
2

1 1
1

( ) ( ) ( ) ( ) 0i i i i i
i

m A s I am B s K am


   
(46
) 

0 122

1
0 12

2( ) ( ) ( )
0

2
( ) ( ) ( )

i
i i i i

i i
i i i i

kL I bm I bm A s
b

k
L K bm K bm B s

b






  
  

        
   

  (47
) 

0 122

1
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2( ) ( ) ( )
0

2
( ) ( ) ( )

i
i i i i

i i
i i i i

kL I am I am A s
a

k
L K am K am B s

a






  
  

        
   

  (48
) 

      Finally, from the above system we can determine the 
parameters , ; 1, 2i iA B i   in the Laplace transform domain and 
hence the physical fields of the medium. 

To have the solutions of the studied fields in the physical 
domain, we use a proper and effective numerical method 
depending on a Fourier series expansion [39]. In this method, any 
function (( , )r s   in the Laplace domain can be reversed to the 
time domain as 
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t t





          
  

  (49
) 

where m  is a finite number of terms, Re  is the real part and i is 
imaginary number unit. For faster convergence, numerous 
numerical experiments have shown that the value of c satisfies the 
relation 4.7ct   [40]. 

5. Numerical results and verification 

   The purpose of this section is to explain and validate the results 
obtained in the preceding sections. First, we present the numerical 
results. For the numerical calculations, we take the value of the 
Copper material at 0 293T K  as [41] 

10 1 2 10 1 2

3 1 1 1

7.76 10 , 3.86 10 ,
8954 , 386 , 3.381 ,
0.0168, 2.

E

kg m s kg m s
kg m K W m K C J kg K

 


 

   

   

   

  
 

   

The results are presented in Tables (1-4) and graphically in Figs. 
(2-13) at different radius of r . The calculations were carried out 

for the wide range of (1 2)r r   at 0.25t  , when 
0.01, and 0.05q   . For all numerical calculations 

Mathematica programming Language has been used. The 
numerical calculation is made for three cases. 

5.1. Influence of the higher expansion order on the physical 
fields  
In this subsection, the distributions of the field variables for 
different models of thermoelasticity (CTE, LS and DPL) together 
with advanced model with higher order derivatives and phase-lags 
(HDPL) are investigated. The results are represented in Tables (1-
4) for the field quantities to various high orders ,m n  and the 
radial space (1 2)r  . These tables show that the physical 
quantities depend not only on the time t  and radial space r , but 
also on the higher order parameters andm n . Also, the obtained 
result emphasize that it is enough to put 5, 4m n   for accurate 
results and avoid problems appeared in 6, 5m n  . 

Table 1: The effect of the higher orders ,m n on the temperature   

 CTE LS DPL ࢘
 HDPL   

3, 2m n   4, 3m n   5, 4m n   6, 5m n   
٫١ 0 0.305711 0.532222 0.850326 0.52203 0.360126 0.489421 1.06253 

١٫١ 0.319761 0.671237 0.992053 0.332727 0.288425 0.443584 0.76669 
١٫٢ 0.361214 0.731887 0.502415 0.234998 0.307326 0.394841 0.356385 
١٫٣ 0.413965 0.620799 0.094974 0.178295 0.330725 0.316891 -0.00364938 
١٫٤ 0.468569 0.465051 0.197464 0.302032 0.40926 0.314741 -0.0692643 
١٫٥ 0.519865 0.363448 0.49747 0.408833 0.505694 0.393735 0.169652 
١٫٦ 0.566563 0.33929 0.6431 0.494043 0.606478 0.528741 0.567197 
١٫٧ 0.604767 0.472027 0.627477 0.592666 0.674253 0.654101 0.896148 
١٫٨ 0.711018 0.836705 0.71126 0.796985 0.824512 0.852235 1.13584 
١٫٩ 0.887379 0.944645 0.809355 0.898992 0.934807 0.979204 1.14883 
٢٫٠ 1.02386 1.02386 1.02386 1.02386 1.02386 1.02386 1.02386 

 

Table 1 indicates the variation of temperature  , for different 
models of thermoelasticity. Through the tables provided, we note 
that the variations of temperature are observed to be sensitive to 
the parameters of the higher order of the time derivatives up to 

5, 4m n  .  The hyperbolic models of thermoelasticity (LS, 

DPL, and HDPL) give significantly different results than the 
parabolic theory (CTE). From the considerd table, we observe that 
the variation of temperature  in all models increases with 
increasing the radial space r . This observation is consistent with 
the theoretical results acquired by other investigations [41]

Table 2: Effect of the higher order Taylor expansions on the displacement u  

r    CTE LS DPL 
 HDPL   

3, 2m n   4, 3m n   5, 4m n   6, 5m n   
٫١ 0 -0.0557927 -0.0126134 -0.0190267 -0.0683857 -0.0501125 -0.0406079 -0.0464675 

١٫١ -0.0328045 -0.0371059 -0.0243073 -0.00720522 -0.0150947 -0.0183316 -0.025794 
١٫٢ -0.0274212 -0.0317353 -0.0275871 -0.0251629 -0.0280746 -0.0306697 -0.0314931 
١٫٣ -0.0256367 -0.0312268 -0.0279166 -0.0275804 -0.0251464 -0.0276678 -0.0256251 
١٫٤ -0.0219002 -0.0282666 -0.0221688 -0.0175345 -0.0205197 -0.0211585 -0.018912 
١٫٥ -0.0193115 -0.0189656 -0.0182362 -0.0212196 -0.0199479 -0.0190718 -0.0178769 
١٫٦ -0.0183508 -0.0181401 -0.0192836 -0.0192833 -0.019006 -0.0187075 -0.0179485 
١٫٧ -0.0196293 -0.0167242 -0.0203583 -0.0190149 -0.0205648 -0.0208137 -0.0200927 
١٫٨ 0.0212953 0.0109871 0.00954462 0.0119057 0.0126755 0.0117521 0.0117625 
١٫٩ 0.111882 0.103462 0.103564 0.103796 0.104345 0.103811 0.10327 
٢.0 0.208193 0.200462 0.201248 0.200488 0.200891 0.200608 0.199946 

 

Also from the results it is clear that the higher order of the 
derivatives have a very significant effect on the temperature 
distributions and this corresponds to Chiriţă [27, 28].   

The variation of the displacement u  in the context of four 
models of thermoelasticity is given in Table 2. It was found that 
the values of the parameters andm n  play a significant role in 
changing the displacement value. As seen from Table 2, the 
displacement attains minimum value on the boundary at 1r   and 
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increase slowly in the range 1 2r  . Also, about the range 
1 1.4r  , the displacement profile is smaller for the LS model 
than that of the CTE and DPL models, which is smaller than the 

HDPL model. Finally, we obsorve that when the values of 
andm n increase, the greatest value of the displacement increases 

up to 5, 4m n  .

 

 

Table 3: Effect of the higher order Taylor expansions on the radial stress rr  

r  CTE LS DPL 
 HDPL   

3, 2m n   4, 3m n   5, 4m n   6, 5m n   
1.0 0 0 0 0 0 0 0 
1.1 -0.195781 -0.491026 -0.921674 -1.03614 -0.486435 -0.401592 -0.862641 
1.2 -0.375033 -0.752093 -0.540409 0.174679 -0.198044 -0.24329 -0.46809 
1.3 -0.375467 -0.34253 -0.12942 -0.302845 -0.392918 -0.378636 -0.165331 
1.4 -0.440827 -0.257707 -0.296361 -0.303101 -0.389771 -0.336101 0.078903 
1.5 -0.507874 -0.182567 -0.547599 -0.365978 -0.517476 -0.380149 -0.0953917 
1.6 -0.580765 -0.0848539 -0.654435 -0.638556 -0.711309 -0.566882 -0.587671 
1.7 -0.683925 -0.325567 -0.651546 -0.729134 -0.885124 -0.799271 -1.04021 
1.8 0.251986 0.437809 0.395603 0.262734 0.128493 0.131935 -0.143866 
1.9 0.115415 0.173823 0.252157 0.124739 0.0598786 0.0225756 -0.141156 
2.5 0 0 0 0 0 0 0 

 
 
 
 

Table 4: Effect of the higher order Taylor expansions on the hoop stress   

r  CTE LS DPL 
 HDPL   

3, 2m n   4, 3m n   5, 4m n   6, 5m n   
1.0 -0.188419 -0.274206 -0.436551 -0.303768 -0.211954 -0.27045 -0.559903 
1.1 -0.277617 -0.603106 -0.971686 -0.690412 -0.397485 -0.434189 -0.8307 
1.2 -0.38402 -0.759951 -0.537444 -0.0440035 -0.268506 -0.336262 -0.430251 
1.3 -0.408584 -0.498151 -0.127581 -0.255647 -0.375487 -0.362732 -0.0950172 
1.4 -0.465833 -0.375393 -0.258464 -0.311989 -0.40998 -0.336278 0.0642484 
1.5 -0.523171 -0.282279 -0.531449 -0.397661 -0.521178 -0.396154 -0.14114 
1.6 -0.58208 -0.2203 -0.657527 -0.575343 -0.667745 -0.556456 -0.585714 
1.7 -0.652963 -0.406008 -0.648382 -0.66924 -0.788883 -0.735911 -0.977089 
1.8 -0.219317 -0.193212 -0.152401 -0.260504 -0.341429 -0.353908 -0.633585 
1.9 -0.340527 -0.343075 -0.236361 -0.344699 -0.395037 -0.436074 -0.602928 
2.5 -0.432618 -0.435453 -0.43518 -0.435419 -0.435389 -0.435481 -0.435698 

 
 
 
 

Tables 3 and 4 show the variations of thermal stresses rr  and 
  against the radial distance r  for different high expansion 
orders andm n . Specially, Table 3 shows that the radial stress 

rr  has an initial point at 1r   and 2r   that coincides with a 
zero value, which agrees completely with the boundary conditions. 
From these Tables, it is shown that the magnitude of thermal 

stresses for the HDPL model is smaller than that of the other 
models about 1.6 2r   and different on the other range of r . 
From the results, it is also, clear that the distributions of the various 
fields increase and decrease with the higher orders of 
differentiation unless they reach the degree of stability, and this is 
consistent with what Abouelregal reached [29, 30] .
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5.2 The effect of rotation on the physical fields 

This subsection is devoted to discus how the field variables differ 
with different values of the rotation parameter   under the 
generalized modfied model with higher order and phase lags 
(HDPL). In this case, we +take 3 and 2m n  , and other 
parameters such andq    remain constants 
( 0.1 and 0.05q    ). The results are graphically illustrated 
in Figs. 2-5. We take 1,3   for the rotating case and for the 
non-rotating, we put 0  . 

  

 

 

Figure 2. The effect of rotation  on the temperature   

 

 
Figure 3. The effect of rotation   on the displacement u . 

It is evident from Fig. 2 that the rotation parameter   has 
clearly effect on the temperature  . The direction of temperature 
change increses monotony with increasing radial distance r . It is 
also manifested from the figure that increasing values of   are 
having an increasing effect on the values of temperature variations. 
This observation is consistent with the theoretical results acquired 
by other studies [35, 41].  

 

 
Figure 4. The effect of rotation   on the radial stress rr . 

 
Figure 5. The effect of rotation   on the hoop stress  . 

In Fig. 3, the variation of the radial displacement ݑ decreases 
with increasing the value of   for 0 1.48r   and increases on 
1.5 2r  .   

Finally, Figures 4-5 show that the variation of thermal stresses 
rr  and   against the radial distance r  for different values of 

the rotation  . It is noticed that, when we increase the value of 
  the behavour of the stresses increase clearly. On the other hand, 
Figures 4 shows that the radial stress rr  has an initial point at 

1r   and 2r   that coincides with a zero value, which is in quite 
good agreement with the boundary conditions. 

5.3 The effect of thermal vibration on the physical fields 

Here, we study the variations of the physical fields with different 
values of the thermal vibration   under the dual-phase-lag model. 
Other parameters such as the rotating parameter , phase-lag of 
the heat flux q  and the phase-lag of temperature gradient   
remain constant. The numerical results are obtained and presented 
graphically in Figs. 6-9. We put 2,3, 4   for the harmonic case 
and 0   for the thermal shock case. 
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Figure 6. The effect of thermal vibration   on the temperature  . 

 
Figure 7. The effect of thermal vibration   on the displacement u . 

 
Figure 8. The effect of thermal vibration   on the radial stress rr  

 
Figure 9. The effect of thermal vibration   on the hoop stress   

In Fig. 6, we observe that the variation of temperature 
decreases for the harmonic case and increases for the thermal 
shock. This means that, the value of temperature decreses with 
increasing the value of thermal vibration. This remark is consistent 
with the obtained results attained by other investigations [38]. In 
view of Fig. 7, we conclude that the change of the radial 
displacement u  increases with increasing the value of ω for 
0 1.68r    and decreases on 1.7 2r  .  

Finally, Figures 8-9 show that the variation of thermal stresses
andrr  against the radial distance r  for different values of 

the rotation   Also, the change of thermal stresses increase with 
increasing the value of the thermal vibration. On the other hand, 
Figures 8 shows that the radial stress ߪ௥௥  has an initial point that 
coincides with a zero value, which is consistent with the applied 
boundary conditions.  

5.4 The effect of the time on the physical fields 

This section is devoted to show the effect of the time ݐ on all the 
field variables. In this case, we take 3, 2m n   and other 
parameters such andq    remain constants (

0.1 and 0.05q    ), together with 1   . For a 
comparison of the results, the temperature, the displacement, and 
thermal stresses andrr  are presented in Figs. 10-13. It is 
seen from the figures that these distributions are very sensitive 
with the time instant t . It is also clear from the figures (12) and 
(13) that the behavior of the thermal stresses are the most affected 
by the change of time [14, 15]. The temperature also increases with 
the increase of time to a certain range and then gradually decreases 
again with the passage of time.

  

 

 

Figure 10. The temperature   with different time. Figure 11. The displacement u  with different time. 



Journal of Computational Applied Mechanics, Vol. 51, No. 1, June 2020 
 

89 
 

 
 

Figure 12. The radial stress rr  with different time. 
Figure 13. The hoop stress   with different time. 

6. Conclusion 

A novel generalized model of higher order derivatives heat 
conduction is investigated. In view of this model, the 
distributions of the physical fields for a rotating hollow 
cylinder are discused. Additionally, the distrbutions for the 
classical theory of coupled thermoelasticity (CTE), and the 
hyperbolic models of thermoelasticity (LS, DPL) are obtained. 
Numerical simulation results yield the following conclusions:  

 The classical thermoelasticity theory (CTE) and the 
hyperbolic models (LS, DPL) are obtained as special 
cases of the present model. 

 Acoording to Tables (1-4) and Figs. (10-13), we 
conclude that the physical quantities depend not only 

on the time t  and radial space r , but also on the 
higher expansion order parameters andm n  

 In view of Figs. (2-5), the field variables differ with 
different values of the rotation parameter   under the 
dual-phase-lag model. 

 According to the results shown in Figs. (6-9), we find 
that the thermoelastic stresses, displacement and 
temperature have a strong dependency on the thermal 
vibration parameter.  

 It is worth mentioning that these observations above 
are consistent with the theoretical results obtained by 
other studies [35, 38-41] 

 

Nomenclature: 

,ߣ ߤ Lam´e’s constants  ܭ thermal conductivity
௧ߙ thermal expansion coefficient ߩ material density  
ாܥ specific heat ܳ heat source

ߛ = ߣ3) + ௧ߙ(ߤ2 thermal coupling parameter ݐ  the time 
଴ܶ environmental temperature   ߜ௜௝ Kroneckerᇱs delta function

ߠ = ܶ − ଴ܶ temperature increment    ܧሬ⃗ induced electric field
ܶ absolute temperature ߬௤ phase lag of heat flux  
࢛ displacement vector ߬ఏ phase lag of  temperature 

݁ = div ܝ cubical dilatation ௜݁௝ strain tensor
௜௝ߪ stress tensor ࢗ heat flux vector
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