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In this paper, thermo-elastic analysis of functionally graded nanocomposite hollow cylinders reinforced 
by single walled carbon nanotube (SWCNT) subjected to a thermal load was carried out by a mesh-free 
method. It is assumed that the functionally graded nanocomposite hollow cylinder reinforced by carbon 
nanotube with finite length is simply supported. A One uniform and three kinds of functionally graded 
(FG) distributions of carbon nanotubes in the radial direction of cylinder are considered. Nanocomposite 
mechanical properties are estimated by micro mechanical generalized rule mixture model. Applying the 
virtual work principle, the governing equations are obtained and are discretized by the mesh-free 
method. In the mesh-free analysis, moving least squares (MLSs) shape functions are used for 
approximation of displacement field. The transformation method was used for the imposition of 
essential boundary conditions. Using finite difference method, temperature distribution was obtained by 
solving the thermal equation. To validate, the results of this analysis were compared with previous 
published works and a good agreement was seen between them. Then the effects of various parameters, 
such as the kind of distribution and the volume fractions of carbon nanotubes and the different 
geometrical parameter on the components of stress are studied. 
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Fig.  1 Radial stress distribution in the axial direction of functionally 
graded cylinder in middle radius.  

1    

  
Fig.  2 axial stress distribution in the axial direction of functionally 
graded cylinder in middle radius. 

2    

  
Fig.  3 Convergence of radial stress for different number of node 
arrangement 
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Fig.  4 The variation of radial elasticity module in radial direction, 
located at middle height, of CNTRC cylinder for the different FG type 
of CNT distribution 

4   
  

  

  
Fig.  5 The variation of axial elasticity module in radial direction, 
located at middle height, of CNTRC cylinder for the different FG type 
of CNT distribution 

5   
  

  

D
im

en
si

on
le

ss
 ra

di
al

 st
re

ss
 

Dimensionless height
0 0.5 1 1.5 2-0.08

-0.06

-0.04

-0.02

0

 

 

Mesh less
FEM

D
im

en
si

on
le

ss
 a

xi
al

 st
re

ss
 

Dimensionless height
0 0.5 1 1.5 2-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

0

 

 

Mesh less
FEM

Ra
di

al
 st

re
ss

 (P
a)

 

Number of nodes
0 500 1000 1500 2000 25003.05

3.1

3.15

3.2x 106

 

 

Mesh less

R
ad

ia
l e

la
st

ic
ity

 m
od

ul
e 

(P
a)

Radius (m)
1.1 1.2 1.3 1.4 1.5

2.4

2.5

2.6

2.7

2.8

2.9

3
x 109

 

 

Type 1
Type 2
Type 3
Type UD

A
xi

al
 e

la
st

ic
ity

 m
od

ul
e 

(P
a)

Radius (m)
1 1.1 1.2 1.3 1.4 1.50

0.5

1

1.5

2x 1011

 

 

Type 1
Type 2
Type 3
Type UD



www.SID.ir

Arc
hive

 of
 S

ID

    

                

1395169  273  

 10-7  . 
 7 8 

12% 17%  .9 
10   

 . 13-11  
 

12%

 . 14-

11 
 .

8  9  . 
 .

 .
12%  . 18-15  

                

  
Fig. 6 Thermal distribution of functionally graded  hollow cylinder 
reinforced by carbon Nanotube 

6 
  

  
Fig. 7 The variation of radial stress in radial direction, located at middle 
height, of CNTRC cylinder for the different values of CNT volume 
fraction 
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 .  18-15

  
Fig. 8 The variation of hoop stress in radial direction, located at middle 
height, of CNTRC cylinder for the different values of CNT volume 
fraction 

8   -
    

  

  
Fig. 9 The variation of axial stress in radial direction, located at middle 
height, of CNTRC cylinder for the different values of CNT volume 
fraction 

9   -
    

  

  
Fig. 10 The  variation  of  axial  stress  in  radial  direction,  located  at  
middle height, of CNTRC cylinder for the different values of CNT 
volume fraction 

10   -
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Fig. 11 The variation of radial stress located middle height in radial 
direction  of  CNTRC  cylinder  for  the  different  FG  types  of  CNT  
distribution 

11 -
 

  

  
Fig. 12 The variation of hoop stress located middle height in radial 
direction  of  CNTRC  cylinder  for  the  different  FG  types  of  CNT  
distribution 

12 -

  

  
Fig. 13 The variation of axial stress located middle height in radial 
direction  of  CNTRC  cylinder  for  the  different  FG  types  of  CNT  
distribution 

13 -
 

  

  
Fig. 14 The variation of von mises stress located middle height in radial 
direction  of  CNTRC  cylinder  for  the  different  FG  types  of  CNT  
distribution 

14 -
 

  

  
Fig. 15 The variation of radial stress in radial direction, located at 
middle height, of CNTRC cylinder for the different value of 
geometrical parameter       

15  -

  

  
Fig. 16 The variation of axial stress in radial direction, located at 
middle  height,  of  CNTRC  cylinder  for   the  different  value  of  
geometrical parameter         
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Fig. 17 The variation of axial stress in radial direction, located at 
middle height, of CNTRC cylinder for the different value of 
geometrical parameter   

17 -

  

  
Fig. 18 The variation of von mises stress in radial direction, located at 
middle  height,  of  CNTRC  cylinder  for   the  different  value  of  
geometrical parameter   

18 -
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