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 In this work the effect of carbon nanotube length on the nanofluidic energy absorption system is 
investigated by using molecular dynamic simulation. For this purpose, four armchair rigid carbon 
nanotubes (8,8), (10,10), (12,12) and (14,14), and six lengths (5, 6, 7, 8, 9 and 10) for each one are 
studied. Results of simulations show that the surface of carbon nanotube is frictionless at all lengths and 
diameters, causing water molecules to be defiltrated from carbon nanotubes after applying the loading-
unloading cycle on the system. Contact angle, which represents hydrophobic intensity of carbon 
nanotube, is decreased on average 4 % and 2 % by increasing length and diameter of carbon nanotube, 
respectively; therefore, infiltration pressure of water molecules through carbon nanotube is decreased an 
average of 30 % and 15 %, respectively. Moreover, the mass and size of carbon nanotube increase by 
increasing length and diameter of carbon nanotube, leading to the reduction of energy absorption 
density and efficiency. Also, density of water molecules in carbon nanotube unlike the bulk of liquid 
phase is non uniform and decreases at the first and second shells. In addition, it increases along the 
distance between these shells by increasing length of carbon nanotube. 

Keywords: 
Infiltration pressure 
Surface tension 
Contact angle 
Energy conversion  

 

  

-1  
   
 1  . 

 
   .

 . 
    

  

1 Nanofluidic 

  ] 2-1.[ 
 

2  .
 

 ] 3 .[ 
   

  .

2 Nanofluidic energy absorption system 



    

       

  

360  1395169  

    .-

) 1 (   
  . 

    .
 

)    .  (

-   . 
 

-
 ] 3.[ 

 234  .
 5 

 
  

-
-  .

- ] 4 .[
 

   
-  .

]  .5 [
 

 . 
 

  
  .1.6 C  

 30 60 
 .

]  6 .[
-

  .
25.9 

    
 ]  7 .[
 

  
 

 .
  6 

 . 

1 Infiltration pressure 
2 Damping 
3 Car bumper 
4 Body armor 
5 Nanoporous carbon nanotube 
6 Nanopore 

] 8 .  [
  

  
   ]   .9 [

  .
7 

  
 

 .
  .

    
 

  .
  ] 12-

10 .[  100 m/s 1000 m/s 
 .

    
  .

  
 -    .

 
 

 ( )   . 
  :1 ( 2 (

 -3 (-
 . 

 
 

  . 
] 13 .[

 
   . 

    
)    .(

  : 
 

  
  .  

   .
] 14 .[

- 
 .

   .

7 Carbon nanocone 



    

       

1395169  361  

 
 ]   .15 [

 .  
  

  
     

]  16 [
 . 2 e 

 0.8 Å 
  .

 .
   

 ]   .17 [
 .

  
 

  .
 

   
 -

) )e)  (s (-1 (
] 18 .[   

    .

 .  
  . 

  
    

 
 ( ) 

 .
 

 . 
 

   
  

2 -     
2-1 -   

) 1 .(
 .

 . 

 . ) 8,8) (10,10) (12,12)  (14,14 (
1.0851.3561.627 1.898 nm 

1 Lennard-Jones potential 

 . 
56789 10 nm 

  .3.443×3.479×2.497 nm 
 
 1 g/cm3 
1 atm 300 K   

2-2 -   
    

 -
] 19:[  

(1) ( ) = 4 + 4  

rij i jq   
-  .

  2  3 
   ] 19:[ 

(2) ( ) = 2 , + 2 ,  

ki   
   .li,0 O-H i,0 

H-O-H   .  
] 20[

   
    

    4 (TIP3P) 

 . --
)eco = 0.06461 kcal/mol sco = 3.4138 Å (
)ecc = 0.086 kcal/mol scc = 3.40 Å]  (2.[  

 
  

 
50 ps  

 50 ps 
  .

  . 
50 ps   .

 0.01 nm  
1.0 nm   . 

 -
  

 ] 21 .[
 5 ]22 .  [  

  

2 Bond stretching 
3 Angle bending 
4 Transferable Intermolecular Potential 3 Points (TIP3P) 
5 Large-Scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) 



    

       

  

362  1395169  

   (NVT) 
300 K -1  .

 -10 Å  ---2 
10    .

  1 fs   
 
 ] 15:[  

(3) = + 298
.

1  

 0 P0 
1 g/cm3 0.1 MPa   . 
 

  

2-3 -    
  

  ] 8 [
 .  ) 10,10 (5 nm 

 3 (SPC/E)  
    . 

0.005 nm  . 0.6 nm   .
-eco = 0.07471 kcal/mol 

sco = 3.194 Å ] 23 .[
  1-2 2-2  .

 
  ( ) 2 

  . 2  
  ]  8 .  [

0.1  

1 Nose-Hoover Thermostat 
2 Particle–Particle-Particle–Mesh (PPPM) 
3 Extended Simple Point Charge (SPC/E) 

 

Fig. 2 Comparison of the infiltration curve obtained from the present 
work with that of Liu et al [8] 
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Fig. 3 Infiltration curve in carbon nanotube (10,10) with a length of 
5 nm  
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Fig. 1 Computational cell: rectangular reservoir and carbon nanotube 
1  :  
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Fig. 4 Positions of water molecules at the beginning of infiltration (a) 
and at the end of filling (b) of carbon nanotube (12,12) with a length 
of 6 nm  
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Fig. 5 Infiltration pressure at different diameters and lengths of the 
carbon nanotube 
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Fig. 6 Radial density profile at different lengths of the carbon nanotube 
(10,10) 
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Fig. 7 Contact angle at different diameters and lengths of the carbon 
nanotube 
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Fig. 8 Absorption energy density at different diameters and lengths of the 
carbon nanotube  
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Fig. 9 Absorption energy efficiency at different diameters and lengths of 
the carbon nanotube 
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