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In this research, based on nonlocal elasticity theory, static and dynamic analysis of an elastic 
homogeneous nanotube conveying fluid with clamped - clamped boundary conditions is investigated. 
The nanotube is under electrostatic actuation and magnetic field with considering the surface effects, 
mechanical and thermal force. Transverse displacement of the nanotube consists of two parts static and 
dynamic displacement. In this study, the static displacement is calculated by using the weighted residual 
method and instability and vibration frequency is analyzed by applying the generalized differential 
quadrature method. By applying a voltage greater than the critical value (called Pull-in voltage) the 
nanotube may undergo instability. In this investigation, the effect of various parameters such as velocity 
of fluid, length scale parameter, magnetic field, electrostatically voltage, effects of surface layer and 
thermal loading on the static displacements, natural frequency and Pull - in voltage of the nanotubes 
conveying fluid has been studied. Finally, the validity of the results by comparing them with the results 
of the numerical methods in previous research is investigated, in which there is very good agreement 
between the results of the present work and previous studies. The results show that the length scale 
parameter is significant parameter in the system's Pull - in voltage and its increasing lead to decreasing 
the Pull-in voltage. Also, it is shown that the dimensionless frequency and the static displacements, 
respectively, is decreased and increased with increases in the applied voltage. 
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Fig. 1 Nanotube conveying fluid under electrostatic actuation 
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Fig. 2 Comparison of static displacement of the nanotube with Ref [10] 
for two dimensionless velocity parameter  
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Fig.  3 Static displacement versus dimensionless length for various 
values of surface effects 
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Fig.  4 Static displacement versus electrostatic voltage for various 
values of dimensionless length 
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Fig.  5 Static displacement versus dimensionless length for various 
values of residual surface tension 
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Fig.  6 Static displacement versus dimensionless length for various 
values of dimensionless length scale parameter 
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Fig.  7 Static displacement versus dimensionless length for various 
values of magnetic field 
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Table 1 Comparison and validation of first three frequency of the 
nanotube with previous studies  

    [53] [54]  [55] 

  22.3732  22.3732 22.3447 22.3733  

  61.6728 61.6828  61.3790  61.6728  

  120.9033  120.9033  119.6770  120.9033  

  
Fig. 8 Imaginary part of eigenvalue  versus velocity of fluid for 
various values of electrostatic voltage 
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Fig. 9 Real part of eigenvalue  versus imaginary part of eigenvalue  
for various values of velocity of fluid 
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Fig. 10 Imaginary part of eigenvalue  versus electrostatic voltage for 
various values of length scale parameter 
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Table 3 The  effects  of  thermal  load  on  the  first  three  vibration  
frequency (MHz) 

    
= 0 = 10 = 20 
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Fig. 11 Imaginary part of eigenvalue  versus velocity of fluid for 
several modes of vibration 
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Fig. 12 Real part of eigenvalue  versus velocity of fluid for several 
modes of vibration 
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a)               

 
b)               

Fig. 13 Eigenvalues  versus velocity of fluid for various 
values of damping parameter (a) imaginary; (b) real parts 
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