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ABSTRACT: In this paper, the dynamic response of carbon nanotubes (CNT) conveying fluid under moving 
harmonic load by using the Green function method is investigated. The results of this analysis are obtained for four 
different boundary conditions, namely fixed- fixed, fixed- pinned, pinned- fixed and pinned -pinned. The harmonic 
load is assumed to travel with uniform velocity, accelerating and decelerating types of motion and the internal fluid 
flow is moved with uniform velocity. The Green function and Laplace transform method is implemented to analysis 
of force vibrations for achieving exact solutions of dynamic response. In the present work, the effects of various 
parameters such as viscoelastic coefficient, moving load and fluid flow velocity, length scale parameter, boundary 
conditions, viscous damping and types of the load motion on the dynamic displacement of the CNT are elucidated. 
However, the results show that these parameters are vital in investigation of the dynamic displacement of CNT. It is 
obvious that the dynamic deflection is very sensitive to the material length scale parameter in which structural stiffness 
of CNT and the dimensionless dynamic displacements, respectively, is decreased and increased with increases in the 
length scale parameter.  
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1- Introduction
The beam-type structures containing flowing fluid and 
moving load have been widely used in numerous applications 
such as civil, petrochemical and gas industries. Therefore, 
it has been the subject of great interest and a challenging 
research topic over the past few decades. Carbon NanoTubes 
(CNTs) are regarded as promising for applications in nano-
mechanical devices, such as Nano-Eelectro Mechanical 
Systems (NEMS), nano-biology and nano-mechanics mainly 
for resonators, actuators, sensors, blood vessel simulator, 
fluid transport, fluid storage and drug delivery [1-3]. 
Simsek [4] investigated  the vibration of a functionally 
graded (FG) simply-supported beam due to a moving mass by 
using Euler–Bernoulli, Timoshenko and the third order shear 
deformation beam theories. Simsek [5] studied the dynamic 
behavior of micro-beams under the action of a moving 
micro-particle based on the modified couple stress theory 
and presented that the static deflections and free vibration 
frequencies of the micro-beams is size dependent. 
In the present investigation, the vibration analysis of CNT 
conveying fluid under moving harmonic load by using the 
Green function method is examined. The Green function and 
Laplace transform method are used to solve the governing 
differential equations of motion. The load is assumed to move 
with uniform motion, accelerating and decelerating types of 
motion and the internal fluid flow is moved with uniform 
the motion. Hence, the present article aims to examine the 
influence of viscoelastic coefficient, moving load and fluid 
flow velocity, length scale parameter, boundary conditions 
and types of the load motion on the dynamic displacement 
of the CNT. The result of this study can be useful for  

manufacturing    smart nanomechanical system in advanced 
biomechanics applications and design  devices under moving 
load.

2- Governing Equation of Motion
The differential equation of motion for the CNT conveying 
fluid subjected to a moving harmonic load ρ(x,t) is given by 
[6]:E
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E , I , L , e0a0 and g are elastic modulus, the second moment of 
cross-sectional area of the tubes, length of tubes, length scale 
parameter, and viscoelastic coefficient, respectively. w(x,t) is 
the flexural displacements of the CNT, x and t are the axial 
coordinate and time, respectively. The q(x,t) is defined as:
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mi , mf , vf  and c represents the mass of CNT per unit length, 
mass per unit length of fluid, the velocity of fluid and damping 
coefficient, respectively.

3- Method of Solution
The method of Green functions is more efficient than the Corresponding author, E-mail: hosseini@sirjantech.ac.ir
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series methods because this method yields exact solutions 
in closed forms. This is in particular essential to  calculate  
dynamic stresses and determine the dynamic response of 
beams other than simply supported. Also by the use of 
the Green functions method, the boundary conditions are 
embedded in the Green functions of the corresponding beams. 
Furthermore, by using this method, it is  unnecessary to solve 
the free vibration problem in order to obtain the eigenvalues 
and the corresponding eigenfunctions, which are required 
while using series solutions [8]. When ρ(x,t) is harmonic, the 
solution of Eq. (1) can be represented as [9]:
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where Ω is the harmonic frequency of the moving load p(x,t). 
After substituting Eq. (3) for  Eq. (1), we can obtain the 
solution of displacement as [9]:
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where G(x,l) is the Green’s function.

4- Results and Discussion
In the present study,  the vibration analysis of CNT conveying 
fluid under moving harmonic load is investigated. In this 
section, the effects of viscoelastic coefficient, moving load 
velocity, length scale parameter and types of the load motion 
on the vibration response are  studied.
Fig. 1 displays the dynamic displacement as a function of the 
load velocity for fixed- fixed CNT. In this diagram, η is the 
displacements, while   is related to the dimensionless times. 
It is found that the non-dimensional dynamic displacement 
increases as the dimensionless velocity increases.

The effect of length scale parameter of fixed- fixed CNT on 
the dimensionless dynamic displacements is illustrated in 
Fig. 2. It is found that the dynamic deflection is very sensitive 
to the material length scale parameter on the vibration 
response. Also, it is found that the stiffness of CNT and the 
dimensionless dynamic displacements, respectively,  decrease 

and increase with the increases in the length scale parameter.
To examine the effect of types of the load motion on the non-
dimensional dynamic displacements of fixed- fixed CNT, the 
result is shown in Fig. 3. Also, based on the results plotted 
in this figure, the types of the load motion, from lowest to 
the highest values of dimensionless dynamic displacements, 
can be ordered as uniform motion, decelerated motion and 
accelerated motion, respectively.

5- Conclusions
In the present study, the vibration analysis of CNT conveying 
fluid under moving harmonic load by using the Green 
function method has been investigated. Effects of moving 
load and fluid flow velocity, length scale parameter, boundary 
conditions and types of the load motion on the dynamic 
displacement of the CNT are demonstrated. 
Our results indicate that the non-dimensional dynamic 

Figure 1. The non-dimensional deflection of CNT at ξ=0.3 
versus the dimensionless velocity for fixed- fixed boundary 

condition

Figure 2. The non-dimensional deflection of CNT at ξ=0.3 
versus the length scale parameter for fixed- fixed boundary 

condition

Figure 3. The non-dimensional deflection of CNT at ξ=0.3 
versus types of the load motion for fixed- fixed boundary 

condition
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displacement increases with the increase in the dimensionless 
velocity. It has shown that, by increasing the value of length 
scale parameter, the stiffness of CNT and its displacements 
will be decreased and increased, respectively. Also, the 
results show that the accelerated motion produces higher 
displacements than the decelerated and uniform motion.
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