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Abstract - In this paper, we first intend to introduce the pipes and their applications, then we introduce and analyze the 

critical speed of the pipes, at this critical speed, the stability of the pipe is lost and the pipe may fail. We also examine the 

effect of adding a vibrating adsorbent to the tube; we find that by adding one Vibrating absorber to the pipe can reduce the 

vibration domain of the pipe by about 70% and delay the critical velocity of the pipe. 
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I. INTRODUCTION 

 

Pipes used for transporting high velocity pressurized 

fluids often operate under time-varying conditions 

due to pump and valve operations. This can cause 

severe vibration problems, such as the flow induced 

vibrations of a pipeline supported above ground level 

and conveying internal flow, tube arrays in a steam 

generator, oil pipelines, pump discharge lines, 

propellant fluid lines of large liquid-fuelled rockets 

and reactor system components. Pipe vibrations 

caused by internal liquid pulsation may exhibit 

relatively large displacements and system may 

subsequently fail through fatigue of piping or 

supports. vibration absorbers are simple and low cost 

systems that connect to the actual system, reducing or 

eliminating the vibration of the actual system and 

preventing damage to the actual system. In many 

cases, adsorbent performance with constant 

parameters yields very good results, It has been 

theoretically proved that the absorber can absorb 

vibration in one part of a pipe under a point 

stimulation or harmonic distribution. 

 

II. CRITICAL SPEED 

 

2.1. Galerkin method 

 

We are investigating a flexible pipe containing fluid, 

structural modeling by nonlinear Euler-Bernoli beam 

, We first consider the empty pipe of the fluid and use 

the Gelarkin method to determine the instability of 

the tube. The critical speed is assumed to be a 

function of the coefficient of mass. For zero velocity, 

all of the magnitudes of the equation are imaginary. 

These values are the same as the normal frequency of 

the fluidless tube. As the fluid speed increases, the 

actual frequency portion appears and begins to 

increase. As long as one of these frequencies is zero 

for non-zero velocities, the critical speed is reached 

and the system becomes unstable. To view the 

behavior of the system due to the increase in speed, 

one can use the Argan graph (a two-dimensional 

coordinate system for displaying complex numbers) 

in the Argan graph,This special value is plotted for 

different velocities. In the end, the point of stability is 

the point at which, for the first time, the real part of 

one of the special frequencies is positive. 

 
Which y is equal to the displacement of the beam in a 

transverse direction, mf is the mass of fluid and mp is 

the mass of pipe. By using galerk in method and 

make it non-dimionsional we have: 

y =  ai
∞
n=1 Ni                                                      (2) 

Ni x  = cosh(αilx )− cos(αilx )− βi[sinh αi lx  −
sin αilx  ]                                                               (3) 

Which ai is a function of time and that is unknown, 

and Ni is also a function of x. Finally, the following 

matrix can be deduced: 
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To solve the dynamics of the above equation, for U 

greater than zero, it can be seen that if the value of U 

is greater than a critical value, then the central-

oriented forces increase, this critical U is the moment 

when the actual part of the natural frequency changes 
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to a positive and positive signal. And in fact the 

structure becomes unstable. 
 

 
Figure 1.Critical velocity (mass ratio=0.38) 

 

 
Figure 2.critical velocity (mass ratio=0.615) 

 

As shown in the figure below, the stability of the tube 

becomes unstable after the critical speed: 
 

 
Figure 3.Flutter and Stable Area (β is mass ratio)[11] 

 

2.2. Add vibrations absorber 

 

By adding the absorber to the main equation of the 

beam, we will have: 

 
Where y (x, t) is the displacement of the beam in a 

transverse direction and R(t) is the force applied to 

the spring and damper side: 

 
In this equation, q is an absorbent displacement. 

Considering that by adding adsorbent to the system, 

the system is two degrees of freedom. The shape of 

the pipe and shock absorber is shown below: 
 

 
Figure 4. Pipe and vibration absorber 

k is Spring stiffness and c is damping coefficient. By 

solving the above equations and using the Gelerkin 

method, the output results are obtained. 
 

 
Figure 5.Transverse displacement af pipe(k=10,c-=0.5) 

 

 
Figure 6.Transverse displacement of pipe(k=100,c=0.5) 

 

III. RESULTS AND DISCUSSION 

 

Vibration absorbing function reduces the maximum 

range of system fluctuations. As explained, the 

amount of this decrease depends on the amount of 

adsorbent parameters. As k increases, the effect of the 

adsorb on the decrease of the oscillation amplitude 

decreases so that for k = 1000 and k = 1, the decrease 

of the amplitude of the oscillations is obtained 15.6 
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%and 31.5%, respectively. Based on the results, the 

adsorbent parameters with a k = 10 rigidity reduced 

the maximum fluctuation of the system by 75%. 

IV. CONCLUSION 

 

After reviewing the results of adding vibration 

absorbers to the pipe, we conclude that adding a 

vibration absorber to the tube can prevent the 

extremely costly results of the failure of fluid-

containing pipes. Vibration absorbers have little cost 

and simply can be produced with a spring, a damper 

and a mass. 
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