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This paper investigates the vibration behavior of fluid conveying viscoelastic pipe rested on non-
uniform elastic Winkler foundation. The Kelvin-Voigt model is employed to consider the viscoelastic 
behavior of the pipe. Using the Galerkin’s method, the eigenvalue problem for the simply supported 
fluid conveying viscoelastic pipe is extracted. The effects of the fluid velocity, the viscoelastic constants 
and the foundation parameters on the complex eigenvalues and the divergence and the flutter instability 
of the fluid conveying viscoelastic pipe are studied and discussed. It is found that incorporating the 
viscoelastic behavior to the pipe material alters the trend of the instability of the fluid conveying pipe, 
i.e., the first and the second modes divergence and the coupled mode flutter for the elastic pipe change 
to the first mode divergence, the second mode flutter and the second mode divergence for the 
viscoelastic pipe, respectively. The structural damping causes the velocity of the divergence instability 
at the higher modes to be increased. Also, because the viscoelasticity of the pipe affects the different 
vibration modes in a different manner, the pipe does not exhibit a coupled-mode flutter. Moreover, the 
non-uniformity of the foundation stiffness alters the first divergence velocity. The results are verified 
through comparing them with those reported in the literature. 
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Fig.  1 Simply supported fluid conveying viscoelastic pipe on a non-
uniform elastic foundation 
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1   = 5 × 10 = 0.5 ]43[  
Table 1 The first eigenvalue of simply supported fluid conveying viscoelastic pipe for = 5 × 10 and = 0.5 

6  5.5  4  3.25    2  0  u 
8.103±  10.127±  7.132±  2.636±  0.232+0.191i  0.181+7.451i  0.178+9.868i  Present work  
7.917±  9.980±  7.010±  2.649±  0.247+0.164i  0.165+7.439i  0.165+9.908i  Païdoussis and Issid [43]  
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2        
Table 2 Complex natural frequencies of simply supported fluid conveying viscoelastic pipe for different values of viscoelastic coefficients in absence 
of the fluid flow 

 ) Hz(    
    × 10  

157.913i  88.826i  39.478i  9.8696i  0  
-12.468+157.421i  -3.945+88.738i  -0.779+39.470  -0.048+9.869i  1  
-62.341+145.089i  -19.725+86.608i  -3.896+39.285i  -0.243+9.866i  5  
-124.683+96.906i  -39.450+79.585i  -7.793+38.701i  -0.487+9.857i  10  

-157.874+0i -49.952+73.450i -9.867+38.225i -0.617+9.850i 12.66 

  
Fig.  2 First non-dimensional complex frequency of the simply 
supported fluid conveying viscoelastic pipe for = 1 × 10  

2      
= 1 × 10

  

  
Fig. 3 The real and imaginary parts of the dimensionless frequency, , 
as a function of the dimensionless fluid velocity for the simply 
supported fluid conveying viscoelastic pipe for = 0 
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Fig. 4 The real and imaginary parts of the dimensionless frequency, , 
as a function of the dimensionless fluid velocity for the simply 
supported fluid conveying viscoelastic pipe for = 1 × 10  
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Fig. 5 The real and imaginary parts of the dimensionless frequency, , 
as a function of the dimensionless fluid velocity for the simply 
supported fluid conveying viscoelastic pipe for = 5 × 10  
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Fig. 6 The non-dimensional stiffness of a non-uniform elastic 
foundation for different values of   
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Fig. 7 The effect of  on the imaginary parts of eigenvalues of the 
simply supported fluid conveying viscoelastic pipe  
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Fig. 8 The effect of  on the first and second critical divergence 
velocity of the simply supported fluid conveying viscoelastic pipe  
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