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Flow-induced Vibration of Carbon Nanotubes Conveying Fluid
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ABSTRACT

In this paper, flow—induced flutter instability of cantilever carbon nanotubes conveying fluid and modelled as a

thin—walled beam is investigated. Non—classical effects of transverse shear and rotary inertia are incorporated in

this study.

The governing equations and the associated boundary conditions are derived through Hamilton's

principle. Numerical analysis is performed by using extend Galerkin method which enables us to obtain more exact

solutions compared with conventional Galerkin method. Cantilevered carbon nanotubes are damped with decaying

amplitude for flow velocity below a certain critical value, however, beyond this critical flow velocity, flutter

instability may occur. Variations of critical flow velocity with both radius ratio and length of carbon nanotubes are

investigated and pertinent conclusion is outlined.
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(X,Y,Z) : Global Coordinate System
(n,s,z) : Local (Surface) Coordinate System
X
CONTOUR LINE
z
Fig. 1 Kinematic variables, coordinate system
and configuration of thin—walled beam.
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Fig. 2 Displacement of CNT conveying fluid
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Table. 1 Comparison of the present results of U, .,
with Ref. (1), (R,,/R,,=05, R, = 40nm fixed)
U’rel,cr
L | Present result | Ref.(1) Difference (%)
TB EB EB
1 4744 | 4.941 | 4.941 | 4.15 (TB vs Ref.(1))
(2nd) | (@nd) | (2nd) | O (EB vs Ref.(1)
5 0.988 | 0.988 | 0.988 | 0 (TB vs Ref.(1))
(2nd) | (@nd) | (2nd) | O (EB vs Ref.(1)
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Table 2. Variation of relative critical velocities, U.
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Ri n U’relﬁ o Difference
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‘out TB EB 100 (%)
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0.3 6.976 (2nd) 7.457 (2nd) 6.90
0.5 4.744 (2nd) 4.941 (2nd) 4.15
07 7.533 (2nd) 8.842 (2nd) 17.38
) 5.033 (3rd) 5.498 (3rd) 9.24
0.9 4.601 (2nd) 5.905 (2nd) 28.34
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Fig. 3 Variation of real(Re())) and imaginary

(/m (X)) parts of the non—dimensional
eigenvalues with fluid velocity for both
Timoshenko beam(TB) and Euler beam(EB)

cases (L=1, R, /R.,=0.1).
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-20 0 20

Eigenvalues, Re())

. 4 The counterpart of Fig.3 for R, /R, =03.
60 [ TB1st| _.f' 0 =0
+- TB2nd s
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[ |——EBi1st g
« EB2nd ¢l
40+ EB3rd s
0} o
0 _=8.
_ g
20 - g f Llre|=O = ug\sl=§
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I P
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-20 -10 0 10

Eigenvalues, Re(%)

5 The counterpart of Fig.3 for R, /R,,,=0.5.

60 | 3rd mode U,=0
50 -
7 40, ), =8.842(2nd)
40 1, : v 4 0 e =7-533(2nd
L 2nd mode L
30 % 1 0.6
L 'Drel cr(EB) =5. 498(3rd E <
20 o 260,05
10 - « N\ 0,56 drerrey=5-033(3rd)
\ft mode U =0
0 1 2 £ rel 1
-40 -30 -20 -10 0 10

Eigenvalues, Re())

Fig. 6 The counterpart of Fig.3 for R, /R, .=
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% S0F |+ EBist s L L (_30 At
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Fig. 7 The counterpart of Fig.3 for R, /R,,,=09. Fig. 10 The counterpart of Fig.3 for L= 10,
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