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ABSTRACT

In this paper, vibration and flow-induced flutter instability analysis of cantilever multi-wall carbon

nanotubes conveying fluid and modelled as a

thin-walled beam is investigated. Non-classical effects

of transverse shear and rotary inertia and van der Waals forces between two walls 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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Fig. 6 Variation of real and imaginary parts of
the non-dimensional eigenvalues with fluid
velocity for both MWCNT and SWCNT

(Euler beam, L=1, R,/R,=0.5)
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SLZUSSH=28/A 204 A 6%, 2010/601



A
5 2

A
1

Ae AR 3] afAe] AGH-el S e
H3E MWCNTSF 7]£9] SWCNTE Hus}9aL
T3 MWCNTS TB9 EBE H|wate] LteRfQch
AFETE FgellA R Wsks doxe] frdol
AATEo] Hlrh agldx g1E & 9lze] fr

o] W37l MWCNTZ}F

2t A 0 5 9l
= AEES Fho] AXIY= Ae veke &
AL} oy WHOR R/R =0.1~097M49
=

o] siAe st gt
4 5SS Table 39 Aglst

Bo| WEAC] HlEEA 1 gl w
AR &
39 Hﬂ?@‘r Yehl&= Fa3k Bigolt)
Table 3914 R/R =014 W MWCNTY 4%
T SWCNTS] 7Z$-¢} vpz71#| 2 TB9} EB9 z}ol
7y v & ig 4 dom ol FHO o
A7y 245 AGHZadrt AA7] ieds gl
d F AAT Flg 801]*1 R/R, gkol F7}5ol w
sz FAl ST o thA
Walo]m, o] Ref. 8 % Ref 99
s ‘Mi Ueh= 1S & 4 9tk SWCNT
-9 w72 EAS R/ R, #kl A= TBO]
Fo| EBo|E9] A3} gt ¢ AXE Ao
UepdS gelsiolom g A(TB>EB)E 4A¥
ko] =71 MWCNTZF SWCNTO 7-$-rxtt o

o
o

T T T T
3rd mode 9
y=5-812(3rd)
;=5-498(3rd)
—r ]
Yret,cr(mw)~5-058(2nd)
Urer,criswy=4-727(2nd)]
[ 1st mode ]
0 b SR S o=t . il i PR P | M
22 -20 -18 16 -14 12 -10 -8 -6 -4 -2 0 2 4 6 8 10

Re(%)

Fig. 8 Variation of real and imaginary parts of the
non-dimensional  eigenvalues  with  fluid
velocity for both MWCNT and SWCNT

(Buler beam, L=1, R,/R,=0.7)
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Table 3 Variation of relative critical velocities,

U.., with R/R, for both TB & EB of
SWCNT and MWCNT (L= 1)
]?i rel,cr
- SWCNT MWCNT
°| TB EB | A%)| TB EB | A(%)
18.698 | 21.946 19.009 | 22.343
011 ondy | @nd) | 737 | 2nd) | na) | 16
6.976 | 7.457 7375 | 7.858
031 ond) | 2nd) | ©% | 2nd) | 2ng) | ©°
4743 | 4.941 5.026 | 5.239
051 ond) | @nd) | *B | @nd) | @nay | 14
5079 | 4.508 5678 | 4910
0.69 | S0 |ty | 1124] P | Gy | 1353
5.033 | 4727 5499 | 5.056
071 Grd) | 2nd) | ©98 | Grdy | (2nay | 306
3.281 | 3.584 3.683 | 3.991
091 Geay | Grdy | 2B | Grd) | Gra) | 3B

Table 4 Variation of relative critical velocity, U,

rel,cr>
with L for both TB & EB of SWCNT and
MWCNT(R,/R,= 0.5)

_ Urel,cr

I SWCNT MWCNT
TB | EB | A%) | TB | EB | A%)
4743 | 4.941 5026 | 5.239

Ul nd) | @ndy | #Y7 | nd) | @nay | 4%
1641 | 1.647 1923 | 1934

30 @nd) | @nd) | 7 | @nd) | @nay | OO
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