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ABSTRACT

The nonlinear dynamic characteristic of a straight tube conveying fluid with constraints and an attached mass on the tube
is examined in this study. An experimental apparatus composed of an elastomer tube conveying water which has an attached
mass and constraints is made and comparisons are done between the theoretical results from non-linear equation of motion of
piping system and experimental results. And the results show that the tube is destabilized as the mass of the attached mass
increases, and stabilized as the position of the attached mass close to the fixed end. In case of a small end-mass, the system
shows rich and different types of periodic solutions. For a constant end-mass, the system undergoes a series of bifurcations
after the first Hopf bifurcation , as the flow velocity increases, which causes chaotic motion of the tube eventually.
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Fig. 2 Experimental apparatus

Table 1 Parameters of the test setup

test tube silicon rubber
fluid water
length of the tube, L (m) 06
outside diameter, do (m) 0.011
inside diameter, d; (m) 0.0076
area moment of inertia, I (m") 556% 10710
rTnnas(i;lfn >the tube per unit length, 0006047
nA;as(sk;fn )the fluid per unit length, 004527
Young's modulus, E (N/m®) 4041x10°
mass ratio, 3 0.87874
coefficient of Kelvin-Voigt

damping, E° (Ns/d) 08173x10°
laser sensor position, Z; (m) 0.0766
motion constraint position and gap

between the tube and constraint, 0.28905, 0.0155
Ty, Yy (m)

attached mass position, Xa (m) 06
mass of the attached mass, M’

(kg) 0.001, 0.002, 0.003
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