5 30 5 8 Fi A 25 Vol.30 No.8
2026 4 8 H Journal of Ship Mechanics Aug. 2026

LEHS: 1007-7294(2026)08—1279-15

A BN AE R EIETRD
TR I IERT 32

B =L ERALEK EFLFER
(1. B ZRVEE Tolb K24 gl ) W7 TR0, (N4 B 264209; 2. A0 K2 W T 4 [ 5 S S0
%=, [ 200240)

FEE: AR SCEETEIE AW B0 2, sy T RN T B PR A5 18 R G AR 8l 2 s il AR B =
it Galerkin 75 {2:%0 7 B HEA T RSB, B4 OR G500 R Ak g — R 9 153 D R A 18 O R 25 S5 fa U P ARRAE A 2 LA
K Newton-Raphson 14 CHE X488 (a8 HERFE AT TEUELR IR . RGTIT T ORI R B | A mAE bk |
T T D T RO R 3 DU A DG SETT i I SO S AR I T s e . DFR A5 SRR, MR B C,=0.1 B,
SEHAAERT = BEES B A Hopf 43 %, RARER T T iX SIS MubRlk BRI E] C,=0.3 I, S5 US4
Hopf 4372, H I/ M FERHE ue, 0 FREL 2P TR EE /N TG S BB, 2RG8R0 24 0 IE1H, S5 4R
SR FI I IRBN; 24 AT B K TG SR B, R G — B S AR AR e 2 L A7 1, S5 A 9k 3l 52
PRIk, MEHERE o (REFAZEN, RGN E v, BTG W AR BT 5 B3 KIMTEHT EI Y s SRIFAE
B, BEE S TE R o MYHE R, I LT i T, SPNE Y &y

SRR BENRPIAEI; WERR G Fe ML, B IE

RESES: 0357 SCREARIAED: A doi: 10.3969/j.issn.1007—-7294.2026.08.006

Vibration stability characteristics of vertical lifting pipelines for
deep-sea coarse ore
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Abstract: First, based on the modified Hamiltonian principle, the nonlinear dynamic control equation of the
deep-sea coarse-grained ore vertical lifting pipeline system was established. Then, the equation was
discretized using the Galerkin method, converting the partial differential equation into a system of ordinary
differential equations. Finally, numerical solutions were obtained for the stability characteristics of the
pipeline using the eigenvalue method and Newton-Raphson iteration method. The system analyzed the
influence of four key dimensionless parameters, namely the particle feed concentration, terminal lumped
mass, gravity coefficient of the pipeline, and fluid velocity, on the critical flow velocity of the structure.

Results show that when the feed concentration is C, is 0.1, Hopf bifurcations occur only in the first three
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modes. When the feed concentration increases to C, = 0.3, a Hopf bifurcation also occurs in the fourth mode,
and the minimum critical flow velocity u., decreases significantly. When the internal flow velocity is below
the critical value, the imaginary parts of the complex eigenfrequencies remain positive, indicating decaying
structural vibrations. Once the internal flow velocity exceeds the critical threshold, the imaginary part of the
first complex eigenfrequency becomes negative, signifying flutter instability. When the gravity coefficient a
is held constantly, the critical flow velocity u, increases progressively with the dimensionless terminal mass
k5. Conversely, with fixed x5, an increase in the gravity coefficient leads to a significant rise in critical flow
velocity, exhibiting an approximately parabolic growth trend.

Key words: solid-liquid two-phase flow; fluid-structure interaction; stability characteristics; cantilevered
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