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Figure 1 (Color online) Schematic of the experimental setup.
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Figure 2 (Color online) Motion velocity curves of the vehicle.
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Figure 3 (Color online) Schematic of experimental parameters.
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Figure 4 (Color online) Characteristics of nuclei size distribution.

2147194



TR, PR WELE J)% RIC%

2027 F HSTHE O OH 1M

R[37.5253]

IOEfpaN

23 EEMIEIE

S S 6 o RS AT e (SRR 8 20 A A AE K
A, (B DX 38 B RS SRRl e o — 4
MER PR, Xk, AR s T AL A
DT SIRIME RS, X THEIRE %M, L2
AU LI R U B IZ R AR IR E 1, FEA IS M 5E
T, FREETRESERIRTURRIRIE X TF
BIREERAT, T2 BRI U 2 AR N A ) 2%
AR E SRR, HE R A DLAT A BT

181 ms

FP AR TIESEPT. Rk, AU I S
KA AT AT E G VEIGAE. fEMRE T, AEREENT
P AN 5 A W e 25 A 2 TRD, o S P HE B R AR 6 ]
IBENLZE 5, X LB R PR ARG 50 e i st 45 BT
SEMEIR S .

BIS RN T =4 R S50 26 11 1 2 Vv AL o 2.
TESVABACYIE, TS RIRES MY R & & m) BE L
SIATHD B A E R S, BEE S BIRR, A
] BRI RS IOR, BE 2, R SR A T
. BEJE, JEIASWOET A R S ) R igsh. [
I, 35850 b5 7R BB A 2SO R e, I 2 I TR

221 ms 231 ms.

08}
—
04}
0.0}
0 175 200 225 250
(b) t(ms)

i —B—Exp-1
—0—Exp-2
—&—Exp-3,
0.2
0.1F
0.0F
Ly
0 175 200 225 250
(© t(ms)

B 5 (MZRE RN, (a) TRIEAEIE; (b) DKL, (o) B %R (T A% AT, Fr=4.85)

Figure 5 (Color online) Cavitation evolution process. (a) Images of cavitation evolution; (b) change in cavity length; (c) change in cavity width

(medium conditions, Fr = 4.85).
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Figure 6 (Color online) Pressure curves. (a) P1, (b) P3 (medium
conditions, Fr = 4.85).
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Figure 7 (Color online) Evolution of attached cavitation on the structural surface under sparse conditions. (a) 181 ms, (b) 191 ms, (c) 201 ms, (d)

211 ms, (e) 221 ms, (f) 231 ms, (g) 241 ms, (h) 251 ms (Fr = 4.85).
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Figure 10 (Color online) Cavity size variation under three nuclei conditions. (a) Variation of cavity length with cavitation number (main panel:
comparison of fitting curves under three nuclei conditions; inset: comparison of sparse-condition fitting curve with data from refs. [57,58]), (b) typical

morphology of cavitation.
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Figure 11 (Color online) Pressure fluctuations and corresponding cavitation images at typical moments under sparse conditions. (Fr = 4.85, the
dotted boxes indicate the pressure variation at measurement points after the region is covered by cavitation, and the fitting curves are shown in the left

figures).
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Figure 12 (Color online) Pressure fluctuations and corresponding cavitation images at typical moments under medium conditions. (Fr = 4.85, the
dotted boxes indicate the pressure variation at measurement points after the region is covered by cavitation, and the fitting curves are shown in the left

figures).
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Figure 13 (Color online) Pressure fluctuations and corresponding cavitation images at typical moments under abundant conditions (Fr = 4.85, the
dotted boxes indicate the pressure variation at measurement points after the region is covered by cavitation, and the fitting curves are shown in the left

figures).
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monitoring point P1 under three nuclei concentrations (the left figure
shows the time-averaged pressure after the region is covered by
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Figure 16 (Color online) Cavitation collapse pressure under three

nuclei concentrations.
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Table 2 C, of relative collapse pressure

sk =
- s +E
P2 0.04 0.06 0.27
P3 0.12 0.23 0.17
P4 0.20 0.28 0.34
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Figure 17 (Color online) Wavelet analysis results of pressure fluctuation (the upper figure shows the pressure time-history curves, and the lower
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Influence of nuclei concentration on cavitation load
characteristics of an underwater vehicle
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Accurate prediction of cavitation loads is the key to preventing cavitation erosion. In the free flow, nuclei significantly
affect the unsteady cavitation flow and wall pressure characteristics during water exit of vehicles by regulating the
inception and evolution of cavitation. In this paper, a hemisphere-cylinder structure is adopted as the research object.
Three typical nuclei concentration conditions (sparse, medium, and abundant) are generated in a vertical decompression
chamber. The evolution of cavitation and wall pressure fluctuations are synchronously observed using high-speed
photography and an array of pressure sensors. The results indicate that nuclei influence wall pressure by altering the
shape, size, and collapse mode of cavitation. Under sparse conditions, cavitation exhibits a typical transition from
propulsive collapse to synchronous collapse. Under medium conditions, the collapse of bubble clusters generates the
maximum local pressure pulse. Under abundant conditions, the collapse characteristics resemble those under sparse
conditions. Based on their time-frequency characteristics, the pressure fluctuations are classified into four types:
medium-low frequency with low amplitude, low frequency with high amplitude, high frequency with low amplitude, and
high frequency with high amplitude. As the nuclei concentration increases, the fluctuation intensity and duration in the
medium- and high-frequency bands also increase. This study provides a reference for multi-scale cavitation simulations
and underwater structure design.

cavitation, nuclei, water exit, pressure fluctuation
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