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Fig. 1. The schematic of the HT-01 water tunnel.
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Fig. 2. (a) Photograph of the test body; (b) the schematic of the jet nozzle; (c) the experimental setup.
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Fr 3.2 6.5 9.8 13.0 16.2
Poo /kPa 106 100 90 75 57
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Fig. 3. The instantaneous and time averaged form of the jet induced tail cavity at F'r = 6.5.
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Fig. 4. Form map of the jet induced tail cavity.
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Fig. 5. The typical form of a foamy tail cavities.
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Fig. 6. The cavity boundary affected by the wake vortex.
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Fig. 11. The time series photographs of a penetrated foamy cavity at Fr = 3.2.
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Fig. 13. The comparison between foamy and pene-

trated foamy cavity at F'r = 6.5.
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Fig. 14. Two models of the cavity closure onto a cen-
tral Jet.
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Fig. 15. Form map of the jet induced tail cavity re-

garding total pressure ratio and ventilation rate.
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Fig. 16. Boundary condition setup of the numerical

simulation.
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Fig. 17. Composite picture of stagnation pressure and

cavity form at Fr = 6.5.
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Fig. 19. Composite picture of stagnation pressure and partially break cavity at larger F'r numbers.
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Table 2. Data from experiment [21] and calculation.

Fr Caqu K E /kPa N E /kPa Wo/N J/N ai/90 Coe
5.9 0.121 99.6 98.7 0.6895 0.403 0.86 0.104
5.9 0.221 99.8 98.8 0.7512 1.074 0.35 0.077
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Fig. 20. The instantaneous and time averaged form

of the cavities in experiment [21].
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Abstract

Multiphase jets and cavitation problems are inevitable for high-speed underwater vehicles propelled by jet engines.
Unlike being injected into stagnant water, the gaseous jet behind a underwater vehicle is usually conjugated with a
tail cavity. The pulsation and collapse of such cavities can seriously affect the vehicle performance. In this study, the
shape character, forming mechanism and control conditions for the supersonic gaseous jet induced tail cavity at the
wake of a revolution body are experimentally investigated in a water tunnel. The induced cavity is ventilated only by
a convergent-divergent nozzle with a designed Mach number of 2.45. The form of the cavity is recorded through two
high-speed cameras both horizontally and vertically under different Froude numbers and ventilation rates. The time
averaged form is thus obtained through digital image processing to eliminate the transient characteristics of the cavity.
The experiment is conducted with the Froude number ranging from 3.2 to 16.2, and the ventilation rate 0 to 0.5. Due
to the high density and velocity ratio between water and gas, the structure of such flow is usually very complicated.
Many novel phenomena of the jet-cavity interaction are observed. With increasing stagnation pressure of the central
jet, the induced cavities evolves form foamy, intact, partially break, to pulsating foamy closure type. The foamy and
intact tail cavities share the same profile and characteristics that of a supercavity. And the pulsating foamy closure
type was never observed before in a traditional supercavitating flow. The outline of the pulsating foamy cavity is the
same as the foamy cavity’s, indicating that they have the similar forming mechanism. A comparison with the jet-cavity
interaction model is made and the following conclusions are obtained: the real ventilation rate, which corresponds to the
re-entrant jet gas blocked by the cavity boundary, is the key factor in controlling the cavity form. When the gaseous
jet is completely blocked by the water-gas interface, an intact or foamy cavity will be formed. A partially break cavity
appears only when some fraction of the jet is blocked and this is when some of the strongest interactions between jet
and cavity occurs. When little gas was blocked by the interface, a pulsating foamy cavity forms. With the structure of
gaseous jet considered, the transition of the induced cavity closure between different types is in favour of the prediction
from Paryshev’s model of cavity closure to a central jet. The variation of the cavity form, thus the interaction strength

between jet and cavity, coincides with the real ventilation rate estimated through the theoretical model.

Keywords: submerged gaseous jet, tail cavity, supersonic, multiphase flow
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