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Experimental Study on Overexpanded Underwater Supersonic Gas Jet
under Co-flow Condition

ZHANG Naimin', XU Hao’, SUN Tiezhi’, KONG Decai', LI Fang'
(1. Beijing Institute of Astronautical Systems Engineering, Beijing, 100076; 2. School of Naval Architecture,
Dalian University of Technology, Dalian, 116024)

Abstract: The engine nozzle is prone to work with a state of over-expansion in a high-pressure underwater environment, which
will influence the jet flow field and thrust. Experiments of over-expansion supersonic underwater gas jets at different co-flow
velocities are conducted using a circulating water tunnel, various forms of wake cavity and their corresponding thrust time-frequency
characteristics are analyzed. It is shown that at low velocities, the over-expanded gas jet is difficult to form a cavity attached to the
wake or a pulsating foam-type wake cavity. Under such flow conditions, the vehicle experiences pronounced thrust oscillations with a
rich frequency spectrum (36 to 743 Hz). As the Froude number at the co-flow velocity increases to Fr = 8.57, the jet eventually forms
an intact tail cavity, at which point the amplitude of the thrust oscillations decreases significantly and the mean thrust value increases
significantly. The internal gas reflux phenomenon in the jet-induced tail cavity is also directly observed, and the observed reflux
velocity at F=8.57 is about 1.13 m/s.
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Fig.2 Typical structure of over-expanded state jet
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