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Simulation Study on Flow Field and Control Characteristics of
Swing Nozzle During Underwater Operation
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Abstract: The vertical launch process of underwater vehicle is unsteady and highly dynamic. For the under-
water vehicle based on swing nozzle control, the effects of swing angle and dynamic swing process on the evolu-
tion of flow field and hydrodynamic characteristics can not be ignored. A three—dimensional simulation model for
the coupling calculation of flow field and trajectory was established based on volume of fluid (VOF) model, dy-
namic grid technology, superimposed motion model and dynamic fluid body interaction (DFBI) model. As a re-
sult, the unsteady evolution process of flow field and hydrodynamic force during nozzle swing under mooring and
navigation conditions were studied. The simulation results show that the engine can provide stable and delay—free
control force and moment if there is no flow separation on nozzle, and the change of the supersonic jet direction
can cause asymmetrical pulsation of the flow field. Even if the vehicle is in mooring state, the vehicle will still be
affected by the fluid disturbance moment, causing the reduction of the efficiency of underwater thrust vector con-
trol. When the vehicle is in navigation state, the incoming flow and the attitude change of vehicle will produce in-
duced disturbance moment, which further reduces the control efficiency.
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Table 1 Parameters of nozzle

d /mm d /mm

po/MPa T/K Y h/m
19.19 11.0 9.0 2200 1.29 20
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Fig. 3 Simulation results and test results
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Table 2 Working condition parameters

Parameter Value
Total pressure/MPa 8
Total temperature/K 3200

Expansion ramp 4
Depth/m 35
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