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A supercavitation is modern technology that can be used to reduce the frictional resistance of the underwater vehicle, In the process
of reaching the supercavity condition which cavity envelops whole vehicle body, a vehicle passes through transition phase from
fully—wetted to supercaviting operation, During this phase of flight, unsteady hydrodynamic forces and moments are created by partial
cavity, In this paper, analytical and numerical investigations into the dynamics of supercavitating vehicle in transition phase are
presented, The ventilated cavity model is used to lead rapid supercavity condition, when the cavitation number is relatively high,
Immersion depth of fins and body, which is decided by the cavity profile, is calculated to determine hydrodynamical effects on the body,
Additionally, the frictional drag reduction associated by the downstream flow is considered, Numerical simulation for depth tracking
control is performed to verify modeling quality using PID controller, Depth command is transformed to attitude control using double loop
control structure,

Keywords : Supercavitating underwater vehicle(Z&2s £&2=x]), Transition phase(T0 |17, Hydrodynamical modeling(SAl[E &),
Dynamics modeling(S2st Z22)) Partial cavm/(-t.'-—E—T’o%), Ventilated cavity(2171&s%), Depth control(Al= X|0d)
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Parameters Description Valljisitznd
g Gravitational acceleration 9.81m/52
m Density ratio 2
R, Cavitator radius 0.0191m
R Vehicle radius 0.0508m
Sf Fin span length 0.1m
L Vehicle Length 1.8m
Cho Drag coefficient 0.82
M Vehicle mass 23.245kg
x, c.g from cavitator 1.093m
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Table 2 Input and initial values for simulation

command : Zd Command : Bd Wy
. shate Input & initial Description Value and Units
value
Depth controller Attitude controller T ThrUSt force 100 (N/TrpRzml})
Q Gas-supply rate | 1(m®/s/mR?L)
2 Initial depth 10m
Fig. 12 Block diagram of double-loop control system Initial forward
U . 1m/s
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Table 3 Trim values

States Description Value and Units
u Surge velocity 52.45m/ s
w Heave velocity 0.056m/s
q Pitch rate —9.5510 "deg/s
z Depth 5.08m
0 Pitch angle 0.063deg
Cavity radius/length
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Fig. 17 Cavity radius at fin and cavity maximum
radius/length
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