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Recently, as the technology of the supercavitating underwater vehicle is improved, the necessity of research for maneuvering
characteristics of the supercavitating underwater vehicle has emerged. In this study, as a preliminary step to analyzing the maneuverability
of a supercavitating underwater vehicle, the characteristics of cavity shapes and hydrodynamic forces generated in a supercavitating
underwater vehicle with an angle of attack were evaluated numerically, First, the geometry was designed by modifying the shape
of the existing supercavitating underwater vehicle, The continuity and the Navier—stokes equations are numerically solved, and
turbulent eddy viscosity is solved by the k—w SST model, The results present the characteristics of cavity shape and the hydrodynamic
forces of the designed geometry with an angle of attack,

Keywords : Cavitation(&2= S, Supercavitating underwater vehicle(ZE2= £S2=X), Angle of attack(2+22}), Characteristics
of the supercavitation(TEs SIMEN) The hydrodynamic forces of supercavitating underwater vehwcle(i = 25X
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Fig. 2 Definition of coordinates and domain size

Fig. 3 Polyhedral mesh in analysis domain

Table 1 Physics

Group [tem Setting
Type Pressure—based
Solver :
Time Steady
Viscous k-0 SST
Models - ;
Multiphase Volume of fluid
Primary Water-liquid
Phase Secondary Water—vapor
Interaction Schnerr—Sauer cavitation
(2350 Pa)
Table 2 Boundary condition
Group [tem Setting
Velocity inlet velocity 100 m/s
Pressure Gauge depends on depth and
outlet pressure velocity
Specification | Intensity and viscosity
method ratio
Turbulent
Turbulence intensity(%) 5
Turbulent
. . 10
viscous ratio
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Table 3 Solution

Group ltem Setting
Coupled algorithm
Pressure—-velo (solves the momentum
: ) Scheme o )
city coupling and continuity equation
together)
Gradient Least squares cell based
Body force weighted
(computes the face
pressure by assuming
Pressure the normal gradient of
the difference between
presuure and body
Spatial forces is constant)
discretization Momentum Second order upwind
Compressive
Volume fraction | (Compressive interface
capturing scheme)
Turbulent .
) U. ! Second order upwind
Kinetic energy
Specific .
o Second order upwind
dissipation rate

Symmetry

Velocity
Inlet

Fig. 4 Boundary Condition

Pressure
Outlet
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Table 4 Formulas for estimating supercavity shape pf disk

Particular Formulas
Ds_ [
Garabedian D, pu
(1956) L G 1
7= VG (i< )
Dy |Gy B
Logvinovich D, Vo (k=0.95)
(1973) I, .
I, \/@X(QX;)
Ds_ %D
D, ko
Guzevsky 14500
(1983) (0.9 <h= 72 -<096)
Ls _ 1,11
I, Cp > ( IH;X(T)

24Z}o| Aol ARZE Al S412 Table 501 FRISIACE

ook

Table 5 Formulas for estimating supercavity shape pf disk

Particular Formulas
Ga(rfggg;an Cy=Cp(1+a) (G, =0.827)
Logvinovich om0 (ire) (G —082)

(1973) p = Cp, 5, =0-

Guzevsky B ) -

(1983) Cp=Cp, +0.860  (Cp, =0.838)
80
|
" : Garabedian
l Logvinovich
’ : Guzevsky
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50 |
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Q 2 4
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30 l
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20 ‘\
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\\
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Fig. 5 Comparison of cavity length
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a Drag [N] Lift [N] Moment [N-m]
0° 9575 0 0
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Fig. 15 Predicted Cavity Shape & Vapor phase according to
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Table 10 Drag, Lifg, and Moment according to AOCA

a Drag [N] Lift [N] Moment [N-m]
0’ 9575 0 0
1 10336 5019 4901
2’ 12091 15171 8662
3 13682 19634 1813
4 16931 31754 3270
5 20194 41520 3398
25,000
M Total Drag
20,000 '...l'
@Form Drag
- _-9
15,000 A Viscous Drag ‘ P -
E . ,.--" — - -
z e
H PP L -
& 10,000 “.”___V____;_:,__.’,_--;_ T
..... e )
0 e === he----"" A- A
o 1 2 B . .
AOA ()

Fig. 17 Drag according to the angle of attack
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Table 11 Drag according to AOA

X g2 A2 2 & Uch WA, =55 FE2SH 0l LYst
= ZHES A2 MojHol ofsf 2 kg He WS Y =+
ULk

Table 12 Moment according to AOA

Drag [N] Moment [N-m]
AOA : : AOA : :
Total | Cavitator Neck Body Fin Total | Cavitator Neck Body Fin
0° 9575 8231 0.954 0.7117 1337 0 0 0 0 0 0
1° | 10336 8219 1.437 438 1671 1 4901 0.60 3.86E-05| 3745 1155
2° 1 12091 8209 1.436 1713 2160 2° 8662 1.09 2.55E-05| 5757 2904
3% 113682 8209 0.953 3536 1931 3° 1813 1.39 4.90E-05| -906 2718
4° 116931 8194 0.952 6144 2588 4° 3270 1.79 3.31E-06 | —1468 4736
5° 120194 8187 0.950 8936 3066 5° 3398 2.27 4.16E-05 | —2243 5639
25,000 e & Total Moment
MDrag w0 Cavitator -
20,000 Cavitator : Neck
Neck Body )
Body T 80 e -
. *Fin -l - H 4000.0 d - -7 T
g ) I :;: : g . N _ .- - a L
g L : § 2000.0 TR 7 _:
+o-mm T S c ol oo oo -2000.0 ‘

AOA(%)

Fig. 19 Drag by component according to AOA

-4000.0 ‘

AOA(°)

Fig. 20 Moment by component according to AOA
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