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S= 0{71 Nozzle Cavitation

.r» R =
I X

Expt. (Satoshi, 2012)™

Time = 22.430 (ms) Flow direction Time = 7.1840 (ms) Flow direction
BTN
- Vapor Volume
Fraction

- Temperature

e

-M' = Mach Number
F P—
- Pressure
Flow conditions: Flow conditions:
Poutet=24.5 kPa U, =3.5 m/s (Min~0.01) Poutei=124 kPa Upe=3-5 m/s
(Ooutiet ¥14.9 ) Tye= 27°C (Ooutlet ¥19.8 ) Tye= 27°C
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H|2t=AM/ot=M CIAISS 917 _Supercavitating Torpedo: hot gas exhaust/ventilation
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22z e e e S Interfacial profiles Temperature

Mach number, streamline and interface
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Time = 0.001700 —:!

(a) Numerical results by Ying'Chen at al.
Journal of Fluids Engineering, Vol. 142 /011403-1
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Ay=02m  Ay=0.25m Ay=0.39m Ay=0.44m t=0.02s t=0.03s t=0.035s

t=0.04s t=0.045s t=0.056s
(b) Numerical result by PNU

Chu et al., 2010, Numerical simulation of water-exit of a cylinder with cavities, 9th Int. Conference on Hydrodynamics, Oct. 11-15, 2010 Shanghai, China
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(c) Pressure peaks caused by the cavity break-off on the right surface
(b) Pressure peaks caused by the cavity break-off on the middle
surface
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6DOF&Ricochet_Ricochet(skipping) of high speed objects

Sphere
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*  Density ratio =1.0
+ M=858¢g

Time = 0.OJE208

=

Ricochet*
V=10m's
g= 15°

(b) Rebound =

(a) Ricochet

Initia | ¥ eloeity {m/'s}

(c) Sink

L.
]
»

Trajectory possibilities upon water entry body
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Full Fluids Equation_Shock and Bubble Interaction

M SYSTEM

AIR-HELIU

Air / Helium bubble system -

Air 5 =129kg/m’,u, =0m/s,p, =10°Pa
v, =14, n, =0Pa

Helium
py =0.167, u, =0, py =10’Pa
Yy =167, @y =0Pa

Air / Nitrogen bubble system

S
Numerical results

AIR-NITROGEN SYSTEM

S— 1=1895  (us

Alr p,=1.29kg/m* u, =0m/s,p, =10°Pa
{ya =14, n, =0Pa

Nitrogen
px=125kgm’, u,=0, p, =10"Pa
{YN:IA, n, =0Pa

Shock Wave .,
Propagation

_ .“
it b
t=1*+ 134 3!

1=200.7 (1 5)

t=271.8 (us)

t=401.5(us)
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Full Fluids Equation Solver

« Rayleigh-Taylor Instability

Higher density

Heavy Gravity
I

Preodic Preodic t=1702.73 [ms; t=2101.03 (me)

Lower density

Lighter

y Solidwall

50| P
CH B

« Kelvin-Helmholtz Instability

:p/ p1=1/2& U; = -U,
Slip wall
lower density 7) U,=0.5 m/s
Preodicé p2=1 kg/m? > Preodic

boundary: boundary

higher density U;=-0.5 m/s %A
p1=2 kg/m? b Z—
L=10m

{ N\
vg =001sinf 107
\ L)

(ms) t= 1841931 (ms)
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Underwater Explosion(UNDEX) under free field and near wall conditions
0.026(s)

Time = 0.050 (s) Time

0 025 05 075 1

PRESSURE

~ 5
Schematicview of UNDEX phenomenon Bottom wall :

Experiment
———— Numerical result

ﬁm“ﬁ‘-&..‘hﬁ ;
; 04 “.‘4 1\5" é" First collapse
L 3 e

Time, t rz)

"J

p ;
<Free field condition> <Comparison of bubble radius and bubble center position> <Near wall condition>

e
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Bubble collapsing with heat and mass transfer effects

* Experimental daia
= = = =  MNumerical result without phase change
0~ |==+=+=- MNumerical result with phase change
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Underwater Expl |on(UNDEX) with thermodynamlcs effects

_— = = 2250 B
. / / \\ IE " Ig — ———  Compuiation
o //_\\ w /.\ 2000 - -
i { i, [ ] ]
) N/ ; = . CFD result T, = 1910.7 K — IIl
J \ / . ‘ (PNU) :
21500 - !:
| 1= 27 00 ms. 1= 35 00 ms. | 1=42.20 ms 1=43.10 ms g0 i:
b ..."' “1 h ’(.’i N ’: i:‘.. |
. : . IS E || S0 I
/ \ & b @' “
i .-f | ry 750 - i !
\\_// \j 500 - i |
- e | - - 0 0 20 30 0 50
=43.47 ms 1=43.60 ms 1=43.75 ms 1=43.86 ms ' Time, tins) )
<Evolution process of the temperature field > <Fvolution of the maximum temperature>
2000 0.1 5 T
F—— 324ms 1  T=1910.7K 166
1750 |- =37.7 me i 1320
[ —=— t=413ms 0.08 | I
[ ———— =424 ms E = 300
B =1286ms ™
é" P =43.15ms .06 -
250 |- ————— 1=4333ms —
é [ —=—— t=43.53ms ( E
= v ~
g 1000 r 0.04
=
750 r i
. 2 0.02 - l
500 - ] Bubble surface
| — P SN N
250 = 1 1 1 1 L ] 0 T T T T T
-0.3 -0.2 -0.1 [} 0.1 02 0.3 -0.04 -0.02 Q 0.02 0.04
Horizontal distance, z(m) X (m)
< Gas temperature along the axis of symmetry for the collapse> <Maximum temperature stage>
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Bubble collapsing near a cylindrical rod

aa  aa F ...... N
. *  Our Experiment H- .h
-~ 00038 et s
] Mesh 2 reET |- _[Et :mpat:t
t i s t = S 5 S . | === Mesh 3 :
E L - . Jet impact
: - load u
CFD 3 (P = 18.24 Mpa)
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<Comparison with the experiment: ”
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| High-speed
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Bubble collapsing near wall

D05,

---I

104
Al 402 A AT AV 4T ; o or . '“! | [
Voot = 100 CLE N
M-jet = 100m/s 1T "\ o
Bubble near wall with standoff | ' ] e Son h Jet Velocity in difference cases
distances: y = 1.09 S el L

The case of y;, = 1.09.

| .
00
o0 o 2001
X

320m/s University of California

Bubble 1 [

Bubble2 | &

Sketch of
initial double
Bubble near wall with standoff bubbles

3 d
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Evolution of bubble shape near a free surface(with splash)
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Underwater Explosion(UNDEX)_Shock wave propagation near cylinder
TNT: 8 kg

,,nLZ )L Pressures on top of the cylinder at

05‘“ g .
aom 0. 4-0% o © oty positions shown the figure
€. L=80m E‘ 5 1=80m™
S 3
“Du a g Y O O

underwater explosion near a cylinder double underwater explosion

______

g 8 &

Pro:!um (:lIPa)
g

Pressure (MPa)
S EETHELE

8

03 04
Time (ms) Time (ms)
t=05ms

tosims Single bubble Two bubbles
Patterns of

. Pressure Patterns of
Schlieren-type Schlieren-type

Pressure Maximum pressure load on the cvlinder

Shock wave propagation increases 1.5 times than single bubble

Benchmarked by Los Alamos
National Lab. and NC state Univ.
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Fromt Side view Near the
oblique view rotor blade

Streamlines past the rotor of waterjet

P\ A

Near the
rotor blade

Front oblique Side view
view

Streamlines past the stator of waterjet

Pressure Streamline
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Horizontal Launcj/

Solution Time 1.7 (s)

« Negative buoyancy

2Y2HA
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ANSYS
Lo

é,, 7 f E £ e In-Tube Travel Phase

\—/./ N
-

T A

Gonkor gaysm 7| Az olz{oky ARicH



Hot Component Cooling

-x
Engine Bay CFD Simulation

Fire Extinguishing

Time = 0.045735

Y.
t=0.103s ‘
z

< X O|F HEH F-35 AT 341 >
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