Exercise/Example 3 — Wave
propagation in 3-D rigid tank

The rigid outer surface has a complex 3-D shape.
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Geometric data:

Complex shell-like 3D shape. The walls are assumed to berigid, so thisis apurely
fluid problem.

Materias
The explosive bubble is made of a high-pressure perfect gas. Therest of the domainis
filled by the same gas but at alower pressure.

Numerical Solution

SOL101
We use the FSR directive to prescribe the boundary conditions at the complex 3D
surface of the domain. The input fileis:

SOLI - 01 e options
* OPTI NOTE
ECHO CSTA 0.5
CONV win 10G 1
GAST MESH e Transien t calculation
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr problem type CALCUL TINI 0 TEND 0.5E-3
TRID NONL EULE * NIMATION
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Dimensioning PLAY
DIME
PT3L 8760 FL38 6264 FL36 2016 ZONE 2 CAME 1 EYE  2.95448E-01 -1.39852E+00 8.01450E+00
NALE 1 NBLE 1 ! Q 9.96195E-01 8.71557E-02 0.00000E+00 0.00000E+00
MTEL 115 VIEW 0.00000E+00 1.73648E-01 -9.84808E-01
TERM RIGH 1. 0. 0.
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Geometry UP  0.00000E+00 9.84808E-01 1.73648E-01
GEOM FL38 SURS FL36 SUR6 TERM FOV  1.68819E+01
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Geometric Complements
COMP COUL roug LECT surl TERM scen
turq LECT sur2 TERM vect scav
* erial data text vsca
MATE FLUT RO 1.22 EINT 3.046E6 GAMM 1.269 PB 0 lima on
ITER 1 ALFO 1 BETO 1 KINT 0 AHGF 0 CL 0.5 colo pape
€Q 2.56 PMIN 0 NUM 1
LECT SUR1 TERM sler caml 1 nfra 1
FLUT RO 0.1237 EINT 3.046E6 GAMM 1.269 PB 0
ITER 1 ALFO 1 BETO 1 KINT 0 AHGF 0 CL 0.5 freq 0 tfre 0.5e-3
CQ 2.56 PMIN 0 NUM 1
LECT SUR2 TERM go
* dary conditions trac offs fich bmp rend
LINK COUP FSR LECT FSRN TERM
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Outputs ENDPLAY
ECRI VITE ECRO TFRE 3.5E-3 ELEM LECT SUR1 TERM *

FICH K2000 TFRE 0.5E-3 POIN TOUS FIN
VARI DEPL VITE ECRO ECRC LECT 1 TERM



At 0.5 ms, spurious (non-physical) velocities appear at the thin end of the fluid
domain:

S0LT - 01
Time: 3.00000E-04 Step: 143

+8 B0E+02
—— 47 JB8E+02
——+6.45E+02
——+50,02E+02
——:+3.89E+02
——:+2 1BE+02
———+7 2ZBE+01
MIMN:+3.63E-01
Velocity [mrs]

SOL102

Same as SOL 101 but the entire domain is at the same (low) pressure and should
therefore be in equilibrium. After only 20 steps, we see the devel opment of non-
negligible, spurious fluid velocities:

S50LT - 02
Time: 6.86731E-05 Step: 20

1+6.85E+01
———:+b6.28E+01
———:+5.14E+01
———:+4.00E+01
———:+2.85E+01
———:+1.71E+01
———:+5.71E+00
MIM:+2.61E-07
Velocity [mrss]



TWIS07
We study the phenomenon by a simple patch test of 8 fluid elements with uniform
pressure and awarped geometry. Here is the result after just one time step:

TWIS - 07
Time: 7.06Z11E-01 Step: 1[

JO3E-02
§5 . 42E-03
T+7 . 71E-03
(+6.00E-03
—— 44 Z8E-03
—— 42 . 57E-03
—— 438 .57E-04
MIN:+0 Q0E+CQQ
Velocity [m/s]

SOL105
To avoid the spurious velocities, we use the FSCR method (FSCR input option)

SOLI - 05
Time: 5.00000E-04 Step: 150

1+5 . 02E+02
———:+3.58E+02
———:+2.15E+02
———:+7.16E+01
MIMN:+5.37E-14
Velocity [mss]



Hereis an example of the computed pressures and velocities:

S0LI - 05
Time: 4.48000E-03 Step: 1574

———:+1.40E+05
———:+1.20E+05
———:+1.00E+05
MIM:+1.06E+05
Ecro 1 [MAA]

S0LI - 05
Time: 4.48000E-03 Step: 1574

e .2EE+03
W 1 Z0E+03

+3.00E+02
———:+2 . 00E+02
———:+1.00E+02
———:+0 . 00E+00
MIM:+2.40E-01
Velocity [ms=]



