Exercise 7 — Gas bubble expansion in liquid

Solution with structured mesh (method of Despres, Lagoutiére et al.)
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Geometric data:

Compressed gas bubble expandsin aliquid with free surface. A structured mesh is
used.

Boundary conditions:

Rigid boundary.

Initial conditions:

High pressure in the bubble.

Materials

The various fluids are modelled by the ADCR material model: this material models a
mixture of gases and liquids.

Solutions

Solutions are obtained with either FE or CCFV, without and with anti-diffusion
according to the Despres-L agoutiere method.

NODPO02
This solution uses a coarse mesh of Finite Elements without anti-diffusion. The mesh
generation fileis:

opti echo 1; c4 = p3 dn po;
opti dime 2 elem qua4; *

opti sauv form 'nodp02.msh'; flui = dall cl c2 c3 c4 plan
opti trac psc ftra 'nodp02_mesh.ps'; *

* blox = c2 et c
po0 = 0 0; bloy = cl et c
pl =1 0; *

p2 =1 1; mesh

p3 =0 1; tass

* sauv

n = 50;

cl = po dn pl;
c2 = pl dn p2; fin;
€3 = p2 dn p3;

Theinput fileis:

NODP02 bleu LECT liqu TERM
ECHO turq LECT gazz TERM
ICONV win MATE ADCR ! Bulle
CAST mesh RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1
DPLA EULE ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
GEOM CARL flui TERM ROAR 1. GAR 1.4 PARG 1.ES PREF 1.ES
COMP GROU 3 'gazz' LECT flui TERM COND YB GT 0.5 BETA 5E-3 PTOT 2.E6
'bull' LECT flui TERM COND SPHE XC 0.5 YC 0.25 R 0.15 CAR 0. CBU 1.
'‘liqu' LECT flui DIFF gazz bull TERM LECT bull TERM
COUL roug LECT bull TERM ADCR | Eau



RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1 CAR 0. CBU 1

ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4 LECT gazz TERM
ROAR 1. GAR 1.4 PARG 1.ES PREF 1.ES LINK COUP BLOQ 1 LECT blox TERM
BETA 5E-3 PTOT 1.E5 BLOQ 2 LECT bloy TERM
CAR 0. CBU 0. ECRI VITE TFRE 1.2E-2 NOPO NOEL
LECT liqu TERM FICH ALIC TFRE 1.E-4

ADCR ! Couverture OPTI PAS AUTO CSTA 0.5 AMOR QUAD 4
RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 10G 1
ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4 CALC TINI 0. TFIN 1.2E-2
ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.E5 FIN

BETA 5E-3 PTOT 1.E5

DPL G02
This solution uses a coarse mesh of Finite Elements with anti-diffusion according to
the Despres-Lagoutiere method. The input fileis:

DPLG02 ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
ECHO ROAR 1. GAR 1.4 PARG 1.ES PREF 1.ES
1CONV win BETA 5E-3 PTOT 1.ES
CAST mesh CAR 0. CBU 0.
DPLA EULE LECT liqu TERM
GEOM CAR1 flui TERM ADCR ! Couverture
COMP GROU 3 'gazz' LECT flui TERM COND YB GT 0.5 RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1
'bull' LECT flui TERM COND SPHE XC 0.5 YC 0.25 R 0.15 ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
'liqu' LECT flui DIFF gazz bull TERM ROAR 1. GAR 1.4 PARG 1.ES PREF 1.ES
COUL roug LECT bull TERM BETA 5E-3 PTOT 1.ES
bleu LECT liqu TERM CAR 0. CBU 1
turg LECT gazz TERM LECT gazz TERM
MATE ADCR ! Bulle LINK COUP BLOQ 1 LECT blox TERM
RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 BLOQ 2 LECT bloy TERM
ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4 ECRI VITE TFRE 1.2E-2 NOPO NOEL
ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES FICH ALIC TFRE 1.E-4
BETA 5E-3 PTOT 2.E6 OPTI PAS AUTO CSTA 0.5 AMOR QUAD 4
CAR 0. CBU 1 DPLG
LECT bull TERM L0G 1
ADCR ! Eau CALC TINT 0. TFIN 1.2E-2
RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1 FIN

NODPO3

This solution uses a coarse mesh of Cell-Centred Finite Volumes without anti-
diffusion. Theinput fileis:

NODPO2 ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4
ECHO ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
ICONV win BETA 5E-3 PTOT 1.ES
CAST mesh CAR 0. CBU 0.
DPLA EULE LECT liqu TERM
GEOM CAR1 flui TERM ADCR | Couverture
COMP GROU 3 'gazz' LECT flui TERM COND YB GT 0.5 RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1
'bull' LECT flui TERM COND SPHE XC 0.5 YC 0.25 R 0.15 ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
‘liqu' LECT flui DIFF gazz bull TERM ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
COUL roug LECT bull TERM BETA 5E-3 PTOT 1.ES
bleu LECT liqu TERM CAR 0. CBU 1
turg LECT gazz TERM LECT gazz TERM
MATE ADCR ! Bulle LINK COUP BLOQ 1 LECT blox TERM
RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 BLOQ 2 LECT bloy TERM
ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4 ECRI VITE TFRE 1.2E-2 NOPO NOEL
ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES FICH ALIC TFRE 1.E-4
BETA 5E-3 PTOT 2.E6 OPTI PAS AUTO CSTA 0.5 AMOR QUAD 4
CAR 0. CBU 1. L0G 1
LECT bull TERM CALC TINT 0. TFIN 1.2E-2
ADCR ! Eau FIN

RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1

DPL GO03
This solution uses a coarse mesh of Cell-Centred Finite VVolumes with anti-diffusion
according to the Despres-L agoutiere method. The input fileis:

DPLG02 ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
ECHO ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
ICONV win BETA 5E-3 PTOT 1.ES
CAST mesh CAR 0. CBU 0.
DPLA EULE LECT liqu TERM
GEOM CAR1 flui TERM ADCR | Couverture
COMP GROU 3 'gazz' LECT flui TERM COND YB GT 0.5 RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1
'bull' LECT flui TERM COND SPHE XC 0.5 YC 0.25 R 0.15 ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4
'‘liqu' LECT flui DIFF gazz bull TERM ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
COUL roug LECT bull TERM BETA 5E-3 PTOT 1.ES
leu LECT liqu TERM CAR 0. CBU 1
turq LECT gazz TERM LECT gazz TERM
MATE ADCR ! Bulle LINK COUP BLOQ 1 LECT blox TERM
RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 BLOQ 2 LECT bloy TERM
ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4 ECRI VITE TFRE 1.2E-2 NOPO NOEL
ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES FICH ALIC TFRE 1.E-4
BETA 5E-3 PTOT 2.E6 OPTI PAS AUTO CSTA 0.5 AMOR QUAD 4
CAR 0. CBU 1. DPLG
LECT bull TERM L0G 1
ADCR ! Eau CALC TINI 0. TFIN 1.2E-2
RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 FIN



The computed densities at some selected instants for the Finite Element solutions are
shown below:

NODPOZ DPLGOZ
TIME: 0.00000E+00 STEP: O TIME: 0.0000CE+00 STEP: 0

L03E+00 H L03E+00
[Nsad [N/A]
t=0 t =0, anti-diffusion
NODFPOZ2 DPLGOZ2
TIME: 2.00145E-03 STEP: 415 TIME: 2.00451E-03 STEP: 443

.B0E+01
L20E+01
Ecro 2 [N/&] [N/A]
t=2E-3 t = 2.E-3, anti-diffusion
NODFOZ DPLGOZ
TIME: 4.00501E-03 STEF: 766 TIME: 4.001%0E-03 STEP: 1062

=)
BOE+01
.20E+01
14E+00
[NAd

L BOE+01
L20E+01
16E+00
Ecro 2 [N/A]

t=4.E-3 t = 4.E-3, anti-diffusion

NODPOZ DPLGOZ

TIME: 6.00331E-03 STEP: 1116 TIME: 6.00267E-03 STEP: 1787

BOE+01 LBOE+0L
20E+01 L20E+0L
.39E+00 40E+00
[GTEY) [N/A]

t=6.E-3 t = 6.E-3, anti-diffusion




NODFOZ
TIME: §.00312E-03

STEP: 1466

141 .20E+01
MIN:+1.91E+00
Ecro 2 [N/A]

t=8.E-3

DFLGOZ
TIME: 8.0003LE-03 STEP: 2496

3

LBOE+0L
LZ0E+0L
MIN:+1.69E+00
Ecro 2 [N/A]

it

NODPOZ
TIME: 1.00054E-02

STEP: 1816

.37E+00
[GTEY)

t=10.E-3

t = 8.E-3, anti-diffusion

TIME: 1.00005E-02 STEP: 3154

MIN:+1.03E+00
Ecro 2 [N/A]

NODPOZ
TIME: 1.20055E-02

STEP: 2165

MIN:+1.07E+00
Ecro 2 [N/A]

t=12.E-3

t = 10.E-3, anti-diffusion

TIME: 1.20041E-02 STEP: 3761

MAX :+1 .00}
1.00.

LBOE+0L
41 . 20E+0L

MIN:+1.13E+00

Ecro 2 [N/A]

t = 12.E-3, anti-diffusion




The computed densities at some selected instants for the Cell-Centred Finite Volume

solutions are shown below:

NODPO3
TIME: 0.00000E+00

L03E+00
[hsAl

STEP: 0

DPLGO3
TIME: 0.0000CE+00 STEP: 0

.03E+00
[N/Al

t =0, anti-diffusion

NODPO3
TIME: 2.00478E-03

LBOE+01
L20E+01
0SE+00
[N/A]

STEP: 303

t=2E3

DPLGO3
TIME: 2.00227E-03 STEP: 304

LBOE+0L
L20E+01
05E+00
[N/

t = 2.E-3, anti-diffusion

NODPO3
TIME: 4.00636E-03

L BOE+01
20E+01
L14E+00
[NsAl

STEP: 606

t=4.E-3

DFLGO3

TIME: 4.00130E-03 STEP: 613

64
LBOE+0L
LZ0E+0L
L15E+00
[N/Ad

t = 4.E-3, anti-diffusion

NODPO3
TIME: 6.00429E-03

MaX :+1. 008
—--1+1.00]

LBOE+01
L20E+01
3EE+00
[N/A]

STEP: 908

t=6.E-3

DFLGO3
TIME: 6.00070E-03 STEP: 925

.40
.64
LBOE+0L
LZ0E+01L
L3ZE+00
Ecro 2 [N/A]

t = 6.E-3, anti-diffusion




NODPO3 DFLGO3
TIME: &.00604E-03 STEP: 1210 TIME: 8.00234E-03 STEP: 1243

s

3

L BOE+01
20E+01

LBOE+0L
LZ0E+0L

s

MIN:+1.81E+00 .37E+00
Ecro 2 [N/A] [N/A]
t=8.E-3 t = 8.E-3, anti-diffusion
NODPO3 DPLGO3
TIME: 1.00045E-02 STEP: 1511 TIME: 1.00040E-02 STEP: 1565

HAX :+1 . Q0]
+1.00]

LBOE+01
Z0E+01 MIN:+1.42E+00
S1E+00 Ecro 2 [N/R]

[NsA] —- . . .
t=10.E-3 t = 10.E-3, anti-diffusion

NODPO3 IPLGO3
TIME: 1.20058E-02 STEP: 1812 TIME: 1.20041E-02 STEP: 1869

MAX :+1. 00)
+1.00]

.40
.64
LBOE+01 - 641
L20E+01 ———:+8.80E+01
21E+00 ———1+1.20E+01
[hsAl MIN:+1.50E+00

_ Ecro 2 [N/A]
t=12E-3 t = 12.E-3, anti-diffusion

BUBO5
This solution uses a fine mesh with anti-diffusion.
The mesh generation fileis:

opti echo 1; c4 = p3 dn po;

opti dime 2 elem qua4; *

opti sauv form 'bub05.msh'; flui = dall cl c2 3 c4 plan;
opti trac psc ftra 'bub05_mesh.ps'; *

* blox = c2 et c

p0 =0 0; bloy = cl et c

pl =1 0; *

p2 =11; mesh = flui et blox et bloy;
p3 =0 1; tass mesh noop;

* sauv form mesh;

n = 800; *

* trac qual mesh;

cl = podnpl; *

c2 = pl d n p2; fin;

c3 = p2 dn p3;

Theinput fileis:

BUBOS ROBU 1. GBU 1.4 PBU 1.ES NBU 1.4
ECHO ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
ICONV win BETA 5E-3 PTOT 1.ES
CAST mesh CAR 0. CBU 0.
DPLA EULE LECT liqu TERM
GEOM CAR1 flui TERM ADCR RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1
COMP GROU 3 'gazz' LECT flui TERM COND YB GT 0.5 ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4
'bull' LECT flui TERM COND SPHE XC 0.5 YC 0.25 R 0.15 ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES
'liqu' LECT flui DIFF gazz bull TERM BETA 5E-3 PTOT 1.ES
COUL roug LECT bull TERM CAR 0. CBU 1.
bleu LECT liqu TERM LECT gazz TERM
turq LECT gazz TERM LINK COUP BLOQ 1 LECT blox TERM
MATE ADCR RONA 1000. CNA 1500. PNA 1.E5 PSAT 1.E4 ROSAT 0.1 BLOQ 2 LECT bloy TERM
ROBU 1. GBU 1.4 PBU 1.E5 NBU 1.4 ECRI VITE TFRE 1.2E-2 NOPO NOEL
ROAR 1. GAR 1.4 PARG 1.E5 PREF 1.ES FICH ALIC TFRE 1.E-4
BETA 5E-3 PTOT 2.E6 OPTI PAS AUTO CSTA 0.5 AMOR QUAD 4. DPLG
CAR 0. CBU 1. 10G 1
LECT bull TERM CALC TINT 0. TFIN 1.2E-2
ADCR RONA 1000. CNA 1500. PNA 1.ES PSAT 1.E4 ROSAT 0.1 FIN



The computed densities at some selected instants are shown below:

BuBos,
TIME: 0.00000E#00 STEP: 0

t =0, density

uBos,
IME: 0.00000E<00 STEP: O

i
Eero 1 DAl

t =0, pressure

TIME: 2.00043E-03 STEP: 5623

t = 2.E-3, density

INE: 2.00043E-03 STEP: 5613

t = 2.E-3, pressure

BuBos,
TINE: 4.00018E-03 STEP: 11330

o0
Eero 2 [v/Al

t = 4.E-3, density

uBos,
IME: 4.00018E-03 STEP: 11330

t = 4.E-3, pressure

BuBos,
TIME: 6.00001E-03 STEP: 17095

t = 6.E-3, density

uBos,
IME: 6.00001E-03 STEP: 17096

t = 6.E-3, pressure




BuBos,
TIME: 8.00030E-03 STEP: 22681

VIN: 42 185400
Eero 2 [v/Al

t = 8.E-3, density

uBos,
TIME: 5.00030E-03 STEP: 22661

t = 8.E-3, pressure

BuBos,
TIME: 1.00000E-02 STEP: 28660

v

t = 10.E-3, density

uBos,
TIME: 1.00000E-02 STEP: 28660

MIN:44.00F 104
Eero 1 DAl

BuBos,
TIHE:

1.20000E-02 STEP: 34444

v

t = 10.E-3, pressure

TIME: 1.20000E-02 STEP: 34444

MIN:44.00F 104
Eero 1 DAl

t = 12.E-3, pressure




