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1d : Mathematical model

e The 1d-Euler equations in spherical coordinates

02 p) + (o)) = 0
D2 o) + -2 (p0? + ) = 2p7
%(7‘2 pE)+ %(TQ(MT(E +p/p))) =0

e The stiffened gas pressure law is used to close the system.
p(p,e,9) = (7(¢) = 1)pe = v(p)m(p). (1)

¢ is the phase indicator function (gas fraction, level set function).
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Saurel Abgrall Approach

e The two phases (gas and liquid) are distinguished by the mass fraction
© which satisfies a transport equation without mass transfer.

dy 0

ot +UT(3’T 0.

e For the pure phases, the coefficients v and 7 are obtained by measure-
ments.
e A linear interpolation between the two phases is used for the mixture,

where 51 and (3, are defined by 81 = 1/(y —1) and Bp =7/(y - 1). ,
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Real Ghost Fluid Method (wang, Liu, Khoo)

e The two phases are distinguished by the function levelset (distance
function) which satisfies a transport equation.

drpo+v.yp=0.

e A Riemann problem s
defined at the interface
(o = 0) and solved for
predicting the interfacial

states (prn, prr, pr and
uI).
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Initial Data : Fitting of Equilibrium Radius
Initial conditions : UH .
. , g s g e SR it S st sl s R, o
® ta:=70.7 us ("Exp") - -
0.6f -
() Rb = Rmax (EXp) = 0.5r g
E 04 -
e R, =0 © ol I
= Rey =6.92x107° m e . : I
in  minimizing the least 0.1 L g v
square error of the Keller- 0 - - : :
o 50 80 100 120 140 160 180
Miksis model. Ine]
Initial data Material parameters
plkg/m”] | p[Pa] || v [ | m[Pa] | cv[J/kg K] | R [J/kg K]
Gas 9.5e-4 4.57 1.4 0 708.3 283.32
Liquid | 1000 100000 || 1.1 2.e+9 | 4190.0 418
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Numerical Results: R,, = 6.92 x 107° m
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Numerical Results: R,, = 6.92 x 107* m

Initial data Material parameters
plkg/m”] | p[Pa] || v [l | m[Pa] | co U/kg Kl | R [I/ke K]
Gas 9.57e-1 72560 1.4 0 708.3 283.32
Liquid | 1000 100000 1.1 2.e+9 4190.0 418
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2d : Mathematical model

e The 2d-Euler equations with rotational symmetry

0 0 0 1

(%( )+8—(ﬂvr)+a—(ﬂ’vz)+ —pvr =0

0 0 2 9, 1 2 __

a(ﬂvr) + E(pvr +p)+ @(Pvr vz) + PV = 0

0 0 0 9 1 _
%(pvz)ﬂL%(pvrvz)Jr%(pvz+p)+;pvzvr—0

8( E)+—a (vr(p E + ))+—a (v.(p E + ))+1fv( E+p)=0
a0 T p\orp b p) T B p)) el p A p) =

e The stiffened gas pressure law is used to close the system.
p(p, e, o) = (v(p)—1)pe—~(p)m(p) with ¢ the level-set function.
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Modified Real Ghost Fluid Method

e [ he levelset defines the normal to the interface IV

e A Riemann problem is de-
fined at the interface be-
tween the cell A and B such
that the angle made by the
respective normals are the
minimum

e [he Interfacial states
define the ghost cells (pry,

prr, pr and uy).
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e A single-phase Riemann problem is solved at cell interfaces with ghost

cells as boundary condition.

e The solution can be advanced to the next time step.
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Change of the levelset sign in a cell after update

e Modification of the energy using the corresponding gas law.

U™ = (0,00, 0E) — p(0,e, EOS(¢})) — p (0,p, EOS(¢7 1))

— Optt = (Q, ov, @E>

e Modification of the density with the corresponding ghost cell.

Ot = <Q7 ov, QE) — Ont = (QGC’QGCU’QGCEGC) .
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Results : Spherical bubble near a rigid wall

AN
§ Water
N\
N\
@ N7y
§§ d_wall y=
g\ R_bubble
N\
N
§ x=0
e Initial data
Initial data Material parameters
p [kg/m’] | p [Pa] v [] | w[Pa] | ¢ [J/kg K] | R [J/kg K]
Gas 0.026077 | 2118 14 | 0 7175 283.32
Liquid | 1000 50000000 || 7.15 | 3.e+8 | 201.1 1236.765 12




Results : Spherical bubble near a
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t = 8.34 us
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Extract along the wall
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Results : Spherical bubble near a rigid wall
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Conclusion

Saurel-Abgrall: Real Ghost Fluid Method:

e Severe numerical phase transition e No phase transition
e Rebound overpredicted e Rebound well-predicted

Real Ghost Fluid Method in 2D:

e Difficulties to maintain the interface sharp due to the geometry and the
extreme conditions

e Loss of the gas phase

20
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Future Work

e Investigation of shock bubble interactions.

e Qualitative comparisons with experimental data.
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