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General problem in hydrodynamic simulations Homogeneous bubble nucleation (1/2) Subsequent evolution of the two-phase states
Isobaric expansion | Isochori§ heating.—> perLzSJf:f It Our criterion for explosive boiling is based Bi — By: ¢, drops strongly! B> — 7: Different trajectories |
) Isentropic expansion on the theory of homogeneous nucleation! J Usually csp/cs1 < 0.1 }
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(ii) - Inner foil elements
Ap >0, AT > 0 due heating

until rarefaction wave arrives.

<
<Y
©

@ r < r-: Surface tension o dominates,
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@ r > r.: Bubble grows

Follow metastable or use fully equilibrium EOS below the binodal?

. . . 3
Minimum formation work: W, = 3(1p6mp)2
-

Follow metastable EOS and use the criterion for explosive boiling! (iii) - Intermediate caseJ

Numerical setup
o seitup

Quasi-static thermal expansion of a planar foil

The criterion will be illustrated for a quasi-isobarically heated thin J
foil which ds h ly in density and t ture. Planar 1D-layer of SiO — 101! 4 —
oil which expands homogeneously in density and temperature J= N (3_21)1/2 . (_%) o - meleen e mess, W — o y 2 qg=10 = for t =0...150 ns
100 Lagrangian cells ts = lo/cs0 ~ 2.2 ns
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T F—— — On a par with the EQOS, the surface tension ¢ must be known! ) Application: Stack targets ) Caicsmends i HET fon kel
| Energy deposition rate qJ
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Ap/p < 1 within ts = //cs — Heating is slow! ock (T) = onm (%) / — Vanishes at T.! I =10 um, T = 312 K, — Start with MS-EOS

ts - sonic time, c¢s - speed of sound _9n & — 500 b — Switch to EQ-EOS at

: . @ Povarnitsyn et al. (vanishes at spinodal): "0 oo Po5 cm a tp = 52.95 ns (3923 K)
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For a given g the foil can be chosen to be sufficiently thin to stay J

within the quasi-static regime. / — Start with EQ-EOS

EQS for SiO, Criterion for explosive boiling Simulation results (1/2)

All calculations have been performed for fused silica, SiO». v-p phase plane - MS case J Cell 3:  Foil boundary

— Candidate for stack target experiment Total fractional volume of overcritical Cell 25: Half distance between
— Demonstrates the capabilities of FEOS ) sulbloles = cquillofuim vallue Gy 8t 0, 1z 5 PSS E Sone center and boundary
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Provides metastable and o] IV 2t %3: e
equilibrium EOS §§ sk fOt JEW() dt I} ‘. J 2 AR G _ The boundary relaxes to po.
Has all characteristic features: el 1 The center elements follow for
Van-der-Waals loops, ... <13 g 22::25 """" col 50 about 20 ns the binodal. until
Pr9vides a Irealistic critical 2 lllllllllllllllllll Transition criterion for W,/ T > 1 — typically W,/ T; ~ 15 0.5 1.0 1-5V (C2r£3/g)2-5 30 35 the rarefaction wave arrives!
point location ) 0 2 ot 8 10 NV, (2_;)1/2 [% (— V¥c)]—1 exp (— V¥c) — & (p. T)

cs,Ms/Cs,eQ ~ 30...3 on binodal = Binodal becomes an attractor!J

Effective boiling rate for quasi-static heating (1/2) Simulation results (2/2)

Quasi-isobaric expansion Effective rate of explosive boiling Tb_l [s71] Density profiles - MS case J Surface velocity )
YRR The er]tlre sarpple IS represented 1 _ Ay (30 )1/2 [Ti (_M)]—l exp (_M)
AV IR by a single point. b § \mm oT T /lp T . ] | —— MS case
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O — By: Isobaric expansion The effective rate of explosive boiling must be compared with the 2 1 18 =2
- N : By — By: Follow MS-EQS timescale of the quasi-static heating. 05] A 105 L
AR Y3 ) - ] R TN ] explosive boiling
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This criterion defines the transition temperature T7.
Explosive boiling: Local and instantaneous Since temperature is uniform in space, all fluid elements undergo t < tp: p homogeneous} Significant difference! J
the transition at the same time. :
. . : : : L0 R ; 7
Subsequent evolution By — ?: Different trajectories are possible. } . t > tp: p~ Gaussian Jump: Measurable

Conclusion & Outlook

Transition constraints Effective boiling rate for quasi-static heating (2/2)

The time scale of hydrodynamics and of external heating is much 10 @ A solution to a double-valued EOS dilemma in the metastable
longer than the time scale of explosive boiling. 10 T = 3903 — 3923 K region is proposed and stays within the purely hydro approach.
= The specific internal energy € and the density p are kept fixed. 21100 s T2 T1+40K @ The criterion for the instantaneous MS — EQ-EOS transition
e2=¢€ A p2=p RS KN p2 ~ 1.6 kbar ~ 3p; (explosive boiling) is derived.
y 7: \,’ a/(c,T) v
- >=3923K Critical bubble properties
ses! ses! 1 - Outiook .|
Temperature rises! Pressure rises! e e bl Mo W/ 1 = 15 Outlook . — .
A.Tl_>2 > 0 Ap1_»> >0 T(K) Molecule population: NV, = 219 @ Full implementation in RALEF-2D needs to be considered.
(can be rigorously proven) (follows from AT; > > 0) p = 0.5 kbar, g = 1011 J/gsJ — The theory is applicable! @ Adequate simulations of WDM experiments at HHT area and

FAIR can be performed with the proposed method.

For py = pg = 0.5 kbar:  To~ T1 +40 K, pr =~ 1.6 kbar ~ 3p1J Timescale for a one-order change of the effective boiling rate @ Persistent foamlike liquid-vapor structures were observed in

exploding wire cores.
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