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Comparison of fluid behavior of implosion dynamics derived by difference of
equation-of-state
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Comparing hydrodynamic simulation with various dtpraof state (EOS), we obtained difference of EOS
for implosion dynamics. To evaluate the implosiorogess, we used the two-dimensional radiation
hydrodynamics simulation code with QEOS, ideal §&S, and SESAME. The maximum density for the
ideal gas EOS is higher than that for the QEOS. Sthand velocity of the SESAME is faster than tloat f
the QEOS. These results indicated that each EOSelmaftected the implosion dynamics in inertial
confinement fusion (ICF) .

1. Introduction thermal property are based on semi-empirical
During the implosion process of ICF, the target bonding correction and the Thomas-Fermi model,
material passes through a transition from solid torespectively. The ion thermal properties evaluated
plasma. To generate inertial fusion energy, wewith Cowan’s model. Thermodynamic derivatives
should clearly understand the hydrodynamics ofsuch as specific heat, sound speed can be easy to
fuel pellet in wide density-temperature regime. use from composed formulas.
The implosion dynamics is dominated by SESAME is tabular data of the pressure and
complex physical phenomena, such as strongnternal energy per unit mass as a function of
shock wave, thermodynamics, atomic processtemperature and density for each material [4]. The
radiation transport, and so on. Recently, warmpressure and internal energy of SESAME should be
dense state, which is one of a thermodynamidnterpolation of the finite number of data. Therefo
regime defined by 0.01-1 times solid density with the thermodynamic derivatives should be careful
temperature of 0.1-10 eV, is pointed to the due to discontinuity of models.
difference of existing equation-of-state models. Figure 1 shows pressure curves at constant
The reason why the region includes thetemperature. The pressure for ideal gas EOS is
phase-transition from solid to plasma states,lower then that for QEOS and SESAME in a high
degenerated electrons, and coupled ions. Talensity and low temperature regime. There is a
understand the effect on implosion dynamics withdifference in low temperature and near the solid
warm-dense-matter's EOS, we demonstrate tadensity regime even if between QEOS and
evaluate the changing implosion dynamics due toSSESAME.
difference EOS models. Spherical implosion of CH shell target was
The purpose of this study is to compare to thesimulated. The thickness and radius of the shell ar
fluid behavior of implosion dynamics for the 6.8 um and 241.2um. Background density and
various EOS models by numerical simulations.  shell density are 1.0xf0g/cn? and 1.0 g/cr
respectively. To clarify the implosion dynamics
2. Simulation code and EOS models from difference of EOS models, we neglect the
To evaluate the implosion process, we used theadiation transport. The target is irradiated by
two-dimensional radiation hydrodynamics uniform laser which energy and pulse width are 2.0
simulation code, PINOCO [1]. The EOS equippedk]J and 1.0 ns with Gaussian, full width at half
in PINOCO is based on the quotidian EOS (QEOS)maximum (FWHM).
[2] with a fitting formula [3].
QEOS[2,3] and SESAME [4] are usually used 3. Results
numerical simulations of ICF. QEOS stands for Figure 2 shows the density profile for QEOS and
quotidian equation of state. The cold and electronideal gas EOS in radial direction. The results
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SESAME pressure curves at constant temperature. ) (b)ideal gas EOS C19ms
100 t=2.1ns
- . , . \ 1-2.3
indicated that the implosion dynamics of both EOS o e Coazns
cases are different structure around the shock.fron TP
Thus, from these time evolutions, the implosion 2 0
velocity for the ideal gas EOS is faster than tbhat =10
the QEOS. The difference of hydrodynamic 1ot
structure is occurred by the degenerated pressure a _:
over the solid density, which is lgg ~ 0 as shown 10t e
in Fig. 1. rlem]

The maximum density for the ideal gas EOS isFig. 2. Time-evolution of density profiles for ratii

achieved 3560 g/c?nand that for the QEOS is direction. (a) QEOS and (b) ideal gas EOS. Thedsoli
line indicates the initial time of t=0 ns, the dibteolor

obtained 741 g/CFhThe compressibility  is lines denote 1.9 ns, 2.1 ns, and 2.3 ns, respéctRé&l1

expressed as follows, ns for QEOS and 2.42 ns for ideal gas EOS show the
_1lop| _11 ) maximum compression. one
p\dp). pC, “l@QEOS (|, o oe
where,p is the densityp is the pressure, ar@ is * i
the sound velocity. Therefore, the EOS models o'r
affect the maximum density. ‘%10’2—
Figure 3 shows the density profile for QEOS and 2 0k
SESAME in radial direction. In the interior of shel .
the shock velocity of SESAME is faster than that o
for QEOS. SESAME has Maxwell construction at 10°r
warm dense regime, which is under the solid 0 3_’51‘ ey
density. T_hus, t_he pr_opagation structure in interio ‘ rem] one
of dShle” is quite different between both EOS 10 [(b)SESAME | | =05 ns
models. 10°} 15 ns
— t=1.71nsg
4. Conclusions ;102
We investigated the implosion dynamics with the §'0°T
QEQOS, ideal gas EOS, and SESAME by using attr
PINOCO. The maximum density between QEOS o
and SESAME changed by the degenerated pressure. ol
The propagation structure in interior of shell
between QEOS and SESEAME changed by 10 T e 005 004

r[cm]

Maxwell - construction _at warm Qense regime. Fig. 3. Time-evolution of density profiles for radli
Through these comparisons, we will construct the i action. (a) QEOS and (b) SESAME. The solid line

valuable EOS for ICF. indicates the initial time of t=0 ns, the dotedazdines
denote 0.5 ns, 1.0 ns, 1.5 ns, and 1.71 ns, résplgct
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