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Numerical analysis on influence of propagation of rarefaction wave in implosion
process for heavy-ion-beam driven inertial confinement fusion target
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Heavy-ion inertial fusion (HIF) is an expected way to

achieve thermonuclear fusion. Most of the energy of the >3 0 5
heavy-ion beam is deposited inside the fuel target. The . 8§ Xy
fuel pellet structure consists of fuel, ablator, and tamper as 5% 5k
layers for a direct-drive irradiation scheme [1]. ! ‘g 1og
The heated ablator expands outward and inward 03 2 >
simultaneously after the heavy-ion beam irradiation. The O o5 1 15 2 25 3 ° o5 1 15 2 25 3 0
inward expansion of the ablator causes the compression of r(mm) r(mm)
the fuel and propagates the outward rarefaction wave. The  (a) density (b) temperature
rarefaction wave overtakes the outward expansion of the Figure 1. Initial density and temperature distribution.
ablator, and the outward expansion is suppressed. As the
result, the implosion efficiency of the fuel is improved. Table 1: Initial conditions
Tamper works as the “rigid wall” that holds back the Radius [mm] Material Density Temperature
outward flow of mass and energy. After the tamper r<2 DT 0.0002 g/cc 300 K
collapse, the “overtaken” effect on outward flow from 2<r<22 DT 0.2564 glcc 300 K
outward rarefaction wave decreases due to the velocity 2.2<r<25 Al 2.69 glcc 30 eV
increase of outward flow after the transition of the 2.5<r<2.5+d: Pb 11.3 glec 10 eV
outward shockwave through the inward rarefaction wave others DT 0.0001 glcc 300 K
from the outer edge of the tamper layer. In this study, we
numerically investigated the influence of rarefaction wave 1.2%1012 — , o N—
propagation in the implosion process for the HIF target. 1x1012 | : T i _
We used the CIP method [2] with the MmB correction T exioll | DT Pb |
[3] as the numerical scheme for the implosion dynamics v u 300K oo
analysis. In a two-dimensional cylindrical coordinate a ox10 1 ; ] )
system, the simulation model was assumed by one fluid, 2 axiot ot ] Al I
two-temperature, and ideal gas. Figure 1 and Table 1 show 2x1011 | 300K E || e I
the initial density and temperature distributions. The ol . H i TR S |
target layers are Pb of 11.3 g/cm?, Al of 2.69 g/cm?3, and 16 18 2 2(-2 \ 24 26 28 3
DT ice of 0.2564 g/cm?, respectively. . nmmj
Due to the initiz?l materialpand ten¥peratu re distributions, Figure 2. 1D pressure distribution
the 1D initial pressure distribution is shown in Fig.2, and 1.2x1012 . I ——
waves are gene_rate_d |n_5|de the target. Figure 3 shows the L1012 ;’;‘:jf;‘;“ijjj;;g"egggm 5| D w0 ouand
1D pressure distribution of the target at 3.0 ns. The o of ablator) (RN I
propagation of the rarefaction wave can be treated as a B T e—— [\ I
sonic wave. During the “overtaken” period, the outward g Bx1011 - | Due 10 | v / ."(— Sodovave | H
rarefaction wave propagates through the inward 8 ot —m—o— ) Tl e L
rarefaction wave [4], then the rarefaction wave propagates e 21011 | \ B J 'a,‘ apamonet |
outward through the steady area behind the outward | . | . . ﬁ—\, .
shockwave. The outward rarefactlop wave catches the 0 16 18 2 22 24 26 28 3
outward shockwave, and the rarefaction wave suppresses ()
the shockwave. After that, the after-shock pressure Figure 3. 1D pressure distribution at 3.0 ns: the heated ablator
decreases. expands outward and inward simultaneously in the form of
Reference shockwave.
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