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Progress is continuing on the BUCKY chamber simulation campaign
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Simulations will be added
as required (porous
tungsten, irradiated carbon,
etc.)

Ultimate goal is to produce
a streamlined process to
perform integrated end-to-
end 1-D simulations for
chamber thermomechanical
performance
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BUCKY simulations were performed using the HAPL baseline 350 MJ target

and 10.5 m chamber

r Foam (331 2o 176 Hm SiC Armor
o\ ms) r,=10.5m

O\ = Ar =1 mm
At T,=727°C
DT gas
(0.2 mg/cm3)
r=1780 um
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P,=8 ptoorr
Pd—Au Shell Solid CH Shell T,=3r2r°C
(15.660 g/cm?) (1070.0 mg/cm?)
Ar=0.08 ym Ar=35pum

« HAPL baseline chamber geometry was used with a near-
vacuum gas condition

 The high-Z (Pd/Au) coated target ion and x-ray spectra
were used as inputs to the BUCKY simulation .

. Initial armor temperature was set to 727°C (1000K) for the  \WISCONSIN
simulations MADISON




Perkins’ 350 MJ target ion spectra were used as inputs for the BUCKY

simulations.
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Perkins’ x-ray spectrum was converted to a time-dependent Gaussian

pulse
300
— Perkins X-Ray — L
S 250 +| Spectrum L s
[ > BUCKY X-Ray Input 2 021
2 200 = :
= g 015 1
2 150 = [
= il
0 01
2. 100 g_
= n
nI: > 0.05
s 50 + o [
3 ; .
O S csasesssssss sy cooosasesscens mxmxmnnnpfﬁiumq—‘—‘—'—m&w—'—-—wﬂmwu‘ 0 I : : : : : I ;
10-4 10—3 10-2 10—1 100 101 102 103 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Photon Energy [keV] Simulation Time [ns]

« Perkins’ x-ray spectrum is time-integrated, which
must be corrected for in the BUCKY simulation

« A Gaussian function was chosen to generate
time-dependence based on results of BUCKY
simulations of other direct-drive targets

* The time-integrated x-ray spectrum was multiplied e universiry
by a Gaussian function with a FWHM of 1770 ps ~ WISCONSIN
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NIST data were used to generate thermal conductivity and specific heat

profiles for SiC
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« Simulation uses a constant thermal conductivity of 15
J/kg-"C for irradiated SiC

« Simulation uses a SiC sublimation temperature of
2760°C (from CVD SiC spec sheet produced by Rohm
and Haas, http://www.cvdmaterials.com/silicon.htm)
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SiC has different thermal conductivity for the unirradiated and irradiated

states

S.J. Zinkle & L.L. Snead (1998)
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Fig. 2. Effect of neutron mradiation on the thermal conductivity of bulk 51C [9.20-22]. The
studies i refs. [20-22] were performed on samples irradiated to 25-43 dpa, whereas the data by
Snead et al. were obtained on samples irradiated to 0.1 dpa.



BUCKY simulations were run for both unirradiated and irradiated SiC and the

results were compared to the previously conducted tungsten simulation

1400

—_—
wW
o
o

Surface Temperature ['C]

700

2500 1

Surface Temperature ['C]
>
3

1200
1100 1
1000 -
900 -
800 -

— Tungsten
Unirradiated SiC
— Irradiated SiC

X-rays Only

0 2 4 6 8 10

Simulation Time [ns]

—Tungsten
Unirradiated SiC
— Irradiated SiC

X-rays and lons

] Sublimes

0 2 4 6 8 10

Simulation Time [us]

Irradiation has a negligible effect on the
temperature rise due to the x-ray pulse (~2°C
difference)

lon heating in the unirradiated SiC causes a
greater peak temperature rise (AT ,,,=1904°C)
at 10.5 m than that of tungsten

(AT ,0=1584°C)

Every shot fired in an irradiated SiC armored
chamber ablates due to the impinging ions to
a depth of 0.5 ym at 125 ps

Summary of Results:

— Irradiated SiC is unsuitable as an armor
material without diversion or buffer gas

— Unirradiated SiC does not ablate, but will
exceed engineering limits of
1500-1700°C

THE UNIVERSITY

WISCONSIN

MADISON



The temperature by depth into the silicon carbide armor was plotted for

both unirradiated and irradiated SiC
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“He ion implantation data were obtained for comparison with the BUCKY

simulation of ion implantation in tungsten
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« Debris ions deposit 0—2 um into the SiC

» Kinetic ions deposit 4-200 um into the SiC,
with peak deposition from 4-20 um
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Preliminary conclusions resulting from the simulations

Irradiated SiC is unsuitable for use as an armor material for
the 10.5 m HAPL chamber without diversion of the ions or
introduction of a buffer gas into the chamber

Although unirradiated SiC does not reach its ablation
temperature, the temperature rise from a target explosion
does exceed the engineering limit of 1500-1700°C

If magnetic diversion of ions is used for the HAPL chamber,
silicon carbide is preferable to tungsten for mitigating the
temperature rise due to the x-rays impinging on the armor

THE UNIVERSITY

WISCONSIN

MADISON



Future BUCKY simulation improvements and modifications

* Revise T, to 3008°C, which is the sublimation temperature
listed in the NIST ceramics database

* More high-temperature thermal conductivity and specific
heat data (T > 1727°C) for unirradiated SiC are required

* Broader data set for irradiated SiC properties are required

* Need to more accurately model the behavior of silicon
carbide near the sublimation temperature
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Questions?
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