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Modeling of mix in the 1-D hydrocode LILAC
reproduces experimentally observed behavior
of primary and secondary neutron production

• The mix model includes the transport of target constituents,
thermal energy, and turbulent energy due to both
the acceleration and deceleration instabilities.

• Primary neutron yields are reduced by mixing fuel
with cold shell material.

• Neutron-averaged source temperatures are higher
when mix quenches the cooler outer core.

• Secondary neutron yield, energy spectra, and their
dependence on target composition are significantly
modified by mix.

Summary
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Outline

• Primary and secondary DD neutrons

• Modeling of mix in 1-D

• Modification of neutron production by mix

• Illustrative examples

• Conclusions
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Secondary DT neutrons from the fuel and
from CD layers have distinct energy spectra

H. Azechi, M. D. Cable, and R. O. Stapf,
Laser & Particle Beams 9, 119–134 (1991).
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“Bubble and spike” mixing thickness is obtained from
a multimode Rayleigh–Taylor perturbation model*

TC5195 *S. W. Haan, Phys. Rev. A 39, 5812 (1989).

Takabe form for γ2(t)

Haan saturation
procedure for

Initial perturbation spectrum
Al(t = t0) specified at ablation
surface and fed through to
fuel–pusher interface over
time.
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Mix is modeled as a diffusive
transport process.
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Mix is modeled in 1-D as a diffusive transport process
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Advection to and from
nearest-neighbor zones is
expressed as diffusion in 1-D.

Aj−1/2 Aj+1/2

v+
v−

ρi, Vi

vmix:  obtained from trajectories of mix-region boundaries

     λ:   scale length of turbulence structure from rms
            perturbation wavelength

      k:  turbulent energy density,   PT =    k,   etc.
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Cooling due to mix reduces the neutron yield,
but raises the neutron-averaged ion temperature

• 20-µm, 900-µm diameter shell, 1-ns pulse

• 27-µm, 900-µm diameter shell, shaped PS-26 pulse
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Cooling by fuel-pusher mix lowers
DD neutron yield to observed levels

• 1-µm CD in 900-µm diameter, 27-µm shell, shaped 21-kJ PS-26 pulse
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Mix reduces the dependence of secondary DT neutron
yield on the offset and thickness of the CD layer

• 20-µm, 900-µm CH shell, 1-ns pulse
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Mix modifies the distinct energy spectra of secondary
neutrons originating from the fuel and shell

1810 11 12 13 14 15 16 17

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Energy (MeV)

2.5

2.0

1.5

1.0

0.5

0.0
10 11 12 13 14 15 16 17 18

Energy (MeV)

(d
n

2/
d

E
)/

n
1 

× 
10

–3
 (

M
eV

–1
)

(d
n

2/
d

E
)/

n
1 

× 
10

–3
 (

M
eV

–1
)

Mix × 5

Mix

No
mix

Mix
No
mix

D2 fuel only 1-µm CD at inner surface

• 27-µm, 900-µm diameter shell, shaped PS-26 pulse

• IRIS Monte-Carlo post-processor

Mix
× 2.6



TC5191

Modeling of mix in the 1-D hydrocode LILAC
reproduces experimentally observed behavior
of primary and secondary neutron production

• The mix model includes the transport of target constituents,
thermal energy, and turbulent energy due to both
the acceleration and deceleration instabilities.

• Primary neutron yields are reduced by mixing fuel
with cold shell material.

• Neutron-averaged source temperatures are higher
when mix quenches the cooler outer core.

• Secondary neutron yield, energy spectra, and their
dependence on target composition are significantly
modified by mix.

Summary/Conclusions


