Three-Dimensional Studies of the Effect of
Residual Kinetic Energy on Yield Degradation
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A hot-spot model indicates that the yield degradation caused by low- and
mid-mode nonuniformities is a strong function of the residual kinetic energy
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e A synthetic single-mode database ranging from low mode (¢ = 1) to mid
mode (¢ = 12) was built using the 3-D hydrocode DEC3D* applied to the
deceleration phase of inertial confinement fusion (ICF) implosions

|t is shown that the yield-over-clean (YOC) is strongly correlated
to residual kinetic energy (RKE) at bang time

 The simulation results are also confirmed by a simple analytical
hot-spot model

*K. M. Woo et al., “Three-Dimensional Studies of the Effect of Residual Kinetic
TC15778 Energy onYield Degradation,” to be submitted to Physics of Plasmas.
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A synthetic single-mode database was built using DEC3D
to study yield degradation caused by Rayleigh—Taylor
instabilities (RTI) in the deceleration phase
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The synthetic database includes 3-D simulations using different velocity
perturbations with spherical-harmonic single modes from ¢ =1to ¢ =12

UR
LLE

1-keV T, contour surface at stagnation

m-= 0 m=0 m=0
Y7o Y3 5

ns’ YRR Yp
Initial velocity perturbation ’ ' ’ ‘ ’ ‘
A shape function to spread out ym=0 ym=0 ym=0

: 158 Y133
the perturbation over space

l Ol'l'"‘

V?'D(r, 0,p,ty)= VJ'D(r, to) + % f(r\Y (0, )

2
Yr2 yms3 YPS3  Yia3
‘ ’ © ' . 2 82
o
ov,
e PPM* Riemann solver

e HYPRE thermal diffusion
e Resolution = 128 x 128 x 256 (r x O x ¢ zones)

—4

TC13780 *PPM: piecewise parabolic method




A simple 3-D hot-spot model is derived using energy conservation and an
adiabatic condition, and neglecting the heat flux flowing into the cold bubbles
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Energy conservation and adiabatic condition are used to derive
the YOC dependence in the residual kinetic energy

UR
LLE
~ KE3:D, (t3:D \—KE1D, (t1:D |E3-D
Q=050/Qrp and RKE=serl(Sen) KEshen () IS oy
tot HS
ﬁ) — (1 _ RKE)5/2, V — (1 _ RKE)—3/2 1.2 i MOde 1 1
4 A A
4 V3 M2 gy ~ 55 2 22 101 3¢
YOC™model - pd V3 MiZk Tgw = (1—-RKE)*° MiZ Tgw a S
op o
wr 0.8 7 oI
Q >
Using 1-D scaling for the mass ablation rate (next slide) 0.6 - -
0.6 0.8 1.0
1 - RKE

TC13782

IIIIIIIIIII




For low modes, a 1-D scaling of the mass ablation rate
is used to derive the 3-D hot-spot mass
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TC13783 * C. D. Zhou and R. Betti, Phys. Plasmas 15, 102707 (2008); 16, 079905(E) (2009).




The YOC is a strong function of the residual kinetic energy
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Yield degradation driven by pure hydrodynamics
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The RKE model provides a reasonable approximation for the YOC for low
to mid modes and provides an upper bound for the YOC for mid modes
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The results are consistent with 2-D HYDRA simulations by Kritcher et al.*
TC13813 *A. L. Kritcher, et al., Phys. Plasma, 21, 042708 (2014).
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Summary/Conclusions

A hot-spot model indicates that the yield degradation caused by low- and
mid-mode nonuniformities is a strong function of the residual kinetic energy
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e A synthetic single-mode database ranging from low mode (¢ = 1) to mid
mode (¢ = 12) was built using the 3-D hydrocode DEC3D* applied to the
deceleration phase of inertial confinement fusion (ICF) implosions

|t is shown that the yield-over-clean (YOC) is strongly correlated
to residual kinetic energy (RKE) at bang time

 The simulation results are also confirmed by a simple analytical
hot-spot model

*K. M. Woo et al., “Three-Dimensional Studies of the Effect of Residual Kinetic
TC15778 Energy onYield Degradation,” to be submitted to Physics of Plasmas.
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