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THE ROLE OF DRIVE SYMMETRY IN ICF CAPSULE PERFORMANCE:
DATA AND ANALYSIS (U)

by
Jeffrey D. Colvin and William S. Varnum

ABSTRACT (SRD)
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—Weals0 discuss work in progress-omrmiéchanisms for drive asymmetry inducing per-

formance degradation, including shear-induced Kelvin-Helmholtz instability growth

and turbulence transport, and we also discuss the implications of our work on the
directions of future research in ICF.
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I. INTRODUCTION

A. Background » >
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Typlcally, however, there is not agreement 3

" between observed and 1-D clean calculations of capsule performance. Indeed, perfor-
mance and gain both decrease, in general, as absorbed energy decreases, as is shown

in Fig. 1.

Much work has gone into trying to understand this capsule performance degra-
dation. The canonical viewpoint has been that hydrodynamic instabilities of one sort
or another lead to turbulence and material mix that quenches or suppresses burn.
The available data, however, have provided few clues as to the dominant mechanism
or mechanisms that are at work, let alone what seeds instability growth at these

scales.

The significance of radiation drive asymmetry (i.e., radiation flux nonuniformity
around the capsule) as a possible contribution to degradation was recognized early
on. Spillman! drew attention to the need for 2-D radiation transport calculations for
the design of small capsules in large hohlraums. Varnum? considered the effects of
radiation transit time delays on small capsule symmetry. o
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. SO

gTh:s Jed us—erroneously, we now

' ”—“D”’Hé“gradatfﬁ%echanfsms, i.e., acceleration-induced instabilities (like
Rayleigh-Taylor) that can be modeled in one dimension

B. Alternate Degradation Mechanisms
Several postprocesser codes based.on modeling Rayleigh-Taylor instabilities hm
3 b( ‘D)

_been developed over the yearse

gularly unsuccessful 1;;Y,p_red;c,t1ng‘§§1yge;@lwcmaal,w»m\
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R T case, the growth of the mixed regions proceeded with no memory “of the
original perturbations, just as in the British rocket rig experiments® where measure-

ments have been taken on the growth of the mix layer at accelerated liquid-liquid
and liquid-gas interfaces. Here again, the mix penetration depth does not depend
significantly on the amplitude of the initial perturbations on the interface but only
on the acceleration history of the interface. B
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Several controlled experiments
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In summary, then, no 1-D model has yet been successful in providing a satisfac-
tory picture of ICF capsule performance. We hypothesize that radiation drive asym-
metry induces shear-driven hydrodynamic instabilities which dominate the degrada-
tion in small capsules. We discuss in this report the experimental and calculational
evidence that supports this hypothesis.

II. EVIDENCE FROM THE DATA

A The Double-Shell Capgule Experience— .

SR RS .

... The results, however, were disappointing,f
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_ Fhisanomaly has
6 draw from this experiment at urambigueus-corclusion cggg%
. temperature dependence of symmetry and its effect on capsule performance.
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There seems to be a very clear correlation between performance and symmetry,
except for the anomaly already noted.
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. The Single-Shell Capsule Experience
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__ the capsule data, however, are consistent with this view. { '

T
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 [/This result 1s true even for symmet-

o
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, J/Thus, we mfer ‘from the data that symmetry is'a necessarng\;t ot
__a sufficient ¢ondition for good capsule performance.

III. ANALYSIS

L -

A. 2-D Implosien-Catculations- e ...
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{\ : | This noise is no longer introduced at higher temperatures But F

It 18 at hrst introduced at lower temperatures it will grow with time because of
. the spherical convergence and Rayleigh-Taylor instabilities. Furthermore, the 2-D
implosion calculations show that the fuel cavity asymmetry is approximately the
same at equivalent times in the implosion (at least at early times) whether the driye
asymmetry is imposed only on the foot of the pulse or only on the mmnwpglge/f !

Tt is Clear that an imposed

" percentage drive asymmetry only on the foot of the pulse has a comparable effect
on the implosion symmetry to the same drive asymmetry imposed only on the main

pulse. If the drive asymmetry is 1mposed on the whole pulse, the resulting Wg,gl,,g%h
- asymmetry is lars ™
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755 the center of the fuel heats up just before igni-
tion, the electron thermal conduction tends to symmetrize the hot spot. By ignition

time, the hot spot is a spherical volume embedded inside the distorted fuel volume.
Thus, the different hot spot formations in the equator-hot and pole-hot cases prob-
ably do not have any effect on capsule performance. The larger effect on capsule
performance is likely to result from the different fuel cavity distortions produced in

the two cases. We have found that equator-hot drive asymmetries produce greater
fuel cavity distortion than do pole-hot drive asymmetries. We have also found that

early-time drive asymmetries are as deleterious to implosion symmetry as late-time
drive asymmetries.
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"addition, the pressure-driven calculations do not accowx* b
\

W’S” oothing that takes place for a radxa.txon drlvef’* ] .
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-~ Accordingly, we do this problem in two steps,
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Figure 15 is a schematic representation of how Hoffman’s viewfactor
bz)

1)

_ |fcccount is taken of the dIRerent photom—"
diffe; aces on the wall, so that the flux arriving
at a point on the capsule surface at a given time originated at different times from
different surface zones. This integration is done as a function of latitude. The flux

at the capsule surface is then decomposed into its Legendre components—

G s
e

urthzarmore, these calculations assume an’
~infinttesmral capsile size, so account 15 not taken of the variation in the viewfactors
seen from an expanding capsule surface (the asymmetries are imposed at the capsule
surface in the implosion calculations discussed in the preceeding section).

e

bes)

This asynchrony is equivalent to a Pl flux asymmetry at the capsule. This
P, asymmetry was calculated in a manner very similar to that described above.
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MSults of both these calculations were then used as input to the

" 5) " viewfactor postprocessor. The result is shown in Fig. 18. e
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IV. DISCUSSION

A. Mechanisms and Models —~
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turbulence, mix, and hence performance degradation. This is the major missing piece
in support of our contention that shear-induced instabilities, rather than acceleration-
induced instabilities, are the dominant cause of performance degradation in ICF
capsules. Some work is now being expended in understanding and evaluating various
mechanisms and developing models; this work will be the subject of a future report._

‘Mver, what the mechanism is for drive asymmetries inducing

| bR

In any model of mix and degradation based on acceleration-induced instabilities,
most of the instability growth and mix at the fuel/pusher interface occurs during
the time when the compressionally-heated, lower-density fuel decelerates the colder,
higher-density pusher. Thus, the amount of instability growth and mix is roughly

proportional to the distance the fall-line moves in the time from peak pusher velocity
to stagnation. The fall-line is the trajectory the fuel/pusher interface wonld.follow
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e
“evidence from the data in support of this hypothesis is, as we have already shown,
very compelling. Unlike the situation for acceleration-induced instabilities, however,
we do not have calculational models to bring to bear on this question and to produce
performance predictions that we can test with experiment. Thus, we do not yet
have a complete and fully self-consistent picture of ICF capsule performance. This
1s a serious deficiency, and we hope that more future resources of the ICF research
effort can be devoted to removing this deficiency. Nevertheless, we feel much like
Richard Feynman did in describing his quantum-mechanical model for hadron-hadron
collisions: “I am more sure of the conclusions,” wrote Feynman??, “ than of any single
argument which suggested them to me.”

What are the mechanisms then, that cause instabilities, turbulence, and/or mix-
and hence performance-degradation from drive asymmetries? One possibility is that
momentum exchange of material in the lateral direction at the sheared interface

leads to an enhancement of the colhjjdm-kea_path in the radial direction, as
tz instability growth S |
: - 1(3)

e

In addition, turbulent flow will alter the transport properties of the plasma, as
illustrated schematically in Fig. 21.

In short, turbulence leads to “spoilage” of the hot spot and an enhanced trans-

—  account for momentum, heat, and mass transfer effects.

/ T b(3)
2 fATT of this work will be discussed
\WWK only that the reader not dismiss our hypothesis

40
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Overall heat lower due to residual kinetic energy
in secondary flow

Fig. 21. A schematic representation of the mechanisms for turbulence-induced per-
formance degradation.
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as having no merit, even though it is as yet unproven, until all the evidence is in
from these model calculations.

B. Implications

If our hypothesis is indeed correct, and shear-induced rather than acceleration-
induced instabilities are responsible for observed ICF capsule performance degra-
dation, then this is good news for ICF. It means that the source of degradation
1s extrinsic rather than intrinsic to the capsule, and can potentially be eliminated,
opening the way for as calculated high-gain performance at low energy. The surpris-

ing result from this study, however, is that the sensitivity of capsule performance t
~ ~drive asymmetries is much greater than we had thought pregm‘u_s_ll.f; C_J_) ( 2

: ) b2

e have already discussed these calculational shortcom—
ings and uncertainties in Sec. III. These calculational uncertainties make it v1rtua.lly
impossible for us at this time to extrapolate these results with any confidence to other
parameter regimes. In particular, we do not know what the symmetry requirements
are for reactor-scale capsules that have higher convergence ratios at lower ab

- energy (<10 MI). they may indeed be more severe.

, ( L fWith Tuture laser drivers for ICF, peak driving temperatures
ainable in laser-driven hohlraums will be <250 eV. We have no information on

the effects of peak drive temperature on 1mp10310n symmetry. These are all issues
that must be resolved before we can confidently specify driver requirements for ICF.

b w)

Resolving these issues will take a broad-based calculational and experimental
approach. As for experiments, we must first do a ca.refully controlled symmetry ex-

periment to test our hyp?.tﬁ,},l&wm ASY.

~— performance degradation, . I I
| B b))

-7 bes)

ence, we need to do good numerical experiments as well. To do
ese numerical expenments requires, in turn, further developments in our calcula-

© UNCLASSIFIED
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 onabsonts | \\b

- ona. ‘ »

— o _H (3)
; \We need to verify that 2-D Lagrangian hydrodynamics with nonuniform
angular zoning is being done correctly; if not, we must find a way to do it cor-

rectly. Further improvements are needed in the viewfactor code. More development

is required of the turbulence models, and a better urid_eistjzjng_igii_n general of ¢

~— interplay between shear-induced instabilities and turbulence,
sm———

In conclusion, although we are still far from our goal of having a complete enough
understanding of capsule physics to have confidence that ICF will work in the param-
eter regimes we wish it to, we think this work represents an important step forward
in our understanding. We hope that it will inspire the efforts that are needed to get
us to our goal.
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““with Tony BaxterPeter Roberts; Richard Wright, and David Youngs at the Atomic
Weapons Establishment (AWE) in the U.K. Indeed, many of the calculations that
are discussed in this report were in fact done by some of these people. We have, for
the most part, acknowledged their contributions at the appropriate places in the text
of the report. We regret if we have inadvertently failed to acknowledge any particular
individual contribution, and express, nonetheless, our appreciation of it.

The train of inductive reasoning, and the symmetry hypothesis that results from
it, are entirely our own; we accept full responsibility for any flaws in this logic or
in our arguments, as presented in this report. We also make no claims that the
views presented in this report are anything other than our own. Indeed, many of our
colleagues, whose works have contributed to this report, do not share our viewpoint
on ICF capsule performance degradation. We present this work, then, with the
full knowledge that the conclusions we induce from it are still controversial, and go
against the prevailing mindset in the ICF community
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