
' 

NBL NIemarmdi~m b p w t  -2 

The Nonlinear Aspects of the Rayleigh-Taylor 
Instability in Laser  gati ion + 

8 

M. H. EMERY, J. H. GARDNER AND J. P. BORIS 

Labomtory for Computotiolzal Pbsics 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NRL Memorandum Report 4882 1 
4. T I T L E  (and Subrl!le) 5. T Y P E  O F  REPORT h PERiOO COVERED 

SECURITY CLASSIFICATION O F  THIS P A G E  ( W e n  Dare Enrorod) 

Interim report on a continuing THE NONLINEAR ASPECTS OF THE RAYLEIGH- 
TAYLOR INSTABILITY IN LASER ABLATION 

REPORT DOCUMENTATION PAGE 
1. R E P 9 R T  NUMBER i2 .  GOVT ACCESSION NO. 

4 
READ INSTRUCTiONS 

BEFORECOMPLETING FORM 
3. RECIPIENT 'S  C A T A L O G  NUMBER J 

I M.H. Emery, J.H. Gardner and J.P. Boris 

7. AUTHOR(r) 8. CONTRACT OR GRANT NUMBER(.) I 

I Washington, DC 20375 

9. PERFORMING ORGANIZATION NAME A N 0  ADDRESS 

Naval Research Laboratory 

I 

II. CONTROLLING O F F I C E  NAME A N 0  ADDRESS 12. REPORT D A T E  1 

10. PROGRAM ELEMENT. PROJECT. TASK 
AREA h WORK UNIT  NUMBERS 

Department of Energy 
Washington, DC 20545 

September 3, 1982 
13. NUMBER O F  PAGES 

2 3 
I 

14. MONITORING AGENCY N A M E  h AODRESS(I1 d l l lerent  from Contro l l ln# Ol l lce)  I IS. SECURITY CLASS. (01 th le report) I 
UNCLASSIFIED 

IS.. OECLASSIFICATION/DOWNCRAOINC 
SCHEDULE 

I I DISCLAIMER I 

16. DISTRIBUTION STATEMENT (01 I h l s  Report) 

Approved for public release; distribution unlimited. 

Thisrewrtwarpreparedmanacmuntof u o r k  wowred  by an slency of theunited State. Gwernment. 
Neither the United Stater Government mr snv apency rherwf. nor any of  their employm. makerany 
wrran~y. express or imolied. or arrumer any legol liability or reyanr#bilily for the armracy. 
mmplelenesr. or urefulneu of  anv informarion. epparsrur. producl. or pro- dixlosd, or 
reprwnir that its "re wu ld  not infringe Drivaidy owned rights. Reference herein to any specific 
mmmercial Pm4un. procar. or SSN~C~ by irade name. trademark. manufecturer, or otherwire. doer 
MI net-rily mn l i l v l e  or imply i ir endoirement. remmmendalion, or fmr inp by the United 
Stela Govern-t or onv e g e w  thereof. The view end opinions of  ovthorl exprared herein do mi 
n=-ily stale or reflect thoreof the United Sleies Government or anv oenw thcrwf. 

17. DISTRIBUTION STATEMENT (01 tho ebetrect entered I n  B l o c k  20. I f  d l l l e ren t  from Report) 

I 

18. SUPPLEMENTARY NOTES 

This research was supported by the U.S. Department of Energy. 

. I 

19. K E Y  WOROS (Contlnue on reverse alde 11 n e c a a s a y  m d  ldon t l l y  by b lock  numbmr) I 
Laser ablation 
Rayleigh-Taylor 
Kelvin-Helmholtz 

Computational fluid dynamics 
Hydrodynamic instabilities 

20. ABSTRACT (Contlnue on reveroe 81de'l l  n e c e a e a y  o r d  Iden t l l y  by b lock  numaor) 1 
We report on our investigation of the Rayleigh-Taylor (R-T) and Kelvin-Helmholtz 

(K-H) instabilities in laser ablatively accelerated targets for single mode perturbations for 
a series of wavelengths in the parameter regime 112 < h/AR < 10, where h is the wave- 
length of the perturbation and AR is the cold foil thickness. Wefind linear growth rates 
well below classical values (by a factor on the order of 3-4). We also find a cutoff in the 

(Continues) 

DD 1 :::M71 1473 EDITION O F  I NOV 6 s  IS OBSOLETE 

S/N 0 1 0 2 - 0 1 4 - 6 6 0 1  
SECURITY CLASSIF ICATION O F  THIS P A G E  (When D.1. Entered) 

DISTRIBUTION OF TnYA DOOCUPENT IS UNLIMITE~ 



i E C U R l T Y  CLASSIF ICATION O F  THIS  P A C E  ( m a n  Data  Enlorod) 

20. ABSTRACT (Cont inued)  

growth rates for wavelengths less than the foil thickness. The striking result is the 
dominance of nonlinear effects; i.e., the K-H instability, for short wavelength pertur- 
bations. Although the linear growth rates increase as k% up to the cutoff, the K-H 
rollup dominates at large k, drastically reducing the penetration rate of the dense spike 
below its free fall value and effectively doubling the aspect ratio of the foil. In other 
words, it is the long wavelength perturbations that are most effective in destroying the 
symmetric implosion of the shell. 

S E C U R I T Y  CLASSIF ICATION O F  TUlS P A G E W e n  Data  Entered) 



. . CONTENTS 

INTRODUCTION . . . . . . . . . . . . . . . . . . . .  1 

MODEL . . . . . . . . . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . .  NUMERICAL RESULTS 4 

SUMMARYANDCONCLUSIONS . . . . . . . . . . . . . .  8 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . .  10 
REFERENCES . . . . . . . . . . . . . . . . . . . . .  20 

iii 



THE NONLINEAR ASPECTS OF THE RAYLEIGH-TAYLOR 
INSTABILITY IN LASER ABLATION 

INTRODUCTION 

When a  dense f l u i d  i s  accelera ted by a  f l u i d  of lower densi ty  t h e  f l u i d  

i n t e r f ace  i s  subject  t o  t h e  Rayleigh-Taylor (R-T)' i n s t a b i l i t y .  Any per tu r -  

bation of t h e  i n t e r f ace  w i l l  grow i n  time and eventually form t h e  nonlinear 

bubble-and-spike s t ruc ture .  In add i t ion ,  t h e  shear  flow t h a t  develops a s  t h e  

bubble-and-spike s t ruc tu r e  evolves can lead t o  a  Kelvin-Helmholtz (K-H)  l i k e  

i n s t a b i l i t y .  

In general ,  it i s  not poss ible  t o  separate  these  two basic  i n t e r f a c i a l  

i n s t a b i l i t i e s  because they i n t e r a c t ;  however, t h e  R-T i n s t a b i l i t y  w i l l  domi- 

nate  i n  t h e  case of rad ica l ly  d i f f e r en t  dens i t i e s  (an Atwood number c lose  t o  

one) whereas K-H is  more important when t h e  dens i t i e s  a r e  comparable (~ twood  

number c lose  t o  zero) .  Both i n s t a b i l i t i e s  a r e  expected t o  play a  ro l e  i n  an 

unstably s t r a t i f i e d  f l u i d  when t h e  Atwood number ( a) i s  i n  t h e  range 

0.25 < a < 0.75. 
Ir - 
The R-T i n s t a b i l i t y  i s  a  po t en t i a l  obs tac le  t o  i n e r t i a l  confinement 

fusion i n  t h a t  it causes corrugations i n  t h e  ab la t ion  layer  t h a t  eventually 

grow t o  form t h e  nonlinear bubble-and-spike s t ruc ture .  The growth of s n a l l  

per turbat ions  a t  t h e  ab la t ion  layer  w i l l  destroy t h e  symmetry of high aspect  

ratio imploding she l l s .  

We have previously reported on our inves t iga t ion  of t h e  R-T and K-H 

i n s t a b i l i t i e s  i n  l a s e r  ab l a t i ve ly  acce le ra ted  t a r g e t s  f o r  a  multi-wavelength 

per turbat ion of t he  ab la t ion  layer3.  There we showed t h a t  t h e  l i n e a r  growth 

r a t e s  were well  below c l a s s i c a l  values and a  20 pm t h i ck  p l a s t i c  (CH) f o i l  

could be accelera ted up t o  160 km/s w i t h  a  l a s e r  i n t ens i t y  of 1013 w/cm2. We 

a l s o  showed t h a t  i n  t he  nonlinear regime s t rong  ve loc i ty  shear developed a t  

- 
Manuscript submitted June 4, 1982. 



t h e  bubble-and-spike in te r face .  This shear  flow evolved i n t o  t h e  nonlinear 

roll-up phase of t h e  K-H i n s t a b i l i t y  which caused t h e  t i p s  of t h e  spikes t o  

widen and reduced t h e i r  r a t e  of " fa l l " .  The K-H i n s t a b i l i t y  thus served t o  

s t a b i l i z e  t h e  R-T i n s t a b i l i t y .  

There i s  a  question of s e m n t i c s  involved i n  r e f e r r i ng  t o  t h e  roll-up of 

t h e  sp ike  t i p s  a s  t h e  K-H i n s t a b i l i t y .  The rol l -up of t h e  spike  t i p s  is  not 

due t o  a  growing i n s t a b i l i t y  i n  t h e  shear  l aye r  i n  t h e  c l a s s i c a l  K-H sense 

and thus  t h e r e  i s  no l i n e a r  growth r a t e  assoc ia ted  with t h e  roll-up. The 

rol l -up - of t h e  sp ike  t i p  i s  due t o  t h e  accumulation of v o r t i c i t y  behind t h e  

head of t h e  spike. This v o r t i c i t y  i s  generated by t h e  baroc l in ic  (non- 

c o l l i n e a r  pressure  and densi ty  g rad ien t s )  nature  of t h e  flow and is  advected 

down t h e  s i de s  of t h e  spike.  This accurmlation of v o r t i c i t y  i s  s imi l a r  t o  

t h e  nonlinear rol l -up phase of t h e  c l a s s i c a l  shear l ayer  K-H i n s t a b i l i t y .  

The rol l -up of t h e  R-T spike  should more properly 'oe re fe r red  t o  a s  a K-H- 

l i k e  mode. 

Here we repor t  on our inves t iga t ion  of t h e  R-T and K-H-like i n s t a b i l i -  

t i e s  f o r  s i ng l e  mode per tu rba t ions  f o r  a  s e r i e s  of wavelengths i n  t h e  param- 

e t e r  regime 112 ( X / A R  G 10, where A i s  t h e  waveleneh of t h e  per turbat ion 

and AR i s  t h e  cold f o i l  th ickness .  We again f i nd  l i n e a r  growth r a t e s  wel l  

below . c l ~ s s i c a l  values (by a f ac to r  on t h e  order of 3-4). We a l s o  f i nd  a  

cutoff  i n  t h e  growth r a t e s  f o r  wavelengths l e s s  than t h e  f o i l  thickness.  The 

s t r i k i n g  r e s u l t  is t h e  dominance of nonlinear e f f e c t s ;  i .e . ,  t h e  K-H roll-up,  

fo r  t h e  sho r t  wavelenath per turbat ions .  Although t h e  l i n e a r  growth i-ates 

increase  as k1'2 up t o  t h e  c u t o f f ,  t h e  K-H roll-up dominates a t  l a rge  k ,  

d r a s t i c a l l y  reducing t h e  penetra t ion r a t e  of t h e  dense spike below i t s  f r e e  

f a l l  value and e f f e c t i v e l y  doubling t h e  aspect  r a t i o  of t h e  f o i l .  In o ther  

words, it is  t h e  long wavelength per turbat ions  t h a t  a r e  most e f f ec t i ve  i n  



destroying t h e  symmetric implosion of t h e  s h e l l .  The dominance of t he  non- 

l i n e a r  K-H roll-up and subsequent e a r ly  sa tu ra t ion  of t h e  R-T i n s t a b i l i t y  f o r  

shor t  wavelength per turbat ions  was f i r s t  postula ted i n  Ref. 3. 

11. MODEL 

The 8-T and K-H-like i n s t a b i l i t i e s  i n  l a s e r  ab l a t i ve ly  accelera ted tar- 

gets  a r e  modeled using t h e  FAST2D l a se r - she l l  simulation code y 4 y  5. 

This i s  a f u l l y  two-dimensional Cartesian code with a s l i d i n g  Eulerian g r i d  

with var iab le  g r i d  spacing. The g r i d  spacing i s  0.25 pm fo r  t e n  zones on 

e i t h e r  s i de  of t h e  ab la t ion  layer  and increases  uniformly t o  a 2 pm spacing 

f o r  most of t h e  r e s t  of t h e  grid.  The f i ne ly  zoned region near t h e  ab la t ion  

layer  is  required i n  order t o  accurate ly  resolve t h e  s t eep  densi ty  gradient .  

The code has been run with a g r id  spacing a s  small a s  0.10 pm with no notice- 

ab le  d i f fe rence  i n  t h e  r e su l t s .  The ref ined subzoning follows t h e  ab la t ion  

f ron t  throughout t h e  course of t h e  run. The zones i n  t h e  underdense plasma 

beyond t h e  c r i t i c a l  surface  and i n  t h e  low-density r e a r  por t ion of t h e  f o i l  

a r e  s t re tched.  The system has 40 zones t ransverse  t o  t h e  l a s e r  beam 

(y d i r ec t i on )  and 120 zones p a r a l l e l  ( x  d i r ec t i on ) .  The system i s  per iodic  
\ 

i n  t he  t ransverse  di rect ion.  

FAST2D solves t he  i d e a l  hydrodynamic equations using t h e  f lux-corrected 

t ranspor t  ( FCT) algorithms with a two-dimensional c l a s s i c a l  ( T~'~) p l a s m  

thermal conduction routine. The i n i t i a l  densi ty ,  pressure,  and temperature 

p r o f i l e s  f o r  a 20 pm-thick, p l a s t i c  ( C H I  f o i l  i r r a d i a t e d  with an absorbed 

l a s e r  i n t ens i t y  I and l a s e r  wavelength of 1.05 w a r e  generated from a one- 

dimensional, ana ly t i c ,  quas i s t a t i c  equil ibrium model7. ?he ana ly t i c  solu-  

t i o n s  have been show t o  have provided an adequate steady s t a t e  when FAST2D 



i s  run i n  a one-dimensional mode8, i.e. , sans  pe r tu rba t ion .  There a r e  only 

minor, changes i n  t h e  p r o f i l e s  [0(0.5%) change i n  t h e  dens i ty  g r a d i e n t ]  a f t e r  

1000 t ime  s t e p s  ( -  3 n s ) .  FAST2D a l s o  compares w e l l  wi th  Naval Research 

Laboratory experimental  d a t a  on hydrodynamic e f f i c i e n c i e s ,  a b l a t i o n  p res -  

s u r e s ,  and t a r g e t  v e l o c i t i e s  , with f l u i d  blowof f  p r o f i l e s  and wi th  beam 

nonuniformity e f f e c t s  4. A r e p r e s e n t a t i v e  i n i t i a l  p r o f i l e  i s  i l l u s t r a t e d  i n  

Fig. la  and a two-dimensional pe r spec t ive  p l o t  of  t h e  mss d e n s i t y  is  shown 

i n  Fig. lb .  

The i n i t i a l  p e r t u r b a t i o n  i s  obta ined by pe r tu rb ing  t h e  d e n s i t y  p r o f i l e  

a t  its peak. A s i n g l e  s inusoidal 'mode i s  e x c i t e d  a long t h e  d e n s i t y  peak 

. corresponding t o  a t o t a l  i n i t i a l  d e n s i t y  p e r t u r b a t i o n  of 2.3% 

111. NUMERICAL RESULTS 

A t y p i c a l  r e s u l t ' i s  i l l u s t r a t e d  i n  Fig. 2 where w e  p l o t  t h e  ampli tude of 

t h e  two most dominant modes f o r  t h e  20 wn c a s e  ( X / A R = l )  wi th  1 = 1 . 0 ~ 1 0 ~  3 ~ / c m 2 .  

MK i s  t h e  Four ie r  t r ans fo rm of  t h e  summed mass f r o m t h e  r e a r  of t h e  f o i l  t o  

t h e  a b l a t i o n  edge f o r  each t r a n s v e r s e  coordinate .  ' h e  per turbed mode under- 

goes a very smooth exponent ia l  growth from 2.5 ns t o  8 ns ,  s a t u r a t e s  at  about 

10 ns and t h e  f o i l  fragments a t  about 1 4  ns. The r a p i d  l a t e  t ime growth of 

t h e  30 wn mode i s  due t o  t h e  coa lesc ing  of t h e  v o r t i c e s  t h a t  form behind t h e  

heads of t h e  sp ikes .  There i s  no evidence of any s u b s t a n t i a l  growth of  t h e  

s h o r t e r  wave-length modes. The growth of  t h e  s h o r t e r  wavelength modes i s  

suppressed because of t h e  s t r o n g  shea r  s e t  up by t h e  longer  wavelength modes. 

Th i s  a spec t  of  t h e  problem i s  t h e  s u b j e c t  of  a  f u t u r e  r epor t .  

The growth r a t e s  obta ined when t h e  systems a r e  i n  t h e  l i n e a r  regime a r e  

compared wi th  t h e  . c l a s s i c a l  va lue  ( (kg)  l I 2 )  i n  Fig. 3. The growth r a t e s  a r e  



approximately a  f ac to r  of four below t h e  c l a s s i c a l  value. The moderately 

s t rong cutoff  appears f o r  wavelengths l e s s  than t h e  cold f o i l  thickness.  

The nonlinear development of t he  bubble-and-spike . f o r  X / A R = l  i s  i l l u s -  

t r a t e d  i n  Fig. 4 where t h e  density contours a r e  p lo t t ed  a t  four  d i f f e r en t  

times. The l i n e s  a r e  contours of constant densi ty  i n  10% increments of t h e  

mxirmun density counting from t h e  outs ide  inward. The l a s e r  i s  impinging t h e  

f o i l  from t h e  r igh t .  Strong r ipp l ing  of t h e  ab la t ion  layer  is  qu i t e  evident 

by 6.82 ns and t h e  bubble-and-spike is  well  developed by 8.36 ns - a t  about 

t he  time t h e  20 urn mode is  saturat ing.  A t  9.28 ns t h e  l a t e r a l  growth of t he  

spike t i p  and t h e  narrowing of t h e  spike b o w  i s  c l e a r l y  apparent. Note t h a t  

t h e  r ea r  of t he  t a r g e t  is  qu i t e  uniform although t h e  amplitude of t he  bubble- 

and-spike i s  on t h e  order of 25 pm. A s  t h e  spikes acce le ra te ,  l a t e r a l  flow 

continues t o  widen t h e  t i p s  (10.26 ns ) .  
5 

The s t rong ve loc i ty  shear and t h e  vortex s t ruc tu r e s  t h a t  develop behind 

t h e  heads of t h e  spikes a r e  i l l u s t r a t e d  i n  Fig.  5 f o r  t h e  same four  times. 

The s o l i d  l i n e s  a r e  t h e  10% densi ty  contours. Note t h e  s t rong c i rcu la to ry  

flow (vortex flow) t h a t  bui lds  up behind t h e  heads of t h e  spikes.  These 

vor t i ces  a r e  on t h e  high density s i de  of t h e  10% densi ty  contour and a r e  

t yp i ca l l y  entra ined between t h e  10% and 30% contours and a t  times between t h e  

20% and 40% contours. This gives an Atwood number of 1 / 2  t o  1/3-well within 

t he  range f o r  t h e  appearance of t h e  K-H i n s t a b i l i t y .  

The s t rong s p i r a l  roll-up obtained by o ther  . researchers O' ' 

simulating t h e  R-T and K-iI i n s t a b i l i t i e s  i n  incompressible, two f l u i d  systems 

with a  well  defined i n t e r f ace  and constant  acce le ra t ion  i s  not i n  evidence 

here. This i s  due t o  t h e  f i n i t e  density g rad ien t s ,  ab la t ion  and compress- 

i b i l i t y  e f f e c t s ;  however, t he  widening and rounding of t he  spike  t i p s ,  t h e  

f l a t t e n i n g  of t h e  r ea r  of t h e  spike (due t o  t h e  reversed flow t h e r e )  and t h e  



v o r t i c e s  a t  t h e  r ea r  of t h e  spike a r e  a l l  d e f i n i t i v e  s ignatures  of t he  K-H 

i n s t a b i l i t y .  

The ab l a t i on  region becomes qu i t e  turbulent  before t h e  f o i l  f r ac tu r e s  

as shown i n  Fig. 6. The densi ty  contours a t  11.27 ns a r e  i l l u s t r a t e d  i n  

Ftg. 6a. The spikes  a r e  beginning t o  break apar t  and t h e  bubbles have been 

sea led  of f .  'Ihe corresponding f l u i d  flow i s  shown i n  Fig. 6b. The vo r t i c e s  

have coalesced t o  form two very l a rge  vortex s t ruc tu r e s  and hence t h e  rapid  

l a t e  time growth of t h e  30 pm wavelength mode. 

The nonlinear evolut ion of t h e  R-T i n s t a b i l i t y  is  qua l i t a t i ve ly  sirnil-ar 

f o r  per turbed wavelengths i n  t h e  range 112 C XIAR G 1.25: t h e  l i n e a r  growth 

of t h e  perturbed mode begins t o  devia te  from i t s  exponential  charac te r  when 

t h e  amplitude of t h e  bubble-and-spike (as meas11.rcd from t h e  t op  of t h e  bubble 

t o  t h e  head of t h e  spike  us ing t h e  30% densi ty  contour) i s  equal t o  approxi- 

mately ha l f  t h e  wavelength of t h e  peturbation.  A t  t h i s  time t h e  vor t i ces  

begin c o l l e c t i n g  behind t h e  head nf the spikes,  widening the spike t i p s  and 

slowing t h e  growth of t h e  R-T i n s t a b i l i t y  while t h e  r ea r  of t h e  f o i l  r e m i n s  

laminar and is  acce le ra ted  uniformly. 

Since t h e  l i n e a r  growth of t h e  perturbed mode does not hegin t o  sa tu -  

r a t e ,  nor do t he  vortex s igna tures  appear, u n t i l  t h e  per tu rba t ion  reaches an  

amplitude of half  t h e  .wavelength, one might expect t h e  non1.inea.s cvobution of 

' . t h e  long wavelength per tu rba t ions  to he  qir.it,e different from t h e  sllur-L wave- 

l eng th  per turbat ions .  Indeed such is  t h e  case. The densi ty  contours .and 

f l u i d  'flow, vectorbs f o r  t h e  50 m per turbat ion a t  9.45 ns a r e  i l l u s t r a t e d  i n  

Figs.  7a and 7%. There i s ,  as y e t ,  no evidence of spike- t ip  widening and, i n  

f a c t ,  most of t h e  f o i l  mss i s  i n  t h e  spikes and t h e  r e a r  of t h e  f o i l  i s  

severely  d i s t o r t ed  ( t h e  l e f t  most contour is  t h e  30% densi ty  contour) .  There 

i s  only a h i n t  of a very weak vortex buildup along t h e  s i d e  of t h e  spike. 



Thus although t h e  l i n e a r  growth r a t e s  of t h e  long wavelength per turbat ions  

a r e  l e s s  than t h a t  f o r  t h e  shor t  wavelength per tu rba t ions ,  t h e  nonlinear 

evolution i s  s t r i k i n g l y  d i f f e r en t  and t h e  f o i l  a c tua l l y  f r ac tu r e s  much 

e a r l i e r  i n  time with t h e  long wavelength per turbat ions .  

The l i n e a r  and nonlinear aspects  of t h e  R-T i n s t a b i l i t y  can be di f feren-  

t i a t e d  by examining t h e  amplitude o f - t b e  bubble-and-spike a s  a function of 

time. Fig. 8 shows t h e  logarithm and square root of t he  bubble-and-spike 

amplitude a s  a function of time f o r  t h e  20 um wavelength mode. The l i n e a r  

(exponent ia l )  growth begins t o  s a t u r a t e  a t  about 8 ns and t h e  spike  goes i n t o  

"f ree-fa l l"  with t h e  amplitude very wel l  described by A = 1/2"g"t where "g" 

i s  t he  " f ree - fa l l "  accelera t ion.  The spike  goes i n t o  " f ree - fa l l "  when t h e  

amplitude ( A )  of t h e  disturbance is  on t h e  order of 115 t h e  wavelength 

[A - o ( 0 . 2 ~ )  ] . This ea r ly  departure from l i n e a r  theory is  i n  agreement with 

simulations of t h e  c l a s s i c a l  two-fluid R-T i n s t a b i i l t y l  lY l 2, but departs  

f r o m t h e  commonly held be l i e f  t h a t  nonlinear e f f e c t s  a r e  not important u n t i l  

This s h i f t  from exponential growth t o  quadrat ic  growth is qua l i t a t i ve ly  

similar f o r  a l l  t h e  wavelengths invest igated.  Quant i t a t ive ly ,  however, t h e  

r e s u l t s  a r e  c r i t i c a l l y  dependent on t h e  wavelength. The amplitude of t h e  

l a rge  wavelength modes ( X / A R  > 1.25) goes i n t o  "f ree-fa l l"  at  a l a t e r  time 

and with an e f f ec t i ve  " f ree - fa l l "  acce le ra t ion  comparable t o  t h e  f o i l  accel-  

e ra t ion  [ 0 ( 1 . 5 ~ 1 0 ~ ~  cm/s2) ] . The exponential  growth of t h e  shor t  wavelength 

modes ( X / A R  5 1.25) s a tu r a t e s  more than 2 ns e a r l i e r  i n  time and t h e  

" f ree - fa l l "  acce le ra t ion  of t h e  spike i s  reduced by more than a f a c t o r  of two 

over t he  long wavelength modes. This reduced r a t e  of penetra t ion of t h e  

dense spike below i ts  "free-fa l l"  value is a d i r e c t  consequence of t h e  t i p -  

widening brought on by t h e  K-H i n s t a b i l i t y .  The f r o n t a l  a rea  of t h e  



spike is increased thereby increasing i t s  drag and reducing i t s  r a t e  of 

f a l l .  

These r e s u l t s  have se r ious  implications with respect  t o  s h e l l  i n t e g r i t y  

a s  a function of per turbat ion wavelength. This i s  evident from Fig. 9 where 

both t h e  " f ree- fa l l "  acce le ra t ion  of t h e  spike and t h e  f i n a l  aspect  r a t i o  of 

t h e  f o i l  a r e  p lo t t ed  a s  a .  function of per turbat ion wavelength ( h / A R ) .  Note 

t h a t  t h e  " f ree- fa l l "  acce le ra t ion  ("g") of t h e  spike i s  reduced by over a 

f a c t o r  of two f o r  t h e  sho r t  wavelengths. As a  r e s u l t  of t h e  reduced -"free- 

f a l l ' '  and t h e  e a r l i e r  s a tu ra t i on  of t h e  exponential growth the  aspect. r a t i o  

(RIAR) of t h e  shor t  wavelength per turbat ion has been increased by a f ac to r  of 

two over t h e  long wavelength modes. AR i s  t h e  cold f o i l  thickness (20 m) 

and R is  t h e  dis tance t r ave l ed  by t h e  f o i l  up t o  t h e  time a t  which a t  l e a s t  

65% of t h e  f o i l  mass remained and/or t h e  r ea r  of t he  f o i l  was.stil1 being 

acce le ra ted  uniformly. ?he s o l i d  c i r c l e s  a r e  t h e  aspect  r a t i o s  obtained with 

a l a s e r  i n t e n s i t y  of 5.uxlu13 w/cm2, where t h e  same e f f ec t  is  evident. 'the 

# symbol is  t h e  aspect  r a t i o  obtained f o r  a 200 pm perturbat ion ( I  = 

1 . 0 ~ 1 0 ~  w/cm2) and a s  one would i n t u i t i v e l y  guess t h e  aspect  r a t i o  increases  

again f o r  wavelengths very mch l a rge r  than t h e  f o i l  thickness.  Thus 

although t h e  l i n e a r  growth r a t e  increases a s  k1I2,  up t o  t h e  cu to f f ,  non- 

l i n e a r  e f f e c t s ,  i n  t h e  form of the  K-H roll-up,  a r e  qu i t e  e f f ec t i ve  i n  sa tu-  

r a t i n g  t h e  R-T i n s t a b i l i t y ,  reducing t h e  r a t e  of " f a l l "  of t h e  spike and 

increasing t h e  l i f e t i m e  of t h e  f o i l .  The physical  mechanism f o r  t he  cutoff  

i s  t h e  subject  of a fu tu re  report  now. i n  preparation.  

111. SUMMARY AND CONCLUSIONS 

We have extended our previous inves t iga t ion  of t he  multimode s t ruc tu re  

of t h e  R-T and K-H i n s t a b i l i t i e s  i n  ab l a t i ve ly  accelerated t a r g e t s  t o  t h a t  of 



t h e  l i n e a r  and nonlinear nature of t h e  s i ng l e  mode s t ruc ture .  The l i n e a r  

growth r a t e s  a r e  wel l  below the  c l a s s i c a l  ( k g ) l I 2  value and a cutoff  appears 

f o r  wavelengths l e s s  than t h e  cold f o i l  thickness.  

The K-H i n s t a b i l i t y  plays a very dominant r o l e  f o r  X/hR 5 1.25. 

The s t rong vortex s t ruc tu r e  t h a t  bui lds  up behind t h e  heads of t h e  spikes  

causes t h e  t i p s  of t he  spikes t o  widen thus  reducing t h e i r  r a t e  of f a l l .  The 

increased drag e f f ec t i ve ly  doubles t h e  aspect  r a t i o  f o r  t h e  sho r t  wavelength 

per turbat ions .  In shor t ,  it is  t h e  longer wavelength modes ( 2  5 X / A R  

< 8) t h a t  a r e  t h e  most dangerous s ince  they a r e  t h e  most e f f ec t i ve  a t  - 
destroying t h e  spher ica l  symmetry of t h e  imploding s h e l l .  

The f a c t  t h a t  t h e  long wavelength per turbat ions  a r e  t h e  most dangerous 

modes with respect  t o  hydrodynamic i n s t a b i l i t i e s  r a i s e s  again t h e  spec te r  of 

l a s e r  asymmetries. We have previously shown t h a t  l a s e r  asymmetries with 

scale lengths  g r ea t e r  than t h e  dis tance from t h e  ab la t ion  surface  t o  t h e  c r i t -  A. . - 
i c a l  surface  would have a severe impact on dr ive  pressure symmetry and hence 

on p e l l e t  gain4. It i s  now apparent t h a t  these  long wavelength asymmetries 

a r e  r e l a t i ve ly  more dangerous than previously thought s ince ,  hydrodynami- 

c a l l y ,  they lead  t o  an e a r l i e r  f r ac tu r e  o f , t h e  t a r g e t  than sho r t e r  wave- 

lengths do. In t h i s  context ,  however, it is  important t o  remember t h a t  t h e  

growth r a t e s  are wel l  Lelvw c l a s s i c a l  values. 
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Fig. 1 - (a) A semi-log plot of the initial pressure, density and temperature 
profiles of a thin plastic foil. (b) A twodimensional perspective plot of the 
initial mass density. The laser is coming in from the front. 



Fig. 2 - The square of the amplitude of the two most dominant modes as a 
funcl;iol.i.of time. The 20 pm mode is the perturbed mode. 



Fig.  3 -A comparison of the growth rates when the systems are in the 
linear regime to the classical value ((kg)%). 



DENS I T Y  6 . 8 2  D E N S I T Y  R. 5 6  

Fig. 4 - Density contours at different times ahowing the nonlinear development 
of the bubble-and-spike and the subsequent tipspr-. The contow- *re in 
10% increments of tbe maximum density (p- = 0.80 gm/cm3) countir rom 
the outside inward. The laser is cominp: in from the right. 



Fig. 5 - Fluid velocity vector plots for the same times and regions in space as 
Fig. 4, The solid line is the 10% density contour. Velmax is the maximum 
velocity in the range plotted. The vortex structures behind the heads of the 
spike are quite evident. 



Fig. 6 - (a) Density contows for the 20 p m  perturbation at 11.27 ns. The spikes 
are beginning to fra&ure and the bubble has been sealed off. (b) Fluid velocity 
vector plots at the same time illustrating the coalescing of the small vortices jnto 
two very w e  vortices. 



r-lg. 7 - (a) Density contours at 9.45 ns for the 50 pm perturbation. Most of the 
foil mass is in the spike tips and there is no evidence of any tip-widening. 
(b) Velocity vedor plots of the same time illustrating the lack of strong vortex 
formation. 



Fig. 8 - A plot of the lnA and AX, where A (in pm) is the amplitude of the 
bubble and spike, for the 20 pm mode. The slope of A% yields the "free-fall" 
acceleration of the spike. 



Fig. 9 - A plot of the "free-fall" acceleration ("g" in units of 1014 cm/s2) 
of the spike and the final aspect ratio of the foil as a function of the perturbation 
wavelength (X/AR). The solid circles are the aspect ratios obtained with a laser 
intensity of 5 X 1013 w/cm2 and the # symbol is the aspect ratio obtained with a 
perturbation wavelength of 200 pm. 
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