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THREE -D[MENS IONAL COMPUTER

R. L. Rahie, J.

MODELING OF A SHOCK-RECOVERY EXPrR[MENT

E. Vorthnan, drd J. K. Dienr!s

Los Alamos National Laboratory
Los Al,Imns, New )kxicn

An id~dl shock recovery cxperimw!nt would be to suh.iect a sdmple Materldl to II ZlflqlP,
well-dufined shock fol lr)wI!4 by a control led, beniqn rt!ledsr! of the stre5ses ~nd
velncitlcs q~nerdt?d. The pro~pss ;hould he such th,lt. dny chanq:! founcl In the sample
after r~cov,?rv coIIld be dttrlhutt?d to the shock protess )loni!. In dn,y redl experim~nr.
with flnitc-slz~d sdmples, rarcfal.tlon wolves dre cjf?n~rdterl at. the mlqPs of the ‘dmple.
In qeni?rdl thcs~ rdrefdction waves can have d ldrqi: r?ffect, on the s.xnple. which is
fmpossihle to sepitr,st[. from FIIe cffocts of the shock dlono. It hds htw!n Suqql!stpd
thdt samules of ct’rtain ih~oes will halve a smflll reqldn In thclr inte~iurs, which is
sub~t~ntidllv frw fro~, t.hc r!ff~ctr nf Prlqe rarel action<. UC will prus~nt the result;
of thr!+!-d~m~nstnndl comput~r cdlculdt inns (km? to test this hypochesl$.

1. [NTRf31)llCTII)N

Vorthman dnd Iluvdll emulnvod a stdr-shdpl!fi
sdrlIIl,~ ds d r)cdns of Inlttqdt. inq ldL(~r,ll releL15#~
wavi! i~ff(,ct.s dt tl, u S,lmpl(! chnt.i!f. in thrl r work
on lithium flouridt, (Lit). ! Thi! pflrtlcul,lr
●xpl!t-lru,ntdl arrdnqww,nt tht~y llsl, (1 W,15 A

modi f Ictlt ion of J tpchllilluc nrlqin,ll IV prnpn~i~,l
and IISIId IIY Kun,ir dnd Cl i ft, nn, J lluth nf thc$i!
shock r(!cnvi!ry i Ilcds rv I y on thr~i,-fill-ti,r)%lofltll
attvnudt Ion t! ffl!(::$. Ot,w, r tu,.hnl,~uo,; , known
to IN! f~lrly succns5fIJl, tnvnlvt? tho us,, nf
gudrll rinqj in twr]-(l iml!n.iiondl fhuck rvcov(!rv
exporl rmt. 7. 1““” Nurw r I C,I I Cdlclll,ltlolls 1)f
lmpdc!.1, Invol vi nq the qlldrd rlnq conf I,lllr :t. ion

hav,~ h[,(,n dIImI hy StrvIIns ,ln(l ,l:)m!q. ● In thl $
pdpl!r, wo prP-; Of!L pr,~l lrIIII(IrV numf,rl( ,, I
Cdlc, ili!t,lnn,; ,lf d prot. nl. yl)r t.hri,,, -d lmun~ I nnd I
I mp,l(. t, 111’1)111111’I In which ,1 ;! ,~r..zh,ll)!,jl ,i,lrq)l,~ ,
thin wi?, h IVISINIC;. to It$ ,Ivr, raiw ,Itdrwtol , Is
sill(li,~,l, 1Ill* $tlilpl! $1*1111’!,I*II Is t.hot. of
Vorthrlcl,l JIIII [)IIvd I I , ~h,lwn III I“lllllr,, I , ,11111f,lIII
I mp,lr t, of thm .it,lr II onLl J rl(ll,l Ilolln,l,lry.
Thl! I:Inl, III I ,11 IT ,l\,,llrll, (f f.11 hi, ,lllll~,lt,lli ;Jll;’.~

AI JrII !1111!1,Jfl,t tho iI?II,I( 1, /F,ln(’ i f V I ? f], I / IItv/1,.,.

Thll con-; l.l!llf. lvo I,,l,lt ion ,,; ol,I,, I ),:-pi.rfl,(.t IV
pld.,1 l!”, rind WI, hilvv tJktIn II v(I.111 ,ll.rl,v,lf h III
slmI)lII !!!,t~l,!n Or 1 bh,lr. ” I !!r 1.UIYII, II, : \l\rl . w!,

h.+vt~ ,JI,, II run ,111 Illlplll:l, prl!l)lwl 11< 111’1 .I !)1!11

s(llldl’,~ pl,lt 1, ,1,, ,1 ,, JIIII III,. 1 hl, 1.,1,,11? I)r I Ill,

t,hln I;,III,II,,, Iii, II r. ,Inil ! h!. !Illl) ,,1 ,!r, ,, II I)w, .IIIlftI
qr,lpllll d: I /, rho. Ilvl)rl)vl,ll 11,.,11 I I ,, :1)1. I 11,. ●,(!1.

(11.11,7,.I ry.

2. 1111 1IN%

W* 11,,1, f III! ., !lll[) 11.,,1. 1,1 ,1,. ! II -111,1.,11( [1111,, !1!11

t I VI, ,Ii; lllylt 11)11 ,,1,1.,1,1, I!llrr,., I Iv pl,l,,lll,
I hl, y$l 1,11 :11,h,lvl l.; ,1? llrll,,r 1,1!1,1 1, 111,1”,*, 1,11

11!11 i I ! Ill, ‘: ,1I II ;Irtl,l!jlf l)! ! l!,, ;l .1,1,..,, ,ll*,jl,lt Ill,
ll~ll.. tll’ ,,, ( ,1,,(l., //1 /,,”, Wtll,ll, Y,, II Ill,. /1,.1!1
‘,t. rf., ,., i t! , llllpl IS I 1,11,,1,)11. HIII*II ylr, l,l III III( ‘.,
I hl, ,, I !,,!., ., ,ll,\ 1.11 Ill. , ,111, 11,1 Ill 111,01 Illlrlll,l I Iv t !)

1111, ,VIPI!I ,,111 f.11 I*, Wlll!,ll .I, WII II ,, it) ?1111 lpl,/!ll,.

l-ml! II Ill tllr! ,I!, vl.lt I)r I, II IV1141,18.111 B. IIV I I ~),I,,t ,1111,

.—. .

j
/’

I

} 1(11111, I : J,II:IIIIL. I;hJIII, .Im1 rlluli)n ‘,’lll!!rl,,l,
y i < Illlrrldl f II ttll~ p,llll, m

thl.1 ,.I!V rt,,l{la 1)#1 * b ,( ,1 I 4 r pt’1) 11111’r ,)f th,l
.,1 r,.,,, ,Il$vl,lf II I,, !,, ) t, h #Jlllll :’/lY,:.
I,nt,ll ,,t r.! !,1 I 7 bm1wn ,In,l l,ht~ ,IUM)IIII! () / !ll,,, !}:’
(IPV I !1! ,11, \rtll!l ,,llllp(lll, ~,l fly I Ill! ,111 !:l.;’!. !1

St r,,,,., dllvl. ltllr, I t knllwn , I hl,,,l~ r,l(l,.,
t,o,li,f111’r wl f h I hv ,lIi I, IMUIt IIMI f hdl f,ho !,r,i(i) Of
t.h~ VIII()( IIV IIrJIII,, m Ii,nq,)r I\ not. ,Iltorm(i I)v
pl,l., f.11 F.! I ,Iln .11 low~ Illlrf, l!, lonloll of Tht, !IIL,II
St I’!llll 111111 f tlv ,$111,.1 1! ,lnll pl.l,, ?ll: ll,lrL1.
UOI. L h,ll, !!,lll~rlll I ., off ,!11 J,, ? ,1111!1(, I !,)1 /,y !0,,1,, 1,, (1

th,~ ylvltl I,! rl,lltll II ,1 flllf, f 1,111 ,If rho 1) :,..! 1,

Wlll”b ,11111 ‘st I’in-.ni I.l,l,ll. lf 11)11 I ,; J1-l’l),lllt ,-,1 f t)r !JY
.ll..llrllllll f 1),. f.11’tllr ,,,,1,11 Ill .Illlll’11 rhl~ .,1 rl, \\

Illlvl.lt.l r., 1,,11 k t 1) I I!I, Vlolll ,,111,1,11 ,! It ,)

r(lnt f I, Ill 1)1 f I 1$11,, Not I hIII *. I III.;., I ,.1,1,,11 I,,,,
Ill)r W!)l,l h,lvllolllrlll ,11,1, 11,,1,11 I 11 !.lll. ?o

(’.111 111.11 loll’,, 1111., rl,\lllt\ I 11 1,1111’0 111.1%1 1(,



flow th,ln would occur in the real material
renderil,q these calculations conservative.

The material hydrostat Is assunwd Lo bc qiven
by a Griineisen equation-of-state. This
equation-of-state Is calibrated to a linear
shock-particle velocity relation for 2024
Aluminun, Equation-of-state and constitutive
parameters are shown in Table [.

TAHLE I
Erpiatltm-of-State t

Constitutive ParameLer5 for
2024 Aluminum

P. (ticnsi:v) 2. ?H5 q/CC
A (Lame Constant) 61,000 GPa
M (Lame Constant) 25.f3013 GPa
Y. (Yield in Simple Tensirm) .100 GPa
C (Collstdnt in C + SUp) 5.32H nm/IIs
S (Constdnt in C * SUp) 1.33N
r (Grhnpisen Ratio) 2.0

3. CALCULATIONS

3.1 Gencr~l

ThI! results nf the talc.ulatlons tir, prvs~ntwl
as d series of views of t% sampl~s dnri t.hrlr
Inti!rlors. UC htsve plott~d only m~an prossvr[!.
Th~ pnrspnct I v? plots may bo un[lr, rstond I\V
ri!cnursi. t.u the cel I zonfn{l crsnvwt ion of khv
Ldqrdnqtdn Crwh?, Thh irwh!n t drnntci pnlnts on
thl! “,1” conrrfinatp dxls. j pnint, s nn thr “P”
conrrljndtr ,Ixif, ,!nd tho k pnints on tho “~”
coor(llndt(~ nxis, rhll$ , for d compllt. d t f nnd I
wsh h,lvlnq nx 7nnos nf Am sltv In thl! “II”
(llrl~ctlon, nv znnos n f .$1! slt~ in thI* “II”

dlrpctlon, dml nz tnmts of AY SI III In t,hl! “Y”
dlroctlon, n plot. of prossllro n 11 tho
k. $ $urf,lco tflko% A %urftiu d t. “ y “ - $ Ay ,111(1

plots t.t!o pri~ssurr contours th,ll PXI st on ;,h,+t
turfllcl’ d t * ,1(! <(llort,~d I,lmr!. W IISI! tho
nolat Ion “11,” “II. ” find “y” bI!rau%JI t,h[l r.ndv wv
II},! (Jr! o~tt~r’,$lvu moftf f Ic,lt. Inn nf ‘iA11“ III)’
III Iuwi .Irlllt,r,lry twmnd,lry shalw< rl~$u It III(I III

“ tl , “ “II , “ {111!1 “f” mlltorla I coor~lln,lt, os thdt. drv
qwtord I 1v 11111, I I rw!dr or l)rt Ill)lllwl,! I . t 0,
vu.lmu lo, In t,ho sf, flr I d II ulatinn, i prv%f~nt,od In
Lht % pdpvr Lhf! ?dIPplo Inwind,lrlo% In th! “,,.11”
p I ,111,1 orl~ Initlflllv Ilnl*flr hut they dro not.
nrr, +nqnnd I, ~ln!! or r,tir I: I) Il\rIIIIOIII, I,Ii nl ttl I \ I %

t )111t ,, ~urfdcu of con~t, nnl Cpll inlh, x 1%

Ww,rd I I v dol. ~)l,lllrlr, Irlnis I Iv. UP {wq)h,l\ 1/1,
thfll. t ho runq WI! ,IIV* pl l,s(~nt, III!I ,Infl t hl,
I nl, orprlt! ,11 I IIli), wo , mlk lIIq .Irv I)rI*l Imln,lry.

Itlr flowi !lro l~x 1:,1,1y Cl,mp lox . lho IIdr

C,IICIII (II Ion 11%[,(1 ,1 cnmpllt I nq 1111.,,h Ilf
I!,,();’il I’PII; (M(u) x :14(11) x II(Y)). rhl-1
I filt-llllll Ion rOIIIIl roll ,Ipprnxtmat III y I ,4 lIfMIr,, of
Cr-,ly I I:IJII :,lmo 111 IIllf,llln !.1} II+ Ilhy%lt ,11 I IMII.

J. ;J Ill,! ‘l(pl,l, II 1’ I ,11,,

Ak d 1~11,1 Imlndrv t II ‘ h!, !’JI!III,l I 11111 Ilr 1111,
%I,,lr, WI, 1.11, tIIIlo Il d Ihin OIillirll’o II IjIlr, illlp,l( I
prolblm, 11111 pliltlt llllnl*ll\ I (Ml,, wl~l,l* I I , ;’ 1.!11

,-—. ----- ----- -—-——

I

Ftqurt+ 2 : SdMplF Shdp~ and reqjf)n CdlCUldt~(i

cqudrp hy 1.5-Iwn thick. The plate dnd tli-
dctudl reuion Cdlculdtefi br(! shown in Fiqure ?.

llecdllsc nf 5ynmw!try, we calculated only onc
quarter of the plllt~ on d mes h ,Jf
20(,,) x ?O(fl) x 13(f) l~lls. FlqIIrr5 3--5 drl!
vir?w$ of thr PIJtP fr[m ahovi! with prt?ssur{~
contrntrf plott.lld on t)lr! pl,ltl! mlrtplanu
(-O.lS lmn from the pl,ltv hottnm).

Surprlslfl,lly, n.t, d qrod! dval of YIPI,I h,l~
nccurrv,l dt. 2.? II\ dt, I III, \,ll!lp I (, {:t~ntor. Hr
hdvv 11{)1. run t.hlt t: I\II Iwyvnd ?.? IIS, Thlr,l,
tho p Idto I \ ,1I i OIWII tII rl,ll,]lll!,l from thp rl III II
I Illpdl: 1. =.llrfd(.1~ (f - 0,11), Ihv I,ltrrdl flow .11,
t,hl, II I.lto 1*(1111,% I rlll\ll\ I,lw lvlllP\ t 11 rwm I II
lll,,lrl~l, t ho hf~llll,Llrv f hdn I 110 pl,lto rontt, r
{Iur I n,! I hv rolwmnll, I hll? , 1111, pl,lt II .Iclllll ,“11$ ,1
rllrvdl ul’1~ (111111111,* hlllh 1*11111~$Illw) ,1* It fl lo%
froo [If 1,111* rlqlrl Il[lllnlldrym Ur WI I I rl~l,llrn t n
I,hlf f,tri in I,ho I’,1%1, of I.hv %I,lr, I inlllly, It
Is wnrth not Inq t.hfil f III, tnlqo rdri, filcl I on,. , A.,
th~,y ,IllprO,IIh t ho ,iJmII 10 I:IV]I i,r , ,lro h,Iv I nq I ,)
t rrlvl, l t hr(lll,lh II $llrll,\ Ilt W,lvl, %. rhll%l, ,+,IVII$
,1r!. ,Iltl$lvl,lfm rl$ll$, l,, o% ,Inlt (’l)lqlr l,%%t ,1!1,! t 11,1!
trdvvl t Ilrolloll l,h~, IJIIIII III t hlI bnI. \I, m 11,1.v ,11.1.
I’ll,, 1!111,117 of t ho 1111I IJI ‘i Illllh .11111 I’I, IP., .(, t hilt

!ll,llll, !1 ,11111 Illll!l,llll, !l I Ill, ,,,llnpl,l. U!* Ill /1, , ,1.,
Vl, t , lll,l~n 1111,11111*I (1 \(lrl 1)11! ,1 I I I bl! ,11,, I I l., ,)1
It Il., !I%l)ll( f 1)1 1111, I ,1!( 111!11 11)11;.
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Fiqllrn 5 . Thu snucsr? Pla:I?
at time ?.2 us,
11P ht,twwrl
L = 0.311 G1’fl.
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mi(jpl JnL* (-0.75 rm)
Pressll,.* contours

H = O. I)[lJ G1’d and

I. .--..,. . .



..- ---- ...

center to dn inside corner, is prowideri by
Figure 9.

L -../

Flqurc 7 : The stfir Pldtf! mtdnlane (-0.75 nwr)
at t;me 0.s 11s. Pres7ure contours
Ile bs! twwn H ~ 0.12:1 GPa dnrl
L ● 0.7[13 (;}’,,.
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Figure 9 : The star plate cius5vct ion on ,X ~ 0
at times 0.1 u% and 1.9 I.Is. Pres-
sure contours, respect iv~!y, are
H= 2.2fl GPa and L = 0.253 GPJ;
H = 0.197 GPa ana L B 0.098 GPa.

These views ~re ,lt t. = 0.1 us and 1.9 us ~nd
show pressure contours on the plane just
de=, crlbcd. Thp view at 0.1 IIS shows the
Initial shock. Vorthman notes th.st the stars
recovered in his tiork on LIF all had the t!ps
broken off. Flqur@ ‘? confirms ?hat th~ stdr
tips dnderqo d qr~dt de~l of strdin. It is
evidvnt thi+t thp flow in the b~lk. of tfie
centr,~l sectlrm on the plane plott~,l here Is
orw! dlmensiondl. We h~yu not dune dn PX:I?IISIVP

serle> of thesti calcul,ltlons, but this
prellmindry result Is cn:our~qlnq.

4. CONCL\1510fJS

Prel Imtn,lry CalCU]dtiO~l$ of d st,lr-sh~pe,l
famplv lll!d~rqninq shock Ioarllnq
this

indfcdtp Lhd!

qfwm t. ry m,ly hc ~n cffnctlvn Imo,lnq of
prnt,~ctlnq the s~mplt! mid\ IIcfl Iwl f roll thf!
effrc~$ of ra(llal rr IR,:%I!. Uh I 11- thr
cal,:uldtlonr Irv I!ncour,l,lll,o, n(lrc c,llcllldtinn,,
With lnrrods{~d spdtt, ~l r~s,jllltion dnd Ionll(,r
runtl m,, mu~l. In. II IwIr! tn confirm this f Ict.

z, A[:Krl[lwl.l l)l;l’Ml”rlr\

~ht, ,!ut. hnrs with to th,lnk Il. RuI)pvl drill
J. Ilrdckl)tll ror Ili!llltul ,IIQ; CUSO, IOIIS,

Rvf,lr,lncoq

1. )1. l“, Vllrthrl.111 ,Iflff G. l:. D:lvdll, J.
Appl. Ptly.;. \J, lf:[I/ (1’u!.’).

2. P. Kun,lr drl,l Itm 01. Clltr,l~ll, J. App I ,
Phy,,. 41!, ,1}11,11 (1,)//),

1, !1. Il. ‘; III III1, !$:’? SI)l.1 I ,1 I rrl.hilt -.l I
11111)1II ,1! 1,1!1 !hl. IJf,. ‘J,.l .,”/ :1 :1,1).
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