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FMCH DISC

C. E.

FORMATION [N CYLINDRICAL RECOVERY SYSTE24S*

fi0rri9, R. C. McQueen ~nd 5. P. Marsh

Dynamic Te*tlng Division

Lo.e Alamos National Laboratory
Los Alamon, New Mexico 87545

Cylindrical recovery uyatemB have been unad to shock-load polymarm to pre9aurea

eacandlnq 50 cPfl. [n order co cletermlne the pcetisurua l};enarated in these recovery

syscrms the Eormutlon of the Mnch disc on axis ~nd Lte mpproach to scaady scace wafl

monlcored. The rclacion 01 the Mach disc dt~meter co ~hc lacaral dimennion of the

high axploni”~e used tn compress cho polymer s.~mplns wus UISO lnvearignced.

INTRODUCTION

There hns hca!, all extensive .tm,>tln~ of HuEonint

daco tak8n on polymarg nc LOU Ilumon. To

ldontlfy tha physlcul proce9Ncs occurring

alon~ tho HuRon lot shock recn,~ery experlmouc9

ware donu whLcll rlupllctited tlla Hu Ono -

dlrnansloncl sin~l.? ghock acacog. The

axp,~rlmt,ut~l gcomc,try in which these s lngL2

shock stfltcrn COULd bc :tlfldlly .nchtevmd was in
tha cyllndricnl rocnv~ry ayutcns initlully

ptonuored by Ri~hinin. (1) Thcsm cyllndrlc:rl

capaulon hfid chu ,nd(llclon,~l frnatura thnt ltor-

❑nrlc:ll ‘y Me,nlad cnpsulem could be routfn,~~.~

rac~verod so rhat thu dlsmocl~tlnn products ,)[

chc pnlymaru CO(IIJ t,o anaminud.

In di:lc,,nsll,q Mnuh IIisc form.aclon in cyLlndrl -

cal #*o,nvtry lt in !nformntivo to cnntr.~~t

this f!ow with Mn~;lI ntvm (1. rmuclon O- m rctiult

of colll ding plirnr wnvus . In Ifig. 1A tho

r~tltictiun UC cwn equnl xtronqth PIJIIU ml)uc,k

wmvcm lJ lllu~[. rltrod. Fnr smnll lmp:lct an Hi,, H

r* Rlfi181r rnflc,:t L,>u ,jccur~ . Stllcvrr I alltl .!

dcnot~, ro~pp,’tl’.”ly ~iHMlm nnd (lo,lhlc shnrk I

mtntu~. Abovu ii cr[tlcnl nn~lfa II,. (I, nunlly

of thn (7r, itir of ;15”) lill:tl refloctlotr nrr, ltru .

Thtm rtvl~llt:l Ln the rrlpla-ql)c, ck cnml’lnurqt inn

uhown (n F’lg. In. An iI1 chm pruviullm mxnml~l,,

mtatti- I ,111,1 ? !nllllln rn#p@rt(Vn Ly ~i!luIo fllltl

do!,bl~~ Ihi)l’k. Atnc!,,. rh6 nllditlonnl. cnnt. ur~

of rho Mnch Wn ,7n 1101. ~m+n 1 !1 roRllLor

rcflertl,m (m tile prcqollrm ,J[ Lll@ M1rh *tom

rctui,ln !lO!,(1[ 011 rlw I-ltlltrl 1. 171ti fln~,ll ,Ilom

raultlu 13 n miltKln ~h,ltk ~lall~ wllomd I.trnrnl

dimo,l,ll(,n~ Incrflnwn, I lul~url:i wltll !Imri, 011

ch. ~ ,X,1,:1} Atom nvlq tlla* f I,)w (N ,!.,lm-,llm~*ll,tl,Jn-

al. (:,,,, ,,s,, !,,,,,1 Iy rl *R* *tlllt, b ,Il,llc.a Ill, 8111
. . ——- — . .— —.. .—.

~ W~,{ k ,~\II,II<Url,>Il 11v 1 Ill, 1! 111 I S,(. :, I, IL! .:1

1)1~,, dll I !l) 11111. (11 11111’I’AV.
\.

Kh, ,lJl,\l{ INI I’1.l,t I IIIN

ilk’ I’1.,(hl. :; I!(II I!i

bII:llil, 1A

the principnl Hu#oniot. Pren.cure Rradlenc9,

if pre~ent in che Mach scam, are manlfa9ted in

curvncura of the Mach qtem Frnnc. At tllo

triplo point where the Mach stnm (9tate 1),

the lncldenc shock (state 1) and chc fotloccvd

nhock (ectite 2) all c I11OI3 togerhcr, hy

necemslty, o Hllpllne 19 proHOnt. The raglon

of CIUW .Lbova the dlipllne is the rcsulc If J

two shock proceeu, whereas the flow hu low the

.mlip LLIIu 10 the result ,If ~ alnglc qhock

procosy (thr :Inch scam). The presmura must bu

the ~amo on bocll mldnu of the slipline s Cllnt

chr m~torl.il velocity Ls in general dlft’rrunt

ncro,l.~ cho sllpllnoo Th!A irn hwcnu.se slnglc

and dnublc *hock nratun at cho same prau!iucu

ara tit ditfeinnt vc ruin (mnrrnpy) ntotns.

Tha hyflr, nlyn. imic flow prnM,~ut [n our cylindri-

cal rmcf?vf!ry !iy!lr~mu 1* 9ch9MflLlCnl~y 4110wII III

Fig lCm A cyllnd~r of hiwh Pxplllll; v

murrt]undinu our racnvory cnptiult) 1s plnn,~ wavm

irlrinlud. The naturu 0( thm I’!ou in thcna

c)lluclric, tl Mvstt-mti dlffcr~ ,!pprnrimbly frnn

rhn wnve Hcrtlct:l]rn ol]Hervod In the Inrcrllctlon

of plnnu Mhnck wavnu ovmn tllollqh muperficlallv

tll(.llu f I ow’1 :Ippcor slml Llr. wall CII*

di.tmtitrlcol Iy (Jppo=iltn rnnlk:,ll ~huck wnv”*

tnturltt reRlllnr cuflnctl~)u In not ptjn)dihlo.

For “llorrnn 1“ aqua tlonu 0( ntntn n Mnrh di!lC

ham cu Cc]rm ,,,1 :..1.. (2,1) rn nnnlnMy wtth

the pr,~vl,!llu difGCUf4ti10P r.hm r*nlonm 1 and ?

dvllllt 1, Lll(f ntnros hmlllnd tllo conlcitlly

ctmvnrfloljr lnrl,l,,tl~ nho(k anal c[)rllcn~lv

lilvl!l$vlll rarlnl:ln,l nl!i)( k. Htflt@ ‘1 (lallllt Pl

thu :ln(, h (Ilnr r(,~l,}n IIf LhP rtltw. In ,,,jltlr,lflr

co t 11,, II 1:1111, W(1VII ~...nn nft~r thn Mil,,ll wik,o

fl, )w ht,r(~tnr,,l ,Ir17mly II I,, ,Il,lml, fur ,Ir rlld MI(II

IJl,l, rnm;lilt,l ,!, ),, qr,llll . Al#o LII,S VI,l Ll!lly ()(

1 .—

MA(.11 Itl,l’’l,l.(:l l(~;i

11} I,l,,\Nl ,,111)1 h:,
I’11:1’111: Ill

I
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che Hach disc ~9 equal to the detonnclun

Valocicv of che explosive independent of the

concents JE cho recovery capgule. This rather

dramactc result deserve~ some further
elaboracton. Sfnce the deconacion velocity of
th? exploqiv.e 19 the characceriscic velor[cy
Cf rhe uxperlnenc, tailure of che Mach disc co

travel nt this veloclty will reeulc in modifL-

c9Lion nf r.hc tlow s!lch chac che Mach disc

(MD) vmlocicy comeg into coincidence with th,:
detonation velocity. For exampla lf the MD

veloclcv LaU~ behind che decon~clon velocity

the incident conlcnl shock wave will be

incllncd mor+ coward the axis resulctrrg in J

buildup of premsure Ln the MD and the

resu Ltnnt lncrense Ln it9 Valoctty.

Conversely, if che HD travels fnnter thsn ths
deconaclon velocity ulttmncely che pressure in

the .YD will decreaHe due to the divergent na-

ture of chls type of flow. This will reslllt

Ln the ~lowing dorm of tile MD co bring lC Lnto

coincidence WI th the deronaclon Vnloclcy.

Th,, sa +tattiments charnctv,lze the fundnmouta 1

nature of Hach wave Pormnclon Ln cyllndrlcnl

recovery 9y9tem9. However , m(, me lmporcanr

que~[ lon!l still naed to be addressed. ‘rho

purpose of this paper LO to determlnu how lonM

it t.lke~ co Achieve standy scnce conditions in

chase rocuvcry 9ya.mlrlH. Anochcr lmporcmnt

constdorat ion in ncnl~ving walL charmrtr!rlztid

recovery •xper~mext.~ 1s how can che

mxptirimental gaorlutry bm ❑ndn nuch thnt tllc

●ntlra onmple cllvity 1* qub)ucccrf tu a uniform

acrunu YC,lLH. Onu way to do tills lU co vnrv

rho nmounr o? high axpioniva and thm cnpnu’.c

Reomctry 30 thnt chc entlrc mmplr cw~tty LS

comprcri~od by th- Much dlnr. [f th~ F,ns of

the ~nmplc [1 knovu thu pr~nntlre nnd rn, npr_:t -

●inn UC :1, r snmpln cnn h* rcndlly ,-alr!il.~c rd.

EXrl;R [HE;ir

-rho Mn(!h ,1 1:!1: oxpnrlml. nr in Fl~. 2 1,9

reprnmmnplt(,~o nf t114r ,.x[]nrlm,lnt:l whl,. tl wi, [

bn tllnrt!n%a.d in tlll~ ropti~rr. Comp<t*lt[,>u c-.’+

1s the ~xpl~)~lvu ~inc,l to ,,ompr r** thn cylln -

drlrnl rapqulon. It Im {lf puLLy-llki! ,nnmlR-

tmncy :111!1 CMII he re,idlly Lnml)ud [nto ‘v,nrl(juti,l

muporlm,, t\t .*1 go >mu Lr lotI. TIIq i,xpl,lnlvr 1*

Lnltlnce,i hy n pl,lnk, wnvr Ltin:l 111s! LIIVIV [,1 :1

27 mm r,nu I*vfilrn thr der4,t\#lrirrn wnve l.lltnrtictl

With I ho r.~pqlll l!. nl[q [n ,I,)ntt r<l ,Il,,lllr.a a

●trn,l, d,lt<ll\ttlotb wnvn I)$un Itti-tj fnrm,, d, TII 1 TN

lnlt!,l h,~(tlld{lry ,.IIII<tll lull 14 (118011 (n nl 1 ,lIIr

rilr,:!l Ullvo ,,”,,,, ~(m,, ,,l H. Thv tixp,*rlmv,lt( I

Cltl)llllal I 11 l“l~. ) O!(lnlll,*t.1 1) t II lnrlvq ,)(

11111fm,’rllylln,’rl,tiq.r’:l ,t,, ( I’FIMA ) dl ,1,, ,1 .lp,lc,.,1

().1 Imm npmrr. rtl(Jiirl dl.t{,n *ro p(,n[ t 11111,111 lU A

mtmdl tIIl)n (18 mm IJn, i!> mm 1[)) Wlll(,ll 41mll-

lntm~ LhP U! 411.4 ,) f the r~t.t)va.rv rilp,llll, t.

Arv,,. fIIr XOIIOII) ~.in I@ [ntr,,,ltlum, t lnt!

tr. ,,,,. ().1 ,“,” ;*p., !,, pr”vttln ,1,, ,,pl i,. ,1 ,,1,,,,, [

or tit.+ YnPII WIIV - drrlvfil .It each r l.~~h ~llp ,

rho pr(tq!ol~ltjtl of tlla, M.1111 unv,~ [n rv,.ilr(lu,l

hy d IU04UII ,S<lm,,rti Io13AIIIM ,I,)wit tht, .tmln ,11 rhn

ryllllllll(, ,ll ,,n,, ”,, l(! lhr,~~t#li J nllf pl.ll,t.

TIII1 ,,~llmrlmon!li 10[’I1!lIIII- wh~ 11111 I:illv IIUOII

11y Ad,q,lllrlvv (/, ) tit ,11, t,, ,.l,,tr,lt.t.)j.1:,,, 11,,,1,

PLANE W.\VE LENS

&
,, .> -->

t~

I
Flgurc .!. f4ach w.l,{e experlmu T1r. tl anmI?rnbLy.

Sumep cnmcrn rccorrl El,ow~ prollrc~{j

of Mach U.l,le along tht, cnmposic,j

cyl[ndcr.
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Figure 3. Sweep cnmera record of H ch wave

forrut!~u in a steel tube (38uurI OD,

25mm [D) Flllcd with CCL4.

Mach wave ard also che approach of the Mach

wave veLoc Lcy to the detonation velocity of

Comp. C-11. However, Lc 1s difficu Lc to ‘
dacermine from this record the diame~er of cha
Mach disc since thn chanqe in curvacure he-

twatin che Mach disc :Inrl tlle wtng~ of the Mach

wave 1s not dlriconctnuouu, By replac LnR the

PH14A column in Fig. J with car borrtetl ach Loride

(CC14) che lacerxl .xtenc of the Mach disc cfin

be eas Lly decennlnud since Ccl L :b<{~t~q

pro furiely vhen shockcrl. CC14 htrs the adde(l

attrncr. lon that lt.q shock-impedance is very

close co P! MA, so the~n two matmrt~ls can be

Umcri to~ether wlthour lnJcctlng .qubacantl~l ~

hydroriyn~mlr parcurbationa In tha fled. Al
record OF J Mach uave crave l[ng through n CCIL

column in a .mupporting qteal cubs 1s ahuwn in

Fig. 1. Th@ ?tach WltVO buildup lm cleurly

●v[dent tn chls record. To record che ~tendy

mtmte shmpu of tha Mm{!) wave J 38 mm high I’MMA
cyllndcr 1s placed At the bottom nf the mtecl

cuhu , Upon lmpacc of the Mnch wnva with the

PU?!A cyLlndmr chm r;ld[Jt~l>n Is quenched. From

the known deton;lt[on volnclty of (Zomp. f~-L nnd

the wrlclnfl *peed ,1 f tile RWulll) cnmera the

nccunl sh,lp~, 0[ the Mach wave rnn hn

cnlcultitvd.

An nxp~rlmental .Insrmhly whLrll cnmhlnr~

●ffacclvnly the radlatlon proporty of Cclh

with tha quenchl,lg property nf Pi4XA Wn n

nccompllqhnd hy nttnpondlnc Pt’qA disc# in N

CCl,, vnl{lmn. Fr{,m the kilnwt\ Mpat,lnR nf tho

PM?4A ‘Ilsrw tllo qh,~ch vmloclty In f:C 1/, c{ln hv

dmtprmlnud nnd fr,~m the radl~ttlon ntltpuc of

1.0

0.9

0.8

0.7

.- -+●✏☛
“‘/

//
●+

/ , Fig. 2 Cxp.
9

/

+ Flu. 4 exp.

●

L ! I I I

o 1 2 1 4

L/2rc

Figure 5. Variation of the !lach disc veloc Lcy

Uw along che cylindrical JKIS fgr

the experlmentfil arraembllc.q .ie-

scribed in Fig’i. 2 and 4.

CC14 the Mach disc dlttmeter can be mq~lsured.

A photogrnphtc record for this experiment [S

shown Ln Fig. 3. In thig experiment che

componlte cyllndrlcnl capsule crrnslsced of a

brass ou:er cube 51mm OD and 4flmm ID. PFCIA

rtnR!I (4tlmm OD, ]8MIYI ID) suppnrccrf 1.5mm thick

I’MY,A dlscn Itlrmg the cylinrfcr. Ar thn Mach

wave progrussad down c he cyllnder, chr
radiatlorr turns off upon impact wltll cha P!CtA

dl~c:l and chcn ttlrnn on aRnln when the tich
wave rncmcrtiem into CCIL. An with the
prevloilti a~semhly m 51mm blah P)LYA dlqc at th~

lone of the cylinder racnrda(l EI1O final. src, idy

ot.~tn nh;lpc of the Mnch wave.

‘hn v)lrl.l[lon of the %rt, disc vrlortty tilon,!

thn ryllndrlrNl ants l’mr ~he naprrimellt,ll
rncrrrdu Klveli [n Fig. 2 ●nd 4 la nhovn 1,1

F!fl. 1. In tllln flR{lrt, L 1s the ~llmt,ln(:~

trnvaled hy tllti t4mch disc I1OIIH thm cyllnclt,r
●nd r<. 1s tlt~ nt,t,qldu rndiue of the compomlte

cylln(lrlcnl cnFMllln (tl; ls ).n U1OO the lnsldc
rmdlli~ of tha IIE). Yor thene two enpmr(mpl,rq

tho flow fs m#nunt(n]ly .itr,l,ly rlt~te ,Iftor ~1,,,

Ffnrh {Ilnc 11ss truv~lc,l n dlllc,n,,r” C,l,,:,l t,, Lw,,

Capntllfl (Il,tmotalru, Thn rnd llt, l~jn rn,:or,l I n
Fig, 1 Cti II nlIrI hw ~lnnlyr,ld to ,I,,t,,,rml(le Ull,.:l

nt(. ndy *t.11,. un.I rejh{.lbp(l . ‘rhi ~ rl,,:or,l !111!1

1,1(1[1.llt,!u .tn .Iflpl. (.l rlltl,l (l/;’r,,) nf 2 I.I
raqui r{!t{ 1),, , ,tr,, rl, m M,lrh flnu h,, c,,ln,. ~ fllrl(lv,
It hn~ hor.1, rjhnnrvvd rll,,t [o(- =ilml,l* ,.,tptr,,l,,M

rondo I)F tt rrlIII\l.I mnterlnl itrndy ~tacu rnn h,,
arlllnvvd (,)1- ,tmpmr t rnt low of tllo t)rdor ,jt
unity.

Tho ,Itlhnn, t,ti~t.11 t,)O1mt,IP VP wnl,l rU i..tr,ihll~l1 I* I
tho vnrl,tr[,>[j of CI1O )lnrh ,11 .1,, till,, miitmr wh,,at

tllo l,tt II IvIl exf,,nr ,,( rh{. IIE ,m vmrlo,l. Fotlr
allotn uord~ t I r,)ul with tllo {;[: 1,, ,:til)n,hlr HO,j,Pa.-

try ,1,, ,,. r~ hval I 11 Fl#. 1. l%,, l;omp , 4

tlll(,klio.,rt wnl]r,,~ue,l I 11 IItlrmnl I *,-(1 111111* 1)1
cnpm~iln ,11.tmrt ,Irrt (13r111. /;)r,, ) unn vnrlnfil ira]m

..
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Figure 6. Vartacton of che i%cll disc radlu#

‘ND
#ith HE chtc!ines~ Ar, [, for che

uxpcrlmencal assembles ~escribed

in FIzs. J und L.

0.3 to /,. With tbls variaclon in HE thickness

the Mach disc radlu~ rYD exprcflsed in normal-

ized uui:s (r,4D/rc) varlad from 0.CJ7 co 0.27.

Regults of these experiments ~re qhovn Ln Fig.

6. Ic is @vtdcnt from chl:{ EiR(, re tllat .Ifter

● normalized I{E thickness (ArllL:/rc) of about i

Is reaclted tt)e Xach disc dtnmet’er changes very

lltcle with adrllcton.al hlgll-explo~[ve. To I

llluNtrate the effect of how relatlvc ;

shock-impedances of the ~~mponerts of che ‘

capnule affect :be dl.~ncter nf the Phach disc

one shot was fLr~d with chu radiuttng sample

bafnq hromot’orm (Cll Br3) rather than CCL4.

Bromofnrm ham n ftctor of 2 grenttr imporlnncv

tlln r Ccl L. C0n9cquc. ncly u ht,ttcr Impednncc

mnr. ch wlch the ,Jucvr $tucl tuh[nq is nchlev d.

This chfiugrp [n shock lmprd,qnco res!ll tad la

almo~t ~ E,lctf>r of two [ncrenmv in the Mach

disc J[.lmuri.r for tllr #*me ,,xploslvc ~ystem.

Thlw Lllt>cruceq Lht! ,Irnmnc; c role that tile

r~loltlvc tihock Lmppd.lnctitu of the compnnen!

parcM jl.lv .n lnfl(l,~ncln~ thr llydrodyn~lmi,

fl!>u, Th@ (btllcr dnt,lrr Itolnt [n FIu. 6 a]no

llltlutrntmrn th(s ;ToI(l:. Tha exp~r’mentill, qv,i-

t ,:m fnr thlx d~tilm I*O1 It lti drmcrlbe,l in tllc

FIM. 4 C..\pclc>rl. For tll,, mnnt pare Chr

cnmp,>llf rn rylll)der rons!dtrd malnlv 01 CCL .’, I

d 1 A -~~

a ml Pf’fflA , icerlals with nimilar
shock-impedances . This composite capsule had

I a s, Jbscanc tally larger %ch disc for d given
HE geometry than the stezl-CC14 capsules.

For the experfmencs so far described in this

report the Mach disc region occup~ed at moat

50% of the total capsule d~amecer, Ideally in
n shnck recovery experiment it is desirable to
shock-load the entire sample to tbe 9ame

stres9 .%cate. In cap~ule geometries where we

have succes~fully accomplished thic goul, the
sample c~ivicy was 10% co ?5Z of the total

capsule dtamerer. In Fig. 7 is a sweep camern

record where a Mach disc occupied the entire

sample cavity. In this experiment the capsule

consisted of a steeL tube (51 mm OD, 25 mm TD)
in utllch a brass tube (25 mm OD, 12.5 mm ID)
was inserted. Inside the brass t~be n serie~

of PM discs were placed which had a fla .h

gap between each disc to recnrd the Mach ,wave

profile. Th’.9 was che only geometry we tested

where tbe Mhch disc region exhibited no cucva-

tu[e . This implies che pressure ~rudiencs in
the :tach disc region ore very small. Scaled
down versions of this assembly have been used

to RucceMHfully r~cnver hurmettcally s%alerf

C.lpaulea of meveral polymers shocked to

premnured exccerlin~ 50 GPa.
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