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Experimental study of instability growth patterns of a
shock-accelerated, thin fluid layer

J. W. ,Jacobs

Dcpartnmnt of Aerospace and Mechanical Engineering
University of Arizona, Tucson, AZ 85721

D. C. Jenkins, D. L. Klein, and R. F. Benjamin

Los Alamos National Laboratory !, .,
Los Alarnos, NM 87545

We have discovcmd a mmarkahle set of flow pattcms indued by shock

acceleration of two nearby, perturbed interfaces. Using planar laser-induced fluorescence

(PLIF), wc observe three distinct patterm in the nonlinear evolution of Richtmyer-

Mcshkov (RM) instabilities associated with this flow. Wc observe two patterns dominated

by w~rtcx pails and onc pattern showing no vortex pairing (until late time) for initial

ctmdi(ions tiw( arc indistinguishable by rncusurcmcnt techniques availab]c for our work.

‘1’hcllt~w is initiiitcd by spatially periodic Wrturbations impo.scd on ii “gas curtain”

intcracxing with a ph.mr shock wave. ‘1’hc.seflow piittcrns arc not predictable nor

contrt)ll;iblc in our cxpcrirncnts. our lllCiL$UIUmCIIM appear ~{)h’ (1K:first obSCrVilliollS” Of il

sh(wk-driven II(Nvcxhibi(ing charilc[cris(ics of bifurcati(m. RCSUIMwere rcccntly

pllbl ish(d, i ;ind mom d~wiilcd rcsul[s illl’ fimh~x)min}!. W~:prcwnt here ii Iwi(’1’dcs~-riplion

(~1”Itlt’ t’xlx’ritll(’nl, Sllllllll;ll’y01”rl’sul[s. illl(l ii V(JI”I(’X tJitS(’[i (’xl)l;lll;lliol) 01” (11[’ IJtll’llollll’1 1:1.
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5 j-ts . WC acquire only onc frame per cxpcrirrwnt, and usc ourjudgcment to assign it to

onc of the three patterns. Thus, the three patterns s!mwn in Fig. 2 are rcprc.serm~tions of

time sequences of each of the three patterns. However, each representation is an ensemble

of many experiments Future experiment.. will attempt to image multiple frames per exper-

iment. The validity of this tracer-based method to image the flow at Mach 1.2 is confirtned

by nxent results of Budzinski,3 wh(~ used Rayleigh scattering to measure the same proper-

ties ~f shock-accelerated cylindric;d ,k~, a.’;did Jacobs with PLIF.2 Our attempts to me

schlicrm imaging to dckct the frw -v(~Jam lIOWpattcms f~ailcdbccausc optical distortion

by bourdu-y effects obscured the flow pattct-ns in the fmc-streiim region of interest.

“1’hcobserved flow pau.crns evolve from a shock-accelerated SF~ gas ~et (i.e., the

“gats curtain”) initially having a varicose cross-.scction, as shown in Fig. 1. The in~crfaccs

on both sides c)f t.k @ undergo Richtmyer-Meshkov instability when accxhldted by rt

phmtir shock. Assuming the in?t.xfaccs hchavc independently, one expcc~s the first

in(crfacc wwouu~mx.i by thr shock, i.e., the itir->Sl’:~ intmface, to cxpcricncc perturbation

~[”OWttl iif(Ct’ ShoCk conlplcssio[l, whcrcds onc c’xpects the .sccond intcrfw;c, i.e., .St;()->air,

h) It]v:’rt pha,sc bcf(m; growing, ‘Ilu.s, (hc varicwsc w)ss-,scction is CXpCCtCdto transtiml

i[l:; ; ti sinu(w+ Cross--,s.ccti(~nwi(h growini: [lnlplitUdC after phase illvci${oii, if tht.’ ink’rfiwcs
. . . .

grf)w itldcpcmlcnlly. “1’his (wcurs about 4(VL of the timcgiis shown by tlw cnscmblc (J1.1)1,1l;

ill)ilgL’S prc.wlltcd in (hc n)iddlc row of” I;ig. 2. I Iowc:vl’r$ some cxpcrimcnts pr(ximx’

llltl S}l I”()()lll-Stltl[lC’(l pr(~lil(’s, c.haraclcristic 01”wmcx p:iirin~, cilbcr (M1Ih(’upstn*; IIIIsi(it’ (~1’

[hc Ill(’iIll itl[(M’a~x’ lx~silion, upp’r row of l:i~. 2. or on III( (I(}wnslr(’:lnl si(i(’, Iow(’r row of”

I;ijl, 2. ‘1’11(’“llpsll’(’;~,lll Ill(lshroollls”” (K’1’llt’ ;Iholll 5(1’X’ 01”shots all(l It)(. “(lo\vllstl”(’;llll

II I(ISIII’(JOIIIS :11)(~1.li lo’{. 1:(11 il)ili:ll toll(liliolls” wl)i~.1) ;Ir(’ ill(lislill~!llisll;ll)l(’ I)y lll(’:ls(ll(’1l )(’1)[

1(’{.l)lliqll($s :Iv,iil;lt!k’ 101 out wok. V.’(’ (hs(’rvl’ Ihl IIN’ illl(’[111(’(li;i[(’ ~!rowlh sI;I}Y’ 01 [I]is

l<icl)[t]ly (*lM(,:;tlkov ~“low (’vOIV(JS ~tll[)t(.(li(.l;ll)ly ill[() otN* 01 Il}r(’(s (lis[it]~[ SIYI:; 01” [~;IIIL*rIIS

dllrillj! L’:IL.11 t’xlk’!ittlt’11(.
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either a unilorm dislrihution or pairing. ‘1’hc pairing is rn;irlifcsl us upstream and

downstream mushrooms. The sinuous pattern would be l>rodll~~d by a rnorc uniform

distribution. Subtle wymmetrics in the initial conditions may favor one of these three

modes in each experiment. Because wc do not ob.serw upstream and downstnmm

mushrooms in a single fmme during the first millisecond of growth, we suggest that the

pairing mechanism is a collective phenomenon. our model is not yet precise enough to

quantitatively estimate how much initial asymmc(ry is nezdcd to induce pairing.

Wc have attempted to quantify these images by extracting the growth rate of the

peak-to-peak perturbation. Wc measure the width, W, of the envelope enclosing the

pw-turbcd SF~ layer; we do not measure the ~k-to-peak amplitude of each wavelength.

The W m time data have considerable .scattcr. We have fit the cxperirnental data to the

function, W = W. ( 1 + At)n, where wc estimate the initial width, W(J, and trcitt A and n

i~sfitting ptiriunctcrs. Wc find that n = 1/2 for all (hrcc patterns. This result is preliminary.

wld must lx: cim~parcd with future multi-frame da({l.
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Fipurc cai}tions

1. Experimental sclup. ‘lhc shock wave moves left to right at Mach 1.2. The intcriiction

cross-section, denoted I X-S, is dw portion of the shock-accelerated gas jet that is

illuminated by the laser shtit. The vw-tical jet is fomwd by the SFG nozzle, and SF~ is

removed in the exhaust p!cnum below the test scxxion. The camera is an intcnsiilccl CCD

camera that captures one image pcr cvcnl.

2. Expcrimen[al dtita. Each row is a rcprwmtation of time .sequcncc of a 11OWpattern.

The upper row shows “ups[rc.am mushrooms,” the middle row shows ‘he sinuous pa[[crn,

and the lower row shows “downslrcam mushrooms.” Each row is actually an cnscmhlc of

irnagcs from different evcmLs. Adjticcnt images arc at = 100 ps intcrwds.

‘3. . Vorticity by the pmssurc gradicrlt of the shock wave and the density gl”rdic.n[ of the

intcrfacc (a) was cxpcctcd [() produce a sinuous profile (b), based on the assun]ptitm of

uniform wwticity dish-ibu(i(m (c). “[’k (hcrvfllions suggest [hat (k dcp(wilcd v(mti(:ily

Cii(lS(’S imiring (d) and ((’), or rl’rllilirls tn(mc uniftml] (f).

Mhxnccs
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Figure 3


