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Abstract

Hydrodynamic instabilities in inertial confinement fusion are reviewed. The importance of hydrodyna-
mic instabilities, such as the Rayleigh-Taylor (R-T) or Richtmyer-Meshkov (R-M) instabilities, is shown in
laser implosion experiments by comparing experimental performances with one-dimensional implosion
simulations. Mixing models and multi-dimensional simulations have been developed to explain the de-
gradation in the experimental performances. Model experiments of R-T instability at the ablation front
are reviewed with regard to not only linear growth but also nonlinear evolutions. The present status of
the theoretical understanding of linear and nonlinear R-T and R-M instabilities are also discussed. The
statistical model of bubble competition and the modal model for multi-mode instabilities are explained.
The linear stability analysis of R-T instability at the ablation front is reviewed by starting with the
flame instability (Landau-Darrieus instability). Theoretical explanations of the ablative stabilization
mechanism are described. Theoretical works on the R-T instability in the stagnation phase are re-
viewed. Techniques for modeling the mixing that stems from the hydrodynamic instabilities are ex-
plained. Recent topics of hydrodynamic instabilities in supernova explosions are also described briefly.
Finally, the critical issues and future prospects of the study of hydrodynamic instabilities are discussed.

Contents: 1. Introduction; 2. Implosion experiment and hydrodynamic instabilities; 3. Model experi-
ments of hydrodynamic instabilities; 4. Linear and nonlinear evolution of hydrodynamic instabilities; 5.
Hydrodynamic instability at ablation front; 6. Hydrodynamic instability in stagnation phase; 7. Hydrody-
namic mixing model; and 8. Summary and prospects.

The paper will be published over three issues. Sections 1, 2, and 3 are published in the first (this)
issue, Secs. 4 and 5 in the second, and Secs. 6, 7, and 8 in the final issue.

Keywords:
hydrodynamic instability, Rayleigh-Taylor instability, Richtmyer-Meshkov instability, implosion, ICF,
turbulent mixing, bubble dynamics, supernova explosion
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niz(1,2]. V=¥ —-BEOMEIBIRERTH-
7ohs, 19724, FOMBEE I TERINIZHILT,
JNuckolls & iZERBERALRIZEI) 1 FTTV2—1
(k]) THES (breakeven) 2V ER T HE & ;5 L 7-[3]. L
L, TOMEIZZEDH0EDHIEHIMIC 10k] DS
N, E52100k], W MJ, LZEELTEL. HE,
BRI 300k] Traki4], BEREFTR
1.8M]J THiJ7 10-30M] [5]% Hg L7=#f 0D b T
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ETHrb0 bOTHDE. LIAHD, L—F—DRE
AHY—=R, 5=y PORKAEMEE, LT HhDOEANK
BRLEOTE Y, FRRERBHEELHIETS.
BOEKICLER L =P —Z AV PRREED 2 F
WZHHEBI6] LT Wb Z & s, BRAERICLELRL—
PR VX — 2 RENLEDPTE LT TEDOTHS.

ER-A (LU ICF: Inertial Confinement Fusion)
Tk b EELRRBEAELEE, Rayleigh-Taylor (BLF
R-T &B) REETHB. TORKEIE, 18804,
Rayleigh HIZS8ZDHABBEL AL ) BICEA L
BDT, BVWRAPBEVRETEZ ONTWEIEE, 20
EREPAREL RAHLTHE. RFTARAREWR, £
DNy & VEHE T SNedermyer 12X D RS
TBWRERCHE LTRSS 55
(Rala) EERIZREB SN BB ER7T] PR HAERIC X
HHEAFSE (8] A5 bz, HE O G.1.Taylor 1318
BROAREN LEORTEARE LEUT LI L 2T
CHBL2Z09.7]. ZOL) RE/R»L, 202 AD4
%58 L C Rayleigh-Taylor ANEEEMHINS L H ko7,

— i, RTAREEDORREE yi%, Bl gt L,
FELOBEEERE RETHE

y = {aakg

TEzZbohA, 22 Taa=(— m)/ o2+ ) it Atwood
BeWEh, LORKEE o X TORGEE n LD E
Wi >p) L&, y>0LRVTREEELR L. 2D
DB (o < p1), 722 ZEKEEBEIZ LKL ZRD
g, RHRRETHY, Bl w=(-ankg)"? DIk
B CIRET AREE (S SW) kb,
AREEICEBREDEME, TOWIE D RE=0(1)
FTHET S LERIPUEIERTELRLLRY, wbWw5
bubble-spike ##3& & 72 5. KAEH T bubble (&iE) #
FRESY, ZOWEIFEL SRS NA[10]. EOESR,
bubble I3 2 D4k R & LC.U =—(gR O — 5 # I
TERLTW Z R EN. OBEREICELZE—TF
PETET 586 1T FEREFE Tia O B-& (bubble coales-
cense) B Z Y KALAKREVEHEEL > TEAT
A1), ohiE, BLIRREE LTEllshTwa[12].
R-TAZEEZHOEAY) DBE, S, FHORELET
BRGNS, BObERTHRETNER, BHE
1987A BFERE DWARNFEM AL EEL, ZHIZX2WE
RETHD. THITOWTIE, T TIBI31ICERL
OTHLVEBIRREKT S, ZOBROMEDERE L
T, miElE, aBoOBHERTE (SNI9G7TA ITKEEE

(1)
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DONEBHERE) B 2EBREERORZEL, *
DAL ER TORLIRBEDHE B IWIZED ST
%5[14,15]. Zhid, a#EHENF Y Foh— 0
ORFAEE (KBEEBDL.4645) THEIBIC X BBHEH
BEBLILPL, TOREBRENITZ—ETHY, FH
B ABERREL L CEETHLENOHAICLS. &
ORI, Ny TNVEB Hy OFBEOEEII O RS
WzeTthh, FTHESFOREIZEETDH 5 [16].
SN1987A 22w T, HEOREZRY AA LR
DBREFEYI2L—arPELLNRTBY, =a2—1Y
J B EARERKDOBER R EBFSN T 5 [17].

fBiZh, RRTAREZHEHERALAD T I XD
BAEES], Z-ErF 75 AvORREN9FITDH
Bohs., BEA 4+ - A HEROSHRR[20]R, ¥
TIZ Rayleigh BRAL-RKEHE, KB THRITDOWA7T
AT T WVERLRLPITAI, ELIEKEGEEREONE
OMNFEHRL S O R-TAZEPERTH L. HIKTIE
WRREHORRE 2L T ) 2—b - 77 b= 7 AT
LTBY, %7 TCEVI—VEF - F)a—aH»FTREL,
EBRTERVWEy b S 2—ADLERLTwA[21]. K
HBESIZRES L, SNI9S7TA OBFIZ X 2B YW HE AT
J& 20004 2%, HAEL 3N T SNIOGTA 2 HL Y BT )
VIROBEWE LERT L ETFHRShTwA([22]. &
D, HZRIZE D BRET R-T AL E R Richtmyer-
Meshkov (R-M) REEMFEAE L (23], ERAYWEOE
B (clumping) B ENBTHAH (I ZTR-MA%E
EEIHBERICL Y RESEBICIE S N REET S
WA RETHAH). T, —EIC, BHEBRICIS
EBYWEOEHM & R-T AREIE) #:EE LI M A
Bl BORENEDLEHF TV,

T, REWR-T, ICF, BHiZL—¥F—BicBiI5
WENFHREEROMERZEELTAHAL Y. Figl
24 MJ] L—F—AHTRL vy +FIE1300 & A58
DEE-BH G-t ¥4 77522587 [24]. ThiZRF
ROBBMEF LTI AIIHIEL, ¥—7 v MI1AE
O DT (EAFE - ZEAF) HAL, DTOERE, #h
WD BLLTIAFy 7 ORBIYRL. T BN %:
VY- O—RILT A FI v 7 ATHA. HAIZL
TWRT )~ (B) OBHEOLER (Fig 1 0FFIZH
IS THEULMERREOMELBIZ, Mkl vl
VERDH 5.

(1) MERH—OT

L —F—REDOAH—IZ L Y TER S 5 EEL I HER

DAREREDHEE LB, WhWHEILOLED (m-

il AR E SRS (1)
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Fig. 1 An r-t diagram for a typical high gain target. The

numbers indicate implosion phases where different
issues of hydrodynamic instabilities appear to be
important.

print) DE, L —¥F—IZ L ARG —DFE ZEERS
BRTREGNT, ZhzBTsL, ¥—20¥—1L
BB SNTETWS[25]. EHBOLV—F—K%
v, BRI -2 — 2 EE 83 —{b2 X5
FHCTHEIEATHS[26]. 512, WIICXEE
BE LY, WBIEEE 7+ —2BE2FRTZ 12710
TV —H¥—FE—o "imprint” KBEAR SN TW5E, &
i, 77V —varme L—¥—oRIUE & ORICK
WA —RAESE D S LR L, BFEki28]%
A9 ENIbDTHS.
2) Vv INVERE L R-MAEE

V== Y=y -4y FEEEIC L ) AY—HE
AR INE, CNEIPWEPCHEELZIRE L 203015 -
3 5 [29]. RBEAHRBAY—REOBIETSH 5 [30].
D) v TNEEREIC LY WEEEL GRE R % E OEEL)
PEHENE. DTRBL S5 AF v 7 BOBELIIH
1fETHS. COBEFRMUPICAE —IFEL TS
L IANIBEESERT S E R-MALENE LEE
BEPEONSE, CAPREORRELZEESE S,
R-MAEZEEIR-TAELELELY, BREDTIRTF



7T AT - MR ERRE

v 7 MEREEO DT EREIET 256812 bR 5 [13].
(3) MFEARTD R-T ALE

Lo, @QHTERS B, EL——
WAL EBE =4y MIEBICT 7L—Y a YETO
RTAREWIVHRET S, 77—y avYHTEE
FEEED DAL EENRTIEL, F—4 v b
AIIE SN T BRI AF~NER 2 ZT5 2
EPSR-TAEREE 25, HHENER-TAEELER
D, NEEmMEZEY - Tih (T7V—Y 3 vik)
ETHIER, BEEOHMEICLY, Wb b EHNEE
1t (ablative stabilization) ZSEAfF T & 5 [31]. ZhiZ X
D IEBREEROTE—IIEEIC RS, JOM@EMEA ~
754 b« 7 ARZ b (inflight aspect ratio) % /> &
{F5% (0FY, MEREDOS -7y FEOES AR #JE
(§5) ZLikyEs. L, FE—OBHIRKEWV
&, L 72wz bubble-spike &3 & 74 ) R HEE O
BRONS[32]. &I 4 LEEDOEENSRET A1
BIILE—FE LTOREREOSMAM»R S5NI33],
ATE—FEBE/RIY, FELIERBER Y
A —FHRR 6N 5[34]. MEMECIHERIEERICE CH
L, VWO MNBHOBE (shell break-up) 25 %.
FTHE, F—4y FMIRDEOOBE o THLTHEZE
THI L RD., TOKRE, TLTOERA/I—7 O
EEBLUEREOERIATREE 5.

(4) #EELOEA (feed-through)

MLEST, MEMTO R-T ARERBEEE— &
LTHETS., COBEE—FE77L—Ya VHEIER
TELAKREEE—FTHY, BILOWID Z20WHKE
EELTE'BETHS. MEHTELIRRELZTS,
WA T R-T R & % 2 B E 28— 7 OB
IR BEEMICEAT A, I E ko TRAMETO
R-TAREVEKET . MEMED S BEHNER TS
BHRTOs—r vy VERARETBE, T7V—Va
VETOEEIRIEIX AR 2 MELTHACEAT
A% B. LizdoT, 47948 TANRT b
HEASCEDZEIIDEEEETODL LD TE
. L L, ZBRIZENEHTO R-T AL EFLTL
BEBE- FEEELT, T, MEESCEEI R
BT AZ 0D, LREOFEREIBBILZOEERES
ZBIZBEL . FFIZ vt B (P R-T OBESE, tid
TR M1 ~20RERE—- FIIEFE—-FLER
LRVOTEHERITY Ialb—3 g VIZX AN LEE
A,

(5) WHEMHTDO R-TARE

BIEE2F

150

19974 2 B

Fig. 1D &5 2BAEF — 4 v b T)R, RIETEHE (v
bWBEAY 74— aryfl) T, FEITOLICERSN
B A= T EBFOMIPCE LT L 21KRIE - BFEOER
BHERZ RAE T 2 72D EEI AL S OB E, 28—
L EBMBEOBRBR-TRREE 2 5H. Fihd
ORI L) EREES SRR I NS 720,
R-MALENRMIEIY, §l&HE R-TAREICE
DIFELDSEET 5. BEOERTHELRTVE L) W
ARBER S — 7Y N TCRETIRAF v IRTTADT v &
¥ —#8& DT % DD O F XA RHEHOBRIFEEL 2
B BRI XD BRERETE A EIRIC A B L, EEERY
—3BYRE R F IS T T L - g Y TRENL S,
BEREIIFELESNS., ZhidinEETcomligeke
M UBEERE I L 5. REROARY— 3 HBEE* £
&4, RLTOMBEWRFLTOWEIC K 5EH R )L F—
PHBIANF —~OEREEI T A, E5i2, TIAF
v 7 RH G AEOBRETIE, K Z 0 DT % DD 0%
W Z OFRMPHER-T AREOHRBATAHZ &Ik
D, BETSHIPERAESNG 2 L1245, BREREMHETIE,
WHRARRELZANVF—ED ThSH PEELIE
S o T 5.

BB, U—¥F—BHTORMBREEDOMEREICON
TRz, RHILTIE L - F - BB AL E
DEER - WM EOBEDER % HOICRN, RARE
EDFEBBEPCHTBAICOVWTELD S,

9, MARREICL 2BHOMRRTZ2ERT -5
TRl (E2H), MALAREDEFELABTLDD
EFNVEBOBRE RS (FE3H). F4HTIER-T
2 R-MAREDOHRIE - IR RmEERHL, £E-F
B REREZ LR T IEEDEF MOV THIEYT 5.
ES5HITIE77L - a YETOR-T AREDHRIZHE
BICOWT, BRBEIET & O - AHEMES S HREL,
VbW % Takabe formula OBEERAVE N B X O BREEHS
HMOBRZ MG T 5. £ 6 HiTIIBHREHTORK
REEET, B OV % F V78I 2 5 % kIt
DYIal—va YFREENTH. B T7EHTERER
RRIEIYEREZERTIREETVIZDONT, #
DHEFHERB L OERBIT~OHEZRT. £ HI
TLHOLREYETHA. ¥4, 5, 7, SHITIIBHES
HEEORATLEDORTOFEREIZ DOV TH B il /z.
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2. BEERERBIRE

BREREITI IS Y — L0 R L —F— /M
DBETHEI LD, TNETERPTOITELDI
KLV —¥—-BfoEtls, KET—L ¥ XY NETH
» NOVA, OF = A% —K%0D OMEGA (B & Uik
SR L 72 OMEGA-UG), # LT, {AEY A—2/fD
PHOEBUS D& EEEZET 2 4 WIFEFTICIRONS. B
EBICBIT AHREREEDOEEMRIZOWT 4 BIEHT
OMEDRNEHRIZT L DD,

2-1. Bk Xn BIR#ERE (A)

BOEXIS TR 053um 1228 H (19854F) S Nh7-1%,
AR L IBHREBRP IO, I RAFRIZDT AR %
FEE L7 LHART LN B 7 —5 v N T—EDER
Hirhh, —RuGBHEI—-F (BLF 1-D) & o’
fihniz[35]. ZOER, BHEOSF{FIv s AR, B
HFREEEAIRBFRINZ361D 00, FEhET
AT 1-DICHRTEL, A7 x—Ya yHTcohd
FHEMSER I N2 o /2. Fig 21 2% 1-D T
FEIERL= (BEY 20WPEEE) / (EKEMRE
DBEEE) ], HEERBLLPETRI= ERo
FHETE) S (1-D TOREFE) 12 iR ERT.
Fig. 2 TEREMNERET, EHROYNIRAY 72—V 3
YERIBEEE O 1D omET, Y IIEE RS HE R
DIHELAKRETORESFHZRYT. T2 TYvE
1-D omERhFHCcH L ZOREY, A¥ T H—
vavEBORTAREICL Y PEFRERESHZ ST
W5, LRI TW5A35].

FAZENT T AF v 7 BERCTBHERT, BAR
ED00EEMMEIRLA(37]. £247% 1-D¥3Ia
L—2a vy CRLND XD A= 7L FREFR O
EPBR SN h ol KRR, keVIEWIRED A —
ZEPERENS T, ThOOERETHOR-TAR
RETITHIEN, FLEOREIL 300eV BEIZL
PELTWEWI EDbho/z, BEREELT, Bllsn
7T R 1-D @ 1078 ~ 107 R T H - 72[38].

WERLY, AF¥ 73— 3 VEBOR-T AELENK
FEChHETH25 1-DICHARER L Tw b LiEmwm s e,
ZhzEBMIHHETRE, BBREEETFTVERY AL
P1lDOYIal—Yardfihbhis., FOKER, A
¥ 7 h— a vRIBRIGER T A OV ¥ - D 10% R EEHYEL
HOZINVEF-—ANERINTDELEEZ L L, WER
F— RN HETE B2 AR ENA[39]. FL
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Normalized yield

T0.0

Calculated convergence ratio

Fig. 2 Normalized neutron yields of Gekko-XIl experi-

ments as a function of calculated convergence ratio
(Ro/ Ry) for glass capsule DT filled gas targets. The
solid circles are experimental yields divided by 1-D
simulation yields [35].

I 7T HITHBT 5.

ZZHEE, LY -RESHFOFRISEDLON, &
FEAL SNBSS TRBERSITONL TS, 2L
AW TREEDS L, BEZELE R TERIZITD
nh. P9AF v JBRICEKREZEZTRELZY -7y I &
vy, SESRETFHO 1-D a— FEoRBEBR Thh .
e — FEOWETIE, 472 1HTEV PR TFROKR
»dH 5. Fig. 3 WCBHEERTE > Wb ETHOBBL
ENSEERET—L AU INETHIO NOVA OEE
F— LB LTORLZ[40]. @FE—ANT Y ARE
S LI=BE&DF— 7T, NOVA OMEEHFRO7—%
CAHHELTWA, o TiThbh/z LHART B (Fig.2)
OBA, 4 VIREM 10keV EL, ¥IISE(ov) DR
BRIV T TOBRMTH o 20T L, Fig. 31
A4 VIRED LkeV BEOBHT, (o2t T° 12 HE
THRETOEBHTHAILE2E 2D L, FEIURSE
108 TIHOEVIESBRBEOBHEL W 5.

—®TLa— FOPEF BT 2V F -z ORRIZ D
BKETAH, L= —MABT OB A NVF -0 ER
g s h, ZRICXBF/MBELTIAF v 70
BEEL T, A9 72— a VORMBEZEDL I LA
WahTtnwa[4l). RTARELEDLE, SHLLH
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Fig. 3 Normalized neutron yield for plastic capsule implo-
sion as a function of calculated convergence
ratio(Re/R¢). The solid square and circle marks are
from Gekko-XIl direct drive experiments, while the
cross marks are from Nova indirect drive experi-
ments {40].
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Fig. 4 Normalized yield of Omega experiments at Univ.
Rochester as a function of average number of e-
foldings for direct drive glass capsule DT filled gas
targets [43].

RPLETH 5.
2-2. OMEGA I#iExRE8% (k)

KETF 2R Y —KRETIZ24Y— 4D OMEGA B
(& 0.35um, M7 1-2k]) CREERfThITE .
W5 o Fig 2 LRBOF— ¥ 28 NEL, KRB
fia— F (BLUF, 2-D) ORCHID [42] % AV CREM
AT 24T, F— 5 OBERNTTbMZ. 2-D 2 51H
SNDIMFEAE BAEAZEL COBILOREFOHE
(ytIZHHY) 2N L TR LT E T ey

EIEE 25
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MLz, $5&, Fig 41287 L9118, BREREOHEX
EEBICHBML L AP ETHIEMIET LT 2
Db o 72 [43].

IHUTE BT, WMEALE L) FHFHEIMERR L <
WaZEDEETH Y, Fig 2 % Fig. 3 95 —FKBAA
ARBHEVWEZSL, I-DICEVERETFEZE L2
RTOEREREEZAY 72— a b EDTIRE
WCHIZ B DERH B EHNFig 4 XV bhs.

OMEGAEBTZ 5A4F5—4 v b (FFAHBPI
100ED DT % b & € P Spm DB & ) O
WEB LTI, BEEBED 100-200 EOEMHIELN
72[44]. L& L, RS n-dhdF50d 1-D o 1073
BThh, BEEED RMED 1-D D 02-05 5L K25
7. ThZEBHBTL, ORCHID I E ARy I 2
V—vavdfibniz4s]l. 2< 1< 20 E— FCE
15% (peak-to-valley) D BBEI A —% AN TIirbhizas,
PHETFEIZI0D LICLA2TF ST, ZRmEI— FTIE
Br—yOBANTE hdolz. 2T, DTHIZHS
A (Si0) # ALMICIBRASYE, 1 D¥3Ial—Yarvs
Tol., ZORR, SO 7550%I2E DT FIZB ALK
Ba, PHEFROERMELO—FDRON[45]. Mk
BELIHELICIAHBRAIEI o TnwB EEZLNT
w5,

OMEGA L —H— DO HHIEICEHL, 608 — 24
(0.35pm, 30k]) 1 & BB HEERITDNIZ[46]. Z0
R, DT T2 <10, )Ly M1 %% E
L7z, TANF-WHEZTTERL, E—aHoBiBX
P —ABOZRINF—NT v ADM FIC L Y —KITER
WERIE VRS ER L. EE, 1-DodlkFRT
HRBAL L 72 EB o T Hud, Fig 5 1R$ X 52

100 F T T T T E|
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Fig. 5 Comparison of normalized neutron yields between

Omega experiment (solid circles) and recent
Omega-UG experiment { - marks) [47].
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JUEER 1520 T 02-04 &, BEDAUL—LDF— 51Tl
X177 Lo BRIz [47].
2-3. NOVA RiEEER (k)

KEY Y7 ETHTIE, 10€—24® NOVA L—¥—
(0.35pm, 30k]) TXEERENIC X 2 RIHE RS AR R B
AITbNTEL. BHEEROT— 7 TR OBRERWTH
ofz7zd, BRICDIZLVEIIE 2\ (934120 0%
B %2, BEOF—F 2% JLindl 12X D100 — 42
BIELVY2-H48lE LTHERENTVE). VY
7 & 7 BECId EHE B o 51 KBRS B NIF(National Igni-
tion Facility) [49] ® 7z & O iR T /) &l 3 (HEP :
Hydrodynamically Equivalent Physics) D28k & {1 {ED
¥, NOVA OBHiEBR%ZFER L TET\wa([50].

MR T, BLHALNTHWE X ICE&OME T v
CFARICERT A -7y b2 BE, L—¥—THH
P X2 s, BURAD, TOXBTHNELZBHET 5.
B 1600pum O P fE I HE % 264pm O/ E VNI % B &
B L2 [51]. MEROBEAKREN AL E 25-200 T & %
%, BRBEBEERCHEFEEEMILL. fRE2E2RD2L
WX, PEIGEE (C) ZHBL, 268ETGr=24 %
B L7, F7o, EREEREAER 19g/cm® T
N 150g/cm® OF I AT 5 X< A Uhd - IRREAER
WMEhTwa., LHL, TOEBRIIBYTHEIISN
FEFELE, Fig SISRLAZEHIC—KRTYI2b—¥
a Y OED 05-01 255E) &= L0.2 (100&E) &
o TEY, KK, BESNREC LS PETEOBEES
Rohnie.

— K TCIEHE 27— F LASNEX |2 Haan R E&E F WV
[331%EAL, 7T RALBEEEOREIILBPUFHRD
iR % BFfili L 72, Fig. 6 iR L7-DIX25KE, Cr=25
DOYED pREE BRALFETFHTH B, BAPERE
T, OMREBEEFVEANLYI 2V =Y a VERTH
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open circle is a simulation data of 1-D LASNEX with
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model [55].
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Fig. 9 Experimental and numerical neutron yields of PHE-
BUS indirect drive experiments as a function of ini-
tial DT gas pressure [56].
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drical hohlraum with modulated CH(Br) foil
mounted on the wall. An additional laser beam
generates backlighter X-rays used for in-flight di-
agnostic of the foil.
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corresponding 2-D LASNEX simulation [567].
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A — LADEREICEFFIROEARAZ G2, FrET1X
BRCRE LAHEIGEAROERREOE/LE XNy 7
IS4 METEMU L7, R-T AEZE DR & FER, bubble-

AR E & EEERE (1)
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spike FEENER LTV A BEFDBBRM S 7z R-M AR
FER-TAREELREL VIRIBASEFEICHEE L CRET
b, ZORPRBITEM 2 OO T 7TV [80] TIEHHAT
57, Bl an <0 DBA, HEEICLLEADLHE
BMEZIDAAZES BLICEVHEOCHBETES Z
EVEBRMICHERE SN, T, EAORIE by =
2BRE T CHET L LAEMAFIEZ Y, bubble-spike 1%
AENB Z ARSI NI[79].

e R ERASDBRET S R-T AEEDOEBREER
T, HERE— FOREREMRP, T FHEEEICLS
BRZEHMTOHEA Ay —F (KHE & DITRERRS
TEME 2 5H8) BRONA[11]. BREZ2WEOBER
T, R-TARREICLYGFLNVOWERE D
Z5h. ZOLH REHEA (turbulent mixing) &% ¥
7ERWIZEBRTHLIFANOATwA[12]. WEOR
b 20Ty 7 CERAL, 2 ASEREAEIE L7
KECTEHICRESN /207 v MRS L, 25-70g (g
=980cm/s? XM EDES)) DIEEEFRELE S, §
&, ¥r7RNOTR EF~NEEIFEH E R-T AE
EMNRI L. BROBWBEDIIEELL 25, 2HHE
OFERBL B2, Bh b Atwood O T CERE
fFolz, ZOWKE, REFEBOWE 1) ORBREREICH
T B ROBEERAA R S 7.

h(t) = cangl (4)

T REERERIOT BT, DY v 7 (2
KITHERBE) Tid c=006~007, BERY 27 (&
KILHEFRE) TIE ¢=005~006 T - 72.

T7L—=va YHTHOR-TAREELRERY), ZOE
BTOR-TAREZEDHEEFF(RX TS LZoNE. Lz
o T, MIICEREICELEATHICMZTED, B
ROBES D R-T ALEVREL, EHEBELET,
WIS ERRIC (W RO & 5 ITRAERSEET
AT EIThA.

C OWHBFEARD R-T AREIIH T 5 R % FLR
W Z2BEB T, “kalBLUO=E%®T(82]0 Y 3
alb—=Yarhfrbhi. @DRD angf OLHIAIZE
bN7dbDD, ZRITYI2L—TarvoiERidc=
0.04~005 THo72. TOEVEWVIZOWTIIERED &
RO T N D,

@) Rz, L—F—NEBFOT7 7L -3 VH
TOELTREG OW RV R S 7z ([83]. HEAIBILECE
FVERAY, RFRT REEOREERT I L—Ya Y
Tk (2) RO I IEB LTV E5R2HY AN,



79 A% - MBEERTH

ZTOREE, MBATORSHOIEIMBERED & —F7y b
BEro#ELI L5588 (0%, shell break-up L4
7y LT, ) ROFERFELTIAL L TARY

M, A < 4ABERSNBZ0IH L, EHEERD
FER, A <70 LIS NA Z LARENT. £ 2 A,
EEOBAEO Y =7y MEHTIIAPEAE TSNS
Mzzrcll, BREEILOBETRTAREEDRK
BBV &E25, BARE L7-IERBEREIC R 2RI
BRI T TS, v, S¥LTERS %V, )
BIRD TR & 72 > T 5[33,84].

R-M AEEDERT, MHIICT ¥ ¥ Ak ZRICEE
ERREICE 2, HREEAZOBRABEBIEOREREE
HESN2[85]. 77 L —% D Be l[CHEIXIE VA,
St 912 JE v Halar plastic (C4HLFsCl) 28U iy, &
DERAA R-MAREWL LV IFRBCRBT AHT%
7z Fig 18 IZXMOEBRBBO_RILY I 2 b—¥
a ViR 2 xd [85]. 2 b— 33 viZit ALE
(Arbtrary Lagrangian Eulerian) ® & 2 — F CALE2D
PHVSGRZ, BOTIRLAEDE, LOoZBIATHx
FHHEAESI L XBERBEOSATH S, 15ns T TR
B35 DI CRAY-YMP CTIOBE 2025 &£ D &, Fig
B8OTFTET A 77 L—Ya vAigmL, TR
AEBERYT. EBOER, R-MAREICLHEHES
NDEFBREFEILOWE A () 1 k() < tF (=06 = 0.1)
ThbrZ P brolk. ZRIER-T REEDEED )
KERL D, ZORBIANIOWTIIBITEE 4 Hi oM
FER T 2. RMAREICE LTI, 351083 MA
EEEVI2L—Ya YOREEL SN TW5[86].

WA KIRIGOEFE, 2 BRI D) 72 EER 2 Fig. 10
EABOEREE TITONTWA[87]. Z0B4, ik

v 3

(c) 15ns

250 300

575 500 700

Z (um)
Fig. 18 Simulation side-on radiographs and spatial X-ray
transmission profiles at 3 different times for non-

linear stages of R-M instability [85].

BT3B 2T
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199742 1

[(85] L B0, pFRELIFHREEET, RBeambud
In) WAL THEEL T 2B S . Shid
BAHTHMT S L) ICR-MAEETHERT S bubble
DERHFEROEEL L THRIHICERTE 5.
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