
“LA.UR93-L5.. J

.

is AIdmos Nal,ona, L~tYolalorv IS OOOr#l@d bv lh. Unlv.r91Vv 04 CWbfnlm !Of WtC lJm1.d SIWSS D.oaflr!r.nl Of En.roy UIWW COm IKI W. 7405.ENG. 36

TITLE THE APPLICATION OF FRONT TIWCKINC TO THE SIMULATION OF SHOCK
REFRACTIONS AND SHOCK ACCELERATED INTERFACE MIXING

AUTHOR(S) D. H. Sharp, T-13

l.W. Grove, SIJNY

Y. Yanr, US DOE

Q. Zhang, National Science Foundation Grant

J. Glimml institute of Cornull UniverBit!r

1!. Roston, US DOE

R. Holmes, US DOE

SLABMITTED1O The Proceedings nf t.hc 4(I1 [ntcrnntional Workshop on the I’hyslcw

of Compressible Turbulunt Mixing.

DIS(’l,AIMltll

I lIIllcd Slulr* ( iiwrrnnlrnl III Mny IIKrmv Illrtr(d
J

Mm.f’l
fl.-.,~~ ~ 1~~~~~ LosAlamos,NewMexIco87545

Los Alamos Nahonal Laboratory

,,”~~,, ,,, ,,,

,., u, ,,,,,,, m

. ..., .. .. I :r..ii r-.ll l.. \;l Jl ~lwlll~~ .’

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



●

✌

T1l E APPL1C!ATION OF FRON’T TI{..I(’KIN(: ‘IX) TIIl? sl~~[l],A’I’10N {]F
SI1OCK II EF12AcTIONS ANI) S110(71{ A(’(’HI. E1{ATRD lXTI?I{ FACE N1l XI NC;

,1011s \\. ( :l{()\’E’”v”m’”r’, }“I’\lI\ }“:\s(;”,(/I,\s(izll.\s(:’’”’i,11.’\\’ll)Il.sll,\l{ l’;,
J.\\llS (:l,l\l\ll O:’:l”l, llltl AS llo S”l”~)S. ;\\l J l{l(’]l J\ltl) Ilol. \ll Ix,,

1. Ix”l”ll(llll”(”l”lllx

1!1!11 Iltllllr tnflllf’~ S’uhp’1”1 f ‘Ll\\J/ll’llflll H ;I. tl Ii ; il; l11:1

h,q II ,)#,ill ,I?IJ phlllsr,w Itilyll’lp,ll l:l\l,ll 1{11 1111111~.1 \ll.,.llld*\ 11,,111 11.11 hlllx
l~lll,lll,r~t.ll III lmrl I’Y 1111”1’ S ,\ IIII} 11,-.I,:III II ( )111, I Illriuljl,ll I Ill, 11.11111.111:11I,;II SIII,IIII,+
lmlIlu10 ,Ir ( ‘Imlwll l’lllvmslly 1111,11.r..IIl,i ,1111101, I III %I”X} !Il,,lIi llIIIIIlb, .\ll( ~ ,Illllr.111

1111111111’rl~AAl,lH !~l ~ ‘ [H)’.!;
‘Slll!lj(jrlc.il III I,;lrl 11~ llIi, S; II II III,II %, 11.111 II I:IIIIIIII;IIII III ( ;I,IIII 1111 1)11S ‘1~’l)l~I,Sl

“Slil IIItIll Ivl II; I,nrf lIj Ilw !’ S .\rlllt II!...I*IIII 11 ( )Ili. t’. P, I,IIII liII 1~.\,\Il113 ‘1~’ ( ~ lll~~t

lSlllllliwlC’,l ltI Ilnrt IIV Ilw I\lIIIIII,Il \l,lllll.lll,lllt ,. %llqllrll, ml,ltll Ill” Ill!. 1“ ‘i 1)1.1! 111111,.111 IJ

l’”ht.r~y I )i’~ II’( ;[~’.) !~lll”ll :’~AIHl

“Slll,l,lmlml ill Ii:lrl It} Ilw Slill,,li;ll t, II-II, I. Il,llll,lilll,,ll lif.1111 Ill, l)\ls !~ll.li’ 1:”~

‘%lil,l,iwlril III lIiIil II) 11111 ( ).Ik l/iIIII.~. N.llllllllll I .llIIII.IIIItl ,.lllllllllll .1! I l’l\ ‘l,lllli ,’\

;Slll,l ,,1 [,.,1 l,\ [’ s 1)1.11:1111111,111 ,,1 1“ Il,,lr,l

I



2. l~llox”r ‘ \(”lils(:sl\ll”l.:\”l”loss OF sllo(”l\ IS I) I”(” ED s(’l{t,\(” H IS S’I’AMII. I’I” IFS



l~l{os’1”l“Ii,\(’Kls(:.;~l)lsl”l”:l{i.’\(’l:\llxl\f;

(a) (b)

step= O lim= O

1

LYEEE2
(c)

step= 21Ui time= 1

k ——

stq = 16.3 time = 05

(d)

‘Time= “

\



[;lio\”l;. \“.\s(; , zll,\s(; . sll.\l{ l’. (;l.l\l xl, Ilos lox.” ,\\l) 1101,!1];s

Whi(”ll

(a) (1))

Step = 130 time = 0.041

Incident Shock

L

‘n

,,”

Srcp = IH7 time= (LO-W

(d)
I

step = 542 time= 0.33

1“1(:11It H 2. ‘h iutrriwt i(m I*f iI A wk wavr with n I Imlll:il I)lulllllnry Inyrr. l~igurrs ~;t. II



:1. “1’llh 1{1(”11’1”31YI; I( \lEsllliov l.Nsl’.\llll.l r\” Is l’l, c\Nt (; I:(IME”!’IIV



1

1; (;l{()\”i, }“.\s(; . i!ll:\\(; . ~ll.\l( l’. (i I.l\lll li’~’+’l”f)s. \sl) II(JI \ll””5

Tnl)lL~ In TItl)l(! 11)
lt14wIwl Slmrk I{ I, IIITIIIII l{:m,lm.lit,ll

(J01:1 0.1)s(1 \ (1.12 0,1:! ().11

1),WL ().1)[)I 5 1).[)I)!U) ().01:1 (.).013 [1 012

().00 15 1).U()!H! ().()1:1 ().01.1 (1 Ulv

(iL)

Im)-p-lil l“- ~-”.imrp”-()15 r -0.1!) t 1).21 1—— .— -—..—

/l(/l ,, \l/l”m, 1111



l~l{os’1” ‘rIIA(”tilx(; :\ XI) .X’1”1:1{1’A(”I?\llxIs(: i

(ii)
.. . .. . . —,. .. .. ... .

7.0 ;

6.0;- —

/ “- 2.4:
Linear Theory ,’”

,./”’ ~m~-
Maleritil Interface .i
Tracked Only /, I

2.0:
Fully Tracked ‘

/“””’
4 n 1.8””

. . . . .– . .... --- -!b)—-—... ... . . . .. .
,’

/“

Detail

Shrxk Rrach- Interface

/ *

7 1
.,

tlluu Ibwy IIegiu) ;

i \_I .::.IL.z _ L ....-l____1—— -1.. __l_l om~1.... .– : 1 I —. L—-—.LI
0.0 10.0 20.0 30.0 40.0 50.0 60.0 0.0 smo Io.o 15.0 20.0

t t

[;IGU n~ 3. A Cmllpariwm d ~hrce .wparatc calrulat iom d t1:2 amplitudr, a(t)/a(t)-), of
a shocked air- Sk’l; intrrfarr. \VP NW t hal l]M? limmr 1h~nwy ngrcm with the nonlinear crm~-

pulalions for suliicienlly tinlall iullplitulhw. Figure 3h shows n detail for early timm in the

cmnputaticmw.

A = (PZ – PI )/(;% + PI) is the AtWOO~ rflLi~ of LIM9 (1(’ll~i~i~~ Or thc lwu fllli~s! ~ i~ tl~~ ~rav-



(a)
--~.:.-.:.. .: .- ... . . ... ..- . , ,,.

{“---’
\,.....

().()5 k: -..------ --- 4

A Experiment -,.

4.05 ‘“

-0.10 L

4.15 ~-

{---- .’

.“1\.~
1

—-. .

Area of
Detail

Linear Theary , &

Material Interlace. ~
Tracked (lnly :>

Fuily Tracked
1=, ●a

I

i

0.0 10.0 20,0 30.0 40.0 50.0 60.0

t

(b)
. . .. . . . . .. . ,.

Detail ~

/’
‘ il .%ak IAWGI Intmkr

1

o,02j; I
~~”

(-F z u

F0.00. —— ..--— --------- –_. L..

0.0 5.0 10,0 15.O ~OJ

t

~lGU llE 4. The rate of dlange, ti(t !, d lhI’ nnlplitudr of iL Aocked ~ir-!$~fi inh’rfmrv. ‘h

(lark dashed line shows Lhr mrwuremenl of u(I )/u(O-) oht ained frc]ltl thv t.’xperinwncs of

Ilenjamiu ~J] using the ~ainc flow parameters as usrd in this axnputation. Tlw experimental

number has ken mnvertd into dinlensionhws unit.~ ,nsInwlt.iond in thr ti, xt..

columns of table 2 report m+pectively, the comprtwibility M2 of thr initi,d configuration. Lho grid

sizw used for the simulation, the minimum and maximum of the fouricr mmles used to gencrdr

the initial random int,mfarcq the number of fourior mmhw ( k,nm, - k~,n + I), and th~ nunllwr .’V

of samplm. In WLCh WLmplc, the amplitudm d tlw fourirr nmdes wore sdcrltd from indqondwlt

( ;;mstiian random variables.

‘lqhc diLta rqmrttvl in table h dearly imlit-ah’ ml ium’;lsv in n h li~r~t’r WLIUCS of ,\12. \Vc idS[)

Ilote thiLt for htz = ~.fi, (1 is idw dl’pt?lldt’llt on lhv Illllllk’r of lllo(itw (Ml Lht’ illitiil! rall(!olll SUrfiL(T.

\Vc idso m-mparwl the predicted vahm of (r (asmmputwl I’rom the rm.mn:dization :rmp Iixcd
point III(NIVI with lhc uumoric,d compu Lations. ‘1’111%(’rwiults m? Surnnmrizd in tiLl)l~ ‘21). U’{’

Amrvv a dqwndwwc of n CW M2 , and note that th{’ 1{(; fixd poin~ nmdd ht’gius 10 fwil for Iilrg[’r

V;LIIIWI of h/2,



l~l{os r l“lt.\(”lilx(i Asl) ls’1”l”:l{l\~ ’1.: }11s1s(:

TIIl)hI h

“l”lw gnxlh rm It flm il Rayh’Igll-’l”:L} I!m Illixing 1:1}1’r

lhlllilill

zm-m(r

20rJ x :100”
~[)~ ~ :]()(J

20$ x :100

1;.10 x 30(1

:120 x :100
3’20h :100
1(M x w)

104 x :1(10

:!20 Y W

X20 x :100

:]20 X. :{()(J

:1?0 x :)(.)0
~j.lo X :100
!)(!() K :100”
l?~() ~ :]()()
mm
!1[;()M :100”

kIllaa

:1(;

IN

2.
. .,

.,.,. .

78
I
,-,
,1

-F
-iii-

14)

:17

I
,-
,#

.8.)

57

7,1

114

I 59

74

114
——

ll(dt%
———

I :1

1:1

1:1

1:1

4(I

2(I
—..

2(I—-
6

(i

2[)

20
20
2(I
4(1
M
N()—,—.

:15fi5i{——.

——-
\:illllllF,s
—---

1

I

I

s

I

4
——. .

4
——

I

s

I

N

1

I

I

I

1

.———.
-- It

.- ———. .—-~-
.ll(j2

}’1’s , [)3!)

Ym

I

,I)ljti + .00.1

x,) oliH * .()()4
:’,.~

+-

,[)72— ..—.. .—
X() .OM .* ,()(1:1

.——.
so ()!11;~ ,0[)4— .—. .
Yt’s .[)i:lf;

?itl

Ytvi
V(). .

Ylw
Y(W

!“4?!
}“a.y

Yt?r

II!)!) :* ,00/4

105

.121 * .OIl(i

I 0(;

I U(;
[ l!]

I.1:]

.11[;

1 I — YI’M
~ii-

1 1 Yl?i 1 .14,1.—. . . . —— ---- .

F’-{ “’’’’’’’’71’’’”-+(). I 0.0[;’2 1),() I 1) O. OM-O,ON

(.)2

().:1

() 5

I .().— - l-l
O.0111-11.I)H7 ().()7 :1-().OIW I

(1 (w-o, 100” 1) ON().(),()s[; 7

(). I 14-().12H ().ON!) [).()!)4 I U

().1:17-(). 1.1.1 (). 1[)5-[).1[)’7 24
—.- —-. . .-. .—

:1



.
lo

IMAIU31KN”I’ OF :\ P1’I.lKI) ilATIIHMATI(”s ASI) S“l{t”l”ls”r[(’s, %rATH (’xlvr+lwl”ry OF NEW YOIIK AT

STONY []iLOOK, sTONY []110(3K, NY ll~!).1-:~(ioo”

}.”-rilfiilu(fdf~.~.~: glillllll'tU:~lllH. sllllysl).l",lll, grt~vl''(~:lllls. sllllys'~.l`tlll, yllly,~i':\llls. sll1lyslJ,,*(lll,, Zllitll~(c~lllS .HllllyHll.4’llllq

l}(LNl(lll (l’allls.slllly Hl).1,(111,llolllll’N(I;llllN. Hlllly!il).1*1111

(“OMPLK!( SYNTKMS (;110(:1’, “I’ll%ollh”l”l(’, il, I)lvlslosl, l.1~~ ,\l.i310$ SI\l”lOS,il, [, AHOIIA”I”OIIY.” 1.()$

.’\I,A\los, 31%1 H7:).13

l:-lrlfIll uflfllT.v.s: ,Il;,;(ol l:ll;llll,gov


