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SHARP SHOCK MODEL FOR PROPAGATING DETONATION WAVES

Bovwe BEKIET wnwd Ralph MENIKOFF

Lo Abanos Natwmal Labwwatory, Theswotead Divisoan, Los Alntne, New Moexten stk

Revent apitlyses of the reactive Enler squatems hnve led to i nnderst b of the efert o csane oy
an cavlendnven denmation wave Thos advanee van be earporated e an anprovesd shaep showck kel for
Propirgnt g shetoanatnn waves e hvbooelynanse vabulatoms. Wi tltosteate the mwelel with pwe SELpe NG

o~ e sdepesfent progugation of ashverging detonation wave in 1 D, aml the steaedy D) povapringio g of

dobrtomarna wnve ina rate stk Tnevrpeerating this sdel e n 2! D fromt trivchitig cvale i hiseig sl

i INTRODUCTION

h untnereeal sunalntms ol et explosiee apph-
cattotis ot s anpractical o resolve the reactvm zone
of wobrtvmanont wive A sharp shoek apslel or poo-
gramtied o, s hich ag awdendriven deton, tung 13
stitply propagiten with the CJoadetimatum veloerty, 18
aiten used Fhus sigde malel s nseful Lt neglevts
At et tan proaperty of Jdetonation waves . Nainely,
e velocity of ashvergug sletanatom wave aml the
pressare behpol the foont are lawer than the vorre
et b vidhves firoa plhaar CJ detonnton wave

R et aih \|'\‘

Y of the weacuve Fuler equa
Tk ave et v sebegstamhing of che correctum
ertes Do the wave speehared aate vatinbies behiul
S wane et v the cutvabne ot s{etiiattin
et Hhese wolvanees iny be atestjuoratest sito an
airgecvnh b showk stawdel whieh accooan s for froa
wvatute whea jaopmgating asletoaatoon wave  That
ol sustnng vleninven detimatua war es slecinple
toan the thaw Yehinnl ox the Lasis for peogeatnedd Larn
wod e v ed paskel slevmatiom sheek dbvnanmes
e ahar e slowl nosdey oy weil sipted 10 A from track
S et e ot exphotle tpkes sote sevnent the g
SOty sl thie vATTRITes actoss g weve Fronl vk
ug s the whvamage that o can avoooinl fin woves
o Swhited catelong s ool stocagthetneg the et
bty wave Flos vnoves o e voeashitsen ase atel

it ant Dot vt ging clebone T winves

% THE THEORY OF DIVERGING DETONATIHONS
An awvinntotw ananbyvsts of adivergng detona

Vo4 an explosive deseribudd by the teae

1m wave
nve Euler enuatvons,” shows that when vhe reactum
sonie length s small enmpared ta the rnibios of coarva.
tire of the frimt, then to leading apler the reaction
sone s quasi-steady aml may be tonbeled by nosystem
uwf ODEs. The How i the reactum zome of an mwler
slriven detonation wave s transonie, The prodile of the
reavtin zone isoleterinined by the trageciary of the
QODEs thrimgh a eriteeal sabille pomt.® ** This o the
natnral analog of a planar CJ detanation v hverging
wevinetry In perticalar, thts anabyas deternnnes vhe
iletimation veloeity Dixp aml the state varilides at
the el of the reactum zime an & Tanetian of the wean
viurvantre of the iletonation frimt a

Fur & reactiom rate of the firn

n=lt I Vi*fistate vatablest . I' + T .
"o .o r
whete \gn the teactvar paogress vaninble wob v 0

vorresponuhinng toteactatis msl VO tocometem ol
awrte, s the temperatare with Ioohe oottt
hebow whicht thie pewe toty vate 1s vaken s Lol a8
ix thee v ber of the vemovpar vhe beanhing et crna

Gate cottes ot B Vhe b tottpane vebo oy s the o
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ant Damamme.? The leas ing onler correvtvms ta
pressire, velocity, and densuoy are ol ta e the
same form as the deronatiom wave spweed rorvertum,
For a general eopiatum of state tEOS) and rate
Liw, the systemy ol ODEs has 1o be sobvenl winmen
cilly by way of & shoeotng algertho, When a i saf
rcently sieall at the critieal junnt v x| oul the
viul of the reaction zone may be approxunated by the
sottie point. Other namerival calealations with thas
svstem of ODEs show that above n criteal corvatare
~ > «x, there is nu trajectory pussing thromgh the e
il somie point. This correspanls 1o the fatdure of o

~tely aletanation wave 1o propiagate, see refl 1)

3. APPLICATIONS OF SHARP SHOCK MODEL

In the sharp shock tnixdel the reactiin 2me 1y min
resolved and the detonation wave 13 treated as a ihis-
romtinity. The theory in see. 2 10 effect iletermines
the jump conditions fir an inderdniven iiverging et
vmutian wave. We have applied the shap shock el
11 Iwo examples. In the first example a spheru-ally
rxpancing detonation wave n calrulated using the
Randomn Choice Methad (RCM ' 'Y Tlus lustrates
how nutnerieal methoda which tise [ieniann silvers
foir Hows with shocks inay be adapted for detanatom
waves nnng the wave curve sletertmned fromn the the
vry uf the previous seetin I the seciml example
the steady state letonatum wave i a rate stirk ex
yertient 1 caleulated by solving an ODE. Fhis itlas-
rinten how a ¢ D iletonatinin wave s pripagateld nsing
the wave speed at each potnt from the loeal carvatinte
of the front. The proeedhires in these exammiples form
the lias for incorporating the sharp shtock uidel i a
'tine depemilent 2-D ntnerical algortthin vich as froan
v king

11 Sphenwally Diverging Detiniatum Ware

it Lias been shown!® that ROM asedd for | D Hunl
hvnamtes can be adapte] for calentations wah hverg
g letunatym waves  In RONM the state vatabibes of o
vl are jepresented an jecewine constant over a gtol
Lliwk At each ttie step, the waves hetweet adjnee
“rlls are resolved by sulving a Riemant punoblein Hhe

vt to the Riemant pooblenn o deterunest fionn

Ve pint o wave enrves with ol <voes fan b

vemt eetls. Thes Hietoanm sobitont s nsemlb o

v the stites s the ext e step S
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of the wive eeve cant Lo sqpecifiosh Fhar Sl bk
lllncll'l i~ !ht‘ ~|u'|'|ﬁ|'nlu|n uf a ASHAR LN PR L I'n TR IRUIT)
ittt wave: the detimatvar vebwary and the e 0
the emb of the renctom doe B on maebeoboeen e
vitatont sy e poant s the winve coarve is needhel
[Mts is the annbog of vhe pianne CJobetotatoae How
vver, i dhvergug geanetry the wie carve sl obs o
the rashing (fromt carvaturet o well as the ol sone

Flus method bins Leen asesd vompalel an expen
et perforiet by Vienabide at vhe Los Alsnnes PHER
MEX farihity o which a sprherieably shverging e
untwm e Cotp- B wos rnchogenphed Tlos provwades
lata for the slensity protile of the Tavbor wave liehinol
the sdetomatun ' Cabealatoms of this expenitnent hinee
Luwent ddesertbed ™ sistng wase carves sbeveninned by e
theary mosee 2 Fach cabralntuan cortespanoted 1oa
nuslel fur the explostve consisting of o HONEOS e
an Atrhemis tate lnw with acshifferen coler of v
tum Decanse of the expeawential vl od the e tem
with (hus rate law, the cmloof the reeta 2ome was
taken o correspotnl v the sotne prant Fhe ote
the el of the teartum sone axon (eton of & was b
to the form slown e equatver 2t A cotnpatiseon of
letestty prodiles for wntenteend expetnents el tole
gtapliue data are showton Fig boabong wolby the o
1telt |||lu|nr tesitlt Vo A gnereases the e ol *he
tletisity prodide twore s bosely appasvimmtes e shuta

I'he aueettatty of the vare wiol senstoty ol thee
thevry siggests that the wave cotve Tt e rnobe
hoven cbvergina shetomntem be sdeveriame b eapn o
Fhis s especintle nnpeoaiant b betepogenemns s
aves hevpirse oot ~|n||1 e 1 mlmm--u--nrn|--~ atlias

the tate Inw giving tise G barge
120 Nbulehng the Rate Son k Fypesinoeane
Arate <tk s o b s viop i el e b st
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Fig | Calculated and experimental Taylar wave
siensity profiles for the explosive Comp-B. The up-
iertnoat curve i the caleulated plane wave protile.
This 18 followed by curves representing a sphertcally
»xpanding Camp-B exploston at a radius of approx-
mintely 6.4 em. The lowest curve 1s the calculated
protile where 8 = 1/2 followed by profiles in whirh & =
I.a =2 and 8 = 4, respecuively. The curved labelled
PPHERMEX s the experiaeatal resilt.

the rahial and axial coordinates, and R the charge
rachine. [ steady state the iletonation front has the
fitint Zir.t1 = Zo(r) + at where o 1a the iletunation
veloeity tn the axal ilirection. For a eyhindrically syin-
metric 2 D surface the sum of the principle rurvacires
) HZ 10,2/t + 12,211
T T @zt

The axial velrity of & prunt an the fomt slepemils in

'h

aIr) =

‘uih the sinpe 3,Z and the lin al wave spreil Thus

Sradds te the equation for the shape of the frimt
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Fig. 2 Sketeh of wave pacterne at bomdary:
\. Stovmgly coninnd ety B, \Weakly coulined vase.

ratataction

Fig. 3. Sketch of shock pulars fur ilegenerate ilitfrac-
tintt nodek AL Traustuesston wwle; B Armoanalons re-
Hevtion mimle,

uttreacted high axplosive tHEL avertnking the HE wall
vontact and giving rise to nn o onteing tenastned
shock 1t the wall. There are two cuses to rotisnler,
see Fig 2. ln the ternuuohogy of front encking'™ the
wive patterns: are degeer e shifeactom nodes. The
~lru||(l.\' l'nnﬁnﬂl I rurrn'!]ilnlls I i tEirstinsston
tinle, no refl=eted wave, The weikly vomfined case cor
tespattds o nn amonabow refection winle, some shoek
with reflerted rarefarto s Prawlth Mevee fan ' The
wive patters i determinel] by a shoek polar analy
s aee Fig 30 The shoek palars shepemsl om the waer
speml vl e shiek Ragonieds for the aonreactedd
HE winl the wall Ve tntersectpng of the sbpoch pooduns
thea sdegetnnnes the shvek crtength ol the Gagming
angle # axoa fanetear of o Foaally, fionn the ronse thow
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is pressure, and V is specific volne. L1 the weakly
confined case the detonation wave is ileterminet hy
the sonic point on the unreacted HE shick polar.
Because the boundary cancdlitions for the Jletona-
tion front are the slopes 3. Zf R1 at 1he wall from the
shock polar analysis and 3.210) = O un the axis, the
second order ODE is an eigravalne problem. Vary-
ing R and solving the eigenvaliie prabilein ileterttiines
the diameter effect, i.e., # as a function of . The ra-
dius at failure Ry is determined hy the evnlition that
x(—R,) = xa. A solution tn the eigenvalue problem
for the detonation front dives not exist for < Ry.
From experimental rate stick ata of the axinl
detonation velocity and the shape of the iletimation
front, D{( &) and x. may be empirically sletermined us-
ing equations (3) and (41 independent oof the neet for
assumptions on the EOS of HE reactants or pnwluets,
or the reaction rate. Further detmls f this tuxlel for

the rate atick experiment are jiresenter elscwhere, ' 17

4+ FRONT TRACKING ALGORITHM

The sharp shock model treats a detynation wave
us a discontinuity. Consequently, 1t v well anted to
the frant tracking algorthm for gas dvtiamres.' ¢
Fronts such as shocka and rontacts are superimposed
uti a mesh for the smooth How astng ilovhile valued
state vartables to account {or thsrantinuons wavey.
Thie staten along the frout serve an banlary souli-
tina for the smooth How witlun rannected interr
teginng. A front s prapagated by solving a Riemann
problem to determine the loral wave spred at each
et Compared to otlter itimerwal algorithuw, front
tracking yields a higher ilegree of a curacy fur a given
menh resolution.

Front tracking 1s a general algortthu fur pruohibemns
with discontinu:tien. The physieal infurtiatum which
leacr.bea the aubgrel structire needed to prgiagare
it hiscntiniuty e foumml o the wave ciurve Reartuon
sotte analysin, which has beweti perfortnet Jur an o
leririvent sletonatnm, detettinines the wave capve Phe
vew f{eptury in that *he wave vipve sbepetids v the bo
cal carvatinre ns well an the aliend state o general

the teaction 2otie annbyvais s abse gewsbesh noan over

drreen shetatatvm wave. Tins woadsh thest adiow the
fromt tecking algort b o be useld fog ok comvere
ing b diverging dletonatum waves, The awbrlvine
physweal ppprexiimation vhat atbows the gty oek
mndel B B s an Moot ek oag = b the e am
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