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AModdfortheInitiationofExplosives

-highandlowvdocitydetonation-

byC.0.Leiber8

0fsomerecentpapersⅠ)oftheauthorasummaryispz,esented about

initiation-phenomenasandthestabilityofdetonations. BOWDENshot-Spots

aresubstantiatedashot-spotsofhigh acousticpowerwhichmaygetparticle-

velocitiesdiHerentfromthestlrrOllndingmeditlmandmayovercometheshock

vdocitycausinganinfinitedurationoftheparticlesintheshockl抑ne. Acc-

ozdingtothisandrheologicalCriteriashigh-andlow-velocitydetonationmay

betLnde工StOOd.

Itiswellknownthereisnomodelforexp･

laininginitiation-phenomenaS･ Accordingto

theclassicalhydrodynamictheoryshock-pro-

pagationisconsideredtobethefastestevent

andshouldinAuencetheoriginalexplosive.

Thepropagationofdetonationischaracterized

bytheCHAPMAN-JOUGUET-state,butthis

stateisnotwelllmownbecauseitisdescribed

betweenthereactedandoriginalexplosive.

As itisassllmed,mainlyfrom BOWDEN,
thatcavitiesactascente80finitiation,also

畷perimentallyrealized,thesupposedadiabatic

temperature･riseistoolowtoexplainthehigh

zeactiDn-n teS. Thereforetheadiabaticmodel

hadbeenfavouredmorebyotllerSthanby

Bowdenhimself. Recentlyan･extetldedcri-

tiZism-maidyfrom rtusiamautho巧 -roseCOn-

cemingtheadiabaticmechnism･ Toput

thesediBicultiesasideweshouldmainlycon-

sidertheshock-Frontandtheregionofshock-

rise,aTIdifdoingso,wegettheproblemof

inithtion-mechanism.

Inthistheorystlmmarizedhere,theBowl
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書hstittlt紬rchemisch-tedlmisdleUntersucht)n-

gen(CTI)D-53Bonn･

DENJiLBcultiesdon'texist,theshock-prop･

agationmustnotbethefastestevent,the

Eomerlyimportantroleofhot-spot-temper･

atureissubstantiatedasahot-,spotofhigh

acousticpowertobedissipatedintlleimme'

diatdysurroundingmediumandalotofstill

notunderstandablephenomenasmaybeexp-

lainedandmoreoverbyconsidentionofthe

rheologic81propertie8 0ftheexplo8ivesa

criteriunofthestabilityofthehigh-(HVD)

andlow-velocity-detonation(LVD)isobt･
aimed.

Assuminganinfinitemediumwithadisco･

ntinuityinitexposedtoaTIacousticfield,two

extremecasesaz,epossible:

a) Discontinuityverysmallinrespectto

thewave-length,
b) Discontinuitysimilartoorgreaterthan

thewave-length.

Casea)hdbeentreatedbySkudrzykl),
which found,thatthediscontinllity may

reachapartide-velocitydiぽerentfrom the

surroundingmediuminsomecircumstan∝S,
dependingonthesizeofthe(spheriC)dis-

continuitywithdiameter2R,theviscosity

anddensityofthesurroundingmeditlmy/pc.,
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the density ofdiscontinuity pI,aJld the

stindatingfrequencyfIOEtheAcotuticfield.
Whetherthediscondnuityi8丘ⅩedbyviscotLB

for∝sorgets8mobilityin respecttOthe

surrotndingmediumisde丘inedbyROTHTs
ntLmber

p-書 く1)
wheEeI.isachamcteristicErequemcydeter･

minedby

/.=% (2)

forthecaseWherediscontinuityisafizst

J 霊necri,㌶ TOis,Tnalomrbe'.pT::titnhge:i'iil8,

meaninglikeREYNOLDS'Jlumberanddet･

erminesthefractionoftheenergyoEacceteral

tiontoviscotJSdissipationoEthedi8COntinuity

inthemAtriL

Itisobviousthatnodiscontinuity-moving

o∝ ursiEviscotJSfor地 Aredomin8JltaJldthe

materialShowsinthisczLSeahomogeneous

dynzLmicbehzLYiour. If,however,yiscous

fozIC6 areovercomebyforcesduetoinerd&

oEthediscon血uity,itsparticle-velocityoE

zeroJ ensity, as e7W Ple,doesn'treachdLn

infLnitevalue-accordingtomomentum-becatue

oEits acousdcmwsdueto itsacot旭tic

㌦掌

oscilhtions.

Fig.1shoⅥ唱themobility-ratioingeneral

asafunctionofpI/p申anda.Adiscontinuity

ofzezDJensity(bubble)uldmAtelyreaches

3-timesthepardde-vdocityoftheBumtlnding

mediumiEfor∝sduetoiJIertiA(a>lot)Are

dominant.
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Fi各 tSkndrzyk-soludonoEthemobilitymdo
oEdiscoELtinuityandJnAtrix

MoreovertheSKUDRm -SoludoJl 血

ShowsanimaginaryPrtOEtheparade-velo･

city-ratio.ThisPa止repreSJentStheinter&cdon

oftheoscima血gsphertSwiththeBturOunding

medium,See五g.2,aCOLE-dreleisbuiltlip

bytherealandim8ginAryPartOEthecomplex

particle-velocity-ratio.

AssumingaJlisomorphismbetwem Shock-

VeL3tNAJ.1m Fig･2 COLEJrdeoEmeSkud

花yksoltltion



mAlenaLshows.lnmCrC.1帥1gaCOuStlCtlltCllua-

♪-♪D- PqEL.EL,,(5110Ck) tlol)wLlh)(1CrCaSlngfrequencyduetov)scosILy

卜 ♪○- p鵡CV (ncousILC) (3) ASguml.哨叫 )-[unelLOnShouldhctr皿馴 lltCd

IISlosee.t1-.1tShock-ptLrtLCle一VeloellyiHtd througharealmaLerLaLweassumeforcれSeS

acousllC-ParL･clc-､･ClocLlyCOrreSpO】ldto ofsllnl)]lC'ly.thatnolossshoo)doccurbctow

tJP仝 tJ (4) thc LlnLILng lrequczICy /I but cornplcIC

Ⅵherce･stheconstaTlt,OrnC.lr)yso,SOurLd- tlbsozT'110rLtltPVe/L,KUPFMULLER5SteP一

･elocILyaz-du.theT'reSSurC-dependcnlshocL'- re5pOnSe-Eul､t:llOnSt一〇肌･Sthe501ul】OnOlll-1S

･e)ocILy T)rOblen,seel)g3 By】lneanZ.ltLOll0川 IC

No"､､eha､eLO Ire.'日hLSCaselorappll｡ Sl-1unCt'On.15aPprOXlmat.OrLOneObltLlrlCSa

abl1Lly10thecaseOtaShock ^ 110nreaCllヽe runCLlon l火IuJeenlhcshock-r】scIL]mC'raTJ

shockLrLanaCOuStlCallyrentmaterl且】canIbc thel】mLtmg r'equenCy/I
亡OnSLdcrcdaSmdetmlLelysteep, smcee､cry /I=1/2T (5)

ZeItbere/ch

F上 禦
1 斗'■Frequen

zLwelth I基 且 ,o二 &FLF3 KUPFhE

ULLERSStep-reSpOllSCLunCILOnltst】Ouldbe

sald,thatFOURIER-trtlnSEoト g】VCnbymmaa::O.nnosr"Lchee:,I.1eOCごニogTet_霊 e;:C.I:,p

&pr?RX,I; ,- 霊 石 (6)someWhatdlEfcrent,butlteOtlldbcsllO､Vn. ĉc()rdlTlglocla

ssLCiLlhydrodyllrLmZCS.LI仰.lpslhaEtt-canomalousdLSl}CrSIOIlmLlybesmalL tL.>"Ihadl光CLIWSumCd,butwLthth

ercsu)tslorlhccasediscussedllerC OHlg1

Ill,らISn'ttruelngenCmlfordlSCOrltNow 'LlspossLbletoconnectlhcstlOCk- m



〟J〟J,-ratioisdiminishedtheim8ginAryprt
ofSKUDRm -solution isdiqerenth)m

zero,thezero-densityJiscontinuitieSShow

high acotJSdcpowerandactZLShotrspot8in

theshock一抑ne. Moreovertheycausea

steepening-upoEtheshock-Emnt.

Since there are num erous experimental

valtlesaboutshock-iJlitiAtionoEliquidiLnd

solidexplosivcSavailablethestatementabove

TRAY tK Proved. Fordetailsseeoriginal

paper.In丘g.4itisshownthatnodetonation

isobtAiJledonlyinliquidexplosivcSinthe

caseof

u./up>3 (9)
butfor

tL./up<3 (10)

detonationmostlyoccurs.Theinduction-time

betweentheenergizingshockandthedetonA･

tiongetsveryhigh forthecase

･〟ノ叫-3 (ll)

Thisisalsotobe expectedACCOrdingto

thismodelsincetheinteracdonAccording

COLEICirdetendstowazdsZeZt). ForobtaiJI.

ingAdetonadon8SmallexceSSiyeamountOE
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㌔ _ S.Mm.ご 喝 蛾Fig･4 TbtoEtheini血don-mode
llorliquidimdsoli

dexplosivesYoL3tHも4,1桝 thepardde-velocityoEthedisconti

nuitya;illrCSpeCttO〝●I

Snecessary.Theseconditionsdon'thold,

however,ForsolidzLndcrystallineexplosives

.ThereA80noEthisisdisc

twsedbelow.FornumericcalculAtionsoEth

econditionsoEhitiationofhquidexplosiyeS

,theYdueoEviscositytobeinsertedintoequ

ation(2)isstilltuknown. Itshouldbedec

idedwhetherthenozTnalviscosityoranyhi

gh-pressure/high-temperzLtureValueshould

betaken.Todecidethisexperiznen血IL8CtS

areaVAhble.Dempster2)aJldAvog8dro8)ma

deexpe血 entsdealingwithsensibilimtionofb

lw血g-geIadnebyAddingdeJlSe,findyderided
inertprdckswith adensity-ratiop'/p句>

2toit. Ahoanoptimumparticle-diameterin

therangeOfabout5/ahad

beenfound.Thissen8ibilizationisnotreali

zedbycl88･sicAIapproach. Ⅰtmaybeco
nceivablebythismodelinthefol

lowiJ)gWay.Inordertoberecognizedass

ensid托rBtheparticleshavetointeractwit

h thebhting-gelatime. lEitisasstmedthtthi

sintemctiontendstoamaximum,whichSho

wstobenotexACdycorrectasshownlater,a
correspond･ingROTH'snumber8Sahnctio

nofdetuitrratioisobtained.hsertingthep

artide-rd itbthevalueofvisc岱ityiBObtaine

d. Forawidevariety ofenergizing shock

-pressu他 themorTnalviscosityofnitroglycerine

i8Obtainedwithinthtlimitsofacctmq

. IthdbeensurprisingthAttheNitrocelulose

didn't86ectthevdue. Butthispossibility

i8Wel]knowmErom theresultsoLthedrag-re

ducersl),thechainsarecradkedbytherap

idmotionofthepardcles,furthermoreonly

6%byweightoENCarepresent. As thetime

oErotationoEanitroglycerine-moleculeisc

omparabletotherise-dmeoftheshock,theviscosityisJ

l'tchanged.AccordingtotheCOLEdrdethe

sensitizezsbdngreallo防CStOthesys旭nintheS



frontwhereas thecavitiesbring negadve

loぉcs,Which reprtSentgains. Forsome

condidon8 the gAin8 0Ethe cavitiesare

eECeedingthelosSCSOEthedensediscon血ui･

丘6･ CArryinghe且rypardclcsawayfrom

Shodk-fmntcaVidesarecreatedbyreasons

ofcon血uity, catwingagain totheshodk-

hnt.

Thez%lpossiblelossisexperimentdly

redBed8iJICeScJWitiZed explosivesdetonate

wd onlybystrong initiation. Byweak

initiadonnodetonadorLOCCureS,Orifso,
detonationsdon'tcontinue. htteriBnever

realizedbyexplosivesseJ迫itizedbybubbles.

According to thiBthesen8ibihzadon isa

SeCOnduyeueeCt,pmducingsmanertosses

foracchieyingallOYerCOmPeJu8donby caVity-

galnき.

ThiBdLndAhothenewerresultsaboutthe

id血donof"homogeneotd 'eglosivesgive

stztIngindicadonsthtacavity-foznAdonis

necessarybeforedetonationoccursingene血1.

TheexperiJnentAllyestablishedShock一〇pacity

before onsetoEdetonadon may be the

consequenceoEcaVit8donAndbubble-Eoma･

don. ButitShouldbenoticed,thatthis

picttm isn'tAcceptedbyeyeryoneuptonow.

AssumingthevalidityofthisaBSumptionthe

rd itn oEthecreatedbubbleSfomed by

ayitadonnaylx cAlcul8ted.ROTH'sntLnber

asftnctionoftheini血 血 gp他Stlremaybe

calculatedfromtheexperinentAIHUGONIOT-

equadonsofhquidexploSiveS. hserhgthe

known viscositiesintheexpressionfor9

givesthemdiu90Ltheassumedlmhbles as

ftLnCdonofenergi血gShock-prcssqre. The

resultsfor80meliquidexplosivesareShown

8g.5.

ItistobenoticedthAtthebubblesAccozding

tothisc8lc血donShow thesameOlderof

magnitudeaBthosedeterminedinexpe血 eJltS

byEdich,WoolenandCrewdsonS)forshoe

kedglycerol.
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300････････- 拙 IALr)Fig.5Calc血 tedradius
oEGIVidesinhquidezplosivcsZLSEundionoEenergtz

nBPreSStlreAs itisseeninflg.5

thenvity-raditJSisincreASiJ)gwithdecTeiLS

ingshodk-prcssufes.Itmaybere890mb

lethatavity-gro血 iSfurthercontinuedbel

owthepola.=3u7,.Forbubblescomparab

letotheShock-rise-1engththeoutlinedm

odelaccodingtotheSKUDRm っoluti

onis鮎ling. With inc･TeasingRago也tOinflnityzLndnointera

cdonispossible.If

u.-A+Bu., (12)istlleHugoniot-quAd

on,OnemaySee,thatforweikshocksinth

enearacot旭dcAl点elda.maytendtowards

A.SinceAisalsoapotEorthelimitingfrqu

encyfl,bothloweringoftheenergizingpreSS

ureandincreasingthecavity-radiusShow

in the same direcdoncatuingnopoSSibilityo

Einteraction･ SincetheA-p-functionisvez

ysteepadetonationshouldonlybeobtain

edbelowA. Sincethelow-vdocityJetona

don(LVD)dependsonbubbles,perlmpscreate

dbythevibrationoEtheconRneJnent,aJldikoitssound-yelocity,
oneshou



DL."<A (13)

iEthesoundielocity oEthe confmement

doeBn'tdiqertoomuch.

h6g.6condition(13)fornitroglyce血eis

ShownAZIdthefrequendcsofexperinentAuy

oberveddeton8tion-vdocitiesoEnitroglycerine

&reregistered.
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〝ーp一一. L.S b Lb仙FIq.dCAIctJhtedqllandti也Eor

NITROGLY･CERINAs demonstrated

thesizeOfthec8YidesAndtheirvariation

showsAniJnPOrtZLnCe.Thereforethispr

oblem isnov coJWideredhe

reinviewtodetonadon.Accordingtothein

vesdg&donsofKAelbleC)illaVis00el払dc

meditn A8tAble瓜YityofradituR◆iSpossib

le. AnyothercaVitywithmdiusR≠R+iS

unstable.R･=光 (14)ri

sthesu血 cetensionAndp+-pLYthepre

ssurediuerencebetwccntheinsideoEthecAY

itymdtheYれ34.叫0.A.)柄 surmu

ndingmediumdiminishedhyt
hevapour-pI闇StLrePLy･Kaelble cdculAt

ed the relative bubble-foTm860nenerw o

E孤 arbitrazy cavityinr田PeCttOa

St8bleonezLndobtAh csE/E'=

(R/R◆)五12(R/R')3 (15)Accordingtothi8fornu

l&theenergyOfcayity-fornAtiozlismAXimi

BedforthestablecAYityR'zLndlowe

rfoHLnyOtherR≠R'.TbbmeanS thatif

any bubblcS &re CreatedR>R+theywillexpa

TLdandcontrarytoit,iLR<R'theywil

lcou8PSe. ThebrzLn血ofgTOwiJ)gaLndshrinkiJ)gCAVidcSisditided

byzLnenergy-barrier.IfthebubblcSAreSh

rinking,high-velocity-detonationis叩 Sibl

e,sa 丘g.5,iE,hoⅦ唱Yer,theyaregrowiJlg
,theylmYetOtendinthebranch ofnoint

eraction ofthe oudinedmannerZmdate

Jldstoi血 ityddi血mlly.Ikcatwetheinter8

ClioniSnow hznitedinfollowingupanother

,1鰯 e缶cieTItmedhaniSm'reaction-products

oLLTDdon'tcorrespondtotheseprdu

cedbyHVD,thezeacdoELisn'tcompleted AS eXPe血 ent

AllyoudinedbyCookT).Sincethestabl

eraditJSR+dependsonsu血 ce tezuion

zLnd yaPOur-pressure mdROTH'snuJnberisc

ontrolledbyvis00sity,thestabilityofLTD

isgiveJIbythesepara･meterstOgetherwith

rheologicAlconditions.Accordingtothi

smodelatrmSidozlfmmLVDtoHVDmdc

ontrarytOitshouldbepo翁ible. Ithadbe

ensuggestedtiptOnowthatonlythetr

w itionLVDtoHVDShouldbepo臼ible,butACCOZd

ingtoT.HikitaB)bothtran

sitionshadbceAredid.Thesensitivitytophysi

co-chemicalquantitiesisalsoestablishedby

experiments.ForNitr〇･methane(NM)inpu

restateOnlyHVDseemspossible,Where49

8t90/10% byweightoENM/TetranitTOmethane(TNM)both H

VDAndLTDareobtdned.ThisistobeundelさtOOd



pzq surt!且ZJ与urfacelers70nOf8binar)mlXIUre

ArtStrOnSlydcperdeJltOnlltLleadくtltlOnSOf

thesecondpanjlCrOr■mPllm eS thusdeter

mlnlngamCJIFledR' ll1SnOWUJJerslArl

dab】ethatI.quide叩 1也 ■､也 rrom thesarr.e

suppllerbutindl打e'tnlt氾 ttlesmaySho､､

somea.WcrenLln■tJaLlOn-prOperlJCS'l

Th.sr也ult'sde叩 nedL'yn､CSL'gaL'OnSOf

rh eu5elerlO'on avarlety OEllqu-d b'rLary

sySternS⊂On⊂em.丁場Lhelrlrl'tlaLl｡ntXha､10ur

ButEhephys'co一亡hermc.llpropemeS0(5U｡h

sysLem5areSt･】lnQH nVeSLlgatCd

rhc v'scosnyhLldtx･C"czILcuL.lLed.15SLH一一川f:

m.lX･mum )rLter.TICL･OnOrthedcnsc I).lrtlCks

WlLhLlIcSurrOundLngmCd】um ForĉvltLeS

Eaus=1ぢ即lnSLhlS ､ヽ･Ouldlx･theC.lSeTor

lI.-2u. (16)

accord,ngLOtheCOLE-ctrcEc UpLOrtO､V

no cxplosl､t COu】d Lだ (ound Su打ennE日 hlS

UPFW COndlLIOr'bystabledetonaltOn-､elo亡lly
lL8nOヽtdnyerldctonatton5houkLk below

thlSCOnJluOn,themLemChongel55mtlller,

Chemm IreacLIOnlSrH COmPletedand｡on5e･

quentJyLhede10rLatIOn-､tlol:lLydecTtLLSa Tor

SuStalnlngtheselEpropa即tmgChemlCalshock

lnpractlEeCOnd】lLOl1(16)l与nC､CrrCnIIZed

bee.lLn･COtthe ]os5CSL'tthei,sLen nEwns

present,seeElg6

1HSOtn tereSlthtltZm t'InatOgyOfthe

outlLneddcLOnaいollmcehn111Sm lSa】50known

lnClcclrOnlCS ･̂H COLLS11C-eLt,clrlC.ll洲lP1ト

r)C.lLLOn LS pOSSLble lorthe casetllEtllhc

caTm･r-､･eloclty0EckClrlCLlyO､errOmCSlhC

sound-､elo⊂lLyH=hcCrystal

T heearners areenerglllngthesound-≠a､e

ButltlSnOlpOSSIbletoLTeAtthedc10r)attOn-

mechanLSm 且∝Ord】11g tOthlSWHLTE-mcCh･

an18mlり slrlCedt･LOrはtlOrlLSfarETOm the

acoustleaLcase.Lllebubble-､tloo t) canI tk

detcrmlrled b),corLSLarlLlnf･l:tJOn and the

problem lSn'ttotxIre.ltCJby】lrLeamaLIOrl

SlnCethe⊂lnernnt..: V,S亡051tyOfgLLSeSlS
slmllartoorgreaterlhnntllatOfnorma)

fluJdS･.lL5notSurPrlS'ngthatanLlknoCklr'g

LStObeexplalned-nthesIFn.18rWA)･aSthe

SCrlSItIZerS SlrlCelnthlSCaSモLhedenslty-TaLIO

LS､er)hlBh,maxlnUm lnteraCtlOnOHead-

ox･de-partldes l)redornmnleSSLl)日 日tr)lo≠

･e]oqtICS8Jldstrong nLLenuaL■OFILSObL8Ined,

SeC fig2fortheCaBeOrP'/p..I 20,000

ThIS"lerPretatl0■115n'= eTTertPyAblcaLS

alltlknockLngprOdureJby thLSTneChaJllSITHS

onl〉師 SlbleEh'oughlle･lVypam｡les These,

ho､･,et.汁,destroylhccombust.on-engmc,cr.

zrnot. arepol50rlS1)kclead-oxldc

SL'tCeSO】'dcxpLosl､,CSZrreeh.'tmcLCrLZedby

l･lrgC･l･1150L,OPyOFLhc31rlgkcr)SLnlPrOPenleS,

LICr̀lCk vclocII)I themaLrlX IS POSSlbLe

cxcccd川t;theshock-､elo⊂lLy(SLeヽCrdlngand

LAhTllgklt)). For､V.1ヽe-lengLhslmllれrtOthe

芹rZILn与t班 aCOU5tlC8korpt10nSarelXは51ble

sLnCetheⅥ aヽe-frorlLInterferesaLlヽelllocAllZed

thotっPotSqOrle､ery⊂r)SEallllerBuh.ngfrom

ltSanLSOtrOPy TheElTStStepOflrllll&t10nb)･

lvc.lksLLmUtllStObeunders10d lnLCrm Of

rmcturcmechanlcss'r一亡e･1t一ow prcssu咽 Ihe

crack-propaF:at)On SCltm5 tO bethefasLeSL
e､℃nt l̂帥 the pores may lrLlemCt"lth

themRtrlXACtlngl･keexcltmg "edF;eSlrPCre-

rnobIILl)I5tarLS and LltlCr一亡r)ちIaHlnCCraCk-

1om).ltLOTllSSenS)tLZed.SeeCOLE-⊂】rdeStar_

LlngTlt.rCSp near";/IL,I I IE,h〇､･･C､er,

F



themobilityoEtheports iSrealized,this

eqectgetsthehst缶tOne.

Experimentallythismaybeseen atthe

lighttdoretheShock-Front,in8deton8titlg

explosive, see 五g.7. According to the

Hugoniotl叫tJationoEtheexplosiveand its

detonation-velocityoEabout8,000m/ら,the

vdocityoELullactivatedporcSreachabout

zL;≡9,60m/S. Thecommonbetweenboth

mechwism is,thattheduradonofA c8Yity

intheshock-Zonegetsinfinity.
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