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DeterminationofJWLparametersfromunderwaterexplosion

testforidealandnon･idealexplosives

●●
HidckiHamashima',YukioKato,YouNadamitsu''',andShigcruttoh

StateofdetonationprductsisdcscribcdbyvaTioLJSlypesofequations0fs一ate.Jones･Wilkins･LccOwl)

equationofstateiswidC1y収dbecauseofits5iTTIPlicity･JWLequationofstatecontainsparametersdetermined

bylhccylindcrexpansiontest.Wcobtainedtheseparametersthroughthemethodofcharactcristicsappliedtothe

conRgumLionsofundcrwatcrshockwavesofcylindricalexplosives.｢menumericalrcsultsobtainedbytJSinglhc

JWLpammetcrsdetcrmincdbythetJndcrwaterexplosiontestarecomparedwithtbccxpcrimcntalrcsults.Good

agrecmcntbclwccnthenumcrica]andexperimentalresultsisconfirmedinlhccaseofthe]'dcalandnon-idea)

explosives

l.htroductjon

Stateofdetonationproductsisdcseribcdbyvarious

typesofequationsorstate(EOS),suchasBecker-

氾Stiakowsky-Wilson(BKW)EOSl)2㌧ Kihara･Hikjta-

Tanaka(Krrr)BOSS),Lennard･JonesIDcvonshire(UD)

EOSl),andJones-WLkjns-LeeUwD EOS… .BKW

andK汀rEOSsaICVCryCOnVCnicnt,becausetheycan

calculatestateofdetonationF)rOdtJCtSOncethecomposition

ofexplosiveiskJIOWn.Howcvcr,whenBKWandKm

EOSsa一eiTLCOrPOratCdinhydrodyllamiccalcLJlations,itis

ICquircdverylongcornPutationtime.JWLCOSiswidely

usedbccauscofitissimplicityinhyd10dynamic

calctJ)ations.JWL巴OScontainsparamclcrsdescribing

thelelationshipamongthevolume,cncrgyandpressure

ofdetonationproducts.TT]CscparamelcTSaredetermined

bylhemetalcylinderexpansiontcslcalledcylindertest.

Tnthecylindertest,theexpansionofdetonation

prodLJCtSisestimatedbythemetalcy)indcrexpansion,

butnotbytherca]expansionoftheproducts,TT)creforeat
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highlyexpandedregion,theexpansionofproducts used

tobeunderestimatedbylhcc批clofmcta】cylinder.Wc

haveconfirmedbothincxpcnmcntsandinnumerical

simulationsthatthereisastrong00rre]ationbctwecn

underwatershockwavesandcxpaTLSionwavesp10duccd

bytheexpansionofdetonationproducls･9〉

Tnorderlostudylhcexpandingprocessofdetonation

productsofexplosives,tbcopticalobservationofthe

tJnderwatcrexp10Sjonofcylindricalcxplosivcswas

carriedout.Usingamethodofcharacteristicsapp)icdto

theconfigulalionsorundcrwalcrshockwaves,the

expandingpr∝essofdetonationproductsismadeclear

inalIstages.lnthecxpcrJment,StTCakphotographsand

tねmingphotographsarctakenbyabigh･spccd camera

uslng a conventionalshadowgraph systcm･TTLC

configurationsoftJnderwatershockwavesobtainedhm

thestreakphotographsarcfunctionallyapproximatcdby

thenonlincarcurventtingmcthod･州 ncexpanding

processofdelonalionproductsispredictedbyapplying

themethod ofcharacteristicsandoncJimcTISiona)

hydrodyT]amicanalysisfortheaxissymmcLricnow･Tnt

parametersofJWLEOSarcobtainedbyuslnBthis

technique.Theprcssurcanddensityofdetonation

produclscanbcdctcrmincdbymakingthetJnderwater

expandingprw ofthedetonationproductsc]car･

2.Nomendaturo

r Radius

P Prcssurc
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P Density
e Jntemalcncrgy
D Detonationvc]ocity

U.. Sh∝kveI∝ity

〟, Parlic]eveJcK:ity

u Partic)eve)Ocilyinstationarycoordinate
C SoundveI∝ity
M Machnumber

/I MachanBle
y Prandtl･Meycrbnction
e ShockhntangJc

r (bcmcientofGr由neisen

∂ Dcflcctionang一e

3.Methodofcharacteristics

TT]ctheorytouseamethodofchTaCteristicsis

dcscTibcdasfoHows.TTICLlndelWatCrShockwavesystem

dcscTjbcdinstationaryC00rdinalcsystem fixedto

dctonation斤ontisshowTIinF)8.1.77)cproperttesof

detonationandthepropagatingpK榔 Ofundcrwatcr

shockwavearc assumedasfollows.Detonationwave

pIDPagateSintocxptosivcwithaconstaTttVC1OcityD

andhaslhesteadydetonationbehavior.Unde-water

sh∝kwavekccpsltSimilarshapeandmovestowaJdxat

aconstantvclocityofD withdc10natl'onwavc･

a)nscqucnt)y,detonationwaveandundcrwalcrsh∝k

wavecanbcstoppedbyaddingthercverscvc]ocityof

-D,whI'chhasthereversediTeCIionofx,lothewho]c

streamlie)d.BoundarytN:rWCCndctona血nproductsand

waterisshownbycurveABalstationarycoordinate

system.CurveofCbaTaCtCristicsSIBlisdescritd

betwccnthisboundaryandunderwatersh∝kwaveAS.If

theequationU BCo+su,isappliedtotherc]ationof▲

thedbZiqtJCSh∝kbytJSingamethodofcharact血 icsad

thechangeof∂alongstrcamliJVSiTLthediTCCtionof

s他 m]iTY:andlhcchaJlgCOf一′amongSl托amlincs,tk

cqtJationsbrundervdershKkwaveateObtainedasfollows.

P-P.usu, (I)

p=pDUJ(U,-a,)

uZ=lus(S-)トcoL DZIUj一∫

,an d ≡(UエーCo炉1才
sDLU,Us-Co

dv! JW u..(I-2SトC.(S-I)】
dU～ U.: +C:+S2DIL

(4)

(5)
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PMMAAquArium

FiB2ExFh taldeviceforl
kcylirKhicaJsamplee

xpl岱ives.explosivchas14mmindiamctc-and250m

minlcngth･ThecylindricalEMXexplosivehas20mmindiameter

and250mminlctTgth･TTLCCXPCrimentaldevic

eforthesphericalsamplcexplosiveisshowni

nFig.3.TTlesphcrica)SEPcxplosivcha

s54mmindiameter.InbothFig.,thes)itshowsthe

oplicalslitfortakingthestreampholo

glaPh.5.Numericalsim

ulationThcnumcrica)simulat

ionoflheunderwatercxplosionofcylindricalexp)osivewasconduct

edbyArbilrary-bgrangian-Euterian(juE)mcthod日,

byusingC-JVo)umcBumTcchniquclZ)andbyus]ng
thelawsofconservationofmass,moment

um,cncrgyand巴OS;G)nscrvationofmass,je_

+土地 +也 =o∂t r ∂r ql (6)Conservationofmomentum,也 .⊥也 む.並立=一

也 (7)∂J r ∂r Qy ∂r也 ._i血 .血 =-並 立 (8)

∂t r ∂r Jy OyandconseⅣalionorenergy,也 +土 地 +血 ニー(p.qk (

9)at r ar ayH=上里 +_91 (10)rar &where

a,v arethevelocitycomponentsofr,ydirection,respectively. PMMAAquariumFig.3ExFXFind de血

brtJ℃甲l血SEPexplosive･MI'C-Gr伽eiscn

EOSistJSCdforwaler.)3)p-宕藷 (トキ )･npoe (1I,wh

erell-I-& (12)

βTheconstantsofMie-Gr
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Table2JWLparamctcrsobLaincdfromthemethodofcharacteristicsandcylinderexpansiontestro√samplcexplosives.

1Ypc 〟(GPa) B(GPa) R/ R

z αISEP JWL-UW 372 3.48 4.59
1.06 0.29JWL-CY 365 2.31

4.30 1.00 0.28EMX JWLUW 1.51 4.43 5.80 ).7 0.24JW

LCY 2.09 0.12 23.4 2.6 0.34byusingC･JlblumeBumTechniqueandbytJSing

JWL巴OSandMic･G畑ncisen

巴OS.6.RosultsandDiscussion771e numcrica

lresultsand expcnmentalresultsobtainedforcylin

dricalSEPandEMXexplosives areshowninFig･4and5･TTIC

VCrtica)axisisthedistanceinthedirectionofraditJ5.771

ehorizontalaxisisthedistancemcasLJred斤omthedcto

nation斤ont.Opencirclesindicatetheconrlgurationoft

heundcrwatcrshockwaveobtainedcxpcrlmCnlally,andope

ntrianglesindicatethetDundarybetween deton

ation products and waterobtainedcxpcrlmCnta]ly

.Solid )incand broken limeshowICSPCCtivelytheconf

igurationoEtheunderwatershockwaveandtheboundary

tXLwecndelonalionproductsarLdwaterobtainedi

nnumcrica]simulationuslng.JWLparamctcrsdctcrmincd

bythemethodofcharacteristicsapplicdlothe

underwaterexplosionlestOwL-UWparamctcrs).Dot･d

ashcdlineanddotJot-dashedlineshowrcspcctivclythe

configurationofthetJnderwatershockwavean

dtheboundarybetweendetonationproductsandwater

obtainedinnumcrica)siTnulationusingJWLparamctcrsdctermincdbythec

ylindertest(JWL-CYparamctcrs).)nthecaseo

fcy)indrical SEPexplosive,goodagrccmcntbet

ween the experimentalresults andnumericalre

sults obtained tlSlng both JWL-UWpalamCtCrSandJWL･

CYparametersisconGrmedfortheconrlgtJration

oftheundcTWatCrShock waveandboundarybctwccndeton

ationproductsandwater(Fig.4).'nlCSCresultsindicateth

atthenumcrica]resultsobtainedusingJWL･UWpara

mctcrsagccqultcwc]lwiththoseobtainedusingJWL,C

Yparametersinthecaseofidealcxp)osivc･ltis

confirmedthatJWLEOSusingbothJWL-CY a

nd JWL･UW parameterscan simu)atedetonation propa

gation in tJnCOnfined cylindricalcxp10sivcs

inthecaseofidealcxp)osives･lnthecaseorcylindricalEMX cxplosive,god agreementbc

twccn the cxpcnmcntalresults andnumericalrcsLJlbo

btainedusingJWLUWparametersis00nrlrmedforthecon

flguralionortheundcrwatcrsh∝kwaveandboLmdar

ytXIWCCndetonationproductsandwater(Fig.5).Howeve

r.lhcnumcricalrcsu]tsobtainedusingJWL･CYparaTTI

CterSarcShowntoundcrcstiTnatetheexpansion

ofbothundcIWatCrSh∝kwaveandboundarytx:twecndet

onationproductsandwalcr.Itisshownthat,inthecas

eofnon-idealcxplosivcsasEMX,JWLUW para

mctcISShouldbc used to simulatedetonation prop

agation in unconfincd cylindricalexplosives.TTIescrcsu

]tsindicatethat,inthecaseofrLOn-idealexplosives,

thecxistcnccormctalcaseglVCSstrongc批ctsonthe

expansionofdetonationproducts.neconfigurat

ions ofundcrwatcrshockwavesforcy】indrica】S

EPandEMX explosivesoblainedby丘amingphotograp

hsandnumericalsimulationus)ngJWL-UW paramc

LcrsarccomparedinFig.6.Goodagreementsarcoblaincdbctwccnthecx

pcrlmcntaLandnumericalresults.Figure7indicates

thedistance･timerelationortheshockbntfor

sphericalSEPchargeof54mm indiametcr･Opencirc)esi

ndicatethecxpcrimentalrcsLJ]tsandthesolid]incindicatest

henuTT]Crica)resultstJSingtheJWLCOSwith

JWL･UW pammctcrs.Itisconfirmedgoodagrecmcntbctwccntbcnumcrica]andcxpc

nmcntalrcsu)ts.7.ConclusionAnewtcchniquc

indctcrminingtheJWLparamctcrsofdetonationproducts

ofidealandnon-idcalexplosivesisproposedinthispape

r.rIllistechniquedevelopedthemethodofcharacteri

sticsintbcrelationbclwccntheundcrwatcrshcH

=kwaveandtheexpansionwaveofdetonationprodu

cts.Usingthistcchniquc,wc canestimatetherelationbc

LwccntheprcssurcandvoILJmeintheexpandedregIOn

Ofdetonationproducts.Then,wecande
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=50 0 50 100 150 200 250
Dist

aJICC(mm)Fi84CbnGg JntioTbOftheLqKkyu
der血 ∝虫 waveaJdth tx)ur

KhrytxM ndetortadonpdu血 andw山erfolSEFT.

10 20 30 40 50 60E払tAnCC(nm)30加(t

L

TtT)99tnqSB -10 0FiB5CbnfjbJJadcqsof加 U加 erdt

xkwaycand也etx)udaJyぬ l椛打I

detona血nprductsazdwaterfblEMKJWL EOS LJS)ngJWL paramctcTSdeterTnined b

yproposed technI'quewasaロp))led

to thenumericalsimulationofdetonationpropas

ationinunconfinedcylinddcalchargesofbothideal

andnon-idea)explosives･Goodagreementwasobta

inedbetweentheexF)eTimentalarLdttumcricalrcs

u】ts.ItisconfirmedthatJWLEOSusingJWLpa-amele-sdelCrmincd

byproposedtechniqLJecansimulaLcdetonationprop

agationinunconfinednon-idca]cxplosivcsasWCHasi

dealcxp)osivcs･References1)C.LMadcr,"DetonationPropertiesofCondense

dExplosivcsCbmputedUsingthelkcker-1Gsliakowsky- (a)NumeriCalreBults(b)Experimentalre8ultsFi

g･6Q)nrlgurationsofunderwatersh∝kwavebycyl

indricalcxplosivcs.4つJ21(utu)33uqS!凸000000
000 5d- Cdcuh血nOExpcrhent50 100 150
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