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Theinfluenceofaluminumparticle8i2;eOn

detonationofthealumini2:edexplo8ive8

ChanggenFeng★,hngChen*,andXinpinghng★

Forinve8tigatingtheinnuence80fthesiZ:eOfaluminumparticle80nthedetonation

perfornance80falumini乙edexplo8ive8,themetalplateaccelerationte8t8andtheqlinderte8tS

werecarriedoutwiththealuminizedexploSive8havingaluminumpartic188indiErerent8i2:e

reBpeCtiveJy.Thefree･8urfACeVelocitie80fthemetiLlplatesandthewallvelocitie80fthecylinder

weremeasuredbyaVISARinterferometer_Theparameter80fJWLequationof8tateforthe

detonationproductsforaluminizedexplo8iveSWeredetermiJledbasedontheexperimenblreBult8

0ftheqlinderte8t8.Thetwo･dimen8ionalnumerical8imulation80ftheaccelerationte8tBWere

conducted.Theignitionandgrowthreactiveflowmodelofexplo8ivedetonationwasu8ed.By

comparingtheexperimentalandcomputationalre8ult8,theparameter80fthereactionrate

equations0raIuminizedexplo8ive8Weredetermined.ThefractionreactedofaluminiZCdexplo8ive8

aregiven.Thereactioncondition80fthealuminumparticlesindiuerent8iZeareanalyzed.The

re8ult8Showthatthealuminumparticlesin8m&11Sizereactfasterinthedetonationthanthat

ofthelargeSizealuminumparticle8.
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1Introduction

Forhavingthealuminum reactioninthe

detonation,thealuminizedexplo8iveSaretypical

non･idealexplo8ive8.Thealuminumreactionis

relatedtomanyfactors,8uChA8theconfinement

oftheexplo8ive8.the8iZeand8hapeOfAluminum

particleandthechemicalcomponentofdetonation

product8etC.Formanyyears,therehavebeen

manyre8earChe80nthealumintJmreactionin

detonationl)-6).Becau8ethealuminizedexploSive8

u8edbyeachre8earCheraredifferent,the

conclu8ion8aboutthealuminumreactionim

detonationarenotcomparable.Thegoalofthe

presentre8earChiStOinvestigatetheinnuence80f

the8izeofaluminumparticlesOnthedetonation

reactionofaluminizedexploSive8.Themetalplate

accelerationteSt8andthecylinderte8tBWere
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carriedoutwiththealuminiZiedexp108ive8having

aluminumparticlesindifferentSize.Thefree･

8urfacevelocities0fthemetalplate8andthewall

velocities0rthecylinder8Weremeasuredbya

VISARinterferometer.Thetwo･dimen8ional

numerical8imulation80rthedetonationte8t8Were

conducted.Bycomparingtheexperimentaland

computationalresult8,theparameter80fthe

reactionrateequations0faluminiziedexplo8iveS

andJWLequationofStateforthedetonation

productsWeredetermined.Thereactionrateand

timeofthealuminumpArticle8reactionare

di8Cu88edinthepre8entpaper.

2Atuminkedexplosives

RI)Ⅹmixedwiththealuminumofaverage

particlediameter850nm,5pm and50pm

re8peCtivelyweremanufactured.Inmakingthe

aluminizedexploSive8With50nm･diAmeter

aluminumparticle,allmanufacturingproce88e8

werecarriedoutintheinertgasenvironment80

88tOpreventthealuminumoxidation.Table1
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summari2ieStheexplosiveformulations.

Table1Explosiveformulations.

explosive composition luminumdiamete
r1 RDX/AI/wax/76/20/4

50mm2 RD㍊Al/wax/76/20/

4 5ー1m3 RDjuAl/wax/76/2

0/4 50LIIn3T

ostfaOility3.10

ylindortostThecylindertestiBCOmmOnlyused

toevaluateexplosiveperformAnce占andtod

eterminetheparametersoftheJWLequation

ofStateOfdetonationproducts.1nthepresen

tStudy,thecylindertestsin25mmand50mmdi

ametersWerecarriedout.Figure1showsthesid

eviewofthecylindertest.In25mmCylinderte8tS,

thecylinderexpansionproce88eSWererecordedb

yarotatingmirrorstreakcameraandaVISARin

terferometertogether.Figure2Showsthetopview

ofthe25mmcylindertestsetup.In50mmcylinde

rte8tS,thecylinderexpansionprocessesarerec

ordedbytherotatingmirrorstreakcameraonly.

L1.Detonalorこ2.Planewavelens3.B

∞stcrこ4.Electricpin;5･AlumiJlizedexplosivcsこ

6.Coppertube;7･Electncpen;S･Bas叩1aLcF

ig.1SideyiewofthecylindertestSetup3.

2MetalplatespushtestFigure3illuBtrate8the

setupofthemetalplatespushexperimentsetup

･ThedetonatorinitiateStheboosterorPETN

inlOmm･diameter.Thentheboosterinitiate8aPlan

ewavelensin42.8･diameter･TheplaneWavelen8eSgenerateplaneshockwaves toinitiatethealumin

izedexplosivesinthePMMAtubes.TheSizeso

fthealuminiZiedexplosivepelletsare40mm

indiameterwithathicknessmeasunngI5mm.Th

ealumini2iedexplosivesdetonateandpushthecopperplatestOmove.Thecopperplate

sAre40mmindiameterwithtwodiuere

ntthicknes8mea8urlnglmmand0.54mm.Thelas

erbeamoftheVISARinterferome

terirradiatesthecenterofthecopperplates

Vertically.Thefree-surfacevelocities0fthecopperplatesaremeasure

dbytheVISARinterferome

ter.Underthesedimensions,thedetonationbehavior



naturewithoutperturbationsfrom mdial

rarefactionS.

4Computationalapproach

AhydrodynAmiccodewasusedtosimulatethe

metalplatepushteStSandthecylinderteStS･The

Ignitionandgrowthreactivenowmodelwasused

rortheAluminizedexploBive8 7).Theproduct

equations0fStateareJWLequationsofstate･

ThefollowlngaretheJWLequationsofState.

TheHugoniot如 teisdescribedbyeqn.(1)

p-A(･一計 ･Y･十着)e-N･･Y･芋 (1,

andeqn.(2)givesthetsentropeState

p.-Ae-へ･'･BC-k,r･鼻 (2,

where,pi8thepressure,Vietherelativevolume･

A,B,C,Rl,R･land(ひareCOn8tantS.Theignition

8mdgrowthreactionratelawi80fthefollowlng

form

筈 -I(A-r･-･f-･-d- ･･t-F･JJp･･GZ･l-FrF'p' (3)

WhereFi卓thefractionreacted,tthetime,p

thecurrentdensity,fhtheinitialdensity,pthe

presstlre,I.Gl,G2,a,b,x,C.A,J･,e,SandRare

constants.FortheENDmodelofdetonation,the

firsttermintherighthandsideoftheformula

denotesthepartofexplosivesIgnitedbyshock,the

Secondterm denotesthef88treactionof

explosives.thelasttermdenotesthereactionafter

theCJpoint.Forthealuminizedexplosives

detonation,thelasttermdenotesthealuminum

oxidationreactionwiththedetonationproducts.

5.Results8nddiscussions

lnthecylinderte8t8,thedi叩18ccmentSVersus

Limeofthecylinderexpansionweremeasuredby

therotatingmirrorstreakcamera.Thewall

velocitiesorthe25mmcylinderweremeasuredby

theVTSARinterferometer.
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I-I-CalculationFie.4ExperimentalAndcalculateddiSl

placementSVerSu8timeof50mm

cylinderexpansionwithRDX/Al(511m

)mixtures600mm㈹ll(tJq)JA _べ二･

ktJJLJ i j ･〉-1〆･〆l/0.0 2.0 4.0 6.0 8.0 10

.012,0l/p- cxpcrmlC

)ll---caJculalionFig.5Experimentalandcalc
ulatedwallvelocityhistoriesor25mmcylinder

expanSionwith RDX/Al(5pm)mixtureSI

nthecalculaLions.theparameters0fJWLequations

ofstatewereadjustedtothegroupordatauntil

thecalculateddiSPlaCement8VerBu6timeofthec

ylinderexpansionareingoodagreementwith

theexperimentalresult8.Figure4illuStrAte8thecomprisonoftheexperimentalAndthefina

llycalculateddisplacementsversustimeoft



Table3ParametersortheignitionandgrowthreactivenowmodelofaluminiBedexplosives
withdifferentaluminttmparticlesize.

Siヱe I×107 b fJ .t' Gl×IOIZ C a ∫

GZ e g I50nm 6.0 0.667 0.ll 10 2 1,0 1.0

1.0 ll 1.0 1.0 1.05pm 6.0 0.667 0.ll 1

0 ワ 1.0 1.0 1.0 8 I.0 1.0 1.050-川1 6.0 0.667 0.ll 10 2 1.0 l.0 1.0 6 1.0

L0 1.0Table2sh

owstherittedparameters0rJWLequationsofstate

.WiththeparametersinTable2,thewall

yelocityhistoriesofthecylinderexpansionma

ybecalculated.Figure5Comparesthewallveloc

ityhistoriesor25mmcylindermeasuredbytheVI

SARinterferometerwiththecalculatedwall

velocityhistoriesor25mmcylinderforRDX/Al(5

11m)mixtures.TheaverageofthecAIcul山edvelo

cityagreeswiththeVISARvelocity.Itshow8that

theexperimentalresultsoftheVISARinterfero

meterag

reeWiththosebytherotatingmirrorstreakCamera

.Inthesimu18tion80rthemetalplatespushtes

ts,theresultsoftheexperimentsareCOmpared

withthatOfthecalculation8.Theparamete

r80ftheIgnitionandgrowthreactiveno

wmodelaredeterminedbymorethanonecalculatio

n.Table38how8thethreegroups0ftheparame

tersoraluminiz

edexplosive8withdifferentaluminumparti

cleSizes.Iti8ShowninTable3thatforthethr

eealuminizedex

plo8ive8,theallparametersarethesam

eexceptG2.Figure6-llShow thecomparisonort

heexperimentalandcalculatedvelocityhistorie

s0flmmand0.5mmcopperplatesdrivenbythethree

aluminizedexplosivesrespectively.Ineachfigure

,thetwocurvesareingoodagreementinreasona

blerange.ThatshowstheparametersinTab

les2and3arevalidforthealuminizedexplosiv

es.InC･Jdetonationmodel,itisSupPOSedthatthe

explosivesarereactedcompletelyatC･Jpoint･F

orthealumini宅edexplosives,thecalculatedresults

withC･Jmodelarethattherearenoreactionsaf

tertheCIJpoint.Figure12give卓thecompariso

nOfthecalculatedvelocitieshistoryOflmmcopper

plateb etweentheCJmod elandtheignitionand 仰棚仰

皿

m

m

m

伽

Ⅶ

S
N
Jr
n

0 1234 56
t/ps

IWmI-calcuhtion
Figl
6Experimentalan dcalculatedvelocity

historiesof0.
54mmc opperplatesdrivenby

RDX〟u(5mm)mixtures

蜘

m

訓
m

t帥

Ⅷ

知

｡

空一トーP)

0123456
tlps

-1XJmmCJtL--cakuhtjolt
Fie.
7Experimen

talandcalculatedvelocityhistoriesof0.54mmc



脚

胡

瓜

御

訓

邪

御

伽

個

別

S
JLL
JJn

-1印阿 Immt-Ca血 1山iorL

Fig.8Experimentalandcalculatedvelocityhistories
ofo.54mmcopperplatesdrivenbyRDX/

Al(50pm)mixtures

●●■

■●

◆■

2500

犯

例

Ⅶ

知

S
P

Jn

0
,
005101.
5202
.
53
.
015404
.
55
.
05
.
56
.
O

ups

一寸xpcnmcJll-･･Cakulatjoll
Fig.
9Experimentalandcalculatedvelocity

hi8tOrieBOflmmcopperplate8drivenby
RDX/Al(50nm)mixtures

0fthecopperplatecalculatedwiththeigmitionand

growthreactivenowmodelareraSterthanthat

withC･Jmodelinthelatetime.
Thevelocitiesof

thecopperplatecalculatedwiththeignitionand

growthreactivenowmodelareShowntobeingood

agreementwiththeexperimentalresultsasstated

before.
Itindicates80meAluminumparticlesreact

aftertheC･Jpoint.
Tbanaly乙ethealuminttmparticlesreaction,
the

fractions0freactedaluminizedexploSiveSinearly

timearecalculated.
Figurel3i8thecalculated

fractionorreactedaluminizedexplosivesinthepush

tests.
Itcanbeseenthat.
with5nmAluminum
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ityhistoriesorlmmcopperplatesdrivenby

RDX/Al(5pm)mixtures■■■■◆
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5∝lO∴三■:一二
･1.0･0.50.00.5 1.0 1.52.02.53.03.54,04.55

.05.56.0叫8-一抹FN:nJTWt

-Cak山tionFig.11Experimentalandcalculated
velocityhistorie80f1mmcopperplatesdriv

enbyRDX/Al(5叫m)mixturesparticles,the

fmctionreactedinlmmcopperplatetestandin0.Smmcopperplatetestar

ethesame.ThefractiDnreactedreachedabout

99%at2.5ps.At3.511S,thefractionreacted

i8about99%anddoesnotchangeAfterthe

time.Thetimeagreesbasicallytothe3.6pSt

hati8theacceleratedtimeofthecopperplates.

Foracceleratingthe0.54mmandlmmcoppers,thefractionofreactedexplo8iveS
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opperplate8calculatedwiththeignition
andgrowthreactiveLlowmodeland

C-amodel.■B..6j0000P〇一UeOJUO.qDeJlL :篭 nmAlJIMAl

011mAl･････0.54rnmCLJ- 1rTITn CLJ

0.00.51.01,52,0 253.03.a1.04,55.05JS

Bht/psFig.13Comparisonof
thereactionrateofexplo8ive8Withdifferen

taluminumparticleSizeinpu8hing0.5mmcopp

erandInncopperplateltcanbeβeenthatap

artof50mmaluminumparticlesreactedindetonation

waves8incetheexplo与iveSwith50nmaluminumparti

cleshavereacted96%in1.5118.Forthe8mau8

iZiealuminumparticle8,thefractionofr

eactedexplo8ive8arehigherthant

hatofthelarge8i2X!atthe組metime.It8how8th

e8izeofaluminumpaJ･ticleSwillaffecttheSpe

edandtimeofaluminumoxidationreaction.Thes

mall8i2iealuminumparticleshavelarger8urraCe

area8AndcanmixeaSilywiththedetonationproduct

stOreactfa8t.Tbacceleratethelmm

copperplate,thefractionofreactedexplo8iveswith5pmaluminumparticles or50pmaluminumparti

cle8arehigherthanthatoftoacceleratethe0

.5mmcopperplate.It8how8thatthefractionof

reactedexploBiveSWithlarge8iZiealuminum

particlesdependontheconfinement･TheStrongCOnfinementwillkeept

hedetonationp

roductBinrelativehigh preBBureforlongerti

metoletthealuminumparticlesreactfasteran

dmorecompletely.Forthe8mallSi21ealuminu

mpArticleB,Sucha8the5nmaluminumparticle8,th

ereactionsdonotdependonconrlnementOfexplo8

ive8.6ConcILJSionsThecalculatedre8ulte

areingoodagreementwiththeexperimentalre8

ult8.Theignitionandgrowthreactive皿owm

odelandtheJWLequationsof8tategiveninthe

presentpaperareavailabletothealuminiZiedex

ploSiveSwithdiJbrent8i2:e80faluminumpArticl

e8.Thelarge8i之ealtJminizedparticle8reaCtwith

productsAndrelea8eener訂atlatetimeinthedetonation

.The8trOngconfinementofexploBive8wi11acc

eleratethereaction.The8m&11Sizealum

inumparticles,8uCha850nmaluminumparticles,r

eactmO8tlyinthedetonationwave8andtheir

reaction8donotdependontheconf

inementofexplo8ive8.Roforon○
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