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EstimationofDetonationVelocityandDetonationPressure

forCHNOExplosiveMixtures

byXingXiZHOU'andYongZbngYU'

An empiricalmethodrecentlyreportedforestimatingdetonadomvelocity(D)anddetona-

tionpressure(P)ofpureCHNOexplosivesisextendedtoCHNOexplosivemi Ⅹttm ･Two

computationschemesarederivedfortheparameterG:addingtheircorrespondingweightedG

yaluesofpureconstituents(GI)andderivingfromthellyl)○theticalchemidlcompositionof

theexplosivemixture(GⅡ)･ThecalculatedDandPvaluesfromtheGISCheme,theGE

schemeandBKWareexteJ)SivelycomparedtotheexperimentalValues.Itisshown thattheGI

schemeisabletoestimatesimplyandacctmtelytheDvalues(withinaLnaveragedeviationof

±1.32'%)OrPva一ues(withinanaveragedeviationoL±4.77%)forawiderangeofexplosiye

types.

I. INTRODUCTION

InarecentpaperH,wehaveintrodtJCedanem･

piricalmethodtoestimatedetonationvelocitiesand

detonationpressuresofpureCHNOexplosivesina

simplemanner.ThemethodrequiresOnlytheinitial

densityandaparameterobtainedfromthechemical

natureoftheexplosiye.壮isshown toestimatesimply

arLdacctmtelydetonationvelocidesanddetonation

presst)resofawiderangeofpureCHNOexplosives･

BecauseexplosivesarefrequentlyusedinmiXtureS,

itispracticaltodiscusstheestimationofdetonation

performancesforexplosivemixtures.Although

numerousequationsofstate(e.g.BXW2),LID2).and
KHT31) havebeenusedilltheestimationofexI

plosivemixtures.empidcd methodsareattractive

becausetheyaresimple,donotrequreacomputeror

sophisticatedprograms,andeffectivelyreproducethe

resultsoftheequation-of-statemethods.Theseen･

pidcalmethodsindudeamethodorighallydeveloped

byUriZarl).amethodofKamletS).andamethodpro･

posedbyWuXiong6).TYLePresentpaperwilldescribe

thepredictivecapabilityoEthepreviousmethodI)for

CHNOexplosivemixtures.

2. CALCULATIONSCHEME
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TheequationsusedinRderenceIforestimating

detonationvelocitiesanddetonationpressuresoL

CHNOexplosiyesareasfollows(herehtheequations

havebeenreaJTaJlgedaccordingtotheunits):

D=(0.99G+2.63)p.+2133G+0･65 (I)

P=(1.COG+I.945)2p.2 (2)

whereDandParedetonationvelocity(kmJs)aJld

detonationpressure(GPa)respectivelyattheinitial

densityp.(g/cJ).Gisthegascoeffidemtoftheex-

plosive,whichisdefinedfromthechemiCalnature.i･

e..chemiCal elemental CompositionandstnZctural

type,oftheexplosivebytheH20{02decomposi-

tionasstunptionofthedetonationgasproducts.

Itisoftenpossibletousedataonthepureconsti･

tuentstoestimatepropertiesofanexphsivemiXture.

Thedetonationvelocityofan explosivemiXturecan

beestimatedaSthesumofthedetonationvelocitiesof

theconstituentsweightedbytheircorrespondhg

volumefractionsinUrizarmethodl).Kamletが )of

anexplosivemiXturecanbecomputedbytlSing

weighted-averageN.M,andQ(seethedefinitionof

≠inReEereTICe5)valuesofpllreCOnStituents,using

thehypotheticalvaluesofchemiCalelementalcomposi･

tionandheatofforTrtation(i.e.,theexplosivemixttlre

isassllmedasapureexplosivewiththesamecom･

position)andaddingtheweighted≠yaluesofpure
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constituents･JtisshowrLthatthethirdcomputation

methodof帥asttleadvantagesofsimplicityaJldhigh

accuracy7).

Therearetwoschemesforthecomputationofgas

coeEEicientG valuesforexplosivemixtures.One

schemeisthataddiJlgtheircorresprLdingweightedG

va)uesoEpureconstittJentS(derLnedasGlinthis

paper)andtheotherschemeisthatderivingfromthe

hypotheticalchemicalcompositionoHheexplosive

mixture(definedasGェ)･ForalleXPlosiyemixture

withthehypotheticalchemicalcompositionofC.HbNC

Od(b/2≦d≦2a+b/2).theGユVallJemaybecomptJted

fromthefollowillgequationlI.

GE-b+2(C+d)/Ja+2(b+C) (3)

TwocomputationexamplesoEGJwitlbepresented

forclarification.ConsideranexplosiyemiXtuTeOEtwo

pta explosives.Cyclotoト77/23(RDX/TNT).TheG

valuesofRDXaJldTNTare0.833aJld0.523respec･

(ively1).ThstheGIValueoECyclotoト77I23isgiven

by

G1-0.77×0.833+0.23×0.523=0.761 (4)

ConsideranexplosivemixturewMchContainsone

ormoreptJreexplosivesarLdoneormoreinert

materials.e.g..EDC-II(HMXJRDXJTNTIWax

rrrytene-64I4/30JI/I).TheG yaluesoEptJreeXI

plosiyes.HMX.RDXandTNTare0.833,0.833aJld

O･523respectiyelyI).WecaJlexpectthtthereare

smallcontrihtionstotheGlyaJuefrom inert

materiAn andthecontributionsCanbeignoredinthe

computationofGIEoranexplosiyemixture.Thtuthe

GIValueoEEDC-llisgivenby

GI=0164xO･833+0･04xO.833+0.30×0.523+0

=0.723
(5)

3. RESULTSANDDISCUSS10N

Table1liststheexperimentalvaluesofdetonation

vel∝ityanddetonationpresstlreOE46exptosiyemix･

lurestakenfromtherecentreferencebobs2)･り･8).

togetherwiththecakdatedyalueSfromGIaJldGェ

ValuesbyEquations(1)aJld(2)aJldbyBKW.The

cabhtedvduesbyBKWaretakenかomReference2.

Theformulationsandchemicalelementalcomposi･

tionsoEtheseexplosivemixtures租rLbeseeninthe

orighalrefercnceSZ)･り･8).Imadditiontomixtures0f

CIINOtype,TablelalsoincludesexplosivemixttlreS

containingF.ClaJldP(nottobeconfuSedwiththeP

inEquation(2)).TheseexplosivemixturesCovera

broadrangeofexplosivetypesandareconsideredto

berepresentativeofCHNOexplosivemixtures.TheG

va)uesoEpureCHNOexplosivesaretakenfrom

Reference･1.Equation (3) isnotapplicableto

NMJTNM-1/0.50imwhichd>2a+b/2.butwear･

bitrarilytal(etheGTvalueofthisexplosivemixttJreaS

l.000.

Theequationsgeneratedbyalinearleast-squares

fitofthedetonationvel∝itydatainTablelaregiven

byEquations(6)-(8).respectively.

G]Scheme.

D叩 =0･897Dr.1+0･866
(n=73.r=0.976.MD=±1.32,0.I)

Gェsctleme.

D.坤=0･835DElI+11325

(n=73.r=0.858.MD=±2.97,6)

BKW.

D.xp=1･017D̀,I-0･228

(n=33,r=0.992,MD=±1.27%)

(6)

(7)

(8)

wherenisthenumberoEdatapolntSused.risthecor-

relationcoeEEjcient.andMDistheaveragepercent

deyiationbetweertthecalculatedandexpedmental

values.Arehtivelygoodcorrehtionbetweenthe

calcdatedaJldexperimenbIyaluesoLdebnation

yelocityisobseryedfortheGI∝heme.ThecorreLa･

LionobtainedfortheGユSCheme(Equatiot)(7))ap-

pean poorerthBLJtfortheGISCheme.Howeyerthe

resdtobtainedfromBKW(Equation(a))issimihrto

thatoEtheG]scheme.

ItcaJlalsobe seenthatthedatapintswhich

deyiatedby>j=5% a托CompA-3aJldNM-TNM

mixttwesfortheGISCheme･Wh ythenisCompA-3

(RDXJWax-91I9)with耶 aterdeviation?WerLnd

nosatisfactoryexplanationsorlthisproblem.

ReEerence4giyesanexperimet)tal detonation

velodty-ini血Idensityeqtntion(D(p｡))forRDXas

louows.

D=3.47p.+2.56 (9)

Reference8givesasimilarequation.ThecaLctJlatedD

yalueBbyEquation(9)atp｡-1･61aJld1.64g/Cdare

8.15and8.25h/srespectively.whicharesmaller
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T8ble1 Calcu)atedandExperimentalDetonationpropertiestorCHNOExplosiyeMixttues

Explosive P○GI G" (ど/cJ) experimentd caJcdat
edD P(b/Sー (GPa)Rd. D(Lzl/S) P(GPh)hmGthGt)JlKW hnG1血

mGILBKWCOmpA-3COmp8CoJTlPB-AC〇mp8-3COTnpB-64/36COmpC-3 0.758 0.683 1.61 8.27 a 7.858 7.556 28.1 27.627.9 27.4

28.2 27.8 28.4I.64 8.

47 a 7.959 7.6560.72) 0,695 t.56

7.48 a 7.546 7.4451.61 7.67 a 7.713 7.611

I.72 7.92 a 8.081 7.9760.7)3 0.6

95 ).700 7.915 b 7.982 7.910I.7151.7171.72 7.911 b29.5

a7.99 a 8.032 7.9598.049 7.9760.709 0.693 1.621.7151.72 7.70 a

28.7 a7.89 a 7.70 7.5718.033 7.9690.72) 0.70

8 ).7t3 8.018 29.22 b 8.058 8.006 8.084I.713 8.03 29.1 e 8.

058 8.006 8.084 28.2 27.8 28.430.1 30.1 30.50.740 0.708 1.60 7.63 a 7_751 7.629COmpC-4Cy

clotoL-60/40 0.758 0.699

1.59 8.01 a 7.791 7.447

1.601 8.19 3 7.828 7.484I.6

6 8.37 a 8.028 7.6800.709 0.678 1.72 7.90 a 8.033 7.908Cycloto1-75

/25CycIo(01-77/23EDC-ll 0.756 0.746 1.74 8.20 a 8.290 8.250).76

8.30 a 8.357 8.3170.761 0.752 1.743 8.252 31.25 b 8.319 8.284 8.

3111.743 8.250 31.3 C

8.319 8,281 8.3118.297 8.228 8.384 30,1 30.1 30.5l.752 31.6 a 30.7 30.40.723 0.707 1.782 8,213 31.S c

30.6 30.1 31.5EDC-24 0.791 0.712 1.776 8.713 31.2 C 8.555 8.354 8.636 32.5 31.0 33.JlHMX/E7EOnd.r 0.754 0.787 1.833 8.665 31.3 C 8,595 8.7

33 8.625 33.4 34.5 34.033.0 34.0 34.835.2 35.435

.7 35.9 36.431.8 34.726.0 30.610.4 9,8 10.6LX-O一dLX-07d 0.708 0

.738 1.86 8.46 a 8.496 8.621).865I.

8651.87 8.53 亡35.O aB.54 a 8.512 8.638 8.6988.529 8.655

0.750 0.731 1.87 8.64 C 8.700 8

.624 8.805LX-09d 0.805 0.808 1

.838 8.84 C 8.825 8.837 8.8238.821 8.844LX-09-Od 0.804 0.808 1.837 37.7 aLX-09-ld 0.805 0.808 1

.84 8.81 aLX-1OdLX-)0-ld 0.79) 0.79

9 ).86I.860.787 0.799 l.87 8.82 (:37.5 a8.85 a 8.841 8.875 8.898.859 8.909LX一日d 0.666 0.70$ 1.87

8.32 a 8.354 8.520LX-l4LX-14-0 0.796 0.785 1.8)1.8330.796 0.785 1.835 8.76 C37.O a8.83 a 8.692 8.641 8.7498.77

7 8.791LX-15J 0.499 0.460 1.584 6.8Ll a 6.761 6.

6017



(TablelCondnued)

Exp)osiye P○GI GJl (g/cJ) experimertta) calctllat
edD P(h/Sー (GPa)Rd. D(b/a) P(GPa)fTOnGllrOmG止 BKW tromGl

hmGn BKWNM/TNM-1/0.071F 0.682 0.833 1.197 6.570 L3.8 C 6.l95 6.726 6.798

13.2 15.4 15.3NM/TNM-1/0.25f 0.581 1.000 ).31 6.88 15.6 C 6.217 7.722 7,

091 14.2 21.6 18.1NM/TNM-I/0.5P 0.522 1.000 I.397 6.780 16.8 C 6.262 8.

037 6.908 15.1 24.5 17.9Octo1-76.3/23.7Octo1-75/25 0.760 0.749 1.809 8.452 33.8 b 8.

540 8.494 8.555 32.7 32.3 33.3I.809 8.476 34.3 C 8.540 8.494 8.555 32.

7 32.3 33.325.3 23.531.4 27.8 27.90.756 0.746

1.81 8.48 a 8.526 8.4857.929 7.636PBX-9007dPBX-9010dPBX-9011PBX-9205 0.750 0.676 1.60I.64 26.5 a8

.09 a0.750 0.636 1.78 a.37 a 8.40L 7.9351.781 8.363 3).9 e

8.406 7.938 8.3718.358 8

.284 8.4968.368 8.2941.783 32.8 a 31

.5 27.90.750 0.732 1.767 8.5 29.8 b 30.9 30.3 31.

9I.7671.77 32.4 88.

50 a 30.9 30.3 31.99.8 9.9 9.91.

777 8.50 b 8.392 8.3)80.766 0.707 1.67 8.17 a 8.094 7.858PBX-9404dPB

X-9407dPBX-9408d 0.802 0.816 0.969

5.905 9.2 e 5.837 5.549 5.9761.84 8.80 37.5 a 8

.819 8.877 35.3 35.81.844 8.802 36.8 b 8.832 8.892 8.879 35.4 35.9 36

.31.844 8.80 36.5 C 8.

832 8.892 8.879 35.4 35.9 36.326.2 26.7

31.6 32.5 31.71.846 8.78l b

8.840 8.9000.783 0.801 1.60 7.91 28.7 a

7.922 7.9331.61 7.9L c 7.956 8.027 7.8860.790 0.810 1.842 8.787 C 8.776 8.859 8.865

PBX-950IPBX-9502ilPBX-9503d

0.800 0.801 1.834 8.792 b 8.790 8.794

1.84 8.83 b 8.810 8.8141.841 8.826 C 8.814 8,8)8 8

.8860.475 0.611 1.894 7.589 b 7

,629 8.201 7.7071.894 7.7t c 7.629 8.201 7.7071.90 7.7l a 7.64

7 8.2210.525 0.639 L.90

7.72 a 7.857 8.338Pe

ntolite-50/50RDX/Exond.e 0.625 0.684 1.65 7

.465 a 7.466 7.701 7.7401.68 7.52 a 7.564 7.8001.7

0 7.53 a 7.629 7.8660.75) 0.780 1.786 8.404

32.O c 8.425 8.543 8.403TATB/HMX/KdFd.e 0.6

0 0.681 1.898 8.16T c 8.167 8.508 8.553XO204d 0.691 0.759 I.909 8.44 C 8.588 8.873 8.791XO21gl 0.450 0

.596 1.914 7.63 C 7.587 8.202 7.638-B.M.bbTatZ.UCRL-52997(19881). b T.R.Git)bsaLrLdA.PopAnte.-LASLExp

losiyePropertyData'.UniversityoECdiEbTnhPress,Jkrkeley(1980). cc.L.Wader. ǸumericaJMode)ingoH)etonatio
ns-,tJniyersityofCali血rmi Press.Berkeley(1979). AlnaddjdontoCHJ40.theexp10iiveals

ocontainsotherelementssudlaSF.CtandP. eHMX/Exor1-90.54/9.46;RDX/Eton-90.I/9.9;TATB

/H氾X/Ke)F/45/45/10. 1T8…Toluene. lMix-ttJreproportionsbymole.WhenCak血tingG.thecomp

ositionischangedintoweightpercent,thaJltheexperimentalvaluesofCompA-3atcor･ cakLd

atdvahB (8･15aJd8･26hb)血mEQdon(I).正也erespo



WouldbeaninterestingFactforexplosiveengmeers.

Consideringtheloweraccuracylnexperimental

measurementofdetonationpressure (P),the

agreementsbetweenthecalcuhtedandexperimental

valuesofPinTat)1e1areverygoodfortheGT
Scheme(Equation80))andBKW (Equationqa).The
resultobtainedfromtheGⅡscheme(Equation(ll))is

poorerthanthatfromtheGISChemcandBXW.

GISCheme,

Pe.,-1･042P亡al+0･04

(n=32,r=0.993,MD-±4.77%)

GⅡscheme,

P叩-1･115Pca]-2･54

(n=32,r=0.955,MD-±6.91%)

BKW.

Pet,-1･074Pdl-ll90

(a-22.r-0.991,MD=±4.lo兜)

帥

0卑

ItisalsoseenthatthecalcuhtedvaluesofPfromthe

GISChemearelowertban也eexperimentalvaluesin

mostcases.

Atthisstage,wecanseethattheGISChemecom･

paresfavorablytotheGⅡschemeandBKW which

dependsupontheparticularequationsofstateandre-

qulreSthesophisticatedcomputerprogram for

estimatingDandPvduesofCHNOexplosivemix･

lures.TherealadyantageoftheGISChemeliesinits

simplicityanditsreasonableaccuracy.

A possiblereasonforgreaterdeviationsoL

NM-TNMmixt∬esisthat血ecomputationofGIOr

GⅡassumesnointeractionsorcompleteinteractions

betweenthedetonationproductsofthetwoexplosive

compounds.FromtheresultsinTable1.itseemsthat

therearesomehteractionsindetonationproductsof

NM-TドMmixtures.Thediscussiononthisdetona-

tionchemistryproblemisbeyoT)athescopeoLthis

Paper.

4. CONCLUS10N

Theempirical nethodrecent)yreportedin

Reference1forestimatingDandPvaluesofpure

CHNOexplosivesisextendedtoCHNOexplosivemix-

tt)resandothertypeexplosivemixturesITwocom･

putationschemesarederivedfortheparameterG:ad･

dingtheircorrespondingweightedGvaluesofpllre

constituemts (G-) and deriving from the

hypothetjcalchemicalcompositionoftheexplosive

mixture(GⅡ).ThecalculatedDandPvaluesfrom

theG-scheme,GⅡschemeandBKWareextensive･

lycomparedtotheexperimentalvalues.Itisshown

thattheG]SchemeisabletoestimatesimplyarLdacI

curatelytheDandPvaluesofexplosivemixtures･

Thesuccessofthisempiricalmethodencouragesusto

workonestimatingotherdetonationperformancesof

explosives.Weshallreportonadditionalworkinthis

areainduecourse.
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CHNO系混合爆薬の爆速および爆正の推井

周 邦書',干 永息'

著者らはすでに.CHNO系化合爆薬の爆速 (D)と燦圧(P)を推定する鎧敦的な方
法を収集したが,今回はCHNO系混合爆薬についてその応用を試みた｡G,{ラ}一夕-
は各成分の加東平均値 (GJ)と混合爆薬を単一化合物と仮定した計井底 (GE)とを用い,

それぞれのDとPの計界を行い,BKW値あるいは乗負債との比較を行った｡その結果,

GIを用いた場合は,G皿の場合よりも広い範囲の爆薬軌 こついて正確 (D値のJ{ラブ牛は
±1.32%以内,P値のJiラツキは±4.77%以内)であり,しかも両軸こ求めることができ

た｡

('中国100081北京市白石横路7号 北京理工大学化学工程系)
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