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EstimatingDetonationVelocityandDetonationPressure
ofCIH-N-0ExplosivesfromGasCoefficient

byZHOUXingXi'andYUYongZhong●

NewempiricaleqtJations aregiyenforestima血gdetonationyelodty aJlddetotLadon

p円弧 reOEC-H-N10explosives;

D=(2630+99DG)p+2330C+650,

P=(6.15+5.07G)2p2.

whereDondParedetoTLationyel∝ity(m/S)anddetonationpressure(kbar)respectivelyat

densityp(dda).GisGasCoefficientandisdependentupnChemicdstructtJTeiuddeto姐don

prductsoEtheexplosiyes･neabsol止eerrorforalI148dzLtaP ints(70expl血 es)is±2･

14%Eordetonationyel∝ity;thedeyiatiotIbetweez)thecalcuhtedandexprimen血Idetonation

presstlreValuesfor30datapoirLtS(18exlosives).is士4･32%･

1. 1NTRODUCT10N

AsdetonatiotlVelocity(D)arLd detonation

pre弘ure(P)Ofexplosiyesareimportantdetonadon

parameters.aCthginaclosecoordhationwithprac･

dcal applicationoLexplosiyes.thecdcdationof

detonationyebcityaJlddetonationpressureisofgreat

theoreticalandpracticalimp rtance･

UrbanskiI)and∑houFaQi2)gavecriticalreviewちOn

themethodsoEcalcuhtingparameters0Edet07Lation.

themethodsCaJ)begenerdlydassiLiedintotwo

catepdeS:derivedbmhehydrodynamictheoryoE

debnadonorbasedoneznpidcal eqtndons.Am ong

theempiricalmethods.08 (oxygen bahJICe)

叩 血 ),ZqMQ叫 bl蜘 bndd )3).Nbtp

Equiyaleflteqtudm (NE)2JandFactorFeqtntion

(RotheStein-Petersenmethod)9Jetc.WererEmgni2-

edtoberem血 blemethds.hthispa野 .VeprCP

p6eaTIeYempidd methodofestinudAgdebnation

yetocityaJlddetoELZLtionpreSmreOEC-H-NiO ex-

plosiyes.

2. GASCOEFFJCIENTANDTHEESTJMATING

EQUATl0NS

Expedmentsshowthatdetomtionyelocityofan

explosiveisdependentonstrlJChre.composition,

ReceiyedonI989.10.13

'DeprtmentofChemicalEngineering,
Beijhgh8tituteofTechnology.
BeijinglOOO81,China

血岬 dendty.debnadonprtxluctsanddlq血加rs.For

an explosiye.thedetonatiotlVelodtyoyerawide

rangeofdensitygenenllyobserycsthefollowing

rehtic6hip;

D-Do+M(p-po) (I)

whereD.Doandp.Poarethedetonationvelocities

anddensitiesattheirexperimentallymeasuredva)ue8

respectively,M isaconstantforagiyenexplosiye.

恥 don(1)czLntN2alternatiyclyexpr鰯 ed as

D=Mp+̂ (2)

TbetIew eqtndonsofeStinatingdetonation

velocity aJlddetonadonprcsmreofCIH-N-0 ex･

pl岱iyesareasfouowS:

D=(2630+990G)p+2330G+650 (3)

P=(6･15+5･07G)2pZ (1)

whereD,PzLredebtutionyel∝ity(mね)ZLnddetona･

donpresstqe(kbar)respectiyelyatdensityp(g/

d).GiscalledGasCoefGcient,whd)isdependeTIt

stmcttm.ComposidonandexplodonproduCtS.

Gisde血edasLolhwS:inamoteoEC.HbN｡OdeX･
ploeive.eEEectiyenitrogen8LornrLitrogenpS(N2).

euecdveoxygens蝕銃dlangehydrogenintowater

ps(H20).theJ)theremainingeff∝tiveoxygens

changecaLrbonsintonrbondioxideps(Col)(i.C..

theH20-Coldecomposition),themolenumberoE

gasformedis(eN2+fH20+gCO2).ForonemoboLC.

HbNcOdeXplosiye,iEalloLitsnitrogetlB,hydrogens

azldcarbonscanChaJlgeintonitrogengas,watergas.
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andcartxmgas,WatergasaJIdcarbondioxidegas･

respectivety.themoleAtJmbrofgaswouklbe(cJ2N2

+bJ2H20+aCOZ).soGiBexpressedas

G-(ckeNN22.'㌫ 票 ‰ (5,

1tisunderstandabk thatnitrogenoroxygen

atomsilldiLLerentqoupsdonotharethesameeELec･

tivityin thedetonationreac血m oE anexplosiye.

becauseoEtheirdiuerentchemiCal structqral eJl･

yironments.WeaJSStXnethat:

Nad OoE-CNO2.-NNO2.-CNOand-NNO

groupSateefEbcbe;

Nand0of-C(NO2)2and-C(NOZ)3groupsareeE･

Ebctivewithcorrecth coe焔cientsoE0.8and0.

73regecdyely;

NdotJblybndeddirecdytocartm ornitrogenasin

-CE,N.-N=Nand-N)打eeueCtiye;

NshglybndeddizecdytohydrogeJIOrCarboJlaSin

-NR,where氏caJlhe-H.lC.etc., aye

non-dk血ebrcdcuhdngdebnah vekxity.but

eLfbcdvewhenthecompuAdh舶grOuPSSuchas

-C(NO2)2,-C(NO2)Jand-ONO2;

Obondeddirecdybcarbonin-ONO2arenOn-eL･

Ebctiveforcalcuhhgdetona血mVd∝ity.btJt

thecorrectioJlC耽EEicient0.5 isgiyen Eor

cdcuhtingpnSSllre;

Oin-C-ヨ0,-C(X)R.-C-OIRwhereRcanbe

-Hand-Caremom-efEectiyeotherthanhaving

group88ud as -C(NOz)2. lC(NO2)I and

-ONO2iJ)them pund.

mecomputah oEGfromchemi calcomposion

andstructtJreOfalleXPhdyeissimple.aSShow in

thetblbwingexanqnes.

① HMX.1,3.5.7-tetranitr0-1.3.5.7

-tetraaヱaCyCIooctane molecularfonnda

CIW 808alInitrogen8andoxyp nsateetLec･

dve

o=4.〟2=4.d2=4.e=4./-4.8=2

G=(4+4+2)/(4十4+4)=0.833

② HCO. 1,3.3.5.7.7㌧hexamitr0-I.5-

diazacychxNh molecuhrbrmuh㈱ 0ほ

Nand0oftwo-C(NOZ)2areneededfor00r･

rech .thenuntw oLeuecかenitrogeASis7.

2(2×0.8x2+4)ad thentmbeTOEeftbcdye

oxygensiS10.4(2xO.80×4+4)

α=6.〟2-4,d2ニ4.g=3.6.′=4.∫-3.2

6=(3.6+4+3.2)/(4+4+6)-0.771.

③ PETN.penta叫 tolletranitra(emolecuhr

formulaC8HBN-012

0=5.bJ2-4.(花王2.0bondeddirectlyto

caboninnitrateqoupareneededLorcorrec･

donthenumberoEefEbctiveoxygensis8

(2×4)forcalctthtirLgD(e=2.′=4.g=2)and

lOforcalcuhtinggP(e=2.f=4,g=3)

G-(2+4+2)/(2+4+5)-0.727forcalcda血gD

G=(2+4+3)/(2+4+5)=0･818LorcdndadngP

3. RESULTSANDDlSCUSSl0N

Table1couatestheexperhental detonation

yd∝ides(ogetherwith theestiEnatedyaluesfrom

equation(3).Theexperimentaldataarecollected

from recenthteraturesaJld booksl)I)5)6m8I.The

molecularformulas,chemicaldesignationsaJlddata

sourcesa柁 】血tediJITable2.TheC-H-Nl)exI

plosiycsczLnberoughlychssGedhtofourtypesaccor･

ding to theirchemical structtwes.Theseare

nitroaromatics.aliphatics.nitrateestersaJldaZide

compotLnds.

An analysisoEthedatainTable1shows山at:(1)

thea血 hteerrorEorall148血tapoints(70ex･

plosiyes)is+_2.14,g.(2)12lof148calcuhtedD

yalues. 81･8%.liewithin3% oEtheexperimeJltal

yalues,(3)137oE148ca)cuhtedDvalues.92.6%,

liewithin5% oEtheexperimentalvalues. (4)the

LargestdeviationiB±8.81%,(5)thecorrehtioncoeEI

EidentforthebearreBreSESIOnplotoEall148datais

>0.977.(6)theahsotutecm Eor142血 tapoiJ)t8is

土1.58% (withut6datapointswhidldeyiatedby>
土7%,onedataEorHNB,oneforSORGUYL.Eotw

forNQ).TheconprisonoEyariotu methodsLot

esdmatiz)gdetonationyelocityaregiveninTable3.

Eqtndon(4日ssimihrtoNMQEqtLatiotIaJld

NitrogenEquiydentEqtndon.PiBlinearplotoEp2in

alloEthe紀 eqtはtions.Table41isb someexpenmen-

taIandcalC血 tedyah esoLdetona血npregmre.The

aby)luteerrorforall30datap ints(18explosiyt5)is

土4.82%.Theresultsbreakdom asfollows:17

CalC血teddetonationpressuresdiELerFrommeasured

vduesby±0-3%;5.by±3-6%;5,by±6-lox

;3.by> ±10%.nehecortda血nbelwecn et･

primentalandcalcuhteddetona血npr軌 rebya

Least-qtLareSLitisgiyenbyequation(6)･

PQ=1･029P.A-6･4 T=0･978 n=30 (6)

ThecomparisionresdtsoEvariotu methodstor
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Tab一e1 Experimental andCalcuhtedValuesoEDetonationVelocity.
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No. ExbS),OSive
.3.品盟懲e
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asulphuristreatedtofornSOTgash theHzOICOzd∝omposition.
bcorrecdoncoeEfdentO･175isgiycn.

estimatingdetonationpressureare8howninTable5.

ThecharacterSticoEthemethoddiscribcdinthis

paperisththctor8aLfbc血gdetonationVelocityaJld

detotLatiotlpre凱 rearediyidedintodensityandGas

Coe焔dentG.Gvaluesarederiyedfrommolecuhr

forTnulasandchemicalStnJCtureS.Themethoddoes

notrequireanymeaStJred orestimated ther-

mochemicalpropertiesSuchastheheatoEformation

oEtnreactedexplosive.ThemethodiBal帥 amCm･

pidcalmethod,buti写mOreSimpleandmoredirect

thaJIOthermethodshtheliterature.

EfEecdyityofnitrogenoroxygenatomsaJtdcor･

rectionc∝ffidentoEaCoupmaybequalitatiyelyex･

plairLedbyconsideringtheheatoEformationand

structtmlfactors･Itisapparentthatthtdifferent

kindsofgroupsorbondsbyedifferentcontribution
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Tab一e2 ChやrnicialDesignationsandDataSources

Molecuhr

No. Abbrev. Chemicaldesignation EorTnula Ref.

1 DNB mJinitroben之ene

2 PICAID 2.4.61trinitropheno1
3 XPLD ammoniumpicTate
4 DDNP diaZodinitropheno1
5 ETPIC e也ylpim te
6 TNAN 2,4,6-trinitroaJ)isole
7 HND P 等2■.4.4㌧hexanitrodiphenyhmine

8 HNDPO 2,2㌧4.4',6,6′-hexanitrodipheny)oxide

9 HNDS 考2',4,4′,6.6㌧hexanitrodiphenylsuはde

10 TACOT tetranitrodiben20tetTaPentaleJle
ll TETRYL N,2,4.6-tetraJlitroIN-methylaniline
12 TNT 2,4,6-trinitrotoluene
13 TATB 1,3,5-triamin0-2,4,6-tritroben之ene
14 TNA 2.4,6-trinitroaniline
15 TNB 1,3.5-trinitrobenzene
16 TNC 2,4.6-tdmitrocresol
17 BTF bcn五〇trihroxaJ)e

18 DBF 4,61dhitroberLZOftJrOXane
19 DATB 1.3diamino2.4,6trinitrobemzene

C6HIN201 (4)

CJもN307 (4)(5)(8)
CJU-07 (4)(5)
CJ12N.Os (1)(4)

CJ17N307 (4)

C7HSN307 (4)

C12H5N7012 (4)(6)

CI2HIN6013 (4)

C12H-N6012S
ClZH-N808
CIHSN508
C7HSN306
CJ16N606
CSH-N106
C6H3N306
CTH5N301
C34606
C6H2N106
C6HSNsO6

20 DIPAM 3.3'-diamiTI0-2,2',4,4',6,6㌧hexanitrodiphenyl
C12776N8012

21 HNAB 2,2',4.4■,6,6㌧hexanitrobcnzene
22 HNS 2,2',4.4㌧6,6㌧hexaAitrostilberLe
23 HNBi8 2,2■,4,4㌧6,6一-hexanitrobibenzy1
24 TNP 2,4,6-tdAitropyridine
25 TENB 1,2,3,5-(etranitrobenzene
26 PNB pentanitrobenZeme
2 7 HNB hexanitrobenZene

ClgH-N8012
C6H6N60]2
Cl-H与N60L2
CSH2N-06
C6H2N-Oo
CJWsO10
C6N6012

28 ABH aヱCr-his(2,2'.4,4',6,6㌧hexanitrobiptlenyl)
C24H6N14021

29 NONA 2,2,'2-,4,4一.4',6,6-,6--nonaJli加 -mlerphenyl
C18HSN9018

30 0NT 2,2'.4.4-,4-.6,6′,6■一･〇mtaJtitro-m-terphenyl
CIJ16NJ)16

31 PYX 2,6-his(picryhmino)13.5-dinitropyridine
C17H7NI101¢

32 TPM 2,4,6-tdpicrylっ一melamine C21H9N150)8(6)
33 RDX 1,3,5-trinitr0-1,3,5-triaBaCyCloh既 ame

C3H6N606

34 DINGU dinitroglycolurile Cl札N606
35 SORGUYL tetranitroglycolurine C-H2N8010
36 HMX 1.3,5,7-tetranitror-1,3,5,7-tetraBLZaCyClooctane

C4718N808
37 TENS 2,4,6,8-tetranitm-2,4,6,816tetraagabicydo(3,3,0)octanone-3

C.H4N809
38 DNACP 1.3ldinitrcr-1.3ldiaBa耶 lopentaJte C3H6N401
39 DNATA 3.611initram he-1,2.4,触 ine C2H2N801
40 HCO 1.3.3,5,7.7⊥hexanitr0-1.5-diazacydooctaLne

(4)

(4)(5)(6)
(4)(5)(6)(7)
(4)(5)(6)(7)(8)
(4)(5)(7)(8)
(4)

(4)(6)
(4)
(5)(7)
(6)
(5)(7)(8)

■ヽ′

)
)

7

7

7

)

)
)
)

)
~ヽ′
)

)

5

7
5
5

6
6

6

6

ー

(
ー
ー

(
ー

ー

ー

(7)

(7)

(7)

(6)

(4X5)(6)(7)(8)
(4)

(4X6)

(5It6)(7)

=
H一'‖_〓■
【=■Hu

6

6

6

n=
LrHH
rrH｣H-

CW 8012 (6)

(tobecontinued)

-256- エ薬火薬



Molecuhr

No. Abbrev. ChemicaldeBignation formula Ref.

41 TNCH 1,3.5,5-tetranitr0-1,31diazacyclohexane
C.HGN60& (6)

42 TMTN 1,3.51ria23-1.3.5-trinitrosocyclohexane
C3H6N603

43 NIRDX 6-nitroimin0-1.3.5-tdnitrpl,3.5-triamcyclohexane
C3HIN808

44 NIORDX 2-nitroimin0-1,3-dinitro-dizLZa一三ト00岨Cydohenne
C3HIN607

45 EDNA edlylenediJlitramiJle
46 NQ nitroguanidine
47 DNDMOA dinitrodimethyloxamide
48 NM nitromethane
49 TNM tetranjtromethane

50 NTNEMA N-nitre-N-trinitrcethylmethyhmine
51 BTENED his(trhitroethyl)ethylenedinitramine

52 BTNEU his(trinitroethyl)tJrea
53 TNEAE N-nitro-N-tdrLitroethylaminoethanolnitrate

54 NTNATE N-nitnrN-trinitroethyhninotriazol

C2H6N404

CH.N.Oz
C.W -06
CH3NO2
CN.08

C31もN50o

CJもNloo16
CSH6NAOL3

C-H8N6015

C.HINBOB
55 BTNDATA 3.6lbis(trinitroethylemiJIO)-1.2,4,5-tetrazine

C6HJluO12

56 DEGN diethyleneglycoldinitrate
57 DNPEN 2.4Jinitrophenoxyethyhitrate
58 TNPON 2.4.6-trinitropheAOXyethylnitrate
59 NG nitroglyce血
60 PETN pentaerythritoltetranitrate
61 TMPTN trimethylolethymethnetrimitrate

62 MNT methyhitrate
63 ENT ethylnitrate
64 EGDN ethdeneglycoldinitrate
65 FrVONITE tetramethylcyclopentanontetranitrate

66 1SBDN iS050rbitoldinitrate

67 CUTA cyaJIurictriadde
68 TATAB 1,3.5-triazid0-2.4.6-trinitroben訳me

C.HJ120T
CBH7N30e
C8H6N.0I｡
C3HsN309

CJもN.0)2
qH11N309

CH3NO3
C2恥NO3
C2H●N206

C9H12N.013
C6H8N208
C3N12
C6NUOC

69 DATNH 1,71diazid0-2,4.6-t血itrort2.4,地 山eptane
CJ18N1206

70 DATEN 1.9Jiazid0-2.4.6,81etranitm-2,4,6,8-1etⅧ amnaJIe
CsHION)lob

(4)

(6)

(6)
(1)(6)
(4)(5)(7)
(4)
(4)(5)(7)
(4)(7)
(6)

(6)
(1)(6)

(6)
(6)

(6)
(4)
(4)
(4)
(4)(5)
(4)(5)(6)(7)(8)
(4)
(4)
(4)
(4)

(4)
(4)
(4)(7)
(7)

(6)

(6)

totheheatoEEonmtionoftheexploSiyewhidldecide

thebeatoEdeto拍don.Wecansaythtnitrogenorox･

ygenatomsinthemolecdeoEan explosiyeyaryin

theireJterW P tentiala∝ordingtotheirbending and

chemicalstructurdenyironmeJltS.Therefore.certain

Suitablecorrecdoncoef点cientsareneededforsome

訂OupShthemoleculeofazIe9EploSiveForextimatiJlg

detonationpm ters.Howeyer.thepresentcorrec･

lioncoeL点dentsaregⅣenempiricallyaJldArbitrarily.

Fromthede丘岨donoEGaJtdeqtJatiorL(3).we

callSeethatGisam巴SureOEformingp seousdetona-

tionproductsinthH20Q decoTnpC6ition捌 mp-

Lionforan c9Eplosiye.ThesegaSeOtudetonationpro･
dtLCtSareCOnneCtedwiththeheatreleasedindetona･

tiotIprocess.therdor.GisanindexoLenergyinan

explosiye.Gwouuberehtedtootherdetonation

叩 meterSOEaJ)叩 losiye.
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Tablo3 AComparisonoftheDetnationVelocitiesCalculatedbyVariousMethods

TypeoE Corrected OB- NMQA Corrected NE- FEormulab Thispaper
expl鵬ive (±A%)D (a:A%h} (士APi)D (±AタSh) (±A%)D

(data) (data) (data) (data) (血ta)
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Table4 ExperimentalandCalculatedDetonationPressure
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Table5AComapn80nOEtheDeton祉ionPtesmreCdcuhtedbyVariou8Methods

Method NMQI Corre.ND Fformulab thispaper

Explosive
DataPout

± (A%),

aResu]tsoEReE.(2).bRef.(9).

2)ZhELIFaQL̀加 l血吋dFEqAxiye帥 由 ~,th

hdustryPress.Ekijing(1984)

3)a.M.I.KamletazldC.tXb n.I.Cbem.

Phys.48.46(1968)

b.M.J.M etandH.Hurwitz.I.Chem.

Phys.48.3690(1968)

4)R.Meyer.'Explosiycs1.3rdEdidon.Verhg

Chemie.Weinheim (1987)

5)a.M.DobratZ,UCRL-52997(1981)

6)YuYong∑hongarLd∑houXingXI.Urtpublished

7)C.L.Ma°er.̀NumedcalModelingoEDetona･

don5',UniversityofCdiEomiaPrtss.8erkely

(1979)

8)T.R,GibbsaJIdA.Pophto.一LASLExplosive

PropertyDab一.UniyersityofCalifomiaPress.

Zkrkely(1980)

9)a.L.R.Ro血esteinaJld氏.Petersen,Prヶ
peb tsandExplosiyes,4,56(1979)

b.J.R.RdleSteh.Profh tsandExplodves.6.

91(1981)

気体係数によるC-H-N-0系爆薬の爆速 と爆轟圧力の計井

周 興喜',干 永忠●

CIH-N-の系爆薬の燦速と爆在圧力の計井の新しい鑑換式を振出した｡

D- (2630+990G)p+2330G+650

P= (6.15+5.07G)2p2

DとPは密度p(dcJ)における爆速 (mJs)と爆轟圧力 (kbar)である｡Gは爆薬の化学栴

道と爆轟生成気体によって決まる気体係数である｡計井結果を乗輸結果と比較すると.爆

速に対しては.148のデータ値 (70位の爆薬)についての誤差が±2.14%である ;爆轟圧

力に対しては.30のデータ伍 (18唖の爆薬)についての誤差が±4.32%であった｡

(●北京理工大学化工系.中国100081,北京市白石横路 7号)

K6gyaK8YakLJ.Vot.52.No.4.1991 -259-




