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ANewWayforComputingthePerformanceParameters

ofPropeHantswiththeVLW EquationofState*

WuXiong''

TheVLWequationoLstatebasedontheviriaItheoremcanbeusedforthecalculatingnot

onlyexplosivedetonationbutalsopropellaJ)tCOmbution.ItisshowTIthattheresultscomputed

oErocketpropellantsandgun propelhntsarereasonablysatisfactory.

tNTRODUCT10N

neVLW equationofstate(VLW甚OS)based on

thevidalth eoremwaspresentedatthe8th and9th

Symposium (hterTntiond)onDetomtionforcom-

pu血gthedetonationperLomanceofexplosiyesin

1985IaJld19892rcspectiyely.Ithasbeenshown that

theW equationofstateisofsomedistinct

specialities.First,beingtruJICated arbitrarily,itis
validforawideraJtgeOEthepre岱 ure血)mseyeral

barstOSeVerdhundredskbar弓aZIdoEthedensities

hm0.005g/dto3.5g/cdL

Second,thehighervirialcoefficientsmaybe

estimatedconvenientlyfromthewellhowT)Second

one.Andthird,eithertheintermoIecdarpotential

Lennard-Jones0rthereahsticpotentialEXp-6are

avaihble.TMsmayleadustoextendtheappliqtions

ofVLW EOStotheproductsreactedofallthe

energedcmate血Is.Anditmayhtalsoexpectedfor

studiesoftheぬgesoLDenap 血ntoDetona血n

TraJISidon(DDT)medhaAismforprt)penzntoreg(･

plosivechrgesincllldingthewholeprocessl'.C.,Tgni･

lion-BumiQg-Detonation,btltinthispaperwe

woulduketoEm soncompu血gtheperfornaJICeOf

bothrocketpropelhJltSandpJlprOpelhnts.

TH亡EQUAT10NOFSTATE

TheidealgaseqtJAtionoEstateiscommonlytlSedto

calculatetheperforTnanCeOfpropelhnts.Fora

thorough study,howeyer,theaccuracyoftheideal

gasequadonofstateistLOtSads鮮血gforhigher

pressurecoJldidonsespecianyforDDTsttldy.
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TousetheVLWequationoEstatewhichmaybe

vaildforawiderangeofpressurtsaLndforthepro･

ductsreactedoEallenergeticmate血 withahigher

degreeoEacmmcyistheaimofthisstudy.TheexI

pressionoEVLWEOSis･.

A -1･B･(i )

･轟 i(n-2,一件 )… (2_1,
T'=∑∑x&jrqlh2; T'.･,･-(T事ET'))]J2
Jノ

T',･=KTYE,･; A.=∑B.･/2)(b｡) .･

(b｡).I=(2I3)だNo.3;真二∑xi

whereB●isthereduceds∝ondTidalcoe班dent.

r,thereducedayeragetemperattLre;Zi,thentLmber

oEmolesofspeciesf.･,N.Ayo界dro'snttmber;点,
Bol也mann■scotLStant.

B'canbeexpressedilltensOfhmnむd-Jones
potential(L-∫)orEXp-6potential,blltWewould

LiketousetheL-Jpoten血1(6-12)Lorthecombus-

tionproblemsinthispaper,ll.C.,

B事-妻[一欝r(冒)T･-(a.･"･](2-2,
hereE,qaretheparametersoELennard-Jonespoten･

Cia).giyenhtable1.
A∝ordingtotherangeoLpressw es,theVLWEOS

maybetruJICatedhpracdcalpurpos6.

Forcommonpresstm,wetakedieVLWEOSJ'.C..

LbIRT=1
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Tablel TheparametersOfLennard-Jonespotential

Ref.6 miSpape

rq(A) dK(K) b｡(cdmol) q(A) dK(K) b.(cdm

oI)H20 2.87 29.2 29.76 2.818 180.0 28.0H2 2.868 29

.20 29.7602 3.58 117.5 57.75 3.57

5 117.5 57.75COB 4.07 205,0 85.05 4

.070 205.0 85.05CO 3.763 100.2 67.223.17 131.0 40.00

3.763 100.2 67.22NtI3 3.814 138.0 70.00

NO 3.217 131.0 42.00N2 3.698 95.

05 63.78 3.698 95.05 63.78CH一 3.817

148.2 70.16 3.817 148.2 70.16HC1 3.

305 360.0 45.54 3.305 360.0 45.54C12 4.400 257.0 107.0 4.40

0 257.0 107.0AJ(∫) 3.165 357.0 40.00ObviotlSly.inthiscase,theVLWEOSb

ecomes anidealg出eqtlationofstate.Formoder

atepreuure(8eYeralhtndredsbzLr80rBO),WemayuSetherlrSttwo

term80fVLWEOS,碁 -1･B･午 (214)hthiBCase,theVLWEOSbe

comesyaJlderW由bequationofs

tate.碁 -1･B･(キ ト 轟 云(九一2

,-.㈲ h-1'■●事THERMODYNAMtCFUNCT10NSTbeth

ernodynamiCfuncdonsH'-H298,S',aJldF-N298basedona蝕 fmma-N298are

usedhourcalcuhtionSlJ.∫.C..kt,

H'-H298-Cl+GT+屯TR+C.
T3+CST4,(216) Forslightly

high pressure(severalkbarsormore)likepnpropeuaJltcombustion.wewouldliketo

adoptthe点rstthreete

rms0fVLWEOS,昔 =1･B与 ･轟 (15-)2 (2-5)Andf

orveryhighpresw e(Severalhundred8kbars)likehighcxplosiyedetonation,weshouldtake
theWho

leVLWEOSJ'.C.,.7n-5

thus.C♪=ら+2GT+3C4T2

+4C;T3 (2-7)

S'=C6+C2hT+2GT+3J2C.TZ

+4/3CsT3(2-8)-(F-N299)=-C1+C6

T+GT(hT-1)+GT2+1/2C.T3+1J3CsTlToSuittheu

sesoverawiderangeoftemperattqes.aBetOLco

eLficientSⅦ Obtainedforead10ftwoternperattweinte

rya18,300●tolOOO'Kand1000●Eto5500'K.Each

wasForcedtogiyetheSameValuesfortheLtnctioJlBatthecommonpoint.1080.K. (2-9)CALCULAT10NSTocdcuh

tetherodketperformaJICeP rameter8,Eouowhga

sstmptionBareused:one-dimensionalEornofthec

ontinuity,enerw .andmonenbJnequa･血ns;complet

ecombtJStion;adiabadccombustion;homogeneousmⅨ1mg;isent



equilibrhmtobeattainedLotthecombustionprD As thecombustiol)PEW iSi的enthalpic.wehare,

ducts.

∑ (x,)El(N -H293)I+(AHJr),･)+H'=∑"i(AH'/),･ (3-I)

where

〃iSthemolarcomponentsoEpropelhJ)I;(AHJ)is
theheatoEformationoEpropehnt.

&,iSthemohr8阿 le8incomt)ustionchaJnber;

AH/,istheheatoEEormadonofspeciesincotnbtw-
tiondlamber.

AH/istheheatoEformadonoEpropeIJzLnt00m･
PnentS.

TherighthBLJId8ideoE句 .(3-1)istotalenddpies

ofpropelhntcompolleAtB.Thelefthndsideof句.(3

-1)istoblentbIpiesofsp∝iesin conhstion

chmbercompod oEtwoterTnS ,(I.C.,∑(A:,).･
[(N-H288)i+ (AHp)I)andH'･n eEorTnerbelongs
b thepartofidealgaBe8.theutterbelongsb the
partOEnonideaIpscs.vhi血 isexpre8Bedbythe
VLWCOS)･2.

ABtheexpansionproceBBiBisentropic.wehare,

∑ (x.)I(S'.).I+S',=∑ k,)i(S●.)i+S,'
(3-2)

TbelefthaJldsideoE句 .(3-2日BtOtalentropiesoE

speciesincombustionchamber;therighthandsideiS

th○紀hnozdeexit.EachconSi8t80Etyotm s,the

foTTnerbelongsbtheprtofidealgases,thehttq,the

paJtOLnonideal卵 凶descnM byVLWEOSLZ･

neb8icparametersiJ)COmbtudondlamber馳e

temperattLreTospeciesも,enthlpya.aJIdentmpySc

cazIbecdcuhtedbm句 .(3-2).

TbenbyudngthewdJhm EoTTnqheofnxkt

propelhntperEm ce,d the叩 meterSantKOb-
tAm edconyenicndyaBlistedintable2肋d3.

CoACemingthecalcuhdon80Epz)pezlomLaZlCe.
dieZLm PdoniBbasedOZLallisointernd energedc

coTnh8tionprocm ,1'.e･.

∑蛸+E'=∑ mJEJ (313)

nedihthaJldddeoE句 .(3-3)iBtotalintend

enerw oLgtupropelhJItCOmpOnentB･Thelefthand

sideof句 .(3-3)i9toldintemalenerw ofcombus･

don叩eCieBCOmPOBedoftwoterttu:∑妨 repreSentB
theidedpspaJt,aJldarepresedSthenonidealgas

prt,whichtnaybeexpre88edbyVLWEOSl･2･

UきぬgtheEorm血eoEgutprOPeuaJItPerfornaJICe.

simihly,alltheparameterscaJlbe血 血tedZLS

Listedintable4.

COMPUTEDR【SULTS

BytLSingtheg也 erdFORTRANVLW code.the

perEormaJICeParaJnetersoEr∝ketpropelhJ)tSaLnd

gtnpmpenaJltSateCOtnputedaslistedintable214.

Fromtable2.itczLnbeseenthatd)etheoredcal

SpecificimpulseicotnputediBmorethanthBLtOfex･
perinentaJresdtB.Tl血 Eact'L8fore紀enduetothe

asstznptiotubeingmadesuchasadiatndccomhBtion

aJldeqdibritm tobeattaiJIedinstaJ)tZLneOudyduring

expansion.IrLSpiteofthis,thetheoredは18PeCiLicim･

puJBehastNtenphying aJlimpoTtZLntroleinthe

researdofrocketpropelhz)ts.

htable4.thepres古uerSb,of即nprOPelhtgases

areashigh aB8eYeralkl)ars.hthisCase,thehigher

pressuregasesdeyiatemuchfromtheidedequation

ofstate.Andwemayimaginethtthedeyhtionh･
creaseswithincreasingloadingdensity.Let'Btake

the広rstcomp00itiollOEtable4Eoraninyestiption.

From句 .(2-5):

島 -I･B･与 ･蒜 (午 )2

Udensityp｡=0.2(aslistedintable4).then

LbJRT=1+0.246+0.048

=1.割 (凡=2.618hbn).

U血 砂p｡=0.3,then
Lb/RTと1+0.368+0.109

=1.477(伽-4.465kbars)

ZLdensityp｡=0.4.then
LbIRT=1+0.49+0.193

=1.683(凡=6.755kbars)

Itwillbe引光nfromthis血ctthtanoAidedeqtJAtion

oEぬteshoddbereqtdredforthecalctdatbn8.Tb血

iSWhyvewoddliketoadoptotLrVLW EOS,the

generalnoniddIeqtlationoLぬteEorthepropelhLnt

combusdonBtudieSathigherpre8Bure8.

CONCLUS10N

l.VLW 芯OSis aJIaPprOa血 ofthepcrEd

th餌reticyib leqtntionofstate.It叩血dpalfeature
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Tabfo2 ComparisonoLthecompu(edreSult80EthemcketpropelhntperLorEnAnCe

oEthispaPCrwiththeexpe血 entaldataandthoseoErefererLCe

HMXJNtLC10JAJ/others HM

XniSpaper ⅠSBKW● EXPL't●● Thispper ⅠS

BKW●InputData:C: ll.80182 11.80182 13.50

6 13.506H: 22.33559 22.33559 27

.011 27.011〟: ll.89088 11.89068
27.011 27.0110: 27.96811 27.968ll 27.011 27.0

1160.539 147.28'CI:
0.893640 0.893640Al: 7.040427 7.040427

A打′: -303.4 -227.56●PC: 68.94730 68.94

730 68.94730 68.947 68.947Pe: 1.013250 1.

013250 1.013250 I.0132 1.0132Outputresults:

T.: 4368.9 4040.7 3414.6 3224.
6T.: 2566.9 2563.4 1540.4 163

2.2I.: 272.0 27I.0 256.0 266.1 266

.5C●: 1633.6 1

640.8〟: 2672.3

2609.8C/: 1

.6318 1.5905Qp: 1677.7 1247.9

r: 1.189 1.2

32H.: -303.1 60.54H.: -115.6 -753.4S,: 217.8 249.1I.isthetheoreticalSpecificimpu

lsehuAit80ESeC.C'isthechracte血ticvelocityillm血ui8C9(Ihusstspeedinm血C/isthruBtCOef6
血 cy･Qpisheatofexplosionatcozwtwtpresm iAJ/8.T,i8COn･bustiozltemPemttLrein

K｡T.isexhtd temJm tureinK｡TisthemtiooEconstaJltPTW 8叩茄cheatCFtOCOnStaJItYOlume印∝姐c
h也tCrfN:istheconhsbnchiLmberprew inbaJTB.PeiBthec9E･htdpresmreinbzs.H.isthee
nthdpyoEconhstionchaJnbcrhkcaukg.H.istheenthdpyoEcx-h ustinkcal血g･S,istheentropyOfcombustio

nchzLnberhcaukg'k.whichequalsbtheentropyofex･batJBt.●ComputedbyusingtheISBKWco
del.AJ′istheheatofEorTnatio1)OfFORTRANBKWcue.inuAiboEkcaukgmusttobeusedintheyd咽 Ofelement(0●K)tothe8押deS(0●K)1･Th耶 -303.14aJld

60.539at2981KeqtLaJt0-227.56and147.28at●

rrhiBWorkisthaEthehigherTi血lcoeLBcien

tSCaJ)tkeStiJmhdかomthewellhovn 縦 OJldo

ne,whid cmbeet･pre8BediJltm 80EtheLw ard

-Jonespoten血1.2･TheⅥLWEOScallbeusedEorthepr

edictingnotonlythedetonadonpropertleBOEeqlos

iyesI･2btltaJBOthecombtndonperEormazICeOfb

othrodketpTD･peuaz)tBaJIdpnpropelhnt

8･neCOmPutedresdtsarerew nab)yBa由EaCtOf
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T8blo3 Compari80nOEthecomputedBPeCies(molelkg)incombus血nchamber

andin血 tutEorHMXofthispaperwithth seofISBKW

Cbtnbtwtionchanber Exhaus

tTbiSpa押r ⅠSBKW' TuSP Per lS

BKW●H20 9.7601 8.8291 8.415

3 8.4835HZ 3.7236 3.8437 5.

0902 5.021102 0.0995 0.0357

0.0000 0.0000Col 3.3704 3.31

22 5.0897 5.0210CO 10.136 1

0.194 8.4163 8.4850NH3 0.00
02 0.0002 0.0000 0.0000NO

0.1539 0.1087 0.0000 0.…Nz 13.428 13.451 13.505 13.505

H 0.0015 0.4810 0.0000 0

.0012OH 0.0201 1.1837 0.0000 0.㈱ 5

+ComputedbyusingtheISBKWcodel.Table4 CotnPadsonoEthecomputedresdtso

fthepJlprOPenantPerLortnazICeOEthispperwiththoseoEexp

e血 entaldataorwithth㈱ ofreference.NCJNQJNG/OTHERS NORDXJOTHERS NCnVG/TAGN瓜DX

l5/15/60/10TMspaper EXP'1' Thispaper EXP'l● Thi叩aPer
Ref.5hputdata:

C: 15.901

H: 32.214

N: 23.879

0: 27.175

AHl/: -35･8

p.: 0･2 -35.

83 10.14942.35531.34024.755-

18.4280.2 0.2 0.2 0.2

Output

resdb:T.:LT,:P,:Q,: 2771

3506.2 3138.6 30311012.8 1012

1227.1 1226 1125 12022.618

3.147 3.157857.0 888.0 1126.5 1120.0 110

8.3i: 43.92

rEPu

lBb:Bi: 1.2471.2940.2460.048 4

2.10 42.34 47

.01.2

33I.2

800.2

380.042 1.2371.2880.2420.046F.istheiJnPettuSinunitsoり晦 .T,血met弧 PerabtehK･
LLthepresstqehkbar･a,.eqlosionheatatcotLStZLntYOltEEneinkcaUkg.i,molesoEcombdonspecicSi
J)mOleJkg.r,theradooEconstzLntp欄 SureSpd fich也tCptoconstaJItYOltlmeBPeCiRch也tCJxrep
resentsdieleftsideof勾･(2-5)･烏repreBentBtheterTnB'(b｡/V)of句.(

215).B3,a./r M(b｡〟)2ofEq･(2-5)･AH JbtheheatOfEornationin

kcaukg･p‥ density.indcc･●也由WoTkK軸y6
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