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By SanfordGordonandAlan

Theoreticalrocketperformanceforboth
positionduringexpansionwascalculatedfor

WITHLIQUIDOXYGEN

R. Glueck

equilibriumandfrozencom-
thepropellantcombination

liquidammoniawithliquidoxygenattwochamberpressures(300and600
lb/sqin.abs)anda widerangeofpressureratios(1to1500)and
oxidant-fuelratios(0.56.4to 7.046).Datasregivento estimateper-
formanceparametersat chamberpressuresotherthan3tXland603pounds
persqusreinchabsolute.Theparametersincludedsrespecificimpulse,
specificimpulseinvacuum,combustion-chaibertemperature,nozzle-exit
temperature,molecularweight,molecular-weightderivatives,character-
isticvelocity,coefficientofthrust,ratioof nozzle-exitareato throat
area,specificheatat constantpressure,isentropicexponent,viscosity,
thermalconductivity,Machnumber,andequilibriumgascompositions.

Themaximumvalueof specificimpulsefora chamberpressureof600
poundspersquareinchandanexitpressureof 1 atmosphere(pressure
ratio,40.827)is278.7and269.3assumingequilibriumandfrozencompo-
sition,respectively.

INTROIXJCTION

Theperformanceof ammoniaandoxygenas a rocketpropellanthas
beenreportedintheliterature(e.g.,refs.1 to 3). However,additional
performancecalculationsbasedonthelatestthermodynamicdataareneeded
fora widerrangeof conditionsthanwereheretoforeavailable.Calcu-
lationswerethereforemadeattheNACALewislaboratorytoprovide
rocketperformancedataforliquidammoniaandliquidoxygenforthe
followingconditions:

(1)Equilibriumandfrozencompositionduringexpansion

(2)Twochamberpressures(300and600lb/sqin.abs)
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oxidant-fuelweightratios(O.564to 7.046)(3)A widerangeof

(4)A widerangeof

Dataaregiventopermit
pressuresotherthan300

pressureratio(1to 1500)
—

estimatesofperformanceparametersatchamber
and600poundspersquareinchabsolute. —

—
SlM30LS ‘ -%.-

-.’ i?.

,.

——

nozzlearea,sq,in.

numberofformulaweights(definedas A inref.4)

localvelocityof sound,ft/sec —

coefficientofthrust;CF= gcI/c*= F/Pc~

molarsp~cificheatatconstantpressure,caL/(mole)(%) ..: _...

specificheatatconstantpressure?(bh/bT)pjcal/(g](%)

specificheat.atconstantvolume,csJ./(g)(°K)

Chaxacieristicvelocity,gcPc~/w,ft/sec --

-thrust,lb . . .

functionofforceconstant&/k andtemperatureT
—
—

gravitationalconversionfactor,
32.174(lbmass/lbforce)(ft/sec2)

sumof sensibleenthalpyandchemicalenergyattemperature
cal/mole

T,
...=

sumof sensibleenthalpyandchemicalenergyperunitmass} .-

specific“impulsewithambientandexitpressuresequal,
(lbforce)(sec)/lbmass .. ..——.

specificimpulseinvacuum,(lbforce)(sec)/lbmass
,.,.

‘*

coefficientofthermalconductivity,cal/(sec)(cm)(%)
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M Machnumber

.4 molecularweight,
T

‘i#ij g/E3-mole or lb/lb-mole

nc* Alnc*characteristic-velocityexponent,A= and * for

frozenandequilibriumcomposition,respectively

‘I specific-impulseexponentforfixed

($-),.,, and(W),c,,
composition,respectively

pressureratio,
forfrozensndequilibrium

%

n&

O/F

P

P

Q

R

s

temperatureexponentfor

and(-)PC,P ‘or

respectively

fixedpressureratio,@ EC),,,,
frozenandequilibriumcomposition,

area-ratioexponentforfixedpressureratio,
e E :),=,,

and(:: ;), /,
forfrozenandequilibriumcomposition,

c
respectively

oxidant-fuelweightratio

staticpressure(sumofpartialpressures),lb/sqin.

partialpressure,lb/sqin.

heatofformationor dissociation

equivalenceratio,ratiooftwotimesthenumberof oxygenatoms
to thenumberofhydrogenatoms,2(0)/(H)

..
Universalgasconstant(consistentunits)

entro~yat apressureof1 atm,cal/(mole](%)

~ ‘-j[(~)~-
1

~ ln(pi/14.696)
entropyperunitmass,

A
>

cal/(g)(%)
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temperature,,‘K

velocity,ftjsec

specificvolume

mass-flowrate,

molefraction

lb/see

(::;)isemhmpicexponent,—
s

ratioofnozzleareatothroatsxea

forceconstantforviscositycalculation

absoluteviscosity,g/(cm)(sec)orpoises

density,lb/cuin.

collisiondiameterforviscositycalculation

J2,2)* functionofforceconstantc/k andtemperatureT

Subscripts:

c

e

i

inj

Pc/P

P

s

T

t

1

combustionchamber
.

nozzleexit

productofcombustion

injector

constantpressureratio

constantpressure

constantentropy

constanttemperature

nozzlethroat

referencepoint

-.
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Superscript:
“4

o thermodynamicstandardreferencestate

CAICUIXTIONOF ~CE DATA

Performancedatawereobtainedforliquidamnoniawithliquidoxygen
fortwochamberpressuresovera widerangeof oxidant-fuelratiosand
pressureratiosassumingbothequilibriumandfrozencompositionduring
expansion.

Thecomputationswerecarriedoutby themethodofreference4 with
modificationsto adaptitforusewithan IBM650MagneticDrumData-
ProcessingMachine.Themachinewasoperatedtithfloating-decimal-point
notationandeightsignificantfigures.Thesuccessive-approximation
processusedinthecalculationswascontinueduntilseven-figureaccuracy
wasreachedinthedesiredvaluesoftheassignedparameters(massbalance,
pressure,andenthalpyorentropy).

4 Assumptions

Thecalculationswerebasedonthefollowingusualassumptions:“ perfectgaslaw,adiabaticcombustionatconstantpressure,isentropic
expansion,no friction,homogeneousmixing,andone-dimensionalflow.
Theproductsof combustionwereassumedtobe thefollowingidealgases:
atomichydrogenH,hydrogenH2,waterH@, atomicnitrogenN, nitrogen
N2,nitricoxideNO,atomicoxygenO, oxygen02,andthehydro~lradical
OH.

InitialData

Thermodynamicdda. - Theideslgasthermodynamicpropertiesfor
atomichydrogen,hydrogen,atomicnitrogen,nitrogen,atomicoxygeny
andoxygenweretskenfromreference5. Dataforwaterarealsogiven
inreference5;however,thessmedatasregiventomoredecimalplaces
inreference6, andthereforereference6 datawereused. Nitricoxide
thermodynamicpropertiesweretskenfromreference7, andthehydroxyl
radicaldataweretakenfromreference8. Thevaluesof entropyusedin
thepresentreportdonotincludenuclesxspin.

Heatsofformationor dissociation.- Theheatsof formatioaor dis-
sociationforthesixmoleculesconsideredinthisreportacegiveninthe
followingtable:

%
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Reaction HeatofformationTemperatureReference
(allsubstancesor dissociation,ofreaction,
ingasphase) Q %

~~-1 caljmole

Q+ E2~ZH 36,116103,263 0 9
&?+N2+2N a78,747225,154 0 10
2+02+20 41,260117,971 0 11

H2++02~~0 +Q --------- 57,797.9 298.16 12

Q+*2 +$2+N0 ---------21,600 298.16 12

Q+OH+O+H 37,340.25106,764 0 13

%he valueof 78,747cm-lforN2wasobtainedfromthedif-
ferenceinthepredissociationlimitin c311vofN2
(97,970cm-l)andthe 2D termofN (19,223am-1)given
inreference10.

Wherevaluesaregivenincm-l-,theconversionfactorusedwas

—
-- —-..

J
1 cm-l= 2.85921cal/mole,calculatedfroindatagiveninreference14.
Thebaseusedinthisreportforassigningabsolute”va.luestoenthalpyis
thesameas inreference4. -“

.- -
viscositydata.- Viscositydataareneededforheat-transfercalcu-

lations;however,ac”curat-edataforgasesathightemperaturesareun-
availableintheliterature.Theoreticalconsiderationsofforcefields
leadto theoreticaleqressionsforviscositythatfitavailableexperi-
mentaldatafairlywellandthereforeprovidea basisuponwhichexperi-
mentaldatamaybe extrapolatedintothehighertemperatureregions.“
However,theextrapolateddatamustbe consideredonlyasestimates.

Thederivationsofvsrioustheoreticalequationsforviscosityaxe
treatedindetailinreferences15and16. Theuseoftheseequations
to obtaina refinednumericalcalculationofviscosityinvolvestheselec-
tionof a force-fieldpotentialandconsiderablenumericalwork. Muchof
thisnumerical.workcanbe savedbyusingtablesofcollisionintegrals
suchasthosebasedontheLennard-Jones6-12potentialandthefollowing
equation(ref.16):

266.93@ f’@)
pxlo7=

~2Q(2,2)* (1)

TheparametersQ(2~2)* (and fpk~ ~e tabuktedinreference16as
functionsof theforceconstante/k andtemperatureT.

●

——--
.-P:_

:
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!I%eforceconstants
takenfkomtheliterature
No experimentalviscosity

7

c~k and u forH2,02,N2,NO,andH were
or calculatedfromexperimentalviscositydata.
datawerefoundforN, O, andOH. Valuesof u

forN-and”O wereestimatedfromdatainreferen&e~7. Thevalueof a
forOHwasestimatedfrom

aOH=ao+uH (2)

Thevaluesof e/k forN, O, andOHwereestimatedasfollows:

(3)

(’/k+)= = ~(&/k~#/k)H

Waterisa polsrmolecule,andthereforethe

(4)

J2,2)* valuesbased
ontheLsnnard-Jones6-12potential.sxenotverysatisfactoryforcalcu-
latingtheviscosityofwater.Thefollowingequationsfromreference18
wereusedto calculatetheviscosityofwaterupto 1500°K:

pxlo7= 3.61T- 102 (Ts865°K) (5)

~xlo7=‘ 393.7T3/2 (865°K< T= 1500°K) (6)
3315- T+o.ool158T2

Equation(6)isnotsatisfactoryforhightemperatures,sinceitreaches
a maximumat about2500°K afterwhichitgivesvaluesofviscositythat
decreasewithtemperature.Inordertohavea meansof extrapolatingto
highertemperatures,vsluesof a and &/k werecalculatedtobe used
inestimatingviscosityabove1500°Kby meansofequation(1).

Theforceconstantsselectedaresummarizedinthefollowingt~le:-
..
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Substance

,..

.

.

H
E~
E20
N
li~
NO
o
02
OH

2.551
2.775
b3.031
3.355
3.778
3.593
3.088
3.499
2.820

89.3
70.2

b~2 ,2
93.0
73.1
94.3
127.2
100.0
106.6

NACARME58A21

Reference

a19
a5
a18
=17
%
a20
%7

(d?

aCalculatedfromdatainreferencegiven.
bTo be usedfor T > 15(X1°K.
‘aestimatedfromdatainreferencegiven,
~ and e/k estimatedbymeansofeq.(3).
u estimatedby means”ofeq.(2),and
&/k by meansof eq.(4).

Physicalandthermochemicaldata.- Severalphysicalandthermo-
chemicalpropertiesofthepropellantsarelistedintableI. Additional
-propertiesofammoniamaybe foundinreferencessuchas 21and22,and
&ro~ert~esof otigenmaybe foundinreference23.

.-

Theformulas
areasfollows:

.—.. .—
:

.-
Formulas .-: --,

usedincomputingthevariousperformanceparameters

Specificimpulsewithambientandexitpressures
lbmass:

I = 294.98
J
%-%
~.-

equal,(lbforce)(sec)/ —

Specificimpulse-invacuum,(lbforce)(sec)/lbmass:

%ac

,.

= I + P($)

—

(7)
.

.

(8) ~

Nozzlearea~r unitmass-flowrate,(sqin.)(sec)/lb:
,3

—. .— .,..—

__ 86.4554TA
w- P~I

..
.

-.
.
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.
Throatareaper

d

Thisequationis
velocityOrflow

unitmass-flowrate,(sqin.)(sec)/lb:

Velocityof sound,ft~sec:

u

.

derivedfromthecontinuity
equalsvelocityof soundat

a=m=MS =2“”161’$(w
Characteristic

y
g

Coefficientof

velocity,ft/see:

c*= +Pc

9

(lo)

equationandthefactthat
thethroat..

thrust:

% %= 32.174PC~w

gcI
%?

32.1741
=~= c*

(U)

(12)

(13)

Ratioofnozzleareatothroatarea:

-+

.Aw
E ~vr

(L4)

Partislderivatives.- Thederivativesofthefundamentalthermody-
namicquantitieshavemanyusefulapplications.Equations(29)to (32)
areexamplesoftheseapplications.

Alltherelationsbetweenfirstderivativesmaybe expressedinterms
ofthreearbitraryfirstderivativesinadditionto thefundamentalquan-
tities.Thethreederivativesselectedforthisreportare(~h@T)p= Cp,
(?3lnti~ inT)p,and(aln#a InP)T. Specificheat ~ isneededin

heat-transfercalculations,andtheothertwoderivativesarea useful
indicationof theextentof dissociation.

Thesederivativeswereobtainedby meansofthefollowingequations:
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‘=L=p-F&r:. (16)

(17)

where@ k pi/i3inT)p,(a hi&/a b T)p, m- (a h Pi/a h d)T =fe

foundby matrixmethodssimilartothosedescribedforobtaining
(alnp~a inT)~ inreference4, andwhere@ is A inreference4.

Reference24presentsa convenientschemeforexpressingallfirst
derivativesintermsof (b/aT)p,(%/ap)T,and@h/aT)p= ~. Inorder
tomakeuseofthetablesinreference24,(&/bT)P and(&/bp)T canbe
obtainedfromthe
ingequations:

Withtheaid
(19),otherfirst
(a inti/a inT)p

derivativesgiveninthisreport-bymeansofthefollow-

(%)P=-;[(w~-‘]
(%),=-;(%%)T+’]

ofthetablesinreference24andequations(18)
derivativescanbe expressedintermsof Cp,
and@ InX/ainP)T. As anexsmple,

Whencompositionisf~ozen,

(s+%),(qa in
‘m=o

and

(18)

(19)

and

(20j

(21)

(22)
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Viscosityofmixtures.- Viscositiesofmulticomponentmixturescal-
culatedby rigorousmethods(refs.16and25)showexcellentagreement
withexperimentaldata. Eowever,thesecalculationsinvolveconsiderable
effortandbecomeincreasinglymoredifficultwithincreasingnumberof
components.A simplertechnique,butonethatstillinvolvesconsiderable
calculations,isgiveninreference26.

Thefollowingequation,basedon averagingkinematicviscosities,
givesapproximate-
neeringpurposes:

resultsthatszeoftensufficientlyaccurateforengi-

“=g
xi (23)

The
the

equationappearsedequateuntilbetterhigh-temperaturedatafor
individualcomponentsbecomeavailable.

Conductivity.- Thermalconductivitieseswellasviscositiesare
neededinheat-transfercalculations.However,experimentalconductivity
dataaregenerallyevenlessavailablethanexperimentalviscosities.
Therefore,theEuckenrelationship,

.

k=
(

59Jlcp+zx
)

(24)

whichoftengivessatisfactoryvaluesof conductivityforindividualcom-
ponents,isusedinthisreportto estimatetheconductivityof gaseous
mixtures.

THEORETICALPERFORMANCE

Tables

DATA

Thecalculatedvaluesofthevsriousperformanceparametersforcom-
bustionpressuresof 300and600youndspersquareinchabsoluteandfor
a rangeofequivalenceratiosandexitconditionsaregivenintables11
tov. !hibleIIpresentsperformancedataat assignedpressureratios
from1 to 1500forequivalenceratiosfrom0.40to 5.00 (oxidant-fuel
weightratiosfrom0.564to 7.046).Propertiesatthethro~ maybe
foundwhere & = 1.00. ‘TableIIIgivesvariousthermodynamicpsrtial
derivatives.Equilibriumcompositioninthecombustionchamberandat
theassignedexitconditionsisgivenintableIV. Characteristicveloc-
ityandsummaryoftheperformanceparametersat anexitpressureof 1
atmospherearepresentedintableV.
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Curves
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Performanceparameters.- Theperformanceparametersareplottedin
figures1 to 7. Curvesof specificimpulsearepresentedinfigure1 for
assignedpressureratiosasa functionofpercentby weightoffuel.
Combustiontemperatureandexittemperatureforassignedpressureratios
areplottedinfigure2 asfunctionsofpercentby weightoffuel,and
curvesoftheratioofnozzleareato throatareaareplottedinfigure3
asfunctionsofpercentby weightoffuelforassignedpressureratios.
Figure4 givesthecurvesforcoefficientofthrustforassignedpressure
ratiosasa functionofpercentbyweightoffuel;figure5 presents
curvesofmolecularweightforassignedpressureratios; andfigure6
presentscurvesofcharacteristicvelocityas a functionofpercentby
weightoffuel.

Effectofassumingfrozenorequilibriumcompositionduringexpan-
SIon.- Specificimpulsesbasedonequilibriumandonfrozencomposition
-ng expansionto anexitpressureof1 atmospherearecomparedinfig-
ure7. Msximumva@es of specificimpulsebasedon equilibriumandon
frozenco~ositionduringexpansionarecomparedin thefollowingtable
(takenfromtableIIor V):

ChamberPressureEquivalenceOxidant- CompositionMax. Differ-
pressure,ratio, ratio, fuel during specificencein

Pc, Pc/P R, weight e~ansion impulse,
~b/sqin. atwhich I ratio, 1, ;’

abs ismaximum o/F lb-see
lb

“300 20.414 0.95 1.339Equilibrium256.3
.90 1.268 .l?rozen 248.4 }

3.2

150Q 1.00 1.409Equilibrium345.3
.90 1.268 “Frozen 324.2 )

6.5

600 .44).827 0.975 1.374Equilibrium278.7
.90 1.268 frozen 269.3 } 3.5

1500 1.00 1.409Equilibrium345●7
.90 1.268 ltrozen 326.6 )

5.8

Thetableshows.that,forpressureratiosofabout”20to40,the
differenceinmaximum,specificimpulseduetoequilibriumorfrozencom-
positionduringexpansionisabout3 to4 percent,whilefora pressure
ratioof 15(X)thedifferenceincreasesto about6 percent.Themaximum
specificimpulseoccursnearerthestoichiometricpoint(R= 1.00)for
equilibriumcompositionthanforfrozencomposition.Forfrozencomposi-
tion,maximumspeci.ftiimpulseremainsatthesamefuel-richO/F ratio
of1.268aspressureratioincreases.Forequilibriumcomposition,the
maximumspecificimpulsemovesfroma slightlyfuel-richratioatthe
lowerpressureratiostothestoichiometrtcmixtureratioatthehigh
pressureratios...

.
-.
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4 Effectof

13

ThermodynamicData

Newandrevisedthermodynamicdataareconstantlyappearinginthe
literature.Thereasonforthis- be theavail~iltty ofbetterspec-

tfY troscopicdata,or a morerigoroususeofthespectroscopicdataincal-
% culatingthermodynamicfunctions,orpossib3ya moreaccuratedetermina-+ tionofheatofformation,heatof dissociation,orheatoftransition.

Ina comparisonoftheperformanceofvsriouspropellants,caremustbe
takento seethatthesamethermodynamicdataare
datamaytifecttheresults.

Severaladditionalcalculationsweremadeto
performanceofusingwaterdatafromreference27

used,sincedifferent

determinetheeffecton
ratherthanthatof

reference5 usedinthisreport,andoftheheatof dissociationofOH
fromreference12 (100,206cal/mole]ratherthanthatofreference13
(106,764cal/mole)usedin thisreport.Theresultsofthesecalculations
sreshowninthefollowingtable(Pc= 600lb/sqin.abs):

Equiva-PressureThermo- H20 OH DifferenceDifference
Lence ratio,dynamicthermo-heatof dueto dueto
ratio, Pc/P data, dynamicdissocia- H20, OH,
R this data, tion, percent percent

reportref.27 ref.5
Combustiontemperature,

T, ‘K
0.7 1 2503.12513.4 2508.2 0.41 0.20
1.0 1 2980.53Q44.1 2984.4 2.13 .13
1.5 1 2759.52841.0 2764.0 2.95 .16

Equilibriwspecific
impulse,I,lb-see/lb

0.7 40.827 262.04262.09 262.11 0.02 0.03
.7 1000 311.36311.38 311.39 .01 .01

1.0 40.827 278.30279.46 278.49 .42 .07
1.0 100Q 340.79341.34 340.88 .16 .03
1.5 40.827 250.32251.56 250.44 .m .05
1.5 1000 303.05303.60 X)3.09 .18 .01

Frozenspecificimpulse,
1, lb-see/lb

0.7 40.827 “260.91 261.40 260.95 0.19 0.02
.-? 1000 309.76310.41 309.74 .21 .01
1.0 40.827 267.23269.58 2S7.13 .88 .04
1.0 1000 320.54323.83 320.23 1.03 .10
1.5 40.827 242.74245.81 242.69 1.26 .02
1.5 1000 290.16294.39 290.00 1.46 .06
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Forthethreeequivalenceratiosselected,theeffectofthediffer-
enceintheheatof dissociationofOH (6556cal/mole]onbothspecific w

impulseandcombustiontemperaturewasverysmall.Huwever,thediffer-
entthermodynamicdataforH O madea differenceof 82°K inthecombus-

!tiontemperatureand3 to4 lb)(sec)/lbinfrozenspecificimpulsefor
theequivalenceratioof 1.5. Theeffectofdifferentwaterdatawas
greateron,frozenspecificimpulsethanouequilibriumspecificImpulse.

--.=

EffectofChamberPressure
L
#

$!
By useof suitableexponents,perfor&.ncep=ameterscanbe est&ated

.-,

withgoodaccuracyatchamberpressuresotherthanthosegiveninthis
report.Thelogarithmicvaluesofthep=ameters1,T, s,and c* are
verynearlylinearwiththelogarithmof chamberpressurefora fixed
equivalenceratioandpressureratio.Thislinearitypermitsthedata
tobe representedbymeansofexponentialequations.Forfrozencomposi-

—

tiontheexponentscanbe calculatedfromdatafortwochauberpressures
accordingtothefollowingequations:

,

Forequilibrium

‘1=(f*):,p
%=(M:;p
‘e=(=3,,,c

nc*=

(26)

(27)

A inc*
A-

(28)

..
followinganalyticexpressionswerecomposition,the

deriv~dthatpermittheexponentstobe computedfromdataat a single
chamberpressure:

‘~= (%), ,, = ‘=4’54*[2)
(29)

c
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“= ra),c,,= ‘nA/w)e- ‘n@t

~cx=w=1+ @@t

where

15

(31)

(32)

Equation5(25)to (28]and(29)to (32)maybe writteninthefollowing
approximateform:

“T,1
T ()=T1& @4)

where Pc,l msybe selectedtobe either300or600poundspersquare
inchabsoluteif 11,~, El,c? andtheirderivativesarethecorre-
spon&ngvaluesforthechamberpnessureselected.

Thee~onentsobtainedby meansofequations(25)to (32)areshown
intablesIIIandV andsreplottedinfigures1, 2,3,and6.

To illustratetheuseofthesederivatives,supposethevalueof
equilibriumspecificimpulseisdesiredfora chsmberpressureP= of
1200poundspersquareinch~soluteanda pressureratio P /P of 81.65
(exitpressure,latm) foran equivalenceratio R of0.95 O/F,1.339).1
Fromfigurel(c)andtableIII,thevalueof I atthispressureratio
andequivalenceratio(butfor
is295.8,andthevalueof nl

.

a chamberpressureof 600lb~sqin.abs)
is 0.0025.Fromequation(33],
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UN 0.0025
I

()
= 285.8~

= 295.8(1.m17)

= 286.3

Theparametersobtainedby thechamber-pressurecorrelationandby
a directcalculationme comparedinthefollowingtable(R= 0.95,
equilibriumcc?npositionduringexpansion):

Parameter Pc
Pe

= 12001%/sqin.abs
= 1 atm

Estimatedby
correlation

I, lb-see/lb 296.34
Tc,% 3012.8
Te,% 1557.9
E 10.272
c*,ft/sec ] 5843.0

DirectcalculationDifference

296.32 0.02
3011.0 1.8
1558.2 .3
10.266 .006
5841.6 1.4

Valuesestimatedforotherequivalenceratiosandforpressureratios
fromabout150to 1200poundspersquareinchdmolutewillprobablyhave
smallerrorsoftheorderofmsgnitudeshowninthistable.

EffectofFiniteChamberArea

Theuseofa combustionchamberoffi&te cross-sectionalarealeads ““
to a pressurechangeduringthecombustionprocess.Fora cylindrical
chamber,theinjectorfacepressurePi~ ms#be foundfromthefollowi~
equationforconservationofmomentum:

‘inj=P1+*
%

(VI‘Vinj)
c

(37)

where P1 and VI arethestaticpressureandvelocityatthenozzle
entrance,res~ctivel.y,and Vinj istheaveragevelocityofpropellant
(liquidorgas)inthesxialdirectionwhen,injected.Equation(37)may _
be written

P
()
ZLp

inj=Pc p +*6@@c - Vinj)
c

(38)

where Pc isthestagnationpressureinthenozzle.
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ThedataintablesIIandV maybe usedto evaluatethisexpression.
Forexample,considera rocketoperatingatthestoichiometricratiowith
a nozzlestagnationpressureof600poundspersqusreinchabsoluteanda
chsniber-to throat-arearatio & of 2.131with Vin~ equalto LOOfeet
persecond.FromtableII(c),correspondingto thearearatioof 2.131,
Pc/P1 is1.05and I is35.7.FromtableV, c* is5788. Therefore,
fortheseconditions,thepressureattheinjectorfaceis

(d600~ -i- 6W5788(2.131)
[(35.7)(32.17)- 100]

571.43+0.04865(1048)

571.4+51.0

622.4lb/sqin.abs

SUMMARY0FRlM3ULTS

A theoreticalinvestigationoftheperformanceof liquidammonia
withliquidoxygenwasmade forthefollowingconditions:(1)equilibrium
andfrozencompositionduringexpansion,(2)twochemberpressures(300
and600lb/sqin.abs),(3)a widerangeof oxidant-fuelweightratios
(0.564to 7.046),and(4)a widerangeofpressureratios(1to 1500).
Theresultsofthisinvestigationshowed:

1.Themaximumvaluesof specificimpulsefora chamberpressureof
300poundspersqusreinchdmoluteandanexitpressureof1 atmosphere
(pressureratio,20.414)are256.3and248.4assumingequilibriumand
frozencomposition,respectively,a differenceof 3.2percent.

2.Themaximumvaluesof specificimpulsefora chamberpressureof
600poundspersquareinchandanexitpressureof 1 atmosphere(pressure
ratio,40.827)are278.7and269.3assumingequilibriumandfrozencompo-
sition,respectively,a differenceof 3.5percent.

3.Thedifferencebetweenvaluesof specificiqpulsedueto the
assumptionof equilibriumorfrozencompositionduringexpansionisabout
6 percentfora pressureratioof 1500.

4. Themaximumvalueof specificimpulseoccursontheslightlyfuel-
richsideof stoichiometric.Forfrozencompositionduringe~ansion,the
maximumvalueof specificimpulseoccursa%thesameoxidant-fuelweight
ratioindependentofpressureratio.Forequilibriumcompositionduring
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expansion,t“he
fuel-richside
increase.

.NACARME58A21 .

maximumvalueof specificimpulseshiftsfromtheslightly
of stoichiometricto stoichio~etricaspressureratios

. .

lads FlightPropulsionLaboratory
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3.

4.

5.

6.

7.

8.

9.

NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,February6, 1958
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TABLEI. - PROPERTIESOFLIQUIDPROPELLANTS

Properties Ammonia

Molecularweight,# 17.032

Density,g/cc ao.68
(at-33.4°C)

Freezingpoint,‘C C-.77.76

Boilingpoint,‘C C-33.43

Enthalpyrequiredto convert
liquidatboilingpointto
gaseouselementsat 25°C,
kcal/mole d17.14

Enthalpofvaporization,
r

C5.581
kcalmole (at-33.43°C)

IRlthalpyoffusion, C1.351
kcal/mole (at-77.76°C)

Oxygen

32.00

%. 1415
(at-182.0°C)

C-218.76

‘-182;97

‘3. 080

C1.630
(at -182.97° C)

C0.106
(at-218.76°C)

.

●

aRef.28.
%ef. 29.
cRef.12.

%Ref.4.
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TABIE11.-THEORETICALROCKETPERFORMANCEATASSIGNEDl?RESSURERATIOSFROM1TO1.50Q
FORLIQUIDAMMONLlWITHLIQUIDOXYGEN

(.)Combustion-chamberpressure,300poundspe~ squareinchabsolute;equilibrium
COIWJOSitionduringisentroplcexpansion—- ---

**awre static Tqper- Zntbtl-bblacularIm2- ZwcifiaAhm- mlmrmr:lhch 36wciflc6?..
xtto,

l?Jrwt2bvcu6d
pr*6mur*,y, Jq, WWt, tropic Mat, luta numk-,-8.,

Pdp
rstio,.209521-WUlse,

p, J -eat> ~, viKO.-titity, M lVM, ~
L& b. w &g

tit,
r

G%i?r Ya- dw -
% +

Zuu*#

.—

1,00
1,05
1.6a
X*84
2.00

10.00
20.00
20,41
40,00
40,03
80,00

100000
.200,00
300.00
500,00
800,00

000,00I
,500,00

R = 0.40, PERC216TFUEL= 6S,9

9M,00 1349 3s30.2 1s.316 1.2956 0.6541 45s
28S.71 1334 S340,4 1S,316 1*2966 .6524 430
187.50 1210 326Q.3 130316 1,2053 .6381 421
163*21 1171 3235.9 13,97.61,3082 ,6335 412
150.00 1148 9221,9 19.316 1,3100 ,6306 406

-
2901
18,3
99*7
105,9

176.3
199,5
19$,?
206.8
207,1
217.2

220,1
227.a
23!.6
235.7
239.0

240.4
242,7

-
●0003s
*ooo3e
.00035
400034
.00033

.00024
400021
*00021
@o 15
.,00018
.00015

a:00015
..0.2012
,0.5011
s00010
,00009

.00008

.00007

----

T0.273 326,2
.a72 1n,3
1,000 176,0
1,072 176,S

;::;; 0.20s
,630

!,000 ,712
1,004 ,756

30.00
23.00
14,70
7.50
7.3s
3.75

2993,1
2919.9
2917,9
2838,8
2857.1
2807.9

13*316 1.’3421
13,316 1.3530
13.316 1,3532
13,316 1,3618
13,316 1,S6,?1
13,916 1,3680

,585s
.3720
.5718
,5617
,5614
.5547

S09
272
271
237
226
206

2.030 1.259
3,093 1,311
3.133 1,384
4.S23 1,476
4.888 1,47s
?.629 1,550

=
543
538
535
447

2.149 204,7
2,569 215,2
2.581 215,4
2,998 223.7
3,010 223.9
3.447 230.6

3,00 I421 2793,5 13.316 1,3696 .5530 196
1.50 349 2753,8 19.316 1,3744 .5479 168
1,00 S12 2733,8 19,316 1,3767 .5454 134
.60 271 2711,6 13*316 1.3791 .5429 136
●97 238 12693.713.316 1,9842 ,5377 122 13,597 232,5

4,083 237.7
4.383 240.3
4.781 243.2
5,163 245.5

5,331 246.4
5,707 240.0

3,863 1.571
14,191 1,626
18*744 1,653
26.680 1.602
B6.978 1,705

,30 224 2686,0 13.316 1,3872 .5347 115
*2O 200 2673.2 1S,316 1,3920 .s291 1G4 *

.PERcE

1.2616
1,2624
1.2695
1.2717
1,27S5

R = 0,50,

m

- ..
D.6607
.8590
.6450
.6608
,6375

,5847
●5647
,5641
,5474
.5469
●5338

,5301
.5203
,5162
.5118
.5087

555 0.00046
551 .00046
32o .00042
511 .00061
503 .00041

394 ●oo30 2*149
351 .00026 2.555
950 ●OQ026 2*367
311 600022 2.967
310 *00022 2.979
274 *gm19 3,396

0,279
.882
1.000
1,083

359,6
196.3
195.0
195.5

2.2o6
1.01s
1.000
1,006

2.090
3.218
3.261
5,065
5.134
9.071

9,396
15.126
20,033
29,602
39.757

0,206
●626
,700
.751

32.1
97*5
10!*2
117.1

10*OO 30,00 1075 2632,4 14,516
200w 15,00 9s1 2598.4 14.516
20,41 14.70 906 2595,% 14.516
40,00 7,50 768 2458.9 14,516
40,83 7,35 764 2456,7 14.516
80000 3,75 644 2392,0 14,516

1,3057
1,3200
1.3205
1.>335
1,3339
1,3449

229.0
241.3
241,7
251.4
251,’3
259,7

1.260
1.317
1,390
1.686
1.4*9
1,365

196,b
216.3
216,8
231.7
232.1
243.9 .

262 .k18
228 ●00016
210 .04014
188 aooo13
169 .Doo12

100,00 3,00 608 2372,9 14,516
200,00 1,50 308 2?20.,1

456 2293,4 H:N300,00 1,00
500,00 .60 396 2263,6 14,516
800,00 .37 351 22S9,5 14,516

1.34.32
1,3571
1,3609
1,3652
1.3682

3*539
4,003
4,292
4,673
3,045

262,0
268.2
271.3
274,8
zn.s

l,98b
1.645
1.674
1.705
1.730

247.S
256.b
2$0,9
265,9
269.#

,000,0-0 .30 “33o 2229cl 14,$16
,500.00 ●2O 296 2211.7 14.516

1,3696
1.9718

PCRC

1,2334
1,2344
1,2423
1,2444
1,2463

1,2746
1.2883
1028s8
1,3029
103033
1.3171

.507s 161 .bQOll 5.228 278.7 46,5o8 1,741 271.4

.5051 146 .bU610 59575 220.6 61.884 1,739 274,2

r FUEL= 54.19, 0/F _ 0,845R = 0.60 ...

T9,6765 639
.6734 635
,6514 .603
,6461 596
.6417 586

.5070 469
,565o 422
.5643 421
.5439 378
*5433 377
.5252 337

2843.5 15.708
2830,1 15,709
2120.1 15a713
y:; :: 15,714

150714

!*@053
*iMo33

:!%;

‘$●b 035

k

, 0031
,
. ::
.00026
*00023 I00282 301.5

,890 200,9
1,00 207,7
1,091 208.3

2s15 265,8
2,54 259,7
2,560 260,0
2.94 271.1
2,95 271,4
3,354 280,5

1

3,491 2s?.2
3.932 290,4
4,20 29b.o
4.566 293.0
4*31 301.2

2.191
1.012
1,000
1,007

2,140
3,331
3,376
5,295
5,369
1,519

9.944
16.132
21.449
30,751
42.33.1

0.204 34.0
.622 103.6
,692 115.2
,748 124,5 —.

2336,0 15,716
2225.3 15.716
2222.3 15.716
2130.5 15.716
2127,9 15,716
2049.8 15.716

10,00 30.001961
20,00 15,00 1169
20,41 14.70 1164
40,00 7.50 998
4d,83 7,35 993
.90,00 3.75 847

1.262
1*993
1.?96
1.496
1,498
18578

210#l
23!,9
232o5
249.1
249.3
262,8

●QO022
!
, 6019
. 0017
.00016
.00014

1,601 266,6
1.663 277.o
1,694 282.1
1,72# 287.8
1,755 2$2.2

100,00 3.00 803
200100 1,50 676
900.00 1*00 611
500,00 .60 536
800,00 .37 474L-2026.5 15.716

1961,8 15,716
1928,9 15.716
1891,9 15.716
1861,9 15.716

1848.9 13,716 1.3532
1827.2 15.716 1.35.59

R . 0.70, PERC

1.3215
1.3341
1,2404
1.3476
1,3531

,519s 32L
,5049 286
.4979 265
.4902 239
,4846 217

-
,4824 207 060013 5.09 302.5 50,232 1.767 294.z
,4788 190 *00012 5.42 304,8 66.995 1.786 297.4

1 PV2L. 30,34,.0/?= 0.986

1,00 300,00 2494
1*O5 285.71 Z*74
1,60 167,50 2305
1s78 168,33 2262
2000 150,00 2?16

2644,

.1

2629,8
2511,3
2482.3
2451.9

16.862
16,866
16,091
16.895
16,899

1,2004
1,2017
1.2130
1,2157
1..?186

1,24?7

1:$%
1,2749
1,2753
1.2892

0,7547
.7474
.6937
,6824
,6714

709
705
673
665
636

,936
487
486
440
439
396

3S2
941
518
29o
263

254
233—

D,00064
4.00063 0,28. 395,0 2.172 0,203 35*3

w: ;:;q ;;::; w ::;: ;:;:;
217.0 1,005 ,743 12?.3

2089.
1965,
1962.

!
1850.1
1655.
1765.6,

16.916
16,916
16.916
16.916
16.916
16.916 I,5884

,5662
.5696
.5447
.5441
,523

●0609.9
000635

%&

s00027

257.6
272,8
273,2”
285,4
295,1
295,9

.-.Iii’;i6233.45 298.9 10,470 1,614 2io.7
000022 3.87 307,0 17.139 1,680 292.1
.00020 4.12 911,1 22,897 1,713 297,9
,00018 4.47 315,6 33,006 1.749 304,1
,0;OQ264,80 319.2 46.234 1,778 309.2

{

2.i5]
2,541
2,55
2,927
2.93
3,921

2.185
3,431
3,478
5,5o6
5.585
8,943

1.263
1,397
1,601
1.5ob
1,507
1●590

219.6
243,0
243,6
261,5
262.0
276.5

100,00 3;00 &&
200.00 1.50
900,00 1.00 772
500,00 ,60 683
800,00 ●37 60S

173s:
1663.
1624.
1581,i
1545,i

i6.916
i6,916
16.916
16,916
16,916

f,2939
1,s082
1,3163
1,3257
1,323*

,5172
,4986
.4689
,4781
,4698

1530,
1504.

*00016 4.96 34.262 1,790 31!.3
,00014 5.28 72,597 1*811 S15.0

,=
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TU233II.- Cmntt,nued.~ KC3E2 ~c2A!3A3SmFflz5Sw RATmmlmm

~ LIQU~A56KMIAWITEL2QOI0~

(n)Continued.Cc&wstlon-ciwsberpressure,200_ per squareinchabmolutaj
equilibrium_sitti duringI,9entroplc~MiOn

J.sen-
tmplc
expnont,

1-

OpeciricAb80- l?lernllMnch meci?ic A-r- lhrwt Spezific
heat, m Ccmlduc- nlraber,IQulse, rat10, cOeffi-iwlsa ,

% ticOm- tivity, M Iwnc> e Ciont,
w,

‘1

+
* &- ~= [~)

% +

paise6I I 1. I I
R - oaao~ PERcENTFUEL= 47s019o/F= 1.127

1,1669
161679
1.1777
1.1s02
1.1s37

1,2269
1s2396
1,2399
1,2514
102518
1*2640

182684
1,2826
1.29G9
1,3015
1.3109

1*3151
1,3223

300.002734
285*712717
187,502563
170,412528
150.002482

2471#017s915
2456.317.924
2333.217.996
2306.416,009
2271.118.026

*00083
●000810s290 401.6
doa71 9909 222.0
●OO0691*000 221*1
●ooo661.111 222*1

1,00
1,05
1,60
1976
2800

10900
2oaoo
20,41
40,00
40e83
80,00

Iooaoo
Zooaoo
300.00
500.00
8ooaoo

Oooaoo
5ooaoo

D.9466
e9345
.8?.56
*8150
.7886

*5974
.5683
,5676
.5461
e5455
s5Z51

*5184
.4979
●4a67
.4735
,4625

●457a
.4500

762
759
730
?23
714

597
547
546
499
497
452

43a
394
370
340
314

301
284

2.1510.201
1.008 8613
1.000 .670
16011 .739

35a
10905
119*7
131.9

2Z5.9
250.5
251,2
z7002
270D8
za6a3

290.S
303.2
309,3
316,4
3Z2.O

3Z4.6
32a.4

30.00la93
15,001661
14,701654
7,50 1449

la84.7lae112
1749,.3189115
1746.0la,l15
1631.71S.116
162a.4laal16
152960 18*116

●000442*145 Z65e9
●0003920528 ZSZ.2
.0W38 2*539 2az.6
*0003428906 z95a8
8000342,917 296,2
9000303@za8 307.3

ZSZ41 1,265
3.544 1.403
3*594 1.407
5.731 19514
5..31s19517
9g3a7 1,604

7*35 1443
3,75 1257

149aa9la*l16
1414,218al16
1370.318.116
1320.4la*l16
1279,4 la*l16

3.00 1199
1.50 1033
1.00 943
.60 a39
,37 752

#00029 3.414 910,5
m00025 3s81531995
s000234.060 324,0
*000214.3a2 3Z9*I
.000194,695 333,2

11.0221.629
ta.203 1.699
?4.4431.734
95.4551,772
b9.927hao4

V!2L!?N58.736 1.a174-E *
R = O*90S PERCENTFUEL= 44.09sO/F= 1.z68

1900
1*O5
1.60
1.74
2*OO

10.00
20,00
20,41
40.00
4oaa3
80,00

100boo
Zooaoo
300800
SOoaoo
8ooaoo

000,00
,500,00

900.002a77 Z319.518*a16
2a5.712a62 z304a7lat831
187*5O2731 21ao.9la*956
172*33Z704 2156.a la.979
150.002661 2117,9196015

1*1*39
1.1443
1.14al
1.1491
1.1510

1.1950
1.2156
1.2161
1.2303
la2306
1,Z4Z2

1,2461
1.25a7
1,2666
162771
l,za6r5

1*2914
1,2997

1.ZZ66
la216a
1,1072
hoa47
1,0470

.6645

.sam

.5a66
95510
.55o2
.5Z77

.5209

.5006

.4807

.4741

.4616

.4559

.4461

798 o.ooloa
795 ●OO1O709292 402*3
770 ,00095 ,919 2Z3*2
765 *00093 1,00022Z,5
757 ,000891*122 223a

Z.134
1.006
1.000
1.013

0.199
.609
.660
.735

35.9
109*8
11990
132.5

2Z9.O
254aa
z5s#5
Z75*7
276.3
292,9

297s7
31191
317.8
325.4
331.5

334*2
398*6

30,002135 1717.119,278
15.001900 1573.119.307
14,70la93 1569.119.3oa
7,50 1675 1445.7190315
7,35 1668 1442,219.315
3.75 1667 1333.a 19.316

653 .000522a140 270s8
604 ●000432~50a 28t.Z
602 ●00043Z*517 zaa.7
555 .0003a20871 302.9
5% SOO03512.8a2303*3

2,320
3,704
3,757
6,033
6,122

1.270
1.414
1.418
1.530
1,533

507/ .00033/30Z4313,503 9.95il1.625

11.711!
19.4951.726
26.3051.763
53.394I.aos
54.3741,639

3.00 1404
1,50 1221
1,00 1122
.60 1006
937 907

1300.919.316
1Z079419s316
1156.519.316
1102.619*316
1056.419.316

492
447
421
390
362

.000323b364 3n.a

.000za3s751 32a.6
*000263.9as 333.6
~000244*291 339.2
.000214*5a6 343.a

1,652

S30 863
*2O 787

1036,119*316
1001,719,316

349 a000204*731 345.7
33a 0000195.005 349*O

,4Z,76VO/F= 1.339

54,136
96,552

1.854
19879

R = 0.9S

T

2250.619s201
2235e919.21a
2112.9 19.S61
2oa9b9 19a3a7
Z050.2 19*432

1647.3 19sa15
1499*8 19,aa5
1495.7 19ca87

PERcENTFUEL
——

1900
1.05
1.60
1*73
2,00

10.00
20000
20G41
40,00
40.a3
80,00

100,00
200,00
300,00
5ooaoo
aoo.oo

,000,00
,500900

300.002913
Z85.712a99
187.502774
172,912751
150,0027o9

1s13s1
1*138Z
101395
1,1399
1.140a

1,1704
1.1957
le1964
1.2173
10z17a
1,2316

1.2355
1,2477
1.2551
1,2651
1.Z747

102792
le28i7

1,3349
1,3256
1,Z397
1.2220
1.1901

.7776

.6375
,6345
.5646
65633
*5S15

.523a
9.5026
*4910
s4762
.4630

.4571
●4666

810
ao7
783
77a
770

676
631
629
5a3
582
535

52o
474
44a
416
3a7

374
368

3400119
*001170.Z93400,7
.00107 .921 222*6
●00105 19000Z22.O
aooloz1.126223.3

2.130 0.199
1,006 *608
1.000 .657
1.014 .734

3597
10905
lla02
132.1

229.1
2S5.6
256*3
277.1
277,7
Z94*8

29988
313,7
320.a
328.7
335*1

337.9
342.5

●OO0612.145 Z71*7
.000482.49a 2a9g9
.ooo4a 2g50a290e4
.000402.a4a 305.Z
●000402ga59 305.6
*000353c21O 318*O{

30.002Z34
15.002015
14,7 2008
7.5 1791
7.35 17a4
3975 1577

Z,364 1.273
3*80a 1,420
3,863 1.424
6.Z37 1.540
6,930 1.543
10s3241.638

3.00 151Z
1.50 1321
1.00 Izla
.6
01

1096
.37 99Z

1Z17.319,916
1119.319,916
1068,119.916
1009,219.916
96o,2 19,916

.000343b330 32187
s000303,709 332,0
.000283.93a 337●3
COO0254e236 343,1
●000234.5Z3 347.9

[2.1641,666
?0s313 1*743
2?.476 1,782
10.Z22 l*a26
57.1221.862
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NACARM E58A21
TABLEII. - Continued.TmmRE’rIcALRCUICETPEREWWMOEATASSIG~DPRESSIR?ERATIOSFROM1TO1.500 d

—

8(a)Continued.Cozobustion-charoberpressure,500poundeper squareiuehabsolutej

—

....li
equilibriumccnopxitfonduringIaeutropicexpaneIon

R ■ 1.00. PERcCMTFUEL= 41,S1, O/P= 1.409

1.00 SOQ*OO 29W 21*9*7 39.542 1.136Q 1$3651
1,05

m17
285,71 Z914 z&7a,2 19.560 $.1S60 1.3572 a14

1.60 l#7,50 2792 Z069*6 Z9*711 1.1965 1.2045 791
1.7s ID*H 2769 2037.3 19.738 %*1$67 l?ZWQ ;6#
2,00 150,00 2?2s 19*7,7 bv.?ri 1,1371 X,243Z

).QQIZZ
pgglzl 0,Z94 396.3
*QQILZ ,●2Z 2ZS,?
*OW1O 1*000 330.7
●OO1O7 1.121 222.1

2.12’8
1,006
1.000
1.015

0,198
,608
*656
.7ss
1.2?5
1.624
1,428
1,547
1.550
1.669
1.618
1*799
1,801
1.8b7
1.885
1,902
1,929

was
10B,8
117.4
1s1.3
228,1
254,9
2SS,6
276,S
277,4
295.2
SoO,&
914.*
WZ.Y
S90,6
337*4
940.b
345.3

.
10,06
20,00
20,41
40,00
40,~S
#oaqo

2.19s
Z,506
2,516
2,843
2,85s
30180

270,9
3.69,6
290a2
305.7
306,1
319.3

1.’385
9,aB7
3*945
6,45S
6.551
100799

-.

100.00
ZOQ,00
#QO*OO
300.00
800,00

3,00 i6Z7 1146,7 Z0,502 1,2145 .5500 549
1,50 14s4 l~;w:: 20.51s 1,2327 ,5155 50s
1*OO 13z6
,60 11*9

ZO*Y15 1.Z418 .4983 4n
929,3 ZO.516 1,2523 ,4810 445

,37 1089 877,3 Z0,516 1.2619 .4666 415

9.291
3.649
9.869
4.157
4,494

323,2
334.1
S39,7
345.9
S51.O

12.756
21.438
29.067
42.681
60.786

000*00
Soo,ooI .p0023

*00029I
4,570
4,125I

353.2
957.0 I71,89Z97,495

R = 1,10, PERCENTFUEL= S9,:

mm

300.00 2919 W66.7 20,11S 1,1386 1,2403
ZW,71 9090 2052.7 ZO.lY1 1,1SS7 I,Z993
887,50 Z77S 1955,9 ZO,Z75 1.1402 1.1574
!72.S7 Z749 391%3 ZO,S02 1,1406 1,1409
lw.00 2707 1875,4 20,347 1.1415 1,1117

0/? - 1,550

‘m

-
2#1so
1,006
1,000
1,014

2,968
3.836
3.892
6.334
6.430
10056O

12,4t4
Z0,90S
z8,31b
41,518
59.048

0.199
.008
,657
,7s4

1,273
1,421
1.4Z5
1*542
1.545
10642

1.671
1,750
10790
l,a35
1.872

1.888
10915

94,9
107,0
115,5
129,0

223.8
Z49,8
Z50.9
271,0
271.6
Z8SO?

Z9307
307.6
314*?
322.7
%?9.1

332,0
336,1

10,00
20*W3
20,41
4Q,00
40*M
80,00

SO*W 2236 1490*9
13*OO Zoso 1349,6
14.70 ZozY 1545,6
7.50 18ZI IZZ2,4
7.35 1*I7 1228.9
9,75 16Z1 110900

100,00 3,00 1557 1073,9 20,9Z1 1,ZZ19
200,00

.5284 537
1,50 1360 979.1 20,’928I,z385 ,4945 492

300,00 1,00 1264 928,5 20.930 1,24?4 .4794 466
500.00 ,60 1140 870,2 20,9S1 1,258Z ,46Z8.433
Soo,oo .37 1034 021,7 20.331 1,2+81 ,4491 404

ZO.739
2008$6
ZO.63b
z@5.89
20?890
?0,916

1,1633 .7640 686
1.1796 ,6769 643
1.1800 .6741 642
1,1979 ,5972 398
1.1984 ,595Z 597
1.2162 ,5421 532

.
-7-

000,00 ,30 986 800,9 20,331 1.272?7.4451 391
500,00 ,2 903 764.0 20.931 1.28!1

9000224*611 344*Z
,4927 988 ●00021 4,871 347.8

R . 1;20, PERCEM7FUEL= 37.16* OjP . 1.691
1-
69.789
94,526

II*OO Wo,oo 2071 1960,2 20,593 1,1425
1,05 285.71 2156 1946,7 200009 1,1427
1,60 187*5O Z726 1’593s720.742 1,1448
1,74 172.57 2701 1812.2 20.767 1,1454
2,00 150.00 2659 t776,2 20,007 1.146*

1,1178 822
1,1093 s19
1,0346 793
1,0197 788
.9943 780

;:::; 0.199 34,2
,609 104*9

1.000 ,659 11s.5
1,014 ,724 126.5

10*OO I30,00 2175 1408,1 21,154 1,1691
20.00 15.00 136s 127S,5 31,235 1.1851
20,41 1%;0 a96z 1269,7 Zi,237 1.1856
40.00 17+Z 1192*7 Z1.283 1,2035
4&6& 7*3 lb 11+?,3 21,284 1,2041

E3,75 i 2 1045*$ ZI*Z95 1.Z220

●7Z71
,6978
,6355
.56.96
.5669
.5L9Z

Z.355 1,272 219,2
9.805 1,419 244.4
9.a61 1,423 245,1
6,z7g 1.53* 265,1
6.364 1.542 Z65,6
10.432 1.63a 242,2

679
695
635
5a9
saa
543

L●ok3 3*321 S03.2
.00029 3.690 218.2
.0W26 s,916 32%3
●OW24 46211 329,0
.00022 4.49 333.7

*O;@QZ14063 S35.7
.Oooza 4,90 939.1

0/F - 2.116

1Q0900 3,00 1499 1083,4 zl*s~9 a~227a
ZOO*OO 1.50 1s14 922,6 ?1,315 1*Z44S
aoo,oo 1.00 J212 .574*9za.91$ 1,2531
500,00 .60 1091 a2001 21,317 1.2640
800,00 ●37 9C8 774,6 Z1,317 1,2738

,5067
,4769
.4620
,4465
,4850

528
48z
456
424
395

12.304 1,666 287,0
20.590 1.744 300.5
27,856 1.7a4 30?,3
40,705 l,a29 315,0
37.9>3 1.865 321.2 G“.

,4281
1

38z
,418s 376

R . 1,50, PERC T FUEL■ S2.)

0:y;

.a450
●a339
,9152

.6144
,5472
,5459
84971
●4959
.4620

809
ao6

m
764

2.118
1.007
2.OG-Y
1.013

0*1P9
,610
,662
.796

329$
99,3
lo?,a
119.a

.
65a
611
609
569
562
515

2.325
3.73Z
3.786
6.106
6,19’7
10,0s8

1,Z7!
1.415
1.419
1.532
1,525
1.620

206.9
230,b
281.0
249,4
249,9
Z65.I u-

W d-i.&28 3,S46 2S8.9
,0WZ5 307z9~Z9’3.O
.0~023 3,94

4
302,4

.00021 4.27 907,5
oo~O19 4.56 311.6

.0001a 4.711 319.4

.09017 40986 S1604—

.45S2 500
,4310 455
,+199 429
.4075 397
,9969 36a

lx.a74 1,636 269.5
19,750 1.731 zol.a
26.630 1,769 20000
98,031 1.811 294.9
5k.930 1,846 300,5

. .
8

&l&
.



NACARM E58.A21

TABLEII.-Continued.~~ICfi ROCK31!~MCl? ATAS91GNED~ WTImFROM1

25

To1500

FOR LIQUIDAMMONIAWITHLIQU3DOXYGEN “

(a)Concluded.Combustion-chamberpressure,3CKIpoundeper square inch absolute;
equilibriumcompositionduringieezztropice~ne ion

3mSSur*matte Tnwr- =til- mkcalu Bm- *cEr2c 63ua- ~ hh mctclc &-u m-t 22m09fic
ratio,B1’ym,surf.,m, -l#It,tfQic tit, Zllm .mJ311c-
W’3 ,

r!l’ty,~ mtlo,mm -iwnke,
T> -t,

D& im.w .=% J r
J..,p&m-tifiw,

“ <~ da’ - ‘
“~’ +

m
U3

%

R - z.oa. P3R2E36TFUEL. 26,1

m

on = 2,818

‘m

I I
2,167 0,200 30,1
1,008 ,612 92,1

::% :x :::;

10,00 ao.oo 1782
20*00 15.00 1s7+
20,41 16,70 156s
40,00 7,50 13?7
40,03 7.35 1371
80,00 3.75 1199

97s.0 2s,611 1,2117 .4349 620
875*2 23.656 1,2308 .4530 570
07.3.522.636 1,2314 ,4520 569
789,a 23,645 1,2434 .4238 521
7s7,0 23,64S 1,2468 ,4230 520
714,5 23.647 1,2634 ,4033 473

.0W37tZ,145 224.9

.00032 2.517 229.0

.00032 2.528 239.4

.00028 2r686 2s0.s

.00027 2,897 251,1
000024 3*265 26006

2.273 1.268 190,7
3.612 1,408 211.s
3.663 1.412 212,4
5,a43 1.521 z2a.n
5.934 1,526 229.3
9.573 1.613 242,6

I1,245 1.699.246.5
#.564 1,709 257.2
4.925 1.745‘“262,5
6.13’61,7S3 266.5
0.929 1.817 273.3

100,00 3.OQ 1141
200600 1.50 982
300,00 1,00 898
500,00 .60 799
100,00 ●37 716

692.6 23.64a 1,2680 ,3977 45s
630.9 23,648 1,2820 ,3821 414
598●8 23,648 1,2900 .3736 388
362.5 23.646 1,s003 .s6s9 %57
532.6 23.648 1.3095 .3556 330

.0W23 3.390 263.4

.aao20 5.790 271.1
●OW19 40035 275.0
*00017 4.357 279.4
.00015 4.668 262.9

519*5 23,648 1,3138 ,3519 317
497*5 23,648 1,3214 .3455 302

R - 3.001 PERc2HTFUEL= 19.13,o/F = 4.227

1,00 3W,00 2163
1,05 2S5.71 2146
1,60 1*7.50 zoab
1,7s 166,77 1969
2,00 150.00 1929

1024.725,320 1,1942 0,5131 727
Lolb,425,326 1.15-33 .5112 723
947.9 25.367 1,2055 .4795 690
931,6 29,376 l,20a3 ,4721 682
91S,6 25,384 1,2114 ,4441 673

2.166 0,202 26.8
1.009 ,617 81,7
1,000 ,630 90,0
1.009 ,742 9B,3

2.189 1,263 167o3
3,429 1.397 13.5.1
3,476.1.401 165,5
5,488 1.504 199.1
5,566 1,S06 199,5
8.89s 1,509 210.5

i

lo,oa I30,00 1427
20,00 15,00 12S6
20,41 1+,70 1231
40,00 7,50 1065
40.83 7.33 1;::
60,00 3.75

703.2 25,436 1,2533 ,3871 550
631.1 35.437 1.2679 ,37aa 499
629.2 25.437 1,2633 ,3696 498
566,9 25,438 1,2814 .3558 452
567s2 23,431 1,2116 .3554- 450
515,5 25.43a 1.2944 ,3434 406

500,0 25.438 1.2980 .3396 392
456,7 25.43a 1,3123 .3282 350
434.4 25.438 1,3202 .3221 326
409,4 25.43a 1.3390 .3146 297
3m.9 23.433 1.33a5 .30a9 272

100,00 3.001 864
200,00 1.50 737
300.00 hoa a6a
500,00 ●6O 590
800,00 ,37 524

10,406 1.619 213.7
17.008 1,679 222.3
22.703 1.711 226.6
32.694 s.747 221.4
45,747 l.nb 23.3.2

.

3a0.1 25.438 1,3423 .3063 261
365,2 25,438 1,3491 .3019 262

R - 4.00. PERc2747FUEL- 15,( 131F= 5.636

I1,00 300,00 15.75
1,03 2a5.71 lsa6
1,60 187,50 1717
1,80 166,91 16ao
2.00 150.00 1645

814*O 26,561 1,2253 o.415a 673
807,1 26,563 1.2266 .4133 643
750,8 26.579 1.23n .3939 633
736,1 26,582 1,2406 ,3a93 624
722a 26,5S4 1,2433 .3653 616

).00034
.00034
.00031
400030
.00029

.00022

.0M19

.00019

.00017
,ooa16
.ooa14

,00014
.00012
.Ooall
9OM1O
●aa@09

.00008

.00008

O:::; :72::

1.000 146.7
1,392 149,1

2.187 0,204 24.3
1.011 .621 74.1
1.000 .690 12,3
1.007 .747 S9.1

j

2.149 173.9
2,548 la5.S
2.56 186,1
2,947 194.0
2.959 194,2
3.35S 200.7

554,0 26,595 h2n3 ●3642 493
497,3 26,596 1,2901 .3322 445
495,8 26.596 1,2905 .3319 444
448,9 26,596 1,3021 .3215 399
447,5 26,596 1,3032 .3211 39a
407,6 26,5% 1,9163 .3110 35a

100,00 I3*OO 695
200.00 1,50 5B5
300.00 1,00 528
500,00 .60 463
800.00 ●3 410

1000,00 ,30 336
1500,00 .2 347

395.7 26,596 1,3205 .zma 343
362,6 26,596 1.3341 .29a3 303
345,8 26,596 1.3416 .2936 zax
326,9 26.596 1,3%9 .2s77 254
311,5 26.396 1.3580 .2a34 231 d3.W4 202.6

9.933 207.S
6,20 210.4
4.564 213.2
4,91 215.5

9,924 1.6W 190.s
16.1C4 1,662 198.2
21.403 1.692 201,8
3a*675 1.726 203.9
b2,731 1.752 209,1

5.09
4

216.4
5.42 21s.0

3a4.9 26.596 1*360a .261s 221
293a 26.596 1.3650 .2794 203

R = 5000, PERcEN7FUEL. 12.1

m

, OfF ● 7.046m
4s9,7 27,606 1,2941 .3191

1

440
413,2 27,406 1,3064 .3091 4.22
411.9 27.406 1,3060 .30Pa 400
373.6 27.606 1,3198 .29?3 35s
372.6 27.406 1,32oI .?990
340,2 27.406 1.3335 .2a9+l %

.aoalo
,00016
.0W16
.00014
.0C414
.00012

2.151’

~

160.5
2,555 16?,3
2.567 ;;::;
2.961
2.97 176.7
3.38~ 1a2.4

2,106 ldzaa~13705
5,257 1.389 151,5
!.301 1,?92 151.9
5.149 1.489 162,5
5.221 1.492 S62.8
a.241 1.5691171.2

.

.
Ip200,00 ‘2,00 577
200,00 1.5 4a3
3cc.ce 1. ,

1

434
500,00 .6 379
acc,co ,37 334 II330,6 2?,W6 1,3378 .2871I 305

30A,0 27.4ob 1s3509 .2792 237
290.5 27.*O6 1,9579 .2751 247
275.5 27.406 1,?649 .2712 222
263,4 278406 1,3697 ,2687 201

.00012

.00010

.00M9

.ooaa8
●00007

3.51
4

la4.1
3.97 la8.6
4,25

!

190.9
b,62 19?03
,,q 1950?

~9.603 1.591 173.6
15.499 1.651 laO.2
20.540 1.6S1 la3.4
29.326 1.713 1a6.9
4C,744 I,739 169,7

25e.1 27.406 1,3715 ,2677 191
249.4 27.696 1.37+0 .2664 175

.00007 5.17 67,546 1.750 190,9
,00006 5.52 I,?fia192,9
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26 NACARM E58A21

TAELEII. - Continued.THEORETICALROCKETPERFORMANCEATASSIGNEDFRFSSURXRATI09FROM1 TO 1500 a

FORLIQIJ~AMMOI?IAWTI’HLIQUIDOXYGEN

(b)Combustion-chamberpressure,300poundsper square inch absolute;frozen
“#

D
,,.

compositionCh2rIng isentropic expaneion

9r*8ml’eStbticT-. 3nmd-MOkUJ.U3su,- 6WCwt.6bM- 2!M!M:mcb 39ac1ria ArOm
I.*t*o,

Thrust 83+eui4
yum , ay’% w, Vd3bbt, W$e tit, Ulti 4.,,m.,

PCE L -.t , q, tis09-t%:iw, n kc, ~
Z6jlqZm. 4 Q@ r
&s *

&a- d[a’

p) (’EC) *

patias

R = 0,40, P2K2 FU2L- 63.(

WE m1,2956
1,2966
1.3059
1,9082
1,3100

1,3621
1,3530
1,3532
1.3618
1,362o
1.3680

1.3696
1,3744
1.S768
1*3793
1,3842

1,3871
103927

1.6340
,6524
.6381
,6335
.6307

,5855
.5720
.5717
,5617
.5615
,5548

.5530
*5478
,5453
,5427
,5377

.594s

.529s

30,00 772
15*OO 646
14●70 643
7.50 538
7,35 535
3*75 447

10*OO
20.00
20,41
*O.00
40,8s
80,00

909
272
271
2S7
256
206

196
168
154
156
122

115
104

:w;;;
90002
.0001i
.00016
.00015

2,149
2,569
2,581
2,990
S*O1l
s,647

ZOk.7
215,2
215,6
223.7
22s.9
230.6

100,M
200.00
500,00
900,00
800,00

3*OO 421
1.50 949
1.00 312
.60 271
*37 23s

—.

J-1000.00”
1500.00

,30 224
.20 200

.00006 9,351 246,4
900007 5.707 248.0

26B6,0 13.316
267s.2 1?.316

, o/F= 0.705PERcENTFuEL= 5S,(

1,2629
1026sO
1.2697
1,2719
1.2736

1,3037
1.9201
1,3205
1,3335
1,3339
1,3450

1,3482
1,3571
1,3649
1,365o
1,3683

1.3696
1,3717

),6588 555
.6573 551
,6444 52o
.6404 510
,6372 503

.5847 394
,5646 351
,5641 350
.3474 911
,5469 310
.3333 273

.
~:::~ 0.306 32.1

.626 97*5
loom :;~f 109*2
1.006 117*1

A

2.090 1,260
3,218 1.387
9,261 I*3W
3.064 1.4#6
5*194 ;::;
6,073

10,00 30.0

\

1074
20,00 15.0 911
20,41 14*7 906
4C,00 1,5 768
40,6S 7,35 764
80,00 3,75 644

396*4
216$2
216,8
23117
232*1
243.s

*

1,5301 262
,9203 226
,5163 210
.5120 12!3
.5086 169

,5073 161
05053 146

rFUEL. 5.4.

.00018 30339 261,9
900016●.oo3 266.2
.000144,292 271.3
.000134.6?3 274ti8
.00012 5*0*5 277*5

2k7*3
25b,4
260a9
265,8
269*7

XEIH.bE
, o/F= 0.349

2229.2 14,516
2211,9 14,516

271,4
274*21

R = 0.60, PERC .-. .
1.00
1,05
1,60
1,80
2,00

300.

1

205,71
187,50
166.59
150.00

30.00
15,00
14.7
7.5
7,3
3,7

?169
2149
1979
1933
1893

2043,5 15.706
2830.1 15,708
2720,2 19,703
2691,0 15,708
2665.6 15,708

1,2400
1.2406
1,2456
1,2472
1,2486

1,2750
1,2868
1,2892
1,3034
1,3038
1,3175

1.6535 639 0.00052
.6523 635 9000510,381 381*4
,6416 602 .00048 ,aav 208.7
,6383 393 ,00047 I*OW 207.6
,6354 585 ,00046 1,091 208.2

,5865 468 000035 2.151 245$5
,5646 421 .000302,646 259.4
.5699 420 ,00030 2,560 259,7
.5435 377 000026 2*946 270,8
.5429 376 .00026 2.953 271.1
,5249 336 ew023 S.356 260C2

2337.0
2226,6
2223.6
2132.1
2129,S
2051,6

I
10,W
20,00
20,41
40,00
40,83
80,00

1397
1165
1160
994
990
8b4

19,708
15.703
15,708
15,703
15,708
15,708

.

2028,4
1964.0
1931,1
1894,3
1064.4

1851,5
1829.8

15.?08
15,708
15,708
15,708
15,708I

,5194 323 .00022 3●492 282.8
,5048 285 ●00019 39*3Y 2W*0
.4977 264 .000374.206 293.6
.4901 239 .0W15 4.368 297.6
.4545 ,216 .0001449922 3000s

100*OO
200.00
300.00
500.00
800,00

3,0
1.5
1.0
,6
●3

●3
.2I

799
674
608
599
472

1.3i29
1,3345
1.3408
1,3479
1.35s6

1000.00
1500.00I 445

4og
15.708 1,9555
15.708 2,3590

R . 0.70, PERC r FU2L■ 30.2, O/F= 0.986

m7lam
1,0s
1,60
1,.79
2.00T300,0 2494

285.7 2472
167.5 2286
167.56 2239
150.0 2193

.

412.lW 0.204 3592
1.0!1 .620 18 ,S
1. i*667 11 .8
1.00 .746 129,0

10.00
;:::

40,00
40,t3
80,00

2,1

1

la2b4 21a,6
3.41 1.3*7 24 .7
3.46 11.401 24 ,3
5,47 1.503 260.0
5,391 1,506 260,S
80C82 l,5W 274,8

30.0

[

1604
15.0 1391
14.7 1385
7,5 1200
7.3 1195
3.7 1029

3.0 978
1.5 852
100 155
.6 666
.3 393

100,00
200,00
3oo#oo
500.00
800*W .
1000.W
1500.04I

,3
4

560
●2 505 ---
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TA3UII.-Continued

(b)Continued.

~ICAL~~AT KSIOK8DPRESHR2RATIZB3RCMLK7Mill

RX LIWmAM6XIAWITHLIQ310HOEN

~UStlOWCmer preBsure,200Puu& perBquareinchabsolute;
i%ozencomposition&ing iseutropfcezpnaion

static Terwer- mtkal - W21eculartie=. SpecificAb60- TteI’aal mcb 8pecific
pressure,ature, py, =y4t , tropic heat, lute

P,
conduc- nwdber, *be,

T, expalent, q, viLtcc6-tivity,
&/g

M s-,
lb/aqin. w 1-
&B A gY- ;:[%)

w

poises

R = Oa80* PERCENTFUEL= 47aOl* O/F = 1*127
IArea Tbmmt
ratto, Coeffi
c cient,

%

?ressure
?atfo,
P@

specific
impulse,

+

1*OO
I#05
la60
1,78
2900

loaoo
20900
20,41
4oaoo
40a83
80mO0

lao~oo
200,00
300900
50090C
800,00

!Oooeoo
1500,00

102149
1.2252
Ic2185
1,2194
la2204

1,2382
1*2482
1.2426
la2602
la2606
182734

1.2780
1.2924
1,3009
1.3112
1,3201

1a3241
1,3308

T3,6272 762
.6263 758
96186 722
86166 713
06143 703

b5766 577

>.00058
●ciao5a
0QO055
400054
●00053

I
2.2=
1*O1O
1*000
1.009

20200
3.471
30519
5e599
5.680
9.1*

LO.723
17,662
!3a671
$4,253
\8,133

56,!572
r5,858

2.174
1*O1O
1.000
1s009

2.214
3s503
3a593
5a672
5,755
9a300

10,923
L21.057
Z4S236
35B206
Ma600

56h362
?8s422

I
0.284 40181

●897 22093
1,000 219*3
laloo 220.1

0a2Q3 3%8
c6k9 109C1
a684 120.5
b744 131*2

10265
1*400
1●404
1.506
18511
la596

222b9
246*8
247*4
265.8
266.3
28103

30,0011790 1900*0
1771,2
1767e7

174915
17.915
17*915
17,915
178915
17*915

000041
●00037
●00037

2s1551261a7
M,00 1564
14.70 1557
7,50 1359
7.35 1353
3.75 1174

95578 527
.5572 525
95373 479
.5367 477

I24543 277.3
2.554 277.8

1659,0
1655*9

s00032
000032
400028

2.924 290.5
2s996 290eS
30311 S01*4155198 1●5166

433

●51OO 419
,4903 375
●4796 351
,4673 322
,4574 296

,4532 284
●4463 263

1#621
10639
la722
14?60
1,790

3*OO 1119
1,50 959
1,09 874
.60 776
●37 693

1533.4
1453a6
141204
1365a7
1327.4

17s915
17.915
179915
17*915
179915

s00027
000024
c00022
900020
000018

34438 304b5
3.*846313*1
4s096 317&4
4*426 322e2
40747 326.1

285●6
297.3
303b5
S1041
31505

.30 656 131O*7 17.915
●2O 594 1282,6 17991$

1s803 31707
laB25 321a6

R - 0.90* PERCENTFUEL= 44.09t O/F= 1.268

798
794
757
747
737

608
557
556
508
507
461

447
402
377
347
320

300
286

1.00
1*O5
1*6O
1s78
2,00

109OC
20,00
2c.41
40,00
40,83
80,0C

100*OO
200.00
300900
500600
800800

1000,OC
1500,00

3oo*ofl2877
285,71 2853
187.50 26!!1
168.542602
150.002549

2319.5
2304.8
2182,4
2152B8
2121*1

174488
1614.2
1610a6
1499.9
1496.8
1400.5

1371*4
1289,3
1246.7
l198a3
1158*5

1141.2
111168

18.816
18.816
18.816
189816
189816

18a816
18*816
180816
18*816
18.816
189816

18*816
18.616
18*816
188816
18a816

18.816
18c815

1s2093
142096
1*2127
la2134
102143

1,2301
1*2393
1.2396
1,2502
1.2505
la2626

1.2669
la2810
102894
193001
103096

1#3139
143212

0.6102
●6094
●6023
#6004
●5984

85645
●5469
,5464
*5278
●5272
95079

95014
.4814
*4705
84575
*4468

,4421
94344.

1900059
●00059 0s285 401-6
●00056 0899 220a8
●00055 1*000 219*7
●00054 19102 220.5

0.203 35,8
oblc 109.2
.682 120.4
●744 131.4

.

30,00 1904
15.00 1659
14.70 1662

DoO042201% 262a7
.00038 2#541 278*7
000038 2,553 279~1
*00034 2a920 292o1
QOO033 20931 292,5
a00030 3,302 30393

.0002839427 306,5
#00023 3,828 315*4
0000234a072 319.8
a00020 4@394 324a8
*00019 4a707 32B08

.00018 4m862 33005
800016 5C154 333*4

1.266223s6
10402247*7
16406248c4
10511267*O
1051426766
1*600282s8

7,50 1456
7B35 1450
3.75 126~

3s00 1205
1.50 1039
1.00 950

●60 846
,37 758

10626 287B2
10695 299*4
1b729 305-5
1*768 312a3
1a?99 31708

●30 719
●2O 652

1s812 32002
1*835 324*2

R = 0.959 PERCENTFUEL= 42B76g O/F = 10339

1*OO
1905
1,63
1,78
2*OO

10.00
2L!#oo
20,41
40800
40.83
80800

10C.OO
290,00
390,00
590,00
890ao0

1000800
1500,00

7300*00285.71
187.50
168.62
150.00

2913
2889
2686
2636
2583

2250,6
2236a0
2114.5
2085a3
2053.7

1579.7
1549.7
1546sl
1435*9
1432.Q
1336.7

130797
1225.6
l183al
1134.6
1094-8

107794
104769

810
805
768
759
748

618
567
565
517
516
4-Io

455
410
385
355
328

315
293

T)000059.00059 0s285
000056 ●899
●00055 18000
SOO054 10102

20173
19010
10000
19009

2.217
3.512
3.561
5s691
59774
9.341

10.974
18.161
24,414
3Sa461
k9.995

58.846
79,117

19,201
19a201
199201
19s201
19,201

19.201
19s201
19,201
19s201
19.201
19,201

190201
19,201
190201
19B201
19,201

19,201
19.201

192079
le20a2
102111
102119
1,2128

1,2281
1,2371
1.2374
1.2476
1,2479
1.2598

192640
1s2780
1,2864
1.2970
la3066

1*311O
1C3185

).6014
B6006
●5936
.5918
*5099

,5572
●5400
B5395
●5215
c5209
●5019

●4956
●4758
,4649
.4519
44410

e4363
,4284

0,203 35*7
4618 10868
*681 11999
●743 130.9

40000
219.9
21809
219e7

20.00
15900
14*7O
7.50
7,35
3.75

1932
1596
1689

s00042 2s156
●oO038 2.541
.00038 2.552
900034209?.9
900034 2b930

26109
277.9
27S.3

19266 22209
1.403 247.0
1s406 247*6
la512 266*3
10515 266*8

1481”
1475

291.3
29197

1287 ●00030
1
30300 30296

305e8
31496
31991
324,1
32861

329e9
332,8

I1.6022S200

1.627 286*4
14696 298●6
Ib731 304,8
hno 31106
1.80L 317.1

?.00
1,50
1.00
.60
●37

1229
1060
970
854
775

●OO028 3a425
9000253#823
cOO0234.066
COO0214a386
●ooo19 4.697

●3O
#zoI

73$
667

6000184a850
000016 5+140
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TABLEII.-Co22tinued.lEIEOl%Z?l!ICALRfXKE71!PERFORKANCBAT KSSI- PRESSURERATIOSFROM1 TO 1500 ““

FORLIQUIDAMMUKtAWITHLIQUIbOXYGEN

——
(b)Continued.Cknobuztion-chemberpressure,300 poundsper squareinchab.eolute;

frozen composltionwriw imtrwc. -f2=.-on ..
k..”..n,.ti. mr- lMtk2-6blyr IOwl- Z21eciftcAbK!--1: Z&h SpeOlflckm mrut Zmdrio

mml?n,mtu-., m, k-q.ti heat, 2Jtd ccdm-. mmbar,*. U*, rnt10,Wa25 Eql.u.,
.-- —- -.-
atio, Z’L-e
Pfi P, T, i, .K

16fqIn. w =?.2/s r -.-l--lY‘“ & %gg’, “ + ‘ ‘y a’...

2928
2904
27m
2650
2597

1945
1707
1700
149Z
1486
1298

12S9
1070
979
872
783

743
674

R

21B507
2171,s
2051,3
202.2,5
1992,2

1621,7
1493al
1489,6
1380,5
1377,4
lzaz,s

1255,5
1172,2
1130,0
1082*O
1042,5

1025●2
996,0

= 1.00, P2RC211TFVEL= 41.31# O/F&104Q9. _ _

mifii

1*OO
1,05
1,60
1.78
2*W

10.06
20.00
20,41
40,00
40,83
ao,oa

Looaoo
200,00
300,00
500.00
100,00

mo,oo
$00,00

SOO*OO
293*71
187,50
166,67
150.00

35.5
108.2
119.2
lSO*l

22105
245,5
246,1
264,7
265*2
280*4

284,9
~w:;

309,9
313.4

317,8
$’21,s

623
573
571
523
522
475

1,0004;1
,00033
.00098,
,00034
,00033
,00030

.
,00028
,00025
.00023.
●00022
.000191

2,156
2*541I
2,552
2,91S

1
2,929
3*299

260.4
276.3
276,7
2S9.6
290,0
sma9

m*oO
13,00
14*7O
7*5O
7,35
3.75

I2.219
S.516
3,563
5,700
5.78s
9,360.

1*266
1.403
1,406
1,513
10515
1,602

1,627
1,697
10732
1.771
1.802

1,116
1,138

9,00
1,30
1.00
.60
●37

19,542 102634 ,4890
19.342 1,2764 ,6695
19,542 1,2849 ,4587
19,5*2 1.2955 .4450
19,542 1,3051 .4950

19,542 1.3095 ,4302
19.542 1,3171 ,4224

460
416
390
359
3S2

3,425
3,821
4,06S
4,s82
4,692

30401
S12,9
31?.4
922.4
326.4

L10.9991s,211
4,469

1’
5,385
50,108

3i9
297

.00018”
,00016

4*844
5.133I

328.1
331.0

.90

.20,

.FuEL. 39.22, O/F = 1.950
—-

1
R . 1.10, PPRCI

0,209
,618
,6s1
,743

1,266
1,409
1.406
1,512
1.51s
1.602

1,627
1*697
1,732
1.771
1.802

1.813
1.13s

-

94,9
106.3
117,2
127,9

217,8
241,3
241.9
260.2
260.7
275.6

280,0
291,?
2W.*
204,6
310,0

s1204
314,3

1,00
1,05
1,60
1,78
2.09

10000
20,00
20,4!
40,00
40,05
80,00

100,00
200,00
900,00
500,04
800.00

000.00
500,00

304,00
285,71
187,50
168,65
150.00

2913
2889
2606
2637
2583

2066.7
2052,7
1936,8
1908,9
1878,7

1521,6
13*7,4
1394,0
1288,6
1205,6
119s,7

1166,0
10U7*5
1046.7
1000.3
962,2

945,4
917,9

20,119
20.113
20,113
20,113
20,113

20.119
20,113
zo,na
20,113
20.113
20,113

20.113
20.113
20,11s
20,113
20,113

1.2073
1.2078
1,2107
1.2115
102I23

1,2274
1,2363
1*2366
1,2466
1.2670
1.2587

1.2628
1.2766
1.2850
1.2936
1,3052

),5750
●5743
,5677
,5660
.5641

.5332
,5169
,5164
,4994
,4339
.4809

,47b8
,4559
.4455
,43s0
.4225

82$ 0,00057
818 ,000970,289 390,9
780 ,00054 *899 214,9
771 .00059,1,000 213.9
761 , .00052,1,102 214,7

2.172
1.010
1*OW

I
1,009

2,2SE
$9314

!9*564
I5.697
S.?#o
9.354

10.992
1$*1W
2b,472

I
35.559
30.151

30.00
15,00
14*7O
7.50
7,35
3.75

1934
1697
1691
1M3
1477
1290

3,00 1232
1.50 1063
1.W .973
.60 867
,37 778

46S
418
393
362
334

,00428
.Oaozh
,0W22
,00020
,00018

9,424
!,822
4,064
4.3s3
4,693

29a,9
307.6
S12,0
916,9
320.0

.4179 322 .00017 4,S66 922.3 ‘5%040
●4103 299 ,00016 5.185 32s,4 79.401

‘FUSL. 37,16* O/F ■ 1.691

.30
I

73a
,20 670 !M.k!!!

- 1,200 PERt7 ——
1.2087
1.2090
1,2120
1.2120
1.2196

1.2291
1.23S1
1,2383
1,2406
1,2490
1.2607

la2&9
1.2767
1.287o
1.2976
I.3071

),5589
,5582
,5517
.550a
.54s9

.5177
,5019
,501a
.4846
.4041
.4667

.-.. .= ...-.-— —-. .
822
ala
779
770
760

627
575
57s
524
523
476

461
416
391
340
392

319
297

z.173
1.010
1*000
1.009

2,215
3.507
9,557
5,602
5●765
9.922

10.9S2
Mal19
240SW
S90365
49*M9

0.203I
,61@
,611
.744,

24.2
104.9
115,0
123.5

10.00 30.00 1902
20,00 15*OO 1668
20,41 14.70 1662
621,00 7.50 1457
40,83 7,35 1451
W,w 3.75 1265

1,2661
1,402I

;;:;I

1,601‘

223*6
226.6
237.2
2s5s1
295.6
370,2

—

100.00 3,00 1208
200,00 1*5O 1042
300,00 1.00 953
53%00 ●6O 849
800,G4 ●37 761

.4608
,4427
,4327
.4207
.4107

.4064
,3W1
—. —
rFUZZ.. 32.

1.626I
1,695,
1,730
1.769
I.awI

274,4
286.1
292.0
29a,5
Sos,n

,00017 4*855 32%9 51,463 1.*.24306,0
,00013 5,145 318,7 78*894 1.S36 309.1

O/F =:2.214
—.. -------

!wl---E..E
;::; I300.00 2728

285.71 2705
1,60 187.50 25S0
1,76 163.29 2662
2.00 130.002412

1698.4 21.7D4
1666,3 21”784
1566,2 21,784
1561,7 22,786
1536,1.21?78~

1.’2133
1.2197
1*2162
1,2177
1,2186

1,23S5
1,2449
2,2452
1,2640
1*2364
1,2683

1,2726
1,2864
1,2946
1,3050
1,3140

1,31E2
1,3254

2.5189
,5182I :;:O:::l:?&;i#~:;
,5120 767 ●00048 .
.5103 757
,5085 747 .00046 1.100;199.4

;. .—
10,00 90.00 1792
20.00 1S.00,1567

I 20,41 14,70;1561
40,00 7,30 1244
40,82 I7.35 1258
80,00 9,75 1181

1229,9 21,784
1123,2 21,7S4
1120,9 21.784
1030,6 21,784
1028.1 21,784
950,9 Z1*784

.4786f 614I :::%“::gjy;
,4638[ 5$1
,4639 560 ,00032‘2,554!251,9
,4476 511 .00029!2,924 263,5
.4471 509 ,00029 2,935,2i308
.4>s.2~ 463 ,0W25 ,3.309,273*5

12.206 1.2*5I202.0
3.481,1,401 223,7
3C530 14404 224.3
3,62S 1,509 241.1

i 3.706 1*512 24105
A9.203 1,598 2S5.1

I10.802 i.622 259.1
,;;::;; :::;: :;::7

I
34.666 1.76s 281.5
48*787 1,793,286,4

.42S8 448 I.00024:3.43% 276,4
,4097 403 ,00021,3,640~284,2
.4008 378 .0W19 .4,088 288s2
.3904 347
,3817 320

‘%;: LV! =!

$26,8‘ 21.784
860,7 21,784
826.S 21,784
787,6 21,784
755.7 21,784

,3779 308 .00015 4*W7’ 297.7
,3715 2s5 0oGd14 5.183 3=



FORLIQU~AMMJNIAW= LIQUIDOXYGEN

(b)Concluded.Combustion-chamberpressure,300poundspersquareinchabsolute;
frozen compositionCturlogleentropic~anelon

1,00
1.0s
1,60
1,79
2,00

10,00
20,00
20,41
40,00
40,83
10.00

100000
200.00
Sooaoo
500.00
800000

,000,00
,500,00

R . 2.08. P2Rclr mm = 26,1
— —
0.4734 7W
.4707 7W
.*3 -240
,4626 7s0
.4608 720

1.000+5
,00045
,0W*2
●~42
OW041

.00032

.00028
s00028
●00025
0OU025
.0W22

,00021
.0001s
.06017
.00015
,00014

.92013
900012

0,2s3 SS7.9
.89s 185*1
1,000 134,2
1,098 164,1

2,181
1*O1O
l*OQO
1.00s

So,oo
15●00
14,70
7.50
7*3S
3.?5

1630
1419
141S
1229
1224
1059

98*.1
899.1
896,6
821.0
818,8
753.5

::3:;

22..307
23,307
23.207
23,307

1,2455
1,2556
1,2362
1.2673
1,2677
1,2802

,4325
,bles
,4181
.4042
,4038
,3896

.3s50

.3724
,36W
.9552
,347s

.3447

.3994

588
536

:2
465
639

424
380
336
’326
299

267
266

2,155 219,3
2,545 232.3
2,556 232,7
2,930 243,2
2.942 242.5
s.322 352*2

2*136
3,440
3.487
5,535
5,615
9.020

ha64 1s7.0
1,399 206.9
1,*O2 207,4
1,506 222.7
1.S09 223,1
1.592 235.5

3,00 1008 733,8 23.307 1,2045
105O 062 678.6 23.s07 1.2980
I*OO 785 65o.2 22,ao7 1,3061
.60 695 618.0 23,307 1.3159
,97 620 591,6 23.307 1,3247

3.450 254.8
3.864 361.8
+,117 265,4
4,452 269.3
4,777 272,5

10.572
17*371
23.237
33.615
*7.191

1.417 239.1
1.433 249.0
1.717 253.9
10753 259,3
1.m 26307

*
S5.438
74.28a*

R = 3.00, PERCI7 F232L- 19,13, 0/F = 4,227

1,00
1.05
1,60
1.80
2000

10.00
20,W
20.41
40.00
40,83
80,00

100*OO
200,00
300,00
500.00
800,00

,000.00
,500,00

1,4119
.4112
,4053
,4035
.4019

727
722
635
675
64s

536
4W
434
438
437
393

379
337
314
266
261

250
230
—
15,0

672
667
631
621
612

48s
460
●39
395
393
352

3W
299
zn
251
226

217
199

.00037
●00037
.00034
,0W34
,00033

aooozs
.00032
.00022
SOOozo
,00020
.00017

●00016
.640M
*00013
COOO12
.00011

.00010
*00009

0,282 300,0
.891 164.3
1*000 163.4
1.093 162.9

2*163
1.011
1.000
1.007

0..204 26.1
.622 81.s
.691 90,5
.747 97.9

p; 16s05
1s2.s

1*392 ma.2
1.699 196,4
1.602 196.8
16W3 207.4

*3757
.9633
.3634
.3515
.3512
.3398

2.1541193.7
2.5491204.s

4

2,561 203*1
2.942 214,0
2. 214,9
3.345 221.7

2.134
3.347
3.41s
5.381
5.457
8,707

.

3.00 822 523,4 23.3ao 1,3046
1.50 69S 474,2 25.920 1,3160
1.00 632 453.0 25,320 1,3259
.60

J

557 429,2 25,3a0 1,3354
.37 494 409,9 25.3ao 1,s435

03 467 40104 23.320 1.2473
02 420 387,3 25.320 1,3533

.3361

.3333

.3193
,3125
.3070

3.4731225*8
3,906 229.8
4,169 232,7
4,51a 236*O
4,S55 296.6

10*133
16.615
22,157
31.669
44,567

1.607 21095
1.671 21s.9
1.702 22s.0
1.737 227.b
1.76S 2s1.s

1.n7 232.9
1.797 235.5

.3044

.3006
5.026 239.7
5,245,241.6

52.227
69.732

R . 4.,30. P2aa P2J6L

1.3734
,3747
.365s
,2672
.3658

01? - 5.636

m

1,00
1,05
1.60
1,81
2.00

10,00
20.00
20,41
40,00
40,83
30,00

100.00
200.00
300,00
50C.00
300,00

,000,00
,500,00

m 126.56126*561
26.561
26.561
26,661

-
1.2409
1,2494
1,2545
1.2559
1,2571

2.19S 0$205 24,3
1.012 .624 74.0
1.000 .695 82.5
1.007 ●749 88,9

I30,00
15,00
14.70
7,5
7.35,
3.75,

1160
994
989
348
844
719

556,5
5W.8
499.2
4s3.1,
451.8
412,5

26,561
26.561
26,561
26.561
26.561
26.561

1,2804
1,2923
1,2926
1,3048
1.2052
1,3132

.3417

.3208

.3305

.3203

.3200

.3100

.3o63

.2375

.2927

.2070
●2W4

2.126 1.262 149*7
3.304 1.392 165,1
3.349 10s9s 165.5
5.25o 1.494 in.z
5.324 1.497 in.5
8,445 1,576 186.9

.2815

.2793

ml%
165.38’1448
150.0

4
141a

o/F . 7.046m1,00
I*OS
1.60
1,81
2.00

10,00
20.00
20.41
4C,00
4C,33
80,00

100.00
200,00
390,00
590,00
800,00

,ooo,oa
,500.00

2.205 0.206 22.4
1.013 .625 u, 1
1.000 ,6W 76.1
1.006 ●751 81,7

30.00
1

995
15.00 846
14.701 644
7.50! 719
7.35, 715
3,75i 606.

.

;:;~ 573

1::9:E

1

376
,37 332

.3 312

.2 280

t332.2 27.397 1,3385 .286S 303
305,8 27,397 1,3515 .2789 266
292,5 27.397 I,35e4 ,2749 245
277,5 27,997 1,3652 ,2711 221
265.5 27,397 1,3699 ,2626 200

400011 3.5221

{

183.6
.O6Q1O 3.97 na.1
.00009 4,25 IW.4
.00003 4.6s 192.s
*OOW7 Wf9a, 194’s.

9.584 1.591 173*2
15,466 1,651 :~w:;
20.494 1,6*O
29,252 h723 186,4
40,647 1,738,1896a

260,3 27,S97 1.3n7 .2677 190
231.6 27.397 1.3741 ,2666 174
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TA2LEII.- Continued.THEORETICALROCKETPERFORMfUWEAT AS91GNEDPRESWEWRATI06FROM1 TO 1500

FORLI~ AMMONIAWITHL1&lIDOXYGEH

(c)Combustion-chamberpressure,60Qpounti”persquareinchab601ute~
equilibriumc~oBltion duringtBentropicexpaneion

*e”lIr4BtatloTeap9r-hthd- Wlzscaar2nn- aweifiAbw- ~ 66WA S*eiti &a lbrwt 3WCifto
=tlo, Fwnure,mm, pr, M?, truplc h..t, lute
PJP

mm - nay, iwld ,
~,

ratio,c09frt-ylz.,

3A h. OK Uls
—t , C3, *CM -tivlty, * Cimt,

2’
Sk

* ~z ?1%’ -
Q w

R = 0.40, PCRC’2NT FuEL. 63,95, O/F ■ 0.564

I,oa 604,00 1849 W50*2 l?I.3161,?956 0,6540 45s 0,00038
1*O5 571.43 1334 3940.4 1s.516 1,2966 .6524 450
1.60

*000330.275 326.2 :::;; 0,208 29.1
375*OO 1210 3260,5 1s631b 1.3052 ,6981 421

1*W
*00035 8*72 177.3 .63o 88.3

326,41 1171 323S,9 13*316 1.30S2 ,63S5 blz
2.00

+00034 l.om 176.0 1.000 .712 99,7
300,00 1142 3221,3 13.916 1,3100 ,6307 406 b00093 1,072 174,3 1,004 .756 105.9

10*OO 60,00 772 299s,1 19,316 1,3421
20,00

●5855 B09
30000 646 2919.9 13*316 1,35s0

.00024 2.149 204.7 2.0s0 1,2s8 176,s
,5720 272

20,41
booozl 2,569 215,2

29.39 643 2917.9 19.316 1,3592
3.093 1.991 199,5

,5717 271 booozl 2,581 215,4 9*1W 1,384 19s09
40.00 15,00 538 2858,8 13,316 1,?617 ,5618 237 booo18 2.99@ 22s.7
40,83

4,823 1,476 206,8
14,70 535 2857,1 19.916 1,3619

80,00
,s616 236

7.50
000018 3.011 229.9 4*W8 1.478 207.1

447 280?,9 13.916 1,3680 ,5547 206 *00015 3.447 230.6 7,629 1.550 217,2

100.00 6.00 421 2793,s 1.2.9161,,696 ,5930 196
200,00 3,00 349 2753.0 13.S16 1.3745

iow15 3,597 232.5 1.163 1,511 220,1
,5478 168

300,00 2.00 312 27S3,8 13,S16 1,3767
.00012 4.083 297.7 14.191 1,626 227**

500,00 1.20 271 2711.6 13,S16 1.3793
,345* 164 ,00011 4.389 24o,3 36,744 1,653 231.6

800,00
,5427

.75 238 2699.7 13.S16 1.1842
,00010 4,781 24S,2 26,680 1,682 235,7

.53n ;27 *0W09 5,163 245,5 S6.978 1*705 239.0

000,00 .60 224 2686.0 13.S16 !,3874 ,5944 115
500,00

●ooooa 5,352 246*4
●40 200 2673.2 13.316 1,3925

43.187 1.715 240.4
.5294 104 ,00007 5,70$ 248.0 57.246 1.732 249.*7

R . 0,50, PERCENT FUEL. 58.679 O/r. 0.705

1,00 600.00 L784 S075*9 14.516 1,2618 0,6602
1,65

555 0.00046
571.43 1766 3064.0 14,5i6 1,2626 ,6585 531

1,60
.00045 0.279 s5?,6 2,206 0,206 92.1

Sm.oo 1617 2966,5 14,516 1,2696 .6448 520
1.82 330.41 1574 293S,9 14.516 1.2713

n00042 6682 196,3 1.013 ,626 91,s
.6407 3n

2,00
●om41 1,000 195.0 1,000

900,00 1342 291a.3 14.516 1.2735
.700 109,2

,6375 503 ,00041 I.oa3 195.5 1.006 *751 11791

10.00 60.00 1075 2632.4 14,516 1,s057
20,00

,5847 394
M*OO

*00050 2*149 229,0
911 2538,4 14,516 1,3200

2,090 1,260 m6,4
,5646 351

20.41 29.39 906 2535.8 14,316 1,3203
~00026 2*W5 241.3 3.218 1,227 216.s

,5641 350
40,00 15.00 768 245ae9 14,516 1,3335

●00026 2.567 241.7 3.261 1,390 2J6.8
.5476 311

40,83
400022 2,967 2S1,4 S,065 1,486 29167

14.70 .764 2436,7 14,516 1,3339 ,5469 310
60,00 7.50

906022 2,979 251.7” 3.1s4 1.489 292,1
644 2992,0 14,516 1.3450 .5337 274 tooo19 3*W6 25967 k,q71 1,56S 243.9

loo.ao 6,00 609 2572,9 14.516 1,2482 .5201 262 ●0oole 3*539 262,0 9.396 1,W6 *7,3
200,00 3.00 508 2s20.1 14.516 1.3571
Soo,oo

.52o2 228
2.00

*OW16 4*003 268,2 15,126 l,w5 256.4
456 2293,4 14.516 1.3609 .5162 210 900014 69292 2716S 20.0ss 1,676 260.9

500,00 1.20 398 2263,5 14,516 1,3649 .5121 15.8 booo13 40673 274.S ZI,602 1.70s 26S,9
800,00 s75 951 2239,5 14,516 1.9682 .50s? 169 ●OW12 5,045 277,5 29,757 1,730 269.3

000,00 .60 S30 2229s114,5161,3697 ●5072 161
500.00 296 2211.7 14.516 1,371s

.Ooo11S-22827*97 M.508 1.741 271.4
.40 ,5056 L46 .Ooo1o 5.5?6 2a066 61,884 1,759 274,2

R - 0.60. PERC2HT FUEL- 54,19, 6/? . 0,845

1.00 600,00 2171 284S.S 15,710 1,2332 0,6104 640 0,00053
1,0s 571,43 2151 2830.1 15,711 1.2361 ,6675 6s6
1,60

,00052 0.232 381,6 2,191 0.205 34;1
375,00 1933 2720.1 13,714 1,2432 ,6486 609

1*MO
●00049 ,Wo 20s.9 1,012

3s3,38 1938 269o.9 15.715 1.2451
,622 103,6

.6440 594
2,00 300.00 189a 266S●3 13,715 1,2469

.0604s I.000 207,7 ;;00: .692 115.2
,6299 586 ,04047 1.091 208.4 ,745 124.S

10.00 60.00 1261 233660 15.716 1.2746 ,3870 469
20.09 30900 1169 222S*3 15,716 1,2883

.“000352.131 24S,a 2.140 1*262 ZIO.Z
,5650 422

20,41 29,39 1164 2222.2
.Qoo31 2.548 259.7

15,716 1,2887
3.390 1.392 231,9

.5642 421
40,00

*OW30 2s560 260.0
15.00 993 21S0,4 15,716 1.3029

3.37s 1,396 232,s
.S439 378 .00027 2.945 271.1

40,83 14*7O
S,295 1,496 249,1

993 2127,9 15,716 1,3039 *5433 377 ,00026 2,957 271,4 S,369 1,493 249,S
80.00 7,50 847 2049,7 15,716 1,~111 .5252 337 .00023 31355 zao.s 8,5i8 1.s?8 262,s

100,00 6,00 803 2026,5 15,716 1,3215 .5197 324 10W22 3*491 21302 9,943 1,601 266,6
200,00 3.00 676 1961*a 15,716 1.3340 ,5050 286 ●00619 3*932 290.4 16,131 1,66s 277.0
300,02 2,00 611 1923,8 15,716 1,3404 .4979 26S *00017 4,203 294.0 21,448 1,694 282,1
500,00 1.20 596 1891.9 15,716 1,3476 ,49o2 239
800.00

.0W16 4,566 29a.o
,75 474 1661,9 1S,716 1,9531

30,749 1,728 2@708
.4a45 217 *00.0144*919 301,2 42,879 1.7s5 292,3

000,00 ,60 447 184a,9 15,716 1.3WZ .482+ 207
500,00

●poo13 5.094 302,5
.40 402 la27.1 15,716 1.35a8

So.zaa 1.767 294*2
.4799 190 ,oao12 5,425 304.8 66,991 1,786 297.4

R . 0,70, P2RcEt67Fuzl.- 50.34, O/r= 0,966

1.00 600,00 2S03 2644,0 16,a76 1,2058 0,7252 711 0,00062
1,05 571943 2483 2629,7 16,879 1.2069 ,7193 707
1.60

.00061 0,235 395,5 ;::;: 0,20s 23.S
373,00 2309 2511,0 16.a9a 1,2167 .6770 674

1.78 336.30 2265 2481.7 16,901
eOOOS6 .a97 z17.4 ,619 107,6

1,2192 .6680 665 ,80054 140W 216,S
2,00

1.000
300,00 2219 2451,6 16,904 1,2216 .6S93 657

.6U3 118.9
.80053 1*099 217.1 1.009 ,744 129,4

10,00 60.00 1633 2009,3 16,916 J.2699
20,00

.5679 536
30,00 1413 1965.3 16,916 1,2619

*W039 2*151 25’Ia7 2,184 3,26% 219,7
,5661 487

20.41 29.39 1422 1961,9 16,916 1,2622
.s000352e542 272a 2.428 1.397 243*O

.5635 486 .00035 2.559 275,2 S,476 1,401 249,6
40,00 15,00 1224 1837,9 16.916 1,2750 ,3447 440
40.as 14.70 1219 135499 16.916 1,2794

*bQo50 2.928 265.5 S,302 1.504 261,6
,5441 439

30,00
.00030 2,940 233.8

7.50 1031 1765.4 16.916 1.2893
5.560 1.507 262.0

.3236 396 .00027 s.32S 295*9 8.936 1.590 276.5

100,00 ‘6.oo 999 1738,5 16,916 1,2940 .5171 382 .QO025 3,458 298.9 10,469 1.s14 280.7
200,00 3*OO 8s1 1663,3 16,916 I.3083 .4986 341
300,00

●00022 3*872 507.0
2,00

174127 1.6s0 2?201
.773 162,4,616,936 1,3364 .4aaa 31a

500,00 1,20 683 1581*O 16.916 1,3237
.60020 4*130 312*1 22.s81 1.712 297*8

f4781 290 .60018 4,472 315.6
800,W .75 .W8 1545*+ i6,916 1,3334

S2,989 I*74S 50491
,469a 26S ,04616 4,805 S19,2 46.201 1.778 309>2

Ooo,ob .ao 573 1529,9 16,916 1,3369 .4462 254 ebW16 4,970 320,8 54.224 1,790 SII*4
500*W .40 31a 1503*9 16,916 1.3426 .4606 233 iwo34 5.281 323,4 72,S46 1.s11 SIS*O

—— -.-L .

“. ““.

-—

a

.
—

,—

--
.—

.

—



NACARME58A21 31

~ II.-Coutlnued.-RETICALR- ~CE ATAS81-~SS~ WI@ FROM1 T3I-W3

FORLIQ~ AMKONIAWITHLIQ~ OXYGEN

(c) Continued.Combustion-chsmberpressure,@30wunds persquareinchabsolute;. .
equilibriumcompositiionduring isentropicemans ion

mm. stat10 w. sltkl-6mml12m2SCE- SWCulcmM- ~ $Ml
.tlo,By-, .y% m,

3mCu2c h IkLSt3W-ACIC
W929y,tr@c k9At,ILltacOrdw-my 4UU mt10,~- y,

pa
C&

—t, ~, -- tirity,
B/s;lm. &

z
Ta. m%

g; d(a) -
‘u~t’+

= 0,80,

:;:::;

Ia,ozk
18.035
18*048

P3RcE

1,1740
1.1750
1,lmr
l*?.e7z
1,1904 w‘35*9

109*8
.673 120.S
.740 132.2

la,lls
11.116
18,116
11,116
18,116
18,116

18,116
18,116
18,116
18,116
18.116

1,2283
1,2W0
1,2405
1,2516
1,2519
1,2642

1,2685
1,2827
1,2911
1,3017
1,9110

18.116
18.116

1.3153
1,3225

r FUEL= 44,09, O/F = 1.268R = 0.90* PERC

1,00
1,05
1,60
1,74
2,00

10,00
20,00
20.41
40,00
40,1s
Bo,oo

100,00
200,00
300,00
500,00
aoo,oo

,000,00
,500,00

600.00 2922 2S19.5 18.893 1.1*94 1,1223 805
571.69 2905 2304,6 18,907 2,1498 1.1114 802
375.00 2765 2179,4 19,02.01,1344 1.0129 776
343.86 2736 2156,6 19,041 1,1556 ,9919 770
300,00 2690 2116,0 19,073 1,1578 ,95S6 762

1,00101
,00100
,0W89
,W086
.000.33L

60,00 2135 1713,6 19,2S9 1,2oo6 ,6391 65S
30,00 1896 1369,8 19,910 1.2181 .5800 60S
29,39 1249 1565,9 19,310 1,2186 .578a 602
15,00 1670 1442.8 19*915 1,2311 ,5b90 554
14*7O 1663 1439.3 19*315 1,2314 .5463 553
7,50 1M2 1331,3 19,316 1,2426 .5270 %06

.00050

.00043
●OW43
.Ooow
.00037
●00033

.

6,00 1399 1298.4 19,316 1,2465 ,5203 491
3*OO 1217 1205,3 19,316 1,2590 *9001 A41
2*OO 1118 1156.6 19.316 1.2670 ,4882 410
1.20 1003 1100,9 19.316 1,2714 .47s7 371
,75 904 1054.s 19,316 1.2872 .4611 335

3.37s 319*I 11.616 1.648 29S.1
3,760 928.9 19,337 1,721 311.4
S0995 333.8 26.094 1,758 31ao1
4,301 339,4 98.086 1.800 325.6
4,597 343,9 53,938 1,834 331.7

4,742 349,9 63.621 1.848 33404
5,017 369.2 .35,8551.Y73 338.8

,00032
.00028
.00025
●0W22
.00020

,00019
,00017

-.” R = 0,95. PEQC6NTFUEL= 42,’ 0/F - 1,339-
1*W
1,05
1,60
1,74
2.00

10,00
20,00
20,41
40,00
40,83
80,00

100,00
20Q.00
300,00
500,00
800,00

.000,00
;500.00

600.00 2963 2250.6 19.2-911,1426
571.43 2940 2235.8 19.307 1,14?7
375.00 2s15 2111,3 19,W0 1,1445
345,19 2790 2087.6 19,465 1.1450
300,00 2746 2048.0 19,506.2.1461

.,3294

..220s
,.1408
,.1240
..0946

816
615
790
735
776

).00111
.00110
.00100
.00098
*OW95

awo58
.W647
.00046
.00040
.00040
,00035

*00034
.00020
,oC,027
,00025
.00023

90W22
,00021

0:$:: 403.2
223.8

2.000 229.1
1.124 224.4

2,144 272,5
2.502 290.5
2.512 291.0
2.a32 305.7
2,868 306.1
3,223 31e.5

2.1ss
1.006
1.000
1,02.4

0.199 35*9
.609 110.1
.659 119.1
.734 132.e

60,00 22LI 1642,6 19,WI 1.1784
30.00 2012 1495,1 19.895 1.2015
29,39‘2005 1691.0 19,896 1.2021
2.3.001784 1343*9 Z9091Z 1c2197
14.70 177s 1360,2 19s912 102201
7.50 1570 1247,9 19,915 1.2s24

.7248-

.6138

.6115

.5578

.5567

.5397

677
630
629
581
5.30
534

2.348
3.772
3.626
6.170
6.262
10,212

1,272
1,41s
1.422
1,536
1,539
1,636

230.0
256.4
2e7.I
277.s
27S,3
295.4

12,031
20,0W
27,182
39.792
56.311

1.661
1,738
1,776
1.a20
1,855

.5225

.5019
,A903
.4755
,4624

518
412
446
415
386

3,942 322,1
3,722 332.3
3,952 397.5
4.251 343,4
4,538 S48.2

6,679 S50,2
4.945 353,7

SW*4
314,2
321.2
329,o
335.4

1,870
1,896

.4564
,4460I

373
364

66.746
90.290I

338,2
Wz.n

1 1 I r
R - 0.973, PZRC[~FUEL- 42,13# OfP - 1.374

1.00
1,05
1,60
1.74
2,M

1,1409
1.1409
1.1419
1,1422
1●1428

1.S650
1,1874
x,lael
1.2108
1.2114
1.2*

1.2307
1,z42a
1.2*99
1.2597
1,2691

1,237
i1,220

1,2570 e23
1.249& 820
1,1792 795
h 1667 790
1,1390 7e2

.00114

.00113 0,293 402,1

.00104 .921 223.3
●OO1O2 19240 222.6
●00099 1.126 224.0 I2.131 0,199 35,8

10006 ,609 109,8
1*OW ,658 lle.7
1.014 .736 132.5

,80s7 666
.6626 .642
.6591 641
.5737 595
.5719 594
.5334 w

10.00
20,00
2c,41
40,04
4a,s3
60,00.

.

.5251 532

.5032 486

.4916 460

.4766 428

.4636 399

,00035 1.321 323.3
.00030 3.697 S33.7
.0002s 3,924 339.1
.06626 4,220 34s.1
.0d023 4,503 350.0

12.290 1.669 301.1
20.564 1.747 315.2
27.S39 1.786 922.3
40.811 1,8s1 320.3
5a.039 l,t67 336.9

100,00
200.00
300,00
500,00
800,00

& * x!&!!E-1000.00
1500.00
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TABLEII.- Continued.lmORETIcALROCKETPERFOMMCE NP ASSIGNEDPRESSURERATIOSFROM1TOI,SOO.

FORLIQUIDAWX’CCAW~ LI@lD0~~.
(c)Continued.Combustion-chembernresaure.6CKlW5undeuersauareinchabsolute:

-r-. — ,
●-

. . . --
equilibriumcompositionduringIsezitropic~ans ion

R - 1.00s PERCENTFUEL= 61,91, 0/9 = 1,409m 19.*38
190655
19*798
19,824
19.869

20,284
20,396
20.399
20,465
20,467
2Q.499

20.505
20.516
20.915
20,316
20,516

20,516
20.516

1,1402
1,1602
1,1409
1.1411
1.1416

1,1s79
1,1727
1,17S2
1.1917
1,3.?23
1,2Z18

1.2177
1,234S
1,2420
1,25S0
1,2626

1,2671
1.2794

T1,2619 #26
1,2547 822
1.1885 79s
1,1730
1,1510 %

)Cwlls
.00114
.00105
.00103
*OO1OO

●@068
0QO056
1Q9453
,00046
●0@246
,00039

.0”0037
00003Z
.00029
●QWZ6
*W023

*Q@?zz
*OW21

0.293 400.8
.921 222,6
1.000 221,9
1.126 223,s ..

.8338 692
,7926 6S0
.7294 649
::flg 606

605
,5650 561

2015Z 271,9
2,308 29o,3
2,318 291.0
2.848 306,4
2.858 306.9
s,190 31*,9

.3490 547
,5119 501
,4969 473
.4798 6?.6
,4638 4M

.4595 383

.4485 975

100,00 6.00 lb19 114S,6
200,00 3,00 1~25 1041,4
300.00 2.00 1318 9#7,6
500,00 1,20 1191 925,5
800,00 ,75 1Q82 873.8

Ow.oo .60 1022 651.0
500,00 .40 947 S12*1

3,203 323.8
3,663 334,6
::;;: 340.1

346.3
4*454 351.4

12,600 1.674 901.1
21.16Z 10754 315.3
28.690 1,793 922,!
b2.lz6 1,841 331.1
59,993 1,878 337.9

4.390 353,6
4,847 357,3

n . 7.10.

0,299 393.6
,920 213,6
1,000 217.9
1.124 219,2

2,1s3
1.006
1,000
1,014

0,199 33,1
,609 107,6
,639 116.6
.733 1Z9.7

.

10,00
20,00
20,41
40,00
40,83
80,00

60,00
30.00
29,39
13,00
14,70
1.30

6,00
3.00
2.00
1,20
,75

.6o
,40

2245
2031
2024
1819
1813
1615

1486.5
1345,1
1341*1
1218,1
1214,3
1105so

.7419 608 ●QO059

.651s 64S ,ooo50

.6490 642 .00049

.5836 597 ●OW42

.5820 596 .00042

.5336 351 ,00036

2,150
2,309
2.520
2.857
2,868
3,200

266,3
Zak,2
264,7
299,4
299.9
312,3

Z,335
3.806
3.661
6,274
6,369
10,452

1.Z72 Z24.7
1.419 Z5006
l,&2s 151,1
1,539 271,7
la34z Z72s9
1.638 289.3 ..

100,00
200,00
300,00
500.00
800,00

20.923 1,ZZS9
20.929 1,2397
20,930 1,24S2
20.991 1.2589
20,991 1,2687

s,323
9,690
3,914
4.201
4,489

S16,1
926.4
331,6
337.6
3h2,4

12.3s3
20,676
2E.W4
41.069
5a,399

1.667 294.3
1,745 901.1
1*783 31502
1.830 323.1
1,C66 329.5

,4424 36? .o&”zl 4.627 344.3 69,021
*43Z0 357 *OOOZO 4.838 348.0 99,4.32

000.00
500.001

98o
898 I 797.8761.7 I20.931 1,2733

20,931 1,2817 *

WFF20””319’49’
600,00 291.41960.2 20.677 1*1473
571*43 Z898 1946.6 z0,692 1,1475

244.53 2733 181002 20,856 1,!504
300,00 2689 1774,5 20,872 1,1515

= l*ZO* PERC r FUEL- 37.16+ O/F = 1*691

L.0323 829 0.00096
1.0248 826 *Q@?95 0,292 386,1 2,1%6
.9596 799

!0

,0086 ,918 214,2 1,007
,9466 794 IQQB5 1*000 21S,5 1.000
,9Z49 785 ,0.b2 1,122 214,7 1,01;

0.199 S4.4
,610 105,4
.661 X14.2
.733 127.1 .—
1.272 219.9
1,418 245.1
1.421 243.t
1.536 265*’I
1,540 266.2
1.633 282,7

10,00
20,00
20,41
40.00
40.83
80.00

100*OO
200,00
300,00
500.00
800,00

Voo,oo
500,00

1.66s 2S7.5
1,760 300.9
1*779 307.?
1.322 215.3
1.839 3Z1.3

.5023 527 ●OW39 9*231 906,6 12,190

.4742 481 .00028 9.702 31a.5 20,S95

.46o9 43s .00026 3,928 32S,6 27.591

.4457 422 .0$0.?44.225 929,3 40,395

.6331 994 *00022 4.511 3s!2.? 57,370

,4215 380 .Oiozl 4,651 335,9 67,761
.4178 979 .00020 4,916 339,5 91.669

1,875 32b.Z
1,901 328.7

R = 1,50, PERcENTFUEL=
I

1,00 600,00 2759 1698,4 21*.3471,1548 0,8334
1,05 571,43 2743 1666,2 21.859 1,1551
1,60

‘73’00 26Y ~3@*~l 22,96o ,,,5,3
,7989,0478

1,73 549*44 2s 4 1563s5 21,979 1,1593 ,7887
2#oll 300,00 2530 1392,4 2Z*O08 1,1607 ,7729

60.00 2017 120b*2 22,z46 1.1086 .5962
30,00 1803 1086,1 22,Z93 J,2061 ,5S67
29,39 1797 1082.9 2Z.294 1,2066 ,5352
15,00 1396 9S1.2 22.816 1J2Z41 ,4920
14,70 1591 97a.3 22,917.1,2246 .4909
7,30 1401 000.8 22,326 1.2411 ●4598

0,200 32.6
,611 99*1
,664 10Q.3
,736 120.2

10,00
20.oa
20,41
40,00
40,83
80,00

658
610
609
362
361
514

4. 047
to g:

,0Q034
,00024
,01j029

Z*146
2!513
2,324
2,871
2,882
3,224

Z*5.2
261,1
261,5
274.6
274,9
285,9

2.S15
3,711
3,764
6.066
6.156
10,018

1.270 207.4
1,414 230,8
1,A18 231,4
1.530 249.8
1.933 230$9
1,626 265.4

.

100,00 6,00 1s41 861,6 2Z,327 1,246Z ,4516
200,00 3*OO 1166 784.3 ZZ,929 1,2609 ,4303
300,00 ;::; 1071 744,0 22,329 1,2694
300,00 959

.4194
697,8 22,329 1,2798 ,4071

800.00 .75 865 659,7 22.329 1,Z899 .3966

1,633 269.8
1,727 282,0
1.765 203.2
1.307 295*1
1,841 S00.6 --

,000,00 .60 822
I
64S.0 22,329 1.2939

,300,00 ●4O 749 614,7 22,sZ9 1,3020I :%A ::: IWl :::::1%:l%% .—
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TABLEII.- Continued.

(c)Concluded.

TEEX3RETICALRCCWT PERYORMMiCEATASSIGNED

FORLIQUYDAMMONIAWl?IRLIQUDHGSN

Combuetlozkchemberpressure.S00POundeper

PREWUR3RATIC2SFROM1

square inch absolute;
equilibriumcoqmsiti&z during isen-%mpic&pcmeion

R = 2.00, PZNC2NTFUEL* 26.19, 0/? - 2,81s

1,04 600,00 2536 1391*O 23,349 1,1672 0.63,80
1,05

786
571.43 2519 1380.5 23,959 1,1676

1,60
.6B33 78s

375.00 2277 1292.9 33,424 1.1736
1,76 341*52 2343 1274.2 23*450 1*1751

,6421 7s3

2.00
.6330 746

300.00 2202 1246.7 23,469 1,1773 .6205 737

10,00 60.00 17B3 971,7 23,617 1,2143 .4a73 620
20.00 30.00 1572 874.0 23.638 1,2325
20,41

.4495 510
29,39 1566

40,00
871.3 23,638 1,2331 ,4666 560

2.5.001374 788.2 2S,645 ;.2492 .4224 520
40,83 m, 70 1369
80,00

785.9 23,646 1,2496 ,4217 519
7.50 1193 713,6 23,-8 1,2638 .4028 473

100,00 6,00 l13a 691.7 23.648 1,2683 .3973 458
200,00 3.00 980 630.1 23.648 1.3622 ,mls 419
300,00 2.00 096 598*I 2S.648 1,2902 .3796 388
500,0a 1,20 797 561*8 23,648 1.3005 ,%37 357
800,W ,75 714 5s2.0 2s.648 1,3097 .s554 329

I I I 1 I 1 1
R = 3.00. PERCENTFUEL= 19.

11.04
1.05
la60
1.7s
2.00

600,00 2171 102&,7 25,337 1,1977 0.3023
571,43 2154 1016,4 29,342 1,190s
375.00 2003 967,7 25,377 1,2087

.49s8

337.20 1972
,4704

931.2 25.985 1*2113
300,00 1933

.4637
913.3 25,392 1.2143 ,W65

10.00 60.00 1426
20.00 30.00 1235
20,41 29*39 1230
40,W 1!3.0

1

1064
40,83 14*7O 1039
80.00 7.30 911

738
724
691
683
674

702.6 25,4S3 1,2540 ,3836 550
690.9 2S.437 1.2661 .3697 499
628.9 25,437 1,2685 ,3693 498
568,7 25.43s 1,2815 .3557 451
567,o 35.49s 1,2s19 ●3553 450
51s.3 25,438 1.2945 .9434 406

100,00

/

6,00 666 499.8 23.43B 1(2988 .3399 392
200.00 3,00 736 456,5 25.438 1,3124 ,3282 350
300,00 2,00 668 434.3 25,438 1,9203 .3220 326
500,00 1.20 589 409.2 25.438 1,9301
800,00

,3142 297
●7 524 S8S.8 25,438 1.3385 .30B9 272

10.00 I60.00 1179
20,00 30.0 1012
20,41 2963 1007
40.00 25*OO 863
40,83 14.70 *59
ao,w 7.5 733

100,00 6.0

1

694
200,00 3.00 515
300,00 2*O 52S
500,00 1.2 463
800,00 .75 410

10.00
20*W
20,41
40,00
40,83
80.00

60.0
30.0

!

29.39
15.00
14,7
7,3

10Q1
853
849
723
720
610

100,00 I6.0 5n
200,00 3,0 U3
3oa,ao 2.0 434
Soo,oa 1*2 379
800,00 *7 334

moo,oo ,6 315
1500,00 ,4 282

0,00062
.00062 0,290 938,8 ::g: 0.200 30,2
.00056 ,911 187.3 .613 92.4
.00055 1,000 186,6 1.000 ,669 100.8
.00053 1,114 187.5 1,011 .738 111.3

{

●OOOS7 2.145 Z25.Z Z,267 1.267 L91.O
.0003Z 2.520 239,2 3,597 1,407 212,1
,0Q031 2,53 239.6 3,64s 1,411 212,6
.00027 2.S9 251.o 5.824 1,519 2Z9,0
.00027 2.9o1 351,3 S.908 1.522 229,5
9OOG26 3.270 Z6CI,8 9.531 1.611 242.8

●000233*395263.5 11,1951,637246,7
.000203.796271,2 1~.4821.70725?.3
.000194.041275,1 24.8161.74sZ62.7
.000174,363279,5 35,9981,7S2268,6
.000154.675202.9 50.7001.814273.4
.00024 4,829 284.4 59.650 1,3128275.5
.00014 5,120 Z87,0 S0.136 1,851 278,9

, OIF- 4,2Z7

).00044
,0004S 0,23.63W,7 Z.170
●00099 ,9W 165.4 1.010
.00036 1.000 164.7 1.000
.00037 I*101 165.3 1.009

.00027 2.1+7 19&.3 2.186

.00023 2.337 207,6 3.4Z4

.00023 2,546 2oa,l 3.471
●24020 2*92b 217.3 5,480
.om20 z,93a 217.6 5,358
,00018 3,325 223,2 8.8s1

,000X7 3.457 227,5 10.392
,00015 3,s80 223,6 16.984
●W014 40140 Z36,7 22,672
.02412 4,484 240.1 “3f,630
.00011 4,819 242,6 45,684

.00011 4.905 244.0 53.587
000010 5.298 Z43.9 71.604

R = 4.00, P5NCEN7FUEL- 15.07, O/F . 5,636

1553.9 26,596 1,2775 .2441 493
497,3 26.596 1,2902 ,3322 445
495.7 26,596 1,2906 .S319 444
4*8,8 26.596 1,5028 .3Z15 399
647,5 26.396 1,3032 .32L1 39s
407, 26.596 1,s162 .3110 356

395.

1 I

26.596 1,3205 .3078 343
fl~:$ 26,596 1,3341 .2983 30s

26.396 1.3417 .2934 281
326,0 26.396 1,3509 ,28n 254
311,5 26.596 1,3580 .2334 231

304.9 26.596 l*s60a .281s 221
293, 26.596 1,3650 .279 203

R - 5.00, P2NCZNTF(I2L- 22.

~

I459.7
413,2
411,9
373.
37Z*5
340.

330,6
304,0
29o,5
273,5
263,4

27.406
27.606
27.406
27.406
Z7.406
27,406

27,406
27.406
27,4o6
27,406
27,4o6

1.2941
1*3.365
1.5066
1,3197
1,3Z01
1,3335

1,33?8
1,3509
1.3579
1,3669
1,3697

,3191
.3091
,3088
.2993
.2990
.2900

●2S71
.2792
.2731
.2712
,26S7

448
402
400
35s
397
317

305
267
247
322
Zol

258,1 27,606 1,3715 .2677 191
249.3 Z7,W6 1.3739 .2644 175

0.Z02
,3’18
●681
.743

1.263
1.397
1.401
1.303
1.506
1.589

;::;;
16711
1,746
1.775

1.788
1.303

26.8
81.8
90.2
98.4

167.4
185.1
185.6
199.2
199.6
210,5

213.7
22Z,3
226.7
231.4
235.2

226.9
239.6

>.00034
.00034 0*2a2 277.9 2.1s8 0.204 24.4
.00031 ,891 149,s 1,011 .623 74,1
.00024 1.000 146,7 1.000 .691 82.4
.00029 1.092 149,2 1.007 .747 89,1

,00022 2,130 173.9 2.136 1,261 150.6
,00019 2.549 185,8 3.322 1.39Z 166.0
●00019 2,S60 136,1 3.367 1.395 166,4
,00017 2,94.919*.O 5.2S0 1,494 173.2
.00016 2.964 194,2 5*334 1,497 178.6
.00014 3.3s8 200.7 3,497 1,577 183.0

::00: 3.494 202.6 9.920 1.600 190.8
3.934 207.8 16.099 1.662 196.2

.00011 4.2o5 Z1O.4 21.402 1.692 201.n
*00010 4*565 Z13.2 30.665 1.7z6 205.9
.00009 4.917 Z1505 42,718 1,753 209,L

.00008 3.092 216.4 50,009 1.765 210.5

.00006 3.42S 218.0 66.614 1.784 212.7

, O/F - 7.046

JOoooza
.00028 0.239 251.1 ;::;; 0,206 2-2.4
.00026 .885 137.2 .624 63.1
,00023 1*OW 136.4 1.000 ,a9a 76.1
.00035 1.085 136o7 1,006 .750 ale

2.151 160,5 2,1Q6
2.555 169.3 3.257
2.567 169.5 3.300
2.963.176.5 50149
2.973 176.7 5,220
3.380 182.4 8,240

400012 3.520 18.,1

1

9,603 1.591 173,6
.OOO1O 3.972 188.6 15.~93 1,651 180.2
,00009 4.25 190.9 20.539 I.ba 183.●
.00008 4.62 193.3 29.324 1.712 186.9
.00007 4*99 19503 40.741 1,739 189.7

,00018
,00016
●OW16
●oool&
.00014
.00012

1.260
103s9
1.392
1.489
1.492
1.369

H?.5
151.5
151.9
162.B
162.8
171.2

,00007 3,17 47.644 1.750 190.?
,00006 5,52 63,?53 1.76E 192.9

33

m 1500
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.TABLEII.- Continued.TEEOFWTICALROCKETPERFORMANCEAT”ASSIGNEDPFC3SSURERATIOSFROM1 TO L500

FORLIQUDAMM3NIAWITHLIQUIDOXYGEN

(d)Combustion-cheozberpresmre,600poundepersq&e inchebaolute;frozen

—
COQpOsitiOnduring isentropicexpansion ..

R = 0.40, PERCENTWEL 69,95, OfF = 0,564

2.226
1.01s
1*WO
1.004

0,208
,6s0
,712
,756

1,251
1,381
1*W4
1s476
1*478
1.550

l*5n
1*W6
1.653
1068Z
1.70s

1*713
1.732

29.1
88,3
W.7
105.9

176,s
19s05
19s,9
Zob.#
207,1
217.2

220.1
227.I
2s1.6
2S5.7
2W.O

Zbo,4
242,7

‘m1,00 600.00 1949 3350,2 19.2116
1*O5 571*4s 13s4 3340,4 13*316
1,60 375*OO 1210 3260,5 19.s16
1,64 326,41 ll?l 3299,9 13,316
2*OO 300.00 114a 3221,S 13,316

2.2%6
1,2966
1,3053
1,3082
1,3100

1.3421
1.3590
1,35S2
1,3610
1.3620
1,3660

1,36%
1,37*4
1*3766
1*3793
1,9842

1*3871
1*W27

PERCI

1,2623
1,2630
1,2697
1,3719
1,2726

1,3057
1,3201
1,3205
1,3s35
103W9
l*9&50

1*2482
1,s571
1.3609
1,3650
1.3663

1.3696
1,3717

1,6540
.6524
,6381
.6S35
.6307

,5855
.5720
,5717
*5417
.5615
.5546

.5530

.5478

.545s
,5427
,5377

.5348
,5293

4W
4W
421
412
406

309
272
271
297
236
206

196
168
154
136
122

115
104

200s0
S*093
S,133
4,@23
4*W8
7.629

100*OO 6.00 421 2799,5 13,S16
200,00 9,00 369 2W3 ,6 ls.S16
300,00 2,00 312 27S9.6 13,316
300,00 1.20 271 2711.6 13.316
800.00 ●73 238 2693.7 1s.916

0000153*3972S2.5
.000124,063297.7
●000114.S6>2M*3
.000104*781243.2
.000095,16S245,5

#.863
L40191
18.744
!6.680
)6.978

13,1s7
17,266

1 t
t Oti. 0.705:FUEL- 58.(

T),6588 555
.6073 551
,6444 520
.6404 510
,6s72 303

R = 0,50

1*OO
1,05
1,60
1,62
2,00

10,00
20,00
30,41
40,00
4008S
80,00

100,00
200,00
300*W
500,00
800,00

,000,00
,5W*O0

6W,00
571,43
!75,00
3S0,40
3W,00

60.00
30.00
29,99
15,00
M*7O
7,50

1784
1766
1617
1574
1541

S075,9
3064,0
2966,3
29S8,9
2016,3

14e516
14,516
14,516
14*516
14.516

14.516
14.516
160516
14.516
14.516
14,516

I,0W46
90W46 0,279 S59.6
.0W42 ,882 196,S
.0W41 1,000 195.0
*W041 1.083 195.5

;::;; 0,206 32*1
,626 97,5

1,000 ,700 109,2
1.006 ,731 117.1

2.090 1.260 196.4
3.21S 1.387 21*.2
S9261 1*390 216.1
3.063 1.486 231,?
5.1s4 1,489 232,1
8.071 1.565 24s●9

b

“

1074
911
906
768
764
644

2632,5
2538,4
2935.9
2459.0
2456,8
2392,1

.5667 394
,5646 S51
,5641 950
.54?4 Sll
.3469 310
.5338 274

6.00
3,00
2.00
1.20
*75

9.s95 1.386 247,S
!5,126 1,645 256.4
20.032 !,674 260.9
2S.601 1,705 265.8
39*753 1*730 269.8

2S7S,0
2S20*2
229S,5
226S,7
2299,6

14.516
14.516
14,516
14,316
14.516

,5301 262
.5203 220
,5163 210
,5120 168
,5o66 169

●000.1830339 261.9
.00616 4aoo9 268.2
,000144,292273.s
*000134,67S274,6
*000123.0452n.5

2229#2
2211,8

,00011 5,228 27S,7
*OWIO 5*575 280,6

,60
,40I

330
296

14,516
14,516

*5079I 161
.5053 146

r FUEL■ 34, , O/F= 0.843R = 0.60, PERC

1*OO
1,05
1,60
1.80
2*OO
10,00
20.00
20,41
40.00
40.63
60,00
100,00
2W,00
900,00
5W,W
aoo,w

1000,w
15W,W

16W.00571.4s
975,00
333,20
3W,00

2171
215o
1980
1995
1s95n2*63.52890.1

2720,2
2690,9
2665,5

),6536 640
,6524 636
,6417 602
,6334 593
,69$5 585

>.00052
*00052
*00048
.00047
,00046

0000s5
,00030
,00020
tOO026
,00026
,00023

00281
,089
10000
1,091

381.5
208.8
207.6
20s,2

2.193
10012
1.000
1a007

2.139
3.329
S.S74
5*292
5*366
S*512

9.VU6
160118
31.429
30*721
42.2!37

50.179
66.92S

0,203
,623
.693
.74s

34*1
10306
115.2
124.5

1,262
1.393
1,396
1,496
1,499
1,578

y::
2S2.3
241,9
269,S
262,6

.3866 468

.5647 421
,3660 420
,5496 377
,54>0 376
.5250 SS6

2,151
2,348
2,560
2,946
2,957
S.333

245,6
239.4
299.S
270.9
zn.z
260.s

1,601
1.663
1.694
1.726
10755

6.00 800 2027.8 15.710 1.s218
S*OO 674 1963*3 15,710 1,3s43
2*OO 609 1930.5 15*71O z.3407
1.20 534 189S,6 13,710 1,3478
,75 473 1S6S,7 13,710 1,353s

,5195 S23
a5048 2S5
.497a 264
,4901 2S9
,4645 217

.00022
#ooo19
●owl?
*OW15
.0W14

iooo13
●00012

3.492
3*933
4.206
4*365
4.921

382,9
290.1
29s.7
297.7
SOO.9

266.4
276.7
261.9
267.5
292.0

.60 446 1650.7 15,710 1,3S54

.40 401 IWS,O 15,710 1.3989
5,096
5.427I S02,3304.5

1,766 293.9
1.7B6 397.1l!wE

mum. za.

TD,6428 711
.6616 707
.6326 611
.6300 662
.6274 653

I I I I
R = 0.70, P5RC

1,00
1*O5
1,60
1,79
2,00

10,00
20.00
20,41
40,00
40.8s
60,00

lW.W
200,W
300,00
5W,W
2W,00

lWO*W
1500,00

624.00 2503 2644.0 16#276 1.224s
571,4s 2481 2629,7 16,676 1,2247
375,00 2295 2511,3 16,276 1,22s7
335,17 2247 24s1.s 16.876 1.2S99
Sw.oo 2201 2452.s 16.676 1.2310

60,00 1611 2093S3 16.876 1.2919
30.00 1s9s 197007 16.676 1.2638
29.39 1S92 1967.3 16.976 102642
15.00 1206 1W4.6 16*876 1*2770
14070 1201 1861*7 16*a76 S.2175
7.50 1034 1772,3 16.876 1.2914

6,00 983 1746,0 16.676 1,2961
3.00 6S7 1672;6 16.876 1.3104
2*OO 759 1634,5 16,076 1,3186
1.20 670 1591,6 16,676 1.3276
.73 596 1536,6 16,876 1,33S2

,60 564 1541,3 16.876 1,3386
.40 508 1515,7 16,*76 1.3441

‘2.16S
1.011
1.000
1.002

0.204 3s,3
,620 107,5
,667 119.0
,746 129.2

,5651 331
,5641 432
:;:w& 481

436
,5422 435
,5218 S92

,000s9
,00054
*000%
SOoozo
.00030
c00026

2.154
2,543
2,536
2,9S2
2,944
3,327

296.6
s7196
272.0
224,2
206,5
294,5

20176
2,413
s,46’2
5.471
5,556
6,t92

1,264 216.9
1,397 242.1
1.401 242.7
la304 260.4
1.306 260.9
1.5s9 273,3 .

.00025 3.458 297,4
*00022 3*●79 305.5
000020 4*126 309.5
*OOOi8 4*462 S14.O
●oOOi6 4.816 317*5

1,61S 279.4
1.679 290.7
10711 296.4
1*747 302.6
1.776 S07,6

10.406
17.027
22*738
32,762
45.674

.5155 378
,W71 3s7
.4a76 314
.4772 286
,4690 262 .

* 1-3>,83171.933

..

.. .
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—
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TABLEII.- Continued.

(d) Continued.

t
I I I I I I 1- 1 I I I I I

R - 0,80, PERC2NTFU3L= 47,01, 0/? = 1.127

m m >,62B1
,6272
.61%
.6176
06153

,5781
*5593
●5588
,53a9
,5s83
●51a3

05116
,4917
.4809
.4684
.4583

.4540

.4469

767 0.00059
762

i ‘-

*Ooos@ O*28 402,6 2,176 0*203
726 ●0005s

39.9
.897 221,2 1.010

717
.619 109,5

.04034 1,0 220*1 1.000
707

.663 120-?
,00053 1.1 220.9 1,009 *7*4 131.?

Sal
531
529
4s3
4s1
437

422
379
355
32S
300

,00042
●OOOS7
.00037
●ooo33
●00033
.0W29 i

2.155
2.54
2.5
2,92
2,935
S*31O

262,7
273.5
278.9
291,7
292,1
302,8

2.202
3,476
3.525
3,612
5,693
9.173

10,762
17,730
23.773
34.418
48.386

56.880
76.307

11,265
1,401
;:~;

1,51
1.597

22s.a
267,8
248.4
266.9
267.4
282,5

1-3*5 17.957 1,2368
1765.5 17,957 1,2446
1761,9 L7*957 1,2470
1652,2 17,957 1,2584
1649.1 17*957 1,2368
1553,9 17,957 1,2715

100,00 6.00 113*
200.00 3.00 973
30Q.00 2,00 aaa
500.00 1.20 788
aoo,oo .75 704

.00027

.00024

.Omzz

.00020
●00018

3.436
3,843
4,092
4,421
4.740

305,9
314,6
31s09
a23.7
327,6

1.622
1,690
1.724
1.761
1.792

286,9
29S,9
304.9
311.6
316.9

lM0,00 .60 667
1500,00 .40 604

4,815.190
2s8
266I .04017

●00016I 329.3
392.1 I1.605319.2

1.827 S23.1I , ,
r FU6L= 44,09s 0/? - l,26a

H
1.00
I*OY
1,60
2.,78
2,00

10.00
20,00
20,41
40,00
40,83
80.00

100,00
200,04
300.00
500,00
800,00

1000,00
1s00.00

600.00 2922
571,%3 2897
373.00 2693
S37,27 2644
300,00 259o

60,00 19SS
30.00 1701
29,39 1694
23.00 14a6
14.70 14ao
7.50 1292

2S19,5
2304.6
2180,8
2151.0
2118,8

1767,6
1605.1
1601,4
14a9.o
1485●8
1387.9

1s.893
la●a93
18,893
1s.893
16*a93

1.2077
1,2050
1,2110
1,2117
1.2126

1,2279
1,2369
1,2372
I.247a
1,2477
1.2595

3,6116 805 0,08060
.6108 801 ●00059 0.285 403.8 ;::do o.aos 36.0
,6038 764 .00036 ,899 222,0
.6019

.611 109*9
755 .00055 1.000 221,0 1.000 .6s1 121,1

,5999 745 *00054 1,102 221,s 1,009 .743 132.2

lB.a93
18,893
1s.893
3.s0893
18.893
1s.893

.5667 615 ,odo43 2,11264.4 2.21s 1,266 225.0

.5492 564 ,00038 2.541 280,5 3,519 1,403 249,3

.5487 363 .00038 2.552 281,0 3.562 1,406 250,0
,5304 523 ●00034 2.919 294.1 5,693 1,512 26a.8
85298 513 ●ow34 2.930 294.5 5,776 1.515 269,3
.s105 465 .om30 3.300 305.5 9*345 1,602 284,7

.

6.00 1224
3*OO 1064
2.00 97-2
1.20 867
,7s na

1351,3 18,893 1,2637
1274,6 18,893 l,2n7
1231,2 u3.a93 1,2861
1181,8 m.a93 1,2967
1141,1 18.89a 1,3063

.s041 449 .00029 3,424 208.7 10,979 1.627 289,2

.4a40 396 .00024 3*822 317.7 la.~71 1.696 301,5
●472a 364 ●Omzz 4.066 322.2 24,429 1.731 307.7
.4596 325 600019 4.386 327*3 3S.486 1,770 31416
.4485 295 ●00017 4.696 331.3 SO.034 I,aol 320,2

.4437 282 000016 4ea49 333.1 92.a94 1.a15 a22,6

.4357 257 .00015 5.139 336.0 79,187 1.a3a 326.6

~ FU2L- 42,76s OfF - 1.339

.60
I

73a
.40 67olE!@wE

R . 0,9S, PERC

1,04 6W,00 296a 2250.6 19,291 1.2061
1,05 571.43 2939 2235.8 19.291 1.-2064
1,60 375,00 27S3 2112,B 19,291 1.2093
h7a 337.47 2684 2083.3 19,291 1.2100
2,00 300,00 2630 2051.1 19,291 1.2109

>,6028 8za 0,00060
.6021 a14 ●00059 0.2a5 402.6 ::;;: 0.203 3s.9
.5953 776 .W056 .904 221.4 ,bla 109.5
.5935 767 90005s 1.000 220.3 1.000 ,6al 120.6
.5915 757 ●00054 L*103 221.2 1.009 ,743 151.7

10,00
20,00
20,41
40.00
40.a3
ao,oo

60,00 1972
30,00 1732
29,39 1726
15.00 1516
14.70 1309
7,50 1319

1672.8
1539.7
1536.0
1422,9
142o,7
1322,8

1292*1
1209.4
1165.9
1116,3
1075.5

1057.6
1027.4

190251
19.291
19.291
19,291
19,291
190291

1.2256
1.2343
1.2346
1.2444
1,2446
1,2564

.5596 626

1

.OW43 2,156 263.S 2.222 1.266 224.4
.5426 574 .00039 2.541 279.9 3.522 1.403 246s7
.5421 575 .ooo3a 2.552 260.4 S.972 1,407 249.4
,5244 525 ●00034 2.917 293.5 5.714 1.513 266a
●5239 523 *00034 2.92 293.9 5.79a 1.516 26a97
.504a 4n .00030 3,297 204,9 9.390 1,603 254*1

100,00
aoo.oo
900,00
500,00
aoo,ao

126o
1089
997
sa9
798

,4985 463

I

.W029 3,421 308.2 11,037 1.628 2aa.6
.47a7 418 .0062s S.S17 317,2 1S.290 l*69a 301.0
,4675 392 ,00023 4.059 321.a 24,6o7 1,733 307,2
.4543 362 9Ooozl 4.376 326.9 35.na hnz 314.2
.44al 334 .00019 4,68 a31.o 50.4a7 1.ao4 319.8

6,00
3?00
2*OO
1.20
.75

19,291
19,291
19,291
19.291
19,291

1,2604
1,2742
1,2826
1,2932
l,aa29

1000,00 .60 raa
1500,00 ●4O 6aa

19.291 1.3073
19.291 1,31S0m600.00 2975 2217,7 19,4n 1,2056

3S7,53 2695 2051,4 19,471 1,2095
3WmO0 2640 2019.3 19.471 1,2104

r FlfEL= 42.13, OIF . 1.374

T’””),5984 azi
●5977 *la
*5909 780
05S92
,5S72 z;

1,WU60
.6-00590.285 401.5 :::; 0.203 35.8
.om56 .900 220●8 .610 109.2
.00055 1.000 219.8 1.000 .6ao 120.3
.Wos+ 1,103 220,6 1.009 ●743 131.4

10,00 60.00 1981 1641,8 19,471 1,2249
20,00 30.00 1741 1310,3
20,41

19,471 1,23%
29*39 1734 1306.6 19.471 102338

40,00 15.00 15a4 1394*9 19.471 1.2436
40,83 14,70 151a 1391,7 19,471 1.2439
80.00 7.50 1327 1294.2 19,471 1,2554

●5551
,5390
.5385
.5211
,5205
,5016

63o
57s
5n
521
527
4s1

.00042
*OW39
.00038
.00034
,00034
,00030

2.156
2.541
2,552
2.917
2,92a
a,296

263.2
279.3
279.7
292.9
293.2
304.3

2.223
3.525
3.575
5.720
5,804
9.404

1.266
1,403
1.407
1.513
1,S16
1.6oa

222.9
24a.L
246.7
267.b
268*1
283.5.

loo,oa 6,00 126s 1264,
200,00

1

S9,471 1.2595
3.00 1096 11s1.2

300.00
19,471 1,2731

2,00 1003 11S7.a 19,471 1.2B15
Sw,oo 1,20 695 1088.3 19*471 1,2922
aoo,oo ,75 304 la67, 19.471 1,3019

●W029 3.420 307.5 11,034 1.629 zaa.o
.00025 a*816 316.5 1S,325 1.699 aoo.3
.00023 4.057 321.1 24,660 1.734 306.5
SOO021 49374 326.2 35.865 1.773 313.5
.om19 4.6s0 330,3 30.62a 1,005 319.1

.o-mla 4,832 332.0 59.61a l,ala 321.5

.ooa17 s.lxa 335.0 80,230 ha41 325.6-1.49s4
,4757
.4646
●4514
.4402

,4352
.4270

466
421
3q5
364
337

1000,00 ,60 763 1029,7 19,471 1,3063
1500.00 .40 693 999.6 19.471 1.3141

324
302
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TABLEII.-Continued.THEORETICALROCKETPERFORMANCEAT“A6snmm66uRFlWTIOSFROM1Tolrxm
FORLIQ3~ AMlOIiIAWITELIQ.JtiOXYGEM

(d)Continued.Combustion-chsmberpressure,600pcp.mdspersqusreinchabsolute;
frozencompositionduringieentrc@cem.meicm

Jm.,,ul’,,z-‘tm-$:ty --rmmtue8tat2c e+JecificAi180-Tlm2-dLmch ~ozfio h mruJt specific
.t10, PY, tropl.in.t,pa P,

lute o- WmiMr,lmul.e, ratb,-- my,
T, h, d Kxb.ouent, CQ, viscOB-tltitz, K Ivac, e cieat,

lbiaqin. q .% r
at, *

& g{[~x’ -
% +

o/F_. 1,409 -

‘m
R . Inn. DEncl FUEL. 41.!

-
1.00 6W,UEI 2980 21a5,7 19.638 1,2054
1.05 571,43 2956 2171,1 19.638 1.2037
1*6O 373*M 27s0 2049.5 19.635.1,2083
1*78 337,56 2?00 2020.5 19,638 1.2092
2,00 300*00 2646 ?.9*8#619.638 102101

1,s939
.5932
.5666
,5S48
,5S29

825
821
784
774
764

::;FO 0,303 35.7
,618 101,9

1.000 ,6#0 1190s
1,009 ,74s 131,0

10,W !60.0 1986
20,W 30.0 1746
20,41 29,3 1739
40*00 M. 152b
40.85 14,70 1522
80.00 7,50 1s31

1613.5
1482*8
1479.2
1368*1
136S.0
1265*O

19,698
19,638
19,6S8
19,636
19,638
19.638

1,2246
1,2331
1.2334
1,2491
1,2694
1,2349

,S518
.S3S2
,5347
,5173
,3169
.49S2

*00043 2*156 262*3
●ooo3a 2*540 278.4
●OW38 2*5S2 276*8
.60024 2.s1’5291.9
●OOQ34 2.92S 292,3
.00634 3.296 30s.3

633
5al
579
S21
S90
b82

2.223 1.266 22s.1
S,527 1.403 247,S
3.S76 1.407 247.9
5.724 1.513 266,7
Y.*O8 1,516 267,2
9.411 1.603 2*2.6

100,00

/

6.00 12*1 1238.6 19.638 1,2589
200,00 3,00 1099 11S3.6 19.638 1.2?25
300,00 2*OO 1007 1112*4 19.638 1.2809
500,09 1,20 899 106S.2 19,698.1,2915
600,00 ●7 807 1022,7 19,638 1,3012

000.00 .6 766 1:;::: 19,638 1,3057
500,00 .4 696 19,698 1,31351.4920,4725

,4614
,4463
.4371

.4322 294
,4240 270

.FUEL 39,:——

.oooi!9S,420 306.6

.00025 3.815 315.6
●oeoz2 490S6 320.1
9000?04s372 92s92
,00017 4,678 n9*3

11.064 1,6.?9287,1
18.34s 1*639 299.4
24,691 1,734 305,6
S5,916 1,773 S12,5
SO*704 1.S05 naal

46S
412
SSl
$41
308

-
,00016 4.830 391,1
,00015 S.116 324.0

, o/F - 1,5s0

*

),00058

;%: “:’ ~:;

.00053 1,103 216,1m R - 1.10s

T

2066.7 20.207
2052.6 20.207
1933.2 20.207
1907,2 20,207
1876,4 20.207

1514.3 20,207
13aa,1 20,207
13a4,6 20,207
1277*5 20.207
1274,4 20.207
1180,9 20,207

PERcl

1,2057
1.2060
l.zoaa
1.2096
1.2104

1,2250
;;;=

1,2636
1.2439
1.2553

1,2594
1,2730
1,2S13
1,2919
1,3015

1,3060
1,3137

).S764
●5757
,5692
,5674
,S657

.5354
,5193
.ola8
.5021
,5016
●4835

,4775
,4566
,44ao
,4s53
,4245

,4197
.4118

831
627
7a9
779
769

637
sa4
5a3

:Z
486

46a
414
362
342
310

296
272

p:po0,203 33.1
,618 107.0

1,000 ,610 117*a
1,009 .743 12s.7

,00ei22.156.2s7.7
.om3a 2.541 273.5
*00037 2.552 273,9
.00233 2#917 Zsb.a
,000332.338 2S7.2
.00029 3.296 298.0

2.223 1.26s 219.3
S.525 1.409 24s.0
3.574 1.407 243.6
S.720 1.513 262*1
5,804 1,516 262,6
S040S 1.603 277.6

10,00
20,00
20,41
40,00
40,89
80.00

60.00
SO*OO
29,39
1s,00
14.70
7,50

1972
17s3
1727
1517
1511
1221

.

6.00
3,00
2,00
1,20
.7s

1152,3 20,207
1072,4 20.207
1030.a 20.207
981,9 20,207
944*3 20.207

927,2 20.207
898.2 20,207

.000?a 3,421 301.2
,00024 ;,alb 310,0
.00022 4.0s7 334*5
,00019 4.374 319.5
,00017 4.6S0 32S.5

100,00
200,00
300,00
Soo,oo
aoo,oo

1262
1031
999
892
aol

13..0s41.629 232.0
18,329 1,699 294*1
24.a61 1,73* 300,2
33.170 1.773 307,0
50.634 1*305 312*5

*E&L-1 .60
,40

760
691

R = 1,20

T

196062 20,677
1966.6 20.6n
1833,7 20,677
la06,7 20.677
1777,2 20,677

PERCI

1,2071
1,2074
1,2103
1,2111
1,2119

1,2269
1,2957
1,2359
1,2459
1,2462
1,2977

1,2618
1,2755
1.2a37
1,2963
1.s039

1.3oa2
1*3159

rFUEL. 97.16*O/F = 1.691

),5602 029 0,000%
,5594 825

t
,0056 0.285 2*5.6 2.172 0.203 34.4

,5531 787 ●O 053 S900 212,0 1.010 .618 104.9
,s514 777 ,000$2 1,000 211.0 1.000 ,681 115,6
,5496 767 .00051 1D1OS zn.a 1.009 ●743 126.2

1,00
1,05
1.60
1.7a
2,00

600,00
371,43
975,00
3s7,35
300,00

2914
2190
26a7
263a
2sa5

60.00
90.00
29,39
13,00
lb,70
7*5O

1429,6 20,677
1308,6 20.677
1s05,3 20.6TS
1202,6 20,677
1199,7 20,677
1110,2 20,677

,5196
,5039
,5034
,4a70
.4a65
,.9690

6S4
581
5ao
531
$90
4m3

boooil
.00036

$
.0006
00oo2
,00032
.0002a

2,156
2.541
2,552
2*91a
2,929
3,299

252*5
Zba,o
264.4
230,9
zal.s
291,8

2.219
3.s17
3,566
5.702
5,716
9.366

1,266
1.403
1,406
1,51s
1,519
1,602

214.9
238.1
238.7
256,7
2S7.2
272,0

10,00
20,00
20.41
40,00
40.a9
ao.oo

1936
1700
1693
14a6
14:0
129i

W:%::::%%:
R = 1,50, PERCEMT?UEL= 32,12*O/F = 2.114

T

;692,421,a47
16a6,221,847
~5as.221,a47
;S60,621,847
534,7 21.a47

100,00 6.00
200,00 9,00
300,00 2*00
500,00 1.20
aoo.oo .75

1234
1066
976
a70
781

1089,120.677
1006,620,677
966.e 20.677
921.520.677
814,320.677

000,00
500,00

.60
,40I

741
673

a6a.O 20.677
640,4 20.677m 1,2121

1.2124
1,2155
1,2166
1,2173

1,2$38
1,2430
1,2493
1.2539
1,2542
1,2660

h519a 015 0*00052
.5291 810

*72
,000s1 0,284 969,0 ;:;;; 0*203 32*6

.s130 ,00048 .a9a 200,5 ,619 99.3
,5114 762 .ooo4a 1,000 199*6 1.000 .6a9 10*.5
,5096 7S2 ,00047 1.101 200.3 1.009 *744 119.4

,4aoo
.46S4
,.4649
.4492
.4487
.6329

619
566
565
516
514
463

●000s7
●OW23
9000*
●ooo&
,00029
.00026

2,156
2,542
2.s54
2,922
2,934
s,307

298,4
2s2.8
253,2
264.9
265,2
273.0

2,207
s.4aa
3*537
;:64;

*.236

1,263
1.401
1,405
I*51O
Ibsls
1.599

p::
225e4
242.3
24287
2S6.5

10,00 60,

1

1*17
20,00 30,00 ls9q
20,41 29.39 1583
40.00 15.00 13a5
40.83 14,70 1379
ao.oo 7.$0 1201

[224a
1117.5
1114.6
~oz;.a
LO21O3
942.4

21,847
21.a47
21.84?
21.847
21,s47
21.a47 .

100,00 6.0

1

1145
200,00 3*OO 9a5
300,00 2*OO 900
500,00 1.20 800
800,00 ●75 717

91a*6
asz,b
S16,8
777,4
74s,0

21aa47
21.a47
21t847
2z.a47
218a47

1,2703
!.2840
1,2922
1,3025
1.3117

1,3159
1,3233

-..

--l730a
706,9

21.067
21,847

——
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TABLEII.- Concluded.~ORETICALROCKETPERFORMANCEATAS81GNEDPREHWRERATIOSPROM1 TO1.500

FORLIQ~ AMW3NIAWITHLIQU~OHGEN

(d)Concluded.Combustion-chamberpressure,600poundspersquareinchabsolute;

N-)cos
—

R - 2.00, PE2CENTFZ3EL- 26,19# O/F = 2,818

I1*OO 600,00 2536 1s91.0 33,s49 1,2200 0.4730
1*O5 571.43 2513 1980.5 2S.349 1,2204 .4713
1,60 375.00 2328 1293.7 23,349 1.2240 .4651
1,79 335.73 2281 1272.0 23.349 1,2250 ●4693
2,00 300,00 2295 1250.4 29,349 1.2261 .4615

766
782
744
734
734

591
539
537
43.9
488
442

427
383
359
X39
902

290
263
—
19,:—
728
724
686
676
667

537
43.7
4*5
439
433
394

360
339
315
287
262

231
231

1,00045
.00045
●OO04S
.00042
.00041

.00032
,0002.9
.00028
,00025
.00025
.00022

.00021

.00018

.00017

.00013
400014

.00013
,00012

O/F

1,00037
*00037
.00035
*00034
.00033

400025
.00022
000022
,00020
.00020
aooo17

.00017

.00014

.00013

.00012
,00011

,00010
.00009

o::% 3-24.3
185.7

1.000 184,*
1,098 185,4

2.180
1,010
1.000
1,008

2*133
3.444
3.492
3.546
5,626
9.042

10.600
17.426
23.33s
33.746
b7*391

55.682
74,630

0.204 3002
.620 92.0
.63S 101.7
.745 110.6

1,264 S67.7
1.199 207.6
1.402 20s.1
1;$06 233.5
1,509 22n.*
1.593 136.4

10,00 60.00 1646 986.3 23,349 1,2446
20,00

●4334
30,00 1433 .395.623.349 1,2545

20.41
.4195

29.39 1427 893*1 23,349 1,2S48 ,4191
40,00 15.00 1242 816.8 23,349 1,2659 .6052
40,8s 14.70 1237 814.6 2?,3~9 1,2662
30.00

.4046
7.50 1071 740.6 23.3A9 1,2786 .3906

2,155 330,1
2.545 223,2
2.556 233.5
2.929 244,1
2.941 24A,4
9.320 253.2

100*OO 6.OO 1020 728.8 23.349 1.2829 .3860
200.00 3.00 873 673.1 23.349 1.2964 .3723
300,00 2.00 793 644.3 22,349 1.3065
500.00

.3646
1.20 704 611.7 23.3*9 1,9144

800.00 .75 629
.3558

585*L 23.349 1.3239, .3434

3,649 255,8
3,861 262.9
h.114 266,6
4,647 270.4
4.771 272,6

1.b2T240.0
1.684 349.9
1.718 234.9
1.755 260.4
1.784 264*B

I4,931 275,0
5,234 277,3 EWEI
4,227

t .
R = 3,00, PERC533TFUEL

m

1.00 600,00 2171
1,05 571,43 2151
1,60 375.00 1984
1,80 333,39 1940
2.00 300.00 1900

2.189
1.011
1,004
1.007

2.155
3.369
3,415
5.385
5.461
6,715

10,193
16.636
22.188
51.918
14,621

52,S16
59.851

0:g 3608
81.6

,691 90.6
●?47 9s,1

10,00 60,00 1373
2C*O0 30.00 1186
20,61 29.39 1181
40,00 15.00 1019
40,83 l;:;; 1014
80.00 871

709.025.3371.2636.3760
639.625.3371,2745.3641
637.725,3371,2749 .3638
579*725.3371.2868.3519
578.125.3371,2872,3513
528.325.3371,2997.3402

2,15b 19A.O
2,549 205,2
2,561 205,5
2.942 214.4
2.954 214,7
3.346 222.1

1.263 169,7
1.395 18S,1
1.233 18s.5
1,499 196,8
1,902 197.1
1*583 207.8

100,00 6.00 azl
200,00 3.00 701
30C,00 2.00 636
500.00 1.20 56o
80C*O0 .75 497

513.6 25,337 1,3040 ,3364
472,1 25,337 1,3174 .3255
450,9 2?,937 1.3253 ,3195
427,0 25,337 1.3348 ,3127
407,5 25.337 1,3439 .3072

3,477 224,3
3,905 230.2
4,168 233,1
4.316 236,4
4,856 239,I

1.607 210,9
1.671 219,3
1.703 223*4
1.73s 22s,1
1.7b6 231.7

I.m 23S.3
1,798 235,9t

5,023 240.2
5.342 242.1

0/?- 5.636
-~
●00031
.00029
,00029

R = 4.00, P2RC r Fu2L= 15,{

T0,3755 672
,3748 668
.%8$ 631
,3673 621
.3659 613m=1=1=814.0 26.566 1,2487

1,2543

I
0.280 273.s 2.197
,887 149.1 1.012
1.000 148.3 1.000
1.088 142*7 1.007

0.203 24*4
,624 74.0
,695 82.5
.749 B8.9.00028

10.00
20,00
20,41
40,00
40,83
80,00

10C,OO
2W,00
300,00
500,00
800,00

1.262 149.8
1.392 165.2
1,395
1,494

163,6
X77,s

1,497 In.6
1.576 1*7.O

60.00 1162
30.00 996
29.39 991
15,00 849
14,70 845
7,50 720

.3418 488

.3309 441

.3306 439
,3204 395
.3201 394
.3101 352

.00021

.00019
000019
.00016
.00016
.00014

.00014

.00012

.00011

.00010
●00009

●ooooa
.OW07

2,153 175*O 2,127
2.553 184,s 3.305
2a565 1.35,1 9,330
2.953 192,9 5.252
2.%5 193.1 3.325
30365 199,6 8.448

3,301 201.4 9,861
3,942 206,5 15.394
4.215 209,1 21.257
4.576 211.9 30.44s
4,930 214,1 42.406

6.00 6S2
3.00 575
2.00 519
1.20 455
.75 402

400.3 26,566 1,3223
367.8 26,366 1,3358
251.2 2t.366 1,3432
332.6 26,366 1,3524
317,6 26.366 1,3592

.3069 339

.2976 399

.2927 277
,2871 251
.2031 228

1*593 Ia9*7
1.660 M?.o
1.69X 20007
1.734 204.6
1.751 207*8

311,1 26,566 1,361S
?00,2 26.966 1,3638

.2815
t

Zla
.2793 199

1,762 30$.2
1.7S1 211.4

R = 5.004 PE2CEN7FL12L= 12.43s OfF . ?,043n1,00 600.00 1641
1,05 571.43 1624
1,60 375.00 1487
1,81 330,77 1449
2,00 300.00 1419

10.00 60.00 996
,20,00 30.00 848
20,41 29.39 844
40,00 15.00 719
4C,83 14,70 713
80,00 7,50 606T677,o 27,398

672.3 27.398
622.7 27,398
610,4 27,398
600.2 27,398

460.5 27,398
416,2 27,39S
412.9 27,398
374.9 27,398
373,8 27,398
341.6 27.398

m 1,00027
:::::; 09279 251*O 3..205

,833 1s?.0 1.013
,00023 1,000 236,2 1.000
,00024 1,084 136.5 1,006

0.206 22.4
,625 6a.1
,699 76.2
,751 al,7

1.294C .3185 446
1.3071 .3087 4m
1,3075 ,3084 399
1,3203 .2990 357
1,3207 ,2987 353
1,3340 .2897 316

.000182*152 160,2 2.103

.00016 2.557 168.9 3.252
,00016 2,560 169,2 3.295
.00014 2.%63 176.I 5.140
.00014 2.975 176,3 5.212
.00012 3.382 182.0 8.226

1.241 137.s
1.339 151.2
1.392 151.6
1.469 1*2.2
1,492 162.4
1.569 170,#.

.

332.1 z-r.398
305,7 27,398
292,3 27.398
277.3 27.398
265,3 27,398

26001 27,390
251,4 27,398

.000113,52

1

183.7 9,585
.00010 3.973 188,2 15,666
.00009 4.255 190.4 20.497
.00008 4,630 192.9 29.262
●00007 4*997 194,s 40,653

1,591 172.3
1,65L 179.8
1.681 laa.o
1.?23 186.5
I*7S9 189,3

*
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TABLEIII.-

AMMxKCAAND IzQm OXYGEN

(a) Chsmber pressure, 300 poundsper squareinchabsolute;equilibriumcompoaitlon
dfiingisentropicexpansion -

Pre08ureTempar-
l.atio, aye,
PJP

4

Tempera-
tureex-

Ama ratio,
s

mea-ratioSpeoifia
mw.mnt, imm18e,

Spm.irie
Imwlne
exprnent,
‘I

Speoirio
‘%%-=$9, M--R-alheat, v ,- . .F

(a%jP,
:cul)/(g)(OK)“n’p4’=’QJ%-

R, 0., :neroentfuel.63.95:O/F.0.564 I

T1.00 1349
1.05 t534
:.:: ::;:

2:00 1148

10.00
20 .00
20 .41
40.00
40.RS
60.00

1.0000
.0000
.0000
.0000
.0000

(J.000no
00000
:00000
.00000
.000001‘1.0000.0000

.0000

.0000

.Ooon

0000
:0000
.0000
.0000
.0000
.0000

0.6541
.6524
6381
:6335
.6306

2.226
1.01s
1 .000
i.oo4

).0000 29.1 n .0000
.0000 88.3 .Onoo

.Onllo
::::: 1:::; ‘ .0000

.0000 ~176.3 .0000
.0000
.0000
.0000
.0000
.0000

.00000

.00000

.00000

.00000

.00000

.00000

772
646
643
53.9
536
447

431
’449
312
271
2s8

a24
200

0000
:0000
.0000
.0000
.::::
.

2.030
3.093
3.133
4 .8a3
4 .88R
7 .629

.0000

.0000

.0000

.0000

.0000

100.00
200.00
300 .00
500.00
eoo.oo

8.863
14.191
1’s.744
86.680
36.978 -L.0000 220.1

.0000 ?27.0

.0000 P?l.d

.0000 235.7

.0000 alv.o

..0000 24Q.4 .0000
.0000 242.7 .0000

1;peroentfuel,62..37;O , 0.7u5

.0000

.0000

.0000

.Ollo(l

.Onon

00000
:00000
00000
:00000
.00000

—will
43.187
57.266

n, o,

.5347
5291-

.00000

.00000

+

.0000

.0000

-.000
-.0004
-.0001
-.0001
-.0001

L1.000of
.00001
.00000
.00000
.00000

1 .00
1 ,05
1.60
1 ..s2
a.oo

1784
1766
1627
1574
1542

10?5
911
906
768
764
644

608
508
456
39s
351

330
a96

ei69
2149
i98a
1937
1897

1361
1169
1164
998
993
847

:;:

611
536
474

447
402

E49A
Z474
2305
za6a
2a16

1633
141.9
141a
1225
ta19
1052

1000
252
773
603
608

575
519

m 0.660’1
.6.590
.645o

0.0000
.0000
.0000
.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

10 .00
20 .00
ao ,41
4rl.00
40.83
80.00

.0000 a.090

.0000 3.21S

.Onoo 3.a6i

.0000 5.065

.0000 5.134

.0000 8.071

.0000 196.4

.0000 216.3

.0000 216; U

.0000 a3i .7

.0000 23a. i

.0000 E43. Q

.0000

.0000

.0000

.0000

.0000

.0000

.00000

.00000

.00000

.00000

.00000

.00000

100.00
200.00
Soo. oo
500.00
eoo. oo

.00000

.00000

.00000

.00000

.00000

000.00
500.00

.00000

.00000 --l.0000
.0000n0.00023 -.0067

oooaa -.0061
:00009 -.0026
.00007 -.0020
.00005 ‘,0016

.00000 .0000

.00000 .0000

.00000 .0000

.00000 .0000

.00000 .0000

.00000 .0000

1.00
1 ,05
1 .60
i .80
a.oo

. .
O::::;

2.191 0.0005
.0004

34.0
1.012 .0001 107.6
1.000 .0000 115.2

::::: 1 .007 -.0000 124.5

-.0001 a.i40 -.0001 210.1
-.0001 3.331 -.0001 231 .9
-.0001 3.376 - .0001 23a .5
-.0001 5.295 -.0001 849.1
-.0001 6 .369 - .0001 249.5
-.0001 e.5iQ - .0001 262 .8

.,.

T
0.6765

0.0005 .6-734
.0003
.0!303 ::::;
.one3 .6417

.0001 5870

.0001 :5650

.0001

.0000 :::::

.0000 .5433

.0000 .5252

10.00
20 .00
ao .41
40.00
40.83
eo .00

?00.00
200.00
300.00
500.00
Boo.no w

R,0.70;wraentfuel,50.

.0!-)00

.0000 :;;::

.0000 .4979

.0000

.0000 :::::

;::fJ::
:::::

.00000 .0000

.00000 .0000

.00000 .0000

000.00
500.00

. .
0.7547 0 00140 -.03~o

2.172 0.0018 35.3 o.ona3 .7474 :
1.010 .0003 107.5 .0017

00149 -.0365
.6937 .00075 -.0LQ6

1 .000 .0000 ile.6
1.009

.0016 .6R2~
-.0003 129.3

.00062
.0015 .6714

-.01?4
.00050 -.0135

1 .00
1.05
i .40
i .7e
a.oo

0.0061
.0057
.0030
.0025
.ooao

10.00
20 .00
20 .41
40.00
40..93
80.00

2.185 - .0014 219.6 .0006
3.431 -

.58e4
.0013 243.0 .0004 b662

3.478 - .0013 ?4’3.6 .0004 :5656
5.506 - .0013 261 .5 .0003 .5447
5.5e5 -.0013 262.0 .0003 .5441
e. 943 -.0012 276.5 .000a .5236

.00001 -.0003

.00000

.00000 :::::

.00000 .Vooo
00000 .0006
:00000 .0000

-.0006
-.0007
-.ono?
-.0007
-.ono7
-.ono7

.
—

10.470 - .oola ?80 .7 .0002 5i7a
17.139 -

.00000 Uooa
.oofa ?92.1

22. e97
.0002 :4986 .001300 :0000

- .0012 ?9’7.8 .0001 .48e9
33.006 -

.00000 .00($0
.ooia 304.1 t-jr.ol .47el .00000 .0000

A6 .234 -.oola 309.2 :0001 .4698 .00000 .0000

100.00
200 .00
300.00
500.00
ROO .00

-.0007
-.0008
-.000e
-.onoe
-.000e

.

54. a62 -.0012 311.3
I

.0001
I

4662
72.597 -.0012 ?15.0 .0901 :6604 I

.00000 .000n

.00000 .nnnn
ooo. no
5on. oo

-.o I)OR
-.0008

1
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TA8M 111.- Contlmed. TW6P093DYNA!UCtERIVATIWiSAT ASSIGNEDPSESSURERATIOSFORLIQUIDAWOUIAANDLIWID 0XY02S

(a)Continued.Chamberprea.mre,500poundnpersquareinchab~olute;equiMbriu!m
compo81tionduringieentropicexpannion

speciflc- Speolrlo
Lmwlae heat,
mponent,

&$, (%S=##p

‘I (aflt)p,

Area-ratioSpeclrlo
exponent,Impulse,

“ +

PressureTenper-Tempera-Arearatio,
ratio, 8*, ture ex- S
PJP T, ponent,

% w
1(--)/(6)(=)1

O/F.1.127
I

: ueroentfuel,47.0;

T1.00 2734
1.05 2717
1.60 2563
1.76 2528
2.00 2482

0.0148
.0143
.0100
.0091
.0078

R, 0.S
0.9466

9>45
:8356
S150

:7886

2.151
1.008
1 .000
1.011

0.0030

:::::
-.0007

35. B
109.5
119.7
131.9

0.0055
.0047
.0045
.0042

10.00 1.s93
20.00 1661
2(1.41 165A
40.00 1449
40.e3 1443
80.00 1257

-.0013
-.0020
-.0020
-.0022
-.0022
-.0023

2.241
3.544
3.594
5.731
S. flls
9.387

- .0057
-.0058
- .0057
: m;:

- .005.5

225 .9
250 .5
251 .?
270,2
270 .U
286.3

.0019

.0014

.0014

.0011

.0011

.0008

5974
:5683
5676

:5461
5455

:5251

00012 -.0039
:ooooa -.0007
.00002 ‘. UO06
.nooo@ -.0001
.00000 -.oofll
.00000 .Ooon

700.00 1199
?OO.00 1033
3Lln.oo 943
300 .00 839
800 .00 752

-.0024
-.0025
-.0025
-.ooa6
-.01327

11.022
1~.ao3
24.443
35.455
49.927

-.0054
- .0054
-. 0053
- .0053
-.0053

290 .8
301,2
309.5
316.4
322 .0

324 .4
328 .4
el,44.0$

35.9
10?.8
119.0
132. s

.0008

.0006

.0005

.0004

.0004

5184
.4979
:4867
4735

:4625

.00000 .0000

.00000 .0000

.00000 .0000

.00000 .0000

.00!300 .0000

4570
::;:: :4500

>/’P,1.2sa

*

1 .2366
f).ooa3 l.d 14a
.0077 1.1072
.0075 1.0847
.0073 1.0479

-.ooa7
-.on27

50.736
78 .899

R, 0.9(

- .0053
- .0053
percent1

o.ooa3
.0004
.0000

-.000R

.00000 0000

.00000 :Ooco

2.134
1 .006
1 .000
1.01?.

10.00 2135 .0006
20 .00 1900 -.0033
2n .41 18Q3 -.0034
do .00 1675 -.0047
40. R3 1668 -.0!347
8Q. no 1467 -.0051

a.32n
3.704
3 .757
6.033
6.122
9.951

-.0105
-.0126
- .0127
.0131

- .Ol?l
- .0129

?29 .0 .0045
.0034 :::::
.0034 5.966
.0026 :b51n
.0026 S502
.0020 :>277

.00098 -.0286
00023 -.0074
:00022 -.0070
.00004 -.0013
.00CI03 -.0012
.ool-l@o- .000?

255 :5
275 .7
276.3
!?9?.9

a97 .7
311.1
317. R
?25.4
331.5

100.00 1404 -.on52
2(10.no 12?! -.005s
3un -no 11?2 -.0056
500.00 10U6 -.005’9
aor).oo 907 -.005’=

11.711
19.4Q5
26.305
38.394
54.374

- .012R
- .0127
- .0126
-.0126
- .0126

.0019 .520ti

.on15 .50C6

.0913 4a8”7

.0011 :4741

.nglo ,4616

.000Gc -.0001

.000!20 O(ll?l-1

.Dol?rlo :Ooco

.,O!JOOC 0000

.00000 :onco

67%4-==000.00 R63 -.0060
300.00 7a7 -.0061

64.136
.96.552

B. 0.9!

- .0126
-.0126
mroent 1

?34 .?
3-$,3.(
el.42.7E

1.3349
1. 3256
1,23!37
1.2a2~
1.1901

7776
:6375
.C>45
.5n 4*.
m;:

.5.?3M
bOZ6

:4910
.4762
.f630

a.13n
1.006
1 .000
1.014

0.0020
.0003
.0000

- .0006

35.7
109.5
114.2
13?.1

229.1
255.6
256.3
277 .1
277 .7

3 .on9z
.00ff6
.00R5
.o(le3

.00s9

.004s

.0047

.0037

.003.7

.0029

.1302Lla- .071t>

.oo@78 -.0243
00074 -.0233
1non15 -.o(15.i
.I-)bnla-.0051
.oofio* - .:,0n8

10.00
20 .00
20 .41
40 .00
40.83
so .00

.0051
-.0018
-.001’=
‘.0056
-.0056
-.0068

3.364
3..908
3.a63
6.237
6.33n

10.324

- .0100
-.0144
- .o~4b
- .0165
- .0166
- .0168 294. S

-0027
.Qo2a
.001s
.OQ.16
.0014

.00001 ~.u3cA

.00000 l.~c.n

.00000 :.lon(l

.Ooot?o .00 I-JO

.00P0O .000!2

100.00 1512 -.0070
200.00 17?1 -.0074
300.00 1218 -.0076
aon. oo 1096 -.of17s
noo. oo 992 -.0080

l&.164
20.31R
27.476
40.2?2
37.1?2

.OIGR
-.0166
- .0165
-.0165
-. 0165

?Q’2.fi
517.7
729 .17
32? .7
335,1

4571
:4.466

67.46a
ql. a70

- .0165
-.0165

.0013

.0012

.
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40 NACARM E58A21
TAME III.- Continued.THERM3DYNA?41C!DERIVATIVEATASSIGNEDPR13SURERATIOSFOR

.
IJQ~ MNIA ANDlZQVtOOXYGEN

(a) Continued.Chamber pressure,300 pounds per square inch absolute;equilibrium
compositionduringIsentroplcexpansion

Preamu.eTemper-Tempera-Arearatio, Area-r6t10Speoifle Speolfio- ;yale:ffc
t~

M
ratio, eture, ture●x- 8
P~P

~ent, imqlse, Imwlse
T, (9patent,
% %? “ * -G- ,=:~]f:,) n *P

R, 1.00; peroentPuel,41.61;Ofl,1.439

:.:: :;;: 0.0262
.Oasa

1.3651
a.lae 0.0018

o.o164e -.3522
1:60 2792

35.5
1 .006

0 .0094 1.3572 .01617 -.34?3
.000s lea. e

1.73 2769 ::::? i .000
.0090 1.2845 .01359 -.3050

.0000 117.4
a.oo a7a8 .0818 1.01s

.0089 1. ’2700
- .0005 131.3 .002.7

a;:;; ::g;::
1.2438

10,00 2263 .0098 2 .388 -. 0070 228 .1 .006’7 9129
20. no 2089 .ollsQ

.00460
3.8e? -.0115 2S4 ,9

-.1267
.0058 :7746

20 .41 aot73 .0038 3,945
.00244 -.0735

-.0116 ass .6
40.00 1891 -.0017 6.463

..0057 .ooa39 -.07?1
- .0152 27.3.8 “::::: :::;:

40, e.3 18e5 -.oole 6.551 - .0152 277 .4
.00106 -.0353

80 .00 1691 -.0060 10.799 - .Oi?e 29S.2
.001.03 -.0344

.0040 :2::: .00036 ‘,0132
100.00 1627 -.0070 12.756 - .0106 300.4 .0037 55eo
aoo. oo 1434 -.0089 ai .438

.00024 -.0091
-.0195 314.9 .0030 :5153

300 ,00 13a6 -.0095
.00005

:: .:(3; - .0197 322.3 .0027
-.002s

500.00 1199 -.0100
.00002

-.019s 330.6 .0023 ::::;
-.0009

~on. oo loe9 -.0103 60:786
.00000 -.0002

- .0199 337.4 .0020 .4668 .00000 -.0001
1000.00 10s9 -.0105 71.892 - .01Q9 340.4
1500.00 953 -.010?

.0019 .“4604 .00000 .0000
97.495 - .0199 345.3 .0017 ,4494 .00000 .0000
R, 1.10;percentfue1,59.22;0,/9,1.6W

;,:: ::;: 0.0247
.0244

i.24e3
a.i30 0.0020

0.01454 -.3121
34.9

1 :60 2773 1.006
O::::; 1.2393 .oi42a -.306e

.0003 107.0
1.74 .9749 ::::?

1.1574 .01131 ‘.Z601
1.000 .0000 115.5 .00.98

a.oo 27o7 .0197 1.014
1.1409 .01101 ‘.2511

- .0006 ia9. o “.0080 1.*117 .01015 -.a354
10.00 aa36 .0064 2 .368 - .008s 2a3. e
an .00 2030 0011

‘.0058 .00291
3.836

-.0834
-.0118 249.8

:0010
.oo4e :2:::

ao .41 aoa3 3.e9a
00137 -.0437

-.011s 250.5
40.00 1823 -.on30 6.334

.0048 :00133
-.oz4a 271 ,0 .0040

-.0428
:::::

40.83 le17 -.0031
;:::;: -.0200

6.43o -.0143 a7i .6 .0039 .5952
80,00 16 ai -.00S6 10.560 - .0158 a88.7 .0032

-.0193
.54ai .00019

l~o. oo 15s7 -.0062
‘.0078

ia .464 - .0161 293.7 “.0030 5aed
200.00 1368 -.0075 ao .903 - .0167 307.6 .ooa4

.00013 ‘.005b

300.00 1264 - .0.079
:494b .00003

a8 .314
-.0016

- .0168 314 .7 .onal 4794
500.00 1140 -.0083 41.518

.00001 -.000?
- .0169 3a2 .7 .0018 :46a8

Roo. oo 1034 -.ooe6
.00000

59.048
-.0002

- .016Q 3a9. i .-0016 .4491 .00000 -.0001
1000.00 986 -.0087 69.789 -.0169 s3a. o
1500.00 903 -.0089

.0015 4431 .00000 .0000
94 .5a6 -.0170 336.7 .0013 :4327 .00000 .0000
R, 1.20Jperoentfuel,37.16;O/’P,1.691

1.00 aa7i o.oaa2
1.05 2856 .oazo

1.117s
a.i33 o.ooal

0.01176 -.a 575
34.2

1.60 27a6
O .0080 1.1093

.ola8 1.006 .0003 104.9
.01147 -.2525

1 .74 a-fol .0182
.0075 1.0346

1 .000
.00906 -.2100

.0000 113.5
2,00 2659 .0171 1.014 -

.0074 1.0197
.0006 la6.5

.00863 -.2019
.0072 ,9945 .00791 -.18e4

Lo. oo 2175 0050 a. 355 - .0077 ai9. a
an .00 1968 :0006

.0050 7a71
3.805

.ooa2i
-.0105 a44.4 .0042

‘.066a
:6378

ao.4i 1962 3.661
.00105 ‘,0352

- .0103 a45. i-::::: .oo4a 6355 .00103
40.00 1762 6.27o -.

-.0344
ola6 ?65 .1 .D034 :5606 .00043

4fl.R3 1756 -.ooa9 6.364
-.0161

-.01a6 a65.6 .0034 5669
80 .00 156a -.0051 10.432

.00041
-.0139 ?aa.2 .ooao

-.01b7
:5192 .00014 ‘.0061

*OO .00 1499 -.0056 12.304 - .0141 ae7. o .ooa6 b067 .00009
200.00 1314 -.0066

-.0042
20.590 - .0146 300.5 .ooal

300.00 Iaya -.0070 27 .e56. -
:4759 :::::; -.0012

.0147 307,3 .0018 .4620
500.00 lo9t -.0073 40.785 - .0147 315.0 .0016

-.OoOb
aoo, ou 988 -.0076 57 .9a5

.00000 -.0001
- .0148 321. a .0014 ::::: .00000 .0000

LO00 .00 941 -,0077 68.417 -.0148 3a3.9
1500.00 861 -.007E

.0013 4281
9a .559

.00000 .0000
-.0140 3ae.4 .0011 :4183 .00000 .0000

R, 1.50;~roent fuel, 32.12;o/P,2.114
1.00 a72e 0.0173
1.05 271a

0.9074 0 .00731
a.t3e 0.0019

::;::
32.5 0 .0064

- .1719
.00710

1 .60 2579 1 .007 .0003 9Q.3
- .168?

1 .74 a55i .0136
.0059 :::::

1.000
.00549 - .1376

0000 107.8 .0058 .a33b
a.oo 25o9 .016-7 1.013 - :0005 119.8

.00519 - .1316
.005b .8152 .00477 - .la23

10.00 2013 .ooab a. 325 - .0066 ao6.9 .oo3a .00117 - .0386
ao .00 1804 -.0007 3.73a - .00B7 230.4 .0030 :2:;;
ao .41 1798 -.0008

.00050 - .0187
3 .7e6 - ,0087 231 .0

40.00 1600 -.0030 6.106
.0030 .s455 .00049

-.0100 Z49.4
- .0182

.n024 .4971
4n. e3 1594 -.0031 6.197 -.0101 249.9

.00018 - .0074
.0024 .4959

81-),001405 -.0043
.00017 - .007?

10.088 -,010? 265.1 ..noi9 .4620 .00005 - .00?s

100.00 1345 -.0046 11 .674 -.0108 a69.5 .0018 .4532
200.00 1170 -.0051 19.750 - .0109 281 ..9

.00003 - .0015
.on14 4310

300.00 1075 -.0053
.00001 - .0003

26.63o
51JO .00 963

- .0109 288.0
-.0055

.0013 :4199 00000
38.831 -.0109 a94,9

- .0001
.0011

Quo. oo 86fi
:00000 .0000

- .0056 54 .950 -.0109 300.5 .0009 :::2: .Oooon .0000
000.00 8?5 -.on57 64.794 -.0109 302.9
[s00.00

.0009 .00000 .0000
752 - .005R 87 .38Q -.0110 306.9 .0008 ::::: .00000 .0000

.
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TABLEIII.-Continues.~~C DESIVAT~Al!HI- =SURRRNl!lOS~R

UQUID-~ MIDlXQ~On-

(a)Concluded.Chamberw?essure,300Poundspers~uareInchabsolute;equilibrium

41

.,
compositiondurltiIsentropicexpansion

PretmureTemper-Tewera- AIwaratio,
ature, ture ex- &

“’;2P ‘rk pccIent,
w

!peuiric
hqlae,

*

Iel,26.1

30.1
92.1

100.4
111.0

190.7
211 .F1
212.4
22E. R
229.3
242 .6

246.5
257 .2
262 .5
260.5
273.3

?75.4
27B.f!
Jel. 19.1

l(cal)/(s)(OK)l
O/F,2.618

m

; peroentR,2.(

m T0.00397 -.1032
.003s3 -.1004
.00200 -.0781
.00260 -.0735
.00233 -.0672

.00039 -.0148

.00013 -.0056

.00013 -.0054

.00003 -.0016

.00007 -.0016

.00001 -.0004

T1.00 2515
1.05 2499
1.60 2362
1.75 2332
2.00 2290

0.0018
.0003
.0000

- .0005

io .00 1762
20 .00 1574
20 .41 156*
40.00 1777
40.83 1371
80.00 1195

.0003 2.275
-.0016 3.612
‘.0016 3.663
-.002s 5.849
-.0026 5.934
-.0030 9 .579

- .0052
- .0063
- .0063
- .0068
- .0068
- .0060

.0023

.Oole

.00L8

.0014

.0014

.0011

.4949
A530

:4520
4238
:4230
.4033

.3977

.3021
:::;;

.3556

:;2;:

-.0030 11.245
‘.0032 18.564
-.0033 24 .925
-.0034 36 .156
-.or135 50.923

- .0068
- .0068
- .0068
- .0068
- .0068

.0010

.0008

.0007

.0006

.0005

.00000 - .0002

.00000 .0000

.00000 .0000

.Ouooo .0000

.00000 .Uooo

- .0068
- .0v6R

.nno5

.noo4
on. 4.22

.Oooou .Oon(l

.00000 .0000
: nercent

T1.00 2163
1.05 2146
1.60 2004
1.7H IQ69
2.00 1929 m .-

0.5151
.5112
.4795
4721

:4641

:;;::
.3696
.3558
.3554
.3434

.5396

.3282

.3221
3148
:3089

3063
:3019

0.415B
::;;;

.3893

.3853

0.0014
.0003
.0000

-.0003

26.0
al. ?
90.0
98.3

167.3
185.1
185.5
IqQ.1
19q.5
210 .5

213.7
222.3
!?26,6
231.4
235.2

0 .0023
.0019
.0018
.0017

10.00 1427
zn .00 1236
20 .41 1231
40.00 1065
40 .R3 1060
80.00 Q12

700.00 866
200.00 737
300 .00 668
Soo. oo 590
Ron. oo 524

-.0006 2.189
-.0009 3.429
-.000Q 3.476
-.0(-)10 5 .488
-.0(310 5.566
-.0011 8.893

-.0011 10 .“406
-.0011 l?. ooe
-.0011 22.703
-.0011 32.694
-.0012 45.747

- .0022
-.0023
- .0023
- .0022
- .0022
- .0022

.000e

.0006

.0Q06

.0004

.0004

.0003

.00004 -.001?

.00001 -.0004

.00001 -.0004

.00000 -.0001

.00000 -.00C1

.oonon .0000

.00000 .0000

.00000 .oo@o

.00000 .0000

.00000 .0000

.Ooooc .Onon

.

- .0022
- .0021
- .Ooal
- .0021
- .0021

.0003

.0002

.0002

.0002

.0001

- .0021
- .0021
1;prcent

236.8
?3Q.6
uel.15.0

.0!301

.0001
o/F.5.E3

00000 .fJnnn
:00000 .0000

TI .no 1875
1.05 1858
i .60 1717
1.80 16.60
2.00 1645 m . .0119

-.01s?
‘.0064
-.0054
-.0045

-.0002
.0000
.0000
.0000
.0000
.0000

‘.00033
.00031
.Oooltl
.00013
.00011

.00000

.00000

.00000

.00000

.00000

.00000

0 .000-?
.0001

-:::::

24.3
74.1
!3?.3
89.1

150.4
166.0
166.4
l-fe.2
179 .6
i8e. o

o .0009
.0007
.0006
.0006

10.00 1179
2n .00 1012
20 .41 1007
40.00 864
411.R3 859
6n .13(l 733

~::::: 2.137
3.323

-.0003 3 .368
-.0003 5 .262
-.0003 5.356
-.0003 8 .50n

- .0006
- .0006
- .0006
- .0005
- .0005
.0005

.0002

.0002
a:;

.0001

.0001

?Uo. no 6Q5
?On .00 585
300.00 528
5U0 .00 463
noo.oo 410

-. 000-3 9.924
-.0003 16.104
-.0003 21.408
-.0003 30.675
-.0003 42.731

-.0005
- .0005
- .0005
- .0005
- .0005

190 .8
198 .2
201. s
?C15.Q
20Q.1

?10,5
21?.7
UG1,12.4

.0001

.0001

.0001

.0000

.0000

.0000

.Ofloo
0/9, 7.04

.00000

.00000

.00000
Oocloo

:00000

.Ooco

.0000

.000@

.0000

.OI-JCO

- .0005
- .000s
1:~rcent

.00000

.oo@oo
Uoorl
:0000

T1.00 1640
1.05 1624
1.60 1491
1.81 1453
2.00 14?4

.0035

.0033

.0016
,.0012
..0010

:::::
.Ooofl
.0000
.0000
.0000

0.3655

:;:::
3493

:3470

3191
:3091

::::;
299o
:2899

:;:::
.2751
.271?
.262’2

.&677

.2664

1.00009
.000oe
.0000T
.00003
.00002

.00000

.CFoooo

.00000

.00000

.00000

.00000

0.0007
.0006
.0003
.0002
.000?

0:0003
.0002
.0002
..0002

2.200
1.013
1 .000
1.006

2.106
5.257
3.301
5.14Q
5.2?1
8.241

‘7.603
15.499
20.540
29 .326
40.744

47.646
63.35Q

u.n 1303
.0000
.Onoo
.0000

22.4
69.1
76.1
81 .8

137.5
151.5
151.9
16?.5
162. *
171. ?

17-3.6
180 .2
185.4
186. Q
18q.7

190 .Q
192 .9

10.00 1002
20 .00 8b3
2n .41 2.49
40 .00 723
40 .s3 72o
80 .00 610

.0001

.0000

.0000

.0000

.0000

.0000

.OI-JOO

.0000.Onoo

.0000

.0000

.nooo

.Onoo

-.0001
-.onol
-.0001
-.0001
-.0001
-.0001
-.0(-)01
-.0001
-,0001
-.0001
-.0001
-.0001
-.0001

- .0001
- .0001
.0001

- .0001
- .0001
- .0001

-.0001
-.0001
- .0001
- .0001
- .0001

- .0001
- .0001

.

.
100.00 577
200,00 483
300 ,00 436
5.00.00 379
Roo. oo 334

.oonoo

.00000

.00000

.00000

.00000

.0000

.0000

.0000

.0000

.Ooon

noo. oo 315
500.00 282

.00000

.00000
.0000
.0000
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TASIJZIII.- Continued.TH6NNODYNAMICDSRIVATtiAT k3SION2DPRESSUNE

RATIOSFOSLIQUIDAMMONIAANDLIQOIDOXYORJ

(b)Cb8mberpressure,WJ poundsperaware lnohabsolute;frozen
compositionduringIaentropioexpansicn

# .

Tmea ratio,Area-ratiom
-

!ntfuel,63.95;U ,
:.g:: 0.0000

.0000
1:004 .ooLlo

,564
29.1
88.3

105.9

176.3
193.5
193.9
z06.0
207 .1
a17.2

1.05
i .60
2,00 113341210

1148

3.0000
.0000
.0000

2.030
3.093
3.133
4.8Z3
4.888
7 .629

10.00
:; .();
40:00
413.f3.3
90.0”0

T7:

643
538
535
4A7

.0000
0000
:0000
.0000
.Ocloo
,0000

.0000

.0000

.00”00

.0000

.0000

.00’00

.0000

.000”0

.Oot)o

.Oouo

.OLIAO

.0000

.0000

.0000

.0000
:::::
.0000
.0000

8.863
14.191
113.744
26.680
36 .978

100.00
200 .00
300.00
50.0r-Jo
lloo.oo

421
349
312
a7.t
238

.0000

.0000
:::::

.Onoo

220.1
2a7.8
231 .6
235.7
239.0

.0000

.0000

.0000

.0000

.0000

.0000

.0000
1000.00
ls00.00

aa4
200

R

43. IB?
37.266 I 240.4

242.7
,705
‘z?
9;::

117.1

1
rntfuel,58.87;0-i

m
.00DD
.0000

2.0001
.0000
.0000

1.05-
1 .60
2.00

f766
1617
1541

3.090AJfl:;
3.218

Oilni 3.261
:0001 5.064
.0001 5.134
.0001 e.o?l

10.00
20 .00
20 .41
40.00
40.83
80.00

1074
ql?
Q06
768
?64
644

.00D0

.0000

.0000

.0000

.0000

.0000

196.4
216.2
216.0
231.7
*3a.1
243.9

.0000

.0000

.0000

.0000

.0000

.0000

4

.0001 9.395

.0001 15.125
20.032;:::;
28.600

.0001 3S3.755

.0000
000-0
:0000
.0000
.0000

a47.3
256,4
260 .9
a65 .8
269.7

.0000

.0000

.0000

.0000

.0000

.000a

.0000

~
.0004
.0004

100.00
2oo. no
300 .00
500,00
noo .ao

608
5u13
456
798
351

● ✌✌

1000.00
1500.00

330
296

.0001
t
46.505

.0001 61.880
.Ooo11
.0000

19;o/y-
).0001
.0000
.0000

271 .4
a74 .2
.845” ‘“
34.0

103.6
ia4.4

).60;Dercentfuel.5R

T

1 .05 ?149
1.60 7Q79
2.00 jfi93

30 .00 1357
aO .00 J165
20.41 1160
40.00 Q94
40 .s3 990
80.00 844

.0013
001?
:0013
0014
:0014
.0015

2.139
3.328
3.373
5.291
5.365
8.510

.0001

.0002

.0002

.0003

.0003

.0003

209.9
a31 .7
232a
248.8
a49.2
262.5

266.3
276.6
281.6
287.4
291 .9

.0005

.0005
,0005
.000$
.0005
.0005

.0005

.000s

.0005

.0005

.0005

—

100.00 799
200.30 676
300 .00 60R
>00.00 533
Roo. oo 472

. 001s 9.934

.001.5 16.114
21.423

:::;$ 30.711
.0017 42.8a7

.0003

.0004

.0004

.0005

.004)5

&L!_bE
,986m

S&&wm J3M_.E&
>.70;peroentfuel,3
00s4 a. 183
:0055 1.011
.o@5b 1.008

.000s

.000sm
1.0003
0000
:Oom

.0006
,00L0

:::;!

::::;

z18.6
l?41.7
242.3
!260.0
::: .,;

.0022

.ooad

.0024

.Onad

10 .1% 1604
20 .00 1391
20.41 1305
40.00 Iaoo
40 .83 1195
80 .00 1029

10(3.00 ~?a
200.00 832
300.00 755
500 .00 6.66
800 .00 593

2.175
3.413
3.460
5.473
5.551
8.882

.0064

.iI068

.0068

.oo7a

.0072

.0076

. . ..-

.0024

.002:

.0078
00.92
:0084
.00s7
.0080

10.396
;;.;::

3a 1704
45.786

.001-6

::::;
.0026
,0028

a78 .9 .002:
290 .2 .ooac
295.8 .oo2t
302.1 .ooai
307.0 .r)l-121

.

S3 .725
72..849

.ooae

.003.0
.

.
.
.
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TABLEIII.- Continued.THERMODYNAMICDERIVATIVESAT ASSIGN~PRESSURE

RATIOSFOR LIQUIDAMMONIAAND LIQUID OXYGEN

(b} Continued. Chamberpressure,300 pounds per square Inch absolute;
frozen compositionduring Isentropicexpansion

Pressure Temper- l’empera- Area ratio, Area-ratioSpecific Specific-
ratio, ature, ture ex- 8 exponent, Impulse,
PJP T,

impulse
ponent, ne

OK %! + ‘q;~”

R, 0.80;percentfuel, 47.01;O/F,1:127

1.05 2711 0.0137 2.177 0.0004 35.8 0.0051
1 .60 2515 .0141 1.010 .0001 109.1
2.00 2416 .0143 1 .009

.0052
.0001 131.2 .0053

10.00 1790 .016.3 2.200 .0016 222.9 .0057
20 .00 1564 .0172 3.471 .0024 246.8 .0059
20 .41 1557 .0372 3.519 .0024 247,4 .0059
40.00 1359 .0183 5..599 .0033 265”.8 .0060
40,83 1353 .0103 5.680 .0033 266.3 .0060
80 .00 1174 .0194 9.146 .0042 281.3 .0062

100.00 1119 .0198 10.728 .0046 285.6
200.00 959 .0210

.0063
17.662 j;:: 297.5

300.00 874 .0217 23.671
.0064

303.5 0065
500.00 776 .0224 34.253 .0069 310.1
80-0.00 693

:0067
.0233 48.133 .0076 315.5 .0068

.000.00 656 .0236 56.572 .0078 317.7

.500 .00 594 .0242
.0068

75 .868 .0083 321.6 .0069
R, 0.90;~ercent fuel, 44.09;O/F,1.268

1.05 2853 0.0221 2.174 0.0007 35.8 0.0081
i .60 26bl .0227 1.010 .0001 109.2
2.00 2549 .0231 1 .009

.0082
.0002 131.4 .00$3

10.00 1904 .0262 2.214 .0026 223.6
20 .00 1669 .0277 3.503

.0090
.0030 247.7 .0092

20 .41 1662 .0270 3.553 .0039 248.4 .0093
40.00 1456 .0295 5.672 .0053 267 .0
40.83 1450 .0295 5.755

.0095
.0053 267 .6 0095

80.00 1264 *03~3 9.300 ,0060 282.8 :0098

~oo.oo 1206 .Qyzo 10.923 .0076 28’7.2
200.00 1039 .0340 18.057

.0099
.0091 299.4 .0102

300.00 950 .0352 24.250 .0101 305.5 .0104
500.00 846 .0367 35.206 .0114 312.3
Rno.c)o 75* .0380 49.600 .0126 317.8 ::;:;

,1)00.00 719 .0386 58.362 ,0131 320.2 .0100
500.00 6!52 .(3396 70.42? .0140 324.2 .0110

R,0.95;percent fuel, 42.76;O/F,1.339

~.~5 2889 0.024’? 2.173 0 .0007 35.7 0 .0089
1 .60 2606 .0255 t.olo .0002 ioO.8
2.00 25 8“3 .@25Q 1.009 .0002 130.9 %;;

1(-).001932 .0293 2.217 .0029 222.9 .0100
20 .00 1696 .C)yyo 3.512 .0043 247.0
2(-).41 1689 .0311

.0103
3..561 .0043 2~7.6 .0103

4n .00 14el .0330 5.691 .005Q ?66.3 0106
40 .83 1475 .0330 5 .774 .0059 266.8 :0106
90.00 ld67 .0351 9.341 .0076 282.0 .0109

70(-).00 1229 .0356 10.974 .0082 286.4
200.00 3060

.0110
0580 18.161 .0102 298.6

31]0,()(3 970
.0114

:0394 24.414 .0114 304.8
500 .00 866 .o,$~~ 35.461 .0128 311.6 %:
*OO ,00 775 .0AZ6 49.995 .0141 317.1 .0120

.000.00 ?35 oA33 50.846 .oi4tl 319.5 0121

.500 .00 667 ;o&45 79.117 .0158 323.5 :0122
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Pre8mure Temper
ratio, ature,
P#P T,

‘K

NACARM E58A21

TA8L2III.- cantinued.TS28HODYNAHICDER3YATIVESAT ASSION20PF=9S~

MTI08 ~ LCQUIDAMMONIAANDLIQuIDOx-fmti

(b)ContlIuM6.ChamberQreamme,500pountiper@w’u inchabaolute;
rrozencOmoOOltiOnclurlnglaentropic●xoanslrn

1.05
1.60
a .00

10.00
20 .00
20 .4i
40.00
40.83
80.00

100.00
200.00
300.00
500,00
.900.00

1

?904
?700
2597

1945
1707
1700
1492
1486
129.9

1239
1070
979
672
783

743
674

10 .00 1934
20 .00 1697
20 .41 1691
40.00 1483
4n. f13 1477
80.00 3290

100.00 1232
200.00 1063
300 .00 973
500 .00 867
Ron. oo 778

In .00 190a
20 .Ou 1668
20.41 1662
40.00 14.37
40.R3 1451
80.00 1265

loo, no 1208
200.00 1042
300.QO 953
500.00 849
500.00” ?61

10.00 1792
20 .00 1567
20 .41 ~561
60.00 1364
40.R3 13s8
80.00 ~161

?[)O.00 1126
200.30 968
3on .30 684
500.00 785
Roo. oo 703

.000 .00 666
,500.00 60A

Tempera-Arearatio,Area-ratioSpeolflo Speclfic-
tureex- L exponent,impye, impulse
pcuwnt,
w “ ~ w ‘-t’

1.2+3:Dercentfuel,41.51;Oh, 1.409

1.0257
.0265
.0269

.0305

.0323

.0323
0343
:0343
.036~

u372
:0395
,0410

::::;

.0451

.0463
1.10;Pe’
).c240
0247
:0252

034s
:0370
0383
:0400
.0415

.04??

.0434
1.20;Pe
)::g;f

.0225

0255
:0270
.0270
0287

:0287
.0305

031?
:0331
.0343
0s57

:0371

0377
:038?
1.50;PC
1.0166
m;;;

.0197

.020Q

.0209
022?
:022?
,(1235

2.172
1.010
1 .009

a.2i9
3.516
3 .56S
5.700
5.783
9.360

10.999
18.211
24.489
35.585
50.188

59.083
79.460
PhtPUe],
2.172
1.010
1 .009

2.alfl
3.514
3.564
5.697
5.780
9.354

10.992
18.199
24.47P
35.559
SO .151

59.04rl
79.401
motfuel,
a.t73
1.020
1 .009

2.a15
3.507
3.557
5.682
5 .765
9.322

10.952
18. t19
24.354
35.368
49.059

58.6e3
78.894
entfuel,
2.176
1.010
1 .009

2.204
3,481
S.530
5 ,Sas
5.706
9.203

10.802
17.8.21
23.916
>4 .666
48.787

57.379
?7 .038

).0007
.0001
,000s

,0030
.0045
.0045
.006i

:::$:

,0086
.0106
.Olie

::;?:

:s’:2:
=jTK
).0007
.0001
,00U2

.Ooeo

.0099
0111
:0125
.0138

.014”4

.0155
.18;0/’3,m

.0001

.0001
0025
loo3a
.00313
,oos”~
,0052
,006’7

.oo7a

.0089

.0099

.allz

.0123

.0129
,013R

-
).0005
.0001
.0001

.oozb

::::;
.004Q
.oo4cl
.oa52

.0055

.006B

::::!
.0003

.Oocli’

.0103

35.5
106.2
130.1

221.5
e45.5
246.1
264 .7
265 :2
200.4

284.8
297 .0
;:;.;

315:4

317. a
3at.8
.550
34.9

106.3
127.9

n17. a
241.3
241.9
260 .a
2!60.?
275 ,6

280.0
291 .9
297.9
304.6
310.0

312.4
316.3
.821
34.2

104.3
125 .5

213.6
R36.6
237.2
255.1
255.6
270 .2

274 .4
286.1
292. o
298 .5
303 .8

706.0
309.8
.114
32.4
98.8

118.9

202.0
22.3.7
224.3
241.1
?41.5
255 .1

259.1
270 .0
275.5
281.5
286.4

288 .5
292 .0

0 a;:

.009s

.0103

.0106

.0106

.0110

.0110

.0113

.0114

.0118

.0119

.0122

.0194

.0195

.0127

~
.0068
.0099

.0096

.0099

.0099

.0103

.0103

.0106

.0107

.0110

.oiia

.0114

.0116

.0117

.011s

.0067

.0089

.0090

.0092

.oo9a
,0095

.0096

.0099

.0100

.0102

.0104

.010s

.0106

.0069

.0071

.0071

.0073

.0073

.0075

.0076

.007R

.0079

.0081

.0082

.0083

.0084

,.

.—

-—

-—

.=
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�
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TA8LEIII.- Continued..TR5TJ40DYNAHICDSRJWATIVESATISSION2DPRESS031E

RATIOSFORLIQUTD~ONIA MD LIQUIDOXYOFri

(b)Ccnmlud66. Chamberpressure,300poundsperuquare inchabsolute;
frozenocmpositlonduringisentropieexpannion

Pre88ure Tenper-Tempera-Arearatio,Area-ratioSpeclric 9peclfic-
ratlo, ature, tureex- S exponent,impulse, impulee
P&? T, pcment,

% w “ * ‘~t’

1,05
1.60
a .00

10.00
ao .00
ao .41
~o. oo
40. f13
00 .00

100.00
aoo.oo
300 .00
500.00
900.00

UOo. oo
S.oo.oo

1.05
1 .60
a.oo

10.00
ao.oo
20 .41
AO .00
40 .f13
So .00

100.00
200.00
300 .00
500 .00
.900.00

000.00
500.00

1.05
1 .60
2.00

10 .00
ao .00
20 .41
40.00
40.83
80.00

100.00
200.00
300 .00
500 .00
Roo. oo

000 .00
300 .00

i.os
1.60
a.oo

10.00
20 .00
20 .4t
.40.00
do .e3
80.00

100.00
aoo. oo
3(10.00
300.00
800.00

,000 .0[)
500..00

R. 2.002Dercentfuel.26.19:O/F.2.816

1630
1419
1413
[2a9
12a4
L059

.0138

.0146

.0146
0155
:0155
.0164

a.le6
3.440
3.4s7
5.535
5.615
9.020

11-IOS .0167 lo .57a
862 .0177 17.371
785 .0182 a3. a57
695 0169 33.615
62LI :0195 47.191

587 .0197 55.438
531 .oaoz 74. aea

S.WX uercentfuel.1R,
2143
1976
1892

1368
1180
1175
1014
10U9
066

82a
696
632
557
494

467
420

R
.857
.705
63’0

!160
994
989
848
84A
719

681
574
518
454
401

-
.0053
0054
:0055

.006?

.0065

.0065

.0069

.0069

.0073

.0074
0077
:0079
0082
:0084

.0085

.0086
4.003per
.ooao
0020

:0021

.ooa3

.ooa4

.ooa4

.0026
ooa6
:ooa7

:::::
.ooa9
0030
:0030

Z!_.hH
R, 5.00;pel

m
Q95 .0007
848 .0008
844 .0008
719 .0008
715 .0008
606 .0009

573 .0009
479 0009
431 :0009
376
332 :!ZE;

a.189
1.011
1 .007

a.154
3.367
3.413
5.381
5.457
e .707

10.183
16.615
;;:;:;

44.547

5a.2a7
69.732
lntfuel,1
2.1 Ya
1.012
t .007

2.126
3.304
3.3.49
s. aso
5.324
8.445

9 .857
15.988
al. a47
30.433
4a .383

49.612
64.074
mt fuel,1
a.2os
1.013
1.006

a.lo3
3.a52
3.a95
5.140
5 .211
8.a25

9.584
15.466
20.494
:3.:;;

47 .533
63.206

.0013 107.0

.0020 ao6.9

.0020 ao7.4

.0027 a2a.7

.0027 2a3. i

.0035 235. S

.0038 239. L

.0046 a49. o

.0050 253.9

.0056 259.3

.0061 a63 .7

~
13;O/P,4.227
,.0001 a6.8
.0000
.0000

::::;
.0008
.0011
.0011
.0014

.0015

.0018

.0020

.0022

.ooa4

.0025

.0026
07;0/’9,
1.0001
.0000
.0000

.000a

.0003

.0003

.0004

.0004

.0005

.0005

.0006

.0007

.0007

.000s

.0008

.0008
43;o/F,
).0000
.0000
.0000

.0001

.0001

.0001

.0001

.0001

.0001

.0002

.0002

.000a

.0002

.0002

.0002

.000a

81.5
97.9

165.5
182.8
183.2
196.4
196.8
ao7.4

aio.5
?18.9
2a3 .0
227 .6
231 .3

a3a.9
235.5
.636
a4.3
74.0
08.9

149.7
165.1
165.5
i77. a
177.5
186.9

189.6
196.9
200 .5
204.5
207.7

ao9. o
211.3
.046
aa.4
68.1
81.7

137.2
151.a
151.6
L6a .1
16a.4
170 .8

173.2
179.7
182.9
186.4
18Q.2

190.4
192.4

.0050

.0051

.0052

.0053

.0053

.0054

.0055

.0056

.0057

.0058

.0059

+

.0059

.0060

>.ooal
.0022
.0022

.ooa4

.0024

.0024

.0025

.0025

.Ooas

.ooa6

.ooa6

.ooa7

.ooa7

.0027

--/

.ooa7

.0028

13.0009.0009
.0009

.0009

.0009

.0009

.0010

.0010

.0010

.0010

.0010

.0010

.0010

.0010

--l.0010
.0011

10 .000.0003
.0003

.0003

.0003

.0003

.0003

.0003

.0003

.0003

.0003

.oao3

.0003

.0003

.0003

.0003I

—
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TABLEIII.- Conttiued.TEURK5’2DYEAMCJERIVAIL’~ATASSIGNEDPRF3SUKERATIOSFOR —

LIQUID AMIIDKCAANDLIQUID OXYGEN
8“

(c)Chamberpressure,600 poundsper squareinch”absolute;equilibriumcomposlt~on
during isentroplcexpanalon

PressureTempa-Tempera-Arearatio,
ratio, ay. tureex- S
PJP pormlt,

& w

kea-ratfoSpeciric
mponmt, impulse,

“ +
1 1 1 1

Proentfuel,6S.W
— —

0.0000
.0000
.0000’
.0000

R.0.4mr -
1.0000
.000(!
.Ooon
.0000
.0000

2.Z?6
1.015
1 .000
1.004

2Q.1
88.3
9Q. ?

105.9

176.3
193.5
193.9
206.8
6’07.f
217.2

eao.1
2a7,8
*3I.6
235.7
239. o

240.4
24a .?

El,58.67

3a. i
97.5
loq.2
11?.1
IQ6.4
216.3
Zis. n
231 .?
23a .1
l?43.9

a47.3
a56.4
a60.9
265 .9
a69.8

271.4
a74 .a
)1,S4.12

34.1
10Y.6
115.2
la4.5

210.1
?31 .9
233.5
?4e.1
249.5
262.0

266.6
P77. O
2.22.1
287 .n
292.3

294 .e
297.4

31,23.34

35.3
107.6
118.9
ia9.4

a19.7
a43. o
a45.6
261 .6
262. o
aT6 .6

?’20.7
29a.1
B97 .8
304 .1
309.2

311.4
S15.O

0.0000
.0000
.rlooo
.Oaoo

10 .00
ao .00
20 .41
40.00
40 .613
en .00

*OO .00 421
200.00 349
300.00 sla
500.00 271
eoo. oo 236

77a
646
643
538
535
447

.0000

.0000

.0000

.0000

.0000

.0000

:::::
.0000
.0000
.0000

8.030
3.093
3.133
4.823
4 .6.88
7.629

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000
,0000
.0000

.0000

.0000

mroenti

.0000

.0000

.0000

.0000

.0000

.0000

.00000

.00000
:::::!

.00000

.00000
00000
:00000
.00000
.00000
.00000

.0000

.0000

.0000

.0000

.Ooo1-1

.0000

6.663
14.191
ia .744
;: .;.5:

.onoo
,0000
.0000
.0000
.0000

:2:::
.5454
.s4a7
.5377

.0000

.0000

.0000

.0000

.0000

.0000

.0000
~

.0000

.0000
.000 .00 aa4
.500 .00 4!00

43.187
57.266

.0000

.0000

.0000
0/-2,o.7a-

0 :::::

.0000
~oooo

:::;:
.0000 L.00000

.00000

.00000
R,0.s

r71.00 17e4
L.09 1766
1.60 1617
1.88 1574a.oo ls4a

.00001

.00001

.00000

.00000

.00000

-.0003
-.0003
-.0001
-.0001
.0000

a.ao6
1.013
1.000
1 .006

2 .090
3.a18
3.a61
5.065
5.134
e .071

9 .396
1s.126
ao.033
ae.6oa
39.757

U.000o
.0000
.0000
.0000

.0000

.0000

.0000
..0000
.0000
.0000

10.00 307s
an.00 911
ao .41 906
40.00 76e
40.a3 764
80.00 644

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.O1-)oo

.0000

.0000.0000

.0000

.0000
:0000
.0000
.0000
.0(?00

.00000

.00000

.00000

.00000

.00000

.00000

.0000

.0000

.0000

.0000

.0000

.0000

100.00 608
200.00 508
300.00 456
SOo.oo 398
800.00 351

.0000

.0000

.0000

.0000

.0000

.0000
0000-percentf

0.0003
.0000
.0000

- .0000

-.0001. .0001
-.0001
- .0001
- .0001
- .0001

.0060

.Onoo
;:;;:

.0000

.0000

.0!300
VKF=
0.0003
.Oooe
.000a
.0002

.00000

.00000

.00000

.00000

.00000

.0000

.0000

.Uooo

.0000

.0000

46.508
61.064
R, 0.s1

r

ti
.507a
.$ 054

.00000

.00000
.0000
.0000

-.0047
-.0043
-.ooie
-.0014
-.0011

1,00
1.05
1 .6o
1 .8o
a.oo ma.i9t

1.012
i.000
1.007

10.00
20.00
211,41
40.00
40.e3
00.00

361 -.0001
169 -.0001
164 -.0001
998 -.0001
993 -.0001
647 -.0001

a.i40
3.330
3 .37.3
5.a95
5.369
e.518

.“0001

.0000

.0000

.0000

.0000

.0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.0000

.0000

.0000

.0000

.Ooo1-1

.0000

100 .00
203.00
300.00
500.00
~oo. oo

eos -.0001
676 -.0001
611 -.0001
536 -.0001
474 -.0001

9 .943
16.1s1
af .448
30.749
4a. e79

- .0001
- .0001
-.0001
- .0001
- .0001

- .0001
- .0001

peroentf

D.0013
.00U2
.0000

-.0002

-.0010
- .0010
- .0010
- .0009
- .0000
- .0009

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

IJon.oo
!)00.00

447 -,0001
402 -,0001

50 .2ae
66.991

.0000

.0000

%%%

.0000

.0000

R, 0.7(
1.00 2503
1.05 24e3
1.60 2309
1 .7e a265
3.00 a219

0.0047
.0!-!44
.002?
.0010
.0014

o.7a52
.?195
6770
:66eo
.6393

1.00119 -.0287
.00110 -.oa68
.00054 -.0142
.00043 -.01>8
.00036 -.0097

0.001?
.0013
.0012
boll

.0004

.0003

.0003

.0002

.0002

.onoa

a.i75
1 .010
1 .000
1 .009

-.0004
-.0005
-.000s
-.000s
-.000s
-.0005

In .00 1633
20 .00 ~4ie
ao .41 t43a
40.00 ia24
40 .n3 la19
Bn.oo 1051

; .:;:
3:476
5.s.oa
5.580
e .936

.5e79
566L
:5655
.5447
.5441
.5a36

.00001 -.000a

.00000 .0000

.00000 .0000
00000 .0000

kmcmg: .Ooon.0000 .-

100.00 9.29
aoo.oo 8s1
300.00 773
500.00 683
noo.oo 608

- .0005 tO.463
-.0006 17,127
-.0006 a2.sel
-.0006 3a.983
-.0006 46.aol

- .0009
- .0009
-.000Q
- .000Q
-.000e

-.0008
.0008

.Oooa

.0001

.000L

.0001

.0!301

::;::
.4808
.47el
.46916

.00000 .0000

.00000 .000@

.00000 .0000

.00000 .0000

.00000 .Uooo . .
000 .00 57b
Soo.oo 51e

-.0006
-.0006

b4.2a4
78.546

.0001

.0001

.11oo11

.Oonoo .0000

.00000 .0000.

.00000 .0000
—
——
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(c) Continued.Chamberpressure,600 poundsper squareinchabsolute;equilibrium
compositionduringIsentroplcexpansion

Pr-=.ul’eT9maer-Tempera-Arearatio,Area-ratioSmirlo speclrle- specirlc
ratio, ature, tie ●x- * expcment,inwlae, tWIae
PJP T,

heat,

OK
wnent,
w! “ + ‘m~t’ ,=~~;&)

E,o.eQ; p?rcentm el, 47.01;0/’3,1.127
;.(); :;:: O.olas

.0120 2.156 0.0027 3s.9
0.8755 0 .0043’? -.098?

f).0046
1:60 2580

8653 .00417 -.0043
ooeo 1 .008 .0005 109. R .oo3n :7831

1 .76 254z :007-2 1.000
.ooa54 - .0609

.0000 120 .’3 .0037
2.00 2493 .0061 1.011

.0022-5 -.0s43
- .0006 1s2.2 .0035 :;:2; .00188 ‘.046.5

10.00 1891 -.0011 2.233 - .0044 ?26.1 .0015
20.00 1658 -.0016 3.531 -.0044 250.7 .0011

.00009 ~::::;
::::: .00001

20 .41 16b2 -.0016 3 .581 - .0044 251 .d .0011 .130002
40.00 1447 -.0018 5.712 -.0045 270 .4 .0008

-.0004
:::;:

4r).fls 1441 -.0018 5 .795 - .0043 270 .q
.00000 -.0001

.0008 S452 .00000 -.0001
80 .00 1255 -.0018 9 .356 -.0042 2.96.5 .0006 :5249 .00000 .0000

100.00 1197 -.0019 10.906 -.0041 ?91 .0 .0006 5162 .00000
200.00 1031 -.0019 18.144

.0000

300 .00
-.0041 S03.4 .0005 :4977 .00000 .0000

Q42 -.0020 24.364 - .0041 30Q .6
500.00 838 ::::::

.0004 .4865 .00000 .0000
35.340 - .0041 316.5 .0004 4733

noo. oo
.00000 .0000

751 49.765 -.0041 322.1 .0003 :4624 .00000 .0000

1000 .00 71a -.0021 58.545 -.0041 324 .5 .0003 .4576 .00000
1500.00 645 -.0022

.0000
78.642 - .0041 3a8.5 .ono3 .00000 .0000

.0000 ;;;:; .00000 .0000
R,0.93t peroentfUel,44.09;0/’3,1.2s0

i .00 2922 0.0210
1.05 2905 .0206

1.1223
; .::; o.ooa6

0.01041 ‘.2241

,1.60 2765 .0168
36.1 0 .0076

.0005 110.4
1.1114 .01010 -.a 185

1 .74 2736 1:000
.0069 1-0129 .00747 -.1700

2.00 2690
.0000 L19 ..9

:;;:; 1.013
.006U .9919 .00696 -.1601

- .0008 133.1 .0n65 .9586 .00619 -.1449

10.00 2155 -.0001 ;.:;: - .0005 229.6 .0038 .6391
20 .00 1896 -.0030

.00069 -.0202
- .0109 255.4 .0029

20 .41 1889 -.0031 3:726 - .O1OQ a56.1
.00015 -.0050

.0028 :::::
40.00 1670 -.0040 5.982 -

.00015 -.oo4e
.0111 276.2 .0022 5490

4n .83 1663 -.0040 6-071 - .0111 276 .7 .0022
.000oa -.0009

:5483
80 .00 1462 -.0047 9 .869 - .oio9 293a

.00002 -.0008
.0017 .5a70 .00000 -.0001

*00.00 1399 -.0044
200 .00 1217 -.0046

11.616 - .0109 a9* .I
19.33?

.0016 5203 .00000 -.0001

300.00 1118 -.0047
- .0107 311.4

26.094
.0013 ;5001 00000 .0000

- .0107 31a.1 .Onll 4082 :00000
500.00 1003 -.0049

.0000
38.086 -.0107 325.6 .0009 ;4737 .00000 .0000

Flo13.oo 904 -.0050 53.938 -.0107 331.7 .000R .4611 .00000 .0000

Looo. oo 860 -.0051 63.621 - .0107 334 .4
L500 .00 78A ‘.0052

.0008 .4555 .00000 .0000
S.5.855 -.0107 338 .8 .0007 4458 .00000 .0000

.0000 :0000 .00000 .0000
n. 0.95J peroentfiel,42.78;0/7,1.s39

1.00 2963 0.0238
1.05 2948 .;:::

1.2294
2.133 0.0021

0.01339 -.2043
35.9 0.0085 1.2208

1 .60 2815 i .0”06
.01309 -.2793

.0004 110 .1 .008C!
1.74 279o :0198 1 .000

1.1406
.0000 119.1 .0079

.0105? -.2356
1.1240

2.00 2746 .0187 1.014
.01004 -.2269

-.0006 132. R .0077 1.0946 .00923 -.2119
10 .00 2241 .0034 2.348 -.0099 230 .0 .0053 7a48
20 .00 2012 -.ooa4

.00188 -.0531
3.772 -.0135 256 .4 .0042 :613s

20.41 2005 -.002s 3.026 -.0135 257 .1
.00053 -.0167

40.00 z7a4 -.0051
.0041 .00051 ‘.0161

6.170 - .0148 277 .8
40.83 1778 -.oosa 6.262

.0032 :::+: .00010 -.0036
- .0148 278 .3 ::::; b567

80.00 1570 -.0060 10.212 -.0149 295.4
.00010 -.0034

:5297 .00001 -.0005
700.00 1505 -.0061 12.051 -.0148 300.4 .0023
200.00 1315 -.0064 20.099 -

.00001 -.0003
.0147 314.2. .0019 :::;:

300.00 121a -.0066
.00004 .0000

a7 .182 -.0146 321.2 .0017 4903
500.00 1091 -.0068

.00000
39.792 -.0146 329.0 .0014

.0000
:4755 .00000

Roo. oo 987 -.0070
.0000

S6 .511 -.0146 335.4 .0012 .4624 .00000 .0000

1000.00 940 -.0071 66.746 - .0146 33e. a .0012 .4564 .00000
1500.00 8b9

.0000
-.0072 90,290 -.0146 342 -!3 .0010 .4460 .00000 .0000

R, 0.975;Qercentfuel,42.13;Ofp,1.374
1 00 a97s 0.0246
1:05 2960

1.2570
.0243 2.131 0.0019

0.01433 - .3027
35.R O .0088 1.2494

1 .60 2S29 .0214 1.006
.01404 -.2981

.0003 109. R
1 .74 2a04 .020Q 1.000

.ooe3
.0000 113.7

i. 179a .01159 -.257e
.00s2

a.oo ?761 .0199 1.014 -
1.1647 .01113 -.24g Q

.0006 132,5 .0080 1.1390 .0103s -.2361

10.00 2280 .0065 2.367 - .0087 22~ .R
20 .00 2064 -.0003

.0059 .00303 -.0s41
3.e25 - .0131 256.4

ao 41 205R
.0048 :::::

4“.00 le43 :::%::
.00110 -.u 33a

3.881 - .0132 257.1 .0040 .6591 .00106 -.0327
6.a85 - .0160 27e .1

4(I:n? 1836
.0038 .5737 .000a4 -.uoe4

6.37!2 - .0160 2?9 .7 .003R .000a3
8n .00 1627 -.0068 :;:::

-.00s0
10.425 -.0167 296.0 .0030 .00004 -.0014

100.00 1561 -.0070 la .290 - .0166 301 .1 .Oflae
200.00 1367 -.0075 20.564 -.0165 315. a

.00002 -.0007
,0023 :;;;: .00000 -.0001

300 .00 1262 -.0076 27.839 -.0164 322.3 .on20
500.00 1138 -.IJ07Q

.00000 .0000
40.811 - .0164 330.3 .0017 ::;:: .00000

Rof).oo 1031 -.0081 58 .03Q
.0000

- .0164 736.9 .0015 .4636 .Oooo11 .0000
LOOO.00 983 -.0(182 68 -596 - .016A
1500.00 900 -.00s4

339.7 .0014 45?5 .OIJOOO .Ooorl
02.907 - .016A 344.5 .0012 :440# .00000 .0000
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TABEdIII.- Continued.TBERM3~C DERIVATIVEATA661GKEDERM6URERM!I06FOR

LIQUIDAMMONIAANDIJQUID‘OXYGEN

(c)Continued.Chamberpressure,600 poundsper-squareinchabsolute;equilibrium
compositionduringisentroplcexpansion

specific
impyse,

w

.rl,41.51

35.?
109.5
11.3,3
132.0
22.?.2
255.8
256.5
277 .7
278 ,s
?95.9

-
spcoific-
impulae
~nt,

‘I

krea-rati
axponent,
n.

peroent O,m,1.40!R, 1.0

2,131
1 ,006
1 .000
1.014

0.01473 ‘.3102
.01444 -.305?
.01201 -.Z667
.01159 -.a59i
.O1OEI2 -.a458

1.Z61Y
1.254?
1.1885
1.17s0
1.1510

0.00IFI
.0003
.0000

-.0003

9.0089
.00.94
00$3
:Oofll

.ou3t14 -.1054

.00197 -.0594

.00193 -.0582
oooea -.0876
:00080 -.oa6a
.00027 -.ulon

a.375
3.857
3.914
6.367
6,484

10.6?0

.00’77
- .olia
-.0113
- .0144
-.0145
-.0166

.0061

.oosa

.0052

.0044

.0043

.0036

100 .00 1619 -,0066
200.00 142S -.0081
300.00 1318 -.0086
50(3.00 5191 -.0090
-00.00 1082 -,0093

la.6oo
‘21.162
a8.690
42.la6
59.993

70.953
96.a19

R, 1.

a.z33
1.006
1.000
1 .014

a.355
3.806
3.861
6.a74
6.36q

10.4.51

ia.333
ao.676
88 .004
41.063
5s .399

69.oal
93.488

R, 1.

- .0171
- .017B
-.0179
-.0180
- .0160

301 ,1
315.5
sa2.9
33i.1
337 .9

340.8
345.7
‘uel,32.2

35.1
107.6
116.4
Izq. ?

.0033

.ofia7

.ooa4

.ooao

.0018

.5490
511Y
:4963

:::;:

.00028

.00004

.00001

.Oorloo

.00000

-.0068
-.od17
-.0006
-.oOoa
.0000

000 .00 jo3a -.0094
500.00 947 -40096

- .0180
-,0191
;peroent

.4595

.4485

1.00
1.05
1.60
1.74
2 .00 T296a o.oa31

aq46 .02a7
a~la .0196
a786
274a

;;;;:

1.1481
1.1398
1.0656
1.0505
1.0246

I::;:!:

.00991

.00945

.00868

.ooa36

.00110

.00107

.00044

:;;t::

.00010

.00003

.00001

.00000

.00000

‘.2692
-,a643
-.a213
-.ai3a
-.i99a .

.

10.00
ao .00
ao .41
40.00
411.e3
80.00

a245 .0051
2031 .0005
2oad .0004
1619 -.ooa9
1813 -.0030
1615 -800s1
15s1 -.0056
136a -.0066
~a5a -.0070
11s4 -.0073
ioaa -.0076

-.0061
-.0109
-.0110
-.oia9
- .0130
- .o14a

a24 .7
250 .6
a5i.3
271 .?
272 .3
289.3

294.3
308.1
;;::;

3a9.5

338.3
337.0

tiel,37.1

.0052

.or)43

.0043

.0035

.0035

.ooaa

-.0676
-.035a
-.0345
-.0161
-.0157
-.oo6a

?00 ,00
aoo. oo
300.00
500.00
noo. oo

-.0144
- .0148
-.0149
- .0150
-.0150

.0086

.onal

.0019

.0016

.0014

-.0044
-.0013
-.0005
-.000?
.0000

980 -.0077
898 -.0079

-.0150
- .0151

.0013

.0012

.0000
~

.4484

.43an

.0000

.00000

.00000

.00000

.0000

.0000

.0000

000.00
500.00

s peraout
a4j4
28S’8
a761
a733
2!689

aiaa
1968
1962
1758
1752
1556

149.4
130s
3a06
1086
9f13

937
056

o.oao5
oaoi
:0170
.0164
.0154

1.0323
0.00?3 1.oa4s
.oo6e .9596
.0067
.0065 :;::$

1.00
1.0s
1.60
1 .74
8.00

).01016

:::;::
.0073s
.oob73

-.a 198
‘.2154
-.1779
-.1706
-.1591

-.0548
-.oa89
-.0883
-.0131
-.of2a
-.0049

2.136
1 .007
1.000
1.013

o.ooao
.0003
.0000

- .0006

34.4
105.4
zi4. a
127.1
21q.9
a45.1
245.8
a63 .7
266 .2
282.7

a8”7.5
300 .9
30.7.7
315.3
381 .5

324 .8
328 .7
‘uel,32.1

32.6
99.7

108.3
lao. a

10.00
ao .00
ao .41
40.00
40.8s
ao. oo

.0041

::::?
-.oo aa
-.oo aa
-.0046

-.0051
-..005Q
-.0068
-.0065
-.0067

2.343
3.779
3.834
6.al FJ
6.312

10.337

- .0072
- .0096
- .00Q6
.0113

-.0114
-.0184

.0045 .6953

.0037

.0037 ::;:;

.0030

.0030 :22:2

.ooa4 .5141

.00183

.00086

.00004

.00035

.00034

.00011

.ooaa 5oa8

.Oole :4742

.0016

.0014 ::::;

.Oola .4331

.00008

.000oa

.00001

.00000

.00000

-.0034
-.0009
-.0004
-.0001
.0000

100.00
200.00
300.00
500.00
F!on.oo

000.00
Soo. oo

-.0131
-.01-31
1;percent

.00000

.00000
.0000
.0000

1.00
1,03
1 .6o
1 .75
2.00

0.0018
.0003
.0000

- .0005

aoi7 .ooai
1803 -.0008
179? -.000Q
1596 - 0028
1591 - ooae
1401 - 0039

a.315
3.711
3.764
6.066
6.1s6

10.018

In. oo
ao .00
20,41
40.00
40. a3
80.00

- .0060
- .0078
- .Oo?q
- .0000
- .009”0
- .00.?5

ao7 .4
2s0 .e
231 .4
a49.8
a50 .3
265 .4

.0033 .596a

.ooa7

.0027 ;::::

.ooal 49ao

.Ooal :4909

.0017 .4590

.00098

.00042
00041
:00014
.00014
.00004

-.03!?4
-.0155
-.0151
-.0061
-.0059
-.0019

.

.L0041 11.790
0045 19.610
Oud? 86.441
0(348 38 .555
0050 54.560

0050 64. >3?
0051 R6 .765

a6Q. R
288.0
289.8
295 .1
300 .4.

.0016 .4516

.0013 4303

.0011 :4194
.0009
.0008 :::::

.00002 -.oola

.00000 -.000s

.Oonoo -.0001

.00000 .0000

.00000 .0000

100,00
aon. oo
3U0 .00
500.00
moo. oo

OUn.oo
>Uo. ooJ1741-

1166 -
1071 -
959 -
865 -

882 -
749 -

- .00Q6
- .0097
- .0097
- .0097
- .0097

.012Q7
- .llo07

303.0
307 .1
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(c)Concluded.Chamberpressure,600 poundspep squareInchabsolute;equilibrium
compositionduringisentroplcexpansion

PressureTrmper-Tem=’a-Arearat10, A&ee6Mn;:0sg;:~
ratio,

s&:o-
ature. tureex- ‘ ::::”” f*~T f*,

~o T, pment,
‘K %2 “ * ‘~” ,:~;f:.,

R, 2.m;percentfuel,26.19;C@, 2.818

; .:: ::;; O::;;; 0.6880
2.150 0 .0017

0.00344 -.0889
30.2 0 .0042 .6833

1 :60 2377 1.008 .0003
.00332 -.0S65

1.76 2345 :::::
9%.4 .0038 .00241 -.0670

1 .000 .0000 100.8 .0037 :2;;: .00224
2 .00 2302 .0071 1.011 -.0004 111.3 .0035 .6205

‘.06?9
.00200 -.0575

10.00 1783 0002 i3.Z67 - .0047 191 .0
-:0014

.0021
20.00 15.72 3.597

.00033 -.01?4
- .0056 212.1 .0016

Al;;
.00011 -.oo47

?0 .41 1566 -.0015 3.648 - .0056 2-12.6 .0n16 4486 .00011 -.0045
40.00 1774 -.0023 5.824 - .0059 ?29 .0 .0012 :4224 .00003 -.0013
40.83 1369 -.0023 5 .906 - .0059 2a9.5 .0012 4a17
80.00 1193 -.oo2e 9.537 - .0060 242 .R

.00003 ::::::
.0009 :4028 .00001

100.00 113.6 -.0027 11.19s - .0060 246.7
200.00 9eo -.0028

.0009 .oo@oo -:::::
18.4S2 -.0059 257.3 .0007 :::::

300 .00 S96 -.0029 24.016 -.0059 262.7
.00000

500.00
.0006 .3736

797 -.0030
.00000 Uoocl

35 .998 - .oo5q 268 .6 .0005 .3637 .00000 :0000
Roo. oo 714 -.0030 50.700 -.0059 273.4 .0004 .3554 .00000 .0000

000.00 677 -.0031 59.650 -.oobq ?75 .5 .0004 .00000 .0000
>00 .00 614 -.0031 80.136 - .005Q 27a .9 .0004 :::2; .00000 .0000

.0000 .0000 .00000 .0000
R, 5.m; uercmt fuel,19.13; OP. 4.227

:.:: :;:: 0.0040 0.5023 0 m:::: -.0315
.0047 2.170 0.0012 a6. n o .0020 .49e8

1:60 2008 .0031 1.010
-.0s01

.0002 81. R .0016 4704 .00061 -.oao2
1 .7e 197a .ooa7 1.000 .0000 90.2 .0016 :4637
a.oo 1933 .0023 1 .009

.00053 -.olen
- .000a 98.4 .0015 .4565 .00046 -.0159

1~.~o 1426 -.0005 a. 186 - .0019 167.4 .0007 .00003 -.0014
2n .00 la35 -.000e 3.424 -.0019 185 .1 .0005 :<2:: .00001 -.0003
an .4t la30 -.0008 3.471 - .0019 185. s .0005 :::;; .00001 -.0003
4n. no 1064 -.0009 5.480 - .00IQ 199.2 -0004 .00000 0000
4CI. RS 1059 -.000Q 5.55a - .0019 199.6 .0004 .3553 .00000 :0000
8!3.00 Qll -.0009 a .861 -.0019 210.5 .0003 .3434 .00000 .0000

100.00 866 -.0009 10.392 - .Oolq 213.7 .0003 .3395 .00000 .0000
aoo. oo 736 -.0009 16.984 - .0018 zaz .3 .0002 .3a.6a .00000 .0000
300.00 66R ~:::;: ;;;:;: - .001.2 226 .7 .000a .00000 .0000
500.00 589 - .0018 231.4 .0001 :2:::
Uoo. oo 5a4 -.0010

.00000 .0000
45.6a4 -.oola 23S .2 .0001 .3089 .00000 .Uocn

000.00 495 -.oo 111 53.587 - .0018 236.9 .0001 .00000
Soo. oo 446 -.0010 :;::;

.0000
71.604 - .001.6 a39.6 .OQO1 .00000 .oocn

.0000 -0000 .00000 .Uoon
R, 4.W; pement fuel,15.07;0~. 5.636

1 .00 1877 o.oola 0.4111
1,05 1s61 .0017 a.168 0.0006

o.OOO aa -.0101
a4.4 r).000R -.0095

1 .60 1719 0000 1.011 .0001 74.1
:0007

.0006 :$:;: :::::: -.0054
1.RO 1680 1 .000 .0000 82.4 .0005 .3868 .00011 -.0045
a.oo 1646 .0006 1 .007 - .0001 89.1 .0005 .3831 .00009 -.0030

10.00 1179 -.0002 2 -136 -.0005 150-4 .000a .3441 .00000 -.0001
an .00 lola - .0002 ; ;;:: - .0005 166.0 .0001 .3322 .00000 .Ooon
ao .41 1007 ~::cl:; - .0005 166.4 .0001 .3319 .00000 .0000
4n.oo 863 5.a80 -.0005 178 .2 .0001 .00000 .0000
40 .83 859 -.0003 5 .354 - .0005 179 .6 .0001 :;:;:
90.00 733 -.0003 8 .497 -

.00000 .0000
.0004 ia8. o .0001 .3110 .00000 .Ooorl

?On. no 694 -.0003 9 .92o - .0004 19u .11 .0002 3078
200.00

.00000
5.65

.Oool-k
-.0005 16 .099 - .0004 193 .2 .0001 ;2983

,300.00 328 -.0003
.00000

al.4oa - .0004 aol. u .0000 .2~34 .00000
500.00 463 -.0003 30.665 - .000~ 205.9 .0000

:::::
.2R77 .00000 .0000

Roo. oo 410 -.0003 4a .718 - .0004 ao9. t .Onoo .2s3.4 .Oonoo .Oocn

,1-)oo. oo 386 -.0003 50.009 - .0004 210.5 .0000 .2818 .00000 .0000
Soo. oo 747 -.0003 66.614 - .0004 ?12.7 .0000 .2794 .00000 .0000

.0000 .0000 .00000 .0000
R, 5.m; ~cent fuel,12.43:o/F,‘7.04!

1.00 1641 0.0006
1.05 16a5 .0005

0.3639 0.00007 -.0030
a .201 0.0002 a2.4

1 .60 1491
0 ::::;

.0002
.36a5

1.013 .0000
.00007 -.00?7

6a.1 3515 .0000: -.0013
1 .U1 1454 0002 1 .000 .0000 76.1
a.oo 14ad :0001 1 .006

.0002 :3487
- .0000

.00002 -.0010
al. ~ .Onol .3465 .000oa -.0009

10.00 1001 ~::::; a.zob - .0001 137.5
ao. oo 053 3 -257

.0000 .00000 .0000
- .0001 151 .5 .0000 :Zizi .00000 .0000

ao .41 S49 -.0001 3.300 - .0001 151.9 .0000 308S .00000 .0000
40.00 7a3 -.0001 5.149 - .0001 162.5 .0000
dO. R3 7ao -.0001

:a993 .00000 .0000
5 .aao - .0001 162.8 .0000

en. oo 610 -.0001
.00000 .0000

.6.a40 - .0001 171 .2 .0000 ::::: .00000 .0000

lUO .00 577 -.0001 9.603 - .0001 173.6
200.00 483 -.0001

.0000 .00000 .0000
15 .49.3 - .?001 180 .a

300 .00
.0000

::;;;

434
.00000

-.onol ao.53q -.0001 183.4 .0000
.000n

.a751 .00000
bon .00 379 -.0!301 a9.3a4 -

.0000
.0001 186.9 .0000 a7za .00000 .0000

Roo .Cio 734 -.0001 40.741 - .0001 189.7 .0000 :2687 .00000 .Ooon

!000.0 o .~.sl5 -.0001 47.644 -.0001 190.9 .0000 .a677 .00000 .000(,
!500 .00 282 -.0001 63.355 -. 0001 19a .9 .0000 .2664 .00000 .0000
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TABLEIII. - Continued.THODYNAMIC DEW?JATIi’ESAT ASSIf3N2DPREssURE

RATIOSF~ LIQUIDAMMoNIAANDLIQU~ OXYOEN

(d)Chamberpre86ure,600pcundspersquartlnahabsolute;frozen
ocmpoeitionduringlaentropicexpanaion

Prem.9ureTemper-Tempera- Arearatio,Area-ratioSpeolflc speoiflc-
ratio, ature,tureex- 8 exponent,imp;lse, lmpulae
i?JP T, ponent,

‘K w ‘s * ‘q~nt’

~—

—
—

NACARM E58A21 ““ =

I I I 1 1 I

1.05
i.60
2.00

10.00
ao.oo
20 .41
40.00
40 .83
80 .00

100,00
aoo. oo
300.00
500,00
800 ,00

100(7.00
1500 .00

1.05
1.60
a.oo

10.00
20 .00
ao ,41
40 .00
40.83
ao.oo

100.00
::: .::

500:00
ROO .00

1000.00
1500.00

1.05
1 .60
2.00

10.00
20.00
20 .41
40.00
40 .83
ao. oo

10I-J.))O
200.00
300.00
500.00
800.00

1000.00
1!)00,00

t.ns
1 .60
a.oo

10.00
2(-).00
20 .41
411.00
41).R3
80 .00

100.00
aon.oo
sol-l.00
500 .00
non. no

R
1334
1210
1148
772
646
643
538
535
447

421
349
31a
a71
a38

224
aoo

F
1766
1617
1541

1074
911
906
768
764
644

608
508
456
398
351

330
296

E
2150
1980
189s

1358
1166
1161
995
9Q1
845

800
674
609
534
473

446
401

611
T9a
392
206
201
03A

983
037
759
670
596

0.40;percentfuel,6S.95JCk/F,0.564-.0000
.0000
.0000
.0000
.0000
.0000
.0000
0000
:0000
.0000
.0000
.0000
.000.4
.0000
.0000
.0000
0.50;pe

0001
:0007
.0001

.0001
0001
:0001
.0001
.0001
.0001

.:; :;
:0001
.0001
.0001
.0001
.0001
0.60;pe
.0011
.001’I
.0011

.0013
0013
:;:;:
:0014
.0015

.0015

.0016

:::;$
.0017

0017
:0017
0.70jpe
.0054
00s5
:0056

0064
:0068
.0068

:;;;:

a.a26 o ,00”00 29.1
1.015 .0000 88.3
1.004 ,0000 105,9

2 ,030
3.093
3.133
4 .e23
4.888
7 .629

.0000 176.3

.0000 193.5
,0000 193 .9
.0000 ao6.a
0000 207 .1
:0000 217.2

8 .863 .0000 220 .1
14,191 ,0000 2a7.8
18.744 .0000 a31.6
26.680 .0000 235.7
36 .9?8 .0000 239.0

43.187 .0000 240.4
S7. a66 .0000 242.7

m

i

a.090
3.a10
3.261
5.065
5.”134
8.071

9.595
15.126
ao .032
28.601
39.755

46.505
61..681
entfuel,:
a.193
1.012
1.007

a~i39
3.329
3.374
5.292
5.366
8.51a

9.936
16.118
al .429
30.721
42.837

50.179
66.923

.0673’0196.4

.0000 216.2

.00”00 216.8

.0000 231 .7

.0000 a32.1

.0000 243.9

.00Q0 a47.3

.00’00 256.4

.0000 260 .9

.0000 265.8

.00”00 269.8

T19;o 0.845
1.0001 34.1
,0000 103,6
.ooao ia4.5

.oo”pi a30. o

.0002 231.e

.0002 232.3

.0003 24a.9

.00U3 249.3

.00D-3 262.6

,00U3 266.4
.0004 27’6.7
.0004 281.9
.00U5 287.5
.0005 a92 .0

SM1.M_

~,176
3.415
3.462
5.478
5.556
8.EQ2

10.408
i7.oa7
a2 .738
32.76a
45.874

L,.
.0006 21H.9
.0010 242.1
.0010 ZA 2.7
.0013 260.4
.0013 260.9
.0017 275 .3

.0018 279.4

.0021 290.7

.0023 296.4

.0026 302.6

.0028 ?07.6

53.831 .0028 309 .8
71.99Q .0030 ?13.3

o .0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

,0000
.0000
.0000
.0000
.0000
.0000
.0000

-
.0000
.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0.0005
.0004
.0004

.0005

.0005

.000s

.0005

.0005

.0005

.0005

.0005

.0005
,0005
.0005

.0006

.0006

n.ooza
.ooai
.0021

.ooa3

.0024

.0024

.00a4

.ooa4

.0025

.ooa5

.0026

.0926

.ooa7

.0027

.0027

.ooaa

.
—.
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s
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TABLEIII. - Continued.

RATIOSFOR

(d]Continued.Chamber

THERMODYNAMICDERIVATIVESAT ASSIGNEDPRESSURE

LIQUIDAMMONIAAND LIQUIDOXYGEN

.– p??e8sure,600poundspersquareInchabsolute;
frozencompositionduringIsentroplcexpansion

T Area ratio, Area-ratioSpeclflc Specific-
C exponent,Impulee, impulse

‘6 * ‘:~t’

R, 0.80;percentfuel,47.01;O/F,1.127

2737
2?539
2440

1811
1582
3!576
1376
137(J
319(.)

713A
973
888
788
704

667

0.0137
.0141
.0143

0163
:0172
0172
:0183
.0103
.0194

.@19e

.0210

.0217

.0226

.0233

.0236

0.0004
.0001
.0001

.0016

.0024

.0024

.0033

.0033

.0042

.0046

.0056

.0062

:;:!:

.0078

1.05
1.60
2.00

10.00
20 .00
20 .41
40 .00

:::::

2.176
1.010
1.009

2.202
3.476
3 .525
5.612
5.693
9.173

3s.9
109.5
131.7

0.0051
.0052
.0053

.0057

.005s

.0059

.006tl

.0060

.0062

.0063

.0064

%::;
.0060

.0060

.0069

223.8
247.8
248.4
266.9
267 .4
282.5

100.00
200.00
300.00
500.00
800.00

10.762
17.730
23.773

286.9
298 .9
304.9
311.6
316.9

34.418
48.386

56.8801000.00
1500.00

319.2
323.1
.208

604 .0242 76.307 :0083
R, 0.90;percent fuel, 44.09;O/F,
0.0221
.0227
.0231

.0262

.0277

.0278

.0295

.0295

.0313

.0320

.0340

.0352

.0367

.0380

2.173
1.010
1 .009

2.218
3.513
3.562
5.693
5.776
9.345

10 .979
18.171
24.429
35.486
50.034

1.05
1 .60
2.00

?897
?6Q3
259(J

0.0007
.0001
.0002

36.0
109.9
132.2

0.0081
.0082
.0083

.0090

.0092

.0093

.0095

.0095

.0098

.0099

.0102

.0104
0106
:0107

.0108

.0110

.

10.00
20.00
20 .41
40 .00
40.83
80.00

1938
Y7U1
J694
1486
1480
1292

.0026

.0038

.0039

.0053

.0053

.0068

225.0
249”.3
250.0
268 .8
269.3
284.7

100.00
200.00
300.00
500.00
800.00

1234
1064
973
867
778

.0074

.0091
0101
:0114
.0126

289.2
301.5
307.7
314.6
320.2

1000.00
Iboo.oo

738
670

.0131

*
0.0007
.0002
.0002

322.6
326.6
,339R 0.95;percentfuel,4

1.05
1.60
2.00

?939
?733
?630

0.0247
.0255
.0259

2.172
1.01!7
1.009

35.9 0.0009
109.5 .0091
131.7 .0092

224.4
248.7
249.4
268 .2
268 .7
284.1

.0100

.0103

.0103

.0106
0106

:0109

10.00
20 ,00
20.41
60.00
40.83
80.00

1972
1732
1726
1516
1509
1319

2.a22
3.522
3.572
5.714
5.798
9.390

.0029

.0043

.0043

.0059

.0059

.0076

100.00
200.00
300.00
500.00
800,00

1260
1089
997
8F19
798

.0358

.0380

.0394

.0411

.0426

11.037
18.290
24.607
35.778
50.4%7

.0082

.0102

.0114

.0128

.0141

288.6 .0110
Yol.o .0114
307.2 .0115
314.2 .0118
3~9.8 .o~zo

1ooo.oo
1300.00

758
688

.0433

.0445
59.451
79.988

.0148

.0158
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TA2L2III.- Centlnued.TH2XMODYNMC DEKIXATI@ AT A$210H2D~E.%WR2

RATIOSFORLIQUIDAMMONIAANDLIQUiD0XY02N

(d)Continued.ChamberpreOsure,6C@pc.undnpe?squareXnohabsolute;
frozencompositionduringleentropicexpansion

~

Wea rat10,Area-ratioS.;.::

i.cajpe
1.0257
.0265
.C1269

?Qat$
?750
2646

986
746
739
528
522
331

2?1
099
OU7
899
807

766
696

I

mt fuel,41.51;UN, 1.409
1.05
1.60
2.00

2.171
1 .010
1 .009

).006?
.0001
.0002

-.

:::”::

:;:2;
0062
:0079

35.7 ~
10B .9 .0094
131.0 .009:

In moo
20 ,00
20 .41
40.00
40.83
do .00

.0305

.0323

.0323

:::::
.0364

2.223
3.527
3.576
5.724
5.508
9.411

223.1
247.3
247.9
266.7
~67 .2
28E.6

.0102

:::::
.Olic
.Ollc
.011:

+00,00”
200.00
300.00
500.00
ROf).00

:::;:
.O.41LI
.042?
.0443

.0451

.0463
1.10}pe
).0240
.0247
.0252

.0285

::;::
.0321
.0721
.0341

11.064
10.545
Z4 .691
35.916
50.704

,0066
.0106
.0118
.0134
.0148

207 .1
29g.4
305.6
312.5
~le.t

.0114

.olie

.011s

.01-22

.0124

loon.oo
15u0 .00

39.717
80.3’74
mt fuel,;

2.171
1.010
1.009

of54
:0165

m
).0007
.0001
.0002

320 .5
324.6
.55U
35

107::
120 .7

.012:

.0127

T n .ooFlt
.ooeie
.Ooes

10.00 IQ72
20 ,00 1733
20 .41 5727
4(’).001517
40 .83 1511
en. oo 1321

2.223
3.525
3.574
5.720
5.804
9.403

.0028

.0042

.0 42
8.0 57

.005R

.0075

219.3
243.0
243.6
262 .1
262 .6
277 .6

.oo9t

.009s

.0099

.0103

.0103

.0106

.

700.00 126a
200.00 1091
3Llfl.00 999
Son.oo 892
qoo. llo 801

.0348

.0370

.0387

.0400

.0415

11.054
lY .325
24 .661
35.870
50.634

.0080

.0099

.0111

.0125

.013R

282.0
294 .1
300 .2
307.0
312.5

.0107

.0110

.0112

.0114

.0116

W
I

T1.05 ?R9U
1.60 P6R7
a.00 2585

10.00 1’?36
20.00 17LJV
20.41 1693
40.00 14R6
40.83 1480
80.S)0 j293

Mz.MH
1.Z319ementfuel.:

w
0,0079
.0079
.0080

2.17a
1.010
1 .009

@255
:0270
.0270
.0287
.0287
.0305

2.219
3.517
3.566
5.702
5.786
9.366

.0025 214.9
o&138 238.1
:0038 238 .7
.0051 256.7
0052 257 .2
:0067 27a. o

.0087

.0009

.0090

.0092

.0092

.0095

100.00 1236
200.00 106.S
3o11.00 976
>(10.00 R7U
R(IO,00 7el

.0311
0331
:0343
0357
:0371

11 .007
lS .231
24.522
35.644
bo .287

.0072 276.3
0089 288 .1
:0099 294.0
0112 ;:: .:
:012’3

.0096

.0099

.0100

.0102

.0104

S&&& .0377
.0387
1.50;pe
1.0166
0171
:0174

59.209 0229 708.3
79.651 ;0338 312.1
entfuel.32.12;C@. 2.114

M
O .0062
.0063
.0064T1.05 ?73.5

1.60 ?54U
2.OU 2441

In. rlu 1R17
?n. oo 1590
20 .41 1503
40.00 13ss
40.83 1779
80.00 1201

2.175
1.010
1.009

,.
0.0005

Obol
:0001

32.6
99,3

119.4

.0197

.0209

.0209

.022?

.U22?

.0235

2“.207
3.488
3,537
5.64o
5.722
9.236

S!03.O
224.8
225.4
242.3
242.7
256.5

.0069

.0071

.0071

.0073

.0073

.007s

-L100.00 1145
200.00 985
3U0.00 900
boo, oo 600
Qoo. oo 717

000.00 680
500 .00 616

.0240

;;:;:

.0284

10.844
17.90s
24 .041
34 .870
49.102

.0055
0068
:0075
.0085
.0093

260 .5
271 .5
277 ,0
283.1
z8a. o

.00?6

.0078

.0079

.0081

.0082

.0288’

.0296
57.764 .0097
77.590 .0103

290 .2
293.7

.0083

.0084
.-z-

.-
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TABL2III.. Catc.ludd. T2E8XOfHWMICDESIVATIVS3AT 4i?SIOSSDPRESSW

RATIOSFORLIQUIDAMMONIAANOLIQUIDOXYOEN

(d)Concluded.Chamberpressure,62.3pcmidspersquareinchabsolute;
frozencompositionduringisentrwlcexp6nsicm

Preaaure Temper-TenPera- Arearatio,Are2-ratioSpecific,specirw
ratio, ature,tureex- 6 exponent,impulse impulse
P~P T, ponent,

w % “ * ‘qYt’m
Ccl
co
+ 2.oo:uercentfuel.26.19;0/9,2.S18

1.05
1 .60
2.00

2513
2328
2235

1646
1433
1427
1242
1237
1071

1020
0?3
795
704
629

595
538

2151
1Q84
1900

1373
1186
1181
1019
1014
071

827
7(J1
636
56(I
497

469
4?3

. . ,.
3.0116 Z.lao o.ot)04 30.2
.0120

n.0046
1.010 .0001 92. o

.0122
.0046

1 .008 .0001 110.6 .0047

10.00
20 .00
20 .41
40.00
40 .83
So. oo

.0138

::;:2
.0155
0155
:0164

.0167

.0177

.0182

.ot139

.0195

.0050

.0051

.0052

.0053

.0053

.0054

10.600 .003s ?40 .0
17.426 .0046 a49.9
23.338 .0050 254 .9
33.746 .0056 260 .4
47.391 .0061 264.e

?OO .00
200.00
300 .00
500.00
Roo. oo

.0055

.0056

.0057

.0058

.0059

1000.00
1300.00

.019? 55.6S2 .0063 266.7 .0059

.0202 74.630 .0067 269.9 .0060
3.Cz3JpercentruOl,19.13;0/2,4.227
3.0053 2.189 0.0001

00s4
26.0

1.011 .0000
:0055 1.0U7 .0000

1.n5
1 .60
2.00

0.0021
.0022
.0022

81.6
9s.1

10. I-10
20.no
20 .41
do.oo
40 ..93
80.00

.0062

:::2;
.0069
.0069
.0073

2
3
3
5

:

.155

::::
.385
.461
.715

.0006

.0008
0006
:0011
.0011
,0014

.0015

:::::
.0022
.0024

165.7
183.1
183.5
196.8
;:; .;

.0024

.0024

.0024

.0025

.0025

.0026

. 0074 10.193

.0077 15.636

.C079 22.18a

.0082 31.918

.0084 44.621

10CI.00
200.00
300.00
500.00
Roo .00

210.9
21Q.3
223.4
?28.1
271 .7

233 .3
235.9
;.636

.0026

.0026

.0027

.0027

.0027

Eii4J&
R, 4.03;percentfuel,15.07;0~,

1.05 1859 0.0020 2.197 0.0001
1.60 1708 0020 1.012 .0000
2.OU 1632 :0021 1 .007 .0000

.0027

.0028

0 .0009
.0009
.0009

.0009

.0009

.0009

.0010

.0010

.Of)lo

.0010

.Onlo

.0010

.Orllo

.0010

.0010

.0011

0.0003
.0003
.0003

.0003

.0003

.0003

.0003

.0003

.0003

24.4
74.0
88.9

14Q. e
165.2
165.6
177.3
177.6
1.97.0

2.1?7
3.305
3.350
5.252
5.325
8.448

.0002

.0003

.0003

.0004

.0006

.0005

10.00 1102 .0023
20 .00 996 .0024
20 .41 Q91 0024
4(1.fl(J 849 :0026
40.83 845 .0026
80 .00 72o .0027

100.00
200.00
700.00
500.00
eoo. oo

682 .0027
575 .0028
519 .0029
455 .0030
402 .0030

.0005

.0006

.0007

.0007

.0008

ls 9.7
197.0
?00 .7
?04 .6
207. a

209.2
?11.4

379 49.639
340 ::::; 66.112

R, 5.00;percentfuel,12.43;O/F,7.046
1.05 1624 0.0006 2.205 0.0000 22.4
1 .60 14R7 0007 1.013 .Ooao

:0007
68.1

a .00 1419 1.006 .0000 01.7

Q96 .ono7 2.103 .0001
848 Oooe 3.252 .0001
644 :0008 3.a95 .0001
719 Oooe 5.140 .0001
715 :0006 5.212 .0001
605 .000Q 8.a26 .0001

10.00
21-1.oo
2?CI.41

137.3
151.2
151.6
162 .2
162.4
170.8

4n:06
40. R3
en. r)o

700.00 573 .0009 9.585 .0002 173.3
200.00 4eo .000’9 15.468 0002 179. a
500.00 431 .000Q 20.497 :0002 Ies. o
500.00 377 .0009 29.262 .0002 186.5
floo.oo 332 .0009 4a.6.5T .0002 189.3

.0003

.0003

.0003

.0003

.0003

.0003

.0003Ww’1 :::1::WI :;:::21.00021192:5
.000a 190 5
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Tl@LEIV.

NACARME58A21

EQUILIBRIUMCO~POSITIONOFPRODUCTSOFREACTIONAT ASSIGNEDPRESSURES

.

r-
. .-=

..
+-

FOR LIQUIDAMMONIAAND LIQUIDo~GEN

[Isentroplcexpansionfrom chamberconditions.]

(a)Chamberpressure,300 pounds@Er squareinchabsolute

I3tat10 Tempor-
Teyre, atye,
lb{’~n. %

Molefraotion
02 % so n o n

I I 1 t 1
Nentfuel,63..95;O@, 0.564
.00000 0 .00000 0.: :2:: t3ml::: o m:::: 0.00000
.00000 .00000 .00000
.00000 .00000 :00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000

.00000
.00000 ::::::

.00000 .00000 :::::: .00000 .00000 ::::::

R.0.40;
500.00 1349 0:::::: 0 :;:::: o .25000
571.4> 1ss4 .25000
575.00 1210 .45000 .30000 .asooo
$26.41 1171 45000 .30000 .asooo
YIJJ.:: 1148 :4bOO0 ,30000 .anooo

77a .45000 .s0000 .s5000

70.00 646 .4!.000 .30000 .25000
2Q .39 643 .45000 .30000 .25000
15 .00 538 .45000 .30000 .250 OO
14.70 535 .45000 .30000 .a5000
7.50 ::: .4bOO0 .30000 .asooo
6.00 .45000 .30000 .a5000

3 .00 349 .4bOO0 .30000 .a5000
a.oo 31a .45000 .30000 .asooo
1.20 271 .45000 .30000 .2s000
,75 238 .45000 .30000 .a5000
.60 2P4 ,4s000 .30000 .a5000
.40 aoo .4bOO0 .30000 .a5000

R. O.=,

.00000 .003)00 00000 .00000 .00000 .00000

.00000 .00000 :00000 .00000 .00000 .00000

.00000 .00000 .00000 .00000
::::::

.00000
.00000 .00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000 .00000 ,00000
.00000 .Onooo .00000 .00000 .00000 .00000

.00000 .OQOOO 00000 .00000 .Oooon .Oooou

.00000 .00000 :00000 .00000 .00000

.00000 .00 00
t

00000 .00000 .00000
:00000

::::::
.00000 .On 00 .00000 .00000 .00000
.00000 .of3cloo.OQOQO.00000

.00000 .00000
.00000 .00000 .00000 .000330 ::::::

@centfuel,5s.67j~, 0.702

T

.00 00 0 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .ooboo

.00000 .ooboo

—

I571:i3 ;7~6 :37:;8
573.00 1617 .3?500
~lo,4i 1574 ,37500
300.00 f54a 3?500
60.00 1075 :s?500

30.00 911 .37600
aq .39 906 .37500
1s.00 760 37500
14.70 764 :37s00
7.50 644 .3?500
6.t)O 600 .37500

3.00 500 .>7500
2.00 456 .37500
l.ao 398 .37500
.75 3s1 .37s00
.60 330 .37500
.40 296 .37500

37
;37:::
.3?s00
.37S00
.37bO0
.37500

.37500

.37500

.37500

.37b00

.37300

.37500

.37boo

.37500

.37500

.37b00

.37SOU

.37500

::::::
.asooo
.a5000
.25000
.25000 .

.:::::
:00000
.00000
.:::::

.2s000

.a5000

.asooo

.asooo

.asooo

.asooo

.asooo

.asooo
,asooo
.asooo
.25oOO
.asooo
R, 0.605
a409i
:z499a
.a4997
.a4998
.a4998
.asooo

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.Onoorl “

.00000

.00000

.00000

.00000

.00000

.00000
mentfuel,
.00029
.000a6
.00009
.00007
.00005
.00000

L.00D0O
.Onoo(l
.0!7000
.Oooao
.09000
.00000

54.la;o ,

r

o .00000
.00000
.00Qao
.00000
.00000
.Ollpoo

::::::
::::::
.00000
.00000

045
>,00000
00000
:00000
.00000
00000
:00000

.00000
Oooon
:00000
,00000
.00000
.00000

).00000
.00000
00000
:00000
.00000
.00000

4AQ55
:44959
.449e5
.44989
.4499a
.45000

.45000

.4S000

.45000
,45000
.45(200
.4s000
.45000
::::::

.45000

.45000

.45000

.?5000

.25000

.anooo
:::H::

.a5000

.00000

.00000

.00000

.00000

.00000

.00000

.onDi!3-l

.00000

.00000

.00000

.o~oorl

.00000

00000
:00000
00000

.::::::

.00000
.asooo
.asooo
.25000
.2s000
.asollo
,asooo
R, 0.70;
,.a493s
.a4942
.249?2
.a4977
.a49at
.a6000

.00000

.00000

.00000

.00000

.00000
,00000

I
.0

571.43 :4:3
375.00 2309
536 .S0 aS65
S00.00 2219
60.00 Y633

30.00 1418
a9,39 541a
15.00 3aa4
14.70 1219
:.:: 1081

999

3.00 851
a.oo 773
1 ;;: 6S3

608
,60 575
.40 Sle

.aa499

.22497

.aa49~

.aa490
az49t
:aa.499

.saoal

.52122

.5a3ao

.sas6s

.sa384

.sa49e

.58500

.5a500

.5a500

.52500

.5a500

.5a500

.sasoo

.52500

.5a500

.s2500

.sa500

.sa500

.oo18a

.00176

.0009b

.00079

.00066

.000oa

.aasoo

.aa500

.aa500

.2a500

.aasoo
,28500

.a5000

.a5000

.asooo

.a5000

::;:::

.asooo

.a5000

.asooo

.a5000

.a5000

.asooo

.00000
::::::
00000
:00000
.00000

.00000

.00000

.00000

.00000

.00000
,00000-L.00000 ,00000

.00000

.00000 ::::::

.00000 .00000

.000QO .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000

.00000 ::::::

.00000

.00000

::::::
00000
:00000

.00000

.00000

.00000

.00000

.00000

.00000

.za500

.aasoo

.aa500

.aa500

.8a500

.aa500
.

.—
P ._

.-
—
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TABLEIV.- Continued.EQUILIBRIUMCOMPOSITIONOF PRODUCTSOF REACTIONAT ASSIGNED

PRESSURESFOR LIQUIDAMMONIAANDLIQU~ OXYGEN

[Isentropicexpansionfromchamberconditions.]

(a)Continued.Chamberpressure,300poundsper squareInchabsolute

100.00 a734 0.15436
2-05.71 a717 .15410
le7.50 2563 .15227
170.41 2528
130.00 240i3 ;;:;:;
30.00 ln93 .16001
15.00 1661 .1499q
14.70 1654 .1499q
7.50 1449
7.35 1443 ::::::
3.75 las7 .15000
3.00 1199 .16000
1.50 1033 .15000
1.00 943 .15000
.60 839 .15000
.s7 7S2 .15000
.30 713 .ls000
.20 646 .15000

T300.00 a8 7
285-71 aa6a
[87.50 a731
!72.33 a704
L50.00 a661
30.00 2135
16.00 1900
1;.:: ;:;;

7:35 1668
3.75 1467
3.00 1404

11.s0 la21
1.00 11Q2
.60 1006
.37 907
.30 863
.20 787

T
100.00 2913
!05.71 a899
!7a.9t a751
87.50 2774
50 .00 a709
30.00 2!234

t5.00 2015
14.70 aoo8
7.50 1791
7.35 17e4
3.75 1577
3.00 1s12

11.50 13al
1::: ;:::

.37 09a

.30 945
-20 864

1 m:;;;

.0S3877

.087B1

.0%630

.07611

.07.3?1

.07520

.0750a
AH::g
.07500
.07s00
.07500
.07500
.07500
.07500
.07500

.O?lod

.070a4

.062eq

.06357

.06015

.041e5

.031370

.03864

.03771

.0s770

.0375a

.0s751

.03750

.037s0

.0S750

.03750

.03750

.U3750

}.57682
.57795
.58639
.5e797
.sa9e7
.59957

.59994

.59994

.59999

.s9999

.60000

.60000

.60000

.60000

.60000

.60000

.60000

.60000

.61364

.61551

.63o70

.63362

.63813

.67054

.67401

.67405

.67405

.67486

.67499

.67499

.67500

.67500

.6?500

.67500

.675oo

.67500

.6a334

.6a544

.64616

.64293

.6517t

.69970

.70860

.70884

.?1176

.71180

.71a40

.71246

.712s0

.71a50

.71a50

.71a50

.71250

.71250

R, 0.s0;
.a4692
.a4707
.a4820
.a484i
.a4666
.a4994
.24999
.a4999
.25000
.25000
.25000
.25000
.asooo
.asooa
.a5000
.25000
.a5000
.25000
R,0.90;
1.a4243
.a4a6a
.a4463
.a4499
.a4556
.a4940
.a4982
.a4989
.a4998
.a4998
.25000
.asooo

l!#iEM
R,0.95;9eramtfuel,

m

-
OR

wantfuel,
.01539
.01466
.00914
.00210
m:::;

.00004

.00004

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.:::::
-
wentnml,
.03742
.03637
.02?6S
.02597
.oa332
.00s03
.0006s
.00064
00010
:00009
.00000
.00000

.a49s9 .00259

.2496o .ooa49

.2499a .00051

.24992 .00049

.a4999 .00007

.24999 .00003

.25000 .00000

.asooo .00000

.a5000 .00000

.asooo .00000

.25000 .00000

.asooo .00000

r?mc t ion

Oa

.01, 0/9,
> .0002[

.Ooolf

.00006

.Oooot

.00004

.Ooooc

.Ooooc

.Ooooc

.Ooooc

.Ooooc

.Ooooc

.onooc

.Ooooc

.00000

.00000

.00000

.00000

.00000
.0s5o~,
).00180
.ooz7a
.00111
.00100
.000e4.Of?ooa
.00000
.00000
.00000
.00000
.00000
.Ooouo

.00000

.00000

.00000

.00000

.00000

.00000

~

.00416

.00301

.00319

.ooa70

.00027

.00003

.00003

.00000

.00000

.00000

.00000

.00000

.00000

.Onooo

.00000

.00000

.00000

m E o M

127
0.00060

::::;;
.000a4
.00019
.00000

::::::
.00000
::::::
.00000
00000

:00000
00000

:00000

::::::
268
o.ooale
:::?::
.00129
00110
:00007

::::::

::::::
::::::

3.oo5b9
.00536
.oo3b9
.oo3a4
.002s1
.000ao
.00004
.00004
.00000
.00000
-00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.oo7as

.00701

.oo5a9

.00497

.00442

.00074

.000al

.000al

.00004

.00004

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
5s9m
00006 .00035
:00006 .00034

.00009
:::::: .00009
00000 .Ooooz
:00000 .00000m

3:::::: 0.000oc
.00000

.00005 .00000

.00004 .00000

.00003 .00000

.00000 .00000

1.00000
.00000::
-00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.Ooono .00000
.00000 .00000
.00000 .00000
.00000
.00000 ::::::

.00068

.00064

.0003e

.00034

.000a7

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00120
00115
:00071
.00077
.00061
.00004

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

).00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
::::::
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00200

.00000

.00000

.00000

.00000

.00000

.00000
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NACARM E56A2156

TABLEIV.
--

ASSIGNED- Continued.EQUILIBRIUMCOMPOSITIONQF PRODUCTSOF REACTIONAT

PRESSURESFORLIQUIDAMMONIAA.lfDLIQUIDOXYGEN

[Isentroptcexpansionfromchamberconditions.]

.-
._

(a)Continued.Chamberpressure,300poundsper squareInchabsolute
—

?raOticm “-
02 m E 0 M

ZiIz!Ez
) .oo8ea
.00871
.00767
.0074?
.0071s
.003=6

R,1.00,
.a39sa
.a35s6
.a3eao
.a3e6z
:;:;::

Wentfuel,
.06ea?
.06119
.05197
.05026
.04?Z4
.otsalT

900.00 29&8
>a5.7Y 2914
1E17.502?92
L73.12 8769
LbO.00 a-raa
30.00 89.83
tS.00 2089
t;.g: ;:?;

7:3s >885
3.75 3691
3.00 16a7
1.60 1434
1.00 13a6
.60 1199
.37 10B9
.30 1039
.20 95s

):::::: o :::::: 0.00181

00398 .0046S :::;::
:00381 .00440 .oolao

.00396 .00106
:::?:: .000’79 .00018

0.00000
.00000
,00000

::::::
.00000

.00000

.00000

.00000

.00000

.00000

.00000

oo91a ,?3049
:00894 .73090
.00415 .74139
.oo40a .74163
.001A4 .?4708
.00096 .74806

:::;;:
.a4910
.a49i3
.249?0
.a4980

.00968

.00947

.00416

.00404

.00136

.00088

.00191

.oole7

.0009a

.00090

.00.03s

.000a4

000s5 .000a7 .00006
:000s3 .00026
.::::;

.Oooob
.0000,7 .00001
.00006 .00001

:gg::~ .00001 .00000
.00000 .00000m .a4996

.a4998

.a5000

.2.5000

.2s000

.a5000
E,1.108
a27
12a7Z8
.aa994
.a3036
;;;;;:

.000f9
::::::

.00000

.00000

.00000
wentru*l,
.O?a
.077::
.0671a
.06s16
.06188
.oa!678

.00006

.000oa

.00000

.00000

.00000

.00000

=
:oas30
.oa560
.oa56e
.08583
.oa954

-100000
:00000
00000
:00000
00000
:00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.ooboo

.00000

.00000

—

m
).00030

00816
:0069s
::::;;
.ooa96Tt0s;71 a898

[87.50 8773
17a.n7 Z749
150,00 a707
sO ,00 P*36

1s.00 2030
14.70 aoas
7.50 1823
;.:: ;g;;

3:00 1s.s7

.00452

.00436

.00309

.ooa.se

.ooa5a

.00031

).00291
.oo@8a
.ooa16
.ooao5
.00183
.00040

1.00000
.00000

%;;;

.00000

62393
:62S96
,64ae4
.64596
.651a9
.69067
.7104s
.7107a
.7174s
.71759
.7a093
.7ats4
.7aas4
.7sa7s
.7aae5
.72200
.7aae9
.7aaa9

.a3890

.a3094

.a399s

.a3997

.a4093

.a406s

.01s85
01496
Ioo7a3
.00705
.00275
.00191

3.0 18a
.0 195
.03390
.03395
.O?.sao
.033!47

.00007
;::::;

.00001

.00000

.00000

.0001s

.00014

.:;:::

:00000
.00000

:~gm~
.00000
.00000
.00000

11.50 1>68
1.00 la64
,60 1140
.37 1034
.30 9a6
.ao 903

.0000”0

.00000

.00000

:~::::
.00000

.24006
a409i
:a4095
.a4096
.24096
.a4096
R,1.201
.aj9a9
.01956
.aa~7s
.aaala
.zaa85
.aaB94

.000s1

.000ai

.0000s

.00001

.00000

.00000
mnt fuel, ,
.oa430
.08a95
.071a9
.06901
.06517
.oas73

.03594

.03605

.03611

.03614

.03614

.03614
~
).04886

i
.0 909
.0 iia
.0616a
.05a38
.06174

00015 .00000
:::CI:: .00000

.00000
:00001 .00000
00000 .00000
:00000 .00000
al

m

1-.00000
.00000
.00000
.00000
.00000
.00000

.00000
,00000
.00900
.00000
.00000
-

1,00346
.00336
.002S3
.ooe>a
.ooa15
.00040

.00013

.00013

.00003
00003
:00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

T1011.002871?85.71 *ass
107.50 $S7Z6
17a.37 a70t
LbO.00 a659
30,00 at75

).01774
.01719
.oiaea
.oiao4
JM:g$

).61a55
.61437
.6a93Q
.63aao
.636aa
.67751

1.00000
,00000
.00000
.00000
.00000
.00000

::8:::

::::::
.00000
,00000

:::::;
.00000
.00000
.00000
.00000

.oi3aa

.01353

.00613

.00s97

.ooa16

.00146

.00036

.00013

.00003

.00000

.00000

.00000

1s.00 196S
14.70 i9.sa
7 .50 176a
7.35 17S6
3.7s 3s6a
3.00 1499

.00060

.0005.s

.00014
,00013
.000oa
.00001
,00000
.00000
00000
:00000
.00000
.00000

) oosa
:00s6;
.00387
.00s67
.oo31a
.00036

,6074?
.6a769
.69333
.69346
.6!?619
.69667

.a3055

.a30s9

.a31s9

.23161

.a3az6

.a3aa7

.06517

.06Sa6

.067ss
,06763
.0589a
.06918

.00003
:;:::: .00003

.00000
:::;:: .00000

.00000
:::::: .00000

11.50 1314
I.00 Iaia
.60’1091
.3? g:;
.30.ao 861

.69743

.69758

.69765
,69757
.69767
,69767

.a3a46

.a3asl

.a3a54
a:~:
.a3a56
R,1.$0}
i a=s
:l;66~
.aoloo
.ao14a
.20a06
.a0776

.069S0

.069s9

.0697b

.06976

.06976

.06977 i

00015 .00000
:::::; .00000

.00000
:00000 .000ob
00000 .00000
:00000 .00000
7L,oentrue,

076
:074::
.06164
.05889
.0b477
.01655

M
:z30a3
.13499
.13s93
,13?41
.15131T!B5;71 a7ta

!8?.S0 2579
~7a.oo 2ss1
,50.00 8509
30.00 aot3

I.57156
.57a99
.5B473
.50690
;:;:::

..
1.01364
01337
::;;::
:01000
.00366

I.00106
.00101
.000s1
.00056
.0004s
.000oa

,.oo3ai
00309
:0021s
.oo19a
.00174
.000ao

1.00000
00000
:00000

::::::
.00000

15.00 1.s04
14.70 1798
7.60 1600
7.35 1s94
3.7s 1405
3.00 1346

.00009

.00008

.00001

.00001

.00000

.00000

.61)64q

.6it662

.62976

.6a98a

.63108
,63127

.ao9ia

.a0916

.ao99a

.20993

.21OY1

.21037

.00754

.00734

.00a74

.00265

.00076

.00047

.1s473
154al
;16664
.1566a
.15749
.1S763

.ooi9a
00194
:ooo9a
00090
:00036
.0002s

.00000

.00000

.00000

.00000

.00000

.00000

.0000b

.00005

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

::::::

11.s0 1170
1 .00 1:::
;;;

86a
,30 eas
.ao 7sa

.00000

.00000

.00000

.00000

.Oooao

.00000

.631sa

.63196
,63158
.63150
.63156
.6?.1S8

.00009

.00003

.00000

.00000

.00000

.00000

.1s703

.1s767

.15789

.157s9
1s769
:1S769

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

%%;;

.00000

.00000
--- — - .----

.
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TABLEIV.- Continued.EQUIL~RIUMCOMPOSITIONOF
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PRODUCTSOFREACTIONATASSIGNED

.

.
LIQUIDOXYGENPRESSURESFOR LIQUIDAMMONIAAND

[Isentropicexpansionfromchamberconditions.]

(a)Concluded.Chamberpressure,300poundsper squareinchabsolutem
a
%’ staticTemPm- mle fra’aticm

pre;mre,●m=l.r,
62 v R2 OK % Ho

lb/%’66in. 4
E o n

R,2.00;I
1.17209
.1?313
.17508
.37547
.17601
.18041

B18
0.01Z6Z
:;~%;;
:00846
.00226

son .00 2515 0:::3;:
?86 .71 2499
187.50 2362 .0008s
171.00 a332 .00076
150.00 aF90 ,00064
So.oo 17s2 .00003
ls .00 1s74 .,00000
14.70 1566 .00000
7.50 1s77 .00000
7.35 1S71 .00000
3.75 1195 .00000
3.00 1141 .5JOOO0
1.50 9ea 00000
1.00 e9a ::::::
.60 799
.37 716 .00000
.s0 679 ::::::
.ao 616

3.51070
.sll-fa
.s20ia
.s2182
.62408
.s4155
.54413
.5441*
.5451a
.s4513
.54539
.5454a

.545.45

.5454s

.5A>45

.54545

.s4545

.54s45

2.0506S o .a4976
04929 .a504i
:0s749 .as563
.03513 .a566a
.0s190 .a5sla
.00605 .Z6966

o.0ooa3
.000al
.00011
.00009
.00007
.00000

LI.00171
.00162
.00099
.000aa

0.000oc
.00000
.00000
.00000
.00000
.00000
00000
:00000
.00000
.Ooooc
.00000
.00000

.00074

.00004

.laia2

.taza4

.18161

.la161

.la 176

.181?8

.ia18i

.lal aa

.lal aa

.iai8a

.181a2

.la1a2

.00206 .27157

.00199 .27160

.000s3 .a7237

.00051 .a7a30

.00010 .27a64

.00005 .a7267

:W;
:00036
00011
:00007

.00000

.00000

.00000

.00000

.Ooooa

.00000

.00000

.00000

.00000

.00000

.00000

.00000

1.00001
.00001
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000
Ooooa
:00000
::::::

::::::
227
9.00722

00695
:oo4nq
00444
:0039s
.00055

.00000

.00000

.00000
::::::
.00000

.00000

.00000

.00000

.00000

.00000

.00000

y

.g

-
n,S.w;
.13959
.i3a75
.1400a
.i40a9
.14057
.14a56

:

00.0
285 .71 ;i4a
187.S0 aoo4
16*.77 1969
LSO.00 19a9
30.00 14a7
13.00 1236
14.70 IZ31
7.50 1065
~.:~ 106LJ

9za
3:00 a66
1.s0 737
1.00 66a
.60 S90
.37 5a4
,30 495
,ao 446

.000s0
00028
:ooola
.LIOO1O
.000oa
.00000

).00000
.00000
.00000
.00000
.00000
.00000m

Lm::: .42a50
.4aa9i

.00000 .4a856

.00000 .4aa5a

.00000 .4aa57

.00000 .42657

.00000 .4a057

.00000 .4a.357

.00000 .4aes7

.00000 .4aa57

.00000 .4aa57

.00000 .4a.357

.14277

.14277

.14284

.142a4

.142a5

.14266

.00011

.00011

.00001

::::::
.00000

.42a45

.4ee45

.42R55

.4aa5b

.4a.657

.42857

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

:::$’::
.00000
.00000

.

.Idaas

.14286

.14286

.142a6
14aa6
I14aa6
E,4.00$
.11579
.11588
.llt156
.11671
.l16a3
.11759

.00000

.00000

.00000

.00000

.00000

.00000
m.ntfuel
L.42a57

.4aa57

.4a857

.42e57

.4aa57

.4ae57
15.07;Op,
3.5.a57i
.5a593
.52742
.52773
.5a797
.5a934

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.Uoono

.00000

.00000

.00000

.00000

00000
:00000

::::::
.00000

2.U.U!
.

T?es:;~ jasa
ln7.50 1717
:66.91 162.0
150.00 %64S
30.00 1179
1s.00 1012
14.70 1007
7 .s0 a64
; .:: 859

733
3:00 695I

).
.000:: :3;;:9
.00000 .35144
.00000 .35170
.00000 .35191
.00000 .35291
.00000 .35a94
.0000.0 .35294
.00000 .35294
.00000 .3sa94
.00000 .>5894
.00000 .35294
00000 .35a94
:00000 .35a94
.00000 .SS294
.00000 .3sa94
.00000 .35294
.00000 .35a94

.0051S

.004!?1

.00?55

.00211

.00175

.00005

.00000

.00000

.00000

.00000

.00000

.00000

~

].00341 0.00000 0.00004 0.00000

.00002
ooooa
:00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
-00000
.00000
.00000
.00000
.00000

.00000

.00000
00000
:00000
.00000
.00000

.5a940

.5a940

.sa94i

.sa941

.58Q41

.S2Q41

.52941

.5a941

.52941

.sa941

.5aQ4i

.5a941
.43;0/3,
).59e7a
.59aex
.59940
.59952
.S9960
.59999

1 .50
1.00
.60
.37
.30
.ao

585
528
463
410
586
347

.11765

.11765

.11765

.11765

.1176S

.1176s
n, 5.W5

r

0.95
.099an
.09961
.09968
.0997Z
.09999

.00000

.00000

.00000

.00000
00000
:00000
~centfu*l,
.00136
.ooia5
.00055
.00042
.00034
.00000

.00000

.00000

.00000

.00000

.00000

.00000 --l00000
:Ooono
.00000
.00000
.00000
.00000

1. 29922
.299aa
.a996u
.a9Q76
.a99ao
.30000

MS
).00147

:::::2
.00063
00054
:ooooa

m
i6a4
1491
14s3
14a4
1002

a53
a49
723
7ao
6%0
577

483
434
;;:

315
asa

m)00.06
Iua.71
.a7.ao
,65.69
,50.OU
30.00
15.00
14.70
7.50
7.35
3.75
3.00
1.s0
2A:
.37
.30
.ao

).00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
.30000 .10000
.30000 .10000
.3000U .10000
.50000 .10000
.35)000 .10000
.30000 .10000

.00000

.00000

.00000

.00000

.00000

.00000

.61)000

.6c)OO0

.6~0011

.60000

.6f2000

.6QOO0

.00000 .00000

.00000 .00000

.00000 .00000

.Oooon .00000

.00000 .00000

.00000 .Oooou

::::::
.00000
.00000
00000
:00000

.00000

.00000

.00000

.00000

.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000

.60000

.6f)000

.60000

.61)OOCI

.60000

.60000

::::::
.00000
.00000
00000
:00000

.noooo

.00000

.00000

.00000

.00000

.00000 m
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ASSIGNEDTABLEIV. - Continued. EQUILIBRIUM COMPOSITION C&

PRESSURES FOR LICJJIDAMMONIA AND

PRODUCTSOF REACTIONAT

LIQUIDOXYGEN
—*A

[18entropicexpansion from chamber conditions.]

(b) ChambePpressure,600poundsper squareinchabsolute
static Temper- Molafraction
pryre, aturm,

E2
I

%@ ~2 OH 92
lb/sain. %

no n o M

;s4
II I

.. .m1.::::: 0:::::: 0::::::

:00000 .00000 .00000
.00000 .00000 .00000
.00000 .00000 .00000
.00000 .00000 .00000
00000 .00000 .00000
:00000 .00000 .00000
.000QO .00000 .00000

.00000 .00000
:::::: .00000 .00000
00000 .00000 .00000

1.00000
.00000
,00000
.00000
.000 0a.000 0

::::::
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000 .00000

.00000 .00Q0o
00000 .00Q0O
:00000 .00Q0O
.00000 .00000
.00000 .00000

-
>.00000
::::::
.00000
.00000
.00000T300,00 1784 0.37497

e85.71 1766 .37498
187.50 1617 .37499
t65.eo 3s74 .37500
150,00 154a 37500
30.00 1075 :37s00
15.00 911 .37500
14.70 906 .37500
7.s0 768 .37500
;.;: 764 .s7s00

644 .37500
3:00 608 .37600

1.3749s
.37490
.37499
.37500
.37500
.37500

.a4999
.a4999
.a5000
.25000
.a5000
.a5000

.25oOO

.25000

.a5000

.asooo

.asooo

.a5000

;::::;
.00000
.00000
.00000
.00000
00000
:00000
.00000
.00000
.00000
,00000

D .00000
.00Q0O
.00000
.0!-)000
.Onooo
.00Q0CI
.00000
.00000
.00000
.00000
.0000.0
.00000
.00600
.Ol)oon
.0!-)000
.00000
.00000
.00000

=G7’i7m
.00Q0.o
.Onooo
.00000

m1.00000 0.00004 0.00000
.00004 .00000

:::::: .00001 .00000
.00000 .00000 .00000

.00000 .00000
:::::: .00000 .00000

.00000 .00000
::;;:: .00000 .00000
.00000 .00000 .00000
.00000 .00000 .00000

.00000 .00000
:::::: .00000 .00000

—
..37500

.37500

.37500

.37500

.37500
,s7500
.s7500
.37500
.3?500
.37500
.37S00
.37500

.00000

.00000
::::!:
.00000
.00000

-1.00000
,00000
.00000
::::::
.00000 ---!.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000m .asooo
.a5000
.a5000
.a5000
.asooo
.asooo
R,0.20s
.a4987
.a4909
.a4996
.a4997
.Z4997
.asooo

.00000

.00000

.00000
;:::::

.00000
mmt fuel.
.0004L
.00037
.00013
.00009
.00007
.00000

.00000

.00000
::::::
.00000
.00000

).00000
.00000
.00000
.00000
.00000
.00000

14s
1.00000

::8:::
.00000
,00000
.00000I00.0 a169

e85.71 az49
187.50 9982
166.7a 1937
150.00 le97
30.00 1361
15.00 1169
14.70 j164
7,50 998
7.3s 993
3.75 847
3.00 803
1.s0 676
1.00 611
.60 536
.37 474
.30 447
.ao 4oa

I

900.00 a494
2e5.71 a474
1a7.50 a305
16S.33 a~6a
150.00 a216
30,00 1633
10.00 1418
74.70 j41a
7.50 imas
7.3s ia19
3.7s iosa
3.00 1000

1.50 ssa
1.00 773
,60 623
,s7 608
.30 S7S
.20 519

.44937

.44943

.44979

.44905

.4498”6

.450ao

.00057

.Ooosa

.000a2

.00017
,00013
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.a9978

.29970
29990
:29992
.29994
.30000

-.

.45000

.45000

.45000

.4s000

.45000

.45000

.25oOO

.25oOO

.a5000

.a5000
::::::

,.00000
.00000
.00000
.00000
.00000
.00000

.00 00
8.00 00

.onQgo

.00000
8.00 00.00 00

.00000
Oooao

::::::
:00000.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
.4s000
.45000
.45000
.45000
.45000
.45000

.25000

.asooo

.asooo

.25000

.2s000

.a5000
R,0.70;
.a4916
.249a2
.a4961
,a496s
.24974
.a5000

.00000
,00000
.00000
.00000
.00000
.00000

went fuel,
.00372
.00564
.00165
.00134
.00107
.00001

.00000

.00000

.00000

.00000

.00000

.00000
=m’m
).000.00
.00000
.00000
.00000
.00000
.00000

.00000

.::;::

:00000
00000
:00000

126

).00009

:::::!

::::::
.00000

.00000

.00000

.00000

.00000

.00000

.00000

}.0oas6
.ooa40
.00131
.00111
.00091
.00005
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

I .00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

I.00000

::::;:
.00000
.00000
.00000

.51949

.51980

.5a25a

.sza98

.5a339

.sa499

.5a500

.5a500

.5a500

.5a500

.52500

.s8500

.5a500

.52500

.5a500

.sa500

.5a500

.sasoo

aa500
:aasoo
.22500
a2500
:aasoo
.aa500

::::::
.aasoo
.aasoo
.22s00
.aasoo

.asooo

.85000

.asooo

.asooo

.asooo
,asooo

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.009Q0

.00000

.00000

.00000

.00Q0O

.00000

.00000

.00000
00000
:00000
.00000

.asooo

.a5000

.asooo

.asooo

.a5000

.asooo

.00000

.00000

.00000

.00000

.00000

.00000 J.00000.00000
::::0:
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000 J.0000000000
:00000
.00000
.00000
,00000 —

x
.



NACARM E58A21 59
.

.
TABLEIV. - Continued.EQUILmRIUMCOMPOSITIONOF PRODUCTSOF REACTIONAT ASSIGNED

PRESSURESFOR LIQUIDAMMONIAANDLIQUIDOXYGEN

~Isentropicexpansionfromchamberconditions.]

(b)Continued.Chamberpressure,S00poundsper squareInchabsolute

tatic TemwI’-
rey ,y,

IlOlcrraotica
% w ~2 OH 92 no H o

b& in. OK
I

w

R,0.30spercentfuel,47.01;Ofl,1.127

I;00.00 2760
171.43 a74t
175.00 asao
140.01 a542
100.00 a493
60.00 1891

30.00 1658
a9.39 165a
*>.00 1447
14.70 1441
7.S0 la55
6.00 1197
3.00 1031
a.oo 94a
l.ao EIS8
.75 7s1
.60 712
,40 64S

.00453

.00414

.ooa7i

.00243

.00=09

.00014

.00003

.00003

.00000

.00000

.00000

.00000

)4:::; 0.58163
.SS259

.16175 .58956

.1s148 .590.38

.15~lv .5923s

.1s000 .5997U

.2!4756

.a4769

.24a4a

.a4n79

.a4899

.24996

.ola28

.01166
:::::$
.00S16
.00020

.00003

.000oa

.00000

.00000

.00000

.00000

).00050
00046
:oooa3
::::::
.00000

.00008 0.00000

.00007 .00000

.00003 .00000

.000oa .00000

.00002 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.00000 .00000

.1s000 .59996

.15000 .59996

.15000 .60000

.15000 .60000

.lbOOo .60000

.1s000 .60000

,a4999
.a4999
.asooo
,asooo
.asooo
.a5000

.00000

.00000

.00000

.00000

.Ofloon

.Ofloon

::::::
.00000
00000
:00000
.00000

.a5000

.asooo

.a5000

.asooo

.asooo

.a5000
3t,0.938]

r

o.a475a
.a4375
.a4ss4
.a45a7
.24637
.2496>

.00000

.00000

.00000

.00000

.00000

.00000
Wmt nml,
.032s?5”
.osiaa
.oa3i5
.0S160
.olQe3
.ooals

.03000

.Onooo

.00000

.00000

.00000

.00000
09;0/9,:
.00136
.0.7129
.00079
.00070
.000sa
.00001

$i!lJiE
‘71.::::; O:;::::
:ooLa6 .004ia
00L13 .00391
:00096 .00350
ooooa .0005aTlioo.oo 29a2 0

171.43 aeos
175.00 Z76S
143.86 2736
100.00 2690
60.00 a135

.09170

.09119

.08642

.L1855T

.oa4al

.L)757b

.62R76

.6a449

.63041

.64103

.644U7

.671a4 T.00049 0::::::
.00046
.000ab .00000
.000as .00000
.00018 .00000
.00000 .00000

30 .00 la96 .U7514 .6743a .a499a
a9 .39 t6a9 .07517 .67436 :::;:g
15 .00 3670 ::;::: .67490
14 .70 1663 .67491 .a4999
7.50 146a .07500 .67499 .asooo
6 .00 t399 .0?500 .6?300 .asooo

.00046

.00044

.00007

.00006

.00000

.00000

.Orloon

.00000

.00000

.o~ooo

.OQOI)O

.00000

.00015
:::::: .00014

.0000s
:::::: .00003
00000 .00000
:00000 .00000

.00000 .00000

.00000 .00000
.00000

:::::: .00000
.00000

:::::: .00000

.00000
-00000
.00000
.00000
.00000
.00000
,Cs?ltmol.
.044?0
.04374
.0349a
.033sa
.03055
.006a3

A::::
.00000
.000!30
.Ofloorl
.O?oon
7a:0/9,:
.0035a
.00342
.ooa54
.00237
.ooain
.00016

.00002

.000oa

.00000

.00000

.00000

.00000

NiM
U9
>.00339
00s28
:00239
.a0fJa3
00x9a
:oooea

.00669
::::::
.00393
.00s54
.00070

;OO.00
i71 .43
17s.00
145.79
100.00
60.uO

~
aQ4a
aai5
:;::
2941
aola
W&

1778
;;;:

131s
yata
1091
9a7
940
as9

~
aaaq
aao4
a761
aaeo
ao64
ao5a
1s43
la36
16a7
1561

1367
ln6a
;;::
983
900

00092
:oooae
.000s7
.000s2
.00044
.000oa

,.00000
.00000
.00000
.00000
.00000
.00000

30.00
a9 .39
15 .00
14.70
7.50
6.00 d-l;;;:::.700S6

,?nqqfl
.LJ376A .71201
.0376- .7zao4
~g;;:; .71a44

.71247
.03750 .71S5U
.03750 .vtaso
::;;:: .72a50

.71a5u
.03750 .71a50
..03750 ,73a50

.24971
%;::
.a4995
.a499Y
.26000

.00004

::::::
.00000
00000
:00000

.000a4

.00023

.00006

.00006

.00001

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.Oolon

.00173

.00034

.00032

.00004

.000oa
.2s000
.asooff
.26000
.a5000
.25000
.25000
n,0.273.J
.a3067
.a3~94
.8411s
.24155
.a49.2d
.a4ni4

3.00
a.oo
1 ;;:

s60
,40

.000.00

.00000

.00000

.00000

.00000

.00000
n-mm fuel
.050?6
.0499a
.04110
.0.3043
.03661
.oi0a3

.Onoocl

.00000

.00000

.of200n

.0.-!000

.Oooon
==i’z
.of1530
.095a5
.of14a5
.09406
.00373
.09067

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
00000
:00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

mom
i71 .43
175.00
145.55
100.00
60.00

1.0569b
.05617
.049ao
.047a9
.04567
.oa531

.63721
,65926
,65643
.65964
.66509
.71441

.00647
mm~~

.00373

.00336

.0006a

.ooixa

.00113

.00078

.00072

.00062

.Oooob

,.00000
.00000
.00000
.Oonoo
.00000
.00000

30.00
aq .39
15.00
14 .70
7.50
a.oo

.oao85

.0a077

.01918

.0191s

.olasi

.01878

,018?5
.01875
.01875
.01675
.oia75
.01a7s

.725S0

.7a57a

.72099

.73006

.73107

.73116

.731a4

.731e5

.731as

.7312s

.73ia5

.73ia5

.a493a

.a494t

.249a7

.a494a

.a499a

.24999

.00775

.00361

.000E6

.000aa
::::::

.0’)013

.00012

.Oooon

.o~ooo

.0--)000

.00000

::::?:ooooa
:00002
00000
:00000

00000
:00000
00000
:00000
::::::

.000a5

.000a4

.00007

.00007

.00001

.00000

.00000

.00000

.00000

.Ouooo

.00000

.00000

.00000

.00000
00000
:00000
::::::

.00000

.00000

.00000

.00000

.00000

.00000

3.00
;.Cl:
“75
[
60
40

.a5000

.a5000

.asooo

.26000

.a5000

.25000

.00000

.00000

.00000

.00000

.00000

.00000

.o~oon

.O.700n

.00000

.00000

.Orlono

.Of)ooo

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

::::::
.00000
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ASSIC!NEDTABLEIV. Cont@ued. EQUILIBRIUMCOMPOSITIONOF

PRESSURESFORLIQUIDAMMONIAANti

PRODUCTSOF REACTIONAT

LIQUIDOXYGEN

[Isentropicexpansionfromchamberconditions.]

(b)Continued. Chamberpressure,600 pou”ndsper squareInch absolute

1 I i I
.51;ofiji.609

m

o .00000
.00000
;:::;:
.00000
.00000

.00154 .00050 .00013

.00161 .00040 .00017

.00072 ,00004

.0007:0 :::::; .00004

.000S6 00006 .00000

.Onol”a :00004 .00000
i.

.0000”4 .00000

.Oooop :::::: .Oooc!o

.0000L5 .00000 .00000

.Oooa .00000

.0000’0 :::::: .00000

.00008 .00000 .00000

-20.00 ao94 .00746 .734ia .a4.9z9 .0070.9
a9 .39 aoee .00?30 .73447 .a4833 .00770
T5.00 1898 .00324 .74326 .24929 .oo3a5
1;.;: :::: .00315 .7434s .24931 .00315

.00109 .74779 .24977 .ooloa
6:00 1619 .0007a .74055 .2490s .00066

.00004

.00003

::::::
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000
3,00 1425 .00016 .7496e .a4997 .00013
a.oo 131s .00006 .?49e9 .a4999
l.ao 1191

.00004
.Ooaol .7499a .26000

.?5 loaa
.00000

.00000 .74999 .asooo .00000
60 jo3a .00000 .75000 .abooo .00000
:40 947 .00000 .75000 .25000 .00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.Oooao

.00000

.00000

.00000,
R, 1.10;pcromt-fuel,

T

.aa2e6 o.07ah6

.2225a .07151

.230’70 .06166

.231io .05975

.a3177 .0S653

.a3760 .oa534

1.00347
.00334
.00!431
.ooai3
.Ooiflb
.000aoCo.TooP4a o

00234
00177
00167
oo15i
00030I5,00.00 a96a571.43 a946

575.00 aflla
545.71 a7a6
300.00 a742
60.00 aa45
10.QO 3031”
,a9..39aoe4
15.00 1819
14.70 1813
7.50 1615

‘6.cio 1551
,4
3.00 536a’
2.00 125S
I .ao i134
.75 1028
.60 980
.40 898

:

soo.oo a914
S71,41 2F198
S75.00 9761
5’44:53‘2733
500.00 2689
60.00 aluR

>0.00 1968?Q,.3Q 1962
“15.00 1758
14.70 1752
7.50 1556
6.00 1494

3.00 130e
2.00 1206
1:~~ 10e6

993
.60 93.T
.40 856

I>.0a327 0.63453
02457 .63644
:olee~ .65aa4
.oi777 .65520

.66007
::i::: .70a57
.Ooiol .71263
.00097 .7ia8s
.Oooas .71846
.00084 .7i858
.00004 .72132
ooooa .72181
.00000 .7aa61
.00000 .7a278
00000 .7aa.96
:00000 .72a86
.00000 .7a289
.00000 .72a89

.

.as909 .01?94

.as9i3 .ota6e

.a4004 .00s99

.a4007 .00583

.a4097 .00223

.240611 .00154

.03a29 00190

.03a35 :00187

.0341B 00105

.034ai3 :00103

.03534

.0355.7 ::::::

.00004

.00004

.00000

.00000

.00000

.00000

.00011 .:::::

.Uoolo

.00003 :00000

.00003 .00000

.00000 ,00000

.00000 .00000

--L.0359y 00014
.03607 :00007
.03612
.0361-4 ::::::
.03614 .00000
.03614 .00000

T

.16]O ;f.691
1.04905 0.01138
:::;:? Ollla
::::$j :;;;”;;
.06a4”4 :O037b

U.00000
.00000
.00000
.00000
.00000
.00000

.a4087

.a4092

.a4095

.a4096

.a40Y6

.a4096
R, 1.20)

r

o .ai988
,22014
.a22a9
.a2a69
.22334
.aa918

.00041
::::::

.00001

.00000

.00000
roentfuel,
1.07789
.07657
.065a2
::::;:
.oaaae

---1-.00000
.00000 %;;!
.00000
.00000
.00000 ::::::
.00000 .00000

).6a178
.62347
.63735
.63998
.64416
.62o59

I .ooaa9

T

ooaa7 0.00000
.ooa39 :00278
.00144

.00000
.00207 .00000

.00:31 .00194 .00000

.ooil,2 00174 .00000

.00009 :00030 .00000

).014E5
,01436
.01049
.009P0
ooe~a
:Ooistl

_,,
:::::;
.00010
.00000
00001
:00000

.68917

.68936

.69412

.694aa

.69647

.696.2’7

.23069
:;::~:
.a3168
.23a19
.a3a29

.01160
oil-43
.00s07
.00493
.00175
.00118

.06565 ooaa4

.06575 looaao

.06706 0011.9

.06790 :00116

.0690,4
,069a6 ::::2:

,ooooa
.000oa
.00000
.00000
.00000
.00000

00009 .00000
:00009 .00000
.000oa .00000
.000oa
.00000 ::::::
.00000 .00000

.00000

.00000

.00000

.00000

.00000

.Voooo m
R. 1.s0:

.000afl

.00011

.00003

.00000

.00000

.00000
roentfuel.

.00000

.00000

.00000

.00000

.00000

.00000

-
a759
2743
a603
P574
R530
2017

..
1.57807
.57940
.s9n17
.59aa6
.59338
.62108

-,On.oo
j71.43
!75.00
54s.44
lpo.oo
60 .00
30.00
a~ .39
%5 .00
14.70
7.50
6.00
3.00
2.00
i.20
,75
.60
.40

-
00451
:o03u7
.ooael
ooa45
:00026
.00006
.00006
.Ooooi
.00000
.00000
.00000
.00000
00000
:00000
.00000
.00000
.00000

. .
,.19820
.19906
.20ia3
.a016!J
.aoaa9
.ao789

1.06956
.06205
.05537
.05a83
.04901
.oi414

.0063i

.00615

.ooaa6

.ooa12

.00062

.00038

1803
179?
1596
1591
1401
1>41

.6a73>

.6a745

.63008

.630i3

.65i17

.63i33

.ao920

.2092a

.ao995

.ao997

.2103a

.alo32

.153.09

.lb515

.i!a679

.15682

.157.34

.lb765

.15784

.15767

.15789

.1s7.29

.157e9

.1!$789

00198
:00194
00091
:00089

::::::

.00000 .00003 .00000

.00000 .0000s .00000

.00000 .00000 .00000

.00000 .00000 .00000

.00000 .00000 .00000

.00000 .00000 .00000 .

li66
1071
959
865
8a2
749

,.65153
.63157
.63158
.63i5~
.63156
.63i9.9

.ajo49

.alo5i

.aio5a

.aio5a

.s!1053

.aio53

.00007

.00002

.00000

.00000

.00000

.00000

00007
:00003
.00000
.:::::
:00000
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TAME Iv. - Concluded.EQUILIBRIUMCOklPOSITIONOF PRODUCTSOF REACTIONAT ASSIGNED

PRESSURESFOR LIQUIDAMMONIAANDLIQUIDOXYGEN

[Isentroplcexpansionfromchamberconditions.]

(b)Concluded.Chamberpressure,600poundsper squareInchabsolute

stic lkmper- mle .rraotl’=il
.esmuw,aty ,
r, E2 QO R2 OE 02

}/s0in. ti
20 H o H

‘ah- 1 1 I I
R,2.00;pern*ntfllml.22.19;0~, i

00.00 as36 0 :::::: O::;:;; o ;;;;;; 0.04S16 0 .a5138
71.43 2519 .04383 .2s200
75.00 2377 .00065 .5a3s0 .17517 .03s07 .25696
41.52 as45 .00058 .52483 .175s? .03089
00.00 zsoa

.a5796
.00048 .S2684 .17610 .02798 .a5930

60.00 1783 .00002 .S4217 .10045 .00510 .a6997

L30.00 1.572
29.39 1566
15.00 1374
14.70 1369
:.;: ;;;:

3.00 9ao .00000
2.00 a96 .00000
1.20 797 .00000
.75 714 .00000
.60 677 .00000
.40 614 .00000

..00000
.00000
.00000
.00000
.00000
.00000

.27168

.a7i7i

.27240

.z7a4t

.a7265

.2726.3

-1.54545
.54545
.54s45
.54545
.54545
.54545 A.lslal.Iaiaa

.ialsa

.18182

.ieiaa

.if3ia2
R,S.w;p
.13a6i
.13a7u
.14004
.14031
.14059
.14a57

.14a77

.14277

.14264

.14284

.142a5

.142a6

.00000

.00000

.00000

.00000

.00000

.00000
?centrtml,
.01521
.01449
.oo9ao
.00812
.00703
.0004B

L.a7272
.2727a
.a7a73
.27a73
.27273
.27273

la.13:o~,

T

0.41932
.41973
.42a75
.4a33a
.4240a
.42913

--l_.00000 .00000
-00000 .00000
.00000
.00000 :::::8
.00000 .00000
.00000 .00000

.00000

.00000

.00000

.00000

.00000

.00000
.-
>.00736
:::::;
00449
:00402
.00055

‘.00000
-00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

,.00023
.00021
.00009
.00007
.00006
.00000

I.Oooon
.00000
.00000
.00000
.00000
.00000T00.00 2171

71.43 2154
75 .00 2008
37.20 1972
00.00 f933
60.00 1426

.

.

.00000 .4aa52

.00000 .4za5a

.00000 .42856

.00000 .4a856

.00000 .4a857

.00000 .42857

.00009

.00009

.00001

.00001

.Ovouo

.00000

-4ae45
.42046
.4aa55
.42855
.4aa57
.4aa57

00017
;:::::

.00004
00000
:00000

Ooono
:00000
.00000
.00000
00000
:00000

:%:::
.00000
.00000
.00000
.00000

30.00 1235
2q .39 1230
15.00 1064
14.70 1059
7.50 911
6 .00 866

.00000

.00000

.00000

.00000

.00000

.00000

.14286

.14aa.3

.14aa6

.14206

.t4aa6

.14aa6
R, 4.00;
.11580
.1Z589
.11657
.11672
.11684
.11?59

.00000

.00000

.00000

.00000

.00000

.00000
re*ntfuel.

.4aa57

.42a57

.42e57

.4aa57

.42057

.4a857
.07s0/3.

00000
:00000
::::::
00000
:00000

asa

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.Ooono

.Uoooo

.00000L3 .00 736
2.00 668
I .20 5a9
.75 524
.60 495
.40 446

T00.00 la77
71.43 la61
73.00 $?19
J3.6a 16ao
00.00 1646
60.00 1179

>.00000
.00000
.00000
.00000
.00000
.00000

.35035
~;:;:;
-35189
.S5207
.35292

.00438

.00409 ~
:::;;:
.0014.9
.00004

-
I.52600
.sa6ao
.5275?
.sa785
.saeoe
.52934

I.::;:$ 0 Aom:: o .::::: 0.00000

.ooaoa
.000no

.00000 :00000 .00000
00175 .00000 .000oa
::::::

.Oooocl
.00000 .00000 .00000
.00000 .00000 .00000

.::::: .00000 .00000 .00000
.00000 .00000 .00000

::::3: .00000 ooaoo .00000
.00000 :00000 .00000

:00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000

00000 .00000
:00000

ooaoo .00000
.00000 :00000 .Ooofln

00000 .00000 00000 .00000
:00000 .00000 :00000 .00000
00000 .oaooo .00000
:00000

.00000
.00000 .00000 .00000

>AR

.52940

.5a940

.52941

.52941

.52941

.52941

30.00 lola
29 .39 1007
?a.oo 063
14.70 059
7.50 733
6.00 694

.00000

.00000

.00000

.00000

.00000

.00000

.35a94

.35a94
;;::;:

.35294

.35a94

.11763

.11764

.11765

.11765

.11765

.11765

.3.1765

.11765

.11765

.11765

.11765

.11765

.00000

.00000

.00000

.00000

.00000

.00000
.5a941
.5a94i
.52941
.52941
.5a941
.52941
.43;op.
).598ao
.59aa9
.59944
.59954
.5996a
.59999

13.00 585
2.00 526
I.ao 463
.75 410
.60 3a6
.40 347

.00000

.00000

.00000

.00000

.00000

.00000

.35294

.35a94

.35294

.35a94

.3sa94

.35a94

.000ao

.00000

.00000

.00000.00000

.00000
wentfuel,
1.00115
.00105
-00046
.00036
,00029
.00000

R,5.00;
.09924
.099as
.09961
.0996!3
.09972
.09999

...
).:::::

:00076
00063
:00054
.000oa

.00000

.00000

.00000

.00000

.00000

.00000

D.a9934
.a9939
.a9973
.29979
.299a4
.30000
.30000
.30000
.30000
.30000
.30000
.30000
.30000
.30000
.30000
.3000a
.30000
.30000

.00000

.00000

.00000

.00000

.00000

.00000

.60000

.60000

.60000

.60000

.60000

.60000

00000
:00000
::8:::
00000
:00000

.00000

.00000

.00000

.00000

.00000

.00000

.10000

.ioooo

.10000

.10000

.10000

.10000

.iaooo

.10000

.10000

.10000

.10000

.10000

.00000

.00000

.00000

.00000

.000oa

.00000

.60000

.60000

.60000

.60000

.60000

.613000

00000
:00000
::::::
00000
:00000

.00000

.00000

.00000

.00000

.00000

.00000

.
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TABLE V. - SOMHARY OF CONBU2JITONP~, CHARACTERISTICVELOOITY,AND PERFORMANCEFOR

EXPANSIONTO SRA LFWE.LFOR LIQUIDAMNONIAWITH LIQ0731OXYGKN

Quiv- Fuel, oxldsnt-Combus- Rxit Charac- Chsrac- Rntropy, Area cOeffi- Speclflc
flencepercent to-fuel tion temper- terlstlc tertstic- 8, ratio, cient im@ae,
?atlo, by weight temper- ature, velo$ity, velocity cal 6

weight ratl 0, ature, T
?(:jfi o/F Tc,

e~ exponent, _

‘K
ft;a:c %

%&, jl~~sec~

OK

0.40
.50
.60
.70
.80

.90

.95
1.00
1.10
1.20

1.50
2.00
3.00
4.QO
5,00

G
.50
.60
.70
.80

.90

.95
1.00
1.10
1.20

1.50
2.00
3.00
4.00
5.00

Chambernre.emm

63.95
58.67
54.19
50.34
47.01

44.09
42.76
41.51
39.22
37.16

32.12
26.19
19.13
15.07
12:43

cl

63.95
58.67
54.19
50.34
47.01

44.09
42.7S
41.51
39.22
37.16

32.12
26.19
19.13
15.07
12.43

-
0.564
.705
.645
.9B6

1.127

1.268
1.339
1.409
1.550
1.691

2.114
2.616
4.227
5.636
7.046

lberpre

0.564
.705
.845
.966

1.127

1.268
1.339
1.409
1.550
1.691

2.114
2.818
4.227
5.636
‘1.046

3~ uounda uer Sauare inoh absolt-
1349
1704
2169
2494
2734

2877
2913
2926
2913
2871

2728
2515
2163
1875
1640

lure,3(

1349
1784
2169
2494
2734

2677
2913
2926
2913
2671

272a
2515
2163
1875
1640

-
643
906
1164
1412
1654

1893
2008
2063
2023
1962

1798
1566
1231
1007
849

Ipounc

643
906
1160
1385
1557

1662
1689
1700
1691
1662

1561
1413
1175
989
844

~
4509
5016
5358
5695
5744

5799
5790
5759
5656
5542

5238
4840
4261
3037
35L0

per squf

4509
5015
5351
5564
5669

5605
5665
5631
5536
5429

5138
4759
4215
3816
3302

’11

0.000o
.OCQO
.0000
.C4303
.CX323

.0057

.0070

.0075

.0067

.(X)58

.0044

.0028

.0008

.0001

.Oooo

inch ab

O.0000
.C4303
.0005
.0023
.C4156

.0066

.@J96

.0100

.0094

.0085

.CQ67

.0048

.0024

.0011

.0004

.

e: esuillbriumcomposi.

1.384
1.390T

3.5155 3.133
3.4925 3,261
3.4355 3.376
3.3653 3.478
3.2910 3.594

3.2170 3.757
3.1809 3.863
3.1454 3.945
3.0773 3.892
3.0134 3.861

2.8478 3.766
2.6410 3.663
2.3763 3.476
2.2111 3.368
2.0954 13.301

)lute; frozen c

T

3.5155 3.133
3.4925 3.261
3,4355 3.373
3.3653 3.460

‘13.2910 3.519

3.2170 !3.553
3.1609 3.561
3.1454 3.565
3.0773 3.564
3.0134 3.557

2.8478 13.530

J-
2.6410 S.487
2.3763 3.413
2.2111 3.349
2.0954 3.295

1.396
1.401
1.407

1.418
1.424
1.426
1.425
1.423

1.419
1.412
1.401
1.395
1.3S2

on

193.9
216.8
232.5
243.6
251.2

255.5
256.3
255.6
250.5
245.1

231.0
212.4
165.5
166.4
151.9

npo.aitlon

1.364
1.390
1.396
1.401
1.404

1.406
1.406
1.406
1.406
1.406

1.404
1.402
1.398
1.395
1.392

193.9
216.8
232.2
242.3
247.4

246.4
247.6
246.1.
241.9
237.2

224.3
207.4
1s3.2
166.5
151.6

‘299?
,

E
s’
!2
~
!2,,
P

,.,

,,

I,1! J
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TABLE V. - Conoluded, SOllMARYOF CO147XJSTIONPMWMEIX6 S, CHARACTERISTIC VEI.CICITY,AND

PEWOWANCE FOR EXPANSION TO SEA LEVK7J FOFi LIQUID A~NIA WITH IJQUID OXYGEN

Equiv- Fuel, Oxltint- Combus-Exit Charac- Charao-
alenceperoentto-fuel tlon

Entropy,hea
temper- t~~i~ti~ ~~~lBtlo-

COeffi- Speclfla

ratio, by weight
B, ratio,cient Impulse,

temper- ature, velogity,velool,ty Cel
weight ratio,

e
ature,

2(Bj/s
T

o/’F
exponent,-(’’i7’J

TO, G’ ft~B:O no* ‘i&’St’+
%

0.40
.50
.60
.70
.80

,90
.95
.975

1.00
1,10

1.20
1.50
2.00
3,00
4.00
5.00

0.40
,60
.60
.70
.80

.90
,95
.975

1.00
1.10

1.20
1.50
2.00
3.00
4.00
5.00

Chamber pressur

63.95
58.67
54.19
50.34
47.01

44.09
42.76
42.1S
41.51
39.22

37.16
32.12
26.19
19.13
15.07
12.43

0.564
.705
.845
.986

1.127

1.268
1.339
1.374
1.409
1.550

1.691
2.114
2.BIB
4.227
5.636
7.046

, 600 pcunda per square Inah absolute; equilibriumoompositi.on

T
1349 535
1784 764
2171 993
2503 1219
27S0 1441

2922 1663
2963 1176
2975 1836
2960 1662
2962 1613

J--
2914 1752
2759 1591
2536 1369
2171 1059
1877 859
1641 720

4!W9
5016
5358
5596
5752

5820
5817
5806
5788
5661

5563
5253
4949
4263
3B37
3510

O.ocao
.0000
.000Q
.0002
,0017

.0049

.0063
,0066
,0069
,0060

.0052
,0039
,0024
.0007
.0001
.0000I

3.4121 4,866
3.3976 5.134
3.3478 5.369
3.2836 5.580
3.2142 5.796

3.1440 6.071
5.1093 6.262
3.0921 6.379
3.0751 6.484
3.0069 6.369

2.9466 6.312
2.7847 6.156
2.5620 5.908
2.3219 6.558
2.1593 5.354
2.0451 5.220

1.478
1.489
1.496
1.507
1.516

1.530
1.539
1.544
1.547
1.542

1.540
1.533
1.522
1.506
1.497
1.492

Chamber tu’eaaure,600 pcunds per square lnoh abmlut.e: frozen omnposit~

63.95
56.67
54.19
50.34
47.01

44.09
42.76
42.13
41.51
39.22

37.16
32.12
26.19
19.13
15.07
12.43

0.564
.705
.645
.968

1.127

1.268
1.339
1.374
1.409
1.550

1.691
2.114
2.818
4.227
5.636
7.04B

1349 535
1784 764
2171 991
2503 lml
27S0 1370

2922 1480
2963 1509
2975 151’.9
2960 1522
2962 1511

1-
2914 1480
2759 1379
2536 1237
2171 1014
1677 645
1641 715

4509
5C16
5353
5573
5691

5719
5703
5689
5670
5572

5461
5162
4775
4222
3619
3%3

0.0030
.0003
.0005
.0023
,0056

.0086

.0096

.0099
,0100
.0094

.0085

.0067

.0046

.0024
,0011
.0004

3.4121 4.888
3.3976 5.134
3.3476 5.366
3.2836 5.556
3.2142 5.693

3.1440 5.776
3,1093 5.798
3.0921 5.604
3.0751 S.S08
3,0089 5.s04

---L
2.9466 5.786
2.7847 5.722
2.5820 5.626
2.3219 5.461
2.1693 5.325
2.0451 5.212

1.478
1.489
1.499
1,W6
1.512

1.515
1.516
1.516
1.516
1.516

1.515
1.513
1.5Q9
1.X)2
1.497
1.492

207.1
232.1
249.5
262.0
270.9

276.7
278.3
276.7
278.3
272.3

266.2
230.3
229.5
199.6
176.6
162.6

1

207.1
232.1
249.3
260.9
267.4

269.3
266.7
268.1
267.2
262.6

257.2
242.7
223.9
197.1
177.6
162.4 m

w
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Temperature

260Q— exponent,—.014.
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