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SUMMARY
q
~ Theoretical rocket performanceforfrozencompositionduringex-

panstonwascalculatedforliquidmethanewithseveralfluorine-o~gen9 ndxtmresfora rangeofpressureratiosandoxidant-fuelratios.The
parametersincludederespecificimpulse,cotiustion-chanibertemperature,
nozzle-exittemperature,molecularweight,characteristicvelocity,co-.
efficientofthrust,ratioofnozzle-exitsreatothroatarea,specific
heatatconstantpressure,isentropicexponent,viscosity,andthermal
conductivity.

Themaximumcalculatedvalueof specific“ ulsefora chamber
7pressureof 600poundspersquareinchabsolute40.827atm)andan exit

pressureof 1 atmosphereis315.3for79.67percentfluorineinthe
oxidant.

INTRODUCTION

MMmres of liquidfluorineandliquidoxygenasoxidantswith
hydrocarbonsasfuelhavebeenconsideredinrecentyesrsforpossible
high-energyrocketpropelknts.References1 to 3 presentdatafor
3P-4fuelwithseveralmixturesofoxygenandfluorine.Thesedatashow
thatmixturesoffluorineandoxygenexistthatgivehigherperformance
withJT-4fuelthaneither100percentoxygenorfluorinebecausefluo-
rineburnspreferentiallywithhydrogen}andoxygenwithcarbon.

A hydrocarbonfuelwi’tha hi@er hydrogen-carbonatomratiothan
thatof JT-4fuel(1.942hydrogen-csrbonatomratio)mightbe expected
to weld evenhighervaluesof spectiicimpulsewithmixturesoffluo-
rineandoxygenthanwereobtainedwithJT-4fuel. Calculationswere,

* therefore,madeattheNACALewislaboratoryinorderto determinethe
performanceof liquidmethanewithseveralmixturesof liquidfluorine
andoxygen.

?-
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S’YM601S

Thefollowingsynibolssreusedinthisreport:

nozzlearea,sqin.

w

localvelocity

coefficientof

mobr specific

of sound,ft/sec

thrust,~ = gcI/c+=F/pcAt
)

heatat constantpressure,cal/(mole)(%)

~ XJqf.
specificheatat constantpressure”t;(1- xk)‘ cal/(g)(°K) —

specificheatat constantvolume

characteristicvelocity,

thrust,lb

gravitationalconversion

sumof sensibleenthalpy
cal/mole

sumof sensibleenthal.py

—
.

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

andchemicalenergyattemperatureT,

andchemicalenergy~erunitms, _

specific-impulse,(Ibforce)(sec)/lbmass

coefficientofthermalconductivity,cal/(sec)(cm)(°K)

X xi.%
molecularweight>~ - xk ~

oxidant-fuelweightratio

gjg-mleor Yb/lh-mole

staticpressure(sumofpartialpressures},lb/sqin.

partialpressuretlb/sqin.

-r

—
—

—

.—

b

“
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P

universalgasconstant(consistentunits)

equivalenceratio,ratiooffourtimesthenuniberof carbonatoms
plusthenumberofhydrogenatomsto twotimesthenuuiberof

oxygenatomsplusthenumberoffluorineatoms,
+%+?

entropyata pressureof 1 atmosph~e,cal/(mole)(%)

entropyperunit

cal/(g)(°K)

temperature,‘K

mass-flowrate,Ib/sec

molefraction

()ahpisentroyicexponent,~~ s

ratioof

absolute

density,

nozzleereato throatarea

viscosity,g/(cm)(see)orpoises

lb/cuin.

tiscripts:

c conibustioncheniber

e nozzleexit

i productofconibustionincludingbothgaseousandsolidphases

S gaseousproductof conimstion

k solidproductof cofiustion(graphite}

P constantpressure

s constantentropy
a

%
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t nozzlethroat .-

Superscript:

o thermodynamicstandardreferencestate

CALCULATIONW PERFORMANCEDATA

Performancedatawereobtainedforliquidmethanewithseveral
fluorine-oxygenmixturesfora rangeofequivalenceandpressureratios. %
Frozencompositionduringexpansionfroma chamberpressureof 600 E
poundspersquareinchabsolutewasassumed.

—

Thecomputationswerecsrriedoutby themethoddescribedinrefer-
ence4 withmodificationsto adaptitforusewithanIBMcard-programed
electroniccalculator.Themachinewasoperatedwithfloating-declmal-
pointnotationandeightsignificantfigures.Thesuccessivea~roxi-
mationprocessusedinthecalculationswascontinueduntilseven-figure
accuracywasreachedinthedesiredvaluesoftheassignedparameters
(massbalanceandpressureor entropy).

.

.

Assumptions

Thecalculationswerebasedonthefollowingusualassumptions:
perfectgashw, adiabaticconibustionatconstantpressure,isentropic
expansion,nofriction,homogeneousmixing,andone-dimensionalflow.
Theproductsofcombustionwereassumedtobe graphiteandthefollowing
idealgases:atogiccarbonC, carbonmonofluorideCl?,carbondifluoride
CF2,carbontrifluorideCF3,carbontetrafluorideCF4,difluoroacetylene
C2F2,methaneCE4,carbonmonoxideCO,carbondioxideC02,atomicfluo-
rineF, fluorineF2,atomichydrogenH,hydrogenH2,hydrogenfluoride
HF,waterH20,atomicoxygenO,oxygen02,andtheh@roxylradicalOH.
Theconibustionproductsareassumedtobe coqletelyexpandedwithinthe
exitnozzle;thatis,ambientpressureeqmls exitpressure.

Thegraphitewasassmnedtobe finelydividedandintemperature
andvelocityequilibriumwiththegasesdurfngtheflowprocess.

InitialData

Thermodynamicdata.- Thethermodynamicdataforallconibustion
productsexceptgraphite,methane,thefluorocarbons,andwaterwere
takenfromreference4. Dataforgraphiteweretakenfromreference5,
forcarbonmonofluoridefromreference6,fortheremainderofthe
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fluorocarbonsfromreference7, andfarwaterfromreference8. Data
w formethaneweredeterminedby therigid-rotator- harmonic-oscillator

approximationusingspectroscopicdatafromreference9. Thebaseused
inthisreportforassigningabsolutevaluesto enthalpyisthesameas
inreference4.

Thedissociationenergyoffluorinewasassumedtobe 35.6kilo-
caloriespermoleandtheheatof stilimationofgraphiteat 298.16°K
wasassumedtobe 171.698kilocaloriespermole(ref.10]. Theheatof
solutionof oxygenandfluorinewasomitted.

Physical,thermochemical,andviscositydata.- Severalproperties
ofthepropellantstakenfromreferences4, 10,11,and12arelistedin
tableI. Theviscositydatafortheindividualcombustionproductswere
eithertakenfromtheliteraturewhenavaihbl.e,orestimated.The
viscositiesofF, H,H2,andHF aregiveninreference13. Theviscosi-
tiesoftheremainingsubstancesexceptH20werecalculatedusingsimilar
techniques.TheviscosityofH20wasobtainedfroma modifiedSutherland
equation(ref.14).

Interpolationformulas
reference15. Theformulas
parametersareasfollows:

Formulas

andaccuracyofresultsarediscussedin
usedincomputingtheveriousperformance

Specificimpulse,(lbforce) (see)/lh

I = 294.98

Throatareaperunitmass-flowrate,

massrhc-~1000 (1)

(sqin. ) (see)/lb

At 2781.6Tt—=
v Pt~a (2)

Thisequationisderivedfromthecontinuityequationandthefactthat
thevelocityoffloweqyal.sthe

Characteristicvelocity,ft/sec

C*= ‘@c

velocityof soundatthethroat.

At At~ = 32.174Pc~ (3)
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Coefficientofttiust

Nozzleareaperunitmass-flowrate,(sqin.)(sec)/lb

A_ = 86.455T
w PMI

Ratioofnozzlemea tothroatarea

+-

~=ATl
Atv7

Specificheatat constantpressure,cal/(g)(°K)

~+:),

%= ;(l-X;)

If3entrapicexponent

T= ()altlP-6

Whenthecompositionisfrozen,

Absoluteviscosity,poises

Coefficientofthermalconductivity,cal/(sec)(cm)(°K)

‘=++=)

NACARME5~20

(4)

(5)

(6)

(7)
.

.

(8)

(9)

(10)
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THEORETICALPERFORMANCEDATA

Tables

Thecalculatedvaluesofthevariousperformanceparametersfora
coribustionpressureof 600poundspersqusreinchabsoltieandfora
rangeofoxidant-fuelratiosandexitconditionsaregivenintablesIT
toV fora rangeoffluorine-oxygenratios.

Thefluorine-oxygenatomratiosselectedareO(100percentoxygen),
0.2,0.5,1.0,2.0,3.0,3.3,3.4,3.7,and4.0,whichcorrespondto the
followingpercentagesoffluorineintheoxidantby weight:O, U. 19,
37.25,54.29,70.37,78.08,79.67,80.15,81.46,and82.61.Therangeof
oxidant-fuelratiosselectedforeachpercentageoffluorineisgreater
forthefluorinepercentagesup to 70thanforthoseover70. Forthe
fluorinepercentagesover70,closelyspacedoxidant-fuelratioswere
selectedprhm?ilyto determinemsxbmnspecificim@se.

Thepropertiesof gasesintheconibustionch~er andthecharac-
teristicvelocityexegivenintableII. TableIIIpresentsthevalues
oftheperfomnanceparametersat assignedtemperaturesandconstant
entropy.Thesevalueswerecomputeddirectlyandusedto inte~olate
propertiesattheassignedpressureratiosgivenintableIV. Woperties
atthethroatintableIVmaybe foundwheretheratioof nozzleareato
throatarea c is 1.000.Thevaluesad~acentto thethroatcorrespondto
pressuresof 1.2and0.8timesthethroatpressure.TableV presents
theequilibriumcompositioninthecombustionchaniber.Solidgraphite
didnotappearasa corr.ibustionproductforanyoftheconditionscon-
sideredinthisreportandisthereforeomitted.fromtableV. Themole
fractionsofcarbontetrafluorideandmethanewerealwayslessthan
5x1o-6forau theconditionsconsideredinthisreportandtherefore
thesemibstanceswerealsoomittedfromtableV. Performancedatafor
expansionfromconibustion-chamiberpressureto 1 atmospherearesummarized
intableVI.

Curves

Theperformanceparameters=e plottedinfigures1 to 7. Curves
of specificimpulseme presentedinfigure1 forassignedpressure
ratiosasfunctionsofpercentagesoffuelbyweight.

Combustiontemperatureandefittemperatureforassignedpressure
ratiosareplottedinfi~e 2 asfunctionsofpercentagesoffuelby
weight.
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InfigureZ(f)thecombustiontemperaturesfor78.08,79.67,80.15,
81.46,and82.61percentfluorineintheoxidantby weightarepresented
as sepsratecurves.However,theexitcurvescoincidedsocloselythat
onlyonecurveisgivenforeachpressureratiocoveringtherangeof
78.08to 82.61percentfluorine.

Curvesoftheratioof nozzlemea tothroatareaareplottedin
figure3 asfunctionsofpercentagesoffwl by weightforassignedpres-
sureratios,

Figures4 and5 presentcurvesofmolecularweightandcharacteristic
velocity,respectively,asfunctionsofpercentagesoffuelbyweight.

,
E6fect of fluorine-o~g en ratio. - Thespec~ic-irapulsedatafor

expansionfromchamberpressureto 1 atmosphere(tableVI]areplotted
infigure6 to showtheeffectoffluorine-oxygenratiosonperformance.
Specificimpulseincreaseswithincreasingpercentagesoffluorineto,
about80percentfluorineintheoxidant.Increasingtheamountoffho-
rineintheoxidantabove80percentresultsina decreaseinspecific
impulse.

Maximumvaluesof specificingnilsecalculatedfora chaniberpressure
of 600poundspersquareinchabsolute(40.827atm)andan exitpressure
of 1 atmosphereareshowninthefollowingtable:

Fluorinein
oxidant,
percentby
weight

o
19.19
37.25
54.29
70.37
78.08
79.67
80.15
81.46
82.61

Maximum

specific
impulse,
lb-see
lb

282.8
289.0
295.3
301.8
310.0
315.1
315.3
315-.2
314.2
312.7

Thedataoftheprecedingtableareplottedinfigure7j it maybe
seenfromthisfigurethata specificinmulsevalueofabout315maybe

.

.—

?

—
.-

“

obtainedfromabo~ 77to 81p~rcentfl~rineintheoxidant.Spec”ific
impulseincreasesfrom282.8to 315.3forOto 79.67percentfluorinein
theoxidantanddecreasesfrom315.3to 312.7for79.67to 82.61percent ~
fluorineintheoxidant.A curveforJP-4fuelwithmixturesoffluorine

&
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andoxygen(fig.8 ofref.2) is also given infigure7 forcomparison.
Themaximumvalueof specificimpulseforJP-4fuelis301.6at about70
percentfluorineintheoxidantas comparedwith315.3at 79.67percent
fluorineintheoxidantforliquidmethane.

Effectoffinitechamberarea.- Theuseof a combustionchaniberof
finitecross-sectionalsrealeadsto a ~ressurechangeacrossthecom-
bustionprocess.ReferenceM illustrateshowthedataforlowpressure
ratiosmaybe usedto calculatethepressureatthein~ectorface.

suMMARYoFREsmm

A theoreticalinvestigationoftheperformanceof liquidmethane
withfluorine-oxygenmixtureswasmadeforthefollowingconditions:
fluorineinoxidantby weightfromO to 82.61percentforvarious
equivalenceratios}pressureratiosfrom1 to 300,andfrozencomposition
duringexpanstonfrom600poundspersquareinchabsoluteinthecom-
bustionchamber.Themaximumvaluesof specificimpulsecalculatedfor
an exitpressureof 1 atmosphere(pressureratio,40.827)rangedfrom
282.8to 315.3forO to 79.67percentfluorineintheoxidantandfrom
315.3to 312.7for79.67to 82.61percentfluorineintheoxidant.

.

LewisFlightPropulsionLaboratory
NationalAdvisoryConmitteeforAeronautics

ClevelandjOhio,February27,1958
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TABLEI. - PROPERT~ OFLIQUIDPROPE~

Property RropeUant

oxygen, Fluorine,Methme,
02 F2 W_

Molecularweight,M 32.00 38.00 16.042

Density,g/cc al.1415 %.54 C0.4245

Ikeezingpoint,‘C d,e-21~a76 %217.96 ‘Jf -182.48

Boilingpoint,‘C d-182.g7 ‘-187.92 ‘-161.49

Enthalpyofformationat
boilingpointfromele-
mentsat 25°C,kcal/mole ‘3-3.(X3Og-s.om‘~h-21.352

Ehthalpyofvaporization,
kcal/mole ‘~il.630 d>J1.51 d)kl.955

~thalpyoffusion,
kcal/mole

d,2 djmo372 d,no225
0.106 . .

aAt-182.0°C!;ref.11.
bAt-196°C; ref.12.
cAt-161.5°C; ref.11.
%ef. 10.
‘Atl.lmm Hg.
‘At87.7mmHg*
gRef.4.

%npubli.shedNACAcalcula-
tionsbasedondataof
ref.9.

‘At-182.97°C.
jAt -187.92° C.
‘At-161.49°C.
‘At -218.76°C.
‘At -217.96° C!.
‘At -182.48° C.
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TABLEII,- TIEW43DYNANICPROPSIiTIESOFCOMBUSTION—CHAMSRRGASESANDCHARAOTSRISTIC

VELOCITYFORLIQUID~ WITHSSVSRALMIXTURSSOFF.WORW ANIIOXYGSN

Equtva- Fuel, Oxidant- Temper-MolecularEnthalpy,Entropy,SpeclflcIsen-
lence

Charac-
peroentto-fuelature,weight, 1 heat, tropicterletic

ratio,

w ‘:’*’ ‘:$; “ M :: & +!!=!=‘%” ‘~l!~’
Percentfluorine in oxidant, O (100percentoxygen)

1.00 20.04 3.990 3497 22.07 2645.8 2.8259
1.30

0.519 1.201 5700
24.58 5.069 3444 X).54

1.40
3237.1 3.0420 .565 1.207 5959

25.98 2.850 3372 19.80
1.50

3419.6 3.1038 .570 1.210 5998
27.32 2.660 3272

1.60
19.08 3595.5- 3.1604 .590

28.62
1.215 6011

2.493 3147 18.39
1.s0

3765.0- 3.2121 .600
31.09

1.220 5996
2.218 2855 17.10 4086.6: 3.3011 .818 1.231 5901

PercentfluorineInoxidantbyweight,19.19

1.20 21.10 3.740 3622 20.83 3017.6. 2.9809
1.40 23.78 3.206

0.521 1.224 6036
3536 19.59 3359.2 3.1015 .548 1.227

1.50
6145

25.05 2.992 3460 18.99 3521.4
1.60

3.1556 .560
26.28

1.230 6169
2.805 3362 18.40

1.60
3676.2 3.2056 .571 1.233 6172

28.62 2.493 3119 17.28 3977.0 3.2936 .591 1.242 6118

PercentfluorineInoxidantbyweight,37.25

1.30 20.35 3.913 3753
1.50

19.88 3145.8 3.0158 0.505 1.247 6248
22.77 3.391 3650 18.86 5447.2

1.60
3.1221 .530

23.93 3.179
1.24S 6324

3572 18.36
1.70

3591.2“7 3.1701 .541 1.250 6336
25.05 2.992 3479 17.67 3730.9

1.90
3.2147 .552 1.252 6333

27.19 2.677 3258 16.95 3996.3 3.2945 .$71 1.258 6282

I Percentfluorineinoxidantbyweight,54.29

1.30 18.26 4.475 3957 19.60 3100.6 2.9706 0.476
1.40 19.40

1.271
4.156

6416
3917 19.16 3238.7

1.50
3.0222 .488

20.50
1.270

3.879
6459

3664 16.73 3373.1 3.0708
1.60

.499 1.270 6489
21.57 3.636 3798 18.30

1.80
3503.9:

23.63
3.1165 .511 1.270

3.232
8506

3628 17.48 3755.1– 3.1994 .531 1.272 6503

I PercentfluorlneInoxidantbyuel.ght,70.37

1.40 17.22 4.809 4209 19.08 3178.8 2.9530
1.50 16.22

0.458 1.294
4.488

6664
4157 18.69 3299.0 2.9988 .469 1.293

1.60 19.20
6694

4.206 4091
1.70

18.30 3416.3 3.0419 .480
20.16 3.960 4014

1.292 6711
17.93 3530.8, 3.0823 .490 1.292 6717

Percentfluorineinoxidantbyweight,78.08

1.55 17.55 4.697 4333 16.59 3317.5 2.9700
1.60 18.02

0.460 1.303
4.551

6833
4296 18.40

1.65
3372.4‘

18.48
2.9890 .465 1.303 6841

4.413 4228 18.31 3426.7 3.0041 .470 1.300 6S07

PercentfluorineInoxidantbywalght,79.67

1.46 16.66 5.003 4418 18.69 3232.1; 2.9282
1.51 16.94

0.450 1.305
4.904

6840
4402 18.78 3265.2 2.9399 .453

1.55 17.31
1.305 684S

4.777 4351 18.70 3309.0: 2.9531 .457 1.303 6827

Percentfluorineinoxidantbyweight,60.15

1.46 16.40 5.098 4440 18.98 3207.7 2.9157 0.447
1.48 16.59

1.306
5.029

6839
4431 18.91 3229.8“f 2.9236 .449

1.50 16.77
1.306 6846

4.962 4408 18.86 3251.8: 2.9306 .451 1.305 6638

Percentfluorlnefnoxidantbyweight,81.46

1.38 15.45 5.471 4498 19.32 3113.3 2.8700 0.436 1.309 6817—
1.40 15.64 5.393 4493 19.25 3135.6; 2.8783 .438
1.42 15.83

1.308
5.317

6828
4476 19.20 3157.7: 2.8859 .440 1.308 6825

I PercentfluorineInoxidantbyweight,62.61

1.30 14.53 5.882 4527 19.65 3019.9 2.8241 0.425
1.33 14.65

1.312
5.735

6778
4528 19.53 3057.2 2.8386 .429

1.40 15.48
1.311 6799

5.462 4480 19.41
1.50

3131.0. 2.8633 .436
16.40

1.307
5.098

6793
4395 19.23 3239.7 2.8965 .448 1.3M 6772

-—

.

4:

—>he baeeusedfor enthalpy18givenInref.4.
bParametersbasedonfrozencomposition.
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TASLSIII.- T~RETIC#L ROCW HORMANCE AT MSIGNED5ZT TSMPE6MQR28FORLIQUIDM8THANS~

S2VSRALFUJORIN2#Xi’GENMXTORE9

[Frozenaompo.sitionassumedduringIserkropicexpansionor camwesslonRwn
.xmixmtion-ahamberpressureofSW lb/..in.abs.1

(a)Percentfluorinein oxidant,O (1W percentoxygen)

!w-- Static SnthalVy,IBentrOpioSpeoificAbsolute
LtUXW,

Thermal Arearatio,Thm.st SpeotI-10
pre~ure, h, expcuent, heat,

T,
vlB- acmduc- cOeffi- Inqlse,

=J/s
c

1’ O*> Cosity, tlvlty, uient,
OK lb/#&in. aal k, CF

*S mi!&O-
lb-ieo

Cal
wiges I M)(see)(°K)

r, 1.00;peroentfuel,20.04;O,),3.990

m

0.5212 895 0 .00056
.5138 829 .0005a
.5047 761 .00047
.493 688
4783 609
:4578 523
.4289 4a7
.4008 346
.3684 25a

3600
3aoo
Zaoo
2400
2000
1600
laoo
900
600

’714.07
354 .07
161 .89
66 .796
24.097
7 .a40
i .668
.423
.071

2699.4
a49a.4
i32U8.6
20.59 .0
1894.5
1707.1
15a9.4
1404.8
1289.4

----—.
115.5
176.3
aao .I
255 .7
aas .e
311.7
3a8.6

.—---- -- -------
1 -00 0 .65a
1 .a6 .995
2.o9 z .a42
4 .16 1 .443
9 .90 1.b13

29.56 1 .759
8a .96 1.855

317.07 1 .939

.00041

.00036

.00030

.000a3

.onoi8

.00012 343.5
r, 1.30;Wraent fuel,24.58;Cm
r, 1.40;percentfuel,23.98;C

~,3.089
0 .00049
.ono45
.00041
.00036
.00031
.onoas
.00019
.00015
.00010

r,2.850
0.00061
.00056
.00051
.00045
.00039
.0003a
.000a5
.00019
.00013

~.2.680

7sya .6
3100.0
2878 .0
2660.6
2448.8
a244.9
ao51.9
1916.7
1791 .2

~
2800
2400
2000
1600
iaoo
900
600

777.80
391 .56
182.10
76 .607
as .272
8.733
2.085
;:::

---------
1 .oa
1.19
1.91
3 .6a
8.50

24 .44
66. aO

a4a .191-
-------
0 .590
.954

1 .209
1 .414
i .587
i .?34
1 .83o
1.915

--------
109 .2
176.8
aa4. o
261 .9
293.8
Tall
339.0
354 .7

3600
3200
a800
2400
2000
1600
zaoo
900
600

875.7a
444.25
208.39
88.535
33.048
10. T48
2.512
.669
.118

3551.9
37ao.5
3092.9
2869 .9
265a.8
2443.7
2a45.8
alo 7.2
1078.3

---------
1.09
1.12
i .74
3.a9
7.46

21 .01
55.96

aoo .88L
-—--
0.498
.904

1 .173
1 .386
i .563
1 .714
1.8i3
1 .900

-----—
9a.9

168.6
a18.7
a5e.3
a91.4
319 .6
337.9
354 .1

.

, ,
r, 1.50;pement flel,27.32;C

T

O .5967 860
l:at5 .588o 798
1 .aao .5774 732
L.a?6 663
1.235

;:ss::
587

~.a40 .saafi
1.270

505
.4892 413

I .a95 .4578 335
~.3a6 .4a39 a44

36OO
3200
a800
2400
aooo
1600
1200
900
600

1034.4
5a9 .34
250.’76
107.73
40.739
12.952
3.202
.866
.156

3790. a
3553a
3320 .1
S091 .7
a869 .4
2655.3
a45a.6
2710.5
2178 .2

0.00062
.00057
.0005a
.00046
.00040
.00033
.00026
.000ao
.00014

----- —-- I------- -—_--

11.45 0 .324
1 .05 .829
1.55 I.l ai
a.84 1.345
6.a9 1.531

17.3n 1 .688
45. a2 1 .790

158.99 1 .880

60.6
154.8
ao9 .4
251 .3
ae6 .0
315.3
334.4
35~. a

?,2.493
0 .00059
.00053
.00047
.00041 T----—-----—

1.00 0 .7ao
1.35 1 .050
2.39 I .a93
5.14 1 .491

13 -76 i.b56
35. a4 i .762

ia~.a6 i .856

——-—
134.1
195.8
a41.1
a77 .8
3n 8.6
3ae.5
546.0

.00034

.000a6

.000ao

.00014
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III. - Cofitinued.THEORETICALROCIC3TPERFORMANCEAT ASSIONEDEXITTEXPSRATURESFORLIQUID

METHANEWITHSEVERALFLUORINE-OXYGENNIXTURSS
~rozen colnposltlonaBBuioedduring isentropic expanalon or compreaslonfrom

aombustlon-chamberpreaaure of 600lb/eqIn.abe.]

(b)Percent i’luorlneIn oxlclantbywelght, 19.19

.mp*r- Statia antlp, 18#rm:;o :%: fic
W;lu ,

AbB61utaTh*rMal mm mtlo, mat
9r*yuu, lls-

::;l;I
aca6u.a- * Omrri-

4 a48 -f op. .3Mity, tivy
lb/sq,in.

Ofant,
mi&?- CF

TE%J Oal +
poises ica)(seo)(%)

r, 1.201paraentnml,2I.1OJ0/3,3.760
400U 1034 .9 321s.? t.a2i o .527a
3600

l;;g
:::.;: >006.1

0 .000*a ------ ------ ......-

3aoo
z .an4 .5a09 .ono6a a .6o 0.169 31.72?99 .1

aeoo
I .z+aa .5136 901 .000s7

13.O:af a595.4
1 .01 .73s 137.9

a400
i.ass .504T aa3 .ono51 1 .*9 t .oaa 191.767 .048 a395 .7 i.a40 4Q36

auoo a6 .464
740 .00045 a .04 1 .a40 a>a .6

azol.1 z.a49 :4790 :s:
1600 :.;::

ml:;: 3 .?6
;:;:.;

I .4al Z!b6.6
laoo 1.a62 4b.9a

t.ae3 :431Q
8.14

45Z
1 .676 Z9b .6

900 :691 170a:9 i .307
.onoe5 al .55 i .’7103ao.e

.4066 363 .00019 54.35 1 .79Q 337.b
r,1.6019●ro*ntfu*l,23.78;c/3,5.20.9

3600 6 0 3794.0 I.aa? 0.5492
3aoo

956 0.00065 --;-;;....---- .----.-
3;0:$g >175.8 1.a31

a800
5414 :3; .00059 0 .661 le6.3173.03 2’461.1

ahoo 1.a36 :5320 .00053 1.81
77 .7a7 ::a:,: 1.a4a .s20a

.974 106.1
7a7 .00047 1 .66 i .ao5 a30.i

aooo 30,065
::::

1.a.32 .5047 641
1:.::; 2747:6 .00040 3.37

1 .Z66
1 ,393 a66 .1

.403s
a159 .7

546
I .a.97

.00033 7.16 1 .553 a96 .7
:79t

.4s4s ;::
900 aoa7.3 1.311 .4a77

.000ab 18.65 I .69a 3a3.i

.000ao 46.34 i .7aa 340.4
r,1.50;pa‘iv.ent ruel , $!.s.05,o“~, 2.a92

3600 7 a 4 3600.1
3:5;6:

i aaa 0.56a9 94U O .00066
3200

--.--.-------- .— --
3376.5 ~1a33

aaoo
.5548 e77

196 .a? 3156.5
.00060 1.03

~,a~n
0.58b lla.3

a400
.545 802

;: .:::
.00054 1.14 .9a9 i78.aao40.e

aooo
i.a44

;2;: j
.53a$ :;;

i.a54
.00048 1 .71 I .i7a a24 .8

1600
.:::;

1!::::
.00041 3.06 1.360 a6a.3

1 .a6E .544
laoo a735.s

.00034 6.4a 1 .533 a94.o
~.avo ;:::: 44a

900 :932 a199 .9
.0floa6 i6 .90 i .675 Yal.a

1.314 356 .000ao 40 .57 i ,?69 339.1-.
r, 1.20; paMerit fuel , 26.aafo/’7,2.205

3600 .a6a.51 ;;;: .: a o *
3aoo

I .a3i 0.=37 o .00067
462.Z6

------ .----- -:----
aeoo

1,a35 .::~: e:l
3760:6

.00061 1.13 0 .468 a9.7
a30 .61 l,a40 797

a400
.000s5 1.07 .U67 166.Z

104.91 3139 .9
aooo

i.a47 ;5453 718 .00049 1 .5b
4a .363

i .Iae ‘216.4
aoa4 .9 i.a57 .saqo

1600
634

14.S28 a717.5 t.a71
.0004a a.7i 1 .33b ab6. o

.6066 54a .000>5 5 .6o 1 .507 ae9 .11::: 3.9aa L3620.6
1.14A

I .a93 .4766 441 .000a7 14.17 1 .b55 717.4as8t.6 1.317 .4491 355 .000ai 34.4a i .761 Ysb.v
r,1.W;peraent fuel , 22.62;oD, 2.493

3aoo ;:: .;: 40a4,a i.a41 0.5931
aRoo

664 0.00064 -..-----...----------.
37a9 .6

a400
1.a46 .::;4 ?Qo

159:76 3559,1 i.a53
.000s7 t .00

71a
u .6?2 la7.7

aooo
.ono51 1.24 i .003 190.7

65 .6S0 3334.7 i.a63 155a3
1600 ag .ggj 321a.1

6a9 .00044 a.03
I are

1.243 a36.4
iaoo

.5ae3 53a
20ia.3 .00036

1.300
4 .oa 1.43e a73.4

.49R3
900

43a
1:893

.00028 9.79
2766.9 z.3a3

1.601 3134.4
.4704 354 .000aa a3.i3 1 .706 3a4 .5

—

.

u

(u}Pcrabntfluorinein o.xmmtBrweiiht.s7.a5 —
r, 1.30; pmraeatrtwl, 20. s6; 0/3,a.als

3a71. o i.a44 o.soae 1163
3068.7

0 .00074 -..-------—--- -------
1.a4e .60a9 1080 .00068 I .al o.4aa 81.9

W;.; i.ase ,4960 994 .0006a 1.03 .799 15b.a
1 .a5n .4076 904

a479:o
.00056 1.3a 1 .045 ao3.o

1 .a65 .4773 809 .00049 a.oi
aa90 .7 i .a75 463a 700

1 .s40 240.9
.0004a 3.49 7..40s a7a.8

a2ne.6 1 .a89 :44b6 601 .00034 7.01 1.547 100 .41935.1 1.311
1811.9

.4az
1 .334

423 .00096 16.9a.309: 386
1 .671 3a4.6

.000ao 39 .3b 1 .754 340.7
r, 1.60$pormnt fuel, 22.77;O~, 3..3al

>633 e i a 5 0 535Y 1136 0 00076 ---------------.. ...
s4a019 i;a;~ lsa9a f.056
3a20.7

:00070 i .8s o .244 47.9
1.a53 .5ala 973 .00064 1 .00 .730 14>.b

3003.? ~.a59 .8iao 8a5 .000b7 i.a3aeoo.7 1 .Z66 .soia 793
i .000 196.5

.000s0
;::; .2 1 .a76

1.84 I .ao7 a37 .a
.4075 695 .00043 3.16 1 .379 a7t .I

t.a91 .46.91 690
aaa91t

.00035 6.a8 I .sza 300 .a
1 .313 .44ae 476 .000a7 15.04 i .657 3a5.6

ao99 .8 1.336 .4193 380 .000ai 34.7a i,74a 54a.4
r, 1.60:peroent fuel , 23.93, 0p, 3.179

>600 684 14 3606 5 i a50 o 5418 10 7 n 00071
3a00 347:86

-------..-.-. -------
3391;3

aaoo
i:as4 1534a 0:4 :00065 1 .00

f60.a3 3179.4 i.a60 .6aso a’fa
O .670 131 .9

a400 86.3u7 a971 .6 1 .a67
.00058 1 .17 ,961 189.3

aooo
.s137 787

36.7al a76e ..9 I .a77 .492.Q
.00051 I .7a 1 .1?9 a3a.a

1600
690

t3.4ao
.00044 a .9a

a673 .1.
1.36a a67 .b

laoo
1.a9*

3.R93
.4790 586

a*a6.6 1.314
.00036 5 .75 1.511 a97 .6

900
.45as 473

i .au7 aa54.3 1 .337
.000aa 13 .66 1.644 3a3 .a

.4a9q 379 .000al 31 .36 1 .73a 341.1
r,1.7ojp romtfuel,as.oa~o/3,2.a6a

> 0 711.74 379a .1
3:io

i asi 0.55 aJ1039
397 .3a

o .000?a ...--... .----- --.....
3s76.0

a800
1 :as6 .s4:3 957 .00066 1.03 0 .a86 115.4R07 .3a 3361 .3

W:
1.a61 .6369 07a

::.::;
.00059 1.11 .911 i79.3

3~4a.8 1.a69 ;:;:; :::
aQ41.6 ~.;::

.0005a 1 .58 1.143 aab .I
Iaoo 15157a

.00045 S .65 1 .331 e6a .1
a741.4

laoo
.4a97 sa3

1:316
.00037 5.16 i .491 a93 .44 .s43 aaao .7

900 1 .416
.46a7

a4ts.4
470 .000a8 ia.ls

1 .339 .4391
1 .6ZL33ao.5

377 .000a2 27 .70 1 .719 33!3.3
r,1.90;paraentrual,a7.1a~O/r, 2.677

979.aa 4195.1 1 .as4 o.67aai
6S0 .10

i0a7 o .00074 ------- ----- -------
3v65.S i.a59 .669a 946 .0006S 1 .702e9.la :;:; AJ i.a6a :;:;6 a6a

o .a74 b>.b
.00061 1.01 .769 1s0.1

139.61 I .a7a 774 .000s4 1 .3a60.317 370a.o 1.aa3
1.047 ao4 .4

8: .:::
;;::7 679 .00046 a .II 1 .a61 a4a.13093.4 s .a9e 578 .0003a 4 .00

2894 .S z.3af
i .437 a80 .6

..4a8a 467
a:oa6 a753,a 1.343

.000=9 9.ia
3?6

1 ..587309 .9
.445 a6i9 .0

.000a3 ao .55
1.360

1 .686 3a9.a
::!:: ara .00016 60.97 i .774 346.4

-L4000 aa8 .94
3600 486.S6
3aoo n70 .01
aaoo 139.97
a400 66.S13
aooo aa .19a
1600 lo.als
laoo a.93a
900 .90a

4000
3600
3aoo

—

161:a9
76.9a9
3-a.6a6
1~.:l;
1:060

3600
3aoo
aaoo
a400
aooo
1600
iaoo
900
600
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TABLEIII. - Continued.THEORETICALR@XfETPERFORMANCEAT ASSIGSEDEXITTEMPERA!TURE3FORLIQUID

METHANEWITHSEVERALFLUORINEOXYGENMIXTURES

[Frozencompositionaaaumedduringiaentroplcexpansionor compresaalonfrom
combustion-chamberpressureof 800lb/sqin.abs.]

m40 662.0 387 .
3600 404.03 s0a4 .7
SQ.00 234.al a69a.6
2800 1a7.38 2703..
2400 63.873 2617.5
Zooo a3..76a Q536.1
t600 11.19a 2160.4
laoo 3.495 109a.~
900 i~;:: 1U7Z.2
600 1?57.5r4000 706 .a4

3600 430.S3
3a00 ;:;.:;
aooo
a400 ;;:;;:
aooo
1600 11:856
iaoo 3.696
900 i.at9
600 .274

I4U0 6.30
S600 466.9S
Saao 170 .a6
a800 146 .’77
a400 73.4ea
aooo 33.06a
1600 12.8s9
laoO 4 .003
900 1 ::::
600

IS600 578:66
saoo ssa.at
aaoo ~aa.asa400 ::.;;:
aooo
1600 16”:039
1*OO :.::;900
600 ;374

L44004000
3600
3a00
a800
a400
8000
1600
iaoo
~oo
Soo

Y441.i
39.41.7
S044.8
aeso .8
a660.4
a474 .5
aa94.4
::;: .:

1881:9

r.1.30;mmmt CU*l.18.36:0/3,4.475

II
—..-————-
1.15 0 .463 93 .6
I .0a .aon z6a.a
1.26 L.osa aoa.a
1.06 z.al-r a46.1
3.06 I .373 a77.7
s .7a 1.509 ‘30s.a

12 .76 I .6a9 sa9.4
a7 .65 1 .709 T45.6
70 .68 1 .78!3360.4

F, 1.70spu-a,r.tnl*l, Z!2.L6,0/3, s.am
901. Vb 3720.6
590.64

1.ae9 0.4950 1.537 .00097 ~E —-. .------
ssa5.8 t.a93 .4s97 i4a7 .00090 0 .tla a4.7

371.s1 37a9.o 1.a97 .4841 131s
aas.04

.000ea 1:01
3136.7

.6S6 l~a.b
1.3oa .4777 1199 .00074 1.07

126.01
.887 la5.a

ae47.1 1.308 .4701 1079 .00066 1.37
6s.947

1.080 aa5.4
a760.8 1.317 .4609 955 .00057 1.95

31.aol
1.a40 aS8.8

a67a.7 l.saa .4490 8a6 .00049 3.09
1:..99: a40z.1 1.344

1.379 aa7.8
.4333 690 .00039 5.51

aa3a.6 ;.:::
t.501 313.4

.4136
1:494

S46
2111.0

.00030 11 .57 1.610 336.1
4?,1 .Oooas a3 .7s

.>ba 10PS.7 1 :404 :Yx ’306 .00016 63-51
1 .684 3b1 .5
L -76n 366 .7 A
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TABLEIII. - Continued. THEORETICALROCKET PERFORMANCEAT ASSIGNED EXIT TEMPERATURESFOR LIQUID

NETHAKE WITH SEVERAL FLUORINE-OXYGENMIXTuFuiS

[Frozenoompoeltlonassumed during Isentropioexpansion or commeasion from
oombuatlon-chemberpressureof-600lb/sqIn.abs.]-

(f)PercentfluorineIn oxidantby weight,78.08m
D=4400 641,13
4000 4a6.zO
3600 *7E.S4
3a00 1;6.54
8800
8400 :: :;;!
auoo
1600 1;::;;
lnoo
900 1 :a91

L44004UO0
3600
3200
0800
a400
aooo
1600
Iaoo
Qoor44004000
3600
aaoo

Laaoo9400
2000
1600
1:$:
600

I6S .5b 3419,
440,71 3as4,
;:1.:: ,?3,0,

aa69<
98:847 2690.
6s,78. Osld,
‘as.643 n34u,
ij.;g: a1?5.
i:Vrl?

‘2014.
fn*9.

I

715.1*
47?2.09 3507.

3719.
300.70 5133.
i~O.7a 8e50.
104,?0 *’169.
65.660 ab~l .
a6 non a41a.
1;,::: aa47.

S005.
1;367 1.68.
.33b ia5.5.

4800 0s,.06 >404.4400 5.89.774000 393.aD
3aa4 .

3600 304b.R62.4S 2a68.Saoo 1S4 .69
#moo

*693.
:3.::: OsaO.

:::: E?&o.
03:5?9

;:;:
a1m4.

9 .936 soa3.
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900 1U67 .
1.e4?
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1765.

.309 1647.

4000 070.94 3,46.
4400 :::.:j4000 >S6& .
3600 ab6 :14

30.54.
Saoo 166.06 coos.:

a789.
amoo 90.6a9
E400 48.686 es55 .!
aooo
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a3.6b6 9817 .!1600 10.048

laoo 80s4.!
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900 I .as9 17R5 .!

(1

D4800 83a .044400 877.s3
>769.S
31s9,!

4000 3ss .31 >Ola.s
3600 ::7 .60 a%36.A
3a00
aaoo :a:n: :!:;”:
a400
8000 a3aa:6

as:obs ~lb7.6
1800 9.s16 1997.3
1800 3.40d
900 1U411.9

z.a30 1?31.7
600 .307 16U4.C

I40004400
4000
3600
3s00
amoo
a400
aooa
1600
iaoo
900
600r44004000

3600
Saoo
e800
::::
1600
lBOO
g::

L:a15:9303?.5aa60.n
neab.a
*514 .0
*744.6
a17e. @
:::; ,;

1791:0
164a,0

I8.6439s .41 >;:e:a
396 .86 3068 .9
a&4.63 a891 .s
aas .94 ‘44::::

90.114
4@. Y66 w:::
Y1.6E0

9.90s a04a. a
S.465 laaa .4
1 .S46 1776.3

.320 1667.6

.... ..
1.10
1.01
1.10
1.54
a.ai
3.4?
6.10

1a .5.0
as.fzu-—---.-...

0.3i6 109.7
.707 16’7.>
.904 a09.a

1.14a *43.6
i.na8 e73.s
1.408 899.3
2.5za >**.7
1.616 343.7
1.6s4 >ba.o

1-...-........_
1.18 0 .46b 96.b1.00 .7ss 169.7
I.lb .963 B03.b
1 ,50 1 .;3: asv.a
‘2.14 1 .U75 8*9.7
3.37 1.401 89a.4
5.9a 1 .514 3s0.3

lE.Z6 1.41S 341.6
B4 .7b i.6a4 356.S
64 .a9 1.748 149.8

,

-.—.
a.43
1.0s
1.03
1.ss
1 .6aa.3s
3.66
6.39

13.05
a6 .09
67.56 II-—-...—

.08s 27.6

.594 iaa. a
,033 1’17. i

::::$ :::::
t .302 a?6.6
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.62s sad .s
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-Concluded.TREORET’ICALROCKEl!PERFOWCE AT ASSIGNEDEXITTEMPERATURESFORLIQUID

i
METRMJE WITHSEVERALFLUORINE-OXYGENMIXTURES

[Frozencompositionasaumedd~lns Ieentropicexpansionor compressionfrom
combustion-chamberpreaaureof 6CXYlb/sqIn.abs.]

(i)PercentfluorineIn oxldantwelght,81.46

I 1

.

.

.

D4400 346 :6:
4000 366.16
3600 Z36.16
3s00 145.43
aOoo 84 .s53
a400 45.677
aooo aa.391
1600 9 .58a
laoo 3.345
90C 1.a15
60C 0.305mo4400 S:si:n?

4000 367.4S
3600 a36.a7
3s00 14s.80
aeoo e4 .720
a400 4s.739
aooo a2.406
;::; 9 .ss8

3.s4s
::: 2 .azs

3U5

IIaoo aos.3i
4400 S57.70
4000 37a.v6
3600 a40.14
3aoo 147.63
aaoo 05 .667
a400 46.lsa
aooo aa.sas
1600 9 .647
zaoo 3.3s8
900 1 .*17
600 .305

[

4800
4400
4000
3600
3aoo
asoo
a400
2000
1600
iaoo
900
600L767 .76

53a .a4
367 .73
231 .59
143.at
83.659
45.409
aa.3a3
9 .646
3.39a
~.a41
.513

E4800 6a .ta
4400 53a.ol
4000 357.a5
3600 a3i.04
3aoo i4a.7~
aaoo 83.a60
a400 4s.137
aooo 2a.ai6
1600 9 .569
~aoo 3.3S6
900 i .aas
600 .309

3136 .1
2Q65.s.
a797 .a
a630.a
a46s.1
a~oa.a
a~41.9
lg84.9
163a.3
16aS.2
1679.0
1476.0

3174,3
3ooa.6
a83a.s
a664 .a
a497 .7
a~33.4
a17z.7
aoi3.s
1859.6
1711.3
1604.3
1S00.6

3a7z.4
3096.3
ava3.1
a751 .6
ase.a.t
a4i4.9
aaso.4
aoe9.4
193a,9
;~:; .:

i66a :4

1 .309
1.314
1.316
l.saa
i.3a7
1.334
1.34a
1-353
1 .369
1.391
1.410
1.4a4

.——
1 .6s
1.01
1.05
I .a7
1 .67
a.40
3 .75
6 .53

13 .d4
a6.a8
67.6aK.-—---

0 .a.97 60.9
.646 137.0
.066 103.5

i.03a 220.0
1.la4 a60.9
i.3za a77,9
i.4a6 3oa.i
1 .5aa 3a3.8
I .bal 343.4
1 .b85 357.0
.744 569.6

1
---—-—___
1.71 0 .aal 59.6
1.01 .644 136.7
1.05 .065 1S3.6
I .a7 1.037 aao.a
1 .67 z.za3 a51.a
a.39 1.311 a7e.3
3 .7s 1 .4a6 3oa .s
6.S3 I .saa 3a4 .4

i3.a4 I.bal 344.1
a6 .31 1 .6S5 367.6
67.57 1 .746 370.a

x

-——- -— __
1 .S6 o ass 64.1
: .Cl: .63S 134.7

.8s9 Iea.a
l;a6 i .033 az9 .a
1 .66 i.lal aso.5
a .3s 1.310 a77 ..3
3 .73 i.4a5 3oa.a
6 .5a l.sag 3a4.a

t3.a3 1.6al 344.0
:: .;: t .68S 357.S

1.745 370.a

).4a6a
.4a36
.419s
.4fbl
.4zoa
.4043
.3970
.3a76
.375a
.359a
.3460
.3395L166s1739

1610
1478
1343
lao4
1061
913
7se
S96
466
3a9

.00103
::::::
.00080
.0007a
.00064.000S6.00047
.00036
.000a9
.000aa
.00015

E
o , 6.735
0 .00104
.00096
.onoaa
.0002.0
.0007a
.00064
.00056
.00047
.000sa
.000a9
.000aa
.0001s

0/3.5.4S2

1.s1
1.01
1 .06
~ .a7
1 .6S
a.40
3.73
6.47

13 .01
25 .6a
65.47

------ —-—
.3a6 68 .6
.661 139 .2
.874 164 .1
.043 ai9 .7
.Ie? a49 .9
.3za a76 .4
.4a8 300.1
.5a6 3al.s
.618 340 .8
.6al 354 .1
.740 366 .5

II
.—----—-_-
1.s1 .3a6 68.9
1 .01 .66a 139.e
1.o6 .0?5 104.9
f .9-8 1.044 aao.6
1 .68 1.18s asl.o
a.4i 1.3i4 a77.6
3 .7s 1.4a6 301.4
S.sa 1.5aa 32a .2

13.14 1 .619 34a.a
a5 .97 1.6S3 7S5.6
66.33 1.74a 76S.0

l.aa
1 .01
1 .05
i .as
1 .67
a.39
3 .76
6 .67

13.36
a6 .64
6a .7sIL
——.C
.a60 54.9
.637 134. S
.a61 181.7

1.0ss ala.b
I.laa a49.6
1.31L a76.8
.4a6 301.0
.sa9 3aa.9

1 .6Z3 34a .6
1.68? 3S6.1
.747 36a.7
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TABLEIV.- THEORETICALROCKETPERFORMANCEFOR PRESSURERATIOSFROM 1 TO 300

FOR LIQUIDMETHANEWITHSEVERALFLUORINE-OXYGENMIXTURES

[FrozencompositionassumedduringIaentroplcexpansionfrom
combustion-chamberpressureof 600lb/sqin.abs.]

(a)Percentfluorinein oxidant,O (100percentoxygen)

m
Loo.000 6 .00 1487 21e.e.9 .490
300.000 a ,00 1190

1 .24’6
ao47 ,1 .46S 1 .Q63

m
10.000 60.00
80.000 So.oo
ao.4i4 e9.39a
40.000 15.00
40..9a7 14.6Q6
60.000 10.00
[00.000 6 .00
$00.000 00

T1.000 600.00
1 .040 676.9Z
1.486 403.85
1.783 336.54
a.ae9 e6.3.a3

10.000 60.00
ao .000 30.00
ao.424 :g.:;z
40.000
40.8a7 14 :696
60.000 10.00
00.000 6 .00
ioo.000 a,oo

m

sass a779.s .s44 1 .aa”a
1964 2633.6 .S38 i .e3.3
19S6 e6a9 .5 .ss2 1 .a>3
1720 a50S .6 .5%8
1713

t .a40
asoa.o .51a

1589
1 .z4”a

a436.3 .510 1 .Z45
1435 S360.8 .4VR
lt44

i .asa
aai9.z .47a i .a7iY

o/F,8.(
i.a151.als1.a17I.ainI.at9

a25a 89s3.1 .554 1 as%
1866 2a07 .s .s41 1 .&3.9
1679 S803 .5 .540 i .a39
164? a680.1 .586 1 .Z4?
1641 8676.6 .sas I .a47
1519 8613.3 .517 1 .262

10.000 60.00 aosa
ao .000

>12.6.3 .56P
>C1.oo

1 .s38
1793 a9ea.4

80.414
.54a

qg.gga
i .a46

1786 a978 .5
40.000

.547 i .a4&
1960 2057 .0 ::::

40.087 ;: :~:6 1s54
1.a56

aa153.5 1 .sss
60.000 . 1436 a79i.4 .588 I .ab~
00.000 6 .00 1290
ioo.000

e716.a .509 1 .86
00 101s 2579 .8 ,4~s 1 .ae

mlwf
10.000 60.00
90,000 30.00
ao.414 aq .39a
40.000 15.00
40.na7 14.696
60.000 10.00

r, 1.
a65s
Ba34
a646
8596
8449

1884
186a
1576
1366
1S60
zasa
1116
865

+&Y&
4073.6
3958 ,1
S903.O
>s38.1
3469.8
333a.a
33ae .4
3a13.7
3alo.4
3i5a,z
soel.9
a966.o

Bl,S1.oa;opt 2.Z

I9.610 1 .231
.618 i .asa
.611 1.a36
.608 1.836
.604 1.a38
,674 I .a5i
.567 1 .Q64
.557 1 .a64.540 1.a75
.539 i .a75
.529 z.a81
.516 1.a9i
.489 i.3~a

J8.84 1.a67 sa4.4
;.:: 1.405 a49.o

1.409 *49.6
518a 1.917 a6e.a
6.91 1.5ao a69.3
7.81 1.573 a76.7

11.37 1.635 ae9.7
a6.79 1.744 309.0

x

..-—-- —---— -------
a.4oa o.isa 33.7
1.033 567 Iob.o
1.000 ::;: ::;.;
1.030 .
a.a3 1.a66 a34.5
3.54 1.404 abo.o
3.59 1.407 a60.6
:.:: 1.s14 aeo.5

1.517 mal.o
7:71 1.s70 890.7
11.19 1.631 3oa.o
a5.3.l t.73a 381.8

-.--—--
8.405
i.03a
1.000
1.0>0
a.aa
3.5a
3.57
5.71
5.ao
?.64

11.06
a4.86

—--—-
0.188

$6a
.688
795
ae6
403
406
b13
516
b67
6ze
7>4—

,———
53.9

105 .9
1*7.1
i4e.3

836 .0
a61 .5
a6a.a
aaa.o
ana.6
a9a.a
303,s
sa~.a

Tm7iiEi
n.al 1.865 S36.4
3.49 i.4oa Q61.8
3.54 L.405 a6a .s
5.66 1.521 nea.a
5.75 1.514 aaa.a
?.56 1.565 892.3

10.94 1.685 30Y.b
a4.43 1.7a9 Sns.o

m
a.ao
3.47
3.5a
5.6o
5.6a
7.47

l.aes a35 .a
1.400 a61,0
1.404 961 .6
L.boa aai .i
1.511 ael.b
1.56a a9i.i

10.77 1.6al Soz.1
a3 .93 i.7a3 3a5 .1

--------
a.419
1.031
1.000
1.089
a.17
3.40
3.45
6.46
5.54
7.85

10.40
aa.8a

T-------........
0.163 33.6

576 105.7
:689 la6.4
.80a 147.0

11.864 a31.8
1.397 Uk.e.a
1.400 a66.8
1.503 a75.6
1.505 a76.1
1.565 aa6.a
1.61a a95.7
1.710 3i3.6

.

.

.

d
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TAMSIV.-Continued.TKWR5TLOALROC= PSRSOSHASCEPORPs2SSURSRATIOS3ROM1 TO WO

FORLIQUIDKSTHANSUITHS=AI. FU!ORIS2-OXYGENM~

[3rozencompositimmmmmeddurlnsisentroplcexpansionfrom
combustion-ohamberFeasureof600Lb/w in.abn.1

(b)PercentfluorineIn nxldantby weight,19.19

m
10.000 60.00
eo .000 30.00
20.414 29.39Z
40.000 15 .00
40.827 14.696
60.000 10.00

100.000 6.00
300 .000 2.00

r, 1.:
3622
3596
3366
32S4
3i aa

2349
aoso
204a
17s4
1777
1642

1476
1163

10.000 60.00 aaai
ao .000 30.00 1907
20.414 ::.; :a 1979
40.000 I?es
40.82? 14 :696 1718
60.000 10.00 1586

LoO .000 6.00
I

14aa
300.000 a.oo 1116

10.000 60.00
ao .000 30.00
20.414 a9 .39a
40.000 15.00
40.8Z7 14.696
60 .000 10.00

.2146
1863
185s
1611
1604
1477

100.000 6.00 1320
Soooooo 2.00 1028

T1.000 600.00
1 .040 576.92
1.500 399 .98
1..900 33? .31
a.a50 a66 .65

10 .000 60.00
20.000 30.00
ao .414 ~; .:ga
40.000
40.8a7 14 :696
60.000 10.00

r, 1.
3119
3096
aue2
2780
a659

1963
1695
1687
1457
1450
1331

1184
91a

Enthalpy,
h,
Otis

percent
3017 .6
3004.1
aa 84.6
28%7.1
a759. a

2370.5
2225.3
aa21.3
2098.7
ao95 .a
zo5a.4

1956.5
1812..8
percent
3359a
3345 .1
3220.8
3161.1
3090.7

368s .9
a539 .0
2534.9
a40e .7
a405. i
a340.6

2262.7
2121. n
peraent
3521.4
3507. a
3381.4
33a~.2
325o.3

2e46. a
a695 .7
2691.6
as 65.2
2561.5
a496.9

2!419.1
2278.6
proent
3678 .a
3664.1
3537.5
3477a
3406.3

3ooa.8
ae5a.9
a84e .8
2723.1
2719.5
265S.5

a57e .4
2439 .7

Speaifit
heat,

ii%
o.sai
.5at
.517
.515
.512!

.492

.4f11

.4.s1

.469

.469

.462

.452

.429
●lf 25.:
0.548
.548
.543
.541
.5s8

.516

.504

.504

.491

.490

.483

.472

.447
●l,2S.(
o .560
.560
.555
.553
.549

.5a6

.514

.513

.500

.499

.491

.480

.455
d, 26.f
0.571
.571
.566
.563
.56o

.536

.522

.522

.507

.507

.498

.487

.461
;peruentruel,28.(

T

3977 .0 0 .591
3963.0 .590
3837.2 .5e5
3777 .8 .582
3?08.1 .578

3314.2 .s50
3168 .6 .s35
3164.6 .535
3043.2 .519
3039.8 .519
a97e. a .509

E!&lx!

sentropio
xpxplt,

~
L .a24
1.224
1 .2a6
I .a2e
I .a29

1 .241
1 .247
1 .248
1.a55
i .256
1.261

1 .a6e
I .ae6

i.a45
L .a52
1.a52
1 .a61
1 .261
1.a66

1 .a74
1 .a93
o/F,2.9:
2.a30
I .a30
1 .232
x.a34
1.235

1 .a4e
1 .256
1 .Z56
1.265
1 .a65
1 .271

1.279
1 .a99
0/3,2.s(
1.E33
1.a33
1 .236
i .a37
1 .239

1.253
1 .a61
1 .261
1 .270
i .271
1.277

1.285
1 .3o6

+43+
L :24a
1.a45
1.a46
1.a4e

I .ab4
1 .274
I .a74
l.aes
i .285
1 .a92

3..301
i .3aa

m
2.19 1.265 237.3
3.46 1.400 262.6
3.s0 1.403 263.2
5.58 1.507 28a .8
5.66 1.510 283.3
7.44 1.561 a92.8

10.74 1.6a0 303.9
23.90 1.722 323. o

-.------- -— -—-
a. 416 0.183 34.9
i. 03a .575 109.7
1.000 .6s7 131 .3
1.030 .800 laa. a

2.18 1.a64 241.5
3.44 1.399 267.1
3.49 i.4oa 267 .8
5.55 1.506 287.6
5.63 1.509 a8e.1
7.38 1.559 297.7

10.64 II1.617 30S.9
23.58 1.718 3a8.1

2.18 1.a64 242.4
3.4a 1.398 268.0
3.47 1.401 268.7
5.51 1.505 288.5
5.59 1.507 2S9.0
7.34 1.557 298.6

10.56 1.615 309 .7
23.32 1.715 3ae .sm
a.z7 1.264 242.4
3.41 1.397 268.0
3.45 1.401 a6e.6
5.48 1.503 a88.3
5.55 1.506 28s.8
7.28 1.555 a9e.3

10.45 1.613 309.4
a3. oo 1.711 3a8.3

-—--— —--— --—-
2.426 0.184 34.9
1.031
1.000 :::: p;:;
1.029 .

2.15 1.263 240.2
3.36 1.395 265a
3.41 1.398 a65.9
5.38 1.499 2S5.1
5.46 1.502 285.6
7.13 1.550 294 .8

10.20 1.607 305 .5
22.24 1.702 323 .7

-.
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TA8LEIV.- Ccmtinued.TNEORSTICALROCSETPE3fFORNAWCE~R PRESSURERATIOSFROM1 TO 500

FOSLIQUID~TNAW3WITHsEvSRALFLWORINE-OXYOENMIXTURES

[Frozencomponltlonassumedduringlsmtroploexpansiontics
combustion-chsmberpresauraof 600lb/6qin.abs.J

(o)PercentfluorlneInoxidantbyweight,S7.26

w
10.000 60.00
20 .000 30.00
ao.4i4 ::.; :a
40.000
40.8a7 @;6
60.000 ,

100.000 6 .00
300.000 2.00

2349 2454.6 .476 1 .a66
aoa7 a303.2 .465 1 .a74
aoie 2a99 .i .464 l&74
1743 a~-ra.e .453 1 .a8s
i735 2169 .2 .45a I ,a64
1592 aio5.2 I .a90.445

1418 20Z8 .5 .435 1 .298
1095 1091.1 .414 1 .319
r, 1.60;peroentruel,%2.77;O/F,3.3

1 .000 600.00 3650 3447a 0.530 i .a48
1 ,040 576 .9a 36al 343a .2 .530 1.a48
1 .503 399 .14 3364 3a 96.7 ,5a5 1 .asl
1 ,5!04 33a .61 3243 3233a .5a3 1.J153
a.a55 266,09 3100 3158 .6 .52o 1:954

10.000 60.00
ao, ooo
ao .414

30.00
:;.~;a

40.000
40. fia7 14:696
60.000 10.00

100.000 6.00
300.000 a.oo

:: .::: 60.00
30.00

ao:4i4 :;. ;;a
40.000
40.827 14:696
66 .000 10.00

LOO .00 6 .00
500 .000 a.oo

m

!10.000 60.00
20.00 30.00
ao .414 ;;.:;2
40.000
40.8a7 14:696
60.00 10.00

00.00 ::::
ioo, oo

aa77
1963
195.5
1686
1678
1539

1369
1053

m
3544
3a90
3171
3030

aaaa
1913
1905
1641
1633
1496

a739.4 .498
a584. e .486
a5ao.5 .406
a45i .7 .473
a44e.1 .47a
a3ea.8 .465

1 :a69
I .a77
I .a77
I .ae7
1 .ae7
1.a93

1..302
i:3a3

r. 1.60;peroentfuel,23.93;0/%,3.1

m

3591. a 0,5.41 1 .abo
3576 .1 .541 i .a50
3439 .6 .536 1 .253
3375.9 .534 1:254
3301.0 .531 1 .a56

a8ao.7 .508 l;a71
a7a5. e .495 l~a~o
a7al,5 .495 1 .280
a59a.7 ,481 l;a90
a5e9 .0 .481 l:a90
a5a3. o .473 1.2.97

1329
lost

a445. t7 .462 1.306
a306.7 .439 1 .328

-.- —.-.
a. 429
1.031
1.000
i.oa9

a.14
3.35
3.40
5.37
5.44
7.11

10 .1.9
aa. a6

T-----------.—-
o.la4 35.7

:2:: ;::::
.806 156.5

1.a63 a45.3
1.394 a70.8
1.39a 271 .4
1.49a a93 .0
1.501 291 .5
1.549 300.9

L&l&L
--------- ------- -------
a. 430 0.1’s4 36a
1.031 58a 114.5
1.000 :::: ;?; ,;
1.o29 .

a.14 1.a63 248a
3.34 1.394 273.9
3.39 1.397 a74.6
5.34 1.496 a94.3
5.4a 1.500 a94.9
7.08 1.548 304 .3

10.13 1.604 315.3
2a .07 1.699 334 .0

---------
a.43i
1.051
1 .000
i.oa9

a.14
3.33
3.3a
5.3a
5.40
7.04

10.07
21.90

.. ----- --------
0.184 36. S

583 114 .8
:695 136.9
.8o7 158.9

1.a63 248.6
1.393 a74.4
1.397 a75.1
1.497 294 .n
1,499 a95.3
1.547 304.7

r, 1.70;peroentfuel,25.05;O/F,2.992
3479 3730.9 o.55a 1.252 ----------— ---- --------
3451 3715.8 .551 iia53
320a

a. 433 0.184
3579.0 .946

36.3
I .a55 1.030 584 115. U

3085 3515.3 .544 I .a57 1 .000
a947 3440.5

:696 137.0
.541 i.a59 1.oa9 .808 159 .0

a~ss 3021.3
1853 2a6? .1
1845 2e6a.9
1566 a734 .8
1579 a731. R
1446 a666.5

.516 f ..274

.503 1 .a84

.503 l.a R4

.489 1.294

.488 1,295

.480 1.301

a.13
3.3a
3.37
5.30
5.37
7.00

1.2b2 a48.5
1.393 a74 .a
1.396 274 .8
1.4Yb a94 .4
l,49tl a94.9
1.b4b 304 .3

laea a589.1 .469 1.311 10.00 l.bol 315. Z
98a a45z. s .446 ld3a al .69 1.695 333.6

.

.—
.—
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T4SLEIX.- Continued.T%120R2TICALROCKET~CEFOHFR22SDRE RATICL2FROX1T0300

FORLIQUIDK2THAWEWITHS2VHLALFWORIW2-0XYf3EWlUX13JR28

[FrozenCamposltlcmasrmunedduringlsant,ropiaaxpanalonfrom
aambustlon-chamberp=!3StUQof 6CCIlt#8Q in. abn.]

(d)FeraentfluorineIn oxidantby weight,54.29

Tempera-
ture,
T,
w

EnW#lpy,

&2
~mciri(
heat,
C*,

$$j
:475
.471
.469
.467

.448

.437

.437
426

“:425
.419

.409
390-

sentmplc
Xponent,

-f

rearatio,
c

W
2941 :1
2075 .5
2798.7

%%%
1.271
1 .274
1 .276
1 .278

~
3620
3481
3316

.—. -—.-
2.444
1.030

— ——
36.9

117.8
139.9
162.1

0.;::
:702
.813

1.000
1.028

10.000 60.00
20.000 30.00
20.414 ;:.; ;a
40.000
40.8a7 14:696
60.000 10.00

2373.6
aa 18.4
aai 4.2
2086.2.
208a.6
2018 ..4

2388
ao37
aoae
1731
1723
1571

z.a93
1 .3o2
I .30a
1.313
1.313
I .3ao

a.lo 1.261
3.a5 1.389
3.30 1.393
5.15 1.490
5.23 1.49a
6.79 1.539

251.5
a77. i
277.7
a97.1
a97.6
306.9

Loo .000 6.00
300.000 a.oo

-

1386
1049

194a. o
1807.1

1 .329
1 .3s1

317.5
335.5

r, 1.40;percentm Iel,19.40;O/F,4.158
0.488 1 .27o -—----—
.487 1 .2?0 a. 444
.4B3 i .273 1.030

—---
0.185

590
.701
:813

---—-—
37a

118.5
140.8
163.1

.461 1-~.a75 1--
1 :000

.47e 1 .a77 1.028

.

10.000 60.00 a366 a50a. i .459 1 .29a a.io
20 .000

i.abl ab3. a
30.00 ao19 a344.7 .446

20.414 ;;:;;a 1.301 3.a5
aoio

1.389 278 .9
a340.5 .448 I .30a 3.30

40.000
1.39s a79 .6

1716 aaio.7 .436
40. ea7

x.31a 5.16
14.696

1.490 299.1
1706 2a07. i .436 1.313 5.23

60.000
1.493 299 .6

10.00 1557 2141.9 .4a9 1 .319 6.80 1.53Q 308.9

100.000 6.00 1374 ao64. A .419 I .3a9 9.66
300.000 a.oo

1.592 319.7
1040 19a7.6 .400 1.3s1 ao .76 1.683 337.8

-—--—
0.185
.;; ;

:812

37.3
119.1
141.5
163.9

i.a92
1 .3o2
1 .3o2
1.313
1 .313
1 .3ao

a.lo
3.a5
3.30
5.16
5.a3
6.ao

1 .330 9.66 1.S92
1 .351 20.74 1.68a

l.abl
1.389
1.393
1.490
1.493
1.539

10.000 60.00
ao .000 30.00
ao .414 ;:.; ;a
40.000
40. E27 14 :696
60.000 10.00

2334 a6a9.6
1992 a470.8
198a 2466.4
1693 233S.5
1684 a331.8
1536 a266.1

.469

.458

.450

.446

.445

.43a

a54 .4
a80.2
a80.9
300.5
301 .0
310.4

100.000 6 .00
300.000 a.oo

321 .1
339.3

——
37.4

119.4
141.9
164 .3

10.000 60.00 aa93 2756.4 .479 1 .293 2.10
ao .000

1.a61 a55. o
30.00 1955 as$s. a

ao .414
.467 1 .303 3.25

a9 .39a
1.389 28o.9

1946 a592.5 .467 1 .303 3.30
40.000 15.00 1661

1.393 281.6
a461. o .454 1 .314 5.15 1.490 301.2

40. sa7 14.696 1653 a457.3 .454 : .;:; 5.22 i. 49a 301 .8
60.000 10.00 1506 2391.3 .447 . 6.78 1.539 311.1

LOO.000 6 .00 13a8 231a.8 .436
Soo .000

1 .331 9.64 1.592 321 .9
2.00 1004 ai 74.5 .416 1 .353 20 .68 1.68a 340.1

r, 1.80; percent fm B1,23.63;O/F,3.232
2.531 1 .a72

I
---—— -_

.531 I .a73 2.446m ----—-
37.4

119.5
14a. o
164.4

——

.525 i .a76 I 1.030

.523 1 .a78 1.000

.5ao 1 .280 1.028

10.000 60.00
20.000 30.00
20.414 :: .:;2
40.000
40. ea7 14:696
60.000 10.00

alai 3008.7
1857 a849 .9
1848 2845.6
1574 2715.0
1567 2711.3
i4a6 a645.9

.4Q6

.484

.4.23

.470

.470

.462

1 .297
1 .30?
1 .308
1 .319
1.319
1 .3a7

2.09
3.a4
3.28
s.la
5.19
6.74

1.261
1.38?
i. 39a
1.489
1.491
1.537

a54.8
2f10.6
a81 .3
300.8
301.4
310.7

.451 1 .337 I 9.56 1.590

.431 1 .359 20.46 1.679
100 .000 6 .00
300 .000 a.oo

la56
946

i1568.1
a43i.4

3al.4
339.4
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TABLE IV. - Continued. THl,ORETICALROCIC?,TPERFORMANCEFOR PRESSURERATIOS FROM 1 TO 300

FORLIQUIDMETHANEWITHSEVERALFLUORINE-OXYGENMIXTURES

[Frozencompositionassumedduringi8entropicexpa?slonfrom
combustion-ohamberpressureof600lb/sqin.abe.]

(e)PercentfluorineInoxidantbyweight,70.37

Pre88ure Static Tempera- mt~lpy, ::~ific Isentroplo Area patio, ~fjt
ratio,
Po/P

pree.cure, atur~, exponent, c coeffl-
P, cai/g Cp:

&
7 oient,

lb/eqIn. cal CF
aba ~

Specific
Impulse,

I,
lb-seo

10.000 60.00 2456 2’496.3 .431 1.319
20.000 30.00 2073 2233.2
20.414

1 .329
;;.::2 2062 2228 .8 ;:::

40.000 1742
1 .329

2095.0 .410 ; ;.;:;
40.827 14:696 1733 2092.1 .410
60.000 10.00 1571 2025.9 .403 1:348

2.06 1.260 260.9
3.16 1.385 286.8
3.2o 1.388 287.5
4.97 1,482 307,0
5.04 1.485 307.5
6.51 1.529 316.7

00.000 6.00 1375 1947.6 .395 1 .358 9.19
ioo .000 2.00 1022

1.580 327.3
1811.4 .378 1.381 19,45 1.665 344.9m .

percentf
3299 .0
3281.7

el,18.2
0.469
.469
.464
.462
.460

.441
431
:430
.419
.419
.412

.404

.386

-------
38.8

124 .6
147.5
170.4

262.1
288,2
288,8
300.4
300.9
318.2

328.8
346.6

-------
0.186
.;; ;

:819

1.260
1.385
1 .388
1.482

.
3126:7
3049.0
2965.3

1.318 2.06
1 .32.9 3.17
1 .328 3.21
1.340 4.97
1.340 5.04
1 .347 6.52

10.000 60.00 2428
20.000 30.00 2051
2?0.414 29 .392 2040
40.000 15.00 1724
40.827 14.696 1715
60.000 10.00 1554

2509.5
2344.8
2340.3
2205.9
2202.2
2135.3

1.485
1.s30

00.000 6.00 1361
00 .000 2.00 1012

2056.2
1918.5

1,581
1,665

:; :.():

393:08
327 .57
262.05 T

r, 1.60;

T

4091
4055
3716
3564
3386 7-------0.186

.599
709

:nlg

-------
38.8

124.8
147.8
170.8

1 .(’)00
1 .040
1 .526
1.832
2.290

10.000
20.000
20.414
40.000
40.827
60.000

60.00
30.00
29 .392
15.00
14.696
10.00

2392
20Z0
2010
1698

2622.7
2457 .0
2452.5
2317.4

.451 1.317

.440 1.328

.439 1.328

.428 1 .340

.428 1.340

.421 “1.348

2.06
3.1?
3.21
4.97
5.04
6.52

1689
1531

2313:6
2246.4

WA .412 .1 .358 9.20 1.581 329.7
.394 1 .300 19.48 1.666 347.5A&l_1340

996
2166.9
2028.4

t
“;530.0
3513.4
3351 .4
3279.2
3194.9

--------
2.45B
1.029
1.000
1.028

10.000 60.00 2346
20.000 30.00 1981
20.414 20 .392 1971
40.000 15.00 1665
40. R27 14.696 1656
60.000 10.00 1501

00.000 6.00 1313
100.000 2.00 976

2735.9
2570.1
2565.6
2430.3d.459.448

.448

.436

.436

.429

.419

.402

1 .31U
1 .328
,1.329
1.341
1.341
,1.349

2.06
3.16
3.21
.97

:.042422:6
2359 .2 6.51

2279.7
2141.2 w1.359

1 .381
9.19

19.45
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TABLEIV. - Continued.THEORETICALROCXETPERFORMANCEFOR PRESSURERATIOSFROM 1 TO 300

FOR LIQUIDMETHANEWITHSEVERALFLUORINE-OXYGENMIXTURES

[Frozencompositionassumedduringiaentropicexpansioni?rom
combustion-chamberpressureof600 lb/aqin. ab8.]
(f)PercentfhzorlneIn oxidantby weight,78.08

w
r, 1.

TT1 .000 600.00 433s
1 .040 676.9Z 4a93
i.ssa 391.66 39aa
1.836 3a6.40 3767
a.ava a61.la 5S64

10.000 60.00 Z496
ao.000 30.00
=0.414

2099
:g.~ga aoen

40.00 176a
40.8a 14:696 174e
60.000 10.00 f.sal

100.000 6 .00 i379
Soo.000 S.oo 1019

r. 1.1m1 .000 600.00 4a9e
1 .040 576.9a 4as9
1 .53e s91.7a 3891
1 .038 3a6.43 37a8
a.a98 261.15 3S36

10.000 60.00 a477
ao.000 So.oo a0e3
ao.414 a9.39a ::::
40.000 16.00
40.ea7 td.6v6 173s
60.000 10.00 1569

100.000 6 .00 1369
Soo.000 a.oo 1011

r, 1.(

Tr
1.000 600.00 42a8
1 .040 576.9a ;;;;
1.830 39a.03
1 .837 3a6.69 5671
a.a96 a61.36 3403

10.000 60.00 a44s
20.000 So.oo aoss
20.414 aq .39a ao47
4a .000 ls .00 17a4
40.ea7 14.696 171s
60 .000 10.00 1s51
LOO.OO0 6.00 13s4
Soo .000 a.oo iooa

(s)Pal-o.!

1 .000 600,00
1 .040 5?6 .*a
1 .ss3 391.36
1 .640 3a6.lS
Z.300 a60.91
::.:::1:::::
aO:414 ao .39a
40 .000 16.00
40.8a7 14.696
60 .000 10.00
100.000 6 .00
300.000 a.oo

r, 1.,
4418
4s77
5995
36a6
3628
a537
a131
alao
17s3
1774
1603
1398
1031

r, 1.!

Tr1 .000 600.00 440a
1 .040 576.9a 436a
1 .3.33391.41 3961
i .040 3a6.t7 361S
a.3oo a60 .94 3616

io .000 433.:: asa9
:: .::: aia5

~~ :gga aii4
40:000 1778
40.8a7 14:696 1768
60.000 10.00 1598

[00 .000 6.00 1394
500 .000 a.oo 102s

r, 1.1m1.000 600.00 4ss.1
1 .040 S76 .9a ;;::
1.S3Z S91 .67
1 .a3a 3a6 .39 3773
a.a96 s61 .11 3s79

io .000 60.00 a507
ao .000 30.00 aloa
aO .414 ;::; ;a a097
40.000 1785
40.827 ~~.;~6 1755
60.000 . fsa7

[00.000 6.00 13e5
300 .000 a.oo foa3

mthy,

4L

:m-..=t
3s17.5
3a99.4
31a9.4
S054 .6
a967 .3

a49s.3
a3a5.4
a3ao. a
aiaa. s
a179. o
2.110.6

aoa9 .8
18.59.9
pm.sent
537a.4
3354.3
3184.0
3109.0
3021.5

as4B.3
as76 .0
a373.4
aa35. i
aa31. a
a16a.6

aOsl .7
1941.4
pemmt
s4a6.7
3408.8
3a40.7
3166.5
S079 .9

a610.7
a441.7
a437 .a
aa99 .6
aa95 .9
aea7 .7

a147.3
ao07 .7

?lucetae
wramt

3a3a.1
3a13.v
304s.1
a968 .n
aeeo.7

a408.6
aa3a .7
aa34. a
ao96.4
a09a.5
aoa4 .a

1943.7
1804.3
IX1.cent
3e6s .a
3a47. o
30?5 .9
3000.7
a9z3. o

:::; ~:

aa64 .7
ala6. s
aiaa .7
aos4.a
1973.4
1833.6
wmnt
3709.0
sa90.9
3ia~.3
3046.6
a959.4
a4aa.3
a32a.7
a3i4.a
a17s.4
ai7a.6
eio4.3
;:;:.;
-

F
,

&
.*1,17.!
O.460
.459
.4ss
.4s3
.4s0
.433
.4a3
.4az
.412
.411
.408

.396

.360
01,18.<
0.465
.464
.460
.458
.45s

.437

.4a7

.4a7

.416

.41s

.409

.400
3s4-

el,18.,
0.470
.470
.46S
.463
.460
.442
.431
,43i
.4s!0
.41?0
.413
.404
.387
Oxidad
el,16.1
0 .4S0
.449
.445
.443
.441
.4a3
.414
::;;
.403
.397
.3s8
,37a

●1,16.f
O .463
.45a
.440
.446
.444
.4a6
.416
.416
.406
.40s
.399
.391

J?.Z2
s1,172
1.4s7
.457
;45a
.450
.44a
.430
.4ao
.4ao
.409
.409
.40a
.394
.37s

:Oamtrclplo
K@2LwIt,

‘7

0/9,U.e
1 .303
1.303
1 .307
1.309
1.311

I .3aa
1 .339
1 .3?.9
1 .361
1.361
1 .359

i .369
1 .39s
0/9,6.s
1.303
1 .303
i .307
1 .309
i .3L1

I .laa
1 ..!39
1.339
1.351
1 .3s1
L.3S9

L.36a
f .39a
0/3,4.4
i .300
1 .30L
1 .304
1 .3o6
1 .3o6

1 .3a6
L .336
1 .337
1.349
1 .349
3..357

1 .367
1 .309

y Wolght,
=m’Y=
1.30s
1 .S06
1.310
1 .311
1 .314

: :;:;

1 .341
1 .353
i .3s3
1 .361

1 .371
1 .394
o/’l.4.m
1 .30s
1 .305
1 .309
1 .311
1 .313

1 .330
1 .341
1 -341
1 .353
1 .3s3
1 .36L

1 .371
1 .394
TzT7

——---- —— ------
a.465 0.PB7 39.7
z.oa9 .6na ia7.9
1.000 71a i51. a
i .oa7 :eaa 174 .6
a.04 t.as9 a67. s
3.13 i.3a3 a91.6
3.L7 1.367 a94. s
4.90 1.479 314. a
4.97 1.4 aa 314.7
6.41 I.sab 3a4 .I

9.oa 1.b76 334.7
16.9a 1.659 35a.4

Rmlm
a.04 i.as9 a67 .e
3.13 1.3.53 a94 .a
3.17 1.367 a94 .e
4.90 L. 479 314.6
4.97 1.4sa 315 .1
6.41 i.5ab 3a4 .b

9.oa 1.576 335.1
ie.99 1.659 3sa.9

-
a.05 i.as9 a66 .S
3.14 t.3a4 aqa.s
3.La 1.387 a93.4
4.9e i.4e0 31s.2
4.95 1.4s3 313.7
6.43 1.s27 3a3 .0
9.06 1.677 333.7
19.09 1.661 351.4

—--— —--—
a.467 0.187
L.oaa
1.000 :$::
L.oa7 .aas
a.04 1.a59
3.la L.3e3
3.16 t.3e6
4.es L.479
4.95 z.4ex
6.39 L.5as

-

39.7
ia8 .8
L51 .s
174 .9

a67.7
a94 .0
a94 .7
314 .4
314.9
3a4 .a
334 .e
35a. s

Tr
—------———;.;::o.le7 39. e

.6o3 la8.3
1:000
f.oa7 :;:: ;?::;
a.04 1.as9 abe.o
3.za 1.383 &94.4
3.16 L.38b a9s.0
4.s9 1.479 3i4.e
4.9s 1.481 315.3
6..39 1.5as 3a4.6
a.99 1.575 335-3

ie .90 L.6se 3ba.9

T?—.—-——
a.46s o.ie7 39.6
i.oaa
1.000 :::: ;:::?
i.0a7 .eaa 174.4
n.04 i.as9 a67.a

1 :339 3.15 1.383 a93.s
1 .339 3.17 1.3a7 a94.a
1.351 4.90 1.479 313.9
1 .3s3. 4.97
1.359

f.48a 3L4.4
6.41 L.5a6 3a3.e

1 .369 9.0a L. 576 334 .4
z .39a Le .99 1.659 35a. i
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TABLEIV. - Continued.THEORETICALROCKETPERFORMANCEFOR PRESSURERATIOSFROM 1 TO 300

FOR LIQUIDMETHANEWITHSEVERALFLUORINE-OXYGENMIXTURE9

[FrozencompositionassumedduringIaentroplcexp?naionf’rom
combustion-chamberpressureof 600 lb/sqin. abs.]

(h)Percentfluorinein oxidantbywelght, 80.15

Prc*m’draStatio TeMgera- mty9Y, amlrio Inmtr ia Area ratio, Thmlmt
W.tya , -T> heat, %’ ●

899cfcie
●qOn*n , OOerrl-iy.e,

“V C&s % Y
lb/~s&fn. Oi am

TEXT ‘i;~t’ +

r, 1.481*raentnial,18.40;C@, 5.028
1 .000 600.00 4440 S207 .? 0.447 $ .S06 .-—----- -— --- ------
1 .040 676 .9a 4399 31e9. s .446 1 .s0? 2.467 0.167 >9.7
1 .5S4 391 .as ::~: >018 .6 .442 1.310 i.oaa 60s iaa. >
1 .840 386 .05 894S.6 .440 i .sia 1.000 :713 1S1 .6
a.3oo 060.84 >646 aa66.a .438 1.314 1.027 .6f43174.9

10.000 60.00 as47 2384.3 .4al 1.33* e.04
ao .000 30.00 ai39 a214 .6

i.a59 2!67.7
.411 2 .34a 3.1s

ao.424 :: :~ga ata8 8210.1 ,411
1.383 294 .0

: .;:: 3.16
40.000 1789 ao7a.4

1.>86 a94.6
.401 4.aa 1.479 314.3

40.6a7 14.696 i7ao a068.6 .400 1 :364 4.94 1.481 314.6
60 .000 10.00 1600 aooo.4 ,594 i .3ba 6.3a l.bSS 304.1

100.000 6.00 i40a 19S0.0 .3a6 i .37a 8.97
300.000 8.00 1U34

1.57s 334.7
1700.9 .370 1 .395 la.as 1.6s6 ssa.4

r,1.46;pm.amtllml,16.5SjLy9,6.02s
1 .000 600.00 4431 ;:;; :: 0.449 1.306 ------..-.-..—- -----
1 .040 S76 .9a 4390 .44s 1 .3o6 a. 467 0.187 39.8
1 .533 391ma9 4007 3040.4 .444 1.310 i.o aa 603 1e6 .4
1 .040 3a6 .08 s1537 a96s.3 .44a i.3ia 1 .000 :713 ls 1.?
a .300 a60 .86 363a ae77 .6 ,440 1.314 1 .027 .Bas 175.1

*:.::: 60.00 a543 2404 .7 .480 1 .s31 a.04 1.as9 Z67 .9
30.00 al 36 aa 34.7 .413

a9;4t4 ;: :g:a
i .341 3.1 Z

alas aa 30.1 .4%3
l.sa> a94 .3

i.34a 3.16 1.3a6 994 .9
40.000 1706 ao98.1 .402 1 .3s4 4.88 1.479 314.6
40.8a7 14.696 1777 S-08S.3 .402 1 .354 4.95
60.000 10.00 1606

1.461 316. a
ao 19.9 .396 i .3+1 6.38 l.s.a5 3a4. s

100.000 6 .00 1400 1939.3 .366 L.37a 8.90
300.000 a.oo 1033

1.675 33b. i
1799 .0 .37a 1 .s94 18.87 1.6S8 35a .7

r, 1.WJ vercimttruel, la.77JOp, 4.982
1 .000 600.00 440a ::;;:: 0.451 3 5 ——-. ----— —---
1 .040 576 .9a 4360 .450 ; :3:s 0.466 0.187 39.7
1 .633 391.40 3907 S06S.0 .446 $ .309 l.oaa 603 iae .a
1 .840 3a6 .1? .3s19 a98a .1 .444 1.s11
8..a99 a60 .94

1.000 :713 lbl .5
36al Z900.7 .442 i.3r3 i.oa7 .e#2 174 .8

:: .::0 60.00 Zfs>s a42a.6 .4a4 i.330
So. oo

4! .04
azae

i.as9 a67 .6
ease .0 .41s 1.341

ao14i4 a9 .39a
3.18 i.3a3 a93.9

aii7
40.000 ls .00 i7a0 y:;:; ‘ :;~; i:::: ::;; ::::: ;!::$
40. na7 14 .696 1771 ; ;;:: :,;; 1.481 S14. S
60 .000 10.00 1600 ito44.3 .Y9e 1.ba5 3a4. t

100.000 6.00 1396 1963. a .3a9 1.371 8.99 1.575 374a
100 .000 a.oo 1030 3Ba4.3 .s7> i .394 10.91 1.656 15e.4

[i)Pmcent fluorinoin02i6sIItbrwemht..al.4a

100.000 6.00
SOo .000 a.oo

8570 aa95.3
azs7 ala7.a
a14s asaa.7
1809 1990.1
1800 19L!6.3
i6aa 1917.6

r, 1.4m
100.00 6 .00 1410
500.oOO S.oo lu3a

r, 1.4

TT1.00 :3: m: 4476
1 .04 4435
1 .534 391.06 404.5
i.841 3as.aa sa73
a.3oi a60.7i 367a

10.00 60,00 8663
80 .000 30.00 alsl
aO.414 ~;.::a *140
40.00 i79a
40.aa7 14:696 17a0
60 .000 10.00 161S
LOO.000 6.00 1408
500.000 a.oo 1037

; rf--mnt
;::;::

a946.6
8871.6
a-7a4.6

a316 ,0
Bi46.3
a141.7
aoo5.o
aool .a
1933.5

10s3 .7
1715.a
,pmwmt
3157.7
3139.6
:3:; j
a807 .3
2337 .8
a169.o
a164 .5
aoa7.7
aoa3.9
19S6.1
1876.3
1738.a

lml,1s.4530/3,S.471
O::;: i .3n9 ------- -— -- —--—

.431 1 :~:? l.oaa :::: &:;
a. 469 o,.ia7

.4a9 1 .s15 1.000

.4a7 i .52.7 1.0Z7 .aa4 174 .b

,410
.401
.401
.39a
.391
.365

.377 1.S76 a.96

.36a
1.573 333.3

i .397 16.99 1 .6s6 330a
DI,m.a43 op.6.:m
.41a i .334
.403 1 .344
.403 i .344
.393 1 .3S6
.393 ; :;::
.3s7

.379 1 .376
S63 1 .s97

*1,15.85)Op, 5.!

+

0.440 i .Sf?a
.440 1 .308
.43s 1 .Sla

::;; 4::;:

.414 i .333

.40s 1 .343.405 1 .344

.396 1 .365
:;;; 1 .356

1 .363

a.93 1.574 334 .0
18.?6 1.6s6 3s1 .5

-. ......
a.46
i.oa
1.00
L.oa

8.04
3 11
S lb

a7
93
36

9s
ao
—

------- --—----
0.1s7 39.7

604 lae.1
;714 lbl.4
.Sas 174 .6

1.a59 a6?,l
i 383 a93.3
1 3a6 a94 .0
I 47a 313.6
1 4al 314.1
1 aa4 3a13.s

.

1?

.

.-
.;

. .

.

w
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TA8LEIV.- Concluded.TFUZORETICALROCKETPERFOR14&NCEFOR-URE RATIOS

FORLIQUIDMETHANEWITHSEVERALFLUORINE-0XW3ENMIXTURES

[Frozencompositionae=umedduringisentroploexpgnalonfran
combuatlon-chamberpressureof600lb/sqin.abe.1
(J)percentfluorineinoxidantbyweight,82.61

PressureI Static
ratio, pressure,
Pc/P P,

lblsq in.
abs

Tempera-
ture,

T,
OK

25

FROM1 TO 3CNI

Enthalpy,

c Iail%!=SpeclflcIsentropicArearatio,Thrust
h, heat, exponent,
cal/z cm, Y,- .P

7%%rr I I q?- I lb
lb-see

r. 1.30:uercent fuel. 14.53:O/F.5.882
1.000 600.00
1 .040 576.9a
1.537 390.44
1 .044 325.37
2.305 260.29

10.000 60.00
20.000 30.00
20,414 29.392
40.000 15.00
40.827 14.696
60.000 10.00

00.000 6.00
ioo.000 2.00

1 .000600.00
1 .040 576.92
1.536 390.57
1 .843 325.47
2.304 260.38

10.000 60.00
20.000 30.00
20.414 ;3.::2
40.000
40.827 14:696
60,000 10.00

:00.000 6.00
500.000 2.00

71 .000
1 .040
1.534
1 .841
2.30i

600.00
;;: .;:

325:97
260.77

10.000 60.00
20.000 30.00
20.414 29.392
40.000 i5.oo
40.027 14.696
60.000 10.00

100.000 6.00
300.000 2.00

1 .000600.00
1.040 576.92
1.530 392.08
1 .836 326 .74
2.295 261.39

10.000 60.00
20.000 30.00
20.414 29 .392
40.000 15.00
40.827 14.6Q6
60.000 10.00

100.OOC 6.00
300.00C 2.00

4527 3019.9 0.425 1.312 ----------------
4485 3002.0

--------
.425 ; .:;; 2.471 0.187 39.4

4085 2832.9 .420 1.028
3910

606 127.5
2759.2 .419 1:319 1.000 :715 150.6

3704 2673.4 .416 1.321 L. 027 .824 173.6

2576
2158
a147
1800
1791
1616

azla. o .400 1 .330 a.03 1.a59 265.1
ao 46.5 .392 1 .348 3.10 1.382 291 .0
2042.0 .391 1 .348 3.14 1.385 291.7
1908.1 .362 1 .360 4.84 1.477 311.0
1904.4 .381 1 .361 4.90 1.479 311 .5
1038.1 .376 1.36S 6.31 i.5a3 320.7

1406 1760.2 .368 1.379 8.87 1.572 331.1
1033 1625.6 .353 1.401 18.58 1.654 348.3
r, 1.333:uercentfuel.14.85:O/F.5.735
45a8
4486
4087
3911
3706

2579
a162
2150
1804
1794
1620

1410
1036

. .
3057. a o;4a9 - 1.311 --------- ------- --------
3039.2 .428 1.312 a. 470 0.187 39.6
Z869.2 .424 1 .316 1.oa8 ..605 127.9
2795 .0 .422 1 .318 1.000 .715 151.0
27’08.6 .420 1 .320 1.027 .824 174 .a

2243,8 .404 1.337 2.03 1.259 266.0
2077.0 .395 1 .347 3.10 1.382 29a. o
2072.5 .395 1.347 3.14
1937.5

1.305 292.7
.305 1 .359 4.84 1.477 312.1

1933.8 .385 1 .360 4.91 1.480 312.7
1867.0 .379 1 .367 6.32 1.523 3al .8

1788 .3 .371 1.378 8.89 I1.572 332.3
165Z.6 .356 1 .400 18.63 1.654 349.6

r. 1.40: nercentfuel.15.4S:Ofl.5.462
4480 3131.0 0.436 1 .307 ------------------------
4438 3113.1 .436 f .307 a. 467 0.187 39.5
4049 2944.3 .431 1.311 %.028 604 127.4
3877 ;:: :.: .430 1..313 1.000 :713 150.6
3676 . .427 1.315 1.027 .823 173.7

2567 2318.9 .411 1 .332 2.04 1.259 Z65.8
a156 2151.6 .402 1.342 3.12 1.383 291.9
2144 2147.1 .401 1 .343 3.16 1.386 292.6
180a 2011.5 .391 1 .354 4.87 1.478 312.1
1793 aoo 7.7 .391 1 .355 4.94 1.481 312,6
1620 1940.5 .365 1.362 6.37 1.525 3al.9

1412 1861.3 .377 1 .373 8.96
1041 1724.3

1.574 332.4
.36a 1.395 18.03 1.657 349.9

r, 1.50;percentfuel,16.40;O/F,5.098
4395 3239. ? 0.448 1 .300 ----------------------—.
4356 3a 21.9 ,448 ; .;;: 2.463 -0.187 39.3
398a 3055.7 .443 1.029
3816

601 la6 .5
2982.2 .441 1 ;306

36a!2
1.000 :711 149.7

2896.5 .439 1 .308 1.027 .821 17a.8

2543 243a. o .4al 1 .325 2.05 1.a59 a65.1
a142 Z264.6 .41a 1 .335 3.14 1.384 291.3
a131 2260.1 .41a 1.335 3.18
1796 2124.0

1.387 a91.9
.401 1..347 4.92 1.480 311 .6

1786 2120.2 .401 1 .347 4 .99 1.483 3~a.1
1616 2052.5 .395 1 .354 6.44 1.527 3al .4

1412 1972.7 .387 1 .365 9.o8 1.57 33a. o
11.)46 1833.1 .371 1 .387 19.16 1.66 349.7
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TABLEVI. - THEORETICALROCKETPERFORMANCEFOR EXPANSIONTO EXIT

PRESSUREOF 1 ATMOSPHEREFOR LIQUIDNETHANEWITHSEVERAL

MIXTURESOF FLUORINEAND OXYGEN

E4Jt& Fuel, Oxidant- Combua- Exit Oharac- Area Thrust
percentto-fuel tlon ~emper-terietlc ratio,coeffl-

ratlo, clent,

&&+% ‘:i*t ‘:%; T- ats: ‘:2;:’ ‘ CF

I Percentfluorinein oxidant.O (100Dercentoxvuen)

I Percentfluorlnein oxidant
J-15700 5.91
5959 5.84
5998 5.80
6011 5.75
5996 5.68
5901 5.54
by wekht. 19.19

1.520
1.517
1.516
1.514
1.511
1.505

I

Specifi
impulse

I,
lb-see
lb

269.3
281.0
282.6
282.8
281.6
276.1

.- .
1.20 21.1o 3.740 3622 1777 6036
1.40 23.78

5.66 1.510
3.206

283.3
3536 1718 6145 5.63 1.509 288.1

1.50 25.05 2.992 3460 1667 6169 5.59 1.507 289.0
1.60 26.28 2.805 3362 1604 6172 5-.55 1.506
1.80 28.62

288.8
2.493 3119 1450 6118 5.46 1.502 285.6

Percentfluorinefn oxidantby weight,37.25
1.30 20.35 3.913 3753 1735 6248 5.44 1.501 291.5
1.50 22.77 3.391 3650 1678 6324 5.42 1.500 294.9
1.60 23.93 3.179 3572 1633 6336 5.40 1.499 295.3
1.70 25.05 2.992 3479 1579 6333 5.37 1.498 294.9
1.90 27.19 2.677 3258 1452 6282 5.30 1.496 292.0

PercentfluorlneIn oxidantby weight, 54.29
1.30 18.26 4.475 3957 1723 6416 5.23
1.40

1.492 297.6
19.40 4.156 3917 1708 6459 5.23

1.50
1.493

2Q.50
299.6

3.879 3864 1684 6489 5.23 1.493” 301.0
1.60 21.57 3.636 3798 1653 6506 5.22
1.80

1.492
23.63 3.232 3628

301.8
1567 6503 5.19 1.491 301.4

Percentfluorinein oxidantby weight,70.37
1.40 17,22 4.809 4209 17’33 6664 5.04
1.50

1.485
18.22

307.5
4.488 4157 1715 6694 5.04

1.60 19.20
1.485 308.9

4.208 4091 1689 6711 5.04
1.70 20.16 3.960

1.485
4o14

309.8
1656 6717 5.04 1.485 310.0

Percentflu orlne In oxidantby weight, 78.08
1.55 17.55 4.697 4333 1748 6833 4.97
1.60 18.02

1.482 314.7
4.551 4298 1735 6841 4.97

1.65 18.48
1.482 315.1

4.413 4228 1715 6807 4.98 1.483 313.7
PercentfluorineIn oxidantby weight,79.67

1.48 16.66 5.003 4418 1774 6840 4.95
1.51

1.481
16.94

314.9
4.904 4402 1768 6848 4.95

1.55
1.481 315.3

17.31 4.777 4351 1755 6827 4.97 1.482 314.4

Percentfluorlnein oxidantby weight,80.15

1.46 16.40 5.098 4440 1780 6839 4.94 1.481
1.48 16.59 5.029 4431 1777

314.8
6846 4.95 1.481

1.50 16.77 4,962 4408 1771
315.2

6838 4.95 1.481 314.8
PercentfluorfneIn oxidantby weight, 81.46

1.38 15.45 5.471 4498 1803 6817 4.96 1.479
1.40 15.64

313.5
5.393 4493 1792 6828 4.93

1.42
1.480

15.83 5.317 4476 1788
314.2

6825 4.93 1.481 314.1

PercentfluorineIn oxidantby weight,82.61

1.30 14.53 5.882 4527 1791
1.333

6776 4.90 1.479
14.85

311.5
5.735 4528 1794 6799 4.91 1.480

1.40 15.48 5.462 4480 1793
312.7

6793 4.94
1.50 16.40

1.481 312.6
5.098 4395 1786 6772 4.99 1.483 312.1
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Figure1.-Theoreticalspecificimpulseofliquidmethanewithseveral
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Figure 1. - Continued. Theoretical epeciflc Impulse of Hquld methane with several
l’luorlne-oxygenmixtures. Frozen compoeltion duringIaentroplcexpansionfrom
combustion-chamberpressureof 600 poundeper squareInchabsoluteto pressure
ratiolndlcated.
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Figure 1. - Continued.Theoreticalspeuif’icImpuleeof liquidmethanewithseveral
fluorine-oxygenmixtures.FrozencompositionduringLeentropicexpansionf’rom
oombustlon-ohemberpressureof 600pcundspersquareInohabsoluteto pressure
ratioIndicated.
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Figure1. - Continued. Theoretical Bpeolfic impulse of llquld methane
with severalfluorine-oxygen mixtures.Frozencomposition during
Lsentropic expenslon fromcombustion-chamberpressureof 6CUYpounds
per squareinchabsoluteto pressureratioindicated.
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Figure2. - Theoreticalcombustion-chambertemperatureand nozzle-exittem-
peraturefor liquidmethaneand severalfluorine-oxygenmixtures. Frozen
co~osition duringisentropicexpansionfrom combustion-chamberpressure
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