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SUMWRY

C!014WSITION

Theoretical rocket performance for equilibrium composition during
expansion was calculated for JT-4 fuel with several fluorine-oxygenmix-
tures for a range of pressure ratios and oxidant-fuel ratios. The pa-
rameters included are specific impulse, combustion-chamber temperature,
nozzle-exit temperature, molecular weight, characteristic velocity, coef-
ficient of thrust, ratio of nozzle-exit area to throat area, specific
heat at constant pressure, isentropic exponent, viscosity, themal con-
ductivity, and equilibrium gas compositions. A correlation is given for
the effect of chsmber pressure on several of the parameters.

The maximum value of specific impulse for a chamber pressure of 6N
pounds per square inch absolute (40.827 atm) and an exit pressure of 1
atmosphere is 325.7 for 70.37 percent fluorine in the oxidant as ccmpared
with 284.9 and 305.1 for 100 percent o~gen and 100 percent fluorine,
respectively.

II$IRODUCTION

Mixtures of liquid fluorine and liquid o~gen as oxidants with
hydrocarbons as fuel have been considered in recent years for possible
high-ener~ rocket propellants. I&chu?es of fluorine and oxygen exist
that give higher performance with hydrocarbons then either 100 percent
oxygen or fluorine because fluorine burns preferentially with hydrogen,
and oxygen with carbon.

Theoretical calculations (ref. 1) show that maximum specific impulse
can be obtained when the oxidant contains about 70 percent fluorine.
Oftenj however, theoretical performance data are needed for comparison
with experimental data obtained for various percentages of fluorine in
the oxidant. Calculations were therefore made at the NACA Lewis labora-
tory during 1955 and 1956 in order to provide performance data for O to
100 percent fluorine in the oxidant. Performance data based on frozen
composition during expansion are given in reference 2.
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SYMBOLS

The following symbols are used in this report:

N&2A RM E57K22

+

v

nozzle area, sq in.

local velocity

coefficient of

molar specific

of sound (velocity of flow at throat), ft/sec

tilrust,(+ = gcI/c*= F/P&

heat at constant pressure, cal/(mole)(°K)

specific heat at constant pressure, ()g ~, cal/(g)(°K)

characteristic velocity,

thrust, lb

gravitational conversion

sum of sensible ertthalpy
cal/mole

sm_of sensible enthalpy

fac~o., .2..’74~ %;~e)(fi)

and chemical energy at temperature T,

and chemical energy per untt mass,

—

specific @pulse, (lb force}(sec)/lbmass

coefficient of thermal conductivity, cal/(sec)(cm)(°K)

2 ‘i%.
molecular weight, 1

1
- Xk ~ g/g-mole or lb/lb-mole

alnc*
characteristic velocity exponent, ~ -

specific-impulse exponent for fixed pressure

temperature exponent for fixed pressure ratio,
(%%)pc/p

area-ratio exponent for fixed pressime ratto,
(*)p ,,

c
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*

o/F

d
P

P

R

r

E

P

oxidant-fuel weight ratio

static pressure (sum of psrtial pressures), lb/sq in.

partial pressure, lb/sq in.

universal gas constant (consistentunits)

equivalence ratio, ratio of four times the number of carbon atoms
plus the number of hydrogen atoms to two times the number of

oxygen atoms plus the number of fluorine atoms,
W+%

entropy at a pressure of 1 atmosphere, cal/(mole)(°K)

entropy per unit mass, ~’1
~dm

temperature, ‘K

mass-flow rate, lb/see

mole fraction

~sentropi. exponent, (~)
s

ratio of nozzle area to throat area

absolute viscosity, g/(cm)(sec) or poises

density, lb/cu in.

Subscripts:

c combustion chamber

e nozzle exit

cal/(g)(°K)

i product of combustion including both gaseous and solid phases

J gaseous product of combustion

k solid product of combustion (graphite)

P constant pressure
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PJP constant pressure ratio

s constant entropy

t nozzle throat

Superscript:

o thermodynamic standard reference stite

N4CA RM E571C22
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CALCUMTION OF PEWORMANCE DATA

Performance data were obtained for JP-4 fuel with several fluorine-
oxygen mixtures for a range of equivalence ratios and pressure ratios.
Equilibrium composition during expansion frcm a chamber pressure of 600
pounds per square inch absolute was assumed.

The computations were carried out by the method described in refer-
ence 3 with modifications to adapt it for use with an IEM card-programmed
electronic calculator. The machine was operated with floating-decimal- W

point notation and eight significant figures. The successive approxbna-
tion process used in the calculations was continued until seven-figure
accuracy was reached in the desired values of the assigned parameters *
(mass balance snd pressure or entropy).

Assumptions

The calculations were based on the following usual assumptions:
perfect gas law, adiabatic combustion at constant pressure, isentropic
expansion, no friction; homogeneous mixing, and one-dimensional flow.
The products of combustion were assumed to be graphite and the following
ideal gases: atomic carbon C, carbon monofluoride Cl?,carbon difluorfde
CF2, carbon trifluoride CF3, carbon tetrafluoride CF4, difluoroacetylene

C2F2, methsne CH4, carbon monoxide CO, carbon dioxide C02, atomic fluo-
rine F, fluorine F2, atomic hydrogen H, hydrogen H2, hydrogen fluoride HI?,

water H20, atcmic oxygen O, oxygen 02, and-the hydrowl radical OH. %e
combustion products are assumed to be completely expanded within the exit
nozzle; that is, ambient pressure equals exit pressure. -.

.

—

The graphite was assmned to be finely divided and in temperature and
velocity equilibrium with the gases during the flow process.

.
—

u
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~itial Data

Thermodynamic data. - The thermodynamic
products except graphite, methane, the fluorocarbons, and water were

5

data for all combustion

taken from reference 3. Mta for graphite were taken from reference 4,
for carbon monofluoride frcm reference 5, for the remainder of the
fluorocarbons frcm reference 6, and for water flrcmreference 7. Data
for methane were determined by the rigid-rotator - harmonic-oscimtor
approximation using spectroscopic data fram reference 8. The base used
in this report for assigning absolute values to enthalpy is the ssme as
in reference 3.

The dissociation energy of fluorine was assumed to be 35.6 kilo-
calories per mole and the heat of summation of graphtte at 296.16° K
was assmned to be 171.698 kilocalories per mole (ref. 9). The heat of
solution of oxygen and fluorine was assumed to be zero.

Physical and thermochemical data. - The properties of the fuel used
h these calculations are typical of the JT-4 fuel de~vered to the Lewis
laboratory over a period of-~ years. The JP-4 fuel was assmed to @ve a
hydrogen-to-carbon weight ratio of 0.163 (atcm ratio, 1.942), a lower
heat of combustion value of 18,640 Btuper pound, and a specific gravity
of 0.769. Additional properties of Jet fuels may be found in reference
10. Several properties of the oxidants taken from references 3, 9, IL,
and 12 are listed in table I.

Viscosity data. - The viscosity data for the individual combustion
products were either taken frcm the literature when available or esti-
mated. The viscosities of F, II,H2, snd HI?are given in reference 13.
The viscosities of the remaining stistaaces except H20 were calculated
using similar techniques. The viscosity of H20 was obtained from a modi-
fied Sutherland equation (ref. 14).

Interpolation formulas
reference 15. The formulas
parameters are as folJows:

Formulas

and accuracy of results are discussed in
used in ccmputing the various perfo~ce

Specific impulse, (lb force)(sec)/lb

I = 294.98

mass

Thc - he

lcxlo
(1)

.-.



6

Throat area per unit mass flow rate, (sq

A+, 2781.6

NACA RM E57K22

in.)(sec]/lb

Tt
J=
w P@4ta

Characteristic velocity, fi/sec

()

At
C* = gcPc ~ = 32.174

Coefficient of thrust

gcI-. 32.174

Nozzle areaper unit mass-flow rate, (sqin.)(sec)/lb

Ratio of

Specific

A 86.455 T-=
w

nozzle area to throat area

+

Aw
‘“Atw

heat at constant pressure, cal/(g)(°K)

where C: is given by equation (37) of reference

Isentropic exponent

Absolute viscosity, poise

3.

(2)

..—

(3) $
P

—

(4)

(5)

.

(6) .

(7]

(8)

—

—

(9)

.



7

.

.

.

NMA RM E57K22

Coefficient of thermal conductivity, cal/(sec)(cm)(oK)

,=,(% +::) (lo)

T3EOREI’ICA.LFEWQWANCE DATA

EL%bles

The calculated values of the various perfomnance parsneters for a
combustion pressure of 600 pounds per square inch absolute and for a
range of oxidant-fuel ratios and exit conditions are given in tables 11
to V for a range of fluorine-oxygen ratios.

The properties of gases in the ccmnbustionchamber and the character-
istic velocity are given in table II. Kble III presents the values of
the performance parameters at assigned temperatures and constant entropy.
These values were computed directly and used to interpolate properties at
assigned pressure ratios (1 to 8, 1 to 1000, 1 to 1500, or 10 to 1500)
given in tables IV and V. Properties at the throat may be found where
E = 1.000. The values adjacent to the threat correspond to pressures of
1.2 and 0.8 times the throat pressure. Table VI presents the equilibria
composition in the ccnnbustionchamber. Performance data for expansion
from chaniberpressure to 1 atmosphere are summrized in table VII.

Curves

The performance parameters are plotted in figures 1 to 6.

C!urvesof specific impulse are presented in figure 1 for assigned
pressure ratios as functions of percent by weight of fuel.

Combustion-chamber temperature and exit temperature for assigned
pressure ratios are plotted in figure 2 as functions of percent by weight
of fuel.

Curves of the ratio
figure 3 as functions of
ratios.

of nozzle area to throat area
percent by weight of fuel for

are plotted in
assigned pressure

Figure 4 gives the curves for coefficient of
pressure ratios as functions of percent by weight

Curves of molecular weight in the combustion
pressure ratios as functions of percent by weight
in figure 5.

thrust for assigned—
of fuel.

chamber at assigned
of fuel are presented
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l?i~e 6 shows the curves of
of percent by weight of fuel.

characteristic

NACA RM E57K22

velocity as functions
.

Effect of fluorine-oxygen ratio. - The specific-impulsedata for ex-
pansion from chsmber pressure to 1 atmosphere (table VII) are plotted in
figure 7 to show the effect of fluorine-oxygen ratio on performance.
Specific impulse increases with increasing percentages of fluorine to
about 70 percent fluorine in the oxidant. Increasing the amount of flwo- . .

Erine in the oxidant from about 70 to 100 percent results in a decrease in
—

P
specific impulse.

Maximum values of specific impulse calc~ted for a.ch~ber pressure
of 600 pounds per-square inch absolute.(40.827 atm) and an exit pressure
of 1 atmosphere are shown in the following table:

—

Fluorine in 1~
oxidant, specific

percent by impulse,
weight lb-see

lb

o 284.9
15 292.1
30 299.9
50 311:7
70.37 325.7

The data of the preceding table are plotted in figure 8. The break
in the curve is based on similar data shown in figure 1 of reference 1.
The curves of characteristic velocity are very similar to those of spe-
cific impulse (fig. 6).

Effect of assuming equilibrium or frozen composition during expan-
sion. - The curve of specific impulse assuming tiozen composition during
=nsion (fig. 8, ref. 2) is plotted in figure 8 for comparison with
the curve for equilibrium specific @@-6e. The ms.x- v~ue of sPe- ‘- _
cific impulse for a chauiberpressure of 6~>ounds per sqmre inch ab-
solute (40.827 atm] aud an exit pressure of 1 atmosphere occurs at about
70 percent fluorine fluorine in the oxidant and is 325.7 and 301.1 for
equilibrium and frozen composition, respectively.

Effect of solid graphite. - The appearance of solid graphite as a
combustion product affected the values of the thermodynamic parameters

.
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and resulted in the break in the performance data for 70.37 and 100 per-

il cent fluorine in the oxidant. The appearance of graphite occurred at
about 22 percent fuel in the propellant for the 70.37-percent fluorine
curves and at about 18.5 percent fuel in the propellant for the 100-
percent-fluorine curves.

Chamber-pressure effect. - The use of the chamber pressure exponents
(nI~ ~> ‘~, and ~*) to obtain performsmce data for chamber pressures

other than 600 pounds per square inch absolute is explained in reference
15.

Effect of finite chsmber area. - The use of a combustion chamber of
finite cross-sectional area leads to a pressure change across the can-
bustion process. Reference 15 illustrates how the data for low pressure
ratios (tables IV smd V) may be used to calculate the pressure at the in-

3 jector face.

4
SUMMARY OFRESUUl?S

.
A theoretical investigation of the performance of JP-4 fuel with

fl.uorine-o~genmixlmres was made for fluorine in oxidant by weight from
. 0 to 100 percent for various equivalence ratios, pressure ratios from 1

to 1000 (or 1 to 15CK)),and equilibrimn composition during expansion from
chamber pressure of 600 pounds per square inch absolute. The maximum
values of specific impulse calculated for a chamber pressure of 600 pounds
per square inch absolute (40.827 ah) and an exit pressure of 1 atmosphere
ranged frcm 284.9 to 325.7 for Onto 70.37 percent fluorine in the oxidant
and from 325.7 to 305.1 for 70.37 to 100 percent fluorine in the otidant.

Lewis Flight Propulsion Laboratory
National Advisory C!cmnnitteefor Aeronautics

Cleveland, Ohio, November 25, 1957
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TABLE I. - PROPER- OF LIQUID OXIDANTS

Property &gm, o~ Fluorine, F:

Molecular weight, M 32.00 38.00
Density, g/cc al.1415 blo~
IYeezing point, ‘C C-218.76 C-217.96
Boiling point, ‘C C-182.97 C-187.92
Enthalpy reqtired to convert
liquid at boiling point to
gas at 25° C, kcal/mole ‘3.080 ‘3.030

Eathalpy of vaporization,
kcal/mole c~el.630 c~fl.51

Etlthalpyof fusion,
kcal/mole c~go.lo6 c~%.372

~At -182.0” Cj ref. 11.

bAt -196° C; ref. 12.

cRef. 9.

‘Ref. 3.

‘At -182.97° C.

‘At -187.920 C.

‘At -218.76° C.

‘At -217.96° C.

.,.._

-.
-1

.
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TABL6 II. - THERMODYNAMIC PROPSRTIE9 ~ ~=TIoN CH~ ~ C~~~IC mmy FOR JP-4 PUFLL

WITH SEV2RAL PLuoFulm-oxY&zN Nm’PomS

[C.mbustion-chamber pressume, 600 lb/sq in. abs.1

qulva- Puel, Oxidant Temper- Temper- MOleO- Enylpy, Sntrc.py,Specific Isen- Charac- Charac-
ence percent to fuel ature, ature s, heat,
atlo, by

trODla termtlc teristlc
weight T, q

weight ratio, \s)t”K) &

w ‘p ‘ -Iml[a;l l—
“W I ‘%) 1-%”1 ‘f~

1.0
1.2
1.3
1.4

1.5

i:~

:::

%:07
27.64
29.15

30.5s
31.98
34.59
S7.01
46.85

3.403
2.S56
2.616
2.431

2.269
2.127
1.ss1
1.702
1.134

Percent fluorine in oxidant, O (100 percent nxygen)

361.2
3628
3612
3576

S516
343s
3205
2s23
1657

0.0426
.0422
.0406
.0362

.0344
-0290
.01’s7
.0099
.0264

25.4’9
24.03
23.36
22.70

22.05
21.41
20.17
19.03
15.49

2531.6 2.5729
2901.1 2.6815
3074.1 2.7267
3239.9 i 2.7740

3399.0 : 2..9146

m

1.845
1.818
1.7m
1.520

1.263
1.089
.798
.653
.701

Percent fluorine in oxidant by weight, 15

1.2 24.36 5.106 3735 0.0439 23.39 2668.3 2.7033
1.4 27.31 2.662 3694 .0412 22.25
1.6 30.04

3206.2 2.7907
2.329 3563 .0342 21.15

1.8 32.57
350V.2 2.8650

2.071 3391 .0244 20.06
2.0 34.92 1.664

3773.0 2.9264
3142 .0156 19.06 4026.7 2.S753

m
_l-1.145 .0022
1.E6 .0069
1.184 .mm.

.CQ09
::& .0U4

5622
5795
5639
5904

5924
5918
5632
5s79
4674

%NiiTOi!ii
Percent fluorine in oxidant by weight, 30

1.2 22.56 3.432 3668 0.0454 2+2.78
1.4 25.37 2.942 3836 .0437 Zt.el.
1.6 27.96 2.574 3745 .0385 20.87

30.41 2.266 3586 .0304
::: 32.69

19.93
2.059 3369 .0219 19.06

2674.8 2.7036 1.693 1.147 0.0136 6117
3170.7 2.7867 1.566 1.152 .o127 6215
3445.8 2.8580 1.291 1.161 .0103 6253
3702.3 2.91S0 .992 1.180 .0069 621.6
3942.1 2.9667 .797 1.203 .0339 6115

Percent fluorlne in oxidant by uelfit, 50

1.2 =.03 3 S92 412s2 0.0458
1.4

22.10 2855.9
22.62

2.6600 1.520
3.423 4100 .0451

1.158 0.0136
21.31 3120.2

1.6 25.04 2.994 4030
2.75e2 1.447 1.164 .o133 Ez

.0420 20.54 3366.1 2.6257 1.277 1-.172 .0117
1.’2 27.31 2.661 3696 .0361

e319
IS.78 3600.6 2.S626

2.0 29.46 2.395 3706
1.045 1.M7

.0294
.006Q 6499

19-03 3619.9 2.6262 .e65 1.206 .0065 e4a

Percent flucn.lnein tidant by uelght, 70.37

1.0 14.63 5.743 4007 0.0351 22.24
19.60

2392.0 2.5250 0.669 1.196 0.0106
4.102 4464 .0428

6203
21.20 3064.9 2.6653

:::
1.306 1.171 .o125 6757

20.71 3.622 4479 .0431 20.95
1.6

3175.0 2.7Ue
21.79 3.569 4396 .0426

1.357 1.169 .0126 8814
20.97 3262.1 2.7302

2.5 30.33 2.297
1.351

3e9e .moe
1.167 .0126 6749

20.41 412e.8 2.emo 1.017 1.172 .W76 642Q
. .— —

Percent rluorine in oxidant, 103 (zero percent nxygen)

%he base used for enthalpy 1s given in reference 3.
bp=.e~r mludes energy due to change in c~~sltim.
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TABLE 111. - THEORETICAL PERFORMANCE M ASSIG~ EXIT TEMPERA!J!URISFOR JF-4 FUEL WI!FE

SEVERAL FLUORIliE-OXYGJ!WKD2XE3S

LE4uilibrium.mRonitioadurinaimntrwio eJmnmiOnor .MF.1S1OIIf!m tier WOW. d SCUlb/w in..bm.]

(a)Percentflucd’.inein oxidant,O (100lwrarntwad

Ta19*r-statio 211t&y, MOlemllar mrtlbl IMntr09ia mmciflomLla- Tllsrmal ham lhrlut
ature, Wym,

as9m~
w*i6iy, 6eriva-

I
ex90ylt*

Owg
heat, OMrri-

% lb,hmin. (*). (sl+~B & g &q::, “~ OlaIIt,* +

s (Ca %)
Jk
pdaea

r - 1.0:Ofi- S.40S8pawat fuel- as.n

4000 1890.3 8078.7 94.649
36OO

-.33.98 1.l?le9 1.767e 997 0.00188 --—.-- -------—..
s76. a5 asso. s a5. .3i3 -.33ss i.ia7a 1.8470 9az .00179 a.sia 0.180
134.89

31.4
3aoo a14a.8 a6. s47 -.3397 1.1158 L.a9io 843
aeoo as. a97

1.449 1.053 183.9
1?49.4 a7 .769 -.s307 1.1087 z.ea9a 763

a400
:Z:;:z

a. 497 Issa. fi
S. 146 1.493 a60.9

e9. i39 -.a.s70 i. 099a 1.5619 fiao .ootia 30. s70 i. 833 3ao.3

aooo .azi 990.5 30.4aa -.1753 1.1055 1.030s 696 .00066 aaa. oa
1600 .082

a. 096 366a

SI. Z04 -.0000
1718.2 a.~fi; 396. o

r . 1.2;0/9 . 2.ss9;pro●nt fuel- 2s.07

4000 17ss.7 >a 44.6 a3.3oa -.3133 1.1413
3600

I.??se 981 0.:;;;:
648.54 a874.4

.— ----- —-- .—-.
a4.09s -.3a06

138.33
L.i30a 1. ’s191 907

3aoo
1.6a6 O.afim 48.3

a4a 9.9 a5. o17 -.3139 i.ieoa 1.7666 831 :00156
aaoo a5 .883 aio4. o a6. oa6 -.a 687 1.1150

1.439 1.0s0 i89. a
1.4847 7s3

a400 4.86a 1764.7
.0 QI19 4.s45 6..46a a63.4

06.866 -.la90 z.13a4 .8586 675 .00064 17.934 1.746 314. s

aooo l:;;: 1634.3 a7. t50 -.0160 ~.iaao .49a9 697 .00035
L600 i35a.3 a7. i03 -.0009

66. aa3 1.916 344.9
1.1995 440s 614 oooa7 167. S9 a. 038 367.1

1;;0 1177.6 a7. za4 -.0000 :4373
:::; 1044. s

z.aoo7 4ai looo aa 664.14 a.zso 3a7.3
s7. ia4 -.0000 i.t9a4 .4530 34a .0003.9 a767.3 a.a3i 401,9

r - 1.?.;0/F- 2.8185Pelw●at rue1 - 27.s4
4000 1707.0 34sa.6 aa .646 -.3015 1.1439 1.7130 974 0.00177 ------—- ------
3600 57s .52 3063.0

-— ----
a3 .379 -. S006 1.1ss7 1.6977 901 .oo16a a.45i 0.L71

3aoo
3i. a

a.soo ‘%::: :::;:; ::%: :%;: ;::%;: W; ~;; ::%:: 3.s70
1.335

1.399
i.ooa

as4.6
183.6

a400 20.305 1.64S Z99.6

aooo a.s43 163a.7 as .617” -.0097 1.19s9 464U 599 a6 .609 1.s06 3a8.7
1600 .676 1640.3 a5 .637 -.0007 i.ao75 :::;; 611 ::::::
aaoo .la7 1467.8

?4 .712 1,934 3sa. a
a6.63e -.0000 2.ao50

900
410

.oaa ~3a7.5
oooa3 a6i. al a.os3 373.9

as .63a -.0000 i.~90a 14a49 343 ;oooao iL54. i a.~4i 3a9.8
r - 1.4; o/F - a.kw we antPail- m .15

3600 64a .97 3a61.7 aB.6ss -.a7i4 1.1391 1.5Z65 a97 0.003.47
3200

----— -------—... -
,18a. a6 a90a. i as .338 -.aa65 i.i361 i.a.9a6 aa4 1.297 0.934 171.5

aaoo 6a .357 a57e.4 a3.9 ia -.i3ao 2.1408 .ae69 751 ::::::
a400 ls .960

a.63s 1.307 *39.9
a3a3.2 a4. aia -.0410 1.1006 .6898

aooo
678 .00047

6.113 ai18. a a4. a9a -.0070 l.aodfi .48sa.
6.ai7 1.539 aaa.4

60z .00035 i4 ,567 1.703 3ia.4

1600 1.4a5 1930.8 a4 .31a -.0005 1.a154 .4617” 517 .000a9
laoo .a79 1748.5 a4.3i3 -.0000
900

1.ai04 .470a
oooa4 ~::.;:l 1.839 >37. s

4a3
.050 1599.7 a4.3t3 -.0000

1.965 360.6
1.1917 .50aa” 34s :oooal 551:39 a. 089 377a

r - l.e;0 - s.la7;P.rcentfuel--31.96
3600 906.91 36a7.1 al. a18 -.aoo7
3aoo 3aa .53

1.1554
3367a

1.i84a. 893 0.00116 -------- ._.—
az .663 -.1407 1.i6i3

-----
6a3

aeoo zza .090 3089.4
1.001 0.689 iaf i.?

ai .956 -.0707 1.1804 :;z:l 753 ;Zt;:!
a400

1.608 1.090 aoo. fi
44.037 0886.5 aa. ao4 -.oa3a i.ao6a .5547 6s.0 ,00045

aooo
a.aa.7 1.337 *4S.9

L5.6a9 a65a. a aa. isi -.0043 2.aa46 .4936 603 .00037 5.ea3 z.5al a79. a

1000 8.837 a555.1 S.O.157 -.0014 1.8Z94 .4eea 56a
1600 4.710

S. 004 1.601 a94.5
a459.5 aa. i59 -.0003 i.a3ia .:::y

1400
:+:

a. 310 a363.6
:i:;;; i4. oaa 1.676 308.3

aa. z60 -.0001
1800 1.005

2.aa97 ,oooa8 a3 .985 t. 74a 3al. s
Lla66.7 aa .160 -.0000 i.2a36 ;4907 4a6

1000 .36a
45.46a i.aia 334.4

a166.4 aa. z60 -.0000 i.alo4 .5159 374 :::;:: Iol. ae 1.887 347a
r - 1..SJ0/’s. l.s.m,perC9ntfuel- W.59

3660 14i3 s 41ma s i9. a90 .-.1437 i l’74a o 04 89 0 00096
3aoo 593: aa 3035:0

........- ------- -— ---
ao. i70 -.0941 1:1047 :;:64 sai :00076

aaoo
4.333 0.097 17.7

a4s .81 3576 ..7 *0.367 -.0468 i.ao33 754
a400 loo. oa 3349a

1.059
eo .449 -.0160 .i. aa49 ::::;”

.334 151.0

aooo
6aa

37.910
::::::

3z4a.3 ao .479 -.0031
1.6a6 1.139 ao6.5

1.2407 .5036 606 .00038 a. 993 1.359 946.3

1600 la .164 a944.6 ao.4as -.000a 1.a466 4906 sa~
taoo a.aos

6.685 1.539 a79. o
a74.$.9 ao.4s5 -.0000 i.asaa

900
:so3a 4aa

.594 as90. a

~:::;;

ao .49a -.0069
19.363 1.701 3oa.3

i,a131 .561T 350 .000a4 64. ZII 1.a19 3a9.7
r - S.ojO/p . 1.1S4Jp6mentfuel- 46.6S

iaoo aa3. io 5274a lS .429 -.0564 a93a 0.650a 567 0 00
1600 506. a6 516a.9

—-— s —— .— ---
15.5a7 -.0735 ;; 2707 73a4. .ss: :00:::

i400
1.309 o.3ae 55. s

a47. aa 5016.7
1200

~s.7sa -.1491
6a .49a 4.S40.6

z.a3e5 1:0099 .00056 1.0s0 .841 iaa. a
16. a7e -.aeoa 1.1773, x.a3a9. 443

1000 ia. i9i 4593. e 17.3s0 -.4051
1.834 t. 197 174.0

2.la70 3.s6al- 407 :::::: 7.4al 1,566 aa7.5

900 a.93z 444a.5 10.143 -.4369 2.1099 4.4190” 389 .00177’ a3 .717 1.7s4 as4. a

.-
d

.-

●
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T~E III. - Contino6d. TFMR5TICAL 32RFORH2NC2 AT A2SIOI03D EXCT TEW2RATOPJ?S FOR JP-4 5U2L W3TH 2EV2R2L FLoormm-omlml MIrToREs

mq.ilibrium canpoaition durlns inentropia e~mim cm ompmnsion from chmmber premure of 600 lb/nq 1.. abs. ]

(b) Pm...nt fluorine in oadant by wekht, 15

F
l’em-

oer6-
ture,

%~

000
3600

3200
PBOO
2400
20D0
1600

Statio anthalpy, Molaoular Partial IBen-
P1.eyure, h,

aoeoirlo ~; Tharmu
Weia:t, deriva- tropio heat, CWnduo.

Oal/E tlve,
lb/~~ein.

(%%+, ;g;; & %& ‘lK’

_

244. f4
599.74
101.77
20.101
3.640

.0?7

.8b0

D=
4000 1’33’4.5
‘5600 460. Oe
3200 1S6 .18
2800 3? ,974
2400 11.795
2000 3.949
t600 1 .169
1200 2A8

L
S600
3200
Boo

2400
000

1600
1200
900

E
Ssoo
2s00
2400
2000
1600
1200
900

. . .
395.11
164.45
6? .989
2: .:; :

2:183
.505

r - 1.2, oh - 3.l@2: Imr.a”t ruml - 24.9s

I
1::: 0.00197

00185
893 :OOtbb
807 .00128
720 .00069
634 00030
543 :ooo2a

. 27.31

Arm

ra:io,

TI
T!hnmt apaoifio

Ooel-fl. Imp%

oimt, ,

CF lb-me

J
-------
104 ..5
210.3
a’la. e
3a 7.5
35b .a
376 .9

J

1::: O:::;:: ------------ -------- -------
1.112 0.400

Bl14
86.6

.00125 1 .480 1 ,04n 197.1
8oa .00081 3.310 1 .370 a5v. e
7ai .00049 7,81s 1 ,s68 a98.7
637 .00036 1’7 .74
b4b

1.735 326 .3
.00030 44.75

444
i.abtl 349 .4

.000F$4 148. B 1.972 3’30 ,e

r - 1.6; o - 2.32s; pemmt fuel o S0.04

35! 4.0 al .1e9 - ,ai49 1.1.574 1.ai65 966 0 .ooiaa ------------ --------
31 Q3.3 i?l. s~.3 -.i 53a 1.1631

-------
.9994 879

E9~s.9 at .9a7
.00094 1.098 0.8G5 163.4

- .0774 i.i E14i .6997 aoa
a6ti7 .4 a2 .090 - .0254 1 .a139

.000bb i.ena 1.193 aab .b
.b409 7aa .00047

2469.9 ?8 .141 - .0047 1 .2359
3.606 1.407 abb .9

.475a 638 .00037 7.316 i .bb9 896,5
2304 .7 22.150 -.0003 1.a44i .4575 547 .00031 16.99 i .70b 3a2. b
ala~. o 22.160 - .0000 1 .2384 .4661 446 .Oooab 51 .7e 1.833 346.4
1976. R ?a. i50 - ,0002 1.2184 .500’/ 36a ,oouae 173.1 1 .926 364 .1

r -x. aj o/B - 2.071J parmnt tial - 32.57

39*o .a 19.90$ -.1574 1.1765 0.9944 951 0.00106 -----------
56*7 .a ao. a14 -,1044 1 .1868 .W054

----.---
a77 .Oooei ; ;:;: 0.581

3380.1 ao.4a3 -.0525 1,2073 .6408 aoa .00061 .9etl
3167.3 20.5a7 -. OIPO 1.2324 .5340 :7; .0004’7 a,059 1.0s7
!2957 .4 ao .65a -.0035 1.2513 .4049 ,00039 3.ai6 i.4a5
2767.6 20.55a - .0003 1.2593 .4b96 b4B .00039 a.sli6 1.550
2579 .3 20.568 - .0000 i .a542 .4768 44.9 .Ooof!? aa .99 i .7aa
a43a .a 20.573 -.005?. I .a330 .5177 S64 .000a3 70, a7 l,eab

F - 2.0) 0/F - 1.ae4, peroant ?del - s4.92

.25 4064.3 19.0s7 - .0T7Q i .ao59

.58
0 .7377

sFJi 5.4 19.184
076 o,ooo7b ----------- --------

- .0394 1 .2abi
,44

.6180 aoz
36 Q3.5 19. a58

.00060 1.007 0 .740
-.0137 i .a476 .b363 72a

.994 33 Q0.3 t9, a9e - .0026 1. ’4652
.00048 1.37a 1 .Ob O

.4946 639 .00040 a.3 ii I ,2a4
.910 3106.4 l!3ma B6 - .Ooo’a 1 .a740 .4793 546 .0003s 4.bal 1.4b?
.961 SO04 .8 19 .2S7 - .0002 1.a7 ia 4as2 449 .000%7 11 .01 1 .687
.109 aR5a .9 19. s41 - .0590 l.al~s :659H 366 .000a9 34 .39 1.744

I
.------
lee .7
ta 4,9
231.4
a66 .4
a95.8
3aa.3
341.6

1
-------
lS 5.6
194.1
a35.3
Z6fJ .a
298a
319.6

M

3
N
N

P
m



I

T6BM ~1 . - 2mt1me0 . TE202EICAL 22mW6M2c2AT M2Muao KIITfmmWm=W mJ2-4?om uImIa292nN, mmmm-mmml Km.13HE2

[k@11briu9 c.ctipcdticm during ieantropie ●qmmicm cm ammlm m e.bmber prbmura of Mm lb/sq in.. ah J

(.) Percmt fluorine in cd6ant by w.laht, 30

Tm- W,atio mtkflm Mole.mlar Partial Imm. memo absO- Tmmne.1 $.ma
obra- PyU.e, W:igy, &i+.- *CQ1C IMat, lute

mFJ2t apaoifl.
ccmlua- ra:y Omffl- Lmye,

&~ :tire,

T
lb/&ti .

Urmant, , Y-10c9B- t.y, dent,

% Ib-keo
~), (APqa “~ ~k: ,*

[

3600
3?00
2900
?400
2000
1600
jaoo
900

r760n3a00
?flov
2400
aooo
1600
1?00
l:g:

r- 1.LZIO - @.i3’/4jpemont fuel - 27.98
4(100 1077,2 3663.?. 80.5SV
3600

- .2537 1.1649 1.3704 liln 0.001b7 —-------- -.-—-- ----—-
4aa, a3 3Ya3.5 S1. O.36 -.38s7 1 .1607

3800 154.3?
1 m;: 1::; .00138 1.047 0,531 103.1

3004 .4 al .555 -.16t5 1.1665
2000

.Oolo’a 1.311 1 .008 196.0
56.073 a770 .fi al. Qo4 -.odlv 1.18Q7 .0895

a400
861 .00069 a.405 .l. aas a49.5

aa .071 ason .3 2’2 .076 - .oa.4e 1 .aa37 .5 Z334 773
200+ . 0.+39 am 13rox 2a:. i30 - .-00.30- ,..a,.g d ,- .p,O.0,49 ,,,.4,.bo3, 1,.,47JI a8.5 .6 n

.4549 -g:”:::
1600 1 2.818 2, ’1!.7 *2.139 - .ooi34 I .abo~

‘:;:;;; ,2:,.$:5 11.61a 323a
.435P

1800 .699 t967”. ~ aa .140 - .0000 1 .25’25
1 .73s 336.9

.43ui3 470 .00026 57 :?0
900 .166 1f173.7 aa .140 - .000a 1.2434

1.845 3S8 .6
.45nn 379 .000?2 174.0 1.9a7 374 .5

r - 1.8; o,* - 2.2a6; mmmt mel - 30.U

618.64 3713.3 Iq .939 -.1669 1 .1?97
?60. R6

0 .99V3 10a5 0.00115 .—- .-— ------ ------- ,
3423.2 zo. a70 -.112* 1 .1Q05

109.79
.8043 Wz .00087 1.043 o.B07 165.8 ,

3170.2 30.407 - .05’74 I .ala9 ;:;:: .00065 1.5sa 1.114 a16,2
46.722 2gb 3.4 ZO.61fl - .0199 1.a415 771 .00049
10.659 a76j .0 ao .650 - .0078 I .a64a

a.044 1 .321 255.5
.4644 679 .Oooao 4.870 1.4.91 28.5 .2

6.537 25 BO. O ao .657 - .000~ I .a750 .4462 57Q .00033
1 ,797 a402. O il13.657 .0000 1.a743

10.10 1.610 31a.5
.4470 471 .000?7 a6. E4 1.?41 336 .4 4

..444 2P65. P 20.661 - .13043 1 .2609 .4b97 381 .000a2 7* .54 1 .830 353.5

r - 2.0; C@ - 2.oEaj Pmnt fuel - 32.89

18.916 -.lavl 1 .1976 O:;;;; 1;:: O:::::;
lq.157

--..------ ----- ----—..-
-.0860 .1 .2003 1 .067 0 .bal 99.1

lQ.3aa .0445 1.2301 .6096 USC. .0,0003 1.140 0 .928 176.4
7.a ,407 .0157 1.a561 .5203 769 .00050
19.435

1 .73e 1.176 aa 3.5

19.440
- ::g:;

; ;:::: / ::::2
::; +::;: 2.901 1 ..901 ak.e.a

19.440
b.1371 1.516 ,au O.a

.0001 1 .Zvafi .4517 472 .00027
19.444 .0046 1 .2*56

:: A:
.4051 413 .000a4

1 ,b54 314.3

19.4n4 .050s 1 .2461
1 .719 326.7

.b8Z0 >e2 .00027 37.89 1 .752 33,3.1 ,
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f6TW6 111. - !kmtInwd. TPX0R3TIC4L P2R?ORU6MCEAT A391WE.QEXIT ~AWRE3 K6i J?-4 KfEL W3T319E9E46L ?UJ0213K-OWO~ ~

[EQuilibrlm .Vitim durma Imnu.c.pla caqnnsim co.ocqmsdm rrm chmam. premmw er em 1%0 in. abs.]

(d] Peraent nuorma in ozidsnt bl ueieht, E-5

I I I I
. - la?, [

4400 1100.3 3oq3.. a al .670 - .e974
4000 491.54 e75a .* as.29n - .>081
3600 157. bb a40a .i a3. oae -.703d
Teoo 48,190 ao4a. b 25.855 - .2960
2000 Io. >ev Iaua .b 24 .743 - ,a571
Z400 a.a56 1366 .7 a3 .533 -.la14
2000 .69n 1167.6 Za.’t’lo - .0100
1600 .a30 llJ13. b 3> .777 - .0005

r . 1.4; (

::.I; 1130.7 33.73.7 uo. naq . .2030
47 FJ.76 5035.0 al .461 -.2028

1600 177. Q1 a6q1 .I 2a ,101 - .*7ea
~aoo 57 .194 al bo.9 2ia .700 - .234’+
aeoo t7 .485 eo44 .7 i?s .369 - .13*Q
a409 6.150 1.914. i3 a7 .665 -.03.9a
auoo 2.>67 16-0 .n ‘a> .742 - .006U
1600 .H?t 1479. Q %$.75? - .0004
iaoo .819 1Yk+6.1 ?’9 .754 - .0000..— —

m
E
4000
3600
3200
?000
a40i3
Pooo
1600
laoo
1000
900

r - 2.01 0

I
10. BI1 -,1607
lc!. lnl -.1299
lq.3s2 -.0901
10.33, -,0411Y
!O .637 -.017Q
1’2 .640 -.00?9
*9 .640 - .000?
tQ .647 - .000.2
19 ,67b - .009?
ao .025 -..15T

( I I . I 1 I
z . 8.8%, 11.,.,nt ikl . eO.c6

mlm!b~
? . 3.433} pmmnt rml . 92,62

mB-M~ n

Bi!tRIIlm@
) - 2..3aljPBrumt IIMl - 27.51

m-~ E ‘!!
- a..sas; psmmt rnel - r.9.4a

% ,flOAn n.94ei 1rna9 0,00132! ---------- --—--- --------
I .ao70 .033R 11s9
i .alqo

.00110 1,Z33 0.40> tlo.>
.70!44 1047 .00080 3 .U?>

1 .a407 .5874 950
.Bb7 171,0

.00008 1 .D>b 1.117 9aa.9
1 .a711 .4941 849 ::$::; a.433 1 .303 at.o .0
l.aenl .44a4 743 4.107 1 .449 F!t!9.1
1. SIES .61’96 630 .000S4 7.956 1 ,b?$ 313.9
I .73.0 ,4000 509 ::::;: ): +: 1 .683 Y3b. a
1,5343 .4119 443
1 .1370

1.734 340.1
1 .7s90 4 ia .0007I3 50,05 j .’780 355a

ii?

,,
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TABLS III. - Cont~ri<ed. TH20h’STICtiPERFOWCE AT ASSILWSDEXIT TSMP~’fUR2S FOR JP-4 FUEL WITH SSVSRALFIJUORINE-~G3X Mx’fusm”

[Equilibrium compoeltion during ieentroPlo exWm3ifm or coe!prassim frc% Ch@Mr pressure of 6cN lb/eq in. ●be..] ..:.

(e]”Percent fluorine M oxidant jy weight, 70.37
. _——

w

.*

.

.

.

T
T&t speotiio
Ooerfl- Ye,
cient,

%+1
-

Area
or% ratio,

tiermel
c

aOnduc-
tlv;ty,

O&m ~)

Temwr- Stat10 E@&,

I
Moleaul.ar Partial B entroplo Speoific cclafff-

sture, pre~ure, weight, derlva-
9!, C&g

%
lb/eq in.

abe “ (*h TGi ‘A F-

rnio&-

:
,
.:

I I I I I I pOIBen

.
1179.7
59s .07
a74 .15
114.500
71.51s

.. rwal .838
28. a48
22.683
23.14a
Q3 .365

= i.”0:O/F . 5.743; mraent fuel _ 14.83 -
-----
0.106
.705

1.104
i. 229

1.336
:::::

2.7 al,
1.873

2.01.8i
2.150

J
2.2S6
2.36?

. .
-.2021
-.1893
-.1785
-.1585
-.136a

-.zla.s
-.aa83
-.4313
-.5057
-.6344

-.5068
-.43S2
-.2416
-.0000

=

-.a683
-.2357

-
0.9106

:;;;!

:7322

.6573
1.0”050
a.32a6
3.3~06
3.6467

4400
4000
;:::

3000

1.1996
1.1961
1.1903
1.1650
1.1892

I.zooo
1.17a9
1.1331
1.1160
1.1046

::;: 0.::;::

1351 :oole9
iaa4
3160 ::;;;:

1095 .00084
ioas .00114
936 .oo2a7
840 .002E17
746 .ooa79

4.015
%.oa9
1.527
2.039

a. 794
4.045
7.640

19.755
67.81S

Jla .080
2s80. s
L1620.
138020

ao.3
151.4
aa2. s
a56.9

a57.5
!276.9
30E.6
331.9
361.1

3s 9.1
414.6
4s 5.0
456, S

aeoo
afioo
B400
a200
8000

1000
1600
1400
-

4800
4400
4000
3600
3200

44.430
a6. a12
11.395
3.537
.819

.141

.018

.002

.000

1829.9 a3 .563
1720.6 a3.6a3
1539.6 a4,4a7
1326.1 25.5a3
1093.1 a6. e15

3.34i3
a.4a56
1.1521
.3 14.a

2UY.?U
1.3763
1.28B8
1.14>4
.9253
.6357

.50il

:::::
.580.4

1.1737

1.0961
;.?;::

l:a463
4.102;pel

1.1757
1.1697
1.1674
1.1737
I.aose

1.a396
~.a744
i.a934
1.2275
1.1564

-..—
L126.6
5a8 .97
a30 .67
95.692
40.662

3341.1
3ole.7
2691.3
2390.1
a13a.7

ao .775
ai .284
ai. Bo4
22.29a
aa .660

a2.’76i
a2 ,006
a2.8s3
22. S76
23.266

1653 0.00247 —--— —-— -.-—--
1559 1.43a 0.321
~:;:

67.4
::::;? 1.090 .s58 %sO. s

1.720 1.154 24a.3
i233 ::;6:; s.oia 1.S56 a84.8

-.18i2
-.09a9

-.0460
-.0i62
-.0065
-.0905
-.2530

1172 .0007i 3.901 1.4a9 soo. a
lilo .00059 4.936 1.4.99 312.6
1;:; .0005B 6.298 i. 540 32S.4

6.i.06 i. 593 334.5
097 :Z:?:; 13.858 i. 675 35i.8

3000
aeoo
a600
a400
aaoo

a7.8oo
19.653
14.036
9.557
4.791

aoa9.5
i94i.7
1S62.6
1779. a
i64a. a

-.199a
-.0671
-.0078
-.0004
-.0000

r-1.5; O/I
_
3 .829j percent ~el =.,

8ii a8. le4 i. 764 370.6
735 :::::7 52. i45 1..83i 384.6
668 8L .850 i. .976 393.9
600 :tzz:t za4.9z 2.913 401.7

A 53i. .000a3 i99 .24 3,.947 409.0
— -. -.

aooo
1s00
i600
1400
iaoo

1.987
.919
.:::

:.150

i486.8
i365. O
laal.6
~aio. e
li42.7

83.8o1
24, i3i
a4. a15
24. aa3
a4. aa3

-, ).(L

i636 olooa53 -—— —-- . .
i544 1.313 0.359

:::;:;
76. i

1446 i.lio .877 285.8
1340 .00145 i. 796 1.i?2 a48. i
22a7 .ooioa 3.a79 1.380 a92.2

4800 iioi. a 3445.9 ao .544 -.a878 i. 1734
4400 5ia .05 3iof3.4

1.4230
ai .053 -.a7a~

4000
1.i675

aao ,29
;.:;:~

a778,3
3600

21. S76 -.a403
89.635

1.1646
a467.3 2a .070 -.1066 1.1690

3200 36.4a4
197aa

2194.0 2a .464 -.ii30 i. 1869 .7a09

li68 .00083 4.4a6 1.4s9 309. i
iio7 .: :::: S. 876 z.5a6 3a 3.1
io43 7.693 i. 58a 335.0
976 :00058 10.409 1.637 346.7
907 .00049 i4 .405 1.689 357.7

839 .0004i 19.775 1.735 367.4
77i .00036 27.298 i. 776 s76.1
701 .0003a 3S .686 1.8i4 384.3
556 .000a5 !37 .599 i.8a7 399.6

3000
aeoo
a600
a400
aaoo

a3 .768 ao77.3 aa.6oo -.074a i.a088
i5 .923 i975.3

.60i2
aa .687 -.0402

10.864
1.a378 .498S

1885.0 aa.74z -.03il 1.2551
7.i40 1793.5 Ea.8i4 -.0440
4.570 i704.3

z.a437 :::;+
22.884 -.0238 i. 2662 .4354

aooo 2.943 16a4. i 22.9i5 -.0071
;:::

i.a956 .3860
1.074 1549.7 a2 .923 -.0013
i:;5a 1478.1

i.3i38
aa,9as -.0001

iaoo
i.3a48

i>,3.2
:Z::i

.9 aa .926 -.0006 i. 3455 .s38i

i4>7 o.cioaso --— --—- ——-
%396 i. 046 0.804 168.7
13a9 ::::!+ i. 695 i.i43 a39.7
zs4a .00i06 3.i91 1.37i 287.6
iia6 .00071 5.761 1.sa4 319.6

I .4aoi
,3807

:::;:
.5296

mt fuel-
i. 0699

:;:$:
.6181
.5171

w 997 9.99a i. 635 34s.0
;:: :::::; 17.84i i.7a8 36a.5

:;;
34.879 i.81i 3? 9.8

::::;: 79.8S9 1.806 39s.7
. oooa9 i9a.7s 1.943 407.5

.,.n4a08. a
3906. a
3637.6
3394.9
3180.5

i.ss ~

1

1563 0.00%86
1459 .00147
133s
iao4 :::;:;
1066 .00068

“9a3 .00053
77a .0004a
6L2
4s5 :::::;

-—- 1--—--
-—--m i.ooi 0.694

i. 353 i. 036
a.a60 i.a67
4.089 i. 440

138.6
ao6.7
a5a.7
a87.3

3i4.8
338.2
359.0
374.7Maooo 9.863

1600 3.446
iaoo
900 ::::

a990. i al .318 -.0047 1.a598
a8i4. a ai.3a7 -.0005 i.a789
2647.4 al.33z -.ooao
a514.9

i.a970
ai .494 -.io8a i.ao30

.456S

.4a77

:;:;:,
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TABI.2III. - Ccmcluded . T2SORSTICALP~CE AT ASSIGNED2XST T2HP2RA’MRE.S

POR JP-4 FUEL WITH SS’VERU PLUORIUE-0XYO!6NM=PU6XS

[Squlllbrlu!nccmpositlcm during isentropia ion or oanpressicm Pr09
oiwnber kmeam.ms 05?SKI

(f) Percent fluorine in tida.t, 100 (zero percent oxygen)

4400 ~1384.1 3325.4 26.007 -0.2292
588.28

1.1879 1.1023 1246 o.cm14s —--— -——
3a54.5 26.647 -.2657 1.1562

3600 199.28
1.3832 1.I.39 .00168 3.275 0.127 =

2763.4 27.567 -.3562 1.1397 1.8716 1022 .002x 1.165 .61.5
34m 103.33 25S9.6 26.M8 -.3646 l.lm

163.4
2.1169 962

32aJ
.oo212 1.677 I.134 202.4

48.924 2U7.6 26.843 -.4058 1.1240 2.3050 601
7.932

.IXR16
2052.9

2.786 .1.325 233.5
30.479 -.3529 1.0879

:R
3.013s 786

.62’7
.00243 11.366 1.658 286.1

1607.5 32.330 -.4056 1.oe45 5.0752 740
2200 .no

.00233 1.15.02 1-9s2 355.6
1390.4 33.489 -.4053 1.0657 2.5735 695 .m184 453.39 2.?.35 381.2

r-2 .0; o/’P- 4.041; p%runt fuel - 18.84

44m 9m.s5 S612.2 26.264 -0.I.341 1.LU55 1.3451. 1229 0.00177 ------ -—
364.23 3302.4 26.3SS -.1179 1.I.322 1.0463 12z? .cd139

3600 142.E2
1.002 0.625

3057.5 26.600 -.1140 l.lwl .a579 1163
32W 49.661

.Cm.11 1.579 1.032
2775.5 2?.35S -.1210

28m 9.375
1.1320 1.1697 1075 .00I.36 2.713 1.315

2420.0 26-321 -.3149 1.1OO1 2.1262 1W9 .m2.23
2400 .881

9.8s3 1.623
20@3.6 29.846 -.3452 1.0948 2.09S0 924 .03m2 71.694 1.624

.068 1634.7 31.452 -.1936 1.1141 .9891 785 .00084 658.56 2.152
r - 2.8: O/F = 2.667: neroent fuel - 25.73

%%
3600
s2m

2wo
24X2

2mo

%
36@J
3200
2800
2400

1600

44CM

Ssm

%%
26C0
24@3

1600

692.71
276.77
83.794
27.0S0
ls.lm
9.480
2.241
1:2

930.95
284.s4
82.606
24.019
7.505
2.537
.722
.200

LIS6.2
366.22
116.56
39.451
23.015
7.s22
4.518
1.440
.400

T
4400 1514.7

540.22
3600 194.12
3203 69.302
2s00 23.916

M

,— ..–
41!52.0 24.584 -o.1717 1.1026
3757.8

1.7445 1632
-.1802

0.0033s -— -—-
J..1OS7 1.4949 1965 .oo313

34X.2 2:%
1.037 0.76S

-.1568 l.rz?l 1.1543 2006 .m2S
3102.4 25.s52 -.0863

1.955 1.I.81
1.1463 .7s88 1906 .00169

287s.3 25.994 -.07ss
4.345 1.452

1.1637 .6&30 1205 .G3140 6.382 1.547
2861.6 26.149 -.m21 1.1593 .7298 16S5
2561.3

.oo139
26.757 -.1596

9.54s 1.633
1.1333 .6382 1437 .00148

2444.2
30.344 1.621.

27.069 --1019 1.1484 .7E53 Km .00107 5%.673 1.206
2331.9 27.245 -.0394 1.1779 .5285 1194 .00074 106.56 1.973

r-3 .0; o/P - 2.6S4; peruent fuel - 27.07
4295.2 24.253 -0.1762 1.1026
3691.4

1.7742 19S8 0.W373 --—--- —
24.667 -.1922 1.1068 1.5507 215rJ .m3s

3517.5
1.026 0.766

25.1S4 -.1814 1.1177 1.2603 2207 .w3m
3166.2 25.666 -.1350

1.9R 1.195
1.131s .9403 2120 4;802 1.477

2919.6 26.m4 -.0612 1.1610 .6397 1915 :% 11.721 1.673
2705.1 26.186 -.0566 1.1731 .5697 1643 .0m12 27.216 1.814
2=U3.; 26.403 ~:~ 1.1861 .4797 1359 .00078 73.s23 1.9U

26.436 1.2231 .U25 1o22 .mo55 202.29 2.041

7 ?-3.5; o/l?- 2.308; peroent fuel - 30.22

4667.6 23.531 -0.1742 1.106s 1-6970 2327 0.oo419 —----- ——
4271.6 23.945 -.1667 J.-ll64 1-4333 2477 .00361
3917.5

1.CQ3 0.616
24.400 -.1647 1.1306 1.1139 2443 .002s7

3615.2 24.810 -.1172
1.554 1.06Q

1.1481 .8400 2247 .W211
3481.S 24.978 -.0925

3.24S 1.371
1.1567 .7408 ZLxl

3242.7
.m170

25.226 -.0484
4.810 1.478

1.1739 .5975 1649 .m129 10.862 1.65c2
3X54.8 25.305 -.0302 1.1834 .5442 Ino .Cmlo 16.572 1.725
2937.8 25.382 -.0272 1.m30 .4715 1432 .oxks2 40.271 l-am.
2757.9 25.396 -.om6 1.2M4 .4355 1152 .~ 109.s 1.959

‘r- 4.0; Ofi - 2.021; percent fiel - 33.10
!5a47.2 22.937 -0.1618 1.1143 1.52s9 25s6
4674.9

o.a1421 —— -—
23.302 -.16= 1.1278 1.2577 2639 .00360 1.525 0.290

4345.9 23.668 -.1435 1.1420 1.mso 251.3 .00260
4054.4 24.044 -.1027 1-1533 .6294 2276 .00Z2 2:% 1:%8
3792.3 24.335 -.0703 1.1640 .6801 2@)9 .00156 4.572 1.464
3566.5 24.522 -.0317
3351.2

1.1798 .5736 1732 .Mn.l? 10.497 1.640
24.601 -.0277 1.1965 .4964 1453 .mc!47

3162.0
25.774 1.762

24.61.8 -.cD37 1.2146 .4576 1171 .mo65 n.u39 1.801
.L ---— ----

r - 5.0: O/F - 1.617: wment ruel - 3U.=., .-
4cm 1179.3 5425.3 22.309 -0.1325
36CXJ

1.1414 1-0646 2778
464.89 3112.4 22.607

0.02332 -— -——
-.1174

32Q3
1.1499 .9417 2576 .oo2n

174.ls 4621.1 22.689
1.U6 0.452

-.0923 1.1.558 .6235 2323 .CKJ216 1.236 .965
2W0 61.261 4550.5 23.122 -.0593
2400 20.260

1.1636 .7092 2050
4304.3 23.272

.0Q167 2.3Z9 1.267
-.0265 1.1760 .6056 1772 .00126

6.162
5.079 1.4sm

4082.3 23.335 -.0063 1.1229 .5544 1491 .Cao96
1600

12.357 1.666
1.622 3677.6 23.349 -.CCX16 1.2074 .4961 1206 .00073

1200
34.657 1.612

.320 3665.1 23.350 -.0001 1.2236 .4658 917 .Cmm 123.18 1.940

115.6
lsO.8
243.3
300.2
335.8
398.1

—---
149.1
231.0
281.5
300.0
316.5
363.0
369.5
382.5

——
147.1
232.7
287.6
525.9
363.4
378.2
397.6

lm .3
212.8
267.5
268.4
322.5

Fl::
382.3——

-G
176.2
256.0
282.7
316.7
344.0
367.1

84.5
180.3
236.7
276.3
311.1
33a.5
362.4
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TABIE Iv.- THEORETICAZ PERFORMANCE AT ASSIGNEO EKHSUITE RATIGS I’!ROM 1 TO 8 FOR LIP-4FUEL

WD!H SEVX.RALFLUOEINE-OXIUEN ~

[E4u%libriumComposition durina ls.ntroplo ewanBian frcm ‘JImabarpr.BBure of 9Ul lb/8qin. abs.]

(a) Far.ent n.ori..1. &tit, O (100H-sent OTV.)m
I
1.000 600.00
l.oao se8 .84
1.040 s76 .92

;:% ::::::

a~.7a4 34a. oo
a. 166 a7a .40
4.000 1;: .:0
a. 000 . II

361a 0.04a6 8631.
36o6 .04as ZSa6.
36OO .04a4 asao.
3567 .04ia a4a0.
S504 .0410 a432.

34sa .040a asea.
3390 .039s a3a4.
3saa .0367 a169.
306L .03s9 aoo7.

-.

T
Area AFea-rat<o
ra;io, mp.a:t,

+-%+,
-+

. .
1..000 600.00 36aa o.04aa a90i. i a4 .03 -.3ao L.lsl a.eze -—--
i.oao 5a8. a4 368a

-— .-—
04ai aa95. a a4 .05

1.040 s76 .9a 3616
-.3ai 1.131 z.e2a 3.a4s 0.00i6

:0420 ae89.4 a4 .06 -.3ao I.l Ji i.az9 a. 347 .0016
i,aoo 500.00 3571 .0413 aa47. o a4. a6 -.3ai 1.129 l.eao 1.s41 .0009
1.439 417.07 5616 .0404 a794.3 a4. ae -.3el i.lae z.e19 1.037 .0006

------
o.la6
.177
.381
.535 T

—-
0.0140 -=

3a. o
::;:: 68.6
.0137 96.4

Ww

1
1.000 600.00
a.oao s8e.a4
1.040 576.9a
i.aoo 500.00
Z.4S7 4L1.91

%.74e 343.a7
a.ia6 a74.6i

2:::8 ‘?!:::

I
1.000 600.00
i.oao 58a.e4
1.040 5i’6.9a
i.aoo SOO.00
1.475 406.86

~1.7.70 339.05
a.aza a7z.a4
4.000 150.00

mm
aAt t$rcat.

3s93 0343 3073.4 a3.oi
33ai

-.a5e 1.136 1.433 1.000 -.0000
:03a6 3008.9 a3.i3

.656 .oiaa iao.4
-.a4e 1.136 a.3a3 1.033 -.0009

3108 .
.77s

oa74 za40.a Z3.46
.0119 141.s

a913
-.aia 1.137 l::;; :.;4a -.:043 1.016

.Oaoo a664.0 a3.77 -.& 61 1.143
.OLA1 16.5

-. .aao . aa
. - 1.6jo~ . 0.127,pal.mntqm - 31.90

3436 o.oa90 3551.6 ai.4~ -. Lao 1.166 i.oe9 —- — --—---- -.— .
34aa oaea 3545.3 ai .4a
s4ao

-.179 1.166 1.004 3,.a75 0.:::; O;n: o.oloa
1oae6 3639a ai .4a

83.4
-.179 1.3.56 1.079 a. 36a

3364 0Z71 s494. a ai ,49
.010s S*. S

-.169 1.157 1.044 i.a49
3288 :0a58 34s4.7 al .57 -.157 1.159

:ooa4 .384 .0099 ?0.7
.996 1.035 .Oos.a .54a .0096 ioo. a

16Z7
1660
1644
i696
16Z6

1475
24ia
la96
1187

ila46 .o~a4 3667.0 ao .30 -.06a L. 196
aa45

69S 1.000 -.0000 .676
.0096 3603. S ao .34 -.oza l.aoi

.0055 19a.5

a67e
:660 1.031 -.0013 .790

.004a ;::7. s :0:4; -.028 ::ai5
.0051 i43. a

,;e; ;. :04 -,0044 3..019 .0040 184.7
. - . .

r - 3.0;0/F - 1.154JFrwnt ~,$ . 66.as

D.0a64 6100.4 15.49 -.060 i.ae8 0.701 ——--- —---- ---------------- -—
.0867 61a4. a 15. s0 -.061 1.2s5
0071 5180.1 15.50 -.063 i.aa4

705 3.5.91 -.0053 0:;:; 0 :::::
. :709 a. 44a -.0049

19.1

oa9s 6160.4 15.53 -.075 1.878
Z6.9

.741 1.a76 -.0036
:0334 5105.4 15.59 -.096 1.z67 .ao7 1.0s1 -.0016

.S96 .006B 57.5

.665 .0074 86. o

0366 5070.6 lS .65 -.115 i.a57 er4 1.000 -.0001
:0397 5oa9.7 18.78 -.141 i.a43

.697 .0079 Ioi. a
:973 1.030 .0017 .809

0475 4932.4 15.97
.ooae 117.6

-.aio i.aio 1.341 i.z94
:047a 4ea6.7 16.33 -.

004s 2.007 .oo9e 149.a
a90 1.L73 i.9a3 1.950 :0047 i.aai .0105 77.4

. .

-.

-* “+

.

.

.
-,

.

.
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TABLE Iv. - cO~kaOa. TEEOE=ICAL PE@OHWTCE AT MSIGKEO =S~ RATI@ FROM 1 ‘IU8 FOR

JP-4FuELwrmsEmmAL FLUOR~-OXYGEN ~

[kluilibritu.ccum.itlm duhz Smtrari. .xwndm ?rm chmbar ~num of 800 lb/aq h. ah.]

(b) Pu.ent fluorine in oxidantby..lsht,70.37

r - 1.0:O/F- 5.7458

1.000 600.00 4007 0.03s1 a5s8. o a2. s4 -.189
1.080 S88 .24 3996 0s49 a5a4.9 aa. as --1s9
1.040 5’16 .9a 3986 :0348 a578. o a8 .86 -.190
l.aoo 800.00 S90S 0337 85a7.6 aa. ss -.187
1.472 40? .61 Seoo :osa3 a457.8 a8.46 -.104

A1.766Z.eoa
4.000
8.000

1

1.000
z.oao
1.040
I.aoo
1.460 11

600.00 4464
508. a4 4454
576.92 4444
500.00 4S7a
411. oz 4a75

-Li.7sa 34a
a. 190 a74
4.000 iso
8.000 7s

T

i. 000 400
i.oao 588
1.o4o S76
l.a OO 500
i. 459 411

:W;
:018s

.04a8

.04a6

.04a4

.:c?:~

50
01
00
Qgkiiwiil

T
1.000 600.00
i.oao s88. a4
1.040 576.9Z
i.aoo SO O.00
1.467 408.97

1.761 340. ai
a.aoi a7a.6s
4.000 150.00
8.000 76.00

pu..a..tfuel - 14.e3

L. 196 0.869 ---—— —-- — ——
L.L96 .e6a 3.310 O::::; o: *g; 0.0130
1.196

84a
.a67 a. 39a .0130 34.9

1.195 .86a 1.2s8 .0017
1.19s

.s88 oiae 74.0
ass 1.0s4 .0008 .S60 :018s IZ08. O

1.160 i.a~9 1.000 -.0000 .667 .0146 140.0
1.167 1.f70 1.03Z -.001s .78a .014Z 164.8
1.160 1.047 1.3aa -.oosa 1.018 .Olsz ais.9
1.178 ..s50 a.oos -.0111 z.a ia .oi ia a55.7
~emt I’uel- ZQ.71
1.169 1.357 —-—- —— . . .
1.160 i. 354 3.aa3 o.ooa7 o.i aa 0.0156 a7. o
1.168 x.s5a a. 374 .0029 .180 .0i5S 3a. o
1.16? 1.3s1 L.a5i .0019 :3’g: .015s 81.6
L. 166 i.3oa 1.035 .0009 .01s0 116.6

30s7.9 ai .3a -.a48 1.169 l.a ia 1.000 -.0000 .666
a973.4 ZI .45 -.a36 1.166 L.~a7 1.03a -.0018 .781
a7s7.7 a~.77 -.ao4 1.166 1.1’23 1.335 -.0064 L. 018
a530. o za .07 -. Isa i-i58 .97a a.os4 -.0111 l.aao .0109

r - 25: 0/F - 2.297, W.-t ml - 30.53 -1
~
i.i7a
z.z7a
1.175
l.x?e

i.18i
1.184
1.193
z.aos

.

.
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TABm v.- TEEOREI!ICAL~ AT ASSIGNED PRE8SURE RATIOS FOR JP-4 FUEL WITH SEVERAL

muoRRm-ox!mENmxL’ums
[Zqulllbrium ocmr..anltionduriw isrnt.ropioexwnsirn from Ch2mB6r plwnmme of am hl/aq in. Zbs.]

10

::

::

:;
100
150
Uoo

Soo
400
600
800
.000

10

;:
30
40

::
100
1!50
aoo

300
400
’500
800
,000
~

10
15
20
30
40

60

2::
1s0
aoo

300
400
600
000
,000
~

60.00
40.00
So. oo
So. oo
ls .00

10.00
7.50
6.0 O
4.00
3.00

2.00
1.80
1.00
.79
.60

~

60.00
40.00
$0.00
$0.00
15.00

10.00
7.s0
6.00
4.00
3.00

0.00
1.50
*:;:

.60
a

60.00
40.00
30.00
ao. oo
15.00

10.00
7.60
6.00
4.00
3.00

3010 0.0330 19s7. s
z9al 0314 1069.8
986L :0303 1809.7
a778 .oae7 1’72?.7
a7aa .oa76 16?1.4

a645
as92
sssa
a4eo
a4sz

.oa59 1S94.6

.oa47 1541.9

.Oa>s 1s01.9

.oa ai 1431.4

.oao9 2saa.9

M

IT
a996 0.03cII aa9i. a
a900 .oa79 Z199. Q
a834 .0864 als.s. a
a74a .oa37 ao49.6
a6-77 .0aj3 1990.6

ZSE6 .0175 1910.4
asao .0 43 18s5. s
a467 i.0 14 i8i4. a
3367 .0064 1741.6
aa91 .0040 i69a. a

T
a943 o.oa51
aa3s .oa16
a7s7 .0194
S646 .01S6
a564 .oi17

a443 .0037
a3s3 -.0019
zaea -.0050
a14s -.0098
aos4 -.ola4

E
10 60.00 a843 o.o17a
15 40.00 aT13 .01a6
ao 30.00 a6ia .0091
30 ao. oo 8479 .ooa7
40 26.00 a37a -.00a3

60 10.00 2as4 -.0070
7.50 ai33 -.0091

i:: 6.OO aoss -.0101
150 4.00 i9 ia -.oiia
Soo 3.00 1834 -.ol’a?

300 a.00 1699 -.01S0
400 1.S0 161S -.01S6
600 L.00 1503 -.oxaa
800 .7s t4aa -.ota9
::: .60 1373 ‘.01S9

.40 za70 -.ola7

-
a4sa.3
asse.5
aa94.5
aao7.9
at49. o

ao69.5
ao2s.7
1975.4
190S.6
lasa.7

L796. a
1754.3
1698.6
1661.4
1633.8
~sa6. a

-
a610.4
a516.9
a4s3. s
a368.4
2311.0

aas4. s
ai8a.9
a144.7
ao78.9
ao34.9

J
1976. S
1937.6
188s.9
10s2. s
iaas. s
178a. o

87.10 -.339 3..111
a7 .3a -.356 1.109
a7 .57 -.3s4 1.107
a7. a4 -.3a9 1.105
aa .03 -.3a6 2.104

aa. a9 -.3ao i.xoa
20.47 -.315 1.101
;:.:; -.310 1.101

-.301 1.100
a9 :03 -.a9a i.oss

a6. s3 -.197 l.lao
a6 .67 -.i7a i.ia4
a6 .76 -.1s3 1.ia7
a6 .91 ‘.116 1.137
a6 .99 -.oa9 1.147

a6 .46 ‘.077 1.1s7
as .51 ‘.o S6 1.165
a5 .64 ‘.04S 1.i7a
a5 .59 -.oa4 1.ta4
a5 .61 -.014 z.i9a

a4. a6 -.oaa 1.195
a4. aa -.014 1.199
a4. a9 -.009 1.Q04
B4 .30 -.004 f.aio
a4.3i -.ooa x.aia

1.880
z.a64
z.a49
i.aa2
1.796

t
1.7 6
1.7 z
1.60S
1.656
1.s9a

1.6S1

;%;
z.a70
i.z7a
R@ - a
1.661
i.sas
i.5ai
1.400
i.aba

1.148
1.040

;;;;

.61B

%;

4
.4 7
.4 9

Cuel - r

i.a9s
1.169
1.0?0
.9*4 I
.aa4

L
.6”41

A

.6

.s04

.5rn6

.497

,4+0

3
.4 9
.4 e
.4 1

i.4 1
.449

RW 1-2!

1

o.9a9

!

.a 9

.7

.6 i

.s o

.siz

!

.s7

.4 3

.4s

.4 7

.46a
dgg

.461

::2i\

m
-W
,07

ma.4 -. .aao
3. aa ‘.0067 1.37a
4.06 -.0079 1.433
6.64 -.0099 1.SL
6.94 ‘.01i6 1.56

9.S6 ‘.0i4S 1.63 .oloa a93.6
za. os ‘.0164 1.67 .oo9a 301.6
14.39 -.olaa 1.707 .0096 307. s
19.93 ‘. Oa10 1.76 0090 3Z7.6
as. za -.oa60 1.80 :ooa6 3a 4.3

34.74 -,oa98 1.8s
43.70 -.0333 z.sa
60. a9 -.037a t.9a4
75.7a -.0383 1.9s
90.36 -.0391 1.973
,a4.6a -.0391 a.ooa J-

.0079 333a

.0076 339. o

.006S S46.
0063 3S1. !

:0060 3sa.4
00S4 361. ?

T
a.43-. oo7a
3.a5 -.009s
4.01 :::~1:
S.44
6.7a -.017E

9.as -.oaao
11. ss -.oa46
13.71 ‘.0a66
18.7s -.oa9s
a3 .4a -.03 ia

L
3a. os -.osa7
40.07 -.03a9
94.96 - 0331
6a. a3 - 03a9
aa. oo - 03a7
la. e6 - 03a4
.1s

7

a.40 -
3.1s -
3.91 -
s.a6 -
6.S1 -

n.ao - oa47
10.91 - oas9
ia .91 -.oa67
17. s4 -.oa75
al. s4 -.0274

T
oi19 30.
oils a47. i
oiis aaa. z
0s09 a7a. a
0106 asz. a

Tr
x.a77 o.oilz a3a.6
1.370 .0106 a49.5
1.430 .oioa a60. s
i.ao .0096 a74. S
1.ss .oo9a a6s.7

1.6a4 .00ss a9s.7
1.66 .00s0 303.5
1.69 .0076 309. S
1.7s .oo6a 31a.9
1.7e .0063 3as. a

m0105 z.a75 0.0097 a34. o
0138 1.367 .ooa9 aso.8
0164 1.4a6 00a4 a61.6
0199 1.601 :0076 a7S.4
oaa4 1.s49 .0071 a84.3

L.61 .0063 a9s. a
1.6S3 .oosa 303.3
1.68 .00s4 3oa.7
1.73 .oo4a 317.8
1.76S .0044 3a3. a

—

.

.

.
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TABLE v. - Continued. TBEORFWICAZ PERI’0RMAN3EAT ASSIGRED mSIJRl RATI(X FOR JP-4 Fm

WITH ~ FLUORINE-OXYGEN ~

[Emillimium.Cawslticm 6urin6 imisrqio ●qmdm m .tiber kwesmnw of am lb/q in. Sb..]

.

dm
$

1’ 0/6 .

*3.39
ns.4z
13.64
as .77
X3.92

24 .9s
a5. s6
06.37
SS .?6
25 .7L3

.103J$aroent fuel - 24.s6

- .3a3 1.130 1.779
- .3s5 1.1s8 1 .780 : :;:: 0.0017 0 m: 0:::::
- .sa4 1.134 % .7B8 ,0006
-.385 1.133 1 .790 1 .000 .0000 .65S
- .3*5 1.13i i .790 1 .033

.014a
-.0007 .7?s .0140

i--l

1 .000 600.00 3735 0.0439 as6a.3
1 .040 6?6 .9k? 37al .0437 aD7s.9
s.44a 416.14 3613 .04a0 a774 .7
i .730 346.79 35ss .0410 8719.9
2.163 a77. d3 34aa .0399 a6a 4.6

10.000 60 .00 3083 .0316 2a4’i. a
Po .000 ’50.00 z094
ao .414

.0a77 20#4. t
?9 .39 a5a9 .0a?6 E079 .6

:: mm: 1s .00 a?las .Oa Y1 19sa.5
14 .70 f+7a8 .oaa9 i9aa. a

3a .9
99.4

iai. o
i4a .6

a36 .a
a64.5
a6b.3
aa 6.4
*a9.0

300 .7
314 .9
34i .0
3a4 .6
363.7

33.5
tot .7
la 3.6
i45 .6

Z59 .9
268 .a
a68 .9
:;:::

303.3
316 .6
340 .1
362.0
~

- .,. ..

60.000 10.00 z641
100 .000

.0194 ia4e.9
6 .00 asaa .OIYE 1746.6

300 .000 a .00 aas6 .0014 1551.7
600 .000 % ::: :::: -.0167 1 .41.7

1000 .000 -.0345 1767.9
“-l

es .99
a6. a4
a6 .63
S6 .73
Z6 .?6

L, o/1 .

m
aa. a7
aa.4s
aa .59
aa .7a

.662,

-.
-.:
- .2
-. a
-. a

.@It f

I
16 1.1
15 1.1
‘9 %.1
!5 1.1
!9 1 .1

10 1.1
,0 1.1
al. i
10 1.1
i9 1.1

Is 1.1
,6 z.a
‘I z.a
iz. a

1 0 00 600 .00 3694 0.041s
1 :040 576 .9a Y6ao .0409
1.446 41a. Oo 3564 .0385
1 .73.3 345 .a3 3b0a .0371
a .169 a7m .67 3Aa7 .03$4

10.000 60.00 a946 “oats
:: .::: 10 .00 a7a4 .013S

?9 .s9 a717 .0130
.n:ooo 15 .00 9486 .ooa~
.m .a27 la .70 a479 .0010

so .000 10 .00 !2340 - .00S7
100 .000 6.00 a16a -.0115
700.000 a .00 176.9 -.0163
400 .~oo i .00 1::4 :.:X:4

1000 .000 .60

! .000 600.00 3563 0.034s
i .040 S76 .9a 3567 .0337
1 .4s6 41a .19 3434 .0399
1 .747 3A3. A9 3sba .oaao
‘a.1e3 a7a .79 3a75 .oab7

,n.lloo 60.00 2671 .0062
9-.000 30.00 a3e5 -.00?P
20 .414 a9 .s9 a 377 -.0024
40.000 15 .00 2105 - .0071
an .9?7 14 .70 a0Q7 -.0077

60.000 20.00 1950 -.0083
too .000 6 .00 1766 -.0094
700.000 z .00 1A!64 -.00q5
609 .qoo t .00 1844 -.009?

L90J3, QO0 .60 lla O -.004Q

i 000 0 .00 5YC-1 0.03d4
j :n40 ;;6 .q? 3373 .0340
1.472 407 .71 >a14 .oaoo
, .766 ,$9 ,76 X,3, .0z7a
a.*07 =71 .61 30a9 .0151

10 .000 ho .00 7345 - .000B
?0 .Iloo 30.00 z?050 -.005L1
a,l.41d ?9 .39 2041 -.oosa
40 .000 * s .00 17ea -.0051
4n .na7 14 .70 1775 ..0061

~n.n~o 10 .00 1640 -.0081
100.000 6 .00 IA76 -.0063
300.000 a .00 1179 -.0049
600.000 1 .00 10;: -.0041

Jr3*n. cloO 0’34

.-.
3a06. a
3193.3
30U7 .3
3030.5
a96a.7

a544 .7
ay79 .7
257s.1
8229.6
aaas. d

:;:: .;

1877 :a
17ea.6
i7ao.3

., .. .
i .s7a
L.sl. a : s:: o.ooao 0 d:: 0.0140
1.530
; Am:

.0007
L .000

;:;;:
.0000 :$:!

1 .033 ‘.0009 .0i30

1.054 : .;:: ‘.0096 a .a76 .oioa
:::: 1.4a6

3:980 ::::::
.0097

1.430
.63a

.0o96
6 .S33 -.oaa6

.6a7
1 .s30 .0083

.3.634 -.0=30 i .6s3 .ooas

:::: 8 .0>7 -.oa aa L.613 .0075
ta. aso ‘.0a97 1.683

.44a a9 .680
.0065

-.0320
.443

: m: m;:
60 .430 -.03i6

.447 74 ,790 -.0 306 t.9ta .0033

a3. s3
as. az
a3. e2
94.00
a4. Ot

-. 1
-.1
-. 1
- .0
-.0

.

.

-.0
- .0
- .0

Is
1--1.

1

3500 .a
3487.1
3377.0
3519.4
3?50.0 T
;.a.azaj
11.15 -.a
!l .17 -.a
!i .33 -.1
!l .4? -.1
lt.3.a -.1

.I-0.ntr

r.3 1.1
ail
,4 1.1
13 1.1
!0 1.1

8 1.1
!4 l.a
14 r.a
8t. a
ei. a

*1 - SO.04

87 2.a07
87 1.199 : M; 0.00a9 o:~~: O.oiao
e i.tza

33.8
.Ooil

89 1 .071
.0113 10S .6

L .000 .0000 .664
‘1 l.ola

.0109 lab.4
I .03a -.0013 .779 .0105 147.3

J
ZP 77.?
Pb70 .7
a67a.3
a539. Q
Z536.1

aA6*. a
2301.1
aaa4. a
a14L.6

e7 3

F-1.

7

57.0
3?!39 .9
3647 .1
3s90.3
36aa .9

ta. oo - .0
la .09 -.0
lS .09 - .0
19.13 - .0
la. i3 - .0

-L~a.14 --0
!a. ia -.0
t2 .15 -.0
ta.is -.0
Ia.as -.0

; 0/9 - 2.On;

T

10 .0.9 -.1
10.09 ‘.1
10.20 -.1
!O. a6 -.0
10. s9 -.0

L4 i.a
11. a
ol. a
oi. a
012

emer.t r

r

11
‘v 1:1
lb 1.1
‘: :::

-.
1.a95
.8316 : .;:; 0.0036
.ata

0 d:; 0.0088

.?74
.0013 .0060

1 :000 .0000 .674
.?s0

.0o76
1 .031 -.0016 .7s0 .0071

.bas a .aa? -.0104 I .aes .0040

.4a9 3.510 ‘.0116 i.4oa .0030

.48a s .5b9 -. O1za : m:

.473
.0030

5 .660 -.01=0
.47a

.00a3
b .74a -.oiao 1.514 .00a3

.<70 7 .sda -.oi ia 1 .566 .ooao

.4a8 10 .900 ‘.0115 1.6a3 .0016

.478 a4 .SAO -.0110 I .7a9

.494
.oo ia

41::90 -.oioa I .7a1
61

.0009
t.a~5 .0006

34.62

).7ia
.tla a .407 O:;::; 0 ~:;; o m:::
.656 1 .038
.631 1 .000 .6000 .6aa
.604

/3:::
t .030 -.oo ia .797

.498 a.164 ‘.00b7

.483
1 .aba

> .383
.ooao

-.0069 1.393
.dea

.0014
3 .429 -.00b9

.476
1 .39a

a.4aa
.0014

-.005a 1 .500 .0011
.475 5 .bOO -.ooba I .soa .0011

.47Z 7 .aoe -.004s : m: .0009

.47a 10 .380 -::::$

.S6S
.0006

a3 .a70 1 .707
.?03

.0005
39 .680 .0061 3..756

.888
.0006

60 .6a0 .0077 1.789 .0011

33.8
104 .7
1a6 .1
147.5

a36 .8
a6a .4
a63.1
aaa.9
~83 .4

a93 .0
304 .a
;;:::

~

33.4
104 .&
zn 5.4
146.1

a31 .a
Z6b .S
a56.1
274.7
a75 .1

204 .2
a9d .7
sza .7
3a 1.8
3a7.7

3128 .6 aO. b4 -.01s t ass
a9et .5 *O .66 - .005 1 .X49
2977 .S !40.3.6 - .0q4 I .a50
a851.3 20 .s7 - .001 1 .Z87
a849. a ao .57 - .001 i .a57

r1 .000
1 .040
1 .4a B
1 .786
Z-.*33

19. nOO
an .000
Q@ .41a
40.900
.n. *a7 II

600.00 314a 0.0156
576.9a 3123 .0151
403.13 a943 .0110
1s6 .94 a85a .0091
a6a .7s a74t .0070

60.00 ?044 -.0016
30.00 17JJ6 -.00$?5
?9 .39 1759 -.0026
15.00 152a -.0061
ld .70 15i5 -.0042

90.00 lYq S -.0060
j.LT: l;~j -.0045

.0075
1 :00 a74 .ofao
.60 aaa .0057

343a.3 Z-.aa
sa7* .4 iv .a9

- .003 1 .a64
- .002 I .*7a

3S7Z .7 i9. a9 - .O*I 1 .a7a
31S9 ..? le .=9 - .OQO i .a7s
315s.0 2Q. a9 - .000 i.a7b

L
6~.000

;::. g::

600 :000
1000.000

.

.
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TABm P. - Con_ktiued. T~FW!lIC!AL =WMIK!X AT ASSIGKKL) ~SURX lWiTIIX 3’OR JW4 ~

_ ~ FUK)KUCE-OXYGFZT ~

[Equilibriumompo.itiontiiKw imnt~ia .x#mdm m oWer PI.M- of 503 lb/8q in. abs.]

(0) Per.ent flu.=riricm oxiht by ..*t, w

r - 1.2j

r

1.000 600.00 3860 0.04S4 se74.B aa. ,

.03)39 *197.5 84.3
,0s07 a0a6.8 a4,7
.0a06 aoai. s e4.8
.0a48 1060.0 a5. a
.0a46 186S.8 ss. e,,

66.000 113.00 a698
1o11 .000

.Oiov 1?80.6 ;5.4
6 .00 a57e .0 54 1676.0 a6.7

Soo .000 a.oo aa94
600 .000

.04s4 1470. ? a6.1
1 .00 ao7s -.0156 1356.9 a6.3

000 .000 .60 190> - .0357 1e79. a a6.3
, - 1.4;

1 .000 600.00 sass 0.0437 S170.7 ai. e
1.040 676 .9a 36a0 .0435 32e7. o ai. e
1 .449 414.12 36Q5 .0411 3044. a ea. o
1 .739 34s .10 $6a6 .0598 a9e4 ,a aa. i
a.17Y z76 .08 3s49 .0381 a91a.6 aa.3

111. noo 60.00 3050
:: .(77:

.o asi a4? 3.3 es. t
30.00 =830 .Q 64 a299.9 a3.5
89 .39 a6a3 i

Ao:ooo
.0 61 a295.0 a3,5

$s .00 as95 .0074 a14z.7 a5.7
io. aa.r 14.70 a5ee .0070 als T.3 as.7

60 .000 10 .00 a44e - ,6”18 a056.4 03.6
700.000 6.00 2a53 ..8!16 1956.6 a3.9
>00 .000 a .00 1840 -.0196 1770.4 23.9
son .000 1 .00 1607 - .0196 1b72. $ a3.9
.50.7.000 .60 1453 -.0179 1806 .6 a3.9

m 14:?U aS27 ‘.00811 S483:6 X2:1

60 .000 lLI.00 aoea - .kfb* a349 .4 aa. ~
100.000 6 .00 Yame -.oi?
300.000 a.oo 1491
600 .000

-.01,4 :;:: :: ;;:;
1::: ;::: -.01a7 a007. a aa. z

000 .006 -.0ia3 1961,6 aa. a

r - 1.eJ
1 .000 600.00 3s.a6 0.05”0. ”3702.3 Z9 .9
1,040 576 .9a 3567 .0 SJ99 3688 .4 19.9’
i .469 406.30 3~07
1 .76S >Ao.as ssaa

.0254 3568.9 ao.1

.O*sa S50S.3 ao. t
s .904 e7e .ao 3aa0 .0a05 3436.6 ao. am:“:: ::;: ~:~::: a::::: ;:”::

‘ ::: ‘::i : :Wj :;$::$ :::::
r - 2.9;(

1 .noo 600 .QtJ 3569 ~<
i .fl~o 576.9a 35;9 :~;; y; :j ~: :;;
i.4a6 404.16 11 ?
1.TB1 336.60 Scl 4
*.2a7 a69.44 a961 :8j:: ::%;: ::::;

10.000 60 .Do aaas -.06-9 iSd Q.6 19.40
:: .::: Zo. oo 191’7 \- .00 9 3133. Q 19.44

?9 .$9 1909 -.0040 3sa9 .9 19.44
40 :000 1s. o 1644
AO .93? ?

- .0843 3007.9 19.44
14.0 16S7 -.o04Q 3004.5 19.44

60.000 “*10,00 1s01 -.0062 a94a.8 19.44
100.000 a.oo 1337
300.000

- .Ob?? ao6a.7 19.44
a.oo t::: .001s a735.0 19.44

600 .000 1 .00
000.000

.0090 a667.3 19.48
.60 3.35 .00?4 a6aa.4 19 .66

- 5.65a> yromt f’ml . 2

T

‘.319 1.14? 1.6
-.S19 3.146 1.6
-.3aa 1.14s 1.7
-.3aa 1.141 1.7
-.3a3 1.139 1.7 I

-.314 i.la6 1.6”
-.301 i.i aa i.a

!

-.300 i.laa 1.S
-.a73 i.iaa 1,4
-era i, isa 1.4

mm
-.ai3 1.143 1.16$
‘.156 1.183 .931
-.154 1 .163 .9a;
-.008 1 .176 .7 !
-.086 1.177 $.6 ,

m
- 2.574; perocnt fuel . a.7

x

-.
~::m: ~;~:; ;:: ;

-.at3 1.161 1.17?
-.a OO 1.161 l.ll~i

-.oe6 l.l SB .70;
-.04z a,ai3

::!:: :% :%

::::: ::Al:g dfi

-.000 l,e61 .4a’4
-.000 1.a60 .435
-.000 1.a56 .440

-. OrOorltm. -
::::f :.j:: O:;;:

-.14a i:$e> .908
-.130 1.le6 .s 4
‘.115 1.190 f.a 4

L
a.35a 0::::: 0 An:
1 .036
i .000 .0000 .666
1 .053 ‘.00b7 .774

a.416

::::: W : %
6. BOB -. O1li L .s57
6.91e -,oi13 1.660

9 .J?b ‘.Ot 351 1.6=S
14.120 -.0174 i.699
34 .a o

1
-.0300 i.a38

b9. a 0 -.0418 i.* ia
B6 .170 -.04e7 1.900

I:; ;;6

.b14 i

.0146

.0132

.oia4

.oaa4

.0117

.011?

.0 13
1.0 07

.oosa

.ooeo
,0070

a. 361 o::::; o.
1 .036
1 ,000 .0000 :!;; ‘H -
1 .033 -.0009 .776 .01S9 149.

l-l
;w: o:::;; 0 :*1:

1 .000 .0000 .664
1 .03a -.0014 .7ao

a .Sai -.0137 1.171
3,71s
~.,,g :::::: :.:::3 .76B
6.04 -.oa44 1:631

-.

6.o77 -.0Bb7
1 .680 ::::g:
~6 .aoo ii;!!
,4 .oao - .oass z.eeo
;4. C1O ..0 @4a i.C55

).olsi
.oia7
.oia4
.oaao

.0009

.0071

.007>

.Oosa

.oo5e

34 .
106.
1*9.
iat.

a47.
a76 .1
a7a.

1:::

308.
311.
34* .’
3s 3.’
360. <

I 1

U
~ ,403 O:~~;; O.lea
t .O>* .ab9
L .OQO .0000 ,68z
L .030 -.0026 .795

t .i7i - .0093 1 .aba
S.364 -.0101 1.J95
5.430 ‘. 01 Oil 1.399
}.s9e -.oioo i.eoo
5 .474 -.0s00 i.50>

?.f46 -.0093 1,551
1.a40 -.0087 1 ,608
) .600 -.OOb B 1.705
r .ebo .0006 1.75e
5.940 .0030 1.763

):::::

.0067

.oo6a

:::::

.00a4

.ooza
ooze

.001

.001
,000 !
.0008
.0010

34.6
loe.1

1:?:2

y;!

!:5:2

*$4 .9
30b .b
3a4 .0
33s.1
33m .9

—

=
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-1
Q
D
$

.

.

.

1 .000 600.00 41e 0.0458 aas 5.9 a8.lo - .Soi 1.1s0 i .5a0

1.040 .976 .9Z 410

1

.0456 aB41.4 nz. zs -.s01 1 .1s0 1 .5s1
1 .4sa 41s. a9 39*4 .0437 a7ai. s US .36 - .s0s’ 1.154 1 .b97
1.’/48 3A4 .41 S891 .04a7 S6S7 .0 aa .49 - .30s 1.15e 1.830
a .178ra?s. ss 3e04 .0416 asaa. i aa .64 -.304 1 .150 1 .53s

10.000 60 ,00 3ae .0334 a2 x9.4 as .6? -.a99 1.1371.413

ao .000 so .00 308s .0291 1936.0 a4. le - .a9i 1.13a i.4*a

00.414 Q9 .39 3077 .0’690 1930 ..6 n4 .13 - .a91 z.isa 1.466

●o.000 15 .00 as95 .0248 1766.8 S4 .55 - .a74 1 .la9 1.381

LO .6Z7 14 .70 ae90 .oa47 176z. O 24. S6 - .*73 I .ia9 X.377

60 .000 10.00 a790 .oi5a3 1674.0 84 .79 -.a55 % .130 i .a99

100 .000 6.00 a66a .0164 1663.0 S5 .07 -.als 2.z3a i. 131

300 .000 2.00 as6? .0019 IX46. O ‘2s .57 -.108 1 .163 .7nl

600 .000 1 xl: w; -.0111 1aa4.9 25.73
1000 .000

- .036 i.at4 .496
-.0373 1144.6 86 .77 - .ooa 1 .a46 .3a4

. - Z.4: om . 5.4a1: _..t rU.I - 33.62

I
1.000 600.00
t.040 576.9a
1.461 410.00
t .?53 Yda.3s
a.191 a73 .06

10.000 60.00
10.000 30.00
ao.4ta :2:::
.0 .000
40 .8a7 14 .70

60.000 la .00
100.000 6 .00
300.000 a .00
600.000 1 .00
000 .000 .60

m

1 .000 600 .00 4100 0.0451 siao. a az. sr
1 .040 576 .92 40aa .0449 3105.3 ai .34
1 .4s5 41a.4s 3936 .04a7 a9a 0.6 ai. ss
1 .’346 3A 3.69 3.960 .0415 291S.3 ai .6a
a.zaz 274.95 3770 .0400 aa37 .5 ax. ae

10.000 60.00 3a16 .0aa4 Z564.3 aa .75
3.0.000 30.00 a9a4 .oaos ai7a. a a.l. la
a.o .414 ?9 .39 z97e .0s00 ai7a. v as. r>
60.000 15 .00 a746 .0109 S!008.6 a5 .63
40. aa7 14 .70 a738 .0106 a003.6 a3. ~4

60.000 10 .00 2s0s .0044 1917.0 a3 .56
100 .000 6.00 a390 -.0105 1609 .a a3 .67
300 .000 a .00 193a -.0a3a 16il.1 a3 .75
600 .000 1 .00 1669 -.0Z50 Isoa. a Os .75
000 .000 ,6o 1493 -.0a3s 14s9.3 as.7s

i.- 1a; 0/

m

-!-
10.000 60 .00
20 .000 70 .00
00 .414 ?9 .39
40.000 15 .00
.O.8a7 14 .70

60. f100 10.00
100.000 6.00

\ :::::::
2.00
1 .00

ilOOO .000 .6o

1
7056 .0165 a606.6 S1. ?a
2735 .0043 aLa S.4 61.94
a7a6 .0040 a4i6.4 ai .94
::;1 -.0068 aasa. o aa .06

-.0071 8a57.5 aa .06

au37 -.otta ar77.0 aa .09
aO1l -.0149 a079.5 aa. li
i5a0 -.o17i 190s.0 aa. iz
:;~l ‘.0161 1011.9 aa. ia

-.017S 1753.4 aa. za

m - 1.s;

m

9
3sQ13 0.0361 S600.0 19.70
;;;7 .03S6 35 U5. S 19.80

.0316 345~.1 19.96
361 .0a97 37a7. V aO. OS
350 .Oa’70 3309. S aO .15

a76a .0056 aU40. U aO.6Z
a431 -.0034 967b.1 aO .72
ZAal -.003’/ 2.670.3 20.7>
S1O -.009a a594. a aO .77
a094 -.0093 a5a 0.6 20.77

i9a -.0109 a44 .3.7 UO .78
1711 -. Oil* aF 58.1 ao .79
I 3a -.0126 a19?.6 20.79
SIR -. O1a O alla .8 aO .79
990 -.0113 2067.3 20.78

r - 2.0; w
1 .000 600.00 37 0 .oa~ 4 3819.9 19 0+
I.oao 576 .9S 36: .0aa9 3804.7 i9:0i
1.483 404 .6.7 3491 .0a46 367a.3 19 .17
1 .780 3S7 .14 339 .oaas 3607 .4 i~ .ad
a.>a~ a69 .71 3a74 .0194 3530. ? 19.3~

II
-.2U3 1.166 1.44
-.a U3 1.165 t.446
-.aaa 1.160 i.43a
-.a6 1.158 1.431
-.a7 1.156 1.419

-.237 1.160 1.a16
-.1e7 1 .1s5 1.009
-.16 1.155 t.ooa
-.ia 1.173 .774
-.ta 1 .17.4 .767

-.08 t .193 .641
‘.03 t .aao .S06
-.004 1.a63 .405
-.00 i .a7s .390
-.00 1 .a76 .389

; s;: 0::::: 0 M: o a:: 38. s
zOa.3

1 .000 .0000 .66a .0151 131.5
1 .033 -.000a .778 .0149 1s4 .3

~ ::sa -.0059 1 .275 .0133 *63 .1
-.0083 z.4a6 .01a6 aaa .9

3 .996 -.0064 i.4a9 .Olas aas .7
6 .676 -.0111 1 .551 .0119 307 .a
6.7a3 -.ol ia 1.654 .0119 soa .5

● .174 -.0132 1.616 .0115 3a0.7
13 .790 -.0L71 1 .690
33 .S713

.0110 3s5.4
-.0a9b. 1.6a6 .0096 3sa.5

67.560 -.0439 1.89B .0063 376 .7
as .iso ‘.0533 1.944 .007S 305.9

: .::: O.ooao
.0007

1 :000 .0000
1 .03a

1

‘.0009

*. S67. -.oo ai
3.073, -.0134
3 .93L

I
-.01s6

6 .474 ~::;::
6 .674 1

0 .179
.549
.664
.779

I .a74
i.4a3
1.4a6
1 .545
a .549

t .60e
1 .67a
I .aoo
1.660
~

. a.s94; pm-t rud . ai3.w

m
D.0L55
.0160
.014a
.4145

.01a6

.0116

.011s

.0104

.0104

.0096

.ooas

.0061

.0050

.0045

0.0144
.0139
.0136
.0133

.0104

.0089

.oo aa

.0073

.oo7a

-.139 1 ao6 0.065
-.137 1 :U07 .as9 a .40S 0::::: 0 A:: 0.0103
- .Iao z .aio .aol 1.032
-.110 2.ai3 .770 a..000

.0096
.0000 .Sal

-.09a 1 .2i6 .733
.009a

1 .030 ‘.0017 .795 .00a7

-.0a4 1 .a64 .ai3 : :;:4 -.0i3a I .ab4 .0053
-.007 i .aa9 .4 aa

9

-.016a 1 .397 .0040
-.007 1.290 .4a7 3.44 -.oiba 1 .401

I .soa
.0040

- .00 .430 5 .S6 -.0171 z .aoa
- .001 I .30a .4a9 t..464

.00>0
-.0171 I .aos .0030

-.000 1.316 .4 ai 7.09 -.0170 z .554
-.000 i .3a5 .4 ai 10 .09

:::::
-.0165 1 .609

-.000 1 .s47 .3a9 al .74
-.0b4 1.301

-.0119 1 .7rJ4
.635 35.94

.0014
-.oo aa 1 .749 .0015

-.301 z .14a 1.691 55 .00 .016a I .77a .0016

I
36 .1

iio. a
133.5
156 .a

256. s1
aa6 .3

d

*a7. a
311 .0
311 .7

3a3. b
337.7
3dz.4
374 .7
3aa 4

36 .4
2it. a
135.2
158. s

a57.6
aa6.7
aa7 .5
3i0. a
Slo .9

4
3ai.9
334 .8
367.0
366 .0
374 .a

36 .S
113.0
i36 .1
159 .a

I
a55 .9
za3 .8
aa 4.5
306 .0
306.6

316 .9
3sa .a
3a9. a
SS9.1
365.3

1
36.3

113.3
136.0
15a.6

25.a.a
a7a.9
a79.6
299 .U
300.4

310.1
saf .a
340 .0
349 .1
354 .9
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TABLEv. - Contlnuad. THEO~l~ ~ AT ASSIGNEO PI@SUKE RATIOS FOR JP-4 FUEL

WITHSEVESALmmRnm-oxYGEmIcmuREs
[E+.lllbrlu.ocu.poalti.m6urinslnentrogiaexpmsim rrcaahmber premuraof 600lb/eqin.ab..] .

(e) Percent rluorins in O%ida.atby wiaht, 70.s7

I I 1 I I I

PmWent fuel - 14.03r - 1.0, o/F - 5.74

a.a9 -.0105 i.a70 0.0097 a44.9
S.oo -.0099 1.3s7
3.67

0091 a61.6
-.003s z.4za :0008 a7a. a

4.95 .0031 1.4ss .ooe9 28s. c
6.17 .005s 1.506 .0091 a94.7

e.4a .0070 i.saa .0094 306. S
Lo .6a .0067 1.6a8
Le.ao

.0096 3a3.
.oo6a 1.6S7

17.85
.0098 319.

.0047 1.707
aa .66

.oo9a 3s9
.0037 1.740 “!,0100 33s.

31.80 .ooa3 1.78s .0101 344.1
40.83 .0011 1.815 ozoa 549.
S?. ao -.000a 1.as4 :Oloa 3s7.
73. ts -.0013 i.ea .ozoa 36a. !
aa .60 -.00I!O 1.90 .Otoa 366.6
La5.7 -.0034 1.93 .oLQa 373,3
60

a.3a -.01ss ~.a7i 0.0113 a6-r.o
Boa -.0196 L.3S9
S.70 -. OZSI 1.4a.3! %;; ;:%:;
4.a O -.0331 1.486
6.9a ‘.0S63 i.a30 .0074 3s 1.4

7.84 -.0190 1.s87 .006S 333a
9.73 -.ooa9 1.6U5 .0063 340.9

11.59 -.0044 1.649 .0064 346.4
16.01 -.ooa7 1.695 .0065 3as.9
ao. ao -.0049 1.7a4 .006S 36a. s

U8 .04 -.0101 L. 764 .006S 370.4
::::: ‘.0161 1.?90 .0064 37s.9

-.oa7a 1.ea4 .0061 383a
60.96 ‘.0369 z.a47
7a. ls -,0433 1.a64

.oosa 387.9

9? .34
.00ss 391.

-.0499 z.a9i .0049 39?.
71

a.33 -.oi ai i.a7a 0.011s a69.4
3.0? ‘.0161 i. 361 ,0106 aaa. a
3.76 -.0197 1.417 .0100 300.
6.00 -.oa5a z.4a9 .0090 3LS. 3
6.13 -.oa9s 1.s36 .ooa3 32s.0

a.16 -,0303 1.s93
to .04

.00?4 337.4
-.oa79 1.631 .oo6a 34s.4

11.82 -.oa93 1.6S0
15.86

.0064 Bsi.a
-,0343 1.703 .oosa 360. a

19.60 -.0373 1.733 .ooa3 367. o

a6 .06 -.039a 1.770 .0046 374,9
51.99 ‘.0396 1.794 .oo4a 379.9
4a. r3 ‘.0396 1 .aas
6a .4a

.0037 3a6.4
-.0596 1 .a44 .0034 39o.6

61.65 -.0394 1.asa
ea. ss

.0031 393.4
-.039s 2.eaa .ooa7 398.6

7s
a.s6 ‘.01a6 1.a74 0.010s a6’/.3
3.11 -.oi5a I.364 .0097 aa6. t
3.81 -.oiea i .4 ai .oo9a a9a.1
5.07 -.oa3a L .494 .ooa3 323.4
6.al -.oa69 1 .s41 .0076 3a3. z

a.87 -.0309 1 .600 .oo6a 33S.6
LO .13 -.03a9 I .63a 0061 343.6
11.86 -.033a I .665 :00s7 549.3
Ls. aL -.03s1 i .711 .00s0 3sea
L9 .40 -.036s 1 .740 .004s 364.9

a5. a9 ‘.0356 i.777 .0039 37a.7
)1.79 -.0ss6 1 .Soz .0036 37?.7
ta.49 ‘.0356 i .a3i .oo3i s84.
5a. ao ‘.03s6 1 .8s1 .ooa9 3aa. 1
5i. a5 -.03s7 1 .a65 .ooa7 s91.1
31.89 -.035a z .s8a .ooa3 396.1
m
a.a7 -.01071 .a67 o.oo6s asap
a.96 -.0134 1 .3s3 .00S8 a70.0
3.60 -.01s4 i .408 .00ss aao. a
4.77 -.017s 1 .476 .0046 a94. s
s.a4 -.ol aa i .sao .004a 303.3

7.7a -.019s 1 .S76 .0037 314.4
9.5a ‘.0196 1 .6La .0033 3al.6
L1.al -.0198 1 .637 0031 3a6.7
LS.Oa -.0199 1 .6ao 1ooa7 33s.3
La.81 -.0197 1 .70a .ooa4 340.8

14.86 -.019s 1 .744 .ooal s47.9
10.67 ‘.0i96 1 .76?
li.a7

.ooao 3sa. s
-.oi9a i .796 .0017 3sa.4

;O.96 -.oia4 i .81s ,0016 3sa. a
;O.04 -.0174 1 .aa9 .ooza 364.9
11.a6 - .0131 i .a aa .0014 369. S

10

i:
30
40

::
100
180
aoo

Soo
400
600
800
!000
w

I
60.00 a9a6 0.02..51 z90a.7 a3 .44 -. iat
40.00 a756 0167 lees.3 a3.6z -.iae
30.00 a645 :oa72 1740.1 a3 .74 -.19a
ao. oo a524 03a7 16 S3.0 a4. o -.a97
16.00 a4s6 :04a3 1s94. s. a4. s5 -.370

.0437 1s14.4 84.60 -,444
0434 1460.1 a4. as -.474

:0430 t4z9. a as. os -.490
.04aa 1 47.3 as.4i -.s04

z.0416 1 9B.1 as .67 -.511

1.194 0.687
1.197 69a
i.iaa a76
1. 155 i 3ao
1.141 I .s5a

“1.130 a
a..125 2
i.zaa a
1.117 3
1.i14 3J

1:.:: :3;

6:00 aae4
4.00 aal
s.00 af7s

a.oo ail
1.50 ao7
I.oo aoas
.76 1989
.6o 196a

L914

4.ss
708
97s
Z54
401

J_
1.111 3.643
1.108 3.6oa
1.106 3.64
1.104 3.64 f
1.103 3.641
1.s.00 3.599
Pm..Xmtfuel- 1

T

::;:; 0.774
.6a9

i.a3a .Sas
1.s?s 4a3
1.a9s :3a6I

10 60.00
18 40.00
ao 30.00
so ao. oo
40 L6 .00

60 10.00
7.s0

1:: 6.OO
150 4.00
aoo 3.00

Soo a.oo
400 1.s0
600 1.00
aoo .?5
,000 .60

T
33a 0.0163
Si 9 .0083
304 .0003
aaio -.0111
a65 -.0172

a4i9 .0071
a3is oass
aas4 ~oa7a
a15
a09 ::::: {

i7aa.7 aa.. es -.07.s
17a9.7 aa .99 -.1s4
16as.7 a3.1 -. alo
1609. S a3 .3a -.a60
1587.5 as. s6 -.a4e

I. a37 .s49
1.195 .7aa
1.173 .99a
t. 1s0 1.19s
1.148 1.148

.

.1-
1.160. .9“67
1.k76 .a 6
i.ao9 #.s a
i.a4s .464
1.a70 .405
i.>oa .35s
P*raent Xwl . L+

T

1.17S o.a6a
1.106 .747
L..I97 .655
t. aal .ssa
t.a4a .489

L
aooi m;;
1933
iaa -.ooai
173 -.0141
1660 -.oam7

? -. 4

T
34a4 o.olas
3a43 .ola7
3110 .0076
a9i -.0004
a76 -.0065

10

2:
30
40

;:
100
1s0
800

300
400
600
aoo
000
&oQ

60.00
40.00
30.00
ao. oo
ls .00

10.00
7.50
6.00
4.00
3.00

a.oo
1.s0
1.00
.75
.60

A

ass

1
-.0081

a4aa -.0050
a3aa -.0073
a140 -.0144
aoo9 -.ola9 4

18 S6.3 aa .7a -.0s4
1803.9 aa .80 -.044
1757.8 aa. e -.03s
1679. a aa .90 -.018
16a7.4 aa.9 -.ooa

1.as3 .466
L.a4s .4 a
i. aso .4, s
i.a75
i.a94 :$!~

L
Isa -.oai9
L70 -.oaaa
1s4 -.o asa
143 -.oa35
L36 -.oa30
Laa -.oa40 1

i.3ia .366
t.3a0 .3aa
i.3a8 .3s1
L. 333 .347
L. 337 .354
1.344 .339
percent fuel - Z

T

1.164 0.900
L.lal .756
L.197
L.aaz

.666

.566
L.a3e .499T

3391 0.
sais .
Soss .
a891 .
a746 -.I

10 60.00
15 40.00
ao 30.00
30 ao. oo
40 lS .00

60 1~:~~

1:: 6.OO
150 4.00
aoo 3.00

300 a.oo
400 1.s0
600 1.08
800 .?5
000 .60
500 .40

4
es3a

1
‘.0105 a9a7. a a2 .61 -.oai

8390 -.0133 19a5.6 aa .64 -.ois
aa77 ‘.01S6 18?9.9 aa .65 -.009
aoe -.0177 iaoa.8 aa.6
3.94

‘.004
-.o*a3 f7sl.7 aa .66 -.ooa

L.a61 .445
L.a75 .4L9
L.ae4 .4 3
L.a97

!
.3 6

1.304 .3 7

J
1769
1651
1496
139
i3ia
11s9

-.0191
-.0194
-.0i9a
-.oaoz
-.oaoa
-.oao> -L-

1.313 .56d
L.319 .363
!.3a6
!.330 ;;fj
!.336
..341 .347
wrc.ent fuel - 3(

m
.S67
.s3s
.499
.479

60.00
40.00
30.00
ao. oo
ls .00

10.00
?.30
6.00
4.00
3.00

a.oo
1.s0
1.00
.7s
.60
.40

T
a79a 0.0058
a6ia .ooa3
2.4aa -.000s
a30a ~:gggg
a176

aoo6 -.0079
1890 -.00a9
1s03 -.0094
16S3 ‘.0097
issa -.0097

7

;:
30
40

60

1::
1s0
aoo

300
400
600
000
000
500—

*
..aai
..aa9
..a4i
..a49

,.a59
..a6s
..a70
,.a77
,.aao

a99a.6 al .3a -.005
a940.4 az .3a ‘.003
a90a. o ai .3a -.ooa
a036. a ai .33 -.001
Z79S.9 al. ss -.001 J

.457

:;j~

.4 6

.418

.414

.409

.410

.4i5

.4s5J-
141 -.0100
13s0 -.009a
lais -.0096
1136 ::~~::
1;;;

‘.00S3
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‘l!hMEv. - co71tinuea.

2’7

TEWRETIC!AL HWtiRMMCE AT ASSIGNZD E’KBSUKE RATIOS FOR J=4 FUEL
m

ocmpaitlmduring18emtropic expanaion from chamber premure
of 6@J lb/sq ~. abs. ]

[~ilibrlum
.

(r) Peraent fluorine in oxidant, 100 (zero ]

Pemlll?e Statlo Tewr- 3xrth01p7, m:uU- P6rtiul ~~--
pryre, ature, deriva- :m~

%$+ %
&17

lb/8&in.
“’yt’ (w, (%).

rcentowgen)

mI I I I I i
r - 1.0; Ofi - 8.

1 I

63; pert

-0.430
-.458
-.451
-.457
-.464

-.s1
-:m
-.514
-.523
-.523

1.01

2.830
2.952
3.126
3.222
3.5XL

S.943
4.13.7
4.142
&.279
4.222

4.339
4.391
4.415
4.374
4.s16.
4.255

5.65

1.000600.00
1.040 576.92
1.446 415.26
1.734 346.08
2.167 278.64

S962
3949
3637
3778
3709

3269
3143
3139
3001
29S7

2924
2632
2652

2476
2425

2621..2
2610.0
2618.O
2468.5
2409.5

27.41
27.48
27.81
28.00
28.24

29.69
30.63
m.65
31.37
31.40

31.81
32.35
33.!3
34.23
34.76
35.17

1.146
1.146
1.lU
1.139
1.136

2.357
1.03E
l.m
1.033

0.178
.540
.657
.774

1.278
1.431
1.465
1.560
1.563

1.627
1.704
1.846
1.628
1.961
2.021

31.3
94.8
115.3
135.7

l.lzl
1.s15
l.lls
1.11o
1.110

2.43
4.03
4.09
6.89
7.W

224.2
251.0
251.7
273.6
274.3

10.COO 60.@3
Za.wo 30.00
20.414 26.392
40.OcQ 15.oo
40.827 14.696

2045.7
1667.2
1663.0
1760.7
1756.8

1
10.CQ

1%:%
3&.m& :::

1.00
,XkJ:ooo .6a
,W .Ooo .40

166!5.2
1694.1
1412.3
13X.6
1232.6
1176.1

-.528
-..5s2
-.540
-.544
-.%
-.640

89; per(

1.1o7
1.104
1.098
1.094
1.062
Low

9.52
14.43
S6.06
es.lz
101.06
143.69

285.4
2S9.0
324.3
338.2
347.6
354.6

.t rnel -
1.157
1.156
1.1!3
1.146
1.145

1.126
1.lzl
1.121
1.106
1.107

1.095
1.085
1.065
1.084
1.084
1.065

r - 1.5;

I

3060.4
3%2 3048.7
3856 2852.1
379o 2602.8
3710 2639.7

3252 2463.1
3062 2312.6
3077 2308.3
2626 2172.8
2807 2188.4

2642 2095.7
2754 2(X32.5
2565 1614.7
2467 1704.3
24J.7 1626.6
2363 1567.2

;o/F-5

1.Wo
1.040
1.449
1.739
2.174

10.O3O
‘a.mo
xl.414
40.m
40.827

60.000
mo.om
m.000
600.000
.000.CKIO
.500.000

1.575
1.391
1.556
1.622
1.726

2.264
2.359
2.3U
2.565
2.596

2.85a
3.109
3.228
3.187
3.103
3.009

6m.cXY
676.92
414.02
345.02
276.02

60.00
30.00
.29.39
15.oo
14.69

10.03
6.00
2.W
1.00
.60
.40

26.63
26.66
26.63
27.06
27.2a

22.6S
29.29
28.31
22.84
W.09

30.31
30.66
31.39
31.87
32.24
32.53

-0.264
-.267
-.311
-.323
-.337

-.402
-.416
-.u6
-.386
-.561

— —-— .
2.363 0.176 31.9
1.036 .5U 97.1
1.000 .660 U7.8
1.053 .776 138.6

. IL
2.41 1.277 226.0
3.99 1.429 263.1
4.06 1.433 255.8
6.81 1.557 277.9
6.66 1.551 278.6

9.40 1.623 289.7
14.34 1.669 303.4
38.35 1.844 =.2

1.624 X3.5
L&M 1.978 353.2
148.40 2.019 =0. s

-.367
-.354
-.365
-.S96
-.404
-.408

r-2. O; O/F=4 ,41;percent fuel - 16.84

1.00J
1.040
1.443
1.732
2.164

10.W
20.Ow
20.414
40.mo
40.627

61M.C4
:::.2&

S46:50
277.20

4206
4160
4055
3979
3665

3458.0
3443.6
3342”.3
3267.5
3222.0

2%.42
26.43
26.54
26.60
26.67

-0.129
-.128
-.I.21
-.IJ.7
-.114

1.121
l.lzz
1.129
1.133
1.139

1.203
1.191
1.087
l.on
.970

2.347
1.038
1.000
1.033

0.177
.536
.6S5
.771

1.272
1.421
1.425
1.347
1.551

1.613
1.689
1.832
1.910
1.963
2.003

1

32.8
99.5
lzl.1
142.7

235.3
262.9
265.7
286.2
2E6.9

298.4
31.2.4
358.9
553.4
363.2
370.5

2812.8 27.26 -.172
2861.5 27.63 -.240
2837.0 27.64 -.242
2514.3 28.03 -.291
2510.1 26.03 -.263

1.1s9
1.118
1.XL7
1.105
1.104

1.065
1.499
1.51s
1.917
1.927

2.32
3.93
3.99
6.74
6.86

&E
26.39;
13.W
14.69(

5222
3057
3052
2695
2861

60.000
lCO.000
mom
8W. OW
.OW.oca
!Mo.wo

10.00

:%
l.m
.m
.40

2813
2n6
2529
2420

2279

1.101
1.097
1.094
1.095
1.095
1.067

2.101
2.244
2.275
2.134
1.972
1.817

9.36
14.21
35.n
64.52
lW.09
142.03[ I

* - 2-2-97;percent fuel . 25.73 ,
r = 2.6;

-0.176 1.105
-.177 1.105
-.160 1.107
-.120 1.106
-.161 1.11o

1.670
1.662
1.=4
1.552
1.496

1.045
.ala
.elz
.676
.678

.n9

.875

.916

.723

.581

.466

600.00 4262
:%’ 576.92 4246
1.4m 419.6S 4140
1.716 349.75 4079
2.144 279.60 4C04

4013.3
3999.9
3892.9
3233.1
3761.3

3302.0
31.27.8
3122.7
2962.7
2956.1

24.72
24.74
24.85
24.92
25.00

25.66
25.62
25.=
26.01
26.02

26.X3
26.32
26.63-
27.07
27.21
27.27

— —--
2.352 0.176 z
1.038 .3Q6 102.3
1.OCO .646 125.2
1.034 .764 146.1

10.W 3466
Zo.mo 3?:% 3236
2a.414 26.392 3231

15.m 2272
%x 14.698 2964

2.45 1.276 247.7
4.03 1.432 277.6
4.06 1.436 276.4
6;74 1.580 302.4
6.84 1.56s 303.0

-.143 1.128
-.104 1.145
-.103 1.146
-.020 1-164
-.081 1.184

9.16 1.225 315.0
13.66 1.696 529.3
33.31 1.934 365.5
56.66 1.206 369.5
,@.26 1.934 376.6
123.76 1.969 365.5J_

-.068 1.120
-,.143 1.lU
-.154 1.154
-.102 1.148
-.056 1.188
-.026 1.I.26

60.000 10.00 2819
lm.m S.Cm) 2655
3m.000 2.02 2372
5m.000 l.m 22fM
10W.CX3O .80 2063
L600.mo .40 3.945

2873.3
2767.4
2561.1
2444.2
2364.5
2305.2
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m v. Concluded. TREO-ICmj -ORW+IWE AT ASSI- =SUFUI RATIOS FUR

WITH S13VJIML FIU)R~-OXMZZH MXNR.ES

[Equilibriumaomposltlonduring Iserkwpie expansion from ohamber pressure
of 800 lb/sq In. abs .]

RM E5~22

JP-4 Fum

(f)Concluded.- percent fluorine in oxidant, 100 (zero percent axygen )
-

Preaaure static
.-

Temper- 2nthalpy, MOleOu- Partlal Is~t~ Speoifiu k.ea T3uuat Spolr,
preaaure, atlll.e, flerim-

‘a%f P, T ~/E
lb/Bq In. ok

ab e

+tD ~~), ~aj “~ ‘W”’ ~- “4
m(d(w

I r - So; ~~ - 2.694; Peroent fuel - 27. o7

T1
1.OUO 600.00
1.040 576.92
1.429 U9.78
1.715 549.81
2.144 279.86

10.MO 60.00
30.00

%’:E 22.322
40.000 15.03
40.227 14.696

4140.1
4126.5
4016.6
3658.1
388S.6

.-
24.41 -0.184 l;195 1.699 .— - —— ----
24.42 -.1s5 1.105 1.692 2.332 0.176
24.64 -.188 1.I.07

34.3
1.651

24.61
1.03s

-.MO
.328

1~loa
102.8

1.594 .646 125.8
24.69 -.1S6 1,109 1.547 ::E4 .764 148.6

4249
4236

&?
5994

3496
3273
3266
3043
W56

3427.2
3244.0
3256.8
5074.8
3070.0

22s2.2
2672.5
26S2.5
2548.6
246S.9
2421.7

25.s2 -.173 ‘“ 1.179 2.4s 1.278 249.0
25.5S -.146 i:1% .999
25.62

4.07 1.453
-.143

279.2
1.129 .99s 4.1s 1.4s7 220.0

-.107 1:141
2%

.816 8.87 1.563
-.10s 1:141

304.5
.Sll 8.9S 1.566 W5.1

e.-

.-
.—

.
=:—

+

.
-

-,
.

:

.70s

.622

.689

.526

.462

.434

9.39
I-3.94
32.86
S7.OS
65.47
117.56

1.628
1.705
1.840
1.911
1.957
1.980

317.4
sJ12.1
358.6
372.4
ml..3
387.s

r - S.6S O/F - 2.S08; peraent fi~ - w.=

m “% ““-

-
-0.186
-.185
-.186
-.18s
-.1ss

-.156
-.104
-.lm
-.074
-.073

-.058
-.040
-.o12
-.004
-.001
-.201

1.0C4
1.040
1.4s4
1.721
2.151

10.OXY
20.030
23.414
40.oao
40.s27

600.00
576.92
416.34
346.60
278.89

i:%%
1.46S
1.U8
1.356

.936

.707

.7s3

.877

.674

3725.8
3546.2
35U.2
3S82.6
3378.0

60.00
30.m--
29.392
15.00
14.696

3354
3096
3091
2841
2633 1

2.42 1.276
3.96 1.427

1.431
kg 1.563
6.72 1.566

1.617
4:2 1.689
S1.16 1.818
55.m 1.8s5
79.73 1.926
109.50 1.959

248.9
276.9
279.3
305.0
w5.7

31s.s
322.6
354.8
367.9
376.S
3s2.3

24.66
24.90
24.80
25.09
25.10u60.OW100.000

300.000
6m.@JO
1000.W.3
1500.000

10.C4
6.00
2.043
1:%”

.40 A
2680 3263.9 25.18
2303 3189.5 25.27
2112 2990.7 25.37
1880 2862.5 25.39
17.W 2810.6 25.4o
1600 2757.9 25.40 1–..

l.lm

i

1. 7a
1. 98
I.ws
1.EM
l.m

.825

.570

.4s7

.456

.444

.43s1

r - 4.0; 0/F . 2.021; peraent fuel - 53.10rr1.200 600.00
1.040 576.92
1.443 41s.75
1.732 34S.46
2.1S5 277.17

-Gz
4026
3896
3827
3738

3145
2664
2876
2629
2622

24S3

1232
ln7
1570
14s0

-
-0.167
-.166
-.162
-.1s2
-.152 I

1.126 1:265
1.127 1.275

}

1. 32 1.180
1. 54 1.144
1. 27 1.0s0

1.155 .s08

:;$ ::+

1. 70 .835

::ig :%

l:ati .46s

?:% ::Z

4710.9
46S7.4
45S6.9
4527.2
4455.8

4016.6
3645.0
3840.1
3668.1
3884.7

3s04.9
3s05.9
3518.1
325.6.0
5146.3
3068.7

25.26
23.28

%:fi
2s.55

24.09
24.26
24.29
24.43
24.43

24.49
24.55
24.61
24.82
24.62
24.S2

——-_ .——
2.349 0.178
1.036 .538
1.009 .655
1.053 .772

-----
34,3
1o3.9
126.4
149.0

245.S
274.5
275.3
298.2
288.8

310.2
323.8
348.1
3s0.7
566.7
374.6

10.OOO 60.00
20.000 30.W
=.414 29.392
40.000 15.W
40.627 14.696

-.104
-.078
-.078
-.053
-.053

-.038
-.C24
-.006
-.001
-.W1

2.36 1.273
3.68 1.422
3.93 1.428
8.47 1.544
6.57 1.S4S

fi.78 1.607
12.97 1.677
50”.30 l.em
51.96 1.868
77.44 Z.91O
106.36 1.640lJ-

So.000 10.00
lea.wo
3oo.m M
600.000 l.OO
lcmo.000 .60
lSCQ.OJO .40 f

r - 5.0; O/F - 1.617; percent fliel- 38.22

IT
1.000 600.00
1.040 576.92
1.452 413.24
1.742 344.37
2.17S 275.48

I.o.oco
20.om %:%
20.414 26.3S2

15.00
%= 14.696

3708
3691

n:
33s4

2792
2559
2552
2225
22s8

2157
1960
1662
1471
1344
1250

6194.5 22.63
6181.7
5075.4 %%
5019.3 22.70
4252.4 22.76

1%::
125.s
145.1

237.6
265.1
285.8
267.8
288.2

299.0
S11.8
354.6
346.5
354.1
352.6

-.056
-.057
-.056
-.020
-.020

.m7 2.35

.639 3.22

.637 3.87

.5s3 6.S4

.582 6.44

1.272
1.41s
1.423
1.540
1.543

4545.5 25.13
4587.1
4362.7 2:2
4244.1 25.50
4240.1 23.30

u-60.C$30 10.00
lm.om
500.000 ::E
609.OCQ 1.00
lmo .000 .60
1500.000 .40

4167.1 25.32
4076.9 23.34
3906.6
3614.4 2:%
3753.2 25.35
370e.5 23.35

-.012
-.006
-.001 1-

.55s 6.66

.55s 12.s8

.ml 26.46

.44s 50.50

.477 75.26

.470 103.36L
1.601
1.870
1.792
1.855
1.896
1.925

---—
——
------
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mBIEvI. - EQUIKiBRIOM COMFfM~IOIi OF PROIXKEtSCIFHMO?CION All?ARSIGREO !mmmTmm m JP-4

.

.

.

NJELWI!HSEVERAL mmmm-olmrimmrcuBEi

[Im.ntroPsa-vansIon or ccmrcsnlan mom .caustka-ehmbe. p-maum & 600 m/sq in.d. .I

(a)Pm-centf’lutx.ina h caithmt,0 (100 gwwnt qge.)

Kale rmctiomaat temgeratur.T I
r-lo; m - 3.403; percent fuel . a2.n

T, % 4000 ‘361a s600 3aoo 4!800 8400 2000 1600 900

co o.a3473 0.21S40 0.21467 0.18574 0.14517 0-09229 0.03652 0.004813

y ..16604

-.---——
.;:;~: .80015 .38148 .45exx .s008)3 0.50734

::;%:
b ::::$$

::::2: .00505
:04043 ::::::

.00120 -00005
.03374 .02609

.——. --—
.01723 .00?90 .00L51 -——

y .3089a
::;:::

.34566
:::;::

.;; :;; .43007 .48919 .49a65
032.70

* 09621 :::::;
.00499 ::::U

:Z::::
.Ooooa .—

m
:071a7

:103*9 :08444 .
.04134a .02065 00303 ———

.06Z46 .04055 .oao46 .00607 :00056 —-. —---
r - 1.2xOfP - 2.836zvmemt fuel- 26.07

4000 i b36a E
. .

S600 3800 aaoo a400 aooo

o.2ai6s O.a 6076 o.a 330a o.ao6a4 0.19393
.16805 a5a64
03067 ::::3: :01406 :::::: ::;:;:

:06534 .05a69 .0sa3a .04993 .0s6a8

900

0.09103
.41631

.16019

.33a46
--——-—-

-—----—-

.:; :5.:
::;::: ::::;;

:04tsa
::::;:

03088
:::::;

.01634
.07004

-00315
:04900 .om739 .oosea ::::::

r - 1.s;0/3 - z.am’ percentfuel. a7.64
T, % 4000 b36ia 36OO 3aoo aaoo a400 aooo 1600 laoo 900

m o.3a446 0.31453 0.31416 0-29939 o.2aaa0 O::;:;: o.asasa 0.23a70 0-19676 o.i3a34
% 1Z367 .14764
II :04a64

.z4a47
.0537a 03350

:;;;:; .37501

% .oe777 .oaa40
::;:::

:oaaas
:::::2 ::::% -:.=-:2 —-—

.0768a .07s74 ::%2 .oaa66 .10909 .1s109 .ai55i

a .02475 .01675 .01651 .00879 .00385
~ .03091 .oa4ao

.07947
.oa45a 00s79

.06119 .06060 :::::: :01936

r - 1.4; O/p = Z.43M Pm

T, % 3600 %576 3aoo aaoo a400

co o.344a9 0.34444 0.:::;: 0.32751 o.3t995
% ia785
H :::;::

.za5a7
:;;:::

k
:oa465 ::l; :?

.loa47 .09966 .10074 :::::2

~o I .??$221.S+a?%t .?+9?s1 .sss151.?995s .34157 .a77z4
:;::% :::3:: --”2a29- —-

00001 ——— —-—-
:::::: :00045 .00001 -------—-

)mltn!ml= 29.16
aooo 1600 Iaoo 900

O:;::;; o.aa6a6 o .a4044 0.17069
.aalo6 .a6690

.00096
.3366S

.00007 —-
.ia157 .14436 .190a3 .a599e

“ .ULL03 .::; :: .00335 .0
~ .00711 .0

:::;% :049as .03064 . oia90~ .ooaa4 I .000

r - I.a; 0/3 - 2.127J percent Puel
T, % 3600 ‘3436 3aoo aaoo a400 aoo

a o.396a3 0.39669 o.396a4 0.39430 o.3aa99 0.37740 o.354 aa
p .09344 .09949

::?:2:
.i0a3a .11709

.031~a
Ha

oa344
.f53a4

:::::: ::::2:
.ls 46a :156al ::::;: ::;2:: .187s5 .=2.034

>0 I .Z~S~~l.?19?:1-?::~~l.37047 .37a43 37018 .34aa4 .30a43 .a3a6a
-0133 .00011 2— .— —— ——-
,oiaa .00015 -——— —— -- —— --

)a5 .00001 --—-——- ——— --

- 31.9a
)0 I 2.600 I 1200 I I

y aa3aa .a93 aa 3046a .3i5a7 -31540
:00499

.30473 .aaz. aa
:::;::

.a3619
.::; :: ooooa -—--—-- ----— ——

:~;%;; ::::::
% ::;?;: :oa4 aa :01633 .

——
.00009

——-
——-—-

—— --
——-

r - 1.8; on - 1.891; Pa-t fuel - 34.59
T, % I 360 O I %aos ~ 3aoo a.soo a400 I aooo ! 1600 ! Iaoo ! 900 !

w a5zol .asllf
0

a5566
:;:;:: :00057 .00056

-a43~7 .ae3sl
:00009 :;::;: -— -—-

% 00084 .000Z5 .000Z5
m :51805 .ooa57

00004 —— .—— ——-
.00a47 :ooa73 .000s1 .00004 -----------

r - 3.0; 0/3- 1.134;pement nul - 4a.6a
T, % I aooo ! ‘1657 I 1600 ! iaoo ! 900 ! I

.18a41

1

.i19a7
— -— --
— ---------
——---— ----------I

XAR4I’m -i—o; -a. 0.00i30 0.00ZL3 o.os6a4 0.14454
g4 .01146 .oza19 oieaa

:506aa .50434
.01304

.50303
% .0006a

:45006
.ooza7 .00236 .oao7z ::::Z;

.—.
d

--
00011 .Otiool

% Z481aa
00001 -—— .

47514 :47333
w .ooa79 1005 aa .00695 ::::;: ::2:::

%01. Praotlmm VW. c-ted rer all 19 m.tbatance..xnmidered in tbiareportbutaremitte6if1.s.than5X3.04.
%.niwmtirnteapmatmre.
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TABLE VI. - Continued. EQUIZIBHIIJM COMBXITIC)If OF MDUC!I?S OF RIMC?l?IOIVM ASSIGNED ~

FOR LIT-4 FUEL Kt!l!H~ F~-0~~ ~

.

,

[Im.tr.pio expansionor .a6pre8.Lm fra c.cmmettcmc~r pressureof 60J lb/mq in. ●bs.]

(b) Percent fluorine in oxidantby weight, 15

Mole fraotionaat temperature T 1
r - 1.2; O/F - 3.106; percent ~el - 24.S6

1,‘K 4000
—. —., . .....

b3735 3600 ?m30 2800 2400 1600

co o ,2 F3715 0.27890 0 .27378 0 .a 5329 o.aa509 o. 1975a 0.18528 o.i7aa<
Coa .11183 .ia8.s7 .13896 .17545 .a2i aa
F

a6369 .294S3
.ooa78 .00196 .00161 .00079 .000a9 :00006 :3:::: .00000

H .04’218 .036 (70 ,03a84 .oa745 .01440
Ha ..35Qe3 .05647 .054s7 .04859

.00637 .00010
.04a66 .03991 :::::: .05e86

w .17386 .137?2! .17975 .1460b
y

.15257 .15790 .15986
.10942 .ai 795 .a2804 .a6046 .a9453 .3a 165 %W:~ .31440
,03630 .oaoa4 .02566

~
.01535 .00650 .00111 .00000

.04633 04321 .04102 .0315a .01729 .or1347 :00007 .00000
.08n3a :0696? .06378 .04s05 .02544 .on R33 .000H4 .000oa:37 027827 ~

F- 1.4; o
.-— .......

- 2.682; peroent fubl - 27.31
~% 4ooi! o b36643..O 0 sy84 3200 26W 240Q 1600
co

:n.n777

1200
5 0 1404

% :lh 14a :10635
0.30709 0.

:Iafltls
F .00199

:149R3 .16303
.001?7

:19390 :a334e
.00108

H .05043
.00047 .00013

.04157 .07877
.00002 ::;;;: .00000 .00000

.03669
Ha

01477
.001s5 .08 fi40 .08755 .08437

.00535 .00007
:08473

::::O;
.09118 :::;:: .la251

.12279 .lafix7 .12756 .1322a
$0

.11604 .13799
.30272 .aa.41j .2 T102

.13~61
.Z 6033 .aa 307 .a9ak?6 ::i::?

.02253 .01607 ,014rl FJ
.a 6665

.00659
:~;j;~

.00167
~

.00014 .00000 .00000
.01910 .01557 .01421
.06380

.00780 .ooa16 .60017 :::::1
.0 b15Q .04755

:00000
.oa 95a .ota67 .oo27e :::::: .00000

r-l .8s 0,4 - 2.329;
‘,‘K

proent fiiel- 30.04”
3600 b3s83 3203 2600 2403 2W0 1600 1200 9W

~ o .Oonoo 0,00000 0 .00000 0.00000 0.00000
.380821 .380se

o :::::: O:;:::: o:~:::: o .00001
.37v3a .37518

ma ::’?;:: .0?39CI .09383 .0Q220
.24’/7b

.09Q83
r

.l10b9 13018 .16960 .aa 855
.00068 .0110i?6 .00006 .00001 :00000
.0411s ;::;::

.Oeooo .00000 .00000
H .02638 .01704 .oo4a6 ; .00075 .00005 .00000 .00000

* .17416 .134?? .13689 .147a9
.l 160a

.15253 :“.lb 471
1161’7 .11903 .lai-ub

y
.iaaoo

.2! 326 :a1427 .23331 ,a 4468
.iaa29 ::::::

.24504
.oo K’i?3 on fibj

.21679
.ona19 .00039 .00003

$ :00367
:;:::: 00000

.00379 .on 143 .00026 .00002 .00000 :00000

.03059 .02Q?5 .olt.la ,00570 .Ilolli .00009 .00000
r- 1.8; 0/’3- 2.071; percent fuel - 32.57

% Mm b3sm 32W 2803 24m aom 3.600
‘c+ v .nonoo 0.000 00 0 0 Cl 0000 n o 0 @ o 0
a 416?1 ;41784 :4tn RR :41934 :416a13 :40809 :39166
% :0.47R0 .05020 .05a44 .05683 .06237 .07133
F .noo4a .0002”5 .00015 .00003 .00000 : “.00000
H

::::::
.07986 ..031?.6 .oa 396 .011U5 .00341 .OI- 1057 .00003

b lUO+IO .193’55 .lVC.9R .a 0548 .2143t
:10554

.aa 470

HF .10667 .10747 .10869 .ioQa8

y
.10940 :;; $:$

17 Q4CI .186LIU .~9fJ8a .19570
;oLlr!46

.IV 386 .18580
.Ol)j Yb .ono7i .00011 .00001

~
.00000 ::;:::

.00089 60051 .or)027 .00004 .00000

.n97t. l :0123!I .ons*a
.O nono .00000

.00264’ .00050 .onr)04 .00000
I.-2 .0; 0/% - 1.064;

,% 3200
Deraent fuel m 34.92

b3142 2800 2400 8W0 16CXl

% n .nonou O.uflooo o .00000 0.00000 0.00000
co

p .00000
.441A5 .44375 .44443 .44a3n .43637

1% .n 3952 .03? .=7 .07521 .03911) ,0457?
.n oflog .unoo7 .0 FIO02 .00000

, :::::;
.00000

L
.00000

.n?r)~s .U1R95 .00924 .002?75 .noo45 .00003

* .25567 .25696 -.a64~R .a7~6a .a7Q62 .a9a58
.00772

y
.097e? .098S4 .09894 .09907

.ld 507 .t 470a
.09909

.14496
:;::;:

.13875 .12611
.00075 .Onoos’ .00000 .00000

$ .nonn5 .0000A .00001 .00000 .00000
.llo4a6 .0036e .ool?ia

::::::
.000a4 .00002 .00000

Uole fractlomwer6ouuuted for all 19 mbnt.mcem aomidermd in this report but

1200

0.000oi
.39655
n13566

:00000
.00000

31977
:09909

::::::
00000

:00000

!rotitted

.aa 397
19235
:17738
.00000
.00000
.00000

lam
D 0000
:s5739

:;::::
.00000

::::::
.13?I07
.00000
.00000
.00000

1(KIO

0.00015
.37175
.11045
.00000
.00000

::::;:
.07433
.00000
.00000
.00000

r leasttmo

--l3.aaz z
.fa? 5
.11843
.Ooor)n
.00000
.00000

7
60.

:30615
.i 734a
.00000
.00000

A
.3a680
:::::g

.00000

.00000

.00000

70.001 n
.35433
.ia78a
.00000
.00000

-J
.35840
.09937
.0 S867
.00000
.00000
.00000

Xlo- ,

.

.

bcombumtlon temperature.
—

.

.
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TAME VI. - Continued. EQDIILCRRIUM COMPCS~IOK OF PRO- CIFBMC!!I?IOKNC MSIGRED ~

FOR JP-4 FUEL WITH FxvESAL P’ImRmE-oxmENMIxTLEm

Kmc?atroplc exrmaicm or ommresslm frcm c.nbustimclmub+ramemure of .920lb/aqin.aim.]

(.)2crc.ntfluorinew oxidantby weight,50
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:ljn7i7 I :002391 :00044 I
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.00000 .00000
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.08706 :04999

.00000 .00000

.00000 .00000

.00000 .00000

r - 2.0,‘W - 2.cL52,per.amtfuel - 52.62

T, % Sam kwm 3200 m 24m mm 1*
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!C4BIEVI. - Continued. IEQUILIBRIUM CO~ITIOIT (X6PRODUCTS OF ~CTIOIV AT ASSIGNED ~

FOR JP-4 FUEL WITH SEVERAL FLUORIIE-OXYGER MXTURES

[Imantropia axpansl~ or .ompranlom frm oaib.atlcm chamber Prea.urn or 900 lb/aq in. alw.]

(d) Percent fluorine in .xMantbr weight,w

Kol*fraotimeattewratum 2

r . 1.2’ 0/3 - 5.992, percent fuel - 20.03

T, m 44C0 b4120 4CCJ0 Sam ?,200 22M
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:::::: .00005 .00000
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T, % 4 b4~op 40C0 36m
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3mo -2202 24m - ‘“
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:0360: :018R1 :0’5701
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,C* ;07124

E

:0904 :09989 10b4?
.02795 .01970 .01724 .00012 .003210
.06950 ::j;:;

.0010
.0s583

00013 :00001
.04122 .oa719 .014s

.00000
::::::

b .04752
.00008 ::::2:

.03e H5 .03P23
.00000

.03672 .03?0
f.

.04700 .05665 .0? 491

HF .30744 .414?0 .41970 ,440$5
Hau .03413 .04047

~gg:+: .4?4e Q
.042R8 .0s458

.03998
.0R172

.03301
&

.03044 .019s3
.01261 .:;:;:

.00953
.0? 037 .O1OH6

.0083s
.00684 .0020
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E
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h ::!::; .07122
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0 0
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0
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k
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.01464

.00341
,02380
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b 00000
:3? 784

o

.01442 .01634

.00321
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.0001 i

.oo34~
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.00440

=
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.00R9V .00209 .00177 .00080 .000a5 .00004

%1. fraotlem were .m!mted Cor ●ll 19 ●ubstznu.n aooaidemd in this repert tat .

bcoztnunticm temperature.
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TABIE VI. - Continued. EQmUBRIUM COMPOSITION?OF FROIXJCTSOF REACTION AT ASSIGNED ~

mRJR4Fu ELnrcH ~ FLUORINE-OXYGEN ~

Bwn*oP%e UPUmlLm or 8W9S81CQ m otitia — presm. or 6Q3 l@l im. *.1

(e] timnt flucrlr.a 1. ozidmut bj WISH, 70.S7

mol. rracti+ at twmtwv T

r - 1, 0/? - 5.743Z percmt fuel - 14.63

T, % 4400 I b4007 4000 3600 3i300 S800 a400 Sooo
I

1600 900
I

..— — —— i0.0000LIO.000i8 10.000S6 10.0 S26910 .0657410.0 874S1

~ .00007 ::::;; .00005 .00004 .00004
:::?:$

0000s .Ooooi —— —---
.::3:: .oO1Oa .000al

h
.000oa :— —— —— —--

.400i8 .00018 .00004 —-— -— — — — —
w :434S6 .45135 .46%63 .46S31 .47665 .46660 .S0491 .ssa9a .6i765 .66011

w .::ml:~ .00009
0 w:

.000oa — .— .

:::::1
~

.02166 .00969 —:::::; -
:020s9 .0a04a .01984

.00004 — —
.01414 00077 .0001s .000oa -——

.0054a .00a94 .00a90 .00115 .000a9 .0000s -:-— . — —-—

F - 1.40s op. - 4.1.Oa;Wi’aer.tIm*l - 1s.s3

9, - 4S00 %464 4400 4060 3600 3s00 Ssoo a400 2000 iso 0 ~aoo

C$U) 0.00001 . — — — — — — -—— —--- —
.00001 — — — — — —— —— — ——- —

cr.
ca

— .— -—-— 0:::::: 0.01068
~ ~ - ~ 0. S034S 0.30274 0. S0106

0::::$: 0.0%5S(
.a9aai .as as:

c%
F I

.003za .00SS4
:::;:2

.00s4a .00937 .Ol.5a5 .01894 .00014
.la346

.03108
.09566 .07486 .06179 .Osaol

.03s97
.06659

.- ,.,.””. “-”A.

.0360’

“::?:$
.01744 .00034 —

—--— —— —-—— .—.. .“” ””- .“” ””- .. ”””-
H .06a8L .04781 .0449a .oa7s7 .0ia4i .’00313 .00030 .00001 — —— —

3
.00a7z .00BLS .00467 .001s7 .000ss

:::%:! .60784 .5i4a1
0000s ——— — —— —

.55362 .5a894 .61a99
y

16a1za
.00061 .000SL .00047 .00013 m::$ -- = ~ ~

:01064 .01043 .010s1 :;:;:: .00652 .ooa79 — -—— ——

~ .000s7 .00039
:;:!.;:

00064 .00065 .0004a
.00308 ..00301

.00007 — — — ——
Iooa41 .00147 .00044 .0000s — —

r - 1.60; w’? - 5.629, pertHit Ilml - ao.71

T, % 4600 ~4479 4400 4000 3600 saoo aeoo a400 aooo 1600 iaoo

_,= O.oolaz 0.00099 0.00093 0.00060 0.000as 0.00006 -——- — ~ — —Cw.s)
— _— - _ .—-— — — —

5 .Oolas .00117 — ~ .-
—-

~a
.00114 .0005S

.00005 .00005
.000a3 0.00005

.00005 :::::! .00003 .000oa .0000L 0.00001 — — —-—

-,

I -

.00001 .00001 .00001’

1
.00002 —— .0000a——

-4 .—- ::::% 4
————-—

C&%
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~a — .00046
.00139 0.00312 m.003z+a .oosa(

:::::!
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.50754 .30907 :::::: .
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~ .::::: .00001 :::::: —— — —— — —
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.069aa .044S3 .024%1 .0ta4s .00S77
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.000s2
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.::; :; ——— —— — —--— — ——
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———
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w
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4400 %396 4000 S600 3aoo 860L
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.004a0 .00419
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.0028S :::::2

0.02473
00019

.0 S91,

.00015 .00015 .00010 .00004
.0000L — -— — — —

:00001 --——- — —— — ——

.000oa .000oa .00001 — — —— — — — — —

.3:::: .00748 .009a3 .00484
.s0371 .31106

.000%0 — -— — — ——
.31387 ::!::: .31857 .31977 .3a0i4 .3aoa0 .saoio .S113

-— --- — — — — — —— — — .00005 .0043’

.06758 .0a634JJ:;:;

.06986
.0z0a44:;:; .00a46 .00001 —- ———- .

.03458 .01055 .ooaas ::::::
.0aa55 .0201s

.00040 .000oa —-- —

::?::: .5203s .
.01180 .01184 .01354

ss703
.01449

:i;:;:
.01466

.619a7 .63446
.01469

.639a6 .640aa .6404a
.0146{

.6404a .6404;

0 1200 900

—- 1 I

. I -“”””. ..... I ,.-.. . I ,.-. .<1 ‘.,,”-.1 -“,.-- I —b l— I -—l

—-——-1 — —

.“”--- .“” w--

.02986 -01379
.13909

:::::: . 45977
_— — m .00004 —— —

.14679 4:;::
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.Ooooi .00007 .00 I.47
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TABLE VI. - Continued. EQUILIBRIUMCOhtPOSITIONOF PRODUCTSOF REACTIONAT A8SIGHED

TEMPERATUIU38FOR JP-4 FUBL WITH SEVKR4LFLUORIN6-OXYQENMIXTURES

~lsentroplc expansion or compression from combu6tlon ohember preeaure

Of 600 lbiaq III. aba .J

(f) Percent fluorine In oxidant, 10Q (zero percent oxygen)
—. -. —.

Mole fractiona at temperature T . ., .

.

T, 01

C(gas,
CF
CF2
CF5
CF4

C2F2
F
F2
H
H2
m

r - 1.0; oh - 8.

400+3 b3962 36(X3 32C0

0.00017 0.000150.00007 0.00002
.00477 .00453 .00277 .00138
.00441 .00430 .00321 .00202

93 j percent fgel . U .C

ZEEE

>.53001-------
.000540.CKm4
.00103 .00037

.01120

.06245
.Q11OO
.06446

.00876

.08645
.005W
.11726

.00336 .00141

.15639 .20600

.04760 .03543

.29285 .21522

.OcQol -----i

.00019
.-------------
.49802 .54136

..—:—:
.06225
.39799
.00008
.00087
.00002
.43753A

.06610

.43286

.00019

.00157

.02004

.41625

.06582

.42994

.W018

.CO148

.mooo4

.41810

.05629

.35239

.ouo03

.00G43

.00001

.46419

,-

1 1

r - 1.5; ( “FE5.-
36~
}.CKm17
,------
.00401
.CQ276
.03447
.02623

.13565

.22681

.00W3

.00200

.00010

.59776

1

T, ‘K 4400 ?4008 I 4000

C(gas) O.C@1230.0CQ49 0.00049
Qraphlte------- ------- -------
OF .01166 .00732 .00725
CF2 .00396 .00351 .00349
CFZ .00429 .00462 .CX)463

[ .0Q671] .01327I .01347

.13180 .X5462 .13464

.27491 .25679 .25629

.00010 .00006 .00006

.00808 .00421 .00416

.00069 .00028 .00028

.55657 .57484 .57524

.
.-H

C2F2
F
F2
K
H2
HP

r = 2.O; O/F = 4.041;peroent

T, OK 4400 b~06 ~ 36CX) 3200 22m’ 2400 2000

C(gas) 0.00582 o.Cm377 0.00216 0.00051 0.00C-370.00001
3raphite

—---- -------
.03344 .05516 .07258 .09162 .10934

CF .01472
.163340.223310.24928

.01170 .0Q860 .00431 .00163 .mu .00006
CF2

-----—
.00133 .00124 .00116 .00107 .00092

CF3 .00039 .oCm39
.00052

.00042
.00014 .00001

.00062 .00105
CF4 .00016

.00105 .00046 .0CQ08
.00022 .00034 .00132 .00789 .03016 .0591J. .06095

72F2 .15232 .14101 .13232 .12378 .11257 .0703s .02305 .00249
F .10112 .10382 .10546 .10360 .09465
~2 .00001 ,00001

.08061 .05452 .01600
.00001------- -------

1
------- -------

.03515 .02577 .01729 .00618 .00163-:6;;;; .00008 .00001
iz .00945 .00577 .00317 .00076 .00013
w

.00002--------------
.64609 .65115 .65630 .66622 .67013 .65281 .63925 .65118 ..-,

—-r - 2.0; O/F = 2.887; percent Gel = 25.73

T, ‘K 4400 b4262 4000 3600 3200 3Cmo 2800 2400 2200 moo

;(gas} 0.00501 0.00392 0.002240.00067 0.000100.00003 0.oOoO1 ------- ------- -------
!raphLte .23313 .24806 .26916 .29213
m

.30360
.00774 .00645

.305a4
.00428

.307140.31727 0.32194 0.32396
.00192 .00067

X?2
.00035 .00017 .00002--------------

.00043 .00037 .00027 .0001.6 .00011
?F3 .00008

.oooio .00009 .00003
.CQO06 .00005 .Cxmo3

.CKml -------

m4
.00004 .C#Cf5’ .ooCx19 .CKW38 .o@M4 .00001

.00002 .00002 ,oom2 .CKm)2 .00008 .00026 .00117 .00869 ,01253 .01452

:2F2 .04898 .04176 .03031
r

.01853 .01335 .01207
.05320

.01253 .00520 .00178 .CF3038
.05296 .05140 .04616 .03803 .03533 .03079 .01522 .oo711

I .05117 .04509 .03346 .01710 .00538
.00222

.0023b
12

.00084 .00011 .00004 .00001
.02326 .01859 .01347

c?
.00438 .00098 .00054

.57496
.00010 .00001-------

.56271 .59734 .61890 .63646 .64253 .64708 .65337 .65655-%iii

?401efraatlonswere computedfor all 19 eubstanceaconsideredin this report but are
omitted if less than SXIO-6.

.

—

.
bcmbustion tenperature.
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TA8LE VI. - Concluded. 2QUIIJRHIUMCOMPOSITIONOF PHOIXXTSOF HEACTION AT &MCGNED

TEKPERATOllE9FOH JP-4 FUEL WITH SEVERAL FLUORINE-OXYGENMIXTURES

lIsentroplcexpansionOr compresalonfran combustkm chamber preemm
of 600 lb/sq in. abs.?

(f) Concluded. Percent fluorine in oxidadt, 100 (zero percent o~gen)
Mole fractlonaat temperature T

.

r - 3.0: 0/% = 2.694: uercent fuel - 27.07.,

T
3600

3.002100.00066
.29237 .31388
.03340 .00136
.03018 .00008

-
3200
1.00011
.32668
.00038
.00003
.00001
.Oooo1

.00385

.02188

.01041

.00336

.63329

T
2s00 2400 2003 1600

2.00001------- ------- -------
.332590.33425 0.33835 0.33661
.CK037 .mol ------- -------
.ml .00001------- ------.
------- .Ulool ------- ------.

.o@302 .00075 .00294 .00327

T, ‘K

C(gas)
Qraphlte
CF
CF2
CF3
CF4

C2F2
F
H
H2
HY

.26112 .27409

.00650 .00522

.00033 .00026

.00005 .00004

.00001 .00001
.00003 .Mlool
.Oocol .00001

.03731 .03006

.04469 .04365

.05507 .04901

.02809 .02373

.56118 .57034

.02023 .W943

.04072 .03260

.03696 .02338

.01651 .00837

.585KJ .61022

.00182 .00142 .oC@14-------

.01295 .00739 .00108 .00002

.IX)243 .CKlo19 .Ooofll—--—

.~68 .00004------- —---—

.64942 .65593 .65946 .66009

r = 3.5: O/F = 2.309; percent fuel = 30.22

%iEi– T
3C@3 260C

3.00002-------
.3%63 0.35305
.000C3 —--—-

--------------
—-— ----—

.OCml .CQool

.CX3260 .00047

.01891 .00835

.03463 .03920

.592SS .59893

T, %

C(gas)
Oraphite
CF
CF2
CF3

C.#z
F
H
%2
SF

4000 i 3600 3200

~.00007
.34872
.00309
.------
———

.00034

.00497

.02506

.03304

.5s771

24CQ 2000 I 1600

).001540.00044
.32852 .34203
.00182 .00053
.oCeo7 .#oo2

------- -------
3.354470.35461
--------------
-----------—-
---------—-.

---------—---

.00001-------

.00086 .0000:

.0426S .0433C

.60176 .60204

-------
1.35377
.------
-------
---—--

-------

.00015

.00465

.04097

.60045

.00416 .00271

.00017 .00011

.ofKlo2 .00001

.01960 .01223

.Ooocll—-----

.007931 .00214

---1
.02656 .02517
.06231 .05545
.04838 .04127
.52718 .54061

r = 4.0: O/F = 2.

.02185 .01272

.05015 .03767

.03727 .03238

.55063] .57206

‘1:Mrcent fuel = 33.1-

T, ‘K

C(gaa)
Qraphlte
CF
CF2
CF3

%#2
CH4
F
E
%2
m

2S00 !2400 )2000 I 1800

.002570.00114

.33369 .34s19

.00270 .00116

.molo .03004

.Oooo1——---

0.00102

t’1

.CMX1260.00~4
.34941 .35s07 .36279
.00104 .~26 .oCKlo4
.00003 .ml —-—- H

---------------------
0.36577 .36757 .36832
-— ---- ------- -------
----------------------

-------
0.36847
-------
-------

‘----- 1----- 1----- I , ____-,-------------- ------- --
.01157 .00442

.Cxxlo2 .00001

.00390 .00090 .00013

.00001------- -— ----
.Owol1------- l-------\ -------

------- l-----–1-------I-------

-
:ent fuel = 3S.22

.01852 .01310 .01245 .W635 .00232

.06476 .05526 .05409 .04144 .02733

.07256 .066CX3 .06564 .06576 .07054

.49349 .51067 .51240 .52696 .=681

r = 5.0; O/F - 1.617; per

T
T, %4000

C(gas) 0.00045
(?raphite .37652
CF .00043
CF2 .00001

!#2 .00156IT
b3708 3600 3200

0.00016 0.00011 0.00001
.36045 .36160 .36501
.00016 .00010 .00002

------ ------- ------

.00053 .ooc34 .00005 ------- p–-— p----- y--- ,

CH4 .00005 .00003 .coO03 .00002 .ml .00001 .00001 .00001 .00001

.00310 .00248 .00069 .C0021 .00003 ------------- -------

.04012 .03659 .02334 .01171 .00401 .00075 .00035-------
F
H
H2
HF

.00521

.04909

.12317 .12595 .12743 .13394 .14027 .14460 .14646 .14686 .14686
.44949 .45133 .45673 .46030 .46232 .46311 .46327 .46329.44350

%01. fractlonawere cunputed for ell 19 substancesconsideredin this report but are

omitted If less than 5X10-6.
bCabuEtlm temperat~e. ‘



TABLE VII . - THEORETICAIJ

FOR JP-4 FUEL WITH

NACA RM

PERFORMANCE FOR EXPANSION TO 1 ATMOSPHERE

SEVERAL FLUORINE-O~GEN MINllJRES

[Combustion-chamber pressure, 600 lb/Bq In. abB. Equlllbrium cmnpos~tlon
during isentropic expanshn.]

Equlv- Fuel, Oxidant Combus - Exit tem- Charac- Coeffl- Area specif~(
alence percent to fuel tion tem- perature, teristfc clent of ratio, impulse,

m

by weight perature, T velocity, thrust, ses I,
iC+H weight ratio, T c*,

+
c~

o/F
lb-aec

&’
‘K ft/sec

Percent flu

1.0 I 22.71 I 3.403
1.2 26.07 2.836
1.3 27.64 2.618
1.4 29.15 2.431

1.5 I 30.59 I 2.2691.6 31.98 2.127
1.8 34.59 1.891
2.0 37.01 1.702
3.0 46.85 1.134

tne in oxidant, O

3612 2718
3628 2673
3612 2558
3576 2371

3518 2167
3436 1978
3205 1661
2923 1409
1657 1015

100percent oxygen)

m

5924 1.541 6.32
5918 1.530 6.09
5632 1.513 5.76
5679 1.503 5.55
4674 1.537 6.42

283.8
281.5
274.3
265.4
223.3

Percent fluorlne In oxidant by welgh$, 15

1.20 24.36 3.106 3735 2728 5947 1.564 6.993 289.0
1.40 27.31 2.662 3694 2479 6051 1.553
1.60

6.634
30.04

292.1
2.329 3583 2097 6081 1.532

1.80
6.109 289.6

32.57 2.071 3391 1775 6022 1.514
2.00 34.92

5.742 283.4
1.864 3142 1515 5895 1.502 5.500 275.2

.—.-——
Percent fluorine In oxidant by weight, 30

1.20 22.56 3.432 3868 2789 6117 1.560 6.918 296.7
1.40 25.37 2.942 3836 2588 6215 1.552 6.636 299.9
1.60 27.98 2.574 3745 2227 6253 1.534
1,80

6.135
30.41 2.288 3586 1902

298.2
6216 1.516 5.745 292.9

2.00 32.69 2.’059 3369 1637 6115 1.503 5.474 285.6$
Percent fluorine In oxidant by weight, 50

1.20 20.03 3.992 4120 2890 6386 1.554 6.783 308.5
1.40 22.62 3.421 4100 2738 64?6 1.549 6.574 311.7
1.60 25.04 2.994 4030 2412 6519 1.534
1.80

6.127
27.31 2.661 3898 2094 6499

310.9
1.518 5.745

2.00
306.6

29.46 2.395 3708 1825 6421 1.505 5.464 300.4

Percent fluorine in oxidant by weight, 70.37

14.83 5.743 4007 2452 6203 1.532
;:: 19.60 4.102

6.26 295.3
4464 2627 6757 1.533 6.01

20.71 3.829 4479 2758 6814
322.0

1.538 6.22 325.7
i:; 21.79 3.589 4396 2736 6749 1.544
2.5

6.30
30.33 2.297 3898 2168

323.8
6420 1.523 5.92 303.9

percent fluorlne in oxidant, 100 (zero percent oxygen)

1.0
1.5
2.0
2.6

3.0
3.5
4.0
5.0

11.01
15.65
19.84
25.73

27.07
30.22
33.10
38.22

8.083
5.389
4.041
2.887

2.694
2.309
2.021
1.617

3962
4008
4206
4262

4249
4172
4041
3708

2997
2907
2891
2964

3036
2833
2622
2288

5645
5744
59s1
623CI

6269
6279
6212
6009

---

1.563 7.002
1.561 6.857
1.551 6.656
1.563 6.844

1.566 6.979
1.556 6.724
1.548 6.566
1.543 6.441

274.3
278.6
286.9
303.0

305.1
303.7
298.8
288.2

.

- 5

..—

—
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Figure1. - !l!koreticalspecificimpulseof JP-4 fuel with
severalfluorlne-oxygenmixtures. EquilibriumCOIU@Si-
tion duringisentropic~ion from combustion-clmnber
pressureof 600 poundsper squareinch absoluteto pres-
sureratioindicated.
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EquiMbrim composition during isentropic expansion
from combustion-chsmber pressure of 600 pounds per
square inch absolute to pressure ratio indicated.
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nozzle-exittemperaturefor JT-4fuelwith severalfluorine-
oxygenmixtures. Equilibriumcompositiondwlng isentropic
~ion frcmcmbuetion-chamberpressureof 600poundsper
squereinchabeoluteto pressureratioindicated.



44 NMA Ml E!5’jlK22

4000

.040
i‘~ .035 9

3600 r \

I%3zzle-exit tenmerature \ .025

I -4= J.--’

-— Combustion-chen%ertemperature- w I kresstie—
———Temperature exponent \ .020

ratio,
% PJP

3200 <

030
%? 1

/ ~ .025/
# “

2800 x
./

8
/-
\

H’ — /— x
—

~ 2403

\
\

m— A <
+

I

/
-’ \ \

/
\

\

b ‘

2000 \
\

\
\ \

\ \ \
\ \
\ k

\ I I

16

12

8

Fuel in propellant,percentby weight

I I I I I I I I I I I I
3.0 2s 20 1!8

Oxkant-to-fuel ratio, O/F ‘

(b)Percentfluorine In oxidant by weight, 15. Ekponent ~ for use in
,,-equation T = T6w(Pc/600)w.

Figure2. - Continued. Theoreticalcombustion-chambertemperatureand
nozzle-exittemperaturefor JP-4 fuel with severalfluortne-o~gen
mixtures. Equilibrium ccmrpositionduring isentropic expansion frcm
combustion-chamberpressure of 600 paunde per square inch absolute
ta pressure ratio indicated.

.

.

.?

.

.

.



XACA RM 45

.

.

#

IS

.

.

.

.

360+— —— C!ambuetion-chembertemperature=
.— — Temperatureexponent /\

I

%
3200

/ .

2800 / / / .\

\ /

/ /-
2400 /

-

2000 x
\

1603 \ / ‘

% I
-.020

I
60

\
~ lCIJ

I

..015
I.Zoo \

I /

/
\ % 300

803 \ 100
22 24 26 28 w 32 34

Fuel in propellant,percentby weight

I I I I I I I I I I I I I I I I
3~ 3.0 . .

oxidant-to-fuelratio,o/F

(c)PercentfluorineIn oxidantby weight,30. Bcponent ~ for use
in equation T= Tm(Pc/6CX3)%.

-e 2. - Continued. l%eoreticalccunbuetim-chsmbertemperature
end nozzle-exittemperaturefor JT-4 fuel with severalfluorine-
oxygenmixtures. Equilibriumcomposition during Isentropicex-
WSion from ccunbuetion-chemberpressureof 600 pouudeper square
inchabsoluteto pressureratio Indicated.



46 NACA RM E5~22

44A%

.045 %!

4QO0

r
.040

F \ .035 Preeaure

-H. \

F--l Nozzle-exit temperature

36(30 —. — Ccmbuation-ebamber temperature

—— — Temperature exponent
-1-+

I I I I I I I I
% I I

I 1 I I I I I I 1 I I I 1 I I I (
4.0

I
3.5 3.0 2.5 2.3

Qxideat-to-fuelratio, 0/%

(d) Percent fluorine in oxidant by weight, 50. ~onent q

for use in eqwt.ion T . T~W(Pc/600)%

Figure 2. - ContAmed. Theoretical ccrabuetion-chamber tempera-
ture and nc-r,zle-t temperature for JT.4 fuel with several
fluorina-oxygen mixtures. Equilibrium ccalpoBition aurillg
isentropic expansion i’rcaccmbueticm-chember pressure at 600
poundeper square inch absoluteto press~e ratio indicated.

.

.

.

—

.-

.



.

HAC!A RM E57K22

4000 I I t 1 I I t I I I I

47

.

.

●

.

*

F
H-

a’
j
al
$

~

El

Fuel In propellant, percent by weight

I I I I I I I I I I I

6 E
I

3
Oxifant.to-fuel ratio, O/F

2

(e) Percentfluorlnein oxidantbywelght, 70.37. Ex-

ponent nT for use in equation T =T6W(P@O)-.

Figure 2. - Continued. Theoretical combustion-chamber tem-
perature and nozzle-exit temperature for JP-4 fuel with
several fluorine-oxygen mixtures. Equillbrlum combustion
during isentropic expansion from combustion-chamber pres-
sure of 600 pounds per square inch absolute to pressure
ratio Indicated.



48 NACA RM E5~22

.

OJoH+
44CKl

/

+
\ \ Pressuxe

ratio,
Pc/P1

—-— C’mbuetion-chembertemperature
Nozzle-exittemperature xl

3600-

32Ck3
-

8

& \

$

I

\

-
z4CKl

.
\ \ ‘60

2W0 \ < \ lCQ

\ \
\ >

16cH) \ 300

.
m

-lCXN

1.2cm
10 14 10 22 26

1.5Clo
xl $4 38 42

Fuel inpropollemti,lprcentk&we~t
-.

II I I I I I 1 I I I I I I I ! I I
8.0 7’.0 6.0 5.0 4.0

I
3.0

I I I I
. 1.6

CxMant-to-fuel ratio, O/F

(f) Percent fbmine in oxfdmt,lMI (O percent oxygen).

.

.

Figure2. - Concluded.l%eoreticticcsnbuetlcm-chembert~retm end nozzle-exitteqerature
for JP-4 fuelwith seveml fluorlne-cqgenmixtures. EquikLbriumc~ositlon duringleen-
tropicexpenelcmf?csncaubuetion-ckaberpressureof 600 pcandepm equereinchabsolutato
pressureratio ~ndlcated.

.

.



NhCA RM E57K22

●

49

g
CQ
-P

.

●

.

.

20C

10C

8C

6C

4C

Area-ratio
exponent, nc

FTessure

.020 ~ ratto,

\

,

\\\. 4 ! I !

* 1- x I-T > ‘ 1000
-.015

1 \\\
I -800

\ </ I

\ 1 I I --++-- ~600
1 \
\ ‘\ I

\ ,
\ s

I Ii20~+&:l,,, , ,,
I

\l \l~ ml I I
10 — 1- , , I

F h

\

~so-1 I

8 ‘
\

I \ I . \
1 I

\ / -60

6
+ ~ L

\ 40

\ \
30

4
I \ \ i

q
I
I

.005
\ ‘\ / 20
\ 1

\. \
. —

\ /
-15

1
Stoichlometricratio 10

2
20 24 28 32 36

Fuel In propellant, percent by weight

1 I I I I I I I I I I I
4.0 3.0 2.0 1.5

Oxidant-to-fuelratio, O/F

(a) Percent fluorine in oxidant, O (100 percent oxygen).

Exponent ne for use in equation s = E~W(Pc\6CM))n&.

Figure 3. - Theoretical ratio of nozzle area to threat area
for JW4 fuel with several fluorine-oxygen fixtures.
Equilibrium ccsnpositicm during isentropic expansion frcsu
combustion-chamber pressure of 600 pounds per square inch
absolute to pressure ratio indicated.



NA(!ARM E5@22

10(

SC

6C

4C

20

u

o’

2
m 10
k

is

6

4

2

1.
2,

I I Area-ratio

I
I

-.04C I
\

\
036\..

\ I

..03C‘A I I
\
\

\

\ ‘\
\

.015‘. i

\

\-

/

\

\ ~

-.010
I

\
\ I I

.
\

I I 20

\
/

\
\

-- –i t
/

\ . / 10
x /

\ _ . /

26 28 30 32 34
Fuel in propellant, percent by weight

:

I I I I I I I I I
3.0 2

I I 1 I
2.0

Oxl~ant-to-fuel rake”,” Ofl ‘“
1.8

(b) Percentf’luorlneIn oxidantby weight, 15. Exponent n.

for use In equation c= 8600(P~6C&..-

Flgure 3. - Continued. Theoretical ratio or nozzle area..to
throat area for JP-4 fuel with several-fluorine-oxygen mix-
tures. Equilibrium compoeltlon during ieentroplc expaneion
from combustion-chamber pressure M.6CLCIpcunde per square
Inch abaolute to pressure ratio Inculcated. ..

●

—

..

.

—

—

.

●



NAC!ARM E57K22 51

.

.

.

I Prea-ratio I
exponent,n’

I 1

Pressure

1
1

ratio,

,040 -.020-.015 P,/P
a .000“

I
1

I 1
035 </ “
\ \

I I i \
s

P
03A. \ t I 1

d

\l\ I I I II II I I I II

I \ I \ I I I
\_ _ _ _ ~ . . — -

\] \ \ ~ ~ I I

p.,

\

\
\

f I I
,

..OIQ \ \ \ d . I }
\ \ 1

\ \ / !
f \ ‘ ‘, ,/ 1
\ 1

\ 1 / I
t I

\ , \
\ \ .

/ I/

\ \ . /’
<

/
\ \ I

I
.

.Y /
\ /

. 1. -4. ~

?4 26 28 30 32

1000

500

300

40

20

10

-

‘-Fuel in ~~opellant, percent by weight

I I t I I I 1 1 1 1 I 1 1 1 I I
3.5 3.0 2.5 2.0

Oxidant-to-fuel ratio, 0,/F

4

(c) Percent fluorlneIn oxidantby weight, 30. Exponent n.

for use in equation c- c600(P#600)nc.

Figure 3. - Continued. Theoretical ratio of’nozzle area to
throat area for JP-4 fuel with several fluorine-oxygen mix-

tures. Equilibrium composl.tlon during isentroplc expansion

from canbustion-chmber pressure of 600 pounds per square
Inch absolute to pressure ratio indicated.



NACA RM E5~22

100
I I Area-mtio I

80
I Pressure

ratio,

60
1

-.040,\ -.025 .020 -,.015- Pcp -

\ \
7.-.00s

% I 1 1000

\
\

-.035 \

40
1 \

\ \
B

1-

! ‘i ~ I

\
\
\ \ >

I
I

I

\ 4\ \- > -+ 4

-.025 \ \
I

I

20 ‘
\

u I
. \

\ ‘\ ‘\ I \3
‘i -.020\ \ \, J I

\
\\ /

1
i -

10 ~
-.015\ I

\ I
N \

\ 1

8 \ \— -’ \ - — / t
\ I 1
\

\
\ * 601

\
\

\ \ I
\ ~ i /

6
-.005 \ \

\ /
— 40

I
—1

\
\ 1,

\ - I

/
1

) /
4 \

\
\
\

/

\
\
\.

/

\
/ k 20

/
\

\ \ /

\ \
\ _/ ./

2
10

1A 20 22 24 26 28 Xl
Fuel in propellant, percent by weight

I I I I I I I I I I I I I I I \ I I

4.0 3.5 3.0 2.5 2.3
Oxid&u%to-fuelrdio, O/F

(d) Percentfluorinein oxickmt by weight, SO. ~nent n= for use in

equation ~ “ ~6&/6CW.

Figure 3. - Contimed. Theoretical ratio of nozzle area to throat area
for JP-4 fuel with several fluorine-~gen mixtures. Equilibrium com-
position during isentropic eqansi.on frcra‘cti~ustion-chamberpressure
of 600 poundsper squareinch absoluteto pressureratio indicated.

8

.

.-

,--

,

.



.

NAC!ARM E~22 53

.

,

.

.

m

10CI

60

60

40

20w

o-
G

i ‘0
8

6

4

2

7
L

10

6toichiometric
ratio
1 I I

14 I-8 22 26 30 34
Fuel in propellant,percentby weight

I I I I I I I I I I I 1
6 5 4 3 2

oxidant-to-fuelratio, O/F

(e) Percent fluorinein oxidantby weight, 70.37. &po-

nent nc for use In equation .s= &6M(Pc/600)n&.

Figure 3. - Continued. Theoreticalratio of nozzle area to
throatarea for JP-4 fuel Wth severalfluorine-oxygen
mixtures. Equilibriumcompositionduring isentrcrpicex-
@,nsion frau combustion-chamberpressure of 600 pounds
per square inch absoluteto pressureratio indicated.



NACA RM E5~22

.

200
I t
Pressure
ratio

~ Pc/$

100 lsw
~ _

80
- 1000

80
~ . 600

40

u
. 300

s
e 20-

!

100

10

8
— — — — — — — —

6 40

4 — — — . . . — — —
20

2
-10

10 14 18 22 26 % 34 38 4:
Fuel in propellant,percentby weight

I t I 1 I I I I 1 I I 1 1 1 f I
8!0 7.o 6.0 5.0

! I I 1 I
40 . .

“ Cnddant-ti-fuel =Uo, O/F

1!6

(f)Percentfluortiein axidant,l&l (O percentnxygen).

.

.

Figure3. - C!cmcluded.Thaoreticslratioof nozzle area to tbrcat crac far J_P-& fuel vith seversl

fluorine-oxygen mixtures. Ec@Mbriwz canpositlon during Iseatropic ~icm fraz cmbuetlon.

chamber presmre of 603 poun6spar Bqw.re inch absolute to pressure ratio irdieatd.

“

.



NAC!A”RM E57K22 55

.

2.1

\

2.0 ~
\

—

—

L \
Ere6sure

1.9 —

1.8

Uh
.

j 1.7

‘P
h
0

$

Q
h

:
v \

-40
1.5 — — — — ~

-30

1.4 -20

—
-15

1.3

10

Stoichiometrlc
rat10

1.2 I
20 24 28 32 36 40

Fuel in propellant, percent by weight

I I I I I I I I I I I I I
4.0 3.0 2.Q 1.5

Oxidant-to-flelratio, O/F

(a) Percentfluorinein oxidsnt,O (100 percent oxygen).

me ~. - Tneorekkel coefficientof thrust for ~-4
fuel with severalfluorine-oxygen ndxtures. Equlll-

brium cuupositlon during isentroplc expnston frcm

combustion-chamber pressure of 6W pound. per square
inch absolute b pressure ratio indicated.



NACA RM E5~22

2.0

1.9

1.8

“A 1.7

J

~
#

% 1.6

~

2

E

—

u 1.5 ~-40—

1.4
~ ._

‘ 20

1.3

10

1.2
24 26 28 30 32 d4 sk

Fuel in propellant, percent by weight

-.

.

.

.

L I I I 1 I I I I I I I
3.0 2.5 2.0 1.8

Oxidant-to-fuelratio, O/F

(b) Percent fluorine in oxidant by weight, 15.

Figure 4. - Continued. Theoretical coefficientof thrust for JT-4 fuel
with several fluorine-oxygenmixtuzes. Equilibrium compositionduring
isentropic expmsion frcm ccmbusticm-chsmberpressure of 600 pmnde
per square inch absolute to pressure ratio indicated.

.—

.



NAC!ARME5’7K22

0

.

2.()

1.9

- ratio,

1.8
\ 1000

\ 600

v!?1.7
— 300

— _

*-

1
~

1.6

g

j

g

W

u 1.5 4U

1.4— — — — — — — — — — .
20

1.3

10

1.2
22 a4 26 28 30 32 34

Fuel in propellemt, percent by weight

I t I I I I I 1 I I I r 1 I I I
3.5 3.0 2.5 2.0

Oxidant-to-fuelratio, O/F

(c) Percent fluorine h oxidant by weight, ~.

Figure 4. - Continued. Theoretical coefficientof thrust for JR4 fuel
with several fluorine-o~gen mitiures. Equilibrium compositionduring
isentropic ~sion from cmbustion-cbsaiberpressure of 6CX3~unds
per square inch absolute b pressure ratio inticated.



HACA RM E57K22

-+-r+-- 1A’-
Pressure

‘600—
I

- 300
—

~

~ ~ - 100

— ~= _ 60

_ 40

— -
— 20

I 10

20 22 24 :“26 28 30
Fuel in propellant, percent ?Jy weight

1 I I I I I I 1 I I I r 1 1 I I I I
4.0 3.5 3.0 2.5 2.3

CMdant-to-fuel r~tio, O/F

(d) Percent fluorine in oxidant by weight, 50.

Figure 4. - Continued. !l?heoretlcalcoefficientof thrust for JW4 fuel with
several fluorine-oxygenmixtures. EquilibriumCOIQOS~tiOll du@ng isen-

tropic expansionfrgm combustion-chemberpms~ure of 600 pounds per sqwe
inch absolute to pressure ratio indicated.

.



NACA RM E5~22 59

.

.,...
..- .,

-.

.

c!%’

2.0

Rcesmre
1.9 \ rdio,

PJP

15K).

~ ~
~ .

-1003

1.8 800

\ 600

400

\ 300
~_

1.7 . \ -
— -200

150
1.

\ . ~ ~ \
100

1.6 80
- / ~ -

,’, Go.

—
40

1.5

30

— ~
1.4 - m

E

1.3
.

..
10

8toichior&.ric .
ratio ,’

1.2 I
12 16 20 24 28 32

Fuel in propellant,&rcent by weight

1 I I 1 I I I I I I I I
.6 5 4“ 3 2

Oxidant-to-fuelratio, O/F

(e).Percentfluorinein oxidantby weight, 70.37.

. .. . ...
-1: “ -v. ., Hgure 4. - Continueci. Theoreticalcoefficientof thrust for JP-4

fuel tith severalfluorine-oxygenmixtures. I@ilibrium composi-
tion during isentropiceqansion from ccmibustion-chamberpressure
of 603 pouuds per squareinch absoluteto pressureratio indicated.



60 NACA RM E5~22

.

2.1

2.0 Pressure—

—
~ — \1.9

/ —

1.8

0?
.,

L.7 “ — — -
*

— -

G-1
o

100

*
!=

~ 1.6

.
~ . 60

d
:
:

~ + .
40

1.5

20
1.4

1.3
— - 10

l“?O 14 18 22 26 30 34 38 42
Fuel in propellant,percent by weight

I I I t I I 1 I I I 1 I 1 I I f 1 I I I I I I

8.0 7.o 6.0 5.0 4.0 3.0 2.0 1.6
Oxidant-to-fuel ratio, O/F

(f) Percent fluorine in oxidant,100 (O percent oxygen).

Figure 4. - Concluded. Theoretical coefficient of thrust for JP-4 fuel with
several fluorine-oxygen mixtures. Equilibrium compoaiticm during laentropla
expansion from combuatlon-chamber pre8aure of 600 pounds per square inah ab-
solute to pressure ratio indicated.

.

.

.

.



NACA RM E57’K22

l-l
m
CQ
+

.

.

32 I
Ressure

1500
1000

30 —
403
300

_ 2(M

E$

28 — %
30
20
15

z

‘ 26
2
; 1

;
~
~ 24

Combustion

1 chauiber
I

22

20

Stoichiometric
ratio

18
20 24 28 32 36 40

Fuel in propellant, percent by weight

I I I I I I i I 1 I I I I
4.0 3.0 2.0 1.5

Oxidant-to-fiel ratio, O/F

(a) Percent fluorine in oxidant, O (100 percent oxygen).

Figure 5. - Theoretical molecular weight of JP-4 fuel with

several fluorine—~ titures. Equilibrium ccanposition

during isentropic expansion frm ccsmbustion-chamber pres-
sure of 6~ pounds per square inch absolute to pressure
ratio indicated.



62

i

NACA EM E5~22

.

,.

I I
+’ 24 ‘

I I I
%!!

Rressure

20

m(M-

100
26 60

40

11,1 I l\~

I I I Ccnnbustioiiii
c+mmber

I

I I

I I

Fuel in propellant,percentby weight

I I I I I I I I I I I
3.0 ,“ 2.0 1.8

W2&t-to-fuel ratio,O/F

(b) Percentfluorinein oxi~t by weight,15.
-..

Figure 5. - Continued. Theoreticalmolecularweight of JP-4 fuel Qith several ~
fluorine-oxygenmixtures. Equilibriumcompositionduringiaentroplcexpansion
frcracmnbustion-chamberpressureof 600 Poundsper squareinch absoluteto
pressureratio Indicated.

—

.

.

.-

.

., \



NACA RM E57K22

.

.

.

.

Pressure
ratio,

Pc/P

.

.
\’

) 32 34
Fuel in propellant, percent by weight

I I I I I I I I I f I I I I I
3.5 3.0 . Z!o

Oxidant-to-fuel ratio, O/F

(c)Percent fluorine in oxidant by weight, 30.

Figure 5. - Continued. Theoretiu”lmolecularweightof JT-4 fuel with
severalfluorine-~gen mixtures. Equilibriumcompositionduring
isentropicexpansionfrom coribustion-chamberpressureof 600 pounds
per squareinchabsoluteto pressureratioindicated.

.



NAC!AKM E5’7K22

.

26

24

20

18

Pressure

1:00

100 .

::

10 \

c-er

20 22 24 26 28 30
Fuel in propellant, perc~t by weight

[ I I I I I 1 I I I I 1
4.0 3.0 2.5 2.4

CM.dsnt-to-fuelratio, O/F

(d) Percent fluorine in oxiclmt by weight, 50.

.

.

Figure 5. - Continued. Theoreticalmolecular weight of JP-4 fuel wl.th
seveml fluorine-axygen mixtures. Equilibriumcmsition during
isentropicexpansion from combustion-chamberpressure of 600 pounds
per square inch absolute to pressure ratio indicated.



NACA RM E5~22 65

Pressure
rat io,

28 – Pc/P

15CQ
1000.
800

400

24

I I

1
22

chamber ~ q
1 I

Stoichic?metric
ratio

20 I 1 I
12 16 20 24 28 32

Fuel in propellant,percent by weight

1 I I I I I I I I I I 1

6 5 4 3 2
oxidant-to-fuel ratio, O/F

(e) Percentfluorinein oxidantby weight,70.37.

Figure 5. - Continued. Theoreticalmolecularweight of JP-4 fuel
with severalfluorine-oxygenmixtures. Equilibriumcomposition
duringisentropicexpansionfrom cmbustion-chsmberpressureof
600 poundsper squareinch absoluteto pressureratio indicated.



66 N/MA RM E57KZ2

●

b
Pressure

ratioj
36 Pc/P

1500

13y
34 \

k

1%
32

6-

4% \ \

al
.30 -1 \

a
\

‘1
\ \ \

3u 28 \ \

A
\

s 1- ,
-

\

26
cbember

24
Stoicbiometric
ratiq

22
10 14 18 22 26 m 34 36 42

~el in propellant,percentby weight

1111 I I I t II I I I I I I ! I I I I I I I 1, I I I I t 1 I I
9.08.0 7.0 6.0 5.0 4.0 3.0 2.5 2.0 1.6

Oxidsnt-to-fuelratfo,o/F

(f)Percentfluorinein oxiclant,100 (O percentoxy%n).

Figure5. - Ccm?ll.lded.Theoreticalmoleeule.rweightof JT-4 fuel with sevsralfluorine-qgen
mixtures. Equilibriumcompositionduringisentropic~icm fras ccsabustion-chssberpres-
sure of 6Cilpoundsper squsre inch absolute to pressure ratio indicated..

.

.

.

—

.



NM2A RM E5~22

.

.

pwsenl, Uy wu~l,

~ \

*’ I I I 1/ I u’u

1111 I I I I 1111 1 I 1 I 1 I I I I I I I r I I 1 I I I 1 I
9.0 0.0 7.0 6.0 5.0 4.0 3.0 2.5 2.0 1.6

Oddant-to-fd ratio, o/F

Figure6. - Theoreticalckaracterlsticvelc.=ityfor JP-4fuelwith severslfluad.ne-~en mtx-
tures. Ihentropic~ion asmming equill~um cauposltirn= ccmbuaticm-chamberpraemre
of 6~ poundsper squareinchabeolute.



NACA RM E5~22

.

.

2ao

/

270

260
10 14 18 22 26 30 34 39 42

Fuel in propel.lent, prcent by weight

1111 I t I I Ill I I I t I I I I I I I I I I I I I I I I I I
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.3 2.0 1.6

oxidant-to-fuelratio, O/F

me ~.- !l?heoretlcsl specific iqpulse forJT-4 fuel w%th seversl fluorine-oxygen mixtures.
Isentmpic e.KwuM3icmassumingequll.ibrlumccmpoeitionfrcm ccmbuetion-chsmberpreesured
600 poundsper squsreinchabsoluteto exitpressureof 1 atmosphere.

.

.

—

—
—

.



NACA RM E5W22 69

*

.

.

.

NACA - Langley Field, Va.



*

.


