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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MEMORANDUM 5-21-59E

THEORETICAL PERFORMANCE OF LIQUID HYDROGEN WITH
LIQUID OXYGEN AS A ROCKET PROPELLANT

By Sanford Gordon and Bonnie J. McBride

SUMMARY

Theoretical rocket performance for both equilibrium and frozen com-
position during expansion was calculated for the propellant combination
liquid hydrogen and liquid oxygen at four chamber pressures (60, 150,
300, and 600 lb/sq in. abs) and a wide range of pressure ratios (1 to
4000) and oxidant-fuel ratios (1.190 to 39.683). Data are given to esti-
mate performance parameters at chamber pressures other than those for
which data are tabulated. The parameters included are specific impulse,
specific impulse in vacuum, combustion-chamber temperature, nozzle-exit
temperature, molecular weight, molecular-weight derivatives, characteris-
tic velocity, coefficient of thrust, ratio of nozzle-exit area to throat
area, specific heat at constant pressure, isentropic exponent, viscosity,
thermal conductivity, Mach number, and equilibrium gas compositions.

The maximum value of specific impulse for expansion to 1 atmosphere
is given in the following table:

Combustion- |Ratio of Specific impulse, I,
chamber chamber (1b) (sec)/(1b)
pressure, |pressure [pociming Assuming
Pa, to exit  \frozen equilibrium
1b/sq in. |PTESSUTE, lcomposition {composition
abs PC/P
60 4.083 254 .6 295.4
150 10.207 313.1 315.0
300 20.414 345.8 348.1
600 40.827 371.8 374 .5




INTRODUCTION

The performance of hydrogen and oxygen as a rocket propellant has

been reported in the literature. However, additional performsnce calcu-
lations are needed for a wider range of conditions than were heretofore

available.

Calculations were therefore made at the NASA Lewis Research

Center to provide rocket performance data for liquid hydrogen and liquid
oxygen for the following conditions:

(1) Four chamber pressures (60, 150, 300, and 600 1b/sq in. abs)
(2) A wide range of oxidant-fuel weight ratios (1.190 to 39.683)
(3) A wide range of pressure ratios (1 to 4000)

(4) Fquilibrium and frozen composition during expansion

Data are given to permit estimates of performance parameters at cham-

ber pressures other than those given in this report.

b=

SYMBOLS

The following symbols are used in this report:

nozzle area, sq in.
number of formuls weights (definec. as A in ref. 1)
local velocity of sound, ft/sec
. >
coefficient of thrust, Cp = g,Ifc” = F/P.A;
molar specific heat at constant pressure, cal/(mole)(°K)

specific heat at constant pressure, (Bh/BT)P, cal/(g)(°k)

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

characteristic velocity, chcAt/W. ft/sec

thrust, 1b

function of T

gravitational conversion factor, H2.174 (lb Jass ) It
1b force/\gecd



Ho

IV&C

n
IV&.C

np

sum of sensible enthalpy and chemical energy at temperature
T, cal/mole

sum of sensible enthalpy and chemical energy per unit mass,

in(H%)i
—1—7—'—-, cal/g

specific impulse with ambient and exit pressures equal,
(1b force)(sec)/1b mass

specific impulse in vacuum, (1b force)(sec)/lb mass
coefficient of thermal conductivity, cal/(sec)(cm)(°K)
Mach number
molecular weight, in.,li, g/g-mole or 1b/lb-mole

i

characterlistic-velocity exponent, O 1ln c*/a In P,

specific-impulse exponent for fixed pressure ratio,
(alnl)
élnPc PC/P

specific-impulse in vacuum exponent for fixed pressure ratio,

(5 In Iyge
3 1n P PC/P

O ln T
temperature exponent for fixed pressure ratio (5——————>
’ in P PC/P
area~ratio exponent for fixed pressure ratio (6 in € )
> \3 In Po/p, fp

oxidant-fuel weight ratio
static pressure (sum of partial pressures), lb/sq in. abs
partial pressure, lb/sq in. abs

heat of formation or dissociation



g

a(z,2)*

equivalence ratio, ratio of two times the number of oxygen
atoms to the number of hydrogen atoms, 2(0)/(H)

universal gas constant (consistent units)

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

Zi: X [(s%)jL - .an(pi/lz;.e%)]

entropy per unit mass, s

cal/(g) (°K) A

temperature °K

reduced temperature for viscosity calculations (temperature
divided by force constant (e/k), kT/e

velocity, ft/sec
specific volume
mass-flow rate, lb/sec

mole fraction

isentropic exponent, (%—%%—2)
P/s
correction term for polarity for viscosity calculations
ratio of nozzle area to throat :crea
force constant for viscosity ca..culation
absolute viscosity, gf(cm)(sec) or poises
density, lb/cu in.

collision diameter for viscosity calculation

function of T*

Subscripts:

c

e

combustion chamber

nozzle exit



i product of combustion

in injector

P constant pressure

PC/P constant pressure ratlo

5 constant entropy

T constant temperature

t nozzle throat

1 reference point

Superscript:

o) thermodynamic standard reference state

CALCULATION OF PERFORMANCE DATA

Theoretical rocket performance data were obtained for liquid hydro-
gen with liquid oxygen for four chamber pressures over a wide range of
oxidant-fuel ratlos and pressure ratios assuming both equilibrium and
frozen composition during expansion.

The computations were carried out by the method of reference 1 with
modifications to adapt it for use with an IBM 650 Magnetic Drum Data-
Processing Machine, with index accumulators, high-speed core, and
floating-point attachments. The successive approximation process used
in the calculations was continued until seven-figure accuracy was reached
in the desired values of the assigned parameters (mass balance, pressure,
and enthalpy 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 the following ideal gases:
atomic hydrogen, H; hydrogen, Hy; water, Hp0; atomic axygen, 0; oxygen,

Oo3 and the hydroxyl radical, OH.



Initial Data

Thermodynamic data. - The ideal gas thermodynamic properties for
atomic hydrogen, hydrogen, atomic oxygen, and oxygen were taken from ref-
erence 2. Data for water are also given in reference 2, however, the
same data are given to more decimal places -n reference 3, and therefore
reference 3 data were used. The hydroxyl radical data were taken from
reference 4. The values of entropy used in the present report do not
include nuclear spin.

Heats of formation or dissociation. - The heats of formation or dis-
sociation for the molecules considered in this report are given in the
following table:

Reaction (all Heat of forma- |Temper-|Refer-
substances in tion or dis- ature ence
gas phase) sociation, ¢ of re-
en™L |cal/mole acgéon,
Q + Ho - 2H 36,116 103,263 0 S
Q + 02-¢ 20 41,260|117,971 0 6
H, +% Op + Hy0 + Q------ 57,797.9|298.16 | 7
Q+ OH-»0+H 35,450 |101,349 0 8

Where values are given in eentimeter‘l, the}" are converted by taking 1

centimeter—1 equivalent to 2.85921 calories per mole, calculated from
data given in reference 9. The base used in this report for assigning
absolute values to enthalpy is the same as In reference 1.

Viscosity data. - Viscosity data are nceded for heat-transfer calcu-
lations; however, accurate data for gases a high temperatures are un-
available in the literature. Theoretical considerations of force fields
lead to theoretical expressions for viscosi-y that fit available experi-
mental data fairly well and therefore provide a basis upon which experi-
mental data may be extrapolated into the higher temperature regions.

A detailed treatment of the derivation of various theoretical equa-
tions for viscosity is given in references -0 and 11. The use of these
equations to obtain a refined numerical calculation of viscosity involves
the selection of a force-field potential and considerable numerical work.
Much of this numerical work can be saved by using tables of collision
integrals such as those based on the Lennard-Jones 6-12 potential and the
following equation (ref. 11):



266.93 (AT f&k)

52q(2,2)"

ux10’ =

(1)

The parameters 0(212)* and f&k) for nonpolar gases are tabulated in
reference 11 as a function of reduced temperature ™ while 9(2,2)*
for polar gases (f&k) assumed to be unity) is tabulated in reference 12
as a function of T* and .

The force constants €/k and o for H>, O, and H and e/k, g,
and B8 for Hy0 were calculated from experimental viscosity data. No

experimental viscosity data were found for O and OH. The value of ¢
for O was estimated from equations in reference 13, and the value of
€/k was teken to be equal to that of O;. The values of o and €fk

for OH were estimated from the following equations:

o} + 0
Grm = %2~ M (2)
OH 2
(e/k)og = \/(é7k762(e/k)H2 (3)
The force constants selected are summarized in the following table:
Sub- g, e/k, & |Refer-
stance | R Ok ence
H 2.497| 99.8 814
Ho 2.729| 86.1 az

HoO |3.487(126.3 [2.409 | ®15

0 3.068 |102.2 P13
0 3.490(102.2 as
OH 3.110( 93.8 ()

8Calculated from data in refer-
ence given.

by Estimated from equations in

reference given and €/k as-
sumed equal to that of Op.

CEstimated by means of equations
(2) and (3).



Physical and thermochemical data. - Several physical and thermo-
chemical properties of the propellants are listed in table I. Additional
properties of hydrogen may be found in references 16 and 17 while prop-
erties of oxygen may be found in reference 18.

FORMULAS

The formulas used in computing the various performance parameters
are as follows:

Specific impulse with ambient and exit pressures equal,
(1b force)(sec)/lb mass:

- b
C e
I = 294.98 500 (4)

Specific impulse in vacuum, (1o force)(sec)/lb mass:

Tope = I + Pé% (5)

Nozzle area per unit mass-flow rate, (sq in )(sec)/lb:

A _ 86.4554 T (6)
w  DHAI
Throat ares per unit mass-flow rate, (sq in )(sec)/1b:

A, 2781.6 Ty

- St (7)

—\:I‘ P‘t _,lta

This equation is derived from the continuity equation and the fact
that velocity of flow equals velocity of sowmd at the throat.

Velocity of sound, ft/sec:

Characteristic velocity, ft/sec:

A A
c® = goPe 7} = 32.174 P, 7} (9)



Coefficient of thrust:

gel 32.174 I
Cp = =% (10)

Ratio of nozzle area to throat area

Afw
€ =
X/ (11)

Partial Derivatives .

The derivatives of the fundamental thermodynamic quantities have
many useful applications. Equations (24) to (27) are examples of these
applications.

All the relations between first derivatives may be expressed in
terms of three arbitrary first derivatives in addition to the fundamental
gquantities. The three derivatives selected for this report are
(onform)p = cps (3 1n A[3 1n T)p, and (O 1n /O 1n P)p. Specific heat

cp is needed in heat-transfer calculations and the other two derivatives

are a useful indication of the extent of dissociation.

These derivatives were obtained by means of the following eguations:

or (© 1n Pj 9 ln o)
p = ﬁ%‘f[zpi(ﬂr)i<m_i‘—>la (32 - Zpi(CP)i} (12)
1 1

(%{)T ) Zpi(aP In pi>T " (13)

] d In Re'4
1
O 1n M 0 ln &
(a n T)P - (5 In T)P (14)

where (0 1n pi/B In T)p, (0 1In &/ 1n T)p, and (3 1n pi/a In &f)q are
found by matrix methods similar to those described for obtaining
(3 1n pi/a In T), 1in reference 1, and where & is A in reference 1.

Reference 19 presents & convenient scheme for expressing all first
derivatives in terms of (BV/BT)P, (BV/BP)T, and (Bh/BT)P = cp. By means
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of the following equations, (BV/BT)P and (3V/BP)T can be obtained from

the derivatives given in this report:

B -2 624, 0
.-+ [324), 0o

With the aid of the tables in referenc: 19 and equations (15) and
(16), other first derivatives can be expressed in terms of Cps

(0 1n 4/0 1n T)p, and (3 1n /3 1n P)p. 3ome examples are,

-]

CV=CP—7 Bln (17)
- O ln P - D 8
Y (Blnp)s l_l_aln_,l ——Zl d 1n )\ 12 (18)
°p SInP Jp| A "\OInT Jp
or
c
=2 1
v cy |1 4 0 1ln u{) (19)
O In P T
When composition is frozen,
O ln .4\ _ (2in.#) _ (20)
SlnP T—SlnT/P—
and equations (17) and (18) reduce to
cy = cp —:%%
and
c R
y = —£ =%‘1 (21)
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Viscosity of Mixtures

Viscosities of multicomponent mixtures calculated by rigorous methods
(refs. 11 and 20) show excellent agreement with experimental data. How-
ever, these calculations involve considerable effort and become increas-
ingly more difficult with increasing number of components. Simpler tech-
niques, but which still involve considerable calculations, are given in
references 21 and 22.

The following equation, based on averaging kinematic viscosities,
glves approximate results, which are often sufficiently accurate for en-
gineering purposes:

u:

A
W (22)

2.5
1 1

The equation appears adequate until better high-temperature data for the
individual components become available.

Conductivity

Thermal conductivities as well as viscosities are needed in heat-
transfer calculations. However, experimental conductivity data are gen-
erally even less available than experimental viscosity data. Therefore,
the Eucken relation

e+ £ 2) ()

which often gives satisfactory values of conductivity for individual com-
ponents, is used in this report to estimate the conductivity of gaseous
mixtures.

THEORETICAL PERFORMANCE DATA
Tables

The calculated values of the various performance parameters for com-
bustion pressures of 60, 150, 300, and 600 pounds per square inch absolute
and for a range of equivalence ratios and exit conditions are given in
tables II to V. Table II presents performance data at assigned pressure
ratios from 1 to 4000 for equivalence ratios from 0.15 to 5.00 (oxidant-
fuel weight ratios from 1.190 to 39.683). Properties at the throat may
be found where € = 1.00. Table III gives various thermodynamic partial
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derivatives. Equilibrium composition in the combustion chamber and at
the assigned exit conditions i1s given in table IV. Characteristic veloc-
ity and summary of the performance parameters at an exit pressure of 1
atmosphere are presented in table V.

Curves

The performance parameters are plotted in figures 1 to 8. Curves
of specific impulse are presented in figure 1 for assigned pressure ratios
as functions of percent by weight of fuel. Combustion temperature and
exlt temperature for assigned pressure ratios are plotted in figure 2 as
functions of percent by weight of fuel. Curves of the ratio of nozzle
area to0 throat area are plotted in figure 3 as functions of percent by
weight of fuel for assigned pressure ratios. Figure 4 gives the curves
for coefficient of thrust for assigned pressure ratios as functions of
percent by weight of fuel; figure 5 presents curves of molecular weight
for assigned pressure ratios; and figure 6 presents curves of character-
istic velocity as functions of percent by weight of fuel. Figure 7 gives
curves of specific impulse in vacuum for assigned area ratios as functions
of percent by weight of fuel. The curves of figurs 7 were obtained by
interpolation of the data at assigned pressur: ratios.

Effect of Assuming Frozen or Equilibrium Ccuposition During Expansion

A comparison of specific impulse data based on equilibrium and fro-
zen composition during expansion to an exit rressure of 1 atmosphere is
glven in figure 8. A comparison of maximum calculated values of specific
impulse based on equilibrium and frozen compcsition during expansion is
shown in the following table for expansion to 1 atmosphere and to pres-
sure ratios of 100 and 4000 (taken from table II):
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Chamber |Pressure|kquivalence [Oxidant-| CompositioniMaximum |Differ-
pressure, |ratio, ratio, R, fuel during specific |ence in
P., P./P at which 1I|weight |expansion |impulse, I,
1b/sq in. is maximum |[ratio, I, percent

/a%S o/fF (1b) (sec)
1b
60 4.083 0.35 2.778 |Equilibrium| 255.4 0.31
.35 2.778 Frozen 254 .6
100 0.45 3.571 |Equilibrium| 400.8 1.67
.40 3.175 Frozen 394 .2
4000 0.70 5.556 |Equilibrium| 465.9 3.81
.40 3.175 Frozen 448.8
150 10.207 0.40 3.175 | Equilibrium| 315.0 0.61
.35 2.778 Frozen 313.1
100 0.50 3.968 |Equilibrium| 401.3 1.42
.40 3.175 j{Frozen 395.7
4000 0.70 5.556 |Equilibrium| 466.8 3.37
.45 3.571 |[Frozen 451.4
300 20.414 0.45 3,571 |Equilibrium| 348.1 0.67
.40 3.175 | Frozen 345.8
100 0.50 3.968 |[Equilibrium| 401.5 1.24
.40 3.175 |Frozen 396.6
4000 0.70 5.556 | Equilibrium| 467.0 3.02
.45 3.571 Frozen 453.3
600 40.827 0.50 3.968 |Equilibrium, 374.5 0.73
.40 3.175 | Frozen 371.8
100 0.50 3.968 | Equilibrium| 401.7 1.06
.45 3.571 Frozen 397.5
4000 0.70 5.556 |Equilibrium; 467.4 2.75
.50 3.968 | Frozen 454.9

The preceding table shows that for pressure ratios up to 100, the
difference in maximum specific impulse due to equilibrium or frozen com-
position during expansion is less than 2 percent. For a pressure ratio
of 4000 the difference increases to 3 to 4 percent. However, the maximum
specific impulse occurs in general at a higher oxidant-fuel ratic O/F
for equilibrium composition than for frozen composition.

A comparison of valu.s specific impulse for frozen and equilibrium
composition at the same O/F >uld show larger differences. For example,
from data in table II, for amber pressure of 60 pounds per square inch
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absolute, a pressure ratio of 4000, an O/F of 5.556 (where equilibrium
specific impulse is maximum) the difference in specific impulse for fro-
zen and equilibrium composition is 9.6 percent. For the same conditions
but for the stoichiometric O/F of 7.937, the difference is 15.8 per-
cent. This is the largest difference between frozen and equilibrium
specific impulse at constant O/F for any of the conditions in this
report.

The O/F for maximum specific impulse increases with increasing
pressure ratio. For fixed pressure ratios and frozen composition the
O/F for maximum specific impulse increases with increasing chamber
pressure.

Effect of Chamber Pressure

By use of suitable exponents, performance parameters can be estimated
with good accuracy at chamber pressures other than those given in this
report. The logarithmic values of the paramzters I, Iy ge., T, €, and c

are very nearly linear with the logarithm of chamber pressure for a fixed
equivalence ratio and pressure ratio or fixed equivalence ratio and area
ratio. This linearity permits the data to be extended by means of ex-
ponential equations.

In the case of equilibrium composition, the following analytic ex-
pressions were derived that permit the exponsnts to be computed from
data at a single chamber pressure:

0 ln I mof1 1

ny = <8—J~E—P:)PC/P = 86.4554 -:—[-2- (-;7; - 7) (24)

Oln T X 9 1ln R
R W -Geh)] o% e

o)
we = ($54 EC)PC PRECVAISRCVEE (26)
where
O ln A/W 2 S in M
e, - o [ ) 1
d1n ¢

ne* =3, - bt asde (27)



E-189

15

n = o in Ivac) = I(nI " feX T ne) +n +n (28)
Lvac d 1n P, Pc/P - Tiac c¥* €

Equations (24) to (28) may be written in the approximate form:

n
p \"I,1
I=1 ( < ) (29)
1 Pc,l
('Pc opl
T=T Py 1 (30)
Ne,1
2
Pc,l
P De* 1
* = ci( ¢ ) (32)
P
c,l
nIvac,l
Pe
Ivac = IV&C,lC%‘“I) (33)
c,

where Pc,l may be either 60, 150, 300, or 600 pounds per square inch
absolute provided that I;, Ty, €, ci, Ivac,l, and their derivatives are
the corresponding values for the chamber pressure selected.

The exponents obtained by means of equations (24) to (28) are shown
in table III.

In order to illustrate the use of these derivatives, suppose it is
desired to obtain the value of equilibrium specific impulse for a chamber
pressure of 1200 pounds per square inch absolute and a pressure ratio of
81.65 (exit pressure, 1 atm) for an equivalence ratio R of 0.90
(O/F = 7.143): TFrom table III, the value of I at this pressure ratio
and equivalence ratio (but for a chamber pressure of 600 1b/sq in. abs)
is 376.8 and the value of ny 1is 0.0079. From equation (29),
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H
l

= 376.8(&399 0.0079
600

376.8(1.0055)

378.9

A comparison of the parameters obtained by mean:; of the chamber-pressure
correlation and by a direct calculation is given in the following table
(R = 0.90, equilibrium composition during expansion):

Parameter |Chamber pressure,
P., 1200 1b/sq in. abs;

Exit pressure,
P, 1 atm

Estimated|Direct Error
by corre-jcalcu-
lation lation

I 378.9% | 378.86 0.07

Ta 3623.3 3622.0 1.3

Te 2338.4 2338.6 .2
€ 11.769 11.755 .0l4
c* 7306.1 7304.7 1.4

It is expected that values estimated for o:sher equivalence ratios
and pressure ratios for chamber pressures from -ibout 30 to 1200 pounds
per square inch absolute will have small errors of the order of magnitude
shown in the previous table.

The following analytic expressions were derived for equilibrium com-
position which permit exponents to be computed similar to those in equa-
tions (24) to (28) but for constant area ratio -ather than constant pres-
sure ratio (egs. 34, 37, 38, 40):

d 1n Pe/P\ _ d 1n €
<TF%“>€ - nE/ (5+25). (34)

68T-4
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where
dlney _ 1 (olnlI
(m)s-'r'(m)s (25)
and
dln I Ivac
(m>s=-86.4554 = or 1--% (36)
BlnI> . _(Blnl)<alnPc/P
Slnp /e M \WOmWP/\NJIInp, /e (37)
d1ln T ) 3 _ (5 1n T) 9 1n Pc/P z
srs) = TP\ T A (28)
where
d 1ln T) X O ln &
(ms-/cp [l- (m)P] (39)
(a 1n Ivac) ) <Blnlvac d 1n P[P
SIn P, Je " "Tyac "\ InP J\OInP, J (#0)
I -
SHrp ot
vac
where

Contee) - (32g) (- £1)

(41)

Dats for constant area ratios for chamber pressures other than those
given in this report may be obtained in & manner similar to the previous
example by interpolating the data in table II (see, for example, fig. 7)
together with exponents obtained from equations (34) to (41).

Effect of Finite Chamber Area

The use of a combustion chamber of finite cross-sectional area leads
to a pressure change during the combustion process. For a cylindrical
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chamber, the injector face pressure P may be found from the following

in
equation derived from the conservation of the momentum

W

Pipy =Py +
-1 17 Ae,

(V] - Vip) (42)

where P{ and V) are the static pressure and velocity at the nozzle
entrance, respectively, and Vi, 1s the average velocity of propellant

(liquid or gas) in the axial direction when injected. Equation (42) may
be written

Pin= P (;i)(llgc - V.p) (43)

where P, 1is the stagnation pressure in the nozzle.

In order to illustrate this, consider a rocket operating at an
equivalence ratio of 1.00, a nozzle stagnaticn pressure of 600 pounds per
square inch absolute, a ratio of chamber arez to throat area € of z2.12Z,
and Vi, = 100 feet per second. From table 1I, corresponding to an area

ratio of 2.122, Pc/Pl is 1.05 and I 4is 43.3. From table V, ¢ is
7039. Therefore, for these conditions, using equation (43),

1 ) 800
+

Pip = 600(1_05 70592 122) [(43.3)(32.17) - 100]

571.4 + 51.9

i

623.3 1b/sq in. abs

SUMMARY OF RESULTE

A theoretical investigatlon of the perfcrmance of liquid hydrogen
with liquld oxygen was made for the following conditions: (1) equilibri-
um and frozen composition during expansion, (2) four chamber pressures
(60, 150, 300, and 600 1b/sq in. abs), (3) wide range of oxidant-fuel
weight ratios (1.190 to 39.683), and (4) wide range of pressure ratios
(1 to 4000).

1. The maximum values of specific impulse for expansion tc 1 atmos-
phere are summarized in the following table:



Chamber Ratio of Specific impulse, I,
pressure, | chamber (1b)(sec) /1b
P., pressure .
. to exit |Bquilibrium|Frozen
lb/S% in. pressure, composition |composition
abs
P./P
60 4.083 255.4 254.6
150 10.207 315.0 313.1
300 20.414 348.1 345.8
600 40.827 374 .5 371.8

19

The maximum value of specific impulse for a chamber pressure of 600
pounds per square inch absolute and a pressure ratio of 4000 is 467.4
and 454.9 assuming equilibrium and frozen composition, respectively.

2. The difference between maximum values of specific impulse due to
the assumption of equilibrium or frozen composition during expansion is
less than 2 percent for pressure ratios up to 100 and about 3 to 4 per-
cent for a pressure ratio of 4000.

3. For the same oxidant-fuel ratios, the difference between values
of specific impulse due to the assumption of equilibrium or frozen com-
position during expansion may be as high as 15.8 percent for the condi-
tions in this report.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, March 2, 1959
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TABLE I. - PROPERTIES OF LIQUID PROPELLANTS

Properties Hydrogen Oxygen
Molecular weight, 4 2.016 32.00
Density, gfecc 20.c709 (at |P1.1414 (at

-252.7° ¢) | -182.0° ()
Freezing point, ©C €_2£9.20 c-218.76
Boiling point, °C C.252.77 ¢_182.97
Enthalpy required to convert dl.E94 dz, 081
liquid at boiling point to
gaseous elements at 25° c,
kcal/mole
Enthalpy of vaporization, €0.z16 (at |%1.630 (at
keal/mole -282.77° C)| -182.97° C)
Enthalpy of fusion, Co.(28 (at |C€0.106 (at
keal/mole -2£9.200 Cc)| -218.76° C)
8Ref. 23.
b
Ref. 24.
CRef. 7.

dRef. 1.




TABLE II. - THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO <

LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalerce ratio, R; oxidant-fuel ratlio, O/F.]

(a) Combustion-chamber pressure, 6C pounds per square inch absolute; equilibrium
composlition during isentroplc expansion
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TABLE II. - Contlinued. THECRETICAL ROCKET PERFORMANCE AT AS3IGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID J)XYGEN
{Equivalence ratic, R; oxidant-fue. ratio, O/F.]

(a) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute;
equilibrium compesition durlng isentroplc expansion
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TABLE II. - Continued., THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxldant-fuel ratlo, 0/F.)

{a) Continued. Combustion-chamber pressure, 650 pounds per sguare lnch absolute;
equillibrium composition durlng lsentroplc expansion
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TABLE II, - Contlinued. THEORETICAL ROCKET PERFORMANCE AT AS{IGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID (XYGEN
{Equivalence ratlo, R; oxidant-fuel ratio, O/F.]
(a) Continued. Combustion-chamber pressure, 60 pourds per square inch absolute;
equilibrium composition durlng isentroplc expansion
Statc | tomp. o Viscos! Specific L]
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TABLE II. - Continued.
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxldant-fuel ratio, 0/F.)
(a) Concluded. Combustion-chamber pressure, 60 pounds per square Iinch absclute;
equilibrium composition during isentropic expansicn
! &&; Viscos Specifi !
i . - - cific L
Pressure pressure, GI:T::‘ Enthalpy, | Moleculor | Isentrapic SF:""‘ ity, T:e"",a! Mach | impulse Areo Thrust _Speuh: ;
IPm/i:, i T y weight, | exponent, :ut, H, | com uchvuy,l number |in vacuum, ratio, “’Gfgfiﬂ‘h impulse. !
B/sqin. oy , [ i ] - . L
< /‘:‘" 3 e m . 4 col/iQiK I ::ic:s <ol tsechoK ycmy N € F o et/
R = 44000» PERCENT FUEL = 34054» O/F =31.746
T P JU
1.00 60400 ' 23&7‘ 105%e4 264257 | 11871 | De5285 7981 0«0005C| 0000 04000 Q0
le05 57el4 23:0; 1063« 264265 141885 5287 795 « 00049 «2B87! 30742 24105 «202 274
le20 50+00 | 2282 102245 Lba2bb | lel¥ed +3073 T84 200047 #3257, 19541 le260 + 388 52e7
lab0 42.06 1 22281 99642 264307 lel972 s 6900 712 «0004> 0760, 174.0 le.061 a524 7142
le60 3750 2180 97440} 200323 | le20l3 17z 76l «00044 »Y02| 16942 le00% able 83«6
178 35079 | 2143 953740 | 260330 | la2046 a4ble 753 «00042 | 1e000| lb8a.5 lego0 o578 92e1
2400 3000 | 2101 93749 ] 266345 lLelOBé e426F Tos 00001 lelgs L6%el 1.009 742 | 100e7
4400 1500 | 1858 H34,6 | 260387 | ledddl «4iQe 68> «0003% | Le299| LlbBls3 L1e297| le0lY| 13843
4408 l4e70 | lobdl B3le7 | 2be388 | ledlVy QY2 o83 a0003% | leblz| lBcad 1a3ll| leg2b| 12942
10«00 6400 | 1556 71740 | 260403 | 142203 <3769 606 «00029 | Zela6| <Olal 24192 | 1le262° 171s3
20400 3400 | 1321 B4le3 | 264406 | la2bl7 <3619 5417 20002 | o237 | 21249 34439 | 1397 189.6
40600 le50 | L1067 57547 | 260406 | 142738 «3501 491 «00022 | 24926| cidaB 54518 | la504 <4Qésl
10000 60 954 5028 | 266406 | 162393 ¢ 3354 wz2i «000LY | 34452| £3343 10507 ! leb&l5) 219,41
200400 «30 815 45647 | 20e40b | 122020 e32u4 3T «0COLE . 24870| 397 172236 1e6Bl| 228.p
400s00 «lb 692 4175 | 260406 | lasi>l PEYLSN 326 2Q0UL3 | 4e3le| cadep 2BoJdDB La735| 235.4
1000+00 0l 553 37648 | 260406 | 143349 #3013, <70 «000LL | 4¢¥51] 2506 S4eB42: le792| 26342
2000s00 «03 464 34803 | 20406 | Lads0B «29¢Y 1} ¢3¢ «D00DY | SesB4! (5440 90278, leB2T| 26749
4000400 002 347! 32642 | 264406 13563 «2865 4 197 200208 | 66070 25648 | 16Be47L1| leB53| 25le7
L i e e [ S R S |
R 2 5s000s PERCENT FUEL = 24458y U/F =3%.683
. - .
le00 60s00| 2062, 8550 274299 | 142228 | gesl09 740 . 0400037 | 04000 0«000 0«0
1405} 5T7sl6 | 2044 84747 274302 | lel2al #4079 736 +00037 «2B3| Z82.2 2e186 «204% £5e2 .
1s20 50400 | 1995 826el1; 272309 ls22d0 « 4004 724 « 00036 0550 | iT8.9 le269 €392 48e4 '
letD 42486 | 1938 8060 | 2 le2323 v3925 710, «00026 «751| 159.3 le066 «529 6543
1460 37450 | 18v0 78744 142338 PEY-T-T 638 . +00033 w892 | 154,7 le0ll o621 T6e7
180 33240 | 1849 T7Le? | 27324 | 142307 s20lb 648 +00033 | 1.000| 15349 le00Q0 «590 851
2+00 30.00 | 1811 T57etr | 270327 | laduis *37172 7Y «00032 | 14093 | 1954,.3 le0o? « 767 92a2
4400 1500 | 1570 6Teal | 270336 | Lesvoo e3277 617 «00020 | Lled¥a | lode7 lec82| 1o02¢  14ba2
408 14470 | 1571 66%al | /0336 | lae¢200 e33102 ol> 2000<8 | 1ab07 | lbbel Led9b 1.0&9‘ 1270
1000 6400 | 1304 576e3 | 276338 | lac¢?07 o3413 EEL a000c3 | Lelbl| LBied 24185 1edbl]| 1557
20400 3.00 | 1122 51543 | 27339 | led¥id «3309 -1 2000Z0 | 2249 19246 3a365° 1.393| 171.9,
40e00 1650 961 46209 | 27339 | ledYeld «3409 43e 20001l ZeF46 1 c0lel 5334  1.496 lﬂb.7i
|
100400 60 . 776 | 405¢1 | 274339 | le30vs 3076 | 367 200015 | 3e686 21043 104072 le603| 197.8
20000 «30; 659 36940 | 274339 | la32¢7 2979 321 +00012 | 34918. 2l548 1604101 lab666| 2056
400+00 +15 ] 555 33805 | 274339 | 143360 2888 479 200011 | 4379 244043 2648101 1e717| 21240
100000 « 06 438 30546 | 274339 | 143536 «2783 ;230 «00008 | 2047 22540 G1e370| 16771 2iBab
200000 03 365 28544 | 274339 | 1u3632 1 e2ley! 195 «00007 | Sebll: 2278 Bue 29| LleBpb | 22206
400000 «02 303 268e6 | 274339 [ ledo27 | <2093 lb4 +000Ce b.c:ki ¢3Qel  13Te226| leB3I0| 22549
— -— - JRO IR [ SO S ;
; j ) i
' I H
i
|
|
i
1 ‘
!
|
- N R I [ I N
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FCR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxldant-fuel ratlo, O/F‘.]
(b) Combustion-chamber pressure, 150 pounds per square inch absolute; equilibrium
composition during lsentroplc expansion
Stat T ! Viscos. Specif
atic . e - cific N
Pressure | pressure, .I:"':pm Enthalpy, | Moleculor | isentrapic Specific ity, ":'"',°! mach | impulse Area Thrust | Specific |
ratio, : Phe i weight, | exponent, et ., e ‘;"‘"'Yv nvmber [invacuum,|  rotio, Hici .mpiuu, :
PP /g oy ol / P f v M C
e/ ! {:" K e = Y <ot/ @HKi* :::: o/ seciRitem] (astvoer/ o £ P i/t
R = 0el50s PERCENT FUEL = 45465 QsF = 1190 i
T T
1.00 IEO-OON 1183 | 531345 446416 | le3390 107752[ 314] 000073 ¢+000 0000 O-D}
la05 142486 | 1168 5287.7 4otlb ! 143406 | 1le7711) 311 «00073 w271 5300 22250 2210 GTlabi
1.20 125400 | 1129 9218,7 botlb ; le34d6 | Le7397 303 200070 0527 33442 14297 o403 9048
le40 lU7el4 | 1085 ] 2l61.8 4ol ] 143469 laT4T73 293 »00068 « 722 296.1 l.081 «H43 ) 12242
le60 93475 | 1069 50777 Getelb ] 143497 147368 2485 » 00066 «BSD| 2B6.6 l.018 e636| 143,42
187 H0+42 | 1008 | 500648 4ol | 143527 | 147257 276 «00263 | 1s000; 2B4,1 1.000 0725} 1634
2400 75.00 969 | 4975.4 4etlb | 1e35641 ) 147210 27¢ «00UB2 | 1a059] 2B4.4 la002 «76LE 17le5
4900 37450 824 | 4693.4 4e%l6 | le3651} 146825 234 «0D052 | lad66] 301.7 14233| lep31li 23243
10.00 15.00 Gu3 | 439245 “elb | 1le3T4B ! 146505 iss «000%2 | celD2| 32745 14974 | lo2b7: ¢83el
10e21 14.70 639 | 43B6.b “etlb | 143750 ] leab2pl le7 00041 | colb5 32Bsl 1997 la26li 28440
20+00 7450 532 | «20%s0 “atl6 | 1a3d0Q| le6343 159 «000Q35 | ¢w2B6! 343eD 2e982; 1376 3099
“0e00 3475 439 | 40508.9 Lebl6 | le3826 ! leb2bY 133 <0004 | 00317 35644 44620 lew67! 330e4
100,00 la50 340 | 3899.0 4ol l.auuzf la6091 106 «0R023 | 3ebs8| 369, Be432| lebb#| 350e8
20000 ¢ «73 280 | 380440 bodlb | Le3923 7 Lle5YT1 84 «000L8 | “alé9| 37747 134431 le6lQ| 36246
400400 =38 230 | 372342 4etl6 | 144070 ] le5550 70 «000L5 | Leb76 ! 3B4al 21e4BB: 1a852| 37240
100000 e15; 175 36604l Gotl6 | le4350 1 ledB4d 55 «00011 | 4381 39046 394928 leb94 | 38les
2000400 08| 1421 3590.9 4etel6 | leDd32 | 144387 45 200009 | €4096. 39443 634572 1719 28782
400000 04 | 114 3951,2 Getl6 | 146710 | 1240564 36 00007 | €aBéa . 397.3 | 100.938| 14739 391aé
R = 0e200» PERCENT FUEL = 3Be&bs Q/F = 14587
1.00 150.00‘[ 151«[ 296947 | 56216 | 163078 | 16191 402 | 0+00084 | 000 0000 00
1.0 le2e8b 1 1a¥7 @ 2961.7 50216 | 143089 | labl4b 399 «00082 «dT4 | 95241 24233 4209 4943
120 145200 ; 1450 : 266048 20216 | 143149 | les0Q<b 389 »00081 «533 | 34deb 1289, «400 G4t
le4d 1GTale ; i3%0 ; ¢78301 S5e2lb | ledlde | ledody 378 « 00078 #7300 | 30%e3 LeQ77: 539 | 127s46
leb0 Y3675 | 1354} 271342 2e2lb | ledl8b | 145773 369 «00076 W B6Y | 29940 1e0l6; «632| la9%s4
leB5 dle24 | 1307 | 264045 S5¢216 | 103217 | 145652 359 00073} 1e000 | <9743 1eD00; 716 16902
2400 72600 | 128 | 2601l 56216 | 143236 | 145585 353 «00072 | 14068 £97.8 1e00% «757 | 1791,
4+00 37450 10797 2290.0 54216 | 143391 | 1e5045 307 200061 | leb72 $lb-7‘ le2464 " 1le029 | 24342
10«00 15400 ; 852 ] 1954,3 54216 143558 | La4516 251 200048 | z414B | 3447 Z.oo?i le257' 29742
10.21 16e70 : 847 | 1967,.7 S5e2l6 . 143562 | 16506 250 200048 | col6l] 34543 22033 1la261; 298.2
| 20400 Tea50 ! 709 | 1768,8 5-216‘ 143655 | le4232 213 «Q0040 | «¢573 | 36240 3,049, 1le379 1 32549
“Qs 00 3475 5068 | 137840 | Seclb | 1e3714 | le4067 179 200034 [ 24010 37640 “we?3%  le47é| 348.p

! ; | !

. 100e00 ie5Q 458 | 139643 ' 5e216  1e3770 | la3914 FLYs 00026 | 4619 39045 ! 4679 lebed 370.0
200400 « 15 37 | Libbel | He2lt ! de3Bll | ie3007 i #0008 | “elll| 39Y.l 13470 latly 364s7
40000 EL] 312 | 119%5.2 Se2l6 | la3Bbl | 143077 9o 200018 i Leb3B | 40bel 224¢99 . labbe  393e0

1000#00 .l 242 | 109549 1 5e216 | 143972 | 1e3402 i 200013 i te396| 41304 414979 14706 40345
200000 0B 198 | 1041s) ! Se2l6 | latlos | La2958 61 00011 | coDLle| 61747 | 674687 le733| 4097
“000s00 204 161 993.9 | 54216 | lak344 | 142580 50 200909 | £4706 kZl-ll lcd.?bh‘ le754 | 4lues

R = 0ua250» PERCENT FUEL = 33451 Q/F = 1984
PR . R - g
1400 | 150400 | 1816 | 124543 | 64016 | 102820 | 145060 | 481 | 0.00092 | C+000 [oeeno]  o-0
1405 L4286 1797 | 1220s2 . 64016 | 122831 | 1.4992 477 +00091 277 56344 Ze2ll 22071 503
1e20 125400 | 1745 | 1142,.1 640l6 | 102860 | 1au86T7 467 «00089 +538° 35642 1,283, 4398 Foeb
le%0 lUTale | 16806 | 1054a7 6e0Ll6 | 122893 | 144730 456 «00086 736 31643 ls073 2536 130e1
1a00 93470 lode YHle> Sa0lb | 142941 | labbib 446 200084 2876 30646 1s015) 2029 15247
led3 dledb 1587 910.0 640l6 | 122950 | 124203 430 00081 | 140001 3045 Je000 2708 | 171e8
2400 75400 ; 1555 86 3.9 BeDlb | 1a2%70 | 1oabsy 429 +00080 160761 3051 12005 #7754 iv3e)
4200 37.:01 1322 93501 6s0lb | 1431e5 | La3875 378 +00068 1.275‘ 32545 1'255‘ 12027 | 24943
! i i . !

1gs00 15400 : 1027 RN} ©e0lb | 103329 | 143425 3140 200054 | colh7 | 35543 o4l 1aid58 1 305406
1ge2l l4ea70: 1092 1690 6eQlb | 103333 | 1.3213 3le¢ «00054 | ¢s15% | 355.9 2.013} le262 | 20666
20+ 00 7450 887 995“'°i Ge0Llb | 1e34bl | Le2847 69 +00046 | £eD63 37347 3.127} 1a382 33547
40400 3a13 7414 &765.1i 6e0l6 | 143509 | 142559 28 «Q0038 | %87 | 38Be7 448831 le478: 359.0

H | H

i 100400 le50 odl 9:6&.11 6e0lb | ladbo3d | 1a2320 18l 200030 | s+281l] 40he2 Be985| led74 ] 2B2ed
200+ 00 «75 49l YabTa.B | £.016 1.37173 i»2190 151 200025 | L4064 | 413,44 140396 | 12630 39549
400600 ! .38 39y 36743 | Gbe0lb | 143755 . 142100 125 200C20 | 4 eDBZ] 42QeY 234208 | Le675] 40648

100000 j «ld 310 Y240.> ©e0l6 | Llasbly ‘ ielv2s Yo 200012 Bhlbel G3ebYL | lelud | widel
200000 «Qo 236 0 9112y ‘ be0lb | Lazdob | lelbQ3 e +0004< w534l TledoQ| LlaTd9 | 6l4e7
4000400 | 08 210 Ylzde? i e016 | 14403y, Llelwol 64 «00010 “3Te2 | 11Deb21 | Le771| 4302

! i
R = 04300y PERCENT FUEL = 29457, U/F
b - e - - e — - - [
1e00 12000 ! 20Y¢ r9v3¢.7 GeBl3 | lecdbs - let3ad 550 | 000099 C+000 00
1a05 lacabo | 2071 § ¥903s1 | bedit | Lago90 . leblod 247 » 00096 DEoan ZelQD 220061 5068
l.20 125400 | 201D 9823461 beBl& | 1la2bd7 | Lablll 537 «0009> 35947 leci? PRS- 9765
Le#0 1UTalle | 1991 9736%.6 | b6e815 | ladbb3 | 143931 525 »00092 31Y%.8 i.070 e2337 l3ies
led0 93473 | 1897 9655.3 GebB15 | ladnys | 143786 515 +000%0 sB82 | 31043 1.013 sbeb lbo4e2
leB82 82458 | 18496 ¥590e3 ° 6e8ld | 142723 Ladbdy 505 00087 | 1000 | 20043 le000 « 700 1T72e6
2400 75400 | 180% ¢ 953%20 GeBLlO | 1a2744 | 123567 498 +00086 | 14082 30940 l.008 «751 l8S.1l
4200 3750 | 1503 91vyvap Beblo | LuadBYL | Lal¥9Y “62 200UT4 | e85 33042 ledbl  1eQ¢d> £5¢ed!
10e0U . 15400 | 1478 DBULDab CeBlb | LwdQ7¥D | Ladds] EX ] 200000 | colbn . 361,08 <ol Llad2% 3104
loedl 14470 | 1251 881749 beBlo | Le3Q¥Y | 1al3e¢ ERAd 200060 | colbQ: 36244 celil lecb4 3lled
40400 | Teb0 | 106 B2YLle3 Gedlb | ladina Peluvl 3242 2003591 | 20255 25lec 30206 LedBbd  JGle7
40400 ! EXRE] 8YD | B3IY3LT LeBlb | leddos | Laldsl <1y sQ0UBL | co708 " 39740 5e037; le4B2 366e¢
100400 ! le>0 700 | 6ld0s% bebl6 | 1e3250 | 1alald L] 00033 CELTREE Y TP Yadlb | ledB4 39065
200400 | «75 590 | 804Ya7 GeBlb | 143004 | 141008 187 200047 | €oQi3 ! G233 lb.vﬁhl lebdd 4048
400400 | .36 wyQ | 7940.9 SeBlo | 1e3b0b | i40060 150 200044 | €o51T 43iez 249235 lao8Y  4léed
\ | ; ;

1000400 | eib | 383 | Te26e8 | beBl6 | 143724 | LeQT4b | 10| 000LT | e24b! 63,6 | 46,002, 1.738 42843
2000400 | 04 317 | T75«a3 beble | 143776 | 1a0b37 g8 00L& | £aB51 | bb4b.b T4a917; 1el67 . 43544
4000400 04 262 | 169640 beBlb | la38e7 | 140933 40 200011 | €e2lp. G4HeT | 1224193 ] 12790 s4le2

20T =il



TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxidant-fuel ratio, O/F.]
(b) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute;
equlilibrium composition during isentropic expansion
. ] " i~
Static " Viscos- cific "
Pressure pressure, .I:"nr:; Enthalpy, | Molecular lsentropic m"‘ ity, Thermal ] Mach is,:;uh. Arsa Thrust | Specific
ratio, ) by , weight, | exponent,| " t ¥ ‘°"df""'7‘ number |invacuum,|  ratio,  [coetficient, '"'Pi'l“‘
B /P 1b/sqi on wal/ [3 i . [ C,
e/ ‘ Q: " K ! ¢ m Y col/(gXK)* ;‘;‘: colfismiren| M ttbu:h € R TYY
R = 04350 PERCENT FUEL = 26447y O/F = 24778
—
1600 | 150400 | 2335 | 889248 | 74604 142338 | 1e4271 610] 0+00107| 0+000 0+000 0.0
1605 | 142486 | 2317 886341 | 74605 | 142352 | le4ibs| 606| +00l06| «28¢| 5692 2.192| .205) S0.8
10201 125000 | 2259 | 878343 | 74607 | 142391 | 1.3089| 597 .00102]| «547| 36047 Lle271 4393 97.6
Le40 | 1076143 21931 869346 | 7.609 | 1,2434 | 1,3606| 585| 400099| .748] 321.0 1e067| +530| 13le6
1.60 93751 2137 | 86184l To611| 142471 143389| 576 +00096| +889| 311.6 1,012] 4623 54,6
1,80 83¢19 4 2087 | 855242 | 74612 142502 143209, 567 «00093| 1.000| 3098 1,000 «693] 17241
2400 75400 | 2044 | 849643 | 74613 | 142528 | 143068 | 559| 400091 | 1.089] 31047 1.007| o748 185.7
4400 37+50 | 1772 | 615166 | 7615 | 142690 | 142337 | 506| +00079| 14590 333,10 14276 1.023| 5440
1000 15400 | 1451 | 776743 | 7,616 | 142886 | 1,1659| 634| ,00065| 2.148] 365.6 24120 14260 31249
1021 14470 | la6bk | 775945 | 74616 | 142688 | 1e1645) 33| ,00065| 2.160| 36642 24147| 14265 3l4ep
20400 7450 | 1239 | 752404 | 70616 | 143035 | 141206| 381| 00055 | 24549 38548 3.2082 14390] 34541
40400 307571 1051 | 731748 T.616 | 1.31581 1,079 | 330| 400046 ] 24952 60244 5¢191| 14491 | 37042
100400 1e50 | 838 | 709248 | 74616 | 143364 | 140366 | ¢67| .00036| 345ip! 419.8 9e681| 14594 395.8
200400 2751 702 | 695348 | T46lb: 143475 | 1.0ll9| 226| 400030| 34¥63| 43042 | 154634 | l.654] 41ip.8
400400 +38 | 586 083745 7.616 | 143553 | 49953 | 1BY| .00025| 4e452| 43846 | 25,362] 1a703| 42249
1000+ 00 +13 | 460 | 671340 74616 | 143634 | <9789 | 148 | 400019 | 9160| 44745] 48.4312] 1.754| 435.5
2000400 +08 1 3821 6637,0| 74616 | 143683 | 49696 | 121| .00016| 54750 45246 | 784890| 1.784| 443.q
4000400 «04 | 317 | 657440 | Te616 | 143739 | ,9587 98, 00013 | 64390| 45742 | 129.010| 1.809 449.2
L —
R 2 04400y PERCENT FUEL = 23¢95, O/F = 34175
1.00‘ 150400 | 2553 | 8050.5| 84379 ] 102094 | 1.4879] 660] 0+00118 | 0+000 0:000| 0:0
1405 | 162486 | 2532 6021e¢l | 84382 142108 | 144725 | 657 +00416| »2864| 566.8 2,178] 4203 50+6
1020 | 125000, 2675 | 7941,9 | 84388 | 142148 | 1,4323 | 648 | 40pll2| .552| 359.6 1,265 391} 97,2
1e40 | 107416 | 2610 | 785247 | 62393 | 142194 | 1,3894| 637| .00107| «754! 320.4 le064] 5271 131,2
160 ?3475 | 2353 | 777745 | 6398 | 142235 | 143555 6268 | ,00104| «895| 311,3 laQll| .619| 15441
1079 83484 | 2306 771549 | B.60l . 142269 | 143293 620| +00101| 1e000| 30907 1s000| +686| 170.6
2400 754001 2260 | 765547 | 84406 | 142302 | 143052 612! <0098 | 1.096| 3106 1e00B| +745( 18543
! P 37450 | 1978 | 7308.9 | 84413 | lec4%l ]| 101954 | 561 | +00OB% | Le594| 334el 12286 leg2l| 2540
10,00 15400 | 1638 | 691Beu | Bo416 | 142695 | 141133 | 485 | 400069 | 24147] 36745 2.155] 1.261] 313.9
10,21 144701 1631 | 691045 | Ba416 | 142699 | 141119 | 488 | +00065| 20159| 36842 2.182| le266! 315.0
20400 Te50 | 1610 | 666943 | 84416 | le284) | 1.0674 | 435] 400059 | 24542 | 38845 343568 | 14393f 34647
40400 3075 1206 | 645546 | 84616 | 142991 | 140256 | 3B0| ¢00050 | 24937 | 40548 S.344| 1,497 37245
100400 120 | 9711 622048 | Bo416 | 143187 | 49769 | 315| 400040 | 34479| 42440| 10s047! 1o60% | 39949
200400 2751 Bl9 ] 607446 | Be416 143317 | ,9479! 266| 400033 | 34917| 43445 | 164311| 1.666 | 414e6
400400 +38 | 688 | 595146 | Ba4l6| 1436427 | 49451 224) 400027 | o388 | 44349 | 264573| 1,717 42704
1000400 sl5 5431 581940 | 8.416 | 143536 | 49040 | 176| +00021| 5¢072| 453,43 | 50,851 1.771| 440e6
2000.00 208§ 452 | 3737.8 ) He4l6 | 1,339 | ,8Y30| 146| 400017 | Sebét 45849 | B3.253| 1.803 | suBap
4000400 $04 | 376 b670.4i‘ 82016 ' le3649 | J8u3¢! 119] .gopls e.zeol b63-6J7136->02 14829 | 45541
s SR | . S S — I . N L
R * 04450y PERCENT FUEL = 21487+ O/F = 34571
—— [ N
1+00 ° 2733 | 735445 | 94133 | 151879 | 1 077| 70l] 0400132 | 0e000 0+000| 0e0
1.05 P 2713 732546 | 94137 | 141891 | 1,586 | 698 | ,00130| 287 562.0 2,165 4202, Sbel
1420 2659 | 724746 | 94148 | 141925 145361 | 690 | 00125| +557| 357.0 12259 | 4388| 964
1440 2596 | 715947 ! 94159 | 141966 | 144792 | 681 400119 | 760! 31B.4 1e061| 4524 130.2
1460 2542 | 708543 1 94168 | 122004 | 144330 | 672] +00l15| 902 309.6 1.009] +616( 1530
1477 2699 | 702847 | 94174 | 142034 | 143991, 666, 400111 | 14000| 30843 16000 +678( 16844
2400 2451 696447 | 94181 | 144070 | 1e3641| 658 | 400lo?7 | lelg3d| 30945 10009 742| 1B4e2
4400 z171‘ 661846 | 90205 | 1a2202 | 141951 | ©10| 400089 | 14599 | 333,6 1e298] 1,019 | 25340
10400 1819 | 022447 1 Ye2ld | 1ad519 | iag7ob | 561 | 400073 | 24145 36840 24193] 14263 31345
10221 1812 621647 | . Ye2l5 | 142523 | 140750 ] 5939 400072 | 2el56| 36847 20221} 1267 31447
20500 1574 | 59714l | Yell6 | 142604 | 100258 | 486| 400063 | 26534 | 36946 3,436 | 14397 34649
40400 1359 | 5751ey | 90216 | 142606 | «9835| 630 | 400054 | 24922 | 40Te6 50502 leb5g4 | 37304
100400 1e50 | 1106 | 550940 | 9e2i6 | 143006 = 49330 | 3591 400043 | 34450 42646 | 10.428| le614 | 400e7
200400 +75 1 939 1 5356u4 | Yelle 13150 | 9001 308 400036 | 3.873 4384l 17.026| 1,679 | 41Te0
400400 238 | 794 ) 5227.1 | Ye216 | 143250 | #8730 | 262| 400030 | 4e327| 46745 | 27,879 | 1.733| 430.2
1000400 el> ) 6311 508649  9.216 | 1.3417 | 84671 207 400023 | 44986 | 45745 | $3,635| 1.789 | 444.2
2000400 ° 208 | 528 1500046 | 94216 | 1,3501 | 48316 | 17¢| 400019 | 5.536! 463.5| 88.103| 1.823 | 52.6
4000400 004 «401 492804 | a2l , 143561 .azxxt 1631 ,00316 6-139‘ 466 o4 | 1444834 | 1,851 | 459,5
[ . L e ool - .
R = 0.500y PEKCENT FUEL = 20s12» O/F
T 1a00 150400 | 2881 6769e8 | 94859  1e1706 ] 1s7723T 778 0+00149 0+000] 0«0
Le05 | 142486 | 2862 | 676144 | 9eBbe | 1al713 ] 147501 | 733 00147 55546 24153 | o201 4946
leco 142400 ;) ¢old | bOODM2 Vo083 | Lel739 | lebuyd 126 200141 39343 ledb4 « 386 253
Le40 | duTels 27521 627940 | 94901 | 1a1771 ! ju62il| 717| .00l3é 31544 1.059! <522 128.8
1.60 93475 | 2701 b)oo.o‘ Yeyl> 141802 145642 | T10| «00129| «%08. 3070 12008 | 614 151.5
1676 85005 | 064 | 64b44d | Y4922 | 141825 | lebeab | 704 400125 | 14000| 30547 1.000| 6711 16548
2.00 75000 | 2615 | 638743 Y.937 | 1e1638 | i.uT763 | 697 400120 | leilg| 307l 1s04d | 4739 18244
4600 | 37450 <346 | 604443 YuYbk | 142061 | 1.24%8 | 653 | .00098  lebg5 | 33l.l 1e311 | legls | 25142
| :
10400 ¢ 15400 | 1994 564944 | 104010 142336  leQ6d2 287 «00077 | 24142 36744 26235 14265 31242
10421 16470 | 1986 5661,3 | 10010, 142335 | 14065 | 586 400077 | 2elb4| 36841 24264 | 14270 21343
40400 , 7e50 1 17635 539206 104015 | 142495 | 49956 | 233 .gpobb . Zedld| 38946 34522 | Jo403d | 34641
40400 3475 1514‘ 5169e1  10e0lo | 1w2041 | 49502 | 478 | .00057 | 24905 408.2 5.670 1.514‘ 37342
xoo.ool 1.50‘ 1262 1 «91942 | 104016 162855 8994 | 405! w0006 5.«11‘ 42040 | 104829 ] 1e626| 401s3
200000 o 75 ‘ i0bs wiole0 ‘ loepie ' jecY%ap +BOGL 51 «00037 | 3e83L| 4400 17704 | La694% | «lBe]
| 400400 | e38 | 906 | 462640 jlo.oxe‘ lesdlel | o8340 | 301| +00033 | 44269 45040 | 29¢278| 12750 | 43109
| 1000400 1 edd 726 ) 6eTBe5 | 1040l6 - L3488 48019 | 41| 400043 | 4e901| %60e5 | 564678 | 1.80S | b4be5
200000 .ou‘ 608 | 438742 | 100016 | 143356 . 47643 | ¢0c! 400021 | 5¢431| 46648 | 93,457 | Lo84h| 45543
4000400 e04 | 510 631045 | 10s016 | 143471 | 47700 167 400017 | 64009 | 47241 | 1564133 | 1874 | 46246
| RN T B i R i
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000
LIQUID HYDROGEN WITH LIQUID OX'GEN
[Equivalence ratio, R; oxidant-fuel ratlo, 0/F.]
(b) Continued. Combustion-chamber pressure, 150 pounis per square inch absolute;
equilibrium composition during isentro)le expansion
N YT Ty o
Stotic § T Viscos- | _

1 Pressure pressure, ::""‘:e Entholpy, | Moleculor | lsentropic Specific ity, ":'"‘,"! Mach Area Thrust _59“‘“(
ratio, : oTu ’ h, weight, | exponent, : . u, | 'L"“"'" number ratio, Hici '"‘PI‘“"'v
R/P /v ox colfo ® micro . <
< | "Wk n i /IR | gy [eo/ N Rt e F st/

R = 0s600s PERCENT FUEL = 17235, O/F = 4e762
1400 | 150.001 3097 | 5841¢6 | 112228 | 1e1465| 2.2005| 788| 0400191 | 0+000 1 04000 040
1205 | 142eB6| 3081 | 5B15.0| 11.239| 1.1469| 241752| 786 .00i83) »252 54042 2.136| o199 4842
1020 125.00| 3036 | 5742.8 | 114268 | 141479 | 241055 780 «00181) o267 34440 L4267| 4383 9247
Lea0 . LUTeld | 2985 ) 5661.1 | 114300 | 1e1493 | 2.02481 773} .00l73% 774 30745 14055] +518] 12943
1460 93.75 | 2940 ] 5591461 114326 | 141507 | 1495511 766 +00167| o918 299.6 1.007| eblo| l&7e5
1eTé 86209 | 2911 | 594749 | 114343 | 1.1517| 19107 | 76<| +00l62| 1.000| 298.7 14000| «661| 15949
2400 75200 | 2865 | 567842 | 114368 | 11535 148396 | 756| 400155 lel2Z] 3004 1.013| <735} 17748
4.00 37050 2630 | 516649 | 11,479 141562 145032, 720| <0012+ le6lB) 32644 143330 LaQl7| 26549
10400 15200 | 2308 | 475648 114570 141922} 1.1596 | 666 +0C092] 26143} 36344 2.321| 1e270| 3072
1021 16270 | 2300 | 76847 | 114572 | 141928 | Lo1536| 65| +0005i | 20156) Je4el 2.352] 14275 30844
20400 7950 2058 | 497+3 | 11,602 | 142142 | Jag0la| 619( 00075 | 2.506| 38649 3.708| le4lé| 342ep
40e00 3.75] 1815 | 426746 | 114613 | 142327 | «9136| 566| «0006+| 24867 | 406e6 6.038| 14530 370s1
10Ce00 150 | 1518 | 400648 | 11616 | 1425171 48515| 493) 400353 | 34360) 427.8 11,693 1e652| 39946
200,00 L75 1 1317 | 383849 | 11.616 | le2654 | oBLST| 437) .00y4> 3,769 4609 19e4413| 1o726) 41744
40000 L3¢ 1135 | 569347 | lleble! 12798 JTezd| 383 00035 | balbb| 451e¥: 324319 1.787| 4343
10G0«00 V1ol sea | 3532.71 lieslo | 142988 | L7635 | 314] 00030| 4eT42| 4636 63,444 1.853] 443.2
2006400 to5 | 786 | 34316 1leblo| le3122| 47189 | <67 00025 | 502281 47047 1050595 ] 14893 45749
uoao.cu} WGl 6B J}k>.7J>ll.blb 1.3230 | .6994 | 224 +000£0| 54759 47646 | 1754548| 1e927) 4bbep

R = 0700y PERCENT FUEL = 1525  O/F

— -- - - . -

1400 | 150400 3231 513643 | L2.482 | 141328 | 247036 525 0.00240| 0-000 04000 00
Loos | 1a2.86 ! 3216 | 511343 | 12,697 | 14138 | ¢06809 | B23| 00227 «294 52345 24126 198| 46.7
1020 125.00 . 3176 | 504be5 | 122536 | 141328 | 2,6171| blb| 400220} 270 33346 1,242 +382] 89.8
1oe0 | 107el4| 3130 496846 | 124580 | 141349 | 245409 | B1l; .002:2) o778 29849 1,052 5167 12145
1460 53075 | 3091 | 990341 | 12.618 | 11331 | 244728 B06| <002:5[ 9231 291.1 1,006 607 6301
lal3 §0ebb | SCbU | 4B5De0 . lceb40 | 101333 | Zet3l8 803 «002.1] 14000 | <9043 1000 «655 | 15442
2.00 75200 | 33c5 | €79945 | 1cebB0 | 141338 ca3350 | 797 «002t3 ] Leld®) £9¢ul leglb| «733] 17246
4400 37450 2825 | 4680e% | 124855 | lal3os | loveys | 7671 w00lte | 1e627 31846 1,308| leolb| 23943
10s00 15400 | <550 | 910206 134040 | Leld36 | 1,4750, 724 .00lil] Z.150) 35643 24391 la275| 300.2
10ecl 14.70‘ Chan | 40Yasb | 13s046 | 1al539 | leavd0 | 723| «00l. 0| 2el6l] 35743 Zetzb| 142B0| 30le4
20400 7euo ! 2331 | 3865.6 | 13134 | 1a17¢5 | 11743 | 6871 4000 4| 20500 36l.1 34880 lewle| 33544
“(e00 3975 . 2102 3613e6 | 134187 | 141957 | 49713 | 643 | 000 5| 24838 40Zel 64,625 | leb547 | 36442
|
100+ G0 Les0 | 1797 | 334609 | 134211 | ledecl | o8358| 2761 .000-9| 3.296) 42448 124637 1677 3950
200400 T75 | 1579 | 316942 | 134215 | le2367 | «7371| 5211 <000-11 3.662| 438.9 21.191: 1758 #1349
4C0s00 L35 1379 3015.2 | 134216 | 142500 | +7520| %65 00044 | 4e04B| 45048 | 35.638| 14825 429.8
100Ce0C Jiv | Lleg | coeley | 134216} 1a2682 | oTELL| 392| 200075 | 44593} 463.7 700952 | 1e898 | 64740
20006400 206 | 983 | 2731e3 ! 134216 | 142825 | 682> 340 000 0| 5.03Y 47Lle7 119434l 1e943| 65746
4000400 04| B4l | Zo3bas l:.zlb’ Luzvbh | w6576 | 290! +000 5| 5223 | 47644 2004371 LeTBl| 48646
L - [ I I . I . . .
R = 0.800s PERCENT FUEL = 13460y O F = 6e349
[ e e ———— EDR o RS -
1400 | 150400 | 3304 | 4586y | 13+622 257 .xzu:[ 551 | 04002 2| 0000 [ 0+000 00
1.05‘ 16¢e86 | 2290 | 49634 . 134639 295 | 301098 1 B&Y | 400L 0| 295 5009 Zel2l| w198 6542
120 12ue00 303 Li.687 Wlity | 340677 B44 «002 4 572! s¢tee !t lad40 381 87.0
LetG ;i 187418 | 3241 13,741 | 1e1244 : 3,0l08 | 630 0028 ] #78l1 <BY.3 1.051] o912 | 117.7
1.6C 93475 | 3174 13,788 | 141260 | 2.9681 | 8337 4002:2 | «927| 28242 1.005| 606 138+6
172 80497 | 3124 13,816 , 141237 | 249401 | 30| «0C2:9 | Le0pO| ¢8lad 1,000 <652 l4Ba9
2000 1 75.00 | 3115 | 426543 13.865 | 141234 | 248826 824 +004< lel32| c83a% leglé| o732 16743
4400 37050 | 2935 | 396743 | 144095 | 141228 | 245693 | 798| w002 .9 1.633) 30%e7 1.357] le0lb| 23242
1Gs00 15000 | 2704 @ 3606a7 | L14s369 | 161267 | 2u0604 | 763 | 200170 | 20157 LYY 20437 14278 29240
igedl 14070 | 2699 | 3599.0 | 144375 141269 | cepu2 | 76| s00la9 )| Zel6B ETTRS ] 2,672 la2B2| 29342
20eC0 7e50 | 25¢6 | 335745 ¢ léabht | Lel3bh | lebued 734 | 400l33 | £e>09| 37340 44017 | Le43l| 32741
40w00 3u75 | 2330 | 312641 | 164677 | 112207 lazoed . TOL| 400110 ¢o829 3944y 6,703 | ledos| 35643
10000 1450 | 206% ; c05248 | 14e778 | 1olb50 LY ou? +00C!1 | 3el46| 4i¥e2 13.610] 1e698 | 368l
202400 D75 | 1846 | 267248 | LuaB0b | lec0ob | 7993 | DYB | .00CO8 | Je37h| A3bes 2341161 1e785>1 4Q8sp
00«60 D36 | 1636 | 251241 ; Léenls | Leczen | 47593 563| .Q0Cey | Fe93ni 44Ted 3Y.c6T| LeB5Y | 62429
1000400 J15 | 1375 | 232746 | lwesle | 1e240l | «6¥30 | 7. .00C+) 46Le5 | T9elbb| Le940 | 443es
2000400 JOU | L199 | 220749 | 16.816 | 1e2332 | «60639 .00C 35 47044 | 1344569 | 12990] 5540
4000400 o0& | 1039 |2103.9 14aBlb | 142672 | L6361 200C2Y 47749 | 2284326 | 24033 | 46448
P S 1 SRS S I T - — L. JE — R
R = 0s900s PERCENT FUEL 8, C/F
10T 50.00 1 3336 | @lazes | 14e653 | 141226 | 3.2851] 707 040030 YO T oeooo] o0e0
1005 | 142486 : 3322 | 12049 | léeol2 | 101226 | 342773 | bbo| 40039 494.1 callé| o197] 638
Lezo ' 125400 | 3286 | 406Le3 | 14e726 | lel2lo | 3422471 862) 400:92 313a2 14239 o380| 843
leoQ | iLTelé | 3206 | 399345 lue 787 | lolcOo : 3.2¢03 857 +00: 21 <B0eh le0ol eblet li%eQ
leo0 | G3elb | 32LE| 3Y3>e7 | 194840 | 1al201 | 3al¥sl | €5¢ “00:87 ¢13eb 14005 | ob0b | L34s3
1aT2 | 87409 | 31v2 3v0ual | 144869 | 1all¥7 3e1B43 | vbY | 200: 84 tTcev LeDOD | o650 | l4ua2
30001 75400 | 3124 | 386049 | 164927 [ lellyo | 341213 | 43} 400480 cThe8 1e016 | o731| lbdal
4200 37.50 | 2904 | 356062 | 154193 | 1a1163 | Ze9668, B1B| «00.2¢ 30046 1,360 | leplé| 2252
|

| i 15000 | 2775 | 321940 | 154529 | 141164 | 206406 | 7861 +00:20% <olbl) 33840 24457 La279! 2B3e5

1on70 | 770l 321148 | 154536 | Lelloa | 2.6322| 7861 400:19 ] 2al72] 23848 24493 | 1e2B& | 2B4sd

: 150 | 2663 | 298145 | 154765 1 1a1151 | 24378 | 76| 40089 | 245101 36342 44082 | led34 | 31749

%0400 | 3275 | 2474 | 276043 | 154981 | 151187 | 1295601 737 | <0056 | 283> 38544 64960 | led64 | 34669

ou.oo‘ Lo | 2267 | 269241 | 164217 | LalD36 | La3985 | 0991 +00.08 | 34238 4l0eY 1443685 1e7091 37980

SC0sQ0 ! o759 | 2092 | 2307e5 | Lbe335 leldft | Leglds b6 200378 | 3e2¢y | 42743 249596 leBOL! 39946

42Q0e 00 ‘ w30 | 1896 | 213Y46 | Lbe2393 y leldll «801d [-¥9+] 200uDY | 3eB3L| 4hle> 434409 ] ieBBI | 4lTel

1300e00 ! 15 | lees | 1vaael | lowals | 14¢133 ] sowes | 5. a00u4dr @agBE| 42T.0 ) BUkLY 1.973| 4374

230000 WQb § 1457 { 16lbeb | lbetlo | 12263 -E1-T0) 496 ] <00 407 GabTl| 46608 ; 1512686, 24030 4200

4200630 ) 04 } A&ulLﬂo:.b loedlt | lecdov Wb 17 b44q 1 «0C j“l SaUBL «7b.¢l 259.945Lz.075i~b0.a
o SRR S E - - 1 . 4 o - I I

FOR
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxidant-fuel ratlo, O/F.]

(b) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute;
equilibrium composition during isentropic expansion

S'cfkr ] . . [ ViKOi" I Specific I .
Pressure | pressure, | oromP. | Enthalpy, | Molecular | ksentropic | Spedfic | Ty T Thermal | poch ¢ impuise | Avea |, Thrust | Specific
ratio, P, T X weight, | exponent, h t [ ‘;"""7' number |invacuum,  ratio, ffici '"“’I"’l”'
P /P Y ox /g 3 i mic B M [of
© I Q:m K m Y cal/\qu“l\"‘ Poli::s el / (1<K Hem: ‘w:'/lh € P bt /il
R = 1.000s PERCENT FUEL = 1le19y O/F = 7.937
- —
1o0o| 150.00] 3361] 3777.9] 154586 1.11171 3.1692| 884| 0400<95| 0e000 02000 040
1005 | Laz.B6| 3326 | 375741 154607 | 1a12i4 341796 | 6B0| »00294| 295 47645| 24118| o197 6245
120 | 125400 3292 | 370140 lo.664 | 1a1ecé  3e1630| 875| #00291| +573| 30349| 1a238| +380] Bles
160 | 107el4| 3252 | 363741 154735 | 121197 3e1420 | B869| 400287| 782 272.2| 1.050| +51%| 1107
Toeo | 93475 | 3217 | 258247 loa766 | 1elisp | 3.12¢5| 864 200283 «9¢8| 265.5|  1.005| +606| 1303
1.72] 87413 | 3199 | 3553011 154817 | lellob | 2401111 | 861] a00Zb2| 1+000| 26449 1,000 +650] 13948
2,00 75400 | 3161 | 369326 | 150060 | 1e0175 | 3,0866| 56| 20078 | lel36| 26647 lools| +731] 157.3
wn00 | 570501 2994 | 322549 | 164167 | 11146 | 2e94%3 | ©31| #0025 1e636| ¢91e8| le361] leol6| 218e6
10400 15000 | 2759 | 290740 | 164532 | 142017 | ¢a7109| 799| 400229 2s162| 32603 |  2e462] 14279 27543
10.21 16070 | 2765 | 290041 | 164539 | 1olllo | ce7089| 798| «00228] 20172 32940| 2.498| 1e286| 276e4
20,00 7250 | 2644 | 268244 | 16a795 | 141406 | 246914 | 775} 200205] 2e511| 35248  4,097| lee34| 30847
40.00 3275 | 2505 | 267245 | 174043 | L1o1107 | 242430 154° 00180 | 20837| 37447  7.007| 1.566| 33740
100400 1050 | 2325 | 221742 | 174345 ] 141135 | 148808 | 719| 00145 | 3246 | 40040 | 164608 le712| 36845
200400 275 | 2188 | 203920 | 174547 | 11188 | 1.5962| 692] .p0l20| 3s542| 41647 | 25,757 1.807| 38940
430,00 138 | 2068 | 187306 | 174718 | 122262 | 123134 | 662] 400096 | 3eB36| 431.6| 45e624| 14891} 40741
100000 J15 | 1850 | 167641 | 174886 | 1.0497 1 .9862| 617| 400069 | 4e220| 448.7| 974111 1,988 ©27.8
2000+00 T05 | lesb | 1538.1 ] 17.962 | 11732,  «50L5| 575| 00054 | 4e522| 45949 | 1704978 2egbl| 44le5
4000.00 06 | 1517 | 1415.4 | 17.995 | 1.1980 | 46840 | 27| 00043 | 4+853| 46945 | 2984702| 24107] 45344
R = 1500 PERCENT FUEL = 74749» O/F 2114905
1,00 ] 150400 3219 | 262641 | 194176 | 141249 | 129992 | 905| 0400193 | 00000 04000| 0e0
1005 | 142+56 | 3206 | 260948 | 194195 | 1a1247 | 149899 | 903 | +00191| 4295| 421e7| 24120] +198| 37.8
1.20 | 125.00] 3169 | 256549 | 19.260 | 1.1242 | 1.9637| 897! .ool88| 572 1e240| +381| 724
1.60 | 1U7.14 | 3127 | 2515.9 | 194330 | 1.1237 | 1.9320| 891 00183 | .781 1eg51! o515| 9749
1,60 |  93e75| 3091 | 247343 | 194350 | 141233 | 1.9032| 885 00180 | 927 1.005] «606| 11543
1.72 | 86498 | 3071 | 244946 | 19,424 | 141232 | 1.8866; 881| 4001768 | 1,000 ! l.000{ o651| 123.9
2.00| 75.00) 3021 2403.5 | 19.489 | 1.1228 | 1.85261 875| .00173| 14133 | legls| 732| 139.2.
9200 | 37.50] 2853 | 219741 19.783 | 141225 | 1.6765 | 845 | 00152 | 14633’ 257,7 1.357] leolé| 193.2
10400 15000 | 2626 | 196722 | 200136 | 141249 | 144088 | 806 | 00123 | 24158 28944 | 24439| 1.278| 26340
10,21 16.7C | 2621 | 196220 | 200141 | 142250 | 124026 | B805| 00423 | 24169 | 29041 | 2e474| Le283] 2440
20400 7050 | 2455 | 177644 | 204361 | 121306 | 1e1941 | 774 | «00l02| ¢e507| 310e5| 44027 14311 27242
40400 3075 | 2281 | 1616.9 | 20e565 | Lelals | o9827| 740| 200082 24834| 329.0| 64805 1559 29646
100400 1e50 | 2037 ] 142642 | 204710 | lel651 | o7695 | 687 | 00360 3.249| 34947| 13.824| LaT00! 323.4
200400 D75 | 1842 | 1295.4 | 20-774 | 141881 | 6298 | 641 | 00048 | 3e566| 36Ze8 | 234681 14789 | 34043
400400 T38| 1644 | 118000 | 200602 | 142093 | «5593 | 589 | 200040 | 3+903| 37440 | 40+495| Le865| 35447
1000400 V15| 1393 | 104743 | 206811 | 142308 | #5103 | 517| 00033 | 4e391| 28643 | 824105| 1948 | 3706
2000+00 T08 | 1220 | 96049 | 204813 | 122441 | 4869 | 463 | 400028 | 4+794| 39440 | 1394978 | Z.00l| 380.6
4000400 T06 | 1062 | 885.4 | 200813 | 142574 | 4666 | 409 | 00026 | 5+226] 4005 | 2384311 | 24066 | 3892
R = 2.000s PERCENT FUEL = 5927+ O/F =15.873
1200 | 150000 ] 3045 | 201640 | 21+610 | 141322 | 143351 | 900| 0+00130 | 04000 0:000| 0<0
1005 | 162086 | 3041 | 200244 | 214631 | 141322 | 143254 | ©98| +00129 | +29%. 38643 | 2.126| 198| 34.a
1o20| 125000 | 2992 | 196545 | 21,688 | 1.1323 | 1.2984 891 400126 | «371 <ébed | 1e262| «381| 06643
1vao| 107.14 ) 2947 192306 ] 21752 | 141326 | Llo2665 683 4001c2| o778 22043 | L1eQb2| o516| 8¥e7
1o60 | 93275 | 2909 | 188640 | 214807 | 141329 | L2361 | s76] .00lis| oVes cléed 1.006| «607| 20546
1.73 | BE.67 | 2886 | 186742 | 214838 | 141331 | 1.2211| #72| <00lle| 1.000] 21642 14000| «655| 11348
22000 75.00 | 2845 | 1829.6 | 21.895 [ 1.1336 | 1.1894 | s65| 00113 | 14129 21546 1e015| #733] 12744
4200 |  37.50 | 2649 | 1657.8 | 224145 | 141382 | 1a0314 | 829 00095 | 14627 <3541 14348 1.0l6| 17646
10,00 | 15.00 | 2388 ] 165149 | 224405 | 11514 8231 | 778| .00073 | 24151 <6341 2.393| le275| 221es
10,21 16,70 | 2382 | 164746 | 222410 | 122518 | <8187 | 777 | ,00072| 24362| 26347 | 2e427| 1.280] 22244
20.00 7e50 | 2184 | 131148 | 22.540 | 1.1681 | <6852 | 736 400059 | 24502 | 2Bl.4|  3,895| les24| 26745
40400 3275 | 1976 | 118520 | 224621 | 121892 | 5809 | 688 | +00048 | 24839 | 297.0 | 6.656| lad47| 26849
100.00 1e50 | 1694 | 103746 | 22,665 | 1.2166 | wuves | 618| 400038 | 3.291| 31349 | leo741| 14679 | 291e8
200,00 275 | 1492 | 94005 | 222675 | 1.2328 | 4656 | 56| +00032 | 3eb52| 32445 | 21.403| leT60| 305«9
400400 T30 | 1305 | 856.0 | 229677 | 1.2462 | 44438 | 506 | <0008 | 40035 | 333.4 | 3be0s2| les28| 31747
1060, 00 v15 | 1064 | 76043 | 220677 | 1.26£9 | 4209 | 434| 00023 | 4e5T76| s63.1| 710914 Levoc| 33046
2000400 108 | 935 | 69940 | 224677 | 1.2798 | e4053 | 38| +000£0 | 5201 | 34941 2204231 levan | 33845

4000.00 04 803 64603 | 224677 [ 1a2892 39006 334 e00017 | Se895 | 35801 | 204087 | 1986 | 34542

R = 3.000s PERCENT FUEL = 4.031» O/F =234810

1.00 15000 | 2695 | 138le4 | 244614 | 141581 | 0a7383 459 | 0.00072 0-000} 0+000 0e0
1.05 146286 | 2679 | 137048 | 244628 | 1.1588 « 7306 856 +00071 0291 24043 2s145 «200 30e3
1.20 125400 | 2634 | 134242 | 244666 | 121609 « 7094 847 » 00069 o646 | 21645 ladb5l 382 58.4
1.40 1GTe16 | 2582 | 130949 | 24706 | 141635 +6854 837 = 00066 2769 193.4 LaQ57 «520 789
1.60 93,75 | 2537 | 12B2.4 | 244739 | 141661 26650 828 =00063 «J13| 1BB.4 l.007 «612 9248
12175 8heb8 | 2507 | 126309 | 244760 | 1alb19 26013 ¥2< sQGI62 | 1e000O] 1877 1«000 «666 | 10le]
2200 T5.0C | 2662 | 123746 | 2544789 | 141707 a631Y Bls «0Q0USY | 1el16] LBBWS lsolz #7137} 11149
4200 37e5C | 2226 | 11077 | 244905 | LelBob s5611 16¢ «00049 [ leblQ| 40%e4 14320 lapl?| 1543
10.00 1500 | 1914 9hbeo | £4aYBQ | lell2b ahSoY Ll «Q0039 | 2ol | L2607 2411 lal6l ) 194e3
10.21 14470} 1907 Yb3.h | 24ad8]l | eglol 4D b bEY «Q0038 | 2elba| £2Te2 24301 led¥2§ 19390
20+ 00 750 | 1687 d5Te4 | 50000 | 1ad333 ahZ32 53¢ «00033 | Ze517] 2608 34601 | latp? i 21345
40+00C 3475 | 1475 TT0a4 | 254006 | 142473 « 4015 574 «00029 | 2891 | £52.7 54831 | Lo920) 2306
100.00 leS50 | L1228 6T2eh | 2540008 | la2031 «30l6 499 «00024 | 32397 £65a4 116232 1a637| 248ab
20000 <75 | 1057 EQYab | 25,008 | 142752 «3682 445 «00021 | 32796 27342 184588 | La7p8| 25%e1
4Q0GC.0C 38 g0b 555,.6 | 254008 | lel¥ i «3559 394 ~000Ll8 | 44217} €798 304867| 1la767 | 2681
1¢00.C0 «lo 736 495.9 | 25.003 | le304Y PELY)] 330 «000LlY | 4at8lb| 286 60s4ab | 1la829] 2770
00000 «Qo 625 458,59 | 24ba008 | ladlel 3292 41 <000t [ 59312} ¢91ep | 100s%39 | leB6B| 28364

400L«U0 e 0h PN 42648 | 25008 [ la233pYy +3196 46 «0001C | 5853 29645 1664664 12899 | <BBe2
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIiNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OX /GEN
[Equivalence ratlo, R; oxidant-fuel ‘-atio, 0/F.}

(b) Concluded. Combustion-chamber pressure, 150 pounlis per square inch absolute;
equilibrium composition during 1sentronic expansion

Static o Viscos- . Specific )

Prossure | presmore, | 1o | Enthalpy, | Moleculor | hentopic | Specific | it Thermal ’ Moch f";’;f‘m Area  Throst | Specific
ratio, 3 T h, weight, | exponent, | DRt H, | con ‘;"‘"""‘-‘ number |invacuum,|  ratio, "é ""'PI“'“r
kP .::m i /e o i Y ik :::: zd/(mri“(]kmi M PN £ F o /i
L P

R = 440005 PERCENT FUEL = 3a056» O/F s3le746
1+ 00 150600 | 2363 | 1054e% | 264287 | 141944 | 04500% 802 0-0004!‘; 0000 [ 0s000 00
1005 162486 2344 | 104547 | 264294 | 141957 | 44958| 798| 000" ! +286] 40840 241691 o202| 27e5
1420| 125400} 2295 | 102263 | 264311 141994 ,4833| 787| .0p04! | +556| 195.6 1.261| 3891 52.8
1640] 1074141 2238 | 995.9 | 26,328 | 142037 | 44699 | 174| .0004% | +756| LT4e4 1.062| o525 Tle3
1.60 93a75| 2188 | 97346 264341 | 12075 | «4590| 163 | <000%i | «900| 16945 lenio! <617| 83.0
1.78 B4a31 | 2149 | 95643 264350 | 142105 | <4509 | 754| 4000%. | Le000! i68e7 14000 »6B80| 92s6
2400 75200 | 2107, 93745 264359 le2l38 | 4426 745| 40004( | 1el0l 169¢4° 1009 +763| 10049
4400 374500 1859 | 83440 264391 | 142322 | <4044 685 400036 | 1e599] 18246  Lled¥5i 1+020| idB+5
10400 15000 | 1555 | 71645 | 264404 | 142512 «3757 . 605 | «0002& | 2e188| <0io2 2o187] Laze3| 17les
1021 16070 | 1549 Tlael| 2644064 1225151 3752| 604| 40002E | ¢elb0| €0hed Ze2lb] La67] 17441
20400 7450 | 1350 ] 64048 | 264406 ] 1026291 43616| 547| 400025 | 24539| cliag 3e431] 1e397] 18947
40400 375 1166 . 57543 | 264406 | 142739 | 3500 | 491| +0002Z| 24928 <2249 54506 | 1+504 20462
100400 Le50| 953 | 50245| 262406 | 142894 | 43353 | 420| <000LE| 3.655] £33.4 | 10e485| Lleblé| 2ate2
200400 «75] 8l4| 45645 | 264406 | 143021 | 43246 37¢| o00016| 3.8731 23948 | 17.20L| 1e6B0| 226s1
400.00 238 | 691 | 41743 | 260406 | 143152 | 3140, 326 00013 | 2317 26541 284301 le734| 23545
1000400 215 552 | 374.6 | 264406 143330 | 43012 270 4000111 44955 £5046| 564731 17911 zadez
2000.00 $0B | 463 | 34841 264406 143459 | .2928 | 23| +0000Y | 5e487| ¢54e0 | 900095 | leBZ6; 24709
4000.00 ! P04 | 3871 32640 26,406 | 123563 L2864 | 197 .000071 ©4075| <5608 | 1484169 1e854| 25107
R = 5.,000s PERCENT FUEL = Ze45By O/F =39.683

T — i R g - B

14001 150400 | 2066 | B55.0| 274307 | 142269 ! ne4020| 741| 5a0ou37? | 0-000 04000 0ep
1605 | 142486 | 2048 | B4T.7| 274310 | 1a2282 1 439%6| T37| 00036 | .283| <Bles CaloB| o208 | Z5e2
1420 | 125400 | 1995 | 82840 | 274315 - 142315 : 43934 | 725| 400035 o569 | L79.0 1ac69| o39¢| “bes
1o40 | 107614 1941 | 805.9 | 274321 142353 43889 | 7TiLl| 400034 «750' 159.3 1,066 529 6543
1.60 93475 1892 78743 | 274325 | le2384 +3818 699 +00033 +891, 154.8 lapll wb22 7647
1.80 834451 1850 | 771.5 | 27.327 | 142410 | +3777| 688 .00032| 14000 15349  1.000| +690| 8542
2400 75,00 18121 75743 | 274329 | 142433 | 43742 | 679 .00032] 14092) 1544 1,007 o747| 9Z.2
400 37«50 1578 67240 | 27337 | 142503 «3570 617 200028 | le594| 165,7 1.281: leQ22| 14692
10400 15400 | 1303 57642 | 274338 | 142708 e3611 539 00023 | 24152 18442 2ol | le262| 15547
10.21 14070 1 1294 | 57443 | £74338 142711 3408 | 538| 400023 | 2.164| 18245 24171 l.266] 15643
20400 Te50 1 1122 | 5152 | 274339 1 1a2845 | 43309 | 484 400020 | 2e550| 19246 34303 | 1,493 1719
40400 375 961 | 46248 | 274339 14299 | 43209 | 43<] 400018 | 2.947| <012 543321 1e496 | lbse?
100400 1650 7781 405411 274339 | 143094 | 23076 | 367| .000l5| 34487 210e3 10e068 10603 197e9
200400 e75 65831 36940 274339 | 143247 | #297% 321| +00012 | 34919 21546 | 16.403] i.666 2056
400400 #38 1 554 ) 3385 274339 | 145364 | .2867 279 <0001l | %4380 £20e3 | 264799 14717 <l2eg
1000400 el5 | 438 | 30546 | 274339 143536 L2782 | £29| «DODO8 ; 950048 | 42540 | 514350 | le771] 21847
2000400 208 | 365 | 28544 | 270335 | 143632 | L2728 | 195| 00007 | 5e612| 22748 | B3.996! l.803 | 22246
4000+00 204 | 303 | 26846274339 | 1.3697 | .2693 | le4 | .00006 | 6.235 23041 . 137,472 1830 22509

- I I P
1 : ‘ |

!
;

R S SR S B
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TABLE II. - Contlnued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TC 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratlo, R; oxidant-fuel ratlo, 0/F.]

(c) Combustion-chamber pressure, 300 pounds per sgquare inch absolute; equllibrium
compositlon durlng lsentreoplc expansion

[ " T isconn " T 1
| Static " Vlscox»[ ‘ cific .
Pressure } pressure, Jﬂ:“:; Enthalpy, | Molecul pi Specific ity, ! Thermal Moch | isn‘:uln Area Thrust | Specific
er/i;, P i h/ weight, | exponent,|  Neat. K, ““““'L"""Y' number linvacuum,|  ratio, lcoef::icnem lwz'w,
b/ ) col /g P. i
< am K, 17 ) 'm,,, Y calfigil"Ki" ::z:: ol Kt Sorimers o F D e /i
R = 0ual50» PERCENT FUEL = 454654 Q/F = 1.190
le00 300000 | 1183 | 5313245 Gellb | 13396 17752 314 | 0s00073| 0s000 0+000 Q+0
le05 28571 | lled | 528747 4eal6’ 123406 1e7710 311 200073 #»271| 53001 2edb0 «210 “Tots
le20 250+00] 1129 | 5218a46 batld  le343b| Le7597 EVE] «00070 o227 | 33444 led¥7 s 403 908
le40 2lbe2% 1005 | 514le9 G400 - 143469 | 1,747¢ <93 « 00068 2 Tel| L9641l la0Bl W543 | 12£a2
lebl 187430 1049 5077.7 Gatlt - lada¥l| le7369 113 +00066 +BHQ| <BOO l.0i8 0636 | lade2
le87 16054 . 1008 500648 Gablb | 1a3bg7 | LeT257 278 «00063 " 1e000| <8B4el ls000" o740 | lb63es
2400 150400 FE89 69754 Gut)b | le3540 | 17410 <1< 200062 14059 | 2Ba4s4 1.003 «761| 1l7le5
4400 75400 BZ24 469344 Gatl6 | la3651 | leb825 434 «00052 | 14266 30147 1a233 14031 | 23243
10400 3000 643 4392.5 4etlb | 1a3768° 1le6505 188 200042 | 24152 22745 1e974 . 1e257| 2B3e1
20400 1%+00 532, 420948 4eb1b | 143799 lab3d44 159 200035 | 2.586| 34345 24982 | le376| 30949
20441 14.70 529 | 420449 Gahlo | 143801 1e6339 158 200035 | 24599 | 343,9 34020 14379 | 31006
40«00 7450 439 | 405649 Gahld | 1a3824  Lab267 133 «00029 | 3eC31! 35644 42620 le%67| 330e4
|
|
102.00 3400 340 | 389940 ; hablo 1e3800 | 14609% 1g% 200023 | 3.648 36948 82432 | 1e558| 350.8
200400 le30 2BQ | 380ce> Gablo | 103923 | 165970 85 «000LE | 4s149 3777 134431 | leblQ’ 36446
“00«00 W75 230 3Té3e2 Gablb i LeuQod lab371 70 +Q00L2 | 4ab75 | aB4sl 2le4BB | lebbs 37240
1 160000 «30 175 364041 Getlb - 1e8322 | letbsg 55 «000L1 | 5.437| 29046 39,928 | le694° 3Bleb
1 2000400 W15 142 359049 | beblb  le653Ll | leuss? 45 200009 : 60096 | 39443 | 634572| 1719 387e2
4060600 208 | 114 355142 | 44416 | 146713 | 144046 36| «00007 6.B43| 39743 | 100.938| 1.739! 3916
— I . _i
R = 04200y PERCENT FutL = 38u65s  O/F = 14587
- — e v e e e e R — - - r
1.00 300400 1516 29697 ! 54216 | 143078 | leblés QOZT 0+«00084% | 0»000 i 0e000 0+0
1402 285,71 1697 2961.7 50216 | 143009 | leblos 3991 .00083 «274 | 55242 24233! 209 4943
le20 250400 | 1650 ; 286648 - Se2l6 | 103119 | 1lab0<5 1L «00061 2233 | 34846 le289: 400 Fbed
le40 214429 1 1398 | 2783.2 50216 | 143104 | 1,5889 378 «00078 2730| 309.3 1.077 539 | 12764
l.60 187450 1354 | 27132 Se2l6 | 1431851 15773 369 0070 869 | £9%e06 leQlb o634 | 1494
1485 162047 1307 | 264065 5216 | 143217 156502 359 200073 | 10000 | 29703 le000 2716 | 1692
2400 150400 | 1282 | 26C1el 54216 | 13235  1e9b85 ' 353 «00072 | 1.068| <9748 leQO% 2757 | 1791
4400 75000 1 1079 | 225040 964216 | 133%1 , 1.5046 307 «QO06L | 1eD72| 31607 le244 | leQ29| 26342,
1¢.00 3000 85¢ 195443 S5e2l6  1a3525% | Lebdlé e5l «QOUSE | Zelul| 344.7 24009 1-257‘ 197-2‘
20200 1500 109 | 1lu0.8 Sedlb 1la3036 | Labd3e 413 «Q004%0 | 20573 36440, 34049 | La379 325.9
2041 1470 105 176342 5edlt  lw3dbDE | Lahddd <l « Q0040 | 22586' 36le4 34088 | 1382 32647
“0.00 7+50 588 1578.0 5216 1e3715 | 124065 179 200034 ! 3.010: 37640 4e739 | lad72 348.Q
1C0.00 3400 458 139643 5.216; La3771 | 13913 lac¢ «00026 34619 350.5 84679 | 1la5965 . 370+0
200.00 1s50 379 | 1ZBbel be2l6 | L3811 | 143807 7 «00022 . 4elll]| 399s1) 134870 le6l% @ 38247
400.00 75 312 119542 Sa2lb | le38bl i 1430677 96 «0001B | 44638 | 4060l 224290 1-6621 393.0
1000.00 «30 242 | 109E,.,9 be216 1.3912; le3492 74 «00013 | 54354 | 41344 414979 1a706| 40345,
2000400 «15 198 | 106lal 56216 | levidt " 1e2977 611 <0001l | 64014 #1747 674687 1e733| 4097
400000 «08 le1 9939 50216 | 1a4349 : la2571 50" +00009 | beT0pb | 42lel | 1084755 1laT75% 4laab
R = 0e250» PERCENT FUEL = 33e51» Q/F = 1984
1200 1 300+00 ) 1817 | 126743 b-olb] 142826 1.5015—F 481 0400092 | 04000 : o.ooo{ 0.0
I-Obl 285470 0 1797 | 1220e2 6.016 | ledt35 | 1e4971: 477 «000%1 276 D63eb le2ll .4071 503
1el0 | 2506007 1745 114241 620l6 leltinZ leaB52 467 + 00089 «238 35642 led¥3 «398: Y6.6
l.40 21lbe29 1686 105447 62016 le28%5 | la&719 4bhe «00086 «736 31643 1,073 «536° 13Qe1
le60 187.50 1636 9815 66016 le2923 | 146609 446 +00084 +B76 30646 ls015 0029 15247
le83 163291 1587 9099 64016 142951 | 1et&98 4386 200081 14000 30445 ls000 o708 1T71e8
2.00 15040 1555 86249 6e016 " 1e2971 | let&dd 429 +00080 16076 3035e1 1.005 o754 1 183e1
4400 7900 | 132 £3t.1l 64016 . 1e31leo | 13870 378 +00068  1e278; 32545 14256| 1e027| 2493
10600 30400 | 1357 17601 64016 | 143329 | 143226 314 200054 | Zell? | 35543 24048 1e254 | 30546
2000 1500 887 | 9954.0 64016 | le34b0 | 1e2849 69 s00046 | 20963 37347 34127 1e382| 3357
20wl 14470 8bl | 994840 6e0Qlb | ladéot | 122838 cad 200045 | £eDT75 | 3T4hed 3el6B] 1e3B6 | 33645
40600 750 Tal | 9764el 6e0l6 : ladboB | 142360 €28 00038 | ce¥B7| 3887 4y883( leuTl | 35%.0
150+00 300 581 926940 6e0lb © le3b03 | L2321 PE-DY 200030 | 3e281 4042 Ba9BD | 16574 38Le4
230+0C ls50 482 944748 5eQl6 | Le3Tib | La2l¥e iak 200025 | 4s0b4  4l3e4 146396 leb3Q| 39549
4CQ0e00 75 399 9347,3 54016 | 1o3755 | 142099 1dn 200020 | “eDBLl | 42049 234208 | le675| 4068
‘ICOG-OO #3C 310, 92405 €+016 | 13820 9> w000Ll5 | 5327 | 42847 43,894 | la722 418.]
L 2000400 | o 1l5 256 | 917549 6eCLl6 | 143807 78 «00V12 7 5a945 | 433.4 Tied80 | le769 | 42447
' 4C0Ce00 " 0B 21C | 912247 6.016 l.QQGZJ o4 «00010 i 62605 | 43742 | 1154650 Le771 | 43042
— - S [ S —— S— - - —
R = Da300y PERCENT FUEL = 2957y Q/F = 24381
— B .- 7 — [—— _ —
1.00 30000 2093 | 993247 6eBlu [1.1500 1e4230 ' 550 000098 0+000 0+000 00
1G5 28%e71 2072 | 95031 Sedld - ledbll | LeulTs b4l « 00097 0279 | 56845 ! Ze208 2206 508
1220 ! <5000 ; <016 | 9EZ345 Betdlh  laecbuQ | lewged 537 «000%> k2| 35948, le217 396 97+5
140 | 216429 1992 | 9T7354an SaBll Ledbia L3869 o¢5 « 00052 el | 31948 1:070 e533 | 13lat
la6C : 187e50 1857 J65Yeb bedlh ladlne IRERLY 51> «00090 satid 310ed leQ13 2626 | lh4e2
led2 165412 | 1846 9590«l Leblb  lecl49  La3bss 505 +00087 | 1e00Q0 30Be3 1+000 a 701 | 17247
2400 1bCe00 | 180Y 9530649 battlt | Lead720 143239 EYL] 200086 | leQld 309l 1,006 751 | l@del
“4eCO 7500 | 1553 . 91l%%a7 bolile | LecBYs le2y9& bas 200076 ! 14585 33046 la266| le025: 25246
19400 30e0Q | 1257 | U52543 Gatlt | 143095 | 142336 175 «000060 . 24148 36148 24085| 14260 31l0e4
20.0C 154C0 ; 1054 | 855144 Getild | 1e3248 | 1a1891 325 200051 | 24255 38le2 3,206 1e386, 34la7
R 20441 14e70 . 1059 | 858449 64816 § 143203 | Llalb78 324 200020 | o267 38l.7 3,248 14390 34245
4040C | 7.50 895 | 8392.6 6a816  la3384 | lel531 749 +00062 | 44968 39740 54,037 le485 36640
130.00 2.0C 7T BlECe% Beclt  1la3b2l | Lell73 423 «00033 | dedlb | bl345 96325 | leb84| 39045
40000 ls30 59D - BU4Yeb &edl6 , 1003 1e1006 187 v00027 | 4e0l3 i 42343 144993 | lebdZ | 404e8
400.00C o7 450 ; 1v40eb 6e8l6 | Ladbo7 Le0otd i56 «0D0Z3 | 4217 3 4 ad36 | 1e6BY ! 41643
1000.CC 383 | Th24W8 baBle | Le37et | Lagl4d Léo «00017 ! 50247 43%.0 40000 | le738 4c8e3
317 | 775443 beolt | la3710 | Lago3? 98 «Q00le " belbl | 4u4kab T4e91l4 | 1a767  435es
26¢ | 769620 | betle l-JdﬁfALl.03£: 80 «000LL be50%| 44827 | 1224189 1e790 | 44le2
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, O/F.]

(¢) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute;
equllibrium composition during isentroric expansion

Static ] e Viscos. Specific o
Pressues | pressure, .I:"“Ta Enthalpy, | Molecular | Isentropic Spm“'"‘ ity, ":"“_“! Moch | impulse Area Thrust | Specific
ratio. ru g , weight, | exponent, . t , con ';c'""" number {invocuum, ratio,  |coetficient 'mP]V‘SG.
P /P ow ol P i i B M C 3
e/ K /o n Y ol K :::: }(nl/{n«)\"()!(r L/ € LA T
R = 043505 PERCENT FUEL = 26s47, O/F = 24778
1.00| 300000 2344 | 889208 70607 | 1223791 143936| 610| 0400105 06000 ' 0e000 00
l.05 2B5.71: 2322 686340 7.508 | 142391 1.385¢0 607 00104 «2Bl| 5690 ZelYh: 2202 509
1.20 250400 2263} B783.1 TeblD | 1la2425| 143629 597 200101 0247 360.9 14272 393 377
laug dlba29 ) 2196 | B693.4 Tebll | 142403 | la3398 586 «00098 o T4T| 32lal 14008 ob31] 13147
1.60 187450 | 2139 | 8617.% Tebll ! lecd95 | le321¥ 576 +00072 «BHB | 211.7 isQl2 eb23| 15647
1.80 166a26 | 08B | 8D5laed Tebl3 | le2b¢3 | 14307¢ 5617 00093 | Le000| 309eY 1.000 e054 | 1T7Ze3
2+00 150400 | 2045 | 849640 Tabla | la25%6 | Lle2905 | 559 «Q00Y1| LeQ8Y| 31048 ls007 e74b | 18548
400 75400 | 1771 | 615142 74616 | ledby5> | le22l0} 506 200079 | ledSp| 33342 1275 leQd3: £dobeg
10400 30600 | 1451 | 776649 Tebleo | lecdo4s | Leled7? 434 200089 | Zalb%! 36540 ZellY| le2bl. 313a0
20400 15400 | 1238 | 752441 Teblb | la3035 | Lale0s a8l 200059 | Ze349: 38548 30201 | 1la39Q! 34bs1
20641 lea70 | 1232 | 751745 Tatlb | La3us0 | Lell¥e 319 «00055 | 24261| 36644 . 3e345) 1e393| 349.9
40.00 Ts50 | 1051 | 7317.5 Teble | le3lo8 140794 330 «00086 | 2a¥5Z| 40lab 50189 1a491| 37042
100.00 3.00 838 | 709246 Table | 1e3364 | 140365 261 «000D3b . 3ebll 919.51 Je678: lab%94| 395.8
200400 1450 702 | 695346 Teble | 143474 | laglly 225 «00030  3eY964 “30.2’ 154630 le654| 4108
400.00 75 586 | 683744 Teble | 143523 «9954 gy «0002>  “abbd3| 43846 250355 1a703| 42249
1000.00 30 460 | 6712.9 72616 | 143633 «9751 las «Q0UlY | Selbl| 46745 48e298| laTb4 | «30.5
2000400 15 32 | 663649 Teblt | la3bod «F69L lei »000l6 . 52751 | 45248 THeBbo| lalB4| 443ep
«000+00 « 08 317 6573.9 Teblb | Le3753 29250 Yo s00013 64392 45Tad | 1284972 Leb09 ! 449e2
R = 02400y PERCENT FUEL = 23495y Q/F
. S - P - e
1.00 300400 2565 | 805045 Qa3B9 1 1,2157 | len207 6621 0s00114 Q000 0D
1.05 285471 | 2543 | 802140 84390 | 142170 | lesQ84 658! .00ll< 2elB] .04 507
1420, 250400 26484 | 7941.5 803957 142205 | 1e3764 649 +0010% e251 3601 1267 «391 9Ted
lalQ | 214629 | 284171 785241 Be399 - 1ed24T | le3ag3 638 +00105 «753! 32047 legbs ebéB | 1314
14601 1B7450 | 2359 | 777647 dub03 ledl¢3 | 1e3133! wey +00101 894 3lleb lenll 620 1b4es
1.79 167e44 | 2310 | 7714, Be605 7 123430 le296l . 621 200099 1000 | 31040 l.000 w687 171.1
2-00; 150.00 . 2263 76:“.6 Boab07 1 Led3u2  le2152 613 200096 1a095| 3llaQ ls008 o740 185.6
4200 ¢ 75.00 1978 | 1307.4 Balil& | 142508 1lelbd7 561 «0Q083 14594 336,7 led85 | Lleg2l} 25442
|
10.00‘ 3040C ¢ 1637 | 691744 Bel16 | la26%8 1lellly 489 «0006Y  <Lelbs 36746 241527 ladbd| 3l4ep
20.00 15,00 1409 | 666644 Eeb16 | 1e284%: legb7l 436 «00059  ZeD44 . 388D 34356 la393| 34be8
20.41 14470 1403 ' 666146 Batl6 | le2846 | 1.00658 434 400059 Z2a2D5: 2891 34399, 14397 3478
40.00 750 1205 645448 Batl6 | 1eg9%1  laQdd> 380 «00Q050 <deY¥39 . 40beb ! 5e338 12697 37¢s06
100.00 3.00 970 ! 622042 Beul6 | le3lba 3704 313 « 00040 30480 4Z4a1) 10e030 l.bodi 3991
200400 1.50 819 607441 Betl6  1la33l6 a9674 266 «Q0033 3919 435,0 1bes9u l.bbé} 4l4e7
uoo.oof »75 687 | L951.2 Bablb . les4cs 9250 224 « Q0027 4390 443.9 2be24D . le747| 42704
1000000j 30 542 | 5818.7 Bokl6 | 143237 «9038 176 200021 5074 | 453.3 506799, 14770 | 44047
1 2000400 »15 452 | 57137.5 Batldb | 143595 28929 lhb‘ 200017 De646 | 45%.0 834167 1a80Z| 44846 |
4000400 ! .08 376 | 567040 | Be4l6 | 143650 +B831 ll‘)j 200014 64269 46346 136.362‘ 1eBZY ! 45541
S H E 1
R = 0650 PERCENT FUEL = 2187y O/F = 34571
- R — - - — H
1s00 300600 - 2755 | 735445 9s152 ] le1952 l-ﬁooJT 705 | 0400125 04000 ! i 0.0001 00
1.05 28571 - 2734 1 1325.4 Falbb - lal¥bas | lesoss 10¢ +00143 w286 | 26340 o169 0204 50+3
1420 250400 1 2677 | 724740 Delbh : 11797 | ladbly 693 00119 0256 35749 lectl +389 9647
1.40 214429 P 2611 1 7158,7 Fel73 | Lad036 | lad¥dy 685 «0C1l1lé o708 21941 lapb2 a525 13045
1.60 187450 | 2555 | 708440 9180 | Lad07¢ | la3bsd 01> «00L1Q *¥00Q | 31Qed 1910 e6l17  153eu
1.78 16Be67 | 2510 | 702640 Fe185 | 142100 | 13312 o668 «00107 16000 : 30848 1000 «680| 16941
2+00 15000 | 2460 | 696249 99190 | 1e2132 | 143023 560 20010% lelpe' 210.0 leQpY% o743 | 1B4es
4.00 7500 ! 2173 | 861643 90208 | 142319 | 1a1697 b10 «Q0088  1a29%  333,Y lad¥b | 14020 25344
10.00 3000 | 1818 | 6222,5 Fe215 | 1a2529 | Llap7i? b4Q s00UTZ  2a147 6842 CelB7 | 1e263| 31348
20400 15400 | 1576 | 596942 Fe216 | 142667 ° L4pl46 485 «00063 2,537 ELE R 34427 14397 | 34742
| 20e41 14a70 | 1569 | 296242 90216 | 142671 1a.0233 “83 200063 Zebld 19043 JabT4; la%0l | 348.1
“«(e00 Te50 | 1358 | 575042 9.216 | 1.2810 »9831 439 200054  ZaYio 40pTe7 D47 | leb3 ! 37346
100.00 3.00 | 1105 | 5507.6 Fe216 : 123007 9327 . 3381 200043  3.453) 4cbed 10s401 | lebl3 | «00s9
200.00 1.50 G38 ; DabL,2 Ye2lb ! laislol WBYYY . 408 200036  3.877| 430.¢ lbaY03 | Leab?8 | 4174l
400400 o75 793 1 522641 Ye2lb | lo3281 »B72B <61 200030 “e331| 447,06 274808 | le73d| 43003
1000400 30 630 | 5086e2 Se2l6 | 1e3418 -1 o1 200023 49901 45746 53e49% | le7868 | 4b4e3 !
2000+ 00 e15 i 5271 500040 Ya2l6 | 143501 «B315 iTe «000lY BHedbll 46346 BT879 | laBel | 4220
400000 <08 | 840 | 492745 | Ye216 | 13561 e8ell lug 0006 balbh- 46Bu5 | J44etbl | Laliey | 959e5
U G e . e e o R
R = 045009 PERCENT FUEL = 20e12, O/F = 3.9&8
1200 ] 300.00 ! 2915 | 676946 ] 9.891 1.1779 | 1.6231  741) 0400139 04000 ) © ] oe000| 0.0
l.05 285.71 £895; 676142 Ye897 . 1alT88 | lab042 738 «0C137 o288 | 957,% ZeldH v il “Se8
l.20 250.00} 2861 | 666443 Ye911 | lelBla | Lu5935 740 <0013 w30y | 3b4,0 laioe «387 9547
l.40 214429 1 2778 | 657746 96926 | 141847 | 140970 72l «00126 2764 | 166 le060 o243 12943
leb&0 187450 | ¢724 | 6504.1 Fe938 | lelb78 | 1ab502 13 a001l #3506 | 30Tey 1009 2612 | Llbeeg
1a77 169485 2684 | 545046 Fe¥46 | 141901 | lebdlbs 707 «QQllB  1s000| 30bs& le0QQ0 «674 | lobet
2400 150400 | 2633 | 6384.7 Y956 | 1al¥32 @ la3Tbe oYY «QQ0lle  lalpé| 307.% leQlo 2740 | 18340
4400 75400 | 2352 | 6040e6 9e993 | 1e2lel . tel¥il o4 s000%4% lebQ4! 33446 14307, 1a0l9 ¢51e9
10400 : 30400 | 1992 | 564546 | 10012 | 142329 | 140200 87 200076 Zal&h  367.7 Cedl4 | ladbd 3lcal
20400 | 15400 | 1740 1 538943 | 104015 | 122209 29916 933 00066  ZedlY| 3BYWY 30504 | le4gl . 34648
20441 | 14470 | 1732 538242 | 104015 142513 299021 531 200060  2e240| 39045 3a593 | le&Q2! 3674b
40400 Ta50 | 1509 Dl6bel | 104016 | 1a2044 w9yl “17 2000597 . 2010 | 408e4 Seb42 | lablli 37349
100-00! 3400 | 1240} 491648 | 104016 | 1a2B33 + 89088 404 .oooua% 30427 | 42842 10?77 Labe4 | «glas
200.00 150 | 1060 475849 | 104016 | 122962 +BO3Y 150 200039 ! 3,837 44044 174699 Lat9l 4lBe3
40000 75 902 | 462462 | 104016 | 1031234 e8336 100 «00032 | 44275 | 45001 294139 | Lle747 43441
! 1000.00 «30 | 722} 447741 | 104016 | 13289 | .BOLS ) 200025 46908 ! 4606 | 5be4lp| le80b| 44646
{ 2000400 #l5 | 607} 438640 | 104016 | 1e3567 7842 ¢ol *00UEl D439 06669 | 934019 | lelbc| 45544
{ «000+00 208 508 | 43095 ] 104016 | 1a3472; o+T7bY0 le7 2 000Ll7T beClB: BTced 1530404 | Lol71| 46247
L t L O S R
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THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equivalence ratio, R; oxldant-fuel ratlo, O/F.]

Combustion-chamber pressure, 300 pounds per square

equilibrium composition during isentroplc expansion

inch absolute;

I

T

Static . { . Viscos. cific "
Prossure | pressure, | v, | Enthalpy, | Moleculor | lsentropic | Specific | T 0| Thermal ?.:;um Area | Thrust | Specific
ratio, P, ' ; ' weight, | exponent, ' h:Q" i cond\::wvny' number invacoum,| ratio, |coefficient, I"‘PII.J.”'
/P LYY o col/y ! ». i , 1 C,
© {: " K ! n Y l <oh/ight™K)* :o'f:: <ot/ vec) °K i cm: 15»1:715 3 B e/
R = 04600» PERCENT FUEL = 17435, YIF = 44762
1,00 300+00! 3155| 5841e6| 114290 | 121529 1-9b67] 796! 0-00174[ 0+000 0000 00
l.05 285471 3137} 5814,6| 11300 lal>32 le94a6; 794 «00172; 4291| b43.6 24140 «200 4845
le20 250400} 3089 | 5741e6 | 11a326| lalb44 | 148842 187 «0Clé66 +565] 34640 l.248 384 93.3
la&Q 2144291 3033 | 9658491 1le354 | lal560{ leBlas 180 « 00459 «772{ 3093 legb6 a519f 12641
le60 187450 | 2985 | 558847 ) 112378 | 141576 147545 173 «00l52 »916] 30142 le007? a6ll| 14844
1475 171673 | 2953 | 554341, 114393 ] 1.1586 | la7l54 768 «00149 | 1,000 3002 le000 2663 | 16142
2+00 150600 | 2904 | 587641 ] 11e415] 1alb08| 146559 761 «00L143 ] 1al19) 30148 l.013 »736| 178.8
4200 72000 | 2652 | 514043 | 1165101 1ol743 | 143741 T24 200115 | lebl5) 327.7 14328 14017 2470
10.00 3000 22311 | 4769,0 | 21e583 | 141992 | l.p984 b67 200088 Zol44| 36443 24303, 14269 308437
20.00 15400 | 2024 | 44B9,8 | 11e606 | lo2180 «9752 618 +00073 | Ze212| 38746 3,673 | le4l2]| 343a0
20e4] 14,70 | 2047 | 4482.,6 | 11607 | 12190 «9726 616 «00073 | Z2e522| 38042 34726 le4l6| 34349
40400 7«50 | 1BO8 | 426049 | 1lebl4 | 142348 «3053 265 200063 | 24877 4072 54877 1527 37049
100400 3400 | 1512 4001l lle€l6 | 1a2523 «8496 49¢ 200052 | 34371| 42843 11e57& | 1a647| 40002
200400 le50 | 13114 383440 | 11e616 | 142659 28145 436 « Q0045 | 32761 44143 190216 leT21] 4lBag
400400 «75 | 1130 : 368Y%45 | llablé | 142802 «7815 381 «00038 | 4al71| 45242 31993 1a7Bl| #3247
1000.00 «30 919 | 352943 | 114616 | 142993 « 7627 312 200030 ; 4o757| 463,8 624803 1,847 448.6
200000 .15 782 3428.6 | 114616 | 143126 7183 &5 | 00025 | 50244 47049 | 1040524 1,886 65842
400000 -OBI 661 | 33643,2 | 11.616 | 13242 -6958[ de‘ -00020‘ 56776 | 07648 | 173,763 l.?lgl 46643
R = 04700y PERCENT FUEL = 15425y Q/F = 54556
: .
1400 300s00 . 3307 : 513843 | 124574 ; 141378 | 243992 5361 000217 | 0s000 W 0«000 00
1.05 285¢71 ¢ 3291 ) 2h1lee9 | 124968 . 141378 | ¢£,3785 4341 +00215 «293| bHeTeb 20129 198 4740
le20 250400 | 3248 | 50440 | 124625 1el319| Ze3c04 828 «00208 «269| 33642 le244 «382 906
la40 214429 | 3198 | 496640 | 124667 | lel38Z | 2e2512 621l «00201 w177 | 300.7 le053 #5171 1Q2s4
1.60 187450 | 3156 | 6089945 | 124702 | lel3B6 | 2,189 Bi5 00194 w922 £93,.1 14006 2608 | lo4.]
1.73 172498 | 3130 | 485949 | 120723 | 1e1389 | 241520 bll +00190 | 12000 | <4923 l.000 «657| 1558
2.00 150400 - 3085 | 479048 | 126759 | 141395 | Ze0b4l 33 «00183 | 1all7| <940l LleOQlé «736( 17349
4400 7500 2865 | 467147 ! 12,920 | laltbs | 1e7084) 774 «00150 | la625| 3204 le3464] 1,016 | 24048
I
10.00 30.00| 2569, 409141 13-051‘ 1e1620 | la3258 728 «00110 | 24149 | 358,1 203747 14274 | 30le9
20.00 15,00 | 2335 ] 383346 | 13,157, 1al%1)l | 1lagB49 687 «000B8 | 20503 | 384,5 3.863( leb2Z| 33649
20461 14,70 | 22326 | 38206e% | 134159 | 141317 ] leg791 686 «000B7 | 24213 383,1 34900 les426| 337.9
40.00 Te50 | 2095 | 360240 | 134196 | 142020 09294 641 «00072 | 2e846] 40342 64337 | leb43 | 36546
100.00 3400 | L785 | 333447 | 134213 | ledebe eBé03 b7s 200058 | 2e4312] 425,06 12e04]l| leb74| 39841)
200400 1e50 | 1560 | 316062 | 134216 | 162378 o7835 ole +00050 | 6| 43946 200858 | 1751 | 414.9
40000 «75 | 1364 | 30073 | 134216 | 1e2908 « 7500 462 «DO043 | 40070 | 45)ab 35.080 | LuBl7| 430.6
1000400 ¢30 | 1133 | 283ba4 | 134216 ) le26%Q 7094 389 s00U3D | 4e6lE| #6842 69841l | leBBY | 44746
2000400 «l5 9T5 | 27257 | 132216 | le2ts3 $64811 337 «00029 | 5065 | 47241 | 1174461 | 1a933 [ 45842
4000« 00 .08 834 ; 2631¢6 | 134216 | 142972 «65064 ZSB{ oOOOZk{ 54551 | 47847 | 1974192 | 14971 | 46700
R = (0¢800» PERCENT FUEL = 13460y Q/F = Be349
1,00 | 300400 | 3393 | 458649 | 13,740 | 141296 2.7921‘ BedT 0000257 | 0+000 0.000] 0e0
1.05 285471 | 3378 . 4563,0 | 13757 | 141294 | 2.7781 861 | L00255 0294 | 511.3 24123 »198 4506
120 250400 ' 3338 ¢ 449843 | 134803 1 1.1289 | 247382 : 856 200250 o571 | 22640 l1e241 «381 878
la80 214429 | 3292 | 442409 | 134855 | 1,1284 | 246891 850 200244 o780 2£91.8 ls052 «515 | 11847
leb0Q L87450 | 2253 | 4362443 | 134900 | 1al28l | 246439 b4é +00£38 «¥L5 ] 284,5 leQ05 o507 | 139.8
1.73 173068 | 3231 | 432649 | L13e926 | 141219 | 2.6168 o4l 00235 | 1la000. 283.8 1,000 06531 1504
2.00C 150000 | 3189 | 425949 | 13974 | 141276 | 245648 835 200229 | lel3l! <85.6 l.015 «732 | 16847
4e00 T500 | 2999 | 395746 | 144193 | 141277 | 242609 wp’ «00197 | le63d) 31240 le3b%4 | laglé | 234.p
13400 30400 | 2744 | 359248, 1446489 | 1e1332 ] 1e801Y 770 «00152 | 2e196| 349.9 2e823 | 14277 £940]
20400 15400 | 2550 | 3341e8 ;| 144605 | 1e1439 ] letded 738 «QO0L1Y | 24505 | 37540 34982 | l.429 | 329.1
20441 14,70 | 25664 | 3336447 | 14609 | leltted | Lotl65 737 «00Ll1B | 24515 | 375,7 44042 le433 ] 330.1
40400 7450 | 2349 | 311148 | 1627186 | 141620 | 1a1265 702 «Q0091 | 2,832 | 396.7 66676 1,555 35843
10000 300 | 2053 | 284044 | 144791 | le1918 «8717 640 200067 | 34260 | 42046 13365 | 1,692 | 389.8
200400 le50 | 1830 | 265927 | l4e810 ] le2l06 « 7805 595 «00056 | 34601 | 4#35.6 224652 | 14778 | 40945
400.00 «75 | 1617 | 249946 | 14815 ; le2246 «7331 541 «00049 | 34964 | 448,.3 364493 | 14850 426e2
100000 «30 | 1360 | 231649 | l4oB1l6 | lechll «6903 468 w00040 | %et70 | 46L.3 T7933 ] 14929 b44et
200000 w15 | 1185 | 219847 | léoble | laddua «6b1b 413 200034 | 4eB94 | 4TLe0 | 131a767 | Le979 [ 45549
400000 e0B | 1027 | 209640 ! 144816 | Le206b3 « 6339 359 200029 | 5e340 | 4T8ed | 2234495 2602l | 46546
R = 04900 PERCENT FUEL = 12428, O/F = Tel43
S - P . -
1. 00 30000 | 3430 | 414249 | 164789 | 141261 | 249626 883 | 0.00276 | 0000 0« 000 0+0
le02 255.71; 3416 | 4120e% | 144809 | 141228 | 249553 48l « 00275 -295] 49947 20121 198 b4e2
le20 25000 | 3377 | 405948 | 144861 | 141250 | 29363 475 ¢ 00271 «572; 31640 le240 301 85.1
let0 21429 7 3334 | 399047 | 144921 | 141242 | 2.9078 869 «00267 «T81| 28249 le051 #5155 1151
1460 187.50 | 3296 | 393149 | 164972 | 141235 | 2.8839 d64 ¢ 00263 «927] 27640 le005 2606 ] 13545
ie72 173.98 | 3276 | 289943 : 154001 | lal232 | 2.8682 861 «00261 { 1.000| 27543 le000 «651 | 16546
2400 15000 | 3235 | 383544 | 154058 | 141225 | 248374 455 «00257 | 1a133 | £477.1 leple e 732 16346
4400 T500 | 30594 | 3550e3 | 15317 | LellY8 | Lobb3b BeY «00£434 | 1a635| 303.0 le358! leplée | 22741
10«00 3000 | 2629 1 320%e5 ) 152641 | lallb2 | 2e3536 199 «Q0<O0 | <olbl| 36045 2e4aB | 1o27H | 485.8
20400 15400 | 2666 | 296443 | 15.867 | lell¥9 | ZagbeT 769 «00L170 | 24511 | 365.6 40058 | letv32: 320e2
20e41 1470 | 2661 | 295745 | 154873 { 141200 | 20950 768 «00169 | Zad21| 36643 4e121 | le437 321a2
40s00 7450 | €503 | 27414% | 164068 | 1all03 | 1la7023 Tl 200138 | ZaB3T7 | 4BT48 64901 | led6d | 34942
100.00 3400 | 2276 | 247242 | 16e273 | lelb43d | 142030 700 200092 | 3e241| 41340 144187 14706 | 3b81e3
20000 150 2084 | 248840 | 164364 | 141699 «9L25 b6¢ 200070 | 3240 | 92942 244518 1e797| 90le?
“00.00 975 1 1877 | 21215 | 164403 | 141947 w7617 615 +00056 | 3858 | “43.0 424200] 14876 41944
1000.00 +30 | 1606 | 192845 ) 1l6e4l5 | 142158 26840 566 +000%6 | 44329 | 45842 B6elB4| 1e964 | 43940
200000 | 15 | 1416 | 180148 | 164416 | 1e2281 +65£0 491 +00039 | 4«716] 4679 | 1474806 24019 | #5103
42004 0C | «08 | 1241 16904 | léa4lb loZ“Ohi «6246 437 000034 ! 5e130 | 4760l | 253,224 | 24066 46240
I H - I i
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TABLS II. - Contlnued. THEOCRETICAL ROCKET PERFORMANCE AT ASSTGNED PRESSURE RATIOS FROM 1 70 4200 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratin, R; oxidant-fuel ratio, O/F.]

{c) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute;
equilibrium composition durlng Iisentr:plic expansion

e - - o

ot 7 Viscos- i i |

rafio, | P, "°1“'°' h, weight, | exponent, "':"" o, |onductivyl (rber [invocuum,|  rotio,  |coefficient) nmplulse‘ !
B/P | w o ol P | mi . M . G o2

/P ‘;‘;‘" K i «l/a m Y <ol IV p":f: ot/ 1v0c1 e € E bl /il

R = 14000s PERCENT FUEL = 11419y O:F a Te927

; e T - e
L« 0C 30000 ! 3647 | 377749 | 15a734 1a1250! 248811 b9b[ 0e0027%2 | 04000 i 0000 QsQ
1.05} 285471 | 34c3| 375648 | 154705 | 141267  (<a8760 894 .00Z71 «295 “ul.Q Z2e120 s 198 4409
1220, <£2CeQ0| 23us 309Yed | 12aBll| leicd3y | Zoboil odg «QOLEB W27 300.7 lec39 380 L2y
1e4Q . <2lbaZy | 3361 363645 | 19«875 | 1lolcdD | LoBall sle 2000 2781 cT4,.6 le021l #5121 1lis7
1.60: 187450 3306 | 357941 | 15493C | laldde | 22843 817 « 00204 WYeT by LeQ@o: 26061 131.51
1-72% 174406 2284 | 354845 ! 15eYb1l | leldlB| ZaBL3Y 614 «Q0Z29 | LeQ00 <67 14000} -bﬁl‘ 14ie3
2+00 ! 150400 3244 348He ¢ 16e023 | laidil | 27914 868 «00¢30 | Lel33 <6Y.0 lest -VJK‘ lobeb
k.OC} 75400 3065 321Y44 164303 1all7% | 2abb57 Sac «QCCI7 ! o635 <9442 16359 laDlb! &20eb

10.0C 30400 2847 | 2893,0 l6ebb9: lellol i ¢obtbdy 506 «Q02.07 Zelbe 330.7 2ats93 0 Llall9 . ¢T7e5
20400 15400 | 2692 66240 1ba P14 Llellud | cal®5l es «00L 7 cedll 35543 “eQT6 ! lats3! 3ilel

i 20641 lae70 | 2667 | ¢b5947 | Lbe9d]l - Leliud ! ca230i I£°F) «QOL- 7 ce2ce 35640 ol ! le®%38! 31ce0
| 40e00] 7450 | ¢542 | 265ue2 | 174153 . lalidv ' <oQlés| /581 Q0L 4 ce8s0 37741 6e9¥39  leb6t i 339e4
1004020 1400 | 23869 | 2196a7 | 174439 | lolibb levo3i Iea 00k £ 342507 40de3 . 142869 Lle D7 37069
2060400 | 1050 22031 ¢0L729 | 1Tebib | 1ale0 ! lewdib  ©95  o00F 9| 34369 lBa¥ | 25ebud| 1803 3%les!
40000 ! W75 205¢ lbS5¢ad i 174779 | lelave | Laili0 ob 2 «000 ( J.uA:} 43347 1 GLa4ysYin| leBBb “QYeld

. i | I
1000400 ; 30 1 183y 1653.n 174920 lelowe oyl Gle]  4000.4| @ez39] 9500 Ioell3! ie98l] 42lYe9
2000.00 o151 16t | 151942 . 1Te¥TY - leldcl L7520 2701 w0001 he393] 4ble& | 1668760 20043 | 4343’
400000 " W08 | 1693 | 139842 184005 leéysd i 46606 :203 0002 4aBYT. 4T0e8 ! 2902406 2e097) #5540
R = 14500+ PEKCENT FUEL = T#749, J/F =11.905
T - . S e - - : Sy ey e .
14001 30000 3297% 2626-1} 194320 , 141208 18003 | 928 Qe00177 : 0-0001 Q0
1.0% 285.71‘ 3282 Zbo?.b} 19342 | la1286 1.7919; Y15 Qolié 0294 4251 2e123 «198 3749
led0 Zbo-oo‘ 3243 256449 194401 lelédol le7erp vy 20QC172 2Tl £Tie Ledul « 381 FERY ]
leb0 214429 3198 - 251uel | 190568 | lale?7 ) 1e7291 Y0L «00u8 W THD L8l lepne ebl> ! vHeT
le60 187450 315y ! 26470e9 | 190526 | ladeds| 147131 a9b 001 5 WYED L3Be6 la005' #0507 llb6e2
1e72 173672 3127 | 446k | 190558 | lelcll | lebw?7 oYe «QO0L 3| LeDOO <334y 1s000 eb53 | lévegp
2200 150400 30%¥0 | Z“OO.D‘ 19620 | 1e12b69 | isbold boe 2001 Y| lel3l 23745 leQld! <7321 lu4ga2
4200 75400 29J~i 2190.9‘ «900 i leléb7 | L5070 HE4 «D0L Y1 leb3Z cDYeu la354' leglo] 19446
| ;
10.00 3040C 061 . l?:u.h} 204228 1al302 . le2ol77! 812 2001 3| Zel5®  ¢Ylei 2027 Ledlli cithhab
2C«00 15400 2478 176b4¢5 | £0eh35 1 1ali6y 140774 179 #0000 3| 2508 31Zel 3.?97‘ letd% . 27348
20e41 laesT0 | 2672 175945 | 20e440 | 121372 1,0719 178 2000 3 Ledlb: 3lceT %.Obb‘ let3s 27466
40400 7.50 ! 2291 160hed | 206597 | 1a1487 L8963 1 Tae 2000 5 Ze8371 330.4 ! 607341 Lebb7. Y842
: : i i
10000 3-001 2032 141349 206734 | 1417¢6 »7020 686 «C00 & 5-(9&‘ 550.9: 134621 l.b'ib1 ka8
20000 1450 18:01 12858 20786 | 11938 «6070 638 «000 -6 3e38L 363438 234271 1eT8B3! 34lsb
400090 «75 1649 1171e3 20e805 | lollet »2200 58> «000 Y1 3297 2748 394732 . 1e8>T! 255.8
100000 «30 5 1379 103Y%eH | dQeBld ; lad3ded w007 213 W Q00 ¢ | “eddld 3BOLY BQe49Y lo%4p 3715
2000400 -15‘ 1207 Yousd | L0edl3 : lazbi L4bIQ L 458 «Q00 B | “e8cH  394.5  137ezlb4 le9¥i| 3Bles
400000 -DEJ lg50 BT9eH | 20edl2 laZbby .~u>o! 402 «Q00 41 Secbd w)len 2354567 g.gj:l I89eH
- - R L. I . i A
R = 2.000r PERCENT FULL = 54927y © F =15.873
- - - e B e , ¢ s - .
1.00 300400 3103[ 2016401 214723 ;1 101368 | 142138 910 | 0«00l 1 02000 Ce 000 Qe
le5 295471 0 3086 | 200242 | 21eT743 ° 101368 | lel052 207 «001 0 2293 2BEWB daldy .l 3a.7
le20 250000 ¢ 3066 | 196448 | 21797 141370 | 1e1812 400 2001 7 2269 cul.b ! leduws E1-74 5667
le40 2lue2y ' 2998 1922e% | 21857 . lol3/73 1 1alddéd 89 »001 3 « 777 d2let Le003 21! 302
le60 187,50 ° 2957 188643 | 214908 141377 le1276 ] 885 «001 0 2922 Zlbal 1e90806 2506 . 106y
1.73 173603 2932 1864,9 . 2le93¢ | lal380 l.ll(d‘ 881 #0001 B 1000 elZan Ls000 eb56 1 Llée?
2400 150400 | ¢889 1827.3 214990 | 1al36/ i.gduh‘ 873 Z001 5 ledc? 4ib-5i 1enl4 | o734 hcHe2
4400 7500 | 2679 1653.8  ddedl9 | lelbsy WGeuy i 03d «Q00 B letcb ij.(} l.du«‘ 1.olb‘ 17745
1G.00 30400 | 2402 | l44d.7 224451 | leld/Y -T2 gl «000 8 d-lbl‘ cbhal ! 4.1791 lodTb4 ' dicst
2Ce GO 15400 | 2186 | 130643 | 224567 | 1alT40 sbs /7 736 «000 6 | 250> 28dad Je86l ! labhle | L4Be>
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R = 3.000s PERCENT FUEL = 4031y O F =23e810

—_— . . e - 5 e . S
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1420 250400 | 2658 | 134149 | 26,715 | 1ed667 i o66991 8521 L0002 : 563" 2iles iegn2] 4385 | 58es
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4400 75,00 0 2232 | 110663 | 264922 | 141938 25216 Tou «000+7 | 14609 <0448 1.317‘ lel8 54,7
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20.00 1500 | 1684 B5641 | 254002 | 1s2347 v 8206 b3 200033 2.5Zli 24lep 3.5861 le%Qb 21348
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TABLE II. -

(c¢) Concluded.

Continued.

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratic, R; oxidant-fuel ratio, O/F.]

Combustlion-chamber pressure,

300 pounds per square

equilibrium composlition during 1sentroplec expansion

37

RATIOS FROM 1 TO 4000 FOR

inch absolute;

— -1
Static ] ‘ ‘ T Viscas-] Specific
Pressure  pressure, J:j';‘:e Enthlpy, | Molecular | lsentropic | 56 ific | Ty “:’"“"? Mach | impulse
ratio, P, : ) weight, | exponent, :"" p, iconductivity| o mber |invocuum,
P./P b/sqin oy calln m | micro . M .
< - K Y | el 917K poisag cal/ 13K 1cm! \mw;:/m
R = 44000, PEKCENT FUEL = 3.05%4y O/F =31.74€
S SO N e B e e
l.oo[ 300400 | 2372 | 105444 264307 1lel993, De4836 HO4 0400046 | 0+000
le05; 285471 | 2354 10~>.7‘ dbadld i le2Dob 24196 8900 « 00046  «l85: 30Be>
le20! 250400 | £303 l0d2ed | 62321, 102040 CYE-F T8y «0004% 255 19540
le4Q 216429 | 2244 990 | 2be3b4l - 142080 24074 116 «00043 W 757 Lltae>
1.60 187450 | 215« 973e4 | 264352 ledlld | o448l 765 00061 899 16947
1.78 168442 | 2153 95548 : 602601 lallbs cu4l2 155 «00040 | 1su00, i6YaY
2+00 150400 | 2110 93742 264267 lellid s34l T45 «Q003Y | 1100 L6Ya>
4200 ¢ 75.00| 1859 BBJ.7‘ 60394 . lel3ug «4010 685 «0QU3% | 1eD99 | 182a>
10.00 3000 | 1555 Tl6e2 | 260604 | 1e2517 +3749 509 00028 delb49 | 20hed
20.00 15,00 | 1349 64045 | 264406 | le263] e301a 567 «Q0025 2ebu4l| <(l3.0
2De41 14470 | 1343 63845 | 64406 | le2b3a #3611 545 sQCICYH  LeabBZ| Ll3an
40.00 7450 | 1165 57541 26-“061 le2740 3499 491 200022 22930 | L2249
10000 300 952 502¢2 | 262406 lelBY5 «3352 421 200018 | 3,657 | (33,4
20000 1450 813 45643 | cbs406  le3021 v3c063 37 «0Q0Llb | 34875 | 3.8
400+00 .75 690 | 4l7al| 264406 lasdlds «3139 325 000131 4a319| <454l
i
100000 =30} 552 37445 | 26,406 1la23311 43012 70 «000LL ! 4a¥b7| 25047
200000 eld>, 463 36840 | 202406 - led6dY | o228 ¢3¢ 2000C0% | bedYQ| D40
J‘4000-00 +08 | 386 32640 | 26.406  lednba | 2864 197 «0Q007 5077 | 4DbeB
— = .= -
R = 5.000s PERCENT FUEL = 2e458s O/F =39¢683
. e - g JE
1.00| 300400 2069 855e0 | 272313 | 142295, 043968 742 | 0400036 | 04000
1.05] 285471 | 2051 84747 1 274315 | 1423006 03967 737 «00036 282 4Beed
1.20} 250400 | 2000 828.0 | 74319 | 142337 +3893 725 +00035 #5548 17941
lot0 i 214s2% | 19862 80549 | 274324 | 1424371 3835 711 +00034 2749 1DGen
1l.60 187,50 | 1893 18743 | 274327 | Llalb00 «379%0 699 200033 «BYL, Lbe.l
1.80 166483 | léb1 TThet | 270329 | lalhis 3753 68Y 00032 | 1+000; 153.9
2400 150400 | 1813 75782 | 276331 | 1a2645 3722 &79 «00031 | 14052 lb4sn
4 00 7500 | 1578 67169 | 274331 | lalbo? «3564 1 617 +00028 | Je294 | 165.8
i ; |
10.00 30.00 | 1303 ST6el | 274339 | 1a270% <3001 b3y +00023 <.lbc‘ ldged
20«00 15.00 | 1142 S1be) | 274339 | lal8l> «3209 | 4B% <0000 | 26250 | 1YZeb
20441 14470 | 1117 51345 | ¢74339 | Ladoly « 3300 4B «000<0 | £e562 | 19ZsY
4000 7e50 961 46248 1 274339 | ladvey «3409 43¢ +00Q018 | 2e¥47| L01e2
100400 3.00 777 40540 1 274339 | 1430%5 +3076 367 «00015 3.487| (1043
200.00 l.5C 6by 36849 1 274339 | 143227 22979 321 «00012 Fe¥1l9| £15.8
400400 e7h 554 338451 274339 | la3dbs .2887 219 «000L1 @380 | 22043
1000400 «30 438 30945 1 274339 | 143536 $2782 229 « 00008 5,049 <2540
20C0«20 215 365 28543 | 274339 | le3n3 2728 195 200007 Hebl3| 2748
400000 .08 304 26606 | 274339 | lasuv? “2693 Low «00006 be235| ¢3061
7 - 1 T
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I
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i !
i ;
: | |
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i i |
!
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| | ‘
[ ‘ i
. i
‘ |
|
{

Area Thrust | Specific
ratio,  icoetlicient, impulse
€ & Wiisec b
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celle .03 2Teb
lecde «3901 Dde9
la0Qb3 «>éb Tlew
1eD10 eblB| 63e9
14000 ab8e]  Yleb
1.00Y% 1631 10le0
ladvd laQzQi i36a6
24184 lecb3. LT1le6
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3e3Ge i he3%W3. ilceg
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TABLE II. - Contlnued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 T0 4000 FOR
LIQUID HYDROGENM WITH LIQUID OX¥ 3EN
[Equivalence ratic, R; oxidant-fuel ritio, O/F.]

(d) Combustion-chamber pressure, 600 pounds per square inch absolute; equillbrium
compositlion during Isentroplc expinsion

Static o Viscos- Specific .

Pressors | : T;""P' Enthalpy, | Molecular | sentropic 5‘;’:“ ity, | Thermal b | impube | Avea Thrust | Specific
ratio, P, sratvre, h/ weight, | exponent, | e i, | conductivity. o irber [invacuom,  ratic. ‘MW(;‘ t '"Vi"“'
/P ® RS o b, i . 1

e/ L“_"" K /e n Y col/ (@O p":: <ol / (rec) %K yicm- i € F o ibiseci/ ()

R = 0e¢150y PERCENT FUEL = 45465 O/F = 1e1%90

100! 600400 11831 531345 | 44416 | 1a3396] 1.7753] 31%] 0.00073 0000 04000 0e0

1005| 571043 ] 1168 | 5287.7| 4e4l6| 143406 1a7710| 311 +00073 271 530.0 2,250 «210| 4Te4

1e20 500400 ] 1129 | 5218.6 Qe416 | 143436 1e7597 3p3 «00070 «527| 334.2 10297 «403 908

1440 428457 | 1085 | 5141.8| 64616 | 143469 | 1.7472| 293| 00068 +722] 29641 1.08L| o563 1222

1460 37500 ( 1049 5077.7 hekl6 | 13497 | 1.7370 285 «00066 +860| 28646 1.018 0636 | 14342

l.87 321e68 | 1008 | 500648 42616 | 103228 17256 276 200063 14000 28441 1+000 o725 16344
2400 300400 989 | 4975.4 60616 | 163541 | leT210 2712 «00062 1,059 28444 14003 «76l | 1715
4400 150400 824 | 469344 4416 | 13651 | l.6824 234 00052 14566 30147 1a233| le031l| 23243

10.00 60+00 643 | 4392,5 40416 | 1437481 1.6506 188 «00042 24152 327.5 Le974| 14257 2831

20400 30.00 5321 4209.8 4o416 | 13799 | L6345 159 00035 24586 343.5 24983 1e376] 30949
40e00 15400 439 { 405649 4e416 | 143824 | 146269 133 00029 34031 356.4 4.620| le#6T| 33044
40483 14470 4371 4054.8 Lo616 | 1e3824 | le6267 132 «00029 3044 35608 4e6821 1e469) 33049
10000 6400 340 ] 3899.0 4416 | le3883 | 146089 104 00023 . 3.648| 369.8 8e432! 14558 35048
200400 3+00 2801 38024% 4e416 | 143930 | 1le5951 &5 «000L8  4.lu8| 377.7 134431] leblg| 362.6
400+ 00 le50 230§ 3723.2 “et16 | Le4Q69 | Lo5558 70 «000L5  “eb74| 3844l 21+488| 1e652| 37dsg
1000.00 60 175 3640.1 4e%16 | Le434T7 | leaBd2 55 00011 | 5.438| 39046 394928 le694| 381s6
200000 «30 142 ; 3590.9 40416 | 144552 | 144387 45 200009 64096 | 39443 63.572| 1e719| 387.2
4000400 15 114 7 355142 4okl | 14717 | 1at039 36 +00007 ! 6e842| 397.3 | 100.938| 1e739] 39148

R = 0200y PERCENT FUEL = 38465y O/F = 1«587

100 ¢ 600400

1514 . 29697 50216 | 1.3078 | 1.6187 402 | 0+00084 Q000 0000 00

1.05 571e43 | 1497 | 2941.7 5216 | 123089 | 1.6143 399 00083 «274| 552.1 24233 *209 493
le20 50000 | 1450, 286648 56216 | 123119 | 1.6024 369 «Q0081 «5331 348.6 l.289 +400 Sheb
le40 428457 | 1398 | 2783.1 56216 | 143156 | 1l.55384 378 «00078 e730| 30943 leQ77 939 | 1274
leb0 375%.00 | 1354 2713,2 5¢216 | 1431851 1.5773 369 Q0076 «889| 29946 leplé 2632 L4994
1.851 3264941 1307 | 2640¢5 5¢216 | 143217 | 145651 359 +00073 14000| 2973 1000 2716} 1692
2200 ¢ 300400 | 1282 | 2601.1 50216 | 143236 | 1a5584 353 «00072Z 1e068| 29748 leQ0% «757] 17941
400 15000 ¢ 1079 | 2290+0 50216 ) 143391 | 145046 307 +00061 1e572} 31647 1244 | 12029 24342
12.00 60«00 | 852 ] 1954,3 5216 | 143558 | 1a4516 251 «00048 2e4148| 344,7 2009 1e257| 2972
20.00 30.00; 709 1748.8 50216 | 123656 | 144232 213 «0004%0 24573 362.0 3.049| 1.379| 325.9
40,00 15,001 5881 1578.0 54216 | 143715 | 144066 179 00034 3010 37640 40739 | 1e472| 34840
“0.83 l4s70 585 1 1573.4 5216 | 143716 | 144062 178 «00034 34023 3764 4eB802| lakT4| 3486

! 100.00 5400 458 | 139643 5216 | 123770 | 13916 le2 200026 ¢ 34619| 39045 8.679) 1e565] 37040
220.00 3.00 379 1286.1 50216 | 143811 | 1.3808 117 200022 4elll| 399.1 134870 | le619| 38247
#0000 1e50 312 119%.2 54216 | 103858 | 143684 96 «00018 44638 406.1 224296 | le6b2 | 393.0
100000 260 242 ] 1098.9 5216 | 123972 | 1a3402 T4 200013 54394 | 413.4 41979 1e706 | 4035
i 2000.00 30 198 1 104l.1 56216 | 1e8157 | 142976 61 «000L1 6014 | 4177 67687 ! 14733 40947
I 4000400 15 lel 99349 5216 | le4362 | 142543 50 «00009 60701 | 42lel | 1084754] 10754 | 4lbae

! R = 04250y PERCENT FUEL = 33451, V/F = 14984
T _

100 ; 60000 1517[ 1264943 650016 | 122827 | 144998 4811 Ds00092 04000 09000 0«0

1405 57Lleb3 1797i 122042 ©e016 | 1428371 leu955 er7 00091 «276| 56344 24218 2207 5003

l.20 500400 1745 1142,1 64016 | 122865 | 144840 w67 «00389 +5938 | 3562 1,283 «398 9646

le40 428457 ;| 1686 ; 105447 64016 | 142896 | 1a0712 456 +00086 «736| 31643 le073 536 | 13041
1.60 375.00 1636 . 9815 60016 | 102924 | lat604 446 «00084 «876 | 30646 le0lb o629 | 15247
1.83 327.81 | 1587 909.9 6016 | 182992 | 1,4454 436 «00081 1e000| 30445 1+000 «708 | 171.8
2s00 30000 | 1555 B63,9 64016 | 142971 ) 1e4423 Lred +QQO80 12076 | 3051 1la005 o754 183.1
4000 150,00 | 1322 53541 6016 | 1e3125 1 143874 37u8 «0006B 14578 | 325.5 12256 14027 | 2493

10.00 60e00 | 1057 17641 6016 | 143329 143225 316 «00054 20147 35543 22048} 14298 305.6
20400 30400 BHT [ 9954,.0 60016 | le3460 | le2849 269 «00046 24563 | 3737 34127} 1a382 | 335.7

40,00 15400 T4l | 976861 64016 | 1a3568 | le2360 428 «00038 24987 | 38847 4883 | le478 | 35940

40083 14.70 737 1 9763.1 5s016 | 1e3571 | 1e2552 227 «00038 34000 | 389.1 4e949 | LebBl | 35%.6
100.00 6400 581 | 956940 64016 | 143663 | 142321 181 00030 34581 | 404.2 84985 | 14575 | 38244
20000 3400 482 | 9447.8 54016 | 163717 142189 151 «00025 o064 | 41344 144,396 | 14630 | 39549
400.00 le50 399 | 934743 62016 | 143755 1 142100 125 »00020 4+5821 42069 234208 | la675| 40648
1000400 «60 310 | 92405 6e016 | 143820 | 141949 95 +00015 5.327] 42847 434893 | 14722 #1801
200000 «30 256 | 9175.9 6.016 | 143883 | 141810 8 «00012 5.945! 433.4 7122791 1a769 | 42407
400000 15 210} 912247 64016 | le4037? | Lel4B5 64 .o00lo bobobi 43742 | 115650 | 1e771 ] 43042

R = 04300y PERCENT FUEL = 29457, Q/F = 24381

l.00 600400 | 2094 | 993247 6eB15 | L2613 leb4las 551t 000098 0000 0+000 Qe
1.0% S7le43 | 2073 | 99034l 6815 | le2623 | 1e40%7 547 200097 279 | 56846 24206 2206 50.8
1420 500400 | 2016 | 9823.5 6a815 | le262>0 | Lle3967 531 «00095> e542 | 159.8 12277 «396 97e5
lat0 428457 | 1952 | 973443 6.815 | le2681 | 143825 525 «00092 o742 | 319.8 ls071 0533} 131le4
1.60 375.00 | 1898 | 9659.4 6+816 | 1.2708 | 143706 | 515 00089 o882 | 3103 lepl3 +626 | 15442
l.82 330,21 | 1B47 | 9589.9 62816 | 1e2734 | 143598 505 «000B7 14000 30843 1+000 w701} 17247
2001 300400 | 1B09 | 953848 6816 | 142753 | 143519 498 «00065 1.082! 309.1 lep06 o751 | 185.1
4400 150400 | 1553 | 919946 6,816 | 1.2894 | 142991 445 «00074 14585 33046 le266 | 14025] ¢5240
10.00 60200 | 1257 | 882543 62816 1 143095 | 142336 375 a00060 2.148, 361.8 20085 1e26Q| 310eé
20»00 30.00 | 1064 | 859141 628161 143248 | 141891 325 «00051 24555 3Bles 34206 1e386| 34le7
40483 l4s70 B9l | 8388.2 6.816 i le3088 | 141942 217 «00042 Le98l| 39744 5¢106 | le48Y | J6b6eb
40400 15.00 895 | 8393,6 6e816 | 1a3384 | lelb3l 2719 200042 o968 | 39740 50037 le485 | 360ep
100,00 6.00 707 | 818043 6e816 ] la3930 | LlellTa 223 «Q0033  3edba i 4l3,5 9e3261 le585| 39Qe5
200400 3400 590 | 804946 b6.816 | 1e360% | lelo0? 187 00027 4e0l3! 423,3 14,993 | Leb43 | 4048
40000 1.50 490 | 794048 6eH16 | 143666 lagb8b7 156 «00023 . #5317 43143 244236 lebB8Y | 41643
1000.00 260 383 | 7824.8 6816 | 1e37¢% : 1aQ746 120 +000LT 5ec47| 43946 450999 | le738 | 42843
2000.00 30 317 | 7754.3 6a816 | 1e3775 | 140638 98 «00014 52852 4bbeb T4e912 | la767| 4354

4500000 ol5 262 [ 769640 64816 | 1038271 1.0534 80 w000l  6e510] 44847 | 1220185 | 14790 | 44le2




TABLE II. - Continued.

(d) Continued.

LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equivalence ratio, R; oxidant-fuel ratio, O/F.]

Combustion-chamber pressure,

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE

600 pounds per square

equllibrium composition durlng lsentropic expansion

39

RATIOS FROM 1 TO 4000 FOR

inch absclute;

Static | N T viscos T specific T
Pressure | pressure, | iomby, | Enthalpy. | Molecular | lsentropic | Specific [T | Thermol oyt TRESE L | st | Specific
ratio, ) eroture, weight. | exponent, ":"'v #, | conductivity.l yrber [invocuom,  ratio, lcoeHicient] impulse, |
B /P i o ) . i , . ‘ )
4 lb{n’: K (i/j W'J’R N Y _ <alfighiok)* :o'f:: ‘(i'/m‘[ji‘i, 7M “b"',::':/'h, £ : i ) _wlbw-:s«}/wlbw
R = 04350, PERCENT FUEL = 26e47) G/F = 24778
] . 3. . L
1000 | 600400 2347 | 889248 74610 1.2410] 1.3691] 611] 000010%] 0euoe 00000 040
1605 | 571e43 2325 886340 Te610| 142421 | 143621| 608 200103 +281| 510e0| 241¥5| o205 5009
1620 500400 2266 | 878340 | 7+611| 142451 | 1a3440. 598 +00100| +565| 361e0| 1s273) o394 97e7
1440 | A28457 | 2198 | 869342 | 7Ta613 | 102485 | 1.3249] 586 .00097| +767| 320e2!  1s068] o531 131e8
1460 | 375.00| 2140 | 861746 | 74613 | 142513 | 143099 | 578| .00094| +887| 311e8| 1e01Z| 623 154e7"
181 | 332436 | 2089 | 855143 | 74614 | 142538 ' 1.2976| 567| 400092| 1.U00| 310e0| 14000| o695| 17265
24001 300400 | 2046 | B495.7 | 74614 | 142559 | 142874 | 559 ,00090| 1.UBs| 310¢9| 1e007| +749| 18929
4000 | 150400 | 1771 | 815049 | 74616 | 142699 | 142291| 506| 400079| 1a590| 33342 | 14275| 10023| 25%e1
10400 | 60400 | 1451 | 776646 ! 74616 142885 | 1.1655| 434| 400065 | 24149| 36546 |  20119| ecol| 31340
20400 | 30400 | 1238 | 752349 | 74616 | 143036 | 141204 ] 381 | <00055 | 2.550]| 38548 30281| Le3v| 3amel
40083 | 14470 | 1045 | 7311a7 | 74616 | 13192 | 1.0783 | 328 | ,00046| 2s965| 40245 |  5e26u| leavk| 370sy
40400 | 15400 | 1050 | 731723 | 7.616 | 143188 | 1,079 | 330| +00046| 2¢¥53| 40245  S5elod| leavl| 37043
100400 6000 | B38| 709244 | 74616 | 143364 | 140365 | 267| +00036| 34511| #19s8|  9e6/6| ledys 39ves
200400 3400 | 702 | 695345 | 74616 | 143475 1.0118| 225 400030 | 3.968| 430e2| 150026| letoe| 4lues
400400 1450 | 586 | 683743 | 70616 143553 <9953 | 188| 400025 | 4+453| 43806 | 250350| 1e703 42209
1000400 260 | 460 [ 671248 74616 143634 49789 | 168 .00019| 5.162] 47e>| s8e288| ler>e| 435¢5
2000400 +30 | 382 | 663649 | 7.616| 143684 | 49692 | 121| 00016 | 5.751] 452e8] 7Be852] le/ua| sb3el
4000400 o15( 317 | 657348 | 7.616] 143738 | .9590| 58| .00013| €.392 asr-zilzu.q‘yi Le8uo | 8942
il N e T e
R ® 044005 PERCENT FUEL = 23495, O/F = 3175
1400 © 600400 | 2574 | B050e5 | 84396 | 102209 | 143697 | 663 | 0400110 04v00 ve0
1005 | 571443 | 2552 | 802049 84397 | 142220 | 143599 | 660 +00109| «283] Seses 5007
1420 | 500400 | 2492 | 794102 | 84401 | 122252 | 143344 | 650| +00106| 550! 36045 9ied
1460 | 428457 | 2422 | T851.7 | 84404 | 1,2289 | 143072 639 400102| «752: 32140| 14065| «328| 134e
1060 | 375000 | 2363 | 777641 | 84406 | 102320 | 102856 | 630| +00100| +593| 3118 14011| +8621| 134eb
1079 | 334453 | 2313 | 771340 | 84408 | 122347 | 142685 | 621 | 400097 | 14000 3102  1400U| o688 | 17ie4
2000 | 300400 | 2266 | 765601 | 84410 | 142372 | 142533 | 613 | 400095 | 1.096| 31102 | 14008| o766| 185.7
4400 | 150000 | 1978 | 730649 | 8.416 | 1.2520 | 141787 | 561| +00083 | 1596 | 33403 |  1.284' 1.022| 254s4
10400 | 60400 | 1637 | 691646 | 8e416 | 142701 | 11109 | 89| .00069 | 2.149| 367¢6| 24150| 1e262] 31401
20400 | 30400 | 1408 | 6667+8 | 8:416 | 1.2842 | 140669 | #35| 100059 | 20565 | 388¢6 | 34351| 14393 34609
40400 | 15200 | 1204 | 645443 | 84416 | 1.2532 | 140253 | 380| 00050 2.940| 40849 | 5a3%4| 1.497 37247
40083 | 16470 | 1199 | 6448,5 | Bah16 | 142996 | 10262 379| 00050 | 2.951| 4Ube3 | 54409| 1e500| 373+4
100400 6400 | 970 ] 621948 | 04616 143188 | 49767 313| .00080 | 3.482 ez&el' 106049| 1s603| 3991
200400 3400 : 818 | 6073.7 | Be416 | 143318 | .9478| 266| 400033 | 3.920| 43540 16e282| Le666| 418s7
400400 1050, 6B7 | 595048 | Bad16 | 1.3428 | 49249 | 224 | +00027| 41391 | 4439 | 26e525| 1.717| 42704
1000400 +60 | 542 | 581845 | Besl6 | 143537 | o903T| 176| +00021| 5.076| #53.3 | 5047610 1.770| 44047
2000400 030 | 452 57373 | BeAL6 | 143595 | 48928 | 146| 200017 | 5.648| 45940 | 830105 1.602| 648.6
4000400 *15| 376 | 56694 | 8.a16 | 1,3647 | 48635| 119 400014 | 8.271| 46346 | 136e261| 1.528) 455.1
R = 0.450s PERCENT FUEL = 21s87s O/F = 34571
1400 | 600400 | 2773 | 735445 | 94167 | 142018 | 1.4156| 707 | 0400119 | 0.000 | 04000 000
1405 | 571443 | 2752 | 732543 | 94170 | 142029 | 144027 | 704 | 400118 | <285 56560  24172| +203| 5004
1620 | 500400 2692 | 724645 | 94177 | 142060 | 143686 | 695 400116 | +554| 35846 1a263| +390| 9669
140 | 828457 | 2626 | 715749 | 94184 | 142097 | 1s3318 | 665 | 400110 +757| 31946 | 1a063| o526 | 13008
1460 | 375,00 | 2565 | 7082,9 | 94189 | 142128 { 143022 | 676| 00106 | +899| 310e7| 14010| +618] 15347
1478 | 336472 | 2517 | 702348 | 94193 | 142154 | 1,2799 | 669 400104 | 1.000| 30942 | 14000 +682] 16946
2400 | 300400 | 2467 | 696146 | 94197 | 12183 | 142573 | 661 400101 | 14100| 31063 | 12009| »743 | 184+9
4000 | 150400 | 2174 | 661645 | 94210 | 102367 | 141514 611 400087 | 1.599| 33402 | 10293| 1,020 23347
10400 | 60400 | 1617 | 622049 | 94215 | 142537 | 140682 | 540 | 400072 | 24149, 368e3 | 20162 | leze3| 314s1
20000 | 30400 | 1575 [ 5967.7 | 94216 | 1.2670 | 140237 | 483 | 00063 | 20539 | 38949 | 34820| 14597| 367+4
40000 | 15400 [ 1357 | 574940 | 9.216 | 1,2611 | 49828 | 429 | .00054 | 24927 | 60748 | 5e4/6| 14503 | 37948
40083 | 14470 | 1350 | 574340 | 9.216 | 142815 | 49816 | 428 | 00054 | 2.939| 4UBa3 |  Se5v4| 14506 | 374e5
100400 6000 | 1104 | 550646 | 94216 | 143008 | 49325 | 358 | .000A3 | 3.455 | 42648 10e381| le612| 40le0
200400 3400 | 937 | 535446 | 94216 | 143152 | 48996 | 307 | 00036 | 34579 | 63843 | 160950 le6 78| 4lie?
400400 1450 | 792 | 522544 | 94216 | 123282 | 48727 | 261 400030 | 4e334 | 44707 | 2747551 1731 | #3044
1000400 260 | 629 | 508526 | 94216 | 143418 | 28465 | 207 | 400023 | 4.994| A5T¢6 | 534398 levu7. saded
2000400 430 | 526 | 499945 | 94216 | 143502 | #8313 172| 00019 | 50544 ! #63¢6 | B7e/14| 14820 | 43247
400000 215 | 439 | 4927.5 | 94216 | 143562 | 48210 | 162| 400016 6-]68[ M6HeS | 144419/ | 1,848 | 45945
R = 04500+ PERCENT FUEL = 20¢12s O/F = 34968
1400 | 600400 | 2944 | 676946 | 94919 | 1.1845 | 145012 5A5]’o.ooxao 6.uéo[ﬁ7
1005 | 571443 | 2923 | 6741,0 | 9,923 | 1,1859 | 1.4856 | 742 400129 | .287| 3598 | 20162 e202] 50e0
1020 | 500400 | 2866 | 666346 | 94935 | 1.1835 | 14440 | 734 | 400124 | 558 35547 | le258| os88| veel
1040 © 428457 | 2800 | 657643 | 94947 [ 141917 | 143979 | 724 | 400119 | 762 3113 | 1.061| es28| 12947
1060 | 375400 | 2742 | 650248 | 94957 | 141986 [ 123600 | 716 | 200115 | 904 ' 30846 | 14009| o616| 15245
1677 | 338488 | 2699 | 664745 | 94963 | 11970 | 143324 | 710| +00112 | 1.000| 307e3 |  10000| +676| 167e4
2400 | 30000 | 2647 | 6382.5 | 9.971 | 141998 | 143008 | 702 | 400109 1.106| 30846  1s010| /)| l83e3
4400 | 150400 | 2356 | 603746 | 94999 | 142169 | 141551 | 655 | 400092 14603 | 333a1 |  1e303| 1s019| 25204
10400 | 60400 ' 1990 | 5642.7 | 104013 | 122378 | 1.0408 | 587 | +00076 | 2.147| 368.0| 2e216| leze4| 313a1
20400 | 30400 ! 1737 | 538646 | 106015 | 152515 | +9888 | 532 400066 | 20532 | 390e1| 3.491! 1.401| 34609
60400 | 15000 1 1507 | 516341 | 104016 | 142647 | 49482 477 400057 | 24914 40848 | 5.620) 1.50%  373.8
40083 | 14470 | 1501 | 515747 | 104016 ' 142651 | 49471 475 400057 | 24926, 40941| 5s701| le512' 374s5
100400 6400 | 1238 | 4914.9 | 10,016 | 142836 ' .8984 | 403| .00046 | 3.431| 42843 | 10.736| 1.622| 40147
200400 3400 | 1059 | 475743 | 104016 | 122984 8634 | 350 | 400039 | 3.842| 840¢3 | 17.634| 1.690| 4185
400400 1450 | 900 | 462248 ' 104016 | 143125 | «8333 | 300| +00032 ! 4.200! 45042, 294032| 1745 | 43242
1000400 «60 | 720 | 447640 | 104016 | 143251 | o8013 | 240 | 00025 | 44914 | 46047 | 564203 1804 | 4a6s7
2000400 ! 430 | 606 | 438540 | 104016 | 143387 | 47841 | 201 | 400021 | 54645 46740 | 92¢675| 1e839| 45545
“°°°'°°4L o15 | 507 430847 | 10a016 | 143473 | 47696 | 166 | 400017 | 6.024| 47242 | 1524884 | labos | 46247
i : . . M IR R
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT AS! IGNED FRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID ( X¥GEN
[Equivalence ratlo, R; oxidant-rfue ratlo, O/F.]

{d) Continued. Combustion-chamber pressure, 600 pounds per square inch absclute,
equllibrium composlition during isentiopic expansion

Static o | Viscose cific "

Pressure | pressure, .::',"‘:" Enthalpy. | Molecular | I pi Sph::"‘ I ity Thermal | ek mlu Area Theust | Specific
ratio, A ru ) b, weight, | exponent, < LR A L k"'"y' number iinvacuum,  ratio, te “"Pi"“-

R /P ®, o ol / P mi . M 1 C,
e/ C:"‘ K /e n ! Y 4:-:«/(';1(*’(;'} p":f:: ol /130€)OK. (e Py L F et/ i)
R = 0e600Q0» PERCENT FUEL = 17435, O/F = 4e762
1 I

1200 600400 3208 586146 | 11e3471 141593 | 147671 803! 0200150 0000 0000 Q.0

1.05 57143 3189 581443 | 114356 1,1598 | 1,7482 8gl «00158 «291| 54647 24164 Y 48.8

1.20 50000 ] 3137 574045 ] 114379 141611 | 16966 194 «00132 «564] 347.8 le250 +385 938
le40 428457 | 3077 | 565649 | 114404 | 141629 1,6375 786 +00146 #770] 31048 le057 0520| 12648
le60 375400 | 3025 558640 11s425 | 1o1646 | 145869 179 «001+0 «913| 30246 l.007 obl2| l49.)
1e75 342,51 | 2990 | 55388 | 112438 | 141659 1.5531 714 «00137 ] 1«000] 301a5 1.000 «666| 1623
200 300400 | 2938 54704 | 112457 | 141680 | 145041 766 «00132 | 14117 l.012 «737| 17947
e 00 150400 | 2669 | 513446 | 114535 | 141817 1.2723 121 «00108 | le6l3 14323 14017 26840

24288 le268] 309.3
34684 1eb10| 343.7

10.00 60000 | 2313 ) 674245 ) 11,593 | 1.2048 | 140538 667 «00085 | 24145
20400 30400 | 2050 [ 448346 | 114609 | le2216 «9574 617 «00072 | 24517

40400 15400 | 1803 | 425543 | 114615 | 1.2359 «8996 564 «00063 | 2.885 5,926 | 1524} 371.5
4083 14,70 | 1796 | 424940 | 114615 | 142363 «8983 562 200093 | 24896 40842 €013 14527 37243
100+00 6400 | 1506 | 399644 | 114616 | 142228 «8482 490 «000%2 | 3.381| 42847 11e674| 1eb63 | 4007
200400 3.00 | 1306 | 3829.9 | 11.616 | 1.2663 8136 434 «00QM5 | 34772 44leb 194054 | le716| 41Beé
400+ 00 1450 | 1125 | 368640 | L1leble | 142806 «7807 379 «00038 | 42102 45244 31726 1le776 ) 433,11
1000+ 00 «60; 916 | 352644 | 11e616 | 142996 « 1420 31 «00030 | 4e769| 46440 624274 loB4l| 448,08

2000+ 00 30 : TTB | 342642 | 11e616 | 1e3139 « 7177 264 «00025 | 54257| 4711 | 103040 | 1o88g | 450.48
4000400 15 658 | 3341le2 | 114616 | 143245 *6983 222 000020 | 52791 47649 | 172,288 | 1913 4bé.4

R = 0e700s PERCENT FUEL = 154254 Q’F & 5556

1«00 600400 | 3381 | 5138.3 | 124664 | Lo1429 | 241301 B46 | 0eD01?T | 04000 Q=0
1405 571e43 | 3364 | 511245 | 124677 | lel430 | 241115 843 «00175 «293| 531,.5 22133 476
le20 500600 | 3317 | 504247 | 124711 | 141833 ! 240594 837 200139 «568| 338.5 la245 Pla2
l.40 428457 | 3263 | 496345 | 12,750 | Le1%38 | 149976 830 00182 «775| 30267 1le05% 123.3
l.60 375400 | 3217 | 489642 | 124782 | lelé43 | 149428 823 «00176 «920| 295.1 1.006 145.2
lel4 345424 | 3186 | 485540 | 124802 | 1e1447 | 149085 819 00172 | 14000 29%¢1 1.000 157.0
2.00 30000 | 3140 | 478641 | 124834 | 141456 | 18496 813 «00156 | 14125 295.9 lepld 17541
400 150400 | 2903 | 446347 | 12978 | 141526 | 1.5556 779 «00136 | 1.623| 322.1 1,339 2642.3
10«00 60400 | 2584 | 408048 | 134115 | 141702} 142090 T30 «00102 | 2e148] 359.5 24356 303.3
: 20400 3000 | 2337 | 382340 | 131764 [ 141884 | la0l95 688 +00033 | 2506 383.6 3.803 238.3
i 40600 15400 | 2088 | 359240 | 13+203 | 1.2067 «9006 b4 200070 | 2:855] 404el 64256 366.8
40483 1470 | 2081 | 358546 | 134203 | 1.2072 +8980 638 s00039 | 24868 40406 6350 367.6
10000 ; 6400 ; 1775 | 332640 | 13,214 | 142263 «8183 571 a00037 | 34327 42644 12.271 397.1
200400 3.00 | 1558 | 3152.5 | 13,216 | 142387 « 7809 515 200030 | 3.700| 4402 204571 41547
400400 1e50 | 1359 | 300046 | 134216 | 142515 s 7484 “59 «00043 | 4089 | #51.9 344597 43142
100000 60 | 1125 | 28299 | 134216 | 1,2696 «7080 387 «00015 | 4.637| 46446 68.879 “h8.2
200000 30 968 | 2721.0 | 13.216 | 1.2B4g «6798 334 «00029 | 5.087] 472.4 | 115,835 45846
400000 .15 8208 | 262745 | 134216 | 12978 «6552 286 «00024 | 5.575| 47940 | 194,445 46704

R = 0.800» PERCENT FUEL = 13460 O'F = be349

T

le00 600400 | 3481 ! 458649 | 134859 | 141337 | 244909 B75 | Dep02}4 | 0000 0:000 Q0

1.05 571443 | 3465 | 456246 | 13,875 | 141335 | 244777 873 00232 +294 | 51546 24126 198 4640
le20 500400 | 3422 | 449648 | 13,919 | 11331 | 244401 867 00247 <570 | 32846 1.242 381 8845
let0 428457 | 3373 ' 442242 | 13,969 | 141327 | 243928 86l +00221 o778 | 29441 le052 «516 | 11947
le60 375,00 | 3331 | 4358,6 | 140012 | 141326 | 243513 855 +00216 oV24| 286.7 le 006 2607 | 14049
le73 346481 | 3306, #321.9 | 144037 | 141323 | 243254 851 00213 | 14000 48640 1.000 w654 | 151.8
2400 300400 | 3261 | 425646 | 14,082 | 141321 | 242752 845 00217 | 10129 | 287.8 l.015 «733 [ 17040

4a00 150400 | 3052 : 394842 | 14,288 | 141330 | 2.0021 816 «00LTT | 1e630; 31441 14350 | le0lé| 23547
lo.00 ¢ 60400 | 2779 | 3579,7 | 14,522 | 1al403 | 1,5823 175 200136 | 24155 | 351.9 24409 | 12276 | 2964¢
20+0C 3Ce00 | 2568 | 332742 | 144656 | 141527 | 1a2725 Tal 200117 | 24505 | 37648 34944 | la427| 331.]
40+0C 15400 [ 2346 | 309740 | 144745 | 141712 | 1ap267 To2 200034 | 24837 396.,3 6e587 | 14552 3801
40483 14¢70 | 2340 ! 309045 | 144747 | 141718 | lap207 Tg2 «0Q033 | 24846 | 396.8 6.689 ] 14555 36008

10000 6¢00 | 2042 | 282646 | 144BOD | 141976 «836% 642 «00035 | 34275 421.8 13,134 | L.687( 3914
200400 3,00 | 1815 | 264743 | 144812 | 142135 «7683 591 200055 | 34623 43646 224231} 1e771 | 410+8
#0000 1e50 | 1602 | 248845 | 144815 | 142260 7287 537 20008 | 3.991| 44942 37,727 | LlaB42 | 427.3
: 1600400 «60 | 1347 | 230746 | 144816 | 12622 6880 b6h 200040 | 4¢507 | 46340 T6e063 | Le919 | 44543
2000400 ©30 [ 1173 | 219046 | l4eBl6 ; 142553 265946 409 200034 | 4926 | 47146 | 1294237 | 1e968 | 45646
' 4000400 ¢l5 1 1016 | 2089.0 : 144816 ]1.269b 26320 356 200028 | 5375 47849 | 2194200 | 20009 | 46642

R = 0e4900» PERCENT FUEL = 1228, O'F = Tel43
T

by - - . [

1400 | 6500000 3526 | 41642.9 | 144930 ; 141295 2.6&9&{ 896 | 000024 o.ooo% 04000 040
1405 | 57143 3511 | 412041 | 16.948 | 1.1293 | 2.6628 | 894, ,00273 | .294; 50041 20123| o198 a4.s
1420 | 500400 : 3469 | 405643 | 16,999 | 11285 | 246432 ; 888 | .002+9| o574 31048 1261 o381 B5.8

le052 «515| 1l6.1
1.005 «607 | 13647
1,000 2653 | 18740
leQle «732 ] 16540
le350 | leplé | 22849

le4Q 428457 0 36422 | 398840 | 15,057 | 141277 | 246185 88l 00245
1460 375400 . 3382 | 392842 | 15,107 | Lel270 | 245953 876 «00242
1e73 3647452 ; 3360 | 389445 | 154136 | 141267 | 245813 873 «00240
2400 3U0.00 | 3317 | 383041 | 154190 | 1«1260 | 245526 866 «00235
4400 150-00! 3122 | 354047 | 15e%4]l | Lel236 | 243886 839 Q0214

10.00 60s00 | 2B8L | 3190e4 | 154751 | 141229} 240940 803 200131 | 24461 3428 2,437 | le278 | 287.,9
20.00 30200 | 2705 | 296748 1 152963 | 141254 | 1.8100 715 «00132 | 2.512| 367.9 %e032 | 1a431 | 32245

“0.00 15000 | 2528 | 272343 | 164145 | 141327 | 144813 T46 «00122 | 24838 390.0 6838 | 14560 | 35i.5
4D.83 14270 | 2523 | 271649 | 162150 | 141330 | 144712 745 «00121 | 22848} 390.6 6e947| le563 | 352.3
10000 6+00 | 2279 | 245345 | 164318 | 141553 | 1,0541 70l <0005 | 3a266| 416,9 13,977} 14702 | 38344
200+00 3,00 | 2072 | 22702 | 164384 | 141797 +B4l0 659 «00095 | 34555| 43048 244037 12791 ] 40347
4Q0.00 1s50 | 1857 | 210542 | 164408 | 141999 <7376 610 «Q00% | 34886 444,3 41251 14869 | 42i0l
1000s 00 060 1585 | 191445 | 16415 | 142177 6764 540 «000+Y | 4e367| 459,3 B4al53 | le95% | 44043
2000400 €30 1397 | 178945 | 16.416 | 142293 ob4l7 48t «QOC3Y | 4e758| #6848 | 144,295 | 24008 | 45245

4000« 00 «lD [ 1224 | 167946 | 164416 | le24l8 «b2l? 43l «QDC33 | 5a175) 47649 | 2474166 | 2.055 | #63e0
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratlo, R; oxldant-fuel ratio, O/F.]

{(d) Continued. Combustion-chamber pressure, 600 pounds per square inch absoclute;
equilibrium composition during isentropic expansion

Static . " Viscos- : Specific N ”
Pressure | pressure, J:E‘:, Enthaipy, | Molecular | lentropi Sphem:‘c iy, '..I:'T‘:! Mach | impohe | Area | Theus | Specific
rotio, P, T h, weight, | exponent, :“ . u, |conductivity.| \ mber linvocuum, ratio, [coetficient, impulse,
R./P i /squ ay a, 3 i . i ,
e/ C:" K /o m Y cal/(glioKy* ;:f:: col/ectiotriemy M e E L P
R = 1.000» PERCENT FUEL = 11419y O/F = 7493
l«00 600000 | 3534 | 377749 15.886 | 141283 | 246053 910| 0s00251] 0+000 0+ 000 0+0

l.05 571e43 | 3519 | 375644 . 154906 | 1el12B0| 246007 907 «00250 +295| 48543 2,122 198 4343
l.20 50000 | 3478 | 369841 154961 | 11272 ] 2.5874 902 «00247 «572| 30944 le24g +381 83.3

1460 428457 | 34311 3631.9] 164024 | 1el263 | 245703 895 200264 «780| £77.0 l.051 e515 112.7
le60 375,00 | 3392 ; 3575%e5| 16,078 | 141255 | 245542, 4889 «00241 «926| &T0e2 le005 0606 | 13247
1.73 347,72 | 3370 ; 3544,0| 164108 | 141251 245445 L)1) 00239 | 1e000; 26944 le.000 «652 | l42e7
2400 300000 | 3327 3483,1 | 16el68 | 1ul244; 245243 980 +00236 | lel32; 27143 legle «732| 1601
4000 150400 " 3137 321042 | 16e441 | 141212 2.4094 852 «00218 | leb34 49645 1,357 | 1a016] 22243

10400 60400 | 2903 | 287943 | 164785 1lell86| 2.2079 817 «00192 | 24162 233.1 2e045| 14278 27948
20400 30600 | 2738 | 2649.,6 | 174030 141181} 2.0216 791 «00171 | 24514 | 35747 4e055| le432: 313.3

40400 | 15400 | 2578 | 263641 | 174258 | 141191 | 1.8120| 765| 400150 24842| 37945 | 64910| la562| 34l.7
40483 | 14470 | 2573 | 243040 | 174265 | 241191 | 1,8056 | 764 | 00149} 2.852| 380e1| 7¢022| le565| 34245
100400 6400 | 2371 | 217740 | 174526 | 141239 | 1.5117| 728 | 400120 34255| 40%a6 | 144326] 1a706| 373.2
200400 3000 | 2214 | 1997.7 | 174695 | 141315 | 1.2810| 697| .00099| 3.558| 421.1| 25e124! 1,799 393.6
400400 1050 2052 | 183243 | 174830 | 101437 | 1ogb54 | 663 | 00080 | 34857 | 43546 | 44e2lp] le881] 411es
100000 | «60 | 1B26 | 163445 | 174947 | 141679 «B8338 61l s00059 | 44260 45242 93¢124 ) 1e9T74| 431e8
2000400 @30 | 1648 | 1501e7 | 174991 | 1e1894 7163 264 200048 | 4,585 | 46248 | 162.695| 2a034| 445.p0
400000 el5 | 1670 | 13824 184009 | le2091 N-LE1d Q14 00040 | 4e942| 47240 | 2824648 24087 | 45645
R = 14500s PERCENT FUEL = 7:749» O/F =11.90%
A T T T

1,00 | 600400 3374 262641 | 19.463 | 141327 ¢ 146233 | 930 0400163 | 0:000 W 0e000! 0e0
1.20 5004001 3315 25639 | 194540 | lel321 1.59642 921 s00l58 «271| 273.0 le2h2 «381  73.5
1.05 571.63 1 3358 1 26093 | 19,683 | 141325 . 1leb6id7 927 «00l62 0294 | 42844 2.125 198 3842
1e4C 428457 | 3267 | 251244 | 194604 | 1&1317 | le5682 913 «00155 $ 779 | 24443 l.052 «516 99ets
1.60 375400 | 3226 | 246845 | 194658 1lel316 | Le5447 906 «00l51 «F24| 23843 1.006 «607 | 117.1
173 346493 | 3202 | 2663,3 | 194690 11313 | 145306 903 «00150 ; 1Le000| 23746 1+000 «656 | 12641
2+00 300400 | 3158 | 239647 | 194748 1a1310 | le5034 B96 «00146  lal3p0| 23941 1.015 «T33 | léle3
4000 | 150400 | 2953 | 218541 | 204011 ; 1al313 | 1.3606 | 862| <0028 1e631| 261.0| 14351 leols| 19549

10.00 60,00 | 2692 | 193042 | 204314 | 141396 | lala7s B18 «0Q10% | 24157 ¢9246 24815, 10276 | 24641
20400 3000 | 2096 | 175542 | 204499 | lels32 «9816 T8¢ «00086 | 24509 | 313.5 34967 | le42B| 27543

40400 15000 | 2297 | 1594.7 | 204660 | 141557 | 48274 | 743 | 00070 | 24841 | 33147 | 64664 | 14554 | 29946
40.83 14070 | 2291 | 159042 | 204643 | 121562 | 18232 | 74<| +00070| 24850 | 332e2 | 64768 | 14557 | 30042 |
100.00 6400 | 2026 | 140we5 | 204752 | 141791 | 46682 | 685| 400056 | 30268 351,9 | 13.428| 1691 | 32640,
200,00 3,00 | 1818 | 1277.1 | 204792 | 141984 | 45904 | 635| 400745 | 3.599 | 364s7 | 224891| L4777 34246
400400 1450 | 1616 | 116344 | 204807 | 142152 | 45432 582 | 400039 | 32950 | 37546 | 394039 | 14850 | 35647
1000400 460 | 1366 | 103342 | 204812 | 142336 | 450481 509 | +00032| 4+450 387.5| 79,056 1.931| 372.3
{ 2000400 030 | 1195 | 9485 | 204813 | 122462 | 44B34 | 454 | ,00027 | 4sB58 . 395,0 | 1344733 | 1,982 | 382.1
| 4000400 «15] 1039 | B74.7 | 204813 | 142594 44636 401 | 00723 | 5,296 | 40le4 . 2294310 24025 390.4
R = 2,000 PERCENT FUEL = 54927, O/F =15.873
. ‘ b5 2e92 F =
1400 | 600400 3158 201640 | 21,832 | 141414 | 1.1083 | 919| 0.00132 | 04000 04000| 0e0
1,05 | 571443 [ 3141 200240 | 21,850 | 1,1414 | 1.1005 | 917 40011l | +293| 391.2 24132 4199| 34.9
1420 | 500600 ; 3097 ; 196442 | 21,900 ' 1¢1417 | 1.0794 | 909| 400108 | +56B| 26942 le245] .3831 67e)
1.40 | 428457 3046, 192143 | 21,956 | 141421 | 140563 | 900 | +00l05| «776| <2249 1.0541 o517| 90.8
1460 | 375400 3002 : 188448 | 224003 | 141426 | 140320 | 893 | 00102 +920| 217.2 16006 609 | 106e9
1.74 | 3454451 2975 | 186247 | 224031 | Lel430 | 140182 | 688 | +00l00 | 14000 | 21646 14000 <658 L1545
2400 | 300400 | 2929 | 182541 | 22,078 | 141437 | .99%0 | 880| 400097 | 1.125| 21749 14014 | o736 12849
4,00 | 150400 | 2706 | 165042 | 224286 | 141496 | 8720 | 840 | +00083 ! l.626| 237.3 10361 | 1.016 | 178.4
10400 | 60400 | 2413 | 1442,0 | 22,490 | lal6al | 47166 | 784 | 400065 24151, 265.0 | 24365 1.273| 223.5
20400 30400 | 2189 | 130144 | 22,568 | 11806 | 46182 | 737 | 400056 24507 | 283.0 3,829 les2l| <4944
40400 15,00 | 1965 | 1174,9 | 224642 | 141988 | 45459 | 686 | .00045 | 24852 | 29843 | 6,321 14541 | 27045
40483 14470 | 1959 | 117104 | 224643 | 141994 | 45441 | 684 | .00045 | 24863 | 29847 | 6,416 led4é | 2711
100400 6400 | 1678 | 1028.7 | 224670 | 142212 | 4875 | 6141 400037 | 34316 | 31409 | 124437| l.670| 29301
200400 3,00 | 1475 | 93249 224676 | 1e2351 | 44613 | 5571 .00032 | 34683 325.3 | 204879 | 14749 30740
400400 1050 | 1209 | 8491, 220677 | 142476 | 046171 5011 00026 | 41069 334al| 35,155 1.8i5| 31847
i
1000.00 +60 | 1070 | 754.5 . 224677 | 1.2641 | 44196 | 430| .00023 | 4e614! 343.6 | 70,143 | 1.867! 33l.3
2000400 230 | 9230 69441 224677 | 142770 | +4040| 3781 00019 | 5.059, 34945 | 118,235 | 14932 339.2
4000400 015 | 792 64241 | 224677 | 1a2906 | 43896 | 329 | 400016 | 5+539| 35645 | 1994011 | 12970 345.8
i R = 34000, PERCENT FUEL = 44031, O/F =23+B10
B T T
1400 | 600400 | 2747 | 138144 [ 264718 | 141694 046509 | 869 | 0400065 : 02000 | 04000| 0e0
1605 | 571.63 2729 | 137047 | 244729 | 1,1701 . 6451 | 866 | .00065; +289| 34247 | 24152 4201 30e6
1420 | 500400 ! 2679 | 134147 [ 264759 | 1,1723 . 6293 | 856 | .00062| +561| 217.9 1e254 386 58.8!
| 1440 | 628457 2622 | 130849 | 264790 . 141749 | ,6116 | B45| 00060 ! +766| 19446 14058 4522 79.4
| 1e60 | 375,00 2573 | 12Blel | 244815 11774 | 45963 | 83> | 400058 [ +909| 18944 1.008| +613| 93.4.
1o76 | 360495 2538 | 126147 | 244832 141793 | 45858 | 58| .00057| 1.000| 18846 14000 +670| 10201
2000 | 300400 2491 | 12359 | 244852 141819 | 5720 | 819 400755 1sil2| 18945 lagll| 739 1125
4400 | 150000 2237 | 110541 | 260937 ' 1.1983 | 45059 | 76> | 00046 | 14608 | <0541 1e316 | 1epl8| 15540
10400 60400 1913 | 953,9 | 254990 142209 | 6460 | 690 | +00038 | 2s246| 22742 | 24253 1s266| 19249
20400 | 30400 1682 | B54.9 | 25.003 1.23%8 | .4185| 31| 400033 | 2.524! 20142 | 34569 | leag5! 2l4en,
“0000 | 15,00 1470 768,225,007 | 1a2483 | 4000 | 72| 400329 | 22900 £53.0 | 5.778 L3517, 23leq
40483 . 14470 1464 | 765,65 | 25.007 | 12487 | 43955 | 571| .00028 | 2,911} 253.3 | 5,862 1.520 231.4
|
100400 ' 6400 1220 | 67045 | 254008 | 142635 | 43811 | 498 | 100024 | 30408 265.7 | 1le130| 146331 24847
200400 3000 1053 | 60840 | 254008 | 142755 | 43679 | 444 | .00021 | 34807: 273,46 ; 18,422 | 1.703 | 259.4
490400 1050 | 904 | 55442 | 254008 | 122879 | 43555 | 392| 400018 | 4229, 279.9 ° 304593 | 1.761; 268.3
i
1600400 <60 | 733 | 49448 | 254008 | 143053 | 43396, 329 | .0p0l4| 4829 £B6.9 | 59.90B| 1.824| 277.8
2090400 o30 | 622 | 57051 250008 | 143185 | .3290 | <85 | 400012 | 5s326| £9hel i 994545 1,862 28345
4000400 | 15| 525 | 2.0 254008 | 1.3312 | 3194 ¢4d | 00010 | 5-B6B| 29446 1654173 1.893| 28843
Lio ot . M h S el i ; Wb
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGHED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXY:iEN
[Equivalence ratlo, R; oxidant-fuel ratio, 0/F.]

{d) Concluded. Combustion-chamber pressure, 600 pounds per square inch absolute;
equilibrium composition during isentropi: expansion

Static : i .. Viscos. Specific g
Pressure p : :ev'v:'pm Enthaly Molecular | kentropic s":‘:" ity, Fhermol Mach | impulse Area Thrust | Specific
ratio, [3 ey , weight, | exponent,|  Peot K, “"‘d“k"""Y' rumber |invacuum,|  ratio, Hicient, impulse,
B /P ©/rg ox o), ¢ e i . "y C
e/ (,:" 13 /e : m b <ol oK1 ;:f:s col/tsmc)i K tem i € P maseci/im
B = 42000, PERCENT FUEL = 3.054s O/F 31eT4 ]
l1e00 600.00 | 2381 105“-%‘ 2643231 142036 044697 806| 0+00045, 0«000 0+000
1e05 571,631 2362 1045.7 | 254328 142044 24663 802 200045 +285| 308.9 24174 e203
l1e20 50000 2309 | 102241 | 264340 142079 4572 790 « 00044 «554| 19640 14263 «390
le40 428571 22495 99546 | 264352 1s211b 4673 117 « 000462 0756 | 17447 1.063 e526
le&0 375.00 | 2198 97342 | 263611 142149 «4393 765 « 00041 «898 | 169.8 leglo s618
le78 336449 | 2157 95545 | 26367 142175 04332 756 «00040 ' 12000| 169.0Q° l1+000 683
2400 300+00| 2113 93740 | 26374 1 122202 <4272 146 «00039 . 1.099| 16946 lep09 «T44
“e Q0 15000 | 1850 8334 | 250396 : 122355 3982 b85 «00034 : 1599 | 182.6; le293| le020
10«00 60400 | 1554 715.9 26-505‘ 1.25¢1 ) 43743 605 «00028 . 2.150 lOl-]i 24182 led63
20400 30400 | 1348 64003 | 264406 ] 142632 3612 b46 200025 | 24562 Zl3ult 3e423] le397
40600 15400 | 1164 5T4eB | 264400 | 102741 03499 491 000022 | 24931 | 22249 Se493! lu503
4083 144701 1159 5T73,1 | 264406 | 142744 «3495 “89 00022 | 24943 22342 ] 54572 le506
100«00 6400 952 5021 | 260406 | 142895 «3352 421 «0001B | 34458 23344 10461 | lebl3:
200400 3.00 813 45641 | 260406 | 143022 «3243 371 400016 | 34876 | 239.8 17e162| Leb79:
400400 1450 690 417.0 ] 264406 | 143153 w3139 325 «00013 | 42320 | 24541 284237 | 1e733
1000400 260 551 3T4et | 260406 | 123331 «3012 269 s 00011 | 4e95%9 | 25047 544508 | le790
200000 «30 463 J48.0 | 260406 | 1e34bp «2927 232 200009 | 20492 | <5440 89893 | lebB24
4000.00 0151 386 32549 | 264406 | 12356k | 22866 | 197 400007 | 6+079| 25648 | 1674835 14853 2

ﬁ = 5.00Qy PERCENT FUEL = 2.458y O/F 2394683

100 60000 2072 B55.0 1 276317 | 142317 | 0e392¢ T42 1 0e@0Y36 | 2000 | 0000 00
1405 571e43 | 2053 864Te7 | 27319 | 122327 23906 738 «00036 2282 482.7 | 24190 w204 2502
le20 500400 | 2002 82840 | 274323 | 142355 23859 125 «00035 2548 179.1 le270 «393 LBeb
let0 428457 | 1944 80549 | 27226 | 142387 «3808 711 «00034 e 749! 15944 leg67 +530 6544
l.60 375400 | 1894 TB7e2 | 27329 | 142413 3767 699 «00033 «B90 | 154.8 leoll «622 T6e8 !
le80 333.54 | 1852 T71e3 | 274331 | 142436 23734 689 200732 | 14000 | 15440 l.000 2691 B5.3
2400 300.00 | 1813 75702 | 27332 | 142455 #3706 679 «00031 | 1e092| 15404 lapo? o747 9243
4¢00 150,00 | 1578 671e8 | 274337 | 142571 23559 617 «00028 | 14594 165.8 1e281 ] 14023 126s2
10«00 60400 | 1303 5T6.1 ] 27339 | 142710 «34lp . 539 «00023 | 2.152' 182.2 24163 | 1a262! 15548
20400 30400 | 1122 51541 | 274339 | 142815 #3309 L84 «00020 | 24551 192.6 34341 14393, 172a0
40400 15400 361 46247 | 274339 | 142929 «3209 32 «00018 | 2,948 201.2 54329 | 1la437 . ld%a7
4083 l4.70 956 46163 | 274339 | 142932 232006 %30 «Q0D01B | 24959 | 20144 94405| la&99 . 18541
10000 6400 17 4050 | 27339 | 143095 3076 367 «0DOL5 | 34488 | <10.3 104063 | 1le603 | 197.9
200400 3.00 658 3689 | 274339 | 143228 #2979 321 «00012 | 34919 | 215.8 164396 | lebb6| 0547 ¢
400400 1e30 554 33844 | 274339 | 143364 #2887 279 «00011 | 42380 | 42043 264787 le717| £1l2a0
100000 260 “38 30545 | 274339 | 143536 22782 229 «00008 | 54049 225.0 510327 1.771{ 41847
2000400 «30 365 2853 | 274339 | 143633 22728 195 «0000T | 5614 22748 834959 | 1a803 | 22246

4000400 015 | 303 | 268,6 | 274339 | 143697 | 42693 | 164 | 00006 | 5+236 . ¢30.1 | 1374411 1,830} 2259
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{e) Combustion-chamber pressure, 60 pounds per sgquare Iinch absolute,
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THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

[Equivalence ratio, R

LIQUID HYDRCGEN WITH LIQUID OXYGEN

; oxidant-fuel ratio, O/F.]

composition during 1sentroplc expansion

frozen

T Y T T
Static . " Viscos- Specific i 5
Pressure pressure, .I:'":f:e Entholpy, | Molecular | lsentropic ST‘"'C ity, Thermal Moach | impulse Area Thrust | Specific
ratio, P, 1 . , weight, | exponent, :c“‘ , conductivity, number |in vacuum, retio, ;tm“itieﬂ’ impulse,
F/P b o cal/ § P . 1 &
e/ {:'" X ; ‘4 mo oy cal/igloKs® :‘o':::: cal /isec Kl em M it/ € P Libusect/1bi
B = 00150» PERCENT FUEL = 4565, O/F = 14199 I — —
1.00 60400, 1183 | 531345 40416 | 13396 147753 314| 000073 | 0000 0+000 00
1.05 57«14 | 1168 | 528747 4e6lb | 1e3406| 1.7710 311 200073 «271| 53040 24250 <210 4Teli
1.20 5000 1129 | 521845 40916 | 143436 | 1.7597 303 «00070 5271 334,2 16297 «403 908!
1e40 42.86 ! 1085 | 5141,8 Ladl6 | 13469 | 1a7472 293 « 00068 a722) 296.1 l.081 543 | 12242
1.60 37450 | 1049 | 50777 He416 | 1e3497 | 147369 285 « 00066 +B&O| 28646 le0ln «636| 143.2
1.87 32.17 | 1008 | 50068 betsl6 | 143528 | 147257 276 200063 | 14000 28B4l le000 2a725| 163.4
2400 30400 989 | 497544 4e016 | le3540 | 1e7210 272 200062 | 1e059| 2844 le003 n761| 171s5
4«00 15.00 824 | 4693.4 4ets16 | le365] | 1eb6825 234 +00052 ) 1e566| 30167 le233| la03l; €32.2
4408 1470 819 | 4685,.8 4e416 | Le36D4 | 146815 432 200052 14579 30443 Le244| 1a0Q38 233.7
1Ce00 600 643 | 4392.5 Geb4l6 | Le3748 | 146505 isd .OOOkZE 20152 32745 1e976| 1la2b7 ‘dS-li
20400 3400 532 | 4209.8 4at16 | 143799 | 16344 159 200035 2.586| 343,5 2.982| 14376 309.9!
40400 1650 | 639 | 405849 | 4e6416 | la3B24 | 146268 | 133| ,00025 3+031) 356.4 44620| 14467, 33004
100.00 «60 340 | 3899.0 4o4l6 | 143B82 | leb093 104 +Q0023 | 34648 369.8 B4432| 14558 35048
200400 «30 280 | 3802.6 4a416 | 143926 | le5961 85 +00018 | 4ela9| 37747 13,431 | leblQ| 36246
400.00 «15 230 | 3723.2 4e4l6 | 144068 | la5562 70 000015 | 94675 38441 214488 | leb52! 37249
1000400 «06 175 | 364041 4e&lb | 1eb349 1.45“7f 55 «00011| 50438 | 3906 39928 | le6%4| 3Bles
2000400 »03 142 | 3590.9 4e416 | 100550 | lea389: 45 «00009 | 6096 | 39443 632572 16719 | 38Te2
400000 202 114 | 355142 Geull | 124705 | 1augbs ! 36 «00007 | 6e845| 39743 | 100938 | 1e739| 39106
R = Ds200» PERCENT FUEL = 38465 O/F 3 1587
: - S g e e e g e e
1.00 60400 1514 | 29697 54216 | 123079 1-6133l 402 | 0e00084 0'000{ | 04000 0«0
1.05 5Talt | 1497 | 2941e7 54216 | 143090 1-61#0: 399 «00083 w274 55241 20233i «209 493
le20 5000 | 1450 | 286648 5216 | 143120 | le6022; 389 «00081 533 348.6 14289, 400 4.6
140 42,86 | 1398 | 2783,2 54216 | 143155 1'5867i 3718 «00078 « 730! 309%9.3 12077 539 | 12744
le60 3750 | 1354 | 271342 54216 | 143185 | 1,5772: 369 «00076 «B69 | 299,6 1e0l6 ! o632 | l49a4
1.85 32,49 | 1307 | 264045 52216 | 143217 | 145651, 359 «00073 | 12000 | 2973 le000 o716 | 16942
200 30,00 | 1282 | 260142 52216 | 143236 | 145584, 353 «00072 | 1.068 | 29748 La0Q%; #757| 179.1
4400 1500 | 1079 | 229040 50216 | 123391 1.5045? 307 «0D061 | 14572 31647 le244: 1a029| 243.2
4408 14270 | 1073 | 228146 50216 | 143595 | 125031 306 «Q0061 | 12985 | 317e4 le256 1laQ35| 24447
10400 6e00 852 | 195443 52216 | 143559} 1.4516 451 2 Q0048 | 20148 | 344,.7 24009, 1e25T7| 29742
20400 3400 709 | 174840 54216 1-3656‘ le.4232 413 «00040 | 20573 | 36240, 34049 14379 | 32549
40400 1+50 588 | 1578.0 50216 | 143715 | let066 179 «00034 | 3010 | 3T6e0 4739 | le472| 348ego
i
100400 «60 458 | 139644 50216 | 143771 143913 lag «00026 | 3619 | 39045 Be679| 14565 | 3700
200400 30 379 | 128642 52216 | 143811 ; le3807 117 200022 | 4e1ll| 3991 13.870 | lably | 382.7
400400 15 312 | 1195.2 50216 | 143861} 143677 96 «00018 | 44638 | 406el 224295 | lebb2 | 39249
1000400 006 262 1 10997 50216 | 143973 | 143400 74 200013 | 54396 | 41344 414978 | 12706 | 40345
200000 «03 198 [ 1041.2 50216 | let156 | 142977 61 «00011 | 64016 | 41746 674687 | la733] 40%s6
4000« 00 «02 161 99440, 54216 { 14350 | 142568 50 «00009 | 66704 | 92lel | 1084753 | le754 | 4l4s6
R = 04250» PERCENT FUEL = 33451, G/F = 14984
T - . ey -}
1«00 60+00 i 1816 | 1249.3 60015 | 142835 | 144954 48l | 0600092 0+000 Qe 000 | 000}
l.05 57414 | 1797 | 122062 62015 | 142845} 144916 477 «00091 i 276 56344 20219 «207: 503
! ;
le20 5000 | 1744 | 1142,1 6,015 | 142871 | let812 467 «Q00B8 | #5308 | 356,1 le.283 -398; 966
let0 42486 | 1685 | 1054.8 62015 | 142901 | la8692 456 +00086 «736 | 31642 le073 «536; 13041
leb0 37.50 | 1635 981l.6 64015 | 162927 | let590 446 «00083 o875 | 30646 leQl5 26291 15226
1.83 32.78 | 1586 91040 60015 | 142955 | Ledtbé 436 «00081 | 16000 | 30445 ls000 07081 1718
200 30400 | 1554 864,41 62015 | 142973 | lebé4ls 429 «00080 | 1e076| 30541 14005 a754: 18341
4200 15,00 | 1322 53544 60015 | 143126 | 1o3872 378 «00068 | 1576 | 32544 1e256 | 12027, 249.2
4a08 14,70 | 1315 52645 64015 | 143130 | 143857 376 200068 | 1592 | 32641 14267 | 1a033 ) 25048
10.00 6400 | 1057 17647 64015 | 13330 | 143224 314 +00054 | 24147 | 35542 2.048 | 1.258,; 305.5
20s00 3.00 BB6 | 995447 64015 | Le3461 | 142847 269 «000%6 | 24563 | 373.6 34127 | 14382 335.6
40s00 le50 T40 | 9768,.9 64015 | 143569 | 12558 228 200038 | 2987 | 388.5 “e8B3 | le478 ] 35849
H
10000 *60 580 | 957040 64015 | Le3664 | 142320 181 «00030 | 3281 | 4041 BaSB4 | 1a575 332'3;
200400 «30 481 | 9448.9 6015 | 13717 | 142191 151 200025 | 4e064 | 4133 164396 | 14630, 39548 .
40000 15 399 | 934844 6.015 | 143755 ] 1e2100 124 « 00020 i 4e582 | 4208 234204 | La6T5; 40667
100000 06 310 | 924147 6e015 | La3821 | lel948 95 -00015% 5e328 | 42846 434886 | la724; 9lBeg
2000400 «03 256 | 9177.2 6.015 | 13886 | 101805 78 +00012 | 5945 | 43343 Tle266| 1a749 42448
4000400 .02 210 | 912440 $e015 | le4039 | le14B2 b4 0000103 6+607 | 4370 | 1154624 | 1771 4300
R = 04300» PSRCENT FUEL = 29457, O/F = 2.381
1.00 60400 | 2089 | 9932.7 60812 | 142649 | 143928 550 { 000097 | 0+000 0+ 000 00
1.05 5Telé | 2068 | 9903.2 6eBLl2 | 142657 | 143898 546 « 00096 «278 | 568.1 242086 02061 507
1.20 50«00 | 2011 | 9823.7 64812 | 142678 | 143811 536 +00094 «541| 3594 le278 0396 974
l.40 42486 | 1946 | 9734,8 6812 | 142704 | le3707 524 «00091 eT4l| 3194 le071 «533° 1313
1.60 37«50 | 1891 | S66C.0 6e812 | 142727 | 143616 514 «00089 +881 | 309.9: le0l3 2626 15440
1s82 33401 | 1840 | 35905 6e8Ll2 | 142750 | la3b27 504 «00)87 | 1e000 | 2079 14000 2701 174e6
2,00 30.00 | 1803 | 9539.8 6aBl2 | 142767 | 143460 497 «00085 | leQ82Z | 30Ba6 1.006 e152 1B4.9 !
4400 15400 | 1547 | 920147 6eB12 | 102901 | le2972 LTY] 200074 | le285| 33041 Ledbb | leQdd 25402
4,08 14470 | 1540 | 919245 64812 | 142906 | la2958 444 «00073 | le598 33048 14278 | leQ34 £5348°
1000 6400 | 1252 | 882847 60812 | 143101 | le2326 374 200060 | 24148 | 36142 24084 | la260 310e0
20400 3400 [ 1059 | 859544 6e8Ll2 | 143204 | leléB2 324 «00050 | 24555 | 38045 3,204 | le386 34141
40.00 le50 B9l | 8398,6 64812 | 143389 | 141525 277 «00042 | 24969, 39643 5.032| 1985 365.4
100400 «60 706 | 818643 6eB1l2 | 143535} 141170 224 «00033 | 3545 | 41247 92315 | 1la584; 389.8
20000 «30 587 | 805641 6e812 | 143607 | 141005 186 «00027 | be0l5 | 42245 164975 | 12662 00&e]
400s00 15 4871 7947.8 64812 | 143669 | 140868 159 «00023 | 4e519 43045 264203 | 14689 . 41546
100Cs00 «06 381} 7832.4 64812 | 143727 ) luQl45 119 +Q0017 | 5e249 | 430.8 454935 1-73&; 42745
2000+ 00 «03 315 7762.2 6e81l2 | 143777 | legb40 97 «Q0019 | 5855 | 443.8 744800 1-7661 “3%e6
LﬁOOU-OO «02 260 770442 6eBl2 | 143853 lepu29 79 «DO01IL | 6e313 | 447.9 | 121990 12790 | 44004
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TABLE II. -~ Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATICS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID (XYGEN
{Equivalence ratio, R; oxldant-fuel ratlo, O/F.]

(e) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute;
frozen composition during isentroplc expansion

— T T T T T T
Static - " Viscos. ! Specific ”
Pressure  pressure, | I",“'fa Enthalpy, | Molecular | lsentropic 5‘;;:"‘ ity | Thermal i Mach | impulse | Areo Theust | Specific
catio, : Le OYU ' h, weight, | exponent, pi . u, |eon ‘;‘"""Y'i number |invacuum,|  ratio, “C 'mpi-'lu.
R/P o ».
</ “’(‘: AT B o Y col/ 19K ::f:‘ <ol / il Kstami M it/ € F e/t
R = 0e350» PERCENT FUEL = 2647y O/F = 24778
I e e - 4 S
1.00 6000 | 2329 BHEIZ.B 7+597 | 1e2510| 1e3038 08| 0:00099| 0+000 0000 00
1405 STele | 2307 BB6342| 7.597| 142516 | 1+3011| 604| -00098| +280| 56841 24199| 205| 50.7
1.20| 50400 | 2265 | BTB347| 7.597| 1.2534 | 1.2936| 594| .00096| +544| 359.7 1e274] 394 9744
1owD | 42486 | 21761 869446 | 74597 | 1.2556 | 12649 | 58Z| .00094 | +T745| 319,9 14069| 4532| 131.3
1,60  37.50 | 2118 861946 | 74557 1.2575| 1,2774| 572| .00092| +886| 31045 1e012| w624 15442
1.81 33,18 | 2065 | B552.7| 7.597| 1.2593%| 1,2705| 9563| .00090| 1+000| 306.6 1.000| <696 172.0
2.00 30400 | 2023 | B49BeB | Te597| 142608 | 1e2646| 555| 1000868 | 1,087 30945 1.006| =750 1852
4e00 15400 | 1748 | B15Te4 | 74597 | 142726 le2211| 501| +00078| 14590 33le6 10273] leg24| 25349
4.08 14,70 | 1741 8l4841 | 74597 | 142730 | 142198 | 499| .00077| Le603| 33244 14286 | la030| 25446
10.00 ! 6000 | 1630 777746 74597 | 1e¢906 | lel6l6| 429 .00064| £el50| 36347 20114 1e261| 31leS
20400 ! 3400 1219 7537.8 | 7.597| 143027 | 141171 | 376 .00054| <e551| 383.4 3.272| 1e390| 343e4
“CaCO ¢ 1.50 | 1033 . 7334,0| 7.597| 143209 1.0765| 325| 00046 | 2+955| %0042 5170 le491| 36843
I
100400 | 260 | 823 711243 | 7.597| 1433031 1,0347| <263 .00036 3¢515| 41744 9¢636| 14593| 393.6
200.00 ! 230 | 6B9 1 6975,5| 7,597 | 1,3490 1 140110 | 221| -00030| 3¢970| 42747 154552 14653 | 4p8e4
400400 #15| 5795 6B61el | 74597 | 1435081 9946 | 185| .00026| 4461 | 436401 25.218 1,702 42045
1000400 | o056 | 451 673846 | 74597 | 1.3665° ,3790| 145| 00019 | 5.172| 444.8  4B.0l3 1,753, 432.9
2000.00 | 203 | 375 666440 | 7.597| 1.36%6 . L9692 | 114 00015 | 54763 45041 78,373 1,783 44ges
400000 660240 | 74597 | 143746 49598 96 00012 | 64407 4544t 128.116‘ 14807 64645
R = 04600y PERCENT FUEL = 23495y O/F = 34175
100 60s00 2531 8050¢5| 84363 | 142006 1e2259| 656 0-00100 | 04000 04000 0e0
1.05 57424 ; 2508  8021e3 | 64363 | lectl0 | 142237 653! .00099 | +28l) S64s6 2¢193| 4205  50e4
1.20 50000 : 2443 794248 | 80363 | 1420625 1e2174 | 642| .00097| +547, 357.7 1.271} «393 ' 9.8
let 42086 2371 T1BS5L.5 Be3d63 | Lel2444 | 142099 621 200095 nl4p ' 31843 1-067‘ ©530 130e6
1460 37450 0 2309 77804 | 84363 | le266l ! 142033 | 620| +00093| +889] 309.0 1a0l2! o623 15343
1480 33431 2256 771642 | 84363 | 142476 141972 6111 .00091 | 1.000! 30743 Le000| ¢693° 17046
2.00 30000 2209 766046 | Ba363 | 142690 | 141919 | 603! -00090 | 1.091! 308.2 14007| o748 184s2
4400 15,00 1920 7321aC | 84363 1425911 141547 549 .00080 | 1.594! 33047 14280| 1e023| 25149
4408 14,70 19120 731147 | 84363 | 1.2594 | lel536 548 00079 1.507‘ 33145 14292 14030! 25345
i H i
10400 6400 1583 694046 | B4363 5 142752 | 141009 | 476 .00067 | 2+151| 36344 2,138 x.zezi 310.8
20400 3,00 1359 | 669847 | 8.363 | 1.2894 | 105685 421° 00057 | 2.548| 383.9 3,327 14393 343.9
40400 1650 | 1159 | 649147 | 84363 143046 | 1apl78° 368 .00048 ' 2.945| 4008 5,287 14496 30843 |
i
i |
100400 060 931‘ 626448 8,363 143239 | 49712! 301| 00038 | 3.4920 4l8.6 94918 labpl 394e2
200400 +30 | 784 | 612349 8.363 ° 1,3366 | ,9436 ' ¢55| 00032 | 349341 42942 164077, 1663 4096
400000 e15 657 | 600545 843637 123467 | .9230| 214| 00026 4e41l! 437,90 2641571 1.713' 42l.8
i .
1000400 «06 5151 587841 ' 84363 0 1,3573 9026 168 00020 | 5¢102 4474l | 494977| lo766 43448’
2000400 ! <03 %31 ! 58003 ° 8¢363  1.3627 | o892B| 139 00016 | 5,680 #5246 | Blo743| 1.797° 44les
4000.40C | <02 358 | 3735.5 84363 l.3b00 | 8833 113 00013 | 64309 457.1 ] 133,896 1.823 ] 448.8
R = 0,050y PERCENT FUEL = 2187, O/F = 34571
b e [ - R A b — o _
l.00 60400+ 2696 ! 735445 9a102 | 142326 141570 696 ! 0:00099 | 0«000 0+ 000 0«0
1,05 57e14 | 2671 732549 | 94102 | 142331 ! 141550 | 692 .00099 | +282| 55846 24188 | <204 49.9
1620 50000 | 2604 | 7249.0 | 92102 | 142364 | 141496 | 6821 .00097 | 548 354.0 14269 | +392| 95.8
1440 42,86 | 2529 7162,6 | 9.102 | 142360 | Lo1434 6701 .00095 | 4750 31541 14066 | o529 1292
1e60 . 37450 2665 708948 \ 92102 | 142375 | 141377 ] 660 -00093 | «891| 30641 1e011] o622 1518
1080 0 33.41 1 2411 7028441 9.102 [ 1.2388 | le13261 651  .00092 | 1+000| 304.4 16000 | 690 | 1666
2.00 30400 | 2362 697242 1 9,102 | 142401 | 141278 | 543 .00090 | 1.093  305.4 14008 | 747 18244
4400 15.00 | 2061 663840 | 94102 | 1e24%0 | 1a0950 ' 589 00081 | 1.597| 328.1 10284 14023 | 24947
4408 14s70 2053 | 662848 | 94102 | 1e2493 | 120940 587 Q0080 - 14610 ' 32849 15297 14029 ! 25143
lo.0C | 6.00 1710 6261.7 . 9,102 | 142637 | Leg46é 516 | .00068 & 24153 3610 2.157| 14263 30844
20400 3,00 | 1676 1 602140 | 92102 142766 | 140076 | 460 | .00059 | 24547 381.8 3¢370 1+395 | 34046
40400 | 1650 | 1266 5813¢8 ° 94102 | 142911 | 49682 | 405! 00050 2.938 399.0 50380 | le500 | 36601
i I ;
100400 | W60 | 1026 558544 94102 | 143112 | 49199 | 336 | 00040 | 34474 41741 | 104156 la6p7 | 39243
200400 ! 030 | B66 | 544247 92,102 | 143250 | 8901 | 285| .00033 1 3.906 42840 | 164525 | l.670| 407.9
500400 ! W15 | 729 532242 7 94102 ' 143373 | 48657 | <4Ll| 00027 4s370 43740 | 264977 | 1e722| 420e5
1000.00 ! .06 577‘ 519241 9.102 | 143495 | 8430 | 1€0| 0002L | 5¢045| %kbed | 514722 | L4777 | 43348
2000+00 o03 | 481 | 511243 94102 143569 | .8300| 198 .oooxv‘ 50609 | 45240 | 844764 14809 | 44le7
4000+00 $02 401 | 504547 ¥.102 Ledbed | 8207 | 129| .000l4 | o.zzﬁJ 45647 | 139,079 1e836 | 4482 ;
R = 0e500s PERCENT FUEL = 20e12» O/F = 3.968
i . - - . . T S
; 1400 | 60400 2828 676946 | 9sB1l ! 142265 1409671 728 0-00098 | 0000 | T 0000 00
1605 | 57.16 . 2802 674148 | ve811| 12270 1.0949 | 724 | .00098 ; +283. 551.1 241864 o204 | 49.2
1420 50400 1 2736 b666.9! 9eBll | 142283 11,0899 714! 00096 4550 349.4 1.268| 392 9445
1a40 w2.86 | 2657 ' 656246 1 ve811 | 122298 | 1,0841° 70¢° 100094 <751 31lsl!  1,065| 528| 12745
le60 37450 2591 6511.8 ! 9.81l | 1,2311 | 1.0791 ) 692 .00092 <893 302.2 le0ll| <6211 349.8
1479 33449 | 2596 0 645341 ° 9a811 i 142342 | 140769 684 .00091 ' le000 30046 1.000| 688 166a0
2400 30400 ! zaa«‘ ©39742 . 9eBLL ' 142333 | leg706| 675, .00089 14096 30le6 Le008 | o746 180s0
4400 15000 | 2175 607045, $+811: 1o2415 | legall | 6221 .00080; 1+399 326u4 Lle2BB | 1ep221 24626
4408 164701 2166 | 6061.5 . 94BLl1 | 142418 | 10402 ! 620 +00080: lebls 32bal 1e301 ! 1s029 ! 2a8.2
10400 6400 | 18131 570102 94811  1s2568 | 99761 549 | .0006% | Ze153 357.3 2e172] 1e26% 304.9
2000 " 3000 | 1571 | 5463,9 | 9uBll | 1.2667 | 49619 | 69¢| .00060 | Zed4b 378.1 3.404 12397 33741
40400 1e50 | 1354 5255.9‘ 9eBLL  1a2806 | «9245| 436| 00051 | 24933, 3955 2,054 14503 36246
i i '
100400 460 0 1102 | 503146 | 98111 143063 | «8769 | 363 | .0004Ll | 34611 413,68 | 100345| 1.612] 388.9
200400 e300 936 | @8BE.B | 9.BLL| 143150 | 48455 | 312| 400034 | 34885| 424.9 | 16,895| 1677 4pke>
400400 15 790 | 4767.9 9.511‘ 143283 | oB194 | 266 | .00028 | 44339 34,0 274668 | 1.730| 41743
1060+00 06 628 | 463648 | 94811 | 142426 0 L7938 | 209 | .00022 | 4999 | 483,60 53,222 1.785| 430.8
2¢00.00 €03 525 | 455641 | Ye8l1 | 143506 . JT790| 173 | .00018 | 5550 | #69,4 | 67,397 12819 | 438.9
400000 002 438 | 44BBeb | 9eBL1 | 1435791 L7685 | 143 | (000L5 | 6el5&| 454.2 | 143,606 14846 4455
. JESOU— _ . B R O S SR




TABLE II.

Continued.

LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equivalence ratlo, R; oxldant-fuel ratio, O/F.]

(e) Continued. Combustlion-chamber pressure, 60 pounds per square Inch absolute;
frozen composition during lsentropic expansion
‘ SO | Temp. | e Viseoss] Spedfic ’ T
Pressure | pressure, |y onrs Enthalpy. | Molecolar | lsentropic | Specific ‘ ity, ™ol | Mach | impulse | Area Thrust | Specific
i ratio, P. 1 T 1 h, weight, | exponent, :ui, M, conductivity,| | ber lin vacoum,|  ratio,  |coefficient; impuke,
B /P W/ 1gin : ol / | 3 i . M T
</ ﬁ: K ‘ oo m Y mumum" p":“: <ol /ivec 1K 2icm) uhn:wv/b € € bt /by
|
R = 0a600s PERCENT FUEL = 17435, O/F = 447862
I T e U il o T bl
‘ 1.00 60000 30151 5841461 11416427 142182 | 049956  777| 0400095 0e000 : 0000 00
| l.05 57,16 29891 5B1545 | 1lalé42 142186 « 9942 173 + 00094 +284 534,] 24179 203 4747
, l.20 5000 ! 2915! 57451 | 1lalb2 i 1a2197 29901 763 «00093 #5510 33848 1.206% «391 Flet
le40 424861 2838 566640 11al42! 1e2210 «3853 151 + 00091 s 754 30l.8 l.004% «527! 12346
1e60 ! 37450 2770 559942 | llels2| 142222 «9810 T4l < 00089 +896 | 29342 ls010 #6200} 14542
1.79 33459 27157 554546 | 1lel42 | 162232 97174 733 «00088 | 1.000| 291.8 l.000 «685] 1605
2400 30600 0 2660 549142 | 11e142 | 1a2242 «31737 724 «D0087 | 14099 | 29248 l.008 a745) 17446
4400 1500 2339 5182.6 | 11,142 1,2312 +3498 671 « 00079 1.602i 31543 1,293 | leg22| 239%9.5
4408 16670 - 2330 5176441 | 1L1e142] 142310 49491 669 200178 1-615; 316.0 14307] 14028 24lag
i :
! 10.00 6400 : 1963 6831a8 | 1lel42 | la26c6 «91361 598 00068 | 2.155| 347,81 24192 14265] 29644
: 20400 3600 : 1710 4605490 | L1al42 | 162534 <8826 - 56l 400060 | 24543 | 36845 34452 14399 32B.p
40400 leb50 1 l“ujl 440749 | Llalid | la2026 849y 4EY «D0052 | 24927 385.8 1 24559 | 1a507; 35342
|
100400 601 1217, 418747 | 11142 | lecous 40575 w09 «00042 | 3ebbh| 404421 104621 leblB| 379.4
200400 0300 1041} 406844 | 110142 | 142995 | 47739 3561 400035 | 3.8561 41545 17,4644 1,685 395.9
400400 .15 sua‘ 392%46 | 11142 1e3139 «7464 1 303 «00029 | 44295 424.7 284712 14740 | 4079
11000-00 «06 ' 707! 380040 | liela2 | 143311 «71701 4l 400023 | b4ed31. 34,5 554548 | 1a798| 42145
200000 «03 994 | 371927 | 11e142 | la3ulis 27007 202 #0001Y | 5.565] 44004 914527 14833 | 42%.7
400000 $02 497 365244 | 11e142 | 143504 w6874 168 «00015 | 6048 445,31 1504804 1.862| 43644
| R = 04700s PERCENT FUEL = 15425, O/F = 54556
1.00 60«00 | 3128 | 513843 | 124360 | 122132 549147 811 0.00090| 0+000 1 0.000 Q0
1+05 57al% | 3101 | 51139 | 124360 | 12146 29135 807 «000Y0 284 | 51646 2el76 203 4601
1s20 5000 | 3029 | 504841 | 124360 | 122146 +9101 797 « 00089 #552| 327.7 le264 «3290 B8eo
1s40 42486 | 2967 | 497440 | 12360 | 142157 +9060 785 200087 #7558 | 29240 lepB3 2527 | 119«6
lat60D 3750 | 2878 | 4Y11e5 | 1<e360 | 1alloB « 9024 11y « 00085 L8998 | £B3.8 1010 +619 | l4Q0e5
1e78 33060 | 2823 | 4B61e9 | 1le300 | 12117 +B993 766 w000B% | 10000 | ZBle4 1a0p0 ! 683 | 1l5%.1
2+00 30000 | 2765 | 4810s3 | 12360 | 1217 »8960 758 +000B3 | le100| 2B3+4 lago9! o746 16849
4200 1500 | 2439 | 45206 | 124360 | 122249 #8755 704 i\ 00076 | 1604 | 30544 14296 1a02l| 2318 !
4o Qb - Leo 70 | 2429 | 451246 | 126360 | 142251 »B8749 To¢e «00076 | 14617 | 30642 14310 lep28| 233431
10s00 " 6400 | 2055 | 419043 | 126360 | 142353 +B44Q 631 400066 | 2.156| 337,2 2.20&: le265 287-2‘
20.00 3.00| 1797 | 3975,9 | 124360 | 142451 «B168 5741 .00058 | 24542 | 357.5 344811 1le4pl| 31840
40400 1a50 | 1564 | 378B8.9 | 124360 | 1.2564 27879 517 «00051 | 2.923| 37446 54624 14509 | 342.7
100.00 #60 | 1291 | 357941 | 124360 | 142741 o T4T3 440 200042 | 30434 392,8 104796 1,623 | 36843
20000 #30 | 1108 | 3645.6 | 124360 | 142890 «7171 384 200035 | 34839 | 404.0 17797 1,691 | 383.8
{ 400,00 el5 Ya4b | 3331ek | 144360 | 103240 V6897 331 00029 | 4+269| 4l3e¢ 294399 1,747 | 3965
| 100000 .06 760 | 320661 | 124360 | 123224 | 46595 2667 «00N23 | &.890 | 423e0 574120 14806 | 410+0
‘2000-00 203 640 | 312842 | 144360 | 1e334l | +6420 23 200019 | Se4lp| 42849 944365 1eB82| 41842
4000400 02 537 | 306248 | 124360 | 1o3441 ' 6280 186 +00015 | 5979 | 43348 | 1554825 1.872| 42540
R = 0.800s PERCENT FUEL = 13460 Q/F =2 6a345
—- - . .- \ . [ - -
1.00 60000 3188 | 458649 134670 | 142103 | 048490 | 835 | 0.00086 0.000} 0+ 000 0.0
: 140> 5714 | 3161 | 456440 130470 | 142106 ! L8480 | 831 200086 +285: 499,86 24174 2203 | 4bes
le20 50400 | 3088 | 650245 1326470 | 12115 28451 421 200084 «553 . 317.0 l.263 «390 8547
. le#0 ! 42.86 | 3006 h433.2; 13,470 | 1e2126 " 48415 89 +00Q083 + 756 | ¢B245 l.063 «526| 11546
i lebQ | 37450 | 2936 1 437647 | 13,470 | 142136 «83b2 758 «Q0082 0899 | 27446 l.0lo «618 | 135.9
! le78 | 33e69 | 2881 : 432847 - 13070 | 1allud «8356 190 «Q0081 i 14000 ! 27343 1,000 +682 | 1499
| 2400 | 306400 | 2823 D 027949 0 132470 | o214 48326 181 «00079 " lelgl 27443 l.009 « 744 | 16344
| 4400 ‘ 1500 | 2493 | 40004 . 134470 | 12214 e8l43 127 +00073 1e605 29547 14298 | leg2l| 22444
! 4a0d 14470 i éud4 400049 | 130070 | ledein «8137 125 200072 - lebll  £96e4 12312 1la028| 22543
10«00 6000 - 2106 36YBal | 13470 | ladsli s 7060 654 00063 | 24156, 32647 24212 le266 | 2784}
2000 3400 : 1845 349644 | 134470 | lelapd 76147 597 «Q00%6 | 245821 34645 34499 | le40d | 308eQ
4U.00 1450 : 1609 ! 331949 | 13470 leéb09 «7235 539 «000%0 | 2921 " 363.1 Sebba | lebll| 33240
100«00 60 1313; 312145 | 13,470 ‘1.<uuo «6980 46¢ v Q0041 | 34429 38140 10902 | 1la625| 3571
200400 «30 | 1148 . 2994.8 1).«70‘ Ledlzd i <6699 w03 «00035 | 3.829 " 39240 184014 | 14694 | 37242
400400 ! elb | 982 28864l | 13670 ! 1429751 <6634 | 350 | 400029 | 4e25¢  40lel | 29.828| la751| 38447
1000400 ﬂ «06 T92 - 276646 | 13,870 11.310“% <6138 284 «00023 | 44865 41048 58.120| le81l1! 39840
2000400 ¢ «03 669 269240 1366470 | 1e3290 1 <5960 239 «00D1S | 56377 41646 96197 | 1aB48 | 40601
4000400 ° 002 562 262942 | 134470  le3397 % 45819 400 00015 | 9937 42145 ! 159,100 | LaB78! 41247
- —_— _— - - - L - e - . .
R = 0e900s PERCENT FUEL = 12428y  O/F = 74143
ls.00 60400 3213 | 41429 | 14+479 | 1a2086 | Qe7%51 852 1 0eQ0082 | 0000 ! P 0e000 Q0
la0> STelés 3186 | 41215 | 140479 | 142089 PRETY Bap 200082 «2B9 | 4838 24173 203 43e2
! 20 2000 3113 | 40638 | 14ea79 | lelpvl 7915 B3 Q0001 «253 | 2070 ledb3 ' 4390 83.p
1240 4dedb 3031 | 3998.B | 144479 | leclob 7883 BZY 1 «00Q07Y «157| 7326 lepé3 #3526 | illen
ls60 3750 | ¢90L1 | 3943,9 ; 144679 | ladlil 7855 81> <0007 W99 | L65W0 leglo 2618 | 131.06
lel8 ¢ 33472 ¢ 2907 | 3901l ' 144879 | lallce « 1829 806, «Q0077 | 1sCO0| 26487 l.000 2681 | l645e1
200 30«00 | 2840 3856, . luen?y lacish 7802 797 «00076 | Lal0l| €657 le00Q9 764 | 158.3
4400 15400 | 2518 | 36000 14et79 | 1ad192 «T030 Tac! 400069 | 1606 | 8645 164299 : le021 | 21744
4s08 14070 1 2508 | 359449 . i4esT9 | Ladivb 7629 T4l | 00069 | 1e6l9| 28742 14313, 1.028| 21848 |
10.00 6400 i 21¢9 | 330Bat  suat]9 | lediul «7374 669 | «000DGL | 20156 | 31647 24216 la2661 269.5
2000 3eQ0 ' ldbo  3llbet  iwen 79 | Ledofw oTivs olli  «QQOb% | ¢adi4l| 33b.Y 345091 1le40d | 29846
40+0Q0 Beo0 1632 | ¢YSzec  lues i | tecslo 6710 953} «QCO4B | £a919 | 35l4c 54680 la512 ., 3219
|
| |
100s00 60 1304 | 27644 Lluet Y | Lagndo 6962 476 «00)3Y [ 32425| 36946 104564 1.ozci 346.3
£C0.00 230 11bo | d64De1  duenly | Lezios CTal] “l8 s (0003% : 3eBlb | 3B0s3 18el4p| leb%6 | 36lep
40000 »15 0 1001 29ucal Luedfy | Larvit -EET] scﬁ‘ 200028 - “alb5 ! 389.2 304060 | 1753 37342
1000.00 06 B0Y | £6lBel  laeuly | Ladirp ehibe b 200024<d 4851 | 398.7 SB.T719 | lebl4 | 38642
| 2000400 «03 6b& | £35T,8 leeulY | lasddo «22080 3 «Q00L18  5e3b7| 40445 $74311| 14851 39441
| 4000400 02 575 | 229sl - lasuly | Lled3ol | ebuus <10 «000QL5> 5e¥12| 4092 | 161ell4| 12882 4007
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TABLE II. - Continued. THEORETICAL ROCKET PERFCRMANCE AT ASSI(NED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OX!GEN
{Equivalence ratio, R; oxldant-fuel ratio, O/F.}

(e) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute;
frozen composition during lsentropiceexpansion

-4 R - JHE S S N S R S

Static . : L. | Viscos- . !
Pressure pressure, '::"""‘:. Enthalpy, : Moleculor | Isentropic m"‘ ity, Thermat Mach Area Thrust | Specific
catio, 3 bt h, | weight, | exponent, e t i, "’"d‘;‘"""l'- number ratio,  [coetficient 'mpi"*,
B /P ®/rgin o wlfe 2 mi . M . <
e/ ﬁ: . K Pom ) :Y V:df{(qu“(\' I p;;'; cal /(s HOK: cm| i/ € P e /i
R = 14000» PERCENT FUEL = 1119, O-F = 7.937 i
) . _
7 i
le00 60007 3217} 37779 | 15399 | 142077 De7502 B&4} 0e000 9| 04000 0= 000 00"
le03 5Teld | 3190 375767 154399} 142080 aT496 860 «000 -8 2285 46944 24173 «203 41e9
1«20 50«00 | 31i8 | 37034 | 156399 | 102088 7670 8u9 000 7 0954 297.9 le262 *390 BOe5
. Lle4Q 42486 | 3036 | 3642.1 15399 | 142099 w7839 837 «000 & 2757} 46545 1.063 0526 | 108471
1.60 3750 2966 | 359004 | 194399 | le2l08 wT4ll 826 +000: > B899 <D¥.1 1.010 oblé| 12747
1.78 33473 2912 355042 | 154395 | 1a211i6 7389 ol «00074 | 14000] 25649 1.000 «6BL| l4Qe7,
2000 3000 ( 2853 | 35067 | 15399 | lacidd 27364 408 «00073 | lelQ2] 257.9 1.009 e743| 153486
4e00 15,00 | 2523 | 326645 | 154399 | le2181 #7207 753 200006 | 1606 27841 14300 le02l| C10.9%
4.08 14470 2514 | 32598 | 154399 | 142183 «7202 751 200006 | 1e619] 27848 14313 1e027| 21243
10.00 6400} 2135 2991¢6 ) 154399 | 142274 26365 678 +00058 | 24156| 307.4 20218 le266] 26146
20+00 3.00| 1875 281244 | 15.399 | 142360 26759 621 20002 | 20541 326.2 3,515 | le403| 289.8
40400 1450} 1638 | 265945 | 152399 | le2462 «6532 56¢ «0006 | 24919 34149 5,698 | 14512| 31245
100.00 w60 | 1361 ] 2476845 | 192399 | 1e2062D 20207 485 +00038 | 3e424] 35%.0 10e997| 1e627| 33642,
200600 230 1172 236543 | 15,399 | le2704 »H%60 427 +00032 | 34821 36%.4 1Ba208| 1leb97| 35046
400.00 alB | 1008 | 2¢6Tel | 152399 | 142912 sbil22; 31¢ «000:- 7| 4e24l; 37841 304218 | le7546 ]| 36245
1000.00 «0b , Bl5} 21603 | 15.399 | la3l03 .53“93 3p0% o000 1| 4eBas; 38Te4 ! 59,055 le8l6| 37b.2
2000+ 00 «03; 690, 209341 | 15,399 | 1le3235 «52bO [ 258 2000 81 56347 39340, 97.944: le853] 382.9
400000 =02 ] 5Bl 203643 | 15399 | Le3348 «Slhb i 217 2000 51 S.8v8 397.71 16£.£7§l le884: 3893
R = 145009 PERCENT FUEL = 72749y O F x11.905

1.00 60s00 | 3116 | 2626e1 | 18987 | 142082 | 046073 8891 0+000 6| 0000 0=000 [eTY]
l.05 5T7alé | 3090 | 261042 | 184987 | 142085 + 6062 884 «Q00: 5 «285| 41640 24172 203 37.1
le20 5000 | 3019 | 2567+5 | 184987 | le2094 <6064 873 «000: % e553| 2640 1.263 «390 Tled
let0 42486 | 2939 | 251945 | 18.987 | 142105 «6019 859 «00N:3 «757| 23543 1,063 w526 9603
1460 27450 | 2872 | 247849 | 1Be987 | 142115 « 5996 848 «000862 0899 | 22847 le0l0 2618 113.2
le78 33472 2819 | 266Ta2 | 18s987 | le212l3 05977 439 «000t1 | Le000O| 22746 1.000 w6811 12407
2400 3000 | 2762 | 2413,1 | 184987 | le213¢ +5936 dey 200060 | lelp2| 228e5 1.009 o Th4{ 136.]
400 15400 | 2442 | 222%25 | 184987 | le2lBYy -1-re 170 i Lebgb| 246e0 14300] leg21] 186.9
4408 Ll4e70 | 26433 | 221%e3 | 184987 | 1e21¥1 «bu24 Tod le619| 24740 1e313) leQed| 188,11
1000 6400 | 2066 | L008b | JBeY8T | leddne «5633 69¢ 00008 | celbb| ¢T243 2e21l7| lelbO| £31.8
20.00 3,00 | 1813 | 186843 | 184987 | Le2308 | 45466 | 634 +000° 3| 24962| c88.Y 34511 | 1ab02] 25648
40,00 1450 | 1584 | 1745,2 | 184987 | 142467 «5289 573 «000 B | 24920 302.9 5691 | lablZ| 27649
100400 60| 1315 | 160645 | 18987 | 142644 | 45035 495 «000: 1| 3e425| 31840 106982 | 12627] 29745
200+00 030 | 1136 151747 | 184987 | 142727 <4843 439 «000-7} 3.824| 32742 184188 | 14696 31046
40000 »15 9I5| 1lbbie2 | 18,987 ; 142898, .ab6bdY 384 «000- 3| 4e244| 334.9 306198 | 1e7b4 | 321.1
1000.00 o0& 789 | 1356.9 18-9B7E la3082 1 L4bus 317 «000 B | 4a846| 343,1 594073 | 1e81l5| 33243
2000400 +03 665 | 1304l | 18987 | 143212 a4305 271 «000 5| 50347 348.1 9840601 leB52| 339.2
400000 +02 564 | 125%40 | l8e987 : led3ey . 44190 e3¢0 «000 3| 5eB96| 35243 | 1624590 1,883 | 344.8

R = 2.000s PERCENT FUEL 3 54927y O.F =15873

le00 6000 | 2966 | 201640 | 210453 | 122116 | De5304 886 | 0ep0OXT 0-000{ 0+000 00

le05 57014 | 2941 | 200247 | 214453 | 122119 Pl Bde «000 7 2284 38l.8 24175 «203 3441
is20 50000 | 2873 | 196647 | 214453 | 12129 «5271 870 *000' & #5583 24243 le26s +390 6545
le4Q 42486 | 2796 | 1926¢3 | 21e453 | 14214l 5253 856 2000 5 #7756  £15.9 le0b63 «526 884
leb0O 37450 | 2731 | 1892411 21eu53 | 182121 05232 844 . 4000 4 «894 209.8 l.010 «619 10349
le78 33460 | 2679 | 1B65.1 ! 214453 | 122160 «5215 8364 .000' 3| 1.000 <08.8 1.000 «683 1 1l4at
2400 30600 | 2625 183647 , 214453 | 142169 25196 824" L0002 | lelgl 209.6 l.0Q09%9 e Ta4 | 126449

4 Q0 15400 | 2316 | 167843 | 214453 | 142240 «5079 T63 | 20008 | lab0s4 225.9 1e297; le02l| 171le4
“e08 14470 | 2308 | 1673,9 | 214453 | 1.2232 «5076 761! w000 7| labl8 226.4 Lle31ly le028 | 17245
1000 6400 | 1954 1 149744 : 2ie453 | 142327 24906 6d¢ | 4000 1| 20156 249.5 20208 1e265] 21244
2000 3400 | 1711 | 13798 ¢ 21e453 | 1s24l0 a4 b0 be | #2000 T | 2eb43 L2640 34492] letpl| 2353
4000 1e50 | 1492 | 127741 : 216453 | 122517 w4607 6L #000.2 | 20923 27743 5:650 | le51lQ | £5346
10000 eb0 | 1236 | 1161.6 | 2le4d3 | 1a2071 «4390 486 «00C T | 3e433 290.9 10e878| leb24| 27247
20000 030 | 1065 | 10879 | 21e453 | 1,2801 LY EF] “31 «000: 3| 34835 ¢99.3 17986 lab93 | 28642
40000 o15 912 | 102465 | 21at53 | 142935 w4082 318! 000, 0| 4e259 306e2 294822} la750| 29347

i !
100000 « 06 737 95447 | 210453 | 143114 23901 313 «000. 6 | 4868 313.7] 58,2491 leBl0| 30349
2000« 00 €03 624 911lel | 214453 | 143241 #3764 269 000 3| 5374 31842 : 96.601; 14847 31041
400Ce 00 202 525 BT443 | 214453 | 143358 23685 2¢9. +000. 1| 5.927 321.9j7160-027i71.877 31542
R = 3.000y PERCENT FUEL = 4e03ly O.F =23e810
. e e et e e e e e

le00 60000 | 2655 | 138Lles | 264532 | 102209 ] 0ebu76 851 | Qepon* 7 . 0000 Qe 000 Qv 0
1+05 S5Telt | 2632 | 1371e0 | 26532 | 102213 s44iQ 847 «000' & e283 337.8 2a.181 «20% 30.1
le20 50400 | 2569 ; 1342.8 | 64232 | le2246 TP 834 «000! & o851 21l4e2 le266 «391 57.9
la40 2480 | 20908 1 131142 | 204532 | le2237 sb430 820 000 > 2793 19048 LaQb4 «2Z8 78.2
lebQ 47450 | 2437 | 12842 | 200532 | 12209 a1l 8T « 000 4 +B95  1BS5e4 leglo <520 9.8
le79 33456 | 2380 | LlLb6la8 | LWs532 | 1eddt s 390  T9T7 «000+3 | 1eQ0O0O LB4s4 ls000 «686 | l0leb
200 30000 | 2339 | L24lea | 244232 | 1e22lp s3Tn 787 200042 | 16098 1851 l.008 «745 | 110»4
4+00 15400 | 2026 | 111Bs2 | 2644532 | 1e2340 422 723 «Q00 8| lebOl 19962 14292 | leg22| 15143
4¢08 14470 20“6‘ Lllaol | £4ab32 | lag3ue .uzev} 721 «000. 8 1 1lebl5 19947 1.305| 14028 | 152.3

H i

1Qs00 6,00 | 1721 9T8e3 | 264532 | le24by allly b4l #0003 ! 24155 21947 24187 | le264| 18743,
20400 3400 | 1699 886840 | 242532 | 12540 #3999 581 «000: 9 : 24586 23247 3a443 | 14399 | 207e21
40e00 1.50 | 1300 ; 8094¢ 244532 | le206406 L3872 523 *#000.6 ; 24931 24348 5¢545 | lab06 | 22341

H : |

10000 «60 | LO6B T21a9 | 2044532 | 142800 #3703 450 «000. 1 0 3e451 25543 10611 | 1a6l7 | 2395
20000 «30 916 . 6063 | 264532 | led¥ds 3280 7 298 +000. 81 34863 6244 L7467 | lebB4 | £49ed
400400 15 Tel ! blB.8 | c4ab32 | led02b » 3400 369 «000.6 | el LbBI 2baB39 | Le73%9] <DTe6
100000 006 6217 560e7 | 244534 | 1e3¢30 *3318; «cdY 2000 3| 4ot <Thed 56¢049, 1a798 | Lbbe3
2000400 | 03 5éd 53443 | 244532 | le339> a3 | 2b9 «000. 1| Dot £T843 92506 la¥33| clley
4000400 s02 w43 5072 | 200532 | le3473 »3iae <1< eQQOL Y | 6e0lb <Bleb | 15¢e735: ledbe| <7548
- i L [ S i [ S !
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratlo, R; oxidant-fuel ratio, O/F.}

(e} Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute;
frozen composition during isentroplic expansion

. T : "
Static o " Viscos Specific "
Pressure | prassure, | svoners,; Enthlpy. | Moloculor | sentropic | Specfic | Ty | Thermal | ppoey | Groie | Aces | Thrum | Specific
rafio, 3 Tk weight, | exponent, | Peat. | g |con ‘;"‘""- number |invocuum,  ratio, |coeHicient] impulse.
B /P LYZT o al / . P i 3 'y I
e/ /ain K e m Y <o/ @) ;',‘,: <ol/ (e Kt ot/ € P Ublismct/ 0
R = 4.000s PERCENT FUEL = 36Q54s O/F =231e746
T
1.00 60000 | 2347 105444 | 264257| 142321 0.4017) 798| 0s00040| 0+000 0s000'  0ep
1.05 57414 | 2326 104548 | 264257 | 1s2326| .64010} 794 «p0039| «282| 306.9 2.188] 4204 274
1.20 50400 | 2268 | 102246 | 264257 | 142339 .3992| 781| .00039| o58| 194.5 1.269] +392] 52.6
1.40 42486 | 2202 | 99645 | 260257 | 142355 | 3971 766| 400038 | 750|.173.1 1.066] +529( Ti.o
1460 37450 | 2147 | 97645 | 264257 | 1e2368| +3953| 754| .00037| +892] 16842 1,011 o621 83.4
1480 33042| 2100| 95640 | 264257 | 1423080 | +3937| 743| .00036| 14000| 167.3 1s000| «690| 925
2+ 00 30«00 | 2057 9390 | 260257 | 162391 «3v22 733 «00036 | 1le094| 167.8 l.008 « 747} 1002
4400 15000 | 1796 | B3Bal| bedb7 | 142669 | o3bc2| 669 400032 | 14598 18043 1.285] 1a023] 137.2
4208 14070 | 1768y | 53543 | £6ecd7 | Lado/l| o3819| 667 400032 Le611| 18047 1.298] 14029] 13841
10400 6400 | 1493 | 72443 ] 260257 142505 | 3685 | 88| 00027 | 24155| 198.5 24162 10263 16945
20400 3400 1292 | 65144 260257 | la2obt | 43577| 530 00024 24549 21040 3.387| 1.396| 187.3.
40«00 1450 1113 5883 | 264257 142793 23467 475 «00021 ] 24941 21946 5.428| 1a501| 20le4:
100+00 +60 908 51845 | 264257 | 142950 #3323 406 «Q00LT | 3e471| 229.8 10e316| lablp| 21549
200400 e30| 773 ] 474.5| 260257 | 143079 +3215| 357| 400015 | 3.893| 236.0| 164892| le674| 22446
400.00 «l5 655 437,1 | 264257 | 123212 »3113 312 «00013 | 44342 241,.1 27741 1o728| 2318
100000 «06 522 39664 | 264257 | 143386 v2992 258 w00010 | %0990 24645 534515| le784 | 2393
2000400 W03 | 437 | 37143 | 264257 | 143510 | 2913 | 221| 400009 | 5¢531| 249.7| 87.939| 1.817 243.8
4000400 202 | 364 | 35046 | 264257 143601 | +2859| 1B7| .00007| 64129 25243 | 144.427| 14845 | 26745
R = 5.000s PERCENT FUEL = 24458y O/F r39.683
1«00 60+00| 2062 B55¢0 | 27299 | 142440 | Q3711 740 | 000034 04000 0-000 0«0
le05 5Telé | 2042 | B4TeT| 274299 | 142445 | 43705| 735| .00034| 281 282.0 20195| e205| 25.2
1420 50400 | 1989 | 82841 27.299 | 142459 | 43688 | 72¢| .00033| 4546 176846 10272| 439%| 4B.4
la40 42486 | 1929 | B0bel | 274299 | 142676 | 43668 | 708| 00032 +747| 158.9 14068 #2531 65.2
1460 37050 | 1B79 | 78746 | 274299 | 142491 | 43650 | 696 | .00032| 888 15643 1,012 #623| 7T6.6
le80 33428 | 1835 | 77145 | 274299 | 142505 | 3634 | 684 400031 1s000| 15344 14000| #69%| 85.2
2400 30000 | 1797 757.8 | 27,299 | 142517 | 43620 675| +00031| 14090| 153.8 1.007| «748| 9249
4400 15400 | 1560 | 67342 | 274299 | 142600 | <3528 | 612 400027 | 14594 165.1 1.279| lag24 | 125.8
408 14470 | 155 | 67049 | 276299 | 142603 | «3525| 610| 400027 le607| 165.4 14292 14030 | 12646
10400 6400 | 1287 | 57845 | 270299 | 1427¢5 | 43399 | 534 | .00023| 24id4| 181.4 24138 1.26¢| 15541
20400 3.00( 1107 51802 | 270299 | 1a2B30 «3300 4719 200020 | 24553 | 19147 34333 | 16393 1712
40n00 1650 | 948 | 46646 | 274299 | 142943 | W3201| 427| 00018 [ 2.950| 200.2 54313 | 1,496 | 18349
100400 260 | 766 | 40945 | 274299 | 143111 | 43068 | 363 | .000l4 | 32691! 20942 104027 1e602; 19649
200400 +30| 64b | 373,81 27.299 | 1a3244 | 429721 317| .00012| 34924, 2l4eb | 164328 1a665| 20406
400400 +15 | 545 | 34308 | 270299 | 13380 | «2881] 276| 00010 4-387) 419:1| 26.662 14716 210.9
1000400 206 | 431 311.4 | 274299 [ 143550 | 42779 226 +00008 | 5+058| 22348 | 514055 14770 | 217.5
2000400 w03 | 359 | 29145 | 274299 [ 143662 | 42726 192| 400007 | 54625 22646 | 83.484| 1.802| 22144
4000400 202| 298| 275.0 | 27.299 | 143704 | +2693| 162| +00006 | 69250 22848 | 1364601 | 14828 | 22447
;
|
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THEORETICAL ROCKET PERFORMANCE AT ASS (GNED PRESSURE RATIOS FROM 1 TO 4000 FOR

|

TABLE II. - Contlnued.
LIQUID HYDROGEN WITH LIQUID C (YGEN
[Equivalence ratio, R; oxidant-fuel ratio, O/F.]
(f) Combustlon-chamber pressure, 150 pounds per square inch absolute;
frozen composition during isentroplc expansion
, e _ N
Sratic . . Yiscos - | Specific
Pressuce pressure, eI:?re Enthalpy, | Molecular  lsentropic | Specific ity, ":rmo! h | impulse
’Pu'i:‘ /PA T h/ weight, | exponent, | oct. , | conductivity.. umber |in vacuum,
/ /g o col/g P micro
< ol K m Y col/1g! poises <o/t Kitems bt /16
R = 04150y PERCENT FUEL = 45465, O/F 14150
R B T
1. 00 150400 ° 1183 | 53135 4o416  1e3396: 147753 314 | 000073 0000
l.05 142480 1168 | 2287,7 4el16 | Le3u06] le7710 311 «00073; «271; 53041
le20 125000 | 1129 | 22z18ab 4okl | le3936 | LaT7397 303 «00070| 527! 336442}
le®0 1U7e1% ! 10B2 | 2lble.B hotlb | Le3409 ] leTa72 493 «00068; «722' 496411
lebC Y4475 . 104Y | 307747 4ot | 1a3497 | leT36Y 285 - « 00066 w860 L8646
le87 BQebg 1008 | 200648 4ol | lesdll le 7207 276 «00063 | 1000 cB4el’
2.00 75400 989 | 4970e4 | besl6 | Les560 | 1074107 <741 40006¢| La05Y| 28444
400 37.50 Be4 | 4693440 betlt | le3651 lebded <34 «00052 | le366| 30Le7
10.00 1200 bé3  4392,5 Gollb | 1a3T4b | 1lab505 1Y-1-) 200042 | 2e152| 32745
10e21 lae70 639 | 438646 4etelb | 143750 | 146201 g7 «00041 | £el6D| 3286l
20400 Te50, 532 | 4209.8 4okl | 143799 | lab3na 159 00035 | 2586 24345
40400 32751 439 | 4058.9 Gahlb | 143824 | leblbl 133 «00029 | 34031 | 35640
10000 Leb0 340 | 389%.0 Gaklt | 163882 | leb093 1p% s00023 | JabbY¥| 36YeY
200400 o175 280 380240 hetlt | La3946 | lab5961 85 «00018 | 44149| 377.7
00«00 » 30 230 37232 Les4ll | luapol le556¢ T0 vQ00L13 | Leb?h| 3d4al
1000+ 00 i 175 | 2640.1 4etlt | Leu3dy | lekd] 55 «00011 | Se43B8| 3900
200000 .08 16¢ | 35%0e7 Getelt | 1ud520 | les3ny 45 «00009 | 6s0%6| 39443
400000 0% 114 | 35512 4ol | Le4wiD5 | Le40bS> 36 «00007 | bellb| 39743
R = 0ea200s PERCENT FUEL = 38465, J/F 14587
1s00 15000 ; 1514 | 296947 5216 ' 1e3079 | le61B3 %02 | 0eQQ084 | 0000
1e05 142486 | 1697 | 296147 5eclt . 1e30Y0 | Llebl40 399 « 00083 eZ76| b3242
led0 125400 | 1650 | ctbbsb Se2ltb : 1a3120 | Leb022 389 200281 «233| 34848
la&q LuTela | 1398 | ¢1834¢2 Sedlb  1e3125 | le5887 374 +00078 #7130 | 3093
led0 P3470 | 1354 | 271362 Dadle  ledldb | la5772 369 «00076 «869 | 29946
levnb olel3 | 1307 | 264045 Jedlb  1a32471 ledbbl 35Y «00073{ leU00| ¢9743
2400 T5.00 | 1282 | 2601.1 Dedld ledisb ! labdos 354 «00072 ! Le0bY | c4748
4+ 00 3750 i 1079 | é¢90s0C Sedlb 1le33%l LedQéo 307 «0006) | 1e572| 3l0a7
10«00 | 15.00 BY4 | lYnéed Dellb  Llas226 le4vle e5l i «0004B : lells| 39447
l0edl 14270 Ba7 iveie? Selit | laddod leddQ00 4:01 «(G004B | 2elbl| 39243
é0+ 00 Teb0 703 | 1768, Dellb | ledo2b | leuese; <13 200040 | 2a8T73| 36lsQ
#0600 3e72 588 12780 Delltb | Lea715 ! labgQbe 179 «00034 | 3.010| 3760
10000 le50 458 | 139643 S5ell6 | 1a2T71 - Le3dvl3 i4d «00026 | 34619 | 39045
<0000 .75 379 1 128642 Se2ltb | la3blil 1e3807 117 «00022 | 4ulll| 39941
400400 o34 312 1195.2‘ Sedlb | le3Bol | 13677 36 «000lB | 4e638 | 4064l
- | H
1000400 «15 . 242 ,1099.0 Sedlb | La3975 le3400 Té: <000l3 | 54394 | 41l3.4
2000400 «08 198 i 106141 el | 1a0l56 | 142977 61. <0001l 64014 | %1746
4000« 00 W04 164 | 9Y3.9  5.2Mb | 144320 | le2568 | 50 00009 | 64704 | 4214
R 3 04250» PERCENT FUEL = 33451, O/F le984
Ao P et A T .
1400 15000 1816 . 126%e3 | 6016 | LeZ835 leay55 . w¥l! 000092 | 0e000
le0> locedo | 1797 | 122042 ©e0lb | loadbuit | Latvl7 477 «000%1 wl1b| b63a0
le20 1252400 Ple% | 1l4d.) ©e0lb | LusoiQ | Letolc w6l «0008Y «23b . 3564l
let() luiels  lbb> 1054, be0lt | 1adY00 | Letdby3 450 « Q008G «736 3l6e3
leb0 F3e72 ! lb32 F81.5 GeQlb | Lal¥e? le4D90 “ét +00083 .6761 306e0
les3 6le¥d | lbbb 910.0 64016 | 102924 | laGind 436 <0008 | 1e000 ' 30445
2400 75400 | 1554 d6%.0 50016 | 142973 | led4l5 429 0 +00080 | 14076, 30541
4400 3750 | 1322 53543 6e0lb | 1a3125 1.3071‘ 378 1 «00068 le278 3¢>e5 !
10.00 12400 | 1057 1765 be01l6 | 13330 | ledece> | 314 s0005% | 2elb7 35943 !
10e41 les70 | 1052 love3d ©e0l6 | le3236 | le3s)e 3le <0056 | 2e15Y: 33Dy !
2000 Ted50 87 | 995u.u be0l6 | Leswbl | lelowy PE-%4 «Q004b | ce203 . 37346
40,00 3a15 160 | #7bBab Le0lb | ledd0Y | lelbdY L8 «Q0N3b | co¥o]  33Ba6
10000 1450 200 | Y567.7 52016  le3bos © 1eds20 iy «00030 | Jed8L 0%l
20000 75 48l | F44bad ba0lb | Lle3{17  1leldi¥l IS-¥% «000¢5 | 4eQb%  “lied
400+00Q .38 399 | 934840 b6e016 | 1e3735 142100 lea 00020 | 4e282 1 420eY
100000 «15 310 | 924led b.olb% le384l | lalYbe ¥ «D00L5 | 5327 | 4edaT
200000 QB 256 | 917647 ba0Ql6 il.Bdbb lalé05 78 00001 0 Se%4b | 33,3
4000«0QU Qb 210 | 912346 60016 | 1e4039 | lelutd b4 «00010 © 6e606 | 43741
R = 0«300s PERCENT FUEL 29457, OsF Za3B1
1.00 15000 2092 | 993247 62813  le2648 1.3932 550 | 000037 : Qo000 :
la0> 142480 | 2071 | 9903el Ge13 | le2b>5 | 143901 246 2 000YE .ZI&} F1-1- PR
1220 12500 | 2013 1 982346 beold | ledblb | 1e38la 236 «000%4 w242 359.6
le40 1UTelé | 1949 1 973445 osols | lec?0¢ Le3711 224 »00091 T4l 2194t
leo0 93473 | iBvse Y0597 beals | leclds | le3bly Sl4 «0008Y s08Li 3LCe0
letd Bleds | 1ob3  ¥YOY0Das beol3d | Lleclua | 143230 S04 00087 L-UOO\ 3)oei
2400 7500 | 180> Y23Yat bes0l3d | lec7ud | le3ubs av1 00002 | LeGde! 238.8
400 37450 | 1564%  9200e9 beld | leld8¥y | le2vlo LT «Q0074 | Led8D  330e¢
1000 : 15600 | 1254 082744 vadls | Le30Yy | le2siy 374 40000 | colks  3bleb
1021 14470 | 1248 d8lYeY bessls | 1e3103 | 1a23l> 373 +00050 | ¢el0C  3b6ca)
2000 | Te30 | 1061 | 85Y348 . bedl3 | Le3252 | 1oluld 3260 oQOODC | 20555  38GeB
40400 3475 593‘ 439648 | ba8l3 | 1a3307 | beldZV | 278 | 200044 | co¥bYy  390ab
10000 leb0 10> 8184e1 | 6aeol3 | 1a3%33 | lallie roE] 200035 | 3ed85 . 4l3.Q
200400 -73‘ Ssa | 80538 be8l3 ! 1s3000 ie100> 186 20007 | “olle  4ileB
“00e00 ° 38 4oo ! Iv&:.:} bedls . lesdbod | Legbbdo 122 sQ00L3 | “edld  “aCed
i !
1000.00 o5 381 lpbcveo Geols le374b | leglu> 120 »000¢ 7 u.zuvj w3l
2000400 ! 205 ! 3lo TT5Yeu Geals ledifo LeQb4Q 97 «0Q0i% | Denda  4blel
sus 5] oenls>; Le303l iaQu30 belic, 44Dz

: 4Q00s0Y

éod

[RAVIRY

=0
o1

«Q0011

Area Thrust | Specific
ratio,  [coefficient, impulse, |
C, L
€ i P e /i
' 04000 0+0:
22250 <210 474
142970 <403| 90+8
14061, o543| 12242
10181 4636 14342
15000| «725| 16344
1eQ03| o761 1715
14233 | leQ3l| 23243
14974 | le257 28341
14997 | la26l| 28440
24982 | 14376, 30909
4620 | le467: 33044
Be432| 14558 35048
13,431 le6lp! 36246
2le4BE | lebbe 37249
39,928 14694 38l.6
630572 LaTl9| 3872
1004938 | la739| 391ve
_ S ,
0e000! 0e0
24233 «209 493
14289 | #400: 94s6
14077| #5391 12744
leQle| 6321 14944
1.000] #715( 1692
LeQou 2757 17941
Lottt 1eQ29| L9342
2,009 16257 <9742
24033 | Lec6l! £9bs2
3,049 14379 32549
47391 1e0TZ . 36840
8.679 14565 3700
134870 1s619 38247
224295 Lebbe 19249
41e9791 1a706 40345
67687 1e733| 60946
10847567 1a75%4 | 4léss
’ 1
0s000| OsC
Ze2l9: 2207! 5003
lect3 4395 vbab |
Le0T3 " w536 130e1!
1e0ls #6291 ibles
14000  »708 | 171.8
16005 »75%4| i63a]
1.4:@% 16027 | 264943
2,048 14256 | 30545
46072 1s263| 30605
301e7| le3Be| 33247
“eBBI| Lealb | 35805
Ba985 | lad79 | 28203
140393 | Leb30 | 3959
23e406 | Lat?5 | 4gbe?
43,889 | le72¢| “lbeg!
T1a271| La749 ) 4c4a7
1154636 | 12771 | 430s1:
0+000 00
elCB| w20b| 50e8
1e278| 4396| Y745
16071 | «533| 1313
1eDL3| o626 1b4s]
1e0C0! e70l 0 170t
1e00G6 PRA-T lebag
lelbb| leped I5¢eb
2eQB4 . lecbD 3l0sl
oll0’ lecks  311a2
3e204 o386 3ala2
SaG34  leb>  3b63.t
Fedlb ledb% 390l
144981  lebucd 4043
d4edis lebldy “ldes
424957 Ledfse 4278
ThaddY; lefob &3naYy
1¢canl

40t
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TABLE II.

(f) Contlnued.

Continued.

THEORETICAL ROCKET PERFORMANCE

'
AT

LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equivalence ratio, R;

Combustlan-chamber pressure,
frozen composition durlng lsentroplc expanslon

ASSIGNEDPPRESSURE

oxidant-fuel ratio, 0O/F.}

150 pounds per sqguare

RATIOS FROM 1 TO

inch absclute;

[ Static . . Viscos - ‘ Specific X
Pressure  pressure, | oD, | Enthalpy, - Molecolor | lentropic  Specific Ty, Ty Thermal | paach wopulse  Area | Thrust | Specific
rotio, P, " h, weight, | exponent, ' at. | oAUl mber [invacuum,  ratio,  [coefficient) impulse.
R P ®ivqm < | <alfg m ' ¥ | e micro k," [ To € .
- oy ‘ cal/1gn K] poises cal /s 11K iiconi tbiisect /b | ilbbisec 1 /11b|
0e350» PERCENT FUEL = 26047, QO/F = 2778
- = T
1400 150-001 2339 | BBYLeE 7¢604  14250%| la3047 610| 0e000%9 0=000 0+000 0s0
1s02 laZeto| 2310 | bBobisel | 74604 12911 1a3020 606 200099 2280| 569.0 24199 0205 508
120 1(5.00‘ 2254 d78d.4 Teb04 1ee549 | Llal¥bo 296 « Q0097 D44 | 36043 led74 » 394 976
lesp 107eka ! Z2ioo| BEY3aY Teb06 | lealboi| la289Y BY- sQ0094 " o765 320e4 legQ&9 2532| 131e5
ls60 95.753 ¢leo | BOlbLT 7-00“1 led570| lalTb4 274 «00092 w486 311e0 leQl2; 0624 | 15444
leBi BleaT; 2076 | b55le7 Te00% | ledud7 | Lal715 564 «00070 ¢ 1e000| 20962 1e00QO0: e696| 17243
2400 75400 : 2031 | B49Te> Tab04 i lecddQl | lslo2b 290 «0000% ! 1s087| 310e0 leQ07 +749| 1B5e5
5400 | 27e30 - 1756 | 8lb54e9y | Jeo0% 1ad7207 leciés 20¢ 200078 - lad9Q| 33242 le274  le@24| 25344
|
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TABLE II.

(f) Continued.

Continued.

THEORETICAL ROCKET PERFORMANCE AT ASSIiNED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OX 'GEN

[Equivalence ratio, R; oxldant-fuel :atio, 0/F.}

frozen compositlon during isentropic expansion

Combustion-chamber pressure, 150 poun s per square inch absolute;

Static . Viscos Specific
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
{Equivalence ratio, R; oxldant-fuel ratio, O/F.]

(f) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute;
frozen compositlon during lsentropic expansion

Static . ‘ L Viscos- I [ Specific T o
Presure | pressore, | o1omP. | Entholpy, | Molaculor | lsentropic Specttic | Ty, Thermal ' Moch | impube | Area | Thrust | Specific
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TABLE II1. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASS GNED PRESSURE RATIOS FROM 1 70 4000 FOR
LIQUID HYDROGEN WITH LILUID O YGEN
{Equivalence ratlec, R; oxldant-fuel ratio, U/F.]

(f) Concluded. Combustion-chamber pressure, 150 poutds per square Iinch absolute;
frozen composition during iscntropl. expansion

- . . . — . . |
[ Static . Viscos- ! . Specilic
D brossure  pressore, | ™" Entholpy, Moleculor hentropic  SeSHC iy Thernol  mach mpule  Area . Thrust o Specic
ratio ) e X weight. | exponent, eat u,oor ‘::'“” Y number invocuum, ratio,  [coefficient, impulse
PP b/ sqim ©o calig e micra . oM v [« 2
< - K| n Y B AN € ' e seci b
[ . H : : R
T Ko< weQOGs PIFLENT FUbu = 2e0bbéy U B Tilefas
: 15000 2363 105444 60287 Lled31o Jeudld 50¢ 24000t C Q6000 Des0d
i l4Zetn | 4391 | loua.i‘ P4 -5 led2ty WS oin ivt 20000 wlbe 2 Tel PPEeR
Levapu | d2€3 lu:4.~‘ cuect?  lecade i wswdd inw « Q0D Y $3HY8 1¥5e0 . 3ve
Loed LuTele| 22L7| w¥oel| cosesi  1ecsani oivlio] TiU| 0UD 8| «/95; 27340 P
LaoQ Y3a72 Ziod YTvel ! Zuactl | Leclul .:a;l‘ inl W00, F| e8] 100eb el
1a79 B53e50  ¢lle YoUeu  cbecBl | Lel3i3 eidus | fuo V3006 LeQOU! sblef enny
2o QU 75400 <2071 Y30ed  cbelBT 1 lacisu | etved 130 s00NT0 - LelY4  iboes ol
“e 00 ! EREE-I0 18Uy B36e9 cOecBT  lacuti| e302/7 o3 G005 | Le2ve Ll lecbt Lefd 2
} lGa00 1oe0C 1:031 Tédet  Cloacod lecesin LR BN w0007 Zebbo  179ael Caitir lecnd
I loe21 Laelu | lkvu‘ 90001 eac8l  Lucoin  u3esll sbyl w000¢7| ceibb L1¥ven| caivi leess
i 20400 7450 | 130> outer <Gucd/ | lefoiv e3¢ EEE] «000c% - a4y 2106 EPELT RNV
I “0e00 34751 11e3 SHDeD cbecsal i falics PPV B 000/ 1 2eY4Q 20 Lebgi
P00e00 1e20 Yle SiveDd  ibecB7 R EE] eridn wn CQO0.F . AeliD  £30aY IO PEERY lebifl
260e00 Wi wo‘ 470! cbesBl  1le30vo eleen 60 en0z ol ibevey  leolu
. w00s00 e30 i eol | w3s.C| Zowzol  lascui tlia g LT 3 cledle  ieled
i : : |
100Ue 00 alo 2217 Avead  cowz8i lesziu e Bl «000 varen il Laedout
<000« 00 0B EL T3 28040 lOwcB /' Ledns Yyl a3 <000 7 Boelul lenyn
00U 00 .0 s60 >4DeD  cbecodl  Leduia eenvd 145 000 1 INuePTY  Lansb  nced
|
| K = 5.000s Prrlen FutL =  Zesddy o F Z3vs0bs
i 1 .
| 1«00 130e00 2006 B55,0 27307  lectid Qaifld 7415 Qs000 4| 0000 0en0C Jen
! 1a05 lugest  £0WT oulel ¢ies07 vs5f061 T30 000 2ol eBces SelYel ec(T PR
1a20 i ié2e00 Llyde, BRoWl cle307 e39nY fés « Q00 4 sD4b - L/BeD lecte’ o354 LY-PES
ledd ! 1uTelds 1934 BOL.T | 274307 »3bbY 0% »000 < addi in9el leQ®e RS Ll
le6d S3e7n L8B3 T, 214307 PELER] byl 0004 obYH Pl Leglé e Joat
let0 B3eci losy | [7led  Jfe3Q7 v 3532 LR «COO L, 1e0BO L5Deb le Q00 etys Ebet
220 Ioe0Q - ieul i ivieb dTe307 sbel ol 000 1| le0¥Dp 424aQ Lepo? . fun Fie
440U sfeuil 1u0h ofces  clesul . a3e C¥EE] 000 7 Letize  20Vec i leciy  1wlel Leueis
LGe Q0 loegp 1290 5T7ey  clad0d iecice PETIHNY RN a0nG I AOJ.[D: celz2y
iOwel IwefQ L2640 2/0e0 27.307 lecico PEERL) FEL] «000 2 loley celrt
<o U Je50 1110 | olfeb | ¢le3C! lecocl | +220¢ 480 «Q0C U 19 ke EPEELY
“0s 00 e i> 950 | 46veb | ¢Te30/ lecwy0 i 48204 “wld «DOG B <e7D0: cUUen PR
. i ;
LUUeyu iy fco “3 Cedesdd Llesaus PERLE EEE) 000 = SUYe LGslis LenGe iciel
€00« 04 | Rl 524 3Tcet ¢ la3D0 ! Ladenl ecila ke « 00N Gl ltedsy  lelby  cubed
“U0e 00 | .30 Sal G4deb o ledQf L desaid PR RN EEL] Qa0 clvel Ltebn:s  iedll di.ei
100000 elo w3l 210l STadQd o Lasosd wilis el ELL R ERETN| clelge ieliC
| 200000 W08 360 | 290e2 | ¢Fesni Letoenio w2147 193 .p00d] LJElB . BaeDnl . Labri :
40U0« L0 04 | ¢wy . clsed | d1e30i lenins PPRTEES loc e0GI D Usdwo  cidel  libefBa leves
; B i . . . .



53

TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN
[Eyuivalence ratlo, R; oxldant-fuel ratlo, O/F.]

(g) Comuustlon-chamber pressure, 200 pounds per square 1inch absolute;
frozen composition during lsentrople expansion
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT AS/IGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID »HXYGEN
[Equivalence ratic, R; oxidant-fue ratioc, O/F.]

(g) Continued. Combustlon-chamber pressure, 300 poinds per square lnch absolute;
frozen composition during isentrop ¢ expansion
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxidant-fuel ratio, O/F.]
(g) Contlnued. Combustion-chamber pressure, 300 pounds per square inch absolute;
frozen composition during 1sentroplc expansion
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TABLE II.
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} Continued.
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TABLE II. - Continued. THEORETICAL ROCKET PRRFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

(Equivalence ratio, R; oxlidant-fuel ratio, O/F.]
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSI iNED PRESSURE RATIOS FROM 1 TO 4000
LIQUID HYDROGEN WITH LIQUID OX !GEN
[Equivalence ratio, R; oxidant-fuel ~atio, O/F.]
(h) Combustion-chamber pressure, 600 pounds per square lnch absolute;
frozen composition during lsentroplc expansion
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxidant-fuel ratio, O/F.]

(h) Coatinued. Combustion-chamber pressure, 600 pounds per sgquare inch absolute;
frozen composition during isentroplc expansion
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TABLE II.

(nh) Continued.

Continued.

LIQUID HYDROGEN WITH LIQUID CXYGEN

[Equivalence ratio, R; oxidant-fuel ratio, O/F.]

Combustlon-chamber pressure,
frozen compesition during 1sentropi: expansion

600 pounds per sguare
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TABLE II. - Concluded. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRE3SURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXYGEN
[Equivalence ratio, R; oxldant-fuel ratio, O/F.]

(n) Continued. Combustlon-chamber pressure, 800 pounds per sguare inch absolute;
frozen composlition durlng Lsentropic expansion
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TABLE II. - Concluded. THEORETICAL ROCKET PERFORMANCE AT ASSIGHED PRESSURE RATIOS FROM 1 TO 4000 FOR
LIQUID HYDROGEN WITH LIQUID OXY3IEN
[Equivalence ratlio, R; oxldant-fuel ritio, O/F.)

{h) Concluded. Combustion-chamber pressure, 500 pounds per square inch absolute;
frozen composition during lsentropic ~xpansion

Stotic ! L | Viscos- Specific .
Pressure pressure, .I:""f". Enthalpy, | Molecuk 1 i Specific ity, I.':m'a! Mach | impulse Area Thrust | Seecific
rotio, 3 ‘V g h/, weight, | exponent, h-u'c f u, | «;(im'y, number |in vacuum, rotio, uc |mp£;|;e,
R /P /g : <ol N P mi¢ ’ M
e/ /,:f N °7K7747 ° n Yy ool (GHW)" Pol'x: ‘td/h.(it“lv(nm o/ € F et/
R = 44000s PERCENT FUEL 3 3e054s O/F 231706
le00 600e00 | 2381 10544 | 26323 142307 | 0s4027 806 0400040 02000 02000 0+0
leQ5 57143 | 2359 10457 | 264323 | 1e2312 24021 801 + 00040 2282 30847 Ze187 2204 27e86
1.20 50000 | 2300 | 1022¢2 | 264323 | 142325 +4003 7188 « 00039 «549] 195.7 le269 2392 529
let0 4284571 2234 99543 | 264323 | 142340 3981 174 +00038 «750] 17442 le066 a529 Tlet
l.60 37%.00 1 2178 97346 | 264323 | 142353 3963 161 00037 8921 16942 l.01l w621 83.9
le79 334641 | 2131 99449 | 264323 | 142365 «3967 750 «00037 | 14000 16843 1000 * 5689 930
2400 300400 | 2087 93746 | 260323 | 142376 3932 T40 «00036 | 1.094| 16848 legp8 e747 100+8
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40483 14470 1129 58043 264323 | 142775 | 36476 ] 480 +000¢1| 2o951| <2les 54521 | leb05] 203e1
100400 6400 926] 511a0 | 264323 | 142927 433364 | 412| +00018| 3.469] <31e4| 104356( lebll| 21744
200400 3400 789 | 46642 | 264323 | 143055 | 3226 363| .00015| 3.889] 237.7| 16.972] leb76] 22642
400400 le50| 669 | 62842 | 264323 | 143187 | 43126 317| .00013 | 4e336] 262.8| 27,895 1.729| 233.6
1000400 ; «60 | 534 | 3B6.T| 264323 | 1,336 | 3000 262 | 400010 4+98p] 24843 53.871| 1e785] 24140
2000400 #30 | 4471 361.1| 264323 1.3489| L2918 225| .00009| 5+518] 251.6| 88.590| 14819 245.6
400000 W15 | 373] 339,71 264323 | 1.3586 | 42860 191| 00007 64112 254,31 145,580 1+847; 249.4

R = 5.000» PERCENT FUEL = 24458, O/F =39.683

l.00 600+00 | 2072 855.0 1 274317 | 142436 | 0e3714 742 | 000034 | 0000 0000 0%0
le05 571443 | 2052 867471 274317 | 142441 23708 737 + 00034 «281) ¢B2e6 2el194 2205 2542
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TABLE III. - THERMODYNAMIC DERIVATIVES AT ASSIGNED FRESSURE RATIOS
FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during lsentropic expansion. Egulvalence
ratio, R; oxidant-fuel ratioc, O/F.]

(a) Combustion-chamber pressure, 80 pounds per square inch absolute

[

|
Temp- Tomp- Area- ik Specific- ific

Pressure Area y Specific | Speci
rotio,|erature, erature cafio, ratio | imoulse, | impuise heat, | £31n MM MY |
P /P T, exponent, exponent, 1 exponent, < 3in P din T ﬁ
< L e | teiea/w M ol /131°K) i

R_ = 0e15, PERCENT FUEL = 45465+ O/F = 14190

1400 |1183 [0«0000 147753 [0+00000 | 0=0000
1405 (1168 | 0000 20250 |0e0000 | 47«4 000000 |le7711l | «00000 =0000
1e20 (1129 | 0000 16297 | +0000 | 90«8 | «pO0O0 |1e7597 | 200000 *0000
le40 [1085 | <0000 14081 | <0000 [122e2 | #0000 |1:7472 | 400000 *0007
1e60 |1049 | <0000 14018 | <0000 |143s2 | <0000 |1+7369 [ +00000 «0000
1487 1008 | #0000 14000 | «0000 |163e4 | «0000 | 17257 | «00000 «0000
2400 | 98% | +0000 1,003 | «0000 |[171e5 | +0000 |247210 | «00000 +0000
4e00 | 824 | 40000 14233 | «0000 [232.3 +0000 |1+6826 «00000 «0000
4408 | 819 | <0000 1e246 | «0000 23347 | #0000 [1+6816 | +00000 «0000
1000 | 643 +0000 14974 | +0000 [283s1 +0000 | 146507 «00000 «0000
20400 | 532 | <0000 24983 | +0000 [309¢9 | «0000 :l+6343 | 00000 «0000
4000 | 439 | <0000 4+620 | *0000 [33044 | 0000 |1+6268 | 00000 +0000
10000 | 340 | <0000 84432 | 40000 [35048 | 0000 |1+6099 | 00000 *0000
200400 | 280 | 0000 | 134431 | 0000 [362+6 | «0000 |1s5951 | 400000 «0000
400400 230 «0000 21.488 «Q000 |[372.0 +0000 |1+5573 « 00000 «0000
1000400 | 175 | «0000 | 394928 | 0000 [361e6 | +0000 |1+4871 | 00000 «0000
2000400 | 142 | +0000 | 634572 | +0000 |38742 | +0000 |1s4402 | +00000 «0000

400000 114 0000 [100.939 <0000 [391e6 | «0000 |1ls41i6 « 00000 + 0000

R = Je20y» PERCENT FUEL = 38465+ O/F = 14587

le00 1514 100000 146194 | 0400000 |-0+0001
1e05 [1497 «0000 24233 | 000000 493 | 060000 | Leblay «00000 |~ +0001
le20 |1450 +0000 1.289 +0000 94eb *+0000 | 1+6028 +00000 * 0000
le4Q |1398 +»0000 LeQ?7 0000 | 1274 «0000 | le5B891 +00000 0000
1460 [1354 «0000 leolé 0000 [14%e4 0000 |le5774 « 00000 +0000
1485 1307 0000 le000 +Q000 [l6%e2 0000 | 1le5653 «00000 *0000
200 |12B2 «0000 1e004 Q000 [179e1 20000 | 145585 « 00000 =090C
4en0 |1079 +0000 le264 +0000 2432 20000 |le5046 + 00000 0000
408 |1073 +0000 la256 «QNCO | 24447 +0000 | 1ls5031 + 00000 +0000
1000 852 «0000 24009 +0000 |297+2 «0000 | le4516 +00000 0000
2000 709 «0000 34049 #0000 | 32549 0000 | 1e4232 « 00000 » 0000
40400 588 +0000 4a739 +0000 |348.0 *0000 | le4pb? « 00000 *0000
100000 458 0000 Bea679 *0000 {370+0 *0000 | le3916 «00000 | »0000
200+00 | 379 | +0000 | 134870 | <0000 |38247 | +0000 |1l¢38097 | 400000 ! +0000;
40000 312 0000 224296 +0000 | 39340 0000 | le3681 « 00000 «0000
1000.00 242 +0000 41e979 +0000 (4035 »0000 | 13398 *00000 «0009
200000 198 +»0000 67687 0000 4097 «0000 | 142994 » 00000 *0000
4000+00 161 *0000 [1084755 20000 :4léed «0000 | 1e2564 «00000 « 0000
R = 025, PERCENT FUEL = 3345ls O/F = 1a984
1400 |1816 |0»0003 [ [ 145088 |0¢00004 | —040013
le05 [1797 »0003 24218 0s000l | 503 |0s000L | 1e5036 «D0004 | = +0012
1420 {1744 20002 lez283 20001 | 966 «0001 | 1e4898 +00003 |~ »0008
1.40 1686 +0001 1073 0000 [130.1 20001 | 104751 +00002 {— <0005
1+60 |1636 +0001 le015 Q000 "152.6 «0001 | 14630 ¢ Q0001 |~ «000%
1483 1587 +0000 1.000 20000 [171e8 20001 |le4513 +00001 | = +000¢
2400 [1555 +0000 1+005 «Q000 {18341 20001 | lek4le «00001 |~ +0002
4a00 (1322 20000 1e2586 20000 {24F3 s 0000 | 143875 » 00000 <0000
4e08 11316 0000 le268 *0000 |250+8 «0000 | 1+3860 » 00000 +0000
10.00 [1057 «0000 24048 <0000 |305.6 s 0000 | 13226 +00000 «0000
20400 aa7 »Q000 36127 «Q000 |335.7 «0D00 | 12848 «Q0000 +0000
40200 741 «0000 44883 +0000 |35%.0 *«0000 | 102559 «00000 +0000
100+00 581 Q000 84985 «0000 [382.4 «0000 | 142321 » 00000 «0000
200-00 482 «0000 144396 «Q000 |39L.9 «0000 | 1e2190 »00000 <0000
40000 399 +0000 23+208 +0000 |406+8B +0000 | 12100 +00000 0000
1000400 | 310 | 0000 | 434894 | +0000 |418s1 | +0000 [1e1943 | +00000 *0000
2000400 256 0000 T1e279 + Q000 | 42407 «0000 | 141803 = 00000 +0000
4000+00 210 *0000 {115e650 0000 |43Qs2 «0000 | lel4g7 +00000 +0000
R = Qe«30y PERCENT FUEL = 29457 O/F = 24381
1+00 {2089 |Ds0017 1e4578 | 000032 | —0e0084
1.05 | 2069 «0015 20204 | 0e0Q007 50e7 |0e0007 | 104493 «000<B |~ <0076
1.20 (2013 «0011 1e277 « 0004 9Teb «0006 | 124276 «00021 | = #0057
1e40 | 1950 « 0008 le070 «0002 {131e3 «000> | 14052 «00015 | = e0Q6l
1.460 | 1896 «0005 ls013 +0001 |154a1 «000% ' 143879 «00010 |~ 0030
leB82 |1846 «Q00% 1+000 «0000 17245 «0004% 13729 «00007 | = »004¢
2400 | 1808 «0003 le006 | =e0001 [185al «0003 " 1+3623 «00006 |~ »0017
4e0D | 1553 | -e0001 14266 [-e0002 | 25245 20002 143008 | 0000l |- s0002
4e0B {1546 | =eD001 14278 [ =e0002 |2540e1 «0002 " 1#2992 «00001 | - »0002
10«00 |1258 |~ep0Dl 24085 | —e0002 | 3104 +0001 14337 | «00000 « 0000
20400 1064 |[=eD002 30207 | =e000Ll |34leb «0001L | 1s1891 ! *« Q0000 »0000
40400 896 | —40002 54038 | =+000L | 36549 #0001 , 1s1531 : «00000 «0000
10000 708 [=e00D2 Ya326 [ =e000L | 390eb «0000 ‘1-117& + Q0000 «0000
200400 599 | =«0002 14995 [ =»000L | 4048 20000 { le1006 | +00080 * 0000
40000 490 [-e0002 264237 [ ~00001 | 41643 «0000 | 1e08567 i + 00000 + 0000
1000.00 383 | -e0002 46005 | =»0001 |428e3 +0000 | 1e0745 * 00000 *0000
200000 317 |=e0002 The922 | w0001 | 86350 20000 | 1e0643 + 00000 <0000
400000 262 |=+0002 |1224202 | =+0001 ;46142 +0000 | 140526 & +00000 « 0000
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TABLE III. - Continued. THERMCDYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN wITH LIQUID OXYGEN

(Equilibrium composition during lsentroplc expanslon. Egulvalence
ratioc, R; oxidant-fuel ratlo, O/F.]

(a) Continued. Combustlon-chamber preisure, 60 pounds per
square inch absolute

Temp-

Tamp- Area- | gopiific | Specific | specific !

Fremor® arature, sraturs | Mre0 | watio |y, | impvlie | Chear, | (dinmy 3t

P /P T, | exponent. € axponent, | "y | exponers,| din P ) aln T )v
< K ™ T ea/m| | g T
»35y PERCENT_FUEL = 26e47s Q/F = 24778

l.00 {2329 Le4B97 | QeQ0L22  ~0+029%
1205 (2309 22189 | 0e0018 50s7 |0s002C | le4?52 eQOLllZ = 40273
1420 (2253 1e270 «0012 975 20018 | le4382 «00089 = 0220
le60 {2189 1s067 «0007 [131s> 2001t | Le3999 «00067 :— «0L70
leb0 |2133 le0l2 +0003 [ 154st w0014 [ 1e3707 « 00051 | = o013%
1480 |2085 1.000 «0000 | 17148 20012 | Lle3475 «00040 |- .0107
2500 2042 14007 |=eQ002 [1B5.6 »001¢ 1+3289 «00032 |~ 0087
4a00 (1772 14277 j=e00l0 [253e8 »0007 1e2391 +00006 |~ 0018
4.08 [1764 14289 1=40010 [255.4 » 0007 ;1-2371 «00005 |~ <0017
10.0C | 1452 2,121 1-40010 [312+8 | +000¢ |1e16865 « 00000 | = 000}
20e00 1239 34285 | ~e0009 |345.0 s 000: le1208 + 00000 «0000
40e0C 1051 58194 |{=ep00%9 |[370»1 «000: 1eQ795 * 00000 *» 0000
10000 a38 92687 [ =e20008 |[39%e7 « 000+ le0366 « 00000 *»0000
200400 703 156643 [=e0008 |[&10e7 «000: |le0l20 « 00000 +0000
40070 587 254377 |—e0008 [42249 «000- «9954 00000 *+0000
100000 460 4Be339 |{=e0008 {43545 +0001 «9790 « 00000 «0000
200000 382 TBe934 | =e0008 [443.0 -ooo} *9694 + 00000 * 0000
4000400 317 1294082 |=e0008 |[469+2 «0000 *9600 +» 00000 « 0000

R = 0+40, PERCENT FUEL = 23495» OQ/F = 3.175
ST

1400 {2531 |0.0l05 146075 0e00316 |-040710
le05 2512 +0100 22173 |0e0029 50s4 [ 0e0O3¢ 145870 , +00296 |~ <0671
1¢20 {2458 +0086 14263 +0021 6.9 «003° 125334 i 200248 |- «0571
le40 (2396 #0071 1063 20012 |130+8 0034 | 1e4758 : 200198 [ = +0464%
leb0 |2342 « 0059 leglo «0005 15348 2003 le4300 E «00162 [~ <0390
le78 (2298 »0050 leQ00 20000 16949 «Q03¢ 13954 | 00136 |~ #033&
2400 2252 20041 Le008 |=e0005 |13449 «002¢ 13620 | +00l12 |- <0279
4en0 11978 20004 16289 |=e0026 |25347 s 001t le2l46? «00028 |~ 0079
4408 |1970 20004 14302 [ =+0026 |255¢3 2001t le2l16 +00027 |- #0076
10+00 | 1640 |=s0011 24160 (=a0031 {313.6 2001, lellel «00003 [ = <0009
20400 |lell |~e0016 34365 |—e0030 [346e5 «000¢ | lepb81 «00000 |~ «0001
4000 | 1207 [=0015 54396 |—epD29 37244 <000t | 160259 »00000 + 0000

10000 972 i=-+0015 10068 |=s0028 39849 <000~ #9772 » 00000 «0000

200+00 820 16345 | =20028 [41445 «000: «9481 « 00000 «0000
40000 689 |=e0016 264628 | =—a0027 (62743 +000. 29252 » 00000 « 0000
11000+00 543 |=e0017 500955 |=a0027 | 440+6 +000: 9041 + 00000 * 0000
12000400 453 |~s0017 83e421 |-v0027 |448e5 «000. +8930 » 00000 «0000
~4000+00 377 |-e0017 [1364777 ~20027 145501 «000: «8834 00000 + 0000

R & Je45, PERCENT FUEL = 21487 Q/f = 34571

1400 (2696 [0s0164 17899 | 0e00627 |-0s1342
le05 2678 «0l58 24159 | Qe0033 4949 {00064 le764% «00597 |~ al2806
le20 |2628 «Ql63 1e257 20025 960 2 005¢ 1.6982 »00519 |- #1137
ls40 |2570 «0l26 leQ6&0Q a0012 ;12946 +005¢ leblaT « 00438 | = <0977
1a60 | 2519 e0Ll11 le009 «Q006 | 15244 2005. | labba2 «00374 |~ «0849
1277 |2481 « 0100 1+000 «Q000Q {lb7e2 *005¢ 15208 «00330 |- <0759
2400 [2434 +0087 14010 [=e0008 |18345 »00% le0702 «00281 ! = <0657
4en0 | 2167 « 0024 14303 | =eQ0%4 [25244 2003+ | Le2b4g «00095 |~ +0246
4a08 | 2159 +0023 12316 ;-eQn45 25440 2003+ | 1e2389 «00091 |- 0237
; i |

1000 [1822 i=e00l6 22204 i=e0064& |313.0 »002 1eQBT1 < 00013 ' - «00%0
| 20400 [1981 ¢ 34454 | —eQ006 |26645 »001! 1.0282 «00002 = <0006
4000 1362 52529 |=eQ0b& [373.1 «001. | «9B&3 «00000 = +0001

I
{ 10000 |1109 |=»0029 106479 [~eD062 | 400+5 « 000" «9335 «00000 | +0000
| 200400 | 942 |-+0030 | 174107 |~+0061 |41648 | <000t | +9005 = +00000 | <0000
400400 196 |=e0031 284Qll |=ep061 43041 000 «81733 +00000 1 «3000
100000 632 |—~e0032 534887 [—ep061 4bbal « 000" «8669 + 00000 ! « 0002
200000 529 |=+0033 8Be516 |=e00b1 45245 «000 «B317 »00000 | + 0000
4000400 | %441 |=+0033 [145512 | =+0060 (4594 | +000 .8212 «00000 l, «0000

R = De50s PERCENT FUEL = e

1.00 (2828 |0.0218 001069 }-0-1173
l.05 [2811 20213 24147 | 00033 49¢2 04007 :1e9891 201009 = 2101
1+20 {2765 «0l98 1e251 0024 G4eT «007 ’1-9138 200904 — el9086
lesQ 12711 «0181 14057 aQ0Ll5 | 12840 «007 labed7 200749 !~ elbY6
1e60 |2664 0166 1+008 2 (006 | 15066 007 17571 «Q0697 !~ WlbdQ
la76 {2632 «0156 1.000 20000 | 1b4e2 +006 1=7087 «00637 | = #1403
2200 {2585 «01l40 16012 | =eQ009 | 1Bled «006' : 1e6426 - 400557 !~ <1247
4,00 | 2335 @ <0062 14317 |=eQ055 | 25002 «005 | ledagl 400237 i = <0580

4008 | 2327 E «0060 12331 | =e0056 2518 2005 143326 +00230 ~ +0565

—
.

a
<
w
0

«00048 | = 0135

10400 | 1996 | =e0012 24252 |=~e0097 31143 | +003
E 1e0036 +00009 |~ +0030

20400 | 1748 |=e0035 34552 | =eQlo7? |345.4 002

40e00 | 1518 | =e0043 54719 | =s0l07 (37246 «002:) +9523 ¢ 00001 | = «000%
100400 | 1247 | =e0046 10920 | ~e0ind | 4008 «001 - «9003 +00000 +0000
20000 | 1067 | =+0048 17932 [=epl04 |[G1lie? «001 «8850 + 00000 * 0009
40000 907 | =»0050 294520 L —eplQ3 |431d6 «000 ; «B8347 » 00000 * 0000

1000400 | 727 |=¢0052 | 574146 | =sglQ3 | 44643 | «000' #8023 | +00000 +0000
2000s00 611 | =e0053 9he22B | —apl03 | 4551 +000° «7868 = 00000 + 0000

4000400 512 | =e0054 | 155405 | ~epl03 [4bied +000 + «7703 «00000 «0000




TABLE III. -~ Contlnued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansilon.
ratio, R; oxidant-fuel ratio, O/F.]

kEquivalence

(a) Continued. Combustion-chamber pressure, 60 pounds per

square inch absolute
r T - - a T
- T - - " Specitic- " :
Pressure Temp N:;:‘:' Areo Ar:u Specific | * ‘l‘" Specific .
L rotio, erature, ratio, ratio impulse, | impulse heat, ATy ydlnIny
P /P DT, exponent, € exponent, 1 exponent, < 3n P dtnT )l
Poe 3 " e 1bjisaci /b o <ol /(oK1 T :
L R = 0«60, PERCENT FUEL = 17435, O/F = 44762
T ST
1400 3015 |[0s0306 245641 1 0s02196 Q4374
3gol «0300 24131 |0s0020 4747 1020108 | ceb343 eD2139 = «4278
lelU | 2961 «0288 le2b4 +0020 Yle9 20106 | Z2e4522 «01985 - «4Qly
1e4Q [2914 $0274 1a054 20012 [ Léhed 20103 | 243568 «Qldlld - 43722
1e60 |2874 PXer{-ra 1006 « 0005 lebes ; «0101 242736 e01664 = #3469
le74 | 2B4Y e 054 ie¢000 +Q00N0 ;15840 ; 0100 |2e2225 01582 ~ w3315
2400 [2807 v 040 ie0l4 | ~eQ00C jl?bo) i e00%1 | 2el3b0 «01439  — #3005
4400 [2595 0165 16339 | =eQ022 1 26kel 200BY | le7214 «00832 ;- 1889
4s08 |2588 W0lb2 le354 |=a0054 ‘1“5.7 » 0084 1e7099 «00816 |~ «1858
i
10,00 | 2299 «0053 2e366 =epl20 |302e5 20067 | 1a2736 00301 |~ «0756
2000 |2063 |=-.0021 3eT62 —epleb |340eb « 0024 | 1e0527 200101 |- #0278
4000 1825 |=a0064 6el46 |—eplsy |368eb Q042 «9310 200024 |~ <0074
1open0 |1529 |=s0084 1le885 | =wgl9y |398s6 2 Q030 e8551 «Q0002 |= «0007
20000 | 1326 |=eQ0d?® 19129 |—eplys |61Eseb “ Q024 o8176 «00000 |~ =000l
“00+00 1164 |=s00%3 324844 |=aplY¥2 G316 «0Q1Y 7842 + 00000 <0000
1000-00 932 |-.0098 bbet TS |=aQl93 |baTa7 «0015 27449 + 00000 «0000
2000400 | 792 |=+010L1 [1074316 |=s0l93 |457s5 | 0012 . #7201 | 400000 «0000
400000 670 |=e0l0bd |178e41% |=aQi%4 [465eb «0010 + 7001 « 00000 <0000
= Ce70s PERCENT FUEL = 15e¢5r Q/F = 54556
T . - - s - e -1
1400 3128 10-0362 341609 0803650 |~0e7110
1e05 ;3114 «0358 24122 |Qe0020 46l | 0e0126 | 341396 203584 | = #70Ll1°
le20 [3078 20349 l.240 « 0015 BBeY e0Ll22 | 3s0040 203406 | = 6738
les0 13037 w0339 14051 «000Y | 12042 eQi23 29193 003201 | = eb%l7
le60 {3001 «0329 1.005 +0003 |l4le5 «Ql2i | 249028 «03026 .~ ebl3>
le73 2981 0324 1+000 «0000 (15242 #0120 |debidgl 02927 = 5973
2400 [2943 «0313 14015 =eQ006 [17Qe8 «Qll8 | 207690 «02738 | = 5657
4400 |2761 « 0255 14353 -eQo40 (2370 «Ql0e | 263262 «QlBYL | = etlb2
4408 |2756 $ 0254 14369 '=eQ04l |23Be6 «0108 |243126 «Q1lB70 |~ +410B
1000 (2517 «01l860 2sb6l4 | =ep099 29748 «009% | 127290 «00970 | = 2309
2000 [2320 «0071 3s963 |=aQld5 [333.0 +00B¢ | 1e339¢0 «Q047?8 |- el218
4000 [2108 [=.0021 652551 |=eQ2l5 136241 20069 | 1s0559 «00183 |- +0505
10000 | 1813 |[-.0l03 124932 |-ep265 39143 « 0053 8583 «00031 |~ +0098
200400 | 1596 |-.0127 216699 |=202T& |8412e5 s 004¢ « 7942 «00005 |- 0019
400670 | 1395 |=40137 364694 |=eQ277 |4lBeb s00 3% «7553 «00001 |~ 0002
100000 1156 =e0146 724560 |=ep277 | 44640 »0026 s 7136 + 00000 +0000
200 0 | 996 |=e0152 | 1224225 |=e027% |456sb =0022 ebb48 « 00000 = 0000
400 0 853 . —e0Ll5B8 | 209254 |-epebl 46509 s0018 «6596 « 00000 » 0000
R = Ds80s PERCENT FUEL = 13460+ O/F = 64349
100 {3188 040395 [ 346135 (405035 |~0e9676
le05 |3175 «0392 24117 . 000016 ; 44eb6 :0a0136 245978 «0Q4974 | = 9597
1.20 |3141 +0385 le238 «0012 8640 20135 | 345527 +04808 |- 49377
1+40 [3103 , #0377 1.050 sQD07 l1l6e3 «0133 | 3464973 WQUblE (= 9115
1.60 |3070 20370 Le005 «Q002 1370 «0l32 | 3asosl « 04449 ~ 8880
ls72 | 3052 20366 l+000 «Q000 14740 © 0131 | 344169 oQb357 - e8768
2400 |3016 0358 le0l6 |=eQ00S 16543 | w0130 | 3e3564 06169 = o847¢
LasnQ | 2853 w0317 16361 | -e0030 [229e7 aQl2¢ | 3e0181 «03300 |~ +708Y
4on8 | 2848 w0316 Le376 |—e0QQ30 |231le2 «012¢ | 340070 «Q3275 [ = 7046
1000 | 2645 20252 2453 | =e Q069 28942 «0lle Zetbll «0Z178 | = +5040
20400 |2487 «0188 44060 |=e0ll0 | 3&%al «QlDs le98l0 «01399 | = o3426
40e00 12321 «0lo2 be873 1 =aplbb | 35344 «00Y3 ledpdé «00THT | = «1977
100400 {2074 1 =e0038 134964 =e0lb6l 38545 20078 | le034g «00229 | = 20656
200e00 |1868 :=.0125 232185 =eQ319 40547 « Q06> sd617 « 00065 | = 0201
40000 | 1658 | =40170 G0el 75 —e0305 4l2e9 +005% #1527 « 00013 | = «004%
1000+00 | 1398 81a660 |—eD353 |64leB | #0042 «6975 «00001 . = »000%
2000400 | 1220 1384794 | —e0355 |453e6 | 003> 5676 *» 00000 »0000
4000+00 | 1058 46347 | +0029 6395 +00000 , .oooq
- R = 290 FERCENT FUEL = 124281 C/F = Tela3
1400 13213 | 040410 347588 | 0s02880 | ~lailed
1e05 | 3201 « 0408 2¢115 | DeQ0lu 43¢l |Un0lul | 347501 s05e7 | =lellb?
1620 |3168 20401 lec 3y sQGlo LETYs »013Y 3e 7253 e056B3 | =1a1004
lesg | 3131 o 0394 leg5D 20005 |llidso 20130 | 3409462 s09515 | =LleQuQY
1460 | 3099 003488 leQ05 v 0002 13247 20137 3e6652 205371 | ~leQb3>
ls72 3082 «0385 l.000 «Q000 . 1ol «0136 3.5087 002293 | ~le0538
2400 3047 20378 le0Ql7 i=eQO0b 160a¢ wQl34  3ebi23 200129 | ~le033¢
4eN0 2892 20246 le3bt  =aQ024 22246 «0i28 3e6l27 204380 | — #9301
4eyB 2888 «Q345 1379 =—eQn25 22441 «0128 | 344059 W0%398 | - 49269
1oe00 | 2701 <0300 2s4T0 | —epob3 ‘zuo.a s0le0 | 2e0bb0 a(3399 = 47736
£Ce00 | 2564 20261 Galle 3lae? «Qllo | 2el328 02668 = +6403
4Ce00 | 2429 «0214 72032 3636 «0l07 2+ 3391 «Ql951 = 4967
|
10000 | 2240 «Ql2d loabll 37548 <0097 | 1el259 «0lD92 -~ 2887
20000 | 2095 20019 224591 39646 20088 | lecalé «QO6ET | = olé&33
%0000 1919 |=e0il2 GhebB2 | —eD335 [ 6lbeT 20077 « 8980 «Q0100 | = #0477
1000+00 1660 | =e0elb 914675 | ~epu06  935el 20064 sT114 i «000l8 | = 0064
2000400 11468 ! 1574405 | —ep420 44840 2005 «60631 «00003 |~ «001l0
400000 11259 1--0&56 2694819 J--UhZh 45981 w0043 «6325 +00000 |~ «0001
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TABLE III. -

Continued.

THERMODYNAMIC DERIJATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN W TH LIQUID OXYGEN

{Equilibrium composition during isentropic
ratio, R; oxidant-fuel ratio, O/F.)

(a) Continued.

square Inch absolute

:Xpansion.

Equivalence

Combustlon-chamber pressure, 60 pounds per

Temp- Temp- Areqa- i Specific- ific
Pressure Areo . Specific | Specit
ratio, erature,| erature are ratio impulse, impulse hea, 3ln M dinm
R /P Y. | eporent| g™ | exporent.| Ty | exponent. 3l e ) Lo
< K ™ e |isma/m| 0 <o/ (GI°K) T
- R = 1400y PERCENT FUEL = 11419s Q/F = 7937
1«00 (3217 | 000412 346327 | 0406081 | -lel607
la05 [3205 «0%10 2+115 1 0e0015 41s9 00141 346262 «06031 | =141555
1420 (3173 + 0404 1.237 «Q010 808 20140 346075 «058%4 1-1e14Q9
1e60 |3136 « 0357 1.050 «0006 | 10943 »013B 3.5839 «05736 ;~1el235
160 [3104 «0351 l.005 *+Q002 [12847 «Ql37 i3e5618 «(9599 {=lel080
1e72 [308B8 «0388 ls000 Q000 {13749 20136 [ 345493 W05526 [ ~1le09Y5
2.00 (3053 +0382 1e017 |=e0004% [155e4 «0135 345216 005371 [=1le0811
4400 (2900 «0351 14364 [=e0023 |216e0 0129 3.3683 «04671 [~ «9903
4«08 12896 +0350 14380 | =v0024 ]217e5 «0129 3s3631 «04650 | = 90874
1000 2713 «0310 2+4Th | =eQ049 27243 «0l21 341047 «03772 |~ 48556
20+00 [2579 «0277 42124 | =eQ070 ;3058 «Qll5 248627 «03120 | = «T048
40.00 [2452 00262 T+068 [~e0092 133347 #0109 [ 2.5882 002502 |- <6289
100.00 {2287 «0187 14785 | =e0Ql27 36542 «0101 241850 «0Ll751 |- e4723
20000 2164 «0137 26¢152 |~eQlbQ [38547 «009>% leB&12 201248 |- 43562
400+00 |2037 « 0075 464510 |=e0202 (4039 +00BY 1e5363 200816 |~ e2476
100000 |[185% |=«0030 99697 |~e0277 [62Le9 20079 1le1390 +0038B0 |- sl267
2000000 [1710 [=e0Ll27 1764636 |-eQ348 |438es 0070  #BY74 | «00170 {— 20615
400000 [1545 |=e0219 3104311 |=eQ4l7 [451e0 « 0061 «7318 «00058 |~ s023¢0
R = 1e50y PERCENT FUEL = T7.74» O/F + 14905
1200 |3116 [0e0362 202973 { 003957 | —027944
len5 3103 «0359 24117 10s001l6 372 |040126 | 242869 03905 |~ +7873
1.20 {3070 «0352 14238 «0012 Tleb 40125 | 242574 «03763 (= 47675
1,40 (3031 0344 14050 + 0007 9648 «0123 |2.2216 «03601 |- 27443
le60 [2999 «0336 1.005 0002 |1l4el e0l22 | 241892 203461 [~ #7238
le72 |2981 «0332 L.000 12244 «0l21 | 241710 03385 [~ a7124
2.00 |[2945 «0326 leQls® 1377 «0l20 | 241323 203230 |- »6887
4400 2782 «0284 le36l 19143 «0112 | 1e9340 «02538 |~ 25752
4,08 2777 «0282 le377 19246 «0ll4 | 149277 «02518 | = 5717
10.00 |2576 «0223 2e450 | ~e0065 | 2408 «0102 | le6300 +01698 | = #4190
2000 |2421 «0168 44065 27040 «0094 | 13799 o0llés | - 43029
40400 |2263 #0102 648%6 |—e0ltl |2%4e06 «0086 | 1le1285 «00685 |- +196%
L0000 |2040 [ =«0003 164098 3213 «0073 8344 200264 |- 0862
20000 | 1856 [~a0082 244259 338.4 «0063 «6739 400096 |~ 0355
4000 | 1666 [=40139 4lab06 353.1 «0053 «5774 «00026 |~ 0112
100000 | 1415 [=40175 840484 36943 «00%1 «5156 « 00003 |~ 0017
2000400 | 1240 |~+0187 1444082 3795 20034 4898 «00000 | = <0003
400000 | 1080 [-e0196 |245.360 38842 0029 «4690 « 00000 = 0000
R = 2+00» PERCENT FUEL = 5¢92¢ O/F = 54873
100 12966 |0e40297 105209 [ 002254 |-0e4874
la05 [2953 00294 24122 {0e00l9 34.1 |0+0107 |2e5098 202210 |~ «4802
1.20 2917 00285 1a240 20019 6547 +0106 |1e4708 «02091 |= «4605
1,40 (2877 0275 1,052 0008 888 «0104 | le44l9 «01957 |~ 4376
1460 (2841 «0266 12005 20003 | 104e6 «0l02 | 164091 «01842 |~ 46178
1.73 12821 +0260 14000 0000 |11246 <0101 [ 13901 «01778 | = 24064
2.00 (2783 «0250 1.015 12643 <0099 | 143529 «01657 | = 3846
4400 |2604 «0197 14353 175¢2 «0090 {1s1688 «01130 |- 2831
4408 (2599 «0196 14368 17644 «0090 [ 1.1632 +01116 |- +2802
10400 | 2365 «01l17 2e612 2204l +0078 +9205 200575 |- ol616
20«00 [2177 + 0048 3.941 2460l « 0067 + 7501 «00286 | = .08%0
40«00 |1978 |-.0019 64557 26746 20056 o6166 «0011% | = «0400
10000 |1706 |=+0080 12980 |=e0214 |29(¢e7 s 0043 «5100 «00022 |~ <0096
20000 [1505 |=e0102 21eB22 3050 20035 4699 «00005 |~ +0024
400400 [1318 |=e0lll 364754 |—ag227 [31l6e9 e 0029 4457 «00001 | = +0005
1000+00 | 1095 [=.0l18 T3+335 32949 *0022 4221 +00000 +0000
2000400 945 |-40123 1234637 33840 +0018 s 40b4 +00000 <0000
400000 812 |—e0128 (2084163 i 34448 «0015 «3916 + 00000 + 0000
R = 3.00s PERCENT FUEL = 44,03» O/F = 3,810
1400 2655 [ 0s0175 J¢8140 | 0400697 |~0s1761
1+05 | 2640 «0l71 24140 | 000026 30«2 | 0e0067 o 8048 200672 | = 1708
1.20 | 2599 «0160 lezoy «Q01lY 58al = 00565 « 7795 « 00604 | = 41566
le40 {2550 0147 le056 «Q0ll 18a5 «0063 « 7506 200531 |- <1408
1e60 | 2509 «0135 l.007 «0005 9243 +0061 27260 « 00472 | = #1276
1475 j2481 «0l27 1+000 0000 | 1003 «0059% «7099 «QQ435 | — #1193
2,00 |2438 «0l1l6 1eQl3 [=2p007 |11l1a3 «0057 «bH58 «00382 |- «1070
4an0 | 2216 « 0027 14325 | —e0043 {15347 2 0046 «5739 «Q0175 | = «0550
4eng | 2209 « 0055 16339 1-20044 [ 15648 “ 0045 «5710 +00170 |~ «0538
1ce00 1915 | =e0002 24286 1917 «0032 w4712 «00044 | = #0165
2000 | 1691 |~s0026 34629 21341 «0024 «4277 <0003l |- «0050
4000 | 1480 | —w0036 5877 2302 «0019 s4p30 00002 | = +0012
100,00 {1229 |-«0040 | 1le319 248e1 | «Q0l3 | <3820 | «00000 | - <0DOL
20000 | 1061 | -a 0042 180732 25Bey w001l «3686 « 00000 + 0000
40000 911 | ~e0p42 31e103 2679 « 0009 «3561 « 00000 « 0000
100000 | 739 | ~e0045 | 604907 277s4 { +0006 | 3403 | +00000 *0000]
2000+00 627 [-«0047 {1012l 28343 000> 3295 00000 * 0000
400000 529 | —«00%8 [ 1674951 2oBal +000% «3198 « 00000 » 0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, 0/F.]

(a) Concluded. Combustlon-chamber pressure, 60 pounds per
square inch absolute

Temp- Temp- Area- ifi Specific- ific
Pressure Arsa : Specific | - Spec
ratio, erature,| erature ratio, ratio impulse, impulse heat, 3in M M
P /P T, exponent, € exponent, exponent, ¢ din P din ¥
< KoM e b)sec)/® ny <ol /(IO L T
R = 4400, PERCENT FUEL = 3405+ O/F = 14746
1.00 | 2347 | 0.0079 025285 | 000185 | -0s0553
1.05 (2330 +0075 24165 [ 000021 27+4 | 0s0032 09227 «00175 |~ 0525
1.20 {2282 20066 14260 «0015 527 0030 «5073 «00147 | = «0454
1s40 | 2228 20056 lsQ61 «000% Tle2 e 0028 «4906 «00120 |~ +0380
ls60 | 2180 «0047 1.009 *«000% 8346 +0026 6772 400099 | = 0323
1.78 | 2143 20041 le000 +0000 521 «0024 shbT74 «00085 |~ +02B3
200 |2101 +0034 14009 |=+0004 [ 10047 +0023 +4569 200071 | = 0262
4e00 11858 0006 16297 |=e0021 | 13843 «001l6 s4lp2 # 00021 | = <0084
4+08 11851 20006 1311 {~e0021 [13%.2 « 0016 °h092 +00020 |~ <0082
1010 | 1556 |=+0008 24192 [—e0027 |171e3 <0010 +3769 00003 |- +0015
20800 (1351 30439 l=eon27 | 1896 « 0007 23619 »00000 |~ <0003
40400 | 1167 |=e0012 54518 | =«0C27 |20%e1l «0005 «3501 + 00000 « 0000
10000 954 |=+0013 104507 |~+0026 [21941 *0004 23354 +00000 +0000
200400 B15 174236 |~«0025 |22840 «0003 «3244 «00000 + 0000
40000 692 |=.001%4 28358 |=e0025 [23544 0002 3141 * 00000 «0000
100000 553 | =«0014 54sB42 | ~e025 [263e2 « 0002 «3013 +00000 «0000
200000 464 90e278 | ~s0025 126749 «0001 2929 « 00000 «0000
400000 387 |[~e0015 [14B4471 [=e0025 [251e7 «0001 ° 2885 « 00000 «0000

R = 5,00, PERCENT FUEL = 2445 O/F = 94683

100 |2062 |0e0027 0+4109 | 0000043 |-0s0153
1eN5 | 204% 20025 2186 {0s0010 2542 |0e0011 «4079 «00040 [~ s0Ll42
le20 |1995 <0020 1e269 «0007 4Bat 20010 <4004 +00032 |~ »0Lll6
le40 | 1938 «0016 1,066 = 0004 6543 «0009 23925 00024 [~ 0091
le60 | 1890 40012 lsp011 +0002 7607 «0008 3864 «00019 |~ <0073
1480 | 1849 +0010 1.000 «0000 B85a1 +0008 +3816 « 00015 | = <0060
2400 [1811 | <0008 10007 [=e0001 | 92+2 | 0007 | +3775 | 00012 |- «0050
400 |1578 «0000 14282 [ ~e0005 | 12642 0004 3579 «00003 |- 0013
4408 | 1571 +0000 14295 | =e0Q005 | 12740 « 0004 43575 00002 [~ 0012
1000 | 1304 {=¢0003 20145 | —e0006 | 15547 «0002 #3413 +00000 |~ «0001
20400 |1122 {-+0003 34345 | —e0006 |1719 «0002 *3399 « 00000 0000
40000 961 5334 | =e0005 | 18647 «0001 +3209 « 00000 20000
100+00 | 778 100072 |-+0005 |19748 | «0001 | «3076 | +00000 «0000
20000 659 16+410 | =e0005 | 20546 «0001 «2979 « 00000 0000
400.00 555 264810 | ~e0005 |212s0 «0001 2688 +00000 « 0000
1000-00 438 514370 | =e0005 |2ltab <0000 <2783 « 00000 +0000
2000+00 365 B4sD29 [-e0005 |22246 0000 «2728 « 00000 « 0000
400000 303 |~«0004% [1374526 |~e0005 |22529 «0000 «2693 *00000 =0000




68
TABLE III. - Contlnued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equilibrium compositlion durlng isentropic expanslon. Equlvalence
ratio, R; oxldant-fuel ratio, O/F.]

(b) Combustion-chamber pressure, 150 pounds3 per square inch absolute

Temp- : Temp- Areo- i Spe-ific- ‘ Specific
P':‘:i‘"' eroture,| eroture Area ratio m‘: impJlse heat, In M 3lnm
1Y T. | exponent,| [T | exponent,| ) | axpecent, . 3P ) (a In T )9
< K " Mg | (b)ewei/® 1 col/ (KoK, T
R = Qel5y PERCENT FUEL = &5465» J/F = 10190
1+00 |1183 | 0+0000 17752 | 000000 0+ 0000
1475 {1168 «0000 24250 | 0*0000 4Te6 | 040000 | 17711 *+ 00000 *0000
1220 {1129 *«0000 1e297 *0N00 908 «0000 | 17597 »00000 «0000
1440 1085 +0000 l.081 40000 {1222 «0000 | 1+7473 + 00000 «0000
1+60 [1049 +0000 legl8 20000 [l43.2 0000 | 1e7368 + 00000 0000
1.87 |1008 «0000 l.000 *0000 |163s4 «ODOO0 | 167257 » 00000 «+0000
2400 989 0000 1003 #0000 |171s5 «0000 | 1eT7210 » 00000 +0000
4000 824 «0000 le233 20000 |232.3 «0N00 | 1+6825 +00000 + 0000
1000 643 » 0000 1e974 *0000 {2831 «0700 | 16505 +00000 +0000
1021 639 20000 14997 *0N000 |284+0 #0300 | 16501 »00000 «0000
20400 532 »0000 24982 0000 |309.9 0100 | 1e6303 »00000 <0000
4000 439 + 0000 be620 *0000 {330+% #0100 | 1ls6269 +00000 <0001
10000 340 =G000 84432 =Q000 {350+8 «0)00 | 16091 00000 +0000
200200 280 «Q000 13e43] 20000 | 36246 «0)00 | 165971 *»00000 +0000
40020 230 0000 21488 «Q000 [372.0 «0)00 | le5556 00000 «0000
1000400 175 « 0000 3%9.928 «0000 |3Bls6 «0100 | 14845 «00000 «0000
200000 142 «0000 6534572 «0000 |387s2 «0300 : 1e6387 «00000 +0000
4000+00 114 «0000 | 100+938 0000 |391e6 <0100  le4054 « 00000 «0000

R = 0e209 PERCENT FUEL = 38465, O/F = 14587

I
1400 [1514 | 040000 146191 ;0400000 |~0¢0001
105 | 1497 | <0000 2233 [ 00000 4943 (00000 | 166366 | «00000 «0000
1420 {1450 - «0000 14289 | <0000 | 94s6 | 0000 | 106026 | +00000 «0000
le40 1398 | 20000 14077 | «0000 |12746 | #0900 | 145889 | +00000 «0000
1460 |1354 | +0000 14016 | <0000 |169s4 | «0300 | 15773 | 00000 <0000
185 [1307 | «0000 10000 | +0000 |169-2 | «0)00 {Lle5652 | 200000 +0000
2400 |1282 | +0000 1004 | 0000 |179+1 [ 0100 |1le5585 | 00000 <0000
4e00 |1079 «00C2 1e246 “0000 |243e2 »0100 | 1a5045 +00000 «0000
10+00 | 852 | #0000 24009 | <0000 |29%2 | 4000 |1e4516 | +00000 +0000
10¢21 | 847 | <0000 24033 | 40000 |29Be2 | «0)00 | 144506 | +00000 «0000
20400 | 709 | +0000 35069 . 0000 |325+9 | G100 | 194232 | «000060 «0000
! 4000 588 +0000 4e739 0000 |348s0 «0)00 :le4067 » 00000 +0000
10000 458 «0000 Be679 *0000 | 3700 «0I00 {13916 « 00000 0000
200400 379 «0000 | 13.870 *0000 |3082.7 «0200 | 13807 «00000 +0000
40070 | 312 | 0000 | 224295 | <0000 [3930 | 0300 {1+3677 | +00000 +0000
1000000 | 242 | <0000 | 41+979 | 0000 [403+5 | «0300 |1e3402 | «00000 «0000
2000000 | 198 | <0000 | 67+687 | <0000 [409«7 | <000 |1+2958 | 200000 +0000

4000+00 161 «0000 |108e754 0000 (4lbteb +0)00 | 12580 , »00000 ‘ +0000

R = 0e254 PERCENT FUEL = 33451y J/F = 1la984

i

1400 | 1816 (00002 ! 1450640 ; 0+00003 | ~040009
105 |1797 | <0002 20218 (04000} | 503 [ 040301 [ 144992 | 400002 |~ <0008
1420 | 1745 | 0001 10283 | 4000) | 9646 | 4010 | 144867 | 400002 |- «000°
1440 |1686 | +0001 14073 | 40000 [130+1 | <0301 | 1.4730 | «00001 |= <0003
1460 [1636 | <0000 14015 : «0000 152«7 | «0)00 | le46l6 | »00001 |~ +000¢
1483 (1587 | «0000 12000 ; +0000 (17148 | +0)00 | 124503 | «00000 |~ +0001
2400 (1555 | »0000 1005 | 0000 !183e1 | 0100 {1+4429 | «00000 |~ +0001
4e00 11322 | 0000 12256 | <0000 1249¢3 : +C)00 ;1+3875 | «00000 +0000

;
10+00 11057 | «0000 2.048 | +0000 3056 | «£)00 | 123225 | «00000 <0000
10e21 1052 | +0000 24073 | 0000 |306+6 | «cH00 [1+3213 | «00000 *0000
20400 | 887 | +0000 3¢127 | +0000 3357 ; +C)00 |1-2847 | <00000 «0000
40e00 | 741 | +0000 44883 | +0000 3590 © ()00 [1+2559 | +00000 «0000
10000 | 581 | +0000 Be985 | +0000 |[382e¢4 - oC)00 ;122320  «00000 +0000
200400 | 482 | 40000 | 144396 | 0000 | 39549 . +C)00 12190 @ 00000 *0000
400s00 399 +0000 234208 *0000 |406¢8 | +C)00 | 142100 «00000 +0000
100000 310 +0000 434894 *0000 |“l8e] 20300 | 1+1953 «D0000 +0000
2000000 | 256 | <0000 | TLle2B0 | <0000 |4247 . ()00 121803 = +00000 *0000
4000400 | 210 | +0000 (1154651 | »0000 !%30¢2 | «£)00 141481 400000 +0000

R_= Jv30y PERCENT FUEL = 29457y  1/F = Ze381

‘
1,00 | 2092 | 1144348 | 0400020 | ~0+005%

1.05 2071 20205 100000%  50e8 | 0+C04% 144282 ' 200018 | = «004Y
1a20 | 201> le2?7 +0003 Yleb »C )04 le&lll «00013 | - »0037
latQ | 1951 lep70 20002 [ 1314 § (03 - le3d¥31 < 00009 | — #0026
1¢60 | 1897 14013 | #0001 "15¢eZ | +C)05 . 1e3786 00007 |~ »0OlY
1482 | 1846 14000 | +0000 1T2e6 © +030¢ | 143659 | 00005 | = +00i%
2.00 | 1809 le00b +0000 185¢1 | «C30¢ | Le3967 +0000% | = #0011
420 | 1553 1e266 . =000l 252e5 i CI0L {14999 | +00000 |- +000¢
1000 | 1258 2.085 . =+000Ll 310e4 | +C)01 142337 | +00000 +0000!
10e21 | 1251 2e111 |=e000l ,31le5 | 20l 142322 | 400000 *0000
20400 | 1064 30206 | =»000L 1341e7 | «C)00 1e1891 | 400000 +0000
40400 | 89% 54037 | =»0001 36660 | +CI00 ‘1ls1531 | 20000 «0000
i 1 i i

| i
10000 708 Yel25 . =»0001 |390e> [ +CI00 | 1e1175 ‘ +00000 «0000
200+00 | 590 14¢594 | ~ep00Ll |%04e8 | 300 ' 1lelC08 | +00000 +0000
40000 490 244235 | ~20001 |#lbe> | «c)00 : leobes * 00000 « 0000
1000400 | 383 |=e0001 | 46.002 =+000l '428¢3 | +C)00 (1e0745 | 400000 | +0007
200000 | 317 744917 S =e000k 43504 | #C)00 | 1e0637  «00000 | +000GG

|

“00000 262 {=+0001 1224193 [-e00Ql 441.2 #C300 {10533 © +00000 : +0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during lsentropic expansion. Equlvalence
ratio, R; oxidant-fuel ratio, O/F.]

{b) Continued. Combustion-chamber pressure, 150 pounds per
square 1nch absolute

r - . - , i

. Temp- Area- . Specific- "

. Pressure e]r::"': i e':mpre Area m':: §pocnﬁz ; ’{“: Specific

* ratio, VT pemonent ratio, exmonent mwh,‘“" heat, 3ln T din M

i PP A ponent, £ xponent, 1 exponent, e dln P dln T A

. < K ny " e/ ny calfi1gueK;

- - R —d . -
K = De35y PERCENT FUEL = 260470 U/F = 2.718 R
’-

1«00 (2339 |0+0036 | P1e4£71 | 0+00081 | ~0Qe019%
1e9d |2317 | #0033 Za192 | OeQDLZ 50e0 | Qe00l4 [ letles » 00074 | = «Ql80
1e20 |2¢59 2 00Lb le271 «000Y ERNY-) «Q0le 1e3889 200058 | = «0Olwu
lat0 219 «Q020 1e007 «000% |131s6 <0011 | 1.3604 «QDO43 |~ «011C
leb0 |e¢137 «00L> L0l «000¢ | 1540 «00L0 | 1+3385 «Q0033 | = 0088
le80 |2087 «QO0Ll 100C 172.1 «000Y la320% | =0Q0026 - 0067
2400 | 2044 <0009 | 1e007 16547 +0008 | le3068 «Q00Z21 "~ «00586
H 4400 1772 |=«0001 . 1le276 [ =006 D@ «000% 12337 »0000% |~ +00LL
10400 (1451 22120 i 31249 «0003 1e1659 «00000 |~ +0001
10e2l ‘1l4b6 2elt? 514e0 «0003 lelbub «00000 |~ +0001
20400 (1239 3.282 34bal «0002 ' lellpé «00000 +0000
40000 |1051 |=e000% 56191 370e2 +000L | 1e0794 « 00000 »0000
10000 838 [=.000% Jab8l 39548 «0001 | le0366 +0000C »Q000
20000 702 =e00CH 194634 |=ep005 |%iDe8 +000i |legll¥ + 0000 Q000
40000 566 =e00OGH 254362 | —a0005 |42de9 0001 «9953 « 00000 » 0000
1000400 | 460 " 484312 |-+0005 |43%45 40000 | %789 400000  +000D
200000 382 J8eB9Q . ~e000> |443s0 ; =0000 «3694 . 20C0DO » 0000
|4000000 | 317 |-»0004 ;1294010  =+0005 449+2 ; =0000 | +9587 | 00000 ~ +0000

= Qe60s PERCENT FUEL = 2395y U/F 34175
L N _ el Ll S . ]
1400 2553 |0s0078 164879 | 000419 |=Qe0487Y
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10e00 | 1638 |=40008 cald5 “mepOcl | 3l3ev » 0007 | Lell33 «00002 , = +0005>
10e21 |1631 «0008 delBe | =e0021 3150 «0007 | lelily «0000L | = +0005
20400 1410 0010 3e358 | —epQlD S4be! #0005 | Le0b74 «00000 |~ 0001
4000 |1206 20010 Sedbs | =ep0lY 37245 «000% | 140256 00000 =000
10000 971 |=e0011 10047 |~eg0l8 | 39940 +0003 «5769 « 00000 +0000
20000 819 =e.0011 16311 |=epOlb |4l4eb «0002 9479 +00000 » 0000
400 N0 688 :=+0011 26e2!3 [=ep0l8 |4LTen 20004 #9251 + 00000 «3000

i
1000+00 543 5Qe851 =sq0llE | 440eb 000!l « 9040 +00000 « 0000
200000 452 B3e2593 [ —aQ0lE [b4Beb «Qoo1 «B%30 ., »00000 - 0000
|#000+00 | 376 |~+0012 [136e50¢ =e0018 145541 | 0001 | +Bu32 ‘ 00000 +0000
R = Qe45y PERCENT FUEL :721-5'&7’0'{F 71 .

1e00 [ 2733 |0s0131 1166077 | 0s004DT | ~040965
le0> 2713 s0ide del65 [0e0030 50s1 |Qe0048 leb¥81 200433 |~ €094l
120 2659 «Qliz Le2b9 s0022 Goa bt «0045  ledl6l «00372 | = <0806
le40 {2596 + 0096 le061 «0013 1302 «004< 1.4792 «00309 |~ +068%
le60 |2b4az «QUB3s lep0Y «0006 15340 «0Q40 |1e6330 «00261 i~ 40988
1e77 |249% « 0073 1000 « Q000D |lbBeh «QC35 | 1»3991 ) «00¢27 = #0519
2400 |2451 «0063 1009 =+0006 18442 «0C30 le3621 «00192 = Q%47
4400 |[2171 . «001% le2v8 ;—ep023 25340 «0025 | 1s1951 00051  ~ +015Y%
10400 |181Y |-e0Ql3 delY3 |=ep0hb . 3LlLe> «00lo | lep788 «00008 - 0025
10e2L |[1B1Z |[=eQQL3 culdl)l |=ep0bb | 3lbeT «00Ll5 . 1eD750 +00008 | = #00Z%
20000 |1578 |=«001l8 Sal4b | =a0080 | 3ubey 2001z 1.0<5d +00001 | = «000%
40e00 | 1359 |=e00DZ0 24202 |~20042 |3T3e4 RYalelol) «9035 +00000 0000
10000 :1l06 |=e00¢1 10e428 | =200%2 | 40ue7 =Q00° 9330 00000 =000
200400 939 | =e00«2 174026 i=eQGu3 | 4170 000> <9001 «00000 » 0000
40070 794 | =e0023 274879 " —aqD43 | 4306 »Q00% +8730 « 00000 « 0000
1000+00 631 | ~s00223 | 534635  —aQl4Z [b444al « 0002 sBu67 » 30000 <0000
200000 528 | =eQD24 BHel03 —aQD42 4D2s0 «000< «8316 « 50000 <0000
4000400 | 440 [-e0DZb  144en3h Lf-oc~£ 459 4000< | #8411 | »00000 <0000

R = 0e%0y PERCENT FUEL = 20el2s U/F = 34968
1400 | 2881 |0.0185 147727 10.00797 [ -0ei623
leQ> | 2862 «0179 Zalb3 | 0e003< 4Yst | Ce0ObE | le7501 « Q07606 = Ji56u
le20 | 2811 «0lbd | le206 0024 9has « 0064 1s68G2 «0Ch70 }— o :4Q7
leaQ | 2722 «Qibd le0oy «00l4 | 12bed v 0061 1etdl1 «0CoE3 }— shedn
leb0 2701 «0Ll33 L»000 eQULL | Lloled « 000 1e5bbs «0030% -~ . lCYL
le76 26b4 e0l23 14000 «QUCO | 1656 20056  lebl4é& JGOu59 =~ #1001
200 | 2615 «0i0Y leil —=eQUgb - lHZed s Q0D ket 743 «003YY = eCdd>
4an0 | 2340 «0Que te3ll | —s00%0 25lec 20061 | lectat 00159 =~ .C386

i

10+00 |1994 .-e0C12 -a0C76 , 312a2 s0027 | lapbbe 00030 = Q084
10e2) 1980 =eDCIln ~eQ076 [ 313s0 s 00! | Lepbid «0CCEY I~ .0080
2000 | 1743 | —s00c¢8 =eQ0bl | 36601 «Q0<0 «9956 i »OC006 | — «00l8
40eQ0 1512 | =e003? ~aQGBQ | 3T3ec aQC1lo 9504 | » 20001 | - <0004
100s00 | 1é4z =aQU3% LOscey ' —ep0io |40les «00li eEYGh .00CCO i .0000
£00+00 | 1063 =¢0C36 ifeibd =e0QiB |4lbel <0009 atthe »0CO00 | +00CO
40000 504 —e003 29218 =001 T 4IseY «000 ! s0340 «0CCOD Relalalel
100000 T246  —«003Y Lhetidn meglfl  Lhbes «000CY 2501y «GCO00 « 0000
200000 606 | ~e004C PETL -2 poli Gbbe: .« 0004 slo4Ld « (0000 «0000
14000400 510 j'-OOhl Ib4el 3y D0/ wbreb | +00C3 thQc | «GOOOO +0000
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TABLE III. - Continued. THERMODYNAMIC DEIIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expanslon. Equivalence
ratio, R; oxldant-fuel ratio, O/F.]

(b) Continued. Combustion-chamber pressure, 150 pounds per
square inch abso ute

! T
Temp- Temp- Area- Specific Spexific- Specific !

P::;T‘ erature,| erature ::: ratio iuwn;u, impulse heat, 3in T Jin M
o [T enponant,| 1o, | axponant,| R axpeeet| "0 (3 ) Ko ¥ ),
€ °K L) Ng | tb)ec)/® L PR

R = De6Qy PERCENT FUEL = 17435s §/F = 4e762 .
1400 [3097 {0e0278 242005 [ 0e01775 | —Qe3453
le0> (3081 «0273 24136 | 0s0028 48e2 | 000097 | 241752 W 01724 | = «3370
120 | 3036 00260 le247 =0021 927 00695 | 241055 «01587 |- <3143
l.40 [2985 00245 le055 20012 | 1243 «0C92 | 2+0268 201435 |- <2887
160 | 2960 eQe32 lepo7 «0005 [laTed +QC90 [ 1e9551 2QL310 | = «dbbLY
le?4 |2911 00223 L+ 000 20000 [159e9 «0CB88 | 19107 w0le32 | = 4533
2400 (2865 »0208 le0l3 |=ep008 1774 «0CB6 | 1+B396 20lll2 |- 2318
4400 2630 | »0131 Le333 |=20053 [265%e9 | «00T3 | 165032 | »00605 |~ «l359
10«00 [2308 «0028 24321 [=epll3 |307¢ «QC20 | lelb96 «00198 | = 40696
1071 |2300 «0026 2e352 [ ~e0llD |308e4 «0i:55 1141536 200192 |~ <0483

20e00 | 2058 |—.0028 34708 [ =s014b |[342e0 «0C4%4 | 1e0010 « 00062 |~ #0171
40s00 |1815 |-e0056 6eG38B [=20l15Y | 3706l «0034 «91386 ! 2000L% |— +0043

10000 |1518 |=.0068 114693 |=spl6l [39946 «0f 24 «B515 200001 | = <0004

200400 1317 |-e0072 19413 | =eQlbD 1417e4 401 1Y [ eB157 * 00000 <0000

40000 [113% |=0075 32319 [=e0159 [43ied o0l 16 « 7825 + 00000 « 0000
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R = 0e70y PERCENT FUEL = 15#2%r L/F = 54556

1400 |3231 |0.0345 247036 |0e03093 |-0458063
149> 3210 | #0342 24126 [0s0022 | 4647 [0e0.18 | 246809 | +03031 |= «5771
1420 {3176 | 40332 Lle262 | +00Llb | 898 | «0:17 | 246171 | 402863 |~ #5518
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400e70 | 1896 l=epluw wse 0% | meCohe  Wl7eb «0 tH ebQlb 00072 | = #0234
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNkD PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

{Equilibrium composition during isentroplc expansion. Egquivalence
ratio, R; oxidant-fuel ratio, O/F.]

(b) Contlnued. Combustion-chamber pressure, 150 pounds per
square inch absolute

! I'e
r Temp- Temp- Area- i Specific- | Spacific
Pressure | | iore,  eroture :::i:, ratio impulx:, impulse heat, 3inM ) (6 In I )P
E
I

;,a?:‘ ﬂ“ exponant, exponent, 1, exponent, <, 3in P dln T
¢ K i ™ N | Mhima/® " oo/ (IR
R = 1,00y PERCENT FUEL = 11019y O/F = 74937
1400 [3341 |0e0%10 341852 | 0405537 | ~1e.0233
la05 |3328 « 0407 24118 | 00014 4245 100137 [ 361796 «05488 | -1.0184
1s20 [3292 <0401 l.238 «0010 8le8 #0136 | 341630 405356 | ~1400%6
le40 |3252 «D394 1050 «0006 [110e7 0134 | 361421 405203 |~ »9883
1.60 |3217 «0387 1.005 «0002 {13043 #0133 [ 31225 «05071 | = #9730
1e72 (3199 +0384 1.000 «0000 |[135.8 #0132 |3e111l «04999 [ = #9654
2200 [3161 « 0377 14016 |=¢0004 |15703 «0131 |3+0866 «04B51 [= #9483
4400 |2994 e 0344 la361 |=e0024 [2184b 20125 [ 29493 J04178 |- 88627
10400 (2789 «0299 24462 |=e0051 |27543 «0l17 247109 +03318 |~ 47361
10421 | 2785 20298 24498 [—e0051 [27644 «0l17 {27049 «03300 |- #7331
20400 |2644 «0264 44097 |=e0073 | 30847 e0lll |2e64914 202701 |— #6325
4000 {2505 #0224 74007 |[=»0097 |337e0 «0Ql05 | 242430 02121 |~ <5248

100.00 {2325 «0lb4 144608 |[=+0l13> | 36845 +0096 | 18808 201429 |- #3815
200+00 (2188 <0108 254757 | =epl72 | 38940 «0090 | 15942 00978 | = $2771
40000 | 2048 « 0040 490624 |=s0218 [607el <0082 | 143134 «Q0606 |- +1838

100000 [1850 |=+0070 974111 |~e0295 |62748 «007¢ »9862 «00255 | = +0857
2000400 |16BE |—¢0158 [170e978 |[-e0360 [44le> 20064 =8018 «00103 |~ +03BD
400000 |1517 |—e0229 [2984702 [=aQ412 145344 20055 « 6840 +00032 |~ +QL29

R = 1+50s PERCENT FUEL = T.74s O/F = 14905

100 (3219 [0e0350 149992 (0403449 |-0.6756
le0> |3206 «0347 24120 | 00017 3746 [0s0120 | 149899 203400 = #6690
1420 (3169 « 0340 Le2t0 «0012 1224 0119 | 149637 «03266 | = #6507

le40 {3127 20331 le051 0007 9149 «0117 {1e9320 03114 |= 6292
le60 {3091 «0323 leQ05 +0003 {11543 «Qllé [1e9032 «02983 |- «6103
le72 |3071 #0314 1+000 20000 [12349 «Qll> [ 1leBB&O 202910 |— 5995
2400 |3031 «0309 1e0l6 |=ep005> (13942 20113 | 1+8526 «02767 |- «5780
4400 2853 «0265 14357 |[~+0030 [1927e2 «0l06 | 16765 202125 | = e4742

1000 |2626 «0l99 20439 [ =eQ06Y [24340 0095 | 124088 «01364 = «3340
10.21 |2621 «0197 24674 [=eQ0D70 |24440 «0095 | 1a4p26 «0l348 |~ «3309
20e00 | 2455 «0l40 4e027 [=e0l05 |27262 «0087 | 1e1931 00880 |- «2329
4000 |2281 «0071 62805 |—eQl49 29646 « 0078 «5827 «00498 |- olaup

10000 (2037 |=e0027 13,824 |-e02la | 32344 «Q065 « 7495 «00176 |~ 20586
20000 [1842 |=s0092 23s681 |—e0258 [ 34043 0055 «6298 +00060 |- =0229
400400 |léut |~e0133 40e495 |=e0284 | 35647 00046 «5593 +00016 [= »0071

1000400 |1393 [-«0158 B2e105 |—e0297 {370e6 «0036 +5103 00002 |~ 0010
2000600 |l220 «0L67 1394978 —e0300 |380s6 «0030 4869 »00000 |~ =0002
4000400 | 1062 [=e0175 |[2384311 . —e0302 | 38942 «0025 e 4666 = 00000 «0000
b i

R = 2.00s PERCENT FUEL 5¢92s O/F = 54873

1400 (3045 |0e0278 103351 [0+01897 | —0e4038
1en05 3031 | 0275 24126 | 0e0020 | 36e4 040100 | 123254 | <01858 ;= 3974
1620 |2992 | <0266 10242 | »0015 | 66e3 | +0098 | 142984 | «01750 |- 3799
1440 2947 | #0295 10052 | 40009 | 8947 | 0096 |1a2665 | 01629 |- +3596
1460 |2909 | #0245 14006 : ¢0003 |10566 | +0094 | 1e2381 | 401526 | = #3420
1273 |2886 | 40239 14000 | <0000 |113+8 | +0093 | 142211 ; 01467 |- 23316
2400 [2B45 | 4029 14015 |=e0006 |127¢4 | 0091 |lel894 | 4013061 |= #3127
4eQD [264Y | #0174 1348 |—e0038 | 17646 | +0082 | 140314 | 00899 |~ #2244
10400 |2385 | 40092 20393 | —e0087 1221006 | <0069 | #8231 | «00434 |- 1226
10621 |2382 | »0091 Ze427 |=e00BB |22Zeh | <0069 | «BLBT | 400425 |- «1206
20400 [2184 | <0028 34895 |-s0l28 |247¢5 | 40059 | »6852 | 400206 |~ #0650
40400 [1974 |=e0028 Ges56 |—e0lbs | 26849 | <0049 © #5809 | 00079 |- +0282
100400 | 1696 |-40074 | 124761 |=e0192 |291e8 | 40037 | #4985 | +00015 |- +0066

200400 |1492 |=<0090 | 21e403 |-eqlyy 3053 «0030 «4656 | +00003 |~ +00l7
400.00 |1305 |=+0057 36.042 [—e0200 |317e7 «002% «4438 «00001 i~ +0003

1000+00 |1084% |=.0l03 71s914 |=e0200 |330e8 20019 «4209 « 00000 ‘ +0000
200000 $35 |=eQl07 |42ie231 |—e020l1 |338eD »0015 4053 « 00000 + 0000
4000200 Bp3 :—e0lll 710&-057 f:ggozrggiﬁ.z 0013 « 3906 « 00000 l «0000

0y PERCENT FUEL = 4039 U/F = 34810

‘ 0e7383 | 0000222 ’—0-1399

1400 | 2695
lend (2679 Zelad 1 0+002> 30«4 | 0e0059 « 73006 200533 | = 41355
leg0 2636 le251 «0018 58e4 <0057 e 7094 200477 ' — <1236
let0 12582 1.057 0511 7849 «005% 26854 00416 - <1105
le60 |2537 le007 0004 G248 20052 26650 «00368 | = <0997
1e75 |2507 1000 «000C | 101l «0051 +6513 «00337 |- +0927
200 | 2402 1e012 |=e0006 |111e9 «0049 6319 «00295 |- +0830
4a00 | 2226 12320 | ~eQ038 - 1543 «0038 «5411 «00131 | = .0417
10«00 ;1914 cedll . =e00BT [1¥243 w0027 4989 00032 | - W0l23
i0e2l | 1v07 2301 | =20067 | 19340 20026 4575 +00031 = #0119
<000 16487 3450k | =200/6 | <135 «0020 $4232 200008 | = #0038
4000 | 1473 Setdt | —egQlo |230e6 «001> +4015 200002 | = 0007
100+00 | 1224 | —eQ052 Lle¢ss | —aQDT 1 | c4Beb w0011 +3b16 «000C0 | — <0001
200400 1057 18s508 | ~ep076 [ 259al «000Y »3682 « 00000 «0000
40000 904 | —e0036 30867 ~eq07H :208el s0007 »3559 + 00000 <0000
1000+00 736 | ~e0037 j 60eb4%4 |—e007> | 27706 - 0005 e 340l «00000 + 0000
200000 1006439 | =+0072 | ¢¥3a4 i » 000G «3292 « 00000 + 0000
400000 lopebbs | mepd70 | 4888l | « 0004 «3196 «000Ce | » 0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence
ratio, R; oxldant-fuel ratio, O/F.)

(b) Concluded. Combustion-chamber pressure, 150 pounds per
square inch absolut:

—
T
Temp- | Temp- Arsa | gopciic | SPecific | Spacific
Mronar et ercture e oo | impuhe, | impulie | Theat | 3inmny alnm
B /P‘ J’ sxponent, p 3 sxponent, 1 exponent, . 3in P ) dn T )P
< X " Mg  |thama/n " <ol /19HOK) v
R = 4400 PERCENT FUEL = 3,05s O/F = 14746
1200 (2363 | 0e0064 De5005 | 0»00142 | ~0e0427
le05 [ 2344 «0061 24169 | 040018 2745 [De0p26 e 4958 v00136 |- .p405
le20 [2295 0053 ie261 +0013 5248 =« 0024 e4833 «00112 |~ «0349
le4p [2238 20044 lepb2 «0007 T1le3 20022 «469% s00091 | = +0292
lebp |2188 20037 le0in *0003 83.8 +0021 «459g 00075 |~ 0247
178 2149 20032 le000 *0000 2ok +0020 «4509 200064 | = <0216
2400 |2107 «0027 1+009 | =+0003 [100e9 <0018 4426 »00053 |- «0l85
4s00 1859 +0005 14295 |=s00l6 (138645 «0013 chObd 200016 = 20065
1000 11555 |=.p007 20187 [=e0021 [171e5 « 0008 «3757 «00002 |- #0011
10421 {1549 [ ~+0007 24215 J~eQ021 (17241 « 00086 03752 +00002 | = +DOL1
20400 [1350 |-+0009 3e431 |-egp2l 1897 » 0006 w3616 «00000 |~ +0002

40«00 | 1166 {=e00i0 24506 |~e0021 | 20492 *0004 *3500 *00000 «0000

lo0+00 953 [=w00l0 104485 | =20020 [219+2 0003 *3353 00000 *0000
20000 814 [=e00ll 17201 [=s0020 [<4Bel *000< 3264 «00000 *0000
40000 | 691 [~e001l | 284301 |=~sg0lY |23%e «0002 «3l4p 200000 « 0000
1000.00 552 [—-.0011 540731 |=ep019 24302 <0001 +3012 «00000 20000

200010 463 |-.0012 902095 | =¢0020 [24749 «0001 »2928 +00000 +0000
4000030 387 [=e0012 | 1484169 [-e0020 |25147 «0001 2064 +00000 «0000

R = 500, PERCENT FUEL = 24455 O/F = 9.683

1<00 {2066 [0e0021 004020 | 0400033 | -p.0ll8
1e05 [2048 +0020 2188 [ 0ep00B 2542 |0e0009 +3996 00030 = «010%
le20 (1998 <0016 le269 *0005 4Bea + 0008 3934 «00024 |- 20089
let0 (19641 s001l2 le0b6 0003 6563 «0007 +3869 +00018 | = 0070
la60 | 1892 <0010 l.011 «0001 1647 0006 +3818 «00014 | - 20056
1.80 [1850 0007 1000 *0000 8542 0006 23777 «00011 = +0046
2+00 ;1B12 « 0006 14007 | ~s0001 9242 «0005 3742 «00009 |~ <0038
4eQ0 |1578 «0000 le281 |[=e0004 {12642 »0003 «357p «00002 |~ «00l0
10400 |1303 |[-+0002 2elbb 15547 20002 23411 «00000 i— «0001
10621 1298 [=~40002 24171 15643 «0002 3408 00000 | - «0001
20«00 11122 |=+0002 3e343 1719 «000! +3399 *00000 +0000
4000 961 |=.0003 50332 186447 <0001 +3209 «00000 *©0000
100s00 778 |=+0003 106068 19749 0001 +3076 «00000 *0000
200400 658 | =.0003 1be403 [~eQ00% |20546 0001 -2979 «00000 0000

40000 554 |=+0003 26e 799 | =0 0004 |212e0 *0000 -2B87 «00000 <0000

1000+00 | 438 [-«0003 514350 | =e0004 21847 *0000 2782 *00000 +0000
2000400 | 365 [-40003 222406 *0000 2728 *00000 *0000
000406 | 303 |-»0003 22549 | epo00 2693 | 00000 *0000




TABRLE ITII. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOCS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Ecuilibrium composition during isentroplc expansion. Egulvalence
ratio, R; oxldant-fuel ratlo, O/F.]

(c) Combustlon-chamber pressure, 300 pounds per sguare inch absolute

e - — - . S S S
Temp- Temp- Area- i Specific- i
Pressure Area " Specific Specific
ratio, erc'ure,‘: eroture ratio, ratio impulse, impulse heat, 3 In M din M
P /P | exponent, | € exponent, 1 exponent, < 3in P dIn T
< LN g |itbhmci/® M ol ignks 7 P
- R — . . 1 -
| ﬁw,w,,,”R = Qel5y PERCENT FUEL = h5s65s O/F = 1el90
; |
1.00 illB! 1040000 1167752 | 0400000 040000
lepd (1168 | «0000 24250 | 0%0000 47et 00000 ' 1e7710 +00000 + 0000
le20 11129 « 0000 14297 +0000 90e8 »0000 | 17597 «00000 +0000
le&Q 1085 «0000 l.081 »0000 | 14202 20000 ! 17472 + 00000 0000
le60 | 1049 | » 0000 l.018 *0000 ‘1“3-2 «0000 :1-7369 00000 «0000
1«87 |1008 ‘ »0000 | ls000 +0000 :163eu +0000 | 1s7257 + 00000 +0000
2400 | 989 ;| +0000 14003 | 0000 11715 | «0000 j1e72l0 | +00000 *0009
4e00 824 1 =0000 le233 «Q000 123243 +0000 ' leb825 »00000 «0000
10«00 643 »0000 14974 «0000 i283a1 <0000 |le6505 « 000080 » 0000
2000 532 , «0000 2498¢ *0000 3099 0000 | 1s6364 » 00000 0000
2061 529 «0000 34020 *0000 31046 0000 | 1+6339 +00000 0000
40600 439 0009 4.620 20000 33064 0000 |1e6267 +00000 *0000
100.00 340 | «00CO ded32 *N000 3508 +0000 | 146099 +00000 = 0000
20000 280 , «00CO liea3dl 20000 - 36245 +0000 |1+5970 *0Q0000 +0000
40Ce00 220 | «CO00 2lea8y *0000 ! 372+0 «0000 | 105571 * 00000 *00080
[
L00Qe00 175 »J000 39948 *+00Q0 | 38les 20000 | letB4p + 00000 « 0000
2000600 lal »3000 CERERY +0000 ‘35742 +0000 |le06387 + 00000 0000
‘~OOCODO lis «0D00 |[1C0e%38 | +0000 391let +000C | lebQub +« 00000 <0000
S AA RIS £ A S T A Sl S S gt fdeeh ihbahied
K = Qe20y PERCENT Fubl = 3B465» U/F = le587
i T T T T T e R e T o
1«00 1514 [0.0000 146188 | 0400000 Q0»0000
leQb 1497 »00C2 Za233  0e0000 49¢3 [0e0000 |lebléd +00000 =0000
le20 1450 0000 14289 | +0000 Sheb «0D000 | 106025 +00000 =0000
lagp 1398 +0000 Le077 . 20000 |127e4 <0000 | 1+5889 + 00000 0000
1e63 1354 » 0000 LeQle © ¢00Q00 |14944 0000 [1e5773 = 00000 «0000
lets 1307 0000 lago0 0000 | 1692 | <0000 |1e5652 +«00000 *0000
2400 1282 +00Q0 lepo% 0000 |179¢l «0000 |1e¢5585 *«00000 0000
4e0Q0 1079 0000 la244 «0000 |2062e2 «0000 |le5046 00000 * 0000
© l0.00 | 852 20000 ; 2+009 | +0000 |297«2 | +0000 |[1s4516 | +00000 +0000
! 20«00 | 709 +0000 LeH9 +0000 | 3259 »0000 |1e4232 00000 « 0000
20e5: 0 705 0000 34088 *0NC0 | 32647 «0000 | 1e4225 « 00000 « 0000

4000 588 0000 ba739 «0000 |348e0 +0000 | 1+4065 + 00000 0000

10ge0n . 458 | «0DQO 54679 | 40000 |370e0 0000 [1+3913 | +00000 | <0000
200+00 373 #0000 lie4870 +0000 | 38247 | +0000 | 143807 00000 0000
400eQN) ild «3009 £24296 | #0000 3930 | «Q000 | 13677 + 00000

£
-3
o
=3

(1000600 262 20000 | 414979 | 000D [403+5 | 0000 |1s3402 +00000 +0000
200000 198 20DO0 | 674687 «N000 |40%e7 <0000 12977 +« 00000 « Q000

400000 161 L0000 108e755 ©0000 |4lbaeb «0000 ' 142571 « 00000 « 0000
R = Dw2bs PERUENT FUEL = 334b1» U/F = 1e984
L et el SRTERC B
laCO ’1617 0.0001 145015 10400002 =0.0006
lens 11797 +0001L cesld [QepOO) 50e3 0e0DOL @ let¥7l 200002 : = +0005
1a20 176> +00C1 fe2B3 +0000 9646 «0000 ; 14852 «00001 i = «000%
1e40 ‘1686 »00CC0 16073 +D000 130sl | +0000 |1e4719 «00001 = +0002
1s63 (1636 | 0000 Le0l5 | «0000 ;15247 | +0000 |1e4609 | «00000 '~ +0002
Led3 1587 0000 Le000 «0000 [ 171e¢8 | «0000 | Le4498 +00000 ~ =0001
2e00 11552 » 00200 le005 «0000 | 18341 «0000 | 1et425 +00000 = +0001
400 1322 +0000 1e256 *0000 |<49e2 «0000 |Lle3875 +00000 | 0000
i
|
1oeCQ 11057 +0000 240648 | ¢0000 | 30546 <0000 | 1le3226 + 00000 » 0000
20eC0 . &87 +0000 34127 +Q000 | 33547 <0000 | 1e2849 + 00000 * 0000
20eb1 | EB2 + 0000 3e168 +0000 |336e> «0000 ! 1+2838 « 00000 + 0000
40e00 1 761 +0000 = 4883 +0000 | 3590 *0000 ' 12560 +00000 *0000
10002 Syl =0000 sevdd *+Q000 |3B8les «0000 | ls2321 + 00000 * 0000
40Na0D | 48 «000G | 144396 +0000 [ 3959 +0000 | 1e2192 « 00000 » 0000
40De00 | 299 »0NCY | <23e208 +0000 |“40be8 <0000 ! 1¢2099 +» 00000 «0000
|

1600e0C | 310 «000G 436894 20000 |“léel «0000 ' 1+1%69 *00000 0000
2000600 | 256 #0000 7le280 »0000 | 4247 «0000  1el8pl +00000 «0000
|[#000e00 210 20000 1154650  »0000 |“30eZ 0000 141475 | «00000 = <0000

|

' I | .
1+00 '2093 |0e0008 11+4230 0e0001%4 -0.0038
lend 2072 sQno? ced06  DsQ003 508 (Qe0002 ‘l-hl7k I «00013 -~ <0035
lect 2016 «0005 1e277 »QN0Z 9745 20003 i 1e4027 200010 ~— 0026

% 0430, PERCENT FUEL = 29457s 0/F = 24381
|
|

i
|
Lot 1952 | «0004 ©  LeD70 00Ol |[13leé  +000¢ i 123869 | +00007 - +001Y
lebc 1897 «000< le013 sQ000 | 154se +D00< 13740 ' +00005 =~ <0014
feve 1B4G | +000 LeD00 <0000 ' 17Z¢7  »000¢ 1e3623 ! .00003 - «00.i0]
2ol lB0Y | <000l 16006  +0000 1851 «N00<¢ 163539 | 400003 - «0008
beDC 1953 , +0000 2266 =eQDOLl 25208 20004  1+2994 { + 00000 - <0001
Loent 1257 =e000! Zepb5  ~e0001 | 3l0es s0000 142336 : 400000 «0000

* 00000 « 00090
» 00000 +0000

«0001 32206 —eQOO0L ' 34la7 »0000 lel891
«0001 30268 =400 | 342e5 | »0000 11878

L0800 L3049
Joesl 19bY

-e000i “4is< | <0000 140523 | 400000 | +0000

wQepn . B9 ol 5.037 1 -e000l 366e0 | 20000 is1531 | 00000 «0007
i i i

[ 707 -egool | ¥e325 |=eponl 39025 | 20000 1e1173 1 200000 «0000

‘ 590 —e000L ! 144993 | +0000 40%s8 | 0000 1s1006 | +00000 +08000,

| 49G ~.000L | 24e¢34 | +0000 416e3 1 40000 140865 | <0000C +0000

| : ! | |

283 =e.ns0l , 4nen00 ‘ 0000 &ZBed . «0DDOC  1eQ745 + 00000 *0000

V417 ~wponl | Teevia i 40000 %3%e4 | 40000 " Le0637 i 00000 | 0000

| o ;-ecool jleceley
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during 1sentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, 0/F.]

(c) Continued. Combustlon-chamber pressgure, 300 pounds per
square inch absolute

T -
Temp- Temp- | Area- ifi Specit <- ‘ ifi
Pressure i Area ] Specific | Specific
rav, Leroture| erature i L0 | rakio | imeubse, | imeube | Cheot. | cdinaRy 3 lnm
e /P [0 ponent, | £ exponent, 1, exponent, < i(a In P ) dln 1 )
© i " | ne (Ib)sact /b n col/ 1ok, T 4
3 R = Qe35, PERCENT Fubl = ze.a{. U/F = 24178
S T ! )
1.00 |2344 '0.0026 | 143936  000005% =0s0l4l
le0> [2322 « 0024 Jel¥4 | 0sQ00% 509 ;0s0010 | le3850 200056 - #0130
120 |2263 00193 lel12 «0006 767 »00CY le3629 « 00042 = «0104
lea40 | 2196 «0014 l.088 «Q004 | 1317 200CE | le3398 «00031  ~ «007Y
le60 |2139 «0011 12012 «Q001 [194s7 w0007 | 1e3219 » 00024 | = «006<
le80 |2088 +0008 1+000 <0000 [17243 200(6 | 1s3072 «00018 |~ <004y
2400 |2045 <0006 14007 [ =000l |1BDsB 2006 | leg¥bs »Q00LS |- «00%0
4e00 1771 |=e0oODl Le275 | =eQ00% |2b4eQ 00t | ledslg 200003 |~ «000H
1000 1451 |-+0003 2s119 1=e000% [313e0 2000 < | ledbbT + Q0000 +0000
20400 |1238 |-e00C3 3,281 {~e0004 |365el #00C1 [ lellpd +00000 «0000
20enl 1232 |=«0003 3,325 |=«000% | 36549 «00¢ L lell9y » 00000 «0000
4000 |1051 -e0003 5189 |=e000% [ 37(e2 «00(1l ilepi94 + 00000 <0000
100+00 838 |-+0003 90678 3958 «QOt L | 1e0265 « 00000 «0000
200+00 702 |—e000C3 15630 “4loed «Q0C1 |1s0119 « 00000 +« 0000
40000 586 |—e0003 254355 42269 =001 0 +9954 « 00000 <0000
100000 460 |=e0003 4B8e298 4355 +00i-0 «9791 « 00000 0000
200070 | 382 [-+0003% ; 7Be8b8 w4340 | 40000 | #9692 | «00000 «0000
400000 317 |-.0002 1284975 4YuFel +0000 +9598 00000 «0000

R = 0e60y PERCENT FUEL = 23495y O/F = 34175

1.00 [2565 lpsg06l lea420Q7 | 0e00LO63 | ~0e03063
1aQb [2543 »0057 ZelB1 [0e0Q018 20e7 |0e00. 2 | lebnB6 000152 |~ e0D34i
1a20 |2484 20048 le67 +0013 FTe «00. 1 ie3764 « 00125 | = «0ZB6
lew( |2417 20038 le065 «0007 13les «00 9 le3623 «00098 | — «0Z30
le60 |2359 20031 le0ll} 20003 15444 «00 7 |1e3193 «00079 |~ <0l¥b
le?9 | 2310 «0025 1.000 1711 W00 & | 1e2941 «00065 |~ o0l58
2400 | 2263 «0020 1e00B 185.86 «00 5 i 1a2752 400053 |- #0137
4400 |1978 + 0001 le285 22442 2000 ¥ [ 1e1857 «00013 |~ +0036
10.00 1637 |=«0006 2.152 3l4eQ 200 b | 1e1119 «0000L — «000%
2070 | 1409 |=+0007 3¢354 3468 2004 | 1leQ6TL « 00000 « 0000
20441 [1403 |-0007 34399 36746 «00 4 | 10658 +00000 «0000
4000 |1205 |-.0008 5e338 37246 «003 | 140255 +« 00000 0000

100400 | 970 [~+0008 los036 3991 €004 «9768 +00000 «0000
2p0.00 | 819 164294 4léa? «0072 9678 +00000 +0000
400,00 | 687 260545 [=ep013 4274 w00 1 +9250 | «00000 «0000

5Ge 199 |—e00L3 :460«7 «00 1 i «9038 » 00000 «0000
83.167 0013 [44Bat 00 1 <8929 = 00000 « 0000
-e 0009 |136.2362 0013 14551 00 1 . +B831 | +00000 « 0000

1000+00 542
2000.00 452
|4000s00 | 376

R = 0s45) PERCENT FUEL = 214872 O F = 34571
-

1.00 |2755 {0.0107 44{1.5003 0200351 | -0s0734
laQb [ 2734 sQlC2 2el69 |0s0026 50e3 0400 9 le4B843 | 400332 |~ «070¢
1420 (2677 »0090 le261 « 0019 967 «00 7 | leb4l9 «002083 | = <0610
leuQ [2611 +0076 le062 20011 200 4 | 103959 0 G033 | = 40513
1e60 12585 20065 leolo +000° «00 ¢ | 1e3b8B «00195 | = Q438
le78 32510 e0056 | 1.000 0000 | 1691 2000 | 1s3312 «00168 -~ Q3864
2.00 {2460 20048 1eD09 =»000> |184.6 +00 8 | 13023 00142 - 40329
4.00 (2173 «0010 | 1e295 =e0026 [£25204 «00 0 | 11697 ¢ Q0044 o «0113
10.00 |1818 24187 1 7eg02> | 31348 «00 ¢ | le0/17 «00006 ~ 0017
20.70 |1576 34427 [ =eQ024 | 34742 « 0019 | le0l4b «00001 - 0003
20e~1 | 1569 36474 [ =eQni3t | 34Eel +00 ¥ | 1s0233 «0000L - «0003
4000 1358 Set8T | =eQl3 [ 373e€ | +0016 «9631 « 00000 + 0000
i
100.00 |110% 104401 [=+0032 [400+9 | #0015 ; «9327 | 00000 @ +0000
200400 938 166983 | -«p032 [41701} «00 1% «8999 «00000 «0000
40000 793 27«HOB | —e0D2Z |430e2 - #0013 8728 « 00000 +0000
100000 630 5368499 | ~e 0032 |bakel 200 1¢ PR-TY P « 00000 «0000
2000400 527 BleB1Y | ~a03d |4DLeb »00 2 8315 « 00000 «0000
4000+00 440 Lubatds | —eQ03L |42%9s> w00 i s8211 « 00000 « 0000
1 | R = Qe50» MERCENT FUEL = 20e412¢ O F = Ze968
1200 2915 [0.0158 I 146231 0400633 | -0e1275
lanb 2895 #0153 Zal58 | 0s0029 4948 |Ue00 6 | 196062 200604 : = al2e5
120 | 2841 «0139 142506 «0022 9547 s 1: B leb5235 000531 | = #1095
lew 12778 «0l23 14060 o013 | 1249e2 .00 4 144970 «00D%54 | = eQY22
1eb0 (2724 +0109 1007 +0006 [ 15240 00 +9 | letbp2 «G0393 | = 0839
Lel7 2684 »0CY99 1+000 +Q000 | 1666 «00+7 | lenvlel a 00351 | = 0760
2400 2633 20087 1e0l) =e0007 1830 2004 | 1s3768 « 00303 | - «0Qb6b7
‘ 6400 {2352 « 0030 Le30T =ep03Y {<21eY 003 « lei¥3s «00li6 |~ e0<B2
i
| 10+00 ‘199[ -e01/ Zedlt =006 L 3l «00 1 10508 «000¢1 - 00DY
} 2000 | 1740 ;i —e0023 dahQb | —wQ0064 34600 «Q0Llb 9916 « 00004 ~ 00L&
dpetl 1732 | =e00<3 4eb53 i —eqQbh  36Te>2 »00 -0 9902 «0000% = e001¢
40400 | 1509 | —»00<6 SebGZ | magQt 37340 «0Ql¢ «9691 «00001 = +000¢
|
10000 124C¢ ; —«0D028 10777 | =apDbi (4pleb =008 «8988 «00000 « 0000
200.00 | 1060 ~e002% 174699 | ~epgnBl |&lE 20037 | «B638 « 00000 «0000
40Qns00 | 902 | =+0023 29139 | mepQb0 |43<cei " 0L ) «8336 » 00000 « 0000
; i
11000-00 722 |=e0041 nEetslC | mepCb0 }huc-b «00 )% <8015 « 00000 « 0000
12000s0C | BOT | me002Z F3eNls [ —ep0bD . GDDek 0L )3 o T842 +00000 « 0000
[4000000 | 509 |=+0033 [152e6p4 0000 4bcel | +0C)3 | +769H | 00000 | »0000)
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]

(c) Continued. Combustion-chamber pressure, 300 pounds per
square inch absolute

i ]
Temp- Temp- Areo- i Specific- fic :
Pressure Area y Specific | > Speci
rofio, | #TOVTe, :'m"::' ratio, ratio impulse, | {mpulie heat, AL Slam |
P./P QT, oxpol f e exponent, 1, | exponent, < 3ln P ) dln' T
< K LY [P STy " <ol /18K
R = 0«60y PERCENT FUEL = 174355 O/F = 4a762 N
1400 |3155 |0e0254 1e9667 | 0a01480 | ~0e2B833

le05 |3137 «0249 24140 | 0e0028 48eS 060088 | le9446 «01434 |~ 42759
1420 |308B9 40235 1,268 «0021 953 «00B5 | 1+8842 01312 |- #2559
le60 | 3033 «0220 le056 «Q013 |126a1 <0083 | 1eBlad «D1177 [ = +2335
150 (2985 «0206 1,007 «Q005 |16Bsb «Q0B0 | 1+7545 «01067 |- #2145

1.75 (2953 «0197 l.000 «QNO0 | 1612 «0079 | 1e7154 ¢ 00997 |~ »202%
2400 (2904 «0l82 14013 [ =aQ008 [ 17848 20076 | leb559 «00B9G | = «1843
4400 |2652 «0lpé 14328 [=s0051 (24740 20064 | 1e3741 : 400466 |- «1037
10400 |2311 «Q015 24303 |~epl04 |308.3 20047 | le0Y84 +00l42 |- »0356
20400 |205% |=e0029 34673 [-eql27 |343ep *0D30 «9752 «00043 |- 40118
20+41 2047 |-40029 3,726 |=aglel |343e9 «0036 «9726 «00041 |~ +01l3
40400 | 1808 |-e004% 50977 |=egl36 3709 »0028 +9053 « 00009 |~ <0029
LQ0+00 [1512 |=-«0058 11573 |~wpl36 |400e2 20020 «8496 «0000) |~ 0003
200400 |1311 {-«0C&1 190216 |=egl35 [418e0 »0016 «81l45 «00000 +0001
40000 1130 |[-e0063 316993 |=e0l3b [43247 «0013 «7815 + 00000 +0000

100000 919 [ ~«0066 624803 |-apl34 |648eb 0010 « 7427 «00000 «0000
2000+N0 T82 [-«0069 |1l0%e524 |=el35 45842 » 0006 «7183 « 00000 + 0000
{4000-00 661 {-40071 173763 |~epl35 14663 »0007 «6988 « 00000 +0000
; N S

R = Qe70s PERCENT FUEL = 15s2D% O/F = 54556

T
1,00 13307 |pe0328 203992 [De0268B1 | =0e4983

1«05 53291 20324 24129 | 0e0023 4740 |0e0ll) | 243785 202623 |- <4898
1420 3248 0314 Le24s «0017 90e6 «0109 | 223204 «02465 [~ <4663
1e4D [3198 20301 1+053 20010 | 12244 20107 242512 202286 [~ <4389
1460 [ 3156 «0289 le00® 20008 | lébal «010b5 | 241898 202134 | = 4151
173 [3130 +0282 l.000 +0000 |15546 +0los [ 241520 202044 | = <4007
2400 3085 «0269 leQl4 |—e00Q07 |17349 «010Z |240841 201889 |- #3752
4400 | 2865 +0201 1e3b44 |~eQ046 |240e8 20091 |la744] 201201 |- 2554

1000 | 2569 +0095 24374 | =epl0B |301e9 «0075 | 1.3258 200529 |- #1237
20400 |2335 «0015 34803 | ~epl56 | 33649 «0063 | 1.0849 200226 |~ +0572
20401 (2328 0013 34900 |=eplb8 33749 «0062 10791 +00219 | = <0557
40400 [ 2095 |=»0047 6337 | =egl¥3 [ 36La6 20051 292946 200075 | = +0206

100400 [1785 |~40086 124441 |=e02l2 {39641 +0038 28253 200011 |~ «0035
20000 [1568 |=+00Y7 | 204858 |=e0214 [414¢9 © «0030 | +7835 | 200002 |~ «0006
40000 [ 1368 |—s0102 354080 |—e021lb 4&30e8 «0025 + 7500 » 00000 |~ =0001

44746 0019 « 7096 » 00000 «0000
4582 «0016 «6811 + 00000 0000
46740 «0013 6564 +00000 +0000

1000400 | 1133 |[-.01i08 &€9¢841
200010 975 |—e0lil3 |117a461
L?OOO-QO 834 ;=40117 | 1974192

R = 0480, PERCENT FUEL = 13460» O/F = 64349

1.00 13393 | 040377 247921 ;0403990 |-047279
1.05 [ 3378 <0374 2123 | 0e0018 4546 |0e0126 | 247781 «03933 |- 47206
l1e20 13338 «0366 le241 00013 8748 «0124 | 247382 «03775 |- #7001
le40 3292 «0356 1.052 «Q008 | 11847 «0l22 | 246891 +03593 | =~ 467586
1e60 [3253 <0367 l.005 «0003 [139.8 «0l21 | 246639 «03435 | = #6538
le73 |3231 «0342 l.000 +0000 {1504 0120 | 246168 e03345 | = ob4lg
2.00 |3189 «0332 14015 [=e0005 {16847 «0118 | 2.5628 03173 | = 46160
4400 | 2995 40282 143546 [ =e0036 |234a0 20110 | 242689 «02369 |- 4897
10400 |2744 +0199 24423 [-e0083 | 29441 «0098 | 1.8019 01386 |- +3122
20400 | 2550 «0l18 3.982 [ -eQl32 |329.1 «Q088 | 1.4368 «00779 |- #1878
20e41 | 2544 «01l16 4aQ42 [-aQl34 {33061 s0087 | lek265 « 00763 | = »1844
40.00 | 2344 «0025 62676 [ ~e0l91 | 35843 20076 | 141265 200355 | = 40922
100400 2053 |{-«0080 134365 | —e0258 | 3B94B »0060 «8717 00085 ;- o 0245
20000 {1830 i-e0l23 224652 | ~e0282 |509e5 «0050 |+ <7895 200021 | - <0066
400.00 |1617 [~«01ls1] 384653 | -e(289 (42642 »0041 7331 «0000% [~ +00i3

1000+00 |1360 [~«0152 77533 | ~eQ29] [4bbats #0031 «6903 «00000 | = =000l
2000400 | 1189 [ =a0l59 [131e747 |=e0292 45549 =0026 «6615 « 00000 « 0000
4000400 {1027 [=e0l66 [2234+495 | —e0294 ;46546 20022 6339 +00000 0000

R_= 04904  PERCENT FUEL = 12428s O/F = Tol43

100 {3430 | 040401 249626 | 0404890 | —0+B8833
1e05 | 3416 «0393 2121 1 0e0015 442 |0e0132 | 249553 +Q4B4p | - 4BT80
l.20 [ 3377 «0391 le240 «0011 8541 20131 | 249343 «06706 | - oB631
leteQ | 3334 «0383 1,051 «0006 |[11fel #0129 | 2.9078 204546 | = #B452
l¢60 3296 «0376 1.005 «Q002 | 13545 0128 | 248830 405409 |~ +B291
le72 | 3276 «0372 le000 <0000 | 14546 20127 | 248682 «Q4332 | = #B199
2400 | 3235 «0364 1e0lé | ~eQ004 | 163206 «0l26 | 248374 «D4180 |~ +BOLZ
4«00 | 3054 «0326 14358 | —e0D26 | 22741 «0llY | 246636 003473 | = #7059
1000 | 2829 «0271 24448 | ~e0058 | 28548 #0110 | 243536 402551 = 45605
20eN0 | 2666 $0222 44058 | —e0088 | 320+2 «0103 ;240547 «0lBT1 = #4360

20+41 | 2661 «0220 4el21 | ~eqnBS | 32142 «0103 @ 2406450 «01B51 | = +4328
4000 | 2503 «0158 62901 | ~e0l28 | 34942 «Q0%5  le7023 «01221 | = #3040

100400 | 2276 «0037 14,187 | —e0208 | 3B1e3 «Q083 51-2030 «00498 | = s 1364
200.00 | 2084 | —+0074 244518 4ple? «0073 «9125 «00171 | - 0508

400400 | 1877 | =eQlb2 424200 | =e0336 | 4194 | s00Q6l «7617 +00042 | = #0136
1000400 | 1606 |=e0192 | B641B4 |-ep357 l43%.0 © e004d 6840 | «0000% | - 0016
2000200 | 1416 | =4020% | 147+806 | —ep3db6l 45143 2 0040 «5520 + 00001 | = #0002

400000 | 1261 | —eQ213 | 25322246 | —ep363 Ivbz.o? «0034 06246 + 00000 « 0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition durlng isentropi.: expansion. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]}

(¢) Continued. Combustion-chamber pressure, 300 pounds per
square inch absolute

''''' T T
Temp. | Temp- Area: T gogcifi Specitc | Spacific

P’";'”' erature,| erature Area ratio umpulh: i impuke heat, ATy ylnm
rpu/;‘ T, exponent, m:o, exponent, g exponent, < In P ) din T )p
< °K o Mg |iiec/B n cal/igven T

R = 1e00» PERCENT FUEL = 11.19» 0O+F = 74937

1400 {3637 | 0e0405 208811 [ 0405123 | —0eF244
1le05 3423 «0403 20140 | 00014 4209 |Ow0lx3 | 248760 405076 | = #9197
1le20 {3384 0396 1,239 «0010 B2u6 aQlid | 248611 204948 |~ <9067
le4D {3341 «0389 l.051 « 0006 |[l11a7 «Qlil | 248421 e 04800 | = 8914
lebD |330% «0382 1.005 20002 |131s5 w02i9 | 248263 wO4672 |- #8773
1e72 [3284 «0378 1.000 20000 |l4la3 «QlsY | 248138 « 04601 |- 48693
200 3244 «0371 1,016 [~«0004 |158.6 W0le? | 247914 s Q4460 |~ 8532
4400 |306% «0336 14359 | ~e0020 {22004 w0lul [ 240657 203811 |- 7719
10400 |2847 «0289 20453 | —e005Z | 277> «Ql. 3 | 2et459 202986 = #6519
2000 |2692 +0251 4»076 [ ~e0075 [3ilsl W Qit 7 | 202631 «02398 |~ «5541i
20+41 {2687 +0250 4eltQ | =eQ075 {31240 eQlt & | ZeddoT 202381 | = «551¢
4000 |2542 20209 60959 | =e0l00 3394 «Qlt0 [ 240143 «01851 | = eéb3s
10000 | 2349 eQlés 142469 | —e0lél |3709 «00% £ le6831 «01209 |~ #3207
200400 |2203 + 0084 25+445 [ ~e0l30Q |391s3 <00t [ lab246 «00801 |- 2268
40000 |2052 «0Cl4 444925 | —eQ228 40983 «00F7 [ 1e177p 200475 | = elobd
1000400 | 1839 |=e0094 | 994113 | =e0303 |42949 | «00t7 | +8997 | .00185 |- <0626

2000eCC | 1568 |[=eQl71 1668760 [ —e03b0 |443a.3 «00hd + 7520 200070 |~ 0260
140090400 1493 [=e0227 1290+406 | =e04%00 |45540 « 0050 + 6606 200020 |~ +0083

= TeT7a» O/F = 1e905

R = 14509 PERCENT FUE
T = .

1,00 | 3297 |040338 : 148003 | 0003075 |=0e5921
1405 13282 | «0335 2e123 0e0GLT | 379 [0s01:i5 | 147919 | 403029 |- ¢585Y
1420 3263 | 40327 1a26) | o00L2 | TLe0 | e0li% | 127680 | 02902 | = s568Y
1440 [3198 | «0318 14052 | «0007 | 95e7 | a0liz |1a7391 | 02758 "= 45485
1440 3159 | +0309 1e005 | +0003 11622 | «Cl.0 |1e7131 | 02635 "= 45312
1e73 13137 | +0304 14000 ! «0000 |12540 | «01.0 146977 | 02565 |~ «b2lQ
2,00 3096 | «0295 10015 ' ~e0005 |160s2 | «01¢8 |1e6672 | 402432 !~ W5012
4400 12904 | D249 15354 ‘=00031 [194e6 | #02(0 | 145076 | 01834 " - 44053
; .
10,00 |2661 | 40179 24627 1=40071 |26646 | «00t9 [ 142677 | 401140 |- 42780
20+00 [2478 | +0DilB 3,997 1 =008 [273e8 | 00! L [140776 | 00711 |~ 41886
20.41 l2072 | o0ll6 4,058 [ =eQll0 | 276446 | +00t0 [1s0719 | 00700 |- ol86¢
40e00 2291 | #0050 6a734 [=epl5l (29BuZ | <0071 | «B963 | +00387 |~ elluzb
100400 12032 [=+0040 | 132621 324et | 0059 | «7030 | 00129 |- e0ae37
200+00 !1B3Q |=.0D093 234271 341e5 «Q0=9 ° 6070 s 00093 |~ <0167
400e00 11629 |=e0l25 | 394732 35548 | «00+1 | #5500 | «0004i |= <0051
1000400 1379 |=+0lé4 | BDa499 371eb | #00:2 | +5072 | »00001 |~ +0007
2000600 1207 |[=e0152 |[1374214 |=eQ27& |381ls0 «00.7 | +4¥5p 200000 |— <0001
4000+70 1050 |~«0159 |2334567 [-ep278 38948 | +00i< | +4650 | +00000 +0000
R = 2.00) PERCENT FUEL = 5,92y U.F 5 54873
1400 13103 |0.0262 142138 | 0401648  ~043472
1405 3088 | #0258 24129 (040020 | 34el |0e00%3 142052 | 01611 = #3414
1420 13046 | 20249 14263 1 40015 | 667 | <002 |1el812 | 401513 = 329>
1e40 2998 | 0237 15053 . 0009 | 90«2 | #00°C | 101528 | «01%02 i= e3072
1460 |2957 | 40228 14006 | 0003 | 106e2 | 0!8 | 101276 | 01309 ~ e2914
1s73 12932 | .0222 14000 | 0000 |ilbe? | «00t7 [1e1122 | +04255 |= #2819
2.00 12889 | <0211 14014 1-40006 {12862 | 2001 > | 1s08k4 | 201160 |= #2651
4,00 12679 | .0l55 1e344 [=40038 {17742 | e00 ° | 29449 | 200749 |~ +1868
i
10,00 |2602 | #0078 24379 |~e0086 122246 | +00t3 | +7644 | .00348 - «0990
20.00 |2188 | .0017 34861 |—40123 | 24845 | <0023 | 6477 | 400160 - «0512
20,41 |2181 | .00Ll5 3,918 | =e0l24 24942 | 400’ ¢ | #6447 | 400156 - 40501
40.0C |1970 [-»0031 64385 | —+0153 126%8 | +00°3 | 5611 | 00060 <= 0218
100500 | 1686 |=»0068 | 126580 |=e0l76 [292¢5 | 003 | #4923 | «000l2 - +0051
200000 | 1483 |=40060 | 214125 {—egl?9 |306e5 | ¢00. 6 | #4632 | 200003 = «0013
400000 | 1297 |-+0086 | 354572 1=epl30 |318e2 | «00.1 | #4427 | 200000 -~ +000¢
1000+00 1076 [=+0092 | 70973 —+0l80 |331eg | <00 & | o420l | +00000 +0000
2000210 | 929 |—+0095 1154641 33649 «Q0. & v4046 « 00000 « 0000
400000 797 | =-+0099 ,\201.392 34545 «00. i *3%00 +00000 0000
R = 3.00s PERCENT FUEL = 4a03> O.F = 34810

I ' L2208 PERRRLLTE (a0 Lt . e
1s00 | 2723 | 040136 : 046909 |0s0U463 —Qelloy
1405 [ 2705 | D132 24148 [ 0e0023 | 30«5 |0eDQ' ¢ | #6842 | 400445 . = #1131
1420 {2658 | »0122 16252 1 #0017 | 5846 | 4000 | #6659 | «00396 ;- <1029
1e40 | 2604 | w0110 14058 | «00l0 | 792 | 008 | «6451 | «00344 . = «0917
1460 | 2556 +0100 Le008 ' «000& 931 006 06275 «00303 [ - «0825
1476 2523 | 20093 1.000 | 0000 [ 101e6 | 005 | +6155 | +00276 : =~ +0763
2400 | 2477 | +0083 1e0l2 =-+0006 [112eZ | #00'3 | #5991 | +00241 , —~ 0682
4a00 | 2232 | +0036 16317 [ =s0036 | 156¢7 | +00 3 | #5216 | +00l06 | = 0330
10400 | 1914 | =.0005 2¢261 [ =s0058 19246 | »00. 3 | #4517 | 00026 | = +009Y
2000 | 1684 | =e0020 3.584 [ —e065 [ 21368 00 7 sa206 «00007 | = <0030
20e41 | 1678 | =w0020 de630 ’-.0065 2l4e4 Q0 7 4199 « 00005 | = «002Y%
40400 | 1472 |-s0026 54807 | ~+0066 | 2308 | +00 3 | 4007 | «00001 |~ <0007
10000 | 1222 {~=»0028 11lel77 | =vp0sb | 2486 00 ¥ 3813 « 00000 | = <0001
200400 | 1055 | =s0030 16498 | —ap06b | 25963 001 7 «3680 +00000 +0000
40000 906 |=»0031 30718  —agCb4 ;26842 +00: & 3557 « 00000 +«0000:

100000 735 | ~e0032 60el5% _ —a0hh 277e7 Q0 > «3399 + 00000 « 0000
.2000e00 | 623 |-20033 954956 —e006% : 28365 00 3291 +00000 « 0000
14000400 526 {—eQ034 ;165857 ;--0065 2odes * 00! «3195 « 00000 « 0000

v




TABLE IIT. -

Continued.

THERMODYNAMIC DERIVATIES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

(Equilibrium composition during isentropic expansion.
ratio, R; oxldant-fuel ratlo, O/F.]

{c) Concluded.

Combustion-chamber pressure,

square inch absolute

Equivalence

300 pounds per

T T 1
Temp. . Temp- Area- % - ific
Pressure : Area . Specific | ° Speci ;

ot | roture.] erature ';Ml ratio impulse, | impulse heat, 3ln M dinm
PP 1, exponent, € exponent, I exponent, ¢ dln P N
c °K Ny e (ibisect /s "y cal/ 1K T P
[— - . I |
R = 4s00, PERCENT FuEL = 3.0%s O/F = 14746 |

Y ‘ : -
1600 |2372 040055 ! f 0e4836 | 000116 =0s0351
105 | 2354 $ 0052 2e172 | 0epOl> 2Te¢5 : 0ep02¢ 4796 $GOLI0Y = 0333
1e20 2303 | «DQ45 lazee «0011 5Ze9 »0021 24689 «GO0IL -~ 0287
let0 |2244 1 40037 l.0b2 «00006 Tlea = 0019 24574 « 00074 = 0239
leb0 |2194 «0021 l.0lQ «0003 839 <0018 sh481 « 00061 = «0203
le78 |2153 «0027 l.000 0000 9246 «001l7 4412 «00052 =~ 0177
2.0C |2110 +0022 14009 | =e0003 |101a0 +0016 s8341 «00043 -~ 0151
6400 | 1B5% «0004 le2906 [=eQCl3 13846 «00ld «4010 «00013 .~ 0053
1000 | 1555 |-.0006 Lelbs —ep0ld 17lab « 0006 23749 «0000<¢ | = «000Y
20400 |1349 |=-.0007 3et26 - 11898 « 0005 »3614 « 00000 «0002
20¢41 | 1343 |~40008 3670 19Ge2 « 0005 #3611 «0Q0000 |~ «000<
4Qs00 |1165 |=<«0008 Set95 20442 «0003 » 3699 «000Q0 0000
10000 952 |=+0009 10s472 =epgnl6 |219e2 + 0002 #3352 + 00000 +0000
20000 813 |-«0009% 17+179 =-eprlt [22Bel « 000« «3243 « 00000 + 0000
40000 690 |—«000% 284266 ~a0Qlb 12355 | <0002 #3139 « 00000 + 0000
100000 552 |=+0009 544663 | =e00lb 24342 «0001 23012 « 00000 *0000
200000 463 |=.0010 B9.5984 =ep0lE 2079 « 0001 2928 « 00000 + 0000
400000 386 |[~«0010 |1672985 L «0016 2518 «0001 v 2864 « 00000 + 0000
R = 5400s PERCENT FUEL = 2s4bs O/F = 94683

100 2069 |0-0018 i 0e3968 [ 0+00027 |~0e0097
105 | 2051 +0016 2e189 | Qes0006 2542 (00007 03947 ¢ 00025 | = «0Q050
le20 | 2000 +0013 le270 «000% 4led «0po’ 3853 «00020 |~ =007%
let) ;1942 «00l0 lanbée *«000< bhels +0006 3835 +C0015 | = 0058
1e60 {1693 | .0008 1s011 | 000l 7648 | +0005 | 3790 | +0001< |~ 0046
le80 |1851 0005 1s000 «0000 8oe3 +0005 #3753 «000Q9 | = #0048
2+00 {1B13 +0005 14007 |—=e0001 9242 0005 03722 «00008 | = «0032
4400 (1578 « 0000 Ee2B1 |—e00C3 12642 «0003 3564 «00002 |~ +0008
1000 {1302 |-.0002 2s143 |~ep004 | 1558 s0002 w3611 «00000 |~ 0001
20400 1122 |-+0002 34342 |=~e000% |17240 +0001 «3309 « 00000 «0000
20.41 |1117 |-»000¢ 34388 |=»n00% (17244 20001 3306 « 00000 *0000
4000 %61 |=e0002 54330 |—epC03 18447 »0001 «32p9 + 00000 » 0000
100400 | 777 [=e0002 | 104066 |=+0003 |197+9 | 000l | «3076 | +00000 *0000
200+00 } 658 | —e0002 164399 | —20003 |205e7 » 0000 *2979 + 00000 » 0000
400400 | 554 |-s0002 264792 |—»p003 |212+0 *Q000 2887 * 00000 0000
1000=00 : 438 |~=.000z 51338 | =»0003 |218e7 * 0000 2782 +00000 * 0000
2000+00 365 {=+00C3 834976 | ~+0003 | 22240 » 0000 «2728 + 00000 « 0000
4000200 303 20003 (1374439 | ~ep003 | 2259 +0000 2693 « 00000 «0000

7 ' B B S

| .
]




78
TABLE III. - Continued. THERMODYNAMIC DERIV!TIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]

(d) Combustion-chamber pressure, 600 pounds per square inch absolute

Temp- Temp- Area- Specific Specific Specific
P'::;:" erature,| erature ,A;:o rafio impulse, | impUlse heat, dln M dlnm
R/P T, [ ewponent, OGS | exponent | Ty TV exponers| (E)FT) dn T )P
< K ny T (miea/ml P ndien
R = 0el5s PERCENT FUEL = 454650 O/F = 14190
100 (1183 |0.0000 17753 §0000000 040000
1a05 (1168 +0000 2250 {0+0000 4Teb [ 0e000C | 1e?710 «00000 0000
1s20 [1129 +0000 1.297 *+0000 9048 2000C | 17597 « 00000 » 0000
1+40 |1085 + 0000 1,081 +0000 [12242 «000C | le7472 « 00000 «0000

1460 |1049 + 0000 lapl8 +0000 |143e2 +000C | 127370 00000 +0000
1«87 |1008 «0000 1+000 <0000 [163e8 *000C | 17256 = 00000 0000

2400 989 «0000 1.003 «0000 |Ll71e5 *0000 | 17210 * 00000 « 0000
4900 824 +0000 14233 «0000 {23243 «000C | 126824 +*00000 *+0000
1000 643 0000 le974 *«0000 [283e1l *0000 [ 1+6506 = 00000 « 0000
2000 532 « 0000 24983 =Q000 | 3099 +0000 | 126345 * 00000 *« 0000

40+00 439 «0000 4e620 *0000 [330e4 +0000 | 126269 = 00000 «0000
4083 437 «Q000 4eb82 «0000 |330¢9 «0000 | 106267 * 00000 * 0000

100en0 340 «0000 8e632 *0000 13508 +0000 | 16089 +« 00000 «0000
200+00 280 «0000 134431 *0000 | 36246 +0000 {15951 * 00000 *0000
400400 230 »0000 21488 *+0000 | 3720 «0000 | 15558 * 00000 * 0000

1000400 175 »0000 39928 0000 |38le6 «0000 | 1e4852 « 00000 = 0000
200000 142 +0000 634572 0000 38742 20000 |1e4387 « 00000 « 0000
400000 ,11‘ 19000 100:??? 0000 (3916 «0000 | le4039 * 0000 =0000

R = 0020, PERCENT FUEL =2 38.65s O/F = 1,587

100 -1514 |00000 1.6187 | 000000 0=0000
1.05 11497 +0000 24233 {00000 49e3 |0¢0000 | 106143 + 00000 « 0000
1+20 1450 , «0000 1.289 = 0000 Y4 +0000 | 1e6024 + 00000 «0000

let 11398 i +0Q000 la077 «0000 |127s4 0000 | 1+5888 *+ 00000 +0000
1e60 [1354 . +00C) 16016 | <0000 |149+4 | +0000 | 1245773 | 400000 «0000
1.85 |1307 +0000 1.000 <0000 |16%e2 «0000 | 145651 +00000 = 0000
200 [1282 +0000 ls004 «0000 1751 «0000 [ 1le5584 + 00000 =0000
4s00 1079 + 0000 le244 «0000 |243e2 0000 | le5046 00000 +0000

10s00 852 0000 2009 *Q000 [297e2 «0000 | le4516 * 00000 *0000
2000 709 0000 3e049 «0000 ;32549 0000 | 14232 *«00000 +0000
[ 40.00 588 « 0000 4e739 *0000 [34bep 0000 | 14066 * 00000 =0000
4083 585 « 0000 44802 +0000 ;34846 *0000 | le4062 * 00000 *0000

100400 | 458 i «0000 He679 *0000 {3700 | 0000 [1e3916 @ «00000C *0000
200400 | 379 | +0000 | 134870 | «0000 |[382+7 | <0000 |1e38g8 | +00000 *0000
400400 | 312 | 20000 | 224296 | +0000 [393+0 | <0000 |1+3684 | «00000 +0000

1000400 242 0000 414979 +0000 |403s5 =0000 | le3402 «00000 0000
200000 198 «0000 67687 *0000 | 4097 +0000 | le2976 = 00000 «0000
400000 161 +0000 [108s754 «0000 [4lésb 20000 [le2543 00000 <0000

R = 0e25y PERCENT FUEL = 33451y O/F = 14984

1.00 | 1817 i0e0001 1¢4998 |0+00001 |~0v0004
1405 [1797 | «0001 2+218 {0v0000 | 50¢3 [0¢0000 |1s4955 | 10000} |~ «0004
1420 [1745 | <0001 1e283 | «0000 | 96¢6 | +0000 | 124840 | +00001 [~ »0003
1440 |1686 | 20000 14073 | «0000 |130el | 0000 | 124712 | 00001 |~ «000¢
1:A0 |1636 | +0000 14015 | +0000 |Ll52e7 | <0000 |le4b04 | 00000 |~ <000l
183 |1587 | «0000 10000 | +0000 |[171e8 | 0000 | 1e4494 | +00000 |~ #0001
2.00 |1555 | «0000 14005 | #0000 1831 | <0000 | le4423 | 200000 |~ #0001
400 [1322 | 40000 14256 | =0000 |249¢3 | «0000 | 143874 | +00000 +0000
10400 11057 | <0000 24048 | +0000 [305¢6 | 0000 |143225 | «00000 *0000
2000 B87 +« 0000 3e.127 0000 | 33547 0000 | 102849 * 00000 « 0000
40400 Tal «0000 4.883 «0000 | 35940 «0000 | 12560 +00000 * 0000

4083 737 « 0000 4e949 *0000 [ 35946 +0000 | 12552 00000 « 000D

10000 581 *+ 0000 84985 *+0000 | 38244 +0000 | 1e2321 * 00000 «0000
200400 482 0000 14396 *+6000 | 39549 +0000 | 142189 « 00000 +0000
400s00 399 +0000 234208 *0000 | 4068 «0000 |1le2100 * 00000 * 0000

1000400 | 310 | «0000 | 434893 | »0000 |418¢l | <0000 |1¢194% | «00000 +0000
200000 256 «Q0CI 71279 *0000 | 42447 +0000 | 11810 00000 * 0000
4000400 210 +Q000 1154650 *0000 |430.2 #0000 |1s1485 + 00000 i +0000

R = 0«30y PERCENT FUEL = 29457+ OQ/F = 2.381
- e o

le00 | 2094 | 040006 | i
lep5 2073 20005 | 24206 | 0e0002 5CeB (00002 | laa097

Le4145 | 0000010 |~0+0027
i +00009 |- 0025

120 | 20186 + 0004 1.277 +0001 975 2000<¢ | 1e3967 | «00007 |~ Q019
le4Q | 1952 «0003 laQ71 20001 |[131a6 20002 | l«3825 «00005 = «0013
le%0 | 1898 20002 legl3 «0000 | 15442 20001 | 13706 ' «00003 ;= +0010
lel2 | 1847 <0001 1.000 «0N00 | 17287 20001 | 13598 « 00002 !- +0007
2400 | 1809 «0001 le006 0200 | 14851 »0001 | la35}9 00002 | = «0006
4400 ‘1553 0000 12266 | ~e0001 {25240 *0001 | 12991 | «00000 i~ <000l
1000 {1257 | +0000 24085 [=ep00l "310s4 0000 | 102336 « 00000 « 0000
20400 | 1064 j--uool 3e2006 «0000 ; d4leT 20000 | lel891 + 00000 * 0000
4083 891 t-.0001 54106 0000 | 36606 0000 | 1s1522 =« 00000 0000
40e00 895 . -.0001 54037 0000 | 36640 +0000 | 141531 « 00000 <0000
'
100.00 | 707 j=epo00l 94324 | »0000 | 3905 | +0000 | 1+1174 | «<00000 *0000|

200.00 590 |~+0001 144993 +0000 | 40%»8 | «0000 | Leloo? «00000 *0001
40000 490 | ~+0001 24234 +0000 | 41643 +0000 | 1+0867 « 00000 « 0000

1000400 | 383 [=+0001 | 454999 | «0000 |%2Be3 | +0000 | L+0746 - «00000 + 0000,
200070 317 | =+0001 T4e912 0000 | 43544 *0000 | 1s0638 . +00000 «0000

400000 262 [=+0001 | 1224185 20000 | 44142 «0000 | 1+0534 | «00000 ;| +0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSICNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]

(d) Continued. Combustion-chamber pressure, 600 pounds per
square inch absolute

"
Pm,m Temp. | Teme, W Ao | | Specic Speciic- | Specit |
oo, | STOtvre, erature e rotio | impulse, | mPUse | heat, | 3In MMy 9InM
4 T, exponent, ’ exponent, 1 exponent, ) P ) dln T )P
P /P o € . €, n
< K | " fe | b /B ny col/1GHoH) T
R = Qe35¢ PERCENT FUEL = 26447+ O/F = 221778
S 2 I T E——
1600 [2347 !Qe00lS 143691 | 0+00044 | ~0e0lo0l
105 |2325 | <0018 20195 |[0e0007 509 | 00007 | le3621 «00039 |~ »D093
1.20 | 2266 « 0014 le273 «0005 9Te7 « 0007 | 1e344D +00030 |~ +0074
le40 |2198 <0010 1008 «0003 (1318 «0006 | le3iau9 +00022 |~ #0057
le60 | 2140 «0008 legl2 <0001 | 15647 <0005 | 143099 «000L7 | = 20044
1.81 [2089 «0006 l.000 «0000 | 17265 «0005 | 102976 200013 | = «0035
2400 | 2046 20004 1007 |=+0001 | 18549 <0004 | 162874 00010 |~ »0028
4400 (1771 [=s0001 14275 [=e0003 | 256Gel «0003 | 1+2291 «00002 |- «0006
10400 | 1451 [=¢0002 24119 | =»0003 [313.0 «0001 | 1alB55 +« 00000 « 0000
20+00 | 1238 |-.0002 34281 [ =s0003 [345e1 +000L1 | lellp4 « 00000 « 0000
40eB3 | 1045 [=e0002 54260 |~+0003 [370.9 20001 | 160783 « 00000 « 0000
40e00 | 1050 |~<0002 50188 |=+0003 [370e3 2000l | 10794 « 00000 0000
10000 838 | =+000<¢ 94676 |~e0003 | 39548 «0001 | 1o0365 *» 00000 « 0000
200+00 702 |—.0002 154626 §=+0002 |41(e8 +0000 | 140118 » 00000 0000
40000 586 |=»0002 254350 |=e0002 | 42249 <0000 9963 00000 »0000
1000400 460 |~«0002 484288 |—+0002 |43545 0000 «9789 « 00000 « 0000
200000 382 [-«0002 78.852 | ~ep002 |442al +0000 9692 « 00000 «0000

4000+00 317 1—40002 1280945 [~20002 | 44542 «0000 +9590 « 00000 +0000

R = 0e40s PERCENT FUEL = 2395+ O/F = 3175

—_— B S S - T
1.00 | 2574 0006 123697 0s00120 | —0s0266
leQ5 | 2552 +0043 24184 1000014 50e7 | 0e0017 | 163599 200112 j= «0250
le20 2492 20036 1.268 0010 9T7e5 +0016 | 143364 «000%1 |- «0208
le4 j2422 0028 le065 0006 [ 131ed «00Ll4 | 143072 «00071 |- «0l67
le60 |2363 «0023 le0ll 20002 | 15445 «Q0l3 | le2B56 «00057 | = <0136
le79 12313 «0018 14000 20000 1714 «00l2 | le2685 200047 |~ s0113
2.00 | 2266 +0015 14008 | =+0002 [1B5e7 o00ll 1142533 +00038 | = +009>
4a00 | 1978 «0001 10286 | =e0Q009 | 254eé «0007 | 11787 200009 | = +0025

10000 | 1637 |=e.0005 22150 [—e00ll [314al «0004 | lelio? «00001 | = +0007

20400 | 1408 |-+0005 34351 [ =ep0lD | 34649 <0003 | 140669 +00000 «0000
40400 | 1204 |=«0006 56334 |—e00l0 | 37247 «0002 |1+0253 +00000 « 0000
4083 11199 |-«0006 5409 |=»0010 [ 3734 «0002 | lv0242 «00000 «0000

100400 970 | —«0006 100029 | =+0009 | 3991 «0002 «9767 + 00000 +0000

200400 818 ! -+0006 164282 | =0009 |4lé4e7 0001 «2478 « 00000 +0000
40000 687 |=+0006 264525 | =e0009 42Te8 +0001 «9249 « 00000 + 0000

1000+00 542 | ~«0006 5pe76l |—e0009 |44Qe7 <0001 +9037 « 00000 0000
200000 452 | =+0008& 832105 ' —e0009 |44Bet «0001 +8928 » 00000 <0000
400000 376 |—«0006 l36-2614i-00009 45541 0000 ' 8835 00000 i «0000

R = 0e45, PERCENT FUEL = 21,87y O/F = 34571

- T
letl56

1400 {2773 | 00085

1e05 2752 | <0081 24172 | QepO21 50e% |0s0031 © le4027 « 00251

1,20 |2692 +0070 le263 0015 9649 w0029 | 1+3686 200212 |~ «0455
1et0 | 2624 »0059 1.063 «0009 ;13048 <0027 | 143318 «00174 | = =0380
1460 | 2565 «00473 le0l0 20004 | 1537 <0025 | 143022 «00144 |- «0322
le78 | 2517 20043 L+000 +Q000 | 1696 «0023 | 102799 «00123 !~ #0280
2400 | 2467 «0036 14009 | =+000% | 18649 «0022 | 142573 «00104% | = «0240
4400 {2174 «0006 16293 |=s0020 25347 «00Ll5 | lelbls +00031 |- <0081
1000 | 1817 |=+0008 24182 | ~eQ026 |314s1 0009 | Le00682 +«00004 | = +0012
20+00 {1575 |=«0011 3e420 34Te4 0007 | 140237 +00001 ! = +0002
40s00 | 1357 (-e00l2 54476 3758 «000% «9828 + 00000 « 0000
40.83 | 1350 |-.0012 54554 | =e0024 | 37445 | 0005 | «9816 | +00000 « 0000

100400 ;1104 |=s0012 10381 —eqn2% |40le0 +0003 29325 + 00000 «0000
200400 937 |[-.0013 164950 | ~+0023 |617e2 <0003 « 8996 « 00000 + 0000
40000 792 |=«0013 274755 [ =ap023 4304 « 0002 «8727 « 00000 « 0000

1000400 ; 629 —e0014 534398 —e0023 |b444s3 +0002 ° 8465 + 00000 +0000
2000400 526 | =«0014 B7a714 |~=eQ023 |452e7 0001 8313 «00000 * 0000
400000 439 ' ~.001% 1664197 | ~e0023 | 459s5 s« 0001 «8210 » 00000 | « 0000

R = 0»50s PERCENT FUEL 3 20e¢12» O/F = 34968
B y -~ LMefr T

1400 T294« Xo.olﬁl 145012 | 0e00493 «0983
1405 2923 | 0127 24162 | 000026 | 5040 | 000047 | 124856 | +00469 = +0943
1420 | 2866 | eCll4 10256 | +0019 | 96+1 | +00&6 [ le4bdo | 200409 |- #0837
1.40 | 2800 | +0099 1o061 | 0012 (1297 | #0042 :1e3979 | 400347 |- #0723
leahQ | 2742 »0087 1+009 «0005 | 15245 «003% | le3600 «00298 | = +0633
1,77 ' 2699 | 0078 19000 | «0000 | 167sé | #0038 | 143324 | 400264 | = 40568
2,00 | 2647 | 40068 19010 | ~e0006 | 18345 | +0036 | 143008 | +00227 |~ Q497
4.co | 2356 s0C21 19303 | —+0032 25244 | <0026 | 141551 | «000B3 = +0202
10400 | 1990 |-»0010 24216  =eg047 31341  <00L7 | 10408 | +00015 | = <0041
20.00 1737 2018 34691 [ —a0049 ‘3«6.9 +00LZ | 29888 400003 | = <0009
4Qe00 | 1507 54620 | ~eQ04YH | 373.8 + 0009 «95682 +00000 | = +0001
#geB83 | 1501 balgl | —eQnét 3745 «Q00Y «9471 «00000 | = *0004
100400 . 1238 10.736 ; —e0047 | 401e7 0007 «B9B% +»00000 ‘ » 0000
‘ 200.00 | 1059 174634 | —s0046 | 41Bed +0005 +B634 +00000 «0000
400+00 | %00 294032 | ~e0046 | 43242 <0004 | #8333 | 00000 +0000
560203 4u6e7 | 40003 . #8013 | «00000 *0000)

1000.00 120

2000.00 | 606
4000400 | 507 |

4555 © 20004 «7841  -00000 » 0000
u§5:1 i .oggi 27696 ngpoooo * 0000

924675
5 [ 1520844 | 7e0c
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TABLE III.

Continued.

THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium compositiocn during isentropic =2xpansion.
ratlo, R; oxidant-fuel ratlo, O/F.]

(d) Continued.

square inch absolute

Equilvalence

Combustion-chamber pressure, 500 pounds per

T
Temp- Tomp- Area- ifi ! Specific- Specific
Pressure | e, orature | Area rfia | P mukie | oy | |
ratio, ratio impube, ! (3l [rdtem
P /P T, exponent, € 4 exponant, 1 exponent, ¢ dln P din T
< i ~ e wiwo/e " <o/ 1gHeK) T
e R = 2e60s PERCENT FUEL = 17.35s Q/F = 44762 B
1.00 208 | 0.0226 1e7671 | 0401210 | -0s2283
le.05 13189 #0221 2el44 | 0a0028 48+8 | 040078 ‘1-7682 #01170 |- #2219
le20 13137 »0<0d 16250 +0021 93.8 +0075 | 146966 «01063 |- <2047
1s40 3077 20192 le057 e0013 [1l6e8 0073 | 1+6375 «Q0P4T = 41854
1+60 3025 «0178 le0Q7 20005 |1l4%el «0070 | le5B6Y a00852 =~ #1693
le75 [2990 «0169 1.000 *D000 | lb6ce3 + 0069 Jl-ﬁﬁ!l «00T9]1 |- «158%
200 |2938 20155 1e012 |=e0008 [17947 e 0066 145041 «00705 |- 1438
4470 | 2669 + 0083 12323 | —e0048 [ 24840 «0054 142723 « 00352 |- 40779
10.00 {2313 «0006 24288 [=e0C91 | 30943 «0039 le0538 «00101 |~ <0253
20400 3,644 |=eplp8 34347 «0030 *9574 200029 |~ <0081
40«00 54926 1=e0ll3 (37145 «0023 8996 « 00006 |~ <0019
4082 62013 [ -epll3 | 37243 «0023 «8983 + 00006 | = <0019
10000 116676 | ~egllZ {400Qe7 0017 «B4BZ +00000 |~ «000Z
200400 19+056 | =e@lll [4lBaé +0013 «sl3e « 00000 +0000
400400 3le724 |~s0llo [433.1 w00ll «7B07 + 00000 « 0000
100000 916 | =»0055 6Le214 | =epllQ 44845 «0008 sT420 « 00000 +0009
200000 778 0056 [103¢640 [ =eplll |[45Hes +0007 7177 «00000 | « 00060
uooo.qp 658 [ ~a0058 [172424088 |~aplil [466e4 20005 «6983 « 00000 I «0000
L R = 0e70s PERCENT FUEL = 1542% Q/F : 54556
————— — T e - .
1400 3381 |0.0307 | 241301 |0e02284 i~0s6169
le05 i3365 «0303 | 24133 ;0-0026 67ab | 0e0103 <Ze01l15 e02230 [~ #4091
le20 3317 00291 le2bs +0018 91e2 #0101 240594 +02085 | - 43876
la40 | 3263 «0278 le05%4 <0011 |123.3 « 0098 149976 01921 |- 3628
le60 | 3217 s QL06 1s006 <0004 | 14542 20096 19428 «01783 |- «3412
le74 (3188 <0258 ls000 +0000 | 15740 «0095% 1le9085 «01699 | = 3280
2+00 | 2140 Q245 le0l4d | =ep007 [17541 20093 18496 «01560 | = #3055
400 2903 «0l73 le339 | ~eQ047 24243 s00Q8<L  le5556 200954 | - W22p08
10400 [2584 « 0070 24356 | —e0l06 [ 30343 «0066 1le2090 «00394 | = #0917
20.00 ;2337 «0000 34803 |-e0le7 [338.3 «0054 1le0195 «Q0L5Y = #0403
40400 | 208B | =40048 6e256  ~el74 [ 36648 20043 « 9006 «00050 | = «0139%
40e83 | 2081 -.0049 6e350 i -epl75 | 36746 20043 28980 «0004B - «Ql35
100«00 | 1775 | =ap0076 126271 | -aplle |397.1 «0032 +4183 200007 | = «00<3
20000 1558 |-.0083 20571 | —eplbb [41ie7 20026 «7809 s00001 |~ 0004
40000 1359 |=.0087 364597 | =eplB6 43143 +0021 o748 « 00000 -~ «0001
100000 1125 |—-+009%3 6Ba879 [ ~eplBE |G4Be2 «Q0lé «7080 =00000 «0000
200000 968 |-40096 [115.835 |—eglB7 |45fs6 «Q0l3 +6798 » 00000 « 0000
4000+00 B28 [=«0100 |19%4sb445 | ~e0lBE |4BTab «0Qll «b552 00000 « 0000
R = 080y PERCENT FUEL = 13460+ O/F 62349
[ - — T :
1e0Q0 ;3481 | 00364 . 244909 | 003537 =0ebily
le05 3465 20361 2el26 0Ds0O0lb “beQ |OaQlly 244777 e03482 | = ob24Y
le20 |3422 0352 le2a2 #0016 aded 20118 ceuigl «03330 |- «605¢
la40 13373 o034l le052 +0006 | 1l¥e7 +Q116 243938 «03155 |- 5818
le60 3331 s03342 l.006 e0003 14069 & <0114 223513 «03003 |- «5609
1473 | 3306 s0326 1+000 15148 «Qll3 : 23254 «029L5 |~ 5485
2+00 | 3261 20316 la0l5 1700 e0lld | 242752 202752 | = 5249
4s00 13052 «D260 la350 23547 «0103 | 2e0021 201991 |- 4058
10s00 | 2779 20170 24409 i=ep0BB ;29060 «0090 | 145823 «0LO9T |~ «20447
2000 | 2568 «0087 Ja904 0139 |331.1 «0080 | 144725 200579 |~ #1390
40000 | 2346 ! +0000 6e587 0192 | 3601 <0068 | 1e0267 «002647 | = #0641
40sB3 | 2340 [ -.0002 02689 | —egl94 | 36048 0068 1e0207 200240 | = «0625
10000 [2042 | =e0083 13al134 | =243 |391a0 « Q053 8369 «00055 = «0l2Y
i 200400 {1815 |-e0ll3 224231 “lges 0043 « 7683 «00043 -~ 2004l
400+00 |1602 | =e0126 37.727 42743 0035 «7287 200002 -~ 0008
1000600 | 1347 | ~20Q135 Toa063 44543 0027 +6dBo + 00000 ;' »0004
2000400 | 1173 | -e0lsl [129.237 (45646 | 20023 | +6594 1 .00006 | +0000
400000 | 1016 |-a0la7 1219200 lhbb »001l9 | €320 « 00000 + 0000
R = 0«90y PERCENT FUEL = 124283 OQ/F Tel4ld
_ L . Rt
1400 ' 3526 | 040393 | : 226696 | 004460 -047874
1405 3511 + 0390 24123 | 0e001L5 4heb | 0a0127 | 2abb28 aChkl]l = 4T828
1420 | 3469 +0383 le24]) 20011 ooeB «Q126 | ¢ab832 | 404279 - 7680
Las0 | 3422 «0374 lep52 «0006 lle.1l «0125 | 26135 «04leb = 47508
le60 | 3382 «03€7 le005 «0002 F136e7 s01¢3 " Ze>¥53 «039YL =~ JT3b>
1a73 | 3360 +0362 le000 +0000 i 14740 «0l23  clebbld $03918 | - «T265
200 |3317 +0356 1e01l6 | —ep0D> il6Lag «Qléd  Lemolb «Q3773 | -~ 7087
4a00 | 3122 «0314 16356 | -eQ027 2289 «OLllé | coB80 «(3089 - W6170
10«00 | 2881 «0254 24437 1287e9 «0l0> | ¢eD%40 | #0200 ~ #4769
2000 {2705 «0199 46032 32l <0098 | le8lgo +01550 © ~ 3584
40400 [ 2528 <0127 64838 3510 «Q08Y | lekdl3 200946 | — «2345
4ne83 | 2523 +0125 6e367 3523 «0089 | 1e4712 *00930 - <4309
100eud | 2279 | =+0001 134977 30364 «0076 | 10541 200335 | = «094¢
20000 [ 2072 | ~e0095 244037 | —epitib ikoi.T « 00649 8410 +00105 | = w0313
1 400400 [ 1857 |=.0149 41a25) | —e3lY ‘kzl-l «0055 «7376 1 200045 | - »00&Q
|
100000 | 1585 | =.0176 Bbel53 | —e331 " 44Qed Q0423 «6784 | +0000¢ -~ »0007
200000 | 1397 | —e01Bb | 1442495 | —e0333 4biwd 20036 «b4B7 | 400000 | — +000L
4000e00 [ 1224 | ~e0194 | 2472166 | —e335 4630 w0030 | 0217 +00000 -OOOW



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[EQquilibrium composition during isentropic expansion. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]

(d) Continued. Combustion-chamber pressure, 600 pounds per
square inch absclute

. - s , e [ ‘
Temp- Temp- Areo- " Specific- " !

Pressure Area d  Specific Specific : i
ratio, | *rature. :’“‘U"' rafio, rafio | impise, | impulse heat, MY fdIn M !
R/P | oxponent. € exponent. | "7y ! exponent, ainp ) kainy
< K r e J{Ibru«\/b L T
e e . S

el R = 1.00, PERCENT FUEL = 11,19» O/F = 7.937
1.0C (3534 |0.0399 246053 004709 | ~048301
1,05 ;3519 «0396 20122 |QepOl4 43e3 | 0e0l29 | 246007 «Q4bbs |- #8258
1420 (3478 +0389 Le240 «00lC 8343 «0l28 | 245874 eQ4561 |- 8135
ls40 ! 3031 <0381 le051 «0006 | 112e7 «0126 | 245703 204399 |- 27989
ls60 |3392 W 0374 1.005 «0002 | 13247 w0125 | 245542 s 04277 | = #7857
173 | 3370 «0370 1+000 +0000 | 149247 «0l24 | ZeDbad «QR208 |- #7781
2.0C |3327 «0363 1e0ke |~ep004 |160al 0123 | 245243 | 404073 |- 7630

! 4enQ 3137 0327 la357 1=e00Z4 |22443 sQ1l17 | 2e4094 «0345] |- 6863
10400 | 2903 20277 2edhd  —e00D3 | 27966 «0l08 | 242079 002666 | = #5732

20«00 | 2738 « 0236 “a05> =e0077 !313e3 «Ql0c¢ | 240210 202111 [~ =4817
40400 | 2578 20192 be910 —enl03d [ 34le’ «00%6 | 148120 »01600 |~ #3879
40483 | 2573 20150 7a022 1=a0l0% 134245 « 0095 | 1eBOSE +01585 [~ <3851

|

100«00 2371 20123 164326 |=e0lb | 37342 #0087 | 145117 01011 | = ec2667

200400 12214 20061 254124 |=eQlBb | 39346 ; «0080 "le2810 +00647 ;- #1829

400400 (2052 |=»0011 444210 |=e023% |41llen «0072 10656 200366 = #1117

1000400 :lazb -s0112 G3el24 [ —eQ305 |b3lesd «0061 +8338 «00132 |~ 0452
2000400 11648 |—+0177 11624695 |=e035< 44240 +0053 «7163 200047 | = «QLT7
4000400 1470 |-#0220 2824648 |=e0381 |ev0a> | 00645 | e644s 00013 |- «0053

R = le50s PERCENT FUEL = Ta74» O/F = le905

- R -y e —em - —

1400 3374 |De0324 1 1e6233 | De0271é |=0e51l45
1420 13315 20312 le242 (040013 T3eh |0e0107 |leb%462 202553 | = <4930
la0b (3358 »0321 24125 20017 3842 «0109 [le6l57 202671 |- «5088
le4n |2267 20302 leQ52 e 0007 P94 20106 |le5682 202418 | = 4765
ls60 |23226 2 0¢93 leQ06 «0003 (11761 +0104% | le54au? 202304 |~ 4583
1e¢73 |3202 | 0288 1+000 «0000 |litel «0103 | 145306 202237 |~ «44B8
2400 |3158 20cT8 1e015 ~o0005 | 181e3 +010¢ | 1s5038  .02115 |- 4308
4enD | 2953 «0430 la351 =e0032 - 19549 i 20094 | 1a30606 201566 | = +3433

10+00 |2692 «0l58 Zetld | =aQl73 266al : «0083 | 1alaTh | 200942 |~ 2294
20400 |2496 « 0097 34967 |=eQllQ 2753 0074 | 29816 «Q0569 = «15106
4000 | 2297 «003¢ tebbL | ~aQlDl LYYeS » 0062 2HLTH «00¢98 -~ +0879
“0eB83 ;2291 «003Q Ga768 |—aplb2 300s2 * 0065 w8232 «00292 -~ 0863

i

100400 |2026 |=+0048 L5e42b | =a020¢ |3¢be0 . +0053  «bbBZ | <0005 = 0348

20000 '1Bl8 |=e0Q0%1 22+891 | —e02lY |34leb s 0044 s OY00 «00031 '~ «0is3

400e00 !1616 [=e0115 394039 | —eQ2t3 | 3561 20036 | w5032 «00008 = 0037

100000 1366 |=e0i30 756054 . —eQcsY | 37243 008 2048 «00001 |~ .ooo‘-;

200000 1199 [=e0i37 |[1344733 =—e0ebl 382as1 2 002% 483y «00000 |~ e00OL

400000 |103% |=e0lé3 L229.310 ~el53 | 390n4 « 0020 4636 « 00000 .ooool‘

; R = 2.00s PERCENT FUEL = 5492 O/F = 5.873
e e TRt IR A S

i 1200 {3153 040443 } 141081 | 0401418 |~002964
leQb 3141 «0440 Zs132 QeQO0Z0 349 | 00086 161005 | 01385 |- #491i¢
1a20 |3097 «0E30 14245 ! epoOl> 67al <0085 | 10794 , 01296 |- «2770
lebd | 30066 «0ely la054 «000Y Yol «0083 | 16053 | #01197 |~ «<606
1460 |306< + 0209 le0p8 +0003 | 10bey «0081 | le0320 : «Qllle |- a2665]
Tal6 2975 +0403 1.000 20000 1195 «0080 | 1e0182 «01064 - 2379
2400 | 2929 »0192 leQle | ~e0006 ;1289 <0078 29940 | +009B0 - #223¢
“e00 | 2706 w0127 le3bdl |=e0037 |176e4 «00B9 +8720 «00619 ~ «1546
10400 | 2413 «0061 243565 | =ep083 | 24365 <0056 « 7166 +00278 = <0797

2000 |2189 #2008 | 34829 ,—e0ll5 | 2494 <0047 © ebl1B82 +00125 = «04Q5
“0e00 | 1965 |=e0032 | 64321 —a0lB0 [Z70e5 +0038 + 5459 «00046 = <0170
40e83 | 1959 [ ~40033 | 6e4lb =eplal | 271l + 0038 o5441 | 200045 — «0l66

10000 1678 | =e000< 1eot37 —agld6 | 29341 +002Y 4875 «0000% |~ «003%

200e0Q0C 1%75 |=e0G72 20e879 ! -eglb0 3070 20023 24613 « 00002 | = «00l0

40000 ;1483 | =e00T76 3be155 | =eQl&0 2ibe7 +0019 ai417 «00000 | = «000<

100000 |1D70 =~+00B1 7Gs163 | —eQlb0 3313 «00l4 a4l196 + 00000 » 0000
2000000 | 923 -.0084 1184235 133002 | w00l | <4040 +00000 | 0000
400000 '{92 ~e0OB7 | 199011 J“‘*"‘ »001l0 «3B94 © «00000 ! » 0000
W= 3.00, PERCENT FUEL = 4403s O/F = 34810

1400 | 2747 Qe2120 | 046509 | 0200385 ' -0.0973
105 2729 | »0117 delb2 1040022 3006  0e0QD&6 «6451 «00369 - +0940
1s20 12679 «01l07 Le254 «001b 588 0044 « 6493 +00328 - «0853
letQ | 2622 » 0096 i.058 «000Y 1944 «00%<Z ebllé « 00284 - 0758
lebC 2573 20086 ieQU8 20008 ' 93e4 1 <0040 +5963 «00249 = 0680
1a?6 2538 «Q079 1«000 «0000 10Z2el ! «Q03Y [-2-1-1.] 200226 = «0bZdY,
2007 2491 | 20071 Le0ll =ep00b> 1llced | <0037 b {20 00197 = 0561
heQC 2237 | 20029 1e314 S =e0030 15%¢0 | +002¥ 5059 00085 (=~ +027%
1 ; | i

| i
10«00 1913 - =»000> Z2e253 | o050 1YZe® | 0020 cbbbQ i «00021 | = «0089

20400 . 1682 -—»0017 34569 |=eg055 <1460 | #0015 | «41B5 | +00005 |~ <0025
40600 ‘1«70 ~.G022 LeT7B | =ep056 ,231e0 | <0011l | 4000 «00001 | = +0006
uQedd | laos  -.00<2 Yentd | ~ag05b (231le% «00ld i 3995 +00001 | = +0006

| |

' 1pgene | leze |-e002s lied30 | ~»0055 |268e7 #0008 | o3811 +00000 | = +0001
Z220eC0 10B3 | -eQ025 180422 =»Q050 |[29Fes « 0008 : «3679 « 00000 ' +» 0000
400e 00 S04 | =+00Zb 30593 —eq054 ;zbe.: «0003 | 3555 « Q0000 20000

proccenn 734 !-.0027 59908 - —aQ024 54/1-8 2000% » 2398 « 00000 » 0000

1200Ce00 | b&2 i-e00éb Yyebtd | —aqpns  2B3s> ! #0003 «3290 .oooooJ « 0000

(4020400 | 525 =+0029 _165+173 [=+0095 «¢sbe3 | w0003  +3194 ; «00000 | 0000
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TABLE III. - Concluded. THERMODYNAMIC DEFIVATIVES AT ASSIGNED PRES-
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition durlng isentroplc expanslon. Equivalence
ratio, R; oxidant-fuel ratio, O/F.]

(d) Concluded. Combustion-chamber pressure, 600 pounds per
square inch absolute

- ! T
i Temp- Temp- Areo- [ " Spec-fic- it
P A : Specific | | Specific
r’e;si:rc eroture, erature w’;: ratio impulse, | impulse heat, 3inm 3ln M
A /P' T. exponent, € “ exponent, 1 exporvem“‘ % ‘Admn P Kalm T
< K o g o)/ LTS PN/ | T
R = 4»00s PERCENT FUEL = 3405» C/F = leT46
Y . - .
1400 {2381 |0e004& 1 04697 | 0000095 |—0e02B8
le05 |2362 « 0044 24176 . 0eQ013 276 |0e0QCLY 24663 2 0008S | = «0274
le20 |2309 +0038 1e263 «0009 5340 »0C17 «4572 200075 | = <0235
le&d 12269 +0031 1,063 «Q005 Tled »0ClE 4473 «00060 |~ <0196
leb0 {2198 «0026 1s010 «0002 B4sQ 2 QC 15 «4393 +00050 |= «0lb6&
1.78 |2157 20022 1.000 «0000 9248 «OC 14 4332 200042 | = «0l4>
2.00 {2113 +0018 14009 |=+0002 |1Clel «0C13 4272 400035 |= «0li4
4400 |[1860 =00C3 14293 |=ep0ll |[13Be7 <00 +3982 »00011 ;— <0064
1000 |1554 {-+0005 24182 (=e00l5 [1T71eb 0005 23743 «00002 |~ 0008
20200 |1348 |[~.0006 34423 =015 |LldYet .« Q04 «3612 « 00000 |~ +000<
4000 [1164 |[~s0007 5¢493 |=%p0lé [204e3 «Q023 «3499 « 00000 « 0000
40.83 {1159 l-a0007 5572 |~e00l4 |20407 +0C23 » 3495 + 00000 20000
10000 952 |-«0007 10+461 | =eq0ls 21542 20C0¢ #2352 +00000 * Q000
20000 813 |=«0007 1Tel62 [-e00l3 {22862 « 0002 ¢3243 « 00000 »0000
400« "0 690 |~«0008 284237 [-e0013 |23545 000!l «313% + 00000 * 0000

1000400 551 |-«0008 544608 |~e0G13 | 26343 «0c0l «3p12 +00000 « 0000
200000 463 |-s0008 89893 |-eq0l3 [267sY «0col e2927 * 00000 =0000
4000-00 3576 ~+0008 |14T7+835 |=eg0l2 2517-8 w00l .7185 « 00000 « Q000

R = 5.00» PERCENT FUEL = 2e85y (/F = 9.683

1200 |[2072 |0.00l5 03924 | 0+00022 |~0e0080

le05 |2053 20014 24190 | 0+0005 2582 10+0(06 «3906 »00020 |~ 0074
1+20 |2002 »0011 la270 <0004 4Beb « 0006 3859 00016 | = <0061
lebp | 1964 +0008 le067 «+0002 65e4 «0t 02 +3808 «0001l2 | = «0069
1a60 |1894 »0007 le0il »000L 768 «0( 04 *3767 «0001l0 |~ ~0036
1480 {1852 | +0005 14000 | »0000 | 853 | «0(04 | 3734 | +00008 |- 0032
2400 [1813 «0004 14007 |-s000L 9243 s 004 +3706 +00006 |~ <0026
4enp | 1578 +0000 14281 [—eQ003 ;12642 «0t 0 #3559 «00001 |- +0007
1000 | 1303 {0002 2el63 15508 20t 0l e 3410 «00000 |~ 0001
20400 |1122 |=«0002 30301 1720 sof0l «33p9 + 00000 «0000
4000 961 |—e«p0D2 5329 18447 woi ol «32p9 + 00000 = 0000
4083 956 |=+0002 5405 1851 «0t 0l «3206 +»00000 =« 0000

1979 «01 00 *3076 «00000 + 0000
2057 «01 00 «2979 *«00000 *0000
212e0 <01 00 «2807 +»00000 «0000

100+00 177 |-e0002 104063
200400 658 |-.0002 164396
40000 554 |-.0002 26787

218e7 <0 00 «2182 « 00000 «0000
22246 «0r 00 °2728 » 00000 +0000
22549 | «01 00 22693 00000 «0000

1000+00 438 |-.00C2 S5la327
2000+00 365 |=»0002 834959
400000 303 |=+0002 ;137.411 ¢ 3




TABLE IV. ~ EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR
AND LIQUID OXYGEN

[Isentropic expansion from chamber conditions; compositions are given in mole
Equivalence ratio, R; oxidant-fuel ratlo, O/F.]

(a) Combustion-chamber pressure, 60 pounds per sgiare inch absolute

83

LIQUID HYDROGEN

fractions.

K = CealSs PIRCENT FUEL = 454659 U/F = 1e190

OH

Pressure, 1b/3q in. abs| 60.00 5000 42485 37450 12417 1500 14470 6400 3.00 1450 0060 030 0«06 0+03
Temperature, oK L1183 liey 1045 1049 1008 B24 daly 643 93¢ 439 L) 480 175 142
Hp Ns85000 |0eB50C0]0+85000 085000 |0s85000|0485000(0+85000|085000 (0+85000|0«85000[{0485000|0+85000,/0+85000(0-85000
HoO +150C3 | «15GC0| «15007] »15000 -1500?J «15000| +15000| «15000( «15000| «15000| «15000] «15000] «15000| «15000
B R = PERCENT FUEL = 384655 O/F = 1.587
Pressure, lb/sq in. absa| 6000 5000 42486 37450 1500 14«70 €400 3»00 150 0e60 0e30 006 003
Temperature, oK 1514 1450 13v8 1354 1079 lo73 BbZ 109 boo 4oe 319 24y ive
H 0+0N001 |0eNBCON[0000N0{00NNA0(De00ND0 000020 [0+00000] 0200000 (040000010 0000 |0+00000[0+00000|C«00000 (000000
Ha + 79999 +80000| +80000| «+8000N| «B0OOOO| +80000| «B0000| +B0000| +80000; »80000| «80000| +B80000) «80000( +B0OOO
Hp0 +20000 | »20C00 «20000| #20000| »20000| «20000] «20000 | «20000( +20000( +20000| =20000| «20000| «20000
R = De25s PIRCEMT FUEL = 33e51s O/F = 14984
Pressure, lb/sq in. abs 60400 5009 42486 37450 3ce78 1500 14«70 6200 3400 1e50 0e&0 0+30 006 003
Temperature, oK 1816 174y 1606 1636 1097 1322 1316 1057 887 741l S8l Y73 319 P41
H NeDNOLT [NeNOOIC|Na 00006 [C2NO0N4 [0+00003(C+00000[0+00C00]C+00000 (000000 [0+00000|0+00000[0+00000[0«00000/0«00000
Ho 74985 74991 « 74996 74996 2 74998 + 15000 «75000( 74000 «75000| «75000{ +75000 «75000| =75000] »75000
Ho0 « 24997 224398 24999 424999 022000 25000 | *25000| 29000 | 25000 +£5000] 252000 | »25000| +25000] =25000
R = 0e30» PERCENT FUEL = 29e57s U/F = 2,381
Pressure, lb/sq in. abs| 6CeCO 50.00 42856 37«50 33404 1500 las70 ¢e00 300 le50 Q60 030 Qe 06 003
Temperature, °K 2089 2013 1950 1896 1846 1453 1566 1258 1066 BY6 708 590 383 37
H NaNE120[0eN008I | NeCNO56 |Ne00040|0+00029 0400003 |0+00703 (0200000 0400000 [0+00000]0+00000 (0«00000 10+00000]0+00000
Ho «6IEIY | w69932] 269953 | 6996E|[ 6YFITE| <6998 | +69098( #70000| «70000| «70000]| +70000] «70000| «70000| 70000
Hp0 «29975 | 29984 «Z99BF] «29992| ¢29995] «30000| «30000| «30000| «30000| «30000] «30000( =30000| «30000( »30000
OH «NEN0G | «0ONOCA| «0CON2| »0Q0DCl| «OCLAL[ +00Q00O0| *0COQ0| =00000 | +00000 | «0000C| 00000 | 00000 +00000| *00000
R = Qe35s PERCENT FUEL = 26e47¢ G/F = 24778
Pressure, 1b/sq In. abs| 6000 50400 42486 3750 33432 15400 l4e70 600 3.00 le50 0«60 030 006 0003
Temperature, °K 2329 2252 218y 2133 2085 1772 17647 145 1239y 1051 LEL] 703 460 382
H DelNGLE [ NN328 [ 0000268 |0eC0192]0400151]0+00022 /0400021 |0-00001 |0+00000 0400000000000 |0+00000 |0+00000| 0080000
Hp b64660 | 54735 264799 Jb4b04| J04BTT| «06982] +b4YBI| 54999 [ L05000| «65000| «63000| +65000| +65000| +55000
HAa0 B AGBT3 ] «34Y10] e34Y34 | #34951| 34968 34995 #34Y90| 35000 «32000] «3D2000| 35000 «3>000| «25000| 32000
Oﬁ «n041| «00027| +00019| «0C313| «00010; 00001 | »000CL| »00000 ] »00000| s00000| +0000C | +00000| «00000| «00000
R = 0s00s PERCENT FUEL = 23.495s O/F = 34175
Pressure, 1b/sq in. abs| 60e CO 5000 42485 37450 33.62 1500 l4e70 &e00 3+00 1+50 Qeb0 0+30 006 003
Temperature, Ok 2531 2458 2396 2342 2298 1978 1970 1640 1411 1¢07 72 620 543 453
H 0621092 (0008671000702 {Ne00577[0+004880200106]000102|0+00010 |0«00001 [0=00000|0+00000]0+00000 |0=00000| 000000
[o] »70002 | »NC001| +0C00L| «00000| »0C000| 00000 +00000| »00000| «00000( »00000| «0000C| «0000C | +00000| +00000
Hp 259160 9959331 o59626] +295D2| #59621| 259916 «59720| #2399 «29¥999 | «60000| »60000| «50000 | «6000C| «60000
Hp0 239584 | 239583 «39752| 39802 #39837| 39970 «39972| «39998 [ «40000 | «40000| «40000| «40000| »40000| +40000
0p #0001 | +90000] «00000| «N0ONOO0| «0CO00| »00000| +00000| 00000 | «00000| +0C000| «00000 | +00000| =00080| +00000
OH «0r161 | »0nl1B| «00088( ~0ON68| »0C054( »0C007| +Q0007| «+0C000 | «0CO00| +00000| +00000| 00000 | +00000| +00000
R = Qa.45s PERCENT FUEL = 21.B7» O/F = 3,571
Pressure, 1b/sq in. abs 5000 50«00 42485 37450 33423 1500 l4s70 6200 3.00 1450 0s60 0«30 Q=06 0403
Temperature, °K 2695 2628 270 51y 2681 z167 215y 1822 JETH 1362 1109 94 ¢ EP] 529
H Ge (2018 [MeC1699|Nea01451 (001253 [0001115]{0400240|0+00328[0+00050 [0400007 [0+00001{0+00000 (000000 |0+00000|0+00000
4] «NON1IN | «0Q00T | «nNONS »00003 ] +NQ000| »N0000] +00000 [ «00000| +0D0000| +00000| *00000} +00000| ¢00000
Hp «53544 | 43767 | ed3vbe ebtloil obaTa5 W54T54 | 5490¢ | 454990 254999 | «5D000| 255000 | 25000 +55000
HpO 063989 | atblbd| ebbico| <4046 Juu50I| otubBTT| o648bBL| w8l 9BD | (4L9YB | 445000 «45000 | 45000 | +4>000] «45000
O «17003 . «00001| «00001| +00000] »0CCO0| «0CO0D | «000C0 | <00000| «0Q000| +00000 | <00000| +00000
OH a00H35 - +00224| +00191| »00038] »00036| »00003 | «00000| ¢00000| «00000 ] 00000 | +00000| *00000
R = De50r PERCENT Futl = 20s12y OU/F = 34968
Pressure, lb/sq in. abg L0 e 00 50«00 42488 17250 2619 15«00 14470 6400 3+00 1450 Qe60 Q30 006 Q0«03
Temperature, °K 2826 2165 2711 Zots Zb3e 2335 2321 1990 1748 1518 1247 lo67 721 6Ll
H NeN3077 100270 [1en2432(0en2151 |0enl1985 [ 0e00d0l [0en0779[0+00174 0000035 [0«00005]0¢00000 |0*NO0OC [0¢00000| 000000
0 «INN36 oN026 | »00020 ] «NCN15| «00C13] «0C002 | +00C21] +00000 ] 00000 | «00000| +0000C | «00000 | «00000| «00000
Hp i Tw6i | 48192 | o4830c| »68261 | o4BO4D| euva3b | «4H4D1| Y8BT | 449y 4| «bYYYL[ «DQUOU| «D00V0| «30000]| »50000
H20 waT9Y5 | 40d307 B8040 1 J48T36 «4BOUD | 449621 PG4I WYY | LuYIBE sh999y | «20000 | +50000 ] «20000| «50000
02 2ANNL5 [ «NN011| «00N28 | »00006| «0C005| «00021| «0D0NNL1| »00000 ( 00000 | *00COC| 00000 ] «000N0 ] =00000| +00000
OH 290215 | «00TE0| +00642( #00550| «0C49L( «00l40] «0C134| 00018 | 400002 »0CO0C| «00C0C| «00000 | «00000| +00000
R = 0,60s PERCENT FUEL = 1T7.3by U/F = 44762
Pressure, 1b/8q in. abs| £C«0C 5C«0Q L2484 3750 4455 15«00 las70 6400 3.00 1s50 Qe60 0430 0»06 0s03
Temperature, ok 3215 2961 2914 e Tu 2849 59 PAT1) LYy 063 leen Loey lade LEX3 192
H 0e0149G8 |0an468(0e04316 (0004008 003886002303 |0e02267|0+00944]0e00343{0e00087[0+00008 [0+00001 |[0«00000|0+00000
6] 22202 | «C0l67| en014L] «00121| «001072| «00031 | +00030| 00004 +00000] 00000 | «0000C | 050000 | »00000| =00000
Hp «3756%| «327p96| o3780% ] ¢37vil| 37972 «30083 | «38701| 439646 ¢39770 | a3%94<| a3¥9y5| 40000 | «4%0000| «40000
H20 e0489 | «unioC| evovlb| 42UY¥Y| 450225 «20h46 | JHEIBZ| HDIIYY | «DYOLY ] 4DYYDL| a5¥YYT | 460000 | =6000C| «60000
o] #0019 «n2INC| #00085| #02073| «0N066| «00019| +00019] +00002 | +00000| +0000C| «00000 | «00000; =00000| +00000
oﬁ «02820 Q2250 #02C31 201349 01741 «Q0B19 200801 «00235 | 200059 «0000Y! «0000C| *0Q000 «00000| =00000
R = 04705 PERCEMT FUzl = 15s25%s U/F = 5eb56
Pressure, lb/aq in. absl &srano 500D 42486 27450 1475 12«00 laeT0 6e00 3400 150 Qeb0 Q+30 De06 Q03
Temperature, °K 212y 2utoe 4 2001 2581 2761 276 2517 2320 2108 iBls 1596 PPE-1.3 996
H . CeD5BTH0 Ne0530¢ [Ne05130(0e03770|06¢0373510¢02275 (0401452000252 {0a00108 |0¢000<40 |0»00000)0+00000
0o . 003225 «0042% | QD406 | «00192) «0018b] «0C058 | «00015] +00002] «00000| <0000C| +00000! *00000
Hp . s20DED sloos ecbédc aloold e l80iD 290248 «<Y301 29700 w2930 29980 » 30000 *20000
Hp0 . «5Y9cu 61193 | 461305 | «64082]| ebbive| 676400 J68757] 409577 o6¥930 | «69991| «70000[ «70000
02 .7 «0C441| 600402 | 002370 | «00352| 00177 #00174| 400036 | 400015 ] +00002] #00000 | «00000| *00000| =00000
ene?ns| «04376| e0utol]| endobT| «03735 | «02366| e0233>| #0lle?| 400511 e0Clel| «000i8| 200002 | +0G0000] *00000




TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF (EACTION AT ASSIGNED PRESSURES FOR
LIQUID HYDROGEN AND LIQUID OXYGE
[Isentropic expansion from chamber conditions; compositions are given 1n mole fractions.
Equivalence ratio, R; oxidant-fuel ratlo, 0/F.}
(a) Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute
R = CeB0s PERCENT FURL = 134609 U/F = 64349
Pressure, lb/aq in. abs 6000 50400 424806 3750 Jha8 15400 1470 6500 3400 1450 Ceb0 Cce30 Qe 06 0e02
Temperature, oK 3les 3lal 3133 3076 5002 fe53 ZBus dbb> ducl £acl cula loéw L1394 1240
H 06315|CeN5CH3[Ta05851 [Da03bbE [e05E 33 [0eDbI2 [0e0lbD0 0e03c27{0a02337[00016¥1/0a00261 |0e001Y3|/000002|0s00000
o] «31162 «0107% 0J1003] «0C943| «00910] 00074 »30267 «N0:9¢] «D0142 +00050] »0000H6| «00000; »00000} «00000
Ho 22601 «22082| w2lv93a| e21lo0% 217381 «20997 | ec0uay| #20:%U] Jlvmoa| elvovsl WlvTec] «1¥¥i0| «19998; +20000
HoO 2032] 02957] 263734 L66802) JEuTol] JboBL3| sopY2y| W lcbCo «755651 «77673] #19340 | 798347 279998 | »8000C
Oa 201305] «C1237| «01178] «01127] o01C3S| 00771 | «00763 | «0Q: 35| «00226| +00004 »Q00LC | «0COCL| »00000! =00C00
OH C06925] 06585 06301 | «08036| 20592L| D442z | w0&307]| «02001 e0lot 7] s5i004| e00e73| epoobll 200000 | *00000
R = 00905 PERCENT FUCL = 12.25+ O/F = Tul43
Pressure, 1b/aq in. abs 60400 50400 42487 37«50 Jaery 15.00 14470 6«00 330 lebC CebU Cei0 006 0s03
Temperature, °K 3213 3168 R 307> 3024 892 ¢ndo 2791 ot Fa¥al Lekb oY lse0 i468
H 0e059566]0e05761 (0005556 (0000392 (0405306 [0005322 [0e04299 |040332210402615 0¢03i960 1001179 0200671000049 [0«00008
Q W01787] ec1686] «Cl5021 015311 «0la93| #0108a | 01076} o00/08} 200474 | Q00 «00L07 | »0003¢] «00000 | 00000
Hz L17295] oL17063| sl6cco| olooun| albvso| sluslo] elbcoa| slavul} slcacv] o:lv3d Wl0fo0 | #i(2Q2] «0Y983 | sUYYYE
Ho0 635341 L6451%| 455350 | .vo0be | e004D6| W70V | oTiTH0 | eio6ff] Iylin] edcsd i e00lcO s8DLOT| 09940 | eoYYTS
og 032662] o02572] eulsll| e02657| a02627| e02Cub | e32038( e0l.93]| w0l205| e0C82Z| 200364 «0Cl20) +00000 +00000
OH WOBa3o| 08156 | «07512| «0T782] «06L8T | o06452 | D& 52| 2036E5] 0B | 401645 .oolouJ «00021 | 00002
R = 1400y PORCENT Fuil = Ut o= 70937 o T
e S - R - 7 - - - - - e —
Pressure, lb/sq in. abs &0 00 50eC0 42006 37e5C 3451 1200 14470 &.00 3«00 159 [«XY-31] 0«30 o-oe! 002
Temperature, oK 3217 3173 3126 3106 0da 2430 2096 2 13 2219 cbne Zeed 2low lesy 1740
H 0535300051565 |e06Y67 [0eG4B1T De0uT 35 |D203825 |0e03804 |0a02 Lc10a02c81 (0407100001061 (Ca006671040011510000032
o} 02347| e02234| «0214Y| o02061| #02019| 201555 | «0lo64 | 0L 17| 400034} 0027<| «00339 | s00194 +00027 | 200007
Hz 013625 o13340| «13100] «leo5l W12777 ) ollupb | ellste e0¥ral| o40d6Ll0] 07348 +0D204c | «04354 s0Llbay L suBBL2
H20 W6411T] 465113} 65953 | o068l | o67071| s7l636{ «71746| ¢76707| 400107 | »82040} #680<& $9lien| o90YTE | #¥BRTY
02 06685 | o083Ya| 04349 ] 04300 | 04286 | 03783 ] $03¥T0 032719 ] «03223] #0é0esi oQechs | 20llT3] 00708 | #0008
OH «lCll8 202776 | 09490 | «0YLe: w0911 2 QTDYD «Q7200 | «D60HL| oGéYu2| wUBYLT w(2bYs | epindt «00245 | a004L43
R = 1450s PERCENT FULL = ToT7ay%s U/F = 14905
Preasure, lb/ﬂq in. abs 6000 50«00 L2486 37420 ELTY -1 12«90 las7C £:00 3400 le50 Ceb0 Ce30 0s 06 Qe03
Temperature, °K 311l 3c70 30l 2999 PALNN Z7ee 2711 ¢t Quczl ceesd CO4G 1656 I4l> i1éug
H 702428 5402275 (2402149 [0002n62 [0e0 985 (001367 0461353 10s00 08 0600476 (000237 |0a00061 |Ce00012{0+00000 [0=0000N
0 203338 «03164 203C19 »02€95 «028Z8 | «02092 «02CTH | #01 Be| 200921 #0028l «N0L%6 | 00063 +00004 »QC000
H2 206905 | «04690 | #0450 | #0434 ] 04227 | 03260 | «03236 | 002 31} «0l523] a00vL> «00341l ! ep0lle| »0000¢ | »0000G
H20 LE119T] +52086 | abeT9d | 262371 | 63720 | etlan3 | onT0uz | o7l w4 w738c% | «lv0ob | «T8ey3 | #7998 | olvyby | «T¥9¥D
02 L1807 | 1693w | w170ty ] W17104 | #17155 | «1T/07 | oiTi3l | alé 40| ,lsioe eloLl34 | Ql¥o0U | ek9Tus| elusbn | o lYYYE
OH 13221 <10887] 10520 410204 | «10031] <0806 | #3013 | 401 BT | 08493 | 05104 | 015wy | e00Tel | «00041 »00007
R = 2.00y PERCENT FUtl = 54927y ©/F 2 5.B73
Pressure, lb/sg in. abs 6000 5900 42486 34eTH 15400 14270 €00 3edc lebC Q+00 O30 006 002
Temperature, °K 2966 2917 28717 4v2l 2604 2599 PR el?? ivie 1106 IELE) i07h G5
H 0eC1l009 |0e00913 {£e0083% (0400770 [0400734 [0000395 00002388 {0¢00.5210400024 0400013 [0200001 |0+00000 [0+00000 |0200000
o] 02669 | 402468 | 023027 ¢02162 | 202082 | 201295 | «017275 | «00530 «00271} +00101{ «000L3 | «00002 | »00000 | 00000
H2 02078 01933 | «01812 [ «CL70v | »01651 1 #01053 | «010s0 0027 ] «DC249 ] «0C0B8 | +000Le | «0CD0OL | #»00000 | »00000
H20 V55950 | 456635 | 457205 4576%1| L57960 | 460005 | «60BGY | 463397 404530 205607 | s604lY | 20661 ] $bOLOD | $0OBOT
02 b29223 1 229473 | «cY00L | s2y0nu ] sevyiy | 231006 | «31050 | «3lise 0342710 e2evit ] o32eb2 | w323l | 033353 e23333
OH « 09071 20857y | eQdlbn | «D701G BLRA-e w5407 | 05390 | « 03103 | 0LlY2D: #0024 #00¢50 | a0C06% | «D000L | «00U0N
K o= 3400y FeKCENT FUEL = 44031y U/F = 34810
Pressure, lb/sq in. abs £280C 42486 3750 34e33 1200 lae70 6400 3.00 1e50¢ 0e€Q Q30 Qe 05 Qe03
Temperature, oK 2655 2549 2920 £onY cubl iele LenY L4115 l6¥l l4pu lecY 1064 129 beT
H NP 16 [Mena172 [7eD01R0 e 00NBL [NaNN0T4 |NenON]8 01600017 900302 [06000DT [7e0D00C (000000 [0enNOND |0+00000 [0 00000
0 #1009 1 42N36D | 200745 «00555 | 00206 | #n02nC | +00137| 200006 | «0NOJL | «0000C | «n0000 | »00000 | +00000
Ho «INe06 | «D0348 | 00303 200246 | «NCOBT | +00085 | «0C 16| 00003 | «0C00D | »DCO00 | +20000 ) «00000 | +00000
H20 s4bu03 | s4b6l0 s 7len s l1292 | eutvl 2B FLO | 24P IO o0& | ew7F {7 | sd¥yvo | «2000U »20000 | »20000C
0z 7700 47971 Wh8igh su84Ta] etyall 249327 289150 | eby¥ue | e4¥0T | «HIYYI | «DL00U «20000 | «50000
OH W00325 | 403883 | 03919 | «03215 | 403020 01476 enl445 | w0c o2l 400lde «00023 ] 400002 ¢ eNDBCO0 | 00000 L‘ODOOO
R = 4400s PERCENT FULL = 340569 U/F = 14746
Pressure, lb/sq in. abs 60 e00 £0e00 L2act 1920 EERNA] 15400 14070 £+00 3.0C lebC Qe&l Ce30 006 003
Temperature, oK 23a7 2éce Leln FRT1) Zik3 laze I E--0Y i3o0 Lazy sded EEL] oi> 253 “hk
H TennD16 [De20011 |7 7000004 1Nen0ONR (0900200 [1¢0¢ )OC [Ce0000C (0000000 |0+0000C |0»0000C 0400500 0eBQ000
Q e 2% | #2018 2054 | #0016 | #00015 | «9CIC1| «200C0O «00000 | »00000 | <0000 | «00000
Hp « NN N6R s NNNGZ [Xalalala 222005 «O02N6 | «0C)I00 «0000C | »AN0ON [ «20000 | +00000
HeO CIEFSC ] e 3Yudy e29ms0 | «3Yben | a3uTs CHLUUL | wOLUDU | «40U0C | «40000
02 suvlTu sUYBBY | e0YOYC | 25 F0c sTDUGUL | «6CCOU | +BI0UU | =000
OH I S-EM e G255 1 00267 | $0L 0L +0000C | »QC00U | »0L00C | «00000
K = 2eD0s PIRCENT FULL = Zehbddy W/F = 5eb83
Preasure, 1b/3q in. abs LCenC LZeBo 37820 laeTg £€e00 3e00 leb 0et0 Ce30 0e06 0e03
Temperature, oy Lysb Y] Levg Lofl 1354 blee Jel Tfo boy “io 36
H ~ Aenann] [fannann [rennean fennann [nennass 0engINe (o 1 10ennpan [0en000n nennnnn Insnnann Insnnonn
o) [Ralehsl ) : eNRCDL | e IND +0G000 | 20000 [ «2nNNT | #30C0N | »0000N
Hz s20CO0 200 #0000 | «N22G60 | «0NONT #ONNO0 1 #0000
H2° iiiic e22 321 PEEERE) «23333 *#33232 w22222 *53333
02 sbonIl | abtSUD evonol | aconnl | etbob? | sbbobT | sbLODT
OH 2025 | w00 903 «IO000 ] «N0NDD | «0NCNO ] #0000 | +0000N

ladaiaring
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PRESSURES FOR

[Isentroplc expanslon from chamber conditions; compositions are given In mole fractlons.
Esuivalence ratio, R; oxldant-fuel ratlo, O/F.]
(b) Combustion-chamber pressure, 150 pounds per square inch absolute
R = 0«15+ PERCENT FUEL = 45465+ O/F = 14190
Pressure, 1b/sq in. abs| 150,00 125.00| 107+14| 93.75| 80s42| 37+50| 15:00| 14e70 7.50 3475 le50 0075 0s15 0408
Temperature, °K 1183 1129 1085 1049 1008 824 643 639 532 39 340 280 175 142
Ho 0485000 [0eB5000[0s85000] 0485002 |0e85000(0«85000|085000]0+85000(0+85000{0+85000|0+85000 (0285000 |0485000/0+85000
H20 +15000| +15000] «15000] «15000| «1500C| «15000| ¢15000| «15000| 415000 | +15000| «15000( +15000| »15000| «15000
R = 0e20¢ ERCENT FUEL = 3865+ O/F = 14587
Pressure, 1b/aq in. abs| 150400| 125+00} 1071w 93475 Ble24 37450 1500 1470 Te50 3475 le50 075 0s15 Ce08
Temperature, °K 1514 1450 1398 1354 1307 1078 £52 867 709 588 458 379 242 198
H 0400001 [De0OODN [NeON 07:0e0000N| 0400000(0+00000 0400000 (0200000 |0200000 [0+00000 (000000 [0+00000 (0200000 | C+00000
Ho +79995 | +80000| «80000F «80000] +80000| «80000| 80000 | «80000| 280000 | +80000| «80000| «B0000 | «80000| +80000
Hp0 +20000 | 20000 oZOOCOJ +20000| «20000| +20000| +20000( #20000| «20000| +20000| «20000 | +20000 | «20000| «20000
R = 0e25» PERCENT FUEL = 33e¢51s O/F = 14984
Pressure, lb/8q in. abs| 150.00 12500 107«14 9375 8le96 37.50 15+00 l4a70 T80 3475 le50 075 0» 15 0e08
Temperature, °K 1816 1745 1686 1636 1587 1322 1057 1052 887 741 561 482 3lo 236
H 0e00011 |Ds00007 |Ne00004]|0409003]0400N02[0+20000]|0+00000 [0=00000{0s00000 (0400000 {0+00000 |0+00000 |0+00000]0+00000
Hy 274950 | #76994| «74996| o74998] .74998| +75000| «75000| +7%000( «75000| ¢75000 | +75000 | »75000 | «75000 « 75000
Ho0 224998 | 226999 | «26999] «25000| +25000} +25000| »25000| »25000 | «25000| ¢25000] «25000 | +25000 | «25000| «2%000
R = 0430» PERCENT FUEL = 29457y O/F 2 2,381
Pressure, 1b/sq in. abs| 150400 125.00| 107s14] 93.75| 82.98| 37450| 15.00| 14270 7450 3475 1450 0.75 0415 0408
Temperature, °K 2092 2015 1951 1897 1846 1553 1258 1251 1064 895 708 590 383 317
H 0400077 [0+00051 |Ce0NCI6{Ne00026 | DeC001B [0s00002|0+00090 |0+00000 {0+0000C [0¢00000 10400000 |0400000 [0400000 000000
Hp 069935 [ +69957] 269970 «69978| 69984 | «6999% ] +70000| «70000( »70000 | «70000 | «70000 | «70000 | «70000| «70000
H-a0 ©29984 | 229990 | ¢29993| «29995| +29997| #30000| +30000| »30000( +30000| +30000 | «30000 [ «30000 | +30000| +30000
oﬁ +00004 [ +00002 | +00001] «00001| +00001] «00000| +00000| +00000| 00000 | +00000 | «00000 [ «00C00 | «0000C| +00000
R = 0e35y PERCENT FUEL = 26447y O/F = 2,778
Pressure, 1b/8q 1n. abs| 150400 12500 107414 93«72 83419 37450 15«00 14470 Ta50 3475 le50 0e75 0«15 0«08
Temperature, oK 2339 2259 2193 2137 20317 1772 1651 |7 14us 1239 lo>1 LEL) 702 460 382
H 0000296 |0200215[0+00161|040C124[0¢00097 [0+00014|0+00001 [0+04001 [0a00000 [0+00000 10400000 [0+00000 (0400000000000
Ho 64701 | +66826] +06069| (64BYY| Jb4¥21l| $b4YMH] 4H4YTT | #6699V | 46000 | 65000 | +62000 | 65000 | «62000| «65000C
Ho0 034915 | 34941 +34957] .36968| 436976 «34997 | «35000 | +35000| +25000| +35000 | «35000 | 35000 «35000| «35000
OH 200028 { «00018]| «00012! +00009| «00006| «00000| +00000 | +00000| 00000 | 00000 | «0D0O00C | +00000 | «00000; «00000
R = Qe40» PEKCENT FUEL = 23495, O/F = 3,175
Pressure, 1b/sq in. abs] 15000 | 125400] 107al% Y4e 75 FERT-TY 3leb0 15.00 14270 7250 3e7Y le50 Qe75 0eld 0e08
Temperature, oK 2553 2475 241y 2353 2306 1978 1h3e ledl 1410 12086 971 419 543 452
H De00758 |0+00593 [0400474[0¢00386[0e00322|0+00067 |0+00006 0200006 |0+00001 [0+00000 [0+00C00 (0400000 |0+00000|0+00000
[o] 200001 | »00001| «00000| «+00000| +00000| «00000| »00000 | »00000 | 00000 | +00000 | «0D0000 | +000CO | «00000| «00000
Kz 259418 | 595631 4995633 459701 o59750| 59947 | 59995 | #59995 | 260000 | +60000 | «60000 | +60000 [ «60000} «b60000C
H20 o39709] +49782 ] «39832] «4¥BOT| o39BYL| ¢3998Ll| 239999 | 239999 | 440000 | +40000 | +40000 | +40000 | 40000} «43000
OH 230115 | «00082| «00061] <00046] +0QN36| «0C004 | +00000 | +000C0 | »00000 | +0000C | +00000 | +00000 | =00000| +00000
R = 0e4b5s PERCENT FUtL = 21.87s OU/F 2 3,571
Pressure, lb/sq in. abs| 150.00] 12500 10714 EETRA) BbenZ 37e50 1%+00 1470 TeS0 3.7 le50 0e75 Deld 008
Temperature, K 2733 2659 £5Yo P2-T ¥4 2999 el7l i819 1g1e 1578 1309 1106 939 631 58
H 0001469 |0e01217 [0+01025]0400875[0+00768{000220[0+00031 [0+00029 [0«0000% [0+00C00 10400000 [0+00000 [0+00000;0+00000
0 200006 | +00004 ! «0000?| «00002| «00001| «00000] »00000 | »00000 | 200000 [ +00000 | +00000 | +00000 | 00000 +00000
Hp 055961 | o541l 7| «26253] «54360] ¢5%0436 | 54835 | #549TT| 254978 | 424997 | 455000 | «55000 | +55000 | «>5000| «55000
Hp0 044255 | 284408 | 444520] 446603 44650 | o44¥20 | s44¥IL | 46991 | 446999 [ 445000 | 45000 | 245000 | «45000| «45000
02 +00002 | »00001] +00001L] «00001{ 00000 | «00000| »00000 | »000G0 | «00000 | *+00G00 | +00000 | «000C0 | «00000| +00000
OH +00328 ] 00253 | «00199| +00160| 200134 | +00025] »00002 | 00002 | 00000 [ +00000 | +00000 | +00000 | «00000 | +00000
R = Ds50» PERCENT FUEL = 2012y O/F = 3,968
Pressure, 1b/sq in. abs{ 150+00( 125900 10714 LEDR - Bhe15 37450 15.00 14470 7450 375 1450 075 0el5 0eD8
Temperature, °K 2881 281l 2732 <2701 2664 2346 1994 1986 1743 1512 124¢ 1063 724 608
H 0062339 (0202026 (0401776 (0+01573|0201634 0400537 |0+00108 10+0010% |0¢00021 10200003 [0400000 |0=00000 [0+00000 000000
0 «00021{ »00015| «000L1| +00008| 00007 | ¢00001| «00000 | +00000 | +00000 | *00000 | +00C00 | »00000 | #0000C | 00000
Hp DOB4bZ | +aBOLD | <4TB0L| +48Y34 | 49Y0LH | L9622 | 4TIVl | 24FFLD | JHTPGL | +4YYRE | 420000 | +50000 | +50000| «50000
HoO whB452 ] aBBTLS| auBYLl] 449060 | o69107 ) o6 /66 | «6I¥D9 | 24UY0L | 44YIYI [ 24YYPY | 50000 | «50000 | «50000) «3000C
02 +0N00% | 00006 | +00005| «D0003| «00CI3 | «00000| *00000 | 00000 00000 | *00000 | +0000Q | +NCOCO | 00000 | <00000
OH 200727 »00594 | +006493! «00416] «00366| 00095 | +00011 | »0COLO| »00001 | +000Q0 | +00000 | +00000 { 00000} +00000
R = 0s60s PERCENT FUEL = 17435, O/F = &a762
Pressure, 1b/8q 1in. &bs8| 150400 | 125400 | 107a14| 93475| Boe0Y | 37e50| 15e00| 14e70 Te50 3075 lebo 075 012 0e08
Temperature, oK 3097 3030 a1 274Q <Yl c&30 2308 2300 2008 l8l> i>1ly 1317 Geb 786
H 0204050 [0a03714 [0403633[0e63199[0e02042|Den16B8 |0s00625 0600608 (0400211 {0+00051 [0400004 (0200000 000000 |0+0000C
o] W0N139 | w0NE13 | 0003V «00CTAL wneaT7a | WnCCl7| 2n0002 | «00002 ! «00D0D | +000CO | «20000 | «00000 | 00000 +00007
Ho s 3BU3S »3ald¢ e30c0 e3a32] » 30817 $ 39034 »37013 23903 | «39B66 1 aoyYbE | o39Y5T | «LQOCC | «%0000 | «40000
Hp0 039314 | u00sE| evOReT| «D0I06 | DTN | $0GLY| 839503 | 77010 | $5YBYD | eDYYIA | 42YYYE | 460000 | <0000} «6000C
02 200082 | 00067 | 200056 «20047 | »00342| »00011} »0000)1 ) »0000L | 00020 [ »0002C | <0000 | +0000C | «00000; «00000
OH 021811 «01923] «Gl/16] oDlots| enlan)| «00623| «C0L27| »001%2 | «00026 | »CO0C> | «00CD0 | +00COCO | «Q0COQ| 00000
o= Ue?Dy  PEXCENT Fuzb = 1525 U/F = ba358
N —
Pressure, lb/sq in. absl 150400] 125e00| LGTols 7 brebd iia920 15430 lea70 7450 3.72 laS0 Del5 Qald De0d
Temperature, K 3é34 3170 3159 E ERLES 2623 2920 Zban 2331 ¢1de IRER] is7y Llue 983
H Lalobal {uetboua [sluoins Je0ZYBO0aC1064 (0601637 3400861 (0600337 [000037 (0200010 [Ce00ND0 0000000
0 «0fady | e30avs | w0020 «QLI26| «0003¢ | «0COI0| «CCDOT | onNnCCL | «NCOOC | +N000C | «0CCOO| <00000
Ho wcFisa | ecruyl| eevuuo wct000 | 82¥E9b | 429300 | ecwnld | ecFolb | 299D | «29994 | «30000| 30000
Ho0 ebLTY A e Llsuid 2O iYL PPN 2GBLI0Y [ #0014 | Lqurlvy | soviaT BN o633 YD «7000C | «7000C
Op ¢ TATE | e ARA | e D030 e #0Ti17| «GNO31 | «00030} «00007 | »0CCCL ] +0C000 | +NT00C | «00000| 00007
OH el 323 | e03Yuy | #D2/L1| eCreiu| eUazso| s0iarYD| eQ00T2 | «QOBDZ | «0C348 | #000¥T | 0000 | »0300L | +00000| +00000
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TABLE IV. - Continued.

[Isentroplc expansion from chamber condltlons;

Equivalence ratio,

(p) Concluded.

LIQUID HYDROGEN AND LIQUID OX)YGEN

R; oxidant-fuel ratic, 0O

Combusticn-chamber pressure,

EQUILIBRIUM COMPOSITION OF PRODUCTS (F REACTION AT ASSIGNED PRESSURES FOR

compositions are given in mole fractlions.

/B.]

150 porands per square inch absolute

R = 0480» PERCENT FULL = 13e6Ls OQ/F = 64345
.
Premsure, lb/sq in. abe| 150400 | 125400| 107al% FETREY 86997 37450 1500 40 Teb0 ERN - LedG Qe !z Celw QeQ8
Temperature, K 3304 3253 3ell) s1in 4124 £732 lou 69y hee PEEY] cQuh T Ll37o 1ivg
H 0605609 [000517410404977 [0e09807| 004712 |0003661 0602522 |001:2220{0401751]{0e61028]0000342| 000103 (Ce0000< |000006
0 «00%48 | +D0B70| «00806 ) «00752| 00723 | #00431( 00197 «00085| «00025] «0000Z| «00000( «00DOD | <0000
Ho edd136 | 921952 21800 | ¢¢lboY! 421597 220828 | 2201061 el¥BoY| W1uTBLl| Jl¥bba| S19951| 419993 ] 20000
H20 063789 | 464703 | 462470 | s6bidB| sbbb4y2 | 70457 n 74301 e {6689 eToés2 $TH6LT| #T99L5| 79999 | 80000
[o} s01095 ] «01030| +00973 | «00925%| 00897 | +00593| «00300| »0029%| «00135| «0B00%L1| «00003| «00000| «00Q000| 00000
oﬁ e06626 | 06271 05976 | «0b71Y| 05577 «04031| w024BY| a1 c42T| 20i%06| «0071<| »0015%) «0003L[ +0000C ] «00000
R = 0e90s PERCENT FUTL = 1262. 9 U/F = 7el43
Pressure, 1b/uq in. aba| 150400 ( 125+00| 10714 93.75 87409 37450 1500 4e70 Tab0Q 3475 le20 0e75 Oeld Qe048
Temperature, 9 3336 3286 3240 321l 319 2YB4 AN 27170 2643 26ls ceul? 2094 PY-FL) lu37
H 0e05120 [0e06913[0e04740 |0e06592]| 0204510 {0+03611 002704 0e02072(0e01493|0e0C843|0s00%16[D¢00022 [0¢00004
0 «01521 | «01428| 01351 | 4012871 01252 | +0Q0882| «0024Y 3] «00347] «00190| «00057] «00013] «00000| +00000
H2 216900 | «16643( eslbbid | elo2es slbll3| alusnl al346l elcwse| olivtal| L10w13] 1007> «0¥992 | «0¥998
H20 265694 [ 0648l | 467313 | 460031 «bbhe? s lev93 | o7721> W 80Y24} ea8%0Gl oBT3DH| «3Y00% | «BYYTT $BY9YT
0. 002360 | +022B9| 02226 | «02171 #02140 | «01759| «01300} o L289| 400936 «00583| «00203| »0004%} +00000| «0000N
Oﬁ «0B600 | +08267| 07952 | «07697| 207558 | 206002 | «064Lll| a( 4377 403291 +02259| »01086| «00%4%| 400009 | +000C1
R = 1+00» PERCENT FUEL = 1llelws O/F = 74937
Pressure, 1b/aq in. abs| 150400 | 125400 107e16 | 93s75| 87¢131 3750] 15:00]| i4e70 Te50 S475 1450 075 Gel9 002
Temperature, °K 3341 32ve EPZ Y EVIYS FRT vk 21y 274 Loah 2505 ¢3¢5 zivs 1850 168
H 0e04560 [0a04368 0004207 [0004069| 0403994 [0603468 (060236900 2332]0401792[0+01297([0+00755]0a00%42 0+00057 [0e0QO13
0 02044 | 201940 «01856 | «0178L| #01742 | 40l317] 00921 o C913| 400669] »00428| »00245| «00l33] «000l3] «00003
Hp 213070 | 12776 «12526 | «12306| o12186 | o10759] 209139 o 102| «07874] 06586 204878| «036l7] +0Ll164 «00514
K20 66165 | 467146 o67991 | 68721 69121 | 473690 «78551 | o BO6YB[ ,82121] 483561 WB8F0sY «92157| 97901 | #9914
02 204163 [ 200090 «06047 | 04000 o03Y75| «03062 w0308 ] ¢ A236] 202886 «0cOBE| #0L1YI0] eglédd s Q049 | «00LLG
OH ol0038 | 209881 | 209304 | 09123 208982 | Q740> ] 02793 ] o 97586 4046029 203611 eDC38L] #01993 200306 | «00L20
R = 1e50s PERCENT FUtlL = 7a76 » OU/F = 14905
Pressure, 1b/8q in. abs| 150.00 | 125.00| 107«14 Y3475 8698 37450 15400 470 Te50 3.75 le50 0e7% 0«15 De 08
Temperature, 3219 3lev 3127 3091 3071 2653 2026 2621 2455 2281 2037 1842 1393 1220
H 001925 (0001792001683 (0401591 [ 0201540 (0401017 {0¢00563 |0« 0554[0000309]0+001390+00030| 000006 |0+00000 |0=00000
0 002906 | +02743] 202607 | »026491| 02427 | «01747| «01103| ¢ 1090| «00698| »00382| 00122 200035 | +00000 | *00000
He 206359 | «061431 2039061 | 202805 03718 | 402759 | «0l796| o 1776 401162 00647 | «002le| +0006Z | «0000L | »00000
H20 02812 | «63646 | 04340 | onuvib]| 09201 | 46017 | o7¢232] o 2600 498 | JToyel| $T0TCE| 79323 | $TYUBL| 279597
02 WlbB4T ] JL16983 W L7097 | L1719 17209 J1fv42 WlBh4n |, BL4DY| ,LlB8bb| JlTub| LLlYbaY «iYbas 19992 | 19999
OH L11152 ] 106931 210306 | v09972] 09785 ] 077128 05962 o 5915] L04036| «02661| «0iclQ| 400228 «000L6 | =00004
R = 2.00+ PERCENT FUEL = 5492 & OU/F = 5,873
Pressure, lb/uq in. absa| 150«00 | 125400 107el4 Y3elb 8beb7 3750 1500 4e70 Te50 3eld ie50 075 Qel5 0«08
Temperature, ox 3045 4992 PATYS 290y 880 204Y PELY) Z368¢ Zipe ivils 1ove lave lpbé Y35
H 0500745 [0000667 |0e00604 [0e005%2] 0000523 (0200263 [0«00091 [0« 10088 [0+00029|0+000C6 (0400000| 000000 |0+00000 {0+0000D
0 202225 | «02043| 201893 | +01767| 01696 | «01005| «00453 | ¢ 0443 200194 «0006L| =00007 «0000L | +00000 | «0D0C0ON
H2 W01742 | «01608 | +01497 ] 201403 «01368 | «00B19| »+00379 | o 0371 4001686| 200054 | «000C7| «0000Ll| +00000 | <0000
R20 eDT0BG | «9 7738 | «28203 | 258796 «9%015 | «0lbby | «04DI0| o 4022 2065278 6BOIL| 2602335 66037 | +bOLLE sbb06T
02 2YDGZ | Y ibY | elwrvié | 230109 30270 | e3lend | 022603 | o £2li| 43272¢| 433064 #32210] 33318 35333 23333
OH 20B666 | «0B15T| «07730 | »07463] 207149 | «06961 | «02b64 | o 282¢| #01610| «00764 | «C0ULB3] +00046| -00000 | »00CCO
R = 3.00y PERCENT FUEL = 64403 ¢ W/F = 34810
Prespure, 1b/aq in. abB| 150400 | 125+00| 10714 Y3475 B5e00 37e50 15«00 4o 70 Te20 3.7> le20 Qe?5 Qeld 008
Temperature, 9 2695 2634 2582 2537 28017 2226 1914 1907 lén7 1410 l2za 1057 136 645
H 0400096 [0e00077 |0200062 [0s00051| 000045 {0600010 10200001 |0+ 10001 {0e00000|000000 [0+0000C|C+00000 [0200ND0 |D+00009
0 200762 | +006461 | «00549 | «00475| +00629 | «00139| »00023 | » 10022 | «00004| «00000 | «00000| +00000 [ »00000 [ +00000
Hz 200307 | +00260 ]| «00224 | «00195| +00176 | +00059| 00010} » 10010| «00002] «0Q000 | +00C00{ «00C00| +0G00DO | *0000N
H20 46923 | «47¢9T| ab73v4 | aoT037| 47992 | «45L17| 209768 | o 97126} 2499271 e49%04 [ 49999 «50000] »20000 | »2uduh
02 B0 | »48cB4 | svb4in | J4Bb3L s 48 T34 | 463449 su98hb | o 2801 209956 | $499Y0 | J4¥Y93| 50000 «200Q00 | »20000
OH 403870 | «03441 «0309b | «0280Y +02621 « 01226 «D0372 » 10360 400112| 00025 00002 «00000D | «003GO | 00220
R = 4,00 PERCENT FULL = 3405 ¢ O/F = 1e746
Pressure, 1b/8q in. aba{ 15000 | 125+00] 107al4 EETRE B4e31 37450 1500 4e70 7250 Zal> LebQ ERE) el 0e08
Temperature, oK 24363 2295 2238 cloo iay looy 1232 12wy P390 1lovo #0313 olé 55¢ 403
H 000009 [0»00006 {0¢00004 [0+00003|0+00002 [0200000 [0+€D0N0 [0+ :0000[0-00000 |0+00000 (0200000 | 500000 {N+00005 [D«00000
0 00169 | «00126 | «00097 | «00076| +00062 | +00010] «000OL | «1:0001] «0000C| «+0000C | «GOD00 0000 { +0000C | «0OBONA
Ha +J006T | 200035 | 00027 | «00022}| «0N018 1 »00003 0000 | » 0000 <2000 +0D00C | «DODNN | «000QC
H20 39096 [ »39¢6b | e3¥3eY | esvhos 239031 »3v0l2 «39900 s Y904 ] W57TY0 «42000 41000 | *%0000
0 «H9335 | e29463 [ 29257 | «2v0lo| env6io | #39yll| ebYYBb | & 9Y0T ]| 407990 e6LGOL | «6T0U0 | sbLUUnL
Oﬁ 201363 | +01105 | «00926 | +00787] +00688 | 00204 | «00033 | »,0032| «00006| <0000l | «00000| »00000 | «0000C | =C00ON
R = 5,00 PERCENT FULL = 245 .9 U/F = 54683
Pressure, 1b/sq in. abs| 15000 125400 | 10714 V3¢5 CEFL S} 27450 19«00 be70Q 7¢50 2e 75 le20 0w 1b Seld Gs0d
Temperature, °K 2066 1998 lyal leve 1620 151y 13> léve ilee ol Tie vho CEY) 6%
H 000001 j0+00000 [De0000C [0+00000]0«0D00D (000000 [0+000N0 [0 10000 (003000 |0 0Q00 |[0+000000=00CAN [0«00ON0 [0200C00
o] «0D02B | «00028 | +00013 | +00009] «000CT | «00001 | «0CCOO | ¢ 10000 | «02C00| #00CCC | »0000%} +NO0O0| «0BQCG | +00CON
Hp «00006 | + 000041 +00003 | +00002 «Q0001 «00C00 | «NOCOD | « 100D | «02COC «00C00 | »00DCACY »0OO0COD | «0000D | «00CCN
Ho0 043094 | 433154 ) 423154 »3324¢ a33243 | 4332101 «3333¢ «1333¢ e33333| w35233{ e32233] 33223 «33335 ] a35255
02 CbBUB2 | 466529 | #b6261 | 460583 | LbGHYY | JbEBO4 | J0ELLL | 4 bBLL| LodbLT| sobLDT | suDOOT Wbt/ | JbubbT | JbbELT
OH «00389 | +00295 | +00230 | «0C183| +0N16S | c00on3n| «00N03 | + 0003 | 207000| «00CA0 | «0D000| «ONGNND| «00CAN | «0000N
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXYGEN

{Isentropic expanslon from chamber conditions; compositions are glven in mole fractions.
Equivalence ratio, R; oxldant-fuel ratio, O/F.]

(¢c) Combustion-chamber pressure, 300 pounds per square inch absolute

R = 0el15y PERCENT FUEL = 45465 O/F = 14190

Pressure, lb/sq In. aba | 200.00| 250+00| 214¢29| 187450 | 160484 75400 30600 15400 l4e70 7450 3.00 le50 Qe 30 0slS5
[Temperature, °K 1183 1129 1085 1049 1008 824 643 932 529 439 340 28Q 175 a2
Ho 0+B5000|0+B500010485000|0«85000 |0485000{0485000[|0+B5000[0+85000(0+85000 ) 0+85000 |0+85000 |0+85000{0+85000 /085000
Ho0 «15000| «15000| «1500G]| «15006] +15000| «15000| #15000] «15000| «i5000 | «15000| «15000| «15000 | »15000 «15000

R = 0420y PERCENT FUEL = 38465+ O/F = 14587

Pressure, 1b/gq in. absg | 300.00( 250.00] 214s29] 187.50| 162e47 75400 30.00 15400 l4e70 7450 3.00 1e50 030 0s15
Temperature, “K 1514 1450 1398 1354 1307 1079 852 709 105 586 458 31y 242 ivs
Ho 0e80000]| 080000 |0e800C0|0e80000 [0s80000|0+80000 |[0+B0000(0=80000 0480000 [0«80000 [0280000[0+80000|0+80000|0=80000
HpO «20000| +20000] «20000| «20000| «20000| «20000 | «20000| »20000| +20000 | +20000| «20000| =20000| 20000 | +20000

R = 0e25s PERCENT FUEL = 33e¢51y O/F = 1.984

Pressure, lb/sq in. abs | 300+00| 250400| 214270 187+50| 163491 7500 3000 15+00 l4e70 750 300 le50 030 Qel5

Temperature, Ok 1817 174b JL-1 le38 1587 1322 1n>7 as7 882 741 581 482 310 56
H 000008 |0s00005]| 000003} 000002 ]CeD000L[0+00000 0200000 |0+00000|0+00000 |06000C0 (000000000000 |0«00000 |0+00000
Ho e 74993] 474596 74997 274998 474999 475000 75000 75000 «75000| «75000| «75000| »75000| 75000 »75000
Hp0 *24999| +24999| «25000| «25000( «25000| +25000| «25000| #25000| +25000 «25000] »25000| »25000| 25000 »25000

R = 0e30s PERCENT FUEL = 29457¢ O/F = 24381

Pressure, 1b/sq in. abs| 300e00] 250s00| 214e29] 187+50| 165412] 75400 30400 15400| 1470 7450 3400 1450 0e30 0el5
Temperature, °K 2093 2016 1952 1897 1846 1553 1457 lp64 1059 895 707 590 383 317
H 0e00055|0+00037|000025] 000018 0600013/0«00001 (0+00000|0+0000C|0¢00000 [0+00000 |G+00000|0+00000 (000000000000
Hp 269954 69969 269979 69985 | 469989 «69999 | «70000| «70000| «70000| «70000| +70000| «70000| 70000} »70000
H20 «299B8| 029993 429995 429997 | «29998| 30000 | 30000 ¢30000| «30000| *30000( +30000| «30000| «30000| +30000
OH «00003| +00002] =0000Y} «00001| «00000| 00000 | +00000| «00CO0( 200000 | «00000| *0C000| «00000| 00000 | +00000

R = Q0e354 ERCENT FUEL = 264474 OQ/F = 24778

Pressure, lb/sq in. abs| 300.00| 250.00| 214429 187+50| 166426 75«00 3000 1500 14s70 Te50 3400 150 030 Qel5
Temperature, °K 2344 2263 2196 2139 2088 1771 labl 1234 123¢ 1051 838 102 460 382
H 0eD0214/000155[000116[ 0600089 [0«0006%|0+00010 (0400001 (0s00020]|0+00000 |0+00000[0«00000(0+00000|0+00000 (000000
Hp 64827 o648T5| 264906 464928 | 464944 ] 264992 | «65000( »65000] +65000| +65000| 65000 | 65000 +65000| +65000
H20 0349391 o3495T| #34969] 234977 | 434983 4364998 | 235000| +33000] «35000| 35000 «35000| +35000] «325000| +35000
OH «00020| «00013| »00009| »00006| ¢00004| =00000| +00000| +00000| +00000( «00000| »00000( +00000| <00000| 00000

R = Ce40s PERCENT FUEL = 23495s O/F = 34175

Pressure, 1b/sq in. abs| 300+00| 25000 214429 18750 | 167s4% 75.00 30«00 15400 l4e70 750 3400 150 0e30 0el5
Temperature, K 2565 2484 2417 -1 0 1978 1037 l4QYy 1403 1205 270 al19 542 “52
H 0eNC565| 0004370400347 0400281 |0400223{0400048 |0+0000%|0000000(0+00000 (0200000 {0+00000[0+00000[0+00000|0+00000
0 «0000L| «0COQQ| *0CQ00| +00000| «0000Q| +00Q0Q | = *«00000| «00000| 00000 | »00000| *50000 | *9P0000| 90000
Hp $59566 [ «59662| #59731| #53782 .298?9 -58862 -28889 «50000| «60000 o20000 «B0000| «50000| «60000] 50000
Ho0 «397821 «39839| «39077| #39903| 439922 39987 | «3999%( «40000| «40000| 40000 ] «40000| «40000| »40000| 40000
OR «0N086| «0006L[ +00045| «00034| «00026| +0D003 [ «00000| +0CO00| «00000| *00000| =0DO00| «00000| «00000{ *00000
R = 0us45s PERCENT FUEL = 21487» O/F = 34571
Pressure, lb/sq in. abs| 300+00| 25000 214e2v| 187¢50| 168467 75.00 30200 15400 1470 T+50 3400 1650 0+30 0e15
Temperature, oK 2155 26717 2611 £595 2510 21?3 1518 1576 1569 isve 110% 938 630 b7
H 0e01130|0+00927|0+00773| 0200654 {0s00570]000157 |0«00021|0+00003|0+00003 |0200000]0+00000|0¢00000(0«00000{0+00000
[} «00003| «00002| +00001| »00001| »00001| +00000| «00000| «00000| «00000 | »00000| 200000 | «00000( +00000]| +00000
Hp «56185] 50328 +24%38] 254521 wbeb582| e048B2 | «54984[ 54996 54998 | #55000| 55000 «55000| »55000( 25000
Hz0 e t0623] o547 La4036] L4702 $06T67| L06963 ] 46594 44999 4244999 445000 #95000| «45000( «45000| 45000
o7} «NNEOL| «0000L| »00000] »00000| «00000| »0G000| *00000| «00000] «00000| *00000| »00000| <00000( «00000( +00000
CH «N0258| «00196| +00152] +00122| «00101| »00018| +00001| «+00000; «00000| »00000| «00000| +Q0000| «00000( «00000
R = 0450 PERCENT FUEL = 20e12» O/F = 34968
Pressure, lb/sq in. abs| 300¢00| 250400 214429] 187450 169485 75200 30.00 15600 1470 7450 3«00 1450 0630 0e15

Temperature, ©K 2915 2841 2778 2724 2684 2352 1992 1740 1732 1509 1240 1060 122 607

1858[0e01592(Ne01383| 0e01214|0e010%7[0400391 0200076{0¢00015]|00001% (000002 |0200000{0+00000|0+00000/0+00000

H

0 ennnlal «00010[ +0000T7[ «000O0S| «00004| +00000| *00000| +00000[ «00000| 00000 «00000( #0000C| «00000{ =00000
Hp DuBTTL| e28936) 89065 We9Ll77| W69255| 69725 | 069940 49989 449990 69999 | #50000| #50000] +50000| 50000
H20 w5758 oiu9d0| evalan] Wwv273| eeu3ny| LuvBlo| 49971 499y | L4YY95| 49999 | «50000| #5000C] #50000] »50000
02 2 0n006| «nnD04] 200002 e00C02]| 200002| +00000| *00000| ¢D0000| «00000| *20000; *000C0| +00000| »00000| +00000
CH 1 ne9] «00479] +00352[ +00328] 400285| «00070| +00008| «00001( «00001| »00000| «00000| +00000| +00000| »00000

R = 0s60s PERCENT FUEL = 17435 = 4al62
Pressure, 1b/sq In. abs| 30G«00| 25000 214429 187450] 171.73 75.00 40400 15«00 1470 T+50 3400 le50 0e30 0el5
Temperature, K 315% 3089 3033 £985 £Yyo3 2652 2311 2024 Q%7 JY-To1] 151¢ 1331 Yly T2
H Ce043B6] 0e04080] Co02826] 02026111 0e02472|0+01303|0e00%50(0e00145(0200140]|0+00034[0200003{000000|0«00000[ 000000
0 ern1nn| «0nngn| «00ce9[ $00054[ ecOC47| »00010{ «00001| +00000| «00000( +00000| »00000( «00000| +00000| «0000C0
Hp e3BADT| «3906T] o38564] 4386050 «30707| 239252] «39/20] «39906] <3909 | #39¥TT| #3995 «40000| »40C00| «40000
Hz0 «96190| evobbgf 2700l W57341| 457031 258937 a99flal 559es| 429927 W>99821 W5999Y] 460000] «00000| «600CO
Oz «10059] «00Na7| 00039 «C0032| «00028] »00006] «00021| +00U00C| «00000| +00000{ «0000C| <00000{ 00000 +00000
OH +01907| «0l€64| 21470 #01313[ «0l214( wCO492| «00L1l4] «000£5| «00023| »00004( »00000[ +00000| «00000[ +00000
K= 0u70s PIeCENT FULL = 15425s U/F = 54556

Pressure, 1b/sq 1in. abs 172e78 15400 30«90 1Yen0 16470 T+50 3400 le50 0e30 0sl5
Temperature, °K cobb 2969 2335 ¢3¢8 209> 1ien 1568 1123 915
H Co024uQ | 0enl?50[ 1e0n623) 0400607 10+00230(0200038}0400007] 0200000] 0200000
o] s02087 0319 «N0004| «00003[ »00000} +00000F «00000f =00000| +0QO000
Ho WZYEL)| we¥eTl YO TL| 42vEYy| ecydTa] WeyY 1T « 299961 #30000| «30000
Ho0 cooall ] ebBobu| 409esD| LbYSG3[ W069d30| W6YYIY[ $69997( +70000| 70000

$00TH1] $00N1E| <0203 «00003| #00200| s000C0| «00000| »00000( 00000
2017051 «0DBBE| 00252 «00244[ 000652| «0000&| «00OD0L( «00000| +00000




88

TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED

Equivalence ratio, R

LIQUID HYDROGEN AND LIQUID OXYGIN

; oxldant-fuel ratio, 0/F.]

[Isentropic expansion from chamber condltions; compositlims are glven 1n mole

PRESSURES FOR

fractions.

{c¢) Concluded. Combustlon-chamber pressure, 300 poun: 8 per square 1inch absolute

R = 0e80s PERCENT FUEL = 134605 U/F = 64349
Pressure, lb/Bq in. abs| 300.,00] 250400] 214.29| 187.50( 173468 75+00 3000 1520 16a70 Te50 300 1450 0«30 0eld
Temperature, K 3393 1334 3eg9e 2493 3231 499> 264 2220 2940 FELTY IV EF) 1830 1360 lisb
H Ca 06749 | 0404529 DeQ4344 |0e04185|0s04095[ 0003116 10002091 0201370[0e01349|0e00724[0000<EB] 000004 000001 [0+00G00
(o] .00793] «00722| »00665] «00617( 00590 00334 | »00139] «0CE53| 400051 +00013] »Q000L[ «00000| #0Q000| *00000
Ho 22002 #21819| «21667| e2l226 221463 020716 «20iQn| elvEve| oi¥E24 elYEiu| olY90B] elY¥67F| <0000 +20000
H20 69200 «66098| e6684% ] J0T89¢ W6T828| W71066 | 7996 | aTitey| o7T40e WTob 12| «797599| «79948| oBD0OO| «BOOOC
[¢77) 00939 «00876| <0082 #0077€ «0D7501 «00470| +00215) «D0C8E +00083| +0002Z| 00001} s00000| #0C000 «00000
OH 206318| +05956] 40565, +09393| 400245| 03681 0254 | #0led4| 401180 «005£7| «00L02| +000k¥| »00000| +00C00
R = 0.90 PERCENT FUCL = 12428y U/F = Tel43
Pressure, 1b/sq in. abs| 200.00| 250+00| 21429} 187+50| 1723.98 7500 30600 1500 1470 Te50 3400 1490 e 30 Oeid
Temperature, %K 3430 33717 3334 3296 3276 3054 Zoly FA-1+ ¢bel 2503 <270 40d4 1500 14l
H 0e06506|0e04213]0e06153[Ca04015(Ce03939 Ce03109 0027810401705, 0a01689 0e0L187]0s0060%|0e00<TB|0+00013[0e00002
] L01323) »01237| »01167} «01107| 201075 »00738 | 00440 «00:64] «0029%] +00133| »00023| »00006) 00000 +00000
Ho «16552] o162b1| #46051| o19850] #1377 L1456 | «1300Y| «lc0u0| edcQil| #l1L6T| o10evd 1] «0YYY2| eUYYYY
Ho0 (67094 | +6B0TT| 466904| o6¥61Y | #700Lo] /443 7| 279034 e8¢ tLl] oBL30L| WBDILY| s0BLLY soYYBT| eB¥YIY
0. «02160| .02088| «02006| +01950| «01919| «01540 01090 | «00745| «00735| »0042> «00119] 000242 »00000] »00000
Oa «08385| »08023| «07720| «07458 «07313] «0DT21{ 04098 | «0Ev0O 02934 «0l960| e00B2Y| «002Z95| 00009 +00000
R = 1.00s PERCENT FUEL = 11e1%s O/F = 74937
Pressure, lb/sq in. abs| 30000 250¢00| 214s29| 187250 174406 75400 30.00 15:00 1470 750 3000 1s50 0% 30 0si5
Temperature, °K 3437 1384 3341 3304 3284 3065 2047 2692 687 2L PELYY 2¢03 1839 1668
H Ce03987[0403809[Ue03061 0035360203004 0s0¢707[0e01¥63 {001 65}0e014>) 0001030[{0+00569|0e00313]{0¢0003£!0+00006
0 «01816] 01719 «0163%} 401271} w0lb34 201143 «00782| «00 25] «00%4Y +0036Y | «00186| «00095] «00007; <0000l
Hp .12585| o12283| «12025| 11800 «id6i6 0102131 082021 «07 83| 0Tc4é «0SYY1l| #0%30¢| «0308B] «0087Z| 00326
H20 +67806] 68605 OYOAY W 70377 « 10783 479328 «8014B o83 61| e03709| eb7031 WFLLNG | $5IY00] eYOREE| oY9IYZ
02 203906 «03851] «33B02| #03758 7 03733 03612 «02993| 0230 «02618 204¢32] «Qlb61| egle3g| 00373 00127
OH L09500] «09532| +09224] 208959 Q8813 «07197| +05251| 0% -01| #0436%] 02368 «Qclse| «pl3Te| «00<70) 00087
R = 1450» PERCENT FUEL = Te749¢ O/F = 1,905
Pressure, 1b/8q in. abs| 300.00| 250+00 214429 | 18750 1723472 75.00 30.00 15-00 l4e70 7450 3600 150 0s30 Qe
Temperature, K 3297 3243 3198 3159 3137 2904 PL-1-9) 2478 2472 2271 <03 ls30 137y ieQ?
H 0e01582|0e01466]|0¢01370]0+01289 ;001263 0e00794 |0e00416|0e00216]0600211 0+00090|0+00017[0«00003|0¢00000| 0¢00000
0 .02582| o02428| «02300] +02192| #02131] «0l498 1 +00911 «00>94 | +005%%4| +00287| 00083 | «0002¢) 200000 +00000
Hp 039260 2037161 «03540| .03388 «03302] 202388 «0l692 $00 241 «Q0Y9DY| »00488 «0014> | «DOO%C| »0000C| +00000
H20 W6408C| +64BST| «652d0| obolbS W6b4YY| 70013 | 73457 oT5081 ALY 1Tl o 77041 | «79b4c 2 To9B6| o 799YE
[¢7] L169C1) 17040) S17157| »172>7 J173130 417919 L1823 180y JisYil] w19333| 419700 elu¥lo] eiw¥ys o l9yyy
OH 210529] «10456( «i0054) 09708 «09512| 07387 05190 e02661 003623 «02331 «01D06 | «Q041i5| eD0O0GLY| +00002
R = 2,00y PERCENT FUEL = 54927s O/F = 5.B73
Pressure, 1b/8q 1n. abs| 300e«C0| 250+00| 21429 187450 173.03 75400 30+ 00 15.00 14470 7450 3.00 150 030 Deld
Temperature, K 3103 3046 2998 2957 293¢ 2675 2404 Fay-1 2lsl 1y70 PY-T-1. lubs iglo ve9
H 0400578 |0s00513| 000461 (0000419 0+00395] 000188 {0+00060(00CI1E 0¢00017|0+0000% |0+00000|0#00000| 0+00000| 5»00000
[+] s01907] «01761] «01605| «01491 «0la24| «0Q8L3 | 00346 «0C160| +00136] «00042 «00005| »000CLl| «00000{ 00000
Hp .21498| #01375| «0L1273] «0L11B7| #0136 Q0064 «00289| +0C120} «00ll6{ »00037)| «00004| »00001| 00000 « 00000
H20 057933 | 4585641 459085 | 459527 L59788| 262279 ] cobtla] 65524 465950 Lbbiyl| 665621 J66b42] Jb0ELE| $HOHOT
[+F-3 229800 «300423] 30246 | 30414 50212 esltyl | e3¢320( o3¢341] o3483¢] 331131 w32¢83 e33324) 333330 53333
OH .08282] 07765 407333 206963 | c06Tas| 04584 «02236| +01377| +0134B| e006l4 «00145 +00036| »00000| +00000
R = 3.00s PERCENT FUtL = 4e031l¢ O/F = 34810
Preasure, 1b/sq in. abs} 30000 250400( 214229) 187¢20| 17082 75200 30400 12200 l4e70 T+50 3400 1s50 0e30 Qeid
Temperature, oK 21723 2658 2604 2556 2523 2232 1914 iob4 1678 1472 idee 1052 735 623
H Ne0N067{0s00053| 0000421000035 |0#00030 0+00006 [0s00C01 |0¢0( 000000000 000000 0200000 [0+00000{ 0+00000| G+00000
o] «0N605| +00505| «CO428| 200368 | «00330 «00102]| «00016| 00003 | «00002| =00000 +00000 | +00000{ 00000 00000
Ho 00244} 00205 «00175( »00151 «00136| «00043| s00007| s0C00L +00001{ s00000| »00000]| *+00000| «0000C| *0000C
Hzo 247287 47630 #7900 | 248120 ChBZ65| 89253 | JuFTre| s4t940 | s4YYLL dayynT | wa¥yyy | «90G00| 20000 «>0000
02 «4B2U0| e4ud0l soB8675 | 240816 | 4b907| e0¥d37 9T | W4t 904 | 4H9YBD | $4YYY¥L] «aYYYY] «D0000 +20000| «5000C
OH .03516| «03107]| +02779| w0250 +02330( +01058| ~00312 «00093| +00089| +00021] «00002| +00000| +00000| +0C000
R = 4,00» PERCENT FUEL = 34054 G/F = le746
Pressure, 1b/aq 1n. abs| 300s00| 250:0C} 21429 187¢50 | 168aaz| 75e00| 30e00] 1 00| lte?0 7450 3400 1e50! 0o 30] osl5
Temperature, °K 2372 24303 cias 4194 2123 is5y 1v35 LS 1343 o> ¥o¢ als EET2 403
H Ne 00006 [0¢00004|0e00003 (0000002 [Ce00CT1] 000000 0400000 |0=0 000 |0+00000]|0+00000 [000000 000000 0+00000{ 0200000
o] 2 00126| «00094| «00071| «00056] #+00C35 +00007 | +0000C]| «D 000 | +00000| «000N0 «00000 | +00000| +0D00QC| +0000C
H2 .0€035| «00026] 200020 »00016| «00013] 00002 200000 0 000| «0000C| 20000 | +0000C; «00000 «00000{ +00000C
H20 392251 439372 439480 «39562| e39621] 396931 #39782 W3 G97| 239997 «40000| «4CUCG]| «40000| ¢%0000| 50000
02 0594361 +29547] «59627| 09687 e59730| «23925| #D99HY| > 9FD| WDYYYY «00Q00| 60000 60000 +60000 « 60000
OH «01171( +00958| +00799 | «00677 «00589| +00172} s0CO2B] =0 00> «00005| +00001| +000CO| *DCOBO[ =00000| 00000
R = %.00s PERCENT Furbt = Uk = Fabbl
Preasure, 1b/8q in. abs| 30000 250600| 2124291 187450 l654¢3 15400 30«00 1600 1470 Te50 2000 leb0Q 0w 30 Qei>
Temperature, K 2069 2000 1947 1893 lya1 1276 IENE lee 1117 vel 147 bio 430 65
0 fe0N02%[0er0N13 2000009 [ne0NIC6|0eCC215] 0400030 Benaynninen N0 0sCNNO0] 0000000 0000C{0+00000 000000 0+00000
Hp «00006 | oNC002]| #0N0NNZ | «COONT | $COONL) 20002 w0p0nel «01000| 00000 «00000| «00000| «DOCOD «n0anol 00000
H20 33131 e3316c| w23clo| 432¢40 | #33¢00 eo33Lw | w52354{ #33233] 933333( «33233] 433332 033535 033333 33333
02 W 68513] e66322f eobbTB | evolyl WbbELD] eobrH | ebbtbL | suorcb!| evbreld e0bbo7| ebbbbT] sbEbb?| etboui|l ebobOT
OH «07231| «00259| «00195] +00155| »00126 200025 | «0COCZ] #0)0C0| «000CO| ¢000CC| +000CH *Q00C0| *0GC0O) -0000q
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TABLE IV. - Contlnued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXYGEN

[Isentroplc expansion from che

°r conditions; compositions are given In mole fractions.
Equivalence ratio, R; oxldant g

~-fuel ratio, O/F.}

(d) Combustion-chamber pressurec, 500 pounds per square inch absolute

R = 0.15» PERCENT FUEL = 45465, O/F = 14190

Pressure, 1b/sq In. abs| 600.C0]| 500+00[ 428457 375400] 321+66| 150.00 60400 30400 15«00 1647C 6400 3400 Qe 60 0e30
Temperature, °K 1182 1129 1065 1049 1008 824 663 932 “3y “37 340 <80 175 142
Ko 585000 0e85000]|0285000{0+85000|085000]0+85000|0+85000(0+85000([0+85000[|0+85000|0+85000(0+85000(0+85000 |0-85000
Hp0 «15000| «15000] «15000| «15000| «15000] «15000[ +15000| »15000| 15000 | «15000| «15000| »15000| «15000 | «15000
o ) " R = 04205 PERCENT FUEL = 384655 O/F = 1,587
Pressure, 1b/gq in. abs| 600.00] 500s00| 42Bs57| 37500 326e%4| 150400 6000 30000 15.00 14470 €00 3.00 060 0e30
Temperature, “K 1514 1450 1398 1354 1307 1079 452 709 SHE byd 428 37y 242 ivs
Ho CeBNOGA|[B48N000|NeBOONC| 0280000 |0480000{0«80000| 080000 0+80C00|0+80000{0«80000]|0+80000|0+80000| 0+80000 [0+80000
H20 «20000| 20000 «20007] «20000| «20000| «20000| +20000| +20000| 20000 «20000| «20000| «20000| +20000 | *20000
R 2= 0e25s PERCENT FULL = 33#51y O/F = 1.984
Pressure, lb/sq in. abs| 600400| 500+00| 428457 375,00 32781 150400 6000 30.00 15+00 1470 600 3.00 0e60 Qe300
Temperature, °K 1817 1745 1686 1636 1587 1322 1057 sy 7 741 737 581 '] 31p 56
H Ge00006|Ne 00NN 0e0NON2 |Ne0DDN] |Ce00001[0+00000( 0200000 |0+00000 |0+00000 [0°00000|0¢00000|0+00000| 0200000 [C*00000
Hp «T4995 | +T74997| 274998 | 74999 | «74999| «75000| ¢75000| 75000 | «75000] «75000| =79000| 75000 +75000 | 75000
HZO «24999] «25000] #2500C| «25000| «25000| «25000| +25000| +25000| +25000 | 25000 +25000 | +25000| +25000 | +25000
R = 0.20s PERCENT FUEL = 2957, U/F = 24381
Pressure, lb/ q in. abs| 60C«00]| 50000 428.57| 37500 330e21| 150#00 60«00 30400 15400 l4e70 6«00 3.00 0«60 030
Temperature, K 2094 2016 1952 l8ys PE-L N 1553 1257 lpés B9S CERS 107 5%0 343 317
H NeD00NIF |0 0ON26[0aD0018 [Ne00013 |00000F [0200001{0«00000 {0+00000 000000 j0+00C00 |0«00O0D |0+00000| 000000 |O«00000
Hp 269967 «69978| 259985 | +699BY | 269992 | 269999 «70000| «7G000 | «70000 | «+70000| »70000 | *70000| +70000 | «70000
Hs0 029992 | 029999 +29996| «29998] 229998 | 430000 40000 «30000| «3000C | 30000 30000 | «30000| +30000 | *30000
Oﬁ #00002 | «00001| 00001 | 200000 | «00000} +00000| «00000| «00000 | «00000 | «00000 | +0Q00C0 | +00000| +00000 | *+00000
R = 0s35s PERCENT FUEL = 2647 U/F = 2.778
Pressure, lb/gq in. ab8| 600400 500¢00| 428457 37500 | 332+36| 150400 6000 30600 15.00 14470 6400 300 Qe 60 0s3p
Temperature, K 2347 2266 2159 2140 2089 1771 1451 1238 1o%0 l1gab 838 702 4560 342
H 0600156 ]0¢00111[ne00NB3[Ns00063|0e00049 [0200007]000070|0«00000 [{0«00000 0200000 (0200000 [0+00000| 0200000 (0200000
Ho 64875 | 564910 e64933| L6494y | 464560| «€4Y94] 465000 «65000| 65000 [ +65000 | +65000 | +65000| +62000 | +65000
H20 034955 434969 $34978| 36986 | 43458 | 236998{ «35000] «35000| «35000 | +35000 | +35000 | «+35000| »35000 | »35000
CH 00015 | «20009] +20C06 [ +000D4 | #00003 | «Q0000} «D0000| «0D0000 | «00000 [ «+00000 ! »00000 | +00000| +00000 | »00000
TR: 0a60s PERCENT FUEL = 23495, O/F = 3175
e g - —r . .
Pressure, 1b/5q in. abs| 600«00| 500«0C| 42857 375.00] 3344531 15000 60«00 30400 15.00 14070 6200 3«00 0+ 60 0e3g
Temperature, oK 2574 2692 242¢ 232 2313 1978 1637 1408 1204 1199 970 Ble LTV 452
H NeANAlE Na0N3201 000252 0400167 |0»00034 ;000003 |0+00000 [0+00000 [0+00000 {050000C (0+0C000 | 0+00000 10+00000
Ho 259681 «59753) 455805 259870 | +59973] «59598 ] «£0000 | «60000 | +60000 | «60000 | +60000| +60000 | =60000
H20 C39EIG | «29BEZ] + 299101 029930 439984 439991 «3999%{ 440000 | «4000C | «40000 [ ¢40000 | «40000| +4%0000 | «40000
OH »Ir0s6 | «0EDAS| #0003 e0C024 | #00019| +00002] «000NO| «00000 | «0C000 | «00000 [ «00C00 | *00000| +00000 | *00000

L B

R = 0e45s PERCENT FUEL = 21487+ G/F = 3.571

Pressure, lg/sq in. abs
Temperature, og

2692 2624 45865 25117 2174 1817 1575 1357 13»0 llos 937 6e9

7A566}05T W78.57] 375+00] 336.72] 150000] 60400] 30s00] 15e00] 14+70] 6+00] 3.00] 060] 0e30

526

H De0NB5E [0e00695]0000575 0200483 0600417 [0+00112|0+00015 [0+00002 [0+00000 (0400000 |0+00000 |0400000|0+00000 [0-00000
0 200002 | «00001| 00001 | «00001| +000N0| »00000| +0000C| «00000 | «00000 | ¢0000C } +00000 | +00000; +00000 | +000060
Hp «56383 4456 o54581 | 454666 [ 458694 256918 | 4564989 54998 | 455000 | «55000 ] +55000 | #55000| 55000 | «55000
H20 2 Hh58) | «k45DY 44728 | 20417y sbu816] L06959] (04996 46999 | (49000 +42000 | «45000 | +45000| «45000 | #45000
o] e DN0O1 0NN | $00Q00 | 000N | »0COD0| «00000 | «00000 | «ONOOO | »00000 | »00000 | *00000| «00000 | *+00000
OH »0N198 «00115] «0C0%1| «00074| »00013| «00001 | 00000 [ «0CO0C | «00000 | +00000 | «00000| +00000 | +00000
R = 0a50s PERCENT FULL = 20e12, U/F = 3.968 i
Pressure, 1b/8q ln. abs| &€D0e¢CG| 50Ce00| 428457 375400 338483 150400 60-00 3000 15.00 14470 6200 300 060 0e30
Temperature, oK 25464 2B&b 4809 2742 2699 2356 1990 1737 1507 1501 ie28 1059 740 606
H Ter 147 [MaN122810e1N5T [NeniN92) [nerr825 10000282 )0000053 |000010 |Ce0000L 0200001 |0»00000 {0+00000{0»00000 0200000
0 eINNAY | 2 QANNE | enanNna | ennani ¢l 0 «NNO0NO | «D0000 [ «00000 | «0O0D0 | 00000 ( =000NO! *»0NO00 | *00000
Ho 20304 «49i8g0 edyeon TR b9Y6e WB09Y L | L4UYYRY | 4w99Y | «50000 | «50000] =2>0000 | » 50000
Ho0 bY02G | a49CT] 209342 | enbihto| 449316 69866 | 09980 | «64%3YT| 450000 | =20000 | «5000C | +50000[ +50000 | *50000
102 2000031 +00002] 00002 ] «0DCOL| #00CCY| #00C00| »00000 | «00000 | «00000 | +00000 | «00000 | =Q00060| +00000 | 00000
‘OH annaT5 1 wnn3?7] «2r307 | 00253 4002181 #00C50| «00005 | #0000l [ «0000D | «00000 | «00000 | 00000 | «00000 | «00C000
R = 0.6Cs PERCENT FUEL = 17435y O/F = 44762
Pressure, 1b/sq in. abs 50000 | 478657 | 37500 342461 150400 6000 30.00 15«00 l4e70 6400 3.00 060 039
Temperature, °K 1137 3077 gy 2990 266y 2313 2050 1603 1796 ! 1506 13006 yle 714

b
lof

H NeNébde Ne020%4 |De015717 {0e0098E [0+00321 [0«00100 |0+00023 |0+00022 '0+00002 [0»00000 000000 L+ 00000
0 «013235 | #00020 | #00006| +000NQ | »90000 | «00000 | ¢00000 | +D0QQQ | +00000| «00000 | +00000
Hp PELEEE) eAbYBE | 23YH3B2 [ 39400 [ # 39935 [ J39T€D | 43YF8D | L3999V | 440000 «40000 | #0000
120 «2 1250 2 5BQLD | #5%191) #5796 059548 | 459990 | «59YYL | +59999 [ «60000| 60000 | «60000
02 2037 | annn2s | ennc2)| «nnol8 | 200004 ] #n00Nn0 | ©00000 | 20000 | ¢00000 | +00000 | *H0000| <0000 | +00000
OH 01606 | 901239] 201088 | 400998 00379 «00031 | «00017 | «00002 | +00002 | +00000 | +00000| 00000 | +00000
R = Qe70s PERCENT FUEL = 15425+ UO/F = 34556

Pressure, 1b/sq in. abs| 6070«00| 500400 428657 | 375400 34%aci | 150000 6000 30s00 1500 1470 5000 3-00! Qe60 Qe300
Temperature, ! 3381 5317 degd 3el1? sles 2503 PELLES 2337 PRL] 08l L7y 1550 iieo Yob
H PRETa S w16 P e 03135 {Ce03028 (0001959 |0a0iNTE4 (NeQ04H 2 |Ca0015€ [De0QLEL (0200045 {0000004 (000000 200001
0 Poe0nzes «0n1939] «053175] 00161 | 00058 | «20011 | «20002 | «20000 | +00000 | »0000C | »20000] «00D0C | «00000
H; | eewridcs T PE) YR ER Y 029307 | wZ2Y300 | #2¥205 ] «ZYTIY| ecuvie | 429917 | 229905 VAL NS 430000 | » 30000
Héo P LN slibhuy XYyl et 71%4 | a£HBY0D | etYbve | scyBLE sESbY0 | et LCER RN «TU000 | « 70000
»00054 0011 | «D000U2 | «20000 [ +00000 | »0000G | »00000; «00000 | 00000

02632 | 01420 0226 | «00130 | «0004% { 200C%2 | »0000% | »00000| +0000C | 00000
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TABLE IV. - Concluded.

LIQUID HYDROGEN AND LIQUID OXY::EN

EQUILIBRIUM COMPOSITION OF PRODUCTS O:' REACTION AT ASSIGNED PRESSURES FOR

[Isentroplc expansion from chamber conditions; composit ons are glven in mole fractions.
Equivalence ratio, R; oxidant-fuel ratio, O/F.]

(d) Concluded.

Combustion-chamber pressure,

600 pouds per square inch absolute

R = 0e80+ PERCENT FUEL = 13460. O/F = 6434%
Pressure, 1b/aq in. abs| 60000 500¢00] 428+57 37500 34681 15000 60400 3 +00 15.00 1470 6400 3400 0s60 0s30
Temperature, 9K 3481 3422 3373 3331 3306 3052 211y 568 2346 2340 204 181> 1347 1173
H 0206117 (0+03913{0e03742(0+03595{003510[0e02609 001678 (0e0.042]|0+00238 [0+00526|0+0014% (000040 [0+0C001|0+00000
o 2 00646{ s00584] «00534 | «00492] «0066B | «00250| «00094 | +05032| 200007} +00006| ¢00000| +«00000 | «00000| «000CC
Hp 221839] 2a21659] 221509 | o21381) 21308 20298 «¢20057 | «15869| 219855 [ 19856 «199308| 199811 «20000[ <0000
HpO 266670 «67542] 468269 160890 «69250 | «T2BIO| o TELIZ| o TEQDT| 279211 | o79235| «T9845| «79968 1 «80000| «B000O
02 200786 «00727] 00678} 400635 «00610| 200359 | «00l47| «0::052| 00011} +00011{ 00001 | =00000{ +00000| *00000
OH «05941| #05575] 05269 | «05006| «00854 | «03296| «0lB13| +0:945| 200378 | «00366] «00056| «Q00ll| «00000| «0000C
R = 0490y PERCENT FUCL = 12428 O/F = 74143
Preasure, 1b/aq in. aba| 600400 500400| 428+57| 375400] 347452| 15000 5000 3 «00 15.00 14«70 6400 3400 Ce 60 Ge 30
Temperature, oK 3526 3669 3422 3382 3360 3122 2881 705 2528 2523 2219 207 1585 1397
H 0e03919|0e03743 (0003596 [0e03469[0¢03398 |0e026431001890/0»0:378(0200923[0«00210][0+00431[0+00182 |0+00007|0C«00001L
0 «C1130| «01053| «00989| «00935| «00905 | «00604| 00242 [ 00193 «00088| «00086| «00017! »00002 | «00000| *0000C
H2 o16146| 15871 415636 19433 ,15316 ] «16025| sl2044| o1:674| 410852 «10B31| 10171 «100U>| «0%997| «10000
H20 W6BT92| 69763 J70980| «T1285| 71686 | «76023 | +BOUYQ| o571 (06232 486302 +88712| 489611 | +89999] 89999
0. 01917 «01845] +01782| «0Ll727| 01695 «01322| «00890| «0uL570| «00292| «00285| «00064 | «0000% | «00000| +00000
Oﬁ «08096| «07727) 07417} 07150 +06999 | «05383 | +03743| ¢0:-614| 401614 «01587| 00605 00190 «00003| «00000
R = 1.00s PERCENT FUEL = 11+419- O/F = 7.937
Pressure, lb/sq in. abs| 600.00( 500.00 42Be5T7| 375400 34772 | 150400 50400 306000 15+00 l4e70 6400 3.00 0»60 0«30
Temperature, °K 3534 3478 3431 3392 3370 3137 2503 738 2574 2573 371 2216 18¢b lo48
H 0e403443[0¢03281|0403265610403030[0002966 0002281 |0e01615[0+0 177(0+00802 (000792 (0+00417 /0400216 0200018000002
4] ¢)1593] 401504 01430 01368 01334 | «00978] «00653 | «0 422 | «a00291 | «00286| «00138! «00066 | «00004| «00001
HZ o12040] #11731| 411467] 411237 411107 | 09622 +07953] 20 669 | 405387 | 405349 | +03741] «02991} «00641 00244
H20 o69574| 470566 T1402} o72129| 725346 | oTT027| +81775] oB 216| ,8B476 | BHDET| 494350! o494 | 298868 « 99587
0. «03662] +03605| «03555| 03510 #03484 | 403159 | «02737¢ o0 375 401983 ] 401971| «01437] «glQe7| 00274 «00l08
oﬁ «09689] 209314 | «0BIYT| <OBTZY| 208577 | «06934| 405267 o0 11| 403063 ] «0303%| «0i877| «glld9Y}| s00195] +00058
R = 1e50» PERCENT FUEL = Te749 Q/F = 12909
Pressure, 1b/aq in. abs| 600400 500+00| 428457( 375400 346493 | 150400 6000 3 1400 15«00 l4.70 600 3.00 060 Qs 30
Temperature, “K 3374 3315 3267 3226 3202 2953 2692 496 2297 2291 <0Deb l8is 1366 1195
H 0e01276[0001175!0001093|0+401023]0400984 |0+00606 [0+00299 10+0.1166 0200056 |0+00055 (000009 |0+00001 [0+00000]0«00000
0 «02263]| ¢02121( «02002| 01902 01844 | «01265| +00739) Q1430 200211 «00206] «00056| 00014 | +00000]| «00000C
Ho «D3486]| «03285| «03117| «02972| 02889 | +02032| 01216} +0:720| ¢00359| «00351| +00098| »00025 | «00000| +00000
H20 e55376] o6616T] +66829] 67395 467722 | 71084 | «74322 | 27:308| oT7939| &TIVIV| «TV204| 79729 | # 79990 79998
02 016978 o17119| 17238 o17340| 17399 418014 | 18637 41098 | (19418 | 419427] 419760 «19906 | 19996 «19999
OH «10621] «10133] 409722| +09368| +09163 | 06998 #047B7| 40 2B7| 402016 «0LlY83 | «00823( 200326 | 00014 | 00002
R = 2,00y PERCENT FUEL = 5,927 O/F = 54873
Pressure, 1b/aq in. abs| 600+00| 50000 428e57| 37500 345+45| 15000 60400 3..400 1500 1470 6000 3400 De 60 0e30
Temperature, K 3158 3097 3046 3002 2975 2706 2413 . 189 1965 1959 1678 1475 1070 9e3
H 0e00439|0e00387{0¢00345]|000311|0+00271 |0+00132[0+00035 (0+0:1011}0+00002 [0200002[0+00000 (050000 {0+00000|0+00000
0 «01610| «01461| 01339 401238 «01178 | «00648| «00260| «0 101 | 200029 | +00028| «00003 | +00Q00 | 00000 «00000
H2 «01269[ «01157| «01065| +0098B| 400942 | «00529| 200218 «0 0B6| «00025| «00024| «00003| «00000 ) «00000! 00000
H20 ¢S8T73| 593711 o59864| 60281 4560532 | 462843 | 64767 | 46 T28| 66285 | 466296 4606584 | 66647 166666| 266667
[+) «30070| «30305| 30500 | 300665 30765 | #31693 | 432091 o3 905 | 433154 | «3315Y 1 33293 | 433324 | 433333| «33333
OE 07838 | 07319} «068B7| «06517| 06293 | «04155| 02225 | «0 169 | 200505} 00491 ] «00116| «00028 | 200000 | *00000
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TABLE V. - SUMMARY OF COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, AND PERFORMANCE

FOR EXPANSION TO SEA LEVEL FOR LIQUID HYDROGEN WITH LIQUID OXYGEN
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Specific impulse, I, (1b)(sec)/1b
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Figure 1. - Theoretical sperific impulse of liquid hydrogen and liquid

OXyZen.

Isentropic expansion to pressure ratio indicated.
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Specific impulse, I, (1b)(sec)/1ln
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(b) Chamber pressure, 60 pounds pe: square inch absolute;
equilibrium composition during e:pansion.

Figure 1. - Continued. Theoretical specific :mpulse of liquid hydrogen and
liquid oxygen. Isentropic expansion to pre:.sure ratlio indicated.
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Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and

liguid oxygen. Isentropic expansion to pressure ratioc indicated.
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Specific impulse, I, (1b)(sec)/1b
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Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and

liquid oxygen.

Isentroplc expansion to pressure ratio indicated.
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Figure 1. - Continued.

liquid oxygen.

Theoretical specific impulse of liquid hydrogen and
Isentropic expansion to pressure ratio indicated.
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Specific impulse, I, (1b)(sec)/1b
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Figure 1. - Contlnued. Thecretical specific impulse of liguid hydrogen and
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Isentropic expansion to jressure ratioc indicated.



Specific impulse, I, (1b)(sec)/ib

460
//——\\\\
420 I///// \x:\ Przisure
/;// T \\\\\Pﬁ
S N4000
380 /// /// \\ \\ N\$000
/ ~ N 1004
AN ARN
I/V/// 'A////, ‘a\\\ 200
R //iy4up =S g A AN
/7/// 2 ~— N
b / /] T~ "
. ~
300 // //- \\‘\ E
/;/ /| s
260 :;;///////
220 //
l/
11
I
180 c/
I Sto?chiometric
Lio ?atlo | ‘
0 8 16 24 32 40 48
Fuel in propellant, percent by weight
I_IJ_lll“lllllllllllllllllllllllllllllllllllllll|ll Ly 1 i ,
40 20 10 8.0 8.0 4.0 3.0 2.0 1.5 1.0

Oxidant-fuel ratio, O/F

(g) Chamber pressure, 600 pounds per square inch absolute;
frozen composition during expansion.

Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and
liquid oxygen. Isentropic expansion to pressure ratio indicated.

99



100

Specific impulse, I, (1b)(sec)/lb

500

460

380

340

300

220

180

140

e s
ZEERRN
// \i\
— N
//// —] \§‘\ Pressure
" ratio,
/// T~ \\\ P./P
\ NIN£000
// \\\ \\ 1888
N oo
/ /1 M S D NG
// // L \\ \100
™ ~
/ / \\ o
/ // \\ 20
.
a4 ~
v
I
I/
/
il ,
I
/
! Stoichiometric
ratio
0 8 ‘ l% 24 32 40 48
Fuel in propellant, percert by welght
lllnhmlulllllllllu|1ltlnLIlllnlJ_iLLthlllll | 1 i 1 1 |
40 20 10 8.0 8.0 4.0 3.0 2.0 1.5 1.0

Oxident-fuel ratio, O/F

(h) Chamber pressure, 600 pounds per tfquare inch absolute;
equilibrium composition during exparsion.
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