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NATIONALAERONAUTICSANDSPACEADMINISTRATION

MEMORANINJM5-21-59E

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 ib/sq in. abs) and a wide range of pressure ratios (i 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 i atmosphere

is given in the following table:

Combustion-

chamber

pressure,

Pc_

lb/sq in.
abs

6O

150

300

6OO

Ratio of

chamber

pressure
to exit

pressure,

Pc/P

Specific impulse, I,

(lb) (sec)/(lb)

4.083

10.207

20.414

40.827

Assuming

frozen

composition

254,6

313.1

345.8

571.8

Assuming

equilibrium

composition

255.4

315.0

548.1

374.5



INTRODUCTION

The performance of hydrogen and oxygen as a rocket propellant has

been reported in the literature. However, additional performance 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, 500, and 600 ib/sq in. abs)

(2) A wide range of oxi nt-fueZ weight ratios (Z.lgO to 39.6S3)

(3) A wide range of pressure ratios (i to 4000)

(A) Equilibrium 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.
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SYMBOLS

The following symbols are used in this report:

nozzle area, sq in.

number of formula weights (define¢_ as A in ref. i)

local velocity of sound, ft/sec

coefficient of thrust, CF = gcI/C ÷ = F/PcA t

molar specific heat at constant ps'essure, cal/(mole)(°K)

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

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

characteristic velocity, gcPcAdw ft/sec

thrust, ib

function of T*

(ib mass _ f(s--j--c_)gravitational conversion factor, _i2.174 _ forceJ
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Ivac

k

M

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

sumof sensible enthalpy and chemical energy per unit mass,

_xi(_)i
i

, cal/g

specific impulse with ambient and exit pressures equal_
(ib force)(sec)/ib mass

specific impulse in vacuum, (ib force)(sec)llb mass

coefficient of thermal conductivity, call(sec)(cm)(°K)

Mach number

J

no*

molecular weight, _xiJi, g/g-mole or ib/ib-mole
i

characterlstic-velocity exponent, 8 In c*/8 in Pc

nI

nlva c

nT

n_

o/F

P

P

Q

specific-impulse exponent for fixed pressure ratio,

in Pc pc/p

specific-impulse in vacuum exponent for fixed pressure ratio_

in Pc IPc/P

(_ inT)
temperature exponent for fixed pressure ratio, in Pc Pc/P

area-ratio exponent for fixed pressure ratio, (_ in c )
in Pc Pc/P

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
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R

T

T*

V

v

X

8

E

_x

P

(I

a(2,2)*

equivalence ratio, ratio of two times the number of oxygen

atoms to the number of hydrogen atoms, 2(O)/(H)

universal gas constant (consistent units)

entropy_t _ press_eof i atmosphere,cal/(_ole)(_)

entropy per unit mass,

call(g) (OK)

temperature oK

xi[cs >i-
i

reduced temperature for viscosity calculations (temperature

divided by force constant (g/k), kT/¢

velocity, ft/sec

specific volume

mass-flow rate, ib/sec

mole fraction

isentropic exponent, k_--_--_p/s

correction term for polarity for viscosity calculations

ratio of nozzle area to throat area

force constant for viscosity ca_.culation

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

density, ib/cu in.

collision diameter for viscositlr calculation

function of T*

Subscripts:

c combustion chamber

e nozzle exit



i

in

P

Pc/P

s

T

t

i

product of combustion

injector

constant pressure

constant pressure ratio

constant entropy

constant temperature

nozzle throat

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 ratios and pressure ratios assuming both equilibrium and

frozen composition during expansion.

The computations were carried out by the method of reference i 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-dlmensional flow.

The products of combustion were assumed to be the following ideal gases:

atomic hydrogen, H; hydrogen, H2; water, H20; atomic oxygen, 0; oxygen,

02; 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 in reference 5, and therefore

reference 5 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

substances in

gas phase)

IQ+H2* 2_

Q + 02 -_ 20

1
+ o2 H20 +Q

Q+0H_O+H

Heat of forma-

tion or dis -_

sociation, (5

cm-1

56_i16

41,260

55,450

cal/mole

105,265

117,9"-'1

57,797.9

i01,5_;9

Temper- Refer-

ature ence

of re-

action,
OK

0 5

0 6

298.16 7

0 8

Where values are given in eentimeter -1, they 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 _n reference 1.

Viscosity data. - Viscosity data are m_eded for heat-transfer calcu-

lations; however, accurate data for gases a-; high temperatures are un-

available in the literature. Theoretical c_,nsiderations of force fields

lead to theoretical expressions for viscosi-.y that fit available experi-

mental data fairly well and therefore provi_Le a basis upon which experi-

mental data may be extrapolated into the hitcher temperature regions.

A detailed treatment of the derivation of various theoretical equa-

tions for viscosity is given in references _0 and ll. The use of these

equations to obtain a refined numerical cahmlation 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. ll):
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_xzo7 = " (l)

_2_(2,2) _

The parameters fl(2,2)* and f_k) for nonpolar gases are tabulated in

reference ii as a function of reduced temperature T* while _(2,2)*

for polar gases (f_k) assumed to be unity) is tabulated in reference 12

as a function of T* and 8.

The force constants c/k and o for H2, 02, and H and c/k, o,

and 8 for H20 were calculated from experimental viscosity data. No

experimental viscosity data were found for 0 and OH. The value of

for 0 was estimated from equations in reference 13, and the value of

c/k was taken to be equal to that of 02 . The values of o and c/k

for OH were estimated from the following equations:

°°2+ _H2 (2)
_OH = 2

(3)

The force constants selected are summarized in the following table:

Sub-

stance

H

H2

H20

0

O2

OH

o_ c/k, 8 Refer-

OK enee

2._97 99.8 al_

2.729 86.1 a2

$._87 126.3 2._09 a15

3.068 102.2 b13

Z.A90 102.2 a2

Z.1lO 93.8 (°)

aCalculated from data in refer-

ence given.

b_ Estimated from equations in

reference given and _/k as-

sumed equal to that of 02 •

CEstimated by means of equations

(2) and (5).



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,

(ib force)(sec)/Ib mass:

-- 294.98 ?o o (4)

Specific impulse in vacuum, (ib force)(sec)_'Ib mass:

Ira c = I + p(A) (s)

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

& 86.4554 T (6)
w = P.,4{I

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

At 2781.6 Tt

V= PtJt a (7)

This equation is derived from the cont::nuity equation and the fact

that velocity of flow equals velocity of somd at the throat.

Velocity of sound, ft/sec:

#_' :in P_ T l'n P _a = s = _ l_-_-_nD}s=299"16/_)_ l_-_)s
(8)

Characteristic velocity, ft/sec:

c* At At- 3_.174Pc- (9)= gcPc w w



Coefficient of thrust:

cF _ gcX _ 52.17_ I (lO)
c c

Ratio of nozzle area to throat area

= AAAt (li)

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

quantities. The three derivatives selected for this report are

(_h_T)p = Cp, (_ in _ in T)p, and (_ in _ in P)T" 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 equations:

i [E ( _ Inpi )Cp = _ Pi(_)i _ in p

i

- dh in

in T p i

_ in p._. = P - i (15)

Pi _' in T
i

(_ _I (_ In )
in = d

in T p inT p
(l_)

where (_ in Pi_ in T)p, (8 in d_ in T)p_ and (8 in Pi_ in d)T are

found by matrix methods similar to those described for obtaining

(8 in pi/8 in T)s in reference i_ and where _ is A in reference 1.

Reference 19 presents a convenient scheme for expressing all first

derivatives in terms of _(_v/_T)p, -__(_v/_P)T, and __(_h/_T)p = Cp. By means
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of the following equations, (SvlST)p and (]v/SP)T can be obtained from

the derivatives given in this report:

_v = v in
p -_ in'_ -

_(_)T = _ _pV[(_ inf),in T + i] (16)

With the aid of the tables in reference 19 and equations (15) and

(16), other first derivatives can be expressed in terms of Cp,

(_ in _/_ in T)p, and (_ in _/_ In P)T" ,3one examples are,

(_in_,_" (17)
cv = Cp J i + \_ i:_P 7T

[_ in P_ . in ._ "_' in .,_ 2
(18)

or

[ i lr _ (_' in_,_'
Cv 1 + _-m-_-&j

When composition is frozen,

in in 0
in T in . p

and equations (17) and (18) reduce to

C v = Cp -

and

Cp c_)

c_

Cp -

(19)

(2o)

(21)
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Viscosity of Mixtures

Viscosities of multicomponent mixtures calculated by rigorous methods

(refs. ii 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,

gives approximate results, which are often sufficiently accurate for en-

gineering purposes:

= _ xi_i

i

(22)

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

k:_ p+y (23)

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 i to A000 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 e = 1.00. Table Ill gives various thermodynamic partial
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derivatives. Equilibrium composition in the combustion chamberand at
the assigned exit conditions is given in table IV. Characteristic veloc-
ity and summaryof the performance parameters at an exit pressure of 1
atmosphere are presented in table V.

Curves

The performance parameters are plotted in figures i to 8. Curves

of specific impulse are presented in figure i for assigned pressure ratios

as functions of percent by weight of fuel. Combustion temperature and

exit temperature for assigned pressure ratios are plotted in figure 2 as

functions of percent by weight of fuel. Curves of the ratio of nozzle

area to throat area are plotted in figure 3 as functions of percent by

weight of fuel for assigned pressure ratios. Figure A 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 figure 7 were obtained by

interpolation of the data at assigned pressur_ ratios.

Effect of Assuming Frozen or Equilibrium Ccmposition During Expansion

A comparison of specific impulse data based on equilibrium and fro-

zen composition during expansion to an exit ;ressure of 1 atmosphere is

given in figure 8. A comparison of maximum c_lculated values of specific

impulse based on equilibrium and frozen composition 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,

Pc'

ib/sq in.

abs

6O

150

500

Pressure

ratio,

Pc/P

_.085

i00

_000

10.207

i00

_000

20.414

Equivalence

ratio_ R;
at which I

is maximum

0.35

.55

O. 70

.40

0.50

.40

i00 0.50

.40

4OOO O. 70
.45

Oxidant-

fuel

weight

ratio,

o/F

2. 778

2. 778

5.571

5.175

5.556

5.175

5.175

2.778

5.968

5.175

5.556

5.571

Composition

during

expansion

Equilibrium

Frozen

Equilibrium

Frozen

Equilibrium
Frozen

Equilibrium

Frozen

Equi libri um

Frozen

Equilibrium

Frozen

Maximum

specific

impulse,

I,

_sec)

lb

515.0

515.1

Differ-

ence in

I,

percent

0.51

1.67

5.81

0.61

i .42

3.57

5.571 Equilibrium 548.1 0.67

5.175 Frozen 345.8

5.968 Equilibrium 401.5 1.24

5.175 Frozen 596.6

5.02Equilibrium

Frozen

5.556

5.571

600 40.827 0.50 3.968 Equilibrium 374.5 0.75

.40 5.175 Frozen 571.8

100 0.50 3.968 Equilibrium 401.7 1.06

.45 5.571 Frozen 597.5

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 i00_ 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 S to ¢ percent. However_ the maximum

specific impulse occurs in general at a higher oxidant-fuel ratio 0/F

for equilibrium composition than for frozen composition.

A comparison of valu:s

composition at the same O/F

from data in table II, for

specific impulse for frozen and equilibrium

_uld show larger differences. For example,

_mber pressure of 60 pounds per square inch
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absolute, a pressure ratio of 4000, an 0/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 sameconditions
but for the stoichiometric O/F of 7.957, the difference is 15.8 per-
cent. This is the largest difference between frozen and equilibrium
specific impulse at constant 0/F for any of the conditions in this
report.

The 0/F for maximumspecific impulse increases with increasing
pressure ratio. For fixed pressure ratios and frozen composition the
0/F for maximumspecific impulse increases with increasing chamber
pressure.

Effect of ChamberPressure

By use of suitable exponents, performance parameters can be estimated
with good accuracy at chamberpressures other than those given in this .
report. The logarithmic values of the parameters I, Ivac, T, e, and c
are very nearly linear with the logarithm of chamberpressure for a fixed
equivalence ratio and pressure ratio or fixed equivalence ratio and area
ratio. This linearitypermits the data to be extended by meansof ex-
ponential equations.

In the case of equilibrium composition, the following analytic ex-
pressions were derived that permit the exponents to be computedfrom
data at a single chamberpressure:

(_ in I ) = 86.455A _' (_CC _)
nI = in P'c Pc/P V -

ST = = [_p - 'in - Cp_ cinPc c/P P

(25)

(_. in e ) = (nA/w) e _ (nA/w)t
ne = in Pc Pc/P

where

a in c = 1 + (hA/w) t (27)
nc* = _ ln P c
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O_
cO

|

_ in Ira c)P
nlvac = \ _ in Pc c/P =

I(n I - no. - ne)

Ivac
+ nc. + n c (28)

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

/ Pc \nT'l

(zg)

(3o)

/ Pc \ne'l
6 = 61 __ (Sl)

(32)

nlvac,l

Iva c = Ivac, Iz\P(_) (33)

where Pc,l may be either 60, 150, 300, or 600 pounds per square inch
.

absolute provided that Ii, TI, el, Cl, 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, I atm) for an equivalence ratio R of 0.90

(0/F = 7.143): From table III, the value of I at this pressure ratio

and equivalence ratio (but for a chamber pressure of 600 ib/sq in. abs)

is 376.8 and the value of nI is 0.0079. From equation (29),
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I= 376.8f12°°1°'°°79

: 37s.s(1.oos5)

= 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

I

Tc

Te

E

C

Chamber pressure_

Pc, 1200 ib/sq in. abs;

Exit pressure,

P, i atm

Estimated

by corre-

lation

578.95

3625.3

12338.4

ii. 769

7506. i

Direct Error

calcu-

lation

i

578.86 0.07

1.55622.0

2538.6 .2

11.755 .014

7504.7 1.4

!

GO
_0

It is expected that values estimated for o_her equivalence ratios

and pressure ratios for chamber pressures from _out 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 _imilar to those in equa-

tions (2A) to (28) but for constant area ratio _ather than constant pres-

sure ratio (eqs. 54, 57, 58, 40):

m
(54)
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where

_ in c_ i /_ In z]
= - T - (35)

and

(_ in I_ = -- or 1 (36)
_--_-_]s - 86.A554 T Ivac12j I

<_ cl /_ in Ih (_ In Pc/P]inplnI e = nI - tk_'--'_-PJsk a In' 'Pc /¢

/_ In T h /_ in T_ {_ in Pc/P_

b 'in P'cJe = nT - _,_'-_--'PJs\ _ 'in Pc ]e

(57)

(58)

where

_-_-P]s - _ep i - (_ Inln

_ in Ivac_ (_ ]_n Ivach (_ In Pc/Ph

_' in Pc /e = nIvac - _ _ in P /s\ _ in Pc /e

i(n I - nc. )

Ivac
+ nc*

(39)

(_o)

where

8 in Ivach {8 in (,_l)

Data for constant area ratios for chamber pressures other than those

given in this report may be obtained in a manner similar to the previous

example by interpolating the data in table II (see, for example, fig. 7)

together with exponents obtained from equations (S&) to (Al).

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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chamber3 the injector face pressure Pin ma_be found from the following
equation derived from the conservation of the momentum

Pin = P1 + w (V1 Vin)
Algc

(42)

where PI and VI are the static pressure and velocity at the nozzle

entrance, respectively, and Vin is the average velocity of propellant

(liquid or gas) in the axial direction when _njected. Equation (42) may

be written

Pin= Pc _p_)(llgc - V_.n) (43)

where Pc is the stagnation pressure in the nozzle.

In order to illustrate this, consider a rocket operating at an

equivalence ratio of 1.00, a nozzle stagnation pressure of 600 pounds per

square inch absolute, a ratio of chamber area to throat area e of 2.122,

and Vin = i00 feet per second. From table ]I, corresponding to an area

ratio of 2.122, Pc/PI is 1.05 and I is 43.3. From table V, c* is

7039. Therefore, for these conditions, using equation (43),

(i] ioo]
Pin = 600V.UO/ + 7039(2.122)

= 571.4 + 51.9

= 625.5 ib/sq in. abs

SUMMARY OF RESULT_

A theoretical investigation of the performance of liquid hydrogen

with liquid oxygen was made for the followin_ conditions: (i) equilibri-

um and frozen composition during expansion, (2) four chamber pressures

(60, 150, 500, and 600 ib/sq in. abs), (5) wide range of oxidant-fuel

weight ratios (1.190 to 59.685), and (A) wide range of pressure ratios

(ito4ooo).

i. The maximum values of specific impulse for expansion to i atmos-

phere are summarized in the following table:
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Chamber Ratio of
pressure_ chamber

Pc, pressure
ib/sq, in. to exit

abs pressure,
Pc/P

6O

150

300

6O0

4.083

10.207

20.414

40.827

Specific impulse, I,
(ib)(sec)/lb

Equilibrium
composition

255.4

315.0

348.1

374.5

Frozen

composition

254.6

313.i

545.8

371.8

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 ass_ing 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 i00 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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TABLEI. - PROPERTIESOFLIQUIDPROPELLANTS

Properties Hydrogen Oxygen

Molecular weight, ,4[

Density_ g/cc

Freezing point, °C

Boiling point_ °C

2.016

a0.6709 (at

-252.7° c)

c-259.2.0

c 2_2 77

32.00

bl.l_l_ (at

-182.0 ° C)

e-218.76

c-182.97

Enthalpy required to convert

liquid at boiling point to

gaseous elements at 25° C_

kcal/mole

Enthalpy of vaporization_

kcal/mole

Enthalpy of fusion,

kcal/mole

d3.081

c0.Zl6 (at

-252.77 ° C)

c0.(28 (at

-2[9.20 ° C)

ci.630 (at

-182.97 ° C)

c0.i06 (at

-218.76 ° C)

aRef. 23.

bRef. 2A.

CRef. 7.

dRef. i.



Pressure

ratio.

TABLE II. - THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO ,;t' _ FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(a) Combustion-chamber pressure, 6C pounds per square inch absolute; equilibrium

composition during Isentroplc expansion

Static I Temp" _ [ V ...... -- , Speo f,c /7 _c l _ .... impu' ....

pres..ure, l rroture. Entholpy. Molecuor sentroNc S_eoh Thrusl t S@e¢itic

o_,efficienl impulse

'/gh we,ght, exp ..... ne°t' m_'r<K " pois e c°? a ukc'_";','y'//-_ -_ cml number i ........ El°' C, _, _j].

P, T co ' cp micro k. M [._

£_ J ....

R = 0.150. PtRtcNT FUEL = _5.6_. J/r : 1°1_0

1.00 60,00 11_3J _31_,b_ _.4ib lo_b 1.77_3 _1_ 0°00073 0,000

1.05 57,1_ 116_ 62d7.7 4,_1o 1._0o 1,771i blL ,O001_ .Zli
1.20 5O.O0 112_ _Zib._ _,_lb 1._ i.7_/ _0 _ .0037O .bZ7

10_9 5077,7 _,_16 1.3_7 1.7_ z_b ,00066 ._60

1,60 37,b0 oz_ _6_,q *,qlb i._o_i l._aZb _

1._7 32.17 100_ _00_'_ _._16 1._27 1.72_7 _76 ,0000_ _.000

2.O0 30.O0 9_ _97_,_ _._10 1.b_O 1.7210 £?_ .00062 1,0_

_.00 15,00 .000_ l._b6

20.00 _.00 5_Z1_0_,_ j _.416 l.JbO0 _.6_*_ l_ .0003> Z._d6

_0.00 1.50 2_0 _02,6 _._1_ 1,3_0 1.5_1 _b
lO0.O0 .60 3_0 JBg_.O q._lb 1,_o0 i,60V_ i0_ .O00Z_ _.bq_

ZO0.O0 .3O .O001b q.14_

.15 I
IO00.UO .06 175 3b_O ! 4._1o 1,4369 1.4_71 _ .O0011 _.*_0

t_2 3690.9 4._16 1.4b_ 1._OZ _ .00009 _.09_ /

,ooo.oo.o,l 114 3551,2 4._1_ 1._6bO 1._llb _ .00007 b. Sbl
_000.00 _0_ _ _

_ _ 0._00_ _ FUEL _ _,6_ _ _ _'_

60°00 _._ _°2_ _._0_ _°_ _ S.000_ I _._0_

_._0 _0.00 7_

_,_ _._6 _" _6_ _o_ _°_ _._ _ .000_ ,7_0

_._ _._ _0_ _0_ _._6 _ _°_ _ .000_ _°000

_°00 _0.00 _ .000?_ _,_

_00 _._0 _0_ 2_0_0 I _.2_6 _ _._0 _ _0_ .000_ _'_

_.0_ _._0 _0_ _2_°6 _ _6 _ _._0_ _0_ .0_0_ _._

_.00 _._ _ °00_ _._0

_000.00 .0_ _ .00_ _°_

00_.00 .0_ _ _ _._ _._ _,_ _0 .0000_ _'_0 _÷

R = 0.250, 9EKCE_T FULL : 3_.5L_ O/F : 1.93_

_i.00 60.00- 1816 12_.3 6.015" i._12 _ 1.bOe_ 461 0.00092 3.000'

1.U3 3Z.I_ IDol _IO.O I _.016 l.Z_b £,g613 436 .000_I i,O00

2.00 30.00 1555 _6_.0 b. Olb loZ_Ou l._J6 _Z_ .000_0 _.d76

[ _.Oe I_,70 1316 520.2 o,Ol_ 1,31_9, 1,3060 )77 .00066 I,)9Z

t

10,00 6,00 I0_/ 17o.i 6.01_ l,_Jz_ L._ZZ6 31_ ,000_ Z.I_7

_0.00 _ l.bO (41 _70o. I b. Olb l,_bO_ l._b_ zZd .0003_ Z,_B7

WO0oO0 *I> 3_ 93_e) _.010 [._D_ i. ZlO0 I29 .000_0 _*_I200 O0 .30 W_2 9W_7._ 0.01_ _.J717 I.Z/_O 19_ .000Z9 _,06_

2000.00 .... ,2.0,917b._,o.0io,i,I.lo03,'o.000'Z' ..... .....

_000 00 _02 z[O I _12i.7 I o,01_ L l,_OJ/ I l.l_d l _ J= .00010 J _.b06 i

_ = 0.300. Ph_C£NT FU_L = 29,57) U/F = z.3_I

1.00_- 60.00_2089 I 9932.7 I 6._12 l.Zb30l l..bTb I b,O 0.00100 0.000

i,09 _7,14 2069 990_,_ I 6,o12 1.2_ I._49J ] _w6 ,O009V[ .z7_

l,WO _,o_ 19)0_ 973_.o 6,_I_ l._b_ I.40_z_ _26 .00093 ,7_z

l.bO' _7.50 18_bI 965_.7 b._lb 1.2519 |.3_79 I 519 .00090 "_631

I._Z 3_.OW IB_b 9_0.7 6._1_ l.Z/il k,37z_ I bO_ .O00_b _.000 I
_.OO! 30.00 1_0_ _b}9,z D.o_ 1,2/_ l,_oz_m _6 ,O00Ob l,oob l

_.0o lb,uO Ib=J 9z00.0 o.olo i._0 l._o0oJ _) ,O007w t,bub!

10.00 _,00 _ i_ bbZg.b b bl_ |,_0 TM l.z_) _73 ,000o0 c,Iw_

wO.O0 i._0 o_o o_._ o.olo ].J_o_ lm19_I z7_ .000_ _._ob

iii.ii iiii.i ?ii: i?::C ii! .iii;i !.iii
lnnn on _o 3_ 7o2_._ 6.o16 l._/Z_ _.gta_ ±/0 .O00t/ 5.2_¢

_6:_ :_ _ _r_._ o.o_ _._,_ _.o_; _o .ooo_.... _z
a0oo.oo .oz _6Z 7696.1 _.dlb l.b_J_ 1.0_o _0 .0001_ 6._0_

_96,I 1,0_i

d66.6 1,01_

c_.1 1.000

_77.7 13,_51

_90.b _9,92_

)DZ.I Z.233

z_7.3 1.000

297._ i.O0_

_16,7 _.Z_q

_62.0 b°0_9

_i/.7 _t.co7

0.000 0.0

._0 _ 90.8

.5_3 L2_,2

,6_b 1W3.2

• 72> 16_._

.761 171._

l,oJi Z_.3

i._7_ b09.V

1.610 _b_._

1.652 ?72.0

1.69q _1.6

1.7!9 _87,2

1,?_9 391,6

O.OCO 0.0]

• 209 _.3

• _00 _.c

.75? k79.1

1.Zb7 297._

1.70 c _0_°_

l.?Sq _i_.6

O,OOC 0,_

56_._ Z.216 ,LOT I b0,3

_06,o 1.01_ .bZV 152._
_,_ £.000 ,70U lll.d

_2b.z 1.26_ l.O_b _0,8

_7_.7 J.lZ7 l. JSz _bb.7bb_._ Z,0_8 1.26_ _Ob._

_O-.Z d,_bb I 1.07,_ Jbz._

0.000 0.0

_6_.2 z.ZO_ .206 50,7

_lO,Z i.013 ,6Z_ lb4.1
63_.o 1.277 .395 _7.q

_Oo._ i.03@ .700 17z.b

qbl.Z 2_.Z_7 1,6_9 _16.3!

/'_,b _6.00 b i. TJ_ gZb.3

4_.b 74.922 1.766 #36,4

_g.1 122.202 1.790 4qi,2

I 1 2 I

23
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT AS _IGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID )XYGEN

[Equlvalence ratio, R; oxldant-fue, ratio, O/F.]

(a) Continued. Combustlon-chamber pressure, 60 poulds per square inch absolute;

equilibrium composition during isent_oplc expansion

k ' 5f_.cific
Pressure f_essure, eroture E.thalpy,

we_ghL exponent, ' number in vacuum.' rofio_ coe_oe.tJ impulse ,ra_io, p, T ' h,

g ']0t cpr m_rn _ -, k I_ CF ! 1

I = 0,350, PERCENT FUEL = Z6+47, C/F = 2*778

33m32 I 2065 8553.6 r 7*bXO

L.O0 60,00 I 2329 8892,8 7.597
1,05 57,14 ¸ 2309 8863+2 7°539

1o20 50.00 2253 _783.6 7°602
1°40 42,56 21M9 _694,1 7.606

1,60 37,50 2133 8618,7 7°608
1.80

2,00 30.001Z04Z 5497.11 7.611 i
15°00 1772 8152°4 7,615

4,00 3,OO 1239 752_°0 7o_16

_.08 14,70 1764 8143,0 7°615

10,00 6,O0 14_2 776_°0 7°816

ZO,O0

_U.O0 i,50 I 1051 7318.3 I 7.bI_ I

I Izoo.oo .6o 836 7o9_.zI 7.b_61
2oo°oo ,3ol 703 6954.11 7°626

eo0°o0 .18 I 587 6837°81 7.b_o

• 06 460 6713.2 i 7°bib
i000o00 I I2000,00 ,03 382 6637,zi 7obLb

4°°°.0° o_ I ,7 657,._1 ,._61

l,O0
1,05
L,20

L°_O
t.60
I,78

2,00

_,00
4,08

10,00
ZO,O0

40°00

I00.00
200.00

400,00

i000.00

_000,00

_OOOoOO

60.00 2531
87.i_ 2512

_2.86 _3_6

37,50 _342
33,62 229_

30°00 22,2

15.00 I978
_4°70 1970

6°00 1640

_,00 1411

io50 1207

o60 972
°30 820

•15 6_9

°06 ,43
•0_ 4_3

°02 _77

1.2267 L.48971I,_2_4 I,4752

1.2330 t.43_2 i
1.Z3o2 1.3_99

1.2425 1.3707
1.2462 1.3475 1

1.2434 L.32_9]
1.2679 1.233L

1.2664 1.2371

1.2862 ¸ 1.1865

1._0_5 l.lZ08

1.3354 1.0_88

1.3474 1.0120

1.38_4 .9790

1.373J °9600

R = 0.400* PERCENT FUEL

8050.5 8o_83 1.1995
8021°3 8°386 1o2011

794_°5 8°374 l. ZO_5
7a5_.8 _o_3 1.2L07
777_o_ 0o3_9 1.21_J

7687°_ 5°397 1.Z2_2

7_ll.O 8o_11 1._458

7301.4 _o411 1.2464

6920.2 8°4Lb 1.28_9

6670.9 8.415 1°28_9
6457.0 8.416 1.29_0

822_.0 8°416 1.310_
6075.b 8°410 1.3316
5952._ 8°416 1.34_6

8819.7 8o415 1.35_

l.O0 = 60-00 2696

l.Ob 57o14 2675

1.20 50°00 2628
1.40 42.86 2570

1.80 37°50 2519
1.77 33°93 2451

2°00 30.00 2434
_.00 I_.00 2167

_°08 14.70 21_9

lO°OOI 6°00 18_2

20.00 3.00 15dl

40.00 1.50 i 1362

i00.00 o60 i ii09

200.00 °30 1 9_

400.00 .15 796

1000.00 .06 632
2000.00 .0_ 523 [_.00 °02 441 i

7354.5

7325.9
7_48,0

7161.4
7087,6

70_3,2
6967.0

6622°5

6613°0

6_26°5

575_°_

5511+3

_3,8°4
5225.8

5086.3

5001°7
4929._

i.O0 1 60"00 ! 2528 8769*6 9.811 i+1605 2.0170

1.05 57o14 i 281107_I°_ 9.819 I*1623 i°9_91

_.20 50.00 j 2785 16666°_ 9._39 I+1636 Io9138
Lo40 ! _2.86 i 2711 J 6551o4 9._61 1.1667 i°8287

Io60 i 37.50 2664 8509°I 9.579 1.1695 1.7571
I°76 3_°19 . 2632 8459°9 9.890 I.I727 i°7087

2°00 30°00 i 2565 6391.4 9.906 i I°1750 I°64284.00 15°00 i 2335 6050°4 3 969 i Jo1964 1.340J

• I

4.0_ i 14°70 i 2327 It6040°9 3°970 I°1971 1.3328 !I

I0.00 I_ 6°00 1396 565_._ lO°OOb 1.2255 _'03J9 i
I _o00 2746 5395.4 [ iO.Oi4 1.24oi _.00_b_0°00 II

i0o_16 1.2_4 i o9_

_0o0_ _o50 _518 _17_i i _0+016 _311_ o8_7
• • • _0o016 io_9_6 o_0

 o.o..32o51. o23 
1 I000o00 .°6 7_7 NN_O
2°00°0° _0_ 611 _9•2 _0_0_ ! I_3_3 °7548 !

OOO,O0 ,02 5Z2 4,12.2 10.016 i Z,3409 .7703 1]

805 o.oo;io o.oooi i ! o.oool o.o
_05 .00_09 .282 '68,41 2,1891 °2041 '0,7

_95 .00_05 ._48 _60.31 1,270p .393] 97.5
_85 ,O0+Ol .749 _20.7 1.067[ ,530 i 131,5
_75 ,00(98 ,890 3_1.4 1.012! ,622i 154._

568 ,00¢9' 1.O00 309.7 l.O00 i ,69Z 171.8
559 ,00_92 I,090 310•6 1.0071 ,747 I 185,8

508! ,00C79 l°'89 3_3.Z 1.277 i. OZZ I 253,8

 041.°0°791,60313,.81 I ,°29125,.4
_34 ,00065 2,147 I 365,5 2°121 L,260 3_Z,8
3_I °0005_ 2°)#8 I _85°_ 3°2_5 I°389 345.0

330] .00C,46 2°95i I 402°4 5.194 _.#91 370.I

LOS °00038 3o_09! 419o_ 9.6_7 _.59_ 395.7

226 °00030 3*_62[ 430.1 15•b43 _°654 4_0,7

121 °00(16 5.748[ 4'2.8 78°934 1.754 4_3o0

159 ,00¢,_5 4*45Li _38*6 Z5,377 1.703 422.9

145 oOOCJ3 5.1591 4_7.5 48.339 L.754 435.5

95•.00[I_ _ 6.389i[ ......457.2 I 229_.809 I 449.2

23,95_ _/F = 3,_75

i°8015 656 0°00;250-000 0°000

1.5_70 65_ .O0_L_II 1565.1 _.xl_l .203

I,5s_4 _ °00"16 _58°7 _,_Jl ,390

_,4758 63_ ,00-13 _19,7 i°OO_l .526[
1.4_00 _28 .00-06 310o5 _,0_01 .618i
1.3_4 _19 ,DO; 09._ _•UOOl •883[

I.36201 611 .00_01 i°098 i 310.3 l*OO_l ,744[

I.21471 561 o00 85 _o_9_ ] 333.8

1.2£161 559 ,00(84 1*6071 _34.61

I.I1611 490 i °00{691 2._45 367.3

1,0881 i _$51 ,00(59 Z,540 388.3
I.0_59 i 381i .00(50 2.934 405.71

I

,94_ ' 266 i .00 33 3.91_ 434.9 1
•9772 ' 31_ .00(40 3°47& i 423°9 !

i .+2 .oo 2714.3-1443.51
•90_L 176: .O0(Zl I bo0681453°31

•88_ _ i19! .00 [# J O._bZ ] 46_°8

= 0°450. P_CE_T FUEL : 21°87, _/F 3o571

0=00244

9•i02 I•L774 1.7U99 [ 696 .00.28 ]

0-000 , 0°000 0.0
_oL07 1117_5 1•7649 893 tOO[_l °288 559°4 Z,i_l °201 _9o9
9o121 [°1819 I°6982 bSb t00135 °559 355°5 i°Z_II ._87 96.0

9.136 _•_862 1.6247 677 o763 317o2 i. Ob°! .52_ 129o8

9.L4_ [11901 1.5642 669 °00.2_ .905 308.6 i+O0_ .615 152o_
9.150 1°19_2 I.5Z08 663! .001L9 l'O00 307°3 I.0001 .67'i 187.2

9.16_ [•1972 1.4202 0'5 tOOl4 i*I07 308°6 l°OlO t740 153o5
9.199 ]•2215 [.24_0 609 °00(92 i°800 _33°I Io30_ _°018 252.4

9°i99 [o22_Z I°2_69 _08 100(9_ 1.613 _33.9 Io318 _.028 254.0

9.214 1°249_ /°0_71 m_i °00173 2.141 367.6 2.204 I._6_ _I_,o

9=210[ I+25_ loOZb_ _6 o00(63 2._29 J83°3 3.W54_ 11396 3+b.5

9.216 I I°_606 °9043 431 °OOi 54 2.9161 457.4_07"_ 53.8875''29!I°506 _7_°i

9=216 _.3004 °9335 380 o00¢43 3°4441 426°4 I0.479 I°616 #00.5
9t216 It314_ °9005! JO g .00136 3.867! _38.0 17.I07 i°682 416°8
9.216 i°3278 °87331 Z6Z °00(30 4.320i 4_7o4 28.011 i°735 430ol

9.216 io34151 o84691 205 •00.23 4.979 I 11°792 _4oi
9.216 1.3500_o_]17 /73 tO0_19 5.5_8 _63.4i 88t516i i+828 45_.5

9=216 Io3'61 k'SLl_ L_ .00118 0.130 [ 466.4! 145,512 I i°854 _'9°ai

= 0°500. PE_CE_T FUEL 20o_2. L/F = 3°968

728]

°'°°e_°'°°° --_T725] 2.1_ 49.2•0063 .290 '5_.4 0

850 .00 03 I°620 + 1.251 .385 94.7

719 °0056 o563 _51.;

711 •0048 .763 _I_° _.0571 •520 28.0
704 _05.. 1.008] .612_50.6
699 *00 37 L.oooi 3o4. z.ooo! oO68i 16_.2

692 .00 3i L.I14_ 305,8 i•012! .738 i 181.4

65i .00 03 1°_07[ _31.i £•317! i*017 250.2
332,0 1.331j 1.024 251,8

_88 ,00_79! 2*139 366*7 2,252 I,268 311*3

83_ o00_67 t L*D_7 I 389°l 3°552 1°405 _45.4
479 .oo_ ,._98i4o7.8!5._29z.sz_3,2.6

_06 .00 471 3.4Z_ I0,920 i.630 400,8

_5_ ,oo _9 _._21 17.932 1.698 417.7

30_ ,00 33 4°255 29.520 1.75' 431*6

242 ,00 _5 4°889 460.3 57•I_b 1.51' 448°3

203 .00 21 5o415 468*7 94°228 I°851 455, i168 .00.17 5°994 , _72.0 155.405 1.880 _b2,4

0-0
50.4
96o9

130o8
153°8

169.9:

154.9
i.2_9r l•020 _ 25_,7

1.027

1.302[_ 1o393 25'.3
2.160! 1o261 313.8,.385 348°5

1o497 37Zo4

5•356! I 604
10.06_i o 398.9
16o34_J 1.667J 414o5

26.028 I 1.718 _ _27o3

50.955 i 1.772i 440.8
83o4_1! 1.8041 _46.5

1.830 I 45'.1
136o777_ _
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(a) Contlnued. Combustion-chamber pressure, 60 pounds per square inch absolute;

equilibrium composition during Isentroplc expansion

Slotic T V.scos. Spec c ' ,

P ....... p ....... emp-I Enhopy, Molecul ........ pc/ Specd,c ity, Therma Moth .... Aea i Th .... Specific

rofio, P erasure, h weight, , empo_ntr/ heal, /_ i ¢onductw*ty, number n v_uum ) a io coefficient _mpulse.

[ t_/P I Ib/,ql ..... ' c_/g aj_ i ., / cp. micro J k, M l • C F / L

R = C)t600o PERCENT FUhL = 17.35t O/F = 4*762 i

1 fig0 bO.00 ggbl I 5?_..0 11.z_6111.I_6 Ii:I_I.13_.o L._dZ. Ib_. .00200 o_6_I I_i.0 l.Z_g .3B.c 91.9

2°00 30°00 _dO7 _8_o3 IL.L99 i I'I_*Z L.l_50 7_.7 eOOIT_ 1.12b Zgb.l i)01_ .7_ 176.3

_,0_ i _,70 I Z_ :,1,_7.7 II,_Z 1,1_ 1,70_9 71_ ,00_38 1 1,6}_ _,_ _,_41 I,OL5 _5,7

I0o00 ! b,O0 I 22_9 _?_b,9 i II,9W7 l,li_ll 1oZ7_b _6b °0009_ i,iW3 ._I_I,9 _°3_b l,_?Z] _0_,5
20°00 ,; 5°00 20b.4 W509,2 iI,bg_ _o_0 o} l°Ob_? I _ZO °00979 Z,W99 _8b,7 _°Tez l,wl7 _WOo_

_0o00 i.90 I_5 _+27 b, _ II.olO Io22_0 I "gJiO _0%, ,OOUbb ioO5_ aOD._ _oI_ l,b_D _S,8

200.00 °_0 I_,_ 58Wb,9 II,bl_ IoZOW7 I ,_ _'b _0 °000_5 3,71_ ! _0,_ I 19°729 1.73W _b,6

"°°'°°I""I""I"°°'°I"....'.....o .....I....°°°'°I_'"°"_"_'.....I"_'I_"'°' i i i

I I0oo.0o I *o_I _2 1 3631_,31 ll°_ib l,igbl ,74_ I ._17 -00o301 _,71_ _b3,g 64,_75 I l*Ob_ _ _7,7

12000°001 °03 7921 5W36°3:11ob16 1°3/16j °7Z0I Z6_I .000_>5._0_.70.__c7._i_Ii.*0__57.5
i WO00,O0 *02i bTO 5_W9o8 iI.01_|/°523_I ,?O01l ZZbl °O00_l 5,730 WlO,_ 17_,_19, I°958 _bb*6

-___ ±__..k___ _ _ L._ 2__2__ L L _ _ . t

--, ,o.oo,• .......:::2.002,°::::°• ......-,o. oo o.o
1.0_ _7.i_ I _ID. 511_._ 1.L.57b i. L2ob ._.I_ i o0_ : .00ZT0 .29b b17.7 i Z°IZ2 .19_ _6.1

2,00 i 30,00 i 29_._ _¢_03,0 ! L2,_70 { i°I_01_ i.To_l_ 7_ oOOZ_3! l. LSl _I_9°5 l,Oi_ ,73Z 170.8

"-00 i$.ooI/7bl : _9Z,8 Iz,7bl 1o150/ Z°3ZbL 75b °00191 1ohiO! _ib,_ i,._b3 i,olb i$7, 0

I ,.o_ _,.zo _7_ ,,,,.o _.7o71 _._o_ I z'_"ol 7_7i .oo_o _.o,_I ._o._ I _._o_ _.oz_ _._

_o.ooi _.oo z_i ,H_._ _,._ _I _._,_ i._z_o _ .ooD_ z._: _._ a._ _.zzo i z_7._i
20°00 ! _*00 _}20 _b3,7 , i._,O9_ Lolb_V Io3_0 bSb °O01Ob Z,_96 379,0 _°9_3 I°L_Z71 3_3o0 )

_0,00 1.50 _108 ._03I,_ l_°/Oe foleY7 loObb9 1 0_ °OOO_O Zo_Z_ _00o3 1 b,bS! I,bSz _b._*l

I )
! I000,00 ,0_ 115_ Z_5_,l 15,21b I,X_iO ,TI_b Jgl ,00056 i _.)57 _b_,O 7_,_bO l,_ll _b.O

_ooo.oo o_I ._ ...... _,o _..... ..... I .... ooo...... _I _,,_ i _o_..............
R = 0°800_ P_HCENT FUeL = 13,60, J/F = 6-3_9 )

" , , - T +-- •

I.0} bT.I_ )lib _bb_.0 1 13._ I I.JZ00 _.bv7_ _3_ I .00,o i °z_6 _00o7 2°ii7 o1971 _o6

i._0 bo.oo) ,,._ _bo_.o I.._,omIoli19 _°)bZ7 _2t_ ,OOiO_ °b73 _i),_ I°_38 .)_0 _b.O

2°00 )OoOO 3016 _.ZiZ_7 ) l._/tI 1,11o_ ) )°3)_ dJO ,O02_b 1.1_i Z)Oo_ i,Oib ,731 : 1b),3

i _oo I i_.oo _b_ ))e0°7 i 1_,)01 I.I170 o*OlOl ) 7/_lb oOOZ)_ io_))) J0b,_ J,]Ol i*01) ) ZZ9.7

20.00 _.00 I ,¢.,7 3_79._ 1 .... 0 I.IZ,Z _.ge10 7z7 ) .001,7 ' ,_-'0' ,70.0 _.0_01 _.,,3 _Z*.l

"°'°°' "_°1""1""'°: _"°"1"'°°'"'°_'1 "°1 "°°""..... ........ "" .... i "''_
200°00 ,30 186_ 269b,O I_, /97 1,1_ o8_±7 _0_ ,000oi 3°)_ _3ZoO 23,1_b i°79_ _0_,7 I

. _00.00 .15 Ib_ 2631oO i_°8/2 1.2191 °7527 )bZ i .oooSz i 3._u_ _...5._ ,o._75 s._lo _.2z.9i

/:OOOo: O :11=:Oo oO; :;::2;:.:
m,ooo.oo--.o,,o_o,.,o.o,,,..o,, ...... ..... .o .ooo.,_.,.o,.-.o,,,,:._1,:o;o1.o,:,

t ,.oo o0.oo }_,_,,,_._,.,,_ ,.,,o,T,.,_o,l ,_. o.oo-_ o.ooo_ : :o.ooo_ o.o
m l°ob _7,i_ 5.,oi I _iZl°5 i_,_ 1.11 _ l _,75oi i obO °003_ ,zYb _d_,_ Z,l_b °I_7 _,2

l.bo 37,5°=}0_913v_0°71 l_,bbgl leII9715.669zl_3= .O0_z01,_z_z_0,_l loOOb ,bCb! 13Z.7

1,7_ B_,_# _O_Z _gLO,b 14,b_O i,119} 5°04_7 _ ,0[_31_ I,000 Lbg,7 l,O00 ,b4_ IW_,2

_.00 I5.00 zse2 1 3_73.5 1 /_.031 11"I_L_/ _'_Izl I oo_ .oo2_ I 1°b37 Z_'i._, l._e_ I.OZ_ ZZZ._

_'°_ "'_° "°°l'°_'_l_'°_'"_'/''_°" °°" "°°"'1"°_°..... "'" "°" ""_
i0,00 6.00 gTOl }g3g,7 1 Ib°377 i°I')_ 3,OhiO _ 77_ °OOgbO _.Ib_ J3_°6 2o_70 1,27_ _oO,b

ZO0_O0 °30 20_ 2}3_°5 Ibo27_ l.z_03 i,2_.7b I oo_ °000 _3 I 3._Zl _+_',b Z_,_I l, i._$_ 3_b*C l

_00,00 olb 191_ ZLbO°l ib._70 I°ITZ/ .o_oO oZ_ ,000_o 3-oOb _3_oZ _._Z l.syz ; _i_. 7
I

'..... ""°' "°"2 .... ooo,,_.o_o_,,.__....,__.o_.i:_....
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TABLE II. - Continued.

(a) Continued.

Pressure

ratio.

_/P

1,00 !

1,20

1,_o
1,80
1.72

2,00

4,00

_.08

10.00
20*00

_o,oo

100.00
dO0*O0

_00,00

iO00,OU

_000,00
_ooo,oo

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID (XYGEN

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

Combustion-chamber pressure, 60 pourds per square inch absolute;

equilibrium composition during isentTopic expansion

Static Temp- T I i V Mot- _ _ S_edfic
' Sped fk _ "t T_r_al Math impul_

pressure, erasure, EnthWpy, Molecular I_ntropc heat, i _: condu(ti_, number inv_uumh. w_ght, exponent,

P T, o,/, _ _ cp, ]micro! k ] M l__

R = 1.000. PERCENT FUEL = 11.19t O/F = 7o937

bOeO0 3217 3777._ 15,399 1,117_ 3.b_Z7) _) 0,0(328! 0,000
_7tI_ _205 3757.7 I_._20 1,11/I _.b_b21 O62 I .O(J2?L ._9b _70,6

_Z.Sb 01_b _o.o i_.b_ 1,11_ hSu39 I _521 ,0(519 ,78_ _b_.9

30-00 3053 _500,2 ib,69_ L,11_0 _,5_1_ _01 ,0(_09 1,1_b z63,b

15.00 2900 3_1.5 151990 1.110_ 3.3b_) 016 ) .OC_B 1.6_7 _B_.b
I_,70 289b 32_*I 15,99_ h110_ 3,3b_I) _16i ,0C_87 h650 289*5

2579 _704,9 16.634 1*lObO 2,8627[ 7b_i .0C230 2,509 3R9._
i_SZ 2_9_t2 16,d9_ i.i0_7 2.5_Zi 74Z ) .0C_03 Z,_33 371.3

2_7 2Z_Z 17,ZI_ I,I015 Z,IDbOi 711! .OClbb 3,_37 _gbtb

l_,b_ 1.1101 1._b3i 0001 tO01il 3,_20 4Z8.b

Z037 1_o_,g i7._5 I,Ioo9 ,731_i

189_ 1705.0 i7,oZ0 l,l_oV I,i_0 i _I_) ,0C07_ I _,197 4_b.1

•0_ 1710 bb_,5 ,OCO_OI

. .
1,00 60,00
h05 57.1_

1o_0 i 50,00

I._o i _2.80iI,o0 37,_0

z,0o _o.oo
_.oo I_.OO

iOoOO boOO

20,00 _.00
_o.oo l.bO

1oo,oo ,oo

200,00 ,_o
_oo,oo .15

i000,00 .Oh

2000.00 .o_

_ooo,oo ,_2 i

R 1,500, PERCENT FUEL = 7,749, )IF

o
311b 202b,I 18,987 1.1200 2.2973 889 0.0C_16
3103 2610,g 19,010 1.1196 2.2_ _7 .0¢414

3070 2567,2 19.07_ I.II_ 2.Z_7 _. o_I .0(_I0
_0_I z_l_,_ 19.1_7 1.1107 2.Z_Ib _7_ .0( ZOO
_99_ Z_7_,b I_,_Io I.II_ 2,I_92 _b9 .0(,200

ayoi #+_.o 19.Z_ 1.11oi _.III0 db7 .o( 199

_7_ z_o_,o I_.o03 lille? 1.9_0 03_ .0¢172

(2777 g 199,'Y l ZO Vb5llY'03Z I,'1, i 1o/_ i.9277 .Wlb_'_L .o( 271

Zb7_ i_59,5 /9.999 1.11o3 l.b_O0 79b .OC I_0

17aOtb Z0.250 I I.I027 1.37_V 70/ .ooiI_

2263 1030.0 ZO._b3 1 1.1317 1.IZ_) 736 .0(,J92

2o o ...... o ooo
1_bO 1309,0 . 1.17_ .b7_9 6_b ,0(9_I
±60_ I193,0 20.7_ l. LO_ .5/7_ _?_ .0( 141

i_15 I010._ i Z0.010 1,22oL L ,hAlO _2_, .OC)_

R = _.ooo. PERCE_T FUEL = 5.927, )IF

' " I_90.2 2hOb5

29bb 201b*0 21,453 1.12b_

! 2917 1966.A ,c1. 537 I. I_6_
Z_77 192_.3 21,60b I,I_b5

! Za_l 1.1267

2821 1870e4 I Z1,098 I 1.1208

260_ I l_b_,_ 22,03_ i h1309

I

2177 1_19.9 ZL,_b I.i_05

1976 I IA_.9 zZ.O00 [ I._00_

1?0o Io_._,,7 22,600 1.212Z

150_ 947.2 22,673 1,230b

131dB12 Ubl.6 2_,b77 l,_w_o i]
lO_b _6_.,9 22.677 I, 2r_._O

9_5 703,1 22.677 1,2749 1

b_9.8 LZ,b?7 1,2_0_ )

3.000_ PERC£NT FUEL

1.5209 T _Sb O.OCL_5

1._0_ I _ ,ocL_

1.4_i9 _7c .0c135

1._091 _6_ ,0CL32
1,3901 _61 ,0CL29

l.lbo0 _21 ,OCLO_
l.lb_ _20 ,OCLO_

• gZO_ 77_ ,OC)_O

• 7_01 7_ ,OC)b_

• _100 bzl .0C)3_
._b99 5bb .0C]33

._7 blO .00)2_

.R2zl _ .OC)Z3
• R06_ _Sb .O0)20

.3_1_ )37 .00)17

_.03i, }/F

-T
_cific I

rotio, cwltw:wm! impul_.

I o.ooo! 0,o
ZtAA_ .197 _1.9_

1._¢i .380 BO.Bi
1.0_01 .51q I09,3!

l*00bl .60 b 12a.7 _
i,OOOI ,6_8 137,9

A.OIFI .7_0 155._i

i._I I.oI_ 216.o[

A.3UOI 1.022 217,5 i

z,_¢_l 1.280 272.3

,.. z_ i 1._36 30%6)

/,ObB ) l.bb_ 333.7

1_+, 7@I) I 1.71b 369. Z "

2b.1_21 1.811 38b.7 )

4b._101 1.89_ _'03,9

99.6_7 I 1,997 _Z_.9 i

I IO,O._b I g.062 _U.8
310,311: 2.119 _51,0

1,00 I 60,00
hO>l b7,1_

1,20! bO,O0

hWO j q_._o
1,6o ! 37.b0

1.73 i 3_.7_2,00 _0.00

_.00] 1_*00

_.0¢ i 1_.70

IO.O0 I o.00ZO.O0 _.00

_0,00 i l._O

100o001 .60

200.00 I .30
_00.00 ] .1_

1000.00 .00
2000*00 *03

_O00.O0( .02

Zg.b32
2g.)we

2_.b7b

36.33 2681 126b,7 2_.700

3O.OO 24_U 1239.0 2_.7_b
1_.00 2216 1109.8 2_._?b

lq.70 _20_ 110b.2 Z_.879

6*00 191b 9_._ 2_.972
3.O0 16_I 85_.b _4._9_

1.50 L_O 772.3 2_.OOb

• bO 1229 67_.9 2_.00_
• 30 I061 611.0 2_o00_

• ib 91I _5b.7 25.00B

• 03 b27 459.3 25.00_
•02 i 529 __42_I'00B

1.I)A0
1.I_29

1.1_79

/.lOgO
I.IOZ_

1,1_lb

1.2107

1.2_/2

1.30qo

1.31/_
1.3306

0._i_0 Obl 0,00]78

•60_ _R_ ,00)77

.7_Ob o31 ,OOJ71

•7200 d2Z oO00b_
•709_ _I6 *00}66

•573_ ?£0 *00]_1
•5710 769 ,O0]bl

,_712 690 ,0O)39
•_2?/ 6_ ,00}33

•_030 _7_ ,00}29

•_zO _00 ,O0)Z_

• 3_0_ _i ,00)1_

.329_ Z_7 .O0]lZ

._i_0 z_7 .00)10

=II,905

• 2961 _17,0

• )TWi 266,0

•92B[ Z_2,W
l,O00i 231,8

2,158 Z_7,I

2,50b 30B,_

2.830 _26.9

3.238 _7.9
_.54b _61._

_,_70 _?2,7

_,Twb _9_.1

b,17} _WW,_

=15.873

o.o00F o.ooo o.o
.295 382,7 2,122 ,19_ 3_.i
• b72 2W_.O 1,2_0 .381 65.7

•7_0 218._ 1,052 .bib 88.8

•926 213.0 1.005 .607 10_.0
1,000 212._ 1,000 ,653 112.5

1.I_I Z13.8 hO15 ,732 12b.3

l,b30 233,b 1.3_) l,olb 175,2
l.b_2 _3q.2 1,368 I,OZ2 17b,_

2,1_2 Z_I.7 Z,_12 1,27b 220.1

2._31 2_b.9 __iiIb'5_71 i,_b2 267.6

3.273 313,I 12,9_0 1.68_ /90.7

3.629 323,8 21.822 1.7b_ 30_,0

_.00_ _32,8 36.79_ 1,83_ 316.9

_.546 3_2.6 73.335 1.91_ 329.9

4.985 3_8,7 123.637 1.960 _38. 0

5._60 _3._20e.163 I 1.999 3_.8

-23.810

0,0001

..... l_2,b

• Yz_I 187,5

1.000( i_b.9

ieii_ 187.9
1.812_ _03.8
z.bz)l zo_._

Z._ILI Z_0.5

3,78/t 27_,1

T0;WT _.o

2,117 ,1971 37.2

1.238 .3801 71.b
1.050 .51q) 96.8
1.005 ,60bl II#,I
1.000 .6bO: 122._
1.01b ,7311 137.7

1.301 1.01_1 191.3
1,377 A.O_] 192.6

2.65_ A.2l_l 2q0,8

6*896 1,563 I 29#,_

14.098 1.706 321.3
2_,299 1.796 _3_._

_I.60b 1.87R 353.1

_._B_ 1,961 369,3

I_,0_2 I 2,015 379,5
249,_b0 2,061 3_8,2

--i:oo_ _o.oo 2_..,.,
1.05 _7.1q _b_O i_70.9
le_O )0.00 £_99 15q_,7

1.bO 37._0 2b09 12_3.q
1,bl

2.00

_.oo

i0.00

20,00
_0.00

lOO,OO

2OO,OO
_00,00

1000.00

2000.00
_000,001

q,ZOyl ,(79.6 31.103) 1.771

5.83 29_. 67.961_0_

-o.&s_]---0%

1,0)b{ ,_AYl 78,5
1,0071 .OAA_ 92.3

1.000] *o0_ 100.3
1,013] .73b! 111,

1,325i 1,0171 153,7
1.3391 1.023: 15_.8

Z.ZO0[ 1.268 191.7

_,b£91 1,409 21_.I

_,8/_I 1.522 230.2

l_./_z[ 1,712 Zb_.9

267.9

z??._

2b_.1
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TABLE II. - Continued.

(a) Concluded.

i

Pressure

ratio,

i

1,00 60°00 23_7 !

1,05 57,1_, 23_0 1

I.ZO 50,00 22_2

i._0 _2,u6 L228

1.60 37.50 2100 l

1,78 3._. 79 2143

2.00 30.00 _I01

4°00 15.00 I_8

W.00 I'_. 70 io)I

i0.00 6.00 15>8

20.00 3,00 iJ>l

40.00 1.50 1187

100.00 ,80 95_.

200.00 .30 815

400.00 .i5 89.£

I000.00 .08 553

2000.00 .03 464

4000.00 .02 307

1.00 bO,O0 2082

1.05 57.14 20_'_ i

I_20 50.00 1995

i°40 42.88 1938

1.60 37.50 18'_0

1.80 33.40 18_9

2.00 30.00 1811

4°00 I_.00 i_7o

4e00 14.70 1571

i0.00 6.00 1304

20.00 3.00 11_2

; 40.00 1e50 961

I00.00

200.00

400.00

lO00.O0

2000.00

4000.00

°801 778

• 30i 859

o15 I 555

• 08 _3d

°03 365

• 02i _0_

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

Combustion-chamber pressure, 60 pounds per square inch absolute;

equilibrium composition during isentropic expansion

Static Temp- Therma_ 'I
p .............. Enthalpy, Molecular I ...... p,¢ S_,ecific Vi_;s. eondu¢tl.l,y,I _

p, h, weight. I expon*.t, heat, /_, r in vacuum, ratio, /co._ic_.t; impulse !

, • :,b_l_l/iIbl i

!

= 4.0OOP PERCENT FUEL = 3.0541 O/F :51.748 I

II i• I
0.00011054.4 28,257 1,1071 I 0,5285 i 791_ 0-00050 0"000 0"0

104=.8 26.285I 1.1805 i .5Z,:7 I 795 .00049 ,207 I 307,2 2.105 .2.02 27._+

I022,b ZO,L_O I.I_25 .3073 78 =+ .00047 ._37 i95.1 1.280 .3_0 _2.7

998.2 i 2b._Ol 1.1972 ._908 772 .000_5 .780 17_.0 1.081 .824 71.2.

97_.0 28.323 1.2013 .4772 761 • 0004'_ ._02 i I89.2 1.009 .618 d3.6

g_7,O 28,334 1,2046 .407_ 75_ _ ,00042 l,O00 180,5 1,000 ,87o 9_.i

937.9 20.345 1.._0._4 .4_b'9 74) .00041 1.103 189.1 1.009 .742 100.703_.0 28.307 l. Z2_Z .4102 8_ .00055 i.-'.9'9 IBZ.5 1.297 1.019 13_.3

o31.7......i._2....o_2 oo_r .000,41.81,11.... ,_11 I.o_811,9.2
[ I

717.0 28.403 1.2903 .3789 008 .00029 I*14_ _01.i Z.192 I.28_ 171.3

6_'.i. 3 _8._08 1*2bL7 .301_ 947 .O002D _._7 Z12.9 3.439 1.397 iBg._

575.7 28._+0b 1.27_.8 .3501 _91 o0002_ 2.928 z:L2,_ 5.518 1.504 iO4.1

502.8 26.406 1.23_':_ .335_ 422 .0001_ 3.452 Z3_.3 i0.507 1.615 219.1

458.7 20.408 1=3020 • 32'-_4 _7._ .0001_ 3._70 z38.7 17=238 1.681 228.0

417.8 2_._0_ 1.31DI . _ i'_.i _2_ °00013 I _._14 z'%5 • 0 28.3_'81.72.b _/_5. _

340.3 20.408 ! I,34_0 .2_9 i 23._ "00009 9.'_84 28_'.0 90.278: 1.617 Z_'7.9

197 -00908 8.0;0 258.8 14_..471 i i. 05=' _51.7
._,_8.2 ,_8.,+08 : 1.3_03 .28¢0 i • _ __ I I

R = 5.000. PENCENT FUEL 2.458) U/F =39.883 /

i855.0,27.299,1.222, o.41o_7,.o-o.ooo3_o.oooT ]_ _.;

020.1 i 27.309 ! 1.2280 ._004 724 .00088 ,550 i70,9 i._69 .392 i 4_.4

800.0 ' 27.316 1.2323 .3925 710 .00014 ,751 159.8 1.066 .529 _ 85.3

787.4 27.321 1.23_0 .306_ b_8 ; .00033 .892 15_.7 I°011 .821 76.7

771.7 27.324 1,23o7 ._oi0 bSB .00033 1.000 153.9 1°000 .890 85.1

079 ' -00032 1.098 184.3 1.007 .747 92.2

b171 .0002 I. :'V4 1o_.7 i._82 l. OZ_ I18.2

oi:I .000._i.o071,8o.i i.,,i1.02_12,0
i

570._ 27.838 1._707 .341.... I .ooo_z.lbl/ 182._ 2.148:_.2611__53.7
515.3 27._39 I. 28._ • _O'_ 4v4 .000_0 _.5_9192.8 3.3451.39_ 171.9

482.9 27.339 I*2_28 .320_9 432 .0001_ ' Z._'46 _01._ 5.334 1.498 184.7

405.1359.027.33927"339 I.._.094 .30lb I 387 .00015 |_._I__Ii3.488 _I0.3 10.072 1*8801"803 197.8

1.3227 .2_79 321 .00012 3._18 /-I_.0 16.4101 1.858 205.6

338.5 27.339 I 336_ I 2800 212. 0279 00011 4.379 i_0.3 28,8i0 I 1.717
• I ° °

305.8 27.388 1.3856 i .2783 : 23o .ooooo l _.o,7 225.0 51.37oi 1.771 LiS*b

285.4 27.38_ ! l. Sb_'Z i ._7Z0 I £9_ I "0000/ 5.b11 227.8 8_.0/9 1.804 Z2Z.b27., 1.8o,,_.2o,. .ooooo   o. i

L

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

LIQUID HYDROGEN WITH LIQUID OXYGBN

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

(b) Combustion-chamber pressure, 150 pounds per square Inch absolute; equilibrium

composition during isentropic expansion

Temp- Ent halpy

rot;o, i pressure, eroture, h '

_/p ! ,b ,.

1o00

1,05

1.20

I,WO

1,60

1.87

2,00

4,00

10o00

10o21

20°00

40,00

lO0.O0

200,OU

4OO,OO

I000o00

2000,00

4OO0.OO

150,001 1183

i_2,80 1166

125,00 I129

107,14 1085

93,75 1049

80°42 1006

75,00 969

37,50 624

15o00 b_3

I_,70 639

7,50 632

3,75 439

+ 1.50 340

! .75 2a0

.36 230

,15 175

• OBi i_Z

• 04 114

J 63L3,5

! 5267,7

5218,7

51W1,8

b077o7

5006,8

4975,4

4693,4

4392,5

458_,b

4209,0

4058,9

}6_9.0

3602,b

3723.Z

3040,I

_590,9

365J,2

1o00i

1,05

I.ZO

l.wO

_.bO

1,85

2,00

4.00

I0.00

lO.2t

ZO.O0

_0.00

100.00

200.00

4OO.OO

1000.00

2OOO.OO

4OOO.OO

f |.001.05

1.20

1.40

1.00

1.63

2.00

4.OO

10.00

10.21

20.00

4O.OO

lO0.O0

200.00

4OO°OO

1000.00

2000°004000.00

1,00

L,O5

1,20

L.40

I,O0

I°_2

2,00

W.O0

I0,00 15°00

I0°2_ I_.70

ZO.O0 i 7,b0
40,00 3,7_

IO0.O01 I._0

i 2oo,ooi .7_
400.00 I .3o

!2000.001 .0_
i000,00 I ,15

4000.O0 ,04

Mo_ulor ben trolm¢

we_ghl,'_ exp;ne ni,

= 0,150, PER(ENT FU£L

4,416 1,3390 1.7752[
4.416 1.3406 1.7711

4o41b 1o3436 L.7597;

4.416 1.3469 1.7473

1.34_7 1.7368

4.416 1.37_0 1.6591

4._lb 1.3527 1.7257

4o416 1.3541 1.7210

4.410 l.JbSl 1.66Z5

_o41b 1.37,_ 1.b_05

*o_10

4._16 1.5d00 t.6343

' 4o416 lo3dZ4_ 1.6Zb9

4o_6 L.38_21 1o60_

4o4_6 14392_ i _o59_

_._6 _°_1 _o55_
4o_ _.4_5_ _.4845

4o_6 _o455_ __1I:4_6_4o4_6 _o_ _54

_o_

_o_

_o2_6

5o_1_

_o_

_.2_6

5o_

5._16

5o2_6

_o2_

5o_

5o2_

_o_

_o2_

5._

5o2_

5o_

5o_16

150,00 I 1514[ 2969,7

I_2.86_ I_7_ 2941,7

I_5,00i lwSO 2bbO,6

1_7o1_i 13Wo _783,1

95,75[ 1354 2713.Z

81,24[ 1307 2640°5

75,001 126Z 2601.I

37°50! 1079 2290°0

15,00 852 1954,3

i4,70 I 647 1947,7

7,50i 709 1748,8

3,75 _e_ 157_,0

1,b0 _5_ 139b.3

• 75 379 1280,1

• 3_ 512 1195,2

.15 2_2 10_.9

• 0_ 19_ 1041.1

• 0_ 161 993.9

+°°+1++++o+o142.86 ; 1797 1220,2 i 6.016 1,2_31 1,4992 [

125.00 ! 1745 IL42,1 i b+016 1,2_00 1o_607 !

lOl,_ i 1_80 1054o7 0o016 1o26W3 I,_730 1

_3.75 i lO_b = 961*_ eoOlb 1.29211 1,4010

_t,90! 15871 9 I0.0 boOlO 1,2950 Iog503

75,00 i 1555 i _63,_ _,01_ 1,2970 I,g429

37,50 i 1322 I 51b,l e. OLO 1,3195 1,3_75 7

15,001 I0_7 176,i 6°010 I,3329 1,3L25 _[

i_.70 I0_2 tb9*0 O.Olb 1,3333 1,3d13[

7i50 _87 995W,0 i 6o010 1,3461 1,26W71

i 00 0  .o91.2559I
I°50 5811V_b_li b*01b 1.3003! 1o2320'

i ,75 402 _47obI b. Olb 1,37171 i.2190

i ,3_ 399 _I_7,3j b. Olb 1,376511o2100

! .°4 2 o. 122. ! o.o o1.+,!,.,,ol
=

l_O,O0 20_2 9_32,_

l_z.oo ZO?I Y903,1

125,00 Z015 902_.6

Iu7.14 19_1 973_,4

_3,75 1097 965_,5

82,56 le_b 9590,5

75,00 1_09 9539.0

31.50 15_ 919_._

I004 _91,3

70_ e18o,4

590 8049,_

_YO 7940,9

517 775_,3

202 7696.0

L .

Specific I Vi .... conductivity,k, -- 1 S1_dflcin_a(uum,

I hermol Thrust Specific J

col/(g)i_Ki " n_ Mmb_r rotlo, CF i

cl_tp, ity, Moch impul_ Areo co_ffi¢/_nt i_H _utse, [

c m_;o "= ] I ...... /<"

45.65, OIF = 1,190

I

"'I !1.ooo °'°°°..>o.oi

0,00073 (,000

311 ,0C073 ,271 530*0 2,250 ,210 47,4i

303 _ ,00070 i ,527 334,2 1,297 • _'0_ 90,8

_93 ,00066 I *722 296ol 1,061 • 5'_.3 122.2

+85 .00056 I ,860 2_6,6 1o018 ,636 143.2

276 .0036-_ I 264,1 1.000 _ 163. _,

272 .00U62 I 1,0'9 i 28++'.4 1,003 ,76l! 171,52_4 ,00052 i°666 301,7 1,233 I*0311 232°3

166 tOOO4d] ¢,152] 327,5 1,974 ltZb7 263,i

167 ,00041 I .',105; ._2_,I I,997 1o261 264°0

159 ,00035] _,_66 i _45o5! 2,9_Z I,370 309,9

13J *000Z9 I ?,031_ 4 356°_ i _',620 1,'*67 330,4

104 °000231 3,646] .+b9,6'_ 8,43Z I 1,566 350,8

70 .O001b I _ .67'* 364,1 21.4_8 1o652 372.0

55 ,oooll _,458 390,b [ 39t928 1,69 _' 361o6

45 ,OOO09 _,0961 394o3i 63.3721 1,719 767,2

36 ,00007 _,64_. 397*3 L i00,936 [ 1,739 391.6

38,65, OIF • L.587

1,3078 I,6191 402 0°00064 C,O00 : 0°000 0"0

1,30_9 1o6146 399 °00083 .27W 552,1 2,233 ,209 _9o_

I,3119 _ o0008 I °533 348,6 Io269 ,400 94°6

1.3154 I 1,56_,il,56_, 3741 .00076 ! .730 309.3 l.O?7i .539 127.41.31o> 1.5,3,,0_,.000,6,69,99.0,0 6.63 149.4
1,32i7 I ll,aS_a_fi1°56_2 35_°00073 I ioO00 297t5 1,000 I ,71b 169,2,3,6 .__ .ooo,2 ,o66,,,  .oo,.,-1,9. 1.33 i,.5 5130 .000611,,2,0.,,24,1.029243.2
i 3558 I,#516 IF ZS_l [00048[ _,146 i 344°7 _°009i it257 j 297.2

i,3562 1.4506 _ 250 ,00046 i _,161 ] 345,3 2,0_3 ! I,261 298,2

1,3055 1,42_2 [ 213 °00040 I z,573 362o0 _,049 i,_79 325,9

ls3714 1°4067 1i 179 °00034 I -'°010 376°0 _o739 lt_7_ 34_. 0

l,._TTO 1,3914 [ 142 °00020 :i619 390,5 8*679 1, b_,D 370-0

1,38i1 i.3o07 ! ill .O00_Z i lJ+b/O_,lil 399.1 °.ely _02,7

i,3bOl I,3_77 I 90 °00016 i _i638 406°i 22,_96 I,662 _3.0

1s3_72 1.3_02 ] 74 °OOOi3 ._i39_ _13° _* 41i_79 I,700 qO_*5

j C,OIZ _17°7I,_344 1,25_0 i] 50 ,00309 _,706 4_I,I i08,75_ 1,75_ 414,6

0,3001 PERCENT FUEL

_,013 I,_503 I,_3_6

b.eIW I.Z595 1,420_

0._14 1,2627 1,4/II

0._15 l,Zbo_ 1,393!

0,815 Io2o_ 1,3766

6,_15 1,2723 t,3659

6,816 1,2744 1.3_67

_.UlO

b,01_

O,_IU

0,616

b,oi0

6,616

0o_16

b,_16

6,bl_

6.816

33,51, O/F = 1,984

,,_lo,ooo921¢.ooo_ ro,oooT--o.oi
2,218 ,207! 50.3

4771i ,000911,0006_ ,277i 563,4 i,2561 1,0Z7 2_9,3

467 I ,00069i .538 556.2 1,2631 ,396 96,6

_56 i ,00066] .736 316°5 1o0731 ,536 130,i

_b: ,0000_! .876 )OO,b Ii015!; ,029 I 152,7

_30 .000_1[1o000 304,5 1,000 I ,708i 1?lob

429: +000_0 /,076 J05*l 1°005 i ,75_ 183.1

37_ I 1,_7_ 325°5

314 i ,00054 t 2.147 395,_ z.t_8 i 1.ZSe i _05.6 l
_12 i .O00bw J _.159 355._ 2,013 1,26Z i ?06.6

zb_ _ °000461 2,_63 373,7 3./27! 1.382! 335.7

_20 .0003_i,._67 _6_.7 4.6a31 1._76 3_9.0
I

181 .00030 _,661 "04,2 6,965 1,574 382*_

151 ,00025 _.064 _13._ I_.396 1.630 395.9
125 .00020 _.562 "20.9 23.208 1,675 _06,8

9_ ,oool_ :.327 _zo.7 4:.6v_ I I,/ZZ _1_,I
7_ *00012 _,9_ _3_._ 71,_o0 1 1,7_9 _&4,7

29,57, u/F _,38l

;_; o.;;J__;_;;_ ] o.ooo:O;d
_47 .0009_ ,279 >6o._i Z,Z09 ,ZOO1 50,8

537 .00099 ._4Z _59,;I 1.z/? ._5 97,5

525 ,00092 .74Z 319.8 I i.0707 ._3 131.4

5z5 .ooo9o .862 _io._I 1.ol_ ,026 154.2

I*000 _Oo°_l ,700 _77,6505 ,00067 l. OOO

_9_ ,00086 _,082 _09+0 I i*006 ,751 1_5*i

+_ ,0007_ 1._65 _30._1 i*_06 z.OZ_ Z_.5'

t.3_=o I i.i,l .ooo5 ,13. 9, i i.oo .o.51
1.3602 1.1008 1_7 ,O0O27 _,013 4Z_.J 14,994 1 1.642 _0_.8i

1,36o0 i.0o08 i5o I .0002_ ¢,b17 _Si.z Z_.2_b I.e_ 416.3

I._72_I 1,0145 izO .00017 :,2_6 _39,0 _6,0021 1,736 _26.3

1,3776 1.063/ 9_ °00014 t.651 444°6 74o917; 1,7671 _35o4
F [.J8_7 1,053_ _0 o00011 _,310 _48,7 122,193i 1,790 _io2
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TABLE II. - Continued.

(b) Continued.

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.]

Combustlon-chamber pressure, 150 pounds per square inch absolute;

equilibrium composition during Isentropic expansion

Temp- Enthalpy, _ Mol_ular _ntro_c SpdKi_c V_os- I SpeciFic Thrus_

T_a! _ Math impul_

<o0+....."lnu rl,......
........ _i_', -.+_,.I.._ .... r "-", _, _,_'_"'/_.

" Ic ¢Ift_)_1' micro k, M ' 1_

= O,}_OI P_iCENT F_L = 26*471 O/l = 2177#

Stotic

Pressure pressure,

rot, o, p,

/ P Ib/,q i,

150,00

I_2o86

125,00 2259

IU?,lq 2i93

9_o75 21_7

83,19 2067

75,00 20_

37,50 _772

1_,00 1_5i

, 14,70 14_

7*50 12_9

3,75 1051

• 75 702

,36 566

,08• 15 _60

3_2

o0_ L 317

1.00

1.20

1.60

2.00

i0.00

I0o21

20.00

_0.00

I00.00

200,00

_00,00

iO00*O0

_000°00

_000.00

23391 6892°6

2317 _63°1

87_3,3

U693,6

661_,1

_552*_

a_96.3

7767,3

775_,5

752_,_

7317°8

709_*_

0953._

0837°5

6713.0

6637,0

6574,0

7.604 _ i°23_8 I*_711

7.005 1*23_2 I°416_

7*607 _.2391 1.5_9

7.6_ _o2_7_ 1_5

_6_2 _.25_2

_6_ _52_ _._06_

7o6_6 _o2_ _1_

7._6 _2_ _6

_o616 _ _o_2_6_o61_ 1._6 _0_

_o6_6 _ _0_6

_o6_6 _o_5 1o0_1_
_.6_6 _o_5_ o_5_

7o616 1._6_ o_7_

7o6_6 1_6_ ._6_

7_616 _7_ _7

0*00107

610 *00102 0*000
606 *00106 .2BZ

_97 ._7

_85 ,00099 ,7_6

_70 ,00090 ,889

_67 .0009_ 1,000

5_9 ,00091 i*089

90_ i00079 1._90

_3_ *00069 Z. 148

_33 .00069 2,160

_6i *0005_ 2.b_9

_30 ,000_0 2,9_2

267 ,00036 3._10

226 °00030 3o_63

189 °00029 _*_2

1_8 ,00019 5.160

121 *00016 _,7_0

98 *00013 6.390
I

23°95, O/F 3*_75

i°00 I 150.00 2555
i*0_ 1_2*80 2552

1.20 125o00

107.14 2_i0

1°_0 95°;5 2555

1,79

2,00 75.00_ 2260

37,50 I_7_

_°00 7°50

I0°00 15,00 163_

IO°ZI 1_,70 16_1

20°00 I_i0

_0°00 _°75 1206

l.bO 971

I00.00 ,_8
200.00 ,75 8L9

_00,00 688

r

lO00*O0 *15!_ 5_3

2000*00 *0_ | _5_

_000,00 ,0_ [ 576

__ _I*00 150. 2._.735_o 9.13_

1o05 l_°_b: 2713 7325°_ 9.1_7

1*20 12_*00 2659 72_7,6 _ 9°i_6
_*_0 1U7oI_ 25_6 7159°7 9°159

i°60 9_°7_ 2542 7085°3 I 9.i68

I°77 8_°52 2_99 7028°7 9°174

2°00" 7)*00 2W_I 696@.7 9°181

W°O0 37°_0 2171 6616.6 _*20_

I0.00 I>.00 1619 6224°7: _*215

I0.2_ I_°70 i_12 6216,7 9°215

_0.00 _.216

I00°00 I*50 1106 _509.0 _.21b

200°00 .75 939 5556,_ _.216

_00.00 .36 79_ 5227°1 _.216

I000o00 °15 631 50_6°9_ 9°216

2000.00 °08 52_ _000°_9o216

_0i _92_ _9.216,ooo.ooj .o_ I. *_

6050*5 6,379

6021,1 6,_62

79%1,9 8,3_8

7852,7 b,393

7777,5 bo396

7715,9 8,_01

7655*7 bo_O_

6918,_. 8,_16

6910,5 Uo_I6

6669o_ fi*_16

6_55o6 8,_16

622O,8 8,_16

607_,6 8,_16

5951,6 8o_16

5819o0 6,_16

5737,8 6,_16

R -

_60.7 £,£1A[

521.0 1.06tl

511*6 1,012!

309*8 1,000

310,7 1.007

_33.L I,Z7_

365,6 2.120

566°2 2.147

_85*8 3,281

_02._ 5,191

W19*_ 9*b81

@30o2 15.63_

,56.6 2_.36_

_7.5 48,312

452*8 78,890

_57.2 129.010

1 1.zo_1 1,_.#79 e6o o.oolze I o.ooo

i 1.2106 I*4725 657 *00_16 °284

1,21_8 1,_+32_ 6_6 ,00112 °55Z

1,2235 1,3_55 628 *0010_ ,895
I*219_ 1.3_94 657 *00107 *79_

1,2269 1,329_ _20 .O010l 1*000

i 1,2302 1.3052 612 ,00U98 1*096

i 1.2bV5 i _.1135 .89 .00069 I 2._7

iI 1.2699 1o1119 k88 *00069 2.199

I*26_I 1°0674 _35 ,00059 2.5_2

i.2991 . I°0256 380 • 00050 2°937

|*31_7 .9769 )15 *000_0 5°_79

1.3517 .9_79 _ ,_66 .0003_ 5o917

1,3_+27 *9251 22_ ,00027 _*.3_8

1*5556 .90_0 176 °00021 _ 5.07_ I

Zo_sV_l .6_o / i._ .ooo17[5.6_
1,56_9 _ ____ 1,8a32 119 ,0001 _, 6°266

0°4501 PERCENT FUEL _1*87. O/F • 3°571

i.1_; 1 1.6o77 ?olJo._o_o_ilo,oo_ .... II,J891 I*5801 _9_ ,001501 *2_7 562,0 Ziib_

1.1925 1,5_61 690 .00125 ! .557 357*0 1.259I*1966 1o_792 b81 *00119 .760 518°4 1,061

1.200_ 1,4350 572 I ,00115 / ,902 : 509,6 1,0091

1.22o2 I.3991 666 °0011L I°000 _08.3 liO00

1.2o_o _._,_ 6_o .ooo, / 1.5, I ._.6 1.2. I
i,070_ 5_,1 ,0007.+ 2.1,5 _6_*0 2,195

1,251_ .9_5 ¢+30 ,00054 2*_2 _07.6 5°5021.2_0_i°2321 Io0750 639 °00072 2°1_61 _68o7 2_221

1,2oo,÷ I,OZ_ '_t_6 ,00063 2._3_ 3b'_.6 5._56

t,_oo6 ,_3o _5_ .ooo_51 _,_5o ,.26.61 1°'"261

l,_lbo .9oot 5o6 ,ooo36 3.873 _5_,1 17,026.+0262 .00050 ., 71,7.5127.67,
1,3_i7 ._67 207 ,00023 _*986 _57.5 53,655

.,16] ,2 .ooo1,I5.,6 +.51
i ""'22+

566.8 2*178

559.6 1,265

320°W 1.06_

611.3 1,011

_09.7 1,000

_10,6 1.00 B

55_*1 1,2_6

_6?.5 2,15_

568*2 ¸2.182

588,5 3*558

_2_,0 10,0_7_

_54.9 16,311

_5.9 26,573

_55,5 50,U51

_SBo_ 83.25_

_6_,6 136o50_

R = 0.500, PERCEt4T FUEL = 20.12. O/F = 3,968

• _ 0"000_

--" i. O0- 150.00 28_I " 676_.6 9."59 [ i;TTo_ ] i77727_ 7'6 I 0.00149 I

I.05 ; I_2°66 2_62 b7_]° Y,b6t, ! Itl?i_ 1.7501 7_5 .00_7

_i20 J2_iO0 ZOil bbb_o_ V*O0._ I Ii_7_ i.6bY3 726 I iO0 l_l j .2_9*SOl

.,7,,,1...7.I .oo..I2701 O>Oo,O _°_I_ 1.1801 i 1.50_ .00129 *YO 8

1.60 93°75 2bbw b_,b_'*11 _2= i I*1825 l*b_e6 70_ ,00125 1,000I,76 d>,15

1,1_ 1._7_5 697 ,00120

23_+6 _0_. _ 9.96_ i. II01.6054,002°00 Jl 7>°0037,502615 65_7°_ '9. "__' 7 i,20oi I, 1.26_o 651 o 0o09_ :

L99_ _6_9._ ' IO.OIO

_0.00 1_.00 _6 56,,1._1_0.0_0,_.25>,. 1.00_2/ _,,7 .00077i2._,,2,i°25_9 i l'ObL5 566 .OO07T I Z.i_i0*21 I_°70 !20.00 . 7°50 17W_ 5._92.6 I0°01_ 1.2WW_ .9_0 9_ • O00b_ 2°12W

_0,00 3,75 ,00057

1oooo.5°12,2 .....°5 ooo-
• 3d 90_ _b_b*O i 10.016 I io3121 I °81_0 _01 ,00035 4.2b__00°00

IO00,O0 I ,15 72_+ _+'+TU._ 10,016 ! Z._2_ ,_OJ_ 2_1 I ,0002_ _,,901

I

2000.00 ' *0_ 60_ _+3_7,2 I0°016 1 1.35_0 *7_ I _0_ _ °00021 ] 5._31

_000.00 *0_ 510 _310.5 I0o016 I L°3_71 I °7700 167 .000i7 ! 6*009

0.000 O.O

• 205 50.8

• J95 97*6

• 550 131.6

.623 I_W.6

,693 172ol

,746 I 185,7
1,026 25_0

1.260 312*9

1.265 31_*0

1.390 5_5.i

i*_9i 370*2

1,59_ 395.8

I*65_ _I0*8

1,70_ I 422,9

1,75_ _35*5

1*784 _5, O

1,809 i 4_9°2

0,000 0°0

• 203 50*6

.591 97*2

,527 131.2

• 619 15_.1

,686 170*6

1.021 25_°0

1o261 313,9

1.266 315*0

i,)93 346°7

1,_97 372*5

1.717 _27o4
1°60_ 399*0

1*666 _1_,6

1o771 4W0,6

1.60_ a_6*6
1,829 _

h

0*000 I 0*0

• 202 I 50.1

.388 96.4

,52_ 1_0,2

,616 153,0

,678 168._

°7k2 18_o2

i.019 255,0

1.263 513o5

1°267 31_,7

1.397, 5.6,9

1,50_ _75.4

1,61_ _00*7

1o679 417o0

1o733 _30-2

1o789 _,2

1.823 _52,6
1,851 _59.5

_112_ 0,000 _ 0-0

55_o6 2.153 .201 _9o6

_5_.3 1.25_ ,386 95*3

_LSo_ • o52Z 128o6

5o7.or1.-51  65.615-5505°7 _,_00 ._71 1

507,11 1,Oil I .7J9 1_2,__2oI 1,511 1.01_ 25i,2 i

567,_ ! 2,235 1,265 ! 5_6.1

5,670 1.b12 _12.2

366,1 2*Zb_ 1,270 713,3

_*b 3,522 /.40J'

_06.2 _75,2

29,278 i'7501 _55o3

_2_o0 10*b_9 1,626 _01.3
_0,0 17,7_ 1.69_ _1_,i

_50.0 _31.9

"b0,5 j 56.67B I 1"U09 / _6o5

+'61"'+7""5 i
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TABLE II. - Continued.

(b) Continued.

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

LIQUID HYDROGEN WITH LIQUID OX'GEN

[Equivalence ratio, H; oxidant-fuel "atlo, 0/F.]

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

equilibrium composltion during isentro)Ic expansion

[ s_c c T

rre*,ure I I_'ts'ure' erature Entholpy, MOleCular o_ ,ty, n¢l "'! _ ,mpulte

P. micro , M ] _ L

R = 0.6001 PERCEN'T FUEL = 17.35,

1.1465
Io1489
1.1479

1.1493

1.1507
i.I817

1.1_38
1.1562

1.1922

1.1928

1.2142
1.2_Z7

1°2b17

I°28_4
1.2798

1.2908

1.3112
1.3138

O/F = 4,762

2.2005 788
2.1752 786
Z*10b5 780

2.0248 7T_
1o95_1 768

1.9107 78_

J,839b 7561.5032 720

1.1596 6bb

1.1538 885

J.0010 819,9138 bb6

,8_15 _9_
.8157 437
.7_25 383

.7435 _34

._,7189 z67

0.00191 0,000
*0018_ ,292

*00181 ._87
,00173 .774

.00167 .918

.OOib_ 1.000

o0015_ 1.122.00121 1,618

.0009_ ' 2.143

•O0Ogl 2.154

•000T5 2°506
•00068 2,867

• 00353 3,360

.00_5 3*749
oO00_d 4,158

°00050 4°742

• 00028 5o2d6

.0002_

1.0O 150.00! 3097 5841.6 11.218

142o80 3081 5815.0 1L.239

1,05 75.00

1°_O 12_*00 3038 _742o8 11.288
1._0 LUT.I_ 298

z.oo 93.75 294o I 5591.6! 11,316
1.74 86.09 2911 3547.9 111.343

2.00 2868 847_,2 11.3&O
37.50 2630 5_46.9 11.479

4.00 7.50

i0.00 Ib. O0 2308 4758.8 =.11.578
4748,7 Ii.572

14.70 4_67.8 ii.b13

10.21 2300

20.00 2058 4497,3 ilob02
3*75 1815

40.00 1.50100.00 1518 4000,8 i II,616

200.00 .75 1517 383_.9 11.810

400.00 .3_ i 11_ _&93.7 ll.bl8

iooo.oo .1_ _24;_;_'2 111"_°
4030,C0 .04 Oh5 48

....... 2_
: 0.700_ PERCENT FU£L = 15,25, O/F = 5.55_

540.2

344.0
307.5
299.6

198.7

_00,4
326.4

383.4

_84.1
386.9

4O6°6

427.8
440.9

451,9 1

463°6

"°'_1470°7

1,13_8 2.6d09 I _23 I ,00237_ ,294 / 523.5 I 2,1Zb
1,13Z8 2,8171 b18 ,00230 ,bTO_ 333,6 1,242o111 1.o52
1.1331 2.472_ ] 808 ,002;5[ .92_ i 291.I : l.o0&

I.1333 i.41LO _03 ,002L I I 1.000 z_0.3 l.O00

1,1338 _.3_0 797 .OO_( _ 1.119 Z9g.l I.O1_
1,13o0 l.gbW4 787 oO01l O 1.627 _Ib,_ l,3_g

1,1534 1,47_0 724 .ooi. I ] 2.150 358.b 2.3_i

I.i839 1.4Ob0 723 .001. 0 I g.lbl _57°3 _.4Zb

1.17M5 1.1743 68T .O00' 4 2.500 ]81.I 3.880
i.1987 .9713 843 ,0005 2.838 402°i b.425

1.2_1 ,835_ _78 .OO0 9 3.296 424,_ I_.637
I.2_/ ,Td;ll ,21! -000113.6621438.9 21.191

1.2508 .7520 485 "000_'4 I 4.O48 450,6 35,b38

1,25d2 .7111 192 .000 5 I 4.593 4&3.7 70,952

1.281_ ._b 3401 .00O O15-0391 471.7 119.341
1,z_o_+ ,6575 190._ .ooo 5 b._23 _78.4 200.371

1.ooi 1_o.oo _2_1" i

b138,3 [2.482

1.05; 142.88 3218 511_.3 12._97
i._0 125.00 3176 b045,5 12.538

l._O 107,1_ _L_o 4968.6 12.D80
i,oo _3.75 3o_l _o3.1 12.818

4,00 i _71_0 2828 @400.4 1_.855

10.00 l_.OC g_50 _I02,0 13.040

20.G0 7.bO Z3_i 3_45,_ 13.134

_0,00 i 3.75 zI03 3_13,b 13.187

iou.00 i.b0 17_7 3344.9 13.gli200.00 ,lb 157_ 318_,2 i_.21_

_CO.00 ! -3_ /379 3015.2 13.21_

i000.00 .i> 11_2 1841.9 15.118
2000.00 "0_ 983 2731.3 1_.21S

Area

rmio, icoeffi¢_nt

l _ Ce

0,000 0"0
2,138
1,247[,38_ 92,7

1,055 I .518 125,3

i.o07 .bl0 147.5
1,000 ,681 159.9

1.333 ,017 245,91o018 .735 177,8

2.321 ,270 307-2

_.0_8 .530 _70.i
2.352 .275 308*4

3.708 ,414 342. 6

11.693 I°052 _99.6
19,413 1.726 417.4

52._19 1.787 4_.3

83.444 1.85_ 448.2

I05e595 1.893 457.91751548 1,927 48_. 0

0.000
.198
.382

,518
.607
,885

1,01 23 ,3[

1,275 300.2

1.180 301,4

1.547 3b_.2
1,4Z4 335.4

1,877' 395.O

1,768 I 413,9

1,825 _29,8

1.89_ 447.0
1,943 457,6
1.901 466.8

R = 0.800. PCkCE;il FUEL : 13.60. 0 F : 8.349 I

1oo 1_0.0_[3044_-_8_--___2_T o_ o.oo_2[o.oooF 18,ooo] oo_
1,05 142.06 1 _90 _0_._ 1_,_39 ] l.ldbb _.lO_O _4_| ,00_ 0 .295| 500*9 2,1_I| ,198 45,2|
1.20 ! iZb.O0 3_b_ / *4_V*_ I 13o_ 1,1_4Y _,0877 _49) .002 4 i .572 _=3,2 l,i40J ,381 87.0_
I._0 iC7.1_ i _211 _427.7 _i_4 i31_.741 1.12_43.0i88 _3_ r .002 U .701 i 189.3 1.051 | .518 117.7 |1.00..753174.oo. .3 .0022.2,28.21.00 ,.808i..,
1.7£ _0.9/ I bi34 _31.9 __l.13.81_ 1.1237 2.9401 I U30 .0C _-,9 1.000 281.b 1.O00_ .852 148.9|
2.06 ! 75.00 3115 426_.5 15.585 I 1.1234 I 2.8814 _14 .00J,2 1.132! _3.4 L.OI6 .732 167,3_

4.00 i 37.80 29_5 1967,3 j 14o099 I I.1218 [ 2.5893 i 79_ I .002 9 iI 1.833 >09.7 1.357 i*018 _:3Z,2|
' i L

10.00 15.O0 2704 ; 3&08.7 /4.369 1.1267 2.0804 7("3 .001 r0 2.157 347.8 2.437 Iti78 192.0_

10._i 14.70 i 2899 3899.0 1_.375 I*1289 _.04_2 | 78,' .001.9 _.168 34_.5 2,_72 1.282 /93.2
Z0.C_ 7.50 25_ 3357,5 . 14.84* l.I_54 1.8415 ! ?_4 .001 _3 2.>05 373,0 4.017 1,431 327.1

40.00 3.78 2330 I 312d.i 14.877 I.i_0 l.Zb_b 701J .001 O J 2.8_9 394.9 b,Tb_ l.bb_ 358.3

100.00 1.50 2004 ' Zo5_.8 14.770 i,I_0 .V_Z O47 .ooc_l _,24b 41_,_ 13,610 1.690 b8_.1
200.00 i .75 L 1846 167_._ 14.008 i._0ob .7_9_ _9_ .0OC_8 3._78 43_.4 23.118 I.?05[ 400.01

I ! I ' I
lOOO.oo .i_ i_,5 212,._ 1_._16 1._40X ....o _,2 .ooc.i ...... 61._ 79.... 1.940l .....
2000*00 .0_ 1199 2_07t9 ) i4.81611.2532 J .66_9J _'17 .00C55 9_._8J 470.4J 134,b091 1.990 i e55.01

4000.00,.0_,i0_92_03.914.8101,_21.63011_84L.oo_gi_.30_L977.92_8.324[_.0-1464._

1.0_ 142._0 33_2 4120.9 / 14.o72 ] 1.1214 I :_'277JI88° .00i99 ._95 491.I _.IIO[ .197 43.8
1.2_ i_5.00 ¢ 3286 I _061o31_.728 1.121_ I J.2_47;u81 I "0019_ .573 I _13.2 I 1.g39'+ ._80 _4.31

i,_o i_7,i4 3240 39_3.5 14. I07 I,I_0o b,2_3 _b7 .00, 91 .782 _00,4 1.0_I ,bl_ I I_4.0 I
1._0 93.1u132111393.-.7 14._4011.120113.1/_I I 052' .00i_7 ._z_ i _7_._ i.oo_ l .oo_ I 1_.3
i.72 87.09 I Ji_2 390411 14.86_ IIi197 &.184J I 049 .001U_ I.UO0 Z7_._ ie000 *550 14_.2

2.00 7>*00 r _1_ 3840*9 I_.927 1.1190 3.1813 [ _43 ,00280 1.1_4 ,:.74.0 1.01b .7:+I 161.I

.00.041.60,215.1.iI.11. 00 01.8 308.°1 13001101812. I
10,00 15.00 d??5 _219,0 15,529 1./1_4 2,6408 78b ,00,20 i .:,1hi i ._38,0 2,457 1,279 _ 28-_.5
10.21 14.70 2_70! _211.8 15.538 [1.1144 z.6_zz 788 .oo,19 z.17,: _3..8 2.49_ 1.184 zu4.6!
2:.0C 7.50 28_3 2981.5 15.765 I.II81 2,3_7_ 70_ .OC _9 2.bLol _63,2 _,082 1.434 I 317.9
_O*DO 3.78 2474 2700.3 15.981 1.11_7 I 1.9880 737 .00 b6 Z._3_ ! 285.9 8.980J 1.564 346.9

[
1oo.oo 1.b0 [ 1267 2492.1 I_.217 1.138_ 1.3_ _99 *00L0 _ _.2_b _i0._ 14.385 1.70Vi 379. 0

LCO,00 .7_ i ZO_Z 2307,5 16,_35 l*1_/u i,02Z_ 60a .00"tO I _._19 4_7,3 j 2_,998 1,00_ ! 399,6 1

000 3o i8,0..o o.9 1o l .01o/o. °0:-¢,....¢4. I I .....i.751
1ooo.oo .i_I 1_,o 1,4_.1 _o.,.1_ 1..13 ...... I .... oo:4,! ,,.,o8 1 .57.0 I 88.4_9 1 1.9_3 I 4_,.4]
2380._ -0_ I 1427 i 1818*b ib._Jb /.220_ .0_60 _9_ o0040 I _.671 468*0 i 15/'888 I 2*030 450"0

'300*00 ,0_, L i_011_TO,., i+.41+ 1.23o+ .0,:/7 [ .... OC _4 t .... I I_7b.? ] 259*2Z8_ 2,07o01 4+0.? !
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TABLE II. - Continued.

(b) Continued.

Static

Pressure pressure,

ratio, /_ m

1.09 I 150.00
1.05 142,56
1.20 125,00

1.40 I_7.1R
1.50 9_.75

1.72 57.13
2.00 7_*004.00 57.50

i0.00 15.00

10.21 I'.70
10.00 7.50

40.00 3.75

100,00 1,50

200.00 .75
400.00 .38

000.00 .15

000.00 .08
ooo.oo .04

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.]

Combustlon-chamber pressure. IS0 pounds per square inch absolute;

equilibrium composition during isentroplc expansion

.... "1 Enthalpy.ch/, MoleCular I ...... Pdcl Spec f • ,I ......._ ,' Thermal -- h--- _.. - [ ......C-- II

_roture, weight, [ exponent, I heot, /4, i conducSvtty, number linv_uum,i ratio, '
i cp, micro k, M ]_ E -

R : 1.000, PENCENI FUEL : ii,19, OIF = 7,937

_7_$_7_T_5_ _.71o9

3325 3757.1 I 15.b07 1.12i4 3.[/9b
3292 3701A0i 15.b54 1.IZC6 3.1630
3252 3557.1 15.739 1.1197 5.IR_I

3217 _58Z.7 i_.700 1.11_0 b.1215
3199 505:.I! 15._17 1,11o5 b.lll[

3151 34_5.9 lb.o50 1.1175 b.0db6
Z994 312_._ 16.107 1.1146 Z.949_

27_9 1907.0 16.5321 1.1117
2755 2900.1 16.5391 1.11ib Z.709_[

2b_Q 2682.' 16.7_bI 1.1106 2._914_

1505 2472._ 17.043 E 1.1107 2.2430 i

2325 2217.2 17.345i 1.11_ 1.5808

21_8 Z039.0 17.5471 101155 1.5942
1.12aZ 1.3134

2048 1873.b 17.7181 !

1550 1674.1 17.85511.1497i .95¢2

I 1,113L. ,5015

16_b 1635,1 II,_SZl

1 1900 ,b_40
1517 1915.9 17.999] _ !

Specific !

...... 7

0.000 0.000[ 0.0
.295 476.5 Z._I .L97! '2.5

,b73 30_.9 1.2381 o380_ 81.8
•782 272.2 1.0501 .51' 110.7

.9_8 265.5 1.00>1 .606 1_0.3

1.000 z64.9 1.0001 .650 139.8
1.1_9 _6_.7 l,Ot_l .7_1 157.3

2.152 32_.31 2+_62 1+279 275.3
2.172 _Z_.O I 2,_98 1.2_4 276*_

Z.511 _52.8: _+097 1.43' 308.7

_.8_7 37_,7 I 7.007 1.566 3_7. 0

3.2_g 600"0 1_.608 1.712 3_805

3.b42 _16,7 25,757 i,807 389.0

3.8_9 _31._ 95.62_ I*591! 407.1

W.ZZO 495+7 97.111 1.988:427*8
4+522 4_9._ 170.97_ 2*051i 9_1.5

_*553 _69.b 298.702 _+107! R53._

=Ii+905

+ ::::;I 10,000 0.000 0.0
• 295 _2107 2.120 019_ 370_

.572 h2_O .381 72.,

.781! 240.7 1.0_1i .515 97.9
t927[

1.000
lt133i

1.633[

2.1581
2.1691

2.>011

03+.+I 1.oo51 ,000
234.2 1+000 .651
_35.8i 10016

Z57,7 I 1,357

289,4 2,039

290,1 2,079
_lO.b _*0Z7

}49.7 I_*_£9

_8b,3 82.105
39,.0 1390978

_00.5 238.311

852 0.00195
_80 .00294

575 .00291
869 .00287
86_ .00283

_bl .0025_

05b .002_
e3± .0o265

799 .002Z9
795 .002Z_

77_ .00205

752 I .00180

719J .001_5

692] .oolZo
662j ,00096

0111 .00069

b7_l .0005_

5271 .0004_

: 1.500. PERCENT FUEL = 7.799. O/F

1.12_7! 1.9_V91 90_1 .00191

111242 1.95_/[ _9_ I .00188
1.1237 1.95201 591 .00153

1.123J 1.9o3zr 88_ .001801,12_2 1,5866[ 881 ,00178

1.1228 1.8526! 5751 ,00173

L,l_3 L.6755 _5 .00152

1.12_9 1.9055 806 +00123

1.1250 [.9025 805 +00_23
1.1300 1.19_1 77W +00102

740 .00082! Z._I

b87 *003501 _.Z_VI
b_1 ,00048 _.)bbl

589 .00040 3._031

517 *00033 4*3911
_¢3 .00028 4.79_1

_09 .O002R 5.Z261

5.927. U/F =15.873

1.00 150.001
1.05 142.bb[

1.20 125.001
1.90 I57.191

1.60 93.751

I.72 86+9BI
2.00 75*001

4.00 37*501

i0.oo 15.001
i0,21 l_.IGl

20.00 _._ot

40. go _. t_l

I00,00 _,_ut
200,00 ....

_00.00 ....

i000.00 ....

2000.00 .go:
R000.00 .04

1,00 150.00

1.05 142.56
1.20 125.00_

l.W 0 107.14 _
1.bO 93.7_
1.73 86,67

2.00 75.00

4.00 37.50

i0.00 15.00

10.21 14.70
20.0O 7.50

40.00 3.75

100.00 I._0

200.00 .75
400.00 .3o

1000.00 .15

2000.00 .08
4000.00 .04

1.00 150.00 2695

1.05 142.8_ 2679

1.20 125.00 2634
1.40 107.14 2582

1.60 93.75 2537
1.15 55.55 2507

Z.00 7b.0C 2452
9.00 37.50 2226

10.00 Ib. O0 1914

i0,21 i',70 1907

20.00 7,50 1687
40,00 3,75 1475

100.00 1.50 1224
200.00 .75 1057

400,00 .35 _Ob

10oo.co .Ib 735
2000.30 .0o b25

400C.00 .04 bz7

3219 2625.I 19.175

3205 2609.5 19.199
3169 2563.9 19.260

3127 2515.9 19.330

3091 2473+3 19.390
3071 2449._ 19.424

3031 2403.5 19.489
2_55 2197.1 [9.783

2525 1947.2 20.134

2621 1942.0 20.[WI
2455 1774,4 20.361

2281 1614,9 Z0.b4b 1.141_ I .9527

2037 1,2R.2 20.710 J 1.1_)1 ,7R95

18_2 1295,9 20.774 t+l_l ,b195
1644 i180.0 20.d02 1.2093 .5593

1593 1047.3 20.811 1.2308 .5103

1220 960.9 20.513 1.2941 .4869
1062 885.4 20.813 1.2575 .4656

R = 2.000. PERCENT FUEL

1.1581 0.7353 559
1.1588 .7305 85b

i.1609 .70910 847
1.1655 ,b_54 537

1,1661 ,5650 _2b
l.ib/9 .5blJ 52z

1.15_b .5411 76Z

I.ZI_5 .,5o9 090

l,Zlbl ,4D/5 b_
i.£353 .4Z32 65_

1.241J .4015 574

1.2051 .3b16 _99

i.2751 ,3652 _45

1.25{5 .5559 39R

1.3049 .3401 _30
1.31_1 .3z_Z zS5

1.3_0_ .319_ z4b

0.000_
.29,
.)71

.778
.92_:

I.000

1.129
1.627

2,151

2,162

2,502
2.5_9

_.291

_.bb2
_,035

4,576

5.01
5,495

=23,810

,o45,2o1_.o21._i01.1322[.3_5{_00 0.001_0
30111 2002.4 21.631 i. 1322 1.325g _95 +00129
2992 I 1965.5 21.655 1.1313 1,_954! 591 .00125

29471 1923.6 2[.752 1.1326 1.2655 _5_ +001_2

2909 I 15_5. 0 ZI.507 I.1329 1.2351 _7b +0011_
28861[867.2 21.838 1.1331 1.2211 _7Z +00116

2845 J 1829._ 21.895 1.1336 1.1d94 565 .00113
2_49 1 1657.5 22.145 1.1352 1.0314 529 .0009)

238_ [ 1451.9 22t405 1.1514 +8231 778 +00073

2382P 14_7.6 22.410 i+151_ 08157 777 +00072

21841 1311.8 22.540 io16_i *5552 73b .00059
1974[ 1185.O 22.62l 1.18_2 .5509 65_ +00045

1694 I i037.6 22.665 1.2156 .._55 bld .0003_
14921 9,0.9 22._75 1.23_5 .4656 5bZ +00032

1305 [ 555.0 22.677 1.2462 +4'35 506 .000_5

1054 I 760+3 22.677 1.2629 +4209 _3" .000Z5

935 I 699.0 22.677 1.2755 .405_ _82 .00020803 646+3 22.677 1.2892 .3VOb _4 +00017

R = 3.0001 PERCENT FUEL = ".0310 O/F

138104 I 24,614 0.00072

1370.8 2".628 .00071

1342.2 24.666 .000_9

1309o9 24.706 t0006_
1282." 24.739 .00053

1263.9 24,760 .0035/
1237.6 24+789 tOOQ_9

1107.7 24.905 .00049

955.oli4.950 t00039
_53.5 I Z4.951 .00038

a57.4 25.000 "00033
770.4 25.006 .00029

672.4 25.00d .0002'

60V.b 25.00_ .00021
555,5 25.008 .00018

495.9 25.00d +00015
458.5 2>-005 "00012

426.5 25.005 +ooolo

115.3

123.9
.732 13902

1.016 193,2

1.278 _'3.0
1.283 244.0

1,431 272,2
1,559 _95,6

1,700 I 323,4

1,759¸ 39O,3

1,865 35_,7

1,9_ 370,6
2,OO 1 3a0.6

2,046+ 389,2

I

°1
_'.4

b6.3
_9,7

!05,6
113,8

1Z7,4

176,b

221,b

222,4
2"7.

26a.gj

Z91"5 r305,9

31717J

_30.6
3_5,b

_,5,2

0"0
30.3
58.,

78.9
_2.8

31.1
11.9

59.3

_Z.3

13.5

30ob

59.1
58.1

7705
53.4

55.2

0.0001 0+000
• 2911 3R0.3 2.1,5 ,_00

• _b_l 21b,5 1,251 +38)

• 7691 193._ i.Ob7 .520
._131 188._ 1.007 .61_

1-0001 187.7 I.O00 +6bb
I.LI_ I_.5 1.012 .737

1.0101 2O4." 1.320 1.017

_._Zt Z2b.7 2+Z71 i. Z67
Z.L_41ZZ7.Z 2.30I 1.272

2._171 2'0.8 3.601 1.'07
2.8911 252.7 5.831 i.520

3.3971 L65.4 11.232 1.637

3.796j Z73.2 15.585 [.70_
,.21/P Z79.8 I 3O.867 1.767

5.31ZI _91.01100.4_9 l. Sb_
5._531 _9'.51 16b.bb4 i.899

0.000
35b.3 2.125 .198

Z.e.Z 1.2.2 ,381

220.3 1.052 .515
114._ 1.005 ._07

214.L 1.000 .655

215.6 10015 .733
235.1 1.348 10016

_b_.I 2.393 1.275

253.7 2.927 1.280
281." 3*895 l+R2g

297.O _.456 1.547

_1_.9 IZ.7.1 1.579

J24._ 21.R03 1.780

J,_.l 71.914 I090_

J,9.1 121.2_1 1.94_

354.1 20".0_7 1.980
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TABLE II. - Continued.
THEORETICAL ROCKET PERFORMANCE AT ASSI }NED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID 0X {GEN

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

(b) Concluded. Combustlon-chamber pressure, iSO pounls per square inch absolute;

equilibrium composition during Isentro,lc expansion

-- _ T
pressure, erature, Enthalpy. Mo_ecu_or _entr

,_,io. h w.i.h,.Jo.po_..,_ h_t #, lc°"_"_'! number Ii..... i ratio Icoiffi¢_nt] impulse, l

_/' r " °:' t

= _*000, PERCENT FUE • 3,05_P OIF =31o7_6

_.oo! ,o.oo 2., _o_,,.. 2,.._']._,_.,,7 o.oo_ ,02 o.ooo_, o.ooo T_.on_[ o.o
- i i r -- .....

1.05; 1_2.86 z3_._ I 104_.7 26.29_! l. Ig_ "_1 798 .000_ .2_6; -_o_.Oi z.169 .20,_| 27.5/

1.2o 125.O0 2295 I I022,3 26.31i i.199_ ._33 I /87 I .000_! ._561 19_.6 I I._6i I .3a_! _.a I

1.4o io7.1_ 22_ I 99S.9 26._2_ 1.2037 .'_(,99 77_ .O00_i .TS_ I 174._ 1.062 *_2_ 71.I,00 ,., 21, ,_._20._,_I_._0_I.,-01,-I.000_,00_0_._I_.0_0!.0,_,..!
1.78 8_,o_I 2149 95bo3 26°350 I°210_ .4509l 7b_ 000 _" loO00' i6_ 7 i 000 6_0 92 #

2*00 75,00 ZI07 I 937°5 2b°359 1,21_ °442b i 74_ ! °0004i I.I01 ib9o_ ! I*009 o7_ 100.9

1_.70 15_.'9 I 71_*°1 26o40_. ! 1.2b15 t .3792 bO_ °O00_b _.lbO zOl.b ._°_lb t*._b7 17Z.1

7°50 963 502°5 2b._Ob 1,28_ o_]b3 _.21 ,O001E _*_Sb 23_ _ i0 ¢_b 1 bl_ i 2 -

13bO 6#0,8 26,40b F 1,2629 ! ,3_,16 I _7 I ,0002_ 2,_9 I _13,0 3,_I 1,_971 I_9,7

_.75 i 1166 ! 57b,3 26,406 1,27_9 .3bOO 491 ,00022 2*_28 222°9 b°bOb l*bO_ _ 20_°2

hSO

,75 81, r 456,5 26,'0_ I 1,30211 ,324, I 37_J ,00016 3.8731 239,_ I 17,2011 1,6801 2_8,_I

"" °"I""'2"'°'I""_I""" _20.000-..,7_.,_ 2,,0_,""'I"_'_
•i_ _I _7_._2_._0_i._ol ._0121_oi .oooi,_._i _0._I _._; _._i!_,_.21

• ,0_ _63 _8,i 26,_06 I,3_i .2_2_ I z_Z I ,O000S 5,_871 25_,01 g0,0951 1,8_6 _7,91

_O00.OOi .0_ ]_,71 _2b.O 2_,40e i,3_ -_Ue41 197 I .OOO0; 6-075 I z_,,_ I I_8,1_,91 i,8_-i 251,7!

4

R • 5,000, PE_EE/_/ FUEL = 2o_b, O/F =39°6_3 /

l,OO_ 150,00 2066 I 855,0 [ 27,30V 1,2269_ 0,'020 7,1 O,OOU3? _00] 0_ 0'0

i*05 ! I_.2,8_ 20_ _7°7 _7,3L0 i I,22_Z ,399b 7_7 oOOOgb .2tl]/ Zb_,_ 2,IOU o20_ _°21

1.20 12_.00i_l _.012_.-_ 1.2-_ "_I _2_I.000_i ._! _.0! i.,o_l._I _o._I
It%O i07,1% 19_l I 80_,9 I 27*321 1,2_b] ,]_69 I 711! ,0003% I ,750' 159,] i ItO_61 ,5_91 b_,3 1

1°60 99,75 1892 I 787,3 I 2.7,325 i 1,23"% [ °3SI_ I _99 I *OO°)_ I °891_ 15%°8 I°011 / *b2_ I 76,7 1

_o °_,_.. -._2..,._._oI..71°.]ooo.I.ooo,._ .ooo"°I.2.00 .... 0.02..,_°_I""°°" °°°2_I""'I_°_71""_"°221"'2

_000.00.0_1._22..,.27°,..._[ 000_2.2_.2 2_.,.2,_.0_

lgo21 I_.70 12_ 57_,3 27.3_8 1.2711 *3208 b]_d °O0093 2.164 i_2,_ 2.171 1.268 156o3

20,00 7,50 11Z2 515,2 27°B19 I,2b15 [ .3309 _ *00020 Z,_50 191°6 ._°323 1,193 171°9 I

_,0°00 3°75 961 ,62°8 _7°339 i°2929 ,3209 _32 oO00L8 2°V_7 I z01°2 ! 5,332 I I,'%96 I I_°7

i00°00 io50 77t_ ! _05°I 27,_9 io309_ .3076 _b7 .00015 3,_B7 ZI0*3 I0,06_ l,b03 ! 197,9

200,00 ,7_ 6b_ i 369,0 _7,339 1,52£7 o297_ _2i °O001_ _°'919 Z15,_ 16oW03 l°b_ ZO)°b

_CO°O0 *]S 55_* 5)M°_ 27°339 l°bSb# I °2_ 279 •00011 _,380 ZZO°5 2b,799 i 1,7_7 _iZmO

2ooo.oo'°°°°°o_--_ _o,.6_--_i--_o_,o2_2_ioooo,,o,,_.oI..oI.-_.._!
_05 28_° 27.339 i,3(_ J ._72_ 195 ,O00O7 5o61_ 127.8 ! 8_,996 i°80_ _2_, 6 1

_'OOO, 00 *O&. 303 268o_ 27,339 Io3697 .269] 16_ -00006 6.235 230,I 137,W72 I°830 225*9

-- T

I
I

i

i

Z

i

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

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(c) Combustlon-chamber pressure, 500 pounds per square Inc?l absolute; equilibrium

composition during £sentrop!c expans!on

--] r

i ! ! . . Vi$¢o$- T_rmal Area Thrust S_oe¢ific

pressurer l_!in v_uum, E ' CF li

R = 0,150t PERCENT FUEL : R5.65, OIF = 1.190

.... r _ I _ _ 7 l 0.000 0.0

1.05 285.71 Ilbd _287.7 R._lb

1.20 250.00 b21g.b ¢._Ib l._b I 1.7697 I 30 _ .00070 *b27 _34*z l._V7 *_O}j 90*B

i._0 21_.29! lO_b b141.9 _.41b 1.3_9 1.7_12 Zg_ *O00b .7_2 _9b*i i.O_l .5_3 I_2.2

L.bD 187.50 ll_b_ 5077.7 _._I_ 1.5_I i.7_9 2bb .OOObbi .B60 _bO.6 1.018i .b3b _.2

IbO.00 969 _975.4 _._lb 1.3_0 I*7210 _72 .00062 1.059 2B_.W 1.003 .Tbl L71*5!

R.002"00 75.00500 _ 82_ _b9_.4 _,_|6 1.3_i l._2b 23_ .00051 I.b66 _01.7 1.133 i*03i 232.31

i0.0'0 * b43 _392.b W._Ib 1.379_ ! l.bSO5 I_! .O00W_ Z.15_ _27.5 1.97_i 1.257 _3.1

i_.o6 5_2 _209.8 W._Ib 1.3799 1.53_ I_9: .0003b 2._86 _3.5 Z.982 1.37_ _09.9

2°.°0 I I I !
20._I IRoTO 529 _20_#9 _°4lb I*3UOI I.b339 158 .0003_ g.b99 3_3.9 3.OdO 1.379 _lO*bl

40.00 7.50 _39 &05_.9 _.41_ I*5_Z_ i*b2_7! 133 *000_9 _.G}ll 35_.4 _.620 I*967 3_O.Wi

10.0.00 3.00 3&O 3899*° _._Ibl l*3_bO i*_099 i0_ *00013 3°b_8 369*8 1 8._32 1.55_ _50-8

20O.OC 2_0 3802.b _.916 !.3_Z_ 1.5920 8b .00018 R.l_9 _77.71 13._31 1.510 3bZ._

10C0.00 .30 IT_ 3b_O.l _._Ib l._J_2 _._#0 b_ .00011 D._37 390.b I 39._B l.b9_ _1*b

!._+D_I 1,_7 _b ,00009 b*09_ _9_.3 63.512 1.719 3_7.2

"15 1 i*_71_ i._0_ 3b .00007 0._3 _7._ 100.9_8 1.7_9
_OCO*OO *Oa lIE 3551.2 _._Ib I - ....

R : O°200t PERCENT F_LL : 3B,_5_ O/F 1.587

1.001 300.00 1514 2989*7 5.21b 1.3078 I._I_B

1.05 i 285.71 I_97 29_i.7 5*_Ib 1.30_9 l*bl_ _99 .00083 .27_ b52.2 _._331 *209 99*3

1.20i 2DO.OO I i_50 I 2866.8 5.216 1.3119 i*@025 _89 .00081 ._33 3_@.b i.2@9. *WOO 9_.6

l.&Ol 21_.29 199@j27_3*2 5.21b 1.58_9 378 *00076 .7_0 309._ I*0771 .539 127._

_99._ I*01_i .63i IW9*_
i°_0 1 i_7.50 I 13DR j 2713o_ 5.21b 1.31_5 : l.STTJ I _69 .O007b ._b9

1.851 161._7i 1307i 2b_0.5 5.21b 1.3217 l*56bZ i 599 .00073 i*000 297*3 l*o00i o71_ I_9.2

i 20*00 i_.00 709 17WO.U 297*_ 1.004 I ,757 179.I;i

2.00 150.00112_22_01.i _.21b I._2_ 1.5b_9' _b_ .00072 l. Ob_ I
W.O0 75.0011079 2290.0 5.21b 1.33_I.I.50_ b07 .O00Ol l.b_2 31_.7 I*2R_ 1,0_9 *Zl

10.00 30*00 _b_ 195_.3 5.Zlb 1.3699 1.R>ib gbl *OOOR_ 2.1_ _%W*T[ 2.0091 I._57 I 297.21

5.21b l._b)b I._3_ _i_ .O00RO 2._73 3bi*O 3.0_9 1.379 325.9

20._I i_.70: 705! 17gJ.Z 5111_ 21Z .000_0 2._b_ _62._ 3.088 1.382 326*7

_0*00 7*50 5_8 1578.0 5.21b 1.3715 I._0_5 179 .0003_ 3.010 376.0 _,739 I*_72 3_8.0

iC0.00 3*001 458139b.3 5.21_ 1.3711 i.5913 I_Z .000263._19 390 b 8679 156b 3700

200.00 l.bO I 379 12bb*l 5°21_ l. Sbil 1.5_07 I17 *000Z2 _.IIi 399:1 13._7o1 1.6191 3_2.7

_oo.oo .75 _t2 ,_9,.25.2_01.,ooi_i.,_779_ .0001_i_.03a_00._22.29011.,021393.0!

..................] g13 g gl 979 I 70b _03.5 !
i000.00 .30 2"2 I09U.9 5.216 1.3U/2_1.3_02 7_ .00013 5.394 • • . l

_17.7 67.587 i*733 _09.761 *0001[ bo01_i20OO.O0 .15 195 IO_l,l 5.216 I._IDb_I.2977

5.216 I._3_9. I*2671 50 *00009 bo705 921.1 108.755 1.7_ WI_*6= 0.250. PERCEN¥ FU£L= 33.51_ OfF = 1.98_ /!

I -O0 " 300 .'7_..00[ IDI7 12493 b "I'016 i 182_--i 1.5019 _--rW81 0"00092 0"000[ TI TIO.O00 To .01
l.O5 1 2_5.7l 1797 ! 1220m2 _.010 ! 1.2_35 I*_971 , _77 *00091 ,27b I b_*W 2°218 .207 50.31

I.20 i 250.00 _ i7_! II_2.1 boOl¢ 1.2_0_ I I*_862 WbTi .000_9 *_38 ;Sb.Z 1.2_31 .39b: 9b.61

I._0 _19*29 lb_' lOS&m7 6.01_ 1.2_5 l°_7L9 _5_ .000_6 .735 31b.3i 1.073 *_b _ 130.i

! 1.83 I 153.91 15_7 909*9 6.01b 1.29bi I*W_9B _36 *00081 I*000 _O_.b 1.000 .?OB; 171.8

2°00 1 150°00 11555 B_3.9 6.0161.2971 I._R25 #29 *00080 1.076 305.1 1.005 *759 183.i

_.00; 7b. Od 1322i _Sb.l 6.016 i 1.31ZD I 1.3_7b I 378 .O00b_ l.DTBj 32b.5 1 l.2bb im027 Z_9.3

' i I 35

i _0.00' ID.O0 _87 9959*0 6.0161 1.3_00 1.2849 _bgl *0009_ 2._b31 37_.7 3.127 I$3_Z 335°71

zO._l _.70 ObZ 99_*0 _.olbl 1.3_o_ 1.2_3_ _b_ .000_ 2._75 37_.2 _.Ib_ 1.386 33b.5

I 7. 019 00. °.0,, i,,00,.0003 ....,,3,.,! 13--.01
/30.00 1 3.00_ bUI 9_9*0 b.Olbl.3bO3 1.2321 i_1 .00030 3._I _O_.Z _.9B) 1,572 I 3g_*g I
250.001 I.DO _2 9h27._ 6.016 1.37ib I.2192 ibl .O00Z_ g*Obh W13*, Ig*39b l.b301395o9 i,0101....1.2099.000 0.20.9123,0,1 I

I I k I

ilCO0.O0'.SO_310192_0.56.01bl.35201.19_99"'O001'5"327"2_'_'3"_9_l"7_2_l_'ll

12000.001 .15 2b_ 917_.9 6*Olb 1.3_07 i.l_Ol 7B .00012 5.9_5 #33._ 71°2_0 1.7_9; 9_#.7

i _GOCoO° .02 21C 9122.7 _°Olb i._0_2 : i.i_75 e_ .00010 b.605 _37.21 I15.6b0 1.7711 930*2

: __ ] L I . ___ _ I I I_. A
R : 0.300_ PERCENT FUEL = 29.57. OIF = 2.3fli

I*G5 2_5.71 2072 9903.1 b._I_:i.2011 I*_117_ b47; .00097 .279 56_.b_ Z*20b/ .20_ 50.8

I._02_0.00201_ 9_2 ..... ib 1.20_0 I._027 b37 .0009_ ._,_ _:._; 1.277 .396 1 97._

I._0 21_,29 962 9 5_,_ _°bl_ i.2e/_ i.3_b_ _2D .00092 .792 219,_ l,OlO ,533/ i31,_

1.0o: l_7._ci i=_7 I _b9.41 _._15 i.2702 i 1.37_01 _lbl .00090i .o_2! a10.a I 1.013i .bzailbw.21

I*_2 I_5°12 l_Ib 9t90.1 5.510 1.27Z9 i. Soz_ _09 .00007 1 I*000 50B.3 1.000 ,7bl!m701 172.7

. 2.CO [bO.OO i_°V 9530°_ 5.Clb 1.2790 i.3J_9 _9_ *000_blI°0_2 b09*l 1.006 l_b.1

_*CO 7_*00 156591_9.7 1 b._lO I 1.2_5 1.2YVW _W> I °00074 i 1.585 530*6 1.266 Im02_ ! 25_.6

i 2°.00 15.G0[1054!8591.2 b._I011.52_ 1._agi 32b .O00bl 2,555 i 381.2 1 3,20_ 1.38_3_1.7 1

20.41 iqo70 1059 _5d_.9 O._Ib i io52_ I.!_7_ 329 .00050 Z,b67 1 _BI.7 3.2_8 1.390_ 3_2.5

I _0o001 7.50 89b _393.6 6._Ib 1o3be_ 1.15_I 279 .000_2 2.968 I 397.0 I 5.037 I*985 366.0:

i00.00 3.0C 7c7: biSO._ _.clb 1.3b_i I i. I173 _23 .00033 3.b_ i _I_.5 9.325 1.5_ 390.5

200.00 I._0 590 bO_9.b 6.dlb l._bOb 1.100_ IB7 .00027 _*0131 _23.3; IW.993 1.b_z WOW*8

_00o00 1 .7_ _90 7'_40.b I b*_ib j Io3b_7 k.OOOD lbb .00023 _.>17 _i.3 2_.23_ i.ba_ ! _16.3

10130°00 .30 363 7624,_i bo_16 I.o724 k,O/4_ 120 I .00017! 5,2%? _39.b _0.000 1.73_ NZd.3

200UI.C.O .!_ I Ji? 77bq.3 : 6.o16 1.3_/o i 1.0o37 I 9_ .O001_ b. Bbl i _*b I 7_.9i_ I i'767 i W3_'W I

:140'I]'_I°I_[[_ .0_ _ 2b_ 769_.0 [ o ul_ [ I._z_ 1.0)2_ _ 80 _ .00011 . b.b09 I _8.7 I 122"1_91i 1.790 L__Jww_'2
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TABLE II. - Continued.

(c) Continued.

Stofic

Pressure pressure,

raRo, p,

1,00 300.00

1,05 285,71

1.20 280,00

1,40 21#,29

1,60 187,50

1,75 171,73

4.00 78.00

10.00 30.00

20.00 Ib.O0 2084

20.41 14.70 2047

40,0O 7.50 1608

|00,00 3,00 1512i

200,00 1,50 13111

400.00 !

i000.00 .30i 919 1

2000.00 .15 _ 782

(*000.00 ,08_661

1.00 300.00

1.05 285.711

1.20 250.00 i

2.00 150,00

1,40 Z14.29

1.60 187.b0

1,73 172.98

4,00 75,00

10.00 30.00

20.00 18.00

20,(.I 14,70

40.00 7.80

100,00 3,00

200,00 1,50
(.00.00 .75

i000.00 i .30

2000.00 ,15

4000.00 ,08

1.00 300.00

1.08 285,71

1.20 250.00

1,40 214,29i

I.b0 187.50 i

1.73 173.6_" I
2,00 180,00

4.00 75,001

10,00 30,00

20,00 15,00 }

20,41 14.70

40,00 7.50

i00.00 3.00

200,00 1.50

400.00 ,75

1000.00 .30

2000,00 .15

4000.00 .08

1.00 I 300.00!

1.0_ 285.711

i. 20 250.00 ]

1.40 214.29 i

1.60 187.50

1,72 173.98

2.00 150.00

4.00 75,00

10.00 30,00

20,00 15.00

i00.00 3,00

20.41 i(*.70

40.00 7.50

200,00 1.80 1

_00.00 ,75

000.00 .30

2000.00 [ .15 ]

43C, 0.00 .08 I

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FHOM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, 0/F.]

Combustion-chamber pressure, 500 pounds per square inch abso]ute;

equilibrium composition during isentroplc expansion

' _I L/

Temp" .. _*s SpQclli¢ i

5!m_ifheroture Enthatpy. MoIKulor sen top c Sgeclhc y lhermol Math impuhe I Arlio Thrust

_Wh/ coef_(ient imputwT, weight, l expo.ent: heol. I /g; Ic°nduchwil)"imumber i...... ] ruho, i I.

, .itl_)l'llb{<. I ab_!_//lt

l : 0.600, PERCEhT FU{L : 17i35, J/F = 4.762

5588,7 11,378 --I i!il

3155 58,1.6 11.290 1.1529 1.906? I 7981 O. 0017_ ():000 O-OOC

3137 5814,6 11.300 1,1_32 1,9446 794' ,00172 ,291 b_3,6 2,160 ,200 48,

3089 57/41,6 II.325 1.15(*/4 1,8842 787 ,0C166 ,565 _/46,0 1,2_8 ,38(* 93,

3033 5658,9 11.354 1,1550 1,8145 780 *00_59 ,772 309,3 ii056 ,519 126,

2985 1,1576 1,7548 77J ,00152 ,916 _01,2 1,007 ,6J.i 1/48,

2955 55(.3111 11.3931 1.1588 I,7154 768 ,00149 liO00 300,2i 1,000 Ii_i'663 161,

./904 5474,1 i 11,415 I I'i008 1,65_'9 '('I ,00143 1,119 301,8 1,013 ,736 178.

2652 5140,3 II,810 _ I,I_43 1,3741 72(* .00115 1,618 327,7 1,328 2/47,

4489,8 Ii.606 1.21_b ,9782 i 618 00030 2,_12 3_7.6 3,672 Io/419 343, 0

4260,9 11.61/4 ,00073

4482,6 11.607 I'2190 ,7815,9726 616 ,00073 5,7762,_22 368,2 3,721 io/416 3/43,9

1,2346 .9083 _65 ,00063 2,877 /407,_ 5197l 1,527 3?0,9

4001,1 ! II.616 1,2523 ,d498 49_

1,3242 ,00052 3,371 _28,3 II,871 1,6/47

383(*,0 ii.616 i,2659 ,8145 (*36 3.761 /4_1,3 19i21( 1,121 _1_.0

.00048

3689,5 II.b16 1,2802 3_I ,00038 g.171 482,2 31,99." 1,781 1'3_, 7

3529,3 11,616 1,2993 .7427 .! 312 " i 4,'/57 463,8 62,802 1,8_37 %48.6

3428,6 11,616 1,3126 .71_3[ d65 i ,000_5 i 5,2/44 /470.9 10/4,52' 1,886] /458,2616 .69_8 _23 ,00020 4'/6,8 173,76. _ 1,919 /466, 3

R : 0,7001 PERCENT FUEL = 15,25_ O/F = 5,556

330'/ 5138,3 r 12,57/4 i 1,1318_ _71 0,000 0,000 0"(

._2_i ! _112,9 12.>88 1,1318 Z,37_5 1t21/4 I ,0021832_8>o_4.o/12.02_1.,,; ::_I;_ °2°..00_081 ._93 5,,.6 2._2_ .19_ ,'/._• _69 336,2 1.2/4_ .3_2 90._31,814960.0/_....,I _._3_22_:_;_2,.,_12,021.00,01,.7'/'/300.'/1.0, .51'/1,2.,_18...........,, 02,1.13062.1,0101_.00_8._._2__93.1,000 .6061,/4.,
3,°14889.9/12.'/2311.13o9_2.15,010111.0019011.000292.31.000.6,'/155.,3085 4790,8 12,759 1,1395 ] 2.08/41 _Ob ,00183 1,127 29/4,1 1,0i(* ,734 1'/3.S

28,,_4'/,'/.,.9,011.1,_11.,._I ,41 .001,11.625320./41.3/4(*1.0162/4°.,
2559 _'091,1 i 13.081 ! I,[620 ] 1.3258 ] 7'28 I ,001101 2.1/49 358,1 2.31117 1.2./4 301,9

d335 [ 5835,6 ] 13.15./ l,IW. ll ] |,0_/49 ] 68'/ I ,000_ ] 2,503 362,_ 3,8/43 I,4_2 _36,9

"'°i382°-i"159ii"i'/i1.0791686.0008'/,,13,03.13.900i.,633'/_
,9294_ 641i .ooo'/212,846 403,2 6,33'/ i,5/43 365,6

2095 3602,0 13,196 1,2020 ] 4 " 0./0 /451 mq 38i080 1i_17

1785 333/4,7 13,d13 1,2_4_ ,8283 87_ ,00058 1,312 /425,6 12,/4/41 1,61d 396,1

156_ 3160,2 13.216 1,231_ ,7_35 5[8 ,00050 3,682 /439,6 _0,_58 I,'/51 #1/4,9

1368 3007,3 13.216 1,2_0_ ] ,Tmoo 4O2 • 000/43 /430°6

1133 2_35.4 15.21_ 1,2090 °7094 389 ,00U3_ I _,636 46/4,2 69i1_/41 I,889 _'_'/,6

9,5!27=.,1i_.21611.20331.68,11337 .000295.00_/4'/2,,'/.,61,9_3458._
834 : 2631,6 _13,216 [ 1,29/2_ .6564 : _288 ! ....*0002_ [_ 5,551 ! /4'/8,'/ 197,192 1,9'/I /467,0

N = 0,800, PERCENT FUEL = 13,60, O/F _.3(.9

I 3393T4586,9 13"740 1.1296 2.7921 86C ;;;0_57 0.0007 ! 0"000 0"0
3378 _563,0 i 13.757 1,1294 ] 2.7781 I _61J ,00255 ,29/4] 511,3 2,123' ,198 45,6

333_ 4498,3 13,803 1.12_9 2,./382 _56 ,00250 ,871_ 326,0 1,241 i ,381 8./,83292 /4_24.9 13.855 1.128 _, 2.6881 850 .00246 .78 291,8 1.052 i .815. llO.7

32b_ 4362,3 13,900 l,l_el 2,6/439 _/4/4 .00_38 ,_5_ 2_W,5 1.005 i ,60./ 139,8

3231 _326,9 13._26 1,1_/9 2.6168 o41 ,00238 1,000 _83,8 1,000 ,653 150._

31_9 4259,9 13.97/4 1,1270 _,5628 _38 ,00229 1,131 _85,6 1,015 ,732 161_, ./

2998 3957,6 14,193 1.1277 _ 2,26_9 _07 .001%/7 1,632 :'12,0 1,354 1,016 23/4, 0

2744 3D92,8 ; i_,_9 1,1332 I 1,801_ llOJ ,00182 2,186 _/49,9 2./4Z3 L,2l'/ 29_.°I

2550 3341,8 _ 14,605 I,1439 ] 1,/4368 738 I ,00119 2,505 375,0 3°982 1,/429 329,1

25'_4 ] 333_7 _ 14.609 1,1443 1 1,4265 737 ,00118 2,815 3./5,./ 4,092 1,433 330°I

2344 ! 3111,8 I_.116 1,1620 1,1265 102 ,00091 : 2,832 396,'/ 6.6'/6 1,855 358.3

,05312,0.4114.'/911191,18,1764500006'/3.260/420.6_3365,692,898
1830 2659,7 14,810 1,2106 ,7805 895 ,00056 [ 3,601 /435,6 22,652 1,778 _'09"5
1617 2499,6 1/4.B15 1,22_6 ,7331 541 ,00049 3,96_ /4"46,3 38,/483 I°850 426.2

1360 2315,9 1/4.816 i,Z(*12 ,6903 /468 ,00040 /4,/478 i _62,3 77,533 1,929 _4,/4

1185 Z19_.7 14._10 1,2_'+_ ,6Olb _13 • 0003/4 4, _9/4 4"/'1,0 131,7_./ io919 /4_5,9

1027 2096,0 _ 14.816 1,26_3 ,6339 359 ,00029 5,340 /478,/4 223,495 2,021I .... I /468.6
R : 0.900_ PE_C£NT FUEL : 12.28_ OIF 7.1/43

343o[_.2.91_._9_,i,_2_,F2962o_.,io:_o,76ooooI loooooo
3_16 4120,_ 14,809 I 1,12_8 _,9853 _8t ,00275 °295 49_,7 2,121 ,196 /4/4,2

3377 I 4059,8 I 14,8_i l,IZbO 12,9._43 8./5 ,002./1 ,572 i 316,0 1,2_0 l ,381 85,1
333_ 3990,7 14.921 1,12(.2 2.9078 869 ,0026'/ ,781 28,_,_ 1,051 I ,515 115,1 !

3296 3931,9 14.9./2 1,1235 2,8_30 86/4 ,00d63 ,927 276,0 1,005 I ,606 135o5

327613899.3:15.00111.123_|2.8682 8611 .0026111,0001 275.3 ! 1.0001 .651 145.6

3235 ] 3835,4 15,058 1.122_ 2,_7/4 855 .00257 1.133 2'/7,1 l,oi_' .732 163.6

3056 / 3550,3 15.317 1,1198 Z,663_ o29 ,00234 1.638 303, 0 1,358 J I°2'/_1"016 2d'/,l

?b29 i 320_+,5 I 15,641 ] 1.11b_ I Z,3_.t6 19D t "00200 I 2.161 I 340,5 I 2,/448 _ 288,8

2666[ 2964.3 t 15.867' 1.11V9 [ Z.0_4./ 769! .00170 I Z.'II] ,8,.6] /4.058 1.432_ _20.2_661 2957,b 15.873 ] 1,1200 2,0480 768 i ,00169 _,:>21 366,3 4,121 I,/4371 321,2

d503 2741,4 16,068 1,123_ 1,7023 7_ ,0013_ _,_71 38./,_ 6,901 1o_62 3/49,2

2276 22../2.2 Ib.273 1.1(.43 1.2030 ?00 .00098 3.2/41 I 413.0 14.18./ I.'/06 3_I.3

!Oh4 2288,0 I 16,36(* 1,1899 ,9128 b6d ,00070 3.b/40 429*2 24,518 I,'/97 _01,7

1877 2121.5 ] 16,403 1,1947 ,7617 615 .00086 3.858 W_3,0 62,200 1,876 /419,4

/606 1928,5 i 16._15 1,2188 / ,6840 b(*6 ,00046 /4,329 458.2 86,18/4 1,96/4 439,02.066::_:_
L(*16 I 1801,8 16,418 1,22_I I ,6520 491 ,00039 4.716 #67,9 1/47,806 2,019

_2(.1.i690.4L10.416_.2,04 .6246____37L'°°°34'_130_.._0___4'/6.1/ 283.22,
i
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSEONED PRESSURE RATIOS FROM i TO 4:)00 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(c) Continued. Combustlon-chamber pressure, 500 pouuds per square inch absolute;

equilibrium composition during isentr)plc expansion

Temp- . Specf¢ T_rma h At_ ' Thrust , Spec;hc
Pressure ...... | En ha py I M ..... I _n o_c ] _ ,_ . , I Mac I mput_ I ] , i

_- P ' | erature, h i we gh ] exponent I _t, _, conauchv y, num_r n v_uum rot_o, c_fficienl4 im_l_,

ratio, ' I T ' %'mr/ k JM I , C i _,

v, +C° , '_ *+' _ ! _ +,+,,°*_'_11 ' '°'j.......... +"="" ' ' .......' ....
R = !,000, PERCSNT FUEL = ll,19t O.F i 7,937

I 1 I .... - ...... _.o_1 [

1.00 300.00__,3, 3,_._ 1_._3_ 1.,50! .... l_J ..T 0.002,_.000 i
l. Ob 2_b.71 i 3,¢J _7_0._ lb.7_bl 1.t2_7: ¢._760 _9_! .O02rl.L95:_ _1,0: Z.I_O

i 1.z_9

1.72 17_.0b[ 32a_ 35_e._ !_._bl z. zl_ z. Sl_ _z_! .ooz)_ 1.0001 _eT.zl i.000!
2.00 150.00[ 32_i 3_8_._: 10°023 1o12il 2.7_1* oe_ .O0_b 1.1_ ze�.0 i.O_e

l 2.1,!,0., ,..,310.0c 3o.0o 2_el Z593.01 16.b591 1,11)I _._"_ _Od l .002 _ _._12

2542 I _o076!

20.00 15.OO 2b_L L_eb.e 16._Ig 1.1i_2 e.2_i ?e_! .OOl _55._

,0.00 I 7.50 2_5,.2 i 17.ib_ i i.i ..... 01_,! ,D_] .001 ...... 0 ,7 ........

i00.00 3.00 Z3WV1219_.7] !7._L517"_J9i7.;7_' "z Oi.........i .... 001 2!1  023 1....
I I

2000.00,.15106_ilb19.2_7._791ii.7520j_702.00011i_1._i_.7_0' .... .....

R = i.500. PE_0ENT FUEL = 7.7q9. J!F :11.905

0 T 1.0b2

i.ooV _00.0032v7_ 262_.1_ 19._zot.i2_i.Bo03] 9ia[0.0013710. 00!

L.IZ3
l. Ob 285*71 52_2] Z_O_.b ! 19.3_2 i 1.12_6i 1.7919 i _15 .00176 .29W ! _ZD.I

!i l. IZbl i loTe_O vO_ *00172 .D71 27io0 1.2_i

l.ZO 253.00 32_J 256_.9 19.#01

l._OI 21#.29 31_U 2bl_.l 19.45_ i°12/( 1.7_91 90L .00_ .7_0 z_2.e

1.00 I 183.50 _13_IZ_70.9 19.92_ l°l_/_ 1.7131 o_ .001 b ._Z_ _o@ l.O0 b'
1.7_] 173.72 31:? 2#_._ 19.9_ i.I_11 i.b_77 o9_ .OOi _ i.000 :_3.9 1.000

2.00 150.00 50_bi 2WOO.0 I_o_20 1.1259 i.beTL eB6 .001 _] 1.131 237.b 1.0151

&.00 75.00 293_ i 2190.9 I _.9001 1.12_7 i.5075 _w .001 9 I,b32 :b_°_ 1.354 i

Ii0.00 33.0C 2bbl! 193_.5 20.228 1.13021 1.2e77 _ _iL .001 31 2.15e z�l.i _.,27;

20.00 15.00 2_7_ 176_.5!Z0°435 1.13_V i,o_7_I /79 3,9971
ZO°_I i_.70 2_72 1759.5 i dO.q_O 1.13/2 1.0719 77a .000 3i Z.blb: _12.7 4,0b_ I

22_i 1604.4 20.597 i.I_7 .5963! 74L_0.00

I00.00

200.00

_00.00

i000.00

2000.00

4000.00

7.50

3°00 2052 i_13.9 20.73_ 1.17Zb .7030

1.50 iBcO 1255.U 20.7_ 1.19351 ._070

• 75 1529 1171.3 20._05 I.ZI_ i .bOO0

i

137 l.....[ 1207 _b4.Jj 20.o13 i._al _b_o

0_ i 1050 679.B ] ZO.dl_ I.L5_ I ._630

R = 2.000. PERCE_T FUll

• 000 _] Z.50_

• 000 b L.557 i

_a6 .000_ 3.Lbe]

_3_ .0006 3.)BZ

_a_ .ooo9 3._L7

45_ I .000 _ _.aze

_0_ .ooo.5....
5.927_ _ F =Ib._73

_IZ.l

_30._

_50.9

_l_._

_01.0

b,73_!

13.621

2_.Z71

3_.7_2

_0._9

13/.L1_

233,5O7

0.O00 0.0

• 3_0 ez.e

.515i iii.71

• 051 i#I._

.(5211bb._:

l.olb I zzO._

1.Z79_ L_7.5

i. {09 _70.9

1.9_I i _29,9

2.04_! _3.3

2.097] _55.0:

0.000 0"0

.19_ _7.9

.bid 9_,7

• _Ol lib.2

• bb_ IZ).O

._32 I_0.2

1._II 24W.6

1.55? 290.z

l.b�b _Z_°6

1.7_ 3_1.5

l.�w 0 _?_._

1.00 _ 300.00 _ 3103 2016.0q 21.--723_ 1.136_ 1.2138

1.05 2 S5.7i 30_] 2002.2 I 21° 7_ 3 1.13_5 1.2052

1.20 290.001 30_6 i 19_4.8 I 21.797 1.1370! I,1812

I._0 i 2 _.29 + 299_ 1922._ 21.857 i.13 _5] 1.152_

10.00 _0.00 2_02 i 1_.72_._1 I 1.15V9 .7o+_

_0.oo 15.oo zib_ i3o_.3i z2._7 I ,.iz+o ._ It

zo.+ll _+,7o z181 _302.+i2_.b_ i.17_i ,_7

0.00 7,50 11970 1179,b 22.533 1.19_b . boll

_oo.oo .75 1297 i 852.3 22.6 7 1.2 z_ O( •

1000.00 .30 |076 757.2 22._77 I i'26360 ._201

2000.00 .15 V2V i 69_._ 22.677 I 1.2155 i ._0_6

I 4000.00 _ .Od ! 797 644. i ] 22.677 i 1.2U¥_ .3900

910 0.001 1 0-000

907 .001 0 .293

_00 .001 7 ._69

a�Z .001 3 .777

_5 .0010 .vL2

_81 .0018 1.000

_35 .000 _ i._z6

;ui .O00.b z.l>ll

;39 .000 > _.9i5

_57 .0095 2.e_e[

OlO .0007 3.30q

)>9 .000_2 3.60e

_0 _ .000:8 _.053

_32 .000_3 _.596

380 .0000 i 5.0_0
_31 .000 ? 5._18_

R = 3.000. PERCENT FUEL = 4.031. OF :23-_10

0.000

1.05 _05.71 270_ 1_70.7 L_.. t_b2 1.10'-.+ ._o+Z ! +bl • 000 .'_ .Z'_O J_,i .b
1.20 250.00 ] 255u i_41.9 20.715 l.lOb( .5059 i +_ .000.5 .553] _II,._

i,+00 Z14,29 i Z+O+" i_0'J,3 ,_+,751 1,10_+'+ ,6_51 + ++01 .000,+
19+.0

1.60 187.50 ] 2555 1201.7 L_+.760 1,1719 .5275 _32 .000'I ,YlJ.! 10U.9 +

1.76 170.82 25_3 1262.7 20. 790 1.1730 .6155 _25 ) .000 +9 I.000 iB_.L

2.00 150+00 2477 1236.7 2_.823 l.|Tbb .5991 _16 i .00057 i.|1_ 189.1

76_* 1.609 20_.8

_.00 75.00 2232 _ 1106.3 2_+.9_2 1.193_ .5210 593 .000+7

i0.00 30.00 191_ 955.2 24.985 i021_5 .&bl7 690 .000_8 2.1#4 227.0

_0.00 7.50 I_;2 769.2 25.007 1.2_I_ 632 2.521 _'_ 1.0

20.00 15.00 IbSq 856.1 25.002 1.23_7 ._206 .000J3 i
20.#I I_'.70 1678 855.3 _5+002 1.23_1 ._199 630 .000J3 2._32 ¢_i.#

• _007 _7_ ,000 _9 _.t_96 I z_z.9

) _,2Z3

I00.O0 _.00 I 122_ _=71.'* 25.0OB /.2bJ: .3_13 .O00_

200.00 E.50 I055 + _08.7 25.008 1.275_ .35_0 .OOC !1

_00,00 .75 I 905 I 554,B Lb,O0_ 1,2_77 .35_7 .00015 _79,9

+°° ° I =+++o++zI+ o,oo+++.....ZO00.O0 .15 ! 623 458.0 ! 25.008 1.31m3 .3291 286[ .00012 _91.1+ooooo .o +,oo, ,+ + oo+..,+o
.... _ _ .._ 1 ........ _ ...... !

221._

zl_.l

Zle._

z3e.L

297._

3_3,_

_5_.3

: j

._0_

.65_

.73_

1.016

1.27_

1.422

i._Ze

1.074

1.75_

I._21

1.89_

1.9_0

1.97_

+

!0.o_0 6'0
2.i_i .ZO0_ 30.b

i.z_2] .52i] (9.2
1.05_

1.00_) ._13 9_.i

1.000 .06_ I0i.6

1.012 ,73_ i1¢.2

1.317 i 1.01_ ]5_.7

2.261i 1,L67 19_,6_

3,584] I._0_ z13,8i]3.63_ i. @lO g1_._

5._02 1.51o Z_0.8

IU._9@ 1.10_ /59,3;

60"15_ i i. UZb ii L/7.7i

99+9_b I _u Z_.5 t

165._57 + 1..9_ I z...3

0-0

56.7

90.2

i06.2

11_*. 7

lz0.2

177,5

2zz._

z_09.2

269._

292.b

306.5

31_.2

331.0

_3_.9

3_5.5

i 0.000

Z.iZv ._9_

I.L_3 .382

1.053 ._i!

i.O0_

1.000

_.01_

2.3?9

6._55

12.500

21.125

3_.5/2

70.973

119.b_1

201.392
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

Combustlon-chamber pr_.ssure, 300 pounds per square inch absolute;

equilibrium composition during Isentroplc expanslon

¢iscosJ [ Spec c i i
ity Thermot I Moth impu se Area Thrus , Specilic/L: ....... her Ii....... I

conduct t I
ratio, coeffloent mpu se

mc o _ k, / M I,_ I_ C ! I,

3.05_, O/F :31,7_6

-- I o.ooo 0.;
U04 0.000_6 0,000, _08. , _.172 °203 _7.bJ

(JO0 • O00q_ ,28_ i[ idZ, 9

789 oO00q_ .955l 19>,_ l°z_,_ ._01 bZ'9!I.ooo 3.,,I.......o. ....,....,
l

/bb ,00040 l,UO0 i i_._ 1,990 .bell VZ._I

v4_ .000_ *.,901 _._ 1.909 ._ _0_.0
68_ ,00233_ l.b_9 i°2_4 l°Oz 0 13_°6

I0,00

20,00

20._i

40,00

100,00

200,00

400,00

1000.00

2900,00

_000.00

30,00 1585 716,2 26.404i

15,00 1349 840,5 26.406 1

14,70 1343 638°5 26.406 i

7,50 1165 575,1 26°_06_I

3,00 952 502,2 28,4061.50 813 458,_ Lb,_06

• 75] 690 417.1 Zb°40_

• 30[ 582 37_,5 28°406

• 18 483 348.O Zb.406

°08[ 3_b 32O,0 Z0,400

: 5.000,

io00

i,05

1.20

1.40

l.bO

l. BO

2°00

_.00

I0°00

20.00

20,_i

40.00

100o00

200.00

400°00

1000°00

2000°00

4000.00

I

300,001

285,71

250,00

214°29

' 187°50

168.83

150°00

75°00

30.00

tb,O0

14.70

7,50

3,00 1

l._c l

.75

.30

*15

2069

2051

2000

1942

1893

18bl

1813

1578

1303

iiZ2

1117

981

777

65_

85_

_38

385

303

855,0 27.313 i,_295 0.3968

847,7 Z;.31b 1.2306 ,3_47

828.0 _7,319 io2337 ,3893

805°9 2_.324 1.2371 .3835

78{.3 27,327 i,_400 .3790

771e4 27°3Z9 1.2424 o37_3

757°2 Z7*331 1.2445 .3722

671*9 27°33[ loZbOl °3bbW

578,I 27.339 1,2709 .3411

b15.1 27.3_9 I,Z_Ib °3J09

51_.5 Z7.339 i. ZolV ._30_

462.8 27.339 1,29z9 .3209

405.0 27.339 1,3095 .3078

36_.9 27.539 I,3227 .2_79

33_°5 27.339 1,3354 °2887

305°5 27.339 1°3_36 °_752

285.3 27°339 1°3_3 .272_

28_o6 27,339 1.3_ .2ov_

k
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'['ABLE II. - Continued. THEORETICAL ROCY_ET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OX_ ]EN

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

(d) Combustlon-chamber pressure, 600 pounds per square inch absolute; equilibrium

composition dur!n 6 isentroplc ex_{nsion

Stoic V;_os-

T_p- Ther_ I S_ifi¢
E,_lpy. Mok_u_r ken_o_c _iEc i_ Moch _rnpul_ Ar_ lh_=t

P,_lure pre,um, er_u_ h, weigh, exponent, he_, #, condu_i,i_, nu " Icoe(_ient, ;mpul_.
r m Vacuum ro_io.

ratio, p, T, cp, mKro k, ]_

R = 0.IS01 P£RCENT FUEL • 49.6_t O/F = Io190

•I t
i 00 600.00 1183_ 5313.5 4._£6 1.3396 1.77_3 31_ 0.00073 0"000 0.000 0t0

1,05 571._3 i_681 _87.7 _*#_6 1,3_06 1.7710 311 *00073 ,271 _30-0 21_0 "210 _7,&

1,ZO _00,00 IIZ�I 5218.6 _,#16 1,3_36 1_7_97 303 ,00070 *_27 3_._ 1,297 .qO 3 90*8

1,_0 _8,57 10881 _1_1,8 _*_16 1*3_89 1,7_7_ _93 *00068 ,72Z _98,1 leO81 -_ £_2,2

1,60 379.00 IO_91 9077,7 _.61b 1.3#97 1.7370 _B9 *00066 .860 286.6 1.018 .63b _3._

1.87 321,6_ 10081 5006.8 ",_16 1,3_28 1.72_6 276 *00063 1,000 £B_,I 1,000 _725 163,4

2.00 300,00 9891 _979,_ _,_16 1,35_1 1.7210 272 ,O006Z 1.059 28_,_ 1,003 ,761 171,5_.00 150,00 _Z_l _69_,_ _,_16 1.3691 1,6826 Z3_ .00052 1,566 301,7 1,233 1,031 _32,3

10.00 60,00 6_31 _39_,5 _,_16 1,37_8 1,6506 188 ,O004Z Z,152 327,_ 1.97_ 1_2_7 283,1

20,00 30,00 53_1 _209,8 _,_lb 1,3799 1,63_5 1_9 *00035 _*_06 3_3,_ 2*983 1,376 309,9 1

I.&269 .000_9 3,031 336t_ _.&20 I._67 330,R
_0.00 19.00 _ul _058,9 _._16 1,382_ 1.8287 L33
_0.83 1_,70 _;I _05_,8 _*_16 /,3824 132 ,00029 3,0_ 358,8 _,882 1,_69 330,9

100,00 6,00 3_0t 3899_0 _*_16 1.3883 1,6089 I0_ ,00023 3,8#8 369.8 8t_3_ 1,5_8 3_0.8

_00,00 1,50 230_ 37_3,2 _*_16 1,4069 1.9_583670 *0001_ _.67_ 38#.1 _1,_88 l.b_ 37_. 0

1000,00 ,60 175i 36_0,1 _*_16' 1,43_7 1,4862 59 .00011 5,_38 390*6 39m9_8 _*6% 38_,6

1,_039 _9 ,00009 6,096 39#,3 63,972 _,T_9 387,2

2000,00 ,30 1_21 3590,9 _,_16 1,_552 1,_387

_000.00 .15 11_' 3551.2 _._16 1.4717 .00007 6.8_2 397.3 100.938 I 1.739 391.6

= 0,2001 PERCENT FUEL = 38,65, O/F • 1,587

1.00 800,00 151_ 2969,7 5.216 1,3078 1,6187 _OZ 0,0008_ 0-000 0,000 0.0

1.05 571._3 1_97 I 29_1.7 5.216 1,3089 1,6/_3 399 ,00083 ,_7_ 952.1 L.Z331 *209 _9.3

I.20 500.00 1_50 Z866*8 5.216 1.3119 1.602_ 389 .00081 .533 3_8.8 1.Z891 ._00 9_.6

i,_O _28,37 139_ 2783.1 8*216 1,316_ 1,5888 378 *00078 *730 _09,3 1,0111 ,939 127,_

1.60 376.00 13b_ 2713.2 5.216 1.31_b 1.5773 369 .00076 .869 _99.6 x*O_l .632 1_9*_

1,86 32_,9_ 1307 26_0.5 5o216 1=3217 i*5651 399 ,00073 1,000 Z97.3 1-0001 ,7_6 _69.2

2.00 300.00 1282 2601,1 5.216 1.3Z36 1.558_ 393 ,00072 1,068 Z97.8 _-00_1 .7_7 _79.1

_,00 150,00 1079 2290,0 5.216 1,3391 1,50_6 307 *00061 1.572 316,7 IeZ_I 1.0_9 _3,2

13,00 60,00 _2 195_,3 b*Zi6 1,3968 1,_916 251 *000_8 2.148 3_.7 2.0091 1,297 297*2

_0.00 30.00 709 17_8.8 5.216 1.3656 1._232 213 .000_0 2*573 362,0 3.0_91 1.379 325.9

_0.00 15,00 388 1578.0 5.216 i.3715 1._068 179 .00034 3o010 376.0 _.7391 1,472 3_8.0

_0.83 1_.70 565] 1573,_ 5*216 1.3716 1._06Z 178 .00034 3*023 376._ _*_OZl 1._7_ 3_8.6

I00.00 6.00 _58] 1396.3 5.216 1,3770 1.3916 i_l ,00026 3.619 390.5 8.6/9J 1,5k5 370*0

230,00 3,00 379 ] 1208*1 5.216 1.3811 1,3808 117 *00022 _,111 399.1 13.8701 1*619 382,7
_00.00 1.50 31Z! i195.2 9.216 1.38_8 1.388_ 96 *00018 _.638 _06.I 22*Z96] 1.662 393.0

2_Z I098.9 9.216 1.397_ 1.3_OZ 7_ 5.39_ _13._ _1.9791 1.706 _03.§
1000.00 .60 198 *00013

2000.00 ,30 10_1,1 5.216 1._1_7 1,2976 81 *00011 6,014 _17,7 67.6871 1.733] _09.7

• 15 181 I 993.9 3.218 1 .... 2 i._9_3 50 .00009 6.701 ,21.1 108.75,! 1.73" i *_'.6_000.00
i

I

R = 0,2501 PERCENT FUEL = 33,31, O/F • 1,98_

'_I i _r 1.9,1 F 2;fF_o.oo;;;,'1.',';1:__._,8.76

1.ooi 6oe.00 zsz7 12_9,3 _.018 z,zsz7i z._998 o,ooo o.o
1.05 571._3 i 1797 _ 1220.2 6,016 1.2837 _ I*_955 i _77 .00091 0-000 563.q 2, 218l _07 50,8

1._oi _oo.oo 17_ I llW2.1 0.016 1.2865 1.98_0 _67 ,...00089 .b38 358.2 I 1.283[ ,39e 96.6

1,_0 i _28,57: 1686 i 105_.,7 6o016 1,2896 1,_712 _56 *00086 ,736 3_6,31 [,078i *8361 _80,1
1.60 [ 875.00 1636 981.5 6.016 1.292_ i._60_ _ 008 _ .876 306.6 I 1.015J .829 152.7

1,831 327,81 1987 909,9 6.016 1,2952 i,_9_I _36j -00081 1,000 30¢,51 1,0001 .708 171,8

z._*_! _9 "1:_00801.078 30_.z .7_* z83.z2.00 300.00 15551 863.9 6.018 1.00_1

_.00 i 150.00 132_ 535.1 b.0/6 1.31Z5 ] 1.3874 I 37_ 0068 _25.5 1.£_bi 1.027 269.3

10,001 60.00 1057 176_i 8.016 1,33_9 1.32231 31_ ,0005_ _.1_7' 355.3 Z.O_81 1.288 305*6

20.00 I 30.00 887 9959.0 6.016 1.3_60 1.28_91 Z69 .000_6 2._63 373.7 3,_Z II 1.38_ 335.7

WO.O0 15.00 7_1 9768.I 6.016 1,3988 1.2_60 Z28 ,00038 2.987 _88.7 _.8831 1._78 359, 0

_0.88 1_.70 737 9763.1 6.016 1.3571 1.2952 Z27 .00038 3.000 389.1 _.9_91 1._81 359.b
/

lO0.O0 1 6.00 581 9569,0 8.016 1.3663 1.2321 181 .00030 3.581 _04.2 8.985l 1.57§ 382._

200.00 3.00 _82 9_7.8 6.016 1.3717 1.2189 151 .O002fl _*06_ _13.4 I_.3961 1.630 395,9

_00.00 1.50 399 93_7.3 6.016 1.3755 1.2100 125 .00020 _.582J _20.9 23.208[ 1.67_ &06.8

1.1985 .i .i

000.00 *bO 310 92_0.5 6.016 1.38Z0 1.19_9 95 .00015 5.3_7! _28.7 _3.893L 1.722 _18.1

:000°00 .30 256 9179*9 6.016 1,3883 1.1_I0 78 .00012 8.945i _33.4 71.2791 _.7_9 _2_.7

.000.00 .15 210 9122.7 6.016 1._037 6_ .00010 6.606 I _37.2 1115.650[ L.771 _30.2
i

= 0.300. PERCENT FUEL " 29.57. O/F - 2.381

1.00 600.00 209_ 9982. 815 1,26131 1._1_5 I _51[ 0.00098 0,000 0,000] 0.0

1.05 971._3 _073 9903.1 6.815 1.26_3 1,_097 I 547 ,00097 .279 568.6 Z.ZOO1 _£001 50.81

I.ZO 500.00 20_6 9823.5 6.815 L.2e>O 1.39671 537 .00096 359.8 1.Z771 .3961 97*8;

i*_0 _28,57 1952 973_.3 bo815 1.2681 1.38_b] 528 .0009_ .7_2 319.8 L.0111 ._I 13_*_ I

1.60 375.00 1898 9659.4 b.816 1.2708 1.3708i 515 .00089 _88_ 310.8 Z*O_I *_OI 15_.2[1.82 330.21 _B_7 9589.9 8.816 1.2734 1.3898i 505 .00087 I*000 308*3 1.0001 ,_o_! IT2.7.

2*00 300.00 1609 9538,8 6.818 1.2753 1.35/91 _98 .00085 1.0821 309.i 1.00bl .751[ _85.1r

_.00 150.00 1553 9199,6 bo8161 I.Z894 I.Z991] _45 .0007_ 1.885 330.8 I._681 1.025 I Z52,61
I

I

10.00 60.00 1257 8825.3 6.816! 1,3095 1.2336] 375 .00060 2.1_8, 361.8 £.08bi 1.260[ 310,_I

ZO.O0 80.00 106_ 859[.I 6.818 ] 1.32_8 1.1891 ! 325 ,00051 Z,555 I 381.£ 3*206] 1.386 _4.71

0*83 I_.70 891 _388,2 b.816 ! L. 3_88 1.182Z [ ZT? .000_2 2.98_ 397._ b.lOb j I*_88 _bb*bl

_0.00 15.00 895 8393.6 b.816 J 1.33_ 1.18_I I _79 .000_2 2.988 397. 0 5.037 i I._88 _bb.Ol

100.00 8.00 707 8180.3 ii!ii l*3b_O io117_! ZZ_ .0008_ 3._ :'*£3"5 9.3Z_I 1.6,31"68...... I
200.00 3.00 990 80_9.6 1.3603 1.1007 ] _87 .000Z7 w*013 I _23.3 _.993 I _OW._l

_00.00 1.50 _90 79_0.8 1,36_6 1.0867] I .O00Z3

!  396
1000.00 .00 383,...8 0.16 .3,.!10,.8 1,0 .0o°. ,:8.1-<8  ,.999,.738.... 8,1,000.00 .3o 3177. .3 6.8.11.377 ,1:083898 ,.°00- 6..0 9..7. 1.790

1Z2.1851
_000.00 .15i 282 7696,0 6,816 1.88Z7 I 1,053_ 80 i ,00011
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TABLE II. - Continued.

(d) Continued.

Slatic i I
Temp-

Pressure pressure, erotufe I t:nlhalpy.

I Pc/P *b_m , _o.zo

THEORETICAL ROCKET PEHFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, 0/F.]

Combustlon-chamber pressure, 600 pounds per square Inch absolute;

equilibrium composition during isentropic expansion

........ ,,+u_., A.,<+ Th.... / ,s_2',_
*_gh,, I expanent I _*, i #/ c°nd_"'itx,i number i....... rio l¢oeffi¢ientJ impulse

• 0*330. PERCENT FUEL _ 26.471 OIF - 2*?T!

2347 ]1.00 600*00] 8892*8 7.610 1.2410 1.3691 0.00104 j 0.0_0 : 0._ U*O

1.0_ 571.#3 2325i 8863*0 7.610 1. 1.362 *00103 I .28] ,[0*0 I Z*IY_ *288 b0*9

1.20 500*00 2266 8783*0 7.611 1].2451 1.3#40 598t *00100 *_4_ 361.0 I 1*2t3[ *;J_4 91-7/
1.40 428.3712198 8693.2 7.613 li,2483 1.32#9 i 386 I .00097 / .7#7 321,2 I 1.068 I *531 151.8!

1.811"60375,0015.0020898551,_21408617.67.61311,23131.3099l i 1.2874 1.o378',"'"jl ..8, .1.8I1"°12/I..z31,..7I

332.36 7.61# 1.2838 1.2976 367 .00092 1.uoc 310.0 1 * _J_J .6_ 111*,

2.00 *00090 1.u8;_ _10*9 1,00.' ,7_.9 18_,9300.00 2046 8495*7 7.61# 1.2559 i

150.00 8150.9 7.616 I 1.2699 1.2291 506 *00079 1.'9_ 333.2 1.27_ 1.023 2_Nb*l4*00 i 1771

10.00 60*00 1451 7766.6 _ 7.616 i 1*2883 1.1685 434 *00083 2.149 366.6 I 2*119 1*_bl 313.0
20.00 30.00 1238 7323.9 7.616 I 1.3036 I 1.,204] 381 / .O,O_I 2._,0 386.,_ 3.2,1J 1.,_0 "_'.1!

40.83 1#.70 1043 7311.? 7.616 1 1.3192 I 1*0783 ] 328 / .ooo461 2.96, 4uz.v [ 'tZbu! l*'_Vd_ 310._
#0.00 1050 7317.3 7.616 1¢3188 1.0794 i 330 * O00aH& 2._3 #UZ*5 '*1_ 1._91 3*70* 3

100.00 6.00 838 7092,4 7.616[ 1.336# 1.0365 267 *,036j 3.'11 "1_*_ 9.61, 1 .... ' _,.8'

200.00 3*00 702 6953*5 7.616 1.347§ ; 1.01181 225_ *00030[ 3*Y64 #_U*_ i_._Z_ 1*b=_ #lu*_l
400.00 1.30 386 6837*3 7t616 i li33_ *9933 188 .0_g023 _*#_3 #_.6 2_*_U 1*_0_ t 43_.9

1000*00 I .60 460 6712.8 7.616 1.363# *9789 1#8 .0_19 3.162 44.1.:> _.2_ 1. _# #3_*_

2000*00 I .15"30 382 6636*9 7,616 I 1.368# I .9692 / 121 / .0_016 _ 5.7_1 _,_32*8 # 78.8_2] 1. _, ,_,.1 I

] 317 6573.8 7.616 1.3738_ ,9590 / 98 / .ooo131*.392 ,.s_.2[_18._,, z,_u_ ',_,21
R • 0.#00. PERCENT FUEL • 23.95_. OIF • _.1.'5

1.00 ' 600.00 287# _.5 8*396 " 1.2209 1.3697 663 0.00110 O*UO0 O*OgOi U*O

1.05 371.43 2552 8020.9 8.397 1.2220 1.3599 660 *00109 .283 bbU*b 2.184 *204 I 'g*
1.20 J 300*00 2492 I 79,1.2 / 8.401 1.2252 1,3344 1630 [ *00106] ._,Oi 360,5 l*Z_t_/ *_gzl 9/*_

1.40 428.7 2#22!7..7 / 8.40,, .2289 1.0. / 639/ .001021.7,2 321.0 .06, / ..81 1311,I1.60 375*00 2363 7776.1 8*406 I 1.2320 1.2886 630 ._0100 *_S[ 311.8j 1.011 .621 1_*
1.79 334*33 2313 7713.0 8*408 1.23_7 1.268_1 621 / *00097] leUOOI 310.2 1.000 .M_8 17_*_

2*00 300.00 2266 765#*1 / 8.#10 I 1.2372 1.2533J 613 / *0009_ i 1.09# I 311.2 I 1.00_ / */--I 18_.7 I

4.00 ,0.00 19787306.9_8.41#11.2,201.1787/ 3,1! .0.00311.,, I 33,.311.2,,.1.02212,.4
10.00 60.001637 6916.6[ 8,16 11.27011.11091.9! .0,06912.1#91367.61 2.1801_.2,_13..[
20.00 30.00 1#08 6667.8 8.416 ].2842 1.0669| 43# I .0,O59 2*5'45 388.6J 3.3_1l 1.3_] _.*.gJ
40*00 15.00 1204 6_.34 * 3 8.416 1.2532 1.0253 / 380 .00050 2*940 408*9 3.3_J# 1.497 372*7

4O.83_4.7011996,8.,I 8.#1611.29961.0242/ 3791"_"/ 2.'1_4U6.31_.40911.,_1373.,I
100.00 6*00 I 970 6219.8 8.#16 I 1.3188 *9767 313 tOO040 3*482 _24.1 10.0_9 l*bO_ 399*1

200* O0 3.00 818 I / I

6073t7 8.#16 1*3318 *9478 266 *00033 3.920 43_.0 i 16*2t_2 1*b66 _1_.7

400*00 ltSO 687 .5950.8 8.416 I 1.3428 .92q-9 224 ,00027 4.391 4_3.9 28._2_ 1.717 #27t6

8.416 1.3537 .90371 176 .00021 5.u76 453.3 30.761_ 1.7toJ ,_o.TJ1000.o0 .60 5818.5

200o.0o .3o #, ,737.3/ 8.,1611.339, .892811,61 .o,o_"l,o-81 .... ol 83.10,[1.8021,,,,.8p
3669.R 8.416 1.36#7 *8835 119 _ *00014 6.271 _63.6 136.261 1,_28 I _5.1 /,000 .1, 376 2 1 l i 1 1 [ [

F " 0.430_ PERCENT FUEL - 21.17t O/F m 3.371 l

1o00 600.00F2_; 7,_.3 9.1,771.2018T1.,1,6707_0.00119F0.000i T olo.._,oT0.o_
1.o, ,1.43_732732,.39.17o/1.2o29/1.4o27704/ .oo110j.2.,I ,6,.0 2.1,2t._.2o,/ ,oIj1.20 3oo.o0269272#6.89.,7 1.20601.3686693 .00114.,,, ,8.6 1.2,, .-0 96.
1.40 428.37 262# 71.57.9 9.184. ] 1.2097 J h3318 803| .00110 _ .'757 1319.6 j 1.063 •_>26J 130.81

1,60 378.00 2365 7082,9 9,18911,2128 / h3022 676J .00106 / .8991 31Oo7 l,OlOJ ,618_ 133.T 1
1.78 336.72 2517 7023.8 9.19311.215# 1.2799 669 .0010#|1*U001 309*21 1*U001 *682 1 169.6_

4*00 130.00 217# 661#.5 9.210 1.2347 1.1814 611 i *00087 1.'99 334*2 1.293 1.020 2"_8 * 7

6220.9 9.215 1.2537 1.0682 340 .0,O72 2.1_9 368*3 2*102 1*Z_3 31_*1
20*00 30*00 1375 .5967*7 9*216 1.2670 1.0237 48, .0@063 2*'39 389*9 3*#20 1.t91 3_. 1.4

#0*00 13.00 1337 .5749*0 9.216 1.2811 *9828 429 *0005# 2._27 407*8 ,*_*16 1.508 373*8

#0*83 14.70 1330 3743*0 9.216 1.2815 / .9816 428 *000_'#. 2.939 4U8*3 '*_._4 1._06 17#.t

100.00 6*00 1104 .5506.6 9.216 1.3008 / *9328 358 *00043 3.4_33 41_6.8 10.301 1.612 #_Jl*O200.00 3*00 937 3354*# 9.216 1.3152 *8996 307 *0,O36 3*U79 43_.3 I 16.'#_ 0 l.b/U _'1 I* 2

400*00 1.50 792 5225*# 9.216 1.3282 / .8727 261 ' .00030 4*334 _7.7 21*1_, 1.731 430*4

1000.00 .60 629 3088*6 9.216 1.3418 / .846.5 207 [ .00023 4.99_ #!37.6 I83.398 1.¢_ 44_.3

2000.00 .3o _26 4999.5 9.216 _ 1.3502 / .8313 172 I .00019 _ 5.644 403.6 8t./1# 1._20 #82.! I

4000.00] .1_' 439 #927.89.216_1.3362 / .82101421 .0001616.1,8 1468*_|tS.lY, 1.U,8 ,,9.31

R • 0*300. PERCENT FUEL 20.12_ O/F • 3*968 /
/

---1_* 0011.05 600.00 72944 " 6769.6371.43 29236741.0 9.919 1.|849 1*S012 74310.00130 _ OoUO0 " _. U*O00- U;O!I 9.92311.1839i1.68.567421.001291.2871,,_.8 1 2.1_2, ,2oz ,o.ol

2866 6663t6 9°963 1.1970 1.3324 710 *00112 1.UO01 30r.3 Z*000 .616 16"_.6

1.20 300.00 9.938 ] 1.1835 1.4#40 73# .0012# *_,8! _,,*l 1*2_U *_Ua _e**1
1.40 428.87 2800 i 6376*3 9*947 1.1917 1*3979 72# .00119 *762 31t.3 1.061 *'2_ 129*7

l*TTl 338.881269916,47.311.60 ! 373*00 27#2 6302*4 9*9.57 1.1946 1•3600 716 *00113 *_04 308.6 1.009 .616 I,Z*,

2*00 300*00 2647 i 6382.5 9.971 1.1998 1.3008 702 *00109 1.106 308.6 1*010 * t_1 10t*,

4.00 150.00 23'6' 6037.6 9.999 1.2169 1.1531 655 *00092 ; 1.603 333.1; 1.303 I*019 2'2.,

10.00 60.00 i 1990 5642*7 10.013 / 1.2378 I 1.0408 ,87 I *00076 Ii 2.147 I 368*0 Ii 2*216 1*26_ 313.1

#0.00 15.00 ! 1507 5163.q
20.00 30*00 i 1737 5386*6 10.015 1.2515 .9888 532 *00066 2*,32 390.1 3.#91 1.*,01 346*9

10.01611.26_7 .9482' 477 *00057 I 2.914! 408.6 I ,.620 1.,09 3T3*8

#O.8311#.7011,01.5,7.7/10.016_1.26'1!.9_71 4'' .0OO372.926:#09.1 ,.701 1.,123,,.,
12_::::I _:::[11:,_::_'_:_!10.016i1.2830,.89844o3[ .00o#61,.4311#28.,I 10.7361.622_401.7

10.016 I 1.2984. .8834 330[ .00039 I 3.8,,21 ,-,0.3 17.6_4 1.6901 418.3
400*00 I 1.30 r 900 4622,8110.015 1.3123 ,8333 300 *00032 _ 4*280 480*2 l 29*032 1.745 ,4_2.2

12000*001°°°'°° _ .30"60 ii &06720 4385.04#76'0I' 10.016 1.3#7_ ,7696 166 *00017 8.02# 472*2 1,2.8## l*_b_ #62* _'

I 110.016 1.3291 .8013 240 ,000:)5 4,914 480*7 56*203 1.80# *#6*7
10.016 1.3387 .7341 Z01 *00021 5*44, #6/*0 92.6t_ 1.8_9 4.5,*5

:"000.00_ .15 I 507 4308*7 [
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TABLE II. - Continued.

(d) Continued.

equilibrium composition during Isentzoplc expansion

Static I _... vireos. .-- -- ' Sp*cific
Temp. =pecmc inermGl .

Premium prtssure. Enth_py. Moecuar i Isenlr°l_C *ty, fi . Moth imp_l_lBeroture ,

we_]_ eXl_nent, I heat, /L, com:kx _, number invacuu_
rot, o, ] p, h, ht, Ir ' c_/g | Cp, micro k, M ]_P/p I Ib/v4 i_

R = 0*600w PERCENT FUEL = 17.33, 0IF 6*762

] r 1.16tl
1.00! 600*00 3208 _841*bl 11.34T! 1,1593 1.7671 i 8031 0.00160 0.0001

1.05 i 571.43 31B9 bBi¢*3i 11.3561 1,1598 1.7482 8011 *00138 *ZVLI 546,7
1.20 [ 500*00 3137 _40._ I 11,379 1o6966 /v_ I *00132 *_1141 367*8
1.l*0 428*57 3077 _6b&*_l 11.¢04 1*J629 1.6_75] /Sill *001i6 *l(OI 310*8

1.60 37_*00 30_5 _6,01 11*¢25 l*lb_b 1.5869 7T_i *001+0 *V131 302.6

1.1659 774 I 1.0001

1.75 342.61 2990 _63_*8 I 11,438 1.1817 1.5531 *00117 301.5
2.00 300*00 2938 6470*4 I 11,_57 1.1680 1.5041 1664 *001_2 1*1171 303*1
4*00 150.00 2669 _13_*0 I 11.535 1.2723 727 I *00108 2*61Ji 328*7

10*00 60.00 Z313 4T4_*_ I 11.593 1,2068 1,0538 607 [ *000_5 g*145 I 363*0

20.00

_0.00
40.63

100.00

200,00

_00.001

1000.00
2000*00

_000.00

30*00 2050 _4B3.61

15.00 1803 _2_.3L
1_.70 1T96 _Z_V*OI

6.00 1506 3996,4!3,00 1306 3629,9
1.50 1125 3686.01

• 60 916 J_Zb*_l

• 30 778 3_*_1
.15 658 _L.Zl

1.00 600*00 3381
1.05 571.43 3364

1.20 500*00 3317
1._0 _28.57 3263

1.60 575*00 3217
1.74 345.2_ 3188

2,00 300*00 31_0
_,00 150.00 2903

10.00 60*00 2584
20*00 ¸ 30*00 2337

_0.00 _ 15.00 2008

_0.83 i 1_.70 2081
r

lOO.OOi 6.ooi1TT5
200*00 3*00 I 155_

_00.00 ! 1.501 135_

1000.00 1 *60 1125

2000*00 *30 _68

.00 .15 828

1.00 600.00! 3_ 1 !

_ 3_65 _1.05 5_1._3 3_2_ I• 20 500*00

ll*_O 4_.5_
1.60 t 5_5.00

_3T3_

.73 i 3_6.81 I 3306133_1!

2. O0 [ 300*00 3261 1[
_.00 _ 150.00 3052 1

!

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID (XYGEN

[Equivalence ratio, R; oxida:_t-fuel ratio, O/F.]

Combustion-chamber pressure, 600 potnds per square Inch absolute_

11.609 1.2216 .9574 617 I *00072 2._171 _88*2
11.615 1.2359 .8996 564 I °00063 2,805 I 407*6

11.615 1.2363 *8983 _6_ I ,00003 Z,_961 408*2

11.616 1.2_28 *8402 _90 I *00052 _,311 I 421*T
11.616 1,266_ ,8L36 _3_ I *000_3 3*772 I _1_6

11*616 1.2806 ,7807 3T9 [ *00038 4,114 I 452,4

11.616 1.2996 .7_20 _I1 I oO00JO 4.16_1 464*0

11,616 1.3130 .7177 _6_ I *000_5 _,_7 I 471.1

11.616 1.32_5 *6983 22_ I *000_0.......... b*791 r 476.9

= 0,7001 PERCENT FUEL 15.25t 0 'F 5*$56

12.664 1.1_29 I 2,1301 846 0.001_7 I 0.0001

12.677 1.1430 I 2.1115 863 *001_5 I *_Y_I _31._

i 12.711 1.143_ I 2*0594 837 .001_9 i *_iO I 338*3
12,750 1.1438 I 1,9976 830 *001_2 ] .ll_i 302*7

! 12.782 1.1_4_ I 1.9_28 123 .00106 [ ._iO[ 295,1

12.602 1,1_7 I 1.9085 819 ,00112 I l.gO01 294.1
12.83_ 1,1656 I 1.8_96 113 .001_6 ] 1.1_1 299*9

¸12.970 1,1526 I 1,5556 779 .001361 1*b_1 322.1

13.115 1.1702 I 1.2090 730 ,00102 I _,141t _59.3

i 13o174 1.18_4 I 1,0195 688 *000_3 ] 2._06J 31J*6

i 13.203 1,20671 .9006 640 ,O00tOI 2.1_31 604.1

i 13.203 1,20721 *8980 638 ,O001_l 2.i4_i 406*6

13.21_ 1.2263 I ,8183 571 ,000_/ I 3.3@71 426.4

13.216 1,2387 .7809 515 ,000_0 3.700 _0.2

i 13.216 1,2515 ,7_8_ 459 * 000'3 4.019 4_1.9

13.216 1,2696 I ,7000 367 *000 15 I 4*637 I _,¢_.6

113.216 1.28_0 I .6798 3)4 ,ooo.,915.017 I 471*4i 13.216 1.2978 .65fi2 206 *000 _4 5*575 479*0

= 0.800. PERCENT FUEL - 13,60, O'F • 6*349

13.859 1.1337 2*4909 875 0*00214 0-000
13.873 1*1335 2,4777 873 ,002 _2 *294 51_.6

13.919 1,1331 2*_401 867 *002_7 *_70 _28.6
13.969 1,1327 2,3938 _61 ,002_1 .TTI 194.1

1_.012 1,1326 2,3513 83_ *OOZ 16 ,9_6 216.7

1_*037 1,1_23 2.3254 851 ,00213 1-OOO _86.O
1_*002 1.1321 2*2752 845 *002]7 1.1_ 2i7.0

14.288 li1330 2.0021 816 *OOi _7 1.6]0 314.1

10.OC [ 60*00

_O.O0 i 30.00

_0.00 1 15.00

_0.83 1_.70

100.00 6*00

200°00 3*00
i _00.00 1.50

1000.00 *60
_000.00 *30

_000.0_ .15

1*00 600,00 3526

1.05 571*43 3511
1._0 500*00 3_69

I*_0 _28.57 3_22
l*bO 375.00 3382

1,73 3_7.52 3360
2*00 300*00 3317

_*00 150.00 3122

10.00 60*00 28_1
20.00 30.00 2705

_0.00 15.00 2528
_0.83 1_.70 2523

100,Ou_ 6.00 2279

200.00 3.00 2072
WO0,O0 1,50 1857

i000,00 ,60 16_5
'2000,O0 .30 1397

1_000.0 ,15 122_

2779 3579,7 14.522 1.1403 1,5823 773 *001t6 2.135 351.9
2568 3327*2¸ 14.636 1,1527 1,2725 741 *00137 2*605 376°0

23_6[ 3097*0 14.745 1,1712 1.0267 703 ,000t4 2*037 39i.3

2340 I 3090*5 14.747 1.1718 1.0207 702 *000_3 2*046 390*8
]

20_2 _2826.6 14._00 1_1_T6 °836? 642 .000_5 3*2T5 4_1._
18_5 226_T*3 14o812 1 1.2135 o_6_3 591 .0_0_5 3.6_3 436*6

160_ _2_86o5 1 14.815 ! 1_2260 _2_T 5_ .000_ 3._91 64_.2

13_7 2387,6i14._16 _ 1.2422 _6_0 464 .000_0 _*50T 463*0
11_3 2_0o611_.816 i 1_2553 _65_4 40_ .000_4 4._26 4_1.6

1o16 .9.0f 14.816i 1.2_94 .632oi 356 .oooc6 5.375 4TO.t
R 0*900, PERCENT FUEL • 12.2§1 O'F • 7.143

,1,2., 14.,30.12. -610.002,410.0001
_120,i 14.948 1.1293 2.66281 894

_OSil *002_3 .294 500.1 2.123Z,6432 • 002.9 .571i 318.8 1.241_OfiB*3 14.999'1,1285
3988,0!15*057!1.1277 2.61_5 881 ,002t5 .7_0; 285.4 1.052

392_,2 15.107 1.1270 2.59_3 _76 ,002_2 *_l_l 2T_.3 i 1.005

389_*fli15.136 1.1267 2.5813 _73 *002"0 1.000l 277*6 1.0003830,1 _ 15.190 1*1260 2*5526 066 ,00235 2,1_£1 279,4! 1.016

3540,7115.441 1.12_6 2*3886 839 *002L4 l*bi]l 305*3[ 1.35_

3190.4 i 15,751 _ *001.tl _*_11 _42,8 i1.1229_2,09_0 803 j 2._37
1.1254 ] 1*61002947,8115.963 7751 *001i2 Z,_IZl 367*9] 4*032

1.13_7 i 1.4013 746i 2,8381 390*0 I 6,838

2723*3] 16,145 *00112

2716,9 16,150 1,1330 1,4712 7_51 *001_1 2,8481 390*6 6.947

2453.5 16,318 1*155_ 1,05_1 701l *000J5 _,Z_6r 414,9 13,977

2270*2 16*384 1,1797 .8410 659] *000_5 3,6551 _30,8 24*037

2105.2 16,406 1,1999 .7_76 biOJ *000_4 3,8861 4_4,3 41,261

191h.5 16._15 1*2177 *6764 540] *O00*b _,3671 459*3 84.153

1789,5 16,416 1.22_ *b_U7 _861 *000_9 _.7_01 46_.8 144.295

167_*6 16._16 1.2.16 .6_17 _i1 *000J3_ 5,175 I 476*9 247.166

0,000 0.0
_.144 .200 44.8

1,250 .385 93.0

1,057 ,520 124.6
1,007 ,612 149.1

1,000 .666 162.3
1,012 *737 179,7

1,323 1,017 244*0

2,20_ 1,2_ 309*3

3,044 1,410 343,7
! 5,926 1,324 371,3

i 6,013 1,$27 372,3
i

I 11,476 1,643 400*7
; 19,054 1,716 412*4
: 31,724 1,776 433,1

: 621274 1•841 4_1,8

103,640 1,100 458,4
172,210 1,911 466,4

0*04)0 0.0
2.133 *1839 47.4

1.245 *31_ 91.2

1*054 .517 113,3
1.006 .601 145.2
1.000 _659 137.0

1.014 .?)4 175.1

1,339 1.016 242*3

2*356 1*173 303*$

3.803 1,41t _31.3

6*256 1._39 366*8

6*350 1,filial 3_t7.6

12,271 1.661 397.1

20.371 1,744 415,7

34,597 1.809 431.3

61,879 1,100 4-41.2
115,133 1,924 458.6

194,*_45 1.961 467.4

O*@O_l 0.0

2.126 ,19t 46*0
1,242 *)01 61,5

1.052 ,316 119,7

1.006 *607 1_0.9
1.000 ,634 151.1

1.015 ,733 170.0

i 1.350 1.016 233*7

2.409 1,276 296.0

3.9_4 1.427 331•1

6*507 1._32 360.1
6.689 L,_55 360*0

13.134 1,487 391.4
22.231 1,771 410.8

37.727 1,$_2 427*3

TI*063 1,919 445°3
129.237 1,960 456*6

219.200 2*009 466*2

i

Ar*a Thrust Spirit

ratio, :oefli_,Int, imp_be,

e CF _'
llb)(_)/{l>

0,000 0.O
*19e 44*6
.381 85*8

.516 116.1

,607 136.7
,653 147,0

*732 163,0
1,016 228*9

1,278 267.9

1,431 322*5
1,540 35i.5

1.563 352*3

1,702 383*4
1,791 403*7
1,869 421,1

1,75_ 440*3

_*008 452*5

_*056 463*0

5138.3

5112,5

5042,7
4963,5
4896.2

h855,0
4786,1

4463,7

4080,0
3823,0

3592*0
3585,6

332610

3152.5

3000,6

2829*9
2721.0

262715

E_

4586*9
4562,6

4496,8
4422,2

4358,6

_321,9
425_,6

3948,2
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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.]

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

equilibrium composition during isentropic expansion

Static Temp- Sc° it Mc(h SpeclfiClmpul_ Ar_ Thrust _iflcP ...... p ....... erature Enthalpy, Modular Isentro_c Specific Vlit s" T_rmol

w i conductivi_, I Ilcoeffic_nt, impul_,
ratio, p, T. _ eioh .... p ..... hut _, num_, i ........ io.

"p micro k, i M I,_
_/P Ib/iq .... K • I _ (it(ill'It" _i_l c°ltllll_Kll_) £ ! Cf

l = l.O001 PERCENT FUEL = II,191 O/f = 7.937

1.0C 600•00 3534 3777•9 15•886 1•1263 2•6053 910 0•00!51 0•000

1,05 571.43 3519 3756.4 15•906 1.1280 2•6007 907 .00250 .795 46_.3

i•2C 500•00 3476 3696.1: 15•961 1.1272 7•5874 902 .002_7 ._72 309.11.40 428.57 7431 3631.9 16•074 1•126_ 2•5703 _95 .007_4 *7aO 177.0

1.60 375,00 33921 7575•5 lb.olB 1,12_5 2._542 _a9 -007@1 .926 _70.2

1•73 347.72 3370! 3544•0 16.10a 1,1251 2•_44_i u86 •00239 1•000 261,4

2.00 300,001 332T 3483•I 16.16_ 1.1744I7•52_3 ! dSO •00236 1•137 7li,3
_*00 150•00 I 31371 3210.2 16•_41 1,1212 2,4094 _52! .00218 1,634! a96,5

i0.00 60.00i 2903 2_79.3 16.785 1.11_6 2,2079

20.00 30.00 i 2778 26_9.6 17.030; 1,1181 2,0116

40.00 15•ooi 2578 2436.1 17•2581 1.1191 1.8120

40*83 14.70 i 2573 2430•0 17•265 1.1191 1•8056

Ioo.oo 6.ooj 2371 2177•0 17•526 i•1239 1.5117

200•00 3,00 2214 1997,7 17,695 1•1315 1•2810

400.00 1.50 2052 1832•3 17.830 i•1437 1.0654

i000• 00i .601826 1634.9 17.947 I*1679 .8338

2000.00 •50 16WB ib01.7 17.991 1.1894 .7165

4000.00 •15 i_70 13_2•4 118.009 ie7091 .6444

R = 1.500, PERCENT FUEL

1.00 600.00 3374 2626.11 19•963 1.1327 I 1.6733

1.20 500.00! 3315 2563.9 19.540 1.13211 Io5942

I•05 571._3! _358 7609.3i19.483 1.1325 I•6157I 10142  ,1326T25121900|i•131,11..
/ 1.60 375.00 3226 2_68•5 19•6581.1314 I 1.5447

Jl i • 73 346 * 93 3202 2443 • 3 19 * 690 I .131311 • 5306

i 2•00 300.00 3158 2396•7 19.748 I.1310 1•5034

i 4• 00 150.00 2953 7185.1 20.011 I. 1313 1.3606

I 10.00 60.00 2692 1930•2 20.314 i 1.13_6 1•1474

I 20•00 30•00 2496 175b,2 20.499 1,1432 •9_1640.001i .001229 1,4.TI20•64011.1,71,2,4
i 4°' 3114"7°122911590.2120.6. 11..621..32
i lO0,O0 6.00 2026 1404.5 20•752 1.1791 ,6682

! 200.00 3,00 1818 1277.i 20.792 1.198_ .590_

! _00.00 i•50 16/6 1163.4 20•80T I•2162 •5_32

i000.00 *60 1366 1033.2 70•812 i*2336 •5048

r 2000e O01 .30 1199 9_8•5 120•813 i*2_62 i •4834

aO00 O0 I 15 I i0_9 8747!20813 i 259_ I 4636

l = 2.000, PERCENT FUEL = 5,927, O/F =15•673

1.00 600.00 3198 2016.0 21*832 i [*1414 1*lOUt 919 0.00112 0•000 0*000 0"0

i.05 571•4313141 2002•0 21•850 [•1414 1.1005 917 •00111 •293 391*2 _m137 .199 3_e9

1.20 500•00 i 309T 1964.2 21•900 Li1417 I•079_ 909 •00108 .568 249.2 1.245 e383 67.1

I._0 428*57 3046 1971.3 21o956 L•1421 1.054_ 900 •00105 •776 ZZie9 I.054 e517 90•8

1.60 375.00! 300_ 188_.8 22.003 L•I_26 I.0320 893 *001021 •920 217e2 le006 eb09 I06"9

I.T4 345.45 i 2975 i062.7 22.0_i L•IW 30 leo 187 888 *00100i I•000 216e6 i. OOO e658 115e 5

300.00 2929 1825.1 22.078 L*14_7 •99_ 0 830 •0009711•175

2•00 15.00 i 217*9 i•01_ .T)_ 171*9

4.00 150.00 2706 1650•2 22.286 L•1496 .8720 840 •00083 I•674 237*3 I•3_i 1.016 17Be&

I

10.0060.00 2413 1442.0 22.490 L•1641 •T166 784 e00065 7*1511 265•0 2*365 Ie2T3 773•5

20*0030.00 2189 I_01•4 22*588 L•1804 •6182 737 *00054 2•507 283•0 3.8_9 le_2l _9•4

40.00 1965 I174•9 22•b42 I L.1968 •5459 686 •000_5 2•897 298.3 6•321 1.541 770•5

i00*00 6.00 1678 i026°7 22.670 L•_212 ._8T5 614 *00037 3e316 314•9 12*_37 i•670 793•I

200•00 _ 3*00 1475 932•9 ! 22.676 L•7351 •4613 i 557 *00032 3.683 I 325•3 20.879 1•749 307. 0

; .3B94!I000.00 .60 1070! 75_.5122•6776TT I•2641 .4194 430 •00023 g.61_! 343.6 70.I_3 1,387 331•3
2000.00 .30 9231 694.I |22•677 i,2770 ,4040 378 .00019 5,059 I 3_9•5 i18.235 1,931 339,7

t _Z?L___2"Li_" L•290, 329 .00016 5•_,91 354.5 199*011 1•970 3_•8

i R = 3.0001 PERCENT FUEL = 4*031, O/F =23.B10

 D776o0;0 .72 2 12661929

• 1.1694 0.6509 869 0 • 00065 1!'0 000 !0-000 0.0

l O|.142729|3o 24729117o6.6oooo. 2.3. T222o15o61.20 500.00 2679 13_i.7 24.75911.172_ .6293 856 .00062] .561 21T.9 1.25_! .386 53.81

i._0 426.$7 2622 1308, 24.790 1.1749 ,6114 845 ,000601 ,766 19#,6 1.058! .522 79.4;

1.76 340.99 253_ 1281.7 2_._32 1.1793 .5_bB 6_8 .00057[ I•000 IBS•b 1*000 e670 102.1

2.00 300.00 2491 1235.9 2_.8521.1819 .5720 819 .00955 i I.I12 189.5 l. Oll .739 111.5

4.00 150.00 2237 II0 b• 24.937 i i.19_3 .50_9 Ibb •000_6 i 1.608 Z05*1 I• 314 1.018 155•0

  1:99 .4 60 690 .000-2.146241"73",9 1",,, 21 :0.

....40"83i00 = 1.50 904 554.225.008 1•2879 .416b i b31 .00033 2,5Z4 Z5310 9:778 1:517i 231.0111

40.001 15.00 1470 768.2 25,00711,748_ ,4000 572 .00329 2,9007

I_.70 146 ..... 6 25.007 1.2,67 .3995 571 .00028 2.911! 253.3 5.862 1.520 1231.41

I00.00! 6,00 1220 670.5 25.008 I,2635 .3811 498 ,0002_ 3.408 265.7 11.130 1.633 748.7

200.00 3.00 1053 608.0 25.008 1.2755 .3679 444 .00021 3•807 273•_i 18•_22 1.7031 759.4

.3555 I 392 .00018 4.229 i 279.9! 30.593 1.761 i 268.3

IC00.00.607331'25.008[I._0_].i,29.00014_.6291260.91'9.9081.824277.83596 "000102000° O0 .30 622 457.5 125•008 i•31_5 .3_90i _85 .00012 5•326 291•1 i 99.545 I* 862 283• 5

4000.00 ! °15 525 _26.0 25.008 i•3312 *31941 _b 5._68 29_.61 165.17 89_

0.000 OeO

2.122 *198 _3.3

1,2_0 i3811 83.3

le051 ,515i 112.7

1*005 .606' 137o7

I*000 .657 1_2,7

I°016 .737 160.1

1*357 1.0161 222,3

817 I •00192 2.162 _33•I 7*_69 1,27gi 779.6

791i .00171 I 2,51_ 357.7 _•055 1,4371 313.3

765 I ,00150 i 2,B_2 379,5 6,910 1.562 341•7

764 ,001491 2,B52 380,1 7*077 1,565 342,5

.00120 I 3.255 _Oa,6 1_.326 1.706 373,2
728 I
697 ,00099 3,558 _21.1 25.17_!. 1,799 393*6

663 .00080 3,B57 435,6 4_o210i 1,881 _11,4

611 ,00059 _•260 _52.2 93•124 1,97_ _31,$

56_ .0004_ _,5_5 467,_ I62t695 7*034 _5. 0

514 .00040 4•942 477*0 287,648 2*087 _56.5

• 7.749. O/F 211.905

2"650 1.351

930! 0.00163 0.000 0.000! 0.0

921 *00158 ,571 273*0 1e2_2 .381 _ T3.5

7,175927 *00162 .29_ 42B*_ .191i 38*2

913 I *00155 *T79 2_.3 1.052 *Lib I 99•_

9061 *00151 .92_ 238,3 1.006 .607 117,1

9031 *00150 1.000 737*6 1.000 .654 126,1

B96 *001_6 1,130 239.1 1.015 *733 1_1.3

662 •00128 1•631 261.0 .016 195.9

b18 *0010_ 2.157 _9_.6 2.415 1*776 7_b•1

782 *00086 2,509 313.5 3*967 1._78 275,3

7_3 *00070 228_I _31,7 6*664 1.55_ _99.6

7_Z *00070 332,2 6.76B 1,557 300.2 i

685 .0005_ 3,766 I 351.9 13._78 1.691 37b,0 i

b35 ,00945 3"59911 36_,7 22.691 1,777 3_7,6

587 ,00039 3.9501 375*6 39*039 Ie850 356,7

509 ,00032 _,450 387,5 79,054 1,931 377.3

_54 •00027 _*856; 395*0 13_,733 /,982 362.1

_01 .00323 _29_401._3z9._0 - _ 0._
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

(d) Concluded.

Pn_sure pressure,
ra_o+ I P+

_IP I "I'_++

LIQUID HYDROGEN WITH LIQUID 0XY;EN

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

Combustlon-chamber pressure, GO0 pounds per square

equilibrium composition during Isentropi, expanslon

Molecu4ar Vistas- Thermal II SpecificTemp- Enthatpy. : Isentrop, c Ma_h | impulse

conducfiv+ty. I......T. h_ we4g I /z, k. r MI _uTber [inv]_ ....

exponent, cl_° t, ity,

"" Jl .+,,.%,,o+0ro........., ....z>.
°K r . poises ,

R = _+°000, PERCI NT FUE;- = _.054, O/F =31.746
" _ I

0,_+697 806l 0,000'+51 0"000!

1045,7 26,328 ! 1m20_8 ,k663 802 I *000451 ,285 I 308,9

1022,1 26.340 i 1,2079 .4572 790 ,00044 i .55++ 196,0
995*6 26,352 i 1,2llt_ ,4473 777 "000_2 I ,756 17k.7
973.2 26,361 i 1,21_9 ,4393 765 ,00041 ,898 169+8

955,5 26.367 I,2175 ,_332 756 ,000_0 [ 1,000 169+0
937,0 26,374 1.2202 ,_272 7_.6 ,00039 L,099 169,6
833,_ 26.396 I,23_5 ,39_2 68_, ,00034 1,599 182,6

,3_99 '+91 *0002.2 ?,931 222,9715,9 26, _05_i',1,2521 ,3743 605 ,00028 2,150 ,_01,3

640,3 26,406 I 1,2632 ,3612 _46 ,000251 _,542 213,1

574,8 26,¢061 lm27_1 +573.126.,06i. 7......, +801.000221,943223.21
502,1 26._06 1,2895 .3352 _21 i ,00018 _,_58 233,4

456,1 26._+06 1,3022 ,32_3 371 +00016 :_,876 239,8
417+0 26+_06 1,3153 ,3139 .425 *00013 z+,320 2k5,1

374,4 26,406 i,3331 .3012 I 269 ,00011 _,959 _80,7
3+8.s 26.+06 _.3+60 .29_7_,_2 .00009 _.499_ ._4.0_
323*9 26,40 __I_.3_4 ,2664 _ 197 ,_ b,0_ _256,8

40.00 r

1,00 600,00 23811 1054,hi 26,3231 1.2036
1.05 571,_3 2362J

1,20 500,00 23091
I.WO _28.57 22_91

1,60 375,00 21981
1,78 336,_9 21571

2,00 300.00 211_I

_,00 150,00 i_601

lO,O0 60.00 15541
20.00 30,00 13_81

15,00 £16_I

_0°83 1_.70 I 1159!

100,00 6,00 952
200.00 3.00 813

_00+00 1.50 690

1000,00 ,60 5512000,00 -30 463_ooo,00 ,15i 386]

 122961 462,7 27.339 1,2929
i 461,3 27,339 1,2932

956

777 405,0 27,339 I*3095

058 368,9 27,339 1,3228
55_ 558._ 27,339 1.336 z+

_38 i 305,5 27.339 1.3536

365 285_3 27,339 1.365_
303 268,6 7,339 1,3697

R = 5,000, PER£EN T FUEL

;i r 27°337

2072 855,0 27,317 1,2317

2055 8_7.7 27,319 1,2327
2002 i 828,0 27,323 _,2355

1944 805,9 27°326 1,2387
1894 787,2 27*329 1,2413
1852 771,3 27,331 1,2456

1813 757*2 27.332 1.2_55

1578 671,8 1,25711303 576,1 27,539 l 1,2710

1.001
I,05;

1,201
l,WOt

i°601
1,8or

2+ooi
_,oot

10,001
20.00[

_O,OOl

_0.83[
I00,00

200,001
_00.00

1000,00

4000.002000.00

600.001
571o_5
500,00
428.57

375.00

333.54

300.00
150,00

60.00

I

Inch absolute;

[ + !
Area i Thrust Specific

ratio, icoeffioent _ impulse i

 o.ooo o. 2,17_ +203 27,6
1,263 *390 55,0

1,063 +526 71,5

loOlO o618 8_o 0
1,000 ,683 92,8

1.009 ,7_4 101,1
1,293 1,020 138,

2°1_2| 1,2631 171,6
3,_23 /,397 189,8

5,_93 1,503 20_,3

5°572 1,506 20_,7

IO,W61 1,6131 219,2
17,16_ 1,679 I 2_6,2

28.237 1,735 I 235,5

89.893 1,82_ 2_7,954*608 1,790 243,3

147,_35_ 1.85_ 1251,8

i

50.00
15.00
I_,70

6.00
3,00

1,50

.60

.30
,15

0,3924
,3906

,3859

,3808
,3767
,3734

,3706

,3559

,3_i0
,3309

,3209
,32OO

.3076
,2979
,2887

,2782
,272B

*2693

= 2.458, O/F "39,685

1.011 ,393 _,5 +

0,000 0"0
2,190 ,20W 25.2

1.270
1,067 ,530 65.4i

• 622 76,8
1,000 i ,691 85,3

1,007 I ,7_7! 92,31.281: 1.023 126.2

2.i_3 1,262i 155,8
3,3_1 1,393¸ 172,0

5,329
5°_051 1,497! 18_,71,499! IBS,1

26,78710"063 1,603 ] 197,9

16,396 1,666 _05,7

L.717 _12,0

5i,327 J,771L 216,7
83,959 1,8031 222.6

J 137,411 1.830 i _25,9

: ,00028

742i 0e00_36 O'OOO
7381 ,00036 ,282 282,7

T251 ,00035 ,548i 179,1
7111 ,0003_ ,749! 159.4

6991 .00033 ,890 ! 15#+8
1.000

689 I ,00332 1,59_ 15_.0
6791 ,00031 1,092 15_,4
617! 165,8

i _84 ,0002_ _551 192_6_32 ,00018 2_9_8 i 201o2

_30 ,00_18 2,959 201,4

367 ,00_15 _,_88 210.3321 ,0_012 _,9_9 215_8
i 279 ,00011 220,3

229 _0_9 225°0

_0_S08
195 _00007 _,614 _ 227,8

16_,00_0_ _o2381 230,1

• T
i

t

l

I

L ;
L I
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, 0/F.]

(e) Combustlon-chamber pressure, 60 pounds per square Inch absolute, frozen

composition during Isentroplc expansion

s,.,.7omp-I I
Pressure pcessure, eroture, I Enthalpy, Molecular

ratio, p, T, i h/. w_ht,

P_/P _/_"_ °K i

V_scos- i :_pec.hc
[ I_ntrolmC Specific _ty, Thermal Moth impul_

l exp ..... heat.cp m,cro/£' conducti._tYk, nuM,_ r _n,b,t!2,/,_.xuum.

1.00

1,05

1,20

1,40

1,60

1,82

2,00

4,00

4,08

lO,OO

20.00

40,00

I00,00

200,00

400,00

i000,00

2000,00

_000,00

1.00 60,001

1,05 bf,Z41

1,20 50,00l

1,40 42,Bb!

1,60 37,501

1,87 32,1;I

2°00 30,00i

4,00 15,00;

4,08 14,70

5P O/F " 1.19Q --_

0.00073 0,000

• 00073 ,271 530.0]

• 00070 .527 334.2 _
• 00088 .722 296.11

• 00066 ,860 I Z86.61

• 00083 1.000_ £84.11

• 00082 1.059_ Z_4.41

.00052 I 1,586 _01.11

°00052! 1.879 30Z.Jl

ratio, [coefficient impulse.

2.250._10 40:,00.000 0-0

1,297 .403/ 90,8 !

1.081 .543 / 122.2

1,018 ,636 143,2

1.000 .725 163.4

1.003 ,761 171.5

1,233 1,031 23_,3

1,24_ 1.038 233.7

6,00 643 4392,5

3,00 532 4209,8

1,50 459 4058,9

•60 340 3899,0

• 30 280 3802.6

• 15 230 3723.2

,06 3640. i

•03 142 3590,9

• 02 114 3551,2

R

80,00 1514 2969,7

57,14 1497! 2941,7

50,00 1450 2866,8

4Z.88 1398 2783,2

37,50 1354 2713,2

32.49 1307 2640,530,00 1282 2601,2

15,001 1079 2298,0

14,70 I 1073 2281,6
i

6.00 85211954.3

5,00 7091 1748,8

1,50 588 I 1578,0

• 80 458:1996,4

• 30 379 1286,2

• 15 312 11195,2

• 06 242 i 1099.0• 03 198 1041.2

• 02 I81j 994,0.

R

F

i 1249"3160.0o11,, r1220.2I57.14 17971

50.00 1744 1 1142,1 1

42.86 168_L i084.8 l
i

37.50 163_1 981,6 I

32,78 1586 I 910,0 [

30.00 15541 864,1

15,00 1322[ 535,4

14,70 13151 526,5

8,00 10571 176,7

3,00 888[ 9954,71

1,50 f4e I 9768,91

.60 580 I 9570,0 i

• 30 _ul; 9448,91

• 15 _99 I _348.4 I

• 06 _lO I 9241.71

• 03 258 19177.21

• 02 210 I 912_,01

4.416 1.374_ ,000421 2.152

4.416 1.3799 ,00035) 2,586

4._16 1,38_4 ,00029 3.031

4.416 1,3882 "00023)1 3o64B

4.416 1.3926 .00018 I _.149

4.416 1,4068 .00015 I _.675

4,416 1,4349 .00011 5._38

4.416 1•4550 .00009 b.096
4.416 1.4705 *00007 b.845

= 0.200, PERC£NT FUEL = 38.65, O/F = 1.587

5._16 1._0_9 1.81_ I
5.216 1.5090 1.61_0!

5.216 1._120 1.60221

5.218 1,_1_5 1.5_871 378

5.216 1,_185 1.57_21 _69 _

1,_217 1.5651! _595.2165"2_6 1._2_6 1,55841 _

5•216 _._9111._0481 _07

5.216 1._9511,50_1i _08

5.216 1._559 i 1.4516

5.21_ 1._656! 1.4_25.216 1•_15 1,4066

5.216 1_771 i 1._91_

5.216 1, _811 i 1._807

5,216 _,_8_1 i 1,_8_7

_.218 1._97_ l 1._400

5.216 1_4158 1.2977

5.218 1.4_50 1_2588

= 0.250e PERCENT FUEL

6.015 1.2835 1,4954 481

6.015 1,2845 1°4916 477

6.015 1°2871 1.4_12 467

8.015 1.2901 1.4692 456

6.015 1.2917 1.4590 446

6.015 1.2955 1.4484 436

6.015 1*2973 1.4414 429

6.015 1.3126 1o3872 378

8.015 1.3130 1.3857 376

8.015 1.3330 1.3224 314

6.015 1.3481 1.2847 269

6.015 1.3589 io2558 228

6.015 1._4 1.2_20 181

6o_15 1.371_ 1.2191 15_

6.015 1.375_ 1.2100 124

3ZI.bl 1.974

343.51 2.982

_bb.41 4.620

369.81 8.432

377.7J 13.431

_._1 21.488

_90.61 39.9_8

_94.3 6_.572

_97,'_i00,938

I*}761 309.9!

1.4671 330.4¸

1,550 350,8

1,810 362,6

I.b52 372, 0

1.894 381.6

1,719 387.2

1.7_9 391.6

8.015 1._821 1.1948 95

6.015 1.3886 1,1805 78

8.015 1.4039 1,1482 64

l T0.00084 0.000 I i 0-000 0-0

• 00003 ,274 552,1 2.233 i .209 49.3

• 00081 .533 ! 348.6 / 1.269J .400 94.6
,oooz8 .7_ol 309.3 | 1.077! ,539 127.4

• 00078 ,869 299,6 | 1,016! .632 149.4

• 00073 1,000 297,3 i 1,000: ,716 169,2

• 00072 1,068 197,8 1,004! .757 179.I

• 00061 1,572 316,7 1,244! 1,029 24_.2

• 00061 1,5851 _17,4 1.Zb6 I 1,035 244,7

251 ,00048 2.14Ul 3W4.7

213 ,00040 2.>731 362.0

179 .00034 _.0101 376°0

142 .00028 _.blVl 39O.5

117 .00022 _.1,_1 _99.1

96 .00018 4.6381 406.1

74 .00O13 b°_V41 41_.4

61 .00011 0.0_1 417.85oI ;0ooo96,0_ 421.1
3_,51, OIF = 1,984

0,00092 0,000

• 00091i ,276

,00088 I .538

,00086 i .736

• ooo_ .878

.oo0_1-000

• O00UOI 1.076

,oo0ooii,578

• ooDo_, 1.592

.OOOD4i 2,147

• 00040i 2.563

• O00_oi 2.987

.00030 i 3.881

,0002514,064

.000201 4.882

• 000151 5,328

.00012 I 5,945

,00010 i 6,607

2.009 I 1.257 297.2
3.049 ! 1.379 325.9

4,7391 1.472 348,0

6,879 1.5_5 _T0.0

1_._0 1.61_ _82o7

22,295 1.662 _92.9

41,978 1.706 40_.5

6_687 1._ 409._108._5_ 1.754 _14.8

o.oooF o.o'
563,4 2,2191 °207: 50.3

356.1 LoZa_I ,39_i 96,6

J16,2 1.0/31 ,5361 130,1

_06,6 1.01_1 .629 152,6

304,5 1,0001 ,708 171,8

305,1 1,0051 .754 18_.1

325,4 1.2561 1.027 249.2

326,1 1,26rl 1o033 250.8

355.2 Z.0481 1.258 305.5

_73.6 3,1271 1,382 335,6

388.5 4,_831 1,478 358.9

404.1 8•9_41 1.575 382,3

413.3 14,39411,6_0 395.8

420,8 23,2041 1,675 406.7

428.6 43,_Ub 1.722 41_.0

433.3 71,266 1.749 424.6

437.0 115,624] I77_ 430.0

60.00 2089

57,14 2068

50,00 2011

42,88 1946

37,50 1891

33,01 18_0

30,00 1803

15,00 1547

14,70 1540

b,O0 1252

3,00 1059

1,50 891

• 80i 704

• 30 587

• 15 487

I ,06] 381
• 0_ 315

• 02 260

R : 0.300_ P_RCENT FUEL = 29,57, O/F = 2,381

9952.78.812,1.2,491.92855o o:x  i  8 o
9903,2 6._121 1.2657 1,3898 546 • 2,_08

9823,7 6.81211,2678 1,3811 5361 ,00094 .541 359,4: 1,2781 .396 97,4

9734,8 b,_1211,2704 1.3707 524. ,OOO_il .I411319,4 1,071 I ,533 131,3

9660.0 0._1z11.2727 1,3616 51_ .O00dgl *_11 _09,9 1,0131 .626 154. 0

9590,5 b._/Z I I,2780 1,3927 504 ,OOd_{ I L'O00 I _07,9 i 1,000 j .701 172.6

9539,8 6._IZ I 1,2767 1.3460 497 -000_ I L,O_ I _08,6 1,008 I ,75_ 184.9

9201,7 O,_IZ I 1,2901 1,2972 44_ ,000_1 1._0_1 _30,I 1,2b511,025 252,2

9192•5 b._/Z I I,290_ 1,2958 44_ .0001311,_98 ; _30,8 l,zt_ I 1,0_2 253,8

8828,7 b._12 I 1.3101 1.2328 374 .O00bO I 2,148i _61.2 2.0_41 1,260 _I0,0

8595.4 6,812 I 1,325_ 1,1882 324 -OOO_O I 2,855 I 380,5 3,Z0411,386 341,I

8398,8 b,_IZ I 1.3389 1,1525 277 ,O00_Z I 2,969 i 396,3 5,03_ I 1,405 _85.4

i

8188._8._1_1.35_5i._170_22 .0c0-,.5_51412._ 9._1511.584_89.8
8058.1 6._1211,3607 1,1005 186 ,00027 I 4,015 I 4_2,5 14,975 I 1,642 404.1

7947,8 6,_12 I 1,3569 1,0868 155 ,00023 4,5195 430,5 24,2031111"689 415,8
7832,4 6.812I 1,3727 1,07_5 119 ,00017 5,249 4_8,8 _5,935 1,738 _27,5

7762,2 6._1211.3_77 1,0040 97 -00014 9,855 44_,8 74,_00 1,766 434,6

7704,2 b._LZI I,_8_ 1,0_29 79 ,00011 6,>13 447.9 121,9_01.790 _40,4
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID (XYGEN

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

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

frozen composition during Isentroplc expansion

T _ [

Slolic ' exponent V;'_YT'I¢°_Y hermo i Math impulse

ram, P" T h, _ we.g ' [ mc_o i k, nu n r invocuvm,

1.00 b0.00i 2329 b_92.8

1.05 57.1_ 2307 8863.2

1.20 50.00 2245 8783.7

I._0 _2.88 2178 889_.8

1.60 37.50 2118 8619.6

1.81 33.18 2065 8552.7

2.00 30,00 2023 8_98.8

15.00 1748 8157._

4.00 I_.70 17_i

_.08 81_8.1

10.00 6.001 1430 7777.b

2o.oo; 3.oo i 1219 7537._
_0,00 I 1,50 I 1033 7334,0

t J

10o.o0[ .80J 823 7112.3

zoo.oo! .3o 689 I 6975.5
400.00 .15 575 6861.1

I000.001 .08 I 451 i 6738,8

ZO00,O01 ,03 I 375 i 666_.00000.00 .0213106602.0

i*00 60-00 2531 8050.5

1.05 57.141Z 508 _021,3

1,20 50,001 2443 7942,8

1,401 _2.86 Z371 765_.5

1,80 i 37,50 2309 7780.4

1.8oi 33.31 2256 7716.2

2.00! 30.00 I 2209 7660.6

4.00 15.00 1920 7321.0

4.0_ |4.70 1912 7311.7

i0.00 8.00: 1583 6940.6 1.1009

20.00 3.001 1359 6698.7 1.0585

40.00 1.50 i llb9 6491.7 1.0178

i

100,00 .801 9_1 6264.8 .9712

200.00 .30! 78_ 6123.9 ,9438

400,00 .15 _ _57 6005,5 ,92_0

I000.00 -08 518 5878.I 8.363 1.3573 .9028

2000.00 °03 _31 5800.3 8,_83 1.3627 .8928

4000.00 i .02 _ 358 5735.5 _ 8.363 _ 1.36d, .8833

R • 0,450_ PERCENT FUEL

= 0,350, PERCENT FUEL

7°59ii.2510 1.3038

7.597 1.2516 1.3011

7.597 1.2534 1.2935

7.597 1,2565 1.2849

7.597 1.2575 1.277&

7.597 1.2593 1.2705

7.5 1.2608 1.264_

7.597 I 1.2726 1.2211

7,597 1,2730 1.2198

7.597 I.L_08 i t.1615

7.597 1,30_7 i 1.1171

7.597 1.3209! 1.0765

7.597 1,33_! i.0347

7.597 1.3_90! _.01107.597 1.35b8 .99W_

7.597 1.3845 I .9790

7.597 1.3896 .9892

7.597 1.37_6 .9598

= 0.400. PERCE_T FUEL

8.363 1.2404:

8,363 1.24101

8,363 1,2425 1

b.383 1.2_I

8.383 1,2476!

8.383 1.2 _901

8,3_3 1.25911

8.383 1.25941

8.383 1,2752

8.3_9 I.289_

8.3_3 1.30_5

8.3_31.32_9

8.363 1.3_67

26.47. O/F

b08 0:00099

604 :00098

694 .0009_

5B_ .00094

572 *00092

563 .00090

555 ,00088

501 .00078

499 °00077

_29 .00084

37_ 00054

325 00046

Zb3 .00036

221 00030

I_ 00024

145 :00019

118 00015

96 00012

2.778

7

O*OOO _

°280

.54_

+E88

1,000

1,087

1.590

1,b03

2*180

Z,_51

2.955

5,815

3,970

_o461

5.172

5,763i

6,407

23*95, O/F - 3.175

1.2259 656 T 0.00_001 0.000_
1.2237 b53! .00099 .28ti b6_.o

1.217q 642 _000971 .5_7i 357.7
/

1.2099 b?l -00095 .7_ i 318.3

1.2033, 820i .00093 .889 i 309.0

1.1972 611 i *00091 1o000! 307.5

1.1919 803! -00090 1.091! 308.2
1.15_7 5491 -00080 1.59_! 330.7

1.1536! 548 ¸ 000?9 1.607 I 331.5

I

_7_ .00C671 2.151 _3._

_21 _ 00C57_1 2.5_8 _3.9
3_ ! _00088 ! _9_5 _00._

_55 00032
21_! ,00026 I

168 00020

139 00016

_ 00013

21.87, O/F

i

131. i

0"000 0"0

568.1 2.199 ,205 50.7

359.7 1,274 .394 97.4

319,9 l*Ob9 .532

310,5 1.012 ,b2_ 15_,2

308.6 l-ooo .bgb 17_. 0

309.5 l.oob .750 185.2

331.6 Io173 1o02_ £53. 0

332,_ 1,286 1,030 25W,6

_69,7 2.11_ 1,261 311,5

_00,2 5.170 1.491 368.3
i

_17,_ 9.636 I 1.59_ 393°6

_27.7 15,552 I 1,653 _00-_
_38,0 2_,218 1.702 _20,5

_4_.8 48.013 I 1.753 _52.9

450.1 78._73' 1,783 W_0._

• [ L454,8 125*I16 I.807 _ _46.5

0.000 0-0

Z,1931 .IO s 50.

1,271 .393 _ 96.8

1,087[ ,530i 130,6

1.0121 .623! 15_.31

I,0001 ,693 _ 170,61

1,007 .748_ 18_,2

1,280 1.023 251,91

1.292 1.030! 253.5i

2.138i 1,262 _ 310.61

3,327! 1.393! 3_3.0 1

I 5.287 = I._9_! 3_8.31

9.918 1,601 394.2

3.93_, 429,2 16,077 i 1,683 _09._

4,411! 437.9 I 26,157j 1,713' _21.8

 102..1 i ,9,9. I 1.7,6 _34.8
5*680 W52.8 81.74_ 1.797: _.51

,.09 ,,7.1[ 133.89.11.8231_,,,.8
3.571

Io00 60.00 ¸ 2896 7354.5 ! 9.102
1.05 57.141 2671 7325.9 9.102

1.20 50.00i 1604 7249.0 9.102

I."0 ,2.88!2529 7182.81 9.102

1.60 _7.50i2_5 7o89.8J _.io2
i.80 33._i12411 7028.4! 9.102

Z.OO 30.00j2362 6972.2! 9.102

4,00 15.0012061 6838,0! 9.102

4,081 [q.702053 6628.8! 9.102

i0.0c i

20.00!

,0.00!

i00.00i

200.o0 1

400.00!

1000.00 1

200,3.00

"O00.OO

6.00 1710 6261.7 9,102

3.00 ig76 6021.01 9.102

1.50 1260 5813.8 9.102

• 80 I014 5585.4 9.102

• 30 866 5442.7 9.102

• 15 729 5322.2 9.i02

• 06 577 b192.1 9.102

• 03 W81 911_.9 9.102

• 02 "01 504_.7 _.102

!1,2037

1.2766

1,2911

1.3112
!.3250

1.337_

1.3_95

i.35_9

1.3_:9

1,2326 1,1570 898i 000099

I.2331 1.1550 6921 *00099

1.23_4 1,1_96 582i -00097

1,2360 1.1_34 670_ ,00095

1,2375 1,1377 560: -00093

1.23_8 1,1326 bbl ,00092

1,2_01 1,1278 64_ .0OO90

1,2490 1,0950 589 .00081

h2_93 1,0940 587! .00080

1,0_64 516 i ,00058

1.0076 480 i .00059
.9682 405J ,00050

I

.9199 33_1 _00_0

._9_1 2851 _00_33

.8657 _11 _00027

• 8_0 1_01 _00_1

• _00 1_81 _0017

• 8207 1291 _0001_

= 0.500. PERCENT FUEL 20.12. OIF

1.00i 60.00 28286769,6 9.BII!1.2285 1.09_7 728 0,00098 _

1.051 57.14 2802i 6741.8 9.811 I 1.2270 i*0969 72_ I _00098

I. 20 ! 50*00 2734 i b666.9 9.8111 1.22_3 I 1.0899 714 . 00096
1.40 _2._6 2857_6582.8 9.811!I.2298 1.0_61 702 ,O009q

i°60 37.50 Z59l 6511.8 9._11ii.2311 1.0791 bg_! .00092

1.79 _3.49 25_66453,1 9.81| 1.2322 1.0749 684', .00091

_q8416397.2 9t811 I.23_ 1.070_ _75 I ,000892.00 30.00

4.00 lb.00 21751 6070.5 9.811 1.2415 i*0_11 622 I .00080

4.0_ 14.70 2186!6061,5 9._11 I*Z41U 1.0402 620 I "000_0

1o,ooooo1o13:5701.z 1.z  ol,9978 5,91.oooo 
20.00' 3.00 1571 8403.9 9._IIi 1.2687 .9619 49_ .00080

_0.00 1.50 1354 5258.9 9.811 1.2#0_ .9Z40 q36 .00051

103.00 .80 1102 5031.01 9.811i 1.300_ .8789 383 .00041

200.00 .30 938 4888o8 1 9.811 i I*31_0 ,_55 312 *0003_

_00.00 .15 790 4767.9 9.811 1,32U31 .8194 264 .00028

i000.00 .06 628 4636.8 9.eli 1.3426 ,7938 209 .00022

_C00.00 .03 525 1 4556.1:,_ V.6111 1.3514j .7790"i 1731_ _ _ i . _ J .00018_nOn. O0 .02 438 448 9.811 i*3579 i °7685 1_3 • 00015

0,000 : 0,000! 0.0

• 282 558.6 2,1a81 o20_! 49,9

• b& 356,0 1,269! .392 I 95.8

• 7501 315,1 / 1.0661 .529' 129,2

• Ugl _ _06.I I 1,0111 ,b2Z 151.8
1.000! 304._ 1,000 1 ,690 108,_

1.093i 305,4 1 1"008l ,747 I 182,4

1.597i 328.1 1 1.284! 1.023 I 2_9.7
1.610 i 328.9 1.297_ 1.029! 251.3

2.153 3,1.0 i 2.1,,I 1.283i308.,
2,547 381.8 I 3.370 1,395 340.b

2.938 399.0 I _,58o 1,5oo 3oe.1

3.47_ _17.1 10.154 1,607 392.3

3.90° 428,0 16e525 1,670 _07.9 I
4.370 _37*0 26.977 1,722 _20.5

5.0_5 _46,_ 51,722 1.777 _53.8

5.b09 _52.01 8q,764i 1.8091 ._1.7 1
0.L25 458.7 139.079 1,880! q_8,Zi

3.988 i

0.000 _ i O.OOOI 0.0

• 283 551,1 2.18_ "204 I _9.2

• 550 349,4 1.268 .392 9W,5

• 751 311,1 1.065 .528 127,5

.893 302.2 1.011 .621 149,8

1.000 300.b

1,090 301.6

I._99 324._

1.611 525.1

2.153 357,3

2._b 37_.1

2,Y33 395,5

3,885 i _2_,9

4.339 ! 434.0

_.999 'k+k,3. b

5.850 4_.9.4

6,154 #5_.2

1,OCOi .688 /56.0

1.008 i .7461 180.01.2U_ 1.02Z i 2_6.6

1.301 I 1.029 2_8.2

2o172 I 1.26_ 30_.9

3._04¸ t.3_7 337.1

_.,54 lobO 3 362.6

10.345 1.612 _88.9

1b.895 1.877 _O_.b

53 222

27.668 1.730 _17.3

87.3971 1.78b _30.8
i.819i _38.9

1"3.00_ ! 1.840 : _5.5
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TABLE II. - Coutinued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM "i" TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, 0/F.]

(e) Continued. Combustlon-chamber pressure, G0 pounds per square Inch absolute;

frozen composition during Isentrople expansion

I s,o,,.,.+p! I I o,,,o.....I, ,oo,I.. ,m+,.lA..I'"+[ PresLure DfeS vre Entho py Mo ecu a ',en opec L ty . I moon Specific : i .|,

t - _ era ure ' h t nea cona_ v y I
, ' _ ., ' ' : c k in +a(uum, ratio, coeff_clenl_ impul*e,

r° ,o I p . i h weJg t I exponen ' # 'l number ] I

= 0,500, PERCENT FUEL = 17,35, O/F 4.762

1.00 60.00 3015! 5841.61

1.05 57.IA 29_9i 5815.51

1.20 5O.OO 1 2918! 5745.I I
1.40i _2._6 1 _38 1 5566.0 i

1.50 i 37.E0 2770! E599._ I

1o70 3_.59 _715 _ 5545.4

2.00 30.00 _ 2560 5_91.2

4.00 _ 15.00 2339 5182.5

4o0_ _ 14.70 233O 51?_.1

10.00 6.00_ 1953 _31o_

20.00 3._0 1 _10 _50_.0
_.0_ 1o_0 1_ _0_._

_o_0 ._0! 1_1_ _1_.7

20_.00 .30 _ 10_1 _0_8._

_._ .1_ _ _929.5

1000.00 .05 1 70_ _800.0

_00_.0_ .03 59_ _19_

_0_0.00 .0_ _97 _55_._

_.00 ! 50,00

_,05 57,1_

1,_0 50,00

1,_0 _2._

1o_0 _,50

1.75 _._

_,0_ _.00

_.00_ 15,00

_.0_ _ 1_,70

1_,0_ _ 5,_0

20,001 _o00

_0,00 1 1,50

_ 100,00 o5_

! _00,00 ,_0

1000,00 .05

_00,00 .03

1,00 50.00 _585,9 13,_70

1.0_ 57.I_ wb6_.O 13.470
1.20 50.00 _502_5 13.W70

i._0 _2._5 W_33.2 13.W70

I. b0 1 57.50 _37_,71 13._70

1.,+i 3,.,9,.,i+32., ..702.00 39.00 Z_z3 _279.9 13.g70

_.00 15°00 2_9J WOOO.W I_.WT0

_.0 _ i_.701ZW_4 _000.9 13._70

i0.00 b. O0 210_ 3698,1 I_._70

40.00 1.50. 1609 3319.9 I_._70

11.1_21 i*2182

ll.l&2 1.2!85

11.i&2 i02197

11.i_2 1,2210

ii.i_2 1,2222

11.142 1.2232

11.142 1.22_2

i|.I_2 1.2_12

11.142 i02_26

ii.142 1.25_3

II.I_2 1.2oD0

11.l_2 1,2995

IIoi_2 1.3139

11.1W2 |.3311

11.142 I,_14

II.I_2 1.350w

0,9955 777 0,00095

.99W2 773 ,00094

• 9901 76_ ,0009_

• 9_55 751 .00091

• 9810 7_i .00089

.9774 733 ,00088

.9737 72_ .00087

.9_98 571 .00079

• 9_91 _69 .00078

,9136 598 +000_8

• 8826 5_I °00060

• 8_99 _E_ .00052

,_057 _09 .00042

.7739 3DW

• 7_6_ 3011 ,00035
.00029

• 7170 Z_2 i .00013

• 7007 2021 .00019

.6_7W 168i .00015

= 0,700, PENCENT FUEL - 15.25. OIF

I

0.000

• 28_ 53_.i _ 2.179

• 551: _38+5 1.205

175_I 291.8_0108 1.054
• 895i 29_+_ 1.010

.ooo!ooo1.099 1.008

1.502 1.29_

1.515! 1.307

2.1551 3_7.8! 2,192

_._31 365.5 _ 3._52

z._Z_l _85.8 _ _.559

4,295 I _24.7! 28.712

I

I8,931 _3_.5 55o5_8

5._55i _0.4 91.527

6.o_a _5.3i 150.S00

5.55_

0.000 _ 0,0

+2031 W7,7

.391! 9138

obZl_ 123.6

• o_ 150,5

,?_5 17_,0

1,022 239,5

1,028 241,0

1.255 296.4

1.399 _28. 0

1.507 353.2

1.615 _79._

1.685 395. 0

1.790 407.9

1.798 421.5

1.833 429.7

i 1.862 _35+_

. . [ +3125 5138.3 12.360 1.2132 0.9147 811 0.00090 0.000

3101 5113.9 12.350 1.2135 .9155 i 807 .00090 .28_

3029 50_,8, I 12.360 1.21_'5 j .9101 J 797 .00089 .552

29_'7 _097_.0 12.360 1.21D7 I .9000 [ 785 .00087 .759

2878 _0911.5 14.300 1.2108 _ .902_ I 77b .00085 .598

2823 _-851.9 12.3_0 1.2J17 j .8995 755 •000I_ 1.000

2755 _810.3 12. 350 1.2107 I .8950 758 .00083 1.100

2939 4520.5 12.160 1.22W9 ! .8755 [ 70_ .00076 1.50W

2929 _0512.5 12.300 1.2251 I .87w9 i 702 .00076 1.517

I .8490 j _31 2°|552055 _190.3 12.380 1.235_ ,00066

1797 3975.9 12. 380 1.2451 1 .B158 57_' .00058 2,5_2

1554 3788.9 12.360 112554 1 .7879 517 .00051 2.9_3

1291 1 3579,i I 12.360 1 I*27_I I .7473 _*_0 .O00W2 3._39

l]0b 3_5.6 IZ. 3_0 1,2890 I .7171 _8_ .00035 3.539

9_b 3_31 .<. iZ. 350 1.3_0 I .5897 331 .00029 _.159

_601320o.i11....011.32_+i .5595 .... 000_3....0

_+o_,2_.2 1/:1,._8o11.300001,.5,_o _, ooo1915d01o557 3052._ _350 1.34WI .52_0 185 .00015 ,979

R = 0.800, PERCENT FUEL = 13,80, O/F - (+.31,9

1.2103[0 s4vo 835 0.000851 0.000]
1.2105 ! .8480 831 .00086 .285 i _99.6

1.2115 .8451 821 .00084 .553 317.0

1.2126 .8_15 8C9 .00083 *756 1 282.5

i.2136 .8382 798 .00082 .8991 _7_.6

1.21'_4 .8355 790 .O00dl i I.0001 273.3

1.21)4 .8325 781 ,00079 i.i01 27_.3

1.2215 .81W3 727 .00073 I.505 295,7

1.2_Lb .8137 725 °00012 I.b18 298.q

1.251i .7_b0 55_ .00053 2,155_ 52b,7

1.2_.02 .7_17 >97 .0005b 2.5_2 i ._05.5

1.2509 .7_95 53'9 .00050 2.921 }63.1

516.5 2.176i .203 96.I0+0

327.7 1.25W] .390 68.5

292.0 1.063 ,527 _19,5]

253.8 i,010 _ .ul9 I_0.5

_82._ 1.000i .683 155.1

283._ 1.009! .7_9 i58,9

305,4 1,295 _ 1.021 231*8 1

305.2 1.310 i 1.028 233.3!
l

337.2 2.20WI 1.255 287.2 1

357,5 3._81i i._01 318.0j

374.5 5,62_ 1.509 3_2.7!

392.8 10.7951 1.623 358,31

904.0 17.797 i._91 383.81

_13.Z 29.399 1,747 398._]

923.0 57.120 1.805 _i0.0_

_28.9 9_.355 1,8_2 418.2

_33,_ 15b,825 1.872 _25. o

-_ 0.000i 0,0

2.17_ .203 _9.6

1,263 .390 85.7

1.053 ,525 I15.5

1.010 .518 135.9

1.000 ,582 149.9

1.009 .74_ I_8.4

1.298 1.0_I 22W.4

1.312 1.028 _25*8

2.212 1.266 278.1

_._99 1.40Z _08.0i

5.56_ 1.511 332.0

I

I I00.00 .60 13_3 3121.5 13._70 1.2om0 ,6_0 _bz
].429, 381.0

200.00 ,30 Ii_8 299_.8 13._70 1.28z_ ,8599 _0_ °00035 3.829 _ h92.0

_00.00 .15 982 2885.I 13._70 1129{5 .8_3_ J50 .00029 _.254 _01.I

i000.00 .05 792 2755.6 13._70 1.315_ .5138 28W °00023 q,8_5 410.8

2000.00 .03 669 2692.0 13.970 1.3290 .5950 239 .00019 5,377 _18.6

4000.00_ .02__ 502_282v.2_ 13.w70 .....1.33_7 .5819 z00 .00015 8.937 + _21.5

I : 0.900. PERCENT FUEL = 12.28. OIF = 7.1W3

1.ooI 60.00 32_.I.2.9 19._79 [ I.Z08O_ 0.79_I , 852 0.00082 0.000[

l I.O_ I b7.I_ _I00 _121.5 14._79 l 1"200_l .79_2 ! _ .00082 l .285 l _83,_

, .201  0.00.i;= +0.... ...911.+181 .... 5 03, 100oiI .8, I 07.01.+0 _Z.,b 3o 3900.+ 14,179 1.21o8 ,781J I +25 ,0oo70 ,75P +73,5

.... 3,.+o+,9o;+...... 1..... 11.21 81...... 1+ 0008 .89912.,01.78 33.72+2+ 3001.i 19.079 1,2120 .78z9 805 .00077 1.000 264.7

2.00 30.00i 2+++ 385+.+ 14.070 l.zi+5 .7002 797 .000/b 1.102

+.oo 15.oo i 25;; 3b00.01+..7911.++121 I ,,+ .000691 .6001,85.5'55"7
+.08 1g.70 ; 2508 3592.9 i4.079 / t.z.+,| .78291 7_1 .0oo59 1.5t9/ 287.2

i0.00 b.00. 21z9 3308.+ iq._19 1.22_t / .7_79 i 689 .00061 2.155 316.7

_0.00 i,_O 10_2 _z,_ iq._t_ I i,_(o .oYl 0 _5b ,000_8 2.919 _5Z._

I 100.00 .eO 13 ............... i i ..... I .... 2 1 .... 00O39 3.,25 I 369.5

I 200.00 .50 115o Lb_. i_._tv I .z/eb I ._9 _18 .0003_ 3._L_ 380.3_00.00 .18 1001 28_z.i i_._tv I i._,_ ._o_ 3o_ .ooo28 ,.2051 189.2

1000.O0 .0b dO9 2_2e.I 1...79 i i._L/b .57b_ _9b ,00022 g.851 39_.t
2000.00 ,03 bb_ Z_b7._ I_._79 1.1z_oi .b_o _50 ,00018 5,357

1

/ / I+"i_000.O0 .02 575 22_.I i_._/9 1._JoZJ .5_o _i0 .00015 5.912 _09.2

10.902 1,525 357,1

18,01_ 1,69_ 372.2!

29.828 1.751 38_.7

58.120 1,811! 398,0

95.197 1.898! 406,1
i59,100 1.B78 _12.7

0,000 0.0

2,173 ,203 •

1.263 .390 8_,0!1.063 ,526 11_.0

1,010 ,518 131.b i
1,000 ,581 l_5,1,

1o009 .7_4 158.3

1.299¸ 1.02i 217._

1,313; 1,028 218.8

_,5091 _9_,b

_.58_i 3_1.9

10,9b_ 3_.3

18.1_0 _bl.0

30,088 373,2

58,_9 1,8_9 _ _86,2

9_,11_ 1.851 89_,1161,119 900,7

_.882 ____
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSI( NED PRESSURE RATIOS FROM 1 TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXXGEN

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

(e) Continued. Combustlon-chamber pressure, 60 pounds per square inch absolute;

frozen composition during Isentropfceexpansion

Stork Temp-i i 1_rm_ Moth impul_ Ar_ Thrust Specific !
Pr_ure pressure, eroture, E.tholpy, i Mok_utor I_ntro_c S_,:ihc ity

rotio, p, [ I h, i w hi+ ex_nt, heat, I _, I c°nauCtl _ Nu_f tN _uu_, roliO, C_NI I ImpU_r
_/P I/ .... K_ ,_ _ : %. I micro I k, M I.. t I C J i+

R = l.O00J PERCENT FUEL • II.19i O'F 7.g37

I 7[ e
1.00 bO.O0 I 32]71 3777.9 15.399 1,2077 0.T5031 8b_l 0.000"9 0,000i 0.000 0.0 _

1,05 57*I_ 319013757+T 15,399 1,2080 ,[_I _60 i ,000'8 ,Z6_i 469,4 _,173 .20_ _1,9

1.20 50,00 311_I 3703,_ ib,399 I+Z066 ,7_/01 _9! ,0007 ,_D_i 297,9 L,262 ,390 50,5 l

1,40 _2e_b 303613642e_ 15.399 112099 .I_3WI _37 +0006 .7571 _65.5 1,065 ,526 I08,7 _

1,60 37,50 2960L 3590,4 15,3_9 1,2_08 ,;_LZI 826 ,000) ,6_I 256.1 1,010 ,61_ 127,T

1,7_ 33,73 291213350,2 15,399 l,_llb .73691 01_ ,000¢4 1+0001 _53,9 l,O00 .5_1 I_0,7:

2i00 30,00 _65_ 3506t7 15,399 io21Zb ,/JO_l _08 iO001_ 1*_0ZI _57,9 1,009 ,7_3 15_,b

_,00 15,00 2523 3266.5 15,399 i,21_I *PZO/I 753 iO00b6 _.bObl _78,i 1,300 1,021 ZI0.9

_,08 I_,70 251_ : 32§9,8 13,399 1,21_ ,IZOZI 621751 ,00036 °,biN1 _T8.8 1,313 1,027 _12,3
iO,O0 6,00 21351 299_i6 15,399 I,227# ,b_¢_l 678 i000_6 2,1561 _07._ 2,2i8 _,266 2_1,b

20,00 3,00 18751 2812,_ 15,399 ii2360 ,6/_91 ,000!'2 LiP_/I _26,2 _,515 I,_03 289.8

i 265b,5 15,399 ii2462 .6_Zl 5621 +000_6 2,919l 341.9 5,698 1,512 _12.5

_0.00 1,50 16_8 i

I00,00 ,bO i_6112_78,5 13,399 1,2o25 ,u_O¢i _7_ ,00038 _,_1359.0
200.00 ,30 11751 2365,3 I_,399 1,270_ ,59801 _2T ,00032 _,621] 369._ IB,20B i,b_7 350ob

_00-00 ,I_ 1008) 2267,_ 15._99 1.291Z .b/22 I -000,7 _,2_Ij _76,_ i 30,/I_ 1,75_ I 56_.5

[

I000.00 ,06 _Ib i 2160,3 15,_99 1,3103 ,5_91 _0 _

2000,00 ,03 6901 2093,_ [5,)99 1,323b .52_01 25_I *000 65_715*3Q_ 393,01 97,9_: I,_5_ ! 382,9

+ooo.oo .0_ 6o_+20_6._ ,_._99 1.33+_ ._1,_i <_i .000_ _ ...._9,._i_62._,_j _.++......
R • 1.500_ PERCENT FUEL = 7.7_9t 0 •I_.905

' - '--Till I1,00 + 60,00 31/6+ 2626,1 18,987 I 1,2062 0.6073 BB9 O.OOO 6 0,000 0.000 0.0

_.05 57.L_ 30901 2610,2 18+987 ii2065[ .6065, _B_ +0005 I ,285 _16,0 _,173] ,203_ 37,1

_e20 50,00 3019 i 2567,5 18,987 1,209_[ .60_ [ 873 *O00;W ,553 26_,0 l,Zb_J ,_90 I 71,_
l,_O _2,86 29)91 2519,5 [8,987 1,2105 ,60_9i 859 iO00t3 ,757 235,3 1,0631 ,5261 96.3

I,60 37,50 267_12_78,9 _8,987 1,2115 / ,59961 8_6 eO00b2 ,899 228,7 L,O£OI ,618 113,2

i+78 3_=72 2619i2_7,2 1_,9_7 li21Z_ ,59771 839 ,O00_l i,O00 _27.6 i,O001 ,681 12_,7

2+00 30,00 2762i 2913,[ 1_+_87 I*21_Z ,59_6 62_ "OOO_O /'102 228,5 1,00_I ,7_ i_6.I
W+O0 15,00 2_2 i _22_,3 I_i967 I I,216_| ,5a2_ I 770 eO00!_ _.606 2_6,_ 1,_001 [,021 I i_6.9

.06 2,3,+2.9.3...,.9. 02.1_,6+00,,..9-.0 .......020i.6,

,000oo I I I I 339 

lo.oo 6.00 zo66 ! zoo_., 16.987! l.z2_2i _. J£ /I 1.g6b 23_o5.5oJ_ 09_1 ,000'_1 _.1_6/ _7Z,3

_0,00 3,00 I_13i1636+3 18,967 l.z_o_ i ,_6 63_ -000'3 g.b_ 266._ _,_LI I,_02 233.81

_0,00 I*50 Ib_#i 17_5o2 I_,987 I,2_67 ,5989 373 iO00 8 2,920 302.9 b,6_II 1,512 276°9

i00,00 ,60 1313 ! 1608,5 18.987 1,26_ i *5035 _95 ,000 I 3i_25 316,0 10,9821 1,627 297,9

200,00 ,30 1136 ! 1517,7 16,987 1,2797 i .98_3 N39 +000_7 3,82_ _27,2 18,1881 1,696 310,6

_00,00 ,15 975 i _1i2 18,967 i 1,2_90 , ._05_ 389 cO00' 3 _,2_4 _3_.9 30,198 I 1,75_ _21.I

i000,00 ,06 7_9 I _356,9 I_°9_7 i _,3032i °_WW2 317 ,COO 6 _,8_6 3_,1 59,07311,815 33_+3

2oooooo3.913o+11o9..32,2.. 2+ioooi ,.,i3.,9.oooi.+  i• 02 53_ _ 125_.) 16.9_7 i 1,332U : °_190 Z3 ,000 _,896 352,3 162,593 1,883 3_.8 [

R = 2,000, PERCENT FUEL 5,927, O,F =15.873

......... 17 +
2731 0,530_ 886 0"000_7

1,00 60-00 2966 2016.0 21._53 1.2113 O'O00j 0"000 0"0

l,Ob 57,1_ 29_I 2002,7 21,4fl3 io2119 ,52_7 66_ ,000 7 ,Z6_i _81.6 2,175 ,203 34,1

I,_0 50,00 2873 1966,7 21,_53 1,21_9 .5277 870 ,000_6 ,_33i 2_2,3 1,26_ ,390 65*5

I,_0 _2.86 2796 1926,3 21,_53 1,21_1 ,5253 838 ,000_5 ,7361 _15,9| 1,003. .526 88,_

_iOO 37i50 1892,1 21._53 Ii21>! ,5_321 _ ,0001_ .8981 209,8 _ l.OlOi ,519 103,9

1,78 33,68 2579 i 1865,i 21,_53 1,2160 ,SZIb I _ [ ,000! 3 l,O001 208,8 i 1,000 i ,683 I Ii_.6

2,00 30i00 262fl i 1636,7 _ 21,_53 i*21b9 .51_61 82_[ ,000!2 I,I011 209*6 ! 1,009 I o74_ 12_,9

_,00 15,00 2316 I 1678,3 i 21i_53 lIZ2_O .5079 I 763i ,000' 8 1,60_I Z2fi,9 Io297_ l*O_l I71._

_*08 14,70 2308 I 1673,9 i 21o_53 1,2232 °5076 I 76i I ,000' 7 1,618l 226._ 1,311 i 1,028 172,5

I0,00 6i00 195_ ! I_97i_ i ZI,_53 1,2327 ,_VOb I 6d_ ! "000' 1 2,1561 Z_9.5 i 2.208 _ 1,265 J 212._

20,00 3,00 IIIIiI_79,8 21,_55 1,2_10 *_lb_l bZ_ I .0007 2,b_31 26_.6j 3,_92 i l,_ol I 235.3

_0-00 i t.50 I_gZ I 1277.1 2 I,_53 1,2317 °_bO! I bb_ il ,O00L 2 2.9/31 _06,2_77"3 29,_225"650 1,7501"510 253,6293.7

100.00 -60 12#6 I 1161.6 i 21,_53 1.2071 ,_V_ I _86 "000 7 3._33 I 290,9 10,87_ 1,52_ _72°7

200,00 ,_0 10651 1087,9 21,_53 1,2801 ,_L_] _l! ,000,3 3.8351 _99o3 17,96_ _,59_ 26_.2

_00,00 ,15 9121 I02_,5 21,_53 1,2935 ._O_L J 3751 ,000. 0 4.259 I

2000,00 ii1000i00 ,06 7371 95_,7 21,_5_ i*311_ .3901] 31_ I "0006 _,6681 3_°7i 58.2_9_ _°610 _0_,9

i03 bZ_l 911,1 21,#53 i,32_I .3/0_I Z69 i iO00 3 5.37_1 318._i 96,6011 I._7 310, I

_000,00 I• ,02 523_ BT_,3121,_53 1,3_6 ,3_Di_ 229; ............,000 i 5,92V1321,_[_ 160,oZT _1"877 315.2

l = 3.000, PERCENT FUEL _,031_ OF =23.81

1,00 60+00 263311381i4 2_,532 i'2209 0"_76 _3_851 0"000 +7'.............. 0"000 [ ........ O°O001 O'O i

[,05 57.1_ 26_2 11371,0 2_.532 I_22i_ ,_I0 _W7 ,000+6 ,283 J37.8 2,I_i ,Z_l 30,I

I,_0 50_00 256911_2,B 2_,D32 1.Z2Z_ °_92 ,000'_ ,_51 Z14,_ 1,286 ._911 57.9

I,_0 _2o6o 2_9_; 1311.2 2_,332 1.2_I ._0 _20121 *000' _ .733 290.6 1.06_ o_ZSl 7B.2

1,00 37,b0 z_7126_,9 2_,632 le_W9 ._11 l,OiO_07 .OO0' w o_9_ L_5.W oozO I 91o@ ,

20_6 797 +000_3 1,000 16_*_

1,79 33e53 2303 1262,_ Z_,332 I*2230 ,_3_9 1,000 ,0661 i01,6_

2,00 30,00 2339 12_1,_ 2_,932 1,22_0 ._57o 78T ,000_2 1,098 185.1 1,008 ,14hi 110.W

72_ ,000:6 Io601 199,2 1,292W,00 15,00 20_ ll_,2 2_,9_2 1,2_0 ._ZT_ l*O_Li 151.31

W,06 I_,70 I11_,8 _.b_2 1,2_Z *_d09 ,0006 1,613 199,7 1,305 L,02_I i32.3:

t
I0,00 e,O0

20,00 3-00

40,00 1.50

I00,00 ,60

200.00 +30

_00,00 olb

11000.00 *06

2000,00 i *0_,O0 ,02

1721 97S,3

I_99: 888,0

13001 80g,6

1068! 721.9918 6O6,3

781! 61uo6

6L7 L 566o7
_ 5O7,2

2 .212. .19+.1! oo0  19,72.1 7l.zb i
2_,532 1.26_b .3_721 32_ ,000;6, 2.931 Z_3,6 5,5_5 1,506

I i !

I

2_,_32 1,2800 ,3103 _0 i ,000.113,_i 25D,3 i0,611 i,_17

Z_._32 1,_0_b .j_oO _ _9 i .00061_.29o i 266.3 26._39 L.739

1.796

z_,b3_ l+bb_ ,_Z_ i ZW9 | -000 i i _,_6 276o3 9_.bDb

29,532 I,_7_ ,31_ I _i_ I ,000_ 9 i _o016 _61,b IbZ,7_5 1,862 ]

i_7o3

207*21

223.1

239.51

237,6

_7b,B

Z_6,3

_tl.b
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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.]

(e) Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute;

frozen composition during Isentropic expansion

5torte Temp- i Enthalpy. tLoleculor I Isentropl¢ Specific
Pressure peessure, erature _ h. weight. I exponent. ! heat.

rofio. T. ca_/g L _ Cp.

R = _*O00P PERCENT FUEL

i054._ 28*257 1.2321 Oo401T
loO0] 60*00 23_7

1.051 57.14 2326

l*20j 50.00 2268

1.401 42*86 2202

1.601 37.50 21_7

I,801 33,42 2100

2.001 30.00 _057

_,001 15.00 1798

4,OUI i_.7O 178_

lO,O01 6.00 I_

20,001 3,00 1292

_0,001 I,50 Iii5

10#5.8 26.257

i022,6 26,257

996*5 26,257

974,5 26.257

986.0 28,257

939,0 28,2_7

8_b,l Zb,Z_7

724,3 26.257 1

6_I,4 26.2_71

1.2325 ,_OiO

1.2339 .3992

1.23_5 .3971

1.2368 .3983

1.2300 .3937

1,23_I ,3922

I._69 o3UL_

1o25_b .36_b

1,2o6_ ,3877

_88.3 26.257 I 1,2793 ,3_67
i

I00,001 ,60 908 51B.5 26.257i 1,2950 ,3323

200,001 °30 773 _74,5 26o2571 1,3079 .3218

400.001 o18 655 _37,1 26,2571 1.3212 ,3113

i000o00 -Oh 522 398.4 26,2871 1,35_b .2992

2000,00 .03 437 371.3 i _6o257] 1,3510 .2913

_000.00 .O2 38# 350._I 28*257J 1.3801 ,2_9
i

_o000o PE_T P_

_00 6_._0 2_ I _._ 2_.2g9 _2_0 0._

_.g_ _T._ 2g_2 1 _#_.TI 2To29_ _24_ _

_.20I _0o00 _9_91 g28._12_o29_ _.2_9 .36_

_40 _2_g6 _9291 _g6._ 1 2T.2_9 _2_6 ._6_8

_60 3T_0 _T91 _T._ 27_299 _2_g! ._0

_80 _.2_ _I _T_o_ 2_.2_g _2_ ._83_

2_0 30.00 _I _o_ 2T.299 _.2_ o_0

4.00 _°00 _601 _73_2 2_.299 _o26_0 o_28

_-0_ _._ _ _0_9 2_._99 _2_0_ o_

_0.00 _o00 _2_I b7_ 2_o2_9 _o27_ o33_9

2_o00 3°00 _0_I _.2 2_._g9 _.2_0 _3_00

_00 _o_0 9_ I _6_._ 2_99 _29_3 o_2_

_0o00 ._0 _ __0_2_'299 _3_! o30_8

200.00 _30 6_ 3_3.8 2_.299 _.32_ .2_2

#00°00 ._ _ _4_.8 2_°2g9 _3_0 _2_!

_00o00 .06 _3! _._ 2_._99 _3_ _2_

2_0_o0_ .03 _9 2g_ 2_._99 _.36_2 ._T26

_0_.0_ ._2 298 _ _'_0_ °2693

Viscos I I hermol Specific Specific
it), I conductivity I Moth impulse Areo Thrust

_, I num_er i ..... rio. coefficienl iml_lse. I

polsel (Ib)_ _t/_i, ....

• _,05_, OIF =31.746

TgSl 0,000_0_- 0,000

7941 .000391 .282 306.9

7811 o00039l ._#8 194.5

7661 *000381 .750 173¢1

7_41 *000371 o092 168.2

743 i -000361 I*000 167,3

73_ *O003bl Z*094 1_7.8

bb9 -000321 I,598 180,3

667 ,000321 libil 180,7

_B ,000271 2,I_ 198,_

530 ,00024] 2._49 210*0

475 .00021] 2,9_i 219,6

406 .O001T] 3._71 229.8

3_7 ,000151 3.893 236*0

31_ ,000_31 _o342 241.1

2_8 oO00101 #*990 246,5

221 °00009[ 5._)i 14geT

187 ,O000T I _*129 _5l._

= 2,_581 O/F •39.683

7#0 0°00054 0-000

73b .0003_ ._8i 282,0

72_ .00033 *5_6

708 *00032 .747

696 ,00032 *888

88# *0003[ i,O00

678 °00031 1,090

812 °00027 1.59_

810 °00027 1.607

b_ .00023 2o184

#79 .00020 2,853

#27 ,00018 2.950

363 .00014 3,_91

317 ,00012 3.92_

278 ,00010 4.387

226 °00008 5.058

192 *00007 5,625

162 °0OOO6 6.25O

I

i

178,6

158,9

15_,3

153,_

153,8

165,1

165._

Zgl,_

191,7

200*2

_09.2

Zi_,6

219,1

223.8

226,8

228.8

0*000 ! 0.0

2.188 .20_' ' 27.4

1,269 *392 52,6

1o066 *529 71,0

1,011 ,b_ll 83o_.

1,000 obgOI 92,5

1o008 • 7_'T I 100,2

1,Z88 1,023! 137,2
1,298 1,0291 138,1

2,162 .Lo26_ I 169.5

3,387 1,39bl 187,3

5,428 1,5011 201,_

10+516 1,610 215,9

16,892 1,67# 224,6

27,7_1 1,728 231,8

53,515 1,78_ ] 2_9,3

87,939 1,817! 2'_3.8

144,427 1,845 I 2_,7° 5

0.0001o.o!
2_195 _205 2_o2

1,272 °_'_ _ _8_

1_088 _4_ 65,2

_o0_2 _ _Z._ _ "/6°6

1_000 °_"* _ 8_,2 i

_007 • _1_ _ 92,0 !1,279 _0_ _* I _25,8

1,292 1o0-_0 I 126,8

2,_38 _to_b_ _ _ol

3,3_3 1_39_ I _1o2

_,313 ._,_'_ _ 183,9

_0,02T _,602 i _g_,9

1_,328 1,885 I 20_,8

26_682 _,TI_ ! 210°9

_1_0_8 1,_0 I 21_o5

83,484 J._80_ I 22_°l*

_38o601 1,8_8 I 22_,_
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASS [GNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID O{YGEN

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

(f) Combustlon-chamber pressure, 150 pounds per square inch absolute;

frozen compositlon durln_ Isentroplc e<pansion

Static Temp- i EnthaJpy Molecular tsentropi¢ Specific ity, Thefmo! Jqtach I impulse Areo Thrust Speofl¢

P,-,,_,opr..u,.,I°r°t*u"1 h I .._ht ',.po_, h,_.I _ Iconduct,v,ty, humor in v_cuum ratio c_mce_ i_ _r

] " l ..... % "_ ' k
,o,_o. p, .. ,o,/, _ o . _,_,o I .o M _ *' E ' I q L

' £,7_72

Lo_06] 1,7710

leJ_Obl 1.7_@7 _OJj ,O0070j

l*_d_l 1,7d_7; Z16 i ,00063

1,_1 l,bdd_l _3_ i ,00052

l,_l l,bb05i, 18_ I ,000_2

1,_01 1,b_01 i l_ll o000_1

1,_1 1o6_ I lb_j ,O00_b

1,_1 1o826_1 13_ I ,00029

I

_,_ 1o_0_ I _0 _ o0_

_o_6 _o_61 _ ,000_

_ 1,_ TO o0_1_

_,_ _o_ _ ,0_0_
_0_ 1o_06_ _6 o_?

• 0o_0_ P_T _E_ _ _,_ _

5,Z16il,3079 1,6163 _02 0,0008_

5,_16 1,3090 1,61_0 ]99 o000_3

5oZI_I 1,31_0 L,bOdZ _89 o00.)81

b,_lb 1,_1_b 1o5_67 ,0007

5o_16 1,_166 | 1,5772 _69 ,00076!

_,dl_ 1,32i7i 1,5661 _69 -0007_

b,ZL_ 1,_5_1 i,b046 JO ? , .OO061[

I

1,190R = 0.150, PtRC_NT FUEL = _5,65, O/F

=1_J o.ooo7_i
_11 .00073!

0-0001

.171

._ZTi

._60i

LoO001

1,_661

Z,Lbbl

/,_e61

_,0_61

1.5_7

0.0001

,27_

o_b9

1.000

_,97Z

i*Ibl

Z,_75

_.OJO

_,619

W.111

4,6_8

6,g14

6.70_

l T_ - _ ]
i*00 150.00 1183 6315.5 W.41&

I04V _077.71.60 i _3.7_ _o_16

2.0O i 7_.00 9_ _7_._ _°_16

_°00 i

4,l*16
40,00 ] _o75

1oo.oo ,1.oiiii! ii'![ i'!ii
_0_o00 I .7_ • •

! 1000,00 J oi_ _5 _6_0ol i _-,_,1_

i d000o_0 1 ,0_ 1_*_ _0,_ i _*o_.1_

_ _,000o_0 ! .0_. 11'_ _1o_ ! _*,_16

R

• 00 150oO0 151_ 296_.7

loOD 1_do,_6 1 _*_, 7 t9l*1,7

1,20 12_o00 1_*_0 ,_u6o,b

1o60 , 93,75 t36_ d11_,2

l°_b i Olo_ 1307 d6_*O, D
2,O0 ! 76o00 l_,_ 2601,1

_,,00 _7,_0 107"/ .:Z'_O, C

dO*O0 7,b0 709 17_1_._

_0,00 _.7_ _6 1_7_.0

I00.00 1°50 6b_ i_96°3 b. Zi6 I._711 : 1.}_13 *gZ °O00£b

dO0.O0 .76 _7_ 12_6°_ 5._i_ 1.3_ll Io3_07 I17 .O00ZZ

_00.00 o3_ 31_ 1196o_ _.dlb l._ol I._671 ! 96 .O00LU

i000°00 o15 2_2 i099°0 5.dlb 1.397_ I I°3_00 7_ .00013

2000°00 o0_ 19_ i0_I.1 b°216 i._I66 1.2_17 i 61 o00011

• 0 _ 161 _3.9 b.216 1._3_0 I°2_6_ j bO .OO0O9

= 0.250D PERCENT FUiL = _3°51. O/F i°98_

leO_ IW_°U_ 1797 I I_0o£ o°01o |tZ_ I. &_17 W7I _ .000-_ ,Z16

l.iO iZb°O0 iI_ I li_Z°l 6.01o 1.zeIO i°_olz _61 *000_

1.60 9J,7_ 16_ 961.5 6.016 1.2V_7 1°_b_0 _6 °000_ ._76j

i°_3 ol*_D 15_b 910.0 6*016 I.2_ i.4W_b _o .000_ | 1.000

_o00 7D°00 i56_ d6_oO 6.016 |°297_ i°_15 W29 o000_0 I.0_6

I0.00 ! 15.00 1067 176°5 6.016 I._0 l.3Zdb Jl_ .0005_ 2.147

lO*Zl 1_.70 10bz 16_o3 6.016 |.33_ io3zlz _1_ .000_ z.I_

_0,00

i00,00 I,50 _0 _,66",, 7 b. Oi_ i,_oo_ i,Zo_O loi °000_0 ._,_ I

I LO00.O0 I .15 i _10 I _d_l .... 016 L ..... i.I ...... 00_i' 5.3_7

9123_ _ b.016 i l°_OJ9 i I°I_ b_ .00010 6o606,000.00 .0_ ZlO] _ _ i ]

R = 0,300, PERCENT FUEL : 29,57t glF 2,3BI

1,0_ I_2,_6 j 2071 _0_,I 6,613 I l,g6_b I°3wOI _ °000_6 .21Bl

I._0 125.00 201_ _82_.6 6.o13 ! I._610 i°3_14 _6 .00094 .b_ i

_.00 79.00 I_0_ 9ZO0._ I b.e1_ l.Z_ I.Z_16 _ "O00t_ i X.__.00 37,b0 1_ _,
i

lO,g/ 14.70 L_e

..................i....,,o°00......._0o00

_00.00100°00 lobO.7D 5o_709 ' _18 _, I b o|_i' i 3b_J | 111Z _Z_ I O00JJ 'l J _b_Ob_,_ 6._5 l*)bOO _, fOOD 186 .O00Z_ _ _.01_

1000,00 .i_ J_i Io_°o o,o1._ I ,_ _z{) 1,0/'*) _zO I ,000_I ' :,.z_

_O00.OU ,u_ 2oi _70i,_ o,ol_ ±,JoJi i.O>_O oO [ ,00011 _,)x_..... _ L _

_30°I 1.2bO

)3_.Zi i.2971

_96°I[ i*0_i.

ZSb,b 1.018i

i.000Z6_°1

_01,7i 1.233

_27.5 1.974

3_8°I 1.997

_#3,b 2,962

_b6o_ _°620

_69._ 8°_32

)77.7 13._31

,_: _oo._6

bSZ,Z

ZV9,6

_97.3

z97,b

_16,7

_,7

_76,0

390.b

399.1

WO6.!

417.6

421.I

b6}.w

._56° 1

_06,6

30_,5

305,I

I

_,_ d,O_,_ 1o_6

._o_ Zo07_ _ 1_6_

_7_,6 _,lZ_ _o_Z

_'0_o 1 _o_6_ I._

_o/ _._9 _o?Z_ I
_'_0"_ _od06 _o_

i

I i !0,000

bbt_ °3 _,gOB ,_06

I
_i0.o I i.oi_ I ,6z6

_0_._ l.O06i .7bZ

_O.Z l,zo6 ] l,OZb

J6i, _. Z.OO4 i°L60

J6z,l d.ilO i,_6_

_ZL,_ ] l#,gbl i. bq_c

0.00 i 0.01

• 210 47,_

• _0_ 90.8

• b_ 12Z,2

• _36 1h3,2

• 725 163,_

.761 171.5

1.2571 Z8_.i

1,261[ 28_,0

i._761 }09.9

L.W67 3_0.4

I,55b i 350.8
1.610 36d,6

_.69/ 371,0

1,69_' I_I,6

I.71W _7.2.

_O,0O;J 9_.60"0

2,233 .209' W9°3

Io289 ._OOi

1,077 ,539; 1_7,_

io016 .632] I_9._1.000 ,Tlb 169,2

I.oo_! .757 l 179.1i._# I 1.019 Z_3o2

2,0091 i,257 d97,2

3.0_9 I._79 325.9

d.6791 1.56D _70,0

13._70 I Io619 _b_.7

_2.295 i i°_6z 391*9

_i,979 I I,706 _03.9

67,6671 1°7331 _09o6108,76_ 1,Tb_ _I#.6

' I0.000

Z.ZI9 °dO 7

1.073 ,b_

io015 o6Z9

i,000 ,70S

l.OOb i .754

I,Zb61 i.OZ7

O.C

b0,3

Yb,6

i_0. I

ibz.6

171.6

i_3oI

_06o5

_bo.9

_96.9

_06o7 i

_oC !

_0oi

0o0

_0o_

_7.5

_o_

16_.0

_o_

_i0oi

_o_

_o_

_o_

_0o 1

_0_o_

_1_o_

_o_

_o_

_0o_
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T_LE II. - Continued. THEORETICAL ROCKET PERFORMA_CE AT ASSIGNEDPPRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(f) Continued. Combustlon-chamber pressure, 150 pounds per square inch absolute;

frozen composition during Isentroplc expanslon

[ Static • Temp. Vi_o - Specific
Enthalpy, Molecular I...... pic Specif¢ , Thermal I " h Area Thru$_ SpecificPressure heat t y, i conductivity,! mac impulsQ ipressure, erature i

ratio_ p, 1" i h, weight e_ponent,' c ' #, I number [........... to ¢._nlJ impulse,
[ E ' Cf L

P poisesmicr°i k, M •lbll_l/b i1 1 ilb_l_l/llb

= 0,350, PENCENT FUEL _6,47, Q/F = 2,77B

1,00 150.00[ 233_ 8S92,e........ 7,bOL* T 1,2505 1,30_7 blO 0,00099 0.000 [ 0,000 0,0

1,0_ i_2._0 231o _b6_,1 i ?, 00_* 1,2511 1.3020 OOb ,00009 ¸ ,2_0 bog,0 2,199 i ,20_ 50,8

1,20 12b,O0 Z2b_ _;_,_ 1,60_ I,ZbZ9 1,2_0 bgO ,00097 ,_ J60,3 i,_7_ ! ,39_ 97,6
i,_0 i07,i_ zlo_ _b_,_ _,604 I l,Zb_l i.2_ _a_ .0009_ _ ,?_5 _ZO,_ t,069_ ,_32 131,5

1.00 _,15 ZlZo _010,7 I,o0_ i I*Z570 i,27_ _l_ ,000_2 _ ,_6 _IL,O 1,012i ,624 Ib_,_

£,_ _Z._7 Z07_ _1,7 ?,_0_ i I,Z_07 I._715 50_ .000_0 i 1,000 _09,2 1,000_ ,696 172,3
2,00 7b,00 ZO_[ _vl,_ _,00_ _ I,ZOO_ i.2o_b _o .000o_ ! 1,0_? _10,0 1,0071 ,7_9 16_,b

iO,O0 i_.O0 i_0! 7//_,7 ?._0_ _.zo'_9 i,IOzl *_i[ ,0000_ Z,tLO _b_._ Z,II5 1o261 312,1
iO,2L i_,?O l_O ¸ /l_o,O t,_O_ I,Z_O_ 1.Io1_ _Z_ I ,0000_ Z,L_Z _,0 2,1',21 i,Z_ _13,1

2O.OO 7,50 _2_ 7632,_ _.00_ i,_0_0 1,fizz _77 ¸ ,000_b Z,_51 _.5 3,27_; 1,390 3_.0 :
_0,00 3,?b i i0_ t_2_,Z 7,_0_ 1,3202 1,077_ 32_ .000_6 2,_551 _01,0 5,17b! I,_91 369,0

I

_,_0_ _, _2 ,_ lt_ i ,0001_ _,760 _1, 0 _ 78_221,7_3 _1o_

_00.00 1_01 _ i _0_ _,_0_ 1,_3_7 _,0_5 _ ,000_ _,_1_ _,2 9o_ i,_9_ _9_,_
_00,00 .7_ ! b_ _._ _._0_ 1._5 _,0_2 _z_i ,00030 3,_b_ _,_ 1_,_?_ 1_ _09o2

_00.0© ._ ! _7_ _3.0 _._0_ I._5_ ,9_ 1_ i ,000_ _,_ _,91 2_,_9 _,70_ _1_! i i I
1000.00 ,_ i _*_ I _2_,_ ?,_0;+ I._ .9_01 _*b i °00019 b.1_9 _,_,71 _8,09_ 1,75_ _o_

_00©,00 ,0_ _ _ I _,_ _._0_ 1._ ,_b_ _7 ,000_ _,_031 _._' _28,_77_ 1o_0_ _-__000,0© ,0_ _ _z I _Z._ ............... _ ...... _ •

= 0,_00, PERCENT FUEL = 23,95, O/F 3,175 |

,00 i_o.oo_ oo_o.__9FI.23_I_.2_,o_olo.ooloJo.ooo Io.ooo
i ................ ii. oo.... .i
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIqNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID 0X 'GEN

[Equivalence ratio, R; oxidant-fuel :'atlo, 0/F.]

(f) Continued. Combustlon-chamber pressure, ISO poun_ s per square inch absolute;

frozen composition during isentropic 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.]

(f) Continued. Combustlon-chamber pressure, 150 pounds per square inch absolute;

frozen composition during isentroplc expansion
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TABLE II. - CJl)tlnuKi. qHEORETICAI, ROCKg:T PERFORMANCE AT ASS GNED PRESSURE RAr]IOS FROM I 90 4LJ'O0 FOR

LiqUID ]{YDR0JEN WITH LI%UID 0. YGEN

[Equivalence ratlc, R; cxldat.t-fu_l ratio, 0,/9'.]

(f) Concluded. Combustlon-chamber pressure, ISO poulds per square inch absolute;

frozen composition during 1s_ tltrupI_ _xpanslon

V,scos- Speohc

Sto))c le_p Specdic Thermo_ Thrusu S_c,flcPressu,e p,essure, era ure Entholpy, _oleculor Isen_roD,c heot _ty, Ma{h )repulse Area
con_uctsw'y, mb,et in ve(uum rat,o c_ffbcdent, 4_pulse

ro),o p n_ we(gnv exponenl _, nu M
_o,g _ ¢P mbcro E

............ o .,o .......... o.......... 00_.................. ::<: ......

i.00 I_0.00 <0oo _bb.O <7°307 _°_-:_ .t .. 7_I 0)000 _, 0.000 0(00C O,

iJ,z] l_,_O izo_ 9(b,O ;,]0/ ll(_CJ >_ .000 c,Ib_ .oi,_ z°Ic_ _)zbf l_.h

_uC,oo ,;o b_7 _w(°o ,[,50 i.J_ ,,_ _'_ ,OOO h,Jeb _I_._ ZtJ°OO; i.I'l '
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TABLE II - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(_) Combustlon-chamber pressure, i00 pounds per square inch absolute;
frozen composition duping isentrople expansion

- - I ] • - T vi+,o+3 T s_,,, r • - v
[ pressureSt°tic eralure,Temp" Entholpy, h_o ecu a ! sen op c Specific Y Thermol M_ch impul_ Areo _hrust l! _pecific iPressvre
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C / L
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TABLE II. - Contlnued.

(g) Continued.

t,O0 Z)=,4

1,40 2 J.4129 2190

1,bO 187,50 _i_l

1,81 Ibbo96 2079

2,00 150.00 2036ii7iiiillilil
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_0,_i l_o70 12_J

"0,00 7,50 1042

i00,00 _o00 8_I

_00,00 I ,75[ _L

I000,00 *_0 i _¢56

__2000,00 ,lb i 378

THEORETICAL ROCKET PERFORMANCE AT AS;:IGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID ,IXYGEN

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

Combustlon-chamber pressure, 300 po_ nds per square inch absolute;

frozen composition during isentroplc expansion

I 1 wi_ol-! Static I_._, ¢ Specific . Ther,nal

P ..... ] p_. ..... T_iP _, EntE_p)'.h. _ulot[,_ht. _°l_nt. heat. ] _ condu(tivi_/,
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0"000 r 0"000 0-0
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z,&_bl ,204 50°3

llZbSI ,_92 96,6

l,ObOl .b29 130.3
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(g) Continued. Combustion-chamber pressure, 500 pounds per square inch absolute;

frozen composltion during isentropic expansion
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169o04
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: 0.800. PERCENT FUEL = 13.60. O/F
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4563,0 13.7_0

_498.8 13.740
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431_.3 13.740
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4.709 I i.Zl_ I .74_ IC_ .0000_
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I
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'FABLE II. - Continued.

(g) Continued.

j[ Static
P_essure prelsure,
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4200.00 .,id _¢_

THEOHETICAL ROCFJ£T PERFORMANCE AT ASS]]NED PRESSURE RATIOS FROH 7 TO ,1,30C' FOR

LIQUID HYDROGEN _'[[rP}{ LIQUID "O}YGEN

[Equlva!_:,ncu ratio, R; ,-_+iJant-ru<l ratlo, O/F.]

C,ombustlon-chamb{:P pr_ssure, JO0 pourds per square Inch absolute;

frozen composl%ion d_rtng Isentrop[( expar]slon
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• nc Math impu se Area Thrust ! ,:.pea .c
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T_LE II. - Continued. THEORETICAL ROCK£T PERFORM_CE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equivalence ratio, R; oxldant-fuel ratio, 0/F.]

(g) Concluded. Combustlon-chamber pressure, 500 pounds per square inch absolute;

frozen composition during isentroplc expansion

Pressure pressure, erature, h -" we gh exponent, heat,

Pc/P Jb_q,. conductlv+ty, u be in vacuum a o coefficient impulse.

R = 4,000, PLR(ENT FUEL = 3.054, O/f m31,7_6

2372 1054,4 26.507 1,2311 _ 0.40251 504

1.05 255.71 2351 1045.7 28,507 1.2315 ,4018 799
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15.C0 1509 547.4 26.307

lq.70 1504 54513 ZO,_07

7.bO 1129 5_3.5 a5,_07

I

I

0.00040 0.000, i 0.000 O.OJ

i

• 00040 ,252 _05,3 2+1_71 ,204 27.5i

• 00039 ,949 195,_ 1,259[ .392 52,9 i

• 00055 ,750 173,9 1,066 ,529 71,31

1,25b7 ,3960 75_ .00037 .592 I58,9 1,011 ,621 8_,7

1,000 1,000
1,2369 ,39_5 748 ,00037 1,094 15_,0 ,659 92,91

1,2300 ,b_30' 738 ,0003G 168,6 1,005 ,7W7 100,6

1,Z4bo ,5_J1_ bT_ ,00032 i,)951 151,_ I,_b I,OZ_ 1_7,5
I

i+2570 .56_wi _95 ,OOVZ5 z,15_' 19Y+b _+lb5 1,2_5 170,_

!1,2609 ,3b_b 5_5 ,0002_ 2,9_9! Z11,I 3,5_3 l,J5b 15_,2
i

I,_07z ,3D_Z 53_ ,O00Z_ lifO0

ii,2777 480 ,O00ZI 2,_40 I Z_0,7 5,_40 1,802 202,4

II

1.2952 ,3532i qll ,00015 5,_69 251,0 I0+5W6 l,OlO 217,1

1,30ei ,5ZZ5 562 ,00015 3,S90! 257,3 i_,952 I,675 228,8

1,31_51 +512! 516 ,00515 _.355! Z42,_ _7+8_7 1,729 29_, 0

, i ! I

• 3© 531 389,1 Z6,507 i 1,3369i ,Z_ / 1_7851 _0o5Z61 ,00010 4,_83 Z_7,5 55,783

• i5 _45 I 365,6 26.307 1,34Vb ,2717 2Z_ ,00009 5.5ZI [ Z51,1 88,429 1,8191 2_5,2• 0_ 371 + 342,4 26.307 1.35_9 I .2_00j 190 ,00007 6.117 255,8 i_5,29& I,_W7 _5.9

R = 5.000, PERCENT FUEL 2,_58, O/F =39,683

• r .... T ..... T ..... ] T2o++ _5_.o_+._13+_.2+_, o.3,,3 ,+2+o.ooo_+ i ,J;_ o.o

15_ 0-000

20_'0 _47,7 27._131 1,2442 ,3707 737 I .00054 .281 Z_Z,_l 2,1_4i ,20_ 25,2

1976 828,0 £7.31511.2_56 .3090 724i ,00033 .9#6 17_.91. I,_721 +59_ _8,4

l_b _O0,O Z7.313 1,2473 ,3570 710 *0003_ ,747 19_,2 l le0_ ! ,551 _5,3

IUbb 757,4 27,_13 IIZ_5 ,3092 697 ,000_2 ,d_ 15_.51 1,012! .b/5 70,7

i_+I 771,2 27.313 1,2_01 ,36_5 bBb ,00031 1.000 153,0 I,OO01 ,_9_ 85,4

1803 757,5 27,513 I,2514 +5522 677 ,00051 1,090 15_,1 1,007i +745 92,1

672,8 27.313 1,2596 ,3530 Ol_ ,00027 I.DS_ 165.3 1,279 I+02_ _2_,0

1292 577,8 27,313 1,27Zi ,3402 55_ .00023 ! 2,154 i 181,7 2.139 1.262 155._

1112 517,0 27,313 1,2525 ,3503 _51 ,000201 Z,953J 19_, 0 _+3_4 1,59_ 171,5

!i07 515,W 27,31_ 1,252V ,3500! W79 ,000201 2.b54 19&,5 3+3_0:i,897 i71.9

952 46_,I 27,313 llZ?J9 ,3205 I W2_ -O00lSl 2,750 z00,5 5,517 1,495 I_#.2
I

770 _07,9 27,315 l,_IOb ,30701 56_ "0001#I 3,_91 z09,b I0+0561 1.60_ 197,2

b51 572.1 27.315 1.5239 ,2974 _19 +0001_1 5,_25 _15,0 I_,3W5l 1,_5 205, 0

b_ 5_1.9 27,515 1,5_/b *20_ I _77 ,O001A 1%.3_9 _I_,> Zb,b_9:i=717 Zll*_
!

3_I 2_9._ 27.315 i,_6_9 ,2727_ 193 .000011 5.6_2 _27.0 83,bI_ 1,802 2_I,5

299 272,8 ! 27,313 1,3702 ,2693 165 ,0000_I 5.2_6 229,5 136.832 i=_29 225.1

_ + .

1,00 , 380,00

I,O_ : 285,71

1,2_ : 250,00

1.40 j 2i_,_?

I,OD I_7.b0

1,b8 168.45

2.00 150,C0

_,00 j 75.00

10.00 i 30.00
20,00 15,0C

2C,41 14.70

qC.0O 7.b0

i00.00 3.0O

230,00 1.50

400.00 i .73

1000,001 ,50

2000.001 .15

_000.001 .08

_,00 921 512,9 20.307

1.50i 785 45a,3 26,307

• 75 b56 430.R 26.307

- T T
I
i

t

i

!

i
I

I

t

L--
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSI INED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OX _GEN

[Equivalence ratio, R; oxldant-£uel "at*o, O/F.]

(h) Combustion-chamber pressure, 600 pounds pe. square inch absolute;

frozen composition during isentropic expansion

[ 1 ! V .... I dfic _ 'Static Temp . I Speciflc > ! Thermcl Sge Th us Specific
EnthalDv Maecu or I _. rop*c , . I it#. _ . . . _&_ch ,mpu se Area r .

Pressure p_essure, eroture, h," weight exponent neol, _ ¢onauctmty, number nv(x:uum ratio coefficient impulse,

ratio, /_ +" I K . <ol/,.,o,cr_i_ __<"il=>_°"<-_ l<l'>t"B_Jl>! l !............

l = O=tSOI PERCENI FU£L = .5.65, C/F - l.ltO

1.00 _oo.ool,[,3! .,3.>! _._6 1.3396,.77.1 31.10.00<,_0.000_ 70._ 0.0

1.60 116 t L,.,.06I,,.771013,11.00<,,.27,530.02, 0/ .,0 ..,
1o201"05 500.00571"'3 I 1129 5218.6 i 4.416 1.3`%36 1.7597 303 .00(70] ._.271 33lt.2 ; 1.297 .`%03 90.8

10_5 5/41,8 4o'L6 _ 1=3`%69 I 1"7x'72 293 ,00066 *7)2 296,1 1,0_1 ,b'3 122.2
l,,O _.26,fi7 10k.9 5077,7 `%,,16 i 1,3`%97 1,7369 _85 ,00066 ,860 286,6 i 1,0161 ,636] 1,3.2 /

3"'00 / 10o615000,1 ,,.161 1.352821.72,,= 2761.000631,.oool28`%.1_1.000/ ._1,63._,1,87 L 321.68

2,00 i 300,00 989 497fl*_ k,'16 1,36_+0 1,7210 [ 272 *00062 1,059 26_.," 1.003 ,761 171.5
`%.00 150.00 eZ4 ,893., 4.,18 1.3651 1.6825 i 23`%! .OOCS2 1._66 301.7 1.233! 1.031 231.3 i

0,00 60,00 6,3 4392,5 `%,'_ 16 / • 37_.8 1,6605 ! 188 -00£42 2,162 _27.b 1,97, i,Zb7 ,_, 1

0,00 30,00 532 4209°6 '_°'16 1,3799 1,63"%`% 159 ,00(.35 2,566 3_'3"5 I 2,962 ! 1o376 309,9

_39 _056,9 _., _.18 1,38Z`% 1,6268 13# ,00C29 3,031 356,k" I %,bZO 1°_.67 3_0,`%

0.00,>.00 I .00,9,3.0.,l ......... 1 ,,0.9IO,_ 1`%,70 _.37 / `%05_*_ _,,16 1,3o._b 1.6260 i3,_

0.00 6.00 3,0 3899.0 I `%.`%16 I=33_2 1.6093 I0_ *00_ 23 3.648 369.6 8._32 1o566 J_O.8

0,00 3,00 260 3802,6 4,,16 / 1,3926 / 1,5961 85 *00C16 L',i'9 377,7 13i`%31 1,610 ]62,6 I

1,50 230 3723,2 '%,,16i 1o,.O68 i 1,5562 70 ,00_.15 i h,675 384.ij 21*`%68 1,652 372,0 I
_00.00

000.00 .60 175 36`%0.1 `%*_16 1.43"9 i._8"7 55 .oocll 5._38 J90.6 39.9_8 1.69_ _61.61

000*00 .30 I`%2 3590*9 _.`%16 I.`%550 I.'389 45 .0009 6.0981 39`%.3 l 63.5721 1.719 367.2 l

000.00 i15 11" 3551.2 _._16 1.4705 I._065 361 .00207 6.6_5 I 397.3i i00.938| 1.739 391.bi
J .... I J _ -- 1 • . ._

R = 0.200, PERCEN[ FUEL = 38.851 (/F 1.587 I
1.007600.00 151`% 2969.' I 5.216 1.3079 1.6183, C2 0.00( 84 0"000 T_ _ 0"0

1.05// 571.`%3 1,+97 29`%1.71 5.21,_ 1.3090 1.61`%0 399 .00c63 .27`% 252"2t2"233[/i ii!i'209 ,.9.3i
1.20 500.00 1,50 2886.8 5.216 l. LizO 1.6022 389 .00061 .533 _`%6.6 1.289 i .`%00 9"._

1.`%0 42_.57 139_ 27d3.1 i 5.21_ 1.31_5 1.56_7 _76 .OOCl6 .730 _09.3 1.0771 .5_9 1Z7.4

I._0 375.00 13_`% 2713.2 5.216 1o3165 1,57?- + _.69 .OOC 76 .669 199.6 1.0161 *oo_ 149*`%

1.85 | 32`%.9`% 1307 2_`%0.5 5.216 1.3217 1.5_.51 359 .00¢?3 1.000 297*3|1*000 .716 i 169.2

2.00l }oo.oo 1282 2601.11 5.216! 1.32_, z.558,+1 352_ .00072 1.0681 297.8|1.00,+ I ,757i 179"11

'+.00 150.00 1079 2290.0 5.216 i°3391 1.50_6 307 .00C61 1.572 316o7 [ 1.2`%`% 1.029 2_.3.2 !

j I I ,..813.,7 , 91.2>72972i
10.00 bO.O0 852 195`%.3 5.21(_ 1.3558 I.,_16 5 .00( `%6 * • .00 • •

20.00 30.00 709 17`%8.8 5.216 1.3656 I._232 213 "00( _0 2.573 362.0 I 3.0_9 1.379 ?25.9

40.00 15o00 588 1578.0 5.216 io3715 I*`%066 179 -00 3#* 3.010 376.0 I ".739 Io`%72 I 3"6"0

`%0.83i`%.705851573.`%5.21_1.37,_1.,0621,6 .o0<3,3.0231_7_., _.602I.`%_i3`%6.61
100.00 6.00 ,58 i 1396,3 5.216 1.3771 1.5913 1`%Z "00 26 _.619 I 390,) 8,679 1.56_ 370.0

203.00 3.00 379 1286.2 5.21_ 1.30111.3_07 117 .OOCZZ *.111! _9_.i 1_.o701 I._19 _.7

`%00.00 1.50 312 1195.21 5.216 1.3601 I 1.3077 i_ 96 .00(I_ 4.638! _0_>.i 2_.191. i 1.6e.Z _91.9 I

2000.001.30198110 1.,5.2161.`%1 0,.,977161 .0011o.o,.i.1,.,I07. ,,.7, .09.71000.00 .60 2_2 1099.0 ! 5.216 Io3973 1.3`%00 7_ .00( 13 5.39`% z*13._ 91,979 1.706 _*03.5

`%000.00 ! ,15 161 993°9 I 5.216 i._550 1.2568 50 .00109 b.704| 421.1 | I08.7_`% 1,75_ k.l`%,b i

..... ! L i RJ ; 0.250. PERCE'NT FUEL '_ 33.51. -- CIF-= 1.984 _ " _ |J

1.00_00.0018177iz,9._6.0,_1=.28_1I.,9551 ,6110.0092 0.000_ 1 0.000 0.0_
1.05 _71°_3 1797 1220.Z 6.016 1.2_ _*_ I.-_917 "77 .00( 91 ,276 563.W 2.219 "207 i 50.3.2015°0.°° 7`%5..i 0010!1280i.`%613.-I00,89L 398
i._0 i _26.57 I_¢ !05_o7 _.Oib 1.2900 I._69`% "56 .00i86 : ,73_ i _1_,3 1.073 ._3_ 13o.1
l.bO 375.00 i636 961.5 6.016 : 1.2_zb I.`%591 ,46 .00183 ._76 _Ob.6 1.015 .bZ9 I 15&.7 :

I°83 327.79 L5_0 909.9 O.Olb 1.29_4 I I.`%4_5 ,36 .OO(dl i 1.000 30_.5 1.000 "10_ 171.8]

2.00 300.00 1555 86".0 6.016 1.2973 1.9_Ib _29 -00[80 1.076 _05.1 1.006 ,lLil 161.I

_*.00 1"0.00 1322 535.2 _.0161.31151.3673 378 .00_68 I I.,79 _25.5 1.2.6 I 1.0_7 I _9.31

1000 60001057 I 176 3 6 016 1 33z9 I 3_25 -'11_ 00i5" 2 1_71 355 3 Z 04t8l I zL_l '0 b 6!
20.00 1 30.00 8_7 995,.2 5.016 1.3 ..... 26_.8 269 i .00 46 Z.D6;_ i-_73. I 3.127 1.382 bJL.7

#0.00 15.00 7`%0 _. 9768*3 I 6.016 i I.3569 I.2559 &28 i "00 _8 2.987 3_.b _.683 I._71_ 359. 0

! .0.83 1..70 I 7369763.3 5.016 1.35_2 1.2'61 i 227' .OO. 38 3.000 .... 0 .... 9 1._81 359.6

i00.00 I 6.C0 580 9569 3 6.01_ I°3668 1.23Z0 181 .00130 3.581 _0_..2 8.985 1.576 382.3

200.00 J 3.00 _.81 9`%`%8.1 6.01_ I 1.3717 1.2191 151 *00125 _.OO" _*i3"_' i I_.395 I.630 395.9

I `%oo.ooI 1.5o! 399 I 93`%7.6I 6.016! 1.3755I 1o2100I 12`%I .00,20I `%.582̀%20.<_I 23.z0_I 1._>75.06.8i' ! i i
I000.00 *60 i 310 92_*0.9 6.016 ! I.3821 1.19`%6 95 "00( 15 b.327 `%Z8.7 _3*891 I.722 _16. 0

12000.00[ .3o i 256 9176.3 b.016 1.38_51 1.18021 78 I .00_12J 5.v_25 '..o:_._J 71.175 I 1.7`%9 _z'+.7 I

_ 31_____-_000 00 .15 I 210 I 9123.1_ .... 5.010 !.40_9 _ 1.1982_ b_ .OOi 10 ___Ib.bOb `%67.1111_.b_2_1.771 _ 430.i it
/

R : 0.300° PERCE_T FUEL : 29.57. I IF = 2.381

/

1.00 600*00 209" 9932.7 6.515 [ 1.20_7 1.393`% 551 0.00197 _ 0°000 0.000 0*0

| 1.20 J 500,00 2015| 9823°5 t_.815 i°2675 i°3_J17 537 .00' 94 ! .5`%ZI 359.8 | Io278 .396 97.5

I I._0 I 928._7 19_I| 973_.`% _.813 1.1701 ;.3_t`%I 515I .00,91i .7_iI _19.8l 1.0_! ._ 131.`%I

1.60 375.00 I_96 J 9659.5 6.815 i*272`% io5022 515 -00' 89 i'0001"661308.21310.2 1.013 i .b2b 15_.21
1.82 330.09 IB95| 9569.9 6.815 1.27_.b 1,3534 505 .00,67 1.000 .701 172.7'

2.00 i 300.00 1807 19539.0 6o8151.2764 1.31_67 498 .00_ 65 i 1.0321 309.01 1.006 .751 185.1

_.00 150o00 1551| 9200.2 6..815 1.2898 1.29_0 `%`%'I .00' 74 io685| 330.'I 1.266i 1.0_5 252.51

[ I 97 1 332 37_ I 6 I 2 1,6 ._1 6 20tt'+ 1 2803103
10.00 60.00 125_ 8826.3 b.81_ i._0 °2 [ "00 0 J " • • " "

20.00 = 30.00 10028_92o`% b.815 I 1"5290 1.1_$06 i _26 "00' 50 I 2.655 -_$I.0 31ZOb i._6_ 3`%1.51

40.00 15.00 69`% 8_98.1 b.81_ i.J-5ob I*ID29 27_ .00 WZ 2._69 ._o._ i ).OJb I.w_9 ._O)o8 1

_0.8_ IWo{O b_9 _38_._ 0.oid I._o9 Io1920 177; .00 _2 _._oI _97,.:. i ),10`% I._ei _Ob.,

200.00 3.00 569 8051.7 6._Ib I13605 1.1006 i! 187 ,00 > 27 4.01W W23.0 Ii I_1966 I. b`%.19i! _0`%.691100.00 _.OQ 706 8162.2 6._15 1.3_ 1.11/3 &23 .00 _ 3" _`%_+ `%13.2 9.321 1.5_ I 3 0-3

WOC.O0 J 1.50 `%89 79`%3,1 b,_15 Io3607 1.0_60 1561 .00' <[3 g+._I_I `%31.0 2_.225 1.bd9 _+ib.i i

,0000080 3.17.7.2 07`%5120001715-.6 39.....11. i.....i
2000*00 I __ .30 316 ___7756.9 8.815 1.3775 i .0{*_0 _9_ .00' __-11_ 5.853 _'`%`%• 3___ ___ ___ 7_.873 1.76/ ! 835.1
`%C00.00 i o15 261 7698°7 b.815 Io3319 1.0_31 80 .00' 11 b*511 4`%8.. i 122.117 I. /90 i _.0.9
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXYGEN

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

(h) Continued. Combustion-chamber pressure, 800 pounds per square inch absolute;

frozen composition during isentropic expansion

Stot_c _ I I I I Vscos-' T r _ I N_scn. c

Ih_qsi" Temp" Entholpy' i r]T_"Y"K' M 1' [ -- Area Th .... Specific

Mol_ular Isentrop4c S_Kific ! h, he mo
Pressure pressure, erature, i heat, ! _._ conduc v ty, Moch _mpulsenumber !inva(uum, ratio, :aeffi6en! in_oulse,weight, exponent,

ratiO,pc/P p, T co_/g cp t micro k, £ C F ]-

..... I I _ ies ........

l = Qi3501 P_RC FD FUlL • 761471 0/F 7.778

1-00 600.00

1.05 571.43

1.20 500-00

1.40 428.57

1.60 375.00

li51 331.93

2.00 300.00

4.00 150.00

LO.O0 60.00

20.00 30.00

40.00 15.00

40.53 14.70

i00.00 6.00

200,00 i. O0

400,00 1.50

1000,00 .60

2000,00 .30

400C.0C i .15

1.00

1.05

1.20

1.40

1.60

1.50

2.00

4.00

10.00

20.00

#57 6711.6

379 6646.1

314 6553.5

I
1.2500 1,30561 611 0.00100

1.2507 1.3029 ! 607
1,2525 1,29551 697

1.26_6 1.2865! 585

1.2565 1.2793i 575

1.2582 1.2724 I 866
1.2597 1.28651 358

1.2714

1,2893

1.3043

Ii3198

1.3200

1.3371

1.3480

1.3_o5

2347 8892.8 7.510

2326 5863.0 7.810 .00099

2263 8783.0 7.610 .00097

2193 5693.3 /.810 .00094
2135 8617.9 7.610 .00092

2082 8550.7! 7.610 .00390

2039 8496.31 7.610 .00_89

1763 8152.6 7.610 1.2233 I 504 .00078

1.1192 i1443 7770,0 7.610 1.1638 4_2J .00064

1231 7528.41 7.610 379] .00055

1044 7322.8 ¸¸ 7.610 1,0755 325 I' ,00046

1039 7317.2! 7.610 1,0772 326 i ,00046
I

8_2 7099.01 7.610 1,0358 2661 .00036

897 6960.9! 7.610 1.0115 I 124 i .00030582 684_.4 I 7.610 .99_0 157 ,O00Z5
I

147 !
7.610 1,383_ .9790 I , ,0001_

7.610 I._5 .9893 i 120 .00016

I 7.610 1.373_ .9597 97[ .00013

= 0.400. PERCENT FUEL

5..8 1.2_5_ T..2_
8,396 1.239o I I.2271

5.396 1.2405 1.2210

5,396 1.2424 1.2137

_.396 1.2439 1.2071

8.396 ie2454 L.2012

5,_96 1.2q6811.1955

5.395 1.2556! 1.1592

8.396 1.27241 1.10)7 884 .00068

8.396 1.2803!1.0634 429 .00058

8.398 1.3013!1.0222 375 i i00049

5.396 1.3018_1.02111 374 I .00049

8.396 1.3108 I .9745 308 .00039

5.396 1.3337 .9460 Z611 .00032

8.396 1.344_ .9241 210 .00027

5,396 1.55_I .9033 17_ I -00021

8.396 1.3607 .892_ 1_i .00017

8.396 1.3661 .5d33 1171 .00014

= 0.4)0. PE_CEaT FU£L 21.571 O/F

800.00 2574 8050.5

571.43i2550 8020.9

500.00 2455 7941.4

428.57 2412 7852.0

375.00 _350, 777b.5

333,_8 22967712,1

300.00 2249 7655.4

150.00 1956 7310.9

I

60e00 1615 592_.5

30.00 1388 6678.4

15.00ii188 6467,614,70 1181 6461.5

i

80.00 , I

40.83

i00.00 I 6.00 954 6236,I

200.00 3.00 | 804 6092.2

400.00 1.50 675 5971,1

i000,00 ! ,60 532 5540,7

2000.00 I .30 _43 5750.9

4000.00 I .15 369 5694.5

1.00 600.00 2773 7354.51 9.167

1.05 571.43 27_8 7#25.3 9.167

1.20 500,00 2680 7245.7 9.167

1.40 428.57 260_ 7158.4 9.167

i.b0 575.00 2_39 7084.0 9.167

1.79 334e56 2484 7021.9 9.167

2.00 _00.00 2435 6953.8 9.167

4.00 150.00 2127 8621.5 9.167

10.0060.o0_% 6235.4916_
20.00 30.00 5987.8 9.167

40.00 15.00 1316 5774.3 9.167

W0.55 14.70 1310 0765.5 9.167

i i00.00 6.00 9.167

I 200.00 3.00 9.167

400.00 1.50 9.167

i000.00 .60 9.167

2000.00 .30 9.167

.15 9.167

i;_o

1.2292

1.2297

1.2311

1.2326

1,2339

1.2352

1.2334!

1.24_0

1.2589

1.2713

1,28_5

1.2559

1.1524

1,1604

1,1550

1.1487

1.1433

1.1386

1.1338

1.1016

1,05_I

1.0187

.9761

.9750

1068 5538e2 1.305_ .9267

905 5390,3 1.3195 .8952

753 5265.1 1.3322 .8695

605 5129.71 1,5452 .8448

506 5046.4 1.3533 .8303

422 #976.9 I.3_9 .8207

: 0.500, PERCE_T FUEL • 20i12, O/F 3.968

0.0001

.280i 869.9

• _45_ 360.8

.7451 3_0.9

• 8861 311.5

1.0001 309.6

1.0871 310•5

1.5901 33_•7

2.1501 358.0

2,5511 385°2

2.954i 401.7

2.9661 402.I

3.>131 419.0

3,967I 429°3

@.487_ 437.8

5.1661 4_6,0

5e75bl 451,9

0,000

2.1991 .205

i*Z#_l e394

1,0091 ,53_

1.0A_1 ,624

1,0001 .696

1.00fl ,7_9

1.z,_ i ie024

2.116! 1.261

3.276 i Ie390

8.1801 ie491

8,25_ i 1,494

9,659i 1.894

15,596: 1.654

25,296! 1.703

48,178J 1o75_

7_,6_3 1,78_

128,622 ¸ 1,8096.3991 456.2

23,95, O/F 3,175

663 I 0.00101 0.000 ir 0.000

659 .00100 .281 568,3 2,191 i ,205

6491 ,00095 .547 360,0 1•2711 ,393

63_ i .00096 .745 _20.4 1.067 ,830

627 i .00094 ._90 _11,1 1,012 o522

618 i ,00093 1.000 _09o4 1.000 ,692

610i .00091 1.091 310o3 Lo007 .748
55? ,00081 1._95 333,1 i•2_1 1.023

2.182 365,2 2.143 I 1.262

2.548 _86,9 3o338 I 1,393

2.944 404,0 5,310 1,497

2.955 404.5 5,384 1,499

3,487 422,1 9.975! 1,602

3•927 432,9 16,185 I 1,665

4.401 441,7 26o355i 1,715

5,088 451.0 50•40_ i 1,768

5*663 456,6 82•493! 1,800

6_28_ _6_,2 135•2081 _26

3,871

707 0.00101 0"000 0'O00 r

704 .00101 .2B2 564.6 2.186 .20 _

bg_ .00099 .549 357,9 1,268 ,392

682 .00097 .751 318.6 Ie066 .829

67_ .O0095 .59_ _09.5 leOll .621

663 .O0094 i,O00 307,5 1e000 ,689

b_5 *00092 1,095 308.5 1e008 ,7 _b

602 .00083 1.598 _32. 0 1.285 I.022

529 .00070 2.153 _68.5 2.i65 1._63

47q ,00061 2.546 _86,7 3.3U9 1.396

418 I .00052 2.936 404.3 5.420 1.501

417 e00052 2.947 604.7 5.497 I8504

0,0

50.9

97,7

131,7

18_.7

172,5

185.7

253.8

312,6

344,6

369,b

370°3
I

395-i I

410_01

4_2,11

_34.61

_#8.3

O.S_

50"7 i
97.5

154,3 1
171,6=

i_5.41

Z33.7

313.0 i

345.5

371,1

371.81

397.3[

412,8t

_25,41

_35,5 I

4_6.3

0,0

50.4

96.8

130,6

252,5

153.4

170,1

18_.4

312,or

_44o8 I
370,8

371.5

34U I -000_2 3.467 422,9 10.256 1,609

2981 ,00035 3,895 434,1 16,723 1,674

252 t .00029 4.353 443,3 27•347 1,726
I

199! .00022 5.021 453.0 52,535 1,781

1651 .00018 5857T 458,8 86,213 1.814

136 ] .00015 6.187 _63,6 141.612 1,841

2944 6759.6 9.919

2915 6741.0 i 9.919

2548 6663.81 9.919

276_ 6577.1 1 9.919

6503.9 9.919
2702 644_.3
26_7 9.919

2592 5355.6! 9.919

2275 5048.0 9.919

1904 5665.2 9.919

1655 5418.4 9.919

1431 5204.5 9.919

1424 5195.6 _._i9

496684 9.919

4516.2 9._19

,688.5 9.919

4549.6 9.919

4463.5 9.919

4391.9 9.919

1.1037[ 745

1.1020 I 741
It0971 731

1.0914 l 7_0

1.0865! 710
1.0823 701

1e0781 69_!

1.0500 640

1.0081 568

.9750 51_

•9359 457

.9_46 45b

._e75 38_

.5939 331

.8260 28_

.7_71 225

.7812 157

i .76_ 155

0.00101

.00100

.00099

.00097

.00095

.00093

.00092

.00053

.00072

.00063

*00354

.00U54

.00064

.00037

.00030

.00024

.00019

.00016

0,000

• 2831 559.4

• 5511 354.7

• 7531 _i5.9

• 5951 _06.9

1,0001 305,4

1,0971 306,4

1,6011 329,7

2,1541 363.5

2,8441 385,0

2.9301 402,8

2.9411 403.3

3.4521 421.9

3.8691 _33.4

4.3151 _4_.9

4.9621 452.9

5._041 455.9

6.0961 463.9

600.00 1.2215

1.05 571.43 1.2222

1.20 500.00 1.2234

feW0 428,57 It2248

1.60! 375.00 1.2_61

1.79 335,48 1.2272

2.00 _00.00 1.2282

4.00 150.00 I.2358

10.00 60.00 1.2480

20.00 30.00 1.259_

40.00 15.00 1.2724

40.83 14.70 1.2725

i00.00 ! b.00 1170 1.2916

200,00 i 3.00 997 1.3065
J

1,50 845 1.320_400.00

000.00 ,60 674 1.33_7

:000.00 ,30i 565 1.3449

.000.o_ .15 472 1.3_24

0.000

2o151 .204

i.266 .391

1.005 o_2_

1.011 .620

1.000 *686

1.008 .745

1.291 1.022

2.183 1.26_

3.431 1.398

5.512 1.505

5.591 i._08

I0.495 L.615

17.I93 1.681

28.255 I _.73_

54.491 i.792

89.6?5 Io827

147.626 l._

397,5

413.4

426o4 _

440,0

448ol

454.8

0,0

49.9

95.9

129.4

152.0

168.3

182.8

250,61

310,0 1

342.9 1

369.01

369.71

396,11

_39,5t

454,9 I
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TABLE II. - Continued, THEORETICAL ROCKET PERFORMA_CE AT ASSIGNED PRESSURE RATIOS FROM i TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID CKYGEN

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

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

frozen composltton during Isentrop!= expansion

Star< I Temp- S_c c i t 1he m_ Thrust S_¢J,(

Pressure pressure, leo el Enlhalpy i Mol_ular j _n opt ,y Moth mpuse Area
ratio, p, i r Tur ,' h_ weight e_ponent, heat i _ i conducti ity/ number in vacuum ratio c_fficient, impulse

_,p

p
= 0,600_ PENctr;T FL_L = 17,35, CtF _o76Z i

i

I,OC 6_O,OC 320_ 5_41o_ 11.31÷7 i 1.2112[ Io004_* _03 O,OOC)_ 0,000 ! , 0,000 9o0i

i

i .ooc_z i z._e _o._ _._o_ i._ _o,.o20,OC _O,O0 l_bi ii,_/ I,Z_ZZ ,_uoZ -OOC'_ z.u_zI 5_O,b

_3O.OC

i

= 0.700, _kt_i,r FULL 15,2b, _IF = b,55e i

1,0_ bOO,O0 33UI b13_,3 12,0_q i,ZC_ 0,cZ_e _.6 O,OOC,_5 ! 0,000 0,000 O,n
_,0_ b71,4_ 3353 bilZ,_ !z,6D_i i,_0_7 o_ZJ_ u_ ,OOcC_ ,Z_) _0,{ Zli/l ,_0_ _2,4

I,_0 42e,b7 _lCZ i _90_,_ i iz._w l,ZO_m ,Cie* dzO ,OCCCi ,Ib_ _O,9,: I,O_Z ,bzb Iz_,_

[,t6 33/,61 500_ i _qT,d i I£o6b_ 1,2002 ,9il3_ bOZ ,30:_ i,OOC, _C,b ioO00 ,uriC, Ib?,O

2,0C 3OC,OC 3OOz ! _,'91,_ iZ,55_ 1,20_,3 ,_O_ t_: ,30'._d i-13_ _91,_ l,CO9 ,{&J If_,_

iOOlOC _,OC i_6! _4_9.U _z._b_ _,ZDUO ,/0,'. _bO _ ,00{,71 _,_zo _CIIO ll'iOO i'b:O J_L'U

_OO,OO i.SC [,3TU 319b,4 i_,_ i,_ ,/O;_ JT_ ,30C_4 a,zZ6 _ZW*O _0,_35 l,/b_ _zl,i

20C0.0C ._0 7_d 29bb,b lz,_ 1.31/7 .b2CC a5_ ,OOC_Zb,317 9v.7_: l._b_

R : D,8OO* PERCErlT FI_L 13.60_ g'h : b,_49

1.00 _00,00 3_i 45Be,_i13,_59 l,ZOO 4 0.6b_l oTb O,OOC_I C,O00 0,000 9.0

1.77 35_.17 Jl61 _31_.0 _:._b_ I.ZOZ_ ._c _3i .OOC_b l. OOo _oz._ i.O00 ,_l_ J_.l

2,0C 3CC,OC 309_ _2_C,_ I_._59 1,20_6 ,8_Z _zgl .OOC_ l,icb _8_,2 1,0i0 ,7_2 lob,6

_,OC 150,0C Z750 396_,_ 15,_5_ 1,20V7 .5L13 t70 ,ooc_ 1,606 30b.t 1,3_ l. OZO Z3i. T

i3,OC 63,00 2541 563_,i i),_b9 1,_17/ ,dO_ 700 ,OOC>_ 2,157 _3_._ Z,Z361 /,k_7 Z_7,6

Z3,OC 3i?,OC Z0¢5 _q!7,_ 15,_b9 I,ZZ>_ ,700/ o_0! .OOC_Z Z,_C _59,_ _lb561 l,_Ob 31_,C

_O00,OC ,l= _7C _b,j,z iJ,bb9 1,3£-b ,_vm _32: -OC:/_ b,6Ol _0,9 i70,7¢4 1,89_ _Si,z

4 : C.9OO, PEt<CEqT roLL LZ.2B, U'F : 7.iq_

l,OC 50C,OO 352_ _142,_ i_,_50 I,i_U2 '3,_C_f _Ct:C,OOZ_7 0,000 O,O00 O.C:

_,S'C' IDO*OC Z7_2 >bSZ,_ I_,;3C i,Z_70 ,17OC /U'# ,OOCt_ _.oOV z_,/ i,50c i,OL3 _Z_,_

_r3L,C[ ,c_ _b?i2dTdoQii_._ C i._mr :"/ .O0(:c _.?lzl _I/,_i
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TABLE II. - Concluded.

(h) Concluded.

THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR

LIQUID HYDROGEN WITH LIQUID OXY]EN

_quivalence ratio, R; oxldant-fuel r ltlo, O/F.]

Combustlon-chamber pressure, 600 pound_ per square inch absolute I

frozen composition during Isentroplc ;_xpanslon

r ) ' P* T. h. gn.

1.00 I 800.00 2381

i*05 571.43 2389

1.20 500.00 2300

1.40 428*57 2234

l*bO 375.00 2178

1.79 334.41 2131

2.00 300°00 2087

_.00 150.00 182_

i0.00 b0*00! 1518

20.00 30.00 i 1315

40.00 19*00 i llJ4

40°63 14.70 I 1129

t

I00.00 6*00

200*00 3*00

400.00! 1.50

1OO0*O0 .b0

2000.00' °30

4000.00 .15

I054.4

I045.?

I022e2

995.8

973.6

954.9

937.8

835.4

720.i

646.1

.582.1

5@0°3

928 513.0

789 486*2

869 428*2

534 386.7

447 361.1 .9.7

I*00 600.00 2072

1.05 571.4.5 2082

1.20 500.00 1999

1.40 426.57 19_9

1.80 375.00 IB8@

i._0 332,87 1844

2.00 300.00 1806

4.00 150.00 1568

I0.00 60.00 1294

20.00 30tO0 1113

40*00 15.00 953

40,83 14.70 949

TO0*00 8*00 771

200*00 3.00 652

400.00 I*50 549

i000.00 .60 434

2000.00 .30 361

4000.00 *15 300

Sl_ci fi c Area I Th,ust _oec, t,c
Itentro_c Speofic Vi_cos- Thermal Moth impulse

exponent, he(,. conclucfivlty number ,n*acv..w., roti0, ¢oeHiciee, l_ impulse, I

Cp, I micro k. M I_. £ .... CF _N_/llb,]_ I

-_ ¢_l(0)C"K) polsos :d/I_(°_l(_ . (lb)q_)/_ _

= 4.000, PERCENT FUEL = 3.054, O/F =31*748

26.323 1,2307 0,4027.3963

28,323 1*2312 *_021

28*323 1*232.5 *4003

26,323 1.2.540 .3981

26*323 1.2.55_

26*323 1.238.5 .3947 i

26,323 1*2378 *3932!26*323 1,2462 *3833

28.323 1*2.566 ,3697i

26*323 1*266.5 *3566!

26*323 1,2771 *3479!

26*323 1.277.5 o3_76!
I

26*323 1,29_7 *33341

26*323 1,3055 ,3226

26.323 1,.5187 ,3124

26.323 1,3363 ,3000 I

26*323 1,3469 ,2918 I
26,323 1,3566 ,2860

I

i

I

• ± !

PERCENT FUEL = 2,458, O/F

1*2436 0.3r141 742 0.00034

I*2441 °37081 737 *00034

1,24_5 *36911 725 *00033

1*2472 *38111 710 *00033

1.2467 .3o_1 696 *00032

1.2500 .38_11 687 *00031

1.2512 .36231 677 *00031

1*2595 .3_311 614 *00027

1.2720 .34021 536 .00023

1.2824 .3303J _81 *00020

I*29.57 *_Z041 _29 *00018

1.2940 *_Z011 428 *00018

1.3104 .30/11 364 *00314

1.3237 .297.5] _19 *00_12

1,337_ *Z6641 277 *00011

1.3.544 .2/601 226 *00008

1.3658 *2lZli 193 ,00007

1.3701........ *26931 l_.O000b

= 5.000.

r

@55.0 27.317

847*7 27.317

828.0 27.317

_05.9 27o317

7_7.3 27,317

771.2 L7,317

757*4 _7,317

672*4 27,317

577)3 27,317

516.7 27.317

46_.7 27.317

463*3 27,317

407*4 27o317

37L.6 _7,317

341.3 27.317

308.1 27.317

28@.7 _7.317272,1_

806] 0.00040 O*O00
601 *00040 *282 _08.?

788 *00039 *.5491 195.7

774 *00038 *750i 17_,2

lbl *00037 ,892; 169,2
750 ,00037 1.000; 168,3

740 *00036 1,0941 168,8

676 *00032 1,598 i 181,4

595 *00028 2.1_1 199*8

637 ,00024 _*)491 211,4

481 .00021i 2._91 221.I

480 ,00021i 2.951j z21.4

4lZ ,00018 i 3.469] Z31.4

_63 *0001.51 3*8891 237*7

317 .000131 4,336 I 242.8

Z6Z .000;0i 4.980! Z48.3

225 *00009 I 5..518! 2.51.6

6.1121191 *00007! 2.54.3
i J

=39.683

0"000 0"0

z*i_/l .20_ 27.6

i*2691 .392 52.9

I*0661 *.529 71.4

l*Olll o82t B_,9

1.0001 *689 93.0

1.008 I *747 100.8

1*2881 1,023 138*0

2*168] 1.263 170,6

3,394 1.396 188.5

5,44_ 1..502 202*7

.5,.521 1..505 i 203ol

10,3.56 l*bli I _17.4

16*972 1,676] 226*2

27,895 1.729 i 233*4

5.5*B71 1.78.51 241,0

88,.590 1,8191 24.5.6

1145.58o 1.8_ i 2,9.4

_

0-000 O.OOO' O*O

.281 282.6 _*194 *205 2.5.2

*>46 179.0 1.272 ,394 48.5 i

*747 159.2 1.068 *.531 6_*31

*888 1.54.6 1,012 .623 76*7

1.000 1.5_.7 1.000 .694 8.5.4

1.090 1.54,2 1.007 *748 92,2

1,_9_ 16.5,_ | 1.279 1.028 126.01

2*1_ 181.@ ! 2.139 1.262 1_.5,4 12,.5.53 192,1 3*33.5 1.393 171.6i

2.950 200*7 5,318 1.497 184,3i

i 2"9621 200,9 ] 5.393 1.499 !! 184,6 i

3,_90 209,7 10.039 1.603 197.4

3.923 21.5,2 16*_511 l*bb5 205.1

4..58.5 219.6 26.706 1.7i7 2ii.4

!5,055 224t3 _ 5L*1.5_ 1.770 218.083.6601,80312-.01

6.2_.5_229.41.6.9°5[ .829_ 225.21



TABLE III. - THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS

FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence

ratio, R; oxldant-fuel ratio, 0/F.]

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

65

J Temp- J Temp-

P_ssure I _

• e¢otu_, ¸ e¢_ure

ratio, T [ ex_nl,

P/P o_ ! ,,

___ R__, 5 t PERCENT FUEL = 45,65, O/F = 1,19,

i+00 1183 0,0000 ,0000 1,?T53

1,05 1168 *0000 2.250 0o0000 47._ 0o0000 1*T711

1.20 1129 °0000 1,297 *0000 90,8 o0000 1o7597

1°40 1085 ,0000 1,081 ,0000 122o2 °0000 1,7472

1.60 1049 o0000 1o018 o0000 143,2 *0000 1,7369

1,87 1008 ,0000 I*000 *0000 163,4 *0000 1,7257

2,00 989 ,0000 1,003 ,0000 171.5 °0000 1°7210

4,00 824 ,0000 1,233 °0000 232.3 1,6826

4,08 819 o0000 1.244 ,OOOO 233°7 ,0000 1,6816

i0,00 643 ,0000 I*974 *0000 283°I *0000 1,6507

20,00 532 *0000 2,983 "0000 309,9 ,0000 1o6348

40,00 439 *0000 4°620 *0000 330,4 "0000 i*6268

100,00 340 ,0000 8°432 "0000 350°8 ,0000 1,8099

200,00 280 ,0000 13*431 "0000 362°6 .0000 1,5951

400,00 230 *0000 21*488 *0000 372,0 *0000 1,5573

1000o00 175 "0000 39°928 *0000 38J,6 o0000

2000-00 142 ,0000 83°572 ,0000 387,2 *0000

14000-00 114 *0000 100,939 *0000 391,6 *0000

i°00 1514

1,05 1497

i*20 1450

1-40 1398

1,60 1354

1.85 1307

; 2,00 1282

4°qO 1079

4,08 1073

I0,00 852

20,00 709

40°00 588

j i00,00 458

: 200,00 379
! 400.00 312

1000,00 242
2000,00 198

4000,00 161

R : 3.20, PERCENT FU£L

*0000 '

*O00O 2,233

*0000 I,289

°O000 1,077

"0000 I°016

*0000 1*000

,0000 1,004

"0000 1,244

,0000 1,256

,0000 2°009

,0000 3°049

"0000 4,739

°0000 8,679

*0000 13"870

"0000 22,296

°0000 41,979

"0000 [ 67.687,0000 i08,755

roho +mpul_
ra_i .... po,.,en, I I, irl_l, heat, I#',_ln<J_ (,_!ngR_[

..po,.n,, _a_o P IT k_,o TA, E+: ",+ I*,+,-)/,. ", -,/_;,+,.[

,0000

,0000

°0000

°0000

*0000

,0000

,0000

,OhO0

•0000 297°2

•0000 325,9

• 0000 348*0

• 0000 370°0

• 0000 382.7

•0000 393.0

• 0000 403.5

! .0000 '_09.7"0000 14,6

= 0.25, PERCENT FUEL

I
2°218 0*0001

i,283 *0001

I°073 ,0000

1.015 ! ,0000

l*OOO .0000

Io005 "0800

I*256 "0000

1*268 "OOO0

2°048 "0000

3,127 ,0800

4,883 °0800

8*985 "0000

14°396 "0000

23,208 "0000

43*894 ,0000

71.279 "0000

15°650 "0000

_,uu 11816 0°0003

; _,u_ t1797 J ,0003

, _,LO I1744 ] *0002

i 1.4o I1686 ,0001
I

±*bo
1636 ,0001

i,83 1587 *0000

] _.uo t1555 .0000

_*DO t1322 *0000

_°O_ 11316 I °0000

i0,80 11057 ,0000

20,00 I 887 .0000

40,00 I 741 ,0000

i00,00 I 581 ,0800

200.00 l 482 ,0000

400,00 I 399 *0000

i000,00 I 310 ,0000

2000,00 [ 256 "0000

_!9_ .oooo

2,00 1808 ,0003 I°006 -.0001

4*00 1553 -*0001 1,266 -*0002

_°08 1546 -,0001 1,278 -.0002

i0,00 1258 -,0001 2.085 -*0002

20.00 1064 -,0002 3.207 -,0001

40.00 896 -°0002 5,038 -,0001

I00o00 708 -*0002 9.326 -'0001

200°00 590 -'0002 I_,99b -*O00k

400,00 490 -,0002 24,2_? -'0001

1000.00 383 -,0082 46.005 -'0001

2000,00 317 -,0002 74°922 -,0001

4000°00 262 -°0002 122.202 -,0001

0.00000 0,0000

°00000 -0000

*00000 ,0000

,00000 °0009

,00000 ,0000

,00000 .0000

,00000 -0000

,00000 *0000

*00000 ,0000

,00000 °0000

,00000 -0000

,00000 o0000

,00000 .DO00

,00000 *0000

.00000 *0000

I°4871 ,00000 ,0000

I,4402 ! ,00000 ,0000
&

1,4116 ! ,00000 *0000

38,65, O/F i°587

io6194 0,00000

49*3 0,0000 1,6149 *00000

94.6 ,0000 I*6028 *00000

127°4 ,0000 i,5891 °00000

149°4 ,0000 i,5774 "00000

16%°2 °0000 1,5653 °00000

179°i ,0000 1,5585 ,00000

243*2 "0000 1,5046 [ *00000

244.7 ,O00O 1,5031 i ,00000

*

*0000 1,4516 I °00000

,0000 1.4232 ] ,00000

°0000 i,4067 i] °00000
!

,0000 i°3916 ] oOOOO0

*0000 I°3807 i °00000

,0000 I*3681 *00000

,0000 I,3398 ,00000

,0000 1,2994 °00000

,0000 1°2564 °00000

33*51, O/F 1,984

i.5088 0,0000_ i-0°0013

50,3 0,0001 i*5036 ,0000_ - ,0012

96*6 ,0001 1.4898 °00003 - °0008

130°1 ,0001 i*4751 ,00002 - *0005

152°6 ,0001 i°4630 °00001 - *000 _

171*8 ,0001 i°4513 .00001 - °O00Z

183,1 ,0001 1,4436 ,00001 - ,0002

249°3 "0000 i,3875 "00000 *0000

250,8 °0000 I,3860 "00000 *0000

305.8 ,0000 1o3226 ,00000 *0000

335,7 ,0000 1*2848 ,00000 °0000

359,0 ,0000 1.2559 ,00000 ,0000

382,4 °0000 1*2321 ,00000 *0000

395,9 ,0000 I°2190 ,00000 -0000

406,8 ,0000 i°2100 "00000 *0000

41B*l "0000 i°1943 -00000 °0000

42_o7 °0000 1,1803 ,00000 °0000

430°2 *0000 1,1487 "00000 °0000

R : 0o30, PERCENT FUEL 29°571 O/F = 2o381

1,00 2089 0,0017 I i,4578 0.00032

. 0,0007 1,4493 ,000281,05 2069 ,0015 2"204 0°0007 80"7

I,20 2013 ,0011 ] 1,277 ,0004 97,4 ,0006 I°4276 ,00021

1,40 1950 ,0008 J 1,070 ,0002 131._ °000_ 1,4052 .00015

1,60 1896 ,0005 1,013 o0001 154.1 o00 9 ,00010

1,82 1846 ,0004 1,000 "0000 172.5 ,0004 1 • 3729|,00007

185,1 ,0003 ' Io3623 °00006

252,5 ,0002 : 1,3008 ,00001

254,1 ,0002 1,2992 -00001

310*4 °0001 1.1337 " 00000

341o6 ,0001 , 1,1891 "00000

365°9 o0001 i 1,1531 *00000

390*b o0000 I 1,11T4 "00000

_'04. B o0000 1o1006 *00000

416,5 °0000 1,0867 ,00000

428*3 ; ,0000 io0745 ,00000435._ .0000 1,0643 °000001441"2 [ .0000 1.0526 .00000

-0,0001

- ,0001

,0000

-0000

,0000

"0000

°0000

,0000

*0000

,0000

,0000

*0000 I

"00001

,0000' i

"00001

,0000

,0000

*0000

-0o008_

- °0076

- ,0057

- ,0041

- ,0030

- o0022

- o0017

- ,0002

- ,0002

"0000

.0000

,0000

"0000

,0000

,0000

,O000

°0000

.0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN VITH LIQUID OXYGEN

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

(a) Continued. Combustion-chamber pre::sure, nO pounds per

square inch absolLte

P,essure ._i _rc_io . i Is_

! tar, o, I T, ] exponent [ _ , [ expo_nt I ] expo_r_ • I I_ I. P / Ic) In T //

• :_ = {_*@St ..... PgRCENT FUEL = 26._+?, O/F = 2.778

_ 1.00_2329 ] 0.0052 _ _- L._-897 O.O01L_-0. 029'+

i 1,0_ 12309 I .O0='8 : 2•i_9 |0•001_ ] 50.7 [0,002C 11._752 .00112 - .027-_ I

I 1•20 12253 / .0039 1•270 | .0012 I 97.5 i •001_ [1.4_62 I .00089 - •02201
_. i•_0 2169 •00_O I 1•067 ,0007 131,b .001e 1,3999 •00067 - -01701•41;13/ooo 1.o12|oo%O;I1  :1 OOl!1oo71•ooo. •o.!

1,80 2085 I •OOt_ I i•000 •0000 171,_ ,0012_ ,1•_75 •000_'0 - ,0107 =

2•00! li120W2 / ,OO1_ I 1,007 _ _0_ _ii!iiI-,0002 I65,6 •001" I 1,3289 .00032 - •0087_•0 72 -•00CI I*277 -•0 •0007 ! 1.2391 •00008 - •001_

_.,0B [1704 _-.ooo_ 1.289 -.00 012,• {.000  ,23,.0000 -.001,I
10.00 l I_52 -.0005 2.121 i-.0010 312•6 •000 _ ii•1668 .00000 -o0001

I

20,00 I1239 l-,O00b 3•265 I-,0009 3_,5•0 ,000:1.1208 •00000 -00001

I I-°°°615.19 i-.00 .000 1.0,9 t .00000.0o00!
i00.00 I 138 -*0006 9.687 -•000_0_ [3_399"7 "000; i•036_5 • •00000 •00001

200"00 i I 5703 -.0006 15.6_3 -'000_ 410.7 "000_ 1-0120 "00000 •00001400•3 87 -•O00b 25.377 -•O00d !_22.9 "000_ •995_ • 00000 •O000i

1000"00014460 -•0007 _8.339 -°0008 I'_35"5 •0001 *9790 "00000 •0000

2000.00 1 382 -•0007 78.936 -•000_ I _'0 "000 i .9694 "00000 •0000

I,,000.00 [ _17 I-.000_ |129.08_ I-.0008 l',',9.2 1 .000_ | .9600 o00000 •0000
I R • 0•_0, PERCENT FUEL = 23,95, O/F • 3•175

I,O0 2531 0.0105

1.05 12512 .0100
I 1,20 2_58 .0086

1•40 2396 ,0071

1.60 23_2 .0059

1.78 2298 .0050

2•00 2252 I ,0041

W,OO 1978 I ,000_

_*•08 1970 tl ,000_

I
10•00 16_*0 [-,0011

20•00 i_II ! ".001_

_0.00 1207 -.0015

100,00 972 ! -,0015

200•00 820 -,0016

400•00 _/389 j-'0016

1000•00 5_.3 -.0017

_2000•00 _83 -,0017

L4000*00 77 -,0017

2•173 0.0029 50.h 0.003_

1.283 *0021 96,9 .O0)Z

1.053 o0012 130.8 .003 _

l.OlO .0005 153.8 .003_

l•O00 •0000 169.9 •003(

t•008 -.0005 18".9 .002_

I•289 .0026 253*7 .0011

1•302 [-.00_8 255•_ . *O01t

3_3_5 I-,00_8 3_6•_ _ _i
5_356 -,0029 3_2•_

10_068 -,002_ _98,9

16_3_5 _•00_8 _1_

26•628 _,00_ _2_,_

50•9_5 -,00_ _0•6

83_21 -_002_ _8•5

_•_ _,002_ _85•1 -- _

1.6075

1.5870

1.5334

1.6758

I._300

I•395_

1-5620

1.21_7

i•2116

I•1161

1.0681

Io0259

.9772

.9_81

*9252

.90_1

.8930

.883_

0•00_16

•00296

.002_8

.00198

,00182

•00136

*00112

°00028

•000Z7

•00003

,00000

.00000

.00000

,00000

,O00OO

, .00000

,00000

*00000

R = #•aS. PERCENT FUEL

i 1.010 ",0008

i.00 2595 i0,016_
1•05 2878 ,0156 2,159 0,0013

*0023 1•257 ,0025

1.20 2628 ,01_3

i*_0 2570 .0128 l.ObO .0015

I•60 2519 .0111 leO09 .0008

1.77 2_81 .0100 1,000 "0000

2,00 2_3_ .0087

_._0 2167 .0024 1.303 i-.00_
_,0_ 2159 1•316 _-•0,_5

21.87_ O/f = 3.571

i !I•7899

69•9 0.008{ 1.76W9

96•0 •0051 1.6982

129.6 -005' I•62W7

152•_ -005_ I•58_2

16_•2 ,005( 1,5208

18_,5 = ,00 _ 1,_702

252,_ ,003" 1,2_0

25_•0 ' •003' 1,2389

-0•0710

.0871 _

.0571_

•O_6ff

•03901

•0332

• 0279 _

• 0079 _

.0076

o0001

• 00001

,0000!

•_0_

i0.00 1822 !-*0016

20•00 1581 i-•0025

"_0•00 1362 i-•0027

i00.00 1109 -.0029

200.00 9'*2 -,0030

_00•00 796 --00_I

-,00_3
i 1000•00 632 -,0032

2000•00 529 -,00_3

_'0OO•00 _41

• R • 0

1•00 2828 0•0218

I•05 2811 .0218

1,20 2765 ,0198

i._0 2711 .0181

i•60 2664 ,0166

1•76 2632 ,0156
2•00 2585 ,01_0

2327 ! •0060

_,08 i

i0•00 1996 /-*0012

20•00 17_8 "*0035

_O,OO 1518 -.00_3

I00.00 12_7 -•0046

200•00 1067 -, 00_.8

400•00 907 -.0050

[ i000•00 727 -,0052

2000,00 611 -,0053

_000,00 512 -.0054

PERCENT FUEL

2.1_7 0,0033

1.251 i .0024

I_057 _ °0015

1.008 •0006

1.000 ,0000

1.012 -.0009

1•317 -,0055

1o331 -•0056

2,252 -•O097

3,552 --,0107

5,719 -'0107

10•920 -*0105

17•932 -•010_

29•520 !-•0103

57•146 -.0103

9_.228 -.0103

155.W05 -.0103

2•204 i--O0b4 313•0 ,002 1,0871 •00013 - -00_0

3,_5'_ i-,0066 3_6,5 ,001! 1,0282 *00002 '- •0006

5,529 I-.006_ 373•1 ! .001. ,98_3 •00000 - .0001

17.107 -•0061 _+16* 8 •000 r •9005 •00000 ! •0000

i0._79 --•0062 _00'5 "000; .9335 •00000 ! •0000

53,887 -•O061 :_,I ,OOO' .8469 • 00000 ,O003

88,516 --*0061 IW52"5 "000 •8317 •00000 I •0000

45 512 --00bO i'_59,_ •000 .8212 *00000 •0000

_. = 2o.12. oz, - 3.9_8

: o•olO,9oo9o,
• : ,00 _ •IJ8o oo7rl.... 01009007"

150.6 •007 1•7571 .00697

16_.2 i .008 1.7087 .006_7

181_ .006_. 11.8_28 .00557

250.2 I •005 I,_W01 e00237

!251.6 I ,005 1,_326 •00230

311.3

372,6

1_00.8

_1;.7

_31,6

_55•I_46,3

-0.2173

- ,Z101

- .190e

- ,1696

- ,15_0

- ,1_03

- o12_7

- ,0580

- .0565

• 00_ io0939 •000_8 - .0135

mOO2' I*0036 .00009 .0030

,002=_ .9523 .00001 .000 _

• 001 ,9003 o00000 •0000

• 001 •8650 .00000 -0000

• 000 •83_7 *00000 "0000

• 000' *8023 ,00000 ,0000

• OO0' *78_8 ,OOOOO ,0000

• 000, .7_o3 .oooooi .0000

0.006_7 -0.1342

°00597 - .12_6

• OObi9 - .1137

,00_3 - ,O977

,00371!- .08_9
,00330 - .0789

• 0028 - ,0687

• 00095 - ,02_b
• 00091 !- *0237



TABLE III. - Continued. THERMODYNAbIIC 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.]

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

square inch absolute

Pressuee eroture, er_ure _] / rat,o /m_l_, impul_ heat, I/6 In _ _ _6 In_ _ '

r_io, T • _nenl, e_o / ex_ I/ "1 e,_ • t | I q L
_/P , • , , n, | • n n, • , _ln P _ln T

R = 0.601 PERCENT FUEL = 17.35, O/F _°762

1.00 13015 0.030_ ] 2.5641 0.02196 -0._3T4

!.05 i3001 .0300 I 2.131 0.002_ 47.7 i0.0108 _.5343 .02159 - .w27_
i.[0 2961 .0288 1.244 .0020 _1.9 j .0106 _°_522 .01985 - .4019

i.$0 287W i .0Z61 | _.008 J .0009 14_.2 .0101 2.2756 .0]_6_ - ._59

1.74 28_9 I .025% I i.O00 I "O00Q 158.0 i °0100 _.2225 .01882 - ._315

• Ol&Z _ 1.35& --005_ 176.3 ! .OOVI _.1380 °01W39 i- ._058

2.00 2807 .OZWO i _.01_ -.000o

4.00 2595 .0165 i, 1.339 -.00_2 Z_&.I I .OOU5 1.72_4 .00832 - .1889

4.08 2588 Z_5.7 .008_ 1.7099 .008|6 - .1858

20°00 2083 -°0021 3.762 i-.0165 3_0.5 . .0054 1.0527 .00101 - .0278

_O.OO 1825 -.006_ 6.1_6 -.01o9 3_._ .004z .9310 .O002W - .007_

i00.00 1529 -.0084 ll._b -°0199 39_._ °0030 .8551 .00002 - "0007

200.00 1326 -.00_9 i_°{29 -.0195 _16.5 °00Z4 ._176 .00000 - .0001

400.00 11_4 -.0093 32.84& -.0192 451._ .OOl_ .78_2 .00000 .0000

i000.00 932 -.0098 _4._75 -.0193 4_7._ .0015 .74_9 .00000 .0000

2000.00 792 -.0101 |07.516 -.0193 _57.5 .0012 ! .7201 .00000 .0000

_ooo.oo_7o -.opt__78._19-.o_ _h --_°_Li.,oo__.o_ooo .oo0o
R = 0°70. PERCENT FUEL 15.25. O/F = 5_55b

1.00 3128 _0.0362 13.1_09 0.03650 -0.7110

1.05 1311_ .0358 o122 0"0020 _6._ 0.0126 3,1_96 .0_584 - .YO/I_

1.20 i3078 .0349 .2_0 .0015 m_.9 .OIZD 3.0_6 .Om_O_ - ._738 i

|._0 13037 .0339 .05[ .000_ 120.2 2._tg3 .05201 - ._17i

1.60 3001 .0329 .005 .0003 i_I.5 I o0121 2.9028 .03028 - o51_b:

I°73 2981 .032& : .000 °0000 152.2 .0120 2°_581 .02927 - .8975

Z.O0 29_3 .0313 1.015 -.0006 170._ °0118 2.7698 .027_ - °5_51

%°00 27_I .0255 1.353 -°00_0 _7°0 .OlOO 2.32_2 .01_9_ I- °_lbZ

_.08 2756 .0254 1.3_9 -.0041 238°_ o0108 2°3126 ,01870 - ._I0_

I i0.00 2517 °0150 2._14 --.0099 297.8 .0094 I°7290 .00970 - .2509

20°00 2320 .0071 3.9_3 --10155 333°0 .0082 1.3390 .00W78 - .1218

40.00 2108 -o0021 5.551 --.0215 362.1 .0089 = .0505

i00°00 1813 -.0103 2.932 --.0285 591.] .0053 .8583 .00031 -- _0098

200.00 1596 --.0127 1.699 --°0_7E _12.5 ,00_l .7942 °00005 - o0019

_00._0 1395 -°0137 6._94 -.0277 _28*6 .003_ .7553 .00001 - .0002

1000.00 i1156 -.01_6 2._0 -°0277 _46.0 -002_ .7136 .00000 cO000

2000"00 996 -°0152 2.229 -.0279 _Sb.b .002Z ._8 ,00000 ,0000

_000°00 853 -.0158 5.29_ -_0_| _65°9 .0018 ._59_ .00000 .0000

R : 0.80. PERCENT FUEL : 13°60. O/F = _.3_9 !

1.00 i3188 0.0395 I [ [ 3.61_5 0.05035 [-0.9676

1,05 3175 .0392 2.117 0.0018 i W4.6 !0.0136 i3°5978 .0497_ i- .9897

i°20 3141 .0385 1,238 .0012 86.0 .013b 3°5527 _04808 - .9_77

i°40 3103 , .0377 1.080 j .o00T 118.3 .0133 3°_973 .0_616 !- .9115

i.80 3070 : .0370 1.005 II .0002 I_7.0 .0132 3°_13.0070 "0_9 '--- ,_7_!'88801

i,_2 3082 I .0_68 1.000 .0000 i1_7.0 i .01_1 3._189 .0_57
_.00 301_ .0558 1.018 -.0005 I_5.3 ! .0130 3._5N_ .0_169 - °8_7L

&.qO 2883 .0_17 1.3_1 -.0030 _29.7 .0122 3.0181 .03300 i- .705_

_,08 28W8 .0316 1.376 -.0030 231.2 o0|22 .03275 i- .7o_61

10.00 2645 °0252 2.w53 I-.00_9 2_9.2 .0112 L.N_l_ .0z17_ - .bO_O

20.00 2_87 .0188 _.060 I -'0110 32_.i .010_ 1.9_10 .013v9 - .3_3_

,0.00'2321 .0102 6 ..... -.01,6 I 3D]._ I .009. 1..08" .007'7 - .i977

 000018,8i-.01252,,850319,0,.7!00° ,03,0002291 .00 °I00 O0:207_ 00_8 13 g_ odOl 385 b O07 °_17 .00065 - ,Odoil

i oo.OOllO58,-.o1 o,o. ,5-.o3,5i,2.9,.oo8,.7527.ooo  -.oo-
....2000,00 1220 -.0201 138,79& -,0355 _53.0 i.oo35,6_76 ,00000 "0000

_4000.00 1056 -,021_ 235.555 -°0358 _83.7 °0029L ....I =_ _ J I 8_95 • .ooooo

R = 9.90_ PERCENT FUEL = 12.2_. OIF : ?.1_3

_.00_3213 0.0410l I _l_'7588_00"0_8_ T -1"12_!I

1.05 3201 .ORO8 2.115 0.001_ I _J.L IU.OI_L _.7501 I .O_Z! -1.110_ I

i.20 315_ .0401 1.23_ .0010 / 83.z .o13_ 13.1253 o0_683 -L.100_

I._0 3131 .039_ 1.050 .0o08 111_.6 I .0138 3.o9_ I .o_18 -1.o_o_

I.60 13099 .o_88 1.oo5 .O00Z 1132.; .0137 !3.6652 .05371 -I.0_:
1.72 _3082 °0385 1°000 .000 n I_2.2 I .0136 3.6_87 i .05L93 -i.05_t I

2°00 30_7 .0378 I 1.017 i-.O00_ 160°Z i .013_ 3.6123 o051_9 I-l.o_3,I
_0 2892 0 _6 i _6# - 002_ 222._ .0i28 3._127 "0_380 1 - °9301!

• ° _ • , 91

_.58 1288_ .0_5 1.379 -°0n25 22_.[ .0128 13o4059 .owJ58 i- .926

I

i0.00 2701 °0_00 2.&70 -.0083 z80.5 .01_0 3°0_0 °oJh99- .77]_

zc.oo 25_4 .0261 i 4.112 -.0027 31_°7 i .01|: z._J28 .02°88 :- ._403

_C.O0 2429 .0_14 _ Fo032 -.0107 3_).6 .OlOt 2.359| ! .01951 - ._9W71

_oo.oo 12240 .0128 14.OZi -.O_e 3 9._ .009t 1._289 .010_2 - .2887 l

200.00 12095 .0019 2>.59i -°OZ_i 39_.6 .008_ |,Z_76 °00_89 - °I_

.0000 9,90i121 0. ,1,71°0. o980001501l
I000.00 1680 i-.OZI_ 91.675 -.0_0_ 035°I .008L o7114 . .00018 - .000 _

2000.00 '1_6_ -.0_21157._o5[-.o_2o ,_8.o[ .0052 .6031 ! .oooo3 .OOLOI
_000.00' i 128_ Ji-" 0256_ ] 209. 819 ]_-.0_24 ....459ol i .OOq3 °8325 .00000 I- "0001]

65
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1,00 3217 ,0412

Io05 3205 ,0410

1o20 3173 ,0404

i°40 3136 ,0397

1,60 3104 40391

1.72 3088 +0388

2,00 3053 ,0382

4,00 2900 *0351

4,08 2896 .0350

I0,00 2713 ,0310

20,00 2579 .0277

40.00 2452 .0242

I00,00 2287

200,00 2164

400J00 2037

i000,00 1859

2000,00 1710

_0 1549

3070"03521.0161.0015-137. 7

1,00 3116 ,0382

i,_5 3103 +0359 2,i17 i0,0016 37,2

I°Z0 1,238 ! +0012 71,6

1,40 3031 ,0344 io050 ,0007 96+8

1,60 2999 ,0336 I°005 ,0002 I14,1

1,72 2981 ,0332 I*000 "0000 122,_

2,00 2945 ' ,0324

4,00 2782 ,0284 1,361 I--,0029 !191,3
4°08 2777 ,0282 1,377 1 --,0030 i192,6

: -,033_ 388.2

20.00 28,21 ,0168 , 4,065 -,0099 270,0

@,0,00 2283 ,0102 : 6,896 -,0141 298,,@,

100,00 20@,0 -°0003 i@,,098 -,0212 321,3

i 200-00 1856 -,0082 2@,,259 -.0267 338,4

@,00.O0 1664 -,0139 @,i°606 --,0306 353,1

i000.00 i@,15 -o0175 8@,.@,8@, -,0326 369,3

2000°00 12@,0 -,0|87 i@,4°082 --,0331 379,5

,._0_02.00 2@,5,360

R • 2.00P PERCENT FUEL

1.00 2966 0.0297

1,05 2953 ,0298, 2,122 0,0019

1,20 2917 ,0285 1,28,0 ,0014

1,40 2877 ,0275 1,052 ,0008

I°60 288,I +0266 1,005 ,0003

1,73 2821 .0260 I+000 -0000

2,00 2783 +0250 1,015 -,0006

@,,00 2604 ,0197 1,353 -,0037

@,°08 2599 ,0196 1,368 -,0038

10,00 2365 ,0117 2,412 -,0087

20,00 2177 ,008,8 3,941 -,0i31

48,00 1978 --,00|9 6°557 -,0175

I00°00 1706 --.0080 12,980 -,0214

200,00 1505 --,0102 21,822 -°0229

@,00,_0 1318 -,0111 36.754 --,0227

I

i000,00 1095 -,0118 73,335 !-,0227

TABLE III. - Continued. THERMODYNAMIC DERIIATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN W :TH LIQUID OXYGEN

[Equilibrium composition during isentropic ?xpansion. Equivalence

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

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

square inch absolu;e

.....7.°.......I I.,l iera,u.° t efature Are, Specific Specific
• ] ran. im,ul_ impulM, heat /'_ In 'J_ _ c_ in _

ratio._/F °K7' ' ...... ,o_ .... | "n, .... I. expO .... ",' _In F /T_In I _I ] I_`"-'/' °' "/'°'='
L_/ J

= I.00. PERCENT FUEL = 11+19. O/F 7.937

217,5 J[l

3,6327 0+06081 I-1,1607

Z,I15 !0,0018, 41,9 0,018,| 3,6262 .06081 i'I,1555

1,237 ,0010 80,8 ,0140 3.6075 +0589@, 1-1.1k'09

1.050 ,0006 109,3 ,0138 3,5839 ,05736 i -i.12_5

1,005 +0002 128,T ,0137 3+5618 ,05599 -1,1080

1,000 "0000 137,9 ,0136 3,5@,93 ,05626 t -I*0996

1,017 -,0004 155,@, ,0136 3,5_I_ ,05371 ! -1.0811

1,36_ -,0023 216,0 ,0129 3, _&83 • 0@,671 - .9903

1,380 -,0024 _ ,0129 3,3631 ,08,650 - ,9878,
I

2,4T4 -,008,9 1272,3 +0121 3,10@,7 .03772 - .8556

4,124 -,0070 I 305,6 ,0115 2,8627 ,03120 - ,748,8

7°068 -,0092 i333,7 ,0109 2,5882 ,02502 - .6289

.0187,@,.785!65i! !.0101 .i.0.01751+.23
,0137 28,152 -,OlbO ,0095 1,8612 •0128,8 - +3562

°0075 W6°510 -'0417-'0202 __ ,0089 1,5363 ,00816 -- ,28,76
-°0030 99,597 -,0277 42/°9 "0079 1.1390 ,00380 - o1267

-°012T 178,536 -,03@,8 438,_ ,0070 • 8978, ,00170 - °0615

-.0219 310o311 4_1,0 ,0061 ,7318 • 00058 - ,0280

= io50, P_RC.£NT FUEL = 7,TWm O/F 1,905

J

2.2973 0.0)957 --0.79@,_

0+0126 2,2869 +03905 I- .787:

• 0125 2,257@, ,03763 '- .767!

•0123 2,2216 .03601 !- ,7@,R:

•0122 2.1892 ,03_,b I - t7231

•0121 2.1710 ,03385 - ,712'

•0120 2.1323 .03280 - +688

•0112 1.938,0 ,02538 - .575i

•0112 1.9277 *02618 - .571"

•0102 1.6300 .01698 - ._19(

+0094 1,3799 + 011@,@, - ,302!

• 0086 1,1285 .00685 - .196'

•0073 • 834@, • 0026_t - .086;

• 0068 ,6739 .00096 - .035!

•0053 ,5774 • 00026 - o011;

•008,I ,5156 ,00003 - °001]

,0034 .4898 • 00000 - "000!

• 0029 i .@,690 .00000 .000(

5.92. O/F = 5°873

Zo5209 10,0225' I-0."'7'
3@,.1 .0107 1°_098 I ,02210 I" .@,80,;

65.7 .0106 ! J,@,188 I ,02091 I- ,@,60:

88°8 .0108, I°'*@,lY I ,01957 l- ,@,37(

104°6 -010_ i1._,091 I ,018k,2 I- ,@,I7E

112,6 .0101 ti,3901 J ,01778 I- .406_

126°3 .0099 111,3529 i ,01657 I- "38/4t

175.2 .0090 I1olb88 I ,01130 I- t288J

178.@, ,0090 l l°J.b32 I *01116 ]- °280_

220,1 .0078 ,%'Z05 I °00575 I- °161_

28,6°i ,0067 .,'_C=1 I .00286 I- o0890

267,0 +0056 ,_z_c. _ ,00114 I- ,0"0(
i

E

290,7 I -00@,3 ,:'100 I ,00022 I- ,009(

305,0 .0035 ._09V I .00005 I- .002_

316o9 ,0029 ,be'b/ I "00001 J- "000" _

329.9 °0022 ,'IZZl b -00000 i oO00C

2000,00 945 -,0123 123.637 -,0228 338,0 J -0018 ,*rib@, _ ,00000 I °O00C

_@,O00t0Q 812 mt012e 208,163 i-°0230 138,4,8 ! ,0013 ,3Y16 1 "00000 1 ,OOOC

R = 3,00, PERCENT FUEL @,.03p O/F 3,810

[

1,056 -0011 78,6 ,006_ _J

i*00 2655 0,0175 3t818,0 0,00697 -0,1761

1,05 26@,0 +0171 2oi@,0 0°0026 30,2 0,0067 ,80'I(.8 ,00672 - ,1708

1+20 2599 ,0160 I°2_ ,0019 58,I ,0065 +7795 • 00608, - ,1566

I,@,0 2550 • 018,7 ,7fi06 °00581 " ,i@,0

1.60 2509 .0135 I 1.007 _ .O00b 92.3 I .0061 .7260 .001'72 " .127ij

i*75 2481 ,0127 lt000 "0000 i00,3 ,0059 ,7099 -00@,_b - ,1193

2,00 2@,38 ,0116 1,013 -,0007 111t3 t0057 ,6858 ,00382 - ,_070

@,,QO 2216 ,0057 1.325 I-,0043 153,7 ,008,6 ,5739 °00175 " ,0550

_.98 2209 0055r 1.339]-.004@, 15@,8I .0045 .5710 .00170 - .053

20.00 1691 -.0026 3°629 ' -.0092 213,1 .0024 .@,277 .00011 .0050

40+00 i i_80 -.0036 5.877 -.0095 230.2 .0019 +_030 °00002 °0012

I00.00 1229 -.0040 11.319 -.0093 _2'+8.1 .0013 j .3820 "00000 o0001202.00 1061 -,00_,2 18,732 -.0092 t258._ .0011 i .3686 .00000 .0000

_0_*00 911 -*008,3 • 00000 "0000

I000,00 739 -,0045 60,907 -*0092 277,@, ,0006 "3@,03 t 00000 "0000

2000,00 627 -,0047 I01,211 --,009_ 253,3 ,0005 ,8295 t 00000 '0000

167 9_1 -- 0092 208 1 0004 ,_198 ,00000529 -,o08,8 • • _ ......_.



TABLEIII. - Continued.THERMODYNAMICDERIVATIVESATASSIGNEDPRES-
SURERATIOSFORLIQUIDHYDROGENWITHLIQUIDOXYGEN

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

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

square inch absolute

_a_.u:: er_ur. Area- _ecific I Z*C_K ..... Speci_c ]
Temp- Ar_ r_io I ,mpui_ heat, I/al._ (al._P ¢afl_"ress_ • . impul_,

R : _.00, PERCENT FUEL = 3.05, O/F = 1.748

• 0016 0,5285

2.165 0.0021 27._ 0.0032 ,5227

1.260 *0015 52.7 .0030 .5073

1.061 *0009 71.2 .0028 ,4908

1.009 *0004 83.6 *O02b .4772

1.000 .0000 92.1 *0024 .4674

1,009 --0004 100.7 *0023 .4569

|,297 -*0021 138,3 .0016 ._I02

1,311 -.0021 131*2 .4092

1,00 12347

1.05 12330

1,20 {2282

1.40 12228

1.60 12180

1,78 12143

2.00 12101

4.00 11858

4,08 11851

I0._0 11556

20._0 11351

40.00 {1187

i00.00 I 954

200.00 I 815

_00.00 I 892

i00o.oo I 553

2000.00 ] 464

4000,00 I 387

0*0079

*0075

*0066

*0056

.O04T

.0041

.0034

*0006

.0006

-.0008

-*0011

-.0012

-.0013

-*0013

--0014

--0014

-.0015

-.0015

2,192 -*0027 17i.3 ! *0010 *3769

3,439 -*0n27 189.6 *0007 .3619

5.518 -*0027 204.i ! *0005 .3501

10.507 -.0026 219,1 i *000_ .3354

17.236 -*0025 228,0 *0003 .3244

28*358 -*0025 235,4 .0002 *3141

54.8_2 -*0025 243,2 *0002 .3013

90.278 -*0025 247.9 *0001 .2929

148.471 -*0025 251.7 .0001 .2865

R = 5,00. PERCENT FUEL = 2.45. O/F = 9.683

0-4109

2.188 0.0010 I 25.2 0*0011 .4079

1.269 .0007 I 48,4 *0010 .4004

l*06b *0004 I 85,3 .0009 *3925

1.011 *0002 I 78,7 ,0008 .3864

i*000 *0000 I 85,1 .0008 .3816 i

1.007 -*0001 I 92,2 .O007 *3775 !

1*282 ".0005 I126"2 *0004 ,3579

1.295 -*0005 1127"0 *0004 .3575

2.145 -*0006 1155-7 .0002 .3413

3.345 -*0006 1171.9 *0002 *3309

5,334 -*0005 I184"7 *0001 "3209

10,072 -*0005 Iig7'8 "0001 .3076

18.410 -*0005 1205,6 .0001 .2979

26.810 -*0005 1212.0 .0001 .2888

51.370 -*0005 J21L.6 *0000 *2783

84*029 -'0005 1222"6 "0000 .2728

137.526 -*0005 1225"9 *0000 *2693

2062 0.0027

2044 *0025

1995 *0020

1938 .0018

1890 *0012

1849 *0010

1811 ,0008

1578 *0000

1571 *0000

1304 -.0005

1122 -*OOD3

961 -.0003

778 -.0003

659 -*0004

555 --*OOC_

438 -.0004

365 -,0004

303 -*0004

0.00185

.00175

*00147

*00120

.00099

,00085

.00071

,00021

*00020

.00003

,00000

o00000

,00000

.00000

o00000

°00000

°00000

,00000

0-00043

*00040

*00032

.00024

*00019

*00315

.00012

*00003

*00002

,00000

-00000

-00000

*00000

°00000

*00000

.00000

*00000

*00000

-0*0553

- °0525

- °045_

- *0380

- °0323

- °0283

- *0242

- .0084

- *0082

- .0015

- *0003

*0000

*0000

.0000

*0000

*0000

.OOOOi

.0000

-0*0153

- ,0141

- .Oil6

- .0091

- *0073

- .0060

- *0050

- *0013

- *0011

- .0001

,0000

,0000

*0000

.0000

,0000

o0000

.0000

*0000

6T
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

iEquilibrium composition during isentropic expansion. Equivalence

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

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

Ar=a i heat, /_1 In _1_ _ i'_ In _J_ _

erature,J l_aturt ra_o, r_io im_lle,

ral_,. JK' t_l" P J7 _Oi" I 2P
Pc/P exponent e_pone.t, L eXl>

n i n_ (Lli_/t _/_IoKj

1,00

1,20

1,_0

1,60

1,87

2,00

4,00

10,00

10,21

20.00

_0,00

100.00

200.00

400.00

1000o00

2000.00

4000.00

1.00

1.05

1.20

1.40

l,bO

1.85

2.00

4.00

10-00

10,21

20.00

40.00

100.00 458

200eO0 379

_00-30 312

1000o00 242 oO000

2000.00 198 .0000
4000.00 161 "0000

• 0,251 PERCENT FUEL

1.00 1816 *0002

1i05 1797 ,0002 2,218 i0"0001

1o20 1745 o0001 1.283 ,0001

1,40 lbBb .0001 1,073 .0000

1,60 1636 ,0000 I 1,015 ,0000
1.83 158T *0000 ' 1.000 "0000

2,00 11555 ,0000 i 1,003 .0000

4.00 !1322 *0000 i 1.256 "0000

R = 0*151 PERCENT FUEL = _5*55, OFF 1819(
f

1183 0,0000 I 1,7752 ,00000 0,0000

1168 .0000 2,250 0,0000 i 47,_ 0,0000 Io7711 ,00000 "0000

1119 .0000 1.29T .OnO0 90.8 .0000 1.7997 "00000 "0000

1085 ,0000 Io081 .0000 122.2 .0000 1.7473 .00000 "0000

1049 .0000 1.018 ,0000 143,2 .0000 1,7368 ,00000 ,0000

1008 .0000 1.000 .0000 163,4 .ODO0 1.7257 .00000 .0000

989 ,0000 1.003 .0000 171.5 .0000 1°7210 .00000 .0000

824 ,0000 1,233 "0000 232,3 ,0000 1,6825 ,00000 "0000

643 .0000 1.974 "0000 285.1 .0000 1.5505 "00000 "0000

639 "0000 1.997 "0000 284.0 "0]00 1"6501 "00000 "0000

532 "0000 2i982 *0000 309*9 .OlO0 1"6343 '00000 "0000

439 "0000 4.620 *0000 330"W "0100 1.6269 .00000 "000_

340 .0000 8.432 "0000 350.8 .0)00 1.6091 *00000 .0000

280 .0000 13°431 .0000 362.6 .0)00 1.5971 *00000 .0000

230 ! .0000 21.488 .0000 372.0 .0]00 1.5556 I .00000 .0000

i I i

175 ! .0000 39.928 .0000 381.6 .0]00 1.4845 .00000 "00001

142 i .0000 63,572 .0o00 387.2 .o)o0 iI._387 I ,o0o00 i .0oooi
1141 .0000 100.938 .0000 391.6 .0]00 iI._05_ I .00000 ! .000_

!

R = 0.20. PERC_MT FUEL = 38.65t _/F = 1.587

1514 IO.O000 I [ 1.6191 i0.00000 !_0.000_, /
1497 i "0000 2.233 0"0000 49.3 "0000 1.6146 ! "00000 "000

1450 i .0000 1.289 "0000 94.6 .0000 1.6026 i .00000 .000_

1198 ! .0000 l=077 .0000 127._ .0000 1.5889 i .00000 .0000

135_ I .0000 1.016 "0000 I_9,_ .0}00 1.5773 "00000 "0000

1307 "0000 1.000 "0000 169.Z .0)00 1.5652 "00000 "0000

1282 .0000 1.004 .0000 179.1 .OJO0 1.5585 -00000 .0000

1079 .OOCO 1.244 '0000 243.2 "0100 1,5045 "00000 "0000

852 ] .0000 Ii 2.009 [ .0000 29%.2 .0100 1.4516 ,00000 .0000

847 1 .0000 i 2.033 i .0000 298.2 .0100 I._506 *00000 .0000

709 I "0000 i 3"0_9 ! "0000 325.9 "C O0 ii._232 "00000 I *00001

588 1 *0000 ! 4°739 ] "0000 3_8.0 "0)00 ii'40&7 "00000 I "00001!

• 0000 I08.75_13"870 "0000 382.7 *00000100 1"3807 .00000 °0000"0000

• 0000 22.295 "0000 393-0 *0000 1.3677 .00000

41.979 "0000 403.5 .0900 1"3402 .00000 *0000

57.587 "0000 409.? "0)00 1.2958 .00000

•0o0o i41_.6 _ 1,_80 .o0o00......l -0o0_

]= 33.511 )/F = 1.98_

1.00

I*05

1.20

I.40

1.60

1.82

2.00

4.%0

i0.00

10.21

20,00

_0.00

I00.00

200.00

400,00

i000.00

12000.00

;_000.00

i
50.3 0.0}01

96.6 .0)01

130.1 .0)01

152,7 .0)00

:171.8 "0)00
1183.1 "0]00

'2q9,3 "C)O0

10.00 !1057 -0000 2.048 "0000 !305"6 .0100 1.3225

10.21 .0000 2.073 .000_1305.6 .C)O0 1.3213

335°7
1,2_720"00 *0000 3.127 °0000 *C)O0

40.00 .O00Q _.883 "0000 !359-0 ! "C)O0 ii.2559

!
100.00 581 .0000 8.985 "0000 i382"4 : .C)O0 1,2320

200.00 482 *0000 14._9& *0000 i395"9 "C)O0 1.2190

_06 8 *C100 1.2100400.00 399 .0000 23.208 "0000 i "

I I

,10 .0000 _3.894 .0000 I_18.1 ._100 11.1953
1000,00

2000.00 256 -0000 71,280 "0000 i _24,7 "C)O0 !I'IB03

4000.00 - 210 .0000 I15.651 ..p000_30.2_ .C)O0 ii.1481

: 3.30, P_CENT FUhL = 29,51, :IF = Z,_81

2092 ,.0011 I ii.4348

2071 ,0010 2.205 i O'O0_" ! 50._ !0 ..... 1.4282

12015 .0007 1,_7T I .000_i Y#.b I .C)O _ 1.4111

ilgbl .0005 1,070 i *0002 i1_t"4 1 "C)O_ 1.3931
1897 .0003 1.013 I "0001 !15_,Z *C)O_ 1.5785

18_b .0002 I'000 I "0000 171.6 7 *C)O_ 1.3659

1809 ,0002 1.006 i "0000 185.1 i "C]O _ 1,3967

155_ --.0001 Ii265 -'o00i _5_.5i "C)01 i._999

1258 "'0001 2.0_5 -*0001 310"4 i oC)01 1,2337

1251 -.0001

Ii-5090 _0.00003 -O.O00VI

ii,4992 *00002 - .000_I

i._867 .00002 - ,000_I

1,_730 .00001 - *OOO_l

1.4616 .00001 - -000_I

1-4503 .00000 - -000±1

1,4429 ,00000 - ,000±1

1-3875 .00000 "00001

• 00000 -0000

• 00000 .0000!

• 00000 "0000

• 00000 ,0000

• 00000 ,0000

• 00000 o0000

• 00000 .0000

• 00000 J ,0000

• 00000 ,0000

•ooooo c_oo0

i0.00020 -0,00_41

• 00018 - ,OO_Yl

• 00013 - .00_¢I

• 00009 - .O0_bl

• 0000/ - .O01Yl

• 00005 - o001_I

• 00004 - ,00111

• 00000 - .000_I

• 00000 .0000!

1.2322 ,00000 ,0000

I.i_91 "00000 *O000i

1.1501 .00000 .0000

"C)O0 1.1175 o00000 "0000!

• C100 1"Ic08 .00000 *0000

• C)O0 1.0568 -00000 *0000

• C)O0 i'07_5 ,00000 -0000_

• C)O0 1.0637 .00000 .0000• C )00 i i.0_33 *00000 -0000
1 ......

1064 -. 0'gd 1

89b -,0001

708 -.0001

590 --0001

49O -.OO01

383 -.0001

017 -.0001

. 262 -,0001

2.111 i-.0001 !311._i *C)Oi

3.205 i-'0001 !341.7 "C)O0

5,037 I-,0001 366*0 ,C)O0

_.325 i-.0001 i390.b

14.994 i-'0001 _04.8

24.235 !-'0001 _16,_

_b.002 i-*0001 =_28.5



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during Isentroplc expansion. Equivalence

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

(b) Continued. Combustlon-ehamber pressure, 150 pounds per

square inch absolute

Temp- Temp- Ar_a Area. Spec tic Specific- Specific i

Pressure eratureJ erature r _iO rat,o impul_, i impul_ heat, la In _ _ _Jn _

ratio, T eK_nent, £ ' J e'_nent I 1 ex_nt' I J|al. P / |ain T I

R = 0,35 PERChNT FUEL = 26)#7, _/F = 2,778

1.oo ,z3,9 Io.0o,, _ !1.,z71 lo.ooo,1 -o.o,9,
i.o5 231/ .oo_3 z.1_2 o.oo12 bO.oLo.o01_ l._ib_ | .ooo7k - .o16o

1,20 Zi�V ,OOZ_ 1._71 "000_ 9?,6 l ,O01a 1,3889 i ,00058 i- ,Oi_

I,WO IZl�s .OOZO I io067 I ,O00b 1151.51 .0011 JI.3504 .000_3 - ,OllC

l+e 0 ZI_/ ,001_ i,OlZ "000: 15_._| ,0010 1,3_85 ,000_5 !- ,0056

I+_0 Z087 ' .0011 i,OOC "0000 17Z.I ,000 _ 1,320_ .00026 .0061

,O00S 1.306B I ,000Z1 - "00561

i_ ,001120_,0009 i.007 -,0001 i_5.7+I_,001177Z12,00 -,0001 , i.Z76 [-,0006 lib_,O ] ,O00b II,2337 I .0000_

1051 -,000_ 5,191 -,0005 370.Z ,0001 ii.079W ,00000 -0000

I0,00 if&51 -+0003 2°120 '-,0006 _312,9 ,000J !1,1559 .00000 - ,O001

I0,21 IW_ -,0003 2,IW7 -.000_ 31_,0 ,000_ i,!5_5 ,00000 - .000i

20,00 1239 -,000_ 3.2S2 -,0006 34_.I ,0002 ii,1206 ,00000 ,0000

_0,00

_3_ 000 _ _81 -.000 b 595._ )0001 1.03_6 ,00000 ,0000

I00.00 70_ -,000_ i I_,6_ -.0005 _i0.8 ,0001 I°0119 ,00000 ,0000!

200.00 586 !--.000% ! 25.362 J-,0005 l_ZZ.9 1 °000' J ,9953] .O0000 "0000 !

i000"00400)00 382 -'000_ 7_,890 Ji_,O00_ _3*0 ! "0000 ,909W "00000 "0000
_60 --+000_ [ _8.312 :-'0005 455.5 "0000 ,_789 "00000 "0000

............,+i
gO00._O0 317 0004 12_,010 -'0005 _49,Z ! "0000 J .95B7 J "00000 "0000

0 _0 PERCENT FUEL - _3 VL, O/F = _,17 _ I

1,00 2553 0,0078 i,_7_ 0o002i9 -O,O_U_

|,_b 2532 ,OOl_ Z.178 0)00_2 50°5 O,OOZN ,_725 .00205 - .0_0

2_5 ,006 _ 1,26_ ,0_I_ 97,Z i ,0027 II,4323 ,001_9 - ,0_5_

I,_0 2010 .005i io06_ .0009 131,Z

1,60 235_ ,00_I i.OII ,0004 194,I I 0002_ ll'_b_ .OOlO 8 -- "OZ>_!

1,79 230_ -00_ i,000 "0000 170.6 ,0021 1,3293 I "00090 I-- ,0219

2,00 2250 ,00Z8 1,008 -'0004 l_b.J ' ,0020 1.3052 ' .0007_ '- ,0183

_'00 197_ ,OOOZ 1,256 -°O011 £bW*O i "001_ 1.195_ .00018 ;- "0050

_0"00 1206 --,0010 5,3_4 -'0019 37Z.b ,000W 1,0256 .00000 "O00q

i0"00 l_3d -'000_ Z.l_b -'00_£ 5_._ ' .000 ? I.iI_3 .O000Z - ,O00bl

i0,21 1531 -,OOO_ Z,ib_ -,00ZI 519,0 .O00t I°1i1_ ,00001 - .0005 i

20,00 1410 -,0010 3.3_8 -.0020 5_b./ ,0005 1,0574 .00000 - .0001

IO0,O0 971 J-,0011 10°047 -.O01S 399,0 ,0003 .97_9 .00000 "0000

200,00 819 -+OOl| 16,311 -,0015 _IW)O l ,O00l ,9k79 ,00000 "00001

.oo._o J _ -.oo_1 J z_._t_ -.oo_ +_+._ .oooz i ._I .ooooo .oooo

I
_i000,00 5_3 -.0011 50,851 -,001_ 4aOo_ ,000 I .90_0 ,00000 ,0000

2000,00 452 -,O0_Z _,_53 -.00_ _.5 ,0001 °8930 , .00000 °0000

_000,00 _75 -,0012 1136,90z -.O01d W9_oI _I .8_32 i .00000 "O000!l

I

_i R = O+W5 RERCCNT FUEL = _I,_7, O/F : 3,571

1.0_ i2713 ,OLLO Z,I_5 0,000 i 9_0" _00_b, • J • - "l.,O _o_+ .o11, ..... _ .oo,, ,._,+, .oo,,, -
1,40 2595 ,0096 1,051 i ,0013 130.Z .O0_Z ii-_79Z i .00509 J- ,05_ I

I lebO 12542 ,008_ I 1,009 i °0006 |153o0 oOOWO II._330 .002_i i- .0586 _

Ie77 2_99 I ,0073 l,O00 .0000 ilb_" 4 ,003d 1.3991 .00Z27 - .0519

i:i11111:iii!i:iil,iii?ii!iiiiillfillill-il
20,00 J I_7e -.OOi_ i _._b -.O0_b 3_.v .001: I.OZLg .00001 - .000_

WO,O0 !13>_ -°OOdO 9,902 --O0_D 3t_o_ °000 _ °9035 ! "00000

_0000

i00,00 110_ -,OOZl lO°_Z_ -.0049 _00 .7 "000 _ i "93_0 .00000 .0000

200,00 93_ -,OOzZ 17,Ogb :-.004_ 417,0 ,0009 -9001 .00000 .0000

 oo. o ..... i.000+.++30.00000.o0oo 
I i

1000100 631 -)002 _ i 53,03_ -,0042 iW_4ei + .000_ )_w67 | )00000 .0000

2000,00 J 526 i-,OOZ_ ! 8S.I03 -,OO&2 452,S ,O00Z I ._51_ I .00000 -0300

l_000eO0 I 440 1-,00_4 . 1_._34 [ -,O04Z .459,5 _! ,O00Z [ .B211 ] .00000 J -00001

R = 0.50) PERCENT FUEL = 20.12. Q/F : 3.9_8I:::;i;:i:;i,iiIoooliZiIo. F;i::Io
I _:%12o11:o+_i 1:2_+I:oo_,05._/.oooo11.o+03_.oo++o_-.:oo+ /
J 1,40 27_2 ,01"8 IoO_V J ,001_ izb,e / ,oobl I._Zll ,00_3 I- olL3S

J l.bO 2701 J ,0135 I)00o : .OC'C'O Ibl*D | ,005o I,554Z .00309 :- *IC_L

| 1,76 12bbW l .0125 J 1,000' °000!0 165o6 | ,0056 |.52q6 ,0,0_>9 - ,1001

2,00 2blb I ,0i09 I 1,011 -,O@O_ l_Z.q .OOD_ ii._?q3 ,005_9 - ,Cdd_

I i,_11 l-.O0_b £bl._ ,00_111.z%_ .00159 - °03_23_o

I0,00 199_ -cOO 3 z._b -°OCID _12o2 .00Z7 'i.0_5_ .00030 - °00_ _

10,21 19_ !-,001_ z,Jo_ -,00_ JlLoJ .OOZf i,0e25 i 000_9 - .00_0

20,00 17_ I-,o0 ........ -.O0OL 3 .... 1.00_0 .VVSb i.00006 i- "O01_i

_000 iblZ 005 9,.',0 -,OC,_O 375,_ ,0015J ._bOZj .ro0oI - .oo05" !-" + ! :+ I
00o00 IZ_z !-,00_: O.C_V -,00 _ _01,_ .O01i .e_9_ ,COCCC i .0000!

_00.oo i0_ -.OC_ ,._ -.OOt_ _±_.L! .O00_i ._z .OCO00; .0000 i
_00.00 VO_ -.003_ 2_.z/_ -.OC/ _J_-_ .000/ .o_0 .OCCO01 .O00O!

2000.00 bOe I-°O0_C 9_,_;_ i-.00 tl _55,: ,000 _ ,7o_3 +00000 .0000000.00 7z_ --00_ _o._,_o -.OC/ / _.u .O00_ ._Ol? .60000 .0000

L_O00.O0 _-oO0_l[Ib_.l_ -.OOt/ eez._ L .0003 I "7700 .oOooo _ -0000

69
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TABLE III. - Continued. THERMODYNAMIC DE_CIVATIVES 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 Continued. Combustion-chamber pr,'ssure, 150 pounds per

square inch absolute

Pr_..sum Temp- T_,p- Area- ,T_.cific i 5_ecilic. ] Sp.ci_c I

eratvre stature Area ratio i_w,, I imt_Jlle I heat, /a In r_

Pc/P °K nv ¢ me. (k>C_+/k [ -_/[+jtolq

1*00

1,20

1,_0

1,60

1+7+

2,00

+,00

10,00

10,_1

20,_0

_0,00

I00,00

200,00

400,00

1000,00

2000,00

_000.00

R = O.

309T 0e0278

3081 .0273

3036 .0260

2985 .0Z45

2940 .0Z32

2911 ,0123

2865 ,0208

2630 o0131

2308 ,0028

2300 .0020

205U -,0028

18_5 --.005b

1317

1135

92#

786665

_ +

1,00 3231

1,0_ 3Z10

1,20 3170

1,40 3130

1,60 3091

1,73 306_

2,00 302b

4,00 2823

I0,00 2550

10,21 254#

20,00 2331

wO,O0 ZI02

100.00 1797

200,00 1679

2000,00 983

#00,00 137_

1000.00 1142

t,ooo.oo!8,1

l+O0 330_

i,_ 3290

I,_0 3263

1+40 +211

1.60 317_

1+12 31b_

2.00 311b

_'00 2935

i0,00 270_

i 10,21 269920.00 2520

40,00 2338

i
iO0,O0 i2064

I zO0,O0 ]1_#_
400,_0 I03_

>Or PERCENT FUEL

I 2,136 0.0028

1.2#7 -0021

I,055 ,0012

1,007 -0005

1,000 ,00001,013 -'000_

! 1.333 -,0053

i
i 2,321 -,0113

! 2.352 -,0115

3,708 -.O+_b

0,036 -,0109

-°0068 11.693 -,0161

--o0072 19,413 --,OlbO

--'0075 i 32,319 --,01_

i

-.0079 1 63.44# -.0159

-.00_2 l105,bgb --OlbO

F

0,03#5 i

• 03#Z 2,126 0,0022

• 0332 I+242 ,0010

• 0320 1.052 .0010

• 0309 loOOb ,0004

• 0303 1.000 *0000

• 0291 1,015 -,0007

,0227 1.3#8 -,0044

• 0123 2,391 -,0105

,0121 2,#Ib -i010!

• 0030 3.8_6 -,OlbO

-,0040 6,425 -,0_07

-,0095 12.637 [-,OZ3t

-.0110 2i,191 i-,OZ_I

-.0117 39.63_ i-,OL_

200,371 i

-,012# 70,952 +-,02_2

-,0129 119+341 -,0Z43

-,01_4 i-,0245

R = 0-801 PERCENT FUEL

0,0387 l

,0222 i,000 ' ,0000

,03_4 2,121 !0,001/• 0376 1.240 .On12

• 0_67 1.051 -0007

• 0_59 1,000 ,000_

.03_5

,03#5 1,010 -,000_

.0299 1,567 '-,0032

• 0Z24 2,#37 -,0077

2,#72 -,007_

,OibO _,011 -,0123

• 00_6 0.763 -,oi_

-,0069 l_.bzO -,OZbb

I-,OIZ_ 2_,I10 -,ObOZ

i-,0|05 3_°261 -,0319

= 17.35, I/F

#8,2 0,0097

92,7 ,0_95

125,3 ,0_92

1#7.5 ,0090

159,9 ,008_

177,_ .0C86

2#_,9 +0C7_

307._ ,0C5_

30_,_ ,0(55

342.0 ,0_#

370"i i .003#

_,762

2-2005 [0.01775

2o1752 ,G172#

2.1055 .01587

2*0248 .01435

1.9551 .01310

1.9107 .01Z32

1._390 .0111_

1._032 ,00605

1.1590 ,0019_

1.1536 ,00192

1.0010 ,00062

• 9136 .0001#

399,6

_17._

432,_

448,2

+60,0

46,7 0,0.1+

89,8 ,0117

121,5 ,0i15

143,1 ,0:13

154,2 o0 12

172.6 -0 O9

239,3 -0, 99

300,2 *Oi 8_

301,_ o01 8_

• 0,2# ._51bJ,O0001

• Oil_ *B157 ,00000

i ,0116 ,7825 ,00000

• 01 iZ .7#35 ,00000

• ,01 I0 i ,7189 ,00000

• o,o_ _.._9_ :ooooo

5,55b

2,703b

2.6809

2.b171

2.5_09

2,_728

2.4318

2*3550

I*969#

I*#750

Io_650

335,a ,0, 71 1,1743

36_,Z -0_ 59 ,9713

390,0 -0_ 4_" .8358

_13,9 i o0, 35 j ,7_71

_29,_ I ,0' 29 _ ,7520

44],!I ,0, 22 i ,7111
('.57,6 .0_ I_ ,6625

_66° .0 r 15 .6_76

!3,00_ _/F = 6,3_9

#5*_ I'0"0 31 3.109B

07,0 i -0 2_ 3.0677

117.7 ,0 2d 3,0155

13d.6 °0 _b 2.9b_I
148,9 ,0 20 2*9401

167.3 ,0 24 2.8_2_+

232,2 ,0 16 2,5593

292,0 ,00b 2 •ObOe"

293,2 ,0 04 ]2,0_82

_27,1 °0 9m 1,6#25

3b6.3 ,O r S ++ j 1,2025

3_d,1 °0 b_ ,9242

_0_.0 "0 56 .1993

-0*3453

- .337C

- .31_3

- .231_

- ,130_

- ,0490

- ,0171

- ,0043

- .0004.

-0000;

.00001

,0000

,0000

,0000

_. _j

,,03093 -0,08031

• 03031 - ,57711

,02863 - .55181

• 02672 - .52221

• o25o9 - .#963J
• 02#1# - .#809

,02242 - .#527

• 01#81 - .3188

• 00_97 -- .16#0

• 006S3 - ,161_

• 00316 - .0_01

• 00111 - ,0305

• 00017 - ,005_

• 00003 - ,0010

• 00000 ,0001

• 00000 ,0000=

• 00000 .0000i

• 00000 ,0000!

0,04#43 -0,8281

• 0438# - .820

• 042Z2 - ,7997!

,04035 - .77#_

• 03_72 - .751/!

• 03781 - .13_?1

• 03601 - ,712_t

• 02703 - .58o3r

• 01710 - ,3_92[

• 01020 - .2_761

• 00500 - ,z_O:[

• 00131 - .0377

• 00_3# - .0106

• 00006 - ,0022

• OCO00 - .000_

• 00000 ,0000

• 00000 ,O00C

i , t !! 000.00ii.5-.0+979..o......,.036,.°93°
2000,00 1199 -,0177 i13#,_09 -,0320 49_'0 i "0 30 .6639

R = 0°_ PhNChNT FUEL : 12,2_, ' ir = 7,£_3

0.0_06 !
1.00 3336 3.Z_51 0,0_19 -0.9_e

1,0_ 3322 ,0_04 Z,II_ iO,O01b _3._ 0,0 3_ 3,27_3 ,00_0_ - .970i

1,20 J_Sb .0397 i,d39 1 ,0011 _.3 ,0 3,25q7 I ,OblZ7 - .96_

I,#0 _246 ,0_9 l.O)Li ,0006 it_,O .0 3_ 13.ZZ_ ,0_965 i- .9_)_

_.60 3_zz .0 .00_ .0_0_ .._! ._ 3__._T_ .0,_, i- .927_
1,72 3192 ,0 . ,000 i "0 OC' _._ ; .' JZ !_,I_,3 ,O_I_/ - ,917_

10.00 Zl;_ .O_Ob Z._/

iO,2i Z7/0 .0_o_ z._b

ZO.O0 ZbZ_ .oe_l _.O_z

40.00 Z_74 ,OiOb b,VbO

_00,00 Z09Z _-,00_0 2_,_v_

ZO00.O0 14_|-.Oc_l _,uoc

-,00_3 317._ .00d Z._z7b .0_207 - ._0 _

-.Oleo _Ib,O .OVO 11,3_85 .00709 - .1v_ 0

-.0_1 _._ ,0_0 li.OL2b .00_7_ - ,0_1_

........ I .....! "'°" °°1
o ..... ...... oo o+o+!-.C_O _0._ ,0_o27/ ¸ .00_0,3 ,300O



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.]

(b) Continued. Combustion-chamber pressure, 150 pounds per

square inch absolute

, erature r rofio impulse, impulse he_. /a In _R % f_ I.'_

• ° .._:.t r_ .... po .... ,. .=po ....

33_i 0,0_10

3328 .0_07

3292 .0_01

3252 *03g_

3217 .0387

3199 *0384

iSIG1 .0377
299_ *0_4

2789 .0299

2785 .0298

2505 ,022_

2325 .0164

2188 ,0L08

20_8 ,00_0

__ -- R = 1,901 PERCENT FUEL

1,00

l,Ob _,I18 0.001_

1,20 1.25_ .0010

I,_0 I,050 ,0006

i,60 1,005 ,0002

1,72 1,000 ,0000

2,00 l,Olb -*0004

_tO0 1,361 -,002_

I0.00 2.462 --,0051

I0._I 2.498 --,0051

20"00 4.097 -,0073

40,00 7,007 -,0097

100.00 14,608 -,013_

200.00 25.757 -,0172

400*00 45.62_ -,0218

i000,00 1850 -*0070

2000.00 1688 {-*0158
_000,00 15X7 -,0229

l,00

1.0_

1.20

1.40

1,60

1,72

2.00

I .00

IO*O0

i0._i

20,00

40,00

I00.00

200.00

_00,00

I000.00 -.0_7

2000,00 -*0300:-'0302

F

3206

3169

3127 L.051

3091 1.005

3071 1.000

3031 l.Olb

285_ .0_65 1.357

2626 ,0199 2,_39

2821 .0197 2._74

2455 ,01_0 _,027

2281 .0071 8,805

20_7 -.O02T 13,824
1842 -.0092_.01_3 23.0_I

16_ 40.495

1393 -,0i56 82.105

1220 I-.0167 139,9781062 -.0i75 238,311

97*L11 -,0295

70.9T8 -,0360

98.702 -.oWl2

= 1,50, PERCENT FUEL

2,120 0,0037

1.240 ,0012

,0007

*0003

,0000

-,0005

-,0030

-,0069

-,0070

-.0_0_

-.014_

-.0214

-.025_

-.02_4

= 11.19, O/F = 7,937

_.1852

W2.b 0,0157 3,1796

81*8 .01_6 3,1630

LIo*T ,0134 3,1421

130,3 ,0133 3,1225

139,8 .0132 3,_iIi

157.3 .8131 3.0866

218.6 ,0125 2,9_9_

275,3 ,0117 2.7109

276,4 ,0117 2.70_9

308,7 ,0_11 2.4914

337,0 .0105 2.2430

368,5 .0096 I,8808

3_9,0 .0090 1.5962

407.1 ,0082 1,3134

427,8 .0072 .9862

4_1,5 *006_ *8018

453._ .0055 ,68_0

= 7.7_, O/F 1.905

1.9992

37,6 0,0120 ie9899

72,_ ,0119 1.9_57

9_,9 ,0117 I.9320

i15,3 .0116 1.9032

123,9 .0113 1.8866

159.2 .011_ 1,8526

197.Z .0106 1.6765

243,0 ,0095 1.4088

244.0 .0095 Io4026

272,2 .0087 1,1931

296,6 ,0078 .9827

323.4 ,0065 .7495

_0,3 ,0055 ,6298

35W,7 .00_6 .559_

370.6 .0036 -5103

380,6 ,0030 { -_69

389.2 ,0026 ] .4_66

0,05537 -1.0233

.05488 -1.0184

• 0535b -1.0046

• 05Z03 - .988_

• 05071 - ,9736

°04999 - .965_

,04851 - .9485

.04178 - .8627

• 03318 - ,7361

• 03300 - ,7351

• 02701 - ,6325

• 02121 - ,5248 I

°01429 - .3815

• 009?8 - ,2777i

• 00606 - .1858 ¸

• 00265 - ,0857

• 00105 - *03801

• 00032 - *01291

0,03449 [-0*6756

°05400 - .66901

• 03266 - .6507 I
• 03114 - ,6292

• D2983 - ,6108

o02910 - ,5995

• 02767 - .5780o02125 - .4742

• 01364 - ,3540

• 01548 - °3509

• 00880 - .2529

• 00498 - .14_0

• 00176 - .0586

- .022_

• 00060 I- .0071.DO016

°00002 - .001_

• 00000 I- .0002

• 00000 .0000

R _ 2-00, PERCr.NT FUEL = 5,92, O/F = 5,873

.... 4 58

1,20 2992 .0266 1,242 ,0015 I 66,3 ,0098 ,01750 - ,3799_.,o2,,71.02, 1.052]:°°L o ._." :_--.'_:
I'60 2909 1 .0245 1,006 _ ,0003 i05,6 ,009_ _1"2381 P ,01326 - ,3420

1,73 2886 / ,0_39 1.000 ,0000 113.5 ,0093 1,2211 ,01_67 - .3316

2,00 28W5 ,0_29 I,0(5 -*0000 127,_ tO091 1.1694 j ,01361 I- .5127

_.00 iz .... 0174 1._4_ -.0038 1176.6 [ .O0_Z 1.0324 I .008991- .22_9

i0.00 2386 ,0092 I 2,393 I-.0087 221,6 .006_ *_231 .00434 - ,/226

10.2_ 12382/ .00_1 _ 2._2T i-.006_ 12_2._ I .0069 / .818_ / .00_25 I-'_2°6
20.00 2184 ,0028 3°8_5 -,012_ 247.5 ,005_ ! ,6852 I ,00206 - ,0650

40.00 f1974 !-.0028 I 6._'6 I-.016" 12 .... i .0049: .5609:.00079 I- .0282

I00.00 1694 -.0074 12,741 -.0192 291°_ *0037 ,_985 ,00015 - ,0066

200,00 1492 -- 0090 21.409 -,Oily 305°9 .0030 ._656 • 00009 - "0017

400"00 1305 --o00_7 _ 36°04_ I-*0100 _17,7 I *O02W .4_38 "00001 =- °0003

1000,00 1064 -.0103 71,91_ -.o2oo_30.oI .oo..41o9.oooooi .oooo
ZO00,O0 %79p I--,0107 12i,231 -.0201 9Jo.2 { *001_ ! "4053 °00000 *OOOO I

I_ooo_8o_ -.9_o_.o8_ i/.o2o__i_"_.z ,ooi_ .3_o6 _.ooooo_
H = 3.00) PEMChNT FUeL = 4,03) OFF = 3,810

l.n) 2679 ,01_9 Z,143 0.0023 30._ 0.0059 ,7306 .00_33

1._o!_:;Z.Ol,6I_:.... oo, ,.__.oo5,:_: :0°02::i_;
1.,0 2582 .0125 1.05_ .0:,_1 ,8.9 _ .005_I "_L_ I .00,_6 - .lion1
1,60 253/ I ,0114 1,007 ,0004 92,8 _ ,0052 i ,6650 ,00368 - .0997

1.75 2507 _ ,0107 1,000 ,0000 101,i .0051 ,6513 ,00337 - ,0927

I 2.00 2462 ,0096 1,012 -.ooob 111.9 ,00#9 ,6319 ,00295 - ,0830!

4.00 ,1222° "°04_+ I 1.320 I-°0038 154.3 I °003_ .5411 : .00131 I-- °04171

i0 O0 1 II_1_ 000_ z l/ 0067 192 3 I 0021 ,457514589 00032 0123
I

• 00031 - ,01191io.21.o_ ooo__._o_.o067193.o.002°
g0.00 'I16_7 -.OOXZ _oo01 -oO01O z13*5 °0020 1 *_232 ,00008 - ,0038

I.ooo11.,oo,ol.....Io,-.°6oo1 oooo  ooooI
loo.oo -.oo.......... oo7, ..... I.oo..... 16 .oooool-.ooo1=
200.00 _I057 -.00_4 I_._88 _-.0076 J259°i .000_ i ,3682 _ ,OOOO0 °0000'

_00"_0 i 908 -,0036 30.867 -,0076 208,1 I ,0007 ,3559 I ,00000 .O0001

11ooo.oo I 73_ -.oo_7 i 6o. . i-.oo • .ooo • o I .uoooo • o oI
2000,00 62_ {--,0099 100.439 --037_ 2V3"_+ I ,000_ .3292 ,00000 ,0000

71
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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.]

(b) Concluded. Combustlon-chamber press_£re, 150 pounds per

square inch absolut._

O*OOb_ I

• 00_I I 2*Zb9 O*O01e

• 00_ ] 1.26L +0013

• 00_4 I i*062 *0007

iOOJt J I*010 n0003

• O0_Z I 1.000 o0000

• OOZ/ I I*009 -*0003

• O00b I 1.295 -oOOtb

-*ooof Z*_@7 -o0021

-*00_ 7 i 2.215 -*0021

-*0009 ! 3*431 -.0021

-.0010 . _*bob -.0021
i

-,0010 I 10o485 -,0020

-*0011 !I 17*201 -'0020

-,o01l I 2U=301 -'0019
I

-*0011 5_.731 -+0019

-*0012 901095 -+0020

-*0012 1148o167 --0020

R ffi 5*00e PERCENT FUEL

2,188 0*0008

1,2b9 "000_

1,056 "0003

I*011 "0001

1"000 "0000

_*007 -'0001

I*281 -*0004 !

2+144 -,0005

2.101

--0005

3°343 -*0004

5,332 -°0004

10,066

10*403

20./V9

51.350 -'000_ F

83,996 -'0004

137*472

'_"_- ,sp,,_ i ,T,_+_-

oxl_nt,

Qi P_RCENT FUEL = 3,0_, OIF

27,5 jO*002b

52,8 *0024

71.3 ,0022

8_*_ .0021

92._ *0020

100,9 ,0018

iJ_,5 *0013

171.5 *0008

172.I ,0008

189.7 ,000 &

20_o2 *000 W

217o2 *0003

Z_8.1 *0002

2_*b -0002

24_,2 *OOC

247,9 "00C
251,7 ,00C

2.4fi_ O/F

--[ ....

25.2 0.0009

_0._ *0008

65.3 *0007

76,7 *0006

05*2 ,0006

92.2 ,0005

1_.2 i .0003

155.7 *0002

156.3 *0002

171.9 *0001

184.7 .0001

197.9 e0001

20_'5 +0001

21_.0 ,0000

21_.7 *0000

222*b *0000

225.9 "0000

,.....ro_o,

/P . °_. .x_o..,,*.t. I
_ r

1.00 2363 I

1.05 2 _._+ I

1.20 _295 I

I._0 22_.8 I

l.bO Z18ei I

1.78 _1_+_ I

2,00 ZlOf !

_+*00 1859 1

I0.21 15_9 i

20*00 1350 ]

100.00 953 [

200.00 814

400,00 691

! i000.00 552

2000._0 463

_000_00 387

1,00 12066

1.05 2048

1,20 199B

1,40 1_41 ,001_

1,60 1892 .0010

1.80 1850 *0007 '

2.00 18

4.00 1578 *0000

I0-00 1303 -,0002

10.21 129@ - *0002 I

20*00 ! 1122 -*0002

40.00 961 -*0003

I00.00 778 -*0003

200.00 b58 -.0003

400-00 55_. -*0003

lO00*O0 _38 -.0003

2000*00 365 -'0003

"WO00-O0 303 -,0003

-- 'I

!

heat, 18 I* _O_ %

_-5005

.4833

,_699

-4590

.4509

.4426

.404_

*3757

.3752

,3blb

.3500

.3353

.3140

-3012

,2928

*2864

9,683 _ ]

0._020 0.00033 -0.0118

• 3996 .00030 - .0109

• 3 0002_ - .0089

• 3869 .00018 - .0070

• 3818 .00014 - ,0056

• 3iiiliO0011 - *O04b

,3742 ,00009 - .0038;.30j2oI :oooo2/-
• 3911 ] .00000 J- *0001

• 3408 I .00000 _- .0001

'3309 I -00000 I *O000i

•320_ J °000o0 I .0oo01

+3076 [ *00000 I ,0000

_2979 I -00000 i .O000i

2728 I *00000 I ,0000

2693 ] *00000 I *0000'

1.00142 -0.0_27

- .0_05

*0013_ - *0011

.00112 - .0349

.00091 - *0292

,00075 - .02_7

,0006_ - .0216

*00053 - ,0185

.00016 - ,0065

*00002

-00002 - .0011

.00000 - *0002

,00000 *0000

*00000 .O00C

.00000 .O00C

.00000 .O00C

.00000 .0000

°00000 .0000[
-00000 -0000



TABLE III. - Continued. THERMODYNAMIC DERIVATIW£S 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) Combustion-chamber pressure, SO0 pounds per square inch absolute

75

I •

erature, eealure A¢_ I tmpu_ heat, /'c_ In _'R _ _ _ In e)'_ _

roho, T, _ exponent, ro_o, l rotlo _mpulse

exponent. [ exponent, c (a Ln P J _01 In I I

Pc /P K n T a p' K _ "T

io00 11B3 0,0000 1.7752 Oo 00000 0.0000

1,05 i16_ .0000 Z,250 0"0000 _7, i' 0,0000 ' 1,7710 *00000 "0000

1,20 I12_ o0000 1,297 "0000 90,b *0000 1,7597 ,00000 *0000

1*&O 1085 ,O000 io081 "0000 IL2,2 "0000 ' 1,7N72 "00000 "0000

1,60 10z49 ,0000 i*018 *0000 IW_,Z "0000 ' 1,7369 *00000 *0000

I,e; 1008 .0900 i*000 *0000 163 "_* *0000 1,7_57 *00000 *0000

2,00 989 .0000 i*003 "0000 171.b "0000 1,7210 .00000 "0009

_,00 82 _+ .0000 io239 "0000 Z3Z,_ ,0000 1,6825 • 00000 ,0000

10,00 6_5 .0000 1,97_+ "0000 283.I ,0000 i._505 "00000 *0000

20,_0 53Z *0000 Z,VSZ °0000 309,9 ,0000 1.63_+ ,00000 *0000

20,a_ 529 .0000 _,020 "0000 510,b -0000 1,6339 • 00000 "0000

_+0" 00 _39 *0000 4.620 "0000 350 ,(+ "0000 1,6267 "00000 *0000

I00,00 3_3 .0000 _°q32 °0000 350,e -0000 1,6099 ,00000 "0000

200,00 180 .0000 IJ.a_l "0000 3{>_ ,6 *0000 1,5970 *00000 "0000

_OC*O0 230 oO000 21,4_S "0000 572,0 ,0000 1,5571 • 00000 "0000

[000°00 179 -DUO0 39.9Z_ ,0000 5Sl°6 ,0000 I*W8_+0 ,00000 ,0000

_000,00 14,Z -0000 6_,>rg *0000 387,2 *0000 I,_'b87 • 00000 ,0000

wOOt,O0 Ii_ _ .0000 I00,93_ .OOOO d�l, ,0000 l,_+O_b ,00000 ,0000

N = O.ZO) PhRChNT F_JhL = 38,_,5) O/F 1,587

1,00 I51_ 0.0000 1,6186 ,00000 0,0000

1,35 149_ ,OOC_ _,Z_3 0'0000 49,3 0,0000 lebl_4 ,00000 =0000

1.20 I_50 °0000 1,289 ,0000 9_" • 6 *0000 i,b025 ,00000 .0000

I._0 139B ,0000 1,077 *0000 12_,4 *0000 1,5889 ,00000 "00001

_,_0 13_¢+ .0000 [°0 i(> ,0000 I_4 ,0000 1,5773 • 00000 | "0000

l,_b 13(]7 )0000 io000 "0000 169,1 "0000 i)5(_52 * 00000 "0000

Z.O0 1282 *0000 I'00 _+ *0000 179,1 "0000 1,5585 *00000 ,0000

_.,00 1079 *0000 i. 2_. *0000 2z*?,_ *0000 i, bO_ *00000 ,0000

I0,00 @52 ,0000 z.009 *0000 _97,2 ,0000 i*_+51_ • 00000 ,0000

20,')0 709 °0000 _*0W9 ,0000 5/5,9 °0000 1 °_+_ °00000 • 0000.

20,._ 705 .0000 5,088 ,OnO0 32_,7 *0000 I._2Z5 .00000 "0000

40,00 588 ,0000 _+.739 .0000 3_,8,0 ,0000 I,_065 *00000 ,0000

[

100,09 45_ ,0000 e.679 ,0000 _70,0 ,0000 1,391_ ,00000 .0000

200,09 379 *0000 i:,_70 *9000 3_2,7 *0000 1,3807 * 00000 ,0000

_+O0,OL _i_ ,3000 _/.290 *0000 393,0 ,0000 1,5677 * 00000 ,0000

1000,00 _42 .0900 _i.979 ,0000 _+09,5 ,0000 1,3402 ,00000 ,00001

_000,00 19_ .0000 67,687 *0000 _,.09 * 7 .0000 Io2977 • 00000 ,0000

_*000, OC .....161 .0000 106.75_ ,3000 (+I_*_ ,0000 1,2571 ,00000 • 00001

i

• R - g.z_, Ph_C. rDWI FUrL = _,>_, U/F : i,�O_* _ _ ]

I 0*00002 -0,0006

/

I,CO I_17 0.0001 1,5015

l*_l_ 1797 .0001 .c,Z i_ 0,0001 boo3 0,0001 I* '+971 * 0000_ - ,0005

1,20 17_ *0001 I.2_3 *0000 90,6 ,0000 i*_852 *00001 - ,000_

I • _+C) 1686 °0000 1,073 ,0000 i_0,_ ,0000 I, #+?19 • 00001 - "0002

1.6_ I (:>3 b *0000 1,015 ,0000 152,7 ,0000 I, _,609 • 00000 - ,0002

i.o_+ 1587 .0000 1.000 ,0000 171,8 .0000 I°W#98 ° 00000 - -0001

z.OO 1555 o0000 1.005 .0000 183,l .0000 i,_#_5 * 00000 - ,0001

_,00 1322 *0000 I°256 *0000 _+9, _ ,0000 1,3875 * 00000 o0000

10,00 1057 *0000 Z,0#8 ,0000 305,6 ,0000 I* _226 ,00000 *0000

20,00 887 "0000 5.127 "0000 3_5,7 "0000 [,28&9 "00000 '0000

ZO._l _8Z .0000 _,168 ,0000 _b,b *0000 1.Z838 • 00000 • 0000[

_0"00 7_I .0000 _.883 *0000 559,0 "0000 l°2bbO • 00000 "0000
I

I

100.00 5_i -0000 _,_b ,0000 _oz._ ,0000 /,Z_ZJ *00000 ,0000 l

_OQ,OD _ °0000 ._,596 ,0000 _5,9 ,0000 [° Z 1.92 )00000 ,0000 i400,00 399 ,0003 _J,208 "0000 '+0_* o "0000 1,2099 * 00000 ,0000

I000,00 310 .0000 '*_, _9_+ .0000 _+it* i °0000 [,19&9 * 00000 *0000

2900,00 25b ,0000 71,280 ,0000 _2_.7 ,0000 I*1801 *00000 ,0000

I_+000,00 210 .0000 Iib,550 ,0000 (+30*d *0000 [,i_'-75 • ,00000 . ,0000

"_ : 0,30, DERC£NI FU_L = 29,57, _21F = _,38J •

l.OD 2095 0,0008 i,#230 O*O001'w -0°00_8

i,%_ 20_z ,0007 z • _0_, 0.000_ 50.8 O* 000-_ i*_17_ ,00013 - °0035

l*,C 2016 ,0005 _,Z77 *OnOZ 97,5 .0003 i. _'027 .O0010 -- ,0026

i.qb 19_Z ,0004 1,07( "0001 L_I,_ ,000_ 1,3869 * 00007 - ,0019

1,60 1_97 °O00Z 1,013 .0000 Lb_,_ • O00.C [*37_0 t 00005 - *001_

_._z l_u ,000: .,900 ,0000 [72o7 ,000z [,_623 ,0000_ - ,0010

Z,3C l_JO 9 ,00_I i,00o ,0000 L_5)l ,000 _ 1,5_39 ,0000_ - eO00_

4.00 1553 ,0000 l,ZbO -,0001 Z52*b ,O00i 1 ) 2Y9_. • 00000 - ,0001

[0,0c izb7 -,000- z*o_ -,0001 _10._ ,0000 1.2336 ,00000 -0000

zA,?O _9b- -°OOO I _o_0 C -,000 i 9e.1.7 )0000 |,I_9[ ,00000 .0000

dO._i _Ob_ -.OOOi _,Z_+_ -*000_ _2,b ,0000 1.1U78 • 00000 .0000

'+0* 30 b9; -.300i b.037 -.o00i _b6*O .0000 i.ib31 • 00000 • 000")

IQC.rO 707 -,0001 _.SZ_ -,000 i 590.5 ,0000 I,I17_ ,00000 *0000

_00.00 _�rJ -,OOOi iz+.995 ,0000 e O_+'8 ,0000 i, lOOb ,00000 ,0000_0O*_l 493 -.OQOI 2'+,_34 .0000 _+I_,_ ,0000 1,0@65 ,00000 ,OOO0

1030,Dr _oJ -. ]qOi 4b. O00 ,9000 _zc.J ,O00C i,[ 7_.5 ,00000 o0000

zOD3. J[ _i/ -.OCC_ ?_,, _l_ ,0000 _30._ ,0000 1,0 e_7 ,00000 o0000

_oO0.)r I Z6Z -.000_ i_=._o_ -.000. _,_,_ .0000 £-0_23 ,00000 i ,0000
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN _RITH LIQUID OXYGEN

[Equilibri_n composition during Isentroplc expansion. Equivalence

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

(c) Continued. Combustion-chamber pre3sure, 500 pounds per

square inch absol_te

Pressure A ea at" -_- ' ' I_
a o e ....... ...... ratio / r )° t _-m_-'_e. 'mPu "_m 'heat. /0 In_]_ _ _aln,_ _

_..' _ T elponent, j _ ' e_pone.', l, expon_n. ¢ i/c'lln P I _clln 1" ]a

I _'" ;°'_ "' I= . "_ . ...... /,j °, :"4;'°"" "+P_ _'1

IR _ 0.35) PERCENT FUEC = 26.41t O,,F = Z.fT8

1.oo 2,,, 0.0326 T _ -] "i.,,3_-_3.3oo59 '-3.o,,,.I I,.,,, o.ooo,+,,o.oo+i,+,o.ooo,.o+
i.40 I 2190 ,00141 i°058 ,0004 131,7 ,00£6 1.3998 °30031 - ,O079!
1.60 2139 o0011 1,012 .0001 ibR,7 .00(7 1,3219 ,0002_ I- .O0bZ

1,80 2088 ,0008 i,000 "0000 172,3 .00(6 I, _072 .00018 - • O0`.V

I z.oo /23,,5 I .ooo,_ i.oo7 I-.oool 11_.8 I .oo(* _-_ I .ooo,5 I- .oo_,ol
&'00 i 1771 -.0001 1,275 -.000 _ Zb`.,3 "00( _ I'2_I0 "00033 - "000_

I0.00 LI`.51 -,0003 Zoll -,000 .0 .00 " 2 J ° "

20,00 I23_ -,0003 3,281 i-,O004 3W5,1 "00( i 1,105 I o00000 "0000

[ 20,`.i 1232 [-.0033 3,325 -,000w 15`.5"9 I ,03(I Io1192 )00000 ! "O0001

I _0.00 11051 .-,0003 I 5o189 I-,0004 1375,2 l ,00(i iI.0194 -00000 "0000i

100,30 83@ -,0033 9,678 -.003R 595,_ "00( I 1,3_6_ • 00000 "0000

230*00 702 -*0003 15,630 -*0003 q13,_ "00( I 1,0119 "00000 ' "0000

_00"00 586 --0003 25,355 -'000_ _12,9 °0010 ,9954 -00000 "0000

1000"00 @60 -*000_ `.8,2_8 -'0003 `._5,5 *0010 ,9791 • 00000 *0000

2000"_0 382 -'000 _ i 7b.@b_ -'0003 _W3"0 "0000 )9692 "00000 "0000_ooo.oo I _iz-.3oo_ iz....5 -.o_o..... _/ .0000/.9598 !i0003 •oooo

_ _ R = 0.:0. PE_CLNT FUEL `= 2'.';) '.,_ :3:175-- " ]

, i.o3 25_5 0.00_ ' _I.R_07 0.001',_]-0.3_6_
i 1.o_ 125`., .3o_ I z._,_ io.oo_, i =o., /o.oo.o/1.'.o_, / .ool./- "°'"1/

1.23 2`.8`. .00`.8 1,207 ! ,0013 97•`. o00- I |i,376`. I °0012_ I - "0Z@bl
i 1.43 2_17 .O05B 1.065 i .0007 []-_,1.`. °00 9 1.M.23 .O009B - .OZ)O)
I t,60 23_9 .00_1 1,03.1 .ooo3 *_.... 3o 7 11.01500 l l

1.,9 20_o I ,0o+5 1.ooo .o000 01+,.+ , .oo 601.29`._ / |I:_o°o°'_ ::°1105;:2.0022,,.00201.00,003,1,,.,
`. 00 1978 ,0001 ! 1,289 -,0013 254•2 + °00' 9 1,1857 ' -00013 j- °0036I "! ,I  ,5210101,i,3i00,11,119,0ooo,-oo0,

I0*00 ! 153 -,O00 i " -'0 " " ' " ° "

I _o.,oii,91-.ooo,i _.35`.!-.ooi,1,,o.oI.oo`.11.o_-.°0000.ooo0
I 20°`.i 1++03 -,0007 ' 3*399 !-*001`. 3`.7)0 "00 _ I,O658 °00000 ,0000

`.0°00 1205 -,O00S 5°J38 -'001`. 1372,6 "00 3 I,0255 .00000 ,O000

_00 O0 _ 970 - 0008 I0036 - 0013 1599 1 ,00<Z ,9758 °00000 *0000

I

200-30 819 -°0038 Ib°29`. -,0013 `.I`.,7 ,00:i2 °9_7_ °00000 o0000

"00,00 I 687 i-°0008 I 26,5"5 i-.Ool_ `.27._ .00 I ! .9_50 I .o0oo0 I .o0001

i000"00 5&2 -*0009 50,799 --0015 _`.0,? ,O0 i ._03a .ooo0o ,0o0o;

2O00,0O `.52 i-.ooo9 85.1s7 -°0013 _`.8,6 ,00 I .8929 .00000 °0000

.oL.ooo_._,_,-,ooo9.... I_ ....2I-.oo1__i......+ ooi _.,31_ .oooooI .ooooi
R = 0.45) PERCENI FUEL = 21,_7, 0 F = 3,571 i

,.00_,5 0.010,;-_ _1.500,I0.00,,,-0.0_,_
)..o5 1273_. I .olcz z._9 o.ooz_, J 5o._ o.oo _ i•`.8`._ I .oo_,32 l- .o/oz;

1.20 iZ677 ,0090112611,261:0011,0019 96.7 °00 7 1oR_19 .00283 I - ,06101.,o2,1,.o0,,_)i:o, ,3,.,.oo`.i.,,.+,
1,60 [2555 I .0065 _ I,010 ,0005 1153.`. .oo 2 11,3588 I .00195 - +0_

1 • 78 [ 2513 ) 0056 [ I ° 000 ] • 0000 I_9• 1 ° 00 0 I._12 ,0016_ - °0_U_I

2°03 12`.60 ,00W_ Io009 -'000_ 10`.°6 "00 8 I°_023 °001_2 - °0_2_9J

10,00 1818 -,0010 i 2,1@7 -,003_ 513,_ °00 _ _,0/17 ,00006 - .0017

4.00 2173 ,0010 1.295 -,0026 257°4 ,OO 0 1,1697 °O004W i- °011_i

20.%0 1576 -,0014 ! 3°427 i-,00_`. !3_7+2 o00)9 1,0246 I °00001 - *00032o.,_ _5o9E-.OOl,.i ,.,7,=-.0o_,_,.s._ .oo911.02,I.oooot- .ooo,i
_0*00 1358 )-.3o15 9.++_07i-.o033 ;_73.e .oo_b ,9831 .00000 ,0000)

130.00,105I-.00,+i0.,0__-.0052_:00.9.00,_._gl .00000; .801001
200,00 938 i-,0017 Ib,985 -,0032 17,1 ,00 ; • °00000 • 0

_00"00 793 '.-,3017 27._0_ -'03_Z `.50"_ *00_ ,a/28 I.00000I .oooo

i000,00 530 -*0ClB b_.+ V_ ' -.0032 _q,3 *00 )_ *_65 .00000 ) -3000

,ooo.ooI52,-.ooi_,.....!-.oo....,._ .00....31,I.0o000i .3o0?
`.000.00 ' 4_3 ]-,0018 )l'_*_'b_ I-.0031 l_V-> "0032 °_Z11 *00000 [ -0000

R = 0.50) PERC.EN[ FUEL = 20,12) 0 F 3,9_8 i

] '
1.00 2915 3.0158 J i*b231 0°00633 i -o,}.z7_
l,q5 2895 ,0153 Z,!5_ 0°0029 49,8 0°00_6 i°60`.2 ,00@04 I- ,IZ_b

1,20 128R1 ,31_9 1,256 .002_ 152,095°7 ,00,_ i°5535 ,00531 J! ,I0_5i*_0 12778 ,3123 i,060 o0013 1g_°J °0031 I°R970 ,03`.54 - °09_

l.bO i 272`. .OIO 9 J,O0_ *O00b .00+9 I.`.502 ,00393 , °0_

|,77 268_ °0099 I°000 *0000 i lb6ob .00+7 I*W16B .O0_5& i- °OlbO

2,00 2633 °QOU7 I°010 -°0007 i_3°0 °00)4 1,37@6 .03_03 J .Obb/

_,002_5Z ,0050 _,507 -,009_ 131°_ *00_ £.i_3L ,00_ib i °0Ze_

i0,00 1992 -.031/ l Z,Z2 c+ -.0061 51Z°7 I °30;1 1"0508 "000_| - oO0bV

20.00 17_0 I-,0023 j _o50_ -.00b_ _6,0 °OOib ,9916 ,0000_ - °001_

Z0,_I 1732 l-,30Z3 _,bb3 -.00b_ J_07o9 ,30.b *_0X °0000 _ - ,001£

&0o00 150_ .[-,0026 I0"7775°562 -.00_ _-.00_ i J15°5 o00LZ .W_91 ,00001 - °000_
100-00 12`.0 -°0028 _01 ob .00 )_ °8988 * 00000 °0000

i ,_638 • 00000 .0000

,00.3°1o,o-.oo,,.... ....oo,
400°0° 9O2 -'OO33 ! ZV.'_391i-'oo°o ,,bz.i .oc)_ .,336 .ooooo .00o0

000.00 i722 -,00_i _e,,+ic !-,00_0 )`._t,_ .00)_ ,8015 ,00000 ,0000

Z000.00 i b07 -o0052 _Jo01b -'00_0 qOD,_ .OC)J *70`.2 *00000 ! o000C

W000"00 i o00_5 ii5_'_0`. -•00b 0 _b_,7 .'OC) _ I o769_ °000001 o000C



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, 0/F.]

(c) Continued. Combustlon-chamber pressure, 300 pounds per

square inch absolute

' I i I I I ]
i Pressure Temp- letup- Areo

ratio, [erature erature raho impuke, i impul_ heat, /a In _ _ _aln _I _tF $. .,,l>o.... ,atio .xl><>..., i "><>.... <,. I,al.,_ ) lain , $°, " °, !..... /, r °, ]<_f,,,_o,> ' !"

1,00 13155

1,05 1313/

lt20 13089

1+_0 13033

1,%0 12985

1.75 12953

Z•O0 2904

4.00 2652

10,00 231i

20,00 2054

20•41 2047

40,00 1808

lO0•O0 1512

= 0,60, PERCENT FUEL

•0254

*0249 0.0028

• 0235 •0021

• 0220 i0013

• 0206 •0005

,0182 I 1.013 [-*0008
,0106 I•528 I-,0051

,0015 2.303 [-,0104

-,0029 3.673 r-,o127

-,0029 3•725 I-,01i8

-,0049 5•977 I-,0136

-.0058 11•573 I-.0136

i7,35, O/F

N8,5 *0088

95,3 •0085

126,i •0083

148,4 •0080

161•2 ,0079

178•8 .0076

247•D ,0004

308•3 •0047

343,0 •003_

3W3•9 •0036

370,9 ,0028

_oo.2 i .0020

4•762

I l._b6 _ 0•01_80 ,•2833

; x ° _o._ •O1434 •2759

[ _ *oo_*z •01312 •2559

i i• i_ _L*_ •O1177 •2335

i 1.7545 •01067 o2145

' 1•7154 •00997 •2024

i•6559 •1843

1.3741 ] •00 06 .1037

1.0_84 o001_2 •0356

• 9?52 o00043 o0118

o9T26 •00041. •0113

• 9053 o00009 •0029

• 8496 •00001 - •0003!

°00031

•0000

°0000

• 0000

•00??

2•3992 0_0268_ _9_

Q•011.1 2•3785 .02623 °_98

• 0109 2.3204 .02_.65 •_.663

• 0107 2•2512 .02286 •_.389

• 0105 2.11_9_ .02134 •_L51

• 0104 2. 1520 • 020_,4 •_00T

• 010 z 2•0841 •0E_9 _3752

• 00_1 I•T_.41 •0120_ •_5_

• 0075 1°3_ •00529 _ ._3T

• 0063 1•0849 _00_2_ _057_

• 00_2 1°0791 •00219 •0557

• 0051 •9294 •00075 _020_

1.003 .8283.000,,

• 0030 .7835 .00002 .000_

• 0025 i "7500 .00000 "0001

• 0019 i •7094 •00000 •000(

• 0016 i -6811 I ,00000 "000(• 00. I 3_ .6564 .00000 .O00C

6,349 ....

0,0126 2,7781 i *03933 •7206
,0124 2•7382 •03775 i700|

• 0122 2•b891 •03593 • 675(1

• 0121 2,0439 •O_N_5 )653_
• 0120 2.b168 .033_,5 .6'Wl_

• 0118 2. 5628 .03173 - .61601

• 0110 2•2689 *02369 •¢'89T I

,0098 1,8019 .0138 _' *312_

• 0088 1._368 •00779 ,_878

.0087 1._'265 •00763 ,184k

• 0076 _. 1,1265 ,00355 ,0922

• 00085 !- ,0245°00021 o006_

°00004 i- .0013

• 00000 - •O00i

• 00000 .000(_

• 00000 •O00C

........I........l .....

T2,9626 0*04890 -0.B833

0,0132 ]2.9553 I °04840 - .878_
• 0131 ]2•9343 I " 0470_ -- °063]

• 0129 I 2'9078 ,04_.6 - o8_52• 0128 2.8830 • 04W09 - •829_

• 0127 ]2,8682 o043_2 - •819_

• 012_ I 2.8374 •0_180 ,801Z;
,0119 2,6638 ,03473 .7059 _

2•3>36 .02651 ,560_

2,0_47 ,0187! o_.36_

2,0450 •01851 I *4328

1.7023 .01221 ,304_

1,2030 •00498 •136_

• 9125 •00171 °0508

• 7617 * 000"_,2 i0136

• 68_.0 • 00004 ,001_

• 6520 *O000i .000_

• 8246 .00000 "O00C

200,00 1311

400,00 1130

1000-00 919

2000.00 782

NO00-O0 661

i,00 3307 0,0328

1.05 3291 .0324

1,20 3248 •031h

1,40 3198 •030i

1,80 3156 •0289

1.73 3130 •0282

2,00 3085 •0269

_,00 2865 *O_Ot

i0,00 2569 •0096

20,00 2335 .0015

20,41 2328 •0013

40,00 2095 -.00_7

I00,00 1785 -,0086

200,00 1568 -,0097

400,00 1368 -,0102

i000,00 Ii33 -•0108

2000,_0 975 ]-•0113

-•0061

-•0063

-,0066

-,0069

i "297_

= 0•70, PERCENT FUEL : 15,2>, O/F

2•129 0•0023-- #7,0

1•244 •0017 90•b

Ii053 •0010 122,_

I•006 •000_ 144•I

1•000 *0000 155•6

I•01_ -,0007 173•9

1,3_ -eO04b 2_0•8

2,37& -,0108 801•9

3,843 -.0156 336.9

3.900 -•0158 337*9

b,337 -•0193 i3btib

IZ,_41 -•0212 i396•i

20,858 -,021_ 141g•9

35,080 -,021_ i_30*6

69,841 -.02_ 447*_

I17,461 jm'0215 _58"2

197"192 !--i0217 467°0

R = 0•80, PERCENT FUEL = 13,60) OIF

1,00 3393 0,0377

1•05 3378 ,037_

1•20 3338 ,0386

1,40 3292 *0356

l,bO 5253 •034T

i•73 3231 •0342

2•00 3189 : i03_2

4,00 2995 •0282

i0_00 27_ ! ,0199

20,_0 2550 ,! •0118

ZO,_I 2544 I •0116

&O,O0 23_4 i •0025

I_,Z16 I-,0135 _18,0 ,0016 ,8165 ,00000

31•993 I-,013_ 432•7 ,0013 ,7815 •00000

62•803 I-,0134 _48•6 I ,0010 ,7_27 •00000

04.52_ Io,o135j458o2 [ ,0008 ,7183 •00000

5.556

2.123 0.0018 45,6

1,241 ,0013 87,8

i•052 ,0008 I18,7

1•005 ,0003 139,8

i•000 •0000 150,4

I•015 -•0005 i68,7

i,354 -.0034 234.0

2,423 -i0083 19_•1

3,982 -,0132 >329•i

4•0W2 -i0134 330,1

6,_76 -•0191 358•3

I

2053 I-,0080 13.365 -,0258 389,8 ,0060 •8717

1830 i-•0123 22•652 -*0282 409.5 ,0050 , -7805

1617 I-,01_i 38.453 -•0289 426•2 ,0041 •733_

1360 -,0152 77,533 -,0291 _•4 ,0031 •6903

1185 -•0159 131•747 -•0292 I455•9 ,0026 •6615

1027 -.0166 223•495 -•0294 1465•6 ,0022 ,6339

R = 0.90) PERCENT FUEL = 12,28, O/F = 7,I43

i00,00

200,00

I 400,0,3

i000,00

2000,00

4000•00

1,00 3430 0.0401

I•05 3_16 .039_ 2.121 I0•0015

1.20 3377 •0391 1.240 i ,0011

I•_0 3334 •0383 1,051 I ,0006

i•60 9296 ,0376 1,005 ! "0002
1,72 3276 •0372 I'000 '0000

2•00 3239 ,016% 1,016

4,00 3054 •0326 1,358

i0•00 2829 ,0271 2.448

20,00 2668 •0222 4,058

20•_i 2661 •0220 _,121

40,00 2503 •0158 6.901

100,00 2276 ,0037 14.187

200.00 2084 -•007_ 24.518

400,00 1877 -o0152 _2,200

i000,00 1606 -,0192 86,184

2000,00 i_16 -,020_ 147o806

_000.00 1241 -,0213 25_.2_4

44,2

85,I

11_.1

135.5

145,b

103,8

227,1

265•8

}20.2

-,0004

-.0026

-°0058

-.0088

,0110

• 0103

-,0n89 321•2 ,0103

-,0128 349,2 ,0095

-•0208 381,3 i ,0083

-•0284 _01,7 ,0073

-,0336 _19,G ,0061

-•0367 !439,0 ,0048

-,0361:451,3 ,0040

-.0363 4_2.0 ,0034

75
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TABLE IIl. - Continued. THERMODYNAMIC DE}IIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during Isentropi.: expansion. Equivalence

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

(c) Continued. Combustlon-chamber pr_.ssure, 500 pounds per

square inch absolute

P_sum _ letup- Temp- Ar_- ] Spe¢ tic _ Sl:_cific
raHo, era_m, ermum Ar_ r_o im_ i I11 heat,... .... ,o,......... , .._.n, (_}

£ (m_(_I/_ n! c), _

]
R = 1o00) PERCENT FUEL = 11,19) _F = 7,937 I

-- r

1.00 3437 0,0_05 2,8811 0,05_23 ]-0,9244_

},05 3423 90_03 _)lZO 0,00t4 42=_ 0,01:!3 2,8760 t05074 - .9197i

1,20 3384 ,0398 1,239 ,0010 82,6 .011!2 2)8611 ,04948 - .9067

1,40 3341 ,0389 1,051 ,0006 iii,7 ,Oli:I 2o8421 ,04800 - ,891Z

1.60 3304 ,0382 1,005 °0002 131)5 ,011:9 2,8243 )04672 - ,8773

1,72 3284 ,0578 1.000 .0000 141,3 ,01_9 2,8138 ,04601 - ,86_

2,00 3244 ,0J71 1,016 -,000 _ 158,o ,0117 2,7914 ,04460 - ,85324,00 3065 ,0J36 I,359 -,0024 2_0,4 ,01. I 2.6657 ,0_81t - ,7719

}0*00 2847 ,0289 2,453 -,0052 Z77,9 ,01_

20,00 2892 ,OZSl _,076 -.ooTb 311,1 ,0i(7

20,41 288? ,0250 4,I40 -*0075 312,0 ,01_8

40,00 2542 ,O2O9 _,959 -,0100 339.4 ,01_0

I00,00 2349 *01_4 14,489 -,0141 370,9 *O0';Z

200,00 2203 ,OOB4 25°445 -*01_0 3_I,3 )O0_b

400*00 2052 *0014 44,925 -*02_8 _09,3 *00;7

ii000,00 1539 -o0094 98)11_ -*O303 429,9 ,00_7

i2000,CC 1668 -*0_;1 168,780 _-,0380 443,3 *0056 _I

_000,00 1493 -.0227 290,406 !-'0400 455*0 ,0050 1

R = 1.50, P_RCENT FUEL = 7,7_) O/F

1.00_97 O,O338 l

1,0_ 3282 *0_5 _,IZ3 i0,0017 J7,9
1,20 3243 °0_27 loZ_l ,O01Z 7_°0

1,40 3198 ,0318 l)Ob_ .0007 98,/

1._0 3159 ,0_09 l,OOb ,0003 118.2

1,73 :3137 *0_04 1.000 *0_00 125,0

2.00 ,3096 ,0_95 ! 1,015 _-*0005 140,2

4,0O :29O4 ,0249 1.354 _-,0031 19_,6

10,_0 1_8_1 ,0_ 2,42_ I-)007_ _44,8

2_,00 I_4T8 ,_ 3_T I-,0_08 _3,8

20,41 ! _47_ ,01_8 4°0_8 i-)0_10 2_4,8

40,00 i_2_1 ,0050 _34 I_o0_5_ _8,_

_00_00 i_032 _,0040

_00_00 !_8_ _°00_

400°00 1182_ -_0_25

,0i;4

,01.i_

,0110

,010

o01(8

,01(0

,00_9

,OOil

,00_0

)00;

13,6_I i-,0_II 132_,8

i-,0_45 341,5 ,00_9"005_

..223"2"i-.o_84!,5._ I .oo,,

2,_431 .02398I)554ii

_oZ367 ,02381 - o551Z !

2.0143 ,01851 - °_5_Z i

1,6831 ,01209 - ,3207

1)4246 ,00801 - ,2268

1.1/70 ,00_75 - *1443

• 8_97 .00185 - *0628

• 7520 ,00070 - ,0260

• 00020 - ,0083
"6606 __ --

1,905

1,8003 1_,030T5 _0)_1

_o_1_ )0302_ I_ _85_

1,T680 ,0_0_ i_ ,588_ _

1°_3_ ,0_58 i_ ,548_i

_131 ,0_35 _- o531z _

1,6_T7 _0_585 !- o_£_6672 _02432 i- _50_

_°5078 ,0_834 - _405_

_,2_T7 _01140 _2_801

_°0_74 _00_1_ _886 _

_,0_ _00_00 _86_

°8_6_ °0038_ ,_

• _030 _00_ _0 _3_

• 6070 _00043 ,0_6_
°5500 ,000_ ,005_

1000,00 1379

2000,_0 1207

4000,90 1050

-,0144 80,499 i-,0273 371,b ,001_ ,5072 ,00001 i- ,0007

-,0152 1373214 ]-,0278 3_1,4 ,00L7 ,4850 ,00000 I- "00011

-*0159 _33,567 i-,0_78 3_9,8 ,O0_Z ,4650 ,00000 I "0000!

R : 2,003 PERCENT FUEL = 5,92) O.F = 5,87_

• ,0158 Z)129 0,0020 I 34,7 0,00_ .I ,9449 .00749

i,_052 .01611 i- ,341_

_.20 i_o .o_49 [ 1.z4_ ! .oo_ I _8._ .oo, z t,1812 .Olbl3 - ,_5_

! / / "1"8"°'"''-'3°"'I,_0 12998 ,02._7 i 1,083 i ,0009 90.2 ,00_0

i,).276 )01309 - ,293._,
I360 i2957 ,02_8 ] l,OOb ,0003 I06,2 ,00_

i,1122 )Oi_b j- ,_8_.9I,73 , 2932 ,0222 1,000 i *0000 ] 114,7 ,00_ 7

2,00 '2889 .0211 ] 1,014!-,00061128,21 ,00' b | I
i ,08Re. ,01160 - ,2651

- , 18681

4.00_6T_ .0_55I 1,44 i-.00381,7.5 .00_ i
_o.oo24o_ .oo_ ! 2._7_i-.00_8222.o .00,_.7_44.00348=- .o_oI
20.00 218_ ,0017 3,861 i-,0123 248,5 "00' 3 )6477 ,00180 - ,0512

20,41 2181 •0015 3,918 -o0124 1249,2 I ,00'. Z i ,@_47 ,00156 ,0501

40,00 1970 -,0031 8,_85 i-,0153 126%,8 ,00' 3 i ,5_i). ,00060 ,0218

100.00 _686 -.0068 12._80 I-.0_4 2"_2,_ ,00 3 i .4923 .0001_
200,00 1483 -•OObO 21,125 '_-)0179 i308*5 ,00,6 _ ,4b_Z

400,00 12(97 -,0086 1 35,512 I-,01_0 i_ _.I1318,2 ,00 i I ,4427

1000,00 1076 -_0092 i 70,973 -,0180 !331,0 "00 6 )_'_03.

2000.'_0 929 -*00(95 : I|9,641 -)0180 _J8,_ *00 _ )_+046

4000,C_0 797 -.oo99 12o1.}_z -,ol@Z ,oo 900

• T

1,00 i2723

1,05 12705

1,20 12658

i,40 12604

1,60 2556

I,76 2523

2,00 2477

_,00 '2232

I0,00 11914

20,qO 1684

20,_1 1678

40,00 1472

I00,00 1222

200,00 1055

400,00 906lO00,O0 , 735

:2000,00 ! 623
i4000,00 526

R • 3.00, PERCENT FUEL : 4,03, OF = 3,810

• 0132 ' 2,148 i0-0023 30,b 0,00 _ I )8842

.0122I 1.25_i .00_ 58.6 .00,0 I .66.
)0110 [ 1,058 i *0010 79)2 ,00_8 .6451

• 0100 I 1,008 _ ,0004 ! 93°i °O0'b ,6275

)0093 1,000 _ ,0000 i).01,6 ,O0'b ,6155

• 0083 1,012 -,O00b ii12°2 *00'3 ,5991

)00_8 1,317 [-,003_ i154,7 ,00 3 ,5216
I

-,0005 ! _,261 i-,0058 111_2"0 "00 ,3 ,4517

-,0020 3.58_ [-,0065 !21_,8 *00 7 ,4206

-,0020 3,_34 !-)0065 214,W °00 7 ,43.99

00261..,i00661230800314007
-,0028 11,177 -,OObb 248,6 ,00, 9 .3813

-,00_0 I 18,498 ! -,0085 I 25 .... 00) 7 .3680

-)0031 I[ 30,?IB ,-.008_ ,268.2 ,00,8 I ,3557

-,0032 i 00,Ib_ i-,OOb_ !277.7 )00 _b I ,3399

-.0033 i 99,_5b "-,0064 263,5 ,00_41 ,3291

-,0C34 _165,857 _-,0005 2_o,J ,00,_ | ,3195
I 1 .... X

• 00003 - ,001_

• 00000 ,000_

• 00000 ,O00C

• 00000 ,000£

o00000 *000{

0,00483-0, I/8_

,00_45 - *1131

• 00396 i- .102%

• 00344 !- ,091]

• 00303 - ,082_

,00276 - ,076_

°00241 i- ,068_

°00106 ,033¢

• 00028 ,009_ I• 00007 ,0030

• 00006 ,00 _i

• 00001 °0007!

• 00000 )0001 i

• 00000 °0000!

• 00000 ,00001

• 00000 *0000!

• 00000 ,00001

o00000 *0000 i



TABLE III. - Continued. THERMODYNAMIC DERIVATIES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrlum composltion during Isentroplc expansion. Equivalence

ratio, R; oxidant-fuei ratio, O/F.]

(c) Concluded. Combustion-chamber pressure, [500 pounds per

square inch absolute

- _ .... T I

t o'" P h! a'° _$i

i Pressure

I ro_o,

_/e

 .oo
1,05

1,20

1,40

1.60

1o78

2.00

L*oO0

I0,00

20,00

20,41

40-00

tO0,50

200,00

_,00,00

1000.00

2000.00

4000.00 !

2372 0,00_5 ' i

23_4 ,0052 Z.17Z 0-0015 ZT,_ _O,OOZ_

2303 oOOZ_b 1,462 ,0011 b2,9 [ ,0021

2244 .00J7 1,053 ,000_ 71._ i .OOt9

219_ I .00_I 1,010 ,0003 _3,9 ,00_8

2153 *0027 i*000 1 ,0000 92.6 ,ooIT

2110 ,0022 1,009 I-.0oo3 i01,0 ,0016

1859 .000_ 1,29_ I -,OCI3 135,6 i ,0011

is_5 -.o0o6 z.i_ i-.oo1_ i7z.6 i .ooo6
1349 -,0007 3.426 i-°001_ la�,B ,000_

13_3

1165

952

B_3

690

552

_63

386

1,7_6 !

0_00116 -0,03_I!

• _8_ ,00091 - ,O_Z ¸

• 457_ .0007_ ,023_

• _81 ,00061 ,0203i

• _2 ,O0062 ,0177!

• _341 ,000_3 ,0151

o_010 ,00013 i ,0053!
I

• 37_9 .O000Z I_ ,0009

o3614 ,00000 i" ,O00_i

• 3611 ,00000 I- °O00Zl

• 3_99 .00000 1 ,0000
i

!• _3_ _00000 ,00_01

°_ ,00_00 "0000 _

°_ ,00_0_ "_000 I

! o_0_ ,00000 ,0000

o_2_ ,00000 o000_

• _ ,0000_ ,00_

°,0008 3._7_ i-,O01d _195,2 ,0005

-,000_ b,_9_ i-o0017 20_,2 ,0003

_,000_ _0,_ _-o0_1_ _1_o_ ,0_0_

-o0_0_ _?,_ -o0_ i_,_ _000_

-o0_0_ 2_,2_ .-o001_ 123_,_ ,0_0_

-_0_0_ _ i-o00_ _3,_ .0001

-o0_0 _,_ i-o00_ _7,_ o0001

_,0_|_ 1_o_ _-,00|_ i_o_ _ ,0001

k

I°00 2069 0.0018

1,05 2051 ,0010
1.20 ]_ .OOI_

i,_0 19z'2 *0010

1,60 i 18_ .0008

1,80 1851 °0000

2,00 1813 ,0005

4,00 iiii °0000

10"00 i 1303 -°0002

20,00 1122 -,0002

20.Z+l ii!i -,000_

40"00 l 901 -°0002

i00"00 777

200"00 i 658 --.0002--'0002

_00,00 i 554 -,0002

I000-00 ! _38 -,O00Z

2000,00 365 i-,OOC3

4000.00 L303 i-*0003

2,189

I,270

I,006

I,011

I,000

1,007

I,281

2,1W3

3,3_2

5,3_6

5,330

10_066

Ib.399

26,7S2

83,976

I37,_39

[ 0,3968 iO,O00Z7

0,0006 2_,2 i0,0007 ,IV4? ,00025

• 000_ _,5 "000_ ,3893 °00020

"0002 O�,W .0006 t3835 ,00015

• 0001 76.8 ,0005 .3190 ,O001z

• 0000 : _5,3 *0005 ,3753 ,O000V

-°0001 i 92,2 ,0005 ,37_2 ,0000_

-°0003 I12_o2 _0005 =35_ ,00002

-*000_ i155._ -O00Z ,3_11 ,00000

-,000_ 1172.0 .0001 ,3309 ,00000

-.000 _ ! 172,_ ,0001 ,3306 "00000

-,0005 !I_4"7 "000! "3209 ,00000I

---0003 1197"9 *000_ ,3070 "00000

--0003 ZOb,7 °0000 ,_979 "00000

-'0003 212,0 "0000 ,Z887 -00000

-,000_ Z1_°7 ,0000 ,2782 ,00000

-°0003 222.b ,0000 .2728 .00000

-,0003 225,9 ,0000 ,2693 ,00000

i

i

i

i

-0.0097

- .0090

- .007_

- .O05S

- .ooze

- .oo_b

- ,oo_z

- ,O00b

- ,0001

,0000

,0000

"0000

"O00O

,0000

,0000

"O00C

°0000

-O00C

i

?7
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TABLE III.- Continued. THERMODYNAMIC DERIV/TIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WISH LIQUID OXYGEN

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

(d) Combustlon-chamber pressure, 600 pounds _er square inch absolute

' ;Temp-i Iemp Amo- Sge6fic Sl_Kific I ,Sp_

P_su_ _u_] er_um Ar_ I ra_o impu1_ I heat, a In _

ex_t cvP " .... ' o I
R = 0.151 PERC[NT FUEL = 65.65P O/F = lo190

l.O0 11B9 0.0000 11.7753!0.00000 0.0000

1,05 1168 .0000 I 2,250 -0000 47,4 FO.o00c IL,7710 o00000 .0000!

1,20 1129 .0000 i |,297 +0000 90eB I "O00C 11,7597 o00000 -000(

1.40 I005 +0000 I 1,081 ,0000 122,2 I ,O00C J1.7472 .00000 *000(

1.60 1049 -0000 [ 1,018 *0000 143.2 I ,O00C ]1,7370 "00000 o000(

1.87 1008 +0000 I 1.000 "0000 163.4 I .O00C 11,7Z56 .00000 I +000(

2,00 989 o0000 I 1o003 "0000 L71,5 I -O00O 11,7210 ,00000 ,000(

4.00 824 .0000 I 1,233 "0000 232,3 I .0000 11.6824 ,00000 .000(

lO,O0 643 "0000 I 1,974 *0000 283.1 [ °0000 11=6506 "00000 "000 t

ZO.O0 532 "0000 I 2.983 "0000 309°9 I *0000 11,6365 "00000 *_0(

40.00 439 .0000 [ 4°620 "0000 330o4I o0000 ]1=6269 "00_0 +000(

40°83 437 .0000 I _.682 "0000 J330.9 J o0000 11,6267 ,00_0 .000(

100,00 340 ,0000 I 8*432 ,0000 1350o8 +0000 Ii_i11-6089 i ,00_0 ,_0(

200,00 280 ,0000 J 13,631 "0000 362+6 +0000 1,5951 "00000 "000(

400°00 230 ,0000 ] 21,688 "0000 372,0 °0000 1,5558 +00_0 ,000(

000o00 175 *0000 ] 39.928 "0000 381,6 °0000 1*6652 °00_0 "000(

000°00 142 .0000 J e3,572 "0000 387,2 ,0_0 1,4387 *00000 "000{

000__*00 114 *0000 t_00,938 . "0000 391,6 ,0000_ ,00___0 "000(

R = 0.20, PERCENT FUEL = 38.65t O/F 1,587

I,00 11514 0,0000 1,6187 1,00000 O.OOOC

1.o5 ;1497 / *000012.233 jO.O000 I 49.3 I-O000 1.6143 ,00000 ,O00C

1,20 1450 ; *0000[ 1,289!!] _.0000 96.6 .0000 1,6024 .00000 ,O00C1,40 [1398 i *0000 1,077 "0000 127.4 "0000 _+5888 '00000 eOOOC

1.60 , 1356,0003 . 1.01,] "0000 149.4 ,0_0 Z.5773 .00"0 .O00C

1.85 113o7 .0000 J 1.000 i "0000 1169.2 .0000 1.5651 • 00000 -O00C2,00 1282 I ,0000 1.004 i .0000 175,1 -0000 1,5586 ,00000 -O00C

4.00 1079 .0000 1.264 .0000 263*2 +0000 1.5066 .00000 .O00C

lO.O0 852 -0000 2-009 *0000 297-2 ,0000 1-4516 "00000 "000C

20°00 ! 709 I .0000 3,06? "0000 325+9 *0000 1,4232 "00000 "0000
40*00 [ 588 ! "0000 4,737 '0000 r36&°O o0000 1-6066 "00000 "0000

40-83 i 585 i "0000 4.802 "0000 13_6"6 "0000 1,4062 ,00000 "0000

i00.00 658 i ,0000 8,679 .0000 370,0 "0000 1,3916 "00000 " "0000

200.00 379 *0000 13,870 "0000 382.7 -0000 1,3808 o00000 ,0000400.00 312 "0000 22,276 "0000 393.0 "0000 1.3604 °00000 "0000

1000,00242,000041,979,0000403,5,00001,3402,00000,000 _

2000,00 198 *0000 67,687 +0000 409.7 "0000 1.2976 "OOO_ "0000

_000.001161 L.OOOO [108.754 i.oooo ]414.6 .0000 1.2_00000 •

R = 0*25* PERCENT FUEL = 33*511 O/F

lOO1.17 :- .4.. 000010000"l o5[_7,Ti ooo_+221_/o.oooo/5o.31o.oooo_,,5 ooo0_ o004
1.2o11,+,1.ooo1+1.2,+.oooo/,6.61.oooo,.-,.oooo,-.ooo+
1,40 168b *0000 I 1,073 [ *0000 130+I *0000 1.4712 -00001 -

lifo 1636 *0000 1,015 *0000 /152"7 *0000 1,6604 ,00000 - *0001

1,83 1587 *0000 1.000 "0000 / L71,0 *0000 1*4694 "00000 - ,0001
2*00 1555 *0000 1.005 '0000 L83.1 *0000 1.6423 ,00000 - ,0001

4.00 1322 .0000 1.256 "0000 269.3 .0000 1*3876 "00000 "0000

10.00 [1057 *0000 2*068 ,0000 i_05.6 .0000 1,322_ *00000 ,0000

20.00 I 887 J! *0000 I 3.127 / "0000 33_'7I, "0000 1.2849 "OOOO0 "OOO0
40,00 761 I ,0000 4*863 "0000 _59*0 *0000 1*2560 ,00000 "0000
4°. I 7. I 0000+-,+ 00001,..01.0000+1.2,52.00 0 0000,

200"00 482 *0000 14.396 *0000 1J_95"9 "0000 1"2189 *O0000_i*O000

400°00 399 "0000 23.208 "0000 +06._ "0000 1.2100 ,00000 "0000

i000,00 310 ,0000 63*893 *0000 .18,i *0000 1,19&9 *OOO00 i +0000

2000.00 256 *00C3 71.279 "0000 +24,7 ,0000 1.1810 *00000 I "0000

4000.00 21o .oooo 115.65o .oooo ._.?:/ .oooo 1.1+,5 ;POP°

__ _ . R = 0,30, PERCENT FUEL = 29*571 OlF 2m381

1.oo20,40.0006 ] [i.16-o.oooio

1.05 2o73 °0005 2.206 _O.O00_5C.s i0.o002 I1.4097 .00009 ]- o0025_
1.20 2016 *0004 1,277 i *000_9],5 I .0002 _i,3967 .00007 I- *00_91

1.40 1952 ,0003 1.071 ,00011131,4 ,0002 1,3825 .00005 ;- *0013

1.60 [898 .0002 1,013 *0000 154,2 .0001 1"3706 .00003 _- *0010

1.&2 1847 *0001 I,000 "OnO /2,7 .0001 1.3598 .00002 ]- *0007

2*00 1809 *0001 1.006 *0000 i_5*1 .0001 Ii.3519 .00002 i- .ooo6/
4*00 i1553 ,0000 1,266 _--0001 !252.6 .0001 11,2991 *00000 i- .0001

-.oool _,2o6 i .oooo !341.7 .oooo i+1. I691 "00000 "0000

i

i0-00 11257 "0000 I*085 +-'0001 7310.4 "0000 l_'2336 "00000 "0000

20.00 I06_

40*83 891 !-*0001 5*106 "0000 366*6 i ,0000 1,1522 "00000 "0000

40*00 8951 i-.0001 5,037 "0000 366*0 i .0000 1,1531 "00000 *0000

100.00 707 I-.0001 9°_24 *0000 390,5 i .0000 1,1174 *00000 "0000

200°00 590 -.0001 14,993 *0000 404.8 i ,0000 1.1007 "00000 "O00q

400*00 490 -*0001 24*234 *0000 4[6,3 "0000 1,0867 .00000 "0000
Ii000o00 383 --*000| 45,999 "0000 _28.3 "0000 1"0746 *00000 "O000i

_2000"'00.30 ill 262317 -'0001-*000174"912*0000_5"41"0000!I"0638"00000"0000i22,165 "0000 441,_ *00001"0534 "00000 "O000____i



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expanslon. Equivalence

ratlo, R; oxidant-fuel ratio, 0/F.]

(d) Continued. Combustlon-chamber pressure, 600 pounds per

square inch absolute

Pressure

I•00

_1,05
1.20

1,60

1,81

2,00

4,00

10.00

20,00

_0,83

40,00

100,00

200,00

400,00

1000,00

12000,00

4000,00

1.00

1.05

1.20

1.40

1.60

1.79

2.00

4.00

i0.00

20.00

40.00

40.83

I00.00

200.00

400°00

i000•00

Temp- Temp. At,o- Spec _ ._eclfic= Speci_¢ I

er_u_ Area _io . im_ heat, _ fn 9_
erafure, r_'o ,mpulN /_ In _ _

°K n 1 nE I<_)q_)/b n I ¢_/lg_lox)

R = 0•35_ PERCENT FUEL = 26.47. OfF 2.778

0.0007 1,3621 .00039 - ,0093

2325 .0018 2.195 0•0007 50-9 .0005 1.2974 .00013 -- .0035

2266 •0014 i•27, •0005 .0007 I•5440 .00030 - .0074

2198 •0010 1.068 .0003 131.8 ,0006 Io5249 .00022 - .0057"

2140 .0008 I•012 .0001 154•7 .0005 I•3099 .00017 - •0044

2089 .0005 I•000 _ .0000 172.5

1771 -.0001 254.1 .0004 1,2874 .00010 - .002_

2046 .000_ 1.007 -.0001 185.9 *0001 i•1204 "00000 "000(

• 0009 1.229_ .00002 - ,000_I•275 -.0003

i 422•9 *0000 1.0118 "00000 "O00C

1451 -.0002 2•119 -*0003 313.0 *0001 I•1655 ,00000 "O00C

1238 -°0002 '.281 -'0003 345.I

1045 --0002 5•260 -•0003 370e9 cO001 1.0183 cO0000 "000(

1050 --0002 5.168 -'0003 370"3 .0001 Ie0794 "00000 "000(

85_ --.0002 9.676 -.0003 '95.8 =000 _ 1"0_65 "00000 mOO0(

702 -.0002 15•626 -'0002 410•8

585 -.0002 25•'50 -'0002 i_O00_'O000 .9955 '00000 ,000(460 ".0002 ] 48.288 --'0002 4,5,5 .0000 •9789 .00000 "000(

382 "•0002 78.852 -'0002 44_.I .0000 .9692 .00000 "000(

317 ".0002128.949-.0002----445"2 _9__

R : 0•40. PERCENT FUEL _3.95. O/F • 3.175

2574 -00_6

255 ,0043 Z.184

2492 .0036 1,268

2422 °0028 1.065

2363 ,0023 1,011

2513 ,0018 l,O00

2266 ,0015 1.008

1978 •0001 t,284

1637 -°0005 2,150

1408 -,0005 3,951

1204 -,0006 5,334

1199 -•0006 5,409

970

818

687

0.0014

*0010

PO006

.0002

.0000

-.0002

-.0009

-.0011

-•0010

-.0010

-*0010

-,0006 i0,029 -,0009

-.0006 16.282 -•0009

-•O00b 26,525 -.0009

185.7 .0011 1,3697

50.7 0.0017 i._599

97.5 *0016 1.33W4

131.5 .0014 1.3072

159.5 *0013 i•2856

171,4 *0012 1,2685

1,2533

25_.4 .0007 1.1787

,14,1 ,0004 i,II09

346•9 ,000 _ 1-0669

372.7 *0002 1,0253

373.4 *0002 1,0242

399.1 _ *0002 ,9767

414•7 .0001 ,9W78

427.4 *0001 ,92N9

o.ooi,oF-o J
_- ,0250

• 00112 ii_i!l• 00091 I- ,0208
• 00071 -

• 00057 - .0136

• 00047 - •0113

• 00038 - ,0095
• 00009 - ,0025

• 00001 -

• 00000

,00000

• 00000

• 00000

• 00000

• 00000

*00000

"00000

440•7 m .9037542 -.O00b 50.761 -•0009 .0001

452 -*0006 83•105 =-.00094_8.61,0001,8928
-.0009 455.11 ,0000 .8835

20_!0.000.00 .....376_0006 136.2bI

! R = 0.45_ PERCENT FUEL 21.87. O/F 3•571

1.05 2752 [ •0081 J 2,172 1ooo215o,1o,oo311.4027
1.20 2692 ' *0070 1.263 •0015 95,9 .0029 1.3686I ,°2,1.00,91 1.08,1.00091,0.,1.002,,.3,,6
I•60 2565 I .oo4? I 1.010 .0004 153.7 .0025 1.3022

I 1.78251TI.00,3 1.000 .0000169.61.00231.,7,9
2•00 2467 .0036 i•009 -.0004 18&.9 *0022 I•2573

4.00 2174 •0006 1.293 -.0020 253.7 .0015 I.1514

1o.oo1817i-.ooo8[ 2.182 i-.oo26_i,.i] .0oo91.o6o2
20•00 1575 -•0011 3.420 -,0025 347,4 ,0007 1,0237

_0.00 1357 -.0012 5•476 -•O02W ,7_.8 =0005 ' .98_0

_0.83 1350 -.0012 5.554 -.0024 ,74.5 .0005 I .98_6

I I00 UO 1104 0012 I i0 381 c 0_2_ 401 0 0003 I 93_5

200:;0 937 [:0013 16:950 [:0023 417:2 :0003 1:8996

400.00792-.001, 2,.7551-.0023,0., I .0002?.8727
I000 O0 ' 629 - 0014 53 398 -.0023 444.3 _ *0002 ,8465

i2000.00 i 526 --.001_ 87.714 -'002' 45_.7 ,0001 .8313

/ R : 0.50. PERCENT FUEL = 20.12. O/F " 3.968

i•00 2944 lO*Ol}I 1.5012

I 105i2923_0,2_i 2.182100026_07 0_I*•4_56
I•20 2666 .0114 i•258 I •0019 96.11 _004_ i1,4440

z.40 2600 .00_9 _.0611 ,0012 129,7 I .oo41 _1.3979
) l.aO 12742 .0067 1.009 .0005 152.5 .00'9 11•36oo

1.77 2699 .0078 1.000 .0000 167.4 ,0038 1.3324

2.00 2647 / ,0068 1.010 -•0006 183,5 .0036 1.3008

_.00 2356 .0021 i.'03 -.0032 252.& I .0026 11.1551

J I0-00 11990 -.0010 ! 2.216 _-•OOW7 313oi II .oo17 1.o4o8

2o.oo !1737 I-•oo18 3._91 -•OOW9 346•9 .0012 .9888

40•00 1507 -•0020 5.620 -.0048 !,7_.8 I .00091 •9482

 o.,315oi-.oo o . oii-.oo,o374.5).000.....71
' 7 1 89i00.00 1238 -•0022_ 10•736 .-.00_7 401.? ,000 • g

200°00 1059 -.0023 , 17,63_ --.00_6 418°b I "00051 .8834

, 00o001900.0023i29.0321-.00....,,.21.000, ,,3,
i000.00 720 -•0024 1 56.203-•OOZe _40.7 .0003 •8013

2000°00 bob -.0023 ] 92.675 I-.00_6 145_•b : .000 Z .7841

I_o_oo[_o_oo_52_•oo_ /_62/1ooo._89_

0.00266

.00251

,00212

-00174

,00144

.00123

,00104

.00031

• 00004

,00001

,00000

.00000

•00000

,00000

.00000

.00000

,00000

,00000

0.00493

.OOWb9

.00409

.003_7

.00298

°00264

,00227

,00083

,00015

,00003

.00000

.00000

.00000

.00000

•o6¢oo

•00000

-00000

,00000

- °0527

.0455

- ,03801

,0322

,0280

•0081
,0240

- •0012

,0002

,0000

,0000

,0000

o0000

,0000

o0000

o0000

-0000

I- *0723

: :gt::
- *0497

- .0202

I-.oo411
- ,0009!-.oo/

i-- "000 i )

I .0000[

:XgX_
,0000

I .0000_

• 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 _xpansion. Equivalence

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

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

square inch absolute

Tom, p. r T,mIF.. Ate- Specific ! .Sl_cific"

erature, eroture Area raho impulse impulse ! 'heot I/el I, t_ % L/c"I I,
exponent, ratio,

", t "_'"'] I I"_"' c _ainP) l_,_T

¢

R = 3-bOo PERCENT FUEL 17.35t O/F = /,*762

1.00 3208 0.0226 = 1.7671 0.01210 I -0.2283_33, 189 I 214¢+ [0.0023 48.8 0.00781.7482 .01170- .221

j 1.20r_l,, :_g_) 1:250j.0021,.3 .007_1.,_,0 .01003,-.204,j
I 1,40 ))077 ,0192 | 1,097 r ,0013 I1.-_b-3 I ,0073 11,0375 I "009¢'7 '- "13_'*'i

1.60 302_ .0173 1.007 .000_ 1_.9"I .0070 i1._69 .008_2 " .1693I .o1,11.oool.oooo1o .31.oo,=1.,,11.oo771,-.1,o
I 2.00 /193s .01_ I z.01z I--000_ 11_.7 J .0060 1._0,.1 j .0070_ I- ._,.3sl

4,gO 2E69 _0083 1.323 -,00R6 240,0 ,0054 1,Z723 : ,00352 - =0779

_0,00 Z313 "0006 Z,288 -,0¢91 309,3 ,0039 1"0536 li ,00101 - ,0253
I !iil 2050 -,0027 3,644 -*0106 343=7 ,0030 ,957_. I ,00029 - -0081

r 40.00 1803 -.0041 5.926 '-o0113 371.5 .0023 .8996 .00006 - .0019

40°83 1796 -, 00_+ 1 b,013 -.0113 372,3 .0023 • fi'983 • 0000° - • OOl_

100.00 1150b -.0047 11.474 -.0111 400"7 I .0017 ._482 .00000 - .0002

200=00 11305 -'0050 19.054 -.0111 413.4 .0013 ._130 -00000 "0000

400"00 [1125 -'0052 31.724 -.0110 I"33"1 .0011 "7'07 -00000 I "00001

_000-00 910 -,0055 _ bZ,214 I-,0110 443,3 ,0003 ,7420 ,00000 4 "0009 i'

12000,00 778 -,0050 _103,b40 -,0111 _b8,4 ,0007 ,7177 I ,00000 i "0000_ooo.oo,3 -.oo,; [:_;::;_t-.o111/_oo._/.ooo_.,,3 .oooooL .oooo/
R=o.7o,PERJ_TFOEL=1'.2_. O,P' _o_0 I

1.003381 0,0307

1,05 _ 3364 ,0_03 _ 2,133 0-0024 _7,_ 0,010_

1,20 3317 0291 1,24_ ,001_ 9_.,2 ,0101

I 1.4o 1_26_ _o_s I.o_ .oo11 _23,_ ,o098
i ItbO 3217 _0206 1,000 ,000_ I_3,2 ,0096

i 1,74 3188 , o0Z58 I 1,000 ,0000 157,0 ,O09b

! 2,00 3140 .0249 1,014 -,0007 17_,1 I ,0093

4.00 2903 ,017_ I=3_9 -,00¢+7 ]2¢+2,3 I ,0082

I

i 2.356 -,0106 30},3i0.00 i2584 I ,0070 .0006

I ! 3.003 -,0147 338,3

20,00 2337 ,0000

40.00[2088 ! • O05'W-,0048 : 0,256 -=0174 3°6,8 =0043

40.83 2081 -.00_ 6.350 -.0175 367,b .00_3

100,00 1775 i-,OOTb 12,271 -_018% 1397,1 ,003Z

200.00 1558 -=0033 I 20.571 -.O13b 415.7 =002_

400,00 i1359 -,0087 3R,597 -,013b ;431,3 ,0021

1000-00 1125 -.OOg3 _ 66,879 -,0130 443=2 ,0016

i

!2000,00 958 -,0090 115.335 -,0137 _._, b .0013

i4ooo.o_ B2a -.olo0_i_.4.44_ -,,o18_ _!.4 .oo11

R = 0-80, PERCENT FUEL = 13,hOt O/F

=

i 3_81 0,0364
1,051"00 3_6_ .0361

1,20 3_22 i ,0352

1,40 3373 ,0341

1,73 3306 i .0326

1.60 3331 ,0332

2.00 13261 .031b

4°003052 .0260

10,00 2779 ,0170

20.00 2568 I .0037

40,00 2346 ! o0000

40.53 23_0 -o0002

200,00 181_ -,0113100.00 2042 -.0033

Roooo!ioo2} o12_
1000,00 _ 1397 -.0135

2000,00 11?3 -,0141

T

i-0._I09
2._1_ .022_0 i_ ._0_1

2_0_4 .02005 I_ .33_0

i._7_ .01_21 _ ._20

1._20 .01_3 - _3412

i._0_ .010_ _ .32_0

1._4_ .01_00 - o30_

1=_0 .00_4 - .200_

1.20_0 .003_4

1.01_5 .001_

• _000 .00050

•_0 .000_

_1_3 _00_7 I_ "_0_

• 7_0_ .00001 1 _ -000 _

.7_ .00000 _ ._001 _

i °0000
• _0_0 -00000 °0000

•0_ .00000

• 0652 ,00000 I ,0000]

0=349

2,_909 0=03537 -0.0319:1

2.12b 0.0023 i _0.0 0.011_ 2.4777 =03_d2 i- "_24_I
I,2_2 ,O01R : ¢_,5 | ,011_ 2,R_01 i ,03330 I- "b05ZI

114,7 ! ,0110 2.3938 i ,0313_ - ._1_ i1.052 ,000o

1,008 ,0003 140,9 ! ,011_ 2,3513 I ,03003 - -5609 _
1=000 =0000 151,8 I "0113 12"325_ ,02915

1.015 -.0006 170.0 I =0112 i2o2752 I .02752 I- .5249
239.7 ,0103 i2,0021 .01991 - ,_058=1,350

2.40.... 00,;2 0.0.00,0/1.,23.010,;-.24-1

37.727 -=0201 331,1 .0080 1,Z725 ,00_79 - ,1_90

5 ...... 0139 300.11 .000"!1.0267 .00247 - .0841!0.537 -.0192

_.66_ -*019_ 300._ : ,006_ 'L-OL07 i. "00240 I- ,05_0

13,134 -,0243 _W1,_ _ ,OOb_ e_309 .O00bb _- ,01_v

427,3 ,003_ ,7287 ,00002 - ,0008

22,231 -,OZO0 _10,_ ,004_ ,7083 .00013 - "0041

7o.o_3-.o2o2 :_,,3 I .oo27I ._3_oI .ooooo - .ooo_/
129,237 -,0263 _bb,6 ,0023 i ,059_ i .00000 ,0000

[219.200 -.0205 [4°°,2I.oo191 .6320 .00000 "O000j

R = 0-901 PERCENT FUEL = 12.23. O/F 7.143 .7.1b_

..... • --T -- - _ [

1.oo3,2oo.o3,_ i , i_._,_ o.o_:_o
11.7o_L'_ .°;_ I i._C_!°._°11__;._ °.°11_oI_.o,_ ._42,_-:;_;
1.40 3_22 ,037_ I 1.052 ' .0000 110._ I .0115 z.01_5 .04_Z0 .750_

I,60 3382 I ,0307 1,00_ ,0002 ; _0,7 _ .01_._ Z._V53 ,0J9_4

1,73 3360 ; ,0362 1,000 ,0000 147,0 .012J L,_13 ,0._I_ - ,7105

,oo oo ....o :::2,00 _317 ' ,035 _, l,olb --O00b I_,0 ,01_A ,C._,_b ,0_73

- ,6170

i0,00 12881 ,0254 2=437 -,0001 i 137,_ ,olob _-0_0 ,O_LO0 ,47_9

20,00 _ 2705 ,0199 1 "_,03_ -,009'* 32?.5 °0098 [ 1.0100 =01_50 ,3584

i 40.00 2_28 .0127 i 0,_33 I-,013_ 35_,b ,003_ I*_'_13 ,009_0

I 4D,83 2f723 ,012_ _ 0,9_7 i-,01_'0 35Z,3 ,0039 I 1,4712 *00930 ,2309

[ I00._0 2279 -.0001 13.977 -.o,Z_ 3_3._ I .0070 1.05441 .00335 - ,0922'
: 200,00 2072 -,009_ 24,037 -,02_0 _.03,7 / ,OObb • 10 #O010b ,0313

 4oo.oo11,,i-.o ¢+,iR1.2, .oo,.7,o.ooo2 .00°0
I i000,00 _ _11585 -,017_ 34,153 -eO_31 _wO,_ ,OOW._ ! ,0704 =0000_ -

2000,00 1397 -eO10b 14_,295 -,0_3_ 45?-,3 *0030 ._.7 • 00000 "000_• 0001

L4000.O0 11224 i-.0194 12¢+7.100 I --033_ ' _03"0 .0030 .eZ17 "00000 "0000=]



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.]

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

square inch absolute

T

,.....I,.oo,.-T,_ :2
oi"o lerofure,l ero_ure I rofio impulse, ,mpu_ heot, #(_Ine_r_ _fOln_r_

r i, T, exponent,

P(/P /_K / n t I £' i.xPo .... 1 i ' !.xpo .... c I'aln P} ,ain T,
n4_ HIb_!/Ib n I _el/_eP_oK_ / x T "_ _PI

R = 1.00. PERC[NT FUEL = 11.19. O/F 7.937

1.00 r3534 0.0399 2*6053 0*04709

2.122 0.0014 _3.3 0.0L29 2.b007 .0_6541.05 ¸3519 .0395

1.20 3478 *0_89 1.2_0 .0010 83._ .0128 2.5874 .045_I

1.40 3431 .OJ_l .0126 2.5703 .043991.051 .000_ 112.7

1.60 3392 *037_ .0125 Z.5542 .042771.005 o000_ i_2.7

1.73 3370 .0370 .0L2_ L.5 042081.000 .0000 i_2.7

2.OO 3327 .O_bJ 1.0i¢ -*000_ Ibo.l .012_ 2._243 *04073

4.qO 3137 .0_27 L.357 2Z2.J .0117 L*_094

i0_00 2903 .0277 z._ -.0053 279*0 .0108 Z°2079

20.00 _738 .OZJ6 4.0_ -*00/7 Ji3.J .OlOZ 2.0216

40.00 _57B .0192 b.v_O -.OZO_ _l.t o0096 1.8120

40.83 2573 .0190 /.0Z2 -.010_ $_2._ .0095 l.u05b

100.00 2371 .012_ 14._26 -.O_b b?_.L .0067 i._i17

200.00 221_ .0061 25.12_ -.Ol_b 393.6 o00_0 i.2,lO

_00.00 _2052 -.0011 4_.ZI0 -.0235 _II._ .0072 1.0654

I000.00 1825 -.0112 9_.IZ_ -.O_Ob _J1.e .000_ ._38

2000.00 16_6 -.0177 162°6Vb -.0352 _.0 .0053 .7163
_000.00 1470 -.02202_Z.64_ -*0_I _.: *00_ ._44

= 1.50. PE_CENI FU£L = 7.7_. _/F = 1.905

I*00 337_ }.C_ I.b_33

1.59_2

I*b157

• 0106 I°5682

1.5447

1.5306

1.503_

-0.8]01

- .8X3b

- .798q

- .7857

- .7781

- .7b] 0

• 0_451 - .6_b_

• 02666 - .5732

• OiO00 - .J879

.01_85 - .3_51

•OiOll - .2bbl

• 006_7 : ,1029

003°°1
• 00047 - .0177i

• 00013 - *0053

0.02714 -0,5L4_

• 02553 - .4930

• 02671 - .508_

.02418 - ._7_5

• 02304 - .4_8_

• 02237 = .4_B_

• OZli_ - ,_308

1.20 3315 .0312 1.2_2 C.0013 73,b 0.0107

l.Ob 335_ .0521 2.125 .001; 3B.2 *0109

I._0 _267 .0302 Io0_ ,0002 99,4

1.60 _22b .0_93 1.00_ .0003 Ii_.i .0104

1.73 3202 .0z88 1.000 -0000 Idb.l .0103

2.00 3158 .0278 1.015 -.0005 I_i.3 .010_

_.qO 29_3 .O_G 1.351 -°00_2 /9_,9 °O09W

10.00 2_92 ,0158 ZoWI5 -.0C7_ Z_.i °00_ 1.I_74

20.00 2_96 .0097 3.967 -.0110 2_D°3 °007_ °9_16

_0.83 2291 .00_0 b.768 -.OlbL 300°z .OObb .d232

100.00 2026 -.OOZe l_._LO -,020 z 3zb.O .O0_J .bb_Z

200.00 IBle -.00_i 22°b91 -,OZL_ _.b ,00_ ,bwOW

_00,00 lbJb -.01]_ 39°039 -o02_3 356.; .003b ,_W32

1000.00 136_ -.O_O 7_.05q -°0_ 3/2.3 .OOZ_ ,_048

j2000.00 ll9b -.0_7 13_°73_ -.04_ 38Z.I .002_ .4834

_000.00 1039 -o01_3 22_.310 -.0253 3_0._ .0020 ,_636

1.3506 .01566 - .3_33

• 00942 - .2Z9_

• 00569 - .15L_i

• 00_98 - *0879!

• 00292 - .086_!

• 00095 - *032b!

• 00031 :- .0123

• O000b i- .0037

• O000t " *000_

• 00OO0 " .0001!

• 00000 .O000j

I

R 2.00, PERCENT FUrL = 5.92, OIF : 5.873 - .2bOb

• 1,I081 0.01_18 -0.296_

1.05 314] ,02_0 2°132 0.0020 3_,9 0°00_o I,I005 °01385 - °291_

1.20 3097 .OZ_O 1.2_5 °0015 57,I °0089 I°0794 .01295 - .2770

I,_0 30_6 .0:19 1.054 °0goY vO,_ °O0_ I°05W3 °01197

1.60 3002 .0209 1.006 .000_ lObo_ o008i 1.0320 ,Olll_ - .Z_bbl

1.7_ 2975 oO_C_ l.O00 o0000 i15°5 °0080 1°0182 .OlOb_ - °23791

2,00 2929 .0192 1.014 -.O00b 128.9 °0078 °99W0 .O09BO - .2232i

_o00 2706 .01J7 1.341 -°0037 178o_ .0059 °8720 ,00619 -- ,I_45 !

I0-00 ZWI3 .0061 2.365 -°0083 223°_ .0055 .7166 .00278 - °0797

20.00 2189 .300B 3.829 -,0115 2_9._+ ,00_7 °b182 .00125 - .0_05

_0°00 1965 -,00_2 6°32| -.0190 z70°5 .0038 .5459 ,00046 - °0170

aOoB3 1959 -.O0_J b.%15 =.OlQl 271.1 .OO3d °5441 °O00W5 -- ,0166

100.00 167o -.00_ i_,_37 -,0156 293,1 .0029 ,_75 ,00009 - .00_9

200o00 i_79 -,00_2 20._79 =-01_0 303.0 °002b °_613 .00002 - °0010

_00"00 1_ -.0075 5_.lb_ "'0160 _Ib.7 .0019 .4417 "OOOO0 - .O00Z

1000°00 1070 -o0081 70°1_3 -°OlbO 3_I,_ ,OOlW ,4X94 °00000 _ °0000

4000-00 792 -.0087 199.01_ -o0152 3_5._ .0010 .3b94 °00000 I_ H : 3.00, PEHLENTr FUEL_ : 9_03. OlF 3°8107
io00 27_7 0 n120 I 0°6509 0.00385 -0.0975

1.05 2729 ,0117 _.i_2 0"0022 30,6 0,0065 .6451 .00359 - "09WO
1.20 2679 ,0107 i.2_ .001_ 5_.8 .009_ .5293 .003_8 - °0853

i._O 262L .0(395 1.09_ *0009 79.4 .00_2 *bll_ .0028_ - .015_

i°60 2573 °O0_b J°O0_ °000_ v_°_ o00_0 °5953 °002_9 - ,0b80

1.75 2538 .0079 _.000 .0000 102.1 o003_ .5050 .OOZZb - .0b2_

2.0_ 2491 .0071 1.011 -.O00b llZob oOOJ! .bt20 .00197 - ,0551_+,00 2237 .0029 1.314 -.0030 159o0 .OOZ_ .bOb9 .000_5 - .0275

JO-O0 _9_ -.000> _.255 --OODO _wZ._ .OOZ© ._bO .00023 " .00_9

20-00 1682 -,0017 _°569 -°00_b ZI_oO ,0015 ._18_ °00005 " °0025

_0.00 1470 -.002L 5.77B -.0Obb 231°0 .OOii ._000 .00001 " .O00b

_O._b l_o_ -.OOZL b._bZ --O0_b 231._ °O011 .5995 .00001 " .000 b

' IOC._C ZZEC -.0C24 11.130 i-.0055 2_.7 -000_ .3_11 .00000 " .0001

_2n*CC iCb_ -.0025 IU._22 -,0055 Zb_._ .000 b .3679 .00000 *0000

_0._? 904 =.0026 30,593 -.005_ 126_°_ °0005 .3555 .00000 °0000

I000.39 7J3 -.0027 59.90_ -.OOb_ ;!2I_-8 °000 _ ._9b .00000 l °0000

200C.09 622 -°002_ v_*5_) --OO=h 2_.) .000J .3290 /• 00000 *0000

[_0_0,0_ _ i 5zb = -,0029 _ i55.11_ _ -.O0_U zb_.3 "000_ . .319_ o00000 ] °0000

81
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TABLE III. - Concluded. THERMODYNAMIC DEFIVATIVES AT ASSIGNED PRES-

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN

[Equilibrium composition during isentropic expansion. Equivalence

ratio, R; oxidant-fuel ratio, 0/F.]

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

square inch abso]ute

I/ 00_2":" R = ---w4"o_PERCENI----_ FUEL = 3*05t C/F T'---= 1.746 _ __ ,OLZ*

1, 381 10,0046 i 0°4697 P,00095 ,0_8

L 1,05 2362 ,0044 2,174 _0.0013 27,6 0t00£9 ,4663 *027_
1._ Igo_ .00_8 1.2_ .000_ ..0 .00_7_.4.2! .00°-• 00075 ,0235

: 1.4o 12249 ,oo_: 1,o63 .ooo5 ! 71,_ ,oOLe_ .4478| *ooo_o ,o196

1,60 2198 I ,0026 1.010 ,0002 i 84,0 ,00_5 [ °4393 | *00050 ,0166

1.78 12157 i ,0022 I 1,000 I *0000 I 92,8 I *OCL_ i .4332 _ *00042 ,0145

2.00 2118' ,0018 ! 1.009 ,ooo2 Ilol,l ,OClJ 1 .4272 .000354.00 1860 .00C3 1,293 -,0011 138,7 i "OC) _ ,3982 I ,O00ll :- .004_

-0008
I0.00 1554 -,0005 2.182 I-*0015 171.6 ,0035 ,3743 ,00002 -

20,00 13_8 -,0006 3,_23 I -,0015 Id_,_ .0004 ,3b12 *00000 - "000 L
40,00 1164 -,0007 5.493 -_0014 204.3 °O(_ 3 ,3499 *00000 *0000

40,83 1159 !-=0007 5.572 -,0014 204,7 .0C33 i ,3495 : .O000O ,0000

I00.00 952 -,0007 10.461 --0014 21_.2 ,0002 ] ,3352 ! "00000 "O000i

200.00 I 813 I-.ooo7 I 27.162 I-*0013 ]228,2 ,0002 .3243 : o00000 ,O0001

400._690-.0008 28"237-'001321ii5"5 "00011"3139"00000 .0000

I000,00 551 -,0008 54.608 -,0013 243,3 ,0C01 "3012 oO0000 ,0000

2000"00 463 -+0008 89,898 -'0013 247,9 ,OCO l ,2927 "00000 =0000

: ........... *2864 _ *00000 ,00004000o00 386 -,0008 147,835 -,0013 1,8 ,0(01

R = 5-00, PERCENI FUEL = 2.45, C/F = 9,683

1.00 2072

1.05 2088

1.20 2002

1*40 1944

1,60 1894

1.80 1852

2,00 1813

_,00 1578

20"00LI122
_+0"00 9hi

_0.83 956

100,00 777

200.00 658

400.00 554

_:_ ;_

0.0015[ _01 0.39240.00022 ,0080*0014 2, 05 25,2 0,0( .}90b ZO ,0074

,0011 ,. 1.270 .0004 148.5 ] "0(00_ I "_8_9 .00016 , ,0061

,O00B 1.067 ! ,0002 /lu_{65"4 ,0( .3_08 ,00012

"00053.841 _.0001 1001 I II Il "004_

,0007 i*011 : *0001 76,8 *0(04 .3767 ,00010 *0038

1.000 "0000 85-3 *0( ,3734 *00008 *0032

,00041.007-'0001!92"31"0(0_:I'370b'00006"0026,0000 1,281 -.000_ 1126.2 ,0( ,3559 ,00001 ,0007

"*0002 2,143 -,0003 155,b i *0(01 I ,3410 *00000 "0001

-,0002 172.0 ,0(01 "3309 "00000 "0000

--0002 i 5,329 I-'0003 184,7 ,0{01 ,3209 *00000 ,0000

-,0002 5,405 :-,0003 185,1 ,0(01 ,3206 ,00000 "0000

-*0002 lO,Ob3 _-'0003 197,9 ,OtO0 *3076 "00000

-,0002 16,395 -,0003 _20b,7 ,0100 *2979 ,00000 "0000

"OOOO

-'00022b'767 -'0003 I / "0000
-,0002 51,327 --0003 218,7 ,000 i ,2182 ,00000

I.O002 1222.61 .0,00 I .2728 .00000 "
-.0002 i137._11 _!-'0003 225,9 •C ,0'00 ,2693 ,00000

i



85

TABLE IV. - EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR LIQUID HYDROGEN

AND LIQUID OXYGEN

[Isentropic expansion from chamber conditions; compositions are given in mole fractions.

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

(a) Combustlon-chamber pressure, 60 p_unds per square inch absolute

R = C,15, P_RCE,NT FULL = 45,65, OIF = 1,190

Pressure, Ib/sq in. abs 60,00 50,00 _2,86 3?,50 32,17 15.00 14,70 6.00 3,00 1,50 0,60 0.30 0,06 0,03

Temperature, °K L183 1i29 i0_5 I049 I008 _24 819 6_9 53_ 439 _0 zOO 17_ i_2

H 2 3,8500_ 0.85000 0*85000 0.B_000 0,85000 0,85000 0.85000 0.85000 0,85000 ),85000 0,85000 0,85000 0,85000 0.85000

H20 .15000 .15OOO .1530_ .15000 .15OOO ,15OOO ,15OOO ,15000 .15O0O .15O00 *15O0O .15000 ,13OOO .13O0O

Pressure, Ib/sq in. ab_ 60,00 50,00 42,86 37,30 3Z.RN 15,00 14.70 6,00 3.00 1.50 0,60 0,_0 0,06 0,03

Temperature, °K 151R i450 13_8 i35_ 1307 1079 1073 @bZ _09 5_ 4>o J79 _RZ i_8

H ],0_001 n,0ot00 0,OUCh0 0,00000 0,00000 0.00000 0.00000 0,00000 0,00000 0. 0000 0,00000 0,00000 0,00000 O.OO000

H_ .79999 ,80000 .80000 ,80000 ,80000 .a0000 .80000 "80000 "80000 "80000 "_0000 "80000 "80OO0 "80000

H20 ,20000 -20000 -20000 .20000 -20000 "20000 "20000 .20000 .20000 "20000 "20000 "20000 "20000 °20000

R : 0,25, P_RCEI,_T POPL: 53,51, OIF : 1,984

Pressure, ib/sq in. ab_ 60,00 50,00 R2,86 37,50 3_.7d Ib,00 14.70 6,00 3,00 1.50 0,60 0,30 0,06 0,03

Temperature, °K 1816 1744 lbo0 163_ 1907 1322 I_Ib I0_7 _87 7_I 581 4_z 310 ZD6

H _.00017 0.eO0]C C,O0006 C.O0004 0.00003 0.00000 0.O0000 0-00000 0,00000 0,00000 0,00000 0-00000 0,00000 0.00000

H2 ,74_85 .74991 .7499_ .74996 ,74998 .75000 ,75000 ,7_000 ,75000 ,75000 ,75000 .75000 .78000 ,TS000

H20 ,24997 ,149_ .24_99 .24999 ,Z_000 .25000 ,25000 ,_5000 ,ZOO00 .Z5000 .ZOO00 ,25000 ,2_000 ._000

R 0,30_ PERCENT FUEL = 29,57, O/F = 2,381

Pressure, ib/sq in. ab_ 60,00 50.00 42,86 _7,50 33,04 15,00 I_.70 O,00 3,00 1,50 0,60 0.30 0,06 0,03

Temperature, OK 2089 201_ 1950 1890 [_0 19b3 1546 1258 I004 6_6 708 590 38]i 317

H 0._ol20 0,D0080 0,0005_ 0.00040 0.00029 0,00003 0,00_03 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0-00000

H_ .69899 .69932 ,69953 .69966 ,69976 .69998 ,_999_ ,70000 ,70000 .70000 ,70000 .70OO0 ,70000 ,7000_

H20 .29975 ,29984 ,Z9989 ,29992 ,29995 ,30000 "30000 ,30000 .30000 ,30000 ,30000 .30000 "30000 "30000

OH ._t006 .00004 .00002 .00001 -OCOOI "00000 -00000 .00000 ,00000 "00000 "00000 "00OO0 "00000 "00000

R O,35, PERCENT FU_L = 26,47, OfF = 2,776

Pressure, Ib/sq In, abs 60.00 50,00 42,86 37,50 33,32 15,00 I_,70 6,00 3,00 1,80 O,bO 0,30 0,O6 0,03

Temperature, OK 2329 2Z53 2189 2133 Z085 i772 i_64 / 145_ 1239 IObl 8_@ ?0] _60 3_2

H 0.00_46 2,_q323 _.002_8 C.00192 0.00151 0,00022 O,00021 0.00001 0,00000 0.00000 0,O0000 0,00000 0,000O0 0,00000

H2 .64640 ,O4735 .54799 .84844 ,6_877 ,649_ ,64983 .b_999 ,55000 .b_O00 ,55000 ,6>000 ,6_OO 0 ,55000

0 ._79 ,_4910 ,_4994 ,3_961 ,94vb_ ,349_9 .94_9) ,>bOOO *_000 ,35000 ,9_UOO ,35000 ,_000 ,_000
• 00041 .00027 *00019 *00013 "00010 "O0001 "00001 '0OOOO "00000 "00000 "00000 *00000 "O0000 "00000

R : 0.40, PERCENT FUEL = 23,95, O/F = 3,175

Pressure, Ib/sq in. abs 60,00 50.00 42.85 37,501 33,62! 15,00 14,70 6,O0 3,00 1,50 0,60 0,30 0,00 0,03

Temperature, OK _591 2450 2396 _34_ 2_98 1978 197( 16_0 1411 I_0T 97Z 820 _ 4_3

H e,_1092 0.00867 0,00702 O,00577 0,00488 0.O0106 0.00102 0,00010 0,00001 0-00000 0,O0000 0.00000 0"O0000 0,00000

0 ,00002 ,_0001 -00001 .00000 ,00000 ,00000 "00000 "00000 ,00000 ,00000 "CO000 "00000 "00000 "00000

H2 ,99160 59531 ,b9_.96 ,59_bZ ,99621 ,5991b .59_20 ,5999_ ,_9V9 ,60000 ,_0000 ,6000O ,800O0 ,60000

H20 .39584 .39683 .39752 .39802 .39837 ,39970 ,9997_ ,39990 ,4OOOO ,WOO00 ,40000 ,40000 .40000 ,_OO00

02 ,OeO_l ,00000 .00000 .00000 -00000 ,00000 ,00000 ,00000 -00000 ,00000 ,00000 ,00000 ,00000 ,00000

OH .0r161 .00H8 .00088 .00068 .00054 -00007 "00007 "00000 ,00000 "00000 "00000 "O0000 "00000 "O0000

R = 0.45, PERCENT FUSL = 21.57, OfF = 3,571

Pressure, ib/sq in abs 60.00 50.00 42.86 37.50 33,93 15.00 14,70 @,O0 3.00 1,30 0,bO 0,30 0.06 0,03

Temperature, °K 2695 252_ z_70 2519 2481 2187 LAb9 I_Z 19_I l_6z 1109 94£ b_ _9

H [.02018 ?.01599 C.0145l C,01253 0.01115 0,00340 0.00328 0.00050 0,00007 0-00001 0"00000 0"O0000 0"00000 0"00000

O .eenlO ._0007 .00oc5 ._c003 .00003 ,00000 .00000 ,00000 ,00000 -00000 ,00000 ,O0000 o00000 ,00000

H2 ,5_544 ._3767 ,93_4Z ,540_9 ,5_Ioi ,54f_3 ,_4_54 .5R9_ ,5R994 ._4999 .55000 .5_000 ._DO0 O ,_5000

H_O ,_3989 ._4183 .4_9_o .4_r+_8 ,_50_ ,_77 ._4_b£ ,4_9_5 ,_49_o ,4_000 ,45000 e_D000 ,RDO00 045000

0_ oqq003 "DOOC2 "0C002 "0000| "00001 "00000 "00090 "00000 "00000 "00000 "00000 "00000 "00000 "00000

OH ,0¢435 .003_2 ,O0275 ,0022& ,00191 "00038! "00036 "00003 "00000 "00000 "00000 "00000 "00000 "00000

R = 0,50, RCRCENT FU_L _ 20.12, O/F : 3.968

Pressure, Ib/sq in. abs 60.00 50.00 42,86 37.50 7_.19 15.O0 14.70 6,00 3,00 I,50 0,60 0,30 0,06 0"03

Temperature, °K Z828 2155 27_i Zb_ ZO_ £_35 f_Z7 199o 1748 151_ I_47 1067 7_1 6ii

H 0,03<,77 q.027_4 _.024_210.O2151 e,01985 .0CdOl 0.00779 0,00174 3,00035 0,00005 0,OO000 0.00000 0"00000 0,00000

O .00t38 ,00026 .00020 ! .00015 ,00013 .00OO2 .OOC01 ,00000 I .00000 ,00000 ,00000 .00000 "00000 ,O0000

H2 ._,796i ,_INZ .Rd_o_ ._ob41 ,_6_U .49_55 ,_9_i ._90_W ,4_9{_ ._Y_b ,_OOO0 -50000 ,_0000 ,50OO0

H20 .a79_b .'_8507 ._854_ .48735 ,48o_D ._9521 .q3bJJ ,499_ ._ .4_ ,_0000 .50000 ,bOO00 ,500OO

O_ ._O15 .ReOll .00098 .00006 -00005 ,00001 "00001 -00000 ,00000 .0000C .00000 "00000 "00000 "O0000

OH .no315 .00760 ,00642 ,00950 ,0049I ,00140 .00134 .00018 ,00002 .O000C .0000¢ -00000 .00000 ,00000

.... R = 0,60, PERCENT FUEL = 17.35, U/F = _,762

34.55 15,00 14.70 6.00 3.00 O,bO 0,30 0,0650.00 42.85 l.b0 0,03Pressure, ib/sq in. abs 6C.OC 37-_0

Temperature, °K 9015[ ZV61 Z9 2_7_ 2_49 Zb3_ Zbob _2_ z0b_ IOZ_ 19_9 laZo 9_Z 7_2
H 0,_!4998 0.04628i0,04316 0.04048 0.0388_ 0,02303 0,0_267 0,0094_ 3,00343 0,00087 0,00008 0,00001 0,00000 0"00000

O ,00202 .00167 ,00141 ,00121 ,00109 ,00031 "000_0 "00004 ,00000 ,00000 "00000 "00000 "00000 "00000

H2 ._7569 .3[b98 ,57o0_ ,_7_II ,9_7> ,3_58_ .3d?0i ._94_6 ,_9775 .39_ .9_9_9 ._0000 ,40000 ,_0OO0

H20 .54591 ._oC ._lu ,_b_ ,5oZz_ ,_144 ._81_Z .59_ ,_Vol_ ,_99o_ ._997 .60000 ,_0000 ,60000!

_ .90119 ,00190: ,00085 ,0_073 ,00066 ,00019 *00019 .0000_ ,00000 ,00000 ,O0000 ,00000 -00000 ,00000• 025201 .0229 .02031 .01d49 ,0174] ,00819 ,OO_01 .OOZ35 ,000b9 .00009 ,O0000 .00000 ,00000 .00000

R : 0,70, PERCE_IT FU:L = 15,25, U/F = 5,556

Pressure, ib/sq in. abs 5c.00 50.00 42.86 ]7,50 34.75 15,O0 I_.70 6,00 3,00 1.90 0.60 0.30 O,06 0,03

Temperature, °K _i/_ 3076 5057 _001 2981 Z761 Z7_6 251_ Z320 £I0_ 181_ 1596 1186 996

".2_095 2.057y< 0.05532 0.0_30c n,o513_ 0.03770 0,0373_ 0,022?5 3,01Z52 0,00595 0.001OO 0,000_0 0,00000 O,O0000
• 2059_ .00525 .CC473 .00429 ,00_08 .00192 ,00_85 ,00058 .00013 ,00002 .00000 "00000 ,00000 "00000

H20 ._1_b .E9984 .030>o .6117] ,81D05 .6_582 .o4_ .6740o ,68/97 ,o9579 ._99_o .89991 ,70000 .70000

02 ,2?438 .0044] ,O04O2 ,0037_ ,00352 ,00177 ,90174 .00056 ,00015 ,00092 ,00000 ,00000 ,00000 ,00000

OH ,04709 ,04378 .c_[01 .03o6? ,0J795 .02366 ,0253_ ,01147 ,00511 ,001bl ,00018 .00002 ,00000 ,00000
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T_LE IV. - Continued. EQUIL_RIUM COMPOSITION OF PRODUCTS OF {EACTION AT ASSIGNED PRESSU_S FOR

LIQUID HYDROGEN _D LIQUID OXYGE]

[Isentrople expansion from chamber conditions; compositious are given in mole fractions.

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

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

_bs 60.00 50°00 42.56 37,5_ 3a.B_ lb.O0 14.70 6.00 3.00 1.50

Temperature. °K 310_ 3141 _i?_ J97_ _C._Z z_J Z_ L_ Z_al _±

°°06315 0.05063 C,.9_51 0.0_oU 0.0_ 0.04433 0.04400 O.O_Z1 0.0Z_37 0.0i4_i 3: O: O: 0
• 01167 .01070 .31003 .00943 .CC. 910 .00074 .30_67 .O0k�L .00142 .OO0_0

H20 .02035 .02_7 .O37_ .64_0L .6470! .Deo_J ,0_9_ .tL_Co .75_05 .7767_

02 .11305 .01257 .01178 .01127 .01099 .00771 .00_63 "00_3> .OOZ2_ "O00d_

OH .069_5 .0_9_5 .0_301 .0o0_6 .ODgZg -04_22 "0 _3o7 "OZ_O I .01_07 -O_O0Z

Pressure, Ib/_q in abs

Temperature, °K

H

0

H2

H20

O2

OH

Pressure, ib/sq in. abs

Temperature, °K

_I I_il[Io04_o..... 05156 0/912 .0??_z .00Z67 .06z�Z i l1,04 5-_ .050¢_ .Oc0_e........ .0_ 4Wb .OOfO _ .000Ll_ -.00002

50.U0 _2.85 37.b0 34.09 10.00 14.70 6.00 3.30 I.bC 0.6o 0.30 0.06 0.03

0.0_741 9.o5554 0.0_392 0.0530_ 3.0432_ 0.04299 0.05_2Z 0.02615 0.0i9_ 0.01179 0.00071 0.00049

• C16B6 .01502 .01931 .01w93 .0!0_4 .010/4 .00!0_ .00_ .00Le_ .00107 .O0O_i -00OO0

• 02_7Z .D2uli .024u7 .02_27 .020_b .9203_ .01 _3 .01Z0b .OCSiZ o0036d -0OIZ0 • 00000 .Q0000

1.00. _[RCENT FuLL 11.19. Qf_" : 7.937

1 IIt '3217 3173 31_6 _10_ JO do £'_0 _o_0 2 I_ Z_/_ _#_z Z_el Zlb_ 1_ 1110

H 3.0535) 0.05!%3 '3.0 #_67 3.04B17 0.0_730 O.0JeZb 0.03004 0.St 1_ 0.02_d£ O.Ol/IC' 0.01001 C.O0@69 0.00119 O.000_2

0 .023&7 .DE/3:+ .0214"- .OZOTl .02019 .Olb_5 .0|_44 .01 i7 .00_34 .003_z .00_ .0019d o000Z7 .00007

.1362_ .15340 .13100 .Izo�i ,|,_7_I .i1406 .11_I .09:'_I .00610 °0 _ .0_., J 5 _ I .01_49 .OOe_2

H2 I .641171 .65113| .e_Sm .0_o_11 .570zlI .z1_3_I .717401 ._:oll.oolo_I.o=o,oI.ooo- .911_i .9_9?0 ._)TV
02

OH .iCl18 .0977_ .094'_0 .O_Z_: .OVIII .07_9! .O7_0 .Ob0"Z .04__4_ .0_L7 • 0 a O'_._ .OSO_e_ .O0_Z_ .OOZI3

P 1,50, PSRCENT FULL 7,7#9, UlF = 1,905

Pressure. Ib/sq in. 37._0 3_.86 i;.00 14.70 b.00 5.00 l._D 0.60 0.30 0.0_ 0.03

Temperature. °K 3116 3070 30_1 LVVV _901 Z7_g 2777 _ .76 Z'_,zl aze3 _ 10b0 1'_ IZ_O

oH 3.02428 0.02275 S.021_9 ?.OLn4Z 0.C'98_ 0.01307 0.01353 0.00 00 0.OO237 0.000_1 0.0001_0.0OO00 0.00000
• 03338 .031_4 .03019 .0Ld95 .0Z_2_ .0_092 .02079 "0_ .0_ .003_I 00 .000_3 I "000 .00000

H2 .... 909 .0,090 .0,bC' .04_44 .042_7 .03Z60 .03L5, .0 _ .00_I_ , :00_'I l "00'11_ I "O000Z I "OOOUO

OH .][322 .10857 .10bL_ .1C2Dq • l._O_l .0806: .08013 .05 .0_104 01#,9 .OC. ZZI .000 .0OO07

R 2.90, PERCENT FULL 5.927,-QfF = 5.B73

60*O0 59.00 42.B6 37.50 34.73 15o00 14.70 _ 3-00 io00 0.60 0"_0 0.06 0.03

Pressure. ib/_q in, abs 29b@ 2917 2u17 /041 L_21 2004 29_9 _ zlTt i_le 1705 I_09 iObt_ 9_5Temperature. °K

9 01099 n 00913 _ 0_53 " D 0_77_ O 9073_ 9 0n395 _3"_0 O.O00D4 0.00013 0.00001 0"0_00010"00090 0"00000" "._,_ _:9,,_o-:0_,o;_:o_ :.,oo_ :o_-_.oI,o .oo .oo,_1.OOloll.OOOl,/.o_oo,I .ooooo.ooooo
0 • "

H2 .02078 .01933 .Ol_lZ .01709 .91651 .01053 .01_0 .00 .0CZ49 I .ocooa] .ooolz I .o0o0_ I ,o0ooo_ .ooooo

_59_o 900%5 _7200 97091 °_790_ .oooob .b0_c9 .b_ .O4_00 0[ .bboo7 I .@O_I9 I .ObOz_ .boObs °SOBS7 I..o .... i io, ..,, ...... ......... ...... .,1....... ..... .._,o .......5,,1....... / ......
• 0_071 .Odbt_ udt_b_ 7_ /6 c 00_._7 O>_'VO O_ .01_ .90,_ _ .OOL:_O .0006_" .00001 .0000<.

- ,_ = 3,00, _r_RCENT FU_L = 4,03_ I_0--

_2 5_ O 3_ _3 1).00 14.70 O O0 3.90 l.SU 0.60 _ 0._0 0.00 0.03

,.,-i:,....i,,, ,.,o,i. .oooo o.ooooo

OH .04329 ._3_53 .05519 .03215 .93020 .01476 .014_5 .00.o_ .001_ .000#3 .90003 _ .09000 .O0000

R = _,90, PERCEN'r FULL 3,05&, OfF = 1,7 6

Pre_s.... i_l_ i_. a _._o :_.o_ _2.._ _,.o 3_._ _.9o _4.7o _ooI 3._ol 1._:J o_o 0.30 o.oo o.o3

Temperat °K.... j __ ......

q._eol5 0.90011 7.00373 o.00o06 _.oo_. 0,o0000 O,O09Oo 0,0( _,00000 0.00090 0.09000 0,00000 0.00000 0.00000

oH .C,( 2_ .90155 .00144 ._C. II_ .000'_ ,00016 .9011_ .0( .9ooo0 ,90000 .00000 090 000 .00000

OH • 15_.b .71"_F-* ._iIiL .06.9__5 ! .OCTLP .C.°25_ °902_7 .9( [ I':EO°/ .°cOOl ] .00000 | |OOOO .900 -00000

= u.00. P=R(r_I'_T FULL = 2._*9_, _/F = '_,663

abs I 6_..00 b:.0C _.2.8_ 37.:,0 1 33,I01 !5.O0 14.70 3.00 1.50 9"_0 C.30 0.06 0"0_

Pressure, Ib/sq in. |

:... ................-..............°'I i!I"i;'"oo.• 902r,_ _ .?'C?Z ,%0000 .9_C00 1 ,0(300 ,00000 ,oC06 ,q _ .qO00') ,00000 *00000

020 .t14_2 i .t.t_._._ .-_;:.. .CeL_L .CLrci sLUtS0 .q_',75 .0: .n_m_ .00oo_ .3o¢_0 00000 .oooon
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[ABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXYGEN

[Isentropic expansion from chamber conditions; compositions are given in mole fractions.

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

(b) Combustlon-chamber pressure, ISO pounds per square inch absolute

R = 0415, PERCENT FUEL = 45,65, Q/F = 14190

abs 150000 125,00 107,1_ 93,75 80442 37450 15400 l&,70 7450 3.75 I,50 0=75 0,15 0,08

Pressure, ib/sq ln. 1183 1129 1085 1049 1008 824 b43 639 53Z _39 3_0 280 175 _2Temperature, OK

H2 0,85000 0485000 0"85000i0"850031 0485000 0485000 0485000 0485000 0.850000,850000o8500004850000,85000 0-85000

415000 ,15000 ,150001 415000 415000 ,15000 °15000 41_000 ,15000 ,15000 415000 415000 ,15000 °15000H20

I

R = 0420t PERCENT FUEL = 38,65t O/F = 1,587

Pressure. Ib/sq in. abs 150.00 125.00 107.i_! 93.75 81424 37450 15.00 14.70 7.50 3.75 1.50 0475 0.15 0.08

Temperature. OK 1514 1450 139_ I 1354 1307 1079 £52 847 709 5_b 488 379 242 198

' I
H 0,00001 0400000 _400 00!0,000_ 0400000 0400000 0400000 0,00000 0,00000 0400000 0400000 0-00000 0°00000 0-0000_

H2 479999 480000 .80000! 480000 I 480000 °80000 480000 480000 .80000 .80000 480000 480000 .80000 °80000
• 20000 420000 4200001 420000 i .20000 420000 420000 .20000 .20000 420000 020000 420000 420000 -20000H20

i

R = 0425, PERCENT FUEL = 38451, O/F • 1498_

P........

Temperature. o K I0_iiiIi1816 1745 1886I!!I C 1638 1587 1822 1057 1052 087 741 _i _82 310 2_E

H 0400011 0.00007 0400004 O.OqO03 0.00002 0.00000 04000000.00000 0.0000004000000o000000400000 0400000 O-O000C

H2 47_990 .7499_ 4?N�gb .74998 474998 .79000 478000 475000 .7_000 .75000 .75000 .75000 .75000 475000

H20 i_998 424999 42_9 .25000 425000 .25000 428000 .25000 .25000 425000 425000 425000 42_000 .2500E

R = 0.30. PERCENT FUEL = 29.5T. O/F = 24381

I--I.............ooooo.oo ooIabs 150400 125,00 107,14 93,75 82,58 37,50 15.00 IN470 7,50 3475 0,15 0,08

iPressure, ib/sq in. 400004 1.80 0.75

Temperature. OK 2092 20[5 1951 1897 l_b I_53 1258 1251 1064 _95 70@ 590 38_ 317

3,00000 04000000,00000 0,00000
H 0,00077 0400051 0,00038 0400028 0400018 0400002 0400000 0,00000 0,00000 O,O0000

H2 .69935 46995T .69970 .69978 .69984 469999 .70000 .70000 470000 470000 .70000 470000 470000 -70000

0 429984 429990 .29995 429995 429997 430000 430000 430000 480000 .80000 4_0000 430000 .30000 4_0000

_ ,00002 400001 000] 400001 400000 400000 400000 4000 400000 400000 400000

R = 0,35_ PERCENT FUEL = 26,47, O/F = 2,778

Pressure. ib/8q In. ab8 150400 125.00 i07.1_ 9_.75 83419 37450 15.000011_ii_ 1_470 I 7.50 3475 1450 0475 0.15 0408
Temperature. OK 2539 2259 21_ 2137 ZC_? 1772 14_i / l_W4 1239 10>I _ 702 _0 }82

H 0400296 0.00215 0400161 0400124 0400097 0.00014 0400001 0.00001 0.00000 0400000040000004000000.00000 0.00000

H2 40_7_i .Ew_zb .0_o09 .b_99 .b_21 48w9_ .b_999 4_499_ .¢5000 4_b000 4_000 465000 .85000 ._b000

H20 43_15 .34_I 43_95? ._4968 .3_976 .34997 ._5000 e35000 .35000 4_5000 ._000 _35000 .35000 439000

OH 400028 400018 .00012 .00009 .00008 400000 4000 0000 .00000 400000 .00000 .00000 .00000 400000

R : 04_0, PEkC_NT FUEL = 23,95, O/F : 34175

I

_bs 150.00| 125,00 107.I'_ 95.7_ 8_._ _(°bO 15.00 14.70 7.50 347_ 1450 0475 0.15 0*°8
Pressure. Ib/sq in.

_ Z553 _75 Z_lo Z_3 2306 197_ I_ I_31 I_I0 liOb 971 819 5_5 _52

Temperature. °K

0400758 0400893 0400_7N 0.00386 0400322 0400067 0.00006 O.O000b 0.00001 0.000000400000 0"00000 0400000 0400000g • 00001 400001 400000 400000 400000 ,00000 400000 ,00000 ,00000 400000 400000 400000 400000 400000

• 99_18 .59543 ,596_3 .b9701 459750 ,599_7 459995 459995 ,O0000 460000 460000 460000 460000 4b0000
H2

• _V709 ._97_2 439_L ._5_7 ._98_z .39981 4_9999 43_999 4_0000 4_0000 4_0000 ._0000 4_0000 -_0000
H20

410115 ,00082 40006| .000_6 400036 400004 400000 ,00000 ,00000 ,00000 ,00000 400000 400000 ,00000OH

R = 04_5, PERCENT FUeL = 21,87, O/F = 34571

Pressure. Ib/sq in. abs 150.00 125400 I0741_ 9_.7_ _._2 5?450 15.00 1_470 7.50 3.78 1.50 0475 0.15 0408

Temperature. °K Z7_ _bb9 ZS_ zb_z Z_9 _71 I_19 iSlE I>7_ 13)_ Ii0¢ 939 bJl 5_8

H 0401_69 0.01217 0401025 0.00875 0400768 0.00220 0.00031 0.00029 0.0000_ 3400000 0400000 ).00000 400000 040000_

0 400006 ,O000& 40000 _ 400002 ,00001 ,OOO00 400000 ,00000 ,00000 400000 -00000 400000!400000 o0000_

H2 45_9R_ ._4117 ._53 °_)bO .5_4_b .b_o3b .5_77 4549/_ ._N997 °b_O00 .5b000 455000! 4_000 °55000

H20 44_55 .44_08 ._WbZO ._bOJ 44N680 4_20 44_VI ._991 ._999 ._bOOO ._5000 4_80001._5000 4_5000

02 °00002 400001 •00001 400001 400000 400000 400000 ,00000 ,00000 ,00000 400000 ,00000 I 400000 40000C

OH 400328 ,0025_ ,00]99 400160 4001)4 400025 ,00002 ,00002 ,00000 400000 -00000 ,00000!, ,00000 *O000C

R = 0450, PERCENT FUEL = 20.12_ O/F • 5,968

abs 150400 125400 107.14 9347b 88415 57°50 15400 IN.70 7.50 3475 1450 I 0.75 0.15' 0408
Pressure. ib/sq in.

Temperature. °K z881 2811 2/_2 dTOl i_b4 Z3_b 1994 19_0 17_3 1512 IZ1Z I 1063 72W 808

0.02339 0.02026 0.01776 0.0157_I0401_34 0400537 0400108 0.00104 0.00021 0.00003 0400000 0"00000 0.00000 0400000

400021 400015 40001l .00008 .00007 .00001 400000 .00000 400000 400000 400000 400000 -00000 400000

H2 4_8_5Z .WSblb °_0 _ ._9_ _ .490_ ._82_ ._9_I ._99gb ._90_ 4_999d .50000 450000 "50000 .50000

H20 4_8_2 4_71_ 4_8_11 4_90_D .N_Ib! ._0 4_9_99 4_998± .499_J 4_9999 450000 450000 480000 450000

02 400009 ,00006 ,00005 ,00003 400C3_ 400000 400000 .00000 ,00000 -00000 ,00000 400000 "00000 400000

OH .0072? 40059_ 400_93 .00_18 .00366 400095 *00011 .000|0 .00001 400000 .00000 .00000 -00000 400000

R 04bO, PERCENT FbcL = 17,35, O/E = 4,762

Temperature. °K 5097 305_ _e_ z_go z911 _30 250u ?300 _03_ iblD Z)IU 1317 9Z_ 7_

H 0.0319_ ,.03C_Z _.010880400625 O.OObO _ 0.002110.000810.0000_ 0-00000 4000000400000

i 0 .000'78 .00q ,_ccIT .n0002 .30002 .oooo0 400000 .00000 .00000 400000 40000c

H2 ......... _L: ..v05, I ...... I ...... I ...... I ...... I 4_99_7 I ._OOC_ 4_0000 I 4-0000

io 2 .9 oo,_,,[_ .ooo11[.ooooll .ooooll .oooool .ooooo] .oooool.oooool.oooool -ooooo......10H ,0i_' 400e23 ,00_7 ,O0_Z ,000_6 o000C 3 *00000 "00000 ,00000 ,00000

Pressure. lb/sq _ IJ.TO. _E_LL,_T F,J_L = 15.25. u/F = 5.35S• ' b'-'_ 7 _' _0 lb 0O 1 ?0 7 50 3 7_ i 5O 3 75 I 0 15 040_

•_v:_i .:;o=_ .,q__,, .ooz_4 / .00_25 ,_0_Z I ,000_0 .C0007| ,0COC1 I .0C000 I .00000 I "000001 .0000<

• DF;'/_ .'r.,_ .,3'3;]7 .C0031 .000_0 403007 .O0001 "OCO00 "OCOOC "00O00 "0000C

02 *C_'*/:= .,J_= .C,_'_ • 003W0 ,000_7 *0000_ *@000± 400000 ,0000C
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS C F REACTION AT ASSIGNED PRESSURES FOR

LIQUID IIYDROGEN AND LIQUID OX]GEN

[Isentroplc expansion from chamber conditions; compositions are given In mole fractions.

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

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

R = O,80P _kRCbNT FULL = t3obbt O/F : 6.34_

abe _125,00 IOT, 14 9_.,/b186o_/13_b0115o00 I

temperature, K _ 3LZl _ll_ zb_ _0_ L_ _i_ 11_9

0,08174 0o04977 0.0_607 O._,ZSZ_ 0.00103 6.0030Z 0.00000

• 00870 ,0080b °00752 ,_0195 ,00000 .00000 ,O000q

) .21_5Z 12|000 ,zlbo_ .Z014_ .19_51 .199_ .ZOO00

_0 .b_70_ .o_4lO .bblZU . _57_ ,79_1_ .7_9_ ._0000

- ,01090 ,0097_ ,00928 ,'[02_ "00000 "00000 "00000

R = 0.90, PERLhNT FUr_L = 12,2. , ,J/F = 7,143

/

(_ 0,0_740 0o0 0,,:.2688 0,02072 0,014,93 0,008Z3 0,00_,16 0.00023 0.00004
• 0138! ,01267 ,cOb_3 ,00_47 .001_0 .00087 ,00013 .00000 .00000

H20 ,073t_ ,6_031 • ,_0_2_ ,d_OOl .bT_)_ .8900_ ,_977 ,6_9_7
,00956 ,0098_ ,00205 .00049 °00000 ,00000,02171 ,i 1289

4577 ,03Z .0225 .0044_

R = 1.00, PERChNI FUSL = ll.lt. O/F = 7.937

Pressure, lb/sq in. abB _7,50 i4,lO 0,08

Temperature, °K z_9_ Z78_

0,_ 233Z 0,00013

IS " r C913 o00003

o. 510Z ,0051_

H2 . 86b8 ,99114

H20 • 32_ .OC_Zb
O2

OH

R = 1,50, PERChNT FU_L = 7,74 , 0/_ : 1,908

sure, ib/sq in. abs 180,00 128,00 57,50 4,70 i,bO O,/b

Temperature, oK 5219 31_ 2_53 26Z1 Z037 1842

iS 0,01925 0,01792 0,01017 O-,0554 0,00030 0,00006

• 02906 ,02743 ,01747 • 1090 ,O01Z2 ,00035

H2 ,04_59 ,0_i43 ,02789 , 177_ ,00_i_ • O006Z

OH ,I|152 ° i0893 °07718 + bSlb .O_ZZO ,00)28

R = 2,00, PERCE_T FUr.L : 5e92 , O/F = 8.873 ___

20 0,00748 0,00867 0,00825 0,00Z68 O° ,0066 O,OOO00 O.O0000 0-00000 0,0000_

• 02225 ,02043 ,01_9_ ,01005 • 0(_. 3 ,00007 ,00001 ,00000 • 00000

H2 ,01742 .01606 *01848 .00819 . 0371 ,00007 ,00001 .00000 • 00000

OH ,0_61 • _82_ .0018_

R = 3.00, PtRC_NT FUkL = 4.03 , UIF = 3.810

Pressure, ib/sq in. abs _7.b0 4.70 0,75 0.0_

Temperature, OK 2228 1907 I057 6Z5

oH 00010 O" _0001 0"00000 O'O000O00139 • _0022 -00000 .00030

H 2 00059 • :0010 .00000 .00000

H20 _'_4 J- I 7 . 9735 "50000 • 31_3J(,

02 _,9_,_9 . 98_i • 50000 • _OoOC,

OH

R = _*.00, _'£RCENT FUkL = +,08 • O/F = 1.748

•abB 160.00 128.00 ¢.?0 7.50 _.t_ z.b3 0.78 0.I_ 0.0+

Pressure, Ib/Sq in, _ _IO. ,0000 0-00000 0.00000 0.00000 o.noooo O.O000C ,.,,,on

oH .00 OC .0_00 OOt_o,"

• iOOO 0 • _l_OOO • 0 ClOCiS • OO DO0 . • 0 _OOC " O00CC @ O0[?Oc

00_ . V_ol ._e .oO00U .o00001 .6_._O,J .,bOOOO .,b)uo:.

R : 5,00, PERCr_NI F_LL : 2+45 _ _IF : 5,683

abs _3,_ _7.50 _,70 7,b0 i.>0 O.;b 0.ib O.Od

Temperature, °K Io_0 Ib/U IZ_o ilz_ 71_ *_o _ _9

0.00000 O. _0000 0.00000 O*O0000 O._OCnO 0,000)00 0.00000

• 00001 • _0000 .OOOO0 .00000 • _)0000 .00000 .OOCOn

• OOOO0 • FO00O .00000 .OOCOC. .OOCO0 .00000 • OOOOr,

li20

02 .OODbW . ,Oboe .ob6b_ .Obbol .6_be/ .buOY;' ._u7
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXYGEN

[Isentropic expansion from chamber eondltions; compositions are given in mole fractions.
Equivalence ratio, H; oxldant-fuel ratio, O/F.]

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

Pressure, Ib/sq in. abB

Temperature, °K

87

= =

R = 0.15. PERCENT FUEL = 49.85. O/F = 1.190 r

J300.00 250.00 214.29 187.50 160.8_ 75.00 30.00 15.00 IR.70 7.50 3.00 1.50 0*J0 0.15

1183 1129 1065 1049 I008 824 643 532 829 439 340 280 175 l_2

0.8500oIi0.850000.88000 l0=   000J0.80000.,5000,0.8 00010.8 0000.880000.,8000I0.850000.,8o0o0., 0000.8800o0.,8000,j• 150001 .15000 • 15000 • 18000 .15000 • 18000 .15000 *15000 • 18000 -15000 .15000 • 15000 • 15000 • 15000

---_ R_0.20. PERCENT FUEL = 38.65, O/F = 1.587

H2

H20

Pressure. ib/_q in. abs 300.o0 250.00 214.29 187.50 162.47 78.00 50.00 _5.00 I_.70 7.50 3*00 1.50 O.30 0.18

Temperature. K 1514 1480 1398 1594 1307 1079 882 709 705 56_ 458 379 242 198

H 2 o.80o0o 0.80000 o.80000 0.80000 0.800008_00.80000 0.80000 0.800000.80000 0.80000 0.800000-80000 0.800000.80000

H20 .20000 .20000 .20000 ,20000 .20000 ,20000 *20000 ,20000 ,20000 .20000 *20000 -20000 ,20000 .20000

R = 0.28, PERCENT FUEL = 33,51, OIF . 1.984
r

Pressure. lb/sq in. abs 1300.00 280.00 214.2 ° i87.80 163.91 7>.00 30.00 LE.00 14.70 7.80 _.00 1.80 O. 50 0.[5

Temperature. OK I i_17 ]/&5 ib_ i836 1587 1322 i857 867 882 741 581 482 310 286

H _.0_OO8 0*00005 0.00003 0.00002 0.00001 O,O0000 0.00000 0,00000 0.0OO00 0.00000 0o00000 0.00000 O*0OO00 O.OOO00

H2 .74993 .74996 .7_997 t74998 .78999 .75000 .78000 .75000 .75000 .75000 .78000 "75000 "78000 "75OO0

H_O .24999 .24999 .25000 .25000 .25000 "28000 "25000 "28000 .25000 .28000 .28000 "25000 "25000 "25000

R = 0,50, PERCENT FUEL = 29,57, OfF = 2,301

300.00 250.00 214.29 187.50 165.12 78.00 30"00 15.00 14.70 7.50 3,00 1.50 O.30 0.15

Pressure. Ib/sq In. abB .00003 .00002 .0000! .00001 .00000 .00000 °00000 .00000 .00000 .00000 .O0000 .00000 .00000 -0OO00

Temperature. OK 2093 2016 1982 1897 164b 1853 1257 I064 1059 _98 707 590 3_J _17

HPressure. ib/sq 0.00055 0.00057 0.00025 0.00018 0.00013 0.O00OI O.O0000 0.000000.000000.000000.000000.00000 0.000000.00000

H2 .69954 .69969 .69979 .69985 .69989 .69999 "70OO0 "7OOOO .70000 "70000 .70OOO *70000 "7OOO0 "70000

H20 .29988 .29993 .29995 .29997 .29988 "30000 "50000 "30000 .30000 "3OO00 =30000 "30OO0 =30000 "_O000

OH

R = 0.38. PERCENT FUEL = 26.47. O/F = 2.776

iin. abs 300.00 280.00 21_*29 167.50 166.28 75.00 30.00 15*00 1_.70 7._0 3.00 1.50 0.30 0.18

Temperature. OK 2344 2263 2196 2139 2088 1771 1451 123_ 1232 lObl 8_8 702 460 3d2

H 0.002|4 0.00155 0.00116 0.00089 0.00069 0"00010 O'00001 0"00000 O.0OO000"00000 0"000000"00000 0"OOO00 O*OO000

H2 ,64827 .64875 .64908 .6_92_ .64944 .6R992 .65000 .65000 ,68000 .6_000 .65000 -65000 .68000 -68000

H20 .38939 .34957 .J4969 .38977 .34985 .34998 .3D000 .5)0OO .JbO00 ._5000 .35000 *)5000 .}5000 *_5000

OH .00020 .00013 .00009 .00006 .00004 .00000 *SO000 o000OO .00000 .00000 .00000 *00000 o0OOOO .00000

R : 0,_0, PERCENT FUEL = 23.95, O/F = 3,175

abs 300.00 250.00 214.2! 187.b0 167._ 78.00 50.00 15.O0 14.70 7.50 3.00 1.50 ._00OO ._O001

P........ _/_ _" •.... 6 ..... 1 .oooo_.59782 ._8_9 .58_62 ._? 20000 .60000 ._0000 2000° ._oooo 0._0 0._

Temperature, OK 2565 2_4 2_I] 239_ 2_10 1978 1657 1409 _403 1L05 970 819 542 45.

0.00000 0.0000_0.00281 0,0023_ 0.000_8 O.OOOO_ 0.800000.000000.00000 O.OOOO0 O*00OO00,00568 0.004370.003_]

• US00! "00000 .0COOC *00000 • OO O *0 O0 " • 0000 ,00000 • 0000 • OOO0 • 0000 • 0OO0 • O00,

• 59566 .59662 .59731

H2 O .39782 ._9839 .39d7_ .3_903 I .39922 I .39987 I .59999 I .40000 I .40000 I .90000 .40000 .40000 .400001 .4000,
OH .00034 .00026 *00003 "00000 .OCOO0 .OOOO0 .0OOO0 -OOOO0 .OOO00 .OOOO0 .0OO01

R = 0*45. PERCENT FU_L = 21.87. sir = 3.57_

• 0_258 .00196 .00153 .00122 .SO101 .00018 "00001 .OOOO0 *00000 "00000 .00000 "00000 "SO000 "00000

Pressure. ib/sq in. abs 500.00 250.00 214.2_ 187.50 188.67 75.00 50.00 15.O0 14.70 7.50 _.O0 1.80 0-30 0.18

Temperature. °K 2755 _677 Ibll zDEb 2910 2175 1015 15/6 iD69 _8 I_05 9_ 6_ 0 5_7

[ 0.01130 0.00927 0.00773 0-00659 0*008700.00187 0.O0021 0*00003 O.OO00_ 0.000000.OO000 O*00000 0"O0000 0.00000

1 .00003 .00002 *SO001 .00001 .00001 .00000 .O0000 *00000 -00000 .00000 .OOOOO .0OO00 "00000 "00000

I_ .5_1_5 .54_26 *>_456 .>4b21 ,5a562 .9_8_ .5_98_ .5499d .5_998 .55000 .58OO0 .55000 .65000 .55000

120 .+_2_ ._5_7 ._4_36 ._702 .44_7 ._9_3 1_4994 .44999 .4_999 .45000 *_5000 ,45000 145000 .48000

• 0_001 ,00001 *00000 .00000 .00000 .00000 ,00000 ,00000 *SO000 *00000 *O0000 "00000 ,OOOO0 "00000

OH

R 0.50, PERCENT FUEL : 20.12, O/F = 3,968

P........:bl.q_oabsl300.oo]25o.ooi21.291187.8o

H C.O]8580.015920.013830.0121a• 00018 .OO010 .00007 .00005

H2 .48771 .4_95_ *_9009 ._177

H20 ._d756 ._U�_O **_lqu ._v27_

02 .0_006 .O0004 .00003 .0_C02

OH ,_595 .00479 .00_', 3 .0032_

R

1687ooooofoolTo75ooo
2684 2552 1992 1740 1732 1909 1240

• 01097 0.00391 0.O0075 0.00018 0.0001_ 0*00002 0"O0000

• 00285 -00070 ,00008 ,OO001 -00001 *00000 .00000

• 00004 *00000 "00000 *00000 .00000 °00000 .00US0

._928_ ._972_ ._9999 .49989 _49990 *49999 .50000

._D_ ._o15 .499_I ._99_9 ,49995 ,4999_ .30000

• C0002 "00000 "00000 .00000 *O0000 "00000 "00000

0,60* PERCENT FUEL = 17.55. O/F = 4,762

P ........ Ib/sq In. abel _ ...... 0 250.00 21_.29167.50' [ --__----_ -----171.73175.0050--001--'-15".00 14,70 7.50 _,00

H _.0_386 0.03(]80 C.028250.02611 .024720.01305 0.00145

O .C_10h • ,'_COSC .00C85 ,00054 ,COC_7 -000|0 ,00000 .00US0 .00000 -00OO0

H20 ._6191 .Db_6_ ._TO;b .9/_41 .D/D_I ._8_7 ,599L_ .89927 *)99_ .89999

02 ,! c!059 • 000_7 .00<:39 .C0052 .¢0028 ,00006 • OUO00 ,00000; .00000 ,00000

i_07 01664 1_ Ol .00025_. : • ; :o. i .00oo..ooo00

1.80 0*50 0.15

I060 721 6O7

0"00000 0.O0000 O.O0000

• 00000 "00000 .O0000

• 50000 ._0000 .50000

• 50000 *50000 .50000

• 00000 "00000 *00000
• 00000 .00000 .O0000_

1.50 0.30 0.15

I_11 919 78Z

0.OOOOO 0.O0000!0-O0000

• O0000 "00000 "00000

• 4SOU0 .4OOOO .40000

• 60000 .00000 .60O0O

• OO000 .O0000 "00000

• 00000 .O0000 .O0000
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXYG]N

[Isentropic expansion from chamber conditions; composltbns are given in mole fractions.

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

(c) Concluded. Combustion-chamber pressure, SO0 pounds per square inch absolute

Pressure, ib/_q in. abs

temperature, VK

3

_2
_20

32
3:'I

Pmeasure, Ib/sq In. abs

£emperature, °K

_2

_20

Ib/sq In. abB 1Pressure,

emperature, °K I

0

H2
H20

D2
OH

Preasure, lb/aq In. absl

Temperature, OK

0

H2

H20
02
OH

Preesure, ib/_q in. abs
Temperature, K

H

0

H2

H20

OH

R =

300,00 250.00 214,29 187.50
J393 _38 _92 _2_3

0.04749 0.0_529 0.0_3_+4 0,0_185

• 00793 *00722 .00655 .00817
•22002 .21819 .Z16_7 .21_

.85200 .8609_ .O6_9 .87_9Z

•00939 *00878 .00627 .0077E
• 06318 .05950 .0555_ .05393

R =

300.00 250*00 2J_,29 187.50

31+30 J377 53_4 _29_

0.0_506 0.04313 0.0_153 0.0_015
• 01323 .01237 .01167 .0[107

•I_5_ ,I52_I ,16051 .15650

.6709++ ob_077 *obgO £+ ,b_Ol9
•021_O .02068 .02005 ,01950

• 08385 .08023 *07720 .07_58

300.00 250.00
3_37 JbS&

$.03987 0.03809

•01818 .01719
.12585 .122_3

._7806 .66605
•03906 .03_52

•09900 .09>_2

300.00 250.00

3297 32_3

3.01582 0.01_b8

•02582 .0242@
• Ci_926 .0371_
•b_080 ,0_97

.I_901 .170_0

• 10929 .lO&5_

300.O0
3103

0.0h578
*01907

.31498

.57933

.2980(

.08282

250.00
30_

0.00523
.017_I

.01375

.5_58_

._00_

.07765

PPe_sure, Ib/Bq in. abs

Temperature, °K

H

0

H 2
H20
02
OH

300*00 250.00
2723 2658

o.00057 0.0005_
•0_605 .00505

•002_ .0O2O5
•_7287 ._?630

•03516 .03107

R =

21_.29 187.50

33_I 330_

U.O3_01 I0.036_

•01b_9 .01_71
•iZ025 .II_00

•092_W .0_9_9

R =

21_.29 187._0
_198 _L_9

0.01_70 0.01289 !

•02300 *02192

•0_5_0 .03388

.17157 ,172J7
•I005_ .09708

R =

216.29 i_7.50

Z_9B Z'_57 1

O.00_61 O.00WI9
•01605 .01_91

•01273 I
.01187

.b90_5 .59_27

R =

21_.29 187,_0
2_0_ 2656 1

0,000_2 0.00035
.00W28
•00175 1 ,00358°00151
•_TWo0 ._120

•02779 .025101

0.80. PERCENT FUEL = 13.80. O/F = 6.344

173.68 7).00 _OoO0 1_ I_.70 T.bO _-00 |'30 0.30 0.15
_231 z_9) X7_4 Z)_ gJ++_ _o_ iolO i_bO I_0_

0.0409_ 0.03116 0"02091 0"0| 0.013_9 O.OOI_Z 0 "OOOb _+ 0"00

•00590 "0033_ .00139 "OC _i[ i!!o_!I !l_iI.00051 .00013 .00001 •00000 "00000 "0000£

.21_8J ._0/16 ,ZOlOD .1% .i_03_+ .1_¢_u . i_y(_o .1_y_9 ._o0o0 ._oooc

.678_ .716_ .7_z_b .El .17_t_,_ .7_,_/_ ,797b9 .799_o .b0000 -_0000

•00750 .O0_70 .00215 .02 .O0083 .00022 .00001 .00000 "00000 "0000£ooo....ooooooooooooooooo
0.90. PERCENT FUr.L = 12.2B. u/F : 7.I_3

173.98 7_.00 30.00 15,0 1_*.70 7.50 _*00 i.b0 0,30 0,_5
3276 305_ 2o29 _ _6bi d503 _Zl_

0.01;05 0.O10_9 0.0_I_7 0_00_05 0.00013 0"000021

°01075 .00738 ,00_40 ,00_6_ ,00259 ,00133 ,00033 ,00000 "00000

.0,919.0,,0 .010 0.00,,5.00,35.00,20.00119[ :;;;;;/
.07313.0 721.0,0.... ,....1.02 3"1"0' '01"00""100"9 1"0°0"51.ooo00
1,00_ PERCENT FUEL = ii,19, O/F = 7,937

17_.00 76*00 _O'O0 15.00 I_.70 7.50 _'00 1.50 0.30 0.15

_2_9 _gbb 2o_7 2e92 _687 Z_ z_w _o_ ibm9 1668

Io o1_63 0.01 ¢_ 0.01"_I 0.01030 O.00569 0.00_13 _0-0C006o.o_0_ 0.0210T •
•01b39 .01143 .O0782 .00 _ .0036Y *00i86 .0

,707U_ ,76.+21+ ._Ol_O ._ o/ ,o_709 ._loJl .Vtl_, ._ _soo .WO_,6 , V'JSY2i

.O37_3 .03_12 .02 _'93 .OZ _0 .0261_ .O_g3Z .0100( .01L_Z .0037_ .OOi_?

i#50_ PERCENT FUEL = 7,7_+9, U/F = 1.905

i
173.72 75,00 I 30.00 15 I_,70 7,50 _,CO 1.50 0,30 0.15

_1_7 290_ I ZoOl _ Z_72 22Wl zOJ_ I_30 137_ iZ07

.01498
0-00003 0.00000 O'0000010.OOT9_ 0.0£0.012_3 O.O0_ib 0*00211 0.00090 0.00017

•02131 *O0911 "OC .005_ .002B7 .00083 "O002_ "00000 "000001

•03302 .02388! .01W92 .OC .0090 _ .O0_bb .001W_ "OOOWO °00000 *000001

I .7_z ./YgbO ./_VY8

,65499 .70013 .73_57 ._ .lDl41 ,lT_tZ .7_0_1

.17_19 .I@ .i9J_5 .1970o
•09512 ,07387 .05190 -0_ ,0_623 ,023_I ,0_00_ ,00_15 ,000i9 ,0000_

PERCEN_ FUEL 5.927. O/F • 5.8732.00. =

173-03 75-00 30.00 o00 I_.70 7.50 _'00 1-50 0.30
29_2 2679 _02

3*00. PERCENT FUEL = _.031. o/g = 3.810 [

30,00 i_.00 1.56 0.15

2523 2232 191_ ibS_ 1678 I_72 igZ_ 105_ 735 023

0.000000,00030 0.00008 0"00001 0o0(000 0,00000 0,00000 0,00000 0,00000 0,00000
•00000 "0000_"00018 .O(003•00330 .00102 .00002 "00000 "00000 "00000

•00007 "0( 001•O0156 .000_3 *00001 '00000 .O0000 "O000C "00000 oO0000
•_97_ .*_9_0 ._99_2 ,qy_e7 ,q_wv_ -SOOOC,_265 ,_9_53 ,_0000 -_0000

._U909 ._9537 ._9_7_ ._�bq ._9_b_ .q�Y_2 ,_W_W9 .5000¢ .bO000 .50000

•00312 °0(093 .00002 .00000 "00000•02330 ,01058 *00089 ,00021

R : z+,oo, PERCENT FUEL = 3,05++ O/F = 1,7++6

1_7.b0 168.w2 75.00 J0.O0 I .00 i,°70 7.50 3.00 1.63 0.30 0.15abs 300.00 253.00 21_.29Pz_essure. ib/aq In.

iTemperature. OK 2372 1303 _W_ 219_ 213_ io59 _D_5 _ 13W_ Aib_ _)_ d1_ 99_ _O_

H 0,0000_ 0,0000_ 0,00002 O,OOCOl 0.00000 0,00000 0-0 000 0,00000 0,00000 0.00000 0,00000 0o00000

0 ,00056 *006_5 ,00007 ,00000 ,0 000 •00000 ,00000 ,00000 •00000 ,00000

•0009_ .00071

•00016 ,00015 ,00002 "00000 "0 000 ,00000 .00000 •00000 •00000 •00000•00026 .00020
._9372 ._9480 .39562 *_9621 .39_9_ .J9_ .5 9Y7 .39997 "_0000 ._0000 .WO000 •_0000

•_9_2T! .00677 .00589 00 _nZ_ 0 005 00005 • O000
•_96_7 .597_0 ._9925 .999_V .3 99o oDY_v_ .o0000 "_0000 *bO000 "bOO00

iO_o. I .o1171[ .o0958/ .ooT99 " t __'_ _. ooooo_•

I 250.00 214.29 18/.50 16_.83 7_.00 30.00 i .oo 14.70

Pressure. Ib/sq In. abs 300.00

Temperature. OK _069 Z000 19_2 i_9: l_ul IDlE IJC_ l_z ii_7

C.00020 ).00013 9.00009 e.0_900 O.Ct9_5 0.C0000 0._O0e0 0.0)0_0 0.0OO00 O.00000
•O000_ .0he02 .@0001 *000O1 .eOOC_ .t0000 -0 )O00 .00000 •00000

.0_i .0023_0195±.__0_.0_ .___+001 .o0o%



89

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

LIQUID HYDROGEN AND LIQUID OXYGEN

[Isentroplc expansion from chamber conditions; compositions are given in mole fractions.

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

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

R = 0,15l PERCENT FUEL = 45,55, OfF = 1.190

Pressure. Ib/sq in. abs 500.OO 500.00 428.57 375.00 150.00 50.00 30.00 15.00 14.70 6.00 3.00 0-60 0.30

Temperature, °K 1183 1129 _0_5 lOW9 e24 e_3 5_2 439 _? J_O _0 17_ IW2

H2 0.85000 0.85000 0.a5000 0.85000 0.85000 0._8000 0.88000 0.85000 0.85000 O-b8000 0.88000 0.88000 0-88000

H20 .15000 .15000 .15000 .150 .15000 °15000 .[500 00 .15000 .15000 .1800

R = 0.20. PERCENT FUEL : 38.68. O/F = 1.587

.......llIIIPressure, ib/_q in. abs

Temperature. K 181_ i450 1398 135_ 1307 1079 852 709 888 _a_ _ 379 242 198

0.8_00_ 0.snoqo 0,80000 0,80000 0,80000 0.80000 0.80000 0.80000 0.80000 0,80000 0,80000 0.80000 0,80000 0.80000H 2

H20 .2_000 ,20000 ,2000q ,20000 .2000 O0 .2000 .20000 .20000 ,20000 .2000 -20000 ,20000 -20000

R i 0.25_ PERCENT FULL = 33.51. O/F - 1.9a_

Pressure. Ib/sq in. abs 600.00 500.00 428.57 375.00 327.81 150.O0 60.00 30.00 15.00 14.70 _.00 3.00 0.60 0.30

Temperature, °K IB17 17_5 1886 1636 1587 1322 1057 8_7 741 137 5_i WSZ 310 _6

H 0.00008 O,_OO03 O,O00N2 _,00001 O,000Sl 0,00000 0,00000 0.00000 0,00000 0,00000 0,00000 0.00000 0,00000 0,00000

H2 .769W8 ,74997 .7_99_ ,7_999 ,76999 ,78000 ,75000 *75000 ,78000 ,7_000 ,7_000 .7_000 .78000 .78000H20 .2_999_i1II [.25000 .25000 ,25000 ,25000 ,25000................... ,25000 ,25000 .25000 ,28000 ,25000 .25000 .28000

J R = 0.30. PERCENT FUEL = 29.57_ OIF : 2.381

Temperature. K _ 209_ 2016 1952 i_8 la_7 I_53 1257 106_ g�_ _i 707 890 _3 _17

_ 0.000010.OO0000.O000S0.O00000.000000.00OO00.000000.000000.O00OO

0.000_9 0.00026 0.00018 0.00018 0.00009

• 69967 .69978 .89985 .69989 .89992 ._9999 .T0000 .70000 .70000 -70000 .70000 .70000 .70000 .70000

• 29992 .29998 .29996 .2999_ .29998 .30000 .30000 .30000 .30000 -30000 .30000 .30000 -30000 ._0000

C0002 .00 .0000 .00000 .0000 .00000 .00000 .000OO .00000 0OO0 °00000 "00000

R : 0.35. PERCENT FUEL : 28.WTf O/F • 2.778

]Temperature. K 2347 2266 219_ 21_0 2089 1771 I_51 12_ 1050 i0_8 838 702 _60 382

H 0.0015_ 0.00111 0.00083 0.00083 0.000_9 0.00007 0.O0000 0.O0000 0.00000 0.00000 0°00000 0.OO000 O.00000 0.OO000

H 2 .6_875 .84910 ._933 .6_9_9 .6_9_0 .8_99_ .65000 .65000 .68O0O .65000 .65000 .68000 ._5000 °68000

H20 .34956 .3_96_ ._978 .3_95_ .3_98_ .34998 .38000 .38000 .350OO .38000 .35000 .38000 .35000 .35OO0

OH .00015 .00009 .00008 .00CD4 .00003 .00000 .00000 .00000 00000 .00000 .00000 .00000 .00000

R = 0.90. PERCENF FUEL = 23.99_ O/F • 3.175

428.57 375.00 334.53 150.00 80"00 30.00 15.O0 0"30

abs 600,00 500.9C _2

Pressure. Ib/sq tn 14.70 e. O0 3.00 0.60

Temperature. °K 257_ 2_Z 242Z 2383 2313 1978 1837 140_ 1209 11_9 910 _d 8_2

).0OOO0 0.OO000 O.00000 0"O0000h.00252 0.0020_ 0.0016T 0.0OO3_ 0.00003 0-00000 0.OOOOO *OO0003.qn_l_ 0,90320H

• 59581 .5975) .99605 .898q2 .59870 .59973 .59998 .60000 .60000 -bO000 .60000 -80000 .bO000 °80000H2

.39_39 .39_2 ._9910 .39930 .39944 .3_991 .39999 ._0000 .40000 .WO000 e_OO00 .40000 -wO000 ._0000

H20 _t6_ ncp45 .OOm3_ ._C_2& .0001 .000 .000 .OO0OO .O0000 °OO00OOH .... ii
R = 0._5, PERCENT FUEL : 2t,87. O/F = 3.57l

Temperat .... oK 2773 ...... 2 ..... 2517 217_ 1_17 ,b78 i_ _:0 L

O,_n85E 0,00695 0,00575 0.00483 0,004|7 0.00112 0,00015 0,00002;0,00000 0.000 0 °0000 O0 -00000• 00002 • 0OO01 .00001 .0SO01 .O0000 -00000 .00000 .00OO0! • 00000 .00000 -00SOU "O0000 *000 O0 • OOOOO

[{2 .5_383 .54W_8 .5_8_i .5_6_6 .5_69_ .8_91_ .5_989 .5_9981.55000 .5_000 ._8000 .89000 .88000 -5_000

H20 .46560 ._859 ._472_ ._q779 .4_i_ ._989 .4&996 ._W999i.98000 ._>000 .98000 ._000 .W9000 ._bO00

02 .90001 ,_0000 ,00099 -00000 "00000 "00000 "00000 "00000i .00000 *00000 "00000 "00000 "00000 "00000

.............OH ,00198 ,00|49 ,00115 R = O,50,SO0 PERCENIO00I FuLLO000= 20.12,'000000/F/.00000= 3,968 -OOO00_/_!!!_'O0000 "00000 "00000 "00000

! 1 I I I , [

........
Temperature, °K 29_ 2888 zb0o 27,2 2699 235_ 1990 .737 1507 18011 1_38 1059 720 _0_

20 _.rt_,7 0.31228 _.01057 n.30921 C.CP825 0.00282 0.00053 0.00010 C.000Ol 0.00001 0.00OO0 0-00000 0.00000 .0000C

,qn_9 .oqoe6 .o_on_ ,noc_ ,oDo02 ,00000 ,ooooo ,ooooo ,00000 ,00000 .00000 ,00000 ,00000 .ooooc

H2 ,4_04z ,_91_0 .49_ ._9_7_ .494_ .49_01 ,99vpz ,4e99z ,_9999 ._w99w .80000 °5O000 -bOO00 .50000• 49024 .49ZC7 .-9_4z .49440 .49_1_ .49_5o ._9W_0 ._5997 .50000 -bO000 .80000 .50000 .80000 .90OOC

IO2 .I[_00031.0_0021......2 i ...... i .L:_00oII oooooI0ooooIoooooIoooooIooooooooooooooooooooooooc
IOH _75 .n0377 .9Pso _ .00253 02_8 .00050 .00005 .00001 .00000 .00000 .00000 .ooooo .00000 .00001

..... [

l __ R : 0.60_ PERCENT FUEL : 17.35,0/F = _.782 ....

emperature, °K
r,._2bOe 0 _2 _2 0.02094 0.01970 0.00988 0.00321 O,O010S 0,00023 0,00022 '0.00002 0.00000 0.00000 "00000:_.32778

• q_25_ .0_ .nc]0_5 .00c30 .00006 "00000 .00000 .00000 oO0000 .00000 .00000 .OO000 -0OOOO

• 09_89 .9i_08 ._1233 .01088 .00998 .00379 .000_I .00017 .00002 "00002 "00000 "00000 "00000

• :7.b0 .5'_0 .t7_u .5_0i_ .b_i91 ._R7_ .599_ ._9_90 .599VI .59999 .60000 .SOOO0

• qq_32 ._nn26 .,_002! ,000|8 .00004 ,_0000 .000O0 .000_0 .00000 .00000 .00000 -00OO0 .00000

R = 0,70, PERCENT FUEL = 15,25_ O/F = 5.b86

L
I

• P263.' .0|q2_ "_0°.QC_26 .00190 "000q_" I .000014 l'Juvuui_l -00000

........ o  l  . oo.ooT ....150.00 0.00 ,0.°o 18.00 ,00 3.00 0.00 0.3oTomp.ra ....°.  3°'1.1T ...., ......  90,,.... 3,, .0-- .0....... 55°1 ii.....
• " i77|_i_to0!124i,c_]o ] .c_P'0!316 ?.0313_.C_4_V 0.03028 0.0|959 0.0096q 0.00_ 0.00150 .00151 0.00025 I0.O0004 0"00000 0.0000n

i.)q2_:C_22_].9_i_9].03175 .O0161 .00058 "00 .... 90002 .90000 "00000 "000001"30000 "00000 "00000

H20

©o I oC22'_ , ...... ?I "_ i7. *I --'191 ............. 008_ .30011 .00002 .00000 *0QOOQ .00O00 .00000 .00000 .0O0O°

O_
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TABLE IV - Concluded. EQUILIBRIUM COMPOSITION OF PRODUCTS 01' REACTION AT ASSIGNED PRESSURES FOR

LIQUID HYDROGEN AND LIQUID OXY;EN

[Isentroplc expansion from chambeF conditions; composlt ons are given in mole fractions.

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

(d) Concluded. Combustlon-chamber pressure, GOO pou ids per square inch absolute

R : 0.80, PERCENT FUEL = 13.60, O/F = 6.3_'9

Temperature _ K 3481 3422 3373 3331 3306 3052 2/79 5bo _3_b Z_0 z0_z Iol_ I_47 11 /3

OH 0•04117 0,03913 0,037%2 0,03595 0.03510 0,02609 0,01678 0,0.045 0.00536 0.00526 0.00149 0,00040 0,o000I 0,o0000• 00646 .00584 •0053_ *00492 .00_66 ,00250 *00094 *O0032 •00007 *OO006 •000OO *O0000 • OOOO0 *O0000

HH •21639 =21559 .21509 ,215oi .21306 .20598 *2006! .I:_869 ,19655 .19_56 .199_o ,19981 •ZOOS0 • _O000

HHO ,66670 ,6T5_2 ,b62b9 ,6_890 ,69250 ,72690 ,76212 ._057 •T9_l I .79ZJ_ .79_5 ,7996_ •_0OO0 ,B0000

O_ ,0078S ,00727 .00678 ,00635 ,O0610 ,00359 -00147 ,0 ,052 ,00011 ,O0011 ,00001 "00000 "OOOO0 "0OOOO

OH ,05941 ,05575 ,05269 ,05006 ,04854 .03294 ,O181] •0 995 ,0037 OO0Sb "00011 •00000 *O00OO

R = 0.90, PERCENT FU_L = 12,28 U/F = 7•14_

K

temperature, OK 3526 3469 3422 3362 3 60 3122 2681 705 2528 I 25_ 2279 207_ 15651 ,_,_97

0.03596 0,03469 .......

0,03919 0,03743 0,03 98 0•02643 0-01690 0.0[376 0.00923 0•00910 0,00431 0,00182 0.OOOO7 O•00001

,07417 *00342 .0U193 ,00088 •00066 -000[7 ,00002 "00OO0 "00000

• 00989 "00 05• 01130 •01053 •00935 -00604

,16146 °15671 ,15636 ,I_933 ,15 i0 ,14025 . [ 2 t_*+_ ,l 674 ,10652 ,I06_ .10[71 - [0OU_ •09997 • 10US0

,68792 .69763 ,705_0 ,71285 .TI _ •70023 ,_O490 .8,571 ,66232 .Sb_OZ .6671_ .89_II ,_9993 •699_9

• 01782 ,01 95 .01322 .00890 .0u570 ,00292 ,00285 ,00064 •00009 • 00000 ,00000• 01917 ,0|8_5 ,0[727

• 08096 •07727 ,O?150 .06 99 ,O5303 •03743 •061;+ .01614 ,01587 ,00605 ,00190 •00003 • O0000

R = 1.00_ PERCENT F_EL = 11,19, O/F " 7,937

P_ess_._. ib sq In. abs -500.00 428.57 375.00 347-7720_ 15_.00 60.00 3o.00 15.00 IR---7or--b.OO 3.00 0.60 0.30Temperature /oK _ _31 3_92 _3 3137 2903 _7_ _37_ _5/3 _371 2_14 _6_6 _6"6

I°:. !iill i!l' I o.oo ,oo.ooo,,o.oooo,B 0,03261 0,03146 0,03030 0,02966 0,02281 0.01615 0,0 177 0,00802 0.00792 0,00417

0 ,01504 ,OIR30 ,0_368 ,01334 ,00978 .00653 ,0 _462 ,O0291 .00266 •00138 ,00066 ,00004 •00001

H2 ,11731 , 11_67 ,11237 ,Iii07 •09622 .07953 ,0 669 ,05367 •05349 ,03741 •02591 ,O06_[ ,00294
• 02 ,7_1_5 •725 •77027 ,81775 •8 216 ,86974 •_85_7 •9Z390i .949_Z ,966b6 ,99_7

0 ,03605 ,O3555 ,0_510 ,03464 ,03159 •02737 •O 375 ,019_3 .O197[ ,O14_7i o01027 ,00274 "00108oY i=OoX  t=o: 991.oo72 I.o65  l.o693,I.o5,,I.o1111.o oo,I.o3o .o--i.0 159.00[9
R = 1*50_ PERCENT FUEL = 7•749 OIF = 1,905

- --[ ..... ,.oo .ooo.,oo. oIbressure, ib/sq In. abo 600,00 500,00 428,57 375•00 346.93 [50•00 60-00 3 •00 15,00

Temperature, OK 3374 33[5 3267 3226 3202 2953 2692 _96 2297 2291 w_OL6 1616 1366 i[9_

0.01276 0*01175 0•01093 0,01023 0*00984 0.00606 0*00299 0"0 146 0,00056 0.O0055 0,00009 0"0OOO[ 0•00000 0"00000
• 02263 •02121 ,02002 •01902 * 0 lICIt*4 *01265 ,00739 '0 430 mOO211 ,00206 *00056 ,O0014 • 00000 " 00000

H2 •03486 ,03285 •03117 ,02972 .02889 ,02032 ,01216 "0 720 ,00359 .O0351 ,00098 "00023 "OOO00 "00000

}{20 ,65376 ,66167 .666_9 .67395 ,677_2 .71064 ,74322 ,7 356 ,7/9_9 .77_ t 79i54 •79_29 • 79990 • 79998

O H ,16978 •17119 •1723_ ,IT340 .17399 .I_0[W •[8637 ,I 05_ •19416 ,19427 ,19760 • 1990_ .19996 • 19999

OH ,10621 ,i0133 ,09722 •09368 ,09163 .069 287 ,0Z016 .019_3 ,00823 ,00326 ,O0014 ,0000Z

R = 2,00, PERCENT FUEL = 5.927 O/F = 5.873

Tem]peratuPe, OK 3158 3097 3046 300Z 2975 2706 2g13 _9 1965 _95_ _676 [475 1070 9d3

O-O00OO O,O0000 0,000000,00002 O,OOOOOH O*00439 0•00387 0,00345 O.00311 0.00291 0.00132 0,00039 0,0'011 0•00002

O ,01610 ,01461 ,01339 ,01238 ,01178 • 00648 • 00260 ,0 101 • 00029 ,00028 • 00003 • 00(200 • 00000 • 00000

o00000 "0OO00 -OOO00
H H .01269 ,01157 ,0[065 ,00988 ,00942 •00529 -002|8 •0 086 •00025 ,00024 • OOOO3

H20 *58773 .59371 •59864 ,60281 ,60532 ,62893 ,64767 •6 726 •66285 ,66296 •665S4 °66647 .66666 ,66667

OO_ °30070 ,30305 • _0500 ,30665 ,30765 ,31693 ,32_91 .3 905 •331_4 ,3_159 •33293 .33_Z4 ,_3_ ,_3_• 07838 ,07319 ,06887 •0b517 .O6293 •04155 ,02225 "0 5 ,0049[ •00[[6 ,00028 •00000 "O0000

R = 3•00. PERCENT FUEL = R•031 O/F = _e610

Temperature, OK 2747 2679 262_ 2573 2538 2237 1913 682 I_70 1464 [220 1053 733 622

20 O,O_046 0,00036 0,o0028 0,o0023 0,00020 O,O0004 0,00000 0,0 000 0,00000 0,00000 0.O0000 O,00000 0,00000 0.00000

• o0474 • 00392 ,00330 ,o0282 .00251 .00ST5 ,00012 "0 002 -0OO00 • 00000 • 00000 • OO000 ,00000 • OO000

HH ,00191 .00159 .00135 ,O0116 ,00103 ,00032 • 00005 "0 001 • 00000 • 00000 ,00OO0 • 00000 • 00000 *00000
,4762_ •47934 ,46178 ,45375 ,_8507 ,49370 ,49_7 ,4 951 .49969 .49990 •49999 • 50000 • 50000 • 50000

Oln_ • _8500 ,46699 ._8055 ,48961 •49065 •49611 .49_95 ,4 970 ,4999_ .499_4 ,W_999 •50000 ,50000 ,50000

6_e8OH ,03164 .02780 ,02474 ,O222_ ,02055 ,00909 ,00261 •0 077 ,00017 .00016 .0OO0[ ,OO000 .00000 ,00000

R = 4,00, PERCENT FUEL = 3•054 O/F = ie746

Temperature, OK 2381 2309 2249 2196 2157 I_60 i_54 3_ 1164 II_ _5Z 61_ 55i 453

0.00004 0-00002 0.0000 "_ 0•00001 0.00001 0o00000 0.00000 0.0 000 0.00000 0.00000 0.00000 0-00000 0.00000 O.O0000

• 00094 • 00069 ,00052 • 00C40 .00033 °00005 • 00000 "0 O00 • 00000 "00000 • OOOOO • 00000 "00000 "00000

H2 • _0026 ,00019 -00015 -00011 ,00009 -00001 "00000 -0 O00 ,00000 "00000 "00000 "00000 "00000 • 0OO00

H_O •39338 ,39465 .39559 .39629 ._9680 .39910 .39986 °3 996 •40000 ,40000 .40000 •40000 ,40000 ,40000

• 59523 .596[8 ,596db ,59738 ,59794 .59938 .599_I ,5 996 •bOO00 "60000 ,_0000 •60000 -60000 "bOO00

• 01C|5 .00826 ,00687 .0C580 "000_3 "0 .00000 *

R = 5.00. PERCENT FUhL = 2._.56 O/F = 9.683

abs 600.00 500,00 428.57 375,00 333,54 150.O0 60,00 3 ,00 15,00 14.70 6•00 3,00 0,60 0,_0

P_essu_e, Ib/_q _n. _,10014 3,_009 0,O0O06 e,000_5 0.000'33 0,09000 0-000eO 0•0 000 0,00000 _-O0000 0,00000 0,_O000 0.00000 0,00000

Temperature, _K 2072 2002 19_4 I694 i65_ I678 1303 I_Z 96[ 9_b 777 65_ 4_ _6_

O ,_O?SP ,002|2 ,00165 .90131 .00]07 ,00021 -DO002 -0 O00 .00000 •00000 -00000 "00000 ,00000 ,0000Q

HH ,q00S3 .00002 ,ODO0| *90001 ,00001 ,00000 ,00000 ,0 ,O00 ,00000 .00000 •00000 ,00000 ,00000 • 0000q

O_ .b6538 .bb571 ,66D9_ ,6t_Od ,b6_ _0 .66658 ,66D66 .6 667 =b6667 •D_66_ .6bb07 ,66667 ,66667 ,66607
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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

Equiv- Fuel. IOxldant- Com- Exlt Charac- Charac- Entropy. i Area Coeffl- Specific

alence percent!fuel bus- tem- terlstic teristic- s. ratio, clent impulse.

ratio, we_t weight tlon pera- veloc- velocity cal ¢ of I.

R ratlo, tem- ture Ity. exponent. (g)(oK) thrust. (ib)(sec)

2(O_/H O/F pera- T e , c*, 0 v

ture. o K ft/sec no*

T c .

o K

CHAM_£R PR_SSORE. 60 POUNDS PEN SUuAN_ INCH AbSOLUT£. E_UILIBNIUM COMPO_ITIU_

0,I_0 _b.65 1,190 lib3

• 200 38.65 1.587 1514

• 250 53.vt 1.98_ /_lb

• 3O0 2_._7 2.3_I LOdV

• bOO iI._ _oT_Z _01_

°TO0 Ib,Zb b.5_6 J_Z_

• _00 13.60 b.3_ 3168

• 9O0 IZ.Z_ 7.i_3 5ZI_

L.O00 II.I_ 7.937 3Z17

_.000 _.051 Z3.UlO Zo_

8L9 lZw? 0,0000 9.3807 I,_ 1.038 233.7

107_ 7607

1_o 7W30

176_ 79_b

lWTO _001

Z_Z_ 7_12

Zlb_ 760_

2_ 7277

z_bb 70_

Z_6 6_6

L1/_ O061

• 0000 8._I72 1.266 1.03_ 24_.7

• 00O0 1.81_7 1.268 1.033 250.8

• 0001 6.7611 1.289 1.029 _55.4

• 000_ b.5_90 1.30Z 1.0_7 _55_3

• OOZ9 b. Olb7 1.316 1.02_ 15_.0

• 00_ _.72Z_ 1.53L 1.02_ Z51.8

• 00_0 ).ZWID 1.33_ 1.0Z3 2_b.7

• 0105 _._659 1.369 1.022 Z38ob

.0119 _.5644 1.376 1.022 231.2

.01_5 _.3169 i°379 1.022 _Q.l

.0126 _.II01 1.380 I.022 217.5

• 0109 b,_371 1.37_ I.OLZ 19Z._

• 00b_ _.06_3 1.3_8 1.0zz 17_._

• 0040 _.oblO I._3_ 1.02J 154.8

• 000_ i._3_ |.511 1.026 139.2

• 00Ul _._Y_b 1.29_ I.OZ9 I_7.0

.Z00 38.6_

°290 _5.bI

.350 2b._7

• bOO Z0.12

• 600 17.35

°_00 _

.b00 I_.60

1.000 _l.i_

1.300 7.74_

2.000 5._Z7

3.0OO _.031

_.000 3.05_

_°000 2._56

_HAMdER P_hSSUNE. 150 POUNd5 PE_ 5MUA,h I_<_ Ao$ULUT£. _UUILI_RIUM CO_PUSIT[O_

1.190 _3 b3_l tz_ o,ooo0 _.yo_ 1._97 1.2_1 Izs_.o

• 0000 8.1661 2.033 1.261 Z9_.2

• OOO0 l.biZO 2.01_ 1.262 _05.6

• 0000 _._71_ 2,111 1.26_ 311°5

• O00b b,I_15 2.1_Z [.266 3_5.0

• 00_6 _._I/0 2.2ZI _.267 31_.7

.OIU3 3.3_Ib _._7_ 1.283 Z_.O

.0079 _°9807 2._27 1,280 222.4

.O03Z Z.Sbb9 2.301 1.272 193.0

• OO07 2._706 2.2_5 1.267 172.1

• 0000 _.22_ 2.[71 1.266 156.9
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TABLE V. - Concluded. SUMMARY OF COMBUSTION PARA/IETERS, CHARACTERISTIC VELOCITY,

AND PERFORMANCE FOR EXPANSION TO SEA LEVEL FOR LI¢_UID HYDROGEN WITH LIQUID OXYGEN
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