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THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKET THRUST
CHAMBERS

By Giuert K. StevERrs, Wintiam A Tomazrie, and Gronrei R. KinNky

SUMMARY

Theoretical rocket performance data for the pro-
pellant combination of liquid hydrogen and Liguid
oxygen are presended in convenient graphical forms
to permit rapid determination of specific impulse,
racuum specific impulse, and characteristic velocity.
Data are presented for both frozen and equilibrivm
compoxsition during erpansion for chamber pressures
of 15, 30, 60, 150, 300, 600, 900, and 1200 porndds
per square inch absolute orer @ wide range of pereent
Suel from approzimately 8 1o 34 and area ratios to
approcimately 300.  For rapid calewlation of the
theoretical nozzle performance with over- or wnder-
cxpansion, separated  flow, and introduction  of
propellants at different initial conditions or heat loss
from the combustion chamber, the follmving theorctical
data are also presented: combustion-chamber temper-
ature, nozzle-exit temperature, and the ratio of
chamber-pressure to nozzle-exit pressure. A casy
method is given for estimating theoretical specific
impulse at chamber pressures other  than those
presented.

INTRODUCTION

[nterest in hydrogen-oxygen as a rocket propel-
lIant combination for a wide variety of applications
including stages for launch vehicles and outer
space probes has inereased the need for theoretical
performance data over a wider range ol chamber
pressures than has been generally available (60,
150, 300, and 600 lb/sq in. abs, ref. 1). To
answer this need, data {or chamber pressures of
15, 30, 900, and 1200 pounds per square inch
absolute were caleulated.

Generally, rocket performance parameters (Lo,
1, ¢*) have been tabulated or presented graphically
as a funetion of pressure ratio. In this report,
specific impulse data are presented in a convenient

graphical forn as functions of the ratio of nozzle-
exit to nozzle-throat area.  Characteristic velocity
data are presented as functions of chamber
pressure.  These plots, which may be obtained
in large working sizes (by using the request form
in back of report), ecliminate tedious tinwe-
consuming interpolation.  The following condi-
tions are considered:
(1) Eight chamber pressures (15, 30, 60, 150,
300, 600, 900, and 1200 lb/sq in. abs)
(2) A wide range of pereent fuel by weight
(7.749 10 33.51)
(3) Equilibrium and lrozen composition during
expansion
4) A wide range of arvea ratio (1 to approx. 300)
Methods are deseribed for using these data to
obtain quick ealculations or estimates of theoret-
ieal performance at the following conditions:
(1) Over- or underexpanded flow in nozzle
flowing lull
(2) Flow separation in nozzle
(3) Introduction of the propellants at different
initial conditions or heat loss from the
combustion chaniber

(4) Chamber pressures  other  than  those
presented
SYMBOLS
A nozzle arvew, sq in.
v coeflicient of thrust, Cp=g 0/ >~ F/P A,

c* charncteristic veloeity, ¢ £ 4w, ft/see

¢, specific heat  at constant  pressure,
7 i N ol
QT ,, cal/(g) (°K)

r thrust, 1b

e gravitational conversion factor,

4 174 (l‘z !,!lﬂ,S:‘) ( ft )
22 LD foree/ \see?
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o 9 . .
Iy sum of sensible enthalpy and chemical
energy at temperature 7, eal/mole
h sum of sensible enthalpy and chemieal

energy per unit mass,
>0 I M, ealfg
7
1 speetfie impulse with ambient and nozzle-
exit pressures equal, (Ib foree) (see)/
Ib mass

Toue specific impulse in vacuum, (Ib foree)
(sec)/Ih mass

M molecular weight, 25 0., g/g-mole or
Ih/h-mole :

O/ F oxidant-fuel weight ratio

r static pressure (sum of purtial pressures),
Ih/sq in. abs

n equivalence ratio, ratio of two times the

number of oxygen atoms to the number
of hydrogen atoms, 2(0)/(H)

T temperature, °K

w mass-flow rate, Ihfsec

- mole fraction

€ ratio of nozzle-exit aren to nozzle-throat
area, <./,

€ ratio of nozzle-separation area to nozzle-

throat area, .1/,

Subseripts:

a ambient

¢ combustion chamber

¢ nozzle exit

¢ product of combustion

m mean, after flow separation

" at initial or ealeulated theoretical condi-
tions

P constant pressure

s at separation point

{ nozzle throat

1 corrected for over- or underexpansion

of flow in nozzle

2 corrected for change in initial heat con-
tent of propellants or heat loss from
combustion chamber

3 correeted for change in initial heat con-
tent of propellants or heat loss from
combustion  chamber and over- or
underexpansion of nozzle

4 corrected for flow separation in nozzle

METHOD OF CALCULATION

Theoretical rocket performance data for liquid
hydrogen-- Jiquid oxygen at chamber pressures of

60, 170, 300, and 600 pounds per square inch
absolute were obtained directly from reference 1.
Additionad theoretieal performance data at eham-
ber prossures of 15, 30, 900, and 1200 pounds per
squarc inch absolute, assuming both frozen and
equilibrium composition during expansion, were
[urnished by the authors of reference 1.

The calculations were based on the assumptions
used in reference 1 and are as follows: perfect
gas law, adiabatic combustion at constant pres-
sure, isentropic expansion, no {riction, homo-
geneous mixing, and one-dimensional flow.  The
products of combustion were assumed to be the
following ideal gases: atomic hydrogen, H; hydro-
gen, Ty water, H,0; atomic oxyvgen, O; oxygen,
O,; and the hydroxyl radical, OIl.  The propel-
lants et injection were assumed to be at the boil-

ing points as given in table T (from ref. 1),
THEORETICAL PERFORMANCE DATA

Thriee theoretical performance parameters, ¢*,
Leae, and £, are plotted in figures 1 1o 3 for both
frozen and equilibrium composition during  ex-
pansion for chamber pressures of 15, 30, 60, 150,
300, 630, 900, and 1200 pounds per square inch
absolute with a range of percent fuel by weight
from 7.749 to 33.51 as a parameter.

Figire 1 is a plot of characteristic veloeity
agains. chamber pressure.  Figures 2 and 3 are
plots of vacuum specific impulse and  specifie
impules, respectively, against the ratio of nozzle
exit-to-throat area.

SUPPLEMENTAL DATA

In order to caleulate theoretical performanee at
condit ous other than those presented in this re-
port, the following supplemental  data  arve
presented:

(1) Combustion-chamber temperature and spe-

dfic heat for the given chamber pressures
wnd pereent fuel by weight, table 11

=

(2) Nozzle-exit temperature, figure 4

(3) Ratio of chamber pressure to nozzle-exit
yressure, figure 5

The puoameters of figures 4 and 5 are presented

as functions of nozzle area ratio,
METHODS OF USING SUPPLEMENTAL DATA

The methods and formulas presented herein are
helpful in using the supplemental data to obtain
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theoretical performance of nozzles being operated
at the following conditions:
(1) Over- or underexpanded flow in nozzle flow-
ing full (case A)

(2) Change in initial heat content of propellants
or heat loss from the combustion chamber
(ense B)

(3) Combination of conditions (1) and (2) (case
o)

(4) Flow separation in nozzle (ease 1)

(5) Chamber pressures other than those pre-
sented (ease E)

These methods and formulas apply equally well
to either frozen or equilibrivm composition during
CXPUnNgIon.

CASE A

OVER- OR UNDEREXPANSION OF FLOW IN NOZZLE FLOWING
FULL

The specific impulse corrected for over- or under-
expansion of flow in a nozzle flowing full is

L )
L=ty ()
w
where
>
w! p;i,!/r )

Therefore,
renal L ()

=14 /]/ _111) (o ( i/* ) (3)

For example, consider a thrust chamber using
liquid hydrogen with liquid oxygen as a propellant.,
The nozzle has an area ratio of 6 and is to be oper-
ated at 300 pounds per square inch absolute cham-
ber pressure and 13.6 pereent fuel with an ambient
pressure of 14.7 pounds per square inch absolute.
The theoretical specific impulse with frozen com-
position during expansion is desired.

The values of the parameters needed for equa-
tion (3) are as follows:

e=b
PoPa—20.41
[,=343 Ib-sec/lb from fig. 3(])
PP, =43 from fig. 5())

c¥==7237 from fig. 1(h)

Therefore,

D =343 (1/43—1/20.41) (6) (7T237/32.17)
=308 Ih-see/lb

CASE B
CHANGE IN INITIAL HEAT CONTENT OF PROPELLANTS OR
HEAT 1LOSS FROM THE COMBUSTION CHAMBER
The results presented i this report are com-
puted for adiabatic combustion with propellants at
the initial temperatures indicated in table 1. A
change in heat content of the combustion gases in
the combustion chamber would result, for example,
from heat loss in the combustion chamber or from
the introduetion of the propellants at a tempera-
ture other than the one indicated.  The corrected
specific impulse assuming isentropic expansion and
the same combustion and exit pressures as in the
mitial calculations may be closely approximated
by the following equation:

i [2on7 (\1—,,.—4) A, 4)

where Ak, is the change in heat content of the
combustion gases in the combustion chanmber and
the subseript o indicates the original values of the
parameters.  This equation is derived exactly in
reference 2 for these conditions (isentropie expan-
sion and constant pressure ratio) and contains a
second-order term,  Actually, if pressure ratio is
held constant, @ change in heat content of the
combustion gases generally will require a change
in area ratio; and conversely, if area ratio is held
constant, the pressure ratio will change.  How-
ever, numerous cualeulations have been made to
compare the approximate values of spectfic
impulse as given by equation (4) and the true
theoretical values.  These  caleulations indieate
that by dropping the second-order tertn and
assuming  pressure ratio and area ratio to be
constant, the error involved is about one impulse
unit.  This order of error should hold as long as
Ak, is no more than several hundred ealories per
gram. of propellant. The accuracy of plotting
and reading the curves is probably no greater
than this.

Characteristic veloeity * is also affected by a
change in the heat content of the combustion
From

SO
Tuses,

*:](/r r’)

¢ . (O
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the correeted ¢f becomes:

e T2 B (6

o~
-~
-

The ratio €,/ has heen ealeulated and found
to deviate from \unt.\' by less than (L0017 over a
Therefore, tor all
practical purposes the ratio can be taken as equal
to unity, and equation {1 reduces to

wide range of conditions,

e § ()

As an illustration, a thrust chamber using
anscous hydrogen at 25° (' with liquid oxygen as
a propellant is considered. The nozzle has an
area ratio of 10 and is to be operated at a chamber
pressure of 150 pounds per square ineh absolute
and 15.24 pereent fuel.  The ambient pressure is
that neeessary for ideal expansion.  The theoret-
ical characteristie veloeity and  specific impulse
with equilibrium  composition during expansion
are desired.

The parameter
() are as follows:

values necessary for equation

(T9,=3231° K from table 11
(7,),—1895° K from fig. 4(g)
1£,=385 Ibh=sec/Ib from fig. 3(g)

For this example, Ak, is the enthalpy required to
convert liquid hydrogen at its boiling poimnt to
gas at 25° O per gram of propellant.
table I,

From
AH7=1894 caljmole

-

For 15.25 percent hydrogen by weight,

22 g/mole

and

Al 1894
A="11 =13 95

=143.3 callg

The corrected specific 1mpulse can now  he
obtained by substituting the preceding values
into equation (4); therefore,

830) (143.3)

2i ;LI{' ;' L)-'
13=(385) (1 5

or

1,=2392 lb-sec/lh

ALRONAU ICS AND SPACE ADMINISTRATION

The corrected characteristic veloeity ef 1s deter-
mined by substituting the

vadues of 7, 1., and
A (TRTT fifsee from fig, 1(a)) into equation (7);
therefore,

D) L
):7«;9() i jsee
CASE (

COMBINATION OF CHANGE IN INITIAL HEAT CONTENT OF
PROFELLANTS OR HEAT LOSS FROM THE COMBUSTION
CHAMBER AND OVER- OR UNDEREXPANDED FLOW IN
NOZZLE

The specific impulse corvected for change in
initinl heat content of pl()p(‘]].mt and for over- or
underexpansion of flow 1s

r,—pr,

L=I4=%

Uy

’ "le (S)

where I, is obtained from equation (4). Com-

bining equations (2) and (7) gives
P.Ay I .
wy=( —= "}°> ( (9

By the use of equation (9), equation (8) be-

come
A () <’;‘7fz‘><§3‘>
ol 0 G

The example given in ease B is used to illustrate
the use of this equation.  All conditions arve the
same with the exeeption that the ambient pressure
is A0 pounds per square inch absolute. The
theor »tical specifie impulse with equilibrium com-
posit’on during expansion s desired.

From case B,

1371—{—

1,=385 1b-seeflb
e=10
rJr,
15392 Ih-seeflh
7 fi/sec

=757

The remaining value necessary for equation (10)

e
72]

P /P.=73 from fig. 5{g)
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Substituting into equation (10) gives the specific
impulse corrected for change in initial heat content
of propellants and for overexpansion of flow:

L TRTTN 392
— 542 () -
Ty=592 +< 73 ~m> (19) (,:42.1/,)(\,)3;,)

=345 Ih-see/1h
CASE D
FLOW SEPARATION IN NOZZLE

The specific impulse corrected for flow separa-
tion in the nozzle is

Z ? R rz
w

1+ /:1 ”(l—*'x‘) (1])

where 7T is the theoretical specific impulse cor-
responding to the separation arca ratio €, which
is determined by the sepavation pressure ratio
PP

Much experimental work has been condueted to
determine the values of P, and P, (see rvefs. 3, 4,
and 5). Referenee 3 states that the separation
pressure for a nozzle i a function only of both

ambient pressure and nozzle geometry.  Data
from various sources indicate that separation

pressure is insensitive to other flow parameters
including fluid properties and coniposition.
By rearranging terms and by the use of equation

(2), equation (11) becomes
ct P,
L:]H‘(?}:)[Gs PP >+ P P ] (12)
a liquid-

To illustrate the use of this cquation,
hydrogen -~ liquid-oxygen thrust chamber with a
conicul nozzle having a 15° hall-angle divergence
and an area ratio of 6 is considered.  The thrust
chamber is to be operated at a chamber pressure
of 150 pounds per square inch absolute at 17.35
pereent fuel with an ambient pressure of 10.0
pounds per square inch absolute.  The specific
impulse with frozen composition is desired.

The value ol P, obtained from reference 4,
ig 3.56 pounds per square inch absolute.  There-
fore, PP, =150/3.56=42.1. By use of this
e.—5.8. With this value
be obtained and 1s 4.76
Using the value

value and figure 5(h),
and reference 4, 2, can
peunds per square inch absolute.
of ¢ and figure 3(h) gives

T,=359 1b=sec¢/lb

. ) LR .
From tigure 1(b), ¢,= 7621 feet persecond.  There-
fore, the corrected speeifle impulse for nozzle sep-

476
l)())

/4761000
Jr'“(flso"lsu):l

aration lrom equation (_12) 15

—3504( -

.{‘.2]1)[

==208 |b-see c‘

CASE E
ESTIMATION OF THEORETICAL SPECIFIC IMPULSE AT
CHAMBER PRESSURES OTHER THAN THOSE PRESENTED

There are many methods and procedures that
can be used to estimate accurately the theoretical
specific impulse at chamber pressures other than
those presented in this report.  One method
using the data is deseribed herein. This method

alid over the entire range ol pressure presented
but is illustrated only for a particular range of
pressure.

Asan example, n Hquid-hydrogen-
thrust chamber is considered.  The nozzle has
an area ratio of 5 and is to be operated at
a chamber pressure of 350 pounds per square
inch absolute and 15.25 percent fuel with an
ambient pressure of 14.7 pounds per square inch
absolute.  The theoretieal specific impulse with
equilibrium composition during expansion is de-
sired.

By use of equation (3), the theoretical specific
impulse can be caleulated at 15.25 pereent fuel
at chamber pressares of 150, 300, and 600 pounds
per square inch absolute. The necessary data
are obtained from the appropriate curves and
are as follows:

liquid-oxygen

Chamber pressure, Ib/sq in, abs
Parameter

‘ 150 300 600
€ 5 | 5 | 5 |
Por, Po10021 0 20041 ‘ 40. 83
Iy 351 352 | 354
P, 28, 4 20.0 29. 5
o i 7577 7669 7669

Inserting these data into equation (3) gives
(I)=277 lb=see/lb
(T aoe =335 Th-see/Th
(I )e00 ="
A plot of theoretieal specific impulse against
chamber pressure with percent fuel as a param-
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eter can then be made on semilog paper as
follows:

380 S

Equitibrium expansion
360- -€ =5
Pa =14 7 lb/sqg in. abs

340- :
9 '
~ !
g 1
" 320 . . .
) ~15.25 percent Hp |
N by weight ‘
=~ 300- : : : ;
280~
260 - : -
100 150 200 300 400 500 600
1< Ib/sq in. abs

ch

From this plot the specific impulse at the desired
chamber pressure of 350 pounds per square inch
absolute is found to be 343 pounds per second per
pound.

This same procedure can be carried out for
other pereentages of fuel so that a cross plot of
spectfie impulse against percent fuel can be ob-
tained for any chamber pressure within the range
of 150 to 600 pounds per square inch absolute.
This iy particularly useful and timesaving when
test data are obtained with the same thrust eham-
ber at various chamber pressures.

CONCLUDING REMARKS

This report contains theoretical data on hydrogen-
oxyeen as a rocket propellant combination over
a wide chamber

range  of pressures (15 to

AERONAU T ICS AND SPACE ADMINISTRATION

1200 Ihisq m. abs).  Conventional rocket per-
formance paruneters are presented primarily as
functons of expansion area ratio, so that the
performance is related to engine geometry rather
than to thermochemiceal parameters as is usually
done.  This form ol presentation allows rapid
and necurate caleulation of theoretical perform-
ance  for any  hydrogen-oxygen rocket  thrust
chamoer being operated at any chamber pressure
within this range at design or off-design condi-
tions.  The off-design conditions include over- or
underexpanded flow in nozzle, flow separation in
nozzle, introduction of the propellants at a dif-
ferent level of heat content or heat loss from the
combastion chamber.

Lewrs ReEsgarcH CENTER
NAT:0NAL AERONAUTION AND SPACE ADMINISTRATION
Crevenasn, Onro, Mareh 13, 1961
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TABLE I. -PROPERTIES OF LIQUID PROPELLANTS

i Propertiex

Molecular weight, M
Density, gice
Freezing point, °C

Boiling point, °C (propellant temperature wsed in this report)
Enthalpy required to convert liquid at boiling point to gascous

clements at 25° C, keal/mole
. Enthalpy of vaporization, keal‘mole
i Enthalpy of fusion, keal/mole

‘ Hydrogen Oxygen

; 2.016 32.00

| 0.0709 at —252.7° C 1.1414 at  182.0° C

‘ 259.20 218.76

‘ 252.77 182.97

1 1.894 1 3.081

L0216 at - 252.77° C | 1630 at - 182.97° C
0.028 at  259.20° C 0.106 at - 218.76° C




RS

CHAMBE

THRUST

T

ROCKFE

N

1k

HYDROGEN -ONY(

or

"

RFORMANCE

5

THEORETICAL Pk

ZINL 0661 T LISL w661 ] crog
Toen0c K01l 60 ¢RIl [1E5r |
I 1 o SO A S S BN & O I Y 9668 1
Is¢e GLEE T 62ea oute T Hlec Zeve Locr 'l
881G PR 1163 S S s 1 S 15 § St L00¢
H96E DFOF T 6E6E CIEF T FEGE 108 T 1629 71
et 009 T 9ETE 9CHY T BOTE (TLOL T GCly Luus ]
fere ICHR P orE 888G L I8EE 1081 T L0EE Q668 T
LS UGG @ LY 68t T I8TE 6061 T €6El 1861 T
[2gild ROF G @8CE STTY T 9L 96899 T 0ERE 9cu6G T
[RALIY L9et '@ 16Ck (L9Ch @ FRGE RC0Y T LErd TI88 T
Stre CLOt T LIFE CORC T FLEE RGN T et 1E008 ]
L.\\ .~v2L L.\\ ” L.;L &r\x &.QL krh .w,;L
S TR ,
00cl 006 009 00€

9181
260z
HLET
gees
Cerz
188¢
L60g
[E45
Fogs
Qe
Het
Hl1ae

0FOC

Y181

, 1 TOOIST gl
STEF T 680C T 09808 6T8E
122k 1 6aes | To0EeE geee
GISE T CIgeR CL00f 1reg eenl ]
LI0O9 T 969E GGSL T H90E 196 ]
XLl 8TBZ OLI0 T ESLTl0GRT T
006 T 108 NS T 16T (LIS’ T
OeOL T RTLE 6091 E 6RO FRYC R
CHAT G 88IE €196 (1018 1E80 T
RS RO SR Wl S 121 U S vl ST o 21 B
CCRD ¢ LISE L2E9 e LTI 0L00
TH66 T jorTe ﬁm“:m.m |EL0L  [108¢ 7
A, oty u.h v L.> : 2rd
|
0¢T , 0y 0¢

squ rur bs'qr ‘oanssord aoquier )y

LY OIAIDMAdS ANV SINRLLLVIHJINGL HHIINVH)-NOLLSdIvO,)

¢Islr slaes

EROC LG
KOEC 001Y
LA OR aV tt
10 peol
eale erer
CR8C Otee
1266 6116

6E08 8l
196a  :1le8

9roe Crot
D808 6He8E

AN ———

[t

~

AVOLLAUYOHL (I I8V

A o
6" 8¢l ,
D1 6LTL
¢l 6L L

y | uaaaed



{UHOUDL SHT) JO qaR 9} UL WI0] Jsonbad 91} BUISH A POUIR (O d(] UKD ¢ O) T "=RY 40 =R
Supjlom afidueg 99 Jo 108 sepdwion ) wa8Ax0 praby pug ua01pAy pubil jo A100PA DHSUO DRIV (R0 ], ] THADT{

“uorsuedyy Funmp uonoduroos wnqmn

sqo "ul bs/q) ‘% ‘sinssaid Jaquoyy

000'01 0009 000 0002 000! oos 009 ooP 002 00! o8 09 or oz Ot
, B i ,
A e oo HHEHE T30 H
> EY § £ H i §
\'1 = asy H T “ET HH
r‘ﬂ -1 + -4 I i1 : SRS - L1 41
£ BRI : Tt : HEEEE
Z : i ! ! [
7 HH = Hitity
oo
- - HH 3
A g28e 22 2 EH 00v S
3 H H HHH
] » 1
< [ H
=9 H =
17 £ T b
a = ] s . - 1] sSsREEEZ
Z — T - 1 F + 0086
- - TR
w\u - H O
=~ S s = H
= 3 ]
z si=z i T H HHH 0029
2 H
% = sies = it H -+ F H 1]
= M i . - H . - 0099
5 1 H b
= o r - 3 &
) X == H H Frid 1 LT T
% L 3
! = I =t . + 000
— £ &
— 6!1°1t -
| EE =4 HHiH T 1 ]
L 1
- 3 = LI H
> 822 H 14 =
e gst £ H L 1 1T
< = o]0} 72
P 9! 4314 1
= | =
= EEERSE
¢ - {11 - - 414
M 3% 1 H SEEEE 5 ._: LHH 1
&7 - H RSBSOS B 11 | SRE
> : HH s =2 2053 31 : 0082
~ Se i T
= | i5°62 R =
=
= HHHT
t T3 g . X ]
- : H TS H 0028
1H1- 1 e i 1
6¢2
e 2 FiHEE wbiem 4q wassad - EStS § H BER:i: 1
sl ‘pjadoid ui tang
PR

3145148470047

‘Aj130|a4

985/1) ‘w0



RS

’l

CHAMBE

THRUST

ROCKET

EN

X

OF HYDROGEN-OXY(

RFORMANCE

u

THEORETICAL PE

‘usg£xo pmbif pue uaforpiy pmbiy Jo L3002 NISUDIIRIVYD [BINAOIYT, PIPRPUOTH—'] TAIADLY

suosundxo Fuunp uonsodulod wazor ()

sqo ‘vl bsyq) ‘% ‘esnssaid Jsquwoy)d
00001 009 oor 002 000! 008 009 00% 002 001 o8 09 ov oz [¢])
S= 5 EEE H HH H SSS R | 4] RSN i H i Bt T
F(a) i ; F FHH
== - H H300bS
EEAREEEE i 0086
1 - HH
mH = Hevs 2 TFET 113
- 0029
= - H HH g 0099
Hw[ll\M]T 3 a s 2 611 & . . &
- 0004
S2= 21 H
22 bl HHoov.s
E £z gl
w H
i 5 i Heiy 1 H
2102 O H
= S c———amewe 3
HH e i AR R 2oz
H gt s g T - 'St FISEE HH]
8t 8127 1812
2b'92 ig'62 37 ww
Hs6'c2 T Govs HH 0028
HEr R 2b'92 HH
== H 1 ybram £q juadsad
= g ‘juojjadosd ui jang 3H
P
SSE=SSESE SNt
Hi

'AJ10018A J1S1IBJI0DIDY D

'3

295/4}



ADMININTRATION

~PACE

AND

R=ITT—NATIONAL AERONAUT Cs

REPORT

CHNICAL

TE

10

000! o008

TPAPRIPUT OIPET BAIL

009 00v

"o {x0 pmbif puv udBoap.Ay piubiy yo wntara UL WsndWl 9yLoods [BILJOI0I [, — 5 U 101y

0} ucrurdxa ordonjuost Sunnp wonrodoy wnuqnbo onosqu yout orenbs tod spunod ¢ ‘edussoud quieyy (v)

» '0D8iD 1DOJY4-04-})X8 B|2Z0U 4O 01,0y
002 Q01 o8 09 ot 02 ol 8 9 t 2

00¢

ove

o8¢

02t

09¢

[o10]4

(6744

61534

..
=+ (0) T L. [
—1 -4 - - - H T+ .IA.‘J
EEnS - i | SRR s : ¥ A | L]
SSERE J33E22 ] R H
H E £ - + £ 1512 =Y |
H - I = 4
1 o - I : 24
H - bt b
H HiH 3
: H s ——— P
E H- 3
L g E = H
E T p = R ®;
H H HHE H Pt 4 - A A A1V
- 8 o - t¥ a9 s % &
HF - R B 411 1A . F
= LT L LA LA 8
5 S 3 = "
1132 EE=
S = HHHH T : : Hi
1 B | L 2 =
: 3 e EE=S b Ui H 3% LH
L1511 L] 2s -1
- H T 1 F L1 3 - % 35
HiiEt 22 H 9% |41
i B - b l\\ L
28 AY T
. L4 L4 RIS o 113 1
EINSESEsE H Sl T
WE:- 3 LR
] 0 3 r1 2
4 T H ] 4 L1 LT 1 : =
7 - 11 = 14 -~ 1 1 14
i [[HH LA TT U LT u.
3 - H - -
1 -1 14 § ‘Ixxxunnm !\,\h“l w k. g -
HiT Fees b4 P E =S T
L YT 1 LT Loe i it
H BE X3 - Waiiinttoe 3 =
T F o 92l P T F i Hitt
.- T =
22t it i
611 . b
1 H
8z¢l
09E (H4T i FEEE T 1
N B T T — 2 I
3 $ —+ 1 ] H o - {

ql799s-9) “?%7 ‘wnnoor uy asindwr 21j108dg



11

RS

CHAMBE

THRUNT

T

ROCKE

BN

V-ONXY(

B

OF HYDROC

ORMANCE

“RF

PL

ORETICAL

THE

2001 008

009

‘oA xo pinbip puw uagodpay pibip Jo wutovs ar ospduar ogoads RTDIoN [, CPonunun) g auanIy

‘pajealpur onel woaw 0} norsundyd odogguast Fuunp vogrodwny wozoay fnosqe qour savnbs 1od spunod ¢ oanssoad doquanyyy ()

3 'D3JD JDOIY}-0)-}1X3 3| 220U jO ONDY
00t 002 (e]e]] 08 09 or 02 0

58] i i ‘
IR R - ‘ Shi : i
- . ) ~14 1 1 { !
T 11 1 11 4 - 1
1 H 5 P -4 HH ¥l
EEERE e A
Bk g o i & TH1H i et
B B S g 4 3 +- ¥
- - { - T 1 - 1 " 1
[ | HH | 1 R HH
—+ == =2 ] H AT
H e L I
. ] - - —‘h\x 171 8 !
H - T —F-4 1 4T a8
H - Er 1 HH TR -
H L4+~T 1 1 - %! Lt ¥ %
F - - - 1 31 1 LT ¥, LA
s = & E s gm H 1 I ”
i : FEEE T LT ] LT LT AT T A
M 5 ‘
111 BEE B2
g Eas BT L 14 2 -1 M
EE I NaNagEs= it SRR T T s
E v L HHHH T 25 H Biscs 1] H.i8°12
B T - 1 4 L] g af g |
3 1 me i IH Pk
H T I 11 g6
EEBEES - Hiiaies g = zailiiit: ot geg
- = r s=
EERE H jaRES SPRERREZ H B ] 2 ] L £ ¥
14 1
s g - L % -F T
1 i - 5 n“m\ 3
EEEE: T - EraaBERRIED of L f
3 +F 41 Wesenh skl SREES:
S EERE e 3 HHH | T T 4111 H i
== H E Lt -4 JHL
1 1+ AT B8 1]
L = F75%62 { -1 ]
- cees
T - - f16'92 . EEES Y
341 1Y H
it H 4 H H-
1 3T e ¥ H — 43
- * REREEEN ] L1 0
wybram Ag juavuiad 1 = 3 HH SR
s Yyuo|(edosd ul |ang
o e o 3 I 1 r - 1 41 3
& 333131 BERE i 114414
o o e H ] | 133 = T SESSEERE . . 41
34 L1

ove

oce

09¢

(07747

ql/2as-q} 2% fwnnooe wr asindw 213193dg



ADMINISTRATION

~
Y

3

SPACE

AND

=3

~

RONAUTI

R—111—NATIONAL AFE

REPORT

TECHNICAL

12

‘wed Ax0 puby puy woderpsy pmby jo wnnags ut ospndwr oyraads [BA0I00Y ],  PONULIUO)—'T HHADI ]

‘pojroTpUl oned voaw 0} uorsurdyas ordorpu

1 dunnp uonysodwod wnuqimbe (aInosqy your savnbs dod spunod (g ‘oanssoad squueyy (9)
3 'DAJD J0OIY)-04- XD BIZZOU JO OHDY

000! 008 009 oov 002 Q01 o8 09 ov 0z o]} [] 9 ] 2 }

mwm r T i et 002
szdbECs 5
e : 3 HH ov2
oee
= Ho2¢e
- o o 8 . 1 .
2 - £
VIS s
e i i5¢c +HH]
ii HEFE HNT 2102
HONH &as 09¢
G55 F
be 4, 00v
FH = H g H HH 25
% L i
B e 53 } L ]
FEoEssss: B e i .
L1 B Wi H 924 Ty . T
i bt o b 2z s ove
= T vi=52 R EE T Sl 5 HH
1v 92 Lt -
- ] H ¥ W
TE
626l Hi A o8t
1ybram HH H
‘Juoyy i == s

A7 ‘wnndoa ui asindwy J11%adg

qi/09s-q '



13

RS

AMBI

‘waBAx0 pmbi pur usFospLy pmbip jo wnnowva ut asinduit syads [uanotoay, pPINuUnRUo)—'g IL10I

‘pareapur o1kl voaw 0y aorsurdxo ardoajuost Junp uonsodwos wozody Iamosqy Yot adsnbs aad spunod (¢ ‘odnssoad woquit) (p)

> 'D8JD |DOJYI-0}-}1X8 9|Z20U 4O OHOY

CH

THRUST

ROCKET

N

OF HYDROGEN -OXYGE

K

il

RFORMANC

VI

Pl

TICAL

)

THEORE

000! o008 009 ooy ooz 001 o8 09 ot oz oI 8 9 [ 2 I
P
b4+ - h mR e
T ‘ i B i ‘ U i T ‘
- (P) 44 i &8 o i ERR! 8 1 3 H
+ - H g Hooz
8 E ove
: 3 08¢
) - I - - 1 3
44444 L - i 11 AT
= H =
Saa 34 2 v ¥
+HH 28 M oze
[ 3
H FE 3T L i g £ i tH ¥ i L
1] ¥ RE=
H Heve's § = F HH L LA H 4 L Y Cotal]
re 12662 111
H ¢ <8 ' oz 11HE
] T Ll woe it nge
0 3]
+1 HHH H + = HHEEH 5 g -
HHH 3 FHHTH 2
e =
HHT § 1 zgaat 1]
e HH tH g 7
h g HEH +H
3 4 i 4+ 805 ) I 1 00t
w_m._m_*.y -2 L1-FT] g= H\\ = g a8 te e e e T
Hi 1562 HH
Tt = 1 5,61
09°¢ HH 3% BERN Caiiiiees T4 %qmm.mm + i H
H r pofinsd to i 1592
it T 2 OSHTEEraP T e s
g SIRIRNEEC ot L HEHATT - JERE!
FH 1668 Sz e +HH H H sss }
SEY Y FHH B H SSERE ST CEVELIEL] 1 3 obt
11 L5 62 LAt BT HiL 1 Yuojjadosd ur jang I H
ks == —= H HHTE
S8 ) 24 =1 1 g
] g Eivoet S ==
H - G6'g2 . R P H 1 H 58
THHT -
EEEE! B E H
= i - -
P HO8p

q1723s-q1 ‘7% ‘wnonooa ui ssiadwi y128dg



ADMINISTRATION

)l

SPACI

AERONAUTICS AND

NATIONAL

R—111

REPORT

TECHNICAL

14

. Ty > 163 ¥ 2 . () . -
wdBAxo prubip puv usBoup Sy pmbip jo winnoes ur aspdmt agraads [EALAIOO T, "pPalIio) -7 HHADL]

PAIEIIPUL O B 01 uotsurdyo o1donuest Futmp uonsoduos nmugiunbs (ajnjosqe gaur aienbs

3 'D3J0 4DO4Y}-0}-4IXd 3| 220U 4O OlOY

wd spunod (g ‘orussoad doquivt )y (9)

009 14 t
00 002 00 08 09 ov [oF o]} [} 9 2 2
T H .
—H HH 1 s H 158
mEME = ied - S + b a8, u\
ams + - H - 1 23
& £ i iiiignnt HH 52
Fi] . Ht HHHEE - PP Hi A
41 4 - I 1ERR! . 3 y
T3 | _ E 1 | . 1 14
s HHH | E H i <
= X > ] r o g H SFEEET & 1 ; = 4 HA
i = 2 - : - HHTH -
. . . . X z 3 1 ]
g | : HEE T A
11 3 =
1 ] o — o
4+ 1t - T 4
- - T1 LAt I
1111 L - L1 i
SR = — R +1— 1 BERRE EERER L~ - SRR
= o e O e 4T
- i rH tHH 1T = H S =
RE - I 1 Hi ~ § E L]
ansasIT ikl HHH H . 1 T H
- H HH E. [ LT P LU
- = = L1 .
E HitiH H 3 JISECE i H L
== L1 i it 1T i -
HT] I AT 210
L L {41 HT L LA A1 L 1692
H H ~ L4 H H —28°1
- gEE=Se 4 T T A e w..m.u
- [ 1 A 32 H «\\ g 562 |
S o 111 udds g - 5
= 13 am— -} 1 h.VNF { 411 \\‘\.\ \-\4‘\ \‘\\\““ - “‘ \““‘
F+ = T 28 A1 LA
| 1 LH] LM T
] 11 HTT LT T [4
3+ A T LT PeastSangpifgy \\“\\ﬁ e
1T 1 333 eq 1111 LT ““\ v T s1S3ESERENE NS
4 L i R T x“nunu.u‘i nnnu\\wm,muw ]
= [1144 L n 3 1 4+
11111 ot HTTTT [-4-11 LA \‘\.\\\“““u._ f 1 il
M43 I SRR L i56'¢c2
1T ik ““\‘r... T nMH“lﬂ‘. e
EESmEm . e = B e g
EESm=E i P T TR ok
T 1 =
61° 1
ERES SN H T2
i 12
-3 1383 H iybam Aq yusasad 1]
F 3 ‘juojadosd ur jany TH
11 9| 1] - - 31T

002

Ovc

0o8e

09¢

(01024

ovy

o8 v

Ql/99s-G} “281r ‘wnnooa ui asindwn dynadg



15

THRUST CHAMBERS

ROCKET

EN

IN-OXYG

HYDROGEF

OF

ORETICAL PERFORMANCE

N
Y

THE

000! o008

009

‘uaBAxo pibi puw uaSoapsy pmbip jo wmnora ur osdutt syaods [RIODIOML T, Ponunun;)y —g 4101,

PopRaIpul 0Nl waaw 03 uotsurdxo ordoduast Furnp vopodwod wazoay fonjosqw 1 aaenbs aod sprmod g ‘oanssoad aoquunyg;) ()

2 'D3J0 JDOIY}-04-}IX3 8|ZZOU }O 014Dy
oot 002 001 o8 09 ov 02 o]} -] 9 (4 2

. -
S OO T O R T ]
T+ == g H HHET 7 HHH s FH 1 - {HT BERE
g M IARRAR! Bfieces ] - FEHHH H 1+{ooz
E=E 5 = b M ove
b4 b 14 Hl Fri i - H 111 e b A
1 18 LY 3 1
EREZEE H { EEERRE = 14 = oS BE A
m = H - - 1 HH T it HH | |14 sabu 8%
I HH H H 2 H A1 082
%! 1 {4 TN
1 A H
H—+ - 4 1 \
- isusd - i - 1 1 \
- T S - 3 H 111 I 111 ] | 1T 1] }4- SR 1 ¥ ‘.\\ {4
H HHH H-HH : = 28 -Hoeg
- 1111 - _ [l [ el P11 ] .
i
- H 28 m i B S e = v\‘\\
-+ 1 ». >
H 1l = | Lt
EE HHH BESS v L HH SEEE FET 8 ] L
4 L H HH Hr 09¢
= 1 [t 11 \\ BN 113 SERF! 13 \\vl\‘\ L] \\I
411 . B LA
- 4 r EEEs T H
. - 41 1 =T LT P \\\\ \\Mm « 1] .
E= Hi H e i HTHH
HIT 5588 = L E L34 \\\U\ -m\\ )
o T 11 5 o tH
ssSRERSS e H T i50ey LT EesSgiiincoy 1{oor
T Ht ——1-11 FTHHHIHH L1 LT Zi 111
31 3 r4 | ARWRS L L1 §i2 s=Sagiv 4]
== H
= ' 55228 B =202 i Y ] 31T
HHiHH 2 e HEPEART N\ . § 1 T
RE L1 3 TR L {1 pEF N ik
= H ¥ RESS MECe TS T T HHH
S22 us H +H 40bb
= : = 1 8 - 1 H E HHTH it
4 + g 4+ ~ 25 S +H1-H HH H H 08¢
SSSnamEs S== HHE 1ybiam {1 BE H H ] R
== = ‘tuo|jedoid ul - a8 == - HH
HH - 44 13 431
— - K HH 1 T3 = 111 11
H - 3 1 HH 4 ] HHH HH +HH

Qi/29s-q) 2?7 'wondoa u asindwi 01j103dg

3

618157—62



»

ADMINISTRATION

SPACE

AND

TECHNICAL REPORT R—111-—NATIONAL AERONAUTICS

16

uo84Axo pmbif pue uaBorpiy pmbiy Jo wnnoea ur aspnduwr dYIIAAS [BI1BI0AY], PINUPUO)—'F FANDI]
“POJRATPUI O1)BI Badv 0} uotsuvdxa ordosjuasy Juunp uonwodwos wnuqmba fenjosqe your orenbs tad spunod g¢t ‘eansseud aquivyy (3)

» 'D3J0 |DOJY-O-}iXa 3|20V JO OUOY

0001 o008 009 oot 002 00l o 0s ov 0z o1 s 9 v 2 1
;
ESRERS S5 H
FE(6)° 3 3 E . i +
= HH +H 2258 3 3 i 1 I P
& Ly 4 {3 i 31
- ra
- e 123 P E b H H
H f 5
= = i E: 113 A
- - 1 t+ - - L} 4
e+ 1HH - = H
F b ES 3 I
- F T ] H - ¥ 3
- r T HE e 1
] 2= - 111 1 i 5
== RE £ H H
FTE —H I - sans 44 H
= -H HEHEH o HE A 1 28 1 24 \11\ \\C\\ 1
- i 1 3 b HH
SEES H | & 1411 H 1 \x\\“\ 7 m.w‘_
. 3 > o LH U1 1992
i T LT 1M BY il A e
- 353308 us F1H ] 3 o ot » M 1662 H
E - 1] H TSP 2oz
35 }x\wxx HIH L g 12)
- [37% HH 5= ¥ z P H
[ - - 1] L4111 L4 p e HTH1H
11 PladZagi®e T L 1
r T L ummm\\x.\ L - 3 EE
Ht 1 e g el Seg T EHH H
&
15°¢ ; H . AR mm.wn_
SE=S se2-EH 12 s 1 Qu.nm.ﬁnu H- - H
L5 et =2 =224 [LAEZas - H
H I 189 = H1T Heioz:
T T L 11t 22
L HH H ~
e 3 geszs
M L] " T =
- 8 | Hiepense $6°32 4 HEH H
== - Nlm o1 H A 1812 i
8 o = N 5 i ] 3 H
i Eoe
-] R2S & L H 4
T A ‘ ‘ \
H E i
— wbrom Aq juassad 1 - 3 H
- ‘jupadoid ur fany — - +

002

ove

082

(e 49

09¢

00v

[¢1 44

o8y

qis29s-qt ‘227 "wnnopa ur asinduny 914193dG



17

RS

CHAMBE

OF HYDROGEN-OXYGEN ROCKET THRUST

THEORETICAL PERFORMANCE

WIEAXO pimbiy pur usgoap.ay pmbip jo wnnova ug aspudwr ogRads [RINIIOINY,  PINUNUO)—'7 HHADI]

‘poiratput ol vagw 01 uorsuvdxs srdonuast Fuump uonwodwos wazody foynjosqr Your saenbs 1ad spunod ger ‘oanssoad requvy) (4)

» '00J0 JDOJYI-O}-{IX3 B|ZZ0U O OI}DYy

0001 008 009 00t 002 00t o8 09 ov oz o1 8 9 v 2 |
T
muhz V $H Tl - 1 3
S E : HHHHHT Hi1iHooz
Hov2
FEEE YT 1 H] - M1
= 5 H 082 v
= o - e o HT1H °
- - - ®
= 5 ¥ e
It o
- - I w
he}
1 . 1 14 £
== = = H = 4 mONm 3
: L 1 Fam - m
- s . 1 I i <
Q
= e o
NS 15
E s, HH
() g FH - H e b 3
H H 09¢ .
3 i 3
- 1] _ H1 # MJ
£ == H e HH H+ =
EH Hith = # 2102 »
1 rTH IR 256 -4
F H “w 012 <
6 s 592 oo 2
pit : — HH 1H . LA $6 €271
T = 5 GC S AR A THIH
1 HHTT ] s e o el g HTiE
] £ T
; i i 20 :
TCEE + + *Sasd v'92
a3 t =22 £ PLiE =5 £ -
a5 hw.mu-.... = LT - m:n mn “ e Ovv
se°di H F = Tt 4 H
£ H 2102 Hoimdart EEES ES
HH E HH 08p
1biem £q FH g HH
H ‘tup|jado 3 1 F -




ADMINISTRATION

;
“

SPACE

ALERONAUTICS AND

NATIONAL

R—-111

PORT

N
)

RE

TECHNICAL

‘uafiixo pmbil puv usfoapsy pmbil jo wnnova uy osudurt oytaads Rollad0AY], PenUNUO)-——7 HHADI]

‘poraIpul ouwvI BE 0} uosusdxo sidonuast Suump uonodwios wnugimbo tonosqe

» ‘D340 |DOIY- 0} -§1Xd 8)2Z0U jO OLOY

yourt aavnbs tod =punod (go¢ ‘aunssard Joquueygy (1)

000! 008 009 00% 002 00l o9 09 or 02 (o] 8 9 1 2
& r SH - s, S EEE t11
4 I 34K ey i HH : HHH P4
H HIH : FLE
+ - H T - =8 ; T . - T LA -
EEE HH E = SRS T FH i Ly ‘xw_
H L1t L - HitH ‘.\n‘ A L/
3 L SRS RE nes H U
o= 1 3 : i = = o HH - 114 . LT H H
- E 4 - 1 ) 10507 ARk
HIH E 1 %
- 3 1 W - - - 4 o ¥ 4
H HiH &
E it L
H - I ’
= H HH 3 iEE - B i tH LT A fiE
SHH - - - H 13222 8
s o H 926t +
i , i SiEazegeiii ” i
- 11z 31 HH 3 T ]} 3! 1
H H H P i L 208855 ] /662 a3
H =H = H mEFP: ] .
- 117 ++144 1 1 % -
- ] HH o 2 YrEs 1
H4 ~++ - +1 4 21041
6bL°L H ot ] £ +56'€2
. HT +F 38! L - 4812 e :
- B ] F1 L L 1 L
H LT | L e F it -
e = .OOW.n_ -
: - 2t ! T PR M ates 1
z = BT S35 1+ -+
\GEE Tt b'92 | HH
H IH =8 Lt~ 3 :
._l.mw.‘ s $6€2
nbmafl = > o i B4 H £t - s 2 TN Tt
A SR SYTE=s SS@Eiit P Haey
H = i = 5 oz : - i
- =t - it I g e
S6C2 .
k== e Saalbl 5% 3
822 | EEFT EIH AT pL8712 T 3 H E
09°¢1 ¥ &5 H s N = 2102 -
HHH M se o -1 HH L 41 Pt 1111
FE HiHT  ubiam 4g wadsad (Y SIEEESR= & H iy
H tuojjadosd ui jang i +H
.y 1 1

002

ove

082

0Z¢

ovy

o8y,

q1/39%-q] 2247 Cwnndoa ur asindun 21j103dg



19

THRUST CHAMBERS

ROCKET

W
o
=
.
Q

OF HYDROGE?

=
=
]
=

A
)

THEOR

‘pwatput oyed gaae v uorsuedyo srdonuos) Suunp uosodwod uazoay toInosqu gaut sunbs aod spunod goe

“uadLxo pmbip puv vogoip Ly pmbry jo wnnowva ur osmdur agaeds wanoIony g,

> 'DAID JDOJY4-0}-}1X@ B|ZZOU JO OlOY

‘f::::::.v -

CEREI S

[EENAG N BTN H)

000! oo8 009 oov 002 00t o8 09 ov 02 o]} 8 9 1 2 i
P
TR HHTHH I sEER H i 11
()= - HHH H T F = f H -
3 i RENES T HHE T 1
BHRERECE H JEda HHooz2
= - - ] 5892
B - ; ovz
B 8 - 0 K {
== s o 3 H 2 [0:°F4
] i SERERE i = 1 i B
! 1 - ¥
] B! 2 A
¢ 4 - 4
= : ! i : ozg
.1.\\\\_\ g 1 l\ L
= = y=e . B ]
Hit11 2 M
3 .y - g S o L1
t 31 H o — H o afgs 5
. =i F » =
SREEE 1] rafl ‘\n\ 13 11 i3 -
H Fy6vL H EEcEY = L HT 09¢
11 - | o \‘u\v
f : T I 3 = 52 P
FL 1 H L 1 o=, LT 8> i
B HH H 1
1] LT L] L] L1 LT T
- SEIEERER L. LT T DL e S AT FER T iie=t HERITEER
= 1562 H 00t
T FT 2 H
‘ HITARAS iifiainedicaansEnazs sk T
- mxr, LTI AT I Ncecz
R P e raeeel) i
H T
Bt !
it = F
. : § = H H{0vt
EEETTTTY 21702 1 = [
0y e e AV 4 FH 11 31
E 1 = EyeEam= osv
3 1
1 H H 444 B [ i1 t 11
H = = H H HH-HHH
E - ] H B
H1- — -w 1 ke

Qi/728s-q| ‘??47 ‘wnnooa ui asndun oy108dg



ADMINISTRATION

vl

SPACE

ND

A
o
=
=
a
=
X
=
ey

NATIONAL

R—111

PORT

Y

TECHNICAL RE

20

‘uogAxo pmbrp pur wsBoapAy pinbi jo wnnaes ut osnduat dgpads [wonedoay L,

‘parEaIpul o1ed ¥oaw 03 uourdxo sdorjusst SuLmp uonrodwod WHHGIINDY 1HIn[osq¥ yout aaenbs 1ad spunod gog ‘ounssoad doquurety (y)

2 ‘0940 |D0JY}-0)-|IX3 J|ZZ0OU 4O 010y

‘Ponunuo)

—'Z A¥ADL

000! oo 009 Q0¢ 002 001 08 09 or 02 Q1 8 9 v 2
T r r 1
T 1T 11} = H] ] IE28
{1 n - + 3 111
n - 4 - e B
S50ES it E ] i S
i - X - 17 . “
o 13 ” - I ¥
g : L : HH L g
1 g = i HA
1 4 . - Ly ! ' Bt - H p4 18
P! 3 o = 411
1 H H Y : 2ad ]
+F + 2 H
. 3 3 = 1 - 1 1\ \\
£ £ ; i
HHH ;oA H b4
4 ) iif 11 H H 1 ") T w“\ i
H1 L FEE Y A U b 11
5 1 2 1= af wweeiiri
H 24 1 se L HHH
e H Ses 1562
ERERRS 11t ] P14 i ] [ 2§68 11 \Lu
= 111 BuE: - $
S35 = F =t H
I3 ;! LT HEN LT LA i
N -
= St LA T
IIVi= =8 - |11 A I L AT
E -1 1 1Y 1 Tt {11 - .n(\\\ " THH E
H - 1825 Pt 1024 - — ga 1 B
- {1 i 7 - LET1TH . 114+ HiH
-+ —+- H t H
& FFFHH L6 I PED S 3
3 1 1 T H
HHGeeH 4 H1d e £ H ]
Tt 4 5261 -
HA == 1812 a3 EF1EE3S :
T €'el
HHH B I wmw L= #E £ Nz Mozl o s o - g -1
1 < - FHTE
3 1 1H ZansS - H1
5 L =
F131- =iz EEEEa 11 i G 13113
CEr 1T gz 2T T 44 S6'E v S8 4-4 -4 CHE
8¢ LI 1512 S - : .
r 1 M iH202 I T
SE'L)
: : Hea's o - T HH 1
] - ybiam Aq yuadiad - - Hit
“yupjjedodd w jang -
r ~+ . 3 T 3 H . 7
HHH i § HHE r B = 33 HH 1

00¢

ove

082

oce

1 09¢

00t

(01474

[s1:14

ql/29s-q| ‘7247 ‘wnndooa w asindwr d1j199dg



21

CHAMBERS

N ROCKET THRUST

HYDROGEN -OXYGE

RFORMANCE OF

ORETICAL PL

A
L

THE

‘s Axo pinbly pug usBoapsy pmbig jo wmnawva ur osindun dyads RANVION]],  PANULUO)— 7 HHADIT

PopRaipul oned Boaw o) uotsuwdso srdodyost Funp uonoduios uazoay fonjosgr yaur aannhs aod spunod gy

» 'D9JD JDOY}-0}-}IXd 3JZZ0U JO ONDY

s o

000! o8 09 ov 0z 00! o8 09 ov 02 ol 8 9 v |
——t
EEEa ERi T T
SJHE== L :
r E = === T HH
BE 1 1 H I r vi
=3 2
2 . : /
3 i i ES %
B, L]
- . 1
H+4-1 - - H 1 ]
SESE £S I + H 4 1 LHATHI T LA T
—H L311 \Lx\ v‘A“.\ %
- ] Lt 1Y 3 1 4 B4 LT
- - - LN . \F
EER:: 1 HHH ‘aﬂ_. ‘%‘T‘ A 1
SSEREE s §azy i A 3 1
P LTI LT i de
3 THHHTER 3 7 i
SEEFEE + i AT 1562
iH sm.mw. H
T -3 1 A4
8 £ PECE ] L1 1] A 853 ,“M\ Ligiz
£8S BT iis = § Etenl o SE
1 = - = H
B e8! = LA 2113 1 -
ses| AN 8 if
1 H ESoaiti i
‘ 4 16 nmll H 4 4 _N_.ON EBESSSES
ZEE = S H
5652 HH 3 ==
1812 FEEH
1 R 11 1 L
H —H
wybram  Ag usdiad == H
‘lupjjadosd Ui any 5
HHHH 4

002

ove

o
@©
~N

0e¢g

09¢

00v

Oty

o8y

q1/99s-q| ‘224 ‘wnnaoa ul asipdwi 214139dg



ADMINISTRATIO

P}

SPACE

AND

S

¥

R—111—NATIONAL AERONAUTI

CHNICAL REPORT

TH

22

‘uafAxo pmbi pue woforpsy pmby jo wmnova ur sMdwl dgadads [RINIA0IY],  ponunuey—g AL

‘palralput onwd godw 0} uolsuvdxs ordonuast Guunp uenrodod wnugIInba topnosge aur arenbs dad spunod g odnssoxd aoquonyy

3 "D3.D j0OJY}-0}-}IX@ 3|220U 4O OLDY

000! oos 009 oot 002 00l o8 09 ov [+ o1t 8 9 v 2 I
;
MW (Wi F +1 BT HF
3+ 3 - o Tt -+-+H
- Fr 3 | £ ‘ I H H 3 —1 1321 1 il
, e g /
- = 288
H ESERY ] 1838 T
H H 3 =+ i
§55 E E= 14
1 1 1 I F{I=F Ht P 4 \\
5 as, AT
= = F 1 - bt o 7 7]
T HE i o §5 i =+ 28 rAARARTET
- ] 8 H #
ESSERERE ] = E [ HT i
HEHE Hii+HE L FF L] A 1 WA
ESSRRSE oL LT ] HHTT jiissces :
1 i3
& H HEEL 1 .‘\._n};‘_,umu SN
=== g i T iisesaniss H
- H i mas Sautiiiely Ll -
] e - 2 BE et o o5 SERRER
i U e e |
105 T ‘”u Hiei2 H RRE I "
g ES= I
2p 4 1 - R b +H HHH T T
662 =22 = = H H -
e s H +H x =2 & It HH HEH Hitiiiirs
F it SSEE: th H - " F 0y 1
H 210 F 41 H A 1
EEEE b 3 : FTHT §
5 LT 4 H i T ¥ g
= H
H B CTE T I+
= ublam Ag juadsad § =+ —— I
EE ‘iojiedoid ur jangy = “t H |
1
: H
H1E s - H desgss HH 1]

002

ove

082

[e14%

09z

o0v

ovy

08t

02g

q1y23s-q1 ‘227 ‘wnnooa w as:ndwi 2ynadg



‘uodAxo pbry pus usBoap Sy pmby jo wnnova ut osindwt agraads [RoVIOdY ], PonUNINO) )7 THADI]

™ ‘poivaIpul onpl voay 0} uotsuvdxy ordoajuest Fulnp uonsoduwos uozoay fojnosqe your aaunbs god spunod gog foanssord doquungy (u)
? ‘D3JD |DOJY|-0}-}IXd BJZZ0U }O O1jDY
000! o088 009 00 002 00l o8 09 o 02 o! 8 9 v 2
s
A = 2 HHH { H 1 . S o e = H 1
= FH F o =+ Hit
m {H __H = H Ei L1
= 4 1 e
= 1] 1] HH L
- = 3= F S == 1
laal t 1414 1 H1HH 8 111 F
T { - 4 Y
o 1 gyanas E F H £ =
o HHH g HEH
KA R b i g H H F41 H 13
= HEE THHH
= 14 a5 HH- Ll ER At - Ht HH 11
I == HTH 1 - RESRRE e -
= =5 = 11 g = 43 1 = -
o - H - HHH A
g jRiie : i
z = T : SS=s —HHHH S T + 00¢
z EE 3 1pssiash = : L 33818038 ]
= f g i e 0 OO N O O OO H = )
.Fl\ 3 = I - - 11 ] - 1 H 441+
W\.” BUENEE : - + ‘ = H14 = i - LA Ot2
3 13 i | i 1
- [ +11-1 1 1 ! H
- HHF T E R 3 H
= ] [ H 4
& | r a
m - S 3 = ] A.\,Hv - ! H (%2
= | - s HH s
= SEREREA 4 082 &
» - ! HE HilL 2 2 3
- H T EEHE P F = ‘ g R 3 =
L - =+ 1} S 3 FEH T H 3 L] BRIt A /4 3
=, JEEEESEaiis HIEHTE - 1 13 I LA H Lt I
< HHH 1 ol : 3
S s S I i =4
- i T 4 2 1{o2¢ &
S - H +H rafira =2 5
Am P i e e (114 <
= H + - E Hi H a
~ 54 1 15
z : ] ShERRES 4 3
1 H B2
=2 : +H +4 H meAI
= =t A S
HT v/ 2 HHHID = -
= H T
= + H 4 § 2
- t 11 ] 1 iy
= - - - HH 0ov 7
5 = E L ]
3 SS o= H
= I AT - HuHTT
= H HT ] 11 8
= 1 1-H L4411 P o !
T trided 1 B 114 sl
= -
T H —_ 5 ot
e 53 HAEHHT geaas L 1 Lt =5
- . passs 1 » .
: P e T | L
e o Ssoz=a= T Tt
L H+ H B Cees 13" Jublem £q yuaduiad 11} HIT ] EEE = ] 1 285
Tieie BHH HHHHLL tuoiiadoud ui jany 44 1 i ‘ ilitiis £
¥ It J f ..._._.~. t 1 e S o B Bk & w 8 & 1 - t [o}:2-]




ADMINISTRATION

Y

SPACE

AND

TECHNICAL REPORT R—111—NATIONAL AERONAUTI(S

24

UIBAX0 pbyp puw udFoap sy pinbi jo wnnoea ur axndwr ayroads [BINAIONL],  pInunUn) — "Z AU ADI

‘pelvdlpul onel galw o} wotsuedxa odonjuest Bunmp uonxodwod wuugymbe tonosqe yaur savnbxs dod spunod gz

» ‘040 |DO}- 0}~ |IXd 3|2Z0U 4O O1OY

|9

oanssaad daquae)  (0)

000! 008 009 ooy 002 Q01 o8 09 or 02 o] 8 9 v 2
HHH (0) E T et
1 H a L
H 1111 ¥
-4 y
[32¥) =g
e F43
T T HHT
I
- G6'€2
Sce 4l
LA 20712
2rodt-
H _3 ll -
jats s $
82 2T 1 G6 %o
- €1 Ge i} ~ J1- N
Eexdl £
1ybiam Aq juadsad g E
‘uojjadosd u |any =
it

ove

08¢

o2¢

09¢

0124

038y

q1793$-q] ‘2277 wnnooA u asndwy 31129dg



RS

CHAMBE

THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKET THRUST

“uaR X0 pinhiy puw usgodpAy pmbi jo wnnaws up ospudur syaads [RINGIooY,  popuuo y——g AN

‘paywaIpul ol waar 0] uotstivdxs sdosjuost Runnp uopsoduios uazoay tojnjosqr yaup aaenbs dod sprunod pog tadnssoad dogquey)y (d)

? D940 |00JY}-0}-1I1X3 3|ZZ0U 4O 010y

Q00! 008 009 0ov 002 001 o8 09 oy 0z ol ] 9 v 2 |
S » T = p o e =g’
= - a2
= HHH
P4 (d) geess =
== i 002
Th g5 = HH
ove
H SSS ~~
HiH 082
= £
3 ¥iA
3 — . 2
3 FH 02¢
5 09t
P
(I E
T GHT 53!
H H S 2162
, S o2
= BAY 00%
2102 H
. [0} 44
e ms==a H
N wbiam £q juasiad
HH N_o~ ‘tuo|jadosd ui jany B
jasasssal ' _ . 08y

Q/23s-Qq| ‘294, ‘wnnapA ur asindun 21)123dg



ADMINISTRATION

SPACK

AND

3

RONAUTIC

111—NATIONAL AE

R-

TECHNICAL REPORT

)

0001

‘uefixo pmbip pue usgoapAry pinbiy jo aspndwy oyoads [Ra118J00Y Y, - ¢ U]

"parvatput onwd voaw 01 uotsurdxo ardonjudst Fuump uonisodwod wnLgipnba foynesqe gaur sawnbs Tod spunod ¢ ‘oanssoad taquunty)y (1)

» 'DAID JDOJY}-0}-4IX3 3j2Z0u 40 O1}0Y

009 ooV 002 00l o8 09 ov oz Ol 8 9 [ 2 |
EE(0) R g i
Y H I 1] 3 \
= H 041
- el
T
- o 2
052
44 H M -
g : HHH o6z
§
X ! H
s B~ iges LY
s6ez HHIH
1562 8
H Y 1 p'ag -
ogg
it
P
H H HH H H oLe
H H F 2210 =
ST ] 29') H
¥ b9z H
FEE 25! S6°¢2) X
¥ % : Olt
8s 58 T £
1 = 1l
+H {o3s: g EE e
bfitas g oz A 28 :
gs = HM cei ] =
oL 6z HHEH H g H
CEE T v e H HHHOSY
1T ] H
091 $6§2
‘L1 vﬁhm._w . T 1
1 ¥ 2roz2 34 +H 1]
1 H 33 HHH
£ HH (61534

qIs99s-qi 7 ‘asindwn 24198dg



27

RS

(CHAMBE

THRUST

T

N-OXYGEN ROCK

OF HYDROGE

RFORMANCE

STICAL PE

THEORE

‘uagixo pmbi puv usorp Ly pmbip jo osduit agyods wanaos],

‘paredlpul onel vadk o) uorsurdxe ardodjuost Fuunp uoni=odmod uazoly

tojosgy yout vavnbs dod spunod ¢ famssoad mqung) (Q)

PONUnUO Y=g HA DI

» 'DAJD }D0JY}-04-}IXB 220U 4O 01OY
000! o008 009 00 002 001 o8 09 ov 02 0! ] 9 v |
K T =
ne = ] ]
() , £ :
8 B L = 1 H - -+ H 021
[11 F A
B =3 7
tH1 HH 4 H = H¥HOS |
- s L HHHH EREL ooz
S - - = 5 = ] #yiim
=t g = - Waﬁu
- HHE &2
B ] g H —F e
W H oY 2
SR =y g = 1 H - 4Tl ]
- E 082
- E - 1L 1
= 113% Lx
—F £
- - L hobd ]
+ 5 15°gs
+ F1+ 3 4 K 9 5
S5 H H AT i <6
E H 3= SEsss = watiiny i 02¢
4 HH Hevs = = s 1B Z = ER A A
H RS H P 1 11 T 3 -4 o \\ .
g i : B R iiis=a Bt
SE== i E5SS Gz o9 €
E H T E 5 ==l FIS'es HHH H
e i o - {— 1 H } 14 B
s - . \l RS} £2 n“
H H B== . 22 i g
F+H FH = oov
H =3 EEEEEE o e z -1 H H R
it ] H
A T =
= miill T {ovy
1562 E ]
EgEE LaetE=RE E
wbiam Aq juasiad HH £ E 1 HH
Hf ‘jub((adosd vl jany =
EEEEE TEREE: .
08y

Qi/9s-G| 7 ‘esindwy 2113049



‘uaiAxo pinbip pur usoupAy pinby jo axpndwr oytaods [B202I0Y ], ponuUo)— ¢ AUIDIL

"PoIBaIpuL onRe valw 0) uctsuedxe ardonusst Fuump uonsoduwos wnuqnba fainjosge yaut smnbs Jad spuned gg foanssoad doquury) (9)
» '00JD JDOIY}-0}-|iX8 BIZIOU JO ONDY
QOO0!I oos 009 [se1 002 001 o8 09 ov oz 0l ] 9 14 [4 |

ADMINISTRATION

SPACF
H

002

AND
1
I
.

ST

+HHOove

[o]-14

&

7
%!
S
I
Jausa

t
+
Y
]
s
+
I
1
7
P
Y
X,
s
3%
X
o5
e ¥4
{3

NATIONAL AERONAUTICS

H = SNYIXTE oz¢

R-111
)
L

: Hoo¢

L TEL 3%
1.5
AR
X
+

: G SR L L 4 oo

NXX
\q
¥
ot
Pl
o
g
o
T

VB IRLY
AL 1L

X

TECHNICAL REPORT

|
H LR H Ht - , ovv

NI
o

F yybam Ag juao.ad 3! 1T L -
‘juoyjadosd ur jang 1 -

HHH T Josy

aeans
-
H+H
M4

sesessagaps
0]
O]
e
=

7 ‘ssindwn 9ij10adg

q)/29s-q)



29

RS

Y

THRUST CHAMBE

)
Y

ROCKE

N-OXYGEN

. OF HYDROGE

RFORMANCE

vl

THEORETICAL PE

‘ua§Lxo pbi pus uaBorpaAy pmbiy jo ssndir agtaads [RoypIoN] ],  PANUNIO)—'¢ AUADI]

Porratput oned waaw 01 notsuwdys ordonjuost Junnp uonisoduios wazoy foinosqr yaur vavnbs dod spunod gy Ganssord Jaqueysy (p)

3 'DaJ0 |D04Y}-0f-{1X3 3(ZZOU §O OliDY

000! oo o009 00% 002 00! 08 09 ot 0z or 8 9 v e 2 - |
ESS i HH T 44 [ | ‘ E 1
= (p) HH - HH - = =X Ax L] 1 1
T = il = = SEES g I = i 1
H
H H HH Rl THH i ] 1 | -
1 o T HUTHT = iz
i E=iissgsas 1 +—+ 4+
- —¥ ¥ Ui H- rs
= H ==ENESE H+ttb+hib HH gges S i i o B 1A AL
- ¥ T THHET tH H H 7 A \
E I 1 Lt 2 .Tm
- THH H T age ot HH
b \\\\ BRI 7 HEEH
. T .\ ~
= H ] Hi AR 1
2 § H 1t ] s
| 3 H
SS== H 2 B LT LT R BEEEN
S5 g ] AHTH H 2 H Edl i s H1H
: T H F 1 LT L 2
- LTI gilitte L1 L i T
w. Li41T - R E x‘w P LA nWw ¥ -
B - H + AT T
| WU 28
= =0 H LH SSSES ]
, : Eees 1 A L P e
F T 11 _ r1 71 g HH
i IRE 1
£= 1 2195 16°¢e)d
81 3 § S6'€Z {1 i
s = i . -
M G62
LT o2
Eii - I R S sED AERERI -
FH ] S HHH i
=
41 H 1]
ina B H § F
. m—— = n
l.\\“H\I.\.l\. B [ 111
, S8 il e ‘
B - 1562 A A i 3
iaR L i
EEREEEE T T - ]
- ybiam £q juaniad IH - Bl
H 'yup|jadosd ur jang g RN : RSO T § R HiH
WP T - H
- HHEHSRE RS

o7

09t

002

ove

08¢

02¢

093¢

00y

vt

o8t

PINEEL IS

‘as|ndw

9)/98s-q1 ‘1



‘uadaxo pinby pue usBorp Ly pmbiy Jo ogndwrt ogwods [BIBICIY ], pPANUNUO)—'¢ AAADI]
‘pajeatput ol)vd vaar 01 uolsuvdxd drdonjuasst Fuunp uorpsoduwos wnuqinbs (ainjosqe your arenbs 13d spunod g9 ‘aunssaad PquIsy) (3)

2 'DBJD |D0sY}-04-}IX@ B[2Z0U O OlOY

200! ooe 009 00% 002 001 o8 09 o o2 o]} 8 9 [ 1 |
EESH 3 ] : 02!
Z EIME=: : :
= +( ‘v ] .
= =
= Fa
= mS ES
=~ = H - H
"m o gy oy o = , 1151 - H HH 1 ; 091
— 3 - s o 1t -
= == H
~ -
ADn s== ¥
3 - 002
< 14
B H A
3 f -
a - 1 d ‘ H
= tHOov e
0N 1 4 .
N F
.\IA —+ /] 4
= isgaga
=) -
- = A
'z HY+ T T LY 1
m == g8 i 082
= HH HE :
- - = F = 1 A n.~sf
- - H
= i 7482 i
N = 3. tHH . o
o T 02¢
wlx I i
= g
A o - : 1y 3
H
- -
- 7
B HI{1H
= HH  ai RI¥ 209zt H HO9¢
T P Heee2 |
o~
r 2 T £ s
m 602" ‘\w‘_ H P
o 2
3 14 - P g - K 1313
x i Tt
“H 1v92 1T 8 H
-3 - H 955 g 2102 ] 1]
had ¥56'c2 1T
& H 1912 = S
— .-
7, FEISEE 1 ] = H- sessmgmmus
H 4562 T - 4 otvv
= WO 1y'9zEEt HH H
,, 2! HH 1 i
FTHE L cete SEEE .
SalE- iR I
ES 2 SSSEEESES E -
HEt o8¢y
= EFH- jyblam Aq yuwasuad
o ‘tupjjadosd ui jany
EEEEEEE 222

qi/29s-q] 7 ‘asindwn 3ij1d8dg



31

RS

THRUST CHAMBLI

oT

ROCKE

HYDROGEN -ONYGEN

or

TICAL PERFORMANCI

V]

THEORE

‘unBlxo pmbip puw uaioapLy pmbr jo asmdun agwaeds [wonatoayy,

ponunuo)—¢ g4I

“poyRdIpul onel Taaw 0 uosurdxa srdosjusst Furmp uosoduwios uszogy [anosqe yaur arwnbs tad spunod g9 ‘arnssoad waquvyy (1)

» 'D3UD DOIY}-04-}1Xd B|2Z0U 40 010y

000! 008 009 0o¥ 002 00! o8 09 ov oz o] i
e SE=S == 1) ; ozl
SHUES H : :
£22¢ LT
EE=S
HF = [e]o74
82 HHove
-082
N3 y g IRES
T : oz¢
= g1z
& 15°€E
=22 SEE2
=& Tt er. $1662
P2 a:r i
: E ERN=2
£ D Ho9¢
H 6 5 35 11
= /G576
=2 NS6E -
i = e 00t
1 1 H § H -
+HHHH H {0bt
92
!
|BE! = 8 SiRas
H g243d H EE 1
= Jang tH ===[9]:14

‘7 ‘ssindwt oytdadg

qu28s-q)

618157—62——75



‘wagAx0 pibiy pur uodoapiy pabi jo osdwt vgroads [ronalooy ], POnuLUO, ) —¢ AU
PIYRIIPUL ORI Baaw 0} uorsunrdxo sidoniuast Junnp uonsoduos wnuginbe ainosqe gour arwnbs sod spunod e oanssoud tequuer)y (3)

» 'DJJ0 |D0JYI-0} -|iX3 3|ZZ0U JO 01DY
0001 oos 009 oov 002 001 o8 09 ot 0z ol 8 9 ® 2 |

T+ T i Tt ozl
Z EEREyNE 1 I+ jasERy: i - i gesdas
= -y I - o - —1
= E3(0J) T a8 §
- T == H T - § i
= R 1 4 H H e HT
% == ‘ HH ! HHAR 091
Z - - H H/
=
= B 1 I
= a= = ma
- H " E
E = - - X 7.
& H3F 002
= j 5 i :
=N
% 2 = A
2 -+ H - S H- + SRS H AR
Z = E T
- —+ _ 45 R o = H i RS
. - ove
S HiE AT
— b ¥
© B - iilldlot A
- - Pt
R : - LA
B -+ ‘ - HHHIH oge
» 12 H
= g FEH
- by
W - |
16°E€ ozc¢e
£ - ] T bagijEzaginaiita) zroz ST T
- a 48°1 L
t & F H 1562 1
- = 13 s%s 15°92
i ettt
—
- i E
T - i i - 109¢
mlu o3
< - FHHEL
& ssli
M - 4 T T H 00v
- 1 -4 P
—_ 1t 1 1
= === H
I g 4 11 .
Zz SS= = = EEE ] 11 H
m 62 +HEIF st = HHH ot
31 1 T 1 LT L] & b I o ”
F 28 SZEE ] 1 +11 HiTHTH SEERE
€l I rse szt E -
Nn_,.ﬁt ¥.812 HH :
20zt +- Hi1d F1] §
HiY HAHHHH . 4+ : as L 08¢
w wbiam Ag juaosad + 3 - HH
‘jupltedod ur jeng E =
n ﬂ:» 2 n .m " *T -

qQisoas-qi 7 ‘esindwi oydadg



33

THRUST CHAMBERS

or

HYDROGEN-OXYGEN ROCK

ORETICAL PERFORMANCE OF

3
V]

THE

PIBIIpUL OTYRT

“WaBAX0 prubi pus usBoapsy pinbyy jo oxnduit 0g1ads (RILOIOIY], PANUNTUOY —E HUADL[

2w 0} uotsurdxa ordodjuast Jurmp vonodwod wozody Iomosge yaur oavths Jad spunod gey faanssaad sogquwy) ()

2 'D8ID §DOIY}-0}~}1X3 B|2Z0U JO OlDY

000! oo 009 00 002 00! o8 09 ov 02 0ol =@ 9 [ 2 !
T - 1
1 e ol B 3 g 1
3 (4 T H FHH
SSZANEE
= i/
/
1
=5 7
28,
i
are
- B . A
& +-1 H 4
"
s ] T
1 - H -1 2 N [
E L
H -
i Tt 3
157 s
LH H 34t 57 Py
tH H : NTES6E2
= = I iv'92
B
== : E
6171144 e ; 5 ]
] 5 L s
i L i =466 ]
,,”“ H bt 1812 =
1 H - F2ccsass ¥ ivoz + HH
== [ 09°E| b+ 1 G6 & B
it +-
i HHEE HEH g8
A g 1258 H ]
H 1 ] H Hi
€2 ¥ =
Hit v 9ok e T T 1] EE f
“nn HPE csce 1 P = FH
i Wz H +HH
HHHHHH L = T
jyblam £q juaocuad F -
‘jupjjadoud v jangy EEEad

(OFA

091

00¢

ove

oce

09¢

(o]0} 4

ovv

o8t

qi/o8s-qi 7 'asindwi oy193dg



ADMINISTRATION

SPACE

AND

3

AERONAUTIC

NATIONAL

CHNICAL REPORT R—-111

)

Y

TE

34

‘ud84x0 pmbi pus uoSolp iy pmbi jo osindwi ogwads [eoryel00Y ], ‘PANUTIUON—'E HANOT]

"palBaIpul onjel vaIe 03 uosurdxs sidorjuest Junumnp wonsoduwos wnugmnbs fejnjosqe youl saxvnbs 1ad spunod gog ‘einssoad requuey) (1)

» ' D340 |DOIY}-0}-§1X3 I|ZZ0u JO OlDY
000! oos 009 [+14 002 001 o8 09 ot 02 [e]] [] 9 [ k4 [

o

002

+
t
i

ove

JRARARER N
T

IR

082

02¢

341 09¢

o
-
~
~

~

n

: £ - ovt

Y

-
ot

08¢y

jybram Ag yuaosed
‘jupljedosd ul jany

‘as|indun  oyoadg

q1/38s-91 7



39

&
b

THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKET THRUST CHAMBER

0001

008

‘uaBdxo piuby puw uodoap.sy pinbi jo osdwt ayraods [BIOI0AYT, PINUNIUOY) --'¢ HH.ADI]

porEMpUL oT1RL BaIR 01 uosundxo drdonuest Junmp uonoduiod uazoay Lopmosge yput saenbx sod spunod (og vanseoad Togqurvg,y (1)

# ‘0840 JDOJY}-0)-4iXD 8|Z20U 4O 010y
009 00% 002 00! o8 09 ov o2 ol 8 9 14 3

Oct

091

)
J\M\“\ r T ] —+ 4§ - —+ HHH t H4 1 P
=0t (O e HH M S HE segand
H4—- 3 B T T . L +i
= =i = b £
= THHS 1] T o %
|- - I s I3 511 {4 L
H i : —— EEcggasi § iiss
= 13 H H
b1 b B = - : d
- HHH HH HHTH T T %
H T+ I R RE S Es H . AL 1
= I r 11 8 1A £
5 1 3 5% 249% 4
—— P = SEEE H .
ES = 11 1441 HH A 7
- - - - +4 sun - NA =
+ 3 1 2= H P SEREESS 5 T
L 1 H L 3
I H 3 1B v 1
.|A:|, . I T _—“
111 HHH 1t
= £ + BESEE N 2562 ]
ESS - SEaisin §50%a8 = 1A 1
E 1 I HLH 1 HH - 2588%
1 Hi . H Hi P11 - HATHLA 5 :
++ = 1 4 o &1 g 4
- I T4
BE: - s 3 {evL L H —+ HH HHH AT AT A
2 12 =
- e HHTTH LT i HA 1
1 ]
-, 1Lt %!
- e ‘\ t44- 133 1 a1
SEil H i fHkgie 1 = 113 HiH
- - - .VTmnu ,n.ww g5 1 i B -
11 H e T
HH S T T T H A i8S i
- 4 B T 14 PHHTTL ! = N - - S -
S8 _NN_ B = gE=z T 4 nuv_.\wmm 1
— o esugh sZall - /812 1717 3 T
Hi T -0 1 ,ui‘“umﬂ,n Neecz i T | H
H-H —HH- E T t 1HHF = 1H Ht T
HTT H REW B B 31 2 = H
H A1l wbam Aq jusdsed B SERES =5 1 3k
SE=S T ‘Juo)1adosd u jang = P . - = 1] ReEe
I o E HiH
5 § :
Tt 3 2E -
H 3

00¢

10pe

08¢

oce

09¢

00v

Ovp

o8¢t

‘7 ‘asindwy 214199dg

qi/38s-q)



SPACE ADMINISTRATION

AND

s

RONAUTIC

AL

NATIONAL

R—111

CHNICAL REPORT

Tk

36

WFAX0 prubyp puw usBoap Ly pmbif jo ospidwir ogroads [BINMOO],  PoNURUO Y- ¢ HEADI]

‘paiwatpul onwl vaaw 03 uosurdss drdosjuost Jurmp uonsodutod wnuqIbha [INOsE Your arenbs tad spunod o9 ‘orn=sord Laquey) ()

» 'D3ID |DOIY}-0)-}IXd B|Z20U JO ONHDY

000! 008 009 ooy 002 001 o8 09 ov oz o 8 9 v 2
555 , i SRR ﬁ o
=218 HHH = ‘
091
002
= i z 7y
/ ove
A
3 P v
4 - os2
H = 0z2¢
A
3
14
H 1A 09¢
1
H
SELI
6b2 7L = ¥ :
& N:%N
XN
- HEceez T 1 0or
TH 1S58 5 3 byl = 1+
g T3 §Ee] 22
8 ] FHITE 62 H
ISES == : SSEEEENS -
e & { = E ]
LS 6f i Ot
b 3okt HHH
il 1 mm.ﬂ- 3 . F43
“Si 528 YF E
m .m._.ouw 1 o ol i S s e e sl
T HHH , HHH g HE H 08t
1ybram Aq jussaad 11
‘uojtadoud i jang I
il I

213193dg

‘asindwi

ql/29s-q ‘7



RS

CHAMBE

ST

THRU

T

Y

ROCKE

EN

|

bl

OF HYDROGEN - -OXY(

PERFORMANCE

ORETICAL

5
L

THFEF

‘uagLxo pmbi) puv unFoapsy puby jo osndwt ag1oads [Ranodoo ], PINTINIO )¢ HH DI

PAIRIPUT OT)RI vaIw 0} uolzuvdya ordonjuast Funnp uonjicodwod wazoay onjosqe aur aarenbs aod spunod oy ‘omssoad roqusyy ()

» 'D9ID |DOJY}-0f-}tX3 BIZZOU JO Ol0Y
000! oo® 009 oot 0oz 001 o8 09 ot 02 [o]] 8 9 v H !

wﬁ 1 ¥ T =+ = - (24
SEARS=Ss 11l : L 1 .
DT g H T THHTH I ]
1 ] ] ES S oyt =y
= i T+t —HHiH 091
S5 =EEE = T S3E T tH w
H : T
+t : A AT 002
T H HHH 7
H1 - » ~ FT- 3 <1 H FARATS 1
— H 14 = H 3 3 5 W
22 4 it - & 1 YW
£ 1 ] 12 HHCp2
F = : 1
Fi-13 r a8 3 S 4 14
H - 3 F
B HHH 1 HH 14 HH
ER ) SIZTN ] E Ho8e
E 1817
k4 - 11
1 H H1H ;S e T
+T T HHH H Ly oct
I3 3 %! 1 '3 11 T
H : LT 2102k
3 HHH g + ML LT E 1886 1
- Tl # g FETFGEce
6L £ - TH i H = ,\LAM E=a \‘an\ 09t
HH HH 141 4
g !lﬂll‘l HH
H E +H H
= - . H ] E
£ H411] B = HH it 3 -1 0ov
BEs . T H BiRzesEspglil eitses 2562 3
TH $21°0: 37
{11 = H ] i 1697 - H
H 8724 o
b4 F3IFF 37 1 HH
Hees e aaEaCgREC L : 5 A4
+3 HH ] H- FH HHH H
H T H 6 H T E ovt
{2562 s HHHY HH H
1k L
7024+ 1492 = H 2
333 T +H — i STERTES -
g2 H 1 -
H H :
H SE5RE! EE= & 1 IEfEE
: wbram kg juedsed T E P E = -+ R = 08t
1R L ‘jupjjedosd ur (ang SECSEEET iy 344
EE= IESEEE S R
I‘:::;:_*; 9 ] : E +HE

‘I ‘asindun  214109dg

qi/98s-q!



‘uogAxo pmbip pue ueorp£y pinbiy jo ssmduwt og1oads (80130108, pPONUIIUO)—'¢ AUV ]

‘pajuatpul oned vaan 0} uowsuedxo ordorjuost Juunp uonsodwos wnuqimba fejnesqe your auavnbs tod spunod y ‘odnssarxd poquv ul
put ol ! ! [ dul Hl Lqlt ! 006 {wsy

2 'DJO JOOIY}-0}-}ixd B|ZZ0U 4O 01Dy

000! oos 009 00v 002 00! o8 09 ot oz o1l 8 9 [4 2 |
=5 T ] T
} FH g Ay ozel
L (w) 2 2 H = F 44 H
z Hoo
— 13 \ L
= + 2 £ =
P -
.W.., T+ EHH TR - i 00e
=) E g N AN &
W 2 8c s = B HHTE H:TW
* L -+ , - : 23857 , tilove
[l - ..
= ERE
= : H-
- 4=
Z i £E
o tt g RES 8 it r - L
Z § § i : £ : o8z
- ER S g 221 f
—_ ] - = &
A -
7 E 5 I
c : w
— 1 H 3 395 % =
> i} i i HLA H oze
Pl Bl S -+ - 1.1
H “ 1
i - -
= SEE=s - ¥ SEFY §
- H - H- Pud T
L , il .‘ ! g8t LT o
5 = H b H -
= 2
= s I 4 -
=}
& £z
= Tl £227 23
- 601 L £ 2355 Z - - H OOt
3 ALl g H 2 - CHHH 3
= 22 g E T Ui i ++
S - LA e T AoNeS R
Z 223 L g Wt sece F ELEY FH
= 4 14 "l 18'12 o g
— Ewsast,: ow.m_f F21'02 RN 3 £ SEEREE
et 16°eE P34 # et It ] 1
= R SeE2o= e <2Gl - : SESCRER Ovt
.l. HH H -t = i faririsy 1]
F B s o6z ¥ == oottt r H
s 222 1L HH
5 i ¥ s55 E geezizs HHIH 1ybiom Ag yusdiad
H i L T Y 4 HAT I yuopjadosd wijang W H
o = = E m po = I +H
o saad H 183 E 3
& A Hi08 v
I“ - H - = =a
T

J1y123dg

‘asindwi

ql/29s-q1 Y



R=

THRUST CHAMBE

N ROCKET

RFORMANCE OF HYDROGEN-OXYGE

4

N
L

STICAL PI

THEORE

‘usg£xo0 pmbiy pue usfosp iy pmbiy jo esinduwy 0goads (8013210 Y, “PONUNRUO)—'E TUNDLY

'Ne1EIIPUL oLl Bale 01 uotsuedys ordoqyuast $unmp uonsodwos uazoly anesqe yaur arenbs Jad spunod 3 ‘oanssoad Joquaet (u
Iput o1 ! I juast aulnyg m t 1 6 1 02Nt

» 'DaJO |00JY}-0}-}IX3 3|Z2Z0U 4O OLDY

0001 oo8 009 fele1 ] 002 001 o8 09 ot 02 (o] 8 9 v 2

N
umm = H 1 = R H 1 111 H
%Acv T H ] i1 HH 13 M 3 1
b - r 13 —1 LY \
- 7
i HH 5 H E T =
il f F = 4 1l A
] ‘4
FE 3 14 ERN
T = B F
i
= ¥y ==t - 8 F : B
H "1 144 £ FT
5 E » H =
H A H +
i - giesb==a = T LA ot 1 15621
s 3 2 aEEIRR 1 - LA > 4 F Lb'92 HHH e
I g = H F [ R 11 L] ] oeon(/ §527 H 2
282 Eitises Egn 15°¢¢
r g2 10
pnsl 11 4 — g HC J87Te
I {41 £ 41
= —1- 3 H1 - e Ll (| H
- Hets‘L H & - gun L4 = > A HH
s 8 = 11T
i ip°9
= : H : 1 H I AT T freeee
HH o == - 4 i H+
FH I 2 ZixtistfBEs
B EERAgES HIIH L LT b - EE=S Eie8 EEES
13 G 1 J
il - | P S
5T { 1.6 S
1 H -1 v 9z 1] H SEE] g : B
82'21 "1 A 2 e ms i SR8
1 15< == 1] i P ook 13 .ON.. I H-
= 16 €% MR L = i N cese S :
096 Eami L1171 1 il A HiH
==t LY H T H
G . HEEH e —+H E 5 - HH §
1 P 9C am= = H HH
S€ F-!Hlilllw\. & - 3 t 1 1 5 I O S .
+ = F4
! - = — . - 1 s
i - -
Jybiam £g juadiad
‘Jupj|adoid ur [any
 — t 229 H

091

ove

08¢

oce

oot

Oobv

o8t

‘7 ‘esindulr 91}128dg

gi/29s-q|



ADMINISTRATION

SPACE

AND

RONAUTICS

Y

AE

REPORT R—111-—NATIONAL

TECHNICAL

40)

wodAxo pmbi puw uaBoap Ly pinby jo osdur agraads [EOI0DY Y, “PONUTIUO)— "¢ Ha A ]

‘Pojuatpul onwd vadw 0} wosuedxo ardodyuast Bunnp uonisodwos wnuqInbo fnngosge gour advnbs wd spunod 00z “odnssaad wquIvyy ()
» ‘02D JD0IY}-0}-4IXd 8j2Z0U JO OOy
0001 008 008 00t 002 00! o8 09 ot 02 0ol 8 9 v [ 1
- Y - o ¢ 11 - b
HF (o) :
HH - - oet
091
S5 002
r\i
FHHove
% 082
5
izSes s [or4
2l
287
] TG
4
+ 1 H
H 5 09¢
4+43 v
M
GZ Gl = 1] oov
s
S6°E. E
1 gzt - s =
£ AR O : HH ]
wybiam Agq yusored H 3 H
“tuorjadoid ur jany H ovt
61'11 i = = .
823 2| .
Sl
H1E
3 osy

qiyoes-q) ‘7 ‘ssindwr 21y193dg



41

HANO pibip puv uesodpsy puhy jo ospdur ogroads [Ratjodooy [ papipauoy g a9

Palupul Onvd Bale 0} uoisuvdxo .:Q:.::.YI,— Junnp _:::132:—30 UDZOJdJ Do n[o=gy yau adunbs dod spunod o1 ‘odns=oad oque d
. HE . H . . b G 3

» ‘030 |00Y4-0}-41Xd 9|ZZOU JO OyDY

THRUST CHAMBERS

0

)

THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKE

009 oov 002 00! o8 09 oy oz Ot 8 9 » 2 |
H + ficitisiee HH4 02!

i 5 /
: o9

i8
BB ooz
] HHov2

(R 210z

H5 0812 H
ezl oee

§ f} 1
HHH - oz¢

43+ = e

4 TH \‘

LA : H i
6t L] 09¢

£ s [THHH iililEass
210

L1812 P

SEE 2T -+ 00t
B : .
HHT- “HOovt
if ==ccess , i : +
nm CITES 1 - +H
SEEEES! -
Jyblam Aq juaociad +
“uojjadoad uy |any :

Tt 08v

J133dg

‘as|ndun

qi/29s-q1 T



ADMINISTRATION

N
Y

NATIONAL AERONAUTI(S AND SPACE

R-111

REPORT

TECHNICAL

42

"1a84x0 pmbi[ puv waBorpay pmbif Jo seanjriedway ixa-ozzou [EIDI00 I,— ' THAOT [

"porBoIpUL eyl wodw 0} uotsuedxd oldonjuast Fuump nonwoduod wnuqiEubs fvnjosqe Yout savnbs aod

2 'D2JD JDOJYI-0}- 11X B[ZZOU 4O 014Dy

spuned ¢ ‘aanssoad taquuunyy (v)

000! oo8 0038 [ele] 002 (e]0]] 08 09 oy 02 ol 8 9 14 2 !
I
EXRR: it L IEEE H Fasgs ] i E
S (o) y L HHHH L g
- == H1- 15 €6 H - Avx\\w H -+ HHEE tHHHH ]
HHLE 456244 T H ] ot giifsess o
1 b° 92 =
- r [ana - H - F1 1]
H-H 6 €2 i E
H+ = HIPre =] - - s
] midds tFi8 123 L ge SRR RS ERG - Hi s
i i Fikc - - i T
|
SaES 1 i 3
H SE L1
BRE 5261 AT 3 23
[ Fo = L
= 1+ r PN =
a 3 o 311 N H B N N X T~ q [ 1
H = 3¢\ & N
- - y H - - M
IS8 Es i 4 m.f SRRS H F L //.: P TR H
++ R 82 2 HE H P TS '
A G I { ] N
~ - - M
I /’
B 1 el 1l ~ 2 1 B 3 ¥ N § H
P 1 8 g i = -
Pt H +H k. 1 K
HHH HHH FENLY b6y 2 H] N NS FHIH N H
et i3 H €1 g ]
] I r — // H ]
1T =T ~3tH i
H e N I HEER My -
= s - Foud B H N \
4 HHHH H1 1
+ (] N
H it HHT Ht R ' TN H
3 HHH 1 - =9 3 NI H i
—=—— - 13 +7 3 1 H L TN
] + 3 g
3 - Eis =T THIE 73
f IEERESS: : LN
E —+H - 3 r14. 2 \vw b =If

o]0} 4

008

002!

0091

0002

00ve

0082

002¢

19 - 3|2ZON

‘aunjoiadwsy

Mo ‘%



43

CHAMBERS

THRUST

ROCKET

sEN

N-OXY(

B

OF HYDROC

'

THEORETICAL PERFORMANCE

g Sxo pinbip pue uagoapy pmbiy jo somyeiaduroy 1x0-0{220U [RINOL0NY], PINHIIIO)~~| THADILY
‘parRaTpUL ORI RoIR 0} uotsurdxa d1doljuest Fuunp uosoduIod uvzody foIn[esqE Yaul arenbs ad spunod ¢ ‘orussaad soquivy) (q)

3 'D840 |DOJY}-0}-}1Xd 8|2Z0U JO OljDY

Q00 oo8 009 fs]oT 002 09 ov 02 o] 8 9 v 2 !
;
11(4) —H H++1-H . + +- : -
s il - ML i 111 T Rk L 1
3 8 r + L B - 0T — — 1
44 HH T - H = o 3 31111
S =
dexacan: 4
- - {1 ond 1 1
- ] H & 1 H H H b3 R 5
109 s s L 2% - s===
- 57 5 t= A i JTTTN
EEE 1H eiil tianatibps S & g ]
1 - - -
H i =
Tt HEE (yblam Aq juaausd FH 2 1
HHE ‘juojjadoud uy 1any 39 S ot =
FHE H 8
g
3 3 R E=S H Re SR EELN SR
3 2 ] NI N
- - T
§ §a 11 SEIL NTNG NN T M & AR
+ EEEEEECS g § N
- ] 1 ™
- 1H Y M ™ !
4 " - —1 -
[ S T 4 M PN
s EESERRE 3
- g + ] » N RES N ™
E S B E H
e atity
ﬂ : 6% i
—11 e = = 82°2 ux A NP
ENRE 1 ECRY H 2 13
i g I H - 1 * /
1 3 A
EE | ] i RN
2 i = EEERE s NTRY
F 3 X
ﬂlf
H ] itk 0
X

00!

006§

006

0o0¢g!

0041

001e

006¢

0062

Mo ‘% ‘aunjpiadway }1xa - 812Z0N



‘upBAX0 prubip puv wsBospLy pmbif Jo sounvIaduig) 1XI-0{ZZ0U [Ba132I00Y ], “ponunuo)——f WA

"PAIRIIPUL OPBL wAIE 01 uotsurdxs srdonuast Fupnp uorsodwod wnuqimbe foynjosqe your oaenbs 1ad spunod g ‘aanssaad aoqueyy (9)

> 'D8ID |00JY}-04-}ix8 9)220U jo oloy

0001 o088 009 0ov 002 001 o8 09 ot oz o]} 8 9 14 2 1
—— . - - - 0
4 B T LT HH T 7 i i T
= B (0) H Ht + H —+H =S B E
= B SSa i R By i |
Js=1 £= L EIRR
= SES HH EE -
A H T
z == —+ HH €8 H - — e]e] 4
z E 1 EE it : £ i ]
o D O G F4K
M === - . 1 S MR 13 =5 P H H J H
2 B } g FH TR TR S
< se 2 3HH - ITHL g
I &g
= { - o
M SESpenn = b 00
Ay H =
W o9’ 1 HEH & L =
- vt hm - - H N HH - W
. F i H ~ THHH002) X
g i o 3 ~
) + 8221k 7
= Tr + A3
o Ml 5 ¥ 3 M N H M
= =+ H - N EE 1 -
“l.m I ilgsiii M , F T § ,Oo w.
K - P 9l
RENEEERSS ; _ §53s S H
= Y 3
-t jyblam Aq juaoiad r. <
% 1] 1+ ‘yuojjadosd wi jang | = 1] -
w : T T ATI 6bL'L wl
= HH - 09" 1 R : 0002 R
S H L T EES ; 2
gl B o NS = +
ﬂ 4t 1 pgtl ® N NiiiY
= Biiiis , ,
o Ras M EER h
._1 H L TTREH TR 0o0ove
- H 11 E E = 2% H Sagbeal
v 1 - o /
= : S
s B l it ) 3
T B i G
= = 0082
m - H L = H HH N
N = gors ~
" s FETY 11} - 1§11 - . . g
5 HF - 4+ s 2 - Hitooze
e H d H
4




.

4

CHAMBERS

THRUST

N ROCK

)]

-OXYG

TN
L L

HYDROGE

RFORMANCE OF

5

b
Y

"ICAL PF

Pl

THEORE

*paEOTPUL O1YRd Baan 0 uolsurvdxa ddoayunst Fuunp uonsodwoy

“uafaxo pmby puw usfoap Sy pubif jo s

N RIAUN ) JIX0-0[ZZ0U [RINIIOSY ],  "PONUNIUO)-——§ TUADI]

Z0d] fonjosqu aut oasnbs dod spunod gy ‘ounssaad saqurey)y (p)

» 'D3JD JOOJY}-0}-}1X3 BIZZOU 4O 014Dy

0001 oos 009 00% 002 00! o8 09 oy o2 o] 8 9 v ¢ !
i IRl 0
= 1 L b tH ]
3 (P) EEES - . ]
e = oor
>R —
f 1 e
CERIR =t B
L LN . HH
92°2) iy ] E
Il ad - -
i H i 008
ybiam £q yuaoisd S & i itas
L - wotadosd ui fany =S ! 3 1N FH
Ft S i § EE 5
3 k. N N
1t 5 3 NI T ke NIHHTH 1l
N |
= 1002
HITRE
S
[ R SREE
- = O 3 t ¥ NIH Y
- N
] HIN 358 0091
4 N
E3 T
HH 225%
- 0002
b — = 3 H N
113 - AY
F ] Hoob e
0082
= HH

11%3 - 3|220N

‘aunypisdway

Yo %



ADMINISTRATION

SPACE

AND

AERONAUTICS

NATIONAL

PORT R—-111

TECHNICAL RE

46

‘wadAxo piby puw uofoap L pinbig Jo saunyvaadwa) JXO-0[ZZOU [WIIMOD ], "Ponunuo)—§ AIAHTY
‘pojedlput onrl volw 0) uolsurdxo Jtdosyjuast Sulanp uornsoduros wnugmba foinfosar your sienbs tod spunod Qanssaad Jaquny )
1§ 1put o1 2 ! ! tsurmnp uont g ! .

» 'DBJD |DOJY}-04-}1X3 3|220U JO OIDY

000! oos 009 00v 002 00l o8 09 ov 02 o]} 8 9 14 K |
1 § 0
H= o = § + - HH : g
)T AT TR it 1TH
RSN HELY T IRER RS 1 - E . 1
3 11} & Gum et - ' - T B g AR
o 38938 HT B e ¥ i 114 HH P
] =4 L i - 4 o
FEF TITH = - s 1 HE HH o]0} 4
1T = L] - ] lVlJlIfh‘ Ty F1 11 Fry
i g Eapaid L TR T 3
HE —+H HHT1S SSERtincttaRRIER Ry Sl 1538 REN T 1 H
H i E * s T &5 i 00
= 1 £ 8
- S Ene 2 3 E
= ! = ]
FF HH1E 4] ~ 3 =
N H HHH o9'c1 i H M B s [T FHHTN
4 ..-Q Ty i = =
Es ” PTG = = 22 5§ . Tﬂl.u w4 ;/1 - § ] S
=5 T + H H H 002! N
B2y j - 3 ®
o A ™~ '
BES 111 - s M as B - e
i TS N Y =
=y - ~ 3 L N N
3 H 3 Nt H N N @
28 1 = H = H 3344 SR S o N I N 1 0091 3
e - N T 3 ERS=IE N 3 ©
H- &8 N4 A N N L ®
HH - o
- F1 1 H t o - HHHHEH N 435 io8 <
H+ H ©
H H R H I IT ll 1 X -
1ybram Aq juadciad Y 1 - -~
+ - - ‘juo|jadoud ur jany prit e 3 0002 "
1T 1 b + HENENE s ! { N 2
5 ] x
S8 ity N
B H- NI 4 . f
bt H 2l - N . R a8 \
: ‘l/ 1M phuwme -
- Hi R N = g2 8 3
o o - S Rl .. I Nl J 00v2
] - 17 I -~ 1 - M 4 ) -
- = 1 - - - N N
- - a - P
3 8 3 -1 41 FH] .
: B it SRR S
g - N
MENY
HHH H H - HHHH s 002¢
++1 + H
= i e I FHE 1




47

THRUST CHAMBERS

oT

ROCKE

EN

bl

N-OXY(

HYDROGE

OF

RFORMANCE

ORETICAL PE

-

THFE

3 ‘D340 §004Y}-0§—}IXa 3|ZZ0U j0 O1j0Y

‘wofiAxo pmbip puv waRospAy pbiy jo soanjuaadway yxa-d[zzou [RoiIdI0aY ],

‘panutinoy— ¢ dUALI]

“pojearpur e BaIe 0y uotsuudxo ordodjuest Fuunp wonoduiod uszoly faynjosqe Yaul aaenbs 1ad spunod g faanssead dequuey)y (J)

0001 ocoe 009 00 002 001 08 09 ov 02 el !
) e sils g
n_j <
8 — LS 3
i E
- %.m
&
I o [ele}4
— ge4ll
09°CIHH 5 H E
16pL L] t L ne . H
EE 1 008
juo(|adoid ur jany “ HH -
s hfess
ey 41 11 -
- : SjixyREEmE iF 53 0021 2
1 g
-1 1 ~N
e giissasensy + g ] ©
T = 3 3 ®
H 1 . N =
- 11 ~ 1 {1 . 5 2 \ 3
Hi E 0091 3
11 N 3
§Ei g N\ g
. HHH 48
] L)
= = b 0002 e
- - 11 W14
H H 00ve
3 13 + 008e
SRESER 002¢




ADMINISTRATION

SPACE

AND

R—111-—NATIONAL AERONAUTI(S

PORT

TECHNICAL RE

48

"updSx0 pbi[ pur weBoapiy pinbi| jo svunjrrsdiuo} JIXO-2[Z20U [BINOIOVY], PARULIUOY) -} AUADEY
"PoEIIPUL O13EL Bodw 0} uotsuedys odonuast Sunnp uonsodwos wnugimbo tanosqe your saenbs 1od spunod g ‘ounssead laquryyy (8)

> 'DRID |D0IYy-04-41X® B|ZZ0U JO 010y

000! 008 009 00y 002 001 o8 09 ot 02 0l [} 9 v 2
bttt - T e .
SSSRRES H- 11 4 s H
H(6) H b 8
E g 3 H - HHH
48, T B = 23
.m-v. - H B!
12 33
210
£ §EE : i
o i
£
lng 2

—+ - ~

S

0
[ele] 4
oos
g
002! N
©
@
X
@
0091 3
@
o
<
s
o
0o0o0e -
2
00v2
0082
002¢



4

RS

7l

THRUST CHAMBE

ROCKET

EN-OXYGEN

-
]

OF HYDRO

N
'

THEORETICAL PERFORMANCE

AALX0 pibiy pur usdorp sy piubip Jo soanrisdwie) JINO-9[ZZ0W [0 ], PINULUO Y- HHADL]
PIIRIIPUL ONRE Wk 0] usisundxo ardonuost Fuunp uon=odod 1ozogy toinfosgr yaut arenbs tod spunod g¢| Coanssatd Joquivy)y ()

» ‘DD JDOIY}-0}-}I1Xd 8[2Z0U JO OLIDY

J1%8 - 3j220N

‘enjoiedwsg

Y

000! 009 009 oov ooz 001 08 09 o o2 o]} ] 9 v F |
(4 i HEH : i
LS€ Hit F p HT1H ]
.v‘w I
Tk s=S 00¥
1’02 H -
Mmym_ 43
-1~ 2 cZCidt
097¢!! -
vl

HH Hoos

E{o_mw, H

juo|jado
i ‘ 002|
0091
== h.m
s NS 0002 ”
&t ] 2

T HHH oov2

1Y
EEE 0082
H 00z¢




SPACE ADMINISTRATION

AND

S

Al

RONAUTI

vl

R—111—NATIONAL AE

HNICAL REPORT

-

TEC

0

0001

008

‘uofAxo pmbiy pue usfoapsy pmbr jo saanjeiadino) Jxo-afzzou [EI1II001 ], PANUNUOD)—"F AUADL ]
"PRIRIIpUL ONRI ok 0} uokkurdxo Jsdonyuast Suunp uonodwos wnugmbe i osqy your vdenbs sod spunod gge ‘oamssaad Joquiey) (1)

3 'D3J0 4DOJY}-0}-|IX3 3(ZIOU JO OHOY
009 o0t 002 o[o]] os 09 op 0z Q1 4] 9 14 4

I

1

ns e
T
T
T

1
sevusase:

o

i

I

I

i

oov

0

e

008

002!

0091

4 0002

oove

0082

00¢ce

009¢

2:nD1adwa) 4 1xa - 3(2Z0N

L

Ao



ST CHAMBERS

T

N ROCKET THRU

o

N-OXYGI

Wk

OF HYDROC

-
—
]
=
-
ol
|£9]
jet

FICAL PE

JORES

THE

000! oos

009

‘mafiixo pmby pue usfoapsy pmbiy jo sanjeiaduia) JIX0-0[220U (RO11109Y ],

0ooe

00l o8

» ‘DAID |DOJY-0}-}1Xd B|ZZOU 4O 04Dy
[oF4

09

[} 4

“pojeIIpur 0nEd BaIw 0) uosuvdxs ardorjuest Sulnp uonisoduiod udzody NOGE aul arknbs

o]

PONUTIUO) - F ANADTT

zod spunod (g ‘odnsxaad Toquiwy)y (0

Si6
e

T
il

Ho

T
!
T

van

A3

opima

0
oov
008
oozl Z
8
3
]
R
5
2009l 3
o
3
[ =
3
91
0002 e

00v2

0082

oozt



TUOBEAXO pImbip puk naforpay prbig jo soanyraading) 1NG-d[ZZ00 [RO10I0N],  Ponunuey)  p AHADL]
. wls B » - s .

POIEIIPUL ONBL Badk 0} uotsurdxo drdodyuast Jurnp uonsodwos wnugipmbg fapnfosqu gout oaenbs dod spunod o9 toanssoad 1aquuny )y (N
. . "~ " 3 -

3 'DJD JDOIY}-0}- X3 8[220L JO OHOY

000! 008 009 ooy 002 00! o8 09 oy 0z o s 9 v 2 i
< Ho 1111 i i 3 T FEi F 0
= Ex= ] - b HH i e H i : 3
= psk tHi6'62 P L 3
= 3 5 ST EE =y
- H sé'e P - - 8
: = =gEgsiiyryeyasass = H H = HT e 1 0P
z EE HH L8712 . 51 T L 3 ESER Ny izesas : §as
- FE 21°0 == =
2 H i B : Hililtin
< H T e i g H FH BESH i = 1
M w.w = = 008
¥ 298 FH 2
7 i i
098] H Se3gi Sy H
= - 7 % T+ = 5 2!
7 B sl Ahiiii i
- , sink ™ i S preagaie B! TN A ‘
” - : e E 23 R = oozt
) S it i i N P
M bd-d- R 1352 el - ~TH] M LHH i 2 N
i i i tEE R | \
£ o - HH 0091
< yblam Ag jusdiad = d = £ 3
ERs E -+ ‘juojjadosd up |8ny = 33+ FHH
3 g A
m —+H - B N
0‘ H P = 11t M fay N
= 4+ 3 0002
= 1 3 EESEs H
S [ , ] A : S
V4 8 H ki 5 £ PN i A
1 : B J r N sv. )
B . o . H- I H B
= ZR8 - : : i i i T ov'e NI N TN
_ +i l 1 gii ] HETTT NIt { 00v2
o~ 3 1 N 5 h
o
< H
= HH 1 008
+ E i N FE PRI
g +
- H I SR HH
< HE +
= 1- £
mﬂ = 3 IEERE S e + L H H Hit1d H
M, H 1 HH E 00ct
& 3
- HE H
~ : 009%
"
%l.

'@y 'aunjosadwa) 1x3 - 3|ZZON

Ho



3

=4
4

RS

gl

CHAMBF

THRUST

Pt
Y

OF HYDROGEN-OXYGEN ROCK

THEORETICAL PERFORMANCE

‘uadixo pibi pun :uwo:u.m:HE::: JO Saanivaad o) JXa-0[ZZ0U [RILAL0Y], “Panunuo)  Cf HUADL]

PRATRIL 0N Badi 0} uoundxo d1doajuast ulnp uon=oduos uszody teinjosqu gout aawnbs aad <punod g oanssoad aoquivyyy ()

» 'DBID |DOIY}-04-}1Xd J|Z20U JO O)DY

0001 oo0s 009 oot 002 001 o8 09 ov oz [o}} 8 9 v 2 |
A 0]
T - HHT EAERRE! it TP FTHH ]
= (1) - a5 1 : 3+ HT -
0 4 xllfl.l’ H . H : H
E T ; 00b
] S8 E
Agos S 85 —f-f 5 BEEEs
SSSE5 1 HH 008
g - ] s -
43 - -
1] 3
- 1 EREERL Siiiiisagnt NG SHHH NS ] W
% N P P HHTH 002! X
angt EHH N S ®
¥ o o )
3 = HH - H N o
H 1 $ : H1 NSO (o ™ N X S5t =
= - H : = d H -
- H i st~ T N N @
E== HHL N NGoo1 3
(]
i HHHH H i S NI i 3
1H A\ S
13 H s K
H ——HH - F H HH N
- HH o
SSERE L H 2zEad 0002~
BT E H 5 H - Ny ] 2
- — - —1 B! 1 F 11 T
H s H H \
S g g - — i
4 1 i g i ESEEL: A3 Noovz
£Es 3 =N HH M 0082
i i T ] ] E SEs | H jooze




ADMINISTRATION

SPACE

AND

RONAUTICS

Ak

AL

R—111--NATION

TECHNICAL REPORT

54

“uadAx0 pinby| puk 1sB0Up LY prubiy Jo soanjeroduis) JXe-9[220U [RI1}aI0aY ], TPONUIUO; - —F 4D
POIIIpUL ORI Baw 0} uolsurdxa ordoriusst unnp uonzodwos wnugmba foynosqe your ouvnbs 1od mc:::&::::‘z:,/_y...,i._,E:::_.vA:_v

» DD JO0IYI-0)-}1X3 1ZZOU JO OyOY

002 001 o8 09 ov 02 [o]] ] 9 v 2 |
S=i8 § = EE5 e 00!
SER s i LSS
- (W) f
2o = =t + S, fr‘y 10065
=SS g3
f F s
16t
tHlez2 006
= 5 S 1l
- F H LS
; & HHEH 00¢!
- Jybiam Aq juadsad
w..co:waoa Ul |any
- \HO00L)
-
1] 10012
6612
C09E s
aga
== 0062
= 0062
J{y 00¢€¢
00.¢
T

Mo ‘91 ‘aimpiadway yixe-23jzzoN



55

RS

THRUST CHAMBE

o

ROCKE

N-OXYGEN

OF HYDROGE

ORETICAL PERFORMANCE

E

T

‘uofiAxo pibip pur usdoupsy pruby jo saaniraadiine) UNI-o[ZzoN Rl

OO, PONILIUG))  Cf aH.a

‘porEapUL ol Badw 0} uotsuvdxe ordorjuest Jutanp uonsoduies uozod) faynjosqe youl aurnbs tod spunod g tomssaad doquivy, )y (u)

? ‘0340 J00IYI -0} ~}IX® 91220V JO 010y

000! 008 009 002 00l oe 09 ov 0z o g 9 v 2 |
FHH:
- (V) 3]
21’02 1, &
Se T HIEE
26y
09 €]
E6¥L a B
=1
=i =
f
iybiam Aq juddiad s
‘juo|jadoid u) jang +
6vLL
09°¢l 4 = -l 11
A
4 = 1HH
¥ 1 \
] H- NI
T N1

008

0ozlI

0091

g

oove

Qo082

00ce

N, ‘@7 'aunjpiadway yixa-3)220N



193AX0 pmbi] pur wafolpAy prnbiy Jo semiviodwle) JIXa=0[ZZ0U [RIISIO],  PalUIIU0) - F THIDI]

‘porwaIpul ohwd voIw 0 uotsurdxy ordodyuosy Funmp nonrodwod wnpqumbos toanjos Yout oavubs tod spunod o0z ‘Ganssoud doquvyyy (o)

» ‘D3JD JOOIY}-0} ~}IXI I[2ZOU JO OLOY
000! 008 009 oot 002 001 o8 09 or 02 ol 8 9 v 2 * !

S
'
1
3
+
1
I
]
1
:
I
-+
T
!

i) +H 00§

e soa

ADMINISTRATION
I
1

006

SPACE

AND
&

1 00¢}

00L!

[ wybram £q juasiad !

AERONAUTICS
1
I

AL

8

Mo ‘94 ‘anjoiadwa; y1xa- 3 zzoN

NATIO

R—111
T
}
2
o~

t

+

PORT

T
L
Iness!

0062

RE
+
¥
e
1
o
-

T

-+ HH [0,0199

TECHNICAL
b
L
180741

00.¢

)

t

-
[




‘wofaxo pmbipur waioip Ly pmbry jo soaneaad o) HX9=I[ZZ01 [HINAI0aY ],  PAPN[IIO0)—F GUADL]
PATEAPUL ORI Bodk 0 wolsuvdxo srdonuast Fuunp uori=odios Uazod) toinosqe fout atenbs dad =punod gz ‘adnssoad doqruet)” (<

» '09JD |DOJY}-0}-}1%3 AJZZOU ;0 014Dy

RS

yl

CHAMBE

ST

THRU

T

Y

ROCKE

N

L.

HYDROGEN -OXYGE

OF

TICAL PERFORMANCE

N
Y

THEOR

009 o0v 002 00t o8 09 oy o/ ol ] 9 k2 2 {
: - 1001
‘ HiHoos
52 006
I z
(=]
HH oog 1 8
@
®
- == x,
= H s
5 oosl 3
111 @
g53 3
e
H H
: Ly
Hoolz2"
= - & o
x
£
N100se
H L EES
0062
: ooes




ADMINISTRATION

SPACE

"UIRAX0 pmbip pur woBoapAy pmbiy jo anssad 1X0-0]ZZ0U 0} IDGUIBII-IONERGUOD JO O} [BOTVMON ] — "¢ HHADI ]
"PajERIpUL OfEL Bour 0} uosukdxo ardosjuest Juunp uoysoduwos wnugnba fe)nosgu gaut vaenbs dod spunod ¢ ‘aanssaad Jocuurtyy (v)

» 'D3JD JO0IY}-0§-}IXd BJZZOU JO OYOY
001 o8 09 or

AND

AERONATUTICS

NATIONAL

R—111

PORT

TECHNICAL RE

58

.

i I 1 i 1.
) fiiitssisiacassE: : e : : i :
(0) iiiEssasEsass: SE: . 3t
= £ gss
= 4 =
== - - - T | - - - T 0 0 O W WA g 1T T ¥ T T i § N
HE S SESaa s iSESEESE SESS: HH IEESS) i E8!
s ST mm == =
S5 5 EE
T 111 T b 5 o ¢ I T 13 ¥ X S - . vu i v
? s253
== H e it i } e } H
3
sE2:
= H S8 5! HEH sXE: H
SEESS SE== = = 21'02 H IREES
Ea3s 5= s . £
= FEEL 02
jE=s==== P = H
EEEESZE: EESESSZ. i } HET H
ESSS = 3 S5 i SEES
T HI T Tt T I HT ) - - | B ov
H HEHEEH § FHiH = 28
1
%
e T+ 08
+
b - 00l
T 1]
31T b o T | - D G S & 1 ISSNNEEa e IT - OON
HHH H . FH tH SSESSES
5222z ! S35 SSSSS=S + 2isissasss: i H
4 Hitt  : 1 3 ia 3 t HF =5
5 235552 £
s= 4 oov
|SEESE! 2 H HHTH = HEH H
=S =SS H H HITHE =5 £ HHHE B iSE
= > T+ 009
A sam
'+ 008
7 H
= 000!
= - +H
1 . b o o -
¥ D WD W . | T Ead = 2% B ¥ H OOON
iESSSSS t §SSSEiiiataadiats ‘ + +
= : R il 1
£ H ooov
+ H

%1/ % ‘onos aunssaig



‘uafiAxo piuby puv wafoapsy pnbip Jo adnssold JIX0=0[ZZ0T 0] IQUBYI-UONSHGUOY JO OLRI [WI1I0I00Y ], "pPabliljuo)) ¢ HADI[

TPaiRIIpUT 0L Bou 0} uosurdys oldoIjuost FULmp uon=oduwos azod) tonosqe gaul odiinbs dod spunod ¢ odn=soxd doquuwyyy ()

» 'D3JD |DOJY}-0}-}iXd 3|2ZOU 4O OlDY
0OCOI oos 009 00¢v 002 001 o8 09 oy 02 01 8 9 14 F4 !

} |

Ty T S5
7 R 5 3
x B () i H
= : == = £2228 i E 2%
= = g iz E 1]
= A%%m = 2
5! H o= H2
hid EF = t
oo 5 = F 2B
o e ==3
= = = ==== ES2 S22 E27 2225 I
N Ht aes
= Ht
o=t
= T 9
- 8
T 11
= { H ol
] H +
-} e ESieiae it iES == g=
N\ = Ssssc = S EESE
v, t 5 1 siassssocs HH HEH 02
k= : + : Sris 1812
el : : : [TREE:

H = 19'9¢ 23
= 15762
15

SERiiD ov

o

-

P

<

)y 1 I

=

m - 09
= o8
=

— 00l
-

-~ £}

T == == H S H ﬁ 352

< £ = 222 EEE

00?2

HH

E=S== 3 L oo%

i

RFORMANCE

009

008
0001

prn

i EESE = ‘ = 0002

THEORETICAL PE
i
]
H{

‘i
il
T

1t

— 000v

1ybism Ag yuassed 3
—HitH E ‘yupjjadosd ur jany HH

%% ‘onps sinssaig



SPACE ADMINISTRATION

AND

S}

1

R—111—NATIONAL AERONAUTI(

REPORT

TECHNICAL

60

0001

008

‘Poyralpur onrda wodwv 0) uorsuvdxag srdoryuost unnp uorxodwos wnginbo

009

aadANe pbll puR UofoipAy prubly jo oanssaud 1xo-o[zzou 0} IDGUIRYI-UOHSUQUOD JO O1}RL [B21101001], “PalunUO)—'C AU

001

08

09

‘D3I0 JOON|-04-}1X8 9|2ZOU jO ooy

[o]]

nunosqe yout adavnbs uod spunod gg ‘aanssoad oquiry) (2)

Il s
T ¥ o ¥ 1 i mmwiiia 2 3 ¥ === 1T
e : = t t S T =t ! T T
= (2)F ? t HEEH +H T EZSE! e
: - ES! S ESESSSSSES H }
: : S BT t : H
- 33 H - -
i
1
H
H
3t
$ ! R e iSITTEEE SRR RN H FEEEEEE]
B EERMIIII IR it 55 it ! HHEH
oA
AT
FHH I HH =SEES! i=E=S==SE §
|SS S H :
HH Ht ISE==: ¥
14
HAgH
1
1
! £ H
H 38222230 ¥ H
4
HHH : HH HitH i

ybiam Aq juaniad

‘junjjadosd vl jangy

oz

09

[ele]]

oo8
000!

0002

000%

%/ °d ‘oups aunssaiy



wosidxo pmbi pur wfoupy pmby 3o omssard 11%9-9]220u 0} JAGUIBID-GONSNQWOD JO OLBL [¥alI0a L,  ‘pohulue)y—Ty THNDL

Aol .
o= ‘poiraIpur oned vadw 0} uorsuedsy ardodjuas] Suunp uonsoduos udzoly tANosyE Yaut arenbs 1od spunod gg ‘ednssoad sequivy) (p)
» ‘08I0 JOOIY}-0} - IIN® D|Z20U JO OHOY
0001 008 009 ooy 00e o0l o8 09 o 8 9 4 2 !
== szt == == : 35 !
.,m EE(P) R EE == f HHE
= = EEH H EH 2 == H SSS2S
B =2
-
=) - ¢
= g HE 1 : tH : t i
= === HHE = : : + : ZZE!
C = = -
=
5 1T ' 4 T '
= s S T ==t H
x HEE 5 E : +t
= EEEEERHE 222222 = £2 = 9
= H
1 [}
=
v ol
4
&)
=] SSE35s2
~ =
W‘. =S t SSESES: je2222282E: SSSESSE HEE H =22 e
G 1 } = s SasEEE=ES! R it £ ===
_7\1 = =
”
&) or
= P 8! HH
S8 SSEiiii: HaE H
g € H $EEE:
> EH o9
Q
DDu [+]:]
m 001
B H = H
=}
9 = : Siss: : H ooz
o = § ZSSS : 2
Z = : H : 2
- =
s
=
= ooy
o t HH H gsasaseas st : HEH s
= 3 HEH +H e : : HHH H
- s == === H
2 = sizzzss 009
A H
T 008
=)
his 0001
&)
=
5 = E HH = EEEFH £ 22
] £ SS2 5
c 5 0002
= HHHH HHH i 1 t H fh e
o HHEH 2222S! Hih i6es : 1 5 i HHE S
= ] = HESe sl 1792 H S22
16°62
G'eE 000t
H e
H yybram £q juedsad H
‘yuo|jadosd ul |any
4t
13 T 1
P
HHHH
H

%/ % ‘ouos ainssag



‘uoBAx0 pibi pur uafoupLy pmbip jo omss=aad HNH=0[Z201 0] LIYUTLD-HOHSNGO) JO OHUTL [BION] ], Poluiuo, ) - ¢ 4y 1

‘bojrotpul onwl wode 0) notsundxo opdoquast Fuunp uopwoduwios wngmbo fomposqw your aavnbs aod spunod (g ‘arussoad quryy (0

3 'D8.D 400Ny} -0} -41XD 3|ZZOU JO OlOY

000! oos 009 oov 001 o8 09 o] 8 9 v [

1 J ]
y o am s ¢ piis0a0acnenmEd T
T ROt B H H HEHH
/ (3) i H T Bttt H 3 - ==
: SissiEsEis HHEH i H S H
o] t HH 3! H o i -+
~ 3 B H HHH = H
H S SSSE HEH = H b
-
s 2
[ === . o e | 1+ 2 T
= T t ¥ & a1 . Hit
o == =S H § =it
— 35 Hﬁ
< EE
—_ +]
-t =
s E = e
1 e ¥ HH 13 it 1 11 T

o ¥ I L it 1t i 1 it BT
- : SSESRS S I 8223 H e : HH B

1l

SSSiiiiiirazazasss £22 9
= H
3
- (]
Ay
” o)}
jan] =
: £ 5 = £ 301 H =
u = 8221 =
] byt E
: . E= LI ]
" g FHTHTE HHR L FEEF Sasi oz
] |==SSSE: SR EIIRISIIRRSIEs! SS====iiiiizsic! Hie HH ge
Y |==: T == T +H = 1 T H+
¥ o = : |
s
,
Z HHETH iSSiiaiinsiaas : SESSSSE==s: oy
S S3SSSISS: T : EISEESS=S HHEHH
= H i 09
1
]
> 08
; 001
7z
=) s s
ot :
= = = fzissss H
P E=
;
S G T P T I e Tt T °°N
B3t T araatEal = e HH SR s e e S & H} T
— BEeETt13ix ¥ T o o S e H HiH
—
—
|
= B E: ! : B 0or
iSSSESS £ 5 SESESSEES: $ i 252
= = £ : S : 22SE2=C :
o H H i 009
_— =
=) i ira
& L 008
= ¥ 000!
- 6111 E 2
- == i 82°21 % = - =
&) 6oL L = = H
Ve zsi = -
T £l o2 f : EEHHH O 0002
v 28712F HHHHHH 1 B
bt Seszqf tHEE t t FHEH 43
= iv'92 H ¥ |
= 1562 H

000t

Tt a4 +1 Y asasensasas: 1t Seraniass 313l 1aa = -
=t T 1 1t T . = HiHrH i = s
= 3 a 1 1 ifasiseauss: 11 T - I T

62

9/’ “ouds aimssaiy



‘HamANo piby puw aaRoap sy pmbip jo adissold JIN0-0[Z2000 0) JoqURTI-HOTSNGUOY JO OLRE [RaLLROOL [, "Paliiiney ¢ s ani

3

R Thopipur onel vodi o) uonedxg gidojuast urnp uon=odwos wazoaf tarnjosgr aut vavenbs dod spunod ggooanssoad doqueegy o))

? ‘094D JDOJYI-0}-41Xd 3|ZZOU 4O OUDY
0001 o008 009 [ele ] 002 00l 08 09 oy 02 [o]] 8 9 [3 2 |

1

g

RS
T
Sl

)
1)
8431

1

191

191
T

NH
i

T

1

11
i
Il

CHAMBE
o~

HEHY H HHHH T 5!
i 54 HHH HEHE Y
T a4 HEHHF 4 T
= = H g57 125
=~ H S
- = . ‘
zn HHRHE PR HHHA T
&) S S iztst! T i
o R HHH R 11
o~ i H
=
-
< : of
¥
&) "
= EE!
=) = H HH H SES ESSSS2S HH 55
< 8282 H H H S22 2= e
= H o £
.
~ T T 1T T T T I I s T T °~
= HEH HH = PR 1
- == 3. FEH
’ H
Z g
7 HiH HE Hi oy
A Hitt H Hi
= HH H
=]
5 09
e
= ] o8
- 00!
- H
= :
= EiE SeiiiE £ gsiz=s
- PANS TP O D@ et T 13 1 T ettt bt Bt o i 2
= assszssan e ] + IS==! SezEgTEamE isatioasssss: I
4 HEHHE T : = . } HH R s
N it T T T T  : n»x"m»»nn.::.....nn:" Hi T4t
- £ £
- -
~
!
= 00t
FHEH R Y
o T It 1t
; T $SESS S st
5% 5 = ;- - A B
= ¥
009
=
- 000!
-
— ES=E = } 41
—_— . s
: == : Hi H =
o~ = HH = EEIBR 3 ERE & 3 s2 EES
IEEEEE = < I AR HHH- 0002
= et t . Ht g JEEEEEEEIInsasas: HH
ISEEN R St | 481 Hi PR B
o) = : S6£2 HHH P H
=~ p 23835 L6°92 = uuun&mMI
Hi 16°62 HH 25 E = SSSE

000%

it Y

1ybram Aq uaniad
‘juo||adosd ul jany

Y/ % ‘oups ainssaig



‘uodiAxo pmbyp puv usgodpsy pimbip Jo sanssoad 1 (X0-0[ZZOU 0) JOUIBYI-UONSNILOI JO ONEL [BIAI0S [, “PINUNUO)—C HH.ADI]

‘porrotput onrr raae o) worsuedxo ordonuast Fuunp uorymodwos wnugIthbo foynosge yout odvnbx dod spunod ge odts=oxd Joquuwy,y ()

» ‘D340 JOOIYY-0}-§IXa 3|220U JO OlOY

000! oo08 009 0ot [0, 01" 09 02 o] ] 9 [ 2 |

T
: g

MRS
112008

4

o]

A
nstene
i

RATION
"
t
L
1

= T 1 i e e e T ¥ —t T H HHHHH H}
B $ $ AP ¥ t = HH H e Ht
H333 3 i : et + T 1 it 1+ H HHEHHH 1}

[oa] 1332 H3 - s -

: g 88

[ S5

— = SSE|

— B o

[ 11 Bt A8 0 D e A e I 0 o 4

= HHH Y t
a : HE HHEEEE R E:
- ] lllmﬁ..: H
S2zS2Sss Kuunn#ﬁmmm%i 9

N

SPACH
@©

.
=2 S2 H = E HH =

7, £

-t -4

A | === T 2 0 500 3 0 0 B S . H -

A |2SS=: R R = } T

= e e = T ! 22 T 1

= jSE==! — T H

= 2

o

N

v ov
A HH 5! HCRE H

= it T 54 FErR T iH

H ifjeazaaz: 222 H 09

Al

B R H f i
B R 3 e

= T 1t T 1 T THHH s s i
| ot : = iy T3 3HT e o
|==3 ¥ H : T i o a3

==t == = S == L 009

) v

i z 008
000!

eena v

(N

AL REPORT R~111—NATIONAL

jon = : EzEZen £
4 Feroz < iiiaeSSEEIEEiiitisiiiisss, 0002
e} L1912 H HHHHH H+ HEHHHIHH
U EEFEEEEEHEETE Fsece 2t e R e T
1 4:r === ZSEESEEZE! 3 == H 3
mnm 1562 ESE HEH EebE £3 Eisg
15°¢€ i =

000

| == T T T HHH
== Hitt . ¥ 1 HH
|== Hitt 1 : 3431

wybram Aq yuadiad

Siiinia

V
—H jupjadosd ui |3ny
LILELLLI e L3443 4434

e
INENNDEEDI
i T T
IEBEOWE N
A
HHHH

%4/ ‘onps aunssaiy



“odAN0 pibiy pue uoFolpaty pinbif jo amnssald JIX0-9[ZZ0U 0} JOQWEYI-UOTISNGUIOD JO ONRL [RMIAI0aY ], "pPonuliuo)— ¢ duio1j

65

PEIPAT OT1RE RodE 0) UoEIRAND a1dodiast Funnp uonsodwoy uszodg faynjosgu yaut sdknbs aod spunod e oanssoad asquieyp) ()

3 'DJD J00IY} -0} -§IX3 3|Z20U JO OOY
000! oo0s 009 00t 0oz 00! o8 09 ot 0z Ol ] 9 [ 2 |
4

i
~=
= == FEH 2 i
— = = SSS HH = = = = s =
~ T 2
- T 3T o s & T jpignsanuN: It
- 1 i =" HiHt e =
oy : S fizasises: +H
1 i {E= e =

© g =t £y
A = = ==
o IR EE00SRNOERUEEE T
= H HH}

R
o FHEHHRHH
-
st TR 9
faml

pid e

ROCKET

i
i
i
t
}
b
T

11
THY
it
s
i

}
I
1

N
T
I

0e

T 1 §
o |EEEE! HHHEEE ISEEE! T B :
= £ = zEE]
v
g
< : ov
! H HH Hier
H H Hit 18712f
= H + T H$=cece
- sees =8 2
Z =t munndv.Mw 09
< 1S'EE
= o]
=
- 001
-
- S
= £2 S22 £22 i 222 H ES
0oz
o | == 1 b o e = Hi
1 B 1 HIE H Hi
z. |ES: 1 iSSESESSE=! HE . 1
: ESEEERERE] H H 1551
" B == 1 i EEER
—_ H =+
~
jet oov
s HHH
= + 7 = cs: ===
o H H ]
= + 009
A +
11 008
A s
b - 000t
O
o gs 1]
&) B H £ 3 E = E
s =1 HH : 4 228Y £ =S + £
< B = EEE E=cas 1 i = o002
= HHH HHH 3+
o 1 HiH HiH 2oz
$ HHH } TTRES =
1 HHH
= b S6€e EEe===2 H
H EH H B iv9z § ES§SSSES = £ SEEESSS H
£H yr=c H B 2 == EH
33 = EEE r\uﬁm = 222 000
T ]
HEH R
wybram Ag juaouad - H =
‘juojjedousd ur jeny [ ]
SO ) -
AR ANRA NN NI
O TTTI T4 1 .
A0SO UESDE LM M
A m==g H H
g HHH

%d/ % ‘ouos aunssaig



“WaSAXO pInbip pur uaSolpy pinbil JO oIns=add X9=0[Z2Z0U 0] IDGUIRI-UONSNGWOd JO ORI [RANDI0 ], PIRULUOTY. - "¢ H¥ D1

Prvatput ol toak oy uotsidye ardoduast Funp uonodwos wintgubo fagnjosge qaun saknbs dod spunod gpg odnssoad aoquivyy

» '034D |00JY}-0}-|IX3 J|ZZOU JO OHOY

000 001 o8 09 ov [o74 (o]} 8

008 009 00v

{ }
T T 1n s T rus yoraus T T T i
t T : H i 222! e
e B () i H t 2 H HEE P
- - - 133
= H
e
= ¥ IEEEEE=! SESTEiniiasanessdls = H
= : I SS=ES=: PR $2: 3 Ht
r t i  EEESSE: R +t 3 =
Z
= =SS
— = V
i | S o 0 e o e e 2 5 5 P AR RGEE G B o n g 0 D i i e e 1 HHTT
SEEEEEESEE=! ! HHE
o) S PR s EESS S S SS RS HE 2215
=
[
- 8
A
7 0l
= 3
= = = 88
- £
A HHH H+ HHHHHT HHHT HH R R
. . 132358285289 rrrrit [SSSSSERESRE NN poognsansnns
= HIEHHHR o fzizisscossEmomoriiziizszassas
—
—
-
7 T Hit 0 T O or
= Hi Hi Ht i HEEH
= +HF HEHT
=
~ = H
= ii 09
-
= 452 ¥ 001
7 S¢ 21 1t
A 2roe,
< =
H === =85 ce¢ce H =2
92 H
VA 45 6
Ve 156¢ 3 002
1 H R R H HHHHR R
et 1 e e sssss: ! AT T 11 B R R
|ZEE===t . SESSSSE=aiiad 1 === 2! R
o |EEESE==! i I SEES=====ss5s0! t H iSEE: S+ S EE
- EH = =8
— =
~ I " - o T ) S & IT1ITy ) G - I =8 °0¢
= EBEEEe e i 22! ESSSSEE
- B ESE: 2 : T
S g==== g 009
m ~~wh\- %l
4 oo8
14
=
~ 0001
3 <) X v
— ! =
- sea = sa== £ 13 3
8oz EEEH £ szsss £
= [17%1 T S33522E%
= 22 £ ESE3 H
; E
7 P ¥ = 1 1 |- 0002
- : H
= Sl 1 H H : I
[ $ H : §
= mm H et A
= 562 tH H £
ISCE
000v
-
=
<

%9/°g 'ouos ainssaig



I~

CHAMBERS

THRUNT

ROCKET

EN

1

SN -OXY(

OF HYDROGE

PERFORMANCIE

SORETICAL

THE

TUAEAXO pibi puk ueBOpAY pinbip jo adnssodd JING-0[Z200 0] JoGUUEI-TONSIGUION JO OTIRL [RITa0aT [, uo ). e
TPopRoIpuL 0Nl koak oy uorsurdxo ardoayuost Futimp aon=oduiog wozody o nosgu yoaul b= aod spunod gog amssoad dogr
3 'DRJ0 J00IY)-0y-}iX3 3|220U JO OlDY
000! 008 ooy 00l oe 09 o 0z a !
=1
ZEWE
i i }
|IESS! s SEi FEE Mr
¥ T = JHIY
¥
4 ES== H == £5 g2 =S
¥ =3 -
1
1
o
1
!
]
2roe
+ R 1 ==t
H Hit
= E ESS SESS =
ESEESS=S EiE H %@ e
413 210y 1
ezl 1
I & it
= nw,wwm“m =
186 =
1G56€ £E g2
= }
}
jany X1 BT
[ HHH
= ! 1
By i “ iF

oe

14

09

o8
001

002

009

008
Q00!

0002

000t

%4/ % ‘0uos ainssaig



‘uag4xo pmbip puv usForpAy prabir jo aanssard JIX3-9[ZZOU 0} IAUIRYI-UOTISNGUWOD JO ONRI [HINDHI0NY], “Poluluo)—e aHAdI[

PaIRApUL ONYRI Bodw 0] uourdyy sdonuast sunnp uonsodwos wnugimbo fnujosqe aul aaenbs tod spanod oy adissaad dogquiey) sy (y)

» "D3JD |DOIY4-0}-}IXd B|ZZ0U 0 OlDY
000! 008 009 o014 002 001 o8 09 ot 0z (o2 9 [4

o

4 T o !
= T =S HH T
SEPMEE H Hi i
=200 i T
H 22 EH FE3fESES SEEESESESES H H

NS

—

=

-

~ T 1T ama T 1T sums T T s d

= + H H FEEH W {

o Hah H Ht H HHEHET T

5 s H HE = H HEh HH :

o H =1 T S5 HHH H

Z i £ =H $323ETs 3 ﬁm#uuuummm.nur 238

Z £i2 H =+ 55 -

— g s = =+ H s

-— = =H+1 ¢
HHH

= + T

a S 1A Hit

- £

9
=
4]
- 8
& H !
T . = o
o EEEE
7. SE=c 5 SEE E= = 23S EEEEH £ = =
E2C H : o2
(A =: 3 SEEmT iiiteasaseas: e THELT
’ ; HHHHEERHEHEH FH A HHHH
- : TREER H S 3SFTTETREETTE! T
— 3 =
— SS2 = H
= o
b HH =
m HH hf
= 09
- T
2102 4 os
A tez
48
m S= T 00!
7, h=c562
m = = 4 =16 eeck
£ B : E3Essss SEhinEnaE e -
< 5 g
1> - = X = S|
[ 1 002
T HHH £t
RS =
2 I ES===) H iS5
— H = 2 SE=53 EEy
— BSEEESIE=ESES =
= H1 SEo=== £ oop
i i FEEER
= EEES 222k 009
= 7
o) Ar
PA 4 008
wl
= 000!
e 2 = H
-« = E - = = -+
o s £ E 3 £
= g : - HHHH
A == g2 = 225 H 0002
T EE! 3EEEESS
= == L
= ] = s=== 3 =
I e FHH 35 =+ £ SEE +

F=SS2ES E EEEEE 0006

68

01D INSSBI4

/%



“uaFAN0 pibip puw usfoapay pmbip jo auanssaad HXo-o[2Z20U 0} JogqUIRI-UONSNGUIOD JO ORI [Baad00l ], Ponuijiuo).- "¢ IHIN1]

-~
= ‘pajEaIpul onRL Radk 0} uosundxa srdonuast dunmp vonoduios nozoay fopnosqr yaurt wawnbs dod spunod gy codnssard doquivyy ()
» ‘DAJO |DOJY}-0}-}1X8 BjZZOU }JO OI|DY
000! oos 009 00¢ 002 001 o8 09 o oz ot 8 9 v 2 1
=y i !
x S S i
= B (1) i1 H : 1
= = 5 EEe i R Eii £52 2352 fHisciaceaass
— = 5 =
2 = % 2
i i g
S ] 22 S H £1
MM ] = 32 E =
z H 1
2 a: ; ]
T 9
=
e

s
I

jeasis

T

T
1
T

"

Y

T
i
1
1518
10
IV
i
E&
1810448
T
l1h

02

3

ov

(03]

[o]:]
001

[l
=
1
]
=}
fa=}
Z
=
6]
I =
4
Q
7z
=
e
2
a
-
-
e
5
=}

&)

002

suaesEn
MRERER
AHHH

&5 : BEERS EH oov
2 : £ 009
1 o008

3= H 0001

NIt

i
1IN0
]

:
i
1o
'
1T,
‘
i)
el
:
i
i
,
i

0oo2

THEORETICAL PERFOR)

S EESSSSiiiieas = e o,

‘01104 3unsSaUy

oy



ADMINISTRATION

SPACE

AND

RONAUTICS

AL

R—111—NATIONAL

PORT

)

CHNICAL RE

TF

70

UNTANO pmbip pur taFoapay pmbi jo odissodd UNe-0[ZZ0U 0} IoGUIRYI-UOLSIGWIOD JO O [Ra[1oa [, PONULIUO ). ¢ GH.ADI

“pojuatput onel vaak o) uotsurdxga sdodyuest Surinp uonroduwioy wngnbe Tanjo=ge ot oaenbx aod <punod g todussoad dogquanyy ()

3 'D3JD JDOJY}-0} - |IXd B|ZZOU JO O1DY
000! 008 009 00% 002 00! o8 09 or 02 o} 8 9 ¥ 2 !

=" r 0 —— |
= e H 1t =
F (W) Ht S 35 e
= RE= SSisSSSSEossSiE H = ST H gES=SSS E - 4+
ESH E Hit == £ g3idgacSSeaIHERS N E frd B
E 2 = 222222 sesssas - 2
S22 i it : Hi L ESESi:
f i : 1 EREEmIic] 3
EESsts 5 =2 = H SN
HH E T T
N E HHHH +
3 e
mn 9
- ]
HH Ot
H B 1 ]
:
: == 22 228 E== e H EES S
EESE HH EES = H = H = 5 5 S3E3 1HH
EEE=ciic::: = H R e R S=isecs e i + 02
- R EHE = H H FEHHHIHH - T 1
SRS ] I I H 1 H g 1
EE SRTIIsis: Fhit =t b 11 i T bt I T
S i =+ A S + - i FEE g
S5S i - ined S0 OQ
= F
=
09
08
001
= FINTES=== 2 ESSNYY
“ H = 128 =08
 § HF i §E8: S6€
EEEE: gEEEEECs T
H = 1562 2
1565 =
£5: = ooe
HHE 1T }
H AL |
¥
A H i H- 009
222 +H oos
A1 = 000!
¥ Z2i5ze s 1 £
£ ¥ e - E EEE
E] i ~ H 1 HH ; §52 H
j== g222222 : grissciiaEs £ f2izeEc 2 = EE2 EEEEEES 3= 0002
HHHHHT $ 1 AP S 356 €2 B33: - B
b 22 ENLgEL iz HH = HEH SEiEESIEESSS 25=8
SEEESE is 2462 i B EE =i ii3EsE tifcaggses i
= 2k EE gEizazas SEsma== £
= ESS== 4= 000
. = oyt T L o ol
HEE I wbram Aq Juadnad - == .
= - £ tE L 'jupy|sdoad ul |ang EESE 0009
2 .
i Y]
o1 2838 —+T ] H- ooos
32 s 22 THEHTHH SE3EEE 000°01

°d/’o ‘ouos ainssaig



‘wosAxo pinhip puw woBodpxy pmbip Jo aanssodd 1IX0-0[Z220U 0} JoQUIBYI-UOIIRIGUIOS JO ONRL [HALJ0I00y ], Palulluo y- "¢ adani ]

...H TporRApul oD vo 0 notsurdxa srdodjuost Funp uonRoduos Uazod) tonosge yaut aaenbs aod < o (06 odnssoad aoquaey )y (u)
3 ‘D3J0 |DOIYY-0}-JIX3 3)2Z0Uu 4O ONOY
000! o008 009 oot 002 001 oe 09 ot 02 (o]l 8 9 v 2 !
}
i ] i ! _
PN EE(DES i
T B E HEH ] i
~® S tht : £ i3 =52 HH - == & =
= = = 2
i ! 181 = H 1
w 3 1 EE=S i IS 31 123
= HH 1 if i EESS z25- 25K

= = v
— t H

s .

T [}
=

. 8
= ol
e {

Q SSE!

2 S22 ] 5 Sgsszzsses H g2222 et e

- =

Z 1 SS= ISESSS=! H 02
) 1 IRE Hi b t !

o SEEE

i H 131 = +14
. H H =

o
Z m o9
<
=
= 1 oe
- 001
o Jooe RN 2

25 |
£ = H =2 GELl
= it ]

Q : e E22! HEH
P HH {35z 5ESEESEEEEEEEEE: H SSEESEE
- SEEEEis H = sEzsSZzsocseg
S B
=
= oov
= T € ISSEESS==:
=] 11 FHEHE iSSSSSESS
24 = SS=SSS=E
! = S5S :
EEEEE] 009
=
W
1 008
= 3
-« 000!
o
=
= HH H HH H
= i fEiisic £ 222 SEEEHUHINH) EEE
= £& g g = 3 =E= § i
2 E= 55 i ST 0002
, i Hif
= i £E HE = Hi i £
“'.n 3 et T = i 3
3 H £ B
= 000Y
iy $Z2S28E! 3
;24 1ybram Ag juaciad H
A ‘juonedoad w jang 0009
0008

0000l

{04 uNSSaid

g/ o



‘ueBaxo pmbip puw wagoapsy pmbip o ammssodd 11X9-0[2Z0U 0) JaqUIRO-UONSIGUWOY JO ORI [Ra[1AI0aY ], "PalTIIU0)—-C HHADI]
pejedIpur onjed voaw 0y uotsuedxo srdonuost Furmp uon=odwos mnuginba Lojnfosqr your oaenbs dod spunod oozt foadtssoad doquuwy)) (0)

2 ‘034D JDOIY-0-}1X3 3jZZOU 4O OlDY

000! oo 009 ooy 002 olo]] [o.-] 09 ov 02 01 8 9 14 2 [

o

}
= T T 3 ges =gl
£2 i it SEE22
ESI0E i i ESE E g g
T i
= Eiitiipstsates HEHHH tiaazicaas Hipie: 2 2
H *;
t 1
Fi 3328 =55 % -
< S SEEE: t S2S H 3 SSS=" 2=
= = =23 Nw. e [VI.[ '
SS HE 5
- L H-H 9
THTT et @
= L o]
g = + i3 SSED L liiiiiai: 5 E HH = s
o0 HHHH = 4+ - 02
[ E i E H HH i
paadbudsd - , — 4 T T, ¥ 11T
m HEHT T m "r SES ¥ - ‘*. mu« m m b4 - .
U - 3 ==
P == - = = o
= - E
7 SEEES i
2 E2sasiit ZEREEESS:
= =2 + it :
) 25222 09
-
A 11 (o]
= : s oo
7
o - # ST =
S== SELI]
r 12323 SHE ==& 2102 S 2
) H == HH & 23 2971 E2 SSEESE
cec2EE g 53 SESEEE
4 3 =ES=E828E3 5 sscaEsS=N
11T IOTHT eIttt OON
I aa 5 Hit HHHHHH
— S E t HHH 35 szssaa und
i - 13
— = = == £ = == = =
_ 2 ‘ H == 1 oo
ot peni IT T ) - 1T - jdmonei 0T PBIETaY o
~ T 1T 1T 1T T Tr s Ewee s Ty ey - .
jiifsiiesEsssa 2 ] HHET S 31! R
I §isssssszssasese: 252 R
& 3232222252228 HE 2i22222ReRERER2S 009
4
o t
= 1 008
= 000!
~
- ! z = H
= |

ot
T
1

B
T
2
e
N
1
Il

& S ETz FEf o9 ¢ HIH § 3 gs i = =x % 3 3 05§ E 1 SESE

.vl =i 5 =3 Gl = — EdsagRES HH SSBR HH 1 3 HiE H11 9 +HH]

g = = = = - EEEE sFa ==1 EEXS i e ERsdaEh E : EificccoEm 5eH 0002

~’ 1T pass L S 2roz 3= i - 11 HHRHHT

: =5 H SETILS = £ 3 - 33

- = 5 = 2 Fweiey HH £H H SE2S

S = 1o SAPEEESI : T £ S ]
SEEESS £ EESS 2SS £ ooov

N

I~ 1 - [] T

%t/ o ouos aunssad



WoFAN0 prby pue wagoapsy pubip Jo aanssod 3N0-9[ZZOU 0} IDGUIRYI-UONISNGIO) JO OLBI [Rol)al00Y T, PAPNIU0)-—'¢ HUADI]

73

‘poreaTpul o vaaw 01 uostidxa 1doguost Furnp HoREOd Wy UZOd§ LI N{OSE foul aaenbx dod spunod ooz ‘odnssaad oquivygyy (d)

» ‘0840 JD0JY}-0}-}IXd 3|ZZOU JO OUDY
000! oos 009 [ele} 4 goz 001 08 [¢}:] ov 02 o]} ] 9 14 2 I

= q |
-+ 1
o0 T - H
e T i
= =y (d) 3 tHH == Hit SIsisss 22
= L g - = :
et E=SEE = == 3 == =
— SESSESSS SEI £ ==
h - - - FH £ I T --.\. ity N
- Hi 3T o I e & i £ s 1414+ HHH + 71
H i p = o 4 e s & IIE1T b - T 3oseans
=2 i1 S| H 22 HHE }
v E= SEi: itE HEEEE 5 £

0
JLIL

T
Il

ST
il
il
1,
il
"
;
i
!
n
1
et
JIHIL
+
T

= ! H i i
= t H £ + SssE===
o
ey 9
=
. 8
= 1 3
= o]}
e HH
3 : i
& EE = iiie : 5 EEEES:iiEcicils E5 i f H 55z
7 = = =Siits -WM.MVON
FHE
= H HEH e
< = H ESZESES H
- i i = it 1 | g
4 = H EE8 &
< = = [+14
B R e T
T f
4 T =
=) ol t 5
6] 09
Qo 6v2°L
= 09! Ay 09
~ G2 Gl ]
mu GE Ll FH
- HHT - 00!
o3 H 4 -+
r t S H ==
[ ge822Iss = == = 2223 =3 = g22222T SFES=SS
< SEE= $3 = = 3 S S5 == =2
2102 z H
=2 1 22 EE==2 isssss=iiniid o0z
&) : H H-cec2ittt HEH H
+ H 331552 85SE ST o B R SERE] ]
E H i33EEissEzasEs FHH
= s = t =1 oov
EE¢ i | o H H i iz

o008
o HH ooo

TICAL PERFORMA

LZA =
oo cihtiii] HH
= = EIS=SESY 232 35
m = SSEES SELITN S FHHHH HHH =55 = HH EmiiiiiiifilzEsSSEEEE
o H = £ SEEES S EES & = siliss EE ===zt EES 233 HEE R, 0002
3 T - . ¥ Hi H13
g B : BEiind SHYE i —

; SsESsssiu: EXEEESS : S2E5 S g g

E : Eiii E H = E 000¢
wbiam Ag usdisad
Bt ‘yuojadosd ui jang 3

"
1Ll

i

T
1t

)
TS
HIMI

8% ‘o101 @anssalg






THEORETICAL PERFORMANCE OF HYDROGEN-OXYGEN ROCKET THRUST CHAMBERS

Request Form

Please send the complete set of 66 working charts for
figures 1 to d from NASA TR R 111.
(Nume of organization)

(Street number)

Attention: Mr. oo o _____ B ,
Title . _ I
(Address the request form to
Office of Scientific and Technical Information- -Code
AFS
National  Aeronauties  and  Space  Administration
1520 1 SBtreet NW., Washington 25, D.C)

U.S. GOVERNMENT PRINTING OFFICE: 1362












