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INTRODUCTION 

Through its Continuing Bibliography Program, NASA is preparing and distributing a 
series of bibliographies devoted to specific subjects in the aerospace field. The subjects have 
been selected because of their significant relationship to current developments in the space 
program, and because of a clearly established interest in them on the part of aerospace 
specialists. To assure that information becomes available in an orderly manner, each 
Continuing Bibliography is updated periodically in the form of supplements which can be 
appended to the original edition. NASA-SP-7002 (01) is the first supplement to the Continu- 
ing Bibliography on “High Energy Propellants” (SP-7002). It -@resents a selection of 
annotated references to unclassified reports and journal articles i announced in Scientific 
and Technical Aerospace Reports (STAR).  International Aerospace Abstracts ( I A  A ). and the 
NASA Contin_uing Bibliography Aerospace Medicine and Biology (NASA SP-7011 and its 
supplements)j Prime emphasis is given to those referencedwhich are concerned witk research 
and developr]bent studieqon solid, liquid, and hybrid propellants and oxidizers4 but the 
bibliographylalso provides extensive coverage of such related topics as propellant handling 
and storage, combustion characteristics, toxicity, and hazards and safety measures. 

Each entry in the bibliography consists of a citation and an abstract. The listing 
of entries is arranged in two major groups: all report literature references are contained 
in the first group and are subdivided according to their date of announcement in STAR; the 
second group includes all published literature references subdivided according to their date 
of announcement in I A A ,  or in Aerospace Medicine and Biology. All reports and articles 
cited were introduced into the NASA Information System during the period April, 1964- 
December, 1964. 

, A  

A subject index and a personal author index are included. 



AVAILABILITY OF DOCUMENTS 

STAR Series (N64) 

NASA documents listed are available without charge to: 

1. NASA Offices, Centers, contractors, subcontractors, grantees, and consultants. 
2. Other U. S. Government agencies and their contractors. 
3.  Libraries that maintain depositories of NASA documents for public reference. 
4. Other organizations having a need for NASA documents in work related to the 

5. Foreign organizations that exchange publications with NASA or that maintain 

Non-NASA documents listed are provided without charge only to NASA Offices, 

aerospace program. 

depositories of NASA documents for public use. 

Centers, contractors, subcontractors, grantees, and consultants. 

Organizations and individuals not falling into one of these categories may purchase 
the documents listed from either of two sales agencies, as specifically identified 
in the abstract section: 

Superintendent of Documents (GPO) 
U .S. Government Printing Office 
Washington, D.C., 20402 

Clearinghouse for Fedeial 
Scientific and Technical Information 
Springfield, Virginia, 221 5 I 

Information on the availability of this publication and other reports covering 
NASA scientific and technical information may be obtained by writing to: 

Scientific and Technical Information Division 
National Aeronautics and Space Administration 
Code ATSS-AD 
Washington, D.C., 20546 

Collections of NASA documents are currently on file in the organizations listed on 
the inside of the back cover. 

IAA Series (A64) 

All articles listed are available from the American Institute of Aeronautics and Astro- 
nautics, Technical Information Service. Individual and Corporate AlAA Members in the 
United States and Canada may borrow publications without charge. Interlibrary loan 
privileges are extended to the libraries of government agencies and of academic non- 
profit institutions in the United States and Canada. Loan requests may be made by mail, 
telephone, telegram, or in person. Additional information about lending, photocopying, and 
reference service will be furnished on request. Address all inquiries to: 

Technical Information Service 
American Institute of Aeronautics and Astronautics, Inc. 

750 Third Avenue, New York 17, New York 

For further details please consult the Introductions to S T A R  and I A A ,  respectively. 
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STAR ENTRIES 

N64-13403' Litt le (Arthur D ) Inc Cambridge Mass 

U I D  HYDROGEN TANKS 
Apr 1963 7 9  p refs 
(NASA Contracts NAS5-664  and NASw-6151 
(NASA CR-55252 C-65008-3-01)  OTS $7  6 0  PI. 57 57 m f  

A n  account is given of the progress achieved in ih: de 
sign experimental measurement and analysis of thermal protec 
t ion systems for l iquid hydrogen tanks in  the following areas 
( 1  1 environments affecting thermal protection systems (2)  
selection of materials for thermal protection systems (31 ther 
mal conductivity measurements (4) experimental results-tem 
perature density mechanical load contaEt resistance emis- 
sivity and gas pressure (5) requirements for application of 
multilayer insulation t o  l iquid hydrogen tanks and (6 )  spherical 
cylindrical and flat plate thermal conductivity apparatus 

R T K  

DESIGN OF THERMAL PROTECTION SYSTEMS FOR LIQ- 

N64-13490 
SOLID-PROPELLANT FLAME MECHANISMS 
R Friedman. A Macek. and J M Semple In Va U Project 
Squid 1 Oct 1963 p 63-65 refs (See N64-13476 05-01) 

The objective of th is program is to  gain basic information 
pertinent t o  solid-propellant combustion mechanisms by study- 
ing combustion of single metal  particles (aluminum or beryllium) 
injected into flame gases of known temperature and composi- 
t ion Author 

Atlantic Research Corp , Alexandria. Va 

N64-13933 

LANTS BY DIFFERENTIALTHERMAL ANALYSIS 
J D Burnett and A F Findeis 17 Sept 1963 31 p refs 

Army Missile Command. Huntsville Ala 
THE CHARACTERIZATION OF SOLID ROCKET PROPEL- 

( R  K-TR-63-2 1 AD-4231 52) 
Difierential thermal analysis (DTA) is  described for the 

characterization o f  solid rocket propellants Variables. such 
as sample size and heating rates. are discussed A DTA 
apparatus is  tested and recommended for routine character- 
izations of a wide variety of propellant materials Author 

N64-14024 Stanford Research Inst.. Menlo Park. Calif. 

GATIONS F i n a l  Report, 1 Jun. 1962-31 May 1963 [and] 
Quarterly Progress Report No. 4, 1 Mar.-31 May. 1963 
Norman Fishman and James A. Rinde 6 Nov. 1963 57 p refs 
(Contract AF 04(611)-83881 

SOLID PROPELLANT MECHANICAL PROPERTIES INVESTI- 

(SRI-12; AD-426094)  
Dilatometric studies were undertaken t o  evaluate the 

mechanical response of a polyurethane and a carboxy-termi- 
nated polybutadiene composition by extension at constant 
strain rates and constant loads. The effects of strain rate. 
load, temperature, and humidity were investigated. Mechan- 
isms of propellant dilatation were postulated on the basis of 
three regions of behavior. The first region was exemplified 
by the linear viscoelasticity of f i l led rubber; the second region 
was considered t o  consist of dewetting. w i t h  binder-particle 
bond rupture and retardation due t o  frictional forces at the 
binder-particle interface having the greatest influence on 
response: the final region was thought to  behave primarily in 
the manner of a filled. dewetted foam. Some observations of 
propellant mechanical behavior were made on the basis of 
postulated mechanisms and interactions. Author 

N64-14441 Aerojet General Corp Sacramento Cal i f  
Solid Rocket Plant 

TION TO MOTOR INITIATION 
R L Lovine L Y Fong and B E Paul 4 Nov 1963 4 0  p 
refs 
(Tech M e m o  235SAP) 

In order to  relate igniter energy output t o  motor ignition 
a model of solid-propellant ignition is given Difficulties in- 
herent i n  the nonlinear partial differential equations of heat 
and mass diffusion describing the ignition system prevent the 
mpdel from being completely analytical However. certain 
results are derived from the equations and when combined 
with arc-image furnace ignit i  bil i ty data, a reasonably coherent 
view of the process is obtained Numerous examples of igniti- 
bility data are given Analysis of heat and mass transfer 
from igniter to  motor grain is given for the case of propellant- 
type igniter This analysis along with the pertinent ignitibil i ty 
data is applied to  ignition of the second stage Minuteman 
motor Author 

ANALYSIS OF PROPELLANT IGNITION, AND ITS APPLICA- 

NU-14547 Princeton U , N J Guggenheim Labs for the 
Aerospace Propulsion Sciences 
THE M E A S U R E M E N T  OF TEMPERATURE PROFILES 
THROUGH SOLID PROPELLANT FLAMES USING FINE 
THERMOCOUPLES 

3 BIBLIOGRAPHY MARCH 1965 
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N64- 14548 

A J Sabadell J Wenograd and M Summerfield N Y A m  
lnst of Aeron and Astronautics I19641 9 p refs Presented 
at the A lAA Solid Propellant Rocket Conf Palo Alto, Calif 
29 -31  Jan 1964 
(Contract Nonr 1858(32) Partially supported by NASA)  
(A IAA Paper 64-1061 A lAA $0 5 0  members $1  00 non 
members 

Temperature profiles in the solid preheat zone and gaseous 
combustion zone of burning solid propellants have been ob- 
tained by recording voltage from fine thermocouples embedded 
in burning solid-propellant strands These temperature records 
were used to estimate the surface temperature of  the burning 
solid Techniques have been developed for routine fabrication 
and handling of fine (0 0003 in ) noble metal thermocouples 
Surface temperatures were estimated by noting departure from 
pure conductive heat f low in a solid continuum Variations of 
pressure and particle size and introduction of catalysts failed 
to  give observable changes in surface temperature The shapes 
of these lemperature profiles can be used t o  deduce the site 
of energetic chemical reactions in  the combustion zone These 
observations demonstrate important differences in  combustion 
mechanism between composite and double base propellants 

Author 

N64-14548 Princeton U N J Guggenheim Labs for the 
Aerospace Propulsion Sciences 
IGNITION OF AN EVAPORATING FUEL I N  A HOT, STAG- 
NANT GAS CONTAINING AN OXIDIZER 
C E Herrnance R Shinnar and M Summerfield N Y A m  
lnst of Aeron and Astronautics 119641 14  p refs Presented at 
the A l A A  Solid Propellant Rocket Conf Palo Alto Calif 29- 
31  Jan 1964 
(Supported by NASA and AFOSR) 
(A IAA Paper 64-118) A lAA $0 5 0  members $1  00 non- 
members 

The theoretical characteristics of  ignition in heterogeneous 
systems have not been established heretofore I n  this paper 
these characteristics were found first by similarity theory and 
then by numerical analysis of the systems mathematical 
models I t  was found that certain common simplifying as- 
sumptions and ignition criteria valid for homogeneous systems 
are invalid in heterogeneous systems In  heterogeneous sys 
tems w i t h  igniter gas temperatures near E / R  the particu- 
lar choice of ignition criterion affects the formula connecting 
the ignition delay and the chemical or physical parameters of 
the gas phase Furthermore a log-log plot of ignition delay 
versus concentration of  gaseous oxidizer exhibits a variable 
slope having any negative value and is not a simple multiple 
of the controlling reaction order These theoretical results re 
quire verification by  critically designed experiments Author 

N64-14627 Rocket Power Inc Pasadena Calif 
STUDY OF ROCKET ENGINE EXHAUST PRODUCTS Ninth 
Quarterly Report, 1 Jun 1963-31 Aug 1963 
M A Greenbaum R E Yates J A Blauer M Arshadi and 
H C K O  et al 119631 15 p refs 
(Contract AF 04(61 1 )  7414) 
(QR 7414-9 AD 426166) 

The heat and entropy of sublimation of MgF2 have been 
determinedover the temperature range 1 273" to  1 513°K from 
a study of  the vapor pressure of  MgF2(s) Based on the experi 
mental data combined with available thermal functions the 
second law value for APfZE was found to be 8 3  21 + 1 0 3  

N64-14687 Martin Co Denver Colo 
DEVELOPMENT AND DEMONSTRATION OF MAIN TANK 
INJECTION (MTI) PRESSURIZATION SYSTEM Final Report, 
1 Jun. 1962-ISep 1963) 
R J Kenny P Freedman A P Lane and P Bingham Edwards 
AFB Calif AF Flight Test Center Dec 1963 580 p refs 
(Contract AF 04(611)-8198) 
(FTC-CR-63-23 RTD TDR-63.1123 AD-4267141 

The overall program was conducted in  four phases (1) pre- 
liminary investigations including the basic research and develop- 
ment of a small scale system (2) design and fabrication of a 
flight-type test article (3) full-scale system development and 
demonstration test and (4) system analysis resulting in the for 
mulation of a design handbook and study of specific vehicle 
applications Considerable experimental data were accumulated 
during the course of the program and were analyzed to  identify 
pertinent effects resulting from the chemical pressurization proc 
ess Composition and properties of the pressurizing gas and 
rate of  ullage saturation w i th  propellant vapors are reported 
based on extensive mass spectrometer gas analysis An in- 
vestigation of propellant degradation due t o  the reaction proc- 
ess and dilution by condensate is also included Author 

N64-14794 Aerojet General Corp Azusa Calif 
INVESTIGATION OF THE MECHANISMS OF DECOMPOSI- 
TION, COMBUSTION, AND DETONATION OF SOLIDS Fif- 
teenth Technical Operating Report, 1 Jul -30 Sep 1963 
J P Kispersky Nov 1963 1 6 p  refs 
(Contract AF 49(638)-851 ARPA Order 24-60) 
(Kept 0372-01 - 15 AD-428627) 

Reanalysis of the apparent flame strength data for the 
ammonia-oxygen system indicates that the overall order of 
the "3-02 reaction is 1 7  rather than 2 0 as was reported 
previously Opposed let measurements at 300  torr show that 
the apparent flame strength of the ammonia-oxygen-chlorine 
system varies inversely w i t h  the mass fraction of chlorine 
in the initial mixture This result agrees w i th  the results of 
previous measurements at 745 torr The apparent flame 
strength of the ammonia-nitrogen dioxide system has been 
determined as a function of reactor pressure between 400 
and 745 torr At  1 atm the measured apparent flame strength 
of 1 13 g j cm2 sec corresponds t o  a volumetric rate of fuel 
consumption of 2 15 g/cm3 sec The apparent flame strength 
versus pressure data indicates that the overall reaction order 
IS 2 4 5  Author 

N64-14820 Lockheed Propulsion Co Redlands Calif 
SOLID PROPELLANT STRUCTURAL INTEGRITY INVESTI- 
GATIONS DYNAMIC RESPONSE AND FAILURE MECHA- 
NISMS Research Contract Status Report No 11, 21  Nov - 
20 Dec 1963 
J E Fitzgerald 8 Jan 1964 9 p 
(Contract AF 04(61 1) 8539) 
(LPC-618 P-11 AD 429088) OTS $1 1 0  

sponse behavior of composite propellants and in the study of  
the mechanism of propellant rupture Also reported is prog- 
ress in the general areas of finite deformation study vibration 
mode analysis for case bonded viscoelastic grains under is0 
thermal and nonisothermal steady state thermal field condi- 
tions and dynamic heat generation in viscoelastic materials 

Author 

Progress is reported in the investigation of  dynamic re 

kcal/mole The correspondiiiq third-law value obtained was 
83  95  + O  65 kcal/mole The experimental AS::: was found to  
be 41  78  1 0  75 cal/deg/mole Preliminary information on the 
nature of  the BeO(s)-H20(gl reaction in the temperature range 
1.538" t o  1 738" K and at atm pressure has been obtained 

N64-14853' 
ACCELERATION OF BURNING RATE OF COMPOSITE PRO- 

Acoustica Associates Inc , Los Angeles 

Author PELLANTS BY SOUND WAVES 
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N64-15357 

lsidor Elias Henry Cheung and Norman Cohen (Aerojet Gen 
Corp ) N Y A m  lnst o f  Aeron and Astron 119641 11 p refs 
Presented at the A l A A  Solid Propellant Rocket Conf Palo Alto 
Calif 29-31 Jan 1964 
(NASA Contract N A S w  64 NASA Contract NAS7 69) 
(A IAA Paper 64-108) A l A A  $ 0 5 0  members $1  00 non- 
members 

The effect of a controlled sound field produced by a helium- 
excited whistle on the burning of an ammonium perchlorate- 
polyurethane-type composite solid propellant in rocket motors 
was investigated Results indicate that (1) The burning rate of 
the propellant can be increased by irradiation of the burning 
surface by a traveling wave sound field (2) The burning rate 
increase does not appear t o  be a strong function of the mass 
f low of helium therefore, practical use of a helium excited 
whistle would not have serious logistic disadvantages (31 
The effect of sound decreases wi th  increasing pressure (4) 
Stop-fire tests have established that the grain burns normally 
in parallel layers at an accelerated rate when irradiated by the 
sound field (5)  The sound field produced by the whistle oper- 
ating in a rocket motor has amplitudes higher than those 
oredicted from a cold f low whistle calibration I V L  

N64-14854' National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
ALUMINA SIZE DISTRIBUTIONS FROM HIGH-PRESSURE 
COMPOSITE SOLID-PROPELLANT COMBUSTION 
Louis A Povinelli and Robert A Rosenstein N Y , A m  lnst of 
Aeron and Astron [19641 10 p refs Presented at the A l A A  
Solid Propellant Rocket Con f ,  Palo A l to  Cal i f ,  29-31 Jan 
1964 
(A IAA Paper 64-1 15) A l A A  $0 5 0  members, $1 00 non- 
members 

Alumina size distributions were obtained for both a coarse 
and a fine oxidizer composite propellant burning in a nitrogen 
atmosphere over the pressure range from atmospheric t o  500  
psi The amount o f  additive agglomeration was found t o  be sig- 
nificantly higher for the coarse oxidizer propellant and decreased 
w i t h  increasing pressure t o  the 0 3 power over the range from 
atmospheric pressure t o  2 5 0  psi High-speed photographs of 
the burning propellant surface revealed that the additives moved 
on  the surface w i th  the average particle velocity decreasing 
w i th  pressure t o  approximately the 0 3 power over the pressure 
range from atmospheric t o  5 0  psi The volume mean diameter 
o f  the alumina was found t o  decrease with increasing pressure 

Author 

N64-14856' Princeton U.. N J Guggenheim Labs for the 
Aerospace Propulsion Sciences 
A STUDY OF THE IGNITION OF SOLID PROPELLANTS IN 
A SMALL ROCKET MOTOR 
E. H Grant, J r  , R W .  Lancaster, J. Wenograd. and M. Summer- 
field 4.Y.. A m  Inst. of Aeron and Astron. [19641 11 p refs 
Presented a$ the A l A A  Solid Propellant Rocket Conf.. Palo 
Alto, Cal i f ,  29-31 Jan. 1964  
(Sponsored by NASA and AF) 
(A IAA Paper 64-153) A IAA:  $ 0 5 0  members. $1 00 non- 
members 

Asmal l  rocket motor that permitted systematic variation of 
heat transfer rate. chemical reactivity o f  the igniting gas. flame 
temperature. mass flow. and chamber pressure was developed 
for investigating the essential nature o f  practical ignition pro- 
cesses In this motor. hot gaseous products from a controllable 
gas-fed torch were used t o  apply heat t o  the internal surface of 
a cylindrical grain. To simplify interpretation. heat-transfer rate 
was held constant by maintaining constant mass flow and flame 
temperature while pressure and oxygen concentration of the 
test gas were varied. Oxygen concentration 10% t o  75% by 
weight) and pressure ( 3 5  t o  80 psia) influenced the ignition 

delay t ime significantly Ignition delays for one composite pro-  
pellant varied from 3 to 37 msec These results demonstrate 
the strong influence of gas phase properties on  solid-propel- 
lant ignition delay and substantiate theoretical models of igni- 
tion that include such effects Author 

N64-14941 * National Aeronautics and Space Administration 
Marshall Space Flight Center Huntsville Ala 
FLUID OSCILLATIONS IN THE CONTAINERS OF A SPACE 
VEHICLE A N D  THEIR INFLUENCE UPON STABILITY 
Helmut F 8auer Washington NASA Feb 1964 149 p refs 
(NASA TR R-187) OTS $ 3 0 0  

To obtain the eigenfrequencies and mode shapes of a liquid. 
forced oscillations of a frictionless fluid in a cylindrical con- 
tainer of circular ring-sector cross section are treated The as- 
sumption of frictionless liquid is justified since only very small 
damping is provided by the friction at the tank walls In  a cylin- 
drical container the lower part of the liquid performs the forced 
oscillation like a rigid body and only the liquid in  the imme- 
diate vicinity of the free surface moves independently The 
oscillating propellant can be represented as a spring mass- 
system in which location and magnitude of the model values, 
are determined to give the same forces and moments as the 
liquid After the introduction of the mechanical model for the 
propellants the derivation of the equations of motion presents 
no problem The influence of propellant sloshing is then deter- 
mined by stability boundaries This paper gives the results of 
.theoretical studies for the response of the liquid in an arbitrary 
cylindrical ring-sector container derives the model for the 
most frequently used tank forms and presents stability 
boundaries for various control systems Author 

N64-14986' National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio 
EFFECT OF INTERCHANGING PROPELLANTS O N  ROCKET 
COMBUSTOR PERFORMANCE WITH COAXIAL INJECTION 
Martin Hersch Washington. NASA, Feb. 1964 2 3  p refs 
(NASA TN D-2169) OTS: 50.75 

The effect of reversing propellants in coaxial injection on 
combustor performance was determined wi th  a nominal 200- 
pound-thrust rocket combustor burning gaseous hydrogen w i t h  
liquid oxygen Reversing propellants refers t o  the change from 
oxidant in the tube t o  fuel in the tube. The effect of this change 
was determined by measuring characteristicvelocity efficiency 
for a combustor having t w o  interchangeable injectors. The 
injectors were designed so that the propellants could be re- 
versed without changing their respective injection f low areas. 
The performance was evaluated for three chamber lengths over 
a range of oxidant-fuel weight ratios from about 1.5 t o  10 and 
for various total propellant f low rates. Higher performance was 
obtained when the liquid oxygen was injected from the annulus. 
It was also observed that the combustion noise level was lower 
with annularly injected liquid oxygen. Also. with annular oxygen 
injection, the injector face was less subject to high heat-trans- 
fer rates. Author 

N64-15357 Pr incetonu N J 
SOLID PROPELLANT IGNITION STUDIES: IGNITION OF THE 
REACTION FIELD ADJACENT TO THE SURFACE OF A 
SOLID PROPELLANT Final Technical Report, 1 Oct. 1962- 
30 Sep. 1963 
Clarke E Hermance (Ph D Thesis). Reuel Shinnar and Joseph 
Wenograd 1 Dec 1963  2 4 8 p  refs 
(AF Grant AF-AFOSR-92-63) 
(Aeron Eng Rept -674  AD-428602)  

Discussions are presented concerning the ignit ion of solid 
propellants Reviews of previous ignit ion studies are given 
which include early thermal ignit ion theory and past experi- 
ments o n  the ignit ion of combustible mixtures The thermal 

3 



N64- 1 5691 

theory of ignition for homogeneous and heterogeneous sys- 
tems  is discussed as is a simplified model for the thermal 
ignition of a diffusion flame near a cool surface Reviews 
are given of recent research on  the mechanism of solid pro- 
pellant ignition and of experiments on the ignit ion of com- 
posite solid propellants convectively heated in a shock tunnel 

c L W  

N64-15691 Lockheed Propulsion Co , Redlands Calif 
SOLID PROPELLANT STRUCTURAL INTEGRITY INVESTI- 
GATIONS, DYNAMIC RESPONSE AND FAILURE MECHA- 
NISMS Research Status Report No. 10, 21  O c t - 2 0  Nov 
1963 
J E Fitzgerald 112 Dec 19631 9 P 
(Contract AF 04(611)-8539) 
(LPC-618-P-10) 

Measurement of sinusoidal viscoelastic moduli has been 
completed for Polycarbutene-R propellant at temperatures 
from -46" F to + 138" F Good agreement has been obtained be- 
tween dynamic moduli calculated from shear stress relaxation 
and directly measured shear dynamic moduli for the same 
sample Stress relaxation characterization has been completed 
for the Polycarbutene-R cross-link density and recast oxidizer 
particle size formulation variations Significant variations in 
relaxation response are observed for the cross-link density 
variations A critical defect radius of approximately 0 0 2  in 
was found to be the most acute fracture concentration that 
could be induced in PBAA propellant artificially or by tearing 

Author 

N64-15880' National Bureau of Standards, Boulder. Colo. 
Cryogenic Engineering Lab. 
A PRELIMINARY STUDY OF THE ORIFICE FLOW CHARAC- 

VACUUM 
James A .  Brennan 119631 29  p refs Prepared for the Cryog. 
Eng. Conf , Boulder. Colo , Aug. 19-21. 1963 
(NASA Order R-45) 
(NASACR-55329: NBS-R-291: Paper No.  E-6) OTS: $2  6 0 p h .  
$1.07 m f  

Flow characteristics of the propellants through holes made 
in  the tank walls by meteoroid puncture were studied Overall 
discharge coefficients for small-diameter. thick-plate orifices 
were determined as a function of discharge pressure using 
liquid nitrogen and liquid hydrogen Discharge pressures from 
3 m m  H g  to slightly above the triple point were investigated. 
Flow characteristics appear to  be sensitive to  discharge pres- 
sure and the condition of the liquid upstream of the orifice A 
marked difference in f low pattern was observed that depended 
on whether the liquid was nearly saturated or there was two-  
phase f low I f  the liquid was nearly saturated and no gas phase 
passed through the orifice. the f low could be very nearly pre- 
dicted by the adiabatic, incompressible f low equations. When 
gas phase was present upstream of the orifice, it appeared that 
solid formation could take place in the orifice itself and thereby 
retard the flow. In addition t o  the orifice discharge coefficients, 
a general discussion of observed f low patterns is presented 

Author 

TERISTICS OF L N ~  AND L H ~  DISCHARGING INTO A 

N64-15904' 

ING: TRANSIENTS AND PERIODIC SOLUTIONS 
Warren C Strahle 119631 258  p refs 
(NASA Grant NsG-99-60) 
(NASA CR-55516 Aeron Eng Rept 671) OTS $ 1 6 5 0  ph. 
$7 9 4  m f  

Through unsteady analysis. conditions are established 
whereby i t  is possible t o  consider that droplets vaporize and 

Guggenheim Labs, Princeton. N J 
A THEORETICAL STUDY OF UNSTEADY DROPLET BURN-. 

burn in  a nearly steady state during most of their lifetime Peri- 
odic solutions are then obtained when the droplet is burning in 
an unsteady acoustic field of the ambient gas I t  is shown from 
the periodic solutions that extremely strong response of the 
vaporization rate and burning rate can occur throughout the fre- 
quency spectrum Application t o  the problem of combustion 
instability is  indicated Author 

N64-16080 Hercules Powder Co Kenvil N J 
DEVELOPMENT OF H I G H  TEMPERATURE-RESISTANT 
PROPELLANTS [Final Report] 
R L Simmons Wright Patterson AFB Ohio AF Flight Dyn 
Lab Jan 1964 3 6 p  ref 
(Contract DA 3 6  038 507 ORD 3572M Contract AF 33(657) 
2 R&D 111) 
(RTD TDR 63 4209 FA R 1703 AD 430591) 

Trimene Base was found to  be a more effective curing 
agent for potassium perchlorate/Hycar 4021 propellants than 
DMP 3 0  and sulfur Propellant HES-6573 Utilizing this ap 
proach performed satisfactorily in M 7 3  PAD cartridges in fir 
ings from -65" t o  400" F Hycar 1051 was successfully cross 
linked w i th  triallyl cyanurate but the resulting propellant 
binders did not provide increased heat resistance over the 
straight Hycar 4021/Trimene Base system Propellants wi th  
silicone and fluorocarbon binders possessed superior heat 
resistance to  the Hycars but lacked energy Cyclotetramethylene 
tetranitramine (HMX)  was found to  have promise as an organic 
heat resistant oxidizer in a Hycar binder where i t  gave greater 
impetus than potassium perchlorate however burning rate 
was considerably slower Limited studies were made for proc 
essing the extrudable Hycar propellants in  grains up to  1 in 
diam and in fine granulations as small as 0 0 4  in diam for 
fast burning applications Author 

N64-16559 Sheffield U (Gt  B r i t )  
COMBUSTION INSTABILITY RESEARCH O N  SOLID AND 
LIQUID PROPELLANT ROCKET MOTORS AT SHEFFIELD 
UNIVERSITY 
J Swithenbank Jun 1963 2 5 p  refs 

The high-frequency tangential mode of oscillation in  a 
premixed gaseous fueled rocket motor of 1 4  in ID was in- 
vestigated In  particular the flrst tangential traveling mode 
was studied Theoretical and practical studies indicated that a 
net velocity of the gas ( in the form of a vortex) is associated 
w i th  this mode The fol lowing conclusions were drawn as a 
result of these studies (1) There is a difference in wave shape 
between traveling and standing tangential modes (2) High- 
amplitude traveling modes w i l l  produce vorticity (3) The 
stability wi l l  decrease if the vorticity is artificially or self- 
increased (4) The vorticity wi l l  exert a torque on the motor 
(5) Swir l  in  the nozzle wi l l  reduce the effective throat area 
(6) The vorticity wi l l  reduce the frequency of oscillation Also 
research has been extended to  cast double-base propellants 
and experiments are being conducted t o  obtain a deeper under- 
standing of the theoretical work being carried out by McClure 
et  al at A P L I V L  

N64-16616 Vitro Labs Silver Spring M d  
RESEARCH A N D  DEVELOPMENT OF MATERIEL ENGI- 
NEERING DESIGN HANDBOOK - BALLISTIC MISSILE SE- 
RIES, PROPULSION AND PROPELLANTS 
M J Zucrow (Purdue U 1 Washington Army Mater Command 
Aug 1963 102 p refs Prepared under contract for Duke U 
(AMCP-706-282)  

Information is presented on the fundamental operating 
principles of propulsion systems as found in  ballistic missiles 
The fol lowing topics are discussed (1 )  essential features of 
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rocket engines. (2) criteria of rocket-engine performance (3) 
thermodynamic relationships for rocket engines (4) properties 
and characteristics of l iquid propellants. and (5) properties 
and characteristics of solid propellants R T K  

N64-16658 
A STUDY OF THE FUNDAMENTALS OF LIQUID PROPEL- 
LANT SENSITIVITY 
Ted Erickson Edwards AFB. Ca l i f ,  A F  Flight Test Center. 
l O J a n  1964 2 6 p  refs 
(Contract AF 04(611)-9566) 

I IT  Research l n s t ,  Chicago. 111 

( I  ITR I -C6024-4. AD-428841 ) 
A cryogenic adaptation of the I lTRl  shock tube has been 

designed. and it is  expected that it can be used for the testing 
of materialsattemperaturesdownto - 150" C The final assembly 
of this modification has been started A chromatographic COIL 
umn and the associated equipment are being provided for 
purification of the test materials before sensitivity testing 

Author 

N64-16688' National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
CALCULATED TEMPERATURE HISTORIES OF VAPORIZING 
DROPLETS TO THE CRITICAL POINT 
Paul R Wieber Repr from A l A A  Journal. v 1 no 12 
Dec 1963 p2764-2770  refs 
(NASA RP-138) 

Digital computations of droplet steady-state temperatures 
and droplet mass and temperature histories were made t o  de- 
termine i f  droplet temperatures could approach the critical 
point Pressures t o  2000 psia were investigated A t  sufficiently 
high pressure. the calculations showed both heptane and 
oxygen droplets heating t o  their respective critical tempera- 
tures Wi th  increasing total pressure a reduction occurred in 
both the downstream distance after injection and the mass 
evaporated before the droplet reached the critical point This 
implied that a vaporization model may be inadequate in de- 
scribing overall combustion rates at high total pressures 
Rapid droplet heating rates indicated that droplets could ap- 
proach the critical point during combustion instability at hiqh 
pressures This phenomenon could thus be involved in a mech- 
anism for high pressure combustion instability Author 

N U - 1 6 8 7 0  Monsanto Research Corp Dayton Ohio 
EVALUATION OF ELASTOMERS AS O - R I N G  SEALS 
FOR LIQUID ROCKET FUEL AND OXIDIZER SYSTEMS 
Technical Documentary Report. Sep 1961-Mar 1963 
Carmen L Bellanca lval 0 Salyer and Jay C Harris Wright 
Patterson AFB Ohio AF Materials Lab Sep 1963 78 p refs 
(Contract AF 33(616) 8483) 
(ASD TDR-63 496 A D  422466) 

Elastomeric and plastic 0 ring seals were exposed to  
liquid and vapor phases of nitrogen tetroxide chlorine tr i  
fluoride a 1 1 mixture of hydrazine-unsymmetrical dimethyl- 
hydrazine and 90% hydrogen peroxide under in use conditions 
Materials included polyethylene Teflon butyl ethylenel pro 
pylene Vitons A and 6 silicone and others To simulate serv- 
ice conditions 0 rings were tested under compression in 
closed static systems in  direct contact wi th  test fluid The 
rate of fluid loss through the seal was determined directly Test 
method and results are described Polyethylene encapsulated 
0 rings and metal clad elastomeric 0 rings as seals for nitro 
gen tetroxide systems are also discussed Author 

N64-16971 
PROPELLANT STORABILITY IN SPACE Second Quarterly 
Report, 1 Oct. 1963-31 Jan. 1964 

General Electric C o  . Philadelphia. Pa 

W Benton e t  al Edwards AFB. Calif Rocket Propulsion Lab 
Feb 1964  8 3  p 
(Contract AF 04(611)-9078) 
(RPL-TDR-64-22 AD-43 1823) 

Presented are the details of the preparation for the first 
series of tests in the Space Environmental Simulator Results 
of the first test are given. and an analysis of these results 
are presented The first test has indicated that earth storable 
propellant-tank temperatures may b e  suitably controlled by 
means of selected coatings In addition any short-term heat 
fluxes will be damped out  in the propellant tank Tests with 
cryogenic propellants were conducted and indicate the need 
for a longer data taking period in the second test Author 

N64-17116 Automat ion Industr ies Inc Danbury Conn 
Sperry Products Div  
FEASIBILITY STUDY TO DETERMINE WHETHER ULTRA- 
SONIC TECHNIQUES CAN BE USED TO MEASURE ME- 
CHANICAL PROPERTIES OF CAST POLYURETHANES 
INTENDED FOR APPLICATION AS SOLID PROPELLANT 
BINDERS [Final Report] 15 M a r  1960-15 Apr 1962 
A M Murdoch and H E Van Valkenburg Wright Patterson 
AFB Ohio Aeron Systems Div  Ju l  1963 3 8  p refs 
(Contract AF 33(616) 7069) 
(ASD TDR 62-886 AD-415828)  

Several series of specimens simulat ing both binder and 
propellant materials in various condit ions of aging were 
studied Ultrasonic examination of these specimen materials 
was performed w i t h  the objective of finding ultrasonic prop- 
erties that wou ld  indicate their physical condition Results of 
tests indicate a significant dependence o f  both shear wave 
attenuation and relative acoustic impedance of certain speci 
men materials on their condition of aging Author 

N64-17152' 
Lewis Research Center Cleveland Ohio 
AN EXPERIMENTAL INVESTIGATION OF CHEMICAL RE- 
ACTION BETWEEN PROPELLANT TANK MATERIAL AND 
ROCKET FUELS OR OXIDIZERS WHEN IMPACTED BY 
SMALL HIGH-VELOCITY PROJECTILES 
Robert P Dengler Washington NASA Aug 1963 3 9  p refs 
(NASA TN D 1882) OTS $ 1  00 

High velocity projectile penetrations of simulated propel- 
lant tanks were made t o  determine the impact sensitivity of 
tank materials in contact w i t h  liquid and solid rocket propel- 
lants Tank materials investigated were aluminum. stainless 
steel t w o  t i tanium alloys and three reinforced plastics The 
propellants included the liquids oxygen hydrazine unsym- 
metrical dimethylhydrazine and nitrogen tetroxide and the 
solids Arcite 373 and Hercules CLW Projectile penetratlon of 
titanium specimens acting as a wall  o f  a tank containing llquid 
oxygen caused a chemical reaction between the tank wal l  
and the contained propelknt  regardless o f  the material used 
for the impacting projectile Violent reactions were initiated by 
penetrations having kinetic energies as low as 104 foot- 
pounds Once a reaction was initiated it propagated vigorously 
until one o f  the reactants was  consumed A complete pene- 
tration of the t i tanium tank wal l  was necessary for a reaction 
to occur A l l  other penetrations of tank materials in contact 
with the various propellants resulted in no reaction of the tank 
wall and the contained propellant Author 

National Aeronautics and Space Administration 

N64-17156' 
Lewis Research Center. Cleveland. Ohio 

GUISHED SOLID PROPELLANTS 
Carl C Ciepluch Washington. NASA, Mar 1964 1 6  p refs 
(NASA TN D-2167) OTS $050 

National Aeronautics and Space Administration 

SPONTANEOUS REIGNITION O F  PREVIOUSLY EXTIN- 
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The spontaneous reignition phenomenon associated w i th  
the extinction of solid propellants by sudden depressurization 
was investigated experimentally The results indicated that 
many solid-propellant compositions may be susceptible to  the 
reignition phenomenon however the occurrence is a function 
of the operating conditions All propellant cornpositions ex- 
hibited a minimum ambient pressure l imit below which reig- 
nit ion was not obtained Decreasing the characteristic t ime for 
the expansion defined as the time required for the pressure 
to  reach 5 0  percent of its initial value suppressed the tendency 
for reignition to occur Author 

N64-17333 Hercules Powder C o ,  Cumberland M d  Alle- 
gany Ballistics Lab 
MEASUREMENT OF HEAT FLUX I N  SOLID PROPELLANT 
ROCKETRY 
Charles E Brookley Nov 1963 55 p refs Presented at the 
18th Ann Conf of  lnstr SOC of A m  Chicago 9 Sep 1963 
(Contract NOrd-16640) 
( A B U Z - 6 0  AD-432472) OTS $ 5  6 0  

A radiometer and slug-type calorimeters were designed 
calibrated and mounted flush w i th  the inner surface of the 
internal chamber insulation of a solid propellant rocket motor 
During repeated static firing of this motor the magnitude of 
the heat flux was measured and divided into radiant and con 
vective components Measurements were taken in the unit 
when using both aluminized and nonaluminized propellants 

Author 

N64-17375 
CALIBRATION FOR THE GAP TEST WITH A PENTOLITE 
DONOR 
I Jaffe G Roberson. and J Toscano 29 Jan 1963 21 p refs 
(NO LTR-63-19, supersedes NOLTR-62-78 AD-401 686) 

A second calibration of  the gap test was made w i th  a pent- 
olite donor replacing the tetryl donor of the standardized test 
The calibration consisted of measuring the attenuation of the 
shock velocity in a Plexiglas rod, and calculating the corre- 
sponding shock pressure as b function of gap distance Author 

Naval Ordnance Lab, White Oak. Md 

N64-17534' United Technology Corp Sunnyvale Calif 
THEORY OF IGNITION AND IGNITION PROPAGATION 
OF SOLID PROPELLANTS IN A FLOW ENVIRONMENT 
R S Brown T K Wirrick and R Anderson N Y A m  lnst of 
Aeron and Astronautics 119641 12 p refs Presented at the 
A lAA Solid Propellant Rocket Conf Palo Alto Calif 29-31 
Jan 1964 
(NASA Contract NAS7-156) 
(A IAA Paper-64 157) A l A A  $0 5 0  members $1  00 nonmem 
bers 

Ignition and subsequent ignition propagation on the sur 
face of a solid propellant in a flow environment have been 
subjected to  a detailed theoretical analysis that has as its 
basis the recently developed heterogeneous ignition theory 
The general theoretical model of  ignition and ignition propaga 
tion IS described by the t w o  dimensional unsteady state heat 
conduction equation w i th  a variable rate of external heat trans 
fer to the exposed surface of the propellant Heat transfer by 
convection radiation hypergolic heating and conduction of 
heat along the longitudinal axis of the propellant surface para1 
le1 t o  the gas flow is considered The solution of the resulting 
equations describes the temperature history of the propellant 
surface and flowing gases as a function of longitudinal posi 
tion Verification of  the theoretical model is demonstrated by 
comparison with experimental data Author 

N64-17751 National Aeronautics and Space Administration 
Washington D C 
FORMATION OF DETONATION WAVES IN HYDROGEN- 
OXYGEN MIXTURES FROM 0 2  TO 2 ATMOSPHERES INI- 
TIAL PRESSURE I N  A 54-METER LONG TUBE 
Loren E Bollinger (Ohio State U ) Apr 1964 41  p refs 
(NASA Grant NsG-44-60) 
(NASA TN D-2256) OTS $ 1  00 

Experimentally i t  wa's found that the flame propagation rate 
of mixtures containing different fuel concentrations was re- 
tarded near the end of the closed detonation tube. but remained 
essentially constant when the end was open to  the atmosphere 
A tentative explanation is that the shock wave separated by an 
appreciable distance from the combustion wave of the deto- 
nation wave, reflects from the closed end of the tube and re- 
tards the oncoming combustion wave Author 

N64-17820' Jet Propulsion Lab Calif lnst of Tech Pasa- 
dena 
A N  EXPERIMENTAL INVESTIGATION OF UNCOOLED 
THRUST CHAMBER MATERIALS FOR USE IN STORABLE 
LIQUID PROPELLANT ROCKET ENGINES 
R W Rowley 15 Feb 1964 3 0  p refs 
(NASA Contract NAS7-100) 
(NASA CR-53367 JPL TR-32 561) O T S  $2  6 0  ph $1 1 0  mf  

A n  experimental investigation of the comparative merits of 
various uncooled thrust chamber materials was conducted by 
performing engine tests in  which N I O ~ / N ~ H ~  propellants 
were used at a nominal mixture ratio of 1 0 The chamber pres- 
sure was 150 psia and the nominal sea-level thrust was 85  Ib 
Erosion of graphites ablative plastics and refractory metals 
was found to  be a function of the local thermal and chemical 
environments existing at the thrust chamber wa l l  The role of 
a particular impinging-stream injector influencing local condi- 
t ionsat the wal l  wasdetermined by ( 1 )  evaluating the properties 
of the spray produced by nonreacting liquids and (2)  measuring 
local heat-transfer rates to  the chamber wal l  in the operating 
rocket engine by means of embedded thermocouples and a 

Author transient conduction analysis 

N64-18013 Rocketdyne Canoga Park Calif 
DEVELOPMENT OF HIGH ENERGY SOLID PROPELLANT 
FORMULATIONS VOLUME 2 BERYLLIUM PROPELLANT 
HANDLING MANUAL Final Summary Report 
K R Regier R B Gordon D R V Golding J R Glantz H 
Weiss et a l  Jan 1964 64  p refs 
(Contract AF 04(61 11 81791 
(RPLTDR 64 10  Vo l  2 A D  4330061 

the industrial hygiene program 
facilities and methods utilized for the control of beryllium dur 
ing the production and static test firing of beryllium contain 
ing propellants is presented Environmental sampling data as 
well as the data collected from a downwind sampling net 
work are included The data demonstrate the feasibility of  pro 
ducing and static test firing beryllium containing propellants 

ALthor 

This report outlines the purpose objectives and results o f  
A detailed description of the 

N64-18470 Lockheed Missiles and Space Co Sunnyvale 
Calif 
RIFT RADIATION EFFECTS PROGRAM, IRRADIATION 
NO 9 MONOMETHYL HYDRAZINE 
A J Steele 15 Feb 1964 37 p refs 
(NSP 64 10) 

A radiation test was conducted on monomethyl hydrazine 
to evaluate the effects of reactor radiation on ( 1 )  the hyper 
golicity of this material wi th nitrogen tetroxide as the oxidizer 
and ( 2 )  the production of off gas In  addition the effects of 
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radiation on viscosity density melting point and the mono 
methyl hydrazine assay were also measured Samples of mono 
methyl hydrazine were exposed t o  an integrated flux of approx 
imately 5 X 1015nvt ( E  0 5  Mev l  and 1 X 10% Based on 
measurements of ignition tome delay this exposure produced no 
significant effect on the hypergolicity of monomethyl hydrazine 
when oxidlred wi th  nitrogen tetroxide After exposure to 1 X 10% 
the off gas volume (at 1 atmosphere pressure and 77 F l  was 
21  m l  per m l  of liquid The chromatographic analysis of the 
off gas showed it  to  be a mixture of approximately 28  mole 
percent hydrogen 41 mole percent nitrogen and 3 1  mole per, 
cent methane w i th  minor amounts of oxygen ammonia and 
monomethyl hydrazine vapor The irradiated liquid material 
exhibited a 4 5 percent decrease in monomethyl hydrazine 
assay a 5 5 percent increase in viscosity and a 0 9 percent 
increase in density The melting point was unaffected by radia 
t ion Author 

N64-18495 Bureau of Mines Pittsburgh Pa Explosives Re 
search Center 
I N I T I A T I O N  OF DETONATION BY L O W  A M P L I T U D E  
SHOCKS Semi-Annual  Report, 1 Aug  1963-31 Jan 1964 
F C Gibson R W Watson J E Hay C R Summers and F H 
Scott 10 Apr 1964 3 9  p refs 
(ARPA Order 4 4  63  Amend 61 
(Rept 3916) 

plosives and propellants are discussed Emphasis was placed 
on reactions that occur in liquid explosives and sensitive liquid 
systems as a result of relatively mild shock stimuli Ensuing re 
actions take the form of low velocity detonations wherein the 
velocity of the reaction is only slightly higher than the sonic 
velocity in  the liquid and less than the sonic velocity in the wal l  
of the liquid s container I f  both the liquid and the container are 
subjected t o  the same stimulus e g an attenuated shock wave 
from a solid explosive donor that is less than that required to  
instantaneously initiate the material to  a high velocity deto 
nation then the waves in the container wal l  as well  as the 
waves in  the liquid have adequate t ime t o  disrupt the homo 
geneityof the system As a result of the liquid breakup and sub 
sequent decomposition d reaction wave is generated that is 
unstable when the container has a sonic velocity less than 
that of the liquid but is steady when the cavitational process 
is continuously induced by the wall  waves I V L  

Mechanisms leading to the initiation of detonation in ex 

N64-18570 National Engineering Science C o  Pasadena 
Calif 
N E W  CHEMICAL EXTINGUISHING AGENTS FOR ROCKET 
PROPELLANT A N D  METALLIC FIRES Technical Docu-  
mentary Report [Feb 1962-Oct 19631 
Herbert Landesman and Eugene B Klusmann Wright Patterson 
AFB Ohio Res and Tech Div Dec 1963 7 2  p refs 
(Contract AF 3316571-8015) 
(RTD-TDR-63-4208 AD-427683)  

Fluoroalkyl esters of boric. phosphoric silicic and sulfur- 
ous acids boroxines and alkoxydifluoroborane trimers have 
been prepared as possible extinguishants for metallic and/or 
exotic propellant fires Their mode o f  action is t o  form an in- 
organic oxide coating on metals For propellants they dissolve 
the fuel and produce nonflammable di lute solutions The 
fluoroalkyl groups utilized have been H ( C F Z C F ~ ) ~ C H ~  where 
x = 1 2 3 and in the borate case 4 Attempts t o  prepare 
fluoroalkyl esters of aluminic acid gave products that could 
not be purified Fluoroalkoxydifluoroborane trimers and fluoro- 
alkyl sulfate esters could not be prepared Physical properties 
stabilities and compatibilities with materials of construction 
and w i t h  metals and propellants are reported for al l  materials 
synthesized It was found that nonflammable solutions con- 
taining esters w i t h  pentaborane and w i th  hydrazines could be 
prepared Author 

N64-18618 Stanford Research lnst Menlo Park Calif 
VISCOELASTIC PROPERTIES OF SOLID PROPELLANTS 
AND PROPELLANT BINDERS 
Nicholas W Tschoegl Ja'mes R Smith and Thor L Smith 
15 Feb 1964  4 5  p refs 
(Contract N O W  64-0073-d ARPA Order 22  Amend 60) 
(AD 434853) 

Improvements have been made in the design and operation 
of the low-frequency dynamic shear tester Special techniques 
have been evaluated for determining precisely the phase angle 
between the applied displacement and the resultant force In 
addition theoretical work was directed toward determining the 
manner in which the specimen shape-factor depends on  the 
laterally applied compressive force A complete description is  
given of a dynamic bulk compressibility apparatus and o f  the 
calibration and evaluative work done t o  date Also described 
is a new apparatus for determining the static (isothermal) bulk 
compliance over an extended temperature range at pressures 
up to about 3 000 psi Factors that influence the effective gage 
length of both end bonded and J A N A F  tensile specimens of 
the PBAN propellant TP H 1001 were evaluated It appears 
that reliable strain data can be obtained only by determining 
directly the strain produced in the gage section during tests at 
various temperatures and crosshead speeds Author 

N64-18709 Douglas Aircraft C o  Inc Santa Monica Calif 
Missile and Space Systems Div 
CRYOGENIC PROPERTIES OF SEVEN EXPERIMENTAL 
TITANIUM ALLOYS 
S M Weiman 17 Mar 1964 2 9  p 
(SM 44674)  

This report provides room temperature, - 196' C ( -320  F I  
and -253-  C( -423  F) smooth- and edge-notch tensile data for 
sheet specimens of seven experimental t i tanium alloys Also 
provided are a few partial crack toughness data points for TI- 
4AI alloy The most promising alloys were TI 5AI  2 5Sn wi th  
low iron content and Ti 4A I  Author 

N64-18742 Aeronutronic Newpor t  Beach Calif Research 
Lab 
A N  EXPERIMENTAL PROGRAM FOR OBTAINING THE 

BUSTION PRODUCTS Final Technical Report 
D L Hiidenbrand L P Theard W F Hall F S La Viola 
F Ju et  al 15  Dec 1963 2 2  p refs 
(Contract NOW-61 -0905-c) 
(U 2403 AD-427831)  

Some preliminary studies of the free evaporation o f  crys- 
talline boron have been made by the torsion-Langmuir method 
inthe range 1 950"  to 2 130" K The results indicate a vaporiza- 
tion coefficient r lose to unity and a horon heat of sublimation 
of 136 & l  kcal/mole a t  298" K The lat?er is in good agreement 
with a value obtained earlier from B4C decomposition pres- 
sure studies The entropies o f  a number o f  Group II gaseous 
metal dihalides have been reviewed and it is concluded that 
the available molecular constant-spectroscopic data for the 
Be M g  and Zn  dihalides yield entropies that are t o o  l ow  by 
5 *1 e u There is indirect evidence that this discrepancy may 
be due t o  the use of bending frequencies that are too high 
The thermodynamic data obtained from the program t o  date 
have been summarized and the status of the data for each 
species is briefly reviewed Author 

THERMODYNAMIC PROPERTIES OF PROPELLANT COM-  

N64-18743 Mart in  Co , Denver. Colo 
CRYOGENIC MATERIALS D A T A  HANDBOOK Yearly 
Summary Report [Jun. 1962-Jun. 19631 
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F R Schwartzberg S H Osgood and R D Keys  Wright-  
Patterson AFB Ohio AF Mater Lab Sep 1963 11 p 
(Contract AF 33(657) 9161) 
( A D  420406) 

The background organization and maintendnce of the 
Cryogenic Materials D a f a  Handbook are discussed A n  experi 
mental program and i t s  accomplishments in  the past year are 
described Handbook insert reports 12 and 13  were distributed 
in  the past year A new format for data presentation was in 
troduced Author 

N64 18801 Applied Physics Lab Johns Hopkins U Silver 
Spring M d  Chemical Propulsion Information Agency 
PROCEEDINGS OF THE FIRST MEETING OF THE INTER- 
AGENCY CHEMICAL ROCKET PROPULSION GROUP, 
WORKING GROUP ON THERMOCHEMISTRY. NEW YORK, 
NOVEMBER 5-7,1963, VOLUME 1 
Feb 1964 252 p refs 
(Contract NOW 62 0604 c) 
(CPIA 4 4  Vol 1 A D  435000) 

CONTENTS 
1 RECENT MICROWAVE SPECTRA STUDIES O F  

HIGH TEMPERATURE SPECIES D R Lide Jr (NBS) p 1 2 
refs (See N64 18802 1 1  07) 

2 APPLICATION OF THE TECHNIQUE OF MATRIX 
ISOLATION TO THE STUDY O F  THE INFRARED SPECTRA 
AND THE STRUCTURES OF INORGANIC MOLECULES 
STABLE AT ELEVATED TEMPERATURES D White (Ohio 
State U ) p 3-10 refs (See N 6 4  18803 11 07) 

3 SOME RECENT INFRARED SPECTRA OF THORIA 
ZIRCONIA AND HAFNIA 8Y MATRIX ISOLATION M J 
Linevsky (GE C o )  p 11-23 refs (See N64  18804 11 07) 

4 INFRARED SPECTRA BY MATRIX ISOLATION O F  
SOME LOW MOLECULAR WEIGHT INORGANIC C O M  
POUNDS A Snelson (IIT Res I n s t )  p 2 1  26 refs ( S e e  
N64 18805 1 1  07) 

5 THERMODYNAMIC PROPERTIES OF VAPORIZING 
MOLECULES W Weltner Jr (Union Carbide R e s  lnst p 27 
3 0  refs (See N64 18806 11 13) 

6 ULTRAVIOLET SPECTROSCOPY K K lnnes (Vander 
bilt U p 31-33 (See N64  18807 11 07) 

7 X R A Y  STUDY O F  1 ETHYLDECABORANE A 
Perloff (NBS) p 35 41 refs (See N64 18808 11 07)  

8 THERMOCHEMISTRY OF THE NOBLE GAS FLU0 
RIDES W V Johnston I N  Amer Aviation I n c )  p 43 48  refs 
(See N 6 4  18809 1 1  13) 

9 THERMODYNAMIC STUDIES ON SUBSTANCES 
OF INTEREST IN A LIGHT ELEMENT PROGRAM PART I 
INORGANIC COMPOUNDS G T Armstrong (NBS) p 49 -80  
refs (See N64 18810 11  13) 

L lUM SPECIES D L Hlldenbrand (Aeronutronic) p 81  8 6  
refs (SeeN64  18811 11  13) 

11 RECENT STUDIES OF THERMODYNAMIC PROP 
ERTIES OF BERYLLIUM SPECIES T B Douglas (N8S)  p 87 
9 9  refs (SeeN64 18812 11 13) 

12 THE THERMODYNAMIC PROPERTIES OF SOME 
BERYLLIUM COMPOUNDS M A Greenbaum M Farber 
eta1 (Rocket Power I n c )  p 101-104 refs (See N64  18813 
11  13) 

13 RECENT W O R K  AT ARTHUR D LITTLE A Buchler 
(Little (Arthur D )  Inc 1 p 105-119 refs (See N64  18814 
11 13) 

14  A NOTE ON THE FRAGMENTATION PATTERN OF 
LiF J Berkowitz (Argonne Natl L a b )  p 121-122 refs (See 
N64  18815 1 1  07) 

15 MASS SPECTROMETRIC SAMPLING OF FLAMES 
T A Mi lne J Brewer and F T Greene (Midwest Res l n s t )  

10  SURVEY OFTHERMODYNAMIC DATA FOR BERYL 

p 123-138 refs (See N64  18816 11 26) 

ITS COMPOUNDS THE HEATS OF FORMATION OF TRI 
METHYLAMINEBORANE AND ORTHOBORIC ACID W D 
Good J P M c  Cullough (Bur of  Mines) and M Mansson (Lund 
U Sweden) p 139 147 refs (SeeN64 18817 I 1  131 

17 EXPERIMENTAL EVALUATION OF THE HEATS 
OF FORMATION OF BORON CONTAINING COMPOUNDS 

16 THERMOCHEMISTRY O F  BORON AND SOME OF 

J D Rockenfeller (United Aircraft) p 149-159 refs ( S e e  N64 
18818 11-13) 

18  THERMODYNAMIC STUDIES OF MIXED METAL 
COMPOUNDS D L Hildenbrand W F Hall N D Potter and 
L P Theard (Aeronutronics) p 161 162 refs ( S e e  N 6 4  18819 
11 13) 

19 RESEARCH ON THE THERMODYNAMICS OF THE 
A1  B 0 B e  B 0 and LI B 0 SYSTEMS P E Blackburn 
(Little (Arthur D ) I n c )  p 163-171 refs (See N64  18820 11 
13) 

20  A SURVEY OF CERTAIN THERMODYNAMIC DATA 
ON SOME LIGHT ELEMENT MIXED METAL AND MIXED 
NONMETALCOMPOUNDS T B Douglas (NBS)  p 173 182 
refs (See N 6 4  18821 1 1  13) 

21 THE THERMODYNAMIC PROPERTIES OF SOME 
OXYHALIDES O F  THE LIGHT ELEMENTS M A Greenbaum 
M Farber et al (Rocket Power I n c )  p 183-185 (See N64  
18822 11  13) 

22  A REVIEW OF DATA ON HEAVY METAL REFRAC 
TORY COMPOUNDS H L Schick (Avco Corp )  p 187-212 
refs (See N 6 4  18823 1 1  19) 

23  THERMODYNAMIC STUDIES AT LOW A N D  HIGH 
TEMPERATURES R A McDona ld  F L Oetting andH Prophet 
(Dow Chem C o )  p 213-245 refs (See N 6 4  18824 11 13) 

N64-18811 Aeronutronic Newport Beach Calif 
SURVEY OF THERMODYNAMIC DATA FOR BERYLLIUM 
SPECIES 
D L Hildenbrand I n J P L  Proc of the 1st Meeting of the ICRPG 
Working Group on Thermochem New York 5-7 Nov 1963 
Vol 1 Feb 1964 p 81-86 refs (See N 6 4  18801 11  13) 
(Supported by ARPA) 

The available thermodynamic data for beryllium species 
(Be 0 Be 0 H Be F and Be-CI species) that are of interest in  
advanced propellant applications are summarized In  particular 
the following data are presented in tabular form (1)  heats of  for 
mation and bond energies of B e  0 and Be 0 H vapor species 
(2) entropy data for gaseous dihalides and (3) heats of forma 

P V E  tion and bond energies of  beryllium halides 

N64-18818 United Aircraft Corp East Hartford Conn 
EXPERIMENTAL EVALUATION OF THE HEATS OF FORMA- 
TION OF BORON-CONTAINING COMPOUNDS 
J D Rockenfeller In JPL Proc of the 1st Meet ing of the 
ICRPG Working Group on Thermochem New York 5-7 Nov 
1963 Vol 1 Feb 1964 p 149-159 refs (See N 6 4  18801 
11-13) 

A description is presented of experimental apparatus in 
which heats of formation measurements are made Experi 
mental techniques for determining reliable values of heats of 
formation of B H C-N compounds are discussed and a prelim 
inary value for the heat of formation of hydrazine monoborane 
( H M B )  is presented ( A H  = -8 1 2  kcal /mole) P V E  

N64-18864 
SOLI D - PRO P ELLA NT FLAME M E C H AN ISMS 
R Friedman. A MaPek. and J M Semple In Va U Project 
Squid 1 Apr 1964 p 63-65 refs (See N64-18851 11-24) 

Atlantic Research Corp , Alexandria. Va 

8 



The mechanisms of solid-propellant combustion were in- 
vestigated by studying the combustion of single metal parti- 
cles (aluminum or beryllium) injected into flame gases of 
k n o w n  temperature Systematic observations of burning 
aluminum particles. made by a technique using magnifying 
photography, revealed fine details of t w o  rather different modes 
of combustion of aluminum, vapor combustion. and a peculiar 
quasi-surface combustion. Combustion of beryllium powder 
in a closed bomb. which has given somewhat rough but quan- 
titatively reproducible data on  the ignition of particles over a 
wide range of temperatures and pressures. has been completed. 
The study of the combustion of beryllium particles under more 
closely controlled ambient conditions at  atmospheric pressure 
has begun. Preliminary results have been obtained w i th  non- 
snherical beryllium particles, averaging about 40p in diameter. 
The particles. injected into product gases of propane-oxygen- 
nitrogen flames. show a dull red glow at all ambient tem- 
peratures above about 2,200" K. indicating some self-heating 
However, bright burning was observed only w i th  relatively 
small particles at the highest temperatures of about 2.700" K. 
and after a maximurn residence t ime at those temperatures 
( 1 0  t o  12 sec). attainable w i t h  the propane flames on the 
burner employed Larger particles do not have sufficient t ime 

I V L  to  heat to  the ignition temperature 

N64-18887 Army Missile Command Huntsville Ala Pro- 
pulsion Lab 
EFFECT OF FILLER CONCENTRATION ON THE VISCO- 
ELASTIC RESPONSE OF A COMPOSITE SOLID PROPEL- 
LANT 
Donald L Mart in J r  2 Mar  1964 3 9  p refs 
(R K-TR -64-2 AD-43361 2) 

A n  investigation was conducted t o  determine the effect of 
volume fraction of filler on the viscoelastic response of the 
PBAA propellant system Formulations containing up to  84% 
filler fraction were investigated in uniaxial tension w i th  strain 
rates varying from 0 05 t o  5 0 inches per inch per minute and 
temperaturesof 180" to  -90" F A modification of the Wil l iams 
Landel Ferry relationship relating t ime t o  changes in tem- 
perature was satisfactorily applied to  the reduction of the test 
data Close agreement between calculated and experimental 
values of log c q  was obtained for all formulations Mechanical 
response spectra are presented for maximum stress modulus 
strain strain-energy density at failure and for the stress-strain 
relationship indicating the dependence of these parameters 
on strain rate temperature and filler fraction Author 

N64-18890 
AFB. Ohio Foreign Technology Div. 
VIBRATIONAL COMBUSTION 
B. V Raushenbakh 16 Apr. 1963 525  p refs Transl. into 
ENGLISH of "Vibratsionnoye Goreniye". Moscow, Gosizdat. 
Fiz -Mat Lit.. 1961 p 1 -500  
(FT D -TT-62-942/ 1 + 2: A D-402909)  

This book is devoted to  the problem of combustion-process 
instability encountered in the design of liquid-fuel rocket en- 
gines. air-breathing jet engines, highly forced fireboxes in 
chemical electric-powerplants. and in conducting various types 
of physical tests and experiments in combustion theory. 
It gives a systematic exposition of contemporary theory of the 
excitation of longitudinal acoustic vibrations by application of 
heat The qualitative laws inherent in this type of vibration are 
given detailed consideration. w i th  information from hydro- 
mechanics. acoustics, and combustion, w i th  information from 
hydromechanics. acoustics. and combustion theory drawn upon 
extensively for their analysis. and w i th  application of the 
mathematical apparatus of control and vibration theories 

Author 

Air Force Systems Command, Wright-Patterson 

N64- 19651 

N64-18905 Rohm and Haas Co , Huntsville Ala Redstone 
Arsenal Research Div 
Quarterly Progress Report on  Engineering Research. 1 5  
September-15 December 1963 (A METHOD FOR DETER- 
MINING THE THERMAL DlFFUSlVlTY OF SOLID PROPEL- 
L4NTSl 
Donald E Mastin 6 Mar 1964 2 0  p refs 
(Contract DA-Ol -02 l -ORD-11878(2) )  
(P-63-27. A D-433635)  

A method for the determination of the thermal diffusivity of 
solid propellants was developed based on  the transient temper- 
ature response of a propellant specimen The method IS sample. 
accurate. and wel l  suited t o  materials of low diffusivity 

Author 

N64-19142 Stanford Research lnst Menlo Park. Calif 
VISCOELASTIC PROPERTIES OF SOLID PROPELLANTS 
AND PROPELLANT BINDERS Quarterly Technical Summary 
Report No. 1, 15 Jul.-15 Oct. 1963 
Thor L Smi th and James R Smith 1963 5 p 
(Contract NOW-64-0073-d.  ARPA Order 22 Amend 60) 
(AD-436695. Rept 9)  

Information on work completed and on studies in progress 
in the following areas related t o  solid propellants and propellant 
binder development is presented (1)  dynamic shear properties. 
(2) dependence of specific volume on pressure, temperature. 
and time. and (3) large deformation tensile properties at con- 
stant strain rates R T K  

N64 19414 Aeronutronic Newport Beach Calif Research 
Labs 
PROPELLANT OPTIMIZATION PROGRAM FOR COMPUT- 
ERS, MATHEMATICAL PROCEDURES. A N D  PROGRAM- 
MING \Final Report1 
E R 8uley D G Piper B Kubert and L Sashkin 14 Feb 
1964 4 0  p refs 
(Contract AF 0 4 ( 6 1  1 t 8546) 
(U 2502 RPL-TDR-64 35 AD-433734)  

scribed The resulting program can determine the composition 
yielding maximum impulse for mult icomponent propellant 
mixtures subject to  both equality and inequality constraints on 
the components The program is coded for the IBM 7090 and 
7094 computers and has been demonstrated for systems con- 
taining up to 8 components The actual capability extends to  
10 components Also described are the mathematical formula- 
tion of the problem and procedures used for the optimization 
process with modifications Instructions for using the program 
and program flow charts are included Author 

Modifications to an existing computer program are de 

N64-19651 Lockheed Propulsion Co Redlands Calif 

GATIONS. DYNAMIC RESPONSE AND FAILURE MECHA-  
NISMS Final Report 
Dalton Cantey 17 Apr 1964 169 p refs 
(Contract AF 04(6111-8539) 

SOLID PROPELLANT STRUCTURAL INTEGRITY INVESTI- 

(LPC-618-F RPL-TDR-64-32 VOI 1 AD-437140)  
Discussed is the correlation of mechanical response and 

failure in solid propellants w i th  basic material structural charac- 
teristics Propellant dynamic physical properties and structural 
failure phenomena were studied in detail Malor emphasis was 
directed at the problems of propellant viscoelastic properties and 
failure mechanisms together wi th examination of the effects of 
propellant binder and filler physical characteristics on its behav 
ior Measurements of viscoelastic properties of propellants using 
transient techniquesare demonstrated. and results are presented 
Investigation of propellant viscoelastic properties in  dynamic 
shear is also discussed Failure criteria studies are presented in 
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N64-19669 

which propellants were tested Conclusions are given on the 
isolation of a maximum tensile stress failure criterion and 
on methods of engineering evaluation of propellants Sub- 
contract research, directed at problems in photoviscoelasticity 
finite viscoelasticity dynamic problems in finite viscoelasticity 
and heat generation due to forced vibrations. IS documented 
Classified material (formulation data) for propellants studied 
in the program are presented Author 

N64-19669 General Electric Co Philadelphia Pa 
PROPELLANT STORABILITY I N  SPACE Third Quarterly Re- 
port, 1 Feb -31 Mar 1964 
R Carr A Cohen C Lankton and B Zeldin Edwards AFB 
Calif Rocket Propulsion Lab Apr 1 9 6 4  2 8  p refs 
(Contract AF 04(61  1 )  9 0 7 8 )  
(RPL TDR-64 56 AD 4 3 7 5 8 1 )  

riesof tests in the solar environmental simulator Results of  this 
test are given and compared w i th  those obtained in the first 
test In  termsof steady-state data the second test yielded excel 
lent results The numerical information indicates that insulated 
tankage systems do  not perform as well as predicted but give 
adequate protection for long term storage I t  is also evident that 
the performance of large tanks is superior to that of smaller units 

Author 

Presented are the details of preparation for the second se 

N64-19723' National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
HYDROSTATIC STABILITY OF THE LIQUID-VAPOR INTER- 
FACE I N  A GRAVITATIONAL FIELD 
Wil l iamJ Masica DonaldA Petrash and EdwardW Otto Wash 
ington NASA May 1 9 6 4  19 p refs 
(NASA TN D 2 2 6 7 )  OTS $0 5 0  

A study was conducted in a I-g acceleration field to  deter 
mine the hydrostatic stability of the liquid vapor interface in a 
cylinder The result was a verification of the contention that the 
Bond number criterion is valid for predicting the regions of 
hydrostatic stability of the liquid-vapor interface Factors af 
fecting the stability of the interface are the specific surface 
tension of the liquid and the orientation of the interface with 
resDect t o  the acceleration Author 

N64-19728 Rohm and Haas C o ,  Huntsville. Ala Redstone 
Arsenal Research Div 
AN ANALYSIS OF SOME ASPECTS OF THE WENOGRAD 
THERMAL STABILITY EXPERIMENT 
Joseph D Clem J r  and W H Growtzinger I l l  3 Mar 1964  
3 2  p refs 
(Contract DA 01 0 2 1  ORD 1187812)) 
(S 4 4  AD-4325981 

perimental technique for investigating the thermal stability of 
explosives at high temperatures A mathematical model of the 
experiment was formulated the equations were solved numer 
ically and investigated parametrically Results indicated that 
first estimates of the activation energy and preexponential fac 
tor of the explosives may be obtained from analysis of the ex 
perimental data Author 

A n  analysis was made of some aspects of the Wenograd ex 

N64-19890' National Aeronautics and Space Administration 
Marshall Space Flight Center Huntsville Ala 
PROPULSION I M P R O V E M E N T S  ACHIEVED D U R I N G  
FLIGHT TESTING OF SATURN VEHICLES 
B K Heusinger N Y AlAA 119641 1 1  p Presented at the 
A l A A  Aerospace Propulsion Meeting Cleveland 4 - 6  May 1 9 6 4  
(A IAA Paper 64 537)  AlAA $ 0 5 0  members $1 00 non 
members 

A description is given of the improvements on a one 
mill ion pound Saturn vehicle propulsion system for earth 
orbit and deep space probes A correlation was made between 
the propellants and the payloads for each of the different Sat 
urn vehicle stages Improvement measurements were deter 
mined by installing a flowmeter in each propellant suction line 
to  establish individual engine and total vehicle flow rates 

A L E  

N64-20307 Rohm and Haas Co Huntsville Ala Redstone 
Arsenal Research Div 
ENGINEERING RESEARCH Quarterly Progress Report, Dec 
10. 1963-Mar 10. 1964 
B Becker J J Brisbane T L Cost C Parr H B Wilson 
et al 23 Apr 1964  27 p refs 
(Contracts DA 01 021 ORD 11878(Z)  DA 01 021 O R D  
1 1909(Z)I 
(P 6 4  6 AD 437772)  

Progress is summarized for the following projects Ther 
mal Properties of Propellants Determination of Curing Ki 
netics Analysis of Diffusion Processes Coupled to  Chemical 
Reactions in Solid Propellant Grains Analysis of Flow R e  
actors Analysis of the DTA Test Dynamic and Thermal Non 
equilibrium in Two Phase Flow in Rocket Nozzles Conformal 
Mapping and Determination of Stresses in Star Perforated 
Grains Development of Approximate Methods of Viscoelastic 
Stress Analysis Thermal Stresses in Viscoelastic Materials 
Mechanics of Curing Propellants Mathematics of Composite 
Materials Stress Analysis of Infinite Cones Under Axial Ac 
celeration Analysis of Stress Singularities Analysis of the 
Biaxial Strip Test and Development of Stress Analysis Pro 
grams Based on the Finite Element Method Author 

N64-20710' National Aeronautics and Space Administration 
Marshall Space Flight Center Huntsville Ala 
INTERACTION OF STRUCTURAL VIBRATIONS, PROPEL- 
LANT SLOSHING AND CONTROL FOR LARGE SPACE VE- 
HICLES 
Helmut F Bauer Stuttgart-Flughafen Arbeits und Forschungs- 
gemeinschaftGrafZeppelin [19611 8 8  p refs Presented at the 
51st Aeronautics Conf Stuttgart-Flughafen 8 Sep 1961 
In  GERMAN 

The control problem of large space vehicles is discussed 
from two  aspects ( 1 )  structural vibrations and propellant slosh- 
ing and ( 2 )  vehicle stability A mechanical model of propellant 
sloshing is presented Simple criteria as to  the effect of various 
control elements as well as stability l imits for the case of fly- 
ing bodies wi th sloshing propellants are discussed Also a 
control-feedback stability analysis which includes the effects 
of bending vibrations propellant sloshing and control systems 
isgiven I V L  

N64-20721 Southwest Research lnst San Antonio Tex 
LIQUID SURFACE OSCILLATIONS I N  LONGITUDINALLY 
EXCITED RIGID CYLINDRICAL CONTAINERS Technical 
Report No 2 
Franklin T Dodge Daniel D Kana and H Norman Abramson 
30 Apr 1 9 6 4  89  p refs 
(NASA Contract NAS8 11045  S R I  Pro] 1 3  0 2 - 1 3 9 1 )  
(NASA C R  56135)  O T S  $ 8  l O p h  

Results of a theoretical and experimental study of low 
frequency liquid motions in a longitudinally vibrated tank are 
presented and discussed in some detail Large amplitude free 
surface motions occur when the liquid responds as a one 
half subharmonic of the excitation This form of response 
exhibits the jump phenomena common to nonlinear sys 
tems Harmonic and superharmonic liquid surface motions 
are also observed although their amplitudes are considerably 
smaller than those corresponding to  the one half subharmonic 
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N64-21673 

response Comparisons between theoretical and experimental 
results are given in most instances the correlation being 
rather close Author 

N64-20816' 
dena 

FOR THE PERIOD FEBRUARY 1, 1964 TO MARCH 31, 
1964. SUPPORTING RESEARCH A N D  ADVANCED DE- 
VELOPMENT 
R .  Broucke e t  a l  30 Apr. 1964  2 8 0  p refs 
(Contract NAS7-100)  

J e t  Propulsion Lab., Calif. Inst. of Tech., Pasa- 

SPACE PROGRAMS SUMMARY NO. 37-26. VOLUME IV  

(NASA CR-56175, JPL-SPS-37-26. VOI. 4) OTS: $12.50 
Areas discussed are: (1) systems analysis (trajectory and 

launch probability studies. etc.). (2) spacecraft electrical power: 
(3) guidance and control analysis and integration: (4) guidance 
and control research; (5) materials research: (6)  electrochem- 
ical engineering support: ( 7 )  aerodynamic facilities: (8) solid- 
propellant engineering; (9)  polymer research: (10) propulsion 
research; ( 1  1) advanced propulsion engineering: (12) space- 
instruments systems. ( 13) applied science (electron-excited 
X-ray fluorescence for lunar-surface analysis and the Ruther- 
ford experiment): (14) chemistry: (15) fluid physics; (16) 
physics; ( 1  7 )  communications-elements research; and ( 1  8) 
communications-systems research I .v. L. 

N64-20846 NavalOrdnance Lab Whi te  Oak M d  Chemistry 
Research Dept 
ANALYSIS OF THE OPTICAL DETERMINATION OF DETO- 
NATION VELOCITY IN SHORT CHARGES 
A Robert Clairmont J r  and Irving Jaffe May 1 9 6 4  3 1  p refs 
(NOLTR-64-23 AD-600059)  

A transformation equation was derived whereby the data 
from smear camera records of the peripheral detonation of a 
short ( L / D  of 2 5) tetryl charge can be interpreted to  obtain 
a detonation velocity measurement The results are in excel 
lent agreement w i t h  the values measured along the axis as 
wel l  as w i t h  those published in  the l iterature Author 

N64-20853 

VESTIGATIONS Second Quarterly Progress Report, Jan. 1- 
Apr. 1,1964 
Norman Fishman and James A Rinde 2 0  Apr 1964 49 p refs 
(Contract AF 04(611) -9559)  
(Rept 6.  AD-439403)  

Continued progress was made toward developing a method 
for defining the path-independent physical state of a propellant 
in terms of stress-strain-time history The general form of the 
dilatational state equation. developed by least squares curve 
f i t t ing of all constant strain rate test data, IS as follows 

logV/Vo = A I l o g W  + B(logt/bT) + C ( l o g t / b ~ ) ~ l "  
Analysis of test data by application of the modif ied finite elas- 
t ic theory continued Considerable development of this method 
of data analysis remains t o  be done, but significant progress 
toward effective material characterization was made Results 
of all tests to  date are presented in  either tabular or graphical 
form Preliminary results of tests of t w o  model systems based 
on the polybutadiene binder (one w i t h  glass beads the other 
w i t h  aluminum powder) and results of studies of the effects 
of moisture on dilatation are also discussed Author 

Stanford Research I n s t ,  Menlo Park. Calif 
SOLID PROPELLANT M E C H A N I C A L  PROPERTIES IN- 

N64-21061 Rocketdyne. Canoga Park. Calif Research Dept 
RESEARCH IN THE CHEMICAL, PHYSICAL, AND METAL- 
LURGICAL SCIENCES Final Report, 2 5  Jun. 1962-10 Dec. 
1963 

8 L Tuffly et al Edwards AFB Calif AF Flight Test Center 
Feb 1964 16Op refs 
(Contract AF  04(611) 8502) 
(R-5462 RTD-TDR-64-21.  A D  432599)  

The current program was directed toward advancing the 
state-of-the-art of analytical chemistry as applied to rocket 
propellants Specific efforts discussed include ( 1  I development 
of a fast-responding highly sensitive detector for electroactive 
materials in gases and liquids (21 development of techniques 
for chemical analysis of cryogenic materials. and (3) establish- 
ment of the chemical structure of pentaboranehydrazine fir- 
ing residues Author 

N64-21466 Catholic U of America Washington D C Stress 
Analysis Lab 
DEVELOPMENT OF EXPERIMENTAL STRESS ANALYSIS 
METHODS TO DETERMINE STRESSES A N D  STRAINS 

TION OF SOME MIXED BOUNDARY VALUE PROBLEMS 
A J Durell i and V J Parks Apr 1964 88 p refs Presented 
at an Eng Colloq 
(Contract Nonr-2249(06))  
( I R  4 AD 600546)  

This paper deals w i t h  means of applying known displace- 
ments and known stresses t o  the boundaries of models used 
in experimental stress analysis Reviewed is the solution o f  
several problems in which these means are used The evalua- 
tion of the stresses strains, and displacements in the field is 
conducted using several experimental stress analysis meth- 
ods Particular emphasis is placed on  the methods used to 
study several kinds of shrinkage problems w i th  t w o -  and three- 
dimensional photoelasticity The application of these methods 
is illustrated w i t h  examples several of which are in  the field 
of stress analysis o f  solid propellant grains Author 

IN SOLID PROPELLANT GRAINS EXPERIMENTAL SOLU- 

Brown U 

N64-21586  Hercules Powder  Co  Cumber land M d  
Allegany Ballistics Lab 
MECHANICAL PROPERTIES OF SOLID PROPELLANTS FOR 

ATURES 
M G Sharma and C K Lim Sep 1963 155 p refs Prepared 
from work performed at  Pa State U 
(Contract NOrd 16640) 

COMBINED STATES OF STRESS AT VARIOUS TEMPER- 

(ABL/X-114. AD 439959) 
Three separate methods were developed for characterizing 

inert solid fuel propellants under combined states of stress at 
room temperature conditions as follows (1) The material is 
characterized in terms of a stored energy function and a 
dissipated energy function These functions are determined 
from hysteresis tests under combined loading 12) The energy 
functions are determined experimentally by using a finite 
viscoelastic theory that is an extension of the finite elastic 
theory By this method the energy functions are determined 
from one single combined stress test (3) The combined stress 
test behavior is predicted from uniaxial-tension stress-strain 
law None of the classical failure criteria apply to  this material 
Failure envelopes corresponding to the various criteria of 
failure considered are drawn for various rates of extension 
ratios A new criterion of failure for the material is developed 

D S G  

N64-21673 Mart in Co , Denver, Colo 
TOXICANT ENTRAINMENT TEST -CLOTHING OUTFIT, 
ROCKET FUEL HANDLERS A/P 22P-1 
R G Hanson Jan 1964 1 2 p  
(Contract AF  04(647)-576) 
(AD-431540) 
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N64-2 1 687 

The objective of this test was t o  determine the danger t o  
personnel wearing torn protective clothing while sublected to  
vaporous propellants Only N 0 2 - N 2 0 4  vapors were used in the 
test that wasconducted in  a test chamber 8 x 8 X 8 f t  The read 
ing of the two  AS1 sensors was taken at t ime 0 Under normal 
operation the suit IS pressurized to 0 5 in  of water pressure 
from the (environmental control units) airflow in  conjunction 
w i th  the suit pressure relief valves When the suit is torn, it 
deflates and the airflow escapes through the hole The test 
shows that N02-N204 wi l l  enter the suit at such a high rate 
that the wearer must remove i t  immediately The closer a tear 
occurs to  the recirculation inlet of the ECU the faster the 
concentration builds up  in the helmet A W  

N64-21687 Space Technology Labs, Inc , Redondo Beach 
Calif Aerosciences Lab 
THERMAL RADIATION FROM THE EXHAUST PLUME 
OF A N  ALUMINIZED COMPOSITE PROPELLANT ROCKET 
Technical Report No. 6121-7904-RU-000 
S J Morizumi and H J Carpenter Jan 1964 37 p refs 
(Contract AF 041694)-1) 
(BSD -TD R -64 16. AD -43 1 500) 

A technique is  developed for calculating rocket base heat- 
ing and spacecraft heating environments due to  particle radia- 
tion from a single nozzle rocket exhaust plume The analysis 
treatsradiation from a cloud o f  particles as that from an equiva- 
lent radiating surface Thus the problem is reduced to  the de- 
termination of the proper values of the apparent surface emis- 
sivity and the effective temperature The particle f low field 
information (particle concentrations temperatures and trajec- 
tories) necessary t o  determine these t w o  quantities is provided 
by a two-phase f low field computer program Author 

N64-21749 
NITROCELLULOSE PAPER COMBUSTIBLE MANDRELS 
Edward Daniels and David Eliezer Feb 1964  1 8  p 
(TM - 1324. AD-43 1528) 

Satisfactory combustible mandrels were fabricated by 
convolutely wrapping nitrocellulose paper on a cylindrical form 
using a lacquer t o  bond the layer of paper A modified M8 JATO 
propellant grain was successfully cast around one of these 
mandrels and statically fired w i t h  satisfactory results Author 

Picatinny Arsenal, Dover, N J 

N64-21794 Army Missile Command, Huntsville. Ala Pro- 
pulsion Lab 
CURE STUDY OF "FLUID BALL" POWDER 
Everette M Pierce 3 Jan  1964  15 p refs 
(R K-T R -64- 1, A D  -43 1 674)  

A cure study of Fluid Ball powder and triethylene glycoldi- 
nitrate was conducted to  determine the cure mechanism The 
objective was to  determine if all the ball powder was com- 
pletely dissolved during the curing process or if most  of the 
cure was by gelation Experimental results showed that ball 
powder spheres were discrete after normal cure t ime and tem- 
Derature Author 

N64-21901 Rocketdyne. Canoga Park, Calif 
HYDROGEN OXYGEN CATALYTIC IGNITION 
Charles Bendersky Jan 1963 9 5  p refs 
(RR-63-9) 

The results o f  an experimental program for evaluating the 
feasibility of catalytic techniques for igniting hydrogen-oxygen 
propellant combinations are reported Ignit ion capability at 
preignition environmental temperatures as l ow  as -250" F was 
demonstrated at a mixture ratio of 1 0 ,  and a mass velocity 
of -4 Ib/ft2-sec Reignition capability was demonstrated in a 
series of 15 reignitions conducted nominally at -260" F inlet 

propellant temperature, ambient ( -70" F )  hardware. 1 C mixture 
ratio. and massvelocity of -3 Ib/ft2-sec The program was  con- 
ducted in  1-in.-diam hardware capable of about 10-lb thrust 

Author 

N64-21939 Air  Force Systems Command. Wright-Patterson 
AFB. Ohio Foreign Technology Div. 
PRINCIPLES OF PROPELLANT APPLICATION I N  LIQUID- 
PROPELLANT ROCKETS 
N .  N. Bobrov and P. I Voropay 2 6  Mar.  1964 40 p Transl. 
in to  ENGLISH of Chapter 5 of a Book "Primeneniye Topliva I 

Smazochnykh Materialov" Moscow, Gostop. 1962 p 172- 199 

The discussion of the principles of propellant application in 
liquid-propellant rocket engines is  divided into brief discussions 
of the following: (1) arrangement and operation of liquid rock- 
ets-thrust, specific thrust, specific propellant consumption, 
engine specific weight, actual-liquid rocket work cycle, relative 
efficiency. and internal efficiency: (2) cooling-external-flow 
cooling. internal cooling, and capacitive cooling; (3) methods 
of feeding propellants t o  the combustion chamber-pressure- 
tank feeding system and pump feeding system; (4) formation 
of propellant mixture and propellant combustion, (5) heat of 
combustion and gasification of liquid propellants; 16) liquid pro- 
pellants-propellant requirements, monopropellants. bipropel- 
lants, oxidants. nitric acid, hydrogen peroxide. fuels. hydro- 
carbon fuels, amines, hydrazine and organic hydrazines, and 
metals and metal compounds, (7) effects of fuel and oxidant 
properties on propellant quality; and ( 8 )  promising energy 
sources for rocket engines P V.E. 

(FTD-TT-63-1063/ 1 +2+4. AD-600523)  

N64-22009  Aerolet -Genera l  Corp , Sacramento.  Cali f  
VaPAK. A SIMPLE SELF-PRESSURIZATION SYSTEM 
5 Jun. 1964 72  p refs 
(Rept -8290-5s)  

VaPak is a l ightweight vapor pressurization system that 
offers a potential improvement in flexibility over any of the 
liquid propulsion systems. I n  principle. i t  is similar to  that of a 
self-discharging insecticide or paint can. The propellant is ex- 
pelled by its o w n  vapor without a significant change in  discharge 
pressure N o  high-pressure gas bottles, regulators. or pressuri- 
zation cartridges are required; in fact, no components or de- 
vices whatsoever must  function. once liquid f low from the 
VSPak tanks is  initiated. I n  appropriate applications, this 
vapor pressurization concept results in  a liquid rocket w i t h  sys- 
tem simplicity exceeding that of a solid rocket, but retaining 
the performance and control labi l i ty obtained w i t h  l iqu id  
propellants. The feasibility of expelling various earth storable 
and cryogenic propellants by V iPak  have been successfully 
demonstrated. Long duration storage and rocket engine tests 
verified the instant readiness and combustion characteristics of 
saturated propellants. Throttling tests indicated a wide thrust 

I.V.L. range capability w i t h  a fixed-area injector. 

N64-22240 Atlantic Research Corp Alexandria Va 
THE EVALUATION AND CONTROL OF TOXICITY HAZARDS 
I N  SOLID PROPELLANT OPERATIONS 
Kenneth D Johnson Jan 1963 27 p Presented at the Solid 
Propellant Rocket Conf ARS Philadelphia 2 0  Jan -1 Feb 
1963 
(ARS Paper 2766 63)  

The risks of injury by toxic releases t o  the atmosphere from 
propellant operations depend upon physiological physicochem 
ical and meteorological factors as well  as the composition of 
the propellant The estimation of these statistical risks from an 
evaluation of these factors is discussed Minimization of the 
risks through containment of toxic exhaust products scheduling 
of operations during periods of meteorology favorable for rapid 
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atmospheric dilution of toxic emissions, and by operation at work was conducted at a one-to-one scale ratio. and the ap- 
highly isolated sites is discussed in principle and illustrated by proach taken was t o  simulate erosion by simulating nozzle 
example Author environment Approximate simulation of nozzle eroslon was 

achieved Author 

N 6 4 - 2 2 2 7 0  Aerojet-General  Corp , Sacramento. Cal i f  
AGING CHARACTERISTICS OF MINUTEMAN POLYURE- N64-22554 General Dynamics/Astronautics. San Diego. 

THANE BINDERS 
V D Celentano May 19G4 1 9 5 p  refs 
(Contract AF 33(600)-36610) 
(AFBSD-TDR-64-52. AD-600881)  

Results of aging and research investigations on polyure- 
thane binders are reported Emphasis was placed on the 
chemical reactions that occur in the binder structure during 
storage at elevated temperatures Among the findings reported 
are ( 1 ) T h e  degradation of Minuteman Wing I and II ANP-2862 
polyurethane binder aged at 180" F in  air proceeds by oxidative 
attack on the polyether chains followed by chain scission 
and chemical transformation of polyether chains to polyester- 
polyether chains (2) The acid number when correlated w i th  
mechanical property data, may prove a valid aging index of 
polyurethane-based propellants (3) The selective extraction 
of sol fraction components was accomplished. and the s o b -  
bil ity parameter concept proved useful in separating linear 
polyurethane components from unaged ANP-2862 binders 

M P G  

N64-22274 Hercules Powder Co.. Kenvil. N.J. 
FEASIBILITY INVESTIGATION OF A HYBRID ROCKET 
FOR CREW ESCAPE CAPSULE APPLICATIONS Summary 
Report No. 1. Sep. 19614un. 1962 
A. J .  Kavall Wright-Patterson AFB. Ohio. AF Flight Dyn. Lab.. 
Mar.  1 9 6 4  5 8  p 
(Contracts DA-36-034-ORD-3538-RD: AF 33(657)-2-R&D- 
111) 
(FA-R - 1 7 1 5: FD L-TD R -64-3 1 : A D  -60069 1 ) 

Thermodynamic calculations of various fuel-oxidizer com- 
binations were performed on a computer so that opt imum pro- 
pellant systems could be  formulated and investigated. Theoret- 
ical performance curves were plotted f rom the computer values. 
The fuels contained aluminum and magnesium powders in  
combination w i t h  four binder materials The oxidizers con- 
sidered were nitrogen tetroxide and red fuming nitric acid. 
Fuel formulations were selected and processed into sample 
mixes for laboratory scale testing and evaluation. Tests were 
conducted t o  ascertain the reactive properties of the fuel sam- 
ples when sprayed w i t h  the candidate oxidizers. High-tempera- 
ture storage testing was conducted on several sample fuels. A 
test motor was designed and fabricated t o  permit testing of 
full-sized fuel grains. Grain formulat ions containing 40% 
aluminum or magnesium w i t h  a Hycar binder system were fired 
in a "work horse" motor. and the results of these tests are 
included. R.T.K. 

N64-22380 Picatinny Arsenal. Dover. N J Ammunit ion En-  
gineering Directorate 
EXPERIMENTAL STUDY OF LIQUID ROCKET SIMULA- 
T I O N  OF S O L I D  PROPELLANT ROCKET E X H A U S T  
CHARACTERISTICS 
L Jablanskyand L Stibrany Apr 1964 4 5 p  refs 
(PA-TR-3165. AD-600938)  

A substantial cost saving can be realized if a small liquid 
propellant rocket engine using cheap propellants, can be used 
to screen nozzle materials for eventual use with large solid 
rocket motors using costly propellants Work was completed 
in which the nozzle erosion experienced in  a solid rocket motor 
using AHH propellant was simulated by a liquid propellant 
engine using white fuming nitric acid and benzene The 

Calif 
THERMOPHYSICAL PROPERTIES OF PLASTIC MATERIALS 
AND COMPOSITES TO LIQUID HYDROGEN TEMPERATURE 
(-423O F) Technical Documentary Report, Jul. 1962-Feb. 
1964 
James F Haskins. Malcolm D Campbell. Julius Hertz, and 
Joseph L Percy Wright-Patterson AFB. Ohio. AF Materials 
Lab.Jun 1964 1 7 9 p  refs 
(Contract AF  33(657)-9160) 
(ML-TDR-64-33. Pt I. AD-601337)  

Existing room-temperature test methods for the determina- 
tion of specific heat thermal conductivity. and thermal expan- 
sion were modif ied so that measurements could be made at 
temperatures down to -423"  F Seventeen materials were 
evaluated Thermal conductivity measurements on laminated 
materials parallel to a continuous reinforcement were as much 
as four t imes as high as measurements made normal to rein- 
forcement The use of higher conductivity reinforcements re 
sulted in higher conductivity laminates Thermal expansion 
measurements on laminated materials showed that. in the 
direction normal to the reinforcement. the component w i t h  the 
largest coefficient of thermal expansion has the greatest influ- 
ence on the overall expansion In directlons parallel t o  the rein- 
forcement, the expansion o f  the higher modulus component 
controlled the overall expansion Difficulties were encountered 
in determining the specific heat properties of the test materials 
at low temperatures Test methods. problem areas. and pre- 
liminary data are discussed Author 

N64-22706 
A PROCEDURES MANUAL FOR COMPUTING PROPEL- 
LANT THERMODYNAMIC PROPERTIES 
Bernard A. Burke May 1964 102 p 

Naval Ordnance Lab.. White Oak. M d  

(NO LTR -63-202; AD -600988) 
This manual describes the procedures used t o  compute 

propellant thermodynamic properties. A typical specific impulse 
problem is solved. fol lowed by the procedure used to add 
thermodynamic data to  the calculation system. and a discus- 
sion of various difficulties that  might be met. A n  appendix con- 
tains the FORTRAN listing of the specific impulse program. 
The operating system used w i th  the IBM-7090  is described 
wherever applicable t o  the work. and each kind of program 
output sheet is illustrated. Author 

N64-23280 Applied Physics Lab.  Johns Hopkins U . Silver 
Spring. M d  
EFFECTS OF THERMAL RADIATION ON THE ACOUSTIC 
RESPONSE OF SOLI0 PROPELLANTS 
R H Cantrell. F T M c  Cluren and R W Hart Jun  1964  4 5  p 
refs 
(Contract NOW-62-0604-c)  
(TG-335-18) 

Theoretical calculations are given for the propellant re- 
sponse function when thermal radiation of the burnt gases is 
taken into account Under the  assumption that the gas radiates 
as a gray body. i t  is found that radiation effects may signifi- 
cantly alter the response function at low frequencies for the 
low propellant burning rates that are commonly found at low 
frequencies for the low propellant burning rates that are com- 
monly found at low pressures Thus. this mechanism may offer 
a partial explanation of the fact that  experimental values for 
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the response function at l ow  frequencies and low burning rates 
tend t o  be larger than i s  expected from exist ing theories The 
method of calculation is based on  a second-order perturbation 
scheme where the perturbation parameter IS a measure of the 
ratio of energy transfer by radiation t o  convective energy trans- 

Author fer 

N64-23426 Air Force Systems Command Wr ight  Patterson 
AFB Ohio Foreign Technology Div 
UNSTABLE PERFORMANCE OF LIQUID FUEL ROCKET 
ENGINES 
R Staniszewski 2 7  May 1963  15 p refs Trans1 in to ENG 
LlSH from Wojskowy Przeglad Lotniczy (Warsaw) no  8 Aug 
1962 P 48-56 
(FTD-TT 6 3  357/1+2 A D  41 1495)  

The following causes for the unstable operation of rocket 
engines are discussed (1) delay in  ignit ion t ime  (2) external 
disturbances transmitted to  the rocket engine (3 )  change in  
flight altitude (4) change in flight velocity (5 )  chamber and 
nozzle cooling and (6)  unstable operation of individual ele 

I V L  ments of the fuel feeding system 

N64-23611’ Bell Aerosystems Co , Buffalo, N Y 
W E L D E D  METAL BELLOWS, A RELIABLE POSITIVE 
EXPULSION DEVICE FOR LIQUID PROPELLANTS 
Leo M Thompson N Y A l A A  I19641 7 p Presented at the 
1st A l A A  Ann Meeting Washington D C 29  Jun -2 Jul 
1964  
(Contract NAS7-149) 
(A IAA Paper-64-264) A l A A  $ 0 5 0  members $1  00 non- 
members 

The results of this parametric analysis demonstrated the 
superior potential o f  the metal bel lows and it was therefore 
selected for a comprehensive design study The selection cri-  
teria included those condit ions imposed during long term 
orbital missions and spacecraft applications. including opera- 
tions through a wide range of temperatures and high radiation 
levels Low rates o f  permeation and diffusion through a gas- 
liquid barrier were also considered Compatibility w i t h  selected 
propellants and the reliability associated w i t h  manned appli- 
cations became important criteria for consideration G D B 

N64-24004 France Off ice National Detudes et  de Re- 
cherches Aeronautiques. Chatillon-Sous-Bagneux 
T H E  EXPERIMENTAL D E T E R M I N A T I O N  O F  M O B I L E  

MENT OF PROPULSION LIQUIDS [LA DETERMINATION 
EXPERIMENTALE D E S  FORCES H Y D R O D Y N A M I Q U E S  
INSTATIONNAIRES DUES AU CLAPOTIS DES LlQUlDES 
DE PROPULSION] 
Christian Beatrix [19641 3 0  p refs Presented at the Meet ing 
of the Groupe Materiaux et Structures de L’AGARD. Liege 
France, 2 7  May-2 Jun 1964  In FRENCH 
(0 N E RA-TP- 136) 

The generation of nonstationary hydrodynamic forces 
provoked by the sloshing of liquid propellants in the fuel 
tanks of missiles can influence their behavior in  f l ight Since 
theoretical studies are inadequate for resolving part of the 
problem experimental methods were developed and studies 
were carried out on this type of engine The conclusions 
are useful in the selection of proper arrangements for min i -  
mizing the effect of sloshing and in the comparison of the 
effects o f  liquids having different properties 

HYDRODYNAMIC FORCES DUE TO THE WAVE-MOVE- 

M P G  

N64-24376 Technische Hochschule Munchen (W Germany) 
MEASUREMENTS OF IGNITION DELAYS OF HYPERGOLIC 
LiQUlD ROCKET PROPELLANTS 
G Spengler A H Lepie and J Bauer 119641 23  p refs Pre 
sented at the 1964 Spring Meeting of the Western States Sec 
t ion Combustion lnst Stanford U Apr 1964 
(WSS/Cl  Paper 6 4  12) 

After a theoretical discussion of hypergol ignition and a 
description of instrumentation for measuring ignition delays 
some of the results obtained using nitric acid and nitrogen 
tetroxide and their mixtures as oxidizers are presented The 
factors investigated include the influence of the fol lowing 
(1) the inside diameter of the capillary inlection tube (2) 
the injection velocity and mixing ratio (3) the gas pressure 
in  the combustion chamber (4) the temperature of fuel and 
oxidizer and (5) the water contents in  fuel and oxidizer I n  
order t o  investigate the possibility of the hypergolization of 
fuels that are not self-igniting wi th  nitric acid the ignition 
delay of numerous t w o  component fuel systems was measured 
as a function of their mixture ratios Some of the mixtures 
investigated include furfurylalcohol and pr imary amines 
U D M H  and phenylacetylene w i th  nitric acid soluble metal 
ions dissolved in  the oxidizer or the fuel and combinations 
of furfurlalcohol U D M H  nitric acid and nitrogen tetroxide 

M P G  

N64-24849 National Cash Register Co Dayton Ohio Cap 
sular Research and Product Development Dept 
A STUDY OF THE ENCAPSULATION OF HIGH ENERGY 
SUBSTANCES Final Report, 1 Apr 1959-31 Dec. 1963 
Constantine C Petropoulos Apr 1964 65  p refs 
(Contract Nonr 2848(00))  
(AD 601772) 

Research in the following areas is summarized (1 )  film 
permeability studies (2 )  the compatibility of various polymers 
wi th  hydrazine (3 )  the preparation of polyamides and t w o  stage 
polymers and (4 )  encapsulation studies Also discussed are 
polymer studies and further encapsulation studies Polymer 
studies include the synthesis of prepolymers based on glycidyl 
methacrylate 2 vinyloxyethyl methacrylate 2 hydroxyethyl 
methacrylate and on methallyl methacrylate and the inter 
facral polycondensation of bisphenol A w i th  a 1 1 mixture of 
terephthaloyl chloride and fumaroyl chloride The encapsula 
t ion studies include the use of the cationic polymerization 
product of glycidyl methacrylate the use of the vinyl homo 
polymer of glycidyl methacrylate and amine encapsulation by 
interfacial polymerization I V L  

N64-24974 Frankford Arsenal Philadelphia. Pa 
PROPELLANT ACTUATED DEVICES Progress Report, 
Sep.-Oct. 1963 
119631 7 4  p 
(Rept -90-1. AD-437564) 

The current progress relating to  propellant actuated devices 
for escape systems includes the following (1) High-temperature 
tests were conducted on three oxidizers -nitrogen tetroxide 
red fuming nitric acid. and chlorine trifluoride 12) A quantity 
of sample lengths of the new, mi ld  detonating fuse wi th  a high- 
temperature vinyl outer lacket was assembled w i th  the old FA 
end booster caps and a similar quantity was assembled using 
thenewly designed end booster caps These samples were used 
in  a test program after exposure to  high temperature low tem 
perature temperature and humidity cycling and water immer- 
sion (3) Drawings of the final design assembly of the XM47 
ignition element were completed (4) Twelve firing tests were 
made wi th  complete rocket catapults (5) Four each of three 
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time-delay mechanisms (0 1 1 0 and 15 0 seconds) were com- 
pletely assembled and tested for proper function characteris- 
tics (6) Data from the firings conducted w i th  XM90 and XM91 
initiators previously subjected to random vibrations tests are 
presented (7) Design studies were completed on a prototype 
XM18 gas generator (8) Firings were conducted with a gas- 
generator propellant identified as MDB7, lot PA-E 3-39241 
(9) The silver-infiltrated tungsten insert previously fired. was 
measured, and it appears that this material actually shrinks 
under firing conditions (10) Gas-analysts results were obtained 
for the HES 6573 and Standard Oil P-1 propellants fired pre- 
VlOUSlV I V L  

N64-25020' 

TROTHERMAL ENGINES 
Washington. NASA May 1964 287 p refs 
(Contract NAS8-25751 

Litt le (Arthur D ) Inc , Cambridge. Mass 
CRYOGENIC PROPELLANT FEED SYSTEMS FOR ELEC- 

(NASA-CR-60) OTS $4 00 

CONTENTS 

17-26) 
1 HYDROGEN FEED SYSTEM p 4-73 (See N64-25021 

2 A M M O N I A  FEED SYSTEM p 74-108 (See N64-25022 

3 SIZING OF THE HYDROGEN STORAGE VESSEL 
p 109-127 (See N64-25023 17-26) 

4 M A T E R I A L  SELECTION FOR THE HYDROGEN 
STORAGE VESSEL p 128-157 refs (See N64-25024 17-26) 

5 THE SUPPORT SYSTEM FOR THE HYDROGEN 
STORAGE VESSEL p 158-174 refs (See N64-25025 17-26) 

6 THE METEOROID HAZARD TO THE HYDROGEN 
STORAGE TANK p 175-192 refs (See N64-25026 17-26) 

DENT ON HYDROGEN TANK DURING THE TRANSFER 
TRAJECTORY p 193-205 refs (See N64-25027 17-26) 

8 THERMAL PROTECTION SYSTEM FOR THE LIQUID 
HYDROGEN STORAGE VESSEL p 206-226 refs (See N64-  

17-26) 

7 ESTIMATES OF THE THERMAL RADIATION INCI- 

25028 17-26) 

"-25021' Little (Arthur D ) Inc . Cambridge Mass 
HYDROGEN FEED SYSTEM 
In its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 4-73 (See N64-25020 17-26) 

The high specific impulse attainable by using hydrogen as 
a propellant in  an electrothermal engine is the reason why a 
hydrogen feed system is highly desirable This report discusses 
such a system in terms of the basis for its design. a descrip- 
t ion of the Overall system. the storage vessel. the expulsion 
system. the metering and control system. and projected system 
operation G O B  

N64-25022' 
AMMONIA FEED SYSTEM 
In its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 74-108 (See N64-25020 17-26) 

A thermal arc-jet system using ammonia as a propellant 
is considered as a competitive alternate to a hydrogen fuel 
system. Such a system is described in  the following categories: 
mission parameters. overall system description. storage vessel, 
expulsion system. and metering and control system. G.D.B. 

Little (Arthur D.) Inc.. Cambridge, Mass. 

N64-25023' 
SIZING OF THE HYDROGEN STORAGE VESSEL 
In its Cryog. Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 109-127 (See N64-25020 17-26) 

Litt le (Arthur D 1 Inc . Cambridge. Mass. 

Described are some of the functional features of the Iiquid- 
hydrogen tank for the arc-jet feed system The tank size and 
shape are presented, the operating pressure is  determined. and 
the tank launch weight as a function of l iquid reserve is dis- 
cussed Two  systems are considered. one using an internal 
tank heater only and the other. the alternate system. using a 
rotary phase-separating heat exchanger G D B  

N64-25024' 
MATERIAL SELECTION FOR THE HYDROGEN STORAGE 
VESSEL 
In Its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 128-157 refs (SeeN64-25020 17-26) 

The inner vessel of the hydrogen propellant tank for the 
arc jet vehicle must be constructed of a material that has a 
high strength per unit weight and suitable toughness and duc- 
ti l i tyat -423" R Annealed 5AI-2 5Sn titanium alloy w i th  extra- 
low interstitial content was selected as the mateiial for the 
liquid hydrogen tank Other materials. such as stainless steel 
and aluminum were also investigated G D B  

Litt le (Arthur D I Inc . Cambridge. Mass 

N64-25025' Litt le (Arthur D ) Inc Cambridge Mass 
SUPPORT SYSTEM FOR THE HYDROGEN STORAGE 
VESSEL 
In m Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 158-174 refs (See N64-25020 17-26) 

Themechanical support system for the inner hydrogen tank 
on the arc-jet feed system must support the tank and isolate 
it thermally from the rest of the structure on the vehicle The 
system described in  this report was selected as the lightest 
weight-one which would sustain all the imposed loads and 
have a heat leak equal t o  the target heat leak of 7 w G D B 

N64-25026' Litt le (Arthur D ) Inc Cambridge. Mass 
THE METEOROID HAZARD TO THE HYDROGEN STORAGE 
TANK 
In its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 175-192 refs (See N64-25020 17-26) 

To estimate the hazard that meteoroids pose to space ve- 
hicles it is necessary to  have a description of the flux of 
meteoroids in  space their velocity and mass distributions. and 
their composit ion This information was surveyed from the 
literature as a basis for selecting the appropriate hydrogen 
storage tank, this report discusses meteoroid hazard and the 
resulting protective measures taken G D B  

N64-25027' 
ESTIMATES OF THE THERMAL RADIATION INCIDENT O N  
HYDROGEN TANK DURING THE TRANSFER TRAJECTOR 
I n  its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 193-205 refs (See N64-25020 17-26) 

A transfer from an initial orbit near the plane of the ecliptic 
results in  minimum thermal input to  the hydrogen vessel The 
thermal flux to  the hydrogen tank from the SNAP-8 powerplant 
must be l imited Deployment of the powerplant to  a location 
remote from the hydrogen vessel is an effective means for 
limiting the gamma heating of the tank's contents G D B  

Little (Arthur D ) I nc ,  Cambridge. Mass 

N64-25028' 
THERMAL PROTECTION SYSTEM FOR THE LIQUID HY- 
DROGEN STORAGE VESSEL 
In its Cryog Propellant Feed Systems for Electrothermal En- 
gines May 1964 p 206-226 refs (See N64-25020 17-26) 

The liquid-hydrogen storage vessel should be thermally 
isolated to  the degree necessary t o  preserve the propellant 

Little (Arthur D ) I nc ,  Cambridge. Mass 
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without loss from the moment of launch unti l  it reaches its 
final 24-hr synchronous orbit This protection system IS de- 
scribed in terms of requirements for ground handling. during 
ascent, and for 48-hr orbit and orbit transfer G D B  

N64-25476 

PELLANTS Quarterly Technical Summary Report. 1 Dec. 
1963-28 Feb. 1964 
Apr 1964  23 p refs 
(Contract NOW-61-1054-c. ARPA Order 22-61) 
(QTSR-1, AD-437276) 

This report includes the following. (1) plots of GP and G; 
of the TPH-1001 propellant (a polybutadiene acrylic acid Co- 
polymer) as a function of frequency and temperature in which 
G" and G' are the imaginary and real components of the com- 
plex dynamic shear modulus, subscript p indicates that the 
values have been reduced for temperature by the ratio To/T 
(i.e.. GP = GpT,/T). T is the absolute temperature of the 
test, and To is an arbitrary reference temperature: (2) the shift 
factor curve of the TPH-1001 propellant, (3) the master curves 
of GP and Gb of the TPH-1001 propellant obtained using the 
empirically determined shift factor, (4) the shift factor curve 
of the AEBA-10 propellant (a polyurethane): and (5) the master 
curves for G; and Gb of the AEBA-IO propellant Also, sample 
preparation and conditioning. the relocation of the Fitzgerald 
apparatus. and the calibration check of transducer I are dis- 
cussed. I v L. 

Atlantic Research Corp.. Alexandria. Va. 
DYNAMIC MECHANICAL PROPERTIES OF SOLID PRO- 

N64-25501 IIT Research lnst Chicago 1 1 1  
A STUDY OF THE FUNDAMENTALS OF LIQUID PRO 
PELLANT SENSITIVITY 
Ted Erikson 10 Mar 1964 19 p refs 
(Contract AF 04(61 1) 9566) 
(I ITR 1 x 6 0 2 4  8 A D-602504) 

Preliminary sensitivity tests of lead azide samples wi th  
initial temperatures to -170°C have been performed in the 
cryogenic shock tube faci l i ty Detonations were generally 
identified within 200psec of the t ime that incident Mach 2 6 
nitrogen shocks were reflected from the surface of the sample 
Two  characteristic induction periods were noted The first 
period can be considered typical The second period exhibited 
an increasing light output that stabilizes Subsequent light out 
put jumps instantaneously and work output fol lows within 
10psec t o  30psec An appreciable sensitivity increase was 
identified with traces o f  air (oxygen) in the driven gas and 
lowered initial azide sample temperatures of 200" C at other 
wise constant conditions t ime delays decreased by factors of 
10 and 2 respectively Author 

N64-25582 Purdue U Lafayette Ind Jet Propulsion Center 
CONTINUOUS MEASUREMENT OF THE BURNING RATES 
OF SOLID ROCKET PROPELLANTS Interim Report 
J R Osborn and R J Burick Apr 1964 7 7 p  refs 
(Grant AF AFOSR 207-63) 
(JPC-369 1-64 3 A D  601648) 

An experimental system for the direct and continuous 
measurement of solid rocket propellant burning rates has been 
developed A sample of solid propellant IS bonded to  a holder 
w i th  an attached shaft that moves the propellant sample 
within a t w o  dimensional rocket motor The flat burning sur 
face of the propellant sample recedes normally as a servo 
mechanism moves the propellant in a direction opposite t o  
the receding propellant surface The servomechanism operates 
in such a manner that the burning propellant surface is main 
tained at a fixed position within the rocket motor Since the 
burning surface of the propellant remains fixed the direct 
measurement of the velocity of the shaft yields the burning 

rate The servomechanism incorporates a radioactive isotope 
feedback transducer system for detecting the position of the 
burning surface of the propellant sample The experimentally 
determined burning rate data for t w o  composite propellant 
formulat;ons were reproducible and correlated wel l  w i th  pub- 
lished data Author 

N64-25780 Shell Development Co Emeryville Calif 
VAPORIZING A N D  ENDOTHERMIC FUELS FOR ADVANCED 
ENGINE APPLICATION Quarterly Progress Report No. 3, 
Dec 1963-Feb. 1964 
A C Nixon et al [1964]  55 p refs 
(Contract AF 33(657)-1 1096) 
(S-13911) 

Studies leading toward the development of specifications 
for heat sink fuels for hypersonic aircraft are continuing Con 
sideration of the effect of design parameters on the conditions 
under which endothermic reactions can be carried out has led 
to  the conclusion that space velocities of 2 0  or higher would 
be necessary due to  volume limitations in  high-speed aircraft 
A preliminary study of the dehydrogenation of propane to  pro- 
pene has been completed at temperatures up t o  1 300°F 
pressures up to  1 0  atm and liquid hourly space velocities up 
to  50 over a chromia on alumina catalyst The maximum heat 
sink achieved was 1 600 Btu/ lb  of fuel at 1 200" F Author 

N64-25889 Aerojet General Corp Azusa Calif 
RESEARCH ON NEW TECHNIQUES FOR ANALYSIS OF 
CONTAMINANTS IN LIQUID PROPELLANTS 
R M Roberts and J R Finkel Wright Patterson AFB Ohio AF 
Aero Propulsion Lab Mar 1964 87 p refs 
(Contract AF 33(657) 7936) 
(Rept -2638 APL TDR 6 4  3 AD 437979) 

This program was a several phased effort aimed at improv 
ing the state of the art of propellant contamination surveillance 
Detectable Contaminants in 12 different storable propellants 
were characterized and coherent gaschromatograph methods 
were developed for their analysis The end i tem an automatic 
gas chromatograph for launch site employment was then 
designed and fabricated to  incorporate this developed method 
ologv Author 

N64  25901' Monsaiito Research Corp Everett Mass Bos 
ton Lab 
STUDY OF FUEL CELLS USING STORABLE ROCKET 
PROPELLANTS Final Report, 28 Jun 1963-27 Jan 1964  
J 0 Smith R E Chute R G Gentile D L Kavaiiagh E A 
Mc  Elhill et al 1 1  May 1964 16Op refs 
(Contract NAS3 27911 
(NASA C R  541 16 MHB 5002Fl OTS S11 5Uph 

A feasibility study of hydrazine type fuels and diiiitroyeii 
tetroxide (N204)  or chlorine trifluoride IC IF3 )  ox i t l~ i i1s fui 
use in fuel cells is discussed Theoretical studies were macle 
of the thermodynamic properties of the fuel cell systeiiis under 
study The poteiitidls and energy density for the most prob 
able reactions were calculated The heat absorbed or evolved 
during the reversible operation of a fuel  ell was calculated 
The data obtained are used as a basis for defining the ttieo 
retical performance of the various proposed systems P V E 

N64-25902' Monsanto Research Corp , Everett, Mass Bos- 
ton Lab 
STUDY OF FUEL CELLS USING STORABLE ROCKET PRO- 
PELLANTS Quarterly Progress Report No. 1,28 Jan. - 27  Apr. 
1964 
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J C Orth R E Chute S Matsuda. W H Power. J 0 Smith 
et al 2 0  May  1964  66 p refs 
(Contract NAS3-4175)  
(NASA-CR-54117. M R B - 5 0 0 7 Q l )  OTS S6 60 ph 

This report describes a systematic study o f  the solid 
palladium diffusion electrode. including pretreatments (heat 
treatment and catalyst deposition) that are required for using 
the palladium foil for transporting and anodically cxidizing 
hydrogen The use of hydrazine as a fuel for supplying hydro- 
gen to  the palladium foil anode is also described The use 
of a porous Teflon diffusion electrode for the anodic OXI- 

dation of hydrogen or hydrazine and also for the cathodic 
reduction of oxygen and hydrogen peroxide i s  described Such 
electrodes are combined for initial construction and demonstra- 
t ion of full-cell systems Construction details for a ful l  cell 
w i t h  3-  by 3 in electrodes are described Polarization data 
are given for the anodic oxidation of hydrogen and hydra- 
zine P t  f low-through electrodes and sol id palladium foils 
in the anhydrous hydrogen fluoride system Author 

N64-26009 

BUSTION OSCILLATIONS 
A A Putnam In AGARD Nonsteady Flame Propagation 1964 
p 199-290 refs (See N64-26003 18-26)  Pergamon L 5 1 0  s 

This paper gives the results of a number of studies of organ- 
pipe oscillations and transverse oscillations in combustion 
systems The studies are divided according t o  the basic arrange- 
ment of the components o f  the combustion unit G D B  

Battelle Memorial I n s t ,  Columbus. Ohio 
EXPERIMENTAL AND THEORETICAL STUDIES OF COM- 

N64-26014 American Society of Heating Refrigerating 
and Air Conditioning Engineers New York N Y 
THE ROLE CRYOGENICS IS PLAYING IN EXPANDING 
MECHANICAL ENGINEERING 
V J Johnson ed [ 19631 8 8  p refs Papers Presented at A m  
SOC of Heating Refrig and Air Conditioning Engr Cryog 
Symp NewYork 11 -14Feb  1963 NBS Boulder Colo $200 

CONTENTS 
1 A JOULE THOMSON NEON LIQUEFIER Abraham 

Lapin (Air Products and Chemicals I n c )  p 1-12 refs 
2 THE QUEST FOR DESIGN DATA R B Stewart (NBS) 

p 13-24 refs (See N 6 4  26015 1 8  13) 
3 MODERN METHODS OF ANALYSIS FOR DESIGN 

OF CRYOGENIC EQUIPMENT A N D  PROCESSES T R Stro 
bridge and D B Mann (NBS) p 25 -38  refs (See N 6 4  26016 
18 131 

ABLE REFRIGERANT F Notaro (Linde C o )  p 39-52 refs 
(See N 6 4  26017 1 8  13) 

5 CRYOGENIC EQUIPMENT DEVELOPMENT FOR 
SPACE A A Fowle (Arthur D Little I n c )  p 53-66 (See 
N 6 4  26018 1 8  13) 

6 HEAT TRANSFER A N D  FLOW DATA WITH HYDRO 
GEN FOR NUCLEAR ROCKET SYSTEM DESIGN D M 
Straight (NASA) p 67-84 refs (See N 6 4  26019 18 131 

4 LIQUID NITROGEN AN ALL PURPOSE EXPEND 

N64-26018 Litt le (A r thu r  D ), Inc  Cambridge Mass  
Cryogenics and Fluid MechanicsGroup 
CRYOGENIC EQUIPMENT DEVELOPMENT FOR SPACE 
Arthur A Fowle In A m  SOC of Heating Refrig and Air- 
Conditioning Engr The Role Cryog IS Playing in Expand- 
ing Mech Eng 119631 p 53-66 (See N64-26014 16-13) 
NBS Boulder Colo $2 00 

The role of low temperature technology in present and 
future space programs is  reviewed Some proven or promis 
ing applications. as !he use of liquefier gases as propellants 
the simulat ion of the low-temperature and high vacuum 

characteristics of outer space in environmental test facili 
t ies  and the sub zero refrigeration of electronic components 
such as infrared detectors inertial guidance devices optical 
masers etc are discussed briefly The function and nature 
of the cryogenic systems involved their current development 
status and future development needs are presented The 
need for compact efficient. and reliable low temperature 
refrigerators and thermal protection systems IS emphasized 
Various technical approaches t o  the solution of problems in 
these critical areas are outlined, and, finally. some malor 
challenges yet facing the engineer developing the cryogenic 
equipment needed for space ventures are set forth Author 

N64-26340 lnstitut Franco-Allemand de Recherches St 
Louis (France) 
THERMAL RADIATION OF A FLAME WITH CONDENSED 
MgO PARTICLES 
Fritz Rossler In AGARD Supersonic Flow. Chem Processes 
and Radiative Transfer 1964 p 433-438 refs (See N64-26326 
18 11: Pergamon 9 L: 

tallic additives that are oxidized and radiate as solid particles in 
a flame Aluminum and magnesium are the most commonly 
used metallic additives Calculations have not yet been carried 
out because of the strong scattered radiation However, success 
was attained in considering t w o  fluxes of radiation in opposite 
directions Two  simultaneous differential equations al low an 
explicit solution The brightness and color temperatures of such 
flames can be calculated To demonstrate the method. pub- 
lished data of a stationary MgO frame are interpreted by the 
resulting equations Author 

Solid rocket propellants and explosives orten contain me  

N64-26632 Canadian Armament Research and Development 
Establishment. Valcartier 
THE INFLUENCE OF AXIAL COMBUSTION INSTABILITY 
ON THE DEVELOPMENT OF A 23KS20000 MOTOR 
F Jackson. W G Brownlee. and A K Roberts Apr 1964 11 p 
refs Presented at Fourth Mdeting of the Tech Panel on Solid 
Propellant Instability of Combust ,  Menlo Park, Cal i f ,  1 Feb 
1964 
(CARD E -T N - 1 620/ 64) 

Axial combustion instability was found t o  be the limiting 
factor in the development of a 17-11-1 -d iam- l80- in  -long 23KS- 
20000 motor The ensuing applied research investigations at 
CARDE led t o  a clear phenomenological description of finite 
wave axial combustion instability This knowledge was used t o  
overcome the adverse design limitations initially imposed on the 
23KS20000 motor  Author 

N64-26642 
NEW DEVELOPMENTS I N  CONTINUOUS PROPELLANT 
PROCESSING FOR THE POLARIS PROPULSION SYSTEMS 
Report Period Ending Nov. 1963 
L G Schwieger 19 Dec 1963 41 p 
(Contract Nord-18171) 
(Rept -0178-07M-10.  AD-437752)  

Both the  nondispersive X-ray and reflectance refractometer 
were moved t o  the  pilotplant The units are undergoing final 
evaluation tests, and specific results are presented on Brabender 
produced propellant for the reflectance refractometer The 
response equations and the theoretical controller settings on 
the oxidizer feeder of the oxidizer loop are presented R T K 

Aerolet-General Corp . Sacramento, Calif 

N64-26666 Rocketdyne. Canoga Park, Calif 
DENSE PHASE TRANSPORT OF POWERED METALS FOR 
A TRIPROPELLANT ROCKET SYSTEM 
H L Burge. R W Roberts. and E V Zettle 21 Oct 1963 3 1  p 
ref Presented at the AlCHE Meeting. Houston, Tex , 1-5 Dec 
1963 
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The feasibility of  adding a light metal t o  a rocket thrust 
chamber as a third propellant in a cryogenic engine to  increase 
potential payload is discussed The combustion process was 
analyzed in terms of the theoretical requirements for burning 
light metal and efficiently transferring the generated heat to  
hydrogen Injected into the chamber as a working gas The 
theory of fluidized metal transport. which is important to  rocket 
engine application. is  discussed. and preliminary experiments 
are presented These experiments have conclusively demon- 
strated the feasibility of transport solid particles w i th  a fluidizing 
gas (hydrogen) with weight ratios (WCJW,) up to 150/ 1 

Author 

N64-26813 Air Force Systems Command Wright Patterson 
AFB Ohio AF Aero-Propulsion Lab 
FLUID MECHANICS A N D  TANKAGE DESIGN FOR LOW 
GRAVITY ENVIRONMENTS Technical Documentary Report, 
Jun 1961-Apr 1963 
Robert G Clodfelter Sep 1963 59 p refs 
(ASD TDR-63 506 AD 423554) 

Electric propulsion systems for space vehicles must be 
able t o  restart and operate at zero and low gravity This opera 
tion can be achieved i f  the tankage delivers only single phase 
propellants The requirements for feed systems of electric 
engines are described briefly Also the 1 85-second drop test 
facility is described and the testing techniques are discussed 
The minimum energy principle is presented along w i th  a method 
for determining the direction of mass transfer in tapered tubes 
and liquid-vapor interface shapes in an annular space between 
concentric cylinders Possible feed systems for electric engines 
are given which utilize surface tension for fluid positioning 
and transfer Zero-gravity and static fluid configurations in 
cylindrical and spherical containers are discussed along w i th  
experimental observations The interface overshoot of the 
equil ibrium zero gravity configuration is also disucussed 

Author 

N64-26865 Frankford Arsenal Philadelphia Pa 
FORM FUNCTIONS FOR D U A L  COMPOSITION INCRE- 
MENTS OF PROPELLANT GRAINS 
J F Vowalick and M S Silverstein Sep 1963 2 0  p ref 
(R-1692 A D  603520) 

It is mathematically demonstrated that any desired form 
function can be approached by  the burning of increments or 
groups of  dual composition propellant grains of neutral geom 
etry (constant surface during burning) This scheduled burning 
is achieved by varying the thickness of  each of the outer layers 
of  propellant wi th the outer layers having the lower burning 
rate The pertinent parameters are the total burning distance 
of  the propellant system the burning distances of grains in  each 
increment of propellant the number of groups or increments 
the mass of each group and the number of groups that are 
burning simultaneously The relationship of these parameters 
to  the desired form function is expressed as a series of equations 
each of w h c h  IS a n  incremental form function The s u m  of the 
series approaches t o  any desired degree of accuracy the spec! 
fled form function Author 

N64-27287' Princeton U , N J Guggenheim Labs for the 
Aerospace Propulsion Sciences 
NONLINEAR ASPECTS OF COMBUSTION INSTABILITY 
IN LIQUID PROPELLANT ROCKET MOTORS Fourth Yearly 
Progress Report. 1 Jun 1963-31 May  1964 
David T Harrje and Will iam A Sirignano 1 Jun 1964 207 p 
refs 
(Contract NASr-217. Grant NsG-99-60) 
(NASA-CR-56946 Rept -553-d) 

Theoretical studies were made of the nonlinear oscilla- 
tions that commonly occur i n  rocket combustion chambers 
and exhaust nozzles Both the longitudinal and transverse 

mode of  combustion instability were analyzed The results of 
exper imental  studies of  nonlinear combust ion- ins tab i l i t y  
mechanisms are presented These include transverse mode 
nonlinear. rocket-motor studies. longitudinal nonlinear rocket 
studies using the square motor the vapor-displacement mecha- 
nism, and basic experiments in droplet resonant phenomena 
The mechanism for combustion instability in droplet and wake 
burning is discussed and the original t ime lag theory of Crocco 
and Cheng is extended t o  include higher order Mach-number 
effects R T K  

N64-27409 Douglas Aircraft Co Inc Santa Monica Calif 
Missile and Space Systems Div 
STUDY OF TITANIUM ALLOY TANKAGE AT CRYOGENIC 
TEMPERATURES 
W J Martin T Matsuda and E F Kaluza 5 May 1962 77 p 
refs 
(SM-43116) 

A project was initiated to  develop titanium pressure vessel 
fabrication and welding methods Using Ti 6AI 4V and Ti-5AI- 
2 5Sn alloys and incorporating three weld designs, a total of 
eight 16  in -diam pressure vessels were manufactured and 
burst tested at temperatures between ambient and -423" F 
(-253" C) In  addition three 30- in cylinders of sandwich con 
struction were fabricated and tested under selected thermal 
gradients The results showed that resistance of fusion welded 
Ti-6AI 4V tankage can be manufactured and used at tempera- 
turesbetween ambient temperatureand -320" F ( -196°C)  The 
compressive strengths of sandwich cylinders varied little wi th in 
the range of the thermal gradients investigated Information on 
the fabrication and testing methods as applied t o  titanium 
tankage is presented in this report The possible causes of pre- 
mature failure at -423" F (-253" C) and the subject of texture 
strengthening ' are briefly discussed Author 

N64-27454 General Electric Co  Philadelphia Pa Space 
craft Dept 
PROPELLANT STORABILITY I N  SPACE Final  Report, 
1 5  May  1963-30 Jun 1964 
W Benton R Carr A Cohen G Gustafson C Lankton and 
B Zeldin Edwards AFB Calif Rocket Propulsion Lab Jun 
1964 207 p refs 
(Contract AF 04(611)-9078) 
IRPL TDR 6 4  75 A D  603215) 

Presented here are the results and interpretation of tests 
performed in the space environmental simulator to  investi 
gate storability of propellants in  space The purpose of  the 
work is to  demonstrate the lonq-term storaae capabilitv of 
Lyrogenic and earth storable propellants in a simulated or 
bital environment Tanks of various sizes and shapes were 
tested The test articles included a simulated meteorite shield 
and employed advanced support techniques suitable for a low 
g environment A simulated sun was used as the source of 
heat input The sun was cycled to  represent the conditions in 
a high inclination l o w  altitude earth orbit The test results 
were analyzed and related to  the storage of actual propellants 

Author 

N64-27548 Stanford Research l n s t ,  Menlo Park, Calif 
VISCOELASTIC PROPERTIES OF SOLID PROPELLANTS 
A N D  PROPELLANT BINDERS Quarterly Technical Sum- 
mary Report No. 3. Jan. 16-Apr. 15,1964 
Nicholas W Tschoegl. James R Smith. and Thor L Smith 
15 May 1964 19 p 

(Rept -1  1. AD-443509; 
Experiments were carried out w i th  the low-frequency 

dynamic shear tester on unfilled styrene-butadiene rubber 

.(Contract NOW-64-0073-d.  ARPA Order 22) 
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specimens to  determine how the observed complex modulus 
depends on  the laterally applied clamping force. specimen 
size. and cam displacement The experiments proved the 
suitability of the differential Lissajous method for the pre- 
cise determination of small  phase angles Above about 60 
pounds, the results were sensibly independent of clamping 
force The dependence of the modulus on  specimen size and 
cam displacement appeared to  result from nonlinear VISCO- 
elastic effects The current state of development of the dynamic 
bulk compressibility apparatus and the, static (isothermal) 
compressibility apparatus is discussed Author 

N64-27735 Stanford Research lnst Menlo Park Calif 
SOLID PROPELLANT MECHANICAL PROPERTIES INVES- 
TIGATIONS Quarterly Progress Report No 1. Oct 1, 1963- 
Jan 1 ,1964  
Norman Fishman and James A Rinde 2 0  Jan 1964 21  p refs 
(Contract A F  04(611) 9559)  
(Rept 3 A D  602531) 

tive of this research I e the development of a method for 
defining the path independent physical state of a propel- 
lant in  terms of stress-strain-time history The applicability 
of an equation of state t o  constant strain rate and constant 
load test results is  demonstrated by comparison of calculated 
and expenmental test data at three temperatures The gen- 
eral form o f  the equation being evolved is log V/V, = A[ log 
W + B ( log t log b ~ ) ] "  where W is strain energy as expressed 
by the area under the stress-strain curve t is the t ime  in 
minutes and log bT is  a temperature shift factor Preliminary 
tests under conditions of constant loading rate constant 
strain rate cycling and constant load recovery were undertaken 
and results are reported Author 

Progress has been made toward achieving a major objec 

N64-27743 
Establishment Valcartier 

BUSTION INSTABILITY IN SOLID PROPELLANT ROCKET 
MOTORS 
E P Morris Jun  1964 17 p refs 

Canadian Armament Research and Development 

A PULSE TECHNIQUE FOR THE EVALUATION OF COW- 

(CARD E T R -487/ 64) 
In the early stages of the development of ammonium 

perchlorate polyurethane sol id propellants. unstable com- 
bustion in the finite-wave axial mode was  occasionally ex- 
perienced Although the evaluation of engine characteristics 
by firing a statistically satisfactory number of small motors 
is feasible. stability of the motor when scaled up to a larger 
size is not assured To provide a positive method for testing 
and evaluating instability by a min imum number o f  firings. a 
pulse technique employing small gunpowder charges was 
developed t o  initiate unstable combustion when the motor IS 

operating in an incipiently unstable regime This pulse tech- 
nique is an essential requirement for definitive testing. since 
an inherently unstable motor  w i l l  operate stably i f  no  trig- 
gering f low disturbance occurs during the firing The method 
permits a systematic study of the phenomenon The pulse 
technique and the devices are described. and some of the gen- 
eral results obtained from the investigatmns are presented 
The technique has been used successfully for rocket motors 
heavy walled and flight type. from 2 in to  17 in in diameter 

Author 

N64-27956 Picatinny Arsenal. Dover. N J Feltman Research 
Labs 
CELLULOSE NITRATE-ACETATE MIXED ESTERS 
Yvon P Carignan and Jack Bobinski Jun 1964  7 0  p refs 
(PA-TR-3105, AD-602750) 

A preliminary investigation of the preparation and prop- 
erties of cellulose nitrate-acetate mixed esters was conducted 
These mixed esters can be prepared in a wide range of sub- 
stitutions of both acetate and nitrate groups either through 
acetylation of cellulose n i t ra te or n i t ra t ion o f  cellulose 
acetate The degree of polymerization of the products, as esti- 
mated from viscosity data. shows the occurrence of chain 
degradation for both procedures The hygroscopicity of the cel- 
lulose nitrate-acetate esters was found to  be a linear function 
of total substitution Films prepared from these mixed esters 
showed tensile strength at least comparable to  that of films of 
cellulose nitrate or cellulose acetate The impact sensitivity of 
the mixed esters varied from 6 t o  18-111 for a 2-kg weight 
depending on the substitution of nitrate groups Author 

N64-28064 Imperial Metal Industries Ltd Kidderminster 
(Gt Bri t  Summerfield Research Station 

LANTS 
H Leeming and A Parker Ju l  1964  4 3  p refs 
(TR-64/17) 

This paper considers simple failure theories for cast 
double-base propellants. based on a maximum stress criterion 
of failure at low temperatures and high strain rates. and a 
maximum strain criterion of failure at high temperatures and 
low strain rates The form of the reduced failing stress-time 
locus is deduced from a knowledge of the reduced relaxation 
modulus curve, together w i th  a simple empirical equation for 
nonlinearity For complex tensile tests in which several strain 
rates are used. these simple failure theories do  not suffice. 
and a cumulative damage theory based on energy consider- 
ations is necessary t o  obtain good agreement w i th  experi 
mental data The predictions of these various failure theories 
are compared w i th  expenmental data from simple tension. 
bi-axial tension and small-scale rocket motor tests Author 

FAILURE CRITERIA FOR CAST-DOUBLE-BASE PROPEL- 

N64-28096 Tokyo U (Japan) Aeronautical Research lnst 
STUDIES OF HIGH FREQUENCY COMBUSTION OSCIL- 
LATIONS IN A GASEOUS PROPELLANT ROCKET MOTOR 
Hiroshi Tsuji and Tadao Takeno Mar 1964 32 p refs Its 
Rept 391 (vol 29. no  13) 

The experimental studies were conducted in a research 
rocket motor burning premixed gases as propellants for in- 
vestigating the effects of several variables upon the high- 
frequency combustion oscillations in a rocket motor in detail 
and making clear the driving mechanism of these oscillations 
The effects of the combustion chamber length, the propellant 
equivalence ratio. the mean chamber pressure. and the shape 
of the nozzle upon the longitudinal-mode pressure oscilla- 
tions were examined The research rocket motor  had a rec- 
tangular combustion chamber of 5 cm X 8 c m  cross section. 
and the propellants used were the premixed city gas and air 
Three modes of the longitudinal pressure oscillations. namely. 
thefundamental-, the second harmonic- and the th i rd  harmonic- 
mode oscillations were observed in the combustion chamber, 
and the measured periods of each mode oscillation satisfied 
the relation of acoustic-mode oscillations Therefore the high- 
frequency combustion pressure oscillations may be treated 
essentially as the standing waves of the longitudinal mode. 
though the propagating shock-type pressure waves appeared 
as the feed energy t o  the oscillation was increased Author 

N64-28176 
Development, Paris (France) 
COMBUSTION AND PROPULSION 

Advisory Group for Aeronautical Research and 
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R .  P. Hagerty. A L. Jaumotte. 0. Lutz. and S. S Penner. ed 
Oxford, N.Y.. Pergamon. 1963 686 p refs Papers Presented 
at the 5th Colloq of the AGARD Combust and Propulsion 
Panel on High-Temp Phenomena, Braunschweig. 9-1 3 Apr. 
1962 Pergamon. c7 

CONTENTS: 

PART I: EQUILIBRIUM PROPERTIES OF HIGH-TEMPERA- 
TURE GASES 

NAMIC PROPERTIES OF AIR A. R Hochstim (Gen Dyn. 
Astronautics) p 3-43 refs (See N64-28177 20-13) 

2. CALCULATION OF EQUILIBRIA OF HYDROCAR- 
BONS HEATED TO HIGH TEMPERATURES, INTENSELY 
HEATED AIR. A N D  TEMPERATURE MEASUREMENTS I N  
ELECTRIC ARCS H. Kroepelin (Tech Hochschule Carolo 
Wilhelmina. Brunswick) p 45-60 refs (See N64-28178 20-13) 

3 SOME ASPECTS OF THE KINETIC THEORY OF 
GASEOUS THERMODYNAMICS G H A Cole (Clarke. Chap- 
man and Co. Ltd.. Gateshead) p 61-83 refs (See N64-28179 
20-13) 

PART I1 HIGH-TEMPERATURE FLUILS 
4 FLUIDS F O R  HIGH-TEMPERATURE APPLICA-  

TIONS M P Dunnam (AFSCI p 87-1 10 refs (See N64-28180 
20-26) 

5 A REVIEW OF THE KINETICS AND MECHANICS 
OF THE PYROLYSIS OF HYDROCARBONS S Gordon 
(NOTs)  D 111-137 refs (See N64-28181 20-07)  

1. THEORETICAL CALCULATIONS OF THERMODY- 

PART I l l  PHYSICAL PROCESSES IN COMBUSTION AND 
PROPU LSl ON 

6 STUDIES OF ATOMIZATION A N D  INJECTION 
PROCESSES I N  THE LIQUID PROPELLANT ROCKET EN- 
GINE J D Lewis (Rocket Propulsion Estab Westcott) p 141- 
174 refs (See N64-28182 20-26) 

DYNAMICS OF A GAS CONTAINING SMALL SOLID 
PARTICLES E Marble (Calif lnst of Tech ) p 175-215 refs 
(See N64  28183 2 0 - 1  1 )  

8 PROPULSION NOZZLES FOR LARGE EXPANSION 
RATIOS [TUYERES PROPULSIVES A GRAND RAPPORT 
DE DETENTE] E Le Grives (France Office Nat l  d'Etudes et 
de Recherches Aeron ) p 217-246 refs (See N64-28184 20 
27) 

7 

PART I V  TRANSPORT PROPERTIES OF IONIZED GASES 
9 EXPERIMENTAL A N D  THEORETICAL STUDIES OF 

THE PROPERTIES OF NITROGEN AND AIR AT HIGH TEM- 
PERATURES H Maecker (Tech Hochschule. Munchenl p 249 
267 refs (See N64  281 85  LO 11) 

1 0  FORMULATION OF HYDRODYNAMIC €OUPTIONS 
OF IONIZED GASES P Glansdorff (Brussels U I p 269-289 
refs (See N64-28186 20-1  1) 

11 PLASMA BOUNDARY LAYERS J A Fay (Avco- 
Everett Res Lab ) p 291-313 refs (See 28187 20-1 1) 

PART V HIGH-TEMPERATURE MATERIALS FOR SOLID 
PROPELLANT GRAINS A N D  LINERS 

12 FUNDAMENTAL PROBLEMS RELATING TO THE 
FABRICATION OF PLASTICS FOR HIGH-TEMPERATURE 
APPLICATION P J Blatz (Calif lnst of Tech 1 and W H 
Andersen (Aerojet General Corp ) p 317-402 refs (See N64-  
28188 20-191 

1 3  AEROTHERMOCHEMISTRY STUDIES I N  ABLA-  
TION H Hurwicz lAvco C o r p )  p 403-455 refs (See N64-  

1 4  THE RHEOLOGY OF SUSPENSIONS W Meskat 
[Farbenfabriken Bayer. A G Leverkusen) p 457 482 refs 
(See N64  28190 20 111 

28189 20-13) 

1 5  THE NON-DESTRUCTIVE TESTING OF SOLID 
PROPELLANT ROCKET MOTORS D S Dean (Rocket Pro- 
pulsion Estab, Westcottl p 483-493 refs (See N64-28191 
20-27) 

PART VI  BASIC COMBUSTION STUDIES OF ROCKET 
ENGINES USING HIGH ENERGY FUELS 

16 EXPERIMENTAL STUDIES OF UNSTABLE COM 
BUSTION I N  SOLID PROPELLANT ROCKET ENGINES G F 
P Trubridge and H Badham (Imperial Chemical Industries 
Ltd Kidderminster) p 497-530 refs (See N64  28192 2 0  26) 

17 COMBUSTION I N  SOLID PROPELLANT ROCKET 
ENGINES L A Dickinson and F Jackson (Canadian Arma 
ment Res and Develop Establishment Valcartier) p 531-550 
refs (See N 6 2  17551 19-22) 

STOICHIOMETRIC COMPOSIT ION OF THE BURNING 
RATES OF COMPOSITE SOLID PROPELLANTS W Nachbar 
(Stanford U ) and G B Kline J r  (Lockheed Missiles and Space 
Co ) p 551-568 refs (See N64  28193 20 26) 

19  STABLE COMBUSTION PROCESSES I N  LIQUID 
PROPELLANI HOLKET ENGINES S Lambiris L P Combs 
and R S Levine (Rocketdyne) p 569 636 refs (See N64  
28194 20 26)  

20 COMBUSTION INSTABILITIES I N  HYPERGOLIC 
FUELED ROCKETS [LES INSTABILITES DE COMBUSTION 
DANS LES FUSEES A PROPERGOL LlQUlDEl Marcel Bar 
rere (France Office Natl d Etudes et de Recherches Aeron I 
and Jean Corbeau (Lab de Rech Balistiques et Aerodyn I 
p 637 692 refs (See N 6 4  28195 2 0  261 

1 8  THE EFFECTS OF PARTICLE SIZE AND NON 

N64-28194 Rocketdyne Canoga Park Calif 
STABLE COMBUSTION PROCESSES I N  L IQUID PROPEL- 
LANT ROCKET ENGINES 
S Lambiris L P Combs and R S Levine In  AGARD Corn 
bust and Propulsion 1963 p 569 636  refs (See N64  
2817620-11)  Pergamon L 7  
(Contracts AF 04(647) 672 AF 49(638)-8171 

Information is presented on the combustion processes 
necessary for successful analytical modeling of liquld propel 
lant rocket engine combustion during stable operation The 
theoretical and experimental results of single propellant droplet 
combustion and their application in spray combustion analyses 
are reviewed Propellant spray formation and droplet size dis 
tributions from particular rocket injector types are considered 
Recent experimental data found sufficient for approximate 
model verification are shown t o  be useful for guiding the de 
velopment of an analytical bipropellant combustion model 
wi thout the necessity of making simplifying and restrictive as 
sumptions A description of a new combustion model is given 
which is based o n  detailed spdtial accounting of the combus 
t ion field for each particular injector chamber configuration 
and propellant combination Author 

N64 28236 Thiokol Chemical Corp Brigham City Utah 
Wasatch Div 
STUDY OF ARC IGNIT ION TECHNIQUES FOR SOLID 
ROCKET PROPELLANTS Technical Documentary Report, 
1 Apr -31 Jul 1964 
V T Dinsdale Edwards AFB Calif Rocket Propulsion Lab 
Aug 1964 51 p 
(Contract AF 04(611) 9706) 
(RPL TDR 6 4  116 A D  444623) 

The feasibility of igniting solid propellant rocket motors 
using carbon to  carbon arc probe gas generator arc probe 
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and comb shaped arc igniters was proven in  laboratory and sub- 
scalemotor tests Ten 5-in CP motors were ignited using varia- 
tions of the three igniter types Stop-start capability was par- 
tially demonstrated w i t h  the quenching and reignition of t w o  
motors using the comb-shaped igniter Tests conducted t o  verify 
information retrieved in a literature survey proved the superiority 
of carbon electrodes for propellant ignition Other tests showed 
that either RTV 732 silicone adhesive or polyvinylchloride 
shrinkable tubing provides satisfactory insulation for the elec- 
trodes Author 

N64-28592 France Office National d Etudes et de Recher 
ches Aeronautiques Chatillon sous Bagneux 
MEASUREMENT OF COMBUSTION DELAY [MESURE 
DES DELAIS D'ALLUMAGE] 
L Nadaud and M Dugibet In AGARD Exptl Methods in  Com- 
bust Res 1964 2 4  p refs I n  FRENCH (See N 6 4  28584 
2 0  26) 

Methods for determining ignition delay and their applica 
tions are reviewed I t  is indicated that laboratory methods 
employed for the measurement of inrtial ignition delay per 
mi t  a systematic study of the various parameters effecting this 
delay as well as the classification and selection of hypergols 
in  such a manner that delay can be ameliorated by the action 
of additives Methods of measuring initial tgnition delay wi th  
the help of a microrocket permit an approximation of the 
operating conditions of rocket engines and a study of the effect 
of such parameters as the type of injection and the injection 
pressure I t  is possible that the microrocket could be used t o  
measure initial ignition delay during flight Another method of 
delay measurement during flight is proposed It consists of in 
strumentation for detecting the first elevation of pressure in 
the piping of one of the components of the bipropellant 
detecting the first elevation of chamber pressure and of instru 

I V L  mentation for measuring f low t ime 

N64-28594' Princeton U N J 
COMBUSTION INSTABILITY I N  LIQUID PROPELLANT 
ROCKET MOTORS 
Luigi Crocco and David T Harrle In  AGARD Exptl Methods 
in  Combust Res 1964 23 p refs (See N64  28584 2 0  26) 
(Grant NsG 9 9  60) 

Three types of combustion instability are described-LF 
instability I F  instability and HF instability The latter which 
is referred to  as acoustic instabilty is  by far the most important 
for the development of large rocket thrust chambers The in- 
strumentation on which the detecting of HF instability is  based 
depends on the mode or modes t o  be detected Pressure trans- 
ducers represent a very sound means for the quantitative ob- 
servation of H F instability However accelerometers placed on 
the walls of rocket chambers are often used when it is dif- 
ficult or impossible t o  install pressure transducers Optical 
means of observation also provide a very effective tool in the 
study of HF instability Probably the most effective method t o  
study unstable operations is by determining stability l imits 
Each mode may have i ts o w n  stability l imits W i t h  this in mind. 
methods for determining the fol lowing are discussed longitu- 
dinal spontaneous stability l imi ts  transverse spontaneous 
stability l imits and transverse pulsed instability l imits I v L 

N64 28595 Naval Ordnance Test Station China Lake Calif 
EXPERIMENTAL MEASUREMENTS I N  SOLID PROPEL- 
LANT ROCKET COMBUSTION INSTABILITY 
E W Price In AGARD Exptl Methods in Combust Res 1964 
22  p refs (See N 6 4  28584 2 0  26)  

Two systems for studyitiq instability are described- full 
srale testinq and research 1 ombustors Thv occurrence of 

Lombiisrion instability is uslidlly detected by the occurrence 
a t  l ow  frequency of erratic pressure fluctuations associated 
with the fluctuations in propellant burning rate during oscil- 
latory combustion Thus pressure measurements made by 
transducers are important Another symptom of cornbustion 
instability is the presence of vibrations in the structure of the 
rocket vehicle These vibrations are measured by accelerom- 
eters High-frequency response instrumentation is  often added 
only after such difficulties have been encountered in the devel- 
opment program The high-frequency and wideband require- 
ments for recording HF pressure oscillations concurrently 
with s low variations in mean pressure can be  m e t  by the 
galvanometer oscillograph. the magnetic tape recorder the 
cathode ray oscillograph and the oscilloscope w i th  attached 
camera and triggered sweep Techniques for analyzing data 
recorded by these instruments consist of frequency-tlme-ampli- 

I V L  tude analyses 

N64-28646 Stanford Research l ns t  Menlo Park Calif 
THE STUDY OF THE ORIGIN AND PROPAGATION OF DIS- 
TURBANCES IN THE BURNING OF SOLID PROPELLANTS 
PHASE II A STUDY OF COMBUSTION INSTABILITY AND 
ITS DEPENDANCE ON PROPELLANT COMBUSTION CHAR- 
ACTERISTICS Final Report 
L A Dickinson and E L Cadener 1 4  May 1964  2 7  p refs 
(Contract AF 49(638)  565 ARPA Order 317 62 Amend 3) 
( A 0  442392) 

A range of propellants including several advanced aero 
space propellants were studied t o  learn how the unstable 
burning characteristics were affected by the fol lowing (1) 
burning-rate catalysts (2) oxidizer type and (3) particle- 
size variation in the oxidizers and metal l ic fuels The studies 
were conducted in a 5 m diameter by 40-inch long motor 
that was pulsed using a wel l  proven triggering technique 
I t  was found that as the nominal burning rates of the propel 
lants increased the burning propellants became less respon 
sive t o  pulsing In addition it was noted that the peak t o  
peak pressure amplitude of the oscillation steadily decreased 
as the burning rate increased The exact role that the burning 
rate catalysts performs in the combustion zone is not clear 
copper chromite and iron oxide contain cations that complex 
with ammonia and they have been shown to be effective cata 
lysts for the decomposition of pure ammonium perchlorate 
The incorporation of a coarse oxidizer and coarse spherical 
aluminum powder lowered the pressure level at which insta 
bility could be triggered Potassium perchlorate produced 
a fast burning propellant that would not respond t o  axial 

I V L  flow disturbances 

N64-28831' National Aeronautics and Space Administration 
Marshall Space Flight Center. Huntsville. A la 
THEORY OF LIQUID SLOSHING IN COMPARTMENTED 
CYLINDRICAL TANKS DUE TO BENDING EXCITATION 
Helmut F Bauer 23  Jul 1962 4 9 p  refs 
(NASA-TM-X-51944. MTP-AERO-62-61) OTS $4 60 ph  

Propellant sloshing may be established by the bending 
of a space vehicle that exhibits l ow  structural frequencies 
Forces and moments exerted by the oscillating propellant 
on the tank are determined due t o  forced bending excitation 
for a liquid in a circular cylindrical ring sector tank w i th  a free 
fluid surface Special cases such as the tank wi th  sector and 
circular cross section are obtained by l imit consideration As 
is expected force and moment of the liquid increase sharply 
at the resonant frequency of the propellant The total force 
and moment  are generally less for a given maximurn bend- 
ing amplitude than for a translational motion of the same 
magnitude The maximum dynamic effects occur when the 
free f luid surface is located around the point o f  maximum 
bending displacement Author 
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N64-29672 Lockheed-Georgia Co , Marietta 
ANALYSIS OF THERMAL STRATIFICATION OF LIQUID 
HYDROGEN IN ROCKET PROPELLANT TANKS 
J W Tatom W H Brown L H Knight. and E F Coxe 119631 
27 p refs 
(ER -6759) 

The test program was conducted t o  provide information on 
the nature of stratification and to  support the analysis The 
analytical study which involved the definition of t w o  empirical 
constants, was directed toward obtaining a realistic mathe- 
matical model of stratification The results of the study indicate 
that the developed analytical model can adequately predict 
stratification effects i n  liquid hydrogen Author 

N64-29706' Aerojet-General Corp., Sacramento. Calif. Ad-  
vanced Technology Div. 
HIGH CHAMBER PRESSURE OPERATION FOR LAUNCH 
VEHICLE ENGINES PROGRAM Final Report, 1 Apr. 1963- 
31 Mar. 1964 
R .  Beichel 1 Jun 1964 9 7  p refs 
(Contract NAS8-4008) 
(NASA-CR-56672, Rept.-4008-SA4-F) OTS: $8.60 p h  

Theeffectsof chamber pressure, injector type and size. and 
thrust chamber length o n  combustion stability were experi- 
mentally and theoretically studied. A series of  21 valid tests 
was conducted using LO*/LHz as propellants. The sensitive 
t ime lag theory was  used for evaluation and correlation of  ex- 
perimental test results. The test program included tests w i t h  
6.. 12.5.. and 26-in.-length chambers using pentad (5.000- 
Ib thrust per element), coaxial (1,100-lb thrust per element). 
and conventional (220-lb thrust per element) types of injec- 
tors, in an 8-in:diam chamber. The conventional injector was 
observed to be marginally unstable in the first tangential mode 
over the range of pressures (1,000 to  2,500 psia) and chamber 
lengths employed. The coaxial injector also showed instability: 
bu t  it was  found to be in the first longitudinal mode, and only 
w i t h  the 26-in.-length chamber at  2.500 psia. The pentad in- 
jector was  stable over the entire ranges of  pressure and length. 

Author 

N64-29841 Purdue U , Lafayette. Ind Jet Propulsion Center 
ANALYSIS OF A SERVO SYSTEM FOR CONTINUOUS 
MEASUREMENT OF THE BURNING RATE OF A SOLID 
PROPELLANT Inter im Report 
J R Osborn and R F Panella May 1964 69  p refs 
(Grant AF-AFOSR-207-63) 
(JPC-374, 1-64-4, AD-604556)  

By controlling the position of the burning surface of the 
solid propellant wi th in the rocket motor, the burning rate can 
be measured The object of  this project was t o  determine the 
servosystem dynamics Stability, t ime response and optimiza- 
tion bf  the servosystem were investigated A theoretical anal- 
ysis was made to determine component transfer functions 
From the component transfer function the overall system 
transfer function w a s  derived The Bode diagram was then ,ised 
t o  determine system stability The system transfer function was 
programed on an analog computer, and the t ime response of 
the system was characterized The servosystem was built. and 
experimental results were obtained to  verify the theoretical 
system transfer function The nonlinearity of the servosystem 
in  the amplitude range considered was found to  be 11% The 
system transfer function was optimized using t w o  different cri- 
teria-optimum phase margin and minimum ITAE Author 

N64-29889 General Electric Co , Philadelphia. Pa Missile 
and Space Div 
EXTR ATE R RESTR I AL R ESOU R CES D EVE LO P M  E N 1  AN D 
PROPELLANT PRODUCTION 

Rodney W Johnson, Duane L Barney and Dandridge M Cole 
13  Nov 1963 6 4  p refs 

The establishment of semipermanent and permanent bases 
on the moon wi l l  be governed by the degree to  which the lunar 
resources can be exploited and developed This report pertains 
to  extraterrestrial propellant production Schemes are described 
for the extraction of water from lunar rock and for the removal 
of oxygen from nonwater-containing silicate minerals of the 
'type suspected to  be present on the moon A carbon dioxide 
thermal-recovery process is described for water extraction. a 
carbon recycle system is proposed for the reduction of silicate 
rocks Results of process analyses are discussed and simple 
mission requirements are explored Economic advantages are 
examined from the standpoint of  the amount of propellant pro 
duced per pound of hardware as would be required for propel- 

I V L  lant production on the moon 

N64-30004 Syracuse U Research Inst N Y Coll of En 
gineering 
THE USE OF FOAMED PROPELLANTS FOR COMPAC- 
TION AND STABILIZATION OF VARIOUS TYPES OF TER- 
RAIN Final Report 
Louis J Goodman Cornelius S Grove Jr and Ardeshir Aidun 
Jul  1964 63  p refs 
(Contract AF 19(628) 492) 
(SU RI-C E-974-647Fl AFC RL-64 622 AD-604446) 

A proposed new method for compacting soil which IS 

based on the principle of pressure waves as a source of 
compaction energy is described This method has a formu 
lat ion containing hydrazine. ammonium perchlorate and 
a foaming agent-hydrolized protein base foam liquid The 
mechanics of this new compaction method are relatively 
simple w i th  a blanket of the foamed propellant system placed 
on the surface of the soil to  be compacted and then deto 
nated The results of using the foamed propellant system to  
compact both cohesionless and cohesive soils are presented 
and discussed This includes a preliminary investigation of the 
influence of both surface area and multiple detonation on 
compaction control parameters 
paction method is effective in increasing the density of the 
soil t o  deDths of as much as 15 inches Author 

Results show that this com 

N64-30012 Applied Physics Lab Johns Hopkins U Silver 
Spring M d  Chemical Propulsion Information Agency 
PROCEEDINGS OF THE EIGHTH MEETING OF THE ICRPG 
WORKING GROUP ON DESIGN AUTOMATION 
[19641 3 0  p Meeting Held at  NASA Marshall Space Flight 
Center Huntsville Ala , 16  Apr 1964 
(Contract NOW 62 0604-c) 
(CPIA-48. A D  4403091 

Short abstracts are given of the following (1) The Analysis 
of Temperature and Stress in Solid Propellant Grains and 
(2) Practical Applications of Aerodynamic Theory for Deter- 
mining Load Distribution on Bodies of Revolution Brief reports 
from performance, design. and evaluation subcommittees 
are included R L K  

N64-30086' Rocketdyne. Canoga Park Calif 
INVESTIGATION OF CATALYTIC IGNITION OF OXYGEN/ 
HYDROGEN SYSTEMS Final Report, 1 9  Jun 1963-19 Apr 
1964 
R W Roberts Aug 1964  156  p refs 
(Contract NAS3-2565) 
(NASA-CR-54086. R-5709) OTS $1 1 5 0  ph 

The results of an investigation of catalytic ignition of the 
oxygen-hydrogen system are presented Included in  this re- 
port are the results of  preliminary laboratory screening for 
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N64-30556 

catalyst surface characterization and relative activity meas- 
urements at various temperatures for several commercially 
available catalysts Also included are ignition evaluations of 
selected catalysts at environmental temperatures of -250" F for 
both catalyst and propellants. and of evaluations w i th  l iquid 
propellants and catalyst environmental temperatures equivalent 
t o  those o f  l iquid hydrogen Ignition lag measurements are 
presented for reaction systems w i th  both l iquid and gaseous 
propellants Author 

N64-30089' 
Marshall Space Flight Center Hunt?dle Ala 

PLOSION 
J B Gayle Washington, NASA Sep 1964 53 p refs 
(NASA-TN-D-563) OTS $1 5 0  

Investigation of the S-IV Al l  Systems Vehicle explosion 
indicated the following high explosive equivalent. 1% fire- 
ball diameter. 380  ft. fireball duration. 11 sec maximum 
fragment radius. 1 500 ft  The relatively low yield was due to 
substantially instantaneous ignition of the spilled propel- 
lants, which probably resulted from the extreme flammability 
of hydroqen Author 

National Aeronautics and Space Administration 

INVESTIGATION OF S-IV ALL SYSTEMS VEHICLE EX- 

N64-30140 Maremont Corp Pasadena Calif Research and 
Development Labs 
STUDY OF ROCKET ENGINE E X H A U S T  PRODUCTS 
Quarterly Repor t  No.  11, 1 Dec 1963-29 Feb. 1 9 6 4  
M A Greenbaum R E Yates. J A Blauer. M Arshadi H C 
KO eta1 I19641 16 p refs 
(Contract AF 04(611)-7414) 
(OR-7414-1 1. AD-600280) 

The study of the reaction BF3(g) + 2B(s) = 3BF(g) 
has been completed The second and third law values for 
AHf298 for BF(g). in excellent agreement are. respectivelv 
- 2 9 0  1 2  6 and - 2 8 6  & 0 5  kcal/mole The entropy S298O 
obtained from this study is 47 6 il 9 cal/deg/mole which 
compares with the theoretical value of 47 9 cal/deg/mole 
Studies of the BeO(s)-H20(g) reaction and A lF~(g ) -A l ( l )  
reaction are continuing and are near completion Investigation 
of the MgC12(g)-AI(I) reaction has commenced and apparatus 
for the study of the dissociation energy of Fz(g) is under con- 
struction Author 

N64-30144 Bureau of Mines Pittsburgh. Pa Explosives 
Research Lab 

SHOCKS Quarterly Report. Feb. 3-Apr. 30,1963 
F C Gibson. R W Watson C Fc Summers E H Scott. and 
E J Hay 28  May 1963 22 p 
(ARPA Order-44-63) 

INITIATION OF DETONATION BY LOW' AMPLITUDE 

(AD-406438) 
The init iation and growth of detonation in explosives and 

propellants were investigated. and particular emphasis was 
placed on reactions resulting from init iation by low-amplitude 
shocks A n  expendable pressure transducer was used to  study 
the behavior of nitroglycerin ethylene glycol dinitrate (NG- 
EGDN) during the period between the application of the initial 
shock and subsequent reactions The transducer consisted of a 
resistive element imbedded in a polyethylene rod that was Im- 
mersed in the l iquid to  a predetermined level Framing-camera 
studies were also performed simultaneously to  aid in interpret 
ing the pressure-time traces D E W  

NW-30504'  Litt le (Arthur D ) Inc , Cambridge. Mass 
ON CREDIBLE CATASTROPHIC ENVENTUALITIES IN SE- 
LECTED AREAS OF GOVERNMENT-SPONSORED ACTIVI- 
TIES 

Sep 1963 127 p refs Prepared for Columbia U 
(Contract NASr 181) 
(NASA CR 58145) OTS 5 4 0 0 f s  $1  0 0 m f  

Using the criterion of $20 mill ion damage as the threshold 
of catastrophic devastation eventualities are selected that 
are credible since they result from a combination of incidents 
each of which has occurred in  the past on separate occasions 
One hazard coysidered is the transportation of missile propel 
lants and their incompatibili.ty w i t h  industrial compounds 
that are shipped in much larger quantities Shipping regula 
tions are directed t o  the properties of the chemicals per se 
with reduced attention given to  incompatibility w i th  other 
chemicals A second credible hazard of lower probability 
because of the l imited number of firings is from the failure 
of a large chemical rocket during launch Hazards peculiar 
to  military aircraft during an increased alert status or under 
automatic direction from the ground are evaluated Nuclear 
propulsion danger is diff icult t o  specify because designs 
for candidate motors are still under investigation but the 
most serious credible accident does not appear to  be in the 
catastrophic range The most hazardous of weather control 
attempts-hurricane control-might produce calamitousdamage 
during experimental work R L K  

N64-30525' Thiokol Chemical Corp . Denville. N J Reaction 
Motors Div 
INVESTIGATIONS OF SPACE STORABLE PROPELLANTS 
First Inter im Summary Report, Mar. 1 9 6 3 4 a n .  1964 
M Luperi 119641 123 p 
(Contract NAS3-2553)  
(NASA-CR-58800. RMD-6028-F)  OTS $ 4 0 0 f s .  $1 00 m f  

Ablative cooling for high-combustion-temperature propel- 
lants was  investigated experimentally in 150-lb-thrust chambers 
using OF2 and B2Hg propellants w i t h  a variety of state-of-the- 
art ablative material combinations Ablative materials were 
shown t o  behave in a predictable manner w i t h  O F ~ / B ~ H G  Sea- 
level injector evaluations conducted at  the 2.000-lb (space 
thrust) level demonstrated that OF*/BzH6 delivers high specific 
impulse (99% of predicted sea-level shift ing equilibrium) over 
a wide mixture ratio range Four types of inlectors (mid-diam- 
eter vortex, full-diameter vortex, coaxial showerhead. and im-  
pinging stream) were tested High performance was  obtained 
with all injectors except for the impinging stream type Reliable 
hypergolic ignition of OFz/BzH6 was  demonstrated at  sea level 
and at alt itude conditions over extreme ranges of environment. 
operating conditions. and propellant states Author 

N64-30556 Applied Physics Lab.. Johns Hopkins U.. Silver 
Spring, M d .  Chemical Propulsion Information Agency 
THE HANDLING A N D  STORAGE OF L IQUID PROPELLANTS 
Neil I. Safeer Washington. Office of the Director of Defense 
Res. and Eng.. Jan. 1963 3 4 7  p refs 
(AD-442849) GPO: $1.75 

This manual is  intended for use as a basis for the prepara- 
tion o f  regulations governing the handling of liquid-propellant 
fuels and oxidizers. Instructions are given for the following: 
personnel training and supervision; the construction and in- 
stallation of electrical and lightning-protection systems; elimi- 
nation or reduction of static electricity; prevention of fire. ex- 
plosion, and health hazards; safety measures; storage; transfer 
procedures; and disposal and decontamination. Regulations 
are given for the fo l lowing propellants and oxidizers: the 
alcohols, alkyl boranes. anhydrous ammonia. aniline, chlorine 
trifluoride, ethylene oxide, fluorine. hydrazine, hydrocarbon 
fuels. l iquid hydrogen. hydrogen peroxide. monomethylhydra- 
zine, fuming nitric acids, l iquid nitrogen, nitrogen tetraoxide. 
liquid oxygen, pentaborane, perchloryl fluoride. inert pressuriz- 
ing gases, normal propyl nitrate. and asym-dimethylhydra- 
zine. I.V.L. 
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N64-30563 Applied Physics Lab., Johns Hopkins U.. Silver 
Spring. M d .  Chemical Propulsion Information Agency 
PROCEEDINGS O F  THE SIXTH MEETING O F  THE ICRPG 
W O R K I N G  GROUP O N  DESIGN AUTOMATION 
Nov. 1963  16 p refs Meeting held at NASA.  Langley Res. 
Center, Hampton. Va.. 7 Nov. 1963  
(Contract NOW-62-0604-c) 
( C P I A - P ~ b l - 3 5 :  AD-602882)  

Abstracts concerning the fol lowing are presented: (1) 
sol id rocket-propulsion-system optimization study: (2) gen- 
eralized three-dimensional grain design program; (3) program 
integration committee report; (4) performance subcommittee 
report; (5) design subcommittee report: (6) evaluation sub- 
commit tee report; and (7) program inventory commit tee re- 
port.  Also presented is  a l ist of publications and schedules. 

P.V.E. 

N64-30605' Monsanto Research Corp Everett Mass Boston 
Lab 
STUDY OF FUEL CELLS USING STORABLE ROCKET PRO 
PELLANTS Quarterly Report N o  2, 28 Apr -27  Jul 1964 
J C Orth R E Chute R Havlin K W Klunder S Matsuda 
et  al 25  Sep 1964 99 p refs 
(Contract NAS3 4 1  75) 
(NASA-CR 54170, M R B  500702)  OTS $3  00 fs $0 50 m f  

Developmental work on a fuel cell operating on  storable 
reactants and design progress on a fuel cell that w i l l  operate 
relatively efficiently on a variety of fuels and oxidants are 
reported in  the fol lowing areas (1) porous teflon vapor 
diffusion-electrode development (2)  evaluation of fuel cells 
w i t h  ion exchange membranes (3) construction of a mono 
methylhydrazine reformer and (4) palladium-hydrogen dif 
fusion-electrode testing M P G  

N64-31048 Naval Ordnance Lab., Whi te  Oak, M d .  Physical 
Chemistry Div 
SOLID-PROPELLANT ROCKET IGNITION RESEARCH Final 
Report 
C. F. Sharn et  al Sep. 1 9 6 4  1 1 4  p refs 
(NOLTR-64-107; AD-448068)  

A theoretical and experimental study was made of solid 
rocket ignition for the purpose of obtaining igniter design 
criteria. Heat-transfer. ballistic. and ignit ion data were ob- 
tained by firing a rocket-type igniter, venting noncondensable 
products at an unsteady rate, in to  a small  rocket. Measure- 
ments were made o f  igniter and rocket pressures, grain surface 
temperatures, and ignit ion t imes. In the tests, the heat fluxes 
ranged from 19 t o  4 8  cal lcm2-sec. and ignit ion t imes from 
0.002 t o  0.015 sec. It was  found that the ignit ion test data 
were in fair agreement t o  those predicted f rom the von Elbe 
ignit ion theory. A n  igniter design method, developed from the 
test data and the von Elbe theory. is described. Author 

N64-31171 Research Management Associates. Inc , South 
Pasadena. Calif 
TEST SYSTEM ANALYSIS STUDY FOR PROPULSION RE- 
SEARCH ENVIRONMENTAL CHAMBER Technical Docu- 
mentary Report. 20 May-12 Sep. 1963 
M .  R Raleigh and R Mickola Edwards AFB. Calif , AF Rocket 
Propulsion Lab. 2 3  Sep. 1963 331 p refs 
(Contract AF 04(61 1)-9094) 
(RTD-TD R-63.1083, R M A - 6 3 -  123- 100, AD-42  1020) 

The feasibility of developing a facility tor the testing of 
rocket propulsion systems employing high-energy. toxic. and 
hypergolic propellants under simulated space environmental 
conditions has been established through analytical studies I t  IS 
determined that t w o  of the required modes of testing-propel- 
lant storage and main propulsion unit firing-can be achieved 

w i th  a combination of a double walled vacuum chamber and an 
exhauster system separated by an impermeable flexible metal l ic 
interface that al lows ful l  gimbaling of the rocket motor The 
Simulation of thermal flux t o  the test i tem due to  solar and 
planetary radiations can be achieved through an array of 
incandescent lamps individually control led by a computer 
operated program The test ing of  att i tude control rockets in  the 
vacuum chamber (the th i rd  mode of test ing) must be l imited to  
very short durations t o  preserve vacuum integrity and assure 
rapid vacuum recovery unless a speclal device the molecular 
f low trap is employed Author 

N64-31675 Naval Ordnance Lab Whi te  Oak M d  
REVIEW OF NOL SENSITIVITY WORK APPLICABLE TO 
LARGE SOLID MOTOR EXPLOSION HAZARDS 
Donna Price Oct 1964  17 p refs 
(NOLTR 64-148 AD-448349)  

The purpose of this report is to  summarize sensitivity 
work that is particularly relevant to  the hazards encountered 
in  large propellant motors Previously unreported data on 
pressure loading by the detonation products of tetryl and ref- 
erences to  reports now in preparation for the most recent 
work are presented Author 

N64-31693 Malaker Labs Inc High Bridge N J 
KINETIC STUDY OF ROCKET EXHAUST GASES 
1 Oct 1963 4 p  
(Contract DA-30-069 ORD-2918) 
(PR-6, A D  421967) 

graphic determination of combustion products and temperature 
in well-defined solid-propellant cornbustion zones The resulting 
schemes were reconstructed t o  improve operability and accuracy 
Some specific changes are as follows The moving slit mecha 
nism was replaced by a fixed slit and a motor driven final mirror 
Al l  system controls were assembled into t w o  adjacent control 
panels The sequence camera now monitors pressure gas f low 
propellant pusher position t ime and actuation of diagnostic 
equipment as well  as the burning rate Al l  position readouts now 
employ Selsyns A high range flowmeter was added All  these 
changes were tested but some are not in  final form D E W  

Breadboard optical equipment was assembled for spectro 

N64-31982 Aerospace Corp E l  Segundo Calif Aerody 
namics and Propulsion Research Lab 
REDUCTION OF A L U M I N U M  OXIDE BY PROPELLANT COM-  
BUSTION GASES A T  HIGH-TEMPERATURES 
S G Gibbins and B Siege1 1 Sep 1964  1 4  p refs 
(Contract AF 04(695) 269) 
(SSD-TDR-64 160 TD R-269(4210-10)-7. A D-606158) 

The effect of hydrogen on  crystalline AI203 was studied 
at pressures ranging from 2 m m  to approximately atmospheric 
at 1700" t o  1800" C A t  the higher pressures there was no observ 
able reduction of the alumina in the presence of hydrogen alone 
However when graphite was also present, aluminum carbide 
was formed at an appreciable rate The formation of the carbide 
is explained on the basis of a reaction between graphite and 
H2 to  form methane which reduces the alumina A t  very low 
pressures hydrogen alone did reduce alumina appreciably. but 
the product was not identified Alumina was also reduced at a 
small but observable rate by carbon monoxide at 1700°C and 
a pressure of -0 5 atm The implications of these phenomena 
for propulsion are discussed w i t h  reference to  their effects on 
propellant performance and missile detection Author 

N64-32052 Aeroiet-General Corp , Azusa. Calif Chemical 
D i.v 
APPLICATIONS OF STORABLE PROPELLANTS TO SPACE 
FLIGHT 
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S B Kilner and Louis R Rapp 119611 3 7  p refs Irs Contrib 
No  2 2 5  

The types of space mission to  which storable propellants 
are applicable are discussed. requirements on the propellants 
are outlined. and some special environmental factors in space 
are mentioned Various storable propellants and storable sys- 
tems are described and compared w i th  other propulsion sys- 
tems Author 

N64-32125 Aeronutronic. Newport Beach. Calif. Research 
Lab. 
A N  EXPERIMENTAL PROGRAM FOR OBTAINING THE 

BUSTION PRODUCTS F M  Qua- T a c h i d  ROPOt't 
D. L Hildenbrand. L P. Theard, W. F. Hall. and N. D. Potter 
15  Sep. 1963 3 8  p refs 
(Contract NOW-61-0905-c:  ARPA Order-22-62) 
(U-2289: A D  -42 1609) 

The vapor pressures of LiF. LiCI, MgFz. and MgC12 
have been measured by the torsion-effusion method. The 
lithium halide vaporization data have been analyzed t o  yield 
heats of sublimation of monomer and dimer species that 
are consistent w i t h  available data on vapor composition. heats 
of dimerization, and the normal boil ing points. Derived heats 
of sublimation of monomer and dimer at  298°K are 66.5 
and 71.6 kcal/mole for  LiF. and 51.0 and 52.0 kcal/mole 
for LICI. respectively. A n  analysis of the data obtained here 
and other vaporization data on  the magnesium halides indi- 
cates that the available entropy and freeenergy functions 
for MgFZ(g) and MgC12(g) may be low by 4 to 5 cal/mole deg. 
Possible reasons for the discrepancy are discussed. The heats 
of subl imation of MgFZ(g) and MgCIz(g) at 298" K are 9 3  and 
5 9  kcal/mole. respectively. Author 

THERMODYNAMIC PROPERTIES OF PROPELLANT COM- 

N64-32241 
AFB, Ohio Foreign Technology Div. 

Yu. Kh. Shaulov and M. 0. Lerner 3 1  Jul. 1964 240  p refs 
Transl. into ENGLISH o f  the book "Goreniye v Zhidkostnykh 
Raketnykh Dvigatelyakh" Moscow. Gos. Nauch.-Tekhn. Izd. 
Oborongiz, 1961 p 1-194 

Air  Force Systems Command, Wright-Patterson 

COMBUSTION I N  LIQUID-PROPEUANT ROCKET MOTORS 

(FTD -MT -64-272: A D  -605460) 
This book contains seven chapters as follows: Chapter I .  

"Elements of Kinetics o f  Chemical Reactions"; Chapter II. "Ho- 
mogeneous and Heterogenous Combustion": Chapter 111. "Ki- 
netics of Chemical Reactions in Flame"; Chapter IV. "Carbure- 
tion": Chapter V. "Steady-State Regime of Burning": Chapter 
VI. "Instability of Combustion Process"; Chapter VII, "Simula- 
t ion of Process of Burning." E.C. 

N64-32482 Aerospace Corp . El Segundo. Calif Aerody- 
namics and Propulsion Research Lab 
N O N  E Q U  I L I  B R I UM R E C O M B I N A T I O N  I N  NOZZLES. 
FUNDAMENTAL RECOMBINATION PROCESSES IN LOX- 
HYDROGEN. FLUORINE-HYDROGEN, AND FLOX-HYDRO- 
GEN PROPELLANTS 
S W Mayer. E A Cook. and L Schieler 18 Sep 1964 33 p 
refs 
(Contract AF  04(695)-269) 
(TD R-269(4210-10)-6. SSD-TD R - 6 4 -  139. AD-606703)  

The significant nozzle recombination steps are tabulated 
for combustion products formed by LOX-hydrogen. fluorine- 
hydrogen, and FLOX-hydrogen propellants Kinetic data for 
each of these 23 nozzle reactions are summarized in terms of 
the rate constants, k, = A , V i  exp(--E,/RT) A systematic 
basis is presented for selecting the significant nozzle reac- 
tions of atoms. radicals. and molecules for inclusion on  the 

data tapes of computer programs for nonequilibrium calcula- 
tions of propellant performance The relative importance o f  the 
preexponential factor in  high-temperature recombinations IS 
emphasized A method is given for reducing the number of 
equations needed in nonequilibrium performance calculations 
involving termolecular recombinations A procedure for cal- 
culating concentrations of l ight-emitting excited states in the 
exhaust is presented lonizatiorl constants for the formation 
of cations. anions. and electrons in nozzle gases are computed 
and discussed briefly Author 

N64-32486' National Aeronautics and Space Administration 
Marshall Space Flight Center. Huntsville. Ala 
PROPULSION DEVELOPMENT PROBLEMS ASSOCIATED 
WITH LARGE LIQUID ROCKETS 
A A M c  Cool and G H M c  Kay. Jr  1 2  Aug 1963 29  p 
(NASA-TM-X-53075) OTS $ 2  00 fs $0 5 0  mf  

Propulsion developnient problems of the Saturn I and 
Saturn V vehicles are reviewed The problems discussed in- 
clude the following (1) cluster tankage problems (2) propel- 
lant feed system development (3) propellant-tank location 
for S-IC stage (4) propellant conditioning for engine start. 
and (5) base hearing from engine exhaust gases D S G  

N64-32597 Frankford Arsenal. Philadelphia. Pa. 
PROPELLANT ACTUATED DEVICES Progress Report, M a p  
Jun. 1964 
119641 9 2  p refs 
(PAD-94-1: AD-449223)  

This report describes the progress of certain development 
programs relating t o  propellant actuated devices (PAD). The 
work covered includes the design and development of specific 
devices, such as thrusters, catapults. and initiators; investiga- 
tions of related subjects. such as propellants and structural 
materials: and feasibility studies, aimed at improving the per- 
formance of propellant actuated devices and extending their 
application. Author 

N64-32632' Stanford Research Inst., Menlo Park, Calif. 
INVESTIGATION OF 03F2 AND THE HYPERGOLIC BI- 
PROPELLANT LH2/L02:03F2 
A 8 .  Amster. E. L. Capener. L. A .  Dickinson. and J. A. Neff 
15Jun. 1964 5 2 p  refs 
(Contract NASr-49(001) 
(NASA-CR-54072: SRI-PRU-4391) OTS: $3.00 fs: %0.50mf 

The properties of ozone fluoride and i ts  solution in liquid 
oxygen have been studied. Neat ozone fluoride has been shown 
to be nondetonable at a diameter of 1 inch. The solubility re- 
lationship of ozone fluoride in liquid oxygen versus tempera- 
ture has been determined. Ignition studies made by using quartz 
and steel combustion chambers (--thrust) have shown that 
hypergolic ignition occurs between hydrogen and liquid OXVgan 
containing 0.095% ozone fluoride. Both a single-element trip- 
let injector and a mult ielement coaxial stream injector were 
studied. Author 

N64-32647 
COMBUSTION INSTABILITY STUDIES 
Aubrey c Tobey 119641 48 p refs Presented at the 1964 
Spring Meeting. Western States Sect. The Combust l ns t ,  
Stanford U , Apr 1964 
(Contract AF 49(638)-1120) 

Little (Arthur D ) Inc . Cambridge, Mass 

(AD-449764) 
This paper contains analytical and experimental data for 

the flame-piloting mechanism in rocket combustions and the 
effect o f  external disturbances on it, w i th  emphasis on the re- 
circulation zone in a coaxially fed rocket system using inert 
injection. for improved control methods of high-frequency 

25 



combustion oscillation of rocket engines. Variables of local 
concentration and temperature, as well as rocket-chamber 
pressure variations w i t h  time, have been studied as functions 
of oxygen to  fuel ratio. chamber length, injection configura- 
tion, inert-gas injection rate, and position of  inert gas injec- 
t ion relative to the injector face. A primary reaction zone 
bordered o n  one side by a fuel-rich zone and o n  the other by 
an oxygen zone was indicated by data, w i t h  an increase of re- 
actant concentration wi th the distance from the primary- reac- 
tion zone. The rates of mass transfer t o  the primary reaction 
zone are derivable from the classical diffusion theory G G 

N64-32882 Lockheed Missiles and Space Co Pal0 Alto 
Aerospace Science Lab 
STRATIFIED LAYER FLOW M O D E L  A NUMERICAL 
APPROACH TO TEMPERATURE STRATIF ICATION I N  
LIQUIDS CONTAINED I N  HEATED VESSELS 
Gary C Vliet Nov 1963 78  p refs 

A stratification model Stratified Layer Flow Model and 
its accompanying numerical machine program are presented 
The proposed model i s  based on a turbulent natural convection 
boundary layer that f lows upward along the heated vessel walls 
to the liquid surface The boundary layer continuously supplies 
liquid to the surface and simultaneously exchanges mass and 
energy w i t h  the previously stratified liquid as i t  passes through 
i t  Mass and energy transfers occur at the surface between the 
liquid and ullage Additionally the liquid may be drained while 
being subjected t o  nuclear heating Negative temperature 
gradients in  the bulk liquid (in the upward direction) caused 
by nuclear heating result in a statically unstable condition 
and by turbulent mixing these gradients tend to be eliminated 
Due to the complexity of the above process the model is 
treated numerically in discrete time steps by an IBM 7094 
machine program Author 

N64-32958 Rohm and Haas Co , Huntsville Ala Redstone 
Arsenal Research D iv  
FURTHER DEVELOPMENT OF CONFORMAL M A P P I N G  
TECHNIQUES 
Eric B Becker Howard B Wilson J r  and Charles H Parr 
31  J u l  1964  5 4 p  refs 
(Contract D A  01 0 2 1  ORD- l1878(Z) )  
IS-46. AD-447289) 

A significant improvement in the previously reported 
method of conformally mapping singly connected regions hav- 
ing at least one axis of symmetry was achieved I n  addition 
the method was extended to include mapping of interior re- 
gions The method was tested by conformally mapping several 
solid propellant grain cross sections a splined shaft and 
notches in  and a protrusion on a half plane Listings of  and 
operating procedures for the pertinent computer programs 
wri t ten in  FORTRAN I V  are given Author 

N64-33076'  Technidyne Inc West Chester Pa 
GELLING OF LIQUID HYDROGEN Final Report 
Herbert Kartluke C Dana M c  Kinney Richard Pheasant and 
Wil l iam B Tarpley 31 J u l  1964 58  p refs Prepared jointly 
w i t h  Marquardt Corp 
(Contract NAS3 2568) 
(NASA CR 54055 R R  6 4  47) OTS $ 3  00 fs $0 75 m f  

The most effective commercially available particulate gel 
lant pyrogenic silica (in the finest particle size 7 mp)  formed 
gels in LH2 at a loading of  35  to  37  w t  % A search for high 
energy l o w  density solid fuels that  might be preparable in  the 
ultrafine particle size requisite for gelation revealed for ex 
ample l ithium borohydride (LiBH4 0 6 6  g/cm3) Calculations 
wi thout optimization have shown that even w i t h  as much 

as 2 0  w t %  of LiBH4 loading LH2 performance degradation 
w i t h  lox would amount to  only 4 5% or w i t h  LF2 only 2 5% 
Preliminary preparations of fuel gellants were made for screen 
ing purposes although the particle sizes were larger than 
optimal LH2 gels were made as follows lithium borohydride 
67  w t  % and lithium aluminum hydride 8 6  w t  % Other candi 
date fuel gellants that were briefly examined and appear 
promising include boron boranes methane ( in situ) hydrazine 
and certain light metal  hydrides The ultimate choice depends 
on such factors as l ow density high energy contribution and 
ease of preparation of particles in sizes below 5 0  m p  Author 

N64 33273 Colorado School of Mines Golden 
E X P E R I M E N T A L  DETER M I N AT1 O N  OF M E C H  A N  I C A L  
RESPONSE OF SOLID  ROCKET PROPELLANT UNDER 
HIGH STRAIN RATE A N D  LOW TEMPERATURE Final Re- 
por t  
Richard S Culver and John S Rinehart 1 5  J u l  1964 44 p 
(Grant Nonr 3774(00) (FMB))  
(MRL ONR 3 A D  603871) 

Described in this report are the results of an experimental 
investigation of the mechanical properties of  t w o  simulated 
solid rocket propellants The green propellant IS salt 
fil led polyurethane the gray propellant is Adiprene L 100 
filled w i t h  aluminum powder aluminum sulphate and castor 
oil In  low temperature tests the expected inverse relation 
between temperature and U T S was found I n  static torsion 
tests the gray propellant exhibited a marked notch sensitivity 
and a tensile fracture mode while the green had n o  notch 
sensitivity and a shear fracture mode The impulsive fracture 
strength of the green propellant was found to  be about 1 6 0 0 0  
psi in confirmation of tests run by previous investigators and 
the shock attenuation at this stress level is about 5 0 0 0  psi / in 
A n  approximate value of 2 4 0 0 0  psi for the impulsive fracture 
strength of the gray was obtained by indirect means along 
w i t h  a shock attenuation of 1500 psi / in Author 

N64-33287'  Mart in C o  Denver Colo 
STUDY OF TERMINAL DRAINING FOR LIQUID OXYGEN 
A N D  LIQUID HYDROGEN PROPELLANTS Final Summary 
Report 
J J Traxler and A P Lane Aug 1964 158  p refs 
(Contract NAS8-5417) 
(NASA-CR-59255. Martin-CR 64-47) OTS $5 00 fs, $1  00 m f  

A mathematical model is derived for describing vortexing 
outf low behavior in  a central outlet of  a cylindrical tank w i t h  a 
convex lower dome The derivation is based on the constancy of  
circulation and on the value of the gravitational potential 
gradient Two  methods of designing propellant tank outlets to  
minimize propellant residuals are presented The first the 
noncavitating outlet concept defines an outlet profile that 
maintains the f lowing liquid static pressure constant throughout 
the outlet The second concept the nondropout outlet approach 
employs the solution of the two-dimensional Bernoulli equa- 
t ion w i t h  the constraint that maintains a flat velocity profile in  
the outlet I e insures a geometrically flat liquid surface as 
terminal draining occurs Al l  mathematical models requiring 
automatic machine computation have been programed for the 
I B M  1620 computer and sample program listings are pre- 
sented in  this report Author 

N64-33324 California lnst of Tech,  Pasadena W M Keck 
Lab of Engineering Materials 
A RESEARCH PROGRAM O N  SOLID PROPELLANT PHYSI- 
CAL BEHAVIOR Quarterly Report No. 1, 1 Nov. 1963- 
31 Jan. 1964 
M L Will iams Feb 1964 8 p refs 
(Contract AF 04(61 1)-9572) 
(MATSCIT-PS-64-1.  AD-602754)  
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N64-33926 

This integrated program applies t o  research in the physical 
behavior of solid propellants for solid rocket motors The fol low- 
ing studies are proposed and outlined Behavior of Polymeric 
and Composite Systems. Standardized Material Characteriza- 
t ion. Data Information Facility. and Distribution of the Library 
Additions List G G  

N M - 3 3 5 7 3  

LANT SENSITIVITY Third Technical Progress Report 
Ted A Erikson Edwards AFB, Ca l i f ,  AF Flight Test Center. 
15  Jul 1964 27  p refs 
(Contract AF 04161 11-9566) 
(IITR lLC6024- 12, AD-445350)  

Shock-tube tests with approximately 0 1 g samples of 
Compound R at initial temperatures near - 180" C were per- 
formed with measured induction t imes of 0 t o  1 msec. a 
400psec t ime  delay from shock reflection t o  detonation was 
measured for six identical tests at an incident nitrogen shock 
near Mach  2 4 w i t h  less than lOFsec deviation The initial 
mode of initiation by the shock-tube test is either energy 
transfer to  or heterogeneous attack at the surface of the 
condensed phase Increased gas temperature w i l l  increase the 
initial energy flux but  decrease the rate of heterogeneous 
attack The maximum energy accumulation during the condi- 
t ions for the 401sec delay t ime by energy transfer is 8 3 3  
cal/cm2 Assuming a 1 0  kcal/mole heat of heterogeneous 
reaction. t h e  corresponding energy accumulat ion IS 3 0  
cat/cm2 Author 

I IT  Research l n s t ,  Chicago. 111 
A STUDY OF THE FUNDAMENTALS OF LIQUID PROPEL- 

N64-33896 Sheffield U (Gt Bri t  ) 
A STUDY OF THE ACOUSTIC PROPERTIES OF SOLID FUEL 
ROCKET PROPELLANTS Progress Report No. 1 
J D Wil l is 119641 1 4 p  refs 
(Contract MOA-PD/31 /014 /  R I )  
(FTCE/41/3/ 64, H IC-38)  

The acoustic properties of solid-propellant rocket fuels are 
studied in order t o  determine some way of using the propellant 
t o  damp out the acoustic waves that develop in the combustion 
system Two methods are proposed. one involving additives 
that damp sound waves. and the other being the choice of 
propellant elasticity so as t o  damp ou,t the unwanted vibrations 
Previous work is reviewed. and a p u k e  technique for measure- 
ment of sound velocity in solids is described D E W  

N M - 3 3 9 2 6  
RESEARCH ON LIGHT METAL FUELS AND OXIDIZER 
CHEMISTRY. PART II: OXIDIZER CHEMISTRY Quarterly 
Progress Report No. 4. May-Jul. 1964 
W E Becker and D H Campbell 119641 9 p refs 
(Contract AF 04(611)-9376. ARPA Order 24) 

Ethyl Corp.  Baton Rouge, La 

(EC-670. AD-607168) 
The cryoscopic behavior of HNF2 in concentrated sulfuric 

acid solutions has been measured The average of the values 
for the molecular weight of HNF2 was 52 7 compared to  the 
calculated formula weight of 53 These data indicate that little 
or no ionization of HNF2 occurs in H2S04 at room tempera- 
ture A kinetic investigation of the reaction of HNF2 wi th  deu- 
terium oxide is in  progress The results indicate that HNF2 
ionizes slightly in tetrahydrofuran (TH F) solutions The ioniza- 
t ion constant is lower than that of water A similar investiga- 
t ion of the isotopic exchange of ClNFz wi th  HCI has been 
initiated A n  investigation of the conductivity of CINF2 in nitro- 
benzene solution is in progress Author 
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A64- 1 2466 

to study the aerodynamics of gas-particle interactions m the nozzle. 
The results a re  interpreted both in te rms  of current theories of 
gas-particle nozzle flow, and in te rms  of the frequency of gas- 
particle collisions, and correlations between the interpretations 
are noted. 

IAA ENTRIES 
A64-11120 
STUDY O F  QUENCHED ALUMINUM PARTICLE COMBUSTION. 
Charles  M. Drew, Alvm S. Gordon, and R. H. Knipe (U.S. Naval 
Ordnance Tes t  Station. Chemistry Div., China Lake, Calif. ). 
AIAA Heterogeneous Combustion Conference. Pa lm Beach. F l r . ,  
Dec. 11-13.  1963. Preprint  63-48?. 8 p. 
Members .  $0. 50, nonmembers. $1.00. 

Experimental investigation of the morphology of burning alu- 
minum particles under actual burning conditions, by using various 
techniques to interrupt the burning at different stages of ignition 
and combustion. 
methods used a r e  described, and the results of the studies a r e  
presented and discussed. with particular reference to models of 
the burning. 

The experimental procedure and quenching 

A64-lll2l 
COMBUSTION DURING PERPENDICULAR FLOW. 
W .  G. Courtney, W .  R. Kineyko, and B .  E .  Dawson (Thiokol 
Chemical Corp. .  Reaction Motors Div., Denville, N. J. ). 
AlAA Heterogeneous Combustion Conference, Pa lm Beach, Fla , 
Dec. 11-13. 1963. Prepr in t  63-515. 14 p. 16 refs.  
Members .  $0.50; nonmembers, $1.00. 
ARPA Order  22-62. 

the 'perpendicular flow of two vapor s t reams,  such a s  occurs in 
hybrid combustion. Systems examined include vapor-vapor, vapor- 
solid, vapor-solid propellant grain, and spray-grain systems, e. g.,  
"3-02, 02-Plexiglas.  N2-NH4CX)4/CH2, and N2H4(l)-NH4CiO4/- 
CH2. respectively. Low velocities of the vapor s t r e a m s  (1-5 f t l s e c  
a t  1 a tm)  gave a steady laminar parabolic diffusion flame which in- 
volved a multizone flame front about 112 in. thick. Medium veloci- 
t ies of the main  s t ream (10-20 f t l sec)  gave essentially a wavy lami- 
nar flame with some eddy curling, but some molecular mixing also 
occurred prior to combustion. 
indicated that the flame ac ts  as a buffer zone to decrease  the tur -  
bulent mixing between the two vapor s t reams.  but this buffer action 
begins to break down at the higher flowrates. 

Review of an experimental investigation of combustion during 

Comparison of cold and flame flow 

A64-11622 
THERMODYNAMIC CALCULATION O F  PERFORMANCE DATA ON 
ROCKET PROPELLANTS. 
[THERMODYNAMLSCHE BERECHNUNG DER LEISTUNGSDATEN 
VON RAKETENTREIBSTOFFEN. III - ANWENDUNGSBEISPIELE]. 
G. Spengler. E. BIichner. A. Lepie, and H. Gemperlein (Milnchen, 
Technische Hochschule. Munich, Germany). 
Brennstoff-Chemic, vol. 44. Sept. 1963, p. 268-275. 16 refs. 
In German. 

of performance data of 9 propellant-oxidant systems: UDMH (Dimeth- 
ylhydrazine) and (2F2 + 02);  UDMH and F 2 0 ;  UDMH and 02; "3; 
and NF3; UDMH and HN03; UDMH and NOCIO,; (CNI2 and HN03; 
furfuryl alcohol and HN03; and UDMH and NF3. The combustion 
equations a r e  used a s  a basis for discussing the thermochemical 
and thermodynamic properties, which yield the specific impulse. 
mass-flow coefficient, and thrust for  each propellant system. The 
results, presented graphically, a r e  discussed and compared. 

III - EXAMPLES O F  APPLICATION 

Application of a previously developed method to the calculation 

Aiwnn3 
TEMPERATURE DISTRIBUTION IN A CASE - BONDED CYLINDRI- 
CAL ROCKET ASSEMBLY. 
Myron Levitsky and Bernard W. Shaffer (New York University. 
School of Engineering and Science. New York. N.Y. 1. 
A U A  Journal, vol. 1. Dec. 1%3, p. 2870-2872. 
Contract No. NOrd-16640. 

Presentation of a method for  mimplifying the lengthy equations 
for the exact temperature  distribution in an axially symmetr ic  caae- 
bonded propellant grain when the ambient temperature  is muddedy 
changed f r o m  a atate of equilibrium. 
Biot modulus ia small. the temperature  variation within the propel- 
lant i n  the radial direction is ala0 relatively small. 
sonable to asaume in an engineerins calculation that the temperature  
of the propellant grain is uniform and variea with the t ime coordinate 
only. 

It is found that when the 

It is then rea-  

~ w n o s s  
PROGRAMMES IN ROCKET PROPULSION AT CARDE. 
I .  R. Cameron (Canadian Armament Research and Development 
Establishment. Valcartier.  Quebec. Canada). 

Ab441122 
THEORY O F  HYPERGOLIC IGNITION O F  SOLID PROPELLANTS. 
R. Anderson. R. S. Brown, G .  T. Thompson, and R. W. Ebeling 
(United Aircraft  Corp. , United Technology Center,  Sunnyvale. 
Calif. I .  

Dec. 11-13, 15 
Members .  $0 

Demonstration that the ignition of solid propellants which results 
f rom contact with hypergolic oxidizers proceeds through spontaneous 
interfacial chemical reactions. These reactions a r e  exothermically 
energetic and proceed a t  a high enough ra te  t o  ra i se  the solid-pro- 
pellant or  fuel surface temperature  to the point where the propellant 
o r  fuel undergoes spontaneoua combustion. 
theory i s  presented which focuses attention on the spontaneous gas- 
eous oxidizer and solid propellant heterogeneous chemical reactions. 
and predicts quantitatively the effect of oxidizer concentration on 
ignition delay time. 
fect of gaseous oxygen and other reactive species (which a r e  not 
normally considered as hypergolic agents) on the ignition delay 
time. 

A hypergolic ignition 

The theory also explains quantitatively the ef- 

A t u - n i B  
COLLISIONAL DEPENDENCE O F  GAS-CONDENSATE ENERGY 
EXCHANGE DURING A CONVERGENT -DIVERGENT EXPANSION. 
W. H. McLain (Martin Manet ta  Corp., Martin Co., Denver, 
Colo. L 
A l A A  Heterogeneous Combustion Conference. Palm Beach, Fla. ,  
Dec. 11-13. 1963, Preprint  63-513. 7 p. 
:Aembers, $0. 50. nonmembers, $1. 00. 

Review of an experiment in which a nonreactive gas (helium) 
was injected into the chamber of a solid propellant rocket in order 

Presentation of new findings on unstable combustion in solid pro-  
pellan' rockets which use a CARDE (C-nadian Armament Research 
and Development Establishment) pulse technique of injecting flow dis- 
turbances into the burning rocket motor. The performancea and 
present limitations of the motors  in 10 in. and 17 in. diameters  a r e  r e -  
viewed with some indication of their  future limitations. 
ment trend in the search for a rocket motor for  the Black Brant IIB 
vehicle is indicated. 

The develop- 

A64-12466 
DETERMINATION O F  THE DYNAMIC SHEAR MODULUS O F  A 
COMPCSITE SOLID PROPELLANT. 
Lionel H. Layton. G. A. Sheppard. and S. John Bennett (Thiokol 
Chemical Gorp., Waeatch Div., Brigham City, Utah). 
Review of Scientific Instruments, vol. 34, Dec. 1963, p. 1333-1340. 

Theoretical analysis of the principles of high- and low-fre- 
quency measurement of the dynamic behavior of viscoelastic ma- 
terials, and application of these principles to determine the shear  
modulus of a composite solid propellant, in the frequency range 
from 0.10 to 1,000 cps. 
tric metal  rings car r ied  by a flat plate of propellant. The high 
frequency data (70-1000 cps) a r e  obtained by applying a knoam 
sinusoidal motion to the outer ring and measuring the response at 
the center. The transducer and center mounting a r e  used as an 
inertial m a s s  and a r e  included in the analysis of the viscoelastic 
plate. The low frequency data (0.10-45 cps)  a r e  obtained by applying 
a known sinusoidal motion to the center of the specimen with the 
outer edge in a clamped position. 
ment a r e  both measured a t  the center of the specimem. Typical 
results for the complex dynamic shear modulus with its rea l  and 

The tes t  specimen consists of two concen- 

The applied force and displace- 
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A64-12720 

imaginary parts.  as well as the loss tangent, a r e  given for a com- 
posite solid propellant. 
mately t 10%. 

These data indicate a precision of approxi- 

AH-12720 
COMBUSTION AND PROPULSION; Fifth AGARD Colloquium on 
High-Temperature Phenomena, Braunschweig, Germany. Apr. 9-13. 
1962. 
Edited by R .  P. Hagerty (Ministry of Aviation, Rocket Propulsion 
Establishment. Westcott. Bucks., England), A. L. Jaumotte 
(Bruxelles, Universiti Libre. Inatitut de Micanique Appliquge. 
Brussels,  Belgium). 0. Lutz (Deutsche Forschungsanstalt fur Luft- 
und Raumfahrt EV. Institut fur Strahlantriebe. Braunschweig. 
Germany), and S. S. Penner (Institute for Defense Analyses, Wash- 
ington, D. C. ). 
Oxford. Pergamon Press .  Ltd. ; New York. Macmillan Go., 1963. 
698 p. 
$20. 

A collection of 20 papers. with diacuaaion. in the fields of a i r -  
breathing engines, chemical rockets. and advanced propllsion de-  
vices. The papers are divided into six groups: equilibrium proper-  
t ies of high-temperature gases,  high-temperature fluids. physical 
processes  in combustion and propllsion. transport  properties of ion- 
ized gases. high-temperature materials for solid propellant grains 
and l iners ,  and basic combustion studies of rocket engines using 
high-energy fuels.  Theoretical and applied aspects a r e  treated. 
The paper6 a r e  individually abstracted and indexed in this issue.  

Ab412726 
S~UDIES OF ATOMIZATION AND XNJECTION PROCESSES m THE 
LIQUID PROPELLANT ROCKET ENGINE. 
J. D. Lewis (Ministry of Aviation, Rocket Propulsion Establish- 
ment, Westcott. Bucks.. England). 
IN: COMBUSTION AND PROPULSION; Fifth AGARD Colloquium on 
High-Temperature Phenomena. Braunschweig. Germany. Apr. 9-13, 
1962. 
Edited by R. P. Hagerty, A. L. Jaumotte, 0. Lutz. and S. S. 
Penner. 
Oxford, Pergamon Press ,  Ltd. ; New York. Macmillan Co., 1963. 
p. 141-169; Discussion. p. 169-174. 

gine, liquid atomization f rom rocket engine injectors. and injector 
behavior under combustion conditions. 
ture research  a r e  indicated: (1) more  detailed investigation of the 
mechanism of liquid atomization; (2) basic studies of the problems 
of combustion instability in o r d e r  to determine how these can be in- 
fluenced by injector characterist ics;  and (3) an assessment  of injec- 
tor requirements  at high combustion pressures .  

26 r e f s .  
Investigation of combustion in the liquid propellant rocket en- 

The following subjects of fu- 

A64-12736 
EXPERIMENTAL STUDIES OF UNSTABLE COMBUSTION IN SOLID 
PROPELLANT ROCKET ENGINES. 
C. F. P. Trubridge and H. Badham (Imperial Chemical Industries, 
Ltd. , Summerfield Research Station, Kidderminster. Worcs., 
England). 
IN: COMBUSTION AND PROPULSION; Fifth AGAFlD Colloquium on 
High-Temperature Phenomena, Braunschweig, Germany. Apr. 9-13, 
1962. 
Edited by R. P. Hagerty, A. L. Jaumotte, 0. Lutz, and S. S. 
Penner.  
Oxford. Pergamon Press .  Ltd. ; New York, Macmillan Co., 1963, 
p. 497-520; Discussion, p .  520-530. 

tion t o  suppress  unstable combustion occurring with cas t  double- 
base propellants. 
nance rods in the charge conduit, additlves in the propellant. and non- 
combustible inserts in the charge. It is concluded that resonance 
rods and the use  of aluminum in the propellant a r e  the best methods 
of suppressing the instability. Consideration is also given to the ef-  
fects of engine and charge characterist ics on instability. and the ef-  
fect of unstable combustion on engine performance. 

17 refs.  
Description of the methods used a t  the Summerfield Research Sta- 

The three basic methods tr ied a r e  the use of reso-  

Ab412737 
COMBUSTION IN SOLID PROPELLANT ROCKET ENGINES. 
L. A. Dickinson and F. Jackson (Canadian Armament Research and 
Development Establishment, Valcartier. Quebec. Canada). 

IN: COMBUSTION AND PROPULSION; Fifth AGARD Colloquium on 
High-Temperature Phenomena, Braunschweig. Germany. Apr. 9-13, 
1962. 
Edited by R. P. Hagerty, A. L. Jaumotte, 0. Lute. and S. S. 
Penner. 
Oxford. Pergamon P r e s s ,  Ltd.; New York. Macmillan CO., 1963. 
p. 531-544; Discussion, p. 544-550. 18 re fs .  

associated with solid propellants for  rocket engines, which is being 
car r ied  out by the Defence Research Board of Canada. 
a r e a s  being investigated and reported on a re :  
sition on ballistic performance;  ( 2 )  erosive burning characterist ics 
of propellants; and (3) combustion instability phenomena. A number 
of new experimental techniques have been developed for  studies con- 
nected with erosive and unstable burning. 
has  recently been successfully applied as a tes t  method to reduce the 
number of proving rounds needed to clear the ballistic design of a 
rocket engine. 

Description of the research  program on combustion phenomena 

The principal 
(1) influence of compo- 

One research  procedure 

A64-12738 
THE EFFECT OF PARTICLE SIZE AND NON-STOICHIOMETRIC 
COMPOSITION ON THE BURNING RATES OF COMPOSITE SOLID 
PROPELLANTS. 
W.  Nachbar (Stanford University, De*. of Aeronautics and Astro- 
nautics, Stanford, Calif.) and G. B. Cline, Jr. (Lockheed Aircraft  
Corp. ,  Lockheed Missiles and Space Co., Sunnyvale, Calif.).  
IN: 
on High-Temperature Phenomena, Braunschweig, Germany. Apr. 9-13, 
1962. 
Edited by R .  P. Hagerty, A. L. Jaumotte. 0. Lutz. and S .  S. 
Penne r .  
Oxford, Pergamon P r e s s ,  Ltd. ; New York, Macmillan Co., 1963. 
p. 551-568. 
Contract No. AF49(638)-412. 

ite solid propellant of sandwich construction. which was proposed 
previously by the f i r s t  author as  a mathematical model with which 
to investigate steady burning, to include non-stoichiometric propor - 
tions of fuel and oxidizer. 
rate upon "particle size" and upon stoichiometry is  obtained and is 
i l lustrated by calculations with data f o r  two composite solid propel- 
lants.  
predictions with some published experimental data. 

COMBUSTION AND PROPULSION; Fifth AGARD Colloquium 

Generalization of the analysis of the steady burning of a compos- 

The theoretical dependence of burning 

A rough qualitative comparison is made of the theoretical 

A64-12739 
STABLE COMBUSTION PROCESSES IN LIQUID PROPELLANT 
ROCKET ENGINES. 
S. Lambiris,  L. P. Combs. and R .  S .  Levine (North American 
Aviation, Inc. ,  Rocketdyne Div., Canoga Park ,  Calif. ). 
IN: 
High-Temperature Phenomena, Braunschweig, Germany. Apr. 9-13, 
1962. 
Edited by R .  P. Hagerty, A. L. Jaumotte. 0. Lutz, and S. S. 
Penner. 
Oxford. Pergamon P r e s s ,  Ltd. ; New York, Macmillan Co., 1963, 
p. 569-634; Discussion, p. 635, 636. 
Contracts No. AF 04(647)-672; No. AF 49(638)-817. 

Presentation of information on the combustion processes  neces - 
s a r y  for  successful analytical modeling of liqqid-propellant rocket 
engine combustion during stable operation. The theoretical and ex-  
perimental results of single -propellant droplet combustion and their  
application in spray-combustion analyses a r e  reviewed. 
spray  formation and droplet-size distributions f r o m  particular rocket 
injector types a r e  considered. Several  assumptions concerning th,e 
propellant combustion processes,  as  used by a number of investiga- 
to rs  in the development of rocket combustion models, a r e  examined 
and the experimental evidence necessary f o r  confirming the model 
predictions is  discussed. 
for approximate model veriflcation, a r e  shown to be useful for guiding 
the development of an analytical bipropellant combustion model with 
out the necessity of making simplifying and restrictive assumptions. 
A description of a combustion model is given, which i s  based on de- 
tailed spatial accounting of the combustion field for  each particular 
injector-chamber configuration and propellant combination. Using 
machine solutions of such a "comprehensive" model f o r  liquid oxy- 
gen-kerosene propellants. the previous simplifying assumptions a r e  
incorporated individually and the effects of each on the model predic- 
tion a r e  shown graphically by comparison with the experimental 
data.  

COMBUSTION AND PROPULSION; Fifth AGARD Colloquium on 

Propellant-  

Recent experimental data,  found sufficient 
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AM-1-40 
COMBUSTION INSTABILITIES IN LIQUID PROPELLANT ROCKETS 
[LES INSTABIUTES DE COMBUSTION DANS LES FUSEES A PRO- 
P E R M L  LIQUIDE]. 
Marcel  B a r r e r e  (ONERA. Chatillon-sous -Bagneux. Seine, France)  
and Jean Corbeau (Laboratoire de Recherches Balistiques e t  d r o -  
dynamiques. Vernon, France).  
IN: COMBUSTION AND PROPULSION; Fifth AGARD Colloquium an 
High-Temperature Phenomena, Braunschweig. Germany, Apr. 9-13. 
1962. 
Edited by R. P. Hagerty. A. L. Jaumotte. 0. h t z .  and S. S. 
Penner .  
W o r d .  Pergamon P r e s s .  Ltd. ; New York. Macmillan Co., 1%3. 
p. 637-685, in French;  Discussion. p. 685-692. 

Presentation of a coordinated n e w  of many conflicting experi-  
mental resu l t s  on the nubject of combustion instability. Described 
a r e  the extensive investigations of high-frequency instability which 
were car r ied  out. and the results obtained, which aid in u n d e r s t a d -  
ing the acoustic type of instability. 
low-frequency instability is surveyed. The importance of the energy 
ra tes  released by combustion in the interpretation of experimental 
results is s t ressed .  The methods which permit the setting off of in- 
stability phenomena a r e  described. 

43 refs.  

The progress  of research  on 

A64-inu 
HEAT-TRANSFER ANALYSIS O F  ROCKET NOZZLES USING VERY 

John R. Howell. Mary Kern Strite. and Harold Renkel (NASA. 
Lewis Research Center, Cleveland, Ohio). 

niGn TEMPERATURE PROPELLANTS. 

American Institute of Aeronautics and Astronautics, Aerospace 
Sciences Meeting, New York. N. Y., Jan. 20-22. 1964, Prepr in t  
64-62. 6 p. 
Members, $0.50; nonmembers, $1.00. 

mining two-dimensional propellant temperature  distributions and 
wall heat-transfer r a t e s  a s  functions of axial position in a nozzle 
of a rb i t ra ry  shape. 
elevated temperatures  that radiation is the dominant mode of heat 
transfer,  although the effect of convection is also considered. The 
propellant is assumed to be an absorbing-emitting gas with a constant 
absorption coefficient, and the effects of flow, variable heat-transfer 
coefficient. propellant heat capacity, and nozzle wall temperature  
a r e  included. 

- 
Application of the Monte Carlo method a s  a basis for de te r -  

The propellant is considered to be at such 

A64-12948 
CATALYSIS OF NOZZLE FLOWS. 
H. Glrouard (General Dynamics Corp.,  General DynamlcslAstro - 
nautics. San DieKO. Calif. 1. 
American Institute of Aeronautics and Astronautics. Aerospace 
Sciences Meeting. New York, N. Y., Jan. 2 0 - 2 2 ,  1964. Preprint  
64-98. 11 p. 32 refs.  -~ 
Members, $0.50; nonmembers. $1.00. 
Contract No. NAS 8-2534. 

mance: chemical catalysis and optimum nozzle contours. A theory 
and experimental data on the catalysis of hydrogen atom recombina- 
tion a r e  presented. 
amounts of catalyst can increase the rates of highly exothermic com- 
bination reactions by orders  of magnitude. 
to show the nature of catalysis in more  complex propellants. The 
catalysis of hydrogen atom recombination for nuclear rockets is  
evaluated in connection with an original approach toward obtaining 
optimized nozzle geometries for chemically reacting propellants. 
It is  noted that the results indlcate that the propellant specific im- 
pulse could he substantially improved using a chemically reacting 
propellant concept. One use of the higher propellant performance 
would be to largely compensate for  lower thrust-twweight ratios in 
orbital escape maneuvers. 
and lower heat fluxes to be used which would reduce thermally in- 
duced s t resses  in the reactor fuel elements. 

Description of two methods of attaining high propellant perfor- 

The evidence i s  described to show that small  

The theory i s  extended 

This would allow slower reactor start-up 

A64-12998 
A STUDY OF THE IGNITION OF SOLID PROPELLANTS IN A SMALL 
ROCKET MOTOR. 
E. H.  Grant, J r . ,  R. W .  Lancaster, J. Wenograd. and M. Summer- 
field (Princeton University. Guggenheim Laboratories for the Aero- 
space Propulsion Sciences, Princeton, N. J. ). 

American Institute of Arronautlcs and Astronautics. Solid Propellant 
Rocket Conference. Palo Alto. Calif . ,  Jan 29-31. 1964. Preprint 
64-153. 11 p. 14 re fs  
Members, $0.50,  nonmembers. $1 00. 
USAF-NASA-sponsored .research. 

Experimental investigation of the nature of practical ignition pro- 
cesses by means of a small-rocket motor developed for this purpose. 
The basic structural  features and characterlst lcs of the motor are 
described. they permit systematic variation of the heat t ransfer  ra te ,  
the chemical reactivity of the igniting gas,  the flame temperature, 
mass flow, and the chamber pressure.  The obtalned results demon- 
strate the significant effect of gas phase properties upon solid-pro- 
pellant ignition delay. They also substantiate the theoretical models 
of ignition which take such effects into account. 

Ab412009 
TRIAXIAL TENSILE STRESS EVALUATION OF PROPELLANT-TO- 
CASE BOND INTEGRITY. 
5. C. Britton. B. M. Corley. R. L. Hall, and L. D. Webb (North 
American Avlation. Inc., Rocketdyne Div., McGregor. Tex. ). 
American Institute of Aeronautics and Astronautics, Solid Propellant 
Rocket Conference. Palo Alto, Calif., Jan. 29-31, 1964. Preprint  
64-152. 21 p. 19 refs.  
Members, $0.50; nonmembers. $1.00. 

tions in tr iaxial  tension which represent the s t r e s s  field developed at 
the grain-liner-case boundary when a case-bonded solid-propellant 
grain is  cooled. A finite difference method of elastic s t r e s s  analysis 
is proposed f o r  two parallel flat rigid circular plates comprising two 
layers of material  of different moduli. simulating a propellant-liner 
combination. 
layer, and the center axial s t r e s s  in both the bond plane between 
layers and the plane of maximum s t r e s s .  as a function of aspect 
ratio, modulus ratio, Poisson’s ratio, and l ayer  thickness ratio. Ex- 
periments to determine the influence of test variables on the mode 
and location of fracture in the plate specimens. the s t r e s s  at the lo- 
cus of f rac ture ,  and material  failure cri teria.  a r e  described. The 
results a r e  used to deduce an optimum test  approach. 

Determination of failure c r i te r ia  f o r  the propellant-liner combina- 

The analysis is  used to calculate strain rates in each 

364-13001 
THE T-BURNER METHOD OF DETERMINING THE ACOUSTIC 
ADMITTANCE OF BURNING PROPELLANTS. 
R. L. Coates (Hercules Powder Co.. Bacchus, Utah). N. W. Ryan 
(Utah. University. Salt Lake City. Utah), and M. D. Horton (U .S .  
Naval Ordnance Test Station. China Lake, Calif. ). 
American Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan. 29-31, 1964, Preprint  
64-137. 7 p .  
Members. $0 .50;  nonmembers, $1.00, 

zing the obtained acoustic admittance data f o r  solid propellants. 
close correlation of the results obtalned by the three methods tends 
to disprove the cri t icisms commonly expressed with respect to this 
type of experiments,  namely: questioning of the admittance values 
on the grounds that adequate corrections cannot be made because the 
acoustic losses in the apparatus a re  not sufficiently understood; and 
that these losses in the T-burner  a r e  so large that some operational 
propellants known to produce oscillations in motors ,  will burn stably 
in the burner.  

Discussion of three methods for operating a T-burner  and analy- 
The 

AM-13002 
ROLL TORQUE AND NORMAL FORCE GENERATION IN ACOUS- 
TICALLY UNSTABLE ROCKET MOTORS. 
G. A. Flandro (Utah. University. Mechanical Engineering Dept., 
Salt Lake City, Utah). 

Sperry Utah Co. Contracts No. DA-04-4951-ORD-18. No. 
DA- 30- 06 9-ORD-1783. 

Discussion of the relation between the generation of roll torque 
and normal  forces and acoustic combustion mstablllty, observed in 
f i r ings  of internal-burning solid-propellant rocket motors. 
a n a l ) s i s  indicates t h a t  steady secondary flous can be produced at 
t h e  burning surface of a rocket combustion chamber by nonlinear 
viscous effects In the presence of certain hlgh-amplztude acoustic 
modes. Superposition of these modes on the motor through-flow 
can produce vortex-like flou about the chamber axis. Generation 

The 
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of these awirling flous gives r l se  to roll torque in cylindrical 
grams, and to both longitudinal torque and forces normal to the 
chamber axis In more complicated grain geometries. 
findings correlate wlth the measured forces and the associated 
flow patterns at the nozzle. 
depends on the initial grain temperature. 
of producing several  discrete levels of roll  torque for a given initial 
temperature 
fects f rom a motor of a glven deslgn 1 s  seen to be of the same order 
of magnitude a s  the ellmination of the corresponding combustlon 
instability effects. 
studies of the phenomena discussed. 

A64-13003 
CHUFFlNG AND NONACOUSTIC INSTABlLlTY PHENOMENA IN 
SOLID PROPELLANT ROCKETS. 
R.  4. Yount and T. A Angelus (Hercules Powder Co., Allegany 
Ballistic Laboratory. Cumberland. Md. ). 
American Institute of Aeronautlcs and Astronautics, Sohd Propel- 
lant Rocket Conference, Palo Alto, Callf.,  Jan. 29-31, 1964, 
Preprint  64-148. 10 p.  14 refs.  
Members.  $0. 50, nonmembers, $1. 00. 
Contract No. NOrd 16640. 

frequency nonacoustic mstablllty. to determine the interrelationshxp 
of these phenomena, a s  well a s  thelr  relation to motor parameters  
and combustion processes. 
on pressure  indicates that a common mechanlsm may be ascribed to 
both phenomena 
bomb exhibit periodic behavior, no effect of motor free volume or  
grain port velocity upon the frequency of nonacoustic Instablllty 1 s  

observed. 
1s an intrinsic propellant property, and manifests Itself In rockets 
In Indirect dependence on motor parameters.  Similar dependence 
for chuffmg is proposed. On the assumption of inltiatlon by thermal 
explosion and Arrhenius-type surface reactions, a loganthmlc re la -  
tion 1 s  derived between induction t ime and the pressure  associated 
with quasi-steady reactlon before a chuff. 
shown to obey this relation, slnce the logarithm of t lme to ignition 
of propellant samples in contact with a heated block depends in- 
versely on absolute block temperature.  

A6443004 
CORRELATION O F  MOTOR AND STRAND BURNING RATE. 
L. E. Herrlngton (Aerolet-General Corp. , Propellant Balllst ics 
Dept., Sacramento, Calif. ). 

These 

The magnitude of the secondary forces 
Star grains a r e  capable 

The problem of ehm>nating the secondary-force ef- 

Some recommendations a re  made for further 

Theoretical  and experimental lnvestlgatlon of chuffmg and low- 

Dependence of frequency and amplitude 

burning strands of aluminized propellant in a closed 

This suggests that low-frequency nonacoustlc instabihty 

Motor firing data a r e  

American Institute of Aeronautics and Astronautlcs, Solid Propel- 
lant Rocket Conference, Palo Alto, Calif.,  Jan. 29-31, 1964, 
Preprint  64-150. 5 p. 
Members,  $0. 50; nonmembers, $1. 00. 

Correlation of the burning r a t e  of composite propellants, 
measured  In Crawford-bomb testing of uncured strands,  with data 
taken f r o m  smal l  motor test  f ir ings,  using the concepts of Summer-  
field 's  granular diffusion flame theory. Data a r e  presented showing 
that differences in pressure dependence can be attributed to the dif-  
fusion and reaction-time parameters  of the model. 
thane and polybutadiene propellants contalnlng aluminum, it 1s 

shown that the differences in the two types of burning can result  
f rom a lower strand flame temperature. 
firmed by plots of the ratio of pressure  to burning ra te  for  the 
motor v s  the same  value for the strand. 

Using polyure- 

This conclusion i s  con- 

A64-13010 
THE IGNITION TRANSIENT IN SOLID PROPELLANT ROCKET 
MOTORS. 
K. H. P a r k e r ,  J. Wenograd, and M. Summerfield (Princeton 
University, Guggenheim Laboratories for the Aerospace Propulsion 
Sciences. Princeton, N. J. ). 

USAF-NASA-sponsored research. 

the over-all  ignition transient,  based on successive ignition of 
adjacent surface elements. The nondimensional groups. which 
depend on the propellant ballistic properties and the motor design, 
a r e  derived. 
burner,  photographic and pressure  measuring techniques have been 
used to study flame spreading. 
downstream direction of 100 in l sec  and more  have been observed. 

Dimensional analysis of the flame-spreading-interval model of 

Experimentally, in a ten inch long, solid propellant 

Flame spreading ra tes  in the 

A typical division of a 300 msec  over -a l l  ignition transient might be: 
5 0  msec-ignition lag, 100 msec-flame spreading; and 150 msec -  
chamber filling. 
depending upon geometry and propellant properties.  
the agreement between the theory developed and the experiments i s  
exceptionally good in some aspects,  particularly in the chamber 
filling interval. However, the validity of the central  assumption of 
the theory, the dominance of a "laminar-like" convective heat 
t ransfer  remains uncertain. 

These values may be much la rger  o r  smal le r  
It i s  noted that 

A6443011 
NONLINEAR EFFECTS IN INSTABILITY O F  SOLID-PROPELLANT 
ROCKET MOTORS. 
R. W. Hart ,  R. H. Cantrell ,  J. F. Bird, and F. T. McClure 
(Johns Hopkins University, Applied Physics Laboratory, Silver 
SorinE. Md. ). 
. I  

American Institute of Aeronautics and Astronautica. Solid Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan. 29-31. 1964, Prepr in t  
64-140. 7 p. 
Members.  $0. 50; nonmembers. $1. 00. 
Contract No. NOW 62-0604-C. 

amplitude disturbances,  without taking into account the nonllnear 
properties of the burnt gas and the pressure  response of the 
propellant. Specifically discussed a r e  the effects which erosion may 
have on nonlinear stability, on limitation of amplitude, and on wave 
form,  for  the case  of inside-burning cylindrical charges.  The 
analysis indicates that even for quite smal l  amplitudes, appreciable 
nonlinear effects may ar i se  from the erosive response of propellants. 
Under certain conditions, acoustic erosion may contribute to 
nonlinear instability. It is found that. especially for axial modes. 
significant waveform distortion may develop at  smal l  amplitudes of 
the pressure  oscillation. and that the wave shape tends to be a 
sensitive function of the time-dependent response of the propellant. 

Discussion of the erosive response of propellants to finite- 

A6413015 
VORTEX GENERATION IN SOLlQ, PROPELLANT ROCKETS. 
J. Swithenbank and G. Sotter (Sheffield University, Dept. of Fuel 
Technology and Chemical Engineering, Sheffield, England), 
American Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan. 29-31, 1964, Preprint  
64-144. 11 p. 15 r e f s .  
Members.  $ 0 . 5 0 ;  nonmembers, $1. 00. 

with a view toward defining the mechanisms of i r regular  combustion. 
The analysis 1s based on the findings that vortices a r e  formed a s  a 
second-order VISCOUS effect of pressure  oscillation within the motor,  
and that they a r e  close'y related to the classical  phenomenon of acous- 
tic streaming (nonlinear viscous effects).  It is found that the viscous 
effects predominate In the boundary layer and near  the axis of the 
vortex; source-vortex spiral  flow effects, superlmposed on the a fous-  
tic motion, predominate In the remainder of the motor.  It i s  shown 
that combustion heat-release effects increase the intensity of the vor -  
t i ces ,  and that the erosive velocity of a vortex can cause significant 
increase In burning rate.  
impaired by swirl ,  pronounced changes in chamber pressure  w ~ l l  r e -  
sult.  

Discussion of vortex generation In solid-propellant rocket motors,  

When normal flow through the nozzle is 

A6413016 
IGNITION OF SOLID PROPELLANTS. 
E .  W .  Pr ice .  H. H. Bradley, J r . ,  J. D. Hightower (U.S. Naval 
Ordnance Tes t  Station, China Lake, C a h f . ) ,  and R .  0. Flemlng, J r .  
(Bermite Powder Co. ,  Saugus. Callf. ). 
American Institute of Aeronautics and Astronautics. Solld Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan. 29-31, 1964, Prepr in t  
64-120. 39 D. 19 refs.  - -  
Members,  $0.50; nonmembers. $1.00, 
Navy-supported research .  

Review of theories on the ignition of heterogeneous mater ia l s  and 
one -dimensional models, with emphasis on the case  where condensed 
phase exothermic reaction was the dominant chemical heat Source 
during ignition. The results of experiments made with ammonium 
perchlorate composite propellants a r e  given. It i s  noted that these 
results conformed moderately well at intermediate flux levels to a 
model in whioh the propellant heats up by conduction to a temperature 
at which ammonium perchlorate begins to decompose. 
sence of severe  dilutional o r  cooling effects f rom the atmospheric gas. 
the heat release f r o m  gas phase o r  sur face  reactions then quickly be-  
comes self-sustaining, so that mos t  of the ignition energy goes to 
heating up the solid. While determinations of the effect of catalysts 

In the ab- 
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were not made in the low-intermediate flux range, at 
levels (40 cal/crnZ sec and above), the ignition energies deviate up- 
wards from the correlating curves for  the low flux data, indicating 
the increasing dependence on the gas phase as a heat source. 
and copper chromite caused substantial reductions in ignition energy 
at the high heat flux level a t  which additives were tested. but the en- 
e rg ies  remained high compared to those measured with pressed am- 
monium perchlorate,  and remained above the straight extenaion of the 
low flux correlating curve, suggesting that the additives acted pri-  
mari ly  in the gas phase without reducing surface temperature.  
higher flux (above 40 cal/crn2),  the ignition behavior becomes very 
complex. 
ignition energy. 
tration was very complicated. 

A6443017 

higher flux 

Carbon 

At 

Carbon and copper chromite produced major reductions in 
The effect of pressure  and ballistic modifier concen- 

A BALLISTIC EXPLANATION OF THE IGNITION PRESSURE PEAK. 
B. E .  Paul,  R. L. Lovine. and L. Y. Fong (Aerojet-General Corp..  
Propellant Ballist ics,  Sacramento, Calif. ). 
American Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference, Palo Alto, Calif.,  Jan.  29-31. 1964. Preprint  
64-121 7 D . r -  .. 

Members ,  $0.50; nonmembers, $1. 00. 
Presentation of an analysis which shows that a more  generalized 

consideration of the ball ist ics,  whxch included a variable gas tem-  
perature.  as well a s  pressure ,  can lead to overpressures  exceeding 
equilibrium during the ignition lransient.  The magnitude of the over -  
gressure  i s  shown to depend strongly on an lnitlal temperature-pres-  
s u r e  relationship. 
temperature  dependence reasoning. 
trdduced - the burning ra te  and nozzle flow dependencies. 
s h o r n  to depend on the t ime derivative of pressure ,  as well as the in- 
stantaneous pressure  as  conventionally assumed.  The consideration 
of these factors results in overpressures  where their  existence may 
already be established. It is noted that the results presented clearly 
show that the ballistic description of the ignition transient will in 
fact  describe the overpressure phenomenon which has  been so long 
experiedced. 

Initiql experimental results apparently verify the 
Two additional e f fec ts  were in-  

Theae a r e  

A64-13018 

inhibitor technique to control the ignition transient of a rocket motor. 
Data a r e  presented to demonstrate that each phase of the nonequilib- 
rium conditions, p r ior  to full pressurization of the chamber. can be 
regulated and controlled extensively by varying inhibitor location and 
thickness, and the percentage of surface a r e a  covered by the inhibitor. 
Twenty-four combinations of these variables were evalusted, and each 
combination produced separate and distinct results.  
inhibiting pattern only, 
a 300 psi range in motors  otherwise of identical design. 
pressure r i se  was regulated over a 30,000 ps i l sec  range. 
that the approach to transient control by inhibiting involves d i rec t  
elimination of the cause of undesirable transient characterist ics with- 
out sacrificing motor performance o r  necessitating basic motor  de-  
sign changes. 

A64-13010 
PROPELLANT SURFACE FLAME PROPAGATION I N  ROCKET 
MOTORS. 
B. E. Paul. R. L. Lovine, and L. Y. Fong (Aerojet-General Corp.,  
Propellant Ballistics. Sacramento, Calif. ). 

By varying the 
the initial p ressure  peak was regulated over  

The rate of 
It is noted 

American Institute of Aeronautics and Astronautlcs, Solid Propellant 
Rocket Conference, Palo Alto, Calif.,  Jan. 29-31, 1964, Prepr in t  
64-125. 8 p .  - 
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Presentation of analytical expressions based on a given ignition 
model. which enable calculation of the flame spread ra tes  along the 
propellant surface of solid rocket motors  during the ignition transient.  
Flame propagation in both the downstream (towards the nozzle) and 
upstream (towards the forward end of the motor)  directions is con- 
sidered. 
required to completely ignite the surface downstream from the ig- 
niter flow impingement point. For  upstream flame propagation, the 
flame penetration rate is  obtained. 
tained between the results of the analysis and those of a static firing 
of a motor having a substantial fraction of i t s  initial surfaces un- 
ignited by a direct  igniter flow. It is  noted that the ignition c r i te r i -  
on used in the analysis is  raising of the propellant surface tempera-  
ture to the auto-ignition temperature .  
becomes one of the transient heat t ransfer  to the propellant wall. 

.U-**tB31 

In the downstream case,  the final results give the total t ime 

A reasonable agreement was ob- 

The resulting problem then 

I--.---. 

FLAME-SPREADING AND IGNITION TRANSIENTS IN SOLID 
GRAIN PROPELLANTS. 
S .  deSoto and H. A. Fr iedman (North American Aviation, Inc., 
Rocketdyne Div.,  Research Dept., Mathematics and Statistics Group, 
Canoga Park.  Cald.  ). 
American Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference. Palo Alto. Calif . ,  Jan. 29-31. 1964. Prepr in t  

FLAME SPREAD ON SOLID PROPELLANT. 
Rex C. Mitchell and Norman W. Ryan (Utah, University. Dept. of 
Chemical Engineering. Salt Lake City, Utah). 
American Institute of Aeronautics and Astronauticr. Solid Propellant 
Rocket Conference, Palo Alto. Calif.,  Jan. 29-31. 1964. Prepr in t  
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Transient analysis of grain ignition and flame-spreading in soli4 
propellant rocket engines. in order  to calculate chamber  pressure  as 
a function of t ime during this phase. Assumed f o r  the analysis were 
one-dimensional gas flow in the chamber with constant gas tempera-  
ture,  uniform gas p r e s s u r e ,  two-dimensional transient heat conduc- 
tion in the grain, and m a s s  t ransfer  f rom the grain after ignition. 
Further assumptions include perfect gas properties,  chocking of the 
nozzle at all t imes ,  and generation of gas only by the deflagration of 
the grain sur face .  
ing a diaphragm stretched across the throat entrance until the p r e s -  
sure  buildup i s  grea t  enough for i t  to burst. 
analytic in each t ime step,  is used t o  solve for the chamber  pressure  
and is coupled, through changes in the burning wall a rea ,  to finite- 
difference solution of the two-dimensional transient heat conduction 
problem in the nrain. The latter i s  Derformed usinn the alternatinn 

Finally. the analysis a l lowsfor  the option of hav- 

A procedure,  quasi- 

. .  ~. . .  
Contract No. AF49(638)-170; Grants No. AF-AFOSR 62-99; No. 
AF-AFOSR 40-63. 

solid propellant with a gas s t r e a m  flowing parallel  to the sur face  under  
controlled conditions of pressure  and velocity. 
analysis of the process  ispresentedwhich results inagenera l f lame po- 
sition versus  t ime curve. expressed in dimensionless form invol- 
ving two parameters ,  one empirical  and the other containing propellant 
thermal and ball ist ic properties.  The correlation of experimental 
data in te rms  of these parameters  indicates that one is a function of 
pressure but not of velocity, and the other a function of velocity only. 
thereby conveniently isolating the effects of these important variables 
for the system employed. 
this study a r e  not directly applicable to engine design. they d o  provide 
qualitative guidance and suggest a general  approach that might be u s e -  
ful for more  complex systems.  

Description of a study of flame spread across  the sur face  of a 

An approximate 

It is noted that, although the findings of 

I - 
~6+-13on direction method of Peaceman and Rachford which is stable f o r  all 

mesh lengths and t ime intervals. 
to perform the calculations, and the results a r e  discussed. USE OF STRESS RELAXATION TESTS TO CHARACTERIZE TIME 

DEPENDENCIES OF A COMPOSITE SOLID PROPELLANT. 

A compl te r  program was written 
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Joseph H. Stoker (Thiokol Chemical Corp . ,  Wasatch Div., Develop- 
ment Laboratory, Brigham City. Utah). 
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conditions by the u s e  of an inhibitor. 
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material, such as  a composite solid propellant, made to enable a gen- 
eralized s t ress -s t ra in  law to be formulated. Such a function is de- 
scribed to aid the structural  analyst in predicting the reactions of a 
solid-propellant rocket motor to an applied s t r e s s  or strain. 
the framework of l inear viscoelasticity, the mathematical rrlation- 
ships of the propellant were described and a transformation was made 

Characterization of the time-dependent qualities of a viscoelastic 

Within 
Presentation of a practical  method to control ignition transient 

Described is the ability of an 

33 
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f rom the s t r e s s  relaxation function to the dynamic shear modulus. 
Laboratory dynamic testing results were used ta  check the accuracy 
of these transformations and they showed good correlation with p r e -  
dicted results.  
good mathematical definition of the propellant reactions has been made 
through the use of Stress relaxation measurements.  

A6413023 
USE OF THE T BURNER TO STUDY OSCILLATORY COMBUSTION. 
M. D. Horton ( U . S .  Naval Ordnance Test Station, China Lake, 
Calif. ). 

The results of the transformatlon indicated that a 
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bustion, and of the results obtained. The burner,  commonly called 
the T-burner,  C O ~ S L S ~ S  oi  a side-vented cylindrical steel  chamber,  
Ln the ends of which propellant disks a r e  burned. l i  the propellant 
combustion spontaneously generates pressure oscillations, use is 
made of the over-all  one-dimensional acoustic behavior Ln the system 
to characterize the transient combustlon of the propellant. The i m -  
portant variables used in the characterizatlon are the growth rate Of  

the oscillations, and their decay rate followlng the conrurnptivn of 
the propellant. Described are the several  types of investlgatlons in 
which the T-burner 1s the primary research tool. These investigations 
concern the response functlon of the combustlon zone, the effect of 
normal pressure  perturbatlons upon the average burning rate of the 
propellant, the partlclpation of the propellant in the acoustic motion 
of the system, the mechanism by which aluminum suppresses oscil-  
latory combustion, and the influence of propellant composltlon upon 
the response function of the combustion zone. 
tiond a r e  made in some detail.  

Duicriptlon o i a  i i m p l c  b u r i r c r  u h e d  f u r  t h e  b l u d )  oiubcilldtor) c u m -  

The latter two descrlp- 

A6413041 
AN EXPERIMENTAL 1NVESTIGATlON O F  THE EROSIVE BURNING 
CHARACTERISTICS O F  A NON-HOMOGENEOUS SOLID 
PROPELLANT. 
M. J. Zucrow, J. R. Osborn, and J. M. Murphy (Purdue University, 
Lafavette, Ind. ). 

pockets in the manner desired a r e  considered. 
experiments a r e  described, one involving the use  of the Crawford 
Bomb in which propellant strands were burned in an acoustic field 
under controlled temperature and pressure  conditions. and the other 
involving the use of rocket motor firings. The Crawford bomb 
experiments had negative results,  no effect of the sound on the 
propellant burning rate being noted. The rocket motor firings were 
made with 5-in. -diam, 20-in. -long chambers containing .. 15 lb of 
propellant. 
found to increase the burning rate. Introduction of helium into the 
chamber was found io  further increase this rate. 

Two types of 

The sound field produced by a Levasseur whistle was 

A6413043 
FLAME SPREADING OVER 'THE SURFACE O F  DOUBLE BASE 
PROPELLANTS. 
Robert F. McAlevy, 111, Richard 5. Magee, and John A. Wrubel 
(Stevens lnstitute of Technology, Hoboken. N. J. I. 
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Dete- mination of the flame spreadin& velocity over the surface 
of igniting nitrate es te r  propellants, a s  a function of the pressure  
level and chemical reactivity of the surrounding quiescent atmosphere. 
Small propellant test  specimens mounted horizontally. freshly cut 
surface upward, In a relatively large vacuum-tight test  chamber 
were ignited by an electrically heated wire fastened to the top of 
their  shor te r  edge, and the spreading velocity was determined 
cinematographically. Spreading velocities were found to vary  
directly with both the pressure  level and oxygen concentration of the 
surroundlng atmosphere,  composed of varying mixtures of oxygen 
and nitrogen. 
based on the assumption that the principal exothermic process of 
interest  occurs In the gas phase. 
the gas phase theory of solid propellant combustion. 
spreading during the ignition of propellant rocket motors  i s  
discussed, and improvements of igniter efficiency a r e  suggested. 

A gas phase theory of flame spreading i s  presented. 

The theory i s  closely related to 
Flame 

A64-13044 
PLATEAU BALLISTICS IN NITROCELLULOSE PROPELLANTS. 
R. F. Precke l  (Hercules Powder Co. ,  Allegany Ballist ics 
Laboratory, Cumberland. Md. \. 
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Description of observed changes in the burning rate of an 

ammonium perchlorate-polyurethane propellant containing a large 
percentage of aluminum. caused by a change in velocity of the 
combustion gases wetting the burning surface of the propellant 
("erosive burning"). A recently developed photographic technique 
was used to determine the burning ra te  of a given solid propellant 
under different conditions. This technique permi ts  the instantaneous 
values of the burning ra te  ((0. 1 sec)  to be determined under realist ic 
conditions. 
p r e s s u r e s  between 400 and 600 psi, with the Mach number of the 
combustion gases flowing parallel  to the burning surface of the 
propellant varied between zero and one. 
under erosive burning conditions, the solid propellant exhibits a 
threshold burning velocity which i s  p r e s s u r e  dependent and which ie 
influenced by the type of binder used in the propellant composition. 
A decrease  in the propellant temperature increases  the erosive 
burning rate.  

Erosive burning data a r e  presented for combustion 

The results indicate that 

A6413042 
ACCELERATION OF BURNING RATE O F  COMPOSITE PRO- 
PELLANTS BY SOUND WAVES. 
Isidor Elias (Acoustlca Associates, Inc., Los Angeles, Calif. ), 
Henry Cheung. and Norman Cohen (AeroJet-General Corp. , 
Sacramento, Calif. 1. 
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field on the burning of composite solid propellants in a Crawford 
Bomb and in rocket motors. 
f lame theory for  the combustion of ammonium perchlorate 
composite solid propellants i s  reviewed, and the requirements for 
an acoustic field capable of mixing the gaseous fuel and oxidizer 

Experimental investigation of the effect of a controlled sound 

The Summerfield granular diffusion 

34 

Review of experiments indicating that the plateau ballistic 
phenomenon originally found in propellants containing lead oxides or  
sa l t s  of aliphatic acids also occurs with sa l t s  of aromatic acids. 
The plateaus a r e  relatively flat regions of the curves relating 
burning rate and pressure .  The ball ist ics presented a r e  strand 
burning r a t e s  in a closed bomb equipment using a 5-in. burning 
distance. 
propellant energies up to a t  least 11,450 ca l lgm,  compared with a 
900 ca l lgm limit for the aliphatic?.. The principal effect of 
additions of pigments. such a s  carbon black, 1 s  found to be a 
significantly increased burning rate,  generally accompanied by an 
increase in plateau pressure  range. 

Aromatic lead salt  plateaus a r e  found to be obtainable at 

A6413045 
ALUMINA SIZE DISTRIBUTIONS FROM HIGH-PRESSURE 
COMPOSITE SOLID-PROPELLANT COMBUSTION. 
LOUIS Povinelli and Robert A. Rosenstein (NASA, Lewis Research 
Center,  Cleveland. Ohio). 
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Rocket Conference. Palo Alto, Calif.,  Jan. 29-31, 1964, Preprint  
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of meta l  additives. Small  strands of polybutadiene acrylic acid- 
ammonium perchlorate-aluminum propellants were used, having 
either coarse  o r  fine oxidizers. 
the burning surface,  and size distributions were obtained over the 
p r e s s u r e  range from atmospheric to 500 psi. 
performed with an erosive type of flow across  the test  strand. 
Additive agglomeration i s  found to be higher for the coarse-  
oxidizer propellant. 
pellant structure reveal that the additives move on the surface wlth 
an average particle velocity which decreases  with p r e s s u r e  to 
approximately the 0. 3 power. The empirical  relation between 

__ 

Study of the behavior, close to the burning propellant surface. 

The alumina was  trapped close to 

Several  t es t s  were 

High-speed photographs of the burning pro- 
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particle velocity and pressure  i s  used to modify a previously given 
agglomeration cri terion. 
aluminum diameter  required for agglomeration indicates that both 
propellant types studied should experience some agglomeration, and 
that the required aluminum size should increase with increasing 
pressure.  
with these findings. 

A theoretical evaluation of the cri t ical  

The experimental  results a r e  in reasonable agreement 
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ON THE PEFWORMANCE O F  SOLID PROPELLANTS CONTAINING 
METAL ADDITIVES. 
Henry Cheung and Norman S. Cohen (Aerojet-General Corp., Solid 
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to study the effects of propellant composition and pressure ,  and 
engine mise. on the exhaust oxide particle s ize  and on the composition 
of the molid exhaust products. The experimental results a r e  combined 
with those of other investigators to provide a description of the 
aluminum combustion and oxide condensation processes  In solid 
propellant rocket motors .  
occur  in the vapor phase, and was essentially complete, although 
some combustion took place in the nozzle. 
oxide 1s described by f i r s t -order  chemical kinetics. 
particle growth by agglomeration may exist. 
tested. the two-phase flow loss i s  found to be significant. 
this i s  the case ,  improved performance can be realized by reducing 
the aluminum content. 

Review of t es t  firings of solid propellant research  rockets made 

The cornbustion of aluminum is found to 

The condensation of the 
Further 

F o r  some of the motors  
Where 

A6443047 
DIFFUSIONAL ANALYSIS O F  COMPOSITE PROPELLANT 
IGNITION, AND ITS APPLICATION TO SOLID ROCKET IGNITION. 
R. L. Lovine. L. Y. Fong. and B. E. Paul (Aerojet-General Corp., 
Propellant Ballistics. Sacramento. Calif. ). 
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Description of a model for  the ignition process  in a composite 
solid propellant which takes into account the effects of pressures.  
The model assumes  (1) pr imary  decomposltlon of the solid propellant 
into gases,  and ( 2 )  gas phase reactions of decomposltlon products 
which t ransfer  a sufflclent amount of energy back t o  the propellant 
surface to produce the combustion of the solid propellant. 
required to complete the pr imary surface decomposition can be 
calculated with some certainty. 
equations of m a s s  and energy dlffusion In a reacting gas a r e  not 
made. a form of solutlon is obtained by consldering the m a s s  
t ransfer  at the propellant sur face  before the gaseous products of 
pyrolysis have reacted significantly. 

The t ime 

Whlle exact solutions of the 
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IGNITION O F  COMPOSITE PROPELLANTS BY LOW RADIANT 
FLUXES. 
A. D. Baer  and N. W. Ryan (Utah. University, Dept. of Chemical 
Engineering. Salt Lake City, Utah). 
American Institute of Aeronautlcs and AStronaUtlCS. Solid Propel- 
lant Rocket Conference. Palo Alto, Calif . ,  Jan. 29-31, 1964, 
PreDrint 64-119. 9 D. 
Members. $0.50: nonmembers. $1.00. 
Contract No. A F  49(638)-170, Grants  No. A F  62-99, No. A F  40-63. 

several  composite propellants subjected to black body thermal  
radiation. 
that the ignition is controlled by a single surface reaction. the rate 
of thls reaction being exponentially related to the propellant surface 
temperature. 
be determined from the effect  of surface heat flux on the expenmen- 
tally measured Ignition t imes.  
theoretical predictions of the variations In ignition t imes for changes 
in initial propellant temperature.  pressure.  and surface geometry 
a r e  possible for flux levels in the range Investigated. Good agree- 
ment between experimental results and theoretical predictions was 
observed. Ignition tes t s  on propellants formed by pressing a m -  
monium perchlorate wlth nonvolatile carbon black and graphite 
showed that the surface ignition temperatures  of these materials 

Experimental determination of the ignition characterist ics of 

A simple ignition theory i s  proposed \i.hich postulates 

The characterlst lc constants for this reaction may 

Once these constants a r e  known. 

were the same a s  for normal  propellants. 
greater than one second, the ignition mechanism appears to he the 
decomposition of ammonium perchlorate followed by reaction be- 
tween the decomposition products and the solid fuel. 

Thus, for ignition t imes 

A6613050 
THE MEASUREMENT O F  TEMPERATURE PROFILES THROUGH 
SOLID PROPELLANT FLAMES USING FINE THERMOCOUPLES. 
A. J. Sabadell, J. Wenograd. and M. Summerfield (Princeton. 
University, Guggenheim Laboratories for the Aerospace Propul-  
sion Sciences. Princeton, N. J. ). 
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Determination of microscopic temperature  profiles through 
propagating solid propellant f lames in composite and double-base 
propellants, and application of these profiles to study the combus- 
tion mechanism and to estimate surface temperatures. The pro- 
files a r e  obtained using fine platinum and platinum-rhodium 10% 
thermocouples embedded in the propellants. 
generally in the range 53Oo-66O0C a t  pressures  between 1 and 15 a tm 
were observed f o r  composite propellants based on polybutadiene 
acrylic acid fuel and containing fine unimodal ammonium perchlorate. 
A double base propellant was found to burn with a surface tempera-  
ture of about 300OC. F o r  the double-base propellants, the tempera-  
ture profiles a r e  quite smooth. 
sharp upward breaks a r e  noted in the temperature  profile curves,  
generally occurring about 6OO0C, and preceded by an undulating, 
but approximately l inear,  region. Possible mechanisms explaining 
the observed behavior a r e  considered. 

Surface temperatures  

For  the composite propellants, 
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THEORY OF A HOMOGENEOUS MODEL OF ROCKET MOTOR 
IGNITION TRANSIENTS. 
H. H. Bradley, Jr. (U.S. Naval Ordnance Test Station, Chrna 
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Theoretical analysis. based upon conservation of mass  and 

The 
energy. of pressure  transients expected to occur UI a rocket motor 
under adiabatic. homogeneous (space-uniform) conditions. 
mechanism cf flame spread is not considered. but the effect of vari- 
ous functional relations between spreading velocity and pressure is  
incorporated into the theory a d  resulting numerical analysis. For 
convenience, equal molecular weights a r e  assumed for igniter and 
propellant combustion products. Parameters  whose effects were 
studied include L (characterist ic length) of the motor, ratio of igniter 
=eight to motor f ree  volume, igniter form function. propellant K 
(burning a r e a )  ratio. igniter and propellant flame temperatures, 
pressure exponents, and densities. 
parameters, the transient due to either the propellant o r  igniter 
alone, and the behavior of pyrogen-type igniters may be studied. 
The principal purpose of the study was to a s s e s s  the relahve effect  
of parameters  on the pressure- t ime history and to provide a basis 
for determunng the importance of factors not contamed UI the ho- 
mogemous model. 

By appropriate choice of 
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transforms which occur in viscoelastic s t r e s s  analysis when use 
is made of the elastic-mscoelastic analogy. 
to hvo problenis involving deformations and s t resses  rn solid propel- 
lant rocket motors  under axlal and t ransverse  acceleration loads 
were obtained by means of severa l  of the methods discussed. 
concluded that Schapery's d i rec t  method and t e r  Haar 's  method 
generally give good results when applicable. Widder's general  
mversion formula, which includes Alfrey' s method a s  a special  

Investigation of approxlmate methods for mvertmg Laplace 

Viscoelastlc solutions 

I t  is 

35 



A64- 1 3069 

case,  1s not usable for the type of problems considered. 
onal polynomial methods possess  characterist ics whlch make them 
especially suited to the problem of inverting functions known only 
numerically for  discrete values of the transform parameter ,  although 
their use appears limited by severe  computational difficulties. 
Schapery's leas t  squares method gives good results to most  prob- 
lems of in te res t  and is easy to  apply. 

The orthog- 
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T-burners.  
defined, which a r e  computed from experimental data, show that 
acoustic instability can change viscoelastic properties during a 
firing. 
solid propellant. 
properties.  inferred f r o m  burning data,  can be used to calculate the 
solid phase contribution to the acoustic admittance. 
the change was brought about by normal s t r e s s  amplitudes, rarely,  
if e v e r ,  as great a s  50 psi. Presumably shear s t r e s s e s  were no 
greater.  As the acoustic energy pumped into the system was not 
sufficient to  ra i se  the temperature significantly, the inference is 
made that mechanical working of the solid produced the changes. 
i s  noted that, if acoustic instability a t  innocent levels of severity can 
soften at least  some propellants. then either susceptible propellants, 
marginal in their viscoelastic properties,  should not be used. or  
acoustic instability must be avoided. It i s  speculated that propellant 
softening is the key first  step in the mechanism whereby acoustic 
instability sometimes provokes more  serious combustion i r regu-  
lari t ies.  

One-dimensional, linearized analysis of acoustic instability in 
The values of the ad hoc viscoelastic parameters  

The change tends to reduce the elasticity and viscosity of the 
It is also shown that relevant viscoelastic 

In the tes t s  made, 

It 
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suring the response of a burning solid-propellant sur face .  
rangement consists essentially of a centrally vented cavity, with pro-  
pellant at one end and a phase-locked mechanical d r i v e r  a t  the other 
end. The mechanical driver excites the cavity in a resonance mode. 
The bandwidth of the resonance i s  determined by phase modulation 
of the mechanical driver and by measurement of the resultant side- 
band amplitudes. An independent method for measuring the decay 
constant of the cavity. incorporated into the sys tem,  involves mo- 
mentarily shorting out the drive sys tem and observing the f ree-de-  
cay or growth of the oscillations. Designed primarily for investiga- 
ting stable or marginally stable propellants, the system can be used 
with unstable propellants by introducing a 180° phase shift  in the 
drivc circuit .  whenever thr amplitude excceas a predetermined valur.  
Experiments in which lock-onto resonance was achieved and main- 
tained f o r  runs of several  seconds duration, show that the oscillation 
amplitude and bandwidth change appreciably and irregularly during a 
run, indicating substantial damping variations Ln the cavity. 

Description of a dynamic acoustic oscillator technique f o r  mea-  
The a r -  

A64-13071 
THE EFFECT OF ACOUSTIC ENVIRONMENT ON THE BURNING 
RATE OF SOLID PROPELLANTS. 
J .  E .  Crump and E. W .  Price ( U . S .  Naval Ordnance Test Station, 
Aerothermochemistry Group, China Lake. Calif. ) ,  
American Institute of Aeronautics and Astronautlcs, Solid Propellant 
Rocket Conference, Palo Alto, Callf . ,  Jan. 29-31. 1964, Preprint  
64-141. 8 p. 12 refs. 
Members.  $0.  50;  nonmembers, $1.00. 

ra te )  of so11d propellants in the presence of acoustic environments 
Determlnation of thr change In burning rate (surface regression 

of rocket motors 
ers. a relatively simple and sustained oscillatory behavlor can be 
achieved 
pellant burning rate can be determlned. 
of the oscil latory behamor makes i t  possible to cor re la te  the change 
in burning rate at any point of the propellant surface with the nature 
of the acoustic environment It IS found that the burning rate 1s de- 
c reased  by acoustic pressure ,  and IS increased by acoustic veloclty. 
the two effects a r e  of comparable magnitude. 
equilibrium pressure  during unstable fir ings a re  explained In te rms  
of the burning rate effects obtained In the interrupted burning tes t s .  

A64-13072 
ACOUSTIC EROSIVITY EFFECTS ON SOLID PROPELLANT 
BURNING RATES. 
Richard C .  Strl t tmater,  Leland A. Watermeier,  and William P. 
Aungst (U .S. Army, Ballistic Research Laboratorles,  Aberdeen 
Proving Ground. Md.). 

It 1s shown how, by using specially designed burn- 

By interruptlng burning. the resultlng effect on the pro- 
The standing-wave nature 

The fluctuations in 

American Institute of Aeronautics and Astronautics, Solid Propellant 
Rocket Conference,  Palo Alto, Calif.,  Jan .  29-31, 1964, Preprint  

Members,  $0 .50 ;  nonmembers.  $1.00. 
64-142. 5 p. 

Army-supported research .  

admittance studies. to the measurement of acoustic erosivity as a 
function of frequency and amplitude of the acoustic environment. 
Results obtained for a double-base propellant (ARP), burning In a 
T-burner in the presence of acoustic velocities in t'he order  of 600 
f t l s e c  a r e  presented and discussed. 
slight acoustic erosivity effects f o r  ARP. 

Application of a resonant-tube technique, developed for acoustic - 

Pre l iminary  tests showed only 

A64-13073 
NON-ACOUSTIC COMBUSTION PULSATIONS OF AMMONIUM 
PERCHLORATE CONTAINING ALUMINUM. 
Y .  H. Inami and H. Shanfield (Philco Corp . ,  Aeronutronic Div., 
Newport Beach. Calif. ). 
American Institute of Aeronautics and Astronautics, Solid Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan.  29-31, 1964, Preprint  
64-147. 7 p. 
Members ,  $ 0 .  50;  nonmembers.  $1.00, 
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Experimental investigation of the low-frequency combustion pulsa- 
tion behavior of nonacoustic nature,  that was observed with aluminum- 
containing solid propellants. 
perchlorate s t rands  containing aluminum powder is investigated quali- 
tatively by d i rec t  contact with a glass-blowing hand torch at  atmo- 
spheric pressure .  
ing the radiation f rom the flashes which occur in the strands under 
the test  conditions. It i s  found that the frequency of the flashes In- 
c r e a s e s  with increasing aluminum content. The strand surface r e -  
cedes in a normal l inear manner.  
ing aluminum, and an aggregate network of aluminum i s  observable 
on the surface with a microscope when heating i s  stopped just  p r ior  
to a flash. To  i l lustrate the characterist ics of a metal  having a low 
ignition temperature,  the experiments a r e  extended to molybdenum- 
ammonium perchlorate.  
fo rm of d iagrams.  

The pulsating behavior of ammonium- 

The combustion pulsations a re  studied by observ- 

The flash is due to a p l s e  of burn- 

The observed effects a r e  presented in the 

A64-13074 
PREFERRED FREQUENCY OSCILLATORY COMBUSTION OF SOLID 
PROPELLANTS. 
J. L. Eisel ,  M. D. Horton. E. W. Pr ice ,  and D. W. Rice (U.S. 
Naval Ordnance Tes t  Station. Aerothermochemistry Group, China 
Lake, Calif .) .  
American Institutc 01 Arronaulic s and Astronautics, Solid Propellant 
Rocket Confercncc.  Palo Alro. Callf. , Jan. 29-31, 1964, Preprint  
64-149. 9 p. 16 refs. 
Members ,  $0. 50.  nonmembcrs,  $1.00. 

American Institute 01 Arronaulic s and Astronautics, Solid Propellant 
Rocket Confercncc. Palo Alro. Cal i f . ,  Jan. 29-31, 1964, Preprint  
64-149. 9 p. 16 refs. 
Members ,  $0. 50.  nonmembcrs,  $1.00, 

Expcrimrntal  investigation of low-frequency oscil latory combus - 

The flrst  syr tem is a smal l  end-vented burn?r  whlrh r m -  

The second system IS a side-vented doublr-end burner prcduc- 

tion for several  solid propcllants. using two different combustion 
sys tems.  
ploys end-burn~ng grains to produce nonacoustlc pressure  o s c ~ l l a -  
tions. 
ing acoustic pressure  oscillations of a frequency of 5 to I L O  cps .  
cillations a r e  observed under somrwhat restrLctcd condltlons, equal 
in each type of burncr for  one specific propellant, but dlffrrlng for 
each propellant employed to provlde f o r  the occurrence of os r i l l a -  
tions. The results indicatr that for  most  of the propellants t r s ted  
at relatively low test  p ressures .  the response function-frequency 
curve of propellant combustion exhlbtts a marked peak at low f r e -  
quencies.  

O s -  
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A6413075 
EROSIVE BURNING. 
METHODS OF ANALYSIS. 
J. W .  Kreidlrr  (Herculcs Powder Co.,  Allegany Ballistlc Labora- 
tory. Cumberland. Md. ). 
Amerlcan Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference. Palo Alto. Calif . ,  Jan. 29-31. 1964, Preprint  
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modified double-base propellant. with the objective of studying combus- 
tion processes  and obtaining rocket-motor design c r i te r ia .  A special  
propellant-grain design incorporating l inear increase Of port  a r e a  and 
neutral  surface during burning i s  employed in test  f ir ings of a s m a l l  
rocket motor.  Data f r o m  a s e r i e s  of f ir ings are used to  derive grain- 
dimension versus burning-time relations.  
sion to des i red  variables.  the derivatives of these relations yield 
the instantaneous burning and flow ra tes .  
a r e  defined by means  of cineradiography. 
show that the erosive burning rate ratio can be expressed a s  a simple 
function of the local mass  velocity and pressure  In the grain port ,  
when the flow i s  above a threshold mass  velocity. Thls observed 
threshold velocity for  the onset of erosion varies directly wlth p r e s -  
sure .  Erosion IS more  pronounced under lower p r e s s u r e  conditions 
f o r  a given mass  velocity. 
flour at a given pressure  1s below the threshold m a s s  velocity. 

NEW EXPERIMENTAL TECHNIQUES AND 

64-155. 8 p. 13 re fs .  

Investigation of the e ros ive  burning of a high-energy composite- 

After appropriate conver- 

Propellant gra in  sur faces  
The obtained results 

Burning rate depression occurs when 

AS13147 
DETERMINATION O F  P R O P E L M T  PROPERTIES BY THE ARC 
IMAGE FURNACE TECHNIQUE. 
R. 0. Fleming, Jr. and R. W. Fleming (Bermite Powder Co., 
Research  and Development Div. , Research  Group, Saugus, Calif. ). 
AIAA Journal,  vol. 2 .  Jan. 1964. p. 117, 118. 
Contract No. NOW 62-0236-c. 

ignition energies of propellants and igniter mater ia l s  by the arc-image 
furnace technique. 
energy to flux at three  environmental p ressure  levels for a metal- 
oxidant mix are given in graphical form. 

A64-13lU 

Brief description of a method for the determination of threshold 

Approximate relationships of threshold ignition 

HETEROGENEOUS REACTIONS IN IGNITION AND COMBUSTION 
O F  SOLID PROPELLANTS. 
Ralph Anderson. Robert S. Brown, and Lar ry  J. Shannon (United 
Aircraft Corp.. United Technology Center, Research and Advanced 
Technology Dept. , Sunnyvale, Calif. ). 
AIAA Journal. vol. 2 .  Jan. 1964. p. 179. 180. 12 refs. 

propellant ignition and combustion in order  to produce a unified 
theory that permits the quantitative prediction of the effects of the 
independent variables on irnition and burning-rate characterist ics 
of solid propellant. 
between the oxidizing gases  f rom solid oxidizer decomposition and 
the binder fuel constitute the rate-controlling mechanism in ignition 
response of the propellant regardless of the mode of external heat 
flux. This same mechanism i s  also shown to play a dominant role 
in the deflagration characterist ics of the propellant. 

A64-13249 
HEAT-EXCHANGE IN MICROTHERMOCOUPLES FOR COMBUS- 
TION O F  CONDENSED SUBSTANCES [0 TEPLOOBMENE M I ~ O -  
TERMOPAR v USLOVIIAKH GORENIIA KONDENSIROVANNYIM 
VESHCHESTV]. 
A. A. Zenin. 
Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki. Sept. -0ct.  
1963. p. 125-131. In Russian. 

Brief discussion of the role of heterogeneous reactions in solid 

It i s  indicated that heterogeneous reactions 

Discussion of the requirements which should be satisfied by  ther- 
mocouple parameters  (shape, thickness) to provide minimum distor- 
tion of a tempera ture  profile obtained for  the combustion of solid pro-  
pellants and s iml la r  substances. F o r  this purpose. the heat exchange 
of a fine thermocouple in the condensed phase and gas phase regions 

investigated in conditions approximating the temperature changes 
in a combustion wave. 
a r e  assessed. 
Prefer red  to L-shaped ones.  

A6413309 
SONIC COMBUSTION CONTROL. 
Isidor El ias  (Acoustica Associates. Inc., Los Angeles, Calif. ). 
Sound, vol. 2 ,  Nov. -Dec. 1963. p. 8-12. 22 refs. 

The e r r o r s  in thermocouple measurements 
It i s  shown that n -shaped thermocouples should be 

Discussion of work associated with the apphcation of acoustic- 

This involves the introduction of a sonic field consisting of 
combustion mteractions to control the combustion of a solid propel- 
lant. 
plane traveling waves into a solid-propellant rocket motor,  and 
affectmg the processes  connected with the combustion event in order  
to vary  the motor's burning rate. The basic aspects of double-base 
and composite solid-propellant combustion a r e  reviewed. The con- 
trol  of the r a t e  of propellant consumption by introducing an acoustic 
field into the reaction zone to mix the granules 1s discussed. and 
the required frequency and intensity of the sound field a re  examined. 
The selection of a suitable sound source is considered. and experi- 
ments using a Levasseur whistle excited by hehum a r e  briefly de- 
scribed. 

A64-1334E 
ENTROPY WAVE OBSERVATIONS IN OSCILLATORY COMBUSTION 
OF SOLID PROPELLANTS: A PROGRESS REPORT. 
R. H. M. M aesche, J. Wenograd, and M. Summerfield (Princeton 
bniversity, Cuggenheim Labora tones  for the Aerospace Propulsion 
Sciences. Princeton. N. J. ). 
American Institute of Aeronautics and Astronautics. Solid Propel- 
lant Rocket Conference, Palo Alto, Calif.,  Jan. 29-31. 1964, 
Preprint 64-154. 9 p. 14 refs. 
Members, $0. 50. nonmembers. $1. 00. 
LSAF-ARPA-KASA-sponsored research. 

Experimental assessment of an explanation for  combustion 
instability, proposed by McClure. according to which the driving 
disturbance originates with a pressure  interaction between the sur -  
face flame and the oscillating gas field. The nature of the acoustlc 
interaction 1s investigated by measuring the entropy rariation in the 
gas emerging from the thin flame, using a 2-in. I.D. T-tube rocket 
combustor and high-speed cinematography and spectral-radiometry 
techniques. 
posite propellants a t  frequencies of about ZOO cps w t h  Wood's re- 
5ults obtained with AP-nitrocellulose composite propellants a t  the 
same frequencies but somewhat higher pressures  (900 psi), shows. 
A .  the most prominent feature, the absence of thermal waves a s  
grumment a s  those reported by Wood. An unexpected result  1s the 
zero-amplitude of entropy observed in one of the test  runs. 

A comparison of the results obtained with A P  com- 

A6443349 
AXIAL MODE, lNTERMEDL4TE FREQUENCY COMBUSTION 
INSTABILlTY IN SOLID PROPELLANT ROCKET MOTORS. 
E. W. P r i c e  (U. S. Naval Ordnance Test Station. Aerothermo- 
chemistry Group, China Lake, Calif. ). 
American Institute of Aeronautics and Astronautics, Sohd Propel- 
lant Rocket Conference, Palo Alto, Calif., Jan. 29-31, 1964, 
Preprint 64-146. 53 p. 43 refs. 
Members, $0. 50, nonmembers,  $1. 00. 
Naiy -ARPA- sponsored research. 

mode of solid propellant rocket motors,  on the basis of available 
laboratory and motor-firing data. 
bustion system 1 s  presented, in which the rocket motor is treated 
as an acoustic oscillator, propellant combustion a s  an energy source 
or amplifier,  and the coupling between the incident acoustic dis-  
turbance and the combustion, and between the resulting combustion 
disturbance and the gas  flow, a s  elements of the feedback loop. 
Each of these elements of the self-excited oscillator 1s exammed. 
with particular emphasis on the feedback loop. 
for an end-vented and a center-vented motor a r e  presented and d is -  
cussed. 

Discussion of the low-frequency acoustic instability m the axial 

An analysis of an unstable com- 

The results obtained 

A64-13416 
STUDY O F  ELECTRON GENERATION BY SOLID PROPELLANT 
TECHNIQUE. 
R. Friedman. L. W. Fagg. T. K. Millar.  W. D. Charles,  and 
M. C. Hughes (Atlantic Research Corn. . Alexandria. Va. 1. - .  
(American Rocket Society. Ions ln f lame.  and Rocket Exhauate 
Conference, Palm Springs. Calif . ,  Oct. 10-12, 1962. ) 
1N: 1OhlZATION IN HIGH-TEMPERATURE GASES (PROGRESS IN 
ASTRONAUTICS AND AERONAUTICS, V O L  12). 
Edited by Kurt E. Shuler and John B. Fenn. 
New York. Academic P r e s s ,  1963. p. 379-393. 10 refs. 
Contracts No. A F  49(638)-651; No. A F  19(628)-295. 

Deucription of the development and test-fir ing (in an altitude 
chamber) of electron generators functioning by the combustion of 
cesium nitrate-aluminum pressed  charge. 
analysis of the combustion and nozzle-expansion process  indicates 
that the cesium nitrate-aluminum electron generator should deliver 
a plasma to the upper atmosphere containing at least  0 . 8 6  x 10'' 

A thermodynamic 
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electrons per gram of charge. 
yield results whlch agree well wlth thxs predlctlon. 
the generator operation a r e  given and alternate chemical systems 
for electron generation a r e  brlefly discussed. 

Experimental studies of the generator 
Details of 

A64-13641 

PROPELLANTS. 
APPARATUS FOR DETERMINING COMBUSTION RATE O F  SOLID 

J. P. Picard (Picatinny Arsenal, Dover, N. J. ), C. J. Anderson, 
R. Del Grosso. and E. Bryant (Malaker Laboratories, Hlgh Bridge. 
N. J.). 
I & EC - Industrial and Engineering Chemistrx, vol. 56, Jan. 1964, 
p. 49-52. 

determination of propellant combustion rates.  
were of a nitroglycerin base with various metal  additives such as  
magnesium and aluminum. 
ranged f r o m  0. 1 to 1 i d s e c .  
defined shape to a flare sparkler.  
controlling all  the propellants that were tried. 
the position of the burning surface varied less than 20. 005. 
basic components of the system a r e  shown in a figure. The 
apparatus i s  useful to  laboratorles and companies interested in 
materials that can be formed mto strands and burned. It is  
particularly applicable to research  combustion studies and quality 
control testing of solid propellants, pyrotechnic materials,  and solid 
fuels. 
longer observation times and the constant position of the burning 
surface.  
p ressures  during one burning because the pressure could be increased 
duting the burning period. 

Description of a system used for over one year for the 
Most of the propellants 

The burning ra tes  of these propellants 
The type of flame varied f rom a well 

In most instances, 
The apparatus is  capable of 

The 

It i s  noted that the main advantages of the apparatus a r e  the 

Spectrograms and pictures were obtained at various 

AM-13864 
SOLID PROPELLANTS: THE COMBUSTION O F  PARTICLES O F  
METAL INGREDIENTS. 
A. Davis (Explosives Research and Development Establishment, 
Waltham Abbey. Essex, Endand) .  
(Rocket Propulsion Symposium. 2nd. Cranfield, England, Apr. 1962. 
Combustion and Flame, vol. 7, Dec. 1963, p. 359-367. 

Experimental investigation of the combuation of meta l  p a r t i c k s  
at atmospheric pressure,  by the introduction of the particles into a 
premixed flame. 
of known compositions and containing only a smal l  concentration of 
metal  powder were used. 
two stages - an ignition delay and then burning. 
particle composition, temperature,  p ressure ,  and gas compunition 
on these two stages indicate that different mechanisms a r e  involved. 
The ignition delay is determined essentially by the external rate of 
heating of the particles, while the burning time depends more  on the 
concentration of oxidant i n  the atmosphere. The burning mechanism 
of an aluminum particle at 1000 Ib/inZ and above appears  to be 
similar to that operating i n  hydrocarbon droplet combustion which 
seems to indicate that, a t  least a t  high pressures ,  the presence of a 
condensed product, namely alumina, does not drastically a l te r  the 
diffusion mechanism in the gas phase. 

For observations at higher pressures ,  propellants 

The combustion of a particle occurs  in 
The effects of 

A64-13910 
SURFACE TEMPERATURE MEASUREMENTS ON BURNING 
SOLIDS. 
A. Greenville Whittaker and David C. Barham (Sandia Corp.,  
Albuquerque, N. M. ). 
Journal of Physical Chemistry, vol. 68, Jan. 1964. p. 196-199. 
AEC-Aerospace Corp. -supported research. 

surface temperature of pure solids that mel t  a t  the burning surface 
to produce a liquid layer that' would be thick enough to act a s  a 
burning liquid. 
when the thermocouple was dwelling in the burning surface. 
fact, most  of the profiles also showed a distinguishable change in 
slope at the melting point of the mater ia l  studied. It i s  noted that 
the striking feature about the surface terriperature shown in tables 
is that. in all  cases. the surface temperature  i s  constant over a 
rather wide range of burning rates.  
resu l t  that was obtained for burning liquids, and may be related to 
the fact that each of these systems forms a liquid layer a t  the 
burning surface. 
that the surface,  temperatures for ammonium nitrate and the am-  
monium nitrate-hydrazine nitrate eutectic were the same,  whereas  
the surface temperature for hydrazine nitrate was considerably 
lower than the other two. 

Experimental investigation of the possibility of measuring the 

The temperature  profiles obtained showed a plateau 
In 

This i s  essentially the same 

The second outstanding feature of the resu l t s  is 

A64-13952 
NONLINEAR AXIAL COMBUSTION INSTABILITY IN SOLID 
PROPELLANT MOTORS. 
W. G. Brownlee (Canadian Armament Research and Development 
Establishment, Valcartier,  Quebec, Canada). 
(American Institute of Aeronautics and Astronautics, Summer 
Meeting, Los Angeles, Calif.,  June 17-20, 1963, Paper  63-228. ) 
AL4A Journal,  vol. 2. Feb. 1964, p. 275-284. 10 refs. 
TFor abstract  see  Accession no. A63-19323 17-27] 

A6443993 
HYBRID PROPULSION. 
D. D. Ordahl and W. A. Rains  (United Aircraft  Gorp., United 
Technology Center, Sunnyvale, Calif. ). 
Flight International, vol. 85.  Jan. 16, 1964. p. 107-109. 

Introduction of the basic technological concepts of liquid and 
solid propulsion. Hybrid propulsion is suggested a s  a combination 
of both. Discussed a r e  the combustionprocesses, and theimpossibility 
of inadvertent ignition o r  detonation*is pointed out. The possibility 
of a combination of many advanced components which up to now could 
not be used because of-chemical incompatibility is discussed. Sug- 
gested a r e  the safety features of storage assembly, and transporta- 
tion. 
iB pointed out. 

The need for  new thermal  and oxidizer-resistant materials 

A M 1 4 0 2 3  
ACOUSTIC ABSORPTION COEFFICIENTS OF COMBUSTION 
GASES. 
p.  W. Blair  (Brooklyn, Polytechnic Institute. Dept. of Mechanical 
Engineering, Brooklyn, N.Y.) ,  E .  Eriksen. and G. K. Berge 
(Norwegian Defence Research  Establishment. Div. of Explosives, 
Kjeller. Norway). 
AIAA Journal, vol. 2, Feb. 1964, p. 392, 393. 

Presentation of some initial results f r o m  an experimental 
investigation of the acoustic damping constant of solid propellant 
combustion gases.  The data apply to combustion gases that have 
been cooled to room temperature.  
out i n  an acoustic resonance tube patterned af te r  the one used by 
Parker .  A Goodman VR-11 electromagnetic shaker  driver was 
used to drive a rigid flat-topped piston that closed one end of a 
50 m m  diam. steel  tube, 
a rigid b r a s s  plate which car r ied  a flush-mounted condenser 
microphone a t  i ts  center.  
was 683 mm.  

The experiments were car r ied  

The other end of the tube was closed by 

The tube length between the closures 

AM14123 
COMMENTS ON "GAS-FILM EFFECTS IN THE LINEAR PYROLY- 
SIS O F  SOLIDS." 
W. H. Andereen (Aerojet-General Corp.,  Ordnance Research Div., 
Downey. Calif. ). 
AIAA Journal, vol. 2, Feb. 1964, p. 404-406; Author's Reply, 
R. H. Cantrell  (Johns Hopkins' University. Applied Physics  Labo- 
ratory,  Silver Spring, Md.), p. 406, 407. 

Observations on Cantrell 's paper regarding the measurement  
of the surface temperature  in studying the thermal  decomposition of 
solids by the linear pyrolysis ( L P )  technique. It i s  noted that this 
paper,  if taken too literally. can tend to discredit  certain generally 
accepted hypotheses regarding propellant combustion and solid 
decomposition which have been developed f r o m  the experimental 
data and concept of L P  kinetics. The comments emphasize that 
many of these hypotheses a r e  relatively insensitive to the absolute 
values of the experimental rate data, so that their  validity is 
essentially unaffected by treatments such as that of Cantrell.  Also 
appraised in nome detail  is the general  validity of the published LP 
data. It is atated that much of the original experimental  data 
requi res  refinement using the published theoretical  treatments to 
help cor rec t  for gas-film effects. 
perchlorate which react chemically while undergoing pyrolysis, it 
is possible that further corrections a r e  necessary.  

23 refs. 

F o r  substances such a s  ammonium 

AM-14333 
ANALYSIS OF STORED GAS PRESSURIZATION SYSTEMS FOR 
PROPELLANT TRANSFER. 
Frank  Bizjak, Chres  Oki. William J. Hines. and Donald J. Simkin 
(North American Aviation, Inc., Space and Information Systems 
Div., Propulsion Dept., Propellant Systems Analysis, Downey, 
Calif. ). 
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Journal of Spacecraft and Rockets. vol. 1. Jan. -Feb. 1%. p. 103- 
107. 5 refs.  

Performance analyois of a pressure-fed propellant sys tem 
employing a low molecular  weight, inert gas. The subsystems 
considered are: (1) pressure  storage bottle, ( 2 )  heat exchanger. 
and (3) propellant tadt ullage. 
in ( 2 )  and (3). The experimental  compressibil i ty factor is included 
in the equation of s ta te  for  tbe gas contained in the  p r e s d r e  storage 
bottle, to cor rec t  for nonideality. 
a r e  derived f r o m  fundamental thermodynamics and heat-trannfer. 
Using these equations and the  equations-of-state of the compounds 
i n  the system. the overall  analysis of the pre i sur iza t ion  sys tem is 
achieved by a numerical  methods treatment on a digital computer. 
With appropriate corrections,  the derived equation, may k applied 
t o  sys tems of different pressuraut /propl lan ts  combinations and 
comparable gas presmarization. 

A6444773 
IGNITION THEORY O F  SOLID PROPELLANTS. 
R. Anderson. R. 5. Brown, and L. J. Shannon (United Aircraft 
Corp., United Technology Center, Sunnyvale. Calif. ). 

Ideal gzu parmeters are assumed 

Equations for'the subsystems 

Development of the heterogeneous ignition theory for describing 
the rate-controlling mechanism leading to ignition of composite 
solid propellants. Ignition of solid propellants through contact 
with chemically reactive oxidizers i s  shorn to proceed through 
the development of rapid heterogeneous chemical reactions at the 
interface between the reactive oxidizer and the solid propellant. 
If the ra te  of heat generated by these heterogeneous reactions a t  
the surface is grea te r  than the heat l o s e s  to the external oxidizer 
phase and to the solid-propellant phase, the surface temperature  
of the propellant r i ses  rapidly to the level where the propellant can 
undergo stable combustion. A mathematical model based on the 
heterogeneous reaction concept i s  shown to predict quantitatively 
the experimentally observed effect. of environmental oxidizer con- 
centration, pressure.  temperature,  and heat flux on the ignition 
delay of solid propellants in both static and highly turbulent flow 
environment s. 

AM-14799 
THEORY OF IGNITION AND IGNITION PROPAGATION OF SOLID 
PROPELLkVTS IN A FLOW ENVIRONMENT. 
R. S. Brown, T. K. Wirrick. and R 
Corp.,  United Technology Center,  Sunnyvale. Calif. ). 
American Institute of Aeronautics and Astronautics. Solid Propellant 
Rocket Conference, Palo Alto, Calif . ,  Jan. 29-31. 1964. Preprint  
64-157 12 p. 8 refs. 
Members. $0.50. nonmembers ,  $1.00. 
Contract No. NAS 7-156. 

surface of a solid propellant In a flow environment based on the 
heterogeneous ignition theory. The model 1s descrlbed by the two- 
dimensional unsteady-state heat conduction equation with a variable 
rate of external heat t ransfer  to the exposed surface of the propellant 
Convection. radiation, hypergolic heating, and conduction of heat 
along the longitudinal axis of the propellant surface parallel to the 
gas flow are  included in the heat t ransfer  equations 
these equations describes the temperature  history of the propellant 
surface and flowing gases a s  a function of longitudinal position. 
propagation of the ignition front is the result of a variation in the 
heating rate with position on the propellant surface. 
gas mass  flow rate,  temperature,  p ressure ,  and gas composition on 
the ignition and subsequent Ignition propagation process a r e  de- 
termined. 
experimental data.  

A64-149!28 
TWO-PHASE TURBULENT FREE J E T  EXPANSIONS WITH LARGE 
PRESSURE AND TEMPERATURE GRADIENTS. 
Norman S.  Cohen (Aerojet-General Corp.,  Solld Propellant Research 
and Development. Sacramento, Callf. ). 

Anderson (United Aircraft 

- 

Analysis of ignition and subsequent ignition propagation on the 

The solution of 

The 

The effects of 

The theoretical m d e l  is verified by comparison with 

American Institute of Aeronautics and Astronautics. Solld Propel- 
lant Rocket Conference, Palo Alto, Calif.. Jan.  29-31. 1964. P r e -  
pr in t  64-123. 11 p. 14 r e f s .  
Members ,  $0 .50 ,  nonmembers ,  $1.00 
Contract No.  NOw 63-0050, LMSC P . O .  18-10277. 

of f ree  jet  expansions produced by the operation of solid propellant 
Presentation of an uncoupled solution for the flow properties 

Igniters. The  prohiem 1s reduced to integrating the one-dimen- 
a , u n a i  r nomcn tu in  equation b) absumlng an a priori radlal decay 
function for  the gas velocity, and by assuming that the state param-  
eters decay in the same manneras  does the veloclty. These a s -  
sumed functions have experimental basis.  With the flow field of 
t h e  gas phase defined. the interphase equations yield particle t r a -  
jectories and temperature  history. Additional consideratlops sug- 
g e s t  experimental work to supplement the analysis, for application 
to solid propellant ignition studies. 

A6444973 
CONTROLLING THE LIQUID-VAPOR INTERFACE UNDER 
WEIGHTLESSNESS. 
D. A. Pe t rash  and E. W .  Otto (NASA, Spacecraft Technology Div., 
Lewis Research Center. Cleveland. Ohio]. 
Astronautics and Aeronautics, vol. 2. Mar.  1964. p. 56-59. 61. 

zero gravity conditions. It is  suggested that proper employment 
of the surface tension properties of the liquid concerned wxll aid in 
problems of tank venting, pump inlet design, orientation control, 
and long-term propellant storage.  Results of studies a t  the Lewis 
Research Center indicate that the interface configuration depends 
on minimizing the system's f r e e  surface energies and preserving 
the liquid-to-solid contact angle. Other factors a r e  the geometry 
of the system and the amount of fuel in it. Liquid properties and 
system geometry a r e  examined and it 1s found that, whatever the 
contact angle of the liquid to the tank wall, there is. at zero gravi- 
ty, a constant surface curvature.  The minimum energy principle 
was verified experimentally. and capillary tube design and the e f -  
fects of pumping and acceleration disturbances were studied. 
the design of tank and baffle systems, use of the principles estab- 
lished can be of value in the development of geometr ies  whlch will 
position the interface in a predictable configuration. 

A64-1SO11 
STUDIES O F  THE STABLE BURNING O F  COMPOSITE PROPEL- 
LANTS AT LOW PRESSURE. 
I. Yoshiyama. M. Tanno (Tokyo, University, Institute of Industrial  
Science, Tokyo, Japan), and T. Fukuda (Nippon Oils and F a t s  Co.. 
Ltd. , Taketoyo-machi, Aichi-ken. Japan). 
IN INTERNATIONAL SYMPOSIUM ON SPACE TECHNOLOGY 
AND SCIENCE. TOKYO, JAPAN, AUGUST 27-31. 1%2. 4th, 
PROCEEDINGS. 
Edited by Tamiya Nomura. 
Tokyo, Japan and Rutland, Vt., Japan Publications Trading Co., 
1963. p. 333-344. 

Investigation of the development of rocket enginea with low 
chamber pressure  and high m a s s  ratio. The following information 
on the phenomenon of the chuffing which occurs  below the lower 
combustion pressure  limit is presented: the experiment revealed 
that explosion occurred below the limit in fir ings of the propellant 
orains containins the ammonium Derchlorate exDoaed to X-rava 
for 2 hours. although all the propellant grains burned out very 
stably above the limit. The explanation of the mechanism of chuffing 
given by Avery and others is nearly the same as this. As the p r e s -  
lure in the chamber is lowered, the thickness of the gas phase reac-  
tion zone increases.  With further decreases  in pressure,  the thick- 
ness of the layer in which reaction is taking place may eventually 
become so l a rge  that the final atage. of the reaction do not occur  
before the  gas is discharged f rom the chamber. The theoretical  
final temperature  of the gas is therefore not fully attained, the 
heat conducted to the surface is decreased, and, as a result. the 
burning r a t e  decreases.  This leads to a sti l l  lower temperature  
and a lower burning r a t e  and so on, until burning ceases  o r  equilib- 
rium is re-established a t  the pressure  appropriate to the flame tem- 
perature of the incomplete reaction. The asmumption is made that 
it seems to be reasonable that amines. heavy metal  oxides. o r  light 
metal and heavy metal  oxide mixture. decrease  the lower combustion 
pressure limit. 

A64-15012 
MECHANICAL PROPERTIES O F  COMPOSITE PROPELLANTS. 
T. Yokoyama. T. Harada. and K. lchiyanagi (Aaahi Chemical 
Industry Co., Ltd., Technical Reaearch Laboratory, Tokyo, 
Japan). 
IN: 
AND SCIENCE, TOKYO, JAPAN, AUGUST 27-31, 1962; 4th. 
PROCEEDINGS. 
Edited by Tamiya Nomura. 
Tokyo, Japan and Rutland.Vt., Japan Publications Trading Co. , 
1963. p. 345-349. 

Study of the problem of storing liquid propellants in tanks under 

In 
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Study of the mechanical propertien of aystems filled with 
spherical  g lass  beads. I t  i s  noted that this system is very  useful 
to study the effects of f i l l e rs  on the mechanical properties and to 
deduce th t  mechanical properties of composite propellants f rom 
these results.  However, in the most composite propellants, the 
solid oxidizers a r e  not spherical, and there a r e  interactions be- 
tween the oxidizers and the binders. The mechanical properties 
of such a system largely depend onthe composition, the size and the 
shape of the f i l ler ,  the viscoelastic properties of the binder, the 
action of the binder to the f i l ler ,  and the temperature.  Therefore,  
the mechanical properties of the system filled with spherical  g lass  
beads. and those of the system filled with composite propellant 
oxidizers, a r e  not identical, the spherical oxidizer having some 
effects on the binder. There  a r e  some correlations between the 
mechanical properties and the motor performance o r  combustion 
instability of a solid propellant; however, it i s  stated that relative- 
ly l i t t le  work has  been reported on the mechanical properties of 
solid propellants. 

A6415014 
CALCULATION O F  BURNING RATE SOLELY BY MEANS O F  BOTH 
DIAGRAMS O F  THRUST - TIME AND PRESSURE - TIME. 
Chai Chm Suh (Seoul National University. College of Engineering. 
Dept. of Mechanical Engineering, Seoul, Korea). 
IN: 
AND SCIENeE, TOKYO, JAPAN, AUGUST 27-31. 1962, 4th. 
PROCEEDINGS. 
Edited by Tamiya Nomura. 
Tokyo, Japan and Rutland. Vt . ,  Japan Publications Trading Co., 
1963, p. 359-362. 

of pressure-dependence in  JPN solid propellant. It i s  noted that, 
compared with other methods, the calculation by this method i s  
comparatively easy and accurate,  even though the method of cal-  
culation of the burning r a t e  i s  indirect, since the data which a r e  
utilized a r e  solely diagrams of both thrust  t ime and p r e s s u r e  time. 
The correlation obtained in this study is expressed a s  follows: 
B = 0.00276 Pc 0.78> where B i s  the burning r a t e  in  in. t sec .  and 
Pc i s  the chamber pressure  in  lb/in.2 It is noted that both constant 
and exponent a r e  in good agreement with the  values of existing 
bibliographie s. 

A64-15140 
COMMENT ON "SOLID PROPELLANT DRIVEN SHOCK TUBE,"  
W. S .  Fll ler ( U . S .  Naval Ordnance Laboratory, Explosions R e -  
search  Dept.. Silver Spring, Md. ) .  
AIAA Journal. vol. 2. Mar.  1964, p.  592. 5 re fs .  

A6415209  
THE SEMITOROIDAL TANK. 
J. F. Blumrich (NASA, Propulsion and Vehicle Engineering Labora- 
tory, Structural  Engineering Branch, Marshall  Space Flight Center,  
Huntsville. Ala.). 
Astronautics and Aeronautics, vol. 2. Feb. 1964, p.  64-68. 

propellants In large boosters.  
tigated and several  possible designs a r e  established. Some of the 
advantages of a semitoroidal system are :  (1) length reduction of 
stages and vehicles, (2) elimination of common bulkheads, and (3)  
smal le r  volumes stored within a given diameter rather than conven- 
tional tanks. 

A64-15358 
LIQUID PROPULSION. 
Henry Burlage, J r .  (NASA, Liquid Propulsion Systems, Washington, 
D . C . ) .  
SdaceIAeronautics, vol. 41, Feb. 1964, p. 60-67. 

Discussion of the problems encountered in the use of liquid 
propellants. Various factors such as: specific impulse, bulk den- 
sity, storability, and safety a r e  explamed and the problems of op- 
timizing the liquid propulsion system a r e  presented. The advantages 
and dLsadvantages of consolidated and separated liquid propellant 
sys tems a r e  considered. and comparisons a r e  made with nuclear 
and solid fuel systems. 

AM-16651 
VIBRATION O F  A PROPELLANT LINE CONTAINING. FLOWING 
FLUID. 
T a  Li and 0. D. DiMaggio (North Amer ican  Aviation, Inc., Space  
and Information Sys tems Div., Aerospace  Sc iences  Div., Dynamic 
Sc iences  Dept., Downey, Calif. ). 

INTERNATIONAL SYMPOSIUM ON SPACE TECHNOLOGY 

Presentation of a method for the calculation of the burning r a t e  

Discussion of semitoroidal tanks used for storage of liquid 
Typical structural  a r e a s  a r e  mves- 

IN: ANNUAL STRUCTURES AND MATERIALS CONFERENCE. 
FIFTH,  PALM SPRINGS, CALIF. ,  APRIL  1-3, 1964 (ALAA Publ ica-  
tion CP-8).  
New York, Amer ican  Insti tute of Aeronautics and Ast ronaut ics ,  
1964, p. 194-199. 5 refs.  

The  t r a n s v e r s e  vibration of a propellant l ine with in te rna l  
flowing fluid h a s  been a problem for  the  space  industry. 
coupling t e r m  which a p p e a r s  in  the  mathemat ica l  formula t ion  of 
t h e  problem p r e s e n t s  a c l a s s i c  difficulty which i s  fully reso lved  
in the  paper.  The  frequency equation, a fourth o r d e r  de te rminanta l  
equation, i s  reduced t o  the  th i rd  o r d e r  by  a s imple  t ransformat ion  
and is f u r t h e r  simplified to  a t ranscendenta l  equation involving hy- 
perbol ic  functions. T h i s  equation i s  shown to  have a polynomial 
fac tor  which h a s  only ex t raneous  roots..  The  remaining fac tor  is 
t ranscendenta l  and contains all the  eigenvalues. 
for  the  eigenfrequency i s  a v e r y  rapidly converging power s e r i e s  
set equal to  zero.  Numer ica l  r e s u l t s  compared  with the  exper i -  
menta l  da ta  of Long show good agreement.  
against velocity ra t io  and m a s s  ratio.  
sionalieed for  ready  application. 
z e r o  flow velocity th i s  method leads  to  a n  eigenvalue problem Of a 
beam with exactly the  s a m e  eigenfrequencies a s  the c l a s s i c  beam 
problem.  indicating that th i s  approach i s  m o r e  g e n e r a l  than the  
c l a s s i c  t rea tment .  

T h e  

The  final equation 

Frequencies  are plotted 
Al l  quantit ies a r e  nondimen- 

It is a l so  shown that in c a s e  of 

A64-16121 
THE EFFECT O F  COMPOSITIONAL VARIABLES UPON OSCIL- 
LATORY COMBUSTION O F  SOLID ROCKET PROPELLANTS. 
M. D. Horton and D. W. Rice (U. S. Naval Ordnance Tes t  Statlon, 
China Lake, Calif. ). 
Combustion and Flame, vol. 8, Mar.  1964, p. 21-28. 9 re fs .  
Navy-supported research .  

Experimenta1,mvestigation to de te rmme the oscil latory c o r -  
bustion of an ammonium perchlorate propellant system, f i r s t  a s  a 
function of fuel type (bmder),  and, secondly, a s  Influenced by 
burning rate modlflers includmg ammonium perchlorate partlcle 
size with copper chromlte and lithium fluoride a s  additives. The 
propellant burner used was a slde-vented cyllndrzcal cavlty In the 
ends of which two d isks  of propellant were placed and burned. 
propellant grains were cemented Into the ends of the chamber with 
epoxy resin,  and their Inner sur faces  were covered with a pyro- 
technic igniter paste. 
that the frequencies obtained ranged f rom 200 cps to 10 kc. The 
resu l t s  show that the varlatlon of blnders, polysulphlde, poly- 
urethane, and polybutyi-acrylic acld, had a comparatlvely smal l  
effect upon the oscillatory combustlon of the propellant system. 
The burning ra te  modifiers,  however. greatly affected the o s c l l -  
latory combustlon of a polybutyl-acrylic acid propellant. 

A64-161U 
THE EFFECT OF ACOUSTIC PRESSURE ON THE BURNING 
RATES O F  SOLID ROCKET PROPELLANTS. 
John L.  Else1 (U.S. Naval Ordnance Test Station, Aerothermo- 
chemistry Group, Chlna Lake, Callf. ). 

The 

Burners of various lengths were used so 

(Combustion Institute. Western States Section. Fall Meeting. 
Sacramento,  Calif . ,  Nov. 1962, Paper 62-23.) 
Pyrodynamics.  vol. 1 ,  Jan.  -Feb. 1964, p. 61-70. 
Navv -sDonsored research  . , .  

A one-dimensional end burner 1s used to examlne the response 
of propellant burning ra tes  to acoustic pressure .  
the propellants tested (both double -base and composite) the burning 
ra tes  a r e  reduced in the presence of acoustic pressure ,  that the 
reductions in burning ra tes  a re  la rger  for  higher frequencies of 
oscillations; and that the effects of oscil latory pressure  on the 
burning rates of double -base propellants decrease  with increasing 
mean pressure ,  whereas for composites they increase with increasing 
mean pressure .  

It 1s found that for  

A w l 6 1 4 5  
TECHNIQUES FOR STUDYING THE COMBUSTION OF ALUMINUM 
IN SOLID PROPELLANTS. 
K. P. McCarty (Allegany Ballistics Laboratory. Cumberland. Md. ). 
(Combustion Institute, Western States Section, Fall Meeting. 
Sacramento, Calif.,  Nov. 1962, Paper 62-18,) 

Pyrodynamics, "01. 1, Jan. -Feb. 1964, p. 71-87. 
A combination of photographic and particie coilection techniques 

using laboratory scale experiments to obtain information on the 
nature of aluminum combustion in solid propellants. 
of rocket motors can be predicted f r o m  this information. 

The performance 
T h e  basic 
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mechanism. a vapor phase reaction of the aluminum. has been 
demonstrated by observation of the combustion of individual 
aluminum particles under conditions that approach rocket motor 
conditions using a long working distanke microscope and a large 
window bomb. A large bomb is necessary for the firing of samples 
that a r e  large enough t o  reduce heat loss. The results a r e  consistent 
with the theory developed by Glassman and Brzus twsLi  at Princeton. 
Added complications that a re  of importance in motor performance 
a r e  delayed particle ignition and agglomeration of the alurnirmm a t  
the surface of the propellant. 

A44-16l46 
ONE -DIMENSIONAL UNSTEADY AEROTHERMOCHEMICAL 
ANALYSIS OF COMBUSTION INSTABILITY IN LIQUID ROCKET 
ENGINES. 
T. Paul Torda and Leo A. Schmidt (Illinois Institute of Technology, 
Chicago, Ill. ). 
(International Astronautical Congress. 13th. Varna. Bulgaria. Sept. 

Pyrodynamics, vol. 1, Jan. -Feb. 1964, p. 89-111. 2 0  refs.  
Review of the background of analytical investigations on 

combustlon :nstabil:ty :n liquid rocket engines as  an introduction to 
discussion of a particular analysis performed on the longitudinal 
mode of instability. This latter analysls neglects viscous and heat 
t ransfer  effects in the gaseous equations of motion, thus greatly 
simplifying the numerical treatment because the equations a r e  then 
cast  In hyperbolic f o r m .  Furthermore,  variations in properties 
across the chamber a re  neglected. 
representation susceptible to feasible evaluation by a mesh technique 
0; a high-speed digital computer. Numerical solutions a r e  presented 
f o r  a variety of examples of oscillatory phenomena that may occur. 
The results provide a testing ground for future multi-dimensional 
studies of combustion instability. 

AM-16110 
THE COMBUSTION DOMAINS OF COMPOSITE POWDERS [LES 
DOMAINES DE COMBUSTION DES POUDRES COMPOSITES]. 
Marcel B a r r e r e  and Lionel Nadaud. 
L a  Recherche P6rospatiale. Jan. -Feb. 1964, p. 15-29. 
In French. 

Definition of the various combustion domains of composlte solid 
fuel rocket propellants. The pressure  and the mean diameter  of the 
grains of perchlorate a r e  taken as parameters .  
magnitude of the parameters ,  five domains can be defined, each one 
being characterized by particular phenomena. 
combustlon velocity is  determined and compared t o  the experimenttal 
results.  
independent of the pressure  a re  determined. 

A6416635 
INTECRJlTlON O F  CRYOGENIC D'::N.\IlIC POWER SYSTEM \\ ITH 
VEHICLE COOLlNC SYSTEM. 
irerala L. Mc:<rtIIur .%nu J ; L I ~ C S  H .  i n r t e r  (acna i \  ~ o r p . ,  K F S P , L T C ~  

Laboratories Div . ,  Energy Conversion and Dynamic Controls 
Laboratory, Energy Conversion Systems Dept. , Southiieid, hlich.). 

This leads to a mathematical 

10 re fs .  

According t o  the 

In each case the 

The conditions which make the speed of combustion 

~~ 

Journal of Spacecraft and Rocke 
p. 149-154. 13 refs.  
Bendix Corp. -supported research. 
[For  abstract  see Accession no. A63-11770 05-06] 

A 6 4 1 6 7 0 4  
A THEORY OF LOW-FREQUENCY COMBUSTION INSTABILITY IN 
SOLID ROCKET MOTORS. 
Robert Sehgal and Leon Strand (California Institute of Te+ology, 
J e t  Propulsion Laboratory, Pasadena. Calif. ). 
AJAA Journal, vol. 2, Apr. 1964, p.  696-702. 
Contract No. NAS 7-100. 

bility where the mechanism of instability i s  the lag of burning-rate 
response t o  pressure  disturbances near  the propellant aurface due 
to the temperature  gradient just  below the surface,  and Its inter-  
action with lag in exhausting the chamber due t o  nozzle flow. The 
period of low-frequency chamber fluctuations is considered large 
compared t o  any t ime lags  in the gas-phase burning process .  The 
burning-rate perturbations and pressure  perturbations a r e  related 
through a closed-loop feedback system analysis. 
fluctuations cause pressure  fluctuations through the chamber t rans-  
fe r  function. These pressure  fluctuations are.  in turn. fed back 
to the burning-rate fluctuations through the combustion t ransfer  

6 re fs .  

TheoreticaI investigation of low-frequency combustion insta- 

The burning-rate 

function. Expressions a r e  derived f o r  the two t ransfer  functions, 
and an instability cri terion is developed by the application of Cau- 
chy's theorem, resulting in the correlation of the cri t ical  p ressure  
for a given propellant and chamber characterist ic length L*. The 
results a r e  compared with experimental data obtained at the Jet  
Propulslon Laboratory. 

A64-16930 
LIQUID SLOSHING IN A 45O SECTOR COMPARTMENTED CYLIN- 
DRICAL TANK. 
Helmut F. Bauer (Georgia Institute of Technology. School of 
Engineering Mechanics. Atlanta. Ga. ). 
AIAA Journal. vol. 2. Apr. 1964. p. 768-770. 

Study of the use of compartmented propellant containers with 
longitudinal walls to avoid strong dynamic coupling of the propellant 
motion and the control system. This results in smal le r  sloshing 
masses  and higher natural frequencies. 
system 1s investigated by studying the response of a liquid with a 
free fluid surface due to various forced tank excitations that is 
contained In a 45O sec tor  compartmented cylindrical tank. The 
liquid 1s considered to be Irrotational. incompressible, and inviscid. 
Using a procedure developed by the author in a previous paper,  an 
expression f o r  the velocity potential is obtained. 
shows that the theoretical natural frequencies a re  la rger  than the 
measured values obtained by Abramson. Chu. and Garra and that 
these frequencies vary with the excitation amplitude. 
frequencies of a liquid m a compartmented tank a r e  only approached 
when the excitation 1s mfinitesimal. Although there is a decrease  in 
natural frequencies with increasing amplitudes, the increase of the 
frequencies because of compartmentation is much more  effective. 

The stability of such a 

A comparison 

The theoretical 

AM-17192 
HYBRID PROPULSION. 
D. D. Ordahl (United Aircraft  Corp.. United Technology Center,  
Propulsion Research Branch. Sunnyvale. Calif. ). 
Space/Aeronautics. vol. 41. Apr. 1964. p. 108-113. 6 refs. 

slon. 
combustion zone. small  effer: of pressure,  throttling problem. 
pressure-sensit ive fuel solution, absence of burning in fuel cracks,  
wide range of fuels. major problems solved, engine clustering, and 
engine for la rge  missiles.  It is stated that, with the improvements 
m cornbustion efflciency and throttling performance that have been 
made in the past year, engines using 501id fuel and liquid oxidizer 
appear mcreaslngly attractive for missiles,  large boosters. and 
long-duration space missions. 

Discussxon of the current developmental stage of hybrid propul- 
Considered a r e  the separation of fuel and oxidizer. narrow 

A4447319 
CURRENT TRENDS IN LIQUID ROCKET PROPELLANTS. 
E .  G. Haberman (USAF, Systems Command. Air Force Rocket 
Propulsion Laboratory, Edwards AFB. Calif.).  
American Institute of Chemlcal Engineers, Symposium on Aerospace 
Fuels Technologv. National Meeting. 53rd. Pittsburgh. Pa. .  May 17- 
20, 1964. Preprint  2c. 12 p. 
Members, $0.50. 

Discussion of the current trend of using metals and metal  
compounds in advanced liquid rocket propellants. 
use of simple liquid compounds (pentaborane). complexes (hybalines), 
and heterogeneous formulations (gels, s lur r ies )  in liquid propellants, 
as well as extensive synthesis work in the oxidizer a r e a  (primarily 
of fluorinated compounds). aimed at developing a storable highly 
fluorinatpd oxidlzcr. Rt.scarch on niixturrs of oxidtzcrs i s  carried 
out Ln an r f f o r t  to rombine dcsirablr  physical properties with high 
pcrformancr .  Somc fuels and oxidizers rcccntly developed a r e  
dcscribcd, and their  performance potential and charactcrist lcs a r e  
dlscusscd within t l ir  limits imposed upon classified information. 
Some problems  rising from the use of thcse advanced propr l lmtr .  
such as the acruniulation of solid particles in the exhaust. and hlgh 
combustion temprra turcs  a re  reviewed. 

A64-17376 

Also noted is the 

PROPELLANT OSCILLATIONS IN ROCKET FUEL TANKS. AND 
THEIR XNFLUENCE ON THE OVERALL STABILITY. I [TREIB- 

EINFLUSS AUF DIE GESAMTSTABILITAT. I]. 
Helmut F. Bauer .  
Zeitschrift fur Flugwissenschaften. vol. 12, Mar. 1964, p. 85-101. 
In German. 

Theoretical analysis of the forces and moments exerted by an 
oscillating liquid, with a f ree  fluid sur face ,  In a cylindrical containcr 
with circular-ring C T 0 5 5  sections. 
determine values f o r  the forces and moments which a re  applicable 

STOFFSCHWINGUNGEN IN RAKETENBEHALTERN UND IHR 

The analysis 1s undertaken to 
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to practical rocKet fuel tank shapes,  such as circular cylindrical 
and sectional tanks. 
Irrotational, and frictionless. Equivalent linear damping is intro- 
duced by means of an analytical model describing the fluid motion. 
This model incorporates the effects, on the oscillations, of the tank 
geometry, the position of the tank in the vehicle. the modulation 
factors of the vehicle control system. and the oscillation charac te r i s -  
tics of an accelerometer employed as an accessory control element.  

The liquid i s  assumed to be incompressible, 

A64-17649 
THE VAPOR PRESSURE AND HEAT AND ENTROPY OF SUBLIMA- 
TION O F  SOLID MAGNESIUM FLUORIDE. 
Michael A. Greenbaum, Hon Chung KO, Madeline Wong. and Milton 
F a r b e r  (Rocket Power, Inc., Research  Laboratories,  Pasadena, 
CLlif. ). 
Journal of Physical Chemistry, vol. 68, Apr. 1964. p. 965-968. 
12 refs.  

by means of the torsion effusion procedure.  
car r ied  out over the temperature range 1273-1513OK. 

employed in the investigation was 99.8 t 70 pure material .  
MgF2 is nonhygroscopic, no special handling precautions were 
taken. 
were  placed in the torsion apparatus. Two different cells  with 
orifice a r e a s  differing by a factor of four were used. 
temperature  was recorded and automatically controlled t o  f 10K. 
The suspension wire  used was a 1.5-m length of 2-mil-diam. molyb- 
denum. I t  i s  pointed out that no dependence of the vapor pressure  
on orifice a r e a  was observed. This is stated to be consistent with 
previous experimental observations made in studies of BeF25 and 
BeClZ6, where orifice a r e a s  of cells were  varied by as  much as 
a factor of 16. 

Experimental determination of the vapor pressure  of MgFZ(c) 
The measurement  was 

The MgFZ 

Since 

The material  was placed in graphite effusion cells which 

The furnace 

A&-17669 
ROCKET PROPELLANT AND PRESSURIZATION SYSTEMS (Prentice - 
Hall Space Technology Ser ies ) .  
Edited by Elliot Ring (Martin Marietta Corp.. Martin Co., Denver, 

Englewood Cliffs, N. J.,  Prentice-Hall ,  Inc., 1964. 310 p. 
$13.00. 

systems is presented. Topics covered a re :  (1) propellant loading 
tolerances of density variations, manufacturing, vertical  alignment, 
tank s t re tch  and shrinkage, and countdown and engine bleed; (2) 
propellant inventory; (3) a comparison of volume loading and m a s s  
loading; (4) loading measurements and control; ( 5 )  outage control; 
(6) pressure  surges and frictional losses  in propellant sys tem feed 
linea; (7) fluid flow problems encountered in propellant tank outlet 
design; ( 8 )  design techniques f o r  the prevention of cavitation in nozzle 
outlets; (9) prevention of fluid dropout in propellant tank outlets; 
(10) propellant slosh; (11) temperature  and pressure  effects of 
cryogenic propellant loading; (12) the geysering phenomenon and 
methods of preventing geysering; (13) cryogenic propellant stratifi- 
cation analysis and test da ta  correlation; (14) special z e r o  gravity 
fluid problems; (15) methods of level sensing, design parameters  
affecting level sensing, and level sensing devices; (16) types of 
pressure  sys tems;  (17) desirable characterist ics of pressurants;  
(18) methods of tank pressure control; (19) ullage requirements  for 
pressure  control systems including volume, composition, and 
temperature;  (20) thermodynamic considerations of pressurizing gan 
such as heat transfer,  mass t ransfer ,  and the thermodynamic 
propertien of gases;  (21) pressurization hardware requirements;  (22) 
theoretical analysis of propellant performance;  and (23) operation 
component structure,  and bas ic  parameters  associated with rocket 
engines. 

Colo. ). 

A collaborative study of rocket propellant and pressurization 

A64-17700 
TECHNICAL ASPECTS O F  ORTHO-PARAHYDROGEN CONVER- 
SION. 
G. E. Schmauch and A. H. Singleton (Air Products and Chemicals. 
Inc., Research  and Development Dept., Allentown, Pa. ). 
I & EC - Industrial and Engineering Chemistry. vol. 56. May 1964, 
p. 20-31. 61 re fs .  
USAF-sponsored research. 

conversion and the results of a comparative experimental study of 
catalysts employed in this process. Based on an analysis of the 
conversion proce is ,  it i s  fe l t  that.heterogeneous conversion i s  the 
most  promising technique for increasing the ra te  of conversion. 

Presentation of a review of the l i terature on ortho-parahydrogen 

The extraction of additional low-temperature refrigeration from a 
cold parahydrogen s t ream through the para-to-ortho conversion 
process  i s  considered to have aerospace applications. An experi- 
mental  program resulted in the development of a catalyat (APACHI-1) 
having the following properties: high physical adsorptive capacity 
for  hydrogen, high concentration of a para-magnet ic  component on 
i t s  surface,  and a large magnetic moment associated with the para-  
magnetic component. The conversion activity of APACHI-1 i s  com- 
pared with that of iron gel and chromia on aluminum. The conver- 
sion activity of APACHI-1 is found to be ten t imes  that of hydrous 
f e r r i c  oxide gel catalysts on a weight basis. 

A64-17718 
EFFECT OF CYCLIC LOADING ON THE TEMPERATURE IN 
VISCOELASTIC MEDIA WITH VARIABLE PROPERTIES. 
R. A. Schapery (Furdue University. Dept. of Aeronautical and 
Engineering Sciences, Lafayette, Ind. ). 
AIAA Journal, vol. 2 ,  May1964, p. 827-835. 
Contract No. AF 94(611)-8539. 

butions resulting f r o m  dissigation calculated for a l inear visco- 
elastic slab and hollow cylinder subjected to cyclic shear  loading. 
Temperature  dependence of the dissipation function is introduced 
through the familiar assumption of thermorheologically s imple 
behavior, wherein frequency-dependent mechanical properties 
measured at different temperatures  a r e  superposed by shifting with 
respect to the logarithmic frequency scale.  This assumption leads 
to a nonlinear heat-conduction equation, and an exact c losed-form 
solution is obtained f o r  jus t  the steady-state temperature  distribu- 
tion. In order  to solve the transient problem. two approximate 
methods of analysis a r e  proposed. 
propellant a re  given, and it is found that a large temperature  r i s e  
will occur as the resu l t  of a thermal  instability when the shear 
s t r e s s  i s  above a certain cri t ical  value that depends on thermal  and 
mechanical properties and geometry. In this paper,  inertia is  
neglected; however, many of the considerations, including the 
approximate methods, a r e  potentially applicable t o  dynamic problems 
as  well as to other configurations and loading conditions. 

16 re fs .  

Determination of steady-state and transient temperature  d is t r i -  

Numerical resu l t s  for a solid 

A64-17813 
FLASH PYROLYSIS OF SOLID-FUEL MATERIALS BY THERMAL 
RADIATION. 
Kenneth A. Lincoln (U.S. Naval Radiological Defense Laboratory,  
San Francisco, Calif.). 
Combustion Institute, Western States Section, Spring Meeting, 
Stanford University, Menlo Park ,  Calif . ,  Apr. 27. 28. 1964, WSSI- 
CI Paper  64-6. 22 p. 5 r e f s .  

materials and for determining the composition of the products. 
Methods and equipment for flash heating by  thermal  radiation a r e  
considered. 
thereby producing in an absorbing mater ia l  shor t  periods of very 
high temperature .  In addition, radiant heating provides a method 
f o r  producing clean, rapid heat irl which only the light-absorbing 
solid mater ia l  under  study is heated while the container and other 
equipment remain cool. The pyrolysis products, both volatile and 
non-volatile, of this process  a r e  studied with particular emphasis  
on the identifying and measuring of the volatile8 produced under 
various ra tes  of heating in a vacuum and in an iner t  atmosphere. 
The application of pulsed thermal  radiation f r o m  carbon a r c s  and 
xenon flashtubes t o  the flash heating of solid mater ia l s  is discussed. 
The techniques developed have application t o  the study of solid 
propellants. 

A64-17830 
TEMPERATURE-ENTROPY DIAGRAM O F  MONOMETHYLHYDRA- 
ZINE. 
Frank  Bizjak and Donald F. Stai  (North American Aviation, Inc., 
Space and Information Systems Div., Propulsion Dept., Downey, 
Calif. ) . 
AIAA Journal,  vol. 2, May 1964, p. 954-956. 5 refn. 

of monomethylhydrazine under r e a l  gas conditions a t  14.7 peia. The 
saturated vapor entropies f r o m  the fusion to the c r i t i ca l  temperature  
were  derived from ideal entropies at standard pressure  and f rom 
vapor-pressure data. Enthalpy data of Lawrence were  expanded to 
obtain enthalpy a t  p ressu?es  above cr i t i ca l  in the solid-vapor region 
and in the superheated vapor region. 
sented a s  a temperature-entropy diagram. The accuracy of the data 
is  estimated to be within 0.5% of ambient conditions. 

Description of techniques for effecting the pyrolysim of solid 

Radiant pulses can be very intense and very  short ,  

Outline of the methods used for obtaining thermodynamic data 

The data developed a r e  p r e -  

The accuracy 
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decreases  when temperature  and p r e s s u r e  approach and exceed the 
cr i t ica l  values, with a possible deviation of about 2%. 

A6447044  
EFFECT OF RATE AND TEMPERATURE ON THE TENSILE 
PROPERTIES OF DOUBLE-BASE PROPELLANT. 
E. McAbee and M. Chmura  (U.S. Army, Munitionr Command. 
Picatinny Arsenal. Dover. N. J .  ). 
IN: HIGH SPEED TESTING. VOLUME 4. 
Albert G. H. Die- a d  Freder ick  R. Eirich.  
JAnnual Sympoeium on High Speed Testing. 4th. Bwton.  M u s .  , 
May15. 16. 1%3.) 
Sympo#ium s p a u o r e d  by  P l u - T e c h  Equipment Corp. 
N e r - Y o r k  Interscience Pub1iders. Division of JOIXU Wiley and sau 

Study of the tensile properties ob two cas t  and two extruded solid 
1964. p. 3-24. 

rocket propellant. at 25% and 50% RH over  a range of failure time. 
f r o m  0.005 t o  2500 sec .  
investigated at the hi&est rate of loading and at 0.1 in. /in. lmin 
over a range of -600 t o  +BO°C. 
temperature  and rate of loading greatly affect the tensile Properties 
of double-base propsllants. 

Ths effects of temperature  are also 

The result .  indicate that both 

Ab417965 
PROPULSION IMPROVEMENTS ACHIEVED DURING FLIGHT 
TESTING O F  SATURN VEHICLES. 
B. K. Heusinger (NASA. Propulsion Div., Propulsion and Vehicle 
Engineering Laboratory, Propulsion Evaluation Branch, Marsha l l  
Space Flight Center, Huntsville. Ala. ). 
Ainerican-Institute of Aeronautics and Astronautics. Aerospace 
Propulsion Meeting. Cleveland. Ohio, May 4-6. 1964, Paper  64-537. 
ll P. 
Members. $0.50; nonmembers. $l. 00. 

Discussion of some of the performance gains achieved during 
the flight testing of Saturn research and development vehicles. Both 
the Saturn vehicles and the perfo-ca programs are described. 
Improvements in the performmce of these vehicles a r e  attributed 
pr imar i ly  to m o r e  accura te  apIiae mad vehicle prediction, reduced 
weight of the fuel presrurization system. increased propellant 
utilization, lox depletion cutoff, reduced lox tank presaure.  re- 
duction of hold-down time, and lox i n t e r c h q e .  Data gathered 
f rom the flights of these  vehicles are  used t o  support redesign ef- 
for t s  to be applied t o  the  Saturn IB program. 
include thinner container wal ls  and new thrust structure. fins, and 
spider beams. 

A6447997 
INTERACTION BETWEEN SOUND AND FLOW IN ACOUSTIC 
CAVITIES - MASS. MOMENTUM, AND ENERGY CONSIDERATIONS. 
R. H. Cantroll .ad R. W. H u t  (JDhp. Hopkina Univeraity. Applied 

Acoustical Society of America.  Journal, vol. 36. Apr. 1964, p. 697- 
706. 16 re fs .  
Contract No. NOI 62-0604-c. 

cavities with a transpiring wall. for the c u e  of a mean flow in the 
absence of acoustic d ia turbmces .  
ra tes  of the acoustic fields into account. and employs a calculation 
method based on the use of time averages of the mass. momentum. 
and energy-conservation equations expanded t o  s e c d  order  in the 
acoustic-field quantities. 
atability can be expreased in t e r m s  of f i r s t -order  quantities alone. 
The resu l t s  are  shown t o  cor re la te  well with calculatiolu b u e d  on 
f i r s t -order  admittance conaiderations. but t o  differ f r o m  Dyer's 
results obtained b y  a similar method. 
discrepancy is suggested. It is shown that the effect of mean flow 
can be substantial. and that the extent t o  which flow tends to excite 
o r  damp the acouatic field depends i n  a grea t  measure  upon mode 
c d i g u r a t i o n  and flow-field geometry. 
to the problem of determining the acoustic response of burning 
rocket propellant. is examined. 

The weight reduction. 

SY,..C. ".-..a& "p....., * - . I .  

Discussion of the conditions for neutral  acourtic stability in 

The analysis takes the g r d  

It i a  found that growth rate neutral  

An explanation for this 

The application of this effect 

A64-lWl1 
MEASUREMENTS O F  IGNITION DELAYS O F  HYPERGOLIC 
LIQUID ROCKET PROPELLANTS. 
G. Spenglcr, A. H. Lepie. m d  J. Bluer.  

Experimental study of the effects of variations in chemical, 
thermodynamic, and flow parameters  on the ignition delay t imes  of 
hypergolic liquid rocket propellants. The parameters  investigated 
are: (1) chemical composition of fuel and oxidizer, ( 2 )  reaction en- 
thalpy and reaction velocity, (3) surface tenaion and intermixture, 
(4) ratio of reaction components. (5) temperature  of reaction com- 
ponents, (6) injection velocity of the componenta. and (7) type of 
gas and gas pre#sure  in the chamber. 
compounds is 11.0 investigated, and the dependence of the ignition 
delay t ime on the various parameters  is p r e s b t e d  graphically. 

A6Cl8125 
ELECTRONIC CONTROL SYSTEM FOR CRYOGENIC SPACE 
POWER SYSTEM. 
M. G. Chesnut (Sundstrand Corp., Sundstrand Aviation-Denver 
Div., Denver, Colo.). 
(International Conference and Exhibit on Aerospace Electro- 
Technology, Phoenix, Ariz.. Apr. 20-23. 1964. ) 
IEEE Transactions on Aerospace. vol. AS-2. Apr. 1964. p. 401- 
411. 

Evaluation of an electronic technique to control mixture ra t io  in 
a co nbustion process  using cryogenic propellants. Propellant den- 
sity variation from liquid t o  gaseous hydrogen dictated an elaborate 
pulse-width-amplitude-modulated control system. Requirements of 
millisecond total flow change, mixture-ratio variation, and summed- 
rate plus dual temperature  sensing caused further sophistication. 
The resultant system provides positive control (3%) of c r i t i ca l  t em-  
perature for catalytic H2-02 combustion even during an abrupt, 
nonpredictable relocation of the reaction flame front withm the cata- 
lyst bed. 

A64-1M19 
ANOMALOUS BURNING PROPERTIES OF COMPOSITE PROPEL- 
LANTS CONTAINING LITHIUM FLUORIDE. 
E .  L .  Capener and L. A. Dickinson (Stanford Research Institute. 
Menlo Park ,  Calif. 1. 
Combustion Institute. Western States Section, Spring Meeting, 
Stanford University. Menlo Park, Calif.,  Apr. 27, 28. 1964, 
WSSICX Paper  64-18. 7 p. 

Study of the strand burning characterist ics of lithium-fluoride- 
containing propellants by means of a ser ies  of polyurethane propel- 
lants. 
lants a r e  shown in a table. Also shown a r e  the Crawford strand 
burning rate data f o r  propellants, Codes 1 through 5 .  
out that addition of L i F  to the propellant produces a mesa in the 
strand burning rate curve. I t  1s shown that the extinction pressure  
correlates well with the L i F  content in the propellants. The fol- 
l w m g  conclusions a r e  made: (1) the incorporation of L i F  into pro- 
pellants produces a slower burning propellant by modification of 
the overall reactions in the gas phase of the normal  propellant 
ingredlents. (2) the extinction of combustion observed in small  pro-  
Dellant samples  does occur in rocket motors,  and (3) the use of L i F  
to aid extinction during burning aggravates the problem 01 COmDuS- 
tion instability. 

AM-18421 
ADVANCES IN SPACE SClENCE AND TECHNOLOGY. VOLUME 5. 
Edited by Freder ick  1. Ordway. 111 (General Astronautics Research  
Corp., Washington, D. C. ; Space Science and Technology Informa- 
tion Center,  Huntsville, Ala. ). 
New York. Academic P r e s s ,  Inc., 1963. 334 p. 
$13. 

Collection of papers  on space problems covering: as t ronomical  
investigations of the Sun; advances in communication relay-satell i te 
techniques; solid-propellant r'ocket technology; environmental con- 
trol of manned space vehicles; t e r r e s t r i a l ,  lunar, and planetary ap-  
plications of navigation and geodetic satell i tes;  and orbital  operz- 
tions. The advantages, disadvantages. and prospects of large solid- 
propellant rockets and the role of orbital  operations in astronautics 
are also discussed. 
which a r e  individually abstracted and indexed in this issue. 

A6448497 
THEORETICAL BURN RATE. 
W. E .  Crane (Martin Marietta C O ~ D . .  Martin Co., Propulsion and 
Mechanical Engineermg Dept., Denver. Colo.) and George Lehto 
( O h  Mathicson Chemical Corp . ,  Winchester-Western Dlv., 
Advanced Research Section. New Haven, Conn. ). 
Ordnance. vol. 48.  May-June 1964. p. 654. 655. 

pression for spherical  propellant grains which does not s u f f e r  

The catalytic effect of metal 

The composition and burning characterist ics of the propel- 

It 1s pointed 

Lis t s  of re ferences  supplement the art icles.  

Presentation of a model f o r  arriving at a l inear burn rate ex-  
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f r o m  the limitations previously encountered and which can be  used 
with compl t e r s .  
propellants a r e  discussed. and equations a r e  obtained which a r e  
dtated to  be  expressions f o r  relating propellant burn ra te  t o  the 
ball ist ic bomb experimental data .  and the readily measurable 
propert ies  of spherical propellants It is noted that. although the 
model presented does not take into account the variation Ln diameter  
and In chemical  composition as occurs  in some commercial  solid 
propellants. the equations derived offer the advantage of their  
convenient u se  with analog computers by the methods developed by  
Wallace. which save considerable time and effort in application 

AM-18542 
RECENT DEVELOPMENTS IN SOLID PROPELLANTS, E M  - 
PHASIZING BINDERS [NEUERE FESTTREIBSTOFFENT WICK- 
LUNGEN UNTER BESONDERER BERUCKSICHTIGUNG DER 
BINDER]. 
U. Deisenroth. 
Raumfahrtforschun&, vol. 8. Apr. -June 1964, p. 74-77. 8 refs.  In 
German. 

Review of recent advances in solid-propellant r e sea rch ,  em- 
phasizing developments of polyurethane, polybutadiene. and nitro- 
cellulose binders. The physical and chemical propert ies  of these 
substances are  delmeated. and methods f o r  their  preparat ion a r e  
outlined. Also considered a r e  iner t  and explosive softeners. high- 
energy oxidizing agents. and high-energy additives to  solid propel- 
lants. In each case,  tables  are  presented showing the composition 
and propert ies  of the m o r e  promising mater ia ls .  

A&-18543 
OZONE AND ITS PROPERTIES WITH RESPECT TO ITS APPLICA- 
TION AS A ROCKET-PROPELLANT COMPONENT [OZON UND 
SEINE EIGENSCHAFTEN Ui HINBLICK AUF DIE VERWENDUNG 
ALS RAKETENTREIBSTOFFKOMPONENTE]. 
D. Genthe. 

Linear burn r a t e  models for  cord and solid 

(Deutsche Gesellschaft f u r  Raketentechnlk und Raumfahrt, 
Jahrestagung. 15th. and Europalsches Raumfahrt-Kongress,  3rd. 
Stuttgart. Germany. May 20-24. 1963. ) 
Raumfahrtforschung. vol. 8. Apr.-June 1964, p. 77-81. 35 refs. 
In German. 

Basic consideration of the physlcal and chemical  propert ies  of 
ozone which make it at tractive as  a component in rocket propellants. 
T h e  general  properties which a liquid fuel mus t  posses s  in o rde r  to 
be considered for u s e  in rockets  a r e  discussed. The  possible s t ruc -  
t u r e s  of the ozone molecule a r e  delineated in t e r m s  of the in t e r -  
atomic distances. itscollision c r o s s  section, and itsdipole moment. 
Methods of preparing ozone which have been described in the l i t e r -  
a tu re  a r e  reviewed. as a r e  method8 for  i t s  handling. 
s idered a r e  the preparation and handllng of ozone-oxygen mixtures. 

A64-18618 
STORABILITY DESIGN CRITERLA FOR SPACE PROPULSION. 
Phi l ip  D. Gray  (Aerojet-General Corp. ,  von Kirma’n Center. 
Production P ro jec t s  Div., Space Environment Dept., Azusa. 
Calif. ). 

Also con- 

(American Institute of Aeronautics and Astronautics, Summer 
Meeting, Los Angeleo. Calif . ,  June 17-20, 1963. Paper  63-259. ) 
Journal  of Spacecraft and Rockets, vol. 1, May-June 1964, 
P. 340-342. 
Contract  No. A F  04(611)-7441. 
[ F o r  abstract  see Accesslo? no. A63-18796 

A64-18877 
A PRELIMINARY APPRAISAL O F  THE CORNUCOPIA CONCEPT 
C. J. Swet (Johns Hopkins University, Space Development Div., 
Applied Phys ic s  Laboratory, Sl lver  Spring, Md. ). 

17-26] 

American Institute of Aeronautics and Astronautics, Annual Meeting. 
1st. Washington, D.C., June 29-July 2 .  1964. Paper  64-213. 
5 refs.  

8 p. 

M r m b e r s .  $0.50, nonmembers, $1.00. 

et Sropellants to  include l i f e  support and other  essential services  in 
the space environment. The  method employs the off-sto>chlometrlc 
combustion of hydrazine with ei ther  hydrogen peroxlde o r  nitrogen 
tetroxide to  produce water .  a two-gas atmosphere,  t he rma l  manage- 
men t ,  and power. Each aspect  of performance has been examined 
quantitatively, with some discussion of the assumptions and compu- 
tational methods. Problems of contamlnatlon safe ty .  and reliabil- 
ity were considered 
explored. 
ly. the potentlal payoff and the likelihood of feaslblllty a r e  stated to  
appear  high enough to Justify such action. 

Description of a method for  extendlng the utility o f  storable rock-  

and var ious applications of the concept were 
Although this concept has  not been validated experimental- 

A64-19079 
T-BURNER METHOD O F  DETERMINING THE ACOUSTIC AD- 
MITTANCE O F  BURNING PROPELLANTS. 
R. L. Coates  (Lockheed Aircraf t  Corp. ,  Lockheed Propulsion Co. ,  
Engineering Research  Dept., Redlands, Cahf .  ), M. D. Horton 
(U. S. Naval Ordnance Testing Station, China Lake, Calif , Brigham 
Young University, Chemical Engineering. Provo,  Utah), and N. W. 
Ryan (Utah, University, Chemical Engineering, Salt Lake City. 
Utah). 
(American Institute of Aeronautics and Astronautics, Solid Propel-  
lant Rocket Conference. Pa lo  Alto. Calif . ,  Jan. 29-31, 1964, 
Paper  64-137. ) 
AIAA Journal, vol. 2,  June 1964, p. 1119-1122. 7 re fs .  
[Fo r  abstract  s ee  Accession no. A64-13001 06-26] 

A64-19080 
ADMITTANCE MEASUREMENTS O F  SOLID PROPELLANTS BY 
AV ACOUSTIC OSCILLATOR TECHNIQUE. 
S. N. Foner ,  R. L. Hudson, and B. H. Nall (Johns Hopkins 
University, Applied Physics  Laboratory. Research  Center. 
Electronic Physics  Group, Silver Sprmg. Md. ). 
(American Institute of Aeronautlcs and Astronautlcs. Solid Propel-  
lant Rocket Conference, Palo Alto, Callf., Jan. ZY-31 ,  lYb4. 
Paper  64-13U. ) 
AIAA Journal, vol. 2 ,  June 1964. p. 1123-1129. 10 refs.  
Contract No. NOW 62-0604-c. 
[ F o r  abstract  see Accession no. A64-13070 06-26] 

A64-19081 
ACOUSTIC INSTABILITY - INFLUENCE O F  AND ON THE SOLID 
PHASE. 
Norman W .  Ryan and Ralph L. Coates (Utah, University. Salt Lake 
City, Utah). 
(American Institute of Aeronautics and Astronautics. Solid Propel-  
lant Rocket Conference, Palo Alto. Calif . ,  Jan.  29-31, 1964. 
Paper  64-139. ) 
AI.44 Journal. vol. 2, June 1964, p. 1130-1134. 7 refs.  
Contrdclt No. AF-OSR 491638)-1074. No. AF-OSR 62-451 
[For  abstract  s ee  Accession no. A64-13069 06-26] 

A64-19083 
USE O F  THE ONE-DIMENSIONAL T-BURNER TO STUDY OSCIL- 
LATORY COMBUSTION. 
M. D. Horton (U. S. Naval Ordnance Test  Station. Research Dept. , 
China Lake, Calif. ). 
(Amer ican  Institute of  Aeronautlcs and Astrunautlcs, Solid Propel-  
lant Rocket Conference. Palo Alto Calif . ,  Jan.  29-31, 1964. 
Paper  64-136. ) 
AlAA Journal vol .  2. June 1964. p. lll2-lll8. 21 refs.  
1For  abstract  s e e  Accession no. A64-13023 06-26] 

A64-19084 
LINEAR ACOU5TIC GAINS AND LOSSES IN SOLID PROPELLANT 
ROCKET MOTORS. 
R. H. Cantrell 
University. Applied Physics  Laboratory. Silver Spring. Md. ). 

R.  W. Hart ,  and F. T. McClure (Johns Hopkins 
(American Instltutr of Aeronautlcs and Astronautlcs, . -  Solid Propel-  

lant Rocket Conference, Palo Alto. Cal i f . ,  Jan. 29-31, 1964, Paper  
AS 11.4 I -.- .,.. , - 
AIAA Journal v o l .  2 ,  June 1964. p. 1100-1105. 19 re fs  
Contract No. NOW 62-0604-c. 
[For  abstract  s e e  Accession n u .  

A64-19085 
MEASUREMENTS O F  PARTICULATE ACOUSTIC ATTENUATION. 
Richard A. Dobbins and S. Temkin (Brown Umversity, Div. of 
Engineering. Providence. R. 1. ). 

A64-13067 06-27] 

(American lnstl tute of Aeronautics and Astronautlcs, Solld Propel-  
lant Rocket Conference, Palo Alto. Calif., Jan. 29-31, 1964, Paper  
A A - l l A  I __~. ._ .  , - 
AlAA Journal .  vol. 2 ,  June 1964. p. 1106-1111. 16 re fs ,  
Contract No. NOrd 16640. 
[For  abstract  s e e  Accession 

AL4-19118 

no. A64-13008 06-24] 

EFFECT O F  RADIATION ON AMMONIUM PERCHLORATE PRO 
PELLANTS. 
T .  Acker. E.  Henley. R. F. McAlevy, 111. and G. Odian (Radlatlon 
Applications, Inc. ,  Lona Island City. N. Y .  ). .. 
AIAA Journal, vol. 2 ,  June 1964, p. 1165. 
Contract No. AF  49(638)-1125. 
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Tabulation of the results of experiments to determine the effects 
of radiation on propellants, employmg a 2-Mev Van de Graaff elec- 
tron accelerator.  The radiation dose,  burning rate.  and tensile 
strength a r e  tabulated for the followng ammonium perchlorate pro- 
pellants: polysulfide (Thiokol TP-L-3014 and TP-L-3014a); hydro- 
carbon (Thiokol TP-H-3062). polyurethane (Thiokol TP-6-3129). 
polyacrylonitrile (Hercules HE5 6648); polyethyl acrylate (Hercules 
HES 6420); and cellulose acetate (Hercules HES 5808). 

A64-19150 
THERMAL STABlLITY APPARATUS FOR LlQUlD PROPELLANTS. 
L. Stiefel and E. D. Crossmann (U.S. Army. Pltman-Dunn 
Institute for  Research,  Frankford Arsenal, Philadelphia. Pa. 1. 
Review of Scientific Instruments. vol. 35, June 1964, p. 727. 728. 

which consists of a closed chamber (bomb) that can be mamtained at 
fixed elevated temperatures .  
directly into the chamber  by means of a remotely operated. ayringe- 
type pump. 
the bomb af te r  the liquid is  injected. 
tion can be recorded. 
that no container o r  capsule intervenes between the heating medium 
and the sample. and there a r e  no temperature  lags due to  the inter- 
mediate wall. 

Description of a thermal  stability apparatus for liquid propellanta 

The sample can be rapidly pumped 

A check valve, incorporated into the pump, sea ls  off 
Time from injection to  igni- 

The method i s  stated t o  offer the advantage 

AM-19873 
WELDED METAL BELLOWS - A RELIABLE POSITIVE EXPULSIOK 
DEVICE FOR LIQUID PROPELLANTS. 
Leo M. Thompson (Bell Aerospace  Corp . ,  Bell  Aerosys tems Co.. 
Tank and Posit ive E x ~ u l s i o n  Device Group, Buffalo, N. Y. ). 
American Insti tute of Aeronaut ics  and Astronautics,  Annual Meeting, 
1st. Washington, D. C., June  29-July 2. 1964, P a p e r  64-264. 
Members ,  $0. 50; nonmembers .  $1.00. 

7 p. 

Repor t  of a p r o g r a m  conducted to evaluate metall ic posit ive 
expulsion devices  and to se lec t  the  device having the grea tes t  poten- 
t i a l  f o r  manned application. 
conditions imposed during long- te rm orbital  miss ions  and spacecraf t  
applications,  such as operation through a wide range  of t e m p e r a -  
t u r e s  and a t  high rad ia t ion  levels. The  p a r a m e t r i c  advantages which 
influenced selection of a welded m e t a l  bellows. and which w e r e  dem-  
ons t ra ted  with prototype units. included highly reliable cyc le  life, 
z e r o  leakage durinb extended s torage  life i n  space  environments ,  
high volumetr ic  and expulsion efficiencies. and excellent response  
charac te r i s t ics  for  pulse-mode operation. 

The  selection c r i t e r i a  included those  

A M - 2 0 2 9 8  
ZERO G LIQUID PROPELLANT ORIENTATION BY PASSIVE CON- 
TROL. 
Howard L .  Paynter .  C. Malcolm Mackenzie, Ralph 2.  Marsh ,  and 
Vernal  M. Tyler  (Mart in  Mar ie t ta  Corp . ,  Aerospace Div., F r i e n d -  
sh in  International Airnort M A  \ 
Society of Automotive Engineers  and American  Society of Mechanical 
Engineers ,  Ar T r a n s p o r t  and Space Meeting, New York. N. Y., 
Apr. 27-30. 1%4. Paper 862D. 27 p. 23 re fs .  
Members ,  $0.75; nonmembers .  $1.00. 

Discussion of the u s e  of pass ive  l iquid-containment  s y s t e m s  
that utilize liquid in te rmolecular  f o r c e s  f o r  propellant orientation in 
reduced o r  z e r o  gravi ty  environments .  P a s s i v e  orientation s y s t e m s  
employ only the fluid in te rmolecular  f o r c e s  t o  control the liquid i n  a 
z e r o - g  s t a t e .  
engine r e s t a r t  and tank  venting operations of space  vehicle propulsion 
s y s t e m s .  
ted des ign  c r i t e r i a  a r e  presented ,  and genera l  problem a r e a s  of 
in te r face  stabil i ty,  liquid s losh ,  and effects of t h e r m a l  energy  are 
descr ibed .  P r e s e n t  and planned t e s t  fac i l i t i es  designed t o  provide 
reduced gravi ty  envi ronments  and extended t i m e  durations a r e  a l s o  
considered.  

Liquid orientation is requi red  t o  provide re l iab le  

Various liquid containment  s y s t e m s  concepts  and assoc ia-  

A6420305 
CAPACITANCE MASS SENSING O F  BOILING PROPELLANTS. 
Clay K. Per luns  and R. D. Wilburn (General Dynamics Corp. .  
General  DynamtcsIAstronaut ics .  San Dieeo, Calif. ). - 
Society of Automotive Engineers  and American Society of Mechanical 
Engineers .  Ar  T r a n s p o r t  and Space Meeting. New York. N. Y.,  
Apr. 27-30. 1964. P a p e r  859A. 12 p. 5 re fs .  
M e m b e r s ,  $0.75. nonmembers ,  $1.00. 

Presenta t ion  of the r e s u l t s  of an exper imenta l  analysis of 
methods f o r  mass sens ing  of boiling propellants in the Centaur  

vehicle, with par t icu lar  emphas is  on a capacitance s y s t e m  and a 
point s e n s o r  sys tem.  
probc can reduce ,  i f  not e l imina te ,  the e r r o r s  caused by  density 
variation. F u r t h e r ,  the m a n o n e t e r  probe can be  used to eliminate 
undesired s losh  effects by hydraulic r a t h e r  than e lec t r ica l  f i l tering. 
Results f r o m  medium-sca le  t e s t s  a r e  helpful in evaluating gaging 
problems i n  vehicles other than Centaur .  

It i s  shown that a manometer- type capacitance 

AM-20308 
CHEMICAL PHYSICAL PHENOMENA IN GELLED PROPELLANT 
TECHNOLOGY. 
William H. McLain (Martin Mar ie t ta  Corp . ,  Mart in  Co., Denver, 
Colo. ). 
American Institute of Aeronautics and Astronautics,  Annual Meeting. 
1st. Washington, D. C . ,  June 29-July 2. 1964. P a p e r  64-368. 
19 re fs .  
Members ,  $0.50; nonmembers .  $1. 00. 

propellant s y s t e m s .  
such as vapor  p r e s s u r e ,  sur face  tension, and yield point, a r e  
discussed on the b a s i s  of a theory  due to F l o r y  and Huggins. 
flow c h a r a c t e r i s t i c s  and stabil ization of ge ls  and s l u r r i e s  a r e  d i s -  
cussed, and a theoretical  analysis of non-Newtonian pipe flow with 
uniform heat i n p t  is presented. 

18 p. 

Calculation of the per formance  of severa l  representa t ive  gelled- 
The physical p roper t ies  of gelled propellants.  

The 

A64-20317 
THE E F F E C T S  O F  CRYOGENIC FUELS ON CAPACITANCE T Y P E  
MASS AND LEVEL MEASUREMENT. 
John M. Henness  and Lloyd W. B a r n a r d  (Bendix Corp. ,  P i o n e e r -  
Central  Div., Davenport ,  Iowa). 

Members ,  $0.75. nonmembers ,  $1.00. 

of capac i tance  m e a s u r e m e n t  s y s t e m s  hdve not resu l ted  i n  improve-  
ment of propellant gaging accuracy .  
various proper t ies  of cryogenic  fuels such  as ullage gas  formation, 
radial  and ver t ica l  density grad ien ts .  and boiling effects.  Ullage 
gas h a s  a d ie lec t r ic  effect ,  density grad ien t  affects probe  placement ,  
and the  boiling e f fec t  mtroduces  vapor  b a r r i e r  and bubble discon-  
tinuities. 
major cryogenic  fluid effects a r e  evaluated. It is concluded that,  
although p r e s e n t  readout  s y s t e m s  offer a c c u r a c i e s  in the 0.01% 
area,  this a c c u r a c y  cannot be rea l ized  without a complete  s y s t e m  
design which takes  into account  the  effects of the cryogenic  fluid 
on the sys tem.  

Discuss ion  of r e a s o n s  why improvements  in readout  accuracy  

Such s y s t e m s  a r e  affecred by 

Compensat ion methods and  opt imum des igns  for s o m e  

A6420416 
MATHEMATICAL DETERMINATION O F  STRESSES AND DISPLACE- 
MENTS IN STAF-PERFORATED GRAINS. 
Howard B. Wilson. J r .  (Alabama, University,  Engineer ing Mech- 
anics and Applied Mathematics .  University,  Ala. ). 
AIAA Journa l ,  "01. 2. July 1964. p. 1247-1253. 12 re fs .  
Contract No. DA-01-021-ORD-11878. 

in solid propellant rocket gra ins  due  t o  pressur iza t ion ,  steady 
thermal  gradients.  and uniform propellant shrinkage. The type of 
solid propellant g r a i n  considered is a long cylinder containing a 
longitudinal perforation with an a r b i t r a r y  number  of identical s t a r  
points of general  shape .  
grain 1s bonded to a cylindrical  m o t o r  c a s e .  
constant mechanical  and thermal  proper t ies  and i s  in a s t a t e  of plane 
s t ra in .  
used t o  formulate  a general  s t r e s s  problem for  a doubly connected 
region that h a s  a s t a r - s h a p e d  in te rna l  boundary and a c i r c u l a r  ex-  
ternal boundary and i s  subjected t o  steady t h e r m a l  gradients and 
uniform boundary p r e s s u r e s .  
by  consider ing a re la ted  problem f o r  an infinite plane with a s t a r -  
shaped hole. 
case a r e  deduced approximately by  superposit ion.  
program f o r  a digital computer  i s  descr ibed .  and computations 
testing the validity of the assumed approximations a r e  made.  The 
method i s  found t o  provide a prac t ica l  m e a n s  of analyzing s t r e s s e s  
in solid propellant gra ins .  

Presenta t ion  of a mathemat ica l  method f o r  de te rmining  s t r e s s e s  

The ex terna l  boundary of the propellant 
The propellant h a s  

Linear  e las t ic i ty  theory  and complex-variable  methods a r e  

This problem i s  solved approximately 

Effects of bonding the ex terna l  boundary t o  an e las t ic  
A genera l  s t r e s s  
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A64-20477 

A64-20477 
THE APPLICATION O F  LIQUID FLUORINE AND LIQUID HYDROGEK 
T O  A "UNIVERSAL" UPPER STAGE DESIGN. 
George  C. Goldbaum and John B. Douglass (Douglas A i r c r a f t  Co. ,  
Inc. ,  Miss i le  and Space Sys t ems  Div.,  Santa Monica.  Calif. 1. 
Amer ican  Insti tute of Aeronautics and Ast ronaut ics .  Annual Meeting, 
1st. Washington, D.C.,  June 29-July 2 ,  1964, P a p e r  64-277. 13 p. 
19 refs.  
M e m b e r s ,  $0. 50; nonmembers ,  $1. 00. 
R e s e a r c h  sponsored  by t h e  Douglas Aircraf t  Co. 

that  can  be developed and  produced with c u r r e n t  technologies and 
which i s  universally applicable t o  b o o s t e r s  ranging in  s ize  f r o m  
s m a l l  t o  la rge .  
tion of  fluorine and hydrogen g ives  t h e  highest pe r fo rmance  of any 
s t a t e - o f - t h e - a r t  propellant. T h e  presented  detailed sizing s tudies  
show that a n  upper  stage of 30 ,000- lb  propellant capacity,  powered  
by a 35 ,000- lb  thrust  f luorine-hydrogen engine,  will  provide near- 
m a x i m u m  payload capability f o r  boos te rs  f rom s m a l l  to  la rge-c lass  
vehic les  for miss ions  f r o m  low orbit  to escape .  
e s t ,  and mos t  easily insulated s t r u c t u r a l  configuration i s  shown t o  
be a load-bear ing  outer she l l  of aluminum honeycomb with spher ica l  
f luor ine  and hydrogen tanks  suspended  internally.  

A64-20754 
PROPELLANT GAGING .4ND UTILIZATION FOR THE ,\POLLO 
S P.1 C E C R .IF T . 
EdkLard Ulirki  (Simmons Prec is ion  P r o d u c t s ,  Inc. , T a r r ) t o w n ,  
N. Y .  ) .  

Presenta t ion  of the des ign  of  a fluorine-hydrogen upper s tage  

When used  in a n  upper s tage ,  a propellant combina- 

The  l ightest ,  s t rong-  

Suc ~ c t )  0 1  

E n q i n r e r i .  .Air Transpor t  and Space hleeting, Ne\\ York, N. Y., 
:\pi.. 2 7 - 3 0 ,  196-1, Paper 870D. 9 p. 
h l c n i b e r s ,  $0.  7 5 ;  nonmembers,  $I. 00. 

\utomotive E n g i n e e r s  and Anierican Society of Mechanical 

Description of the application of capaclt lve propellant-gaging 
The propellant uti l lza- tc rhniquci  to  the aerospace  environment.  

tion and garing s l s t e m  developed f o r  Apollo i s  p resented .  
tion, 
p rob lems  a r e  discussed. 
that  the abtronaut uses to c o r r e c t  the propellant mix ture .  
tronaut doe5 th i s  by using the oxidizer valve. 

In addi- 
sonic problems pecLliiar to aerospace  and solution of these  

The  gaglng sys tem g e n e r a t e s  information 
The  a s -  

A64-20785 
TRANSIENT PERFORMANCE PREDICTION O F  A NON-ADIABATIC 
PROPULSION SYSTEM UTlLIZING A REAL GAS PROPELLANT. 
I. M. Sommervi l le  (General E l e c t r i c  Co. ~ M i s s i l e  and Space Dlv. I 

Advanced Space Pro jec ts  Dept., Thermodynamics .  Philadelphia,  
P a .  ). 
Amer ican  Insti tute of Aeronaut lcs  and Ast ronaut ics ,  Annual Meeting, 
1st. Washington, D. C., June 29-July 2. 1964. P a p e r  64-373. 7 p. 
Members .  $0. 50; nonmembers,  $1. 00. 

Descr ip t ion  of a method for  predicting the s ta te  of, any g a s  ( for  
which equations of state a r e  ava i lab le)  under t rans ien t  conditions 
of loading (compress ion)  or  u s e  (expansion) f r o m  a s torage  con- 
ta iner .  The  b a s i c  d i f fe ren t ia l  equations relating the change in in-  
t e r n a l  energy ,  enthalpy, and entropy to  the  independent v a r i a b l e s  
a r e  used, and heat l o s s e s  and ga ins  a r e  taken into account. 
equations a r e  put in finite-dlfference form,  a r e  completely genera l ,  
and do not r e q u i r e  any ideal g a s  assumptions.  
obtained with a digital computer  p rogram which so lves  the t h e r -  
modynamic  equations incrementally.  The  method i s  checked by 
compar ing  predicted 
t a l  va lues  obtained during the filling of a tank with " F r e o n  14, " 
f a r  f r o m  ideal s a s .  
plicable to many transient g a s  compress ion  and expansion problems,  
such a s  a r e  encountered with g a s  propellants and p r e s s u r a n t s .  

A64-20834 
HYBRID PROPULSION FOR ADVANCED MISSIONS, RECENT 
DEVELOPMENTS, CURRENT STATUS, AND FUTURE OUTLOOK. 
D. D. Ordahl  and W. A. Rains  (United Technology Center ,  
R e s e a r c h  and Advanced Technology Dept., Sunnyvale, Calif. ). 

The  

The  solutions a r e  

t e m p e r a t u r e s  and p r e s s u r e s  with exper imen-  
a 

The method 1s found to be prac t ica l  and a p -  

.. . 
American  Institute of Aeronautics and Astronautics,  Annual Meeting, 
l s t ,  Washington, D.C., June 29-July 2, 1964, P a p e r  64-226. 12 p. 
M e m b e r s ,  $0. 50; nonmembers.  51. 00. 

Discuss ion  of the development and possible applications of 
hybrid propulsion, a method which involves the use  of combinations 

of both solid and liquid propellant mater ia l s .  Many potential c a -  
pabili t ies ranging f r o m  high impulse to var iab le  thrus t  have been 
ver i f ied  and p r o g r e s s  h a s  been made  in the  understanding and solu- 
tion of the four  principal problems that have blocked the effective 
exploitation of the hybrid concept. These  problems have been: 
(1) poor fue l  utilization, (2)  low combustion efficiency, (3) very  
low burning r a t e s  of the fuel,  and (4) l o s s  of p e r f o r m a n c e  of th ro t -  
tling. 
s y s t e m s  have been demonst ra ted  with impulse  efficiencies of over  
93% and near ly  total  fue l  utilization. 
for  which burning r a t e s  approximate  those of conventional solid 
propellants have been developed. 

A64-22763 
MEASUREMENT O F  IGNITION DELAY [MESURE DES DELAIS 
D' ALLUMAGE]. 
L. Nadaud and M. Pugibet (ONERA, Chatil lon-sous-Bagneux, 
F r a n c e ) .  
IN: 
SECOND SUPPLEMENT T O  THE MANUAL. 
Published for  NATO AGARD. 
Oxford, Pe rgamon  P r e s s ,  1964. 24 p. 16 r e f s .  I n  French .  

pergolic fue ls .  
d i scussed ,  and labora tory  techniques for  studying the e f fec ts  of 
such  p a r a m e t e r s  a s  the mixing ra t io  of the fuels and  the p r e s s u r e  
and t e m p e r a t u r e  in the reaction zone a r e  descr ibed .  P r o c e d u r e s  
involving the use of microrockets  to study the effects on ignition 
de lay  of injection p r e s s u r e ,  the na ture  of the injection, and the 
conditions in the chamber  p r i o r  t o  ignition a r e  descr ibed .  
f o r  measur ing  delay in a n  engine while in flight i s  d i scussed .  

The  onloff th rus t  capabili t ies of a number  of propellant 

Advanced fuel formulations 

EXPERIMENTAL METHODS IN COMBUSTION RESEARCH, 

Description of methods for  measur ing  ignition de lays  for  hy- 
The  physical significance of the ignition delay i s  

A method 

A64-23044 
EXPLODING WIRES. 
William G. Chace (USAF, Off ice  of Aerospace  R e s e a r c h ,  Cambr idge  
R e s e a r c h  Labora tor ies ,  Space P h y s i c s  Labora tory ,  P l a s m a  
Ast rophys ics  B r a n c h ,  Hanscom Fie ld ,  Brdford ,  M a s s .  ). 
P h y s i c s  Today, vol. 17. Aug. 1964, p. 19-24. 5 refs.  

subjected to  a l a r g e  flow of e lec t r ica l  cur ren t .  
phenomenon in inodern  technology a r e  specified.  
speed  photography, m i s s i l e s ,  and space  exploration equlprncnt. 
Replacement  of the  o r d i n a r y  bridge w i r e s  with exploding bridge 
w i r e s  in rocket ignitors i s  descr ibed .  
by e l e c t r i c a l  m e a s u r e m e n t s ,  high-speed photography, spec t roscopy,  
i n t e r f e r o m e t r y .  and X-ray  pulses of nanosecond dura t ion  15 d i s -  
cussed. A repor t  on the 1964 Exploding-Wire C o n f e r e n c e ,  held In 
Boston, i s  included. 

B r i e f  rev iew of the  phenomenon of explosion of a fine w i r e  
Uses  of the 

They  include high- 

The  study of the  phenomenon 

A64-23078 
NONSTEADY FLAME PROPAGATION. 
Edited by  George H. Marks te in  (Cornel1 Aeronautical  Labora tory ,  
I n c . ,  Buffalo, N .  Y .  ). 
AGARDograph 7 5 .  
Oxford,  England, Pe rgamon  P r e s s ,  Ltd.  ; New York, Macmillan Co. ,  
1964. 328 p. 
$16. 

which i s  e i t h e r  unpublished o r  available only in  s c a t t e r e d  or ig ina l  
publications,  f o r  persons  concerned  with r e s e a r c h  on combustion 
p r o c e s s e s .  
dynamics  
f ie lds .  The topics covered  Include: per turba t ion  analysis of stabil i ty 
and response  of plane f l a m e  f r o n t s ;  exper imenta l  studies of f l a m e -  
f r o n t  instabil i ty;  f lame propagation in  tubes and i n  closed v e s s e l s ;  
genera l  considerations of autonomous combustion oscil lations;  e x -  
per imenta l  and theore t ica l  studies of combustion osc i l la t ions ;  and 
prac t ica l  considerations of combustion osc i l la t ions .  
i s  also designed for  study c o u r s e s  on cornbustion, gas dynamics ,  and 
j e t  and rocket  propulsion. 

A64-25344 
VELOCITY EFFECTS IN TRANSVERSE MODE LIQUID PROPEL- 
LANT ROCKET COMBUSTION INSTABILITY. 
F. H. Reardon,  L .  Crocco ,  and D. T .  H a r r j e  (Pr ince ton  University,  
Pr ince ton ,  N. J .  ). 

This monograph covers  m a t e r i a l  on nonsteady f lame propagation, 

The subjec t  i s  t r e a t e d  f r o m  the standpoint of fluid 
and s t r e s s e s  the interaction between f l a m e s  and flow 

The  monograph 
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A64-26177 

AlAA Journa l ,  vol. 2, Sept. 1964, p. 1631-1641. 15 refs.  
Grant  No. NsG 99-60; Cont rac ts  No, NOas 60-6078-C; No. NOW 61- 
0686-d. 

Extension of the  theory  of t ransverse-mode  combustion insta- 
bility to include l inear ized  velocity effects.  
rad ia l  and tangential  velocity components a r e  assumed t o  influence 
the  combust ion-process  r a t e s  in a manner  analogous to that 
previously proposed by Crocco  f o r  p r e s s u r e  perturbations.  
physical  mechanism is suggested m the enhancement  of the  reactant 
mixing, which can  be a f fec ted  by the  t r a n s v e r s e  components of the 
gas  velocity. The ana lys i s  pred ic t s  that  the  tangential  velocity 
perturbation may have a strong destabilizing effect on spinning 
tangential modes but wlll have no e f fec t  on standing modes.  
rad ia l  velocity fluctuation is shown to have a s m a l l e r  but significant 
influence. 
been obtained for  a fuel-on-oxidizer impinging doublet- injector 
pa t te rn  and for  like-on-like injectlon using close spacing (0.1 in. ) 
of the  liquid s p r a y  fans.  

Fluctuations of the 

A 

The 

Experimental  verification of the predicted effects h a s  

AM-25444  
HIGH-ENERGY ROCKET ENGINES. 
The Engineer ,  vol. 218, Sept. 4,  1564, p. 

liquid oxygenlliquid hydrogen engme in the light of Br i t i sh  ex-  
perience.  The subjects considered a r e  American engines,  Br i t i sh  
developments ,  per formance ,  llquid i luor ine ,  and turbopump. I t  
is stated that engineers  a t  the Rocket Propuls ion Establ ishment  
have a l ready  designed a smal l  uncooled gas genera tor  to opera te  at 
a fuel-rich m x t u r e  ra t io  (about 1:l by weight) 
the p r o c e s s  of manufac ture .  
the establ ishment  will go on to design a turbopun:p, whlch ~ 1 1 1  be 
built and run la te r .  

364-366. 
Discussion of some of the practical  implications of building a 

and that th i s  is  in 
It is  noted that th i s  is indicative that 

~ ~ - 2 5 4 ~  
A DRIVING MECHANISM FOR HIGH FREQUENCY COMBUSTION 
INSTABILITY IN LIQUID FUEL ROCKET ENGINES. 
P. D. McCormack (Dublin, University,  Trinity College, Engi- 
neering School, Dublin, Ireland).  
Royal Aeronaut ical  Society,  Journa l ,  vol. 68, Sept. 1964, p. 633- 
L 1 7  

AM-25673  
CORRELATION O F  MOTOR AND STRAND COMPOSITE PROPEL-  
LANT BURNING RATE. 
L. E. Herr ington (Aerojet-General  Corp. , Propellant Ballist ics 
Dept., Sacramento ,  Calif.).  
(American Insti tute of Aeronautics and Astronautics,  Solid 
Propellant Rocket Conference,  Pa lo  Alto,  Cal l f . ,  Jan .  29-31, 1964, 
Preprint  64-150. ) 
AIAA Journa l ,  ~ o l .  2 ,  Sept. 1964, p. 1671-1673. 
[Fur  abs t rac t  s e e  Accession no. A64-13004 06-26] 

A64-25677 
HIGH-ENERGY ROCKET ENGINES. LI. 
The Engineer ,  vol. 218, Sept. 11, 1964, p. 415-417. 

Descr ipt ion of the l iquid hydrogedl iquid  oxygen chambers  used 
for development by the Rocket Propuls ion Establ ishment ,  Westcott. 
UK, and manufactured by Br is to l  Aero je t ,  L td . ,  with d iscuss ion  of 
manufacturing details .  
designed, and outline i l lustrations a r e  presented. The walls of the 
chambers  a r e  cooled with the propellants. 
behind the design of the chambers  was that they should be built to 
flight s tandard ,  that conventional building techniques should be used 
during mamJfacture, and that the whole engine should be constructed 
as  i a r  a s  possible f r o m  s ta in less  s tee l  to reduce t h e r m a l  contraction 
o n  cooldoivn, and to unify hydrogenlmetal  compatibility. Two 
designs u i  in jec tors  have been made and dre i l lustrated.  
iriachined f r o m  aluminum b a r  without resor t ing  to fabrication. 
small glow plug protruding into the combustion region provides  
ignition. The tubular chamber  consists of 72 double- taper  tubes 
brazed together to f o r m  the combustion chamber  and the nozzle. 
A table shows t h e  per formances  theore t ica l ly  ava i lab le  with s e v e r a l  
tr i-propellant combinations: l iquid oxygen, liquid hydrogen,  a n d  
aluminum. boron,  and  bery l l ium s l u r r i e s .  

Three  chamber  configurations have been 

A fundamental policy 

T h e y  a re  
A 

A 6 4 - 2 6 0 4 4  
SOLID-PROPELLANT TECHNOLOGY - NEW DIMENSIONS. 
Chemical and Engineer ing News, vol. 42. Sept. 28, 1964, 
p. 50-53. 

program f o r  l a r g e  solid-fuel rocket motors .  
Genera l  discussion of Aerojet-General ' s  par t  in the DOD 

The effect  of the 
jump in s ize  to 260-in.-diam. motors  has  affected all  operations 
up to and including the fir ings.  Different mechanical  proper t ies  
of the propellants a r e  required to prevent slump, and process ib i l -  
i t y  takes on g r e a t e r  importance. Different raw m a t e r i a l s  and a d -  
ditives a r e  included in the formulation of the propellant. 
lem of reproducibil i ty i s  of pr ime importance. The n e u  Aerojet  

in some 

"2,. 

USAF-supported r e s e a r c h .  

for producing high frequency chamber  p r e s s u r e  variations.  
contended and demonst ra ted  that the onset of this phenomenon can 
be initiated by mass ive  vibration response to the engine noise field 
component a r r iv ing  a t  the vehicle sur face .  
to a typical engine, subject to a known resonance vibration frequency, 

Study of a suspected capability of all liquid fuel rocket engines 
It i s  

The prob-  

Application of the theory center near Homestead, Fla., is 

I?, D _ I U  L" y 'LY'cL m ' a ' . & L - " ' L y " ' L U U L  y'c"'Y'c "(I.LuLI"... ~..c y - ~ ~ ~ " . -  

disturbance reportedly will  be produced near  the  injector and m u s t  
be sustained by some mechanism that adds energy  to replace losses .  
The presence  of p r e s s u r e  sensit ive available energy ,  a s  postulated 
by Pickford  and Peoples ,  is said to appear  promising a s  a sustaining 
mechanism.  The assumption made by Pickford and Peoples  that 
the perturbation index i s  independent of the total  energy added by 
the p r e s s u r e  waveform predicted by the author should solve the 
difficulty and lead  t o  a m o r e  rea l i s t ic  index. A m o r e  refined and 
exact ana lys i s  of the combust ion s y s t e m  in the  presence  of a 
modulated fuel flow r a t e  i s  planned. 
t ime lag is given i n  a n  appendix. 

An es t imate  of combustion 

A M - 2 5 6 6 3  
E F F E C T  OF OXIDIZER CONCENTRATION ON COMBUSTION 
INSTABILITY O F  A SOLID PROPELLANT. 
D. W. Rice  (U.S. Naval Ordnance Tes t  Station, Aero the tmochemis t ry  
Group,  China L a k e ,  Calif.).  
AIAA Journa l ,  vol. 2, Sept. 1564, p. 1654, 1655. 

propellant to dr ive  oscil lations in a n  end-burning motor  is presented. 
The experiment  t o  evaluate the response  function of a composi te  
ammonium perchlora te  -PBAA propellant with different ox idner - fue l  
ra t ios  is described. The resu l t s  show that the  oxidizer-fuel ra t io  
h a s  only subtle e f fec ts  on the unstable behavior  of a solid composi te  
propellant a s  compared  t o  the effects of oxidizer particle s ize  and 
burning-rate  modifier. 

6 re fs .  
Report  of a n  investigation. The theory of the  ability of a 

AM26177 
AN IMPROVED METHOD FOR DETERX4INING THE E F F E C T S  O F  
SLOSHING ON LIQUID-PROPELLkVT-FILLED BOOSTER TRAiiS- 
FER FUNCTIONS. 
Ernes t  D. Ryan (North Amer ican  Aviation, Inc . ,  Space and Informa-  
tion Sys tems Div. , Downey, Calif .  ). 
IN: JOINT AUTOMATIC CONTROL CONFERENCE, 5TH, STAN- 
FORD UNIVERSITY, STANFORD, CALIF. ,  JUNE 24-26, 1964, 
PREPRIi iTS O F  CONFERENCE PAPERS. 
Sponsored by the Amer ican  Automatic  Control  Council (Amer ican  
Institute of Aeronaut ics  and Ast ronaut ics ,  Amer ican  Insti tute of 
CLemical Engineers ,  Amer ican  Society of Mechanical  Engineers .  
Institute of E l e c t r i c a l  and Elec t ronics  Engineers  I and the Ins t rument  
Society of Amer ica) .  
Stanford, Calif. , Stanford University,  1564, p. 551-557. 
Contract No. NAS 7-200 .  

spr ing-mass  s y s t e m  i n  the  determinat ion of sloshing ef fec ts  on 
liquid-propellant-filled boos te rs .  
and the condition of continuity, a n  express lon  is der ived  for  the  
iluid p r e s s u r e  on the moving tank wall. 
p ressure  is then taken oYer the tank wall t o  obtain f o r c e s  and 
moments due t o  sloshing. 
The f o r c e  and  moment  express ions  a r e  der ived  f o r  a boos ter  with 
cylindrical  tanks.  
accepted s p r i n g - m a s s  model .  
the model and the  actual physical  si tuation. 

Presenta t ion  of a m o r e  straightfor\vard approach than the  

Starting u,ith E u l e r ' s  equation 

The sur face  in tegra l  of the 

The center  of p r e s s u r e  is a l s o  computed 

P a r a m e t e r s  a r e  then calculated for  the  commonly 
A compar ison  is then made between 
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A64-26270 

A64-26270 
HIGH-ENERGY PROPELLANT COMBINATIONS FOR SPACE- 
FLIGHT MISSIONS [HOCHENERGETISCHE TREIBSTOFFKOMBI- 
NATIONEN FGR RAUMFLUGAUFGABEN]. 
Eckar t  W. Schmidt (Deutsche Versuchsanstal t  fiir Luft-  und 
Raumfahrt .  Institut fiir Raketentreibstoffe, Stuttgart ,  West 
Germany).  
W i s  senschaft hche  Ge sells c haft fiir Luft - und Raumfahr t, and 
Deutsche Gesellschaft  fiir Raketentechnik und Raumfahrtforschung, 
Jahrestagung,  Berlin,  West Germany,  Sept. 14-18, 1964, P a p e r  
no. 74. 11 p. In German. 

c r i t e r i a  f o r  propellant combinations for such space-flight miss ions  
in which there  a r e  longer unpowered periods between powered 
phases. 
lants,  with particular emphasis on fluor-containing oxidizers.  

Discussion of some of the problems associated with selection 

A survey  is made of the existing high-performance propel- 

A64-26541 
ALUMINA SIZE DISTRIBUTIONS FROM HIGH -PRESSURE COM- 
POSITE SOLID-PROPELLANT COMBUSTION. 
Louis  A. Povine l l i  and Robert  A. Rosens te in  (NASA, Lewis  R e -  
s e a r c h  C e n t e r ,  Cleveland, Ohio). 
(Amer ican  Insti tute of Aeronaut ics  and Ast ronaut ics ,  Solid P r o p e l -  
lant Rocket  Conference ,  P a l o  Alto, Cal i f . ,  Jan. 29-31, 1964, 
P r e p r i n t  64-115. ) 

AIAA Journa l .  vol. 2, Oct. 1964, p. 1754.1760. 14 re fs .  
[ F o r  a b s t r a c t  s e e  Accession no. A64-13045 06-26] 

A64-26551 
USE O F  STRESS RELAXATION TESTS TO CHARACTERIZE TIME 
DEPENDENCIES O F  A COMPOSITE SOLID PROPELLANT. 
Joseph  H. S toker  (Thiokol Chemica l  C o r p . ,  Wasatch Div., 
Development  Labora torv ,  Br ieham Citv. Utah). 
(Amer ican  Insti tute of Aeronaut ics  and Ast ronaut ics ,  Solid P r o p e l -  
lant Rocket  Conference ,  Palo Alto, Calif . ,  Jan. 29-31, 1964, 
P r e p r i n t  64-131. ) 
AIAA Journa l ,  vol. 2, Oct. 1964, p. 1816-1818. 
[ F o r  a b s t r a c t  s e e  Accession no. A64-13022 06-26] 

A64-26574 
THERMAL ASPECTS OF LONG-TERM PROPELLANT STORAGE 
ON THE MOON. 
Tibor  Buna (Martin Marletta Corp . ,  Mart in  Co. ,  Bal t imore Div.,  
Propuls ion and Thermodynamlcs Dept. I Bal t imore ,  Md. ). 
(American Rocket Soclety, Annual Meeting, 17th, and Space Fllght 
Exposition, Los  Angeles, Cal l f . ,  Nov. 13-18, 1962, P a p e r  2690-62. 
Journa l  of Spacecraf t  and Rockets ,  vol. 1, Sept.  - 0 c t .  1964, 
p. 484-491. 17 re fs .  
[ F o r  abs t rac t  s e e  Accession no. A63-I2228 06-30] 

A64-26822 
HIGH ENERGY ROCKET ENGINES - LIQUID FLUORINE. 
J. A. Wil l iams.  
The Engineer .  vol. 218, Sept. 25, 1964, p. 510. 

Discuss ion  of s o m e  advantages of the  L F 2 / L H 2  (liquid f luor ine l -  
liquid hydrogen)  fue l  system. The disadvantages of toxicity and 
reac t iv i ty  a r e  considered to be  well  understood and t o  be susceptible 
of  adequate  cont ro l  by known procedures .  Comment  i s  m a d e  that 
hydrogen and f luor ine  have a high chemica l  affinity f o r  one another,  
which in prac t ice  m a k e s  the combust ion completely self-ignit ing.  
Although the  exhaust  gas is  highly toxic,  i t  i s  cons idered  that i t s  
high exit  t e m p e r a t u r e  could b e  used  to f o r m  re la t ive ly  i n e r t  i n o r -  
ganic f luor ides .  such as  ca lc ium fluoride,  followed by cooling and 
scrubbing of the remaining uncombined gas .  It i s  indicated that the  
n e c e s s a r y  plant would be re la t ive ly  compact .  F. R. L. 

A64-26947 
ROCKET PROPELLANTS FROM THE MOON. 
Dandridge M. Cole and Ronald Segal (General  Elec t r ic  Co., 
Missile and Space Div. , Valley F o r g e ,  Pa.  ). 
Astronautics and Aeronautics, vol. 2 ,  Oct. 1964, p. 5b-60, 63. 
21 refs.  

propellants to supplement o r  rep lace  supplies c a r r i e d  f rom the 
Discussion of the possibility of using made-on-the-Moon 

E a r t h  t o  improve the cost  feasibil i ty of supplying and maintaining 
a lunar base. A cr i te r ion  i s  presented  for measur ing  the effective- 
n e s s  of the lunar plant a s  a function of i t s  manufactur ing efficiency. 
"Break-even" points a r e  found which m u s t  be exceeded for re fue l -  
ing t o  be competitive with o r  super ior  to d i rec t  flight. 
a r e  de te rmined  f o r  a typical manned M a r s  miss ion  using chemica l - ,  
fue l  rocke ts ,  nuc lear - thermal  rocke ts ,  and f o r  chemical  rocke ts  
with refueling v s  nuclear rocke ts  on d i r e c t  flight. An es t imate  i s  
made  of the ability of some commonly proposed lunar propellant-  
manufactur ing sys tems to meet  the c r i t e r i a  established. 
t ion i s  given a l s o  to the possibil l t ies f o r  reducing t ranspor ta t ion  
cos ts  for  lunar -base  log is t ics ,  with the m e a s u r e s  of effectiveness 
being applied to  var ious  types of missions.  A listing is made of  
s o m e  of the implications of propellant production in the lunar 
environment  a s  r e g a r d s  space  exploration. 

A64-27256 
INCREASING THE SPECIFIC IMPULSE O F  HYBRID ROCKETS BY 
HYDROGEN ADDITION [AUGMENTATION DE L'IMPULSION 
SPECIFIQUE DES LITHERGOLS PAR ADDITION D'HYDROGENE]. 
H;l&ne Moutet and Maurice Pugibet. 
L a  Recherche  Agrospatiale,  July-Aug. 1964, p. 21-31. In French .  

and aiming a t  reducing the  m e a n  m o l a r  m a s s  of the combust ion 
products.  
combust ion chamber .  
used f o r  this purpose.  
The per formance  i n c r e a s e  is important  par t icu lar ly  in the c a s e  Of 

conventional aminated solid fue ls .  In some c a s e s  be t te r  combustion 
h a s  been observed.  F. R. L .  

A64-27306 
CHEMICAL PROPELLANTS ARE INADEQUATE FOR INTERPLANE 
TARY TRAVEL.[ LOS PROPERGOLES QUIMICOS SON INSUFICIEN- 
T E i  PARA LOS VIAJES INTERPLANETARIOS]. 
I?, m r t r i o  Ig l r J ias  Vaca>.  
Ks.vl,ta ~ 1 , ~  Aeron;utica y Aatroniu t ica ,  "01. 2 4 ,  Aug. 1964, p. 645-  
b j 2 .  I n  Spanish. 

with ~ ) t l i c r  propul-,ii,n s y s t e m > ,  i n  o r d e r  to make possible manned 
int,'rpl,i!lc,tar 1 t T , I V C ,  I .  
caniii,t achieve. an c j rc t ien  v e l i > r i t y  of 15. 51 k m l s e c ,  n e c e s s a r y  to 
T~~~ 11 r ~ l i  L ~ r l ~ ~ t ~ o g  a p v t . d  01 11 L m l s e c .  

These points 

Considera-  

M. M. 

Descr ipt ion of exper iments  c a r r i e d  out on solid-fuel chambers  

A th i rd  propellant of low m o l a r  m a s s  is injected into the 
Hydrogen, the l ightest  of all known g a s e s ,  is 
Various types of solid fuels a r e  utilized. 

I l i ~ c u s s i o n  of the reason, for rc.placing chemical  propellants 

It 1, dt,ir\uris t r a t r d  t h d  chemical  propellants 

M. M.  

~ ~ 4 - 2 a o o 6  
INVESTIGATION O F  THE HEAT TRANSFER IN THE THROAT O F  
LIQUID-OXYGEN CONTAINERS [ISSLEDOVANIE PERENOSA TEPLA 
PO GORLQVINE SOSUDOV DLIA ZHIDKOGO KISLORODA]. 
M. G. Kaganer  and R. S. Semenova (Institut Kislorodnogo 
Mashinostroeni ia ,  Moscow, USSR). 
lnzhenerno-Fizicheski i  Zhurnal,  vol. 7, Aug. 1964, p. 97-102. 
5 refs.  In Russian. 

Discussion of the experimental  resu l t s  for heat t ransfer  along 
tubes with inside gas flow, imitating conditions which cause liquid- 
gas  loss due to heat infiltration through insulation into liquid-gas 
containers during storage and transportation. Copper ,  b r a s s ,  
G e r m a n - s i l v e r ,  and s t a m l e s s - s t e e l  tubes of different d iameters  
a r e  used in t e s t s  to es t imate  the heat influx i n  the throat of con- 
t a m e r s  and the vaporization of liquid oxygen a s  it leaves the con- 
ta iner .  A method of calculation of the heat influx is descr ibrd .  v. z. 
A64-28208 
LIQUEFACTION, STORAGE, AND TRANSPORT O F  HYDROGEN 
AND FLUOR ON AN INDUSTRIAL SCALE [ V E R F L ~ S I G U N G ,  LAGE- 
RUNG UND TRANSPORT VON WASSERSTOFF UND FLUOR IN 
TECHNISCHEM MASSSTAB]. 
M a r t i n  S t r e i c h  ( A d o l f M e s s e r  GmbH. F r a n k f u r t  a m M a i n ,  West  G e r m a n y ) .  
Wissenschaf t l iche  G e s e l l s c h a f t  far Luf t -  und Raurnfahr t  and Deutsche 
Gese l l schaf t  fTir Raketentechnik und Raumfahr t forschung,  J a h r e s -  
tagung, Ber l in ,  West  G e r m a n y ,  Sept.  14-18, 1964, P a p e r .  19 p. 
28 r e f s .  In G e r m a n .  

evaluating rocke t  propel lan ts  a r e  defined. The pr inc ip les  of l ique-  
faction of H by  the c l a s s i c a l  Linde method,  the d o u b l e - p r e s s u r e  
method,  the Claude p r o c e s s ,  and the hel ium-hydrogen condensat ion 
technique a r e  outlined, and the l iquefaction energy  r e q u i r e d  in e a c h  

L e c t u r e  on l iquid g a s e s  as rocket  propellants.  C r i t e r i a  for 

2 
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A64-80887 

c a s e  i s  i l l u s t r a t ed  as a function of the appl ied p r e s s u r e .  
en tha lpy - t empera tu re  d i a g r a m  of hydrogen and the ene rgy  requi red  
f o r  i r r e v e r s i b l e  hea t  t r a n s f e r  a r e  examined. 
four -phase  cooling methods a r e  descr ibed ,  a s  a r e  s o m e  or tho-para  
convers ion  methods.  C u r r e n t  types  of s t o r a g e  tanks,  pump s y s t e m s ,  
and insulation m a t e r i a l s  a r e  examined,  including the s torage  tech-  
niques u s e d  f o r  s p a c e  vehic les  and rockets .  F ina l ly ,  sa fe ty  r e q u i r e -  
men t s  and m e a s u r e s  a r e  t r e a t e d  in s o m e  detail .  v. P. 

The 

The two-phase and 

AM-28526 
ENERGETICS OF PROPELLANT CHEMISTRY. 
B e r n a r d  Siege1 (Aerospace  Corp.  , High T e m p e r a t u r e  C h e m i s t r y  
Section, Los Angeles .  Cal i f . )  and L e r o y  S c h i e l e r  (Aerospace C o r p . ,  
Chemical  P ropu l s ion  Dept. , Lo6 Angeles ,  Calif .) .  
New York. John Wiley and Sons,  I n c . ,  1964. 240 p. 
$10.00. 

An int roduct ion t o  propel lant  c h e m i s t r y  f o r  c h e m i s t s ,  advanced 
c h e m i s t r y  s tudents .  and propuls ion engineer6 is presented .  The 
bas ic  pr inc ip les  of e n e r g e t i c s ,  which f o r m  the  foundation upon 
which the  sc ience  of propel lant  c h e m i s t r y  r e s t s .  a r e  descr ibed .  
Init ially,  the  energe t ics  of combust ion products  and propel lant  
reac tan ts  a r e  cons ide red  s e p a r a t e l y ,  thus  permi t t ing  a development 
of the  subjec t  m a t t e r  i n  the  de ta i l  n e c e s s a r y  f o r  a minimum under -  
s tanding of the  subject.  
the  pr inc ip les  u sed  in evaluat ing products  and reac tan ts  a r e  en t i re ly  
different.  
nepative s t a n d a r d  hea ts  of fo rma t ion  (highly exo the rmic  products ) ,  
t n r  f a c t o r s  leading to high  exothermic i ty ,  reduced d issoc ia t ion  a t  
high t e m p e r a t u r e ,  the f a c t o r s  leading to  stabil i ty a t  high t e m p e r a -  
t u r e .  and the  des i rab i l i ty  of having low molecular-weight combustion 
products  a r e  emphas ized  in the d iscuss ion  of these  products .  
is augmented by a n  extended d iscuss ion  of combust ion products  
f r o m  the  viewpoint of working g a s  p r o p e r t i e s  r a t h e r  than exo- 
thermic i ty .  In t h e  d iscuss ion  of propel lant  ingredien ts .  the viewpoint 
is aga in  t h a t  of t h e  re la t ionship  between e n e r g e t i c s  and molecu la r  
bonding. 
t e m a t i c  cons idera t ion  of e n e r g e t i c s  and physical  p r o p e r t i e s  is 
cons ide red  sufficient t o  demons t r a t e  t h e  pr inc ip les  that govern the 
se lec t ion  of d e s i r a b l e  ingredients.  T h e  pr inc ip les  involved in  
propel lant  pe r fo rmance  ca lcu la t ions .  se lec t ion  of d e s i r a b l e  com-  
bust ion products ,  and se lec t ion  of d e s i r a b l e  ingredien ts  a r e  in te -  
g r a t e d  in a  f ina l  chapter  on r e a l  propel lant  sys t ems .  T h r e e  appen-  
d ices  give the  physical  and thermodynamic proper t ies  of propellant 
ingredien ts ,  the  the rmodynamic  p r o p e r t i e s  of propel lant  ingredients. 
and exhaust  products  a s  a  function of t e m p e r a t u r e ,  and pe r fo rmance  
tab les .  Author and subjec t  indices a r e  presented .  F. R. L. 

This  s e p a r a t i o n  is  a l s o  advantageous because 

The genera l  impor t ance  of se lec t ing  products  with l a r g e  

This  

Although only s imple  compounds a r e  t r e a t e d ,  the  s y s -  

A 6 4 4 0 2 3 0  
ATMOSPHERIC MONITORING OF TOXIC LEVtLb VC MIbblLt  Y K U r W -  
LANTS. 
John T. Natnmun (Rockt  Res. lab., Wards, Cplif.)md Kenneth E. Ball 
(Mim Safety Appliances Co, Pinsburgh, Pa.) 
American Indunrial Hygiene Association Journal, vol. 25, Jan.-Feb. 1964,  
P. 77-80. 

'Ihe Chemical and Materials Seaion of the Rocket Research Laboruories. 
Wards Air Force Base, 1s responsibk for h d  appraisal of various stom- 
ble liquid propellants. Evaluating the toxk h d s  posed by spills or bad- 
v e m n t  releases has  been curuited by a k t  of s u l u b k  insfrumencarion and 
by the shortcomings of applying hbomory wet chemical techniques to 
field experiments. Under contract to Edwards A& ~ o r c e  Base. the Mine Safety 
Appliances Company developed an instrument suitable for conrinuous moni- 
toring for toxic levels of NO2. dimethylhydrazine, BgHg, N2H4. F2. and CW3. 
Based on spill test d a y  realirtic performance specifications arc suggested 
for any continuous toxic-hazard monitoring equipment for missile f.dlldeS. 

A8440273 
AEROSPACE MEDICAL SURVEILLANCE OF THE TITAN 1L 
Robert N. Reiner and John J. Mc Cambridge (Headquarters Fifteenth AF, 
OMce of the Surgeon, March AFB, Calif.) 
Aerospace Medicine, VOL 35, Mar. 1964, p. 233-238. 

Air Force medical service surveillance of the development of an opera- 
tional capability for the Titan 11 weapon system is discussed. This system uses 
storable propellants, aerozineS0, the fuel, a mixture of hydrazine and unsym- 
rneukd dimethylhydrazine (UDMHX and nltrogen tenoxide as the oxidirer. Of 
these compounds, nitrogen tetroxide is the most serious hazard. The toric 
hazard associated wlth exposure to aerozine-50 Is due mainly to the UDMH 

compound. The maximum allowable concentration for nitrogen tetroxide has 
k e n  set at 2.5 pans  per million; however, higher concentrations of the vapor 
can normally be tolerated for relatively short periods of h e .  The threshold 
limit of UDMH is 0.5 part per million and for hydrazine, 1.0 pan  per million. 
Procedures for personnel selection, treatment, and protection arc described. 
Methods by which medical service personnel become famiiiar with rhe Titan 
I1 weapon s y m m  arc also described. 

A6440187 
MODERN PROBLEMS OF TOXICOLOGY AND PREVENTIVE MEDICINE 
BROUGHT ABOUT BY THE USE OF MISSILE PROPELLAMS (MODERN1 
PROBLEM1 D1 MSSlCOLOGlA E D1 MEDlCINA PREVENTlVA DERlVANTl 
DALLlMPlEGO D1 PROPELLENTI PER MISSILI). 
Renato Pons (Cenuo Studi di Me& h2nlle, L. Sp.ri., luly). 
Anruli dl Medkhu Mv&, vol. 68, Sep.-Oct. 1963, p. 773-796. 1 9  refs. 
Io lullur. 

A dlrcusslon is presented on toric missile fuels and p r o p e h t s  includlng 
red ninic fuming acid, unimeuic dimethyl hydrazine, M-3 propellant, nirrogen 
peroxldc, and ethylene oxide, A summary is given of their chemical and toxic 
properrks, and the clinical aspects, symptomatology, and treatment of toxic 
stater. The follorfng recommendations M made for the prevention of acute 
and chronic injury to personnel working in the area of missile propellants 
and fuels: (1) selection and preventive insuuction of personnel Involved In 
rbeir production and handling: (2 )  periodic medical examination of all person- 
nel; (3) frequent periodic inspection of work areas to determine hazardous 
concentrations and to determine safety tolerance levels; (4) obligation of all 
personnel to adhere to prescribed safety rules and to wear masks when neces- 
rary; and ( 5 )  instruction of aU personnel in first aid. 
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ACETATE M I X E O  ESTERS 
P A - T R - 3 1 0 5  

CENTAUR V E H I C L E  

N 6 4 - 2 7 9 5 6  

C A P A C I T I V E  MASS S E N S I N G  OF B O I L I N G  PROPELLANTS I N  
CENTAUR V E H I C L E  
SAE PAPER B 5 9 A  A b 4 - 2 0 3 0 5  

CESIUM PLASMA 
DEVELOPMENT AND T E S T  F I R I N G  I N  A L T I T U D E  CHAMBER OF 
ELECTRON GENERATORS, F U N C T I O N I N G  BY COMBUSTION OF 
C E S I U M  N I T R A T E - A L U M I N U M  PRESSED CHARGE 

A 6 4 - 1 3 4 1 6  

CHEMICAL A N A L V S I  S 
POLARDGRAPHIC MEMBRANE FOR D E T E C T I N G  PENTABORANE 
GAS - I N F R A R E D  DETECTOR - A N A L V S I S  OF CRYOGENIC 
PROPELLANTS & PENTABORANE-HYDRAZINE F I R I N G  R E S I O U E  
R - 5 4 6 2  N 6 4 - 2  1 061 

CHEMICAL C O l l P D W D  
MECHANISM OF E N C A P S U L A T I O N  A N 0  P E R M E A B I L I T Y  OF 
POLYMERS. S O L I D  PROPELLANTS, AND C H E M I C A L  
COMPOUNDS 
AD- 60 1772 N b 4 - 2 4 8 4 9  

CHEMICAL ENERGY 
THRESHOLD I G N I T I O N  E N E R G I E S  FOR PROPELLANTS. U S I N G  
ARC-IMAGE FURNACE TECHNIQUE A 6 4 -  13147 

CHEMICAL E X 1  I N G U I  SHER 
C H E M I C A L  E X T I N G U I S H E R S  FOR ROCKET PROPELLANT AND 
M E T A L L I C  F I R E S  
RTO-TOR-63-4208  N 6 4 - 1 8 5 7 0  

cntniLiL mint I XLO 
C H E M I C A L  K I N E T I C S  OF COMBUSTION OF HOMCGENEOUS GAS 

FTO-MT-64-272  N 6 4 - 3 2 2 4 1  
MIXTURES IN L Iau Io  PROPELLANT ROCKET ENGINES 

CHEMICAL PROPERTY 
C H E M I C A L  P R O P E R T I E S  t S O L U B I L I T Y  OF OZONE F L U O R I D E  
I N  L I P U I O  OXYGEN AN0 HYPERGOLIC I G N I T I O N  BETNEEN 

NASA-CR-54072  N 6 4 - 3 2 6 3 2  
HYDROGEN AND L I Q U I D  OXYGEN 

CHEMICAL P R O P U L S I O N  
C O L L E C T I O N  OF TNENTV PAPERS T R E A T I N G  T H E O R E T I C A L  
A N 0  A P P L I E D  ASPECTS OF A I R - B R E A T H I N G  ENGINES.  
C H E M I C A L  ROCKETS AND P R O P U L S I O N  D E V I C E S  

A 6 4 - 1 2 7 2 0  

E J E C T I O N  V E L O C I T Y  OF C H E M I C A L  PROPELLANTS MAKES 
THEM INAOEPUATE FOR I N T E R P L A N E T A R Y  TRAVEL 

A 6 4 - 2 7 3 0 6  

BOOK ON E N E R G E T I C S  OF PROPELLANT C H E M I S T R Y  
C O V E R I N G  E X O T H E R M I C I T Y  OF COMBUSTION PRODUCTS. 
NORKING F L U 1 0  GASES. B O N D I N G  OF REACTANTS AND 
I N G R E O I E N T  P R O P E R T I E S  A 6 4 -  2 8  5 2  6 

TURBULENCE I N  ARC PLASMA J E T  N I T H  ELECTROMAGNETIC 
I N O U C T I O N  
C P 11-4 B N 6 4 - 3 0 0 1 2  

CHEMICAL R E A C T I O N  
I G N I T I O N  OF HETEROGENEOUS M A T E R I A L S  SUCH AS 
AMMONIUR PERCHLORATE COMPOSITE PROPELLANT. 
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C O A X I A L  FLOW 

E X A M I N E D  B Y  CONOENSEO PHASE S E L F - H E A T I N G  R E A C T I O N  
MODEL 
CUENCHING METHOOS 
A I A A  PAPER 6 3 - 4 8 7  164-11 120 

COWBUSTION DURING PERPENOICULAR FLOW OF TWO VAPOR 
STREAMS. SUCH A S  OCCURRING I N  H Y B R I D  COMBUSTION 
A I A A  PAPER 63-515 A 6 4 - 1 1 1 2 1  

ROLE OF ATOMIZATION AN0 I N J E C T I O N  PROCESSES I N  
L i a u I o  PROPELLANT ROCKET ENGINE COMBUSTION 

A 6 4 - 1 2 7 2 6  

GASEOUS OECOMPOSITION I N  COMPOSITE PROPELLANT 
I G N I T I O N  PROCESS MODEL D E S C R I B E S  SURFACE ENERGY 
TRANSFER EFFECT UPON COMBUSTION 
A I A A  PAPER 6 4 - 1 1 7  6 6 4 - 1 3 0 4 7  

PRESSURE TRANSIENTS EXPECTED I N  A ROCKET MOTOR 
UNDER A D I A B A T I C  HOMOGENEOUS C O N O I T I O N S t  ANALYZED 
BY A P P L I C A T I O N  OF CONSERVATION OF MASS AND ENERGY 
A I A A  PAPER 6 4 - 1 2 7  A 6 4 - 1 3 0 6 3  

E R O S I V E  BURNING I N  COMPOSITE-MODIF IED DOUBLE BASE 
PROPELLANT, O B T A I N I N G  DATA ON G R A I N  D I M E N S I O N S  
VERSUS BURNING-TIME R E L A T I O N S  
A I A A  PAPER 6 4 - 1 5 5  164-13075 

H Y B R I D  ROCKET ENGINE,  U S I N G  C O M B I N A T I O N  OF S O L I D  
AND L I C U I O  PROPELLANTS, D I S C U S S I N G  COMBUSTION 
PROCESSES AN0 SAFETY OF STORAGE AN0 TRANSPORTATION 

A 6 4 - 1 3 9 9 3  

SURFACE TEMPERATURE MEASUREMENT I N  D E T E R M I N A T I O N  
OF THERMAL OECOMPOSIT ION OF S O L I D S  BY L I N E A R  
P Y R O L Y S I S  TECHN I Q U E  A 6 4 - 1 4 1 2 3  

COMBUSTION DOMAINS OF COMPOSITE S O L I O  ROCKET 
PROPELLANTS D E F I N E D *  T A K I N G  PRESSURE AND MEAN 
D I A M E T E R  OF PERCHLORATE P A R T I C L E S  AS PARAMETERS 

6 6 4 - 1 6 1 8 0  

SOLID PROPELLANT COMBUSTION MECHANISMS - S Q U I D  
PROJECT N 6 4 - 1 3 4 9 0  

FORMATION OF OETONATION WAVES I N  L I Q U I O  HYDROGEN- 
OXYGEN MIXTURE DURING COMBUSTION 
NASA-TN-0 -2256  N 6 4 - 1 7 7 5 1  

COMBUSTION V I B R A T I O N  I N  L I Q U I O  F U E L  ROCKET E N G I N E S  
AN0 J E T  ENGINES 
F T D - T T - 6 2 - 9 4 2 / 1 & 2  N 6 4 -  1 8 890 

COMBUSTIBLE MANDREL FROM N I T R O C E L L U L O S E  PAPER 
PA-TM-1324  N 6 4 - 2  1749 

TRANSVERSE AN0 ORGAN-PIPE ACOUSTIC O S C I L L A T I O N  I N  
COMBUSTION SYSTEMS N 6 4 - 2 6 0 0 9  

H I G H  FRECUENCY COMBUSTION O S C I L L A T I O N S  I N  GASEOUS 
PROPELLANT ROCKET E N G I N E  N 6 4 - 2 8 0 9 6  

P R O P E R T I E S  OF H I G H  TEMPERATURE GASES A N 0  F L U I O S t  
COMBUSTION AN0 PROPULSION PROCESSESt  AND 
COMBUSTION S T U D I E S  I N  S O L I O  AN0 L I Q U I O  
PROPELLANT ROCKET E N G I N E S  N 6 4 - 2 6  176 

C H E M I C A L  K I N E T I C S  OF COMBUSTION OF HOMOGENEOUS GAS 
M I X T U R E S  I N  L I Q U I O  PROPELLANT ROCKET ENGINES 
FTD-MT-64-272  N 6 4 - 3 2 2 4 1  

CONTROL METHODS OF H I G H  FREQUENCY COMBUSTION 
OSCILLATIONS IN HIGH THRUST-LIQUID PROPELLANT 
ROCKET ENGINES 
6 0 - 4 4 9 7 6 4  N 6 4 - 3 2 6 4 7  

U T I L I Z A T I O N  OF ACOUSTICAL P R O P E R T I E S  OF S O L I D  
PROPELLANTS TO DAMP OUT A C O U S T I C  WAVES I N  ROCKET 
COMBUSTION SYSTEMS 

1-4 

S U B J E C T  I N D E X  

F T C  E 1 4 1  13 /64  N 6 4 - 3 3 8 9 6  

A 6 4 - 1 1 6 2 2  

E F F E C T  OF P A R T I C L E  S I Z E  A N 0  N O N - S T O I C H I O M E T R I C  
PROPORTIONS OF F U E L  AN0 O X I D I Z E R  ON THE B U R N I N G  OF 
COMPOSITE S O L I O  PROPELLANT OF SANDWICH 
CONSTRUCTION A 6 4 - 1 2 7 3 8  

M E T A L  COMBUSTION E F F I C I E N C Y  I N  S O L I O  PROPELLANT 
ROCKET MOTORS AND FACTORS GOVERNING EXHAUST 0 x 1 0 6  
P A R T I C L E  S I Z E  
A I A A  PAPER 6 4 - 1 1 6  A 6 4 - 1 3 0 4 6  

ALUMINUM COMBUSTION E F F I C I E N C Y  I N  S O L I O  
PROPELLANTS O B T A I N E D  B Y  LARGE WINDOW BOMB 
TECHNIQUES 
C I  PAPER 6 2 - 1 8  6 6 4 - 1 6 1 4 5  

H Y B R I D  PROPULSION, C O N S I D E R I N G  S E P A R A T I O N  OF F U E L  
A N 0  O X I D I Z E R ,  COMBUSTION E F F I C I E N C Y  A N 0  T H R O T T L I N G  
PERFORMANCE AM-17192 

COMBUSTION I N S T A B I L I T Y  
U N S T A B L E  COMBUSTION I N  S O L I O  PROPELLANT ROCKETS, 
E V A L U A T I N G  CARDE PULSE TECHNIQUE OF I N J E C T I N G  FLOW 
D I S T U R B A N C E S  I N T O  BURNING ROCKET MOTOR OF BLACK 

A 6 4 - 1 1 9 5 5  BRANT F A M I L Y  

RESONANCE RODS AN0 USE OF ALUMINUM ARE E F F E C T I V E  
I N  SUPPRESSING UNSTABLE COMBUSTION I N  S O L I O  
PROPELLANT ROCKET E N G I N E S  A 6 4 - 1 2 7 3 6  

C A N A D I A N  COMBUSTION RESEARCH ON S O L I O  PROPELLANTS 
FOR ROCKET ENGINES,  I N C L U D I N G  E R O S I V E  AN0 UNSTABLE 
B U R N I N G  A 64- 1 2  7 3 1  

C O N F L I C T I N G  E X P E R I M E N T A L  R E S U L T S  ON COMBUSTION 
I N S T A B I L I T I E S  I N  L I Q U I D  PROPELLANT ROCKETS, 
I N C L U D I N G  FREQUENCY I N S T A B I L I T Y I  TO A I 0  I N  
A C O U S T I C  T Y P E  I N S T A B I L I T Y  A 6 4 - 1 2 1 4 0  

T-BURNER O P E R A T I O N  METHODS FOR A N A L Y Z I N G  ACOUSTIC 
ADMITTANCE DATA FOR S O L I O  PROPELLANTS 
A I A A  PAPER 64-137 A 6 4 - 1 3 0 0 1  

SECONDARY FLOW C A U S A T I O N  O F  R O L L  TORQUE AN0 NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE. S O L I D  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 6 4 - 1 4 5  A 6 4 - 1 3 0 0 2  

C H U F F I N G  A N 0  NONACOUSTIC I N S T A B I L I T Y  
I N T E R R E L A T I O N S H I P  I N  S O L I O  PROPELLANT ROCKET 
MOTORS 
A I A A  PAPER 64-148 A 6 4 - 1 3 0 0 3  

N O N L I N E A R  E F F E C T S  A R I S I N G  FROM THE E R O S I V E  
RESPONSE OF PROPELLANTS,  G I V E N  E R O S I V E  AND 
PRESSURE RESPONSE F U N C T I O N S  AN0 S P E C I F Y I N G  ROCKET 
MOTOR ACOUSTIC PROPERTIES 
A I A A  PAPER 64-140 A 6 4 - 1 3 0 1 1  

VORTEX GENERATION I N  S O L I O  PROPELLANT ROCKET 
MOTORS DUE TO IRREGULAR COMBUSTION 
A I A A  PAPER 64-144 A 6 4 - 1 3 0 1 5  

T-BURNER TO STUOY I N T E R A C T I O N  BETWEEN NORMAL 
PRESSURE P E R T U R B A T I O N S  AN0 A S O L I D  PROPELLANT 
COMBUSTION ZONE AN0 ACOUSTIC DAMPING I N  E I T H E R  
COMBUSTION GAS OR PROPELLANT 
A I A A  PAPER 64-136 A 6 4 - 1 3 0 2 3  

V I S C O E L A S T I C  PROPERTIES.  I N F E R R E D  FROM S O L I D  
PROPELLANT B U R N I N G  O A T A S  CAN BE U S E 0  TO C A L C U L A T E  
S O L I D  PHASE C O N T R I B U T I O N  TO A C O U S T I C  I N S T A B I L I T Y  
A I A A  PAPER 64-139 6 6 4 - 1 3 0 6 9  

E F F E C T  OF A C O U S T I C  ENVIRCNMENT ON B U R N I N G  R A T E  OF 
S O L I D  PROPELLANTS,  PRODUCING S U S T A I N E D  O S C I L L A T O R Y  



S U B J E C T  I N D E X  

B E H A V I O R  BY U S I N G  S P E C I A L L Y  D E S I G N E D  BURNERS 
A I A A  PAPER 64-141 1 1 6 4 - 1 3 0 7 1  

LOW FREQUENCY O S C I L L A T O R Y  COMBUSTION Of SEVERAL 
S O L I O  PROPELLANTS T E S T E 0  I N  TWO COMBUSTION 
SYSTEMS. C O N S I S T I N G  OF END-VENTE0 E N 0  BURNER A N 0  
LARGE E N 0  BURNER 
A I A A  PAPER 6 4 - 1 4 9  A b 4 - 1 3 0 7 4  

ACOUSTIC-COMBUSTION I N T E R A C T I O N .  I N T R O O U C I N G  A 
S O N I C  F I E L D  OF P L A N E  T R A V E L I N G  WAVES I N T O  A S O L I O  
PROPELLANT ROCKET MOTOR TO CONTROL COMBUSTION O F  
A SOLID PROPELLANT A 6 4 - 1 3 3 0 9  

ENTROPY WAVES AND V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I D  P R O P E L L A N T S  S T U O I E O  BY H I G H  
SPEEO CINEMATOGRAPHY A N 0  SPECTRAL RADIOMETRY. 
U S I N G  A T-TUBE ROCKET COMBUSTOR 
A I A A  PAPER 64-154 A b 4 - 1 3 3 4 8  

LOW FREQUENCY ACOUSTIC I N S T A B I L I T Y  I N  A X I A L  MODE 
OF S O L I O  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 64-146 A b 4 - 1 3 3 4 9  

S O L I O  PROPELLANT ROCKET MOTOR B E H A V I O R  AS A 
F U N C T I O N  OF GEOMETRYI P R O P E L L A N T  B A L L I S T I C  
C H A R A C T E R I S T I C S  AN0 PROPELLANT F I R I N G  T I M E  
A I A A  PAPER 6 3 - 2 2 8  Ab4-13 952 

O S C I L L A T O R Y  COMBUSTION OF COMPOSITE PROPELLANTS 
SHOWING E F F E C T S  OF BINDERS.  C A T A L Y S T S  AN0 P A R T I C L E  
S I Z E  A b 4 - 1 6  121 

O N E - O I M E N S I O N A L  UNSTEADY AEROTHERMOCHEMICAL 
A N A L Y S I S  OF COMBUSTION I N S T A B I L I T Y  I N  L I Q U I D  
ROCKET E N G I N E S  A b 4 - 1 6  146 

MOOEL FOR LOW FREQUENCY COMBUSTION I N S T A B I L I T Y  I N  
S O L I O  ROCKET MOTORS DEVELOPED B Y  R E L A T I N G  
I N T E R A C T I O N  OF BURNING RATE RESPONSE TO PRESSURE 
CHANGES A b 4 - 1 6 7 0 4  

T-BURNER O P E R A T I O N  METHODS FOR A N A L Y Z I N G  A C O U S T I C  
A D M I T T A N C E  DATA FOR S O L I O  PROPELLANTS 
A I A A  PAPER 64-137 164-19079 

V I S C O E L A S T I C  P R O P E R T I E S  USED TO 
C A L C U L A T E  S O L I O  PHASE C O N T R I B U T I O N  TO ACOUSTIC 
I N S T A B I L I T Y  
A I A A  PAPER 6 4 - 1 3 9  A b 4 - 1 9 0 8 1  

T-BURNER TO STUDY I N T E R A C T I O N  BETYEEN NORMAL 
PRESSURE P E R T U R B A T I O N S s  S O L I D  PROPELLANT 
COMBUSTION ZONE AN0 A C O U S T I C  DAMPING I N  E I T H E R  
COMBUSTION GAS OR P R O P E L L A N T  
a 1 1 1  D . O E D  L L - I I C .  ah&-IQnQX 

L I N E A R  A C O U S T I C  S T A B I L I T Y  OF S O L I D  PROPELLANT 
ROCKET MOTORS* N O T I N G  E F F E C T S  OF THERMAL R A D I A T I O N  
FROM BURNT GASES 
A I A A  PAPER 6 4 - 1 3 4  6 6 4 - 1 9 0 8 4  

A C O U S T I C  A T T E N U A T I O N  B Y  SUSPENDED P A R T I C L E S ,  
E M P H A S I Z I N G  D I M E N S I O N L E S S  S I Z E  RANGE OF GREATEST 
I N T E R E S T  TO ROCKET I N S T A B I L I T Y I  Y I T H  AEROSOL 
P A R T I C L E  S I Z E  MEASUREMENTS 
A I A A  PAPER 64-114 164-19085 
PROPELLANT ROCKET E N G I N E S  N b 4 - 1 6 5 5 9  

N O N L I N E A R  COMBUSTION I N S T A B I L I T Y  I N  L I Q U I D  
P R O P E L L A N T  ROCKET E N G I N E S  
N A S A - C R - 5 6 9 4 6  N b 4 - 2 7 2 8 7  

COMBUSTION I N S T A B I L I T Y  I N  S O L I D  PROPELLANT ROCKET 
E N G I N E  - P U L S E  TECHNIQUE 
C A R O E - T R - 4 8 7 / 6 4  N b 4 - 2 7 7 4 3  

C C U B U S T I C N  I N S T A B I L I T Y  
ROCKET E N G I N E S  

I N  L I Q U I D  PROPELLANT 
N b 4 - 2 8 5 9 4  

C O H E U S T I O N  S T A E I L I T Y  

SOLIO PROPELLANT ROCKET COMBUSTICN I N S T A B I L I T Y  
MEASURE0 BY ACCELEROMETER, OSCILLOSCOPE AN0 
OSCILLOGRAPH N 6 4 -  2 8 5 9 5  

SOLIO PROPELLANT COMBUSTIOY I N S T A B I L I T Y  AN0 
DEPENDENCE ON PROPELLANT COWBUSTION 
C H A R A C T E R I S T I C S  
A O - 4 4 2 3 9 2  N 6 4 - 2 8 6 4 6  

COMBUSTION PRODUCT 
C O L L I S I O N A L  OEPENOENCE OF GAS-CONDENSATE ENERGY 
EXCHANGE D U R I N G  CONVERGENT-DIVERGENT N O Z Z L E  
EXPANSION. T O  A S C E R T A I N  ROLE Of METAL P R O P E L L A N T  
A O O I T I V E S  
A I A &  PAPER 63-513 Ab4- 11 125 

DEVELOPMENT AN0 T E S T  F I R I N G  I N  A L T I T U D E  CHAMBER OF 
ELECTRON GENERATORS. F U N C T I O N I N G  BY COMBUSTION OF 
CESIUM N I T R A T E - A L U M I N U M  PRESSED CHARGE 

1 6 4 - 1 3 4 1 6  

S P E C I F I C  I M P U L S E  OF H Y B R I D  ROCKETS I N C R E A S E D  YHEN 
HYDROGEN I S  I N J E C T E O  I N T O  S O L I D  F U E L  CHAMBER TO 
REOUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A b 4 - 2 7 2 5 6  

BOOK ON E N E R G E T I C S  OF PROPELLANT C P E M I S T R Y  
COVERING E X O T H E R M I C I T Y  OF COMBUSTION PRODUCTSI 
WORKING F L U I D  GASES, BONDING OF REACTANTS AN0 
I N G R E D I E N T  P R O P E R T I E S  A b 4 - 2 8 5 2  b 

THERMODYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - V A P O R I Z A T I O N  OF BORON A N 0  E N T R O P I E S  OF 
GASEOUS METAL H A L I D E S  
U - 2 4 0 3 / 2  N b 4 - 1 8 7 4 2  

ASSEMBLY OF BREADBOARO O P T I C A L  EQUIPMENT FOR 
SPECTROGRAPHIC D E T E R M I N A T I O N  OF COMBUSTION 
PRODUCTS AN0 TEMPERATURE I N  S O L I D  PROPELLANT 
COMBUST I O N  ZONES 
PR-6 N b 4 - 3 1 6 9 3  

THERMODYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - PERFORMANCE PARAMETERS FOR COMPUTER 
PROGRAM 
U-ZZB9 N 6 4 - 3 2 1 2 5  

COMBUSTION S T A B I L I T Y  
STABLE COMBUSTION PROCESSES NECESSARY FOR 
A N A L Y T I C A L  MODELING OF L I Q U I D  PROPELLANT ROCKET 
ENGINE COMBUSTION 6 6 4 - 1 2 7 3 9  

PHASE-LOCKEO ACOUSTIC O S C I L L A T O R  SYSTECl FOR 
MEASURING ACOUSTIC RESPONSE B U R N I N G  Of S O L I O  
PROPELLANT SURFACE TO DETERMINE S T A B I L I T Y  OF S O L I O  
DPrlPFlI  ANT R I X K F T  MflTflR 
A I A A  PAPER 6 4 - 1 3 8  A b4- 1 3 0 7 0  

ACOUSTIC D A M P I N G  CONSTANT O B T A I N E D  FOR S O L I O  
PROPELLANT COMBUSTION GASES COOLED AT ROOM 
TEMPERATURE A b 4 - 1 4 0 2 3  

STABLE BURNING OF COMPOSITE PROPELLANTS AT LOW 
PRESSURE. N O T I N G  E X P E R I M E N T S  W I T H  AMMONIUM 
PERCHLORATE AN0 M E T A L  A O O I T I V E S  

1 6 4 - 1 5 0 1 1  

BOOK ON UNSTEADY FLAME PROPAGATION AN0 COMBUSTION 
O S C I L L A T I O N S  A b 4 - 2 3 0 7 8  

O X I D I Z E R  F U E L  R A T I O  E F F E C T S  ON S C L I O  COMPGSITE 
PROPELLANT COMBUSTION S T A B I L I T Y  

A 6 4 - 2 5 6 6  3 

A X I A L  COWBUSTION I N S T A B I L I T Y  STUDY FOR S O L I O  
PROPELLANT ROCKET MOTOR O E S I G N  
CAROE-TN-1620/64  N b 4 - 2 6 6 3 2  

COMBUSTION S T A B I L I T Y  I N  L I Q U I D  PROPELLANT ROCKET 
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COHBUSTION TEMPERATURE S U B J E C T  I N D E X  

ENG I N E  S N 6 4 - 2 8 1 9 4  

E F F E C T S  OF H I G H  CHAMBER PRESSURE. I N J E C T O R  T Y P E  0 
S I Z E .  E THRUST CHAMBER LENGTH ON COMBUSTION 
S T A B I L I T Y  OF L I P U I D  PROPELLANT ROCKET E N G I N E S  
NASA-CR-56672 N 6 4 - 2 9 7 0 6  

COHBUSTION TEHPERATURE 
THERMOCOUPLE PARAMETER REPUIREMENTS TO P R O V I D E  
M I N I M U M  D I S T O R T I O N  OF TEHPERATURE P R O F I L E  O B T A I N E D  
FOR COMBUSTION OF S O L I O  PROPELLANTS AND S I M I L A R  
SUBSTANCES 6 6 4 - 1 3  249 

COMPOSITE PROPELLANT P R O P E R T I E S  DEDUCED FROM STUOY 
OF THE MECHANICAL P R O P E R T I E S  O F  SYSTEMS F I L L E D  
W I T H  SPHERICAL GLASS BEADS*  N O T I N G  EFFECT OF 
B R I T T L E  TEMPERATURE A 6 4 - 1 5  0 12 

COWBUSTOR 
EFFECT OF INTERCHANGING PROPELLANTS I N  C O A X I A L  
I N J E C T I O N  ON ROCKET COMBUSTOR PERFORMANCE 
NA SA-TN-0-2 1 6 9  N 6 4 -  1 4 9 8 6  

COHHUNICATIONS S A T E L L I T E  
C O L L E C T I O N  OF PAPERS COVERING COMMUNICATION R E L A Y  
S A T E L L I T E  TECHNIQUES. S O L I D  PROPELLANT ROCKET 
TECHNCLOGY AND ENVIRONMENTAL CONTROL OF MANNED 
SPACE V E H I C L E S  4 6 4 - 1 8 4 2 1  

COHPOSITE H A T E R I A L  
THERMOCONDUCTIVITY AN0 THERMAL E X P A N S I O N  
MEASUREMENTS O F  P L A S T I C S  AND COMPOSITES FOR 
CRYOGENIC A P P L I C A T I O N S  
ML-TOR-64-33, PT. I N 6 4 - 2 2 5 5 4  

COHPOSITE PROPELLANT 
COMPOSITE BURNING RATE OF UNCURED STRANDS I N  
CRAWFORO-BOMB TESTING,  U S I N G  SUMMERFIEO GRANULAR 
O I F F U S I D N  FLAME THEORY 
A I A A  PAPER 64-150 A 6 4 - 1 3 0 0 4  

I G N I T I O N  OF HETEROGENEOUS M A T E R I A L S  SUCH AS 
AMMONIUH PERCHLORATE COMPOSITE PROPELLANT, 
E X A M I N E D  BY CONOENSEO PHASE S E L F - H E A T I N G  R E A C T I O N  
MODEL 
A I A A  PAPER 6 4 - 1 2 0  6 6 4 -  13  0 16 

STRESS RELAXATION TESTS TO EVALUATE T I M E  
DEPENDENCIES O F  V I S C O E L A S T I C  M A T E R I A L S I  SUCH AS A 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 6 4 - 1 3 1  6 6 4 - 1 3 0 2 2  

CONTROLLED SOUND F I E L O  EFFECTS ON B U R N I N G  R A T E  OF 
COMPOSITE S O L I 0  PROPELLANTS I N  ROCKET MCTOR 
A I A A  PAPER 64-108 

GASEOUS DECOMPOSIT ION I N  COMPOSITE PROPELLANT 
I G N I T I C N  PROCESS MOOEL D E S C R I B E S  SURFACE ENERGY 
TRANSFER EFFECT UPON COMBUSTION 
A I A A  PAPER 64-117 A 6 4 - 1 3 0 4 7  

HETEROGENEOUS I G N I T I O N  THEORY FOR COMPOSITE S O L I D  
PROPELLANTS 
A I A A  PAPER 6 4 - 1 5 6  A 6 4 - 1 4 7 7 3  

STABLE BURNING OF COMPOSITE PROPELLANTS AT LOW 
PRESSURE, N O T I N G  EXPERIMENTS W I T H  AMMONIUM 
PERCHLORATE A N 0  METAL A D D I T I V E S  

6 6 4 - 1 3 0 4 2  

A 6 4 -  15 0 11 

COMPOSITE PROPELLANT P R O P E R T I E S  DEDUCED FROM STUDY 
OF THE MECHANICAL P R O P E R T I E S  OF SYSTEMS F I L L E D  
W I T H  SPHERICAL GLASS BEADS, N O T I N G  EFFECT OF 
B R I T T L E  TEMPERATURE 

OSCILLATORY COMBUSTION OF COMPOSITE PROPELLANTS 
SHOWING EFFECTS OF B INDERS,  C A T A L Y S T S  A N 0  P A R T I C L E  
S I Z E  A 6 4 - 1 6 1 2 1  

COMBUSTION DOMAINS OF COMPOSITE S O L I D  ROCKET 
PRCPELLANIS  O E F I N E O t  T A K I N G  PRESSURE AND MEAN 
D I A M E T E R  OF PERCHLORATE P A R T I C L E S  AS PARAHETERS 

A 6 4 - 1 5 0 1 2  

A 6 4 - 1 6 1 8 0  

STRAND BURNING C H A R A C T E R I S T I C S  OF COMPOSITE 
PROPELLANTS C O N T A I N I N G  L I T H I U M  F L U O R I D E  B Y  
POLYURETHANE ANC P O L Y B U T A D I E N E  B I N O E R  SYSTEMS 
WSS/ -C I  PAPER 6 4 - 1 8  A 6 4 - 1 8 4 1 9  

COMPOSITE B U R N I N G  R A T E  OF UNCURED STRANDS I N  
CRAWFORO-BOMB T E S T I N G ,  U S I N G  SUMMERFIELO GRANULAR 
D I F F U S I O N  FLAME THEORY 
A I A A  PAPER 6 4 - 1 5 0  A 6 4 - 2 5 6 7 3  

STRESS R E L A X A T I O N  TESTS TO EVALUATE T I M E  
D E P E N D E N C I E S  OF V I S C O E L A S T I C  M A T E R I A L S  SUCH AS 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 2 6 5 5 2  

GAS PHASE R E A C T I O N S  A S S O C I A T E D  W I T H  C O H B U S T I O N  OF 
COMPOSITE S O L I O  PROPELLANTS - APPARENT FLAME 
STRENGTH 
A D - 4 2 8 6 2 7  N 6 4 - 1 4 7 9 4  

D Y N A M I C  RESPONSE A N 0  F A I L U R E  MECHANISMS I N  
COMPOSITE S O L I D  PROPELLANTS 
L P C - 6 1 8 - P - 1 1  N 6 4 - 1 4 8 2 0  

THERMAL R A D I A T I O N  FROM EXHAUST PLUME OF A L U M I N I Z E D  
COMPOSITE PROPELLANT ROCKET 
BSD-TOR-64-16  N 6 4 - 2 1 6 8 7  

FORM F U N C T I O N S  FOR DUAL C O M P O S I T I O N  INCREMENTS OF 
PROPELLANT G R A I N S  
R - 1 6 9 2  N 6 4 - 2 6 8 6 5  

STRUCTURAL A N A L Y S I S  PROCEDURES FOR S O L I D  
PROPELLANT ROCKET ENGINES,  AND M A T E R I A L  B E H A V I O R  
OF POLYMERIC A N 0  COMPOSITE SYSTEMS 
N A T S C I T - P S - 6 4 - 1  N 6 4 - 3 3 3 2 4  

C O H P R E S S I B I L I T V  
D Y N A M I C  SHEAR AN0 COMPRESSIBLE P R O P E R T I E S  OF 
S O L I O  PROPELLANTS A N 0  PROPELLANT B I N D E R S  
REPT.-11 N 6 4 - 2 7 5 4 8  

CDHPUTER PROGRAH 
OPTIMUM THRUST PROGRAMMING TO D E T E R M I N E  
C O M P O S I T I O N  OF MULTICOMPONENT PROPELLANTS - 
I B M  7090 AND 7094 COMPUTER PROGRAM 
U - 2 5 0 2  

THERMOOYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - PERFORMANCE PARAMETERS F O R  COMPUTER 
PROGRAM 
U - 2 2 8 9  N 6 4 -  32 12 5 

N 6 4 - 1 9 4 1 4  

C O N O U C T I V I T Y  
I O N I Z A T I O N  A N 0  C O N D U C T I V I T Y  OF I N O R G A N I C  N ITROGEN-  
F L U O R I N E  COMPOUNDS FOR PROPELLANT O X I D I Z E R S  

N 6 4 - 3 3 9 2 6  E C - 6 7 0  

CONFORHAL H A P P I N G  
METHOD OF CONFORMAL MAPPING A N 0  O E T E R M I N A T I O N  OF 
STRESSES I N  S O L I D  PROPELLANT ROCKET G R A I N S  
5 - 4 6  

CONTAHINANT 

N 6 4 - 3 2 9 5 8  

TECHNIQUES FOR I M P R O V I N G  D E T E C T I O N  OF CONTAMINANTS 
I N  L I P U I O  PROPELLANTS - B I B L I O G R A P H Y  

N 6 4 -  2 5 8 8 9  REPT.-2638 

C O O L I N G  SYSTEM 
STUDY OF I N T E G R A T I O N  OF CRYOGENIC D Y N A M I C  POWER 
SYSTEM W I T H  SPACE V E H I C L E  C O O L I N G  
ARS PAPER 2517-62 

SYSTEM 
A 6 4 - 1 6 6 3 5  

CRYOGENIC EQUIPMENT 
L l P U I O  PROPELLANT S E N S I T I V I T Y  - CRYOGENIC 
A D A P T A T I O N  OF SHOCK TUBE 
I I T R I - C 6 O Z V  N 6 4 - 1 6 6 5 8  

R O L E  OF CRYOGENICS I N  MECHANICAL E N G I N E E R I N G  - 
D E S I G N  AN0 TECHNOLOGY OF R E F R I G E R A T I O N  SYSTEMS 

N 6 4 - 2 6 0 1 4  

CRYOGENIC E P U I P M E N T  DEVELOPMENT FOR SPACE - LONG 
TERM STORAGE OF L I Q U I D  PROPELLANTS AN0 E L E C T R O N I C  
EQUIPMENT R E F R I G E R A T I O N  N 6 4 - 2 6 0 1 8  

CRVOGENIC F L U I D  
TEMPERATURE S T R A T I F I C A T I O N  I N  L I Q U I D S  CONTAINEO I N  
HEATED VESSELS - S T R A T I F I E D  LAYER FLOW MOOEL 

N 6 4 - 3 2 8 8 2  

CRYOGENIC PROPELLANT 
STUOY OF I N T E G R A T I O N  OF CRYOGENIC D Y N A M I C  PUWER 
SYSTEM W I T H  SPACE V E H I C L E  C O O L I N G  SYSTEM 
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S U B J E C T  I N D E X  ENERGY TRANSFER 

ARS PAPER 2511-62 A M - 1 6 6 3 5  

L Iau Io  ROCKET PROPULSION COVERING ENGINE, 
PROPELLANT. F E E O  L I N E S  AN0 P R E S S U R I Z A T I O N  SYSTEMS 

A 6 4 - 1 1 6 5 9  

ORTHOPARAHYOROGEN CONVERSION, G I V I N G  COMPARATIVE 
RESULTS OF CATALYSTS EMPLOYED AT Lon TEMPERATURES 

A 6 4 - 1 7 7 0 0  

E L E C T R O N I C  TECHNIOUE T O  CONTROL M I X T U R E  R A T I O  I N  
COMBUSTION PROCESS. U S I N G  CRYOGENIC PROPELLANTS 

A 6 4 - 1 8 1 2 5  

CRYOGENIC PROPELLANT U S E  PARAMETERS A N 0  STORAGE 
PROBLEMS 
A I A A  PAPER 63-259 164-18618 

ULLAGE GAS FORMATION. D E N S I T Y  G R A D I E N T  AN0 B O I L I N G  
E F F E C T S  ON ACCURACY OF C A P A C I T I V E  MASS AN0 L E V E L  
MEASUREMENTS FOR CRYOGENIC F U E L S  
SAE PAPER 8 5 9 8  A64-20317 

POLAROGRAPHIC MEMBRANE FOR D E T E C T I N G  PENTABORANE 
GAS - I N F R A R E D  OETECTOR - A N A L Y S I S  OF CRYOGENIC 
PRCPELLANTS G PENTABORANE-HYORAZINE F I R I N G  R E S I D U E  
R - 5 4 6 2  N 6 4 - 2  1061 

CRYOGENIC PROPELLANT FEEO SYSTEMS FOR 
ELECTRCTHERMAL E N G I N E S  
NASA-CR-60 N 6 4 - 2 5 0 2 0  

F E A S I B I L I T Y  OF LONG TERM STORAGE C A P A B I L I T Y  OF 
CRYOGENIC A N 0  EARTH PROPELLANTS 
RPL-TOR-64-75  N 6 4 - 2 7 4 5 4  

C R Y 0 6 E N I C S  
L Iau io  PROPELLANT SENSITIVITY - CRYOGENIC 
A O A P T A T I O N  OF SHOCK TUBE 
I I T R I - C 6 0 2 V  N 6 4 - 1 6 6 5 8  

MECHANICAL P R O P E R T I E S  OF CRYOGENIC M A T E R I A L S  
A O - 4 2 0 4 0 6  N 6 4 - 1 8 1 4 3  

THERMOCONOUCTIV ITY AN0 THERMAL E X P A N S I O N  
MEASUREMENTS OF P L A S T I C S  A N 0  COMPOSITES FOR 
CRYOGENIC A P P L I C A T I O N S  
ML-TOR-64-33, PT. I N 6 4 - 2 2 5 %  

C U R I N G  
F L U I D  B A L L  S O L U B I L I T Y  A N 0  C U R I N G  PROCESS FOR 
N I T R O C E L L U L O S E - B A S E 0  PROPELLANTS 
RK-TR-64-1  N 6 4 - 2 1 7 9 4  

C Y C L I C  SHEAR L O A D I N G  C A L C U L A T E D  FOR I N F I N I T E  S L A B  
U I T H  F I N I T E  T H I C K N E S S  A64-17118 

D 
D A M P I N S  FACTOR 

A C C U S T I C  DAMPING CONSTANT O B T A I N E D  FOR S O L I O  
PROPELLANT COMBUSTION GASES COOLED AT ROOM 
TEMPERATURE 164-14023 

O E T O N A T I D N  
O P T I C A L  C E T E R M I N A T I O N  OF OETONATION V E L O C I T Y  I N  
SHORT CHARGES 
NOLTR- 64- 2 3 N 6 4 - 2 0 8 4 6  

D E T O N A T I O N  WAVE 
FORMATION OF DETONATION WAVES IN L Iau Io  HYOROSEN- 
OXYGEN M I X T U R E  D U R I N G  COMBUSTION 
NASA-TN-0 -2256  N 6 4 - 1 7 7 5 1  

I N I T I A T I O N  MECHANISMS OF OETONATION WAVES I N  
E X P L O S I V E S  AN0 PROPELLANTS N 6 4 - 1 8 4 9 5  

OIBORANE 
I N J E C T O R  C O N F I G U R A T I O N S  AN0 A B L A T I Y E  THRUST 
CHAMBER M A T E R I A L S  FOR U S E  W I T H  OXYGEN O I F L U O R I O E -  
O IBORANE PROPELLANT C O M B I N A T I O N S  
NASA-CR-58800  N 6 4 - 3 0 5 2 5  

O I F F E R E N T I A L  THERMAL A N A L Y S I S  /OTA/  
C H A R A C T E R I Z A T I O N  OF S O L I O  ROCKET PROPELLANTS BY 
O I F F E R E N T I A L  THERMAL A N A L Y S I S  
RK-TR-63-21  N 6 4 - 1 3 9 3 3  

OILATOMETER 
D I L A T O M E T R I C  E V A L U A T I O N  OF S T R A I N  RATE. LOAD. 
TEMPERATURE, A N 0  H U M I D I T Y  EFFECTS ON POLYURETHANE 
t E N 0  CARBOXYL POLYBUTAOIENES 
S R I - 1 2  N 6 4 - 1 4 0 2 4  

OISCHAR6E C O E F F I C I E N T  
DISCHARGE COEFFICIENTS OF ORIFICE FLOW OF L Iau Io  
HYDROGEN A N 0  N I T R O G E N  I N T O  VACUUM 
NASA-CR-55329  N 6 4 - 1 5 8 8 0  

DOUBLE B A S E  PROPELLANT 
DOUBLE BASE PROPELLANT E X A M I N E 0  FOR E F F E C T S  OF 
F A I L U R E  T I M E S  A N 0  TEMPERATURE ON T E N S I L E  
P R O P E R T I E S  A 6 4 - 1 1 8 4 4  

F A I L U R E  C R I T E R I A  FOR CAST DOUBLE BASE PROPELLANT 
T R - 6 4 /  17 N 6 4 - 2 8 0 6 4  

OUCTEO F L O Y  
DISCHARGE COEFFICIENTS OF ORIFICE F L O Y  OF L Iau io 
HYDROGEN AND N I T R O G E N  I N T O  VACUUM 
NASA-CR-55329  N 6 4 - 1 5 8 8 0  

DYNAMIC MODULUS 
FREQUENCY T E S T I N G  OF DYNAMIC MECHANICAL P R O P E R T I E S  
OF V I S C O E L A S T I C  M A T E R I A L S ,  TO DETERMINE SHEAR 
MOOULUS OF A COMPOSITE S O L I O  PROPELLANT 

A 6 4 - 1 2 4 6 6  

OYNAMIC RESPONSE 
DYNAMIC RESPONSE A N 0  F A I L U R E  MECHANISMS I N  
COMPOSITE S O L I O  PROPELLANTS 
L P C - 6 1 8 - P - 1 1  N 6 4 - 1 4 8 2 0  

DYNAMIC RESPONSE A N 0  F A I L U R E  MECHANISMS I N  S O L I O  
PROPELLANT S 
LPC-618-F  N 6 4 - 1 9 6 5 1  

OINAM I C  S T A B I L I T Y  
COMPARTMENTATION OF SPACE BOOSTER PROPELLANT 
CONTAINER TO A V O I D  DYNAMIC C O U P L I N G  OF PROPELLANT 
MOTION AN0 CONTROL SYSTEM 164-16930 

E 
E L A S T I C  CONSTANT 

FREQUENCY T E S T I N G  OF OYNAMIC MECHANICAL P R O P E R T I E S  
OF V I S C O E L A S T I C  M A T E R I A L S ,  TO DETERMINE SHEAR 
MODULUS OF A COMPOSITE S O L I D  PROPELLANT 

A 6 4 - 1 2 4 6 6  

E L A S T I C  DEFORMATION 
APPROXIMATE METHODS FOR I N V E R T I N G  L A P L A C E  
TRANSFORMS OCCURRING I N  V I S C O E L A S T I C  STRESS 
ANA1 Y 5 I C  WHFN U S I N G  E L A S T I C - V I S C O E L A S T I C  ANALOGY 
A I A A  PAPER 64-132 164-1 3065 

ELASTOMER 
ELASTOMER RING SEALS FOR L I a u i o  ROCKET FUEL AND 
OXIDIZER SYSTEM 

N 6 4 -  1681 0 ASO-TOR-63-496 

EFFECT OF F I L L E R  ON V I S C O E L A S T I C  P R O P E R T I E S  OF 
ELASTOMERS A N 0  COMPOSITE S O L I O  ROCKET PROPELLANTS 
RK-TR-64-2 N 6 4 - 1 8 8 8 1  

E L E C T R I C  P R O P U L S I O N  
E L E C T R I C  P R O P U L S I O N  SYSTEM TANKAGE D E S I G N  FOR ZERO 

&SO-TOR-63-506  N64-26813 
GRAVITY RESTART AND L o n  GRAVITY OPERATION 

ELECTRON CLOUD 
DEVELOPMENT A N 0  T E S T  F I R I N G  I N  A L T I T U D E  CHAMBER OF 
ELECTRON GENERATORS, F U N C T I C N I N G  BY C O ~ B U S T I O N  OF 
C E S I U M  N I T R A T E - A L U M I N U M  PRESSED CHARGE 

A 6 4 - 1 3 4 1 6  

ELECTROTHERMAL E N 6 I N E  
CRYOGENIC PROPELLANT FEED SYSTEMS FGR 
ELECTROTHERMAL E N G I N E S  
NASA-CR-60 N64-25020 

L I P U I O  HYDROGEN AS PROPELLANT I N  ELECTROTHERMbL 
E N G I N E  - HYDROGEN STORAGE AN0 E X P U L S I O N  

N 6 4 - 2 5 0 2 1  

ENERLY TRANSFER 
S O L I O  PROPELLANT I G N I T I C N  A N A L Y S I S  - ENERGY OUTPUT 
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E N G I N E E R I N G  /GEN/ S U B J E C T  I N O E X  

TO MOTCR I G N I T I O N  
TM-235-SRP N 6 4 - 1 4 4 4 1  

E N G I N E E R I N G  /GEN/ 
SPACE PROGRAM SUMMARY - SYSTEMS, GUIDANCE A N 0  
CONTROLt  ENGINEERING, PROPULSION*  SPACE SCIENCES,  
AND TELECOMMUNICATIONS RESEARCH 
NASA-CR-56175 N 6 4 - 2 0 8 1 6  

ENTROPY 
VAPOR PRESSURES HEAT A N 0  ENTROPY OF S U B L I M A T I O N  OF 
S O L I D  MAGNESIUM F L U O R I D E  BY MEANS OF T O R S I O N  
E F F U S I O N  PROCEDURE 6 6 4 - 1 7 6 4 9  

THERMODYNAMIC OATA OF MONOMETHYLHYDRAZINE 
PRESENTED AS TEMPERATURE ENTROPY DIAGRAM 

~ 6 4 -  17 a30 

ENVIRONMENTAL CONTROL 
C O L L E C T I O N  OF PAPERS COVERING COMMUNICATION R E L A Y  
S A T E L L I T E  TECHNIQUES, S O L I D  PROPELLANT ROCKET 
TECHNOLOGY AND ENVIRONMENTAL CONTROL OF MANNED 
SPACE VEHICLES A 6 4 - 1 8 4 2 1  

ENVIRONMENTAL T E S T I N G  
S I M U L A T E D  SPACE ENVIRONMENTAL T E S T I N G  OF TANKAGE 
SYSTEMS FOR LONG TERM PROPELLANT STORAGE I N  SPACE 
RPL-TOR-64-56  N 6 4 - 1 9 6 6 9  

ESCAPE 
PROPELLANT ACTUATED D E V I C E S  FOR ESCAPE SYSTEMS 
REPT.-90-1 N 6 4 - 2 4 9 7 4  

E V A P O R A T I O N  RbTE 
H I S T O R I E S  OF PROPELLANT DROPLET TEMPERATUREI 
EVAPORATION RATE, AND TRAJECTORY UNOER H I G H  
PRESSURE AN0 H I G H  TEMPERATURE 
NASA-RP-138 N 6 4 - 1 6 6 8 8  

EXHAUST GAS 
METAL CCYBUSTION E F F I C I E N C Y  I N  S O L I D  PROPELLANT 
ROCKET MOTORS AND FACTORS GOVERNING EXHAUST O X I D E  
P A R T I C L E  S I Z E  
A I A A  PAPER 6 4 - 1 1 6  A 6 4 - 1 3 0 4 6  

RCCKET ENGINE EXHAUST PRODUCTS FROM H I G H  ENERGY 
SOLID .  L I P U I D t  & H Y B R I D  PROPELLANT SYSTEMS 
m - 7 4 1 4 - 9  N 6 4 - 1 4 6 2 7  

P H Y S I C A L  AND THERMODYNAMIC PROPERTIES OF ROCKET 
EXHAUST PRODUCTS 
C R - 1 4 1 4 - 1 1  N 6 4 - 3 0 1 4 0  

EXOTHERMIC REACTION 
BOCK C N  ENERGETICS C F  PROPELLANT CHEMISTRY 
COVERING EXOTHERMICITY OF COMBUST I O N  PRODUCTS, 
WORKING F L U I D  GASES, BONDING OF REACTANTS A N 0  
I N G R E D I E N T  P R O P E R T I E S  A 6 4 - 2 8  5 2 6  

E X P L O D I N G  CONOUCTOR 
E X P L O D I N G  WIRE PHENOMENONI N O T I N G  USE I N  E X P L O S I V E  
AND S O L I C  PROPELLANT I G N I T I O N  164-23044 

E X P L O S I V E  
I N I T I A T I O N  MECHANISMS OF D E T O N A T I O N  WAVES I N  
E X P L O S I V E S  AND PROPELLANTS N 6 4 - 1 8 4 9 5  

THERMAL R A D I A T I O N  OF FLAME W I T H  CONDENSED 
MAGNESIUY O X I D E  P A R T I C L E S  I N  REFERENCE TO S O L I D  
ROCKET PROPELLANTS AND E X P L O S I V E S  

N 6 4 - 2 6 3 4 0  

DETONATION I N  PROPELLANTS & E X P L O S I V E S  BY LOW 
A M P L I T U D E  SHOCKS 
A D - 4 0 6 4 3 8  N 6 4 - 3 0 1 4 4  

E X P U L S I O N  
WELDED METAL BELLOWS - RELIABLE EXPULSION DEVICE 
FOR L I a u I D  PROPELLANTS 

N 6 4 - 2 3 6 1 1  A I  AA PAPER-64-264  

EXTRATERRESTRIAL  MATTER 
E X P L O I T A T I O N  O F  E X T R A T E R R E S T R I A L  RESOURCES A N 0  
PROPELLANT PRODUCTION - WATER AND OXYGEN RECOVERY 

~ 6 4 - 2 9 8 8 9  

F 
F A I L U R E  

MECHANICAL RESPONSE AND F A I L U R E  I N  S O L I O  
PROPELLANT STRUCTURAL C H A R A C T E R I S T I C S  
L P C - 6 1 8 - P - 1 0  N 6 4 - 1 5 6 9 1  

DYNAMIC RESPONSE AND F A I L U R E  MECHANISMS I N  S O L I D  
PROPELLANTS 
L P C - 6 1 8 - F  N 6 4 - 1 9 6 5 1  

O P E R A T I O N A L  F A I L U R E S  OF L I Q U I D  PROPELLANT ROCKET 
E N G I N E S  
F T D - T T - 6 3 - 3 5 7 / 1 G 2  N 6 4 - 2 3 4 2 6  

F A I L U R E  MOOE 
D Y N A M I C  RESPONSE AND F A I L U R E  MECHANISMS I N  
COMPOSITE S O L I O  PROPELLANTS 
L P C - 6 1 8 - P - 1 1  ~ 6 4 - 1 4 a 2 0  

~ 6 4 - 2 8 0 6 4  
F A I L U R E  C R I T E R I A  FOR C A S T  DOUBLE B A S E  PROPELLANT 
T R - 6 4 / 1 7  

F I N I T E  D I F F E R E N C E  UETHOO 
F I N I T E  D I F F E R E N C E  E Q U A T I O N  FOR THE T R A N S I E N T  
PERFORMANCE P R E O I C T I O N  CF N O N - A D I A B A T I C  P R O P U L S I O N  
SYSTEM U T I L I Z I N G  R E A L  GAS PROPELLANT 
A I A A  PAPER 6 4 - 3 7 3  A 6 4 - 2 0 7 8 5  

F I R E  CONTROL 
C H E M I C A L  E X T I N G U I S H E R S  FOR ROCKET PROPELLANT AND 
M E T A L L I C  F I R E S  
RTD-TOR-63-4208  N 6 4 - 1 8 5 7 0  

FLAME 
THERMAL R A D I A T I O N  OF FLAME W I T H  CONDENSED 
MAGNESIUM O X I D E  P A R T I C L E S  I N  REFERENCE TO S O L I 0  
ROCKET PROPELLANTS AN0 E X P L O S I V E S  

N 6 4 - 2 6 3 4 0  

FLAME PROPAGATION 
I G N I T I O N  T R A N S I E N T  I N  S O L I D  PROPELLANT ROCKET 
MOTORSt W I T H  D I M E N S I O N A L  A N A L Y S I S  OF FLAME-  
S P R E A D I N G - I N T E R V A L  MODEL 
A I A A  PAPER 64-126 A 6 4 - 1 3 0 1 0  

FLAME-SPREADING DUE TO HEAT TRANSFER EFFECTS I N  
S O L I D  PROPELLANT G R A I N S  D U R I N G  I G N I T I O N I  E X A M I N I N G  
T R A N S I E N T  CHAMBER PRESSURE RESPONSE 
A I A A  PAPER 64-122 A 6 4 - 1 3 0 1 8  

FLAME SPREAD RATES ALONG PROPELLANT SURFACE OF 
S O L I D  ROCKET MOTORS D U R I N G  I G N I T I O N  TRANSIENT,  
U S I N G  METHOD B A S E 0  ON T R A N S I E N T  HEAT TRANSFER 
A I A A  PAPER 64-125 A 6 4 - 1 3 0 2 0  

S O L I O  PROPELLANT I G N I T I O N  AND FLAME PROPAGATION 
UNDER FLOW C O N D I T I O N S s  I N  TERMS OF HEAT AND MASS 
TRANSFER R E L A T I O N S H I P S  
A I A A  PAPER 6 4 - 1 5 7  A 6 4 - 1 4 7 9 9  

BOOK ON UNSTEADY FLAME PROPAGATION A N 0  COMBUSTION 
O S C I L L A T I O N S  ~ 6 4 - 2 3 o i a  

F L A U E  PROPAGATION V E L O C I T Y  
FLOW OF HOT COMBUSTION PROOUCTS ACROSS SURFACE OF 
A S O L I O  PROPELLANTI W I T H  PRESSURE AND FREE STREAM 
V E L O C I T Y  CONSTANT, TO STUDY FLAME SPREAD 
AIAA P A P E R  64-128 A 6 4 - 1 3 0 2 1  

FLAME PROPAGATION V E L O C I T Y  FOR N I T R A T E  ESTER S O L I O  
PROPELLANT C O M 8 U S T I O N  
A I A A  PAPER 64-109 A 6 4 - 1 3 0 4 3  

F L I G H T  T E S T  
P R O P U L S I O N  IMPROVEMENTS A C H I E V E D  D U R I N G  F L I G H T  
T E S T I N G  OF SATURN V E H I C L E S  
A I A A  PAPER 64-537  A 6 4 -  1 1 9 6 3  

P R O P U L S I O N  IMPROVEMENTS A C H I E V E D  D U R I N G  F L I G H T  
T E S T I N G  OF SATURN LAUNCH V E H I C L E S  
A I A A  P A P E R - 6 4 - 5 3 7  N 6 4 - 1 9 8 9 0  

F L U I D  FLOW 
TRANSVERSE V I B R A T I O N  OF PROPELLANT L I N E  W I T H  
I N T E R N A L  F L O W I N G  F L U I D ,  U S I N G  BEAM APPROACH 

A 6 4 - 1 5 6 5 8  

F L U I D  MECHANICS 
F L U I D  O S C I L L A T I O N  I N  SPACE V E H I C L E  AND EFFECT ON 
V E H I C L E  S T A B I L I T Y  



S U B J E C T  I N D E X  G U I D A N C E  AND CONTROL 

NASA-TR-R-187 N 6 4 - 1 4 9 4 1  

FLUOR I D E  
VAPOR PRESSURE, H E A T  A N 0  ENTROPY OF S U B L I M A T I O N  OF 
S O L I O  MAGNESIUM F L U O R I D E  BY MEANS OF T O R S I O N  
E F F U S I O N  PROCEOURE 6 6 4 - 1 7 6 4 9  

F L U O R I N E  
L I Q U I O  F L U O R I N E  A N 0  L I Q U I D  HYDROGEN PROPELLANT 
C O M B I N A T I O N  P R O V I D E S  MAXIMUM PAYLOAD C A P A B I L I T Y  

A I A A  PAPER 64-217 A 6 4 - 2 0 4 7 7  
FOR BOOSTERS ON MISSIONS FROM Lon ORBIT TO ESCAPE 

ADVANTAGES OF LIauIo FLUORINE - LIQUID HYDROGEN 
F U E L  SYSTEM FOR H I G H  ENERGY ROCKET E N G I N E S  

A 6 4 - 2 6  8 2 2  

F L U O R I N E  COMPOUND 
METALS AND METAL COMPOUNDS IN L Iau Io  ROCKET 
PROPELLANTS. P A R T I C U L A R L Y  STORABLE F L U O R I N A T E D  
OX I O I Z E R S  
A I C E  PAPER 2C 164-1 7319 

F L U O R I N E - L I Q U I D  DXVGEN / F L O X /  
N O N E Q U I L I B R I U M  R E C O M B I N A T I O N  I N  N O Z Z L E S  FOR L I Q U I D  
OXYGEN-HYOROGEN. FLUORINE-HYDROGEN. A N 0  F L U O R I N E -  
L I C U I O  OXYGEN-HYOROGEN PROPELLANTS 
T D R - 2 6 9 / 4 2 1 0 - 1 0 / - 6  N 6 4 - 3 2 4 8 2  

FOAM 
FOAMED PROPELLANT SYSTEM FOR COMPACTION AN0 
S T A B I L I Z A T I O N  OF C O H E S I O N L E S S  AN0 C O H E S I V E  S O I L S  
S U R I - C E - 9 7 4 - 6 4 7 F l  N 6 4 - 3 0 0 0 4  

F O R M A T I O N  H E A T  
APPARATUS FOR H E A T  OF FORMATION MEASUREMENTS OF 
BORON COMPOUNOS - S O L I O  PROPELLANTS 

N 6 4 - 1 8 8 1 8  

F R E E  J E T  
TWO-PHASE TURBULENT F R E E  J E T  EXPANSIONS.  PRODUCE0 
BY S O L I D  P R O P E L L A N T  I G N I T E R S  A N 0  H A V I N G  LARGE 
PRESSURE AN0 TEMPERATURE G R A O I E N T S  
A I A A  PAPER 6 4 - 1 2 3  164-14928 

F U E L  
C H E M I C A L  R E A C T I O N  OF PROPELLANT TANK M A T E R I A L  W I T H  
ROCKET F U E L  AN0 O X I O I Z E R S  
N A S A - T N - 0 - 1 8 B 2  N 6 4 - 1 7  1 5 2  

S P E C I F I C A T I O N S  FOR HEAT S I N K  F U E L S  FOR HYPERSONIC 
A I R C R A F T  
5 - 1 3 9 1 1  N 6 4 - 2  5 7 BO 

FUEL -..-. r .. ...I ---...-.- ..--..-- -..-,.-.. ... Z C  - - - - - - - - - - - . - - - . - - - - - - - - - - . 
NA S A - C R - 5 4 1 1 6  N 6 4 - 2 5 9 0 1  

F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
N A S A - C R - 5 4 1 1 7  N 6 4 - 2 5 9 0 2  

F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
NA S A - C R - 5 4 1 7 0  N 6 4 - 3 0 6 0 5  

F U E L  CONSUMPTION 
H Y B R I D  P R O P U L S I O N  A P P L I C A T I O N  TO AOVANCED 
M I S S I O N S .  C O V E R I N G  F U E L  CONSUMPTION. COMBUSTIDN 
E F F E C I E N C Y  AND T H R O T T L I N G  PERFORMANCE 
A I A A  PAPER 64-226 A 6 4 - 2 0 8 3 4  

F U E L  FLOW 
TRANSVERSE V I B R A T I O N  O F  PROPELLANT L I N E  W I T H  
I N T E R N A L  FLOWING F L U I D .  U S I N G  BEAM APPROACH 

A 6 4 - 1 5 6 5 8  

F U E L  CAUSE 
PROPELLANT U T I L I Z A T I O N  AN0 GAUGING SYSTEM /PUG/  
FOR APOLLO SPACECRAFT 
SAE PAPER B 7 0 0  A 6 4 - 2 0 7 5 4  

F U E L  I N J E C T I O N  
ROLE OF A T O M I Z A T I O N  AN0 I N J E C T I O N  PROCESSES I N  
L I G U l O  PROPELLANT ROCKET E N G I N E  COMBUSTION 

A64-12726 

M I X T U R E  R A T I O  AND I N J E C T I O N  PRESSURE EFFECTS ON 
I G N I T I O N  OELAY OF H Y P E R G O L I C  ROCKET PROPELLANTS 

A 6 4 - 2 2 7 6 3  

UNSTEAOY B U R N I N G  OF L I Q U I D  F U E L  DROPLETS AN0 
P E R I O D I C  S O L U T I O N S  OF F U E L  I N J E C T I O N  PROCESSES 
NASA-CR-55516 N 6 4 - 1 5 9 0 4  

FUEL L E V E L  6 A U 6 E  
PROPELLANT U T I L I Z A T I O N  AN0 GAUGING SYSTEM /PUG/ 
FOR APOLLO SPACECRAFT 
SAE PAPER 8700 A b 4 - 2 0 7 5 4  

FUEL TANK 
HYDRODYNAMIC FORCES FROM S L O S H I N G  L I Q U I D  
PROPELLANTS I N  M I S S I L E  F U E L  TANKS 
ONERA-TP-136 N 6 4 - 2 4 0 0 4  

FUEL TANK P R E S S U R I Z A T I O N  SYSTEH 
L I a u m  ROCKET PROPULSION COVERING ENGINE. 
PROPELLANT. F E E 0  L I N E S  AN0 P R E S S U R I Z A T I O N  SYSTEMS 

A b 4 - 1 7 6 5 9  

C H E M I C A L  METHOD OF PROPELLANT TANK P R E S S U R I Z A T I O N  
FTC-CR-63-23 N 6 4 - 1 4 6 8 7  

G 
GAS FLOW 

FLOW OF HOT COMBUSTION PROOUCTS ACRCSS SURFACE OF 
A S O L I D  PROPELLANT,  W I T H  PRESSURE A N 0  FREE STREAM 
V E L O C I T Y  CONSTANT. TO STUDY FLAME SPREAD 
A I A A  PAPER 6 4 - 1 2 8  A b 4 - 1 3 0 2 1  

I G N I T I O N  AN0 I G N I T I O N  PROPAGATION OF S O L I O  
PROPELLANTS I N  FLOW ENVIRONMENT 
A I A A  P A P E R - 6 4 - 1 5 7  N 6 4 - 1 7 5 3 4  

GAS L I W E F A C T I O N  
L I Q U I O  PROPELLANTS EVALUATED W I T H  REGARD TO 
HYDROGEN AN0 F L U O R I N E   LIQUEFACTION^ STGRAGE AN0 
TRANSPORT A 6 4 - 2 8 2 0 8  

GAS M I X T U R E  
C H E M I C A L  K I N E T I C S  OF COMBUSTION OF HOMOGENEOUS GAS 
M I X T U R E S  I N  L I Q U I D  PROPELLANT ROCKET E N G I N E S  

N 6 4 - 3 2 2 4 1  FTD-MT-64-272 

GAS PHASE 
I N F L U E N C E  OF GAS COMPOSITION.  PRESSUREI AN0 
TEMPERATURE ON S O L I D  PROPELLANT I G N I T I O N  
A I A A  P A P E R - 6 4 - 1 1 8  N 64- 1 4  54 8 

GAS PHASE R E A C T I O N S  A S S O C I A T E 0  W I T H  COMBUSTION OF 
COMPOSITE S O L I D  PROPELLANTS - APPARENT FLAME 
STRENGTH 
110-428627  N b 4 - 1 4 7 9 4  

PERFORMANCE P R E D I C T I O N  OF N O N - A O I A B A T I C  P R O P U L S I O N  
SYSTEM U T I L I Z I N G  REAL GAS PROPELLANT 
A I A A  PAPER 6 4 - 3 7 3  6 6 4 - 2 0 7 8 5  

GASEOUS D I F F U S I O N  
GASEOUS O E C O M P O S I T I O N  I N  COMPOSITE PROPELLANT 
I G N I T I O N  PROCESS MODEL O E S C R I B E S  SURFACE ENERGY 
TRANSFER E F F E C T  UPON COMBUSTION 
A I A A  PAPER 64-111 A 6 4 - 1 3 0 4 7  

GEL 
G E L L I N G  OF L I Q U I D  HYDROGEN 
NASA-CR-54055 N 6 4 -  3 3 0 1 6  

G R A I N  BOUNDARY 
F A I L U R E  C R I T E R I A  FOR T R I A X I A L  T E N S I L E  STRESS UPON 
A G R A I N - L I N E R - C A S E  BOUNDARY W E N  A CASE-BONOED 
S O L I O  P R O P E L L A N T  G R A I N  I S  COOLEO 
A I A A  PAPER 6 4 - 1 5 2  A 6 4 - 1 2 9 9 9  

SECONOARY FLOW C A U S A T I O N  OF ROLL TORQUE AN0 NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE, S O L I O  PROPELLANT ROCKET NOTORS 
A I A A  PAPER 6 4 - 1 4 5  A 6 4 - 1 3 0 0 2  

GUIDANCE AND CONTROL 
SPACE PROGRAM SUMMARY - SYSTEMS. G U I D A N C E  AN0 
CONTROL, E N G I N E E R I N G ,  PROPULSION. SPACE S C I E N C E S s  
AN0 TELECOMMUNICATIONS RESEARCH 
N A S A - C R - 5 6 1 7 5  N 6 4 - 2 0  81 6 

1-9 



HAZARD 

H 

S U B J E C T  I N D E X  

HAZARD 
E X P L O S I O N  S E N S I T I V I T Y  OF S O L I D  PROPELLANT ROCKET 
E N G I N E S  
NO L TR-64- 148 N 6 4 - 3 1 6 7 5  

H E A T  F L U X  
H E A T  I N F L U X  AND OXYGEN V A P O R I Z A T I O N  AT THROAT O F  
L I Q U I D  OXYGEN CONTAINER A 6 4 - 2  B 006 

H E A T  RESISTANCE 
G R A I N  PROCESSING O F  H I G H  TEMPERATURE R E S I S T A N T  
PROPELLANTS 
RTD-TDR-63-4209  N 6 4 - 1 6 0 8 0  

H E A T  S I N K  
S P E C I F I C A T I O N S  FOR HEAT S I N K  F U E L S  FOR HYPERSONIC 
A I R C R A F T  
5- 1391 1 N 6 4 - 2 5 7 8 0  

H E A T  TRANSFER 
PROPELLANT TEMPERATURE O I S T R I B U T I O N  A N 0  WALL H E A T  
TRANSFER I N  ROCKET NOZZLE, A P P L Y I N G  MONTE CARLO 
METHOD 
A I A A  PAPER 64-62 A 6 4 - 1 2 7 5 4  

E X A M I N A T I O N  OF THERMAL CONTROL ASPECTS OF ABOVE- 
SURFACE STORAGE OF PROPELLANTS ON LUNAR E Q U A T O R I A L  
S I T E  
ARS PAPER 2 6 9 0 - 6 2  A 6 4 - 2 6 5 7 4  

H E L I U M  
EFFECT OF H E L I U M  SOUNO F I E L D  ON B U R N I N G  RATE OF 
AMMONIUM PERCHLORATE-POLYURETHANE TYPE S O L I O  
PROPELLANT 
A I A A  PAPER-64-108  N 6 4 - 1 4 8 5 3  

H I G H  ENERGY PROPELLANT 
A D V A N T A G E S  OF L i a u i o  FLUORINE - L i a u i o  HYDROGEN 
F U E L  SYSTEM FOR H I G H  ENERGY ROCKET E N G I N E S  

A 6 4 - 2 6 8 2 2  

ROCKET ENGINE EXHAUST PRODUCTS FROM H I G H  ENERGY 

PR-7414-9 N 6 4 - 1 4 6 2 7  

CONTROL OF B E R Y L L I U M  D U R I N G  PROOUCTION AN0 
T E S T I N G  OF H I G H  ENERGY PROPELLANTS C O N T A I N I N G  
B E R Y L L I U M  - I N D U S T R I A L  SAFETY 
RP.L-TOR-64-10. VOL-  2 N 6 4 -  18 0 13 

SOLID, L i a u I o ,  E HYBRID PROPELLANT SYSTEMS 

H I G H  E X P L O S I V E  
S O L I O  H I G H  E X P L O S I V E S  AS D R I V E R S  OF SHOCK TUBES, 
B A S E 0  ON A C O N I C A L  SHOCK TUBE FOR S I M U L A T I O N  OF 
VERY LARGE B L A S T S  A 6 4 - 1 5 1 4 0  

H I G H  TEMPERATURE F L U I D  
C O L L E C T I O N  OF TWENTY PAPERS T R E A T I N G  T H E O R E T I C A L  
AND A P P L I E D  ASPECTS OF A I R - B R E A T H I N G  ENGINES, 
C H E M I C A L  ROCKETS A N 0  P R O P U L S I O N  D E V I C E S  

664-12720 

P R O P E R T I E S  OF H I G H  TEMPERATURE GASES AND F L U I D S ,  
COMBUSTION AN0 PROPULSION PROCESSES, A N 0  

PROPELLANT ROCKET E N G I N E S  N 6 4 - 2 8  176 
COMBUSTION STUDIES IN SOLID AND L I a u i o  

H I G H  TEMPERATURE GAS 
ALUMINUM OXIDE REDUCTION BY PROPELLANT COMBUSTION 
G A S E S  a i  HIGH TEMPERATURE 
SSD-TOR-64-160  N b 4 - 3 1 9 8 2  

H I G H  TEMPERATURE PROPELLANT 
PROPELLANT ACTUATED D E V I C E S  - THRUSTERS* 
CATAPULTS,  I N I T I A T D R S t  AN0 STRUCTURAL M A T E R I A L S  
PAD-94-1  N 6 4 - 3 2 5 9 7  

H Y B R I D  COMBUSTIDN 
COMBUSTION DURING PERPENDICULAR FLOW OF TWO VAPOR 
STREAMS, SUCH AS OCCURRING I N  H Y B R I D  COMBUSTION 
A I A A  PAPER 6 3 - 5 1 5  A 6 4 - 1 1 1 2 1  

H Y B R I D  PROPULSION 
H Y B R I D  ROCKET ENGINE. U S I N G  C O M B I N A T I O N  OF S O L I O  

PROCESSES AN0 SAFETY OF STORAGE AND TRANSPORTATION 
A 6 4 - 1 3 9 9 3  

AND L I a u I D  PROPELLANTS. DISCUSSING COMBUSTION 

H Y B R I D  PROPULSIONI C O N S I D E R I N G  S E P A R A T I O N  OF F U E L  
AND O X I D I Z E R t  COMBUSTION E F F I C I E N C Y  AND T H R O T T L I N G  
PERFORMANCE A 6 4 - 1 7 1 9 2  

H Y B R I D  PROPULSION A P P L I C A T I O N  TO ADVANCED 
M I S S I O N S ,  C O V E R I N G  F U E L  CONSUMPTIONt  COMBUSTION 
E F F E C I E N C Y  AND T H R O T T L I N G  PERFORMANCE 
A I A A  PAPER 64-226 A 6 4 - 2 0 8 3 4  

H Y B R I D  ROCKET 
H Y B R I D  ROCKET ENGINE,  U S I N G  C O M B I N A T I O N  OF S O L I O  
AND L I Q U I D  PROPELLANTS,  D I S C U S S I N G  COMBUSTION 
PROCESSES A N 0  S A F E T Y  OF STORAGE A N 0  TRANSPORTATION 

664-13993 

H Y B R I D  PROPULSION, C O N S I D E R I N G  S E P A R A T I O N  OF F U E L  
AND O X I D I Z E R ,  CCMBUSTION E F F I C I E N C Y  A N 0  T H R O T T L I N G  
PERFORMANCE 6 6 4 - 1 7  192 

H Y B R I D  P R O P U L S I O N  A P P L I C A T I O N  TO ADVANCED 
M I S S I O N S ,  C O V E R I N G  F U E L  CONSUMPTIONI COMBUSTION 
E F F E C I E N C Y  A N 0  T H R O T T L I N G  PERFORMANCE 
A I A A  PAPER 64-226 164-20834 

S P E C I F I C  I M P U L S E  OF H Y B R I D  ROCKETS I N C R E A S E D  WHEN 
HYDROGEN IS I N J E C T E D  I N T O  S O L I O  F U E L  CHAMBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A 6 4 - 2 7 2 5 6  

THERMOOYNAMIC C A L C U L A T I O N S  FOR L I Q U I D  O X I D I Z E R  AND 
S O L I D  F U E L  C O M B I N A T I O N S  I N  H Y B R I D  ROCKETS 
FA-R-17 1 5  N 6 4 -  22274 

H Y D R A Z I N E  
POLAROGRAPHIC MEMBRANE FOR O E T E C T I N G  PENTABORANE 
GAS - I N F R A R E D  DETECTOR - A N A L Y S I S  OF CRYOGENIC 
PROPELLANTS E PENTABORANE-HYDRAZINE F I R I N G  R E S I D U E  
R-5462 N 6 4 - 2 1 0 6 1  

HYORDDYNAM ICS 
HYOROOYNAMIC FORCES FROM S L O S H I N G  L I P U I O  
PROPELLANTS I N  M I S S I L E  F U E L  TANKS 
ONERA-TP-136 N 6 4 - 2 4 0 0 4  

HYDROGEN 
L I Q U I D  F L U O R I N E  A N 0  L I P U I D  HYDROGEN PROPELLANT 
C O M B I N A T I O N  P R O V I D E S  MAXIMUM PAYLOAD C A P A B I L I T Y  
FOR BOOSTERS ON M I S S I O N S  FROM LOW O R B I T  TO ESCAPE 
AIAA PAPER 64-277 A 6 4 - 2 0 4 7 7  

S P E C I F I C  I M P U L S E  OF H Y B R I D  ROCKETS I N C R E A S E D  WHEN 
HYDROGEN I S  I N J E C T E D  I N T O  S O L I O  F U E L  CHAMBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A 6 4 - 2 7 2 5 6  

C A T A L Y T I C  I G N I T I O N  OF HYDROGEN-OXYGEN PROPELLANT 
C O M B I N A T I O N  
RR-63-9  N 6 4 - 2 1 9 0 1  

C A T A L Y T I C  I G N I T I O N  OF OXYGENlHYOROGEN SYSTEMS 
N AS A-CR-54086  N 6 4 - 3 0 0 8 6  

C H E E I C A L  P R O P E R T I E S  & S O L U B I L I T Y  OF OZONE F L U O R I D E  
I N  L I Q U I D  OXYGEN A N 0  HYPERGOLIC I G N I T I O N  BETWEEN 

NASA-CR-54072  N 6 4 - 3 2 6 3 2  
HYDROGEN AND L i a u i o  OXYGEN 

HYOROGEN F U E L  
L i a u I o  PROPELLANTS E V A L U A T E D  W I T H  R E G A R D  TO 
HYDROGEN AND F L U O R I N E  L I Q U E F A C T I O N ,  STORAGE AND 
TRANSPORT A 6 4 - 2 8 2 0 8  

SATURN S- I V  STAGE E X P L O S I O N  CAUSED BY HYDROGEN 
F U E L  OETONATION 
NASA-TN-0 -563  N 6 4 - 3 0 0 8 9  

N O N E Q U I L I B R I U M  R E C O M B I N A T I O N  I N  N O Z Z L E S  FOR L I Q U I D  
OXYGEN-HYOROGENI FLUORINE-HYDROGENS A N 0  F L U O R I N E -  

T O R - 2 6 9 / 4 2 1 0 - 1 0 / - 6  N 6 4 - 3 2 4 8 2  
L I a u I o  OXYGEN-HYDROGEN PROPELLANTS 

HYDROGEN R E C O M B I N A T I O N  
ATTAINMENT OF H I G H  PROPELLANT PERFORMANCE BY 
C H E M I C A L  C A T A L Y S I S  AN0 OPTIMUM NOZZLE CONTOURS 
A I A A  PAPER 64-98 A 6 4 - 1 2 9 4 8  

H Y P E R G O L I C  PROPELLANT 
MODEL OF H Y P E R G O L I C  I G N I T I O N  FOR S O L I D  
PROPELLANTS. BASED ON HETEROGENEOUS C H E M I C A L  
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S U B J E C T  I N D E X  L A P L A C E  TRANSFORM 

R E A C T I O N S  BETYEEN R E A C T I V E  O X I D I Z E R  A N 0  PROPELLANT 
SURFACE 
A I A A  PAPER 63-514 A 6 4 - 1 1 1 2 2  

V A R I A T I O N S  I N  CHEMICAL.  THERMODYNAMIC AND FLOW 
PARAMETERS OF H Y P E R G O L I C  PROPELLANTS E X A M I N E D  FOR 
CAUSE OF I G N I T I O N  D E L A Y  
Y S S / - C I  PAPER 64-12 A64- 10 012 

M I X T U R E  R A T I O  A N 0  I N J E C T I O N  PRESSURE EFFECTS ON 
I G N I T I O N  D E L A Y  OF H Y P E R G O L I C  ROCKET PROPELLANTS 

A 6 4 - 2 2 7 6 3  

IGNITION DELAYS OF HYPERGOLIC L Iau io  ROCKET 
PROPELLANTS 
Y S S / C I  PAPER-64-12  N 6 4 - 2 4 3 7 6  

F A C I L I T Y  FOR T E S T I N G  ROCKET P R O P U L S I O N  SYSTEMS 
U S I N G  H I G H  ENERGY. TOXIC. H Y P E R G O L I C  PROPELLANTS 
UNDER S I M U L A T E 0  SPACE ENVIRONMENT 
RTO-TOR-63-1003  N 6 4 - 3 1 1 7 1  

H Y P E R S O N I C  A I R C R A F T  
S P E C I F I C A T I O N S  FOR HEAT S I N K  F U E L S  FOR HYPERSONIC 
A I R C R A F T  
5 - 1 3 9 1 1  N b 4 - 2 5 7 8 0  

I 
I B M  7090 COMPUTER 

OPTIMUM THRUST PROGRAMMING TO DETERMINE 
C O M P O S I T I O N  OF MULTICOMPONENT PROPELLANTS - 
I B M  7090 AND 7094 COMPUTER PROGRAM 
U-2502 N 6 4 - 1 9 4 1 4  

I B M  7090 COMPUTER C A L C U L A T I O N  OF PROPELLAN1 
THERMODYNAMIC P R O P E R T I E S  
N O L T R - 6 3 - 2 0 2  N 6 4 - 2 2 7 0 6  

1611 7094 COMPUTER 
OPTIMUM THRUST P R O G R A M I N 6  TO DETERMINE 
C O M P O S I T I O N  OF MULTICOMPONENT PROPELLANTS - 
I B M  7090 A N 0  7094 C W U T E R  PROGRAM 
U-2502 N 6 4 - 1 9 4 1 4  

I 6 N I T E R  
E X P L O D I N G  WIRE PHENOMENON. N O T I N G  U S E  I N  E X P L O S I V E  
AND S O L I 0  PROPELLANT I G N I T I O N  A 6 4 - 2 3 0 4 4  

S O L I D  PROPELLANT I G N I T I O N  C H A R A C T E R I S T I C S  I N  
ROCKET E N G I N E S  
NOL TR- 64- 107 N 6 4 - 3 1 0 4 8  

1 6 N I T I O N  
THRESHOLD I G N I T I O N  E N E R G I E S  FOR PROPELLANTS. U S I N G  
ARC-IMAGE FURNACE TECHNIOUE A 6 4 - 1 3 1 4 7  

HETEROGENEOUS R E A C T I O N S  I N  I G N I T I O N  AND C O n 0 U S T I O N  
OF S O L I D  PROPELLANTS. P R E D I C T I N G  E F F E C T S  OF 
INOEPENOENT V A R I A 0 L E S  ON I G N I T I O N  AND BURNING R A T E  

164-13104 

HETEROGENEOUS I G N I T I O N  THEORY FOR COMPOSITE S O L I D  
PROPELLANT S 
A I A A  PAPER 6 4 - 1 5 6  A b 4 - 1 4 7 7 3  

M I X T U R E  R A T I O  AN0 I N J E C T I O N  PRESSURE EFFECTS ON 
I G N I T I O N  D E L A Y  OF H Y P E R G O L I C  ROCKET PROPELLANTS 

A 6 4 - 2 2 7 6 3  

C A T A L Y T I C  I G N I T I O N  OF HYDROGEN-OXYGEN PROPELLANT 
C O M B I N A T I O N  
RR-63-9  N b 4 - 2 1 9 0 1  

I G N I T I O N  OELAYS OF H Y P E R G O L I C  L I W I D  ROCKET 
PROPEL L A N  T S  
U S S l C I  PAPER-64-12  N b 4 - 2 4 3 7 6  

ARC I G N I T I O N  T E C H N I Q U E S  FOR S O L I D  PROPELLANTS 
R P L - T O R - 6 4 - 1 1 6  N 6 4 - 2 8 2 3 6  

ROCKET E N G I N E  I G N I T I O N  T I M E  D E L A Y  
N 6 4 - 2 0 5 9 2  

C A T A L Y T I C  I G N I T I O N  OF DXYGEN/HYOROGEN SYSTEMS 
NASA-CR-54086  N 6 4 - 3 0 0 0 6  

C H E M I C A L  P R O P E R T I E S  6 S O L U B I L I T Y  OF OZONE F L U O R I D E  
I N  L I P U I D  OXYGEN A N 0  H Y P E R G O L I C  I G N I T I O N  BETWEEN 

HYDROGEN AND L I P U I D  OXYGEN 
NASA-CR-54072  1164-32632 

I G N I T I O N  S Y S T E H  
EFFECTS OF PRESSURE AND OXYGEN ON V A R I O U S  I G N I T I O N  
PROCESSES OF S O L I O  PROPELLANTS S T U O I E O  
EXPERIMENTALLYI  U S I N G  A SMALL ROCKET MOTOR 
A I A A  PAPER 6 4 - 1 5 3  A 6 4 - 1 2 9 9 8  

CONTROL OF I G N I T I O N  T R A N S I E N T  PERFORMANCE OF 
ROCKET MOTOR. U S I N G  I N H I B I T O R  T E C H N I P U E  
A I A A  PAPER 64-124 1 6 4 - 1 3 0 1 9  

FLOW OF HOT C O M W S T I O N  PRODUCTS ACROSS SURFACE OF 
A S O L I D  PROPELLANT. W I T H  PRESSURE A N 0  FREE STREAM 
V E L O C I T Y  CONSTANT. TO STUOY FLAME SPREAD 
A I A A  PAPER 64-126 A b 4 - 1 3 0 2 1  

I G N I T I O N  TEMPERATURE 
V A R I A T I O N S  I N  CHEMICAL,  THERMODYNAMIC AND F L O Y  
PARAMETERS OF H Y P E R 6 0 L I C  PROPELLANTS E X A M I N E 0  FOR 
CAUSE OF I G N I T I O N  DELAY 
YSS/ -CI  PAPER 64-12 164-10012 

I N O U S T R I A L  SAFETY 
CONTROL OF B E R Y L L I U M  D U R I N G  PRODUCTION AND 
T E S T I N G  OF H I G H  ENERGY PROPELLANTS C O N T A I N I N G  
B E R Y L L I U M  - I N D U S T R I A L  SAFETY 
RPL-TOR-64-10. VDL. 2 N64-18013 

INERT GAS 
PRESSURE F E D  PROPELLANT TRANSFER SYSTEH U S I N G  LOW 
MOLECULAR WEIGHT I N E R T  GAS A 6 4 - 1 4 3 3 3  

INFRARED DETECTOR 
POLAROGRAPHIC MEMBRANE FOR D E T E C T I N G  PENTABORANE 
GAS - I N F R A R E D  DETECTOR - A N A L Y S I S  OF CRYOGENIC 
PROPELLANTS C PENTABORANE-HYDRAZINE F I R I N G  R E S I D U E  
R - 5 4 6 2  N 6 4 - 2 1 0 6 1  

INJECTOR 
EFFECTS OF H I G H  CHAMBER PRESSURE. I N J E C T O R  T Y P E  L 
SIZE.  C THRUST CHAMBER LENGTH ON COMBUSTION 
S T A B I L I T Y  OF L I P U I O  PROPELLANT ROCKET E N G I N E S  
NASA-CR-56672  N 6 4 - 2 9 7 0 6  

I N J E C T O R  C O N F I G U R A T I O N S  AND A B L A T I V E  THRUST 
CHANBER M A T E R I A L S  FOR USE W I T H  OXYGEN D I F L U O R I O E -  
D I B O R A N E  PROPELLANT C O M 8 I N A T I O N S  
NASA-CR-58000  N b 4 - 3 0 5 2 5  

I N T E R I O R  B A L L I S T I C S  
B A L L I S T I C  A N A L Y S I S  OF S O L I O  PROPELLANT I G N I T I O N  
TRANSIENT. SHOWING DEPENDENCE OF PEAK OVERPRESSURE 
ON I N I T I A L  TEMPERATURE AND PRESSURE 
A I A A  PAPER 6 4 - 1 2 1  A 6 4 - 1 3 0 1 7  

INTERPLANETARY SPACECRAFT 
E J E C T I O N  V E L O C I T Y  OF C H E M I C A L  PROPELLAKTS MAKES 
THEM I N A D E P U A T E  FOR I N T E R P L A N E T A R Y  TRAVEL 

A 6 4 - 2 7 3 0 6  

I O N I Z A T I O N  
I O N I Z A T I O N  A N 0  C O N D U C T I V I T Y  OF I N O R G A N I C  N ITROGEN-  
F L U O R I N E  COMPOUNDS FOR PROPELLANT O X I O I Z E R S  
E C - 6 7 0  N 6 4 - 3 3 9 2 6  

IONOSPHERIC E L E C l R O N  DENSITV 
DEVELOPMENT AND T E S T  F I R I N G  I N  A L T I T U D E  CHAMBER OF 
ELECTRON GENERATORS, F U N C T I O N I N G  BY COMBUSTION OF 
C E S I U M  N I T R A T E - A L U M I N U M  PRESSED CHARGE 

164-13416 

ISOMER 
DRTHOPARAHYOROGEN CONVERSION. G I V I N G  C O M P A R A T I V E  
RESULTS OF C A T A L Y S T S  EMPLOYED A T  LOW TEMPERATURES 

A 6 4 - 1 7 7 0 0  

J 
JET E N 6 I N E  

COMBUSTION V I B R A T I O N  I N  L I P U I O  F U E L  ROCKET E N G I N E S  
AND J E T  E N G I N E S  
F T O - T T - 6 2 - 9 4 2 / 1 G t  N 6 4 - 1 8 0 9 0  

1 
LAPLACE TRANSFORM 

APPROXIMATE METHODS FOR I N V E R T I N G  L A P L A C E  
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L I F E  SUPPORT SYSTEM S U B J E C T  I N D E X  

TRANSFORMS OCCURRING I N  V I S C O E L A S T I C  STRESS 
A N A L Y S I S  WHEN U S I N G  E L A S T I C - V I S C O E L A S T I C  ANALOGY 
A I A A  PAPER 6 4 - 1 3 2  A 6 4 - 1 3 0 6 5  

L I F E  SUPPORT SYSTEM 
STORABLE PROPELLANT U T I L I Z A T I O N  EXTENDED TO 
I N C L U D E  ATMOSPHERE REPLENISHMENT, THERMAL CONTROL 
AND WATER AN0 POWER PRODUCTION 
A I A A  PAPER 6 4 - 2 1 3  ~ 6 4 - 1 8 8 7 7  

L Iau Io  
L I Q U I O  SURFACE LOW FREQUENCY O S C I L L A T I O N S  I N  
L O N G I T U O I N A L L Y  V I B R A T E D  C Y L I N D R I C A L  TANK 
NASA-CR-56135 N 6 4 - 2 0 7 2 1  

L I w o  ATOMIZATION 
ROLE OF A T O M I Z A T I O N  AN0 I N J E C T I O N  PROCESSES I N  
L I Q U I O  PROPELLANT ROCKET E N G I N E  COMBUSTION 

A 6 4 - 1 2 7 2 6  

L I a u I o  FLOW 
TEMPERATURE S T R A T I F I C A T I O N  I N  L I Q U I D S  CCNTAINEO I N  
HEATED VESSELS - S T R A T I F I E O  LAYER FLOW MODEL 

~ 6 4 - 3 2 8 8 2  

L Iau Io  HYDROGEN 
ELECTRONIC TECHNIQUE TO CONTROL M I X T U R E  R A T I O  I N  
COMBUSTION PROCESS, U S I N G  CRYOGENIC PROPELLANTS 

6 6 4 - 1 8 1 2 5  

DESIGN,  EXPERIMENTAL MEASUREMENT, & A N A L Y S I S  OF 
THERMAL PROTECTION SYSTEMS FOR L I Q U I D  HYDROGEN 
TANKS 
NA S A-C R-5 52  5 2  

D ISCHARGE C O E F F I C I E N T S  OF O R I F I C E  FLOW OF L I Q U I D  
HYDROGEN AN0 N I T R O G E N  I N T O  VACUUM 
NASA-CR-55329 , N 6 4 - 1 5 8 8 0  

N 6 4 - 1 3 4 0 3  

FORMATION OF DETONATION W A V E S  IN L I a u i o  HYOROGEN- 
OXYGEN MIXTURE OURING COMBUSTION 
NASA-TN-0 -2256  N 6 4 - 1 7 7 5 1  

H I G H  STRENGTH AN0 H I G H  TOUGHNESS T I T A N I U M  B A S E  
A L L O Y  FCR L I Q U I C  HYOROGEN PROPELLANT TANK 
S H - 4 4 6 7 4  ~64-18709 

L I Q U I D  HYDROGEN AS PROPELLANT I N  ELECTROTHERMAL 
E N G I N E  - HYDROGEN STORAGE AN0 E X P U L S I O N  

N 6 4 - 2 5 0 2 1  

F U N C T I C N A L  FEATURES OF L I Q U I D  HYDROGEN TANK FOR 
ARC-JET FEEO SYSTEM N 6 4 - 2 5 0 2 3  

T I T A N I U M  ALLOY W I T H  EXTRA LOW I N T E R S T I T I A L  
CONTENT - LIGHTWEIGHT L I a u i o  HYDROGEN TANK 

MECHANICAL SUPPORT S Y S T E M  FOR INNER L I a u I o  

N 6 4 - 2 5 0 2 4  

HYDROGEN TANK OF ARC J E T  FEEO SYSTEM 
N 6 4 - 2 5 0 2 5  

METEOROID HAZARD TO L I Q U I D  HYDROGEN STORAGE 
TANKS - PROTECTIVE MEASURES N 6 4 - 2 5 0 2 6  

THERMAL R A D I A T I O N  I N C I D E N T  ON L I Q U I D  HYOROGEN TANK 
OURING TRANSFER O R B I T  N 6 4 - 2 5 0 2 7  

THERMAL 
STORAGE 

PRCTECTION 
VESSEL 

SYS TEM FOR 1 .IQUIO HYDROGEN 
N 6 4 - 2 5 0 2 8  

THERMAL S T R A T I F I C A T I O N  OF L I C U I O  HYDROGEN I N  
ROCKET PROPELLANT TANKS 
E R - 6 7 5 9  N 6 4 - 2 9 6 7 2  

GELLING O F  L I a u I o  HYDROGEN 
NASA-CR-54055 N 6 4 - 3 3 0 7 6  

L i a u i o  NITROGEN 
DISCHARGE COEFFICIENTS OF ORIFICE FLOW OF L I a u I o  
HYOROGEN AND N I T R O G E N  I N T O  VACUUM 
NASA-CR-55329  N 6 4 - 1 5  8 8 0  

L Iau Io  OXIDIZER 
ELASTOMER RING SEALS FOR L I Q U I D  ROCKET FUEL AN0 
C X I D I Z E R  SYSTEM 
ASO-TOR-63-496 ~ 6 4 - 1 6 8 7 0  

THERMOOYNAMIC CALCULATIONS FOR L I a u I o  OXIDIZER AND 

S O L I D  F U E L  C O M B I N A T I O N S  I N  H Y B R I D  ROCKETS 
F A - R - 1 7 1 5  N 6 4 - 2 2 2 7 4  

H A N D L I N G  AND STORAGE OF L I Q U I D  PROPELLANTS AN0 
O X I O I Z E R S  
A D - 4 4 2 8 4 9  N 6 4 - 3 0 5 5 6  

L Iau io  OXYGEN 
H E A T  I N F L U X  A N 0  OXYGEN V A P O R I Z A T I O N  A T  THROAT OF 
L I a u i o  OXYGEN CONTAINER A 6 4 - 2 8 0 0 6  

FORMATION OF D E T O N A T I O N  WAVES I N  L I Q U I D  HYOROGEN- 
OXYGEN M I X T U R E  D U R I N G  COMBUSTION 

N 6 4 - 1 7 7 5 1  NASA-TN-0 -2256  

C H E M I C A L  P R O P E R T I E S  & S O L U B I L I T Y  OF OZONE F L U O R I O E  
I N  L I Q U I D  OXYGEN AN0 H Y P E R G O L I C  I G N I T I O N  BETWEEN 
HYDROGEN A N 0  L I Q U I D  OXYGEN 
N A S A - C R - 5 4 0 7 2  N 6 4 - 3 2 6 3 2  

LIauro PROPELLANT 
L I a u I o  PROPULSION COMPARED WITH NUCLEAR AND SOLID 
F U E L  SYSTEMS, E M P H A S I Z I N G  ELEMENTS OF ENERGY 
SOURCE, P R O P U L S I V E  SUBSTANCE A N 0  S T O R A B I L I T Y  

~ 6 4 - 1 5 3 5 8  

M E T A L S  AND M E T A L  COMPOUNDS IN L I a u I o  R O C K E T  
PROPELLANTSv  P A R T I C U L A R L Y  STORABLE F L U O R I N A T E D  
O X I O I Z E R S  
A I C E  PAPER 2C A 6 4 - 1 7 3 1 9  

THERMODYNAMIC D A T A  OF MONOMETHYLHYORAZINE 
PRESENTED A S  TEMPERATURE ENTROPY OIAGRAM 

A 6 4 - 1 7 8 3 0  

V A R I A T I O N S  I N  CHEMICAL,  THERMODYNAMIC AN0 FLOW 
PARAMETERS OF H Y P E R G O L I C  PROPELLANTS E X A M I N E D  FOR 
CAUSE OF I G N I T I O N  DELAY 
WSS/ -C I  PAPER 6 4 - 1 2  ~ 6 4 - i a o i z  

STORABLE PROPELLANT U T I L I Z A T I O N  EXTENDED T O  
I N C L U D E  ATMOSPHERE REPLENISHMENT,  THERMAL CONTROL 
AN0 WATER AND POWER PROCUCTION 
A I A A  PAPER 64-213 A 6 4 - 1 8 8 7 7  

THERMAL SENSITIVITY A P P A R A T U S  FOR L i a u I o  
PROPELLANT T E S T I N G  A 64- 19 150 

L I Q U I O  PROPELLANT O R I E N T A T I O N  I N  A ZERO G R A V I T Y  
ENVIRONMENT, U S I N G  INTERMOLECULAR FORCES 
SAE PAPER 8620 A 6 4 - 2 0 2 9 8  

C A P A C I T I V E  MASS S E N S I N G  OF B O I L I N G  PROPELLANTS I N  
CENTAUR V E H I C L E  
SAE PAPER 8 5 9 6  A 6 4 -  2 0 305 

L I a u i o  FLUORINE AND L I a u I o  HYOROGEN PROPELLANT 
C O M B I N A T I O N  P R O V I D E S  MAXIMUM PAYLOAO C A P A B I L I T Y  
FOR BOOSTERS ON M I S S I O N S  FROM LOW O R B I T  TO ESCAPE 
A I A A  PAPER 64-277 A 6 4 - 2 0 4 7 7  

TRANSVERSE-MODE L I a u i o  PROPELLANT R O C K E T  
COMBUSTION I N S T A B I L I T Y  THEORY EXTENDED TO I N C L U D E  
L I N E A R I Z E D  V E L O C I T Y  E F F E C T S  A 6 4 - 2 5 3 4 4  

L I a u I o  PROPELLANTS EVALUATED WITH R E G A R D  T O  

TRANSPORT ~ 6 4 - 2 8 2 0 a  

PROPELLANTS ~ 6 4 -  a02 30 

HYDROGEN A N 0  F L U O R I N E  L I Q U E F A C T I O N ,  STORAGE AN0 

ATMCSHERIC M O N I T O R I N G  OF T O X I C  L E V E L S  OF M I S S I L E  

T O X I C I T Y  OF REO N I T R I C  F U M I N G  ACIO, D I M E T H Y L  
HYDRAZINE.  M-3 PROPELLANT, N ITROGEN P E R O X I O E s  
ETHYLENE OXIDE,  A N 0  P R E V E N T I V E  MEASURES AN0 
TREATMENT A 6 4 - 8 0 8 8 7  

UNSTEADY BURNING OF L I a u I o  FUEL DROPLETS AND 
P E R I O D I C  S O L U T I O N S  OF F U E L  I N J E C T I O N  PROCESSES 
NASA-CR-55516  N 6 4 - 1 5 9 0 4  

L I a u I o  PROPELLANT SENSITIVITY - CRYOGENIC 
A O A P T A T I O N  OF SHOCK TUBE 
I I T R I - C 6 0 2 V  ~ 6 4 - 1 6 6 5 8  

ELASTOMER RING S E A L S  FOR L I a u i o  R O C K E T  FUEL ANO 

ASO-TOR-63-496  ~ 6 4 - 1 6 8 7 0  
O X I D I Z E R  SYSTEM 
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S U B J E C T  I N D E X  MANDREL 

VAPOR P R E S S U R I Z A T I O N  SYSTEM FOR USE W I T H  L I Q U I D  
PROPEL L A N  TS 
R E P T - - B 2 9 0 - 5 S  N b 4 - 2 2 0 0 9  

WELDED METAL BELLOWS - R E L I A B L E  E X P U L S I O N  D E V I C E  

A I A A  P A P E R - 6 5 - 2 6 4  N b 4 - 2 3  611 
FOR L Iau Io  PROPELLANTS 

HYOROOYNAMIC FORCES FROM S L O S H I N G  L I Q U I D  
P R O P E L L A N T S  I N  M I S S I L E  F U E L  TANKS 
ONERA-TP- 136 N b 4 - 2 4 0 0 4  

IGNITION DELAYS OF HYPERGOLIC LIauIo ROCKET 
PROPELLANTS 
Y S S / C I  P A P E R - 6 4 - 1 2  N b 4 - 2 4 3 7 6  

FUNDAMENTALS OF L I Q U I D  PROPELLANT S E N S I T I V I T Y  TO 
SHOCKS 
I I T R I - C b 0 2 4 - B  N b 4 - 2 5 5 0 1  

TECHNIQUES FOR I M P R O V I N G  O E T E C T I O N  OF CONTAMINANTS 

R E P T s - 2 6 3 8  N b 4 - 2 5 8 8 9  

PERFORMANCE OF T I T A N I U M  ALLOY TANKAGE FOR 

511-43116 N b 4 - 2 7 4 0 9  

H A N D L I N G  AN0 STORAGE OF L I Q U I D  PROPELLANTS A N 0  
OX IO1 ZERS 
A D - 4 4 2 8 4 9  N b 4 - 3 0 5 5 6  

IN L Iau Io  PROPELLANTS - BIBLIOGRAPHY 

CRYOGENIC LIauIo PROPELLANTS 

SHOCK T u a E  TESTS FOR LIQUID PROPELLANT SENSITIVITY 
I I T R I - C b 0 2 4 - 1 2  N b 4 - 3 3 5 7 3  

L I Q U I D  P R O P E L L A N T  ROCKET E N C I N E  
S T A B L E  COMBUSTION PROCESSES NECESSARY FOR 
A N A L Y T I C A L  M O D E L I N G  OF L I Q U I D  PROPELLANT ROCKET 
E N G I N E  COMBUSTION A 6 4 - 1 2 7 3 9  

C O N F L I C T I N G  E X P E R I M E N T A L  R E S U L T S  ON COMBUSTION 

I N C L U D I N G  FREQUENCY I N S T A B I L I T Y .  TO A I 0  I N  
A C O U S T I C  TYPE I N S T A B I L I T Y  164-1 2740 

O N E - O I M E N S I O N A L  UNSTEADY AEROTHERMOCHEMICAL 
A N A L Y S I S  OF COMBUSTION I N S T A B I L I T Y  I N  L I Q U I D  
ROCKET E N G I N E S  A b 4 - 1 6  146 

INSTABILITIES IN LIauIo PROPELLANT ROCKETS, 

LiauIo ROCKET PROPULSION COVERING ENGINE. 
PROPELLANT. F E E 0  L I N E S  AN0 P R E S S U R I Z A T I O N  SYSTEMS 

A 6 4 - 1 7 6 5 9  

L I P U l O  PROPELLANT P O S I T I V E  E X P U L S I O N  D E V I C E  U S I N G  
YELOEO M E T A L  BELLOWS FOR MANNED SPACECRAFT 

A I A A  PAPER 6 4 - 2 6 4  164-19873 
nanDI8, C.n.4 . . . - . - - - -. . 

L I a u I o  OXYGEN/LIOUID HYDROGEN ROCKET ENGINE IN 
L I G H T  OF B R I T I S H  E X P E R I E N C E  164-25444 

D R I V I N G  PRESSURE WAVE FORM FOR D E T E R M I N I N G  H F  

ROCKET E N G I N E  A b 4 - 2 5 4 6 6  

WANUFACTURIN6 D E T A I L S  O F  L I Q U I D  H Y O R O G E N / L I P U I O  
OXYGEN CHAMBER C O V E R I N G  CONFIGURATION.  CODLINS. 
I N J E C T O R  A N 0  P R O P E L L A N T  C O M B I N A T I O N S  

COMBUSTION OSCILLATIONS IN LIauIo PROPELLANT 

A b k - 2 5 6 1 7  

CCMBUSTION INSTABILITY OF SOLID ANO L iau Io  
PROPELLANT ROCKET E N G I N E S  N b 4 - 1 6 5 5 9  

UNCOOLEO THRUST CHAMBER M A T E R I A L S  FOR USE I N  

N A S A - C R - 5 3 3 6 7  N b 4 - 1 7 8 2 0  
STORABLE L I a u I o  PROPELLANT ROCKET ENGINE 

COMBUSTION VIBRATION IN LIauIo FUEL ROCKET ENGINES 
AN0 J E T  E N G I N E S  
F T O - T T - b 2 - 9 4 2 / 1 E Z  N 6 4 - 1 8 8 9 0  

LIauIo PROPELLANT ROCKET ENGINES - OPERATION, 
COOLING. P R O P E L L A N T  F E E D I N G  E COMBUSTION. A N 0  
LIQUIO P R O P E L L A N T S  
F T O - T T - b 3 - 1 0 6 3 / l t 2 t 4  N b 4 - 2 1 9 3 9  

OPERATICNAL FAILURES OF L i a u I o  PROPELLANT ROCKET 
E N G I N E S  

NONLINEAR COMBUSTION INSTABILITY IN L iau Io  
PROPELLANT ROCKET E N G I N E S  

N b 4 - 2 7 2 8 7  NASA- C R -5 6 94 6 

PROPERTIES OF H I G H  TEMPERATURE GASES AN0 F L U I D S .  
COMBUSTION AN0 P R O P U L S I O N  PROCESSES. AN0 
COMBUSTION S T U D I E S  I N  S O L I O  A N 0  L I G U I O  
PROPELLANT ROCKET E N G I N E S  N 6 4 - 2 8 1 7 6  

COMBUSTION S T A B I L I T Y  I N  L I Q U I O  PROPELLANT ROCKET 
E N G I N E S  N 6 4 - 2 8 1 9 4  

COMBUSTION INSTABILITY IN LrauIo PROPELLANT 
N 6 4 - 2 8 5 9 4  ROCKET E N G I N E S  

EFFECTS OF H I G H  CHAMBER PRESSURE, I N J E C T O R  TYPE E 
S I Z E .  E THRUST CHAMBER LENGTH ON COMBUSTION 
S T A B I L I T Y  OF L I Q U I D  PROPELLANT ROCKET E N G I N E S  
NASA-CR-5 b 672 N 6 4 - 2 9 7 0 6  

CHEMICAL K I N E T I C S  OF COMBUSTION OF HOMCGENEOUS GAS 

F T O - M T - 6 4 - 2 7 2  N 6 4 - 3 2 2 4 1  

PROPULSION OEVELOPMENT PROBLEMS OF SATURN I AN0 
SATURN V L I P U I O  ROCKET V E H I C L E S  
NASA-TM-X-53075 

CONTROL METHODS OF H I G H  FREQUENCY COMBUSTION 

MIXTURES IN LIauIo PROPELLANT RGCKET ENGINES 

N 6 4 -  32 48 6 

OSCILLATIONS IN HIGH THRUST LIauIo PROPELLANT 
ROCKET E N G I N E S  
LO-44-37 64 N 6 4 - 3 2  b41 

L I Q U I D  S L O S H I N S  
COMPARTMENTATION OF SPACE BOOSTER PROPELLANT 
CONTAINER TO A V O I D  D Y N A M I C  C O U P L I N G  OF PROPELLANT 
WOTION AN0 CONTROL SYSTEM A 6 4 -  16930 

SLOSHING EFFECTS ON LIauIo PROPELLANT FILLED 
BOOSTER TRANSFER FUNCTIONS.  COMPUTING RESULT&NT 
FORCES. MOMEYTS AN0 PRESSURE CENTER 

A b 4 - 2  61 77 

HYCROOYNAMIC FORCES FROM S L O S H I N G  L I C U I D  
PRCPELLANTS I N  M I S S I L E  F U E L  TANKS 
DNERA-TP-136 N 6 4 - 2 4 0 0 4  

L I O U I O - V A P O R  I N T E R F A C E  
HYDROSTATIC S T A 8 I L I T Y  OF L I Q U I D - V A P O R  I N T E R F A C E  
I N  C Y L I N D E R  
NASA-TN-0-2267 N b 4 -  1 9 1 2  3 

L I T H I U M  F L U O R I O E  
STRAND B U R N l N G  C H A R A C T E R I S T I C S  OF COMPOSITE 
PROPELLANTS C O N T A I N I N G  L I T H I U M  F L U O R I D E  BY 
not W ~ O C T U I ~ C  e w n  on, vnt ITrnicnc r r r r l n ~ ~  C V C T C Y C  

u s / - C I  PAPER 64-18 A 6 4 - 1 8 4 1 9  
- _ _ _  - ._ . .. - 

LOU TEMPERATURE ENVIRONMENT 
WECHANICAL P R O P E R T I E S  OF S I M U L A T E D  S O L I D  

TENPERATURE ENVIRONMENT 
MRL-ONR-3 

PROPELLANTS UNDER HIGH STRAIN R A T E  AND Low 

N 64- 33 27 3 

LUNAR ENVIRONMENT 
E X A M I N A T I O N  OF THERMAL CONTROL ASPECTS OF ABOVE- 
SURFACE STORAGE OF P R O P E L L A N T S  ON LUNAR E Q U A T O R I A L  
S I T E  
ARS PAPER 2 6 9 0 - 6 2  A b 4 - 2 6 5 7 4  

LUNAP. S O I L  
ROCKET PROPELLANT MADE FROM LUNAR SURFACE M A T E R I A L  
FOR SPACECRAFT R E F U E L I N G  A 6 4 - 2 6 9 4 7  

M 
MAGNESIUM CORPOUNO 

VAPOR PRESSURE. H E A T  AND ENTROPY OF S U B L I M A T I O N  OF 
S O L I D  MAGNESIUM F L U O R I D E  BY MEANS OF T U R S I O N  
E F F U S I O N  PROCEDURE A 6 4 - 1 7 6 4 9  

MAGWESIUM O X I D E  
THERMAL R A D I A T I O N  OF FLAME W I T H  CONDENSED 
WAGNESIUM O X I D E  P A R T I C L E S  I N  REFERENCE TO S O L I O  
ROCKET PROPELLANTS AN0 E X P L O S I V E S  

N 6 4 - 2 6 3 4 0  

MANDREL 
C O M B U S T I B L E  MANOREL FROM N I T R O C E L L U L O S E  PAPER F T O - T T - 6 3 - 3 5 7 / 1 & 2  N 6 4 - 2 3 4 2 6  
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MANNED SPACE F L I G H l  S U B J E C T  I N D E X  

PA-TM-1324  N b 4 - 2 1 7 4 9  

MANNED SPACE F L I G H T  
E J E C T I O N  VELOCITY OF C H E M I C A L  PROPELLANTS MAKES 
THEM INAOEQUATE FOR INTERPLANETARY TRAVEL 

A b 4 - 2 7 3 0 6  

MANNED SPACECRAFT 
C O L L E C T I O N  OF PAPERS COVERING COMMUNICATION RELAY 
S A T E L L I T E  TECHNIQUES, S O L I D  PROPELLANT ROCKET 
TECHNOLOGY AND ENVIRONMENTAL CONTROL OF MANNED 
SPACE V E H I C L E S  A b 4 - 1 8 4 2 1  

L I a u I o  PROPELLANT POSITIVE EXPULSION DEVICE USING 
WELOEO METAL BELLOWS FOR MANNED SPACECRAFT 
PROPULSION 
A I A A  PAPER b4-264 A b 4 - 1 9 8 7 3  

MANOMETER 
C A P A C I T I V E  MASS S E N S I N G  OF B O I L I N G  PROPELLANTS I N  
CENTAUR V E H I C L E  
SAE PAPER 8 5 9 A  A b 4 - 2 0 3 0 5  

MECHANICAL E N G I N E E R I N G  
R O L E  OF CRYCGENICS I N  MECHANICAL E N G I N E E R I N G  - 
D E S I G N  AN0 TECHNOLOGY OF R E F R I G E R A T I O N  SYSTEMS 

N b 4 - 2 6 0 1 4  

MECHANICAL PROPERTY 
F E A S I B I L I T Y  OF U S I N G  U L T R A S O N I C  TECHNIQUES T O  
MEASURE MECHANICAL P R O P E R T I E S  OF CAST POLYURETHANE 
ASD-TOR-62-886 N b 4 - 1 7 1 1 6  

MECHANICAL P R O P E R T I E S  OF CRYOGENIC M A T E R I A L S  
A D - 4 2 0 4 0 6  N b 4 - 1 8 7 4 3  

MECHANICAL P R O P E R T I E S  O F  POLYBUTAOIENE AND 
POLYURETHANE S O L I O  PROPELLANTS 
REPT.-6 N b 4 - 2 0 8  5 3  

MECHANICAL P R O P E R T I E S  OF I N E R T  S O L I O  F U E L  
PROPELLANT UNDER C O M B I N E 0  S T A T E S  OF STRESS A T  ROOM 
TEMPERATURE 
A B L I X - 1 1 4  N b 4 - 2 1 5 8 6  

MECHANICAL P R O P E R T I E S  OF S O L I D  PROPELLANTS 
RE P T  .-3 N b 4 - 2 7 7 3 5  

MECHANICAL P R O P E R T I E S  OF S I M U L A T E D  S O L I D  
PRCPELLANTS UNDER H I G H  S T R A I N  RATE AN0 LOW 
TEMPERATURE ENVIRONMENT 
MRL-ONR-3 N b 4 - 3 3 2 7 3  

MECHANICAL SYSTEM 
MECHANICAL SUPPORT S Y S T E M  FOR INNER L I Q U I D  
HYDROGEN TANK OF ARC J E T  F E E 0  SYSTEM 

N b 4 - 2 5 0 2 5  

M E D I C I N E  I G E N f  
T O X I C I T Y  AN0 SAFETY HAZARD OF PROPELLANTS FOR 
T I T A N  I 1  A b 4 - 8 0 2 7 3  

METAL H A L I D E  
THERMODYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - V A P O R I Z A T I O N  OF BORON AND E N T R O P I E S  OF 
GASEOUS METAL H A L I D E S  
U- 2403/2 N b 4 - 1 8 7 4 2  

M E T A L  P A R T I C L E  
M E T A L  COMBUSTION E F F I C I E N C Y  I N  S O L I O  PROPELLANT 
ROCKET MOTORS AND FACTORS GOVERNING EXHAUST O X I D E  
P A R T I C L E  S I Z E  
A I A A  PAPER 64-116 A b 4 - 1 3 0 4 6  

METAL PROPELLANT 
METAL P A R T I C L E  COMBUSTION I N  PREMIXED FLAME. 
E X A M I N I N G  FACTORS A F F E C T I N G  I G N I T I O N  D E L A Y  A N 0  
B U R N I N G  T IME A b 4 - 1 3 8 5 4  

ALUMINUM COMBUSTION E F F I C I E N C Y  I N  S O L I O  
PROPELLANTS O B T A I N E O  BY LARGE WINOOW BOMB 
TECHNIQUES 
C I  PAPER 6 2 - 1 0  A b 4 - 1 6 1 4 5  

M E T A L S  AND M E T A L  COMPOUNDS IN L I a u i o  ROCKET 
PROPELLANTS, P A R T I C U L A R L Y  STORABLE F L U O R I N A T E D  
OX 101 ZERS 
A I C E  PAPER 2C A b 4 - 1 7 3 1 9  

METEOROID HAZARD 
METEOROID H A Z A R D  TO L I Q U I D  HYDROGEN STORAGE 
TANKS - P R O T E C T I V E  MEASURES N b 4 - 2 5 0 2 6  

METHYL H Y D R A Z I N E  
THERMODYNAMIC OATA OF MONDMETHYLHYORAZINE 
PRESENTED AS TEMPERATURE ENTROPY DIAGRAM 

A b 4 - 1 7 8 3 0  

R A D I A T I O N  T E S T I N G  MONOMETHYL H Y D R A Z I N E  PROPELLANT 
FOR R I F T  PROJECT 
N S P- 64- 10 N b 4 -  18470 

M O N I T O R I N G  SYSTEM 
ATMOSHERIC M O N I T O R I N G  OF T O X I C  L E V E L S  OF M I S S I L E  
PROPELLANTS A b 4 - 8 0 2 3 0  

N 
N I T R A T E  ESTER 

FLAME PROPAGATION V E L O C I T Y  FOR N I T R A T E  ESTER S O L I O  
PROPELLANT COMBUSTION 

A b 4 -  1304 3 A I A A  PAPER 64-109 

P R E P A R A T I O N  A N 0  P R O P E R T I E S  OF CELLULOSE N I T R A T E -  
ACETATE M I X E D  ESTERS 
PA-TR-3 105  N b 4 - 2 7 9 5 6  

N I T R O C E L L U L O S E  
OCCURRENCE OF P L A T E A U  B A L L I S T I C S  PHENOMENON WHEN 
S A L T S  OF AROMATIC A C I D S  ARE C O N T A I N E D  I N  
N I T R O C E L L U L O S E  PROPELLANTS 

A b 4 - 1 3 0 4 4  A I A A  PAPER 6 4 - 1 1 3  

S O L I D  PROPELLANT RESEARCH, E M P H A S I Z I N G  DEVELOPMENT 
OF POLYURETHANE, P O L Y B U T A O I E N E  A N 0  N I T R O C E L L U L O S E  
B I N D E R S  A b 4 -  18542 

C O M B U S T I 8 L E  MANDREL FROM N I T R O C E L L U L O S E  PAPER 
PA-TM-1324  N b 4 - 2 1 7 4 9  

F L U 1 0  B A L L  S O L U B I L I T Y  AN0 C U R I N G  PROCESS FOR 
N I T R O C E L L U L O S E - B A S E 0  PROPELLANTS 
RK-TR-6 4- 1 N b 4 - 2  17% 

NITROGEN-FLUORINE COMPOUND 
I O N I Z A T I O N  AN0 C O N O U C T I V I T Y  OF I N O R G A N I C  N ITROGEN-  
F L U O R I N E  COMPOUNOS FOR PROPELLANT O X I D I Z E R S  
E C - 6 7 0  N b 4 - 3 3 9 2 6  

N O Z Z L E  E X P A N S I O N  
C O L L I S I O N A L  DEPENDENCE OF GAS-CONDENSATE ENERGY 
EXCHANGE OURING CONVERGENT-DIVERGENT N O Z Z L E  
EXPANSION,  TO A S C E R T A I N  R O L E  OF METAL PROPELLANT 
A O O I T I V E S  
A I A A  PAPER 6 3 - 5 1 3  Ab4-  11 125 

N O Z Z L E  FLOW 
SECONDARY FLOW C A U S A T I O N  OF R O L L  TORQUE AND NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE, S O L I O  PROPELLANT ROCKET MOTORS 
A I A A  PAPER b4-145 A b 4 - 1 3 0 0 2  

C H E M I S T R Y *  PHYSICS.  AN0  THERMOOYNAMICS OF ROCKET 
N O Z Z L E  FLOW, M A T E R I A L  STRESS. G S O L I O  PROPELLANTS 
P - 6 4 - 6  N b 4 - 2 0 3 0 7  

N O Z Z L E  GEOMETRY 
ATTAINMENT OF H I G H  PROPELLANT PERFORMANCE BY 
C H E M I C A L  C A T A L Y S I S  AN0 OPTIMUM N O Z Z L E  CONTOURS 
A I A A  PAPER b4-98 164-12948 

NUCLEAR P R O P U L S I O N  
E J E C T I O N  V E L O C I T Y  O F  C H E M I C A L  PROPELLANTS MAKES 
THEM INAOEQUATE FOR I N T E R P L A N E T A R Y  TRAVEL 

Ab4-  27 3 0 6  

0 
O P T I C A L  EQUIPMENT 

ASSEMBLY OF BREADBOARD O P T I C A L  EQUIPMENT FOR 
SPECTROGRAPHIC D E T E R M I N A T I O N  OF COMBUSTION 
PROCUCTS A N 0  TEMPERATURE I N  S O L I O  PROPELLANT 
COl rBUSTION ZONES 
P R - 6  N b 4 - 3 1 6 9 3  

O P T I C A L  MEASUREMENT 
O P T I C A L  D E T E R M I N A T I O N  OF DETONATION V E L O C I T Y  I N  
SHORT CHARGES 
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S U B J E C T  I N D E X  POLYURETHANE 

NOLTR-64-23  N b 4 - 2 0 8 4 6  

O P T I M U M  THRUST P R 0 6 R A N M I N 6  
OPTIMUM THRUST PROGRAMMING TO DETERMINE 
C O M P O S I T I O N  OF MULTICOMPONENT PROPELLANTS - 
I B M  7090 A N 0  7094 COMPUTER PROGRAM 
U-2502  Nb4-19414 

O S C I L L A T I O N  
F L U I D  O S C I L L A T I O W  I N  SPACE V E H I C L E  AN0 EFFECT O N  
V E H I C L E  S T A B I L I T Y  
NASA-TR-R-187 N b 4 - 1 4 9 4 1  

O S C I L L A T I O N  FREQUENCY 
L I Q U I D  SURFACE LOW FREQUENCY O S C I L L A T I O N S  I N  
L O N G I T U D I N A L L Y  V I B R A T E D  C Y L I N D R I C A L  TANK 
NASA-CR-56135  N b 4 - 2 0 7 2 1  

CONTRCL WETHOOS OF H I G H  FREQUENCY CCMBUSTION 

ROCKET E N 6 I N E S  
1 0 - 4 4 9 7 6 4  N b 4 - 3 2 6 4 7  

OSCILLATIONS IN HIGH THRUST LIauIo PROPELLANT 

O S C I L L 0 6 R A P M  
S O L I O  PROPELLANT ROCKET COMBUSTION I N S T A B I L I T Y  

O S C I L L O G R A P H  N b 4 - 2  8595 
MEASUREO B y  ACCELEROMETER, OSCILLOSCOPE ANO 

O S C I L L O S C O P E  
S O L I O  PROPELLANT ROCKET COM8USTION I N S T A B I L I T Y  
MEASURED B Y  ACCELEROMETER, OSCILLOSCOPE AN0 
O S C I L L O G R A P H  N b 4 - 2 8 5 9 5  

O X I D I Z E R  
O X I D I Z E R  F U E L  R A T I O  EFFECTS ON S O L I D  COMPOSITE 
PROPELLANT COMBUSTION S T A B I L I T Y  

A b 4 - 2 5 6 6 3  

OXYGEN 
C A T A L Y T I C  I G N I T I O N  OF HYDROGEN-OXYGEN P R O P E L L I N T  
COMB I N  A T 1  ON 
RR-63-9  Nb4-21901 

O X Y 6 E N  S V S T E l l  
C A T A L Y T I C  I G N I T I O N  OF OXYGEN/HYDROGEN SYSTEMS 
NASA-CR-54086  N b 4 - 3 0 0 8 6  

O Z O l K  
OZONE AN0 I T S  P R O P E R T I E S  W I T H  RESPECT TO I T S  
A P P L I C A T I O N  AS ROCKET PROPELLANT COMPONENT 

164-18543 

OZONE F L U O R I D E  
C H E M I C A L  P R O P E R T I E S  S S O L U B I L I T Y  OF OZONE F L U O R I D E  
I N  L I Q U I D  OXYGEN AND H Y P E R G O L I C  I G N I T I O N  BETUEEN 
uvnanrtu ..an I ,n,,.n ,l”.yFCU ... .. .- - - -__-  . 
NASA-CR-54072  N b 4 - 3 2 6 3 2  

P 
PAPER 

C O M B U S T I B L E  MANDREL FROM N I T R O C E L L U L O S E  PAPER 
PA-Tl l -1324 N b 4 - 2 1 7 4 9  

PARA HYDRO6EN 
ORTHOPARAHYMlOGEN CONVERSION, G I V I N G  C O R P A R A T I V E  
R E S U L T S  O F  C A T A L Y S T S  EMPLOYED AT LOW TEMPERATURES 

A 6 4 - 1 7 7 0 0  

P A R T I C L E  S I Z E  
EFFECT OF P A R T I C L E  S I Z E  AN0 Y O N - S T O I C H I O M E T R I C  
PROPORTIONS OF F U E L  A N 0  O X I D I Z E R  ON THE BURNING OF 
CONPOSITE S O L I D  PROPELLANT OF SANDWICH 
CONSTRUCT I O N  A b 4 - 1 2 7 3 8  

METAL C O I l B U S T I O N  E F F I C I E N C Y  I N  S O L I O  PROPELLANT 
ROCKET MOTORS AND FACTORS GOVERNING EXHAUST O X I D E  
P A R T I C L E  S I Z E  
A I A A  PAPER 64-116 A 6 4 - 1 3 0 4 6  

ACOUSTIC A T T E N U A T I O N  BY SUSPENOEO P A R T I C L E S .  
E M P H A S I Z I N G  O I M E N S I O N L E S S  S I Z E  RANGE OF GREATEST 
I N T E R E S T  TO ROCKET I N S T A B I L I T Y *  W I T H  AEROSOL 
P A R T I C L E  S I Z E  MEASUREMENTS 
A I A A  PAPER 64-114 664-19085 

P A R T I C L E  TRAJECTORY 

PENTOL I T €  
C A L I B R A T I O N  OF SHOCK S E N S I T I V I T Y  T E S T  U I T H  
P E N T O L I T E  S O L I O  PROPELLANT 
NOLTR-b 3-19 Nb4-17375 

PERCHLORATE 
NONACOUSTIC COMBUSTION P U L S A T I O N S  OF AMMONIUM 
PERCHLORATE C O N T A I N I N G  ALUMINUM POWDER 
A I A A  PAPER 64-147 A b 4 - 1 3 0 7 3  

P E R M E A B I L I T Y  
MECHANISM OF E N C A P S U L A T I O N  AN0 P E R M E A B I L I T Y  OF 
POLYMERS, S O L I O  PROPELLANTS. AND C H E M I C A L  
COMPOUNDS 
A D - 6 0 1 7 7 2  N b 4 - 2 4 8 4 9  

PERSONNEL 
HAZARD TO PERSONNEL WEARING TORN P R O T E C T I V E  
C L O T H I N G  W H I L E  EXPOSED TC VAPOROUS ROCKET 
PROPELLANTS 
A D - 4 3 1  540 N b 4 - 2 1 6 7 3  

P H Y S I C A L  PROPERTY 
P H Y S I C A L  AN0 THERMOOYNARIC P R O P E R T I E S  OF ROCKET 
EXHAUST PRODUCTS 
91-7414- 1 I N b 4 - 3 0 1 4 0  

P L A S T I C  M A T E R I A L  
THERMOCONDUCTIV ITY AN0 THERMAL E X P A N S I O N  
MEASUREMENTS OF P L A S T I C S  A N 0  COMPOSITES FOR 
CRYOGENIC A P P L I C A T I O N S  
ML-TOR-64-33. P i .  I N b 4 - 2 2 5 5 4  

P O L A R I S  M I S S I L E  
X-RAY AND REFLECTANCE REFRACTOMETER A N 0  OTHER 
INSTRUMENTS U S E 0  I N  PROPELLANT PROCESSING FOR 
P O L A R I S  PROPULSION SYSTEM 
REPT.-0 1 7 8 - 0 7 M -  10 N b k - 2 6 6 4 2  

POLYBUTADI  EWE 
D I L A T O M E T R I C  E V A L U A T I O N  OF S T R A I N  RATE. LOAD, 
TEMPERATURE. AN0 H U M I O I T Y  E F F E C T S  C N  POLYURETHANE 
S E N 0  CARBOXYL P O L Y B U T A C I E N E S  
S R I - 1 2  N b 4 - 1 4 0 2 4  

MECHANICAL P R O P E R T I E S  OF P O L Y B U T A O I E N E  AN0 
POLYURETHANE S O L I O  PROPELLANTS 
PFPT.-6 N 6 4 - 2 0 8 5 3  

DYNAMIC MECHANICAL P R O P E R T I E S  OF P O L Y B U T A O I E N E  
A C R Y L I C  A C I D  COPOLYMER S O L I O  PROPELLANT 
OTSR-1 N b 4 - 2 5 4 7 6  

POLYMER 
MECHANISM OF E N C A P S U L A T I O N  AN0 P E R M E A B I L I T Y  OF 
POLYMERS. S O L I D  PROPELLANTS. A N 0  C H E M I C A L  
COMPOUNDS 
AD- 60 17 72 

STRUCTURAL A N A L Y S I S  PROCEDURES FOR S O L I D  
PROPELLANT ROCKET ENGINES. A N 0  M A T E R I A L  B E H A V I O R  
OF POLYMERIC A N 0  COMPOSITE SYSTEMS 
N A T S C I  1 -PS-64-1  N 6 4 - 3 3 3 2 4  

N 6 4 - 2 4 8 4 9  

POLYURETHANE 
D I L A T O M E T R I C  E V A L U A T I O N  OF S T R A I N  RATE. LOAD, 
TEMPERATURE, A N 0  H U M I O I T Y  E F F E C T S  ON POLYURETHANE 
t END CARBOXYL P O L Y B U T A O I E N E S  
S R I - 1 2  N b 4 - 1 4 0 2 4  

EFFECT OF H E L I U M  SOUND F I E L D  ON B U R N I N G  R A T E  OF 
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POWDER METALLURGY S U B J E C T  I N D E X  

AMMONIUM PERCHLORATE-POLYURETHANE TYPE S O L I D  
PROP E L L  AN T 
A I A A  PAPER-64-108  N 6 4 - 1 4 8 5 3  

F E A S I B I L I T Y  OF U S I N G  U L T R A S O N I C  TECHNIQUES TO 
MEASURE MECHANICAL P R O P E R T I E S  OF CAST POLYURETHANE 
ASO-TOR-62-886 N 6 4 - 1 7 1 1 6  

MECHANICAL P R O P E R T I E S  OF POLYBUTAOIENE AN0 
POLYURETHANE S O L I O  PROPELLANTS 
R E P T e - 6  N 6 4 - 2 0 8 5 3  

A G I N G  OF POLYURETHANE PROPELLANT B I N D E R  
BSO-TOR-64-52 N 6 4 - 2 2 2 7 0  

POWDER METALLURGY 
DENSE PHASE TRANSPORT OF POWDERED METALS FOR 
TRIPROPELLANT ROCKET SYSTEM N b 4 - 2 6 6 6 6  

PRESSURE D I S T R I B U T I O N  
SLOSHING EFFECTS ON L I a u I o  PROPELLANT FILLED 
BOOSTER TRANSFER FUNCTIONS,  COMPUTING RESULTANT 
FORCES. MOMENTS AN0 PRESSURE CENTER 

6 6 4 - 2 6 1 7 7  

PRESSURE MEASUREMENT 
VAPOR PRESSURE. HEAT A N 0  ENTROPY OF S U B L I M A T I O N  OF 
S O L I O  MAGNESIUM F L U O R I D E  BY MEANS OF T O R S I O N  
E F F U S I C N  PROCEOURE 6 6 4 - 1 7 6 4 9  

PRESSURE O S C I L L A T I O N  
D R I V I N G  PRESSURE WAVE FORM FOR D E T E R M I N I N G  H F  
COMBUSTION O S C I L L A T I O N S  I N  L I P U I O  PROPELLANT 
ROCKET ENGINE A 6 4 - 2 5 4 6 6  

P R E V E N T I O N  
T O X I C I T Y  OF REO N I T R I C  FUMING ACID,  D I M E T H Y L  
H Y O R A Z I N E p  M-3 PROPELLANTI N ITROGEN P E R O X I D E *  
ETHYLENE OXIDE. AN0 P R E V E N T I V E  MEASURES AN0 
TREATMENT A 6 4 - 8 0 8 8 7  

PROPELLANT 
C O L L E C T I O N  OF TWENTY PAPERS T R E A T I N G  T H E O R E T I C A L  
AN0 A P P L I E D  ASPECTS OF A I R - B R E A T H I N G  ENGINES, 
C H E M I C A L  ROCKETS AND P R O P U L S I O N  D E V I C E S  

664-12720 

S O L I D  PROPELLANT ROCKET MOTOR BEHAVIOR AS A 
F U N C T I O N  OF GEOMETRY, PROPELLANT B A L L I S T I C  
C H A R A C T E R I S T I C S  AND PROPELLANT F I R I N G  T I M E  
AIAA PAPER 6 3 - 2 2 8  664-13952 

STRESS I N  S O L I D  PROPELLANT ROCKET G R A I N S  DUE TO 
PRESSURIZATION.  STEADY THERMAL GRADIENTS AN0 
PROPELLANT SHRINKAGE A 6 4 - 2 0 4 1 6  

L I a u i o  FLUORINE ANO L i a u I o  HYDROGEN PROPELLANT 

A I A A  PAPER 6 4 - 2 7 7  AM-20477 

C O M B I N A T I O N  P R O V I D E S  MAXIMUM PAYLOAD C A P A B I L I T Y  
FOR BOOSTERS O N  M I S S I O N S  FROM LOW O R B I T  TO ESCAPE 

T O X I C I T Y  AND SAFETY HAZARD OF PROPELLANTS FOR 
T I T A N  I 1  A 6 4 - 8  0 273 

E F F E C T  OF INTERCHANGING PROPELLANTS I N  C O A X I A L  
I N J E C T I O N  ON ROCKET COMBUSTOR PERFORMANCE 
NASA-TN-0 -2169  N b 4 - 1 4 9 8 6  

HANOBOOK OF FUNDAMENTAL OPERATING P R I N C I P L E S  OF 
B A L L I S T I C  M I S S I L E  P R O P U L S I O N  SYSTEMS A N 0  
PROPELLANTS 
AMCP-706-282 N 6 4 - 1 6 6 1 6  

H I S T O R I E S  OF PROPELLANT DROPLET TEMPERATUREI 
EVAPORATION RATE, A N 0  TRAJECTORY UNDER H I G H  
PRESSURE AN0 H I G H  TEMPERATURE 
NASA-RP-138 N 6 4 - 1 6 6 8 8  

I N I T I A T I O N  MECHANISMS OF D E T O N A T I O N  WAVES I N  
E X P L O S I V E S  AN0 PROPELLANTS N 6 4 - 1 8 4 9 5  

OPTIMUM THRUST PROGRAMMING TO DETERMINE 
COMPOSIT ION OF MULTICOMPONENT PROPELLANTS - 
I B M  7090 AN0 7094 COMPUTER PROGRAM 
U - 2 5 0 2  N 6 4 -  194 14 

SPACE VEHICLE CONTROL - STRUCTURAL V I B R A T I O N S p  
PROPELLANT SLOSHING, & V E H I C L E  S T A B I L I T Y  

N 6 4 - 2 0 7 1 0  

F L U I D  B A L L  S O L U B I L I T Y  AN0 C U R I N G  
N I T R O C E L L U L O S E - B A S E 0  PROPELLANTS 
RK- TR-64- 1 

I B M  7090 COMPUTER C A L C U L A T I O N  OF 
THERMODYNAMIC P R O P E R T I E S  
N O L T R - 6 3 - 2 0 2  

PROCESS FOR 

"64-21794 

PROPELLANT 

N 6 4 - 2 2 7 0 6  

THERMAL ARC J E T  SYSTEM U S I N G  AMMONIA AS PROPELLANT 
N 6 4 - 2 5 0 2 2  

DENSE PHASE TRANSPORT OF POWDERED METALS FOR 
T R I P R O P E L L A N T  ROCKET SYSTEM N 6 4 - 2 6 6 6 6  

E X P L O I T A T I O N  OF E X T R A T E R R E S T R I A L  RESOURCES AND 
PROPELLANT PRODUCTION - WATER A N 0  OXYGEN RECOVERY 

N b 4 - 2 9 8 8 9  

FOAMED PROPELLANT SYSTEM FOR COMPACTION AND 
S T A B I L I Z A T I O N  OF COHESIONLESS AN0 C O H E S I V E  S O I L S  
S U R I - C E - 9 7 4 - 6 4 7 F 1  N 6 4 - 3 0 0 0 4  

D E T O N A T I O N  I N  PROPELLANTS & E X P L O S I V E S  B Y  LOW 
A M P L I T U D E  SHOCKS 
~ ~ - 4 0 6 4 3 a  N 6 4 - 3 0  144 

PROPELLANT ACTUATED D E V I C E  
PROPELLANT ACTUATED D E V I C E S  FOR ESCAPE SYSTEMS 
REPT.-90-1 N 6 4 - 2 4 9 7 4  

PROPELLANT ACTUATED D E V I C E S  - THRUSTERS, 
C A T A P U L T S t  I N I T I A T O R S I  AN0 STRUCTURAL M A T E R I A L S  
P A D - 9 4 - 1  N 6 4 - 3 2 5 9 7  

PROPELLANT A D D I T I V E  
COM@USTION A N A L Y S I S  OF QUENCHED ALUMINUM P A R T I C L E  
COMBUSTION. D E S C R I B I N G  E X P E R I M E N T A L  PROCEDURES AN0 
QUENCHING METHODS 
A I A A  PAPER 63-487 A 6 4 -  11 120 

C O L L I S I O N A L  DEPENDENCE OF GAS-CONDENSATE ENERGY 
EXCHANGE D U R I N G  CONVERGENT-DIVERGENT N O Z Z L E  
EXPANSION,  TO A S C E R T A I N  ROLE OF M E T A L  PROPELLANT 
A D D I T I V E S  
A I A A  PAPER 6 3 - 5 1 3  A b 4 - 1 1 1 2 5  

A L U M I N A  S I Z E  O I S T R I B U T I O N S I  CLOSE TO B U R N I N G  
PROPELLANT SURFACEt  D E T E R M I N E  METAL A D D I T I V E  
AGGLOMERATION PROCEDURE 
A I A A  PAPER 64-115 A b 4 - 1 3 0 4 5  

A C O U S T I C  A T T E N U A T I O N  BY SUSPENDED P A R T I C L E S ,  
E M P H A S I Z I N G  D I M E N S I O N L E S S  S I Z E  RANGE OF GREATEST 
I N T E R E S T  TO ROCKET I N S T A B I L I T Y ,  W I T H  AEROSOL 
P A R T I C L E  S I Z E  MEASUREMENTS 
A I A A  PAPER 64-114 6 6 4 -  1908 5 

A L U M I N A  S I Z E  O I S T R I B U T I O N S  CLOSE TO B U R N I N G  
PROPELLANT SURFACE D E T E R M I N E  METAL A D D I T I V E  
AGGLOMERATION PROCEDURE 
A I A A  PAPER 64-115 A b 4 - 2 6 5 4 1  

PROPELLANT B I N D E R  
V I S C O E L A S T I C I T Y  OF S O L I C  PROPELLANTS A N 0  
PROPELLANT B I N D E R S  - D Y N A M I C  SHEAR, S P E C I F I C  
VOLUME, AN0 OEFORMATION t S T R A I N  RATES 
A D - 4 3 4 8 5 3  N 6 4 - 1 8 6 1 8  

V I S C O E L A S T I C  P R O P E R T I E S  OF S O L I D  PROPELLANTS A N 0  
PROPELLANT B I N D E R S  - SHEAR. S P E C I F I C  VOLUMEI A N 0  
T E N S I L I T Y  
REPT.-9 N b 4 - 1 9 1 4 2  

A G I N G  OF POLYURETHANE PROPELLANT B I N D E R  
BSO-TOR-64-52  N 6 4 - 2 2 2 7 0  

DYNAMIC SHEAR AN0 C O M P R E S S I B L E  P R O P E R T I E S  OF 
S O L I D  PROPELLANTS A N 0  PROPELLANT B I N D E R S  
REPT.-11 N 6 4 - 2 7 5 4 8  

PROPELLANT C H E M I S T R Y  
LARGE S O L I O  PROPELLANT ROCKET E N G I N E  TECHNOLOGY 
FROM PROPELLANT F O R M U L A T I O N  TO F I R I N G  

A b 4 - 2 6 0 4 4  

ROCKET PROPELLANT MADE FRCM LUNAR SURFACE M A T E R I A L  
164- 2 6 9 4 7  FOR SPACECRAFT R E F U E L I N G  

BOOK ON E N E R G E T I C S  OF PROPELLANT CHEMISTRY 
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SUBJECT I N D E X  PROPELLANT COllPOUlYD 

C O V E R I N G  E X O T H E R M I C I T Y  OF COMBUSTION PRODUCTS. 
WORKING F L U I D  GASES, B O N O I N G  OF REACTANTS AN0 
I N G R E D I E N T  P R O P E R T I E S  A 6 4 - 2 8 5 2 6  

P R O P E L L A N T  COMBUSTION 
ROLE OF A T O M I Z A T I O N  AND I N J E C T I O N  PROCESSES I N  
L I Q U I O  PROPELLANT ROCKET E N G I N E  COMBUSTION 

A 6 4 - 1 2 7 2 6  

S T A B L E  COMBUSTION PROCESSES NECESSARY FOR 
A N A L Y T I C A L  MOOELING OF L I Q U I D  PROPELLANT ROCKET 
E N G I N E  COMBUSTION A64-1 2 739 

A T T A I N M E N T  OF H I G H  PROPELLANT PERFORMANCE BY 
C H E M I C A L  C A T A L Y S I S  AN0 OPTIMUM N O Z Z L E  CONTOURS 
A I A A  PAPER 6 4 - 9 6  1 6 4 - 1 2 9 4 8  

C H U F F I N G  AN0 NONACOUSTIC I N S T A B I L I T Y  
I N T E R R E L A T I O N S H I P  I N  S O L I O  PROPELLANT ROCKET 
ROTORS 
A I A I  PAPER 64-148 1 6 4 - 1 3 0 0 3  

COMPOSITE B U R N I N G  RATE OF UNCUREO STRANDS I N  
CRAWFORD-BOMB T E S T I N G .  U S I N G  SUMMERFIEO GRANULAR 
O I F F U S I O N  FLAME THEORY 
A I A A  PAPER 64-150 A 6 4 - 1 3 0 0 4  

I G N I T I O N  T R A N S I E N T  I N  S O L I O  PROPELLANT ROCKET 
MOTORS, W I T H  D I M E N S I O N A L  A N A L Y S I S  OF FLAME- 
S P R E A D I N G - I N T E R V A L  MODEL 
A I A A  PAPER 6 4 - 1 2 6  A 6 4 - 1 3 0 1 0  

N O N L I N E A R  E F F E C T S  A R I S I N G  FROM THE E R O S I V E  
RESPONSE OF PROPELLANTS,  G I V E N  E R O S I V E  AN0 
PRESSURE RESPONSE F U N C T I O N S  AN0 S P E C I F Y I N G  ROCKET 
MOTOR ACOUSTIC P R O P E R T I E S  
A I A A  PAPER 6 4 - 1 4 0  164-13011 

VORTEX G E N E R A T I O N  I N  S O L I O  PROPELLANT ROCKET 
MOTORS OUE TO I R R E G U L A R  COMBUSTION 
A I A A  PAPER 64-144 A 6 4 - 1 3 0 1 5  

I G N I T I O N  OF HETERDGENEOUS M A T E R I A L S  SUCH AS 
AMMONIUM PERCHLORATE C O M P O S I T E  PROPELLANT. 
E X A M I N E D  BY CONDENSED PHASE S E L F - H E A T I N G  R E A C T I O N  
MCDEL 
A I A A  PAPER 64-120 A 6 4 - 1 3 0 1 6  

FLAME-SPREADING DUE TO H E A T  TRANSFER EFFECTS I N  
S O L I D  PROPELLANT G R A I N S  D U R I N G  I G N I T I O N .  E X A M I N I N G  
T R A N S I E N T  CHAMBER PRESSURE RESPONSE 
A I A A  PAPER 6 4 - 1 2 2  164-13018 

FLAME SPREAD R A T E S  ALONG PROPELLANT SURFACE OF 
S O L I O  ROCKET MOTORS D U R I N G  I G N I T I O N  TRANSIENT.  
U S I N G  METHOD B A S E 0  ON T R A N S I E N T  H E A T  TRANSFER 
A I A A  PAPER 6 4 - 1 2 5  ab*--L 3 ULU 

1-BURNER TO STUDY I N T E R A C T I O N  BETWEEN NORMAL 
PRESSURE P E R T U R B A T I O N S  AN0 A S O L I O  PROPELLANT 
COMBUSTION ZONE A N 0  A C O U S T I C  D A M P I N G  I N  E I T H E R  
COMBUSTION GAS OR PROPELLANT 
A I A A  PAPER 64-136 A 6 4 - 1 3 0 2 3  

E R O S I V E  B U R N I N G  R A T E  OF AN AMMONIUM PERCHLORATE- 
POLYURETHANE S O L I D  PROPELLANT W I T H  ALUMINUM 
A I A A  PAPER 64-107 A M - 1 3 0 4 1  

CONTROLLED SOUNO F I E L D  E F F E C T S  ON B U R N I N G  R A T E  OF 
COMPOSITE S O L I D  P R O P E L L A N T S  I N  ROCKET MOTOR 
A I A A  PAPER 64-108 A 6 4 - 1 3 0 4 2  

FLAME PROPAGATION V E L O C I T Y  FOR N I T R A T E  ESTER S O L I D  
PROPELLANT COMBUSTION 
A I A A  PAPER 64-109 A 6 4 - 1 3 0 4 3  

METAL COMBUSTION E F F I C I E N C Y  I N  S O L I O  PROPELLANT 
ROCKET MOTORS AND FACTORS GOVERNING EXHAUST O X I O E  
P A R T I C L E  S I Z E  
A I A A  PAPER 64-116 1 6 4 - 1 3 0 4 6  

PHASE-LOCKED A C O U S T I C  O S C I L L A T O R  SYSTEM FOR 
MEASURING A C O U S T I C  RESPONSE B U R N I N G  OF S O L I D  
PROPELLANT SURFACE TO D E T E R M I N E  S T A B I L I T Y  OF S O L I O  
PROPELLANT ROCKET MOTOR 
A I A A  PAPER 64-138 A 6 4 - 1 3 0 7 0  

O N E - O I M E N S I D N A L  UNSTEADY AEROTHERMOCHEMICAL 

A N A L Y S I S  OF COMBUSTION I N S T A B I L I T Y  I N  L I Q U I D  A 6 4 - 1 6  146 
ROCKET E N G I N E S  

COMBUSTICN OOMAINS CF COMPOSITE S O L I O  ROCKET 
PROPELLANTS D E F I N E D ,  T A K I N G  PRESSURE A N 0  MEAN 
D I A M E T E R  OF PERCHLORATE P A R T I C L E S  AS PARAMETERS A b 4 - 1 6 1 8 0  

H Y B R I D  PROPULSION. C O N S I D E R I N G  S E P A R A T I O N  OF F U E L  
AN0 O X I D I Z E R .  COM8USTION E F F I C I E N C Y  A N 0  T H R O T T L I N G  
PERFORUANCE A 6 4 - 1 7 1 9 2  

STRAND B U R N I N G  C H A R A C T E R I S T I C S  OF COMPOSITE 
PROPELLANTS C O N T A I N I N G  L I T H I U M  F L U O R I D E  B Y  
POLYURETHANE AND P O L Y B U T A D I E N E  B I N D E R  SYSTEMS 
Y S S / - C I  PAPER 6 5 - 1 8  164-18419 

PHASE-LOCKED ACOUSTIC O S C I L L A T O R  SYSTEM FOR 
MEASURING A C O U S T I C  RESPONSE BURNING OF SOLIO 
PROPELLANT SURFACE TO D E T E R M I N E  S T A B I L I T Y  OF S O L I D  
PRCPELLANT ROCKET MOTOR 
A I A A  PAPER 64-138 A 6 4 - 1 9 0 8 0  

1-BURNER TO STUDY I N T E R A C T I O N  BETWEEN NORMAL 
PRESSURE PERTURBATIONS,  S O L I O  PROPELLANT 
COMBUSTION ZONE A N 0  A C O U S T I C  DAMPING I N  E I T H E R  
COMBUSTION GAS OR PROPELLANT 
A I A A  PAPER 6 4 - 1 3 6  A 6 4 - 1 9 0 8 3  

M I X T U R E  R A T I O  AN0 I N J E C T I O N  PRESSURE EFFECTS ON 
I G N I T I O N  D E L A Y  OF H Y P E R G O L I C  ROCKET PROPELLANTS 

A 6 4 - 2 2 7 6 3  

TRANSVERSE-MODE L I Q U I D  PROPELLANT ROCKET 
COMBUSTION I N S T A B I L I T Y  THEORY EXTENDED TO I N C L U D E  
L I N E A R I Z E D  V E L O C I T Y  E F F E C T S  A 6 4 - 2  5 344 

O X I D I Z E R  F U E L  R A T I O  E F F E C T S  ON S O L I O  COMPOSITE 
PROPELLANT COMBUSTION S T A B I L I T Y  

A 6 4 - 2 5 6 6 3  

COMPOSITE B U R N I N G  RATE OF UNCUREO STRANDS I N  
CRAYFORO-BOMB TESTING.  U S I N G  SUMMERFIELO GRANULAR 
D I F F U S I O N  FLAME THEORY 
A I A A  PAPER 64-150 6 6 4 - 2 5 6 7 3  

S P E C I F I C  I M P U L S E  OF H Y B R I D  ROCKETS INCREASED WHEN 
HYOROGEN IS I N J E C T E D  I N T O  S O L I O  F U E L  CHAMBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 6 6 4 - 2 7 2 5 6  

GAS PHASE R E A C T I O N S  A S S O C I A T E 0  W I T H  COMBUSTION OF 
C O P P O S I T E  S O L I 0  P R O P E L L A N T S  - APPARENT FLAME 
STRENGTH 
A D - 4 2 8 6 2 7  N b 4 - 1 4 7 9 4  

A L U M I N U K  O X I O E  S I Z E  O I S T R I B U T I O N S  FROM H I G H  
PRESSURE S O L I D  P R O P E L L A N T  COMBUSTION 
A I A A  P A P E R - 6 4 - 1 1 5  

THERMODYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - V A P O R I Z A T I O N  OF BORON A N 0  E N T R O P I E S  OF 

N 6 4 - 1 4 8 5 4  

GASEOUS METAL H A L I D E S  
U - 2 4 0 3 / 2  N 6 4 - 1 8 7 4 2  

ALUMINUM O X I O E  R E D U C T I O N  BY PROPELLANT COMBUSTION 
GASES AT H I G H  TEMPERATURE 
SSO-TOR-64-160 N 6 4 - 3 1 9 8 2  

IHERMOCYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - PERFORMANCE PARAMETERS FOR COMPUTER ~~ 

PROGRAU 
Li-2289 N 6 4 - 3 2 1 2 5  

N O N E Q U I L I B R I U M  R E C O M B I N A T I O N  I N  N O Z Z L E S  FOR L I Q U I D  
OXYGEN-HYDROGEN. FLUORINE-HYDROGEN* A N 0  F L U O R I N E -  
L I C U I O  OXYGEN-HYOROGEN PROPELLANTS 
T O R - 2 6 9 / 4  2 10- l o / -6  N 6 4 - 3 2 4 8 2  

PROPELLANT COMPOUND 
OCCURRENCE OF P L A T E A U  B A L L I S T I C S  PHENOMENON WHEN 
S A L T S  CF AROMATIC A C I D S  ARE C O N T A I N E D  I N  
N I T R O C E L L U L O S E  PROPELLANTS 
A I A A  PAPER 64-113 A 6 4 - 1 3 0 4 4  
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PROPELLANT DECOMPOSIT ION SUBJECT I N D E X  

A C O U S T I C  E R O S I V I T Y  EFFECTS ON S O L I O  PROPELLANT 
B U R N I N G  RATES, MEASURING E R O S I V I T Y  AS F U N C T I O N  OF 
FREQUENCY AND A M P L I T U D E  
A I A A  PAPER 64-142 A 64- 1301 2 

NONACOUSTIC COMBUSTION P U L S A T I O N S  OF AMMONIUM 
PERCHLORATE C O N T A I N I N G  ALUMINUM POWDER 
A I A A  PAPER 64-147 A 6 4 -  13013 

E R O S I V E  BURNING I N  COMPOSITE-MOOIF IEO DOUBLE BASE 
PROPELLANT, O B T A I N I N G  D A T A  ON G R A I N  D I M E N S I O N S  
VERSUS BURNING-TIME R E L A T I O N S  
A I A A  PAPER 64-155 164-13075 

THRESHOLO I G N I T I O N  E N E R G I E S  FOR PROPELLANTS, U S I N G  
ARC-IMAGE FURNACE TECHNIQUE A b 4 -  13 147 

HETEROGENEOUS R E A C T I O N S  I N  I G N I T I O N  A N 0  COMBUSTION 
OF S O L I D  PROPELLANTS, P R E D I C T I N G  EFFECTS OF 
INDEPENDENT V A R I A B L E S  ON I G N I T I O N  AN0 B U R N I N G  RATE 

~64-13184  

THERMOCOUPLE PARAMETER REQUIREMENTS TO P R O V I D E  
M I N I M U M  D I S T O R T I O N  OF TEMPERATURE P R O F I L E  O B T A I N E O  
FOR COMBUSTION OF S O L I O  PROPELLANTS AN0 S I M I L A R  
SUBSTANCES A b 4 - 1 3 2 4 9  

ACOUSTIC-COMBUSTION I N T E R A C T I O N .  INTROOUCING A 
S O N I C  F I E L D  OF PLANE T R A V E L I N G  WAVES I N T O  A S O L I O  
PROPELLANT ROCKET MOTOR TO CONTROL COMBUSTION OF 
A S O L I O  PROPELLANT 

ENTROPY WAVES AN0 V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I O  PROPELLANTS S T U D I E D  B Y  H I G H  
SPEED CINEMATOGRAPHY A N 0  SPECTRAL RAOIOMETRYI 
U S I N G  A 1-TUBE ROCKET COMBUSTOR 
A I A A  PAPER 64-154 

164-13309 

A b 4 - 1 3 3 4 8  

LOW FREQUENCY ACOUSTIC I N S T A B I L I T Y  I N  A X I A L  MODE 
OF S O L I O  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 64-146 6 6 4 - 1 3 3 4 9  

APPARATUS USED FOR COMBUSTION RATE TESTS OF S O L I O  
N I T R O G L Y C E R I N  PROPELLANTS A b 4 -  1 3  64 1 

METAL P A R T I C L E  COMBUSTION I N  PREMIXED FLAME, 
E X A M I N I N G  FACTORS A F F E C T I N G  I G N I T I O N  DELAY AND 
B U R N I N G  T IME A 6 4 - 1 3 8 5 4  

SURFACE TEMPERATURE MEASUREMENTS OF PURE S O L I D S  
THAT MELT TO PRODUCE L I Q U I D  LAYER T H I C K  ENOUGH TO 
ACT AS BURNING L I Q U I D  A b 4 - 1 3 9 1 0  

HETEROGENEOUS I G N I T I O N  THEORY FOR COMPCSITE S O L I O  
PROPELLANTS 
A I A A  PAPER 64-156 A 64- 1 4 7 1  3 

S O L I D  PROPELLANT I G N I T I O N  AN0 FLAME PROPAGATION 
UNOER FLOW C O N O I T I D N S .  I N  TERMS OF HEAT A N 0  MASS 
TRANSFER R E L A T I O N S H I P S  
A I A A  PAPER 64-157 A 6 4 - 1 4 7 9 9  

STABLE BURNING OF COMPOSITE PROPELLANTS AT Low 
PRESSURE, N O T I N G  EXPERIMENTS W I T H  AMMONIUM 
PERCHLORATE A N 0  M E T A L  A D D I T I V E S  

A 6 4 - 1 5 0 1 1  

B U R N I N G  RATE I N  S O L I O  PROPELLANTS C A L C U L A T E 0  BY 
MEANS OF DIAGRAMS OF BOTH THRUST-T IME AND 
PRESSURE-TIME A 6 4 - 1 5 0 1 4  

S O L I D  H I G H  E X P L O S I V E S  A S  D R I V E R S  OF SHOCK T U B E S *  
BASED ON A C O N I C A L  SHOCK TUBE FOR S I M U L A T I O N  OF 
VERY LARGE B L A S T S  664-1 5 1 4 0  

OSCILLATORY COMBUSTION OF COMPOSITE PROPELLANTS 
SHOWING EFFECTS OF B INOERS.  C A T A L Y S T S  AN0 P A R T I C L E  
S I Z E  A 6 4 - 1 6 1 2 1  

R E D U C T I O N  OF B U R N I N G  R A T E S  I N  DOUBLE-BASE AND 
COMPOSITE PROPELLANTS DUE TO ACOUSTIC PRESSURE 
CI PAPER b 2 - 2 3  664- 16144 

PROPELLANT D E C O M P O S I T I O N  
SURFACE TEMPERATURE MEASUREMENT I N  D E T E R M I N A T I O N  
OF THERMAL O E C O M P O S I T I O N  OF S O L I D S  B Y  L I N E A R  
P Y R O L Y S I S  TECHNIQUE A 6 4 - 1 4 1 2 3  

PROPELLANT E V A P O R A T I O N  
H E A T  I N F L U X  AN0 OXYGEN V A P O R I Z A T I O N  AT THROAT OF 
L I Q U I D  OXYGEN CONTAINER A b 4 - 2 8 0 0 6  

PROPELLANT G R A I N  
TEMPERATURE D I S T R I B U T I O N  I N  A CASE-BONDED 
PROPELLANT G R A I N  WHEN THE A M B I E N T  TEMPERATURE I S  
SUDOENLY CHANGE0 FROM A S T A T E  OF E Q U I L I B R I U M  

Ab+- 11 113 

F A I L U R E  C R I T E R I A  FOR T R l A X l A L  T E N S I L E  STRESS UPON 
A GRAIN-L INER-CASE BOUNOARY WHEN A CASE-BONDED 
S O L I O  PROPELLANT G R A I N  I S  COOLED 
A I A A  PAPER 64-152 

CONTROL OF I G N I T I O N  T R A N S I E N T  PERFORMANCE OF 
ROCKET MOTOR. U S I N G  I N H I B I T O R  TECHNIQUE 

A b 4 - 1 3 0 1 9  A I A A  PAPER 64-124 

T H E O R E T I C A L  MODEL FOR L I N E A R  BURN R A T E  OF CORD AN0 
S O L I O  PROPELLANTS TO D E T E R M I N E  E X P R E S S I O N  FOR 
P R O P E R T I E S  OF S P H E R I C A L  PROPELLANT G R A I N S  A b 4 - 1 8 4 9 7  

STRESS I N  S O L I O  PROPELLANT ROCKET G R A I N S  DUE TO 
P R E S S U R I Z A T I O N I  STEADY THERMAL G R A D I E N T S  A N 0  
PROPELLANT SHRINKAGE 664-20416 

A 6 4 - 1 2 9 9 9  

G R A I N  PROCESSING OF H I G H  TEMPERATURE R E S I S T A N T  
PROPELLANTS 
RTO-TOR-63-4209  N 6 4 - 1 6 0 8 0  

M I X E D  BOUNDARY VALUE PROBLEMS - SHRINKAGE G STRESS 
A N A L Y S I S  O F  PROPELLANT G R A I N S  
A D - 6 0 0 5 4 6  N b 4 - 2 1 4 6 6  

FORM F U N C T I O N S  FOR D U A L  C O M P O S I T I O N  INCREMENTS OF 
PROPELLANT G R A I N S  
R - 1 6 9 2  N 6 4 - 2 6 8 6 5  

O P T I M I Z A T I O N  OF S O L I O  ROCKET PROPULSION SYSTEMS 
A N 0  THREE-OIMENSIONAL G R A I N  D E S I G N S  
CP I A-PUBL-35 N 6 4 - 3 0 5 6 3  

METHOD OF CONFORMAL M A P P I N G  A N 0  D E T E R M I N A T I O N  OF 
STRESSES I N  S O L I O  PROPELLANT ROCKET G R A I N S  
5-46 N 6 4 - 3 2 9 5 8  

PROPELLANT MASS R A T I O  
PROPELLANT TEMPERATURE D I S T R I B U T I O N  A N 0  WALL HEAT 
TRANSFER I N  ROCKET NOZZLE. A P P L Y I N G  MONTE CARLO 
METHOD 
A I A A  PAPER 64-b2 A 6 4 - 1 2 7 5 4  

PROPELLANT O X I D I Z E R  
M E T A L S  AND METAL COMPOUNDS IN L I a u i o  ROCKET 
PROPELLANTS. P A R T I C U L A R L Y  STORABLE F L U O R I N A T E D  
O X I D I Z E R S  
A I C E  PAPER 2 C  A 6 4 -  1131 9 

C H E M I C A L  R E A C T I O N  OF PROPELLANT TANK M A T E R I A L  W I T H  
ROCKET F U E L  AND O X I D I Z E R S  
NAS A-TN-0- 1882 N 6 4 -  17 152 

I O N I Z A T I O N  A N 0  C O N D U C T I V I T Y  OF I N O R G A N I C  N ITROGEN-  
F L U O R I N E  COMPOUNDS FOR PROPELLANT O X I D I Z E R S  
E C - 6 7 0  N b 4 - 3 3 9 2 6  

PROPELLANT PROPERTV 
THERMODYNAMIC C A L C U L A T I O N  OF PERFORMANCE D A T A  OF 
ROCKET PROPELLANTS, PROCEEDING FROM THE COMBUSTION 
EQUATIONS,  W I T H  S P E C I F I C  EXAMPLES 

A 6 4 - 1 1 6 2 2  

THRESHOLO I G N I T I O N  E N E R G I E S  FOR PROPELLANTS. U S I N G  
664-13147 ARC-IMAGE FURNACE TECHNIQUE 

COMPOSITE PROPELLANT P R O P E R T I E S  OEOUCEG FROM STUDY 
OF THE MECHANICAL P R O P E R T I E S  OF SYSTEMS F I L L E D  
W I T H  S P H E R I C A L  GLASS BEADS, N O T I N G  EFFECT OF 
B R I T T L E  TEMPERATURE A b 4 - 1 5 0 1 2  
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S U B J E C T  I N D E X  P R O P U L S I O N  

L I N E A R  ACOUSTIC S T A B I L I T Y  OF S O L I O  PROPELLANT 
ROCKET ROTORS. N O T I N G  E F F E C T S  OF THERHAL R A D I A T I O N  
FRCH BURNT GASES 
A I A A  PAPER 64-134 1 6 4 - 1 9 0 8 4  

PROPELLANT S E N S I T I V I T Y  
L I Q U I D  PROPELLANT S E N S I T I V I T Y  - CRYOGENIC 
A D A P T A T I O N  O F  SHOCK TUBE 
I I T R I - C b O Z V  N b 4 - 1 6 6 5 8  

E X P L O S I O N  S E N S I T I V I T Y  OF S O L I O  PROPELLANT ROCKET 
E N G I N E S  
NO L TR- 64- 148 N 6 4 - 3 1 6 7 5  

P R O P E L L A N T  S T O R A B I L I T Y  
PROPELLANT S T O R A B I L I T Y  I N  SPACE 
RPL-TOR-64-22  N 6 4 - 1 6 9 7 1  

A P P L I C A T I O N  OF STORABLE PROPELLANTS TO SPACE 
F L I G H T  - PROPELLANT REQUIREHENTS AN0 SPACE 
ENVIRONHENTAL FACTORS N 6 4 - 3 2 0 5 2  

PROPELLANT STORAGE 
B E H A V I C R  OF L I Q U I D  PROPELLANTS UNOER 
WEIGHTLESSNESS. E X A H I N I N G  C O N F I G U R A T I O N S  OF 
L I Q U I D - V A P O R  I N T E R F A C E  A 6 4 - 1 4 9 7 3  

S E H I T O R O I O A L  TANK FOR STORAGE OF L I P U I O  
RROPELLANTS I N  LARGE BOOSTERS 6 6 4 - 1 5 2 0 9  

CRYOGENIC PROPELLANT U S E  PARAHETERS AND STORAGE 
PRCBLEHS 
A I A A  PAPER 63-259 A 6 4 - 1 8 6 1 8  

L I a u I o  PROPELLANTS EVALUATEO n i i n  REGARD TO 
HYDROGEN AN0 F L U O R I N E  L I P U E F A C T I O N I  STORAGE A N 0  
TRANSPORT A 6 4 - 2 8 2 0 8  

C H E H I C A L  HETHOO OF PROPELLANT TANK P R E S S U R I Z A T I O N  
FTC-CR-63-23  N 6 4 - 1 4 6 8 1  

S I H U L A T E O  SPACE ENVIRONHENTAL T E S T I N G  OF TANKAGE 
SYSTEHS FOR LONG TERH PROPELLANT STORAGE I N  SPACE 
R P L - T O R - 6 4 - 5 6  N 6 4 - 1 9  669 

L I Q U I D  HYDROGEN AS PROPELLANT I N  ELECTROTHERMAL 
E N G I N E  - HYDROGEN STORAGE A N 0  E X P U L S I O N  

N 6 4 - 2 5 0 2 1  

CRYOGENIC E P U I P H E N T  OEVELOPHENT FOR SPACE - LONG 
TERH STORAGE OF L Iau Io  PROPELLANTS AND ELECTRONIC 
E P U I P H E N T  R E F R I G E R A T I O N  N 6 4 - 2 6 0 1 8  

C R E D I B L E  CATASTROPHIC E V E N T U A L I T I E S  FROH 
PRCPELLANT TRANSPORTATION, ROCKETS. A I R C R A F T  AND 
WEATHER CONTROL 
NA SA-CR-58145  N 6 4 - 3 0 5 0 4  

H A N O L I N G  AND STORAGE OF L I Q U I D  PROPELLANTS AND 
O X I O I Z E R S  
1 0 - 4 4 2 8 4 9  N 6 4 - 3 0 5 5 6  

PROPELLANT TANK 
STUDY OF I N T E G R A T I O N  OF CRYOGENIC D Y N A H I C  POWER 
SYSTEM W I T H  SPACE V E H I C L E  C O O L I N G  SYSTEH 

DESIGN. E X P E R I H E N T A L  HEASUREHENTI & A N A L Y S I S  OF 
THERHAL P R O T E C T I O N  SYSTEHS FOR L I P U I D  HYDROGEN 
TANKS 
NASA-CR-55252  N64- 13403 

CHEHICAL R E A C T I O N  OF PROPELLANT TANK H A T E R I A L  W I T H  
ROCKET F U E L  AN0 O X I O I Z E R S  
NASA-TN-0-1882 N 6 4 - 1 1 1 5 2  

H I G H  STRENGTH A N 0  H I G H  TOUGHNESS T I T A N I U H  BASE 
LLLOY FOR L I Q U I D  HYDROGEN PROPELLANT TANK 
S H - 4 4 6 7 4  N64-18709 

FUNCTIONAL FEATURES OF L I Q U I D  HYDROGEN TANK FOR 
ARC-JET F E E D  SYSTEM N64-25023 

T I T A N I U H  ALLOY W I T H  EXTRA LOW I N T E R S T I T I A L  
CONTENT - L I G H T W E I G H T  L I Q U I O  HYDROGEN TANK 

N64-2 5024 

MECHANICAL SUPPORT SYSTEH FOR I N N E R  L I Q U I D  
HYDROGEN TANK OF ARC J E T  F E E 0  SYSTEH 

N 6 4 - 2 5 0 2 5  

METEOROID HAZARD TO L I P U I O  HYDROGEN STORAGE 
TANKS - P R O T E C T I V E  MEASURES N 6 4 - 2 5 0 2 6  

THERHAL R A D I A T I O N  I N C I D E N T  ON L I Q U I D  HYOROGEN TANK 
DURING TRANSFER O R B I T  N 6 4 - 2 5 0 2 7  

THERHAL P R O T E C T I O N  SYSTEH FOR L I Q U I D  HYDROGEN 
STORAGE VESSEL N b 4 - 2 5 0 2 8  

E L E C T R I C  P R O P U L S I O N  SYSTEH TANKAGE D E S I G N  FOR ZERO 

ASD-TOR-63-506 N 6 4 - 2 6 8 1 3  

PERFORHANCE OF T I T A N I U H  ALLOY TANKAGE FOR 

GRAVITY RESTART AND Lon GRAVITY OPERATION 

CRYOGENIC L I Q U I O  PROPELLANTS 
511-43116 N b 4 - 2 7 4 0 9  

L I P U I D  SLOSHING I N  CDHPARTHENTED PROPELLANT TANKS 
DUE TO B E N D I N G  E X C I T A T I O N  
NASA-TH-X-51944  N 6 4 - 2 B 8 3 1  

MATHEHATICAL HODEL FOR VORTEX FLOW B E H A V I O R  FROH 
PROPELLANT TANK 
NASA-CR-59255  

PROPELLANT T E S T I N 6  

N 6 4 -  3 3 2 87 

STRESS R E L A X A T I O N  TESTS TO EVALUATE T I R E  
DEPENDENCIES OF V I S C O E L A S T I C  MATERIALS,  SUCH AS A 
COHPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 1 3 0 2 2  

R A D I A T I O N  EFFECTS ON AHMONIUH PERCHLORATE 
PROPELLANTS W I T H  T A B U L A T I U N  UF H A U l A l l U N  UUbt. 
BURNING RATE A N 0  T E N S I L E  STRENGTH 

A64- 19 11 8 

THERHAL S E N S I T I V I T Y  APPARATUS FOR L I E U 1 0  
PROPELLANT T E S T I N G  A 6 4 - 1 9 1 5 0  

STRESS R E L A X A T I O N  T E S T S  TO E V A L U A T E  T I M E  
DEPENDENCIES OF V I S C O E L A S T I C  H A T E R I A L S  SUCH AS 

ARS PAPER 2517-62 1164-16635 COHPOSITE S O L I D  PROPELLAN1 
A I A A  PAPER 64-131 

COWPARTHENTATION OF SPACE BOOSTER PROPELLANT 
CONTAINER TO A V O I D  D Y N A H I C  C O U P L I N G  OF PROPELLANT 
H O T I O N  AND CONTROL SYSTEM 1164-16930 

ROCKET F U E L  TANK SHAPE, PROPELLANT O S C I L L A T I M I  
FORCE AN0 HOHENT E F F E C T  ON OVERALL  S T A B I L I T Y  

164-17376 

L I Q U I O  PROPELLANT O R I E N T A T I O N  I N  A ZERO G R A V I T V  
ENVIRONHENT. U S I N G  INTERHOLECULAR FORCES 
SAE PAPER 8620 164-20298 

S L O S H I N G  E F F E C T S  ON L I Q U I D  PROPELLANT F I L L E D  
BOCSTER TRANSFER FUNCTIONS, COHPUTING RESULTANT 
FORCES, HOHENTS A N 0  PRESSURE CENTER 

A 6 4 - 2 6  177 

E X A H I N A T I O N  OF THERHAL CONTROL ASPECTS OF ABOVE- 
SURFACE STORAGE OF PROPELLANTS ON LUNAR EQUATORIAL  
S I T E  
ARS PAPER 2690-62 A 6 4 - 2 6 5 7 4  

A 64-2 6552 

THERHAL S T A B I L I T V  OF E X P L O S I V E S  AT H I G H  
TEHPERATURES - WENOGRAO TECHNIQUE 
5-44 N 6 4 - 1 9 7 2 8  

PROPELLANT TRANSFER 
PRESSURE FED PROPELLANT TRANSFER SYSTEM USING L o w  
MOLECULAR WEIGHT I N E R T  GAS 664-14333 

PROPULSION 
SPACE PROGRAH SUHHARY - SYSTEHS, G U I D A N C E  AN0 
CONTROL. ENGINEERING.  PROPULSION, SPACE SCIENCES.  
AN0 TELECOMHUNICATIONS RESEARCH 
NASA-CR-56175  N 6 4 - 2 0 8 1 6  

P R O P E R T I E S  OF H I G H  TEHPERATURE GASES AN0 F L U I D S ,  
COHBUSTION AN0 P R O P U L S I O N  PROCESSES. A h 0  
COHBUSTION S T U O I E S  I N  S O L I O  A N 0  L I Q U I D  
PROPELLANT ROCKET E N G I N E S  N 6 4 - 2  8 17 6 

PROPULSION OEVELOPHENT 
SATURN v L iau Io  ROCKET 

PROBLEHS 
V E H I C L E S  

OF SATURN AND 
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P R O P U L S I O N  SYSTEM S U B J E C T  I N D E X  

NASA-TM-X-53075  N 6 4 - 3 2 4 8 6  

P R O P U L S I O N  SYSTEM 
H Y B R I D  PROPULSION, CONSIOERING S E P A R A T I O N  OF F U E L  
AN0 OXIOIZER,  COMBUSTION E F F I C I E N C Y  A N 0  T H R O T T L I N G  
PERFORMANCE A 6 4 - 1 7 1 9 2  

L I P U I O  ROCKET PROPULSION COVERING ENGINE, 
PROPELLANT, F E E 0  L I N E S  AN0 P R E S S U R I Z A T I O N  SYSTEMS 

6 6 4 - 1 7 6 5 9  

F I N I T E  D IFFERENCE E P U A T I O N  FOR THE T R A N S I E N T  
PERFORMANCE P R E D I C T I O N  OF N O N - A D I A B A T I C  P R O P U L S I O N  
SYSTEM U T I L I Z I N G  R E A L  GAS PROPELLANT 
A I A A  PAPER 6 4 - 3 7 3  A 6 4 - 2 0 7 8 5  

HANDBOOK OF FUNDAMENTAL OPERATING P R I N C I P L E S  OF 
B A L L I S T I C  M I S S I L E  PROPULSION SYSTEMS A N 0  
PROPELLANTS 
AMCP-7C6-282 N 6 4 - 1 6 6 1 6  

THERMOCYNAMIC PROPERTIES OF ROCKET S O L I O  
PROPULSION SYSTEMS 
C P I A - 4 4 ,  VOL- 1 N 6 4 - 1 8 8 0 1  

PROPULSION IMPROVEMENTS A C H I E V E D  D U R I N G  F L I G H T  
T E S T I N G  OF SATURN LAUNCH V E H I C L E S  
A I A A  PAPER-64-537  N 6 4 - 1 9 8 9 0  

X-RAY AND REFLECTANCE REFRACTOMETER AND OTHER 
INSTRUMENTS USEO I N  PROPELLANT PROCESSING FOR 
P O L A R I S  PROPULSION SYSTEM 
REPT.-0178-07M-10 N 6 4 - 2 6 6 4 2  

O P T I M I Z A T I O N  OF S O L I O  ROCKET P R O P U L S I O N  SYSTEMS 
AN0 THREE-OIMENSIONAL G R A I N  D E S I G N S  
C P I A - P U B L - 3 5  N 6 4 - 3 0 5 6 3  

F A C I L I T Y  FOR T E S T I N G  ROCKET P R O P U L S I O N  SYSTEMS 
U S I N G  H I G H  ENERGY, TOXIC. H Y P E R G O L I C  PROPELLANTS 
UNOER S IMULATED SPACE ENVIRONMENT 
RTO-TOR-63-10B3  N 6 4 - 3 1 1 7 1  

P R O P U L S I V E  E F F I C I E N C Y  
PROPULSION IMPROVEMENTS A C H I E V E D  D U R I N G  F L I G H T  
T E S T I N G  OF SATURN V E H I C L E S  
A I A A  PAPER 6 4 - 5 3 7  A 6 4 - 1 7 9 6 3  

E J E C T I O N  V E L O C I T Y  OF C H E M I C A L  PROPELLANTS MAKES 
THEM INADEPUATE FOR INTERPLANETARY TRAVEL 

6 6 4 - 2 7 3 0 6  

P R O T E C T I V E  CLOTHING 
HAZARD TO PERSCNNEL NEARING TORN P R O T E C T I V E  
C L O T H I N G  Y H I L E  EXPOSE0 TO VAPOROUS ROCKET 
PROPELLANTS 
A D - 4 3 1 5 4 0  N 6 4 - 2 1 6 7 3  

PULSE H E A T I N G  
P Y R O L Y S I S  OF S O L I O  F U E L  PROPELLANTS BY RAOIANT 
HEAT PULSES TO D E T E R N I N E  V O L A T I L E  ANC N O N V O L A T I L E  
PRODUCTS OF V A R I O U S  H E A T I N G  RATES 
WSS/ -C I  PAPER 6 4 - 6  A 6 4 - 1 7 8 2 3  

PULSE WIOTH MODULATION /PWM/ 
ELECTRONIC T E C H N I P U E  T O  CONTROL M I X T U R E  R A T I O  I N  
COMBUSTION PROCESS, U S I N G  CRYOGENIC PROPELLANTS 

6 6 4 - 1 8  125 

P Y R O L Y S I S  
SURFACE TEMPERATURE MEASUREMENT I N  D E T E R M I N A T I O N  
CF THERMAL D E C C M P O S I T I O N  OF S O L I D S  BY L I N E A R  

R 
R A D I A N T  H E A T I N G  

PYROLYSIS  OF S O L I O  FUEL PROPELLANTS BY R A D I A N T  
HEAT PULSES TO DETERMINE V O L A T I L E  AN0 N O N V O L A T I L E  
PRCOUCTS OF V A R I O U S  H E A T I N G  RATES 
W S S I - C I  PAPER 64-6 6 6 4 - 1 7 8 2 3  

R A O I A T I O N  E F F E C T  
R A D I A T I O N  EFFECTS ON AMMONIUM PERCHLORATE 
PROPELLANTS W I T H  T A B U L A T I O N  OF R A D I A T I O N  DOSE, 
B U R N I N G  R A T E  A N 0  T E N S I L E  STRENGTH 

A 6 4 -  19 11 8 

R A D I A T I O N  T E S T I N G  MONOMETHYL H Y O R A Z I N E  PROPELLANT 
FOR R I F T  PROJECT 
N S P - 6 4 - 1 0  N 6 4 - 1 8 4 7 0  

THERMAL R A D I A T I O N  E F F E C T S  ON ACOUSTIC RESPONSE OF 
S O L I O  PROPELLANTS 
T G - 3 3 5 -  18 N 6 4 -  2 32  BO 

RADIOMETER 
RADIOMETER A N 0  SLUG-TYPE CALORIMETER I N  S O L I O  
PROPELLANT ROCKET MOTOR 
A B L / Z - 6 0  N 6 4 - 1 7 3 3 3  

REACTOR I N - F L I G H T  T E S T  / R I F T /  PROJECT 
R A D I A T I O N  T E S T I N G  MONOMETHYL H Y O R A Z I N E  PROPELLANT 
FOR R I F T  PROJECT 
N S P - 6 4 - 1 0  N 6 4 -  18470 

R E C O M B I N A T I O N  
N O N E P U I L I B R I U M  R E C O M B I N A T I O N  I N  N O Z Z L E S  FOR L I P U I O  
OXYGEN-HYDROGEN, FLUORINE-HYDROGEN, AN0 F L U O R I N E -  
L I P U I O  OXYGEN-HYDROGEN PROPELLANTS 
T O R - 2 6 9 / 4 2 1 0 - l o / - 6  N 6 4 - 3 2 4 8 2  

REFRACTOMETER 
X-RAY AND REFLECTANCE REFRACTOMETER A N 0  OTHER 
INSTRUMENTS USEO I N  PROPELLANT PROCESSING FOR 
P O L A R I S  P R O P U L S I O N  SYSTEM 
REPT. -0178-07M-10  N 6 4 - 2 6 6 4 2  

R E F R I G E R A T I N G  EQUIPMENT 
ROLE OF CRYOGENICS I N  MECHANICAL E N G I N E E R I N G  - 
D E S I G N  AN0 TECHNOLOGY OF R E F R I G E R A T I O N  SYSTEMS 

N 6 4 - 2 6 0 1 4  

R E F R I G E R A T I O N  
CRYOGENIC E P U I P M E N T  DEVELOPMENT FOR SPACE - LONG 
TERM STORAGE OF L I Q U I D  PROPELLANTS A N 0  E L E C T R O N I C  
EQUIPMENT R E F R I G E R A T I O N  N 6 4 - 2 6 0 1 8  

R E F U E L I N G  
ROCKET PROPELLANT MADE FROM LUNAR SURFACE M A T E R I A L  

6 6 4 - 2 6 9 4 7  FOR SPACECRAFT R E F U E L I N G  

ROCKET CHAMBER 
I G N I T I O N  T R A N S I E N T  I N  S O L I O  PROPELLANT ROCKET 
MOTORSI W I T H  D I M E N S I O N A L  A N A L Y S I S  OF FLAME- 
S P R E A D I N G - I N T E R V A L  MOOEL 
A I A A  PAPER 6 4 - 1 2 6  A 6 4 - 1 3 0 1 0  

BURNING RATE I N  S O L I O  PROPELLANTS CALCULATED BY 
MEANS OF D IAGRAMS OF BOTH THRUST-T IME AND 
PRESSURE-T IME A 6 4 - 1 5 0 1 4  

MANUFACTURING D E T A I L S  OF L I P U I O  H Y O R O G E N / L I P U I O  
OXYGEN CHAMBER COVERING CONFIGURATIONI  COOLING, 
I N J E C T O R  AN0 PROPELLANT C O M B I N A T I O h S  

1 6 4 - 2 5 6 7 7  

ROCKET COMBUSTOR 
C A N A O I A N  COMBUSTION RESEARCH ON S O L I O  PROPELLANTS 
FOR ROCKET ENGINES,  I N C L U O I N G  E R O S I V E  AN0 UNSTABLE 
B U R N I N G  A 6 4 - 1 2 7 3 7  

S T A B L E  COMBUSTION PROCESSES NECESSARY FOR 
A N A L Y T I C A L  MODELING OF L I P U I O  PROPELLANT ROCKET 
E V A L U A T I N G  CAROE PULSE T E C H N I P U E  OF I N J E C T I N G  FLOW 
DISTURBANCES I N T O  B U R N I N G  ROCKET MOTOR OF BLACK 
BRANT F A M I L Y  A 64-1 1955 

S O L I O  PROPELLANT ROCKET MOTOR B E H A V I O R  AS A 
F U N C T I O N  OF GEOMETRY, PROPELLANT B A L L I S T I C  
C H A R A C T E R I S T I C S  A N 0  PROPELLANT F I R I N G  T I M E  
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S U B J E C T  I N D E X  SHOCK 

A I A A  PAPER 63-228 164-13952 

H Y B R I O  ROCKET ENGINE.  U S I N G  C O M B I N A T I O N  OF S O L I O  
A N 0  L I E U 1 0  PROPELLANTS. D I S C U S S I N G  COM8USTION 
PROCESSES A N 0  S A F E T Y  OF STORAGE AN0 TRANSPORTATION 

A 6 4 - 1 3 9 9 3  

P R O P U L S I O N  IMPROVEMENTS A C H I E V E D  O U R I N G  F L I G H T  
T E S T I N G  C F  SATURN V E H I C L E S  
A I A A  PAPER 64-537 164-17963 

ADVANTAGES OF LIpuIo FLUORINE - LIauIo HYOROGEN 
F U E L  SYSTEM FOR H I G H  ENERGY ROCKET E N G I N E S  

A 6 4 - 2 6 8 2 2  

E F F E C T  OF I N T E R C H A N G I N G  PROPELLANTS I N  C O A X I A L  
I N J E C T I O N  ON ROCKET COMBUSTOR PERFORMANCE 
NA SA-TN-0-2 169 N 6 4 - 1 4 9 8 6  

L Iau Io  ROCKET SIMULATION OF SOLID PROPELLANT 
ROCKET EXHAUST C H A R A C T E R I S T I C S  
P A - T R - 3 1 6 5  N 6 4 - 2 2 3 8 0  

H I G H  FREQUENCY COMBUSTION O S C I L L A T I O N S  I N  GASEOUS 
PROPELLANT ROCKET E N G I N E  N 6 4 - 2 8 0 9 6  

ROCKET E N G I N E  I G N I T I O N  T I M E  D E L A Y  
N 6 4 - 2 8 5 9 2  

COMBUSTION INSTABILITY IN LIauIo PROPELLANT 
ROCKET E N G I N E S  N 6 4 - 2 8  594 

ROCKET E N 6 I N E  D E S 1 6 N  
PRESSURE T R A N S I E N T S  EXPECTEO I N  A ROCKET MOTOR 
UNOER A O I A B A T I C  HOMOGENEOUS C O N D I T I O N S .  ANALYZED 
BY A P P L I C A T I O N  OF CONSERVATION OF MASS A N 0  ENERGY 
A I A A  PAPER 64-121 A 6 4 - 1 3 0 6 3  

TURBULENCE I N  ARC PLASMA J E T  W I T H  ELECTROMAGNETIC 
I N O U C T I O N  
C P I A - 4 8  N64-30012 

ROCKET EXHAUST 
ROCKET E N G I N E  EXHAUST PROOUCTS FROM H I G H  ENERGY 

PR-7414-9 N 6 4 - 1 4 6 2 7  

L I P U I O  ROCKET S I M U L A T I O N  OF S O L I O  PROPELLANT 
ROCKET EXHAUST C H A R A C T E R I S T I C S  
P A - T R - 3 1 6 5  N 6 4 - 2 2 3 8 0  

P H Y S I C A L  A N 0  THERMOCYNAMIC P R O P E R T I E S  OF ROCKET 
EXHAUST PROOUCTS 
aa-7414-ii N 6 4 - 3 0 1 4 0  

SOLID. LIauio, E HYBRID PROPELLANT SYSTEMS 

ROCKET F I R I N G  
CONTROLLEO SOUND F I E L D  EFFECTS ON BURNING RATE OF 
COMPOSITE S O L 1 0  PROPELLANTS I N  ROCKET MOTOR 
A I A A  PAPER 64-108 A 6 4 - 1 3 0 4 2  

ROCKET F U E L  TANK 
ROCKET F U E L  TANK SHAPE. PROPELLANT O S C I L L A T I O N  
FORCE AN0 MOMENT E F F E C T  ON OVERALL  S T A B I L I T Y  

A 6 4 - 1 7 3 7 6  

ROCKET ROTOR CASE 
RADIOMETER AN0 SLUG-TYPE CALORIMETER I N  S O L I O  
PROPELLANT ROCKET MOTOR 
A B L / Z - 6 0  N 6 4 - 1 7 3 3 3  

ROCKET N O Z Z L E  
PROPELLANT TEMPERATURE O I S T R I B U T I O N  A N 0  Y A L L  H E A T  
TRANSFER I N  ROCKET NOZZLE. A P P L Y I N G  MONTE CARLO 
ME THO0 
A I A A  PAPER 64-62 A 6 4 - 1 2 1 5 4  

SECONDARY FLOY C A U S A T I O N  OF R O L L  TORQUE AN0 NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE, S O L I O  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 64-145 A 6 4 - 1 3 0 0 2  

ROCKET PROPELLANT 
LIauIo PROPULSION COMPARED WITH NUCLEAR AND SOLID 
F U E L  SYSTEMS. E M P H A S I Z I N G  ELEMENTS OF ENERGY 
SOURCE, P R O P U L S I V E  SUBSTANCE A N 0  S T O R A B I L I T Y  

164-15358 

NEUTRAL A C O U S T I C  S T A B I L I T Y  I N  C A V I T I E S  W I T H  
T R A N S P I R I N G  WALL CALCULATED FROM ENERGY. MOMENTUM 

AN0 MASS CONSERVATION E P U A T I O N S  
A 6 4 - 1 7 9 9 7  

V A R I A T I O N S  I N  CHEMICAL,  THERMODYNAMIC A N 0  F L O Y  
PARAMETERS OF H Y P E R G O L I C  PROPELLANTS E X A M I N E D  FOR 
CAUSE OF I G N I T I O N  D E L A Y  
U S S I - C I  PAPER 64-12 A 6 4 -  180 12 

OZONE A N 0  I T S  P R O P E R T I E S  W I T H  RESPECT TO I T S  
A P P L I C A T I O N  AS ROCKET PROPELLANT COMPONENT 

A 6 4 -  18  543 

R A O I A T I O N  E F F E C T S  ON AMMONIUM PERCHLORATE 
PROPELLANTS Y I T H  T A B U L A T I O N  OF R A O I A T I O N  DOSE. 
BURNING RATE AN0 T E N S I L E  STRENGTH 

~ 6 4 -  19 11 e 

ROCKET PROPELLANT TANK 
THERMAL STRATIFICATION OF L iau Io  HYDROGEN IN 
ROCKET PROPELLANT TANKS 
E R - 6 7 5 9  N 64-2 9612 

S 
SATURN I LAUNCH V E H I C L E  

PROPULSION DEVELOPMENT PROBLEMS OF SATURN I A N 0  

NASA-TM-X-53075  N 6 4 - 3 2 4 8 6  
SATURN v L iau Io  ROCKET VEHICLES 

SATURN V LAUNCH V E H I C L E  
PROPULSION DEVELOPMENT PROBLEMS OF SATURN I A N 0  

NASA-TM-X-53075 N 6 4 - 3 2 4 8 6  
SATURN v LIauIo ROCKET VEHICLES 

SATURN LAUlYCH V E H I C L E  
PROPULSION IMPROVEMENTS A C H I E V E D  OURING F L I G H T  
T E S T I N G  OF SATURN V E H I C L E S  
A I A A  PAPER 64-537 A 6 4 - 1 7 9 6 3  

PROPULSION IMPROVEMENTS ACHIEVED W R I N G  F L I G H T  
T E S T I N G  OF SATURN LAUNCH V E H I C L E S  
A I A A  P A P E R - 6 4 - 5 3 7  N 6 4 -  1 9 8 9 0  

SATURN 5- I V  STAGE 
SATURN s- IV STAGE EXPLOSION CAUSED ey HYDROGEN 
F U E L  D E T O N A T I O N  
NASA-TN-0 -563  N 6 4 - 3 0 0 8 9  

S E A1 ANT 
ELASTOMER RING SEALS FOR L i a u I o  ROCKET FUEL AND 
O X I D I Z E R  SYSTEM 
ASO-TOR-63-496 N 6 4 - 1 6 8 7 0  

SECONDARY FLOW 
ccrnunaw F I ~ Y  caiizt.TinN n~ R n L i  TOROUE AND NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE, S O L I D  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 64-145 A 6 4 - 1 3 0 0 2  

SEWS I T  I V I T Y  

SHOCKS 
I I T R I - C 6 0 2 4 - 8  N 6 4 - 2  5501 

FUNDAMENTALS OF L I a u I o  PROPELLANT SENSITIVITY TO 

SHOCK T u e E  TESTS FOR L Iau io  PROPELLANT SENSITIVITY 
N 6 4 - 3 3 5 1 3  I I T R I - C 6 0 2 4 - 1 2  

SERVDIIECHANISW 
SERVO SYSTEM FOR CONTINUOUS MEASUREMENT OF 
BURNING R A T E  OF S O L I O  PROPELLANT 
J P C - 3 7 4  N 6 4 - 2 9 8 4 1  

SHEAR CREEP 
FREQUENCY T E S T I N G  OF D Y N A M I C  MECHANICAL P R O P E R T I E S  
OF V I S C O E L A S T I C  MATERIALS.  TO OETERMINE SHEAR 
MODULUS OF A COMPOSITE S O L I O  PROPELLANT 

664-12466 

SHEARIN6 STRESS 
TEMPERATURE O I S T R I B U T I O N  DUE TO STEADY S T A T E  
C Y C L I C  SHEAR L O A D I N G  CALCULATED FOR I N F I N I T E  S L A B  
W I T H  F I N I T E  T H I C K N E S S  A 6 4 - 1 7 7 7 8  

SHOCK 
D E T O N A T I O N  I N  PROPELLANTS E E X P L O S I V E S  BY LOW 
A M P L I T U D E  SHOCKS 
A D - 4 0 6 4 3 8  N 6 4 - 3 0 1 4 4  
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SHOCK S E N S I T I V I T Y  S U B J E C T  I N D E X  

SHOCK S E N S I T I V I T Y  
C A L I B R A T I O N  O F  SHOCK S E N S I T I V I T Y  T E S T  W I T H  
P E N T O L I T E  S O L I O  PROPELLANT 
NOLTR-63- 19 N 6 4 - 1 7 3 7 5  

SHOCK TUNNEL 
L I a u I D  PROPELLANT SENSITIVITY - CRYOGENIC 
ADAPTATION OF SHOCK TUBE 
I 1  T R I - C 6 0 2 V  N b 4 -  16 658 

SHCCK TUBE T E S T S  FOR L I a u I D  PROPELLANT SENSITIVITY 
I I T R I - C 6 0 2 4 - 1 2  N 6 4 - 3 3 5 7 3  

S H R I N K A 6 E  
M I X E D  BOUNOARY VALUE PROBLEMS - SHRINKAGE C STRESS 
A N A L Y S I S  OF PROPELLANT G R A I N S  
1 0 - 6 0 0 5 4 6  N 6 4 - 2 1 4 6 6  

S I M U L A T I O N  
S I M U L A T E D  SPACE ENVIRONMENTAL T E S T I N G  OF TANKAGE 
SYSTEMS FOR LONG TERM PROPELLANT STORAGE I N  SPACE 
RPL-TOR-64-56 N 6 4 - 1 9 6 6 9  

L I a u i o  ROCKET SIMULATION OF SOLID PROPELLANT 
ROCKET EXHAUST C H A R A C T E R I S T I C S  
PA-TR- 3 1 6  5 N 6 4 - 2 2 3 8 0  

S L O S H I N L  
HYDRODYNAMIC FORCES FROM SLOSHING L Iau Io  
PROPELLANTS I N  M I S S I L E  F U E L  TANKS 
ON ERA-TP- 136 N 6 4 - 2 4 0 0 4  

L I a u I D  SLOSHING IN COMPARTMENTED PROPELLANT TANKS 
DUE TO BENDING E X C I T A T I O N  
NASA-TH-X-51944  N 6 4 - 2 8 8 3 1  

S O I L  
FOAMEO PROPELLANT SYSTEM FOR COMPACTION AN0 
S T A B I L I Z A T I O N  OF COHESIONLESS AN0 C O H E S I V E  S O I L S  
S U R I - C E - 9 7 4 - 6 4 7 F 1  N 6 4 - 3 0 0 0 4  

S O L I D  PROPELLANT 
FREQUENCY T E S T I N G  OF D Y N A M I C  MECHANICAL P R O P E R T I E S  
OF V I S C O E L A S T I C  M A T E R I A L S ,  TO D E T E R M I N E  SHEAR 
MODULUS OF A COMPOSITE S O L I O  PROPELLANT 

6 6 4 - 1 2 4 6 6  

F A I L U R E  C R I T E R I A  FOR T R I A X I A L  T E N S I L E  STRESS UPON 
A GRAIN-L INER-CASE BOUNDARY WHEN A CASE-BONDED 
S O L I O  PROPELLANT G R A I N  I S  COOLED 
A I A A  PAPER 6 4 - 1 5 2  A b 4 - 1 2 9 9 9  

T-BURNER OPERATION METHODS FOR A N A L Y Z I N G  ACOUSTIC 
ADMITTANCE D A T A  FOR S O L I D  PROPELLANTS 
A I A A  PAPER 64-137 664-1 3 001 

STRESS R E L A X A T I O N  TESTS TO EVALUATE T I M E  
DEPENDENCIES O F  V I S C O E L A S T I C  M A T E R I A L S r  SUCH A S  A 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 1 3 0 2 2  

E R O S I V E  BURNING R A T E  OF AN AMMONIUM PERCHLORATE- 
POLYURETHANE S O L I O  PROPELLANT W I T H  ALUMINUM 
A I A A  PAPER 64-107 A 6 4 - 1 3  041 

CONTROLLED SOUND F I E L D  E F F E C T S  ON B U R N I N G  RATE OF 
COMPOSITE S O L I O  PROPELLANTS I N  ROCKET MOTOR 
A I A A  PAPER 64-108 A 6 4 - 1 3 0 4 2  

A L U M I N A  S I Z E  D I S T R I B U T I O N S t  CLOSE TO BURNING 
PROPELLANT SURFACE, D E T E R M I N E  METAL A D O I T I V E  
AGGLOMERATION PROCEOURE 
A I A A  PAPER 64-115 A 6 4 - 1 3 0 4 5  

EFFECT OF ACOUSTIC ENVIRONMENT ON BURNING R A T E  OF 
S O L I D  PROPELLANTS. PRODUCING S U S T A I N E D  O S C I L L A T O R Y  
B E H A V I O R  BY U S I N G  S P E C I A L L Y  D E S I G N E D  BURNERS 
A I A A  PAPER 6 4 - 1 4 1  A 6 4 - 1 3 0 7 1  

A C O U S T I C  E R O S I V I T Y  EFFECTS ON S O L I D  PROPELLANT 
B U R N I N G  RATES. MEASURING E R O S I V I T Y  AS F U N C T I O N  OF 
FREQUENCY AN0 AMPLITUOE 
A I A A  PAPER 64-142 A 6 4 - 1 3 0 7 2  

HETEROGENEOUS R E A C T I O N S  I N  I G N I T I O N  AN0 COMBUSTION 
OF S O L I O  PROPELLANTS, P R E D I C T I N G  E F F E C T S  OF 
INDEPENDENT V A R I A B L E S  O N  I G N I T I O N  AND B U R N I N G  R A T E  

A 6 4 - 1 3  184 

ENTROPY WAVES A N 0  V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I D  PROPELLANTS S T U D I E D  BY H I G H  
SPEED CINEMATOGRAPHY A N 0  SPECTRAL RAOIOMETRY. 
U S I N G  A T-TUBE ROCKET COMBUSTOR 
A I A A  PAPER 64-154 A 6 4 - 1 3 3 4 8  

APPARATUS U S E 0  FOR COMBUSTION R A T E  TESTS OF S O L I O  
N I T R O G L Y C E R I N  PROPELLANTS 

SURFACE TEMPERATURE MEASUREMENTS OF PURE S O L I D S  

ACT A S  BURNING L i a u I o  A 64- 139 10 

ACOUSTIC D A M P I N G  CONSTANT O B T A I N E D  FOR S O L I O  
PROPELLANT COMBUSTION GASES COOLED AT ROOM 
TEMPERATURE A 6 4 - 1 4 0 2 3  

B U R N I N G  RATE I N  S O L I D  PROPELLANTS CALCULATED BY 
MEANS O F  D IAGRAMS OF BOTH THRUST-T IME A N 0  
PRESSURE-T IME A64-  15014 

O S C I L L A T O R Y  COMBUSTION OF COMPOSITE PROPELLANTS 
SHOWING E F F E C T S  OF B INDERS,  C A T A L Y S T S  AND P A R T I C L E  

A 6 4 -  1 6 1 2  1 S I Z E  

R E D U C T I O N  OF B U R N I N G  RATES I N  DOUBLE-BASE A N 0  
COMPOSITE PROPELLANTS DUE TO A C O U S T I C  PRESSURE 
C I  PAPER 62-23 A 6 4 -  1 6 1 4 4  

ALUMINUM COMBUSTION E F F I C I E N C Y  I N  S O L I O  
PROPELLANTS O B T A I N E D  B Y  LARGE WINOOW BOMB 
TECHNIQUES 
C I  PAPER 62-18 

COMBUSTION DOMAINS OF COMPOSITE S O L I D  ROCKET 
PROPELLANTS DEFINED.  T A K I N G  PRESSURE A N 0  MEAN 
O I A M E T E R  OF PERCHLORATE P A R T I C L E S  AS PARAMETERS 

A 6 4 - 1 3 6 4 1  

T H A T  MELT TO PRODUCE L Iau Io  LAVER THICK ENOUGH TO 

A 6 4 -  16 145 

A b 4 -  16180 

P Y R O L Y S I S  OF S O L I D  F U E L  PROPELLANTS BY R A D I A N T  
H E A T  P U L S E S  T O  D E T E R M I N E  V O L A T I L E  A N 0  N O N V O L A T I L E  
PRODUCTS OF V A R I O U S  H E A T I N G  RATES 
W S S I - C I  PAPER 64-6 A 6 4 - 1 7 8 2 3  

DOUBLE BASE PROPELLANT E X A M I N E 0  FOR EFFECTS OF 
F A I L U R E  T I M E S  AND TEMPERATURE ON T E N S I L E  
P R O P E R T I E S  A b 4 - 1 7 8 4 4  

STRAND BURNING C H A R A C T E R I S T I C S  O F  COMPOSITE 
PROPELLANTS C O N T A I N I N G  L I T H I U M  F L U O R I D E  BY 
POLYURETHANE AND P O L Y B U T A D I E N E  B I N D E R  SYSTEMS 

A 6 4 -  1841 9 WSS/-CI PAPER 64-18 

T H E O R E T I C A L  MOOEL FOR L I N E A R  BURN RATE OF COR0 AN0 
S O L I D  PROPELLANTS T O  D E T E R M I N E  E X P R E S S I O N  FOR 
P R O P E R T I E S  OF S P H E R I C A L  PROPELLANT G R A I N S  

164-18497 

S O L I O  PROPELLANT RESEARCH, E M P H A S I Z I N G  DEVELOPMENT 
OF POLYURETHANE, P O L Y B U T A O I E N E  A N 0  N I T R O C E L L U L O S E  

664-18542 B I N D E R S  

T-BURNER O P E R A T I O N  METHODS FOR A N A L Y Z I N G  ACOUSTIC 
ADMITTANCE DATA FOR S O L I O  PROPELLANTS 
A I A A  PAPER 64-137 A 6 4 - 1 9 0 7 9  

STRESS I N  S O L I O  PROPELLANT ROCKET G R A I N S  DUE TO 
P R E S S U R I Z A T I O N ,  STEADY THERMAL G R A D I E N T S  AND 
PROPELLANT SHRINKAGE 

O X I D I Z E R  F U E L  R A T I O  E F F E C T S  ON S O L I O  COMPOSITE 
PROPELLANT COWBUSTION S T A B I L I T Y  

A 6 4 - 2 0 4 1 6  

A 6 4 - 2 5 6 6 3  

A L U M I N A  S I Z E  O I S T R I B U T I O N S  CLOSE TO B U R N I N G  
PROPELLANT SURFACE DETERMINE METAL A O O I T I V E  
AGGLOMERATION PROCEOURE 
A I A A  PAPER 6 4 - 1 1 5  A 6 4 - 2 6 5 4 1  

STRESS R E L A X A T I O N  T E S T S  TO EVALUATE T I M E  
OEPENDENCIES OF V I S C O E L A S T I C  M A T E R I A L S  SUCH AS 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 

S P E C I F I C  I M P U L S E  OF H Y B R I D  ROCKETS I N C R E A S E D  WHEN 
HYDROGEN I S  I N J E C T E D  I N T O  S O L I O  F U E L  CHAMBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A 6 4 -  2 6 5 5  2 

A 6 4 - 2 7 2 5 6  
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S U B J E C T  I N D E X  S O L I D  PROPELLANT I 6 N I T I O N  

S O L I O  PROPELLANT CORBUSTION R E C H A N I S R S  - S P U I D  
PR 0 J E C  T N 6 4 - 1 3 4 9 0  

C H A R A C T E R I Z A T I O N  OF S O L I D  ROCKET PROPELLANTS BY 
D I F F E R E N T I A L  THERMAL A N A L Y S I S  
RK-TR-63-21  N 6 4 - 1 3 9 3 3  

D Y N A M I C  RESPONSE A N 0  F A I L U R E  R E C H A N I S R S  I N  
CORPOSITE S O L I D  PROPELLANTS 
L P C - 6 1 8 - P - 1 1  N 6 4 - 1 4  820 

ALURINUM O X I O E  S I Z E  O I S T R I B U T I O N S  FROM H I G H  
PRESSURE S O L I D  PROPELLANT COMBUSTION 
A I M  P A P E R - 6 4 - 1 1 5  N 6 4 -  14 8 54 

R E C H A N I C A L  RESPONSE AN0 F A I L U R E  I N  S O L I O  
PROPELLANT STRUCTURAL C H A R A C T E R I S T I C S  
L P C - 6 1 8 - P - 1 0  N 6 4 - 1 5 6 9 1  

C A L I B R A T I O N  O F  SHOCK S E N S I T I V I T Y  T E S T  Y I T H  
P E N T O L I T E  S O L I O  PROPELLANT 
NOLTR-63-19  N 6 4 - 1 7 3 7 5  

V I S C O E L A S T I C I T Y  OF S O L I D  PROPELLANTS A N 0  
PROPELLANT B I N D E R S  - O Y N A R I C  SHEAR. S P E C I F I C  
VOLUME. AN0 OEFORRATION 6 S T R A I N  RATES 
A D - 4 3 4 8 5 3  N 6 4 - 1 8 6 1 8  

THERMODYNARIC P R O P E R T I E S  OF ROCKET S O L I O  
P R O P U L S I O N  SYSTERS 
C P I A - 4 4 .  VOL. 1 N 6 4 - 1 8 8 0 1  

APPARATUS FOR HEAT OF FORMATION REASURERENTS OF 
BORON COMPOUNOS - S O L I D  PROPELLANTS 

N 6 4 - 1 8 8 1 8  

C H E R I C A L  R E A C T I O N  RECHANISMS OF S O L I O  PROPELLANT 
F L A R E S  - S P U I O  PROJECT N 6 4 - 1 8  864 

EFFECT OF F I L L E R  ON V I S C O E L A S T I C  P R O P E R T I E S  OF 
ELASTOWERS AN0 CORPOSITE S O L I O  ROCKET PROPELLANTS 
RK-TR-64-2  N 6 4 - 1 8 8 8 7  

RETHOO FOR O E T E R R I N I N 6  THERRAL D I F F U S I V I T Y  OF 
S O L I O  PROPELLANTS 
P-63-27 1164-18905 

V I S C O E L A S T I C  P R O P E R T I E S  OF S O L I O  PROPELLANTS A N 0  
PROPELLANT B I N O E R S  - SHEAR. S P E C I F I C  VOLURE. A N 0  
TENS I L  I TY 
REPT.-9 N 6 4 - 1 9 1 4 2  

OYNARIC RESPONSE AND F A I L U R E  RECHANISMS I N  S O L I D  
PROPELLANTS 
LPC-618-F  NM-1965 1 

CHEWISTRY. PHYSICS.  AN0 THERROOYNARICS OF ROCKET 
N O Z Z L E  FLOY. R A T E R I A L  STRESS. E S O L I D  PROPELLANTS 
P-64 -6  N 6 4 - 2 0 3 0 7  

R E C H A N I C A L  P R O P E R T I E S  OF P O L Y B U T A D I E N E  AN0 
POLYURETHANE S O L I D  PROPELLANTS 
REPT.-6 N 6 4 - 2 0 8 5 3  

M E C H A N I C A L  P R O P E R T I E S  OF I N E R T  S O L I D  F U E L  
PROPELLANT UNDER C O R B I N E D  S T A T E S  OF STRESS AT ROOM 
TERPERATURE 
A B L / X - 1 1 4  NU-2 1586 

T O X I C I T Y  HAZARDS I N  S O L I O  PROPELLANT O P E R A T I O N  
ARS P A P E R - 2 7 6 6 - 6 3  N 6 4 - 2 2 2 4 0  

THERRCOYNARIC C A L C U L A T I O N S  FOR L I P U I O  O X I D I Z E R  AN0 
S O L I D  F U E L  C O M B I N A T I O N S  I N  H Y B R I D  ROCKETS 
F A - R - 1 7 1 5  N 6 4 - 2 2  274 

L I Q U I D  ROCKET S I M U L A T I O N  OF S O L I D  PROPELLANT 
ROCKET EXHAUST C H A R A C T E R I S T I C S  
WA-TR-3165 N64-22380 

THERRAL R A D I A T I O N  E F F E C T S  ON A C O U S T I C  RESPONSE OF 
S O L I O  PROPELLANTS 
T G - 3 3 5 - 1 8  N 6 4 - 2 3 2 8 0  

R E C H I N I S M  OF E N C A P S U L A T I O N  A N 0  P E R R E A B I L I T Y  OF 
POLYMERS. S O L I D  P R O P E L L A N T S t  AND C H E R I C A L  
CORPOUNDS 
A D - 6 0 1  172 N 6 4 - 2 4 8 4 9  

OYNAR I C  HECHAN I C A L  PROPERT I ES OF POLY BUT A 0 1  ENE 
ACRYLIC A C I O  COPOLYRER S O L I D  PROPELLANT 
PTSR-1 N 6 4 - 2 5 4 7 6  

CONTINUOUS REASURERENT OF S O L I D  ROCKET PROPELLANT 
BURNIN6 R A T E S  
JAC-369 N 6 4 - 2 5 5 8 2  

THERRAL R A D I A T I O N  O F  FLAME Y I T H  CONDENSED 
RAGNESIUR O X I D E  P A R T I C L E S  I N  REFERENCE TO S O L I O  
ROCKET PROPELLANTS AN0 E X P L O S I V E S  

N 6 4 - 2 6 3 4 0  

X-RAY AN0 REFLECTANCE REFRACTORETER A N 0  OTHER 
INSTRURENTS U S E 0  I N  PROPELLANT PROCESSING FOR 
P O L A R I S  P R O P U L S I O N  SYSTER 
R E P T - - 0 1 7 8 - 0 7 M - 1 0  N 6 4 - 2 6 6 4 2  

FORM F U N C T I O N S  FOR OUAL C O R P O S I T I O N  INCRERENTS OF 
PROPELLANT G R A I N S  
R - 1 6 9 2  

OYNARIC SHEAR A N 0  C O R P R E S S I B L E  P R O P E R T I E S  OF 
S O L I D  PROPELLANTS AN0 PROPELLANT B I N D E R S  
REPT. -1 1 N 6 4 - 2 1 5 4 8  

MECHANICAL P R O P E R T I E S  OF S O L I O  PROPELLANTS 
REPT.-3 N b 4 - 2 7 7 3 5  

ARC I G N I T I O N  T E C H N I P U E S  FOR S O L I D  PROPELLANTS 
RPL-TDR-64-116  N64-28236 

S O L I D  PROPELLANT CORBUSTION I N S T A B I L I T Y  AN0 
OEPENOENCE ON PROPELLANT COM8USTION 
C H A R A C T E R I S T I C S  
6 0 - 4 4 2 3 9 2  N 6 4 - 2  8 6 4 6  

SERVO SYSTEM FOR CONTINUOUS REASUREMENT OF 
BURNING R A T E  OF S O L I O  PROPELLANT 
JPC-374 N b 4 - 2 9 8 4 1  

ASSEMBLY OF BREADBOARD O P T I C A L  E P U I P R E N T  FOR 
SPECTROGRAPHIC O E T E R R I N A T I O N  OF COMBUSTION 
P R O W C T S  A N 0  TERPERATURE I N  S O L I D  PROPELLANT 
COnBUSTION ZONES 
PR-6 N 6 4 - 3 1 6 9 3  

METHOD OF CONFORRAL M A P P I N G  A N 0  O E T E R R I N A T I O N  OF 
STRESSES I N  S O L I O  PROPELLANT ROCKET G R A I N S  
5 - 4 6  

MECHANICAL P R O P E R T I E S  OF S I M U L A T E 0  S O L I O  
PROPELLANTS UNDER H I G H  S T R A I N  RATE A N 0  LOU 
TEMPERATURE ENVIRONMENT 
MRL-ONR-3 N 6 4 - 3 3 2 7 3  

U T I L I Z A T I O N  OF A C O U S T I C A L  P R O P E R T I E S  OF S O L I O  
PROPELLANTS TO OARP OUT A C O U S T I C  HAVES I N  ROCKET 
COMBUSTION SYSTERS 
F T C E / 4 1 / 3 / 6 4  N b 4 - 3 3 8 9 6  

N 6 4 - 2 6 8 6 5  

N 6 4 - 3 2 9 5 8  

SOLID PROPELLANT I L N K T I C I N  
MODEL OF H Y P E R G O L I C  I G N I T I O N  FOR S O L I D  
PROPELLANTS. B A S E 0  ON HETEROGENEOUS C H E R I C A L  
REACTIONS B E T Y E E N  R E A C T I V E  O X I D I Z E R  A N 0  PROPELLANT 
SURFACE 
A I A A  PAPER 63-514 164-11 122 

EFFECT OF P A R T I C L E  S I Z E  A N 0  N O N - S T O I C H I O M E T R I C  
PROPORTIONS OF F U E L  A N 0  O X I D I Z E R  ON T H E  BURNING O F  
COMPOSITE S O L I D  PROPELLANT OF SANDWICH 
CONSTRUCTION A 6 4 -  12738 

EFFECTS OF PRESSURE A N 0  OXYGEN ON V A R I O U S  I G N I T I O N  
PROCESSES OF S O L I D  PROPELLANTS S T U D I E D  
EXPERIRENTALLY,  U S I N G  A SMALL ROCKET MOTOR 
AIAA PAPER 65-153 A 6 4 - 1 2 9 9 8  

I G N I T I O N  T R A N S I E N T  I N  S O L I O  PROPELLANT ROCKET 
MOTORSr Y I T H  O I R E N S I O N A L  A N A L Y S I S  OF FLAME- 
SPREADING- INTERVAL MOOEL 
1 1 1 1  PAPER 64-126 

I G N I T I O N  OF HETEROGENEOUS R A T E R I A L S  SUCH AS 
AMMONIUR PERCHLORATE COMPOSITE PROPELLANT. 
EXARINED B Y  CONDENSED PHASE S E L F - H E A T I N G  R E A C T I O N  
MODEL 
A I A A  PAPER 64-120 

A 6 4 - 1 3 0 1 0  

A 6 4 - 1 3 0 1 6  
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S O L I D  PROPELLANT ROCKET E N G I N E  S U B J E C T  I N D E X  

B A L L I S T I C  A N A L Y S I S  OF S O L I O  PROPELLANT I G N I T I O N  
TRANSIENTI  SHOWING DEPENDENCE OF PEAK OVERPRESSURE 
ON I N I T I A L  TEMPERATURE AND PRESSURE 
A I A A  PAPER 6 4 - 1 2 1  A 6 4 - 1 3  0 17 

FLAME-SPREAOING DUE TO HEAT TRANSFER EFFECTS I N  
S O L I O  PROPELLANT G R A I N S  D U R I N G  I G N I T I O N ,  E X A M I N I N G  
T R A N S I E N T  CHAMBER PRESSURE RESPONSE 
A I A A  PAPER 6 4 - 1 2 2  A 6 4 - 1 3 0 1 8  

FLOW OF HOT COMBUSTION PROOUCTS ACROSS SURFACE OF 
A S O L I O  PROPELLANT, W I T H  PRESSURE AN0 FREE STREAM 
V E L O C I T Y  CONSTANT, TO STUDY FLAME SPREAO 
A I A A  PAPER 6 4 - 1 2 8  A 6 4 - 1 3 0 2 1  

GASEOUS OECOMPOSITION I N  COMPOSITE PROPELLANT 
I G N I T I O N  PROCESS MOOEL D E S C R I B E S  SURFACE ENERGY 
TRANSFER EFFECT UPON COMBUSTION 
A I A A  PPPER 6 4 - 1 1 7  6 6 4 - 1 3 0 4 7  

MATHEMATICAL MODEL D E S C R I B I N G  I G N I T I O N  
C H A R A C T E R I S T I C S  OF COMPOSITE ROCKET PROPELLANTS 
SUBJECTED TO LOW SURFACE HEAT F L U X E S  
A I A A  PAPER 6 4 - 1 1 9  A 6 4 - 1 3 0 4 9  

MICROSCOPIC TEMPERATURE P R O F I L E S  THROUGH 
PROPAGATING S O L I D  PROPELLANT FLAMES I N  COMPOSITE 
A N 0  DOUBLE BASE PROPELLANTS, MEASURED BY U S I N G  
F I N E  THERMOCOUPLES 
A I A A  PAPER 6 4 - 1 0 6  1164-13050  

PRESSURE TRANSIENTS EXPECTED I N  A ROCKET MOTOR 
UNDER A D I A B A T I C  HOMOGENEOUS CONOIT IONS.  A N A L Y Z E 0  
BY A P P L I C A T I O N  OF CONSERVATION OF MASS AN0 ENERGY 
A I A A  PAPER 6 4 - 1 2 7  A 6 4 -  13063 

V I S C O E L A S T I C  P R O P E R T I E S t  INFERRED FROM S O L I D  
PROPELLANT BURNING O A T A t  CAN B E  USEO TO C A L C U L A T E  
S O L I D  PHASE C O N T R I B U T I O N  TO A C O U S T I C  I N S T A B I L I T Y  
A I A A  PAPER 6 4 - 1 3 9  A 6 4 - 1 3 0 6 9  

PHASE-LOCKED ACOUSTIC O S C I L L A T O R  SYSTEM FOR 
MEASURING ACOUSTIC RESPONSE BURNING OF S O L I D  
PROPELLANT SURFACE TO OETERMINE S T A B I L I T Y  OF S O L I O  
PREPELLANT ROCKET MOTOR 
A I A A  P I P E R  6 4 - 1 3 8  A 6 4 -  13  070 

METAL P A R T I C L E  COMBUSTION I N  P R E M I X E D  FLAME, 
E X A M I N I N G  FACTORS A F F E C T I N G  I G N I T I O N  CELAY A N 0  
B U R N I N G  T IME 164-13854 

HETEROGENEOUS I G N I T I O N  THEORY FOR COMPOSITE S O L I O  
PRCPELLANTS 
A I A A  PPPER 6 4 - 1 5 6  A 6 4 - 1 4 7 7 3  

S O L I O  PROPELLANT I G N I T I O N  AN0 FLAME PROPAGATION 
UNDER FLOW C O N O I T I O N S t  I N  TERMS OF HEAT AN0 MASS 
TRANSFER R E L A T I O N S H I P S  
A I A A  PAPER 6 4 - 1 5 7  A 6 4 - 1 4 7 9 9  

TWO-PHASE TURBULENT FREE J E T  EXPANSIONS.  PROOUCEO 
BY S O L I O  PROPELLANT I G N I T E R S  A N 0  H A V I N G  LARGE 
PRESSURE AN0 TEMPERATURE GRADIENTS 
A I A A  PAPER 6 4 - 1 2 3  6 6 4 - 1 4 9 2 8  

S O L I O  H I G H  E X P L O S I V E S  A S  D R I V E R S  OF SHOCK TUBES. 
BASEO ON A C O N I C A L  SHOCK TUBE FOR S I M U L A T I O N  OF 
VERY LARGE B L A S T S  6 6 4 - 1 5 1 4 0  

PHASE-LOCKED A C O U S T I C  O S C I L L A T O R  SYSTEM FOR 
MEASURING ACOUSTIC RESPONSE B U R N I N G  OF S O L I D  
PROPELLANT SURFACE TO OETERMINE S T A B I L I T Y  OF S O L I O  
PRCPELLANT ROCKET MOTOR 
A I A A  PAPER 6 4 - 1 3 8  A 6 4 - 1 9 0 8 0  

V I S C O E L A S T I C  P R O P E R T I E S  USEO TO 
CALCULATE S O L I O  PHASE C O N T R I B U T I O N  TO ACOUSTIC 
I N S T A B I L I T Y  
A I A A  PAPER 6 4 - 1 3 9  6 6 4 - 1 9 0 8 1  

S O L I O  PROPELLANT I G N I T I O N  A N A L Y S I S  - ENERGY OUTPUT 
TO MOTOR I G N I T I O N  
TM-235-SRP N 6 4 - 1 4 4 4 1  

TEMPERATURE P R O F I L E S  I N  PREHEAT ZONE E GASEOUS 
COMBUSTION ZONE OF BURNING S O L I O  PROPELLANT 
A I A A  PAPER-64-106  N 6 4 -  14 5 4 7  

I N F L U E N C E  OF GAS C O M P O S I T I O N t  PRESSURE. AN0 

TEMPERATURE ON S O L I O  PROPELLANT I G N I T I O N  
A I A A  P A P E R - 6 4 - 1 1 8  N 6 4 - 1 4 5 4 8  

GAS PHASE R E A C T I O N S  A S S O C I A T E D  W I T H  COMBUSTION OF 
COMPOSITE S O L I O  PROPELLANTS - APPARENT F L A M E  
STRENGTH 
A D - 4 2 8 6 2 7  N 6 4 - 1 4 7 9 4  

ALUMINUM O X I O E  S I Z E  O I S T R I B U T I O N S  FROM H I G H  
PRESSURE S O L I O  PROPELLANT COM8USTION 
A I A A  P A P E R - 6 4 - 1 1 5  N 6 4 - 1 4 8 5 4  

I G N I T I O N  PROCESS OF S O L I D  PROPELLANTS I N  S M A L L  
ROCKET E N G I N E S  
A I A A  P A P E R - 6 4 - 1 5 3  

I G N I T I O N  OF R E A C T I O N  F I E L D  ADJACENT TO SURFACE OF 
S O L I O  PROPELLANT 

N 6 4 - 1 4 8 5 6  

AERONAUTICAL ENG. REPT.-674 N 6 4 - 1 5 3 5 7  

SPONTANEOUS R E I G N I T I O N  OF S O L I O  PROPELLANTS 
NASA-TN-0 -2167  N 6 4 - 1 7 1 5 6  

I G N I T I O N  A N 0  I G N I T I O N  PROPAGATION O F  S O L I O  
PROPELLANTS I N  FLOW ENVIRONMENT 
A I A A  P A P E R - 6 4 - 1 5 7  N 6 4 - 1 7 5 3 4  

S O L I O  PROPELLANT I G N I T I O N  C H A R A C T E R I S T I C S  I N  
ROCKET E N G I N E S  
NOL TR-64- 107 N 6 4 - 3  1048 

S O L I D  PROPELLANT ROCKET E N G I N E  
UNSTABLE COMBUSTION I N  S O L I O  PROPELLANT ROCKETS. 
E V A L U A T I N G  CAROE PULSE TECHNIQUE OF I N J E C T I N G  FLOW 
DISTURBANCES I N T O  B U R N I N G  ROCKET MOTOR OF BLACK 
BRANT F A M I L Y  

RESONANCE RODS AN0 USE OF ALUMINUM ARE E F F E C T I V E  
I N  SUPPRESSING UNSTABLE COMBUSTION I N  S O L I O  
PROPELLANT ROCKET E N G I N E S  A 6 4 - 1 2 7 3 6  

C A N A D I A N  COMBUSTION RESEARCH ON S O L I D  PROPELLANTS 
FOR ROCKET ENGINES,  I N C L U D I N G  E R O S I V E  A N 0  U N S T A B L E  
B U R N I N G  A 6 4 - 1 2 7 3 7  

SECONOARY FLOW C A U S A T I O N  OF R O L L  TORQUE AND NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLEI S O L I D  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 64-145 A 6 4 - 1 3 0 0 2  

C H U F F I N G  AN0 NONACOUSTIC I N S T A B I L I T Y  
I N T E R R E L A T I O N S H I P  I N  S O L I O  PROPELLANT ROCKET 
MOTORS 
A I A A  PAPER 6 4 - 1 4 8  A 6 4 - 1 3 0 0 3  

VORTEX GENERATION I N  S O L I O  PROPELLANT ROCKET 
MOTORS DUE TO IRREGULAR COMBUSTION 
A I A A  PAPER 64-144 A 6 4 - 1 3 0 1 5  

CONTROL OF I G N I T I O N  T R A N S I E N T  PERFORMANCE OF 
ROCKET MOTOR. U S I N G  I N H I B I T O R  TECHNIQUE 
A I A A  PAPER 64-124 A 6 4 - 1 3 0 1 9  

F L A R E  SPREAO RATES ALONG PROPELLANT SURFACE OF 
S O L I O  ROCKET MOTORS D U R I N G  I G N I T I O N  TRANSIENT,  
U S I N G  METHOD BASEO ON T R A N S I E N T  HEAT TRANSFER 
A I A A  PAPER 64-125 

1-BURNER TO STUDY I N T E R A C T I O N  BETWEEN NORMAL 
PRESSURE PERTURBATIONS AN0 A S O L I O  PROPELLANT 
COMBUSTION ZONE A N 0  ACOUSTIC D A M P I N G  I N  E I T H E R  
COMBUSTION GAS OR PROPELLANT 
A I A A  PAPER 64-136 

METAL COMBUSTION E F F I C I E N C Y  I N  S O L I O  PROPELLANT 
ROCKET MOTORS A N 0  FACTORS GOVERNING EXHAUST O X I O E  
P A R T I C L E  S I Z E  
A I A A  PAPER 64-116 

LOW FREQUENCY O S C I L L A T O R Y  COMBUSTION OF SEVERAL 
S O L I O  PROPELLANTS T E S T E 0  I N  TWO COMBUSTION 
S Y S T E M S t  C O N S I S T I N G  OF END-VENTE0 END BURNER A N 0  
LARGE E N 0  BURNER 
A I A A  PAPER 64-149 1 6 4 - 1 3 0 7 4  

ACOUSTIC-COMBUSTION I N T E R A C T I O N I  I N T R O O U C I N G  A 
S O N I C  F I E L D  OF P L A N E  T R A V E L I N G  WAVES I N T O  A S O L I D  
PROPELLANT ROCKET MOTOR TO CONTROL COMBUSTICN OF 
A S O L I O  PROPELLANT A 6 4 - 1 3 3 0 9  

A 6 4 - 1 1 9 5 5  

6 6 4 - 1 3 0 2 0  

A b 4 - 1 3 0 2 3  

6 6 4 -  13046 
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S U B J E C T  I N D E X  SPECTROGRAPHY 

L O U  FREQUENCY ACOUSTIC I N S T A B I L I T Y  I N  A X I A L  MODE 
OF S O L I D  P R O P E L L A N T  ROCKET MOTORS 
A I A A  PAPER bk-146 A 6 4 - 1 3  349 

S O L I D  P R O P E L L A N T  ROCKET MOTOR B E H A V I O R  AS A 
F U N C T I O N  OF GEOMETRY, PROPELLANT B A L L I S T I C  
C H A R A C T E R I S T I C S  AND PROPELLANT F I R I N G  T I M E  
A I A A  PAPER 63-228 164-1 3 9 5 2  

MODEL FOR L O U  FREPUENCY COMBUSTION I N S T A B I L I T Y  I N  
S O L I O  ROCKET ROTORS DEVELOPED B Y  R E L A T I N G  
I N T E R A C T I O N  OF B U R N I N G  RATE RESPONSE TO PRESSURE 
CHANGES A 6 4 - 1 6 1 0 4  

C O L L E C T I O N  OF PAPERS C O V E R I N G  COMMUNICATION R E L A Y  
S A T E L L I T E  TECHNIQUES. S O L I O  PROPELLANT ROCKET 
TECHNOLOGY AND ENVIRONMENTAL CONTROL OF MANNED 
SPACE V E H I C L E S  A 6 4 - 1 8 4 2 1  

T-BURNER TO STUOY I N T E R A C T I O N  BETYEEN NORMAL 
PRESSURE PERTURBATIONS.  S O L I O  PROPELLANT 
COMBUSTION ZONE A N 0  A C O U S T I C  D A M P I N G  I N  E I T H E R  
COl4BUSTION GAS OR PROPELLANT 
A I A A  PAPER 64-136 A b 4 - 1 9 0 8 3  

L I N E A R  ACOUSTIC S T A B I L I T Y  OF S O L I O  PROPELLANT 
ROCKET MOTORS. N O T I N G  E F F E C T S  OF THERMAL R A D I A T I O N  
FROM BURNT GASES 
A I A A  PAPER 6 4 - 1 3 4  A 6 4 - 1 9 0 8 4  

LARGE S O L I D  PROPELLANT ROCKET E N G I N E  TECHNOLOGY 
FROM P R O P E L L A N T  F O R M U L A T I O N  TO F I R I N G  

664-2 6044 

I G N I T I C N  PROCESS OF S O L I D  PROPELLANTS I N  SMALL 
ROCKET E N G I N E S  
A I A A  P A P E R - 6 4 - 1 5 3  N 6 4 - 1 4 8 5 6  

COWBUSTION INSTABILITY OF SOLID AND L I Q U I D  
PROPELLANT ROCKET E N G I N E S  N64-16559 

RADIOWETER AND SLUG-TYPE C A L O R I M E T E R  I N  S O L I D  
P R C P E L L A N T  ROCKET MOTOR 
A B L / Z - 6 0  N 6 4 - 1 7 3 3 3  

A X I A L  COMBUSTION I N S T A B I L I T Y  STUOY FOR S O L I D  
PROPELLANT ROCKET MOTOR D E S I G N  
C A R O E - T N - 1 6 2 0 1 6 4  N 6 4 - 2 6 6 3 2  

C C P B U S T I O N  I N S T A B I L I T Y  I N  S O L I O  PROPELLANT ROCKET 
E N G I N E  - P U L S E  TECHNIQUE 
C A R O E - T R - 4 B 1 / 6 4  N b 4 - 2 7 7 4 3  

P R O P E R T I E S  OF H I G H  TEMPERATURE GASES AND F L U I O S ,  
COMBUSTION AN0 P R O P U L S I O N  PROCESSES. A N 0  
i;n&;ii;n 5TuiricS in ~ V L I Y  rnV LiwuiC 
PROPELLANT ROCKET E N G I N E S  N b 4 - 2 8  176 

S O L I D  PROPELLANT ROCKET COMBUSTION I N S T A B I L I T Y  
MEASURE0 BY ACCELEROMETER* O S C I L L O S C O P E  AN0 
O S C I L L O G R A P H  Nbk-28595 

O P T I M I Z A T I O N  OF S O L I D  ROCKET P R O P U L S I O N  SYSTEMS 
AND T H R E E - O I M E N S I O N A L  G R A I N  D E S I G N S  
C P I A - P U B L - 3 5  N 6 4 - 3 0 5 6 3  

S O L I D  P R O P E L L A N T  I G N I T I O N  C H A R A C T E R I S T I C S  I N  
ROCKET E N G I N E S  
NO LTR-  64- 107 N 6 4 - 3 1 0 4 8  

E X P L O S I O N  S E N S I T I V I T Y  OF S O L I O  PROPELLANT ROCKET 
E N G I N E S  
N O L T R - 6 4 - 1 4 8  N 6 4 - 3 1 6 1 5  

STRUCTURAL A N A L Y S I S  PROCEDURES FOR S O L I D  

OF POLYWERIC AND COMPOSITE SYSTEMS 
NATSC I T - P S - 6 4 - 1  N 6 4 - 3 3 3 2 4  

I PROPELLANT ROCKET ENGINES,  AND M A T E R I A L  B E H A V I O R  

S O L U B I L I T Y  
F L U I D  B A L L  S O L U B I L I T Y  AND C U R I N G  PROCESS FOR 
N I T R O C E L L U L O S E - B A S E 0  P R O P E L L A N T S  
RK-TR-64-1  N 6 4 - 2 1 7 9 4  

SOUND F I E L D  
CONTROLLED SOUND F I E L D  E F F E C T S  ON B U R N I N G  RATE OF 
COMPOSITE S O L I D  P R O P E L L A N T S  I N  ROCKET MOTOR 
A I A A  PAPER 64-108 A b 4 - 1 3 0 4 2  

ACOUSTIC-COWBUSTION I N T E R A C T I O N .  I N T R O D U C I N G  A 
SONIC F I E L D  OF P L A N E  T R A V E L I N G  WAVES I N T O  A S O L I O  
PROPELLANT ROCKET MOTOR TO CONTROL COMBUSTION OF 
A S O L I O  P R O P E L L A N T  A b 4 - 1 3 3 0 9  

EFFECT OF H E L I U M  SOUNO F I E L D  ON B U R N I N G  RATE OF 
AMMONIUM PERCHLORATE-POLYURETHANE T Y P E  S O L I O  
PROPELLANT 
A I A A  P A P E R - 6 4 - 1 0 8  N b 4 - 1 4 8 5 3  

SPACE E N V I R W I I E N T  
A P P L I C A T I O N  OF STORABLE PROPELLANTS TO SPACE 
F L I G H T  - PROPELLANT RECUIREMENTS AND SPACE 
ENVIRONWENTAL FACTORS N b k - 3 2 0 5 2  

SPACE F L I 6 H T  
A P P L I C A T I O N  OF STORABLE PROPELLANTS TO SPACE 
F L I G H T  - PROPELLANT REQUIREMENTS AND SPACE 
ENVIRONMENTAL FACTORS N b 4 - 3 2 0 5 2  

SPACE M I S S I O N  
PROPELLANT C O M B I N A T I O N  S E L E C T I O N  FOR SPACE F L I G H T  
M I S S I O N S  Y I T H  NO UNPOYEREO P E R I O D S  

A 6 4 - 2 6 2 7 0  

SPACE PROGRAM 
SPACE PROGRAM SUMMARY - SYSTEMSI G U I D A N C E  AND 
CONTROL. E N G I N E E R I N G .  PROPULSION. SPACE SCIENCES.  
AN0 TELECOMMUNICATIONS RESEARCH 
NASA-CR-56175 N 6 4 - 2 0 8 1 6  

SPACE S C I E N C E  
SPACE PROGRAM SUMMARY - SYSTEMS. G U I D A N C E  AND 
CONTROL. ENGINEERING.  PROPULSION. SPACE SCIENCES.  
AN0 TELECOMMUNICATIONS RESEARCH 
NASA-CR-56175 N 6 4 - 2 0 8 1 6  

SPACE STORAGE 
PROPELLANT S T O R A B I L I T Y  I N  SPACE 
RPL-TOR-64-22 N 6 4 - 1 6 9 7 1  

F E A S I B I L I T Y  OF LONG TERM STORAGE C A P A B I L I T Y  OF 
CRYOGENIC AND EARTH PROPELLANTS 
RPL-TOR-64-75 N 6 4 - 2 7 4 5 4  

SPACE V E H I C L E  CONTROL 
SPACE V E H I C L E  CONTROL - STRUCTURAL V I B R A T I O N S .  
PROPELLANT SLOSHING.  E V E H I C L E  S T A B I L I T Y  

N b 4 - 2 0 7 1 0  

SPACECRAFT ENVIRONMENT 
STORABLE PROPELLANT U T I L I Z A T I O N  EXTENDED TO 
INCLUDE ATMOSPHERE REPLENISHMENT.  THERMAL CONTROL 
AND WATER AND POYER PRODUCTION 
A I A A  PAPER 6 4 - 2 1 3  6 6 4 -  18 87 7 

SPACECRAFT POYER S U P P L Y  
STUDY OF I N T E G R A T I O N  OF CRYOGENIC D Y N A M I C  POYER 
SYSTEM Y I T H  SPACE V E H I C L E  C O O L I N G  SYSTEM 
ARS PAPER 2517-62 A 64- 16 63 5 

SPACECRAFT P R O P U L S I O N  
CRYOGENIC P R O P E L L A N T  USE PARAMETERS AN0 STORAGE 
PROBLEMS 
A I A A  PAPER 63-259 A 6 4 - 1 8 6 1 0  

L I P U I O  P R O P E L L A N T  P O S I T I V E  E X P U L S I O N  D E V I C E  U S I N G  
YELOEO METAL B E L L O Y S  FOR MANNED SPACECRAFT 
PROPULSION 
A I A A  PAPER bk-264 A 6 4 - 1 9 8 7 3  

ROCKET PROPELLANT MADE FROM LUNAR SURFACE M A T E R I A L  
FOR SPACECRAFT R E F U E L I N G  1 6 4 - 2 6 9 4 7  

SPACECRAFT S T A B I L  I TV 
F L U I D  O S C I L L A T I O N  I N  SPACE V E H I C L E  AN0 E F F E C T  ON 
V E H I C L E  S T A B I L I T Y  
N4SA-TR-R-181 N 6 4 - 1 4 9 4 1  

S P E C I F I C  I W P U L S E  
S P E C I F I C  I M P U L S E  OF H Y B R I O  ROCKETS I N C R E A S E D  UHEN 
HYDROGEN I S  I N J E C T E D  I N T O  S O L I O  F U E L  CHAWBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A 6 4 - 2 7 2 5 6  

SPECTROGRAPHY 
ASSEMBLY OF BREADBOARD O P T I C A L  EQUIPMENT FOR 
SPECTROGRAPHIC D E T E R M I N A T I O N  OF COWBUSTION 
PRODUCTS A N 0  TEMPERATURE I N  S O L I D  PROPELLANT 
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S P U I O  PROJECT S U B J E C T  I N D E X  

COMBUSTION ZONES 
PR-6 N 6 4 - 3 1 6 9 3  

S P U I O  PROJECT 
S O L I D  PROPELLANT COMBUSTION MECHANISMS - S P U I O  
RROJECT N 6 4 - 1 3 4 9 0  

C H E M I C A L  REACTION MECHANISMS OF S O L I D  PROPELLANT 
FLAMES - sauto PROJECT N 6 4 - 1 8 8 6 4  

S T A B I L I T Y  AND CONTROL 
SPACE VEHICLE CONTROL - STRUCTURAL V I B R A T I O N S t  
PRCPELLANT SLOSHING, & V E H I C L E  S T A B I L I T Y  

N 6 4 - 2 0 7 1 0  

S T A T I C  T E S T I N S  
CONTROL OF B E R Y L L I U M  D U R I N G  PRODUCTION AN0 
T E S T I N G  OF H I G H  ENERGY PROPELLANTS C O N T A I N I N G  
B E R Y L L I U M  - I N D U S T R I A L  SAFETY 
RPL-TOR-64-10. VOL. 2 N b 4 - 1 8 0 1 3  

STORABLE PROPELLANT 
STORABLE PROPELLANT U T I L I Z A T I O N  EXTENOEO TO 
I N C L U D E  ATMOSPHERE REPLENISHMENT*  THERMAL CONTROL 
A N 0  WATER AN0 POWER PRODUCTION 
A I A A  PAPER 64-213 

F U E L  C E L L S  U S I N G  STORABLE ROCKET 
NASA-CR-54116 

F U E L  C E L L S  U S I N G  STORABLE ROCKET 
NASA-CR-54117  

F E A S I B I L I T Y  OF LONG TERM STORAGE 
CRYOGENIC AND EARTH PROPELLANTS 
RPL-TOR-64-75 

F U E L  C E L L S  U S I N G  STORABLE ROCKET 
NASA-CR-54170  

STORAGE TANK 
SEMITOROIOAL TANK FOR STORAGE OF 
PROPELLANTS I N  LARGE BOOSTERS 

A b 4 - 1 8 8 7 7  

PROPELLANTS 
N 6 4 - 2 5 9 0 1  

PROPELLANTS 
N 6 4 - 2 5 9 0 2  

C A P A B I L I T Y  OF 

N 6 4 - 2 7 4 5 4  

PROPELLANTS 
N 6 4 - 3 0 6 0 5  

L I P U I O  
A 6 4 - 1 5 2 0 9  

STUOY O F  I N T E G R A T I O N  OF CRYOGENIC DYNAMIC POWER 
SYSTEM WITH SPACE V E H I C L E  C O O L I N G  SYSTEM 
ARS PAPER 2 5 1 1 - 6 2  A b 4 - 1 6 6 3 5  

S I M U L A T E O  SPACE ENVIRONMENTAL T E S T I N G  OF TANKAGE 
SYSTEMS FOR LONG TERM PROPELLANT STORAGE I N  SPACE 
RPL-TOR-64-56 N 6 4 - 1 9 6 6 9  

S T R A I N  R A T E  
MECHANICAL P R O P E R T I E S  OF S IMULATEO S O L I O  
PROPELLANTS UNDER HIGH STRAIN R A T E  AND Low 
TEMPERATURE ENVIRONMENT 
MRL-ONR-3 N 6 4 - 3 3 2 7 3  

S T R A T I F I C A T I O N  
THERMAL S T R A T I F I C A T I O N  OF L I P U I O  HYDROGEN I N  
ROCKET PROPELLANT TANKS 
E R - 6 7 5 9  N 6 4 - 2 9 6 7 2  

S T R A T I F I E O  LAYER 
TEMPERATURE S T R A T I F I C A T I O N  I N  L I P U I O S  C C N T A I N E D  I N  
HEATEO VESSELS - S T R A T I F I E O  LAVER FLOW MOOEL 

N 6 4 - 3 2 8 8 2  

STRESS 
CHEMISTRY,  PHYSICS.  AN0  THERMODYNAMICS OF ROCKET 
N O Z Z L E  FLOW. M A T E R I A L  STRESS. & S O L I O  PROPELLANTS 
P - 6 4 - 6  N 6 4 - 2 0 3 0 7  

M I X E D  BOUNDARY VALUE PROBLEMS - SHRINKAGE & STRESS 
A N A L Y S I S  OF PROPELLANT G R A I N S  
A O - 6 0 0 5 4 6  N 6 4 - 2 1 4 6 6  

STRESS C A L C U L A T I O N  
STRESS I N  S O L I O  PROPELLANT ROCKET G R A I N S  DUE TO 
P R E S S U R I Z A T I O N *  STEADY THERMAL GRAOIENTS AN0 
PROPELLANT SHRINKAGE 664-20416 

S T R E S S  FUNCTION 
APPROXIMATE METHODS FOR I N V E R T I N G  L A P L A C E  
TRANSFCRMS OCCURRING I N  V I S C O E L A S T I C  STRESS 
A N A L Y S I S  WHEN U S I N G  E L A S T I C - V I S C O E L A S T I C  ANALOGY 
A I A A  PAPER 64-132 A 6 4 - 1 3 0 6 5  

STRESS R E L A X A T I O N  
STRESS R E L A X A T I O N  T E S T S  TO EVALUATE T I M E  
D E P E N D E N C I E S  OF V I S C O E L A S T I C  M A T E R I A L S ,  SUCH AS A 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 

STRESS R E L A X A T I O N  T E S T S  TO EVALUATE T I M E  
D E P E N D E N C I E S  OF V I S C O E L A S T I C  M A T E R I A L S  SUCH AS 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 6 4 - 1 3 1  A 64- 2 6 5 5 2 

A 6 4 - 1 3 0 2 2  

STRUCTURAL M A T E R I A L  
PROPELLANT A C T U A T E 0  D E V I C E S  - THRUSTERS. 
CATAPULTS, I N I T I A T O R S ,  AN0 STRUCTURAL M A T E R I A L S  
PAO-94- 1 N 6 4 - 3 2  597 

STRUCTURAL V I B R A T I O N  
SPACE V E H I C L E  CONTROL - STRUCTURAL V I B R A T I O N S ,  
PROPELLANT SLOSHING.  E V E H I C L E  S T A B I L I T Y  

N 6 4 - 2 0 7 1 0  

S U B L I M A T I O N  
VAPOR PRESSURE, H E A T  AND ENTROPY OF S U B L I M A T I O N  OF 
S O L I O  MAGNESIUM F L U O R I D E  BY MEANS OF T O R S I O N  
E F F U S I O N  PROCEDURE A 6 4 - 1 1 6 4 9  

SUPPORT SYSTEM 
M E C H A N I C A L  SUPPORT SYSTEM FOR I N N E R  L I P U I O  
HYDROGEN TANK OF ARC J E T  F E E 0  SYSTEM 

N 6 4 - 2 5 0 2 5  

SURFACE TEMPERATURE 
SURFACE TEMPERATURE MEASUREMENTS OF PURE S O L I O S  
THAT MELT TO PRODUCE L I W I O  LAVER T H I C K  ENOUGH TO 
ACT AS BURNING L I Q U I O  A 6 4 - 1 3 9 1 0  

SYSTEMS A N A L Y S I S  
SPACE PROGRAM SUMMARY - SYSTEMS. G U I D A N C E  A N 0  
CONTROL, ENGINEERING, PROPULSION, SPACE SCIENCES, 
A N 0  TELECOMMUNICATIONS RESEARCH 
NASA-CR-56175  Nb 4-2 0 8 16 

T 
TANK GEOMETRY 

ROCKET F U E L  TANK SHAPE. PROPELLANT 0 S C I L L A . i I O N  
FORCE A N 0  MOMENT E F F E C T  ON OVERALL  S T A B I L I T Y  

A 6 4 - 1 7  316 

TELECOMMUNICATION 
SPACE PROGRAM SUMMARY - SYSTEMS, GUIDANCE A N 0  
CONTROL, ENGINEERING,  PROPULSION. SPACE SCIENCES,  
A N 0  TELECOMMUNICATIONS RESEARCH 
N A S A - C R - 5 6 1 7 5  N 6 4 - 2 0 8 1 6  

TEMPERATURE 
H I S T O R I E S  OF PROPELLANT DROPLET TEMPERATURE, 
E V A P O R A T I O N  RATE, AN0  TRAJECTORY UNDER H I G H  
PRESSURE A N 0  H I G H  TEMPERATURE 
NASA-RP-138  N 6 4 - 1 6 6 8 8  

TEMPERATURE CONTROL 
E X A M I N A T I O N  OF THERMAL CONTROL ASPECTS OF ABOVE- 
SURFACE STORAGE OF PROPELLANTS ON LUNAR E Q U A T O R I A L  
S I T E  

Ab+-26  5 7 4  ARS PAPER 2 6 9 0 - 6 2  

TEMPERATURE O I S T R I B U T I O N  
TEMPERATURE O I S T R I B U T I O N  I N  A CASE-BONOEO 
PROPELLANT G R A I N  WHEN THE A M B I E N T  TEMPERATURE I S  
SUOOENLV CHANGE0 FROM A S T A T E  OF E Q U I L I B R I U M  

A 6 4 -  11 77 3 

TEMPERATURE O I S T R I B U T I O N  OUE TO STEADY S T A T E  
C Y C L I C  SHEAR L O A D I N G  CALCULATED FOR I N F I N I T E  S L A B  
W I T H  F I N I T E  T H I C K N E S S  A 64- 1 7  77 0 

TEMPERATURE S T R A T I F I C A T I O N  I N  L I P U I O S  C O N T A I N E D  I N  
HEATEO VESSELS - S T R A T I F I E O  LAVER FLOW MOOEL 

N 6 4 - 3 2 8 8 2  

TEMPERATURE E F F E C T  
DOUBLE BASE PROPELLANT EXAMINED FOR E F F E C T S  OF 
F A I L U R E  T I M E S  A N 0  TEMPERATURE ON T E N S I L E  
P R O P E R T I E S  A 6 4 - 1 7 8 4 4  

TEMPERATURE P R O F I L E  
M I C R O S C O P I C  TEMPERATURE P R O F I L E S  THROUGH 
PROPAGATING S O L I O  PROPELLANT FLAMES I N  COMPOSITE 
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S U B J E C T  I N D E X  T I M E  

AN0 DOUBLE BASE PROPELLANTS. MEASURED B Y  U S I N G  
F I N E  THERMOCOUPLES 
A I A A  PAPER 64-106 A 6 4 - 1 3 0 5 0  

TEMPERATURE P R O F I L E S  I N  PREHEAT ZONE t GASEOUS 
COMBUSTION ZONE OF BURNING S O L I O  PROPELLANT 
A I A A  P A P E R - 6 4 - 1 0 6  N 6 4 -  14 541 

T E N S I L E  STREWCTH 
DOUBLE BASE PROPELLANT E X A M I N E 0  FOR EFFECTS OF 
F A I L U R E  T I M E S  AN0 TEMPERATURE ON T E N S I L E  
PROPERT I E S A M - 1 7 8 4 4  

T E N S I L E  S T R E S S  
F A I L U R E  C R I T E R I A  FOR T R I A X I A L  T E N S I L E  STRESS UPON 
A GRAIN-L INER-CASE BOUNDARY WHEN A CASE-BONDED 
S O L I D  PROPELLANT G R A I N  IS COOLED 
A I A A  PAPER 64-152 A 6 4 - 1 2 9 9 9  

T E S T  E W I P M E N T  
THERMAL S E N S I T I V I T Y  APPARATUS FOR L I P U I O  
PROPELLANT T E S T I N G  A b 4 - 1 9  150 

TEST F A C I L I T Y  
F A C I L I T Y  FOR T E S T I N G  ROCKET PROPULSION SYSTEMS 
U S I N G  H I G H  ENERGY, TOXIC. H Y P E R G O L I C  PRCPELLANTS 
UNDER S I M U L A T E 0  SPACE ENVIRONMENT 
RTD-TOR-63-1083  N 6 4 - 3 1 1 7 1  

THERMAL D E C O M P O S I T I O N  
SURFACE TEMPERATURE MEASUREMENT I N  O E T E R M I N A T I O N  
OF THERMAL OECOMPOSIT ION OF S O L I D S  BY L I N E A R  
P Y R O L Y S I S  TECHNIQUE A 6 4 - 1 4 1 2 3  

THERMAL O I F F U S I O W  
METHOO FOR D E T E R M I N I N G  THERMAL O I F F U S I V I T Y  OF 
S O L I O  PROPELLANTS 
P - 6 3 - 2 7  N 6 4 - 1 8 9 0 5  

THERMAL I N S T A B I L I T I  
THERMAL S T A B I L I T Y  OF E X P L O S I V E S  AT H I G H  
TEMPERATURES - WENOGRAO TECHNIQUE 
5-44 N 6 4 - 1 9 7 2 8  

THERMAL P R O T E C T I O N  
E X A M I N A T I O N  OF THERMAL CONTROL ASPECTS OF ABOVE- 
SURFACE STORAGE OF PROPELLANTS ON LUNAR EQUATORIAL  
S I T E  
ARS PAPER 2690-62 A 6 4 - 2 6 5 7 4  

DESIGN,  E X P E R I M E N T A L  MEASUREMENT, & A N A L Y S I S  OF 

TANKS 
N A S A - C R - 5 5 2 5 2  N 6 4 - 1 3 4 0 3  

THERMAL PROTECTION SYSTEMS FOR Lxauio HYDROGEN 

- .~-"  .... .-..--.... ..-- . -,....- ..., -"^--.. 
I . . L . \ P \ " .  * , . " . L 1 . . " I .  _)._)..n I "n .I .I"." I*."..""L.. 

STORAGE VESSEL N 6 4 - 2 5 0 2 8  

THERMAL R A D I A T I O N  
P Y R O L Y S I S  OF S O L I D  F U E L  PROPELLANTS BY R A D I A N T  
H E A T  P U L S E S  TO DETERMINE V O L A T I L E  AN0 N O N V O L A T I L E  
PRODUCTS OF V A R I O U S  H E A T I N G  RATES 
W S S I - C I  PAPER 64-6 164-17823 

L I N E A R  ACOUSTIC S T A B I L I T Y  OF S O L I D  PROPELLANT 
ROCKET MOTORS, N O T I N G  E F F E C T S  OF THERMAL R A D I A T I C N  
FROM BURNT GASES 
A I A A  PAPER 64-134 1164-19084 

THERMAL RADIATION FROM EXHAUST PLUME OF ALUMINIZED 
COMPOSITE PROPELLANT ROCKET 
BS 0 -TOR-64-16  N 6 4 - 2 1 6 8 1  

THERMAL R A O I A T I O N  EFFECTS ON ACOUSTIC RESPONSE OF 
S O L I 0  PROPELLANTS 
T G - 3 3 5 - 1 8  N 6 4 - 2 3 2 8 0  

THERMAL RADIATION INCIDENT ON LIauxo HYDROGEN TANK 
OURING TRANSFER O R B I T  N 6 4 - 2 5 0 2 7  

THERMAL R A D I A T I O N  OF FLAME W I T H  CONDENSE0 
MAGNESIUM O X I D E  P A R T I C L E S  I N  REFERENCE TO S O L I O  
ROCKET PROPELLANTS AN0 E X P L O S I V E S  

N 6 4 - 2 6 3 4 0  

T H E R M O C O W D U t T I V I T V  
THERHOCONDUCTIV ITY AND THERMAL E X P A N S I O N  
MEASUREMENTS OF P L A S T I C S  A N 0  C O N P O S I T E S  FOR 
CRYOGENIC A P P L I C A T I O N S  

ML-TOR-64-33. PT. I N 6 4 - 2 2 5 5 4  

THERMOCOUPLE 
MICROSCOPIC TEMPERATURE P R O F I L E S  THROUGH 
PROPAGATING S O L I D  PROPELLANT FLAMES I N  COMPOSITE 
AN0 OOUBLE BASE PROPELLANTS. MEASURED BY U S I N G  
F I N E  THERMOCOUPLES 
A I A A  PAPER 6 4 - 1 0 6  6 6 4 - 1 3 0 5 0  

THERMOCOUPLE PARAMETER REQUIREMENTS TO P R O V I D E  
MINIMUM O I S T O R T I O N  OF TEMPERATURE P R O F I L E  O B T A I N E D  
FOR COM8USTION OF S O L I O  PROPELLANTS AN0 S I M I L A R  

A b 4 -  13249 SUB STANCES 

THERRODYNAWIC PROPERTY 
THERMOOYNAMIC C A L C U L A T I O N  OF PERFORMANCE DATA OF 
ROCKET PROPELLANTS. PROCEEDING FROM THE COMBUSTION 
EQUATIONS. W I T H  S P E C I F I C  EXAMPLES 

A b 4 - 1 1 6 2 2  

THERMODYNAMIC DATA OF MONOMETHYLHYORAZINE 
PRESENTED AS TEMPERATURE ENTROPY DIAGRAM 

A 6 4 -  1 1 8 3 0  

TWERMOOYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - V A P O R I Z A T I O N  OF BORON AN0 E N T R O P I E S  OF 
GASEOUS METAL H A L I D E S  
U-2403/2 N 6 4 - 1 8 7 4 2  

THERMOOYNAMIC P R O P E R T I E S  OF ROCKET S O L I O  
PROPULSION SYSTEMS 
C P I A - 4 4 ,  VOL. I N 6 4 - 1 B B 0 1  

THERMOOYNAMIC P R O P E R T I E S  OF B E R Y L L I U M  COMPOUNDS 
N 6 4 - 1 8 8 1 1  

18M 7090 COMPUTER C A L C U L A T I O N  OF PRGPELLANT 
THERMOOYNAMIC P R O P E R T I  E S 
NOLTR-63-202  

P H Y S I C A L  A N 0  THERMOOYNAMIC P R O P E R T I E S  OF ROCKET 
EXHAUST PRODUCTS 
911-7414-11 N 6 4 - 3 0 1 4 0  

THERMOOYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - PERFORMANCE PARAMETERS FOR COMPUTER 
PROGRAM 
U - 2 2 8 9  N 6 4 - 3 2 1 2 5  

N 6 4 - 2 2 7 0 6  

THERMODYNAMICS 
CHEMISTRYI PHYSICS.  AN0 THERMODYNAMICS OF ROCKET 
NOZZLE FLOW, M A T E R I A L  STRESS. C S O L I O  PROPELLANTS 

N b 4 - 2 0 3 0 7  P - 6 4 - 6  

THERMODYNAMIC C A L C U L A T I O N S  FOR L I O U l O  O X I D I Z E R  AN0 

FA-R- I 7  15 N b 4 - 2 2 2 7 4  
.... .n rllr, C"Yn. . . . . . "UC ,,, 9 , v n n . n  o n r v r r c  _"_.I . "__  -I I. - - .  - .- - -  - - 

THRUST 
CONTROL METHOOS OF H I G H  FREQUENCY COMBUSTION 

ROCKET E N G I N E S  
1 0 - 4 4 9 7  64 N b 4 - 3 2 6 4 7  

OSCILLATIONS IN HIGH THRUST L i a u i o  PROPELLANT 

THRUST CHAMBER 
UNCOOLED THRUST CHAMBER M A T E R I A L S  FOR USE I N  
STORABLE L I P U I O  PROPELLANT ROCKET E N G I N E  
NASA-CR-53367  N 6 4 - 1 7 8 2 0  

EFFECTS OF H I G H  CHAMBER PRESSURE, I N J E C T O R  TYPE b 
SIZE. t THRUST CHAMBER LENGTH ON COMBUSTION 
S T A B I L I T Y  OF L I Q U I D  PROPELLANT ROCKET E N G I N E S  
NAS A - C R - 5 6 6 7 2  N b 4 - 2 9 7 0 6  

INJECTOR C O N F I G U R A T I O N S  AN0 A B L A T l V E  THRUST 
ChAMBER M A T E R I A L S  FOR USE W I T H  OXYGEN D I F L U O R I O E -  
OIBORANE PROPELLANT C O M B I N A T I O N S  
N A S A - C R - 5 8 8 0 0  N 6 4 - 3 0 5 2 5  

THRUST CONTROL 
H Y B R I D  P R O P U L S I O N  A P P L I C A T I O N  TO AOYANCED 
MISSIONS.  COVERING F U E L  CONSUMPTION, COMBUSTION 
EFFECIENCY AN0 I H R O T T L I N G  PERFORMANCE 
A I A A  PAPER 6 4 - 2 2 6  164-20834 

T I M E  
F E A S I B I L I T Y  OF LONG TERM STORAGE C A P A B I L I T Y  C F  
CRYOGENlC A N 0  EARTH PROPELLANTS 
RPL-TOR-64-75  N 6 4 - 2 7 4 5 4  
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T I M E  OEPENOENCY S U B J E C T  I N D E X  

T I M E  DEPENDENCY 
STRESS RELAXATION TESTS TO EVALUATE T I M E  
DEPENDENCIES O F  V I S C O E L A S T I C  M A T E R I A L S ,  SUCH AS A 
COMPOSITE S O L I D  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 1 3 0 2 2  

STRESS RELAXATION TESTS TO EVALUATE T I M E  
OEPENDENCIES O F  V I S C O E L A S T I C  M A T E R I A L S  SUCH AS 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 6 4 - 1 3 1  A 6 4 - 2 6 5 5 2  

T I T A N  I 1  ICBM 
T O X I C I T Y  AN0 SAFETY HAZARD OF PROPELLANTS FOR 
T I T A N  11 A 6 4 - 8 0 2 7 3  

T I T A N I U M  ALLOY 
H I G H  STRENGTH AND H I G H  TOUGHNESS T I T A N I U M  BASE 
ALLOY FOR L I Q U I O  HYDROGEN PROPELLANT TANK 
S M - 4 4 6 7 4  N 6 4 - 1 8 7 0 9  

T I T A N I U M  ALLOY W I T H  EXTRA LOW I N T E R S T I T I A L  
CONTENT - LIGHTWEIGHT L I a u I o  HYDROGEN TANK 

N 6 4 - 2 5 0 2 4  

PERFORMANCE O F  T I T A N I U M  ALLOY TANKAGE FOR 
CRYOGENIC L I Q U I D  PROPELLANTS 
S M - 4 3 1 1 6  N 6 4 - 2 7 4 0 9  

T O X I C I T Y  
T O X I C I T Y  HAZARDS I N  S O L I O  PROPELLANT O P E R A T I O N  
ARS PAPER-2766-63  N 6 4 - 2 2 2 4 0  

T O X I C I T Y  AN0 SAFETY HAZARD 
ATF.OSHERIC MONITORING O F  T O X I C  L E V E L S  OF M I S S I L E  
PR O P E L L  ANTS A 6 4 - 8 0 2 3 0  

T O X I C I T Y  AN0 SAFETY HAZARD OF PROPELLANTS FOR 
T I T A N  I 1  A 64- E 027 3 

T O X I C I T Y  OF RED N I T R I C  FUMING ACID,  D I M E T H Y L  
HYORAZINEI M-3 PROPELLANT, N ITROGEN PEROXIOEI  
ETHYLENE O X I D E S  A N 0  P R E V E N T I V E  MEASURES AND 
TREATMENT 664-80887 

TRANSFER FUNCTION 
S L O S H I N G  EFFECTS ON L I Q U I D  PROPELLANT F I L L E D  
BOOSTER TRANSFER FUNCTIONS,  COMPUTING RESULTANT 
FORCES, MOMENTS A N 0  PRESSURE CENTER 

A 6 4 - 2 6 1 7 7  

TRANSFER O R B I T  
THERMAL R A D I A T I O N  I N C I D E N T  ON L I Q U I D  HYCROGEN TANK 
D U R I N G  TRbNSFER O R B I T  N 6 4 - 2 5 0 2 7  

T R A N S I E N T  LOAD 
F I N I T E  D IFFERENCE EQUATION FOR THE T R A N S I E N T  
PERFORMANCE P R E D I C T I O N  OF N O N - A D I A B A T I C  P R O P U L S I O N  
SYSTEM U T I L I Z I N G  R E A L  GAS PROPELLANT 
A I A A  PAPER 6 4 - 3 7 3  A 6 4 - 2 0 7 8 5  

TRANSPORT 
DENSE PHASE TRANSPORT O F  POWDERED METALS FOR 
TRIPROPELLANT ROCKET SYSTEM N 6 4 - 2 6 6 6 6  

TRANSVERSE O S C I L L A T I O N  
TRANSVERSE AND ORGAN-PIPE ACOUSTIC O S C I L L A T I O N  I N  
COMBUSTION SYSTEMS N 6 4 - 2 6 0 0 9  

TURBULENT JET 
TWO-PHASE TURBULENT FREE J E T  EXPANSIONS,  PRODUCED 
BY S O L I 0  PROPELLANT I G N I T E R S  AND H A V I N G  LARGE 
PRESSURE AND TEMPERATURE GRAOIENTS 
A I A A  PAPER 6 4 - 1 2 3  A 6 4 - 1 4 9 2 8  

U 
ULTRA SON I C S  

F E A S I B I L I T Y  O F  U S I N G  U L T R A S O N I C  TECHNIQUES TO 
MEASURE MECHANICAL P R O P E R T I E S  OF CAST POLYURETHANE 
ASD-TOR-62-886 N 6 4 - 1 7 1 1 6  

V 
VAPOR 

VAPOR P R E S S U R I Z A T I O N  SYSTEM FOR USE W I T H  L I Q U I O  
PROPELLANTS 
R E P T S - 8 2 9 0 - 5 S  N 6 4 - 2 2 0 0 9  
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VAPOR PRESSURE 
VAPOR PRESSURE, H E A T  AND ENTROPY OF S U B L I M A T I O N  OF 
S O L I D  MAGNESIUM F L U O R I D E  BY MEANS OF T O R S I O N  
E F F U S I O N  PROCEDURE A 6 4 - 1 1 6 4 9  

VAPOR1 Z I T I  ON 
H E A T  I N F L U X  AND OXYGEN V A P O R I Z A T I O N  AT THROAT OF 
L I Q U I D  OXYGEN C O N T A I N E R  A 6 4 - 2 8 0 0 6  

V I B R A T I O N  
COMBUSTION VIBRATION IN L I a u I o  FUEL ROCKET ENGINES 
A N 0  J E T  E N G I N E S  
F T O - T T - 6 2 - 9 4 2 / 1 & 2  N 6 4 - 1 8 8 9 0  

L I C U I O  SURFACE LOW FREQUENCY O S C I L L A T I O N S  I N  
L O N G I T U D I N A L L Y  V I B R A T E D  C Y L I N D R I C A L  TANK 
N A S A - C R - 5 6 1 3 5  N 6 4 - 2 0 7 2 1  

V I S C O E L A S T I C  C Y L I N D E R  
APPROXIMATE METHODS FOR I N V E R T I N G  L A P L A C E  
TRANSFORMS OCCURRING I N  V I S C O E L A S T I C  STRESS 
A N A L Y S I S  WHEN U S I N G  E L A S T I C - V I S C O E L A S T I C  ANALOGY 
A I A A  PAPER 64-132 6 6 4 - 1 3 0 6 5  

V I S C O E L A S T I C  OAMPING 
V I S C O E L A S T I C  P R O P E R T I E S  U S E 0  TO 
C A L C U L A T E  S O L I D  PHASE C O N T R I B U T I O N  TO A C O U S T I C  
I N S T A B I L I T Y  
A I A A  PAPER 64-139 A 6 4 - 1 9 0 8 1  

V I S C O E L A S T I C I T Y  
V I S C O E L A S T I C I T Y  OF S O L I D  PROPELLANTS AN0 
PROPELLANT B I N D E R S  - D Y N A M I C  SHEAR, S P E C I F I C  
VOLUME, A N 0  DEFORMATION & S T R A I N  RATES 
A D - 4 3 4 8 5 3  N 6 4 - 1 8 6 1 8  

E F F E C T  OF F I L L E R  ON V I S C O E L A S T I C  P R O P E R T I E S  OF 
ELASTOMERS AND COMPOSITE S O L I O  ROCKET PROPELLANTS 
RK-TR-64-2  N 6 4 - 1 8 8 8 7  

V I S C O E L A S T I C  P R O P E R T I E S  OF S O L I O  PROPELLANTS A N 0  
PROPELLANT B I N D E R S  - SHEAR, S P E C I F I C  VOLUMEI AN0 
T E N S  I L I TY 
REPT.-9 N 6 4 -  19142 

V I S D E L A S T I C  OAMPING 
V I S C O E L A S T I C  PROPERTIES.  I N F E R R E D  FROM S O L I O  
PROPELLANT BURNING DATA, CAN B E  U S E D  TO C A L C U L A T E  
S O L I D  PHASE C O N T R I B U T I O N  TO A C O U S T I C  I N S T A B I L I T Y  
A I A A  PAPER 6 4 - 1 3 9  A 6 4 - 1 3 0 6 9  

VORTEX FLOW 
M A T H E M A T I C A L  MODEL FOR VORTEX FLOW B E H A V I O R  FROM 
PROPELLANT TANK 
N A S A - C R - 5 9 2 5 5  N64- 3 3287 

VORTEX G E N E R A T I O N  
VORTEX GENERATION I N  S O L I D  PROPELLANT ROCKET 
MOTORS DUE TO IRREGULAR COMBUSTION 
A I A A  PAPER 64-144 A 6 4 - 1 3 0 1 5  

W 
WALL TEMPERATURE O I S T R I B U T I O N  

PROPELLANT TEMPERATURE O I S T R I B U T I O N  A N 0  WALL  HEAT 
TRANSFER I N  ROCKET NOZZLE,  A P P L Y I N G  MONTE CARLO 
METHOD 
A I A A  PAPER 64-62 A 6 4 - 1 2 7 5 4  

WATER RECOVERY 
E X P L O I T A T I O N  OF E X T R A T E R R E S T R I A L  RESOURCES AND 
PROPELLANT PRODUCTION - WATER AND OXYGEN RECOVERY 

N 6 4 - 2 9 8 8 9  

WEATHER CONTROL 
C R E D I B L E  CATASTROPHIC E V E N T U A L I T I E S  FROM 
PROPELLANT TRANSPORTATION, ROCKETS, A I R C R A F T  A N 0  
WEATHER CONTROL 
N A S A - C R - 5 8 1 4 5  N 6 4 - 3 0 5 0 4  

WEIGHTLESSNESS 
B E H A V I O R  OF L I Q U I O  PROPELLANTS UNDER 
WEIGHTLESSNESS, E X A M I N I N G  C O N F I G U R A T I O N S  OF 
L I Q U I O - V A P O R  I N T E R F A C E  A 6 4 -  14913 

L I Q U I D  PROPELLANT O R I E N T A T I O N  I N  A ZERO G R A V I T Y  
ENVIRONMENT, U S I N G  INTERMOLECULAR FORCES 
SAE PAPER 8 6 2 0  A 6 4 - 2 0 2 9 8  



SUBJECT INDEX 

Z 
ZERO GRAVITY 

L I a u I o  PROPELLANT ORIENTATION IN A ZERO GRAVITY 
ENVIRONMENT, USING INTERMOLECULAR FORCES 
SAE PAPER 8620 A64-20298  

ELECTRIC PROPULSION SYSTEM TANKAGE OESIGN FOR ZERO 
GRAVITY RESTART AN0 LOW GRAVITY OPERATION 
ASO-TOR-63-506 N64-268  13 
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COMBUSTION I N S T A B I L I T Y  THEORY EXTENDED T O  I N C L U D E  
L I N E A R I Z E D  V E L O C I T Y  E F F E C T S  A b 4 - 2 5 3 4 4  

COMBUSTION INSTABILITY IN L i a u I o  PROPELLANT 
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A I A A  PAPER 64-122 A64-13018 

OEISENROTHI U. 
S O L I O  PROPELLANT RESEARCH. E M P H A S I Z I N G  DEVELOPMENT 
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FOR ROCKET ENGINES.  I N C L U O I N f i  E R O S I V E  AN0 UNSTABLE 
BURN1 NG 164-12737 

STRAND B U R N I N G  C H A R A C T E R I S T I C S  OF COMPOSITE 
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A C O U S T I C  A T T E N U A T I O N  B Y  SUSPENDED P A R T I C L E S *  
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A I A A  PAPER 64-106 A 6 4 - 1 3 0 4 2  

ACOUSTIC-COMBUSTICN I N T E R A C T I O N I  I N T R O W C I N G  A 
SONIC F I E L O  OF PLANE T R A V E L I N G  WAVES I N T O  A S O L I O  
PROPELLANT ROCKET MOTOR TO CONTROL COMBUSTION OF 
A S O L I O  PROPELLANT A 6 4 - 1 3 3 0 9  

EFFECT OF H E L I U M  SOUND F I E L O  ON B U R N I N G  RATE OF 
AMMONIUM PERCHLORATE-POLYURETHANE TYPE S O L I O  
PROPELL ANT 
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ELIEZER. 0. 
COMBUSTIBLE MANDREL FROM N I T R O C E L L U L O S E  PAPER 
PA-TI(-1324 N 6 4 - 2 1 1 4 9  
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PROPELLANT COMBUSTION GASES COOLED A T  ROOM 
TEMPERATURE A 64- 1402 3 
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L I P U I O  PROPELLANT S E N S I T I V I T Y  - CRYOGENIC 
ADAPTATION OF SHOCK TUBE 
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SHOCK TUBE T E S T S  FOR L I P U I O  PROPELLANT S E N S I T I V I T Y  
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F A G 6 r  L- Y. 
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IN L I a u I o  PROPELLANTS - BIBLIOGRAPHY 
REPT.-2638 ~ 6 4 - 2 5 8 ~ 9  
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D I L A T O M E T R I C  E V A L U A T I O N  OF S T R A I N  RATE. L O A 0 9  
TEMPERATUREI AN0 H U M I D I T Y  E F F E C T S  ON POLYURETHANE 
G E N 0  CARBOXYL POLYBUTAOIENES 
SR 1-12 N 6 4 - 1 4 0 2 4  

MECHANICAL P R O P E R T I E S  OF POLYBUTAOIENE AND 
POLYURETHANE S O L I O  PROPELLANTS 
REPT.-6 N 6 4 - 2 0 8 5 3  

MECHANICAL P R O P E R T I E S  OF S O L I O  PROPELLANTS 
REPT.-3 N 6 4 - 2 7 7 3 5  

F ITZGERALO.  J. E. 
D Y N A M I C  RESPONSE A N 0  F A I L U R E  MECHANISMS I N  
COMPOSITE S O L I O  PROPELLANTS 
L P C - 6 1 8 - P - 1 1  N 6 4 - 1 4 8 2 0  

MECHANICAL RESPONSE A N 0  F A I L U R E  I N  S O L I O  
PROPELLANT STRUCTURAL C H A R A C T E R I S T I C S  
LPC-618-P-10  N 6 4 - 1 5 6 9 1  

FLANDRO. G. A. 
SECONDARY FLOW C A U S A T I O N  OF R O L L  TORQUE AN0 NORMAL 
FORCES I N  G R A I N  GEOMETRIES OF A C O U S T I C A L L Y  
UNSTABLE. S O L I O  PROPELLANT ROCKET MOTORS 
A I A A  PAPER 6 4 - 1 4 5  A 6 4 - 1 3 0 0 2  

FLEMING. R. 0.. JR. 
I G N I T I O N  OF HETEROGENEOUS M A T E R I A L S  SUCH AS 
AMMONIUM PERCHLORATE COMPOSITE PROPELLANT, 
E X A M I N E 0  BY CONOENSEO PHASE S E L F - H E A T I N G  R E A C T I O N  
MODEL 
A I A A  PAPER 6 4 - 1 2 0  A 6 4 - 1 3 0 1 6  

THRESHOLO I G N I T I O N  ENERGIES FOR PRUPELLANTSI U S I N G  
ARC-IMAGE FURNACE TECHNIQUE A 6 4 - 1 3  147 

FLEMING. R. Y. 
THRESHOLD I G N I T I O N  ENERGIES FOR PROPELLANTS. U S I N G  
ARC-IMAGE FURNACE TECHNIQUE A 6 4 - 1 3 1 4 7  

FONER. S. N. 
PHASE-LOCKED ACOUSTIC O S C I L L A T O R  SYSTEM FOR 
MEASURING ACOUSTIC RESPONSE BURNING OF S O L I O  
PROPELLANT SURFACE TO DETERMINE S T A B I L I T Y  OF S O L I O  
PROPELLANT ROCKET MOTOR 
A I A A  PAPER 64-138 A 6 4 - 1 3 0 1 0  

PHASE-LOCKEO ACOUSTIC O S C I L L A T O R  SYSTEM FOR 
MEASURING ACOUSTIC RESPONSE BURNING OF S O L I O  
PROPELLANT SURFACE TO D E T E R M I N E  S T A B I L I T Y  OF S O L I O  
PROPELLANT ROCKET MOTOR 
A I A A  PAPER 64-138 A 6 4 - 1 9 0 8 0  

FONG. 1. 1. 
B A L L I S T I C  A N A L Y S I S  OF S O L I O  PROPELLANT I G N I T I O N  
TRANSIENT. SHOWING DEPENDENCE OF PEAK OVERPRESSURE 
ON I N I T I A L  TEMPERATURE AN0 PRESSURE 
A I A A  PAPER 64-121 6 6 4 - 1 3 0 1 7  

FLAME SPREAD RATES ALONG PROPELLANT SURFACE OF 
S O L I D  ROCKET MOTORS D U R I N G  I G N I T I O N  T R A N S I E N T S  
U S I N G  METHOD BASEO ON T R A N S I E N T  H E A T  TRANSFER 
A I A A  PAPER 64-125 6 6 4 - 1 3 0 2 0  
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SSO-TOR-64-160 N 64-3 1982 

GIBBY. H. 
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B E R Y L L I U M  - I N D U S T R I A L  SAFETY 
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MODULUS OF A COMPOSITE S O L I D  PROPELLANT 

A64-  1 2  466 

LEEHING.  Ha 
F A I L U R E  C R I T E R I A  FOR C A S T  OOUBLE BASE PROPELLANT 
T R - 6 4 /  17  N 6 4 - 2 8 0 6 4  

L E H T O t  G. 
THEORETICAL MOOEL FOR L I N E A R  BURN R A T E  OF C O R 0  AND 
S O L I O  PROPELLANTS TO D E T E R M I N E  E X P R E S S I O N  FOR 
PROPERTIES OF S P H E R I C A L  PROPELLANT G R A I N S  

A 6 4 - 1 8 4 9 7  

L E P I E .  A. 
THERMOCYNAMIC C A L C U L A T I C N  OF PERFORMANCE DATA OF 
ROCKET PROPELLANTS, PROCEEDING FROM THE COMBUSTION 
E P U A T I C N S t  W I T H  S P E C I F I C  EXAMPLES 

A 6 4 - 1 1 6 2 2  

L E P I E .  A. H. 
V A R I A T I O N S  I N  CHEMICALI THERMOOYNAMIC A N 0  FLOW 
PARAMETERS OF HYPERGOLIC PROPELLANTS EXAMINED FOR 
CAUSE OF I G N I T I O N  DELAY 
W S S I - C I  PAPER 6 4 - 1 2  A 6 4 -  180 12 

I G N I T I O N  DELAYS OF HYPERGOLIC L I P U I O  ROCKET 
PROPELLANTS 
W S S I C I  PAPER-64-12 N 6 4 - 2 4 3 7 6  

LERNER. H. 0. 
C H E M I C A L  K I N E T I C S  OF COMBUSTION OF HOMOGENEOUS GAS 
M I X T U R E S  I N  L I P U I O  PROPELLANT ROCKET ENGINES 
FTD-MT-64-272  N 6 4 - 3 2 2 4 1  

L E V I N E .  R. S. 
S T A B L E  COMBUSTION PROCESSES NECESSARY FOR 
A N A L Y T I C A L  MODELING OF L I P U I O  PROPELLANT ROCKET 
E N G I N E  COMBUSTION A 6 4 - 1 2 7 3 9  

COMBUSTION S T A B I L I T Y  I N  L I P U I O  PROPELLANT ROCKET 
E N G I N E S  N 6 4 - 2 8 1 9 4  

L E V I T S K Y t  M. 
TEMPERATURE D I S T R I B U T I O N  I N  A CASE-BONOEO 
PROPELLANT G R A I N  WHEN THE A M B I E N T  TEMPERATURE I S  
SUDDENLY CHANGE0 FROM A S T A T E  OF E P U I L I B R I U M  
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ROLE OF A T O M I Z A T I O N  A N 0  I N J E C T I O N  PROCESSES I N  
L I 9 U I O  PROPELLANT ROCKET E N G I N E  COMBUSTION 

664-12726 

m T. 
TRANSVERSE V I B R A T I O N  O F  PROPELLANT L I N E  W I T H  
I N T E R N A L  FLOWING F L U I D ,  U S I N G  BEAM APPROACH 

A 6 4 - 1 5 6 5 8  

HI C. K. 
MECHANICAL P R O P E R T I E S  OF I N E R T  S O L I 0  F U E L  
PROPELLANT UNDER COMBINED S T A T E S  OF STRESS A T  ROOM 
TEMPERATURE 
ABL /X-114  N 6 4 - 2  1586 

NCOLN. K. A. 
PYROLYSIS  OF S O L I O  FUEL PROPELLANTS BY R A O I A N T  
HEAT PULSES T O  DETERMINE V O L A T I L E  AN0 N O N V O L A T I L E  
PRODUCTS OF V A R I O U S  H E A T I N G  RATES 
wss/ -c I  P A P E R  6 4 - 6  664-17823 

LOVINE.  R. 1. 
B A L L I S T I C  A N A L Y S I S  OF S O L I O  PROPELLANT I G N I T I O N  
TRANSIENT, SHOWING DEPENDENCE OF PEAK OVERPRESSURE 
CN I N I T I A L  TEMPERATURE AN0 PRESSURE 
A I A A  PAPER 64-121 6 6 4 - 1 3 0 1 7  

FLAME SPREAD RATES ALONG PROPELLANT SURFACE OF 
S O L I O  ROCKET MOTORS D U R I N G  I G N I T I O N  TRANSIENT,  
U S I N G  METHOD BASED ON T R A N S I E N T  H E A T  TRANSFER 
A I A A  PAPER 64-125 A 6 4 - 1 3 0 2 0  

GASEOUS OECOMPOSIT ION I N  COMPOSITE PROPELLANT 
I G N I T I O N  PROCESS MOOEL D E S C R I B E S  SURFACE ENERGY 
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S O L I O  PROPELLANT I G N I T I O N  A N A L Y S I S  - ENERGY OUTPUT 
TO MOTOR I G N I T I O N  
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L U P E R I .  H. 
I N J E C T O R  C O N F I G U R A T I O N S  AN0 A B L A T I V E  THRUST 
CHAMBER M A T E R I A L S  FOR USE W I T H  OXYGEN O I F L U O R I O E -  
O I B O R A N E  PROPELLANT C O M B I N A T I O N S  
N A S A - C R - 5 8 8 0 0  N 6 4 - 3 0 5 2 5  

LUTZ. 0. 
P R O P E R T I E S  OF H I G H  TEMPERATURE GASES A N 0  F L U I O S t  
COMBUSTION AN0 P R O P U L S I O N  PROCESSES, A N 0  
COMBUSTION S T U D I E S  I N  S O L I O  A N 0  L I Q U I O  
PROPELLANT ROCKET E N G I N E S  N 6 4 - 2 8 1 7 6  
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MACEK. A. 

S O L I O  PROPELLANT COMBUSTION MECHANISMS - S Q U I D  
PROJECT N 6 4 - 1 3 4 9 0  

C H E M I C A L  R E A C T I O N  MECHANISMS OF S O L I O  PROPELLANT 
FLAMES - S P U I D  PROJECT N 6 4 -  18064 

H A C K E N Z I E t  C. M. 
L I Q U I O  PROPELLANT O R I E N T A T I O N  I N  A ZERO G R A V I T Y  
ENVIRONMENT, U S I N G  INTERMCLECULAR FCRCES 
SAE PAPER 8620 A 6 4 - 2 0 2 9 8  

HAGEE. R. S. 
FLAME PROPAGATION V E L O C I T Y  FOR N I T R A T E  ESTER S O L I O  
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SAE PAPER 8620 A 6 4 - 2 0 2 9 8  
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E F F E C T  OF F I L L E R  ON V I S C O E L A S T I C  P R O P E R T I E S  OF 
ELASTOMERS A N 0  COMPOSITE S O L I O  ROCKET PROPELLANTS 
RK-TR-64-2  N 6 4 - 1 8 8 8 7  

MARTIN,  W -  J. 
PERFORMANCE OF T I T A N I U M  ALLOY TANKAGE FOR 
CRYOGENIC L I P U I O  PROPELLANTS 
S M - 4 3 1 1 6  N 6 4 - 2 7 4 0 9  
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H Y D R O S T A T I C  S T A B I L I T Y  OF L I P U I O - V A P O R  I N T E R F A C E  
I N  C Y L I N O E R  
NASA-TN-0 -2267  N 6 4 - 1 9 7 2 3  

H A S T I N .  0. E. 
METHOD FOR D E T E R M I N I N G  THERMAL O I F F U S I V I T Y  OF 
S O L I D  PROPELLANTS 
P - 6 3 - 2 7  N 6 4 - 1 8 9 0 5  

MATSUOAt  5 .  
F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
N A S A - C R - 5 4 1 1 7  

F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
NASA-CR-54170  

N 6 4 - 2 5 9 0 2  

N 6 4 - 3 0 6 0 5  

H A T S U D A t  T. 
PERFORMANCE OF T I T A N I U M  ALLOY TANKAGE FOR 
CRYOGENIC L I P U I O  PROPELLANTS 
S M - 4 3 1 1 6  N 6 4 - 2 7 4 0 9  

HAYER. S. W. 
N O N E Q U I L I B R I U M  R E C O M B I N A T I O N  I N  N O Z Z L E S  FOR L I P U I D  
OXYGEN-HYDROGEN1 FLUORINE-HYOROGEN1 A N 0  F L U O R I N E -  
L I P U I O  OXYGEN-HYDROGEN PROPELLANTS 
T O R - 2 6 9 / 4 2 1 0 - 1 0 / - 6  N 6 4 - 3 2 4 8 2  

MC ABEE, E. 
DOUBLE BASE PROPELLANT E X A M I N E D  FOR E F F E C T S  OF 
F A I L U R E  T I M E S  A N 0  TEMPERATURE ON T E N S I L E  
P R O P E R T I E S  A 6 4 - 1 7 8 4 4  

HC ALEVY. R. F a r  111 
FLAME PROPAGATION V E L O C I T Y  FOR N I T R A T E  ESTER S O L I O  
PROPELLANT COMBUSTION 
A I A A  PAPER 64-109 A 6 4 - 1 3 0 4 3  
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PROPELLANTS W I T H  T A B U L A T I O N  OF R A D I A T I O N  DOSE. 
B U R N I N G  R A T E  AND T E N S I L E  STRENGTH 

A 6 4 - 1 9 1 1 8  

K ARTHUR. 6- LI 
STUDY OF I N T E G R A T I O N  OF CRYOGENIC DYNAMIC POWER 
SYSTEM W I T H  SPACE V E H I C L E  C O O L I N 6  SYSTEM 
ARS PAPER 2517-62 A 6 4 - 1 6 6 3 5  

MC CAMBRIDOE. J. J. 
T O X I C I T Y  AN0 S A F E T Y  HAZARD OF PROPELLANTS FOR 
T I T A N  I 1  A 6 4 - B O 2 7 3  

)It C A R T I *  K. P. 
ALUMINUM COMBUSTION E F F I C I E N C Y  I N  S O L I D  

TECHNIQUES 
C I  PAPER 62-18 1 6 4 - 1 6 1 4 5  

PROPELLANTS OBTAINED BY LARGE nwoow BOMB 

MC CLURE. F. 1. 
N O N L I N E A R  E F F E C T S  A R I S I N G  FROM THE E R O S I V E  
RESPONSE OF PROPELLANTS.  G I V E N  E R O S I V E  AN0 
PRESSURE RESPONSE F U N C T I O N S  AN0 S P E C I F Y I N G  ROCKET 
MOTOR A C O U S T I C  P R O P E R T I E S  
A I A A  PAPER 6 4 - 1 4 0  A 6 4 -  130 11 

L I N E A R  A C O U S T I C  S T A B I L I T Y  OF S O L I O  PROPELLANT 
ROCKET MOTORS. N O T I N G  E F F E C T S  OF THERMAL R A O I A T I O N  
FROM BURNT GASES 
A I A A  PAPER 6 4 - 1 3 4  A 6 4 - 1 9 0 8 4  

THERMAL R A D I A T I O N  E F F E C T S  ON A C O U S T I C  RESPONSE OF 
S O L I D  PROPELLANTS 
7 6 - 3 3 5 - 1 8  N b 4 - 2 3 2 8 0  

MC COOL. A. F. 
P R O P U L S I O N  DEVELOPMENT PROBLEMS OF SATURN I AND 
SATURN v L Iau Io  ROCKET VEHICLES 
NASA-TM-X-53075 N 6 4 - 3 2 4 8 6  

MC ELHELL.  E. A. 
F U E L  C E L L S  U S I N 6  STORABLE ROCKET PROPELLANTS 
N A S A - C R - 5 4 1 1 6  N 6 4 - 2  5 9 C  1 

MC KAY. 6. H.. JR. 
P R C P U L S I O N  DEVELOPMENT PRCBLEMS OF SATURN I AND 

NASA-TM-X-53075 N b 4 - 3 2 4 8 6  
SATURN v L Iau Io  ROCKET VEHICLES 

MC K I N N E Y .  C. 0. 
G E L L I N 6  OF L I Q U I D  HYDROGEN 
N A S A - C R - 5 4 0 5 5  N b 4 - 3 3 0 7 6  

MC LAIN. n. H. 
C O L L I S I O ( I A L  DEPENDENCE OF GAS-CONDENSATE ENERGY 
EXCHANGE D U R I N G  CONVERGENT-OIVERGENT N O Z Z L E  
EXPANSION.  TO A S C E R T A I N  ROLE OF METAL PROPELLANT 
ADD I T  I VES 
A I A A  PAPER 63-513 A 6 4 - 1 1 1 2 5  

MCCORMACK. P. 0. 
D R I V I N G  PRESSURE WAVE FORM FOR D E T E R M I N I N G  H F  
COMBUSTION O S C I L L A T I O N S  I N  L I P U I O  PROPELLANT 
ROCKET E N G I N E  1 6 4 - 2 5 5 6 6  

MICKOLA.  R. 
F A C I L I T Y  FOR T E S T I N G  ROCKET P R O P U L S I O N  SYSTEMS 
U S I N G  H I G H  ENERGY, T O X I C .  H Y P E R G O L I C  PROPELLANTS 
UNDER S I M U L A T E D  SPACE ENVIRONMENT 
RTD-TOR-63-1DB3 N 6 4 - 3 1 1 7 1  

MILLAR. 1- K. 
DEVELOPMENT AND T E S T  F I R I N G  I N  A L T I T U D E  CHAMBER OF 
ELECTRON GENERATORS. F U N C T I O N I N G  BY COM8USTION OF 
C E S I U M  N I T R A T E - A L U M I N U M  PRESSED CHARGE 

A 6 4 - 1 3 4  16 

M I T C H E L L .  R. C. 
FLOW OF HOT COMBUSTION PRODUCTS ACROSS SURFACE OF 
A S O L I D  PROPELLANT.  W I T H  PRESSURE AN0 FREE STREAM 
V E L O C I T Y  CONSTANT. TO STUDY FLAME SPREAD 
A I A A  PAPER 6 4 - 1 2 8  A 6 4 - 1 3 0 2 1  

MORIZUMI .  5. J. 
THERMAL R A O I A T I O N  FROM EXHAUST PLUME OF A L U M I N I Z E D  
COMPOSITE P R O P E L L A N T  ROCKET 
BSD-TOR-64-16 N 6 4 - 2 1 6 8 7  

MORRIS, E. P. 
COMBUSTION I N S T A B I L I T Y  I N  S O L I O  P R O P E L L A N T  ROCKET 
ENGINE - P U L S E  TECHNIQUE 
CAROE-TR-487/64  N 6 4 - 2 7 7 4 3  

MOUTET. He 
S P E C I F I C  I M P U L S E  OF H Y B R I O  ROCKETS I N C H E A S E D  WHEN 
HYDROGEN I S  I N J E C T E D  I N T O  S O L I O  F U E L  CHAMBER TO 
REDUCE MOLAR MASS OF COMBUSTION PRODUCTS 

A 6 4 - 2 7 2 5 6  

MURDOCH. A- M. 
F E A S I B I L I T Y  OF U S I N G  U L T R A S O N I C  T E C H N I E U E S  TO 
MEASURE M E C H A N I C A L  P R O P E R T I E S  OF CAST POLYURETHANE 
ASD-TOR-62-BB6 N 6 4 -  17 11 6 

MURPHY. J. M. 
EROSIVE B U R N I N G  RATE OF AN AMMONIUM PERCHLORATE- 
POLYURETHANE S O L I D  PROPELLANT W I T H  ALUMINUM 
A I A A  PAPER 65-107 6 6 4 - 1 3 0 4 1  

N 
NACHBAR. n. 

EFFECT OF P A R T I C L E  S I Z E  AND N O N - S T O I C H I O M E T R I C  
PROPORTIONS OF F U E L  AND O X I D I Z E R  ON THE B U R N I N G  OF 
COMPOSITE S O L I D  PROPELLANT OF SANOUICH 
CONSTRUCTION A b 4 - 1 2 7 3 8  

NADAUO. L. 
COMBUSTION DOMAINS OF COMPOSITE S O L I D  ROCKET 
PROPELLANTS D E F I N E D t  T A K I N G  PRESSURE A N 0  MEAN 
DIAMETER OF PERCHLORATE P A R T I C L E S  AS PARAMETERS 

A 6 4 -  16 180 

MIXTURE R A T I O  A N 0  I N J E C T I O N  PRESSURE E F F E C T S  ON 
I G N I T I O N  D E L A Y  OF HYPERGOLIC ROCKET PROPELLANTS 

A 6 5 - 2 2 7 6 3  

ROCKET E N G I N E  I G N I T I O N  T I M E  D E L A Y  
N 6 4 - 2 8 5 9 2  

ATMOSHERIC M O N I T O R I N G  OF T O X I C  L E V E L S  OF M I S S I L E  
PROPELLANTS 164-80230 

NUL. 8- H. 
PHASE-LOCKED A C O U S T I C  O S C I L L A T O R  SYSTEM FOR 
MEASURING A C O U S T I C  RESPONSE B U R N I N G  OF S O L I D  
PROPELLANT SURFACE TO OETERMINE S T A B I L I T Y  OF S O L I O  
PROPELLANT ROCKET MOTOR 
A I A A  PAPER 6 4 - 1 3 8  A 6 6 1 3 0 7 0  

PHASE-LOCKED ACOUSTIC O S C I L L A T O R  SYSTEM FOR 
MEASURING ACOUSTIC RESPONSE B U R N I N G  OF S O L I O  
PROPELLANT SURFACE TO DETERMINE S T A B I L I T Y  OF S O L I D  
PROPELLANT ROCKET MOTOR 
A I A A  PAPER 64-138 A 6 4 - 1 9 0 8 0  

N E F F i  J. A. 
CHEMICAL P R O P E R T I E S  t S C L U B I L I T Y  OF OZONE F L U O R I D E  
I N  L I Q U I D  D X Y 6 E N  AN0 H Y P E R G O L I C  I G N I T I O N  BETWEEN 
HYDROGEN AN0 L I P U I D  OXYGEN 
NASA-CR-54072 N 6 4 - 3 2 6 3 2  

NIXOW. A- C. 
S P E C I F I C A T I O N S  FOR H E A T  S I N K  F U E L S  FOR H Y P E R S O N I C  
A IR  CR A F  T 
5 - 1  3 9 1  1 N b 4 - 2 5 7 8 0  

0 
ODIAN. 6. 

R L D I A T I O N  E F F E C T S  ON AMMONIUM PERCHLORATE 
PROPELLANTS U I T H  T A B U L A T I O N  OF R A O I A T I O N  DOSE* 
BURNING RATE AN0 T E N S I L E  STRENGTH 

A 6 4 -  19 1 1 B 

0K1.  C. 
PRESSURE FEO PROPELLANT TRANSFER SYSTEH USING Lon 
MOLECULAR U E I G H T  I N E R T  GAS A b 4 - 1 4 3 3 3  

OROAHL. 0 .  0 -  
H Y B R I D  ROCKET ENGINE.  U S I N G  C O M B I N A T I O N  OF S O L I D  

PROCESSES AND S A F E T Y  OF STORAGE AND T R A N S P O R T A T I O N  
1164- 13993 

AND L I a u I o  PROPELLANTS, DISCUSSING COMBUSTION 

H Y B R I D  P R O P U L S I O N t  C O N S I D E R I N G  S E P A R A T I O N  OF F U E L  
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PERFORMANCE A b 4 - 1 7 1 9 2  
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F U E L  CELLS U S I N G  STORABLE ROCKET PROPELLANTS 
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POLYURETHANE S O L I O  PROPELLANT W I T H  ALUMINUM 
A I A A  PAPER 64-107 664-13041 

CONTINUOUS MEASUREMENT OF S O L I O  ROCKET PROPELLANT 
B U R N I N G  RATES 
J A C - 3 6 9  

SERVO SYSTEM FOR CONTINUOUS MEASUREMENT OF 
BURNING RATE OF S O L I D  PROPELLANT 
J P C - 3 7 4  N b 4 - 2 9 8 4 1  
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MECHANICAL PROPERTIES OF CRYOGENIC M A T E R I A L S  
A D - 4 2 0 4 0 6  N b 4 - 1 8 7 4 3  
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L I O U I O - V A P O R  INTERFACE A b 4 - 1 4 9 7 3  

HYOROSTATIC S T A B I L I T Y  O F  L I P U I O - V A P O R  I N T E R F A C E  
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J P C - 3 7 4  N b C - 2 9 8 4 1  

PARKER. A. 
F A I L U R E  C R I T E R I A  FOR C A S T  OOUBLE B A S E  PROPELLANT 
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A N A L Y S I S  OF PROPELLANT G R A I N S  
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FLAME SPREAD RATES ALONG PROPELLANT SURFACE OF 
S O L I O  ROCKET MOTORS D U R I N G  I G N I T I O N  TRANSIENT,  
U S I N G  METHOD B A S E 0  ON T R A N S I E N T  H E A T  TRANSFER 
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N O L T R - 6 4 - 1 0 7  N 6 4 - 3  1040 

SHAULDVs  VU. KH. 
C H E M I C A L  K I N E T I C S  OF COMBUSTION OF HOMOGENEOUS GAS 
MIXTURES IN L iau Io  PROPELLANT ROCKET ENGINES 
FTD-MT-64-272  N64-32241 

SHEPPARD. 6. A. 
FREQUENCY T E S T I N G  O F  D Y N A M I C  U E C H A N I C A L  P R O P E R T I E S  
OF V I S C O E L A S T I C  MATERIALS.  TO D E T E R M I N E  SHEAR 
MODULUS O F  A COMPOSITE SOLID  PROPELLANT 

A 6 4 -  12 466 

S H I m A R s  R e  
I N F L U E N C E  OF GAS COMPOSIT ION.  PRESSURE. AND 
TEMPERATURE ON S O L I D  P R O P E L L I N T  I G N I T I O N  
A I A A  P A P E R - 6 4 - 1 1 0  N 6 4 - 1 4 5 4 0  

I G N I T I O N  OF R E A C T I O N  F I E L D  AOJACENT TO SURFACE OF 
S O L I D  PROPELLANT 
AERONAUTICAL ENG- R E P T e - 6 7 4  N 6 4 - 1 5 3 5 7  

S I E 6 E L s  I). 
BOOK ON E N E R G E T I C S  OF PROPELLANT C H E M I S T R Y  
COVERING E X O T H E R M I C I T Y  OF COM0USTION PRODUCTSt 
WORKING F L U 1 0  GASES. 0 0 N O I N G  OF REACTANTS AND 
I N G R E D I E N T  P R O P E R T I E S  1 6 4 - 2 0 5 2 6  

ALUMINUM OXIDE R E D U C T I O N  BY PROPELLANT COMBUSTION 
GASES AT HZGH TEMPERATURE 
SSD-TOR-64-160  N 6 4 - 3 1 9 0 2  

S I L V E R S T E I N .  H. S- 
FORM F U N C T I O N S  FOR DUAL C O M P O S I T I O N  INCREMENTS OF 
PROPELLANT G R A I N S  
R- 1692 N 6 4 - 2 6 0 6 5  

S I M K I N .  0. J. 
PRESSURE F E D  PROPELLANT TRANSFER SYSTEM U S I N G  LOW 
MOLECULAR WEIGHT I N E R T  GAS A 6 4 - 1 4 3 3 3  

S I M M N S .  R. L. 
G R A I N  PROCESSING OF H I G H  TEMPERATURE R E S I S T A N T  
PROPELLANTS 
RTO-TOR-63-4209  N 6 4 - 1 6 0 0 0  

SINGLETON. A. H. 
ORTHOPARAHYDROGEN CONVERSION, G I V I N G  COMPARATIVE 
R E S U L T S  OF C A T A L Y S T S  EMPLOYE0 AT LOW TEMPERATURES 

164-17700 

S I R I ~ N A N D I  Y. A- 
NONLINEAR C O M 0 U S T I O N  I N S T A 0 I L I T Y  I N  L I Q U I D  
PROPELLANT ROCKET E N G I N E S  
WASA-CR-56946 N 6 4 - 2 1 2 0 7  

SMITH. J. 01 
F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
NA SA-CR-54116  N 6 4 - 2 5 9 0 1  

F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
N A S A - C R - 5 4 1 1 7  N 6 4 - 2 5 9 0 2  

F U E L  C E L L S  U S I N G  STORABLE ROCKET PROPELLANTS 
N A S A - C R - 5 4 1 7 0  N 6 4 - 3 0 6 0 5  

SMITH. J. R -  
V I S C O E L A S T I C I T Y  OF S O L I D  PROPELLANTS AND 
PROPELLANT B I N D E R S  - D Y N A M I C  SHEAR. S P E C I F I C  
VOLUME. AN0 DEFORMATION E S T R A I N  RATES 
A D - 4 3 4 0 5 3  N 6 4 - 1 0 6 1 0  

V I S C O E L A S T I C  P R O P E R T I E S  OF S O L I O  PROPELLANTS AND 
PROPELLANT B I N O E R S  - SHEAR. S P E C I F I C   VOLUME^ AND 
T E N S I L I T Y  
REPT.-P N 6 4 - 1 9 1 4 2  

OYNAMIC SHEAR AN0 COMPRESSIBLE P R O P E R T I E S  OF 
S O L I O  PRCPELLANTS AN0 PROPELLANT B I N D E R S  
REPT.-11 N 6 4 - 2 7 5 4 0  

SMITH. 1- L. 
V I S C O E L A S T I C I T Y  OF S O L I D  PROPELLANTS AN0 
PROPELLANT B I N D E R S  - D Y N A M I C  SHEAR. S P E C I F I C  
VOLUME. AN0 DEFORMATION t S T R A I N  RATES 
AD-434 0 5 3  N 6 4 - 1 8 6 1 8  

V I S C O E L A S T I C  P R O P E R T I E S  OF S O L I D  PROPELLANTS A N 0  
PROPELLANT B I N O E R S  - SHEAR. S P E C I F I C  VOLUME. A N 0  

T E N S I L I  TY 
REPTe-9 N 6 4 - 1 9 1 4 2  

DYNAHIC SHEAR A N 0  COMPRESSIBLE P R O P E R T I E S  OF 
S O L I D  PROPELLANTS AN0 PROPELLANT B I N D E R S  
R E P T . - l l  N 6 4 - 2 7 5 4 0  

SDMMERVILLEI 1. M. 
F I N I T E  D I F F E R E N C E  E Q U A T I O N  FOR T H E  T R A N S I E N T  
PERFORMANCE P R E D I C T I O N  OF N O N - A D I A B A T I C  P R O P U L S I O N  
SYSTEM U T I L I Z I N G  R E A L  GAS PROPELLANT 

A 6 4 - 2 0 7 8 5  A I A A  PAPER 64-373 

SDTTER. 5. 
VORTEX GENERATION I N  S O L I O  PROPELLANT ROCKET 
MOTORS DUE TO IRREGULAR COM0USTlON 
A I A A  PAPER 64-144 A 6 4 -  1301 5 

SPEN6LERv 6. 
THERMODYNAMIC C A L C U L A T I O N  OF PERFORMANCE DATA OF 
ROCKET PROPELLANTS. PROCEEDING FROM THE COM0USTION 
EQUATIONS, Y I T H  S P E C I F I C  EXAMPLES 

A 6 4 -  11622 

V A R I A T I O N S  I N  CHEMICAL. THERMOOYNAMIC AND FLOW 
PARAMETERS OF H Y P E R G O L I C  PROPELLANTS E X A M I N E D  FOR 
CAUSE OF I G N I T I O N  OELAY 
Wss/-cI PAPER 6 4 - 1 2  A 6 4 -  10012 

IGNITION OELAVS OF HYPERGOLIC L Iau io  ROCKET 
PROPELLANTS 
W S S l C I  P A P E R - 6 4 - 1 2  N 6 4 - 2 4 3 7 6  

S T A I t  0. F. 
THERMODYNAMIC DATA OF MONOMETHYLHYORAZINE 
PRESENTED AS TEMPERATURE ENTROPY DIAGRAM 

164- 17030 

STANISZEWSKI .  R- 
OPERATIONAL F A I L U R E S  O F  LIPUIO PROPELLANT ROCKET 
ENGINES 
F T O - T T - 6 3 - 3 5 7 / 1 E Z  N 6 4 - 2 3 4 2 6  

STEEL€. A. J- 
R A D I A T I O N  T E S T I N G  MONOMETHYL H Y D R A Z I N E  PROPELLANT 
FOR R I F T  PROJECT 
NSP-64-10  N 6 4 - 1 0 4 7 0  

S T I B R A N I .  L. 
L I Q U I D  ROCKET SIMULATION OF SOLID PROPELLANT 
ROCKET EXHAUST C H A R A C T E R I S T I C S  
PA-TR-3165 N 6 4 - 2 2 3 0 0  

S T I E F E L s  L. 
THERMAL S E N S I T I V I T Y  APPAAATUS FOR L I Q U I D  
PROPELLANT T E S T I N G  A64- 19150 

STOKER. J. He 
STRESS R E L A X A T I O N  T E S T S  TO EVALUATE T I M E  
DEPENDENCIES OF V I S C O E L A S T I C  M A T E R I A L S *  SUCH AS A 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 1 3 0 2 2  

STRESS R E L A X A T I O N  T E S T S  T O  EVALUATE T I M E  
DEPENDENCIES OF V I S C O E L A S T I C  M A T E R I A L S  SUCH AS 
COMPOSITE S O L I O  PROPELLANT 
A I A A  PAPER 64-131 A 6 4 - 2 6 5 5 2  

STRAHLE. W. C. 
UNSTEADY B U R N I N G  OF L I P U I O  F U E L  DROPLETS A N 0  
P E R I O D I C  S O L U T I O N S  OF F U E L  I N J E C T I O N  PROCESSES 
NASA-CR-55516  N 6 4 - 1 5 9 0 4  

STRAND. L. 
MOOEL FOR LOW FREQUENCY COMBUSTION I N S T A B I L I T Y  I N  
S O L I O  ROCKET MOTORS DEVELOPED BY R E L A T I N G  
I N T E R A C T I O N  OF BURNING RATE RESPONSE TO PRESSURE 
CHANGES A 6 4 - 1 6 7 0 4  

STREICH. M. 
L i a u I o  PROPELLANTS EVALUATED WITH REGARD TO 
HYCROGEN A N 0  F L U O R I N E  L I Q U E F A C T I O N I  STORAGE A N 0  
TRINSPORT 6 6 4 - 2 0 2 0 0  

STRITE. M .  K. 
PROPELLANT TEMPERATURE D I S T R I B U T I O N  A N 0  H A L L  HEAT 
TRANSFER I N  ROCKET NOZZLE. A P P L Y I N G  MONTE CARLO 
RETHOO 
A I A A  PAPER 64-62 A 6 4 - 1 2 7 5 4  

1 - 4 5  



STRITTMATERm R. C. PERSONAL AUTHOR I N D E X  

STRITTMATER,  R. C. TATOM, J. W. 
ACOUSTIC E R O S I V I T Y  EFFECTS ON S O L I D  PROPELLANT THERMAL STRATIFICATION OF L I a u I o  HYDROGEN IN 
BURNING RATES, MEASURING E R O S I V I T Y  AS F U N C T I O N  OF ROCKET PROPELLANT TANKS 
FREQUENCY AND AMPLITUOE E R - 6 7 5 9  N 6 4 - 2 9 6 7 2  
A I A A  PAPER 64-142 A 6 4 - 1 3 0 7 2  

TEMKIN. 5. 
SUH. C. C. A C O U S T I C  A T T E N U A T I O N  B Y  SUSPENDED P A R T I C L E S ,  

BURNING R A T E  I N  S O L I O  PROPELLANTS CALCULATED BY E M P H A S I Z I N G  O I M E N S I O N L E S S  S I Z E  RANGE OF GREATEST 
MEANS OF OIAGRAMS OF B O T H  THRUST-T IME AN0 I N T E R E S T  TO ROCKET I N S T A B I L I T Y ,  W I T H  AEROSOL 
PRESSURE-T IME A 6 4 - 1 5 0 1 4  P A R T I C L E  S I Z E  MEASUREMENTS 

A I A A  PAPER 64-114 A 64- 19 08 5 
SUMMERF I E L O t  M. 

E F F E C T S  O F  PRESSURE A N 0  OXYGEN ON V A R I O U S  I G N I T I O N  
PROCESSES OF S O L I D  PROPELLANTS S T U O I E D  
EXPERIMENTALLY.  U S I N G  A SMALL ROCKET MOTOR 
A I A A  PAPER 64-153 ~ 6 4 - 1 2 9 9 a  

I G N I T I O N  T R A N S I E N T  I N  S O L I O  PROPELLANT ROCKET 
MOTORS, W I T H  D I M E N S I O N A L  A N A L Y S I S  OF FLAME- 
SPREADING- INTERVAL MODEL 
A I A A  PAPER 64-126 A64-  130 10 

MICROSCOPIC TEMPERATURE P R O F I L E S  THROUGH 
RRCPAGATING S O L I O  PROPELLANT FLAMES I N  COMPOSITE 
A N 0  OOUBLE BASE PROPELLANTS. MEASURED BY U S I N G  
F I N E  THERMOCOUPLES 
A I A A  PAPER 64-106 A 6 4 - 1 3 0 5 0  

ENTROPY WAVES AN0 V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I O  PROPELLANTS S T U O I E O  BY H I G H  
SPEED CINENATOGRAPHY A N 0  SPECTRAL R A O I O M E T R Y t  
U S I N G  A 1 -TUBE ROCKET COMBUSTOR 
A I A A  PAPER 64-154 ~64-13348 

TEMPERATURE P R O F I L E S  I N  PREHEAT ZONE & GASEOUS 
COMBUSTION ZONE OF BURNING S O L I D  PROPELLANT 
A I A A  P I P E R - 6 4 - 1 0 6  N 6 4 -  1 4  5 4 1  

INFLUENCE O F  GAS COMPOSIT ION,  PRESSUREI AN0 
TEMPERATURE ON S O L I O  PROPELLANT I G N I T I O N  
A I A A P APE R-64- 1 1 8  

I G N I T I O N  PROCESS OF S O L I O  PROPELLANTS I N  SMALL 
ROCKET ENGINES 
A I A A  PAPER-64-153  N64-14856 

N 6 4 - 1 4  5 4 8  

THEARO. L. P. 
THERMOOYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - V A P O R I Z A T I O N  OF BORON A N 0  E N T R O P I E S  OF 
GASEOUS METAL H A L I D E S  
U- 240 3/  2 ~ 6 4 - l a 7 4 2  

THERMOOYNAMIC P R O P E R T I E S  OF PROPELLANT COMBUSTION 
PRODUCTS - PERFORMANCE PARAMETERS FOR COMPUTER 
PROGRAM 
U - 2 2 8 9  N 6 4 -  32 125 

THOMPSON, G. 1. 
MOOEL OF H Y P E R G O L I C  I G N I T I O N  FOR S O L I O  
PROPELLANTS, B A S E 0  ON HETEROGENEOUS C H E M I C A L  
R E A C T I O N S  BETWEEN R E A C T I V E  O X I D I Z E R  A N 0  PROPELLANT 
SURFACE 
A I A A  PAPER 63-514 664-11 122 

THOMPSON. L. M. 
L I a u I o  PROPELLANT POSITIVE EXPULSION DEVICE USING 
WELOEO METAL BELLOWS FOR MANNED SPACECRAFT 
P R O P U L S I O N  
A I A A  PAPER 64-264 A 6 4 -  19873 

WELOEO METAL BELLOWS - R E L I A B L E  E X P U L S I O N  D E V I C E  

A I A A  P A P E R - 6 4 - 2 6 4  
FOR L I a u I o  PROPELLANTS 

N 6 4 - 2 3 6 1 1  

TOBEY. A. C. 
CONTROL METHODS OF H I G H  FREQUENCY COMBUSTION 

ROCKET E N G I N E S  
10-449764 N 6 4 - 3 2 6 4 7  

OSCILLATIONS IN HIGH THRUST L i a u I o  PROPELLANT 

SUMMERS. C. R. TOROA. T. P. 
I N I T I A T I O N  MECHANISMS OF D E T O N A T I O N  WAVES I N  ONE-DIMENSIONAL UNSTEADY AEROTHERMOCHEMICAL 
E X P L O S I V E S  AN0 PROPELLANTS N 6 4 - 1 8 4 9 5  ANALYSIS OF COMBUSTION INSTABILITY IN L I a u I o  

DETONATION I N  PROPELLANTS & E X P L O S I V E S  BY LOW 
AMPLITUOE SHOCKS 
A D - 4 0 6 4 3 8  N 6 4 - 3 0  144 

SUET. C. J. 
STORABLE PROPELLANT U T I L I Z A T I O N  EXTENDED TO 
I N C L U O E  ATMOSPHERE R E P L E N I S H M E N T S  THERMAL CONTROL 
AN0 YATER A N 0  POWER PRODUCTION 
A I A A  PAPER 64-213 A 6 4 - 1 8 8 7 7  

SYITHENBANKI J. 
VORTEX GENERATION I N  S O L I O  PROPELLANT ROCKET 
MOTORS DUE TO IRREGULAR COMBUSTION 
A I A A  PAPER 64-144 664-13015 

COMBUSTION INSTABILITY OF SOLID AND L I a u I D  
PROPELLANT ROCKET E N G I N E S  N 6 4 - 1 6 5 5 9  

T 
TAKENO. T. 

H I G H  FREQUENCY COMBUSTION O S C I L L A T I O N S  I N  GASEOUS 
PROPELLANT ROCKET E N G I N E  N 6 4 - 2 8 0 9 6  

TANNO. M. 
S T A B L E  BURNING OF COMPOSITE PROPELLANTS AT LOW 
PRESSURE, N O T I N G  EXPERIMENTS W I T H  AMMONIUM 
PERCHLORATE AN0 METAL A O O I T I V E S  

164-15011 

A 6 4 -  16 146 ROCKET E N G I N E S  

TOSCANE. J. 
C A L I B R A T I O N  OF SHOCK S E N S I T I V I T Y  TEST W I T H  
P E N T O L I T E  S O L I O  PROPELLANT 
N O L T R - 6 3 - 1 9  N 6 4 - 1 7 3 7 5  

TOSCANO. J .  
C A L I B R A T I O N  OF SHOCK S E N S I T I V I T Y  TEST W I T H  
P E N T O L I T E  S O L I O  PROPELLANT 
NOL TR-6 3-1 9 N 6 4 - 1 7 3 7 5  

TRAXLER. J. J. 
MATHEMATICAL MODEL FOR VORTEX FLOW B E H A V I O R  FROM 
PROPELLANT TANK 
NASA-CR-59255  N 6 4 -  33 2 8 7 

TRUBRIDGE. G. F. P. 
RESONANCE RODS AN0 USE OF ALUMINUM ARE E F F E C T I V E  
I N  SUPPRESSING UNSTABLE COMBUSTION I N  S O L I O  
PROPELLANT ROCKET E N G I N E S  A 6 4 - 1 2 7 3 6  

TSCHOEGL, N. W. 
V I S C O E L A S T I C I T Y  OF S O L I O  PROPELLANTS A N 0  
PROPELLANT B I N O E R S  - D Y N A M I C  SHEAR, S P E C I F I C  
VOLUME, A N 0  DEFORMATION & S T R A I N  RATES 
AD-434853 N 6 4 - 1 8 6 1 8  

OYNAMIC SHEAR AND COMPRESSIBLE P R O P E R T I E S  OF 
S O L I O  PROPELLANTS A N 0  PROPELLANT B I N O E R S  
REPT.-11 N64-27548 .~ 

TARPLEY. Y. e. 
GELLING OF L i a u i o  HYOROGEN T S U J I ,  H. 
NASA-CR-54055  N 6 4 - 3 3 0 7 6  H I G H  FREQUENCY COMBUSTION O S C I L L A T I O N S  I N  GASEOUS 

PROPELLANT ROCKET E N G I N E  ~ 6 4 - 2 8 0 9 6  
TARTER. J. H. 

STUDY OF I N T E G R A T I O N  OF CRYOGENIC OYNAMIC POWER TUFFLY. 8. L. 
SYSTEM W I T H  SPACE V E H I C L E  C O O L I N G  SYSTEM POLAROGRAPHIC MEMBRANE FOR D E T E C T I N G  PENTABORANE 
ARS PAPER 2517-62 664-16635 GAS - I N F R A R E D  DETECTOR - A N A L Y S I S  OF CRYOGENIC 

PROPELLANTS & PENTABORANE-HYDRAZINE F I R I N G  R E S I D U E  
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PERSONAL AUTHOR I N D E X  WRUBEL. J. A- 

R - 5 4 6 2  N 6 4 - 2 1 0 6 1  

TYLER. V. M. 
L I Q U I D  PROPELLANT O R I E N T A T I O N  I N  A ZERO G R A V I T Y  
ENVIRONMENTS U S I N G  INTERMOLECULAR FORCES 
S A €  PAPER 8620 A 6 4 - 2 0 2 9 8  

U 
U L I U I .  E. 

PROPELLANT U T I L I Z A T I O N  AND GAUGING SYSTEM /PUG/ 
FOR A P C L L D  SPACECRAFT 
SAE PAPER w o o  A 6 4 - 2 0 7 5 4  

V 
V A N  VALKENIWRCI H. E. 

F E A S I B I L I T Y  O F  U S I N G  U L T R A S O N I C  T E C H N I Q U E S  T O  
MEASURE M E C H A N I C A L  P R O P E R T I E S  OF CAST POLYURETHANE 
ASD-TOR-62-886  N 6 4 - 1 7 1 1 6  

V L I E T .  6- C- 
TEMPERATURE STRATIFICATION IN LIauIos CONTAINED IN 
HEATED V E S S E L S  - S T R A T I F I E D  LAYER FLOW MOOEL 

N 6 4 - 3 2 8 8 2  

VORDPAY. P -  1- 
L I Q U I D  PROPELLANT ROCKET E N G I N E S  - OPERATION. 
CODLING. PROPELLANT F E E D I N G  C COMBUSTION. AND 
L I Q U I D  PROPELLANTS 
F T D - T T - 6 3 - 1 0 6 3 / 1 C Z C 4  N 6 4 - 2 1 9 3 9  

W 
WAESCHE. R- H- Y. 

ENTROPY WAVES AND V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I D  PROPELLANTS S T U D I E D  BY H I G H  
SPEED CINEMATOGRAPHY A N 0  SPECTRAL RADIOMETRY*  
U S I N G  A 1 - T U B E  ROCKET COMBUSTOR 
A I A A  PAPER 64-154 164-13348 

WATERMEIER. L. A- 
A C O U S T I C  E R O S I V I T Y  E F F E C T S  ON S O L I D  PROPELLANT 
B U R N I N S  RATES. MEASURING E R O S I V I T Y  AS FUNCTIOW OF 
FREQUENCY AND A M P L I T U D E  
A I A A  PAPER 64-142 A 6 4 - 1 3 0 7 2  

Y A T M N *  1. Y. 
D E T O N A T I O N  I N  PROPELLANTS C E X P L O S I V E S  BY LOW 
A M P L I T U D E  SHOCKS 
A D - 4 0 6 4 3 8  N 6 4 - 3 0 1 4 4  

WEBB. L. 0. 
F A I L U R E  C R I T E R I A  FOR T R I A X I A L  T E N S I L E  STRESS UPON 
A GRAIN-L INER-CASE BOUNDARY WHEN A CASE-BONDED 
S O L I D  PROPELLANT G R A I N  I S  COOLED 
A I A A  PAPER 64-152 A 6 4 - 1 2 9 9 9  

WEIHER. J. 
PHYSICAL AND THERMODYNAMIC PROPERTIES OF ROCKET 
EXHAUST PRODUCTS 
PR-7414-11 N M - 3 0 1 4 0  

YEISS.  He 
CONTROL O F  B E R Y L L I U M  D U R I N G  PRODUCTION AND 
T E S T I N G  O F  H I G H  ENERGY PROPELLANTS C O N T A I N I N G  
B E R Y L L I U M  - I N D U S T R I A L  SAFETY 
RPL-TDR-64-1Os VDL. 2 N 6 4 - 1 8 0 1 3  

YEL IUN.  3. M. 
H I G H  STRENGTH AND H I G H  TOUGHNESS T I T A N I U M  B A S E  

511-44674 N 6 4 - 1 8 7 0 9  
ALLOY FOR L Iau io  HYDROGEN PROPELLANT TANK 

YEWKRAD. J. 
E F F E C T S  C F  PRESSURE AND OXYGEN ON V A R I O U S  I G N I T I O N  
PROCESSES OF S O L I D  PROPELLANTS S T U D I E D  
EXPERIMENTALLY.  U S I N G  A SMALL ROCKET MOTOR 
A I A A  PAPER 64-153 164-12998 

I G N I T I O N  T R A N S I E N T  I N  S O L I D  PROPELLANT ROCKET 
MCTORS. W I T H  D I M E N S I O N A L  A N A L Y S I S  OF FLAME- 
S P R E A D I N G - I N T E R V A L  MOOEL 
A I A A  PAPER 64-126 164- 13 C 10 

M I C R O S C O P I C  TEMPERATURE P R O F I L E S  THROUGH 
PROPAGATING S O L I D  PROPELLANT FLAMES I N  COMPOSITE 
AND DOUBLE BASE PROPELLANTS. MEASURED BY U S I N G  
F I N E  THERMOCOUPLES 

A I A A  PAPER 64-106 A 6 4 - 1 3 0 5 0  

ENTROPY WAVES A N 0  V A R I A T I O N S  I N  COMBUSTION 
I N S T A B I L I T Y  OF S O L I D  PROPELLANTS S T U O I E O  BY H I G H  
SPEED CINEMATOGRAPHY AND SPECTRAL RAOIOMETRY. 
USING A T-TUBE ROCKET COMBUSTOR 
A I A A  PAPER 64-154 A64-  13348 

TEMPERATURE P R O F I L E S  I N  PREHEAT ZONE C GASEOUS 
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