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FOREWORD

The study summarized in this presentation was conducted by Lockheed Missiles &
Space Company (LMSC) for the Air Force Rocket Propulsion Laboratory, Edwards,
California, under contract F04611-69-C-0041. The study was under the technical di-
rection of Mr. David T. Clift, Propulsion Subsystems Branch, Liquid Rocket Division,
and Lt. George T. Reed, Analysis and Applications Branch, Liquid Rocket Division.
The study technical effort has been conducted between the period from December 1968
to July 1969.

The study report is published in the following four volumes:

Volume I — Management Study Summary
Volume I — Technical Study Report

Volume III — Supplemental Data (Appendixes)
Volume 1V — Special Supplemental Data

NOTE: Because of its size, Volume 1I is bound in two separate books: Part A contains
Sections 1 through 5; Part B containg Sections 6 through 9. Both Part A and
Part B contain a full table of contents, for the convenience of the reader.

Classified information has been extracted from those documents marked with an aster-
isk in Section 9, Volume II, Part B (References).
Major contributors of the study were as follows:

L. L. Morgan - Study Manager

R. L. Gorman - Component Engineering

H. L. Jensen — Subsystem Engineering

R. F. Hausman -- Accessibility and Subsystem Tradeoff Stndies

H. K. Burbridge — Reliability Studies

C. V. Hopkins — Advanced T=chnology Programs

K. Urbach — Subsystems Checkout
R. M. Bonesteel — Fracture Studies
R. E. Lewis . — Fracture Studies
Y. Yoshikawa  — Thermodynamics

This technical report has been reviewed and approved.

David T. Clift
AFRPL Project Engineer
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Appendix A
TECHNOLOGY SUMMARY (U)

(U) The purpose of this appendix is to provide background data to help assess the status
of current technology in disciplines critical to reusable propulsion systems, that is,

' S disciplines for which new exploratory development has been recommended in Task 7 of
this study. The approach used in establishing this background of current technology
was (0 identify and list the major exploratory development programs completed or in
progress in each of the subject areas. Sources of data used include bibliographies
supplied by the Defense Documentation Center and NASA, as well as tabulations com-
piled by Lockheed and Government agencies.

: S (U) The programs are summarized in tabular form in sections 1 through 9 of the

f L appendix. The list is selective; it presents only the key exploratory programs in the
. disciplines of interest and closely-related technologies. No programs conducted prior
to 1960 are listed,
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INTEGRATED PROPULSION SYSTE;
(CONFIDENTIAL)

Program

Contractor

Government Cognizance

Contract No.

A.

Low Thrust Operating
Modes (U)

Advanced Maneuvering Pro-
pulsion System (Propellant
Feed System Task)

Maneuvering Satellite Pro-
pulsion System Optimization

Analysis of an Mutimum
Thrust-Modulated Propulsion
System for use in a Space
Maneuvering Vehicle

Residual Fluid Behavior (U)

Evaluation and Application of
Data from Low Gravity
Qrbital Experiment

Orbitai Refueling and
Checkout Study

Lockheed Missiles & Space
Co. and General Dynamies/
Convair (subcontract from
North American Rockwell,
Rocketdyne Div.)

North American Rockwell
Corp., Rocketdyne Div.

Bell Aerosystems Co,

Genersl Dynamics/Convair

Lockheed Missiles &
Space Co.

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

NASA Marshall Space
Flight Ceater

NASA Kennedy Space
Center

F04611-67-C-0016

AF 04(611)-10745 |

AF 04(611)-8183

NAS8-21291

NAS10-4606
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Contrnct No.

Duration

Funding

Scope of Work

. F04611-67-C-0016

|

AF 04(611)-10745

AF 04(611)-8183

NAS8-21291

NAS10-4506

Dec 1967~
1969

Mar 1965-
Sep 1965

Dec 1965

1969-

Mar 1967-

Feb 1968

$400, 000

$239, 500

(C) Perform a detailed preliminary design study of an
LF,/LH, space maneuvering propulsion module based
on the 30, 009 lb thrust aerospike ADP engine concept.
Define the integrated propellant feed system (tankage,
insulation, supports, pressurization, venting, etc.).
Assess the impact of low-thrust modes, rapid start
and long-term launch readiness on the overall propul-
sion system. '

(C) Conduct the conceptual design cf an advanced LFy/
LH, propulsion system comprising a concentric
aerospike/bell engine and a complete propellant feed
system. Incorporate in the design a thrust variation of
30,000 to 370 lb (81.1) along with rapid start and
maneuver capability.

(C) Select the best propellant combination for a pro-
pulsive spacecraft to perform a military space inspec-
tion mission in which thrust-to-weight ratio varies
from 0.1 to 1.5. Formulate spacecrafl point designs
using six different propellant combinations, four gross
weights and three engine combinations; assume a space
propellant-storage time of two weeks.

Analyze problems associated with propellant transfer
in space. Generate reference tanker and receiver-
vehicle designs and evaluate impact of these vehicles
on KSC operations and facilities. Design ground and
flight experiments to resolve developmental problem
areas inorbital propellant transfer.

A-3
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Section 1 (Cont.)

-Prog"ram

Contractor

Government Cognizance

Contract No,

Earth Orbital Experiments
for Low-Gravity Fluid

Dynamics (Project THERMO)

Response of Liquid-Fueled
Space Vehicles to Low G

Residual Cryogenic
Propellant Behavior in
Orbital Vehicles

Cryogenic Liquid E xperi-
ments in Orbit

Terminal Draining for
Liquid Oxygen and Liquid
Hydrogen Propellants

Geysering of Cryogenics

Leakage (U)
Improved Cryogenic
Systems Valves

McDonnell Douglas
Astronautics Co.

General Dynamics/Convair

General Dynamics/Convair

Martin Marietta Corp.,
Denver Div,

Martin Marietta Corp.,
Denver Div.

Martin Marietta Corp.,
Denver Div.

National Bureau of
Standards

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

NASA Marshall Space

Flight Center

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

NASA Kennedy Space
Center

NAS8-18053 and
NAS8-21129

NAS8-20356

NAS8-20165

NAS8-11328

NAS8-5417

NAS8-5418

CC51021
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Contract No.

Duration

Funding

Scope of Work

8-18053 and
8-21129

JAS8-20356

JAse-20165

EASS-11328

NASS-5417

NASS-5418

0051021

Aug 1966-

1966-
Jun 1965-

Nov 1967

Sep 1964-

Aug 1964

Jun 1963-
Mar 1965

1966-
1967

$536, 790

$ 28,600

$140, 220

$179, 700

$114, 900

Define and perform preliminary design analysis of six
low-g fluid mechanics experiments to be performed in
the Apollo applications program, including propellant
mass determination, liquid interface stability, boiling
heat transfer, cryogenic propellant transfer, cryogenic
propellant storage, and condensing heat transfer.
Analyze carrier vehicle integration requirements.

Observe and report the fluid dynamics of space vehicle
propellants in low-g fields.

Develop analytical methods for predicting the fluid
mechanics of residual cryogenic propellants in orbiting
space vehicles. Predict venting thrust of these
residuals.

Conduct a program of analysis and design to define
orbital experiments for cryogenic fluids, including

(1) a liquid settling and interface dynamics experiment
(2) a nuclear boiling experiment, (3) a liquid venting
experiment, and (4) an experiment on the general
behavior of bubbles in low-g fields. Conduct limited
drop tower testing to support the design and analysis.

Determine the amount and behavior of cryogenic pro-
pellant residuals in typical space vehicles, and deter-
mine techniques to reduce residuals through the
addition of sump bottoms and vortex inhibitors. Ana-
lyze fluid behavior during terminal draining, including
the effects of vortexing, dropout (pullthrough), cavita-
tion and slosh. Fabricate scaled plexiglass tanks to
simulate the tank bottom geometry of the S-IVB LHg
tank and a typical cryogenic torus tank. Conduct drain-
ing tests using water as the test fluid.

Perform analyticél and experimental studies to obtain
data on the mechanics of geysering phenomena in
cryogenic propellant feedlines.

Compile and analyze a history of deficiencies (e. g.
leakage) encountered with cryogenic valves in space
vehicle ground and airborne systems, Perform design
analyses, prepare new specifications and test plans,
and evaluate supplier capabilities tc provide improved
valves,
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Section 1 (Cont.)

Program Contractor Government Cognizance Contract No,
Leakage Testing Handbook General Electric Co. NASA NAS7-396
Project
Study of Propellant Valve Atlantic Research Corp. NASA Manned NAS9-4494

Leakage in a Vacuum

Space Effects on Propulsion
Components

Analytical Techniques for
the Design of Seals for use
in Rocket Propulsion
Systems

Zero-Leakage Connectors
for *sunch Vehieles

Contamination (U)

Development of Design
Criteria for Valve Closures
Operating in Rocket Pro-
pulsion System Contamina-
tion Environments

Research on New Techniques
for Analysis of Contaminants
in Liquid Propellants

Prototype Propellant Test-
ing System

Aerospace Corp.
Illinois Institute of

Technology

General Electric Co.,
Missile & Space Div.

North American Rockwell
Corp., Rocketdyne Div.

Aerojet General Corp.

Aerojet General Corp.

Spacecraft Center

USAF Systems
Command, Space and
Migsile Systems
Organization

USAF Rocket Propul-
sion Laboratory

NASA Marshall Space
Flight Center

USAF Rocket Propul-
sion Laboratory

USAF Aero Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

AF 04(695)-469
AF 04(611)-8020

NAS8-4012

F04611-67-C0085

AF 33(657)-7976

AF 04(611)-8196
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Contraot No.

Duration

Funding

Scope of Work

AS7-396

AS9-4494

F 04(695)-469
F 04(611)-8020

AS8-4012

04611-67-C0085

F 33(657)~7976

F 04(611)-8196

1967

Jun 1966
Apr 1968

Ooct 1964

Feb 1962~
Nov 1963

Mar 1962-

Apr 1967-

Mar 1962
Mar 1964

1963

$842, 660

+

"I $250, 000

Conduct a survey of potential space environmental
effects on propulsion system compouents (including
leakage, freezing, etc.) and determine the experimen-
tal effort needed to confirm these effects.

Develop analytical design techniques for static, sliding,
and rotating shaft seals as applied to rocket propulsion
aystems.

Conduct an analytical and experimental program to
determine design criteria applicable to fluld connectors
for launch-~vehicle and space vehicle service. Study
the fundamentals of connector design to obtain essen-
tially zero leakage.

Conduct a survey of contamination in rocket propulsion
fluid systems (propellant, pneumatic and hydraulic
systems), using the techniques of literature search and
industry survey. Identify the types and sources of
contamination found in existing rocket fluid systems.
Conduct an analytical and experimental program to
define design criteria needed for metal-to-metal pop-
pets and seats to attain reliable service in expendable
rocket systems when subjected to the existing contami-
nation environment. Demonstrate the adequacy of
these criteria in a test program.,

Improve the state of the art in propellant-contamination
surveillance. Characterize detectable contaminants in
12 storable propellants and develop coherent gas chro-
matograph methods for their detection. Design and
fabricate an automatic gas chromatograph for launch
site use.

Design and construct a contaminant-introduction system
to be used in liquid rocket propellant testing.

A-T7
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CRYOGENIC PRESSURIZATIO

Program

Contractor

Government Cognizance

Contract No.

Investigation of Main Tank
Injection Pressurization System

Main Tank Injection Pressuriga-
tion System

Liquid Surface Profile in a
Cryogenic Tank During Gas
Injection

Advan~~d Pressurization System
for Cryogenic Propellants

Investig . 1 of Main Tank
Injection . : 3ssurization for High
Energy Pr :llants

Liquid Hydrogen Pressurization
Tests

Thermodynamic Data for Tanks
and Pressurization Systems

MocoDonnell Douglas
Astronautics Co.

McDonnell Douglas
Astronautics Co.

Mississippi State
University

Martin Marietta Corp.,
Denver Div.

Martin Marietta Corp.,

Beech Aircraft Corp.,
Boulder Div.

Lockheed Georgia Co.

NASA Lewis
Research Center

NASA Lewis
Research Center

NASA Marshall Space
Flight Center

NASA Lewis
Research Center

USAF Rocket Propul-
sion Laboratory

NASA Marshall Space
Flight Center

USAF Rocket Propul-
sion Laboratory

NAS3-13306

NAS3-7963

NAS8-11334

NAS3-2574

AF 04(611)-9952

NAS8-5331

AF 04(611)-10750
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Contract No. Duration

Funding

Scope of Work

NAS3-13308 Jun 1969-

NAS3-7963 Jun 1966-
Jan 1968

NAS8-11334 Jun 1964-
1966

NAS3-2574 Nov 1963-
Jun 1965

AF 04(611)-9952 -
1965

NAS8-5331 May 1963-
1966

AF 04(611)-10750 1962-

$269. 600

$197, 950

$117, 400

$851, 700

$108, 700

Investigate the performance of main-tank-injection
pressurization in large LHy tanks (200 cu ft or greater)
Develop an analytical procedure for predicting the per-
formance of this system over the entire range of LH,-
fueled vehicles.

Analytically and experimentally determine the feasi-
bility, limitations, and operating characteristics of a
propellant-tank pressurization system that utilizes
injection of fluorine into a liquid hydrogen tank to
generate pressurizing gas by vaporizing hydregen,
Conduct lab-scale tests to investigate reaction-product
freezing and hypergolicity. Perform tests with a sub-
scale LHy tank to investigate injection concepts and
hardware (e.g., ]5‘2 pressure regulator).

Perform a research study to determine the effects of
pressurant gas injection on the liquid surface profile
in a cryogenic tank.

Analyze, design. develop. fabricate, and test propel-
lant tank pressurization systems applicable to a
manned spacecraft using liquid oxygen ‘liquid hydrogen
propellants. Consider both stored-helium-gas and
advanced pressurization techniques, and both pressure
fed and pump-fed propulsion-system requirements.
Test active heat sources such as gas generators and
main tank injection.

Conduct an analytical and experimental program to
evaluate the use of main tank injection pressurizaticn
for ClF5, CIF3, N204. MHF-5, and N2H4 propellants.
Conduct liguid hydrogen pressurization test program
using scale-model tankage to determine reliable heat-
transfer and stratification data, pressurization re-
quirements, and insulation requirements.

Perform aralytical program to provide thermodynamic
data for the design of ligquid-hydrogen-propellant vehi-
cle tankage and pressurization systems. Derive a
generalized computer program that describes pres-
surizatic: requirements for a wide range of cryogenic-
propellant vehicle systems.

A-9
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Section 2 (Cont.)

Program Contractor Government Cognizance Contract No.
Main Propwellant Tank Lockheed Georgia Co. USAF Rocket Propul- | AT 04(611)-6087
Pressurization System Study and sion Laboratory
Test Program
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A,
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E Contract No. Duration Funding Scope of Work
AF 04(611)-6087 Jul 1960- Conduct a program of analysis and testing to study the
Dec 1961 pressurization of cryogenic and storable propellant

tanks on launch vehicles and spacecraft, using the
evaporated-propellant and main-tank-injection tech-
niques. Conduct small-scale tests of main tank injec-
tion using storable propellants. Conduct small- and
large-scale tests (up to 500-gal liquid hydrogen tank)
of evaporated-propellant pressurization systems em-
ploylng heat exchangers.

.
A B B i
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CRYOGENIC REACTION CONTROL §

Program

Contractor

Government Cognizance

Contract No,

Attitude Control System

Attitude Control Engine

System

Chamber Assemblies for
Fluorinated Propellants

Chamber Assemblies for

Fluorinated Propellants

System

Control System

Fluorine Oxidizers

Demonstration of Advanced

Fluorine/Hydrogen Gaseous

Pyrolytic Graphite Reaction
Control Engines for use with

Investigation of Thrusters for
Cryogenic Reaction Control

Development and Demonstration
of Passively Cooled Thrust

Development and Demonstration
of Passively Cooled Thrust

Development and Demonstration
of an Advanced Attitude Control

‘ Radiosotope-Heated Reaction

Bell Aerosystems Co.

TRW Systems Group

TRW Systems Group

Aerojet General Corp.

Marquardt Corp.
.

Bell Aerosystems Co,

TRW Systems Group

Curtiss- Wright Corp.,

Wright Aeronautical Div.

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

NASA Lewis
Research Center

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-

sion Laboratory

NASA Manned
Spacecraft Center

F04611-69-C0049

NAS3-11227

F04611-68-C0072

AF 04(611)-11536
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CTICN CONTROL SYSTEMS (U) i

Contract No, Duration Funding Scope of Work
1969~
i’o4611-69-00049 Jan 1969- $357, 000 Develop and demonstrate 25-1b-thrust attitude control

system thruster using gaseous hydrogen and fluorine
propellants. Conduct analyses, and perform injector
and thrust-chamber evaluation tests. Design and
fabricate a flight-type thruster, and conduct test
firings at simulated altitude conditions, in selected
‘ duty oycles.
i
{AS3-11227 1968- $362, 200 Conduct an analytical and experimental program to

‘ o determine the ignition and performance characteristics
of gaseous hydrogen/oxygen reaction-control-system
thrusters. Conduct laboratory tests of catalyst activity.
Fabricate and test fire igniters and combined thruster/
igniters at 10 psia and 100 psia in an altitude chamber.

1967- $141, 000
1967~ $ 32,920
'04611-68-C0072 1968- $671, 875 Design an optimized integrated-attitude- control system
using fluorine/hydrogen propellants extracted from the ]
main propellant tanks, Conduct component evaluations ]
Fabricate a propellant feed system (pumps, heat ex- {
changers, lines) and conduct a system verificationtest
F 04(611)-11536 Mar 1966- $360, 800 Perform an analytical and experimental investigation of
using radioisotope-heated hydrogen for spacecraft
attitude control,
1966- $305, 000 Develop a 100 1b thrust reaction control engine for

fluorine oxidizer systems using pyrolytic-graphite
heat sink nozzles.
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Section 3 (Cont.)

Program

Contractor

Government Cognizance

Contract No.

Evaluation and Demonstration
of the use of Cryogenic Propel-
lants for Reaction Control
Systems

Feasibility Demonstration of
Advanced Attitude Control
Systems

Design, Fabrication, and Test
of Pyrolytic-Graphite- Wedge
Heat-Sink Nozzles

Experimental Evaluation of
Gaseous Hydrogen as a
Monopropellant

Catalytically Ignited Oxygen/
Hydrogen Attitude Control
Systems

Catalytic Ignition of Hydrogen
and Oxygen .

North American Rockwell
Corp., Rocketdyne Div.

Bell Aerosystems Co.

g

Curtiss-Wright Corp.
Wright Aeronautical Div.

Lockueed Missiles &
Space Co.

North American Rockwell
Corp. Rocketdyne Div,

North American Rockwell
Corp., Rocketdyne Div.

NASA Lewis Research
Center

USAF Rocket Propul-
sion Laboratory

USAF Rocket Propul-
sion Laboratory

NASA Marshall Space
Flight Center

NASA Lewis Research
Center

NASA Lewis Research
Center

NAS3-7941

AF 04(611)-10818

AF 04(611)-9365 3

NAS8-9500
(Subtask 1. 5)

NAS3-4185

NAS3-2565

LA VIR NS S
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Section 3 (Cont.)
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Vol 111

Contract No. Duration Funding Scope of Work

NAS3-7941 Jun 1965- $478, 080 Perform an analytical and experimental program to
define reaction control systems using hydrogen and
oxygen propellants extracted from the main tanks of
cryogenic space vehicles. Formulate preliminary de-
signs of systems operating at 100 psia and 10 psia.

AF 04(611)-10818 1966~ Analyze the feasibility of an advanced attitude control
system using gaseous hydrogen and fluorine propel-
lants extracted from the main tank of a space propul-
sion vehicle. Fabricate a test apparatus and conduct
preliminary feasibility demonstration tests.

| AF 04(6.1)-9365 -
Feb 1966
NAS8-9500 May 1964 $ 44,230 Conduct an experimental evalvation to provide informa-
(Subtask 1. 5) Sep 1964 tion on the propulsive performance of cryogenic gaseous
. parahy~ogen when expanded through conical thrust
nozzles.

NAS3-4185 Jun 1964- $127,994

NAS3-2565 ‘Jun 1963- $ 64,000
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Section 4

1
CRYOGENIC TANK THERMAL PROTECT!

Contractor

Program Government Cognizance Contract No.
Supersonic ana Hypersonic
Vehicles (U)
Insulation System for Liquid Martin Marietta Corp., NASA Lewis NAS3-12425

Methane Fuel Tanks for
Supersonic Cruise
Aircraft

Thermal Protection System
for Liquid Hydrogen Fuel
Tanks in High-Speed, Long
Range Aircraft

Hydrogen Tankage Applica-
tion to Manned Aerospace
Systems

Research on Hydrogen
Fueled Hypersonic
Vehicles

Space Vehicles (U)

Space Storable Propellant
Module Environmental
Control Technology

Application of High
Performance Insulation to
Large Conical Support
Structures

Denver Div.

Rand Corp.

General Dynamics/
Convair

General Dynamics/
Convair

TRW Systems Group

Goodyear Aerospace

Corp.

Research Center

USAF

USAF Systems
Command, Research
and Technology Div.

NASA Langley
Research Center

NASA Pasadena
Office

NASA Marshall Space
Flight Center

AT 49(638)-66-
€0001

AF 33(615)-2048

NAS1-4017

NAST-750

NAS8-24884

o AT




Section 4

RMAL PROTECTION SYSTEMS (U)

AFRPL TR-69-210
Vol Il

i Contract No. -

Duration

Funding

Scope of Work

NAS3-12425

bF 49(638)-66-~
0001

AF 33(615)-2048

NAS1-4017

NAS7-750

NAS8-24884

Apr 1969
Feb 1971

Oct 1965

Sep 1964-
1967

May 1964-
Dec 1964

Sep 1969~

Jun 1969-
Jan 1970

$251, 000

$473, 500

$176, 000

$ 94,940

$ 48,530

Design a lightweight insulation system for a temperature
range capability of -285° to 7009F for use in liquid
methane tanks of supersonic aircraft. Conduct labora-
tory tests of insulation materials and composites. Fab-
ricate a large scale test rig and conduct flight environ-
mental simulation testing to verify system performance.

Conduct an analysis of minimum-weight liquid hydrogen
tankage for manned hypersonic aerospace vehicles.
Design and fabricate a test specimen with segmented-
tank construction (two 8-ft-diameter Inconel 718 cylin-
ders cut off and joined along their 20-ft length). Insu-
late the tank with helium-purged quartz fiber batting.
Test the insulated tank in an environmental chamber
simulating Mach 6 flight and 100, 000 ft.

Develop a hypersonic-vehicle cryogenic tankage test
specimen. Design and fabricate a conical 2219 alumi-
num liquid hydrogen tank. a conical outer shell of

Rene 41, and an Inconel 718 bellows-type tank support.
Insulate the tank using a carbon-dioxide-purged quartz
batting as the insulation. Deliver the test apparatus to
Langley Research Center for simulated hypersonic-
flight testing.

Analyze, design and prepare a test plan for a thermal
control system to regulate the temperature of oxygen
difluoride/diborane propellants for a planetary orbiter
spacecraft. Consider the thermal environments of
ground hold, ascent, interplanetary cruise, and plane-
tary orbit,

Desgign and develop manufacturing techniques that will
permit installation of a high-performance insulation on
an MSFC-furnished 195 in. diameter cryogenic test
tank.
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Section 4 (Cont.)

Program

Contractor

Government Cognizance

Contract No.

Fiberglass Supports for
Cryogenic Tanks

Lightweight Modular
Multilayer Insulation

Analytical and Experi-
mental Investigation into
Problems Associated with
Application of High Per-
formance Insulation Sys-
tem Required for Modular
Nuclear Vehicle

Thermal Performance of
Multilayer Insulation

Propulsion System Thermal
Design Study

Investigations Regarding
Development of a High
Performance Insulation
System

Lockheed Missiles &
Space Co.

Line Div.,
Union Carbide Corp.

McDonnell Douglas
Astronautics Co.

Lockheed Missiles &
Space Co.

TRW Systems Group

Lockheed Missiles &
Space Co.

NASA Lewis
Research Center

NASA Lewis
Research Center

NASA Marshall
Space Flight Center

NASA Lewis
Research Center

NASA Pasadena Office

NASA Marshall
Space Flight Center

NAS3-12037

NAS3 12045

NAS8-21400

NAS3-12025

NAS7-711

NAS8-20758
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AFRPL TR-69-210
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Contract No.

Duration

Funding

Scope of Work

TAsa 12045

| AS8-21400

JAS3-12025

RAS7-711

NAS8-20758

May 1969~
Sep 1970

May 1969~

Jan 1969~
Oct 1970

Jun 1968
Oct 1970

1968

Jun 1967
Jul 1968

2 et 3

$ 99,950

$ 93,600

$284, 990

$151, 000

$ 73,120

$226,300

Evaluate the structural potential of a filament-wound
fiberglass strut for supporting cryogenic tankage on
advanced space vehicles. Design a strut with the
objective of providing a low-heat-leak support with a
strength-to-weight ratio exceeding any metallic strut.
Fabricate test articles and conduct compression,
tension, and vibration tests at ambient and cryogenic
temperatures.

Design an insulation system for application to a full-
size modular nuclear vehicle. Evaluate multilayer
insulation density variations. Perform design verifi-
cation testing. Design and fabricate and install a
sealed insulation system on an MSFC 105 in. diameter
LH2 tank. Deliver the tank to MSFC for space environ-
mental testing. Assist in test operations and data
reduction,

Conduct an analytical and experimental study to accu-
rately determine the heat flow through multilayer
insulation systems. Perform laboratory testing with a
flat-plate calorimeter and emittance measurement
equipment. Install one insulation system on a 4-ft-
diameter Governmert-furnished tank calorimeter for
thermal-vacuum tests of insulation in the as-installed
condition.

Formulate. analyze and evaluate alternative approaches
to the environmental control of space storable propel-
lants (particularly OFy/Bg Hg) on planetary ovbiter
spacecraft. Design representative systems including
encapsulated-propulsion-module concepts. Perform
tradeoff analyses to identify the most favorable
concepts.

Perform analytical and experimental program to define

optimum multilayer-insulation and tank-support sys-
tems for a modular nuclear vehicle.
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Program Contractor Government Cognizant Contract No.
Cryogenic Tank Support Lockheed Missiles & NASA Lewls NASS- 7979
Evaluation Space Co. Research Center "
Advanced Studies on Arthur D, Little Inc. NASA Lewis NAS3-7974

Multilayer Insulation

Tank Mounted Insulation
Program

Nonmetallic Pai s for
Launch-Vehicle and
Spacecraft Structures

Lightweight Multilayer
Insulation System

Cryogenic Insulation
Development

Study of High-
Performance Insulation
Thermal Design
Criteria

McDonnell Douglas
Astronautics Co.

Boeing Co.,
Aerospace Group

Linde Div.,
Union Carbide Corp.

General Dynamics/
Convair

Lockheed Missiles & S
Space Co.

Research Center

USAF Rocket
Propulsion Laboratory

NASA Marshall Space
Flight Center

NASA Lewis
Research Center

NASA Marshall Space
Flight Centes

NASA Marshall Space
Flight Center

F04611-67-C0015

NAS8-18037

NAS3-7953

NAS8-18021

NAS8-20353
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AFRPL TR-69-210
Vol INI

Contract No.

Duration

Funding

Scope of Work

FAS3-7979

AS3-7974
|

|
P

}04611-67-C0015

TAS8-18037

[AS3-7953

[AS8-18021

‘AS58-20353

Apr 1967~
Jun 1969

Jan 1967~
Jan 1968

Oct 1966-
Apr 1967

Jun 1966-
Mar 1968

Jun 1966-
Feb 1968

Jun 1966-
1968

Mar 1966-
Jun 1967

$ 96,340

$ 64,735

$ 61,000

$116, 510

$119, 400

$136,100

Design, fabricate, and test advanced cryogenic tank
support systems with very low heat-leakage rates
suitable for long-term space missions.

Predict and measure the heat flow in a multilayer insu-
lation system having a pipe-type penetration. Use a
4-ft-diameter calorimeter tank, insulated with multi-
layer blankets, as the test article; conduct tests in
space environment simulator facilities using LNy as the
teat fluid. Test the thermal performance of 8 multi-
layer insulation after one-year storage, using the 4-ft
calorimeter with LN2 and LH2 cryogens.

Furnish a test device, comprising an 8-ft-diameter GFE
stainless steel tank and a shroud, to be used in an ex-
perimental comparison of shroud-mounted vs. tank-
mounted multilayer insulation. Analyze and predict
performance levels. Formulate a test plan and deliver
the apparatus to AFRPL for space simulation tests with
LH,.

2
Conduct a program of analysis, fabrication, and testing
to determine the applicability of fiberglass reinforced
plastics in spacecraft and launch vehicle structura! com-
ponents, with particular emphasis on cryogenic tank
support structures.

Continue work initiated under Contract NAS3-6289 by
continuing tests on a 30-in. -diameter calorimeter.
Formulate a preliminary design of the insulation system
for an B2, 6-in, LH2 tank.

Conduct environmental tests on an LHg tank insulated
with an MSFC-developed multilayer insulation. Subject
the test tank to combinations of vibration, acceleration,
and vacuum environments. Conduct experimental eval-
uations of the Convair-developed superfloc multilayer
insulation concept.

Correlate thermal protection system test data and insu-
lation penetration test data with computer models. Per-
form tests to determine insulation off-gassing
characteristics and diffusion coefficients. Produce
insulation handbooks.

A-21
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Section 4 (Cont.)

Program

Contractor

Government Cognizance

Contract No.

Partitioned Centaur Tank

System Effects on
Cryogenic Propellant
Storability and Vehicle
Performance

Lightweight Self-
Evacuating Prefabricated
Multilayer Insulation
Systera for Cryogenic
Space Propulsion

Stages

Thermal Protection
System for a Cryogenic
Spacecraft Propulsion
Module

Cryogenic Insulation
Research

Design of High-
Performance Insulation
Systems

General Dynamics/
Convair

McDonnell Douglas
Astronautics Co.

-Linde Div.,

Union Carbide Corp.

Lockheed Missiles &
Space Co.

Martin Marietta Corp.,
Baltimore Div.,

Lockheed Missiles &
Space Co.

USAF Rocket
Propulsion Laboratory

USAF Rocket
Propulsion Laboratory

NASA Lewis
Research Center

"NASA Lewis
Research Center

NASA Marshall Space
Flight Center

NASA Mérshall Space
Flight Center

AF 04(611)-10750

NAS3-6289

NAS3-4199

NAS8-11397

NASS8-11347

F04611-67-C-—00004r ?
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Contract No.

Duration

Funding

Scope of Work

4611-67-C-COOOA

F 04(611)-10750

PSS-GZSS

AS3-4199

AS8-11397

AS8-11347

1966-
1967

Mar 1965-

Jun 1965-
Jul 1966

Jun 1964-
Dec 1965

Jun 1964-
Aug 1965

Jun 1964~
Aug 1965

$149, 000

$516, 000

$123, 807

$577, 500

$2717, 200

$110,000

‘| to AFRPL a test apparatus incorporating the selected

Design, fabricate and deliver to AFRPL a cryogenic
space vehicle propellant-storage test specimen for
testing in a space flight environment simulator. Fabri-
cate test specimen from excess Centaur components by
partitioning off separate LHoy and LOX tanks. and by
applying multilayer insulation and other thermal protec-
tion systems to the exposed surfaces. :

Conduct a comprehensive analytical and experimental
program to determine the insulation, taunk-support,
pressurization, venting, propellant management, feed
systam, and thermal control surface characteristics
for an LFy/LH, space vehicle. Fabricate and deliver

systems for testing in the AFRPL space flight simu-
lator. Assist in conducting the space-simulation testing

Develop a space vehicle insulation system based on the
use of prefabricated panels of encapsulated multilayer
insulation (the panels are filled with condensible gas and
sealed; the gas condenses, evacuating the panei, when
hydrogen is tanked). Fabricate test specimens and per-
form lab scale tests. Conduct thermal performance
tests on a double guarded calorimeter tank at NASA
Plum Brook Station,

Design and develop insulation and low-heat-leak tank
support systems suitable for 8-day lunar missions.
Fabricate half-scale vehicle mockup (built around
82.6-1in. spherical tank) using candidate thermsz!-
protection systems. Test in simulated flight
environments.

Design, fabricate, and test experimental samples of
multilayer insulation for cryogenic space vehicles.
Apply two best systems to MSFC 105-in. -diameter
LH2 tank for further testing.

Develop digital computer models to uescribe heat flow
in high-performance insulation systems. Derive insu-
lation optimization techniques and produce insulation
handbook,

A-23
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Section 4 (Cont.)

Program Contractor Governinent Cognizance Contract No.
Development of Materials Goodyear Aerospace Corp. NASA Marshall Space NAS8-11747
and Materials Application Flight Center
Concepts for Joint use as
Cryogenic Insulation and
Micrometeoroid Bumpers
Development of a Light- Goodyear Aerospace Corp. NASA Marshall Space |[NASBS-11761 i
weight Cryogenic Flight Center ) :
Insulating System ;
Advanced Studies on Arthur D, Little Inc. NASA Lewis NAS38-6283
Multilayer Insulation Research Center
Systems
Basic Investigations of Arthur D. Little Inc. NASA Lewis NAS3-4181
Multilayer Insulation Research Center
Systems
Structure/Cryogenic- Martin Marietta Corp., NASA Marshall Space |NAS8-5300
Insulation Integration Baltimore Div. Flight Center
Structure/Cryogenic- North American NASA Marshall Space |NAS8-5268
Insulation Integration Rockwell Corp. Flight Center
Propellant Storability General Electric Co., USATF Rocket AF 04(511)-9078
in Space Missile & Space Div. Propulsion Laboratory

Liquid Propellant Losses
During Space Flight

Liquid Propellant Losses
During Space Flight

Arthur D. Little Inc.

Arthur D. Little Inc.

NASA Headquarters

NASA Headquarters

NASw-615

NAS5-664
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ISection 4 (Cont.)

Contract No. Duration Funding Scope of Work \

WNASS-II'M? Jun 1964- $1,079,640 | Develop a concept for a composite material that will
function as both insulation and micrometeoroid shielding
for space vehicle LHg tanks on missions in excess of
30 days. Conduct analyses und laboratory-scale tests
of insulation properties. Fabricate insulation specimens
for MSFC 105-in.-tank, Conduct environmental tests
with LH2.

NASB-11761 Jun 1964  |$ 324,350 " .

May 1966
NAS3-6283 Mar 1964 $ 214,840 | Continue laboratory scale testing of multilayer insula-
Jun 1966 tion by performing emissometer, flat-plate calorimeter,
and insulated calorimeter tests on improved radiation
shields, spacer materials, and composites.

NAS3-4181 Dec 1963 $ 340,110 | Conduct a program of laboratory-scale testing on multi-

Oct 1964 layer insulation systems for cryogenic space vehicle
propellant tankage. Measure the thermal performance
of promising insulation concepts. Design and build an
emissometer to measure the total hemispheric emittance
on candidate insulation materials.

NAS8-5300 Jun 1963 $ 144,000 | Conduct program of analysis and limited testing to

May 1964 establish system concepts for multilayer insulation on
cryogenic space vehicles.

NASS8-5268 Jun 1963 $ 113,400 | Conduct program of anaiysis and limited testing to

Jun 1964 establish system concepts for multilayer insulation on
cryvogenic space vehicles.

F 04(611)-9078 May 1963- $ 730,000 | Conduct an experimental invéstigatlon of the storability

Jun 1964 of liquid rocket propellants in space. Fabricate a test
article comprising propellant tanks in an outer shell
structure. Insulate the tanks with multilayer insulation
blankets and conduct tests in vacuum, using liguid nitro-
gen as the test fluid.

NASw-615 Dec 1962~ $ 231,750 | Continue the analytical and experimental evaluation of

Sep 1963 Multilayer insulation initiated under Contract NAS5-664.

Sep 1960- Conduct an analytical and experimental program to

Nov 1962

define techniques for the long-term storage of cryogenic
propellants in space vehicles. .
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Section 5

Program

Contractor

Government Cognizance

PROPELLANT FEED I

Contract No.

Aluminum Tube Joining
for Apollo Systems

Dissimilar Metal Joining
by Solid State Welding

Study of Cryoge..'c Con-~
tainer Thermodynamics
During Propellant
Transfer

Separable Tube Connector
Development

Permanent Tube Joint
Technology

Liquid Hydrogen Suction-
Line Insulation

Cooldown of Large-
Diameter Liquid Hydrogen
and Liquid Oxygen Lines

Exploratory Development
Work on Families of
Welded Connections for
Rocket Fluid Systems

Boeing Co.,
Aerospace Group

Boeing Co.,
Aerospace Group

Lockheed Missiles &
Space Co.

Battelle Memorial Tnstitute

North American
Rockwell Corp.,
Los Angeles Div.

General Dynamics/
Convair

Aerojet General Corp.

North American
Rockwell Corp.,
Los Angeles Div,

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

USAF Rocket
Propulsion Laboratory

USAF Rocket
Propulsion Laboratory

NASA Marshall Space
Flight Center

NASA Lewis
Research Center

USAF Rocket
Propulsion Laboratory

NAS8-24941

NAS8-20156

NAS8-20362

AF 04(611)-11204

AF 04(611)-11203

NAS8-20167

NAS3-2555

AF 04(611)-9892
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LLANT FEED LINES (U)

AFRPL TR-69-210
Vol III

Contract No.

Duration

Funding

Scope of Work

AS8-24941

NAS8-20156

AF 04(611)-11204

AF 04(611)-11203

NAS8-20167

NAS3-2555

-

AF 04(611)-9892

1969-
1967-
Jun 1966

Nov 1967

Jan 1966
Jan 1968

Dec 1965
Nov 1968

Jun 1965
Aug 1966

Apr 1966

Apr 1964
Oct 1965

$ 39,156

$186, 700

$ 56,700

Conduct an analytical and experimental program to de-
fine flow phenomena in the fill line and receiver tank
of a cryogenic vehicle during propellant transfer.
Develop techniques to eliminate flow oscillation in the
fill line and implosion of the eryogenic tank.

Continue the separable tube joint development program
by improving aluminum-flanged connector design. Per-
form seal development and limited qualification testing
to resolve problems of flange deformation in bobbin type
aluminum seals. Use the results of this investigation
to design an improved aluminum-flanged connector.

Continue the permanent tube joint development program
by exploring specialized technology areas in welded
joint technology. Design machining and welding equip-
ment concepts for installation of welded fittings in
liquid rocket fluid systems from 1/4 to 16 inches
diameter. Using the equipment developed, conduct
machining and welding studies on 347 and 21 Cr-6Ni-
9Mn stainless steel, 6061-T6 and 2219-T31 aluminum
Inconel 718, and 6Al-4V and commercially-pure
titanium.

Conduct a program of analysis and testing to establish
advanced insulation systems for liquid hydrogen feed
lines on cryogenic space vehicles.

Develop a permanent tube joint connection system based
on the automatic tungsten-inert-gas welding process.
Develop prototype tooling. electrical equipment, and
procedures for in-place parting, machining, and welding
of tube segments. Verify the tooling, equipment, and
procedures under simulated field use conditions.

s o . dtanicd s e

[

A-217




Section 5 (C¢

Program

Contractor

Government Cognizance

Contract No.

Development of AFRPL
Threaded Fittings for
Rocket Fluid Systems

Development of Mechanical
Fittings

Applied Research and
Development Work on
Families of Brazed and
Welded Fittings for
Rocket Propulsion
Fluid Systems

Battelle Memorial Institute

Battelle Memorial Institute

North American
Rockwell Corp.
Los Angeles Div.

USAF Rocket
Propulsion Laboratory

USAF Rocket
Propulsion Laboratory

USAF Rocket
Propulsion Laboratory

AF 04(611)-9578

AF 04(611)-8176

AF 04(611)-8177




Section 5 (Cont.)

AFRPL TR-69-210
Vol 111

Contract No. Duration Funding Scope of Work
AF 04(611)-957¢ Dec 1963 Continue the separable connector developnient program
Nov 1965 by designing families of threaded-type tube connectors

based on the so-called AFRPL concept evolved by
Battelle on contract AF 04(611) 8176. Design elbows,
tees, crosses, and unions of 347 stainless steel,
6061-T6 aluminum, and Rene 41. Conduct limited
qualification tests.

" |AF 04(611)-8176 Apr 1962 Study the problem of evolving reliable separable con-

. Dec 1963 nectors for liquid rocket propulsion systems. Design,
develop, and evaluate lightweight mechanical connectors
that can effectively seal helium in missile system
environments.

AF 04(611)-8177 Apr 1962 Analyze the feasibility of using brazed or welded
Feb 1964 permanent fittings to attain reliable low-leakage

connections in liquid rocket fluid systems. Fabricate
test specimens in a range of materials and perform
qualification testing in flight environments.
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LIQUID PROPELLANT TAN

Program

Contractor

Government Cognizance

Contract Ne.

A, Tankage Material

Properties (U)

Evaluation of Stress
Corrosion Cracking
Susceptibility Using
Fracture Mechanics
Techniques

Correlation of Siress Wave
Emission Characteristics
with Fracture in Aluminum

Investigation of Subcritical
Flaw Growth Character-
istics in Metal Tanks

Experimental Study of
Pop-In Behavior of Surface
Flaw Type Cracks

Investigation of Cyclic and
Constant-Stress Flaw
Growth Characteristics

of 6A1-4V Titanium

Investigation of Deep
Flaws in Thin Wall Tanks

Cryogenic Alloy Screening

Weldment Flaw Enlarge-
ment Characteristics

Aluminum Co. of America

Aerojet General Corp.,
Sacramento

Boeing Co.,
Aerospace Group

Martin Marietta Corp.,
Denver Div.

Boeing Co.,
Aerospace Group

Boeing Co.,
Aerospace Group

Martin Marietta Corp.,
Denver Div.

General Dynamics/
Convair

NASA Marshall Space
Flight Center

NASA Marshall Space

Flight Center

NASA Lewis
Research Center

NASA Manned
Spacecraft Center

NASA Manned
Spacecraft Center

NASA Lewis
Research Center

NASA Lewis
Research Center

NASA Lewis
Research Center

INAS8-21487

INAS8-21405

INAS3-12044

NAS9-9579

NAS9-7637

NAS3-10290

NAS3-11203

INAS3-7951
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Contract Ne. Duration Funding Scope of Work

AS8-21487 1969-

AS8-21405 1969-

AS3-12044 Jun 1969~ $128, 935 Conduct an analytical and experimental study to evaluate
the mechanisms of subcritical flaw growth under condi-
tions of sustained load, cyclic load, and conditions of
sustained and cyclic loading.

AS9-9579 Jun 1969~ $ 59,610

AS9-7637 May 1968 $ 69,940

AS3-10290 Jun 1967 $267, 500 Investigate the conditions controlling fracture instability

Mar 1969 and subcritical flaw growth in thin sections containing
deep pari-through flaws. Test 2219-T87 aluminum and
5Al-2.5 Sn Titanium specimens at room temperature,
-320°F, and -423°F,

AS3-11203 Aug 1967 Determine the fracture toughness and the mechanical
properties of cryoformed 301 stainless steel, and 2021-
T8E31 and 7007-T6E136 aluminum alloys and weldments.
Determine the susceptibility of these materials to
general corrosion and stress corrosion,

INAS3- 7951 Jun 1966 $ 85,000 Conduct a program of analysis and testing to establish

Nov 1967 the flaw enlargement characteristics of weldments in

|

cryogenic space vehicle tankage.

e ol

A-31




T

Section 6 (Cont.)

Program

Contractor

Government Cognizance

Contract No.

Investigation of Allowable
Stresses for Thick-Walled
Tanks

Toughness Data on
Materials at Cryogenic
Temperatures

Extended Loading of
Cryogenic Tanks

Plane-Strain Flaw
Growth in Thick Walled
Tanks

Growth of Plane-Stress
Flaws in Thin-Walled
Cryogenic Tank Materials

Low Temperature Fatigue
Properties of Aluminum
and Titanium Alloys ’

Physical and Mechanical
Properties of Pressure
Vessel Materials for
Application in a Cryogenic
Environment

Structural Analysis of

. Irregular TankShapes (U)

Study of Juncture Stress

Fields Peculiar to Multi-

cellular Propellant
Containers

Investigation of Juncture
Stress Fields Peculiar to
Multicellular Shell )
Structures

Boeing Co,,
Aerospace Group

General Dynamiocs/
Convair

Boeing Co.,
Aerospace Group

Boeing Co.,
Aerospace Group

McDonnell Douglas
Astronautics Co.

Martin Marietta Corp.,
Denver Div.

General Dynamics/
Convair

Lockheed Missiles &
Space Co.

Lockheed Missiles &
Space Co.

NASA Lewis
Research Center

USAF Systems
Command,
Research &
Technology Div.

NASA Lewis
Research Center

NASA Lewis
Research Center

NASA Lewis
Research Center

NASA Marshall Space
Flight Center

USATF Systems
Command,
Aeronautical
Systems Div.

NASA Marshall Space

Flight Center

NASA Marshall Space
Flight Center

INAS3-7993

AF 33(615)-3779

INAS3-6290

INAS3-4194

INAS3-4192
NAS§-2631 and

NAS8-11300

AF 33(616)-7719

INAS8-11480

NAS8-11079




 Section 6 (Cont.)

AFRPL TR-69-210
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Contract No. Duration Funding Scope of Work
' INAS3-7993 Mar 1966 $163,000 | Continue work initlated under NAS3-4194, by establish-
' Oct 1967 ing the enlargement characteristics of small-flaw en-
largement under cyclic loading conditions,
AF 33(615)-3779 Mar 1966 - $ 38,600 Perform mechanical properties testing on space vehicle
propellant tankage alloys at cryogenic temperatures.
, INAS3-6290 Jun 1965 $161, 010 Conduct analytical and experimental program to
Dec 1966 establish the propagation characteristics of surface
flaws in 2219-T87 aluminum and 5Al-2,5 Sn titanium
under conditions of sustained loading at cryogenic
temperatures.
NAS3-4194 Jun 1964 $2086, 030 Conduct program of analysis and testing to establish
Sep 1965 the enlargement characteristics of plane-strain flaws in
thick-~walled pressure vessels of 2219-T87 aluminum and
5Al1-2.5 Sn titanium at 70°F, and -423°F.
INAS3-4192 Jun 1964 $233,300 | Conduct program of analysis and testing to establish the
May 1966 plane-stress flaw-propagation characteristics of thin-
wall cryogenic tanks.
INAS8-2631 and Apr 1962- $157, 000 Conduct test program to determine properties of
INAS8-11300 Jun 1965 aluminum, titanium, and stainless-steel sheet alloys
at cryogenic temperatures.
AF 33(616)-7719 Dec 1960- Evaluate the toughness of stainless steel, aluminum
Jan 1962 alloys, and titanium alloy in sheet form and in complex
welded joints at cryogenic temperatures. Test stain-
less steel alloys 301, 304, and AM-355; aluminum
alloys 2014-T6, 5052-H38, and 5456-H343; and
titanium alloy 5A1-2.5 Sn.
NAS8-11480 Nov 1964 $ 97,900
Dec 1965
NAS8-11079 Jun 1963
Feb 1964

L TS| Sm————
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Section 7

PROPELLANT ORIENTATION AND ACQ

Program

Contractor

Government Coghizance

Contract No.

A. Surface Tension Devices (U)

Investigation of Space
Storable Propellant
Acquisition Devices

Low-Gravity Propellant
Control Using Capillary
Devices in Large Scale
Cryogenic Tanks

E xperimental Investigation
of Capillary Propellant
Control Devices for Low-
Gravity Environments

Design of Advanced
Propellant Management
System

Study of Long Term Effects
of High Energy Propellants
on Fine Micronic Stainless
Steel Used in Surface
Tension Devices

Design, Fabrication, and
Testing of Subscale Pro-
pellant Tanks with
Capillary Tank Traps

In-Space Pz;opellant
Orientation and
Venting E xperiments

Martin Marietta Corp.,
Denver Div,

General Dynamics/
Convair

Martin Marietta Corp.,
Denver Div,

Martin Marietta Corp.,
Denver Div,

Western Filter Co.

Martin Marietta Corp.,

Denver Div.

Lockheed Missiles &
Space Co.

NASA Pasadena Office

NASA Marshall Space
Flight Center

NASA Marshall Space
Flight Center

NASA Manned
Spacecraft Center

USAT Rocket
Propulsion Laboratory

NASA Marshall Space
Flight Center

USAF Rocket
Propulsion Laboratory

NAST7-754

NAS8-21465

NAS8-21259

-

F 04611-68-C0064

NAS8-20837

AF 04(611)-11403
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NTATION AND ACQUISITION (U)

AFRPL TR-689-210
Vol I11

Contract No. Duration Funding Scope of Work
KAS?-754 Jul 1969 $150, 000 Investigate the utility of current propellant acquisition
Oct 1970 devices (surface tension devices, bladders, diaphragms,
settling rockets, start-tanks) for application in a plane-
tary spacecraft using OFgy/ BoHg propellants. Recom-
mend combinations of acquisition devices, pressuriza-
tion systems, and propellant tankage for this application
Complete detailed designs of the selected devices.
NASS8-21465 1968- $130, 000
1969
NAS8-21259 1968-
1969
1968~ $ 85,000 Compile and evaluate data on potential propellant
orientation and expulsion techniques including surface-
tension, dielectrophoretic, bladder, bellows, and
diaphragm devices. Compare performance data against
requirements for an N304/50-50 propellant management
system and select candidate systems for testing. Con-
duct subscale tests §ncluding drop tower testing, as
required) to evaluate the performance of these systems.
F 04611-68-C0064 -
Jul 1968
NAS8-20837 Jun 1967- $ 39,850
AT 04(611)-11403 Mar 1966- $468, 000 Design two propellant behavior experiments for flight
Apr 1968 use: (1) a 15-in. sphere with ligquid nitrogen to study

dielectrophoretic propellant orientation, and (2) a 12-in|
sphere with allyl alcohol to study surface-tension orien-
tation techniques. Fabricate and check out the surface-
tension experiment.
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Section 7 (Cont.)
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Program

Contractor

Government Cognizance

Contract No.

Venting System for
Zero-~G Applications
Propulsion Systems

B. Positive Expulsion
Bellows (U)

Expulsion Bellows to
Evaluate Cycling Per-

Propellant E xpulsion
System for Missiles

Cryogenic Metallic
