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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop held at the Langley Resizarch Center,
April 26 -30, 1976, and contains a quick-look analysis of the
proceedings. The material is unedited and intended for further

use by the participants of the workshop and the planning elements of
NASA concerned with space mission research and technology. It
should be understood that the data do not represent official plans
or positions but are part of the process of evolving such plans and
positions.

Nearly 100 of the Agency's top technologists and scientists joined
with another 35 theme specialists to produce this working document -
a document that provides a’'technical foundation, including research
and technology base candidates, for each of the six space themes.

The material in this report is considered essential to the development
of Center initiatives in support of these themes. Copies of the report
will be made available to the Center Management Board and the
individuals at the Centers responsible for the FY'78 program planning
cycle. The timing of this planning activity has caused us to distribute -
this document in this unedited form. Thus, it possibly contains errors,
hopefully, more of a typographical rather than a technological nature.
Nonetheless, the information contained is of a high professional level,
reflecting the efforts of the workshop participants and will be invaluable
to the planning and successful execution of the Agency s near- and far-
term advanced technology program.

Stanley R. Sadm
OAST Space Tbeme WorkshOp
Chairman , :
NASA Headqua.rters
Study, Analysis, & Planning Office
Office of Aeronautics and
Space Technology
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Impact of Theme on Discipline Planning.- All theme requirement

documents were reviewed and assessed against ongoing and projected propul-
sion technology programs. Discussions weré held with individual theme
teams to review QveraT] theme philosophy and clarify specific theme’
thrusts. Unique propulsion technology requirements to satisfy théme
needs were identified and preliminary program planning was attehpted.

It became‘readf]y appafent that satisfyingvthéme needs,ﬂin many
cases, wi]i‘require augménfatibh of present available resources.

Propulsion programs were generated‘réflecting these inputs and

the technology planned to meet the schedule goals.
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SUMMARY OF THEME NEEDS.- A1l themes require some form of advanced

propulsion capability to achieve their stated objectives. Requirements
cover a broad spectrum ranging from a new generation of heavy Tift

launch vehicles to low thrust, long 1ift system for on-orbit operations.

The first effort of the group was to establish the common-
ality éxtant between propulsive technologies and an attempt to
group technologies into vehicle classes by functional capability.
The Space Transportation Theme (#12) had identified 5 classes

of launch vehicles and a time frame for their availability.

- These classes were augmented by the working group with a sixth

/‘.

class, encompassing planetary and oh-orbit‘operations. Propulsion
technéiogies in‘each class were then ranked, and assigned priority
numbers.

Finally, prioritized technologies were matched to theme.

requirements and final discussions held with the Theme Teams.
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During this process, it became apparent that some Theme
needs could not be satisfied without the generation of New
Initiative proposals to initiate new efforts or to augment

existing programs. These were identified for later submittal.

The views of the Working Group are summarized on the following

- figures.
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APPROACH

1

(2)

(3)

()

-

(6

PROPULSION TECHNOLOGY WORKINO GROUP

EXAMINED VEHICLE MATRIX FROM THEME 12

'DETERMINE TRANSPORTATION NEEDS OF OTHER SPACE THEMES AGAINST

THEME 12 REQUIREMENTS

IDENTIFIED TWO ADDITIONAL PROPULSION FUNCTIONS |
IDENTIFIED TOTAL PROPUESION NEEDS AGAINST REVISED MATRIX w
PRIORITIZED & EVALUATED ALL PROPULSION ”NEEDS” FOR EACH VEHICLE .

PROVIDED DOCUMENTATION (Rx FORMS) .

P-1-2



PROPULSION NEED REQUIREMENTS FOR THEME SUPPORT

SPACE THEMES

S.P. 1 SETI  SOLAR SYS. G. SER. ATS
VEHICLE CLASSES 7 8 9 10 1 12
(®) 0TV ' . ' '
©) 0TV ' ' ' ' '
HLLV, (1985) ' e '
HLLY, (1995) ' ' '
ADV. VEH, ' ' ' ' '
PLANETARY | (]
ON-ORBIT STAB. ' ' ' ' '

P-1-3



PROPULSION TECHNOLOGY WORKING GROUP
~* PROPULSION NEED RATING CRITERIA

9 USE DATE
0 CRITICALITY

0 ENABLING
0 ENHANCING
0 HIGH
0 MEDIUM

0 LOW

® PROBABILITY OF MEETING TECHNOLOGY. GOAL

P-1-4



PROPULSION WORKING GROUP SUMMARY

1970 | 1980 1990 2000
+ { 1 i + d t
PROPULSION | SHUTTLE
‘ APPLICATION A—n
-‘ HLLV1 & SHUTTLE GROWTH
PROPULSION \ A———n
TECHNOLOGY ' ! ADVANCED VEHICLE
' n
' { ]
NEED ‘ v AR
: Loy TERM
LAUNCH VEH. MAIN. PROP, A ! N :
ENABLIAG TECH. FOR ROCKET PROPULSION  (56) " 0
AIR AUGMENTATION (19) (]
ADVANCED SOLIDS iy 0
HYDROGEN/OXYGEN MAIN PROPULSION (22) )
ADVANCED SSME 17 s 0
HC/LOX, HI PC ADV. VEH, (30) .
HC/LOX, HI PC HLLVy | (23) 0
DUAL FUEL ADV. VEH. (31) . 0
COMPOSITE ENGINES (32) 0
LV AUXILIARY PROPULSION
LOX/HYDROCARBON 1) ' 0
LOX/LHy FOR HLLV (20) ¢
MONOPROPELLANT NHy (51) ¢
"EARTH STORABLES (9) " 0
LOX/LHy FOR ALLV, (953 '
LOX/LHy FOR OMS | | (76) 0 )
P-1-5
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PROPULSION WORKING GROUP SUMMARY

YEAR 1970 1980 . 1990 2000
» PROPULSION IS
APPLICATION ol,——.
‘ MOTV
ot L
o . . |
NEED vy ' TERM

MANNED OTV, MAIN PROP. ¥ i g
" CRYOGENIC STORAGE & TRANSFER ¢ 7) .

HYDROGEN/OXYGEN MAIN PROP. (D 0

MIXED MODE (DUAL FUEL) (2 .
/S HYBRIDS ( 3) 0
~ ATOMIC/METALLIC HYDROGEN ¢ 6) ¢
:,mrv, AUX. PROP. |

LOX/LHy FOR OTV ( 8) 0

CARGO OTV, MAIN
~ HI ISP 10N THRUSTER (13) .
~ MPO THRUSTER TECH. (12) ’
~ NEP SYSTEMS (41) '
~ RESISTO JET (1D

SOLAR SAILS (4l ’

~ SOLAR H, (15) ’
LASER PROP. (16) (]

P-1-6



PROPULSION WORKING GROUP SUMMARY

 YEAR 1970 1980 1990 2000
PROPULS%?N ;V LARGE SPACE STRUCTURéS
APPLICATION |
]
PROPULSION - " 1Y ‘
i A——2 R
TECHNOLOGY: ~ nggD ' b ~ TERM
: '
N-ORBIT OPERATIONS | ! ‘ '
ION THRUSTER 49) " 0
SPACE STORABLE : (46) (] (] |
- SOLAR Hy Y (15) | (]
PLANETARY
'SEP ION THRUSTER (42) '
~ HEP ION THRUSTER (57) 0
STERILIZABLE SOLIDS (s) 0 :
PROP, IN PLANETARY ATMOS, (48) 0
NEP SYSTEMS 1) 0 |
SPACE STORABLES (46) 0
INDIGINOUS MATERIALS 7) .
SOLID ROCKETS FOR PLANETARY
SPACECRAFT PROPULSION ~ (58) 0
P-1-7




PROPULSION TECHNOLOGY WORKING GROUP

CONCLUSIONS
e THEME 12 UNDERLYING T ALL OTHERS

o ENABLING PROPULSION TECHNOLOGY AREA KEY TO REDUCED TRANSPORTATION COSTS
AND INCREASED SPACE CAPABILITY

o FURTHER OAST EVALUATION OF ALL PROPULSION NEEDS NECESSARY TO ESTABLISH
RESOURCE REQUIREMENTS



A TEING PAGE BLANK NOT Fiiis

rSPACE TECHNOLOGY NEED FORM NO. Ij
| PAGE 10F _3
1. TITLE _H,- 0 High Performance, Reusable Main NO.1,7,8,12/P-1/1
_____ Propu]smn Systems for Orbit Transfer THEME /W.G. / TASK
a Vehicles DATE 4/_37‘/ 76

2 ‘Bg;}g? ):gvtEechnology for high performance, reusable H 0, space propulsion
systems, including staged combustion bell nozzle, expander cycle bell
nozz]e, aerosp1ke and p]ug cluster.

3. NEED ANALYSIS
a) LEVEL Now (], wiLL BE LEVEL [4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL @ FOR OPERATIONAL SYSTEM USE BY |pATE: 1986

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ] ~ MEDIUM row [] ,

R d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR

. ENHANCING: ~ HIGH meoium (]  cow [J

e) TASKS NEEDED:  STUDY ANALYSIS [X] RESEARCH

) - GRDTEST [X] AIRCRAFTTEST []  SPACE FLIGHT TEST [ ]

OTHER {Specify) D ' . (Check one or more)

f) R&T BASE CANDIDATE Yes

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT"

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
(a) Staged combustion, bell nozzle engine (ASE) - Continue LeRC component

technology program on thrust chamber, main fuel and oxidizer turbopumps,
preburner, main injector, low cycle thermal fatigue chamber Tife, turbo-
pump bearings and seals, and boost pump multiroller drive system. Expand
program with FY78 now initiative, entitled "Reusable Engine Systems Test

(RECEST)" (FY78 new start #119) to obtain data on operation of the power-
head breadboard assembly of the staged ‘combustion cycle engine and the
aerospike engine breadboard. .=~ (Cont'd on page 3.) -

. "MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART
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SPACE TECHNOLOGY NEED

\

_ FORMNO. |
PAGE 20F 3

TITLE H,-0, High Performance, Reusable Main

NO. 758,12/P-11 /1 T

Propulsion Systems for Orbit Transfer Vehicles

-THEME / W.G./ TASK

DATE___ 4,27/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
High performance reusable engines are needed to provide maximum payload and

low_cost through multiple reuses up to 100 missions. High pressure_is

desirable to provide maximum specific impulse in a small compact package

and minimize engine weight. Slush cryogens are needed to reduce tankage

volume.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-21-11, 506-21-12, 910-03-01

FY78 New Start #119 - RECEST .-

FY79 New Start #305 - Plug Cluster Nozzle

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM }76{77]78

19

80| 81] 82] 83} 84|85 ] 86]87{88]89]90]91]92| 93] 9495

TASK {TEM

R Tecmiogy
N, Reaflinkss ‘EIOC

a) Staged Comb.Eng .

Tech. Program

b) Aerospike Eng.

RECEST(FY78#119

c) Plug Cluster

Tech(FY79#305)

d) Slush Cryogens

e) Reus. Cryo. In-

TIUTAtIoON SYs.

MANPOWER (M-Y)
INHOUSE

CONTRACT

FUNDING (106 §)
INHOUSE

U CONTRACT

s R i
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| SPACE TECHNOLOGY NEED B FORM NO. |
: PAGE 3 OF __3

| 1. TITLE HQ-O, High Performance Reusable Main NO. 758512/P-1/1
" Propulsion Systems for Orbit Transfer Vehicles THEME/W.G./TASK

—— DATE__i/_EO_ZE____

{ ) CONTINUATION (if Needed)
Block No. S o

b) Aerospike expander ¢ engine - ; '
testing of 25K thrust aerospi : -

fatigue 1ife of segments of chamber and breadboard system;test using
Mark 48 fuel and oxidizer pumps as part of FY78 new start #119 (RECEST).

| ;LE) Plug cluster nozzle progfam - Complete present program on studies of

i plug cluster feasibility and performance. Determine operational constraints

! and system constraints. Conduct flight test of full scale system as part
of FY79 new start #305. . , S e

1
1 (d) Slush cryogens - Evaluate methods of manufacture, storage, handling,
? pumping, and cost of applying to a flight system. Demonstrate these tech-
. nology areas at moderate scale.

2 (e): Reusable cryogenic insulation systems - Continue LeRC program to pro-
‘ Vidé technology on two approaches: (1) evacuated load bearing jnsulation

system, and (2) purged multilayer insulation system.

i
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ENVIRONMENT IN THE LABORATORY
6. MQOEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED (N SPACE ENVIRONMENT

)

MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

B e b ae i

P

rSPACE TECHNOLOGY NEED FORM NO. |
' ‘ PAGE1OF_2 _______

1. TITLE _Dual Fuel Engine Technoloay for Mixed NO.1.7,8,12/P-1 / 2 .
Mode Orbit Transfer Vehicle - THEME/WG / TASK P

4/27 76

DATE

2. OBJECTIV
5eveirop Etechnology for dual fue] engmes burnmq hydrocarbon or amine

fuel and LH,/LOX in the same engine.

3. NEED ANALYSIS
a) LEVEL NOW [2], wiLL BE LEVEL [[3 UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [DATE: 1986 ] | :

c) RISK IN ACHIEVING ADVANCEMENT: -
HIGH MEDIUM []  tow [] -

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING (] OR
ENHANCING:  HIGH meoium (] tow []

e) TASKS NEEDED: STUDY [X]  ANALYSIS [X] RESEARCH [X] -

GRD TEST [X] AIRCRAFTTEST (] ~ SPACE FLIGHT TEST []
OTHER (Specify) D o : (Check one or more)

f) R&T BASE CANDIDATE ~ Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY .

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Perform studies to evaluate use of m1xed mode- prOyu]s1on using dual fuel

engine(s) for orbit transfer vehicles. Perform engine system trade-off

and parametric studies to determine fuel/oxidizer combinations, engine
~turbopump drive cycle, cooling method, and component preliminary designs

for selected thrust level in the range from 20,000 to 40,000 pounds. Per-
form component technology programs based on selection of critical com-~

ponents for the engine configuration.and propellant combination selected. ‘ i~ {
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SPACE TECHNOLOGY NEED FORM NO. |
| o PAGE 2 OF
TITLE pual Fuel Engine Technology for Mixed " no.758512/P-1 7 2

Mode Orbit Transfer Vehicle THEME /W.G./ TASK

DATE___ 4/ 2%/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPL!SH NEED
Mixed mode propulsion is attractive for OTV's because it provides payload
capability equivalent to H, -0, in a-smaller volume stage. Where compact
size is important, e.g., to fit in the shuttle cargo bay, mixed mode pays

off. A dual fuel engine capable of operating on hydrocarbon fuel/LOX/LH,
or MMH/LOX/LH7 is required,

7. ALTERNATIVE APPROACHES/OPTIONS

8. &%RﬁEW/P 6 ’E 733;4%;A]%TIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES

“FY

SCHEDULE ITEM 76{77178179180181]82183184185186187188]89}90]91792]93{94195

TASKITEM Vv R 0
Vehicle Studies | A\ \J v
Engine Studies AV
Engine Component /X

Technology

Y

Engiﬁé System
-Beme

MANPOWER (M-Y)
INHOUSE
CONTRACT

FUNDING (106 $)
. INHOUSE -
\_ CONTRACT

e A S AP . i i




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN-AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED iN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

1. BASIC PHENOMENA OBSERVED AND REPORTED
. MATHEMATICAL MODEL

LEVEL
OF STATE
OF ART

P RTIT T Lt RIS ek e e e

r SPACE TECHNOLOGY NEED FORM NO. | W
PAGE1OF__2_

1. TITLE LIQUID/SOLID HYBRID PROPULSION FQR QTV _  NO._7-8-12 P-1 3
, THEME /W.G./ TASK

DATE_ %/ 27, 76

2. OBJECTIVE

Y= Ut

RESTART CAPABILITY WHICH RESULTS IN LOW WEIGHT FOR _ARORT LAUNCH VEHICLE
LANDINGS WITHOUT ATTENDANT HAZARDS DURING PROPELLANT DUMP OPERATION

 3.NEED ANALYSIS ‘
a) LEVEL NOW f], wiLL BE LEVEL [2] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY

¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH ] mepium [ Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR
ENHANCING: HIGH[ ] Mebium [y} row [}

e) TASKS NEEDED: STUDY [ ] ANALYSIS [§  RESEARCH
GRDTEST [X]  AIRCRAFTTEST (]  SPACE FLIGHT TEST []

OTHER (Specify) D , {Check one or more)
f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY DEVELOPMENT OF ENERGETIC SOLID FUFI

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
ANALYSIS AND TEST OF A PROPULSION SYSTEM EMPLOYING A LIQUID OXIDIZER

(E.G. LOX) AND A SOLID FUEL. SYSTEM WOULD PROVIDE A HIGH DENSITY
MEDIUM ISP COMBINATION, WHICH WOULD HAVE RESTART CPARI{ITY.  IN CASE

OF VEHICLE ABORT THE LANDING HEI_GHLCAILBE_REDUCED_JJIIHOUI_IHE_HAZARDSW

ASSOCIATED WITH THE DUMPING OF TMOJ.GNHABLE..ERQRELLANI&.(DNLMOX———‘
~ WOULD BE DUMPED)
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SPACE TECHNOLOGY NEED ’ FORMZNO. 1
pace20fF _2_ |
TITLE | 1QUID/SOLID HYBRID PROPULSION FOR OTV NO.__7-8-12 P-1 3

S THEME / W.G./ TASK

- DATE_ 4 ./27/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
APPLICATION STUDY TO DETERMINE PAY-OFF AND ESTABLISH DESIGN CRITERIA.
REVIEW OF PAST TECHNOLOGY RELATED TO LIQUID/SOLID HYBRIDS. DETERMINE

_THE _PROPELLANT COMBINATIONS TO BE EVALUATED. INVESTIGATE BURNING
PROPERTIES IN SMALL MOTORS. FABRICATE AND TEST A PROTOTYPE MOTOR,

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

NONE

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76(77]178§79}80]81]82183{84]85]86]67|88}89]90]91}92)83]94]95

TASKITEM |
Est. Design M
Criteria
Fab. & Test
Key components

MANPOWER (M-Y)

CINHOUSE ) | lieliolse

__CONTRACT

FUNDING (100 8) ; ,
INHOUSE ]!

\__ CONTRACT A3




SPACE TECHNOLOGY ADDITIONAL INITIATIVE , FORM IV 1 .

T, 29, 76
TITLE 1igquid/solid Hybrid Propulsion for OTV DATE /2918
TTNO7-8-12 OR WORKING GROUPNO. P-1/3

OBJECTIVE

A higher performance, higher density propulsion system
with restart capability. '

JUSTIFICATION A l:gquid/solid hybrid system will providé higher 4
1lsp than a solid and higher density than a liguid. In case of

abort landings, it is 1i§hter than a solid and less hazardous than
a8 Jiquid. -

TECHNICAL APPROACH/PLAN 7
Application study to determine pay~off and establish design

criteria. Review past technology related to liquid/solid hyhbrids.
Determine the propellant combinations to be evaluated. Investigate

'burning and ballistic properties in small motors. Fabricate &

test a prototype.

SCHEDULE FY
SCHEDULE ITEM 176]77]78179/80181182]83]84}85|86]|87]88)85}90)91]92193§94]95
TASK
Estab. Design
Criteria e

Investigate
BrapeTll gn‘r% -

Fab. & Test
Components -

Fab, & Test
Prototype -l

MANPOWER (M~Y) B

IN-HQUSE g 1.041.02.92.4- 5

CONITRACT
FUNDING (108 RE 1 , '
lleHousE( d Jdg.21.21.2).2 NDTH: FY18 Furdipg lin Rﬁ‘I‘ Bade
CONTRACT T1.4].6].8].3 1

PROPOSED LEAD CENTER  MS¥C with JPL support.

RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT




1. BASIC FHENOMENA OBSERVED. AND REPORTED

. COMPONENT OR BREADBOARD TESTED IN RELEVANT

LEVEL .

ENVIRONMENT IN THE LABORATORY
t. MODEL TESTED IN AIACRAFT ENVIRONMENT

2. THEORY 1 ORMULATED TO DESCRIBE PHENOMENA
B THEORY TESTED BY PHYSICAL EXPERIMENT OR
7. MODEL TESTED [N SPACE ENVIRONMENT

OF STATE
OF ART

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED .

FORM NO. | T

@Aca TECHNOLOGY NEED
PAGE1OF & _

1-T'TLE_SnJid_Emmu_<.imng_ NOJ-8-10-12/P-1 _ 4

THEME / W.G./ TASK
,“i"Monor

DATE_4_/27; 76 _ _

2. OBJECTIVE : | , .
: Improve performance, operational flexibility and decrease
cost of solid propellant motors used in the advanced space transportation

3.NEED ANALYSIS |
a) LEVEL NOw [B], wiLL BE LEVEL [4] UNDER EXISTING PLANS. Not approved

by REQUIRED ADVANCEMENT — SHQULD BE TECHNOLOGY READY
AT LEVEL @ FOR OPERATIONAL SYSTEM USE BY | DATE: 1985 |

c) RISK IN ACHIEVING ADVANCEMENT: _ Note: Level 5 by 1980
HIGH []  ™mepium ] Low [g}

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR
EN: ~NCING:  HIGH meoium (] Low [J

e) TASKS NEEDED: STUDY [[] ANALYSIS [[] RESEARCH
GRDTEST [(] AIRCRAFTTEST []  SPACE FLIGHT TEST [

OTHER (Specify) [_] {Check one or more)
'f) R&T BASE CANDIDATE Yes

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
'USE OF THIS TECHNOLOGY
high strength compos1tes, carbon ablatives, propellant formulations

IV Y-VY

. 5. SPECIFY TECHNOLOGY. ADVANCEMENT REQUIRED TO .
ACCOMPLISH NEED".... |

Hot gas,man1f01d and valve for hot gas bleed TVC system, materials and

f@bricatjon techniques for low cost nozzles; stop-restart; low cost,
> s
Tow pollution (mixed oxidizer) propellants; extendable nozzles.




i

~
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF
- —_—
TITLE . .
Solid Propulsion Advanced Technology Motor NO7-8-10/1

P14
THEME / W.G: / TASK

DATE_ 4 /27 /76

Conduct feasibility design studies and co

scaled motors depend1nq40n whether the_application

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

prototype motor demonstration tests including the technology items

_to

is OTV or 1aunch

vehicles.

7. ALTERNATIVE APPROACHES/OPTIONS L1qu1ds and 1iguid/solid hybrid

propulsion systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

RT -21-
New initiative has been proposed from JPL-No. 302

"~ New initiative has been proposed from MSFC-No. 18D

9. TECHNOLOGY SCHEDULES
- FY

SCHEDULE ITEM |76{77]78)79)80}81}82) 83]84 ]85 86|87 |88)8alg0]91{az} 93] 94]95
TASK ITEM “ i
{1jComponent design -4.- -7
and test
(2)Integrated motor
design & test ~—]— + %
(3) Prototype R A
demonstration :
MANPOWER (M-Y) .
- INHOUSE ‘ 10 15115 §15 120 {10
CONTRACT 5174718715
FUNDING (108 $)
INHOUSE 1.1, 3150 .8p.30.8
\___CONTRACT 317]1.d1.52.91.5




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5, COMPONENT OR-BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

1. BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

- !

F;PACE TECHNOLOGY NEED FORM NO. | 7
, PAGE1OF_2 _

- T”LE—A:FGM-I-G-#MS-T-AEHG—H%CBROGEN————— NO.]1g7-8-0-10x11-12/P-1/6
PropuLS10oN-TECHNOLOGY THEME /W.G. / TASK

, DATE_LL_ 127 16

2. OBJECTIVE

DEVELOR BASLC_TECHNOLOGY- TO—SHOW-THE FEAS LEH-ITY- OF MANUFACTUR
LNG_AND STORING_ATOMIC OR METALLIC H2 IN QUANTITIES NEEDED

.FOR_PROPUI{ STON APPLICAIIONS.

| 3. NEED ANALYSIS :
a) LEVEL NOW (1], wiLL BE LEVEL ] UNDER EXISTING PLANS,

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL E] FOR OPERATIONAL SYSTEM USE BY
o) RISK IN ACHIEVING ADVANCEMENT: -

HIGH [y]  ™mepium [ Low [7]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING ] OR
ENHANCING: HiIGH [}  wmebium [J Low [

e) TASKS NEEDED: STUDY {{] ANALYSIS ] RESEARCH [§]
GRDTEST[y] AIRCRAFTTEST [[] . SPACE FLIGHT TEST [

OTHER (Specify} D : (Check one or more)
f) R&T BASE CANDIDATE _Yes (EY 78 - 350K |

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED :

THEORETICAL STUDIES HAVE SHOWN THAT SIGNIFICANT INCREASES IN
PEREORMANGE-CLZO@—LSP—)-GAN—BHGH%EVEB%N——PRQPU&&LON—SMEMS—
THESE PROPELLANTS IN THE QUANTITIES NEEDED IN PROPULSION
APPLICATIONS,—TO-DETERMINE-FHELR—PHYSICAL—PROPERTIES—AND——
Asssss__'wam_aam,mmgu_m PROPULSION_SYSTEMS. ~




)

G P R R R NE N

40 )

'SPACE TECHNOLOGY NEED FORM NO. |

PAGE20F2 :
— . ‘4*

TITLE 8 M 1c_Hynrogen Propuisiony  Nol-7-8-9-10-11-12/P1/6
; ' ' THEME / W.G. / TASK

TECHNOLOGY

DAT@éL=_42§V 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

o PRODUCE 8MEASURE PROPERTIES OF METALLIC HYDROGEN |

——0—PRODUEE-& MEASURE~PROPERTIES—OF—ATOMI€—HYDROGEN——
——0-—ASSESS—FEAS%BTt&¢¥—6F?RODUCrNG—tARGE“QUANTTTTES‘&ﬂﬁNﬂ&ﬂ”‘

APPLICATION

7. ALTERNATIVE APPROACH ES/OPTIONS

!
i

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
. RESEARCH- ON-PRODUGCTION- OE-ATOMIC & METALLIC HYDROGEN—INPROGRESS,

9. TECHNOLOGY SCHEDULES
Y
SCHEDULE ITEM |76{77]78]79}80|81}82]83184|85]86]87]88)89]90] 91]92] 93] 94]35

TASK ITEM
ProDUCE METAL-
Lic H

Assess FEASIB
Prontice ATOMIC

H

MANPOWER (M-Y) »
. INHOUSE 81813181 8]8
. CONTRACT

FUNDING (108 $) ‘
INHOUSE - T2 L51.2Lz2L 212

\__CONTRACT [ ad #ad sl 1o
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r$PACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1. TITLE _STQRAGE, SUPPLY AND TRANSFER QF No. 7, 8, 12/P-1/7
THEME / W.G./ TASK

DATE_4 /27;_ 76

2. OBJECTIVE
Provide a subcritical storage and supply system for crvogenic fluids

~to minimize system weight and provide the means to replenish

fluids on-orbit

3. NEED ANALYSIS
a) LEVEL NOW E:] , WILL BE LEVEL [_d_—_l UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL FOR OPERATIONAL SYSTEM USE BY [pATE: 1988 |

¢} RISK IN ACHIEVING ADVANCEMENT:

HIGH []  ™mepbwum [ row [{]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[J Meoium [J  row [

e) TASKS NEEDED: STUDY [x] ANALYSIS [} RESEARCH [}
; GRDTEST ] AIRCRAFTTEST []  SPACE FLIGHT TEST

OTHER (Specify) [] {Check one or more)
f) R&T BASE CANDIDATE Yes (FY 76 w200K, FY 78 w200K)

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRGNMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED ,
op trat bili £ insulati tem
0

_Determine behavior in reduced gravity of LHz, L0 and LHe
°ngonstrate thermal control system performance

ODemonstrate fluid acquisition and control in reduced gravity for

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED T0 DESCRIBE PHENOMENA
3, THEQRY TESTED BY PHYSICAL EXPERIMENT OR

cryogens
Opemonstrate outlow and inflow fliid dynamics

| LEVEL
OF STATE
OF ART
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CRYOGENIC FLUIDS IN SPACE

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Ocontinue current technology program

SPACE TECHNOLOGY NEED , | FORM NO. | )
: PAGE20F _§R

——

TITLE <roRAGE, SUPPLY AND TRANSFER OF NoZB12/P-1/7

‘ THEME / W.G./ TASK

DATE_ 4 127/ 76

OFlight verification 6f storage and acquisition system

OFlight verification of complete transfer system

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Technology program on reduce gravity fluid systems,

thermal control systems and reuseable insulation systems " —

9, TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76| 77|78 7980 81] 82| 83| 84185 |86 87]88]89]90}91|92] 93] 94 958]
TASK ITEM
Tech._ Program
Acg. Sys. Test |-
| Trans—Sys+Test

MANPOWER (M-Y)
INHOUSE 4. 14 16 |6 |6 {4 |4 |2

CONTRACT

FUNDING (106 $)
INHOUSE

n
-
n
.
N
-
N
-
N
.
N
.
n
.
N

“N\__CONTRACT . }.2].2{.4[1.9.5].7].4}].1




ENYIRONMENT IN THE LABORATIRY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5.. COMPONENT OR 8READBOARD TESTED IN RELEVANT
7, MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MOBEL
4. PERTINENT FUNCTICN OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEQRY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

rspAce TECHNOLOGY NEED : FORM NO. 1 W
: PAGE1OF_3

1. TITLE Liquid Hydrogen/Liquid Oxygen Attitude no. 1:7,8,12/P-1/8
Control Systems for OTV Application THEME /W.G. / TASK

DATE 4 /27/76

Z'CHE¢E?JBVfEchnology for components of a LH,/LOX APS, such as thrusters, i
pumps, zero g reservoirs, and accumulators, and perform systems testing. V

3. NEED ANALYSIS
a) LEVEL NOW , WILL BE LEVEL @ UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL D FOR OPERATIONAL SYSTEM USE BY [pATE: I9§5 |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  MEDIUM Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH[]  MEDIUM row (]

e) TASKS NEEDED: STUDY [] ANALYsIS ] RESEARCH [x]
GRDTEST X] AIRCRAFTTEST []  SPACE FLIGHT TEST [X]

OTHER (Specify) D {Check one or more)
Yes

f) R&T BASE CANDIDATE

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Development of technology for LH,/LOX system for OTV's, including small
thrusters (25 to 100 Tbs. thrust), small cryogenic positive displacement
pumps, accumulators, controls, refillable zero g reservoir, and propellent . §
systems. After component technology is completed, systems testing will be
performed to evaluate control requirements and measure heat input effects
to thrusters and feed lines. Flight test demonstration as shuttle payload
package needed to fully show flight readiness of all aspects of this
system technology.




pmein i

et

(- : A
SPACE TECHNOLOGY NEED FORM NO:1 .
» PAGE20F_3
TITLE Liquid Hydrogen/Liquid Oxygen no..7-8,12/P-1/8
THEME / W.G./ TASK

Attitude Control Systems for QTV Application

DATE 4 / 27/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLlSH NEED
Cryogenic APS offers advantages of high performance, 1ight total system

weight, clean non-toxic exhaust, and commonality of propellants with main
propulsion system. Thruster technology has been demonstrated at 1250 Tbs.
thrust but not at smaller sizes where thermal control problems are more

difficult. Small thrust cryogenic engines must be specially designed for
accurate therma] control so that rapid start-up is achieved with cryogenic

\u\_c }IGSC d ]

‘7. ALTERNATIVE APPROACHES/OPTIONS
!

8. b%léﬂ&ENT/PLANNED RELATED, ACTIVIT|ES (RTOP OTHER)

| FY80 New Start (#317) - "Functional and Performance Ver1f1cat1on of an

Integrated LH,/LOX APS"

9. TECHNOLOGY SCHEDULES
' FY
SCHEDULE ITEM J76177]78}79|80] 81| 82}83]84}85]|86|87]|88)683)90§91}92{93{94]95

TASKITEM | FL i

'Systém Analysis

Thruster Tech. Zx
Sys. Component

Technology S e \4
:(#317) Sys. ‘Test I~
F1t Test on \v4

*Shuttle Payload
f’
" MANPOWER (M-Y)

~ INHOUSE
| CONTRACT

FUNDING (108 §)
INHOUSE ,

\__CONTRACT
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r;PACE TECHNOLOGY NEED o FORM NO. | W
PAGE 3 OF __3
1. TITLE Liquid Hydrogen/Liquid Oxygen NO. 7.8,12/P-1/8

Attitude Control Systems for OTV THEME / W.G./ TASK

4 ,27,76

Applications DATE /1

{ 6 )  CONTINUATION (iIf Needed)
Block No.

propellants entering a warm engine. Long 1ife and small impulse bits
are required to meet OTV requirements. - For small pumps, rapid start-up
and long life are needed which are difficult requirements for small cryo-
genic positive displacement pumps.

¢

|
|

favy iy



o 58 A B R T TR i

)
rSPACE TECHNOLOGY NEED FORM NO. | i
‘ PAGET1OF_2 o
“1.TITLE _Earth Storable Propulsion for Planetary  NO._10/P-1/9 ‘
- THEME / W.G. / TASK |
Spacecraft L
. — ' DATE__4 /28,76 R
7 2 2. OBJECTIVE
: S 15 bipropellants. - B
ErEs P
‘ 2225 ;
2z,.3 i
I8%E 3. NEED ANALYSIS , SRR i
Eggg a) LEVEL NOW [4], wiLL BE LEVEL (4] UNDER EXISTING PLANS. :
, =222 b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
. sEEE AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [pATE:]987 ] I
£5°1 c) RISK IN ACHIEVING ADVANCEMENT: :
288 HiGH []  meoium [x]  Low [] :
ol d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [} OR
ENHANCING: HIGH[X]  wmeoium [ row [
e) TASKS NEEDED: STUDY [_] ANALYSIS [] RESEARCH[ ] ;
: _GRD TEST AIR CRAFT TEST [[]  SPACE FLIGHT TEST [] ‘-
x 2 . OTHER (Specify) D e {Check one or more) ,
3 ; ,
g _f) R&T BASE CANDIDATE  Yes ,: |
: s ¢ , ! i
sz E| 4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
E2: £ USE OF THIS TECHNOLOGY None _
gz 2
2 &y 5 tat i
o 5 - ‘é i 12&
;J e g 5 - ‘)
x Q b7 o« %
go£235 | 5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO - i
s5z8f ACCOMPLISH NEED
£2243 Improve the 1ifetime capability of earth storable Tiquid hipropellants
gECs g by the development of new materials for thrusters and hard seats for '
BEEEE valves. Increase the performance level by the test and evaluation of.
. LT the bimodal engine technology.
: |
l’ Zis Lo
E Lok
oo =




(

| SPACE TECHNOLOGY NEED

T

, FORM NO. |
PAGE 2 OF ﬁi__,

TITLE Earth Storable Propulsion for Planetary

Spacecraft

. NO._10/P-1/9

THEME /W.G./ TASK

DATE__ 4 /28,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Conduct systems studies to identify life-limiting components
Evaluate components and assemble a system for verification testing.

Determine interactions and technology readiness. Test and evaluate
bimodal engine system operation.

7. ALTERNATIVE APPROACHES/OPTIONS

Monopropellant system, which has lower performance; of live with life-

limiting components and replace as necessary.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

None

FY

9. TECHNOLOGY SCHEDULES

SCHEDULE ITEM

76

77

78179

81

82

83

84

85

86

88183190 91]92] 93|94]9%5

TASK ITEM

Analysis & Design

g

Cgmgogent nt

Assembly Test

bystem Test

MANPOWER (M-Y)
INHOUSE .-

CONTRACT

FUNDING (108 $)
INHOUSE

\__CONTRACT



G:Acs TECHNOLOGY NEED FORM NO. | W
: PAGE1OF__3 1
1.TITLE RESISTOJET FOR (c) OTV MAIN PROPULSION, no,_7-12 P-1 11
AUXILIARY PROPULSION SEP-NEP THEME /W.G. / TASK }

DATE_4 /26,76

2'OBJEchVEDE\ILEL‘f)fP A LONG LIFE, HIGH PERFORMANCE RESISTOJET CAPABLE OF

_USING MONOPROPELLANT HYDRAZINE OR LOW FREEZING PQINT MONOPROPELLANTS
_UTILIZING ELECTRICAL HEATER POWER FROM EITHER NEP OR SEP SOURCES

3. NEED ANALYSIS
a) LEVEL NOW [3], wiLL BE LEVEL [4} UNDER EXISTING PLANS. '

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5' FOR OPERATIONAL SYSTEM USE BY
c! RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  wmepium []  Low ~ ' 3
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING:  HIGH[]  mebium [X]  ow [ , | {
e) TASKS NEEDED- STUDY [] ANALYSIS [X]  RESEARCH ~ , 4

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT GR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED N SPACE ENVIRONMENT

‘ B GRDTEST [§]  AIRCRAFTTEST [[]  SPACE FLIGHT TEST [
f OTHER (Specify) [] (Check one or more)
f) R&T BASE CANDIDATE $250K for FY 78

4. COMPLEMENTARY TELHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

RESISTOJET REQUIRES ELECTRICAL HEATER POWER FROM THE NEP OR SEP

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED f
(1) THRUST LEVELS MUST BE SCALED UP FROM PRESENT LOW LEVELS. . i
(2)_Resistojet utilizing low freezing point propellant (e.q. MMH) must

be_develaped
(3)  Improved long 1ife heaters must be developed for HIPET - LFP.
__propellant application,
(4). Mate‘rialsk improvement program must be initiated. ,

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEQRY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

,.
s T




YT T

~ ' )
SPACE TECHNOLOGY NEED ' FORM NO. |
PAGE 20F _3

g TITLE  RESISTOJET FOR (C) OTV MAIN PROPULSION SEP-NEP no. 7-12 P-1 11
¥ THEME /W.G. / TASK

DATE_4 /26, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(1) Complete hydrazine electrothermal thruster development at 22N thrust

Tevel.

Develop a 22N HiPETH

Develop low freezing point full electrothermal thruster to eliminate _
thermal problem.

(4) Develop HIPET typehuaters for use with carbon based low freezing point
‘ fuels.

—~
w 8
CUBFEN

7. ALTERNATIVE APPROACHES/OPTIONS None

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Auxiliary Electric Propulsion Systems

RTOP 506-22-10

9, TECHNOLOGY SCHEDULES
: ’ FY

: SCHEDULE ITEM |76]77]78{79]80] 8182|8384 |85 |s6]87{88]89]90] 91]92] 93] 94]9s
|- TASK ITEM ' ‘
(V)22N Enr -
o (2)22N HIPETH . A
(3)LFP ET ) R I e
(4)LFP_HIPET Y
; (5)Materials A -5
= (6)Life Test 4
C MANPOWER (M-Y) , .
INHOUSE IAYASVAY
Cn o ' CONTRACT L7181 1 A2
b ~ FUNDING (106 $) )
. : INHOUSE e e A X
B \__CONTRACT I Lasl=| %l ele




SPACE TECHNOLOGY NEED FORM NO. |
: PAGE 3 OF __3 .

1. TITLE RESISTOJET FOR (C) OTV MAIN PROPULSION No. 7-12 P-1 n
SEP-NEP THEME / W.G./ TASK

pate_ % %6 76

( 6 ) CONTINUATION (If Nesded)
Block No.

(5) Conduct a materials improvement program to prevent nitriding of
thruster.

oy Conduct Tong life testing of developed hardware in both the pulse
Y/ i
and steady state mode of operation.

\»:5\_
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o 2 :
: e . SPACE TECHNOLOGY ADDITIONAL INITIATIVE FORM IV W

| TITLE Hydrogen Resistojet C(OTV) ' DATE 4./ 29 - /I8 ‘5

!
! TTNO. 7-12_ ORWORKING GROUPNO. P-1:7/ }
OBJECTIVE = , :
Develop High ISP moderate thrust resistojet ‘

H . i
H

JUSTIFICATION ;
P

i

i
T By i
i i .

TECHNICAL APPROACH/PLAN

Design, fabricate, and conduct tests on high temperature Hp resistojet
Conduct deve]opment'on‘higﬁ'temgerature heaters

Conduct Tlife test progrqm :

‘System development and test

i
i
g
-]
i
i
4
L
%’
i

W N

SR R

SCHEDULE £y T

SCHEDULE ITEM |76]77] 78] 79] 80] 81} 82] 83] 84| 85 86| 87| 88 | 89} 90| 91] 92 93] 94} 95 r
| TASK o
; 1. Prototype - |- é
2. HeaterDevel}— -
Gk 3. Life Test : N 4
oo 4. System Dev. 3 o
v and Test b
:
MANPOWER (M-Y)

JUSE ARIRIRIREN

, ITRACT ;
FUNDING (108 $) ' ’ .
~ INHOUSE .01.0%.01.0%.0%.01 . b
CONTRACT .29.24.24.24.1d.1¢ IS ‘ ; Lo
PROPOSED LEAD CENTER JsC L
RECOMMENDATIONS FOR FULLER DEVELOPMENT OF . TIATIVE STATEMENT |
5




CNVIRONMENT IN THE LABORATORY
6. MODEL TESTED N AIRCRAFT CNVIRONMENT

Y. CUMPUNENT OR BREADBOARD TESTED IN RELEVANT
7, MODEL TESTED IN SPACE ENVIRONMENT

g [P

1. BASIC PHE NOMENA OBSERVED AND REPORTED
2. THEORY  URMULATED TO DESCRIBE PHENOMENA

3 THEURY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL:
4 ' PERTINENT FUNCTION Oﬂ_CHAHACTERISTIC DEMONSTRATED

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED ' FORM NO. | W
PAGE 1 OF 2

1. TITLE _MPD Thruster System Technolggy NCL7,8,9,10511,12/p-1/12 :
. TTHEME/W.G./ TASK i
Readiness_(SEP and NEP) 4 :

DATE_. 4 /_27_[16

2. OBJECTIVE

ThE-ﬁﬁﬂ1—thrUSiEr.Drngulsj;uLiuuu23gt~naw_seen_asfessentiaJ—#%ntiﬂxﬂﬂﬂmUﬁ¥L—-
large cargo earth orbit operations, will be brought to technology readiness.

3. NEED ANALYSIS
a) LEVEL NOw [2], wiLL BE LEVEL [B] UNDER EXISTING PLANS(mc'Iudes new

b) REQUIRED ADVANGEMENT — SHOULD BE TECHNOLOGY READY "itiative) ‘
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE: 1990 ] |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  ™mebwum K] row []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING: HIGH x]  ™mebium []  Low [ -

e) TASKS NEEDED: STUDY [X] ANALYSIS [{] RESEARCH [Z]
"GRDTEST []  AIR CRAFT TEST D SPACE FLIGHT TEST [Xx]

OTHER (Specify) D (Check-one or more)
f} R&T BASE CANDIDATE yes ‘ L _

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR -
USE OF THIS TECHNOLOGY _Nuclear-thermonic power system development

or hiqh power lightweight solar arrays.

;
i
o

5.SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO , -
ACCOMPLISH NEED

‘Incorporate recent research results on pulsed mode operating research Lk
devices 1nto a h1gh power 1eve1 thruster capab1e of operat1ng at steady | !

thruster 1mprovement Def1ne an MPD Thruster System and 1n1t1ate

.development of critical components.
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;.SPACE TECHNOLOGY NEED - : FORM NO. | w
: ’ PAGE 2 OF _E_ :

T'TLE 'MPD Thruster System Technology Readiness

NO.7,8,9,10,11,12/P-1/12

! (SEP & NEP) THEME / W.G./ TASK

i

e —

6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED .
1) De51gn, fabricate, ard conduct tests on a high power MPD thruster
aL_ﬁumugL1aﬂﬁu:hJﬂiQJ@1igi;umrﬁnungJLnermﬂm_JﬁfuugmaL_____
and Tifetime.
3) Deve]op thrust subsystem concepts.

| _ . ‘ DATE__4 /27/ 76

! 4) Design, fabricate & test critical system components;

7. ALTERNATIVE APPROACHES/OPTIONS Large size Ion thrusters (~100 cm dia)

8. GURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
JPL FY78 new initiative on MPD thruster system technology readiness.

9, TECHNOLOGY SCHEDULES
o . FY
SCHEDULE ITEM 76|77178179]80]81]82)83|84)185]86}87|88]89}190]91]92f93{94}95

TASK ITEM
Research’

Brea lanrd , ‘ v

Frotstipe

Component R&D

System Developmen V74

MANPOWER (M-Y)

INHOUSE
CONTRACT
FUNDING (106 g)
INHOUSE | - [1.1]1.21.31.21.0”1.01
7

\ CONTRACT _ hoai.d2.2.88.0n.0f




ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

4. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

i. BASIC PHENOMEINA (OBSERVED AND REPORTED
2. THEORY $ OHMULATED T0O DESCRIBE PHENOMENA

4 THEURY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

L RSt e & S s et

rSPACE TECHNOLOGY NEED FORMNO.1

PAGE 1 OF
L. TITLE High Specific Impulse Electric Propulsion NO.7.8,9,11,12/P1/13
for Qrbital Transfer Vehicle (OTV) THEME /W.G. / TASK

DATE_4 /. 28; 76

2. OBJECTIVE
Provide the Technology for an Efficient High Specific—Impulse lon—

Thruster System for Orbit Raising from Low Earth Orbit to a Higher
Orbit using Low Cost Inert Fuels

3. NEED ANALYSIS

a) LEVEL NOw B], wiLL BE LEVEL [5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE:19ag |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  wmeowum [} Low [x]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[] meoium [ Low [

e) TASKS NEEDED: STUDY [X]  'ANALYSIS ] RESEARCH
GRD TEST AIR CRAFT TEST []  SPACE FLIGHT TEST (]
OTHER (Specify) [_] _ (Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY High power, lightweight solar arrays,

N.E.P. Power Source

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

(_l__§QQl1ng_Q__nnesent_thrusten_sysiems_io_requlned sizes
(2)__Efficient operation demonstrated on inert_gases
(3) Demonstration of adequate total 1mggl§g431_j$rg§£er_module
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SPACE TECHNOLOGY NEED

oy

FORM NO. |
PAGE 20F & _

TITLE yigh Isp Electric Propulsion for Orbital

Transfer Vehicle

fm

SEP/NEP

No_ZJiJLAl&UQLJLli~_
: THEME / W.G. / TASK

DATE 4/28/76

(1) Define System Requirements

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

{2) Design Thruster System

(3) Incorporate into Existing Technology Program

(4) Perform Directed R&T

(5) Demonstrate Critical Performance Parameters

7. ALTERNATIVE APPROACHES/OPTIONS

RTOP 506-22-3Q., 506-22-40

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Propulsion Pallet Experiment,

SPHINX B/C

,_LeBQ,.Zﬁ_Nem_lnlilailie.In“deMelnp«EhrUi_subsxsiﬁm technology

9. TECHNOLOGY SCHEDULES
FY

a1]82]83]aales

86

87

88189150191192¢ 93494

SCHEDULE ITEM 17617717878} 80

TASK ITEM
Define Regq.

Design Sys.

Baseline R&T

Directed R&T

Critical Tests

Flight Proj.

Fiight

Pallet Tests YY Y
MANPOWER (M-Y)
INHOUSE . 1517 110 120]20420 130 130420
CONTRACT.
FUNDING (105 §)
INHOUSE 2lslsh.didion.ob.oho
0B.op.di.0

\__CONTRACT . 2542515 ). 0. 0P,




SPACE TECHNOLOGY NEED FORM NO. 1
PAGE 10OF __3

1,7,8,9,

b s S B I 2 L3 L

1. TITLE Solar Heated Hydrogen - EWA L
THEMEYWG.7 TAS

Thruster
DATE__4 /28;_76
Z?OBJECT1VE To provide high specific impulse in a low thrust

propulsion system suitable for spacecraft . The use of (Cont)

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

3. NEED ANALYSIS :
a) LEVEL Now E], wiLL BE LEVEL [9 UNDER EXISTING PLANS.
b} REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [_] FOR OPERATIONAL SYSTEM USE BY
¢} RISK IN ACHIEVING ADVANCEMENT:
HIGH ] -~ Mepium ]  row []
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [} OR
ENHANCING: HIGH[®  meoium ]  row [
e) TASKS NEEDED: STUDY ANALYSIS ]  RESEARCH
GRDTEST ;] AIRCRAFTTEST [[] - SPACE FLIGHT TEST
OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE _Yes

ot g R g R L i et e

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Long term storage of cryogens

in space.

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. ' THEORY FORMULATED TO DESCRIBE PRENOMENA

1. BASIC PHENOMENA 0BSERVED AND REPORTED
3. THEQRY TESTED BY PHYSICAL EXPERIMENT OR

OF ART

LEVEL
" OF STATE

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED ;
The system is: visualized as consisting of a solar energy

collector, a form of g solar furnace, a heat exchanger,

and a nozzle. The concept is to heat hydrogen {(stored as a
liquid) andexpand it to a high exhaust veloeity through

a sulitable nozzle. Technology is required to provide a

lightweight form of a solar furnace suitable forka spacecraft.

e e g RO A AR, AT AT
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F __3__
TITLE I.7.5,9,10
Solar Heated Hydrogen Thruster NO. 11, 12/ P-1/ 19

THEME / W.G./ TASK

paTe 4 /287 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

¥ 3 . Sas | teria and
interface requirements. . Prepare conceptual design.  Execute

technoclogy denlonstration of subsystem elements. Fabricate
and test total system. Conduct flight tests in space

environment

7. ALTERNATIVE APPROACHES/OPTIONS Hydrogen/oxygen system, oxygen/
hydrocarbon system, SEP, NoH; monopropellant.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

|

9. TECHNOLOGY SCHEDULES
ol
SCHEDULE ITEM ]76]77]178{79l80]81{a2}83}84]85)86]87|88]89]90)91}92}93]94]95

TASK ITEM

Bystem Study ' k —1

foncept. Design -

['e

Byst. Gnd. Test A

plight Test - : ‘ -1

MANPOWER (M-Y)
INHOUSE 21.41.4)1.01.51.9TB

CONTRACT

FUNDING (105 $)

INHOUSE -

\___CONTRACT Til.al.4].6{.9.5|Teh

¥
S PR 8 S
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' SPACE TECHNOLOGY NEED

FORM NO. | w
PAGE 3 OF _3 _____

1.T|TLE Solar Heated Hydrogen Thruster

NOl.’j?’ B O»

THEME/W.G./ TA K5

DATE_ 4/ 2§_ 16

( 2 ) CONTINUATION (If Needed)

oxidizer, and provides 0

‘:Cha?n«lOOO sec. In addition, the exhaust products are

benign and avoild potential mi i '

optical devices.




s

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

§. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

g 1 s gl

w1

MATHEMATICAL MCDEL
4. PERTINENT FUNCTION OR CHARACTERIST!C DEMONSTRATED -

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEGRY TESTED BY PHYSICAL EXPERIMENT OR

-OF STATE
OF ART -

"LEVEL

JERE N

réPACE TECHNOLOGY NEED ‘ FORM NO. | w
: : PAGE 1 OF

- Topo0o10-
LTITLE |aser Propulsion System for Qrbit NO. 12/Pete
' THEME / W.G./ TASK

Transfer \ehicle

DATE_4. /27! 76

2. OBJECTIVE '
- Provide high I
engine for orbit to orbit transfer of unmanned payloads and to

proVTdé attitude control capability.

3. NEED ANALYSIS . e
a) LEVEL Now [, wiLL B LEVEL (4] UNDER EXISTING PLANS. |

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY
~c) RISK IN ACHIEVING ADVANCEMENT; i :
HIGH “MEDIUM []  Low [] ‘_ o
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR

ENHANCING:  HIGH[]  meowum (J row [J

e) TASKS NEEDED: STUDY [i] ANALYsIS [] RESEARCH []
GRD TEST [, AIR CRAFT TEST [}~ SPACE FLIGHT TEST [,

OTHER (Specify) [_] {Check one or more)

f) R&T BASE CANDIDATE Yes (FY'76 _$200K: FY '78 $1000K)

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
-USE OF THIS TECHNOLOGY laser power transmitter large
power systems (greater than 1 Mu) in geosync_orbit.

-

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

——4lnaéuge*;9ﬁjb€tw§en I000 and 2000 sec

rocket propellants.




T

=

Vehicle.

DATE 4 ATE_4/ / 21/ _T6

r‘ )
SPACE TECHNOLOGY NEED - ~ FORMNO. |
PAGE 2 OF _&/
7.8-9-10-11
TITLE Laser Propulsion Svstem for Qrbit Transfer NO. P aE——
THEME /W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

o Continue current research on laser propulsion

0 Conduct ground demonstration of a laser propulsion system
—ascale model of a Taser propulsion System

o__Conduct flight tes t~gf;LuHUmEughI~cnllecton_andqopilcsﬁsystem

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Research on lasar heated rocket propulsion systems

9. TECHNOLOGY SCHEDULES
FY
SCHEDULEITEM |76 [77]78]79}80|81]|82]83}84|85|86]87}88]89}90}91]92]93}94]95

TASK ITEM

Research

Ground,Test
Sca i t
pr'ir'c “E1 'Lg_h*f
Test

MANPOWER (M-Y)

INHOUSE Slalafslslsls 7166
CONTRACT

FUNDING (108 $) ,
INHOUSE ol15l15] .2 .2

e

\_CONTRACT 2 1750751,

B T TR



ESPACE TECHNOLOGY NEED ‘ FORM NO. | w
PAGE1OF__3

1. TITLE  H/0 BELL NOZZLE ENGINE (ADVANCED SSME) NoO. g8-10-12 P-1 17
g THEME / W.G. / TASK

paTe_+ /2176 :

2 OBJECTIVE pROVIDE AN ADVANCED SSME FOR HLLV, HLLV,. AND ADVANCED

VEHICLE. IMPROVEMENTS WITH INCREASE Isp, EXPAND OPERATIONAL
- CAPABILITY AND DECREASE ULLAGE & VEHICIE WEIGHT. (Copt'd)

. 3..NEED ANALYSIS
a) LEVEL NOW @ , WILL BE LEVEL B UNDER EXISTING PLANS.

" b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL [[§ FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:

HIGH ]  mebium [X]  Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING {_] OR

ENHANCING: HIGH[Y]  mebium [ row [
e) TASKS NEEDED:  STUDY [F§  ANALYSIS RESEARCH [X]

GRD TEST AIR CRAFT TEST []  SPACE FLIGHT TEST [_]

OTHER (Specify) ] {Check one or more)

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

f) R&T BASE CANDIDATE ~ _Yes

4, COMPLEMENTARY TECHNOLO&YQ@RB/QNFSRMES&T %%UIBED,\]B?BRLE NOZZLES,

USE OF THIS TECHNOLOGY
MATERIALS FOR HIGH TEMPERATURE TURBINE BLADES

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
COMPONENT TESTING FOR ZERQ NPSH IN LOX PUMPS (LHo ZERQ NPSH ALREADY :

MMMMWMHW
FOR_INCREASED CHAMBFR PRESSURE;

AND STEADY STA._TE__PARA..M_E__TE ULMLLAR.MZ&IESHML_IDLE_MQRLANALXSES_
AND DEMONSTRATION.

1, BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
© 3. THEORY TESTED BY PHYSICAL EXPERIMENT 0OR

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

LEVEL
OF STATE
OF ART

R R s e e, e s

i ekl 3 AR G s )

s g i B s

e e . e e L s e R R e R A bt 77
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SPACE TECHNOLOGY NEED ‘ FORM NO. |
PAGE20F _3 __

NO. 8-10-12/P-1 1

- ~ ’ | A

TITLE  1y/0 BELL NOZZLE ENGINE (ADVANCED SSME)

DATE _ 4/29/76

e ——r———

THEME /W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Study engine system to quantify potential improvements; acquire

S t technologys lasi fabric | b .

and test experimental engine.

7. ALTERNATIVE APPROACHES/OPTIONS Standard SSME

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP in planning stage

9. TECHNOLOGY SCHEDULES
: FY
SCHEDULEITEM |76 |77}78[79]80{81|82]83184]85}86}87188{89]190]91)92)93]94]95

TASK ITEM
System Study

Tech. Acqui.
Subsyst. Test

Exper. Eng.
Fab. & Test

MANPOWER (M-Y)
~ INHOUSE .512.02.43.45.¢
CONTRACT
FUNDING {108 §)
INHOUSE _

 CONTRACT | 1ZI5lshalad

§orapi g e

A e T T T S
. B
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 3 OF _3

1. TITLE H/0 BELL NOZZLE ENGINE ' NO. 8-10-12 P17
(ADVANCED SSME) THEME / W.G. / TASK

DATE__4 127/ 76

{ 2 )  COMTINUATION (1f Needed)
Block No.

ADVANCED VEHICLE STUDIES HAVE INDICATED A PRIME NEED FOR EXTENDIBLE
NOZZLES. THE SSME EXPERIMENTAL ENGINE- IS IDEAL FOR PROVIDING THIS
TECHNOLOGY WHICH IS READILY TRANSFERABLE TO OTHER ENGINE CONFIGURATIONS.

BY .PROVIDING IDLE MODE CAPABILITY IN THE SSME, IT MAY BE POSSIBLE TO
ELIMINATE THE NEED FOR AN ORBIT MANEUVERING SYSTEM IN THE ORBITER OR
THE 2ND STAGE OF AN HLLV, OR HLLV,. IDLE MODE AND ZERO NPSH ARE
ATTRACTIVE METHODS FOR UTILIZING PROPELLANT RESIDUALS. ZERO NPSH ALSO
DECREASES THE REQUIRED -PROPELLANT ULLAGE PRESSURES, AND CONSEQUENTLY
—DECREASES VEHICIE WFIGHT. INCREASED Isp CAN BE PROVIDED BY INGREASING
EXPANSION RATIOQ MADE POSSIBLE BY INCREASED CHAMBER PRESSURE. PRELIMINARY

—STUDIES INDICATE THAT INCREASED PC WILL PROBABLY REQUIRE INCREASED :
TURBINE INLET TEMPERATURES, WHICH IN TURN REQUIRES ADVANCED MATERIALS

FOR_TURBINF RIANFS




-
P
P
|
SPACE TECHNOLOGY NEED FORM NO. | }
; PAGE 1 OF
: 1. TITLE _ATR AUGMENTATION OF FARTH TO ORRIT _~ NO._8-12  P.1 1Q
- DATE_4_ /21 (16
i =
. 3 2. OBJECTIVE
bl A To provide a 6 to 7 percent increase in boostgr:_engmer
: g= _Isp through air augmentation
E Eres o
| $H _
e EE > —
: =8%% | 3 NEED ANALYSIS , - o
gggg a) LEVEL Now [ 2], wiLL BE LEVEL [3) UNDER EXISTING PLANS.
i « @«
=222 b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
EEEE | AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE: 10g5 ]
2525 _¢) RISK IN ACHIEVING ADVANCEMENT:
2288 HIGH [] ~Mmebium []  Low [ \
Lt o e d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [[] OR
"l CENHANCING:  HIGH[X] mebium [J  row [
B e) TASKS NEEDED: STUDY [{] ANALYSIS [x] RESEARCH[ ]
: ~ GRDTEST[y] AIRCRAFTTEST ]  SPACE FLIGHT TEST [
L ~ OTHER (Specify) [_] o -~ Z{Check one or more)
i f) R&T BASE CANDIDATE '
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

4. PERTIN_ENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

ES

855

= O

SE3

=

& w T

25k
ggz
B =1
PoE % s § z 5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
Y ACCOMPLISH NEED
. £38¢ Air augmentation is currently used in cruise missile applications
[ 2ci@F
i A W e : 'y ° . . . :
| $£rii|  where essentially steady state operation is achieved. launch vehicle
: Fowh benefit will be determined where altitude variation results in
F o= - X T -
[ e : s : P . P
C . w indi . ‘ 3 3 : toad :
w -indicate-a 5 to 7 percent-increase-in Isp-may-be realized.
; agkE’ A ‘ ,
| 2R3 '
; 488
\- J
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a o " i
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _&
TITLE 8-12/P-1/19
" _AIR AUGMENTATION QOF EARTH-TQ QRBIT NO. 'l?HEME-/ o AS !
‘ G./T. ;
‘SOLID.__ROCKET ENGINES w K
‘ DATE_4 /27 / 76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
OConduct R & T studies to develop concept and verify overall benefit
OConduct ground based tests and subscale flight test to verify
—experimentally the performance gains }
OConduct full scale flight verification test
7. ALTERNATIVE APPROACHES/OPTIONS
8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
|
. [ 9. TECHNOLOGY SCHEDULES
FY
‘ SCHEDULE ITEM |76 77|78 79|80 81}82|83]84 85|86 ]87|8a}83] 90| a1]|92] 93] 94]95
TASK ITEM
Concept. Verif.} :
Subscale Elt, |
: SRR |
f- ~Full Scale
Flt. Test *"i |
: i
| MANPOWER (M-Y) ,
; INHOUSE 503332 -
: CONTRACT S e
: FUNDING (108 §) , o 3
: INHOUSE oli1i1lalo].g 3 | ' R
\__ CONTRACT Tosl2 .4

g e i



gAce TECHNOLOGY NEED FORM NO. | 7
' PAGE1OF_3__ .

1. TITLE Liguid Hydrogen/Liquid Oxygen NO, 1,8,10,12 /P-1 /20 ‘

. Attitude Control Systems for THEME /W.G./ TASK ' i
Launch Vehicles (HLLVy) DATE 4 /28, 76 .

2. OBJECTIVE

Develop technology for components of a LH»/LOX APS) such as

thrusters, -pumps, zero "g" reservoir, and accumulators, and : :

perform systems testing. f

3. NEED ANALYSIS | . |

a) LEVEL Now [3], WILL BE LEVEL UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY

c) RISK IN ACHIEVING ADVANCEMENT: -
HIGH ]  ™mebium [X]  Low D :

d) CRITICALITY TO THE ACCOMPLISHMENTS: ~ ENABLING [_] OR '
ENHANCING: HIGH[ ] = MEDIUM Low (]

e) TASKS NEEDED:  STUDY [_] ANALYSIS ] RESEARCH ]
GRDTEST K] AIRCRAFTTEST {]  SPACE FLIGHT TEST

OTHER (Specify) [_] 7 {Check one or more)
f) R&T BASE CANDIDATE __Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5, COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

SR

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO ‘ ‘ .
ACCOMPLISH NEED
Development of technologv for ILHs/LOX system for advghneﬂ
launch vehicles, including thrusters (800 to 1,500 1bs,. thrust)
small cryogenic positive displacement pumps. accumulators .
conbrols, refillable gzero "g" reservoirs, and propellant

MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1.- BASIC PHENOMENA 0BSERVED AND REPORTED
2. THEORY FORMULATED TGO DESCRIBE PHENOMENA
3. THEGRY TESTED BY PHYSICAL EXPERIMENT OR

systems. After component technology is completed, svstems
testing will be performed to evaluate controlmeauu’ements
and measure heat input effeéets tp_ihrusj:er.; and_ﬁee.d__la.nesw
Flight test demonstration of a subscale system as Shuttle

payload package needed to fully show fllEht readlness_oi_all_
aspects of this system teohnolozv

LEVEL
OF STATE
OF ART

L S B ke e e

T L T AT T ST w0 £ S . - - e P T a—— . g



(’
SPACE TECHNOLOGY NEED FORM NO. |
o PAGE 2 OF 3

NO.1,8,10,12/P-1/20]
THEME / W.G. / TASK

TITLE Liquid Hydrogen/Liguid 0xygen B
Attitude Control Systems for Launch

Vehicles DATE__ 4 /[28/76 ‘

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

: Cryogenic APS offers advantages of high performance, low total
; system weight, clean non-toxic exhaust, and commonality of
propellants with main propulsion system. Thruster technology
has been pursued at 1,250 1lbs. thrust which showed that liquid
: cryogens could be successfully used in a pulsing attitude

% control thruster. The expected problems of thermal (continued)

: 7. ALTERNATIVE APPROACHES/OPTIONS

e 8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
¢ 506~21-11
FY 80 New Start (#317) - "Functional and Performance

Verification of an Integrated LH,/LOX APS."

i 9, TECHNOLOGY SCHEDULES
3 St ; |
scHEDULE ITEM }76]77]78]79]80] 81] 2] 83] 84]a5] 6] 67] s8] 89] 50] 91] 92] 93] 94} 95

= TASKITEM - 9 |Tekn ] ¢ [rod

: ' System Analysis Repdinefs
Thruster Tech.
i System Compon-
i ent - Technology v
: Systems Testing >
(#317)FY$E8E°
Test on- Shuttlg

by

Payload

MANPOWER (M-Y)
INHOUSE _
CONTRACT

FUNDING (108 $)
- INHOUSE _
\_CONTRACT _




o

rSPACE TECHNOLOGY NEED FORM NO. | 1

PAGE 3OF3 ___
1. TITLE Liquid Hydrogen/Ligquid Oxygen NO.1,8,10,12/P-1/20
i Attitude Control Systems Ffor THEME / W.G. / TASK

Launch Vehicles

pATE 4 /28 /16

( 6 ) CONTIN'JATION (If Needed)
Block No.

control, performance, ignition, and combustion stability were
solved. However, additional work is needed on performance,
cooling, and thruster life. Additional component work is

needéd on small cryogenic positive displacement pumps,
accumulators, zZero "g" refillable tanks, propellant feed lines
and manifolds, and system controls.




rSPACE TECHNOLOGY NEED FORM NO. I

PAGE1OF_ 3 _
1. TITLE Auxiliary Propulsion, Low Cost Space NO. 12 /p-1 /21
Propellants for OTV, HLLV,, HLLY,, and Advanced THEME /W.G. / TASK

Vgh]cle pate__ 4 /g / 76

2 %Jgsﬁ.‘{&e the ignition, combustion, and cooling characteristics of
Tow cost, high density impulse propellants (such as LOX-Propane) under

Sh‘ace start, restart, and steady state conditions. This technology is
———{Contdonpame 37

‘3. NEED ANALYSIS }
a) LEVELNow [3, wiLL Be LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [] FOR QPERATIONAL SYSTEM USE BY [pATE. 1985 |
c) RISK IN ACHIEVING ADVANCEMENT: .

HIGH [[]  ™eowm R row []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING:  HIGH[X]  mepium [ Low [

e) TASKS NEEDED: STUDY [J  ANALYSIS [§ RESEARCH (]
GRD TEST AIRCRAFTTEST []  S$PACE FLIGHT TEST [

OTHER (Specify) [_] (Check one or more)
fy R&T BASE CANDIDATE

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN-AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED ,
The following is required: ignition characteristics. performance,

cooling capability, and combustion stability.

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1, BASIC PHENOMENA 0BSERVED AND REPORTED
3. THEORY TESTED BY PRYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

[ o ey s




*1

(' 3
SPACE TECHNOLOGY NEED FORM NO. | 1

PAGE20F 3
—
TITLE Auxiliary Propulsion, Low Cost Space Propellants po. 12/p-1 / 21
for OTV, HLLV{s HLLV,, and Advanced Vehicle THEME /W.G./TASK

DATE 4 [ 27/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Conduct limited survey of low cost and high density fuels and oxidizers for

both prdssure-fed and pump-fed systems. Conduct single element and subscale
firings over a range of propellant temperatures, pressures, and mixture
ratios. Photographic coverage shall be conducted to obtain qualitative
understanding of the measured data (C* P., Q/P, etc.). Full scale injector

firings of a limited number of the most promising propellants shall be con-
TIILTHUEU Ut paygc D-

7. ALTERNATIVE APPROACHES/OPTIONS
Use less dense 0-H system with its inherent complexity and packaging problems

or pay increased costs of amine fuel, if available.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Nane.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76{77]78}79 80} 81] 82} 83]84]85}86}87]88)89}90}91{92} 93] 94}09s5

TASK ITEM
Analysis

~ Subscale Design R
Fab. & Test.

Full Scale Des., {1
Fab. & Test i

MANPOWER (M-Y)
INHOUSE 21.2].2
CONTRACT

FUNDING (108 $)
~ INHOUSE

\. CONTRACT J501.2 1.5

e i SIS g 4 S 2 s g e e S
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SPACE TECHNOLOGY NEED FORM NO. | w

PAGE 3 OF__3 __

1.

TITLE Auxiliary Propulsion, Low Cost Space NO. 12 /p-1 /21
“Propellants for OTV, HLLV;, HLLV., and THEME /W.G. / TASK

Advanced Vehicle 7 DATE__ _4/27,_76

{ 2 & 6 ) CONTINUATION (If Needed)
Block No. ‘ .
Objectives (Cont'd) -

required at this time so that development can be 1n1t1ated if FY81 to
meet the 1985 operational use date

Thﬁé}techno1ogy is required so that the amine fuel presently being used

in the shuttle OMS and RCS can be replaced with a more easily available
and cheaper fuel. The cost of amine type fuels has risen from the begin-

ning of the shuttle program from approximately $4/1b, to $8/1b. Hydro-
carbon fuels can be obtained for less than 50¢/1b. In addition, amine
fuels are becoming more difficult to process due to environmental problems,

so it is necessary to have a replacement available in event that product1on
is sharply cut back and/or costs increase excessively.

Recommended Approach/Program Plan to Aééomp]ish Need (Cont'd) - -

ducted. Vacuum ignition, heat flux, performance and combustion Stability,, ¥
shall be investigated.




(| -
SPACE TECHNOLOGY ADDITIONAL INITIATIVE " FORMIV A 1 i
‘ TITLE L ow Cost Propellant Auxiliary Propulsion ‘ QATE%./..ZS../-Z&. ] ‘
] | Technology for Adv. Shuttle  TTNO. _ OR WORKING GROUP NO.P-1/Task 2§ |
5. i
i ?OBJEg/T(;II\{)% technology for Tow cost hydrocarbon fuels for RCS and OMS
JUSTIFICATION Law cost (and higher performance) propellant combinations, ,,
L such as LOX-propane, are needed to replace the earth storables now used on ’
Lo Shuttle. ‘ P ,
‘ TECHNICAL APPROACH/PLAN e i
Work will be initiated on both attitude control thrusters of about 1000 1bs. ;_‘
thrust and a pump-fed OMS engine of about 6000 1bs. thrust. Various o
‘hydrocarbon fuel/LOX_propellant combinations will be evaluated and one
selected for experimental work on injectors, thrust chambers, engine cycle o "(
studies, and pumps. . : *
3 SCHEDULE EY '
| SCHEDULE ITEM |76 ]77] 78] 791 80| 81182[83]84]185]86]187[88189}90§91]92}93]94]95 . f
TASK i Fech. 1qdc :
: K O Reallingss 0
ok ‘ RCS.Thruster Tech. 7
S .
o ; OMS ‘Injector/Chamb}. v/
B OMS Cycle Study L;
, OMS Turbomachinery Jz v
OMS Eng. Breadboard Al \y
MANPOWER (M-Y)
JUSE 214141514
’ ITRACT
. FUNDING (105 $)
i INHOUSE ___ ‘
CONTRACT 2]-61-8]L5]8
g PROPOSED LEAD CENTER  LeRC in consultation with JSC
RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT
" o J

R i T 1 e e e b e




s rsmce TECHNOLOGY NEED FORM NO. | A
PAGE10F__o

L. TITLE _agvanced Hydrogen/Oxygen Propulsion NOl—’iiéiié,LP_uze_—_
THEME /W.G./ TASK

System for Launch Vehicles

DATE__L4 / 28/ 76

2. OBJECTIVE
Provide the technology base for large hydrogen/oxygen

englnes operdtlng at chamber pressures greater thap 3000 psi,

and employing unconventional configurations.

3. NEED ANALYSIS
a) LEVEL Now [2], wiLL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [[] FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  mepium B - Low [] :
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (X OR
ENHANCING: HIGH[] mebium [J  row [
| e) TASKS NEEDED: STUDY [] ANALYSIS @ RESEARCH
‘ GRD TEST AIR CRAFTTEST [] = SPACE FLIGHT TEST [}
OTHER (Specify) D {Check one or siiore)

ENVIRONMENT IN THE LABIRATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MOOEL TESTED IN SPACE ENVIRONMENT -

f) R&T BASE CANDIDATE Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY None

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Materlal research to enable higher turbine inlet temperatures

i
i
t
S
;
H

and. extended low cycle fatigue l1life for combustor componen’cs4

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA

3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL .
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

:'stwwwﬂwmmﬂmm__

requlred for the geometric configurations being considered.

They are: Bell nozzles; linear/aerospike; and plug’ cluster.
‘The thrust level being considered is 350K to 1000K 1bf.

LEVEL
OF STATE
OF ART

.
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SPACE TECHNOLOGY NEED - FORMNO. |
. : T cT PAGE2OF __ 2
P
TITLE : 157589,
Advanced Hydrogen/Oxygen Propulsion NO.
THEME / W.G. / TASK

—System for Launch Vehicles _
DATE 4 /28/76

. 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Material investigations should be inltiated immediately. For

the unconventional configurations, system studies are
required to determine design criteria and component operating

levels (temp., pressure, ete.). Establishment of component

technolo base is follow , d
systems. = -
"~y 7. ALTERNATIVE APPROACHES/OPTIONS ~  yope

i

' 8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
| _RTOP's 506-21-11 and 790=40-12

‘g, TECHNOLOGY SCHEDULES
. FY
SCHEDULE ITEM |76}77)78]79])80]81]82]83|84]85]|86|87]88]89]90]91]92]93]94]95

TASK ITEM
Mt'l. Invest.
System Studies
Component Dev. ‘
System Fab. R +
Sys.Test (Aero '
Syst.Test (Dual})
donfig. Select

Development
|

MANPOWER (M-Y)
! INHOUSE
i CONTRACT

FUNDING (106 $)
INHOUSE _

N__CONTRACT L7 1.5)1.5) 3] 3R.5

o ; " TR T L A e TR B et g2

e e i




#

LEVEL

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PRENOMENA

1.. BASIC PHENOMENA OSSERVED AND REPGRTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |
: PAGE1OF_3 ____

1. TITLE High Performance LOX/Hydrocarbon no. 158,12/P-1/23
Propulsion Systems for Booster Applications THEME / W.G./ TASK
(HLLVp) DATE__4 /28,76

ZDQG%H%BrQéEhnoloqy for high performance LOX/hydrocarbon propulsion systems
including bell nozzle types, aerospike/linear engines, and p]ug cluster
arrangements for booster applicatijons.

A T T AT e e e e

3. NEED ANALYSIS
a) LEVEL NOW [Z] . WILL BE LEVEL UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL E] FOR OPERATIONAL SYSTEM USE BY [paTe: 1995 |

c) RISK IN ACHIEVING ADVANCEMENT: -
HIGH []  MEDIUM Low [}

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HIGH meoium ] row [

e) TASKS NEEDED: STUDY ANALYSIS [x] RESEARCH [§
GRD TEST [X]  AIRCRAFTTEST []  SPACE FLIGHT TEST []

OTHER (Specify) D : (Check one or more)
f) R&T BASE CANDIDATE Yes .

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIPED FOR
USE OF THIS TECHNOLOGY

- 5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
High performance LOX/hydrocarbon propulsion systems are needed for future
booster applications that provide high specific impulse, compact size, high

thrust/weight ratio, reusability, and use high bulk density propellants.
A variety of engine cycles and configurations are applicable including

high pressure bell nozzle engines, plug cluster, or Tinear/aerospike (plug
nozzle) types that provide high specific impulse at sea 1eve1 and throughout
. the flight by the use: of a1t1tude compensat1ng nozzles.

IRt

R e i
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o SPACE TECHNOLOGY NEED FORM NO. | w

: PAGE20F _3
; TITLE High Performance LOX/Hydrocarbon Propulsion no.158,12/P-1/23
Systems for Booster Applications THEME /W.G./ TASK

, DATE___ 4/ 28/ 76

»:;; 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Technology program should include:  engine and vehicle studies; determina-
tion of relative advantages of various engine types; thrust chamber cooling
studies with fuel, oxidizer, or auxiliary coolant; studies of various candi-
date hydrocarbon fuels, such as methane, propane, RP-1, RJ-5, and other
intermediate density or heavy hydrocarbon fuels to evaluate their perform-

ance, cooling capability, and operational problems; engine component tech-
{See page 37)

7. ALTERNATIVE APPROACHES/OPTIONS

, - 8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
790-40-12, 506-21-11, 506-21-10
FY79 New Start #305, "Plug Cluster Engine Demonstration®

FYB0 New Start #307, "Comp. Tech. for High Press. LOX/Hydrocarbon Booster

Engine*®

9, TECHNOLOGY SCHEDULES i

FY =~ -~ ‘ v j

SCHEDULE ITEM 76§77178|79180|81]|82]83]|84|85186}87188]89790}91]92}93[94}95 b

[ . :

i TASK ITEM \ Tegh. : 4

g a) Eng. & Vehicle ‘¢ Y Reddiresy Tac
’ R : —1-0 :
Studies ' N %

b) Hi Dens. Fuel Styf |2\ Y
¢} Hi Pres. Eng. Com i

ponent Tech(#307) | A v :

d Plu}g l(#gagt)ar‘ Demo / \v4
, e) Breadboard Eng. A\ Y z
. Demonstration i

o MANPOWER (M-Y)
LE INHOUSE
i CONTRACT
FUNDING (10 §)- : ‘ oy :

INHOUSE - ;
\_  CONTRACT

i
ERs
.
8]
3
RN
e s
i
it
at
i
'}
i
i
i
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SPACE TECHNOLOGY NEED 3 FO%M NO. 1
PAGE ° OF _
1. TITLE _High Performance LOX/Hydrocarbon no.!:8:12/P-1/23
' Propulsion Systems for Booster Applications THEME / W.G. / TASK
DATE 4/j@/ 76 .
N ) CONTINUATION (If Needed)
Block No. . ‘

Nolo roqram, including desi fabri i i .

critical components, such as fuel and oxidizer rich preburners, main
injector, thrust chamber and main fuel turbopump; pressure-fed breadboard
testing of preburners, main injector, and thrust chamber.

| Suppoirting work is needed on low cycle thermal fatigue life of thrust
chambers, turbopump bearings and seals, high temperature turbine materials,

and cold and hot flow evaluation of plug cluster arrangements to determine

nozzle performance losses.

o

RPIPRT T ORR AR e s e



ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND.REPORTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
'OF ART

SPACE TECHNOLOGY NEED FORM NO. | | ‘
PAGE1OF_3 |

1.TITLE High Performance Dual Fuel Engines NO.1.,8,12/P-1 /24 :
for Booster Applications (HLLV2) THEME /W.G./ TASK

DATE_4 /28,76

2. OBJECTIVE R
Develop technology for advanced dual fuel engines for hydro-

carbon/L0X/hydrogen propellants for use on advanced boosters

using mixed mode propulsion.

3. NEED ANALYSIS NOTE:  [2] For Dual Throat Config.

a) LEVEL NOW , WILL BE LEVEL [_—3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY ,

AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pATE:1995 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH Mepium ] Low [] h
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR .
ENHANCING:  HIGH meoium [} tow [

e) TASKS NEEDED: STUDY ANALYSIS [x]  RESEARCH ]
GRD TEST AIR CRAFTTEST [[]  SPACE FLIGHT TEST [ ] 1
OTHER (Specify) [__] : (Check one or more) "

f) R&T BASE CANDIDATE Yes

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY .

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Dual fuel engines are applicable to advanced boosters Using

mixed mode propulsion.  The dual fuel engine burns high
density propellants; such as I0X/hydrocarbon early in the
flight and switches to LOX/LHp later in the Fflight. Various
engine configurations are applicable, including: high '
pressure staged combustion engines, LOX cooled; high pressure

tripropellant engine, H» cocoled; dual throat engine; . split
-combustor aerospike, ete. ) '
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OF POOR QU
i - - !
: SPACE TECHNOLOGY NEED FORM NO. 1 :
PAGE 20F _3 _
N
TITLE NO.1,8,12/P-1 /[ou

High Performance Dual Fuel Engines
for Booster Applications

THEME / W.G. / TASK

DATE /28 1 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Perform studies to evaluate use of mixed mode propulsion using
dual fuel engines for advanced boosters. Perform engine system

trade-off and parometric studies to determine fuel and oxidizer
combinations, engine turbopump drive cycle, cooling method, and

component preliminary design for selected thrust levels in the
range from 500,000 to 1,500,000 pounds. Perform (continued)

é 7. ALTERNATIVE APPROACHES/OPTIONS

4 AL e e e b e -

8. CURRENT/PLANNED RELATED ACTIVITIES {RTOP, OTHER)
¥ 506—21—11, 790-40-12. FY 79 New Start #305, "Plug Cluster

Engine. FY 80 New Start #307, "Comp. Tech. for High Press.
LOX{H%erCdrbon Booster Englne " FX 78 New Start #117, "Adv.

Propulsion System

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM . }76|77]78{79]80]|81;82|83]184185|86|87]188189]90}91{92§393§94195

TASK ITEM ¢
Engine Veh1c12§ {7

Studies

<=
oo )=
M
LT
Q5
[#2]

[
>e

ilne

‘ ) Basic SubscaleZ§ Y/
i Component.
) Research

#307=Comp . Tech. JAY A
Bl et | AT

' Breadboard Eng|
“lSystem Demo. 2y

“POWER (M-Y)
OUSE ___
- “TRACT

"106 §)

G s S S e
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rSPACE TECHNOLOGY NEED

FORM NO. | w
PAGE 3 OF _3 .

1. TITLE High Performance Dual Fuel Engines pNO.1,8,12 /P—l/ 2
THEME / W.G.7 TASK

for Booster Applications

DATE_4_ /28,16

{ 6 ) CONTINUATION (If Needed)
Block No.

‘comp¢nent technology programs based on selection of critical

compénents for the engine configuration and propellant

combination selected..

The technology in this area 1s supported by work on high

pressure Ho-Oo booster engines and high performance LOX/

hydrocarbon engines and also requires additional work on

‘specific problem areas related to the use of two propellant

combinations in the same engine.

JAT: PAGE IS
OF _POOR QUALITY.




" o)
SPACE TECHNOLOGY NEED FORM NO. |
PAGE10OF_,8
1. TITLE Liquid Hydrogen/Liquid Oxygen NO. 1,8,10,12/P-1 / 25
Attitude Control Systems for Launch THEME /W.G. / TASK

Vehicles (Adv. Vehic]e)

DATE___4/28/16 s

2 3$§ ggvgéchnology for components of a LHo/LOX APS, such as thrusters,

punps, zero "g" reservoir, and accumulators, and perform systems

testing.

3. NEED ANALYSIS
a) LEVEL Now [3], wiLL BE LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY m
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  Mepium [x] -~ Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR
ENHANCING: HIGH[]  MEDIUM Low (]
e} TASKS NEEDED: STUDY [[] ANALYSIS [ ] RESEARCH
GRD TEST AIR CRAFTTEST [[]  SPACE FLIGHT TEST
OTHER (Specify) [_] {Check one or more)

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED iN SPACE ENVIRONMENT

f} R&T BASE CANDIDATE Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY )

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
Devetlopment of technology:for LH2/L0X system for advanced 1aunch‘

vehicles, including thrusters (800 to 1,500 1bs. thrust), small
cryogenic positive displacement pumps, accumulators, controls,
~ret1lizble zero "g" reservoirs, and propellant systems. After
component technology is completed, systems testing will be performed
to evaluate control requirements and measure heat input effects to
thrusters and feed lines. Flight test demonstration of a subscale
system as Shuttle payload package needed to fully show flight
readiness of all aspects of this system technology. - *;

MATHEMATICAL MODEL .
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2, THEORY FORMULATED TO BESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

. LEVEL
OF STATE
OF ART

i

kB
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SPACE TECHNOLOGY NEED FORM_NO. |
PAGE 20F __ 3

TITLE | jquid Hydrogen/Liquid Oxygen No. s 8,10,12/ p-1/ 25
Attitude Control Systems for lLaunch THEME / W.G. / TASK
Vehicles

paTe__# /28,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Cryogenic APS offers advantages of high performance, low total

system weight, clean non-toxic exhaust, and commonality of

propellants with main propulsion system. Thruster technology

has been pursued at 1,250 1bs. thrust which showed that liquid
cryogens could be successfully uséd in a pulsing attitude control
thruster. The expected problems of themal (continued)

7. ALTERNATIVE APPROACHES/OPTIONS

SN S FET 0 L D e BT

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-21-11
FY 80 New Start (#317) - "Functional and Performance Verification

of an Integrated LHo/LOX APS."

9, TECHNOLOGY SCHEDULES
FY
SCHEDULE {TEM [76{77]78179180]81}82)83]84185]86}87]83]89)90]91]92] 93§84]95

TASKITEM
System Analysis Y ~ N4 A4
Thruster Tech. A :
System- Compon-
ent Technology a §7_

Systems Testing

Systams
(#3]7) Elight

Test on Shuttle
Payload

=
(o)

<

MANPOWER (M-Y)
INHOUSE
CONTRACT

FUNDING (106 §)
. INHOUSE _-
. CONTRACT

T AT R T T




B T P

D S e

S

nEEEeERE e
.

rspAcs TECHNOLOGY NEED FORM NO. |
PAGE 10OF
1. TITLE High Performance Hp-0, Reusable Propulsion yo1,7,8,9,11,12/P-1/26
Systems for Orbit Maneuvering System (OMS) THEME /W.G./ TASK
Applications

pate 4 /28,76

2'OBJECT'VEDeve]op technology for high performance, reusable Hs-0o space

'propUISion systems including staged combustion bell nozzie, expander

cycle bell nozzle, and aerospike engines.

3. NEED ANALYSIS
a) LEVEL NOow [3], wiLL BE LEVEL B} UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR GPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  MEDIUM Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING:  HIGH[] ~ MEDIUM tow ]
e) TASKS NEEDED:  STUDY ANALYSIS RESEARCH [X]
GRDTEST[X] AIRCRAFTTEST []  SPACE FLIGHT TEST [
OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE 'ES

4. COMPLEMENTARY TECHNOLOGY ADVAMCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED iN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
~a) Staged combustion bell nozzle engine (ASE)- Continue LeRC component

technology program on thrust chamber, main fuel and oxidizer turbopumps,

preburnar, main injector, low cycle thermal fatigue chamber Tife, i
turbopump bearings and seals, and boost pump multiroller drive system.

MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. -BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED T0O DESCRIBE PHENOMENA
3. THEQRY TESTED BY PHYSICAL EXFERIMENT OR

Expand program with FY '78 new initiative #119, "Reusable Engine Systems
Test (RECEST)," to obtain data on operation of the powerhead breadboard
assembly of staged combustion cycle engine and aerospike engine breadboard.

LEVEL
OF STATE
OF ART

b) Aerospike expander cycle engine - Complete planned LeRC program on
- testing of 25K thrust aerospike chamber. Work also needed on thermal
fatigue 1ife of segments of chamber and breadboard system test using

\ , (Continued on page 3) 'A*_J‘
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(
SPACE TECHNOLOGY NEED FORM NO. { }
PAGE 20F _3 _

TITLE High Performance Ho-0, Reusable Propulsion NCL1,7,8,9,11,12/P-1/26‘
Systems for Orbit Maneuvering System (OMS) THEME / W.G./ TASK
Applications

s DATE_4 /28,76

=

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
High performance reusable engines are needed for OMS applications using
hydrogen-oxygen propellants to reduce system weight, provide commonality

with main propulsion, APS, and fuel cells, thereby reducing cost. Ho-02
systems are inherently clean, have non-toxic exhaust, and good reusability

aspects. High pressure engines are desirable to provide maximum specific

impulse in a small compact package and minimize engine weight. Slush
(Continued on page 3)

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-21-11, 506-21-12, 910-03-01

FY '78 New Start #1719, "RECEST - Reusable Cryogenic Engine Systems Test."

9, TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76]77]78]179]180]81]82}83

TASK ITEM
Staged Comb. Eng.

Tech. Program : V
Aerospike Tech. AV
RECEST (#119) \
Slush Cryogens JA Vi
Reusable Cryogen

Insulation SysteTs AV

ASE with Boose Pu+ps JAY V.

857186]87]88]89150]91192]93|94}95

Tegh. 10¢
Readines

OO

<>m e

b

MANPOWER (M-Y)
"INHOUSE
‘CONTRACT

“FUNDING (108 $)
INHOUSE

\__CONTRACT
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(SPACE TECHNOLOGY NEED FORM NO. | A
PAGE 3 OF _3

1. TITLE High Performance H,-0, Reusable Propulsion no.1,7.8,9,11,12/P-1/26

Systems for Orbit Maneuvering System (OMS) THEME /W.G. / TASK
Applications o
idd e paTe 212876
(586 ) CONTINUATION (If Needed)
Block No.
5. b) Mark 48 fuel and oxidizer pumps as part of FY '78 new start #119,
RECEST

c) FY '78 new”start #119, Reusable Cryogenic Engine Systems~Tést {(RECEST)
d) Slush Cryogens - Evaluate methods of manufacture,; storage,: handling,
" pumping, and cost of app1y1ng to a flight system Demonstrate these

technology areas at moderate scale R

e) Reusable cryogenic insulation systems - Continue LeRC program to
providé technology on two approaches: (1) evacuated load bearing
insulation systems; and (2) reusable purged multilayer insulation
system

f) ASE with boost pumps - Add boost pumps and their drive system to the
powerhead breadboard assembly tested under (c), above

6. cryogens are desirdb]é'to reduée tankage volume. High pettormance
reusable cryogen insulation systems are needed that are rugged, have
Tow heat leak, and are reusable for up to 50 missions. ‘

PREP O et

5 TR




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

ST YT LA s S

g o 4

P

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEQRY TESTED BY PHYSICAL EXPERIMENT GR

LEVEL °
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. I }

PAGE1OF 3
1. TITLE High Performance LOX/Hydrocarbon No_%iziéig/P-l /50
Propulsion Systems for Booster THEME / W.G. / TASK

Applicatilons (Adv. Vehicle) DATE_ 4 /28776

2. OBJECTIVE
Develop technology for hisgh performance LOX/hydrocarbon

propulsion systems including bell nozzle types, “aerospike/
linear engines, and plug cluster engines for booster vehicles.

3. NEED ANALYSIS :
a) LEVEL NOW [E] WILL BE LEVEL [ﬂ UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL B FOR OPERATIONAL SYSTEM USE BY IDATE: 1990

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH[ ] MEDIUM tow []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING: HIGH [X]  Mebium (] Low [

e) TASKS NEEDED: STUDY ANALYSIS RESEARCH [ ]
GRDTEST [x} AIRCRAFTTEST (]  SPACE FLIGHT TEST [_]

OTHER (Specify) [_] {Check one or more)

f) R&T BASE CANDIDATE Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED ‘FOR
USE OF THIS TECHNOLOGY

5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

Hiph performance LOX/hydr QCaEDQn_pIqulﬂlﬂn_ﬂyﬂhﬂmﬁ_aL&—__—“_
need+d for future booster applications that provide high
specific impulse, compact size, high thrust/weight ratio,
reusability, and use high bulk density propellants. A variety
of engine cydles and- configurations are applicable including -

high pressure bell nozzle engines,kplug clugter, or linear/’

aerospike (plug nozzle) types that provide high specific
impulse at sea level and throughout the Fflight by the use of
altitude,compensating nozzles.




G ~ T
SPACE TECHNOLOGY NEED FORM NO. | w
i . PAGE 20F _3
TITLE 3 L / AT
High Performance LOX/Hydrocarbon No_9,10,ll'P-l' 30
THEME / W.G. / TASK

Propulsion Systems for Booster

Applications : : DATE 4 /28776

—l——

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Technology program should include: englne and vehicle studies;

determination of relative advantages of varlous engine types;
thrust chamber cooling studies with fuel, oxidizer or auxiliary
coolant; studies of various candidate hydrocarbon fuels, such

as methane, propane, RP-1, RJ-5 and other intermediate density

or heavy hydrocarbon fuels to evaluate their (continued)

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
790-40-12, 506~21i-11, 506-21=10
FY 79 New Start #305, "Plug Cluster Engine Demonstration”
FY 80 New Start #307, "Comp. Tech. for High Press. LOX/HC

i Booster Enegine 1

9. TECHNOLOGY SCHEDULES

FY o
. SCHEDULE ITEM 176771787980 a1] 82] 83) 84|85 ] 8] 87 ] ea]s9]o0] 91] 92] 03] 94 s
TASK ITEM 1 3 0 | dc
: e N\ . e q¢ 2t R
Lok (a) %gﬁ%lr”l?paggudipé“ 4 <> R4 adLn§SS 0

High Density
L (b) Fuel Study A' _‘;

~ High Pressure i
Engine Compon-—

c T | \
| (e¢) lz?%o7ichnzlog;y 45 av4
; (a)|Biug TTRRES” : 4
Breadboard : A ‘7

(e)|Engine Demo

et eI N

MANPOWER (M-Y).
INHOUSE
CONTRACT .

'FUNDING (105 $)
INHOUSE
- \_CONTRACT




SPACE TECHNOLOGY NEED

PAGE 3 OF 3

FORM NO. | <w

1. TITLE High Performance LOX/Hydrocarbon NO.%?ZE§12/P-1/30

THEME / W.G./ TASK
Applications : Y ;28 76

Propulsion Sysfems for Booster

DATE

( 6 ) CONTINUATION (If Needed)
Block No.

performance, cooling capability, and operational problems;
engine component technology program, including design,

fébﬂicationLand testing of selected critical components,

! such as fuel and oxidizer rich preburners, main injector,

thrust chamber, and mgin fuel turbopump; pressure-fed bread-

board testing of preburner, main injector, and thrust chamber.

Supporting work is needed on lowcycle thermal fatigue life
of thrust chambers, turbopump bearings and seals, high

temperature turbine materials, and cold and hot flow evaluation

of plug cluster arrangements to determine nozzle performance

losses.




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED.IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD.TESTED IN RELEVANT
7. MODEL TESTED (N SPACE ENVIRONMENT ;.

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

‘1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. |
PAGE10OF_3

L, {40 )
1. TITLE High Performance Dual Fuel Engines NO.QiZiL12/§-1 /31
THEME /W.G./ TASK

for Booster Applications

(Adv. Vehicle) DATE_ 4 28 ;76

2. OBJECTIVE .
Develop technology for advanced dual fuel engines for hydro- ;

carbon/LOX/hydrogen propellants for use on advanced boosters :

using mixed mode propulsion. o e

~ 3.NEED ANALYSIS NOTE: 2] For Dual Throat Config. BN

a) LEVEL Now [2], wiLL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X]  ™mebtum ]  Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH [x]  Mebium []  row [J
e) TASKS NEEDED: STUDY ANALYSIS RESEARCH
GRD TEST AIR CRAFT TEST [[]  SPACE FLIGHT TEST []
OTHER (Specify) [_] e {Check one or more)

f) R&T BASE CANDIDATE . _Yes

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF TH!S TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED ) ; ; ,
Dual fuel engines are applicable to advanced boosters using

mixed mode propulsion. The dual fuel engilne burns highy
“density propellants, such as LOX/hydrocarbon early in the
flight and switches to LOX/LH> later in the flight. Various
engine configurations are applicable, including: high
pressure tripropellant engine, Ho cooled; dual throat engine;

split combustor aerospike; etec.

S
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SPACE TECHNOLOGY NEED FORM NO. |
3 PAGE 2 OF _3
TITLE 17,8,
| High Performance Dual Fuel -Engines - - NO.9,11 = ‘
‘ for Booster Applications THEME /W.G./ TASK
»(Adv. Vehicle) DAT L/ 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED v
Perform studies to evaluate use of mixed mode propulsion using
dual fuel engines for advanced boosters. Perform engine system
trade-off and parametric studies to determine fuel and oxidizer
combinations, engine turbopump drive cycle, cooling method,

and component preliminary design for selected thrust levels
in the range from 500,000 01,500,000 pounds. (Continued)

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-21-11, 790-40-12, FY 79 New Start #305, "Plug Cluster

Eniine;" FY 80 New Start #307,""Comp. Tech.sggrtH%%E7Pressure
r »

"Advanced -Dual Fuel Propulsion System."

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77}78{79|80181]82}83]84185186{87|88}89

TecH.
R¢adiingss

91192193{ 94195
T 04

B TASK'%EgE 1
ngine Vehicle N
St%dies A‘ /

Basic Subscale Zk

Component
Research

4301 % A
sy Buaf ToeT v

<>
<98

MANPOWER (M-Y)
" INHOUSE
| CONTRACT

FUNDING (108 §)
INHOUSE

\_ CONTRACT
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i SPACE TECHNOLOGY NEED FORM NO. | w

PAGE 3 OF 3______

. L 5]
1. TITLE High Performance Dual Fuel Engines NO.Qﬂi.i.?/P-l /31

for Booster Applications THEME /W.G./ TASK
(Adv. Vehicle)

DATE Y /28, 76

( |6 )  CONTINUATION (If Needed)
Blof‘ck No.

Pebrform component ltechnology programs based on selection of
‘critioal components for the engine configuration and propellant
combination selector.

The technology in this area is supported by work on high
pressure Ho-0o booster engines and high performance LOX/
~hydrocarbon engines and also requires additional work on

; ispécific problem areas related to the use of two propellant
icopbinations in the same engine.




ENVIRONMENT IK THE LABORATORY
6: MODEL TESTED 1N AIRCRAFT ENVIRONMENT

5, COMPONENT OR-8READBOARD TESTED IN RELEVANT
7. MODELTESTED IN SPACE ENVIRONMENT

ST T A R, . e o

S e s L RS

1. BASIC PHENOMENA DBSERVED AND REPORTED
2, THEORY FORMULATED TO DESCAIBE PHENOMENA
3, THEORY TESTED BY PHYSICAL EXPERIMENT OR

OF STATE

LEVEL
OF ART

\

SPACE TECHNOLOGY NEED FORM NO. |
PAGE10OF_ 2

1.TITLE Composite Bngine Technology NO. 12 /P-l / 32
THEME /W.G. / TASK

DATE 4 /28,76

2. OBJECTIVE
Develon technology for composite (rocket/air breathing)

engines for advanced horizontal take-off, horizontal landing
(HTOHL) shuttle type vehlcles,

3. NEED ANALYSIS
a) LEVEL Now [B], wiLL BE LEVEL B ] UNDER EXISTING PLANS,

by REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL . FOR OPERATIONAL SYSTEM USE BY [pATE: l§§0 l

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [x]  ™epwum [} wow []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING: HIGH[]  MEDIUM Low (]

e) TASKS NEEDED; STUDY [] ~ANALYSIS [x] RESEARCH
GRD TEST [X] AIRCRAFTTEST [[] = SPACE FLIGHT TEST []

OTHER (Specify) [] {Check one or more)
f) R&T BASE CANDIDATE ‘

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
The technolopy advancements required are dependent upon fihe

engine concept selected (ducted4rockef; ajector. ramjet,
seramjet, air turborockeb, lace cyeles, and others) but
include, for example, engine cooling, afterburner desipgn,
and variable area inlet control. ‘

MATHEMATICALMODEL :
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

OV SR T s

At P R B 208
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SPACE TECHNOLOGY NEED FORM NQO. |

PAGE 2QF 2
TITLE Composite Engine Technology NO._12 /P—l /432

THEME / W.G./ TASK

DATE___ U4 /28 /. 76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Conduct vehicle/propulsion system analysis of HTOHL fully

reusable two-stage-to-orbit shuttle vehicles for the post

1990 time period that utilize composite engines. Select

engine concept and perform technology program to bring
composite engine technology to maturity by 1985.

7. ALTERNATIVE APPROACHES/OPTIONS g%gglﬁnggggg]; approaches to the
vehicles of one or two-stage-to-orbit design which generally

consumption, and higher launch cost per pound of payload.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None

9. TECHNOLOGY SCHEDULES
‘ FY
SCHEDULE ITEM [76]77}78]79]80]81]82{83{84|85]86)87]|88183}90}91]92]93}94]95

TASK ITEM
Vehicle/
1.pPropulsion
System
Analysis

2.Engine/System

Studies

Design
3.Fabr%cétion

3 ;f‘gxél%onent ..——-—
5.3ubscale

Engine Test

MANPOWER (M-Y)
INHOUSE
CONTRACT

FUNDING (106 §)
INHOUSE

\CONTRACT £10:14.20
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Loy r;’ACE TECHNOLOGY NEED FORM NO. | - w

o PAGE1OF__&
ot 1.TITLE __NEP System Technology NO12-10/Pety 41
oo | i THEME / W.G. / TASK

DATE__4 /-27{ 7

g

2. OBJECTIVE
Develop system technoloqy;necessarv for. integration-of-

thrust and power subsystems 1nto high power Tevel NEP spacecraft

T T T IR e e

3. NEED ANALYSIS ~
a) LEVEL Now [], wiLe B LEVEL [] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [] FOR OPERATIONAL SYSTEM USE BY [DATE: 1995 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  wmeobwum [ row []
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [x] OR
ENHANCING:  HIGH[]  wmebium [ row [
; e) TASKS NEEDED: - STUDY [x] ANALYSIS k] RESEARCH [X]
P GRDTEST[ ] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []
i OTHER (Specify) [ ] {Check one or more)

UNVIRONMENT IN THE LABORATORY
6. MGDEL TESTED IN AIRCRAFT ENVIRONMENT .

7. MODEL TESTED IN SPACE ENVIRONMENT.

4. COMPONENT OR BREADBOARD TESTED iN RELEVANT

e

N LT

f) R&T BASE CANDIDATE
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR

USE OF THIS TECHNOLOGY _Nuclear-thermonic_power system fon

thruster technology

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
. ACCOMPLISH NEED

A single size nuclear re

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

¥ BASIC PHENQMENA OBSERVED AND REPORTED
S 2. THEORY FORMULATED TO DESCRIBE PHENOMENA

3 THEORY TESTEU BY PHYSICAL EXPERIMENT OR

; ¢ be developed for space app11cat1ons Vehicles that will requ1re increased
: i eactors.—Thi

; ; determ1ne the interconnection of expecte

: § Lifetime limitations of the single reactor designwill have to be

: ﬁ w extended to providelong-Tived veh1c1es Conduct injtial svstem_rests.___'
ZEE

L A

i : doo

e 57 e A A AL T S
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a - ' )
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF -
ITLE
T NEP System Technology NC 12-10/P1/41

THEME / W.G./ TASK

etimeTimitations8—identify-approaches—to-obtain-a—tong—

lived system.

4). Setup and conduct initial system tests.

DATE_ 4 / 27/__76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

)Devel t t syl : ; led for hiat NEP vehicl
2) _Determine modular techniques for incorporating multiple nuclear

reactors in_a NgP vehicle

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Nuclear thermonic power subsystem fechnology.

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76177178179180}81|82183|84185]86]87]88]89]90]91]92]93§94]95
TASK ITEM
Subsystem concepts —
Modulal techniques amY
| ifetime design 1V

approaches

System Tests

MANPOWER (M-Y)
INHOUSE

CONTRACT

FUNDING (106 $)
INHOUSE

\___CONTRACT

e A 4



rSPACE TECHNGLOGY NEED FORM NO. | w
} , : PAGE10F __ &
1. TITLE HJgh Isp Ion Thruster Systemfor NO. __10/P1/42
THEME / W.G./ TASK
Planetary Propulsion
_ DATE__4 /28/16

Y -
Szmonst %e the techno]ogy for an ion thruster thrust subsystem for
planetary propulsion applications

3. NEED ANALYSIS /
a) LEVEL NOW [4], wiLL BE LEVEL [5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE: 1984 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  Mepium [}  Low
d) CRITICALITY TO THE ACCOMPLISHMENTS:
ENHANCING: HIGH[] = wmeoium ] row [
e) TASKS NEEDED: STUDY [}  ANALYSIS ] RESEARCH []
GRD TEST AIR CRAFTTEST [[]  SPACE FLIGHT TEST |
OTHER (Specify) [_] {Check one or more)

ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN ATRCRAFT ENVIRGNMENT

4. COMPUNENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

ENABLING [X] OR '

g

f) R&T BASE CANDIDATE

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY. High power 11qhtwe1qht so1a_Lam:avs

Lt wt. high eff. pwr processors

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
(1) Ground test of complete systems

(2) Demonstration of system life
~ (3) Measurement of interactions between system elements and with

N NN - spacecraft.

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1, BASIC PHENOMENA OBSERVED AND HEPORTEIJ‘
2. THEORY 1 ORMULAYED TO.DESCRIBE PHENOMENA

} - THEURY TESTECD BY PHYSICAL EXPERIMENY OR

LEVEL
OF STATE
OF ARTY

L e ity et » B . e L
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:SPACE TECHNOLOGY NEED FORM NO. |
‘ ) PAGE20F & -
TITLE High Isp Ion Thruster System for Planetary NO._10/P1/42

Propulsion (SEP) THEME /W.G./ TASK

DATE 4 /27, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(1) Maintain Present Technology Program
(2) Perform Flight Demonstration of Representative Technoloay

SPHINX B/C
Propulsion Pallet Experiment w/TSS Array

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
| RTOP 506-22-30, 506-22-40
SPHINX B/C, Propulsion Pallet Tests

9, TECHNOLOGY SCHEDULES
) FY
SCHEDULE ITEM 7617778179180 61} 82}83}84]185]86187]88]89j90}91}92]93{94]95
TASK ITEM
Thruster Perf. o
|Thruster Life
System Tests

System Life
Tech Ready - - ' y
SPHINX B/C

Pallet Array : Y
SEP Flight | sy

MANPOWER (M-Y)
. INHOUSE 4laglag leala |a la Ja |a
CONTRACT

FUNDING (105 )
INHOUSE L7]Lsh,
\_ CONTRACT 17]1.50.
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ENVIRONMENT IN THE LABORATORY
€.  MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED iN SPACE ENVIRONMENT

MATHEMATICAL MODEL.
4. PERTINENT FUNCTION G® CHARACTERISTIC DEMONSTRATED

1. BASIC PHENDOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

ot T

‘r;PACE TECHNOLOGY NEED , FORM NO. |
PAGE10OF__ &

1. TITLE. Solar Sailing Technology Program Nno. 10 /P-1/ 44
THEME / W.G. / TASK

DATE_4_ /28 ; 76

2. OBJECTIVE

Develop and demonstrate the capability to deploy and control a solar

sail up to 1 sq km

3. NEED ANALYSIS
a) LEVEL NOW @, WILL BE LEVEL @ UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [pATE: 1990+ |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  meoium [y]  row []
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH[]  MEDIUM row [
e) TASKS NEEDED: STUDY [y] ANALYSIS [x] RESEARCH
GRDTEST[] AIRCRAFTTEST [(]  SPACE FLIGHT TEST [x]
OTHER (Specify) [_] ‘ {Check one or more)

f) R&T BASE CANDIDATE Yes

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Deployment and/or assembly of large-light

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
1. Deployment; control of large space structures in space.

2. Development of light-weight, long lifetime solar sail
material capable of passing through the earth's radiation

belts and be able to travel to within 0.2 AU.




- .
\ : SPACE TECHNOLOGY NEED - ' 'FORM NO. 1
PAGE20F _2 .
TITLE  go1ar Sailing Technology Program NO. 10 P-1__ 44
. : o THEME /W.G./ TASK
. , DATE__4 /28/ 176
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
’ Conduct feasibility design studies and component tests leading to a
prototype demonstration flight test. '
7. ALTERNATIVE APPROACHES/OPTIONS  Ngp . sgp
y ;
i 8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
; NONE - _
9. TECHNOLOGY SCHEDULES
: FY - ,
‘ SCHEDULE ITEM 76{77]78]79|80] 8182 83]84)85|a6]87]86889]90]91]92f93{94]95
‘ - TASK ITEM
. : -
Analysis & Design
IMaterial Devefop. } - P
Assembly Test =P
System Test ]
Flight Test Ready | 7 P
Flight Test 4
MANPOWER (M-Y)
INHOUSE
b CONTRACT
FUNDING (108 $) ,
1 INHOUSE .5 .ob.d .5.
B \__CONTRACT 3 .0p.0ff .0
T Not 4ncluding launeh vehicle o .
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( space TECHNOLOGY NEED FORM NO. |
PAGE1OF__&

1.TITLE __ Sterilizable Solid Propellant Rocket NO._._10/P-1/45 _ _
THEME / W.G.7TASK

for Sample Return Propulsion

DATE 428,76

b

i

.iﬁ . 2. OBJECTIVE Demonstrate solid propellant rockets that can withstand
g}g: heat sterilization cycling to assure planetary quaranfine for
;ﬁgf; plqnetary probes or ascent from planet surfaces.

% S55 | 3.NEED ANALYSIS

LS a) LEVEL Now [4], wiLL BE LEVEL [] UNDER EXISTING PLANS.

= ;-; ‘;f 3, b} REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

%:: i &b AT LEVEL [7:] FOR OPERATIONALSYSTEM USE BY ||).‘\TE: 1990
rj c) RISK IN ACHIEVING ADVANCEMENT; ~

B HIGH ] wmeDium [} Low ]

I d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[]  mebium [[]  Low [}

e) TASKS NEEDED: STUDY [[]  ANALYSIS []  RESEARCH
GRD TEST {X]  AIRCRAFTTEST [ SPACE FLIGHT TEST [}

‘: OTHER (Specifv) [] , (Check ong or mora)
& ) R&T BASE CANDIDATE Yes ,
¢, COMPLEMENTARY TECHNOLOGY ADVANGEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY __None ‘

rony

5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ikx ACCOMPLISH NEED ,
;;ﬁfﬁ Formulate and demonstrate propellant with adequate thermal stability
o 0 . .
s o to resist degradation during_sterilization.heat cycling in a motor

gl :
“"’.Fé which has reasonably high mass fraction; demonstrate a propellant
O charge support system consistent with the mass fraction.

i ‘ —
gtk
W $ :
T U W :
O —y

T L a7 S L Ml i
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SPACE TECHNOLOGY NEED ‘ FORM NO. i
PAGE 2 OF ;
TITLE. S . .
, Sterilizable Solid Propellant Rocket for NO.__10/P-1/45

- THEME / W.G. /TASK
Sample Return Propulsion

DATE_4 / 28 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Evaluate oxidizers and binders with high temperature stability and
evaluate charge support designs which do not decrease mass fraction.
Heat-cycle propellant charges and complete motor systems, space-age
the motors, and conduct verification tests at simulated altitude

conditions,

7. ALTERNATIVE APPROACHES/OPTIONS Use higher risk and lower pei‘formance

chemical systems.,

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

__,_*__RIQE_jKKLJILjﬂLJAd1nnced~Snl1d_Ernpuls1nn_Conceprsj_____~_____,_____

9. TECHNOLOGY SCHEDULES
FY ‘ ' -
SCHEDULE ITEM |76 [77]78]7a80] 81182 83] 84|85 8687} 88} 89 90] a1} 92| 93] 94|95

TASK ITEM

Propeliant
davelo nnmnn+

Charge Support R W R o
FuT__sca]e motoy e

Fal Y7ol W BaTy]
Y Ty

Aging tests r o
Motor test }
firing"

MANPOWER (M-Y)
- INHOUSE ‘ 2le2fel2l2)2lslsl.5)2]2

CONTRACT

FUNDING (106¢) | - ’
' INHOUSfE S 11 laslaslaslislistislosl osloslis|as

‘\__CONTRACT 0j010)1.31.31.310]0}0]0]0

A R ST R~




b Rl irtuc

%)
(3]
T
3
o
Ve
17
W
©
]
8
. I
; 4
11 R
£ O w
S8 g €
moaiat .
B
PR K W) Ity
RO
N 2 (%3
sl ;J A n
P g
tioeain ! r:._
o o
ol s,
N ‘L. ca
g 2y E3
R
Dl
R I ]
%..' (12 R
oe >
uors 4
L
v AY ' -
Toowwe
LI SR
R I o~
i
o
T
4 Y
W
gt U
100

= . m

SPACE TECHNOLQGY NEED FORM NO.1
PAGF 10F &
A P st b b v TP SV N ROV RUYR SN oy Piong gL FIAN D T PN e v

L. TITLE __ Space Storable Propu]s1on w1th Hydrogen  nNOW02P-1/46
, THEME / W.G./ TASK

Injection

-  DATE_._4 /28 /76

2. ORJECTIVE

Demonstrate a flight-weight FolH,_propulsion. subsystem.._
_.applicable to_ personnel orbital transfer vehicle and planetary
spacecraft

3. NEED ANALYSIS

a) LEVEL NOW [4], WiLL BE LEVEL B] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [oaTe: 1987 |

¢) RISK IN ACHIEVING ADVANCEMENT: :
HiGH ] wmepium [x]° Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING || OR
ENHANCING:  HiGH [X] meDIUM [ tow []

e) TASKS NEEDED:  sTUDY ] ANALYSIS []  RESEARCH [
GRDTEST [X]  AIRCRAFTTEST [T]  SPACE FLIGHT TRST [
OTHER {Specify) |_] » '{Chack one or more)

1} BXT BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TOROHNOLOGY

—————s o s

,’ e : | - | : | y

5. 8PECEHTY TEC! h‘OL,OG“! ADVANCEME NF:”'L”QLHRED TO
ACCOMPIISH NEED
Demonstration of pumps compatible with, Fﬁ/N H at _engine thrust

PSR S

levels of about 3,000 1b;, demonstration of canponents including
injector to inject hydrogen as avftlgnqgellant andﬂ}g use it as -
an engine coolant; demonstration of increased Isp from 370s to 425s.

o it i, < —

i S 6 e S b i

e S U i e TR 2 e e e



(" . W :
SPACE TECHNOLOGY NEED : FORM NO. |

PAGE 2 OF _&
TITLE  space Storable Propulsion with Hydrogen NO10-12/P-1/46
Injection THEME / W.G./ TASK

DATE__ 4/ 2§76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Complete the currently funded demonstration of FE/N2H4 system for

mwmmt_cmmmjmgmmlmmts_mmnmm
the improvement from '112 used as_the third propellant element and
as a coolant from «ﬂ%*,p_oj]-gff; demonstrate redundant solenoid :
valves for reuseable POTV main propulsion (as opposed to pyro-valves _

for spacecraft propulsion). Conduct system testing at simulateil
altitude ,

7. ALTERNATIVE APPROACHES/OPTIONS

Use currently available propellants,

‘8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

RTQP 525-71-21

9. TECHNOLOGY SCHEDULES
: FY

SCHEDULE ITEM 76|77 7879 |80 | 81|82} 83 84)85|86{87{83]89|90]91]|92]92{94]95
TASK ITEM
Analysis & Design =3
Injection MR
C elopment :
uﬂgeg?gnnent , s el i A S ,
Assembly : I T I B
Tests ' - ,ﬂ-
MANPOWER (M-Y) | |
~ INHOUSE __ 3141 41414131312
: 'GONTRACT"
FUNDING (1088) | ,
INMHOUSE 21.31.31.41.41.371.3].2
\. CONTRACT 4 0{.21.3}.41.4}.21.2}0

Lo ORI et 9 iyt et e




(SPACE TECHNOLOGY NEED FORM NO. |
PAGE1OF_R _

SR K

1. TITLE _ ytilization of Indigenous Materials for  nNoO.10-12/P-1/47

Propulsion THEME / W.G./ TASK
[ DATE__4 ;. 28, 76
.:-:f - 2. OBIECTIVE  peponstrate the use of the mass of extra-terrestrial
% :" : surface material, planetary atmosphere, and waste forbropu]sion.
LEs ,
i

HVIF

3. NEED ANALYSIS

a) LEVEL Now [3], wiLL BE LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL {7] FOR OPERATIONAL SYSTEM USE BY [DATE: 1990 ]

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  mebium [x]° row [ ]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING:  HIGH[x]  meEbwum [ row [ ]

e) TASKS NEEDED: STUDY []  ANALYSIS [X] RESEARCH
GRD TEST [X]  AIRCRAFTTESY [[]  SPACE FLIGHT TEST [ ]

CEE

LTESTED 1! SPAC

ENVIRCRIMENT IN THE LABORATGRY

§, KMODEL TESTED IN AIRCRAFT Ei

COMPONENT Ca BREAGERAR
7. KOCE

5.

E‘é OTHER (Specify) D (Cttneck one or more)
5 f) R&T DASE CANDIDATE _Yes

| 2, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
UBE OF THIS TECHNOLOEY - Adequate verification of the physical and

chemical characteristics of the predicated lunar or planetary
materials and planetary atmospheres,

UNCTION GR CHARACTERISTICD

€ i o
3. THEORY TESTED BY PHYSICAL EXFLRNIZAT OR

53' Z b 5. SPECIFY TECHNQOLOGY ADVANCEMENT REQUIRED TO
kg ACCCWMPLISH NZED ‘
62 2 Demonstrate the most applicable concepts for reacting indigenous
[+ 2+ -3 = . P -
HEEsh materials with stored reactants and evaluate their characteristics;
e - . .
HEBEE devise design criteria,
SEE=Y
e grs
t']
'_
it
=W L4
[(E RISy N
O

0 M e e A ] o
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SPACE TECHNOLOGY NEED FORM NO. |
| A PAGE 2 OF _ & ]
: —
TITLE  ytilization of Indigenous Materials for NO.10-12/P-1/47
: Propulsion ”THEME /W.G./TASK

paTE__4 /28 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Identify concepts for reacting indigenous materials with stored

. reactants and evaluate their characteristics. -Devise new schemes,

compare concepts, test and develop the most applicable technologies,

7. ALTERNATIVE APPROACHES/OPTIONS = Carrying mass of propellant from

i

1 Earth.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP: £06-21-43 (New Horizons in Propulsion)

9. TECHNOLOGY SCHEDULES
' FY

SCHEDULE ITEM 76177178179180181({82183}184185]86}187]88183190]91]92]93§94]195
TASK ITEM
Study - {--1--1-Y
FAEE N
lab Tests e o= - ;
Breadboard testy I . v
MANPOWER (M-Y)
INHOUSE 1. 5|12.502. 5)2. 5]2.5p. 5§3.012. 5
CONTRACT
- 5 —
PR d1073) 1].2).2].21.2].2}.6].4

e b s S 2T

RS VO G LIS WS SV



(SPACE TECHNOQLOGY NEED FORM NO. i
PAGE 10F &

2 BTSN WUV TS

' 1. TITLE Propu]sidn in Planetary Atmospheres NO. _ 10/P-1/48
THEME /W.G. / TASK

 DATE._._4/28/.16

iy
g
3 2. OBJECTIVE - .. . :
R Provide an efficient propulsion system for probe or attijude
§>~§§g propulsion operating in very dense planetary atmospheres.,
fESE
skie
ESE -
S8%s 3. NEED ANALYSIS
G5y
sRes a) LEVEL Now [3], wiLL BE LEVEL [3] UNDER EXISTING PLANS.
cE2% b) REQUIRED ADVAMNCEMENT ~ SHOULD BE TECHNOLOGY READY
Y AT LEVEL FOR OPERATIONAL SYSTEM USE BY [paTE: 1990 |
5250 c) RIS IN ACHIEVING ADVANCEMENT:
snee HIGH [[]  mepiom [x]° Low []
S d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ OR
ENHANCING:  HIGH[]  meEbium [} row [}
e) TASKS NEEDED: STUDY [[]  ANALYSIS [X] RESEARCH
GRDTEST [¥] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []
5 OTHER (Specify) [] - {Check ohe or more)
'ﬁ .
5 f) R&T BASE CANDIDATE __Yes ,
" i 1 ¢, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR

2 USE OF THIS TECHNOLGGY Adequate verification of the physical and
by chemical characteristics of the predicated planetary atwmosphere(s).

a2 5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
£ ACCCMPLISH NEED e
Provide prototype detonation propulsion system using small charges of

ESTED BY PHYSICAL EXFERIGENT GR
4

LA iV
ORLIULATED TO CESCRIBE PHENOLIEHA

T
¥ F
YT

explosive repetitivety detonated in_an expanded nozzle to provide an
jmpulse. - This impulse is: independent of atmosphere to the first
order,

26R;
HeDR

. ERBICPH

. £
2.7
T

EL
OF STATE
ART

L=V
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.
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'SPACE TECHNOLOGY NEED . ~ FORMNO. |
PAGE20F _&
;T'TLE' ' Propulsion in Planetary Atmospheres e NO. 10/P-1/48
, THEME /W.G. /TASK|"

DATE. 4 / 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Complete the component designs and tests and assemble a prototype

which can be subjected to space- and planetary-simulated envirommental
exposure and operated in a simulated desnse planetary atmosphere.

7. ALTERNATIVE APPROACHES/OPTIONS Low efficiency chemical rockets

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-21-32 (Advanced Solid Propulsion Concepts)

9. TECHNOLOGY SCHEDULES
) FY

RO S S tr e kit kit

SCHEDULE ITEM {76)77]78]|79) 80| 81|82]83{84|85]86]|87]|88}89]90]91]92]33]94]95
TASK ITEM
Component Tests e fee]o]o- || ¥
Prototype assembly --1-
Prototype testing y.<
MANPOWER (M-Y)
. INHOUSE ~ harg.d1.91.43.8.d2.d2..d
| CONTRACT
FUNDING (10 $)
, INHOUSE Jata].1).11.11.3].31.3] .2
\___CONTRACT 0l0jl0} 0] 0fjo08.21.210




rSPACE TECHNOLOGY NEED . FCORM NO.1 w
PAGE 1 OF

1. TITLE Hi Specific Impulse Ion Thrusters for On=  NO. 7,8,9,10,11/P1/49
Orbit Operations ' ' THEME / W.G./ TASK

DATE_4 /28,76

2. OBJECTIVE
To develop Ion Thruster Systems to provide station keeping for orbital

systems using low cost inert fuels

3. NEED ANALYSIS

a) LEVEL Now [3], witL BE LEVEL [5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL FOR OPERATIONAL SYSTEM USE BY [pATE:1985 |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  mebium [O]  Low

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [X] OR
ENHANCING: HIGH{] meoium [ row [

e) TASKS NEEDED: STUDY ANALYSIS ] RESEARCH
GRDTEST [x] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [x]
OTHER (Specify) [ ] . (Check one or more)

ENVIRONMENT IN THE LABORATORY
B MODEL TESTED IN AIRCRAFY ENVIRONMENT

H. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ERVIRONMENT

T

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

1) Scaling of pr ter systems to required sizes
(2) Efficient operation demonstration with inert_gases
(3) Demonstration of total impulse and cyclic Tife

MATHEMATICAL MOOEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

3 THEUHY TESTLL BY PHYSICAL EXPERIMENT OR

w
3%
fragts <
<
Wi
[a) =]

LEVEL




: a ' )
i SPACE TECHNOLOGY NEED FORM NO. |
: PAGE 2 OF .?

NO.7.8,9,10,11/P1/49

TITLE

. Hi Specific Impulse lon Thrus S or _On- ARV
‘ | Orbit Operations . THEME /W.G./ TASK
DATE__4 /28 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

P (1) Compllete Hg Aux Thruster Program
(2) Define System Operating Requirements
(3) Design Thruster System

(4) Incorporate intc Existing Technology Program

(5) Perform Directed R&T _
(6) Demonstrate Critical Performance Parameters

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-22-11, 506-22-40, 506-22-30

| SPHINX B/C. Propulsion Pallet Experiment

: _gBQ_E1_Z8_Nem_ln1&1aL1Me_fQr_Ihrusi_Sub_Sysrem_IﬂnbLNDeML__k_____________'“

9. TECHNOLOGY SCHEDULES
FY L
SCHEDULE ITEM §76]177{78}179]80}81}82|83]84]85}86)87168]89}90}91]92{93{94]95

TASK ITEM
Jech. Ready /M8 Vs

Define Req.
Design System

! Baseline R&T
p Directed R&T

Critical Tests
Flight ‘Application

% Pallet Tests ‘ V

; MANPOWER (M-Y) |

U INHOUSE 15 115 115 Jis s {15 s hs
o CONTRACT

| FunDING (108 8)

i |NHouéEO 9 Alalalsfilils s

\__CONTRACT 40608 11 1,141 451L5

i
#1
4

S BT




LEVEL

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AiIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

‘MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DOESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

OF STATE
OF ART

CPACE TECHNOLOGY NEED FORM NO. | W
o PAGE1OF_2
1. TITLE __MONOPRGPELLANT HYDRAZINE PROPUISION FOR NoO.__10-12 P-1 &)
ON-ORBIT STATION-KEEPING THEME /W.G. / TASK
DATE_4__/_2]__76
~2. OBJECT!VE ’

INCREASE THE OPERATIONAL L TEE OF Moty THRUSTERS WETH——
EMPHASIS ON IMP :
RANGING FROM 105 LBF TO 102 LBF. PROVIDE LOW-GRAVITY ACQUISITION SYSTEM.

3. NEED ANALYSIS o

a) LEVEL Now [4], wiLL BE LEVEL [] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ] ~ ™mepbium [X]  row []

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH X  Mepbium ] row [

e) TASKS NEEDED: STUDY [] ANALYSIS [[]  RESEARCH [ ]
GRDTEST [X]  AIRCRAFTTEST [[]  SPACE FLIGHT TEST [
OTHER (Specify) [ ] (Check one or more)

f) R&T BASE CANDIDATE YES

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY NONE

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO |
ACCOMPLISH NEED

CHARACTERIZE HYDRAZINE CATALYST BEDS uITH RFGPF{‘T Tn qmnmmr AND
EACTIVITY DEMONSTBAI; LONG LIFE IHRUSIER..._DEMQNSIRAIE_CAEABILIIY___

ENVIRONMENT.
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SPACE TECHNOLOGY NEED

FORMNO.1 w
PAGE 20F _2

TITLE ~ MONOPROPELLANT HYDRAZINE PROPULSION FOR

ON-ORBIT STATION-KEEPING

10-12 P-1 51
THEME / W.G. / TASK

NO.

DATE 4 27/ 76

o

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
UTILIZE "GAS GENERATORS TECHNOLOGY FROM SPACE SHUTTLE AND PLANETARY

SPACECRAFT.

DETERMINE SERVICE LIFE OF A RADIAL FIOW HYDRAZINE THRUSTER.

DETERMINE OPTIMUM DESIGN TO MINIMIZE REFURBISHMENT COST AND/OR MAXIMIZE

LIFE.

DESIGN, FABRICATE & TEST A HYDRAZINE PROPELLANT ACQUISITION SYSTEM

EMPLOYING A SURFACE TENSION DEVICE,

INTEGRATE THE TWO DEVICES, TEST ON

GROUND, AND IN SPACE ENVIRONMENT.

_BI-PROPFLLANT AUXTIITARY PROPULSION _SYSTEM

7. ALTERNATIVE APPROACHES/OPTIONS H-0 AUXILIARY PROPULSION SYSTEM,

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
910-04-01; 910-04-0?

506-21-=51

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM

16

17

78

79

80

81

82

83

84

86

87

88

94185

TASK ITEM
THRUSTER:

Design & Anal.

Fab. & Test

ACQUISITION:

Design & Anal.

Fab. & Test

Gnd Test Integ

Space Test

MANPOWER (M-Y)
INHOUSE

CONTRACT

FUNDING (108 )
INHOUSE

\__ CONTRACT

.29.2

7B




-~ o -
E TECHNOLOGY NEED FORM MO. |
o . . PAGE | OF _ Z, B
1LTITLE Photochem1ca1 Product1on of Hydrogen ,qO_IZ 1/P»1/52

and Oxygen for Propellant Application THEME / W.G./ TASK

- DATE__4 728,76

2. OBJECTIVE s , .
Demonstrate the feasibility of direct conversion of

hydrogen and oxygen from water using solar radiation for propellant
applications.

3. NEED ANALYSIS
a) LEVEL NOw [2], WiLL BE LEVEL [2] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL (8] FOR OPERATIONAL SYSTEM USE 8Y [paTe: 1995 | i
c) RISK IN ACHIEVING ADVANCEMENT: ?
HIGH [X]*  mMepium []7 Low ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
CENHANCING:  migH [ ] meEpium O] wow [
el TASKS NEEDED:  sTuDY [ ANALYSIS ] rEseancH [¥]
GRD TEST AR CHAFT TEST [_]  SPACE FLIGHT 18T [ ]

OTH:H (Specify) [

) RAT BASE C,-’\f‘\l-DIDATE Yes

(Chaclk one or more)

4. COMPLEMEN F/-‘.H" TECH ':‘JOLOGY ADVANCEMENTS REQUIRED FCR

USE OF THIS TECHNOLOGY  None

5. $PECIFY 1 rcw, JOLOGY ADVANCEMENT REQUIRED TO
ARCCOMPLISH MEED :
Deter'mme the feasibility and economics of direct conversion of water
to hydrogen and oxygen without use of fossil fuels or nuclear sources
__in_an_energy-conservative method,

TR R



—

SPACE TECHNOLOGY NEED

7

Photochemical Production of Hydrogen and Oxygen NO.
for Propellant Application

FORM NO. |
PAGE 2 OF _31_
TITLE 12-1/P-1/52

ey

paTe 4/ 28 76

THEME /W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Research the direct conversion of water by sea-level solar radiation

to H2 and 02 via the photo-oxidation and reduction reactions in

the presence of inorganic species.

7. ALTERNATIVE APPROACHES/OPTIONS

Conversion of coal by gasification

methods (dependence on fossil fuel); nuclear powered electrolysis;

thermochemical cycles.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None. (ERDA sponsoring some thermochemical cycle work at LaRC)

9. TECHNOLOGY SCHEDULES

SCHEDULE ITEM |76{77|78|79]80|81]82]83|84185]66]87|88]89}90]91]92} 93] 94|95
TASK ITEM
Research S I
Target for
Aczcgaqcmpnf ‘7
MANPOWER (M-Y)
INHOUSE _ 212} 2
CONTRACT ololo
FUNDING (108 $)
INHOUSE J5].15].15
\__CONTRACT ol ol o



.

ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA (BSERVED AND REPORTED
3. THEORY TESTED RY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 1 0OF

1. TITLE _Ton Thruster Baseline R&T NO._1 / F1 /53
THEME / W.G./ TASK

DATE__4 /2876

2. OBJECTIVE ) .
To Maintain and Explore Advancement in Basic Ion Thruster Technology

3. NEED ANALYSIS
a) LEVEL Now [3], wiLL BE LEVEL [5] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [_] FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  ™Mepium [} Low
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [¥] OR
ENHANCING: HIGH[ ]  Mepium [J  row [}
e) TASKS NEEDED: STUDY [ ] ANALYSIS RESEARCH
GRD TEST AIR CRAFTTEST []  SPACE FLIGHT TEST []
OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
{1) Research on Performance Enhancement

(2) . Extension of Operating Life

(3) Simplification of Thruster System

(4) Understanding of Basic Phenomena
(5) Reliability Improvement

(6) Plume Definition and Control

MATHEMATICAL MODEL
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED




e

FORM NO. | W

—
SPACE TECHNOLOGY NEED
PAGE 2 OF
TITLE 100 Thruster Baseline R&T NO.__ 1 /P1/ 53
THEME / W.G. / TASK

DATE_ 4 / 28/ 76

e ——
p—

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Maintain and/or Augment Present Baseline R&T

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-22-40

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 |77]78]7980|81|82]83{84)85]186]87188]83]90} 91

TASK ITEM
Base R&T

MANPOWER {M-Y)

INHOUSE 7 oo fioliofio 1o o frofio 1o hio hio ho 1o

CONTRACT '
FUNDING (106 §)

INHOUSE .29.5).50.5).50.50.5].5).5).50.5].51.5].5].5

\__CONTRACT 290515 LS55 L5 L5 L5655 L515L5




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5, COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEQRY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF
1. TITLE _Ion Beam Applications Research (IBAR) NO. 1 /P17 54
THEME / W.G. / TASK
paTe_4 /28,76
2, OBJECTIVE

To Develop Unique Capabilities of Ion Thruster Technology for Non-
Propulsive Applications ’

3. NEED ANALYSIS
a) LEVEL Now [3], WILL BE LEVEL UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  ™Mebium [} Low
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [Y] OR
ENHANCING: HIGH[]  mebium ]  row [
e) TASKS NEEDED:  STUDY [x] ANALYSIS [x] RESEARCH (]
GRD TEST [x] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [}
OTHER (Specify) [ {Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
(1) © Understanding of Sputter Process

(2) Microscopic Cone Growth for:

Biomedical App., Thermal Control,Adhesion




A 4

('
SPACE TEC

HNOLOGY NEED

FORM NO. |
PAGE 20F _2v

TITLE 105n Beam Applications Research (IBAR)

NO..1 /Pl /54

THEME /W.G. / TASK

DATE 4 / 28/ 76

Source Modification

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

il

Applications Investigation

User Involvement

Systems Development

w

o |
— e o

Tech Transfer to User

7. ALTERNATIVE APPROACHES/OPTIONS

506-2

2-40, 506-22-43

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

LeRC FY78 new initiative to expand tech.

program.

9. TECHNOLOGY SCHEDULES

FY

SCHEDULE

ITEM }76(77]78]718

80

81

82

84

86

87

88189190191192] 93{94]95

Source Mod.

TASK ITEM

Applic. Inv.

User Involv

ement

Baseline R&

T

Tech Transf

er

MANPOWER (M-Y)
INHOUSE 31717110
CONTRACT

10

10

\__CONTRA

FUNDING (108 §)
INHOUSE 25021

[S2R{é5]
o

CT 151.2 |.

oo

[521 &, ]

[S23 &3]

[&3 § &)




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED [N SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OB CHARACTERISTIC GEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEGRY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

{ ' D

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF
1. TITLE Ion Beam Application to Space NO.__ 8 /P1/55

Manufacturing THEME / W.G. / TASK

DATE_4_ /28,76

2. QBJECTI
c?% %rovygg Technology to Fabricate Unique Materials in_Space

3. NEED ANALYSIS
a) LEVEL Now [4], wiLL 8 LEVEL [5] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH [] Meoium ] Low §]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[]  meoium ] Low []
e) TASKS NEEDED: ~ STUDY ANALYSIS RESEARCH
GRD TEST AIR CRAFTTEST []  SPACE FLIGHT TEST [ ]
OTHER (Specify) D , (Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

1) Technology for deposition of 1
- surfaces. transparent conductive surfaces, in situ, from space

platform.
(2) Zero gravity fabrication of materials; to enhance growth of large
crystals.

(3) Depoeition of high nued a1 for in si A : thi

film solar arrays.




- )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _R
TITLE : . .
Ion Beam Applications to Space Manufacturing NO..__8 /Pl/55

THEME /W.G./ TASK

DATE_4 / 28/ 76

iy

6. RECOMM’ENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(1) ¢ late Uni Capahiliti f lon B Manufacturi
to Requirements of Space Systems
(2) Breadboard Demonstration on Ground
(3) Shuttle Experiment Verification

7. ALTERNATIVE APPROACHES/OPT!ONS

8, CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-22-43, 506-22-40

LeRC FY78 new initiative to develop technology to flight
demonstvration )

9, TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76 177]178179|80}81|82]83)84}85(86|87]88]83190|91192{93)94]95

TASK ITEM
Task Refinition
Ground Test
Shuttle Exp. A 4

Application ' , 4

MANPOWER (M-Y)

INHOUSE 7 l1od10 s lis b5 bis
CONTRACT
FUNDING (108 §)
INHOUSE 2f.21.5h.q1.q1.0o
\_ CONTRACT o5f.2).5}.0ft.0f.0f.0
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OF STAT
=ART

e . ),1

SPACE TECHMNOLOGY MEED FOBM RO
PAGETOF_1______
l.TlTL Enabling Technology for Chemlcal NO, _1=12 (P-1) &g

Rocket Systems to Improve Performance, THEME / W.G. / TASK

Increase Life, Reduce Cost & Simplify PATE 1&/28 76
Operations A o

h gl ety
VB2

DA

St

2. 0BJECTIVE
Provide-constifuent.and component-technology-to--enable—the——
development of advanced space transportation system chemical

propulslion systems. . o —_

3. MEED ANALYSIS
o) LEVEL Now 2], WiLL BE LEVEL UNDER EXISTING PLANS.
b) REQUIRED ADVANC rw«: r = SHOULD BE 'TCHNOLOGY READY

c) RISK IN ACHIEVING AD\/,’—\I“JCL!‘ALNT.
HicH [} meEpiom [T tow [

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [x] OF
ENHANCING:  MIGH [ ] wmEpDium [ rLow []

) TABKS MEEDED:  sTuDY [X  ANALYSIS [X)  RESEARCH [
GRDTEST K]  AIRCRAFTTEST [} SPACE FLIGHT TEST [

TIn pTonreTn
: LASER TR SN

07 CHARACTIAS

OTHER (&pecifyi [:} {Check one or mori)
f) [T BASE CANDIDATE  Yes L
4, COMPLEMAENTARY TECHHGLOGY ADVANDENENTS REQUINED FOR
USE OF THIS TECHNDLOSGY

ICIFY TECHNOLOBY ADVANCE. JL.N*‘ REQUIRERTO
ASCOMPLIGH MEED ,
Constituent and component technology will be conducted to enabl

advanced chemical system development.Advancements required are:

Reduction of -component cost

Increase in component life (enhanced reuse)

Decreg_se in_component weight - [

1.
2.
3. Increase in_overall nprf’nwmnnnp
o,
5. Ee

Easing of. component checkout procedures to re duce opera-__
Fional complexity fhrough automation..

(1%

-



(
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _ )

TILE prabling Technology for Chemical Rockets NO. 1~12/P=1/56

THEME / W.G./ TASK
Svst — — —trer
Life, Reduce—Lost—&-Simplify Operabions—  DATE_4 / 2§ 76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPL.ISH NEED
Component technoleogy will be concentrated on improving the overd

-ati-somponent—performanee—to—achieve—the—enhancements—discussed
for eachof the-following:—Combustion Chambers, Noszlesy—
Injectors, Tgnitors, Pumps, Turbine Drives, Valves, Gas . .
Generators, Preburners and Hot Gas Manifalds

_(Continued on.next.page)

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76[77}78179{80§81]82183]84]85}86{87|88}89)90)91§82]93}94195
TASK ITEM

T, B. D.

MANPOWER (M-Y)

INHOUSE Qlisp0120Pp 01200 120P0 120
CONTRACT

FUNDING (1088) |
INHOUSE Lolrolhelrel).ol Lol o) 12/ 002

\. CONTRACT 1. 5120k 0 ko0 2.0 00 Wt Wi ol OW.0
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r;PACE TECHNOLOGY NEED FORM NO. | w
PAGE 3 OF_4

1. TITLE Enabling Technology for Chemical  pno.  1-12/P-1/5-6
THEME / W.G. / TASK

Rocket Systems to Improve Performance,

Inerease Tife, Beduce Cost and Simplify. pATE_L /28 /16

Qperations

( 6 ) CONTINUATION (If Needed)
Block No.

1. Combustion Chambers - To accomplish the advancements

required, efforts will be directed to improvin g thrust

chamber wall cooling, development of advanced materigls and
fabrication techniques. This program should provide the
technology to increase chamber life, peduce fabrication

cost, decrease chambepr weight and ease refurhishment and

checkout
realized &i h higl £ ] . ; hiel
and through area ratio variahility for launch wvehicles . Nowel.

A0 Te)

can provide improved vehicle/engine integration as well as

altitude compensation for launch vehicles.
3. Tnjechars - Rocket engiue combustion efficiency—and—sbabilid
are functions of injector parameters. Faceplate cooling imprave
ments are needed to improve life, as well as new approaches

to faceplate fabrication techniques and materials.

I, Tg?‘ﬁ'f‘cﬂ”Q = _Material S rlnn'l'ing and-fabrication-toshnicuns

L2 STk SadCE

are known. Work must be directed toward exciter (spark nlug and

electronics) to extend 1ife bevond present state—gf-the—srh

" New fechniques must he developed for ignitor systems—in-—annular

combustors such as traveling wave ignition.

5. JDIIIUPQ and_Turhine Drives = Advancements arae Wqu‘li‘HQL‘AL fan _}:%ig

component Jife apd ephance pump reuseability New..fabrication
techniques must be developed tv ease the manufacturing costs.

6. Valves — Technology must he directied toward impravement .
in valves to allow significant jncrease in valve and seat 14ife.
in mn environment where contaminants are present. in the

warking £inid

=

J




EPACE TECHNOLOGY NEED FORM NO. | W
PAGE 4 OF _4 ______

1. TITLE Enabling Technology for Chemical NO. _1-12/P-1/5-6
Rocket Systems to Improve Performance, THEME / W.G./ TASK

Increase Life, Reduce Cost and Simplify
Oneration

DATE_U4 /28y 16

o

( 6 ) CONTINUATION (If Needed)
Block No.

7. Gas Generators - PRB Burners & Hot Gas Manifolds — Materials

Babrication and £luid flow areas must-bs studiedto—realize—
system improvement. Efforts will lead to ease of fahrication

which is a cost reduction and improved life.

Constituent Technology will focus on ennhancing chemical rocket
engine performance in the areas of acoustic noise and vibrations
operations, checkout and maintenance, and engine vehicle -
optimization.

1 Acoustic Npise and Vibrations - Tdentification of -socurces-of

nois nd vibrati

made as a first step in a fechnology program fa reduce Jevels,

P L1 heokous 3 maind 5 e Jeing
. g 14 <o these

functions and provide, where possible, automatic man-free

activitiss

3. Engine/Vehicle Optimization - Studies to identify engine/

~yehicle opfimum configuration will be conducted which take

advantage of engine variability and identify total system

constraints and drivers.




—~ —
SPACE TECHNOLOGY ADDITIONAL INITIATIVE FORM IV

e
TITLE Enabling Technology for Chemical Rocket Systems to DATE&w/-23./.20.

Improve Performance, Incréase Life, Reduce Cost and
Simplify Qperations TTNO. 1 & 12 ORWORKING GROUP NO.P-1/56..

OBJECTIVE .
Provide Constituent and Component Technology to Enable the Development of

Advanced Space Transportation System Chemical Propulsion Systems.

JUSTIFICATION Reduced cost and component weight, increased component 1ife
and performance, and operational simplicity must be achieved to realize the

total benefit in advanced space transportation systems.

TECHNICAL APPIROACH/PLAN
Constituent ard component technology will be persued focused on the above

aspects for the following: thrust chambers, nozzles, injectors, ignitors,

pumps and turbine drives, valves, gas generators; acoustic noise and
vibration, engine-vehicle optimization, and operations, checkout and
maintenance.

SCHEDULE FY
SCHEDULE ITEM ]76]77] 78} 79|80 81]82|83184]85§86]87]88}89]90]91]92}93]94]95
TASK
Thrust Chambers
Nozzles

Injectors &
Tgpitars

Pumps, Turbodrive

Valves

Engine-Veh. Opt.
Noise & Vibrations
Bg?égheckout/

MANPOWER (M-Y)
JUSE 10 115 120 120 120 120 0 R0 20 20
ITRACT .

FUNDING (106 §)
INHOUSE __ halatabababalalals
CONTRACT HRARRRABAAAE

PROPOSED LEAD CENTER | pyis Rpsearch Center

RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT

. w,




CNVIRGNMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

h. COMPOUNENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY HORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTEN
3 THEURY TESTEL BY PHYSICAL EXPERIMENT GR

LEVEL
OF STATE
OF ART

r-SPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1.TITLE _High Isp Ton Thrust Subsystem for NEP_ NO. _10/P1/57
Planetary Propulsion THEME /W.G. / TASK
pATE__4/28;76
2. OBJECTIVE

Develop the technology for an lon Thruster Subsystem for Planetary

Propulsion Applications with NEP

3. NEED ANALYSIS ,
a) LEVEL Now [3], wiLL BE LEVEL [5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE:
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  MEepium []  Low
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[]  mebium [ cow [}
e) TASKS NEEDED: STUDY ANALYSIS RESEARCH
GRD TEST AIR CRAFTTEST (]  SPACE FLIGHT TEST
OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

Development of Nuclear Electric. Power Source

5.SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
(1) Scaling of present thruster systems to required sizes

(2) Flement interaction wit | Ft defi
(3) D trate total imoul ired for missi licatione




(

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF
TITLE pigh Isp Ion Thrust  Subsystem for NEP NO.__ 10/P1/57

THEME /W.G./ TASK
Planetary Propulsion /

DATE 4 /28 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Define System Requirements
Design Thruster System

Perform Directed R&T
Demonstrate Critical Performance Parameters

(1)
(2)
{3) Incorporate into Existing Technology Program
(4)
(5)

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-22-30, 506-22-40

SPHINX B/C, Propulsion Pallet Experiments
LeRC FY79 new initiative to develop thrust subsystem tech.

9. TECHNOLOGY SCHEDRULES
) FY
SCHEDULE ITEM 76177178{79180}81]82)83}84785)86}87188789]90)91}192]93{94195
TASK ITEM
Define Req.
Design Sys.
Baseline R&T
Directed R&T
Critical Tests
Pallet Tests ' \ 4 <

Tech Ready

MANPOWER (M-Y)

INHOUSE 5 {7 17 o ko ks j15]20f20]20]20}15]15]10

CONTRACT , |
FUNDING {108 $) '

INHOUSE 2121255 ho .01.0%01.01.0 okoho
\___CONTRACT 2512512515 1.5 b .ob. oB.ok.oB.ok.oB oB.ol2 o




ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

% CUMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

1. BASIC PHENOMINA OBSERVED AND REPORTED
2 THEORY T OHMULATED 1O DESCRIBE PHENOMENA

' THEURY TCSTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |
PAGE 10F_2 .

1. TITLE_Solid Rockets for Planetary Spacecraft NO._10/P-1/58 .
N ' ' THEME / W.G. / TASK

DATE__4 /30,76

2. OBJECTIVE

Demonstrate technology of high performance low cost solid propellant

motors for use in upper stages or kick stages for planetary spacecraft

escape propulsion, and specialized motors for penetrators and probes

3. NEED ANALYSIS -
a) LEVEL NOW [4], wiLL BE LEVEL [4] UNDER EXISTING PLANS,

b} REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
- AT LEVEL [Z_] FOR OPERATIONAL SYSTEM USE BY [paTE: j§§§ |

c) RISK IN ACHIEVING ADVANCEMENT:
CHIGH [[]  MEDIUM S Low ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[]  meowm [ vow [}

e) TASKS NEEDED: STUDY [[] ANALYSIS [[] RESEARCH [ ]
GRD TEST AIR CRAFTTEST []  SPACE FLIGHT TEST [ ]

OTHER (Specify) D {Check .one or more)
f) R&T BASE CANDIDATE Yes. FY78 #750K

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

v5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

Chambers using carbon-fiber carbon matrix material so that inert case
insulation can be eliminated and propellant placed in the volume that
was occupied by the insulation; Class 2 propellants with high performance;

thrust vector control system using light-weight moveable nozzles with low

actuation power requirements; motors. for possible tube-launched penetratorsf
motors for probes from planetary exploration facility to planets.




(o | A
SPACE TECHNOLOGY NEED FORM NO, |
PAGE20F 2
TITLE 54714d Rockets for P anetary Spacecraft NO. 16/P-1/58

DATE__4 / 30/ 76

THEME / W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Evolve this program from the on-going R&T program and exploit all DOD

_tehnology advancements to minimize cost. Evaluate, design, and test

component (nozzles, cases, and insulation) and integrate into complete

motor. Explore specialized needs of planetary exploration facility to

include designs of capability to replace splid motors in a reusable

planetary lander,

7. ALTERNATIVE APPROACHES/OPTIONS | i0uid chemical systems. SEP or NEP.

‘ __(Liquids may not be compatible with AF/1US and SEP and NEP are not

schedyle compatible.)

8. CUR.RENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-21-32 (Advanced Solid Propulsion Concepts)

9. TECHNOLOGY SCHEDULES
: FY

SCHEDULE ITEM |76 {77[78(79]80}81]82]83]84[85186{87188}89{90191]92193{94

TASK ITEM *
Design B

Fab. -1

Propellant Dev, o ‘i

Component Dev. T T

Motor Dev.

Planetary Fac.
Design Needs S . _“.-_!

MANPOWER (M-Y)
. INHOUSE 4 1416]6t644)2)2)2

~ CONTRACT

FUNDING (106 $) 4

INHOUSE : 4141 -4
(_ CONTRACT 3

&l
o
ol *
ol .
o




SPACE TECHNOLOGYLNEED PRIORITY ASSESSMENT

{List in numerical order, 1 — Highest Priority)

WORKING GROUP

P-1

FORM I1)
FORM i1}

pate_L4 7 28 76 .

THEME NO.

TECHNOLOGY NEED NO.

SPACE
POWER

8
SPACE
INDUST.

SETI

10
SOLAR SYS.
EXPL.

1
GLOBAL
SERVICE

12
ADV.TRANS
SYS.

NASA R&T

ASSESSMENT

SUMMARY PRIORITY

Current | R&T Base

WG

T OAST
i DIV.

1. Hy~0o High Perf.
Reusablé Main Prop.
vstem for OTV

2

2

v |V

.. Dual Fuel Engine
T%%h. for Mixed Mode

<

3. Ligquid/Solid
Hybrid Prop. for
DTy

*

. Solid  Prop.
dvanced Technology
otor

6. Atomic Metallic
Hg Prop. Technology

7. Storage, Supply &
IPransfer of Cryogeni
Iunids in. Snace

[¢)

¥olw

<N

8. Liquid Ho/Liquid
Do Attitude Control

ROstems

<

9. Earth Storable

Prop. for Planetary
pacecraff

4

Wi

11. Resistojet for
C%OTV? Prop%lsion
SEP-NEP

O

AR WA

2. MPD Thrustor
Bystem Technology
eadiness

13. High Isp Electri
Prop. for OTV

J

5. Solar Heated
ydrogen Thruster

b\ ~

(y\\

6. Laser Prop.

ystem for OTV

L\

(N WiN N9 e (N r &SN

\\'{\\\S\\\\




SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT

{List in numerical order, 1 — Highest Priority)

WORKING GROUP,

P-1

~FORM I

FORM II)

pate__4 /28 / 16

 THEME NO.
TECHNOLOGY NEED NO.

SPACE

INDUST.

SETI

10

SOLAR SYS.

EXPL.

1
GLOBAL
SERVICE

12
ADV.TRANS
SYS.

NASA R&T

SUMMARY PRIORITY

ASSESSMENT

Current | R&T Base

WG

DAST
T 1 piv.

L7. Hp=-0p Bell
Nozzle Engine
AV $3ME

3

G

AN

19. Air Augment
Earth to Orbit Chem.
‘fRocket Engines

~

20, Liquid Ha/quuim
D-> Attitude Control
vystems for LV

M

Aux. -Pro Low )
'é%st Prop. fgr 0TV,
LIV, HLLV2 & Adv. Ve

22. Advance H%/Og
Frop System
Lanunch Vehicle

23. High Perf. LOX/
HHC Prop. for Boosterg

24. High Perf. Dual

Fuel Engines for
aosters

N

25. Liguid Ho/Liquid
0o Attt tude ontrol
ms for L.V

26. High Perf H2-02
Reusable Prop. in
Systems for OMS

AN

30. High Perf. LOX/
HC Propulsion for
Boosters

31. High Perf. Dual

Fuel Engines for
oosters

32. Composite Engine
Technology

o

R R O N O S T IR

R EYEE L NN * t’ Np s

A

SRR NANEIANI AL A

NS SISO T IIROIN NS

1. NEP System
echnology




SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT

(List in numerical order, 1 — Highest Priority)

WORKING GRouP__P-1
paTe__U /28 /.76

FORM 1)
FORM i1

THEME NO,

" JTECHNOLOGY NEED NO.

SPACE
POWER

SPACE
INGUST.

SET!

10
SOLAR SYS.
EXPL."

n
GLOBAL
SERVICE

12
ADV.TRANS.
SYS.

NASA R&T

ASSESSMENT

SUMMARY PRIORITY

Current { RRT Base

WG

OAST
7 DIV.

42, High Isp Ion
Thruster for

Planetary Prop.

/

v

\

4. Solar Sailing
. [Technology Program

45, Sterilizable
S01id Rocket for
Sample Return

A\

i6. Space Storable
Propulsion with
ydrogen Injection

47, Utilization of
Indigenous Materials
for Propulsion

U8. Propulsion in
Planetary Atmosphere

S
2
J
N4
2

U9. High Isp Ion
Thruster for On-
rhit. Operations

~

51. Monopropellant

N2 Hy Prop. for On-
Orpit_Station Keepiln

AYANANA

52. Photochemical
Production of Ho & O
or Propellants

1)

3. Ion Thruster
Baseline R&T

54. Ion Beam Appli-
cation Research (IBA

<

55. Ion Beam Appli-

cation to Space
nnfacturigq

F6. Enabling Tech.
for Chemical Rocket
\Systems

AN AN S N E AR S AN R

N\




( SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM 1)

FORM I
{Listin numerical order, 1 — Highest Priority) WORKING GROUP. P-1
pate_4 _/_28/_76
7 8 9 10 1 12 NASA R&T SUMMARY PRIORITY
THEMENO. | gpacE SPACE SETI SOLARSYS.| GLOBAL |ADV.TRANS ASSESSMENT
POWER INDUST. EXPL. SERVICE |{SYS. OAST
TECHNOLOGY NEED NO- Gurrent |RET Buse | WG | TT DIV.
57. High Isp Ion d
TEEuster Sys. for / v’ v’
NEP Planetary Prop. .
58. Solid Rockets for / P o
Planetary Propulsion ¥ 14
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