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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop held at the Langley Research 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
NAEA 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 etforts of the workshop participants and will be invaluable
to the planning and successful execution of the Agency's near- and “ir-
term advanced technology program.

Stanley R. Sadin
OAST Space Theme Workshop
Chairman
NASA Headquarters
Study, Analysis, & Planning Office
Office of Aeronautics and
Space Technology



VOLUME I11
IX - A STATEMENT

Aerothermodynamics (M-3)

SUMMARY

s e

In Theme #1C, Sclar System Exploration, and Theme #12,Advanced Space
Transportation Systems, where space vehicles encounter the Earth and other
planetary atmospheres at high speed, the aerothermodynamic heating and
aerodynamic forces are of a sufficiently uncertain magnitude as to
necessitate concern by the OAST Space Technology Workshop. The space
vehicles considered by the Workshop requiring development of aerothermo-
dynamic technology were the space transportation systems, including heavy
launch vehicles, orbital transfer vehicles, and advanced earth-to-orbit
launch vehicles; and planetary atmospheric vehicles including probes,
planetary surface landers, and sample return vehicles. The OAST aero-
thermodynamic space technology needs identified by the Workshop are those
which will significantly reduce the design unceriazinties in aerothermodynamic
heating and aerodynamic forces experienced by these future space vehicles.

Concerning the Advanced Space Transportaion Theme #1Z, the Aerothermo-
dynamics Working Group and Theme Teams have found OAST space technology
needs including the accurate establishment of aerothermodynamic design
criteria, the d.velopment of optimum configurational characteristics, the
determination of TPS wall surface effects, and the development of experi-
mental techniques to study aerothermodynamic phenomena during operational
space shuttle flights. The identified OAST technology needs now being
pursued at the NASA ARC and the NASA LaRC are about 30 percent less

ITI-1X-A-1



than desired. A major deficiency of the current OAST program is that
RCS effects, plume effects, and base flow problems have been neglected.

fhe Working Group has examined and highly recommends the new
initiatives submitted prior to this Workshop which are responsive to the
Advanced Space Transportation Theme. These are: No, 108, The Measurement
of Shuttle Windward Heating by an Airborne IR System; No. 113A, The
Measurement of Shuttle Leeside Heating by an On-Board IR Camera; and
No. 113E, The Improved Air Data System for Sensing Flight Conditions.

The Working Group concludes that each of these new initiatives should be
started in FY 78. In addition, a new initiative fer FY 79 to develop a
technology base for advanced earth-orbit transportation has been recognized.
The objective of this initiative is to enable improved performance of the
STS to achieve at a payload cost of $20 per pound in low earth orbit.

The examination of Solar System Exploration Theme#10 by the Workshop
identified OAST aerothermodynamic technology needs for planetary vehicles.
Atmospheric probes peyond Viking, Pioneer Venus, and the Jupiter probe,
and earth sample return vehicles planned for about 1988 require significant
refinements in aerothermodynamics and aerodynamics. The design improvements
will require a major advance in knowledge of heating and flow fields
including heat-shield ablation material interactions. Planetary subsurface
probes (penetrators) entering planetary atmospheres will need light
hypersonic and low-speed dederators to reduce and control impact speed.
For planetary surface soft landers, the Workshop identified needs related
to maximizing payload and overcoming adverse rocket plume-planetary surface

interactions. A new initiative, Shuttle-Launched Experimental Reentry

ITT-1X-A-2



Systems, was recognized by the working group. The purpose of the reentry
system will be to provide aerothermodynamic data to validate analysis and
ground experimental data related to atmospheric entry probes and planetary
sample return vehicles. In addition, this system is also supporting the
needs of the Advanced Space Transportation Theme. Tne approach will be to
develop modularized, building block booster elements, a basic experimental
measurements package, an avionics guidance and command package, and a
retrieval capability. This system should provide great flexibility in the
specification of external configuration and reentry conditions. Emphasis
will be placed "piggy-back" operation with other snuttle payluads soc that
flight test data can be obtained at significantly reduced cost.

The Workshop identified three DAST aerothermodynamic technology needs
related to the R&T Base Theme #1. These needs were to increase the computa-
tional fluid dynamics capability by at least two orders of magnitude by
developing an advanced computer processor for the solution of fluid
dynamic problems with improved software. This new initiative was submitted
prior to the Workshop and bears the identification no. 202. A need to
predict multi-engine base flow fields for launch vehicles was also identified
by the Woirking Group. With the energy reduction program now in effect
within NASA, the Workshop identified a need to develop methods to conserve
energy in aerothermodynamic ground test facilities or else face a significant
reduction in operations. The technology development concerning energy
conservation will be directed at modifying existing NASA aerothermodynamic

facilities to increase facility effectiveness.

ITI-1X-A-3



T

In summary, 12 OAST aerothermodynamic technology needs were
identified by the Working Group and Theme Teams. Of these, four were
concerned with Theme #12, Advanced Space Transportation Systems, five
were identified from Theme #10, Solar System Exploration, and three RA&T
base needs were indicated. The plans to pursue these needs are described

on forms developed by the Workshop and are located within the appendix.

4 I11-1X-A-4
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SPACE TECHNOLOGY NEED FORM NO. | w

PAGE 1 OF __ 9’ —

; X

TITLE  Advanced STS - _ NO.. 32 M3 1

Establish Aerothermodynamic Design Criteria THEME / W.G. / TASK

DATE 4,26/ 76

2. OBJECTIVE

To develop prediction techniques based on a complete
understanding of flow phenomena to erable the development of accurate

_qlcsi_g_n cv_'i teria

3. NEED ANALYSIS

a) LEVEL Now [&], wiLt Be LEVEL [B] UNDER EXISTING PLANS,
b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [T] FOR OPERATIONAL SYSTEM USE BY [pare: 1990 )
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  meoium [X]  tow [7]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING:  HIGH[X]  mepiom [ row [)
e) TASKS NEEDED:  sTupy [X]  AnALysis [X]  REsEARcH [X]
GRO TEST [X]  AIRCRAFT TEST (]  SPACE FLIGHT TEST [X]
OTHER (Specify} [ ] _____(Check one or more)

f) R&T BASE CANDIDATE _§,700i( 566-26 ) lls.” L= tpis PRR

S— S ——— S ————————

4, COMPLEMEMTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR

USE OF THIS TECHNOLOGY  Orbiter Experiment Payloads must be
1mp1emented.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPL'SH NEED
Develop 3-D real gas flow-field diagnostics ; 2 Il T
Determine boundary layer transition criteria
Improve understanding of visions interaction and real gas effects
Determine separated flow analysis ! )
Improve lee surface heating analysis
Reduce uncertainties in windward surface heating
Improve analysis of rocket plume impingment heating and interference effect

Improve base-flow hnql,#sf_sf f_ i ) oy
Devise new measurement techniques
“Improve gasdynamic and reaction kinetics analysis related to erviron-

- mental polution, y
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SPACE TECH*OLOGY NEED FORM NO. |
PAGE 2 OF L
e—
TITLE _Advanced STS - NO __]2 M-3 !

THEME / W.G. / TASK
Establish Aerothermodynamic Design Criteria
DATE 4 /26 / 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Continued research in basic aerothermodynamics both experimental and
computatiunal. Experiments will be conducted in ground base facilities

and in flight on-board the Orbiter.

7. ALTERNATIVE APPROACHES/OPTIONS

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

Qrbiter Cxperiments 750-01, 750-03
Space Shuttle Config, & Aerothermo.,  506-26-3]

Advanced E. 0. Transport Technology 506-26-10

9. TECHNOLOGY SCHED!'LES

EY

SCHEDULE ITEM 76 1 77|78 (79180 | B81|82]|83|84|85]86|67|B8]89]|90]91[92]93)94]55

3-D Flow Field e St man

B.L. Transition

Viscous lnteract.f { i e 3 3 j

Separate Flow L

TASK ITEM R 0

LeeSurface Heat. - i = o o . 00 § : | |
Windward Heating } . 3
L = S W — B N
Base Flow i i —; Y Rt EoE A
Plume Impingmentjf—r i e i = i
MANPOWER (M-Y) lil 51
inwouse ___ |as|as]as] s 1sf 1s)1s)s) 15 A =2 v
CONTRACT
FUNDING (108 §) BI
INHOUSE -8].8.8 .94 .9 al sl 8].gl.8 | h 2N 5
\. CONTRACT |
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SPACE TECHNOLOGY MEED FORM PO, L
paGE S OF _ 8

L R T ) S S e A M e SR GEATVE . & A S B N AP A . B e -

LVITLE __ Advanced STS - no. M2 M3 1
__Establish Aerothermodynamic Design Criteria THEME /W.G./ TASK

e e o e e e e e DATE S 1269 06

s e ¢ a m—— v e n e ——— S— B s |

(9 ) CONTIMUATION (1 Maeded)
Glock No,

FY
_Schedule Iten 76 8

_Measurement Techniques A—————+y¢
_Environmental Polution ooy




—— e — e e

LWHELY Advanced STS - Definition of Configuration p(). IZIH-3/2

.- Rl LT L e ——— > — — ey e .-

¢ TECHNOLOGY MEED FORM PO, ‘

ll.ﬂ:., 1 (“

THEME / W.G. /TASK

Characteristics
bAaVe . 4/271.26
1 4] '
! Develop parametric data base for candidate configurations
| to achieve "optimal” design,
|
].._. - - -
3.0 ) AIA W
: a) LEVEL NOow [g), wit . e Levir [8] UNDER [30STING PLANS.
! b) LEOUIRED ADVANCEMENT = SHOULD BE TECHMNOLOGY READY
i AT LEVEL [ 3] FoR OPERATIONAL SYST! | A1 1990 |
! ) It L IN ACH!! VING ADVAMCE] 1IENT:
! WGH [ | mepws [Xx)  ow [7]
| QPCTETICALITY 70 113 OMELISHMENTS:  ENABLING [ ] OR
| UNHANCING:  ah | Mme:pium [ Low [ ]
| eh TASKS NEEDED: - sTuoy [x] Aanacysis [x] neseanch [X)
| el Arccearr resy [x) 0 seack FaenT Tisr [X)
: OTHER (Snacily) [ ] =y (Check one or more)
| :
| i) BT BASE CANDIDATI HOOK 506-26
COMPLEMENTARY TECHNOLGGY ADVANCEMENTS RECUIED {
LUSE OF (115 TEOHMNOLOGY Adequate flight 1nstrumentat1on is required
on orbiter to verify test and analysis methods.
5, BPLCHEY TECHADLOGY ADVANGEMENT REQUIRED TO = -
F % WAPLIGI L EED
- Control configured vehicle design criteria
- Canard/wing coupling for various planforms from hyperscnic through
subsonic flight
- Vehicle design landing speed criteria
- Canard/canard flap control effectiveness for various planforms throughout
Mach regime
- Canard/high 1ift wing device coupling during subsonic flight
- Propulsive/aerodynamic coupling effects for propulsive assisted
glide vehicles - R
e S e e e i P

PACE \i
°“°‘“‘" R QUALITY
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SPACE TECHNOLOGY NEED FORM NO. |

PAGE 2 OF
——e—
TITLE Advanced STS - Definition of Configuration NO __1'2_1 ﬁH.-] ¥ __2_74
Characteristics THEME /W G. / TASK

DATE 4 ;27 76
S e —

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Validate current test and analysis methods by comparing orbiter characteristi

thecretical predictions, wind tunnel test data, and orbiter experiments
flight test data. Develop parametric data base for candidate STS con-
figurations through application of current and enhanced fluid dynamics and

flow fields computational tcchniques, and test simulation and testing
techniques.

7 ALTERNATIVE APPROACHES/OPTIONS

B. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Orbiter experiments

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76| 77|78 7980 81|82]83|B4]|B5]86|67|B8]89]90]91]92] 93] 94]85

TASK ITEM
Design Criteria

Aerodynamics of
Ballistic Conig.
Canard/wing pla

Can/can flop i~ f
planforms

Ny, ™

Prop/aero Couplipg . a

MANPOWER (M-Y)
INHOUSE __ | | 46]6]6]6]5 _ oL S &
CONTRACT ;

FUNDING (108 §) od 1
INHOUSE e Bl K
\___ CONTRACT
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Q . .
el et
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Wall

4. OAl-ITIVE

HMNOLOGY TIEED l(il!k.‘.". I
PAGE 101

Advanced STS - Determination of TPS MO 12/M-3/3
Surface Effects IHEME WG, /]

DATI 4"221' 76

To develop the technology for TPS systems of improved

reusability.

3. NEs) A
AR
h) REO

Al

JALY

viit wow [3°, wite ek tever (8] unpEs ERISTING PLANS

LHRED ADVANCEMENI SHOUL D BE TECHHNOLOGY R

EVEL [g] FOR OPERATIONAL SYSTER Ust Y [rai 1990 ]

e} RISK 1N ACHIEVING ADV AN

HIC
Ui ¥

e) 1TASIKS

Gl

OrHEL (Soecity) [ ] {Cheett oma er more

M) meu [x) | l(ﬁ%[ ]

ICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] ox

IHANCING: 1M { ] meoton [l cow [

micorn:  stuoy [ Anavyss (k] neseancs [x)
wTest Ly AeasT vest [0 SPACE FLIGHT TisT [y

3 (:.ff'!*:-'ne 3o S'IOOK 505-36

{ MIARY THCHMOLOCGY ADVANCEMENITH R0
L OF THIS Tonrinn
=18 i T SO e Reaenl = 2 s b R
5. SPECHEY TROHAIOLUGY ADVANGEMENT BEOHAED TO

G
ACCOMPLISGH NEED

Understanding of wall catalyticity
Development of lighter-weight, fully reusable TPS

e T

ORIGINAL PAGE 15
OE POOR QUALITY

e EE  m EE m——  —————— &

P
P —

- T T e
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SPACE TECHNOLOGY NEED FORN NO. |

PAGE 2 OF W
h’v

TITLE  ADVANCED STS - DEFINITION OF TPS WALL SURFACE o 12 M-3

2

EFFECTS THEME /W.G. / TASK

DATE 4 / 26/76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
[f the chemical recombination of oxygen at the surface of an advanced

STS could be avoided considerable weight could be saved in the TPS.
The definition of surface catalyticiiy requires research in ground-

based ArC jets, shock tubes, and in flight on the Orbiter.

7. ALTERNATIVE APPROACHES/OPTIONS

B. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Orbiter experiments 750-01, 750-03

9, TECHNOLOGY SCHEDULES
FY
SCHEDULE iTEM |76 |77] 7879 80]81]82]83] 84|85 |86 |87]6e]69]90]91]92] 93] 94]9s

TASK ITEM

OEX calatyic o= I L R

wall
Ground-Based o S9N SN L P e o

Research J

MANPOWER (M-Y) |
iNnwOUSE __ | VT2 2 g r i1 | |
CONTRACT 1l3]lsls]s [
FUNDING (106 §) Wl Al
i R WL L L LB RS S i s A5 WS k= . e
\ CONTRACT 08,714 . .3




|
-4 OTHER (Sneciiv) [ ] (Cheek one or mare)

o P iy S S S 18 ~ o o s e Sy s - e \

l'- ST
SPACE T ECHNOLOGY MNEEL FORIM PO
II\ nl ]()l = z

P e - A e

Y. Ll Advmced STS - Verification of Aerothemal MO, IZ/M 3/4 : !
Performance by Flight or Advanced Ground RHRIR.L WAL/ K
Test : DAT! 4 /27 176 ’

1

. 2. (71 WECTIVE
I Develop the techniques for accurate measurements of aerothermal I

environments in flight and advanced ground test facilities.

3. 150 ANALY

) LEVEL NOW .4]. wILL Bt LeviEL [ 7] unbER EXISTING PLANS

BYRUEOWIRED ADVANCERENT - SHOULD BE TECHNOLOGY KEADY i
AT LEVEL [ 7] FOR OPERATIONAL SYSTEM UsE Y [oare: 1980 ] |

e} RISIK IN ACHIEVING ADVANGEMENT:
HIGH | | MERIUM [ [ Low [x]

dY CHRITICALITY TO THE ACCOMPLISHMENT1S:  ENABRLING 7] OR
ENHANCING: Kl .1li Meotom [ cow [

) TASKS Hi:ibD: - stuny (X)) AnALYss [X]  neseaicn [X)
oo rest Lyl A ¥ PEST {X]  SPACE FLIGHT ST [X)

e —— -~ ——— . e .. g

i ) BT BAGE CARDIDA | $1000K FY 77 750-01, 750-03 ' !

G, COMPLEMERTA Y 1 CCHMOLOGY ADVANMGCEMENTE NECUNED 00
LSE OF THIS ¥ EGrMN

, None

|

P B SPECIAY TECHMDLOGY ANVANGCEAEMT REQLIRED TO
a ACCOMPLIZH HEED
: I Remote IR imagery by airborne systems
G 4 Leeside IR imagery system

i Improved Air Data System

l Improved Aerodynamic Data Extraction

|
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F A&/
e

TITLE ADVANCED STS - VERIFICATION OF AEROTHERMAL
PERFORMANCE BY FLIGHT OR ADVANCED GROUND TEST

——————— —d

THEME / W.G. / TASK

pate 4 /26,76
— e e—

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
IMPLEMENTATION OF OEX EXPERIMENTS AS RECOMMENDED BY THE AEROTHERMAL GROUP

AT THE OEX WORKSHOP IN THE ORDER OF PRIORITY INDICATED BY THAT GROUP.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
IR IMAGERY OF WINDWARD HEATING 750-01

LEESIDE IR IMAGERY 750-03

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76{77178179180]B1|82]83]|84]|85]|86|87|88]83|90]91]92] 93] 94 Q
TASK ITEM
R]O
Windward IR &1r—1—41+—1v
Leeside IR A v 4
Air Date Sys. |[A1T— 1TV
Aerodata A ! o
Extraction |
MANPOWER (M-Y) 3
INHOUSE | 171301281171 9 4 Lo §- ki
CONTRACT 3] 7] 30| 34 N
FUNDING (108 §) !
iINHOUSE __|-19-59-7] -4 .2 sHAEEERSIEEER
\. CONTRACT .lq.ld. 101 .
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——— - —————— - — ———. - —

—————

. — - e en e e s W e mmEeear WS S i s e e W B e e

SPAGE T ECHMOLOGY MEED FORM MNO. |1
PPAGE 1 0l

1o, 1/M=3/1

FHEME /W.G. / TASK |

e

. a - tres o et B

Lriile R AT Base - Increase Computational
Fluid Dynamics Capability
DAYE 4 /27 116

2. 0.5 3 TIVE
: V" 1o increase computational capability for fluid dynamic
problem by two orders of magnitude,

- PP A PN —— TR ——— A i S SN i el

3. NEED ANALY S!S

a) Liviet mow L), wite gs tevir [7) UNDER EXISTING PLANS.

b) REOUIRED ADVANCEMENT — SHOULD BT TECHNOLOGY READY
AT LEVEL [7) FOR OPERATIONAL SYSTEM USE 1Y [pare: 1082 |

¢) BISK IN ACHIEVING ADVANCEMENT:
e ] memivia [y ow [7]

G CHITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ X] OR
FapANCING: G X] o mEoum [T wow [

e} TASKS NEEDED:  sTuRY [X]  AnaLysis [X]  reseanch [X]
aroTesT [} A ciearTTesT [ seAceE ruieHT ST [X])
OTHER (Spocity) [ ] ... Sehzck obe or moro)

) RAT BASE CANDIOATE 750K New Initiative

b COMPLEMENTARY TECHNOLOGY ADVAMCENMEN"S AEDULRED F0R
USE OF THIS TECHNOLORY
None S W R e e N e L M s :
6, SPECICY TRCHHOLOGY ADVANCEMEMT REQUIRED TO
ACCOMPLISH REED
Develop optimized computational fluid dynamics processor _
__Improve numerical algorithms
erer 1
i P '.‘.nq';‘Lu
] oF. POC! 5
L L P —— R ki ..dj




e A
SPACE TECHNOLOGY NEED FORN NO. |
PAGE 2 OF

TITLE RAT Base - Increase Computational no. ) M-3 1

FTu_i_d Dynamics capability THEME /W.G. / TASK

i paTe 4,27, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop computer system that is primarily designed for advanced fluid

dynamics calculations. This system will include an optimized computational
fluid dynamics processor and will emphasize improved numerical algorithms

to speed up the calculations.

7. ALTERNATIVE APPROACHES/OPTIONS To stay with existing cdlculational

technology which is slow_and inadequate for existing computational
requirements.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
This activity is also supportable under Aeronautics RAT.

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76| 77|78|79|80] 81| 82| B3|B4|85]|86|67|66]69]90)91]92]93]94]95
TASK ITEM Rle
Optimized ] - =5
Processor ™ e ]
: - L -
Algorithm Dev. - i < [ | ] | = S
- - - - —
MANPOWER (M-Y)
INvouse ____| |3]6161616 16 13 I o 5
CONTRACT 3 101010410410
FUNDING (106 §)
INHOUSE ___ | | | i | EUE 4
\__CONTRACT i A 2] X I O




TESTED IN AIRCRAFT ENVIADWMENT
N SPACE ENVIRONMENT

ESTEQ

MJDEL
7. MODELT

€

(3]

§ST 1AT

tRA
a

T BuCLAETY
52 PHIROE
IIRY O

CESCRIS
LExpE

CRMJLATEDT?D

XCI'ENA O3SERVED AKD REPD
THEORY TESTED Y PHYSICA

SIC PREN
HECAY FC

1. BA
T

e
3

LEVEL
OF STATE
OF ART

o

rSPACE TECHNOLOGY NEED FOR} NO. |
PAGE 1 OF _
LTITLE  RAT Base - = NO. ) M3 2

Calculate Hultieng‘lne Base Flow F1e1ds THEME / W.G. / TASK

—— ~—— DATE 4 _ /26/

2. OBJECTIV
E To develop the capability to calculate multiengine base _

ﬂw fields and related base heating at low, med., and high altitude

ranges.

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 [pare. 1985 |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X]  meowwm []  tow [7]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING: HIGH[K]  Mepwum []  Low [

o) TASKS NEEDED: STUDY [x] ANALYsIS [X] RESEARCH [X]
GROTEST [X]  AIRCRAFT TEST []  SPACE FLIGHT TEST [X]
OTHER (Specify) [, (Check one or more)

f) R&T BASE CANDIDATE 200K F.Y. 1978

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Adequate flight instrumentation is required on

orbiter, ET, and SRB to verify model.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Better definition of exhaust plume flow field

Coup]ed boundary Vflayer. inversed plume model (1nclud1ng F. R chmistry)

3-D flow field model of reversed jet flow region
Solid motor radiation model that accounts for altitude changes

Improved short duration recovery temperature instrumentation




~

SPACE TECHNOLOGY NEED

FOR! NO. |
PAGE 2 OF

TITLE RaT Base

Calculate Multiengine Base Flow Fields

NO.__ ) M3 2 |
THEME / W.G. / TASK
DATE 4 / 27 76

radiation model.

solid motor plumes,
Develop 3D base reversed flow field.

Improve hot wire techniques for short duration testing.

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Improve computer programs for calculations of exhaust plune flow fields
to account for plume/external flow interactions, non-continium effects.
Include finite rate chemistry and coupled viscous/inviscid analysis for

Develop more accurate solid motor

)

7. ALTERNATIVE APPROACHES/OPTIONS

Overly

conservative base TPS design.

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

FY

9. TECHNOLOGY SCHEDULES

SCHEDULE ITEM

16

17

18

9

80

B

82

83

84

86

87

88

89 91]92] 93§ 94

95

TASK ITEM
Improve comp.

Coupled B.L.
inviscid plume

Reversedjet floL
mode

So]id Motor rad

mproved

1n5trumen a?1on

flavfield analysif.

>

Ve

2 o

MANPOWER (M-Y)
INHOUSE __
CONTRACT

.
‘-t_l_,!

FUNDING (106 §)
INHOUSE
\_ CONTRACT
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1. BASIC PHINCIIENA OCSERY

LEVEL

'I ng .
SPACE TECHNOLO2Y NEED FORM NO. |

PAGE10F_ &

S P T SRR T BT s s R iy AT e B T B L SR TR T P bt T 9 0 B W e TR R L e 8
L.TITLE _R&T Base - Development of Energy No.___ Y _ M=3 3

: ,. THEME / W.G. 3K

Conaervative Aerothermodynamle Teat E/W.G./TASK

B RS T SRR e  DATE.N_ /26 1976

cmeme e e swe e S EE e SIEE me s e WS § | S e — —

. OBJECTIVE :
Achleve a significant reduction in energy required to

r _earry out aerothermodynamic research programs in ground-baged
:_‘ ": teat facilities. _ . 1 i ; =l
855 | 3.mzep ANALYSIS
3 o) LEVEL NOow [§, wirt o LeVEL [B] UNDER EXISTING PLANS.
e Ee b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
Gk AT LEVEL [5) FOR OFERATIONAL SYSTEM USE BY [vaTe:  1085]
o ¢) RISK IN ACHIEVING ADVANCEMENT:
28 HIGH [T mepwm [ wow ]
e @) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH ] meowm [ wow ()
o) TASKS NEEDED:  STUDY ANALYSIS [X]  REseARcH [
GRD TEST AIR CRAFT TEST [[]  SPACE FLIGHT TEST [
f‘? OTHER (Specify) D L pacs MU e Ve =l no |Ch;.t k one or nlf\‘{:)
L
& f) R&T BASE CANDIDATE SR o Ll
s 2 pronss o -
Ge w6 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REGUIRED FOR
gF B USE OF THIS TECHMNOLOCY A Tl - woe e R el ool T
s 3| R ey o
Eli :—E E ——————————— e ———— -—— ——— e m——— > - -_ —_—— - ———
g gz S [ 6. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED 7O
SEGE ACCOMPLISH MEED
-:4:, o Dcvelop impl'oved data taking systems so that more data
‘;",”5.?. __points/hr. of test can be obtalned. e = e
ﬁ‘éé-‘ (6} Dnvelop new test t.echniques that allow blow-down I‘acilitics
FEEAN P T T S e T e —— -
:,-,4:‘_,- ___tc be used where continuous=-run wind tunnels are now used.

w o l'evelop efficient alr storage and heater systems that reduce

dl"'

5% B T.7 3 TR R LT R S M e = SERIETS S

60 o Develop miniaturized instrumentations that allow the use of
__smaller (less expensive) models,

0 Devise means to reccver waste heat from working fluid for

—plant heatlng and- eeeling: — Sl
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SPACE TECHNOLOGY NEED FORM NO. 1
PAGE 2 OF .
— —

TITLE R&T Base - Development of Engergy Conservative no 1 M-3 3

Aerothermodynamic Test Facilities THEME /W.G. / TASK

CATE 4 /27, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Perform feasibility assesserent studies on facility operating and test
data gathering systems to fdentify most promising candidate systems for

improvement or development to significantly reduce energy requirements.
For selected candidate system initiate design & development and incorporate
into facility.

7. ALTERNATIVE APPROACHES/OPTIONS
Reduction in facility operating hours and increased reliance on
theoretical and empirical methods.

8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 7677|718 79|80] 81|82 83| 84]85|86]687]|688]89]90]91]92]93]94]95

TASK ITEM

Data Systems A jqr
& ] %
Test Technique} I: q .
3

Air & Heater S¥s.

Miniaturized 9
Instr. N
Waste Heat + A . =
Reuse :

MANPOWER (M-Y) _ '
INHOUSE __ 214 (2]
CONTRACT A

FUNDING (108 §)
INHOUSE

\ CconTRACT | L5141

ey
.
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rSPACE TECHNOLOGY NEED NO. |
PAGE 1 OF IR
—————
1. TITLE _ Atmospheric Probles/Earth Return nNO,__10  M=3 1
HEM
Yabtslas o Maating and Plaw Piald THEME / W I FASK
Definition lucluding TES Interactlion DATE 4 Lt’.; 1976

2, OBJECTIVE

ment b.Lh 8 1;.51.11 lcant advance in

To re duce the ulu.exAt,qlnt,icu_ih heat .)hil. 1d a*n‘.i:c.m-_

aerothermodynamic knowledge.

3. NEED ANALYSIS
a) LEVEL Now [3), wiLe e LEVEL 5] UNDER EXISTING PLANS,
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [[] FOR OPERATIONAL SYSTEM USE BY [pate: 10085 ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [ mepowum [ row ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:

ENABLING [[] OR
ENHANCING:  HIGH[]  mepium [

Low []

e) TASKS NEEDED:  STUDY ]  ANALYSIS []

RESEARCH [

Gno TesT [) AR CRAFT TEsT (]

SPACE FLIGHT TEST []

D

-

OTHER (Specify) [£]
f) KT BASE CANDIDATE _$800K _506-26

NITRAT

Earth Re-entry ch'lf‘ix.qtionl(.luck one or moro)

e e e A ————. A ———————

EMC

4. COMPLEMENTANY TECHNOLOGY ADVAMNCEMENTS RZQUIARED FCR
USE OF THIS TECHNOLOGY __ _NONE

-~
-

TERISTI

-

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

Ueterminu eI‘FecL of‘ mass transfer

transition.
Deternine_radiative flux within shock/ablation layers.

Develop more accurate base

_____ prediction techniques. .

dimensions.

e 53 1 F B K7 G Te) o e B e R SR e e

and roughness on B.L.

_Extend ﬂxRer‘iantal uimuldtil)"} f‘u: bound‘zr'y lajer t.I'.l_'lS.}i___i

on

_Determine reaction kinetics within shock/ablation _lay_qg:;_._____
flow-field end radiative flux

thcnr‘ present Lwo-dim»_n.aiondl Ilow I‘ield andlysia !,o Lhzec-




SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 2 OF _

TITLE ATMOSPHERIC PROBES/EARTH RETURN VEHICLES - NO 10 M-3 ]

HEATING AND FLOW FIELD DEFINITIUN INCLUDING TPS

INTERACTION pate 4 27,76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
PROGRAM CONSISTS OF A COMBINED ANALYTICAL AND EXPERIMENTAL INVESTIGATIUN
OF THE. Many. PHENOMENA IN PLANETARY PROBE GAS DYNAMICS F'OM-FIELDS
SIGNIFICANTLY AFFECTING THE HEAT-SHIELD/REQUIREMENTS. THE TASKS ARL

CONDUCTED WITHIN THE PLANETARY PROBE DESIGN SPECIFIC OBJECTIVE AT LaRC,
ARC, AND JPL.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
ELATED ACTIVITY INCLUDE SPACE SHUTTLE DEVELOPMCNT (506-26),

ADVANCED EAKTH ORBITAL SPACECRAFT DEISGN (506-26)
THERMAL PREDICTION SYSTEM (506-16) _

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]78]79]| 80| 81| 82| 83]84185]86|87 |88 8990|9192 93] 94|95

TASK ITEM L
Trub. Layers —

Radiative Flux

o
=

Reaction Kinetifs : . = IS O SSa E
Basgwﬂgw Y B = son m +
3-D Flow Fields
7Ma§siveislqyjn1} 5 =%
Flight Verifi. | - -+ H L L

-

MANPOWER (MY) | |
INHOUSE __
CONTRACT

FUNDING (106 §)

INHOUSE _
\__CONTRACT

-
2
ey
o
5
w |

-3

)

-
-
-

- |8~
e
PO
&
5
s
a8




TATWALT

TOTESTEO A%

SORATDR

N THE LA

SEAT

5. COMTTRENRT OR ZRTAZSY/
ELVIACA

STER

B PHENIE

ERVED ANT AEDS

e

AGES

1. BASIC PnERIVEN
2 THEORY FORRULATED 70 DEScat

LEVEL
OF STATE
CF ART

r.':w.cr. TECHNOLOSGY NEED FORM 110, 11
PAGE10OF _ B¢

N e V' e e 8 R TR R etk R 8 e - N b I R R e
1. TITLEAtnacpheric Probes/Farth_Return Vehicles  NO.. 10 Yed 2
Development of Stable Lifting and None THEME /W.G. / TASK

Lifting Configurations Over Entire Speed o .. 4 , 26, 1976

= v s . S W A AR S LM § R W A S R D MR w8 e e ———— A — ——

2. 0ECTIVE
- "“ Develop capabllity to accurately preidict stabllity

c.haz‘ v.'t.uxlur.ics of a wide range ot‘ cundidate proble vohi le

gconfigurations. . ... .. .. __
53 | 3.nezo AnALYSIS
L § a) LEVEL nows [ ], wine BE LEVEL (5] UNDER EXISTING PLANS.
24 b) REQUIKEFD ADVANCEMENT —~ SHOULD BE TECHNOLOGY READY
BE AT LEVEL [T] FOn OPERATIONAL SYSTEM USE BY [pATe. 1590 |
4 ¢) RISK IN ACHIEVING ADVANGEMENT:
g8 HIGH (] meowa [ wow [

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HiGH [ meowin D ow [
) TASKS MECDED:  STUDY [  AmMALYSIS []  neseancH [
croTEST k] AnceRAFTTEST [(]  SPACE FLIGHT TEST ]
OTHER (Specity) [ (Check one or morz)

- -—— e ——— = — —

f) ROT DASE (.ANDI.)A!& _§200K 506-26

e — e o e

4, COMPLEMENT/ Y i‘cCiNOLOGY ADVANCEMENTS REQUINED FOR
USE CF THIS TECHNOLOGY (1) Definition of entry heating-environs
ment including TPS interations, (2) Develqp_ment of ability to

RONITPATID

RISTIC G2

.

-

5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLIEH NEED

Develop 3=-D, steady and unsteady {low fleld analyses.. . __
Develop improved ground test technigues to obtain stability
-.characteristics across the entire sveed range including real-

SRR DIDrRONIe S10Wes - - . b S g el e e
Carzy out I'light tests to vallidate ground test results (md

THEORY TESTED LY PHYSICAL EXFENINENT 03

PATHEZATICAL BOCEL
4. PEATINENT FUNCTION OF CHARALT

-
-

ot analvses. s ) SENE PO
_Develop probe vehicles with loiter capability Lﬂgult a’ﬂ/oz,_____ i
_ deployable lifting surfaces) for long-time measurements in outer
. planet _atmospheres. IS s




~
SPACE TECHNOLOGY NEED

TITLE ATMOSPHERIC PROBES/EARTH RETURN VEMICLES - NO 10 M-3

IH .
DEVELOP STABLE LIFTING AND NON-LIFTING CONFIGURATIONS | 'EME/W.G./TASK

pate 4 ,27, 76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
PROGRAM CONSISTS OF A COMBINED FLOW-FIELD ANALYSIS, WIND TUNNEL TEST AND

FLIGHT TEST APPROACH, STATIC AND DYNAMIC STABILITY COEFFICIENTS WILL BE
COMPUTED AND MEASURED FOR A VARIETY OF PROBE AND SAMPLE RETURN CON-

FIGURATIONS. INVESTIGATIONS IN SUPPORT OF SPECIFIC MISSION STUDIES WILL
BE CONDUCTEC AS REQUIRED.,

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/VLANNED RELATED ACTIVITIES (RTOP, OTHER)
ADVANCED EARTH ORBITAL SPACECRAFT DESIGN (506-26).

9. TECHNOLOGY SCHEDULES
FY
RHEDULE ITEM 16{77)78|79|80|81]|82]83]|84]85]u6;B7|B8]B3]|90]91]92]93]94]95

TASK ITEM
Probe Aerodyn. 44+ R

Facilities Dev.

Flight Veri, [ d
Long Flgt Time |t 4—4—1 . 4 o 2
Vehicle |

MANPOWER (M-Y) | |
INHOUSE __ Cliele I jelelael L = |
CONTRACT

FUNDING (108 §)
inHouse | /LoL/b/p /L) IS ERERECRETES
\___CONTRACT




ENVIRINUINT IN THE LAZORATLRY

€ WODEL TESTED IN AIACRAFT ENVIADNMENT

§ CORPCONENT OF 8T 25E0ARD TESTED IN RTLEVAXRY
7. MODEL TESTID N SPACE EXVIROWNENT
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-

'.
-
e

1. BASIC PHENDNIE
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3. THIORY TESTED BY PHYSH
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rSPA(:E TECHNOLOGY NEED FORM NO. |

PAGE 10F
- - —

1. TITLE prluc,,.;;gu of Solar .‘x.nwracem SN T T
Landers = Develop penetrator capabllity THEMEIWG / TASK
S : - DATE__4_ /. 2§ _1316

2, OBJECTIVE
———a develop the capabllity to place penetrators into- .

_the surface of terrestrial planets and outer planet satellit ﬁs .

3. NEED ANALYSIS

o) LEVEL NOw [7], wiLL g€ LEVEL [T UNDER EXISTING PLANS,
b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [£] FOR OPERATIONAL SYSTEM USE Y [pare: 1984_|
c) RISK IN ACHIEVING ADVANCEMENT:
HiIGH (] meoim [ wow ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[]  meoiom (T cow ()
¢) TASKS NEEDED: STUDY [3] ANALYSS [  RESEAncH (1)
GrDVEST [(] AR CRAFT1EST [  SPACE FLIGHT TEST []

OTHER (Specify) D » (Ch«:ckfne or morg_}
f) HAT BASE CANDIDATE _ _No funding F.Y, 1978 AL

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _Sensor development of meaningful

_Subsurface measurements. High-g survival of sensors. . __ __

6. SPECIFY TECHNOLOGY ADVAMNCEMENT REQUIRED TO
ACCOMPLISH MEED
__Develop technology to design 1ight hypersonic decelerators

_Develop tehgnology to design low speed decelerators. .




-
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF e

TITLE syrface Landers - Develop Penetrator |+ SRR [ S T i,

Capability THEME / W.G. / TASK

DATE 4 1 27 16

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
First-stage high speed decelerators for planetary surface penetrators must
be developed from several possible devices. (Considerations in development

include aerodynamic drag stability and heating. Investigations will be
experimental in nature oxcept for heating analysis. Second-stage low

speed accelerators wiil be based on present practice in the Viking Project.

7. ALTERNATIVE APPROACHES/OPTIONS

8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

None

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76(77]78|79]80|81|62|€3]B84]|85|686)87]88]BI|90]91]92]93]94]95

TASK ITEM
Decelerator Dev.
st Stage (Mafs) & ¢
2nd " (Mars) A

1st Stage (Tithn) A+t A d o
2nd " (Titap) NIV

MANPOWER (M-Y)

INHOUSE ___ | | L2|313 3121213133 1 et
CONTRACT 3ls 1717121315 16 1ls

FUNDING (106 8)
INHOUSE

L conTRACT | T 1213 sel 2 3t slel 6] | 1 1 —t -
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Plume-Surface Interaction Effects I

Surface landers -== Predict |

10/M-3/4

I/ we.!

4, 27,76

' Develop the capability to predict the interaction flow field resulting

from the interaction of the ground and plume when a rocket motor is
used to land a vehicle on a planet's surface

v i 1988 |

| ‘ LI No funding F.Y. 1978

P -.‘J"i . L L 'l "“WHit '
A definition of the * face zondition of
the planet and if required, the 3D character of the plume flow field.

[ l‘l‘ ] " ! ] i LS ATALL $8 ‘ ‘ H l‘ L] 1 :"’." "’
' |
LIS &1

A pseudo-3D plume interaction flow field analysis that can adequately

describe the plume as a blunt body approaches the end of the nozzle.

A small scale experimental program is rejuired te verify math model.

- -

———
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"
SPACE TECHNOLOGY NEED FORM NO. |
E PAGE 2 OF _

TITLE Surface Landers NO.__ 10 M-3 4
: THEME /W.G./ TASK

DATE 4 /27/ 16
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop analytical technique to describe plume flow interaction with
serface as engine approaches surface.

Predict PlumeSurface Interaction Efforts

Conduct experimental program using small engines and various surface
materials to verify math model and to obtain an understanding of effects

of plume on ground surface.

7. ALTERNATIVE APPROACHES/OPTIONS Base future designs on Viking experience

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

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 761771787980 81]|82]|83]84]|85]|686]87|6B]B9)90]91]92]93|94]95
TASK ITEM
Analytical
Development A - | R (]
Experimental AN | N o
Programs
\ 4 3
i
MANPOWER (M-Y) vivl,
INHOUSE __ I 0N V28 WA WA A W /_r ; !
CONTRACT IRAANneE
FUNDING (108 §)
INHOUSE _ | £ % WA T8
\__CONTRACT b ekl 31—




ENVIRONMENT IN THE LABGRATORY
& MODEL VESTED /N AIRCRAFT CNVIRONMENT

5 COMPONENT OR BREADBOARD TESTED i RELEVANT
1 WODE! TESTED !N SPACE ENVIRONMENT

MATHEMATICAL MODE L
& PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 SASIC PHENOMENA DBSERVED AND REPOATED
2 THEORY FORMULATED TD DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

GPACE TECHNOLOGY NEED FORM NO. | 1
rAGE 1 OF
1. TITLE _SURFACE LANDERS - OPTIMIZE NO. _10/Ma3/5.
AERODYNAMIC CONFIGURATION POR THEME /w.0. / TASK
MA_X PAYLOAD

—  DATE__4& /.27;_76

2. OBJECTIVE
Develop capability to accurately analyze a wide range of

configurations and rationally choose among them

3. NEED ANALYSIS

a) LEVEL NOW (4], witL BE LEVEL [5) UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT -~ SHOULD BE TECHNOLOGY READY
AT LEVEL ] FOR OPERATIONAL SYSTEM USE BY [pate. 1988 |

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  Mepium (] Low [

4) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HIGH [x]  meoium (] ow [

¢) TASKS NEEDED:  STUDY (] ANALYSIS [{] RESEARCH [§]
GRO TEST [x] AIRCRAFT TEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE  $200K 506-26

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Definition of entry environment and

flow field including TPS interaction for candidate configurations

£ SFECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Opevelop techniques for predicting 30, real gas flow fields and

resulting aerodynamic characteristics for a wide range of potential
planetary probe vehicles. e

OCarry out-ground and flight tests to validate theoretical predictions. .
Oldentify relative payload capabilities of various configurations.




~ A

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF =
rL;iTLE Surface Landers - Optimize Aerodynamic no. 10 M-3 §
Configuration for Maximum Payload THEME /W.G. / TASK

= DATE 4 /27,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TC ACCOMPLISH NEED
Develop techniques for predicting 3-D, real gas flow fields and resulting_

aerodynamic characteristics for a wide range of potential planetary probe

vehicles. Use a combined theoretical and analytical approach using the
best available numerical analysis techniques and ground-based test

facilities. Validate resulting techniques by shuttle-launched flighu tests.

7. ALTERNATIVE APPROACHES/OPTIONS Use existing state-of-the-art and accep
lower payload fractions.

8. CURRENT/PLANNED RELATED ACTIVITIES (r7OP, OTHER)
Planetary Entry Aerothermodynamics (LaRC, ARC, JPL)  506-26_

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76 (77]78| 79|80 | 81| B2|B3]|B4185|66]87|68]8I|90]|91]92]93]94]95

TASK ITEM

o 3-D, Real-Gas
Flow Field Codes
o Real-Gas Aero-
Qynamigs_Tests
0 ﬁpalysiﬁ of anf

4

load Capility of] o33 T A | . s 0 | - .
Various Configs.| |&r Vﬂ: el

MANPOWER (M-Y)
INHOUSE __ L1ifiianaygaignn QL

CONTRACT 4| s| 4] 4 2l 2
FUNDING (106 §
INHOUSE ' olo .lﬂ 'la l" lla -ID -IO

\  CONTRACT [« [ |- 1] .1].T]e.21
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SPACE TECHNOLOGY ADDITIONAL INITIATIVE FORM IV

TITLE SHUTTLE-LAUNCHED EXPERIMENTAL RE-ENTRY DATE -4./.239 /.16
SYSTEM TTNO. 10,12 OR WORKING GROUP NO. "~

OBJECTIVE

To develop a specific shuttle-lsunched system which will include modularized

building block booster elements, and basic experimental measurements, avionics

quidance and command,-and-retrieval packages.

JUSTIFICATION Implementation of such a system will provide flight aero-

thermedynamic data to validate ground facility experimental techniques, computé

t10n31 anatyses, TPS materials and concepts: to calibrate planetary atmospherig
fence measurement techniques and to advance knowledge of high-speed re-entry

i) gnomena.,

TECHNICAL APPROACH/PLAN

Carry out trade-off studies to identify the most cost-effective method for

using the shuttle as a launch platform for re-entry research vehicles. Carry
out detailed analyses of possible re-entry experiments using the system,
Design and construct the system, Use it with the shuttle to carry out flight

research on planetary probe vehicles, hazardous waste disposal, aerobreaking
of OTV, and buoyant station deployment,

SCHEDULE By
SCHEDULE ITEM |76]77] 78] 79] 80] 81] 82] 83| 84| 85| 86| 87] 88 ] 89] 00] 91 82[ 93] 9] 96

0 Tﬁ Kd -
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[]]fht test feasi-
111ty studies &+—1
System Design
Const. & Checkout d
on_shuttle B
Research Flight Tdsts

a)planetary probds

> 9

bivaste -disposal ] i
3 huwgnt z%atinrs at 19 0
e JREDT 2% M9 R
MANPOWE 'fl;‘lthl =
INHOUSKREE N“” prdfid) 20 20 |20)25]25)25]25]25]25 |25
i TRACT 516 |10]10]10410]10] 5] 5] 5

FUNDING ( .

HAMOUSE t 51.5 1.02.013.030]20}2.32.0§2.0

CONTRACT [ | |
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RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT
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SPACE TECHNOLOGY ADDITIONAL INITIATIVE FORM IV

TITLE DEVELOPMENT OF THE TECHHOLOGY BASE FOR ADVANCED DATE 4./ 28 /.18,

EARTH-ORBIT TRANSPORTATION TTNO. 7 OR WORKING GROUP NO. M- 3
Qngcn E

0 develop the technology base for future Earth-orbit transportation systems

enablina improved performance at reduced cost.

JUSTIFICATION By the end of FY/8, the most appropriate vehicle concepts and
technology requirements must be identified for an advanced transportation '
system, This is needed so that concentrated efforts fn crittcal technoltogy
areas may be initiated.

TECHNICAL APPROACH/PLAN

Current and planned studies within NASA and DOD will be used to identify the
most promising vehicle configurations. From thee configurations, concepts witl
be selected as a focus for concentrated development of the technology base.
Approaches to technology deveiopment wiil be examined and feasibility studies
conducted to determine maxtmum gatn at minimurr risk. Development of-spectfic
areas will be pursued as sub-elements of the program,

SCHEDULE FY
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