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FOREWORD

This report summarizes the results of the Hypersonic Research Facilities Study
Phase III effort performed during the period from 2 January 1970 through 26 June 1970
under National Aeronautics and Space Administration Contract NAS2-5458 by McDonnell
Aircraft Company, (MCAIR), St. Louis, Missouri, a division of McDounell Douglas
Corporation.

The study was sponsored by the Office of Advanced Research and Technology
with Mr. Richard H. Petersen as Stuay Monitor and Mr. Hubert Drake as alternate
Study Monitor.

Mr. Charles J. Pirrello was Manager of the HYFAC project and Mr. Paul A. Czysz
was Deputy Manager. The study was conducted within MCAIR Advanced Engineering,
which is directed by Mr. R. H. Belt, Vice President, Aircraft Engineering. The
HYFAC study team was an element of the Advanced Systems Concepts project managed by
Mr. Harold D. Altis,

The Phase III analysis of Research Requirements and Facility Potential primarily
involved quantification of the value of the candidate research facilities &t the
Research Task level, and consolidation of the research requirements defined in the
earlier phases of the study.

This is Volume IV, Part 3 of the overall HYFAC report, which is organiczed as
follows:

NASA CONTRACTOR
REFORT NUMBER

Volume I Summary CR 114322
Volume IT Phase I Preliminary Studies
Part 1 - Research Requiremcr.cs and Ground CR 114323
Facility Synthesis
Part 2 - Fligh. Vehicle S:mthesis CR 11432k
Volume III Phase I1 Parametric Studies
Part 1 - Research Requiremznts and Ground CR 11k4325
Facility Synthesis
Part 2 - Flight Vehicle Sy:tiesis CR 11L326
Volume 1V Phase III Final Studies
Part 1 - Flight Researcl Facilities CR 11k327
Part 2 - Ground Research Facilities CR 114328
Part 3 - Research Requirements Ansalysis and CR 11L329
Facility Potential
Volume V Limited Rights Data CR 114330
Volume VI Operational System Characteristics CR 114331
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SUMMARY

The primarv objective of the Hypersonic Research Facilities Study is to assess
the research requirements for hypersonic aircraft and define several desirable
hypersonic research facilities based on these requirements. Assessment of hyper-
sonic research raquirements and evaluation of the potential of several attractive
facilities to satisfy these r2quirements is summarized in this volume.

HYFAC study results include definition of the major Research Tasks applicable
to operational “Yypersonic systems, design o? two attractive flight research vehicles
and five conceptual ground research ®acilitic and quantitative evaluation of
individual facility capability to accomplish tne identified Research Tasks.

Hypersonic research requirements were established through unique decision-
theory techniques applied to a systematic survey involving 66 WASA, USAF, and MCAIR
technical specialists. This survey formed the basis for the establishtment of the
intrinsic value, or relative importance, of each Research Task.

Pacility capability assessment is based on the degree of simulation provided
by the candidate research facilities, relative to the simulation requirements
Judged to satisfy the intent of tlhe Research Tasks. Facility capability is, there-
fore, primarily dependent on the characteristics of the candidate research facilities
Jeveloped in this study. Two extremely attractive flight research vehicles are
outputs of the year-long design iteration and refinement.

o a Mach 6 turboramjet- overed, conventional wing-body aircraft

o a Mach 12 rocket-powered, air launched, all-body vehicle
Both of these vehicles are designed rith provisions for installation of optiocns to
accomplish focused investigation of particular areas of research. Candidate ground
facilities de« :loped during the study include:

o a pclysonic gas dynamic facility (Mach .5 to 8.5)

o a hypersonic impulse gas dynamic tunnel (Mach 8 to 13)

o a compound turbomachinery engine facility with clean air capability
to Mach 5.5

o a dual-mode ramjet engine facility with equivalent energy simulation
to Mach 11

o an integrated structural/fluid systems research faciliity incorporating
thermal, mechanical, .coustic, altitude simulation, and cryogenic flow
capabilities.

The conceptual ground research facilities have a complementary capability, as con-
trasted to the flight research vehicies which are shown to provide uniquely
different as well as overlapping research capabilities.
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The measure of candidate facility research potential is expressed as Facility
Research Value, the product of task intrinsic valucs aad Jacility capabilities. Tn
general, the Facility Research Values of the candidate flight research vehicles are
about 2.0 to 2.5 times the research value of combined existing ground facilities.
Although the g.-ound facilities can contribute to research potential only in specific
technological areas, they are capable of an improvement of about fifty percent over
the combined capability of similar existing facilities.

All of the candidate research facilities are capable cf contributing to in-
depth research into specific technological areas. The flight research vehicles,
however, provide a breadth of research potential which cuts across technological
area boundaries and allows examination of vehicle configuration interactions.

A typical high-priority research program, involving scramjet development and
integration, was eva’ iated using the Research Objectives and test methods defined i.
the study. This typical research program can be conducted, using the candidate
research facilities, for less than 100 million dollars.

A dominant observation of the study is that research facility development lead
time has a major impact on the successful accomplishment cf Research Objectives.
Much of the required research is of sufficient ccmplexity, and possesses uniform
applicability to all potential opera.ional hypersonic systems, that a research
program must be started soon to satisfy projected requirements in the 1980's. For
instance, considering a flight research program to establish the confidence to
proceed with development of an operational system, a minimum of fifteen years woulid
elapse between research vehicle go-ahead and introduction of &n operational system
capability.
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i. INTRODUCTION

Hyversonic airecraft are expected to become cperational in the post-1950 time
reriod to satisry military and ‘or cormercial requirements. An extensive research
and development vrogram will be required prior to production cof any hyvversonic air-
craft system. The overall cbjective of the Hypersonic Eesearch Facili*ies Study
is to ussess the research requirements for hypersonic aircraft and define several
desirable hypersonic research facilities to satisfy these requirements.

The upproach followed to fulrill this study objective involved:

(a) Definition cf a spectrum of Research Objectives and subsets of Research
Tasks recessary for development of representative operaticnal systems

(b) Disciplined quantification of the relative importance of these cbjectivesz
and tasks as they relate to each operational system

(¢c) Definition of new conceptual flight research vehicles and ground test
faciliti~s to accomplish the identified research tasks

(d) Quantification of the relative capability of existing and new ground
facilities ani new flight research vehicles to accomplish tzis research

T
P
)

(e} Ee*inaticn of the cost to build and operate these new research facilities.

This volume of the Hypersonic Research Facilities Study report briefly reviews
the research requirements analysis performed during the first two phases of the
study and rresents the results of the facility research potential evaluation
completed durirnc Phase III. An impcrtant study element involved an assessment of
the value of hypersonic research facilities, both flight vehicles and ground in-
stallations, in terms of their contribution to achieving the confidence to wroceed
with operational hypersonic aircraft. It is well recognized that development of
critical technologies, properly phased with advanced systems requirements, is tne
key to this nation's leadership in aerostsce. The intent of the research require-
ments analysis conducted during this study is to identify the relative coatribution
of Research Tasks to a credible hypersonic research plan. The importance or value
of specific Research Tasks is related to the capability of the candidate research
facilities to perform these tasks to yield the overall research potential of each
conceptual research facility.

Two attractive flight research vehicles were selected for Phase III refine-
ment. These vehicles, described in detail in Part 1 of Volume IV, can be briefly
characterized as follows:

o Mach 6 Research Vehicle (C21C) - A manned turboramjet-pcwered vehicle
designed for ¢+ entional takeoff and landing operation.

o Mach 12 Research Vehir? . i) - A manned rocket-propelled vehicle
designed for saii-lav .xion.

AMCDONNELL AIRCRAFT
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Confimuration opticns were developed for each of these basic vehicles to verforrn
syecialized research tasks while minimizing cost and weight penalties in the basi:
vehicle. The principal options include:

o Mach 6 Research Vehicle

Thermal Protection Svstem
Armament

0 Mach 12 Research Vehicle

Scramjet

Convertible Scramjet

Thermal Protection System

Armament

Horizontal Takecff/Vertical Takeoff
Staging

Subsonic Turbojet

A comprenensive spectrum of ground research facilities was develcved durine
the HYFAC Study, and the list of five facilities selected for Fhase III refinement
includes:

o 5DT - Hypersonic impulse gasdynamic research facility

o GD20 - Polysonic gasdynamic research facility

o E9 - Dual-mode ramjet engine research facility

o E20 - Integrated turbomachinery/ramjet engine research facility
0 S20 - Integrated structures/fluid systems research facility.

The capabtility of each of the flight research vehicles and ground research
facilities to accrmrlish each identified Rasearch Task has been evaluated. This
evaluation was performed by MCAIR specialists in flight and ground testing and
forms the basis for measuring the effectiveness of each facility.

Effectiveness of candidate research facilities is defined in this study as
research potential, measured in terms of Facility Research Value. Two basic
rmeagures of Facility Research Value are presented. One measure is based on the
facility's "characteristic" capability; that is, a measure of the facility's
ability to accomplish a spectrum of research, not .nly in the predominant tech-
nolcgy area for which it is designed but in other ancillary areas in which it
prcvides a capability. This value provides a measure of the facility's broad
versatility. A second, more specific measure evaluates the "focused" Facility
Research Value. This is a value representative of the facility's capability to
conuuct research in the technology area for which it is primarily designed.

MCODONNELL AIRCRAFT
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Facility Research Values are developed, discussed and interpreted in the
following sections for each of the facilities selected for Phase III refinement.

In addition, a typical high-priority research program, development of a
scramjet propulsion system,is discussed to illustrate the cost and time invoived
in accomplishing a typical focused research program. This example provides the
arena in which applicability of particular research faciiities, costs of per-
forming tasks, and scheduling of tests can be discussed.

(Page 1-4 is Blank) MCDONNELL AIRCRAFET
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2. APPROACH

Analysis of raszcrch requirements «nd evaluation of the capability of caidiiate
hypersonic research facilities to perform the identified research is a key ele.ent
of the Hypersonic Research Facilities Study. The approach to this study element is
criefly describe? in this section, with a more detailed explanation of the procedure
T esented in Section 5.

The end r=sult of the research requirements and facility potential analysis
is expressed in teriis of Facility Research Value. This figure of merit integratec
tre intrinsic value of each Research Task with the capability of grcund anil flisht
researcn facilitirs .o accomplish the task, as illustrated in Figure 2-1. Summation
of the products or intrinsic values and facility capabilities across the spectrim cf
applicable Resecrch Tasks allcws a quantification of the relative iesearch potenti=il
of candidate facilities. This research requiremeuts and facility capabiiit) analy-
sis has been used, in a broader form, in Phases I and II to select the most effective
facilities for fu.ther refinement. During Phase III, this analysis has been util-
ized, not to select or reject facilities, bui rether to establish the research
po*tential of the Phase IIT research facilities. Two major refinements were inccr-
porzted in the Phase IIT analysis.

1) The Research Tasks were modified to provide a more precise statement of
the rcsearch recairements.

2) The evaluation of research facility capability was improved to better
reflect the differences between research for whirh a facilitv has
general capability (identified as "characteristic" research) and
research for which the facility would be specifically designed

labeled "focused" resesrch).

Recognizing that specific hypersonic research requirements could not be defined
without reference to operational systems, nine hypersonic systems were defined at
the initiation of the study. This spectrum of hypersonic aircraft includes four
reusable launch systems in the Mach 5 to Mach 12 range, two hypersonic transvorts
cruising at Mach 6 and Mach 10, and three hypersonic weapon systems covering the
Mach 4.5 to Mach 12 speed range. Four representative operational systems selected
from this comprchensive spectrum have been used throughout Phase III. Their prin-
cipal characteristics are summarized as follows:

CODE  SYSTEM TYPE MACH NO. PROPU%SIOK

L2 Reusable Launch 8-10 Turbojet + Convertitle Scramjet
C1 Hyperscaic Treaasport 6 Turboremjet

M1 Advanced Manned Interceptor h.s5 Turboramjet

M2 Strategic Strike 12 Rocket + Scramjet

APCDONNELL AIRCRAFET
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FIGURE 2-1
FACILITY RESEARCH VALUE DEVELOPMENT

Establish
Define ntrinsic
Required Value of
Research Applicable
Research
Correlate -
Research Requirements :‘mu'
For Specific Valee
Operational System
Establish Determine
Candidate Facility
Facilities Capability

A comprehensive list of 78 Research Objectives was defined during the study

tc erncompass the research needed to provide an adequate level of conlidence to pro-
ceed with Jevelopment of a hypersonic system. The relative importance, or intrinsic
vaiue, of each Research Objective was dete~mined with the aid of a urique appiica-
tion of decision theory techniques. These techniques, applied to basic inputs from
€6 NASA, USAF, and industry technical specialists, prcvided a disciplined and object-
tive analrsis of hypersonic aircraft research requirements. Widespread scientific-
community participation to this extent in such a disciplined approach is believed

<o be unprecedented for identifying -and evaluating resecr-ch requirements for future

=.TI3TRCC Trograms.

The resulting list of objectives was later subdivided into 237 Research Tasks
to allow a more detailed analysis to be performed during Phases II and III. Evalu-
ation of the research potential of the five conceptusl ground facilities and the
two candidate flight research vehicles to perform these Resea~ch Tasks was a primary
Phase III effort. The capability of each candidate new research facility is de-
termined in terms of the percentage of each Research Task potentially accomplisned
in the racility. Research potential for each applicable task is the product of
the task intrinsic value and the facility capability value. Addirng these products
over the tasks applying to a particular operational system yields the Facility
Research Value. Facility Research Vaiues are presented in this report on both a
characteristic and a focused basis.

AOCOONNELL AIVCRAFT
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The unique nature of the research requirements and facility capability snalysis
has resulted in the coining of many new terms with specific meanings. In order to
assist in the understanding of this analysis, a glossary of the priucipal terms is

presented.

Operational System

Fesearch Objective

Research Task

Intrinsic Values

Facility Capability

Facility Research Value

Characteristic Facility
Research Value

Focused Facility Research
Value

Acquisition Cost

A specific aircraft configuration identified within
the spectrum of hypersonic vehicles potentially
operable in the post-1980 time period.

Major research in a specific area which must be
acxcomplished prior to initiation of the develop-
ment cycle of an operational system.

A specific research item identified as an element
of one of the defined Research Objectives and
involving particular types cof tests or analyses.

A measure of the importance of the Research
Objectives and Tasks as they relate to one another
with respect to a particular operational system.

A measure of the ability of a facility to perform
the research defined by a particular Research Task.

A quantitative measure of a facility's effective-
ness in accomplishing research, considering both
intrinsic values and facility capabilities.

A measure of a facility's ability to accomplish
a broad spectrum of research.

A value representative of a facility's capability
to accomplish research for which it is primarily
designed.

The Research and Development cost plus the Invest-
ment Cost for a ground facility or flight research
vehicle (Operating costs are excluded).

(Page 2-4 is Blank) ASCDONNELL AIRCRAFT
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3. RESEARCH TASKS

A preliminary list of Research Tasks was established during Phase II and is
presented in Voiume III, Part 1. One of the major efforts during the early stages
of Phase III involved the refinement and condensation of this list into a final set
of tasks for use in the Phase 1II research requirements analysis. The resulting
final Research Tasks list, presented in the following pages, contains a total of
237 Research Tasks, each designated by the abbreviation "RT". The Research Objec-
tives to which these tasks relate are indicated by the abbreviation "RO". Since
the initial list of Research Objectives defined in Phase I totaled 102, the code
numbers of the Research Otjectives and Tasks accumulate to thi. number. However,
24 of these original objectives were combined with other objectives during Phasc IT,
The Phase III analysis includes only the remaining 78 objectives and their corres-
ponding tasks.

The tasks are classified according to the technology area to which thev can
be most closely identified, as were the Research Objectives. The number o€ Research
Tasks in each technological area is as follows:

Category No. of Tasks
Aerodynamics 51
Thermodynamics 23
Structures and Materials Ly
Propulsion 53
Subsystems L5
Operation 21

237
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PHASE III RESEARCH TASKS

AERODYNAMICS

RO 1 - Determine low speed (takeoff and landing) aerodynamic characteristics of
hypersonic aircraft.

RO O -

RO 3 -

RT 1.1 -

RT 1.2 -

RT 1.3 -

RT 1.h4 -

Investigate low speed, takeoff and landing, high 1ift, longitudinal,
lateral, and directional stability and control and aerodynamic
loads of most promising hypersonic aircraft configurations.

Investigate methods of providing takeoff and landing performance
employing aerodynamic surfaces, propulsive systems and/or combined
aero-propulsive systems.

Evaluate integrated high 1lift configuration performance and maximum
useable angle of attack as limited by power eoffects, ground effects,
buffet, wing drop, ground clearance and pilot visibility.

Investigate handling characteristics and evaluate *rim capability,
effects of adverse C.G. location on trim and basic flight charac-
teristics and on the control power available from the trimmed
condition.

Determine subsonic and transonic aerodynamic charucterisiics of hypersonic

aircraft.

RT 2.1 -

RT 2.2 -

RT203-

RT 2.4 -

Investigate subsonic/transonic longitudinal and lateral-directional
stability and control and aerodynamic loads of most promising
hypersonic aircraft configurations.

Investigate methods of providing high subsonic/transonic performance
considering such factors as shape, trim requirements, inlet posi-
tion, jet effects, and effects of shock wave/boundary layer
interaction.

Investigate subsonic/transonic configuratiorn performance and
maximum useable angle of attack as limited by buffet onset, thrust
margin, maximum 1lift, and longitudinal control pow.r.

Investigate handling characteristics and evaluate trim capability,
effects of adverse C.G. location on trim and basic flight charac-
teristics and on the control power available from the trimmed
condition.

Determine supersonic and hypersonic aerodynamic characteristics of hypersonic

aircraft.

RT 3.1 -

Investigate methods of providing high supersonic/hypersonic perfor-
mance considering such factors as shaping to achieve maximum 1ift-
to-drag ratio, neutral point control, and low trim drag requirements.

AMCOONNELL AIRCRAFYT
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RT 3.2 - Investigate supersonic/hypersonic longitudinal and lateral-
directional stability and control and serodynamics loads of the
most promising hypersonic aircraft configurations.

RT 3.3 - Investigate the effects of boundary lesyer transition, separation,
and interaction with shock waves on 1lift/drag, performance,
stability and control.

RT 3.4 - Investigate the effect of engine exhaust plumes on lift, drag and
longitudinal stability.

Provide new or update present testing techniques for aerodynamic research
facilities so Reynolds number, shock wave, and boundary layer dependent
phenomena can be correctly simulated using subscale models.

RT 4.1 - Investigate techniques to better approximate the free flight
recovery temperature to skin temperature ratios in ground tests.

RT 4.2 - Develop techniques to allow determination of more representative
free flight aerodynamic data from conventional wind tunnels. Min-
imize extrapolation range and improve soundness o1 technical base.

RT 4.3 - Investigate relationship between boundary layer thickness and
shock location on the local flow structure.

Define the design criteria and systems requirements for acceptable handling
qualities for hypersonic aircraft.

RT 5.1 - Define fundamental parameters and levels of acceptance of flying
qualities in longitudinal and lateral directional mode.

RT 5.2 - Investigate control systems response characteristics required to
provide acceptable flying qualities for a hypersonic aircraft.

RT 5.3 - Investigate the interaction becweer control capability, structural
flexibility, controls system dynamics, and pilot response as
related to pilot indu:ecd cscilletions.

Evaluate design techniques for obhai-i'~z {ivorable aerodynamic interference

effects through surface or inlet pcs:iiioning.

RT 6.1 - Investigate interference flow field characteristics relative to

aerodynamic surfaces and evaluate the effects of surface positioning

on performance stability and control.

RT 6.2 - Investigate interference flow field characteristics relative to
engine inlets and evaluate the effects of inlet positioning on
performance, stability and control.

RT 6.3 - Investigate interference flow field of integrated configurations
and evaluate the performance, stability and control characteristics
with most promising surface and inlet arrangement.

MCDONNELL AIRCRAFT
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Evaluate design technigues of using the aircraft body for :ngine exhaust
expansion, thereby providing 1lift. Determine the effect of propulsive gas
flow interactions.

RT 7.1 - Determine simulation requirements (flow field and exhaust flow)
for meaningful data return from ground tests of subscale models.

RT 7.2 - Investigate nozzle design factors such as exhaust vector, locus
heating, pressure distributions and noise.

RT 7.3 - Investigate effects of atterbody contours (with engine operation)
on gerodynamic characteristics over the flight Mach number rans:.

Investigate the effects of variable inlet and nozzle geometry, bypass
airflow, propulsion mode changes, and aerothermoelastic effects on
hypersonic aircraft stability and aerodynamic forces.

RT 9.1 - Investigate the effects of engine inlet and exheust flow on
aircraft, performance, stability and control.
RT 9.2 - Investigate the effects of engine on-off operation and inlet

unstarts on stability and control.

RT 9.3 - Investigate the effects of variable bypass and propulsion mode
changes on performance, stability and control.

RT 9.k Investigate aerothermoelastic effects on hypersonic aircraft

performance, stability and control.

Develop design principles for stage integration which provide reduced
drag characteristics and other aerodynamic improvements throughout the
speed range for two-stage hypersonic launch vehicles.

RT 10.1 - Evaluate launch mode stage integration concepts including config-
uration, performance and structural design requirements.

RT 10.2 - Investigate the aerothermodynamic effects and the impact of the
design concepts on flight vehicle performance, stability and
control.

Determine separation techniques for two-staged hypersonic vehicles which
will provide positive separation and individual staged control.

RT 11.1 - Identify attractive separation concepts.

RT 11.2 ~ Investigate individual vehicle flying qualities and the effects
of local flow field during stage separation. This task includes
evaluation of the effects of the separation pressure fields on
structural dynamic characteristics of both stages. Investigations
also include evaluation of the effects of size, shape, relative
positioning, proximity and exhaust plumes as well as methods of
measurement and analysis.

AMCDONNELL AIRCRAFT
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RT 11.3 - Evaluate active, augmented, or passive control of the second
stage during separation to identify the concept providing the
greatest reliability and responsive performance.

Improve fundsmental knowledge of hypersoniz boundary layer behavior in
the presance of adverse pressure gradients and shock interantions.

RT 12.1 - Determine effect of recovery temperature to surface temperature
ratio on shock-induced flow separation tcleiranc= at hypersonic
Maech numbers.

RT 12.2 - Investigate Reynolds number and pressure gradient effects on
shock strength and shock induced separations on inclined or
discontinuous surfaces and inlet ramps.

RT 12.3 - Investipate boundary layer growth and methods of control on
inclined surfaces and inlet ramps.

Develop correlation techniques for the prediction of buffet onset for low
aspect ratio configurations, involving longitudinal (body) bending motions
as well as wing bending responses.

RT 14.1 - Investigate nethods of correiating and applying buffet onset
and intensity evaluations to full scale hypersonic aircraft
considering variations in geometric parameters such as aspect
ratio, leading edge sweepback and slenderness ratio of hyper-
sonic aircraft.

RT 14.2 - Evaluate the effect of a non-steady flow field condition on
buffet onset.

RT 1L4.3 - Correlate wind tunnel-obtained buffet onset and intensity
with a flight vehicle representative of an operational hyper-
sonic vehicle.

Evaluate confi etion shaping techniques and flight path variation for
gileviating sonic boom intensity, and study near and far field noise
1 vels.

RT 15.1 - Investigate soni~ boom signature characteristics and near and
far field noise frequency/intensity spectrum which constitute
an irritation.

RT 15.2 - Investigate the feasibility of configuration shaping to materially
affect the perceived sonic boom intensity.

RT 15.3 - Evaluate changes in perceived sonic boom intensity and noice
levels as produced by variation in flight path.

AICDONNELL AIRCRAFT
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THERMODYNAMICS

Determine the over. il vehicle thermodynamic chiracteristics in hyperson o

fligrt.

RT 20.1 - Investigate the hypersonic heat transfer distributions on repre-
sentati- - operational configurations as a function of attitude
and reynolds number.

RT 20.2 - lnvestigate the hypersonic heat transfer distributions on aerc-
dynamic surfaces in the vicinity of reaction control jets.

RT 20.3 - Investigate the effects of staging and separation on hypersonic
heat transfer distributions.

RT 20.4 - Study anu substautiate the analytical modeling of generalized
and localized flow fields to provide full scale prediction
techniques.

Investigate shaping of aerodynamic surfaces to reduce sxin temperatures,
and the effects of protuberances and surface irregularities on nypersonic
aircraft drag and aerodynamic heating.

RT 22.1 - Investigate the effects of surface shaping on skin temperature
distributions.

RT 22.2 - Investigate the effects of protivberance shaping on local skin
temperatures.

RT 22.3 - Investigate the effects of surface irregularities on aero-
thermodynamic design and pe.formance.

Determine the effects of transpirative or ablative processes on skin
friction and heat transfer.

RT 23.1 - Investigate and describe the mechanisms of mass transfer gpeculiar
to each process (ablation, transpiration) and the effects of
these mechanisms on skin friction and heat transfer.

RT 23.2 - Develop an analytical model which characterizes the surface
phencmena for euch process. Refine the model to reflect the
impact of ablation and transpiration on ikin friction and heat
transfers and experimentally substantiate the validity of the
model.

RT 23.3 - Investigate the application of these techniques to time variant
conditions corresponding to the flight profile, evaluating the
impact of ablation and transpiration on overall vehicle perfor-
mance.

MICDY . INELL AIRCRAFT
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R0 24 - Determine *':-- effects of emb-dded shock, vortices, separatior., and reattsch-

RC 25 -

RO 26 -

ment on skii. friction and heat transfer for leeside flows.
RT 24.1 - Investisute louvuide flow conditions of hypersonic w.reraft con-

figurations and the effccts of such factors =s separation,
vortex formations, and shock waves on the ficw field descrip-
tion.

RT 2.1 -

RT 24.2 - Invesiicate mechanisms of mixed bcundary layer leeside flows
charscterized t such phencmena as cross flows, vortices, embedded
shcek waves, separations, reattacnments and interferences.

RT 24.3 - Exyerimentally obtain and correlate skin friction and heat
transfer data for leeside flows including the effects of
such flow phencmena as vorticity, separation, reattachment, and
embz24dded shocks.

Determine the zerodynamic heating effects produced by flow thrcough gaps

resultiing from adiacent aircraft surfaces, and rapid changes in operational

altitude.

Investigate the effects of gap fiow on aerodynamic heating of
structures such as leading edges and shingles.

RT 25.2 - Investigate the effects of gap flow on aerodynamic heating of
moveable control surfaces.

RT 25.3 - Investigate the effect of gap flow and resulting heating of
control surfaces cn control effectiveness.

RT 25.4% - Study interactior of structural breathing during climb and
descent with local pressure and heat transfer ccnditions.

Determine changes in heat transfer due to reduced radiation cooling

efficiency resulting from vehicle geometric interactions {(view factors).

RT 26.1 -

RT 26.2 -

RT 26.3 -

Investigate methods of evaluating two-and-three-dimensional
view factors for complex structural elements.

Experimentally develop and substuntiate analytical modeling
for predicting view factors for adjacent and intersecting external
surfaces as well as for internal structural arrangements.

Investigate the effects of internal and external view factors on
equilibrium surface temperatures.

AICDONNELL AIRCRAFT
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Ncvelop methods for predicting heat transfer due to radiation cr guu
impingement from engine exhaust.

RlI' 27.1 - BEvaluate the scverity of increases in neat t-anster 1 .o
exhaust gas interaction. This task includes ndequate definit. .
of exhaust flow field and gaseous radiation, as wecll as, appt:-
cation of view factor and hynersonic boundary layer data.

RT 27.2 - Determinc simuation requirements (exhaust flow and heat tranc-
fer to external surface) for meaningful data return from ground
tests of subscale models.

KT 27.3 - Experimentally develop methods for predicting heat transfer in
the engine exhaust area and establish scaling laws.

MCOONNELL AIRCRAFY
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STRUCTURES AND MATERIALS

RO 28 - Develop efficient reusable thermal protection systems for cryogenic fuel
and oxidizer tankage.

RO 30 -

RT 28.1 -

RT 28.2 -

RT 28.4 -

Evaluate potential of candidate materials (tank structure,
insulation and vapor barrier) in their operating thermal
environment. This task will include consideration

of physical properties, chemical compatibility, operating
lifetime and duty cycles.

Evaluate fabrication techniques for incorporating attractive
materials into thermal protection concepts for cryogenic
tankage. The accomplishment of this task will require the
consideration of bonding and Jjoining techniques, tank penetra-
tions, subsystem supports, thermal cycling, and equivalent
panel thermal conductivity.

Investigate and demonstrate non-destructive evaluation (NDE),
fabrication, inspecticon, and repair techniques.

Denmonstrate and verify the structural and thermal protection
concepts by subjecting representative tank structures to
flight simulated thermal and altitude environments, mechanical
loads, and fuel-flow conditions.

Evolve more efficient concepts for fuselage and tank structures for both

circular and non-circular applicationms.

RT 30.1 =~

RT 30.2 -

RT 3003 -

Investigate methods of tankage integration into promising
aerothermodynamic shapes and develop analytical models to
allow determination of efficient and practical tank structural
concepts.

Investigate fabrication, installation and repair methods and
construct demonstration models of most promising tankage
concepts.

Experimentally verify the adequacy of analytical models used

to define tank and fuselage structures and to develop promis-
ing tankage concepts.
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RO 32 - Levelop efficient reusable leading edge councepts and identify promising
concepts for specific materials in relation toc the flight regime.

RO 3b4 -

RT 32.1 -

RT 32.2 -

RT 32.3 -

Perform basic high temperature materials research fer possible
material candidates for use in oxidizing environments. The
strength at temperature, creepv resistance/time to rupture,
oxidation resistance, duty cycle/operating lifetime, and the
tenacity of oxide film must be considered in accomplishing
this task.

Investigate and demonstrate the applicability of protective
coating concepts to maintain basic materials limits in a
reusable application. The coating concepts to be considered
in this task include oxidation protection coatings and insula-
tive protection coatings that permit higher surface tempera-
ture operation, and emissivity control coatings.

Evaluate various leading ed:e concepts considering fabrication
techniques, naterial compatibility, coating, and major struc-
tural build-up.

Jeve.ior cvontrol surtace technology and demonstrate the design conceut

fabrication technigques, and orceration under flignt-like conditions of

temperature and loads.

RT 33.1 - Integrate available research resulis and define control suriace

RT 33.2 -

physical and environmental toundaries.

investigate the requirements and develop thermal protection system
concepts, methods of attachment, aerodynamic sealing, and methods
of actuation.

RT 33.3 - Demonstrate the satisfactory performance and operational duty

cycles of the control surfaces and associated hardware in a
duplicateac flight thermal and mechanical load environment.

Develop long life regeneratively cooled structural concepts for applicaticn

in high n=at flux areus such as leading edges and rropulsion systems.

RT 34.1 -

Investigate the applicability of multiple/single fluid cooling
concepts for coperation in the propesed flight envircnment and
specify the required thermophysical preperties of candidate neat
exchanger materials. The selection of candidate materials will
include the development of fabrication technigues by manufactur-
ing prototype panels, developing inspection techniques, and
integrating the prototype panels into the primary structure.

AMCDONNELL ANTCRAFT
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Bt 34.2 - Determine physical and chemical compatibility of candiaate heat
exchanger msterials with heat exchange fluids in the operating
temperature/pressure regime.

RT 34.3 - Analytically deternine flow passage orientation and shape. The
accomplishement of this task will include the consideration of
heat transfer, flow velocity, operating pressure level, tenvera-
ture distribution (panel AT and maximum wall temperature), -ird
panel strength to weight ratio.

RT 3k.4 - Demcnstrate the integrity and operation of the heat exchanger
panel under fiight heat transfer rates and flow conditions.

RO 35 - Provide a structure which mzintains aerodynamic smoothness under actual
operational conditions and use.

RT 35.1 - Analyticaliy and empirically establish allowable limits of sur-
face irregularities and smoothness to maintain vehicle heating
and performanc2 within design limits.

RT 35.2 - Investigate structural concepts under mechanical loads, thermal,
and tharmal/mechanical load testing to verify structural smocth-
ness aid surface irregularitiec are within the established
limits.

RO 36 - Define the effects of combired mechanical loading and thermal stress
cycling under aczual envirormental conditions on the life of the struc-
tural components.

RT 36.1 - Define environmental and design parameters that will affect
materials research, and candidate materials selection.

RT 36.2 - Conduct extensive coupon testing to select candidate materials
by determining their physicz . and thermal properties, physical
and chenical compatibility, and high temperature oxidation
resistance. Determine the effect of repea: ~* duty cycles under
flight environmental conditions on the materials properties
and characteristics.

RT 36.3 - Construct full-scale structural components and test under com-
bined thermal, lcad, and other environmental conditions to
verify coupon data and to establish a realistic measure of
operating life.

PO 38 - Determine the effects of fuel slosh on the dynamics and inertia loads of
low aspect ratio hypersonic aircraft with large volume fuel tankage.

RT 38.1 - Study slosh modes and intensities to determine tke influence
of the fluid dynamics on structural loading and tank design.

~ aa
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RO 1l -

RT 38.2 -

RT 38.3 -

Determine
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Investigzte inertial forces and center of gravit; poesturbutions
produced by fuel slosh and translate this into effects ' tie
stability and control of hypersonic aircraft throughcoui its
flight regime. Identify those regions where this effzot
significant.

Investigate methods to minimize fuel motion effects and verify
e effectiveness of slosh suppression devices. Determine im-
pact on the overall vehicle flight characteristics.

the parameters of correlation for the analysis of the =[fects of

near field noise on minimum gauge structures, composite structures, and

non-metallics.

RT 39.1 -

RT 39.2 -

Examine the potential hypersonic vehicles to determine those
locations where the structure consists of thin-gauge, composite,
or non-metallic materials, and identify the temperature/time

and acoustic power spectral density/time characteristics at
these locations in order to identify the corresponding therrci-
acoustical environment.

Experimentally identify failure mechanisms of a structural
element in an actual thermal-acoustic environment and develcr
an analytical model to describe the structural failure mode.

Develop non-destructive evaluation {NDE) and inspection methods for sana-

wich structure, composite materials, diffusion bonded materials, and

coatings.

RT 40.1 -

Investigate non-destructive evaluaticn methods which can detect
and identify potential structural failures.

RT L40.2 - Evaluate the effectiveness of NDE technigues through the use of
"calibrated failure" specimens (calibrating output of NDE sys-
tems vs degree of failure).

RT L40.3 - Experimentally determine the effects of partial damage or minor
defects and correlate degree of failure with remaining opera-
tional life. ®

Develop a capability to accurately estimate component and structural . iss

fractions for all types of hypersonic aircraft designs.

RT 4l1.1 - Develop a matrix of weight accounting systems for each major
component concept, reflecting parametric variations within t:.:
concept and specifying its applicability within discrete por-
tions of the flight envelopes.

RT 41.2 -~ Develop an analytical discriminatory accumulatica/recall tezhiique

for selecting and incorporating applicable portions of the matirix
to arrive at integrated mass fraction estimates .or major

vehicle elements. Provisions should be made for continual a: iite
of each matrix element of design concept information and actual
weight verification as information becomes available.

AICDONNELL AIRCRAFY
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RO b2 - Veriry and demonsbLrate Lhe inteprity of the structurid and thoermal-
structurul concepts by tLesting full-scale structurul section:.

RO Lk -

RT 42.1 - Demonstrate the structural and thermal saequacy ol o tully

inteprited structure (a major section of un operationul systen)
and verify the performance of individuul systems and component:o
contuined in the major section when subjected to flight-simuluted
operating covironments. Testing major-section sized tect
articles will verify component assembly, structural and the enead
inter:ction:. structural dynamic duamping and transmicsibility,
thermal protection system performance, and demonstration of
maintenance and repair techniques.

Develop cff'icient reusable thermal prctection systems for the primury

structure.

RT 43.1

RT k3.2

RT 43.3

RT L3.L

Evaluate potential candidate materials (active and passive system
concepts) in their operating thermal and altitude environme.ts.
This task will include consideration of physical and thermal
properties, chemical compatibility, bonding techniques, and
operating lifetime and duty cycles.

Establish the reusability capability of candidate thermal pro-
tection systems and materials and determine the mean time between
failure, minimum time before maintenance, lifetime/duty cycles,
and extent of maintenance and repair required.

Investigate and demonstrate non-destructive evaluation (NDE),
febrication, inspection, and repair techniques.

Correlate experimental data with original analyses to determiue
adequacy of the analytical base and potential improvements througn
the use >f experimental results.

Define the mechanical and physical properties of advanced materials that

have potential application in hypersonic aircraft.

RT L44.1 - Identify potential materials that can significantly improve the

aircraft. The principal types of materials to be considered
include metal matrix composites, high temperature titaniums,
super alloys, refractory metals, and insulative materials.

RT L4.2 - Experimentally establish physical, chemical, and thermal prop-

erties, formability, weldebility, and fabrication characteristics,
and lifetime/duty cycle limits of candidate materials.

MCOONNELL AIRCRAFT
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RO 45 - Improve fabrication techniques for advanced materials and complex
structure.

RT 45.1 - Investigate suitability of fabrication techniques for metallic,
non-metallic and composite sandwich structural concepts which
have the potential of improving overall aircraft performance.

RT U5.2 - Iuvestigate tre effects of various fabrication processes such
as welding, brazing, bonding and forming elements of structural
assamblies as well as the effects of reuseable coatings of
refractory metals on the integrity of various structural concejtr.

RT L5.3 - Experimentally demonstrate the capability of various fabrication
tecnniques by subjecting coupons and/or structural elements or
assembries te representative operating or flight conditions.

80 L6 - Develop high temperature bearings, lubricants, closure seals, tires, wind-
shields, and radomes.

RT k6.1 - Investigate and define operating environments of system com-
ponents and establish existing material performance limits as
aprlicable to each design in a component class.

RT L46.2 - Identify required improvements in each system component and
investigate potential gains in performance, service life,
and reliability of modified component designs and alternate
materials.

MCDONNELL AIRCRAFT
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PROFULSION

RO 48 - Levelop inlet configurations for the desired flight conditions and engine
operating modes to enable the propulsion system to achieve tt > desired

performance.

RO 52 -

RO 55 -

RT 48.1 -

RT 48.2 -

RT 48.3 -

RT L48.L4

RT 48.5 -

Investigate vehicle forebody configurations upstream of the inlet,
to establish the local flow field conditions at potential inlet
locations over the operational range of a and P.

Experimentally study different inle: classes to determine the
airflow characteristics delivered to the propulsion system for
each inlet class as a function of operational variables such as
attitude (a, B), Mach number, and Reynolds number.

Investigate scaling laws to allow determination of minimum inlet
model size for meaningful data and to provide extrapolation rules
from model size to full-scale.

Investigate inlet design and forebody shapes tc determine overall
aerodynamic and engine airflow characteristics. This task
includes considerations of additive drag, bypass and bleed drag,
configuration L/D, aerodynamic stability, steady-state and time
variant distortion, pressure recovery, and off-design operation.

Investigate the inlet protlems associated with use of a common
inlet for combination engine concepts.

Develop engine design concepts amenable to cooling by various techniques

(regeneration, ablation, radiation, transpiration).

RT 52.1 -

RT 52.2 -

RT 52.3 =~

RT 52.4 -

Investigate existing engine concepts throughout their applicable
Mach number range to determine what conceptusl alterations would
result froem considering active cooling of rotating machinery,
combustors, and nozzle throat at inception of the concept.

Define component technology levels and their design/performance
requirements for ablation and transpiration cooling system.

Define component technology levels and their design/performance
requirements for regenerative and radiative cooling concepts.

Experimentally evaluate individual component performance, using
this data as a baseline to assess overall cooled-engine concept
feasibility and available performasnce increment.

Investigate methods for reducing engine noise during tekeoff and landing.

RT 55.1 -
RT 55.2 -
RT 5503 -

Investigate noise abatement systems for airbreathing engine inlets.
Investigate noise abatement systems for airbreathing engine nozzles.

Investigate noise sbatement systems for rocket engine nozzles.
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RO 57 - Develop and integrate engine components into a complete large-sca.e
turboremjet system. Demonstrate compatibility and overall performance
throughout an applicable fligh* envelope.

RO 58 -

RT 57.1

RT 5T7.2 -

RT 57.3

R™ S5T.4

RT 5T7.5

RT 57.6 -

Perform cycle analysis for each engine concept in all operat.ing
modes *o determire the necessary levels of performance for
individual components.

Formulate potential design concepts for each turboramjet
component. This task includes considerations of materials selec-
tion, thrust/weight, operating stress levels, case temperatures
and pressures, and concept reliabili*

Investigate engine qualification techniques (considering facility
capability) and establish a qualification and acceptance prcgram
for turboramjet engines.

Verify technology of component design and operation through
experiment at operating conditions.

Integrate proven components into a demonstrator engine system and
demonstrate its performance.

Demonstrate integrated iniet/engine/nozzle concept propulsion
systems performance over the range of Mach number, altitude,
and attitude.

Perform sufficient cycle analysis and mission analysis to select the best

multi~mode cycle and size engine for application to a specific hypersonic

mission aircraft.

RT 58.1 -

RT 58.2 -

RT 58.3 -

Define representative micrsion profiles in order to identify
the dominant characteristics which drive installed engine
performance levels.

Perform cycle analyses and select candidate engine concepts
consistent with mission requirements. This task includes studies
of single mode, combinaticn single mode, composite cycle, and
dual mode engines.

Perform mission performance studies, identifying the most
attractive integrated propulsion system concept satisfying the
performance objectives. This task includes considerations of
aerodynamic performance, installed engine performance, and
aircraft configuration.
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RO 59 - Develop and integrate engine components into a complete, large-scale ramjet

RO 60 -

system.

Demonstrate compatibility .nd overall performance throughot an

applicabl - flight envelope.

RT 59.1

RT 59.2

RT 59.3

RT S9.4

RT 59.5

RT 59.6

Perform cycle analysis for ramjet engine concepts to establish
necessary levels of performance, operating environment, and
limiting conditions for engine starting.

Formulate potential design concepis for each ramjet component.
This task includes considerations of materials selection,
thrust/weight, operating stress levels, case temperatures and
pressures, and concept reliasbility.

Investigate »ngine qualification technique (considering facility
capability) and establish a qualification and acceptance program
for man-rated ramjet engines.

Verify technology of component design and oyeration through
experiment at orerating conditions.

Integrate proven components into a demonstrator engine system
and demonstrate its performance.

Demonstrate integrated (inlet/engine/nozzle) propulsion systems'
performance over the range of Mach number, altitude, and attitude.

Develop and integrate engine components into a complete significantly sized

convertible scramjet module. Demonstrate compatibility and overall

performance throughout an applicable flight envelope.

RT 60.1

RT 60.2

RT 60.3

RT 60.4

RT 60.5

Perform cycle analysis for dual mode ramjet (convertible

scramjet) modules to establis.. necessary levels of performance,
operating environment, and Mach number . imits for engine starting,
for both the subsonic and supersonic combustion modes.

Formulate potential design concepts for each convertible scramjet
component. This task includes considerations of meterials
selection, thrust/weight, overating stress levels, surface
temperatures and pressures, and concept reliability.

Investigate engine qualification technique (considering facility
capability) and establish a qualification and acceptance program
for man-rated convertible scramjet engines.

Verify technology of component design and operation through
experiment at operating conditions.

Integrate proven components into a demonstration engine module
to serve as an operable base line for demonstration and determine
its performance characteristics.

MCDONNELL AIRCRAFT
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RT 60.6 - Demonstrate integrated (inlet/engine/nozzle) propulsion systems
performance over the range of Mach number, altitude and a’‘*itud=.

Develop and integrzte engine components into a complete, significaantly sizea
scramjet module. Demonstrace compatibility and overall performance
throughout an applicable flight envelope.

RT J1.1

Perform cycle analysis for scramjet module concepts to
establish necessary levels of performance, operating environment,
anu Mach number limits for engine starting.

RT 61.2 - Formulate potentisl design concepts for each scramjet mocule
component. Tais task includes considerations of materials
selection, thrust/weight, operatirs stress levels, surface
temperatures and pressures, and c.ncept reliability.

RT 61.3 - Inves.igate engine qualification technicue (considering facili*y
capability) and establish a qualification and acceptance program
for man-rated scramjet engines.

RT 61.4 - Verify technology of component design and operation through
experiment at operating conditions.

RT 61.5 - Integrate proven componeats into a significantly sized engine
module and demonstrate its prerformance.

RT 01.6 - Demonstrate imiegraied (inlew/engine/nozzle) propulsion systems
performance over the range of “'aclk number, altitude, and attitude.

Integrate a rocket engine into a horizontal iak:-off aircraft configuration
and demonstrate system performance throughout an apylicable flight envelope.

RT 62.1 - Investigate potertial aircraft configurations anda rocket engine
systems (ircluding fuel tankage concegts) and select the most
promising cambination for demonstration purposes.

RT 62.2 - Integrate engine and airframe into = de~onstration vehicle. This
task covers design, development, feorication and assembly of a
sigrificantly sized system.

RT 62.3 - Demonstrat operation of “he engire and airframe sstem from
launch throughout an extensive maneuvering flight envelope of
Mach number, altitudes, and attitudes.

Develop inlet contr.ls for hypersonic aircraft which are simple, reliable,
accurate, and have rapid response.

RT 63.1 - Define the aerothermodynamic environment of inlei control
surfaces.
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PT 63.2 - Investigate techniques of sensor control to achieve desired
levels of performance.

RT 63.3 - Define and demonstrate control and actuator system designs for
precision control positioning in flight environments.

RO 64 - Evaiuate suitability of auxiliary turbojets for ianding of hypersonic
vehicles.

RT 6.1 - Investigate the operational aspects of a turbojet assisted land-
ing mode fcr hypersonic configurations to delineate advantares
of power assisted descent and landing, deployment point in
terminal trajectory, and thrust vector orientation.

RT O4.2 - Determine low speed stability and handiing qualities with
turbojet assist and compare with baseline landing mode data for
hypersonic configurations.

RO 65 - Determine nozzle configurations to produce high net thrust while main-
Laining efficient integration with the airframe.

RT 65.1 - Investigate the engine exhaust nozzle requirements for
turboramjets, ramjets, convertitle scramjets, and scramlets.

RT 65.2 - Define performance requirements ani possitle nozzle configura-
tions such as convergent - divergent, laval, expansion -
deflection, plug nozzles which provide compatibility in engine -
airframe integration.

RT 65.3 - Evaluate integrated engine - airframe net thrust. afterbody,
and boat tail drag over a representative flight regine,
identifying the features which contribute favorably to hyper-
sonic airecraf: per{ormance.

RO 67 - Determine inlet/engine compatibiiity criteria (both steady-state and time-
varying) for high-total-pressure-recovery, wide Mach range inlets.

RT 67.1 - Study the engine simulation techrigue currently used for wina
tunnel tests, Develop techniques representative of the pneumatic/
acoustic impedences and operational characteristics of hypersonic
aircraft engine concepts.

RT 67.2 - Investigate techniques for duplicating the flow disturbances and
their effect on the time variant engine face pressure distri-
butions, permitting evaluation of actual engine operations in
the presence of these distrubances.

RT 67.3 - Study and correlate research results, using improved techniques,
to derive parameters indicative of engine tolerance to steady
state and time variant flow non-uniformities. This task also
includes formulation of integration criteria and engine/i:.let
design guidelines.
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RO ©3 - Develop operational svstems and procedures for the therma conditicning.,
storage, safe handling, and logistics of cyrogenic provellants whicn -
compatible with tyrical airfield requirements.

BT 68.1 - Conduct basic research inte subcooling methods and analyze attric-—
tiveness in terwms ot capital investment, operational cost, a:-
complexity required to significantly improve performance. Tnis
includes study of such methods as low pressure boiloff (vacuunm
pumping) , helium refrigeration, and iszntropic expansion.

RT 68.2 - Provide a "pilot plant" subcooling system to permit experirern=-:l
research into potential development problems, operational rejul::-
ments, and verification of the subcooling technique as avplied tc
large-scale continuous production.

RT 68.3 - Investigate attractive methods to provide techniques for safe,
efficient stcrage and transport of normzl boiling point and sub-
coocled cyrogenic propellants. Consideration is given to global
suprort and minimum base/facility requirements.

RO 69 - Develov analytical correlation technigues through empirical evaluaticn ic
permit the determination of the fluid dynamic and thermodynamic characteris-
tics of cyrogenic propellants in large horizontal tankage in a vibrating,
sloshing, pressurized environment.

RT 69.1 - Investigate contemporary vertical tank correlation techniques and
research their capability to account for transverse geometric and
acceleration characteristiecs. Study the parametric variations in
slosh, tank outflow, and heat flux to determine the effects upon
overzll heat and mass transfer within the tank, propellant gas
quantities, and tank pressure recovery/response rates.

RT 69.2 - Design, develop, and test subscale tankage to either substantiate
available correlations or to permit developing new correlations.
Research must include simulation of dynamic, pressurized, thermal
aircraft environment.

RT 69.3 - Evaluate the effects of slosh suppression techniques and subcooled
vs NBP operation on pressurart collapse potential, tank pressure
recovery, and minimum ullage capability.

RO 70 - Develop regenerative cryogenic heat exchangers, thermodynamic correlations,
and control systems for structural and engine cocling which are compatible
with representati. e heat loads and material temperature limits.

RT 7C.1 - Investigate regenerative cryogenic heat exchanger requirements and
define expected heat loads throughout the operating envircnment.
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RT T70.2 - Experimentally establish fluid correlations for film coefficient,
pressure drop, and pressure oscillations in the range of fluid
Jroperties near critical temperature or pressure of the fluid.

RT 70.3 - Experimentally investigate characteristics of material properties
and fabrication techniques for use in high temperature hydrogen
hest exchanger environments.

RT 70.4 - Investigate designs of heat exchanger components such as heat
exchanger panels, high heat flux heaters, and high temperature
control hardware in a simulated operating eavironment.

RT 70.5 - Investigate integrated heat exchanger systems in a simulated oper-
ating environment and demonstrate ultimate heat flux capabilities,
life/duty cycles and control adequacy.

Improve the performance of new or existing hydrocarbon fuels by increasing
the heat sink potential and heat of combustion.

RT 71.1 - Experimentally determine the performance capability of improved
JP fuels and establish fuel performance criteria for generic
engine and cooling concepts.

RT 71.2 - Develop catsalyst systems with reaction rate/system weight and cool-
ing flexibility characteristics consonant with high temperavure/
high speed aircraft operation with catalytic endothermic fuels.

RT 71.3 - Evaluate various high density, high energy advanced fuels and addi-
tives and their effects on fundamental combuction properties, vehi-
cle and fuel logistics requirements.

Determine fuel sys..m design requirements imposed oy the use of thermally
stable and endothermic fuels in high temperature aircraft environments.

RT T2.1 - Investigate contamination limits for the candidate fuels and
evaluate susceptibility of fuel system materials to degradation
caused by dissolved substances which might either precipitate or
inhibit catalytic reactions.

RT 72.2 - Investigate inert pressurization techniques and investigate the
feasibility of airborne systems to ensure preservation of fuel
thermal/oxidative stability. This task includes considerations of
GNo (inert gas by direct addition), catalytic combustion (inert
gas product), and fuel fog (above fuel rich limit).

RT 72.3 - Identify unique ground support and logisties requirements to effec-
tively handle (without potential chemical rezccion) and maintain
fuel purity.
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Advance the technology of cryogenic fuel system components in tne areas o
reduced weight and increased »eliability. Particular emphasis should ts
apprlied to licuid hydrogen static and dynamic sealing and rotatins machinery
operating in a cryogenic environment.

RT 73.1 - Investigate materials and their capability to withstand the ele-
ments of thei:r environment including thermal shock, loads, wear
and embrittlement.

BT 2 -~ Investigate fuel system component design concepts and evaluate
potential weight savings and increases in reliability and nerform-
ance.

RT 73.3 - Experimentally investigate the performance and reliability of
promising fuel system component design concepts in an equivalent
crerational environment.

Deternmine rapid cryogenic servicing techniques necessary to achieve required

reaction and turnaround times for military and commercial vehicles.

RT 7T4.1 ~ Investizate aircraf: operational criteria to determine fuel load-
ing rates consistent with aircraft ground turnaround requirements.

RT T4.2 - Assess limiting geometric and operational scaling parameters
within which meaningful data may be acquired on reduced scale
tankage systems.

RT Th.3 - Perform a parametric evaluation using scale tankage and fueling
systems to fully characterize those factors having a major impact
on vehicle turnaround/loading rates. This task includes consider-
ations of chilldown rate, vent sizing, flow velocity, hazards, and
subcooled fuel.

Develop aircraft fuel tankage concepts, system operation and control tech-
niques for cryogenically fueled aircraft.

RT 75.1 - Evaluate various tankage/insulation concepts to determine the ad-
vantages of each configuration. Potential concepts include
integral/non-integral tankage and internal/external insulation
systems,; which can be evaluated on the basis of installed weight,
thermal efficiency, development risk, and overall system cost.

RT 75.2 - Develop subscale fuselage/tankage sections to permit experimental
determination of potential performance and to identify suitable
scaling factors, the relative importance of geometric scale, and
the effects of fuel flow rates, thermal environment, pressure
loads, mechanical loads, and dynamic motion.

RT 75.3 - Determine control techniques for propellant utilization and man-
agement, and determine pressurization requirements during both
static and dynamic environments.
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Determine flush or recessed antenna design techniques necessary to allow
operation in the elevated hypersonic temperature environment.

RT 77.1 - Investigate size, shape, and construction requiremcnts of antenna
systems and study the vehicle structure to determine feasible loca-
tions for flush-mounted antenna systems. This task includes con-
sideration of antenna applications such &s communication, naviga-
tion, identification, reconnaissance and 2lectronic warfare, as
well as considerations of vehicle structural integrity, the =.aL
protection and adequate antenna look angles.

RT T77.2 - Develop analytical models for predicting anteana performance in
an operating environment characterized by temperature, shock and
vibration throughout the flight envelope. This task includes a
survey of materials technology for products that will provide the
electrical characteristics required for an ac:eptable antenna
system. Also included are the design, fabrication, test, and
demonstration of antenna hardware to investiga“e structural integ-
rity, transmission patterns and frequency stability in an operating
environment.

Investigate stability augmentation systems capable of control in the hyper-
sonic region, and recovery from pilot-induced oscillations.

RT 78.1 - Analyze the vehicle dynamics over the flight profile to determine
stability sugmentation requirements for potential cperational
hypersonic vehicles.

RT 78.2 - Investigate stability augmentation system requirements relative
to flying an unstable aircraft.

RT 78.3 - Investigate and demonstrate methods to ensure sualification of
desired levels of performance, prior to aircratt develorment.

Determine air data measurement techniques applicable to the hyrersoaic
envircnment.

RT 79.1 - Perform a study to determine those parameters, sensors, and cali-
bration techniques required to define the airplane environmeit for
control and data analysis.

RT 79.2 - Demonstrate proper operation of the sensors and air data systeu in
flight environments over the Mach number, altitude, and attitude.
range consistent with the operational vehicle concept under consid-
eration.

Develop actuation techniques and hardware to provide necessary surface motion.

RT 80.1 - Investigate surface travel, response requirements and drive system
operational environment consonunt with operationali system flight
envelope. Review existing materials properties, determine limiting
operating temperatures, their impact on vehicle design, and initi-
ate studies directed toward providing higher tempera‘ure fluids and
seals where neces:zury.
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RT 80.2 ~ Investigate the relative merits of alternative control drive cyco-

tems; and, perform research on basic actuation techniques and
drive systems to demonstrate performance, reliability, and . . -
tional limits in an operational environment.

Develop suxiliary power units for rocket, scram, and ramjet powered aircraft,

including necessary ecnmergency power equipment in case of primary unit “ailure.

RT 82.1 - Evaluate various methods/energy sources for obtaining auxiliary

RT 32.2 -

RT 82.3 -

power for rocket, scram, and ramjet powered aircraft. Study
integration of the most promising concepts with vehicle and
propulsion system to determine operational and load require-
ments/constraints. Potential sources of available energy wt. 2
should be considered include bleed air, ram air, aerodynami.
heating, and fuel combustion. Studies will include _valuati..
of energy conversion tachniques and the uce of regenerative uo
supply, fluid pumps, electric generator/motors, and auxiliary
turbine engines.

Experimentally develop basic APU components, evaluating perf.. .aicc,
reliability, and operational constraints when subjected to the =:ati-
cipated thermal/dynamic environment.

Assemble components into prototype operational systems and perform
developmental testing including simulation of temperature, loads,
and potential component failure modes.

Develop environmental control systems utilizing licuid cryogens as the heat

sink, based on allowable internal wall temperatures for crew ard passanger

comnfort and effectiveness.

RT 83.1 -

RT 83.2 -

Investigate the usefulness of liquid ecryogens as a reliable heat
sink for environmental cooling. This task includes considerations
of flight heat loads, cabin and cc partment cooling, and accessory
heat loads.

Provide a functional prototype of an ECS system and demonstrate
obtainable levels of reliability and performance under simulated
operational conditions.

Develop environmental control systems for Mach 4 to 6 hydrocarbon fueled

vehicles, based on allowable internal wall temperatures for crew and nassen-

ger comfort and effectiveness.

RT 84,1 -

Investigate the suitability of current ECS concevts, a5 applied to
this class of vehicle, and determine alternatives and combi:.ations
for achieving desired performance levels.

RT 84.2 - Provide a functional prototype of an ECS system and dumonstrate

obtainable levels of reliability and performance under simulated
operational conditions.
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RO 85 - Develop launch techniques for AAM and ASM weapons in hyperscaic flight.

RT 85.1 - Investigate the potential threat/target spectrum relative to
operational vehicle track to enable evaluation of caniidate
missile systems.

RT 85.2 - study methods for integration of the candicate weapons system
based on experimental data.

RT 85.3 - Experimentally establish design guidelines for combinations of
operational systems concepts, threat/target spectrum, missile
systems, and launch techniques applicable to development of the
operational aircraft system.
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OPERATTON
Evaluate various methods of terminal approach, landing, ground operations,

and takeoff for hypersonic aircraft.

RT 87.1 - Study and compare operational procedures for the potential opera-
tional hypersonic aircraft with those existing for current opera-
tional aircraft. Identify where and to what extent differences
exist.

RT 87.2 - Investigate the adequacy of existing facilities to accommodate
hypersonic aircraft operational requirements. Define programs for
improving existing capability where appropriate. Investigate min-
imum modification approaches to existing facilities and determine
impact on poterntial operational vehicle concepts, including the
feagsibility of the vehicle itself.

RT 87.3 - Experimentally demonstrate ground system capability to accommodate
hypersonic aircraft.

Investigate man-machine compatibility as related to the decision/time
aspects of course alteration of a hypersonic vehicle at both high and low
Mach numbers.

RT 89.1 - Study various classes of potential operational vehicles and
determine navigational requirements, degree of manual control,
and pilot display concepts.

RT 89.2 - Investigate the capability of existing flight, ground, celestial,
and setellite navigational systems in terms of the navigational
requi .ements and evaluate potential improvements to provide the
needed capability.

RT 89.3 - Investigate the navigational and information display systems
to determine which combinations best satisfy the mission/vehicle
requirements. This task considers fuel reserves/loiter time,
diversion to alternate bases, and vehicle range/speed envelope.

Investigate effects of vehicle dymamics on crew performance capability
and passenger comfort in hypersonic flight.

RT 93.1 ~ Relate human tolerances and comfort indices to the operational
system. Evaluate resulting vehicle limits in terms of impact
on flight/mission profile, structural design, subsystems,
stability and control and performance.

RT 93.2 - Investigate the feasibility of techniques to supplement human
tolerances and responses to allow maximum attaimment of aircraft
performance. Establish design criteria for modifying the trans-
mission of abrupt forces and motions to insure satisfactory ride
quality.
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Develop abort and crew escape systems and procedures for hypersonic
aircraft. -

RT 94.1 - Analyze the missions of different classes of hypersonic aircraft
including military systems, launch vehicles, and commercial
vehicles. Investigate and establish the abort and crew escape
criteria for different points on the flight trajectory from
departure through landing. This task includes considerations of
airborne crew escape, ground crew/passenger escape, crashes/
egress over hot structure, and fuel storage/disposal.

RT 94.2 - Investigate methods to provide the necessary procedures, vehicle
concepts, and devices to attain a level of safety consistent
with vehicle mission and flight condition. Evaluate the
procedures developed as they impact the hypersonic aircraft
concept. This task includes considerations of concept feasi-
bility, aircraft design, vehicle manufacture, ana systems
operation.

RT 94.3 - Investigate methods to adequately demonstrate the desired
abort/crew escape procedures and systems. Perform the experi-
mental research necessary to qualify the abort procedures and
escape methods.

Define and demonstrate the capability to stay within specified operational
margins and not exceed aircraft placards (i.e., duct pressure, temperature,
stability, dynamic pressure, and load factor limits).

RT 96.1 - Define the limits on operational parameters throughout the flight
path and maneuvering envelope for different hypersonic aircraft
concerts.

RT 96.2 - Investigate suitable crew warning techniques which may also
provide automatic corrective action where necessary. Experi-
mentally investigate attractive concepts, such as adaptive
control, audio warning, visual presentation/display, and
control limiting devices.

Develop leak detection methods for cryogenic propellant tanks.

RT 97.1 - Investigate the principles of fuel leak detection for flight
vehicle cryogenic tankage and fuel systems and current methods
for determination of external leakage. Postulate and evaluate
potential new concepts where appropriate.

RT 97.2 - Experimentally determine the effectiveness of a network of
sensing systems. Investigate operation of most promising
systems under simulated thermal and mechanical environment,
and scale the system to representative flight weight size.
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Develop correlation methods for the prediction of heat transfer and fric-
tion drag for turbulent boundary layers with pressure gradients and three-
dimensional windward flows.

RT 16.1 ~ Investigate methods of correlating and predicting heat transfer
and friction drag of three-dimensional windward surfaces in
turbulent flows.

RT 16.2 ~ Investigate the impact of laminar sublayer extent and Reynolds
analogy on heast transfer and friction drag predictions.

RT 16.3 - Evaluate the accuracy of prediction methods through tests at
flight conditions.

Determine correlations for the prediction of hypersonic boundary layer
transition.

RT 1T.1 - Investigate the mechanics of boundary layer transition as
influenced by reynolds number, Mach nuaber, flow gradients, and
noise.

RT 17.2 - Investigate the mechanisms of boundary leyer transition which
are affected by surface inclination, surface roughness, and
angle of attack.

Investigate the use of strategically located reaction control Jets on
hypersonic aircraft to reduce the aerodynamic¢ control surface deflection
and surface heating.

RT 18.1 - Investigate and evaluate the effects of deflection angle on local
control surface temperatures as a function of reaction je. thrust/
time history and jet location for equivalent control effectiveness.

RT 18.2 - Evaluate the relative payoff of reaction control weight as com-
pared to reductions in control surface weight. .

Determine the effectiveness of various types of control surfaces and their
locations for providing sufficient control throughout the entire flight
spectrum, and improve methods of predicting serodynamic heating for

deflected control surfaces.

RT 19.1 - Investigate effectiveness of various control concepts such as
wing tip devices, trailing edge devices, all movable surfaces,
canards throughout the flight regime.

RT 19.2 - Investigate local control surface temperature as a function of
deflection angle. :
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techniques to shorten takeoff runs by using forced rotation

including gimballed rocket and canard techniques.

RT 99.1 - Investigate effect of techniques applicable to forced rotation
on the overall aerodynamic characteristics such as canards,
auxiliary rockets, and gimballed main rockets. Analyze the
feasibility of the technique relative to such consideraticns as
control system requirements, thrust required and control,
pilot orientation, airframe integrity, and runways.

RT 99.2 - Evaluate techniques consistznt with providing technology
level required for the potential operational hypersonic
aircraft under consideration.

RO 100 -~ Develop practical ground hold methods for cryogenic systems leading to

quick response times and high operational readiness.

RT 100.1 -

RT 100.2 -

Investigate system limitations attributed to ground cooldown/
thermal maintenance systems size, complexity and cost.
Experimentally, identify major factors limiting fuel flow

rates for rapid chill/fill techniques, including identification
¢” benefits attributable to prechilling or subcooling the fuel,
aad the influence of residuel fuel in the tanks after flight.

Investigate the impact of candidate ground systems on design
and operation of the flight vehicle. Demonstrate combinations
of rapid filling ground hold techniques to identify most
promising system for shortest reaction/turn arocund times.

RO 102 - Develop inspection and repair techniques for hypersonic vehicle structures.

RT 102.1 -

RT 102.2 -

(Page 3-30 is Blank)

Compile testing, inspection, and repair techniques so that a
comprehensive view may be provided for operational hyper-
sonic vehicles.

Investigate methods to incorporate these procedures into a
useful, workable program for an operational system. In a
simulated operational situation, develop the candidate
techniques and provide the required training to achieve an
operational level of competence.
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4. METHODS OF ACCOMPT.LSHING RISEARCH TASKS3

A major Thase III work element involved the identification of methods to
accomplish the Research Tasks listed in Section 3, utilizing the nev conceptual
flight vehicles and ground facilities developed in this study. To accomplish a
particular Research Task may require use of ore or more of these ground and 1light
test facilities. Detailed procedures of testing vary widely depending cn the test
objectives of the particular experimental program. The data presented in this
section is intended to provide an overview of the test methods employed in utilizine
new ground and flight facilities, as well as some insight into the cost of perform-
ing these tests.

4.1 FLIGHT RESEARCH VEHICLES TEST METHODS

The new flight research vehicles developed in this study have been examined
to determine the manner in which they can be emploved to accomplish the defined
Research Tasks. This section describes the test methods spplicable to the individ-
ual flight Research Tasks. 'he test methods presented herein are not wmique and
are considered to be standard practice in R&D flig:t test programs. These methods,
simply scvated, involve the collection of qualitative .nd quantitative information
by operating the research vehicle. equipped with & reli.bie data acquisitior system,
throughout its envelope. The flight test plans for the Mach 4 and Mach 12 reseasrch
vehicles were derived by estimating the flight test requirements for eanch Research
Task individually and thus do not represent an iutegrated -rogram flight test plan.
The magnitude of elfort required to accomplisu each Research Task v.-+ies widely,
and is dependent on the following criteria:

(a) Research Task requirements including:
o Type of research involved (aerodynamics, structures, etc)
o Expanse of the flight vehicle operating envelope required
o 'lype of testing required (maneuvvering flight, cruise, etc)

(b) Resecerch vehicle capability as a function of:
o Vehicle configuration
o Vehicle performance

4,1.1 FLIGHT TEST PLANS - The flight test plans for the Mach 12 research vehicle,

presented in Figure 4-1, and the Mach { research veticle, shown in Figure L-2, are
based on the following ground rules:

1. FLIGHT RESEARCH VEHICLE UTILIZATION - The estimated number of flights to
accomplish a Research Task are subdivided into two categories in order to show
research vehicle utilization.

MCOONNEKS. . AIRCRAFET
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FIGURE 4-1
FLIGHT TEST PLANS FOR RESEARCH TASK ACCOMPLISHME NT
MACH 12 RESEARCH VEHICLE
Basic Vehicle
No.of Flights | Est. Test Test Method ]
Research| amd Utilization | 1ine | Pease ) Instrumentation Parameters
ol TR N TestBasis T T | TymotFignTess [ o e
> lup *Iacwo : Req'd.
11 0fww] 9 O 100
12 ‘ s 5| 4s o s e, s, 100 :
13 .S 5 45 Concurent P } 100 Basic
14 L sl 5] as . | Lad, Stab.. Man 100
21 [ ! R e Stah. 10 )
v s | a5 sl Pesi. 100 .
23 |5 ! 5 | 45 | Comcwrest | , '] Stab., Man., Perf. | 100 ’ Basic
-~ roaa e et 2w BORLY s Stab., Man. 100
_3,; ;: | g g g B U Cac N r . % l
' : * * * N N
33 170 3 3] & | Testhi |1+ } S Man. W Basic. Ait.
M lnj1fin| e s lxis Pert. 159
a1 |10 5| ]| & P l 3
2 (0| s' 5| @ . s Man.. Perf. 300 > Basic. Ail.
43 | r e |Testhi |.i.:s 30 )
51 [10 ] 2 7265 c R 200 x( Basic
52 |10 20 712] 6 }’“ o [ st ] Stab.Mea Ped. | 250 b Basic, Sabs.
3 |nwj2in|e estPi 1) 400 ) Basic_ Aif, Subs.
61 (ol s & RN Stab.. Man. 50 i)
62 110 S5l | @& Comcuvest | * '+ ' * Stab.. Man.. Pec. | 250 i Basic. Auf.
63 {70 i s 5| & JRSRA BT 50 )
72 710 ] 2 7121 6 R 300 |} Basic. Ait, Rt
13 70 2 12 & Concurrent [ = s Ran., Paf. 300 [} Prog.
01 [0 2} 2| & BUCosc | * =] =] Stab. Per, .
192 |70 ! 20 m | 65 | TestPi | *i+l*| wink mw | e,
2 | 2721 6 BUComc [ * ]+~ Stab., Perf. Hi AR. | 400 !} Basic. Airf.
Test Pri : j
121 [0 | 54 55| & O IR S0
P2 |10 s|.s5] @ Coucumeat |+ * '+ Man., Perf. 300 1} Basic. Ait.
123 |0 | sl | & s lels 300 |
M1 | 70! 8 N 300
2 |10 0| & Concarent | * |+ =]  ma 300 Basic. Airf.
u3 |19 0| 8 s »' e 300
151 | 7¢ 70| & £ - 150 l
152 | 10 0l e Concurent | * : * Man., Perl. 150 Pasic, Airt.
153_| 70 0] & s » 150
161 |70 {10 8 | 72 N 500 °
162 |70 |10 88| 72 Concurent | *  * * Pert. 500 Basic. Airf.
163 L0 [ s ] 72 el 500
* *® »
72 |70 o] 76| 3| Comaat [T 1 | men e 30 b Basic, Ai, subs.
18 |70 2] 12 ; & BUCoc | *, * °* Stab., Man., P-f, | 400 N
182 7&._1_2_‘5 12" 55 | YetPri |+ <+l HiAR w0 |} Basic, A, Sus.
191 9 ;10 | 80 ( 72 N 300 o a
192 70 Llo l 0 72 Conc rent * i * Stab., Perl. 00 } Bas.c, Awf.

Note (1): P - Predelivery E ~ Favelnpe Expansion R - Research
AMCDOANELL AINCRA™T
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FIGURE 4-1 (CONTINUED)
Basic Vehicle (Continued)
No. of Flights Est. Test Test Method
R?:ci wd tilization | yige | o Prase (1) | Instrumestation Parameters
as - est Basis . T
Buiki- Span ] Type of Flight Tests | MNo. |
Mo [Pyp | Test]| Total |\, PlE'R oy Type
a1 |0 |18|| 8|1 o x| Man., Pedl. % |
02 | 0| 5| e BUCos 2723 [} Sab tom, Pet, | 200 | Basic. Aif
203 |10 21 12] 65 Test Pri ' D Hi AR 400 l’ i, A
24 | 7018 B8] 19 ol i Maa., Far. 700
21 | M I18| &1 9 AL W )
«2 |10 i) 8| Comcwrest | * [*]* Man., Pert. 300 |} Basic, Ait.
23 |10 lis)l ] 19 s o] 300 |
B1 |70 |18 & | 19 " %0 |
22 [0 |1w| | n | BUCw 1.j- - z M., Pert. 9% ! Basic, Aif.
B3 |10 18] ] estPi el w )
A1 |70 |18 8| 79 B C AEMI %0 | A
a2 |0 18 B8] el I Maa., Perf. %0  }  Basic, Ai.
#3 | 70 | 8| s8] 70 | Test i \ 908
51 [0 ||| | ™ ¥ 1
%2 |0 18| | BUC |« |o|«|} man pet " l .
53 [0 |18 8] 1 TestPi | o |o ) Stab., M., Pert. | 400 |/  Basic,Ait.
B4 | sl 8], il Bl T Pert, Hi AR. a0 !)
%1 |70 |18 & 19 o ’ d 70 |)
%2 |l &n T-'"Q,:i" s o] Maa., Pest. 700 |} Basic, Ait.
23 | 70 |18} ] 79 est il Bl B %
Z1 |10 6| 76| 685 1T 30
712 | | 6|l 76| ea5 | BUCwE joi.- z Man., Ped. 300 |} Basic, Airl.
713 | 70| 6f 76| 685 est Pri Bl 300 |)
%2 | 8 (2] &1 " B/U Coxc 500 -
24 | e |12 * 2| n Test Pri o |||} wm Pet se0 |§ Basic, Adt.
03 |70 L) &M BUCoxx |*[°|° on., Perl. 200 Basic, Awf.
Test Pri
23 | |2 & | BUCoc | °*|*]|° ., Perf. 200 Basic, Aif.
Test Pri M
B3 | 70 |30 | 100 | % Concarest | * | ° . ° Man., Pedl. 300 Basic, Ait.
1 170 |12 8 | 74 Fe[ 500 -
352 70 30 100 9 Concurent * L } h.,M. 900 } Basnc, Aid.
%3 | 70 |12 & | 4 | 8UCex |* R, Perl. 900 Basic, M.
Test Pri
33 | 0] 6 & 7% | 685 | Comcuvest | * | *  * Man., Perf. 200 Basic, Air.
91 |70 |15 & | 165 R 450 -
392 70 15 5 765 Concurrent * . * } Haa., Ped. 50 } Basic, Airf.
403 | 70 [ 30 || 100 | 90 Concuremt | *  * | * Ton., Perl. 250 Basic, Aul.
321 | 70 |30 10 ] % BUCo |* |° | ., Perf. 90 Basic, Aiit.
Test Pri i
61 [0 |00 9 BN 700 -
a2 |70 |30 100 | % W | fela|} Was., Pert. 700 |} Basic, Aut.
W1 | 70 130 || 100 | 9¢ A _:_'_:_T‘:f Wan., Perl. 500 Basic, Auf.
62 |z Lln n” ) T
53 (0l el SO B Bl { Moo, Ped. s |} Basic, Air
462 | 70 130 # 100 | 90 voncwrent | % | Man., Perf. 150 Basic, Subs.
623 | 10 0] & Comvre | °  ° * ] W, Perd, Prop. | 160 ~ Basic
893 | 9 [ S| B & Comcarest | * |7 | ° 70, Wan., Ped. | 200 Basic, Ail, Swbs.
705 |70 |1sf 8] ™ Comcurent | * | * * Won., Pert. 300 Basic, Airf, Subs.

AICDONNELL AIRCRAFT
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FIGURE 4-1 (CONTINUED)

Basic Vehicle (Continued)
No. of Flights Est. Testl Test Method
Research| and Utilization | 1ine Phase (1) Instrumentation Parameters |
Task X Test Basis ] T f Fliekt Test N T
No Build- Test || Total Span PlE R ype of Flight Tests o'. Type
“ | up A C Mo, Req'd. .
131 |70 |30 100] 9 N 300
32 |70 3 j{100] % Concuret | * | * = |} Man., Perf, Prop. ggg 1+ Basic, Airf, Subs.
733 | 70 [ 30 100 | 90 x|+ |
753 | 10 | 12 || 82| 74 Concurret | * | * . * | Wan., Pert, Prop. 150 Basic, Subs.
772 | 70 | 15 || 8 | 765 | Concorrest | * | * | = | Gham., Perl. 150  Basic, Subs.
A s W B2 [Fomomen |2 20 [} s b et | 38 ]} st
79.2 | 70 | 10 ]| 80 [ 72 Comcurelt | * [ * | * | V.0, Lnd Man Ped | 100 Basic
B [ RS [Fommt [ [T o™ (28} smcimsun
[ ®3 |70 [ 30} 100 [ %0 (- wrest | + [ *] +«+ | Man Perd. 150 | Basic, Subs.
3.2 [ 70 [30[100] % forcarest |+ | *]* | Maa, Per 150 ' Basic, Subs.
M2 | 25 [ 10 35| 315 ; @ warelt | * | *| * | Wom., Perd. 150 Basic, Swbs.
83 2010 201 18 51’5 P("._wc > |+ Lnd. 100 | Basic
' e
83 | 1 70| & | comarew | TITT [} st Man, Ped 15 |} Basic, sabs.
93.2 | 70 70 | 6 Concurrest | = | * T.0., Led, Ban., Perf. | 300 Basic
1 |70 1= 0., Ld, Stab., .
gz 70 32 %g 33 } Comcurent | L | L] }L‘.{,m_‘” g } Basic, Subs.
972 | 70 | 30 || 100 | 90 Concarrest | * | * | * | Wan., Perl. 130 | Basic, Subs.
121 [ 70 [ 30 [[100 | 90 s | s+
122 | 70 130 [ 100 | s0 [} Comwemt [, 1.1, | Mam, Pt
HTO/VTQ Option
T
1.1 7 71 6 | . 150
12 7 1| 6 50% Conc Lo } 7.0, Lad, Stab. 150 l Basic. Subs
13 7 1 6 50% Pri : * 150 ‘ SIC, NS,
1.8 7 7 6 ' . }T.O., Lnd, tab., Haa. 150
2.1 1 7 6 t1e | Stab. 150 ‘
22 7 7 6 lSO’-Com ' ls | Ped. 150 |( Basic. Subs.
23 7 7 6 ’so'. Pri | s | Stsb., Man., Perf. 150 ‘ ic, sws.
24 7 7 6 [ i+ | Stab., Man. 150
23 7 7 6 Primary 1 | * | T.0.Man. Perf Prog. | 150 Basic, Subs
EER 7 7 3 Primary + | T.0., Lnd. 150 Basic, Subs.
9.1 7 7 6 N o . 150 ) i
9.2 A RN Piimary I 1‘ } 10 150 |} Basic, Subs.

MCDOONNELL AIRCRAFT
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FIGURE 4-1 (CONTINUED)
Scramjet Option
No. of Flights Est. Test Test Nethod
Re;:;‘th and Utilization | tine Test B Prase (1) Instrumestation Parameters
R es 1$ .
Build- Span Type of Flight Tests No.
No. Up Test || Total A/C Mo. PIE ’ R Rey'd. Type
34 110 e 0] 125 | Comcurent ' * | Stab. Man., 200 | Basic, Aif,Airb Prop.
62 | 10| 8| 18] 15 B'U Conc + | Stab., ban., Pert 100 ! Basic, A,
63 |10 2l 12 ] 1 Test Pri o | stab. 400 |§ Aieb Prop.
73 | 10 ] 6 16 | 145 | 87U Corc "1} am, pent 100 }Basic,Aid,
74 10! 6 16 | 145 | Testpri . -, Pert. 400 |3 Aicb Prop.
;21 10 4 %4 }ZZS * | Stb., Ham., Pert. ﬂiti) B, Adt
10 ¢J| 1 5 U BUCox * 15 ic, Aid,
93 |10 | 6 16 | 145 } Test Pri o [} Stab., M., Pet, Prop 200 }m Prop.
94 |10 | ¢ 14| 125 * | Stab, Mau., Pert. 500
21 |10 2| 2| 1 S T P
122 10 | 4 14 | 125 |} Comcument * |} Maa., Pert. 500 |} M;‘m
123 |10 ] ¢ ] 125 |} . 500
211 | 10| 6] 16 | 145 > T -
712 10| 6 161 45 |} Concurrent * zh.. Pect. 400 m‘h‘“"-
273 10| 6 16 | 45 * 400 °“
W1 | 10| 61 16| 145 * 100
ur [ 10| 6| 16 | 15 |} Comcurent o |} mon, P, 400 }An Prop..
®1 |10 6 16| 145 * 500
82 | 10| 6| 16 ] 145 [{ BUCo 1 e Pt B 500 |{ Basic, Airf,
33 10| 6 16 | 5 Test Pri * - reft, Frop. 500 5 Airb Prop.
4 |10 6l 16 | us * 500
524 | 10 | 4| 24 | 215 [ Concurrent * | Man. Perd. 400 | Basic, Airf, Airb_Prop. |
583 | 10 | 14 || 26 | 215 | Concorent * | ., Perd, Prop. 100 | Basic, Aifl Awb Pro. |
60t | 10 (10 20 | 18 . 1)  Basic, A,
605 |10 {10 || 20 | 18 |} Comcarrent i+ |} mam,, Pert, Prop. 300 [ e
606 | 10 [10 ] 20 | 18 Fs |y 400
54 |10 |14 || & | A5 T 300  Basic, At
615 |10 |14 || 2| 25 |} Primey i+ [} Mam., Pert, Prop. 300 |, Pk
616 (10 [ |l 2 | 215 [ * 400 op.
&1 | 10| 6 16 | 145 = 750 —
632 |10 6 16 | us »B-’“‘i,:l!" Pe |l mon, Pert. %0 [} m‘i,:"“-
633 10| 6 15 | 165 {) Test NERE. 50 | 0p-
®2 |10 1] 6| 16 | 145 T 1 * | Mas., Ped. 250 |} Basic, Aﬂ
©3 |10 (10 ] 20 | 18" [} Comcurent * | M., Per, Prop. 3w |} A
T [0 & 18] 16 B/U Coxc . T | X, M Y1)
673 |10 | 8 fl 18 | 16 |F TestPr | }_"jn Pert. 10 |} Prog. s
705 [ 10 |18 || 28 | 215 | Coscarent * | WMan., Pert. 700 } ’B:su: SA:S And
; 0p., .
1 |10 | R || 2 | a5 1. 100 o
732 |10 {14 ] 28 | 225 [} Comcurrent « |1 g‘; e, 400 g‘“"-&- Aid
13 Lol 2] as . » Prop. 40 0p., Subs.
i Ti0 |14 24| as * [1 Stab., Sam 300 |} Basic, Aib
%2 |10 (1| 2 | a5 |} Comcurent Pl } Peri, Prop. 300 }nm, Sibs.
Ll
AMCDONNE. AIRCRAFT
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FIGURE 4-1 (CONTINUED)

Convertible Scramjet Option
“
No.of Flighs | pq Test Test Method
Research| and Utilization | 1ine _ Phase (1) Instrumentation Parameters |
ek e[ T ] e | TSRS T TR ] oot FiigeTests [h. T Troe

“ | up A'C Mo. Req'd. | y
34 10| af 14 ]| 125 | Concument o | stah., Man., Pert. 200 | Basic. Airl. Airb Prop.
62 | 12 | 8 20 | 18 B U Camc * | Sth, Nan,, Per. 200 | Basic, Ai,
63 | 12| 2 1 | 125 | Testpri o | stab. 400 |§ Aih Prop.
13121 61 18] 16 B/U Conc * 400 |, Bask, Aiff,

14 |12 ] 6] 18| 16 Test Pri o |} . pert. w0 |} Am Prop.

9.1 g s | 16 }:g | Stab., Wan,, Perl. :22 .

92 A 16 B/U Conc . ic, A,
93 | 12| 6/ 18 | 16 } Test Pri + |} stab. an. Pert, Prop. | 309 } Airb Prop.

94 | 12| 4 16 | U5 o | Siab, Maa, Perd. 500 |
21 [ 12 2| W | 125 v 500 —

122 12| 4l 16 | 45 |} Comcurment s |} mon., Pert. 500 |} m‘-,:‘"‘-
123 | 12 | 4 16 | 145 + 500 op-
71 |2 | 6| 18] 16 > 00 |) .. o
72 2| ef 8| 1 t Concurrest s |} dan., Pest. 400 |} m‘h‘“-
a3 12 | 6ff 18 ] 16 ) * 1) 400 |) op-
w1l | 2 6| 18] 16 > 300 |y Basic, A,
wt | 2| sl 1wl 6 |} comurent o |} B, Pert. 00 |} Aied Prop.
a 1) s
82 20 B/U Conc . ic, Aiff,
w3 | 12| sl 2| 18 } Test Pri . f Man., Perf, Prop. 500 }Aib Prop.
wa | 2| 8] 2] 18 K 500
524 | 12 | 24 || 36 | 325 | Coscwrest T e | Wax, Ped. 400 | Basic, Al Aieb_Prop. |
583 | 12 | 24 || 36 | 325 | Coscumest | m,, Ped, Prop, 300 | Basic, Ait, Awb Prop. |
594 61 6 12 | 325 * l 300 Basic. Ait
595 | 6| 6 12 { 325 |} Comcurent s |} mon., Pert. Prop. 300 |3 Basic A,
595 | 6 | 6l 12 | 325 [} . 40 Top.
604 | 2 | 28 || 36 | 325 > 30 -
605 | 12 | 2 [ 3 | 25 f Pricary , § Man., Pert, Prop. 300 s 2;‘- A,
606 | 12 | 2 | 3 | 325 . 400 Prop.
64 | 12| 12| & | 4S5 . 300 —
615 | 2 (12 & | a5 |} BUC ([t e Perf,Prop. | 300 [} Rasic AN,
616 | 12 j12f | a5 |)Tsth . 40 P-
&1 | 121 8 20 18 R D 750 —
32 | 12| 8ff 20| 18 |} BUCo s |} an., Pert %0 »E?S'Ch""v
83 | 12| 8fl2 | 18 Test Pri . 250 |} Awb Prop.
852 | 12| 8| 20 | 18 1+ | Man. Perl. 750 1) Basic, A,
&3 | 2|18 30| 2z }f"‘m‘ { Lo | Man. Per, Prop 30 |} Axb Prop.
T T (O 2 | B Conc. s | on,, Pt 0 }Iasi:,xm,
672 |12 |10 2 | 20 Test Pii Lo " 400 |¥ Airb Prop.
705 | 122 3 [ 25 ] Concurent ot W, 200 | Basic, i, Awb
—AT ! Prop., Subs.

; 17 [ 2| % | 325 - 1 o
B2 |2 || 3% | 325 [ Cowurent |+ [} - Nan, aog |{ Basic, Ait, Ai
133 |12 & | 36 | 325 D » » Prop. 400 0p., Subs.
%1 | 12 | 24| 36 | 325 =1\ Sab, Wan, 300 |y Basic, Aib
%2 |12 | 2| 3 | 325 | Concurest L } e, Prop. 300 |} Prop., subs.

|




REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME IX ® PART 3

FIGURE 4-1 (CONTINUED)
Thermal Protection System Nntion
No. of Flignis Est. Test Test Method
Research) and Utilization | 0. Phase (1) Iastrumentation Parameters

Lol T2 Span | TestBasis T Tyoe of Flight Tests | Wo.

Mo [y | Test|l Total [P0 PlE | R Reg'd. Type

B1 | 44| 8| 6 8 E 650

B2 | 4| 4| 8] 6 3 Conc * {} Man., Per. 650 | ¢ Basic, Aif.

B3 | 4] 4] 8] s est Pri | o 650

s1 | & | 4| 8| s B U Conc * | Man, Pert. 500 -

24 | 4 |4l 8] & [} Teapn o | Pert Hi AR, g0 | | Basic, Air.

282 | & ] &) 8] 6 31U Conc . 650 -

20 | el al s & |} Testpn o |} mon., pert. g | | Basic, Air.

61 | 4 8129 B/U Conc > 850 —

a2 e lall] 3 |} Tetin + |} wan, Pest. 650 | | Basic, Aif.

712 4 L] 12 9 Concurrent * | Ma,, Ped. %0 Basic, Subs.

Armament Option
12 vl | s 12 Cenc. s | an., Perd, Wpn, %0 Basic, Subs.
5 Pri
52 2z |1 : > 750 ) -
53 | '} Primay . (v 20 | | Basic, Subs.
d l
Staging Option
o }

101 | 2 |l 12 ] 108 . o |} stab., Pedd, 500 .

02 | 2 |10 12| 108 |} Primen N }m Stg. 500 Basic, Auf.

1z | 2 [0 12 | 108 : > [y Stab., Per, 500 —

13 | 2 |10 [ 12 | tog [} Primay o |} Hiaw, st sop | Basic, Aul.

03 | Z [0 12| 108 Primary « | Swb.. Pert, Wi AR, Stg.| 500 Basic, Aul.

Subsonic Turbojet Option

11 s 5| 10 l . 150

12 sitos | 10 B . |} 1.0, Lnd, Stab. 150 Basic. Aib Pr

13 51 5| 10 mary L2 1} 7.0, L, Stob Man, | 150 1, A TY0p.

14 sfi 5] 10 1 [« |5 TO.Lad,Stab Man. | 15 -

5.1 2 2 05 [ R 150

52 2 2| os g Primary b e ;smu 150 | } Basic, Aib Prop.

53 2 2] o3 . 150

5 3T 10t} concomenm v T, . B0 1} Basic, Ay Prop.

[ . . . .

ol 231 |} eriay v Ibd, siab, o | 30 () Basic, i Prop.
e V40 10 Conc o | Lnd. 150 Basic, Airb Prop.
| o 10 Pri 1 -

- R . ‘ 1

) Comcument v |} sub,mon, pet. | 1301} Basic, A Pron

MC DONNELL AIRCRAFT
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FIGURE 4-2
FLIGHT TEST PLANS F OR RESEARCH TASK ACCOMPLISHMENT
MACH 6 RESEARCH VEHICLE
Basic Vehicle
No. of Flights Est. Test L Test Method
Research| and Utitization | 1ime Huase (1 Inshumentation Parameters

Task Joiid- span | TestBasis Type of Flight Tests | Mo
No. Up Test || Total A/C Mo. P|lEI|R Req'd. Type
11 5 5 A5 x| a 150
12 s | 5| 45 c x|« } 7.0., Lnd, Stab. 150 Basi
13 sl 5] a5 ancurrent | , | , T.0., Lnd, Stab., 150 ic
14 5 5 45 x| Man. 150
21 3 g 5.7 x| » Stab. gg
22 3 d x| Perf. .
23 33 21 } Concurrest | , | . Stab., Man., Perf.” 150 } Basic
24 3| 3 27 o | Stab. Man, 150
31 | 62 | 3 | 6 | 585 x |+ |+ | stb. ;&
32 | 6213 | & | s85 BUCosc | = |+ -
33 |62 | 3 || 65 | 585 } TestPri |+ |*]= } stab., wan. 300 } Basic, Airf.
34 | 62! 3] 65 | 585 s o |« ped 20
41 |62 |3 || & | %85 " > |+ ]+ 300
2 |62 |3l 65| 585 [b7 gf." s |+ | s [} man., Ped. 300 | b Basic, Airf.
43 |62 | 3 Il 65 | 585 estPri |, (4] 300
5.1 |62 [ 2 |6 |55 [+ 200 | Basic
52 |62 | 2 |l 64 ) 575 |} BUCoc. | & | «| « |)Stab, Man, 250 Basic, Subs.
53 |62 ;2 |l 64 | 575 |) TestPi |« |1+ |)Pert A00 | Basi, Aid, Subs.
61 | 62 | 5 || 67 [ 60 * | * |+ [ Stab. ¥an. 50 ]
62 62 | § 13 60 t Concurrent | * | = | = | Stab., Mam., Pedf. 50 Basic, Airf.
63 {62 (5 | & | 60 | s [+l s | stb 250 | |
72 | 6 | 5 || 67 | 60 P . 300 Basic, Auf. Aitb
73 e s || e | 6o |} Concoment jL L] } Man., Pert. 300 } Prop.
321 sg 5 s; gg » |+ ] * | Stab., Man., Per. ;gg \

62 15 |l s » |+ | o | Stab,, Man., Perf, Prop. Basic, Aif,
93 |62 |5 [ 67 | 60 } Concurrent | , | . | & } 250 } Aicb Prop.
94 (e |5 || 61 | 60 « |+ | » |§Stab, Nam,, Pert. 500
0.1 [ 62 | 4 6 | 595 BWConc | *+ | + | * |y Stab., Perf, 400 o
HEEIH BTSSR ERT aoo | | Basic, At
1.2 | 62 | 4 || 6 | 595 BAUConc | = |+ | » | Stab., Man., Perl. 400 Basic, Aif.

Test Pri Hi AR.

121 |62 |5 || 67 | 60 PR P 550
122 |62 |5 || 67 | 60 BAUConc | + |« | » [} Man., Pert. 350 Basic, Aif.
123 | 2|5 || e1 | 60 TestPi |, |, |, 350
TN 62 | 56 * o 350
42 | w2 62 | 56 Concurrest | » | »  Man. 350 Basic, Air.
U3 | 62 62 | 56 « | 350
5.1 | 62 F2 | 5 > | * 20
15.2 62 62 56 Concurrent | » | * > Man., Perf. 200 Basic, Air.
153 | 62 | 62 | 56 * | » 200
161 | 62| 6 | 68 | 61 . s | e 550
162 |62 (6 || 63 | 6l % Concument | = |+ |+ [} Pert. 550 Basic, Airf.
163 |6 |6 Il 68 | 61 L 550
U1 |62 | & || 66 | 595 . s | 350 Basic, Airf,
72 |62 [ 4 | & | o5 [} Comurent 11 | * } tan., et 50 | b s,

Note (1): P - Predelivery E - Envelope Expansion R — Research

AICDONNELL AIRCRAFT
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FIGURE 4-2 (CONTINUED)
Basic Vehicle (Continued)
No.of Flights | gy Test Test Method
Research| and Utilization | 1ime TestBac Phase (1) Instramentation Parameters
Task . est Basis .
Build- Span ] Type of Flight Tests | No. T
No. [y, | Test] Total [, PlE|R Req'd. e
i R = A AR e e
51 |62 51 6 | 60 KR 50 —
w2 el sl gl e |} concumem ; J 10101} stab, Pert. 150 Basic, Ai.
201 |62 |10 121 6 B Wan., Per. %0
202 |62 | ¢ 6 | 595 |{ BUCone | *+|+]+ Stab., Mon., Perf, | 200 o
Test Pri Hi AR. Basic, Ait.
204 [ 62 000 12| 65 a s Man., Pert. 750 _
5225 1612[ }3 g ?}, | BuCow |2 (415 [ Man., Pert 350 | } Basic, Aif.
23 |s2 |10 72| TestPi |, ]a]a |y " 350 '
A1 |62 |10 721 65 s+ * ) %50 —
#2 |e2f1w0f 2] 6 »?Q%‘;;‘ N ( Mas., Pert. 90 Basic, Ait.
#3 e || 712] & s x| 950
251 |62 |10 721 6 v | *]* 50
. Man., Pert.
%2 |62 |10 7121 6 B/U Conc e ||} 450 Basic, At
%53 |62 10| 72 65 Testhi |+ |+ )=} su: Man., Perl, gg
x4 L6210 721 65 x| o] Hi AR.
%1 |62 |10 72| 65 s l*1*1) 750
%2 (62|10 2] & SB/" ‘,’,?F sl z Man., Pert, 750 z Basic, Airt.
%3 |62 |10 72) 65 TestPi |, o1 750
71 | & | 6| e[ 6 T 350
HAHHHH S HRH R TS
* * »
282 | 62 8| 701 63 B/UCom |+ |+ |+ - 550 -
284 [ 62 8| 70 TestPi |+ |+ ]« |} W P 530 | | Basic, Aid.
303 |62 & 0] 63 B/UConc | * | * | * Man., Perl. 750 Basic, Ant.
Test Pri
323 | 62| 8| 70 63 g/u %n - Man., Pert 250 Basic, Ait.
est Pri |
33.3 62 | i8 80 | 72 Concurrent | * | » | * Man. Perf. 350 Basic, Aif.
31 | 621 81 70| 63 * |5 * 550 -
35.2 62 18 80 72 } Concwrrent * - s l’ Ian.. Perf 950 ” &SIC, Aid.
%3 [62] 8 70| &3 BUCom |+ |+~ Man., Pert 550 Basic, Ait.
Test Pri
383 | 62 | & || 66 | 595 | Comcumen | * ' *+ | » Man., Perd 750 Basic, Aifl.
91 | & ! 8] 70| & P P 500 N
392 62 8 70 63 } Concurrent PO R } Man., Perf 500 } Basic, Aid.
403 | 62 | 38 || 100 | 9% Concurenrt | *+ | * | + Man. Perl 300 Basic, Awl.
21 |2 |18 0] 12 gg q#'g: s |+ Man., Perf %0 Basic, Aul.
T2 T O |} cocuen | 2 |2 |2 |} wan et o | Basic, it
M2 | 62 | 38 || 100 | S0 Concurreat | + . Man., Perl 550 Basic, Aifl.
1 &2 | 8| 70| & B/UConc | * | * | * 450 Y
63 e | ol 0] @ [T |o]s] |} wenpon iso |} asic, At
%2 | 62|38 100 % Concarest |+ * | Wan, Ped. %0 Basic, Swbs.

AMICDONNELL AIRCRAFT

L




REPORT MDC A0013 ® 2 OCTOBER 1970

VOLUME IIZ ® PART 3

FIGURE 4-2 (CONTINUED)

Basic Vehicle (Continued)
No. of Flights Est. Test Test Method
Research] and Utilization Time Bas Phase (1) Instrumentation Parameters
Task 3 Test Basis . — ]
Build- Span Type of Flight Tests No. T
L Test | Total |,/ " PIEIR Req'd. ype
AR H
82 | & 7 LI I el as
3 {62 |0l 721 65 B/ %‘!‘ e | *| ¢ |7 Man. Pert, Prop. 500 gras-c. Rirf, Airb
84 |62 l10] 72| 65 TestPri | o | o]« 500 0p.
485 |62 |10 721 65 x| = 500
24 | 62 (20| 8| 1 Concurrent | ® | o | » Maa., Pert. 400 | Basic, Airf, Aitb Prop.
1 5 5 45 * 150 .
o s 2] &3 |} comurem | 1.0., Lnd. 150 |} Basic, Airb Prop.
574 |62 |20 & | 14 | s | » 300 .
575 |62 (201 82| ‘ B/U %"!" o] i Man., Perf, Prop. 300 ':?S'C-P"‘:f’
576 | 62 |2 || &2 | ™ TestPri | o || 400 || Airo Prop.
58.3 62 |20 &2 ] Concurrent | * | * | * Man., Perf. Prop. 300 | Basic, Ait! Airb Prop.
594 | 62 | 20| & | * |+ + 300 N
59.5 62 20 7] n B/UConc | =] » 2 Man.. Perf Pr 300 i Basic, Airf, Airb
96 |62 |20 2| ™ 2 TestPri |, | .| o PErL FT L Yoo || Pron.
1 6210 72| 6 B/ Conc | - : : 250 Basic, Aif
632 |62 |10 712) 6 Test P . Man., Perf Z0 |} i
633 |62 10 72 65 estPri . .||\ 250 || Airb Prop.
ol 2l 3 a3 | Comemem ] Lad, Stab., Prop. | 1o0 }Basic, Airt.
65.2 | 62 62 | 56 * | » [+ || Man., Ped. 250 | | Basic, Airf,
653 | 62 62 | 56 Concurest | . | + | » } Man., Perf, Prop. 300 }Ailb Prop.
6/.2 | 62 |10 72| & ~B/UConc | * | * | * 100
673 | 62 '10f 72 | 65 TestPi | = [+ |+ |} Wan., Pet. 400 |} 70, Lnd, Stab.
693 | 62 | 3 I 65 | 585 Concurrest | * | * | * T.0., Man., Pert 400 | Basic, Airl, Subs.
705 | 62 |10 72 | 65 Comcusrent | * | * | * Man,, Peil. 350 | Basic, Aif, Subs.
11 | 62 | 20| & | 78 * s * go Basic, Airb_Prop.
N2 |62 |20 2| n Concurrent | * * }m_' Perf, Prop 0 gia;ng\;g:&bs.,
N3 |2 |20 2| n R 150 | Basic, Airb Prop.
1 |62 | B J10 ] N . |+ * 350 l
732 | 62 [ 38 [ 100 9 Concurrest | * | = = Man., Pert, Prop. 350 |\ Basic, Airf, Subs.
733 |62 | 38 100] 90 e |+ B 350
753 | 62 | 28 || 9 | 8l Concwrrent | + | * | *+ | Stab., Man., 200 | Basic, Aub Prop.,
Perf, Prop. Subs.
772 | 62 | 8| 70 | &3 Concurrent | * | * Wan., Peri. 200 | Basic, Subs.
82 | 62 |10 12| 6 * | * Stab., Man., 50 | Basic, Subs.
783 | 62 |10 72| 65 } Coauren } Pert, Prop. 200 | Basic
792 | 62 (10| 712 | & Concwrent | * | * | * | T.0.Lnd, Wan., Perf %ﬁ Basic
801 | 62 | 38 %0 + | * | * |} T.0,Lnd, Stab., 50 )
802 | 62 | 38 | 100 | 90 Concurrest | , | o | » han., Perf. 250 |} Basic, A, Subs.
823 [ 62 |39 ([ T00 [ 90 Concwrtest | * | * | * | Wan., Pedl. 200 | Basic, Subs.
B2 | 62 | N [T0 | 30 | Cocwrest|* |*| *| Wan.,Per. 00 | Basic, Subs.
4.2 [ 62 738 100 [ 9% Concurest | * | » | » | Wan, Perl_ 200 | Basic, Subs. R
w3 0 || 20 | 18 12 g'qnc * |* | *[| T.0,Lm. 150 | Basi
]
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F'GURE 4-2 (CONTINUED)

Basic Vehicle (Continued)
No. of Flights Est. Test Test Method
Research]  and Utilization Time Phase (1) Instrumentation Parameters

Task 1oiig- Span | TestBasis ' Type of Flight Tests | Mo

No. Up Test | Totat 1 . /G Mo P EIR Req'd. Type
892 | 62 62 | 56 s | Stab., Man., Perf. 200 .

893 | 62 62 | 56 Concurent | o | » " o 20 | | Basic, Subs.
B2 | & 82 | % Concament | * | * T.0., Lnd, Man., Perf.| 150 Basic

9%.1 | 62 | 38| 100 | %0 e |*[* |y 1.0, Lnd, Stab., 20 .

%2 | 62 |38 100]| 90 Concarent | o | o | o |} Pert, Prop. 20 | | Basic,Subs.
TRT | 62 | 38 | 100 | %0 T 151>
1022 62 38 100 %0 Concurrest o |ls| e } Man., Petd.

Thermal Frotection System Option

Bl | 3| 3] 6| 54 . 700

B2 | 31 3] 6| 54 | BUCm o |} Mam. Pert. 7 . Aj
B3 | 3| 3] 6| sa4 | Testhr . o Per 733 Basic, Rt
%51 | 3|3 6 54 B/U Conc * 1 Man,, Pef. 500 .
52 | 31 3 6 | 54 | Testhi + | Perdt, Hi AR. 7 } Basic, Aut.
282 | 3 | 31 61 5% | B/Con * 700 .
24 | 3|3 6] 541 Testpri + |} Won., ot 706 |} Basic, Akt
81 | 3671 91 7 B * 7 -
82| 3|6 9 7 Tglt %‘:ix o |} Wan. Per. 7% } Basic, Air.

Armament Option
12 7w 15 lg g'om * Man., Perf, Won. 300 Basic, Subs.
] o

852 21215 ) . 300 ;

53 12 12 15 Plllly - } 'ﬂl 300 } Basic, Subs.
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(a) Build-up flights - Includes those flights expended, when necessary, durins
the development phases of the research vehicle program. In most cases,
research epplying to the task is accomplished during these flights.

(b) Test flights - Those flights expended to accomplish any remaining unful-
filled research requirements after the buildup flights or to accomplish
the Research Task in its entirety when buildup flights are not required.

2. TESTING TIME SPAN - Estimated time spanc shown in these test plans are the
number of months required for one research aircraft to perform the total number of
flights needed to accomplish the Research Task. These estimates are based on
average fly rates consistent with the total research program estimate of 200 flights
flown by three vehicles over a five year period, I.e. 1.1 flights per month per
vehicle. Two exceptions to this fly rate are employed:

(a) Mach 6 and Mach 12 vehicle TPS options - 1.3 flights/month are used
because these options would be incorporated on the fully developed
vehicle without adding a significant degree of complexity.

(b) Mach 12 vehicle Subsonic TJ option - five flights/month are used because
the subsonic HTO flight operations car b¢ more conventional in nature
without the complexities associated with mother-ship operations, cryo-
genic fuels, long high-Mach-number flight profiles, and a large number
of data parameters,

3. TEST BASIS - The purpose of the test basis column in the test plans is
to in‘icate the degree of overlap of the tests between Research Tasks. This cverl.n
is identified by the following terms:

(a) Concurrent - the Research Task ~an be accomplished on a concurrent basis
with other Research Tasks during the same flights.

(b) Primar: - these flights are more restrictive and would be devoted to
accomplishment of a specific Research Task. It should be reiterated
here that each task is evaluated with respect to its own requirements
without regard to other tasks. Ther:fore, some concurrency of testing
is also evailable during primary flights for tasks of a similar nature
and, in pzrticular, for other Research Tasks which are applicable to
the same hkesearch Objective.

Seventy build-up flights are estimated for the Mach 12 research vehicle and sixty-two
build-up flights are estimated for the Mach 6 vehicle. These build-up f ights are
concurrent (identified as B/U conc.) and serve as the founuation for the entire test
program. In most cases, a few flirats are needed to achieve specific duta applying
to the task (identified as Test Pri.).

L., TEST PHASE - The test phase column defines that plase of the research
program during which the research would be performed. The program is divided
intc three phases:

AMCDONNELL AIRCRAFT
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Pre-delivery yaase

Envelope expansion phase

Research phase

It should b¢ emphasized that research can be accomplished during all three phases,
but most or the data is expected from the latter two phases.

5. TEST METHODS - The test methods column describes the type of flight tests
and instrumentation that would be employed to accomyr.ish the Research Tasl.s.

(a)

Type of flight tests ~ this column presents abbreviated terms describing

the kinds of tests needed to accomplish the Resea.ch Task. A mor-. detailed
description of the tests denoted by the abbreviatior is presented as follows.

(1) T. 6. - Take-off tests

o ground roll distance and contryl

0 rotation effects

o lift-off attitude/stability

o acceleration forces

o trim changes and directional control

(2) Lnd - Landing tests

o glide slope

o approach angle of attack

o controul response

o flare control

o effects of high-1lift devices
o cockpit visibility

0 touchdowr accuracy

o stoppiu, Jdisvance

o rollout sieering, bre_king, and control

M DONNELL AIRCRAFY
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(3) Stab. - Static and dynamic stability test:

o lateral-directionai stability
o longitudinal stability

o neutral point

o short and long period damping
o trim changes

o0 turning performance

o spiral stability

¢ sideslips

o descents

(4) Man - Maneuvering flight tests

o wind-up turns

o pullups

o pushovers

o0 rolling pullouts

(5) Perf. - Performance tests

o c¢limbs
o accelerations
o steady state cruise

(6) Prop - Propulsion tests

o engine handling (accelerations/decelerations)
o shutdowns
o starts and restarts

(7T) Hi Alt - High altitude tesis

0 climb prcfiles
o reaction control response

0 re-entry profiles

AMICOORNELL ANRCRAFT
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(8) Stz - Stage separation tests

(9) wWpn - Weapon separation tests

Instrument:ti.n parameters - This colum presents the estimated number

of parameters requir:d to acquire the necessary data, and an abbreviation
term denoting the type of parameters. The following describes the param-
eter types.

(1) Basic - This group is comprised of a variety of parameters which
would be considered essential for all flights. They include:

(o]

flight regime — altitude, airspeed, temperature, and inertial
data.

vehicle attitude/control - three axis load factor; pitch, roll,
yavw angle/rate; fuel quantity, angle of attack; control surface
positions.

safety of fligh! - pressures, temperatures, loalis, electrical
signals, warning circuits, and positions of critic2l airframe
and subsy.;tems.

(2) Airf - Airframe - external surfaces, compartments, boundary layer,
control surfaces.

[o]

(o]

pressures - external surfaces, compartments, boundary layer,
control surfaces.

temperatures - external surfaces, substructure, compartment air,
subsystem components, fuel cells, control surfaces.

strain/loads - external surfaces, substructure, control surface/
actuator/ninges.

acceleration/vibration-external surfaces, substructure, cortrol
surfaces.

acoustic energy-compartments.

(3) Airb Prop. - Airbreathing propulsion

o

pressures and temperatures - inlet, exit, intermal engine, engine
compartment , engine control/subsystems/accessories/fuel, inlet
cooling system.

strain/loads - inlet control mechanisms, engine mounts, inlet/exit
structure.

acceleration/vibration - engine, engine accessories,fuel/oil
plumbing.

positions - inlet/exit control, engine control.

MCDONNELL AITORAEY
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(4) Rkt Prop - Rocket propulsion

¢ pressure and temperature - engine and accessories, fuel systems
o positions - engine control, engine gimballing.

(5) Subs - Subsystems -~ including avionics, flight control, propellart,
environmental control, auxiliary power.

¢ pressures, temperatures, strain/loads, position, and electrical
signals as required to mcnitor performance and operstion of the
subsysteas.

4L.1.2 COST OF PERFORMING RESEARCH - The cost of accomplishing each of the research
tasks can be indicated in terms of the flight research vehicle operating costs.

The cost of conducting a test program, involving any combination of Research Tesks,
can be easily determined from the operating costs presented in this paragraph.

The operating costs on a per rlight basis are presented beiow for the Mach 12 and
Mach 6 basic vehicles. These costs are deterr.ined by dividing the total program
operating costs for the Mach 12 vehicle {87.836 million dollars as derived in
Section 4.12 of Volume IV, Part I) and the Mach 6 vehicle (92.047 million dollars
as derived in Section 5.12 of Volume IV, Part I) by 200 flights.

FLIGET VEHICLE CONFIGURATION OPERATT®S COST PER FLIGHT
Mach 12 basic $440,000
Mach 6 tasic $460,000

APCDONNIELL AIORAFEYT
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L.2 GROUND FACILITY TEST METHCDS

The new ground facilities, including wind tunnels, airbreathing engine test
facilities, and structural test facilities which have been defined in this study,
will provide the requir=d test environment within a reasonable range of obtainable
power, materials, structure, technology, and funding.

The conceptual grovnd research facilities selected for Phase III refinement
are summarized in Figure L-3. Desigr criteria, arrangement, and operational cap-
ability of these new facilities are described in detail in Volume IV, Part 2.

These types of facilities are common to aeronautical systems R&D, but present
an extensicn of the capability which exists in today's facilities.
Since these types of facilities are familiar to R&D engineers, it can be assumed
that the methods of testing are generally known. It is to be exyected that new
methods will need to be develored based on first-hand experience of facility opera-
tion, test conducting, and data analysis; historically, this has bteen required
either to fulfill the basic purpose of new facilities or to extend their cap-
abilities. However, the methods presented in the following paragraphs are judged
to be a representative approach to utilizing the facilities in an experimental
program.

XXX
FACILITY Tves MACE RATIE RUN ® Py T, TEST REMARYS
DURATION- == PSIA oF SDEC.
sec (e (8/e2) | wax/(oc) SIZE
~1000
327 EYDEPCITIC T/PULSE f.13 1-% i’s (630) L=26.11t
SAS DYNAMIC RESEACH 18°800 | 2500 (1.9m)
FACILITY ' )
{(11,700) | (1370)
6020 INTEGRATED SuB/ (LEG 1) .5-5} 4-30 175 pr.nm L = 12,4 £t
TRANS /SUPERSONIC sec 300(207) | 250 ‘3.6m)
BLOWDOWN GAS ) -30 ) 120
DYNAVIC RESEARCH | (1E5 2) ‘;Z‘ 10 7 sec 1/5  5o(3k.5)10 (800) L = 9.3 ¢
TACILITY -2 2360(1620)  (126) (2.6a)
=9 SCRAMJIET ENSINE 3-11% ATp[VITIATEL B TO (58] Ay ¥IDIFIED
RESEARCHE FATILITY do—o=] L.ox 3000 6é5k0 30 2 | pIPECT
e (2070) | (3600) (2.8 m@) | "OVNECT
E2G INTEGRPATED TUPBC- | (=5 1) 0 - i.0 3(2.07) Do = 90m | PIRECT
MACETTERY /RAMJET 5.5 | COTTIUOUS ° 2000 (FULL | coxFec:
ENGINE PESEAPCE
ey T (szn 5 o - 350 (1090) SCALE) +
St 5.9 (241) (2.3m) | TREE JET
£20 INTEGRATED STRUC- | SIMULATES “CCEAKICAL, THERMAL, VIBRATION, ACOUSTIC, ALTITUDE, AKD THFRYAL/
TUPES/FLUID SYS- | ACOUSTIC EFVIRONMENTS ON COMPONENTS, MAJOR SECTISNS AWD FULL SCALE VEHICLES.
TES RESEARCH
FACILITY

®ALSO PROVIDES AERODYNAMIC NOZZLES FOP M = 6. Q.
1M & 12 AFRO/THERMOQ/STRUCTURAL TESTING
xx FOR A SINGLE ENGINE MIOULE

xxx RATIO OF MODEL REYNOLDS NUMBER TO FLIGHT REYNOLDS EUMBER
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L4.2.1 DATA REQUIRED - Each Research Task has been examined from the standpoint cf
determining the data renuired to accomplish the task. In general, these data can
be categorized as follows:

(a) Aerodynamics - data which is basically oriented toward definition of flcw
field and toundary layer conditions and mechanisms on and about configuration sur-
faces as well as Reynolds ané scalie effects so that results obtained with scale
models can ve extrapolated with confidence and applied to the full-scale venicle.
The data which is to be used in the evaluation of flight concept designs reduces to
parameters which describe vehicle performance, stability, control effectivenesc,
component loads, acoustic noise environ 1t, buffet onset and intensity limitaticnms,
and how shaping and periormance of integ.ated systems affect the levels of these
parsmeters.

(b) Thermodynamics - testing provides data describing aerodynamic heating
distributions and criticali areas which must be protected or designed to withstand
the environmert. These data also are subject to flow field, boundery layer, Reynolds
and scale effects which must be evaluated and accounted for in a design. Thermo-
dynamic data acquisition not only covers aerodynamic heating, but definition of
cooling =nd heating requirements and definition and evaluation cf the systems which
must be incorporated in a flight vehicle tc provide the thermal protection required
to survive the flight environment.

(c) Structures and Materials - tests are generally defined as those which
provide data describing the physical properties, the physical/chemical compatibilitv
of material as well as mechsnical, thermal, service, and fabrication properties.
Gleaned from tests of a variety of models and test specimens are results which pro-
vide guidelines for establishing fabrication, inspection, integration and repair
methods. Many of the structural tests are conducted for the purpose of evaluating
the performance, reliability, and limitations of structures and integrated subsystems
to environments of static and dynamic loading, temperature, and altitude.

(d) Propulsion - data are defined as those which provide definition of per-
formance of the integrated inlet, engine and exhaust system as well as engine compo-
nent, environment, performance, reliability, and limitations. These data also prc-
vide a basis for the design of engine thermal protection systems, accessorv drives,
fuel systems, air data sensor control systems, and integrated engine design refine-
ments.

(e) Subsystems - tests produce performance data relative to flight control
systems, environmental control cystems, heat exchangers, energy conversion for
auxiliary power units, fuel systems, mass transfer systems, abort/escape systems,
antenna and air data sensor systems. Results are in terms of aerodynamic, thermo-
dynamic, structural, propulsion, and operational performance and limitations.

(f) Operations - data pertain to ground and flight operations such as approach,
landing, takeoff, flight safety, course aslteration, crew and passenger comfort,
abort and escape, ground hold, inspection, and repair. Resu'ts are obtained largely
by means of combined flight systems and existing airport facilities. However, some
elements require data obtained in the aforementioned technical areas using existing
and new grourd research facilities. Those that require extensive ground research
facility testing include landing, takeoff, and escape systems.

MCDONNELL AIRCRAFT
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L.2.2 MODELS AND TEST SPECIMENS - Models and test specimens for obtaining exveri-

mental ground research data may be separated into categories which are identitied

by the type of “acility in which they are tc be tested. In general, these cate-

gories are simply: (a) wind tunnel models, (b) experimental engines and components,

and (c) structural test specimens. These items are considered basic to any test

ﬁrogram and do not include integrated subsystems which are described in Section
.2.3.

(a) Wind Tumnel Models are designed to provide basic aerodynamic, thermo-
dynamic, and inlet performance data. If limited strictly to configuration evalu-
ation, investigation capability is also 1imited; therefore, a number of special
model designs are necessary to provide proper simulation of cverall flight environ-
ment and to provide the various means of instrumenting and measuring the described
incremental effects. These models are designed to provide investigations of the
ccntributions of configuration components, the effects of stasging and separation,
effects of surface irregularities, evaluation of dynamic stability derivatives, the
effects of aerothermoelasticity, effects of inlet and exit flow, evaluation of
base and boattail drag, skin friction drag, net thrust (T-D), evaluation of inlet
and engine face and exhaust enviromment, effects of cooling by means of mass
addition to the boundary layer, and the effects and effectiveness of eaction con-
trol and surface control devices.

(b) Experimental Engines and Components are required for evaluation of pro-
pulsion concepts as well as the investigation of component designs. Experimental
engines include inlet components and engine core components, such as compressors,
combustors, turbines, and nozzles, ajll of which are integrated into a test setup.
The experimental engine concept may be characterized as a turbojet, turboramjet,
ramjet, scramjet, or convertible scramjet,and its facility installation could pro-
vide for measurement of integrated performance and the performance of its components
and accessory drives.

(e¢) Structural Test Specimens provide a means of evaluating a wide range of

structural concepts from simple material coupons to a full-scale structural vehicle.
Some of the test items in this range include coated material coupons, TPS insulation
panels, leading edge structures, control surface structures, substructures, major
full-scale structural sections, tarnkage structure, integrated TPS, and tankage.
In many cases, subscale tankage is used in lieu of more costly full-scale structures
to develop and substantiate analytical models. In these cases, several models vary-
ing in size may be necessary to evaluate scale effects on the evaluation of a given
corcept.

4.2.3 TEST EQUIPMENT AND SUBSYSTEMS - Test equipment and subsystems are required
by the particular test program on a very selective basis,depending on the nature of
the test to pbe conducted. Furthermore, a great variety of such equipment and sub-
systems may be required,depending on the number of variables and/or concepts which
are to be evaluated. Since many of these systems inccrporate design criteris
developed from concurrent research, they are considered to be items independent of
models and test specimens. Often they are necessarily integrated with the aodel and
test specimen to produce the appropriate effects which are to be measured or to
provide the appropriate environmwent within which the system is to be investigated
or evaluasted. Like the models themselves, test equipment and subsystems may vary
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in size to suit the model or *est specimen and to obtain scale effects. In addition,
it is of primary :mportance that the subsystem provide the desired degree of sim-
ulation reliative to the flight article ard, therefore, requires careful attention

to design details, the parameters to be simulated, and the facility environment

in which it is to be tested. These considerations indicate that several subsystems
ma_ be required to achieve simulation consistent with the facility in which the

test is conducted. Test equipment and subsystems may be considered to tail in the
following categories: Simulation Systems, Control Systems, Thermal Protection
Systems, Fuel Systems, Enviromnmental Controi Systems, Miscellaneous Systems, and

Test Hardware.

(a) Simulation Systems are pertinent to wind tunnel testing and include re-
motely controlled engine simulators, exhaust gas simulators, and boundary layer re-
moval and mass addition systems. The requirement of these systems is to produce
the desired simulation of the full-scale device and the flow field/boundary layer
interaction effects which are to be evaluated. It should be noted that special
attention must be given to these simulators because considerable costs will be
incurred in design, development, and cslibration if both suitable simulation and
data acquisition are to be achieved.

(b) Control Systems include inlet systems (remotely-controlled ramps, bleeds
and throttling systems), actuator systems, control limit systems, and reaction
control systems.

(c) Thermal Protection Systems include structural and engine cooling system
concepts such as ablation materials, transpiration cooling and regenerative cooling.
These systems also cover material and structural coatings, heat exchangers a..d
fluid flow systems.

(d) Fuel Systems include cooling systems, loading systems, tankage, and leak
detection systems.

(e) Environmental Control Systems include liquid cryogen and hydrocarbon
types and the associated heat exchanger components, panels, and integrated system
as well as heaters for those areas which require high heat flux.

(f) Miscellaneous Subsystems include antenna systems, armament systems, abort/
escape systems, crew warning systems, auxiliary power systems, and crew/passenger
modules. It should be noted that research of escape systems (which involve sep-
aration and deployment of crew modules from the integrated aircraft) could be a
very significant research program in itself and should be treated accordingly.

(g) Miscellsneous Test Equipment includes wind tunnel model cupport systems,
engine installatiun hardware, and support fixtures and Jigs for structural and
environmental tests. Special attention is given only tc automated dual support
systems for separation effects testing using wind tunnel models. This system is
considered to be a relatively costly item, since extensive instrumentation and
computer equipment is required as well as programming and maintenance support.

AICOONNELL AIRCRAET
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4.2.4 INSTRUMENTATION - Collective test programs as discussed herein present a
broad requirement for instrumentation devices. While there are many types of
instruments, they can be categorized by the parameters which are measured such as:

Strain

Acceleration

Pressure

Temperature
Deflection/Displacement

Voltage

Current

Frequency

Power

Radiation, Light, and Acoustics.

000000 0O0OO0OO0

High degrees of sophistication of the instrumentation have been attained by
refining and/or combining the principles of measurement associated with the above.
Extension of basic instrumentation for the purpose of measuring such data as gas
composition and density, fluid film thickness, frequency spectral densities, trans-
mission patterns, hazard detection such as fuel system leaks, automatic checkout,
radiation, light, and acoustics has been achieved,and it can be expected that future
refinements will be made to meet the needs of measurement. Because the choice of
specific instruments is so broad, only a few of the most obvious instrumentations are
presented in Figure 4-U4 to illustrate the needs of specific test programs.

4.2.5 APPLICABLE RESFARCH TASKS - The Research Tasks presented in Section 3 provide
a basis for the Research Test Methods Matrix presented in Figure 4-L. Each Research
Task is listed by number in Figure 4-5 along with data requirements, type tests to
be conducted. anl facilities to te used. While both existing and new facilities

are specified, only those tasks which require testing in new ground facilities are
shown in Figure Y-l to illustrate the potential capabilities of the new facilities
as well as the desirability of using multiple facilities to proride a high degree
of verification of results.

4.2.6 COST OF PERFORMING RESEARCH -~ The elements considered to affect the cost of
conducting research in new ground test facilities are basically the cost of test
hardware and the cost of facility operation. Summation of these elements yields
research costs.

(a) Test Hardware Costs are accurately derived from definitive descriptions
of every part which is required for a particular test program. The definition of
test hardwere presented in this section is not considered to be precise, but rather
a first order estimate of typical models, test specimens, subsystems, support sys-
tems, and instrumentation which may be used to conduct experimental research. Thus,
the test hardware costs presented in Figure 4-4 are judged reasonable approximations.

{b) Facility Operating Costs are discussed in d=tail in Part 2 of Volume IV.
It is sufficient to say that costs are presented in this volume in dollars per
occupancy hour; therefore, the cost of a particular research program depends on the
amount of testing or the duration of testing in each facility.

AMCDONNELL AIRCRAFT
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(c) Research costs for a given Researc.: Task are obtained as follows:

Determine data required

Determine cost of models or test specimen to be provided

Determine cost of subsystems and test equipment required

Determine cost of instrumentation required

Determine facilities to be used, the duration of testing required,
and the product of occupancy hours times dollars per occupancy hour
0 Sum elements 2 through 5 for each data required ::em.

O 0 0O0O0o

L.2.7 FACILITY UTILIZATION CONSIDERATIONS - The capability ot a facility to accom-
plish experimental research is a direct inction of the degree of simulation and
the accuracy with which desired parameters can be measured. The new ground facil-
ities provide significant increases in envirommental simulation over that which is
available today, but the techniquss of exploiting this capability become importuit
tasks in themselvas. Areas requiring major improvement include the following:

(a2) Engine Inlet/Exit Flow Simulation - This type of simulation is importart
for all propulsion cencepts involved in wind tunnel tests in which the objectives
are to evaluate the effects of inlet flow and spillage on drag and stability and/
or the effects of exhaust gas impingement, interaction, and radiation on local
fuselage contouring and structure and the effects on net thrust and stability.
Simultaneous simulation of these effects is considered to be paremount if inlet
spillage flows are large enough tc interact and affect exit flows. Achievement of
these investigations will require development of small engine simulators with remote
controls to provide the necessary induced inlet flow and exit thrust with simulation
of plume pressure ratios and exhaust temperatures. Current state of the art pro-
vides near-future promise of the development of supersonic engine simulators of the
turbojet and high bypass-turbofan type. Anticipation is that thrust and temper-
atures will be closely simulated while pres<nre ratios will te somewhat less than
desired because of reduced efficiency of small compressors. Plumes, of course, car
be adjusted by varying nozz-.e configuration and exhaust pressures.

Ramjet, scramjet, ard convartible scramjet engine simulation is considered to
be somewhat less complex because of the absence of rotating machinery. 3Some com-
prexities, however. can be expected in provisions of thermal protection in these
simulators as well as their integration into airframes which require contouring to
obtain optimum net thrust.

(b) Acoustic Noise Research - Extensive research has been performed relative
to jet engine and rocket exhaust noise, as well as to its propagation. This re-
search has considered both the near and far-field effects relating to vehicle acous~
tic pressure loading and to the problems of community noise. Empirical methods of
predicting noise levels have been derived and acoustic source regions about, through,
and dewnstream of flowing systems can be identified. The factors which affect noise
energy loss,such as geometric spreading, scattering and refraction of the sound
waves, molecular absorption and other irreversible processes,may be expressed
empirically. The fundamental sources of noise, however, are not known and, there-
fore, analytical models cannot be written which describe, in detail, the effects
of flutter, fluctuating boundary layers, vortex shed and shock wave interaction.

MCOONNELELE. AIRCRAFT
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It has been said that this area of research is one of the most fundamental unex-

plored areas of fluid mechanics and involves the generation of noise through sero-
dynamic interaction with various bodies. Since investigations of the fundamentals
have just begun, it can be expected that a considerable effort will be required to
attain the desired level of knowledge with which to write the mathematical models.

(c) Buffet intensity Research - This is another relatively new area of inves-
tigation which requires study of the methods of analyzing the transmission of
dynamic ro0ads through the airframe and of predicting the effects on structural com-
ponents such as skin, shingles, and panels, and upon the pilot or crew relative to
performing their in-flight functions. Methods of measurement of the dynamic inten-
sity exist today, but the major problem in applying these measurements will lie in
the scaling of data to be obtained from subscale models. Obtainable data accuracy
depends largely on the degree of structural and flight environment simulation which
can be achieved.

(d) Temperature and Heat Transfer - Insirumentation for measurements at
temperatures greater than 2000°F (1366°K) present a basic problem. Optical pyrom-
eters provide some capability for high-temperative measurement, but are not suitable
for many investigations of structural heating and boundary layer investigations. Im-
proved thermocouple materials, coatings, and sensing techniques will be required to
provide the necessary capability in this sarea.

(e) Thrust and Engine Mass Flow - Instrumentation and measurement techniques
are considered to be a significant problem in this area, since the quantities to
be measured are beyond the capabilities of existing airbreathing engine test facil-
ities. Engine thrust will be in the range of 100,000 to 350,000 it (LLL 800 to
1,553,000 N/sec) and airflow will range from 1000 to 2000 1b/sec (k4,hlU8 to 8,896
N/sec). The new ground te.t facilities will provide sufficient airflows, but it
is not clear at this time how these flows will be measured. Facility capability
will be limited to about 100,000 1b (L44kL,800 N) of thrust which will require special
balance designs. A greater problem in thrust measurement is the fact that testing
of scramjets will be limited to single modules and the total thrust must be assumed
to be additive unless testing of scaled engines can yield accurate correction fac-
tors. Any resulting errors in thrust measurements will be reflected in performance
through specific fuel consumption factors obtained from the new facilit

(Page L.2L is blank) MCDONNELL AIRCRAFET
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EXPERIMENTAL GROUND RESEARCH METHODS
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(U) FIGURE 4-5

RESEARCH TASK CCRRELATION WITH TESTING REQUIREMENTS

RT DATA REQUIRED TYPE TESTS FACILITIES

1.1 High Lift Aerodynamic Existing Low Speed Wind Tunnels
Stability and Control
Aerodynamic Loads

1.2 High Lift Aerodynamic Existing Low Speed Wind Tunnels
Takeoff/Landing Performance Propulsive Lift Effects

1.3 High Lift Aerodynamic Exist ing Low Speed Wind Tunnels
Performance Power Effects

Ground Effects
Buffet Onset
1.4 Stability and Control Handling Characteristics Flight Simulators
Adverse C.G. Effects
Trim Capability
Available Control Power

2.1 Stability and Control Aerodynamic Fxisting Subsonic/Transonic
Aerodynamic Loads Wind Tunnels + GD 20 (Leg 1) M|

2.2 Performance Aerodynamic Existing Subsonic/Transonic
Stability and Control Shaping Effects Wind Tunnels + GD 20 (Leg 1)
Boundary *~ayer State Jet Effects

Inlet Position

2.3 Performance Aerodynamic Existing Subsonic/Transonic
Stability and Control Met Thrust Wind Tunnels + GD 20 (Leg 1)
Maxirum Lift Buffet Omnset

2.4 Stability and Control Handlirg Characteristics Flight Simulators

Adverse C.G. Effects
Trim Capability
Available Control Power

3.1 Performance Aerodynamic Existing Righ Supersonic/Hyper-~
Stability and Control Shaping Effects sonic Wind Tumnels + GD 20,

GD 7 1

3.2 Stability and Control Aerodynamic Existing High Supersonic/Hyper-
Aerodynamic Loads sonic Wind Tunnel. + GD 20,

Gd 7

3.3 Perfnrmance Aerodynamic Existing High Supersonic/Hyper-
serodynamic Stability sonic Wind Tunnels + GD 20,
Boundary Layer State GD 7
Reynolds/Scale Effects

3.4 Performance Aerodynaaic Existing High Supersonic/Hyper-
Aerodynamic Stability Jet Effects sonic Wind Tunnels + GD 20,

GD 7

4.1 Aerodynamic Heating Heat Transfer Existing High Supersonic/Hyper-
sonic Wind Tunnels + GD 20,
G 7, E9, E 20.

4.2 Aeirodynamic Heating Heat Transfer Existing High Supersonic/Hyper-
sonic Wind Tunnels + CT° 20,
GD 7, E9, E 20,

4.3 Aerodynamic Heating Heat Transfer Existing High Superson.c/Hyper-
Boundary Layer State sonic Wind Tunnels + GD 20,
Reynolds/Scale Effects GD 7, E9, E 20.

5.1 Stability and Control Flying Qualities Flight Simulators

5.2 Control System Response Flying Qualities Flight Simulators

5.3 Central System Dynamics Pilot Response Flight Simulators

Cornirol Capability
Structural Flexibility
Effects

PRECEDING PAGE BLANK NOT FILME.,
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‘Y) FIGURE 4-5

RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TES1S FACILITIES
6.1 Flow Field Caaracteristics Aerodyaamic Existing High Supersonic/Hyper-
Perfor.ance Control Surface sonic Wind Tunnels + GD 20,
Staoil.tv_and Control Positioning G 7
6.2 Flow Fie.d Characteristics Aerodyramic Existing High Supersonic/Hyper-
Ferlorman:e Engine buct Inlet sonic Wind Tunnels + 3D 20,
tcab lity acd Control Positioning GD 7
6.3 Flow F‘ela Characteristics Aerodynamic Existing High Supersonic/Hyper-
Perforsance Integrated Configuration ]| sonic Wind Tunnels + GD 20,
Stability and Control se 7
7.1 Jet Eifects Simulation Analytical Tash None
Requiremerts
7.2 Flow Fizld Characteristics Aerodynamic Existing Low Speed, Transonic,
Aerc iynamic Loads Jet Effer_s/Net Thrust Supersonic anl Hypotsonic Wind
Pressure Distributious Heat Transfer Tunnels + GD 20, (D 7
Aerodynamic Heating Fluctuating Pressure
Acoustiz Noise
7.3 Performance Aerodynamic Existing Low Speed, Traamsonic,
Stability and Coantrol Jet Effects Supersonic and Hypersonic Wind
Shaping Effects Tunnels + G 20, GD 7
9.1 Performance Aerodynamic Existing Low Speed, Transonic,
9.2 Stability and Control Inlet/Exit Flow Effects Supersonic znd Hypersonic Wind
9.3 Tunnels + & 20, GD 7, E 20,
and E 9.
9.4 Performance Aerothermoelastic Effects | Existing Low Speed, Tranmsonic,
Stability and Comntrol Supersonic and Hypersonic Wind
Tunnels + GD 20, GD 7, E 20,
and E 9.
10.1 Performance Aerodynamic Existing Low Speed, Transonic,
10.2 Stability and Control Stage Integratiom Supersonic and Hypersonic Wind
Aerodynamic Loads/Pressures Evaluation Tumnels + GD 20 and GD 7.
Aerodynamic Heating Heat Transfer
11.1 Separztion Concepts Analytical Task Nomne
11.2 Flow Field Characteristics Aerodynamic Existinz Hypersonic Wind Tunnels
Aerodynamic Loads/Pressures Heat Transfer 4+ GD 20 and GD 7
Acoustic Noise Jet Effects
Shaping Effects Separation/Proximity
Effects
11.3 Second Stage Control During Flighc Test only None
Separation
12.1 Boundary Layer State Aerodynamic Existing Hypersonic Wind Tunnels
Aerodynamic Heacir.g Heat Transfer + GD 20 and GD 7
12.2 Flow Field/Boundary Layer State Aerodvnamic Existing Hypersonic wind Tunnels
Reynolds/Scale Effect - Surface Irregularity + G0 20 and GD 7
Shaping "ffects Effects
12.3 Boundary Layer State Aerodynamic Existing Hypersonic Wind Tunnels
Boundary Layer Control + GD 20 and GD 7
on Inclined Surfaces and
Inlet Ramps
14.1 Buffet Onset/Intensity Aerodynasic Buffet Onset Existing Transonic Wind Tunnels
__1 Shaping Effects and Intensity Tests and GD 20
14.2 Flow Field Characteristics Effacts of Unsteady Flow Existing Transonic Wind Tunnels

Field Condition on Buffet
Onset

and GD 20

i,
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(U) FIGURE 4-5

RESEARCH TASK CORRELAT!ON WITH TESTING REQUIREMENTS (Continued)

Heat Trasasfer and Skin

AMCDOONNELL AIRCRAFY

9

RT I DATA REQUiRED TYPE TESTS FACILITIES
14.3 | Buffet Onset/Intensity Basic Configuration Buffet |Existing Transoniz Wind Tunnels
Onset «nd Intensity Tests |+ GD 20
15.1 Acoustic Noise Environment Sonic Boom Frequency and Existing Supersonic and Hyper-
15.3 Intensity Near and Far sonic Wind Tunnels + GD 20 and
_ Field Noise Measurements |GD 7
15.2 Acoustic Noise Envirooasent Sonic Boom Frequency and Existing Supersonic and Hyper-
Shaping Effects Intensity Near and Far sonic Wind Tunnels + GD 20 and
Field Noise Measurements |GD 7
16.1 Boundary Layer State Windward Surface Heat Existing Supersonic and Hyper-
Aerodynamic Heating Transfer and Skin sonic Wind Tunnels + GD 20,
Friction Tests GD 7, E 20 and E 9
16.2 Aerodynamic FEroting Windward Surface Heat Existing Supersonic and Hyper-
Reynolds/Scaie Effects Transfer and Skian sonic Wind Tunnels + GD 20,
- Friction Tests Gb 7, E 20 and E 9
16.2 Aerodynaric Heating Windward Surface Heat Existing Supersonic and Hyper-
Transfer and Skin sonic Wind Tunnels + GD 20,
Friction Tests GD 7, E 20 and E 9
17.1 Bouncary Layer State Aerodynamic Existing Supersonic and Hyper-
Reyaolds Number Effects Flow Gradient Effects sonic Wind Tunnels + GD 20,
Acoustic Noise Envirooment Fluctuating Surface GD 7, E 20 and E 9
Pressure Tests
17.2 Boundary Layer State Aerodynamic Existing Supersonic and Hyper-
Surface Shaping Effects Surface Irregularity sonic Wind Tunnels + GD 20,
Effects GD 7, E 20 and E 9
15 1 Control Effectiveness Aerodynamic Existing Supersonic and Hyper-
Aerodynamic Heating Reaction Control Jet sonic Wind Tunnels + GD 20,
Effects G 7,E 20 and E9
Heat Transfer
19.1 Control Effectiveness Aerodynamic Existing Wind Tunnels in All
Aerodynamic Heating Control Surface Speed Ranges + GD 20 and QD 7
Effectiveness
19.2 Aerodynamic Heating Aerodynamic Existing Wind Tunnels in All
Heat Transfer om Speed Ranges + GD 20 and GD 7
Deflected Control
Surfaces
20.1 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Reynolds Number Effects Heat Transfer Distribu- | sonic Wind Tunnels + GD 20,
tions on Complete GD 7, E 20 and E 9
Configurations
20 2 Aerodynamic Heating Thermodynsaic Existing Supersonic and Hyper-
Reaction Control Jet sonic Wind Tunnels + GD 20,
Effects GD 7, E20 and E 9
20.3 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Staging/Separation sonic Wind Tunnels + GD 20,
Effects G 7, E20 and E 9
20.4 Flow Field/Boundary Layer State Thermodynaaic Existing Supersoni~ and Hyper-
Aerodynamic Heating Prediction/ sonic Wind Tunnels + GD 20,
Substantiation Gb 7, E20 snd E 9
22.1 Aerodynsmic Heating Thermodynamic Existing Supersonic and Hyper-

sonic Wind Tunnels + GD 20,

Teaperatures
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
22.2 Aerodynamic Heati:ug Thermodynamic Existing Supersonic and Hyper-
Shaping Effects Protuberance Shape sonic Wind Tunnels + GD 20,
Effects on Local Skin GD 7, E 20 and E 9
Temperatures
22.3 Performance Thermodynamic Existing Superscnic and Hyper-
Aerodynamic Heating Surface Irregularities sonic Wind Tunmnels + CD 20,
Effects GD 7, E 20 and E 9
23.1 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Mass Transfer Effects sonic Wind Tunnels + GD 20,
Heat Transfer GD 7, E 20 and E 9
Skin Friction
23.2 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Mass Transfer Effects sonic Wind Tunnels + GD 20,
Substantiation GD 7, E 20 and E 9
Heat Transfer
Skin Friction
23.3 Performance Thermodynamic Existing Supersonic and Hyper-
Aerodynamic Heating Time Varient Condition sonic Wind Tunnels + GD 20,
Effects GD 7, E 20 and E 9
Ablation Effects
Transpiration Effects
24.1 Flow Field State Thermodynamic Existing Supersonic and Hyper-
Leeside Flow Conditions | sonic Wind Tunnels + GD 20,
'GD 7, E 20 anu E 9
24.2 Boundary Layer State Thermodynamic Existing Supersonic and Hyper-
Leeside Boundary Layer sonic Wind Tunnels + GD 20,
Conditions GD 7, E 20 and E 9
24,3 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Leeside Heat Traasfer sonic Wind Tunnels + @ 20,
Leeside Skin Friction GD 7, E 20 and E 9
25.1 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
25.2 Gap Flow Effects sonic Wind Tunnels + GD 20,
25.3 Heat Transfer GD 7, E 20 and E 9
25.4 _
26.3 Aerodynamic Heating Thermodynamic Existing Supersonic and Hyper-
Effects of Internal and | sonic Wind Tunnels and Thermal
External View Factors on| Facilities + GD 20, GD 7, E 20,
Equilibrium Surface E9 and S 20
Temperatures
27.1 Flow Field/Boundary Layer State Thermodynamic Existing Supersonic and Hyper-
27.2 Aerodynamic Heating Heat Transfer sonic Wind Tunnels and Thermal
27.3 Reynolds/Scale Effects Jet Effects Facilities + GD 20, GD 7, E 20,
E 9 and S 20
28.1 Physical Properties Materials Existing Thermal/Structural
Physical/Chemical Compatibili:y Tankage Thermal Facilities + S 20
Service Properties Protection System
Thermal Properties/Effects
28.2 Fabrication Properties Structures Existing Thermal/Structural
Fabrication Methods Tankage Thermal and Mechanical/Structural
Thermal Properties/Effects Protection System Facilitjes + S 20
28.3 Fabricatio~ Methods Structures Existing Mechanical/Structural
Inspection Methods Tankage NDE Facilities + S 20
Bepair Methods Technigues
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
28.4 Combined Environment Effects Structuyres Existing Combined Eavironment
Tankage Structure and Facilities + S 20
TPS Verification
Thermal/Mechanical/
Altitude and Fuel Flow
Tests
30.1 Integration Methods Structures Existing Combined Environment
Shaping Effects Integrated Fuselage and Facilities + S 20
Combined Enviromment Effects Tankage
Thermal/Mechanical/
Altitude and Fuel Flow
Tests
30.2 Fabrication Methods Structures Existing Mechanical/Structural
Inspecticn Mcthods Integrated Fuselage and |Facilities + S 20
Repair Methods Tankage NOE Techniques
30.3 Combined Environment Effects Structures Existing Combined Environment
Integrated Fuselage and |Facilities + S 20
Tankage
Thermal/Mechanical/
Altitude and Fuel Flow
Tests
32.1 Thermal Properties/Effects Materials Existing Thermal/Mechanical
32.2 Mechanical Properties Coated Leading Edge Structural and High Temperature
Physical Prope;ties Material Tests in a Flow Facilities + S 20, E 20
Service Properties High Teaperature and E 9
Oxidation Resistance Oxidizing Environment
32.3 Fabrication Methods Structures Existing Thermal/Mechanical
Physical/Chemical Compatibility Coated Leading Edge Structural and High Temperature
Oxidation Resistance Structural Tests in a Flow Facilities + S 20, E 20
High Temperature and E 9
Oxidizing Envircnment
33.1 Control Surface Physical Analytical Task None
and_Environmental Boundaries
33.2 TPS Performance Structures Existing Thermal/Mechanical
Actuator Systems Performance Control Surface TPS and |[Structural and High Temperature
Fabrication Methods Actuator Systems Tests Air Flow Facilities and W.nd
Under Conditions of Tunnels + GD 20, GD 7, E 9,
Temperature and Load E 20 and S 20
33.3 Service Properties
Performance, Reliability, Limits Structures Existing Thurmal/Mechanical
Control Surface TPS and |Structural and High Temperature
Actuator Systems Tests Air Flow Facilities and Wind
Under Conditinns of Tunnels + GD 20, GD 7, E 9,
Temperature and Load E 20 and S 20
34.1 Physical Properties Structures and Materials Existing Thermal/Structural,
Thermal Properties Heat Exchanger System Fluid Flow and High Temperature
Fabrication Techniques Panel Tests Under Air Flow Facilities + S 20,
Operating Conditions of |E 20 and E 9
Temperature, Pressure
and Fluid Flow
34,2 Physical/Chemical Compatibility Materials Existing Thermal/Structural

Heat Exchanger Materials
and Fluid Compatibility
Tests Under Conditions
of Temperature and
Pressure

and Fluid Flow Facilities + S 20
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
34.3 Heat Exchanger Flow Passage Analytical :ask None
Geometry
34.4 Performance, Reliability, Limits Structures Existing Thermal/Structural,
Qualification, Verification Heat Exchanger Panel Fluid Flow, High Temperature
Environment Tests Under | Air Flow Facilities and Wind
Conditivns of Flight Tunnels + GD 20, GD 7, E 9
Heat Transfer Rates and Jand S 20
Fluid Flow
35.1 Limits of Surface Smoothness Structures Existing Thermal/Mechanical/
35.2 and Irregularity Major Structural Section | Structural, High Temperature Air
Tests Under Conditions Flow F»-ilities and Wind Tunnels
of Temperature and + GD 20, GD 7, E 9 and S 20
Mechanical Load
3.2 Physical Properties Materials Existing Thermal/Mechanical/
Thermal Properties Coupon Tests Under Structural, and High Temperature
Physical/Chemical Compatibility Conditions of Flow Facilities + E 20, E 9,
Oxidation Resistance Temperature and and S 20
Service Properties Mechanical Load
36.3 Service Properties Structures Existing Thermal/Mechanical/
Oxidation Resistance Full Scale Structural Structural, and High Temperature
Component Tests Under Flow Facilities + E 20, D 9,
Conditions of Tempera- and S 20
ture and Mechanical
Load
38.1 Fuel Slosh Modes/Intensities Structures Existing Fuel Slosh Facilities
Fuel Slosh Tests to + S 20
Evaluate the Fluid
Dynamics Effects on
Structural Loading
and Tank Design
38.2 Inertial Forces/C.G. Structures Existing Fuel Slosh Facilities
Perturbations, Stability Fuel Slosh Tests to + S 20
and Control Evaluate the Effects
of Fluid Inertial
Forces and C.G.
Perturbations on
Aircraft Handling
Qualities
38.3 Fuel Slosh Modes/Intensities Structures Existing Fuel Slosh Facilities
Inertial Forces/C.G. Fuel Slosh Tests to +5 20
Perturbations, Stability Evaluate Slosh
and Control Suppression Devices
39.1 Acoustic Noise Eanvironment Structures amd Materials Existing Thermal/Acoustic, High
39.2 Near Field Noise Effects Thermal/Acoustic Tests Temperatur: Air Flow Facilities
of Thin Gauge Structural |and Wind Tunnels + GD 20, GD 7,
Components E 20, E9 snd S 20
40.1 Inspection Methods (NDE) | Analytical Task None
40.2 .aspection Methods (NDE) Structures Existing Thermal/Mechanical
Combined Envirommental Structural aid Thermal/Acoustic
Tests of Calibrated Facilities, ¢nd High Temperature
Failure Specimens Flow Facilities + E 9 and S 20
40.3 Service Properties Structures Existing Themal/Mechanical

Combined Envirommental
Tests of Calibrated

Failure Specimens

Structural anc¢ Thermal/Accustic
Facilities, ard High Temperature
Flow Facilities + E 9 and S 20
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
41,1 Comyonent Weight Analytical Tasks None
41.2 Accouating Systems
42.1 Performance, Reliability, Limits Structures Existing Thermal/Mechanical
Physical, Thermal and Mechanical Thermal /Mechani. al/ Structural Facilities + § 20
Properties and Repair Techniques Structural Tests of
Major Structural Sections
43.1 Physica’ Thermal Fabrication Materials Existing Thermal/Mechanical/
anc Service Properties and Thermal/Mechanical/ Altitude Faciltiies, High
Physical /Chemical Compatibility Altitude Tests of Temperature Air Flow Facilities
Reusable TtS Material +E 20, E9 and S 20
Coupons
43.2 Se-vice Properties Structures and Materials Existing Thermal/Mechanical
Inspection Methods Thermal/Mechanical/ Altitude Facilities + E 20,
Renair Methods Altitude Tests of E 9 and S 20
Reusable TPS Structural
Components
43.3 Fabrication, Inspection and Structures Existing Thermal/Mechanical
Repair Methods Thermal/Mechanical/ Altitude Facilities + S 20
Altitude Tests of Major
Structural Sections
with Reusable TPS.
43.4 Reusable TPS Experimental Analytical Task None
Data Correlations
44.1 Identification of Advanced Analytical Tisk None
Materials
44,2 Physical, Chemical, Theraal, Materials Existing Thermal/Mechanical/
Fabrication and Service Thermal/Mechanical/ Structural Facilities
Properties Structural Tests of
Advanced Material
Coupons
45.1 Suitability of Fabrication Analytical Task None
Techniques
45.2 Fabrication Methods, Structural Existing Mechanical/Structural
Properties and Effect Fabricatic "wpeciments |Facilities, High Temperature
an #4: need Maturials Air Flow Facilities + E 20,
aud L arlex Structural E 9 and S 20
AR o R
45.3 Fabrication Methods Struc:-wres ExistIng Thermal/Mechanical/
Qualification and Verification Comb .- .d Environment Structural, and Thermal/Acoustic
Tests of Coupons and Facilities and High Temperature
Structural Elements and |Air Flow Facilities + E 20, E 9
Assemblies and S-20
46.1 Estimated Environments for Analytical Task None
Bearings, Lubricants, Closure
Seals, Tires, Wind Shields
and Radowes .
46.2 Performance, Reliability, Structures and Materials Existing Thermal/Mechanical/

Limits
Service Properties

Combined Fnvironment
Tests of System Com-

ponents Such as Bearings,

Lubricants, Closure
Seals, Tires, Wind
Shields and Radomes

Altitude Facilities + S 20
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
48.1 Flow Field State Propulsion Existing Wind Tunnels + GD 7,
Fuselage Flow Field GD 20, E 20 and E 9
Tests to Determine
Potential Inlet
L Locations
8.2 Inlet Control System Performance |Propulsion Existing Wind Tunnels + GD 7,
48.3 Inlet/Engine Force Environment Airflow Performance GD 20, E 20 and E 9.
Shaping Effect Tes.s of Different
Reynolds/Scale Effects Inlet Classes and Sizes
48.4 Inlet Control System Performance Propulsion Existing Wind Tunnels + GD 7,
Inlet Engine Face Environment Inlet Air Flow Tests of |GD 20, E 20 and E 9
Performance, Shaping Effects, Different Inlet Designs
Stability and Control and Forebody Shapes to
Determine Performance,
Stability and Control
Effects
52.1 Engine Cooling Coucepts Analytical Tasks None
52.2 Ablation and Transpiration
52.3 Cooling Technology
Regeneration and Radiative
Cooling Technology
52.4 Engine Cooliug Councepts Propulsion Existing Engine Test and High
Performance Engine Component Tests Tempuerature Air Flow Facilities
to Determine Cooling -]1+E9%and E 20
System and Engine -
Performance
55.1 Acoustic Noise Environment Propulsion Existing Engine Test and Wind
Engine Inlet Noise Tunnel Facilities + GD 20 and
Abatement Systems E 20
Tests
55.2 Acoustic Noise Enviionment Propulsion Existing Engine Test and Wind
Airbreathing Engine Tunnel Facilities + GD 20 and
Nozzle Noise Abatement, E 20
Systems Tests
55.3 Acoustic Noise Environment Propulsion Existing Engine Test and Wind
Rocket Engine Nozzle Tunnel Facilities + GD 20 and
Noise Abatement Systems |[|E 20
Tests
57.1 Turboramjet Cycle Analyscs Analytical Tasks None
57.2 Turboramjet Component Design
57.3 Concepts
Definition of Qualification
| Pr-gram
57.4 Engine Component Performance Propulsion Existing Turboramjet Engine and
57.5 Turboramjet Component Component Test Facilities +
and Integrated Core E 20 and E 9
Engine Tests in Opera-
ting Environments
57.6 Integrated Engine Performance Propulsion Existing Turboramjet Engine Test
Integrated Turboramjei Facilities + E 20 and E 9
Inlet/Engine/Nozzle
Performance Tests
58.1 Definition of Mission Profiles Analytical Tasks None
58.2 Multi-Mode Eangime Cycle Analyses
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DPATA REQUIRED TYPE TESTS FACILITIES
53.3 Integrated Engine Performance Propulsion Existing Engine Test and Wind
Aerodynamic Performance Intcgrated Multi-Mode Tunnel Facilities
Engine Performance Tests
Plus Aerodynamic Inlet/
Exit Flow Effects Tests
39.1 Ramjet Cycle Analyses Analytical Tasks None
59.2 Ramjet Component Design Concepts
59.3 Definition of Qualification
Program
59.4 Engine Component Performance Propulsion Existing Ramjet Evgine, and
59.5 Ramjet Componert and Component Tests Facilities +
Integrated Core Engine E 20 and E 9
Tests in Operating
Environments
59.6 Integrated Engine Performance Propulsion Existing Ramjet Engine Test
Integrated Ramjet Facilities + E 20 and E 9
Inlet/Engine Nozzle
Performance Tests
60.1 Convertible Scramjet Cycle Analytical Tas«s None
60.2 Analyses
60.3 CSJ Component Design Concepts
Definition of Qualification
Progranm
60.4 Engine Component Performance Propulsion Existing CSJ/RJ Engine ard
60.5 Convertible Scranjet Component Test Facilities +
Components and Inte- E 20 and E 9
grated Core Engine
Tests in Operating
Environzents
60.6 Integrated Engine Per.ormance Propulsion Existing CSJ/RJ Engine Test
Integrated Convertible Facilities + E 20 and E 9
Scramjet Inlet/Engine/
Nozzle Performance Tests
61.1 Scramjet Cycle Analyses Analytical Tasks None
61.2 Scramjet Component Design C-ncepts
61.3 P-finition of Qualificatio:.
" _ogxram
61.4 Engine Component Performance Propulsion Existing Scramjet Engine and
61.5 Scramjet Componeats and |Component Test Facilities + E 9
Integrated Coze Engine
Tests in Operating
Environaents
61 6 Integrated Engine Performance Propulsion Existing Scramjet Engine Test
Integrated Scraxjet Facilities + E 9
Inlet/Engine/Nozzle
Performance Tests
62,1 Candidate HTO Aircraft Configura- [Analytical Tasks None
tions and Rocket Engines for
Integration
62.2 Aerodynamic, Thermodynamic, Propulsion All Applicable Types of Existing

Structural, Material, Propulsion,
Subsystem and Operations Data
as Required

Development Tests for
Integration of a Rocket
Engine into a HTO Aflr-

craft Configuration

Ground Test Facilities + GD 20,
GD 7 and S 20
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATE REQUIRED TYPE TESTS FACILITIES
62.3 Performance, Reliability, Limits |Propulsion All Applicable Types of Exicting
Qualification/Verification Developmental and Quali- | Ground Facilities + GD 20, GD 7
fication Tests of a ana S 20
Rocket Powerad HTO
Aircraft
63.1 Inlet/Engine Face Environmert Propulsion Existing Wind Tunnels and High
Flow Field/Boundary Layer State Inlet Airflow, Tests of | Temperature Airflow Facilities
Aerodynamic Loads and Heating Subscale and Full Scale |+ GD 7, GD 20, E 9 and E 20 '
Models to Determine ’
Inlet Control Surface
Environment
63.2 Sensor Control System Performance | Propulsion Existing Wind Tunnels, High
Inlet Airflow Tests of Temperature Airflow Facilities,
Subscale and Full Scale |and Thermal/Mechanical/Structura’
Models to Determine Facilities + & 7, GD 20, E 29,
Inlet Control System E9 and S 20
Sensor Performenie
63.3 Actuator Systems Performance Propulsion Existing Wind Tunnels, High
Inlet Airflow Tests of Temperature Aicflow Facilities,
Subsca.e and Full Scale |and Thermal/Mechanical/Structural
Models to Define and Facilities + GD 7, GD 20, E 20,
Demonstrate Actuator E 9 andi S 20
Positioning
54.1 Performance Aerodynamic Existing Low Speed Wind Tunnels
64,2 Stabilitv and Control Jet Effeccs and Flight Simulators + GD 20
Ground Effects and E 20
Flying Q-alities
65.1 Engine Exhaust Nozzle Analytical Task None
Requirements for TRJ, RJ, CSJ &
SJ Engines -
65,2 Shaping Effects Propu'sion Existing Wind Tunnels and Engine
Jet Nnzzle Cencept Component Test Facilities +
Evaluacion Tests AL 7, GD 20, E 20 and E 9
65.3 Performarce Aerodynomics Eaxisting Wind Tunnels and Engine
Shaping Effects Jet Thrust, Base and Component Test Facilities +
Boattail Drag Tests of GD 7, GD 20, E 20 and E 9
Candidate Nozzle Con-
cepts Integrated ia an
Airframe Shape
67.1 Inlet/Engine Environment Propulsion Existing Wina Tunnels and High
Inlet Airflow Tests to Temperature Flow Facilities +
Measur: Pneumatic GD 20, E 20 and E 9
Acoustic Impedences
67,2 Inlet/Engine Face Environment Propulsion Existing Wind Tunnels and Higzh
67.3 Inlet Flow Simulation Temperature Flow Facilities +
Teats of Inlets Without |GD 20, E 20 and E 9
Forebodies to Develop
Methods of Duplicating
Forebody Flow
Disturbances
68.1 Procedures, Methods, Techniques Subgystems Existing Ccyogenic Fuel Systems

Subcooled Cryogenic
Propellant Tests to

De:_armine Characteristics

of Low ®ressure Boiloff,
Helium Refrigeration and

Facilitiesz + S 20

Isentropic Expansion
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

B. DATA REQU. koD TYPE TESTS FACILITIES
68.2 Procedures, Methods, Techniques Subsystess Existine Cryogenic Fuel Systems
Subcooling Pilot Plaat Facilities + S 20
Tests to Determine Con-
tinuous Cooled Storage
and Pymping Requirements
_ )} .ot Crycgenic fueis
68.3 Procedures, Metiods, Techniques Sub-ystems Existing Cryogenic Fuel Systems
Storage, Yandling and Facilities + S 20
Tracspeit lests of Sub-
codled Cryogenic Fu-ls
69.1 Cryogenic Fuei Fiuid Dymamic !Az-.;lyticnl Task None
and Thermodvnazic Characteristics
in Horizontal Tankage
69.2 Combined Tnvironw at Effects Subsystems Existing Combined Environment
Thermal /Mechanical Load/ | Facilities + S 20
Alritude Tests of Sub-
scale Cryogenic Fuel
Tankage
69.3 Fluid Systems Performance Subsystems Existing Cryogenic Fuel Slosh
Fuel Tackage Slosh Facilities + S 20
- Suppression Effects
70.1 Regenerative Cryogenic Heat Analytical Task None
Exchange Reguirements R
70.2 Fl1 id Properties Subsvstems Existing Cryogenic Fluid Systems
Heat Exchanger Cryogenic | Test Facilities + £ 20
Fluid Flow Tests at
Conditioas of Critical
Pressure and Temperautre
70.3 Physical, Mechanical, Thermal Subsystems Existing Cryogenic Fluid Flow
Properties, Physical/Chemical Heat Exchanger Materials | Systems Test Facilities with
Compatibility and Fabrication Tests Under Conditions Thermal/Mechanical Load
Techniques of High Texperature Capability + S 20
Hydrogen Environment
70.4 Fluid Flow Systems Subsystems Existing Cryogenic Fluid Flow
Performance Heat Exchanger Compo— Systems Test Facilities with
aents Tests in a The rmal /Mechanical Load Capa-
Simulated Operating bility and High Temperature Air-
Eavironaent flow Facilities + E 20, E 9
and S 20
70.5 Fluid Flow Systems Performance Subsystems Existirg Cryogenic Fluid Flow
Service Properties Integrated Heat Systems Test Facilities with
Senscr Control System Performance Exchanger Tests in a Thermal/Mechanical Load Capa-
Simulated Operating bility and High Temperature Air-
Envirooment flow Facilities + E 20, E 9
and > 23
71.1 Performance, Reliability, Limits | Subsystems Existing Hydrocarbon Fuels Test
Fuel Combustion and and Engine Test Facilities
Coolant Performance
Tasts
71.2 Perfcrmance, Reliability, Limits Subs:stems Existing Endothermic Fuels Test
Fuel Combustion and and Engine Test Facilities
Coalant Performance
Tests
71.3 Performance, Reliability, Limits |Subsystems Existing Fuels Test and Engine

Fuel Combustion Proper-
ties and Performance
Tests

Test Facilities
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES
72.1 Performance, Reliability, Limite | Subsystems Existing Fuel/Fluid Systems
Fuel System Tests to Test Facilities
Determine Effects of
Fuel Properties on
Service Life of System
Component
72.2 Performance, Reliabllity, Limits | Subsystems Fxisting Fuel/Fluid Systeas
Fuel System/Tankage Tesc Facilities
Inerting lests
72.3 Proccedures, Methods, Techniques Subsystems . £xisting Fuel/Fluid Systems
Fuel Systems Gro Test Facilities
Support Equipment, Fuel
Handling and Logistics
Tests
73.1 Service Properties Subsystems Existing Cowbined Enviromment
Combined Envirooment Effects Fuel Systems Component Test Facilities + S 20
Materials Tests
73.2 Performance, Reliability, Limits Subsystems Existing Cryogenic Fuel System
Fuel Systems Component Test Facilities with Combined
Design Concepts Tests Environment Capability + S 20
73.3 Performance, Reliability, Limits 1§ Subsystems Existing Cryogenic Fuel System
Subscale Ground and Te.t Facilities
Vehizle Cryogenic Fuel
System and Tankage
Tests Under Simulated
Ground Support Conditiouns
754.1 Definition of Fuel Loading Rates | Analytical Task Noue
74.2 Scale Effects Subsysteas Existing Cryogenic Fuel Systea
Pefformance, Reliability, Limits Subscale Cryogenic Fuel |Test Facilities
Tankage Tests to
Determine Limiting Geo-
metric and Operational
Parameters and Scale
Effects
74.3 Performance, Reliability, Limits | Subsystems Existing Cryogenic Fuel System
Subscale Tankage Cryo- Test Facilities
genic Fuel Systems and
Tankage Design Evaluation
75.1 Performance, Reliability, Limits | Subsystems Existing Cryogenic Fuel System
Aircraft Fuel Tankage/ Test Facilities
Insulation Concepts Tests
75.2 Performance, Reliability, Limits | Subsystems Existing Thermal/Mechanical and
Scale Effects Subscale Fuselage/ Structural Load Test Facilities
Combined Environment Effects Tankage/Fuel System Tests|+ S 20
in a Combined Thermal,
Mechanical and Structural
Load Simulated
Environment
75.3 Procedures, Methods, Techniques Subsysteas Existing Thermal/Mechanical and

Subscale Fuselage/
Tankage/Fuel System Tests
in a Combined Thermal,
Mechanical and Structural
Load Simulated Environ-
ment to Evaluate Fuel
System Control Tests

Structural Load Test Facilities
+S 2
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRCU TYPE TESTS FACILITIES
77.1 Antenna Requirements and Analytical Task None
Conceptual Designs
77.2 Antenna Performance Subsystems Existing Antenna Facilities.
Thermal, Physical Properties Combined Environment Corbined Thermal, Mechanical,
Compined Environment Effects Tests of Antenua Systems | Structiral Load and High
to Evaluate Performance | Temperature Airflow Facilities
at Simulated Flight +E 20, EO and S 20
Conditions
78.1 Stability Augmentation Analytical Task None
Requirements
78.2 Stability Subsystems Existing Hypersonic Wind Tunnels
78.3 Performance, Reliability, Limils Wind Tunnel Test to +GD 20, GD 7, E 20 and E 9
Procedures, Methods, Techniques Evaluate Effectiveness
of Stability Augmenta-
tion Devices
79.1 Air Data Measurement Techniques _ | Analytical Task None
79.2 Perfocmaace, Reliability, Limits Subsystems Existing Wind Tunnels, High
Qualification and Verification Demonstration Tests of Temperature Airflow Facilities
Sensors and Air Data and Combined Environment Test
System in Simulated Facilities + GO 20, GD 7, E 20,
Flight Environment E9 and S 20
80.1 Actuator Systems Performance, Subsystens Existing Wind Tunnels, High
80.2 Reljability and Limits Control Surface Temperature Airflow Facilities
Actuator System Per- and Combined Enviromnment Test
formance Tests Under Facilities + GD 20, GO 7, E 20,
Simulated Thermal E9 and S 20
and Airloads
82.1 Procedures, Methods, Techniques Subsystems Existing Wind Tunnels, High
82.2 Energy Conversion Efficiency APU Concepts, Components | Temperature Airflow Facilities
82.3 APU Performance and Prototype Auxiliary | and Combined Eavironment Test
Power Units Pertormance Facilities + GD 20, GD 7, E 20,
Tests Under Simulated E9 and S 20
Flight Conditions
83.1 Liquid Cryogen ECS Analytical Task None
Operational Requirements
83.2 Performance, Reliability, Limits Subsystems Existing Combined Thermal,
Prototype ECS Concept Mechanical Load Test Facilities
Performance Tests Under |+ S 20
Simulated Operational
Conditions
84.1 Candidate ECS Concepts for M=4.6 |Analytical Tas. None
Hydrocarbon Fueled Vehicles
84.2 Performance, Reliability, Limits | Subsystems Existing Combined Thermal,
Prototype ECS Concept Mechanical Load Test Facilities
Performance Tests Under |+ S 20
Simulated Op- ational
Conditions
85.1 Evaluation of Candidate AAM/ASM Analytical Task None
Systems
85.2 Integration Methods Subsystems Existing Wind Tuanels, High
85.3 Procedures, Methods, Techniques AAM/ASM Systems Temperature Airflow and Combined

Development and Integra-
tion Tests Under Simu-

lated Flight Conditions

Eavironment Facilities + GD 20,
7,2 2,E9and S 2
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

‘ Stability and Comtrol

RT DATA REQUIREYL TYPE TESTS FACILITIES
27.1 Operational Procedures - Analytical Task None
Differences Betweer Curreat
and Potential Hypersonic Aircraft]
87.2 adequ..cy of Existing Air Bases/ Analytical Task Nonao
Facilitie: to Accommodate
Operational Requirements of
Potential Hypersonic Aircraft
87.3 Demonstration of Ground System Operation Flight Only
Capabiiity Flight Test
89.1 Navigational Requirements of Analyticcal Task None
Potential Operational Vehicles
20,2 Performance, Reliability, Limits | Cperatiomns Existing Ground Systems
Navigaiinnal Systems
cvaluation Tests
89.3 Performance, Reliability, Limits | Operations Existing Ground Systems
Navigational 2nd
Information Display
Systems Evaluation
93.1 Performance, Reliability, Limits | Analytical Task None

Performance, Reliability, Limits
Combined Eanvironment Effects

Fuel Leak Sensing
Systemas Effectiveness
in a Simulated Thermal/
Mechanical Load
Eavironment

93.2 Procedur2s, Methods, Techniques Operations Existing Wind Tunnels, and
Performance, Reliability, Limits Evaluation of Dynamic Mechanical/Structural Test
Environment Effects Facilities + G0 20, G 7, E 20,
on Ride Quality and E7 and S 20
Structural Transaission
of Abrupt Forces and
Motions
94.1 Abort and Crew Escape System Analytical Task Noae
94.2 Criteria, Proceiures, Methods,
Techuiques
94.3 Procedures, Methods, Technijues Operations Existing Wind Tunnels, High
Qualification and Verification Evaluation of Abort/ Temperature Flow Facilities anma
Escape Systems Combined Environment Structural
Envirooment and Facilities + GD 20, GD 7, E 20,
System Qualification E 7 and § 20
Tests
96.1 Performance, Reliability, Limits ] Operations Existing Wind Tunnels, High
Qualificatiocn and Verification Flight System Temperature Flow Facilities and
Evaluation Tests Combined Ervironment Structural
Facilities + GD 20, GD 7, E 20,
E 7 and S 20
96.2 Sensor System Performance Operations Existing Wind Tunnels, High
Sensing System Effec- Temperature Flow Facilities and
tiveness Tests Under Coabined Environment Structural
Simulated Flight Facilities + GD 20, GD 7, E 20,
Conditions E 7 and S 20
97.1 Sensor System Performance Operations Existing Fuel/Fluid Systems
Fuel Leak Detection Facilities
System Evaluation Tests
97.2 Senscr Svetia Operations Existing Combined Environment

Fuel/Fluid S- ‘tems Test
Facilities + . 20
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(U) FIGURE 4-5
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued)

RT DATA REQUIRED TYPE TESTS FACILITIES

99.1 Performance Operat ions Existing Low Speed Wind Tunnels

99.2 Stabllity and Control Fuel Leak Sensing and Flight Simulators
Procedures, Methods, Techniques Systems Effectiveness

in a Simulated Thermal/
Mechanical Load

Enviroonment
100.1 Performance, Reliability, Limits | Operations Existing Fuel/Fluid Systems Test
100.2 Procedures, Methoas, Techniques Cryogenic Fuel Loading/ Facilities and Ground Systems
__Pumping Tests :
1€2.1 Inspection and Repair Methods Analytical Task Noae
102.2 Qualification and Verification Operations Existing Mechanical/Structural
Demonstration of Test Facilities + § 20

Inspection and Repair
Methods Under Simulated
Operational Conditions

(Page 4-42 is Blank) AICDONNELL AIRCRAFY



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME I ® PART 3

5. DESCRIPTION OF RESFARCH REQUIREMENTS AND FACILITY CAPABILITY ANALYSES

The research rotential of new ground and flight facilities to contribute to
the confidence needed to initiate development of operational hypers.aic systems is
quantified in terms of Facility Research Value. This dimensionless value provides
a means for comparirg varicus candidate new facilities with one another, with exist-
ing facilities, and with the total value of research defined as necessary for
achievement of the reguirad confidence level to proceed to operational system devel-
orment.

Two primary faccors are reflected in the Facility Research Value for each
flight research vehicle and ground test facility:

(1) The importance of the Research Tasks which the facility performs, and

(2) The extent to which the facility can perform the Research Tasks with which
it is associated.

The intent of this section is to describe in detail how Facility Research Values

are determined. Although the basic methodology has been explained in Volurmes 11

and I1II, some refinements have been implemented during Phase III. Faciiity Research
Values have been developed or both a focused and a characteristic basis. As a
result, the value of a facility can be expressed in terms of its ability to perform
specific research for which it is desizned, es well as in terms of its versatility.
In addition, the Resear-h Tasks have been refined somewhat during Phase III, and

the capability of each facility has been quantified relative to each task considered
individually, rather than with respect to the tasks for a given Research Objective
taken collectively.

Figure 5-1 illustrates in flow-diagram format the relationship between factors
influencing the Facility Research Value for a particular facility in relation to a
given operational system. The heavily outlined blocks represent the primary ele-
ments discussed in the remainder of Sectiorn 5. This figure is an amplification of
the diagram presented in Section 2.

The process for determining Facility Research Values described in this section
is presented in relation to Operational System Cl (a Mach 6, turboramjet-powered,
hypersonic transport). This operziional system was chosen for illustration pri-
marily because of its intermediate position within the operational system spectrum
with regard to maximum speed attainable and complexity of propulsion system devel-
opment. This selection of Operational System C1 for illustrative purposes is in no
way intended, however, to imply that a higher degree of consideration has been
given to this system than to the other three involved (Operational Systems L2, M1,
and M2) thrcughout the analysis. A complete set of data for these three operational
systems can be found in the Appendix.

5.1 RESEARCH TASK INTRINSIC VALUES FOR OPERATIONAL SYSTEM Cl.

The first factor reflected in the Facility Research Values, the impo~tance of
the Research Tasks, is measured in terms of Research Task intrinsic value. For
perspeciive, these intrinsic values are meaningful only when considered in relation
to the values of other tasks. They then reflect the relative importence of the

AMCDONNELL AIRCRAFT
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FIGURE 5-1
RESEARCH REQUIREMENTS AND FACILITY CAPABILITY ANALYSIS
Paired Comparison Data
for Research Objectives
Law of Comparative - Research Objective
Judgment latriasic Values
Weighting Factors for
Evaluation Criteria and Teklmportace |—pf  Tesearnh Tad
Techmology Areas ves insic Valpes _
Facility Valwe
e For Each Task
Facility Capability Criteria < Cverall Applicable Tasks{
1. Envirommenta! Simulation Facility Capability
2. Cosfigwation Arangement and [
Size Similitede to Perform Each Task Ft%“,
3. Verification and Demonsiration Research
Value

tasks in contributing to the technological confidence level required to initiate
the development of one or more potential operational systems.

The methodology for computing intrinsic values for the Research Objectives and
Tasks is described in detail in Volumes II and III. A description of the process
is repeated here in an abbreviated form for the sake of illustration.

Four primary factors are involved in the calculation of the Research Objective
intrinsic values:

A) Paired-comparison data from 66 industry, NASA, and Air Force evaluators
who compared each Research Objective, one against the other, within their areas of
specialty:

B) Relative weighting factors determined for the two evaluation criteria
(Technology Advancement and Cost/Schedule) used to rank the objectives.

C) The Law of Comparative Judgement, which assumes that the normal distribu-
tion best describes the differences of opinion among a large number of evaluators
concerning which of two items in a pairing is the more important; and

D) Relative weighting factors for the six technological areas by vwhich the
objectives are categorized.

AMCDONNELL AIRCRAF.
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An iilustration of how these factors are combined to yield Research Objective
intrinsic values for two representative objectives, No. 57 and No. 77, is presented
in Figure 5-2. 1In addition, this figure illustrates how these objective intrinsic
values are used to determine the intrinsic values of tasks associated with each
objective. At the top of the figure, the results of the paired comparison analysis
are summarized for Objective 57. The number of evaluators choosing OobJective 5T is
listed versus each of the other objectives in the Propulsion area. Results are

shown for both evaluation criteria, and the average values appear in the finai
column.

The tables in the center of Figure 5-2 depict how the four factors listed
above (A through D) influence the objective intrinsic values. Results are presented
for both Objective 57 and Objective 77 for comparative purposes. The first values
shown in the derivation. designated Value A, are the everage favorable votes for the
objective in the paired-comparison analysis. The two evaluation criteria and the
six technological areas were assigned relative weightings by the evaluators; the
composite weightings which result are indicated in the figure for the Propulsion and
Subsystems areas and for the two eveluation criteria. The weighted average for the
two criteria (Value B) is based on the corresponding weightings for these criteria
(.607 and .393). The relationship between this weighted-average value and the
Comparative Judgement Value (Value C) is illustrated in the graph at the lower left
of the figure. The effect of the normal distribution is to concentrate values more
toward the center of the scale, except for values near zero and 100, in which case
little er'fect is produced. Finally, the objective intrinsic value (Value D) is
expressed as the product of Value C and the technological area weighting factor.
In this example, since :he weighting factor for Propulsion is above 1.00, Value D
is increased over Value C for Objective 57, while a decrease results for Objective
77, because Subsystems has a weighting factor below 1.00. The resulting intrinsic
values of 73.6 and 29.0 for Obtjectives 57 and 77, respectively, are those used in
the subsequent analysis for these cbjectives.

The chart in the lower right portion of Figure 5-2 shows how task intrinsic
values are determined for Research Tasks 57-4 and 77-2. The task importance values
indicate that, while both tasks are highly important to the fulfillment of their
respective objectives, Task TT7-2 is the more important in this respect. The task
intrinsic value is found in each case by multiplying the objective intrinsic value
by the task importance value. The resulting values of 62.6 and 29.0 for Tasks 57-k
and T7-2, respectively, are those shown in the subsequent figures of this section
for these tasks.

Intrinsic values for all of the Research Objectives and Tasks arplicable to
Operational System Cl are presented in Figure 5-3. Each lire of the figure repre-
sents one Research Objective, *-ith the objective's code number indi~ated in the
first column. The second column contains the intrinsic value determined for each
objective during Phases I and II. As mentioned previously, 24 of the original 102
Research Objectives identified in Phase I were deleted and incorporated as Research
Tasks under other objectives early in Phase II, reducing the final number of
objectives to 78. Many of these T8 obJectives apply to all operational systems
considered, while others apply to as few as one operational system. The 66 lines
of Figure 5-3 represent those objectives from the total of 78 which have application
to Operationasl System Cl. The importance of these 66 objectives, in terms of ttreir
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FIGURE 5-2
DERIVATION OF INTRINSIC VALUES - ILLUSTRATIVE EXAMPLE
OPERATIONAL SYSTEM Cl

Paired Comparisor Resuits

R.0. 57: DEVELOPMENT AND DEMONSTRATION OF TURBORAMJET SYSTEMS

Total Number of Dvaluators fo' Propulsion Objectives = 32

Research Objectives to Which R.0O. R.O. R.O. R.O. R.O. R.O. R.O. R.O.
R.C. 5 is Compared L8 52 55 58 59 63 65 67
Numdber of Evaluators | Tech. Adv. 19 22 30 17 1k 21 20 17
(Out of 32)

Choosing R.0. 5T Cost & Sch.] 20 2k 32 18 19 25 21 21

Objective Intrinsic Value Derivation

R.0.57: DEVELOPMENT AND DEMONSTRATION OF
TURBORAMJET SYSTEMS

Technological Area: Progpulsion
Weighting Factor for Propulsion = 1.25
No. of Propulsion Evaluators = 32

R.0. 77: FLUSH OR RECESSED ANTENNA DESIGN
TECHNIQUES

Technological Area: Subsystems
Weighting Factor for Subsystems = 0.76
No. of Subsystems Evaluators = 18

Tech. Cost & Tech. Cost &
Adv. Schedule Adv. Schedu:}e
(.607) | (.393) (.607) | (.393)
A. Avg. Votes Out of 32 0.0 22. A. Avg. Votes Out of 18 bk6_|_5.00 |
I-’c%.- (Based on 327 ~ .o% .35 Pet. (Based on 1BY L. BLT| T27B%
B. Wtd. Avg. For 2 Criteria 65.6% B. Wtd. Avg. For 2 Criteria 26.0%
C. Comparative Judgment Value 58.6 C. Comparative Judgment Value 38.4
D. Objective Intrinsic Value D. Objective Intrinsic Value
(Including Effect of Tech. 73.6 (Ineluding Effect of Tech. 29.0
Area Weighting) Area Weighting)

Normal Distribution (Cumulative)

8

o
o

L
()

17,

5

Pct. Favorable Votes

(Weighted Avg. For 2 Criteria)
*
o

0

/] ao &0 160

Comparative Judgment Value

Task Intrinsic Value Derivation

R.T.
Task No. T7-2
— |

ObjJective Intrinsic Value || 73.6 | 29.0
Task Importance Value I] 0.85| 1.00
Task Tntrinsic Value 62.6 | 29.0
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FIGURE 5-3 RESEARCH TASK INTRINSIC VALUES

OBJECTIVFE
INTRINSIC
VALUE

55.9
$6.0
T0.6
h&,Q
54.0
53.8
56.‘
AT
$9.0
37,7
39,6
55.5
50.5
56.1
53,5
5CG.8
54.9
43,0
54,6
‘o.?
73.5
57.8
58.4
61.6
T0.9
36.5
61.5
37.4
41.3
59,0
51.4
62.5
T2.6
“.a
66,0
53.4
69.4
61.8
3n.%
7.6
#8.0
10.2
57.9
s .1
658.9
wnﬂ
37.4
“"
33,7
37.0
42,4
32.0
46.4
29,0
9.9
30.3
41.4
33'1
9.1
37.9
42.7
29.3
3’.‘
35.1
“.‘
37.5%
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Operational System C1
TASK= 1 2 3
fx.9 67.5 33.5
56,0 47.6 33,6
40,0 70.6 21.2
58,2 38,9 38.9
56.0 4£T7.6 47.6
65.7 5.7 53.8
47.9 47.9 33.8
%1l.6 51.6 36.4
50.1 35.4 17.7
32.0 22.6 37.7
23.8 39,46 23.8
67.2 AT.2 55.5
42.9 42.©
&7.7 47,7
53.5 45.9% 45,5
50.8 83,2 43,2
66,7 32.9 54.9
36,5 43,0 36.5
32.3 &b .4 54,6
40,2 24.1 34,2
62,5 62,5 44,1
49,1 34,7 57.8
3s.0 58.4 49,6
61.6 52.4 37.0
N/A 42.5 60.3
36,5 31,0
36.9 52.3 61.5
31.8 37.4 31.8
24,8 41.3
59.0 50.1 35.4
3.7 43.7
62.5%
61.7 72.6 3.6
55.1 66,8
38.4 Sh. 4 64,0
45.4 45,4
%$9.0 59,0 41.6
52.% 52.5 52.5
25.9 2%.9 N/A
44,2 “h,2 44,2
40.8 0.8 57.8
42.1 42,1 2.1
34,7 49,2 57.9
38.5% 54,5 64,1
41.3 41,3 58.6
74,5 34,7 34,7
22.4 31.8 31.8
27.8 27.8 39.4
28,6 28,9 33,7
22.2 31.4 37.0
25.4 36,0 42.4
19.2 19,2 32.0
27.8 39,4 86,4
24,6 29,0
23.9 313.9 39,9
2%.8 30.3
35.2 41.4%
20.0 28.3 13.3
23.5 39,1
22.7 22,7 37.9
2%.6 2%.6 36,3
29,3 264.9
2%.6 33,5 39.4
21.1 35,1
21.8 36.4
31.9 37,5

TASK INTRINSIC VALUES

4

16.8
16.8
42.4

51.6

32.1

2%5.8

73.5

N/A

43.6

69.4
61.8

62.6
59.7

39.4
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intrinsic values, ranges from the 73.6 of Objective 57 (Development and Demonstra-
tion of Turboramjet Systems) dow.. to the 29.0 of Objective 7T {Flush or Recessed
Antenna Design Techniques). For purposes of reference, the average intrinsic value
of these 66 objectives is 50.7.

The remaining columns of Figure 5-3 present the intrinsic values of all the
Research Tasks applying to Operational System Cl. It should be noted that, since
the list of tasks was refined and condensed early in Phase III, the number of ta: :s
per objective and the task intrinsic values shown in Figure 5-3 are slightly differ-
ent from those presented previously in Volume III. The tasks identified as elements
of the 66 objectives relating to Operational System Cl total 198, with the number
of tasks per objective varying from cne to six. Task importance wvalues ranging
from O to 100 percent are assigned to the Research Tasks, indicating the relative
importance of the t:sks in contributing to the fulfillment of their Research
Objectives. The intrinsic value for each task is then computed by multiplyving the
importance value of the task by the intrinsic value of the objective under which
the task is listed. The task intrinsic values are thereby constrained to fall
within the interval between the intrinsic value of their particular Research
Objectives and zero. The intrinsic value of an objective, then, serves as the
upper limit on the intrinsic values of the tasks associated with it. TIn this wayv.
the intrinsic value relationship among the various objectives is carried over to
the tasks defined as subelements of these objectives.

The task intrinsic values for Operational System Cl range from 73.6 down to
16.8 and average 41.9. All tasks with intrinsic values over 41.9 have above-average
influence on research notential results, while those tasks rated less than this
value have below-average influence on such results. Furthermore, the difference in
the degree of influence of two tasks is directly proportional to the ratio of their
intrinsic values. For instance, a task with an intrinsic value of 60.0 has twice
the effect on research votential results than a task with an intrinsic value of 30.0.

5.2 FACILITY CAPABILITY TO ACCOMPLI.H RESEARCH TASKS FOP OPERATIONAL SYSTE. C1

Each new conceptual research facility, ground and flight. was examined to
determine the extent of its capability to accomovlish the research associated with
each of the tasks and objectives listed in Section 3. The resalt, ir general terms,
is a judgment of the percentage of the research which could be comrleted in each
facility prior to commitment of resources for operational system development. In
this sense, the values reflect the par:metric breadth of the facility overating
envelope, ‘n terms of Mach Number, Reynolds Number, test section size, and cliass of
research accomplished. Specific evaluation criteria were established in order to
arrive at a consistent set of values, to eliminate potential parochial bias by
either technological or facility proponents, and to nullify the advocacy cf a par-
ticular operational concept. All capability assessments were made in terms of
relative fulfillment of the research as it applies to the specific operational
system. The results of the facility capability assessment represent an evaluation
of the matching of facility parametric range with overational vehicle envelope as
illustrated by the altitudc-Mach Number variations in Sections S and 7.

AMCDORNNELL AIRCRAFETYT
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Facility Capebility results are presented in Figure 5-4 for the five ground
facilities and the two nasic flight wvehicles included in Phase TII. Also shown is
the capabilityv of cenbined existing ground facilities. Values are included for each
of the 198 Research Tasks which aoply to Ovnerational System Cl. Dashes indiceate
that the particular Tacility has no application to the corresmonding task. No
assessment was made for those tasks which are strictly analytic in nature.

Analysis of the facility capabilities at the Research Task level was based on
the following criteria:

(a) Physical Environmental Simulation

® To what extent are key parameters (e.g. noise, pressure, temperature,
Mach no., loads, etc.) simulated, either ndividually or in combination,
in a static or time-variant manner?

° Wrat is the capability of the facility to accommodate a wide range of
test conditions contributing to a broad rescarc: base, in terms of
multi-point research, wide parametric variation capability, and research
time available for satisfying the objective as it rels‘es to a -eason-
able rasearch program?

(b) Conflguratlon Arrangement and Size Similitude

What i1s the capability of the facility to accommodate 2 model or
exverimental specimen, in terms of the limits of scaling factors,
experimental section, and model size:?

To what extent can unknown interacticns be uncovered?

(c) Ver1f1cat;on and Demonstration Capabili-

To what extent can operational flig:. i ..uxdware b~ tested?

To what extent can onerational flight profiles a2nd vehicle utilization
be simulated?

To what extent can the actual operational flight enviromment character-
istics be proven?

o]

The relative weightings for these three criteria are as follows for an overall
facility assessment:

Flight
Research Ground
Vehicles Facilities
Physical Environmental Simulation 25% 33%
® Configuration Arrangerient and Size Similitude 25% 33%
®© Verification and Demonstration Capability 50% 33%

Although this may appear to represent a double standard frr evaluation, in reality
it allows ¢ -aluation of facility potential capability against research which the
facility can be expected to accomplish. As a result, ground facilities are neither
charged with the requirement tn provide flight verification nor penalized lor their
failure to do so. On a vniform base, the above criteria expand to the following

AMCDONNELL AIRCRAFT
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FIGURE 5-4
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM C1
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FIGURE 5-4
FACIiLITY CAPABILITIES FOR OPERATIONAL SYSTEM C1 (CCNTINUED)
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FIGURE 5-4
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM C1 (CONTINUED)
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weightings which allow a direct comparison of ground and flight capabilities at the
task level:

Flight Ground
Research  Research
® Physicel Environmental Simulation 25% 5%
© Configuration Arrangement and Size Similitude 25% 25%
© Verifi-ation and Demonstration Capability
Ground Research 25% 25%
Flight Research 25% 0%

when a ground facility is isolated and its individual capability to perform
the described research is assessed, a measure of its performance is that percent of
the applicable research attained in the facility compared to the capability of an
ideal ground facility. At this point, the sum of 75% generally becomes the maximum
attainable by an ideal ground facility, as a point of reference, with equal weight-
ing then given to the environmental, size similitude, and demonstration criteria.
When multiplied by the task intrimsic values, these percentages yield the ideal
ground-facility values noted in the remainder of this section. These values do
not degrade facility capability but, on the contrary, provide insight into that
portion of each task which can be realistically attained in ground facilities. In
this way, the values for the various proposed ground facilities can be considered
in reiation to the types of research which these facilities are intended to perform,

and penalties are not incurred by ground facilities for failing to provide flight-
test verification and demorstration.

5.3 FACILITY RESEARCH VALUE

Research Task intrinsic values and the facility capabilities described prev-
iously in this section are combined to yield Facility Research Values for the
conceptual flight research vehicles and ground facilities. The research potential
for each facilit, in relation to each task for which it has capability, is found
by multiplying the intrimsic value of the task by the capability of the facility to
perform the task. The sum of these products over all applicable tasks is designated
the Facility Research Value for the particular facility.

An illustrative example of the manaer in which Facility Research Values are
derived is presented in Figure 5-5. These data correspond to the focused research
for GD20 as applied to Operational System Cl. Accordingly, the nineteen tasks
listed are judged to be those which GD20 would be specifically designed to accomplish.
The task intrinsic values contained in the second column correspond to those pres-
ented in Figure 5-3 for these tasks. The third column presents the research ovoten-
tial of the spectrum of existing facilities which are of the same general class as
GD20. These values are obtained by multiplying the task intrinsic values by the

ASCDONNELL AISCRAET
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FIGURE 5-5
COMPUTATION OF FOCUSED FACILITY RESEARCH VALUE - ILLUSTRATIVE EXAMPLE
Facility GD20
Operational System C1
Task Value of Existing Ideal Value of GD20

Task Intrinsic Facilities Related Ground Facility + Related Fxist-
No. Value To GD20 Value ing Facilities
3-3 21.2 9.5 13.6 12.5

k-1 55.2 17.1 3.3 3.7

-2 38.9 12.1 24.9 16.7

4-3 38.9 12.1 24.9 16.7

9-1 51.6 1.4 26.8 ol f

12-1 50.1 13.0 28.1 5.1

12-2 35.4 9.2 19.8 17.7
12-3 17.7 L.6 11.3 8.8

14-1 32.0 9.6 17.9 17.0

1k-2 22.6 5.4 12.7 10.0

16-1 h7.2 13.2 26.4 1Rk

16-2 47.2 13.2 30.2 18.4

17-1 k2.9 9.4 2k.0 21.0
17-2 k2.9 9.4 28.8 21.0
20-1 53.5 13.k 38.0 2h.1
2h-1 L6.7 1k.0 33.1 21.0

24-2 3.9 9.9 23.4 1k .R

27-3 34.2 1k.k 20.5 19.1

48-1 59.0 2h.8 3.5 35.L

Total 225.7 479.2 366.2 = D20

Facilitv Researc
Value (Focused)

capability of existing facilities to perform each task. These capability percent-
ages correspond to those presented in the existing facilities column of Figure S5-k
for the nineteen tasks involved. The fourth column of Figure 5-5 presents the
values corresponding to the maximum portion of the various tasks attainable by
ground facilities, in terms of ideal ground-facility value. Finally, in the last
column of Figure 5-5, the value for GD20 in conjunction with existing facilities is
presented corresponding to each Research Task, with the Facility Research Value for
GD20 shown at the bottom of the column as the sum of these individual task values.
The numbers in the third and fourth columns for the individual tasks, as well as
their sums, serve as reference points for the values in the final column. Each
ralue in the final column lies within the interval bounded at the lower end by the
valu2 of existing facilities considered aione and at the upper end by the iueal value
for ground facilities.

Research values are listed in Figure 5-6, on a task-by-task basis, for all
facility-task combinations which apply to Operational System Cl. The format is
similar to that of Figure 5-5 bLut includes all five ground facilities and both basic

AICOONNELL AIRCRAFY
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FACILITY RESEARCH VALUES FOR TPERATIONAL SYSTEM C1 (CONTINUED)
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flight research vehicles evaluated in Phase III. As in Figure 5-L, the Jasnes
indicate that the particular facility does not have application to the corresponding
Research Task. Those facllity-task combinations which involve focused research for
a particular facility asre designated by asterisks. Tasks which are appropriate for
accomplishment only in ground facilities are ideniified in the flight research
vehicle columns.

The values vresented in the Facility Research Value summary at the bottcom of
Figure -6 are the sums of research values over all applicable %asks. Characteris-
tic Facility Research Values for the Phase III facilities, listed in the middle row,
are the sums of values presented in the asbove portion of the figure for all appli-
cable Research Tasks. The related existing-facilities total in the top row is the
sum of the existing-facilities values for all tasks for which the research facility
has application. Similarly, the related ideal-facility totals in the bottom ~ow
are determined by suming the corresponding ideal-facility values over the tasks
for which the research facility has an application. The characteristic Facility
Research Values for the two flight research vehicles are the sums of the values
corresponding to all tasks except those designated as involving strictly ground-
test research. The related existing-facilities total for the flight vehicles
corresponds to the values for the combination of all existing facilities summed
over these same flight-test related tasks, while the related ideal-facility total
is the summation of the intrinsic values, again, over all tasks other than those
involving only ground testing or which are strictly analytic.

The Facility Research Values prasented in the focused research summary of
Figure 5-6 are developed in a similar manner to the characteristic Facility Research
Values. The only difference is that only those task-racility combinations desig-
nated ty asterisks are involved in the summing process which yields these focused
velues. Therefore, the magnitude of the focused values is significantly reduced
from that of the characteristic values.

The values presented in this summary of characteristic and focused research
form the basis for the results shown for Operational System Cl in the remainder of
this volume. The development of the corresponding data for the flight vehicle
options relative tc Operational System Cl, as well as all data corresponding to
Operational Systems L2, M1, and M2, is presented in the Arn-endix.

AMCOONNELL AIRCRAFT
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6. FLIGHT VEHICLE RESEARCH POTENTIAL

Facility Research Value is the measure of research potential used in this
study. It measures the capability of a facility to fulfill the expressed intent
of the relevant Research Tasks applicable to an operational vehicle.

Facility Research Value, as determinad for the flight research vehicle concepts,
is viewed as the contribution of a flight research program to provide confidence in
the technology base to proceed with initiation of an operational system. This
follows the original premise used in the "Hypersonic Research Requirements Survey"
early in the study, i.e. accoumplishment of the identified research and develcpment
will provide a minimum-risk procurement in the event that it is found desirable to
initiate procurement of one or more of the potential aircraft systems. Assessment
of the Facility Research Value considers: 1) the research contributions cIi the
flight research vehicle and 2) the ~omposite contributions of existing ground
facilities to accomplishment of applicable Research Tacks.

The data presented allows a direct comparison of the research potential of
the selected Mach 6 and Mach 12 flight research vehicles in a consistent set of
terms. An assessment is also presented for the enhancement of basic vehicle
research obtained by incorporation of the following flight research options:

Mach 12 Research Vehicle

® Convertible Scramjet (CSJ)

Szramjet (SJ)

Thermal Protection System (TPS)
Subsonic Turbojet (S-TJ)
Horizontal Take-off (HTO)
Armament (ARM)
Research Vehicle

Thermal Protection System (TP3)
Armament (ARM)

Mach

O OON O O 0 0 O

The research potential, or Facility Research Value, is broken into two distinct
categories, "characteristic" and "focused" as previously discussed, to provide a
measure of overall and specific research potential, respectively. The character-
istic research value is a measure of the versatility of a facility to accomolish
the complete spectrum of research tasks applicable to a given operational systeu.
This enables consideration of facility capabilities to accomplish all Research
Tasks which are accommodated by flight test. Focused research values illustrate
the research potential of new facilities in those areas of research for which tne
added flight research options are specifically designed to provide research data.

6.1 RESEARCH VEHICLE/OPERATIONAL VEHICLE COMPARISONS

The selected flight research vehicles are designed to provide the combined
capability to explore the entire flight profile defined for the representative
potential operational vehicles. However, there are several design and operational
Tactors unique to each flight vehicle. These influence the assessment of research
vehicle capability to perform the identified Research Tasks as each applies to a
specific operational vehicle. A brief summary of the major vehicle characteristics
is tabulated in Figure 6-1.

AMCDONNELL AIRCRAFT
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Fl

GURE 6-1

HYFAC FLIGHT RESEARCH VEHICLES ALLOW FULL EXPLORATION

OF THE OPERATIONAL VEHICLE FLIGHT PROFILES

2 RuTarr.h Vehicle Fn* Envelope

A

o

mm

/%///

)
.

.

14

2 4 6 8 10 12
Mach Number
General Vehicle Characteristics
Vehicle Function Configuration Propulsion Mach Class
210 Research Wing/ Body TRJ 6
€233 Research All Body Air Launched Rocket 12
Potential
Operational
System
L2 Launch Vehicle All Body TJ+CS) 8-10
C1 Commercial Blended Wing Body TRJ 6
)] Military Wing/Body TR) 45
w2 Military All Body Rocket + $J 12
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Each of the flight research vehicles satisfies unique as well as mutually
overlapping areas of research. The basic C210 is a Msch 6 airbreathing cruise ve-
hicle with conventional wing-body configuration that incorporates take-~off and land-
ing capabilities typical of current high-speed aircraft. The basic €233 vehicle is
a Mach 12 rocket-powered all-body configuration, airlaunched from a C-5, offer.ing
a versatile capability to accommodate many research options.

A composite flight envelovme for the research aircraft is presented in Fisure
6-1,in order to relate the research vehicle characteristics with operational
vehicle flight profiles. It is readily apparent that the flight research vehicles
combine to allow exploration of the entire range cof temperature, pressur . and Mac™
number for the overational vehicle flight profiles. For a rocket-power . veniclie,
maximun-altitude envelone is a function of overs1ll thrust, total propellants, and
vehicle control capability. The absolute upper flight envelope is governed by
vehicle recovery limits (set by structural and thermal considerations as explained
in Volume IV, Part I); but these enable flight up to 250,000 feet (76.2 ¥m). This
enables high-altitude exploration of the environment and research intc v-~hicle re--
turn/recovery techniques, although some test time and speed reduction may be neces-
sary ,depenling uvon the exact ascent trajectory selectec. The Mach 6 vehicls
operational envelope is governed by e engine operating -.nvelope, but Pratt and
Waitney anticipates full ramjet mode capability operatic.a for the engiine to 110.000
feet (33.5 km) and Mach T.

Both vehicles are designed with a 2500 psf (11.97 N/cmz) dynam ¢ :.ressure
design capability. The Mach 6 vehicle is placarded between Mach 3.8 and its cruise
Mach number by a ramiet duct pressure limit of 150 psi (103.4 N/ecm2). The design
equilibrium skin temperature for the Mach 12 vehicle is 2800°F (1811 °¥). The
airlaunched rocket vehicle employs constant-iltitude acceleration to its design
dvnamic pressure. This represents a fairly realistic lower operating envelope for
that vehicle, since the vocket engines are designed for full expansion at an
altitude of 35,000 feet(9.14 km) and extensive maneuvering would result in substan-
tial nozzle flow separation. The HTO optior with lower expansion ratio nozzles,
would allow explcration of this portion of the envelope with minimum performsnce
losses.

Although the basic Mach 12 research vehicle exhibits the ootential to cover
the entire operational spectrum, the basic vehicle does not incorporate an air-
breathing propulsion capability. However, both the Tonvertible Scramjet and
Scramjet options will provide this capability within the defined envelope. Cue
particularly sttractive research approach includes use of the basic Mach 12 vehicle
to provide aerothermodynamic configuration data with sufficient flow field and
shock interference definition to enable relatively high-confidence incorporation of
the airbreathing research options at & later date. The payoff, in terms of attain-
ment of Facility Research Value, is illustrated in subsequent sections.

6.2 POTENTIAL OF BASIC RESEARCH AIRCRAFT

Each flight research aircraft was analyzed to determine its contributicn
toward fulfillment of the research tasks as the; ~pply to the notential operational
systems. Thc assessment represents the parametric matching (. iesearch vehicle zud
operati~mal vehicle characteristics. The results proride insight irto how well
either tne Mach 6 or Mach 12 aircraft can perform the research resquired for eac:
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potentia - ,erational system i. .erms relative to that system. Although the results
may be indicative of current conlider e levels for develooment of a particular
orerational systenm, ticy dJo not depict the difficulty of accomplishing the research
on zn absolute sczle,nor do they define operational system levels of risk.

Results are presented in terms of both Facility Research Value and percent of
tctal intrimsic value for all flight-research-related tasks applying tc the partic-
ular orerational vehicle. The value of all combined existing ground facilities,
evaluated on the same basis, ic also shown and provides a point of reference for
comparison of facility capabilities. The evaluaticn includes a broad base of
potential research, cutting across all technology lines. The relatively high
research values attained by the flight vehicles is indicative of the importance of
flight demonstration and their inherent versatility, i.e. the ability to accomplish
simultaneous research and examine interactions of individual technological contri-
butions.

In = assessment of the capabilities of the flight research vehiclies as applied
to operational systems requirements, it is evideat that the closer the mat-h between
research vchicle characteristics and operational vehicle characteristics. the
higher the Facility Research Value for that specific research vehicle. When examin-
ireg *he basic Mach 12 research vehicle capatilities for the L2 and M2 onerational
vehicles,it is quite apparent that a significanrt increase in research potential
may be derived by the sddition of an airbreathing opticn to the basic vehicle. As
a resu_t, the Co rtible Scramjet option (CSJ) contribution to the Facility
Research Value . Jeen identified with the basic Mach 12 vehicle contribution for
each operating vehicle. ©Of the airbreathing modifications. the CSJ is chosen for
illustration because it cffers increased flexibility on a research basis over the
scramjet (SJ). The du.l mode (subsonic combustion) feature offers potential for
comrenent de - .lopment which may also be apolicable to conventicnal ramjet or tur—
boramjet enzines, and enables airbreathing craise operaticn of the all body config-
uration below Mach T.

6.2.1 RESEARCH POTENTIAL CHARACTERIZED FOR OPERATIONAL SYSTEM L2 - The research
tasks applicable to the recoverable laurch vehicle include specific requirements
to investigate staging techniques, use of reaction contrel meotors, zrd investiga-
tion of ablation cooling techniques. Propulsion tasks are limited to thcse which
efiect turbojet and convertible scramjet engine develoomert and integration, while
L~sks characteristic of military operation ana rapid turnaround are excluded.
Considzrable emphasis is placed on the entire aerothermodynamic research envelcpe
and on utilization of cryogenic prope.lants.

A comparison of relative capability uctween the basic Mach 12 and Mach 6
vehicles reveals that the Mach € vehicle, with airbreathing *ake-off and ~anding
cspability,can satisfy some of the low-speed aerodynamic and operational tasks
alc1g with operaticn of inlel controls and component development through the
transonic regimz up to Mach 6. This advantage is slightly mcre “han offset by the
basic Mach 12 performance in thc higher-speed envelope, prcviding increased aero-
thermodynami =3 structural data i. that environment for a cornfiguration more
revresentative of the sperational vehicle L7. The additicn -f the Convertible
Scramjet option to> the *asic ifach 12 vehicie provides a near-prototype
configuration,as illustrated by tke Facility Resea.ch Value improvement dericted
in Figure 6-2.
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FIGURE 6-2

FLIGHT RESEARCH VEHICLES GREATLY INCREASE RESEARCH POTENTIAL
OVER EXISTING GROUND FACILITIES

Operational System L2: Recoverable Launch - M8 to 10 — TJ/CSJ

Total Inirinsic Vaiue of all Flight Research Relsted Tasks Applying b L2

N

3
N
ka

Facility Research Value

SNANNN

3
NN
i H

E;:;;:;;;;;:;;;:i;;:. : 3% / E::t: /
lm RPN %/’Ftii&s / é/Ftim
. S ////4 ,////A
Ground Taheoft Air-Lamnched
Airbreather Rucket

Although there is still a significant configuration difference, the basic research
vehicle is capable of fully exploring the projected operaticnal vehicle flight
profile as discussed above. The values shown includc the use of existing ground
facilities as a foundation in the development of the basic flight research vehicle.
Using the existing facilities as a point of reference, the basic flight vehicles
each increase the existing research potential by about 135%. The addition of the
Convertible Scramjet option to the basic Mach 12 vehicle increases the existing
potential to accomplish research relevant to the recoverable launch vehicle by 170%.

6.2.2 RESEARCH POTENTIAL CHARACTER™ZED FOR OPERATIONAL SYSTEM Cl - Several of the
Research Tasks identified in Section 3 have specific relevance to the operational

Mach 6 hypersonic transpcrt, while cthers have been deleted because of their lack of
application. For commercial transpor® operations, tasks involving investigation of
engine noise reduction and provision of rapid turnaround with cryogenic systems gain
in importence. Developmer’ the hydrcgen-fueled turboramjet engine and research into

mode transition, engin- tion techniques and inlet unstart are essential ele-
ments in the accuisit .iga-confidence data base for development of a Cl-
class vehicle. Tasks ve been identified as inappropriate, (and not included
in the assessment of re :n potential epplicable to Cl) are those dealirg with

staging or resulting in long turneround times, military response and armament, and
specific research into propulsion concepts ot»er than the turboramjet.
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Figure 6-3 illustrates the extent to which the basic Mach 6 and Mach 12 research
vehicles increase the resesrch potential of existing facilities. The basic Mach 6
vehicle provides significai.tly greater research capability related to Cl than the
basic Mach 12 vehicle for all major technical areas except structures and materials
development, where comparable research value exists. The results reflect the general
similarity between the basic Mach 6 research v-hicle and the operational system
studied. Although specific configuration difrerences exist, such as overall size,
inlet location and structural arrangement, the flight demonstration capabilities
allow full exploration of the operational vehicle flight profile. Existing ground
facilities are used to provide a base for the flight research facilities, as noted on
the bar charts. The Facility Research Value for existing facilities equals 39% of
the task intrinsic value total for those tasks which are amenable to flight research.
The basic Mach 6 flight facility attains 90% of the task intrinsic value total, while
the air-launched Mach 12 rocket vehicle attains only T7% of the research goal.
Inclusion ot the Convertible Scramjet option, as shown by the dashed line, provides
some airbreathing propulsion development (components and integration studies). The
result is a modest increase in facility research potential.

FIGURE 6-3
A MACH 6 RESEARCH L1ICLE HAS A LARGE RESEARCH VALUE ADVANTAGE
FOR A MACH 6 OPERATIONAL SYSTEM
Operational System C1: Hypersonic Transport — M6 — TRJ
6000
" Total ebinsic Vale of all Flight Research Relater, Tasks Applyig® Cl
5000 190%_______CSJ Optien

0%
7%

;
NN

|
V/

’// %Fnl

3%

Facility Research Value
[7%]
F

AZNZAISNIANAAAAA AN )
P RN
0%000%% 2% 0% %!
DQQQ.Q'OOOQOOJ

1000 //
BSOS 2 //
. SR 14 /. /1
Grownd Takeeff Air-L aunched
Airbreather Rocket

AMCDONNEL L AIRCRAFT
)



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME IXX ® PART 3

6.2.3 RESEARCH POTENTIAL CHARACTERIZED FO" OPERATIONAL SYSTEM M1 - Thke overall
research scope is somewhat reduced for Operational System Ml. This particular
system concept is a Mach L.5-class, storeble-hydrocarbon fueled, turboramjet~
powered interceptor. As a result, all tne cryogenic tasks are elimina.ed, along
with supersonic combustion research, staging, and the use of ablative thermal pro-
tection schemes. Emphasis is placed o1 engine/airframe integration, hydrocarbon
fuels, and research into satisfactory armament storage and launch techniques.

A measure of current capability is illustrated in Figure 6-4. The basic Mach
6 vehicle with turboramjet propulsion offers the greatest research potential, with
a Facility Research Value equaling 91% of the total intrinsic value of all flizht
Research Tasks applicable to Mi. This vehicle, although not identical in configura-
tion to M1, offers considerable potential for low-speed and transonic aerodynamicz
investigation as well as propulsion integration techniques, particulariy mode
transition and inlet operation at appropriate points in the flight profile. As a
result, significant increases over basic Mach 12 vehicle capability have been
registered for the aerodynamic and propulsion technologies, with moderate improve-
ments noted in all other areas. The addition of the airbreathing option increases
the Mach 12 research potential from 77% to 80% by virtue of increased vehicle
flexibility and exploration of the subsonic combustion mode (and its integration/
vehicular effects). As a point of comparison, existing ground facilities have a
research potential of L43% for Mil.

FIGURE 6-4

A TURBORAMJET MACH 6 RESEARCH VEHICLE SATISFIES MOST RESEARCH
REQUIREMENTS FOR A MACH 4.5 INTERCEPTOR

Operational System M1: Interceptor — MA.5 - TRJ
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6.2.4 PESEARCH POTENTIAL CHARACTERIZED FOR OPERATIONAIL SYSTEM M2 _ Research Tasks
required for high-confidence development of the Military Strile system involve (1)
aerodynamic/thermodynamic hypersonic flow characteristics, (2) low-speed configura-
tion development, (3) operation and integration of the scramjet engine, (4) cryoeenic
propellant systems, (5) research into advanced structural/thermal protection systems,
and (6) investigation of armament integration/weapons :elease techkniques. Research
Tasks involving integration of primary low-speed airbreathing propulsion, pronulsion
mode transition (in either the TJ/RJ or subsonic-to-supersonic combustion), or
stage separation are not pertinent.

In all technology areas, the basic Mach 12 research vehicle shows an increase
in research potential over the basic Mach 6 vehicle. The greatest proportional
increases are in propulsion (because ihe configuration allows research into
definition of external compressicn and expansion), aerothermodynamics (because of
Fach number extremes,even though the Mach 12 vehicle cannot perform basic low-speed
and take-off and landing research) esnd subsystems research into cryogenics, armament,
flight data systems, and controls. Significant increases are also noted in the
structures and materials area, primarily at the high-temperature end for resesich
involving coated refractory metais, radiative shingles, and high-temperature com—
ponents (bearings, seals, radomes, etc.)

Figure 6-5 contrasts the basic Mach 6 and Mach 12 vehicle capabilities with
addition of the CSJ option to the basic Mach 12 vehicle. The dramatic facility
enhancement provided by this option is evident. It impacts virtually all tech-
rology areas tc enable attainment of a Facility Research Value equivalent to 86%
of the total intrinsic value of all flight research relevant to M2. If the Scram-
jet option were used in place of the Convertible Scramjet ,thereby closely duplicating
the operational vehicle except for weapons capability, the research potential
would reach 8T#. As a point of reference, existing ground facilities attain 31%
of the research goals, with very minor hypersonic prcpulsion capability included.

6.3 POTENTIAL OF RESEARCH AIRCRAFT ENHANCED BY OPTIOMS

The addition of other research options, or modifications to the basic research
vehicles, can significantly enhance the basic vehicle research potential, as just
illustrated. The sum of all research options will approach total parametric ex-
rloration of the operational vehicle profiles. The end result is major improve-
ment in confidence for operational systems development for the entire flight
spectrur., It is anticipated that systems demonstration, paralleled by ground
facility investigations of configuration alternatives, will allow attainment of
confidence levels for development which approach the research goal even though
exact configuration similitude may not be demonstrated.

The dramatic increase illustrated for the Convertible Scramjet option to the
basic Mach 12 research vehicle extends also to the Scramjet option for that same
vehicle. On a characteristic research scale (i. e. in terms of attainment of the
total intrinsic value of all flight-research-related tasks applying to a given
operational vehicle), the remaining options show only modest increases. Their indi-
vidual merit, and absolute value, is lost in the mass of numbers unless specific
attention is focused to those areas, or Research Tasks, to which these options
apply. For this reason, when specific attention is devoted to such areas, the term
"Focused Research Value" is employed, as opposed to the "Characteristic Research
Value", which applies to the entire set of flight-research-related tasks apply.ng

tional system.
to an opera v APCOONNELL AIRCRAFE T
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FIGURE 6-5

A SCRAMJET ADDED TO THE MACH 12 RESEARCH VcHICLE SIGNIFICANTLY INCREASES
ITS VALUE FOR A SCRAMJET-POWERED OPERATIONAL SYSTEM

Operational System M2: Military Strike — M12 - RKT/SJ

Total Intrinsic Valve of all Flight Research Relaled Tasks Applying to M2
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6.4 FOCUSED RESEARCH POTENTiAL POR MACH 6 VEHICLE GPTIONS

The basic Mach 6 vehicle, w:th only two research options, can serve as a good
example to further clarify the roi> of focused research in the analysis of capabil-
ity enhancement through the addition of options. Figure 6-6 illustrates the char-
acteristic Facility Research Value for the basic vehicle and for each option in
terms of attainment of the total intrinsic value of all flight-research-related
tasks which apply to each operational vehicle. The options are Thermal Protection
System (TPS) and Armament (ARM). The TPS option applies to all opcrational vehicles,
while the Armament option applies ¢nly to the military vehicies M1 and M2. On a
characteristic basis the increased research value can barely %e measured, being
no greater than 1%, although the option is absolutziy essential for operation.l

vehicle development.

Br zumming intrinsic values over only those tasks applicable to the options
-, soerational vehicle, attention is focused on the improvement in re-
i4l for only the relevant tasks, and the differences are no lcnger
ieluted research. The research potential attained is indicative
: wm ™ -« envelope covered and does noi differentiate between
E . *: in regard to difficu 'ty of performing a given objective.
.. ..sed research assessment are shown in Figure 6-T for the

s
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same options which are evaluated in characteristic terms in Figure 6-6.

For the armament option, increases in research potential, on a focused basis. are
68% and Th% of the basic values for M1 and M2 resvectively. It was generally found
that the unfulfilled portion of the total applicable research (on a focused basis
after incorporation of the sptions) is indicative of the difficulty of attainment
of those specific research goals for each operational system. The closer the re-
search vehicle resembles a specific operational system, the greater the research
potential in relation to that system. The use of focused values places emphasis
on the specific nature of the research in question for each option and allows a
quantitative ranking by operational systems.

FIGURE 6-6
ALL MACH 6 FLIGHT RESEARCH OPTIONS SHOW
MODEST IMPROVEMENT IN FACILITY RESEARCH VALUE
OVER BASIC VEHICLE CAPABILITY

Characteristic Research Value of Basic Mach 6 Vehicle
for Tasks Related to Each Operational System

(/(///] Charactesistic Research Value of Basic Mach 6 Vehicle with Options
for Tasks Related to Each Operatiomal Sysiex

Total
Inkinsic
Valwe of
— All Flight —
Research
Related
Tasks Which
Apply to Each
— Operational —
Vehicle

~

Facility Ressarch Value

Themal Protection
Ogtion
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FIGURE 6-7
FOCUSED RESEARCH PROVIDES EMPHASIS FOR THOSE TASKS
RELEVANT TO EACH MACH 6 VEHICLE OPTION

Focused Research Vz.. o' Basic Mach 6 Vehicle for
Tasks Applicable to Cotions for Each Operational Sysiem

Focused Research Value of Basic Mach 6 Vehicle with Options
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6.5 FOCUSED RESEARCH POTENTIAL FOR MACH 12 VEHICLE OPTIONS

Facility Research Values are discussed in this section for each of the opera-
tional vehicles on a focused research basis for ail Mach 12 vehicle options. The
options whicn apply to all operational vehicies are the airbreathing propulsion
options (including subsonic turbojets which provide landing and take-off data),
Thermal Protection, snd Horizontal Take -off options. The Armament option aprlies
strictly to the militvary vehicles, while the staging option relates solely to the
launch vehicle. The dominant increases shown for the airbreathing propulsion re-
search options are due to their wide impact in all technological areas. This is
especially true for the Scramjet and Convertible Scramjet options as they relate
to their nearest operational counterpart-, M2 and L2, respectively. In addition to
showing the improvement in research potential produced ty each of these options on
a focused basis, Figure 6-8 illustrates again that the research contributioa is
prorortional to simulation of the operational system envelope.

6.5.1 FOCUSED RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM L2 - Research contribu-
tions of all individual options for the Mach 12 vehicle are illustrated on a
focused basis in Figure 6-9 for the recoverable launch vehicle. As noterd earlier,
the principal benefit attained is a result of the addition of airbreathing propul-
sion to the airlaunched rocket. TIhe staging option now comes into prominence and
incr=ases the research potential over the basic vehicle by 56% for research related

MCDONNELL AIRCRAFET
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FIGURE 6-8
RELATIVE FOCUSED RESEARCH VALUE CONTRIBUTION OF
SCRAMJET OPTIONS IS INFLUENCED BY OPERATIONAL SYSTEM CRUISE PROPULSION
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FIGURE 6-9
AIRBREATHING PROPULSICN OPTIONS SIGNIFICANTLY IMPROVE FOCUSED RESEARCH POTENTIAL
FOR OPERATIONAL SYSTEM L2
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to staging. The basic vehicle has some capai.lity through definition ot a repre-
sentative undisturbed flow field and operation in the appropriate aerothermal
environment. The Horizontal Take-off option provides an increase of about 28.57%
over the basic Facility Research Value by virtue of its contribution to low-speed
performance definition ind configuration development for the all-body shape.

The Subsonic Turbojet option provides research in the same flight regime, and
also allows investigation >f airbreathing inlet controls up to the transonic
fiight regime while providing steady state operation and extensive maneuvering
capability. The relative increase in research potential is U5% for that particular
option. The Thermal Protection option provides flexibility for research into
other systems concepts, which is reflected by an increase of about 25% over the
basic value on a focused basis.

1The Facility Research Value in absolute terms represents the guantity of re-
search (in terms of the number of objectives and tasks) applicable to each option.
Exact identification of the tasks relating to each option on a focused basis
appears in the appendix, along with the quautification of focused research value
for each task.

6.5.2 FOCUSED RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM Cl1 - The basic Mach 12
all-body configuration provides somewhat limited capability (for attainment of the
full measure of research goals applicable to the commercial ilach 6 hypersonic
transport) wher compared to the basic Mach 6 vehicle capabilities noted in the
previous sections and illustrated in Figure 6-3. However, even this relatively
limited capability can be enhanced by incorvoration of the research options to the
extent noted in Figure 6-10.

Again, the airbreathing propulsion modifications offer the greatest potential,
primarily due to integration tasks and research into component development. The
relative increase over the basic vehicle is about 25% and 47% “or the Scramjet and
Convertible Scramjet options, respectively. For a Mach 6 hypersonic transp rt with
2-D ram}ets, the Convertible Scramjet option would be even more valuable than shown
for the turboramjet powered Cl operational system. Since the basic Mach 12 vehicle
has .ittle lnw-speed aerodynamic capability and no ground takeoff provisions, the
Subsonic Turbojet crna Horizontal Take-off options exhibit a prominent increase in
research potential. The Facility Research Value increases 40% and 2L% for the
Subsonic Turboja=t and Horizontal Take-off options, respectively. The thermal pro-
tection system for the basic vehicle provides a Fucility Research Value which is
equivalent to 90% of the total research applicabie to the TPS option. This option
I - -ij%es only a modest 8% increase in value over the basic vehicle for tasks related
t. .. Of course, the relatively high research value for the basic vehicle is
due to the fact that the research vehicle is cquipped with the same thermal pro-
tection system as the operational system Cl. If the basic research vehicle is
equipped with a different TPS, the research value for the basir vehicle decr ases
and an increase in the value of the TPS option is noted.

AECDOANNELL AIROCRAFEY
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6.5.3 FOCUSED RES?ARCH POTENTIAL FOR OPERATIONAL SYSTEM M1 - 2 similar situation
exists for the M1 uperational system to that discussed above for Cl. The basic Mach
12 vehicle has a substantial flight potential that fer exceeds requirements for this
vperational system. In addition, =pplicable thermal protection and structural prob-
lems are significantly reduced in scope because the operational syste. employs stor-
able hydrocarbon fuels with an order-of-magnitude reduction in specific fuel volume.
Again, the operational capabilicies and generally increased flexib: ity offerel by
the airbreathing propulsion and horizcntal take-off options offer the greatest
increase in research potential.

FIGURE 6-10
FOCUSED FACILITY RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM CI

IS ENHANCED BY ALL OPTIONS
Operational System C1: Hypersonic Transport — M6 — TRJ
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Specific value~ z: illustrsted in Tigurz 6-11 for both the tasic vehicle and
the cptions. Again. the thermal pr.tection research requirements are virtually
satisfied by the basic vehicle to the extent necessarv for high-couf uence develop-
ment of Ml. The Armament option is an absolute necessity for the rilitary vehicles,
and on-a focused basis it provides an increase of 671 over the bcsic vehicle (wl.ich
identifies flow field and thermal envel.pe).
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FIGURE 6-11
MODEST BMPROVEMENT IN FOCUSED RESEARCH VALUE IS OBTAINED

BY ALL OPTIONS FOR OPERATIONAL SYSTEM M1
Operational System M1: Interceptor — MA.5 - TRJ
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ically vailoring the research vehicle to resemble its operational counterpart is
again dramatically demonsirated by Figure 6-12. The addition of the airbreathing
options to the basic Mach 12 research vehicle increases the research potential of
the basic vehicle by TOm aud 72% for the Scramjet and Convertible Scramjet options,
respectively. Since the operational system is also rocket-powered for initial
acceleration, the Subsonic Turbcjet option provides only modest improvement in
research potential applicable to the operaticnal vehicle. The Horizontal Take-off
option does provide a significant improvement in research potential, nowevei, over

6.5.4 FOCUSED RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM M2 - The impact of gener—
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the basic airlaunched research vehicle. The improvement for these systems, s
referenced to the basic research potential, is 284 for the S~TJ option and 35% for
tue HTIC option. The Thermal Protection option provides an increase in the total
research applicable to that option from 85% for the basic vehicle to 95% for the
optirn on a facused resea.ch basis. Again, research into armament stowage and
delivery techniques is an absolite necessity for development of the operational
vehicle. In terms of focused research potential, the armament option provides un
increase of 88% over the basic vehicle capabiliity. The use of the research option
allows investigation of second body/flow interaction effects as well as enabling
active exercise of fire control and antenna systems in the hypersonic environment
under equivzlent combat conditions.

FIGURE 6-12

MAJOR RESEARCH GOALS FOR SCRAMJET OPERATIONAL VEHICLE
CAN BE ATTAINED WITH SJ/CSJ OPTIONS

Operational System M2: Military Strike — M12 — RKT/,SJ
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T. GROUND FACILITY RESEARCH PCTENTIAL

Facility Research Value is also the measure of res=arch potential used for
ground facility evaluation. In this context, the facility research value combines
the intrinsic value of the research tasks applicable to an operational vehicle with
the capability of a particuiar ground facility to fulfill the expressed intent of the
relevant research tasks.

The data presented allows a direct comparison of the research potential of a
particular new ground facility with existing ground facilities of the same class in
a consistent set of terms. The following new ground facilities are briefly des-
cribed andtheir capabilities presented in torms of improvement over existing capa-

bilities:

Gb2 Yolysonic Gas Dynamic Research Facility

GDT7 Hypersonic Impulse Gas Dynamic Research Facility
E20 Compound Turbomachinery Engine Research Facility
E9 Dual-Mode Ramjet Engine Research Facility

s20 Structures/Fluid Systems Research Facility

A comparison of facility capability to attain research goals for each oper-
ational system is presented on both a characteristic and focused basis. The result
is a quantified measure of the individual facility potential to provide a high
confidence base for development of operational systems.

7.1 COMPARISON CF NEW GROUND FACILITIES WITH EXISTING FACILITIES

Principal design characteristics are presented for the five selected new ground
facilities and compared to existing facilities capabil’:zies. Comparisons are made
on the basis of basiec characteristics (Reynolds number Mach number, total temper-
ature, pressure and air-flow),size, facility availability (test time), costs, and
research potential. Facility Research Values are pre:ented on a characteristic basis
and are expressed in terms of relative improvement ov:r existing cepability.

T7.1.1 POLYSONIC GAS DYNAMIC RESEARCH FACILITY (GD20) - One of the selected new
ground facilities is a polysonic intermittent blo+down wind tunnel which incorpor-
ates two test legs, trisonic (Mach .5 to 5.0) and hyp= 'sonic (Mach 4.5 to 8.5).

The test section size for each leg is considerably lar:ier than currently availsble

in existing facilities, end run time is comparable. Specific details of the Reynolds
number /Mach number envelope are compared in Figure 7-1 along with operating costs,
geometric characteristics, and an isometric view o the facility layout.

Figure 7-2 illustrates the incremental improvement in Facility Research Values
atteined by the use of GD20 for cach of the operaticnal systems. Values shown re-
flect res-arcn relative to the requirements for eacl operational system. For the
comparison, greater confidence in facility capability tc perform the required re-
search is general’r indicated by increased absoclute values for research potential.
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FIGURE 7-1
POLYSONIC GAS DYNAMICS RESEARCH FACILITY
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Facility Characteristics (=17, ) GD2e, ™t PSWT | Tusmel “B”
Test Section Size (F) | 16x16 12x12 1x7 x4 420
n | 49x49 3.7x37 21x21 12x12 130
Wach Number Range 05-50 45-85 02-35 05-5.8 .8
Run Time (Sec) 10-% 10-50 0545 3-45 | Continwess
Runs Per Shift 8 ] 16 16 16
Acwuisition Cost (1970 Dollars) 145,943,000 26,000,000 | 7,000,000 | 28,300,000
Operating Costs (Dollars Per SiM) | 1525 | 1525 Net Avail. 2000 8,500
**North American Rockwel! Trisomic *Government

GD20 Average Facility Research Value Improvement Over Existing Facilities
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FIGURE 7-2
VERSATILE NEW GAS DYNARIC FACILITY INCREASES HYPERSONIC
RESEARCH POTENTIAL
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Relative improvement is a function of both new capability and existing levels.
For example, a greater relative improvement is shown for Research Tasks related to
L2 and M2. The slightly lower improvement shown for Cl1 and Ml-related tasks reflects
two major factors: (1) higher confidence in existing facility capabilities to per-
form aerodynamic research to Mach 6 and (2) operational vehicle (ML and Cl) high
speed requirements less than the full potential available in the new polysonic
tunnel, with its Mach 8.5 capability. The lower confidence levels resulting from
generally decreased existing facility capability (to cover the entire Mach number
range) for M2 and L2, coupled with the increased capability provided by GD20, are
reflected in the attainment of a larger relative improvement for the M2 and L2
vehicles, as illustrated in the bar chart.

Typical use of the GD20 facility is directed toward aerodynamic ccnfiguration
development from a performance, stability and control standpoint; propulsion system
integration; shock interaction/flow field definition throughout the applicable flight
regime; and buffet onset for particular vehicle configurations.
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7.1.2 HYPERSONIC IMPULSE GAS DYNAMIC RESEARCH FACILITY (GD7) - The second new wind
tunnel facility is a gas piston impulse tunnel with two test legs and an additive
operational range from Mach 8 to 13. Run tine can ."each four seconds, ard tre test
section is substantially larger than those existing in comparable existing wind
tunnel facilities. The operating profile is compared with existing facility capa-
bilities in Figure 7-3, which also tabulates fundamental size and cost data. A
three-dimensional illustration of the facility is included.

FIGURE 7-3
HYPERSONIC IMPULSE GAS DYNAMIC RESEARCH FACILITY
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Facility Comparisons
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Facility Chavacteristics 607 ug" ugr “pn HST
Test Section Size Fy| 100 920 92D 45D 20
m| 3.0 130 13D 14D 05D |
Mach Number Range 13 68 10,12 10-19 1-2
Ren Time 1-4Sec | Comtinwous | Contiswews | 50-200ms | 2-6ms
Rums Per Shilt 4 16 16 2 -8
Typical Data Poists Per Rua 30 30 30 1 1
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GD7 Average Facility Research Value Improvement Over Existing Facilities 35%
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The overall capability provided allows extension of characteristic aerodynanic
configuration deva=lopment well into the hypersonic range. Typical studies include
flow field definition and shock wave interaction phenomena as well as incorporation
of performance, stability, and control data. Additional use may be gained in the
examination or inlet location, hypersonic boundary layer transition, and investi-
gation of sraling laws for hypersonic flight.

The GDT facility operational range is higher than the maximum speed require-
ments of either the M1 or Cl operational vehicles. Therefore, application of that
facility is limited to Operational Vehicles L2 and M2. Fcr each of the latter, the
new facility provides the same absolute increment in research value. Because exist-
ing capabilities are used as a basis for comperison in Figure 7-4, the relative
improvement of 1.3, as applied to the L2 vehicle, is less than that for the opera-
tional vehicle M2 (with a relative value of 1.4). The evaluation primarily reflects
adaptation of facility parametric capability (=.g., Mach number) to operational
system requirements.

FIGURE 7-4
NEW HYPERSONIC TUNNEL INCREASES RESEARCH POTENTIAL FOR
APPLICABLE OPERATIONAL SYSTEMS

GD7 Range =M 8 to 13
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7.1.3 COMPOUND TURBOMACHINERY ERGINE RESEARCH FACILITY (E20) - An attractive new
ensine test facility has been designed and compared with both existing aud planned
turbine engine test facilities, in terms of fulfillment of required recearch goals
for the operational vehicles. Figure T-5 depicts the facility operating envelope
in terms of air flow and true temperature similitude. As shown in the accompanying
sketch of the facility, both direct connect and free jet legs are included, with
Mach number simulation from .3 to 5.5.
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FIGURE 7-5
COMPOUND TURBOMACHINERY ENGINE RESEARCH FACILITY
Electric induction
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Mach No. Range 03-55 03-5.0 630 0-3.0 0-30
Maximem Thrust Measwewests  (Iby); 100,000 | 100,000 75,000 30,000 40,000
Lh &g)| 45359 45,359 34,019 13,608 18,14

sum AlRude | 12808 | 1™ 5,00 9,000 50,00 |

w} 3657 35,357 43% 24,38 24,384
Maximum Run Time Continwous | Continwons | Comtiswous | Cotinwons | Continwous
Acauisition Cost (1970 Dellars) 381,262,000 Plasned | Not Avail. | WMot Avail.
Operating Costs (Dollars Per Shift) 56,000 Facility | Not Avail. | Not Avail.

E20 Average Facility Research Value Improvament Over Existing Facilities
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The facility provides a capability to perform extensive high-mass-flow, full-
scale turboramjet research with a ccntinuous run capability in an equivalent Mach 5
environment at flight dynamic pressures (2000 psf, 9.6 N/cm2). 1In addition, true
temperature structural and thermodynamic ‘esting can be accomplished in an oxidizinr
environment. Reduced test section size at high flow rates and pressures ensable
simulation of up to Mach 1.2 at sea level conditions. As a result, incorporation
of this facility into the research inventory provides a significant Increase in
research potential for the operational vehicles.

Figure 7-6 illustrates the improvement in research potential c¢:. both an absolut-
and relative scale for each operational vehicle. incipal contribution cn an
absolute basis is realized for research appli ible to development of the Mach 4.5
and Mach ¢ turboramjet engines through near conventionai PFRT and MQT ratinzs. The
bulk of the capability for »esearch applicable to the higher Mach number vehicles
involves structures, materials, and controls development up to about 2500°R (138LCK).
Since L2 incorporates both s turbojet and subsonic combustion ramjet (convertible
scramjet), some engine research potential can be realized up t¢ the limits of
facility capability (Mach 5.5).

FIGURE 7-6
NEW TURBINE/RAMJET ENGINE TEST FACILITY IMPROVES RESEARCH
CAPABILITY ACROSS OPERATIONAL SPECTRUM
E20 Range =M O to 5.5
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7.1.4 DUAL MODE RAMJET ENGINE RESEARCH FACILITY (E9) - Airbreathing propulsion re-
search into the hypersonic flight regime requires a significant extension of current
fecility capability in terms of true temperature capability at high Mach number and
relatively large size. The E9 ~ngine research facility, illustrated in Figure 7-T,
represents a breakthrough in heated facility capability by permitting low-cost

FIGURE 7-7
DUA.. MODE RAMJET ENGINE RESEARCH FACILITY

800 Lb Sec
A |l
F
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- --7. Weight Flow
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ﬁ‘c} «Reunw?nss-e [Ty o
Facility Comparisons
Facility Characteristics E9 Plumbrook { Marquardt Cell No. 8
Maxiwm Exgine it Aea D] 10 9.6 5.6
oy 30 29 17
Mach No. Range 39 56, 1-6
Maximom Thrust Measurement  (fby)| 100,000 20,000 100,000
&g 45,359 9,072 45359
Maximem Altitude )] 145,000 | 130,000 170,000
m | 441% 39,624 51,816
Maximom Rwn Time ontinwous | 120180 Sec Continuous
Aceuisition Cost (1970 Dolars) 147 Willioa] Not Available 3,000,000
Operating Costs (Dollars Per Shift) 58,400 |Not Available 24,560
E9 Average Facility Research Value Improvement Over Existing Facilities | 45%
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operation with an intermittent clean air capability to a true temperature of 4500°R
(2500°K). A continuous run cepability with vitiated (but combustible) air to TOOQ°R
(3889°K) is elso available. The principal improvements over existing facilities
are: (1) the greatly ircreased model size; (2) duplication of flight conditions
from Mach 2 to Mach 10; (3) availability of 20% free oxygen for combustion; and

(4) a new concept ir heating using a carbon combustion process for inexpensive
operation and less than 4% water vapor in the vitiated stream. In addition, the
use of an aserodynamic nozzle allows non-true temperature testing to Mach 12.

Although designed primarily for scramjet engine research at representative
flight conditions, the E9 facility provides an excellent capability to enable low-
cost PFRT and MQT of & hypersonic ramjet engine module. Other advantages include a
capability to perform hypersonic aserothermodynamic research, thermal proiection
systems evaluation and basic materials research/structural tests in a realistic
flight environment. Facility application is not restricted to the M2 and L2 oper-
ational vehicles. The lower facility limit is Mach 3, which enables thorough cover-
age of the upper end of the C1 and Ml serothermal and ramjet propulision mede research
requirements. Inspection of Figure T7-8 reveals about the same absolute capability
in terms of Research Value for the speciffc kinds of research relevant to each oper-

FIGURE 7-8
NEW RAMJET ENGINE TEST FACILITY SHOWS DOMINANT IMPROVEMENT FOR
SCRAMJET-POWERED OPERATIONAL SYSTEMS
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itional system. As might be anticipated, a slightly higher absolute value cf re-~
search potential is noted for the Cl and Ml operational systems. Again, this is an
‘ndicatior of the matching of the vehicle Mach range with facility capabilities,

2nd is eren more dramatically explained by a comparison of the research rctential c¢f
existing facilities. A comparable absolute value of recearch poctential exists for
the ¥2 and L2 vehicles. The latter point becomes evident when compsaring facility
environmental envelore with vehicle environmental envelope. The high relative
research values obtained by comparing new facility capabilities with existing values
denotes the extent of existing facility shortcomings for research involving hyper-
sonic airbreathing rrorulsicn.

7.1.5 INTEGRATED STRUCTURES/FLUID SYSTEMS RESEARCH FACILITY S20 - The S20 facility
represents an integration of the rajor static research capabilities into a single
comrlex. There are threve indepewient facilities in one location. These consist of:
structural static test facility with thermal, acoustic, and altitude simulation cav~-
abilities; hazardous fuels test area with thermal and cryogenic capabilities; and a
dynamic slosh/acceleration track for large-scale cryogenic tankage.

The structural facility is large enough to enable full-scale research of major
structural assemblies with combined mechanics/thermal loads, and simulaticn of alti-
tude and acoustical envirommeats to allow in-depth examination of significant inter-
actions. The slosh test track will subject realistically-sized tank configurations
to sustained acceleration and vihration similitude throughout the operating envel-
cpe. Hazardous testing, such as research into regenerative hydrogen heat exchange
and rapid servicing techniques, can also be accommodated within the complex illus-
trated in Figure T-9. Representative capabilities of existing facilities are pre-
sented in tabular form for comrarison with the parametric range of values shown for
g20.

T2cility Research Talue increases markedly for S20, as shown in Figure 7-10,and
ic influenced by two factors. The dominant influence is whether or not the cryogenic
capability is applicable. Since Il is a storable hydrocarbon system, the Facility
research Value is noticeably low relative to cther operational systems;. L2, C1, and
M2 all employ <ryogenic hydrogen. Since the primary activity accomplished in the
faci1lity is structures, thermal protection, and subsystems research, the absolute
Facility Research Value can be interpreted as representative of the diffizulty of
accomplishing the research as it applies to a given operational system. The in-
crease in research potential relative to existing facilities is slightly greater for
the higher Mach number system, reflecting the increased influence of the thermal
simulation capability.

7.2 FOCUSED RESEARCH POTENTIAL FOR NEW GRCUND FACILITIES

Improvements in research potential over existing facilities have been identified
in tormc of both characteristic and focused facility research values. The data pre-
senteu in Section 7.1 is an ass2ssment of the research poten.lial of each of the new
facilities in the manner in whi  the facility would be used - in a role which is
characteristic of actual facility potentie 7i-ce it is also desirable to have a

means by which the specific performanc * ‘s 1lity can be quantified in terms

indicative of how well specific Jes’ .+ w8y be satisfied, attention was focused
on those spezific tasks which dot iy equirement for design and comnstruction
of & new research facility. The . : :c.auch Tasks were screened according to their

AICOONNELL ANICRAFET
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FIGURE 7-9

INTEGRATED STRUCTURES/FLUID SYSTEMS RESEARCH FACILITY
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FIGURE 7-10
NEW STRUCTURES FACILITY INCREASES RESEARCH POTENTIAL
OVER EXISTING BASE

defined techno’ gy area and facility application as determined in the analysis of
facility capability and test methods described in Sections L4 and 5. A matrix is
presented in Figure T-11 to illustrate, by facility, the numbers of focused and char-
wcteristic tasks and their distritution by technology category. The coding used is
explained immediately to the right of the matrix, i.e., the upper left portion of
each box defines how many focused tasks exist for each facility in a technical area;
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FIGURE 7-11
IDENTIFICATION OF FOCUSED RESEARCH REQUIREMENTS

Ground Facilities
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Operation

Total

the lower right portion defines how many characteristic tasks from each technical
area can be performed (in whole or in part) in each ground facility. The heavily
shaded boxes in the matrix denote primary contribution, reflecting the matching of
each technology area with particular facility capabilities. Lightly shaded boxes
denote those areas where facilities provide research capability, but do not predom-
inate the facility design requirement. There are several areas where considerable
overlap in facility capability exists for two or more ground facilities. 3pecific
contribution of a facility for each Research Task is tabulated in the Appendix, and
all focused tasks are identified as they apply to each new ground facility.

For thz gas dynamic facilities, duplication of focused task identification
cxists in many cases. Decause of the general task definition, GDT and GD20 provide
a somevhat additive contribution by fulfillm.-ut of specific portions of the Research
Task. The results of the focused re.earch comparison for gas dynamic facilities are
iliustrated in Figure 7-12. Research potential is identified as a function of the
relationship tetween the tasks, facilities, and operational vehicles. Since GD7
operates in an equivalent flignt regime beyond the C1 and M1l envelope, its evaluation
has been limited to L2 and M2. 1In all cases, the ground facilities (and combina-
tions where applicable) provide a marked increase over existing facilities of that
same research class. The unfulfilled portion of the research applicable to each
facility reflects the requirement for additional facilities (e.g., simulators for
handling qualities or true temperature capability for thermal confidence level)
due to the broadness of task descrivtion.
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FIGURE 7-12

REPORT MDC ACO12 ® 2 OCTOBER 1970

FOCUSED RESEARCH VALUES SHOW A NEED
FOR A GAS DYNAMIC FACILITY MIX AT HIGHER SPEEDS
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Focused research capability for the engine test facilities is illustrated in
Figure 7-13, on a comparable basis with existing facility capability to provide a
uniform degree of environmental similitude. For focused research the E20 compound
turbomachinery research facility nearly doubles existing capability for Cl and Ml
turboramjet engine development. E20 also provides some capability for subsonic
combustion ramjet and component development work applicable to the L2 and M2
vehicles, but EJ allows nearly full development of a scramjet propulsion module,
yielding high research potential on a focused basis.

Focuvsed research capability for integrated structural/fluid systems research
is illustrated in Figure 7-14 for each of the operational vehicles. The total re-
search applicable is substantially reduced for the non-cryogenic system (Operational
System M1) because of the non-applicability of the cryogenic capability existing in
S20. The capability for structural, acoustic, thermal enviromment, and altitude
simulation enables a substantial increase over existing Facility Research Values
for the M1 vehicle. This rescarch potential improvement also applies to the Cl1
vehicle and is complemented by the addition of cryogenic systems research potential.
Although the S20 facility capability does not change, a slight reduction in relative
value (with respect to Cl) is shown for the M2 and L2 vehicles. This relative reduc-
tion results from decreased size similitude and environmental envelope applicable
to the larger, higher—-temperature M2 vehicle, and even larger L2 vehicle.

When making sny of the noted comparisons it is necessary to retain a proper
perspective of facility capability and operational system requirements. The rela-
tive capabilities illustrated in the bar charts are indicative of how well the facil-
ities can fulfill the research requirements and simulate the overall operational
environment required for each operational vehicle on a basis relative to that
vehicle.

T-3 GROUND FACILITY SUMMARY

Ground facilities were designed to provide 2 similitude of flight parameters
in each specific field of endeavor, as noted in the shaded portions of the matrix
shown in Figure T7-11. The design goals emphasize attainment of simulation in each
ground facility, without imros.ng excessive cost burdens or development risk for
the facility itself.

The major flow facilities were designed to provide mass flow (true temperature
clean air for engine research) within the dynamic pressure range, 200 to 2000 psf
(.95 to 9.5 N/cm<¢), and Mach range, 0-12, which ncminally bound the cperational
vehicle flight profile. Model scaling,and hence, test section size were selected
to provide meaningful data return, up tc one-fifth the full-scale flight Reynolds
number, as indicated by the envelope shcwn in the facility comparisons presented
earlier (Figures 7-1 and 7-3). The integrated structures facility was sized to
accommodate full-scale major structural elements; provide altitude, thermal, and
acoustic simulation for those elements; incorporate a capability to perform combined
heating and cryogenic flow testing (e.g., regenerative heat exchangers) on a large
scale; and provide a capacity for large-scale cryogenic tankage testing in a hori-
zontal position and dynamic environment.

MICDONNELL AIRCRAFT
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FIGURE 7-13
FOCUSED FACILITY RESEARCH VALUES FOR ENGINE TEST FACILITIES

REFLECT DEGREE OF ENVIRONMENTAL SIMULATION FOR OPERATIONAL SYSTEMS
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FIGURE 7-14
CONCEPTUAL STRUCTURAL TEST FACILITY IS
HIGHLY EFFECTIVE FOR FOCUSED RESEARCH TASKS
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Figure 7-15 illustrates the aerodynamic flow facility capability for CDT and
GD20 in relation to the operational vehicle flight profiles. The transonic/super-
sonic leg of GD20 extends from Mach .3 to 5, while the hypcrsonic leg covers the
range from Mach 4.5 to 8.5. GDT7 picks up the high end of the hypersoric range,
from Mach 8 to 13. Both facilities operate within the Reynolds number and dynamic
pressure ranges noted above. The aerodynamic facilities attain peak Reynolds number
capebility with cold flow. Sufficient heat is added tc avoid liquefaction in the
test section. Reseerch values, indicative of facility capabilities, are presented
in tabular form for each operational vehicle. The values are preserted on a chara-
cteristic basis and compared with research values for existing facilities of the
same class. Each of these are referenced to the value considered attainable in an
ideal ground facility for a specific set of Research Tasks as they apply to each
operational vehicle. It is obvious from a comparison of facility and operational
vehicle requirements that GDT capabilities are not applicable to Ml and Cl. It is
also evident thec addiv.ve capability exists fc the L2 and M2 vehicles. Examina-
tion of the specific tasks involved in performing the research reveals the need for
an asssessment of combined GD7/GD20 facility potential, since different portions of
these Research Tasks are appropriately performed in different facilities. An assess-
ment of the combined value is presented on s focused research basis in Figure 7-12.

The new engine test facilities also provide extensive coverage of the defined
operational vehicle profiles, but have an increased dimension of heat addition,
enabling testing with true temperature flow conditions as noted in Figure T-16.

The integrated turbomachinery/ramjet facility, E20, is capsble of true temperatuire
testing with clean air at a mass flow rate up to 1000 lb/sec (454 kg/sec) on a
continuous flow basis to Mach 5 (equivalent to 2500°R, 1389°K). This Is sufficient
capability to provide ground PFRT/MQT up to Mach 5 for LH, fueled turboramjet
engines in the 100,000 1b (45,4CO kg) thrust class. The ramjet facility, E9, allows
continuous clean air capability at an air flow rate of 600 1b/sec (272kg/sec),
subsouiz ccxbus:ion ramjet testing to neer Mach LI (temperatures tc 1500°R, 833°K),
&nd intermittent clean air tests to the Mach 7 range (temperatures to 4500°R, 2500°K).
Vitiated tests can be accomplished with representative gas cheracteristics and true
temperature capability to TOOO°R (3889°K), or near Mach 10. An aerodynamic nozzle
allows extension of capability to near Mach 12, but sanrifices total temperature
capability in the range between Mach 10 and Mach 12.

Research values for the engine test facii'ties are tabulated on a characteris-
tic basis and compared with existing facil) ty .apabilitiss. The Research Tasks which
enter into the evaluation include a larg.. purer of tests involving high-temperature
component and basic materials researcli. 4s a resiult, capability figures are fairly
representative of facility Mach number zn4 temperature capatility relative to re-
quirements for the operational vehicle. .he focused research value comparisons pre-
serted in Figure T-13 provide insight into the facility capability for researct into
the propulsicn concepts applicable to the operational vehicles.

The integrated structures/fluid systems research facility provides a broad
scope of research potential by virtue of its incorporation of many static and dynamic
environmental simulation cepabilities. Many of these can be produced simultaneously
to attain the characteristic values presented in Figure 7-17. Because of the broad-
ness of the research, the percent accomplished is indicative of the matching of
facility capability with fiight vehicle research requirements. Absolute values for
Ml are reduced, reflecting the elimination of cryogenic research requirements.
However, capability for attainment of M1 research goals on a basis relative to its
needs is equivalent to that for the other opevational vehicles.
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FIGURE 7-15
NEW AERODYNAMIC TEST FACILITIES

COVER ENTIRE CPERATIONAL VEHICLE FLIGHT SPECTRUM
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FIGURE 7~16
NEW ENGINE TEST FACILITIES ENABLE HIGH CONFIDENCE VERIFICATION
THROUGHOUT THE OPERATIONAL ENVELOPE
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FIGURE 7-17
INTEGRATED STRUCTURES/FLUID SYSTEMS RESEARCH FACILITY
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8. INTERPRETATION OF RESEARCH POTENTIAL RESUT.TS

In a ;ath-~finding study of this kind, interpretation of the results is
especially importsnt. The intent of this section is to relate the study results
to the primary question of what research facilities are necessary for the extension
of U. 5. cperational capatility into the hypersonic flight regime.

Effectiveness of candidate hypersonic research facilities is defined in this
study as research potentiel. This effe~tiveness measure, expressed in terms of
Facility Research Value, is a non-dimensional parameter reflecting the capability
of each research facility to accomplish fundamental Research Tasks. Facility
Research Values have been presented for candidate ground facilities and flight
research vehicles in the previous twc sections. Interpretation of these study
results is t&sed on their appiicability to the real need for new hypersonic resesrch
facilities.

In order to establish the basis for interpretation of results, a short dis-
cussion ot the research requirements survey, conducted during the first phase of
the study, i3 presented. The results of this survey served as the basic input to
the determination of the Research Task intriusic values. Some of the infermation
gererated by this -iurvey directly impacts the HYFAC study results.

Research potential of conceptual new ground facilities and flight vehicles
is summarized in th's section. Two basic measures of research values are presented
in this report. One measure of Facility Research Value is basei on the "character-
istic" capability, a measure of the versatility of a facility to accomplish the
spectrum of Research Tasks leading to an operational system. The other basic wea-
sure "Focused" Facilily Research Value is presented tc iliustrate the potential of
new facilities in areas of research for which they are primarily designed.

An illustration of the utility of the HYFAC study results is presented in the
form of a typical high-priority research program for the development of a scramjet
engine and integration into an airframe. This example research program is used as
the fremework for discussion both of methods of accomplishing Research Tasks and
of the cost of a regresentative research program.

Since the research potential of new ground facilities and flight vehicles
has been determined by consistent evaluation techniques, some comparisons of “he
research potential and acquisition costs of tne cendidate flight vehicles and
typical ground facility mixes can be made.

8.1 RESEARCH REQUIREMENTS SURVEY

Two surveys were conducted during Phase I regarding the definition and evalu-
ation of Research Objectives. Ir the initial survey, a proposed list of 8L objec-
tives was submitted to KASA, military, and industry specialists in hypersonic systems
technology. The technical specialists were asked to indicate whether they felt
that the research involved in attaining each objective was essential, desirable, or
unnecessary in con:cributing to a potential hypersonic aircraft program. In addition,
the participants vere invited to list any additional objectives which they felt
siould be included in a comprchensive statement of the necessary research for such
a program and to cabmit suggested modifications to the identified objectives.
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Approximately three-fourths of the original list of 84 objectives were clearly
piaced into one of the three categories by the 35 evaluators respornding to this
initial survey. Although none of the objectives was considered by & majority of
the participants to be unnecessary, some of those receciving a significant rumber of
"unnecessary" votes were later deleted trom the list or included within otter ob-
Jectives. These modifications were combined with many of the additional Research
Objectives suggested by the survey participants to produce the list of 102 objec-
tives presented in Volume II, Part 1.

The second survey involved a paired-comparison analysis of these 102 Research
Objectives, designed to provide data based on expert opinion for determing the rela-
tive importance of the objectives in contributing to a hypersonic research program.
The methodology involved and the values which resulted are contained in Section 5
of this volume, as well as in Volumes II and III. Also included in this survey was
an assessment of the relative weightings to be assigned to the six technological
areas into which the various objectives were divided. The composite distribution
vhich resulted is illustrated in Figure 8-1. These six technological areas were
selected to provide a convenient grouping for identification of specialty areas.
However, due to the inherent overlapping and interaction of technologies when
considering an aircraft configuration, many of the stated Research Objectives within
a technicz] area encumpassed a much broader area than indicated by the category title.
Furthe uore, the survey participants weighted the two evaluation criteria which were
used in comparing the various objectives with one another, and the resulting dis-
tribution is as follows:

Evaluation Criterion Relative Weighting

A. Technology Advancement 60.7%

B. Cost and Schedule 39.3%
TOTAL 100.0%

These evaluation criteria are defined as:

(a) Technology Advancement - This criterion can be considered as the extent
to which the Research ObjJective coantributes to the technical knowledge required to
achieve an operational hypersonic vehicle. This contribution involves:

o Understanding of fundamental physical or physiochemical behavicr an
interactions.

o Application of principles to design concepts.

o Confirmation of adequacy of design or manufacture.

o Reduction in overdesign penalties.

(b) Cost and Schedule - This criterion indicates the exteut tc which the

research cortributes to obta' ning a sound cost and schedule basis for achieving
an operational hypersonic vehicle. This contribution includes:

AMCDOONNELL AIRCRAFYT
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FIGURE &1
RESEARCH REQUIREMENTS SURVEY
WEIGHTING OF TECHNOLOGICAL AREAS

o Establishment of a sound system costing base.
o Achievement of major time savings relative to system development.

o Uncovering of design problems that would be costly and time-consuming to
correct during a system procurement cycle.

The research requirements survey results show that the technical community
believes that technology advancement is significantly more important than cost and
schedule considerations as the output of applied research programs.

8.2 FLIGHT VEHICLE RESEARCH VALUE SUMMARY

Results of the research requirements and facility capability analysis are
summarized in this section for the two candidate flight research vehicles. The
parameters which describe the desirability of hese candidate flight research
vehicles for achieving hypersonic research requirements are: (1) characteristic
Facility Research Value, (2) focvsed Facility Research Value, and (3) facility
acquisition costs.

AMICDODONNELL AIBCRAFT
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Characteristic and focused research values are presented in Figure 8-2 for the
Mach 6 and Mach 12 basic flight vehicles and for the flight vehicle research options
which are most approrriate for each operaticnal system. In this method of summariz-
ing research potential results, the shaded portion of the bar rerresents the Facility
Research Value of the Phase III flight vehicles (in conjunction with existing ground
facilities). The research value of all applicable existing ground facilities is
indicated within the bar by the dotted line. The upper limit of the open bar repre-
sents the sum of the intrinsic values of all Re.earch Tasks at least partially applic-
able to flight tests appropriate for the particular operational system. This value
is the research value goal or capability of an ideal facility. The only tasks ex-
cluded from this total, in addition to the Researeh Tasks which obviously do not
apply to the operational system, are tasks of an analytic nature and those appro-
priate only f>r ground test accomplishment.

The Mach 12 basic research vehicle can accomplish, in conjunction with existing
facilities, from T3% to TT7% of the applicable research for all representative opera-
tional systems. This relatively consistent research potential across the spectrum
of candidate operational hypersonic vehicles is a result of the Mach 12 research
vehicle's broad contribution to fundamental hypersonic Research Tasks. A signifi-
cant increasse in Facility Research Value due to matching of the research vehicle's
propulsion mode with an operational system does not occur. This is because the
Mach 12 vehicle duplicates only the rocket-boost mode of the M2 operational system,
and rocket Research Tasks possess relatively low intrinsic values. The Mach 6
basic research vehicle, by contrast,shows a wide variance in research potential as
a function of the degree of simulation of the operational system's characteristics.
For instance, the accomplishment of characteristic Research Tasks varies from 69%
for Operation System M2 and T2% for Operational System L2, for which the Mach 6
vehicle fails to duplicate the higher-speed end of the flight regime and the cruise
propulsion system, to 90% for Operatiocnal System Cl and 91% for Operational System
Ml. For Operational Systems Cl and M1, operating characteristics, speed capability,
and propulsion system of the flight research vehicle result in a near-prototype of
the operational systems.

The research potential of the Mach 12 vehicle is considerably enhanced by the
vehicle options which contribute to the development f a particular operational
system. For the recoverable launch system L2, the cumulative effect of adding the
Convertible Scramjet, Staging, and Horizontal Take-off options to the Mach 12
vehicle is shown in Figure 8-2. These three options provide the Mach 12 research
vehicle with a capability to achieve 86% of the researck value of an ideal Mach 12
research vehicle. These options also provide a high Facility Research Value on a
focused besis, primarily because only the vehicle options which match the operational
system characteristics are presented.

Mach 12 vehicle options are presented in a similar manner for the scramjet-
powered Cperational System M2. The options which match this system are Scramjet,
Armament, and Horizontal Take-off. The cumulative effect of these options on
Facility Research Value results in an increase from 75% of ideal for the basic
vehicle to 90% of the ideal~facility value for the options. Again, focused Facility
Research Values are high since only the options applying to the operatione system
configuration are considered.

AOCOONANELL AIRCRAFT
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FIGURE 8-2
FLIGHT VEHICLE RESEARCH VALUE SUMMARY
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The only Mach 6 option which is appropriate to consider in this summary is the
armament option for the military operaticnal systems. The research potential con-
tribution of this Mach 6 vehicle option is very small but is matched by the rela-
tively small increase in acquisition cost of four million dollars.

8.3 GROUND FACILITY RESEARCH VALUE SUMMARY

Research potential is surmarized for the spectrum of Phase III ground research
facilities in Figure 8-3. The presentation format is the same as used in the pre-
vious section for the candidate flight research vehicles. Characteristic Facility
Research Values describe the particular facility's capability to accomplish broad
research characteristic of the facility class, while focused research describes
each facility's effectiveness in accomplishing Research Tasks waich the facility
would be specifically designed to accomplish. The shaded portion of each bar
represents the capability of each facility, in conjJunction with appropriate existing
facilities, while the top of the bar represents the research value goal for an ideal
ground facility. Facility acquisition cost is the research facility characteristic
used to differentiate the facilities. This cost includes the design and development
costs ard the construction costs. In other words, it is the estimated cost of a
facility from initiation of the facility design until NASA acceptance.

It can be seen that GD7 (the hypersonic-impulse tunnel operating from Mach 8
to Mach 13) does not contribute to the Mach 4.5 and Mach 6 operational systems
develcpment. Its characteristic and focused research values are modest even for
the higher-speed operational systems to which it does apply. An important factor
in the evaluation of its attractiveness,however, is its relatively low acquisition
cost.

The new polysonic gas dynamic facility, GD20, exhibits considerable research
potential on both a characteristic and focused basis across the spectrum of repre-
sentative operational systems. It is the wind tunnel facility which exhibits the
broadest application to all operational systems, due principelly to its two test
legs providing test environments from Mach 0.5 to Mach 8.5. This facility provides
a simulation capability which, when added to the complex of existing wind tunnels,
can accomplish from 63 to 81 percent of the characteristic Research Tasks applying
to the representative operational systems. On a focused research task basis, this
facility shows a Facility Research Value range from 6T to 85 percent of the total
aprp.icable research.

The E9 engine test facility is identified as a dual-mode ramjet engine research
test facility, with both subsonic and supersonic ramjet test capability. That this
facility has a broad capability can be seen by reference to Figure 8-3 and the
following table.

Percent of Accomplishment

Characteristic Focused
Operational System Research Research
Tasks Tasks
L2 6k 81
Cl 70 80
Ml T2 79
M2 63 15
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FIGURE 8-3
GROUND FACILITY RESEARCH VALUE SUMMARY
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The E9 facility has both a characteristic and focused research application to
all operational systems. Its large research value results from the broad operating
range of the facility, from Mach 3 to Mach 12. This wide operating range allows
the facility to accomplish Research Tasks related to the scramjet, convertible
ceramjet, and the ramjet portion of the turboramjet Research Tasks. Each opera-
tional system is represented by a portion of these propulsion tasks which, in
addition, generally possess relatively high intrinsic values.

The compound turbomachinery engine test facility (E20) has specific applica-
tion to turboramjet-powered operational systems. For these systems (Cl and Ml)
E20 can achieve T1% to 78% of the total applicable characteristic research and 89%
to 95% of the tasks applicable on the focused research basis. Unfortunately, its
liigh cost would indicate that a clear need for an operational system employing
‘dvanced turbojet/ramjet engines be identified prior to committing to construction
or the facility.

The major structural test facility (S20) has a broad research potential for
all orerational systems, as is evident from Figure 8-3. The general applicability
o' this new facility to all candidate cpcerational systems is illustrated by its
ability to accomplish from 79% to 87% of the identified research on a characteris-
tic basis and 87% to 95% on a focused research basis. The principal advantages of
the S20 facility include its ability to test large aircraft sections and the ex-
tensive simulations achievable in a single facility.

n the basis of the data presented in Figure 8-3, some observations on the
desirability of the candidate ground facilities may be in order. New facility
recommendations are dependent on the class of operational system being considered.
However, a foreknowledge of the exact direction of operational hypersonic aircraft
systems development cannot be assured. In the expected environment, a wide range
of operational aircraft must be considered; the four systems used in this report
are representative of this spectrum. Considering the four operaticnal system
vossibilities, the most desirable new gas dynamic facility is GD20. This concep-
tual wind tunnel has broad application to all operational programs. The relatively
low acguisition cost of GDT7 does not counterbalance the fact that it has no appli-
cation to one-half of the representative operational systems and is not particu-
larly effective in research applications associated with the remaining operational
systems. A choice between the two engine test facilities is relatively easy to
make. E9 facility has a superior research value, compared to the E20 facility,
ror the two operational systems not powered by turboramjets and can be built for
less than one-half of E20's cost. The decision on whether tc build the major
structural research facility S20 must be based on more data than is presented in
Figure 8-3. Although S20 shows a high research potential for all of the opera-
tional systems, existing facilities contribute a substantial portion of the identi-
fied research potential. It appears that S20 falls in the desirable but not neces-
sary class, at least under predicted near-term budget levels.

AICDONNELL AIRCRAFT
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8.4 RESEARCH REQUIREMENTS FOR A TYPICAL HIGH-PRIORITY PROGRAM

The entire HYFAC program has been devoted to establishing relevant research
requirements, identifying importance of the Research Tasks and defining facilities
which accomplish the required research in an efficient and economical manner. A
considerable portion of the study effort was devoted to definition of research re-
quirements and facility research potential in terms relative to operational vehicle
needs.

One vehicle which is representative of the hypersonic speed regime is
Operational System M2. This aircraft cruises at Mach 12 with s supersonic combus-
tion ramjet engine. This ~ehicle has bren selected for use as an example with
which to illustrate the scope of development effort which may be required for a
particular development program. With this technique, specific research require-
ments may be emphasized, the extent of interactions (with the vehicle and other
research progrms) illustrated, and importance of the research shown relative to
the operational vehicle,.

The criteria used to select the applicable Research Objectives for a scramfjet
development and airframe integration program demend that they involve research
directly related to:

o Developing components of the scramjet engine
o Developing a scramjet engine system
o Integrating this SJ system with the vehicle

o Identifying interactions between the SJ and the vehicle.

The list of Research Objectives presented in Section 3 was reviewed to determine
the level of applicability of each as related to scramjet research. Of the T8 -
objectives identified, 22 are of fundamental importance (must be accomplished) for
operation of a scramjet, another 21 must be performed in part to identify changes
with respect to the basic vehicle and 35 are either not applicable or the vehicle
research potential is not affected by the addition of a scramjet. The directly
applicable objectives which are identified represent all six of the technology
groupings: aerodynamics, thermodynamics, structures and materials, propulsion,
subsystems, and operations. A listing of these twenty-two objectives follows:

RO 3 - Determine supersonic and hypersonic aerodynamic characteristics of hyper-
sonic aircraft. (Tasks 3 and 4 apply)

RO 6 - Evaluate design techniques for obtaining favorable aerodynamic interference
effects through surface or inlet positioning. (All tasks apply)

RO T - Evaluate design techniques of using the aircraft body for engine exhaust

expansion, thereby providing 1ift. Determine the effect of propulsive gas
flow interactions. (Tasks 2 and 3 apply)

AMCDONNELL AIRCRAFYT
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Investigate the effects of variable inlet and nozzle geometry, bypass
airflow. propulsion mode changes, and aerothermoelastic effects on
hypersonic aircraft stability and aerodynamic forces. (All tasks apply)

Improve fundamental knowledge of hypersonic boundary layer behavior in the
presence of adverse pressure gradients and shock interactions. (All tasks

apply)

Develop correlation methods for the prediction of heat transfer and friction
drag for turbulent boundary layers with pressure gradients and three-
dimensional windward flows. (Task 1 applies)

Investigate shaping of aerodynamic surfaces to reduce skin temperatures,
and the effects of protuberances and surface irregularities on hypersonic
aircraft drag and aerodynasmic heating. (All tasks apply)

Develop methods for predicting heat transfer due to radiation or gas
impingement from engine exhaust. (All tasks apply)

Develop long life regeneratively cooled structural concepts for application
in high heat flux areas such as leading edges and propulsion systems.
(A11 tasks apply)

Provide a structure which maintains aerodynamic smoothness under actual
operational conditions and use. (Task 2 applies)

Define the effects of combined mechanical loading and thermal stress
cycling under actual environmental conditions on the life of the structural
components. (Task 3 applies)

Verify and demonstrate the integrity of the structural and thermal-structural
concepts by testing full-scale structural sections. (All tasks apply)

Develop high-temperature bearings, lubricants, closure seals, tires, wind-
shields, and radomes. (All tasks apply)

Develop inlet configurations for the desired flight conditions and engine
operating modes to enable the propulsion system to achieve the desired
performance. (Tasks 1, 3 and 4 apply)

Perform sufficient cycle analysis and mission analysis to select the best
multi~mode cycle and size engine for application to a specific hypersonic
mission aircraft. (All tasks apply)

Develop and integrate engine components into a complete, significantly —
sized scramjet module. Demonstrate compatibility and overall performance
throughout an applicable flight envelope. (All tasks apply)

Develop inlet controls for hypersonic aircraft which are simple, relisble,
accurate, and have rapid response. (All tasks apply)

MCDODORNNELL AIRCRAFRT
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RO 65 - Determine nozzle configurations to produce high net thrust while maintain-
ing efficient integration with the airframe. (All tasks apply)

RO 67 - Determine inlet/engine compatibility criteria (both steady-state and time-
varying) for high-total-pressure-recovery, wide Mach range inlets. (A1l
tasks apply)

RO TO - Develop regenerative cryogenic heat exchangers, thermodynamic correlations,
and control systems for structural and engine cooling which are compatible
with representative heat loads and material temperature limits. (All tasks

apply)

RO 9€ - Define and demonstrate the capability to stay within specified operational
margins and not exceed aircraft placards (i.e., duct pressur2, temperature,
stability, dynamic pr -sure, and load factor limits). (All tasks apply)

RO 102 - Develop inspection and repair techniques for hypersonic vehicle structures,
(A11 tasks spply)

A measure of the importance of this particular high-priority program can be
gained by examining the intrinsic values for the above applicable Research Objectives
(1280) in relationship to the total intrinsic value for Operational System M2
(3440), as derived from Figure A-3 of the Appendix. This program provides research
potential equivalent to 37.2% of the research applicable to this Operational System.

The Research Objectives identified were subsequently grouped into major schedule
elements and sequenced according to priority (governed by lead time and element in-
teractions). These form the basis for the development plan identified in Figure 8-k.
Primary new research facility use is also identified for each major element. Effect
proceeds from definition of specific scram)et requirements and vehicle modifications
through research into engine integration (flow field and structural), component
research and developm=nt, ani structural demonstration of the engine module. Follow-
ing ground test and demonstration of the engine concept, the fiight module is in-
tegrated into the vehirle and flight test initiated to provide increased confidence
in the vehicle/engine interactions throughout the flight profile. Since the develop-
ment plan is meant to provide an illustration example,development timing is shown
on a relative basis, thereby avoiding definition of required funding commitment
and program emphasis.

Typical methods for accomplishing the required research are presented in Section
L broken out on a tas! -by-task basic. Since a broad number of tasks apply to varying
degrees for actual system integration and demonstration, an orderliy ground-test and
flight-test program was identified using the detailed methods as a guide. The
approach is consistent with the development plan, assuming "normal" development
emphasis, as typified by past vehicle modification programs. Research methods and
task identifications were used as a guide to identify facility occupancy and flight
test requirements. This approach provides insight into operating costs for perform-
ing the research. Models, test equipment, and instrumentation costs were also
identified, using Section 4 methods as & guide. Rationale included full ussessment
of costs for models and test equipment specifically relevant to engine development,
with 10% of model costs used for integraticn tasks. This is equivalent to an

AMCDONNELL AIRCRAFT
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FIGURE 8-4
DEVELOPMENT PLAN FOR TYPICAL HIGH-PRIORITY PRCGRAM
Scramjet Development and Airframe Integration
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assumption that all facilities already exist, including ground test models for the
basic Mach 12 flight vehicle. The 10% represents assumed cost of modification of
existing models to accomplish rela.ed research fcr configuration performance inter-
actions.

The resulting facility operating cost breakdown is summarized in Figure 3-5.
This cost sunmation indicates ithai the example incremental scramjet research wrogram
costs less than $100 million dollars. Although this estim te is based on the assump-
tion that all . :search facilities exist, the example program has been charged for
all flight test after Basic Vehicle Development and Envelope Expansion (first TO
flights), as noted in Secticn 4. Chargeable flight test includes; 1) basic vehicle
research applicsble to flight envelope and flow field definition to form & substan-
tive data base, 2) envelope extension using the -cramjet, and 3) basic research
into interactions of the scramjet and basic vehicle to provide the necesss>, high
degree of confidence to proceed with operational vehicle development.
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FIGURE 8-5
OPERATING COSTS TO ACCOMPLISH RESEARCH FOR SCRAMJET
DEVELOPMENT AND AIRFRAME INTEGRATION

GROUND TESTS
Mcdels and Specimens $ 11.3M
Test Equipment and Subsystems T.3
Instrumentation 5.2
Cost Sub-Total ‘;;?g.n
GD20 Occupancy $ L6EM (3200 hr.)
GDT Occupancy 4.2 (2450 hr.)
E9 Occupancy 31.8 (4350 hr.)
S20 Occupancy iC 0 (8000 hr.)
Cost Sub-Total $ 50.6
Program Ground Tests Cost $ TL.U M
FLIGHT TESTS
Resea ch cn Basic Vehicle Apriicable 13.2 (30 flights)
to Scramjet Integration
Scramjet-Powered Vehicle Development L.L (10 f1ights)
and Enveicpe Expansion
Scramjet Interactions Research 6.2 (14 flights)
Program Flight Tests Cost $ 238 M
Program Total Cost $98.2M

8.5 RESEARCH POTENTIAL COMPARISONS CF GROUND FACILITY COMBINATIONS AND FLIGHT
VEHICLES

It is not possible, or desirable, to determine the effectiveness of the ground
and flight research facilities on a consistent basis which would allow straight-
forward comparisons of the flight vehicles with selected ground facility mires.
However, some compe ‘isons are of interest in terms of research value.
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Two differont presentations of ground and flight research prcgram ccomparisons
are contained in Figures 8-6 and 8-7. Relative facility capability is presented
in Figure 8-6 for a combination of grotnd facilities and for the Mach 12 research
vehicle. In Figure 8-T is shown how the Facility Research Values accumulate for
existing ground facilities and new grourd and flight facilities across the research
tasks within the technology categories listed along the bottom of the graph. The
relative width of these categories is proportional to the sum of the intrinsic
values of all of the applicable Research Tasks within these technology areas. The
contribution of each task within an area is not specifically identified; rather,
the contribution is shown as a straight line identifying t{he technology area's over-
all contribution. In Figure 8-7, the relative contribution of a facility across a
technology area is coded in terms of primary, supplementary, or negligible impact
on Facility Rescarch Value.

The ground research facilities possessing the highest research potential with
respect to Operational System L2 are combined in a typical facility mix. The
relative Facility Research Value contribution of the ground facilities and flight
vehicles can be compared as follows:

Comparison of Research Facilities for Cperational System L2

Facility Research Value
Contribution Cver
Existing Facilitiec

Ground Facilities 161k
(GD20 + E9 + S20)

Flight Vehicle 2408
(Mach 12 Basic)
(Mach 12 Basic + CSJ) 3088

The above comparison indicates that, considering the research requirements specified
in this study, the Mach 12 flight vehicle can contribute more than new ground facil-
ities.

For the hypersonic transport operational system (Cl), comparisons of the
Facility Research Value of a ground facilities mix and of the Mach 6 basic flight
vehicle are presented in Figures 8-8 and 8-9. The ground facility mix is changed
from that previously presented for Operational System L2 ty substituting the E20
engine test facility for the E9 facility. Another difference between the facility
comparisons for Operational Systems Cl and LZ is that the Mach 6 flight research
vehicle does not have a vehicle option which corntributes significantly to the
development of a hypersonic trensport. Primary contribution is provided by the
basic vehicle in all technology areas, relative to Operational Systems Cl and M1,
therefore, negating the need for options. The Facility Research Values of the
ground facilities mix and the flight research vehicle most suitable for Operational
System Cl are compared as follows:
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Comparison of Research Facilities
for Operational System Cl

Facility Research
Value Contribution
Over Existing

Facilities
Ground Facilities 147U
(GD20 + E20 + S20)
Flight Vehicle 2926

(Mach 6 Basic)

Again, for the Research Tasks identified in this study, a flight vehicle appears to
be the most effective way to conduct a research program.

The facility research comparison for Operational System Mi, displayed in Fig-
ure 8-10, is very similar to the previous comparison for Operational System Cl.
The ground facility mix and the flight wvehicle selected for comparison are the same
as shown for Cl. On the basis of the Research Tasks applicable to Operational
System M1, Facility Research Valves for the appropriate ground facilities and the
Mach 6 flight vehicle are summarized below.

ison of Research Facilities
for Operational System M1

Facility Research
Value Contribution
Over Existing

Facilities
Ground Facilities 1221
(GD20 + E20 + S20)
Flight Vehicle 2496

(Mach 6 Basic)

The research program comparison for Operational System M2 is presented in
Figure 8-11. This comparison is very similar to that shown previously for Oper-
ational System L2 in Figure 8-7. A scram]et option is shown for Operational System
M2, following the ground rule of presenting Facility Research Values for flight
research vehicle options which make the most substantial contribution to accom-
plisiment of the research required to initiate development of an operational systenm.
A Facility Research Value comparison between the most effective ground facility mix
and the Mach 12 research vehicle is presented as follows:
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Comparison of Research Facilities
for Operational System M2

Facility Research
Value Contribution
Over Existing

Facilities
Ground Facilities 1636
(GD20 + E9 + S20)
Flight Vehicle
(Mach 12 Basic) 2565
(Mach 12 Basi> + SJ) 3285

As with the comparison presented fcr the c-her orerational systems, the flight
vehicle appears to be superior to a aix of ground facilities.
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9. OBSERVATIONS

Tne principal objective of the Hypersonic Research Facilities Study is to
assess the research and development requirements for hypersonic aircraft and define
several desircble hypersonic research facilities based on these requirements.
Assessment of hypersonic reseavrch requirements and evaluation of the pctential
of several attractive research facilities to satisfy these requirements is presented
in this report. At this point, one question becomes pertinent: "What impact should
this study have on the maintenance of U.S. aerospace superiority through extension
of its operational capability into the hypersonic flight regime?" Observations on
the relevance of the HYFAC study results is the theme of this section.

The potential applications of hypersonic vehicle technology are extremely
wide-ranging. At the present time, there is considerable interest in hypersonic
commercial transports. Several studies have concluded that commercial transports
cruising at Mach 6 and sbove are poten:ially competitive with current and proposed
long-range transports at ranges on the order of 5000 nm. There has also been con-
siderable interest over the past several years in a recoverable lsunch system for
many earth-to-orbit launch operations. Application of hypersonic aircraft to this
mission holds strong promise for the future. Many potential military applications
of hypersonic cruise aircraft have been studied. These include weapcn systems
designed to satisfy national requirements in the categories of strstegic offense,
strategic reconnaissance, and strategic defense. 1In all of these missions, hyper-
sonic systems provide the advantages of reliability, operational flexibility,
and high performance necessary for mission effectiveness and survival. The require-
ments for all of these civil and military missions were considered in this study,
and the conceptual research facilities have the potential for contributing to the
develor..ent of any one of these classes of hypersonic aircraft.

Although the potential of the hypersonic flight regime is broad, there is
no srecific systems requirement presently in this regime to lend a sense of urgency
snd stimulate dedication to hypersonic research. However, the development of hy-
personic aircraft represents a somewhat greater challenge than did the development
of ecivil and military aircraft now in operation. This longer development cycle
necessarily demands an early start on applied research programs in order to provide
the option for operational hypersonic systems in the 1980's. A key element in this
development cycle is the acquisition time-span for new research facilities. This
time element is summarized in Figure 9-1. Elapsed time from program go-shead to
delivery of a research facility to NASA is presented for each of the new facili-
ties developed during the study. Relative research capability is also shown to
indicate the importance of the facility to the overall hypersonic research program.
As shown in Figure 9-1, the flight research vehicles can be delivered in less than
five years from go-ahead. New ground facility acquisition time-spans vary from
nearly four years to over eight years. These facility acquisition time-spans pro-
hibit a quick reaction capability to a high-priority need for an operational hyper-
sonic system.

A gross idea of the time needed to introduce an operastional hypersonic system
may be obtained from a look at the DOD weapon system procurement cycle. The prin-
cipal elements of this cycle are identified in Figure 9-2, with the acquisition
and testing program of a flight research vehicle shown in parallel to illustrate
the interfaces. Acquisition of new ground facilities are not shown in this gross
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FIGURE 9-1
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example, but would be expected to be phased into a comprehensive research program
in a manner which would not affect the conclusions of this analysis. Considering
only a flight research vehicle program aimed at accomplishing the applied research
required to establish confidence to proceed with development of an operational sys-
tem, almost fifteen years would elapse between research vehicle go-ahead and intro-
duction of an operational capability (IOC). This analysis is not rigorous, but it
emphasizes that the U. S. cannot wait for a firm operational need to be identified
prior to initiation of a hypersonic research program. What are the alternatives to
tais flight research program for operational system development? A prototype
approach is one alternative. Such a program would have to be examinea in some
depth for a specific operational system, but it is not believed that any time could
be saved in the development cycle. In adaition, the broad application of a dis-
ciplined research program to hypersonic technology and other operational hypersonic
aircraft systems would be sacrificed. A development approach utilizing only ground
facilities is another possibility. However, in addition to applying only to a
narrow band of the required research spectrum, none of the new ground facilities
can be acquired in significantly less time than a fligh:c vehicle. Also, existing
ground facilities have not shown the ability to provide the level of confiden-ce
needed to proceed with development of advanced operational systems.

To present a program rationale for the initiation of new research facility
programs that can survive the necessarily critical evalustion of decision makers is
a challenging task. A practical overall assessment must recognize:

1) Competing national priorities for new programs, including the impact of
the space shuttle on resources within the aerospace budget.

2) The declining appeal of research and exploratory development programs that
are not specifically directed toward a particular application

3) The absence of any generally accepted need and sense of urgency for
hypersonic cruise aircraft, yet the prevailing presence of almost limit~
less attractive applications for such aircraft

L) A generally accepted conviction that knowing what problems need to be
solved is more difficult than finding the solution to known problems

5) An environment of conflicting views represented by advocates who claim we
have reached a "Technological Plateau" j;and an equal number who claim there
is no such thing as a "Technological Plateau"; advocates who claim we must
continue research programs as a margin of safety to ensure we have many
options available to use and an equal number who claim every technological
effort must have & clearly defined need which cannot be met adequately by
other means,

The aercnautical flight regime between high-supersonic and orbital flight has
been leapfrogged by space systems which operate transiently in this regime and can-
not fully exploit its potential. It is evident that without a defined specific
goal the progress in aeronautical technology in this flight regime will stagnate
rather than move forward. This study provides the framework for a strong, deter-
mined effort to explore and utilize the hypersonic flight regime.
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APPENDIX A

This appendix contains all data which influence the Facility Research Values
and which were not presented in the main body of this report. A computer program
was used to store the multitude of individual elements involved in the analysis and
to combine them in such a way as to yield the totals presented for each facility.
The data shown here, as well as the corresponding information presented in the illus-
trative examples for Operational System Cl in Section 5, are reproductions of the
printouts produced by this program.

The appendix is divided into three parts, with each section containing all of
the data for each operational system not previous.y presented in Section 5. 1In
Section A.1, Figures A-l through A-3 list the intrinsic values of the Research
Objectives and Research Tasks as they apply to Operational Systems L2, M1, and M2.
Section A.2 presents the capabilities of the various facilities to perform each of
the applicable Research Tasks. These capabilities, expressed as the percent of
the Research Task achievable by each facility, are shown for the ground facilities
and basic flight vehicles relative to Operational Systems 12, M1, and M2 in Figures
A-L through A-6. A similar format is used to present facility capabilities for the
flight vehicle options, relative to all four operational systems, in Figures A-T
through A-10. Research values on an individuasl task basis are presented in Section
A.3 in terms of task intrinsic values multiplied by facility capabilities, with a
summary also included at he end of each figure for eacih facility relative to
the operational system involved. As in the previous secticn, values are first
shown for the ground facilities and the basic flight vehicles in relation to
Operational Systems L2, M1, and M2 (in Figures A-11 through A-13), and then in
relation to these three systems, and to Operational System Cl as well, for the
flight vehicle options (in Figures A-1k through A-17).

A.1 RESEARCH TASK INTRINSIC VALUES

The intriunsic value of each of the Research Tasks relative to Operaticnal
Systems L2, Ml, and M2 is shown in Figures A-1 through A-3. Corresponding data
are presented for Operational System Cl. in Figure 5-1.
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FIGURE A-1
RESEARCH TASK INTRINSIC VALUES FOR OPERATIONAL SYSTEM L2
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RESEARCH TASK INTRINSIC VALUES “OR OPERATIONAL SYSTEM M1
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FiGURE A-3
RESEARCH TASK INTRINSIC VALUES FOR OPERATIONAL SYSTEM M2
0dd. QJECTIVE TASK INTRINSIC VALUES
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A.2 FACILITY CAPABILITIES

The capabilities of the various g -ound facilities and basic flight vehicles to
perform the research described by each Research Task is shown in Figures A-lL through
A-6 for Operational Systems L2, M1, and M2. The basis for thke determination of this
data is described in detail in Section 5.2, and the corresponding vaiues for Opera-
tional System Ci are presented in Figure 5-3.

The capabilities of the flight wvehicle options to perform applicable Research
Tasks are illustrated in Figures A-T through A-10 for all four operational systems
considered in this study. The values indicated for the basic vehicles are iden-
tical with those shown proviously for thece vehicles and are included here for
reference. A dash indicates tuct the particular option adds no capability to the
basic vehicle for the ccrresponding task. No vehicle option assessment was made
for tasks designated as analytic or of a strictly ground-test nature.
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FIGURE A-4
FACILITY CAPABILIT!ES FOR OPERATIONAL SYSTEM L2
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FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM L2 (CONTINUED)

CAPANTILITY OF nFw FaCILITIES
S SXICTinG FACTLYITIRS

CROuwn FaCILITIFS

o

a8
a8

A%
48

<1

P
<3
"

3”?
"

GR2Y

29

82

L4
(3]

an
]

43

"
"
a

'Y
1
&

(3}
.1

(2l

AT

e

g3

32 2 X % M8

&Y

[Y)

L1

.2
=2

AL
AL

N

ay
a3

Lid
L7

o
L34
s?

&

L)

[

ht. 4

"aser

LY, WEniCLéc
e L}
rapusn TEST
CatRmg TFST
e L Ll
reMMEn vERY
AN TESY
-« e
BB TFLT
[ "
. 22
GROW TFST
™ 14
o o
1re [ Bl
SRR TESY
- 1an
KATTR TFSY
COOMNS TFLT
- 1w
- -
] -
O0Mmn TegY
- L ]
"~ -n
™ -
~ L]
Rreish TECT
»s L o
- -
or -
- -
= A%
ss AR
L] “s
ar AP
L i
»» »n
Lo 76
»n >4
- 24
as "
~ L]
as »»
1 1e
fed ra
£hTRen TERY
» nr
£oMd TECTY
RN TET
AR TET
ERTWR TESTY
~ L Lt
g "2



RPr)
LY

foped

REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR

REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME IL ® PART 3

FIGURE A-4
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A.3 TFACILITY RESEARCH VALUES

The research values of the various ground facilities and the two basic flight
vehicles, in relation to each Kesearch lsask, are shown in Figures A-ii turough A-13
for Operational Systems L2, M1, and M2. At the end of each figure, the charsacter-
istic and focused research values are summarized. The methodology used to determine
these values by individual task, as well as to campute the totals presented in the
summaries, is Jescribed in Section 5.3,and the corresponding data for Operatioral
System Cl are shown in Figure 5-6.

The research values for the flight vehicle options are presented in Figure A-1lk4
through A-1T7 for each of the operational systems, including System Cl. Consistent
with the method used for calculating research values for the ground facilities and
basic flight vehicles, those vehicle optior values are computed by multiplying the
intrinsic values of the Research Tasks by the capability of the vehicle to perform
the tasks. The task intrinsic values are listed in Figure 5-3 for Operational
System Cl and in Figures A-1 through A-3 for Operational Systems L2, Mi, and M2,
and are repzated in the second column of Figures A-14 through A-17 for reference.
The facility capabilities involved are those shown in Figures A-7 through A-10 for
the flight vehicle options.

The focused and characteristic Faciliiy Research Values for the options are
summe-ized at the end of Figures A-1lhk through A-17. The data presented in these
summaries are ithe basis for all flight-vehicle option values summarized in the
main body of this report. The Facility Research Value for a vehicle with a given
option can be fcund in the third row of =ach summary. These values are determined
for focused research by summing the values computed on an individual task basis
which are shown in the above portion of the corresponding figure. Values are summed
only over those tasks for which the option has application, while tasks for which
dashes appear are not considered. The related existing-facilities, basic-vehicle,
and ideal-facility values are calculated relative to each option by summing over
the same subset of tasks used to determine the Facility Research Value for that
option. For the related existing-facilities total, the individual task values
sumned are those appearing in the column labeled "Value of Existing Facilities" for
the tasks involved. The related basic-vehicle totals are found by summing the in-
dividual task values for the appropriate basic vehicle over the same subset of tasks.
Similarly, the related ideal-facility value is computed by adding the intrimsic
values of the tasis to vhich the option applies. Zercs indicate that the option
has no application to the operational system under consideration.

The second half of each summary in Figures A-1li through A-17 presents the char-
acteristic research values for each option. 'The related existing-facilities, pasic-
vehicle, and ideal-facility values are those shown in the craracteristic research
summaries presented previously for the corresponding basic vehicles and are based
on all Research Tasks except those designated as analytic or as involving only
ground testing. The characteristic Facility Research Value for a vekicle with a
given option is found by adding the increment provided by the option to the corres-~
ponding basic-vehicle value. This increment is equal to the difference shown in the
focused research summary between the value of the vehicle with the option and the -
basic-vehicle value. The characteristic research totais, then, place into perspec-
tive the value of a vehicle option in relation to the overall research periormed by
the flight vehicle.
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FIGURE A-11 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM L2
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FIGUE A-11 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM L2 (CONTINUED)
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FIGURE A-14 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM L2 ~ FLIGHT VEHICLES WITH OFTIONS (CONTINUED)
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FIGURE A-15 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM C1 - FLIGHT VEHICLES WITH OPTIONS
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FIGURE A-16 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM M1 - FLIGHT VEHICLES WITH OPTIONS
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FIGURE A-16 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM M1 - FLIGHT VEHICLES WITH OPTIONS (CONTINUED)
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FIGURE A-16 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM M1 - FLIGHT VEHICLES WITH OPTIONS (CONTINUED)
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FIGURE A-17 FACILITY RESEARCH VALUES FOR OPERATIOMAL
SYSTEM M2 -~ FLIGHT VEHICLES WITH OPTIONS
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r{GURE A-17 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM M2 — FLIGHT VEHICLES WITH OPTIONS (CONTINUED)
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FIGURE A-17 FACILITY RESEARCH VALUES FOR OPERATIONAL
SYSTEM M2 - FLIGHT VEHICLES WITH OPTIONS (CONTINUED)
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