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FOREWORD

This report summarizes the results of the Hypersonic Research Facilities
Study performed from 1 July 196S% through 26 June 1970 under Natirnal Aeronautics
and Space Administration Contract NAS2-5458 by McDonnell Aircraft Company, (MCAIR),
St. Louis, Missouri, a division of McDonnell Douglas Corporation.

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

Mr. Charles J. Pirrello wos 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 Dngineering. The
HYFAC study team was an element of the Advanced Systems Concepts project managed by
Mre. Haroid D. Altis.

The support of the following engine companiss in the flight vehicle synthesis is
gratefully acknowledged: AiResearch Manufacturing Division of the Garrett Corporation,
The General Electric Company, The Marquardt Company, and Pratt and Whitney Aircraft.

The support of the following companies in the ground facility synthesis is
gratefully acknowledged: The Cabot Corporation for extensive design, performance,
and operational refinement in carbon combustor concepts; Allis-Chalmers for defini-
tion of compressor plant design and equipment requirements. FluiDyne Engineering
Company, as a subcontractor on the HYFAC study, contributed significantly to the
detailed structural and operational requirements of the flow facility test legs.

This is Volume I of the overall HYFAC Report, which is organized as follows:

NASA Contreactor
Report Number

Volume I Summary CR 114322
Volume II Phase I Preliminary Studies
Part 1 - Research Requirements and Ground Facility
Facility Synthesis Ck 114323
Part 2 - Flight Vehicle Synthesis CR 11Lk32k
Volume III Phase II Parametric Studies
Part 1 - Research Requirements and Ground
Facility Synthesis CR 114325
Part 2 - Flight Vehicle Synthesis CR 11k4326
Volume IV Phase III Final Studies
Part 1 - Flight Research Vehicles CR 114327
Part 2 - Ground Research Facilities CR 114328
Part 3 - Research Requirements Analysis and
Facility Potential CR 11L4329
Volume V Limited Rights Data CR 114330
Volume VI Operational System Characteristics CR 114331
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1. INTRODUCTION AND SUMMARY

The HYFAC prog.am was a 1 year study to:

o Identify high priority research required for future hypersonic cruise air-
craft.

o Evaluate the research potential and total costs of new candidate research
facilities, both ground and flight.

o Assess the usefulness of these research facilities in support of other
aerospace systems.

That airbreathing Lvpersonic aircraft employing advanced propulsion and »nro-
pellant systems have the potesntial of satisfying a number of mission requirements
in the 1980-2000 time period was an accepted premise for this study. However, major
advances in the technological staie of the art are uecessary before such hypersonic
aircraft can be considered either feasible or practicai.

The potential applications or hypersonic cruise aircraflt are diverse, cover a
very broad flight spectrum, and involve significant differences in configuration

concepts, Figure 1.

FIGURE 1 AERONAUTICAL SYSTEM APPLICATIONS
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‘™ese aircraft are characterized by their ability to operate for extended
periods at high speed and altitude, achieving long range or high maneuverability,
in contrast to the transient traversing of this regime by re-entry type space
vehicles such as the current space shuttle.

The accomplishment of critical technology research properly phased with advanced
systems requirements is the key to this nation's leadership in the expiaration of
hypersonic flight. This is particularly true ir. the areas of propulsion, propulsion
system-airframe integration, structural materials, thermal protection, refurbishment
technigques, and operational procedures. Much of the knowledge needed c:o: only be
acquired through flight experience. Current ground research programs are addressing
some of the fundamental technology questions asso. .ated with hypersonic flight.
However, current flight tesearch, while providing valuable data, is extremely limited
in scope, including only lifting body tests and the joint NASA/USAF YF-12A program.

Many flight and ground research facility cnccepts have been studied and cumpared.
As a result, two technically feasible, attractive, flight research aircraft have
been defined and five attractive ground research facilities offering unique improve-
ment over existing grourd facilities have been identified. In summary, the facili-
ties and their sigrificant research application are:

Flight Vehicles

9 Mach 6, Manned, Conventional Takeoff and Landing, Turboramjet

Advanced campcund engine test bed.

Reusable strucurres and heat shields.

Regeneratively cooled structures.

Engine/airframe compatitility demonstration.

Operational demoastration - piloting and ground control.

© Mach 12, Manned, (-5A Airlasunched, Rocket

Aerothernmodynamic configuration in true environment.
Reusable structure and heat shields.

Airbreathing propulsi-n deveiopment.

Staging demonstration.

Operational demonstration - piloting and ground control.

Ground Fecilities

o Mach 8 to 13, High Re, Hyperscnic Impulse Tunnel

Hypersonic aerothermodynamic configuration development.
Propulsion system integration - powered and unpowered.
Shock/boundary layer studies.

o Mach 0.3 to 8.5, High Re, Polysonic Tunnel

Subsonic/hypersonic &. sothermodynamic <configuration compatibility and
development.

Propulsion system integration - powered and unpowered.
thock/boundary layer studies.

RICDONNELL AIRORAEY
2
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o Mach 0 to 5.5, Compound Turbomachinery Engine Test

Full scale - continuous operation - development and qualification.
Duplicated flight conditions.

Component development research.

Airframe/inlet compatibility.

Structural development - true temperature.

o Mach 3 to 11, Dual Mode Ramjet Engine Test

Subscale to full scale - continuous operation ~ development and
qualification.

Duplicated flight conditionms.

Combustion stability.

Inlet/nozzle dev-iopment.

Thrust characteristics.

Structural development - true temperature.

o Major Structural Test

Full scale static, fatigue verification.

Major section mechanical, thermal, altitude-time variant verification.
Component mechanical, acoustic, thermal, altitude-time variant structural
development.

Fluid system component development.

(Page L4 is Blank) NELL A
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2. OBJECTIVES

According to the NASA statement of woirk, "The primary objective of the study will
be to assess the research and development requirements for hypersunic aircraft and,
based on these requirements, to provide the NASA with descriptions of a number of de-
sirable hypersonic research facilities and estimates of their performance, costs,
development time schedules, and research capabilities." A secondary objective was to
identify any areas in which the NASA should irntensify or reorient its present hyper-
sonic research program in order to contribute to the development of such facilities.

Specific areas of emphasis included: (1) identification of the necessarv re-
search associated with a group of operational systems agreed to at the beginning of
the study and described in Volume VI; (2) evaluation of methods of accomplishing “he
necessary research through a ground test program and through a {light te:“ progran;
and (3) analysis of the capability and costs of various conceptual ground facilities
and flight research vzhicles.

A number of general grow.d rules from the Statement of Work were applied to all
phases of the study. Two of the more noteworthy are paraphrased.

(1) Proven technology should be employed; where not feasible, conservative
overdesign practices should be employed.

(2) Aircraft construction should conform to experimental shop procedures end
engine development should be consistent with a research program, not requirements
for an operational systemn.

The feasibility of accommodating these ground rules for both the ground and
flight research facilities has been confirmed. 1In general off the shelf equipment
has been jidentified which will suitably meet the system requirements. At most only
moderate extensions of proven cechnology were found necessary. This result has con-
tributed significantly to reduced costs.

A further reduction in flight vehicle costs result.- srom applice®“ion of experi-
mental shop procedures. Such an approach is both feasible and practical and would
employ austere program controls and minimize documentation expenditures. To accom-
plish the stated objectives MCAIR has:

(1) Developed a disciplined method to identify high priority resesarch required
for given aeronautical systems, and to establish the relative importance of the
identified research.

(2) Defined and analyzed a large number of new candidate research facilities,
both ground and flight, and developed credible design detail for each consistent
with the requirements for each study phase.

(3) Developed a realistic costing -‘ationale that provides understandable and
realistic cost estimates for the new research facilities.

(4) Compared and evaluated the most attractive candidates in each phase of the
study, and presented this evaluation data for further scrutiny and consideration by
decision makers.

(5) Drawn observations and conclusions as a result of the overall study and
presented recommendations for future programs.

(Page 6 is Blank) AFCDONNELL AIRCRAFY
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3. STUDY PLAN

The study lcgic and phasing is shown in Figure 2, The first phase consisted
of: selection and aetinition of a group of putential future ornerational systems
(summarized in Volume VI) which form the basis for the study, a preliminary identi-
fication and evaiuation of research regquirements, and a preliminery araiysis ¢f e
broad group of flight researcn vehicles and grouri research faciiities. The most
attractive concepts were carried into Phase TI for parametric study. A unique
aspect of this early effort involved incc:gporation of the advice and cpinicns of
persons recognized as knowladgeable ir. the area of hypersonic vehicle rejquirements.
Over forty individuals {rom Ames Ticsearch Center, Langley Research Center, Flight
Rescarch Center, Lewis Resezrch Center, and the USAF along witk 2k individuals from
within MCAIR participated in identifying snd evaluating the basic research needs
for the defined orc.rational aircraft systems ir order to proviie a comprehensive
tecknical basz to the study.

FIGURE 2 STUDY PLAN
Phase | | Phase i | Phase il |

FLIGHT FACILITIES =

Defie [ Preininay | e e =] Paamrics Ly em Design |
Operabramal \_f_‘u"". ‘ ‘
Sy 1 . 1
Resaarch ; ' = H Fiaa! Evhaation
—qm L-{CE'""‘"" i CE-*'-.[ s "
Rasi
= e ~ |
|| Prelimiaary = == Paametrics | ——=d Deip

GROUND FACILITIES =
| [ |
3rd Month 6th Month 12th Month

In Phase II the research requirements were subdivided into more specific
task statexments. The attractive facilities were refined and a number of para-
metric studies conducted.

Twe attractive flight vehicles and seven attractive ground facilities were
carried into the final Phase III refinement. Research requirements were further
refined.

The final stud; output inciudes a desism dezn~ripticn of each of the most
attractive facilities, estimates of the' < . . ; i acquisivion schedule, and
assessments of their capability :nd v . :atributing critical technology
research for advanced aeronautica .

(Page 8 is Blank) MCOONNELL AIRCRAFY
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4. FLIGHT VEHICLE SYNTHESIS

The first two phases of this study were devoted to preliminary analysis of a
broad group of flight research vehicle concepts followed bty parametric studies of
seven of the most atiractive concepts. The purpose of these initial studies was to
select the most atiractive vehicles for design refinemernt ond detzilad technical
studies in tne final phase. A number of variations in vehicle shape were examined
as summarized in Figure 3.

Two attractive vehicles were selected for the final study phase. The first
vehicle, a turboramjet powered aircraft, provides capability for technology demon-
stration of advanced airbreathing propulsion systems as wvell as a broad spectrum
of reseerch applics’le o the defined potential cperational systems. This vehicle
was designed for five (5) minutes of steady state cruise at Mach 6, is manned, and
operates in a conventional ground takeoff mcde. It employs a near term twrburamjet
designated STRJ11A-27, which includes a modified PAWA J58 JP-fueled turbojet core
ergire with u special THpo-fueled wraparound ramjet.

The second vehicle,representing a quantum jump in performance, is a manned,
rocket powered vehicle designed to cruise for five minutes at Mach 12 and is air-
lsunched from the C-5A. The engines employed are F&wA RL10-A-3-9 rockets using
LOp/LHo propellents. Five engines are employed for acceleration to cruise speed and
cruise is achieved on a single engine throttled to approximately 30% thrust.

These vehicles are capable of exploring the aeronautical environment illu: rated
in Figure 4. Also shown in Figure U are the trajectories of several of the potential
operational systems. Clearly the research aircraft capubilities encompass the region
of interest. For contrast with other aerospace systems, a representative environment
for the space transportation system vehicle is also illustrated.

FIGURE 3 VEHICLE CONFIGURATIONS
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FIGURE 4 FLIGHT ENVELOPE COMPARISON
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4.1 PHASE I PRELIMINARY STUDIES

A series of flight research aircraft concepts were developed and the performance,
research capability, and total program costs (i.e., acquisition plus research pro-
grar) were determined for each concept. This data is summarized in Figure 5. A
diverse group of vehirles were retained for further study in Phase II and arc so noted
in “he figure. Selections were based on research value, program cost, and on assess-—
ments of adaplability, development confidence, and ability to contribute to a broad
range of research. A number of significant observations were evident as a result
of these preliminary studies.

1. Airbreathing propulsion systems are costly to develop.

2. Manned research vehicles are not significantly larger or heavier than
unmanned research vehicles (a2t lcast when low densily, cryogenic fuels
are employed).

3. VWing body shapes are best suited to storable propellants.

k. All body shapes are best suited to cryogenic propellants.

5. Off-the-shelf rocket or turbojet acccleration engines can be integrated
into desirable vehicle concepts and the result is an appreciable cost

reductiorn.

6. Specialty vehicles (low speed, variable stability, staged) are most econom-
ical for selective tasks, although the scope of these tasks is limited.

AMMCDONNELL AIRCRAFTY
10
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FIGURE § FLIGHT RESEARCH VEHICLES
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T. Significant size and cost differentials exist between the following
launch concepts: STAGED - AIRLAUNCH - HTO.

The design concepts for the seven (7) attractive vehicles retained from Phase I
are illustrated in Figure 6.

FIGURE 6 PHASE Il RESEARCH AIRCRAFT

4.2 PHASE II PARAMETRIC STUDIES

A number of parametric studies were conducted during Phase II and the early
part of Phase III, on particularly sclected study vehicles. In all cases, the
cruise speed and steady state test time were constant with vehicle size being varied
to meet the mission performance. Separate trade studies of design cruise speed and
cruise test time were 2lso performed. On rocket accelerated vehicles a comparison
was made between the use of near term engines and specially developed advanced engines.

Configuration and propulsion system studies were conducted to define the com-
bination of parameters which would most improve the vehicle performance. Also
included were structural and payload size tradeoffs. 1 most cases, the aircraft
research value was not affected by the variation in a design paramcter. It was,
therefore, possible to select design values solely in consideration of vehicle weight
or cost. This was not the case for those tradecffs which involved significant
changes in the vehicle mission capahility. For these cases, it was necessary to
determine the variation in research capability and make the final selection in con-
sideration of this factcr as well as the effezt on vchiecle weight =nd cost.

AMCDONNELL AIRCRAFT
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In the engine selection study it was found that use of the Rocketdyne J2S or
multiples of the P&WA RL10-A-3-9 would reduce the vehicle acquisition costs (i.e.,

RDT&E plus investment) by 10 to 15%.

Typical tradeoff results for rocket
to fuel (O/F) ratio are shown in Figures
vehicle (configuraticn B233). Since the
sition and total program costs much more
lower vehicle thrust to weight ratio (on
of O/F (on the order of 6 to T) are mnst

FIGURE 7 EFFECT OF THRUST LOADING
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Results of configuration studies on the effect of vehicle sweep angle and
fatness rq}ios on the all body vehicles are illustrated in Figures 9 and 10, for

FIGURE 9 EFFECT OF LEADING EDGE SWEEP
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FIGURE 10 EFFECT OF FATNESS RATIO
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a Mach 12 airlaunched, rocket vehicle (configuration B233). Figure 9 indicates
that as the leading edge sweep is increased, the vehicle OWE continues to decrease.
An 80° sweep was selected in order to maintain a reasonably good landing L/Dpay
and lateral control. The higher fatness ratio vehicles resulted in lower vehicle
weight, thus a value of .125 was selected.

Study of the use of subcooled liquid hydrogen in lieu of normal boiling point
hydrogen indicated that a 3 to 4% reduction in total program cost could be achieved.
This was true for two M = 12 configurations studied, an airlaunched rocket/scramiet
vehicle (configuration B232) and the HTO turbojet/convertitle scramjet vei._.cle
(configuration B257). No increase ir airbornz equipment is required and only a
2inor amnount oI ground refrigeration equipment is necessary. In addition to the
vehicle size benefits resulting from the increased fuel density, the fuel tank oper-
ating pressures are reduced and an increased unattended grcund hold capability is
also possible.

The use of JP fuel as the initial turbojet acceleration fuel compared to use of
LH, fuel gave the same results for two airbresther vehicles studied. The vehicles
were a M = 6 turvojet/ramjet {configuration B212) and a M = 12 turbojet/convertibie
scramjet (configuration B25T), both designed for horizontal takeoff. In both cases,
the vehicle size, OWE, and cost showed a significant reduction where the more dense
JF fuel was used for the turbojet.

Structural studies included evaluation of (1) an active and passive thermal
protection system, (2) integral and non-integral tankage, and (3) the effects of
design load factor on vehicle weights and costs. A comparison between an active and
passive thermal protection system as employed on a M = 12 airlaunched rocket
accelerated vehicle (configuration B233) is illustrated in Figure 11, Use of the
active system resulted in an apprecisble reduction in vehicle weight and program
cost. A compariscn between integral and non-integral tankage was examined for a
M = 6 horizontal takeoff, turbojet/ramjet vehicle (configuration B212). Comparison
was made between an integral tank employing insulated (cool) structure, a non-inte-
gral tank employing insulated structure, and a non-integral tank employing uninsu-
lated (hot) structure. As illustrated in Figure 12, the insulated structure employing
integral tankage was found to be most attractive.

Studies of the effects of design load factor were made on three vehicles:
(1) a M = 6, horizontal takeoff, turbojet/ramjet vehicle (configuration B212), (2) a
M = 12, horizontal takeoff, turbojet/convertible scramjet vehicle (configuration
B257), and (3) a M = 12 airlaunched, rocket accelerated vehicle (configuration B233).
In all cases the results were similar; the M = 12 rocket wvehicle is used as an
illustration. Figure 13 shows the variation in surface temperature at two points
as maneuver load factor is varied, indicating the need for use of higher temperature
capability materials (with resulting weight and cost effects) as load factor is
increased. The variation of the TPS weight, the structural weight (based on a con-
stant structural temperature), and the total airframe weight also is illustrated.
It is seen that design load factor has a strong effect on the TPS and a small effect
on the structure, thus the selected design point for the structure is slightly
higher than that for the thermal protective system givirg some additional structural
margin. This tradeoff was conducted for a fixed size vehicle snd, thu,, represents
a structural capability tradeoff only. Tc achieve a constant mission range, the
vehicle would have to be resized, due to the performance losses incurred during the
maneuver. However, this was not the objective of the tradeoff and was nct con-

sidered in the analysis.
AMCDONNELL AIRCRAFYT
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FIGURE 11 COMPARISON OF THERMAL PROTECTION CONCEPTS
Mach 12 Rocket, Airlaunched 5 Minute Test Time
Passive Active
) |~ Shingle ——=¢

Xi 3 -~

l o~
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FIGURE 12 TANKAGE COMPARISON
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OWE - Ib &g 32,540 (14,750) 33,900 (15,400) 38,050 (17,500)
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*At Design Temperature
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FIGURE 13 LOAD FACTOR - WEIGHT AND TEMPERATURE EFFECTS
M = 12 All Body, Air Lauiched, Rocket
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The effect of varying the mission performance requirements was studied by
varying the design cruise speed, test time, and payload requirements. Unlike the
trade studies previously discussed, these variations did have an impact on the
vehicle research capability. The effect of varying the design cruise speed (msin-
taining a constant cruise test time) was examined on one Mach 6 class vehicle and
three Mach 12 class vehicles. The variation in research value and costs for each
vehicle are illustrated in Figure 1l4. Based on these data, design speeds of Mach
6 and Mach 12 were chosen. For the Mach 6 class vehicle, as the design cruise speed
is increased, the vehicle cost increases significantly while the research value
increases only modestly. Therefore a desiga point of Mach 6 was selected. In the
case of the Mach 12 class of vehicles the cost increace with increasing speed is
offset by the significant increase in researci. value. Therefore a design point of
Mach 12 was selected.

The effect of varying the design :rvize test time was examined cn one Mach 6
class vehicle and two Mach 12 class vei."'~les. The variations in research value and
cost for each vehicle are illustrated in Figure 15. It is apparent that increasing
test time for vehicles that employ rockets for cruise has a significant effect on
program costs, whereas the effect on the airbreather configuration is small, For
the Mach 6 class vehicle, both the cost and research value increase modestly with
incrzasing design speed. It appears that a test time of 10 minutes is a reasonable
goal for the Mach 6 class vehicles. In the case of the Mach 12 class of vehicles,
the cost penalties are too great to accept for the modest increase in research
value. Therefore, a design point of 5 minutes was selected for the Mach 12 vehicles.

MCDONNELL AIRCRAFT
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The effect of decreasing and increasing the payload weight requirement on
vehicle size and costs was found to be small, Tlis result is due to the fact that
the volumetric requirement to contain the LH, fuel is considerable, thus, the small
changes in volume resulting from payload variations have an insignificant effect,

As a result of the parametric studies, the following determinations were made:

1. Near term engines should be used for all rocket accelerated vehicles.
(Multiple RL1D engines are used for all configurations w..a the exceptien
of the horizontal takeoff M = 12 vehicle which uses a single J2S engine.)

2. A thrust to weight of as close to 1.25 &s possible is desirable.

3. A fuel to oxidizer ratio of 6 should be employed. (Since this was a refine-
ment determined in the early part of Phase III, the final Phase II aircraft
did not reflect t.is result, It is Jjudged that it would not have changed

the final Phase II selectioms.)

4, Off-the-shelf F-100 engines and JP fuel should be used for all turbojet
accelerated vehicles.

5. Subcooled liquid hydrogen should be us=1 in all concepts.
6. Active thermal protection (water wick) systems should be employed.
T. Integral tankage should be used.

8. The basic structure should be designed fo. 5 g capability and the thermal
protection system for 2.5 g capability.

9. A design cruise speed capsbility of M = 12 is best for the M = 8 to M = 12

class of vehicle:.

6 is best for the M= 6 to M = 8

10. A design cruise speed capability of M
class of vehicles.

11, The rocket systems should be designed for 5 minutes of steady state cruise
tnd the airbreather systems for 10 minutes of cruise.

12. A payload capability of 1500 pounds should be provided for research instru-
mentation and telemetry systems.

Characteristics of the flight vehicles incorporating the resulis of the para-
metric studies are given in Figure 16.

Of the M = 12 class of vehicles, the manned airlaunched, rocket configuration
(B233) was retained for Phase II refinement, with growth or opticnal capability to
test advanced propulsion systems, various thermal protection systems, armement
systems, stage separation, and horizontal and vertical takeoff.

ASCDONNELL AIRCRAFT
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FIGURE 16 FLIGHT RESEARCH VEHICLES

Wach6 | Maxh6 | Mach12 | Mach12 U;n";‘ Mch2 | Machi2
Air 41O Ar | mmovto | Air HTO
Acceleration | @B)RL10 | @F100 | G)RL10 | (S5 | G)RL10 | (5)RL1O | (4)F100
. Rockets T Roctets Rocket Rockets Rockets T4
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Hypersomic (12 Dim. RJ|(2) 2 Dim. RY | (1) Theottied | (1) Threctied | (1) Thwottted |  Scramjet | Scramjet
—_ 16,085 46 830 900 | w0 | ®5® 88,000 %320
- Lb (kg @9) | @23) | @) | (msh) | @am | @ | @sm2)
ONE - Lo 2605 | 3630 25,660 0200 | 24250 | 29,150 54,820
- Lb (k) a.&n | asise) | g9 | asssy | aneew | mam, | @ssw)
Program Cost MIL - §
@ Vehicles, 5 Years, 60 n a8e 622 542 818 1077
200 Flights)
Test Duration - Minates 10 10 5 5 5 5 5
Configuraticn No, W 212 3 260 28 32 257
Maximom Research Value | 7090 7516 6610 6690 6620 750 70

Ot the M = 6 class of vehicles, the horizontal +akeoff, TJ/RJ configuration was
retained. In an attempt to reduce total program custs, it appeared that an attrac-
tive vehicle could be obtained by using a turboramjet caoncept employing a J58 turpo-
jet core engine with a liquid hydrogen remjet '.rapped around the core engine. The
adaptability of tk’s vehicle to accept testing o, advanced propu’cion systems,
various thermal protection systems, and armament systems was studied in Phase IIT.

4,3 PHASE III FINAL STUDIES

As & result of the preliminsry studies, two distinctly different concepts were
seitected for detailed refinemernt in Phase ITI.

To provide a near-term technology research zircraft, a Mach 6 airbreathing
configuration was selected. This veh :le, a turboramjet-powered wing body aircract,
provides capability for technology demonstration of advanced airbreathing propulsion
systems, as well as a broad spectrum of research applicable to the defirned potential
operational systems. The vehicle is designed for steady state cruise at Wach & for
five (5) minutes, operates in a conventional ground -.ekeoff mode, and js manned.

It employs a turboramjet designated P&kA STRJ11A-2T7, using the existing Praitt
Whitney J58 JP fueled turbojet engine together with a LHo fueled wraparound rsmjet
modification. This would provide early research on a turvornjet engine. At the
same time, the aircraft can be designed to accept an advanced ccipound airbreathing
engine whén .t becomes available for tests. 'lherefore, the development of this
concept will not be paced by the parallel develop.ent of an advanced engine, nor
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burdened by the associated costs.

To previde a quantum jump in performance, a Mach 12 rocket-powered all tody
s:reraft was selected. This vehicle is manned, C-5A airlsunched, and designed to
cruise for five minutes at Mach 12. The engires emplcyed are P&WA RL10-A-3-9
rockets using LOp/LH, propellants. Five engines are employed for acceleration to
cruise speed and cruise is achieved on a single engine throttled to approximately
30% thrust. Like the Mach 6 concept, the use of existing engines will free the
research program of engine development costs and preczlude pacing the aircraft devel-
opment to a parallel advanced engine development program. Provisions to accomodate
advanced rirbreathing engines for future testing is an attractive option available
with this vehicle.

The objective of the Phase III studies was to refine and optimize these two
vehicles and determine in greater depth their research capsbiiities, costs, and
time schedules.

Specific emphasis was given to examining approaches to expand the resesrch
capabilitv of each vehicle by adapting various research options tc the basic vehicie.
In this msnner, a significant improvement in overall performance capability can be
achieved and thv.s provide a broad degree of research flexibility and versatility.

L4.3.1 MACE 6 TURBORAMJET ATRCRAFT

The basic aircraft genersl arrangement is shown in Figure 17 along with per-
tinent general characteristics. Selecied performance, weight, and cost character-
istics are presented in Figure 18.

The aircraft concept consists of a wing btody configuration powered by s near-
term turboramjet (P&WA STRJ11A-27). It is manned =nd designed for horizontal take-
off and landing. 1Initial acceleration is provided by the JP fueled turbojet core
engine which operates through the speed range of Mach 0 to 3.5. At Mach 3.5 the
turbojet is shut down, sealed from tne main airflow using closure doors, and wind-
milled with a small amount of iniet air which has been cooled to 1000°F (538°C).
The wraparound reamjet engine operates on hydrogen fuel at stoichiometric conditions
through the speed range of Mach 0.3 to 6. The fuel flow required to regeneratively
cool the engine and inlet at Mach 6 corresponds to the stoichionetric fuel flow
rate (¢ = 1.0). During cruise tke engine is operated in a throttled condition at
an equivalence ratio of 0.5. The remaining fuel (required for cooling) is dumped
overbosrd without burning.

Along with a normal ccmplement of avionic equinment, the vekicle provides capa-
bility to house 1290 1b (585 kz) of research instruments and related electrcnics.

As illustrated in Figure 19, the primary structure is protected from the
external aerodynamic environment by an insulation system counsisting of e single
faced corrugated heat shield and a layer of high temperature insulation. The LH,
fuel tank, located in the center fuselage section is integrated with the fuselage
structure and made of frame stiffened aluminum sheet alloy. The fuselage and wing
structure aft of the fuel tanks house the engine and inlet and are made of conven-
tionally stiffened titanium sheet alloy. The titanium inlet structure is protected
from the higk temperature inlet environment by a regeneratively cooled Rene' Ll
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FIGURE 17
MACH 6 TURBORAMJET AIRPLANE GENERAL ARRANGEMENT
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