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FOREWORD

This report summarizes the results of Phase II of the Hypersonic Research
Facilities Study performed from 19 September 1969 through 2 January JT0 under
Netional Aeronautics and Space Administration Contract NAS 2-5458 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
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 basic task of Phase II was to subdivide into research tasks the desirable
research objectives for hypersonic flight determined in Phase I, and to refine and
evaluate through parametric studies those attractive facilities retained from Phase
I. The Phase II study has been conducted in accordance with the requirements and
instructions of NASA RFP A-15109 (HK-81), McDonnell Technical Proposal Report G970,
and OART Correspondence received during the Phase II period.

This is Volume III, Part 2 of the overall HYFAC Report, which is organized as
follows:

NASA CONTRACTOR
REPORT NUMBER

Volume I Summary CR 11k322
Volume II Phase I Preliminary Studies
Part 1 - Research Requirements and Ground Facility
Synthesis CR 114323
Part 2 - Flight Vehicle Synthesis CR 11432k

Volume III Phase II Parametric Studies
Part 1 - Research Requirements and Ground Facility

Synthesis CR 11lu325
Part 2 - Flight Vehicle Synthesis CR 11L326
Volume IV Phase III Final Studies
Part 1 - Flight Research Facilities CR 1l1ibL3z2T
Part 2 - Ground Research Facilities CR 114328
Part 3 - Research Requirements Analysis and
Facility Potential CR 114329
Volume V Limited Rights Data CR 114330
Volume VI Operational System Characteristics ‘ CR 114331
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SUMMARY

Airbreathing hypersonic aircraft employing liquid hydrogen fuel have the poten-
tial of satisfying a number of mission requirements in the 1980-2000 time period.
However , major advances in the technological state of the art are necessary before
such airecraft can be considered either feasible or practical. The objective of
Contract NAS 2-5458 was to assess the research and development requirements for
hypersonic aircraft and based on these requirements, to provide the NASA with char-
acteristics of a number of desirable hypersonic research facilities. The study is
organized in three phases. Phase I was a preliminary analysis of a broad group of
concepts which were reduced to seven flight research facilities and eleven ground
research facilities for Phase II study. The purpose of Phase II was to perform
parametric studies to refine the facility designs and obtain sensitivity information
in the neighborhood of "near optimum" designs, and to select those facilities that
appear most attractive in the sense of research potential vs cost for further re-
finement in Phase III. This part of Volume III presents the results of the synthesis
of the flight research facilities. The significant results obtained are:

1. Flight research aircraft used in conjunction with existing ground facilities
are capable of accomplishing about 80 to 95% of the necessary research for
M=L4.5 to M = T operational systems.

2. TFlight research aircraft used in conjunction with existing ground facilities are
capable of accomplishing about 65 to 85% of the necessary research for M = 10
to M = 12 operational systems.

3. Development of ramjet, scramjet, and convertible scramjet engines are significant

cost elements. Development of turbomachinery, if required, is a major cost element.

4. Off-the-shelf rocket and turbojet engines are available to satisfy the require-
ments for accelerator engines, thus reducing program costs and program initia-
tion risks.

5. Propellant costs are a minor cost element. The use of LHp, for rockets and
hypersonic engines is both feasible and economical.

6. The diversity of the defined research clearly indicates that the flight research
vehicles should be flexible and adaptable to new and varying research goals.
When evaluated for a broad research program cepability, unmanned vehicles
neither provide this capability nor do they reduce overall program costs.

7. Active thermal protection systems and integral propellant tanks reduce vehicle
weight and cost.

8. A conservative design approach has a small cost effect. All vehicles are
therefore designed for 3.5 g at maximum thermal protection system temperatures
and 5.0 g structurally at reduced temperatures and provide a 1500 pound payload
capability.

MCDONNELL AIRCRAFT
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9. A design cruise speed capability of M = 6 and 10 minutes c¢f cruise was best

10.

11.

12-

for the M = 6 to M = & class of vehicles.

A design cruise speed capability of M = 12 and 5 minutes of cruise was best
for the M = 9§ to M = 12 class of vehicles.

Airlaunched vehicles are substantially lower in progranm cost and provide the
best tes*t operation capability.

The most attractive vehicle is a M = 12 airlaunched, rocket accelerated and
rocket cruise manned vehicle and is available at an acquisition cost of under
300 million dollars. Adaptability of this vehicle to accommodate modular
installations of advanced airbreathing propulsion systems and tc accomrmodate
various types of thermal protection systems is feasible.

MCDONNELL AIRCRAFT
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LICST OF 3YMBOLS

Symbol Definition

a acceleration

A area

AR aspect ratio

o angle of attack, ratio of wing span to vehicle length

w

ratio of mean aerodynamic chord to vehicle length,

side slip

b wing span

CD drag coefficient

CDO zero lift drag coefficient

C cross sectional area of wind tunnel test section

e mean aerodynamic chord

CR wing root chord

CT wing tip chord

Cl balance normal force load capacity divided by balance
diameter squared

CL 1lift coefficient

cLa 1ift curve slope

CLaO 1lift curve slope at zero 1lift

Cm pitching moment

Y ratio of specific heats, flight path angle

d diameter, balance diameter

D drag

8 deflection

A increment between two values
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LIST OF SYMBOLS (Cont)

Symbol Definition

L/D lift to drag ratio

m mass

M Mach number, bending moment

m mass flow

n, flight path normal load factor

NKE inlet kinetic energy efficiency
N.F. normal force

n ) inlet height-to-width ratio

NpOl nitrogen tetroxide

0o molecular oxygen

o/f oxidizer to fuel weight flow ratio
r pressure

$ fuel equivalence ratio, ratio of actual fuel flow to

stoichiometric fuel flow

6 angle between shock attachment point and cowl lip
q dynamic pressure

R specific gas constant

Rp mean radius of the earth 6,371,100 m

R* universal gas constant (8.31432 joules/°K mol)

Re Reynolds number

p density

o, Fg stress

S area

S/R dimensionless entropy
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LIST OF SYMBOLS

Definition
time
temperatureA
recovery temperature
wall temperature
velocity
volume
weight flow
weight
heading angle, yaw anile

geometric altitude
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LIST OF SYMBOLS (Cont)

SUBSCRIPTS
Propulsion Station Designations
0 free stream
o] capture, a fixed reference area on vehicle
cowl cowl lip
2 ’ engine face
3 engine exit
e nozzle exit
t nozzle throat
General
aero attributable to aerodynani: forces
c chamber conditions, cruise
cent attributable to centrifugal forces
D drag
E v empty
e engine exit
eff effective
f final
F frontal
i initial
o free stream
G associated with gravity forces, gross
I ideal
M maneuvering
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LIST OF SYMBOLS (Cont)

max maximum

min minimum

d net

o) isentropic reservoir conditions, evaluated at zero 1lift
proo attributible to propulsion system

p associated with pressure forces, planform

R wing root

S structural

S a vehicle, model stagnation

t total conditions corresponding to isentropic case
TO ) takeoff

TJ attributable to turbojet propulsion system

SJ attributable to scramjet propulsion system

t wing tip

test associated with test time

wet wetted

vac associated with vacuum conditions

X longitudinal direction

Yy lateral direction

z vertical direction
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LIST OF ABBREVIATIONS

Abbreviation Definition

ARC Ames Research Center

A ampere

A-h Ampere-hour

AB all body

A/D analog to digital conversion
Alt altitude

AM amplitude modulation

Aero 50 Aerozine 50, a 50/50 mixutre of UDMH and Hydrazine
bp boiling point

Btu British thermal unit

°c degrees Celscius (centigrade)
c.g. center of gravity

c.p. center of pressure

cm centimeters

CSJd convertible scramjet

db decibel

D/A digital to analog conversion
diam diameter

eng engine

°F degrees Fahrenheit

FRC Flight Research Center

ft feet

fps feet per second

GE General Electric Co.
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LIST OF ABBREVIATIGHD (Cont)

Abbreviation Definition

hr hour

Hz hertz

HF hirh frequency

HTO norizontal takeoff

HYFAC Hypersonic Resezrch Facilities
ILS instrument landings system

in. inch

inst installed

IRFHA inhibited red fuming nitric acid
J Joule

JP jet propulsion fuel

K derrees Kelvin (abzoluze)

kg kilogsram

L liquid

1b pounds , force

LO2 liquid oxyazen

LH2 liquid hydrogen

lbm pounds , mass

mi mile

m meter

max max imum

min minimum

MCAIR McDonnell Aircraft Company
MDAC (EAST) McDonnell Douglas Astronautics Company (EAST)
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LIST OF ABBREVIATIONS (Cont)

Abbreviation Definition

nmi nautical mile

i newtons

No. nunber

OWE operational weight empty

psi pounds per square inch

PFRT Preliminary Flight Rating Test
P&WA Pratt & Whitney Aircraft

°R degrees Rankine (absolute)

R&D . research and development

RDT&E research, development, test, and evaluation
RF radic frequency

RJ ramjet

RKT rocket

RP rocket propellent

s, sec seconds

SJ scramjet

smi statute mile

TF turbofan

TIT turbine inlet temperature

TJ turbojet

™C The Marquard Corporation

TRJ turboramjet

TOGW takeoff gross weight

UARL United Aircraft Research Laboratory
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LIST OF ABBREVIATICHD (mont)

Abbreviation Definition

UDMH wsyrmetricnl dimethyl Lydarazine
UHF ultra nigh freguency

uninst uninstalled

VTO vertical takeoff

v o volt

WB winyed body

W/0 without

wt weight

W watt

MCDONNELL AIRCRA FT

XX



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME Il ® PART 2

4. FLIGHT RESEARCH VEHICLE SYNTHESIS

(U) The seven Phase I flight research vehicle concepts indicated on
Figure L-1 were refined in Phase II through optimization and tradeoff studies.
Design features and operational characteristics were varied S0 as to identify the
best combination of variables for easch of the seven concepts.

(U) Figure 4-2 lists the studies performed on the seven vehicles. Three
configurations were selected on which to conduct the majority of the studies.
Results from the study of these configurations were then applied, as applicable,
to the remaining concepts, to insure that the best design features were incorporated
in all vehicles.

(U) The principal elements compared in Phase II and the concepts on which
they were analyzed are as follows:

(a) Control Mode - Manned vs Unmanned - Compared on the B233 and B28k Mach 12,
rocket, air-launched vehicles.

(b) Cruise Engine-Rocket vs Scramjet - Compared on the B232 and B233 Mach 12,
manned, air-launched vehicles.

(e) Propulsion Mode - Airbreather vs Rocket - Compared on the B252 and B260
Mach 12, manned, horizontal takeoff vehicles. ’

(d) Launch Mode - Ground Takeoff vs Air Launch - Compared on the B233 and
B260 Mach 12, manned, rocket vehicles.

(e) Design Speed - Mach 6 vs Mach 12 - Compared on the Mach 6 B212 and the
Mach 12 B257 airbreathing, manned, ground takecff vehicles and the Mach 6
B20T7 and the Mach 12 B232 rocket boosted, manned, air-launched vehicles.

(U) Sections L.l and 4.2 describe the design requirements, the technical
approach, and methodology used in performing the Phase II tradeoff studies. A
complete description of the vehicles used as the basis for the parametric and
tradeoff studies is given in Section 4.3. The results of the tradeoff studies
and their impact on the weight, cost, and research value of the flight research
aircraft are discussed in Section 4.4, Overall summaries of the design character-
istics, performance, and costs of the many flight research aircraft studied during
Phase Il are presented in Section L.5.

L.1 DESIGN REQUIREMENTS

(U) Design criteria and ground rules selected for the Phase II flight
research aircraft refinement and tradeoff studies were based primarily on informa-
tion obtained from the Phase I studies. For the most part, the design requirements
are unchanged from Phase I. However, some changes have been made to insure
consistency, to increase the validity of the study results, and to take advantage
of specific improvements identified during Phase I. 1In the following paragraphs,
flight research aircraft design criteria and ground rules selected for Phase II
are presented. Significant differences between Phase I and II design criteria and
ground rules are also discussed.

MCDONNELL AIRCRAFT
L-1



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME ill @ PART 2

(U) FIGURE 4-1 PHASE | FLIGHT RESEARCH VEHICLES
RETAINED FOR PHASE Ii REFINEMENT

CONFIGURATION NO. 207 212 232 233 257 260 28l
Mach Number 6 6 12 12 12 12 12
Engine RKT/RJ TJ/RJ RKT/SJ| BKT TJ/CSJ RKT RKT
Launch Mode Air HTO Air Air HTO HTO/VTO! Air
Body Shape AB WB AB AB AB & BWB AR _AB_
Control Mode Manned Manned Manned| Manned Manned Manned | Unmanned
Baseline Engines | RKT- TJ RKT RKT TJ RKT * RKT
LR-129 F100-GE-100 | LR=-129| LR-129 F100-GE=-100 | LR-129 | LR-129
(H2) (Hg)
RJ RJ sJ CsJ
MCAIR 2D MCAIR 2D MCAIR MCAIR
Engines Used In TJ
Tradeoff Study RKT F100-GE-100 RKT RKT RKT
(JP)
RL10-A-3-8| STJ-233 RL10-A-3-8 Jas RL10-A-3-8
J2s
WB - Winged Body
AB - All Bedy
BWB - Blended Wing Body
HTC - Horizontal Takeoff
VIO - Vertical Takeoff
(U) FIGURE 4-2 TRADEOFF STUDIES
PHASE Il FLIGHT RESEARCH VEHICLES
CONFIGURATION B207 B2l2 B232 B233 B2ST B260 B28L
Engine Rubberized, Rubberized,|Rubberized, Rubberized, | Rubber-
Off Shelf Off Shelf |Off Shelf Off Shelf ized Off
Shelf
Mach No. 6,7,8 8,10,12 8,10,12 }8,10,12
T/W Rubberized}{l1.25,1.5,2.0 1.25,1.5,2.0
-0ff Shelf - 1.117,1.375,1.55{0.96,1.1T
- JP (Boost) - - 0.97,1.03
LE Sweep/ 75,7T,80 75,77,80
Fineness Ratio - 3/1,4/1
Test Time 5,10,15 5,10,15 5,7.5,10
Basing Single ,Dual Single,Dual Single ,Dual Single, Single,Dual
Dual
Landing Power (1),
Unpower
Payload - Wt 600,1000,1L400
Density 20,25,30
Fuel JP,LHp NBP{<), JP,LHp,
Subcooled )
Subcooled
TPS Active,Passive|Passive ,Hot Passive,
{Inlet) Active
Tankage Int. ,Non-Int.
Load Factor(3) 3.5.5.0,7.33 3.5,5.0,7.33 3.5,5.0,
7.33

(1)
(2)
(3)

Pulsed Rocket
Normal Boiling Point
Heat Shield - 3.5 and 5.0

MCDONNELL AIRCRAFT
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L.1.1 (U) RESEARCH ATRCRAFT DESIGN CRITERIA AND GROUND RULES - A summary of the
design criteria and ground rules used as the basis for Phase II flight research
aircraft studies is given in Figure b-3. Discussion concerning the selection of
these criteria is presented in Volume II, Part 2, which documents the results of
the Phase I study. The most significant differences between Phase I and Phase II
criteria and ground rules are:

(a) Number of Flights - Initial studies in Phase I were based on 180 flights
for air-launched aircraft and 220 for horizontal takeoff aircraft. This was based
on a projected reduced utility rate for the air-launched vehicles. Further evalu-
ation showed that this difference could not be completely substantiated. Therefore,
for consistency, Phase II comparisons were based on 200 flights for all aircraft.

(b) Fuel Temperature -~ Phase I aircraft were compared on the basis of normal |
bolling poilnt hydrogen. The results of the Phase I and early Phase II studies
showed, however, that the use of subcooled fuel results in a weight reduction
primarily due to the lower design tank pressure (10 psig/6.9N/cm2) resulting from
the reduced vapor pressure. This yields a 1% to 2.7% reduction in program cost.
Therefore, the Phase II baseline aircraft employ subcooled hydrogen.

(c) Thermal Protection System - Preliminary studies at the beginning of
Phase I indicated that an active cooling system on the primary structure of the
Mach 12 aircraft would result in minimum weight. Active cooling was therefore
selected as the baseline for the Phase I, Mach 12 aircraft. However, at the
direction of the study monitor, passive insulation systems were used as the
baseline design for Phase II aircraft analysis.

{d) Rocket Is? - In the Phase I mission performance studies, the Igp for
both rocke¥ engines and the airbreather engines was reduced by 5% to account for
differences usually found between originally estimated vehicle performance and
subsequent actual flight operational performance. For Phase II, it was decided
that a 1% reduction was more representative for rocket engine performance. There-
fore, for the Phase II performance studies, the Isp was reduced 1% for rocket

engines and the 5% reduction for airbreather engines was retained.

L.1.2 (U) PERFORMANCE AND SIZING GROUND RULES - The following paragraphs
summarize pertinent assumptions and ground rules which were used for vehicle sizing
in the Phase IT technical evaluations.

4.1.2.1 (U) Rocket Accelerator - Two Base Operation - The acceleration and climb
phase of flight follows the flight path that yields minimum propellant usage to the
constant test Mach number at (L/D)pgy equilibrium altitude. Cruise is at (L/D)max
at equilibrium altitude and the descent phase of flight is unpowered (zero fuel
usage). For rubberized rocket engines, the nominal thrust-to-weight ratio (vacuum
thrust to takeoff gross weight) is 1.5. For the rocket/ramjet configuration, where
the ramjet is used only in the cruise phase of flight, the installed ramjet thrust
when operating at minimum SFC is set equal to the drag at the start of cruise. For
the rocket/scramjet configuration, where the scramjet is used only in the cruise
phase of flight, the scramjet capture area is sized as L.5% of vehicle planform
area.

MCDONNELL AIRCRAFT
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(U) FIGURE 4-3 PHASE Il CRITERIA AND GROUND RULES

| A11 Baseline Research Vehicles

Test Time 5 min
QOperstional Life 200 flights
Payload
Weight 1000 1b (.Lskh kg)
Density 20 1b/ft3 (320 kg/m3)
Design Limit Load Factor
Taxi
Structure

Thermal Protection

R v (R

Dynamic Pressure

2.0
5.0
3.5
2500 psf (119,300 N/cm2)

Inlet Pressure
Ramjet/Convertible Scramjet (Subsonic
Combustion)
Scramjet (Supersonic Combustion)
et

150 psi (103.2 N/cm?)

100 psi (68.9 N/cg2
220 pei (889 W/cgy)

Lending Speed 200 kts (103 m/sec)
Sink Speed 20 fps (6.08 m/sec)
Tank Pressure

LH2 10 psig (6.9 N/cm?)

LOo 25 psig (17.2 N/cm?)

JP 15 psig (10.3 N/cm?)
Propellant Temperature

LHo 30°R (16.65°K) Subcooled

LOp 163°R (90°K) Normal Boiling Point

JP 530°R {294°K) Room Temperature
Tankage Integral, Internal Insulation
Structure 250°F max (395°K)

Insulated, 300°F max (421°K)

Thermal Protection
Surface
Inlet for Mach 6
Inlet for Mach 7 and up

Passive insulation
Passive insulation
Regeneratively cooled

Allowable Heat into Fuel

100 Btu/ft<-hr ( 315 watt/m?)

Fuel Reserves, Isp Reduction

Rocket 1%

Airbreather 5%
Program

Time S yrs

Vehicles 3
Ullage

Wing Body 1%

All Body 2.5%
Crew 1
Fuel Hydrogen, JP-k
Max Angle of Attack, Low Speed 15°

MCDONNELL AIRCRAFT
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4.1.2.2 (U) Rocket Accelerator - Single Base Operation - Turnaround is zccom-
plished by performing an unpowered 3.5g windup turn initiated at end of 5 minute
test Mach number cruise. (Initially in the turn the g load is somewhat less than
3.5g because angle-of-attack is restricted to 20°.) The return phase of flight
was at the Mach number attained at end of turn: 2.5 for Mach 6 design vehicles
and 5.0 for Mach 12 design vehicles. No glide range was allotted at end of Mach
2.5 cruise back; a 200 mmi (370 km) glide range was allotted at end of Mach 5.0
cruise back.

L.1.2.3 (U) Airbreather Accelerator - Two Base Operation - Climb profiles used

for the Phase II studies are as presented in a later section (See Figure 4-30) and
cruise is at (L/D)max at equilibrium altitude. Turbojets are fixed size engines
(F100-GE-100) and are shut down at Mach 3. Ramjet engines are sized to provide
thrust equal to drag at Mach 6 cruise when operating at minimum SFC. Ramjet sizes
are then checked to assure adequate full power thrust to accelerate the aircraft
from the Mach 3 shutdown of the turbojet engines to Mach 6 cruise. Scramjet engines
are sized to provide the maximum capture area possible without ingesting the vehicle
bowshock or any inlet ramp shocks. This results in capture areas which average about
4.5% of the vehicle planform area. Ramjet and convertible scramjet engines are ig-
nited at Mach 1 and remain on for duration of powered flight.

(u) Propulsion System Selection - In selecting propulsion systems for the
Phase II vehicles, "off-the-shelf” engines were chosen wherever such engines could
perform the desired mission. Minor modifications of these engines were accepted.
The criterion for defining "off-the-shelf" engines was that they reach PFRT status
by 1975, without funding beyond that currently committed or planned. This PFRT
status for turbojets, turbofans, and rockets is taken to be PFRT as currently
practiced (typified by specifications such as MIL-E-5009D). For ram-compression

engines (RJ, SJ, and CSJ) no MIL standards exist; thus a PFRT criterion judged applic-
able to an experimental, rather than operational, vehicle was employed. This cri-
terion required approximately five cycles of maximum power at conditions correspond-
ing to the nominal aircraft acceleration flight path, plus five cycles of cruise time
(of five minutes each) at the cruise Mach number and altitude. In all of the Phase

IT propulsion systems except turbojets, hydrogen was the only fuel considered because
of Phase I study results. For turbojets JP fuel was used, based on a tradeoff study
made between hydrogen and JP fuel.

4.1.3 (U) C-5A (MOTHER SHIP) LIMITATIONS AND MODIFICATIONS - C-5A limitations

for this study are based on the C-5 Airframe Structural Description (LG1S37-1-1)
and C-5 Operational Planning Manual (MER 400A) reports. Wing mounted air launched
vehicles and suspension pylon are restricted to a total height of 18 feet (5.5 m).
Research vehicles would be mounted between the fuselage and the inboard engine
nacelle of the C-5A, Figure 4-4, For vehicles with a span of less than 26 feet
(7.9 m), no C-5A modifications appear to be required. For spans over 26 feet (7.9 m),
the C-5A right hand inboard engine would have to be relocated outboard of its pre-
sent position. For wing spans over 35 feet (10.6 m), a major modification of the
C~5A would be required in addition to the engine relocation. This includes modify-
ing the landing gear and fuselage structure to eliminate the landing gear pod pro-
trusion. The wing is capable of carrying shear loads in excess of 200,000 pounds
(889,600 N) during taxi conditions. Since the research vehicles weight less than
100,000 pounds (444 800 N), no major revisions are anticipated for wing strength.
Cruise altitude of the C-5A at launch is assumed to be 35,000 feet (10,670 m).

MCDONNELL AIRCRAFT
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(U) FIGURE 4—4 CS5A MODIFICATION REQUIREMENTS

"/
/ / VEHICLE SPAN: LESS THAN 26.0 FT
cad C-SA MODIFICATION:
] 7// // 1) ADD PYLON.
/o

VEHICLE SPAN: 26.0 - 35.0 FT

C-5A MODIFICATION:

/ 1) ADD PYLON
L kJ J 2) RELOCATE INBOARD ENGINE

VEHICLE SPAN: OVER 35.0 FT

/ // C-5A MODIFICATION:

. 1) ADD PYLON

v F7 : 2) RELOCATE INBOARD ENGINE

3) REDESIGN MAIN LANDING GEAR,
POD AND STRUCTURE

/]
_ /]

MCDONNELL AIRORAFT
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4.2 TECHNICAL APPROACH AND METHODOLOGY

(U} The baseline Phase II aircraft are refinements of the seven aircraft
configurations (Figure 4-1) retained from the Phase I screening. The following
section describes the technical approach and methodology used in this refinement,
and in the parametric tradeoff studies (Figure 4-2) performed during this phase.
Also presented are the results of additional study efforts which were necessary
to support the parametric tradeoffs.

4.2.1 (U) CONFIGURATION DESIGN - The three basic Phase I configuration shapes
were retained for Phase II. These configurations were refiuned to provide more
efficient utilization of the internal volume of each vehicle. A fourth configura-
tion shape (Blended Wing-Body) was developed during Phase II for the airbreather
accelerated, Mach 12 concept which provided improved performance over the all-body
shape. These four configurations are illustrated in Figure L-s.

(U) FIGURE 4-5 VEHICLE CONFIGURATIONS

\% WING BODY
< |

ALL BODY - ELLIPTICAL

ALL BODY-MCAIR

BLENDED WING BODY

HRF-183

MCDONNELL AIRCRAFT
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4.2.1.1 (U) All-Body Elliptical - The elliptical all-body shape was established
by using a 4 to 1 ratio ellipse at the maximum cross section point as the control
for the basic body size. The vehicle shape was then achieved by fairing from the
maximum cross section to the other controlling design parameters, listed

(a) (U) Nose - A standardized nose shape was used on all hypersonic vehicles
in this study, with the maximum cross section controlled by minimum dimensions for
fixed wing aircraft cockpits as established by MIL-STDs MS33573, MS3357k, MS33575,
and MS33576. The nose was also shaped to minimize adverse effects on aircraft
stability and on the first ramp for scramjet.

(b) (U) Forebody Ramp Angle - The Hypersonic Scramjet Vehicle Study, Ref-
erence (l), determined that the conical underbody extending from the aircraft nose
to the second inlet ramp of the scramjet should form an angle of 3° with the air-
craft horizontal reference plane. This 3° forebody ramp angle was found to produce
a "near optimum" fineness ratio for turbojet accelerated aircraft where some volu-
metric efficiency must be sacrificed to achieve satisfactory transonic acceleration.
While that study was conducted for operational vehicles, it appeared reasonable to
adopt these results for the research vehicle.

(¢c) (U) Aft Fuselage Underbody - The asymmetric nozzle geometry necessary to
provide the scramjet exhaust flowfield characteristics that maximize the engine thrust
and propulsive lift for operational size vehicles was developed in Reference (1).

This geometry appears reasonable for research size vehicles and was therefore
adopted for HYFAC.

4.2.1.2 (U) All-Body - MCAIR - The MCAIR all-body shape is the result of shape
optimization studies in Reference (1). It has a delta planform and a modified
rhombic cross section, with a width-to-height ratio of 1.7 to 1, optimized to
achieve a high volume-to-wetted-area and planform fraction. Other design control-
ling parameters for this shape are:

(a) (U) Nose - Identical to that used on the elliptical all-body shape.

(b) (U) Forebody Ramp Angle -~ Established at 49 in Reference (1) as "near
optimum for rocket accelerated hypersonic vehicles. The resulting lower finess
ratio is acceptable for rocket vehicles which characteristically do not present
transonic acceleration problems.

(¢) (U) Aft Fuselage Underbody - Shaped to scramjet requirements, as on the
elliptical all-body shape.

4.2.1.3 (U) Wing Body - The wing body shape was initially developed in Reference
(1) as a high fineness ratio vehicle optimized for turbojet acceleration, and has
been the basis for the HYFAC airbreather configuration work in the Mach 6 to 8

speed regime during Phase ITI.

4.2.1.4 (U) Blended Wing Body - During the early portion of Phase II considerable
difficulty was experienced in achieving converged design solutions to the Mach 12,
turbojet/convertible scramjet concept (B257). Although the all-body §hape was
capable of the required performance, the blended wing body shape was introduced
into the study to provide added visibility into the effect of cross sectional shape
on mission capability and vehicle size.

MCOONNELL AIRCRAFT
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(U) This shape is essentially the same as the wing body shape studied in
Phase I with the addition of larger fillets at the wing/fuselage juncture. These
fillets permit an increase in fuel tankage, creating a better fuel-volume-to-
planform ratio. The converged design achieved with this approach res.lted in its
choice as the baseline shape for parametric studies of Configuration B257.

4.2.1.5 (U) Additional Study Effort - Two integrated turbojet/convertible scram-
jet arrangements, illustrated in Figures L-6 and L-T, were evaluated during
Phase II.

(U) Figure 4-6 is a design layout of the first candidate propulsion system
installation which satisfies the requirements of pressure recovery in the turbojet
system and variable capture area for the accelerating convertible scramjet.

(U) In this design, the convertible scramjet can be retracted to eliminate
cooling requirements during descent. It is capable of wide variations in capture
area to maintain a "shock-on-1lip" condition from Mach 8 to 12. A boundary layer
diverter, incorporated forward of the turbojet inlets, retracts flush with the
forebody during the scramjet mode. The turbojet capture area requirements are met
by employing a scoop-type inlet, with side plates to reduce spill and a variable
geometry throat.

(U) Convertible scramjet capture area requirements and forebody ramp
angle requirements establish the forebody length, while the nozzle requirements
dictate the afterbody length. The resulting aft location of the scramjet propulsion
package on the delta planform creates a nominally tail-heavy design. Variable cap-
ture area for the CSJ is accomplished by moving the engine duct further out from the
fuselage (See Figure L4-58). Inlet and nozzle ramps are hinged to maintain surface
continuity as the CSJ is translated throughout the flight. In this manner, variable
geometry is accomplished with no movement of regeneratively cooled surfaces relative
to each other.

(U) The turbojet and convertible scramjet inlets operate with relative
independence allhough the turbojet scoop will produce some wake effects on the
scramjet below Mach 3. (At Mach 3 the turbojet is shut-off and the inlet and
boundary layer control are closed.) Capture area and normal shock locaticn are
therefore controlled for each engine independently.

(U) Weight and balance requirements of the aircraft are easily met due to
the selected location of the turbojet above the convertible scramjet. In addition,
turbojet performance is maximized by the relatively straight flow path through the
aircraft.

(U) Previous study efforts, including those of other investigators, to inte-
grate the turbojet inlet with the scramjet inlet, have resulted in a second candi-
date design like the one shown by Figure 4-7. These aircraft designs are difficult
to balance, exhibit performance penalties and system integration problems.

(U) Location of the turbojet engines within the Mach 12 vehicle moldline
requires added inlet length between the inlet and the engine face both for recovery
and uniformity of airflow. In addition, the turbojet exhaust must be properly
vectored away from the vehicle. These characteristics tend to drive the location
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(U) FIGURE 4-6 INTEGRATED INLET TURBOJET/CONVERTIBLE SCRAMJET
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(U) FIGURE 4-7 COMMON INLET TURBOJET/CONVERTIBLE SCRAMJET
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of the turbojet aft and tend to increase the individual component weights, all of
which tend to shift the c.g. further aft, making acceptable aircraft balance more
difficult to achieve.

(U) Major propulsion considerations in such a concept are the high turning
angles required in both the inlet and nozzle ducts for the turbojets, leading to
lower recovery efficiencies. Additionally, the complexities of maintaining the
proper airflow to both the turbojet and the convertible scramjet between Mach 1
and Mach 3 are formidable. The inlet system operates in a started mixed compres-
sion mode over most of this speed range. The normal shock in the TJ diffuser is
controlled by varying wall geometry and by a variable bypass system, while in the
CS8J diffuser the normal shock is controlled by regulating combustor fuel injecticn
to control heat addition. Interaction between the two diffusers significantly
compounds the magnitude of this always difficult control problem.

(U) Of major importance in system integration of the engines shown in
Figure L~T is the necessity of sliding regeneratively cooled panels relative to
each other. Although not shown in Figure L-7, a boundary layer diverter such as
shown in Figure L-6 would probably be required which would add further to the
complexity of this design concept.

(U} Selection of the inlet system was based on the factors just discussed and
one additional consideration. An over-turning pitching moment is generated due to
the vertical offset between the inlet and exhaust vectors of the turbojet engines.
In this regard the through flow design shown in Figure L4-6 is easier to balance and
therefore is more suitable for further investigation. The design showvm in Figure
4-6 was selected for the research vehicles.

L.2.2 (U) AERODYNAMICS - The theoretical 1ift and drag prediction techniques
employed in this phase of the study are discussed herein. Phase II efforts in
this regard are somewhat more refined than those employed in Phase I (Volume II),
particularly insofar as the drag analysis is concerned. 1In Phase I, vehicle

drag was determined as a function of maximum 1ift-to-drag ratio, (L/D)pex, and

the induced drag factor, L', with zero 1lift drag, CDO, a fallout. Because of

the large number of configurations being screened, (L/D)max was estimated on the
basis of simplified data correlations with vehicle volume and planform area.

With the narrowing of the number of configurations under consideration in Phase IT,
individual 1lift and drag analyses were performed for each vehicle design utilizing
the methods and techniques described in the following paragraphs.

L.2.2.1 (U) Lift Estimation Method - The 1lift characteristics were calculatec

from data correlations and theory, as follows. The subsonic lift curve slope Cr,,
was determined using the method of Reference (2). The supersonic lift curve

slopes were obtained from the correlation of data on delts wing configurations

shown in Figure 4-8. These values of CLa, were adjusted to account for the effects
of taper ratio and trailing edge wing sweep, where appropriate, using design charts.
Linear 1lift curves were assumed at all Mach numbers.

(U) For all-body configurations, an equivalent d/b ratio was used where b
is the overall span of the vehicle and d is the equivalent diameter of the vehicle,
based on its maximum cross-sectional area. For double delta wings, an effective
leading edge sweep, based on an area-weighted average, was used to determine the
1ift curve slope from Figure L4-8.

MCDONNELL AIRCRAFT
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(U) FIGURE 4-8 LIFT CURVE SLOPE OF DELTA WING-BODY COMBINATIONS
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4.2.2.2 (U) Drag Estimation Method - Drag characteristics were calculated using

the component build-up method. This method has evolved from theoretical calcula-

tions, experimental data, and correlations with experimental data. The total drag
coefficient is given by:

Chrorar = CDo *+ L' Ccr2

Where CDO is the drag coefficient at zero 1lift, and L' CL2 is the incremental drag
coefficient due to 1lift.

L.2.2.2.1 (U) Zero Lift Drag - The zero lift drag coefficient is composed of

skin friction drag, protuberance drag, wave Or pressure drag, base drag, and
propulsion system drag.

(U) The Von Karman-Schoenherr equation is used to calculate the skin fric-
tion drag along the flight trajectory. For incompressible flow, the smooth flat
plate skin friction is given by,

log1o (RNCp) = O.2h2/(cp)l/2

The corrections of Reference (3) were applied to account for Mach number and
temperature effects. For Mach numbers equal to or less then 5.0, the temperature
correction corresponds to adiabatic conditions (Tw/Tr). For Mach numbers greater

MCDONNELL AIRCRAFT
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than 5.0, the correction is an equivalent temperature ratio for an entire aircraft.
This correction was obtained by dividing the aircraft into equivalent wedges and
computing local values of Ty/Ty, using the methods outlined in Reference (4). These
local values of Ty/Try were then area-weighed to give an equivalent Tw/Tr for the
entire aircraft.

(U) The thickness factors derived by Hoerner, Reference (5), were used at
subsonic speeds to correct the flat plate skin friction drag cecefficient to account
for changes in local velocity along the wing beody:

Cp.. /Cp =1+ 2 (t/c) + 60 (t/c)b
ing a
Wi Flat
Plate
CPaogy/CFpiar = 1+ 1+ (a/1)3/2 + 7 (a/2)3
Plate

According to two-dimensional theory, this additional viscous drag does not exist at
supersonic speeds.

(U) Estimating the total drag due to unavoidable protuberances can be
accomplished only with & detailed knowledge of the aircraft; however, statistical
information reveals that these items on recent fighter aircraft account for a
Cprp = 0.00065, based on total wetted area. Additional information confirms the
subsonic level of 0.00065 and suggests that a value of Cpp = 0.00085 be used at
supersonic speeds which was used for Phase II drag calculations.

(U) The transonic and supersonic wave drag coefficients of the basic aircraft
components (fuselage, nacelles, wing, vertical tails, and horizontal tails) were
estimated using the component build-up method. This method has several advantages.
The fuselage components can be defined directly from the area distribution, and the
best available correlation method for each component and Mach region can be used.
That is, at transonic speeds where theoretical treatments are inadequate, data
correlations can be used. For simple shapes at supersonic speeds, tangent wedge
and tangent cone prediction techniques can be employed, and for complex shapes,
linear theory can be utilized. The disadvantage of this method is in the inability
to account for mutual interference effects between components in other than a
general way. The only method commonly available, which includes interference
effects, is the "area rule" method. Experience has shown that while there are
advantaeges to be gained by using the "area rule" method, the results are usually
not significant enough to influence preliminary design configurations. For this
reason, the "area rule" method was not employed in Phase II, but will be used in
Phase III to confirm basic design drag levels.

(U) Experimental data correlations for varying nose shapes, cone frustrums,
and boattail configurations were employed to determine wave drag contributions
for the nose, mid/fuselage, and aft body at transonic and supersonic speeds.
Similar data correlations developed for boundary layer diverters were utilized
to define the pressure drag contribution produced by these devices. The wave
drag contributions of the wing and tails were determined from transonic data
correlations and supersonic linear theory.

MCDONNELL AIRCRAFT
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(U) Base drag coefficients were determined from the correlation shown in
Figure 4-9. Three dimensional base drag contributions were included on the expan-

sion nozzles of ramjet and scramjet configurations for engine-off operations.

(U) The drag attributed to the propulsion system during engine-cn operation
is composed of ram drag, spill drag, and bleed drag. These are accounted for as
a reduction in the thrust available as described in Section L.2.4. In all
instances, external cowl drag is included in the aerodynamic drag analysis.

h.2.2.2.2 (U) Drag Due to Lift - The induced drag factor, L', was calculated
as follows:

L.'M>l =1 - Kl Cl - nARle - K
CLq, Lo M<1

1 + K
™R e
o CL, is the 1lift curve slope (Section L.2.2.1)

i

h 1
where L M<l

CLam<l is the subsonic value of Cr, (Section k.2.2.1)

o R 1is the aspect ratio
o e is Weissingers efficiency factor (Reference 6)

o ¥ is an additional induced drag factor (Figure L-10) which accounts for
the effects of wing taper ratio and leading edge radius.

o Kjp is a correction factor (Figure 4-11) employed to adjust the wing leading
edge suction and additional induced drag factor terms, inside the brackets,
for configuration shape, Mach number, and leading edge sweep effects.

For all-body configurations, Ky is assumed to be zero, as noted in Figure h-11,
thereby neglecting the leading edge suction and additional induced drag factor
terms at all speeds. This reduces the calculation of L' for all-body shapes to
L
CI—'a

which when combined with Cp, and CDo yields an (L/D)max value in good agreement
with the aforementioned Phase I correlations of (L/D)pax with vehicle volume and
planform area.
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(U) FIGURE 4-9
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(U) FIGURE 4-10 ADDITIONAL INDUCED DRAG FACTOR (K)
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4.2.3 (U) THERMODYNAMICS - During the Phase II vehicle tradeoff studies, primary
effort was concentrated on defining vehicle changes, attributable to the thermal
environment, which have a significant impact upon vehicle cost or performance. These
can be categorized as follows:

o Changes in moldline material selection and/or distribution

o Changes in airframe insulation requirements for the structure and
propellant tanks.

o Changes in ramjet inlet Thermal Protection System (TPS) requirements.

Since the above vehicle changes are due to variations in the magnitude and/or dur-
ation of the aerodynamic heating environment, trade studies involving parametric
variations of Mach numbers, test time, and load factor were examined. In addition,
thermal analyses were conducted in support of the following tradeoffs:

o Fuel - Normal Boiling Point (NBP) versus sub-cooled LHy (including slush).
o Thermal Protection System (TPS).

(1) 1Insulated structure versus hot structure.

(2) Passive versus active TPS.

o Tankage - Integral versus non-integral.

(U) Methodologv nsed in conducting the analyses is summarized in Figure L-12
and discussed below. The impact on vehicle size, weight, and cost are discussed in

Section L.k,

(U) Moldline Material Selection - Maximum external surface temperatures were
determined for the various aircraft and missions under consideration to ensure the
selection of moldline materials (shingles and insulation) with the appropriate
temperature capability. Upper surface temperatures were computed at an end-of-
boost/cruise insertion condition, that is, at cruise velocity and altitude, but at
an angle-of-attack of zero degrees. Lower surface temperatures were computed at
the cruise velocity and altitude, but at the assumed maximum angle-of-attack of
20 degrees. This latter condition is characteristic of a 3.5g maneuver which has been
established as the design load factor at Vp,, conditions (see Section L4, h.1).

(U) Airframe Insulation Requirements - The baseline thermal/structural concept
utilized during Phase II consists of:

(a) (U) Radiation cooled external shingles which provide a smooth aerodynamic
surface, transmit air loads via attachments to the primary structure, and
protect the insulation from viscous shearing forces;

(b) (U) Passive insulation which protects the primary structure from the
external heating environment;

(¢) (U) Insulated load carrying aluminum structure (2 psf, 0.9 kg/mz); and

MCDONNELL AIRCRAFT
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(U)FIGURE 4-12
METHODOLOGY USED IN CONDUCTING
THERMODYNAMIC ANALYSIS
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(d) (U) Integral tankage (aluminum) with internal cryogenic foam insulation
to limit the heat transfer to cryogenic propellants.

(U) To determine overall airframe insulation, four representative locations
were analyzed in detail, that is, a representative upper and lower surtrace location
for both fuel and non-fuel areas. Local insulation requirements at these four
locations were determined manually based upon an effective step-input of surface
temperature (equivalent to area under actual temperature versus time curve, (see
Figure 4-12) and a two-layer plate solution for one-dimensional heat transfer per
Schneider (Reference T).

{(U) Insulation thicknesses in non-fuel areas were sized based upon an initial
and final (maximum) structural temperature of 100°F (311°K) and 300°F (L22°K),
respectively. Passive external insulation requirements for upper fuel tank areas,
likewise, were based upon the heat storage capacity of the aluminum structure only.
That is, it was assumed that the internal tankage insulation was not wetted and
hence the heat transfer to the fuel was negligible. Furthermore, because of temp-
erature limitations of the crvorenic foam insulation, a maximum structural/bondline
insulation temperature of 250°F (395°K) rather than 300°F (L4L22°K) was used. External
insulation requirements for lower surface fuel areas were determined assuming a 100°F
(311°K) temperature rise of the tank wall plus a heat leak to the cryogenic hydrogen
of 100 Btu/ft2 hr (315 watts/m2). This heat leak was selected as a reasonable value
for the short flight times of a research aircraft; the resultant final fuel tempera-
tures and maximum tank pressure for a Mach 12 configuration are presented in
Section 4.4.3 (Figure L4L-99). Limiting the heat leak to the LHp fuel to 100 Btu/ftZ2
hr (315 watts/in2)requires approximately 0.6 inch(1.52 cm)of cryogenic foam insulation.

(U) External insulation requirements for LOX tanks were arbitrarily set equal
to LH, tankage values.

(U) Average passive insulation requirements as a function of Mach number and
test time are summarized in Section 4.4.5.2. A comparison of active and passive
requirements for the Mach 12 vehicle is discussed in Section UL.L4.L.3.

(U) Ramjet Inlet TPS - Passive insulation is used both internally and
externally to protect the titanium inlet structure (maximum temperature of LOO°F,
(L78°K)) from aerodynamic heating effects. At Mach 6, aerodynamic friction results
in external moldline temperatures of about 1000°F (810°K) and uncooled internal
duct temperatures of about 2600°F (1T00°K). Baseline Mach 6 aircraft were con-
figured with uncooled inlets and thus the TPS was sized based upon the above
internal duct temperature of 2600°F (1T700°K).

(U) At flight speeds in excess of Mach 6, internal duct temperatures exceed
the temperature capability (assumed to be 2700°F (1760°K)) of available load-bearing
insulation materials and hence inlet wall temperatures were cooled to 1600°F
(11L4°K). To maintain consistency in conducting the Mach number trade study (see
Section L.4.5.1), regenerative cooling was also employed at Mach 6 as well as the
higher Mach nuribers considered, namely, Mach 7 and 8.
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(U) Regenerative coolant flow (LHp fuel) requirements to maintain a 160C°F
(11L4L°K) duct wall temperature were determined based upon turbulent aerodynamic
heating conditions and a heat exchanger efficiency (n) of 80%.

n= (Teo = Te1) / (Ty = Tey)

where: Tcj,and Tcp are coolant inlet and exit temperatures and Ty is the wall
temperature.

A heat exchanger efficiency of 80% was selected based upon past studies, e.g
Reference (8).

Y

L.2.4 (U) PROPULSION - The study involved numerous propulsion systems utilizing
various engines including turbojets (TJ), turbofans (TF), ramjets (RJ), scramjets
(sJ), convertible scramjets (csJ), and rocket engines. The scope of the propulsion
approach was further broadened by the consideration of various inlets and exits

as well as the number of basic engines.

(U) To configure the baseline propulsion systems and perform the tradeoffs,
analytical methods and configuration selection techniques appropriate for the
scope of the study were used. The methodology and baseline configuration selection
processess are described below.

4.2.4.1 (U) Methodology - This section discusses the methods used to determine
inlet performance including recovery and additive drag, engine performance, nczzle
performance, and engine scaling.

(a) (U) Inlet Performance - The two dominant parameters of inlet performance
are (1) total pressure recovery, PTQ/PTO’ and (2) inlet drag.

(U) Pressure recovery is classically determined from analysis of the flow field
or from test data. Analysis requires vigorous definition of the interacting viscous
boundary layer and the primary inviscid flow field and a detailed definition of the
inlet geometry and bleed system.

(U) For the TJ/TF and RJ inlets, in lieu of an analytical evaluation, pressure
recovery was based on a compilation of experimental inlet test data which is repre-
sentative of the inlets used on the research vehicles. Forebody pressure field
effects and the pitch angle effects were included. The TJ/TF and RJ inlet pressure
recovery data with angle-of-attack effects are shown on Figures 4-13 and L1k,

(U) For the SJ and CSJ inlets, test data were not available. To define
recovery levels representative of such designs, pressure recovery was estimated
using inviscid, ideal gas analysis of the forebody and inlet shock structure. In
this analysis, the shock-structure estimation incorporates an equivalent cone
(forebody half angle plus angle—of-attack) forebody shock. The average Mach number
in the captured stream tubes, downstream of the forebody shock, was estimated and
the subsequent compression ramps were treated as two-dimensional with linear shock
theory. The effects of boundary layer friction drag cn inlet efficiency were
estimated by means of the analytical model presented in Reference (9). In this
method the momentum decrement of the boundary layer flow {relative to the inviscid
flow field) is accounted for as a reduction in inlet efficiency. The SJ and CSJ
inlet recovery data are shown in Figure 4-15.
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(U) FIGURE 4-13 TJ AND RJ INLET PRESSURE RECOVERY SOURCE
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(U) FIGURE 4-15 SCRAMJET AND CONVERTIBLE SCRAMJET
| INLET PRESSURE RECOVERY
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(U) For all inlets, three elements of inlet drag were estimated:

© Ram Drag - The stream thrust of the air captured by the inlet. This drag
was estimated as equal to the momentum flux of the captured air.

¢ Supersonic Spill Drag - The integrated drag force along the limiting stream-
line of the captured air, caused by the inlet not operating with shock-on-lip.
This drag was estimated by predicting the flow field characteristics and in-
tegrating the pressure over the associated area, assuming two-dimensional
inviscid flow fields. A typical result for the convertible scramjet vehicle
is shown in Figure k-16.
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o Bleed ard Leakage Drag - The ram drag force associated with capturing
the air which is bled from the inlet ramps to maintain proper flow on the
ramps, =nd the air which is lost by leakage. An allowance of 10% of the
total captured air was allotted for bleed and leakage, and was reflected
in inlet sizing.

(b) (U) Engine Performance - The turbine engine (turbojet and turbofan) and
ramjet engine performances were taken from engine specifications of uninstalled
performance, provided by engine companies. These data were corrected for the
vehicle inlet recovery and nozzle installation effects. In some cases, engine
specifications were based on the use of JP fuels and corrections for the use of
hydrogen were required. The design turbine inlet temperature of the basic turbine
engines is the same for both Ho and JP fuels. Therefore, no change in current
turbine materials or cooling concepts was required. The SFC values for the Hp
turbine engines were obtained by ratioing the lower heating values of the H2 fuel
with that of JP fuel. The specific thrust (Fp/Wg) was corrected for the difference
in fuel mass addition because of the differences in fuel air ratio at the same
turbine inlet temperature level. Fuel flow for the ramjet was that required to
cool the engine and nozzle, as determined by engine company specifications, plus
that fuel needed to cool the inlet, as described in Section L4.2.3.

(U) SJ and CSJ engine performance were derived from a previous MCAIR study,
Reference (1). That study used a one-dimensional cycle analysis program to define
Isp and Fn/Ac as functions of inlet, combustor, and nozzle efficiencies. Combustor
efficiencies, representative of 1975 technology levels, were estimated, based on
extrapolation of currently demonstrated values from several engine company tests.

(U) Engine-off drag was estimated for each of the airbreathing propulsion
systems. For the vehicles with turbojets, doors were provided to close off the
inlet. On the turbojet-ramjet vehicle the axisymmetric inlet configurations were
provided with a petal-type expansion of the spike. On the turbojet-convertible
scramjet vehicle the two-dimensional scoop ramp was pivoted to perform the closure.
Drags of the closed inlets were estimated by procedures described in Section L4.2.2.2.
For the ramjet inlet engine-off drag, an analysis developed in a previous MCAIR
study, Reference (10), was used. That analysis assumed that air flows through the
unlit RJ under these conditions:

(1) Pressure recovery to nozzle entrance equal to MIL-E-5008 with an additional
6% loss.

(2) Nozzle exhausts the air aft and parallel to vehicle axis, to an area equal
to 85% of that required for full expansion to freestream static pressure.

These assumptions represent optimistic estimates of propulsion system performance
based on limited test data.

(U) Rocket engine performance was taken directly from the engine company
specifications, for the selected nozzle expansion ratio.

(¢) (U) Yozzle Performance - Turbine engine internal nozzle performance,
in terms of gross thrust coefficient, was taken from engine company specifications.
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Installed nozzle boattail drag and/or base drag of the turbine engines was accounted
for in the total vehicle drag analysis. Ramjet nozzle gross thrust coefficients
were taken from the engine company specifications for the nozzle expansion area
selected. Scramjet and convertible scramjet nozzle gross thrust coefficients were
based on the amount of expansion associated with the individual research vehicle
designs and the available nozzle pressure ratio. Chemical reactions were assumed
to freeze in the SJ and CSJ nozzles at the area equal to 120% of the combustor

exit area. Chemical kinetic analysis performed in a previous MCAIR study, Reference
(1), indicated that this freeze point analysis produced performance estimates in
agreement with the limited available test data. For the rocket noczzles, the ex-
pansion ratio chosen was the largest value that would not result in flow senara-
tion at maximum thrust, sea level operation. Engine company specification data
were used to determine this separation limit.

(4) (U) Engine Scaling - The turbine engines and the RL10 (mod) and J2S
rocket engines used in this study were used at full size as established by engine
company specifications.

{(U) Ramjets, scramjets, and convertible scramjets were scaled on the pasis of
capture area. The Marquardt MA 145 ramjet engine was used as a reference size for
the ramjets. The SJ and CSJ engines were scaled from a reference size engine esta-

lished in Keference (1). Scaling data for the LR 129 rocket engine was taken from
the engine company specification, Reference (11).

(e) (U) Fuel Systems - The operational characteristics of a hyperscnic air-
craft fuel system are a function of engine requirements, thermal envelope, and fuel
thermophysical properties. Tank outflow, line sizes, and delivery pressure at the
engine pump or pre-valve were defined by engine requirements. Iaximum bulk fuel
temperatures were determined by the heating profile combined with flow rates and
residence time. Maximum allowable fuel supply temperatures and corresponding pres-
sures were established at levels where acceptable minimum net specific suction
pressures were supplied at the engine pump inlets.

(U) Cryogenic fuels, especially liquid hydrogen, require specific attention
to both local and bulk temperature/heating profiles. Without proper handling and
insulation, the cryogen vaporizes readily and can lead to increased tank pressures
and attendant structural weight increases.

(U) Fuel tank heating was studied to determine bulk propellant temperatures
and vapor pressures at the end of the flight. The fuel vapor pressure (temperature
dependent), in addition to pump inlet pressure, establishes minimum tank pressuriza-
tion requirements. The effects of tank pressure levels on total pressurant gas
weight and overall tank/structural weight were then evaluated. Design refinement
studies were conducted to define the propellant initial temperature, flight heat
leak, and operating pressure to assist in the selection of insulation, tank struc-
ture, and pressurization system for most efficient fuel tank and feed system design.

4.2.4.2 (U) Configuration Selection - The propulsion system selections were con-
ducted in conjunction with the overall vehicle studies. Thus, mission performance,
design arrangements, etc., were consistent for the baseline vehicle designs, pro-
viding a basis for accurate comparisons. This section descrivbes the selection of
the inlets, nozzles, and engines for the baseline vehicle configurations.
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() (U) 1Inlet Selection - Inlet selections were based on performance analysis
and limited model test data. The basic inlet types investigated were axisymmetric,
semi-cone, vertical ramp two-dimensional (2-D), and horizontal ramp 2-D. These
inlets can be integrated with research vehicles in various ways. The inlet config-
uration and installation, for the airbreathing engines of each baseline research
venicle, were selected on the basis of the following criteria:

© Pressure recovery throughout the required operating range.
© Practical installation of inlet on the airframe.

0 Inlet-engine integration.

o Weight.

(U) The four flight research vehicle concepts incorporating airbreathers use
three basic propulsion cycles: turbofans, ramlets, and scramjets or convertible
scramjets. The Phase I vehicle developed for the Mach 6 rocket/RJ concept resulted
in a very high operating weight empty (OWE) when using an axisymmetric RJ. To
improve on this system for Phase II, a 2-D RJ was incorporated. For the 2-D RJ,
only 2-D inlet designs were considered. The inlet was located within the forebody
pressure field to obtain the benefit of the flow field on pressure recovery at
the Mach 6 operating point.

(U) For scramjet and convertible scramjet powered vehicles, previous studies
such as Reference (1) have shown that the engine should be completely integrated
with tae airframe. In that study, the approach to achieving attractive scramjet
cruise vehicles was developed in tradeoffs of numerous engine and installation
concepts. In additon to indicating the need to integrate the inlet with the
airframe lower surface, the study showed the advantages of inlet configurations that
are essentially two~dimensional in shape. The research vehicles incorporate similar
integrated inlet-combustor-nozzle-airframe scramjet designs. The resulting inlet
design has the characteristics summarized in Figure 4-17. The turbojet accelerator
inlet was also incorporated into the convertible-scramjet-powered research vehicle
by the arrangement developed in Reference (1). This inlet configuration is shown in
Figure 4-18.

(U) FIGURE 4-17 SCRAMJET AND CSJ INLET
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(U) FIGURE 4-18 TURBOJET INLET FOR CSJ CRUISE VEHICLE
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(v) (U) Inlet/Engine Location - The B212 Mach 6 cruise vehicle incorporates
two types of airbreathing engines, turbojet and ramjets. The most beneficial
arrangement regarding inlet efficiency would involve mounting all these airbreathing
engines in the lower, aft vehicle region. Sufficient room was not available in that
region for all of these engines. Therefore a study was made to identify the best
engine/inlet/nozzle arrangement. Since it was assumed that inlet pressure recovery
did not differ among the various candidate arrangements, the primary considerations
in the study were weight and engine-off performance. Length of the turbojet
diffuser was used as a measure of weight differences. From the results summarized
in Figure L-19, the selected arrangement for this vehicle was a belly mounting for
the 2-D ramjet with axisymmetric inlets for the wing-mounted turbojets.

(U) FIGURE 4-19 INLET/ENGINE LOCATION TRADE - TJ/RJ VEHICLE

EVALUATION CRITERIA
Controllability Pitch Angle
With One Engine Out Sensitivity
Weight
Difference J RJ TJ RJ
RJ:2D, belly moderate poor moderate good excellent
TJ:2D, wing
‘— —--—-—---_—- ------ prgp——pe————— g AR RS s -——-—-\
§ /RJ:2D, belly small poor moderate fair excellent|=*=
] ST I R do .
¢ |RJ:2D, wing moderate moderate worst excellent good
= TJ:2D, belly
S
° RJ:2D, wing small moderate worst fair-good good
TJ:AX, belly

* Selected Arrangement
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(e} (U) .ozzle Selecticn - Nozzle designs for the advanced propulsion cycles
were based on ccncepts developed in engine company studies. The performance was
based on analysis and limited model test data. For each propulsion zycle, certain
types of basic .ozzle shapes were considered to be approuvriate:

o FRockets: conventional bell.

0 Turbofan and turbojet engines: axisymmetric, with various means of
changing throat and exit areas.

o Ramjets (2-D): two-dimensional, with various means of changing throat
and exit areas.

o Scramjets and CSJ: basically 2-D, integrated with the vehicle lower
surface contours.

The obJjective of this trade was to select the nozzle for each engine which best met
these requirements:

0 Good gross thrust performance throughout the required operating range.
0 Compact integration with the airframe.
o Minimum weight.

The considerations involved in the nozzle selection are described below.

(U) Three rocket engines were used with conventional bell nozzles, (their
selection is described in the next subsection, (d)). For the rubberized rocket
engines, scaled from the LR-129, an expansion ratio was selected as the maximum
which should avoid nozzle flow separation at sea level maximum thrust operation.
This expansion ratio, ¢ = 75, was used for all applications of this engine. Two
tixed size rocket engines were used, the J2S and the RL-10. The J2S nozzle,

g = L0, precludes flow separation at sea level and was used unmodified for all
applications. The RL10 (mod) nozzle, ¢ = 5T, does encounter nozzle flow separation
throughout most of the lower flight envelope of the research vehicle. Therefore a
shorter nozzle was selected, € = 32, to preclude separation at 35,000 feet (10.7 km),
the lowest altitude for air launched applicatiocn.

(U) The engine company specification nozzles were used with all the turbine
engines, In the TJ/CSJ powered vehicle the turbofan engines were buried within the
airframe. This installation did not affect the basic nozzle selection. However an
exhaust duct and a closure door were incorporated into the airframe to seal off the
TJ engine when it is not operating. The arrangement was developed in a previous
study, Reference (1), for a similar vehicle.

(U) A trade study was made for the 2-D ramjet engine nozzle, to identify the
most desirable configuration. Translating plugs and hinged flaps were considered.
Internal performance was assumed to be equal for the various candidates. External
drag and nozzle weight were qualitatively assessed. From the results, summarized
in Figure L-20, the flat-faced plug nozzle (Configiration 4) was selected.
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(U) FIGURE 4-20

RAMJET NOZZLE TRADE
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research vehicle nozzle design 1is summarized in Figure L-21.

Engine and Nozzle

(U) FIGURE 4-21 SCRAMJET AND C$J NOZZLE
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gine Selection - To choose the engine for the specified propulsion

cycles of the sev
and proposed (stu
turbojets/turbofa
available for all
configurations is

(U) Turbine

en baseline flight research vehicle concepts, both off-the-shelf
dy) engines were evaluated. In the off-the-shelf category, only
ns and rockets were available. Proposed (study) engines were
propulsion cycles. The establishment of the selected engine
discussed below.

Engine - For the turbine engine applications, the F100 turbofan

was selected. Th
volume than using
GEL/J5P (SST engi

(U) Ramjet

is choice resulted in a vehicle with less drag and more fuel
the J58 engine, which has about the same thrust. Thrust of the
ne) was too large for the research vehicle applications.

Engine - The Marquardt axisymmetric MA 145-XAB was the only ramjet

engine available
grations of this
characteristics.

in the desired Mach number range. However in Phase I the inte-
engine with the airframe produced vehicles with unattractive weight
Therefore, for Phase II, MCAIR configured a two-dimensional (2-D)

ramjet engine, based on the MA 1L45-XAB concept. A sketch of this engine is shown

in Figure L-22.
(U) FIGURE 4-22 TWO-DIMENSIONAL RAMJET FEATURES
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(U) Scramjet and Convertible Scramjet Engine - Propulsion system designs
developed previously, Reference (1), were taken essentially unmodified and incorpo-
rated into the research vehicles. Figure L-23 illustrates the research vehicle
convertible scramjet engine.

(U) FIGURE 4-23 SCRAMJET AND C$SJ ENGINES

Jl" T \\\‘Internal Exvansion
Airflov - ’ \\Burner

L/< Internal Compression

Cowl Lipv

(U) Rocket Engine - The high chamber pressure PWA LR-129 was the only avail-
able proposed advanced-technology rocket engine employing a conventional bell noz-
zle. Two off-the-shelf rocket engines were considered: The PWA RL1O (mod) and
the Rocketdyne J2S. The tradeoff study to select among these three candidate engines
is reported in Section L.4.1. For the baseline vehicles, the major selection
eriterion was low OWE. The LR-129 engine was selected because it has & higher Isp
and thrust-to-weight ratio than the off-the-shelf engines. These characteristics
are dominant when OWE is a major consideration. In applying this engine to the
flight research vehicles, it was used in a rubberized fashion. That is, a thrust
level was determined to match a desired value of takeoff thrust-to-vehicle~weight
ratic. Then the associated engine length, diameter, and weight were determined
from scaling data supplied by the engine company.
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L.2.5 (U) SIRLCIURES - Four basic variables that have a major impact on the
structure and stiructural concepts were studied during Phase II. These are locad
factor, tankage. thermal protection system, and Mach number. During Phase II
parametric trad off studies were performed on each in an effort to select the best
combination of variables. At the initiation of each tradeoff study, design options
that satisfied the functional requirements, the design criteria, and the study
ground rules were selected. Each design option was then investigated independently
to establish the most attractive arrangement for the particular application. This
was done to insure that each option was evaluated in its best configuration and

that the selection was driven by performance and not by ground rule selection. Each
design option that remained as a promising candidate was then incorporated into one
or more research aircraft so that its impact on the total aircraft weight, size and
cost could be evaluated.

(U) The overall vehicle comparisons were made using statistical weight estima-
ting methods described in Section L4.2.6. These methods accurately reflect the
changes that result from varying the design options. However, additional structural
analysis was required for the integral/non-integral tank and the thermal protection
system studies. These two tradeoff studies required preliminary analysis to be
performed to assess the weight and volume variations associated with promising
concepts since the estimation methods account only for the load carrying structure
and not for extra heat protection or tankage material.

(U) The structural analysis and weight estimation were based on a "minimum
risk" material and fabrication technology level. "Minimum risk"” is defined as
materials and fabrication methods that will be cconsidered airworthy in 1975 with
no more than normal development effort. Figure L-2L4 presents a representative
cross-section of the materials and their physical and mechanical properties that
meet this requirement. Joining methods that are considered "minimum risk" include
welding, brazing and limited diffusion bonding. The primary structure is considered
as being mechanically Jjoined.

(U) The non-metals that were included in the Phase II research airecraft were:

o Windshield - 95% silica glass - flat panels, multi-glaze construction,
2000°F (1367°K) temperature capability.

o Nose Cone - Zirconia ceramic modules with LOQO®F (2475°K) temperature
capability.

o Insulation

Cryogenic
Polyvinylchloride (LO2)
Polyurethane (LH2)

High Temperature
Microquartz - 1800°F (1256°K) temperature limit
Flexible Min-K - 1800°F (1256°K) temperature limit
Dynaflex - 2700°F (1756°K) temperature limit

¢ Vapor Barrier - Kapton-H

MCDONNELL AIRCRAFT
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(U) FIGURE 4-24
PROPERTIES OF METALS AT ROOM TEMPERATURE

Room Temperature Properties (Min. Guaranteed) Temperature Limitation (2)
— Uttimate Vield Elastic . Primary Secondary
Atioy Designation Coﬂai)“m gﬁgzg& 51;2‘:;{: Modulus Density Structure Structure
kst v m2e106| Kst | N m2x106] 106 Psi | N m2x108 | Loin3 | Kgm3 | OF | %k | °F K

2219-T81 (Aluminum) STA 60 414 45 310 10.8 745 0.102 | 2820 | 400} 477 | S00 | 533
2024-T62 STA 64 417 50 345 10.7 738 0100 | 2768 | 325| 436§ 375 464
7075-T76 STA 13 504 62 421 10.5 725 0.101 | 2795 | 250 394 | 275 408
Ti-6Al-6V-2Sn (Titanium)] STA 170 | 1171 160 | 1102 16.5 1138 0.164 | 4540 | 800 700 | 800 | 700
Ti-6Al-6Y-25n A 155 | 1069 145 1000 15.0 1034 0.164 | 4540 | 800 700 | 80O | 700
Ti—6Al-4V STA 157 | 1082 143 986 16.4 1131 0160 | 4425} 800} 700§ 900} 755
Ti-6Al-4V A 134 924 126 869 16.4 1131 0.160 | 4425 | 1000 | 810 | 1000 | 810
Ti-8Al-1Mo-1V DA 133 97 a2t 835 18.0 1241 0.156 | 4320 | 1000 | 810 | 1100 | B66
Ti-5A1-2.5 Sn A 120 827 113 780 15.5 1069 0.161 4460 | 900 755 | 1100 | 866
PH14-8Mo (Steel) STA 240 | 1655 [225| 1550 28.0 1930 0.278 | 7700 | 1000 810 | 1100{ 866
A-286 (tron) A 140 | 965 | 95| 655 29.1 2010 | 0286 | 7910 | 1300 977 | 1300y 977
L-605 (Cobalt) A 130 8% 55 379 32.6 2250 0.330 | 9130 | 1800 | 1256 | 2000 { 1367
Inconel 625 (Nickel) A 120 827 60 414 29.8 2055 0.305 | 8440 | 1400 ] 1032 | 1600 | 1144
Inconel 718 STA 180 | 1240 {150 { 1034 29.0 2000 0297 | 8210 | 1300 977 | 1800 | 1256
Rene 41 STA 170 | 171 130 896 3.9 2200 0.298 | 8250 | 1550 | 1118 | 1800 | 125
TD Ni€ SR 110 758 75 517 219 1510 0.306 | 8460 | 2200 | 1480 | 2400 ; 1590
Hastelloy X A 100 689 45 310 28.6 1972 0.297 | 8210 | 2000 | 1367 | 2100 [ 1421
B66 (Columbium) A 90 621 70 483 14.6 1007 0.305 8440 | 2600 { 1700 | 2800 | 1810
FS-85 SR 15 517 60 414 20.0 1379 0.383 | 10060 | 2700 | 1756 | 2800 | 1810
Cb-752 A 75 517 60 414 17.0 171 0.326 | 9020 | 2400 | 1530 | 2800 | 1810
T-222 (Tantalum) A 110 758 105 125 29.0 2000 0.605 | 16740 | 3000 | 1920 | 3400 | 2140

(1) SR - Stress Relieved A — Annealed DA - Duplex Annealed  STA — Solution Treated and Aged

(2) The selected maximum allowable service temperature limits are based primarily upon considerations of (a) competitive strength
and/or stiffness at thermal exposures up to 100 hours and (b) adequate oxidation resistance either unprotected or with a suitable
protective coating.

(U) The structural concept employed with the scramjet/convertible scramjet
engines consists of a combination of primary structure, insulated radiation cooled
external surfaces and regeneratively cooled internal panels. The primary load
carrying structure which forms the shape of the engine is titanium structure
maintained at 800°F (700°K). Protection from the external aerodynamic heating is
provided by a thermal protection system (see Section 4.2.3 and 4.h.4)., The internal
wall of the engine forms the combustion chamber. This wall is made of TD-Nic, is
regeneratively cooled thus acting as a heat exchanger, and in conjunction with in-
sulation protects the primary structure from the combustion heating.

(U) Each of the thermal protection systems considered employs a radiation
shingle for protection of the structure and the insulation. The results of the
shingle optimization study (performed for an active system) are shown in Figure
L-25, as modified for the HYFAC Phase II parametric studies.
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(U) FIGURE 4-25
SHINGLE DESIGN FEATURES

MATERIAL TITANIUM RENE' L1 TD NIC COLUMBIUM TANTALUM
Density (1b/in3) .160 .298 .306 .326 .606
(g/cm3) .5 8.38 8.6 9.16 17.0
Temperature (°F) 1100 1550 2200 2800 3400
Limit (°K) 867 1115 1480 1810 2140
Panel Capability (l)(psi) 16.5 30.3 4.5 5.1 8.6
@ Elevated Temp. (N/cm?) 11.3 20.8 3.1 3.5 5.9
Material Gage-Face (in) . 007 . 007 . 007 .008 .012
(cm) .0178 .0178 .0178 .0203 .0305
Construction Method (2) Diffusion Braze Braze Braze Braze
Bond
Weight (1b/ft2) .68 1.4 1.45 1.57 L. .52
(kg/m?) 3.32 6.90 7.07 T.67 22.05
Expansion @ Temp. (in) .15 .32 .50 .30 Lo
24k Inch Length (cm) .381 .813 1.27 .T62 1.07

Honeycomb Core

(1) Based on post supported, 24" x 24" x 1/2" (61 em x 61 em x 1.27 cm)

(2)
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L.2.6 (U) WEIGHTS - The basic weight estimation methodology used in Phase II is
unchanged from that presented in Volume II. However, several of the Phase II
parametric studies (Figure L4-2) required weight trend data whose source and method-
ology is discussed below.

(U) Rocket Motor Weight Trends - The weight of a wet, installed motor,
including the necessary wire harness and instrumentation, thrust vector control
system (if required), trapped propellants, spin-up system, and pressurant, varies
as illustrated in Figure L-2§. Data is presented for:

o LR-129 HPC L02/LH2 Translating Nozzle (Reference 11)

(U) Ramjet Weight Trends - The conventional circular-shaped ramjet was re-
placed by the two-dimensional (rectangular cross-section) ramjet concept to provide
better airframe/inlet propulsion system integration. Weight trends were developed
using a circular ramjet as a base. The base engine used was the Margquardt 145 cir-
cular ramjet. This engine was scaled as desired using the Marquardt scaling curves
for capture area and minimum duct pressure (Reference 12). FHowever, since the
MCAIR ramjet is rectangular, a weight-strength correction factor was applied.

This derives a rectangular pressure vessel from a circular vessel of the same cross-
sectional area. Figure L-27 presents the MCAIR two-dimensional ramjet weight as
a function of capture area.

(U} Scramjet - Convertible Scramjet Weight Trends - Structural analyses has
been performed on the scramjet-convertible scramjet engines. The results of these
analyses have been modified and adapted to the Phase II research aircraft. Figure
4-28 shows the results of the preliminary structural analysis of the engine, which
includes the weight of the structure and thermal protection system. Pressures in
the inlet and nozzle sections are much less than those in the combustor. Therefore,
the structural weight was computed separately for each section. For convenience,
weight is presented as a function of the combustor section pressure. The scramjet
engines are designed for 100 psi (68.9 N/cme) while the convertible scramjets are
designed for 150 psi (103.2 N/cm@) reference Figure 4L-3. The weight is alsc pre-
sented as a function of module frontal area, since the engine size is dependent upon
the particular configuration being studied. The weight of the modules required for
adequate thrust can be assembled by summing the individual values.

(U) The engine weight includes the structure, regenerative cooling system,
fuel injectors, and ramp mechanism, with the back-up and mounting structure being
carried in the main body weight. Trapped fluids were accounted for separately in

the useful load section. Engine weights are estimated on the basis of weight trends
and methodology described in Volume II, Part 2.
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(C) FIGURE 4-26
ENGINE WEIGHT vs VACUUM THRUST
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(U) FIGURE 4-27
2 DIMENSIONAL RAMJET WEIGHT SCALING
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(U) FIGURE 4-28
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4.2.7 (U) PERFORMANCE METHODOLOGY - The methods and approaches used in analyzing
the performance capability of the flight research vehicles are presented in this
section. Each of the noted performance subjects are discussed in tb< following
sections.

0 Airbreather Accelerator Methodology

0 Rocket Accelerator Methodology

o Nominal Glide Path

o Landing Characteristics

o Landing Assist

o Single Base Operation

(U} The géneral vehicle sizing téchniqué émployed for Phase II is the same as
that developed for Phase I studies wherein a balance is obtained between the fuel
available in a given vehicle and the fuel required to perform the mission. A sche-

matic of the input requirements for the sizing process and the output are shown in
Figure L4-29.

(U) FIGURE 4-29 POINT DESIGN SIZING PROCESS

Design Tactors Propulsion Factors Mission Factors
Aerodynamic Shape Propulsion System Cruise Mach Number
Design Load Factor Engine Availability Cruise Time
Thermal Protection Thrust-To-Weight Payload
Tankage Concept Ratio Launch Mode

Fuel Basing
Landing Assist

— —F— =

Sizing Process

Operational Weight Empty
Planform Area

Takeoff Gross Weight
Flight Characteristics
Range and Flight Time
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(U) The mission consists of an acceleration-climb, cruise, and an unpowered
glide descent and landing. The climb phase of flight is performed differently for
airbreathing and rocket accelerator engines. Figure L4-30 defines the climb pro-
files. The rocket accelerators employ a climb path for minimum fuel usage. For
the airbreathing accelerator vehicles, various structural limitations defined the
methnod of climb. These constraints are defined on the profile:

(2) to (b)

dynamic pressure boundary, 2000 1bs/ft2 (95,600 N/m®)

(b) to (c) - engine duct pressure boundary, 100 psi (6.89 x 10° N/m@) for CSJ
and 150 psi (10.3 x 105 N/m2) for RJ

(¢) to {(d) - combustion mode of operation switched from subsonic to supersonic
and a constant altitude acceleration is employed.

(d) to (e) - selected structural temperature limit.

(U) For mission planning purposes, a nominal glide path was defined. The
glide maneuver utilizes a speed brake system for glide path control (Section
4.2.7.3). Flight research vehicle landing studies were performed assuming acceptabls
vehicle handling qualities and a landing assist technique was defined. Basing con-
cept studies were conducted considering, as an alternate, single base operation.

(U) FIGURE 4-30 PHASE Il CLIMB PROFILES
Baseline Systems (Nominal)
. ‘ i
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L.2.7.1 (U) Airbreather Accelerator Methodclogy -~ HYFAC vehicles with airbreath-
ing accelerator =ngines were sized by matching fuel available on a given size
vehicle with fur". required to perform the mission. The climb and the cruise por-
tions of the mission were -considered separately in calculating the fuel required.

(U) The climb fuel was calculated using the KC6G Advanced Design Mission
Program. Ground rules for using the program for HYFAC are that Isp is reduced by
%, turbojet and ramjet thrust are assumed to be independent of angle of attack,
and scramjet thrust is input as a function of angle of attack. Briefly, this pro-
gram uses a closed form iterative procedure to calculate time and fuel required to
accelerate and climb. With a known gross weight at the beginning of climb an esti-
mate was made of the fuel required to traverse a segment of the climb path. 3Based
on initial and final weights, the fuel required was calculated and the iteration
(step size, AM = 0.5) continued until the estimated and the required fuel converge.

This process was repeated along the entire climb path.

(U) The cruise phase of flight is at (L/D)pax equilibrium altitude. For this
phase of flight, the following ground rules were defined for determining cruise
fuel requirements:

2
L' Cp

At (L/D) Cp

ax (&)

Cp
o
therefore Cp, = I

{(U) TFor vehicles with scramjets, the propulsive lift increment was added to
the aerodynamic lift. The equation defining cruise fuel requirements is then:

Weppn T 2 ()
Isp

The specific impulse, Isp, of the airbreathing engines is arbitrarily reduced by
5% to account for differences between estimated engine performance and flight test
operation performance. Cruise fuel is then:

2 CDO q Sp

FUEL = 95 (Tsp) (O

v\,
W[l'(V(Re*h)g ) ]

where q =
(CLpgro * CLprop’ SP
CL = aerodynamic 1lift coefficient
‘AERO
CLPROP = propulsion system 1lift coefficient
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Cruise altitude versus weight with required fuel was compared to an altitude versus
weight curwve during climb for a given Mach number. The intersection of these two
curves was used as the initial cruise condition.

(U) Fuel volume available versus planform area and empty weight were obtained
from the configuration design curves. For the all hydrogen fueled vehicles, the
takeoff gross weight was readily obtained by plotting fuel available and fuel
required versus empty weight; the intersection determined the size of the
design.

(U) For dual fueled (JP-hydrogen) vehicles, an iterative procedure must be
used since fuel weight is not simply a function of volume. A takeoff gross weight
was assumed and the JP required to accelerate to Mach 3, the shutdown point of the
turbojets, was calculated using the KC6G Program. The volume of the JP used was
subtracted, from the total volume, leaving the remaining volume available to carry
hydrogen. This resulted in a new takeoff gross weight. The process was repeated
until the weights converged. This takeoff gross weight was used to calculate
aission fuel required and size the aircraft as described above.

4.2.7.2 (U) Rocket Accelerator Methodology - HYFAC vehicles with rocket accelera-
tors were sized to provide a balance between fuel available and fuel required to
perform the design mission. The fuel required to perform the mission was deter-
mined by using a closed form iterative solution. The solution was found to be ade-
quate for sizing rocket accelerator vehicles when compared to point mass trajectory
results, and enabled a large number of vehicles to be evaluated.

(U) The closed form technique considered fuel requirements for a climb and
a constant Mach number cruise phase of flight. The cruise requirements were deter-
mined initially from the Breguet Range Equation solving for the cruise weight
fraction (W./OWE),

1n We o Mrpst
owe  (L/D) 1
max

1 - v 2 I, (.99)
V(Re + h)g

The specific impulse is arbitrarily reduced 1% for rocket engines, as indicated,
to account for differences between estimated and operational engine performance.

(U) The acceleration-climb fuel requirements were determined from the classi-

cal rocket equation solving for the climb weight fraction (TOGW)
W
c

b

TOGW Avideal
1n W = I 0 )
c g I, (.99
where: TOGW = take-off gross weight (1b)
Avideal = AVéctuaf AVD + AVG + AVM + AVP
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and AVD = aerodynamic drag velocity loss = U/Ptg D at
m
t1
t2
AVG = gravity velocity loss = g sin VY dt
t1
to
AVM = maneuver velocity loss =d/” (TVAC'PAe ) (1 - cos o) dt
m
t
. . 2 pa,
AVP = engine exit nozzle atmosphere back pressure loss =j(. —= at
ty

The AV losses during the climb phase were evaluated using correlations derived from
approximately 50 calculated acceleration-climb profiles for minimum fuel. The
velocity loss correlations used in the performance calculations are shown in Fig-
ures L4-31 through 4-33 for both air and horizontal ground launch. These curves are
the same as those used in Phase I studies with the exception of the air launch drag
losses which were refaired at T/W ratios less than 1.5 when additional data for the
correlation became available.

(U) The fuel required curve and the size of the vehicle were determined as
follows:

(a) Assume weight empty (OWE)

(b) Solve for cruise weight (W,) using Breguet Range Equation iterating until
the assumed cruise weight (used to obtain cruise altitude and test velocity) agrees
with the resultant cruise weight.

{(e) Solve for take-off gross weight using the classical rocket equation
iterating until the assumed TOGW (used to determine velocity losses) agrees with
the resultant TOGW.

(d) Repeat (a) through (c) to obtain another point. The resultant two points
define the relationship of the fuel required with empty weight. A linear relation-
ship results from the assumption of a constant value cof Isp.

(e) The sized vehicle is at the intersection of the fuel required curve with
the fuel available curve (obtained from design data).

L,2.7.3 (U) VNominal Glide Path - It is necessary to be able to control the

vehicle flight path during the power-off glide following cruise in order to provide
the pilot with flexibility in the selection of a landing site. Range studies have
been conducted assuming the use of partially deflected speed brakes during the glide
phase thereby providing a "nominal" glide range that is the mean value of the maxi-
mum and minimum glide ranges.
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(U) FIGURE 4-31 DRAG LOSSES
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(U) FIGURE 4-32
PRESSURE AND MANEUVERING LOSSES
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(U) FIGURE 4-33
GRAVITY ROCKET BOOST
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(U) To size speed brakes, a survey of fuselage mounted speed brake data was
conducted and the results are shown in Figure L4L-34. The fairing of data is arbi-
trary. The asymptotic value indicated in Figure L4-34 results from modified
Newtonian theory with a correction factor (K) from Hoerner {Reference 5) to account
for the fullness of the pressure distribution over the face of the speed brake, as
a function of deflection. Speed brakes were sized using the data fairing of Figure
b-34 together with the ground rule that they be effective enough to provide a mini-
mum A(L/D) of at least -1.0 throughout the vehicle speed range. Typical results,
obtained for an all-body configuration (-250), are as follows:

Area Ratio, SB/Sp = ,0206

Max Deflection, 8 = 50°

where: Sy = speed brake flat plate area
GB = speed brake deflection angle, degrees
Sp = vehicle planform area

The maximum glide range used for all HYFAC test vehicles assumes flight at aero-
dynamic (L/D)pax. Minimum glide range is obtained with full speed brake deflection
and angle of attack modulation. An angle of attack of 3 degrees was found to pro-
vide a minimum range without exceeding a dynamic pressure limitation of 2000 lb/ft2
(95,600 N/m2).

(U) Representative glide parameters for the baseline HYFAC test vehicles are
presented in Figures L4-35 through 4-37 where maximum glide distance, altitude and
time are shown as a function of velocity at end of cruise. These trajectory param-
eters were obtained using the MDC three degrees of freedom point mass trajectory
program, (deck KSDF). The nominal glide range is approximately 65% of the maxi-
mum glide range in all cases investigated.

L.2.7.4 (U) Landing Characteristics - Approach and landing characteristics for a
typical all-body configuration (B233A) are shown in Figure 4-38. These character-
istics are based on a power-off high energy approach technique, wherein the initial
approach speed is sufficiently in excess of the touchdown velocity to permit a
flare to a shallow final glide path and while decelerating provide the pilot with
enough time-on-final to make corrective alignment adjustments, extend the landing
gear, and negotiate a smooth touchdown. The chief parameters influencing these
characteristics are (L/D)pgx, CLrp>s CLOPT’ CLy> and W/S. The boundaries of maximum
and minimum values and the preferred conditions shown in Figure L4-38 are based on
the results of a McDonnell pilot-in-loop landing simulation study, Reference (13).
The preferred conditions denote those conditions for which the best pilot ratings
were obtained. The maximum and minimum boundaries correspond to a Cooper Rating of
3.5, or the pilot rating separating Satisfactory and Unsatisfactory conditions on
the Cooper Scale.
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(U) FIGURE 4-35

(L/D)yax EQUILIBRIUM GLIDE DESCENT
TJ/RJ Wing Body Configuration (B212A)
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(U) FIGURE 4-36
(L/D)yax EQUILIBRIUM GLIDE DESCENT

TJ/CSJ Blended Wing Body Configuration (B257F)
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(U) FIGURE 4-37
(L/D)yax EQUILIBRIUM GLIDE DESCENT
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(U) FIGURE 4-38
APPROACH AND LANDING CHARACTERISTICS
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(U) A comparison of actual flight experience with the envelope of Satisfactory
Pilot Ratings is presented in Figure L4-39. The X-15 was the first research vehicle
to employ a power-off high energy approach as a part of its normal flight operation.
In the course of this program, the X-15 investigated a wide range of approach con-
ditions as illustrated in Figure 4-39. The M2-Fl vehicle was considered to exhibit
unsatisfactory landing characteristics because of the lack of time-on-final, which
agrees well with the simulation study results. The RF-4C data point represents
landings performed by one of the evaluating McDonnell test pilots at Edwards Air
Force Base to familiarize himself with the high energy approach technique prior to
the simulator study.

(U) If the landing gear of the all-body configuration employed in Figure 4-38
1s designed for a touchdown sink rate of 20 ft/sec (6.1 m/sec), then touchdown
velocities must be limited to about 225 knots (417 kilometers/hr) assuming a -3
degree flight path angle at touchdown. If it is further assumed that the
angle of attack at touchdown should not exceed 15 degrees because of pilot
over-the-nose vision, stability and control considerations, etc., the minimum touch-
down velocity should be about 160 knots (297 kilometers/hr). This provides a use-
eble range of touchdown speeds of approximately 65 knots (120.5 kilometers/hr).
Nominal touchdown conditions could be assumed to be a velocity of 190-195 knots
(352-362 kilometers/hr) and an angle of attack of about 10° requiring a
CLTD approximately S50% greater than CLOPT' To provide these conditions at touch~
down, the preferred approach would be at an initial calibrated airspeed of about
285 knots (528 kilometers/hr) followed by a flare of about 1.5 g initiated at an
altitude of 700 feet (214 m) and a final deceleration time of about 20 seconds.

4.2.7.5 (U) Landing Assist - Landing assist capabilities were incorporated in the
B233 Configuration by resizing to include an additional fuel allotment for flight
path realignment during the landing approach.

4.2.7.6 (U) Single Base Operation - The return phase of the mission for Mach 12
rocket accelerator test vehicles sized for single base operation, was initiated
after the 5 minute test cruise with a 3.5 g unpowered windup turn. The trajectory
for this maneuver is shown in Figures 4-40 and L-bl. A 20° maximum angle of attack
limitation was imposed at the initiation of the windup turn. The Mach number at-
tained at completion of the windup turn was held constant during the powered cruise
back. TFor the Mach 12 vehicle, & 200 nautical mile (370.6 km) unpowered glide to
the landing base was allotted. For the Mach 6 vehicles, the cruise to landing
base is powered.
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(U) FIGURE 4-33
FLARE ALTITUDE AND TIME ON FINAL REQUIREMENTS
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(U) FIGURE 4-40

MACH 12 UNPOWERED WINDUP TURN TRAJECTORY

Rocket All Body Configuration
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(U) FIGURE 4-41
MACH 12 UNPOWERED WINDUP TURN TRAJECTORY PARAMETERS
Rocket All Body Configuration
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4.2.8 (U) FLIGHT VEHICLE COSTS - Total system costs were derived for the baseline
Phase I1I flight research vehicles, their parametric variations, and for the seven
near-optimum configurations which evolved from the trade-off studies. The costing
methodology developed and employed during Phase I, as described in Volume II, Part 2,
Section L4.12, was modified and employed throughout Phase II, as described in the
remainder of this section.

(U) The scope of effort to obtain and compare both total costs and cost ele-
ments during Phase II, prompted the mechanization of the estimating procedure.
To this end a computer program was devised which directly parallels the method-
ology described in .Volume IT, as modified here. As methodology changes or changes
in cost element definitions evolved during Phase II, these changes were incorpo-
rated into the computer program.

(U) Remaining paragraphs in this section deal with changes in methodology
which occurred during Phase II, ground rule changes and comparison of Phase I and
IT costs for the same systenm.

4.2.8.1 (U) Changes In Cost Methodology - A significant change in procedure was
instituted to insure development of accurate program cost estimates for aircraft
designed to operate at hypersonic speeds. Where former methods estimated the
RDT&E and investment costs by lumping airframe design, miscellaneous subsystems
design and development and system development testing costs, the revised system
estimates these costs individually. While total program costs are comparable
using these two systems, element costs differ greatly. These two estimating tech-
niques are compared and results are shown in Section 4.2.8.3.

(U) In Phase II, some changes were made to facilitate the costing process
and to provide more visibility in the cost analysis. These changes involved:
(1) number of models, (2) format, and (3) parametric cost data and are discussed
in the following sections.

4.2.8.1.1 (U) Cost Models - Due to the elimination of the staged VIO and unmanned
HTO configurations in Phase II, the number of cost models were reduced from six

to four models.  These models distinguished by control mode, launch concept, and
recovery mode are shown in Figure 4-kL2,

(U) FIGURE 4-42 FLIGHT RESEARCH VEHICLE COST MODELS ~ PHASE 1|

Cost Model Control Mode Launch Concept Recovery Mode
(1) Manned HTO Land Recovery
(2) Manned Air Launch Land Recovery
(3) Manned V/HTO Land Recovery
(¥) Unmanned Air Launch Land Recovery
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4.2.8.1.2 (U) Cost Format - Two cost elements were removed from the cost format
as a result of the elimination of the staged VIO configurations from the spectrum
of flight research vehicles and are as follows: (1) the launch investment cost,
and (2) the launch service operating cost.

(U) The cost format for Phase II remained basically the same as for Phase I.
Phase II factors and cost parameters were refined where possible and further break-
outs of appropriate elements in the RDT&E and Investment Costs were made. RDT&E
elements are broken out as follows:

Airframe Engineering
Subsystems Engineering
Development Testing
Avionics Development
Pre-Delivery Flight Test
Test Hardware

Tooling

Equipment Development
Propulsion Development
Support Equipment Design & System Integration
Ground Test Facilities

0000000 O0CO0OO0OO0

(U) Investment cost elements are broken out as follows:

Support Costs
Launch Platform Costs

o Airframe Construction

o Subsystems Construction
o Avionics

o Propulsion

o

o]

(U) Operating cost elements are broken out as follows:

Range User Cost

Escort Aircraft and Logistics
Vehicle Refurbishment Cost
Propellant Cost

AGE Maintenance

General Purpose Maintenance Support
Transportation Cost

Pilot Pay and Support Personnel Pay
Launch Platform Operating Cost

OO0 0000000

4.2.8.1.3 (U) Parametric Cost Data - Major changes were employed in the deriva-
tion of the RDT&E and investment costs associated with the airframe and niscella-
neous subsystems. In Phase II the method of deriving the RDT&E and investment
costs associated with the airframe and miscellaneous subsystems included use of
parametric data in the following cost and sub-cost elements: (1) airframe engi-
neering, (2) subsystem engineering, (3) development testing, and (L) production
manhours.
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(U) The curves presented in Figure 4-43 were used to derive the airframe
engineering manhours associated with the design of the airframe structure. The
hard point, proprietary, data used to generate these curves are presented in
Section 3 of Volume V. Engineering manhours obtained from Figure L-43 were con-
verted to dollars by application of the engineering rate shown in Section 3 of
Volume V. The design engineering costs for the airframe structure vary with Mach
number.

(U) 1In Figure bL-LLk, the curves used to derive the subsystems engineering
manhours required for the design of the subsystems are presented. These curves
were derived from the hard point, proprietary, data presented in Section 3 of
Volume V. Engineering design costs required for the subsystems are not influenced
by Mach number and were converted to dollars by the previously stated engineering
rate.

(U) Development testing costs were obtained from the curves presented in
Figure 4-L5. These curves were derived from the hard proprietary data points pre-
sented in Section 3 of Volume V. The engineering rate, shown in Section 3 of
Volume V, was used to convert manhours to dollars.

(U) Production manhours required for the airframe structure and subsystems
are presented in Figure L-46. A production labor rate, shown in Section 3 of
Volume V, was used to convert manhours to dollars.

4.,2.8.2 Cost Estimating Ground Rule Changes - Changes in estimating ground rules
for Phase II fall into two categories which deal with (1) aircraft operational
cost considerations, and (2) procurement cost considerations.

L.2.8.2.1 (U) Aircraft Operational Cost Considerations - All flight vehicle
operating costs are based on a 200-flight program extending over five years.
Consideration was given in Phase IT to the reliability and maintenance aspects
of manned and unmanned vehicles.

(U) 1In-house studies conducted at McDonnell Douglas show that the total
system reliability is less for unmanned vehicle configurations than for manned
vehicle configurations, resulting in a lower probability of vehicle recovery. For
example, studies conducted for the "Low Speed Unmanned Test Vehicle", Reference
(14}, show that for a program consisting of 50 flights, three manned vehicles are
required, compared to five unmanned vehicles. These gquantities are based on the
following estimated probebilities:

o Probability of mission success = .9188 (unmanned vehicle), .9406
{manned vehicle)

o Probability of vehicle recovery = .9541 (unmanned vehicle), .9816
(manned vehicle)

0 Probability of human success = .995.
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(U) In-house studies have also shown that maintenance requirements are
greater for unmanned vehicles, due to the increased complexity and quantity of
unmanned system equipment, as well as more stringent equipment reliability
requirements.

(U) When the flight vehicle was sized for a single-base and dual-base oper-
ation, several factors, besides weight, were found to affect the flight vehicles'
total system cost. TFor example, the AGE, AGE spares, and general purpose mainte-
nance support costs for a dual base operation are twice those for a single base
operation. Additionally, transportation costs for dual base configurations are
not applicable when single base operations are involved.

4.2.8.2.2 (U) Procurement Cost Considerations - The major changes made in the
cost data employed in Phase II are as follows:

(a) (U) Trainer costs were reduced from $5,000,000 to $750,000 based on
HL-10 trainer costs.

(b) (U) Material cost of columbium was reduced from $600 per 1b ($1325/KG)
to $500 per 1b ($110L/KG).

(¢) (U) Tantalum material (density = 0.606 lbs/in3 (.017 Kc/cm3)) was
priced at $600 per 1b, ($1325/KG) with a material complexity factor of L.0. This
material was not used in Phase I.

(U) Several major changes were made in costing the propulsion systems. off-
the-shelf engines were considered in the Phase II trade-off studies. Initial spare
engines were priced on the following basis:

(a) (U) Five spare ship-sets were allocated for configurations requiring
multiple acceleration and cruise engines. It is unlikely that more than one or
two engines would require replacement at any one time and that a total of 25 engines
would therefore be adequate.

(b) (U) Seven spare ship-sets were allocated for configurations requiring
one acceleration and cruise engine similar to the X-15 progran.

(U) Vehicle refurbishment costs were computed at 2.5% of their corresponding
flight vehicle costs for all configurations, except on the unmanned configurations
B-28LA and 284B, where they were computed at 2.75% of their corresponding flight
vehicle costs, because of increased maintenance requirements.

(U) In Phase II, two C-5A aircraft were utilized for each air-launched can-
didate program. It was found that research vehicles having a wing span of 32 ft
or more required a major modification of the C-5A launch aircraft. The cost is
based on relocating the right inboard engine, beefing up the wing, and modifying
the wheel pod. This modification was priced at $1.5M per launch aircraft. The
C-5A modification cost associated with the pylon installation was priced at
$75 per 1b of attached weight (TOGW of research vehicle).
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(U) FIGURE 4-43
REQUIRED ENGINEERING MANHOURS PER LB/KG FOR AIRFRAME STRUCTURE
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(U) FIGURE 4-44
REQUIRED ENGINEERING MANHOURS PER LB/KG FOR AIRCRAFT SUBSYSTEMS
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(U} FIGURE 4-45
REQUIRED ENGINEERING MANHOURS PER LB/KG FOR AIRFRAME TESTING
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(U) FIGURE 4-46
REQUIRED EXPERIMENTAL PRODUCTION MANHOURS PER LB/KG
FOR AIRFRAME STRUCTURE AND SHINGLES
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4.2.8.3 (U) Comparison of Estimating Methods - As indicated in Section 4.2.8.1,
significant changes in the estimating procedure were made during Phase II. In this
section a comparison is made between the Phase I and Phase II cost estimating pro-
cedures. Additionally, these two methods are compared as they apply to a specific
example and thereby results are compared.

4.2.8.3.1 (U) Method Changes - Each step in estimating the cost of a flight
vehicle program is outlined in Figure L4-47. RDTRE, Investment, and Operating Cost
are listed, relationships and data sources are shown for both the Phase I and
Phase II methods. In each case where a change in procedure is made the rationale
concerning the change is given.

(U) Computation of the Airframe Engineering portion of RDT&E costs during
Phase I was based on a parametric relationship between the total DCPR weight and
engineering manhours. During Phase II, Airframe Design and Development Costs were
revised by separately computing wirframe engineering cost on the basis of the DCPR
structural weight and by computing miscellaneous subsystems costs on the basis of
systems weight and development testing costs for airframe and systems separately.
Parametric relationships were employed in each case.

(U) These changes reflect the fact that while many cecst factors in aircraft
development are direct functions of the maximum speed capability of the aircraft,
certain other factors are not affected to the same degree. Avionic equipment and
displays, controls, hydraulic systems, etc., are relatively independent of speed,
Structures, fuel systems, engines and environmental control systems, on the other
hand are more directly affected by increases in speed.

(U) A lump sum was added during Phase II to account for the conversion
of turbojet engines from JP fuel to hydrogen.

(U) Manpower rates were reviewed and adjusted to coincide with the revised
cost element breakout. Consequently, these revised rates require a nearly complete
set of computations as indicated by the Phase II column of Figure 4-LT.

(U) Investment Cost was revised in a manner similar to the RDT&E cost.
Labor and material costs are parametrically keyed to the DCPR structural
weight and to the miscellaneous subsystems DCPR weight, as opposed to being collect-
ively related to the DCPR weight. 1In addition to the more detailed breakdown of
cost elements, the estimation of investment costs was revised due to revised cost
data, and labor rates as shown by the second and third pages of Figure 4-LT.

(U) sSingle base operation requires 1/2 the AGE and spares required for two
base operation. When two base operation is involved, spare parts and equipment
are stocked on the basis of aircraft maintenance being required at either base.
With one base operation this requirement is halved.

(U) The methods used in developing Operating Cost estimates during Phase I
were retained without change during Phase II. Only the LOX utilization factor was
revised during Phase II from 1.54 to 1.50.

(Page L-64 is Blank) MCDONNELL AIRCRAFT
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(U) FIGURE 4-47 SYSTEMS COST COMPARISON SUMMARY

EOLDOUT FRAME /

Phase | i Phase I
Cost Categories and Cost Elements Cost Estimating Retalionships and Data Employed Differences (Rationale)
Relationships and Data Computation. Data Source, and Comments Relationships and Data Computation, Data Source, and Comments
L ROTRE Costs
1. Airkame Design and Development
A, Aittrame Engineering Total DCPR Weight Engr. Price per Lb vs DCPR Wt Figure 4-99 | Structural DCPR Weight DCPR Weigh! Summary
S Lb Mach No. Yol.it, Part 2 | Man Hours. Lb and Mach No. Engr. Man Howrs/Lb (Struct.) Figure 4-43
Material Densily Materiat Density Material Density Semmary Phase Il Data Relined to Allow for

8. Misc, Subsystem Des, & Dev.
2. Subsyslem Engineering

b. Equipment Development
C. Development Testing

D. Test Hardware

E. Pre-Delivery Flight Test
Engineering
Production

Material

PAR i

a

. Travel and Per Diem
Pilol's Salary

. Prapellants

. Transportation

2. Tooling

3. Avionics Development
4, Propulsion Development
A, )25 Rocket
B. Turbojet
C. Ramjet
D. CSJ
E. Storable Fuet Rocket
F. LR-128 Rockel
G. RL-10 Rocket
H. Turboramjet

S. Support Equipment Design & System Int,
6. Ground Test Facilities

A. Turbojet (LHy

B. Ramjet

C.Cs1%)

0. Turboramjet

Combined with Airframe Engineering and Compuled in Tolal

Eq. Wt x§ Lbx Rate Fachis

Subsystem DCPR Weight

DCPR Weight Summary

Separate Airframe, Sysems, and
Development Test Costs

Man Howrs Lb Engr. Man Hours /Lb (Systems) Figwe 444
| CFE Cost Summary Eq. WL x § 'Lbx Rale Factors CFE Cost Summary Rate Factors Changed in Phase 1}
Total DCPR Weight DCPR Weight Summary Phase H Dala Relined to Allow for Separale

Combined with Airframe Engineering and Misc. Subsystem Engineering and Computed in
olal

WMan Hours Lb for Conv, and Adv, Material
x Wof Conv. and Adv. Material

Engineering Man Hours ‘Lb.  Figure 445
(Testing)

Aitirame, Systems, and Dev, Test Costs,
¥an Hours Lb Converted 1o § L by
Machine Progyam.

% of Flight Vehicle Inveniory Cost

Direct C

Same as Phase {

No Change

Same as Phase |,

$§ Man Hour x No. of Man Hours Required

Man Hours Based on F-4 Experience

3. Man Hours x No. of Man Hours Required

Man Howrs Based on F-4 Experience

$ Man Hours Changed in Phase I}

§ Man Hour 2 No, of Man Hours Required

Man Hours Based on F~& Experience

F—4 Material x Ratio of Tolal $ Lb lo Base
$ Lbx Proc. Exp. Factor x G8A Faclor

Direcl Compolation

$ Man Hours x No. of Man Hours Required

Man Houts Based on F-4 Experience

$ Man Hour Changed in Phase It

F-4 Material x Ratio of Total $. Lb to Base
$ Lb x Proc. Exp. Faclor x GSA Factor

Direct Computation

Procurement and GRA Factors Changed
in Phase

$ Lb and Rate Factors
Wt Complexily of Conventionat
and Advanced Malerials

Total DCPR Weight Man Howrs Lb and Rate
Factors

WL Complexily of Conventional and
Advanced Malerial

| F 4 Dollars Econ, Adj, Faclor x G&A Faclor | Direct Compulation F-4 Dollars x Econ. Adj. Factor x GEA Factor Direct Computation G&A Faclor Changed in Phase H,
| F 4 Bellas x Econ. Adj. Factor X GEA Factor | Direct Computation F-4 Oollars x Econ, Adj. Faclor x G&A Factor Direct Computation G&A Facior Changed in Phase i,
S Lbx Lbs Fit x No of Flis Direct Computation Same as Phase |, Same as Phase | No Change
$ ‘Round Trip x No. of Round Trips Direct Computation Same as Phase |, Same as Phase | No Change
Total DCPR Weight DCPR Weight Summary DCPR Weight Summary In Phase Il, Man Howrs Lb are Converled to

§ Lb in the Machine Program.
Rate Faclors were Changed in Phase i

| Avionics Wtx § Lo % Rate Factors

DCPR Weight Summary

Avionics W x § Lb x Rate Faclor

CFE Cost Summary

Rale Factors Changed in Phase I,

$16,000,000 Direct Computation Same as Phase I, Same as Phase | No Change
None Develop Cost Paid lor in USAF Program None {JP) $25,000.000 (LH) Direct C. $25,000,000 Added for LHz Conversion
$170,000,000 Direct Computation Same as Phase |, Same as Phase | No Change
$265,000,000 ] Direct Computation Same as Phase I. Same as Phase | No Change
$-Lbof Vacuum Thrust Rkt Eng. Prop. Costs Not Applicable Not Applicable Stotable Rockets Not Employed in Phase Ii.
Tllb of Vacuum Thrust Rkt Eng. Prop, Costs Same as Phase |, Same as Phase |, No Change
Not Applicable | Not Applicable $24,000,000 Direct Computation Pratt & Whitney Est.
$ Lb of Sea Level Thrust Turboramjet Prop, Costs .
1.5 Factor Applied to LH7 Engines Vol. W, Part 2] Not Apglicable Not Applicable Tuboramjet not Employed in Phase N
" (CER) 0.047 (OWE) 6.53 Direct Compulation Same as Phase | Same a5 Phase | [ o Change
$3,500,000 Direct Computation Same as Phase . Same as Phase |
58,000,000 Direct C. Same as Fhase I Same 25 Phase |
Tsn,wo,m Direct Compulation Same as Phase I, Same as Phase | 7| No Clange
55,000,000 Direct Computalion NotApplicable Wot Azplicable J
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(U) FIGURE 4-47  SYSTEMS COST COMPARISON SUMMARY (Continued)

Cos! Calegories and Cost £ lements

Phase |

Phase Il

Cost Estimaling Relationships and Data Emptoyed

Relationships and Data

Computation, Data Source, and Commenis

Relationships and Data

Computations, Data Source, and Comments

Diflerences (Rationale)

1. Investment Costs
1. Flight Vehicles
A. Airframe
2, Labor

b, Material

B. Misc. Subsystems
3. Labor

b, Material

¢, Equipment
€. Propulsion
a. )25 Rockel
b. Turboje!
¢. Ramjet
d.C8J3)
e. Storable Fuel Rockel
L. LR-129 Rocket
2 RL-10 Rocket
h. Turboramjel
D. Avionics

2. Support Costs
A. AGE
2, Single Base Operation

b. Two Base Operation
B. Fraining Equipment
C. Initiat Stocks
a. Engines
Single Acceleralor Cr. Eng,
Wulliple Acceteratos Cr.Eng.

b. AGE Spares
D. Initiai Training

Totat DCPR Weight
S
Weighted Complexily

Production Price per Lb vs DCPR WL

Vol I\, Part 2

Structure DCPR Weight
Man Hours Lb
Weighted Complexity Faclos

DCPR Weight Summary
Prod. Man Hours Lb  Figure 446
Production Complexity

Phase || Data Relined to Atlow for
Separate Airframe and Systems
Costs. Man Hours 'Lb Converled to
3 'Lb by Machine Program.

Tolal DCPR Wi x Material Cosl
($ Lb) by Material Type

DireclEomwhhon

Structwe OCPR Weight x Malerial Cost
(5 'Lb.) by Material Type

Direct Compulation

Phase Il Dala Refined to Allow for
Separate Aittrame and Subsys tem
Material Costs.

Combined with Aitframe Labor and Compuied as a Total Labor Cosl

Subsystems OCPR Weight x Man flours th

OCPR Weigh! Summary
Prod. Man Hours tb Figure 446

Phase It Data Refined to Alfow lor
Separate Airfiame and Systems Labor
Costs. Man Hours ‘Lb Converted to

$/Lb by Machise Program
Combined with Airframe Maletial and Compuled as a Total Malerial Cast Subsystem DCPR Weight x Malerial Cost Direct Computation Phase Il Dala Retined lo Allow for
(S Lb) by Malerial Type Separate Aitframe and Subsysiem
Material Cosks.
$ Lb x Eq. ¥t x Rate Factors Equipment Cost Summary $ Lbx Eq WL x Rale Factors Equipment Cosl Summary Rale Faclors Changed in Phase I
~SZ.S!JO,&IJI] Direct Compulation $1,600,000 5% Factor Applied lor Gimbatling $900,000 Decrease in Phase .
'S Lb ol Sea Level Thiust Turboje! Prop, Costs $583,000 GE Cost for Qty. Prod. F-100-GE - 100
$550 'Lb of Dry Engine Weight Direct Computation Same as Phase | Same as Phase | No Change
$ Module Direct Computation Same as Phase | Same as Phase | No Change
§ Lb of Vacuum Thus! Rkt. Eng. Prop. Cosls Not Applicable Not Applicable Storable Rxls. not Employed in Phase II.
$ Lb of Vacutm Thrust Rk1. Eng. Prop. Costs Same as Phase | Same as Phase | No Change
Not Applicable Not Applicable $460,000 Direct Compulation PEW Estimate
$ Lb ot Sea Level Theust Turboramjel Prop. Cosis Not Applicable Not Applicable Infernal Estimate

Avionics Equip. W1. x § Lb x Rate Faclor
$100,000 Added 1o Unmanned Vehide

Direct Computation

Avionics Equip. WL 1§ Lb x Rate Faclor
$100,000 Added o Unmamned Vehicle

Direct Compulation

Rale Factors Changed in Phase I

20 x 50,000 Dolfars per Pilot

Nol Applicable Nol Applicable 7.9% x X, Flight Vehicle Inv. Cost Direct Computation Single Base Gperations Employed in
Phase Il
15% x X Fligh Vehicle Inv. Cost Ditect Computation Same as Phase |, Same as Phase [. Mo Change
$5,000,000 Oblained rom ~ Reference 17 $750,000 DObtzined Trom NASA FRC 4,250,000 Dift. ]
7 Eng. Sets x Cosi Per Engine Direct Computation Same as Phase |. Same as Phase |, No Change
Not Applicable Noi Applicable S Eng, Sets x Approp. Cost per Engine Direct Computation S Spare Sets Employed for Mulliple
Engine Contiurations
10% x X AGE Investment Cosl Direct Computation Same as Phase | Same as Phase |. No Change
20 Pilots in Program Direct Computalion Same as Phase | Same as Phase |. No Change
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SYSTEMS COST COMPARISON SUMMARY (Continued)

FOLDOUT FRAME 2.

Prase | Phase H
Cost Categories and Cost Etements Cost Eslimating Relationships and Daba Employed Ditlerences (Rationaie)
Relationships and Data Computation, Data Source, and Comments Relationships and Data Compulation, Data Source, and Commrents
IL. investment Costs
£, hitial Transportation % x X AGE, AAGE Spares, Eng. §p_am. Direct Computation Same ag Phase | Same as Phase | No Change
Refurb, Materials, Prop. and Training
. Eavipment Costs
3. Launch Platform Cost I |
A. C-5A B-52 Modification
2, Pod Installation | S75/Lb x Flight Veticle (TOGW) Direct Computation Same a5 Phase | i Same as Phase | | Meohme ]
b. Mzjor Mod, (C-5A) | Not Awhtaple . Nol Applicable $1,500,000 per C-5A MCAIR Estimate Direct C: o No Change
B. VTO Launcher | $1.000,000 per Lawncher Direct Compulation Same as Phase | Same as Phase | No Change E——
4. Launch Vehicle Cost I
2. Thor | 0.5 M Dollars x No. of Thars Ditect Compulation Douglas Estimate Not Applicale Mot Appiicable | Mo Change T
B. SLV-3 | 165N Dollars x Mo. o SLV-3's | Direct Compulalion G0 Estimake Not Applicable Mot Applicable R Y R —
111, Operating Costs T
1. Range User Cost — .
A. Range Operating Cost |_21.5 K Doltars Flight x No. of Flights Direct Compulation T e aspmwi T T Same 25 Phase ) Mo Change
B. Base Ener, Support _No. of Years x 2531 K Doilars Vear Direct C SmeasPhasel | GmemPmml T —— I—
2. Escort Aircralt and Logistics is K Do!lagjligﬁl l!q. nLFIiﬁB Direct Compulation *' Same as Phase | Same as Phase | T
3. Vehicle Refusbishment Cost 1.5% - 2.5% x Flight Vehicle 1.5% Mach 4.5), 2.0% Mach 6), 2.5% MTZ) 2.5-2,75% x Flight Veh. Cost x No. of Fits Same as Phase | 7 Refined Estimale in Phase |
Unit Investment Cost J (inv. Cost), (Na. of Flights)
4. Propellant Cost o . ]
A L2 $.13851 Lb x 15 Wilizaion Factor) Direct Computation Same 25 Phase | Same as Phase | T T e chne
x Lbs of Fuel Req. FItx No. of Flights
B. LOX :.glu'Ué:. ﬁl‘%ﬂ"ﬁ'p«':"ﬁm}; Direct Compulation L5 Utilization Faclor Used Direct Computation Utilization Factor Changed in Phase i}
c.ip fﬂi l.'b ;I:ilntelzll;:zl?&or:;:o;: Fighs Direct Compulation Same as Phase | Same a5 Phase | No Change
D. Aeto 50 :ﬁs l.:'lF «lnell :?l::m;l't'? N':c;'u‘)".m Direct Computation ot Applicable Not Applicabile m::lle"ml Fuel aot Employed in
E. N0y n?b slgfg':?z':mrllzl';'m F:;:U;L)‘m Direct Computation Not Applicable Not Applicable is:n':'a:l’ee ﬁ' Oxidizer not Employed
5. AGE Mainl. (Labor Ony) | 3% X AGE Inv. Cosi x Mo, of Bases | Divect Conputation - | same as Prase 1 Some as Phase | o Change
6. Genetal Purgose Waint, Sup, 100K Dot Y x . of Yis xWo. of Bases | DirecT Comulatin " | Gome 1 Phasa 1 I YY) ) | MoChmge
7. Transportation Cost
A. Phase| .
2. Configs. 200, 205, 207 52,482 Rd. Trip x No. of Rd, Trips | Edwarts b Yalker AFB and Retan [ [ R
b, Confips. 210, 213, 214 $3,438 Rd. Trip x No. of R Trips Edwards 1o Dyess AFB and Retwn
[ Conﬁ;s 220, 221 52,578 Rd. Trip x No. of R Trips Barksdale AF B lo Kennedy and Return i Based o0 3311 per Flying Howr s
¢ g‘s'l't'z'ssofnz‘s'zz.sz‘s'sz,zzzstz,?ész.?séfs' ! $7,932 Rd Trip x No. of Rd, Trips Edwans 1o Homesiead AFB and Retum ot Asplicati Hot Appicatie Airlitt Industial FW’C:MWU for
284, 285 U C-5A Transport
e, Conlig, 257 $12,440 Rd Trip x No. of Rd, Trips Edwards to Lorine AFB and Retorn
1. Configs. 270, 271, 280, 281 & 282 ASIJBG Rd Trip » Ho. o Rd. Trips Edwards b Kemedy and Retun
B. Phase II - . T ] - N T .
2. Configs. B207 & B212 Metdpplicable | Mot Applicable I L T Vebickes Retum fa Gt pased m:’:’ﬁ;g'c'";:;)’,:‘"s’
b- Conigs. 32, B33, B5T & G284 | MotMpplicatle " |y Mopicable |12 Tipx 200 Trips _ | Edwards o Homesiead AFB apd Retun C-5A Transpart,
¢. Config, 8260 No! Applicable Mot Applicable $7,735.Rd Trip x 200 Trips Edwards to Kennedy and Return
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FOLDOUT FrAMED

(U) FIGURE 4-47 SYSTEMS COST COMPARISON SUMMARY (Continued)

Cos! Categories and Cost Elements

Phase |

l

Phase |

Cos! Eslimating Retationships and Data Employed

Dilterences (Rationale)

Relationships and Data Computation. Data Sowrce, and Comments Relationships and Data Computation, Data Source, and Comments
11\, Operating Cost
&, Pilot Pay and Support Per Pay
A. Pilot P2y 4 Pilots per Yr x SOK Dol. Pilotx § Yrs Direct Compulation [ 'same as Phace | Same as Phase | No Change
B. Supporl Per Pay 2 NMPR x 20K Dol. Yr. x Mo, of Yrs, Direct Compulation Same as Phase | Same a5 Phase | No Change
] WWPR = 50120 LPI) (TOGH. 344,000) 033
9, Laynch Platform Op. Cost
A, C-5A Cost pet FIL, x N, of Flls, Direct Compulation Based on §1,284 Fly, Hr., ] Same as Phase | Same as Phase | No Change
Rel. AFM- 172-3, 27 Apt, 69
B.B-52 Cost per FIL x Mo, of Fits, Ditect Computation Based on $1,3% Fly. Hr., | Nol Applicabie Not Applicable No Change
Rel, AFM- 172-3, 27 Apr. 69
C. VTO Launcher 5% x Launcher Inv. Cosl x No. of Yrs, Direct € T Same as Phase . Same as Phase | Rel. Rand Rpl. R-287" No Change
10. Launch Service Cost o ~ B
A. Thor 195K Dol. x No. of Flights Direct Computation Based on Doulas Esli Not Applicabl Not Applicable No Change
8.5Lv-3 .2479K Dol. x No. of Fits. Mone Based on GD Estimates Not Applicable Not Applicable No Change
Abbreviations: OCPR - Defense Comraclor’s Progress Report AFM - Air Force Manual Eq - Equipment Rkt - Rockel
K - Thousand Wt - Weight Adj. - Adjustment G&A - General and Administralion
M - Million GD - General Dynamics Proc - Procurement FiL.- Flight
NMPR - No. ol Maintenance Personne! Required TOG¥ - Takeolf Gross Weight Exp - Expense

LPM - Launches per Month
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L.2.8.3.2 (U) Cost Comparison - Changes in the cost estimating procedure for
Phase II were discussed in the previous section. Costs relative to Configuration
233 were computed using both the Phase I and Phase II methods and are compared in
Figure L-L8., Reductions in RDT&E costs are nearly matched by increases in the
investment and operating costs. Note that the change in operating cost is a
direct function of the change in flight vehicle unit investment cost.

(U) FIGURE 4-48
COST COMPARISON SUMMARY - PHASE | TO PHASE {I METHODS
(Millions of 1970 Dollars)

Configuration 233 (Phase I)
Phase | Phase ||
Method Method

I. RDT&E Costs No. of Flights 180 180

. Airframe Design and Development

Cost Categories and Cost Elements

—

A. Airframe Design 55.332
B. Miscellaneous Subsystem Design and Development 110.07¢ 6.512
C. Development Testing 2.635
D. Test Hardware .22 4428
E. Pre-Delivery Flight Test 3.552 _3.336
Sub Total 116.843 12.243
2. Tooling 8.1 1.862
3. Avionics Development 3.154 3.118
4. Propulsion Development 127.199 121.199
5. Suppart Equipment Design and System Int. 17.136 12.136
6. Ground Test Facilities ’ - -
Tetal 272.456 227.558

. Investment Costs
1. Flight Vehicles

A. Airframe 16.787 21119
B. Misce!laneous Subsystems 1.659
C. Propulsion 1.29 1.299
D. Avionics 1015 0%
Unit Cost (1) Vehicle 19.101 25.024
Unit Cost (3) Vehicles §7.383 15.0712

2. Support Costs
A AGE 8595 11.261
B. Training Equipment 5.000 0.750
C. Initial Stocks (Engs. and AGE Sps.) 9.953 10.219
D. Initial Training 1.000 1.000
E. Initial Transportation 1168 1.3
Sub Total 2.716 24.585
3. Launch Platform Cost 11.208 11.205
Total 9.224 110.862

Il. Operating Costs (5 Years)

1. Range User Costs 5.136 5.136
2. Escort Aircraft and Logistics 1.998 1.998
3. Vehicle Retubishment Cost 85.954 112.608
4. Propellant Cost 0.4%4 0.4%4
5. AGE Maintenance (Labor Only) 1.29 1.290
6. General Purpose Maintenance Sup. 0.500 1.000
7. Transportation Cost 1428 1.428
8. Pilot Pay and Sup. Per Day 18.200 18.200
9. Launch Plalform Operation Cost 2.286 2.286
Total 117.286 144,440
Grand Total 483.966 482.860
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4.3 BASELINE VEHICLE DESIGN AND PERFORMANCE

(U) The Phase I screening of configurations resulted in the selection of
seven vehicle concepts for further study during Phase II. These basic concepts
were refined in accordance with the design requirements set forth in Section L.
and the methods and approaches described in Section 4.2 and used as the baseline
for Phase II trade-off studies. The mission employed in sizing these aircraft
consists of an acceleration - climb to the test Mach number at an altitude corres-

ponding to equilibrium for (L/D)max’ a five minute constant Mach number cruise,

and an unpowered descent. The climb profiles employed are shown in Figure L-49.

A summary of pertinent vehicle sizing information is presented in Figure L4-50.

A description of the key design characteristics, the vehicle performance and flight
characteristics, and the vehicle weight and cost, for each of the seven baseline
aircraft follows.

4.3.1 (U) ROCKET - RAMJET CONFIGURATION (CLASS B20T7) - Design B20TA, shown

in Figure 4-51, is the baseline Mach 6 configuration representing an all-body,
air launched, manned vehicle approach. It is powered by a rocket engine during
climb and acceleration and a ramjet for the five minute cruise. The aerodynamic
characteristics, performance capabilities, weightsg and cost information are
summarized in Figure 4-52. The change from rocket power to ramjet operation

for Mach 6 cruise results in a net drag reduction, due to the fact that the base
drag increase incurred at the rocket nozzle is lower than the ramjet engine

off drag. For the Mach 6 test condition, a maximum range of 700 nmi (1300 km)
results corresponding to a total flight time of 22 minutes.

(U) The propulsion system for the B20TA aircraft consists of a rocket engine
for acceleration, and a mixed compression inlet and ramjet engine for Mach 6
cruise. A scaled Pratt and Whitney Aircraft (PWA) LR129 High Chamber Pressure rocket
is the selected acceleration engine; a two-dimensional hydrogen-fueled ramjet
based on the axisymmetric Margquardt MA 145-XAB design is the selected cruise
engine.

(C) The scaled version of the PWA LR-129 rocket engine is 60 in (152 cm)
long, and has a conventional bell nozzle with an expansion ratio of 75 and an
exit diameter of 30 in (75 cm). The propellants are LOo and LH,. The engine

incorporates both a pre-burner and a main burner in the basic cycle and is
regeneratively and transpiration cooled with hydrogen fuel. At full power, the
rocket operates at 3000 psi (2060N/cm?2) chamber pressure at a mixture ratio of
6.0. The engine is operated at full power from launch to the start of cruise
and is shut down during cruise. The engine is scaled to produce 57,600 1b

(256 ,000N) vacuum thrust which results in a vehicle vacuum thrust/takeoff gross
weight ratio (TyAC/TOGW) of 1.5. The vacuum propellant specific impulse is

451 seconds.

(U) The inlet for the cruise propulsion system is a two-dimensional, mixed
compression configuration. The inlet has a single, overhead, external, insulated
(uncooled) ramp located in the vehicle compression field. Throat area variation is
provided by hinged ramps in the inlet and diffuser.

MCDONNELL AIRCRAFYT <.
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(U) FIGURE 4-49 PHASE Il CLIMB PROFILES
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(U) FIGURE 4-51 B207A CHARACTERISTICS

PARAMETERS

Mach No.
TVAC/TOGW

Test Time
Payload

Load Factor
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Therm.Prot.5ys.
Tankage

Fuel Type

Wing Loading

LE Sweep
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1000 1b
(453.6 kg)
5.0(Struct)
3.5 (TPS)
Dual

Passive
Integral
Subcooled LH2
90.3 lb/ft2
(440.88 kg/m?)

80°
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PHYSICAL CHARACTERISTICS
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Overall Length
Total Span

Height

AREAS:

Planform

Wing

Tips, Total

Vert.Tails,Total

VOLUME:
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(C) FIGURE 4-52
B207A CAPABILITIES

CL,» L' & Cpy vs Mach No.
Mach 6 Air Launched Rocket/Ramjet A/B

I B L ( T B B20TA Ramjet Performance
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(U) The cruise engine is a two-dimensional, hydrogen-fueled ramjet based on
the axisymmetric Marquardt MA 145-XAB design, Reference (15), and configured to
the specific integration requirements of this vehicle. A translating plug nozzle,
Figure b4-53, is incorporated in the engine to provide the required variation in
nozzle throat area. The engine and nozzle are regeneratively cooled with hydrogen
fuel. The ramjet capture area is 13.2 £t2 (1.23 m2) end is sized at Mach 6.0
cruise to provide thrust equal to vehicle drag while operating at minimum SFC
(maximum specific impulse). The fuel flow at this condition is compatible with
engine and nozzle cooling requirements. The ramjet is ignited at Mach 6.0 for
cruise. The performance for these operating conditions is presented in Figure

L-52.

(U) FIGURE 4-53 TWO-DIMENSIONAL RAMJET FEATURES
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4.3.2 (U) TURBOJET - RAMJET CONFIGURATION (CLASS B212) - Design B212A, shown
in Figure h-su,is the baseline Mach 6 configuration representing the wing-body,
horizontal takeoff, manned vehicle approach. For acceleration to Mach 3, this
aircraft is powered by two wing-mounted turbojet engines and is powered by a
two-dimensional hydrogen-fueled ramjet engine from Mach 1 to Mach 6 cruise.

The drag rise associated with the turbojet engine-out condition above Mach 3 is
evident in Figure 4-55. Additional performance, weight, and cost data for this
design are also shown in Figure 4-55. The maximum range and total flight time
associated with this vehicle are 900 nmi {1670 km) and 30 min respectively.

(U) The inlet configuration for the turbojet engines is a mixed compression,
axisymmetric design. External compression is achieved on a single cone. Throat
geometry is varied by translating the centerbody.

(C) The General Electric F100-GE-100 engine is a dual rotor, mixed flow
afterburning turbofan having a 0.89 bypass ratio and an overall pressure ratio
of 23.8. The GE~TFDC-10C translating flap convergent-divergent nozzle is
incorporated and the engines have been converted to use hydrogen fuel. The
engines are operated at maximum afterburner power setting for acceleration to
Mach 3.0 after which they are shut down. The performance characteristics for
these engines are presented in Figure k-55,

(U} The inlet for the cruise engine is a two-dimensional, mixed compression
configuration. The inlet has a single, overhead external compression ramp
located in the vehicle compression field. Throat area variation is achieved by
hinged ramps in the inlet and diffuser. Both the inlet and engine are integrated
with the lower fuselage moldline.

(U) The cruise engine is a two-dimensional, hydrogen-fueled ramjet based on
the axisymmetric Marquardt MA-145-XAB design and configured to the specific inte-
gration requirements of this vehicle, Figure 4-53, A translating plug nozzle was
incorporated in the engine to provide the required variation in nozzle throat area.
The engine and nozzle are regeneratively coocled with hydrogen fuel. The ramjet
capture area of 21.45 ft2 (1.99 m2) was sized at Mach 6.0 cruise to provide thrust
equal to vehicle drag while operating at minimum SFC (maximum specific impulse). It
was then confirmed that this sized engine produced satisfactory acceleration. The
fuel flow at this condition is compatible with engine and nozzle cooling requirements.

4,3.3 (U) ROCKET-SCRAMJET CONFIGURATION (CLASS B232) - Design B232A, shown in
Figure 4-56 is the baseline Mach 12 configuration representing an all-body, air
launched, manned vehicle approach. A rocket engine is employed for acceleration
and a scramjet for cruise. The resulting performance, weight, and cost data are
shown in Figure L4-57. At Mach 12 the vehicle drag is less for cruise than in the
acceleration mode because base drag is less with SJ on and the rocket off, than with
rocket on and SJ off. The maximum range and flight time are 3000 nmi (5560 km) and
40 min respectively.

(C) The scaled version of the PWA LR-129 rocket engine is 84.5 in (214 cm)
long, and has a conventional bell nozzle with an expansion ratio of 75.0 and an
exit diameter of 43.5 in (110 cm). The engine uses LOo and LHp propellants,
incorporates both a pre-burner and main burner in the basic cycle, and is

-
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(C) FIGURE 4~54 B212A CHARACTERISTICS
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PHYSICAL CHARACTERISTICS
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(C) FIGURE 4-55
B212A CAPABILITIES
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(U) FIGURE 4-56 B232A CHARACTERISTICS

PARAMETERS
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PHYSICAL CHARACTERISTICS
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(C) FIGURE 4-57 B232A CAPABILITIES

CLy» L' & Cpy vs Mach No.

Mach 12 Air Launched Rocket/Scramjet A/B
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regeneratively and transpiration cooled with hydrogen fuel. At full power, the
rocket operates at 3000 psi (2060 N/cm?) chamber pressure at a mixture ratio of
6.0. The engine operates at full power from launch to the start of cruise and

is shut down during cruise. The engine is scaled to produce 117,000 1b (519,000 N)
vacuum thrust, which results in a vehicle Tyac/TOGW of 1.5. The vacuum propellant
specific impulse is 451 sec.

(U) During the cruise, the B232 aircraft uses a scramjet engine. The
scramjet inlet, Figure 4-58, is based upon the analytical development described
in Reference (1). The fixed geometry inlet employs an initial 4 degree aircraft
forebody half angle compatible with an all-body design, followed by two successive
two-dimensional external compression ramps of }, and 5 degrees respectively, to
achieve an external geometric contraction ratio of about 5.6:1. An overall geo-
metric contraction ratio of 11.3 is achieved by means of a single shock turning
the internal flow through a 13° angle. The inlet is designed to operate with
shock-on-1ip at 9° angle of attack at Mach 12. At that condition, the increased
capture area achieved with angle of attack results in an overall contraction ratioc
equal to about 22:1, a combustor inlet Mach number equal to 3.9, and near
optimum cruise performance.

(U) FIGURE 4-58 VARIABLE GEOMETRY §J
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(U) The scramjet engine consists of a series of regeneratively cooled
modules, Figure 4-58, Each module has an internal inlet contraction section,
a burner, and an internal nozzle expansion section. The aft surfaces cf the
lower fuselage are also used for nozzle expansion area. Each internal inlet
section has a contraction ratio of 2:1. Each burner section is a divergent
duct 30 in (76 cm) in length. The burners have an expansion ratio of 1.20
(outlet area to inlet area) with fuel injectors located at the entrance to
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each burner. The scramjet burners are sized for Mach 12 cruise and operate
stoichiometrically during cruise. For rocket-powered acceleration to Mach 12
and for unpowered descent and deceleration, the engine module (including the
internal inlet contraction section and the internal nozzle expansion section)
is retracted into the vehicle lower fuselage.

(U) The performance characteristics used for this engine were taken from
cycle analyses described in Reference (1) and these data are presented in
Figure L4-57. Expanding the scramjet exhaust gases onto the vehicle aft
surfaces resulted in an incremental 1ift which adds a vehicle AL/D of 1.5 at
Mach 12.

4L.3.4 (U) ROCKET CONFIGURATION (CLASS B233) - Vehicle B233A shown in Figure 4-59,
is the baseline Mach 12, manned, air launched vehicle of an all-body shape.
Acceleration, climb, and cruise flight are powered by a rocket engine providing

a maximum range and total flight time of 2700 nmi (5000 km) and L2 min respectively.
Performance, cost, and weight data for this configuration are shown in Figure U4-60.
Cruise altitude for this vehicle is near 150,000 ft (45,750 m) and incorporates

a slight climb due to decreasing propellant weight.

(C) The propulsion system for the B233A consists of a rocket engine used
for acceleration and Mach 12 cruise. A scaled Pratt and Whitney Aircraft LR-129
high chamber pressure rocket is the selected system engine. The scaled version
of the PWA LR-129 rocket engine is 84.5 in (21k4.4 em) long, and has a conven-
tional bell nozzle with an expansion ratio of 75 and an exit diameter of 43.5 in
(110.3 cm). The engine uses LOp and LH, propellants, incorporates both a pre-
burner and a main burner in the basic cyele, and is regeneratively and transpira-
tion cooled with hydrogen fuel. At full power, the rocket operates at 3000 psi
(2060 N/cm?) chamber pressure at a mixture ratio of 6.0. The engine is operated
at full power from launch to the start of cruise; it is throttled back to
approximately 6% of full power during cruise to maintain stable flight. The
engine is scaled to prcduce 116,900 1b (519,000 N) vacuum thrust which results
in a vehicle Typc/TOGW of 1.5. The vacuum propellant specific impulse is
451 sec. The performance of the engine, when throttled for cruise operation, is
presented in Figure L-60.

4.3.5 (U) TURBOFAN - CONVERTIBLE SCRAMJET CONFIGURATION (CLASS B257) - The B25TF
design, shown in Figure 4-61, represents the baseline approach selected for a Mach
12, manned, blended wing-body concept capable of horizontel tekeoff. The vehicle
is powered during acceleration and climb by four fuselage mounted turbofan engines
to Mach 3,and by a convertible scramjet engine from Mach 1 to Mach 12. The
scramjet also powers the cruise portion of flight. Performance, weight, and cost
data developed for this configuration are shown in Figure 4-62. Mach 12 cruise

is at an altitude in excess of 140,000 ft (42,700 m) with a resultant maximum
range and total flight time of 3100 nmi (5740 km) and 44 min.

(C}) The General Electric F100-GE-100 engine employed for acceleration to
Mach 3 is a dual rotor, mixed flow afterburning turbofan having a 0.89 bypass
ratio and an overall pressure ratio of 23.8. The GE TFCD-10C translating flap
convergent-divergent nozzle is incorporated and the engines have been converted
to use hydrogen fuel. The maximum internal temperature limits used in the JP-
fueled engine design were maintained. The engines operate at maximum afterburner
power setting for acceleration to Mach 3.0 above which they are shutdown. The
performance used for these engines is presented in Figure L-62.

MCDONNELL AIRCRAFY Antibiibiiinihl.
L-81



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME i1l @ PART 2

(U) FIGURE 4-59 B233A CHARACTERISTICS

PARAMETERS
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Tankage
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(C) FIGURE 4-60
B233A CAPABILITIES

CLy» L' & Cp, vs Mach No.

Mach 12 Air Launched Rocket/Rocket A/B LR 129  ROCKET
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(C) FIGURE 4-61 B257F CHARACTERISTICS

PARAMETERS

Mach No.
Thrust/Weight*
Test Time
Payload

Load Factor

Basing

Thermal Prot.Sys.

Tankage
Fuel Type

Wing Loading

LE Sweep

PHYSICAL CHARACTERISTICS

# Uninstalled SLS thrust/takeoff gross weight.

12 SIZE: £t (m)
Overall Length 143,17 T L3.6k4)
1.1 Total Span 57.83 ( 17.62)
Height 25.77 ( 7.85)
5 min > 2
AREAS: ft {m~)
1000 1b Planform 2860 (265.69)
(453.6 kg) Wing 2320 (215.53)
5.0 (Struct) Tips, Total 335 ( 31.12)
3.5 (TPS) Vert.Tails, Total 550 ( 51.10)
Dual
Passive VOLUMES : ft3 (m3)
Total 17,500 (Lg2.k42)
_ategral Propellant 7,560 (213.95)
Subcooled LH, PROPULSION: ACCEL CRUISE
5 Engine (5)F-100-GE-100 csJ
L1.2 1b/ft Thrust (SLS ,Uninst )1b 23,380 (ea) -
(201.15 kg/m?) (N)(103,994) (ea) -
Thrust (Mach 12€ 1b - 16,280
Cruise Alt) (N) - (72,413)
T7° A, Tt 11.95 (ea) 128.8
CEPL (n2) (1.11) (11.97)
MCDONNELL AIRCRAFT DRkl
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(C) FIGURE 4-62

B257F CAPABILITIES

CLy> L's & Cp,y vs Mach No.
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(U) The inlets for the turbofan are fuselage mounted and located in the
vehicle compression field. The fuselage forebody acts as a single external
compression ramp. The capture area is varied by means of a movable cowl which
retracts into the vehicle forebody when the turbojets are incperative. The
inlet is essentially an internal compression design. Throat area variaticn is
provided by hinged upper and lower ramps in the inlet and diffuser.

(U) A convertible scramjet engine is used to accelerate this vehicle from
Mach 3 to Mach 12 and for Mach 12 cruise operation. In the range Mach 1-3 this
engine is operated to reduce base drag. The convertible scramjet inlet is based
upon the analytical development of Reference {1). The inlet has a variable cap-
ture srea and employs an initial 3° agircraft forebody half angle compatible with
a wing-body design, followed by two successive fixed two dimensional external
compression ramps of 6° each. The engine consists of a series of regeneratively
cooled modules, Figure 4-63. Each module has an internal inlet contraction
section, a burner, and an internal nozzle expansion section. The aft surfaces
of the lower fuselage are also used for nozzle expansion area. Each internal
inlet section has a contraction ratio of 2:1. FEach burner section is a divergent
duct 30 in (76 cm) in length. The burners have an expansion ratio of 1.20 with
fuel injectors located at five axial stations along the burner. Staged fuel
injectors are incorporated for efficient operation from Mach 1.0 to 12.0.

(U) The capture area is varied through use of hinged external ramps in
conjunction with translating engine module (including the internal inlet contrac-
tion and the internal nozzle expansion sections), illustrated in Figure L-62.
This varies the inlet turning on the aft portion of the third ramp from 5° at
the Mach 8 operating condition to 0° at Mach 12, Figures 4-63 and L-gl, The
geometric contraction ratio of the inlet varies from about 11.9 at Mach 8 to
about 9.1 at Mach 12, including 2:1 internal contraction. The overall contrac-
tion ratio end ramp angle schedules are illustrated in Figure L-6L.

(U) The engine operates in subsonic combustion mode from Mach 1 to 6, and
in supersonic combustion mode from Mach 6 to 12, including Mach 12 cruise. The
engine module is retracted into the vehicle lower fuselage during acceleration
to Mach 1, and during unpowered descent and deceleratiocn.

(U) The engine burners were sized for Mach 12.0 cruise. They operate
at the maximum fuel flow below the thermal choke limit over the Mech range from
1 to 8, (where this limit is below the stoichiometric fuel flow) and operate
stoichiometrically from Mach 8 to 12. The subsonic combustion mode performance
characteristics were based on the data presented in Reference (16). The super-
sonic combustion mode performance characteristics used for this engine were taken
from the cycle analyses of Reference (1) and are presented in Figure 4-62.

4.3.6 (U) ROCKET CONFIGURATION (CLASS B260) - Design B260A, Figure L-65, is
a configuretion representing a Mach 12, manned, all-body vehicle that can be
configured for either vertical or horizontal takeoff. The powered portions of
flight rely on a rocket engine. Performance, cost, and weight data for this
vehicle are presented in Figure 4-66. Cruise altitudes are near 150,000 ft
(45,750 m). The maximum range and total flight time resulting are 2700 nmi
(5000 km) and 43 min respectively.

This Page Unclassified MCDONNELL AIRCRAFT
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(U) FIGURE 4-63 VARIABLE GEOMETRY CSJ
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(U) FIGURE 4-65 B260A CHARACTERISTICS

PARAMETERS PHYSICAL CHARACTERISTICS
Mach No. 12 SIZE: ft {m)
Overall Length 103.7 ( 31.61)
Typc/TOGW 1.5 Total Span 37.7 ( 11.49)
Height 16.1 ( L.91)
Test Time 5 min 5 5
AREAS: ft (m™)
Payload 1000 1b Planform 1105 130.52)
(L53.6 kg) Wing 1215 (112.87)
Load Factor 5.0 (Struct) Tips, Total 1kb ( 13.38)
3.5(TPS) Vert.Tails, Total 286 ( 26.57)
Basing Dual :
Thermal Prot.Sys. Passive VOLUMES : ft3 (m3)
Total 6990 (197.82)
Tankage Integral PROPELLANT 4655 (131.70)
Fuel Type Subcooled LH2 PROPULSICN: ACCEL CRUISE
5 Engine (1)LR-129 RKT  (1)LR-129 RKT
Wing Loading 105.0 1b/ft Thrust (VAC) 1b 220,875 A Trrottiad )
(512.65 kg/m?) (N) (982,453) -
LE Sweep 80°
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(C) FIGURE 4-66
B260A CAPABILITIES

Mach 12 HTO or VTO Rocket/Rocket A/B
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(C) The scaled version of the Pratt and Whitney Aircraft LR-129 rocket
engine employed is 113 in (288 cm) long, and has a conventional bell nozzle.
The nozzle has an expansion ratio of 75 and an exit diameter of 60 in (152 cm).
The engine,uses LO, and LHp propellants, incorporates both a pre-burner and a
main burner in the basic cycle, and is regeneratively and transpiration coocled
with hydrogen fuel. At full power, the rocket operates at 3000 psi (2060 N/cem@)
chamber pressure at & mixture ratio of 6.0. The engine is operated at full
power from launch to the start of cruise; it is throttled back to approximately
5% of full power during cruise to maintain stable flight. The engine is scaled
to produce 220,000 1b (561,000 N) vacuum thrust which results in a vehicle
TVAC/TOGW of 1.5. The vacuum propellent specific impulse is 451 sec. The
performance of the engine when throttled for cruise operation is presented
in Figure L-66.

4.3.7 (U) UNMANNED ROCKET CONFIGURATION (CLASS B284) - Design B28LA, Figure L-67,
is the baseline configuration representing an unmanned, Mach 12, air launched,
all-body vehicle. The performance, weight, and cost data developed for this
configuration are shown in Figure L-68. The range, flight time and cruise

altitude are all quite similar to the manned B260A vehicle.

(C) The scaled version of the PWA LR-129 rocket engine employed is 68 in
(173 cm) long, and has a conventional bell nozzle with an expansion ratio of
75 and an exit diameter of 34.5 in (87.5 cm). The engine uses LOp and LHp pro-
pellants, incorporates both a pre-burner and a main burner in the basic cycle,
and is regeneratively and transpiration cooled with hydrogen fuel. At full
power, the rocket operates at 3000 psi (2060 N/cm?2) chamber pressure at a
mixture ratio of 6.0. The engine is operated at full power from launch to the
start of cruise; it is throttled back (to approximately 6% of full power) during
cruise to maintain stable flight. The engine is scaled to produce 111,900 1b
(496,000 N) vacuum thrust which results in a vehicle Tvac/TOGW of 1.5. The
vacuum propellant specific impulse is 451 sec. The performance of the engine
when throttled for cruise operation is presented in Figure L4-68.

MCDONNELL AIRCRAET U EN TR —
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(U) FIGURE 4-67 B284A CHARACTERISTICS

PARAMETLRS

Mach No.
Tyac/TOGW
Test Time
Payload
Load Factor

Basing

Thermal Prot.Sys.

Tankage

Fuel Type
Wing Loading

LE Sweep

12 SIZE: ft
Overall Length 8h.o
1.5 Total Span 30.9
Height 14.3
5 min 5
AREAS: ft—
1000 1b Planform 881.
(453.6 kg) Wing T27.
5.0 (Struct) Tips, Total 109,
3.5 (TPS) Vert.Tails, Total 178.
Dual
Pussive VOLUMES : 233
Tctal 3810
Integral Propellant 2190
Subcooled LH2 PROPULSION: ACCEL
5 Engine (1)LR-129 RKT
84,7 1b/ft Thrust (VAC) 1b 111,885
(413.5L kg/m°) (M) (497,66k)
80°
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(C) FIGURE 4-68
B284A CAPABILITIES

L, L") & Cp, vs Mach No.
Mach 12 Air Launched Rocket/Rocket A/B (Unmanned)
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L.4 PARAMETRIC STUDIES

(U) The purpose of the Phase II parametric studies was to refine the Phase I
selected vehicles in order to determine the "near optimum'" research vehicles that
will satisfy research requirements for the class of operational vehicles defined
in Volume II. To do this it was necessary to determine the sensitivities of cost
and the research value of the flight test vehicles to the various vehicle shape,
propulsion, and mission requirements.

(U) The seven baseline vehicles are divided into four basic configurations,
(vehicle shape), illustrated in Figure 4-69. Configuration B257 was studied in
both the elliptic all-body shape and the blended wing body shape. Configurations
B207, B232, B233, B260 and B28k4 were studied in the MCAIR all-body shape and B212
was studied in the wing-body shape. Parametric studies were conducted using the
MCAIR all-body shape. The results of these specific vehicles were extrapolated to
apply to all vehicles with the same shape.

(U) With each variation in parameters, the representative flight research
venicle was resized to maintain the specified mission, as described in Section
4.2.7. The operational weight empty is a strong measure of the cost of the vehicle.
The planform area and the takeoff gross weight were limiting considerations for
vehicles to be air launched from a C-5A aircraft. The low speed flight charac-
teristics were used to determine the landing characteristics of the flight test
vehicle while the range and flight time determined the operational qualities of
the vehicle.

(U) FIGURE 4-69 VEHICLE CONFIGURATIONS

X
V WING BODY

Ay I

ALL BODY - ELLIPTICAL

ALL BODY-MCAIR

BLENDED WING BODY
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L.4.1 (U) ROCKET ENGINE - The RDT&E cost of the scaled (rubberized) LR-129

rocket engines used in Phase I was a major contributor to program cost. 1In

Phase I a tradeoff had been conducted for one vehicle, which indicated that program
cost reductions might be achieved by using off-the-shelf rocket engines. In Phase
II, a more detailed study was conducted to establish program cost reductions which
would result from the use of off-the-shelf rocket engines in the rocket powered
research vehicles. In the study, the vehicle characteristics and differences in
total program cost were compared.

(U) This tradeoff study was conducted in conJunction with the overall vehicle
studies so that mission performance, design arrangements, etc., were consistent for
the various parametric vehicle designs, and thus, the study provides valid compar-
isons. The two elements of this tradeoff were (1) a comparison of rubberized and
off-the-shelf engines, and {2) a comparison of different quantities of off-the-shelf
engines.

(a) (U) sStudy Process - To conduct the tradeoff, baseline vehicles were
designed with a scaled (rubberized) LR-129 rocket engine, and parametric vehicles
were designed with an integer number of off-the-shelf rocket engines, while main-
taining constant design and mission capability, and approximately the same vacuum-
thrust-to-TOGW (T/W) ratio. Figures U4-70 through L-T4 show the vehicles using off-
the-shelf engines. Off-the-shelf engines are those which are currently scheduled.
to complete PFRT by 1975. Minor modification such as throttling, which has been
demonstrated for these engines, does not change the off-shelf status. Performance
of the off-the-shelf rocket engines meeting these criteria is presented in
Figure 4-75. '

{b) (U) Evaluation - The dominant factors affecting program cost were
(1) engine RDT&E cost; (2) airframe OWE, since it directly impacted airframe costs;
and (3) engine performance (Isp), since it directly affected airframe OWE and thus
affected airframe cost. The ground test requirements did not impact this trade
because, for both types of engines, existing and under-construction facilities are
adequate. Research value of the vehicle was not affected by rocket engine choice,
so that this parameter did not impact this trade. In Figure L-76 the cost factors
are presented for a typical vehicle. These comparisons show that the major elements
which drove the trade results were the much reduced RDT&E cost for the off-the-shelf
engine powered vehicles, and the airframe cost increase resulting from lower engine
performance. The increased operating and refurbishment cost of vehicles powered
with off-the-shelf engines was a minor element. Figure L4-77 illustrates the effect
of these elements.

(U) The net benefit of using off-the-shelf engines is shown in Figure 4-78 for
four of the rocket powered vehicles. In every case, use of off-the-shelf engines
permitted significant cost savings. For one vehicle, the B233 concept, an investi-
gation was made on the number of off-the-shelf engines. In this case the T/W ratio
was dependent on the number of engines used. The results showed that the five-
engine version was more effective than the six-engine version; (Section 4.4.2.1
discusses why a T/W value less than 1.50 is more effective than the baseline value
of 1.50).

MCDONNELL AIRCRAFT
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(U) FIGURE 4-70 B2078 CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY
L.E. Sweep 80°
Overall Length ft (m) 63.3 (19.29)
Total Span ft (m) 23.3 (7.10)
Height ft (m) 11.5 (3.51)
AREAS: ' ££2 n2
Planform 520 (48.3)
Wing k13 (38.4)
Tips, Total 62 (5.8)
Vertical Tail, Total 101 (9.4)
VOLUMES : g3 n3
Total ' 2386 (67.5)
Propellant 1008 (28.5)
PROPULSION: ACCEL. CRUISE
Engine (3) RL10(Mod) Rkt Ramjet
Thrust (VAC) 1b 22,750 (ea) -
(N) (101,192) (ea) -
Thrust (Mach 6 @ 1b - 8740
Cruise Alt)(N) - (38,875)
A ££2 0 16.1
capt (m2) 0 (1.50)
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(U) FIGURE 4-71 B232B CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 80°
Overall Length ft (m) 83.6 (25.48)
Total Span ft (m) 35.0 (10.67)
Height ft (m) 13.7 (L4.18)
AREAS: ft2 m2
Planform 1187 (110.3)
Wing 1006 (93.5)
Tips, Total 136 (12.6)
Vertical Tail, Total 216 (20.1)
VOLUMES : . £t m3
Total 6000 {169.9)
Propellant 3537 (100.2)
PROPULSION: ACCEL. CRUISE
Engine (6) RL10(Mod) Rkt SJ
Thrust (VAC) 1b 22,750 (ea) -
(N) (101,192) (ea) -
Thrust (Mach 12 @ 1b - 91Lko
Cruise Alt) (N - (40,655)
Alant ft 0 53.4
P (m3) 0 (4.96)
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(U) FIGURE 4-72 B233B CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 80°
Overall Length ft (m) 93.5 (28.50)
Total Span ft (m) 35.2 (10.73)
Height ft (m) 13.8 (L4.21)
AREAS: rt2 n°
Planform 1202 (111.7)
Wing 1018 (9L.6)
Tips, Total 138 (12.8)
Vertical Tail, Total 222 (20.6)
VOLUMES : £t3 n3
Total ‘ 5630 (159.4)
Propellant 3478 (98.5)
PROPULSION: ACCEL. CRUISE
Engine (5) RL10(Mod) Rkt (1) RL(Mod) Rkt (throttled)
Thrust 1b 22,750 (ea)

(K) (101,192)

MCDONNELL AIRCRAFT
L-97



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME [1i @ PART 2

(U) FIGURE 4-73 B233C CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 80°
Overall Length ft (m) 92.4 (28.16)
Total Span £t (m) 3L4.8 (10.61)
Height ft (m) 13.7 (%.18)
AREAS: £t2 m°
Planform 1175 (109.2)
Wing 995 (92.4)
Tips, Total 135 (12.5)
Vertical Tail, Total 217 (20.2)
VOLUMES : _ £t3 3
Total 5410 (153.2)
Propellant 3360 (95.2)
PROPULSION: ACCEL. CRUISE
Engine (6) RL10(Mod) Rkt (1) RL10{Mod) Rkt (throttled)
Thrust 1b 22,750 (ea)

(N) (101,192)
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(U) FIGURE 4-74 B260B CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 8o°
Overall Length ft (m) 113.1 (34.47)
Total Span ft (m) L1.6 (12.68)
Height ft (m) 17.0 (5.18)
AREAS: ft2 m2
Planform 1708 (158.7)
Wing 1488 (138.2)
Tips, Total 177 (16.4)
Vertical Tail, Total 350 (32.5)
VOLUMES : £t n
Total 9380 (265.6)
Propellant 6470 (183.2)
PROPULSION: ACCEL. CRUISE
Engine (1) g-2s (1) J-28 (throttled)

Thrust (SLS, unins% %b 265,000

)
N)(,178,720)

This Page Unclassified
MCDONNELL AIRCRAFT
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(C) FIGURE 4-75 OFF-THE-SHELF ROCKET ENGINES

PWA Rocketdyne
RL10-A-3-8 J28s
Vacuum Thrust 22,750 1b 265,000 1b
(101,000 N) (1,180,000 N) L 00 THROTTLED PERFORMANCE
Specific Impulse 430 sec 431 sec o | R]’lo/j/g—s’f‘- "
(Vacuum) R 99
Nozzle Expansion 32 Lo
Ratio .98
0 .20 Lo .60 .80 1.00
Chamber Pressure 450 psia 1230 psia F/Fmax
(310 N/cm) (8L8 N/cm?)
O/F 5.0 5.5
(C) FIGURE 4-76
TYPICAL COST COMPARISON
(M = 12, AIR-LAUNCHED, ALL-ROCKET VEHICLE)
éﬁﬁ:ﬁg Off-the-Shelf
Engine Engines
@ x LR-129) (5 x RL-10)
TW=15 T/W=11
Engine Performance 451 Sec. 431 Sec.
Airframe OWE 24,600 Lb 28,660 Lb
(109,300 N.) 127,700 N.)
Engine RDT&E 119.0 M$ 240 MS
Investment 38 NS 6.9 M$S
Operations & Refurbishment 9.1 MS 121 M8
Airframe Total Cost 3344 NS 391.4 m$
{with Refurbishment)
Miscellaneous 78.5M$ BLMS
Program Total Cost 544.8 MS 518.0 M$
TP8257 -230
MCDONNELL AIRCRAFT ORI
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(U) FIGURE 4-77
HOW OFF-THE-SHELF ROCKETS
DECREASE COST

A

l

<(-) Eng. RDT&E

oL

Eng.
Op. &
Inv.

Airframe

)

Net
Program
Decrease

-

IMPROVEMENT USING OFF-SHELF ENGINES

Vehicle Min. - Cost Optional Net Program
Description LR-129 Powered Vehicle Cost Reduction
Vehicle (off-the-Shelf Using Off-the-Shelf
(Spec. Developed Engine) Rockets
ﬁ Engine)
T/W Cost (M$) T/W Cost (M$) (M$)
M= 6 AIR 1.25 612 1.6 593 (3xRL10 Mod) 19
RKT + RJ
(8207)
M = 12 AIR 1.25 873 1.k 838 (éxRL10 Mod) 35
RKT + SJ
(B232)
M = 12 AIR 1.25 535 1.1 518 {5xRL10 Mod) 17
RKT 1.k 520 (6xRL10 Mod) 15
(B233)
M = 12 HTO 1.25 737 1.k 728 (1xJ25) 9
RKT
(B260)

Al1-Body Configurations Only

(e) (U)

Conclusion - The result of this trade study shows that the use of

of f~the~-shelf rocket engines produced the least costly rocket-powered research

vehicles.

initiated now, without awaiting engine development.

The implications are that such & research vehicle program could be

Essentially the entire flight

envelope could be flown without engine development.

MCDONNELL AIRCRAFT
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L.4.2 (U) CONFIGURATION DESIGN - Configuration design studies have been conducted
to refine and improve the performance of the vehicles retained from Phase I. Two
fundamental studies were conducted. The first considered vehicle shaping varia-
tions, and the second considered the vehicle thrust loadings. The nominal cross-
sectional shape for all vehicles studied is presented in Figure 4-5. The selection
of lower surface ramp angles was previously discussed in Section 4.3 and is summa-

rized in Figure L-79. The results of these studies are presented in the following
sections.

(U) FIGURE 4-79
FOREBODY RAMP ANGLES

o U° For Rocket Acceleration

o 3° For Turbojet Acceleration.

o 14°-4°.5° For All Body Scramjet Cruise.

o L°-L4°_§° For All Body Convertible Scramjet.
o 3°%-6°-6° For Wing Body Convertible Scramjet.

4.4.2.1 (U) Vehicle Shape Study - Vehicle shape studies were conducted on the
MCAIR all-body (B233) and elliptic all-body shapes (B257). For the MCAIR all-body
shape, the depth of the body at the aircraft centerline was held constant as the
leading edge sweep was changed. As the leading edge sweep angle varied, so did the
body width, resulting in both an aspect ratio change and a cross-sectional area
change. For the vehicles having elliptical cross-sections, the ratio of major
diameter to minor diameter was held constant for all leading edge sweep angles.
Thus, the cross-sectional area varied, but the cross-secticnal aspect ratio did not
change. Each of these vehicle shapes was sized for five minutes cruise at Mach 12.
The resultant vehicles are shown in Figures L4-80 through 4-83.

(U) For both the MCAIR all-body and for the elliptic all-body configurations,
the fineness ratio was dependent on the leading edge sweep angle. The fineness
ratio is defined as:

where: & is the length of the body and dope is the effective diameter of the body.
The effective diameter of the body is defined as:

S

desr =2 g
™

where: S, is the maximum cross-section of the body.
(U) A correlation between fineness ratio and Cp was found during the study

for the basic configurations. This relationship is pPesented in Figure L4-84 for the
B233 vehicle.

MCDONNELL AIRCRAFT
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(U) FIGURE 4-80
B233D CHARACTERISTICS

™ [
O

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 75°
Overall Length ft (m) 79.6 (24.26)
Total Span ft (m) 37.3 (11.37)
Height ft (m) 12.5 (3.81)
AREAS: £t2 n®
Planform 1110 (103.1)
Wing 979 (90.9)
Tips, Total ok (8.7)
Vertical Tail, Total 151 (1k.0)
VOLUMES : £t3 o3
Total 4710 (133.14)
Propellant 2686 (76.1)
PROPULSION: ACCEL. CRUISE
Engine IR-129 Rkt LR-129 Rkt
Thrust 1b 112,000

(N)  (499,000)

MCDONNELL AIRCRAFT
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(U) FIGURE 4-81
B233E CHARACTERISTICS

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 77°
Overall Length ft (m) 80.6 (2L.57)
Total Span ft (m) 31.8 (9.69)
Height ft (m) 12.6 (3.84)

AREAS: ft2 m2
Planform 1005 (93.4)
Wing 866 (80.5)
Tips, Total 97 (9.0)
Vertical Tail, Total 156 (1L.5)
Wetted, Total

VOLUMES: ft3 m3
Total k360 (123.5)
Propellant 248L (70.3)

PROPULSION: ACCEL. CRUISE
Engine LR-129 Rkt LR-129 Rkt

Thrust 1b 112,000
(¥)  (499,000)

MCDONNELL AIRCRAFT
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(C) FIGURE 4-82
B257D CHARACTERISTICS

- 4-

,.
+71

T ——

‘_PJ\.TJ [ ) \-.JL.,,J'

qqi -

_‘/Tr:»\l
PHYSICAL CHARACTERISTICS
GEOMETRY :
L.E. Sweep 7°
Overall Length ft (m) 1L48.3 (L45.20)
Total Span ft (m) 70.0 (21.34)
Height ft (m) 19.3 (5.88)
AREAS: £t2 n®
Planform 3900 (362.3)
Wing 3400 (315.9)
Tips, Total Lok (43.1)
Vertical Tail, Total 688 (63.9)
VOLUMES : £t3 3
Total 16,150 (b5T.4)
Propellant 7,540 (213.5)
PROPULSION: ACCEL. CRUISE
Engine (7) P-100-GE-100 csJ
Thrust (SLS,UNIIST) 1b 23,380 (ea) -
(W) (103,994) (ea) -
Thrust (Mach 12 @ 1b - 22,200
Cruise Alt) (N) - (98,746)
A fte 11.95 (ea) 175.7
capt (m2) (1.11) (ea) (16.32)

MCDONNELL AIRCRAFT
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(C) FIGURE 4-83

PHYSICAL CHARACTERISTICS

GEOMETRY :
L.E. Sweep 75°
Overall Length ft (m) 125.0 (38.10)
Total Span £t (m) 62.9 (19.17)
Height ft (m) 18.0 (5.49)
AREAS: £t2 m°
Planform 3040 (282.%4)
Wing 2690 (249.9)
Tips, Total 317 (29.4)
Vertical Tail, Total L0 (43.7)
VOLUMES: £t3 m3
Total 16,150 (45T7.L)
Propellant 7,540 (213.5)
PROPULSION: ACCEL. CRUISE
Engine (6) F-100-GE-100 csJ
Thrust (SLS,UNINST)1b 23,380 (ea) -
() (103,994) (ea) -
Thrust (Mach 12 @ 1b - 17,300
Cruise Alt.) (n) - (76,950)
A . £t2 11.95 (ea) 136.8
P (m?) (1.11) (ea) (12.71)

MCDONNELL AIRCRAFT
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(U) FIGURE 4-84
CDo VARIATION WITH FINENESS RATIO

(Power On)
.05 r
!
.04%—
i
f
| Fineness
03?‘ Sym Config. Ratio ME
Cog ! B233D 5.73 75°
— — —— B233E 6.13
\
.02+
0 L | L 1 1 g
0 2 4 6 8 10 12
Mach No.

(U) Figures L4-85 through L4-87 present the results of the vehicle shape para-
metric study for the MCAIR all-body rocket configurations. These results apply to
configurations B207, B232, B233, B260 and B28L.

(U) Figure L-85 indicates that as the leading edge sweep is increased, the
operational weight empty, and consequently the cost of the airplane, is decreased.
However, the low speed handling qualities of the airplane are degraded. A measure
of this degradation is the low speed (L/D.)max which is shown in Figure }-8s5,

(U) Figure L-86 shows that as the leading edge sweep is increased, the wing
loading at start of cruise increases, the vehicle fineness ratio increases, and the
cross-sectional aspect ratio decreases. It was also determined that the weight
fractions of the vehicle did not change significantly with leading edge sweep and

for all practical purposes were the same. These fractions are presented in Figure
4-87.

(U) Figure L4-85 also shows the various limitations on size and weight the air
launched vehicles must satisfy for launching from a C-5A aircraft. The rationale
and the modifications to the C-5A that establish these limits were presented in Sec-
tion 4.1. For the particular vehicle studied (B233), the relationship between lead-
ing edge sweep and span indicated that for leading edge sweeps greater than 76°, the

MCDONNELL AIRCRAFT
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particular vehicle can be launched from the C-5A aircraft with relocation of the
right inboard engine further outboard. For angles less than approximately 76°, a
relocation of the C-S5A inboard engine is required together with a major modification
of the C-5A fuselage and landing gear. Figure L-85 shows that the weight of this
MCAIR all-body configuration is well within the capability of the C-5A aircraft.

(U) For the other MCAIR air launched all body configurations {namely configu-
rations B207, B232, and B284), it was necessary to determine the relation between
leading edge sweep and span, and in this way determine the extent of modifications
necessary to the C-5A aircraft.

(U) FIGURE 4-85
LEADING EDGE SWEEP EFFECTS — MCAIR ALL BODY/ROCKET
Mp = 12.0, Air Launch, Test Time = 5 Minutes

14-1
30 T RRRR IBgsERRRee
50 \'—C 5A Weight Limit
1 10
13- & Operationaol Vehic;es on Wing Pylon
@ Ay g =657 -82.5 - =2
§ | = ® : = s 18
2 8 ‘\\\ g |-
= !
; — ., = = g0
=1 ' =3 013 \\<
% N ] —5
10
30-
2
14 I I I
C-5A Major Modification
5 12 0
o N
2 { —0 g 10 F
3 o "8
l_‘ 4 g 30 Relocate Engine )
8 2
g 8‘ b e e — e —— e —— =
- No Mod. to C-5A
3 6 - 20 | I
74 76 78 80 74 16 78 80
\LE - Deg. ‘\LE - Deg.
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(U) FIGURE 4-86
LEADING EDGE SWEEP EFFECTS — MCAIR ALL BODY/ROCKET
MD = 12.0, Air Launch, Test Time = 5 Minutes

1100f—4 7k
Ng:, 100 ~ 5 3 ///
w > o \ = 3 U
- e 4 o d
o . 1000F P =Y -
90" a E ’\\ . E
© T
900k <y 5
80 £
o 1807F =
2 |3 ¥ S
&l 160{ ~ ] I r
§ ! F o - 4
2l & ¥ £ i
8l120{ 5 25F S 3 =
100_ St 20_ 8 2 ~HUTNE Y JIVEUTRURY SUOUNUE NN FURURTVEV e - e "
74 76 78 80 s 74 76 78 80
ALE ~ DEG. LLE ~ DEG.

(U) FIGURE 4-87
WEIGHT FRACTIONS

MCAIR ALL BODY/ROCKET
Air Launch Weight Fraction 1.0
Accel. & Climb Fuel Fraction .63
Cruise Fuel Fraction .06
OWE Fraction .31

(U) 1In analyzing the results of this study, the leading edge sweep for the
MCAIR all-bodies was selected as 80°. This was a compromise between cost, as indi-
cated by the operational weight empty, and low speed landing characteristiecs. With
leading edge sweep angles greater than 80°, (L/D) pox and lateral control at landing
would become critical. Also, only engine relocation is required to launch this
vehicle from the C-5A aircraft.

(U) Leading edge sweep studies were also conducted for the elliptic all-body
airbreather configuration (B257B). This configuration is ground launched, cruises
at Mach 12, and has five minutes test time., It incorporates a group of F-100 air-
breather engines (using JP-L fuel) for climb and acceleration to Mach 3. A hydrogen
fueled convertible scramjet is used for climb and acceleration from Mach 3 to 12,
and for the cruise phase of flight. Selection of JP in lieu of IH» for the turbojet
was based on the results of a comparative study described in Section 4.4.3.1.

MCOCDONNELL AIRCRAFT
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(U) As the leading edge sweep is increased on the elliptic cross-section vehi-

cle, the drag, and consequently the fuel required, is decreased. However, the fuel
availsble is also decreased, and at a much faster rate. This is illustrated in
Figure L4L-88 for a fixed size L:1 ellipse ratio vehicle with six F-100 engines. As
indicated in this plot, the fuel volume available minus the fuel volume required
became more negative with increasing leading edge sweep.

(U) Also plotted in Figure 4-88 is a point obtained for a 3:1 ellipse ratio
vehicle. This vehicle has more fuel volume, but it also has higher drag. The drag
effect dominates as indicated by the fact that the fuel shortage increases as the
ellipse ratio is decreased.

(U) TFor a leading edge sweep of 75°, it was possible to obtain design conver-
gence for the vehicle using six F-100 engines. However, to obtain design conver-
gence for a leading edge sweep of 77° required the use of seven engines. For a
leading edge sweep of 80°, it was not possible to obtain design convergence to com-
plete the mission requirements. This was due to the limited fuel volume available
at high sweer angles.

(U) FIGURE 34-88
VOLUME DEFICIENCY OF ELLIPTIC ALL BODY
Airbreather Accel, Mg = 12.0, HTO, Test Time = 5 Min.

| I,
Sp = 3,000 FT
40 - (6) F-100 ENGINES
1000 JP4 FUEL TO M = 3.0
20+
01| O ©
s \\
o w O~ 41 ELLIPSE
21-204 = N‘—~_~—T~_—‘—““CD
Lt -
= ‘2| -1000
=
o |
-404 W
|V
< M 3:1 ELLIPSE
0. -2000
80, o FUEL VOL. = (VOL. AVAIL) - (VOL. REQ.)
-3000
74 75 76 77 78 79 80 81

LEADING EDGE SWEEP ANGLE, ALE ~ DEG.
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(U) The results of the leading edge sweep studies for the sized 4:1 elliptic
cross-section vehicles are presented in Figures 4-89 and 4-90, As indicated by
these plots, the resulting airplanes are large, both in planform area and in gross
weight. This implies that the cost of these vehicles is high.

(U) The above results indicate that to reduce the size of the vehicle it was
necessary to reduce the transonic drag and to increase the volumetric efficiency.
With respect to leading edge sweep change, these are opposing effects for a given
cross-section shape. Therefore, to improve this configuration it was necessary to
change the cross-section shape. This led to the development of the blended wing-
body configuration (B25TF) shown in Figure 4-61.

(U) FIGURE 4-89
LEADING EDGE SWEEP EFFECTS - ELLIPTIC ALL BODY/AIRBREATHER
Turbojet Accelerator, Mp = 12.0, Horizontal Takeoff, Test Time = 5 Min.
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(U) FIGURE 4-90
LEADING EDGE SWEEP EFFECTS - ELLIPTIC ALL BODY/AIRBREATHER
Turbojet Accelerator, My = 12.0, Horizontal Takeoff, Test Time = 5 Min.

220-" |45 ¢
o~ -~ F
& 453 E T
g > 140 E
Ll r
%1801‘ 2k 8
3 2l35 [ 1.0 o 7.0.6.W T.0.G.W—
S = : —
= & 3 Sl
>~ JE 30 E 2| 9—+—eapit
1404 = 3 = RHE
s 7 ENG. o v u.
8 F ! | .8 Pt
E 6 ENG. L - <
F o
: == u —
o 7 : - g ..7—__5» -4% —_—
p—t - H wl [,
- s 1 = gg
< 1 OWE |
vl 6 F .6 T OWE n
w F
o F
— 5 g .5
3 Y.
4 »BEENPSUNENUNEAN SN NSNS S T RN AN . IPEPENE ST Al il g2l ey idgdyg llllllk‘JAIA‘IlAAJA
74 76 78 74 76 78
ALE ~ DEG. ALE ~ DEG.

(U) A comparison of the characteristics of the blended wing body with the
elliptic body is presented in Figure L-91. As indicated in this figure, the size of
the airplane is considerably reduced. The operational weight empty is reduced about
27,800 1b (12,600 kg) effecting a considerable reduction in the cost of the vehicle.
A significant portion of this weight reduction resulted from the number of engines
required, four for the blended wing-body compared to six for the elliptic wvehicle.

(U) The conclusions obtained from the vehicle shape study are:

(1) TFor the MCAIR all-body rocket configuration, the leading edge sweep should
be 80°.

(2) For the airbreather elliptic all-body shape, the leading sweep of 75° pro-
duced the smallest sized airplane. However, this shape was rejected and a blended
wing-body was developed to further reduce the size of the airplane.

MCDONNELL AIRCRAFET
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(U) FIGURE 4-91
COMPARISON OF HORIZONTAL TAKEOFF CONFIGURATIONS

Airbreather With Convertible Scramjet Engines

M =12 S Minute Test Time

Blended L:1 Elliptic
Wing Body A1l Body

Fineness Ratio 7.53 5.k

Leading Edge Sweep T7° 75°

No. F-100 Turbojets L 6

Operational Wt. Empty 68,400 1b (31,000 kg) 96,200 1b (43,600 kg)
Planform Area 1,980 £t2 (18k4 m2) 3,040 £t2 (282 m2)
Takeoff Gross Wt. 105,310 1b (47,800 kg) 161,821 1b (73,400 kg)

4.4.2.2 (U) Thrust to Weight Ratio - Thrust to weight ratio parametric studies
were conducted for the MCAIR all-body rocket configurations (B207 and B233, Figures
4-51, L4-59, 4-T2, and 4-T3) and for the blended wing-body airbreather configuration
(B257F, Figure L-61). The purpose of this study was to determine the thrust to
weight ratio that would give the minimum operational weight empty (owWE).

(U) The thrust to weight ratio studies were applied to three different rocket
configurations. These configurations were:

o The M = 12 all-body configuration with the LR129 scaled rocket.

o The M 6 configuration with the LR129 scaled rocket.

o The M

12 configuration with five, six and seven RL10 engines.

For all cases, the vehicle was air launched and the test time was fixed at five
minutes. In this case, the thrust to weight ratio is the ratio of vacuum thrust to
the take-off gross weight. The results of these studies were applicable to configu-
rations B207, B232, B260 and B28L.

(U) Figures L4-92 and L4-93 present the results of this study. Shown on Figure
4-92 are the C-5A weight limitations and modification constraints previously dis-
cussed in Section 4.1. From the standpoint of weight, all these vehicles can be
launched from the C-5A airplane. However, with respect to size, Figure L-92 shows
that only the M = 6 configuration can be transported and launched with no modifica-
tion to the C-SA airplane. Both the M = 12 configurations appear to only require
relocation of the right inboard engine of the C-5A further from the fuselage.

MCDONNELL AIRCRAFEYT
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(U) FIGURE 4-93
THRUST TO WEIGHT EFFECTS — MCAIR ALL BODY/ROCKET
Airlaunched, Test Time = 5 Min.
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(U) The plot of OWE shows that for the configurations with the scaled LR129
rockets, the thrust to weight ratio (T/W) has a very small effect. As a matter of
fact, between 1 and 1.5 T/W, the plot shows an almost constant OWE. For the case of
the fixed RL10 engines, the five and the six engine configurations have almost the
same OWE.

(U) Also presented in Figure U4-92 are the total ranges, as a function of T/W,
for the Mach 6 and the Mach 12 configurations with the scaled rocket engines. This
total range is the straight line range from the launch point to the landing point,
i.e. the sum of the distance traveled during acceleration, climb and cruise for the
powered portion of the flight, and during the unpowered glide along a nominal flight
path. This nominal flight path is described in Section L.4.6.

(U) Figure L4-93 presents the planform area and wing loading for the three
configurations.

(U) Thrust to weight ratio studies were conducted on the blended wing=-body
airbreather (configuration B257) with the F-100 turbojet and convertible scramjet
propulsion package. For this study, T/W was defined as the uninstalled sea level
static thrust of the F-100 engines divided by the take-off gross weight. Design
convergence was obtained using four, five, and six F-100 engines with JP-k fuel.
Design convergence was not obtained for a three F-100 engine configuration since
three engines did not produce enough thrust to accelerate through the transcnic re-
gion.

(U) Figures 4-94 and L4-95 present the results of this study. As can be seen
from these plots, the configuration size and weight increases as the number of F-100
engines increases. This means that the minimum number of engines required to per-
form the mission resulted in a configuration of lowest cost.

(U) Also shown in Figure L-94 are the straight line ranges from the take-off
point to the landing point. The range is the sum of the distance traveled during
climb, acceleration, and cruise for the powered portion of the flight and during the
unpowered phase of the flight following the nominal glide path to the landing point.
This nominal unpowered flight path is described in Section L.4. 6,

(U) Figure L-96 presents the time, distance, and acceleration rates for the
four engine and the six engine airbreather/convertible scramjet configurations.

(U) The results of the thrust to weight ratio studies are:
(1) For a scaled rocket engine, the thrust to weight ratio should te between
1.0 and 1.5. A thrust to weight ratio in this range minimizes both vehicle OWE and

program cost as indicated in Figures 4-92 and L-1T5 respectively.

(2) For off-the-shelf turbojet engines, the minimum number of engines needed
to complete the mission gave the lowest program costs.

MCDONNELL AIRCRAFT
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(U) FIGURE 4-94
THRUST TO WEIGHT EFFECTS - BLENDED WING BODY/AIRBREATHER
JP Turbojet/LH, Convertible Scramjet, Mp = 12.0, Test Time = 5 Minutes
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(U) FIGURE 4-95
THRUST TO WEIGHT EFFECTS ~ BLENDED WING BODY/AIRBREATHER
JP Turbojet/LH, Convertible Scramjet, Mp = 12.0, Test Time = 5 Minutes
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(U) FIGURE 4-96
TRANSONIC ACCELERATION - BLENDGED WING BODY/AIRBREATHER
JP Turbojet/LH; Convertible Scramjet, Mp = 12.0, Test Time = 5 Minutes
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4.4,3 (U) PROPELLANTS - Tradeoff studies were conducted to determine the impact

of propellant selection on the performance of flight research vehicles and ground
support systems requirements. These studies can be classified into two categories:
storable vs cryogenic fuels, and subcooled vs normal boiling point (WBP) liquid
hydrogen. The results were interpreted in terms of vehicle operating weight empty
(OWE), takeoff gross weight (TOGW), and program costs. The conclusions reached were
in favor of JP for the initial airbreathing acceleration phase and for the use of
subcooled rather than NBP hydrogen.

L.4.3.1 (C) Storasble Hydrocarbon vs Cryogenic Hvdrogen - One of the principal

studies was an evaluation based on c¢limb performance using either conventicnal JP
fuel or subcooled hydrogen in the turbojet mode from takeoff through Mach 3. The
vehicle selected for the tradeoff study was a horizontal takeoff, all airbreathing,
Mach 12 five minute cruise vehicle (Configuration B257). This vehicle uses the
F-100 advanced turbofan engine for acceleration to Mach 3 and e hydrogen fueled
dual-mode, convertible scramjet (CSJ) from Mach 1 to Mach 12.

(C) Results of the climb tradeoff are summarized in Figure L-97. Use of JP
for takeoff and initial acceleration results in a decrease in OWE of 17.2%, which
scales to a 10.6% reduction in TOGW. The wide difference in OWE reflects the
effects of increased tank volume (1iquid hydrogen density is .085 that of JP) and
the requirement to add an additional engine due to the size and weight increase in
the airplane. In order to obtain a converged design with the all hydrogen airplane,
five engines are required for the acceleration phase to overcome the additional drag
and weight penalty associated with the increased full volume. The use of JP fuel for
for the climb and acceleration phase enables attainment of a converged design with
four engines. A five engine JP climb vehicle was sized (see Figure L-142) but is not
included in this trade-off as the four engine configuration provided a lighter con-
figuration with lower RDT&E and investment costs. The energy content, or heating
value, for hydrogen is nearly three times that for JP on a gravimetric basis, so that
the effects on TOGW are not quite as pronounced. The differences are even more strik-
ing when compared on the basis of flight research program cost. From Figure L-97
again, it can be seen that the use of JP reduces airplane size to the extent that
RDT&E and investment costs are 8.94% lower and operational costs 1L.6% lower than
for the all-hydrogen airplane. The total reduction in program cost is nearly $135
million for the smaller aircraft, with no change in either test time or cruise Mach
number.

(C) FIGURE 4-97
CLIMB TRADE-OFF RESULTS

(HTO Ajrbreather: 5 Minutes at Mach 12)

JP Climb to M3 Hy Climb to M3
4 engines 5 engines
OWE \ 68,400 1b (31,050 kg) 82,600 1b (37,500 kg)
TOGW 105,310 1b (47,800 kg) 119,847 1b (54,600 kg)
RDT&E & INVEST. $80L M $883 M
OPERATIONAL $32T M $383 M
MCDONNELL AIRCRAFT ﬂ
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(U) 1In addition, there are several subjective elements which should be sum-
marized. Although the JP fueled aircraft has a higher volumetric efficiency, the
nydrogen fueled vehicle's specific impulse performance (higher energy/1b) is some-
what better, as indicated by its low fuel/TOGW fraction (.31 and .35 for the LH,
and JP fueled vehicles respectively). The use of JP for the initial acceleration
and the landing modes results in a slightly lower thermal protection requirement
(in the area of the JP tank) than would be necessary for hydrogen. Another advant-
age of this choice is that unmodified turbojet engines will be available for opera-
tion at program inception. However, this choice results in the requirement for
"dual mode" operation and separate airborne fuel systems.

(U) Conclusion - Use of JP fuel for the initial acceleration of the flight
vehicle rather than hydrogen, reduced the vehicle size and cost.

%.4%.3.2 (U) Subcooled Fuel Performance - Past MCAIR hypersonic aircraft studies
have shown that significant performance advantages can be realized for operational
vehicles by utilizing subcooled rather than normal boiling point (NBP) hydrogen.
This tradeoff was performed in Phase II for the flight research vehicles to quan-
tify the performance improvement for the Mach 12 air launched rocket vehicle and
the HTO airbreather.

(U) Generally, subcooling provides:

Decreased tank ullage

Lower tank operating pressures
Increased fuel density
Unattended hold potential

O 0 0O

These advantages are obtained at only a modest increase in propellant cost, which
is a minor cost element. No increase in airborne egquipment is reguired to handle
the subcooled hydrogen.

(U) TFor the trudeoff, the subcocled hydrogen was considered at a maximum
temperature of 30°R (16.7°K) at 1ift off; NBP temperature is 36.48°R (20.3°K).
Initial fuel load was at a minimum temperature of 25°R (13.9°K) and a slush quality
(mass solid/mass solid + liquid) of 50%, currently within the demonstrated state-
of-the-art for manufacture and pumping. Unattended ground hold data was developed
by calculating the available heat sink from the 50% slush point to 30°R (16.7°K).

4.4.3.2.1 (U) Airborne Performance Improvement - One of the more obvious advan-
tages in subcooling is .he increase in fuel density resulting from a T°R (3.9°K)
temperature reduction. The corresponding densities are L.66 1b/t3 (.05 gm/cm3)
and L.b2 1b/ft3 (.07l gm/cm3), a difference of sbout 5%. Data from the Saturn pro-
gram (Vehicle AS-203) reveals that subcooling increases usable fuel volume an addi-
tional 1% due to the elimination of vapor entrainment within the liquid (unavoid-
able with saturated liquids).

(U) The fuel vapor pressure of hydrogen is extremely sensitive to small varia-
tions in temperature. This can become a dominant factor in tank operating pressures,
and hence in structural design requirements and vehicle weight. Since the maximum
liquid temperature occurs near the end of flight, that point determines the fuel
vapor pressure/tank operating pressure requirements. Figure L-98 compares the final
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fuel temperatures and resulting tank pressures for subcooled and NBP hydrogen in a
typical Mach 12 configuration. The noted tank pressure is essentially vapor pres-
sure at the end of cruise plus a nominal 3 psi (2.07 N/em?) to allow for net posi-
tive suction head (NPSH), pump inlet losses, and tank pressure operating margin at
at the highest temperature (highest vapor pressure) condition. Impact of subcooled
hydrogen usage on fuel feed and pressurization systems is minimal. The major re-
quirement is active pressurization without venting during ground hold gas Opp?sed
to venting for NBP operation) to maintain positive tank rressures. This require-
ment will not penalize aircraft weight or performance. During all flight phases,
present autogenous pressurization systems will provide the necessary pressurant.

(U) FIGURE 4-98
LIQUID HYDROGEN TEMPERATURE RISE — MACH 12 CONFIGURATION

Initial Fuel Final Fuel Maximum Tank Pressure

Temperature Temperature (at end of cruise)
°R (°K) °R (%K) psia (Newtons /cm<)
5 minutes test time 30 (16.7) 32.6 (18.1) 10.5 (7.25)
(subcooled LH2)
10 minutes test time| 30 (16.7) 33.7 (18.7) 12.1 (8.35)
(subcooled LH2)
5 minutes test time 36.5 (20.3) 38.6 (21.%) 23.6 (16.3)
(NBP H2)

(U) The effect of test time (steady state cruise time) is also indicated by
comparing the 5 minute and 10 minute cases. The additional time corresponds to a
fuel temperature increase of 1.1°R (.61°K), with an attendant vapor pressure increase
of 1.6 psi (1.1 N/cm?). The NBP hydrogen fueled vehicle with only 5 minutes test
time at Mach 12 requires a tank pressure of 23.6 psia (16.3 N/cm?) at the end of
cruise, which is essentially gauge pressure at that altitude. All values are based
on an average heat leak to the fuel of 100 Btu/ft2-hr (315 Watts/m2).

(U) The results of these incremental improvements are illustrated in Figure
L-99 for both the HTO airbreathing all LHp system and air launched rocket Mach 12
LOp/1Hy systems. The effect of introducing JP fuel into the vehicle for improved
volumetric performance in the turbojet mode is presented in the previous section.
The thrust requirements for the fixed engine size on the TJ/CSJ combination imposes
a requirement for six turbofan engines to achieve a design solution for the NBP
fueled airplane. Two subcooled aireraft are shown, one with six engines and another
with five engines, to illustrate the increments in achieving the 8.2% reduction in
OWE with subcooling. As a point of reference, an airplane utilizing 50% slush hy-
drogen can provide a 17.5% reduction in the NBP aircraft OWE. However, this should
be taken as a limit for performance potential, since it provides for no unattended
hold time and requires improvements in slush manufacture, storage, and pumping
technology. (Availability of 50% slush at launch requires manufacture of higher
quality slush to overcome heat losses.)
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(C) FIGURE 4-99
EFFECT OF Ho SUBCOOLING ON VEHICLE SIZE

(Mach 12 Flight Vehicles: 5 Minutes Test Time)

No. of
Fuel State OWE Engines
NBP 90,000 1t (40,800 kg) 6
HTO Airbreather Subcooled 87,600 1b (39,800 kg) 6
TJ to M3 30°R (16.7°K)
+
M1 < CSJ < Ml12 Subcooled 82,600 1b (37,500 kg) >
30°R {16.7°K)
(LH2 fuel
TJ and CSJ) 50% Slush 74,200 1b (33,700 kg) 5
Air Launch NBP 25,500 1b (11,580 kg) 1
Rocket
Subcooled 2L,600 1b (11,190 kg) 1
(L0,/LH,) 30°R (16.7°K)
50% Slush 23,850 1b (10,820 kg) 1

(U) The effects on the air launched rocket vehicle are nct quite so pro-
nounced. The fuel density improvement is damped out by the 6:1 O/F ratio and the
relatively large quantity of oxidizer on board.

4.4.3.2.2 (U) Ground Performance Improvement - In addition to airborne perfor-
mance gains obtained through the use of subcooled fuel, advantages are realized

by virtue of increased ground hold potential and reduced vapor loss during trans-
port and storage, and elimination of vapor venting near the aircraft. It is con-
sidered that all support hardware is within the present technical capability, with
the possible reguirement for a slush hydrogen pilot plant to demonstrate bulk slush
generation techniques on a continuous basis. The impact of subcooled fuel on air-
craft ground handling is generalized in Figure 4-100.

(U) FIGURE 4-100
IMPACT OF SUBCOOLING ON GROUND HANDLING

OFPERATION IMPACT
GROUND HOLD UNATTENDED CAPABILITY
CHILLDOWN/FILL POTENTIAL TIME REDUCTION
STORAGE ACTIVE PRESSURIZATION REQUIREMENT
SPECIAL BASE HANDLING ADDITION OF VACUUM PUMPS

(Subcool on site)
LOGISTICS/SUPPLY NONE

MCDONNELL AIRCRAFT PR
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(a) (U) Adircraft Ground Hold - The most pronounced ground performence gain
for subcooled hydrogen is in the aircraft ground hold operation. For NBP, constant
LHo venting is required during ground hold, with liquid replenishment (top-off) to
offset boll-off losses. With subcooled fuel, the tank can be isolated from ground
support and venting hardware until the maximum allowable flight LHp temperature is
reached. One minor requirement is the necessity for active (regulated) pressuri-
zation to offset tank ullage pressure reduction while the ullage cools during ground
hold. The avallable unattended hold time for the typical flight research vehicle
studied in Phase II is about 3-1/2 hours, as depicted in Figure 4-101. The flight
vehicle was assumed to be loasded with 50% slush hydrogen, which melts during ground
hold at constant temperature to the Triple Point (0% slush) and is then allowed to
warm to the design point velue of 30°R (16.7°K). Ground hold (and airborne hold
for the air launch concepts) mean heat leak is 60 Btu/ft2-hr (189 W/m2). This mean
value was determined from consideration of the chilldown heat load, three to four
hours ground hold time, and an ultimate steady state ground hold heat leak of
20 Btu/ft2-hr (63 W/m2). It should be noted that this available hold time also
corresponds well with pre-launch requirements for the air launch vehicle, providing
unattended hold shortens the duration of the pilot's pre-launch time in the pres-
sure suit.

(C) FIGURE 4-101
UNATTENDED GROUND HOLD

oK °R
30
DP%SIIN?r“ TYPICAL FLIGHT RESEARCH VEHICLE
« 5 MINUTES @ MACH 12
% | 29 Y » TANK SURFACE/VOLUME®.5 —
\ * 9ground = 60 Btu/ftz-hr
_ 28 (189 Watts/m?) __
’ \
2 154 27 A\ -
TEMPERATURE oF 50%
! SLUSH SLUSH
26 i
. \
25 TP LIQUID]
2
0 1 2 3

HOLD TIME - HOURS
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(U) If additional ground hold is desired (beyond 3-1/2 hours) due to diffi-
culties in pre-flight preparation, it is possible to provide an attended hold
capability for an indefinite time. This is accomplished by off-loading fuel and
recirculating it through a fuel ground conditioning unit to maintain the desired
subcooled state. Other techniques were investigated, such as helium injection or
total aircraft recycle, but these were found to be costly and operationally unattrac-
tive. Recirculation through ground support equipment proved to provide the best all
around extended ground hold capability. Not only is indefinite hold time available,
but the aircraft is immediately ready for operation upon disconnect of servicing

equipment.

(U) A schematic of a recirculation ground support trailer is

showvn in Figure 4-102. The basic principle of operation is low pressure boil-off,
or vacuum pumping, in which the temperature of the fluid is lowered by drawing a
vacuum in the vepor space, which in turn reduces the equilibrium boiling tempera-
‘ture. For example, to maintain the aircraft fuel load at the design point, the
liquid hydrogen is withdrawn from the aircraft at a temperature of 30°R (16.7°K)
at s flow rate of 2.26 1b/sec (1.03 kg/sec). The flow rate 1s controlled by the
control velve downstream of the flow meter, which also reduces the fluid pressure

(U) FIGURE 4-102
GROUND HOLD BY RECIRCULATION

Check Valve
T
Valve
K H)0 Mixing
E] [ Chamber
Relief E ‘ o
Swing ¥
Check
3 Roots Vacuum
Pump
................... R eOR0000000
H20 Control
Valve
y
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to approximately 2.5 psia (1.73 N/em2). The vacuum pump removes gaseous hydrogen
from the fluid conditioning tank at a rate of .09 1b/sec (.0L1 kg/sec), which is
sufficient to negate both the vehicle heat leak and the energy rise from the ground
support hardware. Water injection is utilized in the suction end of the vacuum
pump to raise the temperature of the gaseous hydrogen to L0°F (277.7°K), while also
providing a water seal inside the vacuum pump. This water seal is necessary to
maintain rated suction pressures. LHp make-up is provided at a rate of .09 1b/sec
(.041 kg/sec) to offset the boil-off rate. The cooled LHp is returned to the
vehicle by the transfer pump, at a rate equal to the withdrawal rate. Estimated
cost for the complete cooling unit is $175,000.00.

(b) (U) Logistics and Supply - Low pressure boil-off can also be used to sub-
cool the hydrogen in the ground storage tankage at the using facility. The pumping
capacity of the vacuum pump used in the ground hold unit above will subcool one load
of LHp for the air launched rocket aircraft from NBP to 30°R (16.7°K) in 1.7 hours.
Increasing the subcooled quantity will result in a proportionate increase in sub-
cooling time. These times are not operationally limiting, however, gsince the
subcooled fuel can be stored in separate tankage and used as required. Typical
storage times are shown in Figure 4-103 for current state of the art ground storage
systems. Values are presented for two different heat fluxes (which scale to a loss
of 1/2 to 1% per day) and for the times to reach Triple Point (TP) end Normal

Boiling Point (NBP).

(U) FIGURE 4-103
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(e) (U) Cost - The impact of subcooling on the cost of acquisition of a hy-
drogen system can be related directly to the amount of gas evolved during the low
pressure boil-off or vacuum pumping technique. Relative costs are shown in Figure
L-10L4 for various degrees of subcooling and percentages of slush hydrogen. NBP
liquid is used as the base value. If subcooled/slush hydrogen is produced in con-
Junction with the manufacture of liquid, only minor modifications to the LH> produc-
tion plant are required. Two methods have been investigated which can supply 50%
slush hydrogen in quantities of 20 tons/day. (18.2 metric ton/day) Air Reduction
Company (AIRCO) has synthesized a unique direct refrigeration method in which the
hydrogen is subcooled at atmospheric pressure, utilizing helium refrigeration. Es-
timated cost per pound of 50% slush is 4.7¢ (10.35¢/kg), in addition to the base
cost of the LH2. Details of this system are the proprietary information of AIRCOC.

(U) FIGURE 4-104
COST OF SUBCOOLING

OK OR
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(U) An alternate method for producing slush hydrogen is by direct vacuum pump-
ing, as noted above. If a vacuum pumping plant were installed in conjunction with
a liquid hydrogen plant, it would be relatively easy to reclaim the boil-off hydro-
gen gas. The estimated cost increment for 50% slush [for a 20 ton day plant (18.2
metric ton/day)] is 4.5¢/1b (9.91¢/kg). The latter includes a gaseous hydrogen
reclamation cost of 8.15¢/1b reclaimed (17.93¢/kg). Cost summaries are presented
in Figure 4-105 and include 5 year depreciation of capital investment and annual
operating costs for a 20 ton/day plant.
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(U) FIGURE 4-105
SLUSH HYDROGEN PRODUCTION COSTS

(20 Ton/Day (18.2 Metric Ton/Day) — 50% Quality)

ATRCO VACUUM PUMPING

CAPITAL $1.730 M $1.46L M
ANNUAL OPERATING

HELIUM $ .00 M -

POWER $ .330 M $ .090 M

GHp RECLATM

TOTAL $ .30 M $ .364 M
5 YEAR OPERATING $3,430,000 $3,284,000
+ CAPITAL

L.4%.3.2.3 (U) Comparative Performance Increment - The aircraft performance bene-
fits of subcooling, reflected in the OWE reduction pointed out earlier, can be com-
pared with the ground performance increment on the basis of cost. Figure L-106
reflects the differences in aircraft costs (RDT&E plus investment and cperating)
and isolates the effected ground system (special AGE and propellant costs) for a
horizontal take-off airbreathing (TJ/CSJ) Mach 12 flight research vehicle. On a
program basis, for 200 flights, RDT&E and investment costs for the vehicle using
subcooled fuel are $20 M lower than for the vehicle using NBP fuel, while the over-
all operating costs are reduced by $14 M. These are additive, resulting in an
overall program savings of $34 M, which includes an increase in AGE of $1.L6 M and
an increase in propellant costs of only $75,000 over the life of the program.

(U) FIGURE 4-106
SUBCOOLED FUEL PROGRAM COSTS

(HTO Airbreather: 5 Minute Cruise at Mach 12)

NBP Subcooled
(37°R) (30°R)
RDT&E + Investment (Millions)
Baseline [function of (OWE)] $903. $883.
A Special Handling AGE - +1.4
Operating (Millions)
Baseline [function of (OWE)] $397. $383.
A Propellant Costs - l +.075
NET RESULT i -$3k.
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(U) From the foregoing discussion it is readily seen that the use of sub-
cooled hydrogen can provide significant airborne performance gains. These trans-
late to an equally significant reduction in flight research vehicle program costs.
The use of subcooled hydrogen is operationally attractive because of its relatively
lower tendency to boil than saturated liquid. Since subcooled and slush hydrogen
has been produced in an inexpensive and easy manner (vacuum pumping) and pumping/
flow transfer of slush qualities up to 50% have been demonstrated, the techniques
discussed here are consistent with the present level of hydrogen technology.

(U) Conclusion - The use of subcooled hydrogen is feasible and economiceal.
Subcooled hydrogen provided significant performance gains without an attendant
penalty for either airborne or ground systems, and was chosen for design of all
remaining HYFAC vehicles.
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L.4.4 (U) AIRFRAME STRUCTURE - The selection of design load factors, fuel tankage
concept, and thermal protection system has a majJor influence on the structure design,
vehicle performance, weights and cost. The effects are quantified and discussed

in the paragraphs which follow. For each variation studied, the mission performance
of the flight vehicle under evaluation was maintained constant.

L,b,hk,1 (U) Load Factor - Design load factor affects baseline airframe air loads
and inertia loads, external surface equilibrium temperatures, and engine inlet pres-
sures. The effect of load factor on external surface equilibrium temperatures and in-
let pressures at Mach 6 and Mach 12 is illustrated on Figures 4-107 and 4-108, respec-
tively. These temperatures and pressures have been calculated on the basis of a

20° angle of attack and the corresponding altitude at which & given load factor can

be achieved. It is expected that a 20° angle of attack will provide the capability

to perform all the required maneuvers without exceeding the aircraft stability limits.

(U) Parametric studies were performed on the B212A Mach 6 TJ/RJ powered air-
ecraft, B233A Mach 12 rocket powered aircraft, and the B25TF Mach 12 TJ/CSJT
aircraft to determine the effect of load factor on the alrcraft size, cost, and per-
formance. Load factors ranging from 3.5 to 7.3 g were considered. The lower boun-
dary (3.5 g) was selected as being representative of that considered appropriate
for operational hypersonic aircraft and the upper boundary (7.3 g) is consistent
with the initial X-15 design as well as current operational fighter aircraft designs.
The major elements of the aircraft that are affected by load factor are inlet struc-
ture, airframe structure and thermal protection system (insulation and shingle).
First, the effect of load factor on the individual elements is considered. Then,
the combined effect on the total aircraft size, performance and cost is shown.

(U) The inlet structure is primarily a non-circular pressure vessel and,
therefore, its weight is quite sensitive to pressure increases. The weight of the
pressure vessel segment of the inlet varies with pressure as indicated by the follow-
ing relationship which is based on statistical analysis:

where W = weight

P

pressure

(U) Sensitivity of airframe weight to load factor is a function of aircraft
configuration, among other things. Wing-body aircraft structure weight is more
sensitive to load factor than that of the all-body configurations. Figure 4-109
illustrates the effect of increasing design load factor on the primary structure
weight of B212, a Mach 6 wing-body aircraft. The indicated relative weight increase
for higher load factors is due entirely to the associated increase in loads in the
primary structure. Constant structural temperature was assumed in this comparison
which would require an increase in the thermal protection system to maintain the
temperature at a higher load factor.

(U) The increased surface temperature resulting from increased load factor re-
qQuires that radiation shingles fabricated of materials with higher temperature cap-
ability be used over a significant area of the vehicle. This results in heavier and
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(U) FIGURE 4-107
LOAD FACTOR SENSITIVITY SURFACE TEMPERATURE
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(U) FIGURE 4-108
LOAD FACTOR SENSITIVITY INLET PRESSURE
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(U) FIGURE 4-109
LOAD FACTOR SENSITIVITY STRUCTURAL WEIGHT
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more expensive shingles in most cases. For example: the Mach 12 aircraft would
require that about 10% of the surface be protected with coated tantalum alloy
shingles if designed to 5.0 g maneuver, whereas a 3.5 g maneuver would require no
tantalum. The insulation thickness itself is affected only slightly by the higher
load factor maneuvers, since the time at temperatures is very short relative to
the mission time; however, the selection of the insulation material would vary to
be compatible with the operating temperature.

(U) When all of the effects of increased load factor are considered, the air-
craft would have to be resized to retain constant performance (5 minute test time).
Thus, increasing design load factor results in increased aircraft size, weight, and
cost. Weight and cost variations of the specific aircraft selected for comparison
are shown in Figure L4-110. Other factors such as growth, versatility, reliability,
and research value must be considered before design load factor is established,
however, the significance of these factors can only be judged on a qualitative
basis. Consideration of cost and weight would suggest the selection of a low-load
factor aircraft. However, consideration of versatility and growth capebility points
toward higher load factors. The research value, as associated with the operational
aircraft, is essentially independent of design load factor due to the low design
load factors (3.5 g) of the operational aircraft.

(U) A design load factor of T.3 g's yield temperatures for the Mach 12 air-
craft beyond the limits of current heat shield materials and one of 5.0 g's yields
temperatures beyond the upper limit of coated columbium alloys on the forward sec-
tion of the aircraft lower surface. Structure design to 7.3 g's is highly desirable
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(U) FIGURE 4-110
LOAD FACTOR SENSITIVITY
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from a structural redesign consideration; however, 5.0 g's 1s sufficient to pro-
vide the required research at a satisfactory safety level, A design providing
5.0 g's structursl capebility, in conjunction with the temperature restrictions
associated with a 3.5 g maneuver at Vpgx, results in a favorable combination of
minimum cost, weight and risk with maximum versatility growth potential.

4b.4.4,2 (U) Tankage - The relative merits of integral and non-integral fuel tanks
for hydrogen fueled sircraft have been the subject of many independent studies. The
type of tankage affects the thermal protection systems, fuel volume fraction,
structural weight and cost. A comparison has been made of integral and non-integral
tenkage for research vehicle B212A, a Mach 6 hydrogen fueled aircraft. The follow-
ing ccmbinations of tankage/primary structure concepts were considered as a basis
for equal mission performance variations of the basic design:

o Integral tanks with insulated primery structure
o Non-integral tanks with insulated primary structure
o Non-integral tanks with hot primary structure.

(U) The integral tank system is employed on B212A and utilizes internal
insulation to protect the primary structure from liquid hydrogen tempera-
tures. This is consistent with minimum risk philosophy concerning structural
design since the thermal gradient across the load bearing structure is minimized.
Liquification of air on the outside surface o the tank (cryodepositing of air) can
be eliminated by tailoring the internal insulation so that it will maintain the
tank wall at a temperature higher than -320°F (77.4°K), the boiling point of air.
Careful attention must be paid to openings in the tank wall so that heat shorts
are eliminated. In addition, a barrier must be employed to prevent infiltration
of the insulation by the cryogen as this would degrade the insulation. Techniques
employed on the SL-B for internal cryogenic insulation would serve as examples for
the solution of these problems.

(U) The non-integral tank system would not require internal insulation to
retain the "minimum risk" status because the primery airframe loads are not carried
in the -U30°F (16.65°K) tank wall. Some of the tank volume lost to the required
expansion gap between the tank and airframe structure can be recovered by placing
the cryogenic insulation outside the tank in the expansion gap. Placing the cryo-
genic insulation on the outside of the non-integral tank eliminates the requirement
of developing a vapor barrier to keep hydrogen out of the insulation. However, air
must be prevented from leasking in through the insulation where it would become
liquified. Once liquified and reduced in volume, a partial vacuum would exist and
more air would be drawn in through the leak and become liquified (cryopumping of air).

(U) The results of the trade study show that aircraft size, weight, and cost
are reduced by using an integral tank system. Preliminary analysis resulted in
relative values of weight and thickness, as shown in Figure L4-111, which are refleced
in the total aircraft weight and cost. The hot structure concept was rejected
because of high weight and cost. Hot structure is also limited to speeds below
Mach 6 at the design load factors, above this, the temperatures in the structure
would exceed the design limit. Selection of internal insulation, though not required
in the non-integral tank, improves the design in that cryopumping can be eliminated
and heat shorts to the fuel minimized. On the basis of aircraft size, weight, and
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(U) FIGURE 4-111
TANKAGE COMPARISON

ilach 6
- LH, Fuel
Shingle 2 0
141 /12 6.9 kg/n?) Suface Tenp 10F
Heat Leak 100 btu/fthr
Insulation 315 watts/n’
0.92 1b/ft2 (4.5 kg/m?) Baseline

Insulated Structure
Integral Tank

Unit Weight 4.66 Ib/ft? (22.Tkg/m?

Structure Insutati Thickness 1.9 inch (4.83 cm)
2.0 1b/it (9.7 kg/md) nsulation OWE 32,540 Ib (14,750 kg)
¥ 033 Io/H (16 kg/n’) TOGW 37,223 Ib (16,900 kg)

Total Program Cost $665 (105)
Shingle
1.41 1b/it2 (6.9 kg/md)

Insulation
0.92 b/t (4.5 kg/m?)

Insulated Structure
Non-Integral Tank

Unit Weight 5.20 b/#t2 (25.3 kg/cm?)
Thickness 3.0 inch (7.62 ¢cm)

OWE 33,900 b (15,400 kg)

TOGW 38,910 1b (17,650 kg)

Total Program Cost $676 (105)

Structure
2.0 Ib/ft2 (9.7 kg/m) '
Insulation
033 Ib/it2 (1.6 kg/m?)

Tank

0.54 1b/ft2 2.6 kg/m) Structure

4.0 1b/1t2 (19.5 kg/m?)

Insulation 2 Uninsulated Structure
1.66 1b/#? (8.2 kg/m?) Non-Integral Tank

Unit Weight 6.65 Ib/ft2 (32.5 kg/md)
Thickness 4.3 inch (10.9 cm)
Insulation 2 OWE 38,650 Ib (17,500 kg)
0.33 Ib/’ftz (1.6 kg/m®) TOGW 43,543 ib (19,750 kg)
Total Program Cost $712 (106)

Tank ;
0.66 1b/1t2 (3.2 kg/ml}) _/
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cost, the integral tank concept with insulated structure and internal tank insula-
tion was found to be superior.

(U) Volume fraction (i.e., fuel volume/fuselzge volume) is poorer for the non-
integral tank concept than for the integral tank, since *here must be a gap between
the tank and the structure to allow for expansion dus to differential temperatures
between the warm structure and cold tank wall. The hot s*ructure, non-integral
tank has the poorest volume fraction (lowest) because it requires a greater expan-
sion gap (due to the higher structural temperature) and 2lso a greater insulation
thickness {due to a less efficient heat sink arrangemernc) .

(U) With an insulated structure approach, the total aircraft insulation weight
is the same with either integral or non-integral tanks if internal tank insulation
is employed. Without internsal insulation, the integral tank concept would require
a greater amount of insulation between the shingle and the tank structure to main-
tain the same heat input as the non-integral tank. This is due to the large number
of heat shorts (shingle supports) as compared to the non-integral tank which has
direct heat paths only at the widely spaced tank supports. Insulation requirements
to protect the fuel and equipment bays are greater for the hot structure concept
than for either type of insulated structure. This is because the mass (structure)
used as a heat sink behind the insulation is greatly reduced when the structure is
adjacent to the moldline surface.

L.4.4.3 (U) Active Thermal Protection System - Past studies of operational,
hydrogen fueled, cruise vehicles have shown that the reduction in weight and thick-
ness that is possible with an active (water wick) thermal protection system has a
significant influence on vehicle size and performance. For example, range could be
improved as much as 10% by reconfiguring a hydrogen fueled, scramjet powered cruise
vehicle with an active system.

(U) To establish what impact thermal protection has on the size, weight, and
cost of a research aircraft, a tradeoff of active versus passive external (between
shingle and structure) insulation concepts was performed. The B233A aircraft (Mach
12, all body, all rocket, air-launch, S minute test time) with an insulated load
bearing structure/integral tankage arrangement was used as the basis for this study.
However, the results are considered applicable to all test vehicles of this general
Mach number and test time class. Shingle, structure/tankage, and internal cryogenic
insulation requirements are nearly independent of the external insulation concept
employed and hence were not included in the tradeoff.

(U) A comparison of weight, thickness, and volumetric efficiency of the active
and passive systems is presented in Figure 4-112. As noted in this figure, unit
weights and thicknesses are average values for the vehicle. That is, an average of
actual external insulation (between shingle and structure) requirements at four rep-
resentative vehicle locations (upper and lower surface for a typical fuel and non-
fuel area) was determined. Tabulated values include the weight and/or thickness of
high temperature insulation, air gap (0.25 inch, 0.635 cm) water, and wick. Since
internal cyrogenic foam insulation is required only in fuel tank areas, its weight
is not included in the average unit weights and thicknesses presented in Figure
L-112. The size of the active system was based upon steady state conditions (neglects
heat storage effects) and the equivalent step-input of surface temperature discussed
previously in Section 4.2.3. Neglecting heat storage effects is conservative in
determining active insulation requirements. In sizing the passive system, heat

storage (transient) effects were accounted for per the procedure of Section L.2.3.
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(U) FIGURE 4-112
COMPARISON OF THERMAL PROTECTION CONCEPTS

Mach 12 5 Minute Test Time
Passive Active
~e—— Shingle ~—
T o~ ~ ~—— High Temperature T LT )é ,
X. ; o~ o Insulation ——  Steam ,— - 'I
! AirGapand . T I I I T T T I T I LI

‘ —~ — Water Wick

T2 7 7777777772727} - —

\- Insulated Structure—/

Additional Volume Available
For Equipment and Fuel Storage

Thermal Protection Concept Unit (@ Unit @ Volumetric
Weight Thickness, X; Efﬁciency(")
(PSF)  (Kg/md) (In) (cm) %)
Passive 1.75 8.52 153 3.89 90.0
Active 0.55 2.69 0.78 1.98 926

(a) External Insulation (Xi) Requirements; Average Values for Mach 12 Aircraft,

(b) LH, Tankage Areas; Includes 0.6 Inch (1.52 cm) of Intemal Cryogenic Foam Insulation.

(U) As shown in Figure L-112, the active system reduces average unit external
insulation weights by 1.2 psf (5.83 kg/m@) or 68%, and unit thicknesses by 0.75 in
(1.91 cm), or L9%. The reduction in overall thickness requirements (total thickness
between external moldline and fuel) results in a 2.6% increase in the volume avail-
able for LHp t¢torage. A similar increase is likewise available for eguipment stor-
age in non-fuel areas.

(U) The effects of the thermal protection concept on vehicle size, weight, and
cost are presented in Figure 4-113. Reconfiguring this vehicle with an active (water
wick) system, reduced overall thermal protection weights by about 2800 1b(1268 kg).
This large weight saving in conjunction with the increased volume available (2.6%) for
equipment and fuel storage, resulted in a 9.5% decrease in vehicle planform area
and a corresponding decrease in OWE (15%) and TOGW (13.8%). The 9.5% reduction in
planfcorm area is of particular importance for an airlaunch vehicle such as the B233,
because of physical limitations associated with hanging it from a wing pylon on
the C-5A. As noted in Figure 4-113, the overall reductions in vehicle size and
welight translate directly into a program cost saving of over $38 million or T%.
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(U) FIGURE 4-113
EFFECT OF THERMAL PROTECTION CONCEPT ON VEHICLE SIZE AND COST

(Mach 12; 5 Minute Test Time; Equal Research Value)

Improvement

Parameter Passive Active With Active
(B2334) (B233A7-1) System
© Pplanform Area, Ft2 (M?) 929 (86) gu1 (78.2) 9.5%
© OWE, Lbs. (Kg) 24,600 (11,159) | 20,910 (9ké0) 15%
© TOGW, Lbs. (Kg) 77,950 (35,358) | 67,210 (30,486) 13.8%

© Cost (10° Dollers)

© RDT & E 2k2,863 224,163 T.7%
O Investment 123.859 114.820 7.3%
© Operative 178.077 167.463 6%
© Total Program SLL.799 506.4L6 T%

(U} The active TPS, water wick, used in this study capitalizes on the inte-
grated performance of shingles which re-radiate approximately 98% of the total
serodynamic heat load, high temperature insulation, water evaporation (which absorbs
nearly all of the heat transferred to the interior of the vehicle), and an efficient
cryogenic insulation (fuel areas only), to obtain low unit weights while retaining
high volumetric efficiencies. This system takes advantage of the high heat of
vaporization of water (about 1000 Btu/lb, 2324.4 joules/gm) as & heat sink to
reduce insulation requirements.

(U) To aid in understanding the above, an example is presented in Figure h-11L.
With a passive system, 2 inches (5.08 cm) of high temperature insulation (1.33 1lb/ft2,
0.6 kg/m2) is required to limit the heat transfer across the insulation to 200 Btu/
£t2 hr (360 watts/m?) such that a maximum structural temperature of 300°F (422°K)
is not exceeded. With the active system, high temperature insulation requirements
can be reduced to 0.55 inch, 1.4 cm (an additional 0.4 inch, 1.02 em, of thickness
is required for air gap and water wick) with a corresponding increase in the heat
transfer to the interior of the aircraft (730 Btu/ft2 hr, 2300 watts/m2) which is
absorbed by the conversion of water to steam which is expelled overboard. As
indicated in Figure h-llh, total active systems weight including insulation, water
and wick is 0.74 1v/ft2 (0.336 kg/m2). It should also be noted that structural tem-
peratures, when protected with an active water wick system, are maintained at ap-
proximately 100°F (311°K) which corresponds to the boiling point of water at the
reduced pressures experienced at the cruise altitude.
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(U) FIGURE 4-114

INCREASED EFFICIENCY WITH ACTIVE TPS

ANALYSIS CONDITIONS:

o Steady State Analysis of Non-Fuel Area
o Heat Pulse = 1800°F (1260°K) for 30 Minutes

High Temperature Insulation Thickness
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SOLUTION: (A) Passive (B) Active
0 Maximum Structural Temperature; °F, (°K) 300(L22) 100(311)
o Heat Transfer Across High Temperature 200(630) 730(2300)
Insulation; Btu/ft° hr, (Watts/m2)
o Thickness; in., (cm)
(a) High Temperature Insulation 2.0(5.08) 0.55(1.L0)
(b) Air Gap -_— 0.25(0.63)
(c) Water Wick —-— 0.15(0.38)
Total Thickness (X;) 2.0(5.08) 0.95(2.L1)
o Unit Weight; 1b/ft2, (kg/m°)
(a) High Temperature Insulation 1.33(0.6) 0.37(0.168)
(b) Air Gap — -—
(c) Water and Wick _— 0.37(0.168)
Total Unit Weight 1.33(0c.6) 0.74(0.335)
High Temperature
Passive — Insulation— Active
il [ VI-—Shmgle———\l HEEEEE
gm i - Air Gap and _ J_{;ﬂ
e —L——C‘
0.75 1 1 o Water Wick ™ 4_;&1
1 Additional Volume Available
1.5 c \_ —/ for Equipment and Fue! Storage
Insulated Structure
1.33
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(U) Some of the advantages of passive and active systems are presented in
Figure 4-115. An active system would require servicing between flights. For a
research aircraft which has no requirements for rapid turnaround, reservicing
requirements are of little consequence. For an operational system, it would be
an important consideration. Previous studies indicate that the water wick system
can be reserviced in sbout 20 min.

(U) Other advantages of an active system are:

0 Good growth potential - A comparison of passive and active TPS requirements
as a function of test time and Mach number is presented in Figure 4-116.

o Minimize effects of heat shorts; i.e., the amount of ccclant can easily
be increased locally to compensate for increased heat transfer.

0 Nearly constant-temperature structure - Since the active system uses a
phase change process, structural temperatures and temperature gradients are limited
to small excursions sbout some nominal value.

o No structural cool down requirements et completion of mission - Due to the
time lag associated with a passive system, maximum structural temperatures are
generally experienced after the aircraft has landed. This then requires long wait-
ing periods or forced cooling before structural temperatures are low enough to
Permit normal inspection, reservice or repair of internal areas. With an active
system, ground operations can commence almost immediately.

(U) Except for subjective differences in technical risk, the above facts
would indicate that an active system should be selected for the Mach 12 class of
research aircraft. Assessing the difference in technical risk is, at best,
difficult. However, the water wick principle has been demonstrated and performed
successfully under rather severe conditions during the BGRV flight test programs.
The BGRV system is identical with the water wick system discussed herein, with
one exception; it used a water gel, which is a "one shot" concept, whereas the
water wick is reserviced after each flight. It can be argued that any active
system is inherently less reliable. On the other hand, an active system is more
desirable because its capacity can readily be increased, with little penalty
to aircraft performance, to meet unexpected new demands. It is MCAIR's contention
that with proper sensors to monitor its performance, an active system does not
present an undue risk and hence substantial cost savings should be realized by
using an active gystem on the Mach 12 vehicles,

(U) A cursory analysis indicated that the advantages of reconfiguring the
Mach 6 vehicles with an active TPS would be less pronounced (approximately a 3%
reduction in Sp, OWE and TOGW) than observed for the Mach 12 vehicles (Figures 4-112
and 4-113). Even so, an active system was selected for the Mach 6 vehicles to
initiate the Phase III Study.

(U) Two Research ObJectives, R.0. 28 and 43, deal specifically with the
development of reusable thermal protection systems, for cryogenic fuels and oxidizers,
and the primary structure, respectively. A ranking by the scientific community
(Figure 4-117) indicates the importance of conducting the necessary research to
satisfy these objectives. Although much of this research can be and would be
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(U) FIGURE 4-115
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(U) FIGURE 4-116
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accomplished in ground facilities, final development and/or demonstration will
require flight test. During Phase IIT detailed studies will be conducted to show
methods by which the research vehicle can be used as a test bed for conducting
research on the thermal protection concepts of interest.

(U) FIGURE 4-117
IMPORTANCE OF DEVELOPING REUSABLE
THERMAL PROTECTION SYSTEMS

Operational Rank of Rank of
System R.O. #28 R.O. #43
L1 | 1st out of 67 4th out of 67
L, 1st out of 66 Lth out of 66
\ Launch
Ly 2nd out of 62 Lth out of 62
Ly, ° 2nd out of 66 Sth out of 66
C1 2nd out of 6k Sth out of 6k
Commercial
Co 2nd out of 62 5th out of 62
My Not Applicable 3rd out of 52
Mo Military 2nd out of 63 éth out of 63
M3 2nd out of 63 6th out of 63

R.0. #28 - Develop efficient reusable thermal protection systems for cryogenic
fuels and oxidizer tankage.

R.0. #43 - Develop reusable thermal protection systems for the primary
structure.

(U) Conclusion - Vehicle size and weight and hence total program costs were
significantly reduced with the selection of an active TPS for the Mach 12 research
aireraft. At Mach 6, the effects of an active versus a passive TPS on aircraft
size and performance were less pronounced. A ranking of Research Objectives by
the scientific community clearly indicated the importance of conducting research
in the area of reusable TPS.
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4L.4.5 (U) RESEARCH CAPABILITY - Test Mach number, test duration, and payload
envelope of the flight research vehicles were varied to determine their impact on
overall research vehicle design and performance capability (research value). The
effects on the vehicle cost and research value were then compared.

L.4.5.1 (U) Test Mach Number Sensitivity - Mach number tradeoffs were conducted
for four of the Phase II configurations: the Mach 6 air launched rocket/ramjet
vehicle (Configuration B207), the Mach 12 air launched rocket vehicle (Configuration
B233), the Mach 12 horizontal takeoff rocket vehicle (Configuration B260), and the
Mach 12 horizontal takeoff turbojet/convertible scramjet vehicle (Configuration
B257). Design studies were used to define the Mach effects on each vehicle and the
corresponding impact on program cost.

(U) The principal effect of increased Mach number was increased vehicle size
to accommodate greater propellant requirements for higher speed flight and to com-
pensate for the generally decreased Isp assoclated with higher Mach numbers on
airbreathing vehicles.

(U) A clear example is depicted in Figures U4t-118 and 4-119, which illustrate
the impact of increased Mach number and associated higher stagnation temperatures
on coolant flow requirements (and hence Isp) for the regeneratively cooled ramjet.
Figure 4-118 presents the increase in cooling equivalence ratio (coolant fuel/
stoichicmetric fuel flow) (¢) required for engine and inlet cooling to maintain a
structural wall temperature limit of 1600°F (11L5°K). Figure 4-119 illustrates
the effect of equivalence ratio on Isp at various Mach numbers. The minimum equi-
valence ratio for engine and inlet is superimposed to identify maximum Isp as a
runction of Mach number. For example, at Mach 6, cooling fuel requirements are low,
equivalence ratio is less than 1, and ramjet Isp is high. At Mach 7, ¢ becocmes
greater than 1, and extra fuel is required just to cocl the inlet and engine. As
a result, the Isp at Mach 7 is only 2/3 of the value at Mach 6. The downward ver-
formance trend continues at an increasing rate with Mach number, illustrated by the
extremely poor Isp at Mach 8,

(U) Figure 4-120 shows the impact in terms of research vehicle program cost.
The large increase in cost from Mach 6 to Mach 8 for the air launched rocket ram-
Jet configuration (B207) is a result of a number of factors: 1) the increase in
boost fuel required to reach the higher Mach number requires a larger physical size
and, therefore, weight; 2) the more severe temperature environment at the higher
Mach number requires heavier materials and insulation; 3) the airbreather engine
inlets have a lower ram recovery at higher Mach numbers and the inlet cooling require-
ment above Mach 6.5 lowers the engine Igp. The increased cost for the Mach 12 con-
vertible scramjet vehicle (B257) can be traced to factors similar to the three noted
above. The Igp is slightly lower, but the primary factor is the boost fuel volume
requirement which increases in proportion to the cruise altitude and Mach number.
The more severe thermal environment at Mach 12 will also increase the vehicle's
empty weight. For all rocket configurations, the cost increase is reflected in
increased boost propellant volume and, therefore, vehicle size and weight.

(U) The increased research value of higher Mach numbers is illustrated in
Figure 4-121, where the incremental increase is identified relative to a Mach S
capability. The curve depicts an integrated assessment established by the HYFAC

MCDONNELL AIRCRAFT
L-1k2



REPORT MDC AQ013 ® 2 OCTOBER 1970
VOLUME IlIl ® PART 2

(U) FIGURE 4-118
INCREASE IN EQUIVALENCE RATIO WITH REGENERATIVELY
COOLED INLETS
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(C) FIGURE 4-119
DECREASE IN SPECIFIC IMPULSE DUE TO COOLING
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(U) FIGURE 4-120
EFFECT OF MAXIMUM MACH NUMBER ON FLIGHT FACILITY COST
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study team. The relatively modest improvement in research value between Mach 6 and
Mach B reflects the moderate change in the influence of aerodynamic parameters
within the speed regime. As flight speeds increase above Mach 8, however, thermo-
dynamic effects also become more pronounced, contributing to the increasing value
through the Mach 12 regime. The relatively large increase in research value in the
Mach 12 region is achieved because this is the speed regime of proposed operational
systems Lp, L3, L4, C2, Mo and M3y. Research in this Mach number environment is
essential due to the increasing Influence of the real gas effects as the flight
speed approaches the regime of very thick hypersonic boundary layers and correspond-
ingly thick laminar sublayers. The effects of these aerodynamic and thermodynamic
conditions on the vehicle performance must be known before overational systems can
be confidently developed. The increased research value at Mach 12 also reflects the
use of a scramjet engine which leads to relatively high productivity in this region.

(U) Another significant factor at Mach 12 involves tradeoffs in fuel consump-
tion vs cooling requirements. Mach 12 research in this area will permit develop-
ment of a regenerative cooling system under realistic flow field conditions. Assess-
ments of the thermal profile, and resulting refinements of the regenerative cooling
system, can greatly improve engine performance. This relates directly to vehicle
configuration/sizing requirements, which can influence the overall operating
envelope.

(U) Research value continues to increase beyond the Mach 11-13 range reflect-
ing the influence of aerodynamic and thermodynamic parameters as orbital velocities
and altitudes are approached.

(U) Relative research value was assessed on the basis of cost and research
value for the specific Mach 6 and Mach 12 flight research vehicles mentioned above.
The research return for the investment in the air launched rocket/RJ Mach 6 vehicle
(B207) drops off significantly when this vehicle is used at Mach 8. This decrease
is caused by poor engine/cooling performance and a limited increase in research
velue. The horizontal takeoff Mach 12 rocket vehicle (B260) increases significantly
in size between Mach 8 and Mach 12, but the research return varies only slightly.

(U) On the other hand, the airbreathing Mach 12 TJ/CSJ (B257) provides a
pronounced increase in resesrch value, when Mach number is increased from Mach 8,
and thus provides a significant return per investment in vehicle size.

(U) The air launched rocket vehicle, (B233), because of its initially smaller
size and lower investment base, is shown to be particularly attractive in terms of
research value. The vehicle is capable of accomplishing research to Mach 12 with
only a moderate increase in size and cost compared to the HTO vehicles.

(U) As a result of these comparisons, it is apparent that for the flight
research concepts investigated, the maximum research return for the corresponding
investment is at Mach 6 for the rocket/RJ vehicle (B207), Mach 12 for the air launched
all rocket vehicle (B233), and at Mach 12 for the HTO TJ/CSJ vehicle (B257). For
Mach 12 HTO all rocket vehicle (B260), the research return is fairly flat between
M=28and M = 12, however, M = 12 would appear a more reasonable selection for an
advanced research vehicle.

MCDONNELL AIRCRAFT
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4.4.5.2 (U) Test Time - Determination of minimum test time was based on system
flicht stebility data from the X-15 program and on the external temperature stabili-
zation time for the shingles. Approximately 30 seconds was required to achieve
system stability after pushover in the X-15; the remaining time can be considered

as steady state. MCAIR studies have shown that temperature stabilization on the
outer surface of a thin gage metal shingle occurs between 30 seconds to 60 seconds
after the start of cruise flight at cruise altitude. Variation in surface tempera-
tures for different materials will be minor if all shingles are of thin gage.

(U) In a5 minute flight, the first 30 seconds would be to achieve system
stability after pushover at cruise Mach number and altitude. The next 60 seconds
would permit surface temperature stability of the shingles and would be valuable
transient data to assist in determining heat transfer rates and aercdynamic heat-
ing rates on the surface of the aircraft. The last 3-1/2 minutes would be con-
sidered steady state data.

(U) 1In the case of a Mach 12 vehicle, the outer surface of the thin gage
shingle will reach its maximum temperature or at least 95% of the maximum tempera-
ture within 1 minute after attaining cruise Mach number and altitude. Temperature
variations, because of various materials used in shingle construction, will be
insignificant if shingles are made of thin gage metal. A flight with 5 minutes at
cruise Mach number and altitude will provide the same data acquisition as before:

30 seconds stabilization, 60 seconds of transients and 3-1/2 minutes of steady state
data.

(U) Thermal protection system (TPS) requirements are a function of exposure
time. Increased test time requires a corresponding increase in size and weight of
the TPS, which then scales to vehicle size increases. Insulation thicknesses and
weights were defined for Mach 6 and Mach 12 configurations as shown in Figure L-122,
No changes in shingle or insulation material concepts were necessary because maximum
surface temperatures were not affected.

(U) FIGURE 4-122 PASSIVE TPS INSULATION REQUIREMENTS VARIATION WITH TEST TIME

Insulation Thickness Insulation Weight
Test Time in cm psf kg/me
Mach 6 Configuration
5 Minutes (Baseline) .69 1.75 .92 4.48
10 Minutes .81 2.06 1.08 5.26
15 Minutes .92 2.34 1.23 5.99
Mach 12 Configuration
5 Minutes (Baseline) 1.5k 3.91 1.75 8.52
10 Minutes 1.69 4.29 1.93 9.40
15 Minutes 1.8k 4.67 2.09 10.18

(U) Costs of the increases in TPS with additional test time are shown in
Figure L-123 for the HTO Mach 12 airbreathing vehicle (B257), the Mach 12 air
launched rocket vehicle (B233), and the airbreathing Mach 6 (B212) vehicle. These

MCDONNELL AIRCRAFY
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costs also reflect the obvious larger vehicle size required to satisfy new endurance
limits. Cost increments are higher for the rocket vehicle due to the greater fuel
volume required for cruise operation.

(U) The increase in research value with test time was assessed by the study
team and is illustrated in Figure 4-124. As time is increased above 5 minutes a
modest increese in research value is obtained, however, above 10 minutes the
increase is very small, The research return relative to the required investment
reveals that only the Mach 6 vehicle maintains a constant return for different
test times. An additional consideration for the Mach 12 vehicles is the associated
test range requirements for increase test time, as discussed in more detail in
Section L.L.6.

. (U) FIGURE 4-123
EFFECT OF IMPROVED PASSIVE TPS ON
FLIGHT FACILITY COST
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L.4.5.3 (U) Payload - Planform size, OWE, TOGW, and cost of the research aircraft,
as shown in Figure L4-125, are relatively insensitive to payload variations between
500 and 1500 1b (226 and 680 kg) and to packaging densities between 20 and 30 1b/ft3

(.321 and .LB1 gm/cm3).
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(U) FIGURE 4-125
EFFECTS OF IMPROVED PAYLOAD ON FLIGHT FACILITY COST
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(J) The requirements of the nose structure of a Mach 12 vehicle (based on
angular constraints combined with the cross section necessary for cockpit and nose
landing gear) create a volume that will accept up to a 1500 1b (680 kg) data pack-
age with no enlargement of the structure. A greater payload requires a longer nose
or relocation of the forward fuel bulkhead, either of which will cause an increase
in size and cost.

(U) The actual research value of an increased payload is hard to assess
numerically, but using 1000 1b (453 kg) as a baseline, an increase to 1500 (680 kg)
represents a 50% increase in data return for only a 3% increase in program cost.
4.4.5.4 (U) Conclusions - Conclusions from these parametrics are as follows:

o Design for Mach 12. For high research value and return on investment,

growth potential, and program flexibility, a Mach 12 program is very
desirable.

MCDONNELL AIRCRAFT
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In the Mach 6 to Mach 8 regime, design to Mach 6. The primary propulsion
system testing by the vehicle will be airbreathing ramjet type engines.
The engine and inlet for this type of propulsion system can be cooled
efficlently up to Mach 6.0. Increasing to above Mach 6.5, the equivalence
ratio exceeds 1 and the engine Igp is decreased making the engine/inlet
combination progressively less efficient with increased Mach number.

Test time should be S5 minutes of steady state cruise, especially for rocket
powered research aircraft. Longer times do not show significant value
increase, but do show significant increases in vehicle size and program
cost. Test time is somewhat variable with the propulsion system used; with
airbreathing propulsion a 10 minute time results in an improved research
value at a small increase in cost. Another consideration, which is dis-
cussed more fully in Section L.Lk.6, is test and tracking range limits.

Payload has been chosen as 1500 1b (680 kg). At a weight of 1.0 1b per
data sensor, this will provide 1500 data points on any flight. This pay-
load has a small effect on size and cost compared to the greatly enhanced
research value and increased data return.

MCDONNELL AIRCRAFT
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h.L.6 (U) FLIGHT OPERATIONS - The study of flight operations for hypersonic re-
search vehicles is needed to ensure that those flight research vehicles selected
have a high probability of achieving the research objectives. The best design con-
cept encompassing shape, structures, propulsion, performance, etc. would be of
little value if operaticnal constraints severely limited its capabilities.

(U) Thus, the overall objectives of the flight operations study are:
o To determine the operational feasibility of the conceptual variations.
o To determine the operational requirements.

o To define any constraints, limitations, or problems of otherwise
acceptable concepts.

© To define a preliminary operating plan.

(U) The Phase I study effort regarding operations, reported in Volume II,
treated a wide spectrum of design and operational concepts with specific Mach
numbers and test times. It defined general operating rzquirements for the
various concepts and identified candidate facilities required for design missions.
This data and other criteria were used to select the most promising flight
facilities for Phase II.

(U) The Phase II flight operations study reported here treats the selected
concepts and the effects of tradeoffs in design features and performance capabili-
ties. The study reevaluated the requirements defined during Phase I and identified
and evaluated new requirements, particularly those which affect the development and
operating capability of the candidate vehicles.

L.4h.6.1 (U) Basing - Basing is the most important consideration in the operating
plan. It selects the center of operations and defines the test ranges which must

be compatible with the performance capabilities of the test vehicle. A basing study
involves both determining the number of bases required and their suitable location
in order to accommodate the mission capabilities of the candidate test vehicles.

(U) The basing study performed during Phase I concluded that two base opera-
tions were necessary for the Mach 6 and Mach 12 five-minute cruise vehicles and it
recommended test ranges and operating bases. Other studies were performed during
Phase II in order to:

0 Reevaluate the requirements for the selected Phase II flight facilities
because of refinements in vehicle design and mission profiles.

o Determine the requirements of these vehicles as a result of tradeoff
studies affecting mission capabilities.

0 Provide a more detailed evaluation of the basing requirements during the
flight envelope expansion phases.

0 Determine the effects of designing the various flight facilities to operate

from a single base.
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The factors which affect basing concepts and determine the test range requirements
are discussed below.

L.k.6.1.1 (U) Range - Range is the most dominant factor with respect to basing.
The distance required to perform a specific design mission dictates the number of
bases required, how far apart bases have to be, and if certain missions are possible
under the guide lines of operation specified. Range requirements are a function of
the mission profiles and the performance capabilities.

(a) (U) Mission Profiles - The mission profile as established for Phase I,
summarized in Volume II, consists of three distinct segments: (1) acceleration
and climb to cruise altitude and Mach number; (2) cruise distance for five minutes
at cruise Mach number; and (3) descent to touchdown. Two possibilities were shown
for the descent segments: a max L/D equilibrium glide, and a minimum range obtained
by a 3.5 "g" power-off wind-up turn. Subsequent discussions with NASA personnel at
the Flight Research Center (FRC) resulted in Phase II study efforts directed toward
guldelines suggested by FRC. Test runs should be made in-bound toward the landing
site. High Mach number turns should not be made as a part of the routine operations
in the flight plan. However, high Mach number maneuvers as part of the test program
are acceptable. NASA personnel expressed apprehension about the possibility of un-
known problems occurring, such as material failure, aircraft instability and pilot
disorientation occurring during high Mach number turns. These limitations affect
only the single base operations, since two-base missions are routinely flown toward
the landing site. Speed brakes were added to the vehicles in order to allow the
pilot to adjust the glide distance to reach the landing terminal point, nominally
Mach No. = 1.0 at 40,000 ft (12,200 m) directly over the landing site. See Secticn
4.2.7 for speed brake methodology. Figure L-126 depicts a typical Phase II flight
profile and defines the basis on which the total nominal ranges were calculated.
Figure L4-127 shows the effect of speed brakes on the total range.

(b) (U) Performance Capebilities - The range requirements of the test vehicles
is a function of the distance required to accelerate and climb to the test Mach No./
altitude, the test Mach No., the test time spent at the test Mach No., and the nominal
glide range. The climb and acceleration distance is a direct function of the type
of acceleration engine (rocket or airbreather). Tradeoff studies of the T/W ratio,
test Mach Numbers, and test time were performed on several of the Phase II vehicles.
The data in Section 4.4.1 shows T/W has only a minor affect on total range require-
ments. The effects of test time for the two types of acceleration engines are
shown in Figure 4-128. Figure 4-129 summarizes the range requirements by flight pro-
file segment

k.4.6.1.2 (U) Test Range Features - In the Phase I study the important character-
istics which must be considered in the test base/range selection were defined. These
characteristics (or criteria) fall in one of two general categories.

(a) (U) Natural features which include:
9 Weather

© Population density
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(U) FIGURE 4-126
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(U) FIGURE 4-128
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o Geographic location
o Available emergency landing sites
o Suitable takeoff and landing bases

(b) (U) Support features and facilities which make a range attractive if
they already exist, but could be provided at some additional costs. These include:

o Tracking and communications facilities
o Data acquisition facilities

o Maintenance facilities, including support equipment and fuel storage
facilities

(U) The criteria of group (a) tend to dictate the basing and test range
selections. Thus, all the recommended ranges for Phase II are in the scuthwest
or over the extreme southern portion of the United States. Flights over northern
or northeast sections were considered unacceptable because of weather conditions,
high population density, limited emergency landing sites, and little or no existing
facilities (tracking, communication, and maintenance). Figure L.130 shows the
candidate bases, test ranges, available emergency landing sites, and tracking/
telemetry facilities. Figure 4-131 shows the population density of the candidate
test ranges.

(U) Edwards AFB, California, was selected as the center of operations and the
landing site for all of the vehicles which were retained for Phase II. Hollcman
AFB, New Mexico, which also has many of the features and facilities of Edwards AFB,
was considered as & suitable landing site for vehicles with turbojet engines. The
base is located at the edge of the White Sands test range, making the landing site
visible and identifiable from long distances.

(U) Candidate launch bases were selected on the basis of range from the
landing site {Edwards AFB, California), geographic locaticn, and available facil-
ities. Figure 4-132 identifies these bases and the specific design missions which
could be accomplished from each. Other mission capabilities can be determined from
Figure k=128,

L.4.6.1.3 (U) Operational Constraints - The candidate test ranges defined in
Figures 4-130, 4-131, and 4-132 show that Mach 6 to 8 vehicles can operate in the
sparsely populated Southwest where the weather is generally mild and relatively
predictable. The Mach 10 to 12 vehicles require bases in Louisiana or Florida
where operations will be subjected to the more severe and unpredictable weather
conditions of the Gulf Coast. Flights from bases in northern Florida would overfly
more heavily populated areas than flights originating from other bases. Flights
from Homestead AFB, Florida, either have to operate over water for a considerable
distance (650 nmi/1200 km) or fly north and make a high Mach number turn toward
Edwards AFB. Disadvantages of over water flight are: (1) crew survivability problems
if bailout over water occurs; (2) necessity to provide search and rescue craft cen
standby at sea for each mission; and (3) the inability to reach an emergency landing
site if a power loss occurs during acceleration between Mach 3 and 8.
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(U) FIGURE 4-132
TEST RANGE MISSION CAPABILITY

DESIGN CRUISE MISSION CAPABILITIES
ROCKET AIRBREATHER
BASE RANGES TO ACCELERATORS ACCELERATORS
EDWARDS AFB MACH TIME MACH TIME
n mi/km MIN MIN

Holloman AFB, 600/1110 6 5 T - 0
New Mexico 8 0

Cannon AFB, 720/1340 7 5 6 5

New Mexico 8.5 0 8 0

Dyess AFB, 915/1690 6 10 7 5
Texas 8 5

9.5 0 9 0

Carswell AFB, 1020/1890 7 10 6 10

Texas 10 0 9.3 0

Barksdale AFB, 1220/2250 6 15 6 15

La. 8 10 T 10

) 11 0 10 Q

Eglin AFB, 1600/2960 7 15 7 15

Fle. 10 5 8 10

12 0 10 5

11 0

Cecil Fld NAS, 1830/3380 8 15 12 - 0
Fla. 12 3

Patrick AFB, 1935/3580 12 - I 8 15

Fla. 12 1

Homestead AFB, 2020/37k40 10 10 10 5

Fla. 12 5 12 2

(U) The operating constraints of basing for the Mach 10 to 12 missions are
serious; however, they must be viewed with respect to the overall program. Before
a Mach 10 or 12 mission is attempted, the vehicles will have undergone a develop-
ment program. Many flights will have been flown in an incremental build-up in
Mach No. and test time, and a high degree of confidence and reliability will have
been established in the vehicle and its systems. Also, the number of design
missions to be flown must be considered. Many research objectives can be obtained
from flights at lesser Mach No. and test times which could be staged from inter-
mediate bases. 1In the total program of approximately 200 flights, probably only
a modest percentage would require design missions. Also, the effects of the above
constraints differ for the various vehicles studied. The operational consider-
ations and constraints are discussed below.
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(a) (U) Airlaunch Vehicles - The airdrop vehicles provide a unique versa-
tility to the operations planning for a hypersonic test vehicle, since the mother
ship is essentially an airborne second base. This provides a high degree of flex-
ibility during early flight development and permits a buildup in Mach No. and
test time to relatively high levels while operating from a single ground base.

(U) The airdrop feature will permit assessment of the power-off glide and
flight characteristics from drops directly over the landing site without the need
to power the vehicle into the air for the first flight. Initially, powered flights
can be performed on the existing X-15 test range with its numerous drop zcones
permitting incremental envelope expansion up to Mach 7 or sustained Mach & for
two minutes. Using the Holloman AFB to Edwards AFB test range will permit speed
build up to Mach 8 and sustained cruise of Mach 7 for 3 minutes or Mach 6 for 5

minutes.

(U) Missions from Holloman AFB can be based at Edwards AFB. Using the C5A,
all airdrop missions could be staged from a single base; however, missions requiring
longer ranges become inhibited by constraints. The primary constraint is the long
duration that the pilot has to spend in a pressure suit, including time on the
ground prior to takeoff, (an estimated 2.0 hours based on X-15 experience), and
because of the relatively slow outbound ferry (Mach = .8) of the mother ship. Dis-
cussions with NASA at FRC resulted in establishing a nominal limit of four hours
total suit time for Phase II planning. Figure 4-133 shows mission performance
capabilities (Mach No. and test time) as a function of pressure suit time. These
times are based on the test mission being flown. A mission aborted prior to drop
would result in a considerably longer period in the suit. Also, returning long
distances following an abort could limit missions to the early part of the day to
ensure a return during daylight.

(U) Additional buildup in vehicle performance can be achieved prior to
Mach 12 missions by airdrops in the vicinity of Carswell AFB, Texas, where Mach 8.5
can be sustained for five minutes. Drops near Eglin AFB, Florida, will permit test-
ing at Mach 10 for five minutes and a speed buildup to Mach 12.

{(U) Emergency landing capability is another important operational considera-
tion. Figure 4-134 shows the emergency landing foot prints for unpowered glides
from variocus Mach numbers. These data indicate the rather limited footprints
from Mach numbers below 6 or 8. Missions flown from eastern bases where the can-
didate emergency landing sites are fewer and farther between may be constraining.
Rocket accelerated vehicles, in particular the air launched vehicles have the ad-
vantage of being able to attain high Mach numbers in a relatively short time and
distance (Mach 8 in 2.5 minutes and 90 nmi/160 km compared to 5 or 6 minutes and
200 nmi/370 km for turbojet accelerated vehicles). Thus, airlaunching should
result in better operational flexibility in regards to assuring adequate emergency
landing sites.
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(U) FIGURE 4-133
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Further basing options result from the use of the C-5 mother ship,

including its ability to carry a considerable amount of support equipment on-board.
In all options, Edwards AFB is assumed to be the main base and landing site for
all flights. TFollowing are scme of the basing options considered.

(1)

(2)

(3)

Set up a permanent operating base, including complete maintenance
facilities, at each intermediate base as it is used during the progran.

Set up one permanent base at an optimum location and ferry to drop
zones over other intermediate bases.

Use Edwards AFB as the only permanent base and ferry to intermediate
sites and land prior to the mission. Support equipment necessary for
pre-flight, routine meintenance, and launch would be carried in the C-5.

These, and other operating considerations will be studied in more detail during

Phase III.

(v)

(U) HTO Rocket Accelerators - HTO vehicles with rocket accelerator

engines present operating problems with respect to early development flights where
it will be necessary to incrementally expand the flight envelope. Several develop-
ment plans were considered which are discussed in the following paragraphs.

(1)

(2)

Single base, test inbound - This is the most attractive plan from an
operational safety standpoint; however, data presented in Phase I
showed that mission capability would be very limited because the rocket
accelerated vehicles cannot economically cruise outbound at subsonic
speeds and accelerate inbound. Speeds to Mach 3 are about the maximum
for this flight profile.

Single base, test outbound - Testing to Mach 8 is feasible for this
profile; however, a complex maneuver with a high Mach No. turn is
required to return and land. This type of profile was discussed in
Paragraph 4.L.6.1.1(a) and found objectionable.

Dual base, test one way - This profile offers the advantage of testing
inbound toward the landing site; however, there are several disadvan-
tages because of increased risk factors. The nearest recommended take-
off base to Edwards AFB is Holloman AFB 600 nmi(1110 km)away. This would
require initial flights be flown over a relatively long distance with
little or nc prior flight evaluation of airplane flying qualities, glide
characteris ics, and systems operation. Also, the long range could
dictate larger incremental jumps in the Mach No. envelope expansion than
would otherwise be desired.

Dual base, test in both directions -~ This option has an advantage over
no. (3) in that the expense of transporting the vehicle to the second
base would be eliminated. However, it would have the additional dis-
advantages of increased operational complexity, and the added risk
associated with landing on a runway as a routine operation.

The recommended development plan would probably be a combination of (1) and (3),
i.e., establish some confidence level with the vehicle on single base inbound

missions then expand to two base operations.
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(U) Probably the most difficult problem with HTO rocket accelerator vehicles
would be in transporting them to the takeoff base. Use of a C-5 aircraft to trans-
port the vehicle from Edwards AFB to the takeoff base was included in the opera-
tional plan described in Phase I. The HTO vehicles, being larger than airdrop
vehicles, will require a special pylon on the C-5 to allow them toc be canted (in roll
attitude) from the horizontal position. Another consideretion would be strap-on
turbojets for ferry capability; however, this would significantly increase program
cost for procurement, design, manufacture, and the development testing.

(¢) (U) HTO Airbreather Accelerator - The HTO airbreathers employing turbo-
Jet engines which can be operated much more efficiently end economically at sub-
sonic airspeeds, have a decided operational advantage over the HIO rocket accelera-
tors. Development and evaluation of the low speed flight characteristics would be
similar to conventional jJet aircraft. Speed buildups could be performed by sub-
sonic cruise outbound and testing inbound on the X-15 test range; however, the
maximum mission capabilities on the X-15 range would be considerably less than the
rocket accelerated airlaunch vehicles because of the slower acceleration of air-
breathers. Speeds to Mach 3 or 4 might be achieved, permitting & limited assess-
ment of the cruise engine (RJ or CSJ) operation, particularly the starting charac-
teristics. Further envelope expansion would require two base operations. Flights’
from Holloman AFB to Edwards AFB would provide tests to Mach 6 and Mach 7 which
would be a significant evaluation of an RJ engine, but & very limited evaluation
for CSJ operation. Additional buildup in Mach No. from 7 to 9 can be accomplished
from Cannon AFB, New Mexico, and Dyess AFB, Texas. Envelope expansion beyond
Mach 9 will require basing in Louisiana and Florida; thereby requiring a higher
percentage of total flights to be flown from these areas.

(U) The maximum mission capability for an all airbreather while operating
on the longest defined test range (Homestead AFB, Florida to Edwards AFB,
California) is Mach 11 for five minutes or Mach 12 for two minutes. Operating an
airbreather out of Homestead AFB presents more of a problem than for the rocket
vehicles because it will take from five to six minutes and 200 nmi (370 km) of
flight over water to attain Mach 8 (the minimum speed required for glide to an
emergency landing site on land). Also, the CSJ engine will probably not have the
reliability factor of the rocket engines, although this is offset by the potential
availability of reliable turbojet engines to cruise to a landing site.

(U) The airbreather vehicles should not have the severe problem of getting
to a second base that the HTO rocket vehicles have. The availability of turbojet
engines gives them the potential to ferry to the takeoff bases, especially since
this capability can be evaluated during single base missions at Edwerds AFB. It
is also conceivable that test missions could be flown in both directions. However,
landings on conventional runweys rather than dry lake beds would probably require
that some fuel be conserved for a limited loiter capability as well as go-around.

Thus, eastbound test missions might be more limited in test Mach No. and time than
westbound missions.

(d) (U) Unmanned Vehicles - Vehicle B28L4 is an unmanned version of the all
rocket, Mach 12, air launched B233 which has a nominal range of 2100 nmi (3890 km)
and utilizes the Homestead AFB to Edwards AFB test range. B28L4 is also assumed
to use this test range at this point because only bases and test ranges in CONUS
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have been considered acceptable for & flight research vehicle. However, unmanned
flights over CONUS would be gquestionable because of the safety factors involved.
Landing at an emergency site would probably not be feasible since unmanned vehicle
recovery, even at a large landing site like Edwards AFB, would be extremely complex
and require special equipment. It would therefore seem necessary to be able to

get the vehicle over open water if an emergency occurs. This might not always be
possible on a CONUS test range. The unmanned research vehicle, therefore, would

be very constrained from an operational standpoint.

4.4.6.1.4 (U) Single Base Tradeoff Study - The Phase II baseline vehicles were
all designed (size, weight, fuel, etc.) to perform a straight line mission utiliz-
ing two bases. If these vehicles could operate from a single base, flight opera-
tions would be less complex and operating costs would be reduced. However, per-
forming the design mission from a single base requires additional fuel and increases
vehicle size and weight, and costs. A study was performed during Phase II to deter-
mine the cost tradeoffs of single base vs dual base operation. The single base
vehicles were designed to perform the test mission outbound from the takeoff point
and the return cruise inbound in order to minimize the growth effects (see Section
4.2.7 for methodology). The significant results of this study are discussed

below.

(a) (U) Mach 6/Air Launch/Rocket Accelerator - Data for the baseline vehicle
showed that the total range requirement for this vehicle's mission (five minute
test time) is 600 mmi (110 km) which makes it feasible to operate single base as it
is. Therefore, it was unnecessary to investigate a single base versiocn.

(0p) (U) Mach 12/Air Launch/All Rocket (B233) - The single base design of
this vehicle is primarily constrained by size. The baseline vehicle has a plan-
form area of 929 ft2 (86.3 m2) and volume of 3840 ft3 (108.6 m3) compared to 211k
£t2 (196.3 m?) and 13,100 £t3 (370.5 m3) required for a single base design. This
is prohibitive for carriage on & mother ship.

(¢} (U) Mach 12/HTQO/A1l Rocket (B260Q) - The single base design of this
vehicle suffers a severe growth penalty compared to the dual base baseline version.
The planform area is 98% greater, the volume is 180% larger, and the OWE is 73%
heavier. Since system cost is related to vehicle size and weight, costs become
the primary constraint for this vehicle. The total system cost of the dual base
B260 vehicle is $T742 million of which $13.4 million (approximately 2%) is the
additional cost attributable to the second operating base for AGE, AGE maintenance,
AGE spares, general purpose maintenance, and vehicle transportation costs. The
total system cost for a single base design of B260 is $1,113 million, a 50% in-
crease over the dual base baseline vehicle.

(a) (U) Mach 6-12/HTO/Airbreather - Both the Mach 6 vehicle (B212) and the
Mach 10-12 vehicle (B257) are included here since neither one had the ability to
grow to meet the single base mission requirements. Configuration B257, as sized,
is very sensitive to any change in fuel required. Attempts to increase the fuel
volume availaeble, beyond that required to perform the HYFAC mission, results in a
rapid increase in vehicle size. It is evident that any attempt to operate Con-
figuration B25TF in a single base mode will result in an outlandishly large vehicle;
therefore, this concept was not pursued. For Configuration B212, some increase in
fuel volume can be obtained by stretching the fuselage while maintaining a constant
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ving area; however, the fuel required to operate configuration B212 in the single
base mode is more than that obtainable in this manner. Attempts to grow the entire
vehicle resulted in stretching the turboJet wing nacelles with a severe weight and
performance penalty.

4.4.6.1.5 (U) Recommended Basing - "Near Optimum" Vehicles - The Phase II study
effort on the seven (7) vbaseline vehicles and parametric tradeoffs resulted in
the selection of a near optimum configuration for each vehicle. The basing recom-
mendations for these vehicles are shown in Figure 4-135,

(U) FIGURE 4-135
RECOMMENDED BASING - NEAR OPTIMUM VEHICLES

VEHICLE MISSION RANGE BASING TEST BASES TEST RANGE
CAPABILITY
DESIGN MACH | TIME LANDING | T.0./LAUNCH MACH/TIME
CONCEPT “MIN |n mi/km
B20T X-15 RANGE | 6/2
All Body 6 10 |900/1670 DUAL EDWARDS | HOLLOMAN 6/5
Alr Launch DYESS 6/10
| RKT/RJ
B212 X-15 RANGE | 3-4/0
Wing Body 6 10 [1025/1890 DUAL EDWARDS | HOLLOMAN 6/3
HTO CARSWELL 6/10
TJ/RJ
B232 X-15 RANGE | 6/2; T/0
All Body 12 5 |2100/3890 DUAL EDWARDS | HOLLOMAN 6/5; 8/0
Air Launch CARSWELL 8/5; 10/0
RKT/SJ EGLIN 10/6; 12/1
HOMESTEAD 12/5
B233
All Body
Alr Launch SAME SAME
RKT 12 5 }|2100/3890 DUAL EDWARDS AS AS
B284 B232 B232
(Unmanned
B233)
B257 X-15 RANGE | 3-4/0
Bl. Wing Body 12 5 |24k30/4k90 DUAL EDWARDS | HOLLOMAN 6/3; 7.5/0
HTO CARSWELL 8/3; 9/1
TJ/C8J EGLIN 10/5
HOMESTEAD 12/2 1
B260 X-15 RANGE | 3/0
All Body 12 5 |2100/3890 DUAL EDWARDS | HOLLOMAN 6/5; 8/0
HTO CARSWELL 8/5; 10/0
RKT EGLIN 10/6; 12/1

HOMESTEAD 12/5

NOTES: 1 Maximum all air breather mission capability of Homestead AFB
to Edwards AFB test range.
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4.4.6.1.6 (U) Conclusions - The following conclusions were drawn from the basing
and operating study:

(a) (U) Single basing is practical and feasible for airlaunch vehicles
limited to Mach 6 capability. All other concepts require dual basing for both the
speed buildup development program and the design mission.

(b) (U) Test ranges and bases located in the southwestern and southern por-
tions of the U.S. offer the best operational potential considering features,
facilities, and costs.

(c) (U) Edwards AFB with its large landing site, many facilities, and X-15
test range is an outstanding choice as & main operating base for early development
testing and as a landing site for all flights.

(d) (U) Rocket powered air launch vehicles and turbojet HTO vehicles offer
the greatest flexibility and least operating constraints during the initial low
speed flight evaluation and envelope expansion in the high supersonic/low hyper-
sonic flight regime. Rocket powered HTO/VTO vehicles would present the greatest
difficulties in this area.

(e) (U) Rocket accelerated vehicles have an operational advantage over air-
treather accelerators because of greater engine reliability, better acceleration
capabilities, shorter range requirements, and maximum mission capabilities within
CONUS.

(f) (U) Single base designs are not feasible for Mach 6 to 12 airbreathers,
or Mach 12 airlaunch vehicles, and sare not cost effective for HTO rocket acceler-
ators.

(g) (U) Unmanned vehicles would be severely constrained by operational
problems.

4.4.6.1.7 (U) Recommendations - The following recommendations are made, based
on the abcve conclusions:

(a) Vehicles with sustained Mach 12 capability should be airlaunched with
rocket acceleration engines.

(b) Vehicles with HTO capability should employ turbojet engines.

(¢) ALl vehicles ¢ ould employ manned control.
L.4.6.2 (U) Powered Landing - The relative merits of providing additional fuel
for powered landings was studied during Phase II. The results obtained and con-

clusions drawn were found to be primarily a function of the type of propulsion
system (rocket or airbreather).
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4.4.6.2.1 (U) Airbreathers - The all airbreather vehicles were studied to deter-
mine the affects of providing enough additional fuel for one go-around since turbo-
jet engines can operate efficiently and economically at subsonic air speeds. Trade-
off versions enploying JP fuel for TJ operation were selected in lieu of the base-
line vehicles for this study to minimize the vehicle volume increase (one 1b of

LHy is equivalent to three lb of JP in performance cepability but requires approxi-
mately ten times the volume). The versions selected were: (1) B212A9-Mach 6,

HTO, TJ/RJ; and (2) B257F91-Mach 12, HTO TJ/CSJ. Figure 4-136 illustrates the
effect of providing go-around cepability to these vehicles. These data indicate
that go-around capability for B212 can be achieved for a relatively small cost
increase. B257 on the other hand suffers a penalty in both weight and cost
increases because of its sensitivity to any change in fuel required.

L.h.6.2.2 (U) Rockets - All baseline rocket accelsrated vehicles were designed
for unpowered glide and landing. A study was performed on the Mach 12, airlaunch,
all rocket vehicle (B233) to determine the effects of providing landing power
assist. Two tradeoffs were evaluated: (1) S000 1b (2268 kg) of landing assist
fuel; and (2) 10,000 1b (4536 kg) of landing assist fuel. These amounts of fuel
will provide sustained level flight of 250 knots (128.5 m/s) at sea level for

30 seconds and one minute, respectively. The net gain in landing performance
would be the capability to extend the glide range on final approach by 12,600 ft
(3840 m) and 25,200 £t (7680 m) without go-around capability. This gain is
achieved at high cost as shown in Figure L-137.

(U) FIGURE 4-136
AIRBREATHER GO AROUND COST SUMMARIES

B212A9 B257F91
WITHOUT WITH WITHOUT WITH
GO AROUND GO AROUND GO AROUND GO AROUND
OWE (1b/kg) | 32,217/14,620 | 32,771/1L4870 68,L00/31,000 { 79,000/35,850
FUEL- Ldp " 2,788/1,268 L, 425/2,010 19,900/9,030 23,300/10,580
Jg " 2,345/1,065 4,570/2,075 17,000/7,720 27,000/12,270
TOGW " 38,480/17,500 | 41,816/19,000 | 105,310/L47,800 | 129,300/58,700
TOTAL SYS.
COST(MIL $) 665 671 1,131 1,236
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(U) FIGURE 4-137
POWERED LANDING COSTS
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(U) The increase in planform area would eliminate this consideration from
B233, an airlaunch vehicle which is restricted in size. However, the values
obtained could be applied to an HTO vehicle which is not as size limited. NASA at
FRC has indicated that experiences with the lifting body glide vehicles have shown
that the ability to extend the glide is an attractive feature, even considering
the landings are performed on a large dry lake bed. Thus, the decision is one of
tradeoff in added capability vs the high cost. There are also other factors to
consider. The additional fuel for landings is only required on a design mission
(5 min @ Mach 12), and since a large number of flights will be flown at reduced
Mach number or time, some fuel would be available for most of the landings. For
example: After a five minute mission at Mach = 8, 10,000 1b (4536 kg) of fuel
would remain; and at Mach 10, 4000 1b (1815 kg) of fuel would remain. Downstream
in the program when design missions are flown, the operating and pilcting techniques
would be well established, which should minimize the requirement. To utilize the
rocket for landing assist, it will be necessary to maintain the engine in a chill-
down mode during the landing approach. This is necessary to assure rapid engine
start and throttling capability. Based on the above considerations, the high
increase in cost is not justified for the limited increase in performance
capability.
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4.4.6.2.3 (U) Conclusions and Recommendations - The following conclusions and
recommendations are made with respect to power for landing.

(a) (U) Powered landing with go-around capability is recomm:nded for Mach 6
turbojet powered vehicles hecause it improves the operating capability with a
minimum effect on cost and performance.

(b) (U) It is not recommended that rocket powered vehicles or Mach 12 air-
breathers be designed for powered landing because: (1) the capability will be
available for all but maximum design missions (small percentage of total flights);
and (2) the resultant size growth of airlgunched vehicles is large.
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L.5 DATA SUMMARIES

(U) This section presents summaries of the design characteristics and per-
formance, the weights, and the costs of the actual configurations analyzed in the
parametric studies.

L.5.1 (U) DESIGN CHARACTERISTICS AND PERFORMANCE - Various vehicle tradeoff
studies were performed to determine the effects on vehicle size. These studies
resulted in a change in either mission definition or vehicle design.

(U) The tradeoff studies affecting mission definition are:

Test Mach number variation (Al)
Test time variation (A3)
Single base operation (A6).

(U) The tradeoff studies affecting vehicle design are:

Engine thrust to weight variation (A2)

Payload weight and density variation (Ak)

Design load factor variation (A5)

Thermal protection system variation (AT)

Fuel tank variation, integral and non-integral (A8)
Fuel variation (A9)

Landing assist effect (All)

Off-shelf engine effect (B)

Wing-leading edge sweep variation. (D and E)

{U) The alpha-numeric characters within the parenthesis designate the vehicle
tradeoff study. For example, B233A-Al indicates a test Mach number variation was
studied on the B233A configuration.

(U) A summary of these tradeoffs, and their effects on vehicle size is pre-
sented in Figures 4-138 through L-1LL. The discussion section for each of the
tradeoffs is cross-referenced on the figures.

4.5.2 (U) WEIGHTS SUMMARY - Seven base vehicle configurations were sized for
equal performance based on the design criteria described in Section L4.1. Sixty-
five tradeoff studies were performed on selected vehicles to meet the base vehicle
performance and design criteria, as indicated in the following table:

Conf.guration Number of Tradeoff Studies
B20TA 8
B212A 9
B232A 2
B233A 26
B2STF 12
B260A 6
B28LA 2
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ANVENOMNIV TIBNNOCSION

TRAIR-OFF

DESIGNATION NACH MO,

Al-l
Al-2
Al-3
A2-1
A2-2

REVISION A

REVISION A

DESIGN

6
T
T
8

Sp
re.?
ka6
L0
519
1,200
435
v23
640

520
502

k6.6

(U) FIGURE 4-138
TRADE-OFF RESUME
B207 Configuration

AIR LAUNCH ALL BODY CONFIG., LH, FUEL
ROCKET ENGIME FOR ACCEL. & CLIMB RAM-JET  BUISE

2/3 .
ouME  vomME VOL ' /8Dy o, pRoPELIANT W, ™10 (¥/S,) TO  TRADE-OFP DESCRIPTION
P% o o b, 1b. ACCEL. & CRUISE . /re.2

CLIMB 1b. 1b.

1,700 TIS 0.335 .19 22,360 38,30 14,920 650  0.b0OS 90.3  BASELINE CONF LGURATION
1,6n 133 -}1_2 21,440 36,166 1,120 606  0.k0D 86,0 TEST MACH NO. VARIATION
2,633 1,092 3.03 2,350 k5,300 13,30 L,150 0.463 79:5

3,070 3,50 2.90 48,500 105,530 50,750 6,280  0.540 88.0

1,760 800 21}2 22,30 39,020 15,510 650  O.k1k 89.8 THRUST TO WEIIHT VARIAT:ON
1,687 TIO : 23,000 38,425 1k,TT0 655  O.LOL 91.0

3,140 13,820 L l 27,100 49,332 19,700 2,532 0.451 T1.2 SINGLE BASE OPERATION
2,386 1,008 0.33 .09 2,200 42,512 18,000 T2 0.43% 82.5 os-lgns(.xgnr)mm (3) .

2,178 921 0.335 3.19 27,180 k5,663 17,710 T3 0.k0S 91.0 BASELINE CONFIG. REVISION

(Presented in International Standard Units)

Yoot var?/3s,(L/M)ay, OVE 100V PROPELLANT VT.  WpfNpo (V/Spleo TRADEOFP DESCRIE “TON
3 »? K K ‘C‘ﬁﬁ,: cnu;sx wg/e?

M1 21,9 0.335  3.19 10,267 17,,28 6766 295  0.405 k0.9  BASELINE CONFIGURATION
\.29 20.7 ‘1& 9,123 16,001 6403 275  0.M08 419.9 TEST MACH ¥O VAR
7.7 30.9 3.03 11,083 20,543 89719 522 0.h63  388.2

228 99.3 2.90 21,99% 47,857 23015 2848 0.540 k29.7
W.8 226 .19 10,367 17,695 03k 295  O.k1k 4364  THRUST TO VEIGHT VARIATION
M. 2.8 10,430 17,425 6698 297  0.h0L  hkA.3
88,9 M1.3 A 12,292 22,316 8936  11k8 0.451  376.9 SINGLE BASE OPERATION

67.52 28.5 0.343 3.09 10,975 19,60 8163 323 0.436 1402.8 OFF-SHELF EMGINE (3) ENG.

RL~10 {(MOD
61.6 26.1 0.335 3.19 12,329 20,713 8033 351 0.405  Lkk,3 BASBLIS! C&lFIG. REVISION

MACH 10, » €
HACH MO, » 7
MACH 0. ¢ B
TN = 1.25
TN » 2.00

T™ = 1,59

MACH MO. = 6
MACH NO. = 7
NACH 30. = 8
T/d = 1.25

T/ = 2.00

T/™M = 1.59

SECTION
REFERENCE

4.3

T kL5
bobh.5.L
L.h.5.1
h.k.2.2
bb.2.2
h.L.G1
'R Y

k.3

SECTION

b.3
k.b.5.1
Lh.b.5.1
b.k.S.2
b.k.2.2
hoh2.2
b.k.6.1
[IR'IS
k.3
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(U) FIGURE 4-139

TRADE-OFF RESUME

B212 Configuration

MACH 6 HTO 'WING-BODY CONFIG

TURTO-JET (MACH O-—+3) RAMJET (mcn 1+6)

%mgon se m V%lum (L/Dhwax owe  TOG  PROPELLANT wI.  FUEL  Upfdpy  (¥/Selro TRADE-OFF DESCRIPTION SECTION
e red 3 In. 1. 'éix":x: cm‘rsz w./re.?
A 1,00 3,048 1,005 .25 32,50 37,223 3,573 L1100 LR 0.126 371 BASB-LINE CONFIGURATION [%)
Al Lazz M3 L0 3,850 kL5200 k3% 2,30 | 0.161 ; 3.0  TEST TIME VARIATION t « 10 MIN. bh.5.2
A5-1 918 2,696 955 ' 31,040 35,47 3,k00 1,052 i 0.2k 35.3 DESIGN LOAD PACTOR VARIATION 3.5g STRUCT., 3.58 TPS [N
A5-2 1,040 3,260 1,075 ' 33,940 38,950 3,880 1,130 0.127 3.4 5.0g STRUCT., 5.0g TPS h.b.k.)
AS-3  1,0M2 3,¢15 1,080 34,200 39,245 3,900 1,145 0.128 7.5 7.33g STRUCT., 3.5§ TPS b.b k.
AS-k 1,004 3,579 1,180 i 35,820 k1,320 b,300 1,200 0.133 2.7 7.33g STRUCT., 5.0g TPS bbby
AT 1,060 3,87 1,10 | 38,850 3,543 4,850 %] 0.2 Lo THERM) PROTECTION SYS. VARIATION (HOT STRUCT) - 10 SEC  k.4.bh.3
A8 1,0M 3,60 1,075 1 33,900 38,910 3,8% 1,160 0.129 7.k FUEL TAMK VARIATION NON-INTBGRAL TANK CRUSE b.bk2
A9 92 2,684 885 32,217 38,480 1,708L8, 1,10 LEz-RJ 0.162 N, FUEL VARIATION TURBO-JBTS USE JP hok.3.1
2,345JF Pty
REVISION A 1,1h5 3,882 1,280 3.25 k3,000 k8,980 h,Sh0  1,kk0 LHp 0.122 k2.8 BASELINE CONFIG. REVISION 4.3
(Presented in International Standard Units)
rmg 5 Avgguul’ >-V0‘Lll|E- (im'))“; ou:h r‘ﬁf:“ﬁa?ﬂw R v_,/:m (VIilm ~:‘ﬁi_°" nfu“scf?‘;{l;?l—;. :,, . |
[ =2 I ud ! n N 7 ! ks ;CLDG uTﬂ:“ I -1 TWI ; “L“ [ [ ]l ! :’Egg;g+
I A ‘ 93-.21: “i; 28,44 i 312_ U, 160[16 884 ' 1620 503 . Qﬁ_ o 126 ,181.1 Ausn.u @x y (' | ’ o : . :k.a ;
i A¥1inge | _-‘ | ok | | 15.808 ¢ 118,833 | 196h | 1061 -i 0.161 (1660  TEST -uJ'x vuul'liml ; E; = 10 ma ‘ yLs.2,
I a1 ! gag ! L e " 1,080 16,001 1 1sk2 | RN AT : .3.5¢ STRUCT, 3.5§ TPS bt
L oas2 96T | w2 D15.95 17,661 a0, 513 S0z 23 5.0 STRUCT, 5.04 TFS TR
LS f s1.0 | 30.56 | ' 15,513.17,801 . 1769 . 519 . 0.128 1834 7.33 STRUCT, 3.3¢ 5 ALk
Do , loL.8 | ny ! 1 16,248 118,742 | 1950 , Skb . ﬁlo.m 11806 _7.33¢ STRUCT, 5.0 TES  .k.d.b.1l
. M TR 31.98 | ange2 119,151 L 200 195 ' {0.12 2006 | THERMO PROTECTIOp SYS. VARIATION {HOT stackT)-10 sce CRUISE k.h.k.3!
b oser ! w2 | D15.17 A6 | AT6 . 526 : 0.2 J82.5 | pum. taix varuthow | MCH-INTEGRAL TASK Sk, 2[
! » i oene | " 2s.05 . T 10,613 17,054 8L Lt | 513 ' LHp-RJ0.162 198.6  FUEL v;q;mxol ruRsogh use g% | s
RIVISION Al 1064 | 109.9 | 36.25 | 3.25 . 19,505 22,217 100’ 65y iha 022 209.0 BASELINF CONPTG.! REVISION : W3

+
]

.
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oA Alf,.m
. 1,187

TRAIE-OFY  DESTCM

DESIGEATION MACH ¥O. 2

A

12
B I 110.3 170

(U) FIGURE 4-140
TRADE-OFF RESUME
B232 Configuration

AIR LAIMCRH ALL BOTY CONFIG. FUEL

2/3 ROCKET EMGINE FOR ACCEL. & CLDIR JET FOR CRUISE saL1im —
mSIGN Yo ( OGN . (w/s,), TRAIE-OFF DESCRIPTION
SR Y, WE T A G o o Wy Oy meeemmems i
nd nd 1Y 1 chcL(l!L’_“ Fram ] . L I — - ; I H
0,260 2,48 0278 2.9 26,730 78,010 A9,90 1,380 _o.bsa m2k [T M InK cobomavion AT
600 3,537 J,670 100,449 66,900 . 1672 068 MLT ,fmx)muwm.. Thi =0l W
. o 10 o) . PUSARE: .- i
DR JR A
(Presented in International Standard Units)
Sp VOLME  VOLRE VOLQ,/’:P(L/D)W“ OWE ToGW PROPELLANT WT. Wp/ipo (W/Sp)yo  TRADE-OFF DESCRIPTION i??mrzos::c}:
3 FUEL ACCEL & CISE 2 ’
a = a3 Xg. k&.  CLIMB kg  X&- xg/n
880 121 63.43  0.278 2.;& 12,125 35,385 22,63h 626 0.658 4o02.3 BASE-LINE CONFIGURATION w3
160 14,456 45,563 30,345 762 0.68%  413.5  OFF-SHELF BNGINR (€) ENG. T/W e 1.359 4.1

RL-10 (MDD)
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TRADE-OFF DESIGN ¢
LESIGMATION MACH MO. P

Al-1
Al-2
A2-1
A2-2
A3-1
A3-2
Ab-1
Ah-2

Adp
A5-1
A5-2
a5-3
AS-4
Ab
A7-1
A7-2
A9
All-l

— 5 e &

n?

929
570
9
940
932
1,239
1,815
912
w7
925
921
921
959

Yk

C 2,11

-
-
-2
>

-
.
—
-
(-]

VOLUME
. TOTAL
nd n
3,840 2,276
1,837 982
2,700 1,484
3,880 2,326
3,855 2,300
5,830 3,540
10, 400 5,920
3,717 2,202
3,928 2,30
3,785 2,265
3,800 2,265
3,770 2,262
4,000 2,412
3,903 2,350 .
4,110 2,489
13,100 7,490
C3,295 . l4k2
0,25, 2,29
T 8,070 2,457
5,352 3,318
. 7,070 . 8,350
L 5,630
T 5,410 3,360
' 5,590 1 3,470
: ATI0 | 2,686
" 4,360 02,48

RS (a4, o 08

34

0,26  3.10
3.70
3.9
3.10

0.25) | .20 | 28,220 | 91,220

- 0.265_ ) 320
. 4

1

24,600
17,450
20,170
2,560
25,080
30,700
41,600
23,880
25,320
2,550
,500
23,9%
2,000
25,290
26,860
46,190
20,910
24,190
25,500

28,790

- 33,00
:7 ;ul@”

S

1206,690 " 68,945 © 5,955 1
'135,030 | 84,400 T 7,600 |
10,9107 £1,580 | 5,316°
28,680 | 99,580 65,550 5,310
29,93 162,830

(U) FIGURE 4-141
TRADE-OFF RESUME
B233 Configuration

AIR LAUNCH ALL BODY COWFIG. LHp L
ROCKET RIGINE

TOOW  PROPELLANT WT. Wpfuyg (W/Splpo TRADE-OFY DESCRIPTION
CEL & RUISE

n HEEh /02

77,950 49,030 4,320  0.685 840 _ BASE - LIME COMFIGURATION

40,450 19,900 3,110 0.570 1.0
54,990 31,240 3,580 0.635 .5
79,160 50,290 4,310 0.690 843

THRUST ? WEIGHT VARIATION

TEST TIME VARIATION

PAYLOAD WT, VARIAT

79,080 49,590 4,410  0.682  65.0
13,790 71,300 11,790 0.731 . 9L.9
180,820 112,800 26,220 0.770  99.5
75,650 47,570 4,200 068 . B82.9
80,260 50,A%0 4 450  0.685 8.8
TN,TIO 48,900, 310 0.8, Bkl
77,590 AB8,T790 4,300 . 0.685 Y
76,590 L8,400 4 )5 oa7  @.2 AT
82,550 5L915 4 575  0.67h . 861 5.08
80,440 50,700 450  0.687 #d . 7.3

85,260 33,650 . 4 555 0.685 874
222,120 138,000 {37,930 0,79 105.1
67,210 42,630 | 3,670  0.689 = 80.0 -

77,830 49,400 | k240 | 0690 D LT
80,911 50,944 | b,467

10 | 0713 | T T T

-1

PAYLOKD OEMSITY VARIATION

M4 FRUGAIRRIGR S )T NP REL

0" L5 T LAD T
i 1
s T U g X 153‘.“!'9’%
D EET] T Gr-Swur enm (5] BTN < 1017
b (M L ey g oTyE
[ MBI ERG TV ST

5,400 1b PROPELLANT

[

SR

[N

. e
) ) WACH N0, = 10 4.k.5.d

/M =125 | 4-k.2.2
T/W - 2,00 heb.2.2
t =10 WOK T bek.5.2
t =15 XN
600 1b
T 1400 16 .
25w/ D aesd T
J00b/13 L k5

STRUET.,).5¢ TP8  Aohod ok —-—
STRUCT.,5.0g TP &.4.4.1

STRUCT.,3.5g TP3 A.h.b.1

7.3g STRUCT.,5.0g TR 4.4.4.)

A.h.6.

. VARIATION ACTIVB COOLING &.h.h.3

PASSIVE TMSILY. © &.L.L.J

K20 AL IR P A T % I S

- f?s e, | Tk T
3 i
T 0RG. A2

Z lHvd e 111 3WNT0A
0L61 H380100Z e £100V J0W 1HO43NH



ELT-4

ASWVNINIV TIENNOADIN

(U) FIGURE 4-141 (Continued)
TRADE-OFF RESUME

B233 Configuration

(Presented in International Standard Units)

GNATTON MACH %0.  Sp  TOTAL “ﬂa‘mﬂ OVE 700V  PROPELLANT WT. Wp/Wro (W/3plto TRADEOFF DESCRIPTION EE_‘.““ - ‘_‘
—% n? 3 »d L X8 binoasgl  xs xg/n2 l !

A 12 3 | 108,71 6. A1 1 Q 3120 (11,358 | 22 2h0 | 1,958 1 0685 L1021 ; i3

Al-) 8 53.0 $1.99 | 21.8 3.10 7.915 | 18,352 | 1.M0 §0.570 aN6.T Mw_mﬂi 4.%.5.1

A}-2 10 68,7 | J6.8) | 42,00 3.%9 Mwm_m 0,635 | 363.1 } ] CH ¥o!| 30 L 4.5

A2-1 87.3 109.8 £5.83 3 3180 1 35.906 [22,801 ; 1.955.}0.690 1.6 T/ 42,29 Y 4.2.2
T T a2z 86,6 r_mgl 65,09 1,376 | 35,870 mg_\_l_z_m___n,mz 415.0 T ; -rn;!lzoo ghk22

Al 115.1 "5&_#.1912 13,925 51 élh-;zvu 1 s 0T 10T DY 4 ! mn,x*] ,4,5.2

AX2 160,6 1y 161.5 82,009 168 11,801 l0.770 | WB5.8 | | =15Mgn. 44,52

AL L Bk.7_1 10%.2 | 62 10,832 |, uk J21.577 J_.m__ 'D6Ay | Lou B | PAX HEL mig_xg_ajg.g;] 44,53

Ab-2 -Mi' 11,485 | 3% f_z_m__n_ﬁm k.0 ] 35,0 kgL PRCYERY

Ab-3 B5.6 ' 307.3 ] 610 . 11336 [ 35,21 ; 0,684 | 410.6 YARIATICN 4065 ka/u’ §,6,5,3

Ab-k 85.6 19‘[._5___&,}9_'_ 11,213 | 35,194 | . o.68s ! w1,6 ] MBO.QR 44,53

AS=1 8s5.6 1 6105 30,877 § 3k, 7k |21 95k 0.687 k2 | DESIGH] 3,.5gTPS | b4 k. -

i I\ 1

. YY) 9.1 ;13,2 | 6 1 11.793 | aT.huh 123,575 . 2,075 [o.67% | 420.Y .04 STRUCT | 5.0gTPS | b b.b.1 -

AS=3 87 7‘11—1-1(3) 5 : ﬁ—{ 1472 1 36,487 122,992 2,008 | 0,687 416.0 1 UCT.R.5x TPS | b, b 4.

25k : 1 : 6.3 | 10k 1 12183 | 38,613 2.5k | 0685 | L6 7 'l UCT.] 5.0 TP b, b L.}
- A8 [y ‘i 3710.7 ;212,90 20,951 ho0. 752 l62 582 _17.201 {0791 51311 ; _ }' b.b4.6.1 _
- AT 783 l 91.25 | w4 g.k85 | 30.UB6 19,33 . 1,664 [0.6A9 | 3gn.6 | THERMAL RO o5 % ACTIVE SOOLLD vILILA_* -

M-z 925 1 1701 | .61 f 10,972 | 35,303 122,503, 1,923 lo.600 | 3A0.8 ; P@iﬂ‘k@b&d%:f_

TH a8 53 1 T 36,701 123,103 0.685 | 401.2 ERATURE VARIATION NBP MJEL }L.'a_.a.e“ N
- Ali-1 | 1081 1 151.5 ¢ 93.90 . 13,059 [ 48,394 130,359 R TR IRT M ETR] ulDI!i ASSIST || 2,:S kg PROPELEANT el T
Az 130,11 2001 [123.1 4 k082 16,749 138,215 T 3447 J0.75 |42 71 1 019359 kg PROPELLANT l y.L.6.2 .
- B 11,7 159.3 | 96.83 [ 13,000 | 46,726 |%0.810 | 2,08 0,720 | 13,1  OFF ENGI L T/N $ 1. T :h.h.z.z
- &1 109.2 | 1531 | 95.%9 I 5k Jze s, 208 [omy [ WS - T/ é 1.378 R

H

N 2] 1 3s [ 1s8.2 | 98.20 . 13,485 | L€ 6k [30,656 . 2 0.1t | w7k (1) #mc. T/ $ 1.55 W L.2.2

D 103.1 | 313.3 | 16,00 %o 253 12,800 ‘n 377 [26.441 E__z.uq_m 400.8 | vING Lg_gal vmmrn%g1 A -in DEG, W k2.

E i 93k | 123.b ' 70.30 ,0.265 | 3.0 T 38, 2!.3&21'-2-199—_0&52 1).6 IL ¥ } ALE -IIJLDG‘. 4 h.2.1

i H H T ' 1 1 I N L
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(U) FIGURE 4-142
TRADE-OFF RESUME
B257 Configuration

TURBO-JTT (MACH O+3 ) COMVERTIELE SCRAM-JET (MACH 1 —»12)

TRADR-OFY DESIGN  TYFE S VOURE VOUME  (1/f),,, OB  TOOW  FROPELLANT wT.  FUEL ,l& :B ¥pf¥py (¥/Sp)ro  TRADE ~ OFF DESCRIPTION R;‘;;%’,
DESIGEATICN NACH ¥O. CONFIG. TOTAL  ruEL ACCEL. & CRUTSE -
PYUTE 9 B % .  1b. cLMB LB LB, /12
r 12 WB 2,860 17,k0 T,560  3.69 82,600 117,830 32,000 3,230 5  0.299 1.2 BASE-LINE CONFIGURATION b3
-1 10 1,780 8,500 3,690 3.93 60,000 77,200 15,400 1,800 & 0.223 3.5  TEST MACE NO. VARIATION MACH NO=L0 b.5.5.1
r2-1 12 : 2,760 16,500 6,50 3.69 87,600 119,847 29,000 3,247 6  0.269  83.M  THRUST TO WT. VARIATION TAWS.1T  b.b.2.2
.2 T a0 12,000 5,20 18,000 119,500 3,90 2,600 Lig/lP 5  O.BT 531 0.9 bb2e
3 : I 250 10 600 | 83,000 13L,20039,%0 3,250 6 o3 SLT th-03  bbae
r3-1 i i 3,Mk0 22,900 9,700 99,000 1k, 202 37,202 8,000 Lip 6 0.3 §1.9  TEST TDE VARIATIGN  t=10 MIX k.h.5.2
r.2 3,100 19,600 8,240 ) 93,200 131,600 33,400 5,000 6 0.292 k2.5 t=T.5uI0  b.b.5.R
-1 2,5 14,k00 6,320 i 76,660 106,120 26,335 3,125 5  0.278 L9  LOAD PACTOR VARIATION 3.8 S'W‘fr:s "okl
5.2 2,50 17,700 7,50 | 93,100 128,050 31,450 3,500 L r 308 o 'rps WY
75-3 ! 2,8k 17,100 7,223 ‘ 50,870 124,170 30,020 3,680 6 0.2 3.7 l ; 5:.; u .
r5-h 3,000 18,600 7,900 i 96,800 133,575 33,2715 3,500 € o215 MeS ; 33¢ STRICT bl
9.1 1,980 9,900 &,600 68,h00 105,310 W,TI0 2,200 LH,/JP 1Y 0.350 53.3 »!IEV‘YAII_ITJM gosun FOR il
r9-2 2,9%0 17,800 7,560 - 90,000 123,h15 30,000 3,415 LA, 6 o.zn s2.3 : WBP FUEL k3.2
5.3 2,280 12,200 5,300 l 78,200 101,177 24,MTT 2,500 t 5 0.267 b A SIUSH FUEL 4.b.3.2
D AB 3,90 21,700 7,580 76 12,000 173,820 58,300 3,520 TP 7 0.3% ¥.6  WING L.E, SWEEP VAR, T7 DBG 4.%.2.1
| 3 T 3,0h0 16,150 7,540 60 96,200 161,821 62,521 3,100 %- 6 0,406 53.2 75 DR b.b.2.1
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TRADE - OFF DESIGN
DESIGNATION MACH RO.

TRADK - OFF DES IGH
DESIGRATION MACH W).

1e
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123.1
86.3
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(U) FIGURE 4-143
TRADE-OFF RESUME
B260 Configuration

HTO/VTO ALL BODY CONFIG. LH, FUEL

ROCKET ENGINE
TOGW  PROPELLANT WT.  Vp/Wpg
1 ACCEL & CRUISE
CLIMB LB LB

187,250 202,800 6,550  0.7%2
187,250 105,600 3,T20  o.Th2

94,700 61,100 5,000  0.700
68,900 35,800 k450  0.683
364,550 248,500 50,480 0.820
189,050 136,100 8,150 0.T63

Wiy

1b/1e2
105.0
105.0
92.5
85.0
1%0.8
110.8

TRADE-OFF DESCRIPTION

MASE-LINE CONFIGURATION 8®TO

"~ sEcrioe
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. I - VIO t -2.83 NIN

TEST WACH ¥O. VARIATION WACK WO 1O

. I . MACH WO = 8

SINGLE BASE OPERATION
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7 S

(Presented in International Standard Units)
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e vy gy o

kg
.o 3 17,19
! 3.4 17,191
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CLIMp |

g @ &
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12,76 22,897 0.820
61,734 3,697 0,763

[WRBY
K.8.5.1

“hb.6.1
h.N.L T

(¥/5,) 70 TRADE-GHY DESCRIPTION sECTion
(ke T T T . . L
5Te-T 2. "HTO &3
57:.7 I VIo te2.83 MIN
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s, Vose voudt wig (Lohur o8 Tow

P TOTAL

13}

a8l . 3,80 .2,19 0.2717

182 6,130 . 3,398  0.285

TWwDI-O0FF  DesIGd  Jp  VOLLVE
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& l‘.'l]

A 1.3 1:7.3

19.3 175.2

VOLUME  VOL®
FUEL

o3

.99 0.277

96.16 0.235

(U) FIGURE 4-144
TRADE-OFF RESUME
B284 Configuration

AIR LAUNCE ALL BODY COMPIG. LM, FUEL
NSLARED

ROCKET BMGDEE . S
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.1 n SEEL N wnd . B
3.00 23,19 74,59 A7,180 (4,220 _ 0.668 | BA.7 . UL SN
T 282 Zn610 99,310 66,020 (5.4B0 | 0.720 | .9 . OFF-SHELE BMGDE (SLENG. TA=LMS Tl L
. : . : : . RL-10 (WD) . )
L]
(Presented in International Standard Units)
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Due to the large number of configurations and tradeoff studies, the detail weight
discussion below is limited to the B233A {a M = 12.0 air launched LR-129 rocket
boost/cruise configuration) as being representative of the seven configurations.

{U) Chenges in design criteria/ground rules were made in Phase II that in-
creased the weight of the Phase I vehicles. The Phase II vehicles used preccoled
hydrogen fuel, while NBP hydrogen was used for Phase I. A passive thermal protec-
ticn system was incorporated in Phase II instead of an active water wick system,
which was used in Phase I. A 1% Ig, degradation for Phase II rocket performance
was used while a degradation of 5% was used for Phase I. The following comparison
of the M = 12.0 233 air launched, LR-129 rocket boost/eruise configuration illus-
trates the increments of this weight growth:

ITEM CRITERIA A WEIGHT

224233 B233A From 22L-233
Phase I Phase II 1b/kg

OWE (1b/kg) 21980(9970) 24600 (11159) 3620 (1189)

Fuel NBP Pre-cocled -900(-L08)

Thermal Protection System Active Passive 3690 (1674 )

Rocket Igp Degradation 5% 1% -970(-Lk0)

Additional Propellant Volume - 3L ££3/.96 m3 800 (363)

(U) Detail balance calculations were performed on all Phase II base config-
urations. The aft aerodynamic C.G. limit of the B233A configuration was set at
65.5% of total body length with the C.G. at launch weight located at this aft
limit. A 2.0% positive static margin is provided. The C.G. has moved forward
2.7% at end of cruise and landing. Similar aerodynamic C.G. limits were deter-
mined (with 2.0% positive static margin) for all baseline configurations and
suitable balance conditions were determined.

{U) 1In asddition to a responsive and proper weight and balance evaluation of
the Phase II vehicles, a correct material distribution is required for airframe
(investment cost) evaluation. The structursal material distribution used in the
weight/cost analysis was allocated as shown below:

GROUP MATERIAL APPLICATION

Wing/Body Aluminum Skin, stringers, frames, longerons, etc.
High Strength Steel High temperature bulkheads, ftgs., etc.
Titanium Bulkheads, fittings, etc.
Other Windshield glass, etc.

Movable Wing Tips Rene' Ll M=6 Basic Structure
TD-NiCr M=6 Leading Edges & M=12 Basic Structure
Columbium M=12 Leading Edge

MCDONNELL AIRCRAFT

L-177
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Vertical Tail Titanium M=6 Basic Structure

Rene' Ll M=6 Leading Edge and Rudder

TD NiCr M=12 Basic Structure (Incl. L.E. & Rudder)
Landing Gear High Strength Steel Shock struts, trunnions, ete.

Conventional Wheels, brakes, snd tires

Materials

Steel Main landing gear skids

The B233A air launched configuration utilizes steel main landing gear skids. Con-
ventional wheels, tires, and brakes are used where applicable, sized to the design
criteria described in Section 4.1.

(U) The weight of the instruments, cockpit furnishings, and hydraulic and
electrical systems are based on existing technology. The electronics system weight
is 715 1b (324 kg) installed which does not include any test monitoring equipment
(considered payload weight). The environmental control system and the auxiliary
power systems are based on an integrated cryogenic APU-ccoling system similar to
that proposed for the X-20 Dyna-soar.

(U) Figures L4-1L5 through L-151 present the material distribution for all
baseline vehicles. Note that a 2% (weight empty) contingency is included. Allow-
ances for vent gases and helium pressurant are also included. TFigure 4-152 compares
the Material Weight Breakdowns for the B233 configuration tradeoff studies.

Figures L-153 through 4-156 present group weight statements of the 65 configurations
sized for the Phase II program. In addition to the group weight statements, key
characteristics are also presented including wing planform area, type and number of
engines, and type of fuel and oxidizer. Noted at the bottom of each figure is a
description of the type of tradeoff study performed. Ground rules for the base
configurations B207 and B212 presented on Figure L-153 are:

Configuration Configuration
B20T7 B212

Cruise Speed M= 6.0 M= 6.0
Cruise Time S min 5 min
T/W (TOGW) 1.5 1.5
Base Operation Dual Dual
Boost Engine One Rubberized LR-129 Two Hardware GE-F100 TJ
Cruise Engine Two-dimensional RJ Two-dimensional RJ
Inlet Design Hot Structure Hot Structure
Structure Load Factor 5.0 g 5.0 g
TPS Load Factor 3.5 g 3.5 g
Tank Design Integral Integral
Boost Propellant LOX/LHp LHp

MCDORNNELL AIRCRAFT

L-178
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(U) FIGURE 4-145
MATERIAL WEIGHT BREAKDOWN - Ib
B207A Configuration Base Vehicle

Henned, Air launched, Aii Boay Hocketr/ amjet
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(Presented in International Standard Units - kg)

(U) FIGURE 4-145 (Continued)

MATERIAL WEIGHT BREAKDOWN
B207A Configuration Base Vehicle
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(U) FIGURE 4-146
MATERIAL WEIGHT BREAKDOWN - Ib
B212A Configuration Base Vehicle

Wenned. ETO, Wing Body, Tugbojei/Ramjet
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(U) FIGURE 4-146 (Continued)
MATERIAL WEIGHT BREAKDOWN
B212A Configuration Base Vehicle
(Presented |n International Standard Units- kg)
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(U) FIGURE 4-147
MATERIAL WEIGHT BREAKDOWN - Ib
B232A Configwration Base Vehicle

Manned, Air Launched, Al Body, Rocket/ 8J
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(U) FIGURE 4-147 (Continued)
MATERIAL WEIGHT BREAKDOWN
B232A Configuration Base Vehicle
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(Presented in International Standard Units - kg)
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(U) FIGURE 4-148
MATERIAL WEIGHT BREAKDOWN - Ib
B233A Configuration Base Vehicle

Air Launched, A1l Body, All Rocket, Base Vehicle
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[ P sion: I L .

1 | 1560 _1560 _
Alr_Induction R .

— T Fank age) I & 660

[ AR (Ingl.] [ S, S [N Ep— 660

ine Confrols . 1§ . - jrv_ | 60 N [ S 6. _

| be Coolipg ﬁ’;, . D W S - 1 I

| Insgruments 115 115

dpaulics } 3o ] __360

[ Elegtricsd | . I L300 00

| Eleqtronics . ___Ti5_ P 115

| Purgishings 330 . . 5 MQ
ECS . 250
Congingency sk
Ballast

7S T A (N N R S q — (22125
Cr & Egui nt [ 240 [~ zuct
payload N DU - | R _ 1000 _ 1000

" Veof Prop./Ofidizer Q. . | R SN A A, S, 240 | - J N S - 240

___ Helium Pressurant __ ¢ ¢+ .. — J— — — F - - - - . — b —— — -4 91—

—_APU Puel b . SEE J G B L S -

[ e 0 (R R RSN SN NS GR SR 7 B _ 24600
Fue S (s AORY R A SR SR IR S (U 1590
OxidizerS(10f} o L . - 45760

T rom RN T 115 anz 1016 520 10 |__ 921 6205 | 53985 80 . 1030 155 | 1380 150 w70 | 238 %

Z 1Hvd e 111 3ANT0A
0/61 ¥380120Z e £100v JOW LHOd3H



98T-1
AAVHOMIV TIANNCAIW

(U) FIGURE 4-148 (Continued)
MATERIAL WEIGHT BREAKDOWN
B233A Configuration Base Vehicle

(Presented in International Standard Units - kg)

| i Alum Cu Euper ﬂ!mlu-"fmmﬂ"l'——wmm. i " X - i DATIOH TOTAL
GHOLP. [ Allova ' Alloya L Allovs _Alloys #“ﬂn Other |8 Tires 'Equip. uip. |Expend. [ritanium Rene U1 F-DMiCr |Cp Tmtu#(:cne JInsul. |Fosw Wick
. ! . ' - . ] t H — - e - .
um}aody 2112 , 100 399 236 . i 36,4| 467 10 626 68 ! 1551 108 STT3..
Rotating Tips, 52 870 ' H . H . 1 . 522
Vertical Tuil(s) 701 . 1 1 | i R ! 101
NG . 88 32 Wk H . | h ) -y o 16k
MG A 286 18 . . | ; i 304
Control Actuation 183 |, N . i X | . 183
Engine Sectiop ) . . .
Propylsion: . | v |
LR129 08 : i \ , 708
Alr Induction . ) ' N R
Fugl Systes ns , | . W15
APY (Incl.Tpakage) 299 : ' H 299
Engine Controls 27 . : ! .21
Luge Cooling . .
Instruments ™ : kil
Hydraulics 173 . ! 173 .
Blectrical 136 ¢ 132
Electronics 32k ! 32k
Purnishings 9 g | 23 : 181
BCS 13 ! 113
Contingeocy 103 b1 62 i 206
Ballast N '
H i ;
Welght Empty . ’ 10308
Crev & Equipment 109 X 1 109
Payload WSk i ! sk
Vent Prop./Oxidizer 109 s | 109
Helium Pressurant L1 ! Ll
APU RPuel 138 . | 138
R !
. ; T
OWE ' | 11159
mﬂ(wz) kb3 ; | 3hb3
Oxldﬁ:er {Lox) , 20756 ; | 20756
. K i !
TOGW 222k 52 1686 w61 236 32 418 | 2813 ! 24487 36 6T 10 626 ' 68 1574 ] 108 35358

Cildvd e 111 3WNT0A
0.61 4380100 e £100V DAUW 1H0Od3H



1814

L20VENDMNIV TIBENNOAOIW

(V) FIGURE 4-149

MATERIAL WEIGHT BREAKDOWN - Ib
B257F Configuration Base Vehicle

Manned, HTO, Blended Wing Bo Turbojet/CSY

STRUCTURE SYSTENS/EQUIPMENT SHINGLES [l CQIUIISULATIOH . TOTAL

[ s Titanius eels  Hyd. ) ) e T Nose | oo T
Group ‘ﬁﬂn lul:y. Al o;- Aloys Other pirs8 ' pquip. | Equip. Expend Titanium Rene D l T-DHLLr; b T-m--\\-l Cone | Insul. | Foem ! wick | .
i ' - H - i H Wi
Wing Body 11840 - 3640 2150 520 917 122 . 53 4820 500 | 150 , 625Q i 855 i L’jﬁgﬁ
Rotating Tipa S 3285 | N . ! . ; ' ‘ es..
Vertical Tail(s) L630 12 s ! |- e
LG 190 A 4 -
NG 122 . 912 216 ! ; R ; . 1233
Control Actuation 1080 i ! . .- : R i _10
Engine Sectian l i ' —
Propulsion: . . . - - - N -
gs F-100-6£-100 1J _1“3‘6‘53 ¢ , | x.géég
1) ¢ ~ kb2 . P ; H _
AfT Induction h230 4700 w10 1060 . . i . m -
Fusl Syst [} P . - - —}- L
(tnex Hwinage) d . 80 ; ! l I b T Cae
Engine Controls 150 ; | — ] — I _ lmiﬁ
Lube Cooling 200 . i B | l -2
Instruments .11 . . i . Lo— . - ‘B'LO
uymun:: 1170 200 ) . ) ‘ i ]
Elsctric . . ' . v — -
Electronics . 115 . - . I 5o - . ~£g
Furnishings ! 20 ¢ 330 R I -} s ey 5 | Py
ECS ; k30 . | i 4 I -}- '
Contingency 806 310 8k ! - 3 ‘ ‘ - i | _ 3600
Ballast 4 , [ \ i l ,!_ -,t - - -
! ! | | | -4 1 : 80055
Meight Empty ; : ., i B - - 4 7
Crev & Equipment : ‘ ' . 2% | l 11 _ _ __ I _ : 1.&';8
Paylomd i 1000 . . - - - - 00
Vent Prap./Oxidiser ) e - a1
Helius Pressurant ' . 235 ' P
APU Fuel i ; : : ‘ ; 7 : B
i . . | o
' | 1 - - !
- ] | . B S s SR B T L
Puel (Lig) ° i | ‘ ! I 3210 | , ! _ ] S /2%
Oxidizer (LOX) . ! ‘l . o _ - - - ‘ - -
N | L — S e e e el S —
[ ot L R "
TOGH, ! ‘ 12666 | 365 17007 | Bk | 520 | 20m | 299k | 23275 | %535 | 911 | 12 i 533 | LB2o 500 150 | 6300 o 855 ' 11830
' : ! | ' B [ —
. ' ' 1 ‘
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(U) FIGURE 4-149 (Continued)
MATERIAL WEIGHT BREAKDOWN
B257F Configuration Base Vehicle

(Presented in International Standard Units - kg)

Group|

Ving/Body
Ratatfng Tips 1 -
)

“Vertipal Taille
§LG T
ML
Contrtl Actustion 1
Englng Sectiord !
Propullsion:
(5) F-100-G4-100 17 |
(1)‘ csy .
Alr Inductidn
Fu« Systen
(1ncl. Taxage)
ne Controls
Lubc Coounq
Instruments
Hydraulics
Electyical
Electronics
Furnishings
ECS
Contingency
Ballast

Weight Eapty

Crev & Equipment
Payload

Vent Prop./Oxidizer
Helium Pressurant
APU Fuel

OWE
Fuel (LH2)

Oxidizer (LOX)

TOGW

o

o mucruu
Am ]G u{c Tu.nx
Allays. Ju.on, Alloys
5370 “1651° féiT
166 190
200
- Bé
328
| .
. 1919 | 2132
'
. 9
|
9
365 1l 220
57kb 166 1715 3690

SYSTEMS/EQUI PMENT SHINGLES

_ _NOSE CONE/INSULATIO.
Nose r
Cone Insul Fqu

mLim Titanjum| Rene 41| T-DNilr ]
a5 ,,<,7,,7 Ao JR S R _

L - b6 | _ss6 [ auz |
i - R -
$s 21 _ L | o
113 98 ! : 1
kg0 . : ! ;
. y H |
. f ' ' i !
- i + .- — -4
. 6180 i i L - o
2005 . . o ool T
213 ! ' . !
k81 . N
368 . -
68 . _
9
531
136
32k
19 23
20L
109
L5k
317
107
168
15980
23 468 1359 10557 16572 416 956 k2 2186 227 68 2858 388

333

109
ksh
i1
107
168

31468

15980
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(U) FIGURE 4-150

MATERIAL WEIGHT BREAKDOWN - Ib
B260A Configuration Base Vehicle

Menned, HTO, A1l ALl

134

{BQUIPHENT

SHINGLES

Zaulp. | Bxpend TitentiumiRene k1

T-DMiCr

Tantaly

JOSE COXE/INSULA'
Bose
Lone Inaul Foam

TIOR

a0

1153

150

5670

385

Wi,

k%u; Ting
_Vertjeal Tail(s)
_ NG

we

L Coold
Instyuments .
Hydrpulics i

__Eectirical

P,

P~ P [
Contingency '
Balibst

lpad  _
Vent: Prop. /0xid!
__Helium Pressyrant
APY Thael 5

‘ e

e pe—— . -
L P

Fusd’ (Lagy 1T
oafrer ) T L

- .- E— PR

e g

__Elec}ronics - e s
Purnishings e
ECS :

B [ .

175

is8 ' s870 | auss

-t
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——p -
Group, . ;

ving/Body .
Rotating Tips
Vertipel Teills)
e

MLG
Contrpl Actuation
Engine Section
Propulsion:

(1) LR-129

Air Induction
Fuel System
APU (Incl. Tankege)
Engine Controls
Lube Cooling
Instruments
Hydraulics
Electrical
Electronics
Furnishings
ECS
contingency
Ballast

Weight Empty

Crev & Equipment
Payload

Vent Prop./Oxidizer
Heliua Fresaurant
APU Fuel

OWE

Fuel (LH2)
Oxidizer (LOX)

TOGW

(U) FIGURE 4-150 (Continued)
MATERIAL WEIGHT BREAKDOWN

B260A Configuration Base Vehicle

(Presented in International Standard Units - kg)

STRUCTURE ) >3, B SHINGLES _ NOSE COME/INSULATION TOTAL
Al © €y ‘Super 'Titanium Te yd. | Nose
Alloys ,Allays . Alloys .Alloys . Other Tires ! . mplm { Rene b1 Tantelwd Cone . | Insul. | Foam | Mick f
ko W s62 . 23 oo TT ) :Lféﬁ‘,',"zsfa S R )
12 645 : [P N IS G | 737
1170 i [ P o} e
13 0 . — - . - .} 209
shy 566 . 12 o 4 1252
281 . | , o8
i - . i . — =
—- - - A [ i n -
17 i - — - . e _+ W0
. 1
561 i 561
3% L o ..336
25 ; B )
19 : . ) jf 19
251 i 25T
13% . 136
24 -
9 1k9 23 | L)Y
. o103 Pl
161 66 97 . T3k
16194
109 109
Lsh LSk
209 209
11 i
pUT] 19
17192
7085 T08%
42516 L2516
3610 12 2662 659 236 639 120 W6 50036 1k 523 166 1015 66 2595 115 66793
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(U) FIGURE 4-151
MATERIAL WEIGHT BREAKDOWN - Ib
B284A Configuration Base Vehicle

Unmanned, Air Launched, A1l Body, All Rocket

SHINGLES #OSE COME/INSULATION TOTAL
o
| Expend TitaniumRene \1 | T-DAicr) L rmtuq an.: _| Inaul. | Foam Mick -
STl | TEs | aa13 |1 156 | 3260 230 65~
. 12080
2479
e 2bk
i — RS 565 .
- Lo 1 39 ..
T 1
O S : H - .
1 1 _ 1540
B S S p——————
L i 3 910 _
li l — TS
55
T T -
il ! -
R I .. - 310 _
[ hso
! 1080
CS: __ . - H T 1T 300
. Contingency  _ i 28
__Baljast 4, T [
. g . | - R 1
_ - _ e — - . — 4 —_— - b - R
T veignt Bpty ; : ; | 4_ _ 2k10
_ Creb s pquigment 4. . . i -
Paylosd = - . H -
_Vent Prop./utdizer | .
_Heljum Presgurent _ . o -
AU Pyed o ) V- I
: 1 i - .
_oME_ - . \ - [
. H R . i . _
Fued (L) o \ U S
" ozigizer (14x) . - i . . i
. i : ! j i R
ToGW _ i ; wih 7108 ] JIoz | TR | I3 ,‘:;’T T30 3280 1 2w . ithsge
— . ] - + - - - - e . .
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(U) FIGURE 4-151 (Continued)

MATERIAL WEIGHT BREAKDOWN
B284A Configuration Base Vehicle

(Presented in International Standard Units - kg)

rowd |

ooy |
ving/Body !
Rotating Tips
Vertical Teils(s)
NG |
WLG .
Control Actuation
Engine Section
Propulasion:

(1) LR-129

Air Induction
Fuel System
APU {Incl. Tankage)
Engine Controls
Lube Cooling
Instruments
Hydraulic
Electrical
Electronics
Furniahings
ECS
Contingency
Ballast

Weight Empty

Crev b Equipment
Payload

Vent Prop./Oxidizer
Helium Pressurant
APU Fuel

GWE
Fuel (LH,)

Ozidizer {LOX)

TOGW

STRUCTURE _ BYSTRMS/ BQUIPMENT SHINGLES BOSE B
1

TALum™ " | " Tp " "Super TTitaniia e
Allay

'Adloyw & . Alloys ,Alloys
. . +

Expend  Titanium|Bene 41 [ T-DNiCr]  Cb  |Tanralum Cone Insul, | Foam
carey ! . F 61 L I SO W I 98| " 623 I :
: 9 1 R . e I
667 ST, T
59 12 . k. S -
238 18 . B UURE S

698

113 - 1
338 - L . . . IR . .
25 . . . R . . - s
168 .
204 N
490 o o

in L 23

31
109

20k

3334
19981

1920 L9 1536 390 236 12 403 2758 23668 B k59 98 623 68 179 104

e g b b e e
i
=
w

10519

3334
19981

33834
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B233 Configuration Trade Offs

All Body, A1) Rocket Configuration

(U) FIGURE 4- 152
MATERIAL DISTRIBUTION COMPARISON - Ib

SHINGLES NOSE /CONE INSULATION TN
conrioumTion | ALOYS ALLOYS _auovs  OTTRR AND TIRE BQULP. | PQIP. EEPWND, Frrannad e b | . o b ]
B2334  (Base) M03 . M5 . M2 s s2a || t0 T sal e T Tsmes)aa im0 | ass . _ase | s | sm 2B | | mem
. ALl (Me8.0) ATHY 2505 Bk 520 38 sTL. -udks . 2wsa) s . 120 Tama T we e T he - o wda
o A2 (e10.0) x226 \2 219 9 520 M 812 5 | 0 a3 2628 L : <ty T-sigsc
" 2.1 (T/we1.25) sa12 . 15 %16 1m5 520 *3 92 .
" | a2-2 (/W2.0) W26 . s n . 02 s20 . 6 B3 . :
*  a3-1 (10 mim.cruise) 6160 153 Vi85 . 135k 520 1/ . 125 [ 150 T wge2 :"&r ]
" A3=2(15 min cruise) T91B . 226 6763 165k 520 93 . 1. Fse. 7 ldeoo T ko [T | hmoren
» a0 wrr)f wa  uas % 9 520 ™ w2 20 [ 235 | Yisesal
*  an2(2%00 16 P.LOf 470 115 93 1% 520 10 930
* Ab-3(P.L.pe25 1/n2)N09N 115 moe s 520 10 sa
*  Ah-M(P.L.pe30 1n/r23)4867 us 3691 100k 520 70 917
" a5-1(lcad Factor) § 4556 103 /13 1003 520 [} 26 _ -
" a5-2(losd Factar) | 95 670 216 1065 250 s % 953 | 6us st} 120 | aeoo | 2k ) daeq o 9s0] Jiso ! 35:65'71'[7255 T Y esso
" a5-3(laed ractor) | W28 12 k0 1oko sl 6 9 630 . sseha| e om0 1ss . k2 Lo :'J ase s 28
" as-Mlosd Pactor) | 5063 690 36 1098 256 520 68 956 esi0  sew0s) 125 amz 215 . wes 938 A0 0 a6 o
" A6 (Siagle Base) | 7380 285 823 1570 520 163 1591 20510 a77k20 ] 690 1030 155 n8o . 150 8o .
" AT-1(Active Conling) &G0  10h 282 909 520 [ 8ss  ser0  Amues]| 2 10m 155 1248 B 150 wo
= a2l e m:::;' S595 124 18 1075 520 n 93 6200  skaB0} 126 w3 | 1ss . s . 150 2040 |
* A9 (NBP Puel) 5309 120 3851 108 520 10 940 6325 56066 § 108 1030 155 1h43 150 3Bhe | 243,
" al1-1(5000 1b 1ag | skeh ks w69 27 520 g0 1058 71250 18670 | 23  10% 155 | 2670 | 150 Th330 | 299
v ai20ome g Gtz a3 s sw seo] B a0 1ms aceers| A0 1030 15 2165 o sa0 7 30
" 3 (Harovare m 5166 151 M50 1236 520 13 0w 6515 Thaks | 202 103 155 . 1750 150 "kt | w0 01920
" - MT/1.375) 5537 15 WSWT 1276 520 5 1052 6886 Te8s | 102 10% 155 17150 150 B x| 99560
" c-2(T/Me1.55) 5855 18 Mekh 1302 520 16 102 7287 TS| 121 1030 155 1190 130 kés 3o 102630 .
A BT sem 137 sake  am3 a2 75 10N Zizs (3Tang @8 Gk i35 1693 158 i % 91220
"E (A=TT%) 5878 104 3315 2057 520 €0 913 6310 5905 | 121 1108 215 1599 150 3860 30 8730
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(U) FIGURE 4-152 (Continued)
MATERIAL DISTRIBUTION BREAKDOWN
B233 Configuration Trade-Offs
(Presented in International Standard Units - kg)

[T Y % Titantus [Tantalin T8, hva. m ose = —
'ION llays . & rit R [} % antalum | Cone nsulati Fosm chL
B2 {pase [~ 161 XS 118 2814 | 2WLB8 36 W61 70 | 626 68 157k 108 35358
B233A1-3 (M= B.D] 369 2% 17 2 2198 | jobLe 42 T gh 5Q 661 67 18353
P233A1-F (M = 1010} 421 23% 21 395 250k | 16033 1% 3719 | 138 61 10%0 86 2h9%3
Ba3g2-§ [T/ = K.25) V60 2% 0 3] 2710 | 25056 35 466 19 68 1512 108 35907
“B233A2-f {T/W = p.Q) 464 236 3l 306 3001 | 2478k 57 LET 0 £21 68 158 100 35871
B233A%} (10 Min}Cruise) 61h 236 35 510 3281 | 38083 61 46T 70 | 840 €9 ] 2209 145 51615
Tpzaiar-b (15 MinfCruise) [ 150 2% W2 | 6w | Loig| €326} qy W1 70 | 12% 68 120 | 213
B233Ak-| (600 LbiP.L.) [3Y 236 a2 Wik 2614 | 2376k 1 LET 10 614 68 1551 107 3
B23aAk-¢ {1400 1}. P.L,) _h10 2% | 32 W22 | ~ 3016 ] 25211 42 W67 70 | 638 68 1598 109 36k06
a3 (P.L.o=|2stb/ie ) 2220 | 52 | (1683 & - 236 32 118 2813 | 28423 35 W67 70 | 6231 66 | 160 107 35216
Bz h (P.Los| WIL/Fe]) 2201 | 92 | 1674 k60 238 374 2813 ] 24361 35 we | 10 | 621 68 1566 | 101 35195
S-1 (Losd Fyctor) 7 47 455 2% 29 | o 2826 | 24156 2 k67 621 A8 157k 109 3h7hl
“B23W5-2 (load Fhetar) 2115 oL 1459 483 111 236 28 W12 | 2910 29965 sk Lsh 91 SOA L1 &8 1817 ATURS
_B23W5-§ (Load Factor) 221 64 1787 472 2% | 29 42y | 2080 § 25393 9 LET 10 £36 A8 1610 112 LYV
“p2335-b (Load Fhctor) 2296 | 313 | 1608 Y 116 236 3 435 2953 | 26810 51 k59 Y 511 L35 £ 1637 3 ABETH
B233A6 §ingle Bake _ 3348 A_Am__ﬂmu,,&;‘,;__zaﬁ_' Th 122 4761 8047A TN MET 10 k2 £8 3sla 2L6 11075k
B23WM7-] {Active!Cooling FARLY 47 1534 412 236 il __388 2708 | 215L% 10 L& 0 566 A8 177 102 131 f 30LB6
TF2at-} Uow o jusuistide) 2538 %6 | _aims | .88 ) 236 © \2h | 2B12 | ukpe <1 61 7} 612 8 925 122 . )
Thoviag (mep puead . | _2w08 | su | amg W72 23% 32 w6 | 2869 [ 2sb3p g 461 10 €55 68 1606 10 36701
APiiiil (50001 ide fuel) Lo | 66 | 2012 | su 236 36 Lea | 35685 91 Y31 D) 758 €8 156h 136 18395 _
B233A1142(100001b 1dg 1) 2741 19 2436 £RS 234 31 500 3545 1 LE6A3 195 467 70 | 982 68 2363 163 61250
Th2138 (arduare fogizel } 2616 | 69 | 210 561 2% 1 \70 2962 | 3381 ] 46 467 10 194 68 1982 13% L6276
meica it s a3zl ) 2si2 | 66 | 2083 | s19 23 W W1 023} weg T3 W61 10 [ 1o 68 e 136 15169
236 3k 500 3287 | 33528 598 467 70 812 68 2025 141 L66hl
B0 Uy - 5% | e ] 62 | 1036 | ss0 T 26 ] V12 3003 ] 206902 § 100 | %67 0 | 768 8 1887 | 130 W37
150k u8a 236 21 AT 288 ) 26781 55 503 107 125 68 1751 111 38k3k
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(U) FIGURE 4-153
GROUP WEIGHTS COMPARISON - ib

S6T—n

AAVMDIUIV TITENNOTDIDN

M= 6.0 Vehicles
CORFIGURATION B207 ~ MANNED, ATR LAUSCEED, ALL 30DY ROCKET /RAWET X212 - “ANNED, m.rm BODY, TURBOJEY/RAMJET
TEADEOFP STWDY p-Reviseq A A1-1 -2 -3 a2-1 a2-2 A6 B P-Revised 3 AFl AR A5-2 A3 AS-b AT A8 Ag
ving/loky . 6153 5983 | T8 16232 | 6758 6163 950h 710 IS0 10383 Tazo6z | s1ee | MaMBS 11681 | 2325y 1581 €3 . @Il -
_Rotatiag Tipe . Ao h30 150 2560 Lo kA3 0 539 815 848 BLB 105 1028 95 813 . AR BLE _
Yertica) Tail(s) 59% 585 1030 330 600 602 895 125 1 1. 1240 . 1240 1240 1240 1280 1240 . 1240 1240 1240
Boge lapding Geer 26h 260 310 \8o 266 | 6% . 38 208 | 3 201 . 22h 195 . 206 207 ah . 221 206 205 .
Main lapding Gewr 532 525 665 1210 . 51 532 763 §i‘i N BN 532 T 80Y 869 al; 909 997 872 BEY
Control Actwatiop ns 310 350 500 8 NS 390 ‘ EZ 3 B ) 464 i A s01 53 i L5
Pogine Section - - - - - - - - =2 97T . 911 9Tt 917 971 917 977 971 977
Propulsjog Croup 5 L — . .
_ Ensive(s) 1040 1000 | 1150 . 2020 | 950 1090 w6 . 963 [TTE00 1 uboo o0 4600 V600 k600 W00 | U600 LE0D L4600
mngine(s) ko 350 3250 6050 3170 3150 uko 3350 _QITOS 3105 3705 37105 3705 3705 370% 3705 3703 3705
Alr Inductioe . 4600 Vb9 k330 9100 4630 4610 Leoo 720 JTETED TR 353k 353 353k 3536 3536 3534 353k 3534 353k
__Puml System \20 05 455 870 u27 \20 515 M85 500 319 587 36N 92 Lo? 13 ues 390 Ao
Y . . u65 %60 520 ™ u6s ués5 561 510 572 A1 515 469 192 9k 508 534 491 LED
_ Ipgise Coetrols 10 10 10 B 10 10 0. 10§ T0 10 70 10 10 10 T0 10 10 70
_ lube Coo)irg . 0T 50 50 50 50 50 50 50 50 50
Instruseats 115 175 1715 1715 115 175 17 1715 R 175 1715 175 175 175 175 175 115 15
Rydrsulics 218 215 a0 15 280 218 356 6 [ 557 | Ma W15 M Lso Lsk L6 ue9 118 Lo
Rectrical 300 300 300 300 300 300 300 30 300 ] %0 300 300 300 300 300 300 300 300
Rlectropics ns s ns ns ns ns s ms | 75T NS 715 ns 115 115 ns TS 715 ns
Pursisbings 400 %00 koo koo 400 Loo 0 koo 400 oo 400 Loo koo Lo0 koo ko0 o~ b1
i 250 250 250 250 250 250 250 2% [ 2507 ] =250 250 250 250 250 250 250 250
Costiagency 23 B9 us2 928 423 523 s01 Mg 820 613 612 582 6L 6Lk 678 T34 éLo
Veight Mgty SN 21175 19161 22600  MEA25 2176 21265 25305 22h6s |TOOTZ | 30673 3086y 2915z 32056 3229k 33909 36693 32018
“Crey § Bguigment 20 2v 240 20 2ko 240 240 200 280 | 2l 240 240 240 2o 240 240 240 20
Payload 1600 1000 1000 1000 1000 1000 1000 1000 1000 1600 1000 1000 1000 1000 1000 1000 1000 1000
Vemt Puel/Oxidiser 6 65 60 80 220 6k 65 85 B0 l20 &5 120 80 81 1 93 109 | 86
Trapped Puel - - - - - - - - - | = - - — -- - - - -
Prasswrant i 10 69 80 15 10 70 90 15 [ an 9 140 88 95 102 103 107 9k
APU Pus) 3 1o 310 350 500 310 360 B0 WO 537 us1 486 Lo u62 463 475 501 162
v (27180 20860 21840 24350  AB500 22860 23000 27100 24200 JUSO00 | 325k0 | 850 11000 33940 3200 35820 38650 33900
Puel | 3308 2800 2620 W06 13780 2860 2165 5366 ~ 3130 | 5980 | WBBa -6676— Laau’ T'5005 5033 5500 ,  L393 5010 3918/2345_
Oxidiser 15175 _ 12170 12106 17520 A3250 13300 12660 168B€ 15sR2 } — ) - | = _ -~ __ - - I i
TOGM A5663 T 330 36166 MSBT6 105530 39020 38h2s 933 zenz [RBUBS [T37223 | Fsao 35335 38949 39233‘“‘7‘—_F132o st' 36510 38480
—— - ~ — ‘
. . R S - . e e —
a‘;;f‘,:’?"" —1 1660 1099 T7961 7 1020 T 2021 T dok3 [lial gz 911
Togive (2) H (2)el (207 {2 (20l —(2)e (2)e (2) -
Engine (Type) [1) 20 R3(1)2D ’{1zb & (1)20 a7 (3120 Ry {1)22 Ri1)2D RT (3)2D 37 (1)20 Y
- G 1 =, LH, i, ' W T8, { mp | _],1127-""—
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(U) FIGURE 4-153 (Continued)
GROUP WEIGHTS COMPARISON

M = 6.0 Vehicles
(Presented in International Standard Units - kg)
B207 - MANNED, ATR LAUNCHED, ALL BODY, ROCKET/RAWET : ¥ B212 - MANNED, FTO, WING BODY, TURBOJET/RAKJET
T [A-Revised
A-Revis A Al-1 Al-2 | Al-3_ | A2-1 | A2-2 | A6 » — A A3-1 A=) | AS-2 | AS-3 } AS-M Al AB 1 -
T 3655 Tag3 . o7 3238 1363 | 3066 3068 A1 | 3275 SRATIYEE I 38 s210 | s200 PR T s212 | hsofi
T8 T Tonn 195 | aa & 200 201 299 | 2ks 562 ™ ge ﬁ;‘ 320 M2 %74 229 385 385 385
_ }19 270 265 hSB . 1515 272 213 AOE 112 ] SK2 S62 | SK2 582 562 562 562
N 1,;3‘: 120 118 b1 218 121 120 153 135§ M7 91 02 ! AA ok | gk 91 103 93 93
%B s | 2k 337 . 287 ;‘;57 [ %5 FTEREE T
2. 33 . o ase 227 1hk 1h3 171 158 ) | 233 i 31
- . o &3 W3 W3 kb3 | b3 ITE - 7T M3 M3
3% a2 ks f,,éa" Ly L) ‘M_MJ*MMWMM_
1076 ahze . ak7h 278k M_M__nu_,nzn__ 3 {1681 1681
3O Toomr aBAE 196k . W2B 2100 2000 zofy am B 227776037 3603 T 2603 a60x 603 {603 T 1&n3 1603
21};, T 18k 206 _ 395 19k _ 191 . 23k 20 J 259 165 __ 17A _ 185 188 .20 1 _am
aa 211 209 236 336 200 _on.._ 297 2m R 3T o6 213 223 22k 231 23 28
2w 2 » 3% 2 @ . P2 3 A ¥ ..0® _ P___3 ... .. 3 _ P .3
oy B e [ 15 2 23 23 23 23 23 23 23 23
o 19 79 79 79 19 19 .. 19 .19 QAL T 99 79 79 _ 79 39 79 __..719 19 79
139 526 15 141 216 1 o126 162 3 | 1% 7 o000 . 216 _ 196 20k _ __ 211 __ 22 203 200 _
136 134 13% 136 136 136 _ 116 __ 16 . 136 38 Ty o136 . 13 136 . 136 . 136 _ 136 _
38k 24 w4 324 32k 3k 32k 3eh B 1Bl k. 3 . 3k . 32k . 32k 32k 32k 32k . 30h
18 a8 181 181 18 . 1 W oam BN M - im 1@ 181 181 180 180 38 A1
113 3 ni3 u3 nmi . o3 - 3 u3 a3 F 3 33 133 .3 - 13 .03 .-113 .. .13 n3 n3
231 _ 192 177 205 21 a2 18585 218 _ 218 . 26k . 291 ___308 113 290 __ 214
115b8 905 Bg6k 10251 21058 _9R0S ALK 1IATR  1iga | :1;,; 1113 30T _1%23 1hsh) 1h6h9 15381 _166Ah 1ks23 1375k
109 T1o9 . 209 . .109 . 109 _ 109 1 T 00 09 jos 19 . 109 109 10909 09
bsh hsk hsk hsk . __ksh LSk __hsh ush ksh § 5% hohT  hsh  hsk  _ hsk . sk hsh LSk Ash !t Ash
3t 29 27 3% 100 20 ___29..__ 39. . ——= [ 8 5k 6 As b2 A 39 39
* D op w3 s2 - 32 - 12k . pUal Tyt T g 43 b6 AT hg . A3 . 39
150 | g . ko 159 27 - k0 263 172 15 3 18505 - 208 220 200 209 210 215 227 209 208
12329 1039 . 1104 2000 10363 12201 10911} T 15808 _jkofio ,: 15513 1A2MA 17532 15377 _Jhfak
m _ 9725 11045 _zzmo 20369 10h33 ,gpgw"mm“ 15|s k6lk
1501 12710 1188 1817 6250 | 1297 . _ 125k __2bes %20 B a5 1966 2212 22831 kes 2‘ 9 2oz 1T
€883 5793 5k92 T9hT 19618 6031 . 5Ih1 __ 7659 _ 1068 | T -
20713 17432 16405 20809 k7868 17699 17hi0 22371 19465 | ::',AMMMLM T 11661. . 17796 1843 'JmsL 17650 ITASS
Characterigtics . ) ) RN S M - T m__“
. 8p () R . L m T ] 59 | % ¥ (Y 93 jgo 92 __ _9s._.. 85 ___91 . .92 ___ 95 _ _gr __
__Eogine {Type) __ _. . L[°-129 129 LF-129 -gg LR-129  LR-129  LA-129 LA-129 QPR30 J 20 BT (200 _ {2)F | _(2)¢ (200 _ (2} __{2)0 . (o _ (a0 _ (2}%____
__ Fngine (Type) , tZD_M._ZDJLF w . 22':’...._2_&.__;%“_'_2” Ry | 2Ry ) mg_mzmn.p.mn Ri¥1]2D Ry 102D BRI (112D BI(1)2D RI|(1)20 RE(1)2D p.u.uzn.u
. . Buel . i LAz - - [P 7PN i lHa  IHg  IHp _ LHa . - lRa . Lip/I®
T Tomidizer | _ o 10X WI . X _ wx oy | X T e - t ; e u"“
et sy e w0 . Wa J. ’;:ﬂiﬁﬂm _fardware] ;ijn 1 7 338 - : Ueed
Tradeoff st Base SevBase . .0 .Ms7.0 w80 TN L 75 S ] 10 Min J._L.i o Wete— Rone LR B
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(U) FIGURE 4-154
GROUP WEIGHTS COMPARISON - b
M = 12.0 Air Launched Vehicles

——mC® 3233 - MOWED, AL ROCKEY , AR LAUMCHED, AL BooX
_ Iy A-) | oAl A-1 | A2-2 Al 43-2 } Ab-] Ab-2 AN-3 Ab-b | aS-) A5-2 ] a5-31 | AS-§ AS AT-) | A7-2 A9 |
g 227, | —10090] 1om32) __m.zza&_p.sﬁ_um._zz&m._uszs_m 12507 12813 91k2 112264 | 13116
tatiog|Tins 1150 BAS 1150 11 1530, 2260 1) 12 1149 11 1030 1k30, k20 1710 28k0 1040 1235 1200 |
exticel!Taills) 1545 1230 LES 1545 2 2050 3020 151 1575 15hk 15 1520 1 1530l 1580 1 3960 1400 1500 1610
L ing_ Geax) 360! 193 242 3h0, kY koo V.7 35k, 366, 360, 357, 326 335! 3Rl 366 190 348 365
Landing Gear] 6204 LES £ha 195 1015 £53 687 £10 56 £30 A58 358 6901 1590 1 €17 1 675 645
IContral Actuati 403, 255 as2 hi); 385 hBR £15 18 AOA A03) kD) k13 A28 h20 A3s5. 253 1378 20 b2,
ction - = - = - " = - = = = =
Propului ToND
l; 1560 lokal 1250 kA0 980l 2120 1skol 1580 ] 1550 1660 1620 1740 3650 1k60 1560, 1660
— !} - - = = - = = - - - - - = - - - - - -
Al - - - - - -~ - - - - - - - - - - = 5” -
] Pus 915 Y 9251 1150 17: fao] Q38 915 932} I 9wl 9wl 900l 200 | 820 %30_<
| | 660 L 660 | g20] £60 660 |12 100 720} 1020 | 620 | 680 1 665 ]
— 60 LT 50 60, 6a 6o} S0, S0 60 60 60 _]
£ - - - - - - - - - — - - - - - - - - -
trumegts 115 115 115 115 115] 115 115 115 115 115 115] 115 115 115 115 11e 175 113 175_]
draulids — Wb 3201 " 30) | seql | 30h] 360 K 385 00} 390 | 352 5 390
Elsctric 4399,-_10_0*_,..4.30&__ 3001 300) L 300 [ 300 | 300
ectyonics 115 ns_ _1s 115 nsl _ns 715 3T 115 715 115 15 15 ns 15 115 115 115 15
Purniahi %00 400] oo ] %00 400 400 h00 [T Loo Lo0
250 2 | 250 | 250] 250 2 hgo | 250 T 250 250
ont i cy (11 3k 360 Y (Y7 s12 352 Lb) A0 Y7 498 | 39 12
23040
__Beight t; 22725 15760] LES | 22685] 23201) 28595 39100 22423 22681 22644 22095 24070 23220} 24915 } h346Q | j8uL6 22310
n 2a0] 2k PYy 2h0 2ka 2ka 2k0 2ka 2k0 2k 2k 24 2ka, 2k 240 240 240
dond 1000 1000, 1000, 1000 1000 000 £00 1hon 1000, 100G, 1000 1000. hY [ 1000 1000 1000 } O
Vant Puel/Ozidser ] 100. 150 2k0 350 595 222 2ks 228 228 226 240 400 2501 680 | ggg 230 250
inter = - = - i - - - 3 - -
x 91 90 Bo Y 150 225 Q 9 Q B9 90 g5 9 a5 140 3¢ 95 95
Pugl 30k 260 2g5 30k 365 A30 30k 30k 30k 302 330 55 360 k70 90 ALS 310
Fw: 2h600 17450] 20170 ] 2hs60] 250 00 41800 23880] 25320 2h550 2ks00] 23980 26000 &Ei—m 36390 | 20910 2k190 25500
_ Fuel 1530 ho90 7820 11 1972 20500 7316] 7830 7580 7600 1520 8100 | 25100 | 6620 1660 7900
“aidizer Ustéo] 19710 29830 | 86780 K&280] T1 118527 Wlhoo| w7110  bsekol Lskoo| Nso90] WBNSO] Lty 50050 | 150830 | 39680 —\%563 RT511
] —Treso] _Lobéol shege | 7o160] " T90R0] 113790 | 1oBzo| 5650]  B0260] TTT10] _71590] 76500 PS50 Bokuo| 85060 | 223120 | 67510 | 71830 | BOYI
929 510 9ho] _ 1815 912 [N 925 921 921 959] QU 976 | 21k 81 [ 996 | 970
1)LR- 129 1 LA 1290 ViRa120f 1 )1 e 2@ 1 ViR 1 o Yy 2d] JLA- 10 1oL e E12 £ )R- 2 ) LB=22 {1 ) IRe ) 2 {1 )LB= 1200 1) [ R-22d 11 LR-1 20 1 1 B~ 121 ILR-12 -
g 0 h
b, L fE TR L | LHp L0 T T Lz p | U 1 TR | Hp | iHg | Lio wz | iHo Lz
. LOX LO% HO% Lox LO% wr— - lox LoX LOX LoX LOX- 10X LOX. nx 10% 10X LOX 10X LOX
lBase. [wedo |wro0 [Ta [T i e, 1600 1b s 16712330 1n/red 3 5e _ Is0e 17 3% 1733 Eivgle lactive Fassive [Wormal
ST S S {706u) [cruise Paylond Javlond [Payload | otract |Struct | stomse oo Cocled Kouled [Boilin
— . | | &l 28 [ = - naity {Densiry | A 3.5¢ Jk S.0g 1 & 3.5¢ | & 5.ng A= [Insul u Point
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(U) FIGURE 4-154 (Continued)

GROUP WEIGHTS COMPARISON

M = 12.0 Air Launched Vehicles
(Presented in International Standard Units - kg)

geT—

ATVHOMIV TITINNOSODW

T 1Hvd e {11 ANNTOA

0/61 H380100Z e €100V DOQW LHO43Y

- CONEIGURATION o3l o MANNED,. BOCKET , AT LAUNCHED, ACL BODY,
TRAREOFF Y A Al-l A-2 A2-1 A2-2 Al-1 ] A3-2 Ali-] Al-2 A=3 1 Al ASal AS-2 | 451 Asch | A6 | AT AT-21 A9
| Wing/Bo 15773 o | weBs | séay | sBaz I y0s | 10371 | s697 | 5856 5760 | 57hg 5973 £1x1 | 5812 _gq__% Ty | 5563 Zoko
Rotsting Tips 5.2 211 522 526 | 64 1025 512 532 521 | 520 W67 Gug | 6wk | T 12 B2 560 ShL
Vertical Taills) 701 | _s5sB 211 01| 708 930 1310 687 715 701 | 699 11 112 111 1'(% 63 £80 731
Noae Ladding Ge 164§ 88 110 154 160 18t 18 161 166 164 162 148 152 149 _166 35! 158 166 166
Main Ladding Ge 30k 156 211 290 299 361 460 296 a2 04 301 286 297 288 KYE] J21 280 306 A
Control {Actuati 118 BT 160 183 115 222 . 279 180 188 i83 | 8> | 190 193 191 197 299 171 191 187
Engine $ection ' - = - - - - - . ! - - - - - - - - - - -
Propulafon PSS t
En. ;...{.} _ {708 | A72 S61 662 898 | of2 i 1397 €99 ni 106 | 708 103 753 135 169 1656 662 708 153
Engine(s - - - = = = - - - = - - - = = - = = =
Alg Inducti = - - - - - - - - - - - - - ;
__Fuq) System| L) L S & 263 420 %20 522 799 405 26 415 vy 422 840 | ko YT 160 Eev hok y2p
} | 286 | 299 [ 290 156 M ! 299 299 k. 299 1 299 EVEY 291 327 LAY 282 308 an2
Eo 23 27 21 36 by 21 27 21 2 23 23 23 36 21 27 22
] Al - - = - - - - - - = = = - =
T inst 19 19 19 19 13 19 - 19 19 19 19 19 19 79 g’q‘ 73 18 P
[ Aydraul k9 173 164 200 | o3l _am 176 113 72 115 1 117, 7 2 160 1n 171
Electri . 13 136 136 136 13 136 ;136 136 | 136 136 1 136 136 136 136 13€
Electrodics 32k [ 326 | 326 | 324 | "3oh | " 3oh [ 32b @ a2h . 3ob | 32k} 32h | 324 [ 32k 324 104 32k 22U
Furnishings 18 a8 181 161 181 181 281 181 8] 181 181 81 181 181 1 181 181 181
| BCS 113 113 ua 13 113 113 113 33 M 13 U3 13 113 113 11 181 113 13 113
Contingency 208 13 167 20k 210 260 35T 201 ;209 205 205 200 218 211 226 395 168 203 21k
Weight Ly 10308 | 7348 B8 20521 {12073 | 178% faoara ! jous1 | loeer hoe7i | 10022 1 20018 110833 11301 19713 R367 ! 10120 A0T0%
| Crev and Equipmebt 100 | 100 109 109 109 109 109 109 109 109 109 09 109 109 | 109 | 109 109 109 109
Payload [YTY 494 45) L5k 'Y L5k b5k 212 639 [T hsk 45k 454 ksk &5k 454 ysh L5k LSk
Vent Fudl/Oxigizgr | 109 ks £8 109 114 159 a6a 101 1) 103 | 102 102 100 1 181 113 399 91 10k 213
Veter = - = = = - - = = = = = - = = = 294
Presaurdnt B ™S YO O TS S ) § 68 102 [ 4] 43 L0 &1 3} 43 6l 39 L3 i3
APU Fue, R 138 18 13k 138 13k 165 1 104 138 | 138 138 13T 149 181 154 16k 23 173 1h3. SYAY
}
| OWE 11159 5 9149 111h0 113716 13926 | 18060 110812 | 11485 21136 33 10877 172 [ 1218k | 20992 9u8s | 10973 | 11567
1
Fuel k3 ] 1h9T 2263 3547 _3502 | 5398 9299 3383 ! 3952 | 3438 | k8 3kl 36Th | 356) 3788 11385 3003 3hys 3583
Oxidized _ . |eo1s6 | B9k 1353 21220 20991 | 3229) §3761 120140 | 21369 20702 b 20453 21977 §21495 22702 ] 68417 | 1790R | 20RSA 21651
oG T 136398 8353 Jokoka  lasear | 3sBzi | sifas | Beaza Jawus ! 36ko6 | 35276 lasies aNTel | 37445 [ 36488 | 386TM  Jion7sk | 30LAA | 3sank | 36701
- - — — ~ —
Characterigtics 1
sp (M) | 86 51 £ 87 A7 us 169 Bs | 88 86 | A6 [ 86 | 88 | o1 196 18 0 o0
ine {Typ¢) JLR-129 1)IR-129 111 LR-129 umw - = - - JLB-12911) LR-. . 1)LB-1241 }1Re129 |1 )ILR~129) o 11)LR-12G
Engine {Type) t 1
. 4 LHg.  lLHz LMz 1Mo LH2 Lia 1HZ L3 L LEa 13 133, 1Ha 1o LHa 18 Lia 1Bo Lo Liig-
neilizae 1 1y Ty ox._ Lgox. | 1ox 1 oox ax [ o1ox 10X 10y | rox Lox 108 { Lax LOX Lox % Lox Lo%
Tradeaff] Study base_ Me0.0 _ [We1c.0_ T/ (T/¥ __ 30 Hin PS5 *in 600 i, 3400 1b. 25 b./ B0 1b./ [3.58 08 | 7.338 [1.33& [Single fctive |Passive Normal
- M=12.0 1 (Tocw) | {TOGM) Fruise .. JCruise |Paylosd parlosd {rtd Pay-P3 Pay- | Struct | Struct ; Struct iStruct |Base oaled lCooled {1ing
U S R »1.25 |=2.0 : load & 3.5¢ & =.0 & 3.5¢ [k 5.0g lOpera- Unsul Low ___ FPoint
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(U) FIGURE 4- 155
GROUP WEIGHTS COMPARISON - Ib
M = 12.0 Air Launched Vehicles

- BN - UNFANEEY
. VAT T , AYP LAUKCHEn, ALL :OLY, ALL FICHET AIR LAUECHED = FATVED . A ALL BODY_ ROCEFT/ A&

c-1 c-2 D ¥ A B A B __
R [ T%gT6_| 15hii | 15132 | 18689 1~ | 183 IMEs 11908 | 16289 {
— nox.zigé’ips ) - 1510 [ 1k50 1LB0 1370 10ko 1080 k50 1150 k30
Verticall Tafi{a) 2010 9k3 1995 173 1400 —1L70 1960 1530 1930
- 360 385 390 40 30 Ry 350 300 L2
160 | 730 780 T 51 585 €80 590 705
_ 460 L65 478 5 1Y 350 195 390 150
1540 1605 1560 1926
3070 3850
910 5 1100
145 619 9ko |
. Engjne Contn 55 N 90 90 .
| Lubp Cooling - = -
]Instrumests - 115 175
) | 310 360 [ Mo —
__ks0 300 300
| 1080 Ts 115
. 400 %00 1
| 300 | 0 250 250
w28 1 sxr F f ks7 ] 598 e e
L et mpry 1T} 26780 | 0875 1 26625 126633 {21010 | 25885 24870
" lcrev andlEquipmeng ! 2601 240 | 240 2h0 240 240 240 — 240 -1
Payload [ | _1000 | 1000 1000 | 1000 1000 2000 | o000 | 1000 | 1000 1000 1000
__ivent Pue] /Oxidize 4
. |Trapped fuel SPY A
Fresaursdt  _ _
_ APU Fuell P

116k T S . pe i 1200 - BN ¥ Yo - N 841 nie p—— 1. g4y 1187 — e b
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(U) FIGURE 4-155 (Continued)

GROUP WEIGHTS COMPARISON

M = 12.0 Air Launched Vehicles
(Presented in International Standard Units - kg)

py z
B233 - MANNED, AIR BREATHER, AIR LAUNCHED, ALL BODY, ALL ROCKET leeml‘mm”""‘"‘m.* AR (B3 iy ARR LAUNCHED, ALL BODY,
ROCET
) ANl-1 1 All-2 B L=l c-2 D E A B i B
Wing/Sod. 6653 1865 _AAT9 £793 7018 I3." N £6A3 5345 £559 shog 6LA>
atating!Tips £58 185 685 £58 AT2 £02 W72 Lao, £5A 522 6Lg
erticaliTail(s) RAn 1057 912 205 185 £35 663, _ B8 £9h AT6
Wose Lanfling Ge: 187 188 113 115 1711 184 150 JUTY 159 136 155
Main Landing Geay] 361 290 317 34Q 354 349 2y 256 308 268 20
Control jctuation .2 207 209 211 211 206 189 177 228 117 204
Engine S¢ction § = - - - = - - - - - - -
_jPropulsign Group |
nela) 910 | 1008 128 BT4 1019 A0R 189 698 128 708 A7k
Englne(s} - - - - - - - = - 1393 1747
Air!inductio - = = - - = - - - = -
Fue] System 6kg 111 501 sob__f 513 Y67 W15 413 521 TS Lgg
APU 1 338} 338 ] %S £ 2y 136 291 338 390 304 426
Engine Contrpla L .21 21 3% 36 36 21 23 25 1”32 - b4 41
Lube Cooling - - - - - = - - - - -
19 19 19 19 19 19 19 = = 19 19 R
197 220 | | 199 20b 199 119 - 168 163 186
136 136 1 136 136 136 136 136 20k 29l 136 136
- L 3eb 32k k.~ S~ NN A TS VTR T 490 490 3Ry 2k -
~ 181 181 181 181 181 181 = - 18] 18]
113 113 113 111 113 113 11 138 116 113 13
238 280 237 2k 251 238 221 19k 235 207 271
_Meight 12147 114005 12077 12091 112553 11914 1101 M2 17k 11281 13563
Crev and |Equipme 109 109 109 109 109 109 109 109, 109
Payload 4sh 454 L L1 45k Lsk Lsk Lsh LSk LSk L5l sk
Vent Puel/Oxidize 150 191 138 133 140 122 113 108 2348 gB 127
Trapped Ruel [ = - - - = - - -
TesSUragt .61 B3 &6 k8 - 5k Y L8 LS. b ST
Fuel - 159 159 16k 154 L8 20k 138 138 1hé —
_pwE 13000 13079 _J213L8¢ 11280} __ L 11066 10819 12615 12125 k56
5556 5352 553k LOR2 377k 333k 5378 3855 20
27670 26808 _ |2760L 2Lugk 22608 F . ligg8a 27057 19L0S 25288
L6226 145169 |LAELL 41377 ] 38434 33834 45047 35185 4596k ——
T 08 ‘a2 1 100 [ 103 |93 | B2 100 BA_ | 110 )
1)1A-129 1 Lk UQ.,.‘JFL—I'\ {BIRL 210 TIRLaLO K1 LRe12Y I} K12 1)LR=12@{S)RL-10 LJLBal129! 6)RLa10 SR
1108 L C8d
1Mo LH, U2 -] 1o LMo LN, LN
Liig g
10X 10X Lox LOX LoX LOoX 10oX LoX
lradeoff [Study L TiM T W Bypers” Aypmyzon iayd B
N S {TOoCM) {{TOGW}) if_l, S ({in 4 Engines
; 21,375 [=1.55 - E 4]
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(U) FIGURE 4-15
GROUP WEIGHTS COMPARISON - Ib
M =12.0 HTO Vehicles

CONFIQURATION

B257 - MAMNED, HTO, BLWNDED WINCG BODY, TURBOJET/CS.J

TRADEOFF STUDY

ving/Body
Botating Tips
Verticel Tail{a)

¥ ¥l-1 Fe-1 F3-1 F3-2 FS-1 F5-2 P5-3 F5-4 F9-1

3000 23579  3wkOk 40806 37Ok 30236 37085 35216 39038 28232
3650 2212 3540 4550 %000 3250 3910 k300 4800 2960
4630 2885  Lk70 5650 5050 k130 5120  S5h20 6000  3hk0

Sose Landing Gear 370 25k 430 560 525 340 505 385 515, 480 R
Medo Landing Gear 1850 1273 1970 2k00 2310 1670 2170 1930 2240 1670 SW35.. 2760 . 2860
Cantrol Actustion 1080 85k 1135 1200 1120 1030 1095 1130 1370 870 1090 965 _hg2 2. 958 620 (X
Engine Section
Propulsion Group B -
Bugine(s) 1%25 10900 16350 16350 16350 13625 16350 16350 16350 10900 16350. 13625 2580 1850 2485 3800. .. 2580 kosa
Ingine{s} ah20 2155 L350 5550 5030 3920 k990 Lkio k850 3080 4650 3540 - - - e el a -
Air,Induction 9400 7500 11300 11300 11300  9M00 12000 11500 11300 7500 11300  9koo - - - o
Puel System 1060 618 965 1220 1110 920 1030 1020 1070 1400 1010 865 1280 862 . 658 2665 1280 . 1690
APV 810 640 790 915 855 160 83 805 Bko 650 820 950 T80 [$5% 564 nh2. - ko 788
Engine Controls 150 150 180 180 180 150 180 180 180 120 180 150 55 50 $0 .- _110 55 . 70
Lube Cooling 200 200 20 240 2k0 200 240 240 2k0 160 2k0 200 .
lnstrusents 175 175 - 115 175 175 175 175 1715 175 115 175 175 115 115 175 175 175 175
Rydraulics 170 925 12k0 1310 1230 1100 1190 1220 1480 940 1180 1030 565 490 . 428 032 565 _ 69k
Electrical 300 300 300 300 300 00 300 300 300 300 300 00 30 300 300 300 3300 300
Rlectronice ns 115 s 115 T15 1% T15 15 115 ns 715 T15 15 115 718 115 715 115
Purnishings 400 400 400 400 00 koo Loo 400 L00 koo 200 400 soQ koo . . Yoo %00 ... 400 _. koo
ECS 450 450 450 450 k50 450 450 A50 450 A50 k50 ASO 250 250 . 250. 600 .. 35 _ 250
Contingency 1600 1160 1702 1924 1806 pLIM 1810 1760 1882 ;139 1749 1437 14 533 A56 1087 Tak, 88
Weight Empty 80055 5 51 195 90550  Th255 90555 9 919! 5761 1 35700 0. 22 5 00
Crov & Equipment 240 260 2k0 2ko 240 240 T40 2k0 2h0 28 2k0 20 2% 20 240 280 20 2k0
Paylosd 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000. 1000 1000
Vent Fuel/Oxidizer T00 3 (133 900 T65 590 690 67 T30 150 660 50 460 283 190 1280 ke . 610
Trapped Fuel - - - - - - - - - 179 - - - - - Lo el =
Pressurant 235 120 2kk 260 255 225 245 230 250 175 240 210 170 187 7 1830 . 170 _ 1Bk
APU Fuel 3P 292 365 kos 90 350 380 390 385 295 315 3% 330, 290 . 251 A2, . 3% 68
3 7 99000 93200 76660 93100 90kT0 | 00 90000 200 900, 2 2 5550. . 37900
Puel 35230 17200 247 k5202 38398 29460 34950 33700  6TTS ,‘”‘1’%10 345 26977 15620 9\s0 6325, k700! . 1sé200 . 22200
Oxidizer 93730 56650 37H25.. 254300, . 3730, 122050
Toow U783 77200 119BKT 186202 131598 108120 128050 126170 3357 105310 123815 101177 | 147250  9L700 900 384550  1k7250 I}
- s 4o
Characteristics .
sp( ni’g ) ? 1780 2760 3'(03? 3%01)) 2530 2900 2840 3000 1980 2920 2280 1405 1025 810. 2785 1405 . 1105
Engine(Type) P-100-GE-100 5) (L) (6) é (5) VEY s 4 6 LR-129(1)LR-129(1)LR-129(1}LR-129(1)LR-129(1) TeS
Ergine (Type ) (s (1) ess (1) ess (1) esF (1) 69 (1) ca) (1) es3 {1) u‘u)h) cs‘wl) cs.s )(1) m(x l(1) uw r) _( ) e - - - -
Fuel LHp LHp Ltz LHp LH Lhy Lz L L, [Hy/ap L, s, LHp Ly Lz L . o2 . Lty
Oxidizer - - - - - - - - - tox LOX LoX Lox | WX .  LoxX
Base MN=10.0 Ms3.0 Single Verticel Hardwar:
Tradeoff Btudy Base M=10.0 T/W 10 ain 7.5 ain 3.5 5.0¢  7.3%  7.3% IP Used Normal Slush [N=12.0 Bese  .Takeoff . Engines
M =12.0 (TOGW) Cruise Cruise Struct Struct Struct Struct For Botling Lhg Operation(2.8
: »1.17 b3.5% &5 &3.5 &5.0g5m Booat Point min
TPS TPS TPS ™ Fuel _ _crutme

f
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(U) FIGURE 4-156 (Continued)
GROUP WEIGHTS COMPARISON
M=12.0 HTO Vehicles
(Presented in International Standard Units- kg)

S |

CONFIGURATION _ _ B25T - ummj‘_gchn.nnm LW"LM‘W
TRADEOF? STUDY y Fl-1  F-l P31 T2 -1 r-2  r-3 P
. - . . . . e o
¥ing/Body 15k22 . 10696 15606 18510 . 16967 13713 16A20 1597k . 17708 ,
Botating. Tips 1656 . 1011, 1606 . 206k . 1Mk . kT 1TIh - 195} -
Verticel Tail(a) . 2100, 139 2028 2563 . 2291 . 1ATh 2322 ... 2kS9 - 3
Hose Landing Gear, 168 . 15 195 25 . 238 15k 229 .. A5 . - 218..
Maio Landing Geer, 839, 5717 B9k 1089 w8 . 758 98l 875 . .
Control Actustion, A0 387 515 sky . 508 . W67 g7 513 - -
Engine Section - - - - - - - - - .
JFropulsion Orowp . . .o e = —_—
. Enzies(a) 6180 kohh. TOE Tak . TR . 6180 Th16 . ThI6. — Fh6 - - Wglh - - Thié —— 6160
. Engine(s) 2005. 1250, 1973 2518 . 222 T8 2264 .. 201k - . 2200 - - 1397 - 2109 — 1606
. Alr Inductics . h26h . k02 5126 §126 . 5126 h26h 5ki3 s217 5126 3k02 5126 - - hobh
Fuel Systea W81 . 280. k38 ss3 . 503 s W7 3 485 635 - W58.-- 33
APY 368 290 358 M 388 M5 317 365 - 381 295 . 372 W
Engine Controls 68 68 a2 82 68 a2 a2 -3 sk 82
. Lube Cooling 91 91 109 109 109 [y 109 109 109 3 19 91
Instruments 19 79 9 9 19 % ) 79 % 19 T - 19
Hydraulice 531 k20 562 594 558 99 540 553 (38 426 535 k67
Flectrical 1% 136 136 13 136 136 1% 136 136 136 136 136
Electronics 3L 324 32k 32k 324 324 32L 24 32k 324 324 32k
Furpistings 181 181 161 161 18 181 18 181 181 181 18 181
ECS 200 200 20k 204 20% 204 20k 20 208 208 208
Contingency 126 se6 112 a73 819 673 a1 T98 85k 598 794 652
Weight Eapty 36313 310 3 1073 3 1071 127 29829 3 16193 1208% 10386 28293 16198 19232
Crev & Equipment 109 109 109 109 109 109 109 109 109 109 109 109 109 109 pri 109 109 109
Paylosd pe sk ush hsk sk sk sk sk wsk bsk Ak hsk sk ush sk “32 bsh sk “52
Vent Fuel/Oxidizer 7 156 292 o8 k7 267 13 ws 3 Mo 29 2bs 209 126 8 EL L
Trepped Fuel - - - - - - - - - 81 - . - - 6- - a- - 3_
Pressurant 107 56 111 18 né 102 m 08 113 19 109 95 7 = 3 n 3
APU Fuel 168 133 165 183 T 159 1712 171 115 13170 Y 9 131 b 2 9 . 167
ovE TR PTIE BT Vh9E  VeeiE i1l L2230 TiOE V00 3026 B4 3%57 | ansz 12973 bl 9733 ans? 20321
e 802 1k K 9021/ 15157 12237 7085 w281 2869 19369 _ To85 . 10070
gu:““ 1598(_) 7 f 1 621 zosot 7 1'1 13)63 15953 xszaf 1668{ 7115 N _ | vesi6  eses6 17203 116256 2516 55362
TOGW 53LLE 35018 5k362 &5h10 59693 1 3 323 90 T 55981 5 86793 L2956 31253 165360 66793 85753
Characteristics
sp (M) 266 165 2% @0 268 235 269 264 219 184 n 212 13 95 X 253 131 158
Engine ('bypa)r-loo—ﬂl»wo {s) (&) {6} {6) (6) (5) (6} C(8) (6) (%) ég) éj) 'l)LR-129(1)LR-129(1)m—129(l)m-129(l)m-129 (1)J28
Engine (Type) (1)css” (1)cs3 (a)esd (1)esd (eI (1)esy (1esy (et (1S3 1esd (1) 1) " L, L4 183 Lip Lz
2
g:‘i;'n.cr i 2 e L le ul2 LI|2 L-llz uz [70) § ox Lox wx j¥e) § LOX
Tradeoff Study Base M=10.0 T/W 10 atn 7.5 min 3.5 5.0 7.33 7.33¢ JP Used Normal  Sluah Base  M=10.0 Me8.0  Single Verticalllardvare
ue12.0 (T0GW) Cruise Cruise  Struct Struct Struet Struct fFor Boiling Ly W=12.0 Base  Takeoff Engines
=117 L 3.56 &5.04 & 3.56 &5.08 Boost FPoint Operstion (2.8 min
TP TS TS TS Puel crulse

time)
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(U) During the course of the analysis, the basic Mach 6.0 vehicle was revised
to reflect improved weight estimates for ramjet engines, air induction systems, and
associated engine provisions. These revised baselines are noted in Figure 4-153,
Since the results of the parametric variations would still result in the same trade-
off parameter selection, regardless of the baseline vehicle, only the baseline
vehicle weights were revised. However, in developing the weights for the near
optimum vehicles shown in Section 4.6, it was necessary to derive their weights
based on the revised Mach 6.0 vehicles.

(U) Figures L-15: and 4-155 provide group weight statements for the B233
manned M 12.0 air launched rocket boost/cruise vehicle, the B284 unmanned M = 12
air launched rocket boost/cruise vehicle, and the B232 manned M 12.0 air launched
rocket boost, scramjet cruise vehicle. The basic ground rules used for weight
estimation of the vehicles presented on Figures 4-154 through 4-155 are as follows:

Configuration Configuration Configuration

B233 B28Y B232
Cruise Speed M=12.0 M=12.0 M= 12.0
Cruise Time S min 5 min 5 min
T/W (TOGW) 1.5 1.5 1.5
Base Operation Dual Dual Dual
Boost Engine Rubberized LR-129 Rubberized LR-129 Rubberized LR-129
Cruise Engine Rubberized LR-129 Rubberized LR-129 SJ
Structure Load Factor 5.0 g 5.0 g 5.0 g
TPS Load Factor 3.5 ¢ 3.5¢g 3.5 g

Payload
Payload p (1b/ft3)
Landing Propellant

1000 1b (L5Sk kg)
25 (L00O kg/m?)
0

1000 1b (L5k kg)
25 (400 kg/m?)
0

1000 1b (454 kg)
25 (L00 kg/m?)
0

(U) Figure L-156 compares the basic M 12.0 B257 fixed size GE-F100 turbojet
boost and convertible scramjet boost/cruise horizontal takeoff vehicle with various

tradeoff study configurations.
takeoff rocket boost/cruise vehicles.

Included on these fi

gures are the M 12.0 horizontal
The ground rules for the base vehicles B257

and B260 are as follows:

Configuration Configuration
B257 B260

Cruise Speed M= 12.0 M=12.0
Trajectory HTO HTO
Cruise Time 5 min 5 min
Boost Engine(s) GE-F100 (to M = 3.0) LR-129 Rocket
Boost Engine CST (M = 3.0+) -
Structure Load Factor 5.0 g 5.0 g
TPS Load Factor 3.5 g 3.5 ¢
Boost Propellant LHp LH,/LOX
T/W (TOGW) .961 1.5
Base Operation Dual Dual

LHp Temperature

Subcooled (30°R)

MCOONNELL AIRCRAFET

b_203

Subcooled (30°R)
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(U) Because of the large number of configurations investigated during Phase II,
a detailed weight analysis was not conducted for the seven selected configurations
discussed in Section 5.3. However, this wealth of data did allow us to develop a
reasonsble weight estimate by adjusting the weight of the basic configuration to
account for the design changes incorporated. As an example, the B233 "near optimum"
weight derivation is presented below:

ib kg
B233A OWE 24,600 11,159
A Weight (five) RL-10 vs (one) LR-129 4,060 1,841
(Based on B233B tradeoff study)
A Weight of Active vs Passive Cooling System -L,300 -1,950
(Based on B233AT-1 tradeoff study)
A Weight of 1500 1lbm vs 1000 lbm payload 900 Lo8
(Based on B233AL-2 tradeoff study)
A Weight-resizing 400 181
B233 "near optimum" OWE 25,660 11,639

The previous discussion illustrates that the operating weight empty was reasocnably
derived without extensive configuration redrawing and performance perametric rework.
Once the operating weight empty was determined, the average propellant fraction
determined in the B233 tradeoff studies {(configuration B233A7-1 and configuration
B233B) was applied and the takeoff gross weight was derived.

TOGW = 2?;8%9 = 87,000 1b (39,463 kg)

(U) Figures U-157 through L-16k graphically illustrate the effect on weight
of the tradeoff studies performed on the seven base configurations. The lower
(cross-hatched) bar represents the operating weight empty. The upper bar repre-
sents the propellant weight.

MCDONNELL AIRCRAFT

4204
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(U) FIGURE 4-157
B207TM=6 HTO - ROCKET BOOST AND RAMJET CRUISE
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(U) FIGURE 4-158

UISE

00ST ANDRAMJET CR

Trade-Off Studies

BZ12M = 6.0 HTO - (2) GE F-100TJ B
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(U) FIGURE 4-159
B233 M = 12.0 AIR LAUNCHED
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(U) FIGURE 4-160
B233 M =12.0 AIR LAUNCHED

Trade-Off Studies
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(U) FIGURE 4-161

B284 UNMANNED

M =12.0 AIR LAUNCHED-
ROCKET BOOST/CRUISE
Trade- Off Studies
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(U) FIGURE 4-162
B232 M=12.0
AIR LAUNCHED
ROCKET BOOST AND SJ CRUISE
Trade-Off Studies
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(U) FIGURE 4-163
B257 M =12.0 HTO - GE-F100 TJ BOOST AND CSJ CRUISE
Trade-Off Studies
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(U) FIGURE 4-164
B260 M = 12.0 HTO — ROCKET BOOST/ROCKET CRUISE

Trade-Off Studies
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4.5.3 (U) COSTS - Figures L-165 and L-167 through L-173 show the total system cost
summaries in tabular and bar chart form for the Phase IT baseline configurations

and their parametric variations, while Figures 4-166 and 4-17L show the total

system costs ror the near optimum configurations. All costs reflect January 1970
economics. Total system costs were derived for seven baseline vehicles, 57 para-
metric variations of the baseline vehicles, and seven near optimum vehicles.

(U) Detailed total system cost summaries are shown in Figures b4-175 and
L-176 for the baseline flight research vehicles and their parametric variations
and the "near-optimum" flight research vehicles.

(U) The weight summary and the airframe and miscellaneous subsystem costs
for the baseline configurations and their parametric variations and also for the
"near-optimum" configurations are shown in Figure 4-177. The propulsion system
perameters and associated costs are shown in Figure L-178.

(U) Flight research vehicle refurbishment and propellant costs are shown in
Figures 4-179 and 4-180.

MCODONNELL AIRCRAFT
L-211
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(U) FIGURE 4-165

TOTAL SYSTEM COST SUMMARY FOR BASELINE CONFIGURATIONS AND THEIR PARAMETRIC VARIATIONS
(Millions of 1970 Dollars)

L Contigwations
Cost Categories R B207.M 6.0-8.0, Air Launched, All Body Config,. RKT/Ramjet N
A Al-1 Al-2 Al-3 A2-1 A2-2 A6-1 ]
Base Config | Cool Inlet { Cool Inlet | Cool Inlet TIW 125 TW=2.00 Single Base | Off-the Shelf
M 60 M0 M 8.0 Operation Engine
RDTEE 332 kY] 349 467 ky&} 348 359 285
Investment 121 115 134 222 121 122 131 130
Operating 164 157 178 m | . 165 184 118
Total 617 596 661 962 608 635 674 593
i B - - Configurations L _ B L
Cost Categories iZlZ M GUTQ Launched. Wing Body Contig., Turbojet Ramjet o
A A3-1 W-1 | As2 1 A3 | A4 | Al-l AB-1 As-1
Base Config 10 Minute | 3.5g Stiucture | 5.0g Structure | 7.3g Structure 7.3g Structure Hot Nonintegral JP Fuel
Test Time | 3.5g Shingle | 5.0g Shingle 3.5 Shingle 5.0g Shingle Structure Tank
ROT&E 304 310 300 308 308 313 12 307 304
Investment 149 163 148 161 162 168 165 152 149
Operating a2 o m m 70 n? 29 P a e
Total 665 705 660 699 702 120 712 676 665
Configurations
Cost Categaries | BZ32, M 12.0. Air Launched o o
Al Body Conlig, RKT SJ B213. M 8,0—12.0, Air Launched, All Body Conlig, RKT
[ B A A<l [ A2 | ARl A2-2 A3-1 -2 Ad4-1
Base Config | Ofi-the Shelf | Base Config |M 8.0 | M 10.0 TIW 125 Ti¥ 2.0 10 Minute 15 Minute 600 Pound
Engine Cruise Time Cruise Time Pay load
RDTRE 555 476 243 158 196 242 266 300 387 240
investment 139 157 124 110 115 121 127 151 194 121
Operating 184 205 178 167 171 172 179 204 241 175
Total 878 838 544 435 482 535 572 655 828 536
S ___Configurations e
Cost Categories 233, M 8.0-12.0, Air Launched, Alt Body Config, RKT
M-2 -3 Ad-4 AS-1 AS-2 A5-3 “‘ AS-4 A6-1
1400 Pound p Pazy;‘::d,m p P;zl?:‘"; 3.5 Structure 5.0g Structure | 7.3g Stucture | 7.3 Structure Single Base
Payload ' 3.5g Shingle 5.0g Shingle 3.5p Shingl 5.0g Shingle Operation
o | g e, amgnt | RS | TR | ST
RDTRE 247 243 3 239 254 246 257 409
Invesiment 126 124 123 122 134 127 136 213
Goatmg | w0 | m fowpows oo wpowe | s B
Total 554 544 543 536 Tl 578 554 587 901
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(U) FIGURE 4-165
TOTAL SYSTEM COST SUMMARY FOR BASELINE CONFIGURATIONS AND THEIR PARAMETRIC VARIATIONS (CONTINUED)

(Millions of 1970 Dollars)

£T2-4

LATIDNIV VIBNNOADIN

Configwations
Cost Categories . B233, B 8.0-12.0, Air Launched, All Body Config, RKT
A7-] A7-2 A9 All-1 All-2 B C-1 ! Cc-2 T D E
Active Cooling | Passive lnsulation NBP Fuel | Powered Landing Powered Landing SRL-10"s 6RL-10's RL-10s 750 Leading 779 Leading
System (Minimum Weight) . 5000 Lb Fuel 10,000 Lb Fuel TW-LI7 | TW=1375 TW=1.550 X Edge Sweep Edge Sweep
ROTSE 7 7 41 mn 34 163 163 ‘ 167 269 259
Invesiment 115 128 11 143 161 151 A3 ' 159 140 126
Operating 167 183 182 193 1l P2 204 L 09 193 180
Total 506 558 550 613 688 518 520 i 535 502 565
Configuralions
B257, M_ 10.0-12.0, HTO Launched. Blended Wing Body Config, Twbojet CSJ
Cost Categavies F F1-2 F-1 | F3-1 F3-2 F5-1 F5-2 F5-3 F5-4
Base Config [ M- 10.0 TIW 117 10 Minute 1.5 Minte 3.5¢ Structure 5.0g Structure | 7.3g Structure | 7.3 Structure
Cruise Time Cruise Time | 3.5g Shingle | S.0Shingle | 3.5 Shingle | 5.0¢ Shingte

ROT&E 602 533 601 627 614 588 613 610 ) 622

Investment 281 219 285 325 301 261 303 296 l 321

Opesating 383 297 386 439 408 357 411 402 ! 436

Total 1266 1049 1212 1391 1323 1206 1327 1308 [ 1319

5 TR _Configurations
Cost Categories B257, M 10.0-12:0, HTO Caunched, i , . B284, M 12.0, Air Launched
Blended Wing Body Config, Tubajet /Cs)] 200 M 8.0-120, V/HTO Launched, All Body Contig, Rocket Unmanned, All Body Config, Rocket
F3-1 F9-2 F9-3 A Al-l T A2 T [ Aeal B A B
JP/LH2 NBP L"Z Stush LHZ Base Config |M - 10.0 M .80 Single Base Off-the Shelf | Base Config Off-the Shelf
Operation Engines Engines

ROT&E 570 609 580 k21 263 0 537 200 234 162

Investment 234 294 255 160 121 107 9 1n 176 21

Operating E14) 97 35 238 184 _ 165 14 257 188 218

Tolal 131 1300 1180 42 568 489 1113 629 598 )
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(U) FIGURE 4-166
TOTAL SYSTEM COST SUMMARY FOR THE ‘“NEAR OPTIMUM" CONFIGURATIONS
(Millions of 1970 Dollars)

“Near Optimum’” Configurations

Cost Categories B207 B212 B232 B233 B257 8260 B284

M =6, Air Launched,|M - 6, HTO Launched,| M = 12, Air Launched, |M - 12, Rir Launched, |M 12, HTO Launched. M - 12, HTP Launched,|M - 12, Air Launched,

Al Body Config.. | Wing Body Config., Al Bady Config., All Body Config., Blended Wing Body, All Body Config., Unmanned, All

Rocket/Ramjet Turbojet- Ramjet Rocket Scramjet All Rocket Turbojet €SJ 325 Rocket Body Config..

All Rocket
RDT&E 299 130 465 151 547 1% 148
Investment 141 188 155 135 a1 112 195
Operating 194 269 200 188 | 2 29 28
1

Total 634 % 820 474 k 1080 624 546

(U) FIGURE 4-167 TOTAL SYSTEM COST BAR CHART FOR B207 CONFIGURATIONS
M = 6.0-8.0, Air Launched, All Body Configuration, Rocket/Ramjet
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(U) FIGURE 4-168 TOTAL SYSTEM COST BAR CHART FOR B212 CONFIGURATIONS

M = 6.0, HTO Launched, Wing Body Configuration, Turbojet/Ramjet
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(U) FIGURE 4-169 TOTAL SYSTEM COST BAR CHART FOR B232 CONFIGURATIONS

M = 12.0, Air Launched, All Body Configuration, Rocket/SJ
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8.0-12.0, Air Launched, All Body Configuration, All Rocket

(U) FIGURE 4-170 TOTAL SYSTEM COST BAR CHART FOR B233 CONFIGURATIONS
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(U) FIGURE 4-171 TOTAL SYSTEM COST BAR CHART FOR B257 COMEIGURATIONS

WROAY
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M =10.0-12.0, HTO Launched, Blended Wing Body Configuration, Turboje
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(U) FIGURE 4-172 TOTAL SYSTEM COST BAR CHART FOR B260 CONFIGURATIONS
M = 8.0-12.0, HTO Launched, All Body Configuration, Rocket
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M = 12,0, Air Launched, Unmanned, All Body Configuration, Rocket
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(U) FIGURE 4-173 TOTAL SYSTEM COST BAR CHART FOR B284 CONFIGURATIONS
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£0LDOUT FRAMETZ.
(U) FIGURE 4-175
DETAILED TOTAL SYSTEM COSTS FOR THE BASELINE CONFIGURATIONS AND
THEIR PARAMETRIC VARIATIONS

(MILLIONS OF 1970 DOLLARS)
Configwations
B207, M- 6.0-8.0, Air Launched. All Body Contiguration Rocket - Ramjet B21ZM 6.0, HTO, Wing Body Configuration. Twbojet Ramjet
Cost Categories and
Cost Elements A Al-1 Al-2 Al-3 A2-) A-2 A6-1 ] A A3-1 AS-1 AS-2 A5-3 As-4
Base Configwalion | M= § M-7 M-8 T LS|TY 200 Single Base |"Off-Shell"" Base 10 Min. | 3.5¢ Structure] 5.0g Struchure| 7.3 Structore | 7.3g Structure
Hot Inlet Cool Inlel | Coof Inlet | Cool inlet i i i Engine | Configwation | Test Time | 3-5g Shingle| 5.0g Shingle]  3.5¢ Shingle |  5.0g Shingle
1 RDTRE Costs No. of Flights 200 200 00 00 200 200 200 200 200 200 200 200 200 200
1. Airframe Oesign and Development
A. Airtrame Design 33.089 30.289 38.013 17.488 33159 33.130 aren 34381 39.302 42759 37.088 41.750 45.098
B. Misceltaneous Subsysiem Design and Development 4716 4 660 (K1) 6.370 42 4716 5.203 4987 5.526 5009 5.021 5591 5.683
C. Development Tesling 2,904 2.7% 3.010 3545 2.906 2907 3.02 299 34 3608 im 361 3698
D. Test Hardware LX1Y §.202 5.020 8.163 4493 4498 5.283 4370 6.742 7108 6332 14023 7.401
E. Pye-Delivery Flight Yest kX 1L) 3 34)6 3.366 3408 3415 3415 kEIL) 3an 34l 348 3.0
Sub Tolal 48611 45.361 54.3% 98.932 3870 48.666 58 190 50.646 58.405 82917 55.668 61.3%5
2. Toaling 8.706 8053 933 14.326 87 8123 10.067 9298 12.349 13.140 11746 13.039
3. Avionics Development 4.669 4.669 4.669 4.669 4669 4,669 4669 4,669 4,669 4669 4669 4.669
4. Propulsion Development 244.200 241.020 254.000 314,160 235720 244.200 257.000 194.000 195.000 195.000 195.000 195.000
5. Support Equipment Design and System Integration 17540 16.887 18.203 2334 17.53% 17.602 19.392 18137 21.601 22494 20.930 22.142
6. Ground Yest Facilities 8.000 8.000 8000 | 8000 4*ll 000 | 800 | 8000 _ B000 | 11500 4 01500 | 11500 11500
Total 3172 3899 348 604 467.418 323.369 331.860 359318 288750 303.524 309.720 299513 307.785
I tnvestment Cosls i
1. Flight Vehictes
2. Airtrame 2419 20305 2347 | 319804 20618 | 20073 %616 23.587 30,839 34585 30.894 .31 3638 36.107
B. Miscetianeous Subsysiems 1.168 1152 1227 1622 1.165 1178 1300 L1 13% 1529 1.252 1.408 1413 1433
C. Propulsion 2.641 2632 2838 4980 2.580 2664 2 806 3.450 132 1326 33% 332 118 332
D. Avionics 1.120 1120 1120 1.120 1.120 1.120 1.120 1120 112 L0 1120 1120 1120 1120
Unit Cost (1) Vehicle 26.648 5.209 29532 4152 26.643 26.125 30.847 29.3% 36.675 40560 36.592 40.085 1049 41.985
Unit Cost (3 5 Vehicles) 79.944 15.621 88.5%6 142.578 79923 80.175 9252 88,194 110.025 121,680 109.776 120.255 121.89] 125.958
2. Support Costs
A. Age 11.9%2 1134 13.289 21387 11,989 12.026 6.939 13229 16.504 18.252 16.466 18.038 1824 18.8%4
B. Training Equipment 0.750 0.750 0.750 0.750 0.750 0.750 0.7%0 0750 0.750 0.750 0.750 0.750 0.750 0.750
C. Initial Stocks (Engines and AGE Spares) 19.686 19.558 21195 36.799 12.259 19.851 20.336 18573 18.280 18.455 18211 18.43¢ 18.452 18519
D. tnitiat Training 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000
E. Initial Transportation 117 1.644 1.8% 3097 1709 1724 119 1.830 2.182 23n 21n 2,352 2.3n 247
Sub- Total 35045 34.29% 38.124 63.233 | 30 35351 30.824 35382 38716 | 40834 38.670 w057 BN R “4i g0
3. Launch Platiorm Cosl 5.765 5.42% 6.881 15.830 5.853 | 5.764 7400 H*G 437 - - - - - -
Total 120,854 115.348 133.601 221.641 120.489 121.29% 130.750 130.013 148741 162514 148.446 160.829 162.290 167.568
I Operating Costs (5 Year)
1. Range User Costs 5.566 5.566 5.566 5.566 5.566 5.966 5.566 5566 5.566 5.566 5.566 5.566 5.566 §.566
2. Escort Aircratt and Logistics 2.220 220 2220 2 220 220 2.2 2220 .20 .20 220 2.220 2.220 2.220
3. Vehicle Returbishment Cost 133.240 126.005 147660 237,630 133.215 133.625 154.210 146.9%0 183.375 202.800 182.960 200475 202.485 209.930
4. Propellant Cost 0.140 0.131 0.198 0.652 0.183 0.138 0.253 0.159 0.195 02717 0.180 0.208 0209 0.229
5. AGE Maintenance {Labor Only} 1799 1702 1993 3208 1.798 1.804 1041 1984 2476 2738 2470 2.706 213 2.8
6. Genera) Purpose Maintenance Support 1.000 1.000 1.000 1.000 1.000 1.000 0.500 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7. Transporiation Cosl - - . - - - - - - - - - -
8 Pilot Pay and Suppott Per Pay 17.500 17.400 17.800 20000 17.600 17.600 18.000 17.300 17.400 17.600 17.400 17.600 17.600 17.600
9. Launch Platform Op Cost 2540 2.540 2540 2540 2540 2540 2540 2.540 - - - - - -
Tolal Tea10s | iseeos | 1ream | 7216 | 164087 | 1eeas3 | 1sa330 | mBmS | 2izz3 | 2eai | 2ii7% [ 2ea5 | Buaw T Bean
Grand Total £16.685 595.942 £61.182 %1875 | 607.940 617,643 674398 593.022 664.497 104.435 659815 £98.299 702.508 720.045
TP8257-90

MCDONNELL AIRCRAFT

b2




FOLDOUT FRAME |

REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME IIi ® PART 2

(U) FIGURE 4-
DETAILED TOTAL SYSTEM COSTS FOR THE

175 (Continued)
BASELINE CONFIGURATIONS
AND THEIR PARAMETRIC VARIATIONS
(Millions of 1970 Dollars)

FOLDOUT FRAME Z

Configurations
B212. M = 6.0, HTO, Wing Body B232, M = 12.0, Ait Launched, - . " .
Cost Categores and Conliguralion, Twbojet Ramjel Al Body Conlig, Rocket 5 B233, M = 8.0-12.0, Air Launched, All Body Configuation, Rocket
Cost Elements A1 AB-1 A3-1 A 8 A A1l A2 a2-1 Az-2 A3-1 a3-2 As-1
Mot Stuctre | Non-integral Tank | P Fuel Cm?i‘;fmm O Shelt CM?I.'.‘;,W W80 | W=100 | TW-125 | Tw-z0 | L0Mn c":?s:'}‘;m 600 Lb Payload
|. RDT&E Costs No.of Flights 200 200 2% m 200 200 200 00 200 200 200 200 200
1. Airtrame Design and Development
A. Airlsame Design 49283 2.075 n:mn 71.032 83.152 75.115 39.889 35.6%6 TAA% 75.401 93.049 126.433 14.209
B. Misc. Subsysiem Design and Development 5.858 5.583 5.581 5718 6 465 5.766 4.246 5.087 5.813 5695 6.4% 1.7 5.725
C. Development Testing 298! 3 333 2751 2.945 2.7% 249 2516 2,669 219 3.037 3407 2.765
D. Test Hardwate 5.234 6.507 5344 5.017 5712 5.136 431 4761 4934 5.169 6.055 1520 5.078
E. Pre-Delivery Flight Test 338 3400 X 3381 3.390 3389 338 3.35% 3.3%0 _am 3392 _33% 338
Sub-Total £6.755 61.938 59921 87.%5 101724 9219 54.911 71.406 91.300 92 451 112.028 148,631 9i.166
2. Tooling 10.260 11.863 11517 8479 9757 86% 7.033 7.304 8.063 8768 10.436 13.3% 8580
3. Avionics Development 4.669 4669 4669 4669 4669 4669 4669 4.669 4669 4569 4669 4669 45669
4. Propuision Development 195 000 195.000 195.000 385.000 289.000 119.000 76532 %.460 119.780 142.000 152.000 195.000 118.000
5. Support Equipment Design & Sysiem Integration 23.909 2128 21470 13.232 233 18.311 14.955 16 .28 1829 18.523 20873 25.002 17.9%
6. Giound Test Facilities 11500 11500 1500 £ 50000 | 50.000 - - - - - - - -
Total 312.08 307.098 304 083 555.345 476 483 42.8%) 158.100 19175 242114 266.411 300.007 386.668 240411
Ik Investment Costs
1. Flight Vehicles
A. Airframe 35.240 31656 30840 24 497 2 859 24.803 29 A.00 3.m 24.95% 29248 36.833 24.502
B. Misc. Subsystems 1.484 1405 1406 1.441 1644 1454 1.043 1.%67 1.466 1.43% 16% 2.0 1443
C. Propulsion 33% 3.326 332 2734 130 1.250 0.858 1.049 1.260 1.430 1.500 1.850 1230
D. Avionics REE I 1020 1 1120 L0 L120 1120 | L120 110 1120 L 1120 0859
Unit Cost t1) Vehicle .17 3150 36692 297192 33.853 28621 2699 21 506 27619 28 %1 33524 41.820 28.034
Unit Cost 13 5 Vehicle) 123.510 12521 10076 89376 101,559 85 881 80.976 82.518 82.857 %823 100,572 125.460 84102
2. Support Cosls
A. AGE 18.527 16.878 16511 13.406 15.234 12813 12.146 12778 1248 13.023 15.086 18.319 12615
8. Training Equipment 0750 0.750 0750 0750 0750 0750 7% 0.750 0.750 0750 07150 0.750 0.750
C. Initial Stocks (Engines and AGE Spares) 18.483 18318 18 281 20478 171613 10.m7 ra 8581 10.063 11312 12.009 14 832 9.872
D. Initial Teaining 1.000 1000 1000 1.000 £.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
E. Initiat Transporiation 240 228 2182 1.893 2.040 1625 1485 _150 1603 1667 _19aio L3 159
Sub-Totat 41.166 39.169 3874 3752 36697 | 26.285 260 4209 25.845 a1s 30755 s 25831
3. Launch Platiorm Cost - - ] e _imoer (1) 1em 609 | g9 1 11562 269D 300230 D 11348
Total 164 676 151,690 148 800 138 609 15 323 123.859 18647 115.016 120576 126 437 151 3% 193.366 121.281
1. Operating Costs (5 Years)
1. Range User Cost 5.566 5566 5.5%66 5.566 5.566 5.5%6 $.566 5.566 5.566 5.566 5.566 5.566 5566
2. Escort Aircraft and Logistics 2.220 2220 2220 220 2220 2220 2220 2.220 2.220 2220 2220 2220 2220
3. Vehicle Refurbishmen Cost 205 850 187.535 183460 148 %0 169.265% 143.035 134.%0 137.530 138.095 4705 167.620 209.000 10010
4. Propellant Cost 0203 0.208 (AN 0431 0635 0399 0.173 0.262 0.410 0.405 0625 1.069 0.387
5. AGE Maintenance (Labor Only} 211 2532 24n 2m 2285 1.93t 1822 1857 1.%4 1.9%53 2.3 2.823 1.892
6. General Purpose Maintenance Support 1.000 1.000 1.000 1.060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1. Teansportation Cost - - - 1586 1586 1.5% 1.586 1586 1.586 1.586 1.586 1.586 1.586
8. Pilol Pay and Support Per Pay 17 300 17600 17 600 19.200 20.000 19.300 17600 18.400 19.200 19200 20400 21.800 19.200
9. Launch Platiorm Operating Cost - . - ese _2M0 | 254 | 250 | 250 | 2500 | 250 2540 2540 2540
Total 235418 216.661 21249 183.514 205,097 178.007 167 467 170.91 172481 179.175 203.820 L 174561
Grand Total With Propeilant T2.187 615 449 665377 877 464 837 91 4419 435.214 482.102 §35.471 §72.23 $55.223 536.253
TP8257-91 G\) Major modification of C-5A required, priced al 1.5 miflion dollars per aiscrafl.
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{U) FIGURE 4-175 (Continued)
DETAILED TOTAL SYSTEM COSTS FOR THE BASELINE CONFIGURATIONS
AND THEIR PARAMETRIC VARIATIONS

(Millions of 1970 Dollars)

FOLDOUT FRAME Z

Configwations
B233, M = 8.0-12.9, Air Launched, All Body Conliguration, Rocket
Cost Categories and Cost Elements A4-2 AL-3 Ad-4 AS-1 A5-2 A5-3 A5-4 AG-1 A7-1 A7-2 A9-1 All-1 All-2 B
1400 Lb Payload Payload 13 g Structure | 5 Og Structure | 7.3¢ Structure|73 Structue | Single Active Passive Rowersd Rowered .
Paykad | P= OO [ p=30Lb 3_5: Shingle |5 3:9“,.,.. 3_5: Shingle 50: Shingle so,‘,,,{?:,," Cooling | insulation | NBP Fuel é%ln "lélanib SRL-10's
Cu.Ft. Cu.Ft System | (Min. Weight) Foel el
vel) uel)
1. ROTAE Costs l No of Fits 200 20 200 200 200 200 200 00 20 200 200 200 200 200
1. Airframe Design and Development
A. Airframe Design 75.886 74887 74732 72.9%65 18.802 15.228 79742 118.9%0 10212 18.871 17510 82.484 %3112 85680
B. Misc. Subsystem Design and Development 5.806 5.766 5757 584 5.940 5.888 5.9%7 8.539 sl 5. 5823 6.748 7.005 6.318
C. Developmeni Testing 2800 2781 2.ms 214 3.006 2838 3.062 3650 241 2837 2330 2853 3.03% 3.001
D. Test Hardware 5194 5.13t 5.124 5.036 5.631 5.262 5.762 83i6 4.8 5.183 5.2% §.655 6378 5.917
E. Pre-Delivery Flight Test 338 338 3389 3388 341 339 3.417 339 139 333 13% 139 339 3.39
Sub-Totat 93.075 91924 91781 89.946 %.793 92610 97.950 143.489 86.698 %.058 %508 100.132 113.583 164 309
2. Tooling 2.804 35680 8.667 L4 9745 8.%1 10.075 15.180 8.038 9.59 8.989 9.256 10.513 10.105
3. Avionics Development 4669 4669 4669 4669 4669 4669 4669 4,669 4669 4669 4.669 4.669 4669 45669
4§. Propulsion Development 122,000 119.000 118.720 117 660 124000 120.840 125 000 219.420 108.120 118.720 114.000 143.100 163.240 24.000
5. Support Equipment Design & System Integration 18626 18.2% 18.269 18.039 18.922 18612 19.148 26.585 16 638 18.133 18,725 20.08 21789 20.041
6. Ground Test Facilities - - - - - - - - - - - - ~
Totat 2841074 242 565 282106 238 761 254.129 245692 25%.842 408313 224.163 247 449 24129 21.250 3139 163024
1L Investment Costs ’ t
1. Flight Vehicles
A Airframe 25.064 24758 W12 .21 729 539 | 27880 43.190 23.060 B 25510 212 30.769 28.589
B. Misc. Subsystems 1.466 1454 1.452 1.467 1.502 1488 1510 2 1.385 1.457 1.470 1.726 1799 1607
C. Propulsion 1270 1.250¢ 1.251 1.240 1.280 1212 1300 2067 1.155 1.250 1.200 Lz 1.590 230
D. Avionics ﬂ L1z 1.120 1.120 1.120 1120 1.120 1.120 1120 1.120 1.120 1.120 1.120 1.120
Unit Cost (1) Vehicle 29.181 28.582 28545 2810 31131 29.218 31810 48.608 26.720 29754 | 29.360 3149 35.278 33.616
Unit Cost (3 5 Vehicles) 87543 85.74 85635 84301 9339 87.82 95.430 145824 30.160 89.%2 | 3.080 94473 105.834 100.848
2. Support Costs
A. AGE 13.131 12862 12.385 12645 14003 ! 13um 14314 10.937 12.004 13.389 13212 1Hm 15875 15127
B. Training Equipment 0.750 0750 0.750 0.750 0.750 0.750 0750 0.750 0.750 0.750 0.750 0.750 0750 0.750
C. imtial Stocks rEngines & AGE Spates) 1028 10.16 10.042 9.94 10.361 10221 10531 15.563 9.287 10.08% uan H.sh 12718 13.013
0. Inilial Training 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
E. Initial Transportation 1651 _1624 1622 1599 _LI% 1662 1793 251 1517 1683 1556 1.800 2m 195
Sublotat %741 . ¥y 26.185 25938 71 816 26.806 28.260 30.56% _ 24578 26.911 26339 a3 ! 323% ! 31825
3. Launch Platform Cosi 12.9 11.656 11639 1] 489 12.383 12 066 12.78% Bl 100 11675 1213 19000 232l a2 J
Total 126.323 123584 123.419 121730 133.652 126,69 136.479 2. 114,820 127 848 1% .5% 142.709 161.444 150.9%60
HI. Operating Cosls (5 Years)
1. Range User Cost 5.566 5.566 5.566 5.56 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566
2. Escort Aircraft and Logistics 2220 2220 2.220 2220 2220 2200 2.220 2.220 2220 20 2220 2220 2220 2220
3. Vehicle Refurbishmenl Cost 145 905 142910 142725 140.505 155655 145.370 159.050 243.040 133600 148.770 146.800 157.45% 176.3% 168.080
4 Propellant Cost 0.412 0398 039 03% 0.425 0413 0438 1319 0348 0.402 0415 0.584 0.765 0621
5. AGE Maintenance (L abor Only) 1970 1929 1927 189 210 1976 FALY 1641 1803 2.008 1.982 2.12% 2381 2.9
6. General Purpose Maintenance Support 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0500 1.000 1.000 1.000 1.000 1.000 1.000
7. Transportation Cost 1.586 15% 1.586 1586 1.586 158 1.5% - 1.586 1586 1586 1.58 1586 15%
8. Pilot Pay and Suppor! Por. Pay 19.200 19200 19.200 13.200 19.400 19200 19.400 22600 18.800 13.200 19.400 20.200 20 800 20.000
9. Launch Plattorm Operating Cost 2540 2.540 2540 2540 2.540 2.540 2540 2540 2540 2540 2.540 2540 2.540 2.540
Tolal 180399 177 348 177.163 174 309 190.493 180,871 193.947 219.42% 167 463 183.292 181 509 193.217 213248 203.882
Grand Total 553.8% 543598 542 688 535.400 578.214 553 .257 587.%8 901 450 506 446 558.589 549.357 613 236 688 .48 517.9%6

I, Major moditication of C-SA required, priced at 1 § miliion dailars per aircralt
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(U) FIGURE 4-

DETAILED TOTAL SYSTEM COSTS FOR THE
AND THEIR PARAMETRIC VARIATIONS
(Millions of 1970 Dollars)

175 (Continued)

BASELINE CONFIGURATIONS

Configwalions
B:f.’h:’; c’ﬂ:;"‘f.‘:h:"" ";:'c",‘;'l‘“‘ B257. ¥ = 10.0-12.0, KTO Launched. Blended Wing Body Conliueation, Tubojel CSJ
Cost Categories and Cost Elements
C-1 c-2 D E F F1-2 F2-1 F3-1 Fi-2 F5-1 F5-2 F5-3 F3-4
- 75° Leadin 710 Leadin Base - - 10 Winute 15 Minute 13.5¢ Structure[5.Og Structure{ 7.3¢ Structwe |7 3¢ Shucture
SRL-10s | TRL-A | £y Ol | L o [Contiuraion| M = 100 [T W= 117) Sosmele Cruise Tine [355 Sime O Sl i3t
|. RDT&E Cosls  No. of Flights No. of Flights 200 200 200 200 200 200 200 200 200 i) 200 200 200
1. Airlrame Design and Development
A. Aithame Design 85.845 48282 8.830 34,301 164.063 112474 | 161.032 176.363 169.257 154.391 167.858 166.564 112821
B. Misc. Subsystem Design & Development 6.021 5.458 6.160 5743 9.107 7.569 8614 10321 9S4 3.704 9.37 9.325 10.042
C. Development Testing 299 3.007 2945 2803 4580 399 4615 4%8 4753 4409 4788 4703 4.936
0. Test Hardware 5.845 5939 s.701 5201 12074 899 12112 14834 12.800 11.244 13421 12.167 JERA]
E. Pre Delivery Flight Test (339 | 33w 3330 EE 33 3381 | 333 _ 33 _im 33 _ 330 _ 38l 3
Sub-Tofal 104.093 | 107.078 104.026 101.435 193.161 136.392 189.76% 209,831 199.565 182,090 198.434 19.6% 205 166
2. Tooling 10017 10.189 9.71% 3936 235690 17 659 24.184 2144 25657 22.064 25 .89% 5293 21.3%
3. Avionics Developmen 45669 4,669 4669 4669 4669 4669 4669 4569 4669 4669 4.669 4568 4669
4. Propulsion Development 24.000 24.000 130.380 125.000 290.000 290.000 | 290.000 290000 290.000 290.000 290.000 290.000 290.000
5. Support Equipment Design & Sysiem Inlegration 20.046 20418 19.858 19.082 4 30992 38742 4682 40.185 35.7% 40.157 39434 41.092
6. Ground Test Facilities - - - - 53.500 53500 $3.500 53.500 53 500 53500 53.500 53.500 53.500
Total (162825 | 166418 268.728 25942 602.441 533.212 | 600 864 627.086 613576 58118 612 655 509648 621821 |
It. tnvestmenl Cosls
1. Flight Vehicles
A. Arframe 28.246 286% 21540 25.108 59.438 43761 59.438 68 625 63.410 54.776 $4.045 §2.366 68414
B. Misc. Subsystem 1530 1646 1.564 1.447 239 159 2.55 269 230 2283 2.461 2460 25670
C. Propulsion 2760 3220 1.346 1.280 6.731 5.852 6.975 1632 123 6.088 7.104 7.018 7314
D. Avionics _bio | e b 11 1120 1120 LIZ0[ a0 | 1120 1120 | L8 | 110 | 11 | L1
Unit Cost (1) Vehicle 336% 34 662 31570 28.95% 69.107 52691 £9.788 80.074 14,083 64.267 74730 72.%4 79518
Untt Cost (3 § Vehicles) 100968 | 103.9% .70 86.865 207 306 158.07%6 | 209.%4 240222 222.249 192.801 2419 218.892 238.554
2. Support Costs
A. AGE 15.145 15.5% 14200 13m0 31.0% an 31.405 36.033 333 28.920 33629 32.834 35.783
B. Training £ quipment 0.750 0750 0.750 0.750 0.750 0.750 0.750 0.750 0750 0.750 0.750 0.750 0.750
C. Imtial Stocks (Engines & AGE Spares) 15315 17660 10842 10.263 3.765 31631 38.016 117163 39.399 33332 38 883 38313 40.148
D. Imtial Training 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
€. tnitial Transportation _losz 2019 | 178 L8 | 166 | 32 | 422 | asn A 3855 L
Subtotal 1w 37.087 28.587 26691 14126 60.336 15393 84.357 18.951 67.857 18.745 17383 82426
3. Launch Platform Cost (Dus KDses (Deess | Diene | - - - -4 - - - - -
Total 153.097 | 159.4% 139.980 126.266 B 281.432 218412 | 284.757 324 51% 301 200 260658 302 935 2% 235 320.980
HE. Operating Costs (5 Years)
1. Range Yser Cost 5566 5.566 5.566 5.566 5566 5.566 5 566 5.566 5.566 5 566 5.566 5.566 5566
2 Escorl Aircraft and Logistics 2270 2220 2.220 2.220 2220 2220 220 2220 2.220 220 2220 2220 2220
3_Vehicle Relurbishment Cost 168.280 | 173310 157 850 144775 345510 263455 | 348.940 400.370 370415 321.135 373 650 364 820 397.5%0
4. Propeliant Cosi 0598 05618 0473 0437 | 1.464 0.715 1340 1.878 15% 1.224 1452 1.400 1528
5. AGE Mainlenance (Labor Only) 2.2 234 211 1.955 4.664 3557 L] 5405 5.000 4338 5.004 4.925 5.367
6. General Purpose Maintenance Support 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1. Transportation Cost 1586 158 1.58 1.586 158 15% 1.5% 1.58% 1586 1.58 1.5% 1 586 158
8. Pilot Pay and Support Per Pay 20.000 20.000 19.600 19.400 20.400 19.200 20 400 21.000 20.800 20.000 20600 20500 20 800
9. Launch Platiorm Opetating Cost 2540 | 2.540_< 2540 2540 - - L - - - - - - -
Total 204,062 | 209.154 192.966 179.479 wao 29729 | 385.763 439.025 408.183 357.269 411.118 402117 435657
Grand Total 519.984 [ 535.066 601674 564.867 1.266.283 | 1,048.923 | 1.271.384 | 1390690 1,322.9%9 1.266.045 1,326.708 1.308 000 1,378.458

TPE?Y .
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{U) FIGURE 4-175 (CONTINUED)

1970

DETAILED TOTAL SYSTEM COSTS FOR THE BASELINE CONFIGURATIONS
AND THEIR PARAMETRIC VARIATIONS

(Millions of 1970 Dollars)

Configurations

B257. M 100-120. HTO. B260 M 8.0-120, V HTO Lavnched, B M 120, Air
Cost Categories and Blended Wing B!_M Conigration, All Body Contiguration, Rocket Launched. UW' -
Cost Elements Turbojet 'CSJ) Body Configuration, Rockel]
F9-1 F9-2 F9-3 A Al-1 Al-2 AB-1 8 A 8
Base Single { Of-Shell Base Off-Shelt
P Ly | WEPLHZ | S LHy | oipration]| @ 100 | ® 80 1 Tl | engie Configuiation| Engine
| RDT&E Costs No. of Flights 00 200 200 200 200 200 200 200 200 200
1. Aittrame Design snd Developnent
A Airtrame Design 141.956 166.469 149.626 110.2%0 77.814 $8.582 163.110 | 121.963 £8.926 82.352
8. Miscellaneous Subsystem Design and Development 8.651 9312 8.085 7.542 6.182 5.424 11.433 8.010 5.521 6.2
C. Developmenl Testing 4229 4690 4313 3336 2842 2676 4.066 3.491 2152 3.013
0. Test Hardware i0.219 12532 10.674 T.428 531 4728 11322 8.083 5.017 5.907
E. Pre Defivery Flight Test 3.33% 3.335 3.398 3327 3387 3387 3.391 3.3%2 3.292 3.1
Sub Totat 168.451 19%6.338 176.0% 131.923 % .569 14.497 193322 | 144939 85.508 100.813
2. Tooling 20.144 24.987 21.013 12.608 9.230 6.083 19.376 13.960 8.383 10.057
3. Avionics Development 4.669 4.669 4.669 4.669 469 4.699 4.699 4669 7.052 1.052
4. Propulsion Development 290.000 290.000 290.000 nLN 133.560 11300 287.260 10,000 115.540 24000
5. Supporl Equipment Design and Sysiem integration 3478 39.367 35.128 23.632 20.013 18.33% 32651 26.085 12.686 19.543
6. Ground Test Facililies 53.500 53.500 53.500 - - - - - - -
Totat §10.242 608.861 580.406 349 992 263 041 216.88% 537.278 | 199.653 234,169 161.465
11 Investment Cosls
1 Flight Vehicles
P Aitrame 43.950 61 242 52.075 35584 25.9m 22819 54.706 39.109 . 28.550
B. Miscelianeous Subsystems 2.2 2.25% 2,101 1905 156! 1275 3.062 2084 1387 1.581
C. Propulsion 5.003 7313 6.577 1.147 1447 1243 23916 1,680 1219 2.300
D. Avienics 1.120 1120 110 1220 1220 1.220 1220 1.220 1358 1.358
Unit Cost 11y Vehicle 58.343 11.930 61.873 10456 30133 26 617 61.904 44,093 28.193 33.79%
Unil Cosi 1345 Vehicles) 175.029 | 21579 185 619 121.368 90.3% 19.851 185.712 | 132.219 140.965 168.980
2. Support Costs
A Ape 26.254 32.369 27.843 18.205 13.560 11978 13.928 19.892 12.687 15.1%
B. Training Equipment 0.750 0750 0.750 0.750 0750 0.750 0.750 0.750 - -
€. Initial Stocks rEngines and AGE Spares) 27 6AD 39.802 35 669 14 150 1 485 9899 21.805 13.744 9.802 13.005
D. Initial Training 1.000 1.000 1.000 1000 1.000 1000 §.000 1.000 - -
E. Inittal Transpotlation 344 4.363 3783 2.9 1731 1524 3.551 2238 1698 2.043
Sub Tota! 9382 | 7B6e8 | €005 | 3613 | 285 | 2050 | W | e | i@ | Tomi
3. Launch Platiorm Cost - - 2000 | 2o 2000 2.000 2.000 11.189 17.514
Total 234411 294.438 254.664 159.504 120.925 107.002 228.446 | 171.853 176.341 216.798
11l Operating Costs (5 Year)
1. Range User Costs 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566 5.566
2. Escort Aircraft and Logistics 2.220 2220 2.220 220 2220 2220 2220 2.200 2220 2.200
3. Vehicle Refurbishment Cost AL715 359.650 309.365 | 202.280 150.565 133.085 309.520 | 220.465 155.062 183.948
4. Propeitant Cost _ 0.883 1389 Li21 0.805 0.4% 0.332 .43 |1 0.386 0.524
5. AGE Maintenance Labor Only) 3938 4.855 4176 2131 2.034 1197 2.089 2.976 1963 2.258
6. General Purpose Maintenance Support 1.000 1.000 1.000 1.000 1.000 1.000 0.500 1.000 1.000 1.000
7. Transpottation Cost 1.586 1.586 1586 1547 1547 1547 - 1.547 1586 1.586
8. Pilot Pay and Support Per Pay 20.000 20.600 20.000 21.200 19.800 18.800 24,600 22.000 18.000 18.800
9. Launch Plattorm Op Cost ot ol oseo | osw | ose_ | 0500 ) 0500 2540 2540
Totat 326.908 39.866 345.034 237.849 183828 164.847 347.238 | 257411 188.263 218.442
Grand Tolai 1131561 | 1,300.165 | 1,180.104 | 741.905 561.7%4 488.738 | 1.112.962 | 628.917 598.773 59%.705
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(U) FIGURE 4-176

FOLDOUT FRAME C.

F
DETAILED TOTAL SYSTEM COSTS FOR THE ““NEAR OPTIMUM" CONFIGURATIONS

(Millions of 1970 Dollars)

‘‘Near Optimum’' Configurations
Cost Categaries and B207 B212 8232 B233 B257 B260 B284
Cost Elements M= 6, Air Launched, M= 6 HTO Lamched, | M =12, Al Launched, | M- 12 AirLaunched, | M= 12,HTO Launched, | M- 12 HTOLanched. | M- 12, Ak Launched,
All Body Configuration, Wing Body Configuration, All Body Cortiguration, All Body Configuration, Blended Wing Body All Body Configuration, Unmanned, All Body
Rocket/Ramjet Turbojet /Ramjet Rockat 3J All Rocket Configuration, Turbojel/CS} 125 Rocket Configuration, Al Rocket
RDTAE Costs No. of Flights 200 20 200 200 200 200 200
1. Airframe Design and Devetopment
A. Rirframe Design 2.8 50.510 75.212 76.903 121472 119.885. 72.097
B. Misce!laneous Subsystem Design and Devel 5.906 8.804 5.750 5.884 8.175 1% S.715
C. Development Testing 3.482 4.767 2.850 2.833 A.776 3.626 281
D. Test Hardware 5.988 9.345 5.15 5.264 9.719 8.074 5.248
E. Pre-Defivery Flight Test 3433 3.446 3,390 1.391 3.662 3.340 31295
Sub-Total 60.857 76.8712 92371 94.280 147304 143.123 89.294
2. Tooling 10.270 15.603 8.750 8.922 19.072 13.705 8.769
3. Avionics Development 4.669 4.669 4.669 4.66% 4.669 4.669 1.376
4. Propulsion Development 194.000 195.000 269.000 24.000 290.000 10.000 24.000
5. Support Equipment Design and System Integration 20910 2.884 20.201 18.1m2 32435 285 18.156
6. Ground Test Facitities 8.000 11.500 50.000 - 53500 — -
Totat 293.706 330.528 464.947 150.643 545,980 196.322 147.59%
Il Investment Costs
1. Flight Vehicles
. Airframe 2%.132 40.989 25.628 25.400 47.262 38.680 25.344
B. Miscellaneous Subsystems 1474 1.889 1.466 1.436 2.116 2.0m 1.451
C. Propulsion 3314 33% 4.489 2300 4.565 1.680 2.300
D. Avionics 1.445 1.446 1.46 1.446 1.446 1,546 1.684
tinit Cost (1) Vehicle 32.366 47.650 33.029 30,632 55.389 8977 30,779
Unit Cost (3 5 Vehicles) 97.098 142.950 99.087 91.8% 166.167 131.931 153.895
2. Support Costs
A. Age 14.565 21.443 14.863 13.784 24.925 19.790 13.851
B. Training Equipment 0.750 0.750 0.750 0.750 0.750 0.750 -
C. Initial Stocks (Engines and AGE Spares) 18.021 18.774 23.531 12.878 25318 13.73% 12.885
D. Initia) Training 1.000 1.000 1.000 1.000 1.000 1.000 -
E. Initial Transportation 1,965 2.18 2123 1.784 3250 2.465 1.899
Sub-Total 36.307 44,69 42.667 30.19% 55.243 37.744 28.635
3. Launch Platform Cost 6.914 13.200 13.050 - 2.000 12,375
Totat 141,164 187.646 154,954 135.142 221410 171.675 194.905
1 Operating Costs (5 Year)
1. Range User Casts 5.566 5.566 5.566 5.566 5.566 5.566 5.566
2. Escort Aircraft and Logislics 2.20 2220 2.200 2.220 220 220 2220
3. Vehicle Refurbishment Cost 161.830 238.250 165.145 153.160 276.985 219.885 169.285
4. Prapeitant Cost 0.171 0.186 0.553 0518 0.727 0.99 0.4%2
5. AGE Maintenance (Labor Only) 2.18% 3.216 2229 2.068 3139 2.969 2.078
6. General Purpose Maintenance Support 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7. Transportation Cost - - 1,586 1.58 1.586 1.5¢ 1.586
8. Pilot Pay and Suppoit Per Pay 18.200 18.400 19.600 19.600 19.800 21,600 18.400
9. Launch Plattorm Operating Cost 2.540 - 2.540 2.540 - 0.500 2.540
Total 193.712 28.838 200.439 188.258 311.583 256.286 203.167
Grand Tolal 633.582 781.012 820.340 74.083 1,019.973 624.283 545.667
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FOLDOUT FRAME (

(U) FIGURE 4-177
WEIGHT SUMMARY AND AIRFRAME AND MISCELLANEOUS SUBSYSTEM COSTS FOR BASELINE
CONFIGURATION AND THEIR PARAMETRIC VARIATIONS AND THE “NEAR OPTIMUM" CONFIGURATIONS

FOLDOUT FRAME 2.

MCOONNELL AIRCRAET
Yopzy

Configuation v(l)eca;R 'll)eclm mm ;21;‘{ oNE oNE Togw TOGW Airframe Cosls (2) | Misc. Subsystem Cost (2)

Ko. (Lb) (Kilograms) | (Lb) | (Kilograms) | (LD) | (Kilogramg) | (L) | (Kilograms) ROTRE(S(3] nv.(5) [ROTEES(®] tnv. (5)
B2TA(S) Base Confipuration, Hot Infet 15,900 1212 21,175 9,605 2,860 10,3%9 38,430 17,432 359983 2118 4716 1.168
B207A1-1 W= 6.0, Cool tnlet 14,509 6,581 19,761 8,93 21,440 9725 35,166 16,405 33.085 20305 4.660 1.152
B207A1-2 M= 1.0, Cool tnlet 17,064 7,740 22,600 10,251 24,350 11,045 45,876 20,809 11023 .47 493 1.2
B8207A1-3 ¥= 8.0, Cool inet 31.9% 14,512 16,425 21,058 48,500 21,99 105,530 7,%8 81.033 19.504 6.370 1622
B207A2-1 TH= 12 15,%1 .20 21,176 9,605 22,860 10,3%9 39,00 17,69 %.065 21678 (8" L165
8207A2-2 T/W=2.00 15,930 1.26 21,265 9,646 2,000 10433 38,425 17429 36.037 21773 4716 1178
B207 A6-1 Single Base Operation 19,507 9,030 25,305 11,478 7,100 12.2% 9,332 nn 4.289 5616 5.203 1.300
B207B *'OH the Shell” Engine 17,024 110 22,465 10,130 24,200 10,977 42912 19,465 37.380 23.587 4982 1.241
8212A(6) | Base Configwation 20,%1 9,506 30,673 13913 32,540 14,760 K7 16,887 2.726 30.839 55% .
B212A3-1 10 Minute Test Time 23,036 1049 | 32864 13,907 34,850 15,808 41,520 18,833 45.364 34.585 6.029 1.529
BZ12A5-1 3.5g Structure 3.5¢ Shingle 19,107 3565 5152 13.223 31,000 14,061 35,34 16,077 10.3%9 30.894 5021 1.252
B212AS-2 5.0g Structwre, 5.0 Shingle 22319 10,124 32,0% 14,540 13,940 15,395 38,99 17,667 45.361 u31 5.561 1.408
B212A5-3 73g Structwre/3.5¢ Shingle 22,552 10,229 32,29 18,648 34,200 15,513 39,233 17,7% 45.690 34638 5.609 1413
B212A5-4 7 3¢ Structure,5.0g Shingle 214 10,953 33,909 15,381 35,820 16,248 132 18,742 48.7% 36.107 568 1433
B21247-1 Hot Structure 2,879 12,192 36,693 16,644 38,650 17,531 3,50 19,751 52.264 35.240 5.868 148
B212A8-1 Non-Integral Tank 21,653 822 32,018 14,523 33,900 15,317 33910 17,649 6.8 316% 5.583 1.405
B212A9-1 1P Fuel 20,623 9,35 30,322 13,754 .21 14613 38,480 17,454 e, 30.840 5.581 1406
BZZA(7) | Base Configmation 13,003 [X3]] 24870 11,281 26,730 1215 78,010 35,385 7378 24497 5718 141
BZ128 “‘Off the Shelf"* Engine 22,0 10,309 23,900 13,%2 31,870 14,45 100449 45,53 85.097 2 858 6.465 1644
B233A (8 Base Configuration 19,53 9,041 215 10,308 24,600 11,158 71,50 35,358 77.900 2438 5.766 1454
B233A1- M= 8.0 13783 6,234 15,760 7149 17,450 1.915 40,%0 18352 12388 2.9 4246 1.043
B233A1-2 M= 100 15.%!1 7,240 18,465 8,376 20,170 9,143 54,90 2968 58.202 24.010 5.087 1261
8233A2-1 T¥=125 19477 8,835 22,685 10.290 24,560 11,140 79,160 35,906 77.163 am 5.813 1.466
B23342-2 TH=20 20,002 9.073 23,201 10.524 25,080 1137 79,080 35,670 78.98 24.95 56% 1.435
B213A3-1 10 Min. Cruise Time 25,160 1,412 28,5% 12,90 30,700 13,925 113,79 51,614 96.086 0.8 6.4% 1.6%
B233A3-2 15 Min. Cruise Time U819 15,79 39,310 17,831 41,800 18,960 180,820 82,019 129.340 %83 1115 2.017
B233A4-1 600 Lb Payload 19,651 19 243 10,171 23,880 10,832 75,650 34,314 76.974 .50 5.725 140
B233AL-2 1400 Lb Payload 20,228 9,175 23,040 10,451 25,320 11,485 80,260 35,405 7868 25.064 5806 1486
B233A4-3 Payload ¢ 25 b Cu. FL (400 kg/m3) 19,89 9,06 22,681 10.291 2,550 11,1% 17,770 35,26 71638 247158 5.766 1.454
B233A4-4 Payload v 30 Lb Cu. FI (481 kg 'm) 19,852 9,005 22644 1021 24,500 11,130 77,590 35,194 nsi n2 5715 1.452
B233A5-1 3.5g Structure 3 .5¢ Shingle 13,301 8,755 22,095 10,022 23,980 10,877 76,590 I 75.708 .21 5814 1.467
B233A5-2 5.0 Structure 5.0g Shingle 21,14 9,5% 24,070 10,918 %,000 11,79 82,550 7,04 81.308 27.229 5.940 1.5@
B233A5-3 7.3g Structure 3.5¢ Shingle 20,350 9,231 23,220 10,532 25,290 11471 30,440 3,087 78.066 25.3% 5.3 1.488
B233A54 7.3g Structure ‘5.0g Shingle 21,90 9938 24,915 11,301 26,860 12,183 85,260 38673 83.004 27.880 5.97 1.510
B233A6-1 Single Base Operation 38,232 17,32 43,50 19713 46,1% 20,951 n2120 100,752 122,640 43.1% 8.539 2.231
233A7-1 Active Cooling System 15,780 7,158 18,845 8.3%7 20910 9,485 67,210 30,486 72.953 23,060 5.511 1385
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FOLDOUT FRAME \ FOLDOUT FRAME C_
(U) FIGURE 4-177 (Continued)
WEIGHT SUMMARY, AIRFRAME AND MISCELLANEQUS SUBSYSTEMS COSTS FOR BASELINE
CONFIGURATIONS, THEIR PARAMETRIC VARIATIONS AND “NEAR OPTIMUM'* CONFIGURATIONS

Contiguration I'J‘(il;ln gsll;k' Se'zh‘{ E:lpg( o¥E one TocN TOGK Airframe Costs (2) | Wisc. Subsystem Cost (2)
No. Wy (D | itogramsy | (Lh) | (ilogramsy | (LYY | (Kilograms) | (Lb) | (Kilopams) Toprae (3] wv.(s) |ROTEES(E] . )
B233A7-2 | Passive Insulation,(Min. Weight) 19,505 (X 2,310 10,120 24,19 10972 17,830 35,303 81.708 25.921 5774 1.451
B233A9-1 |NBP Fuel 20,709 9,393 23,605 10,707 25,500 11,57 80,911 36,701 80.400 25,570 5823 1470
B233A11-1 | Powered Landing 5,000 Lb (2,268 kg) Fuet 2,88 10,379 2,780 12,147 28,790 13,059 106,690 4839% 85.337 2128 5.748 17%
B233A11-2 { Powered Landing 10,000 Lb (4,536 kg) Fuel %,862 12,00 30,875 14,005 33,030 14,982 135,030 61,249 96.808 30.769 7.005 1.799
BZ33B 5 RL-10 Engines, T/M=1.117 339 10,608 26,625 12,074 28,660 12,997 101,910 46216 38.681 28.589 6318 1.607
B233C-1 |6 RL-10 Engines, TM=1375 2,432 10529 26655 12,09 28,680 13,009 99,580 45,189 88U 826 6.021 1.530
B233C-2 |7 RL-10 Engines, TM = 1.550 4,13 10,948 21675 12,553 29,730 13,485 102,130 4,543 91.289 8676 6458 1646
B2313D 75° Leading Edge Sweep 23,1% 10,522 %,265 11,914 28,220 12,300 91,220 nan 88.775 27.540 6.160 1.564
B233E 17° Leading Edge Sweep 21,48 9,746 24,445 11,088 2,380 11,96 84,730 38,433 87.104 25.108 5.743 1447
TB251F (3) | Base Configuration 59,664 27,063 80,055 36,312 82,600 37467 117,830 53,41 168,683 58.852 9.107 2.399
BSIF1-2 M= 100 42,088 19,089 58,004 %310 50,000 2,6 77200 35,017 116.433 3761 71.569 1.959
B25IF2-1 |TAN="L11 61,9% 2,120 85,106 33,603 87,600 39,735 119847 54,362 165647 59438 3514 2255
B257F3-1 |10 Min. Cruise Time 71,559 32,459 96,195 051 99,000 4,905 14,20 65,409 181.331 68525 10321 25697
B257F3-2 | 7.5 Min. Cruise Time 66,526 30,176 90,550 4,01 93,200 225 131,598 59,692 174,010 63.410 9414 2.340
B257FS-1 | 3.5¢ Structure/3.5¢ Shingle 54,493 24,718 74,755 3,682 76,660 um 106,120 48,135 159.810 S4.T76 3704 2283
B2STFS-2 | 5.0g Structure/5.0g Shingle 66,60 30,229 90,545 4,071 93,100 Qm 128,050 58,083 172,646 64.045 9.327 2461
B2STF5-3 | 7.3g Structure/3.5¢ Shingle 64,760 293715 87,93 39,887 90,470 41,07 124,170 %323 man 62.366 9.325 2460
B2S5TF5-4 | 7.3g Structure /5.0g Shingle 70317 31,895 94,195 (YA} 9,800 3,908 133,575 60,589 111151 68414 10,042 2570
B257F3-1 {JPANZ 09,759 7510 65,761 20,829 68,400 31,0% 105,310 41,768 146.185 19,95 3.651 2.210
B257F9-2 |NBP/LH2 63,99 29,026 87485 9,683 90,000 40,823 123,415 55,980 171159 51242 9312 2.256
B257F3-3 | Slush LH2 52,474 2,802 71,380 32,604 74,200 33,657 101,177 15,893 153.939 52,075 3.085 2101
B260A({0) | HTO Base Configuralion 31,831 14,438 35,700 16,193 37,900 17,191 147,250 56,791 113.6% 35,584 T.A7 1905
B260AI-1 [M~10.0 2628 10,264 %,640 12,084 28,600 12,913 94,700 42,955 80.656 2.905 6.152 1.%61
B260A1-2 |M=8.0 18,91 3,580 22,898 10,3% 24,650 11,181 68,900 31,253 61.258 23111 5.124 1215
B20A6-1 | Single Base Opevation 54,202 24,585 62,375 28,293 65,550 2713 364,550 165,357 167.176 54.706 11433 3.062
B2608 *‘Off the Shell”” Engine 35,643 16,167 2,398 19,231 44,800 20,321 189,050 85,752 125454 39.109 3.010 2.084
B2MA Base Configwation 18,421 8.3% 21,410 9,711 23,19 10,519 74,590 33,833 715678 u.m 5.521 1387
B2MB **0ff the Shell”” Engine 2,120 10,306 25,885 11,741 21810 12,614 99,310 45,046 85.365 28.550 §.204 1.581
BZ0 g =iﬁe,‘ ‘q‘:'..'“':m“' All Body Conliguration, 2,65 10,276 28,566 12,956 30,825 13,981 51,75 23,450 45530 26.132 5.906 141
ocket/Ramj
» | B212 M =5, HTO Launched, Wing Body Configuration,| 33011 14,972 44,529 20,19 47,159 21,389 55,629 5,81 $5.217 40.989 8.804 1.889
.1_5‘ Turboje!/Ramjet
= | B232 M = 12, Air Launched, Alt Body Configuration, | 20,79 9432 %650 12,088 23,050 13117 88,000 39,916 78.062 254628 5.750 1466
& Rockel /Scramjet
& e :"= Rlozc'kA:' Launched, All Body Configwation, | 20,340 9,226 B0 10,528 25,660 11,639 7,000 39,463 19741 25.400 5.844 1486
= e
§ B257 M = 12, HTO Launched, Biended Wing Body [TRI] 20,005 62,030 28,136 64,820 2402 99,320 45,051 125.748 .52 8.175 2,116
£ Configuration, Turbojet/CSJ
‘2 B260 an s= Rlz.kano Launched, All Body Configuation, | 34,881 15,822 38,750 17,517 41,200 18,688 167,000 15,750 12511 38580 8.1% 2.7
- oCke!
Flem M = 12, Air Launched, Unmanned, All Body 18,861 8,555 21,850 9,911 2,%0 10,999 82,500 37421 74,976 531 5775 1451
Configuration, All Rocket

Defense Conbractor's Progress Report Weight 5) B207, M= 6.0-8.0, Air Launched, All Body Configuration, Rocket /Ramjet (9) B257, M= 10.0-12.0, HTO Launched, Blended Wing Body Configwration, Turbojet/CS)
2 Millions of 1970 Dollars 6) B212, M= 6.0, HTO Launched, Wing Body Configuralion, Turbojet/Ramjel @ 8260, M= 8.0-12.0, VHTO Launched, All Body Configuration, Rocket
3) Includes Airframe Design and Development Tests 1) B232, M= 12, Air Launched, All Body Conliguation, Rocket/S) (11) 8284, M= 12.0, Air Launched, Unmanned, All Body Conliguration, Rocket
4) Includes Miscetlaneous Subsystem Design and Development 8) 8233, M= 8.0-12.0, Air Launched, All Body Contigwration, Rocket

e c—
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PROPULSION SYSTEM PARAMETERS AND COSTS FOR THE BASELINE CONFIGURATIONS
AND THEIR PARAMETRIC VARIATIONS AND THE ““NEAR OPTIMUM'' CONFIGURATIONS

EOLDOUT FRAME 2.

Type of Engine Operating Mach Number Propellant ROT&E Costs (Doltars) (1) Investment Cost (Dallars) (1)
Configwation Propeliant Systen
Kunber Contiguration Description Acceleration and Clird Crutse Acceleration | o o Fuel | Onidizey | AcCeeration Craise Tolal Recelesation Cruise Total G'W':“T,e,ﬁ;:',"hg,s
Numbet Type Nomber Type and Climb and Climb Engine |  Engine wd Climb Engie |  Engine .
BITA  12) | Base Hot inlet 1 LR-129 1 Square Ramjet 0-6 6 H, Lox 74.200 170.000 244.200 04811 1.830 2.641 8.000
B20IAL-1 | M= 60 ! LR-129 1 Square Ramjet 0-5 6 LH, Lox .02 170.000 1020 0.795 1437 2632 8.000
B207A1-2 LESX] ! LR-129 ! Squae Ramjet 0-7 1 LH, Lox 84.000 170.000 254.000 0.943 1.895 2838 8.000
B207A1-3 M=80 1 LR-123 1 Square Ramjet 0-8 L] M, 10X 144160 170.000 314.160 1.452 3.528 4.580 8.000
B207AZ-1 TW=125 1 LR-129 1 Square Ramjet 0-6 3 LH, LOX 65.120 170.000 235020 0131 1.849 2.580 3.000
B207A2-2 TW 200 1 LR-129 ! Square Ramjet 0-6 6 LH, LOX 90,000 170.000 260,000 0.900 1.837 2131 8.000
8207A6-1 Single Base Operation 1 LR-129 1 Square Ramjet 0-§ 6 LH, LOX 89.000 170.000 259.000 0.97% 1.831 2.806 8.000
B207 ““Off the Shell”” Engine 3 RL-10 1 Square Ramjet 0-6 6 W4, Lox 2.000 170.000 194.000 1.380 2000 1450 8.000
B212&A (3 | Base 2 F100-GE-100 i Square Ramiet 0-3 1-6 LH, - 25.000 170.000 195.000 1.166 2.160 33% 11.500
821243-1 | 10 Minute Test Time 2 F100-GE-100 1 Square Ramjet 0-3 1-6 LH, - 25.000 170.000 195.000 L.166 2.160 1.3% 11.500
B212A5-1 3.5 g Structure 3.5 ¢ Shingle 2 F100-GE-100 1 Square Ramiet 0-3 1-6 LH, - 75.000 170.000 195.000 1.166 2160 1326 11.500
B21245-2 5.0 g Steuclure 5.0 g Shingle 2 F100-GE-100 1 Square Ramjet 0-3 1-6 LH, - 25.000 170.000 195.000 1166 2.160 3132 11.500
B212A5-3 7.3 g Structwre 3.5 g Shingte ? F100-GE-100 1 Square Ramjel 0-3 1-6 LH, - 25.000 170.000 195.000 1.166 2.160 13% 11.500
B212AS -4 1.3 ¢ Structure 5.0 g Shingle 2 F100-GE-100 1 Squar e Ramjel 0-3 1-6 LH, - 25.000 170.000 195.000 1.186 2.160 3.32% 11.500
B212A7-1 Hol Stiuclure (Nor Integral) ? F100-GE-100 1 Square Ramjet 0-3 1-6 LH, - 25.000 170.000 195.000 1.166 2160 1326 11.500
B212A8-1 Non-Integra} Tank 2 F100-GE-100 1 Squace Ramjel 0-3 1-6 LH, - 25.0m0 170.000 195.000 1.166 2.160 33% 11.500
B212A9-1 P Fuel H F100-GE-100 1 Square Ramjet 0-3 1-6 LH, &P - 25.000 170.000 195.000 1.186 2.160 3326 11.500
B232A () | Base 1 LR-123 i S 0-1 12 LH, LOX 120.000 265.000 385.000 L. 1.462 273 50.000
B2328 " | "Off the Shelf”" Engine 1 RL-10 1 S) 0-12 12 LH, Lox 24 000 265.000 289.000 2.760 0470 3.230 50.000
B2I3A (5 | Base 1 LR-129 Same | Same 012 12 LK, Lox 119.000 - 119.000 1.250 - 1.250 -
B233A1-1 M= 80 1 LR-12% Same | Same 0-8 8 LK, LOX 76.532 - 76.532 0.858 - 0.358 -
B233A1-2 M= 100 1 LR-129 Same Same 0-10 10 Lk, LOX % 460 _ 96.450 1.049 - 1.049 N
B23342-1 Tw=12 1 LR-129 Same Same 0-12 12 LH, LOX 119.780 - 119.780 1.260 - 1.260 -
B233A2-2 Tw=20 1 LR-129 Same Same 0-12 12 LH, LoX 142.000 - 142.000 1.830 - 1430 -
8233A3-1 10 Minute Cruise Time 1 LR-129 Same Same 9-12 12 LH, LOX 152.000 - 152.000 1.500 - 1.500 -
B233A3-2 15 Minute Cruise Time 1 LR-129 Same | Same 0-12 12 LHy Lox 195.000 - 195.000 1.850 - 1.850 -
B233A8-1 600 Lb Payload i LR-129 Same Same 0-12 12 LH, Lox 118 000 - 118.000 1.230 - 1.230 -
B231AL-2 1400 Lb Payload 1 LR-129 Same Same 0-12 12 LH, LoX 122.000 - 122.000 1.210 - 1.210 -
B233A1-3 Payload p= 25 Lb cu It 1 LR-129 Same Same 0-12 12 LH, LOX 119.000 - 119.000 1.250 - 1.25 -
B233A4-4 Payload p= 30 Lb cu ft 1 LR-129 Same | Same 0-12 12 LKy LOX 118.720 - 118.720 1.251 - 1.251 -
B8233A5-1 3.5 g Structure 3.5 g Shingle 1 LR-128 Same | Same 0-12 12 L4, LOX 117.660 - 117 660 1.240 - .20 -
B233A5-2 5.0 g Structire 5.0 g Shingle 1 LR-129 Same Same 0-12 12 LH, LOX 124.000 - 124.000 1.280 - 1.280 N
B233A5-3 7.3 g Structure 3.5 g Shingle 1 LR-129 Same | Same 0-12 2 LH, LoX 120340 - 120.840 1712 - .12 -
B233A5-4 7.3 g Structwre 5.0 g Shingte 1 LR-129 Same Same 0-12 12 LH, LOX 125.000 - 125.000 1.300 - 1300 _
B233A6-1 Single Base Operation 1 LR-129 Same Same 0-12 12 LH, LOX 219420 - 219.420 2.067 - 2.067 -
B233A7-1 Active Cooting System 1 LR-129 Same Same 0-12 12 LH, LOX 108.120 - 108.120 1.155 - 1.155 -
B233A7-2 Passive Insulation Minimum Weight) 1 LR-12% Same Same 0-12 12 LH; Lox 118.720 - 18720 1.250 - 1.250 -
B233A9 NBP Fyel 1 LR-129 Same Same 0-12 12 LH, LOX 114.000 - 114.000 1.200 - 1.200 -
B233A11-1 Powered Landing 5000 Lb Fuel 1 LR-129 Same | Same 0-12 12 LK, LoX 143.100 - 143.100 1.482 - 1442 -
B233A11-2 Powered Landing 10.000 Lb Fuel 1 LR-128 Same Same 0-12 12 Ly LOX 163.240 - 163.240 1.5%0 - 1.590 -
B233B SRL-10 Engines T W 1117 5 RL-10 Same Same 0-12 12 L4, Lox 24.000 - 24.000 2.300 - 2300 -
B233C-1 6 RL 10 Engines T W 1.375 6 RL-10 Same Same 0-12 12 LH, LoX 24.000 - 24.000 2.760 - 2.760 -
8233C-7 7RU 10 Engines T W 1550 7 RL-10 Same Same 0-12 12 LH, Lox 24.000 - 24000 3.220 - 320 _
B233D ALE =750 1 LR-129 Same Same 0-12 12 LH, LOX 130.380 - 130.330 1.286 - L2g -
B233E ALE=T770 1 LR-129 Same Same 0-12 12 LHy LoX 125.380 - 125.380 1.280 - 1.280 -
TP3257.142
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FOLDOUT FRAME ( {U) FIGURE 4-178 (CONTINUED)
PROPULSION SYSTEM PARAMETERS AND COSTS FOR THE BASELINE CONFIGURATIONS AND THEIR

PARAMETRIC VARIATIONS AND THE “NEAR OPTIMUM' CONFIGURATIONS

Type of Engine Operating Mach Number Propeilant RDT&E Costs (Doltars) @ Investment Cost (Dollars) @
Propel{ant System
Configwation — ; i ; , it
N:mw Contiguration Description Acceleralion and Climb Cruise Acceteraiion | o oxidine | Acctleration Cruise Tt Accelerstion Cruise Tl Gmgd Test Facilities
Number ™ Namber Tyve and Climb and Climb Engine |  Engine and Clinb Engine | Engine ost (Doltars) (T)
B25IF  (§) | Base 5 F100-GE-100 1 css 03 1-12 LH, - 25.000 2%5.000 290.000 2.915 3816 6.731 53.500
B257F1-2 M=100 [ F100-GE-100 1 cs 0-3 1-10 LHy - 25.00 265.000 290.000 2332 3.520 5.852 53.500
BI5TF2-1 TW=117 6 F100-GE-100 1 cs) 0-3 1-12 LH, - 25.000 265.000 290.000 349 .4n 6.975 53.500
B257F3-1 10 Minute Cruise 6 F100-GE-100 1 csJ 0-3 1-12 L“Z - 25.000 265.000 290.000 3.498 4134 7.632 53.500
B257F3-2 1.5 Minute Cruise 6 F100-GE-100 1 cs! 0-3 1-12 LH, - 25.000 265.000 290.000 3.599 3816 1.213 53.500
BZSTF5-1 3.5 g Structwe.3.5 g Shingle 5 F100-GE-160 1 csi 0-3 1-12 LH, - 25.000 265.000 290.000 2915 s 6.088 53.500
B257F5-2 5.0 g Structure/5.0 g Shingle 3 F100-GE-100 1 cs) 0-3 1-12 LH, - 25.000 265.000 290.000 3.498 3.606 7.104 53.500
B257F5-3 1.3 g Structure/3.5 g Shingle 3 F100-GE-100 1 cs) 0-3 1-12 LK, - 5.000 25.000 290.000 349 3.520 1018 53.500
B257F5-4 7.3 g Structwre /5.0 g Shingle 6 F100-GE-100 1 CSJ 0-3 1-12 LK, - 25.000 265.000 290.000 3.498 3.816 1314 53.500
BZSTFI-1 JPLH, [ F100-GE-100 1 csJ 0-3 1-12 LHy & JP - 25.000 265.000 290.000 2332 2.671 5.003 53.500
BZ57F9-2 NBP LH, 6 F100-GE-100 1 cs) 0-3 1-12 LH, - 25.000 265.000 290.000 3.4% 3815 1313 53.500
B257F9-3 Stush LHy 6 F100-GE-100 1 cs) 0-3 1-12 LH, - 25.000 265.000 290.000 349 3.079 6.517 53.500
g6oa  (7) | Base 1 LR-128 Same | Same 0-12 1 LH, Lox 7L - v 1147 - L7 -
B260A1-1 M= 10 1 LR-129 Same | Same 010 10 L4, LOX 133.560 - 133,50 147 - 147 -
B260A1-2 M=8 1 LR-129 Same | Same 98 8 LH, LOX 111.300 - 111.300 123 - 123 -
B260A6-1 Singie Base 1 LR-129 Same | Same 0-12 12 LK, LOX 287.260 - 287.260 2.916 - 2.916 -
B260B **0ff the Shell” Engine 1 125 Same | Same 0-12 12 LH, LOX 10.000 - 10,000 1630 - 1680 -
BBIA  (B) | Base 1 LR-129 Same | Same 0-12 12 LH, Lox 115.540 - 115.540 1.219 - 1219 -
B2848 “'G1f Lhe Shelf"" Engine 5 RL-10 Same | Same 0-12 12 LH, tox 2.000 - 24.000 2.300 - 2.300 -
B8-207 M 6, Air Launched, All Body
Configwation, Rocket/Ramjet 3 RL-10 t Square Ramjet 0§ 6 LH, LOX 24.000 170.000 194.000 1.380 1.934 334 8.000
B-212 M= 6, HTO Launched, King Body
Configwration, Turbojet ‘Ramjet 2 F100-GE-100 1 Square Ramjet 0-3 1-6 LH, & IP - 25.000 170.000 195.000 L166 2.166 3.3%6 11.500
Ew B-232 M- 12, Air Launched, Al Body Scramjet :
28 Conligwation, Rocket Scramjet 5 RL-10 1 o CS) 0-12 12 LM, Lox 24.000 265.000 289.000 2.300 2189 un 50.000
=E8 | 8-233 M= 12, Air Launched, Al} Body
Q& Contiguration, AN Rocket 5 RL-10 Same | Same 0-12 12 LH, LOX 24.000 - .00 2.300 - 2.300 -
28| 823 M= 12, HTO Launched, Blended Wing
: Body Contiguration, Turbojet/CS) 1 F100-GE-100 1 css 0-3 1-12 LH, - 25.000 265.000 790.000 2.332 223 4.565 53.500
8-260 M= 12, HTO Launched, All Body
Configuration, J25 Rocket 1| Same | Same 0-12 12 LH, Lox 10.000 - 10.000 1.680 - 1.680 -
B-284 M= 12, Air Launched, Unmanned,
All Body Configuration, All Rocket 5 RL-10 Same | Same 0-12 12 LH, 10X 24.000 - .00 2.300 - 2.300 ~
(1) Miltions of 1970 Dollars @) B232, M= 12.0, Air Launched, All Body Configuration, Rocket/S) @ B260, M= 8.0-12.0, HTO Launched, All Body Contigration, Rocket
(2) B207, M= 6.0-8.0, Air Launched, All Body Configuration, Rocket /Ramjet (5) 8233, M= 8.0-12.0, Air Launched, Ali Body Configuation, Rockel (8 B84, M= 12.0, Air Lawched, U d, All Body Configuration, Rocket
(3) 8212, M= 6.0, HTO Launched, Wing Body Conliguration, Turbojet/Ramjet (6) B257, W= 10.0-12.0, HTO Launched, Blended Wing Body Configuration, Turbajet, CSJ
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(U) FIGURE 4-179

FLIGHT RESEARCH VEHICLE REFURBISHMENT COST SUMMARY

FOLDOUT FRAME 2

(1970 Economics)
. 1 .
Configuration Configuration | Vah:cle vetite Re;:rba?:l:lm Gost @) %of Flight |  No. of Refurbichment Cost Total (%)
No. Description Lbor | Material T Toa | et | Flights [—— ,
Cost (3) a erial a Com e Labor Material Tolal

B207A (1) | Base Configuration, Hot inlet 26 548,000 399,720 | 266,480 666,200 25 200 79,344,000 | 53,296,000 | 133,240,000
B207Al-1 M= 6.0, Cool Inlet 25,209,000 ~+ 378,135 | 252,090 630,225 25 200 75,627,000 | 50,418,000 | 126,045,000
B207A1-2 M= 1.0, Cool Inlet 29,532,000 402,980 | 295320 138,300 25 200 83,59%,000 | 59,064,000 | 147 560,000
B207AL-3 M= 8.0, Cool Inlet 47,526,000 72,8% | 475260 | 1,188,150 25 200 | 142,578,000 | 95,052,000 { 237,630,000
B207A2-1 TH= 125 26,643,000 309,645 | 266,430 666,075 25 200 79,929,000 | 53,286,000 | 133,215,000
B207A2-2 T =200 26,808,000 402,120 | 268,080 670,200 25 200 | 50,424,000 | 53,616,000 | 134,040,000
B207A6-1 Single Base Operation 30,842,000 462,630 | 308420 771,050 25 200 92,526,000 | 61,684,000 | 154,210,000
82078 "'Off the Shelf"’ Engine 29,398,000 H0970 | 293,980 734,950 25 200 88,194,000 | 58,796,000 | 146,990,000
B22A (2 Base Coofiguration 36,675,000 550,125 | 366,750 916,875 25 200 | 110,025,000 | 73,350,000 | 183,375,000
B212A3-1 10 Minute Test Time 40,560,000 608,400 | 405,600 | 1,014,000 25 200 121,680,000 | 81.120,000 { 262,800,000
B212A5-1 3.5¢ Structure /3 5¢ Shingle 36,592,000 548,880 | 36590 914,800 25 200 109,776,000 | 73,184,000 | 182,960,000
B212A5-2 5.0¢ Structure /5.0g Shingle 40,085,000 60LZ75 | 400850 | 1,002,125 25 200 | 120,255,000 | 80,170,000 | 200,425,000
B21245-3 1.3g Structure/3.5¢ Shingle 40,497,000 607455 | 404970 | 1,012425 2.5 200 121,491,000 | 80,934,000 | 202,485,000
BZ12AS4 73g Structure /5.0g Shingle 41,386,000 629790 | 419860 | 1,049550 25 200 125,958,000 | 83,972,000 | 209,930,000
B212A7-1 Hot Structure 41,170,000 617,550 | 413,700 | 1,029,250 25 200 1123,510,000 | 82,340,000 | 205,850,000
B212A8-1 Non-integral Tank 37,507,000 562,605 | 375,070 937 675 25 200 112,521,000 | 75,014,000 | 187,535,000
B212A9-1 )P Fuel 36,592,000 550,380 | 386,920 917,300 25 200 110,076,000 | 73,384,000 | 183,460,000
82328 () Base Configuration 29,792,000 446,880 | 297,920 | 744,800 25 200 89,376,000 | 59,584,000 | 148,960,000
B232B **Oif the Shell"” Engine 33,853,000 507,795 | 338,530 846,325 25 200 101,559,000 | 67,706,000 | 169,265,000
BB3A® Base Configuration 28,607,000 429,105 286,070 715,175 25 200 85,821,000 | 57,214,000 | 143,035,000
B233A1-1 M= 8.0 26,992,000 404880 | 269920 | 674,800 25 200 80,976,000 | 53,984.000 | 134,960,000
BZ33A1-2 M= 100 27,506,000 41259 | 275,060 | 687,650 25 200 82,518,000 | 55,012,000 { 137,530,000
B233A2-1 TW=125 21,619,000 414,285 | 276130 | 690475 25 200 82,857,000 | 55,238,000 | 138,095,000
B233A2-2 TN=240 28,941,000 G415 | 289410 | 723525 25 200 85,323,000 | 57,882,000 | 144,705,000
B233A3-1 10 Minute Cruise Time 33,524,000 502,860 | 335,240 838,100 25 200 | 100,572,000 | 67,048,000 | 167,620,000
B233A3-2 15 Minute Cruise Time 41,820,000 627,300 | 418,200 | 1,045,500 25 200 (125,400,000 | 83,600,000 { 203,000,000
B233AL-1 600 Lb Payload 28,034,000 420510 | 280340 700,850 25 200 84,102,000 | 56,068,000 | 140,176,000
BZ3AL-2 1400 Lb Payload 29,181,000 s | 201,810 729,525 25 200 87,543,000 | 58,362,000 | 145,905,000
BZ33Ad-3 Payload p= 25 Lb/Cu.Ft. (400 kg/md) 28,582,000 28,730 | 285,820 714,550 25 200 85,746,000 | 57,164,000 | 142,910,000
B233A4-4 Payload p= 30 Lb/Cu.Ft. (481 kg/m) | 28,545,000 28175 | 285450 713525 25 200 85,635,000 | 57,000,000 | 142,725,000
B233A5-1 3.5¢ Structure 3.5¢ Shingle 28,101,000 421,515 | 281,010 10,525 25 200 84,303,000 | 56,202,000 140,505,000
BZ3IA5-2 5.0g Structure /5.0 Shingle 31,131,000 466,95 | 311310 778,275 25 200 93,393,000 | 62,262,000 | 155,655,000
B233A5-1 7.3 Structure3.5¢ Shingle 29,274,000 439,110 292,740 731,850 25 200 87,822,000 | 58,548,000 | 146,370,000
B233A54 7.3g Structore 5.0 Shingle 31,810,000 77,150 | 318,100 79,250 25 200 95,430,000 | 63,620,000 | 159,050,000
B233A6-1 Single Base Operation 48,508,000 729,120 | 486,080 | 1,215,200 25 200 145,824,000 | 97,215,000 | 243,040,000
B233A7-1 Active Cooling System 26,720,000 400,300 267,200 668,000 25 200 80,160,000 | 53 440,000 | 133 600,000
8233A7-2 Passive Insulation (Minimum Weight) 29,754,000 446,310 | 297,540 743,850 25 200 89,262,000 | 59,508,000 | 148,770,000
BZ33A9-1 NBP Fuel 29,350,000 40,400 | 293,600 734,000 25 200 88,080,000 | 58,720,000 | 145,800,000
B233A11-1 Powered Landing 5000 Lb (2268 kg) Fuel | 31,491,000 7235 | 314910 181,275 25 200 94,473,000 ( 62,982,000 | 157,455,000
B2I3A11-2 Powered Landing 10,000 Lb(4536 kg)Fue! | 35,778,000 529170 | 352,780 881,950 25 200 105,834,000 | 70,556,000 | 176,330,000
B2338 S RL-10 Engines, TW = 1.117 33,516,000 504,240 | 336.160 840,400 25 200 100,848,000 | 67,232,000 | 168,080,000
8233C-1 6 RL-10 Enginge, TW - 1375 33,656,000 504,840 | 336.560 B41 400 25 200 100,968,000 | 67,312,000 | 168,280,000
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(U) FIGURE 4-179 (Continued) FOLDOUT FRAME Z-

FLIGHT RESEARCH VERICLE REFURBISHMENT COST SUMMARY
{1970 Economics)

Conliguration Configuration . Vehicle Vehicie Rﬁi‘,‘"}'.?:ﬂ’“' Cost 8 %ﬂm No. of Returbishment Cost Totat (§)
No. Description - Vehicle 1+ pyionts -
Cost (§) Labor Material Tolal Invest. Labor Matesial Total
R Cost Used
B233C-2 7 RL-10 Engines, T W = 1.550 34,662,000 519,930 346,620 866,550 2.3 200 143,986,000 | 69,324,000 { 173,310,000
B233D 75° Leading Edge Sweep 31,570,000 473,550 315700 789,250 2.5 200 94,710,000 | 63,140,000 | 157,850,000
B233E 77° Leading Edge Sweep 28,955,000 434,325 289,550 123,815 25 200 5,865,000 | 57,910,000 | 144,775,000
BISIF 5) Base Conliguration 69,102,000 1,036,500 691,020 1,727,550 25 200 207,306,000 | 138,204,000 | 345,510,000
B257F1-2 M= 10.0 52,691,000 790,365 526,910 | 1317.275 25 200 158,073,000 | 105,382,000 | 263 455,000
B257F2-1 T¥=11 69,788,000 1,046,820 697,880 | 1744700 25 200 209,364,000 | 139,576,000 | 348,940,000
BZ57F3-1 10 Minute Cruise Time 80,074,000 1,201,110 800,740 2,001 850 25 200 240,222,000 { 160,148,000 | 400,370,000
B2571F3-2 1.5 Minute Cruise Time 74,083,000 1,111,245 740,830 1,852,075 5 200 222,249,000 | 148,166,000 | 370,415,000
B257F5-1 3.5¢ Structine ‘3.5g Shingle 64,267,000 9%4.005 642,670 1606675 25 200 19,801,000 | 128,534,000 | 321,335,000
B257F5-2 5.0g Structure. 5.0g Shingte 74730000 | 1,007,490 | 731660 | 1868250 25 200 | 224,150,000 | 149,460,000 | 373,650,000
B257FS-3 1.3g Structure 3.5g Shingle 72,964,000 | 1094460 | 729640 | 1824,100 25 200 218,892,000 | 145,928,000 | 364,820,000
BZ57F5-4 7.3g Structure. 5.0g Shingle 79,518,000 1,192,770 795,180 1,987,950 25 200 238,554,000 | 159,036,000 | 397,590,000
B257F9-1 JP LH 58,343,000 875,145 583,430 | 1458575 25 200 175,029,000 | 116,686,000 | 231,715,000
B257F9-2 NBP LH? 71,930,000 1,078,950 719,550 1,798,250 25 200 215,790,000 | 143,360,000 | 359,650,000
B25TF9-3 Slush LH2 61,873,000 928,09 | 618730 | 1,546,825 25 200 11085,619,000 | 123,746,000 | 309,365,000
BX%0A (6) | HTO Base Configuration 40,456,000 506,880 | 404560 | 1,011,400 25 200 | 120,368,000 | 30,912,000 | 202 280,000
B260AL1-1 M= 10.0 30,133,000 451,995 301,330 1533255 25 200 90,399,000 | 60,266,000 | 150,665,000
BZ0A1-2 M= 80 26 517,000 399,255 266,170 665,425 25 200 79,851,000 | 53,234,000 | 133,085,000
B250A6-1 Singte Base Operation 61,904,000 928,560 | 619040 | 1547600 2.5 200 185,712,000 | 123,808,000 | 309,520,000
B2608 "*Off the Shelf’" Engine 44,093,000 661,335 440,930 1,162,325 25 200 132,279,000 | 88,186,000 | 220,465,000
B2B4A (1) Base Conliguration 28,193,000 465,185 | 310123 7538 | 275 200 93,036,960 | 62,024,640 | 155,061,600
B284B “*Qff the Shell™ Engine 33,445,000 551,843 367,895 919,738 2.15 200 110,368,560 | 73,579,040 | 183,947 600
B-207 M= 6. Air Launched, All Body 32,366,000 485,490 323,660 809,150 25 200 97,098,000 | 64,732,000 | 161,830,000
g Configuration, Rocket Ramjet
= B-212 M= 6, HT0 Launched, Wing Body 47,650,000 714750 476,500 1,191,250 2.5 200 142,950,000 | 95,300,000 { 238,250,000
H Configuration. Turbojel Ramjet
= B-232 M= 12, Air Launched, All Body 33,029,000 495,435 330,290 825,725 25 200 99,087,000 | 66,058,000 [ 165,145,000
3 Conliguration, Rocket Scramjet
& B-233 M= 12, Air Launched, All Body 30,632,000 459,480 306,320 765,000 25 200 91,896,000 | 61,264,000 | 153,160,000
2 Contiguration, All Rocket
g B-257 M= 12, HTO Launched, Blended Wing 55,389,000 830,835 553,890 | 1384725 25 200 166,167,000 | 110,778,000 | 276,945,000
= Body Contiguration, Turbojet 'CSJ
§ B--260 M= 12, HTO taunched. All Body 43,977,000 659,635 439,770 1,099,425 25 200 131,931,000 | 87,954,000 | 219,885,000
b Configuration, J2S Rocket
B-284 M= 12, Air Launched, Unmanned, 30,779,000 507,854 338,569 846,423 275 200 101,570,760 | 67,713,340 | 169,284,600
Alt Body Configuration, Al Rocket
. l ) B-207, M. 6.0-8.0, Air Launched, All Body Configuration, Rocket/Ramjet (5) B-257, M- 10.0-12.0, HTO Launched, Blended Wing Body Configuration, Turbojet/CSJ
(2) B-212,M 6.0, HTO Launched, Wing Body Conliguration, Turbojet Ramjet /D B-260, M - 8.0-12.0, V/HTD Launched, All Body Configuration, Rocket
13) B-232,M 12.0, Air Launched, All Body Configuralion, Rocket/S} @ B-284, M- 12.0, nir Launched, Ui d, All Body Configuration, Rocket
4) B-233.M- 8.0-12.0. Air Launched, All Body Configuration, Rockel
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PROPELLANT COST SUMMARY

Propellant Requirements (Adj.) (1 Total Propellant Requirements

Configuation | . . int wr | Oxidi S No. of Fuel - Oridizer Pf!&;'_q&cm ot Propelant Cost () (2
Mo, Configwation Description vel idizer Trips $/1b)

Lb. LH7 | Kgs | Lb LOX | Kgs i Kgs Lb Kgs Fuel |Oxidizer| Fuel |Oxidizer| Total
B207A ¢ 3) [ Base Configuration Hot Infet | 4,200 | 1,905 | 19,155 | 8,689 | 200 840,000 | 381,000 1 3,831,000 | 1,737,800 | 0.1385 | 0.0061 | 116,340 | 23,%9 | 133,709
B207A1-1 | M= 6.0, Cool Inlet 3930 | 17831 18,159 | 8,237 | 200 | 786,000 | 356,600 | 3,631,800 | 1647.400 | 0.1385 | 0.0051 108,861 | 22,154 | 131,015
B207A1~2 | M= 7.0, Cool Inlet 6,009 | 2,726 | 26,280 | 11,920 | 200 | 1,201,800 | 545,200 5,256,000 | 2,384,000 | 0.1385 | 0.0051 166,449 | 32,062 | 198,511
8207A1-3 [ M= 8.0, Cool Inlet 20670 19,376 { 64,875 | 29,427 | 200 | 4,134,000 | 1,875,200 | 12,375,000 | 5,885,400 | 0.1385 | 0.0061 572,559 | 79,148 | 651,07
B20TA2-1 | TW=1.25 4290 {1,946 | 19950 | 9,049 | 200 | 858,000 | 389.200 | 3,990,000 | 1,809,800 [ 0.1385 | 0.0061 | 11883 2339 | 13,172
B20TA2-2 | TW=2.00 AM8 18871 18990 | 8614 | 200 | 829600 | 376,400 | 3,798,000 | 172,800 | 0.185 | 0.00] 114,900 | 23,168 | 138,088
B207A6-1 | Single Base Operation 8019 | 3537 | 25,329 | 11,489 | 200 | 1603,800 | 727,400 | 5,065,800 | 2,297,800 | 0.1385 | 0.0061 22,)% | 30,901 | 253,027
_B207B ““Off the Shell"" Engine 4695 12130 23,373 110602 | 200 | 939,000 | 476,000 | 4674600 | 2120400 | 01385 | 0.006) 130,02 | 28,515 | 158567
B212A. (4 [ Base Configuration 7024 [318 ] - -~ 200 11804800 637,200 - - 0.1385 | 0.0061 { 134,55 | - 194,565 |
B212A3-1 | 10 Minute Test Time 10,005 4538 - - | 200 }2,00,000 { 907,600 - - 01385 | 0.0061 | 77139 | - 277,139
BZ12A5-1 | 3.5¢ Structure.3.5¢ Shingle 6,500 f2M9) - - | 200 }1,300200 | 589,300 - - 0.1385 | 0.0061 | 180,078 | - 180,078
B212A5-2 | 5.0g Struchure ‘5.0g Shingle 7514 {34081 - - ] 200 {1502,800 { 681,600 - - 0.1385 | 0.0061 | 208,138 | - 208,138
B212A5-3 | 7.3g Structure.3.5¢ Shingle 7550 345 - ~ | 200 | 15100000 | 685,000 - - 0.1385 § 0.0061 | 209135 [ - 209,135
B212A5-4 | 7.3g Structure.5.0g Shingle 8,250 {3742 - - {200 f1650,000 ] 748400 - - 0.385 | 0.0061 | 228525 { - 228,528
B21ZAT-1 | Hot Struchure 1300 [339] - - | 200 | 1468,000 | 665800 - - 0.1385 | 0.0051 | 23318 | - 20,318
B8212A8~1 | Non-Integral Tank 7515 f3409| - - | 200 [1503,000 § 681,800 - - 0.1385 | 0.0061 | 208,166 | - 208,166

5,877 12,666 1,175400 | 533,200 0.1385 - .29 -
B212A3-1 P Fuel 2s00p| 1an0| - T s [ zaow| - T o oems | - | 7 170538
B232A ($5) | Base Configuation 12750 15783 | 64170 | 29,107 | 200 [ 2,550,000 | 1,156,600 | 12,834,000 | 5.821.460 | 0.0385 | 0.0061 353,175 | 78,287 | 431,462
B232A “‘Off the Shelf” Engine 19244 18,729 | 83625 | 37,932 | 200 | 3,848,800 | 1,745,800 | 16.725.000 | 7.586 400 | 0.1385 0.0061 | 533,089 {102,023 | 635,082
B233A (b | Base Configuration TI38 5164 | 68600 | 31,135 | 200 |2.277.000 | 1.32.800 13,728,000 | 6,227,000 | 0.1385 | 0.0061 | 315365 | 83,741 | 399.106
B233Al-1 |M= 8.0 4350 12,51 29565 | 13,410 | 200 | 990,000 | 449,000 | 5,913,000 | 2.682.000 } 03385 | 0.006] 137,115 | 36,069 | 173,184
B233AI-2 (M= 100 7485 13395 | aa745 | 20,296 [ 200 [1,497,000 | 679,000 | 8.949.000 | 4.059.200 | 0.1385 { 0.0061 207,335 | 54,589 | 261,924
B233A2-1 [TM=125 117301 5,321 | 70,170 | 31,828 | 200 | 2,346,000 [ 1,064.200 | 14,034,000 6,365,800 | 0.1385 | 0.0061 | 324,921 | 85,607 | 410,528
B233A2-2 | T/W=2.00 11,580 | 5253 | 69420 | 31488 [ 200 | 2,316,000 | 1,650,500 13,884,000 | 6.297.600 | 01385 0.0061 | 320766 | 84,692 | 405,458
B233A3-1 | 10 Minute Cruise Time 17,850 1 8,057 | 105,785 | 48,437 | 200 |3.570,000 | 1619400 21,357,000 | 9,687,400 | 0.1385 | 0.0061 | 494,445 [130,278 | 624723
B233A3-2 {15 Minute Cruise Time 30,750 113,948 | 177,780 | 80540 [ 200 |6.150.000 | 2.789.500 | 3555 000 16,128,000 | 0.1385 } 0.0061 | 851,775 1216,892 |1,068.667
B233A4-1 | 600 Lb Payload 11055 15,004 | 66,603 { 30211 | 200 | 2,211,000 | 1,002,800 13,320,600 | 6,042,200 { 0.1385 | 0.0061 | 306,224 | 81,256 | 387,480
B233A4-2 | 1400 Lb Payload TLIS 15307 | 70664 | 32,053 | 200 §2,349,000 | 1,065,400 [14.132.800 | 6.410.600 | 01385 0.0061 § 325337 | 86,210 | 411,547
B233A4-3 | Payload p= 25 Lb/Cu Ft 18370 15,157 | 68.460 | 31,053 | 200 12,274,000 | 1,031 400 | 13,692,000 | 6210600 | 01385 | 0.0061 314,949 | 83521 { 398470
B233A4-4 | Payload p= 30 Lb/Cu Ft 1400 15,071 | 68,235 130951 | 200 |2,280,000 | 1,084,200 {13,647.000 | 6.190.200 | 0.1385 | 6.0061 315,780 | 83,247 | 399,027
BZ33AS-1 | 3.5¢ Structure/3.5¢ Shingle 10280 £ 5117 | 67,635 | 30,679 | 200 {226,000 | 1,023,400 { 13.527,000 6,135,800 [0.1385 ] 0.0061 | 312456 | 82,515 | 3%4,971
B233A5-2 | 5.0g Structure.5.0g Shingle 12050 1 5511 | 72675 | 32,95 | 200 |2,430,000 { 1,102,200 | 14,535,000 6,503,000 | 0.1385 | 0.0061 | 336,555 | 88,664 | 425.219
B233A5-3 |73 Structure 3.5¢ Shingle 10175 16,341 [ 70,950 | 32.182 ) 200 {2,355,000 | 1,069,200 { 14,190,000 | 6.435.400 | 0.1365 | 0.0061 32,168 | 86,559 | 812,077
B233A5-4 | 7.3g Structure.5.0g Shingle 12525 1 5681 | 75,075 | 34,053 | 200 2,505,000 | 1,136,200 | 15.015,000 6.810,600 |0.1385 | 0.0061 | 345,943 | 91,592 | 438,535
B233A6-1 | Single Base Operalion 37.650 (17,08 | 226,245 [102,623 | 200 7,530,000 | 3,415,500 45,249,000 120,524,600 | 0.1385 | 0.0061 [1,042,905 (276,019 [1.318,92¢
BZ33A7-1 | Active Cooling System 33301 4.504 | 59520 | 26,998 | 200 |1.986.000 | 900.800 | 11,904,000 | 5399600 |0.13¢5 | 0.0061 275,061 | 72614 | 347675
B233A7-2 | Passive Insulation (Win Weight)| 11490 | 5212 { 68,970 | 31,284 {200 |2.298.000 | 1,042,000 13,794,000 1 6,256,800 | 0.1385 | 0.0051 | 318,273 | 84,143 | 402416
B233A9-1 | NBP Fuel 10850 1 5375 | 71267 | 32326 | 200 |2.370.000 | 1,075,000 | 14,253,400 6,465,200 | 0.1385 | 0.0061 | 328,245 | 86,946 | 414,490
B233A11-1 | Power Lg 5000 Lb Fuel 166%5 17573 [ 100.155 | 45,430 | 200 13,339,000 | 1.514,600 | 20,131,000 9,086,000 [0.1385 | 0.0061 | 262,452 {122,189 | 584,641
B233A11-2 | Power Lg 10,000 Lb Fuel 21855 19913 | 131,145 | 59486 | 200 |4.371,000 | 1.982.600 | 26.229 000 11,897,200 § 0.1385 [.0.0061 | 605,384 [159.997 | 765381
B2338 5 RL-10Engines, TW=1.117} 18375 | 8335 | 91,500 | 41,504 {200 |3.675,000 { 1.667.000 | 18.300,000 8,300,800 |{0.1385 | 0.0061 | 508,988 {111,630 | 620,618
B233C-1 (6 RL-10Engines, T/¥=1.575 17,700 f 8,29 | 83,650 (40211 | 200 |3.540,000 | 1.505.000 {17.730.000 8,042,200 |0.1385 ] 0.0061 | 430,290 {108,153 | 598,443
B233C-2 |7 RL-10Engines, T/¥=1550{ 18300 | a,301 | 91,350 [41,437 | 200 {3.660.000 | 1660200 18,270,000 { 8,287,200 01385 | 0.0061 | 506,910 {111,447 | 518,357
B2330 75% Leading Edge Sweep 13500 | 6,123 | 81,000 [36741 200 12700000 | 1.224.500 116,200,000 | 7348200 0.1385 | 0.0061 | 373,950 { 98,820 | 472,770
B233E 77° Leading Edge Sweep 12480 5661 ) 75,045 34,040 | 200 |2.496,000 | 1,132,200 {15.009.000 | ¢.808.000 | 0.1385 0.0061 | 3456% | 91,555 | 437,251
TP 8257 -157 MCDONNELL AIRCRAFET
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PROPELLANT COST SUMMARY FOLDOUT FRAME 2

Propeliant Requirements (Adj.) (1) Total Propell R
R . t s F Costs
! A 3 v Total Propeliant Cest (§)
Con oo Configuration Description Fuel Oxidizer :"’l p:' Foel Onidizer (8/Lb) @
thiHy | Kes { LbLOX| Kgs Lb Kes Lb Kes Fvel |Oxidizer] Fuel |Oxidizer] Total
B25TF @ Base Configuration 52845 | 23,970 - - 200 [10,569,000 | 4,794,000 ~ - 0.1385 | 0.0061] 1,463,807 ~ | 1,463,807
B257F1-2 M= 100 25,800 11,763 - - 200 | 5,160,000 | 2,340,600 - - 0.1386 | 0.0061| 714,660 - 714,660
BXSIF2-1 | T w= 117 8311 | 2191 - - 200 | 9,674,200 | 4,388,200 - - 0.1385 | 0.0061]1,339,877 - 11339877
B257F3-1 | 10 Minule Ciuise Time 67.803 | 30755 - - 200 113,560,600 | 6,151,000 - - 0.1385 | 0.0061 | 1,878,143 - | 1.878,143
B257F3-2 7.5 Minute Cruise Time 51,597 26,126 - - 200 |11,519.400 | 5,225,200 - - 0.1385 | 0.0061 | 1,5%,437 - |1.5%5.437
B257F5-1 3.5 Structure -3.5g Shingle 44,190 { 20,044 - - 200 | 8,838,000 | 4,008,800 - - 0.1385 { 0.0061 | 1,224,063 - | 1,224,083
B257F5-2 | 5.0g Structure.5.0g Shingle 52425 | 23780 - - 200 [10,485,000 | 4,756,000 - - 0.1385 | 0.0061 1,452,173 - 1452173
B257F5-3 7.3g Structure /3.5¢ Shingle 50,550 22,929 - - 200 {10,110,000 § 4,585,800 - - 0.1385 1 0.0061 | 1,400,235 - 11,400,235
B257F5-4 7.3g Stucture '5.0g Shingle 55,163 25,022 - - 200 |11,032,600 | 5,004,400 - - 0.1385 | 0.0061 | 1,528,015 ~ |1,528,015
29850 | 13,540 5,970,000 | 2,708,000 _ _ 0.1385 826,845 N
BZSTFS-1 | JP-LHp e s | - ] 3200 | 197,000 oos | - [ seas 882,378
B257F9-2 | NBP LH 58123 ] 22,735 - - 200 110,024,600 | 4,547,000 - - 0.1385 | 0.0061]1,388,407 - 1388407
B257F9-3 Slush LHp 40466 | 18,355 - - 200 § 8,093,200 3,671,000 - - 0.1385 | 0.0061] 1,120,908 - 11,120,908
B260A (8) | HTO Base Conliguration 22999 | 10,832 | 138,023 | 62,606 [ 200 | 4,599,800 | 2,086,400 | 27,604,600 | 12,521,200 | 0.1385 | 0.0061{ 637,072 | 168,388 | 805,460
B260A1-1 M= 10.0 14,175 6430 84,975 | 33544 | 200 { 2,835,000 | 1,286,000 | 15,995,000 | 7,708,800 | 0.1385 | 0.0061 | 392,648 | 108,670| 49318
B6OA1-2 | M=8.0 9,488 43041 56,888 | 25,804 | 200 | 1,897,600 | 960,800 | 11,377,600 | 5,160,800 | 0.1385 § 0.0061 | 262,818 | 69,483 332,221
BZ60A6-1 | Single Base Operation 64,050 | 29,033 j 384,450 [ 174,384 | 200 [12,810,000 | 5,810,600 | 76,890,000 | 34,876,800 | 0.1385 | 0.0061 [1,774,185 | 469,029] 2,243,214
B7608 Off the Shelf” Engine 33,000 | 14,99 | 183,075 | 83,041 | 200 | 6,600,000 | 2,993,710 | 36,615,000 | 15,608,285 | 0.1385 | 0.0061 | 514,100 | 223,352}1,137 452
Bo84A (9) | Base Configuration 11,025 5,000 | 66.075 | 29.971 | 200 | 2,205,000 } 1,000,000 | 13,215,000 | 599,200 | 0.1385 | 0.0061 | 305,39 | 80,612| 386,005
B284B “‘Off the Shell " Engine 14,955 6,783 | 89,595 | 40,640 | 200 | 2,991,000 | 1,356,600 | 17,919,000 | 8,128,000 | 0.1385 | 0.0061 | 414,254 | 109,306} 523,5%0
B207 M= 6.0, Air Launched All Body 5,085 2,307 24915 | 11301 [ 200 [ 1,017,000 | 461,303 | 4,983,000 | 2,260,251 | 0.1385 | 0.0061 | 140,854 | 3039% ] 171,258
Configutation, Rocket -Ramjet
BZ12 M= 6.0, HTO Launched, Wing Body 6,000 2,12 _ ~ 200 1,200,000 | 544,311 . 0.1385 _ 166,200 185,565
Configuration, Turbojet ‘Ramjet 5,451JP| 2,929 1,291,400 | 585,769 - 0.015 19,365 - !
o | B2 M= 12, Air Launched, All Body 16,800 | 7,620 | 71,625 | 32.489 | 200 |3,360,000 | 1,524,000 { 14,325,000 | 6,497,800 | 0.1385 | 0.0061 | 465,360 | 87,383 ] 552,743
Eg Configuration, Rocket Scramjet
a2 ] sm M= 12, Air Launched, All Body 15330 { 6,594 | 76.680 | 34,781 | 200 | 3,066,000 ] 1,390,800 { 15,335,000 | 6,956,200 | 0.1385 | 0.0061 | 424,641 | 93,550 | 518,191
Py Conlfiguration, All Rocket
25| 8w M= 12.HTO Launched, Blended Wing | ¢/.900 | 12655 | - - | 200 | 5580000 | 2531.045 - - Joaass | - | m2sn| - 8300
? Body Configuration, Turbojet CSJ 17.490)P] 7,933 3,498,000 | 1,586,666 0.15 52,470
B0 M= 12, HTO Launched, All Body 29,025 | 13.066 {159,675 | 7,243 | 200 }5.805.000 | 2,633,200 | 31,935,000 | 1,448,600 | 0.1385 | 0.0061 | 803,993 {194,804 | 998797
Configuration, J2S Rocket
B284 M= 12, Air Launched, Unmanned, 14,550 | 6,600 | 72,825 | 33,033 | 200 |2910,000 | 1,320,000 { 14,565,000 { 6,605,600 | 0.1385 | 0.0061 | 403,035 | 83,847 | 491,882
Al Body Configuration, Al Rocket
@ The following utilization factors were used: LH7 — 1.5, LOX — 1.5 and JP- 1.1, @ B-233, M= 8.0-12.0, Air Launched, All Body Configuration, Rocket.
(Z) Millions of 1970 Doilars @ B-257, M= 10.0-12.0, HTO Launched, Blended Wing Body Configuration, Turbojet,/CS).
(3) B-207, M= 6.0-8.0, Air Launched, Al Body Configuration, Rocket Ramjet. B-260, M= 8.0-12.0, V/HTO Launched, All Body Conliguration, Rocket.
(D B-212, M= 6.0, HTO Launched, Wing Body Configuration, Turbojet/Ramjel. @ B8-284, M= 12.0, Air Launched, U: d, Atl Body Configuration, Rockel.
(5) B-232, M= 12.0, Air Launched, All Body Configuration, Rocket ).
TP B257-158
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i FOLDOUT FRAME ‘
' FOLDOUT FRAME
(U) FIGURE 4-182 2
: “NEAR OPTIMUM” VEHICLE SELECTION RATIONALE SUMMARY VEHICLE PARAME TERS
) . "
Configuration Number Mach . Test Time | Payload Load Basing Fuel [ Fineness Leading Landi
and Description Number Accelerator Engine Y (Min.) (Lb m/kg) Factor Concept T.PS. Tankage | Fuel Type /12 kg Ratioc | Edge Sweep Pm"f
B0
Manned, Air Launched Parameter 6 B RLIGA3S | | 49 10 1500,680.4 |{5¢ Struct.  [Dual Active hiemal Lﬂz 11.4/377.90 [ 8.0 80°  [None
All Body, Rkt RJ Rockets FETRE AN (Subcooled)
Rationale | Mach No. Trade Rocket Trade T/W Trade | Test Time |Payload Structwal  |Basing T.PS. Tankage Propellant | Design and ] Shape Trade Landing
St Study Study Trade Study | Trade Study | Trade Trade Stody | Trade Study | Trade Study | Trade Sudy | Perform- | Faflout Study Assist
Sect. 4.3.4.18 Sect. 4.4.1.3d Sect. Sect. Sect, Study Sect, |Sect. Sect, Sect. Sect. 4.4.3 [ance Sect. Study
4344 Oft-sheit rockets | 4.4.1.2 4342 4343 4431 4.4.5.1 4333 4432 Lower Faliout Lower Sect.
Best research reduce program Fallout with | Improved Improved | Research  [Single Base | Lower Lowey Weight and Weight
vatue for cost cost, Least No. | Research |Research | Aircraft Possibie but| Weight Weight Cost and Cost | Too
Engines lor | Value for | Value for | Safety, Cost |Presents and Cost | and Cost Costly
Mission Cost Cost best at 5¢ | Operational
Problems
8212 . ¥ (]
Manned, Horizontal Takeoff, Parametes [ 2) F100-GE-100 | 0.99 10 1500-680.4 ]5g Struct.  {Dual Active Integral Hy %.8/228.5 |85 15 1 Go-Around
Wing Body, TJ. RJ Turbojets 3.5g T.P.S. (Subcooled)
3P (Room
Temp)
Rationale { Mach Na. Trade Study | No Applicable T/ Trade | Tesl Time | Payload Stuctwal  |Basing TPS. Tankage Propeliant | Design and | Configu- No Landing
SecL. 4.3.4.1 & Trade Study Study Secl. | Trade Study | Trade Study | Trade Study | Trade Study | Trade Study | Trade Study | Trade Study | Perform- | ration Applicable |Assist
4344 Selected o 4412 Secl, Sect, Secl. Secl, 4,4.5.1 | Sect. Secl, Sect. 4.4.3 |ance Fail- | Fallout Study Study Sect.
Best reseatch reduce program Fallout with | 4.3.42 4343 4431 Single Base 14,3.3.3 4432 Lower out Established | 4.4
valve for cost costs, Least No. }improved |[improved | Research [Capability |Lowes Lower Weight and Tor Specific | Fue!l required
Engines for | Research | Research Aircraft Increases | Weight Weight Cost Vehicle has minimum
Mission value for [ Valye for | Salety ‘Cost |Vehicle Size|and Cost | and Cost Configura- | Impact on
cost Cost best at 5g |and Cost tion size & cost.
Dispropor- leproved
tionately Safety,
4] L 5g Struct
Manned, Air Laynched Parame ter 12 GIRLIGASS | 59 5 1500 6304 | BTl pual Active integral | LHy 8/645 |71 30° | None
All Body, Rkt S) Rockets -8 1.Fs (Subcooled)
Ralionale | Kach No. Trade Study | Rocket Trade T:W Trade | Test Time |Payload Structural | Basing T.P.S. Tankage Propellant | Design and | Shape Trade Landing
Sect. 4.3.4.1 and Study Study Sect. | Trade Study | Trade Study | Trade Trade Study | Trade Study | Trade Study | Trade Shdy | Perform- Fallout Study Assist
4.3.4.4 Sect, 4.4.1.3¢ 44.1.2 Sect. 4.3.4.2) Sect. Study Sect. |Sect. Sect, Sect. Sect, 4.4.3 | ance Sect. Study
Best research Off-shelf rockets | Falioul with | Increased  [4.3.4.3 4431 4451 4333 4432 Lower Fallout Lower Sect,
value for cost reduce program Least No. |over improved Research | Pressure Lower Lower Weight and Weight
cost Engines for | minimum Research Aircraft suit time Weight Weight Cost and Cost  [Too
Mission time not Value for | Satety,Cost |most con- [and Cost | and Cost Costly
cost Cost best at 5g | straining
effective factor on
single base,
TP 8257195
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FOLDOUT FRAME | FOLDOUT FRAME 2
(U} FIGURE 4-182 (Continued)
"NEAR OPTIMUM"' VEHICLE SELECTION RATIONALE SUMMARY VEHICLE PARAMETERS
L7
Configuration Number Mach . Test Time Payload Load Basing Fuel Fineness | Leading Landing
2nd Description Number Accelerator Engine | - T¥ Min) [ (Wbmke) | Factw | Concest | T-PS- | vankage | Foel Type o/ hewd Ratio | Edge Sweep | Power
33
Manned, Air Launched Parameter 12 GIRLIDA38 |y 39 5 1500/680.8 (S Struet,  |Duat Active Integral ucug %/419.89 |16 8° None
All Body, All Rocket Rockels 35g1.PS. (Subcooled)
Rationale | Mach No, Trade Study | Rockel Trade Study | T/W Trade | Test Time Payload Structwal  |Basing T.PS. Tankage  (Propellant |Design and | Shape Trade Landing
Sect. 4341 & Sect. 4.4.1.3d Study Sect. | Trade Sty (Trade Study |Trade Trade Study | Trade Study | Trade Study | Trade Stdy | Perform- | Fallout Study Assist
4344 Significant program 4.4.1.2 Sect. Sect, Study Sect. [Sect. Sect. Sect, Sect. 4.4.3 [ance Sect. Study
Best research cost reduction with | Fatlout with | 4.3.4.2 4343 4431 4451 4333 4.43.2 Lower Fallout Lower Sect,
valye for cost. off-shelf rockets Least No. | increased |Improved Research | Pressure Lower Lower Weight and Weight
for acceleration, Engines for | over Research Aircrait suit time Weight Weight Cost and Cost | Too
Mission minimum Value for Safety, Cost |mast con- | and Cost and Cost Costly
time not Cost best at 5 |straining
cost factor on
effeclive single base
'57 LH
Manned, Hotizontal Takeoff Parame et 12 {5) F100-GE-100 ]1.21 5 1500/680.4 |5¢ Struct.  {Dual Active ntegral 2 3.4212.3811.5 1° None
Blended Wing Body Turbojets 35¢ T.P.S. (subcooled)
Twrbojet/CS) Rationale | Mach No. Trade Study | No Applicable T/W Trade |Test Time (Payload Structwal  |Basing T.P.S. Tankage  {Propellant | Design and | Shape Trade Landing
Sect. 4.3.4.1 and Trade Study Study Trade Shdy |Trade Shidy ) Trade Trade Study | Trade Study | Trade Study | Trade Study | Perform- Fallout Study Assist
4344 Selected to Secl. Sect Sect. Study Sect. [SeclAA5.] | Sact, Sect, Sect. 443 |ance Sect, Study
Best research reduceprogram [ 4.3.4.2 4342 4343 4431 {Single Base 4333 4432 Lower Failout Lower Sect.
value for cost. costs Fallout with | Test range [Research  |Research |Capabilily || ower Lower Weight Weight 4.4 Too
Least No. |requirement |Vatue for  [Aircraft |M'_9!$ Weight Weight and Cost and Cost | Heavy
Engines for |excessive | Cost Safety /Cost [Vehicle Size | and Cost | and Cost and Costly
Mission at longer best at 5g |and Cost
cruise time. Dispropor-
tionately
8260 LH.
Mamed, Hotizontal/ Paameter 12 (1) JZS Rocket 1.5% 5 1500.680.4 {5g Struct. {Dual Active Integral 2 103/502.89 16.9 80° None
Verlical TakeoH, All Body/ 3.5¢T.PS. (Subcooled)
All Rocket Rationale | Mach No. Trade Study | Ruckel Trade ToWTiade |Test Time Payhood [Stuctual |Basig  [T.P.5.  |Takage  IPropeliont |Designand |Shape Trade Landing
Sect. 4.3.41 and Study Study Secl, | Trade Study | Trade Study (Trade Trade Study | Trade Study | Trade Study [Trade Study | Perlorm- Fallout Study Assist
4344 Sect. 4.4.1.3¢ 4412 Sect. 4.3.4.2[Sect, Study Sect. (SecL 4.4.5.1|Sect. Sect. Sect. 4.4.3 |ance Sect. Study
Best research Fallout with | Increased [4.3.4.3 4431 Single Base |4.3.3.3 4432 Lower Faliout Lower Sect
value for cost, Least No. | over improved Research  1Capability | Lower Lower Weight and Weight
Engines for | minimm  [Research  |Aircrat Increases | Weight and | Weight and |Cost and Cost | Too
Mission time not Value for  [Safety/Cost | Vehicle Size | Cost Cost Costly
cost Cost best at 5¢ {and Cost
effective Dispropor-
tionately
U LK.
Unmanned, Air Launched Parameler 12 (5} RLIO-A38 |y 38 5 1500/680.4 |5g Struct.  |Dual Aclive Integral 2 82.5/402.80 |7.1 80° None
All Body, All Rocket Rockels 3.5¢ T.PS. (Subcooled)
Ralionale | Mach No. Trade Study | Rocket Trade T-W Trade | Test Time |Payload Structwal | Basing T.P.S, Tankage  |Propellant |Design and |{Shape Trade Landing
Sect. 4.3.4.1 and Sty Study Trade Study |Trade Study |Trade Trade Study | Trade Study | Trade Study |Trade Study |Perform- | Falioul Study Assist
4344 Sect. 4.4.1.3d Sect. Sech 4.3.4.2 [Sect, Study Sect. [Sect.4.4.5.1 | Sect. Sect. Sect. 4.4.3 Jance Sect. Stdy
Best research 4412 Increased  [4.3.4.3 4431 Single base [4.3.3.3 4432 Lower Fallout Lower Sect.
value for cost. Fallout with { over mini- |Improved Research  [not practical | Lower Lower Weight and Weight
Least No. | mum time  [Research Aircralt from Weight Weight Cost and Cost Too
Engines for | not cost Yalue for  |Safety/Cost |operational |and Cost and Cost Costly !
Mission elfective Cost best at 5g | standpoint
LE A 7 ———
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4.6 "NEAR OPTIMUM" CANDIDATE FLIGHT TEST RESEARCH VEHICLES

(U) Pacil.ty research values were presented in Section 3 for the "baseline”
facilities spectrum. The tradeoff studies described in Section L.k resulted in
improved flight vehicle configurations, defined as "near-optimum" systems.
Research values are presented in Figure 4-181 for the "near-optimum" facilities
and in ell cases are increased slightly over the "baseline" facility values pre-
sented in Section 3.

(U) Based on the conclusions of Section L.4, seven "near-optimum" vehicle
configurations were evolved which are described in the following paragraphs. All
rocket propulsion systems use "off-the-shelf" rockets with subcooled ligquid hydrogen
(LHy), and liquid oxygen (LOp) for propellants. All ramjets and scramjets use
subcooled liquid hydrogen fuel. Instrumentation payload was increased to 1500
pounds in all "near-optimum" vehicles. The modest increase in vehicle costs was
Judged reasonable for an increase in instrumentation capability of 50% value.

An increase in test time from five minutes to ten minutes was also Justified for the
Mach 6 airbreather cruise vehicles (configurations B207 and B212) on the basis of
the research value compared to the investment. Although substantially increased
research value was exhibited for all flight vehicles as test time was increased to
ten minutes, the additional vehicle cost could not be Justified for any vehicle
except B207 and B212. The maximum Mach number of the "near-optimum” vehicles was
not changed from that of the "baseline" vehicles. 1In all cases, variation of the
resesrch value resulted from changes in maximum Mach number. However, the increased
weight and cost of the flight vehicle was only found to be effective at the extreme
upper end of the Mach range studied.

(U) Dual basing concept was selected for all "near-optimum” vehicles. It
was found that the fuel volume required for a single base operation became
excessive and created large, costly vehicles for little gain. This study is dis-
cussed in Section U4.k4.6.1.

(U) Pilot comfort and efficiency is affected by the length of time in
a pressure suit. This time has been set as a maximum of four hours in Section
4. 4.6 and it is shown that any Mach 12 test flight will cause this time limit to
be exceeded if single base operations were achieved.

(U) Powered landings and go-around capabilities create an additional require-
ment for fuel volume. The ramjet and scramjet engines are inoperable at subsonic
speeds and the rocket engines selected are very inefficient at sea level flight
conditions. Therefore, the fuel volume for rocket powered vehicles becomes
excessive for the powered landing and go-around maneuvers. The one vehicle that
does have this capability (B212) uses two JP fueled turbojets for power for these
conditions and only a slight increase in vehicle size is required for the one
go-around capability. The increase involved is considered acceptable for the
added safety.

(U) Figure 4-182 tabulates the effects of the flight vehicle parametric
studies and the reasons for selecting the "near-optimum" vehicle configurations.

(U) The following paragraphs present additional discussion for each airplane.

MCOONNEKLL AIRORAFYT
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(U) FIGURE 4-181
FACILITY RESEARCH VALUES - “NEAR OPTIMUM" FACILITIES
(Capability of Existing Plus New Facilities)

APTRATTAMAL SYSTEM
e Cl ‘1 A
T a0 4,1 N497.7  T46T.1 CLT 4.
eXISTING 1206, 4425,0 4646.C D203,
201 LT LT b 777743 TO8T9 5542470
212 CYGT A FRTG L E Tang 3 STeR 0
R ATLl e O HT7 Y el HAARAG,C TeEGYH 42
23 L10r W0 kAL anlC.u VLR
RN 7Tl 2 enTe 4 6F19.6  TC80.3
25 F2UT R RTE2.7 oRRALT (e Ta1
S R e H5315.1 K306 FOP8.T
PER( = a1 Ar=i=veD TUTAL RESFARCH INVVEYD
CPR/ATIANAL SYSTEM
1z Gl vl 2
10Tl Juw et 177.C 177 .5 107
I G AN B B AT C a7 HhH,, 5 36 .h
2o ~TaC 79,5 Ag,2 tEo?
cll 7.3 A4 0k 92,9 L4 42
2. 7% .9 75.3 04,7 #2545
234 5.5 T4 R4,2 tE5,7
257 45,0 17.3 A9 .8 The3
2‘3J 7C.r 7504 Q‘fo?. 71.2
P R theb T1l.( 79,4 LR LR

(U) Configuration B20T - This vehicle is a Mach 6, all-body shape using
three "off—the-shelf® RL10-A-3-8 rockets for acceleration and a MCAIR two-dimensional
ramjet for cruise power. A 1500 pound payload and a 10 minute test time improves
the data return and research value of this vehicle. An active thermael protection
system and integral fuel tankage result in reduced structure weight. A dual
basing concept is required for this vehicle to retain its small size. Go-around
and powered landings were deleted for this vehicle. Other selected parameters,
weight and cost data are shown in Figure L4-183.

MCDONNELL AIRCRAFT
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(U) FIGURE 4-183 MACH 6 ALL-BODY
Rocket-Ramjet
Air Launch

MACH NO.

ENGINE - ACCEL

HYP

THRUST LOADING

TEST TIME

PAYLOAD

LOAD FACTOR

PLANFORM

CONFIGURATION REFERENCE B207

0.W.E. 36,825 ig

T.0.G.W. 51,725 1b

COST 633.6 Million Dollars
SELECTED PARAMETERS

6 BASING

3 RL10-A-3-8 TPS

24 MCAIR RAMJET TANKAGE

1.29 FUEL TYPE

10 Min. @ M = 6 WING LOADING

1500 1b (680.k4 kg)
S5g (Struct)3.5(TPS)
606 ft2 (56.3 m?)

DUAL
ACTIVE
INTEGRAL

LHo (Subcooled)

80.7 psf

(393.97 kg/m?)

FINENESS RATIO

L.E. SWEEP

LANDING POWER

MCDONNELL AIRCRAET
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80°
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(U) Configuration B212 - This configuration is a Mach 6, wing-body shape
with 10 minutes test time and a data package peyload of 1500 pounds. The propulsion
system consists of two JP fueled turbojets end one LHp fueled two-dimensional
ramjet.

(U) Two additional configurations, B212F arnd B2127, were designed using two
ramjets and two turbojets with a common inlet to each ramjet-turbojet combination as
shown by Figure 4-184. Operation of these inlet systems is shown in Figure L-185.
The drag of these vehicles is significantly higher than the B212 aircraft and Is
shown in Figure 4-186. Some drag increase is attributed to the large increase in
fuselage cross sectional area required to house the engines and inlets. The major
incerease is due to the large common inlets producing a large external ccowl drag.

(U) The "go-around" and powered landing capabilities are acceptable because
of the small increase in fuel volume required and it proved a beneficial safety
feature for the small increase in vehicle size. The dual basing concept increases
this vehicle's potential. Other selected parameters, weights, and cost are pre-

sented in Figure L4-187.

(U) A study of vehicle B212A was made to determine the Mach capability of the
configuration. Above Mach 6 the acceleration capability is marginal but extends to
Myax = 6.7 @ 103,000 ft. Because of the fixed size of the F-100 engines the vehicle
cannot be readily enlarged to accept a significantly larger ramjet engine without
becoming divergent due to inadequate transonic acceleration. Therefore, the upper
design cruise speed 1imit of this vehicle is selected as Mach 6.

(u) Configuration B232 - This configuration has a 5 minute test time and a
1500 pound data package payload with an active thermal protecticn system. The
five mcceleration engines are "off-the-shelf" RL10-A-3-8 rockets. This manned ,
Mach 12, air launched, scramjet cruise vehicle requires dual basing operation.

(U) As in the case for all rocket powered air launched vehicles, the addition
of "go-around" capability and/or powered landing capability forces the vehicle
size and weight beyond the C-5A launch aircraft limits. Other selected parameters,
weights, and cost data are shown in Figure L4-183.

(U) Configuration B233 - This configuration is an air launched, Mach 12,
manned vehicle using five "off-the-shelf" RL10-A-3-8 rockets for acceleration and
cruise. The vehicle is sized for 5 minutes test time at Mach 12. Active thermal
protective system and integral tankage reduce the structural weight of the vehicle.
Dual basing is required to maintain the small physical size of the vehicle.

(U) The "go-around" capability or powered landing capability is not feasible
for the reasons mentioned previously in Paragraph 4.6.3. Other selected parameters,
weights and cost data are presented in Figure L1809,

(U) Configuration B257 - This vehicle,with four F 100-GE-100 JP fueled turbo-
jet acceleration engines and a convertible scramjet cruise engine, provides five
minutes of Mach 12 test time. Active thermal protection system, integral tankage,
and the dual basing concept are utilized to reduce vehicle size.

MCDONNELL AIRCRAFT
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(C) FIGURE 4-184 B2128B, B212C CHARACTERISTICS

REPORT MDC A0013 ® 2 OCTOBER 1970

Alternate
Engine Package
B212C :
chee |
PHYSICAL CHARACTERISTICS
GEOMETRY :
L.E. Sweep 75°
Overall Length ft (m) 75.8 (23.10)
Total Span ft (m) 35. (10.67)
Height ft (m) 132 (L.02)
AREAS:; £t2 o
Planform 962 (89.37)
Wing 811 (75.34)
Tips, Total 108 (10.03)
Vertical Tail, Total 178 (16.5L)
VOLUMES : £t3 m
Total 3764 (106.50)
Propellant 101k (28.70)
PROPULSION: ACCEL. CRUISE
Engine (2) F100GE-100 (2) Ramjet
Thrust (SLS,uninst )1b 23,380 (ea) -
(N) (103,99%) (ea) -
Thrust (Mach 6 @ 1b - 4665 (ea)
Cruise Alt) (N) - (20,750)
A, Total £t 20.4 20.4
&p (m?) (1.90) (1.90)
MCDONNELL AIRCRAKT b,
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(U) FIGURE 4-185
COMMON INLET OPERATION
B212B AND B212C

B212B COMMON INLET OPERATIOCN

Low Speed Turbojet

Operation

High Speed Turbojet Operation
and Ramjet Start

____________ = Ramjet Operation

High Speed Turbojet Operation
and Ramjet Start

Ramjet Operation ~a

——
—— —

This Page Unclassified MCDONNELL AIRCRAFT <AL
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(U) FIGURE 4-186 EFFECT OF ENGINE INSTALLATION ON
DRAG OF AIRBREATHER WING BODY CONFIGURATION

MCOONNELL AIRCRAFT
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(U) FIGURE 4-187 MACH 6 WINGBODY
Turbojet-Ramjet
Horizontal Takeoff

v M
————uu_a_g4 _J
4 =TT
| Y
—( O | < 1]
e
| ST, S YO B | l/
e ——mr T

— e

b o
.|

VY.
@)
CONFIGURATION REFERENCE B212
0.W.E 47,159 1b
T.0.G.W 55,629 1b
COsT 787.0 Million Dollars
SELECTED PARAMETERS
MACH NO. 6 BASING DUAL
ENGINE - ACCEL 2 F100-GE-100 TPS ACTIVE
HYP 24 MCAIR Ramjet TANKAGE INTEGRAL
THRUST LOADING .82 FUEL TYPE LHo (Subcooled)
JP  (Room Temp.)
TEST TIME 10 Min @ M = 6 WING LOADING 55.4 pst
(270.L6 kg/m2)
PAYLOAD 1500 1b (680.4 kg) FINENESS RATIO 8.5
LOAD FACTOR 5 g (Struct)3.5(TPS) L.E. SWEEP 75°
PLANFORM 1000 ££2(92.9 m°) LANDING POWER 1 Go Around

MCDONNELL AIRCRAFT
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(U) FIGURE 4-188 MACH 12 ALL BODY,ROCKET-SCRAMJET AIR LAUNCH

Sy PNy g sy PNy

_ — |

CONFIGURATION REFERENCE B232

O.W.E. 29,050 1b
T.0.G.W. 88,000 1b
COST 817.5 Million Dollars

SELECTED PARAMETERS

MACH 1. 12 BASING DUAL
ENGINE - ACCEL 5 RL10-A-3-8 TPS ACTIVE

HYP SCRAMJET TANKAGE INTEGRAL
THRUST LOADING 1.29 FUEL TYPE LHy (Subcooled)
TEST TIME 5 Min. @ M = 12 WING LOADING 89 PSF
PAYLOAD 1500 1b (680.4 kg) FINENESS RATIO (h3h%?f kg/m2)
LOAD FACTOR 5 g (Struct)3.5(TPS) L.E. SWEEP 80°
PLANFORM 989 £t2 (91.9 m?) LANDING POWER NONE

MCDONNELL AIRCRAET
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(U) FIGURE 4-189 MACH 12 ALL BODY,ALL ROCKET AIR LAUNCH

"r,———————1:=5’g’::::—————_——_________ 20
4___—f”'

& T

CONFIGURATION REFERENCE B233

0.W.E. 25,660 1b
T.0.G.W. 87,000 1b
COST 471.3 Million Dollars

SELECTED PARAMETERS

MACH NO.

ENGINE - ACCEL

HYP

THRUST LOADING

TEST TIME

PAYLOAD

LOAD FACTOR

PLANFORM

12

5 RL10-A-3-8

(1)THROTTLED RL10-A-3-8

1.30

5 Min @ M = 12

1500 1b (680.4 kg)
5 g (Struct)3.5(TPS)

1010 £t2 (93.9 m)

BASING

TPS

TANKAGE

FUEL TANK

WING LOADING

FINENESS RATIO

L.E. SWEEP

LANDING POWER

MCDONNELL AIRCRA FT
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DUAL

ACTIVE
INTEGRAL

LH, (Subcooled)

86.0 psf

(419.89 kg/me)

7.6
80°

NONE
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(U) A trade study of the all elliptical body shape versus the blended wing-
body shape is discussed in Section 4.4.1. For a comparable mission, this trade
showed the all elliptical body exceedingly large and heavy when compared to the
blended wing-body shape. This resulted in the selection of the blended wing-body
Shape ez the baseline and "near-optimum" configuration. The fuel trade study
in Section L4.4.2.2 shows an advantage in using JP fuel for the turbojet engines;
therefore, the'near-optimum" incorporates JP fuel. The turbojet engines are
shut down at Mach 3 and the vehicle accelerates on the CSJ to Mach 12 and cruises
on the CSJ. Go-around power was deleted based on the trade study in Section L.L.6,
which shows a large increase in fuel requirements and, therefore, cost, weight,
and size to achieve this capability. Additional parameters, weights and cost
data are shown on Figure 4-190.

(U) Configuration B260 - This Mach 12, horizontal tekeoff vehicle has a
> minute test time at Mach 12. An active thermal protection system, integral
fuel tankage, and dual basing are required to reduce vehicle size. The acceleration
engine is a J2S "off-the-shelf" rocket with cruise capability through throttling
or pulsing the engine.

(U) The vertical takeoff mode for this vehicle was evaluated using the base-
line vehicle size (B260A) and resulted in a decrease in cruise capability from five
minutes to 2.83 minutes. Crew safety in this mode is a problem to be investigated
if this operational mode is selected for further study. Additional parameters,
weights and cost data are shown in Figure L4-191.

(U) Configuration B284 - This configuration is essentially an unmanned version
of B233. It is powered by five RL10-A-3-8 "off-the-shelf" rockets for acceleration
with cruise flight maintained by throttling the center rocket with all other
rockets shut down. To minimjize weight, an active thermal protection system and in-
tegral fuel tankage are incorporated and the vehicle is sized for a five minute test
time at Mach 12.

(U) This vehicle, as with all other air launched configuraetions, is dual
based because it incurred a large fuel volume increase and therefore cost, weight,
and size when operated from a single base. The basing trade study discusses this
effect in Section L.4.6.

(U) The operational problems of an unmanned dual based Mach 12 test vehicle
flying across the continental United States are discussed in Section 4.4.6;
Additional parameters, weights, and cost data are shown in Figure L4-192.

MCDONANELL AIRCRAFST

L-247



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME Il @ PART 2

(U) FIGURE 4-190 MACH 12 BLENDED WING BODY,TURBOJET-CONVERTIBLE SCRAMJET,
HORIZONTAL TAKEOFF

CONFIGURATION REFERENCE B257

0.W.E 64,820 1b
T.0.G.W 99,320 1b
COST 1,077.3 Million Dollars
SELECTED PARAMETERS
MACH NO. 12 BASING DUAL
ENGINE - ACCEL L F100-GE-100 TPS ACTIVE
HYP CONV. SCRAMJET TANKAGE INTEGRAL
THRUST LOADING .92 FUEL TYPE LHo (Subcoocled)
JP {Room Temp.)
TEST TIME 5 Min @ M = 12 WING LOADING 53,4 pst
(260.07 kg/m?)
PAYLOAD 1500 1b (680.4 kg) FINENESS RATIO 7.5
LOAD FACTOR 5 g (Struct)3.5(TPS) L.E. SWEEP T77°
PLANFORM 1860 £t2 (172.8 M2) LANDING POWER NONE
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(U) FIGURE 4-191 MACH 12 ALL BODY,ALL ROCKET,HORIZONTAL TAKEOFF

CONFIGURATION REFERENCE B260

0.W.E 41,200 1b
T.0.G.W 167,000 1b
cos 621.5 Million Dollars
SELECTED PARAMETERS
MACH NO. 12 BASING DUAL
ENGINE - ACCEL 1 J2s TPS ACTIVE
HYP THROTTLED OR PULSED TANKAGE INTEGRAL
THRUST LOADING 1.59 FUEL TYPE LHy (Subcooled)
TEST TIME 5 Min @ M = 12 WING LOADING 103 psf
(502.89 kg/m°)
PAYLOAD 1500 1b (680.4 kg) FINENESS RATIO 6.9
LOAD FACTOR 5 g (Struct)3.5 (TPS) L.E. SWEEP 80°
PLANFORM 1620 £t° (150.5 m2) LANDING POWER NONE
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(U) FIGURE 4-192 MACH 12 ALL BODY -UNMANNED,ALLROCKET,AIR LAUNCH

Pl L aske Lonie 1o ouin

/ 31
1

CONFIGURATION REFERENCE B28L

0.W.E 24,250 1b
T.0.G.W. 82,500 1b
COST 5L2.0 Million Dollars

SELECTED PARAMETERS

MACH NO. 12 BASING DUAL
ENGINE - ACCEL 5 RL10-A-3-8 TPS ACTIVE

HYP (1)THROTTLED RL10-A-3-8  TANKAGE INTEGRAL
THRUST LOADING 1.38 FUEL TYPE LH, (Subcooled)
TEST TIME S Min @ M = 12 WING LOADING 82.5 psf

(402.80 kg/m?)

PAYLOAD 1500 1b (680.4 kg) FINENESS RATIO 7.1
LOAD FACTOR 5 g (Struct) 3.5(TPS) L.E. SWEEP 80°
PLANFORM 1000 ££2 (92.9 ) LANDING POWER NONE
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5. FLIGHT RESEARCH VEHICLE SCREENING AND SELECTION

{(U) Each of the seven flight research vehicles retained from Phase I has
been refined aud a "near optimum" configuration developed. The characteristics
of these vehicles and the rationale for selecting the combination of design features
and operational concepts were presented in Section 4.6. The following sections pre-
sent comparisons and evaluation of these "near optimum" vehicles. Selection of the
most attractive vehicles and recommendations for Phase III refinements are presented
in Section 5.3.

5.1 RESEARCH VALUE AND COSTS

(U) Figure 5-1 summarizes the facility research value and program costs for
each of the seven "near optimum" vehicles. Research value is presented as a per-
centage rather than as a quantified value. It must be recognized that the research
intrinsic values developed in this study do not represent absolute values, but are
on a relative basis. Thus, values are in effect normalized by using percentage
of total applicable research accomplished.

(U) FIGURE 5-1
“NEAR-OPTIMUM'’ FLIGHT RESEARCH VEHICLE VALUE-COST COMPARISONS
Facility Research Values

Mé
M6 TJ/R)
M2 HTO M12
Rocket | | "™ 212 TI/CSs
100 Rir ° 8207 HTO -
Unmanned B257
M1
Lz'fg
80 M2 oy
(e
Rocket/S}
60 Air
Percent B232
Research **Near Optimum’’
Value Flight Research Aircraft
40
Existing M1 = M4.5 TRJ Interceptor
Facilities C1= M5-7 TRJ Commercial
20 L2 = M8-10 TJ/CSJ Launch Vehicle | —
M2 = M12 Rocket/SJ Military
0 h—J\,
0 500 600 700 800 900 1000 1100
Program Cost - Million Dol lars HRF 361
This Page Unclassified MCOONNELL AIRCRAFT P
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(U) The research values of existing ground facilities are also presented.
Research values are keyed to the operational systems as noted by the horizontal
arrows. Four operational systems are used to exemplify the study results. The
four operational systems chosen are judged to be representative of the complete
spectrum of the nine operational systems used throughout the study. Figure 5-2
summarizes these nine systems. M1 is chosen since it is the only system in its
class. C31 is representative of Ly, and covers commercial systems as well as
Mach 5 to 7 turboramjet vehicles. Lo is representative of Cp and covers launch
vehicle systems as well as Mach 8 to 10 turbojet/convertible scramjet systems. Mo
is representative of L3, L4, and M3 and covers military systems as well as Mach 12
vehicles employing rocket and scramjet propulsion systems.

(C) FIGURE 5-2 OPERATIONAL SYSTEMé SUMMARY

CODE TYPE

RECOVERABLE 1ST STAGE LAUNCH VEHICLE HORIZONTAL TAKEQOFF

Ly Turbojet plus Ramjet, M = 5 to T staging
Lo Turbojet plus Convertible Scramjet

L3 A1l rocket, Mach 12, staging

Ly Rocket plus Scramjet, Mach 10 staging

HYPERSONIC TRANSPORT

Cy Mach = 6, Turboramjet

Co Mach

10, Turbojet plus Convertible Scramjet

MILITARY SYSTEMS

My M = L.5 Advanced Manned Interceptor, Turboramjet
My M = 12 Strike, Rocket plus Scramjet
M3 M = 8 to 12 Interceptor, Rocket plus Scramjet

(U) Existing facility research value is highest for My (59%) and lowest for
Mo (36%). The band of research value is representative of the current status of
the technology base for hypersonic aircraft.

MCDONNELL AIRCRAFT C O —
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(U) The band of research value for flight vehicle configuration B233 is
narrower than it is for existing facilities, yet the increment between M; and C; is
about the same in both cases. The increment between Lo, M2, and C; is significantly
lower. This is explained as follows.

(U) The research value of the flight research vehicles includes the value of
utilizing ground facilities in the research and development program that is re-
quired for development of the research vehicle. This value is somewhat reduced
by the fact that there are differences in a number of areas between the flight
research vehicles and the operational systems. However, the contribution of exist-
ing facilitiee is still quite high. Thus, the band of research value for configura-
tion B233 is reduced, since the increase in research value provided by the flight
research vehicle is greater for Lo and Mp than it is for Mj.

(U) This result is further clarified by considering the incremental increase
in research value provided by the flight vehicle over that of existing facilities.
The increase for My is from 59 to 84%, or an incremental increase of 25% while the
increase for Mp is from 36 to 69%, or an incremental increase of 33%. Thus, flight
vehicle B233 provides a greater increase in capability for the more advanced sys-
tems than it does for the nearer term systems.

(U) This identical effect is evident on configuration B284, which is an
unmanned version of configuration B233, and on configuration B260, which is a
horizontal takeoff version of configuration B233. Similar effects are evident
on the other flight vehicles studied.

(U) Another interesting facet of the results is seen by comparing the results
for flight research vehicle configuration B232 with those of configuration B233.
The research values for operational system Mj and C] are almost identical. However,
the contribution of the flight vehicle is much larger for operational system Mo on
configuration B232 than on configuration B233 -- so much so that the position of
research value for Mp is completely interchanged. This reflects the fact that
configuration B232 is very nearly a prototype configuration for operation system
Mo, and thus it provides a substantial capability to conduct research for this
operational system. This result is further clarified by comparing incremental
increases in research value over that provided by existing facilities. As in the
previous comparison the increment that the flight vehicle provides for M) is 25%.
For My, however, the incremental increase is from 36 to 86%, or an incremental
increase of 50% compared to 33% for configuration B232. Thus, flight vehicle con-
figuration B233 provides 1.5 times more increase in research value for Mp than
does configuration B232, while it provides the same increase in research value for
M;.

MCDONNELL AIRCRAFT

5-3



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME ill ® PART2

5.2 VEHICLE EVALUATION AND SCREENING

(U) Configuration B2B4 is identical to Configuration B233, except that it is
unmanned. Both are airlaunched, rocket accelerated and rocket cruise vehicles.
Neither vehicle requires the development of new engines to meet the mission perfor-
mance. Thus, maximum speed and cruise performance are low risk items. Both have
excellent speed growth potential and provide good configuration similarity to a
variety of potential operational systems. Both vehicles provide a good test range
capability for speed build-ups and development of system confidence.

(U) TFigure 5-1 shows, however, that Configuration B28L4 provides about 5% lower
research value at an increase in cost of 15%. The decrease in research value re-
sults from:

o No Man-Machine Integration

o No Man Judgement Ratings

o No Option for In-Flight Alterations
o No Pilot Interpretation of Data

(U) The cost increase is due to:

o Increased system complexity, requiring five flight vehicles rather than
three and higher maintenance requirements.

o Potential program delays and resulting costs

o No pilot emergency corrective action capability.

(U) Based on these factors,
— CONFIGURATION B284 WAS REJECTED -

(U) Configuration B260 is very similar to Configuration B233 both being
manned rocket accelerated and rocket cruise vehicles. Configuration B260, however,
incorperates the capability of take off horizontally, as compared to airlaunching
for Configuration B233. 1In addition, the basic vehicle incorporates the capability
to accomplish vertical takeoff, with an associated degraded performance. Neither
vehicle requires the development of new engines to meet mission performance. Thus,
maximum speed and cruise performance are low risk items. Both have excellent speed
growth potential. Configuration B260, due to its ability to take off horizontally
or vertically, causes the research value for this vehicle to be slightly higher
than for Configuration B233. The HTO/VTO capability also results in a closer simi-
larity to the operational system than the airlaunched configuration. The test range
capability of Configuration B260 is not as good as for Configuration B233. Speed
buildups are feasible from Holloman, Carswell, and Eglin but the test operaticral
flexibility is somewhat reduced.

(U) The overall advantages of Configuration B260, however, are nullified by

its much greater costs. As shown by Figure 5-1, Configuration B260 costs about
30% more than Configuration B233. Based on the above comparison,

- CONFIGURATION B260 WAS REJECTED -

MCDONNELL AIRCRAFT
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(U) Note: The horizontal takeoff/vertical takeoff capability is highly
desirable from a research standpoint. Incorporation of this capebility in an air-
launched vehicle appears quite attractive. It appears feasible to design a basic
air-launched vzhicle capable of Mach 12 flight to accommodate provisions which
would allow uscge of the vehicle in both HTO and VIO launch modes. In the alter-
nate launch moaes, it would not be necessary to achieve Mach 12 flight, lower speed
capability would still satisfy the desired research and provide a direct comparison
of operational techniques between the HTO and VIO launch modes.

(u) Configuration B232 is identical to Configuration B233, except that it
incorporates an accelerator scramjet providing the capability to either accelerate
the vehicle from Mach 8 to 12 or to cruise at any desired speed in this range. Both
are air-launched, manned, and rocket accelerated. The following observations apply
for Configuration B232:

o It is a high cost program, requiring scramjet development.

o Achieving maximum speed performance is low risk.

o Achieving cruise performance on the scramjet engine represents a low risk
item.

Both vehicles have good speed growth potential when utilizing the rocket, and pro-
vide good operational system similarity and good test range capability.

(U) Both Configurations 232 and 233 are essentially identical with the only
difference being that Configuration 232 incorporates a scramjet engine in addition
to the basic rocket engines. Figure 5-1 shows that the research value for Config-
uration B232 is about 20% higher for operational system M2 than Configuration B233.
However the cost penalty of epproximately 350 million dollars, makes this config-
uration less attractive. On the basis of costs,

- CONFIGURATION B232 WAS REJECTED -

(U) Note: While the cost is high for the scramjet configuration, it provides
a high capability in an area of research that has been assessed as very desirable.
The similarity between Configuration 232 and 233 suggests that an approach of
initiating a research program, wherein a basic vehicle employing proven rocket
engines might be developed incorporating provisions such that a scramjet engine
could be added as a growth option, would be quite desirable.

(U) Configuration B257 is quite different from Configuration B233. It incor-
porates a turbojet for acceleration, instead of a rocket. Furthermore, it requires
acceleration on a convertible scramjet to achieve cruise speed. It does provide
horizontal takeoff capability, and is a manned system but the body is a blerded
body wing-body shape whereas Configuration B233 has an all-body shape.

(U) Observations concerning Configuration B2ST are:

o It is the highest cost vehicle of those studied

o Development of the convertible scramjet is the most difficult engine
development task of those studied.

o The program represents high risk, since it depends upon development of
the convertible scramjet to achieve speeds over M 3 to 3.5

MCDONNELL AIRCRAFT
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o Even though the vehicle has turbojets, powered landing is not provided,
since the effect on vehicle weight is much too large.

o The test range capability 1is poor, due to the long range traversed during
acceleration.

Figure 5-1 shows that the research value for the more advanced operational systems
is quite high. However, the cost is extremely high. Therefore, on the basis of

cost and risk,

- CONFIGURATION B257 WAS REJECTED -

(U) ©Note: Convertible scramjet testing capability is judged to be of high
research value. An approach similar to that possible with a scramjet engine and
a basic rocket powered vehicle, discussed in previous paragraphs is quite desirable.

(U) In summary, airlaunched, rocket powered vehicles offer high research value
and program flexibility at low risk and cost, and Configuration B233 is the most
attractive in the M = 12 class of vehicles studied.

(U) Configuration B207 is similar to Configuration B233 in that the vehicles
are both all-body shapes, airlaunched, manned and rocket accelerated. However, they
differ widely in their speed class, and in the type of cruise engine they use. From
Figure 5-1, it is seen that of all the airbreather configurations studied, Con-
figuration B207 is the lowest cost program and provides a significant reseayrch value
for all operational systems. This vehicle has an excellent test range compatibility
and is suitable for single base operation and a test time of S minutes, although
increased test time requires a modest increase in the "pilot-in-suit" time. The
vehicle has moderate speed growth potential and does not require development of new
engines to meet the mission performance. The risk in achieving cruise performance
capability is rather low. 1In general, it is a low risk program.

(U) However, while the aerodynamic similarity to the operational systems is
good, none of the operational systems utilize the propulsion combination offered on
this vehicle.

(U) To complete the evaluation of Configuration B20T7 it is necessary to com-
pare it with Configuration B212.

(U) Configuration B212 is a horizontal takeoff, manned, wing-body, turbojet/
ramjet vehicle. As shown by Figure 5-1, the vehicle has a good research value,
particularly due to the horizontal takeoff capability, at a moderate program cost.
Maximum speed performance is dependent upon development of the ramjet engine. How-
ever, this represents only a moderate risk. Speed growth potential is rather pocr.
The vehicle provides a powered landing capability, which adds considerably to the
flight operaticns safety.

MCDONNELL AIRCRAFT
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(U) Comparing Configuration B212 research value, risk, and cost with that of
Configuration B207, Configuration B207 is more attractive. However, neither Con-
figuration B20T or B212 appear to provide the research potential of Configuration
B233. On this basis,

CONFIGURATICN B207 WAS REJECTED
- AND -
CONFIGURATION B212 WAS REJECTED

(U) Note: Ramjet and turboramjet testing capability is judged to be of
high research value. Incorporation of this capability as part of a follow-on pro-
gram is quite desirable.

(U) In Phase I, turboramjet systems were evaluated for M = 6 class vehicles
and were determined to be attractive. The engine development costs were high,
however, (over 500 million dollars) and on this basis turboramjets were not retained
for the Phase II study.

(U) Configuration B212 includes engine development costs of 170 million
dollars for the ramjets. The turbojets are off-the-shelf and require little develop-
ment costs for hydrogen conversion. Thus, it appears that while valuable testing
could be accomplished on a modification of Configuration B233, it is possible that
an attractive M = 6 class horizontal takeof?f configuration would be achieved if a
turboramjet could be obtained by wrapping a specially developed ramjet around an
existing turbojet. Therefore,

A M = 6 CLASS HTO RESEARCH VEHICLE
USING A TURBORAMJET ENGINE,
~ WHICH INCORPORATES AN EXISTING TURBOJET,
IS RETAINED

MCDONNELL AIRCRAFT
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5.3 RECOMMENDED PHASE III VEHICLES

(U) In Phase I a broad group of flight research vehicle concepts was eval-
uated and selected vehicles were retained for Phase II refinements. The results
of the Phase II refinement studies are presented in the preceding sections of this
report. In Phase I1, particular choices were made and a number of conclusions
were drawn.

(U) A number of cbservations are available from these Phase I and II study
results.

o The research value for a number of different types of advanced propulsion
systems was rated quite high. This implies that a research vehicle should have the
capability to test meny different propulsion packages.

o The research value for reusable thermal protection systems was rated quite
high. This implies that a research vehicle should have the capability to test a
number of different thermal protection system concepts in order to supply compari-
son data on reusability.

o The diversity of the defined research clearly indicates that the flight
research vehicles should be flexible and adapable to nevw and varying research goals.
When evaluated for a broad research program capability, unmanned vehicles neither
provide this capability nor reduce overall program costs.

o Program costs for airlaunched vehicles are substantially lower than for
ground takeoff vehicles. Furthermore, airlaunched vehicles provide excellent
operatiocnal flexibility, particularly for speed buildup and envelope expansion.

o A conservative approach to selecting structural design load factors and
to providing space and weight for instrumentation payload is not very costly.
In view of the manner in which program requirements usually escalate it appears
to be judicious to set a base for design which is a trifle conservative.

o Increasing the test time for Mach 12 vehicles is extremely costly for rocket
cruise vehicles and only slightly less expensive for scramjet cruise vehicles. Mach

6 ramjet cruise vehicles, however, can accommodate increased test time at a reason-—
able cost.

o Off-the-shelf rocket engines are available to satisfy the requirements for
all rocket accelerated vehicles, reducing initial progrem risk and cost.

o Off-the-shelf turbojet engines are also available to satisfy the require-
ments for all turbojet accelerated vehicles at reduced program cost.

o The costs of ramjet, scramjet, and convertible scramjet engines are quite
high eand represent a major cost element for vehicles using such propulsion systems.
Furthermore, the risk in developing these engines might compromise the research
vehicle program. An of f-the-shelf-turbojet with a wraparound ramjet appears
feasible, however, and could result in reduced program costs.

MCDONNELL AIRCRAFY
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o Propellant costs represent only a minor element in the overall program.
The use of LHp for rockets and hypersonic engines, rather than storable fuels,
appears to be both feasible and economical.

(U) Based on the results of the Phase II parametric studies and comparative
evaluations, it is recommended that the following flight research vehicles be
retained for Phase II refinement.

(a) Basic System 1 - M = 12, airlaunched, rocket, manned, all body vehicle

Growth or Options to be Studied

o Incorporate a M=8 to M=12 scramjet

¢ Incorporate a M=3.5 to M=12 convertible scramjet

o Incorporate an integrated two dimensional ramjet

o Provide a section (complete periphery) of the aircraft suitable for the
installation and testing of alternate thermal protection systems. Examine impli-
cations of re-skinning the entire vehicle with a different thermal protection system

o Include provisions for missile launch testing

o Include provisions for stage separation testing, possibly using a boiler
plate second stage

o Provide horizontal takeoff and vertical takeoff capability at degraded
performance

o Examine capability for testing advanced turbojets, turboramjets, and ramjets
o Examine suitability of add-on turbojets for takeoff and landings.

(b) Basic System 2 - M=6 horizontal takeoff, turboramjet (1 engine) manned
wing-body vehicle

Growth or Options to be Studied

o Examine advanced technology engine vs near term engine. Make selection and
conduct studies on one vehicle

o Examine the use of rocket power for program initiation. Examine ramjet,
scramjet and convertible scramjet test bed capability

o Provide a section (complete periphery) of the aircraft suitable for the
installation and testing of alternate thermal protection systems. Examine implica-
tions of re-skinning the entire vehicle with a different thermal protection system

o Include provision for missile launch testing

(Page 5-10 is Blank) MCDONNELL AIRCRAFEY
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