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RECOVERABLE LAUNCH BOOSTERS: A FUTURE THAT NEVER WAS..

The idea of making flight into space as routine as atmospheric flight has been around since the 1930’s when

Eugen Sanger first published detailed information about his ideas for a suborbital, winged vehicle, capable of
delivering a payload halfway around the world using a skip-glide technique Sanger referred to as dynamic
soaring. Though Sanger’s ‘Silverbird’ would never be built, his concepts for winged flight into space became
the subject of significant research well into the 21st century.

As early as 1942, the United States became aware of Sanger’s work, when the (National Advisory Committee
fro Aeronautics (NACA) translated a copy of his 1934 study. Combined with the technological knowledge
gained on rocket propulsion from the German scientists brought to the U.S. under Operation Paperclip during
the final days of World War 1, flight into space was beginning to become more of a reality than fantasy. Five
months after studies presented at the First Symposium on Space Flight held in New York City in October
1951, Colliers Magazine published articles based on these studies titled “Man Will Conquer Space Soon.” Yet,
it was the team of Walt Disney, Wernher von Braun and Willey Ley who first brought spaceflight to the Amer-
ican public with production of Man in Space, an hour-long television feature. An estimated 42 million view-
ers tuned in to watch the premier in October 1954.

in the U.S., the Goodyear Aircraft Company produced some of the earliest conceptual work on winged flight
into space. Their Manned Earth-satellite Terminal Evolving from earth-to-Orbit ferry Rocket (METEOR) de-
sign research dates to early 1954. Over the next two decades, conceptual studies from nearly all major aero-
space contractors, such as; Bell Aircraft, Boeing, North American Aviation, Republic Aircraft, Convair and the
Martin Company became increasingly prevalent. Most projects funded by the Air Force under various Sys-
tems Requirements studies were given strange acronyms such as; BoMi, RoBo, HIRES, POBATO, ACES or
simply referred to as Aerospaceplane.

Many of the designs pushed the boundaries of reality and theory; proposing the use of materials that had yet
to be invented, with propulsion systems that were purely theoretical at the time. On the drawing board
were, liquid-fueled rocket engines, powered by; hydrogen and oxygen, and even nuclear-fuel. Single, dual
and tri-cycle engines that combined the use of turbojet, ramjet and rocket propulsion into a single engine
package, propelled these unique shapes into space. Vertical takeoff, horizontal takeoff including vertical and
horizontal landing concepts were explored for their pros and cons; yet fully recoverable systems became the
focus of many studies.

Much of this research went into the design for the Space Transportation System, a compromised design using
both reusable and expendable components. Though flown for 30 years, the shuttle never truly provided the
economical or routine access to space that it originally envisioned. Significant effort was put into the Nation-
al Aerospace Plane (NASP) project throughout the 1980’s and 90’s but was ultimately deemed uneconomical
and too technologically advanced for production; the program terminated in 1993.

Though not the advanced spaceplane engineers had originally envisioned, SpaceX achieved an economical,
partially-reusable booster and capsule system in 2015 (the second stage booster is expendable). Single stage
to orbit, fully-reusable winged vehicles, remain the Holy Grail of aerospace; but as technology advances, the
visions of the past may yet become the vehicles of the future.

Most of what you will find on the following pages came from the archives of the Air Force Materiel Command
History Office, a research facility located at Wright-Patterson AFB, Ohio. Our research revealed a variety of
gems, many a simple mention or illustration in an obscure report, while others came from archived materials
supplied by the manufacturer or personal historical archives. We hope you enjoy this glimpse into what
could have been.
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B Left: Eugen Albert Sanger (1905-1964) conceptual-
ized one of the first reusable spaceplanes, called
Silverbird, in the early 1930’s.

Above: Sanger continued to refine his design for the
Silverbird throughout the 1930’s. Silverbird used a
skip-glide technique Sanger called dynamic soaring,
to deliver a payload halfway around the world.

Above: 21 years after his death, Messerschmitt-Bolkow-
Blohm (MBB) renewed studies of the Sdanger design. Dubbed o
Sanger I, this two-stage-to-orbit design was ultimately can- bJ ‘\/. \
celled as being too costly.

Bottom: Bringing the dream of spaceflight into an estimated
42 million homes, Walt Disney (left) and Wernher von Braun
collaborated on the program “Man In Space” which debuted
in October 1954.
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ADVANTAGES OF SEPARATE REUSABLE WING

All: Significant research effort was put into making the Apollo Saturn boosters recoverable. The specialized,
removable carrier aircraft designed by Boeing in 1963, could act as a first stage for the Saturn vehicle stack
or utilized as a transport for outsized cargo. Paraglider recovery of a Saturn booster was also studied. Utiliz-
ing a Rogallo Wing parasail and retractable skids, the booster would glide down to a smooth recovery and
refurbished for another mission.
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GLIDER AIR SNATCH AND AIR TOW

Right and Below: Some early proposals
for reusable booster, air recovery by C-
130. At right the unmanned glider re-
leases a tow line during decent that was
captured by the C-130 tow plane for a
controlled landing. Below the C-130
captures the parachute of the descend-
ing booster much like the technique
used for the Discoverer satellite recon-
naissance film pods.

Above: One of Martin Company’s Astrorocket
proposals used an air-augmented rocket de-
sign known as a rocket engine nozzle ejector
(RENE) to increase thrust of the booster vehi-
cle.

Right: One cartoonist found a bit of humor in all of the pro-
posed designs for booster recovery and simply added all of
them into the design of the “Recovery Pig”
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STUDY BLACKGROUND
CLASP STUDIES (1962-63)
/ COMAATIBLE LAUNCH VEHICLE & SFACECRAFT FROGRAM)

ADVANCED "
EXPENDABLE RECOVERABLE
BOOSTER . VTOHL ROCKET

W

‘.
R

v

All: Defining the best approach to space access began with a series of research projects into various catego-
ries such as expendable rockets, Aerospaceplane designs and recoverable boosters. Recoverable booster
baseline designs were subcategorized even further (clockwise from top left): Vertical Takeoff/Horizontal

Landing (VTOHL); VTOHL-Single Fuselage-Parallel Staging; VTOHL-Single Fuselage-Tandem Staging; VTOHL-
Twin Fuselage-Semi-Tandem Staging; continued on next page.
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Above: Continued from page 6—clockwise from top left; VTOHL-Twin Fuselage-Parallel Staging; VTOHL-Three

Stage-Hyperjet; Horizontal Takeoff and Landing (HTOL)-Three Stage-Turbo-ramjet; HTOL-Three Stage-Turbo-
ramjet-JP-6 fuel (used specifically in the General Electric J93 engine).

STULDY BACKGROUND

AEROSFACEFLANE DEVELOFMENT FLANNMING STUNES
e ——— (1963 — 1964)

N

ACES

POBATO

ALROSPACE CORPORATION @

Above: Results from initial Aerospaceplane studies conducted by the Research and Technology Division, Air
Force Systems Command, provided insight into the comparison of three different design concepts funded
by the Air Force; Douglas Aircraft- Hypersonic In-flight Refueling Studies (HIRES); General Dynamics Astro-

nautics- Air Collection and Enrichment System (ACES) and North American Aviation- Propellants On Board At
Take Off (POBATO).
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STUDOV LACKGROUND
SR-89774 STULIES (1959-60)

VTOHL RECOVERABLE ROCKETS

A4

LOCKHELD MARTIN OOFING
HTO RECOVERABLE BOOSTERS

GOODYEAR DOUGLAS

CONTIRACTOR FUNDED STUVES
AEROSPACEPLANES

LOCKHEED REPUBLIC
NUCLEAR LAUNCH VEHICLES

DOUGLAS GD/FT” WORTH MARTIN GEN ATOMICS
Page 8 and 9 Top: Between 1959 and 1961 no less than 17 contractor studies were submitted under Air
Force Systems Requirement 89774 of which 10 received further funding. The first phase covered all types
of recoverable boosters while the second phase placed emphasis on Vertical Takeoff/Horizontal Landing
(VTOHL) and Horizontal Takeoff and Horizontal Landing (HTOL) vehicles. Results were found to favor
VTOHL, but the economic gains over conventional expendable boosters appeared to be modest.

8
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STUDY BACKGROUND (ConT 2)
CONTRACTOR FUNOLD STULIES
ADVANCED EXPENDABLES

DOUGLAS MARTIN
VTOHL RECOVERABLE ROCKETS

DOUGLAS AEROJET DOUGLAS MARTIN
AL ROSPACT CORPORATION ‘/A \‘

Below: Nice graphic showing the size comparison and different designs from 6 of the 10 funded design
studies. The vehicles range from the conventional Douglas Aircraft layout to the more ambitious designs
from Republic Aircraft and Boeing to the downright futurist-looking entries from Convair, Lockheed and
Martin. Some companies created studies for both VTOHL and HTOHL vehicles. In the end, expendable
boosters remained the mainstay of access to space for the rest of the 20th century.

CONFIGURAT IONS

AL

REPUBLIC BOEING DOUGLAS CONVAIR LOCKHEED MARTIN




RECOVERABLE LAUNCH BOOSTERS: A FUTURE THAT NEVER WAS..

VERTICAL TAKEOFF

Man Will

Colliers § .-

March 22,1952 o Fifteen € Spuce Soon
TOP SCIENTISTS
TELL HOW IN

15 STARTLING PAGES

Top Left: Throughout the 1950’s, renowned space
artist Chelsey Bonestell created spectacular visions of
the future including this 1950 piece that looks remark-
ably similar to the German A-4B, a winged version of
the V-2 rocket.

Above: Using cover artwork from Chelsey Bonestell,
the March 1952 edition of Colliers magazine con-
R tained articles on manned space flight written by such
notables as Willey Ley and Wernher von Braun.

Left: The proposed von Braun ferry rocket of 1951

was similar in size to the Apollo program Saturn V with

I [ HA \ similar capabilities yet weighed twice as much due to
‘the crude manufacturing capabilities of the day.

10
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PANORAMA OF EVOLUTION OF

1948

ff—= METEOR CONCEPTS

1951
VEHICLE CONFIGUIAYION d

M a Vecade of /),wg 4053~

_ 1953
METEOR
2 1954

(NEW YORK)

T

SPACE STATION TERMINAL &5

pe {%5\6 h —d N \ s - »
METEOR JR T : . \
1957 . '? )~ — @

(BARCELONA) F [
RELIABILITY STUDIES (NEW VORK] - — (S INASA
= K
]958 ECONOMIC STUDIES (M & R)

MISSION ANALYSIS SEPARATION DYNAMICS (CATAPULT)

METEORITE

1959 4l ‘ Y
AERO METEOR 1960 g;' W ?

All: Goodyear Aircraft Corporation took an early interest
in manned space flight with their METEOR project. ME-
TEOR, an acronym for Manned Earth-satellite Terminal
evolving from Earth-to-Orbit ferry Rockets, conceived by
Goodyear engineer Darrell Romick in 1954, eventually
= | evolvedinto a series of designs under the METEOR Jr and
~ " | Aero-METEOR projects.

11
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Above: Engineers at Goodyear, convinced that recoverable boosters were the way to get to space,
continued with their studies. METEOR Jr. was conceived in 1957 as a scaled-down version of the origi-
nal METEOR concept. Despite their efforts, nothing came of METEOR and this bright red model of ME-
TEOR Jr is one of the only pieces that survive today, on display at the Udvar-Hazy Center of the Nation-
al Air and Space Museum.

12
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FINAL STAGE — FERRY ROCKET VEHICLE
BASIC SATELLITE STRUCTURAL UNIT

All: The ferry rocket of METEOR Jr. contained space for up to 14 passengers and crew, each placed in
multi-position acceleration seats capable of ejection in case of emergency. The Air Force and NASA
each funded studies at Goodyear based on the METEOR concepts, but never advanced beyond these

studies. As shown below, the vehicles could be used individually or docked together as required by
mission parameters.
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31 December 1956 14 June 1957
20U 200

MODEL 1377 MODEL 1377
GENERAL ARRANGEMENT RECOVERABLE BOOSTER STUDY
GLIDE VEHICLE FIRST STAGE —\ CONFIGURATION
/— SECOND STAGE

- '
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______ — S / R
V
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Above and Right: The Douglas Model 1377 began as

""[@i‘ GLIDE VE':I%EELINIBgA?;,D PROFILE
a 6 month study under project RoBo (Rocket Bomb- =
er) with an expendable first and second stage and — N
only the glider being reusable. By June of the follow- = N PE e "
ing year it evolved into having a reusable, airbreath- 3
ing first stage. The glider’s design used Inconel X as : . s
. . . . . @ '“msw"w/ N :n
the primary structure and is unique in having the ® L. 7 P AR
pilot in the rear of the vehicle.
L7t e
RECOVERABLE BOOSTER COMPARISON 2 e
RECOVERABLE BOOSTER
- TITAN 11
GROSS WEIGHT RECOVERABLE
1,220,000 LB BOOSTER
LANDING WEIGHT TITAN 11 1ST STAGE 256, 725
79,700 LB i
RECOVERY SYSTEM
JET FUEL 4,400
HARDWARE 15,950
20,350
arf N r TOTAL RECOVERABLE
] 1ST STAGE 277,075
| TOTAL GROSS WEIGHT 347, 000
g LANDING WEIGHT
! 2,225 LB
115 F1
110 F1 10FT
FIRST STAGE LAUNCH WEIGHT 878,400 LB
BASIC BOOSTER WEIGHT EMPTY 38,400 LB
! d FLYBACK FUEL S o1
0 f o p—s0 1 —| TOTAL WEIGHT ‘F;;,‘?m“

Above: Early designs from the Martin Company in 1961 took a basic approach to recovering the booster by

simply adding fixed wings and a pair of airbreathing engines to the first stage. The same design process pro-
posed similar modifications to the Titan Il rocket to make it recoverable.
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NORTH AMERICAN AVIATION, INC.
MISSILE DIVISION

24307
(1€ (RUCKETONE)
QD118 A/ (:38)

AUNCH_GROSS WEIGHT 585,000 18S.
BOOSTER GROSS WEIGHT 484500 LBS,
MEIGHT OF UPPER STAGES 100,500 L|

FIRST STAGE END BOOST VELOCITY 6,700 F.2.5

— e 4

—12FT. 018,

| ~UPPER STASES /7 '
| |
_r_/ - o

i
(N

All: This North American Aviation (NAA) recovera-
ble booster design began as a proposed booster
for Boeing’s Dyna-Soar. Boeing subcontracted
; » | NAA for a series of studies on a recoverable
booster. The Rocketdyne F-1-powered design was
also proposed as a crewed vehicle with the addi-
tion of a crew compartment and canards on the
forward structure.
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Right: This North American pro-
posal from 1959 utilized two
Rocketdyne F-1 rocket engines

for the vertical boost phase and /P
twin, six-foot-diameter, nuclear '
-powered, Pratt & Whitney J91

engines for horizontal flight and
vertical “pin-point” landing.

BOCKET ENGINES - (2) ROCKETOYNE £-1_ENGINES
TURBOJET ENGINES - (2) J-91 ENGINES.
DIPOSED WING AREA - 400 56.1T.

\ s g,
uepeR stases

BOJET RECOVERABLE
ROCKET BOOSTER

WING AREA. 2000 F1!

ENGINES. ($)RCCRET/RAMAET 63 1M.DIA, (HALF INALT)
VERTICAL LAUNCH

HORIZONTAL LANDING

LAUNCH GROSS WEIGHT 491,300 L§S
BO0STER GROSS WEIGHT 381,500 185,
WEIGHT OF UPPER STAGES 110,000 185,

FIRST STAGE END BOOST VELOCITY W=6

Above and Right: Another North American SOV INSTALLKTION
MANNED RECOVERABLE ROCKET-RAMJET BOOSTER

design from 1959 proposed using 4 rocket/
ramjet engines, an early variation of what
became known as combined-cycle engines.
With a launch gross weight of 491,500, this
craft is designed for a vertical launch and
horizontal landing mission profile.

/ \ - ( (
WING .
N L
MOVABLE INLET SECTION —% e
SECTION A-A FOR ROCKET OPERATION A

SECTION THROUGH OUTBOARD ENGINE
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All: Some fanciful proposals
=# utilized rotary wings for recov-
| ery. Proposals varied between
| designs, with some craft having
the rotary wings stored inter-
nally while others stored
4 against the exterior of the fu-
selage. This concept would be
reborn in the late 1990’s for
the Roton Rotary Rocket which
made only 3 hover flights in
1999 before being cancelled.

ROTOR-BLADE RECOVERABLE BOOSTER
CONFIGURATION CONCEPTS

INTERNAL BLADE STOWAGE EXTERNAL BLADE STOWAGE
2ERO TOUCHDOWN VELOCITY ZERO TOUCHDOWN VELOCITY
DYNAMICALLY STABLE LANDING POINT CONTROL
SIMPLE ROTOR-BLADE MECHANISM AUTOPILOT STABILIZED

17
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Left: The Chrysler SERV (Single-stage
Earth-orbital Reusable Vehicle) pro-
posed utilizing a twelve module LH2/
§ LOX aerospike engine around the rim
of the base, covered by movable
shields. Two RL-10 rocket engines
provided de-orbit thrust for this verti-
cal takeoff and landing design. Note
the lifting body spaceplane, MURP
(Manned Upper-stage Reusable Pay-
load), on top of SERV.

EMPTY STAGE WEIGHT 320,000 LB
BURNOUT WEIGHT 400,000 LB
ENTRY WT.......... 203000 LB GENERAL ELECTRIC-
J-93

GROSS STAGE WEIGHT 2,500,000 LB LANDING WT. . ...... 175,000 LB
ROCKET PROPELLANT . . 1,045,000 LB
TURBOJET PROPELLANT . .32,000 LB AOCKETOVNE F-t—

)
| o

2

‘f'

,
i
Ji

‘ ~10°
|
i

N

1 I

y [

AN )! N
y {; ‘[
& Ak

Three above: In 1961, Lockheed Sunnyvale proposed the universal recoverable booster system known as
Uranus. With an empty weight of 160,000, the Uranus booster weighed less than a Boeing B-52 Stratofor-
tress. Lockheed designed the vertically launched, horizontal landing vehicle around the use of 2 Rocketdyne
F-1 rocket engines, but also provided alternatives using the less-capable E-1, plus 4 General Electric J93 air-
breathing engines for horizontal flight and landing.

18
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s i T

Right and Below: The Missile & Space Systems
Department, Hamilton Standard Division, Unit- |§
ed Aircraft Corporation turned in a very de-
tailed study under SR-89774, known as Project |
7969. This VTOHL concept proposed launching
a variety of payloads with the capability of
landing on a 10,000 foot runway. With 2 Rock-
etdyne E-1 rockets per side, the 4 Pratt &
Whitney J58 airbreathing engines were cov-
ered by jettisonable fairings. Another novel
feature were the outboard wingtips that could
rotate 90 degrees down for added stability.
This craft could also be used for ferry missions,
boasting a 2,000 nm range with the use of an
Aerojet-General RATO booster for takeoff.

Right: This design from Lockheed made use of
a large reusable first stage, an expendable sec-
ond stage with a winged, orbital recoverable
third stage. The concept, known as RAPT
(Reusable Aerospace Passenger Transport) was
similar in design to many of the early MX-2276
BoMi (Bomber Missile) concepts.
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Left: The Boeing double-body,
winged booster, known as
Model 832-40 made use of a
Dyna-Soar glider as the crew
module and escape capsule.
Powered by twin clusters
made up of 4 Rocketdyne J-2B
rocket engines for vertical
boost and 3 hydrogen-fueled,
General Electric MF239C Tur-
bofan engines for horizontal
flight and landing. Designed
for use with a variety of upper
stages including this recovera-
ble, delta-winged vehicle.

Left and Above: One upper-stage variation included
a Dyna-Soar glider launched into orbit using an ex-

pendable booster system that include a Minuteman first stage matched with an Thor-Ablestar second stage.

20
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EHEI”G STRUCTURE GENERAL ARRANGEMENT

All: Boeing put great effort into the Model [
832 design series that included wind tunnel

testing of the basic 832-40C design. Artist |~
concepts of upper booster mating on the
launch pad and standard layout of the re-
covery base layout are included in the Boe-
ing-produced studies. Note the B-70 Valkyr-
ie bombers and KC-135 Stratotankers on
the ramp with the Model 832.
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All: A significant number of concepts pro-
duced throughout the 1960’s were VTOHL,
multi-stage designs. Top left is a Boeing con-
cept of a fully reusable system; Top right
shows a 3-stage design from NASA Langley
using airbreathing engines for horizontal
flight; Above artwork shows a basic mission
profile for the two-stage-to-orbit, fully recov-
erable launch system while the two-wing set-
up at right from North American Aviation
boasted a 100-ton fully reusable vehicle using
the Saturn S-1C first stage and Saturn S-ll sec-
ond stage, both with extendable skids.

PHASE | CONFIGURATION
TOTAL RECOVERY
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Left and Below: The 1970’s brought about a significant
amount of refinement to the recoverable booster de-
signs. North American Aviation’s concept from a 1970
study on a two-stage to orbit fully-reusable system
shows how the orbital vehicle shape had changed from
the early BoMi, RoBo and Dyna-Soar designs of the
1960’s.

| Left and Above: For the 1980’s, recoverable sys-
tems received a new name, the Transatmospheric
Vehicle (TAV). Once again, aerospace contractors
created studies related to an Air Force request to
investigate a vehicle that could take off from Earth,
propel itself into orbit and return for a convention-
al landing. The concepts shown here are from a
McDonnell Douglas study completed in 1984. The
TAV base at left shows a simple launch and recov-
ery base with multiple vehicles taking flight at the
same time.

23
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HORIZONTAL TAKEOFF

Right: In 1952, two engi-
neers at the NACA High-
Speed Flight Research Sta-
tion (HSFRS), Hubert M.
Drake and L. Robert Car-
men released an ambi-
tious proposal which uti-
lized a large carrier air-
craft and a smaller craft
capable of Hypersonic
flight. This ‘V’ tailed design
appears to be based on
the Drake-Carmen vehicle
although the smaller craft
appears to be a ramjet.

Left: One of many concepts proposed by Robert
Salkeld of United Aircraft was this ten-engine
monstrosity that carried a small, stage-and-a-half
orbital craft. The small craft carried beneath the
carrier ship would be boosted into orbit with the
use of a liquid-fueled engine fed by external
tanks located along the sides of the vehicle.

A\

Right: Rockwell International proposed
using the C-5 transport to launch their
recoverable launch vehicle. The unit
would be extracted from the cargo bay
with the use of parachutes which would
also angle the vehicle vertically prior to
engine ignition.
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D fyerrsonic FlieHT TEST VEr/G
ATTACHED ACCANGEHNENT pyvirtt 70 AePLasE

dZO ACPLANE

\/

T TEST VEHICLE

All: Manned hypersonic flight has long
been a challenge for the aerospace |
industry. This proposal from Republic §
Aircraft made use of airbreathing |
scramjet engines around the center
fuselage and proposed using the B-70
Valkyrie as a high-speed carrier vehi-
cle. Note the design evolution from
mid-wing to high-wing in the photos
above and at right.
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All: In 1960, Bell Aircraft Corporation
had their own vision of the future when
they proposed a boost-glide transport
capable of taking 30 passengers from
Los Angeles to Paris in just 1 hour and 4 2
minutes. By 1980, launched from a tur- [

bo-ramjet-powered carrier vehicle, pas-
sengers could pay around $750 for a
flight at the edge of space in air-
conditioned comfort and comfortable
seating, including several minutes of
weightlessness, and land at their favor-
ite overseas destination in just over an
hour. With a development cost close to
1 billion dollars, the design didn’t make
it much past the concept phase.

26
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Right and Below: Under Air
Force System Requirement
(SR) 19786 for an Aerospace-
plane, Douglas Aircraft pro-
posed two different hydrogen
-fueled single-stage-to-orbit
(SSTO) designs. Both project-
ed putting up to a 30,000
pound payload into a 100 to
300 mile earth orbit using a
combination of reaction con-
trols and large aerodynamic
surfaces.

-

Right: The majority of space in
this Douglas Aircraft design
under SR-98774, stored pro-
pellants for the single nuclear
engine capable of 817,000
pounds thrust. The structure
of the 165 foot span wing
would be made from titanium
sandwich skin over a conven-
tional aluminum frame. The
small payload area in the front

WING TIP APU,
X~ BOOST PUMP, &
ROLL CONTROL JETS

could be arranged to carry [ pa—— '
passengers or cargo. Note the < Z&L
skids used for main landing . ‘:‘—\L Y
gear.

27
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Above: This transparent model of a scramjet-
powered Aerospaceplane from General Dynamics
Astronautics, displays the internal arrangement of
significant internal components. A smaller space
plane or winged missile could be carried internally in
the central payload bay (inset).

Left: NASA Ames Research Center wind tunnel mod-
el of an advanced Aerospaceplane folding wing de-
sign with hinges installed at wing attach points to
test different flight configurations using the same
model.

Right: More of a hypersonic bomber
design, than actual booster, this Mach
7, Republic Aircraft concept from
1960 made use of compression lift to
carry a 2,000 pound payload at an
altitude of 120,000 feet utilizing two
turbojet and two ramjet engines for
propulsion.
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Above: Convair Versatile Space-
plane concept for the U.S. Air
Force made use of six, large
scramjet engines mounted under
the wing.

Right and Below: This Republic
Aircraft Aerospaceplane design
from 1960 made use of 4 Pratt &
Whitney 158 turbojet engines
plus 4 ramjet engines to achieve
the Mach 25 speed required for
orbital flight.

TOTAL AREA 9,245 sof T
HORIZONTAL TAL
TOTAL AREA 780 SQF T

e e 177FT | INCHES
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Above (2): Several contractors submitted proposals under the Advanced Interceptor study from the U.S. Air
Force in the late 1960’s. This design proposed using scramjet engines as well as an internal payload bay on
the upper fuselage. Much of the information gathered from this study was applied to the hypersonic X-24C
designs.

Right: Lockheed Aircraft proposed
their CL-510 vehicle for SR-89774-
Revoverable Booster Support Sys-
tem (RBSS). The 300,000 pound
vehicle would use Rene 41 for the
primary structure and Liquid Air

Cycle Engine (LACE), engine-ramjet e {%Wn_r{nn - -
-rocket in the form of a single tri- e e “fo0% ( )
CANARD AREA 250 SQ.FT. TRICYCLE
cycle system. A launch dolly would VERTICAL TOTAL AREA____ 878 SQ.FT. .
) ) AILERON AREA (TOTAL)___ 286 SQ.FT. 20'0°
be used for takeoff while landing WEIGHT TAKE-OFF_____ 300,000 LBS. na®

performed on standard landing
gear. A dual-vehicle approach is
also proposed to increase payload
capacity.

OPERATIONAL
SYSTEM
B — -
| SINGLE DUAL
| VEHICLE VEHICLE
[ TRaNNe | | RED |MODEST PAYLOAD| | BOOST-GLIDE | | HIGH PAYLOAD | | MULTI-MISSION
‘ TESTING |  ORBITALMISSIONS| | CAPABILITY MISSIONS | | CAPABILITY |
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MANNED TURBOJET RECOVERABLE BOOSTERS

Top: North American Aviation proposed this unique de- OTHZR CONCEPTS
sign known as the Manned Turbojet Recoverable Booster
using 4 Pratt & Whitney J91 nuclear powerplants to
launch the expendable payload carried beneath the fuse-
lage.

Above: North American Aviation concept art
for Manned Turbojet Recoverable Booster
study.

Above: This HTOHL design proposed the capability of placing a 30,200 pound payload into a 375 mile circu-
lar orbit powered by 12 Pratt & Whitney J58-sized engines paired vertically in pylons mounted beneath the
wing with the expendable payload carried on top of the fuselage.
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Above: This twin-boom design from NASA Langley Research Center carried a vehicle based on the HL-10
lifting body and was similar in design to the Martin Marietta Spacemaster. The twin-boom concept would
make a comeback with the Scaled Composites Model 351 Stratolaunch vehicle, first flown in April 2019.

Middle: Little is known about
this two-vehicle spaceplane de-
sign from Lockheed which ap- |
pears to use three reusable '
winged vehicles to achieve its

mission. :

Right: The Boeing Company
proposed a similar layout in
their eight-engine spaceplane
design used for launching a
winged vehicle into low earth
orbit.
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A FUTURE THAT NEVER WAS..

W, =1x10°LBS.

ADVANCED AIRBREATHING
LAUNCH VEHICLE

Spopy= 13612 FT.2 \A
Ywsis*-528  SECOND STAGE
LENGTH=330FT. % RECOVERABLE
SPAN=131 FT. = S5-I

mm a—

45% MAC
STA 1‘60.8

=

80°

264.5"

ACES VEHICLE cron- 700000 o

VOLUME (GROSS)- 128,835 FT°

—

SECOND STAGE

\\o\\@ﬁ\/

Top: Lockheed’s Advanced Airbreathing
Launch Vehicle made use of 7 scramjet
engines in the first stage to carry a space
vehicle propelled by either a recoverable,
winged second stage or an expendable S-
IVB stage from the Saturn booster.

Middle and Right: Aerospaceplane de-
sign known as ACES (Air Collection and \

21,700 FT 3
4,000 FT 3
(12 FT X 12 FT X 28 FT )

VOLUME
PAYLOAD BAY

Enrichment System), a two-vehicle, fully | ne
recoverable launch system. The complex-
ity of the design could not justify the lim-
ited payload capability and was not pur-
sued further.
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GOODYEAR
'AERO-METEOR" CONCEPT

w‘%

__‘__... D
"l

All: Goodyear Aerospace spent many
years studying the use of recoverable
booster systems. This later design,
known as the Aero-Meteor made use
of 3 winged vehicles to achieve orbital
flight. The first stage used 6 hydrogen
-powered, Pratt & Whitney (P&W)
STRJ-84D turbo-ramjet engines, the
second stage 2 Rocketdyne J-2 rockets
plus a single turbo-ramjet engine and
third stage utilized 2 P&W LR-115
rockets along with a single General
Electric J85 turbojet for landing.

SYSTEM DESCRIPTION

175 FT

TAKE-OFF
GROSS WEIGHT
500,000 LB

RECOVERABLE BOOSTER SYSTEM

Goody Aircraft Corporation emmmm—"

SUPPORT EQUIPMENT

HANDLING

MAINTENANCE
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Both: In addition to oper-
ating from most Strategic Air
Command (SAC) bases, the
Aero-Meteor also had a ferry
capability. Goodyear predict-
ed a cost per pound to orbit
as $1,850 by the 10th flight,
falling to a mere S60 per
pound by the 330th. First
stage separation occurred at
102,000 feet altitude and
returned to its departure lo-
cation. Second stage separa-
tion at 330,000 feet with a
landing at the nearest auxil-
iary base. Third stage rockets
placed the winged glider into
orbit and after mission com-
pletion would use the J85
turbojet to land at any desig-
nated air base.

RECOVERABLE BOOSTER SYSTEM

EMERGENCY SYSTEM CHARACTERISTICS

— Goodyear Aircraft Corporation ﬂ
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EXTERNAL STRUCTURE

COLUMBIUM
/»_ s STAGE I TITANIUM UNSHIELDED (TOP SIDE)

COLUMBIUM ALLOY
NI BASE UNSHIELDED

COLUMBIUMALLOY . S &

=

ACTIVE COOLED NI BASE———=—xX -\

\\\\\ e s
TUNGSTEN LIP-SEGMENTED ——-—"V/»('

COLUMBIUM ALLOY —/

HEATSHIELD

“\— PRIMARY STRUCTURE
600° F TITANIUM

ALLOY STRUCTURE
1400° F
TANK OR CABIN WALL NI BASE
TRIPLE WALL  ALUMINUM ALLOY DOUBLE WALL

INTERNAL STRUCTURE

CORRUGATED
SINEWAVE
BEAMS

ALUMINUM WITH
POLY-URETHANE

AND MYLAR
HONEYCOMB INSULATION

TYPICAL INTERNAL BEAM ASSY

STAGE I

All: Under the Aerospaceplane Development Planning
Studies program, North American received $500,000
to study the POBATO (Propellants On Board At Take
AT — Off) concept. The two-stage POBATO made use of 8

SKIN ~CORRUGATED

B SINEWAVE ShARS turbo-ramjet engines on the modified lifting body first
HONEYCOMB S stage with the entire external structure made of me-
” 1 tallic honeycomb sandwich material for reusability.
R
7

TYPICAL SHELL TO BEAM ASSY

EXTERNAL FEATURES STAGE |

CREW
COMPARTMENT

MODIFIED
LIFT BODY

[N[e}3 &
DUAL WHEEL ~

8 WHEEL-MAIN —~ iR Sy — T EXPANSION
) - ~ /’

i

8 TURBORAMJET ENGINES
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=

WEIGHT-POUNDS

® LAUNCH STAGE (I1)
® ORBIT STAGE  (Il)
®PAYLOAD 24,807
® PROPELLANTS-SUBCOOLED
STAGE | LH9 216,000
39,700
277,800

417,665

N 7

LHy
STAGE Il
LOX

EXTERNAL FEATURES
STAGE I

ROLLING
AEROSPIKE

ROCKET ENGINE

RECOVERY
/ENGINES
\RUDDER

BODY

ELEVON

LIFTING BODY

LRECOVERY
ENGINE INLET

PAYLOAD
BAY

CREW
COMPARTMENT

AIRLOCK
ENTRANCE

WIRE BRUSH GEAR

All: The POBATO second stage was of similar
construction and included a moderate pay-
load bay atop the vehicle. The wire brush
landing skid system is noteworthy as is the
use of aerospike rocket engines for main
propulsion. Although the POBATO system
was preferred over the ACES concept, the
decision was made to place the entire Aero-
spaceplane project on the back burner until
firm military space mission requirements
had been defined.

NI BASE

COLUMBIUM

ABLATIVE NOSE CAP
(MOLDED REFRASIL
PHENOLIC TYPE
CHARRING
ABLATOR)

A FUTURE THAT NEVER WAS..

PERFORMANCE

® TAKEOFF STAGE (I1+11) 932,295|@ STAGING

MACH NO. 7.85
ALTITUDE (FT) 97000

104,065 |@¢ RANGE-N MI-

(1
(1+n)
(1

® OFFSET-

DIST-NMI 640
PAYLOAD-LB 10,000

® TAKEOFF

SPEED-KN 213
DISTANCE-FT 3450

EXTERNAL STRUCTURE

STAGE Il

-COLUMBIUM
HONEYCOMB HEATSHIELD

DYNA-QUARTZ INSULATION
MOUNTING POST & INSULATION
PRIMARY STRUCTURE
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\‘%‘ AN \\

Above: The use of reusable launch systems is revisited in the 1970’s by Rockwell International with their
Star-raker concept. The HTOHL, single-stage-to-orbit design made use of 10 Mach 6-capable turbo-ramjet
engines for atmospheric flight and 3 liquid-propellant rocket engines for orbital flight. Large for its time, the
Star-raker had a 360 foot wingspan and payload capacity near 200,000 pounds.

Right: The 1980’s brought about a new
name for recoverable designs, Advanced
Military Spaceflight Capability (AMSC).
Rockwell International presented two
proposals for the new vehicle; supersonic
launch (right and below) and subsonic
launch (page 39). The supersonic-capable
carried a smaller orbiter to Mach 4 and
90,000 feet for separation, after launch
the orbiter’s twin rocket engines placed it

in orbit.
DRY WEIGHT
LAUNCH VEH 350K LB
ORBITER 146K LB
GLOW 1,256K LB
TURBORAM ROCKET |
ENGINES (2) FIXED GEOMETRY INLETS

(M = 2.2 STAGING)

*ORBITER IS SIMILAR TO SUBSONIC STAGING TURBOFAN
ORBITER BUT HAS TWO ENGINES WITH SINGLE FLYBACK
FUEL (02H2). ENGINES (4)
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3 4

DUCT-BURNING
TURBOFAN
ENGINES (10)

ALL-FLYING
" CANARD

...........

CAVITY COVER

DRY WEIGHT 7
(BOOSTER) 1M LB &S
GLOW (SYSTEM)  4M LB
STAGING COND:
M=0.7 LAUNCH
ALT = 30,000 FT VEHICLE
o FLAPS

AILERON

I_
$

DRY WEIGHT

GROSS STAGING
WE | GHT 1,

All: Rockwell’s subsonic concept placed 10

212K LB

930K LB

duct-burning turbofan engines on top of
the wing with the orbiter carried beneath.
The subsonic carrier vehicle carried a larg-
er orbital vehicle, powered by 2 RP-1-

fueled rocket engines and 2 liquid hydro-
gen-powered engines, to an altitude of
30,000 feet and Mach 0.7 for release. All
four engines on the orbiter firing simulta-
neously at launch to propel the orbiter
into space. :

02-RP ENGINE (2) |

FOR LANDING

CANARD DEPLOYED

0zHz ENGINES (2)

1940 |
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Above and Below: The National Aerospace Plane (NASP), a single-stage-to-orbit, HTOHL design began as the
classified Defense Advanced Research Projects Agency (DARPA) project, Copper Canyon, in the mid 1980'’s.

While NASP became a public project, making it easier for the many aerospace companies to solve the tech-

nological issues required, the military had their own plans for using the spaceplane on classified missions for
the Department of Defense (DOD).
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