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BPACE AND ATMOSP C RE-ENTRY VEHICLE
Alse B. Kehlet, Ncwport News, Va., Dennis F. Hasson,

Silver Spring, Md., and Wiliam W. Petynika, Houwston,
Tex., assignors 10 (he Ulnited States of America as rep-
resenited by the Admiusisirator of the National Aero-
Daities and Spasce Admdnistration
Filed Apr. 13, 1962, Scr. No. 187,446
14 Qaims.  ((A. 244-—1)
(Granted under Thtie 35 US, Cods (1952), sec. 206)

The invention described berein may be manufactured
and used by or for the Governmemt of the [Inited States
of the United Staies of Amerka for povernmental pur-
poses without the payment of any royaltbes thereon or
therefor,

This invention relaies senerally to space vehicles, and
more particularly to manned recntry vehicles for opeta-
tion both above and within the Earth™s atmospbere.

A wehicle capable of performing manned orhital and
space missions, and possessing the additional capabtlity
of atmospheric mansuverabiliy, such as is geoerilly at-
trituted to fixed wing aircraft, is not presently availabke
in the field of space technology, A wehile of the type
described nood necessarily incorporate a plurality of di-
verse features 10 provide performance ns desired under
the diffcerent covuonmental conditions to which it will be
cxposed. The space vehicle may be normally launched
into gpace &= the fing! stage of 8 bhooster-vehicle system
and therefore should imitially be of such shape as to ntini-
mi2e the launch or boost vehicle's contral and strwctural
loeding problems. ‘The space vehicle must have an atti-
tude stabilization system for employment while in flight
outside the Farth's atmosphere. The vchicle must be ca-
pabe of surviving the heat genersted during its subse-
quent reentry into the Earth's atmogphere and of shield-
ing its occupants therefrom, Further, the vehicle must
then have an almumpheric maneuvering capability of a
degree such as 10 enable the occupan!s to contral the rute
of deceieration, to sclect & desured landing area for the
vehicle and to perform a glide type landing therean.
From tis viewpoint of operasion sequence reliability and
selection of lunding sica, 8 flared ot glxle type landing
capsbality s considered prefershlo to landing space ve-
hicles by parachute in accordance with prior art methods.

Winged vehicles and velucles with body asymmeclry
Lave been proposed as reeniry vehicles capable of atmas-
pheric manegvering and glide typs landings, However,
for a fixed maximum tolal vehicle weight requircment
with which to accomplish a given mission, both the winged
and the asymmetnic wehicles present two ma)r prob-
lemys, the selution of which would resul? in the reduction
of usable puyload; the problem of providing thermal
shickiing aver a much larper velucle surface areca, and a
booster-vehicle attachment peablem which can be selved

only through the use of a heavy booster-wehicle adapter. 4

Accordingly, it is an object of the present invention 1o
provide a novel space vehicle for orbital flight.

Another object s to provide a space vehicle capable of
being attitude stabilized outside of the Farth's atmosphere
and of being mancuvered subsequent to reentry into the
Earth's nimosphere.

A further obiect of the present inveation is to provide
a symumnelrxal space vehicle capable of performipg glide
type landings.

A still further object of the instant intvention is to pro-
vixie a spa<e vehicle having glide type water landing cu-
pahtlibes.

According to the present invention, the foregping and
other significant objects are atrained by the proviston of a
lenticular wvehicle having foldable aerodynuamic control
flape pivotally mounted on the upper coavex vehicle sur-
face. The control flaps are adapted 1o form a subsian-
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tially continoous extension of the upper convex wvehxle
surfsce when in fokied or retracted position during the
launch and orbital stapes of a vehicle mission, and to be
deploved into an operative, extended position upon reen-
try of the vehicle into the Earth's wmosphere. The space
vehicle further inclisdes individually actnated reaction
jets, positioned on the wehicle's upper convex surface, for
actitucde control while outside of the Earth's atmosphere.
In a further aspect of the instant invention, the vebicle
is provided with an extzodible nose ski for Janding on
water.

A more complete appreciation of the invention and
many of the atterxiant advantages thercof will be readily
apparecat as the same bicomes deiter upnderstood by refer-
ence to the following detailed descrip¢ion when considered
in connection with the accompanying drawings wherein:

FIG. | is 2 side elevational view, partly broken away,
of the space vehicle of the present invention with the fiaps
in aperative, extended position;

FIG, 2 i3 a plaplorm view of the space vehicle of
FI1G. 1;

FI1G. 3 is a perspective view of the space vehicle of
FIG. 1 with the flaps 1 retracted position;

FIG. 4 is a somewhat schematic view of ove form of
flap actuating means,

FiG. 5 x a partial side view of an alternative embodi-
ment of the vwehxle of FIG. 1 incorporating an exiendible
e sKi;

FIG. & is a perspective vew of a further alternative
embodiment of a space vehicle according to the present
invention; and

FIGS, 7a-7} lustrate tle sequence of events that take
place in the lyunching, space flight, reentry, and Janding
of the space vehicle of the present invention.

Referring now to the drawings wherein like reference
rumerals designate identical or cocresponding parts
throughout the scveral views, and more particularly to
FIGS. 1 and 2, the spuace vehicle according to the present
invention, gencrally indxated by the refcrence nemeral
11, is shown. Space vehicle 11 Mcludes a body of revolu.-
tion having & circular planform and a doudle convex lens-
like ¢ross sectian., The leoticwlar body of spake wehicle
11 includes an upper convex susface 12 and u lowes con-
vex surface 13; the lower convex surface being formed
by a relatively thick, curved heat shicld 14, One Gype
of heat shield having the mherem strenpth suitable for
use 13 disclosed in the copending in the copending appli-
cation of Roger A. Anderson et al,, Serial No. 141,220,
filed September 27, 1961, The employment of such a
shield as the surface 13 of vehile 11 secves two important
functions. The shicld 14 proiccis the veldacle 11 amxd ity
occcupants from the heat generated during the vehicke's re-
entry into the Earth's atmosphere, and also acts as a “sXid-
tocker™ for the vehicle, a3 will be discussed more fully
hereinafier. The use of heat shield 14 cnables the vehicke
to lard on hard surfaces without develeping high impact
loads, therely cbviating the need far providing additional,
heavy, comphcated landing gear. Observation windows
29 arp provided in the forward sector of the vehicle 11,

The wdvantages derrved from utllizing a lentscular
shaped body foe a space craft are many fold. Some
of these advaniages may be briefly summarized as fol-
lows: The lenticular vebicle has a higher usable volume
to surface anea ratio than a winged vehicle and requires
less thermal protection and shiclded arca than such a
vehicle. Also the lenticular vehicle, because of its short
aftecbody in a high angle of attack attitude, i.e, volume
to the rear of heat shield maximum diameter, will have
less severe afterbody heating problems than the afterbody
of a blunt nose-cone semi-lifting capsule or ¢craft.  ‘There-
fore, the siructural weight to total weight of the lemticular
vehicle §3 less than either the winged or the semi-lifting
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capsule configuratron.  The lenticolar velucle. being sym-
mettical, permits the use of 2 mimimum strength and
theecfore Lighiwe:ght velucle-boosler atluchmeont adapter,
and imposes lower acrodveamic Joads on the booster than
the wainged or asymmetric vchales, reducing tooster ¢on-
trol problems. The leaticular shaped vehicle js amen-
able 1o simple pressure compartment design.  Furiher,
the lenticular wehicle, because of s circular planform
and heat sloeld dexign, i3, unliXe the winped or asym-
metric vehicles, inberently stahle in hath pitch and yaw
at high angles of attack. ‘Theretore, should the acro-
dynamic flaps fail to function due o some unforeseen
casualty, a successful reentry and landing could be accom-
plished with only the use of a parachute and recaction pet
controls.

A scaled compartment 18 for one or more occupants is
formed within the vehaole 11,  As shown schematueally
m FIG, I, an attitde ¢control unit 16 and a flap control
unit 17 are provided within the compartment 15, cach
operable either automaticallv or manually by a vehicle

cocupant,. A systern of indiv:dually actuated reaction
pets is provided on the vehicle for attitude stadilization of
the vechicle aborve the Earth's aimosphere and directional
control within the atmospberz. The syslem comprises
diametrically spaced pairs of nozzie orifices positioned on
the upper convex sutfsce 12 of sehicle 11 as ahown in
FIG. 2. The pitch control yets 18, 19 are lacized on the
fore and aft axis of the vehicle while the roll und yaw
coitrol jets 21, 22 and 23, 24, respectively, are pasitioned
on the vehick transverse axis. The xts arc sclectively
actualed by the opaning and closing of individual feed
valses, not shown, comneited berwesn cach jei and a
reaction medium supply. not shown, preferably of the type
utilizing a hydrogen peroxide fuel, as exemplificd in Tech-
niciel Note D-480 published in October 1960, by the
National Acronautics and Space Administrat:on in Wash-
ingon, D.C. The attitude control uait 16 may include
a conventional gyro stabilization system, not shown, far
automatic operation which iransmats cutput signals to the
above mentioned feed valves for actuation of the appro-
priate control jet. Gyro syvstems of the type described
are generally known amxd available in the art and the syvs.
tem pec se does not constitute a part of the present inven-
tion. A manual control system, not shown, operated
by ane of the occupants mav be pravided as a secondany
means tor selectively actuating the reaciton jess 18, 19, 21,
22, 23, 24. It will be further noted that the reaction
jets 18, 19, 21, 22 are positioncd so as to direct the reac-
tion medlum uvpwarndly, whercas jetz 23, 24 expel the re-
action medium m a rearward direction. It will likewise
be apparent that only one of each pair of reaction jets
is actuated at gty one time o as to produce a oorrectional,
rotattonal moment for stabilizing the vehicle.

To provide the desired atmospheric maneuvering c¢a-
pability, acrodynamic control members ar flaps 25, 26
are foldably or pivotally attached by hinge means 31, 32
to the after, upper convex surface of vehick: 11, The
hinge means 31, 32, as best shown in FIG. 2, are oriented
at an angle of approximately 45° to the fore and aft axis
of the vehicle. The flapx 28, 26 are cach formed with
an ¢nd plate or fin 27 projecting normally to the flat,
planar surface 28. In the upper convex surface 12 of
the wvehicle are provided two slots 29, 3 which extend
essentindly eransverse to the fose and aft vehicle axix. A
housing, not shown, prejecting inwarndly from upper con-
vex surfaoe 12 at a slight forward angle so as Lo reccive
and house the flap end plates 27 in vehicle compartment
15, wheo the flaps 25, 26 are in inoperative, folded or
retracted position, may be provided. The flaps 28, 2%
when falded are thereby enahied o farm a substantially
coatinuons exteniicn of the conyex vehicle surface 12,
as best abown mn FIG. 3.

One form of canventional actuating means for exiend.
ing flaps 25, 26 inlo operative pasition and for retracting
them into folded pasition i3 shown in FIG, 4. The actu-
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ating means for cach Map are similar and therefor anly
one will be described. The fin 25 at one ¢dge is secured
to a pair aof circular elements 31, cach clement being
{formed with a toxtlxed, gear segment 33, The elements
31 in turn are fixed to an axlc 34 which s roaiably
mounted in brackels or otherwise, not shown, to vehicle
surface 12, The geared clements 31 are individually
driven by a rack 35 which 15 affixed to a piston rod 36,
the rod being reciprocable in hydraulic cyliader 37. The
pton rad 36 may be cawwd to move it e1ither ditecon
bv hydraulic pressure intraduoad into cvlindder 37 through
pipex 38, 39 which are connecicd to a conventional hy-
draulx supply system, not shown, wherehy the vehicle
occupant may actuate cylinder 37 from the flap control
unit 17, FIG. 1, and thus extend or retmact the flap 28
Although o hydrsulic actusting mzans has boen shown,
the actuating meoans may be hydraulic or electrical sinoe
servp mechansms of any well-known type may be used in
adjustably and controllably positioning flaps 25, 24,

in FIG. § s shown a partial side view of an alternative
embodiment of the space vehicle above described, moedi-
fiedd to provide glide typr water landing capabilities. The
modification consists of the provision of a extendible
nose ski 41 to the vehicle Jower convex heat shield sarc-
funoe 40, The surface 40 is formed with a recess 42 to
reccive the ski 41 when reeracted.  The sk 41 is pivotally
attached to tbe wychicle now ar 43 and means for opecat-
ing the ski are diagrazpmatically illustrated at 44, The
specific means for operating the ski is not critical o the
present inventlon and &ny convemticnal mechapism ca-
padle of performing this function may be utihzed. One
such machanum capable of beipg used is disclosed in
U.S. Patent 2,402,379, In aperatzon, the ski 41 3 ma:n-
tained retraclted in rocess 42 umi] the occupant is ready
to land the space vehicle os waser. Then, the ski 41 33
extended by means 44 0 aid in stabilizing the wvehucle
during the luxiing operation

A further alternative embodiment af the space vehicle
of the present invent.on is shown in FIG. 6. 1n this con-
figaration, the end plntes or latera]l fins 45 projecting
normally from the flat or borizontal flap sarfaces 46 are
modificd from the end plates hown in the embodiment
of FIG. 1. The end plates or fins 48 are designed 1o etim.
inate the neead for using reaction jets in the atmosabere
for lateral and directional stability. Trim tabs, not
shawn, or other mavable control sarfaces may bhe added
to flap surfaces 4%, 46 10 provide ndditional coatrol if
desired. The space vehicle 50 of FIG. 6 is also provided
with an asttodome 47 to increase the usahle vehicle vol-
ume both for occupants ankd for additional equipment.

For the purpose of providing a better understandng
of the space vehicle of the present invention the op-
crational sequence as depicted in FIG. 7 will now be
described. The wehicle 11 with faps 25, 26 in folded
inoperative postion may be launched into orbit as the
payload of a three stage boaster rocket 31 as illustrated
tin F1G. 7a. Subsequent to ignition and lift of of rocket
51, the first stage motor 52, the low drag nose section
53, and the ¢scape system fins 54 are jettisoned, us shown
in FIG. 7b. The wcoond and third stage motors 55, 56
are next separated and dropped, FIG. 7¢, 74, as vehick
11 is injected into space. In FIG. e, the vehicle It
trailed by vehicle-booster adapter 87 is shown reentering
the Earth’s stnyospherc, the wehicle 11 at this time be-
ing timmed to a high ungle of attack to produxe high
drag and moderate hft by means of the reaction jets 18,
19, 21, 22, 23, 24, which have been operative throughout
tys space flight to attitnde stabhilize the vehicle 11, It
will be noted that the lower convex heat shield sucface
14 is pasivooed foremost for protection of the vehicle
and its occupants from the heat generated upon reentry.
At approximately 100,800 feet, subsequent to peak heat-
ing, snd at a velocity of approximately Mach 2, the
whicle occupant through fiap control urit 37 actuates
the hydroulic cylinders 37 to pivot the flaps 25, 26 into
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exiended, operalive positian, depicted in FIG. 7f. The
occupant then mancuvers the space wehicle 11 o the
desited touchdown lccation, either by using flaps 25, 26
for roll and putch contral in combinution with directional
yets 23, 24, or, in the embodiment of FIG. 6, by utiliziag
flapx 45, 46 alone, as illustrated at 7g. The schicle 11
then goes inte its glide path, FIG. 7h, and is flared to
cssentinily zeto sinking velocity as at FIG. 71, A hori-
zontal landing is then made, FIG. 74, with the curved
lirwer heat xhield surface 14 serving as a skid-rocker to
convert the vehicle xinking-speed encrgy into angular
energy, through rocking oscillation of the vehicle on
its kkmer cotveX surfaoe, the energy thus being dissipated
by friction apd ac¢yodypamic damping. 1f desired, a
drogue chule 5B may be ejected from the wehicle upon
toochdown to stabilize the wvehicle in the cdgewise di-
rectian.

As a result of this invention, it is evident that a space
vehicle may be provided which combines the lightweight
structure-high usable volume of the lenticular configura-
tion with the high mancuvering capabilities at supersonic
and subwonic speeds of the winged vehicle and climinates
the peed for heavy, complicated landing gear sysiems.,

Obviously many modibcations and variations of the
present invention are passible in the light of the above
teachings, It is therefore to be understood that within
the scope of the appendad claims the invention msay be
practiced otherwise than as specifically described.

What is claimed as new and dexred to be secured by
Letters Patent of the United States is:

1. A space vehicle capable of atuxwpheric maneuver-
ing comprising in combination a leaticular body having
an upper convex surface, aerodynamic coatrol flaps pivot-
ally connected to said convex surface, means positioned
in said body for pivotally mowing said flaps from an
inoperative, folded position to an operative, extended
position, ssid body having a lower convex surface, siid
lower convex surface compeising a beat slheld for xaid
body, and individually actuated reaction jets positioned
ot szid upper convex surface for stabilizing said lenticular
boxly in roll, pitch and yaw,

2. A space wehicle as definex] in claim 1, and includ-
ing slot means formed in said upper convex surface,
exch of mid flaps camprising a flat surface and an end
plate proxciing normally thetefrom, said flap cad plate
being recaved 1o said slot means when sail flaps are
pivoted to salkd inoperative, folded position.

3. A space vehicle as defined in claim 1, and including
a ski pivotally connected to the bow of said body, said
loner convex mirface having a recess adapted 10 receive
said ki, and means positioned 10 said body for exsend-
ing said ski to an operative position and for retracting
said aki into said recess.

4. A space vehxcle capable of atmospheric mancuver-
ing comprising in cambination a kenticular body having
an upper convex surface, dot means formed in said
convex surfuce, aerodynamic coatrol flaps pivotally con-
necied to sax! convex surface, each of sadd flaps com-
prising a flat surface and an end plate projecting nor-
mally therefrom, and mesps located in suid body for
pivotally moving sad flaps from an inoperative folded
position wherein said flap end plate is received in saxd
slot means, said flaps thereby forming a substantially
continuous extension of the upper coavex surface, to
an operative, extended position,

5. A space vehicle as defined in claim 4, wherein said

slot mcans extend essentially transverse to the fore and
aft axis of wud body,
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6. A space vehicle ax defined in clxim 5, wherein said
slot means includes a pair of slots, one positionexd oo
cither side of the fore and aft axis of said body, and
said flaps inclnde a pair of flaps, one flap pivotally con-
nected to said upper convex surface on cither side of the
faore and aft axis of said body.

7. A space vehicle as defined in claim 4, snd wherein
said lemticular body bas a lower comvex surface, saud
lower convex surface comprising a beat shield for said
bhody,

8. A space vehicle as defined in claim 7, and inctoding
a ski pivotally connccied (o ihw bow of aaid body, said
lower convex surface huving a recess adapied to receive
said ski, and means positioned In sakl body for extend-
ing said ski to an operative position and for retracting
said ski into sasd recess.

9. A gpace vehicke capabls of atmosphenc mansuver-
ing comprising in combination a lenticular body having
an upper ¢onvex surface and a lower conmvex suarface,
acrodynamic coalrol members pivotally connected to said
upper convex surface, means located in sald body for
pivolally moving s:id members from an inoperative, re-
tracied position to an operative, extended positon, and
sui] lower convex surface comprising a heat shield for
satd body.

10, The space vehicle as defined int claim 9, and includ-
ing a ski pivotally connected to the bow of saxi body, said
lower canvex surface having a recess adapted to receive
said ski, and mean: positioned in said body for extending
said skl to an operative position amxi for retracting sadd
«Xi into said recesx,

11. A space vchicle capable of atmospheric maneuver-
ing comprising in combination a lenticular body baving an
upper coanvex surface, acrodynamic control mwembers piv-
aotally attached to xaid upper comvex surface, means lo-
cated in said body for puvotally moving said members
from an imopeorative, retracted position to an aperative,
extended pogition, and individually actuated reaction jets
pasitioned on said upper coovex surface for stabxlizing
said Jemticular body in roll, pitch and yaw.

{2. A spece wehicle as defined tn ¢laim 11, and includ-
ing slot myecans formed in said upper convex suirface, each
of said members comprising a fiat surfuce and an enxt
plate projecting normally therefroem, said end plate being
received in said slot means when said members are pivoted
10 said inoperative, retracted position, said members there-
by forming a substaniially continuous extension of saxl
upper convex surface.

13. A space vehicle capable of atmospheric maneuver-
ing comprising a leaticular body having an upper convex
surface, acrodynamic control flape pivotally coonected to
said convex surface, cach of said flaps comprising a flat
surfuce and an end plase projecting normally therefrom,
means [or pivotally moving said flaps from an inoperative,
folded position 1o an opermtive, extended position, the
lower portion of szid flap end plate in said extended posi.
tion being formed with a curvilinear edge, said body hav-
ing a lower convex surface, said lower convex surfuce
comprising a heat shield for said body, and individually
actuated reaction jets positiansd on saxd upper canvex
gurface for stabilizing said lenticular body in 1oll, pitch
and yaw.

14. The space vehicle as defined in claim 13, and includ-
ing an astrodome positioned 0o said vpper convex surface.
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