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HAC! ... Lewis 

Cleveland i Ohio 
\ April 10, 1958 

m10RANDUM Fw A~sociate Director 

SubjElct.& Minbimn JiWio 1n=apac6 proposals presented at WADO~ January 29 i 
1958 to Fe~ 19 1958 . 

10 The purpose of a series of meetings at WADC under the'Chairmanship 
of Mro Eo Barto?:} Bell was to hear proposals from various contractors on the 
quickest way to put man in space o 

20 Proposals fell into tvo rough catagoriesg (a) a blunt-nose cone or 
near=sphsrical zeroQ 1ift high=drag vehicle of a ton to a ton=and=a=half 
weight» and (b) a hypersonic glider of the ROoo or Dyna-=Soar typeo The first 
catagory of vehicles used existing rem vehicles as boosters; the second used 
more coxaplex and arbitrar,f multiple:;~ arrangements of existing large-thrust 
rocket enginaso A n~~ber of contractors looked at the zero-lift high=drag 
minimum weight vehicle as the obvious expedient for beating the Russians and 
the A:I:ury into spaceo Other6~ nQ\.ably Bell~ llorthrop~ and Republic Aviation, 
set this idea aside as a stunt and consequently these contractors stressed 
the more elaborate recoverable hYPersonic glider vehicle as the practical 
approach to the problems of flight in space 0 In .the following paragraphs 
the no=liit minimum l;leight vehicles are reviewed first without regard for 
order of presentation and the hypersonic glider vehicles followo An effort 
is made to summarize the pertinent gross features of each proposed vehicle 
at the head of each review and some of the details are discussed thereaftero 

30 The proposal configurations were patterned directly after concepts 
developed by Allen~ EggeTsi et al of llACA=Ames and the background of data 
obtained through HACA research Was impressively apparent throughout the 
proposals 0 ThereforeS) OOfCi.t'3 going into the indiv1.dual proposals it seems 
worthwhile to review briefly the suggestions made by NAOA people 0 This 
review 1.s covered in the next three paragraphso 

40 Mro John Beckel" of NACA=Langley discussed two Beparate minir.lum 
man=in=space proposa18o The first of these was a no=lift configuration 
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as diagrammedo 

WIND 
:> 

w/S 35 pounds perf3 

square foot 

This discuss1.on considered only vehicles which fly within the atmosphere 
at .perigee BO that a small irtlpUlse applied anytmere along the flight path will 
initiate reent.l'Yo With ze1"o=lift the cirs.g deceleration will reach a maximum 
of aoout B()5 gCe with greater than 5 gOa fOi" 20 seconds() Small contl"ols (flaps 
like air brakes) at the edge of the dish can be used to change angle of eoMack 
and thereby preduce lift9 this will reduce IM.x:i.rnum gOa to 4050 The heating 
rate will approach a m~~ of 100=150 Btu per 5quare foot per secondo This 
heat can best 00 absorbed in a &ryllum heat sink between l and l=inch thick., 
The vehicle ultima"taly requires descent 11y parachute this rules (mt landingco 

in predesignated pin=point ~6a50 

Boost with the ba.lliBtic=nose=~on!El=tY"pe vehicle can be acconlplished vit..h. 
Atlas 0 During boost the heat shield is behind the pilot (passenger') 0 Upon 
injection into orbit the vehicle must be rewGTsedo This requires attitude 
controls ~~t lJork in apalMo Reentry also requires a well=contl'clled gimballed 
retrorocket of nominal impulse and weight «100 pounds)o 

Langley is ~esently making a structural a~~lys1s and investigating aero= 
d~~ic behav*ior in hyp&r~or~c tunnelo 

So 'I'he second pNposal was a l1.ft flat-=oott.Ollled wing cievice to enter the 
. atmosphere at an angle of 2S'"O (CL 0 0 6) 08 

WIND 
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Blunt. leading edge radius was given as 3 inches with W/S iii 20 pounds per 
square footo The heat transfer rate on the bottom was estimated at les5 than 

.12 Btu per square foot per ascend and the aU'frame can radiate all heato 
Temperature of the skin would reach a maximU!'1l of 20000 Fat the leading edge 0 

This device would have less than 1 g deceleration at all times during reentry 
(except possibly at the oorthas surfsce)o Range can be controlled somewhat 
by varying angle of attack (,L/D ... 305 to 1 0 0) 0 

The weight of this aerodynamic=ski would be less than 5000 pounds s possibly 
co~~iderably lesso 

One of t.he problems of both the NACA devices will be control,. of velocity 
and angle at injection into orbito Present IOlM quality guidance is not good 
enough.. A retrorocket to slO'i~ ski dOlm by 200 feet per second at JOO~OOO feet 
perigee altitude will 10"~er perigee by 509 000 fseto This will initiate re= 
entryo 

60 Mro Clarence Syvsrtson of Ames outlined certain configurations that 
are being studied thareo These assume an initial circular orbit at 500S)OOO fecto 
If at this altitude the velooity is reduced by 2 percent the altitude '\Itill be 
lowered by 2209 000 feet~ 

. .,.../ SMALL 
-----,----,---­__..:.../_ W I NG-S 

Og",000 pound. 
~--. 

The CL tor the above configuration is 0 0 60 The maximum deceleration is 
always less than 19o Hypersonic wind tunnel studies of this configuration have 
shown a serious aerodynamic center shift at transonic speeds 0 This A.,e., shift 
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amounts to about 30 percent of the body lengtho Two auggest-e~ solutions ·are to 
use thicker wings or no wings at a110 Drag=brake~like controls surfaces (about
5 in number) around the periphery of the configuration are being studied o 

EBsentially this device is one half of a~ ICB1 reentry bodYe The control­
lable lift provides control over range A former idea for parachute landing iso 

being abandonedo 

AUTONEUTRONICS 

Initial presentation by Hro Krause who discussed an elaborat.e schal'lle Qf 
experiments to be accomplished with rocket<z>propelled v.ehicles along with an 
extended series of engine=vehicle assemblies to carry out the programo Even 
the manned satelli'OO concept was regarded as the end experiment of a series 
starting with protozoa and bacteria and building up through invertebrates!) 
vertebrat<9a» and finallys mRno OnlY' the manned space vehicle is outlined balOW'o 
The space program discussed is reviewed in the discussion Bec~tono 

Vehicle 8 One man zero=lift n03e=~on9o 

T 
l' 

-1 
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WeightgPayload 855 pounds g 

Man 
Oxygen and 

purif'ier 
Wawr 
Food 
Clothing 
Tempe:t'sture 

cont:rols 
Attitude 

controls 
Coromuni('!ation 
Navigation 
Experiments 
Telemetering 

Total payload 

13erylium ablation 
shield 

Parachut.s 
Recovery (?) 

syst:5m 
Retr-ol"ooket 
Structure 
Instruments 
Capaule 

175 pound3 

85 pounds 
20 pounds
10 pounds 

no pounds 

130 pounds . 

85 pounds . ~ 
85 pounds 
45 pounds
65 pounds 

855 pounds 

850 pounds 
100 pounds 

50 pounds 
·250 pounds 
300 pounds 

70 pounds 
70 pounds 

Total weight 2545 pounds 

BoostenH Atlas and Rustler (F2 = 1m3) 

Schedu188 Manned earth satellite late in 1963 (with 3300 pound payload 
and · A tlas~Rustler boos~r 0 ) 

Costg 880 x 106 
0 
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Discussion 

Concerning the high lift/drag glider configurations as opposed to the high 
drag zero=lift ballistic reentry concepts Hr 0 Krause presented the following 
arguments & 

The high LID configuration entail& 

(a) Unsolved aerodynamic and structural problems 
(b) Development of new test methods 
(0) Major test facilities 
(d) Material development 
(e) Long development schedule 
(r) Structural fabrication problems 

The high drag configurations entail: 

fa) Nominal test facilities 
(b) Develo~aent of heat sink materials 
(c) Short development schedule 
(d) Simple fabl'iea.tior. 
(e) Aerodynamic data available 

A hlgh altitude research program involves: 

(a) Procuring scientific data 
(b) Studying environmental effects 
(0) Testing components 
(d) Developing recovery techniques 
(e) Biomsdical expariments 
(r) Manned flight .. 

The high altitude res9arch and test work can be accomplished willig Thor, 
Polaris, Atlas i Titang or special vehicles~ 

SateUite program must include g 

(a) Study of physical environment 
(b) Precision experiments 
(c) Reconnai5sance 
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Satellite flights can be a~co.mpliBhed with the Thor..,}{ustler, Thor-Rustler, Atlas­
Hustler, and Fi'tan-=Rustlero Both the Fitan and the Rustler will use fluorine as 
oxidant0 

Lunar flight program might includeg 

(a) Navigation in precision orbit 
(b) Lunar 111Ipact . 
(c) Instrument. landing 

For lunar flight,9 vehicles might be the Thor<><Rustler~Vanguard 3rd stage, Atlas", 
Bustler~ and Fitan=Rustlero 

The vehicle development chart for these programs proceeds: (a) Thor­
HUBtler~ (b) 'I'hor=Rustler,9 (3) Atlas~ustler9 and (4) Fitan...Rustlero 

For the earth satellite program estimated payload weights for several con~ 
figurations were calculat6dg 

Configuration Payload,9 pounds 

Th=6v 
Thc06v=v 
ThcH 
Th..a 

201 
335 
377 
858 

A-JI 3272 

AcR 3848 

F..a 5459 


The schedule was for foUr eart.1-n=satellite flights in twelve Illonths, first 
recov.ary- 18=20 months,\) biomedical experi."1lsnts 22 0 25 months o Rustler (F2 N2H4)eo 

was predicted to be ready in the WGlllty=first month (extremely optimistic) 0 This 
would raise payload over 500 pounds vi 'b'lin VofO y-eara 0 

The purpose of the saries of biomedical experiments 1s to est!:lbllsh survival 
limits and determine Mll"VOUS system behavior., Protozoa.=bacteria experiments wero 
to be done with Thor=Hustler, Rhesus monkey experiments with Thor-Rustler~ 
chimpanzee experiments with Atlas=Rustlera and manned flight algo with the Atlas= 
Rustler 0 The ThorcHustler pt'ograni is expected to cost $50 '> 10 ~ boosters and 
range free a the Tho1"=RW3tler pl.'ogrru'l1 an additional $30 x 100" . 



MARTIN 

Introductions by' }lro Bunker» President» and Mro Merrill, Vice Preaident at 
the Denver facility. Outline of pToposal byMro George Trimble, Vice=Pl1 esident 
of engineeringo Details by Mr .. Demeret» head of the astronautics Bection( 1)>> 
Denver" 

. Pertinent Features 

Vehicle:! One=man zero=lift body illustrated below.. Later vehicles planneoQ 
to have lift and controls.. Later vehicle weights up to 40~OOO co 6O~OOO poundso 

r 
~' 

I y 

bV IPAN{c:. 
. INsrRUHE"tJ"r.S 

COHHuNI CAn oNS 

../ 

c) . REV£/~S/BL£ 
~HAMMO(K . 

Weight:: 3500 pounds total; ablation shield (phenolic resin)>> 650 pounds; 
instl~ent9» 150 pounds. 

Boosters ~ Titan.. 

Time and altitude~ 24=hour trip; 150 = 200 miles at perigeeo 



Reentry method8 Retrorocket (<:>500 feet per second) applied at apogee; 
ballistic reentry9 W/CnA 100 .., 1509 maxiIrnU'll g's IS 705 at 30 reentry angle;E!l 

maximum temperature ~ not stated, maximum heat transfer • 5 ~ 6 Btu per square 
inch per second;ablation coolingo 

Recovery and landings Parachute within t,50 miles. 

Traekingg ICBM 1.."lert:1.alo Minitrack to provIde altitude and position 
~~. . 

Safety feature8 Retrorocket used to separate vehicle from booster if 
booster f~ils 0 

Schedul.e8 Manned flight by mid=1990.o 

Cost~ Not stated. 

Discussion 

Present ICBM guidan~s okay for a ·~titud$ reference for ten dayso Integrating 
accelerometer will gage retrorocket within tiO feet per secondo Propose H~2 
retrorocket with hot=gaa venrler conU'ol system for attitude stabilizationo 
Present Titan system fails to lift 3500 pound payload into orbit by' 500 feet per 
secondo (Can carry abcrllt 2900 pounds into orbit~) Twenty percent additional 
payload capacity is foreseeable growth by 1960. 

No specific design proposed for controlled flighto A ~~~onJproposal to 
carry 169 000 pound third stage with a ~5000 feet par second retrorocket (weigh­
ing 10~OOO pounds) was ~ugge~tsd Q but not d~tailed ~ to avoid heating problemo 

Maximum heat transfer can be reduced by some lifto 

o ~----------~--------~ 
0.5 
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Martin suggested use of control flaps on reentry vehicle to produce angle 
of attack and lift.. 

The Martin proposal ilnprsssed me as the most thoroughly llorked out proposal. 

Aveo 

Presentation princip&lly by Dr" Arthur Kantrowitzl) Director of Research .. 
AVOO has twice previously proposed the following" (The last time in November j

1957.) 

Pertinent Features 

Vehicle: Eight=foot spherical vesse19 zero lifto Parachute equipped to 
provide drag for reentry" 

/ 
,I 

I 
I 

I 
I 

I 

r 
\ 

Bow~ 
SHoC.K" \ FLOW 

WAVE \ R.EGloN 

'\ 
~,-_...,J 

"" 
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Weightg 1500 pounds 

Capsule 
Internal structure 

220 pounds
1.1.4 pounds 

Survival 8quipm~nt 126 pounds 
Parachute :330 pounds 
Other 85 pounds 
Escape rocket 240 pounds 
Han and clothing' 150 pounds 

1265 pounds 
.Contingen~y 235 pounds 

-~ 

Total weight 1500 pounds 

Boosters~ Titan (or Atlas) as is., Ha.x:imiLn g 88 liS 11 (second stage)., 

Time and altitudez Orbit at no c> 120 miles (circular)o Time arbitrarily 
variable., With parachute furled as many as 40 orbits are possible. Propose a 
tbrce~day fl1ghto 

Reentry mathodg Thirty=tlix foot diameter stainless steel parachute creates 
drag to cause descent in OTiO half orb!to Control of parachute used both to 
adjust orbit. snd to control landing .pointe Grazing angle (l/40) reentry; 
maximum gC e 9 @ 250J)OOO feetj maximum temperature~ 18000 F; maximum temperature 
of parachute~ l.l.400 F; IIlrud.r.rmn heat transfer (?) @ 270~OOO feeto 

Recovery and landingz Parachute also used. to land capsule; landing area 
about size of Kansas o Landing velocity,!) 35 feet PeT secondo Fall requires 
one half hour. 

Trackingg Existing minitrack syateYABo Man is strictly passenger ... no 
control .. 

Contro1s& Air=jets to kill angular IllomentUIn (attitude)., Liquid paddles 
. to maintain attitude.. Parachute extension controllable by expansion of bello-rls 
ring at rim, changes drag by 50 x., . Used to correct orbito ICEM...quallty 
guidance good for 0 0 80$ want 0,,2,0 0 
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Safety features~ Solid rocket provided for safety escape if boosters fail; 
otherwise fires along with 8econd etageo Safety rocket separates from capsule 
after firingo 

Scheduleg 

Research 
Model teats 
Capsule tests 
Parachute tests 
Escape system 
Ealloon flight~ 
Satelllt.e laU1l~h 
Animale 
Man 

58 59 60 

C08t~ $40 x 106 plus $12 x 106 for flight vehicles excluding launchers .. 

Discussion 

Dr e KantI'owitz looks e t this proposal as the quickest way to manned 
satellite" This he regards as nostunt o A pennanent orbit at 110 C> 120 miles 
can be established with a solar propulsion device capable of overcoming the 
5 grams drag force" The vehicle described may also offer a means for escape 
from a disabled large=>scale vehicle.., 
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The g factors and capsule atmosphere (60 percent oxygeni remainder N2, He 
at i atmosphere pressure) are based on WADe Aeromedical group data 0 Certain 
upper atmosphere da" on which the calculations are based are in doubt but better 
data will certainly be available before manned flight scheduleo 

The stainless steel parachute lies in a region of secondary floll (this is 
the reason for the shuttle~ock ahape) and will be subjected to peak temperatm'es 
of 11400 F9 in contrast to the 180010 F peak at the sphere nose o The capsule will 
be above 20010 F skin temperature 'for about 20 rninutes o With the planned in~ 
sulated wall construction the amount of heat transferred int~ the sphere will 
amount to about 1500 Btu (heat of fueion of a 10 pound block of ice) and is 
nearly negligibls o Construction of the pressure vessel capsule is Oo020=inch 
stainless stee19 insulation thel"IDoflex with OoOOl=inch stainless steel radiation 
shield; the noaa is coated with OoOlO=inch molybdenum skino 

The parachute has inflatable stainless steel bellows around the rim (about 
3=1nch dimuet.er) and is made of 400 mesh stainless fabric co,-rered with shim"" 
stock stainless ·lllshinglesVl , total fab:ri,c weight about 60 pounds 0 Unfurling this 
Clhute incr~se8 the drag of the vehicle about 50 timeso The chute can be oPened 
and collapsed several times p1"orlded the bellOW's e>..-pansion doesn 0t exceed two 
times its lengtho 

There was sane di5CU~jf;ion of rnagneto=hyarodyna.'Dic propulsion and means of 
projecting the shock location away from the vehicle using magnetic fialdso 
This was not part of the proposal o 

This presentation impressed rne as having the most thorough correlation with 
available scientific and ae~odynam1c datac 

lOCKHEED 

Proposal presented by Dro Perkina~ Development Planningc 

Pertinent Features 

Weightg Capsule 
Ablating mater= 

lal 
Retrorocket 
Parachu~ 

600 pounds~ includes 150 pound man 

600 pounds 
100 pounds 
200 pounds 

Total weight 1500 pO".mds 

I 
t'lP.::l·'!lm:.,.,...·""""rn"lrb 
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Vehicleg Ons=man nOS6=eone shape .. 

I 

IR 

Boosters~ Atlas and Bell Hustlero Hustler fires for 80 seconds between 
620 <=> 700 seconds flight time to inject into orbi'toMaximum gOa 606 (first 
stage) 0 Spec:1fic impulse 280 pounds per selCond per pound required ofB 

Hustler 0 

Time and Altitudeg Six hours, perigee 1,0 miles; apogee 300 mileso 

Reen~ method& Rs~ocket (=225 feet per second.. One mile altitude at 
perigee roughly equals 105 feet per secondo Retrorocket weighs less than 5 per­
cent of vehicle .. ) 

V/c A s Oc>O~o 

MsxiInum gO S i 1,S at 10 reentry angle 

M.ax1rm.w temperature9 not atated 

Haxinrom heat t.ransfer a not stated 

Vehicle subsonic at 60~OOO feet~ 600 feet per second at 408 000 feet .. 
Cooling by ablation materialo 



Recovery and landingg Cloth parachute to recover entire capsuleo Landing 
area 20 miles by 400 miles along patho ETrors of 150 miles due to lack of 
knowledge of air density between 1259000 and 2509000 reeto Lockheed proposes 
vatel" recovery0 

'lrackingg 108 me minitra.ck plus two=way voiceo Flywheel attitude control. 
Either gimbal or jet=van~s on retrorocket o 

Safety features8 OvelTid.es on manas limited control functions o Hustler is 
fired to escape 1£ Atlas booster fai180 If Hustler fails man has had ito 

Scheduleg Preliminary e}.l'erimental flights (Thor with 300 pound payload) 
in late 19580 Experimental centrifuge and vacuum chamber testing- in mid=1958. 
Manned flight in late 19590 

CoSt8 $10 x 106 < cost ~ $100 x 10
-

6 
0 

Di8~ussion 

X=17 tests (28 out of 38 successful) have confirmed hot shot and shock 
tube high speed datao Lockheed Missile Systems Division (MSD) has three=incb 
shock tube which uses l=mt{;;h modol o 

Berylium is better than copper for ablation cooling materialo Vehicle has 
no cOSMic or meteor Pl'otectiOll'lo 

Lockheed feels lift reentry is best in long run. 

CONVAIR 

Introduction by Mr., William H., Patterson j of Convair Astr'onauticso Extended 
discussion by'Mro Krafft A~ Ehrl~keo Mu~h of Ehrickeoa discusston was concerned 
with an extensive program of populating the solar system with reconnaisanc6 j 

ra.dio relayg etco j systems o Pulling that part of the presentation which applies 
to the minimum man=:in=spa~e concept from nlY notes is difficulto The program 
reviewed by Mro Ehricke is contained in the Conwair Astronautics report entitleds 
"A Satellite and Space Development Progrronn g Dacember,9 1957 (CopY' No o 185 10 
charged to the Lewis LeOOl"story Library0 ) 0 

Some notes on the minimum man=in=space device are outlined in the followingo 

http:OvelTid.es
http:minitra.ck


Pertinent Features 

Vehicle:: 6O=1nch spilereo 

Weightg. J.!an plus 1000 pO\lUdfl 9 500 pound heat=air.ko 

Boos"ter$& Atlas Series D plus third stageo It is conceivable that the 
third stage need not be used = will require 5 specific impulse units improve~ 
ment in present rocket perforrnancso 

Time and a1t1tude g Time not not-ed 0 Altitude 300 miles 0c> 

Reentry methodE Retrorookato Reentry angle9 2° Dlax1mum~ Ctfl/W .. 0~05 
to 0 0 080 Maximum gOs 89 greater than 6 g tor 60 SE!«>ndso6 

Scheduleg First flight (unmanned).!) Fer,:nn.ary» 19590 Man in satellite 
orblt» Aprils 19610 Vehicle pr oduction 8chedule~ one per month o Atlas D 
vehicle will not be fired before Ma.y.!) 19590 

McDONNELL 

Intrcduction by Dro Wokanskyg coordinator of researcho Presentation by 
Mro Micha.el Week!!)9 Chie!9 prelimil'.ary designo l-icDoDnall Aircraft presentation 
was an obvious bid tor the ~p&yload packagem without the propulsion problemo 
Details were given in the Mcl)©nnell report to WADe 0 

Pertine:nt Features 

Vehicle& Onecman capsuleo Data below are tor a llose=eone device... rlinged 
vehicle was considered possible in 30 months o 

Weight.~ 

Crew 270 pounds 
Seat .,0 pounds 
Oxygen (3 hours) . . 70 pou..'1ds 

. Pressurization 134 pounds 
Canopy 135 pounds 
Structure 345 pounds 

http:Micha.el
http:heat=air.ko
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(Weight .. continued o ) 

Stabilization 202 pounds 
Re~orocket 90 pounds 
Electronic 400 pounds 

1693 pounds 

Landing chute 135 pounds 
Heat problem 450 pounds 
Incidentals 122 pounds 

2400 ~ 25~rcent 

Boostersg Atlas and Polaris o Peak gls (Po1.8ris) about 7. 

Time and Attitudes One orbit (l~ hours).; apogee not noted; reentry 
initiated at 300~OOO+ feeto 

Reentry methodg Retrorocket (=143 feet per second)o Ballistic reentry 
WOn,M i to 1; maximum gOs 10 (1°) to 13 (40 )$1 above 7 gls for 50 seconds g&I 

above 5 g' S t01· 100 seconds ~ Dlaximum temperature $ 12000 F one foot behind 
leading edge (1); heat sink (not ablative) coolingo . 

Recovery and landings Ejection Beat with parachute. 

Safety features& Polaris fired if Atlas fails Ejection seat throwso 

pilot clear. 

Trackings Ground control system for control of vehicle. 

Scheduleg I-ianned capsule flight 20=25 1JIonthso 
•• 0 .~~ 

.Costs Rot statedo 

GOODYEAR 

After introduction by Mro Baldwin$ Mro Darrell Romick described Phase 1 
of a long~range (six to eight years) program to provide an operational satellite 
platform0 The initial program was to conduct reentry tests (30 pound payload) 
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with Jupiter launcher; with primate (150 ~ 300 .pound payload) with a Thor or 
Jupiter; manned spherical ball (1500 ~ 2000 pound payload) with Atlas or 
Titan. O~ the features of the ~imum man proposal are given here. 

Pertinent Features 

Vehicle:! Oneoooman 7."foot spherical vessel. 

Weight.: 1700 pounds j structure, 1050 pounds. 

Boosters: Atlas or Titan first stage. Five third stage Vanguards or 
eight Irises (made by Goodyear Aircraft Corporation) for second stage. 
Maximum gls 5 to 7. 

." .... -.. ;.....Time and Altitude:: 

Perigee :!! 1l0...1l5 miles; and Apogee • 600 - Boo miles. 

Reentry method: External retrorocket (H20~ ...polyethylene, -BOO feet per 
second, with tankage jettisoned before reentry.) W/en A - 0.028; maximum gls 

705, greater than 4 for five minutes; maximum. temperature, 32000 R, te."llpeTature 
greater than 20000 F for five minutes; maximum heat transfer not stated. 
Ablative cooling using Goodyear AircraftCorporaticn-daveloped material. 

Recovery and landing: ·Parachute for entire capsule deployed at 15~OOO 
feet, with velocity 300 feet per second. Water landing in Western Pacific 
Ocean. Velocity at impact - 2B feet per second. 

Contro1 features: Extendable skirt for attitude control. Peripheral 
jet nozzles for attitude stabilization with retrorocket. 

Tracking: Minitrack and defense radar. 

Schedule: Firat firing - 23 months; manned flight - 26 months. 

Cost: $100 x 106• 
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NORTHRUP 

Northrup's presentation stressed the previously presented Dyna-soar 
proposal along with the military advantages and capabilities of the recon­
naisance~bomber glider vehicle o Their man=in-space proposal is essentia~ 
an adaptation of this vehicle. 

Pertinent Features 

Vehicle; A glider as outlined belowg 

C0 1'-11-1 I 

( 
NAV. 

I--JQJ 
.~ 

T-J 
E"NGINC 

Weight: lOJ)500 pounds including 400 pounds fuel and a J-83 turbojet 
engine for rinal maneuver and l~nding , 

Boosters g Three stages not detailedo The boost requirements vary in 
carrying out the separate steps in the development program. For the satellite 
flight the three stages of boost would ea.ch require a mass ratio of 3.6 with 
oxygen ... JP-h. Initial gross weightjl about 600,000 pounds. Maximum g'e - 3. 

Range and Altltudeg 22.11000 miles. Total time 70 minutes, attitude and 
speed variable with timeJ) m~Um\lm altitude 200,000 feet. 
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Reentryg By increasing drag as glider descends. Maximum temperaturos 
34,00 F at leading edge; 21,00 F on lower surface, 10000 F on upper surface. 
100 pounds liquid coolant and radiation cooling. 

Recovery and landing: Conventional glide landing. 

Trackingg Self=eontained navigational system claimed to have 2 miles 
C.E.P" 

Scheduleg First glid~r vehicle 1960g boost flight tests at 4000- ,000 
mile range - 1961g near~orbital manned flight - 19640 

Cost: 22 test vehlcleso 
---­

~ Megadollars ~ Megadolla!,.B 

1958 
1959 

0.,5
2.60 , 

1962 
1963 

92,9 
1960 57 1964 29 
1961 116 

Total 380 
-,. (,,#. ':.\. ".:... - " 

Discussion 

The test sequence for the various 8ta~es of vehicle development would bea 
(1) air launch from a calTier aircraft, (2) unmanned version for boost develop­
ment testingJl and (3) manned tests" Several technologies are needed, par- . 
ticularly the development of reliable boost rocketso Results of the X-15 high­
speed flights and development of stellar-sight guidance equipment are also 
required" 

Development of this vehicle brings with it the possibility of bombing or 
reconnaisance missions" These Northrup has detailed in tho "Dyna-soar" 
proposals 0 Much of the allotted discussion time was spent in reviewing these 
weapon system capabilities. 
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BELL 

Introduction by Dr. Dombergero Presentation by Mr. Casey Forest. Dr. 
Dornberger discussed briefly a 3000 pound eight-foot sphere with retrorocket 
and maximum lBt.agnation temperature of 3.5000 Fj maximum deceleration - 8 g's. 
Although it could be accomplished one and one half years sooner, he dismissed 
the sphere as having no growth potential. Bell's proposal therefore hinged 
strongly on -their ROBO concept. The glide vehicle is outlined in the follow­
inge 

Vehicle: Glider. 

COOl-ANI 

Pertinent Features 

00 
---- . ~ 

Weight: 18,800 pounds. 

B003tersg Several assembled configurations were discussed. The one 
favored was & three=stage clustered configuration with three T1tans,one Titan, 
one F2=NH) rc:>eket, as diagrammed below: 

<:::J---.--~----.J4 CtP 
o 

lnitia1 grOBS weight would be· 747,000 pounds; ~ 1 • .521,300 pounds, 

~ 2 • 17.5,300 pounds, ~) &!l 31,300 pounds, airplane - 18,800 pounds, research 
equipnent l~OO poundso Total propellants would be 669,.500 pounds. Maximum 
accel~ration ­ 4 giS. 
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Tilne and alt:ttudeg 121 minutes duration. Boost for seven minuteei. Altitude 
at end of boost .. 260~OOO feet$ Follow maximum L/D (Breguet) path. 

Reco~ and landingg Conventional man~ontrolled glider landing. 

Navigat.iong Self~containedo 

Schedule: Five years. Flight. in 1963. 

Cost: $889 x 106 including everything. Maximum cost in 1961 - $240 x 106• 

Discussion 

A short. tem (10 hour) satellite glider was also mentioned. 

Bell has had a contract fordevelopnent of a F2-NH3 rocket; they are willing 
to incorporate a F2N2H4 rocket in the manned glider as the third stage of boost. 
In their ROBO studies and F2Ni-I3 development work Bell claims to have a $2.5 x 106 

effort, with the USAF aleo spending $2,,5 x 106• 

A system development team has been in existence for more than a year. This 
team is organized as followsg 

Airplane Bell Aircrart 
Electronics Bendix Avia.tion 

. Navigation Minneapo1is~oneywell 
Boost 
Ground and. 

SuppJi€l~ 

Special Rac..tu' Goodyear Aircraft 

REPUBLIC 

Introduction by Dr. Alexander Kartveli, Vice=President of Research and 
Development. fhe Republic proposal was based on the hypersonic glider concept 
of' Dr. Antomo Ferri. . . 
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Pertinent Features 

Vehicle: A blm'lt leading...edge sled with solid propellant rockets housed 
in the edge3 ~ Sl,!'f{\~ e ~ 120 square feet. w/s· 25 pounds per square foot. 
ct • 0~1. 

r I . • " 
( I ~. J 
,, ____ , J _ _ ,I 
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Weightg 

Propulsion 1000 pounds 
Electrical 375 pounds 
H202 cont.,rol 175 pounds 

Weight Total 3895 pounds (includes other factors) 

Boostersg Atlas or Titan with modified propellants .• 

Time and altitude~ 24 hOurS1 Perigee 5$0,000 feet, reentry altitude ­
300,000 f eet, 

Reentry methodg T~o retrorocket~ (~5 feet per second) applied at apogee. 
This reduces perigee to 300,000 feet6 At this altitude produce negative lift 
(0.0005 g) b.1 flying airplane inverted to prevent increasing altitude. 
M • 2 at 80,000 feet4 Angle of attack on reentry about 400 • LJD· 1. 
, temperature • 25000 F. . 

Reaches 
Maximum, 

Recovery and landingg 
destroyed, 

Ejection seat fCYr pilot and survival kit. Vehicle 



• 
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Safety features: H2..()2 attitude controls. Three aerodynamic control sur­

faces. 

Guidance and trackingg Inertial guidance with short term rate gyros, 
accurate within 20 - 25 miles in position. Also UHF cOlTllTlUnication and beacon 
transponder. 

Schedule: 18 months. Lead i tam claimed to be inertial guidance system. 

Cost: Not estimated. 

Discussion 

The performance estimates of the booster units are summarized in the 
followings 

Stage 1 ~tage 2 §.~ge 3 

Wo 198,700 74,000 15,000 

WBo 78,600 16,890 4,000 

F 304,000 72,200 16,000 

Is 230 250 265 

CONCLUSION 

This was the first round of proposals. Mr. Bell and WADC people expected 
to review these critically (they solicited comments from the NACA representa­
tives before breakup of the group). A aecond round of the favored proposals 
was in the latter part of February and was planned to yield a proposal tor 
WADC to sutnit to the Pentagcn. 

wro Adelbert O. Tischler 
lID Head, Rocket Combustion Section 
OM 
AOT:jCB 




