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Purpose «

This report presents factusl technical dats on A. V. Roa, Cansds, Limited,
proposed development, Project Y2 {Secret). This proposal is the second of two
deaigne which csn be classified as radical alreraft degigne. The ultimte purpose
of presenting this is two-fold; to correct the distorted picture presented In pre-
vicus releases, both claseified and wunclassified, and to acquainmt the Intelligence
community with the current state-of-the-srt focis thereby alerting theo to any sir
intelligence informaticn which mmy become available ipdicating Scoviet interest in
thip apacialized field.

Factunl Data

) Several neve mediupe have rublished srticles conceraing A. V. Reoe, Cavada,
Limited, Project Y2 {Secret) which, when supplewented by the December Alr Intelli-
gerce Dizest article, "Tha Flying Dise”, present an inaccurnte pleture of the
proposed project. It wes decided that a factual account of ‘this project would be
pressnted, in the form of a jJoint Wright Air Developmwent Center - Alr Technical
Intalligence Center study, to the intelligence agencies to coyrect soy misglvings
brought sbout by the above-mentioned arcicles.

IHacussion

Tee subject of this rerort desls with a proposal for a new type aireraft Dy
_ope of Canada's must orogressive oerbers of the sircraft induatry, AVEQ Alrer=fi,
Limited, o member of the Havker-Giddley Group. This project should In no way be
associnted with sny science fdction or "Flying Sgucer” atcries becguse of (ta ex-
ternal appesrance. The configuraticn wos s result of an engincering investigation
{gts the esalution of 8 particuler problem.

An examinntion of the AVRO proposal shows that the potentinl for a very high
perfoitmace weapon system exists in the not-too-dictant future. Although this
proposal offers the USAF a potentially advanced weapon syetam having both vertiezl
take=orf and nilitery performance cepabllities, there are pumsrous technienl prob-
lems vhich muet be solyed before & successful developrent can be realized.

The proposal is for the desizgn of u supersonic research aircraft waving a
eireular planform and VIO characiexistics. One version provides for the use oi
several conventiomal axinl-flow engines, while the ultiumte alreraft configurction
utilizes & new radial-flow type engine. Ancther unusual feature of this propesal
ig that the centrol of the aircraft is sccomplished by selective dircction of the
exhaust zases vyhich eliminates the nezepeity of comventionsl aerodynamic sentrol
surfaces.

Concluplons
Thia propcaal offers & poseibls Bolution to the USAF requirement for aschieving

disrersed base operations.
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Thera appears to be no fundamental reason vhy this proposal should not ulti-
metely Tesult ip & vespon systenm, however there are severszl ical areee vaich
mist be investimated before a full-scale development progran is ipitiated.

The sirplicity of airframe construction should alleviate many of the mnu-
facturing and loglstic problems normally associnted with new sircraft developments.

Based on the above conclusions, 8 two-fold intelligence Progran is Justifi-
abla.

a. The technical informetlon on this project should be followed by
direct liaisen batwsen WADC and ATZIC personnel.

. A4 nolleetion effort should be initiated to determine whether the

Sovied Bloc 18 or bas been conducting research efforts oh a gimilar project, when
this work begen, and the present stata of the Soviet develapment.
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SECTION I
CHARACTERISTICS

A. Backmround

There ig a USAF requirement to develor means of operatioca from dispersed bases.
This requirement stems from the growing and pessibly catastrophic vulnerability of
conventionnl air bases. The major feature of conventional air bases ia the rummy,
which has grown vider, thicker, and longer as gircraft have become heevier and
fastor. The operational necessity of rummays leads to concentrations of aircraft
which have become critical termets. The logivel approach to dispersed base opera-
tion would then aprear to be towvard reducing the lengih of runways or to thelr total
elizirsticn. HNuwerous schemss have been proposed, investigated, and same developed
to veduce the take-off distance of aircraft. Among them are water election, aftar-
burning, and RATO. Drog chutes and methods of thrust reversal have been developed
for redusing landing requiremmnts. Attempts to elimizrte rumays copletely have
resulted in hellcopters, convertiplanes and vhat is imown as VIO atremaft.

There are two gencral types of VIO aircraft - "talil-sitters” and "flat-risers”.
A flat-riper takes off ip the vertical direction in a normal horizontal flight atul-
tude, vhile the tail-sitter takes off vertically from a pesition vhich 1s ¢0 degrees
to 2 norem] lsvel horizonial flight attitude. Exnnples of tall-siticrs are the
Unitad States Yavy projects with Lockheed and Convailr which utilize a turboprop
pover plant, and the USAF project with Ryan Aeronavtical Corporation utilizing
turbojet power plants. Examples of the flat-viser are the Rolls-Royce "Mying Bed-
aterd™ and the Bell VTG aircraft. The basic design problem associated with any
aircraft of this type becomes one of achleving in 2 single vehicle VIO and military
performance capehilities. A possible solution tc this problex has been proposed by
A. V. Ree, Caseds, Limited, in the form of their Project ¥2 (Secret).

B, Descritticn of ihc Provoged Alreraft

1. Gecernl Deecription

™o versions of smsll research VID aircraft have been desigped by the con-
tractor, viich, by company designation, are Project ¥ (Secret), a "tail-sitter’,
ard Project Y2 (Secret), & "flateriser’. Barly in e investijation, Project Y
(Secrat} wae rejected by the contractor in favor of the fist-riser. Project Yo
(Cecret) design proposal incorporates a number of advance improverents brought
sbout by the utiligation of severml radical idees In furdapentsl aress which, as
yet, have not been thoroughly investigated. The orlginal proposal was egsenticlly
for the construction of a very large madial-flow gas turbine cngine which, when
covered, will form 8 flying wing with a ecircular plonform, similar lo appearance
to a very layge discus. The ewgine ie desipned to fly "adge=-on” to the wind inotead
of axially ms i the present practice in conventionnl eircraft design. Al alternate
version for & multi-engine atrcraft =5 shown in Figures 1 and 2 would &vold concur-
rent develomment of the airframe and englne while providing the other epuestlal
characteristica of the vehicla,
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The zockpit is located at the center of the sircreft with the orientation
of the cockpit determining the fore and after center~lins of the aircrall a8 well
as the normel direction of forvard flight. The sirframe, fuel cells, and the gos
turbine power plant encircle the cockpit, {See Figes 3 and &3

Thia aireraft 18 desigred for verticel toke-off snd lendinge while io
the horizomtal Tlight attitude, i.e., & "flat.riper”. BSirce this aircraft rises
vertically from s horizontal position, it does not require o landing gesr or
auxilliary landing devices. Tae flat-riser flight toke-off technigue, the elinl-
nation of the larding geer and auxiiliary landing devices, are brought about by
the peripheral eximust which produces a "powerful ground cushion effect” (Fig 5).
This is one of the fundmpentals upon which this new rodlcal aircraft desipgn 13
taeed. )

$ince this sirfreme end engine will bave s circular planform, the guter
teripoter of the airersft will be the exheust nozzle of the engipe and the thrust
forces will be used for control of the alrcraft. A unified control symien must
be designed which will produce the sere aireraft responees lrrespective of vhether
the aircratt is in hovering, trensition, or forwerd flight. The ciycular placfornm
my be modified to accomodatg trim flaps of scme msture 1f they ers found to be
DECEBBEETY .

The air iztskes are ploced In the inner circle on the upper surface of
the aircraft for verticsl take-off while additional air intokes are fhatallied in
the upper and lover foyward facing surfaces for forverd flight.

A multi-engine configuration (Figs 1 and 2) is proposed as o research
vehicle for the purpose of imvestigating stability and control, performance, ete.,
befora development of & wulti-engipe operatiomsl aircraft or radial-flow single-
engine aircrart, This prototype configuretion will alsc investigate certoin fundn-
mental srems concerning airereft bYehavior; an example 18 the ground cushion effect.

2. Alrtrace

The cutaway {(Fig b) of the research aireraft with the redinl-flow engine
shove the detatils of the aireraft structure. The cantar locztion of the fuel cells
alless for the use of the fuel a8 & coolant mediws against aerodymaxic heating for
the cockpit. The mechanical englneering details should not present any unsolvable
problema in the airframe design; however, the rotor assembly and axhsust eontrol
systems are conaidered mjor probloms. The basic structural ribs of the airfrawe
iend themmelves readily to mmsa production since they are identlcal. Eixty ribs
are propogsed as the fourdation of the airfrape. These ribe are "putved" to the
puter surface of the fuel cells with the inner side of the fuel cells couprising
the cockpit opening. For the molti-engine version (Figs 1 and 2) certaln englus
eering rroblems may arise dug to the complexity of controlling eight engines,
eight fuel systens, eight lubricating systems, etc. .

3. Air Iokake

The sircraft, at rest, canmot use the bottom Zorvard facicg alr intake,
therefors, "tnke-off eir 18 supplied through 3C sguare feet of releeving door area
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PIXCICAL CEAMACTERISTICS
Hedisl-Flow Znaine Airceraft

Particulars

Weignt Pimensions, etc.
Areyart Sross Take-ofl Velght
Gross viog area
Span (= dizzeter)
Height over concpy
Standard mean cherd
Aspect ratio
HMean t/c miio excluding intake
Iotake bose area
Arcroximate jet basa arce in fcrard flicht
Ying loeding st mean wveight of 26,000 Ibs
Maximm internal fuel

Take-off .hrust/wveignt ratio
SL5 thrust,froncel area

55 2049 _ <

Velues
b 26,000
ag %t &7G
7t 2.2
re 3.79
ﬂ aao
- .27
L O-w
Bg £ 20.0
sq £t 15.0
Wbfeq £ 38.8
I gl 250
.5, g2l 1,240
-— 1.73
h/sq £t KK
UNTASSIFIED



Radisl-Flow ﬁ? ine Alrcraft

Prrticuiars

Aircrafi dain Structure
Coclrit well and fuel tank
Iotake structure
#Bin structurs
Cuter visg and exhauster
Balo
Cockpit and canopy
Control shutters
Control systenm

Pover Plant
Rotor assembly
Stator blades, plates and atiachuents
Combustion symten
Air bearing assenbly

Extra to structure
Zockpit equipment
Badio and electrics
Fuel syates
Alr comditioning and axygen
Fecellaeous

SITCRAPT T2 WEICHT
Disposable Ioed

Lreys

Fuel

ATPCRAFT GROSS TAKE-CFT EIOHT

b

696
1,341
2,90h
2,950
761
165
Lo
245

5,750
2,120
1,180
1,500

T,T50

UECLASSIFIED

Totols

9,532

10,450

1,065

7,950

TG =T




O o

in the top intake,” This air is exhausted through exhsust nozzle (outer perimeter)
of the aircraft and is directed dowmmrd (see Flge © and 7). This dowowvard ejection
of the air produces & "ground cushion effect”, (mee Fiz 5) which results i an addi-
tional theust coamponent for teke-off snd gllows for 8 ground cushipn to brake the
landisg of the alrcraft. This effect is present anly when the exhaust air is dis-
tributed frow the periphery of the airceraft (flst-risers). (Ces Fig 38.)

In forwverd flight, the air erters the plenum chasber through the Forward
Fecing air intokes ir both the upper and lower surfoces of the giroraft. Engioe
extaust gases are carried around the exhbeuster duct azd cre expelled through the
ancular nozzle which 18 locsted on the upper and lower surfaces sesr the periphery,
acd through tbe beckward feeinyg noszles which are located on both sides of the air-
ernft. (See Mg 0.)

4, Droruleion Systen

The proposed poser ziant for the single-engire research vehiele iz bagic-
ally o double-sided redinl-flow turbojet eapgine. ‘The heart of thir exgise is a
very large disceter rotor dlse wvhich utilizes compressor aly bleed as It only
means of Lubrication.

The compresscr staters, diffuser, combustion tubes, and turbine nozzle
guide venes ere desigrod as are integral part of the alrframe. The rotating element
of the conventional gas turbine ongine, nemely, the compressor rotor, counccting
shart and turbine vheel have been reaxrranged to & disec confipuwration. The come
presscr rotor blades are mounted vertirally oz the {rmer diac ring; the turbloe
vheel bindes are oounted vertically on the outer dige ring, 2nd the :ronceciing dise
rirs 1g cpwrerable to the comventional sennecting shartt. This disc rototes on oz
deuble-gided air besring mounted betwveen the upper and lowver coodbustion tubes,

The ccasbustion system consists of flame tubea distributed between the
structural ribs of the gircraft. The engipe rrussure is contalned batveen the
agtar skin aud tae rotor bearing plates with the latter structurs belng mounted
betwesn the combusticn tubes. For take-off the iptake air 1s brought through the
top intakes 4o the firet stepge of the rotor aud is compressed redislly outvard
thyough six steges giving a2 normel pressure ratic of 3 to 1. From the last com-
pressor atage, the mir 1p diffused ang passes through the flewe tubes, turbize Iine
let Tuide vanes, through the turbine wheel, and ther through the exhinust cozgic
whizh 1a the suter verimeter of the afrersft, (See Pic 10.) During formrd T1L,
‘E;E:—e aprer ai;':‘ ftaioe duets are closed and the forwerd facing oir Iintzkes are open.

Sea iz 11.)

Do to the radisi flov throush the ansine, the compressor blades snd turbine
biades are straight. Therefors, these parts mey e Zore easily mmoufoetured than
for e cowentlonsl engine commressora and turniszes,

‘ The proposed air beering auvpvorting the rotating elepert slininstes wany of
tke rroblecs wiich are imposet by mechanicsl type beerings. The large orec of tke
bearing surtacs, approximately 100 eguare fest on both sides, iz swvalliable to sup-
port the weight of the very large turbine rotor. The air supply for the flat bear-

=t

ing comes froo “secondary air” in the cosbustion region vhile the supply for the
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Fig. 11 Through Flow at Low Forward Speed
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A proposed methed of ashieving Jet comtrel wtilizes the go-colled "Soandn
effect” whersby 8 jet stresm is deflected through lsrge angles by having a curved
surface in conbact with its edge st one side. (See Fig 15.) Addftiopsl investi-
gation into the mechaniam required to utilize this effoot must be accooplished io
the early phases of this development.

Is the proposed aircraft thrust forees erye used for control at all tires.
I: is mandetory to use the thrust foxrce For take-off and hovering flight since
theye are no serodysamic forces svellable due to the lack of forvard moverent, In
forvard supersonic flight thrust forces are used in lieu of vonventlossl hinged-
type coptrols. Some thought ims been givea to the pechanics of the control systeu
as cmn be see: in Fig lb.

C. Performance

The perforrence estimated by the contrmetor woc based on rother broad assuspe
ticns and has not as yet been investigated by s wind tunnel test program, (See
Table III.)
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