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SUMMARY

Purpose

This report presente factual technical date on A. V. Roe, Canads, Linmited,
proposad development, Project Y2 (Secret)., This proposal is the second of two
desizns which can be classified as rodical aircraft designs. The ultipate purpose
of presenting this is two-fold; to correct tha distorted picture presented in pre-
vicus releases, hoth classified and unclaseified, ard to acquaint the Iintelligence
community with the current state-of-the-srt facts thereby alerting them to any air
intelligence information which may become available indicating Soviet interest in

thip specialized fleld.

Factual Data

Severnl nevs mediums have published articles conceraing A. V. Ree, Tanede,
Limited, Project Y2 {Secret) which, vhen supplewmented by the December Air Inteili-
genca Digest article, "The Flying Disc”, present an inaccurnte plcture “of the
proposed project. It was decided that a factual account of tkhis project would be
presented, in the form of a joint Uright Air Development Center - Alr Technical
Intelligence Center study, to the intelligence agencies tou correct any misglvings
brought about by the above-menticned ariicles,

Discusgion

The subject of this rerort deals with e proposal for a new type alrcraft by
_ous of Canmda's most progreseive mepbers of the aircraft industry, AVRO Alrcraf,
‘Limited, 8 memwber of the Hawker-Giddley Group. This project should in no wvay be
aasociated with any ascience fiction or "Flying Saucer” stcries becouse of ita ex-
ternal appearance. The configuration was a result of an engireering icvestigation

into the solution of a particular preblem.

An examination of the AVRO propesal ghows that the potential for a very high
performance weapon systen exists in the not-too-distant future. Although this
proposal offers the USAT a potentinlly advanced weapon system having both vertical
take-0ff and nilitary performance cepabilities, there are numerous technical rrob-
lenms which nust be solved before a successful development cen be realized.

The proposal is for the design of a supersonic research airceraft baviny a
circular planform and VIO characteristics. One version provides for the use of
severnl conventional axinl-flow engines, while the ultimate alrcraft configurctionz
utilizes a8 new radial-flow type engine. Ancther unusual feature of this proposzl
is that the control of the aircraft is accomplished by selective direcilon of tne
exhaust zames vhich eliminates the aeceseity of conventionnl aerodynamic centrol

surfaces.

Conclumsions

This propogal offers & iposcible solution to the USAY requirement for achieviug
distersed base coperations.
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There eppears to be no fundamental reason why this proposal should not ulti-
mately result in a weapon system, however there are geveral technical areas which
mist be investigeted before a full-scale development program is initiated.

The aimplicity of airframe construction should alleviate many of the RBau-
facturing and logistic problems norrslly associgted with new aircraft davelopments.
Based on the above conclusions, a two-fold intelligence progran is Justifi-
able.
a. The technical information on this project should be followed by
direct lisison batween WADC and ATIC personnel.

b. A collection effort should be initiated to determine whether the
Seviet Bloc i6 or has been conducting rescarch efforts on a similar project, when
this work vegan, ard the present state of the Soviet development.
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SECTION I

CHARACTERISTICS

A.  Background

There 1s a USAF requirement to develop means of operation from dispersed baees,
This requirement stems from the growing and possibly catastrophic vulnerability of
conventicnnl air bases. The mBjor feature of conventional air bases is the rumwy,
which hes grown vider, thicker, and loager as zircraft have become heavier and
fagter. Tho operaticnal necessity of rumways leads to concentraticns of eircraft
which have become critical targets. The logical approach to dispersed base opera-
tion would then appear to be towerd reducing the lengih of runways or Lo their total
elimination. XNuwerous schemes have been proposed, investigoted, and some developed
to reduce the toke-off distance of airecraft. Among them are smter ejection, after-
burning, and RATC. DPrag chutes and methods of thrust reversal have been developed
for reducing landing requirements. Attempts to eliminete rumvays completely have
resulted in helicopters, convertiplanes and what is8 known ag VIO aireraft,

Therc are two gereral types of VIO aircraft - "tail-sitters” and "flat-risers’.
A flat-riser takes off in the vertical directlon in a norzel horizontal flight etui-
tude, vhile the tail-sitter takes off vertically from & position which 18 S0 degrees
to 2 nor-ml level horizontal flight attitude. Exzmples of tall-gitiers are the
United States Mavy projacts with Lockheed and Conveir which utilize s turboprop
pover plant, and the USAF project with Ryan Aeronauticel Corporation utilizing
turbojet power plants. ZIxamples of the Flat-riser are the Rolls-Royce "Flying Bed-
gtead” and the Dell VIO aircraft. The bagic design provlem associated with any
aireraft of this type becomes one of achieving in 2 single vehicle VIO zod military
perforrence capabilities. A possible solution to this problem has been proposed by
A. V. Ree, “anads, Limited, in the form of their Project ¥2 {Secret).

B. Descrirtion of the Proposed Alrcraft

1. Gerernl Descriptien

™o versions of small resenrch VIO aircraft have been desigred by the con=-
trector, weich, by compeny designation, are Project Y (Secret), a "tall-sitter’,
and Project Y2 (Cecret), a8 "flat-riser”’. Barly in the investigation, Project I
(Secret) «as rejected by the contractor in fuvor of the flat-riser. Project ¥¢
{Secret) design prorposal incorporstes a nuwber cf advance improvements brought
sbout by the utilizeotion of several redical idees in furdamental areas which, as
yet, have not Leen thoroughly investigated. The original prcposal wag essenticlly
for the construction of & very large madinl-flow gas turbine cagine which, when
covered, will form a flying wing with a circular planform, aimilar in appesrance
to a very large discus. The engine is designed to fly “edge-on” to the wind instead
of axially ag i6 the present practice in conventicnal sircraft design. An altervate
versicn for & multi-engine aiveraft 88 shown in Figures 1 and 2 would avold concur-
rent develorment of the alrframe and engine wnile providing the cther esseuntlal

chayacteriztics of the vehicle.
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Fig., 2 Cut Away of Research Aircraft
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The cockpit 18 located at the center of the eircraft with the orientation
of the cockpit determining the fore and after center-line of the aircrafit as well
as the normal direction of forward flight. The airframe, fuel cells, and the gea
turbine power plant encirele the cockpit. (See Figs 3 and b.)

mhig sircraft 18 designed for vertical take-off and lendings while in
the horizontai flight attitude, i.e., a "flateriger”. Since this aircraft rises
vertically from a horizontal positicn, it does not require z landing gear or
auxilliary landing devices., The flat-riser flight take-off technique, the elinmi-
nation of the larding gear and auxilliary landing devices, are brought about oy
the periphersl exhaust waich produces a "powerful ground cushion effect” (rig 5).
This is one of the fundamentals upon which this nev raodilcsl aircraft degign is

based.

Since this airfrume and engine will bave a circular planforn, the outer
perizeter of the aircraft will be the exhaust nozzle of the englne and the thrust
forcea will be used for control of the sireraft. A unified control systou must
be desigmed which will produce the mers aircraft responses irrespective of whetner
the aircratt 1s in hovering, transition, or forward flight. The circular pianforn
rey be modified to accommodate trim flape of scme nature if they are found to be

necessary.

The air intakes erc placed in the inner circle on the upper surface of
the aireraft for verticel take-off while additional esir intakes are imetelled in
the upper and lower forward facing surfaces for forwvard flight.

A multi-engine configuration (Figs 1 and 2) is proposed as a research
vehicle for the purpose of investignting stability and control, perforronce, ete.,
befora development of a multi-engine operstionnl aircraft or radial-flow single-
engine aircrait. This prototype configuration will also investigate certain funda-
ments] areas concerning alrcraft behavior; an example is the ground cushion erfect.

2. Alrfyrave

The cutaway (Fig &) of the research aircreft with the radinl-flow engine
shove the details of the aireraft structure. The center locztion of the fuel cells
ellows for the use of the fuel as a coolant medium against aserodynemic neating Zor
the cockpit. The mechanical engineering details should not present any unsolvable
problema in the airframe design; however, the rotor assexbly and axhsust control
systers are cconaidered mejor problems. The besic atTuctural ribs of the alrfraue
lend themselves readily to masa production eince they are identical. Sixty ribs
ere proposed as the foundation of the airfrome. These ribs are "butted” to the
outer surface of the fuel cells with the inner side of thbe fuel cells couprising
the cockpit opening. For the multli-engine version (Figs 1 and 2) certain englu-
eering problems may arise due to the complexity of centrolling elght engines,
eight fuel systems, eight lubricating systoms, etc.

3. Air Intake

The aircraft, st rest, cosunot use the botiom Zorvard facing air intake,
therefore, “take-off alr 18 supplied through 3C square feet of releaving door ares
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PEYCICAL CEARACTERISTICS

nlh

nadial-Flow Ensxine Afrcraft

Particulars

Weight Dimensions, etc.

Alreyait Gross Take-off Weight

uross wing axea

Spen (* diameter)

Height over canapy

Standard meen chord

Astect mtio

Mean t/c ratio excliuding intoke

Intake bage area

Approximete jet base area in forard flicht
Wing lomding st mean weight of 25,000 1bs
Maximm internal fuel

Toke-of? .hryust/weignt ratio
5L thrust;frontal area
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TABLE IT
VEIGHT BRUARDOLTT

Radigl-riow Enzine Aircraft

Particulars

Aireraft Main Structure
Cockpit well ard fuel tank
Intake structure
Hair structure
Outer wing and exhauster
Halo
Cockpit and canopy
Control shutters
Control systen

Power Plant
Rotor assendly
Stator biades, rlates anf atiachuents
Casbustion systen
Alr bearing assembly

Txtra to structure
Cockpit eguiprent
Radio apd electrics
Fuel system
Air conditioning and oxXyeEen
Higcellaneous

SEECRAPT I WnIGHET
Yispcsable Zoad

crev

ruel

ATPCRAFT GRESS TAKE-CrT LEIGAT

pre]

Ib

696
1,341
2,204
2,950

78

165

L0

ks

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

115
352
e

250

200
7,750

XL

S

Ly

PO e sy

UL

———
- |

Totals

I

532

10,450

1,

065

21,050

T,

2
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in the top intske.” This air 1s exhausted through exhaust nozzle {cuter perimeter)
of the aircruft and is directed dowmmrd (see Figs & and 7). This dovnward election
of the air produces 8 "ground cushior effect”, (see Fig 5} which results in an addi-
tional thrust camponect for teke-off and allows for a ground cushlon to braske the
landing of the aircraft. This effect is present only when the exhaust alr ls dis-
tributed fsor the periphery of the aireraft (flat-rieers). (See Fig 3.)

In forward flight, the air erzters the plenunm chowber through the forward
focinr air intokes Ir both the uprer and lover surfaces of the zircraft. Engiae
exhaust gases are carried around the exheuster duct and cre expelled through the
gnnular aozgle which is located on the upper and lover surfaces necr the periphery,
ard through the beclkward facing nozzlies which are located on both sides of the air-
eratt. (See Fig 9.)

k., Drorulsion Systen

The »ropoesad pover slant for the single-engire research vehicle is bosl
ally a double-sided radial-flow turbodat engire. 1T heart of thic ceogloe is o
very large dispetexr rotor disc which utiligzes campressor air bleed as ,ts only

means of Iubricatlon.

The compressor stators, diffuser, combustion tubes, and turbine nozzle
guide vanes are designed oz ar integral pert of the airframe. The rotating elewent
of the conventional gas turbine engine, namely, the compresseor rotor, counectliyg
shaft and turbine vheel have been rearranged to & disc configurmtion. The com=
presseor rotor blades ave mourted vertically on the inmer dige ring; the turblne
wheel blodes are mounted vertically on the outer dige ring, 2nd the :onneziing dlsc
ring is comparable to the conventioral zennectipg shaft. This disc rotates on o
double-sided air becring mounted between the upper and lover coxbustioa tubecs.

The combustion syetem consipts of flame tubes distributed betueen the
structural ridbs of the sircraft, The engipne pressure is contailned betueen the
outer skin aud the rotor bearing vlates with the latioer structure being nousnted
betwean +he combustion tubes. TFor take-off the intake aixr is brought through the
top intakes o the firet stage of the rotor and is compressed radiclly outward
thrcugh six stoges giving 3 noroal pressure retic of 3 to 1, From the last com-
Fressor gtiage, the eir is diffused and passes through the flaoe tubes, turbizne in-
let E;;icle vaies, tarcugh the turbine wvheel, and then thrcu::_:h the exhimurct nozzlic
whizh 18 the outer rerimeter of the alrerafs. (See Tic 1C. “nv*ug forard Tlicht,
the urver air intaike ducts are closed and the "orwa"d i‘aci*:; oir intzkes a2 OTAYL.
{(Cee T1z 11.)

Due to the radlal flov through the engine, the campressor bleades and turbine
blades are stialght. Therefore, these parts mey de more easlly manufactured than
Pfor +he comwantionsl englae cormressors and turblaes.

The proposed ailr beering supporting the roteting elepent elloinates many of
the preblecs winich are imposed by mechanical type besrings. The large orec of the
beering surfacs, arproximately 100 square feet on both sides, is svailable to sup-
port the weight of the very large turbine rctor. The air supply for the flat bear-

ey

ing cames frow ‘secondary air’ in the cambustion regioci wolle the supply Ior ie

T65-2045 10
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vertical bearing comes froum the rear of the last rotor stage of the campressor.
Exhaust of the beariag air is controlled by a low pressure anmulus and the main
"exhauster’ which utilized this air for sooling the turbire blade rocts. Figures
12 ard 13 ehow grarhically tue £low within the eir becriag.

A grcund supply of campresged aiy applied to air veoring will be used
vhen starting the engine. In stopping the engire, the rotor will grount on self-
lubricating bearing pads. The weterial used in the gelf-lubricating bearing pads
will be cast iron or carbon which will provide gocd dry bearing surfaces on steel.
These peds are not sxrected to suffer excesnive wear or provide unfiue stopplng
torgue on the turbine rotor.

The multi-engine version would utilize numeIous small engines bhaving lov
specific veights to provide the exhaust mses.

5. Control Systems

The aircraft is contrelled by regulaoting shutters Jhich very the auount
of thrust through the annuler nozzles (for piteh ard roll control) and through the
backward facing nogzles for yuow control located on the perirhersl edge. (See Tig
14.) The contractor claims that the use of this "Jet contrcl” st ali times elini-
mates the difficulty sssociated with hinged control surfaces in supersonic flignt.
This statenent on the part of the contractor is based on inttial testing of the
principle and uuch wore datn must be assembied before it can be completely accepted.

A vroposed methed of exnieving jet contrcl utilizes the gso-called 'Coanda
effect”" vhereby a Jet stream is doflected through lasrge angles DY having a curved
aurface in contact with 1is edge at one side. (Cee Fig 15.) Additiorsl investl-
gation into the sechanism required to utilize this eftoct must be accomplished lin
the early phases of this develaopment.

I the nroposed aircraft shrust forces ore used Sor control at all times.
I+ is mendatory to use the thrust force for take-off and novering flight since
theye are no serodynanic forces available due to the lack of forvard movement., In
forwnrd supersoaic flight thrust forces are used in licu of conventiosal hinged-
type coatrols. Sene thought has been giveco 1O the oechanics of the control systou
as can ve seen in Flyg 1lb.

£. Performance

Tae periorrEnce aptimated by the centractor wob paged on rather broad 8BUMP=
ticns ang hea not as yet been iovestipated by a wind tuniel test 2rorrall. {Sec

Table III.)

17 TSS -2044
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TABLE III
CONIRACTOR ESTTMATED PERFORMAIKCL

Redlal-Flow Zngine Alircraft

Without With 1500°X
Faxticulars : Reheat Eahest
haximum level speed mph 1,70 2,300
knota 1,490 2,000
Mach No. 2.6 3.8
Ceiling (Max pover at zsan vt} ft 71,600 £0,600
Time from hoveriag start to
36,090 £t min 1.76 NA
6C,000 £t min 2.66 NA
76,000 £t nin 4.2 HA
Otill air range with allowvences
for takeeoff, cliub, cruise,
descent, and landinyg miles 620 HA
Taks~-off and landing distances - Nil Nii
¥ax hovering alt from take-off . 10,00¢ A
=ax hoveriang alt et oean wt, |
ac,000 1bs 't 16,000 HA

WTE: The gbove estimmte utilizes uet thrusts and 50C which are based on the "sirmuli-
tying assemrticon” - "Flain nogzles and 100 per cent thrust recovery from the

Jot bending.”

T55-20h9 22
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SECTION IX
USAF REZZARCH AND DEVELOPLENT STATUS

A. Pyincival Problerm Areas

Irn tha preceding section we hove presented very briefly the thought iavelved
in A. V., Roe's design proposals for Project Y2 (Secret). The Wright Air Develop-
pent Center has evaluated the detail oroposals and feela that a one-year study
contract which will investigate the following major areas must be accomplished
before any further consideration can be given to a development contract for a
regearch vehicle. These areas are:

a. The air cushlon effect

b. The stability of the multi-engine configuration

¢. Alr inteke and exhaust systems

d. Aircraft performance atability and rcortrel N
e. The radini-flow engine fesaibility.

B. Present Develorment Status

Headquarters USAF directed that Headguarters ARDC would iasue a technical
requirement to pursue lnvestigrtion of this syroject. This resulted in Technicaol
Reguirement No. 3 dated 13 August 195k, which in turn resulted in s cdeveloprent
plan dated 15 Septerber 1954, tten by YADC, Directoraie of Wesapons Systems
Operations, Bocaubardment Adireraft Division, ’»w Development Office. Work oa this
project wvas delayed rending a decision by higher neadquarters. On 2% Decesber 1954
tha arder to proceed uith thia nroject was issued. The proposcd statement of vork
dated 3§ loverber 1754 w11l be incorporsted in & study contrect in the aear future.,
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