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SUMMARY

Purpose

This report presents factual technical data on A. V. Roe, Canads, Limited,

proposed development, Project Y2 (Secret). This proposal is the second of two

designs which can be classified as radical aircraft desims. The ultimite purrose

of presenting this is two-fold; to correct the distorted picture presented in 
pre-

viaus releases, both classified and unclassified, and to acquaint the intelligence

community vith the current state-of-the-srt facts thereby alerting then to any air

intelligence information which may become available indicating Soviet interest in

thie specialized field.

Factual Dats

Several neva mediums have published articles conceraing A. V. Ree, Canada,
limited, Project Y2 (Secret) vhich, when supplewented by the December Air Intelli-
gence Disest article, "The Flying Disc", present an inaccurate picture of the

proposed project. It waa decided that a factual account of this project would be

presented, in the form of a joint Wright Air Development center - Air Technical

Intelligence Center study, to the intelligence agencies to correct any miegivings

brought about by the above-mentioned arvicles.

Discussion

The subject of this rerort deals with a proposal for 4 new type aircraft by

_one of Canada's wost progreseive senbers of the aircraft industry, AVRO Aircraft,

Limited, a member of the Havker-Siddley Group. This project should in no way be

aasoctatea vith any actence fiction or "Flying Saucer” stcries because or i
ta ex

ternal appearance. The configuration was a result of an engineering investigati

into the solution of a particular problem.

3

Au examination of the AVRO proposal shows that the potential for a very high
yerformince weapon system existe in the not-too-distant future. Although this

proposal offers the USAF a notentially advanced weapon system naving both vertica
l

take-off and military performance capabilities, there are numerous technical rrob
-

jens wiich must be aolved before a successful development cen be realized.

The proposal is for the design of a supersonic research aircraft paving a

circular planform and VIO characteristica. One version provides for the use of

several conventional axial-flow engines, while the ultimte aircraft configuretios

utilizes a new redial-flow type engine. Another unusual feature of this proposal

ja that the control of the aircraft is accomplished by selective direction of the

exhaust gases vhich eliminates the receseity of conventional aeredysaric control

surfaces.

Conclusions

This proposal offers e possible solution to the USAF requirevent for acnieving

dispersed base cperations.
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sal should not ulti-fundamental reason why this propo
bnicel areas which» however there are several tec

Ll-seale development program is initiated.
There appears to be no

mately result in & weapon systen
must be investigeted before a fu.

alleviate mny of the mau-The simplicity of airframe construction should with new airereft developments.facturing and logistic problems normily associated

Based on the above conclusions, a two-fold intelligence program is 
dustifi-

able.

a. The technical information on this project should be followed
 by

@irect liaison between WADC and ATIC personnel.

>. A collection effort should be initiated to determine whether the
Soviet Bloc is or has been conduc

this work vegan, and the present atate of the
ting researc efforts on & aimilar project, w

hen

Soviet development.
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SECTION I

CHARACTERISTICS

A. Background

There is a USAF requirement to develop means of operation from dispersed bases.

This requirement stems frog the growing and possibly eatastrophic vulnerability of

conventional air bases. The mJjor feature of conventional air bases ia the runyay,

vhich has grow wider, thicker, and longer as aircraft have becone heavier and

faster. Tho operational necessity of runvays leads to concentrations of aircraft

which have become critical targete. The logical approach to dispersed base opera~

tion would then appear to be toward reducing the length of runways or to their total

elimination. Numerous schemes have been proposed, investigated, snc some developed
to reduce the take-off distance of aircraft. ‘mong them are water ejection, after-
burning, and RATG. Drag chutes and methods of thrust reversal have beer developed

for reducing landing requirements. Atterpts to eliminste rumvays completely have

resulted in helicovters, convertiplanes and what is imown a8 vPo aircraft.

There are two general types of VIO aircraft - "tail-sitters" and “flat-risers”.

A flat-riser takes off in the vertical direction in a normal horizontal flight etti-

tude, while the tail-sitter takes off vertically from a position which ie SO degrees

to a normal level horizontal flight attitude. Examples of tail-sitters are the

United States Navy projects with Lockheed and Convair which utilize a turboprop

pover plant, and the USAF project with Ryan jeronautical Corporation utilizing

turbojet pover planta. Examples of the flat-riser are the Rolls-Royce "Flying Sed-

gtead” and the Bell VT aircraft, The basic design provlem associated with any

airezaft of this type becomes one of achieving in 2 single vehicle VIO end military

performince capabilities. A possible solution to this problem has been proposed by

A. V. Ree, conada, Limited, in the form of their Project ¥2 (Secret).

a. Description of she Proposed Aircraft

l. General Description

"9 versions of small research VTO aircraft have been designed by the con-

tractor, waich, by company designation, are Project Y (Secret), a “tail-sitter’,

and Project Ye (Ceeret), @ "Slat-riser”. Early in the investigation, Project 7

(Secret) «as rejected by the contractor in favor of the flat-riser. Project Ye

{fecret) design proposal incorporates a nunber of advance improvenents brongrt

about by the utilization of several redical ideas In fundamental areas which, as

yet, have not been thoroughly investigated. The original proposal was essenticlly

for the conatruction of a very large radial-flow gas turbine cagine which, when

covered, will form a flying wing with a circular plantorm, sinilar in appearsnc
e

to a very large discua. The engine is Gesigned to fly “edge-on” to the wind instead

of axialiy as is the present practice in conventional aircraft design. An alternate

version for a multi-engine aircraft as shown in Figures 1 and 2 would avold concur-

rent develorment of the airframe and engine vhile providing the other esse.tial

characteristics of the vehicle.

z 755-29
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The cockpit is located at the center of the aircraft with the orientation

of the cockpit detexymining the fore and after center-line of the aireraft as weil

as the nerzal direction of forward flight. The airframe, fuel cells, and the gas

turbine power plant encircle the cockpit. (See Figs 3 and 4.)

nis aircraft 16 designed for vertical take-off and lendings while in

the horizontal flight attitude, 1.e., a "flateriser”. Since this aircraft rises

vertically from a horizontal position, it does not require @ landing gear or

aucilliary landing devices. The flat-riser flight take-off technique, the eliri-

nation of the lending gear and auxilliory landing devices, are brought about by

the peripheral exhaust waich produces a "powerful ground cushion effect” (Fig 5).
This is one of the fundamentals upon which this new radical aircraft design: is

based.

Since thig airfrume and engine will bave a circular planforn, tne outer

perimeter of the aircraft will be the exhaust nozzle or the engine and the thrust

forces will be ueed for control of the aircraft. A unified control systen wust

pe designed which will produce the sare aircraft responses irrespective of whether

the aircratt is in hovering, transition, or forward Plight. The circular planforn

may be modified to accommodate trim flaps of some aature if they are foun) to be

necessary.

The air intakes are placed in the inner circle on the apper surface of

the aireraft for vertical take-off vhile additional air intakes are instolled in

the upper and lower forvard facing surfaces for forward flight.

A milti-engine configuration (figs 1 and 2) is provosed as a research

vehicle for the purpose of investigating stability and control, performance, etc.,

before development of a multi-engine cperational aircraft or radial-flow single-

engine aircraft. This prototype vonfiguration will also investigate certain funda-

mental areas concerning aircraft behavior; an example is the ground eushion erfect.

2, Airfrane

The cutaway (Fig 4) of the research aircraft with the radial-flow engine

shove the details of the aircraft structure. ‘he center location of the fuel cells

ellovs for the use of the fuel as a coolant medium against aerodynamic neating for

the cockpit. The mechanical engineering details should not present any unsolvable
problema in the airframe design; however, the rotor assembly and axhaust control

systera are considered major problems. The basic structural ribs of the airfraue

lend themselves readily to masa production since they are identical, Sixty ribs

ere proposed as the foundation of the airframe. These ribs are “butced” to the

outer surface of the fuel cells vith the inner side of the fuel cells couwprising

the cockpit opening. For the muiti-engine version (Figa 1 and 2) certain engi.-

eering problems my arise due to the complexity of controlling eight engines,

eight fuel eystens, eight lubricating systems, etc.

3. Air Intake

The aircrart, st rest, cannot use the bottom forvard facing air intake,

therefore, “take-off air 1s suyplied through JC square feet of yeleaving door area

TS5-c04S 4
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TAatr I

ONC

PHYCICAL CHARACTERISTICS

Hadial-Tlow Engine Aircraft

Particulars

Weight Dimensions, etc.

Alrerart Gross Take-off Weight

Gross wing area

Span (# diameter)
Height over canopy

Standard mean chord

Aspect ratio

Mean ¢/c ratio excluding intake

Intake base area

Approxsimate jet base area in forward flight

Wing loading at mean veight of 2,000 Lbs
Maximm internal fuel

foke-of? -hrust/veight ratio

SLS thrust, frontal area
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TABLE IT

VEIGHT BROAKDO‘TT

Radial-Fiow Engine Aircraft

Particulars

Aircraft tmin Structure

Cockpit vell and fuel tank
Intake structure

usin structure

Outer wing and exhauster

Halo

Cockpit and canopy

Control shutters

Control systen

Power Plant

Retor assembly

Stator blades, plates ané attachuents

Coxbustion system

Air bearing assembly

Extra to structure

Secknit equipnert

Radio and electrics

Puel systea

Air conditioning and oxygen

Migce Llaneous

‘IPCHAPT INDYY .<2rode

Disposable Load

cre:

Tuel

ATECRAFT GOSS TAKE-OFF WETGAT

r
e
}

Lb

696
1,341

2,904

2,9
782

165
io

2uS

5,750
2,120

1,iS%

1,300

Le

352
ooh

250

U0

T,7Su

Totals

9,932

10,450

1,065

21,05e

7,999

29 wu



SR ecassiriy
in the top intske.” This air is exhausted through exhaust nozzle (outer perimeter)
of the aircraft and is directed dowmerd (see Figs 6 and 7). This downvard ejection

of the air produces a "ground cushior effect”, (see Fig 5) which results in 
an addi-

tional thrust componest for take-off and allows for a ground cushion to brake the

landing of the aircraft. This effect is present only when the exhaust air is dis~-

tributed fran the periphery of the aircraft (flat-rigers). (See Fig 3.)

In forward flight, the air extera the plenum chowber through the forvard

fecing air intakes In both the upper and lever surfaces of the aircraft. Engiac

exhaust gases are carried around the exheuster duct and are expelled through the

annular nozgle vhich is located on the upper and lover surfaces Acar the periphery,

ard through the beckward facing nogzies which are located on poth sides of the oi
r-

craft. (fee Tig 9.)

4. Dropiision System

The sropesead pover rlant for the si:cle-engire research vehicle is barice

ally a double-sided redisieflev turbojet engire. Uke heart of thie engine isa

very large dlisneter rotor disc which utilizes cavyreasor air bleed as its ovly

means of lubrication.

The compressor stators, diffuser, combustion tubes, and turbine nozzle

guide vanes are designed as ar intagral part of the airframe. The rotating element
of the ronventional gas turbine engine, namely, the compressor rotor, connecti

ng

shaft and turbine wheel have been rearranged to e disc configuration. The com

pressor rotor blader are mounted vertically on the inner dise ring; the turb
ine

wheel blades are mounted vertically on the outer dise ring, and the :omnecting disc

ring is comparsble to the sonventioral tennecting shaft. This disc rotates on 3

double-sided air bearing mounted between the upper end lover sombustioa tubes.

The combustion system consists of flame tubes distributed betveen the

atructurel ribs of the aircraft. The engine pressure 18 contained betveen the

outer skip and the rotor bearing plates with the latter structure being nounted
petwaen the combustion tubes. For take-off the intake air is ‘prought through the

top intakes to the first stage of the rotor and is compressed radially outward

through six stages giving 2 formal pressure ratic of 3 to 1. From the last com-
eir is diffueed and passes through the flane tubes, turbine ine

through the exucuct comziu

, ig the outer perimeter of the aircraft. (See Fic 1c.) During forvara

upper air intawe ducts are ciosed and the Yorward facing sir intakes are

(fee Pig 11.)

pressor stage, the

let guide va.es, tnrough the turbine wheel, and th

Tue to the radial floy through the enzine, the compressor pbledes and turbine

blades are straight. Therefore, these parts my .e sore easily oanufsetured thas

for the cowention#1 engine compressors and turbines.

The proposed air beering aupporting the roteting elenent elininates uany of

tee problecs vuich are imposed by mechanical type veerings. The large orec of the

pearing surface, approximately 100 square fest on both sides, is svailable to 
sup-

port the veight of the very large turbine rotor. The air supply for the flat bear-

ing comes fro, ‘secondary air” ia the combustion region while the suptly for t
12

P55 ~204G 10
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vertical bearing comes from the rear of the last rotor stage of the campr
essor.

Exhavat of the bearing air is controlled by a Low pressure annulus and the min

“oypnuster” vhich utilized this air for cooling the turbine blade rocts. Figures

12 and 13 show grarhically tue flow within the air beariag.

A greund supply of compressed air applied to air bearizg will be used
when starting the engine. In atepping the engine, the roter will grounf on self-

lubricating bearing pads. The material used in the self-lubricating bearing pads
will be cast iron or carbon which vill provide good dry bearing surfaces on steel.

abt

These pads are not expected to suffer excessive scar or provide unaue stopping

torque on the turbine rotor.

The multi-engine version would utilize nuzcrous small engines baving low

specific weights to provide the exhaust cuses.

5. Control Systems

Te aircreft is cortrelled by regulating shutters whicn very the anount

of thriat chrough the anmeler nozgles (for pitch ard roll control) and through the

backward facing nogzles for yaw control located on the perirherel edge. (See Tit
14.) The contractor claims that the use of this ‘Jet contrel" at all times elini-

nates the difficulty sesociated with hinged control surfaces in supersonic flight.

This atatenent on the part of the contractor is based on initial testing of the

principle and «such wore data must be assembled before it can be completely accepted.

A proposed method of achieving jet control utilizes the so-called “Coanda

effect" whereby a jet atream is deflected through large angles by baving a curved

aurface in contact with its edge at one side. (See Fig 15.) Additional investl-

gation into the mechanism required to utilize this effect must be accomplished in

the early phases of this, development.

Ig the proposed aircraft -brust forces cre used for vontrol at all times.

It is mandatory to use the thrust force for tave-off and novering flight since

there are no aerodynamic forces available due to the lack of forward movement. In

forvard supersooic flight thrust forces are used in Lieu of conventioaal hinged-

type controls. Some thought has been gived to the aecha.ics of the control systeu

ag can be seen ir Fig lb.

C. Perfomance

The performance eatimated by the contractor wos based on ratner broad assusp-

tions and hus not ag yet been investigated by a wind tunnel test provran. (See
Table III.)

-6 TSS -AUO
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TABLE III

COMERACTOR ESTIMATED PERFORMANCE

Radial-flow Engine Aircraft

without With 1500°K

Particulars Reheat Reheat

Haxioun level apeed ph L,T& 2,300
knota 1,490 2,000

Mach No. 2.6 3.4e

Ceiling (Max power at mean wt) ft 71,600 & ,600

Time from hoverlag start to

36,090 Ft min 1.76 NA
60,000 ft min 2.66 BA
70,000 ft pin 4.2 HA

Still air range wita allovences

for take-off, cliuib, cruise,

@escent, and lacdiag oiles 6a ak

Take-off and landing distances - Nail Nil

Max hovering alt from take-off ft 10,000 NA

wax hovering alt at oean vt,

26,000 lbs ft 16,000 uA

NOTE: The above estimate utilizes uet thruats and STO which are based on the "sicvli-
fying assemption” - "Flain nogtzles and 100 per cent thrust recovery from the

jot bending.”
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SECTION II

USAP RESZARCH AND DEVELOP ENT STATUS

A. Pyiscipal Problem Areas

In tha preceding section we have presented very briefly the thount inyelved
in A. ¥. Roe's design proposals for Project Ya (Secret). The Wright Air Develop-
pent Center has evaluated the detail proposals and feels that a one-year gtudy
contract which vill investigate the following sajor areas omuat be accomplish

ed

pefore any further consideration can be given to a development contract for a

ygesearch vehicle. These areas ara:

a. The air cushion effect

b. The stability of the multi-engine configuration

c. Aly intake and exhaust systens

a. Aireraft performance stability end control .

e@. The radiai-flow engine feeaibility.

Be Present Develomment Status

Headquarters USAF directed that Headquarters ARDC vould lasue a techaical

requirement to pursue investigation of this sroject. This resulted in Technical

Requirement No. 3 dated 13 August 1954, which in turn resulted in a deve loprent
plan dated 15 Septenber 1954, written by VADC, Directorate of “expons Systens
Operations, Boubardment Aircreft Division, “ew Development Office. work ou this

project was delayed pending a Aecision by higher neadquerters. On 2% Deceaber 1954
the order to proceed vith thia project wis iesued. Te proposed statenent of vork

dated 8 November 1954 vill be incorporated in e study vontract in the sear Suture.
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