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This report presents factual technical data on A. V. Roe, Cansds, Limited,
proposed development, Project Y2 {Secret). This proposal is the second of two
designs which can be clasgified as rodical aircraft designs. The ultimate purpose
of presenting this is two-fold; to correct the distorted picture presented in pre-
vigus releases, both clzssified and unclassified, and tO acquaint the intelligence
commmity with the current state-of-the-grt facts thereby alerting them to any air
intelligence information which my become available indicating Soviet interest in
thip specialized field.

Factual Data

, Several nevs mediume have rublished articles concerning A. V, Roe, Caneds,
Limited, Project Y2 (Secret) which, vhen supplemented by the Dacember Air Intelli-
gence Dizest article, "fhe Flylag Disc”, present an inaccurate plcture of the
proposed project. It was decided that a factual account of this project would be
presented, in the form of a Joint Wright Air Developwent Center - Alr Technical
Intalligence Center study, to the inteiligence agencies to correct sny misglvings
brought sbout by the sbove-mentioned arcicles.

Diacusgion

Tee supject of this rerort deals vith a proposal for a new type alreraft oy
_one of Canada's most yrogressive members of the aircraft industry, AVRO Alrcraft,
‘Limited, a member of the Howker-Siddley Group. Tois project should in oo vay be
associated with sny science fiction or "Flying Saucer” stcries becguse cf its ex-
ternal appearance. The configuration was a result of an engineering investigation
into the solution of 8 particular problem.

An examivation of the AVRO propesal shows that the potential for a very high
performance weapon system exists in the not-too-distant future. Although this
proposal offers the USAF a potentially advanced weapon systen bhaving both verticel
take~0ff and military performance cemabllities, there are nunerous technical prob-
lems vhich muet be solved before a successful development can be realized.

The proposal 1s for the design of © supersonic research aircrsft naving a
circular planform and VIO characteristics. One version provides for the use of
several conventional axial-flow engines, vhile the ultimte aireraft configurntion
utilizes a new radial-flow type engine, Ancther unusual feature of this propeszl
is that the comtrol of the aircraft is accomplished by selective direction of the
exhaust zuses which eliminetes the neceseity of conventional aerocdyramic centrol

surfaces,
Cenclusalons

Teis provosal offers & possible sclution to the USAF requirement for aschileviug
disrersed base operations.
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There appears to be no fundamental reason vhy this proposal], should not ulti- ~.
mately result ir @ weapon system, however there are seversl technicel areas vhich r
mst be investigated before a full-scale development program is initiated. -

The simplicity of airframe construction should alleviate many of the muu=- ;

facturing and logistic problems normally associnted with new sircraft developments.

Rased on the above conclusions, & two-fold intelligence prograc is justifi-
able.

a. The technical information on this project should de followed by
direct lisison betweern WADC and ATIC personnel.

b. A& collection effort should be initiated to determine whether the

Soviet Bloc 18 or has been conducting research efiorts on a similar project, when
this work began, ard the present state of the Soviet development.
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SECTION I
CEARACTERISTICS

A, Rackoround

There is a USAF requirement to develor means of operation from dispersed bases,
This requirement stems from the growing and possibly catastrophic vulnerabllity of
conventional air bases. The sBjor festure of conventional air bases is the rumvay,
which has growm wider, thicker, and longer as zircraft have becone heavier and
faster. The operational necessity of runways leads to concentrations of aircraft
which have become critical targets. The logival approach to dispersed base opera-
tion would then aprear to be toward reducing the length of runweys or to their total
elimingtion. Nurerous schemes have been proposed, investigated, antd some developed
to reduce the take-off distance of aircraft. Among them are water ejlection, after-
burning, and RATC. Dreg chutes and methods of thrust reversal have been developed
for reducing landing requirements. Attempts to eliminesie rummys completely have
resulted in helicopters, convertiplanes and what is imown as VIO alreraft.

There are two general typee of VIO aireraft - "eail-gitters” and "flat-risers”.
A flat-riser takes off in the vertical direction in a normal horizontal flight atud-
tude, vhile the tail.sitter takes off vertically from & pesition vhich is S0 degrees
to 2 normml level horizonial flight attitude. Exnmples of tail-gitiors are the
United States Nevy projects with Lockheed and Convair which utilize a turboprop
pover plant, and the USAF project with Ryen Aeronzutical Corporation utilizing
turbojet power plants. Examples of the flat-riser are the Rolls-Royce "Plying Bed~
stead” and the Bell VIO aircraft. The basic design provlem aspociated with any
aireraft of this type beccmes one of achieving in 2 single vehicle VIO and military
performance capebilities. A possible solution te this problem has been proposed by
A. V. Ree, Cansds, Limited, in the form of their Project Y2 {Secret).

B, Descrirticn of the Proposed Alreraft

1. Gereral Description

™o versions of smmll research VIO saircraft have been desigped by the con=-
tractor, viich, by company designation, are Project Y (Secret), a "tail~sitter”,
and Project Y2 (Secret), & "flsteriser”., Barly in tie investigation, Project X
(Secrat) was rejected by the contractor in faver of the fiat-riser. Project Y2
(Cecret) design propoeal incorporates a mumber of advance improvements brought
sbout by the utilization of several radical idees In furdamental arees wvhich, as
yet, have not Leen thoroughly investigated. The original proposal was essentinlly
for the construction of a very large radial-flow gas turbine cogine vwhich, vhen
covered, will form a flying wing with a circular rlonform, similar in appearance
to a very large discus. The ecglne is designed to f£ly "edge-on” to the wind instead
of axially as is the present practice in conventicnal eircraft design. An alternpata
version for a multi-engine aircraft as shown in Figures 1 and 2 would gvold concure
rent develorment of the airframe and engine vhile providiag the other esgeutlal
characteristics of the vehicle,

T55-20L¢




Fig. | Three-View General Arrangement of Proposed Multi -Engine
Research Aircraft
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The cockpit is located at the center of the aircraft with the orientation
of the cockpit determining the fore and after center-line of the aireraft as well
as the norwal direction of forwvard flight. The sirframe, fuel cells, and the gos
turbine power plant encircle the cockpit. (See Figs 3 and b.)

"hig aireraft is desigred for verticel take-off and lendinge while in
the horizontai flight attitude, i.e., 8 "flat-riser”. Since this aircraft rises
vertically from e horizontal position, it does not require a landing gear or
auxilliary landing devices. Toe flat-riser flight take-off technique, the elini-
nation of the larding gesr and auxilliary landing devices, are brought about by
the peripherml exhmust which produces a "powerful ground cushion effect” (Fig 5).
This is one of the fundamentals upon which this new rodical sircraft design 1s
based. ’ :

Since this airfreme and engine will bave & circular planforn, the outer
perimpter of the airersft will be the exhsust nozzle of the engine and the thrust
forces will be used for control of the aircraft. A unified control system must
be designed which will produce the seme aircraft responees irrecpective of wvhether
the aircrart 1s in hovering, trensition, or forverd flight. The ciyrcular planforn
my be modified to accommodate trim flaps of scme nature if they are found to be
NEeCessary.

The air intakes are placed in the inner circle on the upper eurface of
the aircraft for verticel take-off vhile additional eir intakes are thstolled in
the uprer and lower forwvard facing surfaces for forvard flight.

A multi-engine configuration (Figs 1 and 2) is provosed as a research
vehicle for the purpose of investigating stability and conirol, perforrmnce, ete.,
before develovment of a multi-engine operatiomnl aircraft or radial-flow slpgle-
engine aircraft. Thie prototype configuration will also investigate certain funda-
mental areas concerning aircraft behavior; an example 18 the ground cushion effect.

2. Afrfrave

The cutaway (Fig 4) of the research aireraft with the radial-flow engine
showe the details of the aircraft structure. ‘The centar location of the fuel cells
alloss for the use of the fuel as a coolant medium against serodymanic neating for
the cockpit. The mechsnical engineering details should not present any unsolvable
problena in the airframe design; however, the rotor agsembly and exhrust control
systens are considered mjor problems. The basic structural ribs of the airfrooe
lend themselves readily to rmss production since they are identical., Sixty ribs
are proposed as the foundation of the airframe. These ribe are "butved" to the
outer surface of the fuel cells with the inner side of the fuel cells comprising
the cockpit opening. For the multi-engioe verscion (Figs 1 and 2) certain englu-
eering preblems ey arise due to the camplexity of coatrolling eight engipes,
eight fuel systems, eight lubricating systems, etc. .

3. Air Intake

The aircraft, st rest, cannot use the bottom forvord facing air intake,
therefore, "toke-off air 18 supplied through 3C square feet of releeving door area

T55-20h5 b
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TAQTE T

PHYCICAL CHARACTERIGTICS

Aedinl-Mow Epzine Aircraft

Farticulars

Weight Bimengions, ete.
Alreyvait Gross Take-0ff YWelght
cross wving area
Span (= diazeter)
Height over conopy
Standard msan choxd
Asrect ratio
Mean t/c ratio excliuding intake
Intake base ares

Aprroximate jet base area in forard flicht

Wing loading 8t mean weight of 26,000 1bs
Maximm internal fuel

Take-off .hrust/weigat ratio
SLE thrust;frontil area

755 «2049 “
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TABLE IT

WEIGHT BREAKDO.T

UK CLASSIFIED

Radizl-Flow gggine Alreraft

Payticulara

Aircraft lain Structure
Coclipit well and fuel tank
Intake structure

Main structure

Outer ving and exhauster
Balo

Cockpit and cancpy
Control shutters

Control systen

Pover Plant

Rotor assenbly

Stator blades, plates and atiachnents
Cambustion systen

Alr besring assemdly

Zxtya to structure

Cockplt egquipment

Radio and electrics

Fuel systes

Air conditioning and oxygen
Hiscellansous

LITCRAPT Z5TY WEIGET

Zisposable Load

ey
Tuel

ATRCRAFT GRCSSE TAKZCFF VEILAT

Ib Totals
9,532

10,450
5,750
2,120
1,180
1,500

1,065

3?2
250
Sy

21,050

7,990
200
7,750

29,80



in the top intake.” This air is exhausted through exhaust nozzle (outer perimeter)
of the aircraft and is directed dowmward (see Figs © and 7). This dovovard ejection
of the air produces a "ground cushior effect”, (see Fiz 5) which results in an addi-
tional thrust camponect for teke-off and allows for & ground cushion to brake the
lending of the aircraft. This effect is present only when the exhaust 3ir ls dis-
tributed from the periphery of the aircraft (flat-risers). (See Fig 2.)

In forwayd flight, the air erters the plemum chacber through the forward
fecing air irtekes ln both the upper and lower surfaces of the sircraft. Engine
exhaust gases are carried around the exheuster duct arnd cre expelled through the
anzular zozzle vhich 18 located on the upper and lowver surfaces aenr the periphery,
ard through the beckward facing nozzles which are located on both sides of the air-

eraft. (See Mg 9.)
b, DTrosulsion Systen

The proposed pover mlont for the single-eugirc research vehicle is baslcs
ally o Qouble-sided redial-flow turbodet engine. The heart of thie exngine 15 a
very large dispeter rotor disc vhich utilizes coxzpressor alr bleed asg Iits only
means of lubricationm.

The compresscr stators, diffuser, combustiorn tubes, and turbine nozzle
guide vanes ere designed oz av intagraol part of the ailrframe. The rotating element
of the conventional gas turbine engine, namely, the compreasor rotcr, counccting
shnft and turbine vheel hove been rearranged to & disc configwmtioa. The ccome-
presscor rotor blades are mounted vertically on the immer disc ring; the turbine
wheel blodes arc mounted vertically on the outer disc ring, 2nd the conrecting dlsc
ring i comparable to the conventional connecting shaft. Thiz dise rotates on 2
double-gided air besring mounted between the upmer 2nd lower ccorbustion tubes,

The coubustion system consiste of flame tubes dlstributed between the
structural ribs of the aireraft. The engine rressure is coataired betiveen the
guter skin» and the rotor bearing plates with the latter structure being ounted
between the combusticn tubes. For take-off the intake air is brought through the
top intakes to the firet stoge of the rotor and is compressed radiclly outward
through gix stages giving a norcal preasure ratic of 3 to 1. From the last come
pressor stage, the eir is diffused and pagses through the fleme tubes, turbize Iin-
let zuide va:ies, through the turbine vheel, and then through the exhavct comzic
whizh 13 the suter verimeter of the ailrzrart, {See Tir 1C.) During formar? flishe,
1(:.‘19 apper air intake ducts are closed and the Porward facing cir intakes are open.

See Figz 11.)

Thue to the radlal flov through the ensine, the ccampressor bledes and turbine
blades are stralght. Therefore, these parts may be uore easily manufsctured than
for the coaventional engine cormressors and turbines.

e proposed air beering supporting the rotating elepent eliminates wany of
the problems waich are imposed by mechanicel type beerings. The large crec of the
bearing surface, approximately 100 square feet on both sides, is swaiiable to Bur-
port the veight of the very large turbine rotcr. The air supply for the flat bear-
ing comes frow 'secondary air” iu tuwe cambustion region while the supply Ior thw
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vertieal bearing comes from the rear of the lmat rotor stage of the capressoT.
Exheust of the bearing air is controlled by a low pressure annulus and the min
"exhauster” which utilized this air for cooling the turbire blade rocts. Flgures
12 ard 13 show gmphically the flow withia the eir bezring.

A ground supply of campressed aiy applied to air bearizg will bo used
when starting the engine. In stopping the engine, the rotor will ground on self-
lubricating besring peds. The materisl used in the gelf-~lubricating bearing pads
vill be cest iron or carbon which will provide gocd dry bearing surfaces on steel.
These peds are not expected to suffer excessive wear or provide undue sicoplng
torgque on the turbine rotor.

The multi-engine version would utilize mumerocus small englines baving lov
specific velghts to provide the exhaust gases.

5. Control Systems

The aircraft is contrelled by regulating shutters wvhicn vary tlie amount
of thrust through the annular nozgzles (for pitch ard roll control) 2nd through the
backward facing nogzles for yaw control locsted on the peripher=l edge. (See Tig
14.} The contractor claims thst the use of this "jJet contrcl” at all times ellwmi-
nates the difficulty associeted with hinged corntrol surfaces in supersonic flignt.
This gtatement on the pert of the contractor is besed on initinl testing of the
principle and uuch more data must be assembled before it can be completely accepted.

A proposed method of achieving Jet contrel utilizes the so-called "Coande
effect” wvhereby & Jet stream is deflected through isrge angles by having a curved
aurface in contact with its edge at one side. (Cee Fig 15.) Additiorsl iovesti-
gation into the mechanism required to utilize this effect must be accosmplished in
the early phsses of this development.

In the proposed aircraft thrust forces are used for control at all times,
I+ 1s manietory to use the thrust force for take-off and hovering fYight since
there are no serodynamic forces avallable due to the lack of forward moverment. In
forvard supersonic flignt thrust forces are used in lieu of conventioznal hinged-
type ccatrols. Some thought has been given to the mechaaics of the control systew
as can be see: in Fiy lb.

C. Performnce

The perforrgnce estimated by the contrmetor wae based on rather broad assurpe-
tions and bas not as yet been investigated by a wind tumnel test program, (See
Table III.)

17 TS5 2040 |
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-Section Showing Bearing Airflow
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SECTION II

UHCLASSIFIED

USAF RESCARCH AND DEVELOTHMENT STATUS

A, Prircipal Probler Areas

In the 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-
ment Center has evaluated the detail proposals and feels that a one-year study
contract which will investigante the following major sress must be accomplished
before any further consideration can be glven to a development contraet for a
regearch vehicle. These arees are:

a. The air cushion effect

b. The stability of the multi-engine configuration

c. Alr intske and exhaust systems

d. Ajircrafi performance stability acd cortrol .
e. The radini-fiow engine feesibility,

B. Pregent Develorment Statua

Headgquarters BAF directed that Headguarters ARDC would issue a technical
requirement to pursuve investigation of this zroject. This resulied in Technieal
Requirement lio. 3 dated 13 August 195k, which in $urn resulted in a development
plan dated 15 Septembar 1954, writien by WADC, Directorate of Wespons Systems
Operations, Bocbardment Alreraft Division, lew Developoent Office. Work on this
rroject vas delayed vending a decision by higher hesdquerters. Oa 29 December 1954
the order to proceed vith this project wes issued. The proposed ctatewment of work
dated 8B lovembar 1754 will be incorporsted in & study controet in the aear future,

23 : . . s Es-mg
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TABLE III
CONIRACTCOR ESTIMATED PERFCRMALCE

Radisl-rlow En_g:l.ne Alrcraft

Hithout With 1500°K
Paxrticulars : Reheat Rehest
laximup level speed mph 1,720 T 2,300
knots 1,460 2,000
Mach No. 2.6 348
Ceiling (Hax pover st msan wi) ft ‘71,600 £0,600
Time from hoveriag start to :
36,090 £+ min 1.76 NA
60,000 ft min 2.66 HA
70,000 £t min 4.2 HA
Ut111 air range wita allowences
for take«off, cliub, cruise,
descent, and lacding niles 6230 HA
Take-off and landing distances - Hil Ni1
Max hovering alt from takee-off b g 4 10,000 R
xax hovering alt at nmean wt, -
26,000 1ba e - 16,000 HA

WTIE: The asbove estizate utllizes zet thrusis and 57°C which ars based on the "sirpli-
fying assemption” - "Flain nozzles and 100 per cent thrust recovery from the
Jot bending.”

T5-20k9 22
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