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SUMMARY

Purpose

This report presents factual technical date on A. V. Roe, Canads, Limited,
proposad development, Project Y2 (Secret}. This proposal i the second of two
designs wnich can be clasaified as Tudical airceraft desipns. The ultimate purpose
of presenting this is two-fold; to correct the distorted pilcture presented in pre-
vicus releases, both classified and unclassified, ard to acquaint the Intelligence
cozmmunity with the current state-of-the-srt facts thereby alerting then to any alr
intelligence information wvhich may becowe available indicating Soviet interest in

this specialized field.

Factual Data

Severnl nevs mediums have published articles conceraing A. V. Rce, Tanade,
Limited, Project Y2 {Sacret) which, vhen supplewented by the December alr Intelli-
gence Dipest article, "The Flying Disc”, present an inaccurate plciure of the
proposed project. It wes decided that a fectual account of thig prolect would be
presented, in the form of a joint Wright Air Development Jenter ~ Alr Technical
Intelligence center study, to the intelligence agencies to correct any mieglvings
brought about by the above-mentioned arcicles.

DHacusgion

The supject of this rerort deals with e propogal for a new type alircraft by
_one of Canamda's wmost progreselve xenbers of the aircraft industry, AVRO Alircrafi,
Limited, s member of the Havwkxer-Uiddley Group. Tais project should 1n no way be
associated with any science fiction or "Flying Saucer” stcries becpuse of ita ex-
ternal appesrance. The configuration was a result of an engineering iovestigation

into the solution of a particular problem.

An examination of the AVRO propesal ghows that the potentiel for a very high
performance weapon system existe in the not-too-distant future. Although this
proposal offers the USAF a rotentially advanced weapon system having both verilical
take-0rf and nilitary performance cepabilities, there are numerous technical rrov-
1enms wiich must be solved hefore a successful development cen be reslized.

The proposal is for the design of a supersonic research aircraft baving; a
circular planform and VIO characteristics. One version provides for the use of
severnl conventional axinl-flow engines, while the uitimate aircraft configurction
uytilizes a new radial-flow type engine. Anocther unusual festure of this proposzl
{8 that the control of the aircraft is accomplished by selective dircciion of the
exhaust zases vhich eliminetes the aeceseity of conventionnl aerodynaric centrol

surfaces.

Conclusions

This prorosal offers & roBeible solution to the USAY requirewent for acnleving
discersed base cperations.
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propesal should not ultie-

There appears to be no fundawmentsl reason why this
eal areas which

mately result ir & weapon systen, hovever there are geveral techbni
mist be investigeted before a full-scale development program is initinted.

alleviaste mny of the mmRuu-

The aimplicity of airframe coenstruction should
with new aircraft davelcpments.

facturing amd loglsetic problens norrally agsociated

Based on the above conclusions, 8 two-fold {atelligence progran is Justifi-

abla.
a. The technical information on this oroject should be followed by
direct lisison batween VADC and TIC persopnal.

rt should be initiated to determine whether the
v efforts on o similaxr project, waen
t.

b. A collection effo

soviet Bloc 16 or bas been conducting resesrc
this wori vegan, and the present atate of the Saviet developpen
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SECTION 1

CHARACTERISTICS

A. Bacggzgund

There 1s a USAF requirement to develop means of operation from dispersed bases.
This requirement stems froo the growving and rossibly satastrophic vulnerability of
conventinnal air bases. The mJjor feature of conventional air basges is the runway,
vhich hea grown vider, thicker, and loager as aircraft hsve becore heavier and
faster. The operational necessity of runways leads to concenirztions of aircrafc
which have become critical targets. The logival approach to dispersed base opera-
tion would then appear to be toward reducing the length of yunweys or Yo thelr total
elimingtion. JNumerous schemes bave been proposed, investigated, snd some developed
to reduce the take-off distaxnce of aireraft. Among them are water eJection, after-
burning, asd RATC. Drag chutes and methods of thrust reversal have been developed
for reduciig landing requirements. Attempts to eliminste rumvays cormpletely have
resultad in heliceonters, comvertiplanes and what is known a8 V0 gireraft.

Therc are two general types of VIO aireraft - "tail-gitters” and “flat-risers’.
A flat-riger takes off in the vertical direction in a norzal horizontal flight etti-
tude, vhile the tail-sitter takes off vertically from a position which 18 S0 degrees
to 2 rorml level horizontal flight attitude, Exnmples of tall-sitiexrs are the
United States “avy projacts with Lockheed and Conveir which utilize 8 turboprop
pover plant, and the USAF project ~ith Ryan Aeronautical Corporation utilizing
turbojet power plants. ZIxamples of the flat-riser are the Rolls-Royce "Flying Sed-
gtoad” asd the Dell VIO aircraft. The basic design provlem associated with any
aircraft of this type becomes one of achieving in 2 single vehizcle VIV and military
performance capabilities. A posoible golution to tois problem has been proposed by
A. V. Ree, janads, Limited, in the form of their Project Y2 {Secret).

B, Descrirticn of the “roposed Alrcraft

1. Gereral Description

m.o versiors of small research VIO gircraft have been desigred by the con=-
tractor, wbich, by compeny designation, are Project ¥ {Secret}, a "tall-sliter ,
and Project Y2 (lecret), 8 "flat-riser”’. Eerly ia the investigation, Project I
(Secret) was rejected by the contractor in fuver of the flat-riser. Project Yo
{fecret) design proposal Lncorporates & nusber of advance impravements brought
about by the utillzotion of several redicel idees In furdapental areass which, as
yet, have not beeu thoroughly investigated. The original prcposal was essenticlly
for the conatruction of & very large radial-flow gas turbine eagine which, wheu
covered, will form a Ilying wing with a circular plonform, aimilar in appearsnce
to & very large discus. The eugine is designed to fly “adge-on” 40 the wind instead
of axia’ly ags ip the present practice in conventicnal sircraft design. Aa alterocate
version for s multi-engine aircraft as shown in Figures 1 and 2 would avold concur-
rent develorwent of the airframe and engine while providing the cther esse.ntlal
characteristics of the vehicle.

1 TE5 =2 4G
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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
a8 the normal direction of forward flight. The airframe, fuel cells, and the gms
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 elini-
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 acconmodate trim flape of scme nature if they are found to be

necessary.

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

A multi-engine configuration (Tigs 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
shovs the details of the aircraft structure. The center location of the fuel cells
ellows for the use of the fuel as a coolant medium against serodynemic 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 thewselves readily to mmsa production since they are identical. Sixty ribs
ere proposed as the foundation of the airfrome. These ribs are "but ced” to the
outer surface of the fuel cells with the inner side of tbe fuel cells couprising
the cockwnit opening. TFor 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 is supplied through 3C square feet of releaving door ares
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TAQIE 1
PEYCICAL CHARACTERISTICS

Aadial-Tlow Enoing Alrcraft

Particulars Velues

Welzht Dimensionas, etc.
Alveraft Grosg Toke~off Welght ib 2G ,JC0
(ross wving area ag £t 670
Span (* diameter) Pt 2.2
Height over eanopy It 3.75
Standard meen chord £t 23.C
Aspect ratio - 1.27
Mean ¢/c ratio exciuding intole - G.05
Intake base arca eq Tt 20,9
Aprroximete jet base ares in forsard flight 8q £& 0.0
Jing lomding 8t wmean welght of 26,000 1bs tb/eq £t 35.3
Maximm internal fuel om =l 050

L45. £pl 1,180

Takewoff .hrust/weigint ratio - 1.73
SL5 thrust, frontal area 1b/ag £t o
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Radial-Ffiow Engine Airceyaft

Particulars

Aireraft lmin Structure
Cockpit well and fuel tank
Intaks structure
Main structure
Outer wing and exhauster
Halo
Cockpit and canopy
Contrel shutters
Control systen

Power Plant
Rotor asserbly
fitator blsdes, pletes and attachnenls
Cambustion systen
Air bearing assemoly

Txtra $to gtructure
Sockpit egquiprent
Radio apd electrics
Fuel systea
Air conditioning and oxygen
H“igcellaneous

‘ITCUAPT TINTY COICHY
Jisposable oad

oree:

ruel

ATPCRAIT GLOSS TAKE-CFT WEIGHY

w0

Ib

696
1,341
2,704
2,950

75

165

Lo

oLG

5,750
2,120
1,150
1,500

11
352
Jy

250

S
1,750

Totals

9,532

10,450

1,060

21,050

Ta0%0
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{n the top intske.” Tuis air 1s exhausted through exhaust nozzle {cuter perimeter)
of the aivcraft and is directed dowmmrd (see Figs G and 7). This dovmward election
of the air produces a "ground cushior effect”, (see Fig 5} which results in an addi-
ticpal thrust componect for teke-off and allows for a ground cushion to brake the
landisg of the aircraft. This effect is present only when the exhaust air 1o dis-
sributed fear the periphery of the aireraft (flat-risers). (fes Flg 3.)

In forverd flight, the air erzters the plemun chouber through the forward
focins air intskes Ir both the uprer an? lewer surfaces of the aircraft. Engiae
axhaust gases are carried around the exheuster duct and cre expelled through the

woulor nozegle Jhich is located on the upper and lowver surfoces nedr the veriphtery,
ard through the beckward rocirg nozzies which are located on both sides of tho olr-

eratt. (See Fig 9.)
L. Trorulsion Systen

T™e wropoesed pover rlant for the sirgle-engire reseayveh vehicle is boplics-
ally o double-sided redial-flov turbojat engire. i heart of thic coglne 18 &
very large dispetex rotor 4isc vhich utiliges campresscor air bleed as Its o ly
means of lubrication,

The compresser stators, diffuser, covbustion tubes, and turbine nozzle
guide vanes are degigned 2z 3c intagral pert of the airframe., The rotating elewent
of the :onvestional gas turbine engine, nsmely, the compressor rotor, counectlig
shoft and turbine vheel have been rearranged to e disc configuratlon. The ccm-
pressor rotor blades are oouzted vertically on the inner digce ring; the turbino
wvheel blodes are mounted vertically on the outer diec ring, and the :onmerziing dlsce
rin; {8 comparable to the conventioral ~ennectieg ghaft. This disc rototes oo 2
double-gided air becrirg mounted between the upper 2nd lower susbustioa tubes.

The combustion system consists of flame tubes distributed between the
structurel ribs of the aircraft. The engipe pressure 18 contained botieen the
outer skiv aud the rotor bearing plates with the latter structure being ousnted
betwesn the combustion tubes. For take-off the intake air is brought through the
yop intakes to the tirst svage of the rotor and ie compressed radiclly outvard
through six stoges giving a rormal pressure ratic of 3 to 1. TFrom the last com-
rregsor atage, the pir is atffused and pagses throuch the flace tubes, turbizg in-
let guide va .es, tnrough the turbine sheel, and then throuch the exhoust aoaniu
whlzh 1 the suter nerimeter of the alrerafs. (See Tic 1¢.Y Turing formar? Tl A4t,

the upver air intage ducts are cliosed and the forward facins oir intzkes zre open.

(fee Tir 11.)

Dve to the redlal flov through the enpine, the compresSsor bledes and turhine
blades are stialght. Therefore, these parts may de Lo@® easily mnufactured tlan
for e cowantionsl engiae coMTessOrs and turtines.

The proposed ailr beering suvrmorting the roteting elepent elinminates mrny of
the problecs woich are imposed by mechanical type vesrings. The large orec of the
bearing surface, arproximately 100 sguare feet on both sides, is avnillable to sur-
port the weight of the very large turbine rotor. The air supply for the flat bear-

ing cames frow 'secondaxry air’ Lo tue combustion regioa Whnile the suprly oy -2

TE5 -204G 10
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vertical bearing comes from the rear of the lsst rotor stage of tha compressor.
Exhaust of the besring air is controlled by a low pressure anmilus and the min
nexhauster” which utilized this air for cooling the turbine blade rogts. Flgures
12 ard 13 ehow grarhically tue flow withia the air becriag.

A ground supply of compressed afy applied to air bearicy will be used
when starting the engine. 1In stoppling the englne, the rotor will sround on self-
Iubricating besring peds. The meterisl useé in the gelf-lubricating bearing pads
will be cest iron or carbon which will provide good dry bearing surfaces on steel.
These pads are not exrected to suffer excessive .sear or provide undue stoppling
torgue on the turbine rotor.

The wulti-engine version would utilize numerous small engines baving lov
specific wveighta to provide the exhaust mses,

5. Control Systems

The aircreft is cortrelled by reg.lating shutters whicn very tle amount
of thriat through the annvler nozgzles {for piteh ard roll control) 2od through the
backward Pacing nogzles for yow control located on the perirhersl edge. {(See Tig
1.} The contractor claims that the use of this 'Jet conmtrel” at all tines elicd-
nates the difficulty mssociated with hinged control surfaces in gupersoanic flignt.
This atatement or the part of the contractor i{s based on initial testing of the
principle and uuch more data must be assembled vefere it can be comrletely accepied.

A vroposed method of echieving jet contrel utilizes the so=called "Coania
effect” whereby a jet streum is deflected through large angles Ly having a curved
surfoce in contact with 1ts edge at one side. (See Fig 15.) Additional lnvestl-
gation intc the mechanism yequired to utillze thils effoet must be accowrplished in
the early phsses of this development.

In the rproposed aircraft .hrust forces cre used for control at all ti=es.
I+ 1s meundatory to use the thrust force for take-off and aovering fiight since
theye are no sercdynamic forces available due to the lack of forward movement, In
forvard supersouic flight thrust forces are used in lleu of comventiosal hinged-
type controls. Some thought has been giveo to the oechealces of the control systen
ag can ve see.. irn Flyg b,

£. DPerformnce

The verformance estimpted by the centracter was pased on ratner broad aBBunp-
ticas and hus not as yet been investigated by o wind tunnel test progras. (See
Table III.)
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~Section Showing Bearing Airflow

Fig, 12 Cross
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High Aspect Ratio Jet Bending

Fig, 15 Coanda Effect:
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TABLE III
CONIRACTOR ESTLMATED FERFORMAIICL

Radinl-Flow Engine Aircraflt

without With 1500°K
Farticulars Reheat Rehest
Haximum level apeed oph 1,70 3,300
knota 1,490 2,000
Mach YNo. 2.6 3.8
Ceilias (ax pover ot zean wt) ft 71,600 £0,600
Time fromw hoverliag stert to
36,090 £t min 1.76 NA
60,000 £t win 2.66 A
70,000 £& pin 5.2 A
5till air range with allowvences
for take-off, cli.b, cruise,
deseent, and laading aileg G0 S
Take-off and landing distences - W1 Nil
Max hovering alt from take-off g 10,006 NA
max novering alt at ovean wi,
ac,000 1bs e 16,000 A

“JTS: Tua sbove estimate utilizes uet thruats end SPC which are based on the "sirpli-
fying assemrtion” - "Flain nogzles and 100 per cent thrust recovery from the
Jot bending.”

T55 =204 22



SECTION II
USAF RECZARCH ALD DEVZILOP ENT STATUS

A. Dyincipal Probler Areas

In tha preceding section we hove presented very briefly the thought invelved
4n A. V. Roe's design proposals for Project Y2 (Secret). Tbe YWright Air Develop-
pent Jenter has evaluated the detail propossls and feels that & ome-year ntudy
contract which will investigrte the following mjor sreas must be sccomplished
befors any further consideration can be given to a development contract for a
regearch wvehicle., These aress arae!

a. The air cushlon effect

b. The stability of the multi-engine configuration

¢. Alr intake and exhaust systerns

d. Aircraft performance stability end control N
e. The radini-flow engine feeaibility.

B. Pregent Develoroent Status

Headquarters USAF directed that Headguarters ARDC would iasue a technical
requirement to pursue investigetion of this sroject. Tils resulted in Technienl
Requirement No. 3 dated 13 August 1954, which in turn resulted in & developrent
plan dated 15 Serterber 195%, written by UADC, Directorate of .ieupons Jystens
Operations, Basbardment Adrcraft Division, “Aw Development Office. Work oa this
project was delayed pending & decision by higher headquarters. On 25 December 1954
the order to proceed rith thia rroject vas fesued. The nroposed statement of work
dated 8 lovembey 1554 will be incorporated in & study contrect in the aesr future.
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