Sl N L VAR A e CRRONE AT T O N ML BT L AL B Lt s T

TECHNICAL REPORT

Declassifed 29 mneqs
fath: Dob T2o0.1. 2

c_‘/‘{c M,u)é: .

MEE i (Unclassified)
JOINT ATIC-WADC REPORT ON

TR~-AC-47

PROJECT SILVER BUG

PROJECT NO. 9961

AIR TECHNICAL INTELLIGENCE CENTER

WRIGHT-PATTERSON AIR FORCE 8A$E
OHIO




~ g oAt R Aad K 2K
"!;*Ft A '.."f‘.!"""p'%!
SR ATV L N T

1. Information conflicting with or pertinently affecting
that contained in this publication should be forwarded by the

recipient directly to:

Commander
Air Technical Intelligence Center
Wright-Patterson Air Force Base, Ohio

This in no way abrogates or alters respoasibility for sending
such information or any pertinent intelligence data through
already established intelligence collection channels of the
various services or agencies of the U.S. government.

2. WARNING: This document contains information af-
fecting the national defense of the United States within the
meaning of the Espionage Law, Title 18, U.S.C., Sections 793
and 794. Its transmission or the revelation of its contents in
any manner to an unauthorized person is prohibited by law.

AF-WP-C-21 APRIL 54 16M



TECTNICAL REPORT 0. TR-AC-LT

(Unclassified)
JOINT ATIC-WADC REPORT ON

PROJECT SILVER 3UG

PROJECT 1O. 9901

15 FERRUARY 1955

Dublished by

AIR TECHIICAL INTELLIGEHCE CERTER
WRIGHT-PATTERSON AIR FORCL BASE
OHIO

. . C R
yc copyrignt materiul is contained in this putlicution, TS5 =204




TABLE OF CONTENTS

Section I Characteristics v o ¢ ¢ ¢ ¢ 4 4 o o o o s 2 s s 4 e & 6 o o o
A. Backgrourd . . . . .« . e e e e e e e e e s e e e
3. Demcription of the Prcrosed Aircraft e e e e s e e e e e e e e e
C. Performgnce . . . .« . © o o s a s + s s e e o e & e o s e o s

Cection II yYnAF Rese:rch 4nd Development CStHotUS « o o o o o o o o o o o o

A. Principcl Problem ATe88 . . . . . L . L L L s e e e e e e
B. Present Develorment StBLUS . . . & v v & 4 ¢ 4 o o e e o o 0 0 o .

LIST OF ILLUSTRATIONS

Figure 1 Three-viewv Gereral Arrangement of Provposed Multi-engine Research
5 o

Figure 2 <Cut Away of Reseerch Adrecraft . . . . . . ¢« ¢« v ¢ ¢ ¢ o o o«
Figure 23 Three-view General Arrangement of Research Aircrarft . . . . . .

Figure 4 Section Cutaway of Reseerch Aircraft . . . . . . « « &+ « + + « &
Figure 5 Grournd Cushion Effect . . . . . . . ¢ v o o o o 0 b e e 0w .
Flgure £ Airflow Ioto Intake During Take-off and Landing . . . o« . . .
fgure 7 Sectlon of Airfiow Pattern for Teke-orff . . . . . ¢« o ¢ o o . .
° pypical Section of Exhaustor Duct Showing Take-off Gas Flow . .
Figure 9 Section Through Rear of Aircraft at Supersonic Speed . . . . . .
Figure 10 Typical Cross-Sectlion Through Bogina . . . . . . . « « « « + o &
Figure 11 Through Flow at Low Forward Speed . . . . . . . . ¢« « & « & « &
Flgure 12 Crosa-Séction Showing Beaidng Adlrfiow . . & ¢ v o ¢ 4 o 4 .

Figure 13 Perspective Viev Showing True Path of Beering Alry . . . . . . .
Figure 1% Exhsust Jet Angles at Lovw Forward Speed . . . . o+ « « o+ .

Figure 15 <Coanda IEffect: High Aspect Ratio Jet Jerding . . . . . . . . .

[}V]

W



TABLE OF CONTENTS (Cont)

Table I Physical Characteristics . . . . . . . .. .
Table 1II weightBreakdcwn..............v

Table III {Contractor Estirsted Performance . . . . .

r:\qs_gal‘_o 11




SUMMARY

Purp oge

This report presents factual technical data on A. V. Roe, Canadas, Limited,
proposaed development, Project Y2 (Secret). This proposal is the second of two
designs which can de ~lagsified as radical aircraft designs. The ultimate purpose
of presenting this is tvo-fold; to correct the distorted picture rresented in pre-
vious releases, both cipgsified and unclasgified, and to acquaint the intelligence
community with the current gtate-of -the-art facts thereby alerting then to aay air
intelligence information which my become available indicating Soviet interest in

this specialized fleld.

Factual Data

Severnl nevs mediums have published articles concerning A. V. Rece, Canada,
Limited, Project Y2 (Secret) which, when supplemented by the Dacember Air Intelli-
gence Digest article, "The Flying Disc"”, present an inaccurate plcture of the
proposed project. 1t wes decided that a factual account of this project would be
presented, in the form of a joint Wright Air Developwent Center - Air Technical
Intelligence Center study, to the intelligence agencies to correct any misgivings
brought about by the abcve-mentioned arcicles.

Discussion

The subject of this rerort deels with a prorosal for a new type aircraft oy
_one of Canada's z03t progressive npembers of the aircraft industry, AVEO Aircraft,
Limited, a member of the Howiker-Siddley Group. This project should in no wvay be
associated with any science fdction or "Flylng Saucer” stcries because of its ex-
ternal appearance. The configuration was a result of an enginecering investigation

into the solution of a particular problem.

Aun examination of the AVRO propesal shows that the potential for a very high
rerformance weapon systen exists in the not-too-distant future. Although this
proposal offers the USAT a potentially advanced wearon system having both vertical
take-0ff and nilitary performance cepabilities, there are numerous technical prob-
lems wiich ;ust be solved defore a guccessful developrment cen be realized.

The proposal is for the design of a supersonic research aireraft baving a
circular planforn and VIO characteristics. One version provides for the use of
severel conventionnl axial-flow engines, while the ultimte aircraft configurctioz
utilizes a new radial-flow type engine. Another unusual feature of this proposal
ia that the cortrol of the aircrafi is accompliched by selective direction of the
exhaust znses vhich eliminates the aeceseity of conventional aerodynamic control

surfaces.
Cenclusions

Thig pronposal offers e poseible solution to the USAF requirement for achleviug
disrersed base operations.
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There appears to be no fundamental reason vhy this proposel should not ulti-
mately result in a weapon systen, however there are severzl technical areas which
must be investigated before a full-scale development program is initiated.

The simplicity of airframe consiruction should allevizte mny of the mnu-
facturing and logistic prcblems normally associated with new aircraft davelopments.

Based on the above conclusions, a two-fold intelllgence progran is Justifi-
adble.

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

b. A collection erffort should be initiated to determine whether the
Seviet Bloc ic or has been conducting research efforts on a gimilar project, when
this work began, and the present state of the Soviet development.
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SECTION I
‘CHARACTERISTICS

A. Back und

There is a USAF requirement to develop means of operation Prom dispersed bases.
This requirement stems from the growing and possibly catastrophic vulnerabllity of
conventicnnl air bases. The mmjor feature of conventional air bases 18 the rumwoy,
which heg grown vider, thicker, and longer as aircraft have become heavier and
faster. The operational necessity of runways leads to concenirations of aircraft
which have become critical targets. The logical approach to dispersed base opera=-
tion would then appear to be toward reducing the length of runways or o their total
elimination. Numerous schemes have been proposed, investigated, ard some developed
to wedu-e the take-off distance of aircraft. Among them sre water ejection, after-
burning, and RATO. Drag chutes and methods of thrust reversal have been developed
for reducing landing requirements. Attempts to elimincte rummys cowtpletely have
resulted in helicopters, convertiplanes and what 18 Imown a8 VIO aircraft.

Therc are two general types of VIO zircraft - "tni1l-gitters” and "flat-risers’.
A flat-riser takes off in the vertical direction in a normal horizontal flight atui-
tude, vhile the tail-sitter takes off vertically from a position which is S0 degrees
to 2 rormal level horizontal £light atiitude. Exznples of tail-sitters are the
United States llavy projects with Lockheed and Conveir which utilize a turboprop
pover plant, and the USAF project with Rysn Aeronauticel Corporation utilizing
turbojet power plants. TIxamples of the flat-riser are the lolls-Koyce "Plying Bed-
gtead” and the Dell VIO aircraft. The basic design provlem associated with any
aircraft of this type becomss one of achileving in a2 single vehicle VIQ and military
performnce capebilities. A possible solution to this probler has been proposed by
A. V. Ree, Jamsds, Limited, in the form of their Project Y2 (Secret).

i} Descrirticn of the “rovosed Alrcraft

1. Gereral Description

™0 versions of smll research VIO aircraft have been desizred by the con-
traector, weich, by compeny designation, are Project Y {Secret), a "tail-sitter”,
and Project Y2 (Jecret), a "flat-riser”. Darly in tue investigation, Project I
(Secret) was rejected by the contractor in favor of the fist-riser. ProJject Y2
(Secret) design vrorosal incorporates a number cf advance improvements brought
about by the utillzation of several redical idees In furdamental areas which, as
yet, have not Leeu thoroughly investigated. The original proposal was essenticlly
for the corstruction of a very large radial-flow gas turbine cecaglne which, when
covered, will form a flying wing with a circular planform, similar in appearance
to a very large discus. The ewgine is designed to fly "edge-on” to the wind instead
of axially as is the present practiice in conventicnal aircraft design. An alternate
version for & multi-engine aircraft as shown iz Figures 1 and 2 would avoild concur-
rent develorment of the airframe and engine wnile providing the other esse:ntlal

chayacterigtics of the vehicle.
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The cockpit is located at the center of the eircraft with the orientation
of the cockpit determining the fore arnd after center-line of the aircraft as well
as the normal direction of forward flight. The airframe, fuel cells, and the gas
turbine power plant encircle the cockpit. (See Figs 3 and 4.)

m™his aircraft 18 desigred for vertical take-off and landings while in
the horizonmtai flight attitude, i.e., a "flateriser”. Since this aircraft rises
vertically from & horizontal positicn, it does not require a landing gear or
auxilliary landing devices. The flat-riser flight take-off technigue, the elimi-
ration of the larding gear and auxiiliary landing devices, are brought about by
the periphersl exhaust waich produces a "powerful ground cushion effect” (rig 5).
This is one of the fundamentals upon which thic new radilcal aircraft design is

based.

¢ince +his sirframe and engine willl bhave & circular planforn, the outer
periceter of the aircraft will be the exhaust nozzle of the engine and the thrust
forces will be used for control of the aircraft. A unified control sycteum must
be designed which will produce the sare aircraft responses irrespective of whether
the aircratt 1s in hovering, transition, or forward flight. The circular planforn
mey be modified to accommodate trim flaps of some aature if they are found to be

necessary.

The air intakes erc placed in the inner circle on the upper surface of
the aireraft fcr vertical take-off while additional sir intakes are instolled in
the upper and lower forward facing surfaces for forvard flight.

A multi-engine conflguration (Figs 1 and 2) is proposed as s research
vehicle for the purrose of investignting stability andé control, perforrence, etc.,
before develoyment of a multi-engine operational aircraft or radisl-flow single-
engine aircrart. This prototype contiguration will also investigate certein funda-
mental areas concerning aircraft behavior; an example is the ground cushion effect.

2. Airfraoce

The cutaway (Filg 4) of the research aircraft with the radinl-flow englue
shove the details of the aircraft structure. UThe center location of the fuel cells
allows for the uee of the fuel as a coolant medium against aercdynaric neating for
the cockpit. The mechsnical engineering details should not prescnt any unsolvable
problems in the airframe design; however, the rotor assembly and exhaust control
gystera are considered major problems. The tasic structural ribs of the airfrave
lend themselves readily to tmsa production since they are identical. Sixty ribs
ere proposed as the foundation of the airframe. These riba are "putved” to the
outer surface of the fuel cells with the inner side of the fuel cells coupriaipg
the cockpit opening. TFor the muiti-engize version (Figs 1 and 2) certaln engiu-
eering problems may arise due to the complexity of controlling eight englines,
eight fuel systems, eight iubricating systeuws, etc. .

3. Alir Intake

The aircrast, at rest, canmot use the botitom *orvord facing aixr intake,
therefore, “toke-off air is gupplied through 3C square feet of relesving door arca
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PEYCICAL CEHARACTERIGTICE

nadial-Flow EZnzine Aircraft

Particulars

Weight Dimensions, etc.

Alrerart Gross Take-off ‘eight

oress wing area

Spen (= diameter)

Height over canopy

Standard mean chord

Aspect ratio

Mean t/c ratio excliuding intake

Intake base area

Aprroximmte jet base area in forard flicht
Wing loading st mean weight of 26,000 1bs
Mayximm internal fuel

Take-of? .hrust/weigit ratio
SL5 thrust, frontal area

T55-2040

ib

sq ft

2t

It
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sq Tt

s8q Tt
1b/eq £t
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Radisl-Flow Enxine Aircraft

UAILA

Particulars

Aiyreraft Main Structure
Coclkpit well and fuel tank
Intake structure
Main structure
Outer ving and exhauster
Halo
Cockpit and canopy
Control shutters
Control systen

Power lant
Rotor assembly
Stator blades, rlstes and attachnents
Cagbustion systen
Air bearing assemoly

Extra to structure
Cockplt equipzent
Radio apd electrics
Fuel systen
Air conditioning and oxygen
Hiscellaneous

e

~isposable Zoad
Cree:

Tuel

ATRCRAFT GRCGS TAKE-OFF VEICHT

Lb

696
1,341
2,904
2,950

761

165

Lo

5,750
2,120
1,180
1,5%00

115
352
205k
250

200
T,759

E'
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Totals

9,532

10,450

1,065

21,050

7,959
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in the top intzke.” This air 18 exhausted through exhauat nozzle (outer perimeter)
of the aircraft and is directed dowmward (see Figs © and 7). This dowvnward ejection
of the air produces a "ground cushion effect", (see Fig 5) which results in an addi-
tional thrust cozponect for take-off and allows for & ground cushion to brake the
landisg of the aircraft. This effect is present only vhen the exhaust air 1s dis-
tributed from the periphery of the aircraft (flat-risers). (See Fig 3.)

In forward flight, the air exters the plenum chomber through the foruard
fecing air intskes Ir both the upprer and lcwer surfaces of the gircraft. Engine
exhaust gases are carried arcund the exheuster duct ard cre expelled through the
er-ular nozgle which is located on the upper and lower surfaces aecr the periphery,
ard througih the beclward fecing nozzies which are located on both sides of the air-

cxaft. (See Tig 9.)
4, Drozulsion Cysten

The nropesed pover rlant for the sirgle-engire research vehicle is basic-
ally a double-sided redizl-flow turbojet engine. 1he heart of thiz: engine is a
very large dismeter rotor disc which utilizes campressor air bleed as Its only
means of lubrication.

The compressor stators, diffuser, combustion tubes, and turbine nozzle
guide venes are designed as arn integral part of the airframe. The ro’ta*'i'xg, elﬁment
of the conventional zas turbine engine, nawely, the compressor rotor, counecting
shaft and turbine vheel have been rearranged to a disc configuration. The ccom-
pressor rotor blades are mounted vertically on the inner disc ring; the turbine
waeel blodes arc mounted vertically on the outer dicc ring, 2nd the convecting dlsc
rirz is comparable to the conventional ccnnecting ghaft. This disce rotates on 2
double-gided air beerinm mounted between the upper a2nd lower ccabustion tubes.

Trhe combustion system coneists of flame tubes distributed between the
structural ribs of the sircraft. The engine rressure is contained betieen the
outar skin aud the rotor bearing plates with the latter structurz being 'nounted
between +he combusticn tubes. For take-off the intake air is brought through the
top intakes to the first singe of the rotor and is compressed radizcily outward
thrcugh six stages giving a normal pressure ratic of 3 to 1. From the last com-
pressor stage, the gir is diffused and passes through the flewe tubes, turbize in-
let gulde vnies, tarough the turbine wvheel, and then throuch the exhoust nozzic
wni:‘: 13 the suter terimeter of the aircraft. (See Tig 10.) During forward 7lisnmt,
the urper air intaie ducts are closed and the forward facing cir intzkes are ope:n.

(Cee riz 11.)

Due to the madlal flov through the ensine, the compressor blades and turbine
blades aie stralght. Therefore, th se parts ey be more easily manufactured tlan
for +tue conventional engine cormressors and turbines.

The proposed air beering supvorting the rotating elepent elimi nates many of
the probless waich are imposed by mechanlic2l type veerings. The large crec of the
bearing surface, approximately 100 square feet on both sides, is =vailiable to sur-
port the veight ot the very La.r"e turbine rotor. The air supply for the flat bear-

-"

ing comes Irou 'secondary air” in the compustion region while the suprly for Tuwo
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Fig. 6 Airflow Into Intake During Take-off and Landing
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REGION OF BREAKAWAY

Fig. 9 Section Through Rear of Aircraft at Supersonic Speed
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vertical bearing ccumes from the rear of the last rotor stage of the coampressor.
Exhaust of the bearing air is controlled by a low pressure annulus and the main
"axhauster’ which utilized this air for cooling the turbire blade rocts. Filgures
12 ard 13 show grarhically tue flow within the eir bearing.

A ground supply of caapressed alr applied to air vearizg will be used
when starting the engine. In stcpping the engine, the rotor will ground on self-
lubricating besring pads. The meterial used in the gelf-lubricating bearing pads
will be cast iron or cerbon which will provide gocd dry tearing surfaces on steel.
These pads are not expected to suffer excessive wcar oOr provide undue stoppling
torgque on the turbine rotor.

The wmulti-engine version would utilize numerous srmnll engines having low
speciflic weights to provide the exhsust gases.

5. Control Systems

The aircreft is contrciled by regulating shutlters which very the amouunt
of thrist through the annuler nozzles (for pitch ard roll control) and through the
backward facing nozzles for yew control located on the periphorsl edce. (See Tig
14.) The contractor claims that the use of this "Jet contrcl” at all times elilci-
nates the difficulty associasted with hinged control surfaces in supersonic flignt.
This statement on the pert of the contractor is based on initial testing of the
principle and uuch more data st be assembled befere it can be completely accepted.

A proposed method of achieving Jet contrel utilizes the sc-called 'Coande
eftect" vhereby & Jet streum is deflected through large angles by having & curved
surface in contact with its edge at one side. (Jee Fig 15.) Additionel investl-
gation intc the mechanism required to utilize this effcct must be accomspiished in
the early phases of this development.

I the rroposed aircroft chrust forces ore used Ffor control at all times.
I is meundatcry to use the thrust force {or take-off and hovering flight siace
there are no serodiynamic forces available due toc the lack of forward movement. 1In
forvard supersonic flignt thrust forces are used in lieu of conventioaal hinged-
type ccatrols. Sowe thought nas been givea to the aechaaics of the control systew
as can be see: in Fiy 4.

C. DPerformnce

The perforcmnce egtirpted by the coentractor was based on rather broad assurp-
tiocns and has not as yet been investigated by a wind tunnel test progran. (See
Table III.)
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DIRECTION OF ROTATION
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Fig. 15 Coanda Effect: High Aspect Ratio Jet Bending
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TARLE III
CONITACTOR ESTIMATED FPERFORMAILCL

Radial-Flow Engine Aircraft

Yithout With 1500°K
Paxrticulars Reheat Rehert
taximum level speed oph 1,7<0 2,360
inots 1,490 2,000
Mach No. 2.6 3.48
Ceiling (Max pover at zean wt) ft 71,606 £0,600
Time from hoveriag gtart to
36,090 £t min 1.76 NA
66,000 ft min 2.66 NA
70,0C0 £t nin L,2 HA
5till air range wita allowences
for take-off, cliub, cruise,
descent, aad landing olles 620 A
Take-off and landing distances - Nil Ni1
Max hovering alt from take-off t 10,000 HA
sax hovering alt at mean wt,
2C,000 1lbs e 16,000 HA

NOTE: The above estimate utilizes uet thrusts and S7C which are based on the "simpli-
fying assexption” - "Flain nozzles and 100 per cent thrust recovery from the

Jet bending.”
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