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17 January 195%
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Title : Date

" 3 (SECRET TITLE) Development of ladybird(S) Vehicle 13 Aug 1954
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IV.

!

GUIDANCE

The contrzctor, A.V. Roe, Ltd., should be guided intc the study of
the major proclem areas. These include, but are not limited to, the
air bearing, engine development, and aerodynamic statility. All new

technical possibilities should be exploited. (Uncl)

OTHER INFORMATION

(a) The Deferce Research Board of the government of Canada will be
informed through channels of the actions taken with respect to
the Canadian Contractor. (Uncl)

(b) Any contract with A.V. Roe will require that sufficient copies
of all reports will be forwarded to the Defence Research Board
for their use and for the use of the Royal Canadian Air force.

(Uncl) - o i e ek

(c) This project will be established as Development Plan 179L, BPSN
1-179L which is funded in the amount 2,L9LM in FY !55. (Uncl)

(d) Development Plan is required by 15 September 195L. (Uncl) .

BY ORDER OF THE COMMANDER:

PAUL F. NAY
Colonel, USAF
Actg Chief Aeronautics & Propulsion Div.
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Deputy Commander/Technlcal Operations

UNITED STATES AIR FORCE
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W. J. THOMAS

Colonel, USAF

Chief, Technlcax Programming Office
Denuty Commander/Technical Operations
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Box 30 Cont‘d

SECRET

bo Survey of similar dquipment or Techniques in rrocess of ligD

(1) UsaF

X-13 Ryan Vertical Take=off Aircraft. Tail Sitter type (lands by hookin,
on cablo)s; Delta wing planform powered by Rolls Royce RA28-49
engine with 10,000# sLs thrust. Gross wt T,019#4, empty wt 5,172%.

Span 211,

Length 23%, pltch and yaw control by swiveling tail pipe

and roll control by jet nozzlss on wing tip, Hockup 1 Jnne 1954,
scheduled for lst flight middle 1955.

(2) Buder

XFI-1 Convair vertical take-off gircraft, Tail Sitter typc. Powered by
YTLO0 type turbo propeller enzines

Has completed initial tethered and free flight tosts.

XFV=1 Lockheed vertical take-off aircraft, Tail Sitter type. Fowered by

YTLO0-14

vertical turbo-urop engine., Gposs wt. 14,0004,

(3) Contracter Sponsored

Bell Research VIO aircraft. Flat Hiser powered by Fairczild engines(Jyl.
Gross wt ayproximately 2,000#. Original test aircraft burned atter
engine failure, Jecond model being tested in tethered flisht.

(L) NACA  Jet and
Carpet”

flotor Supported trlatform Craft - Stand on Type VIV "Flying
Research project,

Analytical and model test investigations of strbility and control
problems of VIO aircraft by free Flight Tunnel Section LAL NACA,

NACA Reports RM L50J16

(5) British
Rolls Royce -

EM L5l1iH13a
R LS4Bl6
R L54C18

"Flying Bedstead" project. A flat riser vertical take-off
research device powered by 2 nene engines mounted horizontal
end to end , facing in Op;osite directions, Tail pipes fitt
with extension nozzles with 90° band to exert thrust in down
ward dirsction. Ueat and controls provided for pilot on top
and near canter of the machine, Controlled by jet nozgzles
exhausting air bleed from the engine compressors. Has been
test flown in tethered and free flight (Augst 1954). (SECRoT

Pésign studles of large aircraft (bombardment type) for
vertical take-off, Delta planform in 100,000# class powered
by numerous Rolls Royce RB-108 engines for vertical tako-off
and other enjines for forward flight. (SECRuT)

.I Pagc 2 of 12 rages



Box 30b Tont'd SEﬁﬁE?
Short drothers - Vertical Take-of! :csearch alrcraft using Rolls Hoyce
engines (report rocuived from a U.s. Contracior that
Brit&sh iiUS has awarded Contract to sheri Hres for such
an aircmft). (CU&‘F}

ﬂ;? above survey represznis a preliminary investigation of other activity in the vertic
take~of fleld and is intended to provide brief lnfcrmation regarding ths scope of
activity and "leads” for future more detailed consideration., Helicopter amd snall
convertiplanc activity has not becn included, (UWiF)

e There are other projects under develoiment which msy satisfy the U3Ar reqiirement

. ¢f reducing the length of or elirinating runways., This project, nowever, shows potoati
. pdvantages vertical take~off and operational performance not yet shown by any other
N ’.":.—.';mject,a,s STCRET)

a, /A
#s Historical Data

(1) The original concept of the contractor was to incrvase the aircraft thrust-
frontal area ratio far in axcess of that obtainsble with conventional Jet

turbine engines by rearraangement of the powerplant for radial flow, Such
increases in aircraft thrustefrontal area retio were desired in ordsr to
improve supersonic flight perfommance. OJevelopment of this idea as rrojects

Y and Y2 by AVRO Candda, under RCAF cognisancqa was extended to include applica-
tion to vertical take=off aircraft whem it was determined that thrust/weight’
ratios were sufficiently high and that use of the radial flow engines with

jet exthaust at the periphery produced a ground cushion effects Freliminary
ingenious small scale model testing by AVRO Canada has demonstruted this
phencmenon, (SECRET) .

(2) During Jamuary 1954, AVRO Canada and the Canadian Defonse Hesearch Board
invited the USAF to visit AVRO and discusas Project ¥, a tail sitter VIO air-
craft and preliminary aspects of & new flat riser, later designated the I2.
As a result of this visit, subsequent briefings by AVEO Canada personnel to
the U3AF Air Council and AiRlLC, and receipt of an aircraft proposal by AVRO
Canada, Technical Requirement #3, was issued to exploit the potential of this
projeet, (SECRET) ‘

£: Methedology

{1) A prelirinary study was accomplished by AVRU Canada to determine feasibility
and adaptobility of a radical new engine and aircraft dssiin to provide high
supersonic speed perfomcnce anu to solve the vertical take-off probleam.
These analyticul ani desipgn studies were supported by a model test program,
wihlch included: ‘

(a) Static air bearing tests

(b) Dynamic air bearing tests

(¢) Thrust recovery and flow demonstrations
(d) Coanda effect tests

(e) Ground cushion demonstrations (oLCRLT)
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Box 30f Count'd SEQRE?

(2)

(3)

(5)

Initial consideratiocn of Project Y in January 1954 oy tne USAF and .iACA, and
later review amd evaluation of aVRO's proposal for Yroject Y2 during June
snd July 54 by the USAF resulted in a concluzion that elthough this projoct
offered considerabls potential merit, fufither extensive exploration was
necassary in order to dstermine the jpracticability of this tyLe of alrcraft
engine combination and iis application to military use. Frime proolem areas
determinahle at this time were isolated and a rhase I progrom Yo further
resolve these problems and explore the potential of this nrog-ect was recom-
mendsd prior to actual fabricatiun and testiny of a flignt article, (SHGMET)

After the problem areas have ocen sufficiently rusolved, or eariier if it is
desired to take a greater development risk in order to provide possible time
gavings, a decision will be rewuired to detenuuine the spscific type of aircrafi
to bs develoned (UHGLA.:aIFIIED)

The uslected t.ype will then ve designed :i.n detail, fabricated, and tested,
(ULCLASGIFIED) A

g. Porformance Characteristics

()

Capsbilities of the ¥2 test vehicle as estimated by AViiO Canada in Brechure
Number OUne, June 54, are as followss (SwuCRLT)

(a) Performance

without With 1500-2240°F

Item Reheat : Reheat

Haxioum level speed knots | 1,490 2,000
;o Kach dNo.| 2.6 348

Ceiling (max; power at fto 71,600 80,600

mean wto)

Time to height from hover—
ing start for

36,090 ft. min, 1.76 Neoho
60,000 ft. min, 2.66 Nola
75,000 ft, min., he2 Beho

58111 air renge with allow-
ances for take-off, climb
cruise, descent and 7

landing miles 620 N.Aa
Take=off and landing distances - N1 Nil
Maxieum hovering altitude

froem takeeoff £t. 10,000 Hoia
Yaxirmum hovering altitude

at nean wbo 26,000 lbo ftc( 18’00() NOAG.
SLS 3acic Thrust ibs. 43,500

P i §
W4 AT (SECRT)
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Box 30g Cont'd ‘ SEQRET

be Size
cmoty wedight 21,0504
Gross Weight 29,000#
Wing Area 670 £t2

Span (= Diemetor) 29.2 £ (SECRsT)

(2) Prerfcrmance capabilitics have not been determined for vehicles of this
type having mliitary capabllities, (SECRET)

h. Inoreesed Capability

This project, if succesaful and extended to provide military capabilitiss,
would provids the USAF with a high performence vertical take-off weapon suitable
for operation from dispersed bases with minimum base installations, This would
essist in overcoming the growing and possible catastrophic vulnerability of con=-
ventional alr besos and aircraft concentrations, (SECRET)

4. Stsat t of lLffec

Use of the proposed radial flow engine will introduce new supply and maine
tenance problems, Operation of any V,T.0, aircraft from sddely dispersed bases
will require major revisions in USAF organizational, maintenance, and logistic

operations, Oporations of this aircraft will introduce a new training rroblem.

The full effect and degree of change introduced by this new concept cannot
be assessed at this time, (UECRET)

Jo Eroject Acceleration

Completion date of this project can be accelerated by taking the risk of
gimmltanecus develomment and fabrication and incroasing scope of the program.
This action would require additional funds and possibly additional facilities.
The current approach provides for orderly progression of the developmsnt at a

rats conaistent with the need of resalving or clarifying msjor preoblems in order
to better assurs the fabrication of an effective flying artfele. (UNCLASSIFIED)

k., Othex
Problem sreas of this aircraft have boen cutlined in Bax 30 r(2) Approach.

Solutions to aach of these problems require formulation of a detailed develomrent
program. It is anticipated that at a later date, certain

of these groblems will be included as tasks to this project, (UNCLASSIFIED)
1, N/A
m, N/A

HQ USAF  (UNCLASSIFIED)

UNCLASSIFIFD
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Box 30 Cont‘d

Qe

Te

Earticivation andfor Coordination

SECRET

H3CA (P) o fumds (UNCLASSIFIED)

Canadian Defense Rasearch Board (C)
(Inciudes Rcyal Canadien Alr Force)  (UiiCLASSIFIED)

Us Bavy Buder (I)
US Marires (1)
US Army Ground Forees (I) (UNCLASSIFIED)

ESM‘ tod Comrletion Daggg

Res
Dev
Tasts July 1960

Op Evel. | (SECIET)

Requirement of Juatiﬁ.catigg
See Paragreph 3Gh

B

(2)

!

»

—

INCLASSIFIED

\

Jan 1957
Get 1958

aef of !'roje and Obiective

(1) Brieg

Ghjective af this program is the development at the earliest jcssible
date of a flat vertical take off suporsonic aircraft which exploits the

design of AVRO Canada, (SECKHET)

Approach

(a) rreliminary serodynsmic and power plant testing will be accomplished
to insure to a reasonable degree that the configuration first
fabricated will fullfil the objectives of this program - Frime
emphasis will be giren to the attainment of the vertical take off
caracility proposed by AVRO Canada, Initial power plant development
effort will be directed towarus thie AVRO Canada radial flow engine,
however, alternate means of propulsion wlll be investigated as a
backup. (SECRET)

(b) Tho intense effort to be directcd towards the resolution or clari-
fication of many of the critical problem areas of this type aircraft
curing the first year will rerresent the first stop of the progran
requirsd for development of this aireraft. Since aprroximately ons
year will be required to yield sufficient test results to determine
any cyrreciable change in the probability of suscass, or significant
eclarification of the development problems, it is not considered
desirable to initiate actual dstailed design or fabrication of the
flizht aireraft and engine prior to this time: Indtiation of such
work after the first year will atill involve acceptance of a calculated
rick, eince many basic problems, including the radial flow cniine,

BReREhy o5 o 2 rus




Box 30r(2) dont’d SECRET

will remain ensolved and controversiel for an additional year, and
other problems wili remadin unssttled until the fuil scale circraflt

ana cugdne 15 dovelopsd and tested,  (.uChed

(¢) By Jenuwary 1450, test resulic shouid permit resoiution of the
rround cusiisids;] eifeect znd further clarification of tie cogine and
conorol vrooiaas, eltiough it ie doubtful, that testy of the largo
scaic eir beurings ane rauicd flow cndine will bo com,lsie. # daciaicr
i1l be required et thic fine to asteruine pesther the rooulis availe
abie and the urgen® noed of tidy ziverafl warrauis tihe rvisg of fuil
scalo develojvaay =efore tuu wn ine proolon is resolved, I so, it
will ve necaesaary Lo aoeide whethicr to yroceed withi radial Iflow engine
airerart or adozt an altermate conli urstion. & decigion made &t
this tirc will have to be mads on the basis of the small scale (and
sontroversial,) radial flow engine tests which wlll hove ixen nearly
comgloted, (awlinTl)

(d) esuits of i acroqynanic and rorfarmnee testa,end ocmplotion of
tiie military application studos should durdinz 1956 perrii a decision
s to winelther ina iiitial aircraft should be purely e rescarch or test
aircraft or siiculd provide a —iiicary copsbility, (onCisl;

(e) Frime problems reguiring resolution are:

4o Attainment of the ground cushion effect which permits vertical
take=cff at mmch lower thrust/weight ratios than cthomrise possible
(SECR=T)
2. Determination of the feasivillty of the radial flow cagine which
provides the high aircraft thrust/frontal arcs ratio and gyro
stabilization of the AVRU proposal. ({onCR&T)

(£) An outline of the program plionned and & breakdown of the major problems
to be investigotad durin;; the first phase of tiis program follows.
This program will ;rovide the basis for the formulation ui the detailed
work statement with the contractor,. (UNCLASSIFIED)

4o Vertical Take=oil
A+ inelytical studies and Tests will inelude:
1, Investigation of mround cushioning effect uwsing peripheral

By
eSule B

2o . oericrmance, stubility anc contiol characteristics of
hoveriug flignte

3c. Transition from horiszontal to hovering fli_ht over a desiroc
poirie. (SECRET)

b, %esta will e made on ag large a model as possiole (cozmensurate
with adr sui:ly) no detomine static lifi as a function of
distonce from growxi for various rotes of flow, forces and
moments’  fur various amyles of pitch, the effect of ~inds, ancu
the exit losses iwa utilizing en exdt simdlar to w.at of the
proposed aircraft. (SECRET)

pE e
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Pk S SEQREE

ao

8. Analytical Studies end udesiins will be made to investigate:

1. Adr bearings cajzble of performance under the gas
pressures, matorial strecses and hich tempereture
distortica conditions exdsting in the fuil scale aircraft.

2, Dueting design and efliclency of air intake systom,
Uniformity of flow at tie compressor entry. Effect of
flow distortions on blade vibration and combustion fuel-

air ratioc.
3. Ducting of a:hcust gases.

4. Aircraft-cngine structural deformations and seals
suitable for high temieratures and pressures resulting
from use of outer skin to contain engine pressures.

5e¢ Compressor stage seal and stator construction for
- adequate sirength.

6. Rotor balancing requirements and means to assure
acceptable vibration levels under conditions of non-
uniform temperatures and ressures, and structural

fle:d.ngo

7. Posgsible control vane flutter problem due to use of
Jjet exhaust for control.

8. Vulnerability of the engine,

9. Hanufacturing techniques, shi; ing, overhaul, and
maintenance characteristics under field conditions.
(S<CRET)
Tests to substantiate design studies, provide design data
and resolve proolems wiil include:

l, Small scale bearing rig tests on basis of existing rigs
and ;reliminary tests already completed, Tests iiil be

made on:

'

a, olatic rig
bs Dynamic rig
¢. uUne~tenth scale bearing rig
2, Combustion chamver tests consisting of:

2, uater fiow tests of a single chamber

Crn ASSIFN -
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. B:ax”Bdr:(g) Comt id gggﬁi}'

be [Hgh altitude tunacl tests through range of
opurating conditions to determine flawe stablilily
Jimits cte.

c. Investigaticn of senle effocts.

3. Design and test of a bsaring and radial flow engins at
a sczle caomwonsurats dih gractical fabricaticn awxd
d efficient operztion of components,; and sufficisntly
large to produce pressures, distortions, weights,; and
tanieratures representative of the full size engine.
Sea level static tests will be made with this engine.

4s Inlet model tesve in a large size supersonic wind
turmel at subsonic ard surersonic speeds to provids
information for the pressure recovery znd flow dise
tribution investigation of iaragreph (a)(2) above, and
data regarding external drag of the iniets, (SECRET)

3. Aircraft Flicht
8¢ Studios and test iavestigation will include:

1, Control effectiveness forces and rosponse rates for
st bilization, $:im, and maneuver under all flight
conditions under the gyroscopic steabilization and
[recessional moments actions of the radial flow engine,
and aircraft motions throughout the flight range.

-2, Frovision . of dynardc stability cusmentation systams
to: (1) augment the damping of both the smaking and
mutational modes of osciilation .dth ¢ stavility,
(2) provide satisfactory (Spec 18158) handling
characteristics without gyro stabiligstion.

3. Aerodynamic churactirisiics for acourate jrediction of
performance, determination of thrust reyuirements, and
computation of performance on basis camperable to other
USAF adreraft.

Lo Pilot wisibility

&

5, wffoct of powsr foiiures and umergency means of 8sce 8.
‘ SCiT)

bo Tests will utilice the verticul toke off investigation
model in g0 far as possiile to investi;ate une control,
trim, and mansuver under flight couwitions. oubsonic and
suj.ersonic wind tunnel tesis 111 be umade w rovids six
component asrodynumic data.

30r(3) Subtasks o CﬁSSYF eIy

See Bax 30k Pae 9 of Lec rz s

to




Bax 30r Cont'd

(4) Other Information
1. General

2, The NACA will be required to provide facilities
and personnel for particijation in the wind
tunnel and poussibly engine test jrograms. Lxtent
of effort required wiil be determined after for-
rulation of the detaiied model test grogrems.
(UilCLAGGIFIKD)

b. Hq ARDC Technical Requircment #3 Paragraph Vb
indicates that any contract with AVRO Cannda will
regquire that cories of all reports e yprovided
the Canadian Defense Research Board and Royal
Canadian Air Force. (UiCLASOGIFIED)

¢c. The US Navy (Buder) is greatly coucerned in the
develorment of a VIO aircraft, as evidenced oy
Navy developments noted in raragraph 3Cb, and
obvious application to shipboard use. Ii is also
considered that the U3 Farines and Army Ground
Forces will be interested in this type vehicle.

(SECRET)
2, Funds

Laser s 505 . B0 » B0 s 0+ B8
Travel 2500 4000 5000 5000 5000
Contract Services 2494000 6000000 12000000 6000000 2000000
Total R & D 2509000 6024000 12030000 6035000 2030000
latcrials 0 ) o 0 ]
$ 25090C0 6024000 12030000 6035000 2030000

Hanhours 5000 80u0 10000 12000 10000

(5) Backzround History
See Faragrarh 30r
(6) References

1. USAF Ltr dtd 26 acril 54, ouoject (SHCRET) Project Y
(4. V. Roe, Canada Ltd)

2. USAF Ltr dtd 3 July 54, Subject (SECRET) rroject Ladyt i
(SECRET) '

3. (Unclassified Title) Hg ARDC Technical Hequirement ;3
dtd 13 Ausmust 53 (decret Document )



Bax 30r(6) Cont'd SE@%E?

do (Secret Title) A, V. Roe Canada Limited Develourent
Proposal "rroject Y2" (iacret Hejort)

o (Secrct Title) 4.V, Roe Canada Limited Brochurs No. 1
"rroject Y2 Flet vVertical Take-off Supeorsonie Gyroplang”
dtd June 54 (Secret Regert)
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echnical Developrent . Mreraft % Tngines (01) SR}
8. COGNIZANT AGENCY 12. CONTRACTOR AND/OR LABORATORY ‘ CONTRACT/W.0. NO.

US Marines (I)

Canadian Defense Rsch Bd
(Includes Royal Canadian

US Navy Bufer (I) | 3 July 1954 22 T

Command _
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velopment Center .
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Headquarters, USAF E-15 (USAF) VIO (Short Brospb: Jan 1957

* E ar sv.  QOct 1983

18. FY |FISCAL ESTS (M$)

55 |- 2 404

F . : = XFV- er Py
T N - €y e Tuly 1060
cg 14. DATES APPROVED ’ f

No prior report

US Army Ground Forces (I) B " Bt e
19. [ 59 2_(1()&

This

c2s=ible date

R
{1y

21. a. Brief o , ,-;'

f20. REQUIREMENT: AMD/OR JUSTIFICATION

l

project is directed by Headquarters USAF letter dated 3

July 1954 subject, "Project Ladybird (S)" and Technical Program Require-
ment 1-2 dated 7 October 1954 _

Objective of this brogram 15 the dé#elopnent at the earliewt -

of a flat vertical take off sypersonic aircrarft which

~:ploits the design of AVRO Canada. (SECRET)

o) Avproach

*reliminary asrodynamic and power plant testing will >
accomplished to insure to a reasonable degree that ths
configuration first fabricated will fulfill the objectives
o: thls pregram - Urime emphasis will be given to the
auyv2inmens of the vertical take off capabllity prons =7 v

P 4#%R0O Canada., itial power plant development efi v. . ..°
be: directed touardg the AVRO Canada radial flow ane a9
howevarnr, 3}*’"1""'3 woang OfF nroonleloaewd TY e v
R T ( % .
ﬁ
DNCEA AC'\‘ il .
22. RDB SN o™ O T TYNY) x. 1 «!C-

. ,}‘\LI"U‘” LAy A.”'.z‘\‘;, :

‘,‘_,._’,q-—-_, “ 74

FORM REPLACES ROB-FORM LA, 1 APR 47 ' FASE 3 ¥ O e
DD 1 JAN 52 6|3 | WHUCH MAY BE USED. _ - 4 Cl&-2"'“3._ = P LB o o Sgd
- - — oo Moo e . -~
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SECRET

S (-4} 551130 Vi (-); I
PROJECT TITLE . PROJECT NUMBER
‘ 1794
(Secret Title) REPORT DATE
AVRO Vertical Take-Off Aircraft 10 October 1954
Code. Name Ladybird (Secret) COGNIZANT AGENCY
ARDC

21.

b. (continued) ---

(2)

=)

()

_ . deslign or fabrication of the flight aireraft and
“engine prior to this time. Initlation of such work
-after the first year will still involve acceptance

~aircraft and engine 1s developed and tested. (SECRET

(3)

The intenge effort to be directed towards the reso-
lution or c¢larification of many of the critical -
problem areas of this type aircraft during the first
yvear will represent the first step of the program
required for development of this aircraft. Since
approximately one year will be required to yield
sufficlient test results to determine any appreciable
change in the probabillity of success, or significant
clarification of the development problems it is

not considered desirable to initiate actual detailled| .

of a calculated risk, since many basic problems, in-
¢luding the radial flow engine, will remain unsolved
and controversial for an additional year, and other
problems will remain unsettled until the full scale

=

By January 1956, test results should permit reso- -
lution of the ground cushioning effect and further |
clarification of the engine and control problems, - <
although it 1s doubtful, that tests of the large
scale air bearings and radial flow engine will be
complete, A decision wlll be required at this time
to determine whether the results available and the

u scale development before the engine problem is
resolved. If so, 1t will be necessary to decide
whether to proceed with radial flow engine aircraft
or adopt an altermate configuration. A decision
made at this time will have to be made on the basis
of the small scale (and controversial) radial flow
engine tests which will have been nearly completed.
{(‘SECRET)

Results of the aerodynamic and performance tests,
and completion of the military application studiles
ghould during 1956 permit a decision as to whether
the 1nitial aircraft should be purely a research
or test alrcecraft or should provide a military cap-
ability. (SECRET)

Frime problems requiring resolution are:

UNCLASSIEIE | :

C4-22032

PROJECT REPORT CONTINUATION SHEET (R)

PAGE 2 of 9 PAGES




SECRET

PROJECT TITLE PROJECT NUMBER
(Secret Title) 1794
AVRO Vertical Take-Off Aircraft REPORT DATE ,
Code Name Ladybird (Secret) 110 October 1954
COGNIZANT AGENCY

21. b. (continued)

(a) Attainment of the ground cushion effect which
permits vertical take-off at much lower thrust/
weight ratios than otherwise possible. (SECRET

(b) Determination of the feasibility of the radial
flow engine which provides the high aircraft
thrust/frontal area ratio and gyro stabiliza-
tion of the AVRO proposal. (SECRET)

(6) An outline of the program planned and a breakdown
of the major problems to be investigated during the
first phase of this program follows. This program
wlill provide the basis for the formulation of the
detailed work statement with the contractor.
(UNCLASSIFIED) »

(a) Vertical Take-0ff

-1l. Analytical Studles and Tests will include:

8. Investigation of ground cushioning er-
- fect using peripheral Jjets.

g.' Performanée, stability and control
characteristics of hovering flight.

¢. ‘Transition from horizontal to hoverin
flight over a desired point. (SECRET

|
o

Tests will be made on as large a model as
possible (commensurate with air supply) to
determine static 1ift as a function of
distance from ground for various rates of
flow, forces and moments for various angles
of pitch, the effect of winds, and the exit
losses when utilizing an exit similar to
that of the proposed aircraft.

(b) Radial Flow Engine Feasibility

1. Analytical Studles and designs will be mad=
to investigate:

. Ai Y le. of. T =
UE}C\ASS\HEQ 2 urigegegié ng;sﬁﬁggégbgs ;Pi?x;. tg;'x;lgrlmp

i »f-t, Vi e C4-22032
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PROJECT TITLE PROJECT NUMBER
(Secret Title) 1794
AVRO Vertical Take-Off Aircrarst REPORT DATE
Code Name Ladybird (Searet) 10 October 1954
) COGNIZANT AGENCY
ARDC

21. b. (continued)

stresses and high temperature distor-
tion condltlons existing in the full
scale aircraft.

Ducting design and efficlency of air
intake system. Uniformity of flow at
the compressor entry. Effect of flow
distortions on blade vibration and com,
bustion fuel-alr rstio. .

12

(L2
o

Ducting of.exhaust gases,

-Alrcraft-engine structural deformations
and seals sultable for high tempera-
fures and pressures resulting from use
of outer skin to contain engine pres-

sures.

|

e. Compressor stage seal and stator con-
struction for adequate strength.

f. Rotor balancing requirements and means
-~ " to assure acceptable vibration levels
under conditions of non-uniform tem-
peratures and pressures, and structural
flexing.

g. Possible control vane flutter problem
due to use of Jet exhaust for control.

Vulnerability of the engine.

=2

1. Manufacturing techniques, shipping.
overhaul, and maintenance character-
istics under fieid conditions. (SECRET)

Tests to substantlate design studies,
provide design data and resolve problems
will include:

o

a. Small scale bearing rig tests on basis
of existing rigs and preliminary tests
already completed. Tests will be made
on:

L.LU}SS}B&'EE ¥' Static rig Loobia. L,
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PROJECT TITLE PROJECT NUMBER
(Secret Title) 1794
AVRO Vertical Take-0Off Ailrcraft REPORT DATE
Code Name Ladybird (Secret) 10 October 1954
COGNIZANT AGENCY
ARDC

21. b. (continued)
2. Dynamic rig
3. One-tenth scale bearing rig

Combustion chamber tests consisting cf

o

1. Water flow tests of a single
chamber.

2. High altitude tunnel tests throuck
range of operating conditions to
determine flame stabllity limits etc

3., Investigation of scale effects.

¢. Design and test of a bearing and radiai
flow engine at a scale commensurate
with practical fabrication and efficieng
operation of components, and sufficien-
tly large to produce pressures, distor-
tions, welights, and temperatures repre-
sentative of the full size engine. Sea
level static tests will be made with
this engine.

Inlet model tests in a large size supert
sonic wind tunnel at subsonic and superi
sonic speeds to provide infoswation [
the pressure recovery and f{low distr:-
bution investigation of Paragraph (1):%:
above, and data regarding eXternal drias
of the inlets. (SECRET)

1

(¢) Aircraft Flight -

1. Studies and test investigation will includei

a. Control effectiveness forces and re-
sponse rates for stabilization, trim,
and maneuver under all flight condltlion
under the gyroscopic stabilization and
precessional moments action of the
radial flow engine, and aireraft motions

throughout the flight range.

UTICLASSIFIFD e
e 3
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21. b.

c.

d.

(continued)

o

Tasks

(1) Problem areas of this aircraft have been outlined
in Box 21.b. Approach. Solutions to each of these problems re-
quire formulation of a detailed development program. It is an-
ticipated that at a later date, certain of these problems will
be included as tasks to this project. (Unclassified)

Other Information

b. Provision of dynamic stability augmentation
systems to: (1) augment the damping of
both the snaking and nutational modes of
oscillation with gyro stability, (2) pro-
vide satisfactory (Spec 1815B) handling
characteristics without gyro stabilization.

¢. Aerodynamic characteristics for accurate
prediction of performance, determination
of thrust requirements, and camputation
of performance on basis comparable to other

USAF aircraft.
d. Pilot visibility

e. Effect of power failures and emergency
means of escape. (Secret)

Tests will utilize the vertical take off in-
vestigation model in so far as possible to
investigate the control trim, and maneuver
under flight conditlons. Subsonic and super-
sonic wind tunnel tests will be made to provide
six component aerodynamic data. (Secret§

-

(1)

{ it i f\‘.\?“-- s 5 2 5

ool \ vy . . o
sihaibeo St Cl220%2
P

General

(a)

The NACA may be required to provide facilities
and personnel for participation in the wind
tunnel and possible engine test programs. Ex-
tent of effort required will be determined
after formulation of the detailed model test
programs. (Unclassified)

LI
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PROJECT TITLE

(Secret Title)

AVRO Vertical Take-Off Aircraft REPORT DATE
Code Name Ladybird 10 October 1954

PROJECT NUMBER

1794

(Secret)

COGNIZANT AGENCY

ARDC

Contract

Materials

21. d. (continued)

(b) Hq ARDC Technical requirement No. 3 paragraph
Vb indicates that any contract with AVRO
Carada will require that coples of all reports
be provided the Canadlian Defense. Research
Board and Royal Canadian Air Force. (Unclass.)
(¢) The US Navy (Bufer) is greatly concerned iu
the development of a VIO aircraft, as evi-
denced by Navy developments noted in Box No.1l3|
and obvious application to shipboard use. It
is also considered that the US Marines and
Army Ground Forces will be interested in this
type vehicle. (Secret)
(2) Funds
1955 1956 1957 1958 1959
Labor 12,500 20,000 25,000 30,000 25,000
Travel 2,500 4,000 5,000 5,000 5,000

Services 2,494,000 45 000.000 12,000,000 6,000,000 2,000.000
Total R&D 2,509,000 6,024,000 12,030,000 6,035,000 2,030,000

$5,500,000$6,02%,0003812,030,000%6, 055,000 $2,030,000
Manhours 5,000 8,000 10,000 12,000 10,000

e. Background History

0 0 0 0 0

(1) The original concept of the contractor was to in-
crease the aircraft thrust-frontal area ratio far
in excess of that obtainable with conventioral
Jet turbine engines by rearrangement of the power-
plant for radial flow. Such increases in aircrafc
thrust-frontal area ratio were desired in order
to improve supersonic flight performance. De-

.y velopment of this idea as Projects Y and ¥2 by

...'AVRO Canada, under RCAF cognizance, was extended
to include application to vertical take-off air-
craft when it was determined that thrust/weignt

b, SO
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AVRO Vertical Take-Off Aircraft REPORT DATE

Code Name Ladybird (Secret) 10 October 1954

SECRET

PROJECT NUMBER

COGNIZANT AGENCY

ARDC

21,

e.

r.

g. References

(continued)

(2)

Future Plans

ratios were sufficiently high and that use of the
radial flow engines with jet exhaust at the periphery
produced a ground cushion effect. Preliminary ingen-
ious small scale model testing by AVRO Canada has
demonstrated this phenomenon. (Secret)

During January 1954, AVRO Canada and the Canadian
Defense Research Board invited the USAF to visit AVRO
and discuss Project Y, a tall sitter VIC aircraft and
preliminary aspects of a new flat riser, later des-
ignated the Y2. As a result of this visit, subse-
quent briefings by AVRO Canada personnel to the USAF
Air Council and ARDC, and receipt of an airecraft
proposal by AVRO Canada, Technical Requirement No.3,
was 1ssued to exploit the potential of this project.
(Secret)

(1)

After the problem areas have been sufficiently re-
solved, or earlier if 1t 18 desired to take a greaten
development risk in order to provide possible time
savings, a decision will be required to determine
the specific type of aircraft to be developed.
(Unclassified)

(1)
(2)
(3)

(4)

USAF Ltr dtd 26 April 54, Subject (Secret) Project ¥
(A. V. Rose, Canada Ltd)

USAF Ltr dtd 3 July 54, SubJect (Secret) Project
Ladybird (Secret)

(Unclassified Title) Hq ARDC Technical Requirement
No. 3 dtd 13 August 54 (Secret Document)

Hq USAF Technical Program Requirement 1-2 dated
7 October 54. ‘
UNCLASSIEIEQ
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PROJECT TITLE

(Secret Title)
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REPORT DATE
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ARDC

21. g. (continued)
(Secret Title)

docament i8 Mh
E:;hmavml of AFR 004

)0\)‘

UNCLASSIFIED

PROJECT REPORT CONTINUATION SHEET (L)

(5) A. V. Roe Canada Limited Develop-
ment Proposal "Project Y2" (Secret Report)
A. V. Roe Canada Limited Brochure

(6) (Secret Title)
No. 1 "Project Y2 Flat Vertical Take-Off Supersonic
Gyroplane” dtd June 54 (Secret Report) (SECRET)

VMTED STATES AIR PQRCE
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