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INTRODUCTION: 

SECRET 
OPERATIONAL DATE 

(Research System) 

3rd Quarter - FY 1959 

Combat Ready Data 
Not Applicable 

This research system development plan presents the preliminary planning 

for continued USAF support or the AVRO vertical take-arr supersonic aircraft 

design. Analytical. investigations, design studies, and substantiating tests 

have been completed on a mi nimnm basis in accordance with the Project 1794 

Development Plan, dated 15 September 1954, ~ USAF letter, subject: Remuneration -----­

(Secret), d&ted 29 December 1954, and the USAF Technical Program Directive 

No. 2, dated 9 February 1955. The results of this investigation indicate 

that continued USAF support is w.rranted. (Secret) 

In order to meet proposed schedule; funds, facilities, decisions or 

approvals are required as shown. (Unclassified) 
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ofc~S.•11 Tn>c or RE,.~Rr Proposed Research &j REPORT CONTJIOL SYMJIOL 
R&D PROJECT CA i\- •· De l t Sv te ve O"Rmen s m 

I. l'IIOJECT TITLI · - . . - - - . - . . 2. SECURJTY OF PROJECT l. PROJECT NO. 

(U) AVRO VTOL High Performance Research System SECRET System 4531 
•• INDEX NUMBE,. 5. REl'OIIT DAT[ 

.30 August 1956 
5. BASIC FIELD OR !SUBJECT - -· -- - - . 7. SUB '1[LD OR SUBJECT SUB GROUI' 7A. TECH. OBJ. 

Supporting System (Research) (01) SR-lf, g 

I. COGNIZANT AGINCT 11. CONTRACTOR AND/ 011 UIOIIATOIIY CONTRACT/ W. O. NO, 

AR.DC AVRO Airers.rt Limited 
t. DIIIICTING AGINCY Melton, Ontario 
RDZPR, Ext 79, 97 Canada 

10, IIIQUllTING AGINCY 

HQ ARDC 
11 . .. A,.TICI .. ATION AN0/0,. C00,.01NATION IJ. HU.YID l'IIOJICTI 17, IIT. COMl'LITION DATIi 

NACA (P) . - - .. Project 1794, 1227, & 1228 1111, ContinuinE? 
Canadian Defense Research Bel (C) Div. Februarv 59 
AMC (C) 

' 11' Feb 60 (est) 
US NAVY (X) 01', IVAI.. 

US ARMY (X) 11, "' ,i1cAL llTIMATII 

1,&, DATI Al'l'IIOYID 57 12000M 
Proposed 58 ~4000M 

II, l'IIIOltTY J~I, MAJOf' CATS._OflY 59 ~2800M -

A(reques d) A 60 1>500M 
U, l'IS,.~ACSO "l'IOJSCT C:Al'IO ANl:I "l'IOJSC:T ITATUI 1>9.300M 
This report ·replaces Form 61.3, titled as above, dated -ll April 1956. 

10, ltlQUlltHINT AND/OR .JUITl,iCATION \ 

• TPR No. 2~- dated 9 Febr~l955, established the requirement to obtain suf-
ficiEint ·data · on tlie AVRO vertic take-off' supersonic design to provide for its 
earliest ·utilization in operational. systems if the concept proved promising. The 
limited -Investigation that has been completed under Project 1794 indicates the 
feasibili-ty of' ·tlie AVRO design and the potential of successfully accomplishing 
the ultimate objectives~ However, additional investigations, including fu1J. scale 
research flight articles, are required before undertaking a weapon system develop-
ment. (Confidential) • 

11, ■,.111:1" 01" ""OJll:CT ANO O■JSCTtYS 

The proposed program will accomplish the following: 

a. Provide additional wind tunnel and analytic data in substantiation of 
performance -particularly in regard to now distribution within the air intakes, 
internal flow, transonic drag, and thrust nozzle losses. 

b. Provide for correlation of wind tunnel and other test data, and 
verification of theoretical predications by full scale flight testing. ~---· . 

c. Investigate the ae'rodynamic and thermodynamic problems in f'ull ·scale 
night. Special areas of investigation will include VTOL. artificial stability 
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21. Brief of Project and Objective (Continued) 

systems, control by propulsive jet and jet nap effect, radial now propulsion 
system, effect of integration of airframe and propulsion system, and high-altitude 
high-speed flight. 

d. Establish basic design criteria for development of operational weapon 
systems with the combined vertical take-off and tactical high altitude supersonic 
capability. 

21a. Brief and Military Cb,a,ra,cterjstics -

The research system will provide technical data and design criteria for use 
in further evaluation of the AVRO concept and will accommodate the use of this 
concept in future optimized weapon systems. It is estimated that the AF research 
systems will have the capability of VTOL and supersonic speed up to approximately 
M = 2.94, at 94,000 ft al.titude, (based on contractors data and Air Force evalua­
tion to date). The contractor will construct at his own expense an initial 
subsonic vehicle of this configuration with the VTOL capability and with provisions 
for modification to obtain supersonic performance at a later date. 

• The design is a jet propelled all wing aircraft of circular planform. A 
centrally located upper and lower intake system directs air through counter-rotating 
impellers ·driven by six Armstrong-Siddeley Viper turbo jet engines mounted radially 
within the wing ·and. exhausting inward through a turbine which is directly connected 
to the impellers. Arter the intake air passes through the impellers, approximately 
80% is routedradiall,- out through the wing between the Viper engines to control­
lable shutters and provides stability- and control as well as the propulsive force. 
Approrlmatel;r 2rJI, of the impeller output is directed back to feed the Viper engines 
which in turn drive the impellers. For maximum ·performance, the larger quantity 
of high pressure intake air is diffused within the .wing to combustion chambers 
positioned at the periphery where fuel may be added to augment the basic thrust. 
The gases are then exhausted through the pneumatically controlled shutters to pro­
vide a larger propulsive force. The air cushion effect near the ground increases 
the lift on the aircraft at take-off to permit VTOL at thrust to veight ratios of 
less than one. 

21b. A;gproach -

The first research vehicle is being funded b;r AVRO Aircraft Limited. Engineer­
ing design has already been initiated. This aircraft will have the simplest possible 
equipment and is intended primarily as a subsonic research vehicle not originally 
incorporating the periphery combustion system. Completion of this aircraft is 
scheduled in June 1958. The second and third vehicles will be funded b;r the USAF 
and will be initially designed tQ include the periphery combustion system. This 
will extend the performance of the aircraft to the desired supersonic high altitude ~ 
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21b. A~proach - (Continued) 

SECRET 

capability and into the flight region where aerodynamic heating will be experienced. 
Consequently, these tvo vehicles will be constructed of steel while the initial 
vehicle will be constructed primarily of aluminum alloy. As much as possible of 
the continuing technical investigation and evaluation (analytical, wind tunnel, 
design, etc.) will be conducted prior to the actual commitment for fabrication or ' 
the Air Force vehicles but still insuring compatibility, continuity and adequate 
time phasing of the entire program. Tooling cost will be held to a minimum in 
view ·of the limited quantity of aircraft planned in the research vehicle size and 
configuration. Construction of the tvo AF aircraft will follow the initial aircraft 
by approximately 8 and 14 months respectively. 

The contractor funded portion of the program will be primarily aimed toward 
development of the basic aircraft and components for the subsonic flight regime 
with Air Force f'acili ty support. The additional Air Force support will be primarily 
aimed toward the high altitude, high speed flight regime, development of the perimeter 
combustion system, and design study including theoretical analysis directed toward 
weapon system potential and maximum capability. 

21c. All subsystems are the responsibill ty of AVRO Aircraft Li.mi ted and could be 
subdivided as follows: 

(1) Airframe sub-15Ystem 

(2) Basi? _ _propul sion sub-system 
,.-- '· \ 

(.3) '-, I>er_ifer.r combustion sub-system 

(4) Stability alld control sub-system 

21d. Other Information 

(1) General: 

(a) Support of the NACA is urgently required especially in accomplishing 
additional wind tunnel testing. 

(b) Appropriate arrangements by ~ USAF with the Canadian Defense 
Research Board and the Royal Canadian Air Force will be required. 

(c) The Department of the Navy and Department of the Army have indicated 
considerable interest in this program. 

(2) Survey of'' ~Existing Standardized Equipment or Techniques - none. 
~ 

(3) Survey of Simular Equipment in .Process of R&D - none. 
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21.d. Other Information (Continued) 
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(4) Statment of Effect - Complete substantiation and demonstration of this 
design concept could result in certain future AF aircraft having capabilities 
which would eliminate the requirement for rtmways in accomplishing their intended 
missions. • 

21.e. Bacqrouna Hi story 

(1) The original concept of the contractor was to increase the aircraft 
thrust-frontal area ratio far in excess of that obtainable with conventional jet 
turbine engines by re-arrangement of the power plant for radial now. Such 
increases in aircraft thrust-frontal area ratio were desired in order to improve 
supersonic -Plight performance. Development of this idea-as Project Y and Y2 by 
AVRO Aircraft Ltd., tmder ROAF cognizance, was extended to include application 
to a vertical take-off aircraft when it was determined that thrust/weight ratios 
were sufficiently high and that the use of the radial now engines with jet exhaust 
at the periphery -produced a ground cushion effect. Preliminary ingenious sma.11 
scale model testing by AVRO demonstrated this phenomenon. 

(2) During January 1954, AVRO Aircraft Ltd. and the Canatlian Defense Research 
Board invited the USAF to visit the contractor and discuss preliminary aspects of (,...----..___ 
a new nat riser concept. As a result of this visit, subsequent briefings by the 
contractor to the USAF, and receipt of an AVRO proppsal, a ;requirement_ was issued 
to exploit the potential of this project ttnder BPSi4 1-1794. _ 

I -

(3) USAF Contract No. AF 33(600)-30161 with AVRO Aircraft Ltd. was essentially 
a feasibility study with design configuration effort confined to the minimmn required 
for demonstration of tpe proposed principals to a practical application. The areas 

_for test and_ analysis were defined as: 

(a) Air Cushion effect. 

(b) Stability and control. 

(c) Air intake and gas exhaust system test. 

(d) Aircraft performance. 

(e) Radial now engine feasibility. 

(4) During the course of the contract period, the initial design was 
improved. In early 1956 the contractor decided to sponsor the construction of a 
research vehicle, initial.J.y subsonic, to further investigate and demonstrate this 
design concept. The final technical summary under Contract No. AF 33(600)-30161 
was issued on 12 July 1956 and together with the AF evaluation indicated that 
further AF support was warranted ~the research vehicle stage of 
developmento _.....,. 

u~CLAss1FtEa 
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2lf. Future Plans 

\. 
SECRET 

r -
Successful comp~etion of the proposed program outlined in this report will 

provide sufficient technical data and design criteria to utilize this concept in 
AF aircraft. 

21g. Reference: 

(1) USAF ltr, dtd 3 Jul 1954, subject: (Secret) Project Ladybird (Secret) 

(2) Project 1794 Develgpment Plan, dated 15 Sep 1954. 

(3) TlR #2, subject: (Secret) Remuneration, dated 9 February 1955. 

(4) TFD #2, subject: (Secret) Remuneration, dated 9 February 1955. 

(5) AVRO Area Report No. 1, .Air Cushion Effect - l.D. No. 56-RDZ-13710. 

(6) AVRO Area Report No. 2, Stability and Control - l.D, No. 56-RDZ-13711. 

(7) AVRO Area Report No. 3, Intake and Exhaust - l.D. No. 56-RDZ-137120 

(8) AVRO .Area Report-No. 4, Performance - l.D. No. 56-RDZ-13713. 

(9) AVRO Area Report No. 5, Propulsion System - l.D. Noo 56-RDZ-13714. 

(10) AVRO/SFG/Tr. 12 - l.D. No. 56-RDZ-13715 - Presentation and Discussion 
of l/l.6th Scale Model fuhsonic Wind Tunnel Test Results. 

(ll) AVRO/SID/rr. 22-1.D. No. 56-RDZ-13716 - Results and .Analysis of 
Supersonic Test on a 1/23rd Scale Ha.l.r P.l.ane Force Model. 

(12) AVRO/SID/Tr. 6 - l.D. No. 56-RDZ-13717 ... Results and Analysis of 
Supersonic Tests on a l/40th Scale Sting Mounted Force Model. 

(13) Project 1794 Final Development Summary Report - l.D. No. 56-RDZ-19954 • 

(14) Project 1794 Final Technical Report - leD. No. 56-RDZ-13709. 

(Secret) 
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TAB 1 

General Design Specification 

1. General 

a. Statment of the Problem 

Certain future operational aircraft will require a combined capability 
of VTOL, high altitude, high supersonic speed, and adequate range for their 
intended mission. Several research vehicle programs are presently undeI"W'ay tg 
investigate variaus concepts of obtaining this desired result. TPR #2, dated 
9 February 1955, established the requirement to obtain, on a minimum basis, 
sufficient data concerning the AVRO Aircraft Ltd. design concept to provide for 
its earliest utilization in operational aircraft, should the concept prove 
promising. · During the investigation that has presently been completed under 
Project 1794, the AVRO design has been considerably improved. The results and 
AF evaluation of this investigation indicated the feasibility of the AVPJJ design 
and the likely potential of this concept to successfully- accomplishing the ulti P 

objective of combining VTOL and tactical capability. However, additional inve , . .: ,_ 
gation and flight test of a research vehicle utilizing this design concept are 
required prior to incorporating the development into a weapon system. 

b. Approach 

A review of the results of Project 1794 indicates that additional investi­
gation is required for further substSJ1tiation of performance, particularly in 
regard to flow distribution within the air intakes, internal flow, transonic 
drag, and thrust nozzle loss. To a certain extent, the contractor is dependent 
upon the USAF to make available wind tunnel facilities for this continued inves­
tigation. In order to demonstrate their nfaith" in the concept and to reduce 
development time tea minimum, the contractor is funding for an initial research 
vehicle intended primarily for expediting full scale investigation of the VTOL, 
hover, and subsonic range of flight. This eff'ort was initiated during early- CY 56, 
.and is considered to be a fundamental step toward an Air Force supported research 
vehicle program to investigate the full potential of the design concept. This 
continued Air Force support is immediately required to provide for timely phasing 
of the overall program and to provide the ultimate objective as outlined in 
Hq USAF requirements documentation. 

c. Solution 

Immediate initiation of the proposed Air Force program will pr@vide the 
information required to make proper decisions in regard to further development 
of the AVRO Aircraft Ltd. flat rising VTOL, high performance concept in opera­
tional weapon systems. In view of limited funding and the rapid pace of present 
technical advancements, the proposed approach is considered to be extremely 
attractive to provide for maximum returns from Air Force funds and at the same time 
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Tab 1 
General Design Specification (Continued) 

provide a timely solution in maintaining the required potential of the Air 
Force capability. An alternate solution regarding funding would be to permit 
other interested agencies to participate in the program. This would not 
materially change the results obtained except to add additional considerations, 
complexity and possibly time requirements. 

d. Lo~stic Cb,aracteri stic;s 

The primary logistics considerations are the potential of the design 
concept to eliminate runway requirements in fulfilling certain AF missions, and 
the construction and maintenance of aircraft that have approximately 1/12 the 
number of different parts as a conventional designo (Secret) 

2. Description 

The AVRO VTOL 1½_gh Performance Research System will be, in general, a jet 
propelled all-wing aircraft of circular planf'orm, embodying a new arrangement 
cf a -turbojet engine and employing reaction control (Diagrlillll 1). The research 
vehicle will have __ the following general basic characteristics: 

Basic weight - l~,750# (Wt of AVRO vehicle 13,750# due to aluminum construction ~ 

Normal gross Wt - 20,000# 

Maximum gross Wt - 32,802/1 (gross wt. limit of AVRO vehicle 27,322# due to 
the engine used) 

Diameter - 35.3 f~et 
- ··- . 

Ground Clearance - 2 feet 

Maximum thickness - 7.7 feet 

Impeller diameter - 8 feet 
-· . -

Six Armstrong Siddeley Viper turbo-jet engines are mounted radially within the 
wing, exhausting inward, to drive a pair of center-rotating compressors by means 
of a radial in-flow turbine (Diagram2). 

The Viper (-8) engine, capable of developing, 1,900# thrust each, will be 
used in the AVRO funded vehicle. Since this engine is limited to Mach 1. 74, 
consideration is being given tc using Viper 10 or J85 engines in the AF funded 
vehicles consistent with a policy of no or minimum change to the basic airframe. 

The eight foot diameter compressors (Diagram 3) rotates slowly in comparison 
with conventional turbo-jets (500-600 rpm top speed). This compressor draws air 
from the upper and lower intakes and forces it radially out through the wing 

UNClASSlflEf.1 - 06-110479 
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Tab 1 SECRET 
General Design Specification (Continued) 

between the viper engines w:i. th a small amount being directed back to feed the 
Viper engines (Diagram 4). 'I'h.e majority of the air is diffused within the wing 
to a high pressure at the name holders where fuel may be added to augment the 
thrust, and is then exhausted through pneumatically controlled shutters (Diagram 5) 
which directs the thrust as it exhausts aJ.l around the aircraft peripheryo • This 
thrust either raises the aircraft vertically off the ground or propels it in 
forward flight. The control of the thrust direction provides control and stabiliza­
tion of the aircraft in all flight conditions. For stabilization, a diaphragm is 
attached to the ms.in r~tors to sense aircraft pitch and make corrections through 
the thrust direction controls. 

Normal operation for take-off is with all the exhaust shutters on the top of 
the wing closed and those on the bottom i 1e open and directed downward. Without 
adding fuel to augment the thrus·:;, approximately 20,000 lbs. thrust is produced. 
However, this circular curtain of air pr oduces a powerful te.ke-off air cushion 
so that the lift on the aircraft increases to possibly J0,ooo# (Diagram 6). This 
air cushion effect rapidly falls off at an altitude of approximately 50% of the 
aircraft span; however, transition to .forward flight could possibly be from the air 
cushion. For transition to forward flight., the thrust line of the perimeter jets 
will be gradually directed backward and the . nose of the aircraft slightly ra:i.s ad. 
For hovering at altitudes outside of the air cushion effect, afterburning or 
reduction of gross weight will be required to increase the thrust wt ratio above 
a value of one. In forward flight ram air will increase the pressure at the flame 
tubes and provide for more efficient burning. Thrust augmentation by utilizing 
the periphery combustion chambers (approximately 1700°F) will be necessary for 
supersonic flight and, in combination with the large air mass now, should 
provide adequate thrust for the estimated high speed and altitude performance. 
Descent will be made without thrust augmentation and transition to landing is 
the reverse of the take-off technique. 

Construction of the main rotors and exhaust diffuser fant&:i.ls will be of high 
grade nickle-alloy steel. The contractor's funded subsonic vehicle will utilize 
aluminum alloy for the canter body section, air intake, fuel tanks and cockpit 
while the AF funded supersonic vehicles will probably be constructed primarily of 
steel (Diagram 7). The additional weight of the material used in the second and 
third vehicles will be off-set by the increased performance of the higher rated 
turbojet engines being considered. (Secret) 

Jo Estimated Performance 

Cruise speed (Mach No.) 
Max. level speed (Mach No.) 
Ceilin~ (rt) 
Range (N.Mo) 

UNCLASSIEIELJ' 

gubsonic ·Acft 
Oo45 (20,000) 
0.48 
25,000 
400 

llL 

Su.Personic Acft 
2.2 (90,000 1 ) 

2.94 
94,000 
988 

(Secret) 
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