
THEYZ.g "AVROCAR'"'

By Bernard Lindenbaum and Williarn Blake

One of the most unusual V/STOL aircraft programs was the AwoYZ-9 "Awocar". Designed to

be a true flytng srlucer, the Awocarwas one ofthe few V/STOL aircraft to be developed in

complete secrecy. Despite significant design changes during flight test, the Anrocar was unable

to achieve its objectives and the program was ultimately canceled after the expenditure of over

$10 million (1954-61). This article will discuss the origins, technical problems, and demise of
the Avrocar program.

rn 1952, a design team headedby J.C.M. o'Jack'o Frost, of Avro Aircraft, Canada, began desrgn

work on a supersonic VTOL airc'raft with a circular wing. The Canadian Defense Research

Board fimded the effort with a $400,000 contract. VTOL capability was to be achieved by

ducting fan air and engine exhaust to the periphery of the planform and deflecting the air flow

dorrnwards. Close to the ground, this provides a cushion effect where the lift exceeds the thrust

due to incrmsed pressure on the underside of the aircraft This phenomenon v/as confrmed in a



wind tunnel test For transition to forward flight the air flow would be gradually redistributed

backwards. Frost was convinced that a thin, circular planform wing, or flying saucer, was the

ideal shape to take advantage of both the ground cushion effect (for STOL overload capability)

and supersonic flight.

Ir 1954, the Canadian govemmert abandonedthe project as too costly, but enoughprogress had

been made to interest the US Air Force. Concern with the vulnerability of forward placed bases

in Europe heightened Air Force interest in VTOL aircraft. A three-quarter million dollar

contract was awarded by the Air Force in 1955 for firther study. By 1956, Awo was sufficiently

satisfiedwith the results to commit $2.5 million to build aprototlpe research aircraft. In March

1957,the Air Force added additional funding, andthe aircraft became "Weapons System 606A'.

These effore remained highly classified until July 1960. One of the most promising 6064

concepts (Figure 1) had a thin circular wing, 35 feet in diameter, a maximum weight of 27,000 lb

and a design speed of over Mach 1.4. A large fan was driven by the exhaust &om six Armsfong

Siddeley Viper 8 engines whose airwas ductedradially outwardto the wing periphery.

Numerous wind tunnel tests, both at Avro aad Wright Field, Ohio, were conducted and a full
scale test bed of the propulsion system was built.

Figure 1. Weapon Systern 606,4.



Figrne 2. Avrocar Cutaway View

In 1958, Awo made a series of presentations to the US Air Force and Army, after which Avro

began design of an aircrdft for the US Army which was given the designation YZ-9 and,named

Avrocat (Figure 2). The Awocar was to be a subsonic flying wing of circular planform with

VTOL capability. The Army was interested in improved battlefield survivability of its air

vehicles and was studying altematives to its existing light aircraft and helicopters. The Air

Force supported the Avrocar program because it would demonstrate many of the desrgn featmes

of the 606A in a shorter time at much lower cost. A $2 million contact to be managed by the

Air Force was awarded to Avro to build and test one Avrocar. Additional Air Force fuading of
approximately $700,000 (unexpended from the 606.4 program) was applied to the effort.

Initial perforrnance requirements for the Avrocar were a ten minute hover capability in ground

effect and 25 mile range with a 1000 lb payload- Work began in eamest and a $ 1.77 million

contract was awarded for a second Awocar in March 1959. The first Awocar rolled out of the

factory in May 1959. At rollout, projected performance was far in excess of the requirement,

with a 225 Ktmaximum speed, 10,000 ft ceiling, 130 mile range with 1,000 lb payload, and

hover out of ground effect wth2,428lb payload. Maximum takeoffweight with transition to



fryward flight out of ground effectwas cxrlanlatrredtabe 5,650 lb, maximumweightwith a

transitioa in ground e,ffer,t (GETOL) was 6,97 0 lb.

The Arnocar was l8 feet in diametef,, 3 fe€t thich and had two seprate coc@its. The pilot's cab

was located on the forward Ieft side of the vehicle with the crew cab on the right A third

comparhnert in the rear of was provided for cargo storage. The Avrocar was lifted by the efrlux

&om a five foot diameter central farr., called a turborotor. Exhaust &om three Contmenal l-69

turbojet engres (98:}lb thrust ea) was ducted to the outer rim of tle firborotor which hadl?4

smalltg*ineblades. Driveninthisfashion,theturborotortookinandpropelledambie'lrtair

from a central opening on top of the vehicle. This air, mixed with the tu$ine exhaust, wss

ducted to tk penphrry of the vehicle from which it exited through a four inch high annular

somle. Separale flush openinp on the top ofthe vehicle provided air forfhe engine inlets

tirough a short pipe with a90 degr*turn. Each engine was connected to its own fuel and oil

tank The fuel tanks wsre not interconnec'te{ although this was planned in a later ve,rion.

Pilot control consisted of a sidestick that provided pitch and roll control tkough conventioral

fore-aft and side+o-side motions. Twi$ting of the stick was used for yaw csntrol. The stick was

notconnecfedtoanymechanicallinkages. Controlwasproviddbyhighpres$reairthatwas

piped to bo& the confiol stick and control actuators at the base ofrhe tuborotor. Pressrre

differencs caused by movemeirt af the stick resulted in actuation of the proper cortrol cables at

thehrborotor.

In forward flight, the Anrrcar was statically unstable in pitch, with aa aercdynafric center well

forward of &e ceftter of Smvity. An automatic stabilimtisn systefir uras ernployed which used

the gyroscopic actior of the turborotor. The turborotsr was not rigidly fixed to the vehicle; it

wasmountedonabaringrySemwhichalloryedlimitedmotion. Anydisturbancetothevehicle

in pitch or roll would cause movemant of fhe turborotor relative to the aircraft This would result

in movement of,the coatnol cables located at the base of tlre turbsrotor shaft, which were phased

to give the correct balancing confol momsnt in pitch or ro1l.



Army interest in the Awrcar program was very high. Ore of the author (Lirderbaum) recalls a

trip to lVashirgtou in the late 1950's to request addfitonal tlmidms for a study on helicopter drag

reduction. Although the fundirg was approved, he overheard *n Aray Ge,neral rcmarkthatthe

Huey was to be the last helicopter the Army would buy since the helicopter would be replaced

bytheAvrocar !

From June to October 1959, the first Aw*ar was tested in a static hover rig. Hot gas

recirfirlation re&rced turborotor RPM and thrust. Excessive losses in the fuctlng system also

became ryp*refr; these were nerrer cured despite extensive desip c,hanges. Maximum li*
attam?Aoutofgrormdeffectwas3,150lbs, With Lzara fuelweigfot of 4,2S5lb,theAvrocarwas

thus iacapable of hover out of ground effect Following these tests, the vehicle was sent to

NASA Ames for a wind tunnel wahntron.

The second Arnocar rclled out of the &ctory in August 1959. On Ssptember 29, the first attempt

tohoverwasmadewiththeA'rrocartethesedtotheground- Afterthevehiclebecameairborne,

an urco#rollable oscilldior occurred with each wheel *l*rnxelyfuurlrciag on the ground. The

pilot immediately shut dorrn all engines. Subsequently, avarJixy of alternatetetheriog schemes

were tried aad numerous chaages were made to the springs at the ryilers and the base of the

rotor sha*. These wly t&x*dflighfs unearthed a new problem, tffimrn*ht:&,ca,rry2m{',&Lt

was neverfully solved. Hubcapping was a rapi{ unpredictable oscillation in pitch and rcll. It
resulted &om an unstable ground cushion if&e vehicle exceeded a cfricilhetght (Figure 3).

Thecriticalheightwasfoundtokabouttwofeet&omtheground- Cortrolinputswere

ineffective in damping the oscillation. Fifty two holes were drilled in the bottom of the vehicle,

located radially three feet &om the center. These were to provide a ceatal jet to stabilizs the

groutrd qxhion.
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Figure 3. Hubcap,ping Effect

The first completely free flight occurred on Novemb er 12, 1959, and the nozzle spoiler contol

system proved unacceptable. The system used two continuous rings of spoilers located at the

annular nozzle, which was open to both the upper and lower surface of the aircraft. The spoilers

were intended to conhol the direction of the jet flow. In hover, the air would be directed tlrough

the lower surface. In forwarrd flight, the air would be directed through both the upper and lower

surfaces at the rear of the aircraft. Pitching and rolling moments we,re produced by reducing lift

on one side of the vehicle. Unfortunately, more lift was not created on the opposite side,

rezulting in a loss of height with control input. After five flights, testing was temporarily halted

on December 5, 1959, by which time the Avrocar had logged 18.5 hours of test time in both

tethsed and free flight.
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A new focussing ring control system was installed later in December. The nouleopening to the

upper surface was covered, and the spoilers were replaced with a flat ring on the bottom of the

vehicle. Lateral changes in the position of the ring would increase the lift on one side of the

vehicle while deueasing lift on the opposite side. Flight tests resumed in January 1960 with this

system. A USAF flight evaluation was conducted at the contractor facillty on April4, 1960,

with Major Walter Hodgson at the controls. Maximum airspeed achieved was 30 Kts, above this

spee4 an uncontrollable oscillation in pitch was encountered- The cockpit was cramped, noisy

and became excessively hot during a 15 minute flight. Later that month, a test was conducted in

the NASA Ames 40x80ft full scale wind tunnel. This test found that the focussing ring control

system provided insufiicient thrust for forward flight out of ground effect, and large angles of
attack were required to generate aerodynamic lift. This was because the flow on the underside of
the vehicle diminished the wing circulation, reducing lift. At the end of April, the initial Awocar

FCIgram came to and end. Shortly thereafter, the program was declassified by HQ USAF.
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Figure 4. High Speed Control System

Avro was convinced that the concept was still workable, and proposed a new program for major

rework of the propulsion and control system (Figure a). A new USAF contract for the period

July 1960 to July 1961 was awarded for modification and tsting of both vehicles. A new noz.zle

was installed on the rear half of the vehicle. Transition doors were provided to eliminate the
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flow from the lower surface of the primary annular naz-zle. Vanes were added in the exit of the

new nozzle to deflect the thrust for pitch and roll control. To accommodate these changes, the

yaw confol vanes were moved forward.

A second wind tunnel test with the new configuration was conducted at NASA Ames in April

1961. It was found that sufficient confol was avai}able to transition to a speed of about 100 Kts,

and trimmed flight (thrusFdrag, zero net moment) was possible at this speed. However, the

vehicle was still unstable in pitch. It was hoped that the change in flow over the aft portion of

the vehicle would increase lift due to a jet flap effect and decrease the nose-up moment, reducing

the instability. Unforhnately, this was not found to be the case. A vertical tail and horizontal

"T'tail were added (Figure 5). They were totally ineffective. NASA surmised that this resulted

from the tail being in a region of very high downwash caused by the propulsion system. In any

event, it became clear that the Avrocar, as configured could not sustain high speed flight.

Figure 5. Awocar (with tail) in NASA Ames Wind Tunnel



On June 9, 1961, the second and final USAF flight evaluation of the Awocarwas conducted at

the Avro facility. During these tests, the vehicle reached a maximum speed of 20 Kts and

showed the ability to faverse a ditch six feet across and 18 inches deep. Flight above the critical

height was impossible. The flight test report summarized a litany of control problems. For

example, a large asymmety in directional control was present. Five seconds were required to

turn the aircraft 90 degrees to the left, while eleven seconds were required for a 90 degree right

turn. Avro proposed radical modifications to the vehicle to address the major problems. Frost's

team developed trvo new designs, one with a large vertical tail and one with a wing with tip

mountedverticals (Figure 6). Both designs used two 2700tb thrust GE J-85 turbojets in lieu of

the three 920 lb thrust J-69's and increased the turborotor diameter from five to six feet. The

proposals were rejected, and the program was terminated in December 1961. The second

Avrocarhad logged atotal of about 75 flight hours.

Figure 6. Proposed Avrocar with \Yings and Tail

The concept of ground effect takeoffand landing did not die with the Avrocar. In 1963, Bell

Aerospace began studies of an Air Cushion Landing System (ACLS) which was later patented-

These studies were headed by T. Desmond Earl, fomrerly Chief Aerodynamicist for the Awocar.
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An ACLS re,places conventional landing gear with alarge rubber inner tube-like structure which

surrounds a region of increased pressure air. In August 1967,the concept was prove,n by Bell

with successful tests on a2,40A lb Lake LA4 amphibiaa. zko:a*.. Further develqnnent was

fuf,ded by the Air Force Flight Dynamics Laboratory, and a much larger system was designed

fo,r testing on a Fairchild C-llg {&,AA0 lb weigh$. The Canadian government joined the

program and a DeHavilland CC-l15 (41,0m lb weight) was selected for further tests. Given the

US desiguation XC-8A, this aircraft flew with the ACLS in March L975. ACLS was considere{

but rejec'te{ as an option fo,r the Advanced Medium STOL Transport progrzm that produced the

Boeing YC-14 and McDonnell Douglas YC-15 prototypes, thelatter evolved into the Boeing C-

17 transport.

The conce,pt of a lift fan drive,n by a turbojet engine did not die either, and lives on today as a

key compone,nt of the Lockheed X-35 Joint Strike Fighter contender. While the Awocar was

under dwelopment, Peter Kappus of General Elecric independently dweloped a lift fan

propulsion systern which evolved into the GE/Ryan VZ-ll (later XV-5) "Vertifan". This

vehicle, discussed in two earlier Vertiflite issues (March/April 1990, March/April lgg6),paved

the way for firrther lift fan studies. Supersonic fighter studies sponsoredby DARPA included

both gas driven (McDonnell Douglas) and shaft driven (Loclfied) lift fans.

Why did the Avrocar program fail ? The opinion of the authors, shared by Lt Col (ret) Dan

Murray, USAF program maflager for the Avrocar, is that too filaiy'onovel" ideas were tried

simultaneously in what was a radical ancrafr. concept. These included the turbsrotor

stabilimtron systemn the pneumatically powered control system, the jet exhaust/turborotor

ducting system and three-axis sidestick control. Two other innovations (GETOL, lift fan) were

later demonstatedseparutely with "conventional" aficraft.. How should ndicalnew concepts be

taday? Probably aot with a full-scale manned vehicle. Subscale, rmotely piloted

vehicles can be usd to explore new ideas with less risk at far less cost
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