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CURITY WARNING

This document is classified SECRET and must
be handled in accordance with the existing regu-
lations pertaining to information classified

; SECRET \N\"

o \\ CCCH% %\@ THORIZED RETENTION OR DE-
‘,‘ U
\

U{r{R OF THIS DOCUMENT IS PROHIB-
‘:'—E\{\L ' ITED
\ nd

p Failure to comply with any of the above instruc-
3 tions is.an infraction of the Canadian Official
:; Secrets Act and is a violation within the meaning
U of the United States Espionage Laws, title 18,

-U.S,C. sections 793 and 794.

. This brochure has been specially prepared for

) _ k Avro Aircraft Limited., The information and
THIS IS COPY NUMBER. 18 5 . data contained herein are proprietary to Avro
Aircraft Limited and the recipient shall not
transfer, copy, reprint, divulge or use any
‘ portion of it without the prior consent of Avro
DATE o o o v oo nn Aircraft Limited,
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USAF SI DATEDJULY 2560

The AVROMOBILE is a new type of air vehicle, which is able tq oper-
ate close to the ground and is capable of speeds of over 200 miles per
hour if desired, It ca;x be adapted for several operational applications,
" The design is derived from the Avro Aircraft Limited VTOL/STOL air-
craft.presently .under investigation in the form of a full scale static test
vehicle incorporatiﬁg 6 ASM Viper 8 engines. The United States Air
Force has supplemented this development program with subsonic, tran-
sonic and supersonic wind tunnel models, -wind tunnel facilities and studies. '
| Technical data arising out of this research and development program is

directly applicable to the threc versions of the subsonic AVROMOBILE

described in this brochure.
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THE RECORD

The Aircraft Division of A, V. Roe Canada Limited
started operations in 1945, Reorganized in 1955

as Avro Aircraft Limited, it is the only Canadian -

aircraft company owning its own research, design,
development and production facilities, Itis a
single integrated unit with everything necessary
to design and manufacture aircraft from initial
conception to delivery.

As early as 1946, three projects were in pro-
gress, The Avro Jetliner pioneered jet transport
on the North American continer.t, when its design
and development were culminated by flight in
August 1949, This project was shelved to meet
Canadian defense commitments arising from the
Korean war, all efforts being concentrated on the
development and production of the CF-100 twin
jet, all-weafher day and night interceptor.

Several hundred aircraft of this type, including
trainer versions, have been produced for use
by Royal Canadian Air Force squadrons in the
defense of both North America and NATO countries
in Europe. ' ’

The CF-100 has also been selected by the Belgian
Air Force to fulfill its NATO commitments. The
first two squadrons have already been delivered,

In March 1958, the successor to the CF-100
successfully completed its maiden flight and three
weeks later achieved speeds in excess of 1000
mph. This is the Avro ARROW, a 60, 000 1b.
supersonic all-weather delta interceptor powered
by two Pratt and Whitney J75 engines, and
equippel with the most modern fire control sys-

.tem and guided missiles,

The Arrow 2 will be powered by the Iroquois, one

.of the most powerful turbojet engines in the world,

designed and built by Orenda Engines Limited.

Since 1955 Avro has been directly engaged in an
R & D program directed towards development
of flat VTOL supersonic aircraft under Company-
sponsored P, V, 704, USAF Project 1794 and USAF
Research System 606A., Recently the USAF re-
directed a portion of its Research System 606A
funds to support the Avrocar development program.




THE CONCEPT

Avro Aircraft Limited has been active

in the investigaticn .ang development of -

various forms of VITOL/STOL aircraft
for more than five years. Initial effort
was focussed on a "tail-sitter" aircraft
which was later discarded in favour of a
flat VTCL vehicle because of the funda-
mental advantages of the latter., In 1953
' the basic concept of what has become the
Avro VTOL design was established., This
design integrates a versatile propulsion
system into a circular planform to com-
bine efficient VTOL/STOL characteristics
with outstanding mission performance
capability,
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Primary power is provided by J69-T-9 turbojet engines driving

single stage turborotor, which in turn draws in air through

intalke located on the wing upper surface
hi 1s diffused radiall twards to an annular nozzle at
gl puripiiel
W AT afl, spoilers lova o o e ssozzle ndouwl are Operated
to deflecet the air downwards forming a circular curtain of air,

The throttle is opened and the vehicle leaves the ground at low
power to float in the ground cushion, rising steadily to a greater

height in the cushion as the power is increased.

The vehicle may be operated to move or to hover enfirely within

the ground cushion al extremely low spoeeds and altitudes, Tran-
sition te forwsed flight at any altilude 1s effected by operaling
the spaillers te redirect the air backwurds over the L

ippuel R rtaces Lo form a Jet lap al the rea

Gt e e e Fal s forward it is inclined UpWward, the )

dwf e venr ot the wine 1nduces o large HL coediien

Lapathn ; Mg T ving loading, vrables the vt

of the vehicle to be supported acrodynamically at speoc

as 45 miles per hour,
In landing, descent is made at constant power until the presence
of the ground is sensed as the vehicle enters the ground cushion.

The throttle is then progresswely closed to settle the vehicle

onto the ground




DESCRIPTION

The AVROMOBILE is conceived as an all-
wing design of circular planform having a
thickness to chord ratio of approximately
20% The wing section is symmetrical about
‘the vertical centerline and elliptical in
profile,

The structure is fabricated from aluminum
alloy in all areas not affected by engine
exhaust temperature, The design of the
vehicle lends itself to conventional methods
of fabrication and manufacture.

The main structure consists of a center
base and three similar segments., When
assembled these units together form an
integral structure of radial ribs and circular
spars contained by internal and external
skins,

The top surface of the vehicle consists
of doors, cowlings, access panels and
cockpit enclosures supported.on vertical
partitions,

The circular wing tip is assembled to
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the main structure in segments to com -
plete the peripheral exhaust outlets.

The turborotor assembly is an integral
unit which is installed within the main
structure and is supported from the center
base. .

The symmetry of the circular planform
configuration leads to an economy of parts,
thereby reducing construction time and cost.

The primary power plant consists of three
turbojet engines used as gas generators,
These engines are symmetrically disposed
with their exhausts directed tangentially
inboard to drive the turborotor. Air for )
the turbojet engines is supplied from the
rotor through three intake ducts within the

" main structure.

The exhaust from each turbojet is collected
in a cochleate chamber and directed through
the nozzle guide vanes to impingeWpon
turbine blades attached at the pufer egge—\*‘o TN
the turborotor assembly, ¢ -~
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The turborotor arrangement is extremely
simple in design and light in weight, having
a moderate tip velocity of 788 ft. /sec. The
turborotor is mounted horizontally in the
center of the structure and rotates on a
pair of tapered roller bearings mounted on
a central vertical shaft,

“Lubrication and cooling of the bearings are

effected by an integral oil pressure system.,

The turhorotor assembly, which acts as
a large gyroscope is mounted on a spherical
bearing and is allowed the freedom of a very
small angle normal to the axis. The gyro-
scopic precessional motion is coupled into
the flying control system to give the vehicle
automatic stability,

In operation, air is drawn through a circular
intake from the wing upper surface and
directcd radially outwards through diffuser
passages which form part of the wing lower
structure.

TURBOROTOR ASSEMBLY

SPINNER OVER CENTER
SHAFT AND BEARINGS

TURBOROTOR BLADES

TURBINE BLADES
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CPERATOR'S CAB LAYOUT

SHOCK MOUNTED
INSTRUMENT PANEL

ENGINE THROTTLE
CONTROLS

CONTROL STICK

Each enclosure is furnished with

/,

)

a reinforced plexiglas canopy and /% Wi .

a bucket seat embodying safety / ////%///‘

harness. Radio and intercom //////// ¢ .

equipment is installed at the front /////

‘and to the right of the operator's ‘
cab; electrical equipment is in-

stalled at the front and to the left ELECTRICAL PANEL
of the operator's cab,

OPERATOR'S SEAT
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CONTRQL SYSTERM

CENTRAL CONTROL SHAFT

PILOT'S STICK RETURN SPRING

Q FORWARD

AIR SUPPLY Wy WING TIP
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RUDDER CAM\. ELECTRIC ACTUATOR
‘ UPPER SPOILER
, " LOWER SPOILER RUDDER VANES
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; WING TIP SLIDE TO FORWARD ..

; 3 FLIGHT POSITION '
WING TIP SUDE TO ]
HOVER POSlTION 1
4
’ 5

L
LGHT PO\ITION
ELECTRICAL LEADS E HOVER POSITION ,
) ' ‘ s ;
SPOILER ACTUATOR - \ g \ ;
ARRCRAFT YAwW ]
P S IRCRAFT PITCH AND RO () ' &
TURBOROTOR A e N b i i i ?
AIRCRAFT TRIMMER : \ \, \‘ ﬂ‘ .
A # / :‘ .
A \ PILOT'S STICK -
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CONTROL SLIDE ACTUATOR
SPOILERS
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WING TIP CONTROL SLIDE

PITCH AND ROLL CONTROL PLATE GIMBAL MOUNTING

SPHERICAL BEARING

CENTRE COLUMN JACK
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3 J69-T-9 , 3 J69-T-9
DIMENSIONS AND WEIGHTS TURBOJETS PERFORMANCE CONTD TURBOJETS
. : V.I.0L S.T.0L.
DIAMETER == SPAN - 18 FT. RANGE PAYLOAD
GROSS WING AREA 254 SQ, FT, PAYLOAD (1B.) 2,020 3,000t
HEIGHT ABOVE GROUND TO TOP OF CANOPY 4.8 FT. RANGE AT SEA LEVEL (N. MILES) 105 130°
) RANGE AT 10,000 FT. (N, MILES) s
ASPECT RATIO 1.27
THICKNESS, CHORD RATIO ‘ 20% PAYLOAD (8.} 1,700
RANGE AT SEA LEVEL (N. MILES) : 140
MAXIMUM V.T.O.L. PAYLOAD 2,020 (B, RANGE AT 10,000 FT. (N. MILES) 175
MAXIMUM CAPACITY PAYLOAD 3,000 1B. '
MAXIMUM FERRY RANGE WITH SPECIAL
MAXIMUM FUEL CAPACITY ; 177 U.S. GALS. TANKS (CRUISE AT SEA LEVEL)
CREW ALLOWANCE 250 (8.) (N. MULES) 570
FMAXIMUM GROSS WEIGHT FOR V.T.O.L 5,650 LB,
EMPTY WEIGHT 2,820 8. HOVERING HOVER MAXIMUM HOVER
HEIGHT PAYLOAD DURATION
TAKE-OFF WING LOADING AT MAXIMUM 22.2 1B./SQ. FT. (tB.) (MINS.)
GROSS WEIGHT FOR V.T.O.L.
SEA LEVEL STANDARD DAY FREE AIR 2,020 28 §
12 FI. 3,000 44 ¢
PERFORMANCE 3.5 FT. 3,000 57 4
SPEED AND CLIMB
MAXIMUM SPEED AT SEA LEVEL 225 KTV. 4,000 FT.,, HOT DAY © FREE AIR 650
RATE OF ClLIMB AT SEA LEVEL 4,500 FT./MIN. ' 12 FT. 3,000t
CELING [PROVISIONAL LIMIT) 10,000 FT. 3.5 FT. 3,000t
PERFORMANCE CURVES SHOWN ON PAGES 18, 19. 4 PAYLOAD 1,000 iB. *LIMITED 8Y FUEL CAPACITY TUMITED BY CARGO CAPACITY




8,000

= 6,000

PAYLOAD (LB.

2=
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2,000

HEIGHT ABOVE GROUND IN SPANS

STATIC LIFTING PERFORMANCE

e b SEA LEVEL " . ] —J» .
| STANDARD MAXIMUM POWER
CONDITIONS . 810 LB. FUEL
B l |DISCRETE NOZZLES
j FOR FREE' AIR HOVERING
{ t 1 1 2 o e
% ! i
| !
M |
|
| MAXIMUM CAPACITY
6,000 FT. 90°F. CONDITIONS ‘
FOR (3 J69-T25T 1
3 169-T-9
s s aas g P -
0.2 0.4 0.6 0.8 .

A T e S B At 2

¥

- - STt e v A

100 i ‘ = ; S
! - ; ! ; i
i VARIABLE POWER  PAYLOAD 1,000 LB. ;
- i MAXIMUM FUEL 1,150 LB. |
| MEAN AUW. 4,395 LB. @
| SEA LEVEL STANDARD CONDITIONS {
- - B ,_.r‘.: I
k7 i i i
w i i i
g B R = l sikaed ] i
=2 ! { !
z, : o
2 o N S
z | 1 DISCRETE NOZZLES FOR
= : FREE AIR HOVERING
S sl .
2 ; i
Q | i
P < 0 e §~.L A 4 .
20 e e e e il e CE e SAESAEONS [ ..... E——
0 _
0 0.2 0.4 0.6 0.8 1.0

1.2

HEIGHT ABOVE GROUND IN SPANS

HOVERING ENDURANCE



AYVYROCAR-FLIGHT PERFORNMANCE
i
y ity 1 b | 1 |
(CLIMB AT M=0.25) \ - | i ,
Lo ; | | 3,000
%_ SR , 20‘)00 I : ‘ .._‘,.__,_,_T....H,.-_'w
AIRCRAFT WEIGHT L8. /7 / ) | AIRCRAFT WEIGHT LB. |
-5,000 ; / 7| | 5,000
6,000\ ‘ / | 6,000
7,ooo\ 7 fooo = . 7.000 =
/ / . = 2,000
\7/ /| & n
/ S Q
1 = 5=
i - <
P a
|
‘ i 1,000
5000 -~ -
| SPEED LIMITATION
! (PRELIMINARY)
y - :
s
3,000 o - 100 200 300
RATE OF CLIMB FEET/MIN. TRUE AIRSPEED KNOTS
SPEED AND CLIMB
..y ,

]

MAXIMUM 'CAPACITY PAYLOAD

!

|

4

Z

'

 MAXIMUM FUEL CAPACITY

"(NORMAL TANKS)

!
I
|

SEA LEVEL STANDARD CONDITIONS

I

50

RANGE NAUTICAL AIR MILES

RANGE VS. PAYLOAD

100

|

150






AVROCAR = SUNMIRMARY

The Avrocar features a small turborotor assembly
with tip mounted turbine, The exhausts from the
three J69-T-9 turbojets impinge upon the turbine tip
to drive the turborotor, thus eliminating the use of
gears and clutches. The turborotor is installed in
the center of a capacious circular planform wing.
- Control for hovering and forward flight is effected
by directing the mass flow from the turborotor
through a serics of radial ducts in the main structure
to an annular nozzle at the wing tip.

Because of the simplicity of operation, the annular
nozzle produces a unique VTOL characteristic par-
ticularly favourable to operation near the ground,
powerful control and high maneuverability and avoids
the adhesion complication experienced on other VTOL
craft which employ a downward central jet.

Because it is a wing, the Avrocar acquires acrody-
namic lift in forward flight and is capable of moderate
speeds and altitudes.

Multi-engine reliability is provided by the three
turbgjets installed in the three segment structure
thus providing ease of maintenance, repair and
overhaul. Noise and ground disturbance are low
because of the moderate exhaust velocity and spread-
ing ground jet. The vehicle illustrated is a smaller
version than the AVROCAR I and is powered by
_three Palas turbojets. '

40.

5 IN.

16 FT.
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3 J-34 ORORENDA

DIMENSIONS AND WEIGHTS P.S.16 TURBOUJETS
L] . .

DIAMETER = SPAN , . 30 FT.
GROSS WING AREA 706 5Q. FT.
HEIGHT ABOVE GROUND TO TOP OF CANOPY b4 FT.
ASPECT RATIO ) 1.27
THICKNESS /CHORD RATIO 18%
MAXIMUM V.T.0.L PAYLOAD 8,200 LB,
MAXIMUM CAPACITY PAYLOAD ' 20,000 LB.
MAXIMUM FUEL CAPACITY ’ 735 U.5. GALS.
MAXIMUM GROSS WEIGHT FOR V.T.O.L. . 21,700 LB,
EMPTY WEIGHT 10,050 LB,

TAKE - OFF WING LOADING AT MAXIMUM

GROSS WEIGHT FOR V.T.O. L. 30.7 1B./SQ. FT.
PERFORMANCE
SPEED AND CLIMB
MAXIMUM SPEED AT SEA LEVEL : 425 M.P.H.
RATE OF CLIMB AT SEA LEVEL 7,200 FT./MIN.
CEILING (1,000 FT./MIN.) ‘ 21,000 FT.

PERFORMANCE CURVES SHOWN ON PAGES 24,25.

'

PERFORMANCE CONT'D

3 J-34 OR ORENDA

V.T.0.L
RANGE PAYLOAD
PAYLOAD (1B) 8,200
RANGE AT SEA LEVEL (MILES) 175
RANGE AT 20,000 FT, (MILES) 210
PAYLOAD (LB.) 4,550
RANGE AT SEA LEVEL (MILES) ’ 280
RANGE AT 20,000 FT. (MILES) 355
MAXIMUM FERRY RANGE WITH SPECIAL
TANKS (CRUISE AT 20,000 FT., i
CREW ALLOWANCE 500 18.) 1,000
HOVERING HOVER MAXIMUM
HEIGHT PAYLOAD
{ (LB.)
SEA LEVEL, STANDARD DAY FREE AIR 8,200
21 11, 20,000
& FT. 20,000t
4,000 FT., HOT DAY FREE AIR 3,500
) 21 FT. 13,500
6 FT. 20,000

4 PAYLOAD 8,000 LB.

P.5.16 TURBOJETS

S.T1.O.L

20,000%
175°

1,600

HOVER
DURATION
(MINS)

344
524
68t

SLMITED BY FUEL CAPACITY UMITED 8Y CARGO CAPACITY



PAYLOAD (1B.)

50,000

40,000

30,000

20,000

10,000

AVROTRUCK AND AVROCCACH HOVERING PERFORIIANC!
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100
MAXIMUM POWER}' a—
3350 LB. FUEL ! :
| SEA LEVEL _ AR A MO, i I [ 80
STANDARD DAY _
JE-ETE e SO S . - s - Sa— - 3 40
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HOVERING PERFORMANCE
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AVROTRUCK AND AVROCOACH - FLIGHT PERFORMANCE

% POWER SHOWN @ :
— 20,000 -
. WAX CAPACITY
PAYLOAD Ex M e
MAX. FUEL CAPACITY
—40,000 ‘ S PRGN s sy
30,000~ - 3 O -
I =y 20,000
Lo 210,000 | -t}
= =
(= b s
- Q.
0,000 |—< |
MAX. VTOL
]
10,000 —
4
|
v \ 0
10,000 5000 0 100 200 300 400 500 0 100 200 300 400
RATE OF CLIMB - FT/MIN SPEED - M.P.H. : : RANGE STATUTE MILES
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3 J-34 OR ORENDA , 3 J-34 ORORENDA
DIMENSIONS AND WEIGHTS 5 P.5.16 TURBOJEYS PERFORMANCE CONT D ’ ‘P.S. 16 TURBOJETS
. : V.T.0.L S.T.O.L.
DIAMETER = SPAN e 30 FT. y RANGE PAYLOAD
GROSS WING AREA . 706 SQ. FT. PAYLOAD (LB.) 8,200 20,0001
HEIGHT ABOVE GROUND TO TOP OF CANOPY ‘ 6.4 FT. RANGE AT SEA LEVEL (MILES) 175 175°
. RANGE AT 20,000 FT, (MILES) 210
ASPECT RATIO ) .27 )
THICKNESS/CHORD RATIO ' 18% PAYLOAD (18.) 6,550
. » RANGE AT SEA LEVEL (MILES) 280
MAXIMUM V.T.O. L. PAYLOAD 8,200 LB. RANGE AT 20,000 FT. (MILES) . 355
MAXIMUM CAPACITY PAYLOAD 20,000 1B, :
. MAXIMUM FERRY RANGE WITH SPECIAL
MAXIMUM FUEL CAPACITY ‘ . 735 U.S. GALS. TANKS (CRUISE AT 20,000 FT.,
. CREW ALLOWANCE 500 B.) 1,000 1,600
MAXIMUM GROSS WEIGHT FCR V.T.0.L, 21,700 L8,
EMPTY WEIGHT 10,050 L8, HOVERING HOVER MAXIMUM HOVER
_ HEIGHT PAYLOAD | DURATION
TAKE - OFF WING LOADING AT MAXIMUM . ) (LB.) (MINS)
GROSS WEIGHT FOR V.T.O.L. 30.7 LB./SQ. FT,
SEA LEVEL, STANDARD DAY FREE AR | © 8,200 344
21 FT. 20,0001 5214
P-ERFORMANCE iy 40,0004 il
SPEED AND. CLIMB
MAXIMUM SPEED AT SEA LEVEL 425 MPH, 6,000 FT,, HOT DAY FREE AR 3,500
RATE OF CLIMB AT SEA LEVEL : 7,200 FT./MIN. | ’ 21 FT. . 13,500

CEILING (1,000 FT./MIN.) _ 21,000 FT, : 6 FT. 20,000¢

PERFORMANCE CURVES SHCWN ON PAGES 24,25, 4 PAYLOAD 8,000 LB, *LIMITED BY FUEL CAPACITY tUMITED BY CARGO CAPACITY

.
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RESEARCH VEHICLE .

It was estimated that an Avrocar powered
by J69-T-9 engines could be built and ready
to fly within twelve months from the date
of contract. A program with this objective
was initiated by the Company in Febrdary
1958 and is proceeding according to schedule ;
under US Government sponsorship. ;

The Avrocar, the smallest of the AVRO- TRy
MOBILE family, is selegted for initial =" ..
development as a rese‘a‘mﬁﬁcle for!- T -
reasons of economy in time and cos%. . e
would nevertheless demonstr;a.‘re‘ e ‘.()11.1(1—
ness of the basic design conc“'Cpi,,’-',*

v
The J69-T-9 has been chosen to power the
prototype vehicle because it is best\smtcd-
from both the design and availability point
of view, These engines will enable the ‘
vehicle to rise vertically off the ground
carrying a payload of about 2, 000 1b into
free air.
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