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Te SUMMARY

This document details a planned program for the further

development of the Avro Aircraft Limited VTOL aircraft

concept, designated Project 1794, with accompanying cost

estimates and scheduling.

The program is prepared in accordance with initial Statement

of Work dated 18 December 1956, as revised 11] February

1957, Exhibit 1, identified 57MCP5901,. The work proposed

parallels the private venture construction of a flying pro-

totype presently being undertaken by Avro Aircraft Limited,

and data obtained from the latter program, as and to the

extent called for in the above exhibit, will be reported as

part of the USAF program. A consolidated work chart,

in Section 8 of this report, illustrates the tie-in between the

company program, designated P. V.704 and that of the USAF.

In order that the significance and context of this program

may be appreciated, a brief description of P. V. 704 is given

in the Introduction. Following this, the USAF program is

presented under six headings and wherein the P.V. 704

planning is concurrently described. Work charts, costs,

manhour requirements and scheduling down to and including

three digit sub parts of the Statement of Work are also

included.

Funding required against the USAF program amounts to the

sum of $1,483, 847 in Canadian Funds. This sum includes

$180,000 for the supply of six ASV Viper 8 engines, and

$430, 960 for the Design and Development of the Combustion

and Fuel Systems as per Statement of Work sub part 1.1.7.

Wind Tunnel costs are not included,

The contract period will be twenty months, starting 1 Feb-

ruary 1957, ending 31 October 1958.

DECLASSIFIED
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2. INTRODUCTION

The Avro VTOL aircraft is essentially a proposal fora

high performance supersonic aeroplane in which the entire

interior of the wing is utilized for the propulsion system,

air and gas flow, having also - due to the characteristics

of the propulsion system and the wing planform - a VTOL-

STOL capability.

The concept was developed by Avro to its present form

and was reviewed as to feasibility under a study contract

with USAF AF. 33(600)30161 (supplemental agreement No 1),

which was completed in July 1956.

This development program, involves further tests to inves-

tigate the potentialities of this type of aeroplane, with study

of application to a weapon system, and supplements the

Avro Aircraft Limited company program (P. V. 704) which

covers the building of one flying prototype.

In order that the significance and context may be apprec-

iated the general layout of P.V.704 is given in Figs. 1

through 6 and described as follows:

Fig. l is a plan and section drawing of the aircraft. It

is 35.3 ft. in diameter; stands about 2 ft. off the ground,

measures 7.7 ft. from the lower surface to the top of the

canopy; is approximately symmetrical in section andis

expected to weigh about 20,000 lb. with 5, 700 lb. fuel.

Six Armstrong Siddeley Viper turbo-jets - 1,900 1b. thrust,

22 inch overall diameter, 570 lb. weight each - are mounted

radially in the wing, exhausting inward; and used as gas

generators to drive a pair of contra-rotating compressors

by means of a radial in-flow turbine. (See the section cut-

away Fig. 2).

The 8 ft. diameter compressors (Fig. 3), which rotate

slowly by comparison with conventional turbo-jets, draw

air from the upper and lower intakes (Fig. 2) and force it

radially out through the wing between the Viper engines.

Some of the air thrown out by the compressors is directed

back to feed the Viper engines (Fig. 4).

The air is diffused in the wing to a high pressure at the

flame holders (Fig. 1), where fuel may be added to augment

the thrust, and is then exhausted through pneumatically

DECLASSIFIED
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controlled shutters or gills (Fig. 5) which direct the jet

as it exhausts all around the aircraft periphery; either to

raise the aircraft vertically off the ground or to propel it_y

in forward flight. This control of the exhaust direction

enables the jets to be used for manoeuvring and stabilizing

the aircraft in all flight conditions, so that separate addi-

tional controls are not required to cater for vertical take-off

and hovering. Thus, for instance, to pull up the nose of

the aircraft the pilot will control the shutters by means of

a conventional stick control to direct the jet out of the top

of the wing in the rear sector and thrust the tail down, or

to roll he will similarly direct the jet from the top of one

wing and from the bottom of the other. For stabilizing,

the main rotors anda differential pressure diaphragm at

the front of the wing are used to sense when the aircraft

pitches in a gust and use is made of the jet controls to

correctiit. Stabilization through the controls is essential

on this aircraft since the centre of gravity is in the middle

of the wing at half the chord from the leading edge, whereas

the aircraft would only be stable in pitch without using the

controls if the centre of gravity were about at the quarter

chord position. The change in jet direction as the aircraft

pitches performs the same function as the fixed stabilizer

of a conventional aircraft. For a detail explanation of the

stabilizer system see Section 6.

In operation, to take-off, all the shutters on the top of the

wing are closed and the shutters on the bottom are opened

wide. Without adding fuel to augment it, a total of about

20,000 lb. thrust is produced by the jets pointing downward

all around the wing together with the central nozzle; how-

ever, this jet-around-wing configuration produces a power-

ful take-off ground cushion so that the lift on the aircraft is,

in fact, increased to possibly 30,000 lb., and the aircraft

rises to about 17 ft. (Fig. 6) where the ground cushion

effect falls off rapidly. For vertical take-off the thrust

must be greater than the weight and thus without after-

burning the fuel capacity will be restricted to approximately

3,500 lb: if afterburning to 1200°K proves feasible statically,

approximately 30, 000 lb. thrust can be produced, or 45,000

Ib. lift within the ground cushion. It is envisaged that trans-

ition to forward flight will normally be from the ground

cushion. By operating a transition control the pilot leans

‘the jets backwards gradually, to accelerate the aircraft,

and raises the nose; with the thrust less than the weight,

the aircraft can accelerate and rise into free air a short

distance from the starting point.
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In forward flight ram pressure is collected into the air

intake, which progressively increases the afterburning

pressure ratio and thermal efficiency. For supersonic

speed, augmentation will always be necessary and because

of the large mass of air the impellers can handle, a very

large thrust and high top speed is possible. The large

installed thrust also leads to a high thrust-to-weight ratio

which makes a very high ceiling possible. The efficiency

of the airframe at supersonic speed appears good and that

of the engine reasonable, so that a long supersonic cruise

range is also forecast.

For landing, a fully vertical descent will usually be made,

with or without thrust augmentation from a hot main jet.

Transition to the landing condition from in-flight is similar

to the take-off transition. The nose is raised and the jets

transferred to the undersurface and leaned downward col-

lectively to rapidly slow the aircraft down; as the speed falls

close to zero the nose is lowered and the aircraft brought

down into the ground cushion. The pilot must then close

the throttle to reach the ground.

Tests completed under contract AF33(600)30161 (Supplemental

Agreement No 1), have largely confirmed the performance

potential and basic feasibility predicted for this new type

of aircraft and confirmed Avro Aircraft Limited in their

resolve to risk the building of a prototype in the shortest

possible time.

The tests have also, however, inevitably shown up the need

for further test work in certain areas. Additionally in this

phase of work it is desirable to cover other areas not pre-

viously investigated, such as the transonic speed range

and the very low speed transition regime.

Furthermore in the previous program effort was confined

to design study of a research type aeroplane and it is also

desirable to include study of the application of the aircraft

to a weapon system in the next development phase. These

considerations form the basis for the detail proposals which

follow.

The work proposed is described under the following headings:

(a) Design and performance.

(b) Aerodynamics. DECLASSIFIED
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(c) Propulsion.

(d) Stability and control.

(e) Structures. =

Every effort has been made to outline the proposed course

of work in detail. It is however likely that in the course

of a twenty month program additional items not now fore-

seen will appear essential, and others now planned may

become relatively unimportant. Any changes to the planned

USAF program will be with the prior approval of the USAF

and will be reported in the bi-monthly progress reports

required in Section 8. These will also record any changes

in the P. V. 704 program.

DECLASSIFIED
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Statement

of Work

3. DESIGN AND PERFORMANCE

3.1 Design Study

A design study will be made to apply the Avro Aircraft

VTOL design concept to one of the following, whichever is

considered the most suitable:

(a) Special reconnaissance weapon system.

(b) Interceptor weapon system.

(c) Fighter bomber weapon system.

The study will include general assembly drawings,. instal-

lation drawings for equipment and stores carried and weight

and performance data with supporting information.

In addition, a general design specification for a USAF

research aircraft based on P.V.704 will be submitted.

MIL-D-8034 and MIL-C-5011A will be used as a guide in

presenting information.

Design information will include investigation of the following:

(a) The effect of temperatures on the structural

strength and rigidity of the aircraft including the

effect due to aerodynamic heating, gas generator

exhaust and outer wing combustion. (It is antic-

ipated that this will form part of the required

stress analysis, thes Ye: of. which‘is defined. in

moré.detail:in Sectio: Pihis program).

(b) Crew escape procedures and systems.

(c) The ground handling requirements of the aircraft

including take-off and landing surface require-

ments.

(d) The range of fuel stowage compartment temp-

eratures, and the provision of suitable stowage

conditions.

(e) Cooling and pressurization requirements of crew

equipment and structure.

DECLASSIFIED
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Sub-Parts

3. DESIGN AND PERFORMANCE

3.1 Design Study 1.1.9

A design study will be made to apply the Avro Aircraft 1.1.9.1

VTOL design concept to one of the following, whichever is

considered the most suitable:

(a) Special reconnaissance weapon system.

(b) Interceptor weapon system.

(c) Fighter bomber weapon system.

The study will include general assembly drawings, instal-

lation drawings for equipment and stores carried and weight

and performance data with supporting information.

In addition, a general design specification for a USAF

research aircraft based on P.V.704 will be submitted.

MIL-D-8034 and MIL-C-5011A will be used as a guide in

presenting information.

Design information will include investigation of the following:

(a) The effect of temperatures on the structural 1.1.9.2

strength and rigidity of the aircraft including the

effect due to aerodynamic heating, gas generator

exhaust and outer wing combustion. (It is antic-

ipated that this will form part of the required

stress analysis, the Shope. of which’is defined in

moré detail in Sectio#{@¥Ethis prdgram).

(b) Crew escape procedures and systems. 1.1.9.3

(c) The ground handling requirements of the aircraft 1.1.9.4

including take-off and landing surface require-

ments.

(d) The range of fuel stowage compartment temp- 1.1.9.5

eratures, and the provision of suitable stowage

conditions.

{e) Cooling and pressurization requirements of crew 1.1.9.6

equipment and structure. \

: . DECLASSIFIED
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(f) Performance trade data for the aircraftin respect

of such items as range, payload, ceiling, maxi-

mum speed, etc.

It is generally understood that only information relevant to

design proposals will be presented, whether for components,

sub systems, or any other items; comprising a list of equip-

ment, with description and artist's conception drawings.

Performance or design specifications for any new suggested

items of equipment will not be included. It is, however,

understood that the design study for the weapon system will

include a model specification to the format outlined in

specification MIL-I-6252, to the extent called for in MIL-

D-8034.

It is visualized that drawings will be provided approximately

as follows:

(1) Athree~view generalarrangementof the-complete

aircraft, tabling its leading particulars and a

numerical list of the subsidiary study drawings.

(2) Athree-view arrangement containing an inboard

profile of the aircraft, a diagram of the compon-

ent breakdown, anda diagram illustrating internal

flow of gases.

(3) A geometry drawing of the complete aircraft

defining major dimensions and wing profile.

(4) Drawings of the cockpit arrangement showing

pilot's equipment and furnishings, instrument

panels and consoles, aircraft and power plant

controls, navigation and communications equip-

ment, crew entrance and escape, cooling and

pressurization equipment.

(5) Drawings of the engine installation showing air

intake and gas exhaust system, auxiliaries gear-

box arrangement, controls and services pro-

visions.

(6) A drawing of the central turbine-compressor

showing main shaft and bearings, fixed and

seen, DECLASSIFIED

Statement

of Work
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(7)

(8)

(9)

rotating structures, typical ring and blade assem-

blies with adjacent stators and seals, and lubri-

cation system.

A drawing of the centre aircraft structure show-

ing integral fuel tank and mid wing assembly,

including alighting gear and its attachments.

A drawing of the aircraft outer wing structure

showing installation of combustor cans andacces+

sories together with hot gas exhaust shutters.

A drawing of the aircraft upper and lower intake

structure showing ramp and entry arrangement,

hovering doors, internal vanes and cascades.

(10) A diagram of the aircraft control system depic-

ting the pilot's central control valve, trim and

hovering valves, shutter valves and jacks, after-

burner valves, and associated pneumatic sys-

tems.

(11) A diagram of the aircraft fuel system depicting

tank pressurization, tank interconnécts and vents,

fuel filling arrangements, anti’G provisions,

supply to engines and combustor systems.

(12) Drawings showing ground handling arrangements

including removable cowlings..and-access doors,

engine replacement, turbine-compressor removal,

aircraft towing picketing and hoisting attachments,

external charging connections.

(13) A diagram showing electrical power source and

services, and tabling a preliminary power load

analysis.

(14) Drawings showing armament and/or reconnais-

sance equipment installations together withassoc-

iated electronic equipment.

Design information as required by MIL-D-8034 will also

include the following items:

(1) Plot of centre of gravity travel and analysis of

effects.

DECLASSIFIED
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(2) Group Weight statement in accordance with form

AN9103 and substantiating data.

(3) V-n diagram with gust considerations in accord-

ance with MIL-S-5702.

In presenting performance information for the weapon system

design study the requirements of specification MIL-C-5011A

will be followed.

In connection with performance prediction however it may

be noted here that there are special problems associated

with the particular aircraft configuration proposed. It is

usual to predict the performance of an aircraft from esti-

mates of thrust and drag which are obtained separately on

the assumption that thrust has little or no influence on drag

or trim requirements. In the case of Project 1794 this

assumption cannot be justified, partly on accoiint of jet

interference. effects and partly on account of the relation

between trim requirements and jet deflection. The precise

meaning of thrust and drag becomes somewhat obscure and

wind tunnel tests provide values of net propulsive force

{thrust minus drag).

The required analyses of performance may then be based

either on an arbitrary separation of thrust and drag, which

provides to some extent for the effects of interference and

trim requirements, or on very extensive wind tunnel tests

designed to provide values of net propulsive force for a

wide variation in jet coefficient, jet control parameter and

intake mass flow. It is anticipated that a combination of

both methods will be employed in performance prediction

for the above studies, to obtain performance data over the

entire range of speed and height. Take-off and transition

performance is a special case to which the above remarks

also apply - but consideration must be given in addition,

to the aerodynamic characteristics with various transition

control positions. The Pacis of performance prediction

will form part of the substantiating data report required

by MIL-C-5011A.

The following specific items will also form part of the sub-

stantiating data report:

(1) Plot of area distribution cut at Mach 1.0.

(2) Tabulation of wetted areas. DECLASSIFIED
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(3)

(4)

(5)

(6)

(7)

(8)

(9)
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Zero lift drag build-up, components and total.

Plot of dCp/dcy/% vs. Mach No.

Plot of aerodynamic centre travel vs. Mach No.

Variation of dC;,/da vs. Mach No.

Low speed aeroplane efficiency factor 'e'.

Substantiation of drag factors and thrust.

Take-off, landing and transition calculations.

(10) Plot of L/D max and Mach No.

(11) Plot of C/L optimum and Cy, actual vs Mach No. *
NOM

(12) Plots of L/Dvs C/L.

Performance information as required by MIL-C-5011A will

include the applicable mission profiles showing altitude vs:

distance.

3.2 Prototype P.V. 704 Design

The prototype P.V. 704 design was started inWecember”TM”

1955 with the design of the basic structure and powerplant

installation for first test of the propulsion unit, as described

in Section 4. For prototype completion to the tethered test

stage the other major iterns are the outer wing, the cockpit

and flight test instrumentation and a tethering rig, the latter

probably consisting mainly of a lange crane.

The design of the basic structure and propulsion unit is now

substantially complete and it is expected that the additional

items together with all preliminary modifications to the

rig design required by the prototype will be completed in

July 1957.

3.3 Work Chart Scheduling and Cost

A chart illustrating the work content in the design and per-

formance group is presented in Fig. 7. It will be apprec-

jated that the scheduling for this work, as shown on the

following page in Fig. 8 is contingent upon the completion

of design for test, items required by certain fixed dates

(now tentatively suggested). Cost and manhour estimates

are shown on pages 95-108.

DECLASSIFIED
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4, AERODYNAMICS

4.1 Prototype Weight and-Ioad Analysis

Prototype P.V. 704 weight and load analyses are presently
being carried on and will form part of the research aircraft

specification required by the USAF under Section 3.

4,2 Wind Tunnel Tests

To supplement and extend the range of the results of the

wind tunnel tests carried out under the terms of the previous

contract, itis proposed to carry out a further series of

tests through the whole speed range. Past experience will

prove useful in determining the ranges of the various test

parameters required more exactly, and will serve to pro-

vide models and test equipment of higher standards.

4.2.1 Hovering and Transition Tests .

A number of hovering and transition tests have already

been carried out on the 1/6th scale subsonic model. How-

ever, in view of the 'hysteresis' encountered, the validity

of using a reflection plane model for tests of this nature is

subject to considerable doubt. A new hovering and transition

model is, therefore, proposed; to employ the same air supply

and evacuation system as was used for the 1/6th scale model

referred to above. Fig. 11 showing an early scheme is

included to illustrate the general method, although this

scheme has been superseded by an alternative which gives

a symmetrical travel flow.

In this type of model the intake and exhaust air has to pass

through the strut, thereby making it uncommonly large

and the main objection to such models is the consequent

large strut interference. At very low speeds where the

aerodynamic drag is of relatively small importance, this

objection becomes less pertinent and the use of such models

more attractive. However, to keep the size of the mounting

and supply pipe to reasonable proportions, it is proposed

to confine the intake flow simulation to the lower intake

only, particularly as it has been found from the 1/6th scale

model tests that the effects of the intake in forward flight

are small. DECLASSIFIED
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The scale suggested is 1/12th, and since this is a complete

model, approximately half the air supply used on the 1/6th

scale model will be required, Furthermore the reduced

scale is an advantage from the point of view of minimizing

tunnel boundary effects and it is in the transition regime

where these are likely to be of consequence. This con-

sideration was limiting as to the lowest speed used in the

previous tests and with the smaller model it will, in general,

be desirable to test to considerable lower tunnel velocities

than were used in the previous program. Also some impor-

tant extensions to the hovering tests, particularly with con-

trol in the.presence of the ground, are known to be required.

Finally, itis desirable to carry out a few comparative

tests on the 1/6th scale model and this is proposed as part

of a further series of tests on the latter as outlined in the

next section,

4.2.2 Subsonic Wind Tunnel Tests

It is proposed to carry out a further series of tests on the

1/6th scale reflection plane model, the principal purpose

of which being to measure the wing surface pressure distri-

bution in various conditions. This will require the instal-

lation of a large number of static orifices on the model wing

surfaces. The model and installation is illustrated by the

photograph of Fig. 12 and the schematic perspective of Fig. 13.

It is also considered desirable to conduct over-lapping tests

with the transition model as explained in the previous section

and it is believed that valuable results with regard to sub-

sonic drag and more particularly the effect of jet displacement

on the aerodynamic characteristics of the aircraft can be

obtained with a moderate expenditure of tunnel time.

It is thought that most of the existing shortcomings of the

balance, and of the air supply and evacuation systems can

be eliminated and it is hoped that a sealed balance, elim-

inating the so-called air bearing, can be made to give a

satisfactory calibration.

4.2.3 Transonic Wind Tunnel Tests

Wind tunnel force measurements on the configuration have
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so far been confined to the subsonic speed range and to

supersonic speeds between Mach 1.5 and Mach 3. Tran-

sonic tests are considered essential in the next phase of

work, particularly in view of the fact that the thrust drag

margin is calculated to be at a minimum in this regime.

A 1/12th scale reflection plane force model with fully sim-

ulated intake and jet flow is therefore proposed, similar

to the 1/6th scale subsonic model and 1/23rd scale super-

sonic models already tested; predicated upon the use of the

10 ft. diameter tunnel at WADC. It is intended to obtain

stability and control as well as performance data, and the

similarity in basic requirements of this and previous models

will make the experience gained invaluable in obtaining

accurate and reliable instrumentation.

A preliminary drawing showing a tentative scheme for the

installation of this model is given in Figs:14s» Tunnel

scavenge air will be used to supply the jet flow and the

scavenge system is expected to be able to absorb that of the

intake. With the tunnel operating at a stagnation pressure

of half an atmosphere it is believed that the full scale air-

craft flows can be simulated satisfactorily.

It is also planned to obtain transonic component drag data

from a 1/40th scale sting mounted model in the Naval Super-

sonic Laboratory at Massachusetts Institute of Technology,

as more fully explained in the next section.

4.2.4 Supersonic Wind Tunnel Tests 1.1.1

It is proposed to re-test the three supersonic models already

tested at M.I.T. with suitable improvements, as follows:

4.2.4.1 Air Intake Pressure Recovery Model

It is proposed to re-test the 1/12.5 scale reflection plane

pressure recovery model at the M.I.T. with alternative

improved designs of air entry. The objectives are to

improve the boundary layer bleed by undercutting the ramp

and to alter the design of entry lip and diffuser to prevent

- separation inside the intake. Tests will be carried out to

attempt to determine the relative merits of external or

external-internal oblique shock configurations, (the latter

being defined as having one or more oblique shocks both

DECLASSIFIED 24
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outside and inside the entry lip) from the point of view of

pressure recovery. Later force tests on the 1/23rd scale

model will be designed to indicate the external drag asso-

ciated with these alternatives.

On this model improved instrumentation will be fitted in the

exhausting duct at the rear for better determination of the

mass flow, and if possible, better subsonic diffusion in the

transition section from the twin air-entry ducts to the rear

exhausting duct will be arranged.

This model is illustrated by the photograph of Fig. 15 and

the illustration of Fig. 16 while the sketch following on

Fig. 17 approximately illustrates the changes that are

intended.

Since this is a reflection plane model mounted in place of one

of the windows through which Schlieren photographs are

normally taken, itis difficult to obtain satisfactory flow

visualization. Efforts will be made to improve the optical

characteristics of the reflection plane such that either

satisfactory visualization with shadowgraph can be obtained

or, if possible, an alternative Schlieren set-up engineered.

It is intended that tests on this model should be carried out

at an early stage so that the best arrangement of air entry

can be incorporated as a modification to the 1/23rd scale

model for later force tests.

It is estimated that a total of approximately 36 hours tunnel

time (4 shifts) will be required, and no installation diffi-

culties are foreseen.

4,.2,4.2 Sting Mounted Models

The 1/40th scale model already tested, is illustratedby the

photographs of Fig. 18 and 19 and the drawing of Fig. 20.

As can be seen from the drawing, it can be built up in sections

to obtain data on components drag, and it has no flow simu-

lation and is thus extremely simple to construct. It is pro-

posed, therefore, to manufacture a further model or models

of this type to obtain the force increments (particularly

drag) arising from thickening the wing, altering the sectional

‘shape and modifying the intake diameter.

Schlieren photography presents no difficulty on this model

and if satisfactory arrangements for shock pictures cannot
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be achieved on the pressure recovery model of paragraph

4.2.4.1, selected air intake arrangements tested on this

model will be reproduced on the sting mounted model.

It is also intended to carry out transonic tests onvithese,

models (as originally programmed for the model illustrated)

to obtain force correlation (particularly drag) with the

transonic model now proposed for tests with flow simulation.

A balance for this model is in existence at the M.I. T. and

it is expected that it will be convenient to test both this model

and the pressure recovery model during the same period.

It is anticipated that a total testing time of 24 hours (3 shifts)

will be required for the sting mounted models.

4.2.4.3 Force Model with Flow Simulation

It is proposed to re-introduce the 1/23rd scale reflection

plane force model with flow simulation into the supersonic

tunnel at the Massachusetts Institute of Technology. The

previous tests with this model were limited by the time

available to an abbreviated program, and hampered by the

lack of sufficient intake flow for proper simulation and by

some instability in the model intake circuit. The latter

will be corrected and it is believed that the full mass flow

can now be drawn through the air intake without difficulty

by using the new suction pump capacity recently installed

at the M.I.T. instead of, as before, feeding the air intake

flow back into the wind tunnel downstream of the working

section. The existing model and balance system is shown

in the photograph of Fig. 21 and the schematic perspective

of Fig. 22.

It is proposed to extend the scope of the future series by

allowing for a greater Mach No. coverage to include up

to Mach 4.

Momentum drag and thrust polars will be taken more often

and over a greater range than before. As explained in

paragraph 4.2.4.1, the air entry will be re-designed to

correspond to the best obtained from the pressure recovery

model.

It is hoped that the so-called air bearings can be eliminated

from this balance also, which will allow the measuring

accuracy of the instrumentation for air flow measurement

to be vastly improved. Proposed changes to the model are

illustrated by the sketches on Fig. 23. DECLASSIFIED
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It is anticipated that approximately 60 hours tunnel time

(74 shifts) will be required for a new program on this model.

4.3 Static Tests 1.1.5.1

1.1.5.4

Certain static tests are being carried out as part of the Avro

Aircraft Limited P.V.704 program and will be reported

to USAF, as follows:

4.3.1 1/3rd Scale Nozzle Development Tests

Nozzle development tests at 1/3rd scale are being carried

out on the balance rig shown in the photograph Fig. 24 and

the illustration Fig. 25 on the following page. The objectives

are to determine the pressure losses in the outer wing com-

bustion section and in the nozzle itself and the effective

outlet area of the nozzles at various angular settings and

in various positions about the wing periphery. Thrust losses

are being obtained directly from this rig and converted to

pressure losses for thrust estimation.

As will be seen from the illustration, the rig consists ofa

two component strain gauge balance, having a long flexible

air supply pipe with a Venturi inside it, encastered at one

end into the main air supply and supported at the other by

the balance dynamometers. Cascades in the right angle

elbow and a gauze downstream ensure an even flow distri-

bution to the outer wing 1/3rd scale segment. Standard

round nozzles have been used to provide a calibration for

a reference pressure plane sufficiently upstream of the

combustion region entry to be unaffected by flow changes

in this region.

Various types of shutter in combination with flame tube

proposals will be tested in this rig, until satisfactory nozzle

performance is established.

It is anticipated that in due course, pressure instrumentation

will be added at the nozzle exit to enable detail improve-

ments to the nozzle flow to be carried out. If at all possible

a third component may be added to the balance to enable

thrust efficiency measurements to be made for any nozzle

around the periphery. Results of these tests will include data

on thrust efficiency, discharge coon aE and efflux angle.
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4.3.2 1/5th Scale Air Intake Tests

It is proposed to carry out development tests of the internal

flow in the air intake (between the mouth and the eye of the

impeller), at 1/5th scale on a static rig as illustrated in

Fig. 26. A schematic of the intended internal flow is also

shown in Fig. 27.

A parallel stream of air is fed to the intake mouth by means

of an entry flare and sucked through the internal passages

and a transition section by means of an annular ejector

(actually part of the 18" x 18" ejector wind tunnel at Avro).

Alternatively, ata later stage, the entry flare will be re-

moved and the take-off relief doors now envisaged (as shown

in Fig. 27) will be fitted in the roof of the intake, to simulate

the take-off case. Thus the two important cases for the

internal flow in the air intake can be simulated.

The first series of tests will comprise tuft studies through

the transparent intake roof, plus measurements of the yaw

angle and vertical pressure profile from the elementary

instrumentation illustrated. An approximate measurement

of the mass flow will be obtained from a total pressure

survey across the circular duct leading to the ejector and

wall static pressures, Following this more complete instru-

mentation will be fitted and thorough total and static pressure

surveys will be taken at the compressor entry station,

giving the pressure loss to this point and accurate mass flow

measurement, . 4

4,3.3 Ground Effects Tests

It is proposed to continue testing on the 1/20th scale ground

effect rig illustrated by photograph of Fig. 28 and the

schematic perspective of Fig. 29. The balance will be

improved, the undersurface configuration brought up to date,

and the internal arrangements changed to ensure a com-

pletely even distribution of the flow from the peripheral jets.

It is also proposed to determine, by mounting the ground

on a three component balance, whether the moments on the

ground reflect those on the model, in which case a hovering

mechanical analogue is visualized as discussed under stability

and control in Section 6.

4.4 Work Chart Scheduling and Cost

Fig. 30 is a work chart illustrating the interdependence of
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the items under this head, Fig. 31 shows a proposed schedule.

Cost and manhours estimates are shown on pages 95 - 108.

Wind tunnel occupancy time is assumed at no cost to the

contractor. The schedule is of course tentative since it

depends on the availability of tunnel time.
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5. PROPULSION

Present policy is to carry out development of the propulsion

system on a complete engine, comprising the six Viper gas

generators and the main eight foot diameter radial flow

turbine compressor pair, but without the afterburners and

nozzles fitted. This six Viper rig involves the building of

the basic structure of the aircraft, comprising the fuel

tanks and mid-wing section, together with special outlet

nozzles of different sizes to control the running of the large

radial flow fan. The design for this piece is complete,

and the design point has been chosen at the sea level static

case with consideration for the fact that air entering the

lower intake may be heated to some degrée by the exhaust

flow from the gas generators. Construction is already well

advanced and it is expected to be ready for first running at

about the end of July 1957. —

This unit; which embodies the design of the major portion

of the P.V.704 research aircraft, is part of the P,.V.704

program but the results of all tests will be made available

to USAF, the additional reports required etc. being regarded

as part of the USAF program. Considering the work proposed

under the heading of propulsion in detail, it may be itemized

as follows.

5.1 Analysis

.5.1.1 Design Point

As noted above, a preliminary design point study, upon which

the gas dynamic design of the first set of rotor blades has

been based, has already been completed. With standard day

air entry conditions the compressor is expected to operate

with good efficiency considerably below the surge point and

thus a design point has been chosen to allow for the air

entering the lower intake being heated to some degree by

the gas generator exhaust (it will be remembered that the

Viper engines breathe entirely from the upper air intake);

it is estimated that the compressor will not surge until the

intake temperature reaches approximately 600°K; and since

from tests it is not expected that the lower intake temper-

ature will exceed 400°K as a result of the gas generator

exhaust, it is anticipated that some degree of afterburning
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will be possible in the take-off case. Analysis at the design

point is continuing, with estimates of possible modes of

operation and further analysis will be required as soon as

test results become available. From the gas dynamic point

of view the most likely cause of difficulty appears to be

that of matching the main power turbine to the Viper engines;

however, the blades have been designed so that they can be

replaced in convenient sub-assemblies, so that re~blading the

turbine or compressor is not expected to cause undue delay.

5.1.2 Off-Design Characteristics

Estimates of the thrust of the propulsion system based on

manufacturers' engine data, and estimated compressor and

turbine characteristics, duct and combustion losses etc.,

will first be made in order to determine the performance

potential of the research aircraft; and refined as improved

data becomes available, largely from the six Viper rig,

but also from aerodynamic nozzle and combustor test and

from the Viper engine manufacturers.

5.1.3 Control System

Studies of the thrust and specific fuel consumption of the

propulsion system with alternative controlled modes of

operation will be analysed in conjunction with behaviour

determined from the six Viper Rig. A schematic drawing

illustrating a tentative system is given in Fig. 34: whena

satisfactory system giving the required operation has been

designed, and tested as far as possible on the six Viper rig,

the propulsion unit performance for the whole range of

altitude and forward speed will be presented in non-dimen-

sional form.

5.1.4 Transient Response

The transient response of the engine to throttle setting will

be determined from measurements on the six Viper rig and,

if unsatisfactory, analyses will be made in order to enable

the characteristics to be improved.

5.2 Test and Development

5.2.1 Single Viper Air Intake and Exhaust Tests
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generator and the exhaust fan-tail with nozzle guide vane to

the main turbine have already been tested as part of the

P.V.704 program on the rig shown in the photographs of

Figs. 35, 36 and the illustration of Fig. 37. For the intake,

no detail measurements of the flow were taken; the engine

ran perfectly satisfactorily, and it appeared that no loss of

thrust could be determined. The exhaust fan-tail was tested

several times and attempts were made to improve the flow

at the sides. Measurements of the velocity distribution

reflected a very poor distribution of velocity immediately

behind the turbine on the particular engine used for test

and the actual velocity distribution at nozzle exit is also

difficult to determine since it was only possible to test at

atmospheric exhaust pressures.

Development tests on the exhaust diffuser are anticipated

with probable change in design to, if possible, sweep the

exhaust in one direction and so avoid the diffusion and re-

acceleration necessary with the present design.

5.2.2 Balance and Over-speed Rig

It is proposed to balance the main rotors and if possible

test to limit load in the rig shown in the photograph of

Fig. 38 and the illustration of Fig. 39. As will be seen

from the illustration this rig is mounted immediately behind

the existing test house so that the Viper engine on its present

stand can be used to drive the turbine: the compressor

rotates in a hollow box which also forms a shield, as shown,

and by this means it is hoped to destroy most of its pumping

capacity so that the rotor can be spun up by the very ineffi-

cient drive of the Viper engine jumping across two rows of

turbine blades similarly set. If necessary, stators can be

interposed between the first and third turbine stages: how-

ever, approximate calculations indicate that only about 70

horsepower should be required to drive the wheel at design

speed.

Both wheels can be tested successively in this rig; instru-

mentation will consist of an I.R.D. vibration analyser,

cameras to observe the deflection of the rings (see Fig. 3)

and yaw probes to eHECEASSIFIED angle from the first

turbine stages.

5.2.3 Six Viper Test and Qualification Rig

The rig is illustrated by the drawing of Fig. 40 andas

“SPORT



AVRO AIRCRAFT LINNTED

DECLASSIFIED

FIG. 35 VIPER AIR INTAKE

Scat

PROJECT 1794

DECLASSIFIED
52



DECLASSIFIED

AVRO AIRCRAFT LIMNIITED

PROJECT 1794

FG. 36 EXHAUST FANTAIL TEST DECLASSIFIED 53



DECLASSIFIED

DECLASSIFIED

FIG.37 VIPER AIR INTAKE AND EXHAUST FANTAIL



DECLASSIFIED

AVRO AIRCRAFT LIMITED

PROJECT 1794

OVERSPEED RIG DECLASSIFIED



GA
ld

IS
Sv

10
34

d
a
l
d
I
S
S
v
1
0
4
0



S
S

AIRINTAKE

INSTRUMENTATIONDUCT
2

a\

TestNOZZLES

Syre
rer

DECLAS
SIFIED

TESTHOUSEWIN
DOW



DECLASSIFIED

AVRO AIRCRAFT LIMITED

PROJECT 1794

explained above consists of the whole basic structure and

propulsion unit of the research aircraft. Initially ducts are

fitted underneath the rig to carry away the exhaust from

the Viper gas generators and also most of the air intake

structure will be omitted, leading the annular air intake

sinks open as far as possible to atmospheric pressure.

Instrumentation will be carried back to the test house through

an overhead duct (shared by the rig and engine controls)

and consists of_ pressure ‘and temperature measurements

and rpm. Pressure surveys will be taken at radial posi-

tions at the following stations.

Air entry.

Immediately in front of the compressor.

Immediately behind the compressor.

In front and behind the turbine.h
o
n
e

In addition a complete pressure survey will be taken at the

exit of each outlet duct from one 1/6th segment of the peri-

phery and also underneath the aircraft beneath the Viper

exhaust, for thrust determination. Provision will be made

for the installation of slip rings on the rotor (since the rpm

is so low, large diameter slip rings should work quite

satisfactorily) but the compressor and turbine blades will

not initially be strain gauged.

Fuel will be supplied’ to the rig from separate fuel tanks

installed behind the test house and engine starting will be

by compressed air from an outside source.

From this rig the overall efficiency of the propulsion system

can be determined including the components of compressor

efficiency, turbine efficiency and the several duct losses. As

development proceeds the air intake structure will be fitted

and the ducting carrying away the exhaust gases will be

eliminated and means provided to control the temperature

of the air entering the lower intake up to the maximum value

expected for the aircraft when hovering in the ground cushion.

The support afforded by the supply of additional engines as

suggested by the USAF will provide satisfactory contingency

allowance for engine failure in the test rig. Specific detail

of the proposal for spare Viper engine supply is givenin

Section 5. 3.

It is anticipated that a qualifying test according to specifica-

tion MIL-E-5156B for prototype cxperimn SRA flight will be

ECLASSIFIED
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Statement

of Work

Sub Parts

undertaken on the first six Viper test rig and allowance

has been made for this to be carried out.

5.2.4 Combustion and Fuel System Development Lode

5.2.4.1 Combustion Development

It is anticipated that Combustion Development will be sub-

contracted to specialists in this field. It is expected that

the principal phase of combustor development will be carried

out on a single can segment of the outer wing combustion

system, after. preliminary flow visualization tests using

water have been conducted. The sample combustor segment

will then be fitted into an appropriate facility and tested

over a full range of entry conditions up to Mach 3.0as f =

defined in Figs. 41 and42. The combustion problem is Ch?
more completely described by the graph of estimated com-

bustion efficiency and extinction limits given in Fig. 43,

and the diagram of operating conditions shown on page 66.

The first phase of combustor development testing, is covered

by the work proposed and will enable a similar graph to that

of Fig. 43 to be constructed and the pressure loss at the

various operating conditions in the table to be determined

for the first working combustor. This development phase

is covered by the present contract.

These results will then be applied to determine the per-

formance of the proposed Mach 3.0 research vehicle and

both the necessary degree of improvement and the required

continuing level of effort may then be determined.

It is further anticipated that sufficient mechanical develop-

ment will have been carried out during this phase to enable

the one set of combustion equipment for the prototype P.V.704

to be manufactured.

5.2.4.2 Fuel System

Fuel System development will be sub-contracted to specialists

along with combustion development. System requirements

for a Mach 3.0 aircraft of the 1794 type will be analyzed.

It is anticipated that the fuel system for this vehicle will

DECLASSIFIED 59
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involve the design and development of new items suchas

the flow control unit etc. Standard fuel pumps will however

be suitable, and it is probable that one pump in each sector

will supply fuel both to the associated engine and the outer

wing combustors. This will probably be a variable displace-

ment piston type pump fitted to the new accessories gear

box of the Viper engine which is shown in Fig. 4.

With regard to control, a constant maximum combustion

temperature can be approximately maintained by the use of

a fuel air ratio control giving a linear relationship of fuel

flow to air pressure. However at high aircraft flight Mach

numbers the line departs appreciably from a unique char-

acteristic due to the rapid increase of air temperature at

inlet to the combustion system. Two methods are available

to reduce or eliminate this discrepancy. The first isto

sense the variable temperature and apply this as a correction

to the fuel air ratio control. Alternatively a good degree of

compromise can be achieved by relating fuel flow to the

total ram pressure sensed from a simple pitot head measur-

ing the pressure after a simple plane shock, The latter

method gives a reasonably constant combustion temperature

for a given throttle setting and is probably satisfactory.

In order to control maximum temperature, a temperature

limiter will be included. This will probably take the form

of a mercury vapor pressure unit inserted in the combustion

system prior to the nozzles which reacts on a fuel potenti-

ometer controlling the fuel flow going-to combustion. In

addition to controlling maximum temperature some arrange-

ment will be required to prevent the Viper engines from

overspeeding the main central rotors. This can be achieved

by the use of a governor controlling the fuel to the Viper

engine. A preliminary diagram of the whole control system

is given in Fig. 34.

For the Mach 3.0 research aircraft all control units will,

of course, be designed from material suitable for the temp-

erature likely to be attained during high speed flight. Up

to Mach 3.0 this is not expected to present any very serious

problems.

The foregoing remarks approximately describe the type

of system which is envisaged and upon which a thorough

analysis and design study will be submitted. For the pro-

totype aircraft, however, a much simpler fuel system is

initially proposed. This will be installed in the aircraft from

DECLASSIFIED
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the very start, and will assist with the hovering control

and will provide an early practical introduction to the effects

of combustion in the outer wing. This system will not require

the development of fuel system units since it will be made

up of standard existing items. The fuel pumps will be those

already on the Viper which have a capacity double that

required to supply the Vipers. The flow control unit will

be a simple proportional control valve enabling the aircraft

to operate up to some limited altitude of the order of 10,000

feet.

5.2.4.3 General

To recapitulate briefly the scope of work included in this

phase of combustion and fuel system development is:

(a) First phase development of sample combustor, to

enable one aircraft set to be manufactured and

including evaluation of performance for application

to Mach 3.0 aircraft study.

(b) Manufacture first of a 1/6 segment set followed

by a complete aircraft set of the above combus-

tors - i.e. the flame tubes, burners etc., not the

outer wing into which they will be fitted; the latter

will be done by Avro Aircraft as part of the

P.V.704 program.

(c) Design and analyse a fuel system for a Mach 3.0

aircraft and associated control system.

(d) Design and manufacture a basic fuel system using

existing components and the Viper engine fuel

pumps.

A preliminary design specification based on estimated values

will be submitted prior to initiation of development effort.

Further to this, i.e. after completion of this phase of work,

a general design specification for the combustion and fuel

system will be written. This will form a separate part of

the propulsion system report supplementary to the specific-

ation of the propulsion system as a whole and MIL-E-8220

(ASG) will be used as a guide in its preparation. The follow-

ing specific items will be included. DECLASSIFIED



DECLASSIFIED

AVRO AIRCRAFT LINMITED

PROJECT 1794

(a) Design information necessary to define the com-

ponents, assemblies and systems to be developed,

including drawings, weight estimates and mater-

ial requirements.

(b) Variations of inlet conditions (temperature pres-

sure and Mach No. profiles) appearing at the

burner face during the more significant phases

of engine operation. (Note - Preliminary values

are quoted in Figs. 42 and 43 of this report).

(c) Specific combustor performance including com- {
nf

bustion efficiency and stability limits. (Note - re “
Preliminary values are quoted in Fig. 41 of this ‘
report).

(d) Significant parameters to be used by the fuel con-

trol system. (Note - See Section 5.2.4.2 above

and Fig. 34 of this report).

5.2.5 Shutter Tests

The outlet nozzles may be alternatively considered as part

of the propulsion system or of the aircraft control system.

It is considered convenient to regard the mechanical develop-

ment of the shutters as part of the propulsion system, For

this development two rigs are envisaged.

5.2.5.1 Single Nozzle Shutter Development

A single nozzle segment containing one pair of nozzles

complete with operating mechanism will be constructed and

fitted to the back of the Viper engine for shutter tests. This

will be the first completely representative shutter function-

ing test series and tests will be run up to the maximum oper-

ating pressure for the outer wing and to a temperature of

about 700°C. This segment will be fitted in place of the

exhaust fantail in the illustration of Fig. 37.

5.2.5.2 Eight Nozzle Outer Wing Segment

Combustion equipment for a complete 1/6th segment will

then be supplied by the subcontractor and fitted to a pro-

totype outer wing segment (manufactured as part of the

P.V.704 company program), so that the shutters canbe

functioned to the full operating temperatures. Fig. 44

illustrates. DECLASSIFIED
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It is visualized that the qualification of the control shutters

will be carried out on this segment, probably without after-

burning to start with, followed by several stages at different

temperature levels. The initial qualification of the control

shutters will as far as possible be carried out concurrently

with a type test for the propulsion unit in order to enable

flight to begin at the earliest possible date.

5.3 Propulsion System Specification and Report

In view of the unique integration of the propulsion system

with the aircraft on Project 1794 the specification of the

research aircraft and weapon system studies called for in

Section 3.1 of this Planning Program will include details of

propulsion system components; for example drawings (see

p. 13) will be provided for the main rotors and also of the

outer wing showing installation of combustor cans etc.

The propulsion system as a whole will be specified asa

separate part of the propulsion report however, in addition

to those parts appearing in the aircraft specification. This

former specification will include -

(a) Compressor map.

(b) Turbine map.

(c) Detail weight estimates for the components.

(d) Presentation of performance parameters-thrust,

mass flow and specific fuel consumption.

(e) Combustor and fuel system specification.

(£) Control system design details.

The propulsion report will specifically include the following

items:

(a) Experimental verification of the performance of

the compressor.

(b) A summary of the calculations for matching the

components of the propulsion system,

(c) A discussion of stall margins and control action.

DECLASSIFIED
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5.4 Spare Viper Engines

The Viper engines which will initially be fitted to the six

Viper test rig will be standard Viper ASV8 "Provost" type

engines. For the first prototype however, 'Uprated" ASV8

engines - offered by the manufacturers by means of simple

modification to the flow control unit - are required.

Additionally to the flow control unit change, further modi-

fication to the prototype engines is desirable at some point,

principally to incorporate the new air intake casting and

remote accessories gearbox shown in Fig. 4.

Orders have therefore been placed by Avro Aircraft Limited

for eight standard ASV8 engines - seven to be delivered by

April 1957 and one to be retained by the manufacturers for

modification and installation of the new accessories gearbox.

Thus the six Viper rig can initially be operated with one

spare engine, a second becoming available in modified form

in due course, From the point of view of operating the test

rig this is regarded as a marginal arrangement and for the

prototype the remaining seven engines have to be returned

for overhaul and modification at completion of rig running.

Additional spare engines are therefore most desirable not

only to provide increased contingency for rig running but

to allow its continuance during modification of the first

seven engines and thus avoid considerable delay. However,

in view of the existing order, itis clear that additional

spares should now be provided in the modified form shown

in Fig. 4. Bearing in mind the obvious desirability of having

a complete set of modified engines delivered to a given date

it is evidently necessary to order a further 6 engines of this

type.

The modified engines are, of course considerably more

expensive than the standard. In view of the fact that the

modifications are not strictly required for rig running it is

considered inappropriate that the USAF be asked to bear

the cost of these and thus the amount quoted in this proposal

is for the set of standard engines which will be used first

in the six Viper test rig.

5.5 Work Chart, Scheduling and Cost

‘The work chart of Fig. 45 illustrates the relationship of the

items mentioned and denotes those which are part of the

P.V.704 items. Scheduling is given in Fig. 46. Cost and

manhour estimates are shown on pages 95-108.
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6. STABILITY AND CONTROL

As stated in the Introduction, pitch stabilization through the

controls is essential in this aircraft and the change in jet

direction as the aircraft pitches performs the same function

as the fixed stabilizer on a conventional aircraft. In order

that the significance of the work proposed in this section

may be fully appreciated a brief explanation of the central

stability problem and description of the proposed stabilizer

is given here as follows:

The aircraft centre of gravity is in the middle whereas the

neutral point for the wing varies from approximately 20%

to 45% of the root chord, depending on Mach No. and angle

of attack; and thus with controls fixed the aircraft is static-

ally unstable. At high subsonic speed in particular, where

the negative margin is greatest, a pilot would not be able

to operate the controls quickly enough to balance the aircraft

and keep it from pitching up out of control; and a stabilizing

mechanism with a much faster response is requiredto

operate the controls instead; leaving the pilot with a monitor-

ing control, which will effectively set the attitude the stabil-

izer is to work to, and thus determine the flight path.

The stabilizing mechanism proposed is illustrated by the

diagram of Fig. 49. The controlling element, the shutters

in the exhaust ports, is a servo, since it only requiresa

small effort to move them, and this produces a large force

on the aircraft by re-directing a powerful jet; thus it will

be possible to get large changes in pitching moment very

much faster than would be possible if the moment were

produced by moving a heavy elevator.

The shutter position is controlled by a pneumatic jack which

holds the shutter closed to a given angle against the pres-

sure inside the wing. The pressure in the jack is deter-

mined by the stabilizer, which thus sets the shutter angle

and main jet efflux, altering the top and bottom differentially

i.e. as the upper is closed the lower will open and vice

versa,

The pressure to the jacks controlling the pitching shutters

is made to depend on the angle of attack and forward speed,

and on the rate of pitch of the aircraft in the following manner:
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if the angle of attack changes the pressure differential

between the top and bottom of the wing will alter to move

the diaphragm (shown in Fig. 49) and thus alter the leak and

change the sensing lines' pressure; and also because if the

aircraft is pitching the main rotors will precess towards

each other (since they are contra-rotating) and in straining

the main mounting shaft will rock the sensitive plate shown

in the diagram and similarly change the sensing lines'

pressure,

The sensing lines' pressure does not operate the shutter

jacks directly but is fed to the amplifier valves, one of

which is shown sectioned in the upper left of the diagram.

The purpose of these valves is to control the high pressure

(0 to 1000 psi) jack operating air according to the low pres-

sure (0 to 30 psi) air fed to it by the sensing line.

In order to control the aircraft attitude it is only necessary

for the pilot to bias the sensing line pressure by means of

the cockpit control stick and the aircraft will respond,

without of course, interfering with the action of the stabilizer

to control any deviations from the new attitude demanded -

by itself making further changes in the sensing line pressure.

6.1 Analysis

The principal effort under this head will thus be concentrated

on the analysis of flight characteristics of the prototype

vehicle using data from wind tunnel and control system

component performance tests. These studies may be con-

sidered under the following heads.

6.1.1 In-flight Characteristics

Considerable data already exists on the subsonic aerodynamic

control characteristics in the 'in-flight' configuration: data

on the control characteristics at supersonic speeds is how-

ever sparse and at transonic speeds non-existent and further

tests under these heads have been proposed in Section 4.

These will be combined with the measured transfer function

of the control system to produce the overall in-flight char-

acteristics of the aircraft over the entire range of speed and

altitude. In the proposed program there will still be no direct

data on the aerodynamic and control characteristics in roll

and yaw but it is nevertheless believed that the vital problem

is that of satisfactory stability and control in pitch and esti-

mated values will suffice for the former. DECLASSIFIED
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6.1.2 Hovering and Transition

Considerable further data on the aerodynamic and control

characteristics in the hovering and transition phase are

required and further tests for this purpose have been

described in Section 4.

Results of these tests, it is hoped, will be available by the

time reliable frequency response data on a fully repre-

sentative shutter test has been obtained and a thorough

analysis of the stability and control in the hovering and

transition phase will be made as soon as they are available.

6.1.3 Flight Limitations

The flight limitations imposed on the aeroplane by the avail-

able control power will be re-examined in the light of further

supersonic and also transonic tests and with consideration

of the effects of control system transfer function on gust

response,

6.1.4 Stall and Post-stall

In view of the possibility of inadvertent or unavoidable

'forced-stall' where control power is at a minimum or if

gust consideration combined with control response should

prove critical, careful integration will be made of the motion

of the aircraft through such manoeuvres. Particular atten-

tion must be paid to the maximum normal acceleration

experienced by the aircraft and the length of time for which

high 'g' is sustained.

6.1.5 Safety and Reliability

Since control of the aircraft, at least at moderate to high

subsonic speeds, is completely dependent on the operation

of the stabilizer, it is clear that a degree of reliability as

good as that of a conventional powered flying control system

must be provided. It is for this reason that the pneumatic

system with entirely mechanical components has been

chosen; and functional tests to develop the shutters to the

required integrity will be carried out on the rigs discussed

in Section 5.2.5. The stabilizer elements will be added

to these rigs and to the original shutter rig as subsequently

explained in Sections 6.2.2, 6.2.3 and 6.2.4 and similarly

developed. Additionally, studies will be made of the failure

characteristics of the system and DEC "ASSIFIEL will
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be provided where inadequate operational envelopes are

found to exist with the limited control remaining after fail-

ure. The requirements of specification MIL-8785(ASG)

will be followed as far as they are applicable.

6.1.6 Increase of Static Margin

Study will also be afforded toward the possibility of reducing

the static instability of the basic aircraft by means of sig-

nificant change in the centre of gravity and possibly by lim-

ited alterations to the planform, whose effects can be readily

determined without recourse to detailed design study.

6.2 Tests

Apart from wind tunnel tests to determine control character-

istics, certain other tests specifically to determine control

system component performance and stability behaviour are

visualized as follows:

6.2.1 Unit Development

The first problem encountered is that of developing satis-

factory functioning of the cockpit valve, angle of attack

signal input valve, signal mixing, pressure control valve

and shutter jack units.

Static tests are in progress to develop satisfactory functional

performance and linear response on these various items.

6.2.2 Frequency Response Rig No. 1

A rig for measuring the frequency response characteristics

of an approximately representative pneumatically controlled

shutter system has already been constructed and is illus-

trated in the photograph of Fig. 50 and the schematic per-

spective of Fig. 51.

Tests will be carried out on this rig with the latest system

components at the earliest practicable stage of development

(as above), with representative control runs, to get the

earliest possible idea of the control system transfer function.

Instrumentation will consist of linear transducers at oscil-

lator input and shutter output with pressure transducers

at suitable points in the system, together with a strip

recorder. DECLASSIFIED
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The effect of varying the moment of inertia of the shutters

will be investigated.

6.2.3 Single Nozzle Segment Frequency Response

Tests

Frequency response tests will then be carried out on the

single nozzle segment described in Section 5. 2.5.1 to obtain

control system transfer function for a completely repre-

sentative set of shutters at the earliest possible date. Control

lines, valves, etc. will be as representative as possible.

6.2.4 Eight Nozzle Segment Frequency Response

Control system transfer function will finally be checked

on the 1/6th segment containing eight nozzles described

in Section 5.2.5.2; with a complete pneumatic system

installed as it will be on the aircraft including a control

column to which an oscillating input will be applied (see

Fig. 44). Recordings will be taken of output of each of the

separate pairs of shutters for the whole segment.

6.2.5 In-flight Mechanical Analog

In view of the importance and novelty of the mechancial

stabilizer it is considered that every effort should be made

to represent aircraft flight motions in a simulator which

employs the actual components of the stabilizing system;

at least those which are known to be possible causes of

response delay.

A mechanical analog is visualized for tests of this nature

which will employ the shutter box shown in Figs. 50 and

51. The proposed rig is illustrated by the sketch of Fig. 52.

The aircraft is represented by a beam (fitted with shields)

pivoted on the box and pitched by the impingement of the jet

on this shield and by an adjustable spring representing an

aerodynamic disturbing moment proportional to the angular

displacement. This displacement is sensed by air bleed

sensing lines representing the angle of attack valve. A

rate gyro is mounted on the shield and its precession is

again felt by air bleed sensing lines which represent the

cockpit valve. The veritable aircraft system is then inter-

posed between sensing points and shutters and thus a dis-

turbance of the shield will be corrected by the jets ina

truly analogous manner. DECLASSIFIED
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Adjustments on the rig will be provided for varying the

moment of inertia, spring tension and rate and displacement

signal gains,

It will be appreciated that as presently conceived the rig is

only in two degrees of freedom. In due course it may be

possible to simulate angle of attack instead of angle of pitch,

nevertheless it can be shown that for some important flight

cases the difference is not sufficient to destroy the analogy.

The rig will contain all the important time lags of the system

and additionally simulates the aerodynamic lag of the jet

force.

6.2.6 Hovering Analog

A similar analog to represent the motions of the aircraft

hovering in the ground cushion is equally desirable.

However, in this case, itis the motions of the aircraft

resulting from its proximity to the ground that are important

and freedom in rise and fall as well as freedom in pitch

and roll is desirable. Hovering simulation with control can

be carried out by electrical analogy and it is planned to

undertake a study of this nature as soon as more reliable

control data in the ground cushion together with control

transfer function have been obtained. At the same time it

is thought worthwhile to attempt a mechanical analogy at

an early stage with control and with a rate signal for artificial

stability augmentation. This can be done with the existing

ground effect rig of Fig. 28, if it can be shown that the re-

flected forces on the ground are sufficiently close to those

on the aircraft for small motions; in which case a freely

pivoted board can be made to represent the aircraft.

6.3 Work Chart Scheduling and Cost

The work chart of Fig. 53 on the following page illustrates

the relationship of the items mentioned and the schedule

of Fig. 54 will be seen to be inter-related with those of

previous sections. Cost and manhour estimates are shown

on pages 95-108

DECLASSIFIED
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Ce STRUCTURES

The prototype P. V.704 aircraft is being designed to the

July 1956 issue of ARDC M80-1. Stressing is in accordance

with the applicable requirements of MIL-S-5700 through

MIL-S-5711 and such other incidental requirements are as

covered in ARDC M80-1.

Additionally the following design criteria are being applied:

(a) The aircraft is being designed to a maximum

normal acceleration of t10g at all speeds within

the placarded flight envelope.

(b) The aircraft is being designed to a maximum rate

of roll or pitch of 3 radians per second.

(c) The maximum differential pressure between the

interior of the wing and ambient is limited to

10 lb. /sq. inch.

This places a restriction on the maximum flight speeds

that can be used at most altitudes and the limit is shown on

the graphs of Figs. 42 and 43.

The work proposed under the heading of Structures may be

itemized as follows:

7.1 Analysis

7.1.1 Strength and Stiffness of Research Aircraft

Because of the circular wing planform, intake arrangement

and jet control, surface pressures are difficult to estimate

for this aircraft and should be obtained from tests as pro-

posed in Section 4. Results of such tests will not however

be available for a considerable time and for preliminary

analysis estimated values will be used.

The work chart of Fig. 57 illustrates the breakdown of

analytical work planned for the research aircraft stressing,

indicating the various structural units that may be con-

sidered separately and form the subject for separate reports.

7.1.2 Stress Analysis for Weapon System Study

In addition, as stated in Section 3, BECCASSIFIED”
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analysis will be undertaken for the weapon system aircraft

design study required with analysis of temperature effects.

The work chart of Fig. 58 illustrates the approximate content

i of work visualized for this study.

7.1.3 Flutter, Vibration and Noise

A characteristic of low aspect ratio-wings is that the modes

of deformation of the wing due to periodic excitation cannot

be reliably calculated, except for certain simple and idealized

cases, The present structure of Project 1794 is not axially

symmetric so that the same considerations apply and itis

considered unlikely that an attempt to calculate the natural

modes would yield useful results. It will therefore be

necessary to carry out resonance testing of the entire air-

craft configuration.

Although the modes of deformation can be so determined it

is still necessary to determine the flutter derivatives and

although these derivatives are known with fair accuracy for

conventional wings, in that case they are derivatives of

angular and linear displacement, based on the assumption

of a rigid wing section. However it is clear that fora cir-

cular planform, the principal characteristic of classical

flutter is the deformation of the wind section, a problem

not previously investigated. In effect, the information

required concerns the pressure distribution about the wing

and its variation with deformation mode and frequency.

Whereas theoretical estimates of the pressure distribution

derivatives could be made it would probably be simpler to

manufacture and test in a wind tunnel a model which is aero-

dynamically to scale and dynamically correct for the most

important modes.

It is considered that even this would be a considerable

undertaking which can hardly be justified at the present

stage.

Thus it is felt that the best policy in this regard will be to

first carry out shake tests on the complete prototype air-

craft to determine both the modes of deformation and ampli -

tude ratios at any important resonant frequencies that are

‘found.

At this stage the possibility of constructing a wind tunnel

flutter model will be considered. DECLASSIFIED
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A further possible cause of trouble appears to be that of

fatigue failure due to high frequency vibrations set up by

the flow within the aircraft itself and a vibration test and

analysis will be carried out on the prototype aeroplane as

soon as practicable by probing the structure at numerous

points with the engine operating. Such analysis will include

sound pressure level and frequency bands,

7.2 Tests

7.2.1 Aircraft Shake Tests

Shake tests of the completed prototype aircraft will be

carried out as outlined above.

Apart from the central engine rotor the principal sources

of vibration are expected to be combustor pressure pulsation

and flow separation in ducts and behind the air intake. So

far as is possible these will be investigated on the six Viper

test rig, and during combustion development, in order that

the general order of the forcing frequencies will be known

when resonance testing the first aircraft.

7.2.2 Vibration and Noise Measurement

The purely resonant phenomena such as blade and duct vibra-

tion will be investigated primarily on the first completed

aircraft before flight trials commence, as outlined above.

In the special case of the central turbine and compressors,

individual blade resonance wili be determined and provision

can be made for strain gauging compressor and turbine

blades as explained in Section 5, but present policy is to

ignore vibration phenomena unless they cause structural

failure.

Sound level measurements will be made on the completed

prototype aircraft to determine the near, far and pilots'

noise spectrum.

7.2.3 Strength Tests

Certain static tests to determine the strength and stiffness

of selected critical items will be carried out, particularly

directed at those parts of the structure which have to support

a large differential pressure, e.g. the fuel tanks and outer

wing panels. Other such tests of relatively minor nature

will probably be required for the prototype.

DECLASSIFIED
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In due course, and before the prototype aeroplane can be

flown to speeds at which high loads can be encountered

large scale structural tests will be carried out, but this

does not form part of the present program.

7.3 Work Chart Scheduling and Cost

A chart illustrating the work outlined in this sectionis

presented in Fig. 59 and an approximate schedule is given

in Fig. 60. Cost for the stress analysis required for the

weapon system design study is covered in Statement of Work

Sub Part 1.1.9 (reference Section 3 of this report).

DECLASSIFIED
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8. REPORTS AND CONSOLIDATED WORK AND COST

CHARTS

8.1 Program Planning Report

Ten copies of this program planning report are now sub-

mitted to the Commander Detachment #1 Hq. ARDC,

Attention: RDZSBA, Wright AFB, Ohio.

8.2 Test Specifications

Detail specifications of all tests outlined in the program

planning report, including those which form part of the

company sponsored program will be submitted to Hq. ARDC,

Attention: RDZSBA. Test specifications for the USAF items

will be submitted for approval in advance of tests. Test

specifications will provide information on test objectives,

facilities, model characteristics, test condition, instru-

mentation requirements, data collection and reduction etc.

Test specifications will be furnished in accordance with the

work schedule charts in this report (designated TS on the

charts).

8.3 Bi-monthly Progress Reports

Ten copies of a bi-monthly progress report will be furnished

by the twentieth day of the month following the reported two

month period, representing a summary of: work performed,

percentage of task accomplished, results obtained, problems

encountered and the budgetary status of the program. These

will be delivered to Hq. ARDC, Attention: RDZSBA.

8.4 Technical Reports

Six technical reports will be submitted as follows:

8.4.1 Summary Report

The summary report will contain -

(a) An Introduction which includes historical back-

ground and statement of purpose of objectives,

(b) Discussion of the design concept,

(c) A presentation of important results,

DECLASSIFIED
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(d) An evaluation and interpretation of these results,

(e) Conclusion and,

(£) Recommendation.

8.4.2 Design and Performance

A design and performance report covering the work outlined

in Section 3,

8.4.3 Aerodynamics

An aerodynamics report covering the work outlined in

Section 4,

8.4.4 Propulsion

A propulsion report covering the work required by Section 5.

8.4.5 Stability and Control

A stability and control report covering the work outlined

by Section 6. .

8.4.6 Structures

A structures report covering the work outlined in Section 7.

25 copies of each of these technical reports will be furnished

to Hq. ARDC, Attention: RDZSBA, by not later than October

31, 1958.

8.5 Consolidated Work and Cost Chart

Fig. 65 is a consolidated work chart for all the work outlined

in this report, indicating the tie-in between the USAF and

company sponsored program, while estimates of costs and

manhours are shown on charts and tabulated lists on pages

95-105,

DECLASSIFIED
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AVRO AIRCRAFT LIMITED

PROJECT 1794

ENGINEERING.

MANUFACTURING

DEV. - SUB CONTRACT
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AVRO AIRCRAFT LIMNTED

PROJECT 1794

SPECIAL PROJECTS GROUP PERSONNEL

No. of

Personnel

Chief Design Engineer 1

Project Designer 1

Senior Design Engineer 1

Senior Designer 5

Designer A/C 6

Design Draftsman 6

Draftsman 'A' 8

Draftsman 'B' 2

Senior Loftsman 1

Lines Loftsman 'B' 6

Chief Aerodynamicist J

Sr. Aerodynamicist ]

Aerodynamicist - Engineering 4

Thermodynamicist 1

Aerodynamicist 'A' 8

Senior Stress Engineer 1

Stress Engineer 'A' 2

Stress Engineer 'B' 4

Junior Stress Engineer 3

Junior Aerodynamicist Engineer 3

Weights Estimator 'A' DECLASSIFIED 1
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AVRO AIRCRAFT LIMNTED

PROJECT 1794

The following rates of Labour and Overhead have been applied in the

compilation of costs estimates for the program of work outlined in this

proposal.

Labour Rates

For Engineering Year Ending July 31/57 $. 2.75
Year Ending July 31/58 2. 85

Year Ending July 31/59 2.95

For Experimental Year Ending July 31/57 2.10
Year Ending July 31/58 2.45

Year Ending July 31/59 2.20

Overhead Rates

For Engineering Year Ending July 31/57 115%

Year Ending July 31/58 120%

Year Ending July 31/59 125%

For Experimental Year Ending July 31/57 150%

Year Ending July 31/58 150%

Year Ending July 31/59 150%

For Administrative Year Ending July 31/57 7.5%
Year Ending July 31/58 9.0%

Year Ending July 31/59 10.0%

Application of Rates

Labour + Overhead + Material and Direct Charges + Administrative.

DECLASSIFIED



AVRO AIRCRAFT LIMITED

DECLASSIFIED

PROJECT 1794

9. COMPANY STATEMENTS

Management

The program of work specified in this proposal will be managed in all

phases of Engineering, Administration and Experiment Manufacturing

by the same management personnel who were responsible for the previous

Project 1794 program and whose responsibilities are shown in Exhibit 1

and Exhibit 2.

Should it be found necessary during the contract period to effect changes

(in the interest of the work) of key personnel or their responsibilities,

this will only be done after consultation with the United States Air Force.

Facilities

The contractors will provide all the facilities necessary, to accomplish

the program of work specified in this proposal, with the exception of

Wind Tunnel facilities which are to be furnished by the United States

Government.

Personnel

The contractor undertakes to provide professional, skilled, semi-skilled

and other classifications of labour in sufficient numbers to support the

program.
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AVRO AIRCRAFT LIMITED

PO MANAGE

svorskentvo ridice PLIGH? obsearrors
DIVISION “TC DIVISION

VICE+PRESIDENT VICE-PRESIDENT. CHIEF OF FLIGHT
ENGINEERING FINANCE OPERATIONS

JsG. FLOYD Jo TURNBR DH. ROOERS

EXECUTIVE

ASSISTANT

biG, MeCARTY

| Pee

J-_ ChAMBERLIN|

CHIEF

AERODYNAMICIS

PROJECT

ESIGNER CF- 108}

0. BAKE

PROJECT

ESCHER CF- 109}

C.¥. LINDOW

(381 STANT CHIE

PESicH ENGINEER!

(ARMAMENT)

Q.R, OSCAR

Issue 5 Nov. Jet, 1956.
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