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for drills that go blunt 
in the night... 

* * the West/and Wessex 60 
can deliver men and material speedily and reliably to offshore 
rigs 200 miles from base, 
THE WESTLAND The civil twin-turbine helicopter with engine-out safety. 

WESSEX 60 Reliability proven by year round operations under North Sea 
conditions. 

Backed by thousands of hours of experience with military 
versions. 

WESTLAND 
HELICOPTERS 
LIMITED 

< & 

YEOVIL SOMERSET ENGLAND SUBSIDIARY OF WESTLAND AIRCRAFT LIMITED 

https://doi.org/10.1017/S0001924000053173 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000053173


q-p nn 
uu UUUD GU LD 

THE ROYAL AERONAUTICAL SOCIETY 
Incorporating The Institution of Aeronautical Engineers and The Helicopter Association of Great Britain 

Published Monthly at 4 HAMILTON PLACE, LONDON W1V OBQ 
Telephone: 01-499 3515 Telegrams: Didaskalos, London, W1 

V O L U M E 73 N U M B E R 6 9 8 

CONTENTS 

NOTICES 

F E B R U A R Y 1 9 6 9 

Page 

XI 

BRANCHES XIX 

GRADUATES' AND STUDENTS' SECTION XX 

J. Black LOOKING AHEAD IN AERONAUTICS—15: EDUCATION AND TRAINING IN THE 
SECOND CENTURY 91 

D. Kiichemann AERODYNAMIC DESIGN 101 

R. D. Boot DEVELOPMENT OF THE BUCCANEER 111 

SYMPOSIUM ON PROJECT MANAGEMENT AND INCENTIVE CONTRACTING 
PROCEDURES—PART II 119 

H. Collomosse ALL-WEATHER OPERATION FOR HELICOPTERS: FLIGHT CONTROL SYSTEMS 
FOR HELICOPTERS 129 

TECHNICAL NOTES 

T. R. Crossley Synthesis of Aircraft Modal Control Systems Having Real or Complex 
and B. Porter Eigenvalues 

138 

M. K. Bull Velocity Profiles of Turbulent Boundary Layers 143 

THE LIBRARY 

Reviews: Direct Energy Conversion—Space—Sir George Cayley, 1773-1857 
—Conquerors of the Air: The Evolution of Aircraft, 1903-1945—Explorations in 
Aerospace Law—Jet Tanker Crash—Royal Air Force 1918—Architect of Air 
Power—The Knighted Skies—Vibration and Shock in Damped Mechanical 
Systems—Adventures in Flight. The Story of Airships—The Early Birds of War 

Additions to the Library. Reports 

148 

S U P P L E M E N T A R Y P A P E R See Facing page 156 

Editor: JOAN BRUCE, BSc, CEng, AFRAeS. 
Secretary of the Society: A. M. BALLANTYNE, OBE, TD, BSc, 

PhD, CEng, HonFCASI, FAIAA, FRAeS. 
4 HAMILTON PLACE, LONDON, W1V OBQ. Tel: 01-499 3515. 

Advertisements Only: 
H. E. SOUTHON 
Magazine Advertising Ltd, 
Tel: 01-242 0434/5. 

184 Fleet Street, London, EC4. 

Reproduction of any of the papers published in this journal is 
not permitted without the written consent of the Ed/tor. 

None of the papers or paragraphs must be taken as 
expressing the opinion of the Council unless otherwise stated. 

Printed by The Lewes Press Wightman & Co. Ltd., Lewes, Sussex, England, and 
Published by The Royal Aeronautical Society, 4 Hamilton Place, London, W1V OBQ, England. 

https://doi.org/10.1017/S0001924000053173 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000053173


The Royal Aeronautical Society 
FOUNDED 1866 INCORPORATED BY ROYAL CHARTER 1949 

Patron: HER MAJESTY THE QUEEN 

COUNCIL 

President: PROFESSOR D. KEITH-LUCAS, MA, HonDSc, CEng, FRAeS 

President-Elect: AIR COMMODORE F. R. BANKS, CB, OBE, CEng, CGIA, HonFAIAA, 
HonFRAeS, RAF(retd) 

Vice-Presidents: 
PROFESSOR J. A. J. BENNETT, DSc, PhD, CEng, FAIAA, HonFRAeS 
SIR ROBERT COCKBURN, KBE, CB, MSc, PhD, CEng, FRAeS 
G. S. HISLOP, PhD, BSc, ARCST, CEng, FRAeS 

poof Prs^irff^nt^' 
SIR GEORGE GARDNER, KBE, CB, HonDSc, CEng, HonFRAeS 
A. D. BAXTER, MEng, CEng, FRAeS 
SIR MORIEN MORGAN, CB, MA, CEng, FRAeS 

Members: 
H. CAPLAN, DCAe, CEng, AFRAeS 
A. V. CLEAVER, OBE, CEng, HonFAIAA, FRAeS 
H. DAVIES, CB, MSc, CEng, FAIAA, FRAeS 
S. D. DAVIES, CBE, BSc(Eng), CEng, FRAeS 
H. H. GARDNER, HonDSc, BSc, CEng, FRAeS 
W. F. HILTON, DSc, PhD, DIC, CEng, AFAIAA, FRAeS 
E. HUTCHINSON, BSc 

(Chairman, Graduates' and Students' Section) 
B. P. LAIGHT, MSc, CEng, FRAeS 
PROFESSOR K. L. C. LEGG, DCAe, BSc(Eng), CEng, FRAeS 
CAPTAIN J. H. MALCOLM, ARAeS (President of the New Zealand Division) 
P. G. MASEFIELD, MA, CEng, HonFAIAA, FRAeS 
AIR COMMODORE J. R. MORGAN, OBE, BSc(Eng), CEng, FRAeS, RAF(retd) 
E. S. MOULT, CBE, BSc, PhD, CEng, FRAeS 
W. N. NEAT, MA, CEng, FRAeS 
I. NESBIT, BEM, ARAeS (President of the Rhodesia Division) 
L. F. NICHOLSON, CB, MA, CEng, FRAeS 
D. W. NORMAN, BSc (Aero), GradRAeS 
G. K. C. PARDOE, BSc, DLC, CEng, FRAeS 

(Chairman, Astronautics and Guided Flight Section) 
AIR VICE-MARSHAL C. N. S. PRINGLE, CBE, MA, CEng, FRAeS 
H. ROBERTS, DIC, BSc, PhD, CEng, FRAeS (Chairman, Rotorcraft Section) 
A. O. M. VIALLS, BSc, CEng, FRAeS (President of the Southern Africa Division) 
G. T. WANSBROUGH-WHITE, ARAeS 
K. G. WILKINSON, BSc, DIC, ACGI, CEng, FRAeS 
J. E. D. WILLIAMS, BSc, FRAeS 
M. W. WOODS, BE, BSc, DPhil, CEng, FRAeS (President of the Australia Division) 

Officers: 
Hon. Treasurer: MAJOR G. P. BULMAN, CBE, BSc, CEng, FRAeS 
Solicitor: L. A. WINGFIELD, MC, DFC (Hon Companion) 
Secretary: A. M. BALLANTYNE, OBE, TD, BSc, PhD, CEng, HonFCASl, FAIAA, FRAeS 

Note: The President of each Division and the Chairman of each Section of the Society is a 
Member of Council by reason of his office. 

FEBRUARY 1969 

https://doi.org/10.1017/S0001924000053173 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000053173


LONDON ENGINEERING O 
CONGRESS 1970 PSR 
organised by THE COUNCIL OF ENGINEERING INSTITUTIONS UUAWUUd 

(President: H.R.H. The Duke of Edinburgh) 

London,4-7May1970 
LECO'70 

This congress is being planned to attract 

engineers from both Great Britain and 

all over the world to discuss the oppor­

tunities and the challenges facing the 

profession in its services to the commu­

nity. Present plans are for such a con­

gress to be held every three years. 

LECO'70 wi l l . . . 
emphasise the growing and increasingly 
important international co-operation of 
engineers 

outline current British engineering 
achievements 

reflect the unity and interdependence 
of the various engineering disciplines 
and their importance to the community 

N o t e t h e d a t e s i n y O U r d i a r y n O W ! Further details will appear in subsequent issues 

COUNCIL OF ENGINEERING INSTITUTIONS 
2 LITTLE SMITH STREET - WESTMINSTER • LONDON SW1 • TEL: 01-799 3912-4 
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We put 8 
ounces of 

tungsten carbide 
in this engine 
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...without it 
air fares 

would take 
off too! 
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Inside this jet engine costly titanium compressor blades 
rotate at 9,000 r.p.m; rubbing against each other all the 
time. 
Where the wear is greatest they have a coating of tung­
sten carbide just 0.009 inches thick. Without it they'd 
wear out in 40 hours. With it they last over 10,000 hours. 
This means an enormous saving in maintenance costs. 
Union Carbide apply the tungsten carbide with a special 
gun that heats the coating particles to 6,000°C and 
blasts them onto the titanium at 1,700 m.p.h. But don't 
get the idea tungsten carbide is the only coating we can 

Photograph by courtesy of Trans World Airlines 

provide. Nor that titanium is the only metal we can coat. 
We have a comprehensive range of wear-resistant coat­
ings, and we apply them to almost every industrial mater­
ial. What is more we can apply them with precision to 
the wearing areas of the component. And you have the 
choice of using the components as coated, or machining 
the coating to fine tolerances. 
Our Coatings Service is, in fact, as advanced as the jet 
age itself and further proof that Union Carbide is, in­
deed, the discovery company in action. 

UNION 
CARBIDE 

Coatings Service 
from the 

discovery company 

UNION CARBIDEU.K. LIMITED-COATINGS SERVICE-MILLERS RD,WARWICKTEL:WARWICK41766&SHEPLEY ST, GLOSSOP.DERBYSHIRETEL:GLOSSOP4351 

The term Union Carbide is a registered Trade Mark of Union Carbide Corporation. cs 179 https://doi.org/10.1017/S0001924000053173 Published online by Cambridge University Press
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Sealing Rings 
Call on Cross the specialists in design and manufacture of 
sealing rings for normal and high temperature application from 
i" to 5' or even larger. 

Moving or static. 

Materials include Alloy Steels, Nimonic Alloys, Stellite, 
Aluminium and Plastics. 

Outspringers and inspringers. 

For further information and advice contact: 
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Air 
Registration 

Board 
Invites applications for one post in each of the 
following four subjects in its Design Department: 

1. AIRCRAFT ELECTRICAL SYSTEM DESIGN 

2. AIRCRAFT SYSTEMS (other than electrical) 
AND SAFETY EQUIPMENT DESIGN 

The duties involve the airworthiness considera­
tion and approval of systems installation and 
equipment and the preparation of design require­
ments. The work is based at Redhill but will 
entail visits in the UK and probably overseas. 

Applications should have had training or acquired 
knowledge by experience comparable to graduate 
level and 10 years experience in design, develop­
ment or applied research. 

3. REQUIREMENTS WRITING 

The duties involve the drafting and preparation for 
publication of airworthiness requirements, includ­
ing consultation with ARB Specialist Departments 
and with the civil aviation industry. The work is 
based at Redhill and a major part concerns the 
preparation of hovercraft requirements. 
Applicants should have had training at least to 
HNC or graduate level and some years of design, 
development or research experience, preferably 
with drafting experience in the preparation of 
regulations, specifications or contracts. Preferred 
age not exceeding 35 years. 

4. PERFORMANCE ENGINEERING 

The duties involve the study of factors influencing 
aircraft performance, the presentation of perform­
ance data in Flight Manuals and other documents 
and the application of these data in showing 
compliance with the Air Navigation Regulations. 
The work will include responsibility for the pre­
paration and supervision of pilots' performance 
examinations and possibly liaison with airline 
dispatchers. The work is based at Redhill but 
will entail visits in the UK. 
Applicants should have had training to HNC or 
graduate level and some years experience of per­
formance work preferably with an airline. 

Starting salary in the range £1800-£2550 or 
slightly higher in exceptional circumstances. 
The ARB has a favourable pension and life 
assurance scheme and also an attractive 
private flying scheme. 

Applications should be made on a form obtainable 
from: 

The Secretary, 
Air Registration Board, 
Brabazon House, 
Redhill, Surrey. 
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THE CITY 
UNIVERSITY 

DEPARTMENT 
OF 

MECHANICAL 
ENGINEERING 

RESEARCH 
STUDENTS 

Applications are invited from holders of an 
honours degree (or an equivalent qualification), 
and from those who expect to graduate in 1969, 
to join research groups in the department 
concerned with: 

Mechanical Properties of Materials (Fatigue 

and Creep). 

Photoelasticity and Stress Analysis. 

Noise and Vibration. 

Flow of Liquids and Gases (including a new 

project on blood flow). 

Two phase flow (solid/fluid, liquid/vapour). 

Fluid Logic Devices. 

Combustion in IC Engines. 

Heat Transfer. 

Research students are given the opportunity 
to register for the MPhil or PhD degrees of the 
University and are eligible to apply for University 
Research Studentships which are based on 
Science Research Council scales. In addition, 
some demonstrating work is available. Accom­
modation may be provided in a hall of residence. 

Further information may be obtained from: 

The Head of the Department of Mechanical 
Engineering 

The City University 
St. John Street 
London, E.C.1 
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And they're a pretty tempting and unique 
bunch, even if not exactly carrot-shaped. 
They include forgings, die castings, 
extrusions and sheet, in various shapes 
and for many uses. 
We know we can help, so drop us a line 
and we'll gladly tell you more. 

HDA 
HIGH DUTY ALLOYS LIMITED, 
SLOUGH, BUCKS. 

f& HAWKER SIDDELEY 
COMPANY 

Hawker Siddeley Group supplies mechanical, electrical and 
aerospace equipment wrth world-wide sales and service 
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