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The paper selects for brief discussion a very few qf the successfid aeronautical
researches conducted in the United Kingdom in recent years. The selection
includes illustrations of the work of Government Establishments, of Industry,
and of Universities. Moreover, the choice made is intended to exemplify the
principal fields of activity of the Aeronautical Research Council, as represented
by its Standing Committees and group of Special Committees: aerodynamics,
mechanics, propulsion, and special topics. The paper concludes with a plea for
continued research on as large a scale as possible.

I. APOLOGIA PRO RATIONE SUA

... with one consent began to make excuse  LUKE 14, 18

To be asked, in the Centenary year of the Royal Aeronautical Society, to

deliver a lecture lastina 45 minutes and dealing with the highliahts of aero-
nautical research in the United Kingdom during an unspecified period, poses
a problem in selection which is obviously well-nigh insoluble. One's choice of
topics must necessarily be arbitrary, personal, and very limited. The fact that
the Society is a hundred years old would provide an excuse for a historical

survey, beginning with Cayley surely the father of aeronautical research
and, therefore, of aviation itself — and dilating on Wenham's first paper"'
to the Society  then the Aeronautical Society of Great Britain   which was
the first research body in aeronautics. But there have been many excellent
historical surveys, and it therefore seemed to me to be more appropriate to

try to discuss some recent work. In any case, the invitation to lecture on this
subject was not extended to me personally, but to the Chairman of the
Aeronautical Research Council, which office I happen to occupy at the

moment: there is no significance in the fact that I happen also to share the
A.R.C.'s initials.

1 shall therefore restrict myself to a very few of the topics in which the
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Since I have to limit myself severely here, I shall speak of only one applica-
tion : engines for vertical and short take-off and landing. In this field, Rolls-
Royce have specialised in the light-weight lifting engine, and Bristol Siddeley
have evolved the vectored thrust concept. If 1 may deal with the latter first, I
shall begin by allowing a short B.S.E. filmt to describe the system and some
of its properties for me. The film shows clearly that vectored thrust is a power-
ful V/STOL propulsion system, with many virtues. Some of its characteristics
and advantages are set out in Fig. 10, while the past development history of
the Pegasus engine is illustrated in Fig. 11. Plenum chamber burning
(P.C.B.) — combustion in the by-pass air from the fan, for added thrust is
illustrated in Fig. 12; there is a special premium on high take-off thrust
because of the added fuel which can be lifted.

Since it is research with which I am concerned today, may I just list for
consideration five points.

The vectored thrust engine demanded a high by-pass ratio at a time
when these ratios were small. This in turn demanded the highest
possible flow per frontal area of the fan.
To achieve  (i)  the engine has been designed with an overhung, tran-
sonic fan of rugged construction, with no inlet guide vanes; no anti-
icing is therefore required.
The nozzles, even though carrying hot gases, are simultaneously
operable through 100°in one second.

t I am indebted to Dr. S. G. Hooker of B.S.E. for this film and the related
figures.
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necessary solutions. Fig. 13t shows three generations of engine, with thrust-
weight ratios rising to 20: it is of interest to note that emphasis is today being
placed also on high thrust-volume and thrust-cost ratios. The achievement of
these remarkable ratios is, in part at least, the result of a long and large pro-
gramme of materials research, in which composite materials  the latest is
HYFIL — are playing no mean part.

As regards rate of response, Fig. 14 shows that very rapid thrust changes
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FIG. 14 -- Lift-jet thrust response

are possible. The need for this in a VTOL machine was demonstrated by the
Flying Bedstead experiment; its achievement has made it possible to use
differential engine thrust modulation for stability and control of the VJ 101C.

A major problem for a lifting engine is clearly that of achieving a smooth
airflow into the face of the compressor during the transition phase. Rolls-
Royce have done much work on this, examining such variants as flush
intakes, scoops, and cascade intakes with different numbers of vanes. As a
result, much know-how has been accumulated; although every new applica-
tion will require further investigation.

Some of the factors affecting ground erosion are listed in Fig. 15. Once a
surface begins to break up, erosion is rapid, and for loose surfaces some
binding agent or protective covering may be needed. However, such require-
ments clearly limit the flexibility of an aircraft, and accordingly research has
been directed to the reduction of the erosive effects of both lift-jets and pro-

f I have to thank A. A. Lombard of Rolls-Royce for these Figures.
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pulsion engines with deflected thrust. As a result, rapid mixing nozzles have
been evolved (Fig. 16) which appear to have gone far in the solution of the
erosion problem. Eroded material can, of course, be ingested into the engine;
elimination of erosion is thus the safest preventative. It is more difficult to
prevent recirculation of the hot gases, and reingestion; but as a result of
research on this, configurations giving acceptably low intake temperatures
have been evolved.

D2
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Finally, jet deflection can materially assist acceleration through the transi-
tion phase; a deflection of 15° gives a thrust of one quarter of the weight, with
only a small (31 per cent) loss of lift. A simple, light-weight spherical nozzle
has been developed which can achieve this degree of jet deflection; alterna-
tively, in some aircraft designs, a support which allows a small degree of
swivelling of the engine can be employed.

5.2. Blade vibration and flutter
A reed shaken with the wind — MATTHEW 11, 7

As a general rule, engineering research work is directed to the discovery of
solutions of existing problems: diagnosis rather than prognosis is usual. The
work I am about to describe, however, was more in the nature of prognosis.

Cases have been reported of the failure, in what appeared to be a pure
bending mode of vibration, of the blades of gas turbine rotors, and various
attempts have been made to explain such occurrences. Dr. D. S. Whitehead
of Cambridge studied in detail the possibility of such a phenomenon, and
evolved a comprehensive theory ( '8) from which predictions could be made of
the circumstances in which such a form of flutter would occur. Subsequently,
failure of turbine blades, during development tests of an actual engine, was
found to accord closely with the predictions of Whitehead's theory.

In broad outline, the explanation of the phenomenon is as follows. Con-
sider a (two-dimensional) cascade of blades which produces a uniform finite
deflection of the flow through them, so that all blades are under load. Then
any one blade lies in a velocity field having a gradient between its two neigh-
bours. Movement of the central blade concerned in the direction of the row
then implies that the relative gas speed, and hence the force, will change. The
usual Wagner circulation effect produces, however, a phase lag between force
and displacement which enables energy to be extracted from the air; when this
energy equals that dissipated by aerodynamic damping, a critical condition
clearly results. The force change due to translation in this case is analogous
to that due to incidence change, with appropriate change of phase angle, in a
classical bending-torsion flutter problem; it is interesting to note that in the
present case only one degree of freedom is required, but that on the other
hand the blade must be subject to a finite mean load.

Of course, if all the blades move in phase with equal amplitude, there is no
relative motion between them and no instability ; and it is unlikely that a
single blade would vibrate by itself. However, if it is pre-supposed that all
blades move with a phase difference between them which increases progres-
sively along the cascade, instability can clearly result ; and in fact the predic-
tion of the Whitehead theory is that about 45° phase angle between the motions
of two neighbouring blades gives the most critical condition.

There are, of course, many parameters in this problem: gap-chord ratio,
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Industrial aerodynamics is concerned with wind effects on large structures,
as well as with the many but more mundane problems of internal flow in pipes,
heat exchangers and so forth. Externally, it is the aerodynamics of separated
flow and vortex generation which are involved, since most of the structures
affected are bluff bodies. Some of the most difficult but most interesting
problems are those of aeroelasticity; unstable oscillations of suspension
bridges, conductor cables, or steel chimneys pose the questions to be answered.
Here the structures are large, heavy, elastic and poorly damped ; if there is a
critical condition it implies that an oscillation can in each cycle extract a
quantum of energy from the wind : the force-displacement relation is usually
non-linear, so that a limit cycle oscillation results. One such phenomenon has
been shown to involve forces similar to those which produce 'swing' of a
cricket ball.

From oscillations of chimneys it is a small step to the efficient dispersal of
effluent gases from chimneys and funnels; this is an area of research requiring
far more knowledge than we possess at present of the structure of the natural
wind — its profile, gustiness, and the scale and intensity of the turbulence in it.

British work in this field has its focus at the N.P.L. in the group headed by
C. Scruton; but many universities and research associations are actively
interested, as well as the Meteorological Office. At one time, too, the Ministry
of Fuel and Power was examining various types of windmill for the generation
of power ; there is now, however, much less activity in this field in the United
Kingdom than in many other countries. I have described some of the pro-
blems of industrial aerodynamics in the First Nilakantan Memorial Lecture
read before the Aeronautical Society of India(').

7. LIINQU1TUR UT PLURA ESSE INUESTIGANDA PUTEMUS

Wise men lay up knowledge — PROVERBS 10, 14

At the conclusion of this lecture I am more than ever conscious that no
mention has been made of many excellent researches: for example, the
achievements of the Blind Landing Experimental Unit should surely have
been described. Perhaps my audience can be persuaded that the lecture is
like a milliner's shop window, with only one or two hats on show to whet the
appetite; there are very many others, just as good, inside.

If this is accepted, it will be recognised that there is a large research pro-
gramme in being in the United Kingdom. Unfortunately, my lecture is being
delivered, not only in the Centenary Year of the Royal Aeronautical Society,
but also in a year of serious financial stringency, when we have been told that
British effort in aviation must be reduced. It is my view — and here I speak
personally, and not as the Chairman of the A.R.C. — that whatever else
happens, research should be maintained at least at its present level. Research
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