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It can be seen that supersonic transports and VTOL aircraft will benefit
quite dramatically from relatively small advances in technology. One of the
reasons why medium to long-haul supersonic transports can be advocated is
the feeling that — faced with such exchange rates — provided we can get the
first generation launched and into business, the supersonic machines should
overhaul and pass the subsonic breed, size for size, as we get technically more
clever. With the subsonic conventional transports, as we bring the range
down we have to struggle harder for improvement. The subsonic short-haul
civil transports are particularly obstinate in responding to technological
advance; much depends on skill in choosing the specification to work on,
giving the right aeroplane at the right time. A long time ago I made the point
that on civil transports the golden rule for getting fares down was to make
the aeroplane as big as you dare and then fill it. This applies as vigorously as
ever today.

2.2. Aerodynamics

2.2.1. Subsonic.  For aircraft designed to cruise efficiently at highish subsonic
speeds it is difficult to see more than a gradual and limited improvement in
the lift/drag ratio. The advent of high capacity computing machinery will
increasingly enable the theoretical people to come up with workable solutions
for the flows round complex wing shapes and wing body combinations, which
should ease the designer's task in getting his aerodynamics more nearly right
from the outset rather than after the lengthy  ad-hoc  development now some-
times needed. An important area for immediate drag improvement lies in the
finer aerodynamic points of engine installations — more especially with the
advent of higher by-pass ratio units.

It is interesting to speculate on whether — apart from truly supersonic
medium and long haul aircraft — cruising speeds will stop short at about
Mach 0.95. While opinion is divided on this, I myself have felt for some time
that for the short to medium haul transports there is a possibility that we will
learn how to generate an adequate lift/drag ratio at about Mach 5; a speed
fast enough to give an appreciable economic advantage over 0.85 if we can
hold our  LI D,  and slow enough to obviate any sonic bang problem from
altitude — the bang never reaches the ground. Dealing with fuselage drag is
the big problem here, and it may well be that this Mach 1.15 possibility will
first be realised in fairly large machines approximating to all-wing layouts.

Laminarisation of the boundary layer has been the aerodynamicist's big
prize for years in terms of spectacular drag reduction, but undoubtedly of
late it has been running through a bad patch and even the enthusiasts are
getting a little discouraged. It pays off with increasing vigour when range is
increased, as illustrated in Fig. I. But marked improvements of late in the
efficiency of conventional aircraft — better  LI D,  better structure weight,
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FIG. I — Effect on costs of laminar flow wings

above all better engine specific weights and specific consumptions — has
pushed the cross-over point a long way to the right. The question is then
posed of the commercial or military justification for specialised very long
range machines.

Short to medium haul aircraft can benefit markedly from improved high
lift characteristics as well as from cruise drag reduction. Existing knowledge
and current research work already point the way to better designs of flap and
slat systems which should give optimum lift characteristics, at little expense in
drag, for commercial airfields of 5,000 ft. or more. One can always design

for shorter field lengths, but the economics of this are rarely attractive.
Serious thought has been given to large all-wing aircraft of 'ogee' plan-

form for short haul civil work at subsonic speeds. On certain assumptions,
using quite empirical tunnel data, a marginal case can be made for such a
departure from the conventional swept wing/body combination. Wing flow
at high incidence is dominated by the leading edge vortices on such shapes and
in the years to come we should gain a better understanding of how to calcu-
late the interaction of wing shape and vortex flow. Should such understanding
lead to the conclusion that present tunnel ad-hoc results for lift and drag are
not near the limiting values, there may well be a marked increase in interest
in these unconventional shapes.

2.2.2. Supersonic. Here we are nothing like so advanced in refinement as with
the now highly developed subsonic machines. Already it is clear that one of
the areas most open to aerodynamic improvement is that in which engine and
airframe interact — intake geometry, boundary layer diversion, nozzle
variability, use of bleed air, external fairings to the power units and so on.
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It is quite possible that proper handling of these problems could give us, in
time, improvements in overall efficiency equivalent to more than 5 % increase
in lift/drag ratio for aircraft in the Mach 2-0/3.0 range.

Ideas are evolving rapidly on the practical politics of large scale manned
flight at still higher speeds up to, say, Mach 10-0 and the aerodynamicist is
speaking much more confidently than he did five years ago. For example, it
is already clear that lift/drag ratios in the Mach 5-0/10.0 region can be sub-
stantially higher than used to be imagined  the effect of this on Breguet
range is well illustrated in Fig. 2, due to Küchemann. The closest integration of
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FIG. 2 — Range possibilities at various Mach numbers

engine and airframe will be the key to economic flight at these very high
speeds; the use of supersonic combustion might be inescapable; hydrogen as a
fuel needs close examination. While technical difficulties ahead of us remain
formidable, and admitting that it is rather early to place before likely custo-
mers a series of considered projects, there is no doubt that the possibilities of
exploiting this  M = 3-0/10.0 speed band for civil or military purposes deserve
keen attention.

2.2.3. Vertical or Short Take-011 and Landing.  Quite apart from the helicopter
story, V/STOL aircraft are now emerging from the phase of purely research
aircraft, in a wide variety of guises and countries, to positive projects. We in
the U K. are rather proud of our record in this field, both on the engine and
airframe fronts, and as a follow up of the recent large scale tripartite exercise
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on the P.1127 between the United States, Germany and Britain, I thought the
audience might care to see a film recently taken at R.A.E. Bedford of the
P.1127 operating experimentally and without difficulty into and out of a small
hole in a large wood.

VTOL must be bought at a price. It may well be that large scale use of
VTOL machines will first emerge from military needs, and that military and
civil developments may drift apart in some respects owing to different
emphasis on noise and on economics. The exchange rates already illustrated
in Table I indicate that once we have established the first generation of
military VTOL machines, marked improvements can be expected as basic
aerodynamic, structural and engine techniques become more refined.

While the P.1127 may help to set a pattern for the smaller V/STOL
military machines, considerable developments in the use of jet lift for larger
military transport aircraft are on the technical horizon. While a variety of
approaches to this are still being debated, 1 myself have a feeling that detach-
able lifting pods housing clusters of lightweight jet engines will, in due course,
be found to have great merit ; the type of arrangement illustrated in Fig. 3.
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Flu. 3 — Example of the lifting pod theme for VTOL

The idea of removing nearly all your lifting machinery when not needed,
thereby having a much more efficient aircraft for normal airfield use, is
most attractive. The aerodynamic problems posed by such layouts, while
formidable, already seem by no means intractable.

2.3.  Materials

Aluminium alloys are the work-horses of aircraft designers; they have by
no means reached the end of their evolution. As an example, the Al – 5 Mg–
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is limited to the shallow side walls of the combined duct, giving only a 1 %
decrease in net thrust. The partial burying of the engines allows an optimum
cowl profile to be used between intake and exit nozzle; since these do not
differ greatly in area, the basic wave drag is reduced to quite a small value,
again about 1 ̀ ',„' of the net thrust.

Mitigating against these gains, however, is the fact that the wing boundary
layer ahead of the intake has to be dealt with by bleeding. This was thought
to result in a drag of roughly 4 % of the net thrust. Even so, adding it all up,
and taking into account also the 1 % net thrust loss associated with intake
compression surface bleeding, target figures for installation drag of 8 % for a
mixed compression intake or 11 Çwith an all-external compression intake
seemed reasonable. These seemed so much nearer the subsonic values that,
with a sigh of relief, the aerodynarnicist felt that he had done a good job and
that detailed working up was possible.

Intake pressure recovery was good — say 92 °,/, for an external-compression
design, or 89 % for a mixed-compression layout with its associated lower
drag with the possibility of still further increase asssociated with the slightly
reduced Mach number at the underwing intake relative to free stream. lt
soon became apparent that the idealised central position of the engine
cluster illustrated in Fig. 9 would have to give way to two symmetrical
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FIG. 9 — Low drag installation for moderate supersonic speed (idealised)

clusters, one each side of the centre line. While this increased the friction drag
and the wave drag, such an increase was partially balanced by a decrease in
boundary layer bleed drag since each intake was dealing with a thinner
boundary layer.

Choice between mixed compression and external compression for the two-
F 2
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and patient spade work in the aeronautical laboratories of industry and of the
research establishments.

3.3. Terrain following

This has been chosen to illustrate a complex problem in the aircraft
equipment area, demanding the application of a wide variety of disciplines,
and judgments involving safety, reliability and operational utility. The case
for evolving a system allowing a military aircraft to fly consistently and fast
within a few hundred feet of the ground is well indicated by Fig. 12. The
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FIG. 12— Influence of height on chance of survival

lower the aircraft flies, the less warning time available for the defences.
Ground defences are forced to a very rapid reaction time. In hilly country
defence installations may be sited on top of the local eminences to maximise
warning time; this, to some extent, can be offset if the aircraft can take
advantage of the screening of intervening terrain. Fig. 12 illustrates the
chance of survival against an arbitrary guided weapon defence pattern. The
virtue of coming down really low is readily apparent — we are talking in
terms of a few hundred feet rather than thousands. The limited value of
increasing speed from Mach 0.9 to Mach 1.1 is also well brought out — the
gain in chance of survival can equally be obtained by dropping the height a
few tens of feet.

A pilot can fly really low at quite high speeds just using his eyes, provided
that visibility is better than about 6 miles and that duration is sufficiently
short to avoid mental fatigue. However, when duration is long or the visibility
is poor, a radar must be used in conjunction with an automatic flight control
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4. BASE LOAD

I am introducing a few short paragraphs under this heading to make the
point that design offices are rarely monopolised by exciting new projects —
important though these are for future health. An immense amount of high
quality scientific and technical work — possibly less glamorous and certainly
less publicised — must go into taking existing projects, shaking them up, and
selling more of the modified versions.

Any initially successful aeroplane should subsequently be developed further
to increase its capabilities. This may take the form of design refinement to
improve performance in terms of speed or range or payload capacity. It can
involve aerodynamic refinement, structural alterations or re-equipment. Up-
rated engine variants or a change to a completely different engine sometimes
dominate this scene.

Statistics for a number of British aircraft indicate that in later versions the
take-off weight has increased by up to 50 % above the take-off weight at which
the aircraft entered service.

Re-equipment is often consequent on a change of role. Particularly in
military machines such changes are commonplace — being dictated by
current thoughts on the identity of potential enemies and on what such likely
enemies may be up to. A classic example is the conversion of the V-bomber
role from high altitude to mixed high/low operation. Quite apart from equip-
ment changes, such alterations in role can generate much work on the basic
aircraft design. Taking again the V-bomber story, once low level operation is
demanded the influence of gusts on fatigue life is sharply accentuated.

Looking at experience in Britain — which is parallelled by that of other
major aeronautical design countries — we can say that design and develop-
ment may well extend for 10years or nlore beyond the first introduction of an
aeroplane into service. During this period the level of effort can be as great
— and sometimes greater — than the manpower employed in the original
basic aircraft design. For many years past, on average, manpower on design
has been divided in the rough ratio 40 % on new projects, and 60 % on the
developments of existing designs. This is not generally appreciated, and can
provide a useful element of stability in the rather turbulent fluctuations of the
aircraft project scene which, from time to time, afflict the aeronautical
countries.

5. THE HANDLING OF INDIVIDUAL PROJECTS

From the formal angle most major aeronautical countries have felt
impelled to evolve elaborate processes for establishing the need for new aero-
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nautical military equipment, and for the subsequent design and procurement
of the relevant hardware. For obvious reasons the civil picture has been less
formalised in the Western world, since more private money is involved and,
in general, less reliance can be placed on large scale sales to a single customer.

In the United Kingdom the broad procedure is intended to run as follows.
In the context of an established defence policy, the individual Serviccs —
closely held together by the Ministry of Defence — keep a continuous watch
on their future project needs. The operational requirement staffs work under
a wide variety of pressures — domestic and foreign. The dominating foreign
pressure obviously springs from information on the posture, plans and
technical status of potential enemies. The primary domestic pressure results
from the need to replace blocks of equipment within certain date brackets —
because they will by these dates either be worn out or rendered obsolete by
technical advance. The various inputs involved in firmly establishing an air-
craft operational requirement — involving advice, work and decisions by
Research Establishments and Industry as well as the Whitehall machine —
are illustrated in Fig. 15. Feasibility studies will have been done by Industry,
based on Staff Targets coloured by state-of-the-art advice from the research
people. Very preliminary cost-effectiveness appreciations will have been
prepared. Very preliminary long term forward costings will have been looked
at to see whether likely spend over the years fits in with possible future budget
allocations. All this takes time and it may be a year or so, rather than months,
between the first glimmerings of a new requirement and its final formalisation,
with a specification written and industry working on it as a positive project.

Initially the Operational Target is written in fairly broad terms to illustrate
the sort of jobs the Service staffs envisage for the new aeroplane and its
environment. During feasibility studies this Target is related to the technical
state-of-the-art and many solutions are explored, each of which will have
advantages and compensating disadvantages; the overall effectiveness of each
solution has to be assessed.

Let us take as an example the problem of a strike aircraft whose main
function is to support intervention operations. Possible solutions could range
from aircraft of well over 100,000 lb. all-up weight, operating from major
bases and carrying bomb loads over long distances, to much smaller aircraft
operating with lesser loads from more primitive bases much nearer the centre
of operations. These smaller aircraft might need V/STOL capability because
of restrictions in likely landing area size or in aid of dispersion. Very pre-
liminary aircraft studies would cover this ground and would present, for a
family of aircraft, curves illustrating the influence of payload, range and take-
off characteristics on all-up weight — the latter being a dominant factor in
determining costs.

Complexes of enemy targets can then be assumed related to distances from
known or projected friendly bases. The airfield characteristics of these bases














