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A technical history of soaring—

From

Pileoaeronautics

1o Alfostratis

by M.K. CHEN and J.H. McMASTERS
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PART I

An unconventionally long time-line has been selected in
the following history of soaring. It includes an over-
view of the evolutionary process in the belief that this often
poorly appreciated and significant part of aeronautical de-
velopment led to the technical and aesthetic triumph of the
modern sailplane. Thus, the story progresses from the true
dawn of flight with the emergence of biological flying de-
vices (animophilous seeds, pterosaurs) through a discus-
sion of future trends in sailplane development. It will out-
line the history of the technical developments which have
allowed progress from the tentative hang glider experi-
ments of Pilcher, Montgomery, and Lilienthal in the last
two decades of the 19th Century through the present range
of sport and competition sailplanes. Modern sailplanes are
at the forefront of important technologies such as laminar
flow aerodynamics and routine production use of advanced
composite materials. Yet, in no category of modern aircraft
is the influence of natural models o?ﬂying machines more
clear and direct than in the sailplane. To put this in clear’
perspective, the historical time-line of this presentation ex-
tends back to the very origin of flight some 300 million years
ago.

Any winged flying device can, inadvertently or by intent,
become a glider. As shown in Figure 1, a steady glide is
characterized by the balance of the weight by lift and drag
forces with gravity acting as the propulsion device. Since
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Figure 1. Forces on an Aircraft in an
Equilibrium Rectilinear Glide in Still Air

the aerodynamic forces are generated in proportion to
motion of the machine relative to the air, the descent
locity (sink rate in gliding parlance) is proportional to
aerodynamic efficiency (lift-to-drag ratio) achieved .
given velocity along the flight path. But gliding fligl
merely expedient or unavoidable, and, while occasiot
exciting, otherwise uninteresting.

The fact that the atmosphere is seldom completely qu
cent leads to a splendid additional possibility, howeve
the glider is capable of flying sufficiently slowly (i.e.,
a low wing loading) and possesses some minimum v
of aerodynamic efficiency, the resulting sink rate wi
“low.” As pointed out by Lord Rayleigh in 1883 (Refer
13), if the proper combination of atmospheric condit
and topographical features produces air currents whick
(“lift’) as fast or faster than the glider sinks (in still
then the machine will remain aloft or climb. This is the t
principle of soaring flight, the classic conditions for w
are shown in Figure 2.

WAVE SQARING

LENTICULAR

Thus, flying in ridge lift, a crude Rogallo wing hang g
(M/S=6 kg/m*, L/D=5 at 35 knv/h), and a U-2 type airp
transformed into a glider (M/S = 200 kg/m?, L/D =
150 kevhr) would have roughly the same still-air sink s
of about 1.9 mv/s, making them both capable, in princ
of marginal soaring under sufficiently strong wind cc
tions. But the soaring performance of either aircraft |
in comparison with that of a modern fiberglass racing
plane, as shown in Figure 3.
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THE BASICS OF MODERN SOARING

Before discussing the evolution of soaring technology, it
is first necessary 1o review a few of the finer points of how

an efficient glider can sustain itself, and, in fact, fly sub-

stantial distances, borne aloft only by the motions of the
atmosphere derived ultimately from energy from the sun.
In the process of this review, several of the' dominant prin-
ciples in sailplane design will be illuminated. Further details
may also be found in Reference 1.

The advances made in the evolution from gliding to soar-
ing make an interesting story involving experimentation
leading to sporting competition and then to the discovery
of unsuspected aspects of dynamic meteorology. Had
“motorless” flight in the historic era been limited to the
range of possibilities offered by simply gliding over hills
and ridges, it would have suffered the fate of the Zeppelin
by the early 1920's. However, as sailplane performance ca-

pabilities (advanced by the application of wing theory and -

structural developments) outstripped the limits of flying
techniques and competition goals, the discovery of thermal
lift made possible the shift in performance objectives from
endurance flights in a local area of favorable topography to
more ambitious cross-country distance flying. This discov-
ery and the rise of competition soaring resulted in even
higher performance machines capable of exploiting atmos-
pheric motions in ever more subtle and complex ways.
Modern sailplanes are capable, under the right conditions,
of flying literally from dawn to dusk over distances in excess
of 1600 kilometers. Thus the present competitive challenge
lies in racing over a specified course. Competition soaring
has evolved into a sport which is a direct three-dimensional
analog of competitive sailing, demanding a superb level of
both physical and mental ability, a profound understanding
- of aerodynamics and meteorology — and good luck.

Central in the evolution from ridge soaring to cross-
country racing was the discovery and appreciation of how
to exploit thermal lift. While thermal flying had become
common prior to WW 11, it was not until the early 1950’s
that Dr. Paul B. MacCready, Jr., published a practical theory
of optimal cross-country thermal soaring strategy. The
apocryphal story goes that MacCready went on to become
world soaring champion in 1956, having published the sim-
ple graphical construction shown in Figure 4 to provide his

competition with a first-rate red herring, while he himself .

paid proper attention to the weather — and won the con-
test.

Be that as it may, the classical MacCready construction
shown in Figure 4 demonstrates, in an idealized way, the
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Classical (MacCready) Optimal Cross-Country Soaring
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tactics by which a properly designed sailplane should be
flown in order to exploit a sequence of thermal updrafts to
achieve an optimum overall cross-country speed. By flving
slowly in a banked turn, the pilot seeks to achieve the great-
est rate of spiraling climb in a thermal of given strength and
profile. Having achieved (in the pilot’s judgment) an ac-

- ceptable height gain, the sailplane then is put into a high-

speed rectilinear glide to the base of the next thermal up-
current encountered, the sport in this game being, in part,
the fact that the next thermal is usually invisible to the pilot.
The optimum speed to fly (V*) between thermals to maxi-
mize the average cross-country speed (V), which accounts
for the time spent thermaling, is determined simply from -
a knowledge of the total glide polar (plot of vertical versus
horizontal speed) of the sailplane in still air, and the rate
of climb achieved in the thermal involved, with adjustments
made for any horizontal wind which may prevail.

According to the simple construction shown in Figure 4,
the optimum sailplane needed to execute this sort of flight
strategy is that which possesses both a Jow minimum sink
rate at low forward speed (for optimum climb) and a flat
glide polar (low sink rate) at high speed. The speed for
maximum lift-to-drag ratio is seldom flown, although L/D
maximum and the speed at which it occurs are a
useful index in assessing a particular sailplane’s overall
performance.

Recognition of the importance of the basic features shown
in Figure 4, and the fact that the L/D performance of the
sailplane is independent of the weight of the machine (cf.
Figure 1), leads to the construction shown in Figure 5. Un-
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The Influence of Wing Loading on Classical
Cross- Country Soaring Performance

der certain conditions (the presence of strong thermal lift)
adding weight to the sailplane in the form of ballast can
actually increase racing performance. The usual practice is
to load the sailplane with water carried in bags running
spanwise along the wing spar. The additional weight is
then distributed across the span, providing a relieving
bending load, and the wing loading can be increased by as
much as 40 percent of the minimum flying weight. The
effect of this is to shift the still-air gliding polar of the ma-
chine downward and to the right — the loss in climb per-
formance hopefully to be compensated for by the increase
in interthermal speed at a given sink rate for a net gain in
average achieved cross-country speed.

Having reached the level of performance necessary to

31



fully exploit these effects, the sailplane now becomes (with
some minor resizing) capable of thermal soaring without
circling. This alternative dolphin mode in soaring is shown
in Figure 6 in contrast to the more traditional approach.
With the lift-to-drag ratios of modern Open Class racers
exceeding 30, this approach to competition racing has be-
come routinely viable. The next step in this progression is
to provide the sailplane with the variable geometry capa-
bilities of span and/or area change which birds possess.
Despite the spectacular levels of performance (and cost)
achieved by modern racing sailplanes, major advances
remain possible.
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THE NATURAL HISTORY OF SOARING AND GLIDING

Lip service is paid frequently in aviation historical writing
to the inspiration natural flying devices provide to the de-
signers of airplanes. Despite the addition of high technology
gadgetry such as winglets to business jets, it often remains
difficult to see much direct connection between these sorts
of machines and a pigeon or a bat. In the case of gliding
and soaring, the parallels are far more direct and valid,
although sometimes obscure or not fully appreciated. In
order to put the present discussion of soaring technical
development in a properly broad context, the developments
which preceded human flight are briefly outlined here.

The relevant natural flying “devices” are: flying seeds,
birds, bats, and pterosaurs. As shown in Figure 7, these
organisms and creatures have evolved over huge time
scales, and those which survive today can be assumed to
have been nearly perfectly optimized (compromised) to fill
their various ecological niches.
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Figure 7. The Natural History of Gliding and Soaring

Earliest of the natural fliers were the animophilous s
evolved to provide their parent species more effi
means of competing for sunlight and fertile soil even t
the advent of pollenating insects and other means o
persal. Common examples are the milkweed seed, v
may be considered a direct natural antecedent of the
chute, and the maple seed, a natural prototype o
autogiro. Of considerable historical interest, because it
onstrated to aviation pioneers the feasibility of constrt
a true self-stable tailless airplane, is the seed of the
palm tree, Zinonia macrocarpa.

Few insects glide or soar, and the next range of na
flying devices having a direct influence on man-made f
machines were the birds and pterosaurs which appe
share a common (although uncertain) reptilian ance
While often overlooked and largely unknown to th
oneers-of human flight, the grand line of warm-bloc
fur-coated pterosaurs were to dominate animal flight
period of some 120 million years until their eventual ec
by birds and their extinction some 65 million years a
the close of the Age of the Dinosaurs. An interesting a
of pterosaur flight which is emerging from recent st
is the remarkable parallel in wing structure, and appar
in flight performance, of the larger species with mc
high aspect ratio Rogallo wing hang gliders.

Bats are a relatively poorly studied class of flying
chines, and, although several species (e.g., Central A
ican fishing bats) do glide on a regular basis, they are
erally more akin to fast-flapping smaller bird specie:
interest in this discussion is the alternative wing arc]
ture employed by the bats (cf. Figure 8) which allows

PTEROSAUR 21

BIRD

BAT

Figure 8. Natural Modeis of Wings and Their Homology
to the Human Arm and Hand {Digits Indicated)



WANDERING ALBATROSS
(Dlomedae exulnas)

CALIFORNIA CONDOR
{Gymnogype californius)

WING SPAN (m) ] 0
WING AREA (m?2) 072 18
ASPECT RATIO 17 (3
MASS Gg) 9.3 10
WING LOADING (kg/m?) 136 [¥3

Figure 9.
Planform Comparison of Large Land and Sea Soaring Birds

- to maintain a very high degree of control over the camber
and twist distribution of their wing beyond that possible
for birds or pterosaurs. However, this capability is gained
at the expense of the birds’ ability to radically alter their
wing span and area.

An interesting commentary on the general lack of appre-
ciation of the importance of this characteristic — the ability
of natural fliers to control and alter their wings’ twist, cam-
ber, span, and area — was recently recounted by a paper
documenting aeronautical research in the United States. In
a mid-1930's attempt to determine by experiment the lift
and drag characteristics of a seagull, a dead specimen was
frozen in what was thought to be its optimum flight con-
figuration (wings outstretched). The frozen bird was then
placed in 2 wind tunnel and forces were measured. The
conclusion of this experiment was that dead birds can’t fly!

It is the range of soaring birds which has had the main
influence on human soaring. Birds (which some modern
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paleontologists argue are the direct modern descendants of
the dinosaurs)-are a remarkably successful class and cover
a very wide range of sizes and functions. Of interest here
are the two divergent types of soaring flight practiced by
land-soaring types (e.g., vultures, hawks) and sea-soaring
types (e.g., gulls, albatross), and the differences in wing
geometry and loading which the two categories exhibit
(cf. Figure 9). .

A book could easily be written on the topics outlined in
this section, and the interested reader is referred to Ref-
erences 2 through 16 for further background. For compar-
ison purposes here, the relative gliding performance of var-
jous natural and man-made gliding and soaring devices is
shown in Figure 10.

This brings the discussion to the main topic of this paper
- the technical development of the high-performance sail-
plane. As a map to the history to be discussed, Figure 11
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KNOW YOUR YAW STRING

WHAT DOES YouR YAW STRING TELL You?
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