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How can an
albatross fly for
hours with scarcely
a wingbeat?
Which birds can fly
backwards?

Jim Lane unravels
some of the
mysteries of avian
aerodynamics.

Photo left - Cliff Winfield
Photo above - Robert Karri-Davies
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O fly l ike a bird!Who has not imagined
how exhilarating itwould bei'To launch

from the ground and soar into the sky; to
su,oop and dive and climb again; to
plummet towards the earth at breakneck
speed;to chase or harry; to glide effortlessly
over land and sea.

Humans have long been fascinated
by the flying abil it ies of birds, and have
made many attempts to understand the
physics of f l ight and emulate their aerial
performance. Even in this era ofsatellites,
space shuttles, supersonic aircraft, veftical
take-off jets and backward-flying heli
copters, bird flight retains its fascination.

Picture a bird, let s say an Australian
pelican, gliding horizontally in motionless
air. As it glides, it nil l  slowly lose speed
because of drag, caused b1' the air friction
against its body surface, and by the
disturbed air or "wake which trails behind
its $,ing tips. Slo\\ring continues unti l
the pelican eventually reaches stall ing
speed.  when the  s t reaml ined f low o i  a i r
over the wings upper surfaces breaks
into eddies. This causes a sudden, dramatic
loss in the amount of l i ft provided by the
u,ings. Without corrective action, the
pelican wil l drop from the sky )ike a
stone.

GLIDE, FLAP OR SOAR
To continue forward, the pelican has

hvo options. lt can flap its u,ings, providing

the porver needed to overcome the slolving
effect ofdrag, or it can ti l t down slightly
and begin a shallorv glide towards the
ground, using the pull of gravity to
maintain the necessary airspeed. If i t can
find an area of updraft, then the bird can
use a third strategy: it can maintain or
even ga in  a l t i tude  wh i le  g l id ing

downwards  th rough s tead i l y  r i s ing  a i r .
Updrafts are common over land, and
may be caused either by an obstacle to
the u,ind s progress (such as a cliff-face,

I  Pe l i cans ' la rge  w ings  enah le  lhem lo
I take off almost vertically when r
I headwind is blo\ring.
Photo Michael l lorcombe >

I  A .  The amount  o f  l i f t  (and drag)
| produced hy i winq depends upon th(
I airspeed and angle of attack'.
B. A bird gliding horizontally is slowed
by drag, and the amount of l i ft produced
by the wings lessens. To maintain lift,
the wings' angle of attack is steadily
increased unti l stall ing point is reached.
At this point the smooth florc of air over
the wing's upper surface breaks into
eddies. The wing stops producing l ift and
the bird must take coffective action,
such as gliding downwards or flapping.v
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a range of hills or belt of trees) or by
localised heating of the earth's surface
gMng rise to what are known as thermals.

The fint type of updraft is most useful
to our imaginary pelican if it continues
horizontally from the bird's position to
its intended destination. For example,
where a ridge of coastal dunes extends
between two favoured fishing grounds,
andwhere an onshore breeze is blowing,
thepelican could ride the updrafton the
windward side of the coastal dunes from
one fishing spot to the other. This practice
is known as slope soaring.

It is rare, however, for ridges of dunes,
hills or other obstacles to stretch
continuously between favoured locations
of long-distance travellers like our pelican.

Thermal .updrafu are much more
common. They form where the sun's
rays cause certain areas of ground, such
as roclry outcrops, to heat more rapidly
than the surrounding land. This, in tum,
causes the air above towarm. Being less
dense, this "blister" ofwarmer air rises,
being displaced by cooler air which, in
tum, is heated by the warm ground below.
The result is a column of rising, warmed
air. As the column grows, more and
more cool air rushes to its base, until it
finally breaks free from the ground and
becomes a bubble of steadily rising air.

Birds that find these thermals and
glide in circles within them can gain
'ilreat heilhts - several thousand metres

or more - with very few beats of their
wings. A pelican travelling cross-country
may use a succession of thermals,
alternately rising within and gliding
between them, to reach its destination.

Large birds travelling this way save
an enormous amount of ener€iy. Indeed,
pelicans would be unable to make their
extensive journeys if they had to flap
their wings continuously. This practice
of gaining altitude by using thermals is
known as thermal soaring, and is also
used by herorx, ibis, gulls, ravens, vultures,
eagles and other birds. Soaring birds
often travel in flocks, rather than singly,
increasing the probability of finding each
new thermal.

RISE STEEP, DIVE DEEP
Some of the larger seabirds use

another kind of soaring, known as dynamic
soaring. Albatrosses are the most
aerodynamically efficient gliding birds
ofall. They can fly for hours with scarcely
a wingbeat, travelling great distances in
any direction, by using wind speed
gradients. The albatross is mainly found
in the "roaring forty" latitudes of 40-50
degrees south, where constant strong
winds provide the energy needed for its
special fl ight technique.

At sea, winds are horizontal, but their
speedvarieswith height above the ocean
surface. Near the water, friction causes
the air to slow. Higher up, the friction

I A. Surface winds may be deflect€d
I upwards by obstacles, producing what
I is known as 'slooe lift'. Some birds.
such as kestrels, use slope lift to
maintain a 'hoveringr position. Others,
such as pelicans, may use slope lift to
save energy when travelling. A p€lican
wing-tagged by the author used coastal
upcurrents during regular trips between
Augusta and Denmark on WA's south
coast. On on€ occasion this bird made
the trip three times in less than two and
a half days, a total distance of 700 km.
B. Uneven heating of the earth's surface
causes 'hot spots' to form. Air above
these spots is warmed and ris€s to form
a column. Cool air rushes in at the base
and eventually a bubble is formed,
which may rise for several thousand
metres or more. Birds gliding in circles
within these 'thermals' can soar to great
heights with minimal effort.r

lessens andwind speed increxes. Above
a height of 20-30 metres the frictional
effect of the sea is minimal and wind
speed is fairly constant.

Albatrosses glide in great loops within
the 20-30 metre band of increasi ng wind
speed. They rise steeply into the wind,
then hrm downwind in a steep or shallow
dive until close to the waves, then glide
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back into the windbefore beginning the
next cycle. When they rise into stronger
winds their airspeed, and therefore the
amount of lift generated by their wings,
increases, offsetting the slowing effect of
gravity. The birds can rise steadily in a
wind Eradient with motionless wings.

Recent research using satellite
transmitter packs has shown that
wandering albatrosses travel enormous
distances, between 3 600 and 15 000
kilometres in 14 to 24 da's, while foraging
for food duringthe nesting season' They
begin their joumeys by soaring downwind'
When it is time to return to the nest site,
albatrosses do so, not by attempting
flapping flight (which would be far too
exhausting), but by clever use of changes
in wind direction while soaring at right
anglesto it. They fly at speeds of up to 80
kilometres per hour and may travel more
than 900 kilometres each daY; an
astonishing feat by any standard.

HEAVE AND FLAP
Flapping, or powered flight, is much

more energy-demanding than gliding or
soaying. The mute swan of Europe and
the trumpeter swan of North America
are the largest birds to use flapping flight
exclusively. These species weigh about
12 kilograms, which is closeto the upper
limit for flying bircls. (The rnargin between
the power available and the power needed
for flight decreases with increasing body
weight until a point is reached - around
15 kilograms - where level flight is
impossible.) Not surprisingly, swans rise
into the air with some difficultY.

Swans cannot generate the Power
which would be required for birds of
theirlarge size and relatively small wing
area to take off vertically. In order to
generate the lift needed to rise into the
air they must fint develop a hi€h ainpeed
over their wing surfaces. To do this they
face the praniling wind, then drive forward
with flapping wings and flailing feet.
Even then they need a long take-off
distance - as much as 50 metres in still
air. As the swan's speed increases, so
does the amount of lift generated by the
faster airflow over the wings, until,
eventually, enough lift is produced to

I Swans are so large that they require a
I long runway to generate the lift
I needed for take-off.
Photo - Michael Morcombe >

I Wandering albatrosses use a 30-metre
I band of increasing wind speed to soar
I in large loops with motionles wings.v
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raise the bird's considerable mass into
the air. They are not unlike jumbo aircraft
lumbering into the air, after what seems
an interminably lon! journey dou,n the
run\\'ay.

Once in the air, swans are powerful
fliers capable oftravelling great distances.
Swans of the northern hemisphere
migrate several thousand kilometres each
year using powered fl ight al] the uray.
Australia's black srvan also travels wideJy
throughout the continent. Surans are
fast fliers (they need to be, to stay in the
air) and their speed has been measured
at 60 80 kilometres per hour. With strong
tail nrinds, srvans are capable of ground
speeds of 100 kilometres per hour or
more.

WING MOVEMENT
It is also interesting to consider ho\

these birds propel themselves fonvard.
Swans' \\ ' ings develop aerodynamic l ift
as air f lows at speed over the cambered
surtaces. The wings act as aerofoils, l ike
the fixed wings of aircraft. But snrans
have no propellers. So how do the1, produce
propulsion as rvell as l ift i '

Detailed studies of bird fl ight have
shown that the outermost feathers ofthe
wings (the primary feathers) produce
most ofthe propulsive force. During the
polverful dorvnstroke of the wingbeat,
the uring is moved forurard as ruell as
down. Slight dournward hvisting of the
leading edge of the outer wing, and of
individual primary feaihers, also occurs
during the do\a,'nbeat. and together these
result in the l ift ing force on the outer
\\ ' ing being ti l ted fon{ard. This provides
the propulsion needed to maintain or
increase air speed.

The innerrving, which consists mainly
ofsecondary feathers, is scarce ly twisted,
if at all, and provides l itt le propulsive
force. Horvever, this palt of the u'ing
provides most of the l ift. During the
upstroke the wings are flexed, moving
upwards and backwards to resume
pos i t ion  fo r  the  nex t  p ropu ls ive
downstroke. During fast flight, the $,ings
are not raised by muscular force, but
r rs l )ond pass ive ly  l , r  the  pressure  o f  a i r
from below.

FLAPPING TO STAY STILL
Bi rJs  v r ry  in  Ihe i r  z lh i l i t y  ro  sus ta in

flapping fl ight. The Andean condor - at
around 12.5 kilograms, one ofihe ruorld s
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largest flying birds - rarely flaps its rvings.
It depends on the abundant updrafts of
mountainous regions to provide the l ift
for f l ight. At the other extreme, the most
energy-demanding form of f lying.
hovering for prolonged periods in sti l l
air, can only be achieved by the smallest
birds of all - hummingbirds. Humming
birds are like miniature helicopters. These
tiny creatures, u,eighing as l itt le as two
or three grams (smaller than many large
insects), maintain their hovering position
by rapid rvingbeats (up to 80 per seconuJ,
baclovard and forward in a figure of eight.
By surivell ing the wing at the shouldcr,
hummingbirds can produce lift in both
the fonrard and backrvard strokes. They
fly forward by ti l t ing the rvhole body, and
therefore the l ift ing force produced by
the wings, in the desired direction. They
fly backward in similar fashion.

I  l he  r ' , i ng  t i ps  u f  n r . r n r '  l . r r ge  su r r i ng

I  h i r . l s  r r ,  s l , , l l .  d .  r r nJ  l l r .  r r i n { l .  t s  s , r
I  produced irre sta*Aered in heiAht.
' l 'hese 

features redtrce the amount of
induced drag developed by the rving t ips.r

I  S r r ' uns  l r r r v r  u  l r iH l r  r ' r ng  l u l r J rng  t hoJy
I  \ ( iHh t  L l i \ ' i L l ( ' L l  hy  r r  i ng  . u , . r  r  , r r J  l r . r r i  l o
I  f l v  f . r s t  l o  mr r rn t . r r n  I i f l . <
Photos i l ichi l t l  i \ lorconbf

CliJing. soaring. I l i lpprng anJ hovering
- these are the four main types of bird
fl ight. l low close have we come to
ach iev ing  them? Wi th  mechan ica l
inventions we are now able to glide, soar
and hover, and even flap over very short
distances. But to fly l ike a birdi 'I don't
think so. To fly l ike a bird is to feel the
rush of air over every surface of your
body, the wind at your fingertips, the sky
at your command. For the birdwatcher,
the  f r t< r lom o f  f l i gh l  remains . rn  e lus ive
orelm.EJ

Jim Lane is a Principal Research
Sci€ntist at CALM'S Woodvale Research
Centre (phone 09 405 5100), and is
leader of the waterbirds and wetlands
research program.
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Each weekmd, hundreds ofnooice
scuba diuers take the plunge. Gel lhe
most out of lour diaing on page 10.

How do birds lly? How do some reach
speeds of ouer 80 kilomelres per how?
Leam about auian aerodgnamics on
page 28.

A uerg different landscape replaces
uhat uas once a thriaing timber
industry. Rediscoaer Connington in
the 1850s. See page 42.

Seaueed! Delicate and beautiful, or
slimg and smellg? Decide for yourself
on page 20.

Westem Auslralia grows some rqre ond
stunning natioe spider orchids. Their
alluring nature uill delight the reader
on page 34.

Back in the early 1970s, Westem
Australia proclaimed the numbat
(Myrmecobius fasciatus) as its State
emblem uhich mag haue saued its
life. With the help of scientists and
na, techniques, these delightful
cteatures are now lighting back
oga rt extinction. See page 15-

Illustrated bg Martin Thompson.
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