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PREFACE TO SECOND EDITION

Since the release of Book One in August 2009 | have recaivede amount of
positive feedback from aviators world wide, ranging from low tisbedent
pilots to experienced airline captains. It seems | haea baccessful in filling a
glaring need for aerodynamic and flight technique information wisckasily
understood and immediately applicable to the art of flying.

| have also been asked a number of questions by readeis m&ve highlighted
some areas where the book could be expanded. So in this sedio leldave
improved a number of explanations within the existing lessow | have added
two new lessons, one on ‘Power’ and one on ‘Minimum Bataximum Rate
Turning’ (and changed the cover picture for ease of ideatibn). | have
retained the original forward, introduction and post scruyithave updated the
time references where applicable.

| am also aware that a number of sailplane pilots haae tiee first edition of
this book, so, primarily for their benefit, | have added ppgament discussing
the not so obvious differences between sailplanes and poveereglanes
including details on the derivation and use of ‘Polargtaans’. Of course most
powered aeroplane pilots can benefit from reading this soppit too.

Since there has been no advertising budget, mention ofotduk in flying
magazines and similar publications has been virtunaty existent. Despite this |
am most gratified that referrals via word of mouth, #srand the internet have
‘spread the word’ amongst those aviators who have becomatisliesl with
their current training standards and want to learn abouthithgst they should
have been taught. You can help distribution of this bookiroplyg telling all of
your aviation colleagues about it.

| would also like to acknowledge the assistance | haeeived in the
production of this book from the following people:

Phil Astley, Ron Aitken, Chris Ward, Steve Care, Andrewol®o and the
hundreds of reader who have given me such positive feedback.

Thanks guys.

Noel Kruse



FORWARD

This is Book One of a series of books about how aeroplaypesid how best to
fly them. They are the teachings of my father, Noelde;, who was the creator
and former Chief Flying Instructor of the Sydney Aerob&ahool, a unique
and widely known advanced flying school which was based im&ydustralia

for over two decades. Thebeoks are intended for people who are planning to
learn to fly and for Student and Private Pilots who feeythave not been taught
about the subject in a way that enables them to really uaddrg. It will also

be useful to junior Flight Instructors who don’t really know enoagbut the
subject to teach others how to fly properly.

The style is personal because each chapter is basedagumrdings of lessons
and briefings given by Noel to individuals and groups comprisig) target
audience. Obviously some editing has been necessaigytthe presentation,
but the rhetorical style remains untouch&te annexes to each lesson come
from printed material which was distributed for furtherdieg at the end of
each lesson.

The books are not just a collection of theory lessonlyimgftechnique lectures:
each lesson contains Noel's philosophy of flying, his pelsexgeriences and
opinions, including some ‘pointed’ comments on the curteathing methods
of most flying schools.

Noel first started ‘mucking around’ with aeroplanes $6Q, at the age of 16,
with a weekend job at the Royal Victorian Aero Club refueamg ‘swinging’
the propellers of their fleet of Chipmunks and Tiger MotAsyear later he
gained his Private Pilots Licence, and on hi§ kBthday was accepted into the
Royal Australian Air Force as a cadet pilot, graduadia@g fighter pilot trainee
18 months later. Noel first flew ‘supersonic’ at the afid9 and just before his
20" birthday became an operational fighter pilot with number 76 &ight
Squadron flying Sabre Jet fighters. As he gained flying expsrjdyvoel became
an ‘A’ category fighter pilot during a tour of duty in Solhast Asia (which is
when | came along too). Upon returning to Australia Noel tqola gposition as
a Fighter and Bomber Test Pilot serving under the mentorshipirofames
Rowland, one of the RAAF's finest Test Pilots. (Sir Jarfsger went on to be
the Chief of the RAAF and the Governor of New South Wala$ kept in touch
with Noel throughout this period.)

Noel's last tour of duty as a fighter pilot was a twange'stint’ as a ‘Fighter
Combat Instructor’ (FCI), passing on what he had lehtoghe next generation
of fighter pilots. Thenwith the phasing out of the Sabre as an operational
aeroplane in 1971, Noel was ‘recycled’ into Tactical Trars@perations,
flying the DeHavilland ‘Caribou’, in which he gained invahle experience
flying in mountainous terrain and operating in and out of higtude and short
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airfields throughout Papua New Guinea, Irian Jaya and Sam@fithin two
years in this role Noel had qualified as a ‘Check andniirgi Captain’ on the
Caribou, and in 1978 he was appointed the Commanding Officeurober 38
Tactical Transport Squadron. At that time No38 Squadras whe largest
operational Squadron in the Royal Australian Air Forcengasing 250 men
including 80 aircrew and 18 Caribou aircraft. The Squadiso maintained
three concurrent overseas detachments with five ofritsaét and crews based
in Pakistan, Indonesia and Papua New Guinea. This wassNa=l operational
flying posting with the RAAF.

After being relegated to flying desks more than aeroplaageseems to happen
all too soon in the air force, as promotion narrows takl fof available flying
jobs, Noel took up the sport of competitive aerobatic flying irspae time and
was soon coaching pilots in aerobatics and competition te@sitfuvas during
this period that Noel became aware of need for a flight daftering a better
quality of aerobatic training. After leaving the RAAF in 198Riel created the
Sydney Aerobatic School and for the next 23 years he andtddistrained
student and experienced pilots in the art of three dmeal flying. Shortly
after establishing the school, Noel was certified by thst/alian CAA to train
and test pilots for low level aerobatic approvals down to 5@0ft this was
followed by an approval to test all pilots to commercildtdicence standard.

For a significant part of the period that Noel was thefdiyeng instructor of
the Sydney Aerobatic School, his graduates dominated theeve' circles of
most Australian state and national aerobatic champipsshi few going on to
becoming ‘Unlimited’ aerobatic champions. Graduates of gftn&y Aerobatic
School were also prominent in selection for pilot traininghwine Royal
Australian Air Force throughout this period, to the extemtt tenior RAAF
instructional staff and selection psychologists vikitee school on more than
one occasion to ascertain what was so different and sdiedf@bout the style
of training these applicants had received.

Having retired from full time flight instruction in 2006, Ndelok up a position
as a production and development test pilot for Alpha Avmtithe new
manufacturer of the French designed Robin 2160 aerobatic traenoglane,
based in Hamilton New Zealand.

Noel now lives in New Zealand and regularly fly’'s his ownsPB2S out of
Hamilton Airport, to “keep his hand in”.

So imagine you are attending a series of lessons by NoskkKabout the things
you should be, or should have been, taught when learning feeéd on.........

Katrina Kruse



INTRODUCTION

| have been flying for most of my life, and | continue to flyfirst underwent
formal flying training in 1961 at the age of 17, and afterrthér 50 years | have
accumulated almost 18,000 flying hours, about 12,000 of which have been
engaged in teaching other people how to fly and not one of wiaishnvolved
the use of an autopilot! | have had innumerable techmedfunctions, about a
dozen forced landings and about another dozen asymmetriaidandi have
survived one crash, one severely damaged aeroplane indethtonm and one
mid air collision. Despite these adventures the only ynjurave sustained is a
broken finger, which occurred in Ubon, Thailand, some time in 186&n |
used it in a failed attempt to stop the open door of our sqonarew van from
swinging shut when in transit from the aircraft fligimdito the bar!

Now you will note | did not say that | learned to flyi861; that was just the
beginning. It wasn't until about six years later when | hadned some

experience as a fighter pilot that | could truly say | cdlyideven with a broken
finger! Even so, | have never actually stopped learning. damit; that's the

nature of the ‘beast’.

Along the way | have had some very good flying instructoixs some not so
good, including the one who demonstrated to me how to craakraplane! But
it was a particular aeroplane that allowed me to develppwm flying style and
‘feel’ for flying. It was a very high performance (for its dasipgle seat jet
fighter called the CA-27 Avon Sabre, a more potent Ausinadievelopment of
the North American F-86 Sabre. This aeroplane ‘fittegl like a glove’ and
ultimately became an extension of my central nervous mystdidn’t fly it and

it didn’t fly me, [ just flew. | just flew in the $ae way that | just walk, with no
conscious thought except my goal. Being a single seatervlasr@ever another
‘instructor’ pilot trying to impose his ideas and techniquesmen so | was free
to develop my own. Ultimately it became my turn to passvbat | had learned
to others and | became a Fighter Combat Instructor. Thedas yhat | spent in
this role, helping others to fly at the edge of thegHtti envelope’, are amongst
the most satisfying of my life. | count myself extreméytunate to have had
the opportunity to become ‘one’ with such a beautiful aitaatl even though |
have been able to translate what | learned to othepkees since, the Sabre
will always be my enduring love.

When | look back on those days | cannot recall, in the ntisgussions we
fighter pilots had in the squadron crew rooms, of evi&ing about how to fly
the jet. We did talk a lot about air combat tactics andpars delivery
techniques, but not about how to fly. You see all of my squaluddies, like
me, had become ‘one’ with the aeroplane and the alrnarmore needed to talk
about how to fly it than footballers need to talk about howto The ability to
fly was a ‘given’. The talk was about how to achievegbal.
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Many years later, in 1994, | was coaching and critiquing my dauglateina
for her first attempt on the advanced aerobatic titth@forthcoming Australian
National Aerobatic Championships. She was having trokeddging her outside
loops straight as she bunted over the top of the manoeunce. $he was flying
my school’s Pitts S2S, which is also a single seater, ssigtance | could give
her had to be from the ground via a radio. “Use more ruddbdck' off the
power”, “don’t roll passing the vertical” and other suggestilowed over the
‘airwaves’. Eventually she said, “Look, stop talking at amel let me work on it
myself’. Dutifully | shut up and watched a few more off-lil@ps, then
suddenly a straight one! Then another and another. Finalbuldn’t restrain
myself anymore: “They are great” | exclaimed, “Whad giou do?” “Oh | just
figured out where to look” was her matter-of-fact reply.

Idiot! | chided myself. | was busy trying to tell her how ftp when all she
needed was a way of aiming the aeroplane. Her abilityn&mipulate the
controls was already internalized; she just needed tthsegoal. A week later
she took first place in every flight program and won thdaesin

Since my fighter pilot days | have been able to sow tkd sé real flying into
many other people and helped them to ‘become one’ wiih ¢hegft. This has
also been very satisfying. In an increasingly computerzetiautomated world
| feel | have, in a small way, kept the art of flyingvali at least in my corner of
the sky.

Every year there are thousands of pilots churned out lpynd*I Schools who

view flying as nothing more than being aerial systems operatoes. fidgads are
filled with confused theories involving vectors and pressures ather stuff

which cause what | term *‘analysis paralysis’, whichtum gets in the way of
enjoying and learning the art of flying. The term ‘pilot’ is apgble to them as
they are merely technicians; whereas ‘aviator’ is tédmen | use to describe
‘aerial artists’. | have created aviators.

Human beings are the most adaptable creatures on thet;plan as a species,
have developed the capability to do the most remarkable thitig®ur bodies.
An infant child doesn't take its first faltering steps mattempt to walk upright
until it is about twelve months old. A feat regarded bynynas not very
remarkable compared with many other animals which can walkin a few
hours of being born. But six years later can these otharads skate board up a
wall, perform gymnastics, ice skate or swim and surf or aidéoff road’ BMX
bike or ride one of these other animals? Humans can, aod much more, and
they do it without any theoretical knowledge. They learrdd it by simply
doing it, and along the way they develop the appropriate msiiis to get
better and better at it. Learning to fly is no differents a motor skill which is
learned by doing. Nothing can replace the ‘doing’ of flying becaosgleing can
replace the feel of an aeroplane in your hands anththiée sensations, the ‘G’,
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the noise, even the smell and especially the sightigiftf And nothing can
replace the emotional thrill of flight. Doing it ibe only way to forge the new
neural links and pathways in the brain as learning to fke$aoot’.

| have taken teenagers flying who have never been in aplare before and,
within 15 minutes, had them looping and rolling the aeroplanendbkes,
whilst | recorded them doing it with their own video caméfat this amazing
adaptability seems to be ‘beaten’ out of them when thk&g ‘formal’ flying
lessons at a ‘standard’ flying school; it is replaced lmp@afused ‘hotch potch’
of do’s and don’ts based upon some obscure theories andyhegrifistructor’'s
own inhibitions,and it is replaced by a plethora of rules and procedurest, on
which are about ‘air transport’ and not about ‘flying’.

| was once told that the best way to destroy a golfer'shpt is to ask him how
he holds his golf club. The resulting ‘analysis paralysigs him ‘off for the
rest of the game. Modern flying schools are very good atguttudent aviators
‘off their ‘game’ with analysis paralysis.

Many young people who have caught the ‘flying bug’ do not have much
schooling in physics or mathematics, so to bamboozle thdmm awinfusing
descriptions of obscure theories does not lead to understahthigrtunately
many junior flying instructors use their incomplete knowledféhese theories

to establish a sort of psychological superiority overrtsaudents, and many
testing officers do the same. So not only has the poor rdtudelearn and
develop new motor skills, but has to do it without realhyerstanding why the
aeroplane flies the way it does. Their flying instructeaned the same way,
and theirs, and theirs..........

Sure, it is helpful, in the early stages of learning totflyunderstand why what
you do with the controls causes the aeroplane to respenslay it does, and the
very best way for this information to be imparted to a nawlent of flight is
direct description, demonstration and hands on experience tinedguidance of
a suitably experienced and qualified flight instructorm@ich less satisfactory
but often more flexible way to impart the description jorbf this ‘information
transfer’ process is through a properly written book, whiciplaens the
principles of flight in a clear and understandable way. Hdlyethis is such a
book. It is written in the hope that it will be read by thtent aviators out there
who feel that there is something missing from theiotpitaining thus far, or
who are suffering ‘analysis paralysis’ as a result ofdbwefused way they have
been taught, and also by aspiring aviators to start themeomgtht path. This is
not a book about engines or systems or procedures; therenambar of very
good books available on these subjects. This book is a tiofleaf my lessons
about how and why an aeroplane flies the way it does and kieyidqees that
you should be, or should have been, taught about how to ftycibntains what
could be viewed by many ‘mainstream’ flying schools as s@uieal ideas.
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The basic principles of flight are very simple, butytheve become obscured by
a fog of confused detail and erroneous ideas. | hope to alemy some of that
fog and correct those ideas with this book. The descriptans theoretical
details of how aeroplanes fly contained herein are baged extensive reading
about the adventure of the development of the aeroptheethousands of
briefings and lectures on the subject that | have givestugents over the years
and, of course, my own personal flying and instructing expeziehdave
included references to historical situations, where agipls; as | believe we
have much to learn from the pioneers of flight, both éheto were successful
and those that weren'’t! | believe that understanding hodemn aeroplanes and
the technigues used to fly them have evolved can give atoava more
thorough understanding of why they work the way they do withaatr-o
analyzing the subject.

In the early 1970’s | became interested in the newly gimgrsport of ‘hang
gliding’. In those days the Rogallo hang gliders, or deltaskitvere the only
types around. Francis Rogallo was an aerodynamicist who @rdasedesign,

loosely based upon a yacht sail but inherently stable. Baingell trained

military aviator | was not going to just leap aboard one withanderstanding
what ‘made it tick’, so | studied the aerodynamic principte®lved and plotted
many sail shapes and aerofoil sections myself. | madg Iflying models (one
meter span) which | flew from the top floor balcony of theck of units | was
living in at the time, (the neighbors must have thought 4 wats!). Finally |

considered | had enough data to construct a man (me) caglideg, but before

| did | decided to talk to some of the small, but growing,doahhang glider

pilots who would fly off the sand dunes at Cronulla, a southeastal suburb of
Sydney. The day | went to Cronulla there were two oretigtelers ridge-soaring
along the dunes at about 50 ft altitude and a dozen or morelnasg into the

sand at every attempted take off. The soarers obviougw kvhat they were
doing so it was these pilots | decided to talk to. When the appty came |

asked many questions about structure and rigging and gotsehd tips, but

when | asked about the aerodynamics it was a differemy.st recall one

guestion which | really needed an answer to was “to vdemjree is the
longitudinal stability affected by the change of conicasiaut at the tips when
the tension of the fabric is altered?”

| still remember the look I got in return. | might as wwlve spoken in Swabhili
for all he understood of my question. The more questiaskéd the more the
realization came to me that these guys and girls wei& garfers; they had no
more understanding of the aerodynamics of their glidems the average surfer
does about the hydrodynamics of a surf board! Yet they fiew toeautifully!

| left Cronulla feeling quite confused but determined to find bow this
apparent contradiction could possibly be. | built my hang gladet | flew it,
then | knew. In this simple craft there is virtually technology to get between
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the aviator and the air. The feel of the airflow arelfdel of the movement were
obvious and, with a little practice, the control of tmafcwas easy; and it was
exhilarating. | was left with the feeling that learninglyoany aircraft should be

this simple, at least to begin with, before the technoldgtonsiderations of
operating the machine crowd in. A few years later this tiaschallenge |

confronted when | started my own flying school.

In 1984, having retired from the air force, | started thér®y Aerobatic School
with the intention of teaching aerobatics to licensed gilbtound that the pilots
coming to me for training were deficient in their understagdof the basic

principles of flight and had been taught some poor flying teclksigso before

starting aerobatic training it was necessary to teach #ikof the things they

should have been taught in a way they could understand thembddame a

preliminary course for those who needed it. | called thessothe “things you

should have been taught course”, hence the sub-title obtuk. | soon found
that they all needed this course first so | integratedtat the basic aerobatics
course and renamed it the “basic aerobatics and advangéd téichniques

course”. | used the phrase ‘advanced flight techniques’ifterentiate these

techniques from those taught by others, but in fact theg wWex basics that all
aspiring aviators should be taught.

A few years later when | took on my first ‘ab initio’ flyirggudent | taught him
in accordance with the ‘standard’ training syllabus, everugh | felt | was
‘short changing’ him. But since he was to be tested bytandard’ testing
officer | didn’t want to make life difficult for him byeaching him too many of
my ‘radical ideas and techniques’. Ultimately he graeldaand immediately
signed on to learn aerobatics with me. As we progresseddiniine aerobatics
course he kept asking me “why didn’'t you teach me this béf@é2ourse |
had no good answer to that question but | vowed to never a&tjirt change’ a
flying student. | integrated the advanced aircraft cordral aerobatics course
with the standard private pilot syllabus and dropped my sextent into the
‘deep end’ to see how she handled it. Handle it she did, ib#erthe private
pilots from other schools that | had been teaching as ghexal have any
previous flying instructor’s limitations and inhibitiongamped upon her.
Twenty five years later we are still good friends, dndhave now been
responsible for teaching a thousand or more students judtdikbow to really
fly and be comfortable in the sky.

The course | designed starts at lesson one, effect®rafots, as usual, but
includes teaching the student to loop and roll the aeroplanehws a great way
to understand pitching and rolling. The manoeuvres are simpléuani fly,

and give the student great confidence in his/her handlintheofieroplane, so
much so that by the time the student is flying the fiodd sortie in the training
area loops and rolls are on the practice schedule. Towaehthef the course,
after having covered more basic aerobatic manoeuvres and spihriagd, a
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lesson called ‘mishandling consolidation’ wherein | aptevery conceivable
‘out of control’ situation that | could think of and havetstudent recover. The
usual reaction from the student, having returned thiepéene to controlled
flight was, “ho hum is that the worst you can do?”

| am very proud of my flying students.

Along the way | was approached by many reasonably expedepitots who

were having difficulty with things like navigation or instnent flying and in a
number of cases, instructing! | quickly confirmed that thet cause of their
problem was apprehension. They were simply flying afraiétaid of what

might happen in turbulence or if the bank angle got too gnestd out of cloud,
or if their student did something unexpected in flight and fpeintin a situation
they had never been in before. In each case their conédiewel improved
significantly after completing my course and their problemthese seemingly
unrelated areas simply went away.

These are just a few examples of situations which lindemy basic teaching
philosophy, which is that anything that you do in an aeroplatieb&idone
better if you are comfortable in the air in all theBmensions, and the best way
to get comfortable in the air is to make the sky yoaygtound and go play in
it, often.

Unfortunately | can't fly with all of you to show you my p@ound, or show
you how to find your own, but | do hope that you will be aldegtean
something to assist you in finding it for yourself froeading my books.

So, let's get into it....what follows are the things yoowd be taught when
learning to “fly better”.
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UNITS and JARGON

Along with the development of the aeroplane aviators pavduced a plentiful
and colourful jargon. The average general aviation @d&ne contains a pot
pouri of units of measurement, some of which the new stweator may find
guite bewildering and probably has never heard of beforee $indll be using
some of these units in the following lessons | shouldaxgmr define a few of
them.

Altitude is expressed in ‘Feet’ unless you are flying ah smviet ‘War bird’;
then it is expressed in ‘Meters’. The sea level pmesslatum from which
altitude is measured is expressed in ‘Hectopascalsuiogean and Australasian
aeroplanes (it used to be in ‘Millibars’, a Millibar being 10@f a ‘Bar’ and a
‘Bar’ is the pressure of one atmosphere). In Amerigaroplanes atmospheric
pressure is expressed in ‘Inches of Mercury’ when setheraltimeter and is
also expressed in pounds per square inch in the old irhpgsi@m (lb/inch? or
‘psi’) for other purposes.

Whilst *Altitude’ is the way of expressing how high an adaoe is as measured
using sea level as the datum, the height of an airfieldeabea level is called its
‘Elevation’ whilst the height of structures in the wiity is expressed as their
‘Height’ above the surrounding terrain.

Airspeed is expressed in ‘Knots’ (a ‘Knot’ is _a nauticaile per hour) in
European and Australasian aeroplanes and in ‘Miles per iM&H) (which is
statutemiles per hour) in American aeroplanes, whilst thee smviet War bird
expresses it in ‘Kilometers per Hour (KPH). Howevan, aircraft’'s airspeed is
either ‘True’ airspeed, which is how fast it is really mpithrough the air,
‘Indicated’ airspeed, which is how fast it ‘thinks’ its igg through the air
(depending upon the air density), or Ground speed, which is trapead
adjusted for the effect of wind, which helps you figure when you are going
to get to where you are going, and in which direction totpgour aeroplane to
find the place.

Manifold Air Pressure (MAP), which is an expression nfjiee power setting,
iIs expressed in American-made aeroplanes in “Inchellestury Absolute”
whilst English aeroplanes with superchargers call it ‘Boasd express it in
“Inches of Mercury Relative”, that is inches plus dnus standard atmospheric
pressure (which they express in Hectopascals!!).

Confused yet? Well don’'t worry, you are not alone. But it doesnd there.
Fuel Capacity can be in either ‘Liters’ or ‘Imperial li&as’ or ‘US Gallons’ or

‘Pounds’, whilst Oil Pressure is in ‘Pounds per Squareh’Ingsi) or
‘Kilopascal's and Gyro Suction is in ‘Bars’!
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Aircraft weight and load are expressed in ‘pounds’ or ‘Kilogsg often
interchangeably, so be careful of this one.

Temperature of course can be expressed in degrees ‘Faitreathdegrees
‘Celsius’ (formerly ‘Centigrade’).

‘Air Density’ is the mass of air in a particular volemNow the ‘Mass’ of
anything is measured by a unit with a strange name, a ‘Sh@lug is the

weight of the thing being measured divided by the accelerdtiento gravity.

(Since ‘weight’ involves gravity.) So density is the numileér'Slugs’ in a

particular volume. Air density at sea level is its giei(.0765 Ib/ft3) divided by
the ‘gravitational constant’ (32.2 ft/sec/sec) which égu@02376 Slugs per
Cubic Foot (Slug/ft3).

When navigating, an aircraft's position can be expressedChytesian co-
ordinates’ such as ‘Latitude and Longitude’ or by ‘Polapodinates’ as bearing
and distance from a known point, whilst the directiomsigoing is either its
‘Heading’ or its ‘“Track’ (Heading corrected for wind drifthéh is measured in
‘Degrees Magnetic’ (which allows for the differencetlie position of the north
magnetic pole and the true north pole) or ‘Degrees Twiech makes no such
allowance. Oh, and the Americans call ‘Heading’, ‘Celrs

There are many more, but they are the main ones. hewsturn to the Jargon.

Aviation Jargon will be forever indebted to the Royal Aar¢e which, prior to
World War Two, created a thing called the ‘Operational Bre@ode’ which
was peppered with wonderful words like ‘Bogies’ and ‘Banditsd ‘Tally-Ho'.
This code was supposed to simplify radio transmissions andsmiifie enemy
(often the reverse was the case). When | started topsahflying in the Royal
Australian Air Force in 1964 (19 years after the endhefwar) much of this
code was still in use and it was quite common to heavuag fighter leader,
having broken cloud after a QGH (VHF-DF letdown) call to Wwimgman,
“Tally Ho home plate, QSY Tower for pancake”. A tranglatof which meant
“l can see the airfield so let's change radio frequemmy to the control tower
for landing.” This of course was after ‘Base Orangess watermined!! (The
terminal weather).

Some of this wonderful ‘aviator-speak’ even survives in geraanation to this
day. When we set the altimeter datum pressure we say imp& and
Australasia) that we set the QNH or the QFE. The#terk are the remains of
the ‘Q’ code which was originally developed to be sent vieabhtrlegraph but
was later verbalized as part of the operational brewtlec| have heard many
young instructors try to give words to these code lettershieutact is they were
a code designed to confuse the enemy, and they are stillscunfthese
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instructors today. In the USA, these particular coderethave been replaced by
the simple and self explanatory phrase, “AltimetettiSg”.

The code word which has survived completely intact andpnalbably continue

to survive (because nobody can think of a better word for it)Sguawk”.
‘Squawk’ is what you do when you activate the aircsaféidar transponder. The
radar transponder was invented in England shortly after the iomeott radar
itself, as a result of a couple of lethal ‘friendise’ incidents during the early
days of WW2. It was a means by which the radar operatdd atifferentiate
between the good guys and the bad guys and it was taRedvhich stood for

‘I dentification Friend or Foe’, but was code named a ‘Parrot’! So, what do
parrots do? They “Squawk”.

| grew up with feet and inches and even though | have madeothesrsion to
the metric system on the ground, | still think in the sydtem when flying, so
many of the units | use in these lessons may be a throwtbatie imperial
system so here is a conversion table to assist ygeattmg your ‘head around’
the relationship of the more common units.

CONVERSION TABLE

Units Multiply by
Pounds to Kilograms 0.4536
Kilograms to Pounds 2.2046
MPH to Knots 0.8684
Knots to MPH 1.1515
Kilometers per Hour to Knots .540
Knots to Kilometers per Hour 1.852
Feet to Meters .3048
Meters to Feet 3.2808
Imperial Gallons to Liters 4.546
Liters to Imperial Gallons 0.220
US Gallons to Liters 3.785
Liters to US Gallons 0.264
Inches of Mercury to Hectopascals 33.84

Hectopascals to Inches of Mercury 0.0295
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Lesson One

THE AIR IN WHICH WE FLY

| am always intrigued when | hear of complaints by rnera of the general
public about low flying aircraft. Sure, in some cases tasy justified when
some aberrant pilot does something really stupid in an aemplaut the
majority of complaints are usually about a light aeroplaendlying at 500 ft
many hundred yards from the complainants’ house. Thepdstprobably just
practicing some training exercise or going about his or henaildsusiness.

The same complainant will happily drive down a road at liifimleters per
hour, passing traffic doing a similar speed in the othectiine with only one or
two meters gap between them and separated by nothing mora ttlaite line

painted on the road, without a moment’s thought of thertazaf such an
activity. Often the opposing traffic is a 30 wheeled ‘B deullac truck, but

this still causes no concern to the complainant who Ioeagreoccupied talking
on a cell phone and driving with only one hand at the time!

Why this double standard? If the aeroplane fell out efgky at the point of
closest passage to the complainants’ house it probakbljdwo hit the house,
and even if it did would probably not injure the occupanth®fiouse: whereas,
if the Mac truck driver only sneezed and momentarilgred across the line
many motorists could be smeared over the road like strawjaentyCars, trucks
and aeroplanes have been around for about the same perioe ¢Henry Ford
introduced the ‘T’ Model five years after the Wright bro#fidirst flights). Our
attitude to cars and trucks has become complacent waithlidrity, but the
average citizen still fears aeroplanes because hHeeat@es not understand them
or how they are controlled. In the entire history otwft accidents, the total
number of people killed is a miniscule percentage of tred tatmber of people
kiled in automobile crashes worldwide in only the lasivfgears! Yet
complaints to aviation authorities about the proximity abpines continue to
be made.

We are regularly treated to a ‘late breaking’ news storyetevision of a light

plane crash and how the hapless pilot will be subjeatvtestigation possibly
resulting in his or her perpetual ‘grounding’. Meanwhile, a nurolb@eople die

on the roads during the time of the telecast and werrear about them. The
news media love aeroplane crashes as they enaloetthplay on the fears of
the general public and sell more newspapers or TV tirhey Tertainly do not
help raise awareness of just how safe a modern aeroplaperly flown, really

is.
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Most people’s fears come from a singular lack of understarainghat keeps
an aeroplane ‘up there’, yet they will watch the datelevision newscast of the
damage and devastation caused by hurricane ‘Fred’ or ayptdabel’ with
scenes of garage roofs flying through the air and trees Mfleitgned because
the wind speed was a terrific 120kph; they will shrug and“ségourse, not
much can stand such wind forces”, without realizing that is only the lift off
speed of the average light aeroplane. At wind speeds of 120kphnot a
guestion of what keeps it up there, but of what keeps it déwid20kph most
things that are not ‘bolted’ down - and many things that aese la tendency to
fly, the fundamental difference between garage roofs ightlderoplanes being
that the aeroplanes are controllable in flight whilsagarroofs aren’t!

| have often had people say to me “but the air is so ltisi@nnot perceive how it
is capable of holding such a heavy thing up there, especialigthong the size
of a jumbo jet.” But the air is not thin, it is in fagtite thick but we don’t notice
it because we have evolved to live in it. At the bottonthef deepest oceans of
the Earth live fish that are subject to pressures etpuahany hundreds of
atmospheres, yet they swim around quite happily goingitatieeir business
without noticing it because they have evolved to livéhet environment. Bring
them to the surface and they blow up like a balloon antbéepWe live at the
bottom of an ocean of air only about 100 kilometers (60 mdegp and are
subjected to a pressure of about 15 pounds on every squarefi our body!
That is a total pressure on the average size bod§,0606 pounds or 30 Tons! If
we were brought to the surface of our ocean we would blow dig@grode too!
The people who do venture to the surface of our atmosphéreegond have to
be enclosed in special garments called ‘Pressure Svoitsop them exploding. |
am of course talking about Astronauts and Cosmonauts and higidea
aviators.

This ocean of air in which we live is not very deep; 100kmmwbtempared to
the diameter of the Earth is miniscule. To give youdea of this relationship,
imagine that the Earth is about the size of a soccer Malk give the ball a
coating of leather-preserving wax and rub it well in. Thiekness of this wax
coating is proportionally the same as the thickness dt#inths atmosphere! We
are all aware of mankind’s journeys into space over tis¢ feav decades and
perceive space to be a great distance away, but it jgtristonly about one
hours drive away - if your car could drive straight up!

Despite the fact that this air mass is not very deap,viéry dense, and when it
starts to move it can exert tremendous pressure on anythitg way (like a
garage roof) or when anything moves through it, it againtexeemendous
pressure on that thing (like an aeroplane). Whether theaies, which we call
‘Wind’ or whether an aeroplane moves through it, which a# ‘€lying’, the
pressures are the same. It is the relative motimmefto the other which creates
this pressure.
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Air is compressible, that is, it can be squeezed intordined space, and as a
result of this squeezing the pressure it exerts on whatsveonfining it and
whatever is in that confined space with it, increaffesie were to squeeze a
given volume of air, say all the air in this room, intooam with only half this
volume, its temperature would double, the pressure uldvexert on the walls
and on us would double and its density would double. (Aisithers defined as
the number of air molecules within a given volume. Tiweeif you squeeze the
same number of molecules into half the volume the ansidg doubles.)

Now all the molecules of air surrounding the earth havighteand are stacked
up one on top of the other so they push down on the oneatheghem which
push down on the ones beneath them and so on. By the tingetwe the
bottom of the atmosphere we find that the bottom layemsadécules have been
squeezed significantly so the density and the temperaturihamiessure of the
air have increased considerably. This is, as | haide where we live.

As we climb higher and higher the density, temperature and peestthe air
get less and less, so the force it can exert getsaalesdess. A garage roof in a
120kph wind at the top of Mount Everest would experience muclidessthan
it would in the same wind speed at the bottom of the mouatadran aeroplane
moving through the air at this altitude experiences lesk lass force too.
Indeed, an aeroplane flying only a little higher than MowrEst (about 10
kilometers high) can go twice as fast as it could down atleeel without
experiencing any greater pressure. This effect has stitggemplications when
it comes to measuring how fast an aeroplane is realiggflthrough the air
compared with how fast it ‘thinks’ it is flying. We willigtuss this in some more
detail in Annex B to this lecture. Also, | have outlined fiteperties of the
‘standard’ atmosphere in more detail in Annex A.

Flying is both the science of harnessing these varying eiegoand the art of
controlling them. Both the science and the art of flyimg #ings which
mankind has mastered extremely well over the last 106 ydsereby allowing

us virtually unlimited three dimensional freedom of movatweithin our ocean
of air with safety.

List of Annexes to the lesson on: The Air in which w&ly

Annex A. The Standard Atmosphere

Annex B. Measuring Air Speed
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Annex A

The Standard Atmosphere

Each evening, whilst sitting in front of the televisiore see at the end of the
news bulletin the latest weather forecast with iteeseatic ‘synoptic charts’
showing high and low pressure systems as they drift adiessontinent. These
‘Highs’ and ‘Lows’ and the lines surrounding them (callembesrs) represent the
changing sea level atmospheric pressures that can betexps the various
locations on the chart because, due to naturally oogutarbulence within the
atmosphere; there are continual changes in pressure dapérature) every
day. Way back in the 1930’'s the National Advisory CommifteeAeronautics
(USA) defined a ‘Standard Atmosphere’ based upon an averfagk of these
fluctuations over time. They called it the ‘Intenoatl Standard Atmosphere’
(ISA) and this standard has been adopted world wide. The g&¥e them, and
those who venture into the atmosphere, a datum to work fraen Wuring out
the effects that all of these changes have on theuitzes.

The performance of aeroplanes and their engines is very agenpon the
density of the air in which they operate. The densitthefair is the number of
air ‘molecules’ contained in a particular volume, but sithexe are a ‘gazillion’
molecules in the atmosphere their numbers are too huge toinusay
calculations of density, so each group of a ‘squilliar’ f0) molecules is called
a ‘Slug’. ‘Slugs’ reduce the numbers involved to a moreagaable size so we
now express air density as so many ‘Slugs’ per unit volumeale air density
depends upon its pressure and its temperature, the asiabod have an
understanding of the ‘ISA’ so that he or she can understawddeviations from
this standard affect their aeroplane’s performance.

The International Standard Atmosphere starts at seawetreh temperature of
15°C (Celsius) and a pressure of 1013.2Hp (Hectopascals) or 2@8s |of

Mercury in the USA. A cubic foot of air under these aitinns weighs 0.0765
Ib and has a Density of .002376 ‘Slugs’ per cubic foot. Theusmtof water

vapor in the atmosphere causes a slight variation teviight, ‘damp’ air being

a little lighter than ‘dry’ air, but we are going to igndres difference as it has
no significant effect on aircraft performance.

As we climb up into the ‘standard’ atmosphere we will findttfor each 30ft of
altitude gained the pressure drops 1Hp initially and for e¥gd@Oft of altitude
gain the temperature drops 2°C. This temperature drop per 1;80Qtite

uniform up until about 35,0001t but the altitude-per-1Hp drop edpanlittle as
we get higher so that at 35,000ft a 1Hp drop equals 50ft altgaithe What this
all means is that at 35,000ft it is damn cold, minus 55°C toxhet @nd the
pressure is down to about one quarter of the sea lessyree
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Long before we get to 35,000ft the temperature and pressueednapped to a
point where a human body can no longer survive withoust@assie. The upper
limit for unaided human survival is only 10,000ft; which is ab@iwo minute
drive straight up. But don’'t make the drive at night becaugs night vision
begins to deteriorate after only 45 seconds due to oxygen degmivati

We live in a very thin blue line of air at the bottofifaur ocean’.

An aviator can operate for a short time at 40,000ft, breathingo1®§gen and
wearing very warm clothes. Beyond this altitude the tavianust also wear
some sort of pressure garment or be enclosed in a peeskoockpit. For the
human body 40,0001t (an 8 minute drive straight up) is the beginhi@pace’.
Think about that the next time you are gazing outwhedow of a Jumbo Jet
cruising at 38,000ft with a cabin pressure equivalent to atudd of only
7000ft. (Because the cabin has been pumped full of cosgatesr.) Don't lean
on that window too hard!

The predicted performance of aeroplanes is based upatatheard air density
change within the ISA. If the atmospheric conditions any particular day
deviate from the ISA, the aeroplane’s performance wiNiate from that
expected. The performance charts contained within the ‘Aligintuals’ of each
aeroplane allow the aviator to calculate the aircrafemtrd’ performance and
the degree of performance deviation if the actual pressuwletemperature are
known.

Also, back in the 1930’s the NACA created another concejitahaaviator
could use when making these performance calculationsist bss or her get a
better ‘feel’ for the expected deviation in performancemwlSA conditions did
not exist. Let me explain this concept.

Imagine that you are holidaying at a beach house (at sdadéweusly) for a
few days. Nearby is a large hill climbing 3000ft above theach. On this
particular day you decide to climb the hill but before you do wote the
temperature and pressure at the beach using a conveni¢ahbl@ahermometer
and barometer. You note that it is 15°C and 1013.2Hp, “@x&8A”, you muse
to yourself. Later upon reaching the summit of the hill yatenthat the
temperature has dropped to 9° and the pressure is 913.2Hp, yexhatl the
ISA scale says it should be”, you muse some morévigisly the density of
the air up here is less than down at the beach” youngdsm my aeroplane
would not perform as well up here as it would down at the bédwh.power
output of the engine would be less and if there was a runwalyetp my
aeroplane would use more of it to take off and its alititglimb after take off
would be degraded”.
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The next morning, having climbed back down the hill, you rilo&¢ overnight
that approaching ‘Low’ that you saw on the television lasised the
temperature to drop to 9° and the ‘barometric’ pressure to dr@i3@Hp.
“What a coincidence” you declare, “that’'s the samepierature and pressure
that | experienced yesterday on top of the hill. This edhat the air density
down here now is the same as it was on top of the dslieyday, and because of
this reduction in air density my aeroplane’s performatwmen here now will be
degraded the same as if it were on top of the hill inS¥.ISo due to the drop
in density it would be as it were operating at 3000ft ISA.

This is the concept that helps aviators assess theraftis performance when
the atmospheric conditions where they are, differ fe@a level ISA. It is called
‘Density Altitude’, and the formal definition is: “Deitg Altitude is the air
density that exists at a given place expressed asitagl@lequivalent on the ISA
scale.”

So if on a particular day you are taking off from ariiglnl at sea level but the
‘Density Altitude’ of the field is 3000ft, your aeroplaneasly going to perform

as ifit were taking off from an airfield 3000ft above segeld SA. This concept

also applies if the actual elevation of the field Isowe sea level but the
temperature and pressure there are not what they would ezt aftitude on the
ISA scale. So an airfield at an actual 1500ft elevationld have a density
altitude of 3000ft if the current temperature and pressutbeafield were the

same as 3000ft on the ISA scale, and once again tbplaee would perform as
if it was at 3000ft ISA.

The concept of Density Altitude is a very handy cqtcand one that you, the
budding aviator, should get a good ‘feel’ for.
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Annex B

Measuring Air Speed

One of the most vital pieces of information an aviaton ¢t@ave about his
aircrafts performance is its speed through the air. Aopdame’s performance,
range, endurance and handling depend upon how fast it is goingvelothe
measurement of this speed and the way it is presente@ taviéitor is not as
simple as you are used to in a motor car.

A car speedometer is related to the number of revolutlmmsvheels make in a
given time when in contact with the road, whereas aapdsne’s airspeed is
determined by the air pressure it encounters as it snthweugh the air, which
we call ‘dynamic air pressure’. Herein is a problem,aose this dynamic air
pressure is dependent upon the density of the air, whidetesmined by the
atmospheric pressure (static air pressure) and tempmraig we climb the
aeroplane higher and higher the air density reduces anad¢kpitc'Air Speed

Indicator’ (ASI) starts to ‘under-read’ the ‘True Aspeed’ (TAS). By the time
we reach 35,000 ft the ‘Indicated Air Speed’ (IAS) is abalt the TAS!

An extreme example of this is illustrated by the NASA &p&huttle, which
leaves Earth as a rocket but returns as an aeroplanap@aoach to land the
Space Shuttle pilot uses the ASI in the same way agitbe of any other
aeroplane, but when in orbit at 15,000kts the ASI is ‘readmegd! (Because
there is no air in space, and no one can hear yousgrea

At the altitudes that a student pilot operates when legna fly this IAS/TAS
difference is not so great. A light aeroplane flying at 3-4f{08101 10kt IAS will
have a TAS of about 120kts. | say “about” because the ladiffierence will
depend upon the ‘Density Altitude’ at the time.

Knowing the aeroplane’s TAS is important when calculatisgGround Speed’
(GS) when navigating from one place to another and whenlatihg its range.
There are simple procedures for making these calculatvbich you will learn

when learning to navigate. The ‘good news’ is that the spye® see on the
airspeed indicator is the one you need when flying the Ber@pHow so?

The aeroplane’s lift, drag and thrust depend upon the deofsihe air in which
it is flying too, so the IAS gives the aviator the corrmébrmation about the
handling of his aircraft. If you are flying at 120Kts IASththe aeroplane will
handle like it should at 120Kts IAS, even if you are 3080ft doing an actual
240Kts TAS! In the forthcoming lessons about how aeroglahge when |
mention airspeed, | will be referring to IAS. If | use &rflirspeed at any point |
will use the abbreviation ‘TAS'.
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Lesson Two

LIFT

Why start with Lift? Because, as | said in Lesson Omest people when
confronted with an aeroplane in flight first ask “what keepgpi there?” So |
guess answering that question makes this a good placerttoSsiavhat does
‘keep it up there’? Let’s go back to the beginning of it all.

Mechanics’ Magazine,

MUSEUM, REGISTER, JOURNAL, AND GAZETTE.

No. 1520.] SATURDAY, SEFTEMBER 25, 1852, [Price 3d., Stamped 4d.
Edited by J. C. Kebertson, 186, Flset-aireet,

SIR GEORGE CAYLEY'S GOVERNABLE PARACHUTES.

T
__.i Hﬂmﬁh

]'i]l'l

Developed design for a man-carrving ghder, called a " governable para-
chute'; facsimile of the illustrations as they appeared in the Mechamics®
Maogazineg: 1852,
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In 1852 an English gentleman named Sir George Cayley invemjigea which
he called a “Governable Parachute” and which his coachreawn (under
duress) a short distance across a valley. As a resdrgé declared “the
problem of flight is solved”. He then spent considerabteetduring the rest of
his life trying to invent an engine to power his ‘air-craft’. Theernal
combustion engine had yet to be invented - by someone aitgk unfortunately
George’s efforts came to nothing. From that time forwardutiderstanding of
the solution to the ‘problem of flight’ has become mooenplex.

By the time World War One had ended the aeroplane hadepritself a

formidable weapon demanding further development. Also, visesg@redicted

air transport possibilities beyond imagination. Proper séierstnd engineering

methods were introduced into its development. Fluid dynaexpsrts explored

the miniscule airflow patterns around a huge array of agr@fd aerodynamic
shapes. They employed various esoteric fluid flow tlesosuch as, ‘Bernoulli’'s
Principle’, ‘Reynolds Number’, and ‘Prandtl Circulatidrheory’. They used

bigger and better wind tunnels to test and experiment with designs. The

result was a range of data which was extremely usefairtraft designers and
engineers, but which confused the hell out of the aveaagdor and obscured
the fundamental simplicity of “what keeps it up there”.

Today that confusion continues. The average student pilai may have little
or no education in basic physics (mechanics), or if Ise lm@s forgotten most of
it, is confronted with:

Bernoulli’'s theorem.
Laminar flow.

Turbulent flow.

Moving centers of pressure.
Pressure gradients.
Boundary layers.
Separation points

Tip vortexes.

Stall flow patterns.

©CoNohk~WNE

Some of these are aerodynamicists’ tools and most are assagyg for a basic
understanding of “what keeps it up there”.

So what does “keep it up there?

In 1687 another English gentleman named Isaac Newton pneclathree
essential principles (Laws) pertaining to the motion ofigag of matter of any
mass, from grains of sand to suns and planets. Thasapbs apply to all
molecules of matter be they solids, liquids or gassésofayh the existence of
molecules wasn’'t known in 1687). Here they are:
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Principle One: ‘Things’ remain stationary or keep movim@ straight line
until pushed upon by an external force. (This is callezl t
principle of ‘Inertia’.)

Principle Two: ‘Things’ will move from their stationaposition or be sped
up (or slowed down) along their line of motion or be
deflected from their line of motion, by applying an extérna
‘push’. The degree of speed or direction change is
proportional to the mass of the thing and the size of thie. pus
(This is the principle of ‘acceleration’).

Principle Three: For every ‘push’ on something, thensiting pushes back
with an equal and opposite ‘push’. (Action — Reaction.)

| would also like to define three other terms at this past will be using them
regularly throughout this and subsequent lessons. The if$teiocity’. Most
people use the words ‘velocity’ and ‘speed’ to mean theesdimg, but in fact
velocity has an added factor and that is ‘direction’. Slociy is speed in a
particular direction. When we use the term velocitg, mot only have to define
how fast a thing is going but also in what directios itraveling.

The second is ‘Acceleration’. Most people are familath this term in one

sense and that is as a change of speed. When driving a raptbespeed can
be changed by adjusting the ‘accelerator (‘Gas Pedalthim USA), but

acceleration is not just a change of speed but a changdaxfity. This means
that a car is also accelerated when its directiomation is changed without its
speed changing. We do this every time we drive the car aroumeha at

constant speed. (Newton’s second principle is about aatiele) This is an

important point which | will be returning to in the lessanManoeuvring.

The third is ‘Momentum’. The Momentum of something irotion is the
product of its mass and its velocity (M x V). This med&mst a small mass
traveling very fast can have the same momentum asge Imass traveling
slower. If we wish to change the momentum of a moving ‘thivg’can do it by
changing its mass or its velocity and, as we have just, see can change its
velocity by changing its speeaxt its direction of travel (or both simultaneously).
Air molecules have a very small mass, but if movedlduican have a large
momentum, and changing this momentum is the key to answegngu#stion,
“what keeps it up there”

So, to begin with, let's focus on Newton’s third principiewe can somehow
push molecules of gas one way, we will experience a pask the other way
with an equal force. The simplest example of thishis tocket, (solid fuel
rockets were invented by the Chinese over a thousand ggajsIn a rocket,
fuel is burned in a confined space (combustion chamberjhendas produced
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‘whooshes’ out a hole in the chamber (action). The charahdrthe vehicle
attached to it experience a force propelling them in the ojgpasiection
(reaction). The first successful operational liquid fuelketcwas the German
World War Two V2 rocket which produced 56,000 pounds (25,400 KG) of
thrust. Twenty five years later the Saturn V rocket phHepgekhe Apollo
Astronauts to the Moon with seven million pounds (3.17ionilKG) of thrust
produced this way! Note, the expanding, ‘whooshing’ gas doesisth against
the air: its motion out of the hole is itself the iaat and the rocket's movement

Is the ‘reaction’. This is how rockets can operate enwhicuum of space.

In the Earth’s atmosphere, if we can push air molecdesn we will
experience an upward ‘lifting’ reaction which will enahls to fly! How did
George Cayley and his successors accomplish this? Sirhele,ioved an
inclined flat surface through the air at a speed whichgulislir molecules down
hard enough, (that is, changed their ‘momentum’ by ‘acaefey them) to
produce a reaction force strong enough to sustain thetimeimir. Now | am
about to draw a diagram to show you what | mean, but | wanty note that |
am changing perspective for ease of drawing. | am going to th& end view
of an inclined stationary flat surface and the ailenoles moving past it in
‘streamlines’. Either way the relative motion betwéleam is the same and that
Is what is important here:

f
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The solid line is the end view of the flat surface (flitg) inclined at a small
angle to its line of motion (right to left) and the other sirsee the lines of four
of the millions of air molecules streaming past it agsult of this motion (left
to right). You will note that molecules 3 and 4’s pathsda#ected down by the
angled flat plate but what about molecules 1 and 2? TFhgythat “nature
abhors a vacuum” and since we have pushed molecules 3 & 4 wevirave

tended to make a ‘hole’ in the air above the flat plstemolecules 1 & 2 don't
just go sailing merrily on by, they ‘fall' into the hole! Heis the complete
picture:

1.-.

3« \
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So you can see that the flat plate has deflected @llrfwlecules (and millions
of others too) down. Now let's reverse perspective againl@idat a before
and after scenario from the ‘point of view’ of the nwlkes:

"1

IJE
\*— ‘0 *\

1#!4

Here we see the flat plate moving from right to lefttghs four molecules and
you can also see that the molecules have not only hesve@ down but also
slightly forward, that is, in the direction of motion diet flat plate. As a result
the reaction to this is not quite straight up but inclineghliy back; indeed the
reaction is at about 90 degrees (90°) to the plate. Goicl teathe original

perspective again, here is the same picture:

Total
— 1 Reaction
—_——e2
——p 3 1o——>
o4 29 ey,

3¢ —-—p
de —

Note that | have labeled the reaction force in the diagthe “Total Reaction”.
Why? Because, as | have said, we aren't just affechagnitomentum of four
molecules but millions of them and each one produceswts tiny reaction;
here is a diagram of just a few:

it $ 4 \
iy

For simplicity we lump them all together into one bégetion and we position
this “total reaction” arrow at the centre of all of tiide reactions.
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Remember | said the Total Reaction is about 90° to the@lféd. Why “about”,

why not exactly? Well, if air molecules had a perfect @astbound (bounce)
when struck by the wing the Total Reaction would be atthx®0° but air
molecules are rather ‘squishy’. Let me explain. Imagme are playing billiards
and you play a shot off the side cushion of the bdli@ble. The ball will come
off the side cushion at the same angle that it hitngl@A = angleB in the

diagram below) because the ball and the cushion have apedarct elastic
rebound.

Reaction

O

Dﬁﬂeclztion
ngle
v

O |

Reaction

The force of this deflection is absorbed by the side cusdmainthe direction of
the force is the opposite of the bisector of the angldedlection, which is
always 90° to the cushion. So if air molecules behakedsame way in my
airflow diagrams as billiard balls, my diagrams would I¢ik& this and the total
reaction would be at 90° to the wing.

‘Billiard Ball' Molecules



29

But, as | said, air molecules are ‘squishy’ and bounce rilkgea squash ball
than a billiard ball. So this is how they ‘bounce’ off dlat plate:

'Squash Ball' Molecules

Whilst the Total Reaction is still the opposite of theeoior of the angle of
deflection, the angle of deflection is not as greahagerfect elastic rebound so
the Total Reaction is a little forward of 90° as yan see.

Many years ago when ‘super’ balls first came on the matkey were small
and black and looked a lot like squash balls and a friend &isdl lone out on a
squash court. The rebound off the first serve was lethdlhad us both diving
for cover! (And there is not much ‘cover on a squash cpitat is when |

learnt why squash is called squash. So if you want toagdeel’ for the

difference between air molecules (Squash Balls) anttaules with a near
perfect elastic rebound (Super Balls), try them out oquash court yourself,
but | suggest you wear protective padding and a crash helmet

The inclination angle that the flat plate makes to thigoai is called the ‘Angle
of Attack’ and if we vary the angle of attack of the ftddte to this ‘squishy’
airflow we will vary the number of molecules and amouat the molecules are
deflected, and therefore the size of the total reactio general terms, if we
double the angle of attack we will double the total reactioree times the angle
will produce three times the total reaction etc. Butdhs a limit to how far we
can go with this before we reach what is called theicatitangle’. For a flat
plate the critical angle of attack is about 10°. Beyonsl dinigle the air flowing
over the top doesn’t ‘fall smoothly into the ‘hole’, it becesnturbulent and
isn’t deflected down. At the critical angle of attack tb&l reaction reaches its
maximum and then starts to get less. More about this latés,(the angles used
in my diagrams have been exaggerated for clarity). Thewolg diagram
(graph) shows this Angle of Attack versus Total Reaatdetionship.
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Cnfical Angle of Alfack

2 3 4
Multiples of A/A

Another way that the total reaction can be changeg shhnging the air speed.
If we push our flat plate through the air faster wdl piish the air molecules
down harder and get a greater total reaction, in fagteitlouble the speed we
get four times the total reaction! A simple way to thaikhis is that in a given

time we hit and deflect twice as many molecules twicéhasl, so the total

reaction varies as the ‘square’ of the airspeed. dhewiing diagram is a graph

showing this Airspeed versus Total Reaction relationship.
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These two variables can be controlled by the aviatorep Kee reaction force in
balance with the weight of the aircraft for level flight create an excess total
reaction for manoeuvring. We will be discussing manoeuvrindp@e lot more
in later lessons, but for now we can simply say that thet@vhas control of the
total reaction by virtue of his or her ability to conttis¢ angle of attack and the
airspeed.

The other factor involved in all of this is of course thumber of molecules
being hit, that is, the mass of air being deflected, andeashave seen from
Lesson One, this will depend upon the density of the air wdlyang in at the

time.

So we can now say that the total reaction produced by@ (wihich is what our
flat plate really is) depends upon the mass of the amweniered by the wing,
and the velocity of the encounter, which is its ‘MomentyMV), and the

degree of deflection (acceleration) of this airflow. Befing the airflow means
we change its momentum, and if we change its momentucregte a reaction
force which we have labeled ‘Total Reaction’.

What | have described here is called the ‘Momentum Theofylift and
Momentum theory when applied to a wing is “what keeps thape”.

Now so far | have been using the term ‘Total Reactaomd not the term ‘Lift’,
because lift is only one component of the total reacti@t me explain. Imagine
a wing moving horizontally at an angle of attack to the air@@shown in the
following diagram.

Total Reaction

<
Motion

v Angle of Attack
W

The weight of the wingW, (and the aeroplane it is supporting) is vertically
down but the total reaction, being about 90° to the wingeiefore angled back
by an angle about equal to the angle of attack, so it doesractlyloppose the
weight. Therefore the total reaction has to be split mto tomponents, one
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vertically UP to balance the weight, which is calledft'Land one horizontally
back opposing the forward motion, which is called ‘Drag’. Th#owing
diagram shows the total reaction split into these tammonents. (I have used
the common abbreviation A/A for ‘angle of attack’ in thiagfam too).

D
T iy

Motion
Al/A

v

W

There is a whole lesson to come on this drag componentp snore about it
here. Let’s just focus on the lift component.

Early experimenters with gliders in the late 1800’s - Mdntgomery in the
USA, Percy Pilcher in England and Otto Lilienthal in Gemgnadid not use flat
plates for their wings. A long time before, George Cayileficed that a bird’s
wing, whilst essentially a flat plate, has the frontleading edge’ curved down
so that the airflow over the top surface did not haveeigotiate such a sharp
corner when it first encountered the wing. All of thesely experimenters used
curved (cambered) wings.

ti\‘
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This curvature significantly delayed the angle of attack athvline airflow

‘breaks away’, becomes turbulent and stops being deflected.ig;lthe critical

angle of attack is increased from about 10° to about 16°%¢Wheans a much
greater total reaction can be achieved. This curvatusa'tvanuch, about 3 or 4
percent of the width of the wing (howadays called the ‘@hof the wing) and

finishing about 20% of the way back from the leading edge .ahin@unt that the
total reaction ‘leans forward’ on a cambered wing isttée Idifferent to a flat

plate wing too, and differs with the amount of camber.

Otto Lilienthal made thousands of successful glides usingdnsbered wings
and recorded much useful data about their performance.

In 1900 two bicycle manufacturers from Dayton Ohio USA decided to
experiment with flying machines. They were Wilbur and Qevilvright, the
Wright brothers. The Wright brothers used Lilienthal's dada gliding
experiments between 1900 and 1902 and modified their desigmseasilt of
these flights and tests on wing section shapes in a ‘‘\Miumshel’ they developed
themselves. They invented a means of three - axis ¢obtndt their own light
weight engine and designed and built their own propellers: theng Wwwo
exceptionally gifted men. On the 1 8f December 1903 they made history with
several powered controlled flights in one day, the longesigbabout one
kilometer into a 20 knot headwind! The Wrights wing settiad a 3% camber
with the curvature ending at about 20% chord.

The reason the Wrights invented the ‘Wind Tunnel was to aggpla
phenomenon they had noticed involving the centre of reactmrnng in what
seemed an illogical manner as they changed the wing's ahglgack. They
had assumed that their cambered wing would exhibit the saowement of the
centre of reaction that a flat plate does as the asfgdtack is changed, but it
didn’t! Let me explain.

A flat plate at 90° to the airflow has a centre of tieacin the middle, or to put
it another way, 50% of the chord from the leading edgesl@own in the
following diagram.

—
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As the angle of attack of a flat plate is reduced thdreeof reaction moves
progressively toward its leading edge.

_—h __'+
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—
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But the Wrights discovered that at angles less thaaortheal angle, a cambered
wing has the reverse of this tendency. That is, thee®f reaction moved back
as angle of attack is reduced and forward as angle okast&creased, (which
seemed rather odd!)

_— —_—
—_— —_—
-> —
— —

But once the A/A increased beyond the critical anglarabered wing acts like
a flat plate again and the centre of reaction movek bgain as angle of attack
IS increased further.

This moving around of the centre of reaction caused somsteroation
amongst early aircraft designers, because in order fomeaoplane to be
reasonably controllable the centre of reaction shouldairemuite close to its
centre of gravity (point of balance). But the damned tinogldn’t hold still!

As | have said, after World War One a lot of effort vas into the development
of the aeroplane and this moving centre of reaction wgk bn the list of
problems to be solved. It did not take long for one bright amedicist to
reason that if the centre of reaction moves one wag fiex plate and the other
way on a moderately cambered surface when the A/A Bgeth there must be
subtle curved shapes between the two on which it doesverat all! Wind
tunnel tests revealed a range of curved wing sections wbitimued to deflect
airflow efficiently but on which the centre of reactialid not move with
changing angle of attack right up to the critical angle. Thasg sections are
used today on most modern aeroplanes. (Some special purpgisédifthivings
still suffer the problem slightly.)
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Effectively the problem has been solved; no longer doegdht&e of reaction
move about. Which of course raises the question: “why do stadent pilot

theory texts still say that it does?” (See Annex A fordbmplete performance
data of a modern wing section, on which you will note skationary centre of
reaction.)

It might be worth mentioning at this point that many pilotsfase the curvature
of the wing that they see with its actual camber. Gdmber of a wing is defined
by a line drawn halfway between the top and bottom surfatése wing and
you can’t see this line on a modern wing.

Until the end of World War One, biplanes dominated tkiess A biplane gets
its structural strength from struts and wires extetoathe wing, so the wing
itself can be quite thin and its section can resetiiase sections | have used in
the foregoing diagrams. But struts and wires come absh € ‘drag’ - the
resistance to forward speed through the air. By the earB0’d9aircraft
structures had improved to the extent that ‘cantilelenengs were becoming
common, that is, wings strong enough to ‘stick out’ of sftkee of the fuselage
without external support. Obviously these wings carried thgport internally
via one or two very strong lateral ‘spars’ and crossibgaclhe wing had to be
thick enough to accommodate this structure, so the wingosegas surrounded
by a ‘streamlined’ shape causing a flat plate wing to Idakthis:

Sfre%— ___—— Flat Plate

Shape

Spars

Note that the wing is curved top and bottom by the sameiatmiout the camber
is zero. A highly cambered wing looked like this:
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And a modern wing with a subtle (2%) camber looks like thiso (st®wing the
‘chord’ line, which is a straight line drawn from thed@sgy edge to the trailing
edge of the wing section and its difference to the kma