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. Principles of Flight

Liftand drag, the stall, high-lift devices, stability and control, load and manoeuvre limits, propellers, forcesin
flight.

® THE FOUR FORCES AND THE LIFT EQUATION

LIFT (up)

THRUST STEADY LEVELFLIGHT DRAG

Lift =Weight, Thrust =Drag

Lift = 0.5 x air density x speed squared x wing area x CL
Double the speed, fourtimesthe lift. CL rises with angle of attack up to the stallingangle.

The wing stalls at a fixed angle of attack (about 16 degrees), not a fixed speed. Stall speed rises with weight, bankand
load factor.
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MUST-KNOW DEFINITIONS AND CONCEPTS

Liftacts perpendicularto therelative airflow;
dragacts paralleltoit; weightacts down
through the centre of gravity; thrustacts
forward.

Angle of attack is the angle between the chord
lineandtherelative airflow; liftrises with itup to
the critical (stalling) angle.

The stallhappens when the airflow separates at
thecriticalangle of attack;itisanangle, nota
speed, soyou can stallatany speed or attitude.

Parasitedragrises with the square of speed;
induced drag (fromlift and wingtip vortices)
falls as speedrises;totaldragisleastatVmd.

Load factorislift divided by weight, expressed
ing;inalevelturnitriseswithbankangleand
increases the stall speed.

Static stability is the initial tendency toreturn to
trimmed flight after a disturbance; dynamic
stability describes how the following oscillation
behaves.

Adverseyaw is theyaw awayfromaturn
causedbythedown-goingaileron's extradrag;
therudderand design features counterit.

Ground effectis thereductionininduced drag
near the surface (within about onewingspan); it
canletanoverloaded aircraftlift off then sink.

A fixed-pitch propelleris efficientatone
speed; a constant-speed propellervaries
blade pitchtoholdasetRPMacross the flight
envelope.
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KEY NUMBERS, LIMITS AND VALUES

Thecriticalangle of attackis about 16 degrees
foratypicallight-aircraftwing; beyonditthe
wing stalls whatever the speed.

Stall speedrises with the squarerootof the
load factor: at 60 degrees of banktheload

factoris 2gandthestallspeedisaboutl.4

times the wings-levelvalue.

Level-turnload factor: 30 degrees of bank
aboutl.15g, 45 degrees aboutl.4g, 60
degrees 2g.

Flaps lower the stallspeed and steepen the
descent;the first stage adds mostly lift, later
stages add mostly drag.

Arate-oneturnis 3degrees persecond (360
degreesin2minutes); thebankneededis
roughly the TAS in knots divided by 10, plus 7.

Induced dragdominates atlow speed, parasite
drag athighspeed; theyareequalatVmd, the
minimum-drag speed.

Washout(lessincidence atthe tip) makes the
rootstall first, keeping the ailerons effective
and giving agentlenosedrop.

FORMULAS AND RELATIONSHIPS

Lift = 0.5 x air density x speed squared
x wing area x lift coefficient (CL); the
same form gives drag with the drag
coefficient (CD).

Load factor in a level turn = 1 divided
by the cosine of the bank angle (60
degrees gives 2g).

Stall speed in a turn = wings-level
stall speed times the square root of the
load factor.



MNEMONICS AND MEMORY ITEMS

Lift, Weight, Thrust, Drag: the four forces;in
steady straight flightopposite pairs balance.

Stallisanangle, nota speed: samecritical
angle of attackevery time.

Speedsquaredin theliftequation: double the
speedandyou quadruple thelift.

Induceddragis the price ofliftandrules atlow
speed; parasitedragis the price of shape and
rules athigh speed.

Bankand pulland the stall speed climbs with
thesquarerootoftheg.

COMMON EXAM TRAPS

You can stallatany speed and attitude: itis the
criticalangle of attack that matters, not the
airspeedindicator.

Inaturnthestallspeedrises;alevel 60-degree
bankstalls about40% faster than wings level.

The firststage of flap gives liftforlittle drag;
deploying full flap for take-offis usually wrong.

Induced dragrises as speed falls, so the back
ofthedragcurveis where slow flightbites;
more poweris neededto go slower.

Ground effectcanletyou liftoff below a safe
flying speed then settle back; donotforceit
off.

Moving the centre of gravity aftreduces
stability andlowers the stall speed slightly but
makesrecovery harder; forward CGis more
stable.

A spin needs stall plus yaw; picking up awing

with aileron atthe stallcan aggravateit, souse
rudder to stay coordinated.
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