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TURNING - (Long Brief)

Aim: to understand the aerodynamic principles and the relationship of the forces or an aircraft in a level
turn.

Objective: by the completion of this brief you will be able to recall the

considerations and application to execute level, climbing and descending turns.

Revision:

Effect of controls
What are the four forces and where do they act?

What is meant by equilibrium?

Definitions:

Turning - a medium level turn is the normal way of changing direction in flight.

It is conducted at 30° Angle of Bank whilst maintaining a constant altitude, airspeed, rate of turn and
balance.

Climbing turn - a climbing turn is a change in direction and a gain in altitude at a constant rate of
climb, airspeed and rate of turn whilst the aircraft is kept in balance.

Descending turn - a descending turn is a change in direction and a loss of altitude at a constant rate
and airspeed while the aircraft is kept in balance.

Load Factor - The load factor is ratio of the lift produced by an aircraft to its weight. In a turn the extra
lift required to maintain level flight gives an increase in load factor. You may hear load factor commonly
referred to as “G force”

Rate-one turn - also known as a standard rate turn. A rate-one turn will provide 3° of heading change
per second, or 360° in 2 minutes. AoB° for a rate-one turn = IAS/10 + 7 = 15° AoB in a light training

aircraft.

Applications:

Turning is to be used in the circuit and during cross-country flying in order to change direction.
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Principles:

Level (Constant altitude) Turns:

An aircraft in straight and level flight produces a lift force equal to its weight force.

In order to turn an aeroplane, an acceleration towards the centre of the turn must be provided. This
is done by banking the wings with aileron.

When the aircraft is banked, the lift vector is tilted into the direction of the turn. The horizontal
component of lift (HCL) acts as a centripetal force which sustains the turn.

With a tilted lift vector, not all of the lift being produced by the aircraft is capable of sustaining its
weight. We are now relying on the vertical component of lift (VCL) to remain level. Thus, to maintain a
constant altitude, the total lift must be increased to ensure VCL = W.

Lift is increased by increasing control column back-pressure during the turn, and increasing the angle
of attack. Consequently, (induced) drag is increased and the airspeed drops. This may be countered by
an increase in power, but in turns up to 30 degrees, the increase in drag is not significant and a slight
decrease in airspeed is accepted.
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Climbing Turns:

Climbing turns require consideration of the forces of both climbing and turning. During a turn, extra
drag causes a slightly reduced IAS. As we need to maintain a constant IAS in the climb, we find that the
nose needs to be lowered slightly. This results in a reduced rate of climb for any given IAS in a
climbing turn. To minimise the amount of drag during a climbing turn, AoB should be limited to
provide a rate-one turn (see definitions) or approximately 15° AoB.

Descending Turns:

Descending turns require consideration of the forces of both descending and turning. During a turn,
extra drag causes a slightly reduced IAS. As we need to maintain a constant IAS during a descent, we
find that the nose needs to be lowered slightly entering the turn. Once established in the turn, back

pressure is required to set the correct attitude. We can expect an increased rate of descent for any
given IAS in a descending turn.

Considerations:

Overbanking tendency

Once in a turn, the outer wing is travelling faster and producing more lift than the inner wing. This tends
to overbank the aircraft and must be countered without small amounts of opposite aileron. This is called
“holding off”.
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Adverse Yaw.

As the wing with the downward deflected aileron is creating more lift it is also creating more drag (Induced) and
this tends to yaw the aircraft away from the turn. The pilot uses rudder going into the turn to compensate for
this.

COORDMNATED
TURMN

Off-set seating:

As we are not seated in the centre of the aircraft, the attitude will look different in a right turn to that
in a left turn.
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Application:

Lookout

Attitude:
e use horizon

Entry:
e bank/roll with ailerons to 30° AoB

e balance with enough rudder as necessary to keep balance ball centred
e add a little bit of back pressure with elevator to prevent the nose from dropping
e Remember: BANK, BALANCE, BACK PRESSURE (BBB)
e neutralise Hold off bank with aileron.
In turn:
e Attitude
e Lookout
e Attitude
e Performance check

If aircraft begins to climb or descend, check AoB before resetting attitude.
Correct for any overbanking tendency with opposite aileron (some aircraft will exhibit more
of an overbanking tendency than others).

Exit:
e Anticipate reference point or reference heading
e Roll wings level with opposite aileron - balance with matching
rudder
® Reduce back pressure

The principles above also apply to climbing and descending turns, however:

e Angle of Bank should not exceed 15° or rate-one during a climbing turn, and the nose should be

lowered slightly to maintain the climbing airspeed when initiating the turn.

e When exiting a turn during a climb, the nose will need to be raised slightly to correct the
climb attitude and maintain airspeed.

o Normal descending turns are still conducted at 30° AoB. However, the nose will need to be

lowered slightly to maintain airspeed.
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Airmanship:

e LOOKOUT. We want to clear the turn before entering. This involves an outside visual scan
from one side of the aircraft, through the centre, to the other side. If we were to initiate a
turn to the left we would clear the right side first, then the centre, and then the left.

e Continue looking out throughout the turn.

e Enter coordinated turns - try not to forget rudder or you will make the ride uncomfortable for
passengers.

e Smooth inputs for entering and exiting.

e Aswith anyclimb, pay particular attention to engine temperatures and pressures during a
climbing turn.

e During descents at lower power settings, increase engine power momentarily at least every

1000ft to identify any potential icing or spark plug fouling issues.
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