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&Dfmﬁﬁ Nine: Propellers

A propeller blade is an aerofoil, with a chordline, camber, angle of attack to the relative
airflow etc. It produces a total reaction force as a result of the redlstnbuuon of static
pressure :

Because the propéﬂer blé&e passes through the air in a helical (corkscrcW) mannér so the

‘velocity has a forward component and a rotational component (RPM). This gives a

relative airflow as shown.

The total reaction is resolved into a component perpendlcular to the plane of rotation;
THRUST and one parallel to the plane of rotation; TORQUE.
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Efficiency of Thrust‘ Production

Most thrust is produced by the blade section between 60 and 90% of the tip radius. Peak
thrust production occurs at the 75% station.
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Because the dxffercnt sections of thc blade at dlfferent radii from the hub have deferent =

- rotational velocities they have different relative airflows and thus different angles of

attack. In order to maintain an efficient (small positive) angle of attack along the blade:
length the blade is twisted so the blade angle at the hub is greater than the blade angle at’

the tip. svaatl e b
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Propeller efﬁcxency varies with forward speed, RPM and blade anglc. For a given blade '
angle the variation of anglc of attack W1th forward specd and RPM is as shown

(a) same RPM, dlffcrent forward speed (b) same forwa.rd speed dxffcrcnt RPM ol
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Power absorbed by a propeller de ends on the following factors:
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Forces Acting on the Propeller

Aerodynamic Twisting Moment (ATM) ~due IZD %&%al rea»é% on [ [ //1' /ﬂ'ﬁ’( léa—oé)
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Fixed Pitch Propellers

A fixed pitch propeller has a blade angle which cannot be varied. Therefore the angle of
attack vanes with TAS and RPM :

A fixed pitch propeller is most efficient at only one RPM—alrspeed combmanon ¢
The propeller is chosen to fit the tasks for which the aircraft is designed, ie its most
efficient RPM/alrspeed combination is matched to the aeroplane.

Variable Pitch Propellers

The blade angle can be changed by the pilot while the aircraft is in flight, in order to
produce an optimum angle of attack. With no constant speed unit, when a certain blade
angle is selected, changes in RPM will occur whenever speed or power is altered, ie there
isno automanc control of RPM.
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CONSTANT SPEED PROPELLERS
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Constant speed pro pellers are a type of vanable pltCh propeller w1th a governor wh1ch '
regulates blade angl e automaucally to mamtam the RPM selected by the pilot. - i

The blade angle can take up any posmon between two m-ﬂlght limits at the fine and
coarse ends of its range. The set RPM is maintained irrespective of power (throttle) o
- airspeed changes. Provided the pilot conforms with the recommended throttle and pitch
* . settings this will resultm hxgh propeller efﬁmency (effiment angle of attack) in most
Es _stagesofﬂlghL T : ; e B S

' If RPM mcreases the governor increases blade angle to bnng the RPM back down
It RPM decreases, the governor decreases blade angle to bring the RPM back up.

If a new, higher RPM is selected, the blade angle is automaucally reduced to brmg the
speed up to this new value.

If a new, lower RPM is selected, the blade angle is automaucally mcreased to bnrl g the
speed down to this new value.

If power is mcreased (throttle opened) blade angle wﬂl be mcreased to take a b1gger “bite”
of the air, to absorb the extra power whilst keeping the RPM constant.

If power is decreased (throttle closed) blade an gle will be reduced, to keep the “bites”
small and maintain RPM.




If speed is increased for constant power (eg a powered dive) the governor increases the
blade angle to prevent overspeeding due to a reduced AoA; the prop then takes bigger
“bites” of the air.

If speed is decreased at constant power, the govemor decreases the blade angle.

The mechanism by which the blade angle is actually changed, under the dlrecuon of the
governor, varies with the manufacturer. e,

Constant Speed Units

1. Single acting: oil pressure is used to alter blade angle in one direction only; other
forces (centrifugal, counterweights) alter the blade in the opposite direction.

;}( (a) non-counterweight type - centnfugal twisting moment alters blade an gleto
fine, when oil pressure is relieved
- high pressure oil alters the blade angle to coarse
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(b) counterweight type - high pressure oil and CTM together alter blade angle
to fine

- counterweights alter blade angle to coarse when oil
pressure is relieved
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p Dgublg acting: a piston is moved within a closed cylinder, with oil pressure apphed to
one side the piston moves the blade to coarse; applied to the other side it moves the e
blade to ﬁne, assisted by CTM. ; '
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‘The ¢ governor is an RPM sensing device Wthh responds to changes in engine RPM by
directing oil pressure out to or releasing it from the propeller to change the blade angle.
The governor is set for a specific RPM by the cockpit prop control..

The governor is mounted on and geared to the engine. The engme drives the governor oil
pump and flyweight assembly. The rotational speed of the flyweights assembly varies
directly with engine speed and and controls the position of the pilot valve. The pdsition
of the pilot valve determines whether oil flows to or ﬁ'om the prop to change the blade
angle. s TN

The centnfugal force of the spinning flyweights is opposed by a spring force. When the
flyweights spin very fast, their centrifugal force is greater than the spring force and the
pilot valve moves up to direct oil to the prop to coarsen the blade angle and decrease the
RPM. When flyweight RPM decreases, the spring force becomes stronger, pushing the
pilot valve down to release oil from the prop. This allows CTM to reduce blade angletoa
finer position. ‘
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The cockpit control sets the desired RPM by adjusting the spring compression.

Diagram of a CSU governor
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When the engine torque exactly balaﬁces the propeller torque, at constant RPM, the
propeller blades have been positioned so that they absorb the engine power at the RPM
selected. The force of the flyweights equals the spring force. No oil flows to or from the

pr_opcller.
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- 3. Oilflows to the propeller -

The Underspeed Condition

Caused by - a reduction in forward speed
- areduction in power
- the initial effect of advancing the prop control

- Blade angle is too great; increased RPM is required.

1. Reduced RPM causes a drop in flyweight RPM.

2. The spring force causes the pilot valve to move down.

3. Oil flows from the propeller

4. With the reduction in oil pressure, CTM settle the blade into a finer p1tch
5. The finer pitch enables the RPM to increase to the set value.
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Thg MQeed Condition 3
Caused by - an increase in forward speed
. -anincrease in power .-
o ‘ ~_--them1t1aleffectofretard1ngthepropcontrol‘
\ Blade angle is too small decreased RPM is reqmred.

1. Increased RPM causes an increase in ﬂywelght RPM.
2. The flyweights raise the pllot valve ;

" 4. Oil pressure moves the blades toa coamerpltch

5. The coarser pitch reduces the RPM to the set value
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CSU Applications and Handling

The horsepower which an engine develops is a function of MP and RPM (the P and N
parts of PLANK) For constant horsepower, if RPM is decreased, MP must increase. If
RPM is increased, MP must decrease. However, with a CSU for a given pltch lever
setting, RPM remains fixed when MP is varied. :
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