POWER MANAGEMENT

Flying an airplane depends on under-
standing numerous important relation-
ships. Lift and drag, roll and yaw,
weather and water vapor are but a few
examples. The relationship between
engine manifold pressure and propeller
rpm is equally significant but is not
well understood, especially by pilots
transitioning for the first time to com-
plex airplanes.

First, what is a manifold? It is no
more than a system of ducts and
plumbing that guides a fluid (such as
air) from one place to another. Figure 1
shows an induction manifold, which
directs air from outside the aircraft to
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the engine cylinders for combustion.
(An exhaust manifold guides the refuse
of combustion from the cylinders to
outside the aircraft.)

The figure also shows a throttle
valve (or butterfly valve, as it is some-
times called), which is used to control
the amount of air allowed to enter the
cylinders. This valve is an integral part
of the carburetor or fuel-injector servo.
The amount of air passing the throttle
valve is important because it deter-
mines how much fuel can be burned
and, therefore, how much power can
be developed.

Technically, fuel flow and engine

power depend on the weight of air en-
tering the cylinder. One way to mea-
sure engine power, therefore, is to
measure the density of air downstream
of the throttle valve, something more
difficult in practice than in principle.
Much simpler and almost as effective is
measuring the pressure of the air (or
fuel /air mixture) as it enters the cylin-
ders. This is called manifold pressure
or, to be accurate, manifold absolute
pressure (MAP), which is measured in
inches of mercury by an instrument
similar to a crude altimeter.

Notice in the figure that the throttle
valve is closed. Very little air (and fuel)

Figure 1. Manifold absolute pressure (MAP) is the pressure at which the fuel-air mixture enters the cylinders. In a
normally aspirated engine, the maximum available manifold pressure decreases steadily with altitude.
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is being processed by the engine,
which is idling. In the meantime, the
pistons—acting like large vacuum
pumps—attempt to suck in much more
air than the throttle allows. As a result,
manifold pressure is quite low (typi-
cally nine to 11 inches when the en-
gine is idling). Since the air pressure on
the upstream side of the throttle is ap-
proximately 30 inches (sea level baro-
metric pressure), only one-third of at-
mospheric pressure can get to the
engine. No wonder that a “throttled”
engine develops so little power.

As the throttle valve is opened, in-
creasingly more atmospheric pressure
is allowed to enter the low-pressure re-
gion downstream of the valve. Finally,
when the throttle is wide open, all at-
mospheric pressure is allowed to fill
the induction mariifold. Manifold pres-
sure increases to approximately 30
inches (at sea level) and the engine de-
velops maximum power.

In reality, MAP rarely equals atmo-
spheric pressure because some pressure
is lost as the air makes its way through
the manifold. Losses of one to two
inches are typical. MAP and atmo-
spheric pressure are equal in non-

Altitude

FIGURE 2
FULL THROTTLE HORSEPOWER AND
MAINFOLD PRESSURE AT ALTITUDE
(for naturally aspirated engines)

Percent of
Sea-level
(feet) Horsepower

Manifold Pressure
(typical,
inches of mercury)

turbocharged engines only when the
engine is not running.

(Mooney has devised an interesting
method of recovering some induction
loss. When the aircraft is at an altitude
where the air is relatively clean, the
pilot pulls a knob that allows ambient
air to bypass the air filter and go
straight to the throttle valve. This, plus
the effect of ram-air pressure entering
the bypass, increases manifold pressure
by at least an inch.)

As an airplane climbs into steadily
decreasing atmospheric pressure, maxi-
mum-available manifold pressure (in
nonturbocharged engines) also de-
creases because there is less air avail-
able to enter the induction manifold.
The table in Figure 2 shows the maxi-
mum power and manifold pressure
available up to 25,000 feet.

Some engines have turbochargers,
devices that compress induction air and
increase manifold pressure, thereby in-
creasing available power at altitude.
But even turbochargers will run out of
steam. The critical altitude is the high-
est altitude at which the maximum-al-
lowable manifold pressure can be
maintained in a turbocharged engine.
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Figure 3. The angle of attack (designated by the Greek letter alpha, «)varies from quite large
at the beginning of the takeoff roll to quite small in high-speed cruise flight.
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Figure 4. The blades of a constant-speed propeller have a relatively constant
and efficient angle of attack throughout all regimes of flight.
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Although manifold pressure is the
primary indication of the weight of air
entering the cylinders and often is re-
garded as a power gauge, it alone does
not measure power output. Power is
the rate at which work is performed.
So if the engine is not moving some-
thing, it is not developing power. Man-
ifold pressure can be compared to the
legs of a bicyclist. No matter how
much muscle is applied, power is not
developed unless those legs are used to
turn the wheels. Loosely stated, mani-
fold pressure is a form of muscle—en-
ergy—a force that can be harnessed to
perform a task.

An aircraft engine performs work by
turning a propeller. To determine
power ouput, therefore, it is necessary
to know how much muscle (manifold
pressure) is being applied and how
much work (rpm) is being done with
that muscle. Consequently, it is the
combination of MAP and rpm that de-
termines power output. This is why the
pilot's operating handbook for a given
airplane specifies that rated engine
power is available only when the
throttle is wide open (an implied con-
dition for naturally aspirated engines),
standard conditions exist at sea level

Manifold pressure is a
form of energy that
can be harnessed to
perform the work of

turning the propeller.

and the propeller is turning at the max-
imum-allowable (redline) rpm.

It is impossible, however, for the
fixed-pitch propeller of a lightplane to
achieve redline rpm when the aircraft
is motionless on the ground. For exam-
ple, the engine of a Cessna 152 devel-
ops only 2,280 rpm during a full-throt-
tle, static runup, even though its
redline rpm is 2,550. This means that
the 152’s engine cannot develop rated
horsepower during the takeoff roll and
partially explains why aircraft fitted
with fixed-pitch propellers have rela-
tively lethargic takeoff performance.

Figure 3 helps to demonstrate why a
fixed-pitch propeller is rpm-limited at
low airspeeds and lays a foundation for
understanding the operating principles

of the constant-speed propeller. The
fixed-pitch propeller shown in the fig-
ure has a 20-degree pitch angle (as
measured at a point three-fourths of
the way from the center of the propel-
ler hub to the tip). At full throttle and
with no forward speed, the propeller
can achieve only 2,300 rpm. The large,
20-degree ““angle of bite” combines
with the relative wind (caused by pro-
peller rotation) to produce a 20-degree
angle of attack. This angle is quite
large and since the blade section is ro-
tating at 364 knots, the resultant drag
is quite high. The propeller is said to
be heavily loaded (with drag) and the
engine simply does not have sufficient
power to turn the propeller faster.
When the aircraft is at 60 knots,
however, the propeller blade encoun-
ters a relative wind that is a result of its
rotation (380 knots) and its forward
speed (60 knots). As can be seen, the
angle of attack now is only 11 degrees.
Since this smaller angle of attack re-
sults in less drag, engine and propeller
rpm increase to 2,450. Finally, at a for-
ward speed of 120 knots, the propeller
blade’s angle of attack is only three de-
grees. At such a small angle of attack,
the propeller is unloaded (with respect
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to drag), and its rpm increases to 2,600.

The lesson here is that—for a given
throttle setting—propeller rpm varies
with airspeed, something easily ob-
served in flight. When flying any air-
plane with a fixed-pitch propeller,
lower the nose and watch rpm in-
crease. Raise the nose and rpm wanes.

A much more efficient propeller is
one that has controllable-pitch blades.
This allows the pilot to select a low-
pitch (or fine) setting for takeoff and to
progressively increase propeller-blade
angle as airspeed increases. In cruise
flight, the blades can be set to a high-
pitch (or coarse) setting. In this man-
ner, the angle of attack of the propeller
blades is relatively small at all air-
speeds and results in a much more effi-
cient method of generating thrust. Fur-
thermore, such a propeller has a
governor that automatically adjusts
blade pitch so that the pilot-selected
propeller rpm would remain constant
and not vary with changes in airspeed
or throttle setting. Cqnstant-speed pro-
pellers are standard equipment on al-
most all high-performance aircraft.

Figure 4 helps to explain both the
theoretical and operational aspects of a
constant-speed propeller.

During takeoff, the propeller blades
are set to low pitch using a control ad-
jacent to the throttle. Since a small
pitch angle results in relatively little
drag, the propeller can accelerate to
high (redline) rpm as the throttle is ad-
vanced and manifold pressure is in-
creased. During standard conditions,
this allows the engine to develop 100-
percent power and maximize takeoff
performance.

As the aircraft accelerates, however,
forward speed unloads the propeller,
which tends to exceed redline rpm.
The propeller governor senses this
overspeeding tendency and increases
the blade angles ever so slightly. The
added drag on the blades prevents
overspeeding and allows the propeller
to maintain redline, which, in this case,
is 2,500 rpm.

Once the aircraft is climbing at a safe
altitude, the pilot can reduce power to
that recommended for climb, which, in
this case, is 25 inches MAP and 2,400
rpm. It is important that the pilot make
such a power reduction by first reduc-
ing manifold pressure and then by re-
ducing rpm.

Reducing rpm first can place exces-
sive strain on the engine. When the
propeller control is used to reduce rpm

from, say, 2,500 to 2,400, the propeller
governor simply increases blade angle.
This creates the additional drag neces-
sary to decelerate the propeller. Now
take a situation to its extreme. Imagine
that a pilot attempted to stop the pro-
peller with the throttle wide open. (Al-
though not possible, this helps to illus-
trate the point.) The tremendous load
(added drag) that has been placed on
such a propeller would attempt to stop
the engine at a time when it—the en-
gine—is trying to do just the opposite.
It is obvious that something (such as a
crankshaft or a piston rod) is likely to
snap in the process.

Although reducing rpm before re-
ducing manifold pressure during a nor-
mal power reduction does not impose
such a severe strain on the engine, it

The controllable-pitch
propeller allows the
engine to develop 100-
percent power, boosting
takeoff performance.

nevertheless does increase internal en-
gine stresses.

For the same reason, power increases
should be made by first increasing rpm
and then increasing manifold pressure.

(When the rpm of a naturally aspi-
rated engine is increased, manifold
pressure drops slightly. This is because
the added rpm causes the pumping
rate of the pistons to increase, thereby
causing a slight pressure reduction in
the intake manifold downstream of the
throttle valve. Conversely, decreasing
rpm reduces this pumping action and
causes manifold pressure to increase.)

As the aircraft climbs, manifold pres-
sure decreases because of the reduction
in atmospheric pressure. If operating at
less than full throttle, the throttle can
be opened farther to compensate for
this power loss. Eventually, however,
the manifold pressure recommended
for climb requires a wide-open throttle.
Above this altitude, the manifold pres-
sure and power output of a
nonturbocharged engine decrease as
shown in Figure 2.

Upon reaching cruise altitude, and
after accelerating to the appropriate
speed, the throttle and propeller con-
trol—in that order—are used to estab-




lish the recommended cruise power.

There are two rules of thumb pilots
use to set cruise power on a naturally
aspirated engine. The first suggests us-
ing 23 inches MAP and 2,300 rpm, a
procedure popularly called ““23
square.” Although such a power set-
ting can be used in most cases, it is the
sign of a pilot too lazy to use available
power charts. There is a variety of rec-
ommended power settings, and a pilot
should use the one appropriate to his
mission if he wants to get the most out
of his aircraft.

The second rule claims that manifold
pressure should not exceed rpm- (in
hundreds). When using 2,400 rpm, for
example, manifold pressure should not
exceed 24 inches. While such a conser-
vative technique might have been ap-
propriate when engines were no more
reliable than a politician’s promise, it
has no place in the operation of mod-
ern powerplants. As a matter of fact,
this rule is violated during every take-
off from a low-elevation airport where
manifold pressure is close to 30 inches
and rpm is as much as “five” less than
30 (even less for geared engines). So
much for that rule of thumb.

A pilot can opt to use any combina-
tion of MAP and rpm specified in the
power charts for his engine. When op-
erating a Lycoming O-540-B, 235-hp
engine at 65-percent power, for exam-
ple, he can use extremes of 2,575 rpm
and 21 inches MAP, or any of several
in-between combinations. Using re-
duced rpm and high manifold pressure
within approved limits usually is the
most advantageous. For one thing, low
propeller rpm reduces noise. For an-
other, fuel savings can be significant.
When operating the O-540-B at 2,575
rpm and 21 inches MAP at sea level,
for example, fuel consumption is 13.8
gph. But when pulling the same power
with 1,875 rpm and 25.2 inches MAP,
fuel consumption is only 12.1 gph.
This represents a 13-percent fuel-flow
reduction without affecting power out-
put. (Slow-turning engines are most ef-
ficient because they generate less inter-
nal friction.)

As a general rule, manifold pressure
in cruise flight can exceed rpm by
“four,” but this should be confirmed
with appropriate power charts.

To those accustomed to fixed-pitch
propellers, the constant-speed propeller
is a joy to operate. It is similar to mak-
ing the transition from a car with a
single-gear transmission to one with

multiple gears. In a way, the constant-
speed propeller and automotive trans-
missions are analagous; each is used to
convert engine muscle into locomotion.

The constant-speed propeller not
only is more efficient than a fixed-pitch
propeller, it also is easier to use. Once
the desired rpm is established in cruise
flight, for example, it does not have to
be adjusted in any way for the dura-
tion of cruise flight. Should airspeed
vary for any reason, the propeller gov-
ernor automatically adjusts the pitch of
the blades to maintain the selected
rpm. Blade angle is increased to pre-
vent an rpm increase and vice-versa.
Propeller rpm does not vary with mi-
nor throttle adjustments, either. If
manifold pressure is reduced, the gov-
ernor decreases blade pitch to maintain
a constant rpm; conversely, a power
increase causes blade pitch to increase.

Descending with a constant-speed
propeller generally requires little atten-
tion. Just leave the propeller set to
cruise rpm and it takes care of itself.
One word of caution, however: De-
scending rapidly with cruise rpm and
very low manifold pressure can cause
piston rings to flutter, which eventually
can cause them to break. If very-low-
power descents are necessary, prevent
the possibility of ring flutter by adjust-
ing propeller rpm to the lower possible
cruise setting. Prior to reapplying
power, however, increase propeller
rpm to its cruise or climb setting,
whichever is appropriate.

There is no need to adjust propeller
rpm on an approach, either. But prior
to descending through approximately
500 feet agl, increase propeller rpm to
the maximum in preparation for a pos-
sible go-around. In this way, maximum
power will be available as soon as the
throttle is put to thefire wall. (Modern
noise abatement recommendations are
to avoid maximum rpm during ap-
proach unless a missed approach or
go-around are initiated.)

Constant-speed propellers are so
much more efficient than fixed-pitch
models that it causes one to wonder
why all aircraft are not equipped with
them. The answer consists of two
words: weight and price, factors that
generally make constant-speed propel-
lers impractical for most aircraft with
less than 180-hp engines. O

Barry Schiff, AOPA 110803, is an airline captain-
and an FAA-designated examiner. He has
all seven flight instructor ratings and has

flown more than 200 types of aircraft.
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