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FACTORS AFFECTING STALL SPEED

A recent report indicates that approximately 80% of all accidents are
pilot caused. The major cause of fatal accidents is listed as "failed to
maintain airspeed (or flying speed) resulting in a stall.' Although many
of these stalls may have occurred under the stress and duress of other
problems such as disorientation during limited visibility or at night,
improper division of attention, etc., a review of statistical analyses of
written examinations indicates a lack of knowledge and understanding of
the various factors that can cause or contribute to a stall. This Exam-
% O-Gram discusses some of the more important, ever-present factors of
'." which the pilot must have an understanding so that he will instinctively
avoid or compensate for situations, conditions, and attitudes which may
lead to a stall--even under the stress and duress of additional problems
he may encounter in flight.

: WHAT CAUSES AN AIRPLANE TO STALL? All stalls are caused by
.~ exceeding the critical angle of attack. Knowing this particular fact does
not necessarily help the pilot. What is more important to the pilot is to
know what factors are likely to contribute to or cause this angle of attack
to be exceeded.

.. ISIT NECESSARY FOR THE AIRPLANE TO HAVE A RELATIVELY LOW
. AIRSPEED IN ORDER FOR IT TO STALL? No! An airplane can be
: stalled at any airspeed. All that is necessary is to exceed the critical
< angle of attack. This can be done at any airspeed if the pilot applies
¢ _-* abrupt or excessive back pressure on the elevator control. A stall that
occurs at a relatively high speed is referred to as an accelerated or
FIG. 1 high speed stall.
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IS IT NECESSARY FOR THE AIRPLANE TO HAVE A RELATIVELY HIGH PITCH ATTITUDE
IN ORDER FOR IT TO STALL? No! An airplane can be stalled in any attitude. Repeating
again the statement made above - all that is necessary is to exceed the critical angle of
attack. This can occur in any attitude by application of abrupt or excessive back pressure
on the elevator control.

DOES WEIGHT AFFECT THE STALLING SPEED? Yes! As the weight of the airplane is

increased, the stall speed increases. Due to the greater weight, a higher angle of attack

must be maintained to produce the additional lift to support the additional weight in flight.

Therefore, the critical angle of attack will be reached at a higher airspeed when loaded to
maximum gross weight than when flying solo with no baggage.

DOES THE CENTER-OF-GRAVITY LOCATION (WEIGHT DISTRIBUTION) AFFECT STALL
SPEED? Yes! The farther forward the center of gravity, the higher the stalling speed.
The farther aft the center of gravity, the lower the stalling speed.

DOES THIS MEAN THAT THE WEIGHT SHOULD BE DISTRIBUTED IN THE AIRPLANE SO
THAT THE CG IS AS FAR TO THE REAR AS POSSIBLE? No! This may present problems
with stability that will far outweigh any advantages obtained by the decrease in stall speed.

* Exam-O-Grams are non-directive in nature and are
issued solely as an information service to individuals ReV. 9/65
interested in Airman Written Examinations.




DO FLAPS AFFECT STALLING SPEED? Yes! The use of flaps reduces stalling speed. The

Stall Speed Chart (Figure 2) excerpted from an airplane flight manual illustrates this fact.

This also can be readily verified by checking the color coding on any airspeed indicator. The )
lower airspeed limit of the white arc

(power -off stalling speed with gear E—— STALL SPEED, POWER OFF —
and flaps in the landing configura-

tion) is less than the lower airspeed EW M“?"t = ANGLE OF BANK==7=
limit of the green arc (power-off E ool =—~p— -

':s}al;ing speed in the clean configura-  CONFIGURATION | o 20° 40° 60°
ion).

This fact is important to the pilot in =~ GEAR & FLAPS UP 85 67 " 92
that when making no-flap landings, .

a higher indicated airspeed should GEAR DOWN, FLAPS 207 61 63 1 8
be maintained than when landing

with flaps. The manufacturers' GEAR DOWN FLAPS 40°| 60 62 69 8
recommendations should be adhered SPEEDS ARE MPH, TIAS

to as to approach speeds with various :

configurations. FIG. 2. (Note: TIAS identical with CAS)

DOES AN ACCUMULATION OF FROST, SNOW, OR ICE ON THE WINGS AFFECT STALLING
SPEED? Yes! Even a light accumulation of frost, snow, or ice on the wings can cause a
significant increase in stalling speed. It can increase it so much that the airplane is unable
to take off. The accumulation disrupts the
smooth flow of air over the wing thus
decreasing the lift it produces. To make
up for the lost lift, a higher angle of
attack must be used or a higher speed
must be attained on the takeoff roll. The
runway may not be long enough to attain
the necessary speed and even though the
airplane may become airborne, it could
be so close to the stall speed that it

would not be possible to maintain flight
once the airplane climbs above the
comparatively shallow zone where ground effect prevails. DO NOT TAKE OFF UNTIL ALL
FROST, SNOW, OR ICE HAS MELTED OR BEEN REMOVED FROM THE AIRPLANE.

DOES AN INCREASE IN ALTITUDE AFFECT THE INDICATED AIRSPEED AT WHICH AN
AIRPLANE STALLS? An increase in altitude has no effect on the indicated airspeed at which
an airplane stalls at altitudes normally used by general aviation aircraft. That is, for all
practical purposes, the indicated stalling speed remains the same regardless of altitude in
this range. This fact is important to the pilot in that the same indicated airspeed should be
maintained during the landing approach regardless of the elevation or the density altitude at the
airport of landing. (Follow the manufacturer's recommendations in this regard.) If higher
than normal approach airspeed is used, a longer landing distance will be required.

DOES AN INCREASE IN ALTITUDE AFFECT THE TRUE AIRSPEED AT WHICH AN AIRPLANE
STALLS? Since true airspeed normally increases as altitude increases (for a given indicated
airspeed), then true airspeed at which an airplane stalls generally increases with an increase
in altitude. Under non-standard conditions (temperature warmer than standard) there is an
additional increase in true airspeed above the indicated airspeed.
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OF WHAT SIGNIFICANCE IS THIS TO THE PILOT? It is significant in that when landing at
higher elevations or under higher density altitudes, he is operating at higher true airspeeds
(and therefore higher groundspeeds) throughout the approach, touchdown, and landing roll.
This results in a greater distance to clear obstacles during the approach, a longer ground roll,
and consequently, the need for a longer runway. If, in addition, the pilot is operating under
the misconception that a higher than normal indicated airspeed should be used under these
conditions, the situation is further compounded due to the additional increase in groundspeed.
(See EXAM-O-GRAM No. 26.)

DOES TURBULENCE AFFECT STALLING SPEED? Yes! Turbulence can cause a large
increase in stalling speed. Encountering an upward vertical gust causes an abrupt change in
relative wind. This results in an equally abrupt increase in angle of attack which could result
in a stall, This fact is important to the pilot in that when making an approach under turbulent
conditions, a higher than normal approach speed should be maintained. Also, in moderate or
greater turbulence, an airplane should not be flown above maneuvering speed.

At the same time, it should not be flown too far below maneuvering speed
since a sudden severe vertical gust may cause an inadvertent stall due to the higher angle of
attack at which it will already be flying.

DOES ANGLE OF BANK AFFECT STALLING SPEED? Yes! As the -
angle of bank increases in a constant altitude turn, the stalling speed o /
increases. This is easily seen from the STALL SPEED CHARTS

(Figs. 2 and 4) which show the increase in stall speed as the angle e T /
of bank increases--Fig. 4 in terms of percent, Fig. 2 the actual 3 : /
values for one airplane., At a 60° bank stalling speed is 40% greater
than in straight-and-level flight (25-27 mph for the specific example.)

STALL SPEED CHART

PERCENT INCRE,

At angles of bank above 60°, stall speed increases very rapidly, and . i

at approximately 75° it is doubled with respect to straight-and-level e TN W N
stall speed (Fig. 4). P e sa I
DOES LOAD FACTOR AFFECT STALLING SPEED? Yes! As the LOAD FACTOR CHART

load factor increases, stalling speed increases. When the load factor ‘ I
is high, stalling speed is high. A comparison of the two charts (Figs. ) v |
4 and 5) should easily show this relationship. Load factor is the ratio .’
of the load supported by the wings to the actual weight of the airplane FIG. 5
and its contents. At a load factor of 2, the wings support twice the 3, /
weight of the airplane; at a load factor of 4, they support four times
the weight of the airplane. Normal category airplanes with a maxi-
.~ mum gross weight of less than 4,000 pounds are required
o to have a minimum limit load factor of 3.8. (The limit R R
load factor is that load factor an airplane can sustain
without taking a permanent set in the structure.) Note
from the load factor chart (Fig. 5) that this minimum limit load factor is attained in
a constant altitude turn at a bank of approximately 75°. Also note from the stall
speed chart (Fig. 4) that at this angle of bank, the stall
speed is twice as great as in straight-and-level flight.
There are two reasons then why excessively steep banks
should be avoided--an airplane will stall at a much higher
. airspeed and the limit load factor can be exceeded. The
AN danger can be compounded when the nose gets down in a
h"‘"w' VAN p) steep turn if the pilot attempts to raise it to the level
S manasn® flight attitude without shallowing the bank since the load
'\ factor may be increased even more. This is the situa-
. tion as it generally exists when, due to disorientation,
& the pilot enters a diving spiral (often referred to as the
"graveyard spiral'') and attempts to recover with
elevator pressure alone. .
-3-
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WHAT FACTORS CAUSE AN INCREASE IN LOAD FACTOR? Any maneuvering of the airplane
that produces an increase in centrifugal force will cause an increase in load factor. Turning

the airplane or pulling out of a dive are examples of maneuvering that will increase the
centrifugal force and thus produce an increase in load factor. When you have a combination of
turning and pulling out of a dive, such as recovering from a diving, spiral, you are, in effect,
placing yourself in double jeopardy. This is why you must avoid highspeed diving spirals or if

~ yeou accidentally get into one--be careful how you recover.  Turbulence can also produce large‘

load factors. This is why an airplane should be slowed to maneuveying‘speed'or bqlow when"

encountering moderate or greater turbulence. ) . . o -

CAN THE PILOT RECOGNIZE WHEN THERE IS AN INCREASE IN
LOAD FACTOR? Yes! He can recognize it by the feeling of increased
body weight or the feeling that he is being forced down into the seat--
the greater the load factor the greater this feeling of increased weight
or of being forced down in the seat (Figs. 6 and 7). It is the same
feeling one has when riding the roller coaster at the bottom of a dip or
going around a banked curve. This feeling of increased body weight is
important to the pilot because it should, if it becomes excessive, have
the immediate effect of a red flag being waved in his face to warn him
that the airplane will now stall at a higher airspeed or that the limit
load factor can be exceeded, resulting in structural failure.

DOES SPEED AFFECT LOAD FACTOR? Speed does not, in itself,
affect load factor. However, it has a pronounced effect on how much of an increase in load
factor can be produced by strong vertical gusts, or by the pilot through abrupt or excessive
application of back pressure on the elevator control. This is why airspeed should be reduced
to maneuvering speed or below if moderate or greater turbulence is encountered. At maneuver-
ing speed or below, the airplane is stressed to handle any vertical gust that normally will be
encountered. Also, below this speed, the pilot can make abrupt full deflection of the elevator
control and not exceed the maximum load factor for which the airplane is stressed. However,

it should be noted that the reason this is possible is because the airplane will stall, thus
relieving the load factor. At airspeeds above maneuvering speed, abrupt full deflection of the
elevator control or strong vertical gusts can cause the limit load factor to be exceeded. As
airspeed continues to increase above maneuvering speed, the limit load factor can be exceeded
with less and less turbulence or abrupt use or deflection of the controls.

WHAT IS THE RELATIONSHIP BETWEEN A HIGH SPEED
(ACCELERATED) STALL AND LOAD FACTOR? The higher the
airspeed when an airplane is stalled, the greater the load factor.
When an airplane stalls at a slow airspeed, the load factor will be
very little more than one. When stalled at an airspeed twice as
great as the normal stall speed, the limit load factor for normal
category airplanes probably will be exceeded. This fact can be
determined from the stall speed (Fig. 4) and load factor (Fig. 5)
charts. See also discussion of "Does Load Factor Affect

Stalling Speed" (page 3).
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