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THE DANGER OF STALLED FLIGHT AND AN ANALYSIS OF

THE FACTORS WHICH GOVERN IT.*

By
L. Hopf

1. The cause of very many mishaps in aviation is so-called
"stalled flight." By this is understood the phenomenon when,
in steep climbing or in sharp curves, in short, in all kinds of
maneuvers at low speed, a condition occurs in which the pilot
loses control of his airplane. In less serious cases, a longer
time and more room is required than in ordinary flying in order
to recover control, but in the more serious cases the elevator
or the rudder fails to work and the airplane falls. Usually an
involuntary pitching flight takes place suggestive of the fall-
ing of a dry leaf. It is known that low speed is the essential
cause of this dangerous condition and that it does not occur if
the speed is not allowed to fall below a certain limit, which
naturally differs for different airplanes. Hence, the oft-repeat-
ed instructions to carry an air-speed instrument on every flight
and not, as was formerly customary, to trust alone to the r.p.m.
for judging the speed. The condition of the engine alone does
not assure the safety of flight.

2. It was early recognized that the phenomena in stalled
flight were not connected with the pitching moments on the air-

plane and therefore not with what is termed static stability and

*Taken from Berichte und Abhandlungen der Wissenschaftlichen
Gesellschaft fur Luftfahrt, Sept., 1930, pp. 723-80.




instability, but with the peculiar relations c¢f the 1lift at in-
creasing angles of attack. The lift does not continue to in-
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e angle of attack (as the resistance
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passing a certain maximum.
This maximum angle of attack lies between 13° and 800, not much
different from that neseded in ordinary flight. For the explana-
tion of stalled flight, we cone then to ithe following conclus-
ions. If the angle of attack is increased, the resistance also
increases. So long as the 1ift also increases with the increas~
ing angle of attack, it can support the weight, but if the 1lift
does not increase correspondingly, then the weight becomes great
er than the 1lift and the airplane loses altitude. This conclus-
ion can be stated exactly with the aid of Penaud power diagrame
(Painleve, Lz Technigus Aeronautigue I, p.8).
For conditions of unaccelerated flight it is customary to

plot the drag force, W, which nust be overcome by the thrust of
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the propeller, against the velccity. The weight of the alrplane
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1if% if the angle of attack is properly ad-
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justed. - If the propeller thrust, S, is also plotted ageinst the
speed as in Fig, 1, the intersections of the two curves denote
the limiting speeds in horizontal flight end the vertical dis-

tance between the curve of the climbing ability of
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the airpiane. This method is so well known that no furiher ex-

planation should be necessary. As we pass from the condition of

equilibrium I &along the W curve to higher speeds, the re-
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Quired resistance becomes greater than the actual propeller
thrust and the speed must diminish until point I 1is again
reached. In an analogous manner, it must increase, when the
speed 1s lower than that corresponding to point I. Thus the
condition of equilibrium I is shown to be stable and it may be
shown in the same manner that the condition of equilibrium II
for a lower speed is unstabls. This process of reasoning does
not apply to stalled flight. It would apply, if, in such a
flight, the path of the airplane should always maintain the same
inclination, especially if it should remain constantly horizon-
tal. In no case, however, is this to be assumed. The conclus#
ions drawn from Fig., 1 for the conditions of equilibrium are free
from objections, as, for example, the determination of the steep-
est climb from the point where the difference between the ordi-
nates of the two curves is greatest. It is therefore correct
that, with large angles of attack belonging tc lower speeds than
vV, an ailrplane can not climb so steeply as with the angle of
attack belonging to v and that an airplane, which is forced by
a strong pull into a condition of equilibrium with such an angle
of attack, climbs less steeply. The so-called reversal of the
steering effect here becomes noticeable. Such flights are not
however at all dangerous and should not be designated as stalled
fiights. At greater heights the pilot will not perceive any way
that he is flying at a2 lower speed, and consequently greater an-

gle of attack, than corresponds to the steepest climb, There is




no guestion of lack of steering-ability. Hence stalled flight

and flight with reversed stzsering effect are to b2 gharply dis-
P

tinguished from each other. The fact will be considered below
that the reversal of the steering effect, inscfar as it does
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depend on continuous ect, buit only on the momentary in-
fluence of the elevator, is not included in the above exposition.
3. In order to understand the relations in stalled flight,
we must therefore not only bear in mind the conditlons of egui-
librium and such static stability considerations, but also the
accelerated flight and the disturbed equilibrium. There first
vresents itself the method of +the customary dynamic considera-
tions of stability, the rethod of small oscillations. I can

also assume this method as known, since it was explained in de-

*.L., (Visssnschaftliche Gesell-

up here the effeoct of these considerations on stalled flight.
For the stability of longitudinal motions (that is, motions
without curves) there are two Qquansitiss of decisive importance,
both of which play a fundamental zole in the balancing of rota-

ic stability which depends on the
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tion moments: the so-called
position of the center of gravity and the static moment of the

tail vnit about the axis passing through the center of gravity,
and the damping w hich opposes the pitching of the airplane and
which depends chi=rly on the moment of inertia of the tail unit

about the center-of-gravity axi Quittner and Karman and Trefftz




have shown that without static stability an airplane can not have
dynamic stability and that even with static stability an air-
plane may be dynamically unstable, if the damping is notv great
enough. Said authors calculated numerically only the relations
for a practicable angle of attack, which may be suitable for the
steepest flight, and represented the result on a diagram in which
the static stability is cshown by the ordinates and the damping

by the abscissas.. In Fig. 8, G stands for weight, J for mom-

ent of inertia, F for wing surface of airplane, M for tor-

~

sion moment of the air forces on the whole airplane, MH for

torsion moment on the tail unit alone, ¥ for the specific weight
of the air, o for the angle of attack, q for dynamic pressure,
Vy the distance of the tail surface from the center of gravity

of the airplane. Curve I separates the stable from the unstable

field. ALirplanes, vhose static stability and damming fall in the

field inclosed by Curve I and the ordinate are unstable in spite

v

of rositive static stability, while the other values of the

able airvlarss. Nerative damwmvning has no

(1]
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drawn quadrants give
meaning., Negative static stability leads comnstantly to insta-
bility. It is now of interest for cur problem, as to how Curve
I is changed, if we take other angles of attack, esrecially

those in the vicinity of the maximum 1ift, as the basis of our

ncreasing angle of attack.

e

calculation.  Curve I bulges out with
For a value still lyinz below the maximum 1if+t (but whose more

accurate expression here would lesad us too far), it contains an




infinitely distant point, that is, there is a value of positive
static stability, at which no damping suffices for dynamic sta-
bility. At a somevhat higher value, the lower branch of this '
eurve coincides with the abscissa, so that with a smaller or only
moderate static stability no dynamic stability is longer possible
and only with greater static staobility is there another field of
dynamic stablility. Thereoy it is of intossst that the statie
stability must increase with the damping., So far as I can judge
the numerleal values, they would seem moreover to give stability
in this field for a normal airplane. In these calculations thexre
remains much that is physically unsatisfactory. The determina-
tion of the stability or instability still gives no explanation
of the actual processes. Ever if instability could be determined
numerically for a large angle of attack, it would not make clear
the dangers of stalled flight. If o condition of equilibrium is
unstable, it will not be actually attained. It will only be pos-
s8ible to maintain a sort of balance with the zid of steering de-
vices in its vicinity. Toward every motion of the elevator, the
condition of the airplane in this yosition will be especially
sensitive, not insensitive, as sxperience with the coﬁdition of
stalled flight teaches. Under some circumstances, an unstable
airplane will fly quite well and safely. Such instability is
surely of quite a different sort from the dangerocus condition
which occurs in stalled fliF%t. In order to arrive at a clear

conception of this difference, we rust f ollow an airplane in its




accelerated motion on a disturbed path. Ve rust not confine
ourselves to infinitely small oscillations (in the immediate vi-

inity of equilibrium conditions), but we mist consider the
course of the whole longitudinal motion of an airplane.
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This consideration demands the integration of three mo-
tion formulas of flight without lateral motion. The problem is
generally very difficult mathematically. especially when the air
powers are given only in empirical, not analytical, dependence
on the angle of attack. The intecration is however successful,

in a satisfactory and comprehensive manner for all practical

needs, through the knowledge that the great forces rerpendicular
to the path come into equilibrium considerably qQuicker than the

relatively small forces operating in the direction of the path.
Professor Fuchs and I explained this thoroughly in the last num-
ber of the "Technische Berichte" (R. Fuchs and L. Hopf, "Die
allgemeine LvrgbO?TS:J”' des Flugzeupgs. " leat part, T.8B. 1II,
P.317) and gave a method of calculetion, which however may still
nase a complicated impression on the impartial readef. Ve will

"

not make calculations here, but only explair the rhysical rela-
tions. We will nevertheless also keen in mind the differential
eduations.

The equilibrium of thz force

Q)]

8 in the flight direction re-

Quires: mass X acceleration = propeller thrust - weight component-

head resistance, with the familiar relations:

g_z:s_gsincp—ﬂpl s BN |




The equilibrium of the forces perpendicular to the flight
direction requires: centrifugal fozrce = lift-weight component.

G d _ .l.rzh_ . (]
= v-af-— B o4 T2 ¥ GolRl . s it

It rust here be expressly emphasized that‘«g stands for the an-
gle of flight with the horizontal, The changing of the angle ¢ ,
with the consequent curving of the path of flight, is the re-
sult of disturbing the forces perpendicular to the rath. The
angle 6 (Fig. 3) formed by the airplane axis and the horizontal,
is composed of the climbing angle ¢ and the angle of attack &

added together.
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This angle 6 gives the position of the airplane in space. It

plays no role in the equilibrium of forces for which the air-

plane is only a material point. It is the deciding factor in
balancing the rotation moments, which are entirely independent
of the diresticxn cof gravity and ccnsaquently =f the angle 9 .
The equilibrium of the moments demands moment of inertia %

torsion acceleration = - moment of head resistance due to eleva-

tor position s and angle of attack & - cdamping moment.

Lo ;
J X SL*S:: g . (4)
©lio dt

The flight path bends under the inflivence of the forces perpen-
dicular to it, the airplane pitches under the influence of tae

moments, and the reaction of the air on the airplane in connec-
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tion with both these motions depends essentially on the angle of
attack, that is, on the position of the airplane with reference
to the course followed. Only by changing the angle of attack
does the force affect the position of the airplane in space and
the moment affect the flight path. These relations impart to

the disturbed and guided motion of the airplane its special char-
acter. The speed changes only under the influence of the rela-
tively small forces occurring in equation (1) and this change
(when one refrains from direct interference with this equilibri-
um by starting or stopping the engine) is far smaller and slower
than the change of the three angles ¢, 6 and a. Only when
the vertical forces are balanced, when consequently the curvature
of the path is small, can the speed acceleration or diminution
play a decisive roll,  Professor Fuchs amply demonstrated this
with examples in the above-mentioned T.B. article.

5. If the motion of the airplane is represented in a field
of the coordinates v, a, 6, the flight conditions, under
which the vertical forces are in equilibrium, will be represent-
ed by a plane surface. The intersections of this plane with dif-
ferent levels 6 = const. are shown in Fig. 4. It is apparent
how small the dependence of this curve is on 6 in the realm of all
climbs and horizontal glides (20° > 8 > ~ 20°). Hence the level
representation of the motion in a (v, a) system of coordinates
is the most practical. Any point of the (v, 6, a) space can,

through any kind of disturbance, represent the initial condition

of an accelerated motion. This motion will always be of such a




character that the initial speed will remeain almost unchanged

ct

and the point representing the airplane moves in a plane perpern-

o

dicular to the v-axi of the equilibrium planre of the vertical

2
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forces. In the latter plane, according to eguation (1) &¥ = 0,
- U
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the path will not be bent. In space I, -%i < 0 and the rath
QU
ot et aeo .
will accoxrdingly be bent dovnward. In space II, d: =0 and the

rath will be bent upwazd. If the speed falls below the value

kY

requisite for eguilibrium at the given angle of attack, the path
o 3

vecomes flatter, and the airplane

urves downward, the climb

shows & tendency to sink. In rassing beyond the plans where

o
-%f = 0, +this tendency ceasess, the path curves upward and indeed

proportionally to the increase in the angle of atiack.

But if, through some disturbance, the speed becomes so sleow,
that the point in this motion in the (v, 6, ©). gpace does not
hit the plane of equilibrium of the vertical forces, then the
whole motion of the airplane maintains its initial direction.

The path constantly curves further dowrward and the airplane hag
a constently increasing tendency to f£211. Thls is now the case
of the stalled flight. Essential for ite incepiion is the fall-
ing of the speed below the minimum value at which the equilibrium
of the vertical forces is vossible. It does not matter at what
angle of atteck this occurs.

6. Vle have, in accord with experience, emphasizsd the essen-

o

tial conditions conducive to stalled flight, but the above con-

clusions refer only to the path of flight, not yet to the positior




of the airrlane, and consequently to the quantity €, upon

which the angle of attack and the air forces esseniially depend.
For this purpose we must go more minvtely into the eguilibrium
of moments., The equilivrium of moments which, according to

equation (4) is given by
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determines the angle of attack as determined by the action of the
elevator s, If the equilibrium is so disturbed that the angle

of attack devictes from its equilibrium value, a monment is cre-

ated, which, with static stability and increasing angle of attack,
Presses the airplane dowr. stronger in front, or vice versa in

case of static instebiliiy. These well knowm relations do not
need further consideration here, as Fig. 5 makes them plain. Top-
heavy working moments are thercby calculated as positive.

In order to comesider the simpitcst case of stalled flight
we will assume that the airplane sneed has been lowered by some
disturbance to ths nscessary emall value, but that thae angle of
attack has retained its equilibﬁium value. Then no moment is at
first created and the position of the airplane in space does not
change, but the flight path curves downward. The angle of attack
consedquently increases. By this increase a secondary moment is
generated which %urns *he stable airpiane downward toward the

flight direction, but *urns the unstable airplane upward away Irom

the flight path. For

W

stable airplane, therefore, the angle of

attack increases slower than for an unstable ons. A neutral air-



plane is not turned at 211 by such a disturbance. The turning
downward of an alrplun causes & oonstant increase in the angle
of attack. The course of such a motion ig shown in the said T.B,
article. For large angles of sttack, entirely unexplored condi-

tions of motion enter in. If, however, the airplane is static-

ally stable, the airplane axis will be drawn nore stroagly to-

[

ward the path of flight, as the attacking angle increases, and
consequently a limit is soon set to this increase.. Foritunately,
within the range of the attacking angles which belong to mazimum
1if%, all air planes ars very stable, since the turning moment

of the air forces on the wings varies only slightly. The center
of pressure remains at the same place when the angle of attack
increases, and the valus of thes 1if%t coefficient alsc varies but
elightly. The stabilizing influence of the %ail unit, which,
under normal flight conditions, is partially ox entirely eliminat-
ed, has its full effect ir stalled flight.

7. Ve do not need therefore to place a very high value on
the danger of the attacking angls’'s automatically exceeding all
reasonable limits. Perhaps the present genzarol safety of flight
could not have been attained if the wing momsnits had not had
this property. The actuel danger in stalled flight lies only in
the course of the flight path itself.

In the quantiteative calculation with reference to the course
of the moments, we Lers find again the atove qualitatively de-

m

termined behavior. The flight path sinks and curves constantly
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further domward, without its being possible by pulling to do
anything to prevent it. <This is showm by the following compari-
son of two different flight conditions of the same airplane.
Let the weight G of the airplane be 1530

cd.m. Let it be located at such an altitude

44}

surface F = 41.3
that the air density = 0.108 (#557). Let the propeller thrust
S (in the wealm of flIgrt speeds oetween 22 and 25 m/sec. adapt-

7y

ed to our example) be approximately reprosented by the equation

attack are containsd in Fig. 6. From these data is cbtained
determining value == shown  in Fig. 7, for the

> 2 ! iy = « : » - - - -
flight path, dependsnt on the angle of attack and on the speed.

Let the radius of of the zirplame be 1.4 n., so that
5 T S 2 @ Y A

the moment of Inertia J = 310 (kg = s®) and the distance U,
S A - e (I S S U5 A s =4 . J ? R

gtithe oenter of poiiityy of the %a2il umiv ifvom the center of

T on ;1 ~

gravity of tihs airpliane be 5.7 m. In

-

11% forces and the moment of the total z2ir forces

._
1te
<

of the tail-w

P e el ] - -~ o ol oY P & 3 = e - o 2 et - 7
(with reference to %he girplane), s laid oud cr the unlt of die
- . &% - ] b & - ~ ~ o, PR - 2 an - .
namic pressure ¢, the latter for the cases where, in the realm
. | = L - I - IR -
of normal angles of abtack, either static gcavillity, neutrality,

or instablility occurs. Such & position of -the elevator is assum—
ed, that equilibrium exists when @ = 8°, In our example the

calculation is carried out for thies rosition &nd for the eguilio—-



rium condition @ = 12°. In the latter case, the curve must be

bent down so far that it cuts the abscissa at o = 130. The ef-
fect of the elevator is shown by simply changing the curve of the
moments upward for pushing, downward for pulling. In the follow-

ing example a displacement of A % #2108 otens 48

r);

ssumed fozr

]

push or pull. The duantities occurring in equation (4) are ex-

pressed in the follow ing manner:®

Y
nl::—;lil-lll“.olt'uot-‘o‘.(?)

: o M
L
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In our example n = 0.0335 (kg s?).

The calculation is easily made. Ve proceed from a given

=

starting position and, for a definits interval, subtract fron

jae

the angle of attack in Figs. 7 and 8 the averags values of the
quantities there represented., Equation (4) is then a linear dif-

ferential equation, from which we take away the value a6

ct

o RN m dgy v onvd a)
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dt n n at o

Hereby (d+’0 indicates the initial value in the interval under

A
consideration. From ~%§ and 22 follows however -%?ﬁ with the
dt as ag”

help of these threes values, we procssd gradually and easily with
the further calculation. In larger intervals we calculate accord-
ing to equation (1) the increment or decrement of the speced and

=N e ) P =S o 2 - s Ly 3
nake allowance for this change in the use of dig. V. dlec: In




solving -%f, allowance is readily wmads in the calculation for

the change of speed. Still it plays no great role there, as long

A

as the speed variations are small.

8. Figs. © and 10 show the course of the three angles «
P, and 6 in two cases, which clearly show the contrast be-
tween normal and stalled flight., . The disturbance is the same in
both cases. The speed has fallen 3.45 m/s below the value re-
Guired by the angle of attack and by the climbing angle. The

eduilibzium corditions are:

8.0°

c
]
»:—‘

i

Case 4 - « .89 6= 12.8° v = 28.3 n/s.
A

Case B- & = 13.0° ¢ = 6= 281 v = 25.3 n/s

It

Case A deals with the ecuilibrium condition OO"Tesponi‘ng to the
steepest climb. In Case B, the climbing angle is not much less.
The maximum of @ runs very flat. It may hardly be assumed that
the pilot can feel whether he is in the one or the other condi-
tion. The angle € tetween the horvizontal and the airplane axis
is in Cgsge B crmeiderably larger then in Casge A, ™t 1% can be
concluded only from the barogram, that the climb is less steep.
Vhen, through some disturbance, the spreed in both cases

falls 3.45 m/s, the first effect will be & downward curving of

the path, since the airplane is then in field 1 of Fig. 4. From

@

Fig. 7 it is evident that the curvature in Case B is much greater.
ity is greater in CGase B and the airplane is
turned quicker- toward the flight path than in Case A. If the ele-

vator 1s not brought into play, the path quickly becomes flatter



e R

in Case A, but even after two seconds the curvature has become
quite small, while the flight path contirues to c¢limb. In Case
B, the climbing angle becomes O in not quite one second, and
the flight path continues to curve downward, when the airplane

ettles and begins to fall. If it is not high above the eazrth,
there is great danger. At great heights the danger is not great
and with the lapse of time the flying course is automatically re-
sumed as the speesd increasss. In aerial combat even a short
fall may be decisive.

9. The real character of stalled flight comes sharply into

view when we follow mathematically the result of changing the
position of the elevator in both cases. When the flight path

cur_ves downward, there is a natural impulse to pull, that is,

o
5]

to right the airplians. Ths elsvator is mmlled so tha down-

=

werd force is exerted vpon it which raises the nose of the air-
plane. The pitching of the airplane affects the angle of attack
and thus immediately the course of the airrlans. The quantita-

tive relations may be gathered from sie sigures. In boun cases

the angles o« and § are enlarged oy pulling, but the angie @,

upon which the flight course aléne depends, varies.

Ir. Case A, the curvature becomses zero in 3/4 second. It
then curves upward and climbs steeper and steeper. By the end
of two seconds it rsaches the original value of the climbing an-

hen considerably exceed. If we recall that

ct
Q

gle, which it will

the initial condition in Case A corresponds to the steepest con-



A

S

i tinmaous c¢limb, it is then evident from

the above comparison of equi

this example how easily

librium conditions may lead to false

conclusions. The conclusions there drawn correspond to perma-
nent conditions consequently only to the effect of = change in

the position of the elevator after the lapse of considerable

time. until a condition of equilibrium has become established.
Their transfer however to momentary Coﬁditions is false. For

the momentary effect of moving the elevator, which is the question

in most instances, there is no Ques

fect of the elevaior IT %he

elevator, is removed from the equilibrium condition

higher angle of

est climb, or a somewhat at

tion of a rever

airplane, through pulling on

ack, then

sal of the ef-

)

Tne

of the steep-

-

the #1ipgl

b path goes still steeper than the angle corresponding %o the con-
dition of equilibrium. The effect isg just what ls expected
from the natural feeling. ‘

The elevator rroduces quite a different effect in Case B. |

Here the behavior of ¥ in oull ng varies so little from its be-~
haviosr when no impulse is given the slevasor tnat both curves in
Fig. 10 fully coincide. The airplane is rightly turned by the
elevator, but the flight path does not go with it. The diminu-
tion of Eéi corresponding to the increase in *the angle of attack
according to Fig. 7, is in this case fully offset by the smaller
climbing of the epesd in pulling. 1iIf the pilot allows himself,

~ through the failure of a light pull, to be influenced to give a
stronger pull, then the angle of attack becomes still greatsr

1 and, according to Fig. 7, the flight path curves s3ill more down-



ward. The speed will no longer increase and finally it will sink
again. Then the catastrophe is unavoidable. Fig. 11 shows the
speed variations in all the calculated cases.

Alongside the effect of pulling, there is shown in Figs. S
to 11 the effect of pushing. In‘Caee A this is of no further
interest. In Case B it consists, on the one hand, of a greater
dovnward curving of the flight path and, on the other hend, of
a correspondingly rerid increase of speed. After only two sec-
onds, the latter is so great tha’% the character of the disturb-
ance approaches Caze A, so that censequently through further
pulling the flight path can be quickly righted. . "First push,
then pull" must be the inst:ucﬁidns for a pilot who desires to
get out of the stalied flight condition. The righting of the

=)

flight path, in the case of stalled flight, is not to be attain-

ed through the quick balsacing of the vertical forces as in
Case A, but only through the comparatively slow balancing of the

forces in the dirsction c¢f flight. GContrary to the first nat-

-

ural impulse, this talancing can be grecily hastened by pushing.

10. Our discussion puts us now in a position to judge as to
what external conditions and vhat structural measures influence
the inception and the dangers of stalled flight in a favorable

@ uniavovable panner. First of all, it is clear that disturb-
ances of the said kind arsc harmless, waen it is possible to ini-

tiate immediately the Da

regotion of flight and when accordingly the speed caa be instant-
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ly increzased through increased engine power. This is especially
true if the disturbance occurs in gliding flight when the whole

engine power is available as reserve power. Also in the case of

.
-

great reserve power on the ground (hence on alrplane with grea
c¢limbing ability) +he danger is diminished, since they @limb
very.steeply near the ground with a'large attacking angle.
The initial value of ¢ is consequently large and hence dosg nos
become negative so soon. It is longer before the flight path
sinks.

tion is therefors

e

In gliding flight the stalled flight cond
less likely to ocecur, gince the deciding cuzve on the (v, a)
plane (Fig. 4) appliss to smaller spesds (with negative &) than
in élimbing. It is true moreover that a smaller angle of attack
cen be used in gliding than in Climbing. - The attacking angle of
the flattest glide is smaller than the attacking angle of the
steespest climb.

1i. The construction of the airplane may exert an influence
on stalled flight in two ways: First, there are measures which
hinder the inceptiom of stalled flight, and secondly, there are
measures which facilitate.emerging from the same. The inception
becomes more diffisult the further the minimunm speed of ncrmal
flight differs from the speed at which eQuilibfium of the verti-

cal forces is no longer nossible. The difference between the two

speed values is however Proportional to the difference & /%a % 5
A, >

.

and is consedquently, for the given surface loading, influenced




i by the difference in the two 1ift values. This difference de-
pends very largely on the wing section. Ve can differentiate
two types (Spad and Fokker in Fig. 123): One, with smell drag and
1ift cecefficients, is preferred for swift climbing airplanes;

-

the other, with large cosfficients, for good climbing alrplanes..
The value of the mazimum 1ift lies, for the second one, Iarther
from the lift valus for the steepest climbing than for the first

ilots have called attention to the fact

easily stalled than the Fokker. HMeasure-

unnel gave for the two sections.

DD o ey 0.83
e D8 0. S 0.00

nsiong of an actual airplane seems improb-

able, acccrding to the statements of the pilots. One would have

to expecht great uncertainty in the reglon of large attacking an-
gles, while the contrary is according to experience.

The maximum 1ift diminishes and the 1ift component of the

steepest climb incrsases relatively to it, when the induced re-

sejuently incresage with pocr secondary relations or unfavorable

L

arrangemsnt of wings on rmiltiplanes. This is confirmed by the

7 statements of an airplanc pilot, acw rding to which the Fokker




v <the 1
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If we designate by

disturbance, we may then give equation

! ~ 21 =

& DVII is stallec witk difficulty, but, on the contrary, the Feile
triplane, which must have a very great induced resistance, is

3sily stalled. The wing sections of the two alrplanes are alik

A great structural resistance must likewise facilitate stalled
flight. The waximum 1lift is indesd no% affected by such resist-
ance, but the 1ift coefficient of rormal ascent becomes greater,
as is r ) \side from the
polar d affected only
by the surface loading and indeed the deciding difference in
speed becomes greater with incre aglng surface loading. Heavy
surface loading therefore has a favorable influence in this re-
spect.

44 12. In stalled flight all influences must be regarded as fav-
orapble which hinder the pi%tching of the flight »ath and counse

i Quently lower the value of %%, and likewise all influvences

v

which facilitate the pPitching of thes airplane, especially by
rushing and consequently raise the value of gn

of epeed on azccunt of the

(2) the forn:

Sodpe L » F : /
B oy 3 B T R L IR LT IR ) N )
The absolute value of the speed does not therefors influence the
", - 3 2y R} S 2 = i (:"”} 3 <
change in inclination of the flight rath ‘;f, but the speed dim—~
v
g inution is greater for swift alrplares. Here also large surface
loading is favorable, since (other things being equal) the apee



SO
is DIO?SE+10nu1 to s g, so that on the right side (10) the fac-
tox Jf— always remains aad conseguently the speed diminishes
more gradually for large surface loading.

Fig. 8 and equation 9 show the different influence on the
pitching of the airplene. Static stability facilitates (in con-
nection with the hers deciding disturbences) the effect of push-
ing, while static instability facilitates the effect of pulling.
Consequently static stability is an advantage. Still, this ad-
vantage is not very important for the coustruction, since in
this particular field of stalled flight all airplanes are stable.
o

on the dquantity F in

(6}

The size of the tail unit has no influence
equation (9), w hich is the most important for pitching the air-
plene, but the length of the fuselage ¥y, by which the darping
is determined, appears in the denominator. The greater %H’

the greater the damping and the smeller the pitching speed. Con--

o
-0

sequently  a great length of fuselage exerts an unfavorable 1nflu—

P

ence. Asgide from aerodvnamic values, -i v is proportional to
ﬂ;. Hsnce large slow airplanes are less favorable in this re-
spect then small swift ones. The influence of the moment of mo-
mentum comes into play only in the exporent of the e function
in equation (@). The pitching is hindered more by a large moment
of inertia. The insensibility of the flight path to elevator im-
pulses is connscted with the fact that in every disturbance of

the kind we have ccnsidered, the angle of attack passes Quickly

into the field where —=—2* is very small. Only the airplane is



Bl

tched by the elevator and thus the attacking angle is affected:

First, through the dependence c¢f the angle ¢ on & is an effect

g%g is however pro-—

on the flight path possible. The quantity
é
e he elevator on the

-
57
0}
-
i
Hh
I
(&)
(0]
13
(§]
W
Q
L)
eh
r

portional to —2& X

o
=
olles

flight path is therefore small for a swall value of %7% and in-
deed just so much susller, the larger the surface loading is.
Here we may establich an unfavorable infliuence of heavy surface
loading. Vhether this oxr the just menticrned favorable iniluence
has the greater significance, can not be decided by the theorist.
The unbiased opinions of experienced aviators or, still better,
meacurenents of speeds and angles in stalled flight are requir-

ed in connection with theoretical considerations in order to

{‘.J

Translated by the National Advisory Committee for Leronautics.
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