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DEVELOPMENT OF A NON-AUTOROTATIVE AIRPLANE
CAPABLE OF STEEP LANDING*

By Wllhelm Schmidt -
Notation

K path axis, tanne 1t to the path of ‘Hhe B0 0L LS
airplane., : ‘

v 1ift axis, perpendicular to path axis x and in
symmetrical plane of airplane,

X \ longitudinal axis of airplane.

i normal axis of airplane.

7 - lateral axis of airplane.

All axes pass through the C.G. of the ai
their direction is positive in the sens
arrows of Figure 1.

v(n/s) air speed of C.G, of airplane.

fi i9 X -
v(m/s®) time rate of change of v.

" _ .
¢(O’ cliding anegle; angle between path axis x and

.its projection on the horizontal plane; positive,

when the airplane climbs, : ke

@ 1/5) time rate of change of ¢; also rate of turning
about lateral axis Pie as long as this remains
horizontal; positive when, viewed in the direc-
tion of positive 2z axis, it acts clockwise
around it.

a(o> angle of attack; angle between longitudinal axis
x and path axis Xx.

¥*UBegitrag zur Entwick Wuqﬂ eines @utorotatlonSLrel steil
landbaren Flugzeuges." Zeitschrift fur ~"lﬂgtecnn e, aamid Sl
: Motorluftachiffahnt, Sepb, 284" HI8Ly Dppe 946-85 ‘and Gets

14, 1931, pp. 569~-578,
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time ratérofrghange . ofiro; i.al80: ¥ate of tura-
ing about lateral axis z; positive when viewcd
in the dlrectlon of pOolthO zZ axiy, acting
EXOARWI 8oV INLTGIT I ¢ BRI CENG

rate-ofituriing around:thereéspective axisg
denoted by subscript; positive when clock-
wise, asiseen -in pgositive direction of the
respective axis,

time rate of change ‘of::(,.

acceleration due to gravity.

specific weight of air,.

dynamic pressure~:;+z;'v2.
R - S

airplane weight,

wing area,

wing span.

chord at center of wing.

chord at distance a from the symmetrical plane
of the airplane. . : =0k ; -

distance of C,G. bélonging to wing element ¢t
Ao from the symmetrical plane,

moment of inertia of airplane about lateral
axis 2. 1g o

area of -horizontal tail surfaces.
aréa of ailerons.

distance of csps. of air load, acting on hori-
zontal tail surfaces, 1row lateral axis 32,

distance of c.pe. 0of air load, acting 'on aileron,
from longitudinal. axis . X. .

elevator displacement; positive downward.

. t - . [




N.A,C.A, Technical Memorandum.No,. 850 3
55(°)  setting of horizontal‘tail surfaces. &'~ . ¢ .0
BQ(O) aileron displacement,
The subsequent coefficients of the air loads
.- -and moments have been obtained by dividing the
“.corresponding:alr loads and moments by qF (in kg)
and gPt;: (in mkg).
Ca, 1ift; pogitive in positive direction of ‘1iféh
axis' 'y,. ; :
Cw drag; positive in negative direction of path
SXPEN Xy ; !
Cn normal force .« + ) positive in positive
: & direction®of normal
. i .
°nQ normal force of aileron | axis y. .
& ot -
G4 tangential force - 1 ‘positive in negative
; ' : : L direction of longi-
Ctq tangential force of ( tudinal axig - x,¢
- ~ aileron ) 7 Ghe
- 2 :moqént-aboutrleading_edge of wing.
M © wmoment of ‘whole airplane
SRR ' about
gF moment of wing alone % normal
7 ‘ l axis 2z i
MH noment of longitudinal tail |
' surfaces T8 ERE : g
X moment Y} about longi-
l& tudinal axis
KQ aileron moment | X
All moments are positive when opposing a posi-
tive rotation around the corresponding axis,.
If the angle of attack of an alrpldane exceeds that
for maximum 1ift, it no longer moves safely in the air
but becgurse of a suitable asymmetrical disturbance, ‘shows

S
"
i 4

a tendency to sideslip and to go intg a spin. (Reference 1.)

v This sideslip and entry iato a spin is not dangerous
at greater heights (references 2 and 3), but becomes ex-
ceedingly so in the vicinity of the ground. (Reference 4.)
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This explains.the persistent efforts which have been made
for some time Lo make sideslip . daftieult, In facty it
may be prevented altogether if: . care.is taken. in the wind:
tunnel to prevent autorotation. (Reference 4.)

Attempts to render autorotatign -difficult, include:
The use of so—=called balancing»slot3~on-the'top side of a
wing, adjacent to and parallel, to the leading edge, ex-
tending only over the wing tips, the corresponding slots
of the. left and right wing tips being: connected by pipes
within the wing., The rate of rotation of such a.wing is
lower than for an identical wing without slots (reference
5), although autorotation cannot be prevented altogether,
because the compensating pipes offer resistance to the
equalization of pressure, which cannot be overcome save
by a pressure difference, i.es, an exisitng rotation, un-
less the resistance of the compensating pipes be elimi-~-
nated. ' :

"Bquipping an  airplane wing with an auxiliary wing as
wide as the main wing but with only one-third its chord,
and which is adjustable around an axis parallel to the
leading edge of the wing, lowers the autorotation consid-
erably (reference 6) if the auxiliary wing is given a
smaller angle of attack than the main wing, In this case
the drag pertaining to low 1ift is comparatively great;
hence the wing is unsuitable for ordinary flight., 3But with
the auxiliary wing at a greater angle than the main wing,
the total drag-approximates that for the main wing alone,
ieGe, the wing can be used for ordinary flight also.

Experiments on a monoplane wing with sweepback have
shown (reference 7) that :the rate of autorotation is re-
duced by increasing. sweepback, but at the same time it -
lowvers the nmaximum 1ift, Autorotation did not .cease en-
tirely below a 30% sweepback, The respective maximum
1ift was relatively low and was comparable to that of a
conventional wing with thin symmetrical profile. Sucah a
wing is unsuited for steep landing because of the too low
maximum 1ift, as we shall show later on.

If the wing tips are so constructed as to be rotata-
ble as a whole, around an axis parallel to the lateral
axis and can always orientate themselves in the direction
of the air flow, one speaks of "floating" wing tips. IT
such wing tips rotate easily and are thug able to follow
the least - change in wind direction, there is élmgst com-—
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Plete symmetry at the tips.even.during autorotation; hence
the effect of such -wing tips on autorotation is practi-
cally nil., Quite often.their real purpose is something
else; they are rather visualized as ailerons. (reference 8),
which remain effective even at great angles of attack
(reference’9) and which are intended to oPpose any devel-
oped autorotation, (A detaileéd discussion follows else-
where,) On the other hand, designing the wing tips so

that they follow any change in air flow only very gradual-
ly, may render the entry of autorotation very difficult

and even prevent it altogether under certain circumstances,
providing the necessary interference introduced as initial
rotation is small and lasts only through a short period,

Of coursgse, it would have to be borne in mind that at the
great angles of attack incidental to a steep landing, the
floating wing tips would accordingly have to be just as
strongly adjustable if they are to orientate themselves

in the direction of the air flow,

It is generally agreed that autorotation depends pri-
marily on the profile shape of the wing and that its oc-
currence is precluded when the curve of the normal force
coefficient’ ¢, pertaining to each wing element parallel
to the symmetrical plane of the airplane increases coatin-
wally and evenly in dependence of the angle of attack.
(References 2 and 6.) The monoplane wing, to which this
report is confined, has very appropriate and therefore fre-
~quently used thick, well cambered profiles, but shows, un-
fortunately, a very unfavorable ¢, curve in this respect
and is, in conseguence, unsuited to prevent autorotation,
Happily, the wing center does not contribute much to auto-
rotation, so that it is only necessary to see to it that,
above all, the cy - curve for the wing tips increases as
nearly as possible consistently and uniformly, waile the
center of the wing may, to ensure a high total 1ift, be
given a thick, pronounced camber.

In the following we develop a non-autorotating mono-
Plane wing. The conditions imposcd on such a wing, aside
from its freedom from autorotation, with respect to its
polars and its construction, are takon into account as
far as possible,

It is indicated that the autorotation characteristics
of & wing are dependent upon the speed of air flow (refer-
ence 10) as well as on the. angle of yaw. (Reference 7.)
At the beginning of sideslip, which is almost synonomous
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with autorotatlon, and Wlth which we are concerned here

the "afigle of yaw is small (re*erence 4), so that it may

‘be disrega rde& for the preSeAt. The change in éutorota—'
tion propertles 1nduced by a changé in wind ve1001ty i
likewise of a finer type and tuererore ignored. Upon elin-
1nat10n of eutorotatlon and, “through it, the danger of
s1des11p, the airplane.can be flown at a great mngle of...
attackvby“u51ng a special control, and likewise be’ anded
at a very steep angle, to reduce the la 1d1ng run,

Tne present 1nveSulgat10n postulates the ““owledge of
the behav1or of certain conventional wings OI dlIrerent
chordsg and cambers with respect to their 'air loads, at large
angles of attack, This, .in partlcular, applies to the
curvé of the normal force coefficient c,. with respect.to
the angle of attack, ahd to: which we. suasequently refer.“
briefly as the c, curve. Since the data on this ¢,
curve at angles up to a'= 90°  ‘were limited to very few’
wings, the already available (reference 11,a) data up to
209 were supplemented by the measurements on a largé nun-
ber of conventional wing sections with Joukowski proflle,
and: in particular for four typlealiwings ((E o 2) Witp :
different thickness/camber ratio ~ (d/f) to the ApProxi- .
mately half chord 3, Thickness ahd‘camber are explained

in reference 114D The tevts,'cond' ted in the Gottlnger
w1nd tunnel at 31 m/s (103 sd 55 /sec ) wind velocity, =
ange over Q = o5" o 50° Since at large angles

t1e alrnloads on conventlonnl angs show no essential dif-
ference from one another ahd méasurements Dbeyond 50° would
“have entailed a rearrangement of the models, we stoyeed

at 50° and compared the air loads for angles beyond 50°
with those of wings already tested. The measurements in-
cluded 1lift, drag and moment around the leading edge, as
shown in Figures 3-6, along with the computed normal force
coefficient plotted against o. The thinner and flatter
the profile the better the continual rise of the ¢y
CUrVes.,

Test Wing No 1

r~

The wing tips in Figure 7 evince, in"order to preveat
autorotation, an anprOﬂrrately thin, symmetrical profile
gradually merging into a thick, heavily cambeéered high 1lift
section toward the center of the wing., All profile cnords
are oarallel,to one another, Later, I 1eerned that a sim-
ilar wing, although designed for different purposes, has
been described elsewhere. (Reference 12,)
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To evaluate the autorotation characteristics of a wing
one merely needs to know the moments about the longitudi-
nal axis set up by a rotation around the path ax1s,'Wh1cn
is .a comparatively easy matter., Through cuts parallel to
the symmetrical axis of the airplane the wing is divided
into a number of components having & C.G. distance a fron
.the symmetrical plane, a span Aa, and a coastant chord
t, with, in addition, constant profile. The X (Qx coef-
ficient:of the: moment about the longitudinal axis intro-
duced by a rotation Qy about the path axis is

0.

Thar .
Boe = mitr Slg, sttt §00 g R0
=(x Ft, Ba cospAq @ _ }
5 AR
i a (x |
with Ao = arc tan ———=
: v L)

and cha as coefficient of the normal force for one com-

ponent, This varies along the wing span and can be de-
fined as approximately equal to the coefficient of a nor-
mal wing with corresponding profile,. Of -these, profiles

3 to 7, in Figure 2, are very much alike, so that the cor-
responding normal force coefficients may be taken fron
Figures 3-6, The normal force coefficient for profiles 1
and 2 was assimilated to the others,

Figure -8 shows coefficient Xy of the calculated
moments about the longitudinal axis plotted against
Qs
wind-tunnel data are given in Figure 9. They were directly
measured as moments about the longitudinal axis, thus ob-
viating extrapolation. The:.air.speed was 30 n/s (98.4
it /oec Yo Pledre 1O deple the wing mounted on a novel
moment balance in the Goth.n ren wind tunnel. A comparison
of the computed with the experimental figures revealed the
shape of the curves in fairly good agreement, but of less
satisfactory accord in absolute values, VWhereas, theoret-
ically, only positive moments occur, i.e., moments oppos-
ing a positive rotation, debarring entry of autorotation,
experimentally, negative moments are always present waich
accelerate an 1n01plen+ rotation and facilitate autorota-
tione

with angle of attack as parameter, The corresponding

Figure 11 discloseg the coefficients of 1ift, drag,
and moment ‘around the leading edge of the wing plotted
avanst the angle of attack as obtained at 30 A/S alr speed.,
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In addition to the wing polars with progressively
varying profile over the span, Figure 12 also shows the
wing polar for the Junkers A .85 type low monoplane wing.

At ‘the low 1ift. off ordipary#flight! the drag of -theitested
wing was considerably greater than that of the other., - Al-
though the wing drag itself is only:a third of that of .the
whole airplane, we shall strive nevertheless to reduce the
comparatively high drag for low 1ift, which is due to the
still unfavorable distribution of 1lift over the span. (Fig,
13,) Because of this 1ift distribution there is introduced
an additional flow in the direction of the lateral axis
which sets up violent eddies over a large portion of the
span, such as occur only at the tips of a wing with con-
"stant profile, thus making a high!drag inevitable. The
formation of such eddies may be reduced by making provi-
sions, as shown, that no additional flow in the direction
of the lateral axis can occur.

Normal Force of a Wing with Thin, Symmetrical Profile of

a Flat Plate and of a Lattice

In addition to the above—~mentioned thin, symmetrical .
section, we further examined several others which are par-
ticularly well suited to render autorotation difficult,

Figure 14 shows the normal force‘co%ffiCient for a
normal .wing with the thin, symmetrical Gottingen normal pro-
file No, 537 plotted against the angle of attack, and be-
sides, the ¢y - curves (reference 14) for flat plates with
different  aspect ratio. It is seen that the flat plate
and the thin profile, as regards their c¢, curve, can be

interpreted as approximately equivalent; that,  moreover,
the respective ¢ curve is materially influenced by as-
pect ratio t:b and shows an almost consistent rise up to
about g = 90°  only when $tb « 1:8, It"ip far réemoved

from the desired uniform rise.

By dividing a wing with thin symmetrical profile
through cuts parallel to the leading edge,  into an uneven
number of identical parts and then removing those that
are even-—numbered, we obtain a wing somewhat as seen in
Figure 15, which may be called a thin, symmetrical perfo-
rated profile. Buch a wing is very much like & lattice.
In Figure 14 a part of the profile belonging to a rectan-
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gular lattice of about 1 m (3..28 ft,.) thickness, and 0,5 m
(1.64 ft.) width is plotted, along with the normal force
coefficient against the angle of attack, the total surface
being uscd as reference surface. (?elerence 154)

At small o the normal force of th T 1att1ce is about
equal to. half of that of the corresponding flat plate of
the same ‘aspect ratio, Dbecause the supporting surface is
only about half as large, which,: in flact, agreces very close-
ly with the theory. (Reference 13,b,) The closer the -an-
gle of attack approaches that of 90°, ‘the more the gaps
appear- to be ‘filled ia, uatil at -20° the total surface
may be looked upon as supporting surface.

A similar, though not quite as steadily rising  c
curve is ostensibly obtained with a wing of very thin,
gymmetrical profile, whose top surface has been roughened.
Experiments are not available as yet respecting this,

n

Experiments on a Handley Page.wing with interceptor
(slotted .airfoil plus interceptor) have shown (reference
15) that the respective c, curve rises steadily up to
about .o =.90°, even if not quite as uniformly as that of
the lattice, ' The actuation:ofi the Handley Page device
postpones, as we all kaow, the separation of the flow for
higher angles of attack, and in that manner assures a pow-
erful action of :the ailerons: sven at 'large.. o. . For this
reason the Handley Page device is frequently mounted at
the wing tips. The corresponding c, curve at first
riges to a high maximum 1ift, .and then drops suddenly and,
of necessity, considerably, As a result, it therefore
differs very materially from tho desired shape of continu-
ous rise stipulated to reduce autorotation. As soon as
the angle of attack excceds the value for maximum 1ift of
the wing tips, the wing nmust accordingly autorotate vio-
lently. To opposé this is the purpose of the 'intercep-
tors. 3By its actuation the flow on the upper side of the
wing is made to separate even at small o, hence the ef-
fect of the Handley Page device is made retrogressive. In
that way the ¢, curve of the wing tips assumes the de-
sired steady rise, i.es, the wing tips oppose autorota-
tion. It is readily agreced that such a méchanism is ex-
tremely complicated, Another point to De borne in mind
is that through the actuation of thé interceptor the pow-
erful effect of the-ailérons at large angles of attack
is, of course, lost. -(See Apuundlk.)
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Test Wing No,: 2

The ‘wing is. shown in Figure 16, It consists of a

L=

center portion with thick, well cambcred profile, equipped
with the Handley Page device for raising the maximum 1ift
without :affecting the asutorotation very materially., Noxt

to the central part is another with thin, symmetrical pro-
file, .. The extreme wing portions have a thin, symmetrical
perforated profile to prevent autorotatiom:as much as pos-
sibles, A3l parts with different profile are separated
from.one angther by plate to. ensure lower drag at low
TR fila :

The wing was te%ted 30 m/s windspeed in the G0"+1n-
gen tulrel.
i ASrlong as. the slot was w©losed and the flap not set,
the polar of this wing, at low lift, coincided with that
of.a low wing of the Junkers A 35 type, as expected, and
as seen in Figure. 17, . Consequently, thée wing can be used
for ordinary flight,., - Operating the Handley Page device,
ises changing the slot setting and turning the flap down-
ward raises, according to Figure 18, the maximum 1ift to

-

higher angles ' Q.-
The 1ift coofficient.is estimated as:

¥ P ;
B 4 & + = o
chii= (o c o 2
i 5 7 al P - a.a 7 g ( )
where' F, F,, P, and F; denote the area of the whole wing,

That is,"”'tho'central part, the two adjaceﬁt pileces and
the two piecés at the tips, and Cas cal, Ca and cq
the“respectlve 1ift coefficientss The drag COG‘IlClePt of
the whole wing can be defined in the $Same manner,

~ns

For the case of closed slot and flaps,. the coeffi-

cients Cqa and cy for the middle portions can be tak-
4 .1 3

en from Figure 4, The Ca, and Cyr_ s as well as Ca,

and cw coeiflclents are aoorox1ﬂ ately like those in

3
Figures. 5, and 19, resbectlvoly.' AccordLnb to Figure 18,
the .¢c, .and ey coefficients. for the whole. wing deduced
from cquation (2), are.in very. .closSe aeccord with thosc
obtained by expcriment.
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The'mOmenﬁ about thé'‘legding édge of the wing presents

no unusual feature, “The moment 'abdut the! 1on01tud1nol'é;
is was calculated according. to eguation £1)., and specifi-
cally, -with slot open and flap turned~dewn, We determined
the unknown normal force coefficient.for - the middle por-.
tion with adjustable Handley Page mechanism, using the .-
corresponding values in Pigures 6 .and 19, -according to
equation (2). PFigure 20 shows the: Z{y coefficient, de-
fined according to (1), of the moment about the longitu-
qlnal axis produced by a rotatlon Qyx abott +He pmth a"ls,

bQ -
plotted agains?t ——£, with- « es parameter, Granted even

that these strong positive moments, .according to calecula=+
tion, should in reality be a little less strongly positive,
one cay -nevertheless presume- that they always remaln pos-
itivey iso that no autorotatien can occur, As a mattor of
fact, ¢xperiments in the Gottingen wind tunnel have shown
that the wing with adjusted Handley Page mcocihianism docs.
not autorotate even at such large angles as a = 40°,
beyond: this ne autorotation .is to be expected., The auto-
rotation set-up of this sccond wing is shown in Figurc 21,

~ .
o

<

Test Wing No,. 3

Tho drag. forileow 1Lift .can.also bo roducod by. placing
the zero 1ift axos of all profilos into .one-plane.. Of
course, this 1s merely a measure to influence the polars
of the wing. Its autorotation:characteristics are little
affected by it, since they are already pr1mar11y decided
by the shape of the wing tips.

Figure 22 presents this third wing with symmetrical
perforated profile at the tips, . gradually ‘developing inko
a thick, hoavily cambered section in -the center, whereby
the zero 1lift lincs of all modified Joukowsizi profiles
lie in one plane. For structural reasons the wing tips
wore kept comparativoly thick, in order to be able to turan
them as a whole, 1f necessary, liko ailorons around an
axis transverse to the flight.direction, ..To insure, ‘In

addition, a minimum influence, particularly by ailoron dis-—

placcemont, through the adjacont part, they wero. separated
by plates,

. . < . i . s
Te tested this wing at 30 m/s in the Gottingen wind:
tunnel,
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The ‘dr¥ag of the middlé.portion with plates for low
1ift'is,-a¢cording to Figure 23, abput.,equivalent to that
of a Junkers A 35 monoplane wing'and becomes; when adding
the thick ailerons of Figure 22, materially greater, The
1ift curve in both cades. has,. according to-Figure 24, a
maximum which, .as showan later,. is high enough-for steep
landing, Contrary to etpectatlon the wing did autorotate
even- 1f only very llttle. i G LA

Rougheﬁlng the top side .of the wing botwoen the third
and fourth ribs by a coating of fine sand, the wing auto-
rotates more feebly. This apparently .confirms our consi:
Jecture voiced in a previous paragraph according to whizgh
the“respective c, curve of a wing with very thin, symhndt-
riical prozlle and roughened  top side rises similarly even
4 not so consistently uniform as that of the lattice.

But even with this it was impossible to malke the wing al-
tobether ‘non-autorotative. i g b '

After searching investigations it was concluded that
the cause of this unexpected 'slight autorotation lies in .
the w1nb tips with comparatively thick profile. Subse-
quent tests made after substluutlng the tips sketched in
Figure 25, revealed that:the wing cannot be made to auto- "
rotate on any condition. Every rotation, no matter how
strong, is immediately and vigorously damped out and the
wing comes ‘gquickly to rest. Figure 26 shows. the complete—~
1y non~autorotut1ng w1ng mounted in the Gottingen wiad  tun-
Thus it is scon that it i's possible to design an ab-
solutely non-autorotating monoplane wing merely by & cor-
rect selection of profiles without other additional aids

The drag of the monopla me wing, according to Figure
25, is most probably lower than that of the wing with
thin tipe in Figurc 22; the polars of waich are given in
Figure 23, The reoespéctive maximum 1ift can, rathor, be
assumed greater than 1nd1catod in Fiduro-gé.

Asido from the matorlal 1mprovonent in the wing polars
of the non-autorotating monoplane wing by an ingeniously
contrived choicc of profiles, it is also -possible to Aate

such a wing satisfy fully 2ll the conditions which may be
laid down for its polars, The conglructional anpects of

the wing tips will be fully discussed in a subsequent chap- -
Cer s N A o R 20
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Control of the Non-autorotating Airplane

In order that a non-autorotating airplane may be
flown at high angles of attack and, as we will show, be
capable of steep landing, it must, first of all, have
horizontal tail surfaces which ensure a balance of the mo-
ments around -the lateral axis even at angles of attack
beyond 'those for 1lift maximum,

i, Up, and M. of

Figure 27 shows the coefficients §
the airplane wing and horizontal tail surfoce monments,
respectively, around the lateral axis for a low-wing moan-
oplane of the Junkers A 35 type. Since the horizontal

tail surface moment varies cemparatively liittle, as a rule,
even with oxtromo olovator displacement, & balance of tho
momoents about tho latoral axls in tho orthodox airplanocs

of to~day 1is possibleo only up to an angle of attack which
is in the neighborhood of that for maximum 1ift,

Hoving the whole horizontal tail group through angle
dg around an axis parallel to the lateral axis, changes
the angle of attack of the horizontal tail group by = like
amount, the curve of its gq moment in Figure 27 is moved
by this amount Oy parallei to the ordinates In this man-

ner a balance of the moments around the lateral axisg is
.ensured even at arbitrarily large angles of attack,

In order to retain the effectiveness of a rudder dis-
placement even at large a, it is recommended to desist
from covering the elevator clear up to the fuselago. (Ref -
erence 3.)

An aileron displacement generally results in asymne-
try at both wing tips, theredby changing the autorotation
characteristics. It sets up, aside from the desired mo-
ment about the longitudinal axis, an undesirable moment?
about the normal axis, which nullifies in part the e:fect
intended, particiiarly at large angles of attack,

Such ailerons, that is, the conventional type of to-
day, including the Handley Page ailceron flaps, are dis-
missed from further consideration and we confine ourselves
to an ideal aileron, the displacement of which does not
alter the autorotation characteristics of the wing and
sets up a vigorous noment about the longitudinal axis with-
out an unwelcome moment about the normal axis,.
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To ensure the same autorotative properties of the
wing with aileron displacement, the profile of the wing
tips must be retained even when the aileron is displaced,
j.ce, the wing tips must be rotatable as.ome .unit around
an ‘axis transverse to the direction of flight, similar. to
the ailerons illustrated in Figures 16, 22, and 23, :

With B aileron displacement, ¥, = areca -of éilé
glstance of the C.Ges of the applied air load
from the axis of the fuselage, and c e + 3 Ang
n Qi

eron,

c (o b dS the corresponding coefficient of the nor-
an Q P

mal force; the coefflclent of the alleron.moment about  the
longitudinal axis is:

]

2 . Fa: la
o = TEHR [eny (@ By

G G012 BRI

By fixed '%*“Q this factor is constant for the an;‘
gles of attack unde% congideration here, if

CnQ G+ BQ) = an (o - BQ)

is constant for this,

Such a stipulation can be complied with, for example,
. by using floating ailerons with suitable symmetrical pro-
file to ensure a symmetrical c¢, curve with re espect to
Zero position. For symmetrical reasons no undesirable mo-
ment about the normal: axis can occur,

The same result can also be achieved by using ailer-
ons which do not need to orientate themselves into the
particular direction of the air stream, thus being more
simplc from the point of view of construction. To kcep

the moment about the longitudinal axis as constant as pos-
sible within the anglos of attack in question, and to ron-
der the moment about the normal axis evancs cogtly gma11
the difference of the normal forces ecn, (a + ﬁq)

(a0 = BQ) must, according to cguation (3) be as conspant
as possible, or in other words, the ec¢5.  curvo of tho wing
tips within this range must risc consisbently and uniform-
ly. In addition the corresponding difference of the tan-
gential forces 'ctQ (ot BQ) - C§Q (o0 = BQ) must disap-
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pear as nearly as possible, i.e., the tangential force of.
the wing tips in this range must be.as constant as possi-
ble, TFigure 19 shows that the lattice fulfills these con-
ditions very satisfactorily. Coansequently, it can be pre-
sumed that the ajlerons of the third investigated, com-
pletely non-autorotating monoplane wing, in Pigure 25,
satisfy the above stipulations:

Alleron displacement scarcely changes the autorotat-
ing properties, Aileron displacement supplies, even at
large angles of attack, a strong moment about the longitu-
dinal but without an undesirable moment about the normal

axl Se

The outer form of the ailerons has practically no .ef-
fioet on it Thus, te simplifiy constructron, it is better
‘to use an aileron of smaller width but greater chord. The
design of .the floating ailerons on the Curtiss Tanager

(reference 8) démonstrated that the constructional diff
culties are no.t insuperable.

She

Steep Landing.of the Non-autorotating Afirplane

~ Whereas the engine power may under certain circum-
stances affect the power flight, that is, render a compar-
atively steep start possible by sufficiently high engine
power, in glide flight the engine is stopped, the propel-
Texr thrust is practically zero, sSo that, O0r exgmple, uvhe
glide angle ¢@ and the rate of glide v of an airplane
descending in steady, level flight is dependent only on
the angle of attack a. Figure 28 shows the peculiar
course of v and @ plotted against o for the present-
day types of airplanes. JAccording to it a large glide an-
gle is obtainable in two ways: one, by small o and large
v, . that is, in = dive; the other, at angles ‘o - beyond
those for maximum 1lift and small v. If the horizontal
tail group ‘in the conventional practice of to-day is de-
signed to ensure a balance of the moments about the later-
al axis, at the highest, at an angle 0o near to that for
stalling, the pilot is unable to force a steady glide at
greater angles of attack, i.e., force a steep glide by low
rate of glide, even though the airplane were equipped with
slotted wings. But, since the steep glide at low v for
large angles of attack is preeminently suited, as we will
show, for steep landing. and, thus, shorter taxying run, it
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should be wttempted to malke accesulole fron gt0bp landing
the range of large angles of attack, hlth 2hao dreaded oe—
cause of the danger of nosing over,

‘This is accomplished by the above design of the comn-
pletely non-autorotating monoplane wing. ’

Aa airplane. equipped. with such a wing can, by using
the above-described longitiidinal tail surfaces, be flown
at very -high angles of attack and be put into a very stecp
glide. without going into a 51desllp and 1nto a spin as
heretofore,

In the .absence of a specially designed 1anding gear
a stocp landing is possible ‘only when the pilot is avle
to reduce the inclination of the fuselage to the path, i,e.,
angle o, and at the same time chango the’ steep path of
the C.G, of thag. 1rp1uno into one almost para‘lel to the
ground, so that the fuselage, oven in stcop landing, as-
sumcs the slopo for the usual landing directly before
touching tho ground., That is to be decided by integration
of tie basig.equations for level glido without side wind,
wherc we introduce a temporarily variable horizontal tail
surface displacement, Thc equations road:

SSRGS - TG (4
A ) ol ¢ 4 TiX. A 5
¢ s8R i i A
K v E %
CRPLIE 53 5. PR 5
where v = a+ ¢ W

They can be simpllfled con51deva01f by reason of the
following as qumptlon

1. Figure 29 shows -that as in’ all- such exnerlnents, S0
here also, the air speed w dis constant during the time
in question, thus eliminating equatlon (4)

R« 'Thel slleg htlv changing value cos \3 w1tn1n the range
'cou31dered i'g gubstituted by . cos Qo constant,
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3. Lift coefficient ¢, 1s dependent ofily ofi &, The

B = f (o) curve is assimilated to & straight line for the
pertinent angles «o .conformably to Figure 20, g6, bhaty

o = By a0t om .
4. The change in s for the horizontal tal 1 group, as a

H o Ll
sult of only & smlight rotation (), ~about the lateral

ax1s ish

S

15 Q

Aag = g,
5, As long as there is no rotation about the lateral axisg
the coefficient of the horizontal tall surface moment Ii:
depends only on the angle of atteck o. Ths Hg = £lea)
curve is assimilated to a straight line (fig. 27) as fol-
lows

=l

—_—

M = 1y Q o
lacement of the horizo
ght line parallel to it
Lg's displacement is not acc
L S0N $ (wnluh will be -analyzed
nd In ‘support e “racva,Naceor

q*d

gl tall group shifts
f, -thus changing =n,
omplished .suddenly, dut
in o subscquent sec-

ding to the following

— et
Ry =4 = 1 :

5 pilot displaces the horizontal tail surfaces
uickly, then more slowly, A rotation (; about

7 : eral axis introduced by this displacemen® changes
only the angle of attack ag and through it the coeffi-
clent of or1201ta1 tail surface moment My Dby the amount

The curve of the coefficient of the wing moment li:
about the lateral axis with respect to o is conform-
ably to Figure 27 assimilated to a straight line for the
pertinent range of angles o as follows:

12 PTG L .
o = oy Q R«

Now the moment coefficient I about the lateral axis
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. =kt lx

= (ny Trmg) @ Fing B U & We + m, ——\fi- Q.Z_ e (8)
s ¥ 1 . g il L e

e disregard the term m ?f 0,, Wwhich-is small as

compared to the others and define U and V from eguation
(8) as follows: At time interwal ¢ = O the initial equi-
librium position ao Treveals:

=0 (my ¢ ey % g 03y

For ag,', we find:
K =0=(m P ag) aof ith 5 + U.
Consequently,
=4 . I
U=.- (m, + my) a4 B
= (m2 5 mg (ao‘ - Qg e
Now the modified equations (4 to 7) read as:
e i k
¢ = a,.0 t by (9)
o . -kt
&}z = Gy @ g W Cpog C g QE (10)
. .
Yy = a +t 9 (11)
- X YR
Herein, a, = Y i m,
" A AT =
by = —prpeiag - o 008 Po
< T
8y = = Zﬂxﬂgwwl (my + mg)
2 & Jy "
Yv3 § b
TORRE SR 1 CSLT s 1 s ¢ T <
b2 = 2 JZ (J T )
Y v F
P & - LT
2 2 & J,
Iis
‘Y v .LH £ tl
d_ S e Spvree :”""“”“"'" it mg .
2 & 8 JZ
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By inserting the nonhomogeneous dif
tilon of the second ‘order,
a0 ) [J % 2 Lo ~ _. )
at (a, -dz) & ~ (8 45 * &) o = oge T

we obtain from equations (9) to (11):

a = A

i E T
2

B = Wemitliar a0 o @ e B
8 .
o ¥ - (a, - d) kK - a, 4; ~ ag
¢ . (‘TO B i Ty )
b o gt gy ek S e SR e
S & 2 NIRRT
(g ol - (G 1 Bov & SRSTHE e Sl

2 3
2. A
Herein, A, = —323
2 s
f\/ + L 38
po= - arc tan '=
b:_\ Sl 6

(&)

e rential equa-

~~

9

. 5=

“_
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Aé sin Qe - 32

€
¥ - B,
€4 4. are tan Nl
: y
(ay = k) B,
D

2 L]

Using the final figures for a monoplane of the Junkers
A 35 type as basis, we calculated the course of a, ¢ and
Q, according to equations (12) to (14) ‘as it occurs as a
result of a disturbance of the inifial position for steen
glide introduced by progressive elevator displacement (for=~

ward

up to stalling)

KL 5

Wi =Rl
Mg =+ 28
PR ~
Y = )
C,o U

c = 0,
=

Caghi =4 0

0

CP 0 il
LJ
n = (
Qo U
v = 28
ms = O,
U = e
v e
1~ e
My = Qie
SR

« The figures for the initial attitude
20 k&/mB

0

99 'm, & o= 2418 m =305

53
50
2842

s m/s

870

(&V)
>
‘—-l

J

D)
0o

(6N}

&)

(€]
o
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In Figure 31 -thé angle of attdck and of ‘glide,.in ad-
diftlon to the rate of roetationiabout the 1ater@1 axls are
shown plotted against the time,

The angle of attack essontially changes according to

the same exponcential function e“kt; conformably to which
the !lﬁﬁlacem nt occurs., This exponential function is
superposed by an evanescent .vibration whose amplitude A
1 3ovbrned by the violence of the forward dlsplacemenu;
If wvery abrupt, it introduces a violent wibration =sround
the orlrlnally fairly constant equilibrium position, On
the other hand, a very gradual forward displacement forces
the angle of attack very slowly into the new equilibrium

position with practically no perceptible vibrations. The
angle of attack scarcely assumes a wvalue lower than that
for maximun 1ift, ®o that assimilation.off the 1ift curve

o a straight anG (i.64, the previous solution of ‘the
basic equation) is possible, according to Figure 30, with-
the stipulated range of a.

i—"c, ct

n
Resorting ‘to a likewise gradual elevator displace-
ment, we disturbed the same initial position of equilib-
rium as above, and then calculated the time rate of change
of the variables by nu@ewlcally integrating equations (4)
to (7). According to Figure 29, the introduced vibration
is so violent that the maximum 1ift is exceeded and the
previously applied assimilated straight of-the 1lift curve.
is relinquished, For this reason the vibrations are more
slowly damped out than in the other example. 3But even so
_the principle is maintained: the angle of attack gradual-
1y changes over into the new equilibrium position in cor-
espondence’ with the gradual eleva tor displacement, After
a short time even the change of the glide angle assumes an
anproximately constant value which, according to-equation
(13) is essentially equal to D .

Thigs D is of great significance for the landing:
2 > =
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s rn m « ‘ i v -
As a rule, 1y —=b2_. may be disregarded with re-

m, g
spect to 7%—%; so that,
A F.
Dp = 5% g (cao - cao),

or, in other words, tha direction of the path of the C.G.
of the airplane-can be changed that much quicker:

1, The greatér the air speed v of the C.G. of the.
airplane;

2. The smaller the wing loading % :

rz

3. The greater the difference c,' - c
g agq

1ift coefficient cag for the new equilib-

between .

rium position oan4' and the coefficient

0 o Ca
for the initial equilibrium position agq. i

Therefore, the prospect of steep landing is confined
to airplanes whose l1ift curve has a high enough maximum
and after that drops steeply enough and within a suffi-
ciently large range of angles of attack. For such the
directionn of the Path can be-changed just as quickly into
a steep glide as into the hitherto usual flat glide, As
cohcerns . the reversal of the path when landing, it is ut-
terly immaterial whether the pilot pulls the controls at
small angles of attack or whether he pushes them at large
angles o. The unusual feature is that in a steep glide
he must displace the controls forward if he wants to raise
the path,

After some time the glide angle becomes positive,
according to Figure 313 that is, the airplane climbs,
which was not at all contemplated, This climd can be
counteracted by continuing the Torward displacement, so
that the airplane assumes an angle of attack below that
for maximum lift, after which the 1ift and the path drops.
In this manner a reversal of the path into one parallel
to the ground can be obtained, The time rate of change
in angle of attack and of glide during such a landing me-
neuver is shown in Figure 31. The ini*ial equilibrium
position is characterized by a large ang.o of attack and

>

of glide, At first the ainplang 18 gradually pushed until

it has nearly reached the angle for maximum 1ift, Because
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of the transition to. smaller angles o . and conseguently
greater 1ift, the path rises very- quickly. After awhile
the airplane:is pushed still further, the angle of attack
becomes still smaller, whence the 1ift drops as soon as
the value for maximum. 1ift has been exgeeded, The flight
path would drop also but for the .tepdency of the alrplane
to climb, The reversal of the:pathiini consequence is. oaly
rediuced at first until it finally ceases altogether. :In
the present case this takes from aooLt B 0. 16 seconds, ac—
cording to Figure 31. : i : :

Referring to Figure 32, we find the height of landing,
plotted against. the landing distance ;s fior a normal as
well:as for a steep landing of a monoplane-of the Junkers
A 35 type. In a normal landing the glide angle is about
6% to 79, It reguires about 300 m (985 ft,) to land from
-a height of around 40 m (130 ft,)., In the steep landing
-the airplane can be 'set down much sooner, Since the cor-
responding landing speed as well as the glide angle and
thereby the landing distance are virtually the same in
both cases, the steep landing presents a saving of about
200 m (656 ft,) in taxying run, when the, airplane must
land over a 40 m (131 ft.) high obstacle.,

Appendix

The consideration regarding the effect of the Handley
Page device is based upon the assumption that both inter-
ceptors can be operated independently from the actuation
of the ailerons, as soon as the airplane approaches the
stalling angle, This also explains the conclusion that
any aileron deflection must be ineffective at large angles
of attack,

According to the information given me Dby Dr, Lachmann,
the interceptors are coupled to the ailerons in such a way
that aileron displacement is simultaneously followed by a
different setting of one of the interceptors, The inter-
ceptors are not, as I assumed, a stabilizing, but rather
a control mechanism., By actuating the ailerons and taere-
by one of the interceptors, an adequately strong aileron
moment is obtained even at large angles of attack, by
which any existing autorotation even if violent, can 'be
made to cease.
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- glg 'relatively strong aileron moment is cavsed:sole-
I'y ‘by “the actuatlon ‘of onévof:-the ianterceptorss  Thus, 'the
same ecffect might be obbtdined ‘if the &actuation 0f the ail-
eron were separate from-that: of the’ idterceptor, as I as
"sumcéd in my report., ' Even theén the interceptor would re-~
main like the aileron;, a‘control mechanism, Besides, it
could act as stabilizing device, either automatic or con-
trollable by the pilot, for the purpose of 'steep landing,
as 'soon as the airplane approachés tlie dangerous: large
angle of attack, Thus the interceptor could serve .a two-
fold purpose - control and stabilization.

The 1undamental dllference ‘between wing tips equlpped
with' interceptors and my proposed design of wing tips with
perforated proflle formed as ailerons, is that.it prevents
the formative-stage of autorotation, i,e., sideslipping,
even at the very high angles of attaeck necessary for ‘stecp
landing, ‘without requiring any supplementary dev1ce. auto-
maticvor manlpulated by the pllot i A &

Translation by Ji Yanier,: - A i ST et
National Advisory Committee- i '
for Aeronautics.
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Fig.7 Three-view drawing of No.l monoplane wing.
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a,Monoplane wing of Fig.7
b,Low wing type monoplane,Junkers A35

ol o v 2 W
i .—1;"'._4_31‘... HEE _‘_“:-_\!
! | E AT A TP
1k ° 7 ""‘"?‘ I IJ/'Y/ 5"77'0 5, o
| .87
i1 40) = ?,’:;,Q{..T_ TR P | S . o .
R
SEE L B
8 - PoRy g |
IR ! |
C .6 —l.:?lj |! 4-—_—- | 3
a E, ll i |
ol *J‘\"g'iloi L
r—--—!l-*-'l ! I 'p : T
; 76.1: | l
D R e
fel ) ot gl b
0_4\%-?\@ W
L E o0
R !-13;‘3)"\.\‘_\_. R i
2 e S el 8
0 Hal, 2
CW

/
,/
/ ¥
.// \\\
fi 5
| z

Fig.1l3 Lift distribution over span of monoplane wing of Fig.7




N.A.C.A. Technical Memorandum o0.650 Figs.14,15

Gottingen 537

| £rb=l:1-y

Ay,
T ¥

[AV)
I_J

I

|

|

|

L |
Ll ) '
/ i

|

|

4

n W87

SlE i fpia on e Lattice

g 208 a0° - 809

Fig.,14 DNormal force coefficient plotted against «.

o




N.A.C,A. Technical Memorandum No.650

| S TR 260 R :<~‘:;O—'{ ’5‘5

oy . =r ]
3 GSttingen 537.5=0 $=

Fig.1l6 Threec~view drawing of monoplanc wing No.2

Fig.16



N.A.C,A. Technical Memorandum No.650 Figs.17,18
&
Lok S T =
i ?' Sl
Al
l.2p—t— o e
ARD
150 i S g -
/ a:lj/((‘.,/ £ 0
/ \
Ugl el S ——4—{ a, Monoplane wing of
y Fig.16
Ca 'L/ 4.9°
'6 2 if - .
. b, Monoplanc wing of
y :!1=2.4o type Junkers AZ5.
I '__! 1(
ol .
{
!
0 et
N |
o | R IR e T T [ |
.1 .2
€

Slot closed,
flap neutral.

Slov open,flapo
turned. down 207,

- Calculated
according to
equation (2).

Fig.1l8 Coefficient of lift,drag and moment about leading
edge for monoplane wing of Fig.l6.




N.,A.C.A. Technical Memorandum No.,650 il

b
7

L=

{ Ed s
. 8 3 A -:,
Gy ' e
L08R 6 t‘ ///,/
w o
. 4} //’4}/‘/ o C&
C, //‘/F SN
B 02’ / ,,/¢ _____ ~Ct
Cy i = o el
! i 1 i P o VRS f N
0 209 400 600° 800°
&

Fig.19 Coefficients of 1lift,drag,normal and tangential

force of a lattice 1 m thick and 0.5 m wide with
profile partially shown in Fig.14.
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( 1 meter = 3.28 £t.)
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Fig.22 Three-view drawing of wing No.3
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Fig.23 Lift coefficient plotted against drag coefficient.
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Fig.24 Coefficients of 1lift,drag and moment about leading edge
plotted against o for wing of Fig.Z2<.
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Fig.27 Coefficients of airplane moment,wing moment and elevator
moment about lateral axis plotted against o for monoplane,
type Junkers A35., i
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Fig.28 Glide angle and rate of glide plotted against a.
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