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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

EFFECT OF WING LEADING-EDGE SLOTS ON THE SPIN AND
RECOVERY CHARACTERISTICS OF AIRPLANES

By Anshal I, Yeihouse and Marvin Pitkin

SUMMARY

An investigation has been made in the NACA 15-foot
free—-spinning tunnel to determine the effect of wing
leading~edge sluts on spin and recovery characteristics,
Results obtained from these tests establish a criterion
from which the adverse or favorable effects of slots may
be predicted from a nondimensional mass—-distribution
parameter,

The results indicate that, for single-engine designs
with mass distributed heavily along the wings and for
miltiengine designs, recovery will be slower with slots
open than with slots closed and the spin will be flatter
and at a lower rate of descent, If the mass is distributed
heavily along the fuselage, however, recovery will be more
rapid with slots open than with slots closed when the ele-
vator is neutral or down, although there will be little ap~-
rarent effect when the elevator ig full up. There will be
little effect upon the angle of attack or rate of descent
when slots are open and when the mass is distributed
heavily along the fuselage,

The slots, when open, will depress the inboard wing
of an airplane regardless of loading,

INTRODUCTION

The use of leading-edge slots on the wings of certain
types of American airplane to improve the stalling charac-
teristics or to increase the speed range has recently in-
creased., Indications that slots may have a large influ-
ence on the behavior of an airplane in a spin have been
reported in references 1 to 5. These references indicate
that the effect of slots may be either detrimental or
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beneficial but do not provide means for predicting the ef-
feet for a particular™econditien unless the spin character=
igtics .of the airplane without slots .are definitiely known.
The investigation in the NACA 15-foot free-spinning tunnel
reported in the present paper was undertaken in an attem»t
to relate the effect of slots on spin and recovery charac-
teristics to the mass distribution of the airplane.

Five models of recent airplanes of widely different
types, all having slots, were tested with the slots both
open and closed. The mass distributions were varied to
cover a wide range of loadings from a single-engine mass
distribution with masgs distributed chiefly along the fuse-
lage to a multiengine mass distribution with mass distrib-
uted chiefly along the wings. The effects of the slots on
the steady-spin and recovery characterigstics were deter-
mined.

APPARATUS AWD TESTS

The airplanes represented by the five models used
for the investigation are briefly described in table I
and photographs of the models are given as figures 1 to
5. The models were constructed of balsa and were bal-
lasted for the desired loading conditions by the instal-
lation of lead weights at suitable locations., A clock-
work mechanism wag installed to actuate the recovery con-
trola

The leading-edge slots on the models were of both
the partial-span and the full-span types. Comparative
tests were made of the slot-open and slot-closed condi-
tions for each loadinz eonditioen, The®*center of cravity
for each model was kept in the same position during the
mass—distribution changes although the total mass varied
a small amount.

The NACA 15-foot free-spinning tunnel and spin-
testing technique are described in detail in reference 55
Briefly, the models, with the rudder set for a spin, are
launched by hand with rotation and in a spinning attitude
into the vertical upward air stream of the tunnel. The
airspeed of the tunnel is adjusted to equal the rate of
descent of the model; the model is thus kept at a fixed
height for observation and measurements until recovery is
attempted, During the steady spin observations are made




of the angle o Ybetween the thrust axis and the vertical
which is approximately eaqual to the angle of attack; the
angle ( between the span axis and the horizontal; the
anguliar. velocity {2 about the epin axis; and the rate of
descent V, ‘

Recovery is attempted by full and rapid reversal of
the rudder. The turns for recovery are taken as the num-
ber of turns made by the model from the time the rudder
is reversed until the spin rotation ceases.  The leading-
edge slots were considered to have a "favorable!" effegt
when the number of turns for recovery was less with the
slots open than with the slots clused.

RESULTS

The quantitative results of the investigation are
presented in tables II and III., Table II shows the
steady-spin data and table III, the recovery data, The
slot effects are presented gualitatively in figure 6 and
in tables IV and V.

The data presented in tables II and III are believed
to represent the true model values within the follcwing
limits: .
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All spins were made to the right and positive values
of the angle of wing tilt @  indicate that the right -
that 1s, the inner - wing is down.

DISCUSSION

The influence of mass distribution upon the effect of
slots on recovery was somewhat more evident for the spins
when both elevator and ailerongs were neutral; accordingly,
these results were first plotted (fig. 6) to show the in-
fluence of each of the three inertia moment parameters
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that, although partial separation of the favorable and the
adverse effects of slots may be obtained by consideration
P 1z o~ IX
of the inertia pitching-moment parameter __—EE__- or
m
Iy - Ig
of the inertia rolling-moment parameter ————— , prac-
' mb?2

tically complete separation of the effects can be obtained
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when the inertia yawing-moment parameter = is con-
mb

sidered. The same condition was found for aileron and
el evator effects in reference 7.:" The inertdiayewing-
moment parameter depends on the relative loading along
hs fuselage and wings; the value of this parameter in-
creases algebraically when mass is added along the wings
or removed along the fuselage. Figure 6 shows that the
reversal from an adverse to a favorable slot effect oc-
curred at a value of the parameter of approzimately

SBo' W 1077,

As "a result of the indications of figure 6, &Hables
IV and V were prepared to compare the qgualitative recov-
ery data on the basis of the inertia yawing-moment param-
eter, In table IV, the data are arranged to show the ef-
fect of slots for loading variations of the individual
models; whereas in table V the data are grouped together
for all models. These data indicate that, for the models
of which the spin characteristics were investigated for
more than one mass distribution, the slot effect tended

ek B 4 Ly
S was algebra-

Iy - 1
2 ——z became alge-
mb 2

to become adverse as the value of

ically increased. As the value of

braically smaller, the open slots tended to have a favor-
able effect when the elevator was neutral or down and to
have little effect when the elevator was full up. The
fact that separation of favorable and adverse effects is
not complete indicates that mass distribution, although a
primary factor, is not the sole factor which determiaes




slot effect. For elevator-up configurations, for example,
the critical value of the parameter appears to be shifted
to a larger negative value than for the elevator-neutral
end elevator-down configurations. In some cases when re-
coveries with slcts closed were either extremely rapid or
extremely slow, the effect of opening the slots was not
noticeable. This faet accounts for the occurrence 0f a
large proportion of the neutral effects at either end of
the mass-parameter scale.
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The results are interpreted as indicating that open
slots will retard recovery for airplanes with mass distri-
buted chiefly along the wings - that is, multiengine air-
planes or single-engine airplanes with armament or fuel
located in the wings ~ and that the effect may be of
serious magnitude. If the mags distribution is esuffi-
ciently light aleng the wings and heavy along the fuse-
lage, open. slots will generally assist recovery when the
elevgtor is reutral or down and will have little effect
when t he elevator is full up.

The effect of slots on the steady-spin parameters,
as shown by a study of table II, appears. to be a change
of angle of wing tilt which leads to lowering of the in-
board tip when the slots are open, This effect occurred
regardless of loading, control setting, and individual
model characteristics, For loading conditions for which

Iy =~ Iy
— 5 Was algebraically greater than approximately
mb "~

~4
-80 x 10
decrease the vertical velocity.

, .0ven slcts tended to flatten the spin and to
For loadings for which

IX o .L“l"

N was algebraically less than approximately

mb :
-—d .

~-80 x 10 ", open slots had only a small effect upon angle

of attack and vertical velocity.

In general, it may be said that, for both recoveries
and steady spins, the adverse effects were ¢f larger mag-
nitude than were the favorable effects. No consistent
trend of the effect of slots on the angular velocity was
noted.




CONCLUSIONS

From tests in the NACA 15-foot free-spinning tunnel
of five models of recent airplanes having slots on the
leading edges of the wings, the following conclusions are
indicated:

1. Leading-edge slots, either partial or full span,
may seriously affect the recovery from the spin, The ef-
fect may be either adverse or favorable depending on the
mass distribution of the airplane.

2, The adverse or favorable slot effect may be gen-
erally predicted from design data by use of a nondimen-
sional mass-distribution parsmeter.

3, TFor single—engine designs with mass distributed
heavily along the wings and for multiengine designs, open
slots will have an adverse effect on spin recoveries.,

For single-engine designs heavily loaded alcng the fuse-
lage, open slots will generally improve spin recoveries
when the elsvator is neutral or down; there will be only
little effect when the elevator is full up.

4, Open slots will tend to depress the inboard wing
in a spin, regardless of mass distribution. For mass
distributions for which open slcts have an adverse effect
on recovery, the spin will be flatter and the rate of
descent lower with slots open than with slots closed.

For mass distributiens for which open slcts are favorable
to recovery, there will be only little effect upon the
steady spin when the slots are opened.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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MOMENTS OF INERTIA OF AIRPLANES

REPRESENTED BY MODELS
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TABLE II
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EFFECT OF SLOTS ON STEADY-SPIN CHARACTERISTI CS
E\ll spins made to the right; all values of V given in fps (full scale); a and % in deg; @ in radtans/sec (full scaleg
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®Basic loading denoted by A; variations by B, C, and D.

bRecoverie. from this spin are 1& turns with slots closed, 1 turn with slots open.



10 TABLE III.- EFFECT OP SLOTS ON RECOVERIES" XACA
EAll recoveries attempted by full rudder reversal - full with to full .glin.tj
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®¥otation used throughout as follows:
(1) Left-hand symbol denotes slots cloased; right-hand symbol, slots open.

(z)Q/O

- ¥

(3) KA%: Slots show no effect on recovery when h ¢ é turn.

(h)A_\‘E,}, Slots favorable to reeovery when <h) % turn.

@0 1

% Slots adverse %o recovery when h > % turn.

Arrowed 1 denotes no recovery im Y turns.

Model w

-

4 not spin.
bpesic loading denoted by A; variatioms
CVelocity too high to test.
Spin wandering and oscillatory.

®3pin steep, wandering, amd oscillatory.
fapin wemdering

(Considere

, by B,C, and D.
d to recover in not more than 1/2 tary.)

(1 block = 10/40%)

(Considered to recover in not more than 1/2 turn.)
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TABLE IV. - SLOT EFFECT® FOR VARIED MASS DISTRIBUTION
Contrpl Model
Allerons |Elevator 3 2 3 L
LR, + — 0 +| O + — +
Witk -({ Beubral | & + + — +| O & O +
SR S0 . © O Ml E TR 0 +
, RO Q0+ k=0 =0 & = G s
Neutral Neutral O O b /A O O ol _+_ O A O A
W™ 10 ©C + A0 + 4+ +| O A O A
Acalrist Negiral <> C) _% —F C> () CD C> <) _F. C> —F
E 0 == == A | CO-L. == o N o i T .
B 1 O <+ Al O O = P E o) O b
Loading (2) D Cc B A D A B c A B B A
| - ;;Y 10 -22 -61 -91| 74k -48 -78 -1U3| -L8 -159 =Ly ~8Ne8

L ISP 1
Effect of slots on recovery - adverse denoted by o; none, by +; favorable, by A;

1ncomplete data, by
“Basic loading denoted by A; variations, by B, C,

)

and D.
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TABLE V. - ADVERSE OR FAVORABLE SLOT EFFECTl AS DETERMINED BY
Iy - I
THE MASS-DISTRIBUTION FARAVETER —— %
mbe
Control M‘zgjl
Alleras|Blevator| 2 1 I e S 2 1A 5 2 3 La
EpR Sk OR=— Oss O = + + T
With [Neutral|+ O O—0O+ — —— — " -+
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2" 10O O 000+ + +A— + A bt
PO O O000 + C+— © -+ =
Againstiieutral ® O D=0 — O — + O N
pown |t o QOeq o @i + O A
80 e 4,0 -80 -120 -160 -200  =2l,0x10~k
Iy = Iy
mb2
lgffect of slots on recovery - adverse denoted by o; none, by +; favorable, by A;
incomplete data, by —-. =
°Basic loading denoted by A. (;E
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NACA ‘Figs. 1,2

Figure 1.- Model 1. A 1/20-scale model of the Curtiss XP-486
airplane.

Figure 2.- Model 2. A 1/20-scale model of the Curtiss XSB2C-1
airplane.



Figure 3.- Model 3. A 1/30-scale model of the
airplane.

Figure 5.- Model 5. A 1/16-scale model of the
Factory XOSN-1 airplane.

Curtiss 0-52

Naval Aircraft



Figure 4.- Model 4. A 1/l4-scale model

of the Curtiss

Xs03C-1

landplane.
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NACA Fig.6

(1 block = 10divisions on V25" Eng, sca)e)
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Figure 6, - Separation of slot effect by means of several
mass-distribution parameters. All spins with ailerons

and elevator neutral.




