SR AT O RNAT ION

CONFIDENHAL Copy

RM L.53C06

oW
NACA RM 1.53C06

RESEARCH MEMGORANDUM

FREE -SPINNING-TUNNEL INVESTIGATION TO DETERMINE
THE EFFECT ON SPINS AND RECOVERIES OF WING LEADING-EDGE
CHORD-EXTENSIONS AND DROOPED LEADING-EDGE FLAPS ON SCALE
MODELS OF TWO SWEPTBACK-~WING FIGHTER AIRPLANES

By Jack H, Wilson and Walter J. Klinar

CLASSIFICATION CHARREE aoratory

N UNCLASSIFIED

2 ) _,_
/7/3(,4 Aa W 54€!!&4w
e, a an .
By authority of ____ .ff.-.’.'.".‘i ......... D!*B.';.J‘M_Z(a-d—.ﬂ/, c Ty 4
—s‘ CIAS@DW
sy I § 43
PR 5703 S s ottt 0 s s o e it syt U, g

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
May 8, 1953

TONFIDERTTAL -




L 'IHIH |"HHIRME!|HL I

NACA RM L53C06 31 01436 9780

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FREE-SPINNING-TUNREL INVESTIGATION TO DETERMINE
THE EFFECT ON SPINS AND RECOVERIES OF WING LEADING-EDGE
CHCRD-EXTENSIONS AND DROOPED LEADING-EDGE FLAPS ON SCALE
MODELS OF TWO SWEPTBACK-WING FIGHTER ATRPLANES

By Jack H. Wilson and Walter J. Klinar
SUMMARY

An investigation has been conducted in the Langley 20-foot free-
splnning tunnel to determine the effect of wing leading-edge chord-
extensions and drooped leading-edge flaps on the spin and spin-recovery
characteristics of models of two swept-wing fighter alirplanes. The
models were Iinvestlgated at loading conditions corresponding to distri-
butions of welght considered typical for alrplanes of this type. The
investigation included chord-extensions in the plane of the wing and
also chord-extensions deflected in combination with drooped leading-

edge flaps.

The results of the investigation indicated that the chord-extensions
had no appreciable effect on spin or spin-recovery charscteristics when
installed in the plane of the wing. Results with chord-extensions
drooped in combination with drooped leading-edge flaps indicated a bene-
ficial effect when the droop angle was of sufficient amount. The bene-
ficlal effect obtained, however, was sttributed to the drooped leading-
edge £lap for the loading Investigated and not to the chord-extensions.
For loadings with the mess heavily distributed along the wings, however,
as might occur with heavy load items Installed on the wings, analysis
indicastes that drooping the leading-edge flaps may produce an adverse
effect.

INTRODUCTION

Wing leading-edge chord-extensions have been suggested as a means
for improving the longitudinal stability characteristics at mocderate and
high 1ift coefficients of airplanes having sweptback wings (refs. 1, 2,
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and 3). Reference 1 also points out that leading-edge chord-extensions
used in combination with a drooped leading-edge flap on & sweptback
wing improve the maximm 1ift coefficient and the drag due to 1lift in
addition to improving the longitudinal stability characteristics. Inas-
much as no Information was availlable on the effects of chord-extensions
or drooped leading-edge flaps on airplanes in spins, an investigation
was undertaken in the Langley 20-foot free-spinning tunnel to provide
information on this subject. The results of this investigation are
reported herein. Models of two contemporary swept-wing fighter designs
were used as the test wvehicles for the investigstion. Both models were
tested with chord-extensions fixed in the chord plane of the wing and
one of the models was tested with the chord-extensions drooped in com-
bination with a drooped leading-edge flap. A drooped leading-edge flap
alone was also tested on this model.

SYMBOLS

A pketch of an airplene in a spin showing positive directions of
body axes and moments and other pertinent information relating to the
spin is shown es figure 1.

b wing span, ft
S wing area, sq ft

wing chord at any station slong span, £t

(e}

mean aerodynamic chord, ft

(e]]

x/d ratio of distance of center of gravity rearward of leading
edge of mean serodynsmic chord to mean aserodynamic chord

z/E ratio of distance between center of gravity and fuselage
reference line to mean aerodynsmic chord (positive when
center of gravity is below reference line)

m mass of airplane, slugs
Ix,Iy,Iy moments of inertia about X, Y, and Z body axes, respectively,
slug-ft2
- I
Ix—z—g- inertia yawing-moment parameter
mb

S
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Iv -
-Y——I—& inertia rolling-moment parameter
mb?
I, -
—ZL—-—Z—IE inertia pitching-moment psrameter
mb
p air density, slugs/cu £t
13 relative density of airplanpe, m/ pSh
« angle between fuselage reference line and vertical (approx-

imately equal to the true angle of attack at plane of
symmetry), deg

[ angle between span axis and horizomtal, deg

V4 full-scale true rate of descent, ft/sec

Q full-scale angular veloclty about spip axis, rps

L,M,N roll, pitch, and yaw moments, respectively, about body
axes, ft-1b

APPARATUS AND METHODS

Model

The two models used for the present investigation were constructed
principally of balsa. The chord-extensions were formed by fairing
clrcular-arc extensions of thin alumimum sheet from a point ahead of
the wing to the point of maximm thickness on the airfoil. The models
are considered &s representative of current swept-wing fighter airplanes,
model A being considered a 1/24-scale model, and model B, a 1/25-scale
model. Three-view drawings of models A and B are shown as figures 2
and 3, respectively. The three undrooped chord-extensions investigated
on model A are shown in figure 4 and the drooped chord-extensions inves-
tigated in combination with the drooped leading-edge flaps are shown in
figure 5 (chord-extensions and leading-edge flaps deflect the same
amount). Figure 6 illustrates the chord-extension (undrooped) investi-
gated on model B. The geoametric characteristics of the models scaled
up to sirplane values are presented in table I.

Model A was ballasted to obtain dynamic similarity to an airplane
at an arbitrary altitude of 20,000 feet (p = 0.001267 slug/cu f£t);
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whereas model B was arbitrerily ballasted at an equivalent test altitude
of 25,000 feet (p = 0.001065 slug/cu ft). A magnetic remote-control
mechanism was instelled in each of the models to actuate the controls
for the recovery attempts and sufficient moments were exerted on the
controls during the recovery attempts to reverse them fully and rapidly.

Wind Tunnel and Testing Technique

The tests were performed in the Langley 20-foot free-spinning tun-
nel, the operation of which 1s, in general, similar to that described
in reference 4 for the Langley 15-foot free-spinning tummel, except
that the model launching technique has been changed. The model 1is
launched by hand into the verticelly rising air stream with the controls
set in the desired position. The airspeed is adjusted until the upward
force of the alr balances the weight of the model and, after a number of
turns in the establisghed spin, recovery is asttempted by movement of the
controls. After recovery, or after the test is completed, the model
dives or is lowered Into a safety net. The model is retrieved, the con-
trols reset to the desired positions, and the next spin 1s made. A
photograph of one of the models during a spin is shown as figure T.

The spin data presented have been converted to corresponding full-
scale values by methods described in reference 4. The turns for recovery
are measured from the time the controls are moved to the time the spin
rotation ceases. For the spins which had a rate of descent in excess of
that which can be attained readily 1n the tunnel, the rate of descent
was recorded as greater than the tunnel airspeed at the time the model
hit the safety net, for exsmple, >370. For these tests, the recovery
was attempted before the model reached its finel attitude and while the
model was still descending in the tunnel. Such results are conserva-
tive; that 1s, recoveries will not be as fast &s when the model is in
the finsl steeper attitude. For recovery attempts in which the model
struck the safety net while it was still in a spin, the recovery was
recorded as greater than the number of turns from the time the controls
were moved to the time the model struck the net, for example, >3. A
>3-turn recovery, however, does not necessarily indicate an improvement
over a >T-turn recovery. For recovery attempts in which the model 4did
not recover after 10 turns, the recovery was recorded as «. When the
model recovered without control. movement with the rudder set with the
spin, the result was recorded &s "no spin.”

Spin-tunnel tests are usually made to determine the spin and recov-
ery characteristice of the model at the normal spinning control config-
uration (elevator full up, ailerons neutral, and rudder full with the
spin) and et varilous other aileron-elevator control combinations including
zero and meximum deflections. Recovery 1s generally ettempted by rapid
full rudder reversal. Tests are slso performed to evaluate the possible
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adverse effects on recovery of smell deviations from the normal control
configuration for spinning. For this type of test, the sailerons are
set at one-third of the full deflection In the direction conducive to
slower recoverles and the elevator is set at two-thirds of its full-up
deflection or full up, whichever is conducive to slower recoveriles.

For the tests reported herein recoveries were attempted by rapid rudder
reversal from full with to only two-thirds agsinst the spin. Recovery
characteristics were conslidered satisfactory 1f recovery from the spin

occurred in zi-turns or less. This criterion was used on the basis of
a correlstion of available full-scale-airplane spin-recovery data and

corresponding model test results.

PRECISION

The results of model tests presented are believed to be true values
given by the model within the following limits:

a,, deg . . L] - L] - - - . . L) - - - - L - - - - L] . - - L] . - L) [ 3 L] il
ﬁ ’ d.es L2 - a - L - L - L . L] - . - L] L] - . - L] - - - - [ L ] L] L ] * * il
v, Percent L] L] . . - L] - - L] L] . L) L] L] L] . L) L] - a L) L] *., » - . * L] is
Q, percent . . .+ 4 & o @ s . . e e s ® e s o s s & s s o 8 e +2
Turns for recovery:
Obtalned from £1Im . . . 4 « o « ¢ ¢ o o o =2 o 5 o s s ¢ s » o = j;%
Obtained by visusl observation . . « « ¢« ¢« ¢ ¢ ¢ 4 4 & ¢ ¢« ¢ o« o ﬁ:%

The preceding limits may have been exceeded for some of the spins
in which it was difficult to control the model in the tunnel because of
the high rate of descent or because of the wandering or oscillatory
nature of the spin.

Comparison between model and full-scale results (ref. 5) indicates
that model tests satisfactorily predicted full-scale recovery charac-
teristics approximately 90 percent of the time. For the remaining
10 percent, about half of the model results were optimistic and half
were pessimistic; these results, however, were of value in predicting
same of the detalls of the fulil-scale spins and recoveries. The air-
plane generally spun at an angle of attack cleoser to 45° than did the
model and at a higher altitude loss per revolution than the model,
although the higher rate of descent was found to be associated with the
smaller angle of attack. The model generally spun with more outward
sideslip than did the corresponding airplane.
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The accuracy of measuring the weight and mass distribution of the
model 1s believed to be within the following limits:

we i@t , percent - . . L] - L] - . . L L] e L L] L ] - . L] . - . . - * L] tl
Center of gravity, Percent © « « « o « o o o o o o o « o o o o o « %1
Moments of Inertia, percent . . ¢« « ¢ 2 ¢ ¢ ¢« ¢ v =« « o o s & o = +5

The controls were set with an accuracy of +1°.
TEST CONDITIORS

Three sets of chord-extensions in the plane of the wing were inves-
tigated on the outboard portion of the wing of model A and one set wes
investigated on model B. As is shown in figure 4, the extensions on
model A were 15 and 25 percent of the chord and extended inboard from
the wing tip to the TO-percent and 50-percent semispan stations. The
chord-extensions investigated on model B (fig. 6) extended chordwlise
0.15c and spanwise from the wing tip to 0.65b/2. Model A was also
investigated with and without leading-edge chord-extensions 0.15c and
25 percent of the span attached to drooped leading-edge flaps as shown
in figure 5. Because of the manner in which the wing of model A was
constructed, it was not feasible to extend the leading-edge flaps and
chord-extensions to the wing tip. Three different amounts of droop were
investigated: 6°, 18°, and 30°. The loading condition investigated on
each of the models, which corresponded to normal distributions of mass
for airplane configurations of this type, 1s indicated in table II.

The maximum control settings (measured perpendicular to the hinge
lines) used for the investigation were:

Model A

Model B

Rudder, deg . . . .
Elevator, deg . . .
Allerons, deg . « «

20 right, 20 left
25 up, 15 down
20 up, 20 down

30 right, 30 left
25 up, 15 down
16 up, 16 down

RESULTS AND DISCUSSION

The results of the investigation are presented in charts 1 to 9.
In those instances where no data are presented in the charts for certain
control configurations, no tests were conducted because the data were

not considered necessary for the anslysis presented herein.

The model



NACA RM L53C06 il 7

dste are presented in terms of full-scale airplane values. Right and
left spins of the models were, 1n general, similar, and therefore the
data on the charts are arbitrarlly presented in terms of right spins.

Effect of Chord-Extensions in Plene of Wing

Charts 1 to 5 1llustrate the effect of installing chord-extensions
in the plane of the wing on the spin and spin-recovery characteristiecs
of models A and B. Comparison of chart 1 with charts 2, 3, and 4 shows
that the three sets of chord-extensions investigated on model A had
little effect on its spin or spin-recovery charscteristics, the recov-
eries from ailleron-against spins being unsatisfactory and recoveries
from the aileron-neutral or aileron-with spins being satisfactory with
or without chord-extensions Installed. Deta presented in chart 5§ show
also that model B was not affected by instailation of the chord-extensions
in that the model did not spin, or spun steeply and recovered rapidly,
with chord-extensions installed or removed.

It would be anticlipated that the addition of chord-extensions should
produce an anti-spin rolling moment or an aileron-against effect in a
spin (rolling moment to the left in a right spin) in light of the fact
that the chord-extension on the inboard wing (right wing in a right
spin) 1s operating at a higher angle of attack, and thus at a greater
normal-force coefficient, than the chord-extension on the outboard wing.
On thie basis it would be expected that adding chord-extensions would
have a more pronounced effect on the spin-recovery characteristics of
model A than those of model B because the spin-recovery characteristics
of model A were greatly sffected by alileron setting whereas those of
model B were not. Inasmuch a8 the chord-extensions investigated pro-
duced little effect, however, the rolling moment contributed by them
must have been very small. The chord-extensions investigated on the
models are within the range of practical chord-extensions that might be
installed on airplanes of this type, esnd thus it would appesr that chord-
extensions installed in the plane of the wing should have little effect
on spin or spin-recovery characteristics of alrplane configurations
similar to the models that were investigated.

Effect of Drooped Leading-Edge Flaps and of Drooped
Chord-Extensions in Combination With
Drooped Leading-Edge Flaps
Results of tests performed with drooped leading-edge flaps alone

and Iin cambination wlth drooped chord-extensions are presented in
charts 6 to 9. As has been stated previously, these tests were conducted
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only for model A and only for one set of chord-extensions (0.15 chord-
extension extending inboard from near the tip to the TO-percent-semispan
station). Drooped chord-extensions alone were not investigated inasmuch
as static-force dats presented in reference 1 for a wing similar to the
one installed on model A had indicated that 1t was necessary to droop s
considerable portion of the nose flap along with the chord-extensions

to obtain substantial gains in maximm 1ift coefficilent and drag due to
1lift while still maintaining satisfactory stability characteristics.

Comperison of chart 6 with chart 1 indicetes that with the leading-
edge flaps drooped 30° (no chord-extensions ingtalled) there was an
appreciable change in the spin characteristics of the model. Although
poor recoveries had been obtained from the aileron-zgainst spins with
the leading-edge flaps undrooped, with the leading-edge flaps drooped
30°, the model did not spin for this setting of the ailerons. The
results alsc indlecated that with leading-edge flaps drooped 30° the
model would probably not spin for neutral end down elevator settings
with allerons neutral. Although the aileron-full-with spins were not
investigated with flape drooped, no adverse effect would be anticipated
for these control settings inaemuch as the Increase in cember brought
about by deflecting leading-edge flaps acts in a manner to increase the
pro-spin rolling moment (right rolling moment in a right spin), as do
alleron-with settings. In fact, the beneficial effect of the drocoped
leading-edge flaps for the loading condition investigated appears to be
attributed to the increased pro-spln rolling moment brought about by
drooping the flaps. It should be noted, however, thet, if the model
had been losded more heavily along the wing such that the inertis yawlng-

Ix - Iy

mb2e
leading-edge fleps may have had an adverse effect. Such loadings are
unlikely on airplanes of this type, however, unless very large fuel
tanks or very heavy stores are installed on or within the wing. The
effect of drooping leading-edge flaps appears to be similar to the effect
of leading~edge slots as indicated by unpresented test results of swept-
wing models and as noted in reference 6 for models of straight-wing
ailrplanes.

moment parameter approached O or became positive, drooped

Comparison of data presented 1n chart 7 with the data presented in
chart 6 shows that installing chord-extensions on the drooped leading-
edge flaps (flaps and chord-extensions drooped 30°) did not impair the
effectiveness of drooped leading-edge flaps; therefore, the changes in
the aerodynemic forces and moments at spinning sttitudes brought about
by the addition of the chord-extensions were probably small. With the
leading-edge flap and chord-extension configuration deflected only 6°,
results somewhat similsr to those with undrooped fleps were obtained in
that recoveries from sileron-sgainst spins were unsatisfactory; whereas
with chord-extensions and flaps drooped 18°, results similar in nature
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to those obtained with flaps drocped 30° were obtained. (See

charte 1, T, 8, and 9.) Results of the foregoing tests thus show that
the leading-edge flaps and chord-extensions had to be drooped approxi-
mately 18° to obtain a beneficial effect. It should be pointed out that
drooped chord-extensions slone may be beneflcisl in splns for ailrplanes
having gecmetric and mass characteristics similar to those of the model
tested, for chord-extensions having large spans. As has been stated
previously, had the model been investigated with the mass heavily dils-
tributed along the wings, the drooped leading-edge flaps may have had
an adverse effect.

CONCLUSIONS

Based upon the results of the spin-tunnel investigation of the
effect of wing chord-extensions and drooped lesding-edge flaps on the
spin and spin-recovery characteristics of models of two swept-wing
fighter designs, the following conclusions are made:

1. Undrooped chord-extenslions had no appreciable effect upon the
model spin or spin-recovery characteristics.

2. Drooped chord-extensions in combination with drooped leading-
edge flaps had a beneficial effect on the spin characteristics, provided
the amount of droop was approximately as much as 18°. The improvement
in spin charascteristics was due to the drooped leading-edge flaps for
the loading investigated (mass distributed chiefly along the fuselage).
For loadings such that the mass 1s heavily distributed along the wings,
however, drooped leading-edge flaps may have an adverse effect.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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TABLE I.- FULL-SCALE DIMENSIONAL, CHARACTERISTICS AS
REPRESENTED BY THE MODELS
Model A Model B
Over-all length, £ft . . . . . . . . . . 54.25 b 71
Center-of -gravity location, percent ¢ . 23.0 25.9
Wing:
Span, £H & & ¢ 4 0 0 8 4 e 4 4 e 4 e . 39.67 32.28
Area, 8@ £t « « « ¢ o 4 4 4 0 e 0 s . 350 260.40
Sweepback at c/k4, deg c e e e . . e 35 40
Incidence, deg . « « « « ¢ ¢ o « o+ o o 1 3
Dihedral, deg « « « « + « =« e e e o) 3
Section . &« s+ s s s s e s o e « o« + «]|NACA 65-009 | Circular arc
Aspect rabio . . . 4 . . 4 e e e . . s 4.5 k.0
Mean serodynsmic_ chord, 5 ... ... 9.8 8.4
Leading edge of & rearward of leading
edge at root chord, ft . . . . . . . 6.8 6.6
Ailerons:
Area, 8@ £t .« ¢« 4 4 4 4 4 4 e e s s 18.4 21.6
Span, percent B/2 « . .+ ¢ 4 . . 4 . . . 37.8 50.4
Hinge-line location, percent ¢ . . . . T5 80
Horizontal taill surfaces:
Total area, =15 TR i - 66.8 43.7
Span, £t ¢« ¢ ¢ ¢ e e . . . . 15.3 12.8
Elevator area, rearward of hinge line,
=To T . - 15.6 8.h
Distance from center of gravity to
elevator hinge line st fuselage
center line, £t « + « « o « « « o o« 26.3 20.8
Incidence, deg . « « « « « & s e e o o
Sweepback at c/4, deg . . . . . o e 35 40
Vertical tall surfaces:
Totel area, sq £t « « . . . . .. k6.6 38.6
Rudder srea, s £t .« . . . « . . . 10.7 4.8
Distance from center of gravity to
rudder hinge line at base of
rudder, £t . . . . . . e e e e e s 27.k 20.7




TARBLE II.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE TWO MCDELS INVESTIGATED

[Values given as corresponding full-scale velues of & l/ 2h-geale model for model A and of a

1/25-scale model for model B; moments of inertis are given about center of gra.vity]

Center-
u of-gravity Moments of 1n§rtia, Mess parameters
location slug-ft
Weight
Model. el%h ’
Simulated
sea | vest || ze| T | G| | EBol | ol |-k
levellaltitude mb? mb? wb?
A 17,107 |16.1 at 0.230] -0.058|20,120(|54,920|72,268| -416 x 107"|-207 x 10™'|623 x 10~
20,000 ft
57.9
B 16,667 |25.9 at .259| .012) T,478)67,929|73,010|-1120 =gl 1214
25,000 ft

2T

QO0EST Wi VOVN
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CHART l.- SPIN AND REOOWERY CHARACTERISTICS OF MODEL 4 IK THR CLEAN COMDITION

[Recovery attexpted by rapid full rudder reversal unless otherwise noted (recovery attempted
from and steady-apin dats presented for rudder-full-with spins); right erect spins

Two conditiona

possible
[
]
48} to l*% % 38| 2p
| 5
App. App. App
257 0.27] 229 0.29 R 290 «30 »326
8l a 5
1] 1 : ’i 1
L, >52' 5 >9 E)ﬂ;\ -2 2 E
Two conditions possible
36} 20D
bl o} 22w
Elevator n s
—5—————{ER- PP
Z o 283 [0-30 H270 030 Fi
H c [ c ™
oo »>2 >7 33
ot
>
O —
-
[
'
519‘. 12D
79 | 250 Ailerons full against Allerona full with
App.h a9 (8tiok left) App. {Stick right) 326
3 291
b b,d b,a
% >9 B o% 3
é Z
A5
[ [
43
gla
Q)
~
%}
3
&%
lp * D.2
2k p-29
° 1 1
i >3
‘lnnderins, extremely oscillatory spin; range of values given. a &
bﬁecovery attempted before model in final, steepesr attitude. {deg! | (deg!
®Recovery attempted by reveraing rudder from ~Wodel ¥alues v a
2 converted to
full with to L1 agseinst the spin. corresponding (fps) trps}
9)cdel recoversd and then went into sn inverted 5“11;:‘;:1:1;"":;" Turns for
spin. €
. D inner wing down recovery
Visual estimate.
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CHART 2.- SPIN AKD RECOVERY CHARACTERISTIOS OF MODRL. A WITE CHOHD-

EXTENSION 1 INS

[Recovery sttempted by rapid full rudder reversal unless otherwise noted (reocovery attempted
from and stesdy-spin data presented for rudder-full-with spins); right erect apim]

Two conditions posaible

a
180 0 oD
31| 197 25 5 36] 30
APD. 19,28 [APP: |0.30 2 270 0.2 >326
233 [°-28 1287 03 1l A 70 1029 32
21 8 B
>25 >9| ¥ >3 gl 3 13
g
Two conditions posaible
a
p| 38l o g
i 25 28] 1 a:.;
Elevator App. 0.2814pp: |0 31| &|2
= = 270 1] Nkl A 1
Fw I & @& 2 8 E
B = | g 26| B2
(™)
a
9| 23D 5D
2 33y ho| 2y
0.31 Ailerons full against 263 [0.32 dilsrons full with
2l (0.3 - fSuisk Teftr | 263[0:3 {Stick right) >526
13 N c,8 o,e
1 >6 1, Iy 2 2
iz
3|k
b
alé
Ar
dlo
bl
1
plo
Q] ~
-
]
&
29 8o
la] 8o
AppP.
3 2510.56
° c
1, >k z& 23
‘ﬂmdarins, extremely osoillatory apin;g range of values given. a &
Byisusl eatimmte. tdeg) | tdeq)
®Recovery attempted before model in final steeperjModel values v a
attitude. onverted to (fpa) | t(rps}
dRecovery attempted by reversel of rudder from |cOrrespending
2 full-scale values.
full with to 3 ageinat the spin. inner wing up Turns for
inner wing downj recovery

Slodel recovered and then went intc an inverted
spin.
fosoillatory apin, range of velues given.




NAGA Rl 153006 e— 15
CHART 3%.- SPIN AND RECOVERY CHARACTERISTICS OF KODEL A WITH
CHORD~EXTENSION 2 INSTALLED
[Reeovery attempted by rapid full rudder reversal (recovery attempted from and steady-spin
data presented for rudder-full-with spins); right erect npimg
Two conditions posaible
s
104 35| 10D
k| 24 23|18 38} av
2229 0.2q pEE"p.28 276 [0.30 >326
236 | -9 257 P- 76 (0.3 2
b
w38 = b2 2
b
Ey
=1k
alx
EY)
&3
«ln
» |
g N
%)
36 0
. Ailerops fyll sgainst DD Ailerons full with
(Stick left) 27010.31 (Stick right)
1, 13
F
Ak
&S
e
o|le
D
bl
Hd
¥
a
2] 6
so| 11U
App.lg,
£57[0-3 L 326
1 I.s b.lo b,B
>2, >27 %-_, &
&yandering, extremely omoillstory spin; range of values given. N
DRecovery attempted before modsl in final, steeper attitude. i (d‘:” (deg)
°Kodei:eoovered and then went into an inverted [, uel values - =
spin. converted to (fps
corresponding ps (rps}
full-scale values.
U 1inner wing up Turns for
D inner wing down recovery




16 L NACA RM L53C06

OHART .- 8PIN AND RECOVERY CHARACTERISTICS OF MODEL 4 WITH
CHORD-EXTENSION 3 IKSTALLED

[Reoovery attempted hl- rapid full rudder reversal unless othsrwise noted (recovery attempted
from and ateady-spin dats presented for rudder—full-with spins); right erect spina

Two condit 10.1.15 poasible

6
LEEE: | =
App. App. .
55 0.27 557 0.27 . 290/ 0.30 D326
| 1 11 1
>7 &, >5 § a i 7
il o
pr| HTEN

Two conditions possible
a

2
1 —_
RIEIE
Elsvator App.] o,3d APR+| g,
—Sagvater o TR 0.30 27019 2 § E
3WF s HE;
>h >2, o i
~
L]
15D
5 380 ] m
Atlerons full against App. Allercns full with
257 p.29 TSOIoE 1576 2P8°[ 0+344 (Stiok right) 326
1 b,d  b,a4
B >l|- &5 ]& 1,

Elevator full down
(8tick forward)

3andering, extremely oscillatory spin; renge of values given.
bBocovery attempted befvre model in final, steeper attitude. td: ) (dts)
CRecovery attempted by reverssl of rudder from YIRS ¢
full with to § against the spin. N veried to ola
corresponding pe (rps
d)Model recovered and then went into an inverted | full-scale values.
spin. U 1inner wing up Turns for
D inner wing down recovery




CHART 5.- SPIN lllD REQOVERY CHARACTERIZTICS OF KODEL B WITHOUT CHOBD-EXTEMIIONS INSTALLED
AND WITE CHOBD-EXTEKSIOME 1NSTALLED

[Raaover; attempted by rapid full rudder reversil unless otherwise noted {recovery attempted from and stesdy-apin data presentod
tor rodder-full-with spina}; right erect spines

e

9OD$ST W YOVM

CLEAX Atdepons CEORD-EXTKNEIONA INATALLED
e Aflarons 1 with
a Two oondliions possible .5__. Tao conditions posaible 3
LY
xo [aPIN %|apIn ‘g%', > 570 >370 ™ |srxm N BPIN ;P,g' >374 370
1] b +0y ﬂ 4 b4 L] 1] Ba b a
5 1 1 1001 1
&l é ﬁl El & E’ z E' T.i E’ IJ‘I:'
T °E
E"au Elevaton 5 o i
FE 370 > i34 >370
a9 rw 5 3w
o 0,0 a b,8 b, b
» 1 a -
P_I !
Mhru?l .:ull Allerons
o T (Btlok rigm)  ”57° WO |BFLN [ *~Ta}Tok laft (Sviak right >370
b. o N
Pl 3
§8 3 g 3
aly r
M K
a 3“ ggsn
mFr:u W 570
13
1
1
eSSy Rt ST ALY TS TIAR, rensty 660 ot ¢ v p
SReoovery attempted by reversal of sudder rro- full with to inat the spin. e
Syinml eatimmta, y 3 Lo . ?.a‘:h!:i"t: (4ag) | (20g)
oorresponding v n
full-soalo values. (rps) | (£pa)

U ipnar wlog wp

D _immor wing down furns tor

TROOYery

LT
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CHART 6.- SPIN AND RECOVERY CEARACTERISTICS OF MODEL A WITH LEADING-EDGE FLAPS DROOPED 30°

[Becovery attempted rapid full rudder reversal unless otherwise noted (recovery attempted
from and steady-spin date presented for rudder-full-with spins); right erect apins]

Allerons full against

53 2D

237 lo.30

Elevator full up
(Stiok back)

Ailerone full with

NO @PIN

(8tick lefrt)

RO |SPIN

(Stick right)

Elevator full down
(Stick forward)

Syodel becomes increasingly oscillatory in a é
roll and yaw and sventually osclllates out (deg) [ tdeg}

of the spin. Mcdel values P a
Bosoillatory apin; range of values given. converted to A ,
corresponding pe {rps

full~acale values.
U inner wing up Turns for
recovery

D inner wing down
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CEART T.~ SPIK AND RECOVERY CHARACTERISTICS OF MODEL &
WITH LEADING-EDGE FILAPS AND OBORD-EXTENSION DROOPED 309

[Reoovory attempted rapid full rudder reversal unless othsfwise noted (recovery sttempted
from and steady-spin dats presented for rudder-full-with spins); right ersct apina]

CS

R
N4
W
o

KO FPIN

against

o
£

4
(¥ ot

o
a

o
N

Ailerons

Blal

Elevator
—5 — "7 RO |SPIX

2
3 P

Elevator full up
(Stiok baok)

Two conditions possible
a

Allerons full against A Allerons full with
0 >326
(Stiok lert) E&i X0 | 8rl (Stick right) 22

o
o
o

i
e
AL
£

Rlevator full down
(Stieck forward)

NO |[8PIN

SNAGA

%}odel becomes increasingly oscillatory in roll and a ¢
. yaw and eventually oscil tes out of the spin. (deg} | tdeg!}
ecovery attempted before modsl in final 1 :
stesper attitude. Mo i ee v n
corresponding (fps) | (rps)
full-scale values.
U laoner wing up Turns for
D inger win! down ‘ recovery
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CHART 8.- SPIN AND RECOVERY CHARACTERISTICS OF
MODEL A WITH LEADING-EDGE FLAPS AND CHORD-EXTENSION DROOPED 18°

[Reoovery‘ attempted rapid full rudder reversal unless otherwise noted (recovery
attempted om, steady-spin data presented for, rudder-full-with spina); right

erect spins

&
App pp
257 » 290
i al s 2
<P
O
D e
8| & =]
o
Elevator | 252 H
2 32 ul o
up -l
3 s HiE
1 1 b=
> F g
a
APE ~_ Allerons full against 326 Allerons full with
25 {Stick lert) > (Stiok right)
b b . b ) b
1
e 3z

Elevetor full down
(Stick forward)

a“mdering, extremely osclllatory apin.
bPRecovery attempted before model in finel [d:u td:el
steeper attitude.
SRecovery attempied reversing rudder from ::g::ir::iu:: v a
full with to 3 agalnst the spin. corresponding (fps) | (cps)
full-scale values.
U inner wing up Turns for
D inner wing down recovery
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CHART 9.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL A
WITH LEADING-EDGE FLAPS AND CHORD-RXTENSION DROOPED 4°

21

Recovery attempted by rapid full rudder reversal unlesa othesrwise noted {recovery
attempted from, and stesdy-spin dats presented for, rudder-full-with spins); right

erect s pinn]

g
Fr)
5 b E E
2 >3t 5
¢ 3l &
4'_.,“
[+
L2l 7
Blevato, 2
Zvu r 282 0.30
3 up L

Allerons full againsg

25
27

0.29

%

{Stiok back

Elevator

App

(Stick left)

257

Ailerons full with

(8tick right)

1) 4
(Stick forward

Eleya

S¥andersing, extremely oscillatory spin.

bR.ecorery attempted before model in final

steeper attitude.

®Wandering and osecillatory spin; range or

average valusa given.

dRecovary attempted by reversing rudder from
full gith to % againat the spin.

a @
(degl | (deg)

Model values
converted to
corresponding

v fl
(fps) | {rps}

full-scale values.
U inner wing up
D inner wing down

Turne for
recovery

S
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Horizontal plone

Rodius of spin
Spin oxis

Wind direction

NACA RM L53C06

L-6L907

Figure 1.~ Illustration of an airplane in a steady spin. Arrows indicate
positive directions of body axes and moments sabout the body axes of

the airplene.
S
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100" ——|

583“

[ﬁ 33'3' . 245" t

N—

\_ Fuselage reference
line

Figure 2.- Three-view drawing of model A without chord-extensions installed.
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.25¢chord

[0.84" — "
’ 2 4,39
Fuselage reference line f
- 288"
~ g -0_5u _ _ \ l

\( ——— -

Figure 3.~ Three-view drawing of model B without chord-extensions installed.
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NACA RM L53C06 Sl

! — l-—25clhord
! Section B-B
{b) Chord-extension 2.
NN
N *(\\\\\
~
b\\\\pZQ;;EE\\\
) 50chord
— E.ISchor:d
~~ Section C-C

(¢} Chord-exiension 3.

Figure 4.- Details of the undrooped chord-extensions investigated
on model A,

25
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70 bk -—-—-1

Leading-edge-fiap
hinge line

(a)Leading-edge flap and chord-extension undeflected.

50 chord
J13chord J3chord |
—_— S — ey A—
: - J5 chord b
Section A-A ‘ Section B-B

(b) Leading-edge flap and chord-extension defiected.

Figure 5.~ Geometry of drooped chord-extensions and leading-edge flaps
investigated on model A.
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Section A-A

Figure 6.~ Deteils of the chord-extenaione investigated on model B.
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NACA RM L53C06

Model A spinning 1n the Langley 20-foot free-spinning funnel.

Figure T.~

NACA-Langley - 5-6-63 - 236
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