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NATIONAL ADVISORY COMMITTEE FOR AZERONAUTICS

TECHINICAL NOTE NO. 664

FREE-SPINNING WIND-TUWHEL TESTS OF A LOW-WING MONOPLAUE
WITH SYSTEMATIC CHANGES IN WINGS AND TAILS
III. MASS DISTRIBUTED ALONG THE WINGS

By Oscar Seidman and A. I. Neihouse

SUMMARY

Eight wings and three tails, covering a wide range of
aerodynamic characteristics, were independently ballasted
so as to be interchangeable with no change in mass distri-
bution. TFor each of the 24 resulting wing-tail combina-
tions, observations were made of the steady spin for four
control settings and of recoveries for five control manip-
ulations, the results being presented in the form of charts
comparing the spin characteristics. The tests are part of
a general investigation that is being made in the N.A.C.A.
free—~spinning tunnel to determine the effects of systematic
changes in wing and tail arrangement upon the steady-spin-
ning and the recovery characteristics of a conventional
low-wing monoplane for various loading conditions.

The pregent loading was derived from the basic load-
ing condition (representative of an average of values for
21 American airplanes for which the moments of inertia
were available) by moving weight from the center of grav-
ity toward the wing tips so that the distribution of mass
along the wings was increased.

For the tail with deepened fuselage, raised stabilizer,
and full-length rudder, recovery was satisfactory and the
results were gsimilar to those reported for the basic-loading
condition. For the tail with deepened fuselage, raised sta-
bilizer, and short rudder, an adverse effect resulted as
compared with the bagic~loading results for the wings with
rmy dipgand -N.ACl, 23012 or HhsC.dh. 6718 section and
for the wing with flaps. For the more nearly conventional
tail, an adverse effect resulted for the wing with Army
tips and N.A.C,A. 23012 section, both with and without
flaps. For the wing with W.A.,C.A. 0009 section and for the
Army standard wing, this loading appeared to have & some-
what favorable effect,
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INTRODUCTION

The W.,A.,C.A. has undertaken a systematic investiga-
tion in the free-spinning wind tunnel to determine, by
major independent variations, which of the dimensional and
the mass characteristics of an airplane most greatly af-
fect the spin (reference 1).

The results of tests of eight wings and three tails
for a basic loading condition, representative of an aver-
age of values for 21 American airplanes for which the mo-
ments of inertia were available, have been reported in
reference 1, In reference 2 were presentcd the results
for the loading obtained by moving weight from the wing
tips toward the center of gravity, the model therebdy hav-
ing its mass distributed chiefly along the fuselage. The
present paper contains the results of a similar series of
tests for a loading obtained by moving weight from the
center of gravity toward the wing tips, the model thereby
having its masgs distributed chiefly along the wing.

The major wing variables include tip shape, airfoil
section, plan form, and flaps. The Army standard tapered
wing, also included in the test program, combines changes
in plan form and thickness. The three tail arrangements
range from a combination utilizing full-length rudder and
raised stabilizer on a deep fuselage, designed to Dbe ex-
tremely efficient in providing yawing moment for recovery,
to & more nearly conventional type with the rudder com-
pletely above a shallow fuselage and badly shiclded by the
horizontal surfaces. The present results are compared
with the results obtained for the basic loading condition,

APPARATUS AND METHODS

A general description of model construction and test-
ing technique in the N.A.C.A. free—spinning tunnel is
given in reference 3.
The models are constructed of balsa, reinforced with

spruce and bamboo. In order to reduce the weight, the
fuselage and the wings are hollowed out, the external con-
tours being maintained by silk tissue paper on reinforecing
ribs. The desired loading is attained by suitable distri-
bution of lead weights. '
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Figures 1 to 5 show special structural features of
the model used in the present ianvestigation. The wing and
tail units are independently removable and interchangeable
to permit tesgting any combination. The exchange of units
can be made without any change in mass distridbution. 4
clockwork delay-action mechanism is installed to actuate
the controls for recovery, simulating the rapid motions
that would be imparted by a pilot.

The model was not scaled from any particular airplane
but was designed to be a representative low-wing cabin
monoplane with a cowled radial engine and with landing gear
retracted. Dimensional characteristics of the model and
of the eight wings and the three tails are given on the
line drawings of figures 1, 2, and 3, The present model
loading condition was derived from the basic condition
(reference 1) by removing weight from the center of grav-
ity and installing it in the wing tips. For convenience
in making comparisons, the model may be considered a 1/15~
scale model of either a fighter or a four-~place cabin air-
plane, tested at an altitude of 6,000 feet. The full-
scale characteristics for the present loading and for tail
C would bve:

Wolent (W) = > = = -« < & = 4 » = =3 %20 1%,
Mesn chord (e) = = =" a'a ' 0 s w a 75 Ing
Span (d) - - = = = e - - - - - - 37,5 f%.
Vine @roa (8) <« = a = = = « 42 234 .,4 sq. f%.
Agpect ratio = = - = = — = =& ' 6
Distance from c.g., to elevator

hinge N VLN L S S L6 k.
Dighkance from c.g. to rudder hinge 16,3 f%,
Fin arca - - = = = - - - - - - - 6418 isqe. £
Rudder area - = = = = e = = = - 619 sies TG
Stabilizer area - - - = = - - = 196 8 isa., L,
Elevator area - e = e e o e 12,9 g b,
Control travel - - - = = - - - = Rudder: =30°

Elevator: 300 up
20° down
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Principal moments of incrtia:
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The nondimensional mass—distribution parameters (de-—
scri ved in reference 4) for the present loading condi-
tion are:
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The quantity x/c is the ratio of the distance of
the centcr of gravity back of the lecading edge of the
mean chord to the mean chord; and z/c is the ratio of
the distance of the centcr of gravity below the thrust
line to the mean chord.

ﬁigurcs 1 and 4 show the model with the basic wing
(wing 1) and tail C installed, This wing g of Neh Cohs
23012 section with rectangular plan form and Army tips.

e

(The tip contour is derived as described in reference 5 )

In common with the other wiangs, it has an arca of 150

square inches, a span of 30 inches, and no dihedral, twist,

or sweepback.

The seven remaining wings (figs. 2 and 5) have varied
dimensional characteristics ag follows:
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Wing 2: N.A.C,A. 23012 gection, rectangular with
Arny tips, 20 percent split flaps de-
flected 60°.

N.A.,C.A, 23012 section, rectangular with
rectangular tips.

=
He
b
b
BN

Wing 4: N.,A.C.A. 23012 section, rectangular with
faired tips.

Wing 5:¢ N.A.,C.A. 0009 section, rectangular with
Army tips.

Wing 68 N8.C.As 6718 .gection, rectangular with
Army tips.

Wing 7¢: N.A.C.A, 23012 gection, 5:2 taper with
APny tips.

iy

Wing 8: N.A.C.A., 23018-09 section, Army standard
plan form (square sonteg gection, 2:1
taper in both plan form and thlcbqess,

\

and Army tipe).

Each wing was mounted on the model at an angle of in-
cidence equal to 1ts angle of zero 1ift, The stabllizer
of the model was at zero incidence for cach tail. There
was no fin offsat.

The tqreo tails designated A, B, and C are shown in
figureg 3 and 5, Tail C, ronreSLutinv a conventional
shallow fuselage with rudder completely above the tail
cone, has the followin g dimensional c¢haracteristics:

Vertical tail area: 6 percent wing arca (3 percoent
3 percent e D)

rudder and 2
Fuselage side area, back of leading edge of stabilizer:

2 percent wing area.

Vertical tail length (from quarter-chord point to rud-
der hinge axis): 45 percent wing span.

Horizontal tail area: 14 vercent wing area (5.5 per-
ent elevator and 8,5 percent
stadilizer).

Horizontal tail length (from quarter-chord point to
elevator hinge axis): 44 percent wing span,
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Tail B was derived fr
lage depth, raising the stabil
installing approximately %

the deepcned fugelage. For ta

C. by inereaglng t1e fuse-—
r and the elevators, and
zinal fin and rudder atop
B, the vertical areas arc:

Vertical tail area: 6 percent wing area.

=]
Fuselage side area: 5.5 percent wing area.

Tail A was similar to tail B except for full-length
rudder construction and slightly increasgsed clevator cut-
out., For tail A, the vertical areas are:
. . . = T s
Vertical tail area: 8 percent wing area 5 percent
rudder and 3 percent fin).

Fuselage side area: 2,4 perceunt wing area.
TESTS AND RESULTS
For each winz and 21l combination, spin tests were
made for four control settings
(a) Rudder 30° with the e¢pin and elevators neu*ral.

(b) Rudder 30° with the elevators 20° down.

n
g
e
o]
©
®)
(o7]

(¢) Rudder 30° witk pin and elevators B0° ups

ps
ist
(0]
mn

(d) BRudder neutral and elevators neutral

Recovery from (a) and (b) was attempted Dby reversal
of the rudder, from (c) by complete revcrsal of both con-
trols and also by neutralizing both controls, and from (a)
by moving both controls to full against the spin. All
bestls were for right spins.

The angle of attack o, angle of sideslip B (posi-
tive inward in a right gpin), turas for recovery, spin
coefficient (b/2V, and rate of descent ¥V, are plotted
in 12 charbs (fige.d 6 t0 17), grouped so as to permit
ready comparison of the effects of tip shape, section,
plan form, flaps, and the Army standard wing.

The date on these charts are believed to represent
the true modol values within the following limits (sce
refercnce 3¢
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s Tl e IR g | DR QIR ks a3

Bl S ache S EEE a = e e 29
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For certain spins in which it is difficult to control the
spin in the tunnel, owing to high air speed or wandering
motion, the foregoing limits may be exceeded.

As noted in references 3 aund 4, there may in some in-
stances be variations between model spin-test results and
corresponding full-scale spin-test results of a given air-
plane, probably because of the difference of the Reynolds
Number between the tests.

DISCUSSION

Pegts with tall A (figs. 6 to 9)~ In figure 6, results
are shown for different wings with tail A for rudder 30°
with the spin ard elevators neutral. It may be seen that

the rectangular wings with rectangular or faired tips (wings
3 and 4) gave the steepest spins (a = 459 ceompared with 62
ot the letteﬁr) and the most rapid recoveries (1—7/° turns);
whercas, the wing with 5:2 taper (wing 7) and the wing with
flaps deflected (wing 2) gave the slowest recoveries (about
fonty turng),

With elevators 20° down (fig. 7) the spins were, in
general, a few degrees stecper and recoveries were slightly
more rapid than with elevators neutral, ZElevators up ke,
8) tended further to steepen the spins. The wings with
N.A.C.A. 0009 and 6718 sections, however, spun slightly
flatter with elevators up than with elevators full down;

and the rectangular wings with rectangular or faired tips
would spin with elevators up, whereas they would not spin
with elevators down. 1In all cases, recoveries were rapid
(less than two turns) by complete reversal of both controls.
When the controls were moved only to neutral, the recover-
ies were generally slower. The recorded turns for recovery
for wings 1 and 7 varied from three to infinity for differ-
ent runs. With controls neutral (fig. 9), spins could be




3 W,A.C.A. Techunical Note No. 664

obtained for the rectangnlar wirgs with Army tips of
N.4.C.A, 23012 section, with and without flaps, and of

C.A. 6713 gsection, and also for the wing of 5:2 tap
, 2, b, and 7, respeciively).

For all the control settings, the rectaangular wings
with rectangulser or faired tips gave the steepest spins
and the guiclest recoveries. There was a small effect of
section, the wing of N.,A.C.A., 0009 section giving more
ountward sideslip and faster recovery than wings of the
other two sections. The wing of N+A.C.A. 6718 section
gave the least outward sideslip. Recovery for the wing
with flaps and for the wing of 5:2 taper was slower than
for the other wings. The Army standard wing gave steeper
spins and faster recoverieg than the basic wing (wing 1).

For tail A, the results for this loadin

with those for the basic loading (referen ce
small differences. Far all control settings, there was a
tendency for the rectangular wing of N,A.C.A. 0009 section
with Army tips (wing 5) arnd the starndard Army wing of
N.A.C.A. 23018-09 section (wing 8) to give steeper spins
and for the rectangular wing of N.,A,C.A, 23012 section
with 20 percent full-span split flaps deflected 60° (wing
2), the rectaugular wing of N.A.C.A. 6718 section with
Armny tips \wing 6), and the 5:;2 taper wing of N.A.C.A. -
23012 section with Army tips (wing 7) 0o give flatler
spins than were odbtained for the clal o= 1oad1nb condition

as compared
) showed only

o
5

O

Tests with tail B (figss 10 10 18 ).~ Figore 10, which
gives results for various wings w1tn tail B3 for rudder
with the spin and eleva*ors neutral, shows steeper spins
for all wings as compared with tuli A but recoveries flon
wings 1, 2, 6, and 7 were unsatisfactozy with tail B.

This result shows the importance of unshielded rudder area
in effecting satisfactory recovery characteristics. As
with tail A, the rectarngular wings with rectangulsr or
faired tips gave the steepest spins. Wing 1 showed a wide
variation in the turns for recovery.

With elevators 20° down (fig. 11), cre was little
difiterienice Niniihiciistiead s spantas comp@rcd Wluh elevators
ncutral but recovery was, in general, slightly more rapid;
wing 6 showed a wide range in recovery turns. With ele-
vators up (foge 12}, the spin, was:steepened and recover-
ies by complete reversal of both controls were satisfac-
tory for all wings. When bvoth cortrols were merely neu-
tralized, wing 6 again exhibited a large variation in
turns reguired.
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With both controls neutral (fig. 13), spins conld be
obtained only for wings 1, 2, 6, and. 7. Mowving the con-
trols against the spin gave slow recoveries. It is inter-
esting to note that the steady spins with tail B for con-
trols neutral were very similar to the corresponding spins
with tail A but that recoveries with tail B were definite-
ly slower.

For all control settings, the rectangular wing with
rectangular or faired tips gave the steepest spins and it
is believed that recoverics with it would have been most
rapid; the rectangular wing of N,A.C.A, 0009 section and
Army tips showed steeper spins, faster recoveries, and
more outward sideslip as compared with the rectangular
winss of uH A JAL 23002 andeNeALCEA L 6718 seetions wlth
Army tips. The wing of N.A.C.A. 23012 section gave the
tillaitibie st isming, but. the winguel sl Cal. 67 B8R scetiilon savie
the least outward sideslip and the slowest recovery.
Flaps retarded recovery. The 5:2 taper wing gave steeper
spins than the basic wing and the standard Army wing gave
steeper spins and more rapid recovery than the 5:2 taper
wing..

For tail B, wings 1, 2, and 6 showed flatter spins
and slower recoveries with this loading than with the bas-
ic loading. Wings 5 and 8 gave steeper spins for the
present loading and the effect on wings 3 and 4 could not
be determined.

T.e_agfc__s__._wu@_lg__t_gl_é ¢ (figs. 14 to

1%).=, NEfh tall €, as
th tail B, the effects of differences

wi in wing charac-
teristics were more marked thar with tail A. Figure 14
shows that, for rudder with the spin and elevators neutral,
the rectangular wings with rectangular or faired tips

still gave the steepest spins, the greatest outward side-
slip, and the most rapid recovery.  The wing of N.A.C.A.
0009 section and the Army wing gave slower recovery and
the other wings gave no recove

With elevators down (fig. 15), the results were gimi-
lar to those for elevators neutral. The wings that had
given recovery by rudder reversal for elevators neutral
now indicated more rapid recovery for ‘elevators down., With
elevators up (fig. 16), spins were somewhat steeper than
for elevators neutral and recovery by complete reversal of
both controls was satisfactory except for the rectangular
Wing o SN A Craivs 23012 section with 'Army tlpg, which gave

a recovery in u~l/4 turns without flaps and gave no recov-
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7 both controls neutral (fig. 17), re-

ery with flaps. Wita
lar %0 those obtained fecr rudder with
s

E
v
stlts were very simi
the spin and Plpvqto

gs, the rectangular wing with
rectangular or faired tips gave steeper spins and more
rapid recovery than the other wings. The wing of N.A.C.A.
0009 section gave stecper spins, more outward sideslip,
and better recovery tlhan the two comparable wings of which
the ¥.4.C.A, 23012 gave the flattest spin and the W.A.C.A.
6718 gave the least outward sideslip. The 5:2 taper wing

Por all control settings

gave results genoralLV similar to those for the basic
wing. The wing with aps gave no recovery by ary coatinol

manipulation used. T“e Army wing gave stceper spins than
the basic wing and gave recoveries for all control manipu-
lation, whereas the basic wing gave recovery only for com-
plete reversal of both controls.

With the present loading, the basic
with f£laps, and the wing of ¥.A.C.A. 6718 section ten

O

wing, the wing
ded
to zive slower recoveries as compared with the basic load-
ing; the Army wing and the wing of ¥.A.C.A., 0009 section
tended to give faster recoveries. The other wings showed
little effect.

CONCLUSIONS

By analysis of the data presented, the general ef-
fects of wing or tail arrangement and of control position
and the apparent relatlouoh1ps between spin characteris-
tics may be determined for the loading condition of mass
distribuied along the wings.

Effects of wings:

1. 1p hape.- Rectangular and faired tips give the
steepest splﬁs and thhe most rapid recoveries. The Army
tip gives consigtently flatter spins and slower recover-
les.

Section.~ The wing of N.A.C.A. 0009 section
e steepest spin and the most rapid recoveries
s the greatesgst outward sideslip. The wing of
. 23012 section gives the flattest spins and the
wing of N,A.C.A, 5718 gection gives the least outward
sideslip.
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s Flaps.- Plaps tend to retard recovery.
4, Plan form.- The wing of 5:2 taper gives more

outward sideslip than the basic wing, but there is little
difference in the turns for recovery.

S Army standard wing.- The 4rmy standard wing gives

somewhat steeper spins, faster recovery, and more outward
sideslip than the basic wing.

Effects of tail arrangement:

1 The tail with raised stabilizer and elevators,
inereased fuselage depth, and full-length rudder (tail A)
gives the most satisfactory recoveries, For rudder full
with the spin, the tail with raised stabilizer and eleva-
tors, increased fuselage depth, and rudder completely above
the fuselage (tail B) gives the stecepest spins.

Zis The tail with shallow fuselage and rudder com-
pletely above the tail cone (tail C) gives the slowest re-
coveries.

Hirfeect s off contrel iseottings

Lie Recoveries from spins with elevators down are
somewhat more rapid than from spins with elevators neutral.

25 Holding the elevators up generally results in
the steepest spins from which, by reversal of both controls,
are obtained the most rapid recoveries.

Relationships between spin characteristics:

1L Steep spins are usually associated with high rate
of descent, low Qb/ZV, and rapid recovery.

2 In general, more rapid recovery is obtained from
. . ‘t/
the spins with the greatest cutward sideslip.
C

e

omparison with results for basic loading:

16 The basic wing, the wing with flaps, and the wing
of WNeA.C.A. 6718 section show flatter spins and slower re-
coveries with this loading as compared with the basic load-
ing. The wing of N.A.C.A. 0009 section and the Army stand-
ard Wing give steeper spins and faster recoveries with the
present loading. The remaining wings show no consigtent
effects
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2, With this loading, the spins with the greatest

Wi
outward sideslip gave the fastest recoveries; whereas,
for the basic loading, there appeared to be no relation-
ship between the sideslip of the steady spin and turns

T i P

required for recovery,

Langley Menorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field,; Va., August 12, 1988.
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Wing 8~ 2£3018-09 standard Army wing
(2:1 taper, square center, Army tips.)

s used on low-wing monoplane.
C.A, wing sections.
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. Figure 3.- Tails used on low.-wing monoplane.




(a) Front view.

-
/:;c.u, ”

- (b) Plan view.
Figure 4.

(c) Side view, showing detachable parts.

(1) Wings 1 and 2, (2) Wings 3 and 4, (3) Wing 5,
- (4) Wing 6, (5) Wing 7 (6) Wing 8.
(d) Low-wing monovlane wings.
- Low-wing monoplane model.
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7. : 2. 3

(b) (1) Teil A, deep fuselage and long rudder.
(2) Tail B, deep fuselage and short rudder.
(3) Tail C, shallow fuselage and short rudder.
(2) (1) Rectangular wing with Army tips. (2) Rectangular wing with interchangeable rectangular and
(3) 5:2 tapered wing with Army tips. faired tips.
(4) 2:1 Army standard tapered wing with square center.

Figure 5.- Interchangeable wings and tails of low-wing monoplane model,
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Figure 6.~ The effect of various wings on the spin characteristics.
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