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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 630

FREE-SPINNING WIND-TUNNEL TESTS OF A LOW-WING MONOPLANE
WITH SYSTEMATIC CHANGES IN WINGS AND TAILS
II. MASS DISTRIBUTED ALONG THE FUSELAGE

By Oscar Seidman and A, I, Neihouse
SUMMARY

Right 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, For 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. Thec tests arc 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,

One series of tests, that for the basic loading con-
dition, has been reported in N.,A,C.A, Technical Note No.
608, The present loading condition was derived from the
basic loading condition by moving weight from the wing
tips toward the center of gravity, leaving the model with
its mass distributed chiefly along the fuselage,

For the tails having a deepened fuselage and a raised
stabilizer, recovery was satisfactory and the results were
very similar to those previously reported for the basic
loading condition, For the more nearly conventional tail,
the effects of wing plan form and tip shape were quite
marked and there appeared to be an adverse effect of the
present loading, except for the case of the wing of 4
N.A.C.A, 6718 section, which gave more rapid recovery than
for the basic loading condition,




2 N.A,C.A, Technical Note No. 630
INTRODUCTION

The N,A,C.,A, has undertaken a systematic investigation
in the free-spinning wind tunnel (referconce 1) to determine,
by major independent variations, which of the dimensional
and mass characteristics of an airplane most greatly affect
the spin,

The results of tests of eight wings and three tails
for a basic loading condition, which is representative of
an average of values for 21 American airplanes for which
the moments of inertia were available, have been reported
in reference 1. The present report contains the results
of a gsimilar series of tests for a loading obtained by mov-
ing weight from the wing tips toward the center of gravity,
thereby leaving the model with its mass chiefly distributed
along the fuselage., This loading condition closely agrees
with a value obtained by averaging the available mass dis-
tribution parameters for nine modern low-wing monoplanes,

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, he ‘three tail arrangements
range from a combination utilizing full-length rudder and
raised stabilizer on a deep fuselage, designed to be ex-
tremely efficient in providing yawing moment for recovery,
to a more nearly coanventional type with rudder completely
above a shallow fuselage and badly shielded by the hori-
zontal 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 techniguec in the N,A.C.A, free-spinning tunnel is
given in reference 2.

The models are constructed of balsa, reinforced with
spruce and bamboo, In order to reduce the weight, the fu-
selage and wings are hollowed out, the external contours
being maintained by mecans of silk tissue paper on reinforc-
ing ribs. The desired loading is attained by suitable dis-
tribution of lead weights,
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Figures 1 to 5 show special structural features of
the model tested. The wing and tail units are independ-
ently removable and interchangeable to permit testing
any combination, The exchange of units can be made with-
out any change in mass distridbution, 4 clockwork delay-
action mechanism was installed to actuate the controls
for recovery, simulating the rapid motions that would be
imparted by a pilot,.

The low-wing monoplane model was not scaled from any
particular airplane but was designed to be a representa-
tive low-wing cabin monoplane with cowled radial engine
and with landing gear retracted, Dimensional character-
istics of the model and of the eight wings and 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 weights from the
wing tips and installing them at the center of gravity.
For convenience in making comparisons, the model may be
considered a 1/l5-scale model of either a fighter or a
four-place cabin airplane, tested at an altitude of 6,000
feet., The full-scale characteristics for the present
loading and tail C would be:

R W . s e o e o s e e S, TR0 S

] (0. o v 5 & e s 4w w W TOAB,

B v 6 e s e @A W e BB TR

B e () we e e e w moaE s o B0EE Bh TE
R I R S -

Distance from c.g. to elevator hinge. 16.6 ft.

Distance from c.g. to rudder hinge . 16.9.f¢.

S Gl S S R £,
R MR ER . . . s e e b s e gy awe Bad Bhe Th
Bl lI3er are8 . . . . o s o 8 s & e 29.8 Ba. . Th,
e Aol o a6 b w wenae g ow d2e8 Bl K B
Gontrol travel ., . . . . . « s & » o Budder: £30"

Elevator; 30° up
200 down




4 N.A,C.A, Technical Note No, 630

Principal moments: of ingrtia;
B T e 6 toCRenentetnin’ bis ol peilt slug-ft.°
B = mky & 1 By sy o 3,970 slug-£t.2
B =58, S B0 oy 7 Sl s b B b e Bl RO SRR

The dimensionless mass-distribution parameters for
the present loading condition are: :

W 4 gPShb -
Wb2
e =
g(C - A)
9~:_E = 0.51
B &b
_P—zg.‘l
kx
& = 0B !
<
4 :
- =0
(] :

The quantity x/c 1is the ratio of the distance of
the center of gravity back of the leading edge of the mean
chord to the mecan chord; and z/c is the ratio of the dis-
tance of the center of gravity below the thrust line to
the mean chord,

Figures 1 and 4 show the model with the basic wing
(wing 1) and tail C installed, This wing is of N.,A,C.A.
23012 section with rectangular plan form and Army tips.
(The tip contour is derived as described in reference 3.)
In common with the other wings, it has an area of 150
square inches, a span of 30 inches, and no dihedral, twist,
or sweepback, . 2 R

The seven remaining wings (fige. ‘2 and 5) have varied :
dimensional characteristics as follows: '
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Wing 2: N.A,C.,A, 23012 section, rectangular with
Army tips, 20 percent split flaps de-
flected 60°,

Wing 3: N,A,C.,A, 23012 section, rectangular with
rectangular tips.

Wing 4: N,A,C.A, 23012 section, rectangular with
falred tipss

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

Wing 6: N.A,C.A, 6718 section, rectangular with Army
tips.

Wing 7: N.A,C.,A. 23012 section, 5:2 taper with Army
tips.

Wing 8: N.A.C.A, 23018-09 section, Army standard
plan form (square center section, 2:1
taper in both plan form and thickness,
and Army tips).

The three tails designated A, B, and C (figs. 3 and
5), differ in vertical tail area, in fuselage side area,
and in vertical location of the horizontal surfaces. Tail
C, representing a conventional shallow fuselage with rud-
der completely above the tail cone, has the following di-
mensional characteristics:

Vertical tail area; 6 percent wing area (3 percent
rudder and 3 percent fin),

Fuselage side area, back of leading edge of stabi-
lizer: 2 percent wing area.

Vertical tail length (from quarter-chord point to
rudder hinge axis): 45 percent wing span,

Horizontal tail area; 14 percent wing area (5.5 per-
cent elevator and 8,5 percent stabilizer),

Horizontal tail length (from quarter-chord point to
rudder hinge axis): 44 percent wing span,

Tail B was derived from tail € by increasing the
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fuselage depth, raising the stabilizer and elevators, and
installing approximately the original fin and rudder atop
the deepened fuselage, For tail B the vertical areas
are:

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 increased elevator

CUut—0ous ., For tail A the vertical areas are:

Vertical tail area: 8 percent wing area (5 percent
rudder and 3 percent fin),

Fuselage side area; 3.4 percent- wing area,
RESULTS AND PRECISION
For each wing and tail combination, spin tosts were
made for four control settings:
(a) rudder 30° with the spin and elevators neutral,

° with the spin and elevators 20O down,

(b) rudder 30
(¢) rudder 30°% with the spin and elevators T L wp
(d) rudder neutral and elevators neutral,

Recovery from (a) and (b) was attempted by reversal

of "the” rudder,
trols and also
by moving both
tests were for

The angle

from (c) by complete reversal of both con-
by neutralizing both controls, and from (4)
conbrels to full againgt the sping |AIL

Tl ght Sepans,

of attack o, angle of sideslip B, (pos-

itive inward in a right spin), turns for recovery, spin
coefficient (b/2V, and rate of descent 7V, are plotted
in 12 charts (figs. 6 to .17), grouped so as to permit
ready comparison of the effects of tip shape, section,
plan form, flaps, and the Army standard wing.

The data on these charts are believed to represent
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the true model values within the following limits (sece
refercnce 2):

BRI a0 bl ey g Rudt £8P

IR 2 s e v e s s U SoTeRTNG ST

Turns for TeCOVOrY - : « » . . & £1/4 turn
.b .
g— . w8 TS PEANT
A

v ok Wby Wi kBlparctat

For certain spins where it is difficult to control
the spin in the tunnel, owing to high air speed or wander-
ing motion, the foregoing limits may be exceeded.

DISCUSSION

Reabteawith bail A - (figBaubito. 9).s Im figure 6 re-
sults are shown for different wings with tail A for rud-
‘der 30° with the spin and elevators ncutral, It may be
seen that rectangular wings with rectangular or faired
tips (wings 3 and 4) gave the steepest spins (a = 49°
compared with 58° for the flattest) and the most rapid re-
coverics (1-1/2 turans); whereas, the wing with 5:2 taper
(wing 7) and the wing with flaps deflected (wing 2) gave
the slowest recoveries., The wing of N.A,C,A, 6718 section
gave the least outward sideslip. ji o i

With elevators 20° down (fig. 7) the spins were very
similar to those for elevators neutral, Elevators up (fig.
8) definitely steepened the spins and gave rapid recoveries
by reversal of both:controls. With controls neutral Fie.
9) ‘a spin could be obtained only with the 5:2 taper wing,
the model recovering of its own accord when forced into a
spim foryal 15other casesi,

For all the control settings, the rectangular wings
with rectangular or faired tips gave the steepcst spins
and the most rapid recoveries, The wing of N.A.C.A, 6718
section gave the least outward sideslip, a lower angle of
attack, and a slightly faster recovery than the corre-
sponding wings of N,A.C.A, 23012 and of N,A,C,A, 0009 sec-
tions, Recovery for the wing with flaps and thc wing of
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5:2 taper was slower than for the remaining wings, includ-
ing the Army standard wing.

For tail A, there was very little difference in the
results for this loading as compared with those for the
basic loading (reference 1),

Tests with tail B (figs, 10 to 13).- Figure 10,
which gives results for various wings with tail B for
rudder with the spin and elevators neutral, shows gencral
agreement with the results for tail A (fig. 6) except
that the spins wereof the order of 10° steeper, This re-
sult is not unexpected as the control arrangement might be
interpreted as resulting from neutralizing the lower half
of the full-length rudder of tail A,

As with tail A, the rectangular wings with rectan-
gular or faired tips gave the steepest spins and the wing
of 5:2 taper and the wing with flaps gave the slowest re-
coveries, The wing of N.A.C.A, 6718 section gave inward
sideslip, With elevators 20° down (fig. 11) there was l1lit-
tle difference in the spin, With elevators up (fig. 12)
_the spin was steepened and became too fast and wandering 4
to be maintained in the tunnel,

With beth cont®els neutral (fig, 13), tail. B  dssels- -
most identical in configuration and dimensions with tail
A except for the slightly larger elevator cut-out of tail
A, A spin was obtained not only for the wing of 5:2 taper
but for the Army standard wing and, with difficulty, for
the basic wing (wing 1) as well. The apparent inconsist-
ency with the results for tail A may be due to the rela-
tively smaller rudder-shiclding effect with the larger
elevator cut-out of tail A,

For all control settings, the rectangular wing with
rectangular or faired tips gave the steepest spins and the
best recoveries and the wing of N.A.C.A, 6718 section gave
inward sideslip. For controls with the spin there was 1lit-
tle other effect of section, and thec flaps retarded re-
covery, The wing of 5:2 taper gave the poorest recovery
but the Army standard tapcred wing was satisfactory.

The results for tail B are generally similar to
those for tail A, The wing of N.A,C.A, 6718 section gave #
greater inward sideslip with this loading than with the
basic loading and the wing of 5:2 taper gave slower recov-
eries,. ~



N 0 A Techpical Note No. 630 9

Peate with tail. €  (figs. 14 t0,.17) .- With tail ¢
the effects of individual wing differences were more ap-
parent, PFigure 14 shows that, for rudder with the spin
and elevators neutral, the rectangular wing with rectan-
gular or faired tips again gave the steepest spins (g =
400) and most rapid recoveries, By comparison, the wing
with Army tips was considerably poorer, giving no recov-
ery., The wing of N.A.C,A. 6718 section gave inward side-
slip and a considerably lower anglec of attack and faster
recovery than the corresponding wings of N,A,C.A, 0009 and
ot W, A, C,A, 23012 sections, The wing with flaps gave a
very flat spin and neither this wing nor the one of 5:2
‘taper gave recovery.

Elevator-down spins (fig. 15) were very similar to
elevator-neutral spins., Deflecting the elevators up (figy
16) steepened the spin, making it difficult in some cases
to test the model in the tunnel, Rapid recovery by re-
versal of both controls was obtained for all except the
wing with flaps, With both controls neutral s 172)
spins werc obtained for all exccpt the rectangular wing
with rectangular or fairecd tips. Wing 6 gave steeper
spins, inward sideslip, and better recovery than wings 1
ank b,

For all control settings the rectangular wing with
rectangular or faired tips gave the steepcst spins and
the most rapid recoveries, The wing of N,A,C.,A, 6718
secction, which had inward sideslip, also gave good recov-
ery; but the remaining wings were unsatisfactory with
Ty O, cxcept for the case of complete reversal of both
controls from full with to full against the spin, a pro-
cedure that gave good recoveries for all except the wing
with flaps, With the present loading, the wing with flaps
gave a considerably flatter spin than with the basic load-
ing and the remaining wings, with the exception of the
rectangular wing with rectangular or faired tips, general-
1y gave somewhat slower recoveries, The wing of N,A,C.A,
6718 section now had positive sideslip, and recovery was
considerably improved as comparcd with that for the basic
loading.

CONCLUSIONS

By comparative analysis of the data prescnted, the
general offects of wing or tail arrangement and of contirol
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position and the apparent relationships between spin char-
acteristics may be determined for the loading condition of
mass distributed alongthe fusclage.

Bffect of wings:

1,  Tip shape,- Rectangular and faired tips give the
steepest spins and the most rapid recoveries, The Army
tip gives consistently flatter spins and slower recoveries,

2. Section.- The N.,A.C.A, 6718 wing gives a steeper
spin and more rapid recovery than the other two sections,
With tail C +the N.A,.C.A, 0009 wing gives slightly faster
recoveries than the basic N.A.C.A. 23012 wing,

5. Flaps,.- Flaps tend to retard recovery, With tail
C they produce very flat spins,

4, Plan form.- The wing of 5:2 taper gives thoe poor-
est recoveries of all wings tested.

B, Army standard wing.- The Army standard wing is 5
similar in behavior to the basic rectangular wing with
Army tips. i

Effects of tail arrangement:

For controls with the spin, tail 3B gives steeper
spins than tail A and recovery is generally satisfactory
for either tail, Tail C generally gives slower recov-
eries than eithery tail A or B,

Effects of control settings:

l. There is wvery little difference in recovery from
spins with elevators down as compared with recovery from
spins with elevators neutral,

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

Relationships between spin characteristics:

1. Steep spins are associated with high rate of de-
scent, low OQb/2V, and rapid recovery,
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2. There appears to be no direct relationship between
the sideslip of the steady spin and the turns required for
recovery.

Comparison with results for basic loading:

Comparison with the results for the basic loading
condition shows:

e Her tails A @and B there iy dlthille difference
between results for the two leadings.,

2. Por tail ¢ with the present loading the wing
with flaps gives a much flatter spin and poorer recovery
and the remaining wings generally give slower recoveries
as comparcd with the basic loading condition, The wing
of N,A.C,A, 6718 section gives very greatly improved re-
goverios.,

Lengley Memorial Acronautical Laboratory,
National Advisory Committee for Aeronautics,
Fensley Rield, Va.., Nowemboer B, 1987,
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Figure 1,- Low-wing monoplane model with detachable
tail and wing.
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Wing 1- 23012 rectangular with Army tlps. f
Wing 2- 23012 with 20 percent full-span split flaps at 60 s
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Wing 3- 23012 rectangular with rectangular tips. .T‘48"
Wing 4- 23012 rectangular with faired tips. _i_1

Wing 5- 0009 rectangular with Army tips (plan same aslg

5.0z
Wing 6- 6718 rectangular with Army tips (plan same as 1)

A
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A
Wing 7- 23012 5:2 taper with Army tips.

L R 1

606" :

1.18" , 7
s ____._———/zj ﬁ;“
A
Wing 8- 23018-09 standard Army wing

(2:1 taper, square center, Army tips.)

Figure 2,- Wings used on low-wing monoplane,
N.,A.C.A, wing sections.
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- Figure 3.- Tails used on low-wing monoplane,




930N T®OTUYOSL ‘YV°O°'V°N

(a) Front view.

g

(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 monoplane wings.

(v) Plen view.
| Figure 4. - Low-wing monoplane model,

b ‘3l
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(b) (1) Tail A, deep fuselage and long rudder.
; ; : — o (2) Tail B, deep fuselage and short rudder,
g = (3) Tail C, shallow fuselage and short rudder.
(a) (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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