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REPORT No. 672

FREE-SPINNING WIND-TUNNEL TESTS OF A LOW-WING MONOPLANE WITH
SYSTEMATIC CHANGES IN WINGS AND TAILS

IV. EFFECT OF CENTER-OF-GRAVITY LOCATION

By Oscu SEIDMAN and ii. I. NEIHOUSII

SUMMARY

Eight w“nqs and three tails, corering a m-de range oj
aerodynamic churacteri8tic8,were independently ballasted
so as to be interchangeablewith no ehunge in mass db-
tribtition. For each of the 24 resulting wing-tail com-
binations, ob8erwdion8were made of the steady e-pinfor
four control setti~s and of recoreties for jire control
manipulations. l%e results are pre8ented in the form
of charts comparing the spin characteristics. Tle tests
are part of a general investigation being made in the
N. A. C. A. free-spinning tunnel to determiw the qf”ts
of systematic change8in kng and tail arrangementupon
the steady-spin and the recoce~ churacteristie8 of a
conrentiomd low-un”ngmonoplkti for cam-oweload dti-
tributiorw

The present test~are a continuation of the irwestigation,
the entire series of tats performed for the bake loading
being repeatedWWLthe center of gravity 10 perceniforward
and 10 percent back of the normal location at M perowd
of the mean chord. The rewlts are compared with those
for the basic loading condition.

For all tail and wing arrangemtmt8,there was a definite
eject of center-of-gravity location, the forward locution
giuinj steeper spin-s and faster recor~m”esand the rear-
ward location gim”ngjlatter spine and dower recoveries
than the basic center-ofqravity location. The spin c+
ej%ient Qb/g’17increased as the center of gruoity was
mocedforward and decreasedas the center of granly wa
moved back. In general, fhere wa8 a tendtmy for the
rate of descmi to in.crea8eandfor the m“deslipto become
more outward a8 the center of gravity was rnoredfro-ward.
The wing of A? A. O. A. 6718 section, howerer,generally
gare more inward sideslip for the forward cater-of-
grazdy location than for the rearward loeatbn. The im-
portance of center-ofqravity location, wing arrangement,
and control manipulations increaaed as the effec&enes8
of the tad unit decrea8ed.

INTRODUCTION

The N. A. C. A. has undertaken a systematic investi-
gation in the free-spinning wind tund to determine

the effect of independent variations in dimensional
and mass characteristics orI the spin characteristics of
airpknes (reference 1).

The results of tests of each of eight wings and three
tail,son a Iow-wing monoplane modeI for a basic loading
condition, repr~tative of an average of values for
21 American airpIanesfor which the moments of inertia
were available, have been reported in reference 1.
Results with weight distributed chiefly along the
fuselage and with weight distributed ohiefly along the
‘K@ are presented in references 2 and 3, reapeotiveIy.
The present paper deala with the effect of center-of-
gravity position. In addition to the tests for the basic
loading condition with the center of gravity at 25 per-
cent of the mean wing ohord, tests were made with the
center of gravity at 15 and at 35 percent of the mean
wing chord. The range of center-of-gravity Iooationa
thus covered is not Likelyto be greatIy exceeded.

The major wing variables irdude tip shape, airfoil
section, plan form, and flaps. The Army standard
tapered wing, also incIuded in the test program, com-
bines ohangea in pIan form and thickness. The three
tail arrangements range from a combination utilizing
fuII-Iength rudder and raised stabiliser on a deep
Eusdage, designed to be extremely efiicient in pro-
viding yawing moment for recovery, to a more nearly
conventional ty-pe with the rudder completdy above a
&allow fuselage and almost completely shielded by the
borizontaI surfaces.

APPARATUS AND METHODS

A general description of model construction and
kting technique in the N, A. C. A. free-spinning tunnel
is given in reference 4. The models are constructed of
bak,, reinforced with spruce and bamboo. In order to
reduce the weight, the fuselage and the wings are
hollowed out, the external contours being maintained
by sik tissue paper on reinforcing ribs. The desired
load distribution is attained by suitable location ~of
Leadweighk
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Figures 1 to 5 show special structural features of the
model used in the present investigation. The wing and
the tail units are independently removable and inter-
changeable to permit testing any combination. The
exchange of units can be made without any change in
mass distribution. The mass ~tributiori can”&o be
changed without changing the wing or the td arrange-
ment. A clockwork delay-action mechanism is in-
stalled to actuai%the controls for recovery. .

I I*

T“
>-+

L----.-3O” - -- .J .

‘-J-:.
FIGUREI.–Law-tins monoplanemodelwith detachable tail and wing.

Toi? A WI B Tail C

~QUEll 2.-Tails ru=d COLkIIYWfJWmODOPke.

The model was not scaled from any particular airplane
but was designed to be a representative low-w-big cabin
monoplane with a cowled radial engine and with landing
gear retracted. Dimeneio@ gharacterietics of “tie
model and of the eight wings and the three tails are
given on the line drawings of &ures 1, 2, and 3. For
convenience in,makhg comparisons, the model may be

(~

(b)

. (c)

(d)

.

(e)

(f)

(a) Wing 1–22012raetangrrku wlth Army ti~ wing 2-2!dO12wftb ‘z)percent full
span eplit Sap9 at S@.

(b) WM 3_~12 wtwuler with ractawirrlnr UPS, wtw 4–23312 rectangular
with f@d tip.

(o) Wti 5* rwkngulor with ArmY t[ps (plan esme onwing 1).
(d) Wing 6-07s8 reotrmgular with Army tips (plansameaswing1).
(e) Wing 7-220126:2 taper with Army tips.
(f) WingS-2W1H9 skmdard ArmY wing. (2: 1 tar er, square center, Army tips,)

FIIXZE 2.—Wingsrraedonlow-wingmonoplane. N. A. C. A. wbg sections,

considered a )&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
loadings and for tail C would be:

Weight (W) ..--. ---------- .----—--— 4,720 lb. .
Mean wing chorri (c= S/b) ---------- 76 in.
Span (b)---------------------------<- 37.6 ft.
Wing area(~----------- 234.4 .f+~.[t. ‘“” ._-------------
Aspect ratio-------------------------- 6
Distance from quarter-ohord point to

elevator hinge ----------------------- 16.6 ft. ~ .
Dktance from quarter-ohord point to

rudder hinge ------------------------ 16.9 ft.
Fin arc---------------------------- 0.8 q. ft.
Rudder ala-----------------_ -----=- 6.9 eq. ft.
Stabilizer arc----------------------—. 19.s Sq. ft. ‘-
Elevatir area-----------------— ---— 12.9 W. ft.
Control travel ------------------------ Rudder: +3(P

Elevator:
3(P up
20° down
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PrincipaI moments of inertia for the three center+f-
gravity looations:

A=mk~---------------------------- 2,760 slug-feetJ
B=mk#---------------------------- 3,970 slug-fset~

C= mk#----------------------------- 6,160 slug-feetz

where A, B, and C am moments of inertia about and
k.r, k=, and kz are the radii of gyration about the
X, Y, and Z axes, respectively.

(a) A-
0 6-,,,,11,

.-. —.. — ..

b)

w-—---- ———..—..—--...._+.-
,.-.
“%)—

.- —— .—. ——-_. . ---

“(5]
. .
; “.,.

(CL)

(a) FrontVfaw.
fb) Pirmview.
(a) Sideview, showingdetachable ME.
(d) Low-wing monoplane. wfngw (1) Wiru$e1 end Z (2) wfngs 3 and x (3) whg 6;

(4) wing & (5) wfng Z (6) wing S.

FIGUEE4.—Low-wfngmonoplane model.

. . 9

(3}

I
(4)

(a)

.* -.—. . -—— .

“rIr

1

.-
,.

.

(1) ‘~. ~;; +=!*(z) (3) a
—.. . . . . . . . . . ., ..-:

(s) (1) EedFWUk WfIIgWith -Y tfQs (2) 1ed8WUbU wing Wtth lnterchsng&
able rectsngufar and feksd tf~; (3) &:2 tepered wtng with Army tipq (4) 2:1 Army
standard tapered wing with suuere center.

(b) (1) MA, deep fuselage and long rudd=; (2) tefl B, dm fusdego and short
rnddeq (3) toll C, shellew fneeIege and short rndder.

FIGCEE 6.—Interchangeab1e wings end tails of low-wing monoplsne mode~.
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The nondimensional mms-distribution parameters for
the different center-of-gravity locations are:

CmWofivadfy kmrtion
Forward Normwd ~

H’
Relative density of ah@ane to af.r, ~= — 7 77

gp6’b ‘-
n% ~1 ~1 ~1

Pltch~-moment inertia parmneter, —p(c–A)-
Rolling-moment and yawing-moment inertia

C– B
parameter, ~--..----.--_-.~--.--_-- O.64 0.64 0.64

b
– ------------------------------------..8+ 7 6.7 8.7
1:X
x
---- . -- _--—_____ --------- ____ -_ 0..15 .0.25.0. S5
c
z
----------- --------- ------- ----=-_ ------ Q 0 ..0
c
where

p is the air density.
b, span of wing.
S, area of win .

%z, distance of t e center of gravity back of the Iead-
ing edge of the mean chord.

z, distance of the center of gravity below the thrust
line.

c, mean wing chord.

Figures 1 and 4 show the model with the basic wing
(wing 1) and tad C installed. .Tb.k wing is of N. A. C.
A. 23012 section with rectangular phm form and Army
tips. (The tip contour is derived as described in
reference 5J. 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,

The seven remaining wings (figs. 2 and 5) have
varied dimensional characteristics as follows:

Wii 2: N. A. C. A. 23012 Section, rectangular with
Army tips, 20-percent-chord spIit flaps deflected 60°.

Wing 3: N. A, C. A, 23012 ii%dion, rectaiQular with
rectangular tips.

Wmg 4: N. A. C. A. 23012 section, “rectangularwith
fa.iredtips,

Wmg 5: N. A. C. A. 0009 &5ction,rectangular with
Army tips.

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

W~ 7: N. A. C. A. 2301~tion, 5:2 taper with
Army tips.

Wmg 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).

Each wing is mounted on the model at an angle of
incidance equal to the angle of zero lift for the particular
section. The stabilizer is.set at zero incidence for each
tail. There is no b offset.. _

The three tails designated A, B, and C are show-nin
figures 3 and 5. Tail C, rep~senting a conventional
shallow fusehige with rudder completdy above the tail
cone, has the following dirnen@onal characteristics:

VeiticaJ tail area: 6 percent wing area (3 percent
rudder and 3 percent fin).

Fuselage side area, back of Ieading edge of st.abilize~
2 percent wing area.

Vertical tail length (from wing quarter+ord point to
rudder hinge axis): 45 percent wing span (2.70c).

Horizontal trd area: 14 percent wing area (5.5 per-
cent devator and.8.5 percent stabilizer).

Horizontal tail length (from wiug quarter-chord point
to elevator hinge axis): 44 percent wing span (2.64c).

Tail B was derived from tail C by increasing the fuse-
lage depth, raising the stabilizer and the elevators, and
imddling approximately the original fin and. rudder
atop the deepened fuselage. For tail B, tho vertical
areas are:

Vertical tail area: 6 percent wing area.
Fuselgge side grea back of leading edge of stabilizer:

5.5 peiycentwing areg.
Tail A is similar to ta~B except for full-length rudder

construction and slightly increased elevator cut-out.
For tail A, the vertical areas are:

Vertical tail area: 8 percent wing area (5 percent
rudder and 3 percent h).

Fus%lageside area back of leading edge of stabilizer:
3.4 percent wing area.

TESTS AND RESULTS

For each wing and tail combination with each cen-
ter-of-gravity location, spin tests were made for four
control settings:

(a) Rudder 30° with the spin; elevators neutral.
(b) Ruclcler 30° with the spin; elevators 20° dow~.
(c) Rudder 30° with the spin; elevators 30° up.
(d) Rudder neutral; elevators neutral.
Recovery from (a) and (b) was attempted by reverd

of the rudder, from (c) by compIe.te reversaI of both
controls and ako by neutralizing both controls, and
from (d) by moving the rudder full against the spin
and the elevators full down.

The angle of attack a, the angle of sidedip & th
rata of descent 17,the spin coefficient Qb/21’,and turns
for recovery are plotted in 12 charts (figs. 6 to 17),
grouped so as t~rmit ready comparison of the effects
~f center-of-gravity location, tip shape, phm form, sec-
tion, flaps, and Army standard wing.

The data on these charts are believed to reprwont
the true model values within the folIowing limits (see
reference4):

a-------------------------------------- ~30

B-----------------------------------— & 1)4”
Turns for recovery ----------------------- +x turn
ti!2~” ---------------------------------- *3percont

17.--. ---_ -_--- .,------------------------ *2pcrccnt

For ce&.in isolated spins in which it was cliflicult to
:ontrol.the model in the tunneI owing to high air speed
or to wandering or oscillatory motion, the foregoing
limits may be exceeded.

Som’e of the resulte originally presented for the basic
loading (reference 1) have been revised in the prwent
figures-as a result of additional data from check spins.
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FIGURE 7.–The eflsct of various wtnm on the apin oharectedstlcs. OTfnE has recti~m Plan form) ArmY@% N.A. C.A.~12=tIontGK@Pt=notod,}
Center&gravlty location at 16,23, and 86percent mm chord, plotted Mt to rlgh~ tail A; rudder 3(F wltk elevatma “WYdown.
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FKYJBE 8.—The etlect C4 varfone wfnge on the spin charactadatks. (Wing has reckgnk.r pkm forq ArmY tIw N. .4. C. A. =12 section, except ee noted.)
Cente&of-gmvIty locatlon at M, 26,end 95percent mean chord, plotted left to r!.ght; tafl A; rndder 30” wfth, elevatora W up. -
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Tip Plan form N.A.C. A. Flap 11.A. C.A.
3 3. airfoil section setting =018-09

up
\

d, 40
deg. -.

S.1

I I I 1 I I I I I I I I I I

I
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lomtion at 15.25, and 35 psromt mefin chord, plottsxi left to rlgh~ taU B; rudder 0%elevatma W.
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DISCUSSION

As noted in references 4 and 6, variations have been
observed between model spin-test results and corre-
sponding full-scale spin-test resuhk for a given airplane,
probably because of the difference of the Reyaolda
Number between the teats.

Some remarks on the spin parameters given in figures
6 to 17 appear desirable before proceeding with the
discussion of the r~tits. The number of turns for
recovery is, of course, the basic parameter and probably
the only one of interest from the viewpoint of the pilot.
The other parameters, the angIe of attack, the angle of
sidesIip, the rate of descent, and the coefficient Qi)/2V,
defio the steady spin prior to the recovery attempt.
The steady-spin parameters and their correlation with
the number of turns for recovery are of considerable
importance from research considerations and, conse-
quently, are treated at length in the following discussion.

Tests with tail A (figs, 6 to 9),—Figurm 6, 7, and 8
give results for rudder with the spin for difhrent el+
vator settings. With elevators neutral or down, re-
coveries were attempted by rudder reversal alone. With
eIevators up, recoveries were attempted by simulta-
neous reversal of both controls and by simultaneously
neutralizing both controLs. Figure 9 gives results for
spins with controls neutral, recovery being effected by
moving the rudder to full against the spin and the
elevators to full down.

The figures indicate that moving the center of gravity
from the rem-ward to the forward location tended to
improve the recove~ characteristics. The effect was
most noticeable for rudder reversaI with elevators down
and for both controls neutralized. The greatest im-
provements -wereobtained for the conditions that had
pretiousIy given the worst recoveries, the effect of wing
variables becoming Iess important as the center of
gravity was moved forward.

As regards the steady-spin parameters, moving the
center of gravity forward decreased the angle of attack
for alI wings at all elevator settings, For wings 3, 4,
and 5, this effect was very pronounced when the ele-
vators were up. When the elevatora were set at neutral
or down, the nose-down tendency apparently increased
sufheiently with these wings to put the model out of
the autorotation range so that no spins cotid be ob-
tained. The wing with flaps deflected (wing 2) also
gave no spin when the elevators were down and the
center of gravity was forward. Outward sideslip gen-
erally increased as the center of gravity moved forward,
particularly when the elevators were up. The wing of
hT.A. C. A. 6718 section (wing 6), wbkh normally gave
the least outward aideslip, tended to spin with inward
eicleslipfor the forward center-of-gravity location. The
rate of vertical descent V generally changed veqy little
with center+f~atity location. Large decreases in
angle of attack, however, such as for wings 3, 4, and 5,
are accompanied by a considerably increased rate of

descent. The spin coefficient Qb/2Vincreased generally
for the steeper spins with the center of gravity forward.
‘When the change in center-of-gravity location con-
siderably increased V, however, the value of Qbf2V did
not increase.

The effect of difference in tip shape between the
rectangular tips and the rounded Army tips was pro-
nounced, the rectangular tips giving the steepest spins,
the most outward sideelip, and the fastest recoveries.
The difference in results for the rectangular and the
faired tips was slight, as might be expected from the
smaU difTerenc~ in tip shape. Conditions were most
critimd when the center of gravity was forward with
elevators neutral or down. For these cases, the model
passed from the nonspinning to the spinning regime
as the wing tips were rounded. & the tips were
rounded, the sidedip became less outward. This
decrease of outward sideslip is in agreement with
results from the spin balance (refenmce 7), which show
that the wing with rounded tips, because of its greater .-
autorotative tendency, will require Iess outward side-
slip to produca the ding moment needed for spinning
equilibrium than does the wing with rectangular tips.
It is probable that the change in yawing moment due to
the decrease in the outward sidealip accounts for the
obtaining of a spin with the rounded tips for control
settings for vrbich the model wotid not spin with the
rectangular tips when the center of gravity was for-
ward.

The vertical velocity V decreased as the tips became
rounded. This decrease appears reasonable because
the larger anglm of attack give larger drag coefficients.
As the drag must balance the fixed weight of the model, .-
the vertical velocity must decrease when the drag co-
efficient increases. The spin coefficient Q5/217generally
increased when the tips were rounded.

Tapering a wing causes a reduction of the chord at
the tip and a concentration of the area at the center.
On this basis, tapering is somewhat similar to rounding
the wing tip and might therefore be expected to have
a similar effect. Results on the spin balance indicate
such a tendency (reference 7). Results of the present
investigation indicate that, as regards recov&y charac-
teristics, the wing of 5:2 taper is generaIIy, but not
always, slightIy worse than the wing with rounded tips.

The tested sections embodied variations in both
Mckusss and camber. These variables had no con-
&tent effect on the recovery or the steady-spin charac-
kriatics except for the siddip angIe B. There -was
~ tendency for the sideslip to increase algebraically
$ecome more inward) as the camber (and thickness)
ncreased. This result is in agreement with the rasults
!rom the spin balance (reference 8). Moving the center
]f gravity forward increased the outward sideslip for
ihe wing of N. A. C. A. 0009 section, had little effect
~orthe wing of N. A. C. A. 23012 section, and tended to
nake the sideslipmore inward for the wing of N. A. C. A.
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6718 section. The wing of I?. A. C. A. 23012 section
consistently gave the flattest spins and the poorest
recoveries. Wings 6 and 6 gave similar recoveries but,
with the center of gravity forward, the wing of N. A.
C. A, 0009 section (wing 5) would not spin with the
elevators neutral or down.

Recoveries with flaps deflected were generally slower
than for the plain wing. The effect of center-of-gravity
Iocation was much more pronounced when the flaps wwe
deflected. The wing with flaps, like the wing of
N. A. C. A. 6718 section, gave less outward sidealip
than the basic wing (wing I). This eRect was pre-
dicted in reference 9 on the basis of tads made on the
spin balance. In this reference, it was also predicted
that split flaps wmdd probubly have an adverse effect
on the recovery characteristics.

The Army standard wing, which is of 2:1 taper, would
appear to beIong between the rectangular wing with
rounded tips and the 5:2 tapered wing according to the
plan-form dimensions. The rewdts indicate, however,
that the Army standard wing is somewhat better than
the rectangular wing with rounded tips (wing 1). The
difference probabIy is a remdt of the effect of the taper
in thickness.

The effect of control s.etti.ngon the spin charac-
teristic is given by a comparison of figures 6 to 9.
Recoveries by rudder remrsal with the elevators neutd
or down were very similar except when the flaps were
deflected and the center of gravity was forward. For
these conditions, the model would not spin when the
elevators were down. Simultaneous reversal. of. both
controIs from eIevator-up spins gave the most rapid
recoveries. Experience in the spin tunnel indicatee
that rudder reversal with elevators held up generally
will give recovwies similar to those obtained by simul-
taneous reversal of both controls. Elevator setting
had little effect upon the angle of attack of the steady
spin. The elevator-up spins, however, were slightly
steeper and had higher rates d descent, less outward
sideslip, and lower values of tM/2V than the elevator-
down spins. When the center of gravity was forward,
several wings that gave spins with the elevators up
would not spin when the eIevatcrs were set down. For
these wings, the effect of center-of-gravity movement
was more pronounced than for the remaining wings.
With these wings, the pitching moment due to setting
the elevatms down added to tho pitching moment due
to moving the center of gravity forward was sticient
to prevent spinning equilibrium.

The rwults with tail A indicated that, in generaI, the
fastest recfmerie9.were associated with the steeped
spins which, in turn, were associated with the highest
rates of descent. This indication is in agreement with
the general belief that a flat spin (high a) will usually
lead to a slow recovery. For-a-given center-of-~avity
Iocation, the steepest spins were associated with the
Iowest values of Qb/2V. When the center of gravity

was moved forward, however, the values of Qb/2V
increased, although the recoveries became faster.
There seemed to -be no consistent relation~ip between
turns for recovery and sideslip angle B.

Tests with tail B (figs, 10 to lS),—AS previously
notad, tail B differs from tail A primarily in that tho
rudder area was reduced from 5 to 3 percent of the wing
area by making the portion of the rudder behind tho
fuselage the fixed lin area. The resultsof the tests with
the reduced rudder area are given in figures 10 to 13,
corresponding to figures 6 to 9 for tail A.

A comparison between the two groups of.figuresshows
that tail B gave consistently steeper spins than tail A for
all center-of-gravity locations and elevatm- settings
when the rudder was with the spin, probdiy becm.se of
the increase in the tied vertical surface. In some
imtanc~, spins could not be obtained with tail B for
conditions that gave spins with tail A. For all con-
ditions where tail B gave spins, however, the rccovorics
were slower than with tail A. The comparison shows
the importance of unahieldeclrudder area for cflccting
satisfactory recoveries from fuIIy dmwlopedspins. With
the rudder neutmd, the two taik genemlly gwrc very
similar spins, although in two inhmces spine were
obtained with tail B under conditions for which nono
were obtained with tail A, the differences probably
being the result of the slightly greater elevator cut-out of
taiI A. with a corresponding srnalIer rudder+hiehling
effect.

The generaI nature of the effects of center-of-gravity
locatiou, wing arrangement, and control setting for taiI
B was very similar to that for tail A. The magnitudes
of the effects were much greater, however, to the exten~
of being critical as regards the recovery characteristics.
With the basic wing, for example, with flaps either up or
down and the elevators neutral or down, the model
passed_from a nonspinning to a nonrecovery regime
with twilB as the center of gravity was shifted from the
forward to the rearward location. With tail A, tho
model would spin with these same wing arrrmgements
and elevatm settinge for all center+fflavity lomt.ions
tested, and recoveries were reasonably rapid even for
the rearward location. The critical effects of center-of-
gravity location, such as those discussed, probably
accoltior some of the large differences between pilots’
experiences with certain airplanes.

Tests with tail C (figs. 14 to 17).—When tail C (the
fin and rudder of tail B atop a shallow fuselage) was
installed on the model, the spins when the rudder was
with the spin were very si.dar to those with tail A.
The decreased rudder area with the spin apparently
tended to balance the effect of decreased fin area. Tho
lack of rudder control, however, generally led to vary
much poorer recovery characteristics with tail C. Use
of improper control manipulation for recovery, such as
moving the elevatme clown before reversing the rudder
or not completely reversing the rudder, was mpecklly
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detrimental to recovery results, even for the redanguhr
wing with rectangular tips -when the center of gravity
was back. The effect of center-of-gravity location be-
came increasingly important with this tail and the effect
of the lack of both flu and rudder area below the hori-
zontal surfaces was very apparent. with this tail
arrangement, deflecting the flaps tended to give two
typea of spins, one very flat and one more normal.

The effects of center+f-gratity location, wing ar-
rangement, and contrd+etting variations gave trends
similar to those for tails A and B, but the inferiority of
this taiIwas most apprwent. Improper control manipu-
lation gave poor recovery characteristics for all e..cept
the best combination of loading and wing arrangements.

With taiI C, the poorest arrangement from spinning
considerations, the model was especially critical to
variations in center+f-gravity Iocation, wing arrmge-
ment, or oontrol manipulation; and the trends obtained
with tails A and B -wereevm more apparent with tail C?.
A compmison of the three tail arrimgements indicates
that, as the design of the tail approaches that of tail A
with sufficient fin and rudder area below the horizontal
surfaces, variation in center-of-gratity location, wing
arrangement, and control manipulation become less
important; but that, if the design shnuhites that of
tail C, the need of merciaing care in selection of wing
design, the deviation from normal center-of~avity
location, and the control movements in a spin become
matters of great importance.

CONCLUSIONS

By analysis of the data presented, the following con-
chwions may be obtained:

Effects of canter-of-gravity location:
1. In nearly every case, moving the center of gravity

forward steepens the spin, increases Qb/2V, and im-
proves recovery; whereas moving the center of gravity
back flattens the spin, decreasea !2b/2V, and retards
recovery.

2. Forward movement of the center-of-gravity posi-
tion tends to produce more outward eideslip, except for
the wing of N. A. C. A. 6718 section for which the reverse
is true.

Effects of wings:
1. Tip shape.—Rectangular and faired tips give the

steepest spins and the most rapid recoveries. The
Army tip consistently gives flatter spins and slower
recoveries.

2. F’hznjorm.-The wing of 5:2 taper generdy gives
slower recoveries than the rectangular wing.

3. &ctian.—The h’. A. C. A. 23012 section consk&
ently eshibits the pooreet reoovery characteristics.
The N. A. C. A. 0009 seotion gives the most outward
side.slip; whereas the hT. A. C. A. 6718 section gives
inward aideslip.

4. I’Zaps.-FIaps generaUy retard recovery. There
is little effect for tails A and B, however, when the
center of gravity is forward.

5. Amy standard wing.-The Army standard wing
gives more satisfactory recovery characteristics than
the basic redangular wing.

Effeots of control setting:
1. In some instances, recoveries from spins with ele-

vators down are somewhat more rapid than from spins
with elevators neutral but, in generaI, there is little
difference.

2. HoMing the eIevators up results in the steepest
spins from which, by revered of both controls, the most
rapid recoveries are obtained.

Effects of tafi arrangement
1. The tail with deepened fuselage, raised stabilizer

and elevators, and full-length rudder gives the most
satisfactory recovwiea, although the tail with deepened
fuselage, raised stabilizer and elevatm, and short md-

-.

der gives the steepest spins.
2. The more nearly conventional tail (short rudder

atop a shallow fuselage) gives the slowest recoveries.
3. The importance of the other variables increases

as the efleotiveness of the tail unit decreases.
Relationships between spin characteristics:
1. For a given tail arrangement, steep spins are

usually associated with high rates of descent and rapid
reooveriea; for a given center-of-gravity location, steep
spins are associated with low $2b/2~’.
2.For any center-of-gravity position, there is no con-

sistent relationship between the sideslip of the steady
spin and the turns required for recovery.
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