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TESTS OF INVERTED SPINS IN THE NACA FREE-SPINVING TUNNELS

By George F., iacDougall, Jr.
SUHMARY

Results are given of inverted—spin tests of 44 air-
Plene models in the HACA 15-foot and 20-foot free—spinning
tuonrels., The data indicated that snins normally were
steep ond recovery by rudder reversal generally was rapide
Pullins the stick back diminished the tendency for the
mocele “c spgin, Deflecting ailerons and rudder together
tendsd So prevent the spin and crossing these controls
teuded Yo retard recovery.,

INTRODUCTION

Inverted—spln tests of approximately 50 airplane
models have been uwade over a period of several years in
the IACA 15-foot and 20-~foot free—-spinning tunnels, The
data for 44 of these models have been collectcd and are
presented in the present report. & detailed analysis of
the data is not made; however, several well—-defined trends
are pointed out. Special eaphasis ig given to the effects
of ailercn deflection on the recovery from the spin be-
cause relatively 1little attention has tecn given this
aspect in reported flight tests of inverted spins (refer—
ences 1 and 2.

HODELS

The type and mass characteristics of the airplanes
for which model test results are presented arc gilven in
table I+ The models represcntecd conventional monoplanes
with the exception of a biplane (N3X-3), a tailless air—
plane (XP-56), and a canard airplane (CW24-B), Because
both single—~engine and multiengine designs woere tested,
a wide range of mass distribution was covered,

The construction of spin models is described in



detail in reference 3. ~The mcdels, constructed princi—
pally of balsa, were ballasted for dynamic similarity to
the corresponding airplane by the installation of proper
weights at suitabdle 10cations. A remote—control mecha-—
nism served to move the rudder (or rudders) during the
recovery tests. The maximum angular deflections of the
controls used on cach model were the saile as for the air-—

plane represented.

The models represented the airplanes in the normal
loading condition. For the tests lerasin considered, the
flaps were necutral and the landing gears were retracted
except for the airplanes with ronrctractable landing gear.

TESTING PROCEDURE

The tosting procedures in bdoth the HACA 16-foot and
the MACA 20-foot free—spinning tunnels are essentially as
desceribed in reference 3. With the clevator and ailerons
fixol in the dnsired positions and with the rudder (or
ruddors) set full with the desired spin, the model s
launched by hand with an initial rotatior in the direction
of the spin., Recoverles are attenpted by a rapid reversal
of the rudder (or rudders) from full with the spin Yo full
against the spin. Photographic observations are made dur-—
ing the steady spin of the acute angle o Dbetween the
thrust axis ana the vertical (approximately equal to the
absolute value of the dngle of attack ot the plane of syn-—
metry). Visual and photographic observations are also
made of the number of turns for recovery N, which 1s
defined as the number of turns the spinning nodel makes
between the time the controls are nmoved and the time the
spin rotation ceases. ? '

PRECISICHN

The angle a can be meassured within 1° and the nun—
ber of recovery turns within 1/4 turn, cxcept for certain
.~ cases in which the model is aifficul®t to handle in the
-~ tunnel because of the wandering or ocscillatory nature of

the spin. -

Corjparison between model and airplene results for
erect spins {reference 2) indicates thav, because of scale
and tunnel effects, lack af detail in the model, and dif-
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"ferences in techniques, the spin-tunnel results are not

always in complete agreoient with rasults for the actusl
airplane, For a given loading condition and control set-
ting, somewhat smaller angles of attack were generally
obtained with the models than with the airplanes. A com—
parison of free—spinning wind-tunnel results with corre-—
sponding full—scale spin results (unpublished) showed that
80 percent of the model recovery tests predicted satisfac—
torily the recoveries of the correspon¢1nf airplanes and

"that 10 percent ovoerestimated and 10 percent underosti-
mated the number .of turns reguired for recovery of the

airplaness Although most of the discrepancies have re-—
mained unoxplained, it mey be - assumed that the agreenent
would bo of the same order for inverted spins.

RESULTS AXD DISCUSSIONW

The results of the in«nrted~snlr tests are presented
in table II, in which the control deflections are given
in terms - 01 redder—pedal and stick disnlacements. In
addition to the resvlts for tests with the normal control
conflparation fror spirning iuvertes - that is, one rudder
pedal forward, the stick. nanu_@l 1ataral¢y and -forward

“lo“gl+u4iaal1v (rdder full with spin, Ailerons neutral,
and elevator up with respect %o thc o'ound) ~-results. are

4150 showvn for -tests macde with vquous combinations of
full lateral and longitudinal iis placenpnts of the confrol
sticke. . .

focctwpg control position.— An examinatlon of table
>r0k1m¢te1y 20 percent of the models would
not spin ?avbrteﬂ with the normal control configuration
for.spinning inverted. The spins for all: the models o xX—
cept que wers steep (small a's) and Tecoveries were ranid.

.These results were obtained probably because, for a con—

ventional tail layout, most of the vertical . tail surface
is not shielded by the tail plane when tle model is spin-
ning jnverted and the tail dmmplng~p0Jer factor (reference
4) is tnerefore relatively large. The velues of this fac—
tor are given in table I and are considerably greater than
the minimum design:value of. O, 000150sp~c1f1ed in reference
4, Hoving the sticlk rearward — that is, moving the ele-—
vator down with respect to the ground — tended to prevent
the inverted spin. .Thig result tends to corroborate the
statement made ‘in referpnce 5  that, when an airplane is
in an inverted spirn, moving the stick rearward will gener-—
ally cause recovery.



The lateral displacement of the stick also had a pro-
nounced effect cn the behavior of the models in inverted
spinse. Setting the controls together (fig. 1) — that is,
stick right for a spin made with right rudder pedal for-—
ward (setting the ailerons against the rotation of the

inverted model) — generally prevented the inverted spin
regardless of the longitudinal location of the stick (ele—
vator deflectior). Crossing the controle — that is,

stick left for a spin made with the right rudder pedal
forward (putting the ailerons with the spinning rotation
when inverted) however, had ths opposite effect, because
spins could thsn e obtained with all moaels. These spins
werce somewhat flatter and had slower recoveries than spins
with the stick neutral laterally, especinlly when the
stick was alsc forward, With the stick left and forward
and the right rudder pedal forward, recovery by rudder re-—
vorsal alcone was inmpossible in many casscs.

|

Relation botweon mass distribution and effect of
aileron deflection on spinning.— It was concluded in ref—
erence 6 that, for erect spins, the nmass distribution of
the airplane is a primary factor in determining the effect
of milcron deflection: that is, for single—engine airplanes
with the mass distributed mainly along the fuselage (monent
of inertia adsut Y-axis Iy appreciadly greatcer than that
about X-ozis IX), reccovery was improved by setting the
controls together (ailerons with the spinning rotation
when erect). For nmulticngine airplanes osr for the present—
day single—engine airplanes with wing arazament and wing
fuel tanks (IX greater than Iy), howevaer, crossing the
controls (ailerons against the spinning rotation when
ercct) had a favorable effect on recovery.

Although the models tested in inverted spins covered
a wide range of mass distridbution, there was no point at
which the effect of aileron deflection reversed. For all
the models, setting the controls together was bteneficial
and crossing them was adverse. Although mass distridbution
ig & prime factor in determining the efcct of allarcn
deflection for erect spins, it appears to have, within the
limits of present—day design, little influence on the ef -
foct of aileron deflection in the inverted spin.

APPLICATION TO FULL-SCALE SPINNING

Although the model test rosults generally indicated
more rapid recovery from inverted taan from erect spins,
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several considerations indicate that spinning airplanes
inverted may be relatively hazardous, Some of the factors
involved are

(1) Because of the high rate of descent indicated
by the model %test results, the control forces
nay be s¢ high that the pilot cannot deflect
the controls as desired.

(2) Viclent oscillatiohs of the airplane may con—
fusc the pilot and prevent his making the
desired control movements. .

Because of these possidle difficulties, precautioas should
be taken to enable ths pilot to move the controls %o the
desired positions. Thoe ability of the pilot to move the
eontrols can be ivproved if properly adjusted safety belt,
chost and shoulder harness, and toe straps are used.

COCLUSIONS

Invertod—spin tests of 44 models in the NACA 15-foot
and 20-foot froe—~spinning tunnels indicated the following
conclusions:

le. Tho inverted spins werc usually steep and thers—
fore the rate of descent was relatively high., For the nor-
mal contrcl position for spinning inverted (stick laterally
neutral and longitudinally forwerd, rudder with the spin),
recovery by reversal of the rudder alone generanlly was
rapid.

2., Pulling the stick back diminished the tendency for
the models to spin.

%, The aileron effect was quite marked. The results
of the tests obtained with the modals spinning inverted
indicated that, within the range of mass distribution of
present~day airplanes, setting the controls together
(ailerons and rudder in the same direction) tended to pre—
vent the inverted spin and crossing these controls retard-
ed recovery from the inverted spin.

4, Because of practical factors, inverted spins may
be hazardous arnd tests should be approached with caution.

Langley Memorigl Aeronautical Laboratory,
¥ational Advisory Committee for Aeronautics,
Langley Fileld, Ve,,
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NACA 7
TABLE I.- DIMENSIONAL AND MASS CHARACTERISTICS OF AIRPLANES REPRESENTED BY MODET S
Airplane | Number of |{Number Vertical) Wing [Tall damping- Airplane|Moments of 2inertia
repre- vertical of location| span power factor mass (slug=-rt°)
sented tails wings | of wing | (ft) when model 1s| (slugs) Ix Iy I,
inverted
(a)
e -
! XF2A-2 1 1 Mia |35 0.001042 166 2,110| 3,410 5,080
;bFeA-l 1 1l Mia 35 »001042 158 2,095 3,440 5,130
N3N-3 1 2 [High-low | 34 .000546 87 1,583| 2,362 3,487
XFS5F-1 2 1l Low 42 000918 268 10,787 | 7,174} 17,264
XFL-1 1 1 Low |35 +000499 193 | 2,7s0| 4,560| 6,890
XP-40 1 1 Low 37.29 .001043 212 2,172} 6,744 8,602
ASB2A-1 1 1 Mid 47 .000812 215 10,204 {17,714 | 27,019
XSB2C-1 1 1 Mia 50 +000600 316 8,150(13,475} 20,470
XBT-12 1l 1 Low 40,03 .000865 133 2,492} 4,170 6,293
SBD-1 1 1 Low | 41,51 ,001442 2386 4,841| 8,692| 12,544
B-26 1 1 High 65 .0010565 826 |63,651(69,798,129,371
A-20 1 1 High | 61.38 ,001852 592 | 33,706|24,557 55,287
|
XBT-13 1 1 Low 42 .000935 131 2,659 | 4,122 6,201
XBT-11 1 1 Low 42 .000508 137 2,700 | 4,360 5,900
| 0-52 1 1 High 40.79[ .001169 158 | 3,705, 4,970, 7,580
| XP-46 1 1 Low 34.33] .000924 210 3,285 | 5,540 | 8,550
} !
| :
XP-50 2 1 Low 42 .001218 324 13,793, 7,582 21,210
b-44 1 1 Low 28 .001710 270 4,903 | 8,130 : 11,819
XP-56 C 1 Mid 40,59 ceee-- 316 9,313, 6,834 | 15,635
XTBU-1 1 1 Mia 67.18 +000995 410 12,543!23,969 34,911
i |
XTBF-1 1 1l Mid 54,17 .000379 411 11,784 21,156} 21,183
1 YP-43 1 o1 Low 36 .001680 214 3,439 | 5,769 8,557
| XP-47B 1l 8 Low 40.78 .001835 369 12,867 {13,047 | 25,841
! BT-14 1 y1 Low 41,02 .000649 - 139 2,741 1 4,237 5,681
i |
XP-60 1 o Low 41,44!  .000627 288 8,920 9,181 | 17,224 |
XP-61 2 1 Mid 66 .000962 800 53,494 135,082 | 83,423
XAT=15 1 1 High 59,68 .001636 379 20,370 19,954 37,736
XP-59 2 1 Mid i 40 .003780 348 6,330 8,220, 14,000
P-39D 1 1 Low |34 .001151 230 | 5,201 6,0771 10,704
XAT-13 2 1 Mia 52,5 .001166 328 15,600 (11,016 25,183
CW24-B 2 1 Low 36.58/ .000092 101 ! 1,410! 4,062 5,042
DC-3 1 1 Low 95 .001301 79E 66,668191,6901150,420
. | "
| l !
XP-63 1 1 Low |38.33 .001328 231 | 6,340 7,642, 13,202
XP-67 1 1 ¥id 55 .001116 629 41,989f25,596’ 63,625
P-40E 1 L1 Low | 37.29] .00C958 266 5,430 ' 7,827 | 12,505
P-40F 1 ! 1 Low 37.29] .000958 264 5,029 | 7,899 12,146
}
XSB3C=-1 1 1 Low 51,95 +001052 436 16,100 {20,800 35,200
XP-69 1 1l Mid 52 »001910 559 26,446 149,174 73,746
SNC-1 1 1 Low 35 .002150 113 1,242 2,863 3,937
Xp-62 1 1 Low 53,65 .000706 452 13,241 22,545 22,714
XFEF-3 1 1 Mia | 42,83 ,000878 344 | 8,787|11,563' 19,950
XSB2D-1 1 1l Miad 45 .002180 454 13,934 25,533 . 37,832
XP=60A 1 1 Low 41,33 +001367 294 7,931i10,690' 17,636
XF14C-1 1 1 Low 45,6 «000965 396 11,713;14,743: 24,338
| |

87a11 damping-powsr factor 1s defined in reference 4.
Data presented are for landplane veralon.



8 TABLE IL.- ZFFECT OP AILERON AND ELEVATCR DEFLECTICNS ON ANGLE OF BACA
ATTACK a OF, AND TURNS FOR RECOVERY N FROM, INVERTED SPINS

[Angle of attack given for rudder with spins; racovery
attempted by rapid full rudder reversal] ’

_ - - .
Alrplame Stick and rudder together Stick neutral laterally ‘ Stick and rudder crossed
repre- (allerons againat inverted (atlerons neutral) (allerons with inverted
sented soin) spin}
Stick Stick Stick Stick Stick Stick . Stlek Stick Stick
F forward neutral back forward nsutral back : forward neutral back
) IR i ; . .
N a N a N 1 N a | N a N a ] N a N a I N
(dag)(turns)(deg){(turns)(deg)}(turns) deg)(tuml)(dog)\(turns!(deg)i(turns)(deg)(tums)(dog)(turna)(deg)}(turnl)
—_— 7 | — 1 e ;. ;
\ ; .
WF2A-2  |--- |---- v S (T P V/ W I VZ S IO I N VS IR O TS IRT A I V- R
F2A-1 [ N T NO (b) | =m== NO RO () 1 (DI A NO
CHIN-3 NO NC NO 32| 1/4 O NO 50 | 1/2 43| 1/2 NO
XFSF-1 X0 NO NO NO NO NO .- | 42 —— 2 NO
| i |
pea % W FRRSS DU DU IR 170 R pus S T R e T R I 7 R N e I
XP~40 (v) (6) | oo 1B | mmee (b)Y fmmme (DY L ceemfeee | 3/ Dby | memm eee 1/8 - | /2
XSB24-1 e NO e | 1/2 NO KO -em i 1/2 {(b) | --e- NC
XSB2C-1 NO NO (b) | —=-= NO Lo --- el Rt N T 1/2 |
. | i | |
; | ; }
XBT-12 KC NC NO NO NO 50 —— NO ! KO
SrD-1 NO NO NO o] n0 () | ===a NO j NO |
B-26 R e 28 | memw jmee | == | 32| ecee | 4B | ccme | eow | mmm= | —e-  mees
A-20 NO 0 (b) | --a= §O NO (r) | a-ee | (D) { cmee [ (D) | eeam
| ! ! i
| ! ; ; | !
XBT-13 NO NO NO NO NO NO DOEP L sege LI NO
XFT-11 no NO N0 79 1/2 NO 50 52, ds% 4 17 0 21 2
0-52 NO [ : NG {b) i ———— NC NO o NO ’ NC
XP-46 NO NO 36 | /4| D) —eem () ooem a4 3/4 | el 13 | 44 1 27 | /4
: i H } i i 1
: | 1 i ‘ ‘ | a
XpP-50 [N RN SO . i} ; ke NO l--- -——— is) . "2 NO --- ————
P-44 ! NO NO NG NO : X0, X0 43 | =--=| 40 -e--
XP-56 ' NO NO 76 ---- | a7.9%5 42 % 52 | @ 79 T 55 o
XTRO-1 | (s} ¥O NO 23:1/2 NO MO 37 z/4 2 3/4
: | ! i
J \ , " | ;
XToF-1 NO X0 | NO (b) | emee NE 4 | 1 {v) -——— NO
YP-43 R o Rt NO () | === |(B) {b) ' ----  (8)  --z-| 35 1/4 20 1/4
XP-47B o NO No (b) | ==== (D) NC a3 13 | 40 3/4 | (0) | -e--
BT-14 NO NO }NO (b) | === R(d ;29 da& 22 | 3/ NO
! 1 . i
l “ i \ i f ‘
* ! ! 3 1
XP-60 %0 No No e 1f2 e [8/a jee- (U2 --- | 2 L oar | 2f - 2}
XP-61 NO NO NO 38 1/2 NO N 3s 11‘. : NG ! NO
A ,
XAT-15 NO cee ] meee | amm 1 ———— | 44 | 3/4 NO I, 50 | 1 37 | 3/4 NO
XP-59 NO NO NO NO NO NO {v) | ———- No N0
f ; 1 : |
i f 1 i ! 1 P2k - 13
P-29D | (b) 1 1/4 | mmee | {B) | mmee leen [3/8 leme Meoe - g - B e ol M P
XAT1Z  |cee | emmm | am= | mcea | ame | emee NO NO —ee  —~-- 510 3/ 391 13 NO
cW24-B RO NO NO NO 85 . 1/2 g2 y/2 NO NO NO
oCc-3 cme | e | mee | emea e-- i ———- KO NO .{el [ me emed emsy emeel —es coes
| : 1 11
XP-63 [ e T B A ST e e, reee ——— eoml eeee | —--
XP-67 ¥O Mo L{d 310 1 NO 41 “zz 40 1-} 37 1§
P-40E NO NO NO 45| 3/4 - m--= | 40} 1 31 3/4 2 1
P-40F 27 1/2 | --- | eme--i 28 i v/l 290 1/2 —meemen |32 emed a-el —eee 26 1/4
| t : i :
xSB3C-1 NO NO NO NO NO o481 44; 1 NO
XP-69 NO NO NO -—-i1/2 B ==t 1/§ c——{ wen-
SNC-1 NO NO NO (v) | 1/ 3 NO 42 36| 1 24 1/2
XP-62 O NO NO 31| 1/2 34 | 1/2 | 30 1/2 49 1 46 14 2 1
i ,
! I
‘ ] ) 3 : . a4 4 eeee| 34 -
XP6F-3 (b} | ==-- NO NO 43| 17 41 | === | NO b2 * 44 - y
XSB2D-1 NO RO NO 28| =mee NO NO b3 1 28 1 26 3/4
XP-60A NO NO NO 34| 1/ 3, 1/2 NO . sl 1 43 1, 4 1,
XF14C-1 NO e | wmem NO 33| 1/2 NO NO S TR 33 1 3 13
| | ! 1
4 i S S S — _

40 indicates the model would not spin.

Steep spin.

CHeashlts pressnted for landplane version.

Model had not recovered in numbsr of turns indicated.
®Spin at moderats angle of attack.

fuodel would not recover indicated by o .
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Figure [ - Stick and rudder pedal together
moan mnmverted spin.






