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NATIONAL ADVISORY COM-iIT‘ZEEE FOR AEROKAU‘I‘ICS

NACA RM No. L7F23b

RESEARCH MEMQRANDUM
for the

Bureau of Aesronautics, Navy Depariment

. ESTTMATION OF THE SPTN AND RECOVERY CHARACTERISTICS
OF THE NORTH AMERICAN XSN2J-1 ATRPLANE .

By Thomas L. Snyder

The probabls spin and recovery characteristics of the XSN2J-1 air-
plane have been estlumated on the basls of the results of brief tests
performed on a model of an ailrplemne of somevhat similar design. The
spin-recoveyry btall-parachute requlrements for the airplane were also
determined, and, in addition, an analysis was made to determine the
best method of emergency pilot eascape durlng & spin.

The results of the Investigation indicate that the recovery
characteristics of the airplane will be satisfactory for &ll probable
loading conditions of the airplane. A 6~Toot-diameter tall parachute
attached to & 30-foot towline will be matisfactory as a spin-recovery
device for emergency recovery from demonsitration splns. IFf the .
occupants of the airplene declde to gbendon the airplane in a spin,

' they should leave the airplene from the outboard side of the coclepit

and as fer rearwverd.as posslible.
INTRODUCTION

In accordance with & reguest of the Bureau of Aeronautics, Navy
Deparitment, sn estimation of the probgble spin and recovery chexac-
teristice of the North American XSN2J-1 alrplens has been prepared
by the Langley Leboratory. The XSN2J-1 18 a single-engine, two-place,
low~wving scout trainer. An exsmination of the mass and dimensional
characteristics of the airplane Indicated that a sufficlently precise
estimation couwld be made by testing a model of similar design
available at the  Langley Laboratory, but modified in such & manner

-
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as to be generelly representative of the XSN2J-1 airplene. Accordingly,
the model was modified primarily by altering the tail length, so thab

i1t represented a 18 =%5-scele model of the XSN2J-1 design.

Based on reference 1, 1t appeared that the tall design and mass
characteristics of the XSN2J-1 airplane were such that satisfactory
recovery characterlsticse were probsble. Brief tests were made on
the model to verify this and to obteln speclific resulis which 1t was
felt would falrly accurately indicate in detaill the probable spin
and recovery characteristics of the XSN2J-1 silrplane.

Tests were made on the modifiled model for the normal-tralner
loading in the clean condition (flaps and lending gear retracted).
The probeble spin and recovery characteristics for the bomber-trainer
and rocket-trainer loasdings, also possible on the alrplene, were
estimated after consideration of the test resulte obtained wilith the
normal~trainer loeding. The spin-recovery tall-parachute requirements
for the alrplemne for recovery from demonstratlon spine were also
estimated, and, In addition, the best wethod of leaving the airplene
from an unoontrollable spin was determined on the basis of results
of tests of mumerous other models.

SYMBOLS

b wing span, feet

S wving areea, square feet

c mean aerodynemic chord, feet

x/E' ratio of dlstance of center of gravity rearverd of

: leading edge of mean aerodynemic chord to mean
aerodynanic chord

z/c ©  ratio of dlstence between center of gravity and fuselage’
reference line to mean aerodynamic chord (positive
vhen center of gravity is below line).

m ) mass  of alrplane, slugs

IX’ Iy, I, momente of Inertia about X-, Y-, and Z-body axes,
respectively, slug-feet2 !
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ailr density, slugs per éufbic f_'oot

inertia yawing-moment perameter

~‘inertie rolling-moment paremeter

inertia pltching-moment paremeter o _ _ '

relative density of alrplane (p—g.g)

angle between fumelage reference line and vertical
(2pproximately equal to absolute value of angle of
attack at plane of symmetry), degrees

engle between spen axis. end horizontal, degrees.
full-scale true rate of descent, feet per second

full-scale anguiar veloclty about spin axls, revolutions
per second

helix angle, angle between flight path and vertlcal,
degrees (For the itests of this model, the a.verage
absolute value of the helix engle vas "spproximately 4°.)

approximete a.ngle of sidesllip at center of gravity, degrees

(Sid.esli‘n is invard wvhen inner wing ls dovn by an amount
-greater than the helix angle )

APPARATUS AND MODEL

Modsl

e

The dimensional characteristics of the XSN2J-1 airplane and the

girplane represented by the model as tested are presented in ta‘ble I

and a comparison three-view drawing . 15 shown in figure l-
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The model used for the tests was ballasted with lead welghts
to obtain dynemic similarity to the XSH2J-1 airplane at an gltitude
of 10,000 feet (p = 0.001756 slug per cu £t). The weight; moments
of 1nertia, and center-of~gravity location were obtalned from data
supplied by the North American Aviation Corporation. A remote-
control mechanism wes installed in the model to actuate the rudder
for recovery tests.

The tell-damping power factor computed by methods descrlbed in
reference 1 was 438 X 10~6 for the XSN2T-1 airplane. The horizontal
tall surfaces of the modsl used for the tests, with the lengthened
tall previously mentioned, was lowered slightly in order to obtain
the same value of tall- damping pover factor as that for the XSN2J-1.

Wind Tunnel and Testling Technigque
The brief tests made were performed in the Langley 20-foot
free-spimming tummel. The testing technigue applled for the methods

of determining the spin data were generally the same as those
indicated in reference 2.

PRECISION

The spin data preseﬁted herein are belleved to be the true
values given by the model within the following limite: '

O, GOEYO6E =« « o « v + 4o s+ 4 ¢ K = 4+ 2 s st .0 s e s s S
¢ , deyees L * L - - Ll * L] - . . . . . . L] . - - * - - - . L4 tl

, Percent . - L] * Ll L] L] L . L] . - L * L] v . L] .. . i‘s
@, percont « « ¢ i v e 0 e 0 e o oa « e N 2

'tl/h turn vhen obtained from
motion-picture records

¥1/2 turn vhen obtained by
visual eatimate

Turng for recovary « « o » o s o & o

In some lnstances for which 1t was difficult to test the model
due to the wandering nature of the spin, the foregoing limits may
have been ezceeded. Comparison between spln results of models and
corresponding airplenes (references 3 end 4) indicates that spin-
tunnel results are not always In complete egreedment with ailrplane
gpin results. In general, the model spun at a somevhat smaller
angle of attack with a sllightly higher rate of descent and with 5°
to 10° more outward sideslip than did the corresponding airplene.
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The comparison mede in reference 4 for 20 models shows that 80 per-
cent of the model recovery tests predicted satisfactorily the number
of turns required for rscovery from the epln of the corresponding
airplane and that 10 percent were optimistic and 10 percent were
pessimietic.

Becauvse of the impracticabillity of ballaeting the model exactly
and because of the inadvertent damege to the model d.uring the spin
tests, the mass distribution of the model varied from the true
scaled~dowvn values within the following limits:

Weight, percent . . .. . . Coe. e + » 1 low to 1l high

_« Center-of-gravity loce.tion, percent ¢ « . . 1 forward to 1 rearward
Moments | Ix, percent . . . . . « s s e e e e Olowto O
of Ty, porcent + « « e ¢ ¢ ¢ o« ¢ s o . 1 low to 5 high
inertia | Iy, percent '« .« « . . e« w e+ o+« -3high to 7 high

The measurements ‘of the mass characteristics were made vithin
the fol_'l.owing Iimits of accuracy:

Weight percent.'... '3-'1
Center of ‘gravity, percent R R « |
Moments of inertia, percent . « « « + v « ¢ 4« s e 4 v e ... t5

The controls were Set with an accuracy of ¥1°.
TEST CONDITIONS

The mass characteristics and inertia paramsters for loadings

. possible on the airplane and for the condition tested on the model

~are listed in table II. The inertia paremeters-are alsc plotted In
Tigure 2. As discussed in reference 5, figure 2 can be used in

_:pred.icting the relative effectiveness of the cohtwrols on the )
recovery characteristics of the alrplane. ’

‘The normal meximum contrel deflectione of the XSNEJ -1 used were

' Budder, AErE6S « « « + 4 s o0 e e e : 30 right, 30 left
Elevator, degrees « « « « ¢ ¢ ¢ v v LTe v a0 s o« 30 up, 10 down
‘Alerons, degrees . .« . ¢ sra v o e o o+ o+ e o i . 19 up, 19 dowm

The intermediate control deflections used Wrere

Rudder, /3 deflected, dSgrees '« « « « - + . £ % . o o 0 o .. 20
Eleva-tor, 2/3 up’ d.eg'ees L] ‘. s w = < . L P I T I L R B

Ailerons, 1/3 deflected., d.eg:‘ees e e e e e e e e %up, 6%—'6.014:1
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RESULTS AND DISCUSSION

Spin and Recovery Characteristics

The results of the model tests are pregented in chert 1. The
results for left and right spins were simllar, and the results are
arbitrarily presented. in terms of equlvalent right spins.

Normal-trainer load.ing. For the normal trainer loading at the
normal control configuration for spinning (ailerons neutral, elevator
full up, and rudder full with the spin) the model spin was fairly
steep with. a moderately high rate of d,eecenh and. recovery by rapld
full rudder reversal was satisfactory. (See chart 1.) The deflection
of the ailerons, elther against the spin (stick left in & right spin)
or with the spin, gshoved only a slight effect on the recovery charac=-
teristics of the model. Setting the ailerons ageinst the spin did,
however, tend to flatten the spin, whereas, setting the aillerons
with the spin showed a tendency to e'beepen the spin. The results
indicate that recovery by the normal control manipulation (rapid
full rudder reversal followed approximately 1/2 turn later by
movement of the stick forward of neutral) will be satisfactory.

The results indicate satisfactory recovery characteristics for
the alrplene and are in agreement with recovery characteristics
estimated from a consideratlion of +tall-demping power factor and
mass characteristics by the method described 1in reference 1.
Accordingly, 1t is felt that the resulis provide an accurate indi-
cation of the probable spin and recovery characteristics of the
XSN2J-1 airplans.

_Bomber-tralner and rocket-trainer loadings.- For the bomber-
trainer and rocket-trainer loadings, the rudder will probably be
somewhat less effective as a recovery device, and the.elevator will
be relatively more effectlve Ffor recovery than when the airplaene is
in the normel-trainer loading because of the relative increase in =
mags distribution slong the wings (references 1 and 5). Based on
reference 1, hovever, 1t appears that recovery will be satisfactory
by normal control menipulation (rapid full rudder reversal followed
1/2 turn later by movement of the elevator to down). -If; howsver,
recovery from a spin of the airplemne in either of . these 1oad.ing's
does not appear Iimminent, the bombs and rockets.should be Jettisoned
and the recovery procedure repeated.

Mass verlations.- An estimate was made to determine the effect
of emall variatlons In mass distribution on the spin-recovery charac-
teristics of the elrplane in order to allow for any error in estimating
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the moments of Ilnertia of the airplsne and elso to allow for any
rearrangement of the normal-treliner loading that may lead to a
spinning condition from which recovery mey be slower than for the
normel=-trainer loading. The possible varlations in mass distribu-
tion due to possible error In estimating the moments of inertla of
the airplane and posslble rearrangement of the normal-trainer
loading would be relatively small and it appears that the normal .
mass distribution of the airplane is such that small variations will
not alter the spin and recovery characteristics of. the airplane o
and recovery will he satisfactory 'by 'bhe normal control manipu-
lation previously mentioned.

Landing conditlon.- Currsnt Navy specifications require the
alrplane to demonstrate satisfactory recoveries in the landing con-
dition from only l-turn spins. At the end of 1 turn, the airplans
will probably still be in an incipient snin from which recoveries
are nmore readlly obtained than from fully developed spins. 4An
analysis of the results of full~scale and model tests of meny
alrplenes indicates that the XSN2J-1 alrplane wlll recover satis-
factorily from & l-turn spin in the landing conditlon. Nevertheless,
1f a spin In the landing condition 1s entered inedvertently, it is
recommended that the flaps be neutralized and recovery attempted
Inmmediately by normal control menipulation.

Inverted splnsg.- Satisfactory recovery wlll be cbtained from
any inverted spins that the airplene may enter. For recovery, the
rudder should be briskly and fully reversed to against the spin and
the stlck moved to neulrel, laterally and longitudinaelly.

Control forces. The estimate of the rsc¢overy characteristics
so far has been based on control effectivensss elons without rega:rd.
to the forces required to move the controls. The controls of the
airplane will have to be moved rapidly in order for the alrplane . T
recoveries to be comparasble to those estimated. Analysis of . . Lo
reference 6 indicated that for this alrplane, the rudder-pedal
Torces required to fully and rapidly reverse the rudder will be
approximately 275 pounds, vhich is within the capabilities of the
pilot. An estimation of the stick forces is not presented herein .
inasmuch as rudder reversal alone effected satisfactory recovery.
It is believed that the force required to move the stick forward
of neutrel, spproximately 1/2 turn after rudder reéversal, as. .-
recomended. will be wlthin the cepabllities of the pilot inasmuch
as after ruc'Lc‘Ler reversal the alrplane will nose down steeply a.ncl
the olevator will therefore tend to float near neu'bral.
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Estimation of Spin-Recovery Parachute Requlrements

Tall perachutes.- Spin~tunnel test®m have been conducted on
numerous models to defermine thelr spin~recovery perachute require-
ments over a wide range of mass- distribution and airplene configu-
rations. Anelysls of the results of these tests indicated that a
tall parachute 6 feet in diemeter attathed to & 30-foot towline
-would be adequate as an emergency spin-recovery device for the
XSN2J-1 elrplene for demonstration spins. The parachute dlameter
is besed on & drag coefficient of 0.7 for the laid-out-flat area
of the parachute. It is recommended that a positive ejection
mechanism be used to throw the parachute clear of the tail end to
egsure quick opening of the parachute. Reférence T descrlbes
practical methods of tall-parachute instellatlions.

Emergency Pilot Escape

Besed on pllot-escape teests conducted on approximately 20 models -
in the spin tummel, 1t appears that the occupants of the XSN2J-1 air-
Plene should leave from the outboard side of the cockplt and as. far
rearward as possible 1f the occupants declds %o abandon the airplane
in a spin.

CONCI.USIONS

“Based on brief tests.of a épin-tunnel model and upon general
spin~tunnel experience, the following conclusions are mads for the
North Americen XSN2J-1 airplane: X :

1. The spins, in general, will be falrly steep with a fairly
high rate of descent, and recovery by rapid full rudder reversal
wlll be satisfactory.

2. For recovery from erect spins, the rudder should be reversed. .
briskly and fully against the spin followed approximetely 1/2 turn
later by movement of the stlck forward of neutral.

3. U’pon inadvertently entering a spin in the landing condition,
the flaps should be neutrallzed lmmediately and recovery attempted.

L. Recovery from inverted spins will be satisfactory by reversing
the rudder and neutreliging the stick.
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5. A 6-foot-diemeter tmil parachute' having a drag cosfficlent
of 0.7 end attached to a 30~Ffoot towline will be effective for
smergency recovery from demonstration spins.

6. If the occupants of the airplene decide to abandon the
airplane during a spln, they should leave from the outboard silds
and. ag far rearward. as posslble.

Langley Memorial Asronautical La‘bora.to::w
National Advisory Commitiee for Aeronsutics
Langley Field. Ve,

' | )fmﬁ%{g&? tee

Aerona.u'bical Englineer
.' Approved ! ,,%am ﬁ /M

_ Hartley A. Soulé
Chief of Stebllity Research Division

MEL
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TABLE T.~ DIMENéIONAL CHARACTERTISTICS OF THE XSN2J~1 ATRPLANE

AND THE ATRPLANE REPRESENTED BY THE MODEL

Model as tested

NACA 4Lh1Z2R

Xsi2J-1 | (Dimensions are
full scals)
Length over all, £t 33.85 33,52

Propeller diameter, £t 10.58 None

Propeller, mmber of blades -3 None

Wing: .
Span, £t 42 .9k 41 .60
Area, sq £t " 302.63 236.00
Aspect ratio 6.08 T.k0

Chord, in.: '
Root 113.12 89.90
Mean aerodynemic chord 87.88 . T0.70
T™ip (design) 57 .88 47 .00

Teaper ratilo 0.51 0.52

Location of mean asrodynemic chord, inw; ‘ ‘
Leading edge of € rearward of leading] .

edge of root chord 6.28 k.80
Ieading edge of T below fuselage

reference line, perpendlcular -

distence k.08 10.90

Angle of incidence:

'~ Root 290! 3%
Mean asrodynemic chord 110! 1913
Tip -19%'" -1%"

Dihedral of wing, deg T 5

Angle of sweepback (at lsading edge
of wing) 3%10! 2930¢

Alrfoil section: .

Root ‘ NACA 2415R NACA 24316
Tip NACA %409

RATIONAL: ADVISORY
COMMITTEE FOR AERONAUTICS
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" TABIE I.- DIMENSIONAL CHARACTERISTICS OF

THE XSN2J-1 ATRPLANE - Concluded

Model as tested

ISN2J-1 (Dimensions are
' Pull scale)
Allerons:
Aree (both aileroms), sq £t
Total 20.40 10.45
Spen, in. 98.15 108.0
Chord, percent of wing chord 22 2L.5
-Horizontal tall surfsasces:
Area, sq £t
Total 61.92 47.38
Elevator, rearward of hinge line 22.80 17.02
Span, £t . 16.98 13.17
Distance from normel gross weight
center of gravity to elevator
hinge 1line, in. 237.8 - 252.05
Vertical tall surfaces:

Aresa, sq T% -

. Total 28.80 20.97
Rudder, rearward of hinge line 10.30 10.57
Span, ft 8.53 6.06
Distance from normal gross welght

center of gravity toc rudder

hings line, in. 265.8 265.8
Tail~-damping power Pactor 438 x 1076 438 x 1076
Tail-damping ratio 0.0269 0.0281
Unshielded rudder volume coefficilent 0.0163 0.0156

NATTONAT. ADVISORY
COMMTTTEE FOR AFRONAUTICS




- TABLE 1T .- MASS CHARACTERISTICS AND INERTTA PARAMETERS FOR LOADTNGS POSSIBLE ON THE XSN2J-1 AIR~

PLANE AND FOR LOADING TESTED ON THE MODEL TSED TO REPRESERT THE ATRPLANE
[Modsl values converted to corresponding fuli-scals values; moments of inertia
are given ebout the center of gravity of the ailrplans]
Alrplane Center-of - )
relative gravity Mm?:: offien;:rtia Inertin parameters
. Weight density location 1g= ‘
1 () [ w ] w - Iy-Ty | Iy-I; | 1,-1
gea (10,000 x/c | z/c | Ix [Ty Iy, X X4 X 2 2 X
level| (ft) . mhe mb® mb?
Alrplane
1 | Normal trainer| 8413 | 8.45] 11.46|0.275|-0.001 4200{9378|12,651 {-108 x 207 -68 x 107%| 176 % 207
2 |Bomber trainer| 8737 | 8.80| 11.90| .268| .024 6746{932414,925 | -52 -112 164
3 | Rocket txainer| 8737 | 8.80| 11.90| .258| .013| 8319|9230|16,56% | -18 152 170
| | Model
1 |Normal trainer| 8441 (11.20] 15.20|0.278% 0.016] 4095|9303|12,870 |-135 79 194

NATTONAT, ADVISORY
- COMMITTEE FPOR AERONADTICS

QE2dLT * ON WS VOVN

ET
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OHART 1.- SPIN AND RECOVERY CHARACTERISTIOS OF THE MODEL USED TO REPRESENT THE
HORTH AMERICAN X8K2J-1 AIAPLARE

E_' [ 1 1]
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. RSNET-/
——- = A/IRPLANE RLI'PREJENTED
BY MODEL AS TESTED

Figure 1.- Comparative drawing of the XSN2J-1 airplane and the
airplane represented by the model as tested, The center-of-gravity
position shown is for the normal trainer loading.
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O Airplane values
O Model values
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Figure 2.- Inertla'parameters for loadings possible on the XSN2J-1
airplane and for the loading used on the model. (Points are for

loadings listed in table II.) NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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