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SUMMARY

Spin tests of a 1/20-scale model of the Northrop N-SM airplane
have been performed in the Langley 20-foot free-spimnning tunnel.
The ersct and inverted spin and recovery characterlstlca were
determined for variocus loading conditions and the effect of deflecting
the flaps and of extending the landing gear was investigated. The
investigation aleo included tests to determine the size parachute
required for satisfactory spin recovery by parachute action alone.
The tests were performed at an equivalent spin altitude of 15,000 fest

A speclalized recovery technique consisting of rapid full reversal
of the rudder pedels to against the spin combined wilith turning the
wheel against the spln and movement of the stick forward is
recammended for all loadings and configurations of the airplane. The
results also indlcgted that a T-foot-dlameter spin-recovery parachute
having a drag coefficient of 0.7 attached to the ocutboard wing tip
with 2 towline of 10 to 30 feet or an 8.8-foot-diameter parachute
attached to the fixed portion of the wing between the elevons and the
pitch flaps with s 30-foot towline would provide satisfactory
recovery from demonstration spins by parachute ection slone. It
eppears possible thagt the flirst N-OM airplane may havs crashed
because of failure to recover from a spin.

INTROIUCTION

A fatal craesh of the first FRorthrop N-9M airplane, an spproxi-
mately 1/3~scale flying model of the Northrop XB-35 airplans,
occurred during flight tests, There were no relisble witnesses of
the accildent, but an examination of the wreckege indicsted that the
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airplane might have crashed beceuse of failure to recover from a
spin. The Army Alr Forces therefore requested that the NACA
investigate the spin-recovery characteristica of the N-9M airplans.-
A series of tests were thersefore performed in the Langley 20-foot
fre¢-gpinning tumnel to determing the spin end recovery charsac-
veristics of a 1/20-scaele model of the N-OM airglane. The results
of these tests are presented hersin.

The sirnlane represented by the model is a twin-engine,
flying-wing elrplane equipped with pusher propellers. Controls,
designetod by Northrop Aircraft, Inc. as "scaop rudders” and
"pitch flaps," are installed at the wing tips for directiomal
control. The scoop riidders are installed an the lowor surface of
the wing Just forwaxd of the lesding edge of the pltch flaps. The
pitch flaps are tralling-edge flaps and are deflected up to offsset
the 1ift, rolling moment, and pitching moment contributed by the
pcoop rudders in the deflected position. Longitudinal and lateral
control are obtained with trailing-edge flaps designated by Northrop
s "elevons." The clevons gerve as both elsvators and ailerons and
are located Just inboard of the directional cantrol devices. Landing
flaps are inetalled alongz the traiiing edge of the wing between the - —
plene of symmetry und the inboard end of the elsvons.

The erect and inverted spin and recovery characitoristics of the
model in the clean canfiguretion (flaps neutral end landing gear
retracted) were determined for & loading designated by Northrop as
flight test condition number 1. The spin and recovery cherac-
teristics with the elevons frealy floating, and the recovery Charqc? -
teristics elther by neutrallzation of tho rudder controls ox by
movenent of the stick forward were elsc detormined for Flight test
condition number 1. The effect of chaongos in mass distribution and
center-cf-gravity location were investigated for flight test
condition number 1 and the spin and recovery characteristicy wore
also dstermined for a loading designated by Northrop as flight test -
condition nuwber 3. The effects of dsflecting the flaps and of
extending the landing gsalr wers determined for flight test condition
nuber 1. Tests were. also performecd with the model simuiating the
configuration in which the sirplans is belleved to have been at the
time of the crash for flight teat canditicn number 1. At the
request of Northrop Alrcyeft, Inc,, tesis wore performed with

20-percent end with 35-percent span leading-edge slate installed to o

determine their effecct on the spin and recovery cheracteristics of : -
the model. Tecats were also performed with horilzontel aree equal to

2 percent of the wing area instulled on & boom rearward of the center

of the wing. The fin effect of windmilling propellcrs was

ascertained from tests with squivalent propeller Fin area ingtalled,
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Tests were also performed to determine the size spin-recovery
parachute required for satisfactory spin recovery by pa.rachute
action alone for two points of towline attachment.

The N-9M airplane, as previously mentioned, is a scals flying
model of the XB-35 alrplane. The rudder controls ofi the two
airplanes, however, are somswhat different. A comparison of the
results of the spin tests of the N-9M and XB-35 (reference 1)
models was, therefare, mede to ascertain whether the difference in
rudder controls was sufflcient to cause a difference in the spin
and recovery characteristics of the models. In addition, the.
increments in asrodynemic rolling end yewing moments contributed
by the N-9M and XB-325 ruddsr controls when deflected were measuresd
on the balsnce 1in the NACA free-flight tunnel and campared.

SYMBOLS
b wing span, feet
S wing ares, square feet
c wing chord at any station along the span
c mean serodynamic chord, feet

x/¢ ratio of distasnce of center of gravity reasrwsrd of
leading edge of mean serodynemic chord to mesn
asrofdynamic chord

z/¢ ratlio of distance between center of gravity and root
chord line to mean aerodynemic chord (positive when
center of gravity is below root chord line)

m mess of girplane, slugs

Ix, Iy, Ly moments of inertia about XQ Y, and Z body exes,
respectively, slug-feet

- I
_Ii__.z - inertia yeswing-moment parsmeter

e e inertia rolling-momsent paremeter
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inertia pitching-moment paremetar

air dengity, slug per cubic fest

m
relative density of airplans -Egg

angle between root chord line and vertical
(approximutely equal to absolute valus of angle
of attack at plane of symmetry), degrees

angle betwecn span axis and horlzontal, degrees
full-scale true rate of descent, feot per second

full-scale anguler veloclity about spin exis,
revolutions per second

helix angle, engle between flight path and vertical,
degreos (For the tests of this model, the average
absolute value of the hellx sangle was approximately

7°.)

approximate angle of sidesllp at-center of gravity,
degrees (Sideslip is inward when inner wing is
down by an smount greater than the hellx angle.)

dynamlic pressure, %pVQ, pounds per square foob
o

increment of rolling moment contributed by rudder
controls in the deflected position, foot-pounda

increment of yewing mcment céniributed by rudder
controls in the dsflected position, foot-pounds

coefficient of incremental rolling moment contributed by
rudder contrdls in the deflected position AL

o

gbd

coefficient of incremental yawing moment contributed
by rudder controls in the deflected position v
q
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APPARATUS AND METHODS

Models

The 1/20-scale model of the Northrop N-oM alrplene used in
the tests was constructed by Northrop Aircraft, Inc. and was prepared
for testing end checked for dimensional accuracy by Langley. The
plan form of the pltch flaps was sltered by Langley to conform with
revised informatlon received from Northrop prior to the start of the
tests. The dlmensional characteristics of the airplane rspresented
by the model are given in tsble I. A three-view drawing of the
model as teated in the cleaix condlition, and photographs of the modsl
in the clean and in the landing conditions are presented as figures 1,
2, and 3, respectively. Installation of eslate and of horizontal area
are shown on figures 4 and 5, respectively. The slatse wers constructed
by Langley from information pravided by Northrpp Aircraft, Inc. The
installation of the XB-35 type split rudders and a comparison of the
XB-35 end N-9M rudder contrals ars shown on figure 5.

The model was ballasted by means of lead weights fo obtain
dynemic similarity to the airplane at en altltude of 15,000 feet
(p = 0.001496 slug per cubic foot). The weight, center-of-gravity
location, and moments of inertia of the alrplane were cobtained from
data furnished by Northrop Adrcraft, Inc. A ramote-control mechanism
was installed in the model to.actuste the controls or to open the
parachute for recovery tests. Provision was made for removing
equivalent properly- lccated ballast welghte when the landing gear and
flaps were installed so that the msss distribution of the model 1n the
landing conditlon would represent that of the sirplane.

The model parachutes used were of the flat circular type, made
of sillk, and had & drag coefficient of spproximately 0.7 based on the
surface urea of the canopy when spreed out flat. If parachutes with
a drag coefficient lower than 0.7 are used on the airplane, the
parachute diameter must be correspondingly larger.

Propellsrs wsre not simulated on the medsl. As previcusly
indicated, however, some spin tests were performed with eguivalent.
propesller fin area installed. The installation of the egquivalent fin
area is shown on figurs 7.

Wind-Tunnel and Testing Techniques -
Spin tests.- The spin tests weres performed in the Langley 20-foot

free-spinning tummel, the operation of which is generslly similar to
that described In refoerence 2 for the 15-foot free-spinning tunnsel.

L
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With the cuntrols set in position, the model is launched by hand
with rotation into the vertically rising air stream. The model
then assumes its spin attitnde and is malntained at a gpecified
level by adJusting the airspeed so that the model drag equals its
weight. The model is shown spinning in the 20-foot Ifree-spinning
tumnel in figure 8., After a number of turns of the established
grin have 'bsen photographed, a recovery attempt is made by moving
one or more controle by meens of the remote-cantrol mechaniam;

if recovery 1s effected, the model dives or glidss Into & safely
net. The spin data obtained from the tests are then converted to
corresponding full-sceles velues by methods described in reference 2.

In accordance with stendard erin-tumnel procedure, tests were
performed to determine the spin and recovery character’atics of “the
model for the normal spirming cantrol configuration (stick full
back, wheel meutral, and rudder controls full with the spin) and
for various other stick and vheeol pogitions, including neutral,
intermediate, and maximum deflections of the stick and wheel for
verious model loedings and configuretions. Recovery was gaenerally
attempted by repid reversal of the rudder controls from full with
to full egainst the spin. As previcusly mentloned, a few recoveriles
also attempted in which the rudder controls wers only neutralized
or in which the stick was moved Ffrom full back to full Fforwerd.
Twrns for roecovery were moasured from the time the controls wers
moved, or the parachute was opened, to the time the spin rotation
ceaged.. The criterion for a satisfactory recovery from a spin for
spin-tunnel models has been adopted as two turns or less, based
primerily on the losg of altitude of the corresponding airplane
during the recovery and the subssquent dlve.

For recovery attempts in which the model struck the safety
net before recovery could be effected because of the wandering or -
oscillatory motion of the model, the number of fturns from the time
the controle were moved to the time the model struck the safety net
was rocorded. This number indicated that the model required more
turns to recover from the spin than showm, as for example, > 3.

A > 3-turn recovery, however, does not necessarily indicate an
Improvement when campered to & > T-turn recovery. The symbol o

is used on the charts to indicate that the model continued spinning
indefinitely without any apparent tendency to recovery when controls
were movod, or the perschute was opened, for recovery. When the
model recovereod without control movement when launched in & spinning
attitude with the rudder controls set for the spin the result was
recordsd as "Wo spin'.

The testing technique for determining the optimum size of,
epd the towline length for, spin-recovery parachutes 1is described
in detail in reference 3. Tor the present tests, the model was’
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launched with rotation into the tunnel with the rudder controls
set full with the spin. The rudder controls were held with the
spin for recovery attempts. The packed parachute was mounted on
the upper aurface of the outer wing (left wing in a right spin)
in such & manner as to have no effect an the spin until opened.

bs requested by Northrop Alrcraft, Inc., tests were made with

the towline attached to the fixzed portion of the wing between the
elevons and the pitch flaps, and also with the towline attached
to the wing tip. The points of towline attachment ere shown in
figure 9. On the airplane, the parachute should be packed within
the wing structure in order to avold aPfecting the spin and should
be provided wlth a positive means of ejection in order to insure

opening.

Balence tests.- The rolling snd yawing moments of the model
were measured on the six-component balance in the Langley free-
flight tunnel. The free-flight tunnel is described in refserence 4
end. the balance 1s described in reference 5.

IRECISICHN

§pin tests. The resuits of the model spin.tcsts presented
herein are believed to be the true values given by the model
within the following limits:

g, Gegree . . v 2T T IRTT TR R 4 Te 0 v T e e e e oe 0 L
B, ABETOB & T . i 4 e a4 e e e e e e e e e e e e e e . EL
V, percent . . v . . . L L 0 s e d s v e e e s 15
0, percent . . . . . ... 0w e b e e e . 13

J % turn when obtained from motion-
< picture records

i 1 turn when cbtained by visual
v 2 =gtimate

Turns for recovery . .

The preceding limite may have been exceedsd for certain spins
in which it wag difficult to control the model In the tunnel because
of the wandsring or oscillatory nature of the spin. :

Comparigon between model and airplane svin resulits (references 2
end 6) indicates that spin-tunnel results are notv always in compiete
agreement with airplene spin results. In general, the models spun
at a somewhat higher angle of atteck, at a soméwhat higher rate of
descent, and at from 5° to 10° more outward aideslip than did the
corresnonding airplanes. The comparison meds in reference 6 for
20 airplanes, showed that 80 percent of the models predicted
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satisfactorily the corresponding airplane recovery characteristics
and that 10 percent overestimated and 10 percent underestimated
the corresponding airplane recovery characteristics.

Because of the impracticability of ballasting the model exactly,
and because of inadvertent damage to the model during the tesws,
the meapured weight and mass distributicn of the model varied from
the true scaled-down values wilithin the following limits:

Weight, percent . . . e e . . » 0 to 5 high
Center- of-gravity location percent C . . . O forward to 2 rearward
of normsl

Moments of inertls:
Iy, percent . . . . . 4 ¢ ¢ 0 00 w0 .. 0 1 high to 22 high
Iy, percent . .. ¢« ¢ « + c 4 e « 4« s« 2« 1L low to 15 high
Iy, percent . . . . . .« + « « « « v +« « « . 1high to 17 high

The accuracy of measuring the weight and mass dlstribution of the
model is belleved to be within the following limits:

Welght, percent . . - i
Center-of -gravity locat on percent L o
Moments of inertia, perCent e e e e e e e e e e e e e e _f5

The controls were set with an accuracy of +1°,

Balence tests.- The rolling moments were measursd with an accuracy
of +3 percent and the yawing moments were measured with an accuracy

of *1.5 percent.
TEST CONDITIONS

Spin teste.- Numercus airplane conditions were considered in the
preparation of the tesat program for' the model and spin teats were
performed on the model.for conditions in which the sirplene is
generally expected to operate. In addition, varliations in mass
distribution and center-of-gravity location from those of flight teast
condition number 1 wore tested In order to allow for the limlts of
eccuracy of the computed full-scale and model values. Testa were
also performed with the model simlating the configuration in which the
airplene was believed to have been at the time of the crash in order
to determine whether the crash may have resulted from the inability
of the pilot to recover from & spin because of poor recovery charac-
teristics of the airplane.
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The conditions tested on the model are ligted on table II.
£ pillot and approximately 70 gallons of fusl ere carried for Tlight
test condition number 1. Flight test conditlion number 1 wss
considered to be the basic loading condition and all changes 1n
loading were made from this condition. The mass dlstribulion and
center-of-gravity location were Independently changesd for the tests
to determine the effect of variastions in mass distribution and
center-of-gravity location. Tead welghts were added to the nodel
for £light test condiltion number 3 to simulate the addition of an
obaserver and approximately 30 gallone of additional fuel. All other
spin tests were performed wlth the model ballasted to represent
flight test condition nmumber 1, For the landing configuration the
main and nose landing gear were installed and the landing fleps wers
deflected down 500. The piitch flaps are interconnected with thse
landing flaps on the asirplane in such a manner that when the landing
flasps are deflscted 50° dovmn, both pitch flaps are deflected 27° up,
and accordingly both pitch flaps were deflected up 27° on the model
Ffor the landling configuration. TFor tests to simulate the
configuration in which the alrplene was believed to have been at the
time of the crash, the landing gear was retrected and the landing.
flaps were deflected 25° down. The pitch flaps were not deflected
up for this configuration., The size of the fins reguired to
simulate the £in effect of the propellers was computed by methods
glven in reference 7 and four fins were installed on each propeller
nacelle e&s shown in figure 7.

Full-scele values of nass characteristics and mass parameters
for the loadings tested on the model and for verious loeding
conditions of the alrplene are given on table ITI. The ineriia
parametors for the airpleane loadings end for the loadings tested cn
the model are plotted on figure 10,

The control deflectloms for the model were obtained from
information furnished by Northrop Alrcraft, Inc. The alrplane was
equipped with a stick and wheel to move the elevons for lengitudinal
and lsteral control, respectively. Movement of the stick moved both
elevons elther up or down together whereas turning the wheel moved
one slevcen up and the other elevon down. Although there was no -
stlick, wheel, or rudder pedals in the model, control dsflections are
generally referred to herein in terms of stick, whesl, and rudder
pedal positicns. Varlous terms used for control deflsciion are
defined as follows: .
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lﬁRight rudder pedal forward

Rudder controls with the spin . for spin rotaticon fo
the pilotts right

Left rudder pedal forward
Rudder controls against the spin Por spin rotetion to
the pilotls right

Wheel turned to the right
for spln rotation to

the pilot's right

Vheel with the spin. . . . . . .

St Tandus Yoanh

"'N‘
Wheel turned to the left
Wheel against the spin . . . . . . . . < for spin rotation to
L the pilot's right

The control deflections used in the testa were as follows:

(a) Deflection of the elevons as presented in figure 11 : It
mey be seen thet a longitudinal movement of the stick deflects both
elavons oquelly in the sams direction (maximm of 24° up and 11° down
with the wheel neutral). Twmning the vheel moves one elevon up and
the other down (maximum of 17° up and 13° down with the stick
neutrel). RElevon dsflections for combined stick and wheel movements
are also shown on Tigure 11.

(b) Elevons permitted to float freely betwsen up and down stops
independently of one another: The stops were instelled in such &
manner as to permit the elevons to float between the maximm up and
down deflections obtained from movement of the atick when the whesl
was fixed at full right, neuitral, and full left. As indicated in -~
figure 11, the right slevon was permittnd to float between 36° up
and 5° up and the left elevon was permitied to float betwcon 99 up
and 22° down for the tests with the wheel full right. Conversely,
with the wheel full left, the right elevon was permitted to float
botween 9 up and 22° down and the left elevon was permitted to
float between 36° up and 5° up. With the wh-el nculral, both elevons
were Tfree to float between 24° up and 11° down,

~(¢) Deflection of the dirsctional controls: The controls on’

one wing tip remain neutral when the controls on the other wing tip
ars deflocted. For example, when the right rudder pedal is pushed
full forwerd, the right scoop rudder defiects 69° down end the right
pitch flap deflects 26° up whereas the left scoop rudder and pitoch
flap remain neutral. As previously mentioned, both pitch flaps are
defleocted up 27° for trim in pltch when the Janding flaps are fuily
deflected. The pltch flap deflecticne for rudder control are
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independent of, and are superimposed on, those cobtained from landing
flap deflection. For exampls, when the landing flaps are full down
and the right rudder pedal is pushed full forward, the right pitch
flap deflects fram 27° up to 53° up and the left pitch flap remains
at 27° up.

(d) Deflection of the landing flaps - 50° down.

Unless otherwise specifically indicated on the cherts and tebles,
the cockplt was closed, the landing flaps were neutral, the pitch flaps
deflected from 0° to 26° up, and the la.nding goar wag retracted for the
spin tests. .

Balange tesis.- The asrodynamic rolling and yawing moments of the
complete model in the originel configuration with landing gear
retrected, lending fleps neutral, clevons neutral, and rudder controls
neutral wers measured for angles of attack botween 20° and 60° at
0° yaw. The rudder controls on the right wing tip were then fully
deflected as previously described for the spin tests, and the tests
were repeated. Thess rudder controls wers removed and a set of eplit
rudders from the XB-35 model were installed and dsflected *60° on the
sams. wing tip and the rolling and yawing moments wore again measured.
The increments In rolling and yawing moments conti'ibuted by the two
types of ruvdder controls were then obtainsd from the results of these
tosts.

RESULTS AND DISCUSSION

The results of the modsl spin tests are pressnted in terms of
full-scele values on charts 1 through 13 and on table IV, and the
results of the balance tests ars presented on figure 12. Results from
reference 1 for tho XB-35 model ars presented on chart 14 for compar-
ative purposes. Although the N-OM model was apparently symmetrical,
recoveries from spins to the pilotts left (left spins) wers slightly
glower than recoveriss from spins for corresponding control configu~
rations to the pilot's right (right spins) and the remaining tosts
were made to the pilot's left in order to cbtein slightly conservative
results. The results, however, are arbitrarily presented on ths
charts in terms of spins to the pillotts right.

Clean Condition

Flight test condition numbser l.- The results of the erect spin
testes for flight test condition number 1 {(1cading point number 1
on table ITI end figure 10) with rudder controls with the spin are
presented on chart 1. The spin for the normal control configuration




12

s ] NACA FM No. L6G30 .

for spinning (stick full back and wheel neutral) was slightly i
oscillatory in pitch and roll. Recovery fram this spin by

reversal of the rudder controls was rapld. Setting the wheel : f—
ageinst the spin was fevorable. The model would not spin vhen . ~
the stick was forward or neutral. Two types of spin were obtuainsd

wlth the stick back. One spin had a radius too greai to permit

testing completely but it is believed that recovery fram thias spin

would have been satisfactory. Recovery from the sscond type of

spin was satisgfactory. Setting the wheel with the spin was adverse

end, in general, the model would not recover,

Tests were also mede in which the slevons were allowed to
float freely between the maximum up and down deflections obtained
from stick movement when the wheel was fixed at full against the
gpln, neutral, and full with the spin. Recoveries were attempted
by reversing the rudder contrals. The results of these tests were
gencrally similar to those obtained from corrssponding spins with
the stick full back and the results are not presented on the chart.
Beceuse of lack of detail in the elevon balemce, of lack of
individual ballasting of the elevons, of centrifugal forces, and
of pomsible scale effects, the resulte are only rough indications
of the results that may be dbtainsd on the airplane with the stick
free. '

The results of recovery tests wmade by neutralizing the rudder
controls are also presented on chert 1. The results indicate that
in general the rudder controls on the alrplane should be moved to
full ageinst the spln for optimum spin recovery. .

Recoverleas were also attempted by moving the stick from full
back to full forward with the wheel fixed at full against the e8pin, .
neutral, and full with the epin and with the rudder controls '
maintained full with the spin. Chaxrt 1 shows that satisfactory
recoveries were obtained by this technlque when the wheel was full .
against the spin or neutral but the model continuod spimming
when the whesl was with the spin.

Because of the unusual desi-n of the airplane snd of the
rudder controls, tests were also made in which the model. was
launched into the tunnel with the rudder controls neutral and
against the spin. The results of these tests are presented on
chart 2. The model continued spinning with the wheel with the spin .
oven when launched with the rudder controls against the spin thereby T
confirming the adverse effect of turning the wheel with the spin
previously noted when attempting recoveries from rudder-with spins,

Masg distribution and center-of-graviiy variations.~ The results
of tests made with moderaste varlations Iin the moments of inertia of
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the model are presented on charits 3 and 4. The changes consisted
of alternately increasing the mass dlstribution along the wings
(Ix and Iy increased 20 percent of Iyx), decreasing the mass
distribution along the longitudinal axis (Iy and Iz decreased

12 vercent of Iy), and increasing the mass distribution along the
longitudinal exis (Iy and Iz increased 30 percent of Iy). These
londinge are represented by points 4, 5, and 6, respectively, on
table III and figure 10. The results indicate that there was no-
appreciable ¢ffect of the foregolng moment-of -inertie changes on
the genersal spin and recovery characteristlcs of the model.

The results of tests made with the center of gravity forward
5 percenl of the mean aerodynsmic chord or rearward 3 br 6 percent
of the meen aerodynamic chord are presented on charts 5 and 6.
These loadings are reprosented by polnts 7, 8,‘and 9, regpectively,
on table IIT end figure 10. With the center of gravity forward,
the modsl would not spin when the stick was full forward but would
not recover by reversal of the rudder controls when the stick was
full back. It appears thaet movement of the gtick fuil forward
in conjunction with movement of the rudder comtrols against the spin,
however, will give satisfactory rscovery from spins with the stick .
full back when the center of gravity 1a forward. With the center of -
gravity either 3 or 6 percent of the mean serodynamic chord rearward
of normal, spine were obtained for all control configurations, except
when the stick was full back and the wheel was neutral. A condition
of spinning squilibriwm apparently could not be obtained for center-
of -gravity resrward loading when the stick was back and the wheel
wes neutral; after being launched with initiasl spinning rotation,
the model began oscillating in pitch, the amplitude of the oscillation
increased, and the model finally pitched inverted and stopped rotating.
The model then went into & dive but contimied oscillating In pitch
until it hit the safety net. Recoverics from splns with the whsel
with the spin were astill unsatisfactory when the center of gravity
was 3 percent of the mean aercdynamic chord reerward of norma, dbut
recoveries fram all control configurationg were satisfactory when the
center of gravity was 6 percent of the mean aerodynsmic chord rearward
of normal. The difference In recovery resulis for various center-~of-
gravity locations can sppsrontly be explained, in part, by the differences
in angles of sittack obtained for various center-of-gravity locations
and by the balance results, subsequently presented, on the basis of
the rolling-moment increment asscociated with reversal of rudder
controls at different angles of attack. For all center-of-gravity
loccations, recoveries were more rapid when the wheel was ageinst the
spin, than when the wheecl was with the spin.

Flight test condition number 3.- The reéulfs of tests made with
the model ballasted to repreasent flight test condition number 3




1k . NACA FM FNo, L6G30

(loading point number 3 on table ITIT and fig. 10) are presented

on chart 7. The changs in loading caused an adverse effect in that
recoveries could not now be obtained by reversal of the rudder
controls from spins with the &tick full back. BAn analysis of the
rssults indicates that the adverse effect of flight tust condition
number 3 loeding on recovery charecteristics with the stick back
can probably be ettributed to a8 forwerd movemcnt of .the center of
gravity associated with this loading as indiceted on teble III.

Inverted spins.- Test results for inverted spins with tho
model in flight tust condition number 1 are presented on chert 8.
The order used for prescnting the data For Iinverted spins is
different from that used for erect spins. The case for sstablished
inverted spins "controls crossed” (right rudder pedal forwaerd and
wheel left for a spin to the piloi's right) ie presented to the
right of the chart end stick back is presonted at the bottom. When
the controls are crossed in the esteblished invert-d spin, the
differential deflection of the elevons aids the rolling motion;
when controls ars together, the differentiel deflectiom of the
elevons opposes the rclling motion. The engle of wing tilt ¢ on
the chart 1s-givan as up or dewn relative to the ground.

The results show that spins could be obteined only with the
rudder end wheel crossed with the stick neutrsl or forward, and that
the model wculd not recover from these spins when the rudder controls
alone were reversed. It appsars, however, that satisfactory recovery
could be obtained from these spins dby neutralizing the stick and
wheel in conjunction with reverssl of the rudder controls.

Landing Configuration

The results of the tests with the model in the landing
configuration for flight teut condition number 1 are presented on
chart 9. An adverss effect on recovery characteristics wes noiesd
for the landing configuration in that the meodel would not now
recover from spins dbtained.w1th the stick back when the ruddex
controls were reversed.

Teats were next performs=d to ascertain whether the adverse
effect of the landing configuration was caused by the initial 27° up
deflection of the pitch flaps aessociated with the landing confipgurstion.
For these tests, the pitch flaps were initially set at O The
results of these tests were gencrelly similer to those obtained for
the landing configuration thereby indicating that the adverse effect
was caused Dy either the lending flaps or the landing gear. On the
bagis of results of teste of other spin-tunnel models, it appears
that the adverse effect on recovery characteristics was caused by the
deflection of the landing flaps rather than by the extension of the

landing gear.
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Airplane Configuration at Time of Crash

The results of the tests performed with the model simuvlating
the configuration In which the N-9M ailrplane is believed to have
besn at the time of the crash (landing flaps 25° down) are
prosented on chart 10, These results are generally similar to
thoee for the landing configuration and show that the model did not .
recover from the spin in the normal control configuration for
spimming when the rudder controls were reversed to against the spin.
Resulte of check tests for the clean configuration performed
imnediately following the tests with the model simmlating the cresh
configuration substantiated the adverse effect of sither partial or
full lending flap deflection.

The possibllity that the first N-GM aiyplsne may have crashed
because of failure to recover from a spin is indicated by ths
results on chart 10. It may be seen that in ocrder to obtain recovery
from a spin in the normal control configuration for spinning, the
pilot, in conjunction with reversal of the ruddsr controls, should
push the stick forwerd of neutral ‘and /or turn the wheel against the
spin. If the pillot did not follow the previously mentioned recovery
technique, it is posaible that the alrplane may have spun in.

Bquivelent Fin Effect of Propellers

The model wae in the clean condition and ballasted to represent
flight test condition number 1 for the tests performed to determine
the equivalent Tin effect of windmilling propecllers. The results
of these tests are presented on chart 11 and are generally simlilar
to those obtained without the propeller fin area thereby indicating
that the fin effsct of the propellers was not sufficiently large to
appreciably effect the spin and recovery charscteristics of the
model,

Slats ‘Installed

The results of tests mads with 20 -percent and with 35-psrcent
span leading-edge slats installed on the model for flight test
condition number 1 are presented on chart 12. The installation of
either set of slats was detrimentel. Recoveries by reversal of the
rudder controls were slow or impossible for all spins obtained. In
general, with slats installed, spins could be cbtained except with
the whesl ageinst the spin and the stick forward.
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Horizontal Area Installed Rearward of Model

The results of tests mede with horizontal area egqual to
2 percent of the wing area installed on a boom rearward of the
center of the model (fig. 5) for flight test condition number 1
are presented on chart 13. The results show that the addition of
the horizental area 414 not appreciably effect the spin and rncovery
cheracteristics of the model.

Escommended Recovery Technigue

It was noted throughout the test program that there was a :
general trend of recovery characteristics for all conditione tested.
For certain control configuraticns the model would not spin wherces
Por others 1t would not recover. On the basis of these results,
the following technigue for recovery from spine 1s recommended for
all conditions of the girplanse:

(a) Ersct spins.- Rapidly reverse the rudder psdals to full
sgeingt the spin, and at the sams time move the stick forwerd and
turn the wheel full against the spin; in moving the stick forwsrd,
care should be exerclsed to avold exceasgive rates of acceleration
in the ensuing dive. If a spin 1s entered with landing flaps
doflected, the flaps should be neutralized and recovery attempied
irmmediately.

(b) Inverted spins.- Rapidly reversec the rudder pedals and
neutralize the stick end wheel.

Spin-Recovery Parachutes

Spin-rocovery parachute teste were made with the modsl in the
clean condition and baellested to represent f£flight test condition -
number 1. The towline was attached either to the fixed portion of

the wing between the elevaons and the pltch flaps or to the wing tip -

as shown on figure 9. The resulits of theose tegts are prescnted on
table IV. It was found that when the towline was attached to the
fixed portlion of the wing betwesn the elevons and the pitch flaps
and was short enough so that the parachute would not foul the
propeller, the parachute frequently fluttered in the wake of ths
wing without opening properly and thus was ineffective in producing
recovery. As it was understocd that the propellsrs could be locked
on the airplane, 1t eppearsd that longer towlines could be ussd and
accordingly varicus towline lengths were tested for both points of
towline attachment.



NACA RM No. L6G30 ‘S 17

Satisfactory recoveries by parachute actlon alone were
obtained from spins for the normal control configuwration for
spinning with a 5-foot-diameter (full scale) parachute on either
a 15-foot or a 30-foot (full scale) towline attached to the fixed
portion of the wing between the elevons snd the pitch flaps.
Recoveries from epins with the wheel with the spin, however, were
unsatisfactory when a 5-foot-diameter parachute wasg used and it
was necessary to use an 8,8-foot-dlemeter (full scale) parachute
on a 30-foot (full scale) towline in order to obtain satisfactory
recoveries from demongtration splns when the wheel was with the
gpin. ZResults of airplane spln tests have indicated that the
stick or wheel may float with the epin when the alrplene 1s spinning
and it is recommended therefore that an 8,8-foot-dismeter parachute
on & 30-foot towline be used on the airplenc when the towline is
attached to the fixed portion of the wing between the slevons and
the pitch flaps.

When the towline was attached to the wing tip, satisfactory
recovery was cbtained Irom splns at the normal control canfiguration
for spinning when a 5-foot-dismeter (full -scale) parachute was -
opened on the end of either 10-foot, 15-foot, or 30-foot (full scale)
towlinss. As was the case when the parachute wes attached to the
fixed portion of the wing betwesen the elevons and the pitch flaps,
however, recoveries from spins with the wheel with the spin were
unsatisfactory whan a 5-foot-dismeter parachute was used. Satisfactory
recoveries were aobtained from spins whken the whesl was with the . 2
spin when a 7-foot~dlameter .(full scale) parachute was attuached to
the outboard wing tip with elther a 10- or a 30-foot (full scals)
towline. It thus appears desirsble that a T-foot-~diametsr perachute
be used when the towline is attached to the outboard wing tip

An examination of the wreckage of the. airplsne after the crazh
Indicated that & spin-recovery parachute had been opened prior Ho
the crash., This parachute had e .dlameter of 5.5 foet and was
attached to the fixed portion of the wing between the elevons and
the pitch flaps with a 10-foot towline., Although this parschute
arrangement wea not specifically tested on the model, it is believed
that 1t would prcbably give satisfactory recovery from a spin on the
airplene with the wheel nentrsl and the stick full back if the :
airplane had sufficient altitude to effect recovery when the parachute
was opened., If, however, the wheel were with the spin or the stick
were not full back when the perachute was opéned, the model tests
indicate that a 5.5-foot pasrachute would noL hav, been large enough
to effect recovery from ths spin.
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Compsrison of N-9M and XB-35 Model Spin Test Results

As previously mentioned, a comparison of the results of the
gpin and recovery tests of the N-OM and XB-35 models wes made
to determine whether the differences in rudder controls would cause
a differsnce in the spin end recovery characteristics of the
models. The rudder controls on hoth models were located along the
trailing edge of the wing at the wing tips and were of approximately
the seme span, but scoop rudd¢rs and pitch flaps wsere used on ths
N-oM model whereas split rudders w:ire employesd on the XB-35 model
(fig. 6). The results cbtained with & model of the ¥B-35 airplene
(reference 1) in the clsan condition, normsl loading are presented
on chart 14. A comparison of these results with those for the
N-cM model on charts 1 and 2 indicates that the spin and rscovery
characteristica of the two models are not similar. When the rudder
controls were with the spin, the XB-35 modsl would epin only with
the wheel with the spin and the stick elther neutral or back. When
the rudder controls were deflected ageinst the spin howevey the
XB-35 model would spin for all stick and wheel poslitlome except
wheel full egainst the spin and stick sither neutral or forward.
The N-9M model, on the othsr hand, would spin for almost all stick
and wheel positions when the rudder controls werec with the spin dut
would spin for only & few control configuretions when the rudder
controle were agalnst the spin. Optimum recovery was cobtained on
the ¥B-35 model by maintasining the ruddecr controls with the spin
wheroas on the N-OM model, optimum recovery was obtained by moving
the ruddsr controls against the spin.

As previously mentioned, teste were performed in the freo-flight
tunnel to measure the increments in yawing- and rolling-moment
coefficients contributed by the two tyves of rudder controls in an
attempt to ascertain the cause of the differences in the spin and
recovery characteristiceg of the N-9M and XB-35 models. The results
of these testa are sumarized on figure 12. It can be seen that for
the angle-of-attack range tested (20° to 60°) there was little
differsnce in the increment of yawing-moment coefficient contributed
by the two types of rudder controls., The increments in rolling-
moment coefficlent contributed by the two types of rudder controls,
however, were qulits different. Throughout the sngle-of-attack
range tested, the XB-35 rudder controls contributed en incremsntal -
rolling-moment coefficient which was epproximately 0.0) grester .
negatively than that coniributed by the N-oM rudder controls. If
the rudder controls are considered to be deflected with the spin .
(to give a prospin yawing moment), it can be seen that the XB-35
rudder controls set up an antispin relling moment which, for the
mass distribution of the XB-35 and N-9M models (refersnce 8), tends
to prevent the spin., Up to an angle of attack of approximately 34°,
the N-9M rudder controls also set up an antispin rolling moment but



NACA RM No., L6G30 Y ] 19

this moment ia appreciably less than that set up by the XB-35
rudder controls. At angles of attack greater then 34°, however,
the N-GM rudder controls set up a prospin rolling moment which
tends to maintain the epin. If the rudder controls are considered
to be deflected against the spin (to glve an antispin yawing moment),
figure 12 indicates that the XB-35 rudder controls give an adverse
prospin rolling momamt whereas the N-GM rudder controls, at angles
of attack greater then 34°, set up a favoreble antispin rolling
moment. The results of the balancse teste thus appear to offer an
explanation for the differences in the spin and recovery charac-
teristlics of the two models.

Control Forcss

The discussion of the results so far has been besed on control
effectiveness alone without rugerd to the forces required to move
the contraols for recovery. For all tests, gs previously mentioned,
sufficient ferce was applied to the controls to move them fully and
rapldly. Sufficient force must be applied to the ailrplane controls
to move them In a similer manner in ordesr for the airplene and modsl
results to be comparable.

CORCLUSTIONS AND RECOMMENDATIGHNS

Based on the results of spin tusts of a 1/20-scale modsl of
the Northrop N-9M airplsne, the followlng conclusions and
recommendations regarding the spin end recovery characteristics of
the alrplane at a spin.altitude of 15,000 feet are mads:

1. 2 slightly oscillatory spin with a moderate rate of descent
will be obtaincd for the normal cantrol configuration fcir spinning
when the alrplens is In flight test condition number 1. ZRecovery
from this spin by rapid full revsrsal of the rudder pedals will
probably be satisfactory. Moving the stick full forward or turning
the wheel against the spin will ~xpedite recovery whercas turning
the wheel with the spin will have an adverse effect on racovery.

2. Changes in moments of inertia of the order of 20 pcrcent
will heve no appreciastle effect on the spin and recovsry charsc-
teristics of the mirplanc.

3. Forward movements of the center of gravity of the order of

5 percent of the mean aerodynamic chord will have an adverse effect
on rscoverics from spine with the stick full back. The recovery
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characteristics will be satisfactory for rearvard movements of
the center of gravity of the order of 5 percent of thse mean
aerodynamic chord.

L., To obtain satisfactory recoveries from spins for flight
test conditlon number 3, 1t will be nccessery to move ths stick
forward.

5. For optimum recovery from ersct spins for all configurations
and loading conditions of the alrplans, rapldly and fully reverse
the rudder pedals and at the seme time move the stick well forward

of neutral end turn the wheel full agalnst the¢ epin.

6. Deflection of the landing flaps will be adverse to spin
recovery. The filsps should be neutralized and recovery atiamptod
immediately upon entering a spin with flapg deflected.

7. Recoverics from inverted spins should be atiempted by
repldly reversing the ruddsr pedals and nc utraliz.int, the gtick and
wheel.

8. & 7-foot-dismcter spin-recovery parachute having s drag
coefficient of 0.7 attachcd to the outboard wing iip or an 8.8-foot-
diemetsr spin-r.covery parachul: abtitached 1'0 ths fixed portion of -
the wing betwecn the elevons and thr piich flaps will effect satis-
factory rscoverice from demanstyetion sping for £flight toed condition .
nmber 1. Elther a 10-foot or a 30-foot towline may be used with
the T-foot perachute but & 30-foot towllne should be used with the
8.8-foot parachute.

©. It eppears that the Tirst N-OM airplene may have crashed

-~

because of failure to recover from a spin.
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TABIE I

DIMINSIONAL CHARACTERISTICS OF THE NORTHROP N-GM AIRPLANE

Tength over all, £66b . . « « v v v « « v o« « « « o+« « .« . 17.78
ropellers, type .. . i e e 4 4 s e 4 4 s e e s e « o . JPusher
Propellers, dismeter, feet Y R ese
Propellers, mmber . . e e e e e e e e e e e e e e 2
Propellers, blades on each et e e e e e e e e e e e e e s 2
Wing:
Bpen, feelb . .« ¢ . o . 0L 0 L o 00 d s d e e e e e e . 60.00
Area, square fect e e e e e e e e e e .. h90 0
Section, root . . . . .. 00 0000w e e LACA-O5 3-019
Section, tip . . . e e e e NAUA—DS 3-018
Twist, tip leading : dge down dxgre .6 e e . .0
D*hedral 25 pcrcent chord’lne degrees 2.0
Aspect ratio . . . . . ... 7.4
Taper ratio . . S - 3¢
Sweepback, 25 nercent chordlins degrses c e e s e . s . . 219
Mssan aerodynamic chord, inches . . . . .« . . 109.8
Leading edge of mecan asrodynamic chord rgarward
of leeding edgs of root-chord, inches . . . . . . . . . 69.7
Elevons:
Chord rearwsrd of hinge line, feet . . . . . . . . . . . . L1.57
Spen, percent of wing span . . .« . . . 33.6
Area rearwerd of hinge line, percent of ving arez. . . .. 6.5
Pitch flaps:
Chord, percent of wing chord . . . . . . . . . . . . . .. 242
Spen, percent of wing span . . . e 23.6
Ares rearward of hings line, perccnt of WLng arce . 3.1

Scoop rudders:

Span, persent of wing span . . . . . . . . . . o .. .. 215
Lending flaps:

Span, percent of ming BDBIL ¢« « 4 « +» s s 8 e s s o+ 2 o= o o« 353

Totdl area, percent of wing area . . . . . . . . . . . . . 10.1

NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS
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TABLE IX
CONDITICNS OF THE 1/20-8CALE MODEL OF THE NORTHROP N-gH ATRPLARE
INVESTIOATED IN THE 20-RXT FREE-SPINNIRG TONREL
Type Spin
o, Configuration , Loading of Landing | Lending Pitoh flep Slote| recovery Data
. splin gear flaps deflection parachuts Iresanted an
[] - - attached
1] Clsan Flight test oomdition mmber 1 Erect Retracted| Neutral 0° to 26° up None | Noos ct N
2 | Clean, rulder L —edQe= A a a
sontrols nsutrel =do- | -Ao- Chart 2
Olesn, rulder
3 { controls & —~d0mm & a a
the spin =80~ | -do- Chart 2
Ix sl Iy increased 20 parcent
b [ Clean of Iy Tor flight test condition | --80— 2 2 " o | on Chart 3
ngmber 1
I! and Iy decreased 12 percent
3| Clen otIz!crr:u.@ttoutomd.tﬁm —do— . 8 ! -do- | -do- Chart &
mamber 1
and Iy incrsased 30 percent
6| Cleen of Iy for fIight test caditiom | 00— 4 4 2 -to- | -do- Chart
number 1
gutarutgrmtrﬁpmmt M.AC,
T | Clean arvard of the normal looa =l Qe 4 a a
for flight test onaition maber 1 -do- | ~d0- Chert 5
s Canter of gx-mt: 3 pm-ﬂ.t:(.A 0.
Clean rearvard of tke normal location O & a a
for flight test ocoditfcn mumder 1 ~8o= | ~do- Chert §
Center of grmty 6 pmntﬂl.l o,
Clean Tesrvard of the normal location B 4 a a
g for flight test condition nmmber 1 -do- | ~do- Chart 6
10 | Clean Flight test canfition mmber 3 =elQ=e L 4 & & a & T
- 11| Clean Flight test condition muber 1 Inverted] 4 a a ; 2 2 c 8
12| Landing 4 Erect Extended | 50° dovm 27° wp to 53° up| -a 2 9
13 | Ianding ! L RO 7.V SN 7 0° to 26° up 3o A ct 9
1k | At tize of a ——80-- | Retracted] 24° down| ——e—fomacan ad0- | ~d0= Chart 10
crash
Equivalent
15| meopeller & —80== | weelgme=] Feutral B o= | —do- Chart 11
arsa added
16] 20-p 1 spen d —=d0ew a a a o do-
slets installed ren Cherrt 12
17| 3g-pervent spen - o~ 4 4 4 do- | -do- Chart
slats installed 12
18{ Eorizcntel 4 —80-~ 4 Ll ! Hone | ~do-
eres installed Chert 13
19| Parach 4 —=dDm- 4 2 a a0 Betwoan Table IV
installed slevcens and
Pitck flaps
20| Paractmte g ~=do-- . 4 2 ~do- | At wing tip| Table IV

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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' L] . ad sata =58
.: .o-. Ll L : :
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sae a® L 44 o
PABIZ TIT - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR VARTOUS LOADINOS POSSTHLE
ON THE WORTFROP ¥-OM ATRPLANE AND FOR TRE LOADTHGS TESTED ON THE 1/20-SCALE
[lnd.d valuss are presested in tarms of full-soals vulnns]
o Contar of gravity| Komsnte of inertis sbont ]
t e location garher of gravity Ipartia parametars
ght N
Loading {pounds) Sea 15,000 4 i Iy Iy I Iy - -1 ~Iy
lavel faot, ° ¢ 2 2 Y ——g—
(MJLM@-R ) = L
Adrplans Valnes
Flight test omdition pomber 1 6517 2.90 e | o |-omk | 10045 2088 21099 230 x 10-4|-258 1 10~4] 28 x 104
Flight test comlition mmber 2 ona 2,99 4,75 0.27 |-0,04 [ 319088 257% am a9 20 u
Flight teet eomiition masber 3 6171 3,08 489 0,25 [—0.04 19051 =79 21584 o e *
- Nodol Vilues
231 ~2%0 9
L Flight togt qonditicn mber | 6525 2.9 462 0.3 |— 0. 1m58 274 2298
Flight test condition mwber 3 &4 3.08 489 0.2 | —oom| ma 219 | 2N 20 -k %
Iy and Iy increasod 20 perosnt of Iy for
gt tiat oondltion mmber 1 I‘ 652 2, 462 0.9 | —0.04 | amm - TR i 3 -2 2
and T, decrsssed 12 percent of Iy far
{:hm L’n aondition msber 1 6526 291 a2 0.2 | -o.,| 19138 9 | aom s - %
and Iz inarsensd 30 paroant of Iy fer =
i tEes oomitiaon moabor 1 678 3.0 478 0.9 | o[ 1913 261 | A o 251 37
gem;-ur gﬂvit:ﬁpo:;euturthelunum-
-rmuio cbord forward the normel looa~ -
4£Elﬁlﬂuﬁj!hmmnhxm¢u3___ 6698 2,9 473 0.3 |- 004] W32 £ afy - 254 3
Caniter of gravity 3 pernsut of the Boan Aerd
dymedo aberd reprward of the normel loca~ 229 245
tion for f1ight test condition rawber 1 6675 2,9 4L 0,92 | — 0.08] 19132 053 a0s9
Tontar of gravity b porcost of the maan
dyoamts obord rearward of ths normel looa- ' 238 -260
tiom for flight test condition mmber 1 6533 2.91 462 0,35 | —o.04 | 191 172 758
RN MATIONAL ADVISORY
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TABLE IV
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SPIN RECOVERY PARACHUTE DATA OBTAINED WITH THE

1/20=SCALE MCDEL (F THE NORTHROP N-SM AIRPLANE

Elight test condition number 1 (loading point number 1 on table III
10); drag coefficient of parachute is 0,7; rudder
controls maintained full with the spimr during the recovery attempt;
recovery attempted by parachute action alene; right erect spingj

and fig.

Parac&te Towline Turns for recovery
el seale | Semsth, Stick full back Stick neutral
(£+) () Wheel Wheel with | Wheel Wheel with
neutral the spin neutral the spin
Parachute towline attached to outboard wing between pitch flsp and elevon
5-0 2.5 oy O
5.0 15.0 1, lﬁ, ]%. o o
5.0 300 1, 1%., 1%. <o o >3 &, o
7.0 2.5 %: 3%‘1 = | O o E‘, ]% Sy o
740 15.0 13;3 1%- e~ %, 2 =
7.0 30.0 11 3 1 s |1 3 11
¥ 12‘, 1%-’ 5 g 1.2. =
8.8 2.5 '2];: e | %3 9 %’, 1% D o
1 1l 41
o | we |33 (Bded|pr [
8.8 30:0 %, %-_, %-_ 1’ l]f_ 1,1, ]_,1I ]".-L? 2, 2

Parachute t

owline attached

to outboard wing tip

5.0 10.0 ﬁ, 1, 1 %_, %, 3%., %,>3 =
540 15.0 %, ﬁ’ % = oo a>3%._ o oo
5.0 30,0 %,, 1, 111: 2, 2% ay 3| 1, 1%,>2 @ o
7.0 10,0 %, &, ﬁ. 1%, ]%_ J% 1, 1 1, lﬁ
740 30.0 %-, %— 1%:: l%, 1% %-l 3,1 1, ll]f
m—Y NATIONAL ADVISORY
®Visual estimate.
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CHART 1,- SPIN AND RECOYERY CHARACTERISTICS OF THE SCALE MODEL OF THE NORTHROP N-9M AIRPLANE I¥

FLIGHT TEST

NDITION NUMBER 1

{Loading point nurber 1 on table III and figure 10; recovery attempted by repid full reversal of the rudder
controls except &s indicated (recovery attempted from, and steady-spin data presented for, rudder-fulle

with spins); right ereoct sping

Wheel full left
Two types of spin
a

8tick
full
back 213 0.22
ba
2
Btlck
neutral No | apin
8tick
one-half
Torward
Stiok
full
forward No| spin

¥Wheel one-half.

L6G30 -

1o "h.:lal Wheel ox;to-ha.‘l.f Wheel iu:u.
e neutr
rign Two types :g%gl-:\pm
a [} a
I ] 20 |49 | U
37 ED . | 38| 2 |81 | 2p
1dgi 0.21 176 [0.31} 163j0.3%
b} ~ | #
e, ¢ te
i & >3J§'
[+ [} [+
k: 1 (e ~)
Two types of epln
4 a & a
3| 2u | 27| 3U 32 10 39 | iU
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4
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8Radius of spin too great to permit testing ocompletely.

byisusl estimate.

CRecovery attempted by movement of stiok full forward.
Oscillatory spin; range of values or average value given.
€Recovery attexpted by neutralization of rudder controls.

Hocel values
converted to
corresponding
scale values,
U 4inner wing up
D 1inner wing down
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OHART 2.- SPIN CHARACTERISYIOS OF THE ::.-SCALE MODEL OF THE NORYHR(P R-9M AIRFLANE IN FLIGHT TEST COMDITION NUMBER 1 WITH

20

RUDDEH QORTHOLS NEUTRAL AND AGAINST YHE SPIK

[i.oad.‘l.ng point number 1 on table JIT and figure 10; rudder conirols as indigated; right ereot n;pj.n;_\

Rudder controls meulral

Rudder controls against the spinm

a
32 EU
a2 D
No | ap. Ko |spin 213 (0.23
M
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Yheel Wheel
Tull left full right
Fo ppin Boh p.lbo
%HE
e E
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Ko |spin Ho |spin

b

°991n 1s osoillatory in pitoh,

Wandering sepin.

%0acillatory epin; range of values or averags value glven,

Two conditlons poselbls
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No | apin No I:p.i.u Ne hspi.n 201
b
20 jau
3 | 3D
Ho prpin Ho Lap!.n 194
No japin No |spin

NATIONAL AbVISORY
COMMITTEE FOR AERONAUT ICS

Modal values
converied to
corresponéling
full-scale velues.
U loner wing up

D Inner wing down

a ¢
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¥ Q
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Turns for
reacovary
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OHART 3.~ SPIN AND RECOVERY CHARACTERISTICS OF THE SCALE MODEL OF THE NORTHROP
N-9M AIRPLANE WITH MASS DISTRIBUTION INOC. ED ALONG THE WINGS
E‘light test condition number 1 with Iy and Iz inoreased 20 percent of Ix (loading point number 4
on table III and figure 10); recovery attempted by rapid full reversal of the rudder controls
(recovery attempted from, and steady=-spin data presented for, rudder-full-with spine);
right erect sping]

L ]
a Two types of spin
. a a
e 6 | U 10
33 (b 27 kp {60 [2p
206 jo.22 158 163 [0.33 | 180 p.25
1
1 1 1 1
-4 P I 2, 21 >3
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b
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[
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b a a
Ko ZU 49 |10
20 | 2D 36 (1D
Wheel full left ¥Wheel full right
200 | 0.36 ™1 173 [0.35
>5 S
é
-
2
E NATIONAL ADVISORY
i‘ﬁ" COMMITTEE FOR AERONAUTICS
Fwo conditiiona possible
. L _ & a
53 | 70 56 | 2u
22 | 3D 32 | 1D
No |spin No spin | gx 5,42 182 [0.37
>6
co
<R
8 : a b
Oscillatory spin; range of values or average
. value given. ! ] {deg) | (deg)
Steep, wandering and oscillatory spin. Model. values v a
converted to (fpe) ( )
corresponding P rpe
full-gcale values.
U inner wing up Turns for
D linner wing down recovery
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OHART 4.~ SPTN AND REOOVERY CEARAITERIBTIOR GF THE -élﬁ-ﬂﬂm NODEL, OF THE NORYEROP N-GM AIRPLANE WIYH NASS DISTRIBUTION
ALYSRHATELY DECREASKD AND INGREASED ALCKG THE LOAGITUDTMAL AXIS

g an indlcated; recovery attempted by rapid full reverssl of the rudder controla (rec
Oata pressnted for, rudder-full-with spins}; right ersot sping

ovary attempied from, and steady-spin

Hass distribution dacremsed along the longltudinal axls
(Iy and Iz decreaced 12 gamont of Iy, loading point number 5 on
IIT end figure 10)

. umﬁ
R kS
zlq 0. 179 [o.24
b3 | b

EF

37 |wu
Wheel 15 |20

full left
Ro jepin 201{0.40

Wheel
full right

#__
e

163

.35

o

W

20
3D

No|sp Fo | ap:

%0sel1latory spiny range of values or average value zZiven.

176

0,36

a

3
22

185

0.13

>7

Hass distribution lnoreeased along the 1

axls

ongitudinal
(Iy and Iz inoreased 30 peroent of Iy, ].Da.d&’.ng point number 6 on

table III snd figurs 10

L3
AL

160 10,29

8 ’
%] 5 i
191 0,20 176 jo.22
b % b3
a
43| av
%] 1
Mo |spin 194 0,28
vz
Fo up:.nl 201 [ 0.35

NATIONAL ADVISORY
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full-ncale values,
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D inner wing down
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CHART %,- SPIN AND RECOVERY CHARAGTERISTICS OF THE SOALE MODEL OF THE NORTHROP N9
AIRPLANE WITH THE CENTER OF GRAV%TY 5 PERCENT OF THE MEAN AFRODYRAMIG OHORD FORWARD
F NORMAL

[Loading point number 7 on table III and figure 10; recovery attempted by rapid full reversal
of the rudder controls (recovery sttempted from, and stesdy-spin data presented for, rudder-
full-with eping); right erect sping

L]
FEZ_ a s
g | 70 U1 70 1 | hU
23 1D 17 1D EO o
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oo
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:'l: NATIONAL ADVISORY
m COMMITTEE FOR AERCNAUTICS
F
Ro [spin No {spin No|spin
R
a .
Oseillatory spin; range of values or ra )
average value é:l.ven. {deg) | (deg)
Model values v
‘converted to s
corresponding tfps} | (rps)
full-scale values.
U inner wing up Turns for
D inner wing down recovery




CHART 6.- GPIN AND RECOVERY CBARAOTEHIBTICS COF THE BUALE MWCDEL OF THE NORTHROP M-SM AIRPLARE VITH TEE CENTER OF

R GRAYI?Y REARWARD OF NORUAL

enter-of-grayity looation ae indicated; racovery attempted by rapid full revarsal of_the ruidder vontrols {rscov nttempted
E from, anl steady-spin data presented for, rudder-full-with spins); right erect spin d iy

Center of gravity 3 peroent of the mean asrodynamio chord rearward Qenter of gravity 6 peresnt of the msan serodyuamio chord
of normal Tesyward of normal
{Loading point nul:;hor & on table IIX apd figure 10} (Loeding point wumber 9 on teble III and figure 10}
a a a b
30 63 |l 6
W | & 51 [¥n 5 b
188 |0.13 No |spin 160 |0.29 No |spin 150 |0.26
1
: 2 o | i
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B 3 A : a a a
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1 1
. T oo b o3z # ! 2, 4
s ¥
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Two condiflons posaible '*’23
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k3 |70 45 lo 3u 1| 8U 20
2 |1v gg Eg %5 |3 E§ ip . 31 4D 32 ap
20
No | epin|qy 185 | 0. 142 jo. 166 | 0.2 166 | 0.26 163 o.zﬂ
1 1
ol 3 oo ] Pt 1,1
2pgoillatory mpin; rengs of valuss or average valus given, NATIONAL ADVISORY a Py
Violentiy osolllatory in pitch, Awplituda of osoillation inoreaaed until model CONNITTEE FOR AERORAUTICS tdeg) | tdeg)
pitohed invertad and then stopped spinning, Model values
CRpdius of spin too great to parmit testing completely. converted to v a
corresponding (fpa) | (rpm]
] full-scals values.
U inner wing up Turns for
D Ainner wing down recovery
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NACA RM No. L6G30O-

OHART 7.- SPIN AND RECOVERY OHARACTERISTICS OF THE gs-SGALE MODEL OF THE NORTHROP
N-9¥ AIRPLANE IN FLIGHT TEST CONDITION NUMBER 3
[_Loa.ding point number 3 on table III and figure 1l0; recovery attempted by rapid full reveraal

of the rudder ocontrols (recovery attempted from, and steady-spin data presented for,
rudder-full-with spins); right erect spins]
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Model values
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corresponding (fps) | (rpse)

full-scale values.
U inner wing up
D inner wing down

Turns for
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CHART 8.~ INVERTED SPIN AND RECOVERY CHARACTERISTIOS OF THE gsbSCALE MODEL OF TEE
NORTHROP N-OM AIRPLANE INX FLIGHT TEST CONDITION NUMBER 1

[goading point number 1 on table III and figure 10; recovery atfempted by rapid full reversal
of the rudder controls (right pedal forward during steady spin, left pedal forward for '
recovery); model turning to pllot's righ

No |[spin

Wheel full right

No [spin

(Controls together)

aOscilla‘bory spin; range of values or average
b value glven,
Wandering ani oscillatory spin.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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a @
(deg} | (deg)
Model values v a
converted to (fps) (rps)
corresponding P P

full-scale values.
U inner wing up
D inner wing down

Turns for
recovery




OBART 9, BPIN AHD RECOVERY GHARACTERISTIOS OF THE %%aum HODEL OF THE HORTHOP M.9M AYRPLANE WITH LANDING FLAPS

DEFLECTED AND LANDING GEAR EXTENDED
E‘].lght test condition mumbar 1 (loeding point number 1 on table ITI apd figure 10); landing flape 50° dmm; landing gear extendsd;

pitch flap deflections as indloetsd; racovary attempted by

rapld Tull reverssl of the rudder controls (recovary attempted

from, and ateady-spin data presented for, rudder- ~with spins); m.ght sreot apiiti

Pitch ﬂnph:;ﬁ:ut from 27° m 1):0 53° up
Two conditilons posasible 8 conflgurstian
a

a
I 2u 2y
22 | 2 %o [ 3D 47 )i
No | spin|179 | 0.32 176 | 0.22 %47 |0.3
>T oo o
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at s .
4 | 2v _ kg
Wheel A |» Whael 3| ®
1 full t
o [epumjeftit2oft 1 00, HET 6o |o.
o ob
« ¥
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No ]apin| Ro | apin)

“o-onutory spin; range of values or average valus given.
Pyisual satimate.

Pitoh flaps defleot from 0% to 26° yp
a7 B | 60
25 Zg 27 | Eg Zg
179/0.3 176 |o.24 158 (0,33
b
10 hd had
a a
W |3 Lg
14 |2 35 Eg
¥o |sp 170 | 0.7 160 | 0.35]
25 o
a
Bs |30
23 |3
To | spiy] Fo | apin 166 | 0.4
[
NATIONAL ADVISORY « ®
COMMITTEE FOR AERORAUT ICS (dag) | tdeg)
Model valuas
converted to v o
corresponding {fpe) | {rps)
full-scale velues.
U loner wing up Turns [or
D inper wing down recovery
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NACA RM No. L6G30

CHART 10.- BPIN AND RECOVERY CHARACTERISTICS OF THE &-SGALE HODEL OF THE NORTHROP N=9QM
AIRPLANE SIMULATING THE CONFIGURATION IN WHICH THE RIRPLANE IS BELIEVED TO BAVE BEEN
. . - - AT THE TIME OF THE CRASE
E‘light test condition number 1 (loading point number 1 on table III figure 10); landing
flaps 25° down; landing gear retracted; pitch flaps defleot from 0° to 26° up; recovery
attempted by rapld full reversal of the rudder ocontrols (recovery attempted from, and
steady-apin data presented for, rudder-full-with spins); right erect spins

PR
F 3 ) a
au 9 | 1U U
28 | a2p 29 2p 39 ED
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
80gol 1latory spin; range of values or average - »
Depin ie Seoili N (deg) | tdeg)
Bpin ia oecillatory in pitoh. ] 1 1
®Yigual estimate. Sgﬁ:er::duig v a
corresponding (fps) | (rps)
full-scale values.
U lnner wing up Turns for
D inner wing down recovery




CHART 11,- SPIN AND RECOVERY CHARACTERISTICS OF THE ég—
AIRPLANE WITH EQUIVALFNT PROPZLLER FIN AREA INSTALLED

NACA RM No.

3CALE KODEL OF THE NORTHROP N-9M

[?1ight test condition number 1 (loading point number 1 on table III and figure 10); recovery

attempted by rapid full reversal of the rudder controls

spin data presented for, rudder-full-with spins); right ereoct spina

regovery gttempted from, and steady-
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value glven.
Visual estimate.
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full-scale values.
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OHART 12.- SPIN ARD REUOVERY OHARAOTERISTIOS OF THE -EB-BUALI MODEL OF THE FCATHHOF R-9H ATHPLANE WITH SLATS INSTALLED
t test conditlon number 1 (loading point number 1 on tabls III and 10); slat installation as indicated; recovery
attempted by 14 full reverssl of ths rydder controls (recovery attempted from, and steady-spin data prolentod for,
ruddsr-full-with spina); right ersat spina
20-peraant span slats lnatallsd m F5~peroent span slats installed
a a a a a =
3u ha 2y b1 1w 83 | ao

36 |10 | ¢ |10 | 1 B |3 k2 |20

184 0,3 161 | 0,33 151 |o0.ml 17 o2 16% [0.31 146 |o.h2

0 2}, 2¢ oo oa o =

E-'g
33
b a a a a a
20 3U U 10 I8 |1v
Vhesl A {2 | yhem A | » i 38 |20 38 |10
full left full right
157 p.a > o 213 70 ok 151 |oA3
:l;. oo 3%'- o o9
2}
Sgo
adw
a
e
5 |10 37 |2p 3
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a()s-:u.lla.t:c::-r apin; range of values or avsrage value given, co:mmmu a @
in 1s oscillatory in pitch. <, Nodel velues {deg) | (dag)

Yisual eatimate. convertad to v a
correspondlng [fps) | irps)
full-sc¢ala valuas.

U inder wing up Turns for
D inner wing down recovery
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NACA RM No. L6G30

CHART 13,- BPIN AND RZCOVERY OHARACTERISTICE OF THE éahSCALE MODEL OF THE RTHROp N-9M
AIRPLANE WITH HORIZONTAL AREA INSTALLED

[Flight test ocondition number 1 (loading point number 1 on table III and figure 10); recovery
attempted by rapld full reversal of the rudder controls (recovery attempted from, and
steady-spin data presented for, rudder-full-with spins); right erect spins]
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C NATIONAL ADVISORY
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value given. - tdeg) | tdeg)
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full-scale values.
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CHART 1‘1-.-BP1.1!|A!DRNOVERY CBARAQTERISTIOS OF THE 1 S0ALE HODEL OF THE NORTHROP XB-35 AIRPLANE IN THE NORMAL LOADIRG
TTION
E.anding flape neutral; landing gear ratracted; slotse olosed: piteh flaps nmtmléiruddar position as indloated; recovery attempted
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FIGURE 1~ THREE-VIEW DRAWING OF THEZB—SCALE MODEL OF THE NORTHROP N-GM
AIRPLANE AS TESTED IN THE 20-FOOT FREE-SPINNING TUNNEL.CENTER OF GRAVITY
SHOWN FOR FLIGHT TEST CONDITION NUMBER 1.
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Figure 2.- The Eﬁ;@scale model of the Northrop N-9M airplane

as tested in the 20-foot free-spinning tunnel in the clean
condition.
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Figure 3.- The Eﬁ;—scale model of the Northrop N-9M airplane as tested

in the 20-foot free-spinning tunnel in the landing condition.
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FIGURE 4~SIMULATED SLATS TESTED ON THE 35°SCALE
MODEL OF THE NORTHROP N-9M AIRPLANE,
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SECTION A-A
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FIGURE 5-HORIZONTAL AREA TESTED ON THE

a'—o‘SCALE MODEL OF THE NORTHROP N-9M
AIRPLANE. S
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CONFIDENTIAL
N-OM PITCH FLAP XB-35 SPLIT RUDDER

PITCH FLAP HINGE LINE
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N-SM RUDDER CONTROLS

SPUIT RUDDER HINGE LINE

XB-35 RUDDER CONTROLS5

NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AERONAUTICS

FIGURE 6.-COMPARISON OF THE RUDDER CONTROLS OF
THE NORTHROP N-OM AND XB-35MODELS.
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SECTION A-A J\*A”
s 1

FIGURE 7- EQUIVALENT PROPELLER FIN AREA
AS TESTED ON THE 35SCALE MODEL OF

THE NORTHROP N-SM AIRPLANE.
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Figure 8.- The —l—~scale model of the Northrop N-9M airplane spinning

in the 20-foot free~spinning tunnel.
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RELATIVE MASS DISTRIBUTION
INCREASED ALONG THE FUS
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Iy-1z RELATIVE MASS DISTRIBUTION |NCREASED

mb! -_ ALONG THE WINGS
FIGURE [0~ INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE N-9M AIRPLANE
AND FOR LOADINGS TESTED ON THE N-9M moneL (POINTS ARE FOR LOADINGS
LISTED ON TABLE TL)
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FIGURE 12-INCREMENTS OF YAWING- AND ROLLING-MOMENT COEFFICIENTS CONTRIBUTED BY
THE N-OM AND XB35 RUDDER CONTROLS AS A FUNCTION OF ANGLE OF ATTACK.
RUDDER CONTROLS ON RIGHT WINGTIP FULLY. DEFLECTED: RUDDER CONTROLS ON

LEFT WINGTIP NEUTRAL: Q=4.274,
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