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FREE-SPIMNING TUMNEL TIESTS OF A l/iB-SCALE MODEL

OF THE FAIRCHILD XNQ-1 AIRPLANE
TED NO. NACA 2398
By Lee T. Daughtridge, Jr.

SUMMARY

Spin tests have been performed in the Iangley 20~foot free-
spinning tunnel on a 1/18-gcale model of the Fairchild XNQw-l air-
plane, The spin and recovery characteristics of the model were
determined for the normal gross-welght loading and for two variations
from this loading = center of gravity moved rearward and relative
mass distribution increased along the fuselage. These tests were
performed for two vertical~tail plan forms. The lnvestigation slso
ineluded simulated plloteescape tests and rudder-force tests.

The recovery characteristics of the model were satisfactory for
all conditions tested by full reversal of the rudder and by simul-
taneous neutralizatiom of the rudder and elevator. It was indicated
that if necessary to escaps from the spinning airplane, the pilot
should jump from the outboard side of the fuselage and as far
rearward as possible. As determined from spin model tests, the
rudder pedal force required to reverse the rudder for recovery
from the spin will be light.

INTRODUCTION

In accordance wlith & request of the Bureaun of Aeronautics,
Navy Department, & 1/18-scale model of the Fairchild XMQ-1 air-
plane has been tested in the langley 20-foot free-spinning tumel.
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The XNQ~1 is a light training aifrplane with a two-place tandem
seating arrangement and conventional landing gear.

All testg were performed with the model in the clean condition
(landing gear retracted, flaps neutral, and canopy closed). The
erect gpin and recovery characteristics of the model were determined
for the normal gross-weight loading and for two variations of
this loading: (1) center of gravity moved rearward of normal and
(2) relative mass distribution increased along the fuselage. Each
of these loading conditions was investigated for different vertioal
tail plan forms (designated os original and alternate vertical
tailes by Fairohild). The recovery characteristics were genesrally
determined by fully reversing the rudder. Dr, H. Serbin, &
representative of the Fairchild Aircraft Company, witnessed some
of the spin tests, and during his visit it was deecided to also
run tests in which rudder alone or rudder and elevator simultancously
were neutralized. The inverted spin and recovery charactsristics
were determined for the normal-losding condition with the original
vertioal tail instelled. The rudder pedal force necessary to
effect recovery from a snin was determined and tests simulating
emergency pilot escaps were also verformed on the model.

SYMBOLS
b . . - wing span, feet
S wilng area, square feet
m mass of airplane, slugs
o wing chord
o wean eerodynamic chord, feet.

x/3 ratio of distance of center of gravity rearwerd of
leading edge of mean aerodynemic chord to mean
eerodynemioc chord

z/c . ratio of distanoe between center of gravity and
thrust line to mean aerodynemic' chord (positive
when ocenter of grevity is below thrust line)

IX’ Iy, Iz moments of inertia about %, Ysand Z- body axes
regpectively, slug-feet
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Iy -1
e S inertias yawing-moment parameter
mb®
EZ;:;jii inertia rolling-moment parameter
mb2
Eg.- IX inertia pitching-moment parsmetsr
mb® R

e air density, slug per cubic foot

n relative density of airplane (m/pSb)

a angle betwecn thrust line and vertical (approximately
equal to ebsolute value of angle of atteck et
plane of symmetry), degrees

_d angle between span axis and horizontal, degrees

full-gcale frue rate of descent, feet rer second

9] full~scale engular velocity about spin axis,
revolutions per secand -

G ""helix angle, angle between flight path and vertical,
degrees (For this model, the average absolute
value of the helix asngle was approximately 7°.)

B epproximate angle of sideslip at center of gravity,

degrees (Sideslip is inward -:when inner wing is
down by an amount greater than the helix angle.)

APPARATUS AND METHODS

Modsl

The L/lB-scale model of the XMQ-1 alrplane used in the spin
tests was furnished by the contractor and was checked for dimensional
accuracy and prepared for testing by Langley. The vertical position
of the horizontal tail was found in error and w2é corrected by Langley.,
A three-view drawing and photographioc views of the model with the
original vertioal tall installed sre shown in figures 1 and 2,
respectively. A drawing comparing the original and alternate
vertical~tail plan formsis presented as figure 3.
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The dimensional charaoteristics of the XNQ-1 airplene are
presented in table I.

The model was ballasted to obtain dynemic similarity to the
airnlane at an altitude of 10,000 feet (p = 0.001756 slug/eu: £t).
An slectromagnetic remote-conbrol mechanism was installed in the
medel to actuate the controls fer the recovery eattemnts and to
releese the dummy vilot for the pilot-escape tests. Sufficient
moments were.exerted on the controls during ths reccovery attempts
to reverse them fully and rapidly.

The dummy »ilot used in the pilot-escape tests was constructed
by Langley and scaled down in both dimensions and weight to represent
an average pilot with a parachute pack (200 1b) at 10,000 feet
altitude.

Wind Tunnel and Testing Techniquse

The teats were performed in the Langley 20-foot free-spinning
tunnel, the operation of which is, in general, similar to that
described in reference 1 for the Langley 15~foot free-spinning
tunnsl except that the model launching technique has been changed.
Tith the controls set in the desired vosition, the model is launched
by hand with rotetion into the vertically rising air: stresm.

After a number of turns in the established spin (fig, L shows the
model spinning in the langley 20-foot free-spinning tunnel),
regovery attempt is made by moving one or more conirols by means
of the remote-control mechanism. After recovery, the model dives
Into a safety nmet. The spin data obtained from these tests are
then converted from model values %o ocorresponding full-scale
values by methods also desoribed in reference 1.

In accordance with stendard spin-tunnel proocedure, tests were

performed to determine the spin and recovery characteristics of

the model for the normal-spinning control configuration (elevator
full up, ailerons neutral, and rudder full with the spin) and for
various other aileron and elevator combinations including neutral
and meximum settings of the surfaces for the various model loadings
and configurations. Recovery was generally attempted by rapid
reversal of the rudder from full with to full against the spin,
although, as previocusly menticned, some recovery atbempts were
-made by neutralization of the rudder alone and by simulteneous
neutralization of the rudder and elevator. Tests were also
performed to evaluate the possible adverse effects on recovery of
small deviations from the normal control counfiguration Ffor spinning.
For these tests, the elevator was set eilther at its full-up deflection
or at two-thirds of its full-up defleotion and the ailerons were
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set one-third of the full deflsction in the direction conducive

to slower recoveries. Recovery wag attempted by rapidly reversing
the rudder from full with to only two-thirds against the spin.

This particular control configuration end manipuletion is referred
to herein as the "eriterion spin.™ Turns for recovsry are measured
from the time the controls are moved to the time the spin rotation
ceasese The oriterion for a satisfactory recovery from & spin for
a spin-tunnel model has been adopted as 2 +turns or less, based
primarily on the loss of gltitude of the corresponding alrplane
during the recovery and subsequent dive. Recovery characteristics
of * & model are considered satisfactory, however, if recovery
attempted from the oriterion spin requires no more than £2E:turns.

For recovery attempts in which the model struck the safety
net before recovery could be effected, the number of turns from
the time the controls were moved to the time the model struck the
safety net was recorded. This number indicates that the model
roequired more turns to recover from ths spin then shown, as,

for example, > 2—;—. A >2é—turn recovery, however, does not

necessarily indicate an improvement when compared to & > L-turn
recoOvErYe.

For the vilot-escavpe tests, the dummy pilot was alternately
attached to the side of the fuselage at the forward sesat and at the
rearward seat in order to simunlate either the pilot or the student
Jjuaping from the airplane. The dummy was released from the inboard
side (the right side in e right spin) and from the oubtboard side
of the fuselage during a flat spin and a typical steep spine. No
flat sovins were actually obtained during the model spin tests, but
a flat spin was simulated for the pilot-esocape tests by releasing
the dummy while the model wes still in the flat attitude caused
by the rotational energy imperted to the model during launching.

In performing the rudder pedal foroe tests, only the force
necessary to move the rudder so as to effect a normal recovery
from the spln was determined. To sccomplish this, the tension
in the rubber: band that pulls the rudder against the spin was
adjusted to represent known hinge-moment values about the rudder
hinge line. A series of recovery tests was then made, the tension
in the rubber band being systematically lowsred, until the turns
for recovery began to increasse The value of the model hinge
moment at this point was then converted to the corresronding
full-scale rudder pedal foroe at the equivalent altitude at which
the tests wers made,
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PRECISION .

The spin data presentod are believed to be the true values given
ty the model within the following llmitss

a’ degrees L ] . L] I- L L - L] * . a - L] L] L } * L ] [ ] L . [ ] i ] . . - . - fl
ﬂ’ degrees L s L d L] L] o . L) * * . . L L] [ ] L . L L[] L] L] - *er e . L] * ;l
v, percent-.---...--..ao......-...... -
Q_‘ percent L] L] . L 3 L ] . L L . * L] a - * . . L] . L] . . - - - L] * . t}
) .
i 'f-turn when obtained from
L
‘ nobion-picture record
[ 2 - L] 1 ] L . L) L] [ ] L] | ] +
Turns for recovery 3 2L Gurn when obtained from
L‘E visval estimate

In some insbances in which it was difficult to test the model due %o
the oscillatory or wandering nature of the spin, the foregoing limits .
may have been exceeded.

Comparison between spin results of models and corresponding air-
planes (references 1 and 2) indicates that s»in-tunnel results are
not always in complete amgreement with airplane spin results., In
general, the models spun at 2 somewhat smaller angle of atiack, with
a slightly higher rate of deseent, and with 5% to 10° more outward
sideslip than did the corresponding airplanes. The compsrison made
in reference 2 for 20 models shows that 80 percent of the model
recovery tests predicted satisfactorily the number of bturns required
for recovery from the spln of the corresponding airnlane and that
10 percent were optimistic and 10 percent were pessimistic as regards
the airplans recovery characteristiocs,

Little can be stated about the precision of the pilot-escape tests
as no compaereble full-scale data are available. I% is considersed,
however, that when the dumuy pilot is observed to clear all parts of
the model by a large mergin after being released, the pilot may
safely escape from the spinning airplane in an emergency.

Because of the impractiocability of ballasting the model exuctly
and because of inadvertent damage to the model during the spin
tests, the mass distribution of the model wvaried from the true scaled-
down values within the following limits:

« «» L high to 7 high
« « 0 to 1 rearward
.« « 6 high to 7 high
e« e« e 2 low to 1 low ¢
2 high %o 6 high

Weight, percent . « o« ¢ ¢ ¢ o s o »
Center-of-gravity location, percent
Moments Ig, porcent + ¢ v ¢ ¢« v o & o &
of Iy, percent . . . ¢« &+ . .
inertia | Ig, percent ¢« ¢« o ¢« 0 4 @ .

. f+1 K3
. -
. .
* - - [ ) -
" »
e e e
.
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The measurement of the mass characteristlcs were made within the
following limits of accursacy:

'ﬁ"a'eight, percen‘b e & & ¢ % @ ® ® & & % &4 ¥ & * K & s e & € 3 e s il
Center-of-grevity location, percent 6 « ¢ « o« o « « ¢« o ¢« s ¢ &« =
Moments of inerkie, percent ¢« o « ¢ « ¢ ¢« ¢ ¢ o ¢ s o ¢ ¢ 8 s o =

The controls were set with en asoccursoy of =
TEST CONDITIONS

Spin tests were performed for the conditions of the modsl
listed in 4able II. Reference 5 indicates that moving the center
of gravity rearward generally has an sdrerse effect on the spin
snd recovery characteristics of models with relatively low values
of the relative density paramebter p. The XNMQ-1 model, therefore,
wes tested with the center of gravily moved rearward in order %o
determine the effect, The model was tested with the relative mass
distribution increased along the fusclage to determine if the
effect of contirol disposition and manipulation on the svin and
recovery characteristics vwould be changed. According to reference l,
an increase in relative mass distribution along the fuselage should
tend to reverse the effect of the ailerons and elevators.

Values of the tail-damping power faoctor for the originsl and
the alternate vertical teils are given in table I. The tail-
damping power facter was computed according to the method given in
refergnce 3., The values presented were computed for the normal
gross-weight center-of-gravity location, A comparison of the values
of the mass cheracteristios .and inertis perameter for the loadings
tested on the model, converted to corresponding full-scale values,
end for various loadings possible on the airplane is presented in
table III., The inertis parameters are nlso plotted on figure 5.
This figure can be used in predicting the relative effect of controls
on spin and recovery characteristics as shown in reference L.

The maximum control deflsctions used in the tests were as
follows:

Rudder, degrees t + o o 6 e s s 8 8 2 v a s s s B0 right, 30 left
Blevator, degrees « o « ¢ o v o « ¢ o » o o s a o 30 up, 20 down
Ailerons, 46grees ¢ +« o« o s« s o o 4« s & + & &« o o o 24 up, 12 dowmn
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The partial oontrol deflections used for the criterion epin d
were as follows:

Rudder, %-deflected, degress o« s.3 ¢ & o v 4 4 2 s« 0 e e 0o 20
Elev&tor, deflected ge-up, d@grees s« & o ¢ 6 & s 0 & & e ¢ @ ® @ 20

?-defleoted, dSErE65 o s s o o ¢+ s o » « « B oup, L down

When the center of gravity was moved rearward on the model, the
moments of inertia were kept constent about the original center of
gravity., When the relative mass distribution was increased along
the fuselage, the ocenter of gravity was kept at its original
vosition.

Ailerons,

RESULTS AND DISCUSSION

The results of the spin tests are presented in charts 1 to 5.
Results for right and left spins were similar, snd the results
are arbitrarily presented in terms of squivelent right spins.

Original Vertical Tail

Normal gross-weight loading.- The results of spin tests of the

model in the normal gross-weight loading (point lin teble III and
fige 5) with the original vertical tail are presented in chart 1.
The spins obtained were stesp (angle of attack about 25°) and were
generally orsoillatory in pitch and roll, The recoveriees from these
spins by full rudder reversal wers very rapid, the slowest recovery
requiring only .1 turn. When the elsvator wasg up and the ailerons
were ageainst the spin, the modsl recovered so ranidly that it
immedietely began to spin in the opposite direction beforse striking
the safety net. It appears, therefore, that care must be exercised
to avoid entering & spin in the opposite direction when attempting
a4 recovery in the airplane. The model would not spin with the
elovator neutral or full down when the ailerons were neutral or
ggainst the spin.

Inverted spin tests were also performed on the model in the
normal gross-weight loading with the original vertical-tail plun form.
The results of these tests are presented in chart 2. The method of
vlotting the date for inverted spins is different than that for
erect spinse. For fully developed inverted spins, "cortrols crossed”
(right rudder pedal forward and stick to left for spins to pilot's .
right) is plotted at the right of the chart, and "stick back" is



NACA RM ¥o. 16H28 ) S

plotted at the bottom of the chart, When the controls are crossed
in the fully developed spin, the ailerons aid the rolling motion,
and when the controls are together, the ailerons ovpose the rolling
motion., The angle of wing tilt ﬂ is given as up or down relative
to the ground. ) o

For the inverted spin tests, the model would not spin for any
control configuretion tested except with the stick full forward and
one~+third or more to the left (r19b+ rudder pedal) and stick neutral
logitudinally and full left. Recoveries were sffected very rapidly
by rudder reversal from the spins that were obtained.

Veriations from the mormal gross-weight loeding.~ The results
of tests of the model with the center af gravity moved 10 psrcent
of the mean aerodynam*c cho:d rearward of normal (point 2 in
table III and Tig. 5) and fir tests with Iy end I- increased
20 percent of Iy (p01nt % in table IIT and fig. 5) are presenbed
in chart 3.

Moving the center of gravlty reerward of normel produced only
e slight adverse effec’ on lhe spin and recovery characteristics.,
The number of turns necsssary for recovery from the normal and the
criterion snins inersesed slightly, end the mcdsl spun with the
stick neutral laterally and longitudinelly where it would not spin
for this control corfiguraticn when the center of gravity was in
the normal position.

When the relative mass distributlon was increased along the
fuselags, spins were obtained for all control coufigurations tested.
The recoveries from all these spins, however, were still very rapid.

From the foregoing resul%s, it apnears that the small rangs of
sentsr-of-gravity movement rearward of normal (approximately
2 percent of the wmean aerodynamic chord) and the small changes in
the irelative mass distribubtion from the normel nogsible on the
airvlene will not appreciably affsct the full-scale recovery
chareacteristios. Inasmuch as the model sometimes went into a spin
in the ovposite direction immediately after recovery, it appears
that the pilot should exercise cere to avoid suck an ccourrence
on the airmnlane.

Alternate Verticeal Tail

Normal pross-weight loading.- The results of tests of the model
in the normal gross-weight loading with the alternate verical tail
installed are presented in chart lj, The spin characteristics and the
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recovery characteristios by rudder reversal were similar to those
obtained with the original tail, the spins with the alternate tail
being slightly steeper than those with the original tail. According
to the criterion of reference 3, it would be expected that the
results with the alternate taill would be inferior to those with the
original tail, inasmuch as the tail-damping power factor is lower.
The rudder of the alternate tail is smaller, however, and probebly
produces less pro-spin yawing moment when with the svwin than does
the rudder of the original tail. This probatly accounts for the
gteeper spin, and thus less anti-spin yawlng moment is reguired of
the rudder for recovery.

Neutralizing the rudder alone was not sufficient to effeot
satisfactory recoveries, but neutralizing the rudder and slevator
simultanoously produced recoveries almost &s ravid as those obiained
by reversing the rudder alone.

No inverted spin tests were performed with the alternate
vertiocal tail, but it is believed that the results obtained for the
original tail are applicabls.

Variations from the normal gross-weight loading.~ The results
of tests of the model with the center of gravity moved 10 percent
of the mean aerodynamic chord rearward of normel and of tests with
Iy and Iz increased 20 percent of Iy are presented in chart 5.

With the center of gravity movsd rearward, the spins were
steep, and although not twsted, recoveries attempted by full
rudder reversal would undoubtedly have been rapid. Recoveries by
rudder neutralization alone were unsatisfactory, but recoveries by
simultaneous neutrallzation of the rudder snd elevator were very
I‘B.pid.

The spin characteristics with the relative mass distribution
increassd along the fuselage were very similar to those with the
centor of gravity moved rearward. Recovery by rudder neutralizetion
alone was satisfactory for the normel-spinning configuration, but
from results of tests in the normal loading it is felt that
unsatisfactory recoveries may be obtained if the ailerons are
deflected even slightly with the spin. Recoveries by simulteneous
rudder and elevator neutralization were rapid for all ailercn
deflections,

From the results of the model tests, it appears that either
reversing the rudder fully, being ocareful not to enter 4 spin in
the opposite direction, or neutrallzing the rudder and elevator
simultaneocusly will cause the airplene to recover satlsfactorlly
from developed spins.
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Landing Condltion

Current Navy specifications require only L -turn spins to be
demonstreted in the landing condition. The XNQ-1 model, therefore,
was -not tested in the landing condition inasmuch as experience
indicates that an airplane will still be in an incipient spin after
only 1 turn and that recoveries oan be effected rapidly from this
inoinient spin. MNevertheless, if e spin is entered inadvertently
in the landing condition, it is recammended that the flaps be
reotracted and that recovery be attempted irmediately after entering
the spin.

Pilot-Bscape Tests

Tests were made to determine from which side of the fuselage
and from which cockpit, front or rear, escape should be atlempted
if in an uncontrollabls spin. It was observed that when the dummy
was released at either cockpit location from ths inboard sids
(right side in a right spin) of the fuselage, it went through the
propellsr disc for the steep spin and came dangerously close to the
propeller dise for .the tlat :spin. When the dummy was released from
the oubtboard side of itlhie fusslape from either cockpit, steep or
flat spin, it cleared vhe model by going over the trailing edge of
the outboard wing and urder ithe taile It was observed, however,
than when released from the rearward cockpit, the dummy cleared the
model by & lerger margin. Therefore, if it becomes necessary for
either occupant to abandon the spinning airplane, it is recommended
that he jump from the ocutboard side and as far rearward as possible.

Rudder-Control Foroce

The discugsion of the results of the spin tests has been based
on control effectiveness alone without regard to the forces required
to move the controls. As previously mentioned, howsver, an indieation
of the control force required was determined by measuring the minimum
force necessary to move the rudder sufficiently to effect a normal
recovery in the normal gross-weight loading with the originmal
vertical tail. The foroe measured was. 100 pounds full scale which
is well within the capabilities of the pilot, and no difficulties
should be encountered in reversing the rudder of this airplane for
recovery from & svin.
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CONCLUSIONS AKD RECOMMENDATIONS

Based on the results of spin tests of L/lS-scale model of
the XHQ~1l sirplane in the olean condition, the following conclusions
and recommendations are made regarding the spin and recovery
charaoteristios of the alrplane with either vertical tall at an
altitude of 10,000 feet.

l. In the normal gross-weight loading, the scvins will be
steop and slightly oscillatory. Recovery for allcontrol configurations
will be rapid by rudder reversal or by neutralizbtlon of both
rudder and elevator; changes in loading possible on the airplane
will have no appreciable effect on the spin and recovery charscteristicse.

2. Recovery from inverted spins will be rapid by full rudder
reversal, and recovery should be followed by neutralization of
the stick, longitudinally end laterally.

3. If for-any reason 1t bocomes necessary to abandon the
spinning airplane, it is recommended that the pilot Jjump from the
outboard side of the fuselage and as far rearward as possible,

L. The rudder pedal force necessary to effect spin recovery
will be 1ight.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- DIMEYSIONAL CHARACTERISTIZS OF THE FATRCHILD
XNQ-1 ATRPLANE

Over-all length, ft:

OI'igin&l vertical tail LI "6 B ¢ e & s @ e & ® o s ® » 27.@
Alternete vertical tail e« ¢ + B a4 ¢ & 8 & 8 ¥ & & ¢ 8 s o 26.70
Propeller diameter, f£f « ¢ o4 ¢« & ¢ ¢ « o o « s s s o s « = @ 8.50
PI'OPeller, no. of blades € & 4 4 % e 1 e 4 € 8 e w e s s b a s s 2

Wing:
Spa-rl, ft .' . L . L] . » L] L L L » - - - a L * L L] L L] L L z',l-é
Area-, Sq f'b « ® & &« 8 & & & ¢ g T " ¢ ¥ ¥ e ¢t & 6 & s = . 23600
Aspect ratioc « + .+ . .
Chord, ire:

* e L L - L * L - L L . * L] * [ ] . . -

Root L] L . L] L] L] . L] L 4 - L L] L] * L] L] Ll . L] . - . L] * L L 89.

Meean aserodynamlc chord . ¢ ¢« ¢ ¢« o ¢ ¢ ¢ ¢ ¢« ¢« ¢« ¢« ¢ ¢ o TOJT

Tip (desi ) LR T '} & & & 6 ¢ 5 U ® e 3 &« 4 & @ L].?-O
Taper rat EHGSign tip ohord/}oot Ghord) o o s s « « o « » 0,52

Location of mean serodynemic chord, in.
Leading edge of & rearward of leading
8dge of root chord v« ¢ « ¢ v v ¢ « + s o o o o v 0 =+ LB
Ieading edge of & telow center line of
fllselage c-nao-ct-'----tc-.-c-01009
Anple of inecidence, deg:
Root.-....-.--..-.............3.00
Mean osrodynamic ochord a o« « ¢ o ¢ ¢ o o o s s o ¢ & ¢« ¢ Ll.21
TiD.......--.c.-...-......-.."1.00
ingle of geometrie dihedral (in wing reference plan), deg . . 5
Angles of sweepback (at leading edge of wing) deg v e s e o« s 2,50
Airfoil secotion:
POOto-;o-;-o...oc'coco-occ.l MCAELLlé
Tip.-cl‘-'l-.l..no.l.'l.o.cNACAL]L!,Og

Ailerons:
Arce {both ailerons), sqg ft:

Total « o o« s v o o ¢ o ¢« & ¢ 24 ¢ o ¢ 8 o o o« s o ¢ o o 100[.{.5
Rearward of hinge line ® & & & " & & & P 8 & & 3 & & § @ 7-97
Sp&n (a-t hinge line), in. € s & B 2 s s s & s s & 8 e & 108.0
Chord, percent of wing chord (constant) o + « « o « ¢ « o « 215

NATIOKAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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TABLE I.~ DIVEFSIONAL CHARACTERISTICS

Horizontal tail surfaces:

Area, sq ft
Tota 1 L ] - L ] L ] L] - -« - * L ] L d * -« L ] . - L ]
Elevator

TO'bal-.--.-......-.-c
Rearward of hingeline « ¢ o« ¢ « « « &
Span,ftl..'.llll..l..-..
Di stance from normal gross-welght center of
to elevator hinge line, Ine « « o « o« &

Vertical tail surfaces:
Area, sq 't
Total
Original .+ v ¢ o« ¢ o ¢ o o o ¢ ¢ o @
Alternateo.....-.......
Rudder
Total
Origin&l * ¢ ¢ o @
Alternate .« + ¢ .
Rearward of hinge line
Original " s e s e e v s s o s .
.A.l‘berna.‘be-...-..-....
Span, ft
Originel « « o ¢« o o « 4 s o o o o o « =
Alternat® ¢ + ¢« ¢ ¢ ¢ 4 s o 4 e 2 & o
Distance from normal gross-welght center of
to rudder hinge line (both), in. . . . .

Tail-damping-power factors
¥ith original vertical tail . . . . . . .
Tith albernete wvertiocal tail o« ¢ ¢ o = « &

-Cone ludsd

gravity

gravity

.« 47.28
L ] - 20.08
L 17-02
. . 13.17

. o 196

.« . 18-27
« +» 12.50

. . 1647
e . 10.57

.« « 6.59
. . 6.06

o o 20G.7

L88 x 10-6
330 x 10~

NATIONAL ADVISCORY
CCNNITTEE FOR AEROMAUTICS
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TABLE II.-CONDITIONS CF TEE FATRCEILD XNQ-1 MODEL INVESTIGATED IN THE

FREE-SPINNING TURNEL

"Glean condition (flapes neutral, landing gear retracted, canopy closed);
) spins to pilot's righti

Vertical tail

i .
! }
Variations from the ! Type of !} + Data on
normal gross-weight E spin ; ohart j
loading ] i E
% ;‘ :
a s :
Nene Erect [ Original S |
? | |
None Inverted ! Original f 2 }
a ; |
% t ! l
Center of gravity moved ‘! : ' '
rearward 10 percent of o Brect - ' Qriginal ; 3
] ' j
Iy ahd T increasad I i
20 perceils of Iy ‘ Erect Original i 3
: ; ;
b ; f
None Erect Alternate L
i :
Center of gravity moved H i
rearvard 17 percent of ¢ Erect Alternsate 5
!
I, and I, increased i .
20 percent of Iy Erect Alternete : 5 E

8Rudder~tonsion tests were performed for this cordition.

bPilot-escape tests were psrformed for this condition.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



TABLE III,- NASS CHARACTERISTICS AND INEETIA PARAMEYERS JOR IOADINGE FOSSIBLE

OX THE XWQ-1 ATRPLANE AND YOR LOADINGS TESTED O THE 1/18-8CALS MOTEL

[lbd.al values converted to corrvespeniing full-soale values; mcmenta of inertia are given about the center of grnvit:]

Rolative mirplans I.Iklmbl of rtie|
d:miia‘ Osnter-of-gravity looation (8lug-rt=) Inextia pavameters
2 " " i Sk S N e e Tl
Yo Loading Waight [(mea lavel)] (20,000 £t}| x/8 efé
ah[ ' / e ST I e | w2
Adrplang

1 |Normal groas weight

oentor of gravity, Y b

otnopy olossd, geer wp | 3658 | M.B3 658  |o.2n3 0,048 1789 |2792 4eo8 |-53 x 207 | 72 « 1074125 x 10"
2 | Moot rearvard ocenter

of gravity, canopy

open, gear up 3458 k.%o 6.01 266 081 1729 |2618 | kash |50 =17 136
3 |Borwal agroas veight

centar of grevity,

oeDaTy Opem, gear up 3658 | 4B 6.58 260 048 1Th9 [2Bhs |hons |.56 -n 127

Nodel

1 |Bormal gross weight 3808 5,06 6.08 0.850 0.0h9 1855 ook | kon8 Ha x 1074 =Th % 10-¥116 x 0¥
2 [Marsm) gross welght,

conter of gravity moved

rearverd 10 peroent of § | 3761 k.99 6.76 3h2 081 1855 |2ks8 3081 |-30 -T2 105
3 |Bormal gross weight, Iy

api incresssd

20 pordent of L, 3me | 5.03 6.8 2k3 052 1858 (3332 |4853 |-T0 -7 7

Wumbors corvespond to nbered points on figwre 5.

EATTONAT, ADVISORY
COMNITEEE JOR AERONAUTINS
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NACA RM No. L6HZ28

OHART 1.- SPIN AND REQOVEAY CHARACTERISTIOS OF THE ﬁ-m HODEL OF TEE FAIROCHILD
XNQ-1 AIRPLANE IN THE NORMAL GROBS-WEIGHT LOADING WITH THE CRIGINAL VERTICAL TAIL

[Po:.nt number 1 in table III and figure 5; recoveries attempfed by rapid full rudder reversal
except as indicated (recoveries attempted from, and steady-spin data presented for,
rudder-full-with spins); right erect apins

fL . ‘a _ a L a
6 230 29 | 1w 2
ga agt! 23 | 3b 22 ;g 2?, 123
Ailerons
198 {0.36 182 [0.51 185 | o.53/3/3 with | 1431609
: o P Elen:;r
b&' b& k’ % - E 1,1

Elevator full up
{8tiok back)

- b - &
1§
. 3|6
o | spt Allercns full against Xo| ap Allercns full with 185 |0.69
(Btiok left) {8tlok right)
1
%
_ el
%|u
HE
58
4
gg 18U
17D
o |spin _ ¥o jspin 167 jo.68
NATIONAL ADVISORY d}, d%
) COMMITTEE FOR AERONAUTICS
;Oloilhtory spin.
'After recovery, model spins in oppesite direction a @
before lt!‘ﬁiﬂg’ safety net, tdeg} | ldeg)
CRecovery attempted by reversing rudder to 2/3 Model. values v
against the spin. converted to r a
dpfter recovery, model inverts snd spins %o corresponding (fps) | (rps}
pillot's left before striking safety net. full-scale values.
. U finner wing up Turns for
3w D iInner wing down recovery.
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CHART 2.- INVERTED SPIN AND RECOVERY OHARACTERISTIOS OF THE BOALE MODEL OF THE
FAIROHILD XNQ-1 AYHPLANE IN THE ROHMAL GROSS-WEIGHT LOADING WITH THE ORIGINAL
VERTICAL TAIL
[Po:.ne nuaber 1 in table III and rigurs 5; recoveriss attempted by rapild full rudder reversal
oxcept as indicated (recoveriss attempted from, steady~-spin data presented for, ruldder-
full-with spins); invertsd epins to pilot's »righ

Py
N -
3
_ 21 |10 31 | 20
S8tiok
Ko |spin Mo [epin 217 fo.46 | 1/3 right 176 [ast
and full
b, bl forward
L o % 1, 1
§
3
o
a
29 16U
22 U
No | spint Btiock full right ¥o | spa 8tiok full lerft
(Controls together} {Jontrols croased)
o
]
=
-
3
B
i
No [spin Ko spﬂ Ho lspin
’ T NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

80g0illatory spin.
thooverr attempted by reveraing rudder to a ]
2/3 agalnat the spin, {degt | tdeq)

Model values v o
converted to (£pa) )
corresponding B irpa

full-gcale values.
: U inner wing up
3 D inner wirg down

Turns for
recovery




' .' se  eess ave
. ' '! ':.. %ee’ ;.0 L
s o A& = . : .
ane "an' *as? Yee e
m;.-mmmmummwm HODE], OF TEE FAIRGHILD ING~1 AYRPLANFE WITH YARIATIONS FROM TAE
NORMAL LOADING AND TEE OBIGINAL YERTIOAL TAIL
indioated; redoveriss attempted 14 full rodder sal exospt indioated ( rl ttempted from teady~
Em::"i:!d::n pru:n:o& for, ;m:;mmvithbzpm), right eraot & r ing] il * TeOMVETan ailem il
Centar of grarity moved 10 parosnt of of O ye of norsal Iy and Iz inorsassd 20 perocent of Iy (point mmber 3 in
{point nomber 2 in table IXX and figure 5 table IIT and figure 5)
ab .ab ab ab ab ab sb ab
ed {150 36 |40 % | 6D D
= 1% 2 |so | |38 hen | |B [o8D I 5| o|| B | | BB
176 | 0.3 w7 pM1| {113 p.2 161 a3k 161. | 0,34 375 "’3}{ 170 p.A6 | | 188 179 (0.2
a -] ] 4
T bof 6}1 3 bot| |wepas|| b 2 d%-i 1, 2
ag . 1/5 against d}' “E‘ ] .
&4 g Y| P Tlevator | |
aBlEE HEe Rt 38|8s ‘
o A5 P Sol8d
n | 200 A
17 | bU 10 : }g g% il ol 22 213
nﬁ-}_‘m' " — | Adlerona
Mo ppan 2gainst | 144 jo.58 | full with
i (Btiok left] T {8tiok right) P 152 P33 | 161 Jo.59 il ol
1 1 @ :
L § P 7 % Pz b
h
- = |
Eqgat] | ,
b = ' E b
e7 . 2
20 php 3| g0 .2.; lg 22 T -
o [spin Mo [spin i ™~
P 173 0. Th 138 0.5 144 |o.59 167 p.69 Q
8, 8
7] 1- 1 e
b b} b3 by =
sl NATIONAL ADVISORY =
‘bsom.ntorym;iu. COMMITTEE FOR ACRORALTICS tdog) | 1aog! o
Tooovery, model aping in opposite direction bafore striking safety net, Model values g *
d'Rooovory atteapted by reversing rudfer to 2/3 ameinet the.spin. converted to ¥ n
Cartar muu:-;, mode]l, inverts and spins to pllot's left befora striking safety net. corresponding (fpa) | (rpe) g
full-sgale values.
U: lener wing up Turns for =
D lnner wing down recavaty a?
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CHART 4.~ BPIN AND RECOVERY CHARAQTERISTICS OF THE SCALE MODEL OF TEE FAIRCHILD XRQ-1
AIRPLANE IN THE NORMAL GROSS-WEIGHT LOADING WITH THEE ALTERNATE

VERTICAL TAIL

@oint number 1 in table III and figure 5; recoveries attempted by rapid full rudder reversal
except as indicated (recoveries atteampted from, and steady-spin data presented for, rudder-

full-with splna); right erect sping

ab ab ab
29 |12U0 a2 i &D
a1 o 19 5D gg 16D
No| spin| ' 205 |0.47 202 | 0.56 199 | 0.6d
' e £ S
R » -
o [-] A a4
3 >2 8 n %, 1
=
.} [.§ L b=
L - Ak
[ 1K-)
1 4
[ L 2R3
o '}
R
=
LEIEL .
22 {13y
% | ‘o
Allerons full ageinst ¥o | spint- Allerons full with 200 |0.69
(Btick left) {8tick right) '
PR
b
el
O
8a
E K-
g8

) NATIONAL ADVISORY
. P - COMMITTEE FOR AERCNAUTICS

%Wandering spin
Osolllatory upln.
SRecovery attempted by neutralizing the rudder.

%g:ery attenpted by simultanecualy neutralizing ..; vaiuves

er and elevator.
ted t
®Recovery attempted by reversing the rudder to gg';;:ﬁpf,ndi;,
2/3 against the apin. full-scale values.

I |
-} @
(deg) | (deg]
v a
(fps) {rps)

TModel goes into spiral dive after recovery. U inner wing up
il D inner wing down

Turns for
recovery




OHARY 5.~ BPIN AMD RNKOOVERY OHAHAGTERISTIOS OF THE fy-S0ALE NODEL OF THEX FAIRGHILD XNQ.]l AIAPLANE WITE YARIATIONS FroM

THE NORNAL LOADING AND

THE ALYERWATE VERTIOAL TAIL

Loading as Andioated; reccverieg attemptsed as 1ndicated (reeoveries attsmptsd from, and ntoady-spin data presentsd for, mddap-fglle

vith spine); right ereat spin

table IIT and fignre 5)

2
i) &

Iy and Iz inoreased 20 parcent of Iy (point mmber 3 in

1ty moved 10 percent of o rearvard of norsal
Oenter o;oﬂ:'ngw 2 in lpn;].- or .ua figure 5)
Fg B
o |3z 3 |ap
17 | 3D 2 (25p
Fo |spiny C 037 176 |o.)p No
6, o
1 b
ot >e}
1;2 u}, o,
Ilsvator full wp
. {Btiok back)
Adlarons Alleras
full agsinat full with
(Btlok lert) {Stiek right)
g -
£ (48
=§E o
[~F4:1 944
.naullllSorr spin.

Recovery attaspted by nsutralizing the ruidey,
Nacovery attempted by slmnltaneously neutralising the rodder and slavatos,

ﬂﬂ-.nd.eri.ns spin,

NATIONAL ADVISORY
COMWTTEE FOR ARROMAMAYICS

Model valuaa
aonverted to
cerresponding
full-scala values,
U innar wing up

D laner wipg down

o L
{deg) | {dag)

v n
{Ipa) | (rpuw)

Turne for
recovary
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- 8‘781_» "
.58
T H { L 174
337 1 .72
' 1 . — T
Elevator hinge —
/ine 4 ' 1 1
Aileron hinge 10.89 \ 753 I 6.00
line — s ~
129 2.07" ) #99 z6!”
U ——— e | l—
R 9
25% C.J 35/

"— 5°D/'hedra/

——2. 07 #H

—

Fus.ref. line — f‘? s . - 4i40
C_TC \""L/L'Rudder
hinge line

Figure I.-Three-view drawing of the ,—é'—sca/e
model of the Fairchild ANQ@-I airplane with
the original vertical fail as tested in the
free -spinning tunnel. Center of gravity Is

shown for the normal gross-weight loading.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA IMAT. 47862

NACA 1MAT, 47861

1
Figure 2.- Photographic views of the —E;—scale model of the

airplane with the original vertical tail installed.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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OCRIGINAL TAIL
ALTERNATE TAIL— - —

_ L
. —25.38”o|
R /a5
LINE~/ GTA
, oB).67 HATIOMPI‘.' Awsonvm

FIGURE 3.- A COMPARISON DRAWING OF THE ORIGINAL AND ALTERNATE VERTICAL TAIL
PLANFORMS TESTED ON THE 15-SCALE MODEL OF THE XNQ-1 AIRPLANE (DIMENSIONS
SHOWN ARE FULL'SCALE)
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Figure 4.- Photograph of the ii;-scale model of the XNa-1

alirplane spinning in the Langley 20-foot free-spinning tunnel.

NATIONRAL ADVISORY COMMITTEE FOR AEROMNAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA,
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elos” OAIRPLANE VALUES
egeet EOMODEL VALUES
by 329
> -
o) 3 x10
Eld 280
@i D
(nof § TR
| 240
ol
W
A g 200
=
2l <
16
> % /. 3§2EI3
<l 120 | 7
Ll
Yz B2
80
>
T 1N 40
N
-

0 40 -80 <20 -60 =200 -240 -280xI0*
IyIy RELATIVE MASS DISTRIBUTON
mbe INCREASED ALONG THE WINGS
FIGURE 5.—-INERTIA PARAMETERS FOR LOADINGS POSS-
IBLE ON THE XNQ-{ AIRPLANE AND FOR THE
VARIOUS LOADINGS TESTED ON THE MODEL.

(POINTS ARE FOR LOADINGS LISTED ON TABLEIII)
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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