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PREIIMINARY EVAID'ATION OF THE SPIN AND RECOVERY CH.ARACTEBISTICS-
oF Tﬂ: DOUG-LAS XF3D—1 ATRPLANE

By  Stanley H. Scher
- SUMMARY

A prelimindry evaluation of the.spin and recovery cha.ra.oter—
Istics of the XF3D-1 airplane hes been mede, based primerily on the
results of free—spinning-tunnsl tests of a mod.el which closely
simulated the XF3D-1 in tall desigx, tall length, and mass loading.
Estimites have been made of the rudder-pedal force. thet may be
- encountered in effec'bing ;becowrery from a spin and of ‘the spin~

recovery—parachute req_uireJnents ‘of the airplane for demonstration

gpins. The méthod of bail-—ou'b which should be used if it beccmes
- necessary’ for the- crew to a.ba.ndon the a.irpla.ne during a spin is
indicated.

It was ind.ica.ted that -bhe recovery characteristlcs of the
XI‘3D—1 airplane in the clean condition for erect and inverted spins
would. be satisfactory for sll loa.dings specified by the contractor
) as possible on the airplane., However, if a spin is’ inadvertently

- ,entered while the slow-down brakes of the airplans are open: or’

" while the landing flaps are down, recovery may be slow. The sloir—
down brekes and the landing flaps should be retricted imedia‘bely
upon the inception of a spinming condition, after” which recovery’
from the spin should be attempted. The pedal force necessary to

. revérse the rudder during a spin will be within thé” physical capa~
. - 'bilities of the pilot. Opening a 10-foot-dlemeter parschute attached
"o the tail (laid-out~flat dlameter, drag coefficient 0.7) or .a
k, 5—foot.-d.iameter parachute attached to the outboard wing ﬁip will
R . insure satisfaotory spin recovery from demonstration spins.  If it
’ becomses necessary for the crew to abandon the alrplane during a
spin, they should leave from the outboard side of the cockplt.

UNCLASSIFIED
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INTRODUCTION

The Bureau of Aeronautics, Navy Department, reguested the
National Advisory Committee for Aeronsutice to make an investlgation
of the spin and recovery characteristics of the Douglas XF3D-1 alr-
plane, which 1s a midwing, two-place, Jet~propelled fighter alrplane.
The Bureau also requested that en attempt he made to obtain a
preliminary idea of the probable spin characteristios of the pro—
posed XF3D-1l pending the construction of a spin model of the airplane
at a later date. Baged on XF3D-1 design informetion availleble at
‘the Langley ILaboxatory, tests were made in the free—spinning tunnel
on an aveilsble model which was modified to simulate the XF3D-l design.
The model, as modified, was similar to the XF3D-1, especlally
in -ba.il design, tail length, and mass distribution, and represented

31 Y ~2— —scale model of the XF3D-1 aeirplane. The model as tested

d.if‘fered. from the XF3D-l deslgn primarily in alleron slze and defleo~—
tion. Tests were made with the model in the clean condition (flaps,
Adending gear, and slow-down brakes retra.cted) for the noxmal gross
welght loading... Later, to determine the effects of the difference
in aileron size and deflegtion for the modsl as tested and for the
'XP3D-1 sirplans, proper changes in the ratios of aileron span to
wing spén end in aileron chord to wing chord. 'and changes in the
aileron deflection were incorporated into the modified model, and a
few addlitiohal tests were mede, With these modified silerons =
instailed, brief tests were also mede with the slow~down brakes of
the XF3D—1 simulated on the model in the fully open position.

‘The present report conteins an evaluation of the spin and
reaovexy characteristica of the XF3D-1 alrplane, based on the results
of the tests and on spin-tummel experdence. Estimetes have.been’
made of the rudder—pedal force that would be encountered in effecting
recoveries from spins and of the spin-recovery—parachute . req_uiremen‘bs
for demonstration spinning. The side of the cocokpit Prom which. the
orew should leave if it becomes necesgary to abandon the aimle,ne
-during & spin ie ind.icated. ‘

The present report is consildersd applica.ble as a preliminary
1ndica.tion of the spin and recovery characteristilos of the XF3D~1-air-
plane. It 1s planned to make brief tests of an actual model of the
XF3D-1 aliplane in the free-spinning tumel in the near future to.
oonfim the spin and recc:nrer,y oharacteristics 1nd.1.cated herein. .

m. G o .:-
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. SYMBOIS
b ~ wing span, feet , | _ S '
8 _ wing area, Aequare feet -
T - . mean a.erod.ynamic chcrd. feet ‘
x/c ratio of d.istance of center of gra.vity rea.rward. of

leading edge of mean aerod,ynamic chord to mean
. aerodynamic chord. .

z/é' . ratio of clista.nce 'between center of gravity a.nd. fusela.se
'  veference line to meen merodynamic chord (positive
when oen’cer of gravity is below fuselage reference line)
m . . mass of sirplane, s lugs

Iy,Iy,I; moments of inertis about Xe, ¥, and Z-body axes
' respectively, slug—feet® - .

Ivr — Iy .
me 5 Y inertia yewing-moment parameter .
~ IYE;EIZ inertie rolling-moment paremeter : :

Ey

:—[-_Z——-—Il inertie pitohing-moment parameter

mbe -

P air density, Blufge por cublic foot

T relative density of airplama( b) -

o ‘ a.ngle between fu.selage reference line and vertical .

: ' ) (approximately equal to absolute value of a.ngle of ;

_attack at plane of symmetry), d.egrees . :
- g © angle between span- axis and horizontal, degrees '

. full-scals. true ra.te of descent, feet per second.

a  full-scale angular velocity about spin axis, revolutions l

per second
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APPARATUS AND METHODS
Model

An airplane model available at the Langley Laboratory was
modified in dimensions and mess loading to simulate the XP3D-1 alr—
plane. In modifying the model, a scaled-down version of ths
- XF3D-1 tail was installed and proper adjustments of the nose and
taill lengths were made. The similarity between the model tested
and the X¥F3D-1l alrplane design mey be seen from the comparison
three—view drawing on figure 1 and in the' list of dimensional charac—
teristlos in table I. Thse dimensional differences in the original
ailerons and the X¥3D-1 ailerons, both of which were tested on the
model, may be seen in the sketch on figure 2 and in table I. Photo-
graphs of the model 1n the clean condition after all modlfieations
were made, inoluding the installation of the XF3D-1 allerons, are
- shown 1in figure ‘3. Photographs of the model with the slow-down
brakes in the fully open position are shown in figure 4.

. The model was ballagted with lead welghts to obtain dynamic
similarity to the XF3D-1 airplene at an altitude of 33,400 feet

(p = 0.000783 slug per cuble foot). A lower test altitude was not
used because of difficulty encountered in bellasting the model. The
loading and wing area were such that the model represented a

-3-11-1; —s8cale model of the subJect alrplane. -

A remote~control mechaniem was installed in the model +to
actuate the rudder for recovery tests.

Wind Tunnel and Testing Technique

The teats were performmed 1n the langley 20-foot free—spinning
tunnel, the operatlion of which is generally similer to that desoribed
in reference 1 for the Langley 15-foot free—spinming tuwmel except
that the model-lsunching technique has been changed. With the
controls set in the desired positlon, the model is launched by hand
with rotetion into the vertically rising air stream., A photograph
which ghows the test section of the Langley 20-foot fres~spinning
tunnel and a model splmming in the tummel i& shown in figure 5. After
a number of turne in the established spin, the recovery attempt is
made by moving one or more gontrols by means of the remote~control
mechenism. After recovery, the model dives into a safety net. The
epin data obtained from these tests ave then converted to corres-
ponding full-scale values by methods described in reference 1.

JE——



NACA RM No, L7F18 m 5

In accordance with standard spin-tummel procedure, tests were
performed to determine the spln and recovery oharasteristiocs of
" the model for the normal-spinning control configuration (elevator
full up, allerons neutral, and rudder full with the spin) and for

. various other alleron—elevator ¢ombinations including neutral and

maximum Bettings ‘of the surfaces. Recovery was generally attempted °
by rapid revérsal of the rudder from full with to full against the
spin. Tests were also performed to evaluate the possible adverse
effects on recovery of small deviations fram the normal control
gonfiguration for spinning. For these. tests, the elevator was set
“at two-thirds of its full-up defleotlion and the allerons were set
et one—third of full deflection in the direction conducive to slower
recoveries (against the spin for the XF3ID-1 airplane). Recovery
from this epin was ettempted by rapldly reversing the rudder from
full with to two~thirds against the spin, This pa.rl;icular aontrol
oonfiguration end manipulation is veferred to &s the “oriterion spin,”

Turhs for recovery are measured from the time the controls are
_.moved to- the time the spin rotation geases. The oriterion for a

' sa.tisfaotoxy recovery. frem a spin for the modsl has been adopted

as 2 turns or less, baged primarily on the loss of altituds of
“the airplane during the. reoovery and subsequent dive. Regovery
. ‘oha.raoteristios of the model mey be- oonsidered satisfa.cbory, however,
_if recovery attempted from the oriterion spin in 'bhe marmmex: previously

desori'bed. Yegulres only . 2% turns. .

For. recovery attempts in which the model struck 'bhe safety -
net before recovery ocould be’ effected because of ap unusually high
raete of descent, the mmber of tiurns from the time the controls were
moved to the time the model struck the safety net were recorded. -
This numbex ind.ica.ted. that the model required more turns’ to rescover
from the spin than ‘shovn, &8s for -example >3. A& >3-turn recovery,
however, does not necessarily indloate en improvement when campared
to a >7-turn recovery. A recovery attémpt in which the model falled
to recover in less than 10 turne is Indicated by . Some reaovery
attempts were made before the model had lost all of the rotatlonal
" energy lmparted to 1t when launched in the air stream. Suoch recovery
data are noted as "recovery attempted before model reached ite final
steep attitude." Recovery results so obteined are considered
conservative; that ls, the recoveries are somevhat slower than those
that would have been obtained had the model been in j.'bs final steep
spin attltude., .
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PRECISION

. .- . The epin results presented. herein ‘are believed to be the true

. velues given by the modsl within the following limits: -

. ¥t et . . . .

s AOBYOS + o o o o
_'¢, Aogres « o ¢ o e g

'V, percent’ . . .

Q. _percent v e e e

S 1
3 1
e e e -. ....+2

£3./4 tu.'m o'btained. from
: motion-pioture records

* S.o0o®
- .
L3
L]
. o
.
L]
L
-
-
.
-
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.
»
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.
]
-
.
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Turne for recovery.'.".'. e e e

o The preceding 1imite ma;;r ‘have been exceeded for: certain spins
1n whiah it was diffioult to control the model 1n the tu.nnel
because of its high rate of d.esoent.

Ea Comparison between model and airpla.ne spin- results (references 1
and 2) indioates that spin—tummel results are: not .alweyes in, complete
a.gresment with airplane spim results. In genmeral, the models spun’
..5tgeper, &t a somewhat higher rate of descent, and at from 5° %o 10°
moxe outward sideslip then did- the correspondlng airplenes. The
‘oomparison made in reference 2 for 20 airplenes showed that, for

16 of the models, the tests predicted adequately the oorresponding
alrplane recovery characteristios. For two of the models tested,

the recovery results wers conservative and for two of the models, the
resulte .were optimistio.

Because of the impracticeblility of sx#ct ballasting of the
model, the measured moments of inertia varied frcm 'bhe tw.e sca.led.-
- down values by the following amounts: = -

Ixt.ol....oiclc_.-.-‘oc-cun-oo.:.c ;-..310"'?

IY-.o.--.'....-q...-----_...-......210_“’
'IZ‘..I.-.I.'...I.“.......l...lhlo‘w

The -acouracy of measuring the weight and mass distribution of
the model is believed to be within the following limits:

Wei@t, Perc ent * L] L ) *» L ] L ._ L4 Ll * - L - > * . Ll . a L L] L
Center-of—gravity loocation, percent T . ¢ v « o ¢« ¢ « o ¢« &
Moments of Inertia, percent . ¢« ¢« ¢ + ¢ ¢ ¢ ¢ o ¢« o = ¢ « &

Gk

Comtrol settings were mede with an accuracy of 1°.
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TEST CONDITIONS

- Mass characteristics and mass parameters foi the normal gross—
weight loading condition and other loading conditions ‘possible on
the XF3D-1 airplane, as well as for the loesding tested on the model,
are listed in table II. The mass distribution parameters for these
loadings are plotted on figure 6. As dlsoussed in reference 3, _
figure 6 can be used in predicting the relative effectiveness of the
,oontrols on the recovery cha.ra.cteristics of an alrplane.

Te.il-damping power factor w computed. by the method described
in reference 4 end wes 1060 x L for the XF3D-1 airplans and

" 1204 % 1070 for the model tested. Spin-tunnel experience indicates
1ittle significance of such & difference in tall—-damping- pover
factor when the actual values are relatively high, as these are.

For most of the tests, the meximm control deflections uged -
weres o ' ' '

Rudder, degrees . . . . 25 right, 25 left

Elevator, degrees . . . «
Aillercns, degrees . + . .

a L] L)
*«
* e @
a o 0
L] - L]

The corres_ponding intermedlate

e .. . .25up, 15 aown
» v s s s o 15 up, 15 down

control deflections used-were:

Rudder 2/3 deflected, degrees . . . 3

Rlevator 2/3 up, degrees . . e e e e P P lG%

Ailerons 1/3 deflected, degrees . . . . . . . ;Q_.. . « 5 up, Bdcwn
' Tor the brief tests in whick the XF3D-l ailevon design was .

incorporated into the model, the aileron—up d.eflea-bions wera 20°

(maximm) and 61° (intemed.ia.te) -

RESULTS AND DISCUSSION

. The results of the tests. ma.d.e with the moﬂ.el in the clean
‘condition for the normal gross-weight loading with the original .
ailerons installed on the model are-presented in table III, The..
results of the tests made with the XF3D-1 allerons simulatéd on
.the model were similar to those obtained when the original ailerons
were installed and are not presented in tébular form, The tests
made with the slow-down brakes in the open position were very brlef
and these results are also not-presented in tabular Toxm.
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Due; apparently, to a slight asymmetry in the model, the test
results for right and left splns were sometimes slightly different
and; although the results are presented for the directlion of apin
vwhich gave the somewhat slower recoveries (arbltrarily presented as
right spins), they are considered as representative of the airplane
for spins in either direction. Because of the relatively high
equivalent test altitude used for this model, the resul-bs o'btained.
are considered. somewhat conservative.

Normal Gross-Weight ILoading

Clean co ion.— For the clean condition, normal gross-weight
loading (teble IIT), the model spun st a steep attitude gnd with a
rapld rate-of descent, and satisfactory recoverles were effected
by rapld reversal of the rudder. In generel, the effeots of setiing
allerons against the spin and of moving the elevator down wexre
adverse, gausing flatter spins and slower recoveries. Experlence
indicates that, in order to promote recovery in a dive, it is
. desireble that the stick be moved forwerd -of neutral. In order to
avold shieéldirg the rudder during rudder reversal, however, 1t
appeatrs that the rudder should be fully ‘reversed before the stick
is moved forward, For the alrplane, regovery should he made by
full repid rudder reversal followsd approximately 1/2 turn later
by moving the stick forward of neutral while mainteining i1t laterally
noutral. Care should be exerclsed to avold entering a spin in the
- opposite direction following rudder reversal and regovery.

Slow—down brakes open.— With the slow—down ‘brekes in the fully
open poslition for the normal gross-~weight loading when the controls
were set at the ¢rlterion configuration, the model spun at an angle
of attack of about 41° and descended at a rate of 342 feet per
seoond.. No recovery wes obtained from the spin.

If a spin 1s inadvertently entered while the slow-down brakes
of the XF3D-1 alrplane are open, the brakes should be retracted
inmed.i_a.tely and reaovery a.t-bempted. '

Tanding conditlon.-— Current Navy specifications require alrplanes
in the landing ocondition to demonstrate satisfactory recovery
characteristice from only l-turn spins. ZExperience indicates that
T oa spinning airplane is still in the inciplent phase of the spin at
the end of 1 turn end that recovery can then be rea.d.ily obtained.

} An epalysis of the results of spin tests of scale nmodels of
. many e.irp]anes, and of available airplane flight d.a.ta. concerning
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the effect of fla.ps and landing gear indicates that the XE‘3D-1 alr-
plane will recover satisfactorily from e l—-'burn incipient spin in
' the landing condition. However, if spins in the landing condition
_ are allowed to develop fully, they may beccome flat and recoveries
mey be slow. It is thus recoammended that, in the landing oondition
- for this eirplane, all fully developed spins be avoided and that
lending flaps be retracted and recovery attempted -immediately upon
insdvertently entering & spin in the landing cond.ition.

Mass Veriations from the Noxmal Gross-Welght Ioading

The mass parameters for the various loadings specified by the
contractor as possible for the XF3D-1 aeirplane are not appreciably
different from those of the normal gross-ireight loading. The
a.nalysis of reference k indicates that the .tail-demping power factor
and the mass characteristics of the airplane are such that the
recovery characteristics should remsin sabisfactory Ffor any prcbable
loading. The effects of control settings end .movements on the spins
and recoveries should, in genera.l be ths same as those for the normal
gross—weigh’c 1oad.ing. ’

. SR "Inverted Spins _
" Based on the results of inverted-spin teste of over 11—0 a.irp]a.ne
models in the free—spimning turmel (reference 5), satisfactory
. rscoveriss can be obtained from all inverted spins that the
XF3D-1: eirplens may enter. To effect & rescovery, the rudder should
be briskly and fully reversed %o oppose the spin rotation and the
stick should be neutra.lized.

- Egtimated Control Forces

The discussion so.far has been based on control effectivéness
alone without regard to the force required to move the controls. . The
controls ‘of the airplens will have to be moved rapidly in order for
the airplans recoveries to be compara.'ble to the model teat results

- and the airplane estimations. Based o the results of a recent :
investigation {reference 6) in which the forecée necessary to reverse:
the rudder of an sirplane having g tall design somewhat similar to
that of the XF3D-1 was meassured during static tegts of the model in
attitudes simulating spinning conditions, it is’ estimated that the
force necessary to reverse the rudder of the XF3D-1 airplans during
e spin will be under 200 pounds, which is within the physioa.l
capablilities of the pllot. ) .
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o estlmate hes been made of the stick force inasmuch as
. Yudder reversal alone effected satisfactory recovery. It is felt
that the force regquired to move the stipgk foxrwerd of nmsutzal
approximately 1/2 turn after rudder reversal, as recommended,. will
be within the capabilitles of the pllot inasmuch as after.the rudder
revergal the airplane will nose down steeply and the elevator will
therefore tend to float near neutral, .

Estimated Spin—Reoovery——Pa.ra.chute Requirements

Ba.sed. on & recent analysisg of results of tests made on models
in the free-spinning tumnel, it is estimated that the.opening of
a l0-foot-diameter flat—type parachute with a drag coefficient of
0.7 and attached to the tail of the alrplane with a 30-foot towline
will effect satisfasctory spin recovery even if the rudder is not
moved ageinst the spin, A posltive-ejection device should be used
to throw the parachute pack clear of the tall and to assure rapid
opening, Varlous pra,otical tail-parachute installations are described
. in reference-T.

It is estimated that opening & 4.5-foot—~diameter f£lat—type
perachute with a drag coefficient of 0.7 and with the towline attached

- %0 the outer wing tip will also effect satisfactory spin recovery

without movement of the rudder. The length of the towline ghould

. be such that the parachute when fully extended Just olears the

. borizontal tall. The parachute pack and squipment should be mounted
wilthin the alirplane structurs and a positive—ejection device should
be used to throw the pack clear and to assure rapild opening of the
parachute. o .

Emergenoy Crew Esoape

Because the cookpit of the XF3D-1 alrplans 1is located -ahead
of the leading edge of the wing, an additional hazard exists as
regards emergenoy eéscape during a spin, inasmuch es.the crew will
have to clear the wing of the airplane as well as the tail. This
hazard is particularly existent for those spins in which.the rate
of descent indicated for the aiyplens is greater than the termingl
velocity of e man, as is the case for the XF3D-1, for the man will
have to rise past the descending wing and may therefore be struck.
In order to insure that the crew members can leave the airplane ..
without being struck, an ejection system may be desirable. 4.
recent analysis of results of tests in which model pilots were
releaged for approximately 20 airplane modsls indicates tha.t if no
eJeotion system 1s provided and it becomes necessary +to abandon the
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airplans, the crew should leave from the outboard side. There should

be no obstructlon in the cockplt between the pllot and the radar
. operator, go that they both can leave the a.irpla.ne from the outhoard
- side in a spin. :

CONCIDSIONS

Basged on tests of a model simulating the XF3D-1 airplane deslign,
and on spin—tunnel experience, the following conclusions are made
concerning the probahle spin end recovexry characterdatics of the
ailrplane:

1. For any of the loadings specified by the contractor as
possible for the ailrplane, the spln obtained For the normal-spimning
control configuration for the clean condition will be steep and the
recoveries will be fast.

‘2. Por fast recoveries from ereot spins, the stick should be
held full back and laterally neutral, and the rudder should be fully
and rapidly reversed; approximstely 1/2 turn after rudder reversel,
the stick should be briskly moved forward of neutral and maintsined
latersally neutral. For satlsfactory recoveries from inverted spins

- the rudder should. be reversed and the stick neutralized. -

3. Recoveries from spins with the slow—down brekes open will be
slow and recoveries from fully developed spins in the landing
condition may be slow. Slow—down brakes or landing flaps should
be retracted immediately upon entering a spin.

4, The force necessary to reverse the rudder during s spin will
be within the physical capsbllitles of the pilot.

5. Opening a l0-foot-diameter tail parachute or a L.5-foot-—
diemeter parachute on the outer wing tip (flat—type parachute with
drag coefficient of 0,7) will provide satlsfactory spin recovery.
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6. If 1t is negessary for the arew to a.ba:ié.én the airplanse
during a spin, they should attempt to escape from the outboard
side of the cookpit.

Langley Memorial Aeronautlicel Laboratory
"Natlonal Advisory Committee for Aeronautics
Lengley Field, Va.

%,jy A Lehow

- Stenley H. Solisr
. Aeronautlcal Englneer

Ha.rtley A, Soulé
Chief of Stability Research Division

Appmved. by e

BUB
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TABIE I.— DIMERSIONAL CEARACTERISTICS OF THE X¥3D-1 AIRPLANE
ARD OF THE MODEL AS MODTFIED TO REFRESENT THE ATRPLANE
(DIMERSIORS ARE FULI-SCALE)

IF3D-1 Model as tested
Ovel‘-ﬂllﬂng‘bh,ft.-----....-...-...h5.38 Il'5-38
Wing:

Spaanto----c‘oo’--o-.c--oco--.--ﬁo hs-s
masqft......................l&OO ‘IOO
Sec'bion,roo‘b.....-...-.....-.mlhla-sk =110
Beotion, tIP « ¢ o ¢ « e ¢ « ¢ o « o s o « « - NACA 1Hh12-64 =110
Root (referense)ochoxd )
imideme,dzg.....r.---.-.....-.-5 2.5
Tip choxd inoidence®, AOE ¢ « ¢ « s « s « ¢ « ¢ « o« s « « 3 1.5
Aspeotratio...-...-.----........6-25 6'0
Sweepback of leeding edge of
proJeO'beﬂ.‘ﬂing,des .--.0-...-.--.-05‘35 5'05
Dihsdral leading-edge chord
..Iine,d.eg........-.----..--.--3-0 0
Length of mean aerodynsmio
OhoXd, IMfle ¢« ¢ ¢ ¢ ¢ v ¢ ¢ o ¢ o s 8 0 0 o o aa s o 995 100.5
With With
original XF3D-l
allerons ailerons
Allerons:

Choxd (resrward of hings line)

F
percont Of WiINg CHOTL . . ¢ ¢ « o o o o o o o o o . 22 15 22
Ares (reaxwerd of hinge line) ,
percent Of WiNZ &TOE . ¢ v ¢« - & ¢ o o o o« o o o o BT L.8 8.7
Span, percent of WINg 8PAN . . . ¢ ¢ c 2 . o o o . . . 55,0 B1.L 45.0
Horlizontel teil surfecest
Tnoildence from fuselsage
Teferende 1ins, A8E « o « o ¢ o o s s o o {Ieadingedsa 3.5 up
3.5 up to O
Tot&lm&,sqf‘b ....-.-.-.-.-...._92-56 92‘56
Spa.n,ft......---..---.....-..'20-5 20'5
Elevetor ares (rearward of ) :
hingﬂnm),aqft-.-..-....-c----21!"7}" 2""7""
Distanae from center of gravity
to elevator hings 11ne, 6 . o« e o « ¢ o » o o o 24.ED 2440
Vertioal tall suxfaces:
Total 8768, B8 PH 2 o « o o« « o s o o 6 a o e « o « « « 49T ho.T
Rudder area (rearward of hinge
Jine),ﬂqf"b..---..--.....--.'..ll-]"s u""s
Distance from center of gravity
'bomﬂ.d.erhingelim,ft...-.--...... 22‘2'7 &.2.?
Tell-damping power faotor Computed by . . . . . . 0.000060 : 0.001204
Tail-demping ratio method e s o o s o 0.050700 0.0608
Unshielded rudder volume desaoribed in
coefficient refererce 2 , , . . . . 0.021000 0.0198

L FATIONAL ADVISORY

COMMITTESR FOR AERONAIFIICS
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TARLE IT,- MASS CHARACTERISTTOS AND MASS PARAMETERY YOR VARIOUS IOADINGS SFEQIFIED A3 POSSIRIE
0f B XF3D-1 ATRPLANE AXD FOR THE IOADING TESTED ON THE MOTEL
Centex-ofe-gravity | Momenta of insrtia sboui
looation the center of gravity Mase paramstarn
1 M
o, Loading Welght | sea at I Iy Iy ) - N/
. (Ib) lavel 33,&00 1/5 Z/ﬁ' (Hl‘la‘ (slua- (Blﬂa— I- Ir II IZ Iz X
Tt 22) | £12) | 249) 0 w2 b2
Alrplane values
1 m groas 21,50 | 4.0 | %25 | 0.231 | —0.031 | 26,602 | ho,651 | 53,807  |-akk x 207¥|-19 x 207 223 x 107
Design flight - 1
2 | grosa welght; 18,200 | 1.8 | 3v.8 180 0L 35,918 | bo, 72k | 34,003 |-ATT —ok on
nose haevy
Denign lsnding '
3 | groes waight; ta11]16,200 | 10,6 | 32.2 | .95 | .031 | 15,367 36,876 | 49,136 |-1p0 58 268
hoavy {geex doam) :
Model valuse converted to full-soale valnes
3, | Horwal gross o500 | 1 [ 2.5 | o.e31 |-o.om | 36,135 39,798 [ 52,860 [-ake x 1074 x 10%|ewh x 207
L]
HATTONAL ADVISORY

COMHITTERE FOR ARBONATTICS
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TABIE IIT.— SPIN ARD EECOVERY CHARACTERISTICS OF A MOLEL
MODIFIED TO SIMULATE THE DOUGLAS XF3D-1 ATRPLANE

[Normal gross-weight loading (point 1 on table IT and fig. 6) original ailerons
installed; recovery by rapid full ruddexr reversal except as noted; recovexry
attempted fram, and steady—gpin data presented for, rudder full-with spins;
right }erect spins; model values are given in terms of corresponding full-scals
values

Allerons Reutral With
Fall 1/3

Eleﬁtor Tp Reutrel |Down [2/3Up| Up {(Neutrall Down| Up | Dowm
: (=) |(«) (2} (ar)| (=)

as deg | M1 | ~- B3 | - je= | -- 28 | ——|--

g, a0g | w | —- W |- |=-= |-- w|--|--
8, rp8 | —— 0.30 [0.37| == |== |-- - -=]--

v, fps Apﬁi,}“' 367 | 350 |>k65 |>ke6 | >ueh  [PPEISTelsu76 | Su6

'b,o,d.‘k 'b,d% dl .BE ay d,sé

>6 - .'b,c,d.% b’dﬂ. d'.l% 33 d._]; d.,g;

for
recovery

1
Ko o it

o

~

85¢teep sDIN. ]
DModel tended to turn in opposite direotion after recovery.
QRecovery attempted by reversing rudder from full with to
2/3 against the spin.
dpecovery attempted before model reached its final steep attituds.
1l dived ocut inverted.
1 made pericdic whipping motion.
&lodel went into inverted spin upon recovery.

U end D signify immer wing up or down, respea'bively,'in
developed spln.

NATIORAL ADVISORY
COMITTFE FOR AERORAUTICS
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— MODEL
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE | .~COMPARISON THREE-VIEW DRAWING OF THE
DouclASs XF3D- AIRPLANE AND OF THE MODIFIED MODEL
WHICH WAS USED TO SIMULATE THE AIRPLANE.DIMENSIONS

ARE FULL-SCALE. . :
A
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—— QORIGINAL AILERONS
——---XF3D-~| AILERONS

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 2.—SKETCH SHOWING DIMENSIONAL DIFFERENCES IN THE -
TWO SIZES OF AILERONS TESTED ON THE MODEL, DIMEN-

SIONS ARE FULL-SCALE,
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NACA RM No. L7F18 Fig. 3

NACA LMAL 52882

Figure 3.- Photographs of the modified model used to simulate a
31L{{--sc:ale model of the Douglas XF3D-1 airplane in the free-
sp;nmng tunnel. The model is shown in the clean condition.

“ NATIONAL ADVISORY COMMITTEE FOR AEROWAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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NACA LMAL 52880

NACA LMAL 52883

Figure 4.- Photographs of the modified model used to simulate a
1

m-scalé model of the Douglas XF3D~1 airplane in the free-
spinning tunnel. The model is shown with the slow-down brakes

in the fully open position. —
NATHONAL ADVISORY GOMMITTEE. FOR AERONAUTIC )

LANGLEY MEMORIAL AEROMAUTICAL LASORATORY — LANGLEY FIELD. VA.
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Figure 5.- Photograph showing the test section of the 20-foot free-
spinning tunnel and a model spinning in the tunnel.

- MATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
M ) LANGLEY MEMORIAL AERONAUTICAL LAHBORATORY — LANGLEY FIELD. VA,
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O Airplane values
O Model values

320

X104
-]
@
3| 280
()]
| .
(4]
£

240
S § Y
Sio
818200
'.1: L
.Q a
o|E
§ g,ueo

Q
Els
0 120
.=
Y]
g eo
x|. 40
= |S
IN E
| |

(o) 40 -80 -120 -l60 -200 -240 -280Xxi0°

Iy-I2 Relative mass distribution -
mb2 ~ [ncreased along the wings

Figure 6.- Inertie paremeters for loadings possible on the Douglae
XF3D-1 eirplane and for the loading used on the model (points are
for loadings listed on table II)e NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



