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RESEARCH MEMORANDUM
~for the

Bureau of Aeronautics, Navy Department

FREE-SPINNING TUNNEL TESTS OF A %:—(_-SCALE MODEL

OF THE GRUMMAN XTB3F-1 ATRPLANE
TED NO. NACA DE30L

By Theodore Berman
 SUMMARY

An investigation of the spln and recovery characteristics of
a 5’: scale model of the Grumman IEEB3F-1 eirplane hes been conducted

in the Langley 20~foot free~spinning tunnel. The effects of control
gettings and movements on the erect and inverted spin and recovery
characteristics of the model were determined. The Investigation
also incliuded spin-recovery-parachute, pilot-escape, and control-
force tests. :

Recoveries that were satisfactory according to the spin tunnel
criterion were obtalned from left spins by rudder reversal alone.
It was necessary to move the slevator dowrn in conjunction with
rudder reversal, however, to obtaln satisfactory recoverles from
right spins, end it was found that premature movement of the elevator
down would lead fto unsatiesfactory recoveries. Recoveries were rapld
from all inverted spins obtalned. It was found that a 16-foot
spin-recovery parachute at the tail or an 8-foot parachute opened
on the outer wing tip (drag coefficient of 0.65) would be effective
for récoveries from demonstration spins. Reversal of the rudder in
conjunction with opening the parachute reduced the diameter of the’
tail parachute required to 15 feet. Test results showed that in an
‘emergency the pilot should atbtempt to escape from the outboard side
of the spinning eirplene, end that the control forces in & spin
would be within the capabilities of the pilot.
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FREESPINNING-ITML'IESTSOFAEISCAIEMODEL

OF THE GRUMMAN XTB3F-1 ATRPLANE
TED NO. NACA DE30L

By Theodors Berman _
_ SUMMARY

An :anestigation of "che spin end recovery characteristics of
ﬁ-scale model of the Grizmen X‘I’.B3F 1 airplans has been conducted

in the Langley 20~-foot free-spinning tunnel. The effects of control
settings and movements on the erect and invertsd spln and recovery
characteristics of the model were determined. The investigation
alesc included spin-recovery-parachute, pilo-b-escape , and control-
Torce tegis. )

Recoveries that were satlsfactory according to the spin tunnel
criterion were obtalned from left spins by rudder reversal slons,
It was necessary to move the elevator down in conjunction with
ruddexr reversal, however, to obtain satisfactory recoveries from
right spins, and it was found that premature movement of the elevabor
down would lead to unsatlsfactory recoveries. Recoverles were rapid
from all inverted spins obtained. It was found that a 16-foot
epin-recovery parachute at the taill or an 8~foot parachute opened
on the outer wing tip (drag cosfficient of 0.65) would be effective
for récoveries from dsmonstration spins. Reversal of the rudder in
conjunction with opening the parachute reduced the diemeter of the’
tall parachute reguired to 15 feet. Test results showed that in an
emergency the pllot should atbtempt to escape from the cutboard side
of the spimming airplane, and that the control forces :Ln a spin
would be within the capabili'bies of the pilot.
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INTRODUCTTON

In accordence with a request of the Bureau of Aeronautics, Navy
Department, tegts were porformed in the Langley 20~foot free~splnning
'!:.unnel to dstemine the spin and recovery characteristics of

Tscale model of thée Grumman XTB3IF~1l airplane. ‘I'he alrplane is &

two-place, midwing torpedo bomber equipped with a tractor propeller
and an suxiliary Jet engine.

The effect of control setting and movement on the erect and
inverted spin and recovery characteristice of the model were determined
for the normal loading. . Brief tests with mass extended slightly elong
the fuselage were also mede, however, in order to determine the effect
of such s mass variation on elsvator effectiveness. Tests were per-
formed to determine the size of emergency spin-recovery tail and
wing-tip parachutes required for satisfactory recovery by parachute
action alone. The investlgation also included emergency pllot-escape
tests and tésts to destermine the rudder pedal and elevator stlck .
forces neceéssary to move the rudder end elevator for recovery.

SYMBOLS

b wing span, feet
S . wing ares, squa.re fee'b :
c " mean aerodynamic chord feet
' .x/c? ) :pa.'bio of dista.nce of  center of gravi-by rearward. of
h leading edge .of meen aerod;ynamic chord 'bo mean
aerod.ynamic chord. '
z/g o ra.tio of distance between center of gr'a.vity and thrust
' o line to mean aerodynamlc chord (posi'bive when cen'ber
of gravity is below thrust line)
m .‘:ma.ss of airplane, slugs PR :--.': : I

Ty, Iy, T, moments of inertia eboutt X, 1, ¥, and 7 body axes,
respectively, slug~feet

Iy = T
S EY inertia yawing-moment peremeter
mb
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The éj'rscale model of the Grummean XITB3F-1l airplane was furnished

LTE1L9 RN 3
inertis rolling-moment paremeter

inertia pitching~moment pesramester

alr density, slug per cublc foot

relative density of airpla.ne (FSE')

angle between thrust line and vertical (approxima.tely
equal to &bsolute value of angle of atback at plans
of symme‘bxw) , degroes

angle between span exls and horizontal, degrees

full-scaJe true rate of descent, feet per second

full-scale angular velocity about spln axis, revolu’cions
per second

helix angle, angle between £light path and vertical,
degrees (For the tests of this model, the average
a‘gsolu'be value of the helix angle was approximately
3°.)

gpproximate angle of sideslip at center of gravity,
degrees (Sideslip i1s inward when inner wing is
dowm 'by an emount greater than the helix angle.)
A'PPABATUS AND METHODS

Model

by the Bureau of Aeronsutics, Navy Department, and was checked for
dimensional accuracy and prepared for testing by the Langley

Leboratory.

A three-view drawing of the model ad tested 1s shown

in figure 1. A photogreph of the model :in the normal loading, clean
condition is shown in filgure 2. In the photograph, _'_bhe raday uwnlt



NACA RM No. LTE19

normally on the model was inadvertently omitted. The dimensional
characteristics of the model as tested are glven In teble I. The.
tail-demping power factor was computed by the method given in -’
reference 1.

. The modsl was 'be.lla.sted with lead weigh'bs to obtaln d;ynamic
gimilarity to the alrplane at an altitude of 25,000 feet
(p = 0.001065 slug per cubic foot) rather then the usual 15,000 feet,
duve to the relatlvely heavy construction of the model. A remote-
control mechanlism wes installed in the model to actuate the controls
or open the parachute for recovery tests, and also to relsase the
pilot for the emergency escape tests. Sufficlent moments were
exerted on the control surfaces during recovery tests to reverse
the controls fully and repidly. :

A 21‘_ a7—scale model pilot was bullit and ballasted at the Langley

Laboratory to represent the pilot and parachute (200 ‘pounds) at .
25 000 feet for the pillot-escape tests.

The propeller was not simulated on the modsl because the resulis
of previous tests (data wnpublished) have indicated little effect
of & -windmilling propeller on 'bhe gpin charecteristics of conventlonal
ai@lanes‘ . P

Wind Tunnel and Testlng Technique

The model tests were performsd -in the Lengley 20-foot free-
spinning tunnel, the operation of :which is geherally similar to that
described In reference 2 for the Langley 15-foot free-spimning tunnel,
except that the model-launching technlque has been changed. With
the controls set in the desired position, the modsl 1s launched by
hand with rotation into the verticelly rising alr stream. After a
number of turns in the established spin, recovery is attempted by
moving one or more controls by means of a remote-control mechanism.
After recovery, the model dives into a safety net. The model is

- retrleved, the controls reset, and the next spin is made. A photo~

~ graph of 'bhe nodel during a spin is shown in figure 3.

‘I’he d.ata ;presen‘bed were determined by mathods aescribed. in
reference 2 and hsave besn converted. to corresponding full-scale
values. The turns for recovery are measured from the time the
controls are moved, or the parachute is opened to thé time the
spin rotation ceases and the model- dives -into the net. PFor the
spins vwhich had a rate of descent in excess of that vwhich can
readlly be ettalned in the tunnel, the rate of descent was recordsed
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as groeter then the velocity at the tims the model hit the safety

net, for example, > 300, For these tests, the recovery was attempted

before the model reached 1ts final steepér atbtitude &nd while the
model was still descending in the tunmel. Such results ere con-
servative, that is, recoveries will not be as fast as when the
"model 1is In the finel steeper attituds. For recovery attempts in
which the model struck the safety net while 1t was s%ill in e spin,
the recovery was recorded as greater than the number of tHirns from
the time the controls weres moved to the tims the modsl struck the
‘net, as > 3. A >3~turn recovery does not necessarily Indicate an
improvement over & > 7T-turn recovery., For recovery abtempts in
which the model 414 not recover, the recovery was recorded as « .
When the model recovered without control movement, with the controls
with the spin, the vresult was recorded as "o spin."

Spin~-tunnel tests are made to determine the spin emd recovely
characteristics of the model for the normal spinning control con-
figuration (elevator full up, ailerons neutral, and rudder full with
tho spin) and at varlous other ‘alleron-elevator-control combinations
_Including zero and maximum deflectlons, Recovery is generally
attempted by rapid full rudder reversal. Tests are also performed
to evaluate the posslble. adverse effects on recovery of small
deviations from the normal. control configurebtion for spinning.
For these tests, the allerons are set at one-third of the full
deflection in the direction conducive to slower recoveries (against
the spin for the XTB3F~1 model), and ths elevator is set at two-
thirds of 1ts full~-up deflecition. Rsecovery is attempted by elther
rapidly reversing the rudder from full with the spin to two-thirds
against the spin or by movement of the rudder to two-thirds against
the spin in conjunction wlth moving the elevator to ocne-third down.
‘Ehis control con:F[igtu'ation ahd movement is referred to as the

crlterion spin. The criterion for a satlsfactory recovery from
this criterion spin in the spin itunnel has been adopted as

2-3'; turne ox less by rudder reversal or a dom'bﬁzation_of rudder and

elevator reversal. Thils value has been selected on the basis of
spin-tunnel experience and on the hasis of comparaeble full-scale
spin-recovery date that are avallable.

The testing technique for determining the optimwm size of,
and the towline length for, spin-recovery parachutes is described
in detall In reference 3., For the tail parachute btests, -the
perachute pack and towline were attached to the model near the
- reay of the fuselage helow -the horizontal tall on the inboard side
of the fuselage. - Wing-tip parachutes were attached to the outer
. wing %ip (left wing tip in a right spin)e« When the parachute was
. attached to the wing +ip, the towline length was so adjusted that
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the perechute would just clear the horizontal tail. In every case,
the folded parachute was placed on the fuselage or wing In such a
position that it did not seriously influence the steady spin before
the parachute was opened. It is recommended thet for full-scale
wing-parechute installation, the parachute be packed within the
airplens structurse. All parachutes should be provided with &
positive means of ejection. For most of the current tests, the
controls were not moved during recovery so that recovery was due
entirely to the effect of opening the parachute. For a few btests,
however, the rudder was reversed in conjunction with opening the
parachute. Silk parachutes having a drag coefficient of approxi-
mately 0.65 (based upon ‘the canopy area measured with the parachute
spread out flat) were used for the spin-recovery parachute tests.

For the tests to determine from which side of the spinning
alrplene 1t would be hest for the pilot to make sn emergency escape,
& model pilot was released from the inboard and outboard side of the
fuselage at the cockplt In both steep and flat spins.

Tests to determine the control forces requlred for spin recovery
were made by systematicelly reducing separately the tension in .the
rudder and elevator cables used in the model. From these tests,
the temsion in the rubber bands which pull the rudder from with to
against the spin and the elevator from up to down was adjusted to
represent known hinge moments about the respsective hinge axes.
Recovery tests were then run with the tension in +the rubber band
being reduced systematicaelly until the turms for recovery began to
increase. When the turns for recovery started to lncrease, it was indi-
cated that the control either was nobt fully reversing or waee reversing
elowly. The tension at this point was taken as the minimum tension
vhich should be applied and was converted to corresponding full-
ascale rudder-pedal and elevator-stick forces at the equivalent
altltude at which the tests were rum.

PRECISION

The model test results presented are belleved to be the true
velues given by the model within the following limits:

» ﬁ.egrae e * s e e v e & ¢+ * W B € 8 4 & 3 E e % & & s 9 & @ &l
¢ » d_egz'ee 8 s+ & e e + v w e B3 8 6 B v & e & B & 3 B & 5 s & v l
Y : Percent a ¢ 8 * & * 8 6 # s+ e o o s « 2 ¢ e & = 5 s & s 9 +5
Q s Percent * & s 8 e s ¢ o 0 & e @ e« & o 8 6 & & s &+ & o :!:2

‘4 '.‘:1/1# from motion picture records
| f1/2 from visual observatlon

Sy

Turng for recovery

-
-
-
.
-
-
-
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The preceding limlts may have been exceedsd for some of the spins .
in vhich it was difficult to control the model in the tunnel because
of the high rate of descent or because of the wandering or oscil-
latory nature of ‘the spin.

Comperison between model and full-scele resulbe (references 2
and 4) indicates thet spin-tunnel results are not always in complste
agreement with airplane spin resulis. In general, the models spin
at a somewhat smaller angle of attack, at & somevhat higher rate of
descent, and at fram 5° to 10° more ontward gideslip than did the
airplanes. The comparison made in reference 4t for 20 airplanes
showed that 80 percent of the models predicted satisfactorily the
nunber of turns required for recovery fram the spin for the,
corresponding alrplanes and that 10 percent overestimated end
10 percent underestimated the nimber of turns requlred. Little
cen be stated about the precieion of the pilot-escape tests because
no comparable eslrplane date are avalleble. It is felt, however,
that if the model pilot is observed to clear all parits of the
model by a large margln after being reoleased, then the teats
indicate that the pllot can sefely escaps.

Becsuse 1t is imprecticeble to ballast the model exmctly, and
because of the inadvertent damage to the model during tests, the
measured weight and mass distributlon of the XTB3F-1l model varied
from the true scaled-down values within the following limits:

Weighh,Percent L L . e s e O'bolhi@

Center-of-gravity location, percent ¢ . . O to 1 rearwerd of normal
Moments Iy, percent « o « « ¢ o« = « s » ¢ s +« 2 high to 8 high

of Iy, percent « ¢ ¢ <4 o ¢+ « ¢+ s « » 1high to 9 high
inertisa Iy, percent « ¢ ¢ « ¢ ¢« ¢ 0 o o & ¢ o s o 0O4bo T high

The sccuracy of meesuring the weight and mass distribution is
belleved to be within the following limitse:

Weight, Percent L ) . [ . . L L] s & a L . . -« s 2 [ ] L] - . . L] -'-.l
Center-of~gravity locatlon, percent € . o« ¢ ¢« ¢ ¢ & ¢ « & « o » %1
Moments of inertla, percent « « ¢« + « e ¢ o 8 o s ¢ o o« « » « 5

Controls were set with an accuracy of fi°.
TEST CONDITIOHS

Tests were performed for the model conditions listed on fa‘ble iI-
The mass characteristics and insrtia paramsters for loadings possible
on the airplene and for the loadings of the model durlng tests are
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shown on table IIT. The inertia parameters for the loedings possible
on the XTB3F~1l ailrplane and for the loadings tested on the model are
also shown in figure 4. As discussed in reference 5, figure 4 can

be used in predicting the relative effectiveness of the con'brols on
the recovery cheracteristics of the model.

The maximm control deflections uged in the 'bests were:
30 right, 30 left

» 30 up, 15 down
« « 17 up, 17 down

Rud.d,er, d.egrees Ca e
Elevator, degrees . « .
Ailerons, degrees . . .

L ] - L]
L] L -
- e a
" a »
a =
e o«
" ¢ =
L . -
2 & o
- L] -
. % »
- - L]
. a

Intezmediété control deflections used were:

Rudder, two-thirds deflected, degrees . ..« « o + « « & « o« 20
Elevator, two-thirds up, degrees . « . &« &« ¢ = + & ¢ ¢ « s =« + 20
Flevator, one-third down, degrees « « « + « « s « o« + +'h .. 5

Allerons, one-third deflected, degrees « e ¢ &+ v o ¢ & « o « & 5-25
RESULTS AND DISCUSSION

‘The results of the spin tests of the model are presented on

‘charts 1 and 2 and on tebles IV and V. The model data are presented
in terms of the full-scale values for the airplane at a test altitude
.of 25,000 feet. .Based on spin-tunnel experilence, it is felt that
the current results ere probably somswhat conservative as compared
to corresponding results which would be cbtainable at some altitude
such &8 15,000 feet. All tests were performed with the model in the
clean condition (cockpilt closed, flaps neutral, landing gear
. retracted) .

Noxmal Loading

Erect gpins.~ The results of erect spin tests of the model iIn
the normal loading (loading point 1 on table III and figure 4) ‘are
shown on chart 1. Alleron-with spins were extremely steep and
recoveries were very rapid. When the allerons were neubtral or
against the spin, sping with the elevator wp wers steep and oscil-
latory but spins with the elevator neutral or down were flatter
(¢ approximately 50°). A decided asymmetry in recoveries was
found in right and left spins. Recoveries from left spines for the
normal control configuration for spinning end the criterion spin
were satisfactorily cbtained by rudder reversal alone. From right
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spins, however, recovery could not be cbtained in 4 turns after the
rudder alone was reversed from the criterion spin, or in 2-2]-'- ‘turns

from the normal control configuration for spinning. Satisfactory
recoveries were obtained, however, for the criterion spin and the
normal control configuration to the right vhen the rudder end
elevator were reversed simulteneously. Inasmuch as tests with the
elevators down showed flat spins with slow recoveries, this result
appears to be due to the dyn=mic actlion of the elevator. This
effect was further investigated end 1t was found that satisfactory
recoverles from the criterlon spin to the right could be obtained
by simultensously reversing the rudder and only neutralizing the
elevator. Tests to determine the influence of the radar unit on
the asymmetrical results (data not presented) showed that with the
radar unit removed, the model spin and recovery characterilstics
were not changed. Previous tests with a meodel showing similer
asymietry (reference 6) indicated that-fin offset was the ceuse of
the asymmetry. Accordingly, brief tests (data not presented) were
made with the fin offset removed. These tests showed 'bna'b the
asymmetry was largely due to the fin offset.

Time g._a:g between rudder and eleva'bo*' movement.~ Test data
presentcd. in table IV show the effect of time lag beitween rudder
end elevator movement.

Results of tests with the elevator moved after rudder reversal
show that as the time lag was Increased, the tuwrns for recovery
increased with recovery alweys following very qulckly after the
elevator was moved. These results confilrmed previouns tests in
showing that the rudder is not sufficiently effectlve alone but that
the dynamic action of the elsvator is necessary to effect recoveries.
When the elevator was moved down ahead of the rudder movement, how-
ever, reocoverles beceme itmsatisfactory. As this time lag was
increased, recoveries became slower until, when the time leg weas
large, the model would not recover when this recovery technigue was
employed. These data indicate that rudder reversal should precede
elevator-down movement by & short intervel (epproximetely 1/2 turn).

Inverted spins.~ The results of the mver'bea. spin tests of the
model in the normal losding are presenited on chart 2. The order
used for presenting the data for Inverted. spins“is different frontt
that used for erect epins. For lhvertsd spins controls crossed
for the established spin (right rud.der pedal forwerd and stick to
pllot's left for a spin to the pilot's right) is presented to ‘the
right of the chart and stick back is presented at the bottom. Vhen
the controls are crossed in the established spin, the ailerons aid
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the rolling motion; when the con'brols are 'bogether the ailerons
oppose the rolling motion. The angle of wing tilt p on the
chart is glven as up or down relative to the ground. '

The inverted epin-recovery characteristlce were satlsfactory.
The model would spin only when the stick was laterally neutral or
when the controls were crogsed Iln the developed spin: Recovery
from these spins by reversal of the .rudder was rapld. -

Mass Changes and Center-of ~Gravity Movement

Because satisfactory recoveries from right spins depended on
moving the elevator down in conjunction with rudder reversal, and
the date in reference 4 indicate that increasing the mass along
the fuselage would decrease the elevator effectiveness, brief tosts
{data not presented) were made with the mass along the fuselage
Increased (IY end Iy increassd anproximately 10 percent of IY)

These tests :'r.ndica'bed. no appreciable loss of elevator effectiveness.

Based on apin-'btmnel e@erience » 1t was felt 't.ha'b other .
moderate changes in the mase distribution or the center-of-gravity
location would not eppreciably affect the spin and recovery charac-
teristics of this model. Inasmuch &3 no large changes of center-
of ~gravity location or mass ddstribution appear likely on this .
glrplans, no other tests were consideored necessary.

Spin-'Reco‘ver‘y Parachutes

The yesulis of spin-recovery-parachute tests are presented in
teble V. The réesults show that a tail perachute 16 feet in diemeter:
(fu1ll scale) will be necessary for satisfactory recovery by para~ . ’
chute action slone from the spin at normel spimnming control
configuration. Recoverles were also attempted from this spin by
opening the parachute in conjunction with rudder’ reversal. In this
latter instance satiefactory recoveries cpuld. be obtained by nuse .
of a 15-foot parachute. Tests were also made by opening the 15~foot
parachute in conjunction wilth rudder reversal vhen the model was
in a flat spin. Recoveries thus obtained from this spin (allerons
agalnst, elevator neutral) were also satisfactory. For the tall
yerachute teste, a towllne epproximately 30 feet long was used.
Satisfactory recoveries were also obtalned by opening an 8-foot-
diameter parachute (maintaining rudder with the spin) attached to
the outboard wing tip with a 10-foot towline. At the time the
wing-tip-parachute tests wore mads, txmnel onerating cond.itions
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were such that 1t was difficult to obtein high tunnel velocitles,
and accordingly it was necessary to attempt recovery before the
model reached its final steep attitiids and corresponding higher
rate of descent. The wing-tip-parachute tests may therefore be
consldered as somewhat conservative.

The model parachute as tested had values of drag coefficient
of approximately 0.65. If a parachube with a different drag coef-
ficient is used on the airplans, a corresponding ad,jus'l:men'b will
be reguired in paz'achute size.

Pilot-Escaps Tests

It was cobserved dvring the ‘tests performed to determine from
vhich side of the spinning alrplane the pllot should attempt an
emergency escape that the model pilot went over the tralling edge
of the wing end cleared the tall of the alrplane wvhen released
from the outboard side for either flat or steep spins. When
released from the inboard slde In a steep spin, the modsel pllot
went over the fuselags, behind the tralling edge of the outboard
wing, and then close to the tell. ‘When relessed from the Iinboard
gide 1n a flat spin, the pilot went forward over the leading edge
of the wing Into or close to the propeller disk. These results
indicate that the pilot should Jump from the outhodrd side if it
-18 necsssary to gbandon the alrplane ln & spin.

Lending Condition

The landing condition was not tested on this model inasmuch as
current Navy specifications do not require this type of airplane to
pass splin demonstrations 1n the landing condltion.

An analysis of full~scale and model teats to determine the
effect of flaps and landing gear, in the event that the alrplane
1s inadvertently spun 1n these conditions, indicates that although
the ¥TB3F~1 alrplanse will probebly recover satlsfactorily from an
incipient spin in the landing condltion, rscoverles from fully
developed spins will probably be unsetisfactory. Therefore in
order to avold entering a fully developsd gpin, it ls recommended
that the flaps be neutralized and recovery attempted immedlately
uwpon inadveritently entering a spin in the landing condition.
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Control Forces

The discussion of the resulis so far has been based on control
effectiveness alone without regard to the forces required to move
the controls. As previously mentioned, for a1l tests sufficient
force was applied to thes controls to move them fully and rapildly.
Sufficient force must be epplied to the eirplaene controls to move
them in a similar mamner in order for the model and air_olane results
to be comperable. :

A few temts were performed wilth the model in the normel 1oading
in which the forces applied to the ruddsr and elevator in order to
effect a satlsfactory recovery were msasured. The results indicated
that the full-scale pedal and stick forces would both be within the
capabllities of the pllot. The rudder force was found to be approxi-
meately 150 poimds and the elevator force was found to be approxi-
mately 4O pounds from the model tests. Because of lack of detail in
the rudder and elevator balances of . the model, of lnertia mass
balance effects, and of scales effect, these resulis are only
gualitative.indications of the actusl forces that may be experienced.

Recommended Recovery Techniqﬁe

. Baged on the results cbtained with the model, the following
recomendations are made as to recovery techniqve for all loadings
and coniitlons of the alrplane.

For erect spins, the rudder should be reversed briskly from
full with the spin to full against the spin followed 1/2 turn later,
by movement of the stlck Torward maintaining 1t laterally neutral;
care should be exercised to avoid moving the stick forward before
the rudder has heen completely réversed and alac to avold excesaive
rates of acceleration In the ensulng recovery dive. If an accldental
epin is entered with flaps extended, the flaps should be retracted.
and recovery attempted 1nnnec'L:!.a'bely

For recovery from Inverted spins the rudder should be reversed
briskly and the stick moved %o neutral (1a-l:era.‘L'Ly and longitudinally).

. CONCLIISIONS :

Based on results of spin tests of a él-,_‘-[_-scale model of the

Grimman XTB3F=-1 alrplans,-the following conclusions regarding the
spin and recovery characteristics of the alrplene at a spin
altitude of 25,000 feet are made:
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1. The spin will be somewhat oscillatory end the recovery
charecteristics of the alrplane wlll be satisfactory for =11
loading conditions. The rudder should be reversed fully and
rapldly, followed 1/2 turn later by movement of the stick forwerd
of nesutral, while maintaining it laterslly neutral.

2. Recoveries from inverted spins will be satisfactory end
should be made by repld full rudder reversal and atick
neutrallization.

3. A 16.0-Ffoot~tail parachute with a towline of 30.0 feet or
an 8.0~foot parachute with a towline of 10.0 feet opened on the
outer wing tip will be satlafactory. for emergency recoveries from
sping. These slzes are based on a drag coefficient of approxi-
mately 0.65 for the laid out flat surface area.

L. If necessary to ebendon the airplene in a spin, the pilot
should leave from the outboard side. '

5. The pedal and stlck forces necessary to move the conﬁ'ols
to effect satisfactory recovery will be within the physical
-.capability of the pilot.

TLangley Memorilal Aeronautical ILaboratory
National Advisory Commitbtes for Aeronautics
Langley Field, Va.

odore Bermsn
Asronantical Engineer

Approved: _TA i . B A
‘/01/ Hartley A. Soulé

Chief of Stebllity Research Division
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE GRUMMAN XTB3F-1

Length over all, £ ¢« « + « « « « &
Normal weight, b . . « « . « « &

L] . « s - . .« e . LI

Normael: center=-of -gravity location, percent M.A.C. « « « . . .

Wing:
spm, ft . * . L ] . . - - L) L] L .
Area, 8 £t . ¢« « 4 ¢ ¢ 0 . .
Section
ga) Station 28 (modified T.E.)
b) Station 361.375 (modified

Incidence:
Root, deg . . .
Tip, deg + « « «
Dihedral, deg . .
Aspect ratio .
Mean aerodynamic chord, in.

« e =
a a4 e e

e o e o @

Allerons:
Area, B PE « « ¢ 4 4 4 0 0 0 .
Spen, percent b/2 . . . . . . .
Hinge line to trailing edge, in.

Horjizontal tail surfaces:
Total area, sgq ft . « « « « . .
Span, £t « + ¢« ¢ ¢ e 00 0 ..
Elevator area aft of hinge line,

& e ¢« . L] . . ¢« s 8 s .

ko7t
19,189
23.9

60 .0
548.7

© « e« ¢ - s + ¢ . NACA 23018
P.E.) « « « « « » « TFACA 23012

a
-

= e e e @

e & & e s
-

e = a e @
-

. ® e o

o o o =

s = e 2 e

* e 2 e @

.« @ " & e . s « . e « w 3

Sq_ ft s & 8 & & ¥ e 2 «

Distance from normal center of gravity to

elevator hinge line, £t . . .
Incidence, d8g « « « ¢« « « « « &

Vertical tail surfaces:
Totel area, sg £t . . « . ¢« . .

. . e . 2 & & & @ e & & o

. . e & e « & o s &

Total rudder area aft of hinge lins, sq ft « v e e 4w e
Distance from normsl center of gravity to rudder

_hinge line, £t . + « « .+ . .
Teil-damping power factor . . .

'}

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS

b5.31
13.73

ol 56
x 10-6



TABLE IT.~ CONDITIONS TESTED ON THE '.‘-__J;’l'}'-SCAIB MOTE], OF THE GRUMMAN XTB3F-l ATRPLANE

[#odel loading points 1 and 2 on table IV end Pigure 4]

1 Type } Data pre-
Dirg; o of Method employed in recoveryl sented on Toadd
Chart|Table
Right Erect Rudder reversal 1 Normal
Left Brect Rudder roversal Normal
B8lmlteneous rudder end
Rignt | Erect . elevetor reversal 1 Horpal
Right |Inverted Rudder reversal 1 Normal
Pudder reversal followed byl 2
Rlght | Erect elevator movement dowm | v Nw'ﬂ‘ﬂ
Rudder reversal Pollowed by Maas extended along fuselage
Right | Erect elevator movement down v (Iy and Iy increased approxi-
' mately 1G percent of Iy)
Elevator movement down
Right Erect followod by rudder reversal v Normal
ement down Mzes extended along fuselage
Right Erect £ o&i‘e’xﬁ.ﬁr movm " :eversal | v (Ty and. Iy, increased spproxi-
v mately 10 percent of Iy)
Right | Erect Tell parechute v Normal
Right | Erect Wing-tip parachute v Normal

NATIONAL AIVISORY
COMMITTIEE FOR AERONAUTICS

6TELT * O I VOVE

gt
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[Mode1 values are presented 1n terms of full-scals valuss]

] L1
[ 1] [ 3K ]
- »
e e »
. » ®
ase 088e

Cexter-~of -
Mcoments of inertia about

Ko, " ﬁ?‘ig center of gravity Mass paramaters
(aome Loading w?liﬁt . - .

a8 Sea |25,000 - Ix Iy Iy - Iy Iy-Ip - Iy

Tig. 4) doved ge | X/ | 9 (slug-rt2) [(alug-rt?) tm;z;rte) nb? b2 )
* Alxplane valnea o

1 Normal 19,;&9 76 1170 |0.239]-0.0%| &1,M2 38,548 57,723 |-80 x 107% =90 X 10'* 170 x 1074

o Torpedo overlosd | 21,200( 8.4 | 18.8 | 239 -.0k3| 5,00 | 39,372 | 61,708 |-60 ok 155

3 Scont condition § 20,68L( 8.2 | 18.3 ( .235] -.ok7| o9,832 39,220 62,223 |-58 ~100 157

k Four 500-1b bomba | 21,072; 8.4 | 18.7 | .243) -.0h2} 33,102 39,468 69,6719 -2t "_ -128 155

5 | canter ot mu”'t, 17,600 7.0 1 156 | 25| -.035( 19,912 | 38,911 | 95,179 |-97 -83 179

Mode), values .
2 Hormal 19,880} 7.7 | 17.2 |o.ohs| o.om| e2,645 | 39,882 | 58,957 |80 x207% | 88 x 207 168 x 207*
Mass extended alomg . '
fuselage (Iy apd Ty 1 - .
] inorensed approxi- { 21,375| 8.5 | 8.9 | .239( ~o7%| 21,605 k3,012 62,016" | -90 -8 169
mataly 10 cant
of Iy
NATIOMAL AINISORY
COMITIRE FOR AEROUNAOTICS
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TABLE IV.- EFFECTS ON RECOVERY CEARAC']EBISTIGSGE‘EE%’E-SCALEMODELOFM

18 .

, GRUMMAN XTB3F~-1 ATRPLANE OF TIME LAG BETWEEN RUDIER AND ELEVATOR

REVERSAL, OF SEQUENCE OF CONTROL MOVEMENTS, AND

OF INCREASED WEIGHT AILORG FUSELAGE

EUhless otherwise indiceted; recovery attempted by reversal
of rudder to 2/3 against the spin =nd of the elevator
o 1/3 down in the sequence indicated (burns for recovery
measured from time £irst conirol moved); right erect spims]

Mess increased

elevator 2/3 up

elevator full up

along fuselege
Normal loading (Iy end I, increased
approximately
10 percent of IY)
Allerons A3lerons
1/3 against, Aflerons neutral, 1/3 against,

elevator 2/3 wp

Rudder reversal followed by elevetor reversal
Turns for recavery b} 1 1
Time leg 1/h turn 2 2r 2
Twrne for recovery 3 3
Time leg 1/2 twrn R ?{ 1
Turna for recovery .la.
Time leg 1 turn
Turns for recovery 1% )

Time lag 1f twns

Elevator reversal followsd by rudder reversal

Turns for recovery 1 a3 a

Time lag 1/% turn >2, 23 P L @ ;00
Turns for recovery & 5

Tlme leg 1 turn >

Tuarns for recovery 5&_ 5;

Time lag 2 turns LN

Turne for recovery boo a.>7 &b >10

Tme 1ag Y5 twrns

aRetzaove:r::,r attempted by moving elevator to full down and the rudder to full

egainat the spin.

“Tisuel stinate: ogENEEGNGEGE—
NATTONAY, ADVISORY

COMMITITEE FOR AERONAUTICS



TABLE V.~ SPIE-RECOVERY-PARACHIFIE DATA (RPATHED WITH THE ; BOALE HOUEL OF THE GRIMMAN XIBIF-1 ATRPLANE

[Lordtng potnt 1 on table IV and figure b} rodder fixsd Full with the
Epin unless otkervise indioated; mode) values converted to corre-
spanding fuil-scale veluss; Cp of perschutas 0.65

; right ereot sping]

Parachute Towline i Varticsl rate
diama ter langth Mlerans Elavator of decceant. Tmma for recovery
(et) . (rt) (fpa)
) Tail parscimton
12 » Foutral T Kpproxisately 3% >3, >5, >6
B
1 3 Neutral Tp Apreximately 336 é‘t I"E's >9, !% aav >3
13 30 Femtral )] Mprroximately 336 1%, EE, 3 u%. u}. '1%
13 30 Aodnat | Memtrel 237 8y, o,
1% » Foutzal ™ Aproximataly 336 AR TS
Ving-tdp yerechutes

] 13 Nowixal ] >3% 1, >13'>2£‘
8 10 outral, o >33 sl
10 8 Heutral 1} >336 ﬁ' ;15, 1}

%cmnmwmmmdmmmmumwﬂ-
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o:.o .:. O=0|
OHARY 1,- BPIN AND REOOYVERY OHARAOTERISTIOS CF A &\-m MODEL OF THE GHUMMAN XTB3F-1 AIRPLARE IN THE ROBMAL LOADING
Losding point 1 on table III and fi.sm-a ; » neutral; cookpdt ‘olosed; landing gemr retracted; recove ttempted 14 full
E mg.d%rpnurnl except ag noted room:'vrmupm from, apd nudy-sﬁin dpte presented for, radder- :I.:'vﬂ.:?spms 1:'30“
spins
- Laft spine
8 ,}gg ReL i e— . 58 .
21 | Btlep 2p ] teop
32 1:-";0 HFal 32 5u splin n 100 FEJ spha
750 |0.38 372 3% 336 [0,k .'256 =336
' T t £ o
4| @ | [~ 13 )] B R f
of 4 of
b%_, bE :el :q‘ hil ‘%’E— > 2 ga
1/3 againet -
Allerons a, 4 B MoW Ml e
- b | 329135 : £1/3%
1/3 1 ’Hga& ] Ea 3
a agalns Y . - ]
45 | 3 1 2D Bt |eop . 0 | D . 4p Btpeap
61 h %' gg ho Bp|in . 21 110 lA1lerons a 5“ spfLn
Allerons full - . Auaroin
Alerons ful)l against full with agnine full w. o
217 |oa0 1 [o.4o 0,10 el la.lo
! (Bt1ok 1er+) 5 (Btiok ~ 3_5’ - i ﬁm:) kel (Bbok ’;’_’6 -
M a
o= 5, 5 e 1, i =, = 5 5 1
alo
= fuElw
PHED HIH
. : = . o M=
Ty Bt}unp 61 | k3 |20 3 t|aap
E;EU . 5L | W spln 5 | s ST |50 apjin
210 p e 287 }"'“" ] 2k [o.42 p20 o, 41 5336
. ra1 f z
o, =0 9, 15 % an 1, 12 1
S0soillatory apin, ' ’ Modal valuss 4
attempted by simnitaneoue full reversal of rudder and movement L)r tho alavator %o full dawn. acnvertad o d“ 3
ory attenpted Iy reversing rudder froa full with the epin to 2/3 againat the apin. sorresponding ldeg] | {deg
dpecoyary attempted by simultansous reverasl of the rudder from full with te 2/3 againset the gpin and full-geals valuen. ¥ o
novenent of slavator from 2/3 up to neuwtral. U loner wing up trpa) | trpal
®Recovery attempted by simnltansously reversing the rudder from full with ths spin to B/ agninst tha D lonar wing dewn
’ spin and the elevator n-u-dzf; up todl.{} d“:'.:;.l - Turns for
Elvl::::;r:.ntta:‘.ad before model reached 1%e atespor a L NATIONAL AVISORY recovary

COMMITTEE FOR AERORAUTICS
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NACA RM No. L7E18 Chart 2

CHAR? 2.~ INVERTED SPIN AND RECOVEAY CHARACTERISTIOS OF 4 g]';-scux MODEL OF THE
GRUMMAN XTB3F-1 AIRPLANE IN THE NORMAL LOADING
.[Load.ing point 1 on table III and figure 4; flape neutral; cockplt oleosed; landing gear

retracted; recovery attempted by repid full rudder reversal (recove attempted from, and
steady-spin data presented for, rudder-full-with spins); spins to pHot's rgshﬂ '

a
49 | 1D
A
Ro [spin 251 |0.39 ng
1
- % 1%
B
ad
3
a
&
e 10
Btick left 25101 8tick right ggg
(Controls togsther) (Controls crossed)
' L ' ¥ i

]
=)
2
E-]
C
-
&3
o
( a
32 | w0
App
289]o.49 258
NATHKONAL ADVISORY
1, 1 COMMITTEE FOR AERONAUTICS b, %,
3z 25, 23
Bv10lent osclllatory and whipping spin.
Prescovery attempted before model reached its final steeper e ¢
attitude. tdeg) | tdeg)
—— Hotel vedues v
: converted to 2
corresponding (fps] | (rps)
full-scale values.
%7 U lnner wing up -’ Turns for
2 - D inner wing down recovery
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FIGURE {.- THREE-VIEW DRAWING OF THE L-SCALE MODEL OF
"~ THE GrummaN X TB3F-1 AIRPLANE AS TESTED IN THE

FREE-SPINNING TUNNEL.CENTER-OF-GRAVITY LOCATION 1S

SHOWN FOR NORMAL LOADING - conmmies Fot s cs



CONFIDENTIAL
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Figure 2.~ Photograph of the Z—EIe-ﬁsoale model of the Grumman XTB3F-1 airplane in

normal loading, clear condition.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY ~ LANGLEY FIELD. VA

CONFIDENTIAL

6THLT "ON WY VOVN

2 "31q



NACA RM No. L7E19 CONFIDENTIAL Fig. 3

Figure 3.- Photograph of the -2-%- - scale model of the Grumman XTB3F-1

airplane spinning in the Langley 20-foot free-spinning tunnel.
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esceed O Airplane values
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Figure 4.~ Mats pa.ramate‘rs for ]-.o;dinga possible on the Grumman XTBSF-l
airplane and for the lcading tested on the l/24-scale mcdel. (Points
ars for loadings listed in teble III) '
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