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INTROLCUCTION

In acecordance with the reguest of the lMateriel Division,
Army Air Corps, as contalined in their lefter to the NACA,
dated August 11, 1541, tests were performed to determine the
spin characteristics of & 1/2C-scele model of the Bell XP-39E
~airplene. The effects ¢f control dispositions were investi-
gated, and brief tests were made with the rass distribution
and center-of-gravity lecation varied moderately. The
effect of instelling en external 61lli-pound demolition bomb
wus determined, as was also the effect of modifying the
tefl. The rosults cf the+:‘nvestization are presented in

this repcrt.

APPARATUS AND MCDEL
The tests were performed in the NACL new 20-foot free-
spinning #'nd tunnel, the cperation of which 1s, in general,
similar tc that of the old 15-foot tunnel as described in

reference 1,
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The 1/20-scale model was furnished Dy the Materiel
Division snd was built from Tell drawings 23-945-017,
25-91;3-018, 23-9143-019, 23-943-020, 23-943-021, 23-9i3-022,
and 23-9,3-02li. The dimensions of the model werc rot checked
by the NACA, but were assumed to be in accordance with the
drewings. The weight, moments cf inertie, and center-of-
gravity location used in ballasting the model were obtalned
from Bell Renort No. 2%-9,,2-003, and the length and location
of the mean serodynamic chord were obitained from Bell Report
No. 23%-9L2-001.

A remote-control mechanism was Installed In the model
by the NACA to actuate the controls for recovery tasts,

Lead hallast was placed st suitable loccations in order to
bring the weight, moments of inertia, and center-of-gravity
position to the aeslired veluss. The ~odel was equipped
with tricycle lasnding gear which wes independently ballasted
SO thaﬁ the proper changes in mass distribution would result
when the wheels were extcnded. The ~cdel was slso equipped
with splft trailing-edge flaps wich were deflected for the
1= nding ccndition.

The current airplane differed dimensionally fram
previous airpiares of the P-39 series melnly in that the
wincs and teil surfaces of the VP-39E alirplane had square
tivs in plan form. Fuel tanks, zuns, and amrunition were

instelled slong the wings, and as an alternste loading,
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a 61~ or 306-pound demolition bomb could be carried

externally under the fusslage.

Photographs of the mcdel are shown in figure 1.

Pigure 2 shows the model as tested with s modifled tail

arrangement.

TEST CONDITIONS

The normal loading condition ccrresponded to the

following mass distribution of the full-scale alrplane

with the landing gear
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x/c 1s the ratio of the distance of the center of gravity aft

of the leading edge of the mean aercdynamic chord to the

mean aerodynamic chord

z/c 1s the ratio of the distance of the center of gravity

below the thrust :

.ine to the mean aerodynamic chord

Iy, Iy, and I; are the moments of inertia about the body

axes X, Y, and 2,

respectively



T Tha’moﬂal'%aa hesteq at an equivalent spin é&titﬂde
- T éf 6000 f,,g, (p = 0. 001988 slug per cublc foot.)

AH’:} = The wetghtuand mE S distrlbution of the wodel were held

|”§f to the trua scaled-down values within the following iimits:
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5 percent low to h-percent high

inertia Iz « - = « « « o 3 percent low to 9 parcent high
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5 '%hﬁ model was originoll" hallasted so that the mass charac-

B teristies oorrasvonded to the soeclfied neormsl values within
ﬁ”|1? égnser 1imits than indicated above., During the eccurse of
té%ting, howevpr, it proved imprectical-to keep within the
ori innl tclarances
! The follewinv meximum control di sp*acenents were
: ehtained from Bsll arswinc No. 23-976~001.
| ﬁudder £ ste 0o s e s +25°
Flevabtor' . . . « « « « « « « 259 up, 15° down
Aileroﬁ |l R ; . o 259 up, 10° do&n
 Plaos v e s 5 e s s s s o 115° down
Brief tests were performed to determine the effects of
vaéied ﬁoments of ‘nertis and center-of-grevity location upon
the generel spiﬁ and reccvery chsracteristics. In crder to

obtain these losding veriations, provislon'waa made for
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«] ""reaishributing veighta alOng the wings (ehnnging moments of

1nertia I, and Iz), and for redistributing weights gloéng the
fuselage (changing the movonts of inertis Iy and Ig, or
t¢: ‘thnging the cgnter-of-gravity location) .
RTESULYS
¥ & :The reaﬁits of th; investigation are presented in
- "3;ﬁ§ggrts 1, 2, and. 5. The steady-spin perar sters nresented
| 1n the charts were deterrined by ihe mfthpds described in
X reference 1,.and have besn converted to corresnonding full-

- scale values. Tests were wade for both right and left

7!. g§1na gsnd, as the rgsuTts were found to be in agreement,

H:;?ﬁe data presented are spplicable to both. The angle a

“Hﬁétweeﬁ the thrust axis and the vertical 1s taken as the

,{ ﬁﬁgle of sttack. The engle fi is the angle between the
spen axis and fhg horizontsl, and i3 consicdered pesitive
&hen the right wing is down. The angle ¢f cideslip 1s
aporoximately equal to ¥ minus the helix angle (the angle
betwson the flirht psth eand the verticsil). Inward side-
g1ip i¢ considered nositive in & right spin. For reccrded
steady s-ins, the kelix angle was anproximately 2° for the
fl#t.scins snd L4© for thc steep ones. V, the rate of

descent, is given in feet per second, and 0, the rete of

rotation, is given in revolutions p:=r second.




Recovery turns are messured by the number of turns
ths spinﬁing_modei mal-es from the time the controls are

moved until the spinning rotation ceases. -

PR*CISION
Spin-tunnel results re believed to be the true
values given by the model within the following limits:
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The preceding limite may be e:ceeded for certain'
cases where it is difficuvlt to handle the spin in the
~tunnel due to the wandering or oscillstory nature of the
spln, or to a very high rate of descent. Since, in many
linstances, the number of turns for rccovary was estimested
frem visuel observation rather than from photographic data
usually made use cf, the 1imits of acenracy fer the number
of turns for recovery were ralised f?oﬁ the pustcmafy i&
turn to i% turn.

Cémparison between model and sirplane results
(references 1 gnd 2) 1indicates thet because of scale and
tunnel effects, iack of detail in the model, znd dif ferences
ir operators' technique, thc spln-~tunnel results are not always
ir complete agreemsnt with full-scale spinning data. in
general, for & gliven lozding coadi&ion snd control setting,

tre model steady-spin results have shown s somewhat emaller
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angle of attack, a somewhat higher rate of descent, and
from 5° to 10° more outward sideslipn at & given sngle of
attsck., The comparison made in reference 2 showec that

80 percent of the model reccverles predicted satisfactcrily
the cor:iesponding full-scele recoverles, and that 10 percent

underestimated end 10 pcrcent overestimeted the full-scsale

rccoveries,

DISCUSSION
Preliminary tests revealed that two conditions of
spinning equilibrium werc usually possible for the ~odel, cne
at a low angle of attack end the other at s moderately high
angle of attack. Tests with smsll variations in wess
distribution and in control setting Indlczaled that the type
of spin cobtained was not readily influenced »y small
gerodynsmic or rass changes. 3ince it was felt that elther
the fiat cr the steecp spin might be encountered in flight,
depending on the method of entry, both types were investigeted.
For the model tests, varlation in the method of launching
the model into the tunnel was used as & means of obtainling

toth types of spins.

Flying Conditlon
The effect of control setting on the steady-spin and
rzeovery cherasct:ristics of the model in the normal fl&ing
condition is shown on chart 1. Results sre »resented for

both the flatter sndé the steeper of the two tyoos of spins

obtainable.
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For the normsl control configuration for sp}nning'
(rudder full with, elevetor full us, end aileronh neutfai),
the .model spun moderately flat (angle of attack, 56°) when

launched in a spin in a flat atiitude, énd descended at a
moderate rate (188 fect per second, full-scale). fHecovery
by full raesid rudder reversal took place in 5% turns.

For the same control configuration, when the model was
launéhed in a s>in in a steep attitude, the ensuing spin
was steep, the rate of descent falrly high, and recovery
by full rapid rudder reversal took place ih E turn .

Setting ailerons full acsinst the sp>in (left alleron

up and right aileron dowr in a right s»in) hastcned recoveriles

and led to satisfactory recovery charscterisites st gl11

\

elsvator settings. Setting ailerons full with the spin
al’fected recoveries adversely at gll elevator settings for
the flattcr type of spnin, and had only a slight effect for
the steeper {ype of spin.

Pests made with & 61lj-pound (full-acsle) external
domolition bomb installed under the fuselage indicated no
gooreciable effect upon the gerersl spin end recovery‘charac-
terlstices, and asccordingly the condition with the smaller bombd

installed was not tested. The results of the tests ar: not

presented in chart form.




Landing Condition

The results obtained for the model in the normal
landing'condition {landing gear extended and flaps down
i5°) are presented cn chart 2.  For the normal spinning
control configuration, the recovery obtained for the flattér
type of spin was somewhat slower than that obtained for the
flying condition, and, as was the csse for the flyinz con-
dition, allerons acainst the spin aided reéovery, whereas
.ailerons with the gpin retarded recover:. When the elevator
was neutral or down, recovery characteristics wsre unsstis-
factory, regardless of aileron setting.

Steeper spins were also obtainable for the landing
condition, and enins were run for the elevator-neutrel,

alleron-neutral condition, and for ‘ne elevator-down,

-

.

aileron-with condition- From the latter cond'tion, a rapid

recovery was obtained by full rapid rudder reversal although
nc recovery had been cobtainable for this control cohfigurat@on
from the flatter spin. This was taken as an Indication that
all recoveries would be rapid from the stesper type of spin
for the landing condition, and accordingly s»ins with other

control configurations were not tested,
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Tail Modificstion
Tests rade with verticsl area added to the fuselage

below the horizontal surfsces and to the rudder as shown

in fipgure 2 indicated that, althfuéh flatter and steeper
spins were stlll obtained, there was qulte an improvement
in the recovery characteristics of the model from the
flatter solins. The results incicatsd that for the model
with»this modified tall arrangement, recovery by full repid
rudder reversal would not take over 2% turns in the normal

flying condition {ehart 3).

COMPARISOR OF XP-59E‘MODEL SPIN CHARLCTERISTICS
%ITH THOSE OF TEE P-39D MODEL

_The recults obtained in the flatter attitude forthe
XP-39E model were gulte similgr to that previcusly obtgined
for the P-39D model as reportéd in reference 3. A$ ore-
viovsly mentioned, however, the XP-39E is also capable of a
steeper type of spin. ‘he two models are quite simllar
in many respects, and =l though the XP-3%9E is a sllghtly
larger and heavier alrplane, the outgtanding difference as
concerns Spinning seems to be the presence of square tips
on the wings and teil of the XP-39E model, It scems likely,
thersfore, that the steeper type cf spin, and éubsequent
repid recovery, possible for the XP-39E may be attributeble
tc this factor,
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FULL-SEALF SPINS

Available reports on full -scal=s s»in tests cf other
airnlarnes indiecste that when a spin 1s ertered by the normsl
method (stick-full-back stall followed by application of
full rudder), the initiasl spin attitude is ususally stecper_
than that ccrresponding to the final equilibrium.concitiono
For spins of the XP-39E eirplane which are entered in the
normal manner; the airplane will therefore probsbly nose
down into thé steeper of the two typee of spins shown by
the model to be possible. The flatter tLype of spin may

be obtained, however, psrticularly whcen the spin is entered

by other metheds.

C ONCLUSIONS
The model results indicate the féllowing spin sand
recovery characteristics for the KP-39E airplane:

1, Two tpes of spin will be possible, one of
which will be moderstely flat and the other of which
will be steep. All recoveries from the steep spins
by full rudder reversal will be rapid.

2, In the normal flying condition, for normal
spinning control configuration (rudder full with,
elevator full up, and allerons neutral), recovery
from the flatter of the two types of spins will be
falrly sstisfectory if the rudder is reversed fuliy

and rapidly.
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3. Setting ailerons full sgainst the spin will
generally ald reccvery whereas allerons set full with
tﬁe spin will retard recovery.

I}, For the normal landing conditlion, recoveries
from the flatter type of spin will generally be slow,
satisfactory rccovery by full rudder reverssl belng
obteined only from the elevator-up, aileron-against
spin.

5. Additional fin and rudder area beneath the
fuselage in the vieinity of the horizontal tsil plane

will greatly improve the rscovery characteristics of

" the girplane from the flatter of the two types of

spins Obtainable.

Langley Mcemcrlal Aeronantical Laboratory,

National Advisory Committee for Aeronautics,
Laengley Fleld, Va., February 9, 1942.
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Figure l"’z%" scale model of the Bell XP-39FE airplane.

NATIONAL ADVISORY COMNITTEE FOR ARRONAUTICS
LANGLEY WENORI AL ARRONAUTICAL LABORATORY - LANGLEY FIELD, Va.
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